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PURPOSE OF THIS MANUAL

TheOfficeofEnvironmental,Health,SafetyandRiskManagement,inpartnershipwiththe
Environmental,HealthandSafetyOfficerCouncilandtheOfficeoftheVice-Chancellorfor
Research,hasdevelopedthisLaboratory SafetyManualtominimizetherisksassociatedwith
laboratoryactivityandensurethat CUNY remainsincompliancewiththe Occupational Safety
and Health Administration (OSHA) regulation 29 CFR 1910.1450, "Occupational Exposure to
HazardousChemicalsinLaboratories,”orwhatiscommonlyreferredtoasthe“Laboratory
Standard.”",2 The Laboratory Standard requires the development of a Chemical Hygiene Plan
(CHP) for each laboratory workplace that protects employees from health hazards associated
with hazardouschemicalsin thelaboratory and maintains exposuresbelow OSHA Permissible
ExposureLimits. Inadditiontoaddressingthoseregulationsthataremandatory, thismanual
also offers some best management practices supported by leading standards setting
organizations and researchinstitutions.

Throughoutthisdocument, regulatoryrequirementswillbe clearlyidentified usingwords such
as “must,” “required,” and “shall.” Colleges, departments, other units, and individual
laboratoriesarefreetoadoptothernon-mandatoryguidelinesfoundwithinthisdocumentas
applicable for their units or laboratories.

Totake advantage of the Internet, this documentis formatted to be a “front door” to other
resources,includingusefulweblinksinthe notes section. Forthoseinternalhyperlinks,
including the Table of Contents, you can navigate throughthe documentby clickingonthe
“Back” and “Forward” hyperlink arrow buttons.

ThisLaboratory SafetyManualisnotintendedtoreplace orsupersedeanyspecificoperational
rulesorproceduresthathave beenadoptedbythe University tocomply withenvironmental,
health, and safety regulations or policies. Itisadynamic documentand will be reviewed
periodically and updated based on the comments and suggestions of readers, laboratory users,
and the broader CUNY scientific community.

TCUNYEHSRMgratefullyacknowledgesthegenerosityof Cornell University’s Officeof EnvironmentalHealthand
Safety for allowing CUNY to use its own Laboratory Safety Manuel as the base for this document.

229 CFR 1910.1450. Accessible on-line.
https://www.osha.gov/pls/oshaweb/owadisp.show_document?p_id=10106&p_table=STANDARDS


https://www.osha.gov/pls/oshaweb/owadisp.show_document?p_id=10106&p_table=STANDARDS
https://www.osha.gov/pls/oshaweb/owadisp.show_document?p_id=10106&p_table=STANDARDS
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1.0 INTRODUCTION

The Occupational Safetyand Health Administration (OSHA)regulation29 CFR 1910.1450,
"Occupational Exposure to Hazardous Chemicals in Laboratories,” mandates health and safety
practices and procedures in laboratories that use hazardous chemicals. The Standard became
effectiveMay1,1990andrequiresthataChemicalHygienePlanbedevelopedforeachlaboratory
workplace. The purpose ofthe Laboratory Standardis to protectlaboratory employees from
chemicalsthatcanposeharmwhiletheyareworkinginagivenlaboratory. Thisregulationapplies
toallemployersengagedinthelaboratoryuse ofhazardouschemicalsasdefinedby OSHA. Afew
key definitionsfollow anda complete list ofdefinitions applicable tolaboratories can be foundin
the OSHA LaboratoryStandard:3

Laboratory means a facility where the "laboratory use of hazardous chemicals" occurs. Itis a workplace where
relatively small quantities of hazardous chemicals are used on a non-production basis.

Laboratory scale means work with substances in which the containers used for reactions, transfers, and other
handling of substances are designed to be easily and safely manipulated by one person.

"Laboratory scale" excludes those workplaces whose function is to produce commercial quantities of materials.

Hazardouschemicalmeansanychemicalwhichisclassifiedashealthhazardorsimpleasphyxiantinaccordance
with the Hazard Communication Standard (§1910.1200)

Health hazard means a chemical that is classified as posing one of the following hazardous effects: Acute
toxicity (any route of exposure); skin corrosion or irritation; serious eye damage or eye irritation; respiratory or

skin sensitization; germ cell mutagenicity; carcinogenity; reproductive toxicity; specific target organ toxicity
(single or repeated exposure); aspiration hazard.

In other words, a hazardous chemical is a chemical for which there is statistically significant
evidencebasedonatleastone study conductedinaccordance with established scientific principles
thatacute orchronic health effects may occurinexposed employees. Appendix A*and Appendix B®
of the Hazard Communication Standard (29 CFR 1910.1200) provide further guidance in defining the
scopeofhealthhazardsand determiningwhetherornotachemicalistobe considered hazardous.

Mostlaboratoriesat CUNY using chemicals are subjecttothe requirements ofthe Laboratory
Standard. Otherareas where chemicals are used butdo notfallunderthe OSHA definition of
“‘laboratory” must comply with OSHA regulation 29 CFR 1910.1200 — “Hazard Communication
Standard.”®

329 CFR 1910.1450(b)

4 https://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=10100
5 https://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=10108
8 https://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=standards&p_id=10099


https://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=standards&p_id=10099
https://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=10108
https://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=10100

LABORATORY SAFETYMANUAL 12

Inaddition to those employees who ordinarily work full-time within alaboratory space, other
employees (such as office, custodial, maintenance and repair personnel) regularly spend a
significantamount of their time within alaboratory environment as part of their duties. These
employeesmayfallundertherequirementsoftheLaboratory Standard. OSHAalsoconsiderspaid
graduate studentswhoworkinlaboratoriesemployees. Aslongasthese students continueinthis
capacity they are subject to the requirements of the Laboratory Standard.

Themaingoalsofthe OSHALaboratory Standardistoprotectemployeesfromhealthhazards
associatedwithuseofhazardouschemicals. Tofacilitatethisthe OSHALaboratory Standard
requiresemployerstodevelopa Chemical Hygiene Plan(CHP), designatea Chemical Hygiene

Officer,andensurethatlaboratoryemployeesareprovidedwiththeproperinformationand

training, including safe work procedures andthe location ofthe Chemical Hygiene Plan.

OSHArequirements,includingthe CHP,seektokeepexposuresbelowthepermissibleexposure
limits.” Inaddition to otherrequirements, the OSHA Lab Standard specifiesthatthe CHP include
“criteriathe employerwilluse to determine and implement controlmeasures toreduce employee
exposuretohazardous chemicalsincludingengineering controls, the use of personalprotective
equipmentandhygiene practices; particularattention shall be givento the selection of control
measures for chemicals that are known to be extremely hazardous.”

The New York State Planfor Public Employee Safetyand Health (PESH), byauthorityunder Section
27(a)oftheNew YorkLaborLaw,isresponsibleforpromotingthe healthand safety of stateand
localgovernmentemployees. The PESHProgramhasadoptedallfederal OSHA standardsand
regulationsinregardstolaboratory safety withthe exception ofthe RecordkeepingRule,29 CFR
1904.°TheNew York DepartmentofLaborisdesignatedastheagencyresponsibletoadminister
the planthroughoutNew York State. The CommissionerofLaborhas fullauthority toenforce and
administer all laws and rules adopted by the PESH Program.

1.1 Chemical Hygiene Plan (CHP) Accessibility

TheOSHALaboratoryStandard,enforcedbytheNew York State CommissionerofLaborunderthe
PublicEmployee Safetyand Health (PESH)Plan, requiresthe CHPtobereadily available to
employees,employeerepresentatives,and,uponrequesttothe NYS CommissionerofLabor, or
designee. Thismeansemployeesworkingwithhazardouschemicalsinalaboratorymustknowthe

7 Asspecifiedin 29 CFRPart 1910, subpart Z-Toxicand Hazardous Substancesandotherresourcessuchas NIOSHand
ACGIH. https://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=10147

829 CFR 1910.1450(e)(3)(ii)
https://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=10106

9New York promulgated and adopted an alternative approach to recordkeeping requirements under 12 NYCRR section
801 and administrative instructions901.


https://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=10106
https://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=10147
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location ofthe CHP, befamiliarwith the contents, andbeable to produce the CHP foranyfederal,
state, orlocal regulatory inspectors upon request. While itisrecommended[a] thata hard copy be
keptin the laboratory, electronic access is acceptable and encouraged.

ItistheresponsibilityofPrincipallnvestigatorsandlaboratorysupervisorstoensurethat
personnelworking in laboratories under their control are familiar with the contents and location
oftheChemicalHygienePlan,includinganylaboratoryspecificstandardoperatingproceduresas
wellasanydepartmentorcollegelevellaboratorysafetymanuals,policies, andprocedures.

1.2  Laboratory Safety Responsibilities

The ultimate responsibility forhealthand safety withinlaboratories lieswith eachindividualwho
worksinthelaboratory;however, itistheresponsibilityofthePrincipallnvestigator(P.1.), faculty,
andthelLaboratory Supervisortoensurethatemployees (including visiting scientists, fellows,
volunteers,temporaryemployees,andstudentemployees)havereceivedallappropriatetraining
and have been provided with allthe necessary informationtowork safely in the laboratories under
their control.

Itisthe responsibility ofthe Principal Investigatorandindividual supervisors (and individuals
workingundertheirsupervision)tobein compliance withallfederal, state, andlocal regulatory
requirementsaswellasanyotherdepartmentoruniversity specificpolicies. Therearenumerous
resources atthe disposal ofthose responsible to ensure a safe andhealthy laboratory thatis
compliant with federal, state, and local regulations.

1.2.1 New York City Laboratory Requirements

Laboratory Permits

Itisunlawfultooperatealaboratoryorstorageroominwhichflammableliquids,flammablesolids,
flammable gases, oxidizing materials, explosive materials, unstable or reactive chemicals are used in
testing, research, experimental orinstructionalwork, withouta permitfromthe Fire Department
for the City of New York. 10

Ifyourlaboratory orstorage area contains chemicalsinquantitiesthatmeet orexceed one ormore
of the following criteria, you must have a permit for that area:

» 32 ounces or greater of aflammable liquid
« Y2pound orgreater of a solid oxidizing agent

0 FDNY, Fire Code Section 105, Permits and Other Approvals. Available online:
http://www.nyc.gov/html/fdny/pdf/firecode/2009/fire_code _1126_2008_amended_lI37_41_64_2009 _final_complete.p
df


http://www.nyc.gov/html/fdny/pdf/firecode/2009/fire_code_ll26_2008_amended_ll37_41_64_2009_final_complete.p
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» 20inch high and 6 inch diameter or greater flammable gas cylinder
» 10 gallons or greater of a combustible liquid
» 15 gallons or greater of an acid

Ifyourlaboratorycontainschemicalsthatmeetorexceedoneormoreofthequantitiesabove, but
doesnothavean FDNY permit, please contactyourcampus Environmental Healthand Safety
Officer.

Throughout the City of New York, the FDNY performs inspections for the proper storage of
hazardous chemicals. Inspections are performed annually to enforce regulations that protect the
publicand property exposedtoapotentialincidence offire caused byimproperly stored chemicals.
If there are no violations found during the inspection, the laboratory is approved for permit
renewal. Ifaviolationisfound, then anotice of violation (NOV)willbeissued. OnceanNOVis
written, there are 35 days from the violation date to correct the violation and submit a self-
certification (information certifying that the violation was corrected) to the FDNY. Once the
violationis corrected andthe self-certificationisreceived by the FDNY , the laboratory orstorage
room permit will be renewed.

Currentlaboratorypermitsmustbe postedinaconspicuouslocationonthepremisesdesignated
thereinatalltimes and mustbe readily available forinspection by any representative ofthe FDNY. !’
Suggested postedareasinclude ontheinside ofthe laboratory doororinside the laboratory near
the door ateye-level.

Thenew Fire Codeforthe Cityof New York, Title 29 ofthe Administrative Codeofthe Cityof New
York, became effective on July 1,2008. Conditions lawfully existingon June 30,2008, may, with
certainexceptions,be maintained underthe priorlawsandregulations. ' The Chemical Hygiene
Plan specificto each campus shallincorporate the proper Fire Code requirements.

Please contact your campus Environmental Health and Safety Officer for further information
clarification on issues related to conditions existing prior to June 30, 2008.

Certificate of Fitness(C-14)

The FDNY requires that all chemical laboratory units be supervised by an FDNY “Certificate of
Fitness”holderwheneverlaboratory operations are being conducted. The “Certificate of Fitness for
the Supervisionof Chemical Laboratories”isreferredtoasa C-14bythe FDNY. Itisrequiredthat
alllaboratorysupervisors, principalinvestigators,andadjunctswho qualify forthe certificate obtain
one. The FDNY requires that the C-14 certification be renewed every 3 years.

" Fire Code §105.3.5 “Posting the Permit”
2See FDNY Fire Code 102.3; lawfully existing conditions as of June 30, 2008.


https://certainexceptions,bemaintainedunderthepriorlawsandregulations.12
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Laboratoriesmusthave a sufficientnumberofstaffwith C-14 Laboratory Certificates of Fitness to
provide coverage foralltimeswhenthelaboratoryisin operation. Thisisbecomingevenmore
importantnowthatFDNY isperformingunannouncedlaboratoryinspectionsonweekendsand off-
hours.

Qualificationrequirements, studymaterials,andothertestinformationcanbefoundonFDNY’s
website.

1.3 Roles atCUNY

Theindividualsinvolvedinlaboratory safety mayvaryin numberandtitle ata specific CUNY
campus. Outlined here are roles foundational to campus laboratory safety. Sample descriptions of
specificresponsibilities associated withthese roles can be found In Appendix Calongwitha
compliedlistoflaboratory safety responsibilities. Campuses should clearly defineand share
responsibilities associated with specific roles.

Environmental, Health, Safety and Risk Management

The City University of New York’s Office of Environmental, Health, Safety and Risk Management
(EHSRM)iscommittedtofosteringasafeandhealthyenvironmentforthe CUNY communityandto
reducingthe University'srisks. Aclearandnecessarysteptowardthisgoalisensuringthat CUNY is
andremainsincompliance withapplicable regulationsand Universitypoliciesandprocedures.
EHSRMworks withthe Environmental, Health and Safety Officer Councilto mitigate hazards by
coordinatingand organizing safety compliance throughtrainingand oversightprograms ateach
campus and throughout the University.

Environmental, Health and Safety (EHS)

Foreachcampus,the Environmental, Health,and Safety Officer (EHSO)will provide technical
information and program supporttoassistincompliance withthe Laboratory Standard and allother
regulatory requirements. This includes providing training programs designed to meet these
regulatoryrequirementsand providing health and safetyinformationtolaboratory personnel. EHS
Officewillmaintainthe campus Chemical Hygiene Planand theinstitutional Chemical Hygiene
Officer responsibilities.

Chemical Hygiene Officer(CHO)

Therole ofthe Chemical Hygiene Officer (CHO)is to facilitate theimplementation ofthe campus
Chemical Hygiene Plan as wellas this Laboratory Safety Manualacross campus labs and facilities.
TheCHOalsoservesasatechnicalresourcetothecampuslaboratorycommunity. Allcampuses
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with laboratories must designate a CHO, in accordance with the Laboratory Standard. The Associate
CHO, if so designated, will act in the absence of the CHO.
The Chemical Hygiene Officer has a number of major duties

Deans, Directors, and Department Chairpersons

TheDeans,Directors,and DepartmentChairpersonsareresponsibleforlaboratory safety within
theirdepartment(s). Specificrolesandresponsibilities varyfromcampustocampusbutingeneral
involve facilitating communication between EHS staff, Principal Investigators, Faculty and
Supervisorsand supportofparticipation in guidelines, internalaudits, andprogramstoensure
compliance and identify opportunities forimprovement.

Principal Investigators (P.l.s), Faculty, and Laboratory Supervisors

P.l.s,faculty,andlaboratory supervisorsareresponsibleforsafetyintheirresearch orteaching
laboratories. They mustfollow regulatory requirements and ensure the guidelines identified within
thismanualare communicated and adopted. Individualsinthese roles must provide,among other
tasks,the EHS withacurrentchemicalinventoryonanannualbasis. Aspectsofthesedutiescanbe
delegatedtootherqualified personnel within thelaboratorybut the responsibilityremains withthe
P.1., faculty or laboratory supervisor responsible for the area.

Laboratory Employees

Laboratoryemployees are allthose personnelwho conducttheirworkinalaboratory and are atrisk
ofpossibleexposuretoassociated hazardsonaregularorperiodicbasis. Thesepersonnelinclude
laboratory technicians, instructors, researchers, visiting researchers, administrative assistants,
graduate assistants, student aides, student employees, and part-time and temporary employees. All
laboratoryemployees have safety duties. They mustbe aware ofthese responsibilitiesandany
requiredcomplianceactivities. Theyalsomustparticipate. Asappropriate,inactivitiesoutlinedin
the, Laboratory Standard, Chemical Hygiene Plan and this manual.

Facilities Management

Facilities Management'®serves asanimportantpartnerinlaboratory operation and safety as well
asaconduitforinformationwithregardtobuilding-wideissues. Thisincludescoordinatingroutine
maintenanceissues, schedulingbuildingshutdowns, communicatingbuilding-widemaintenanceand
repairs, and informing occupants of building system shutdowns. Facilities Management
departmentshaveanumberoflaboratory safetyresponsibilities and are key partnersin maintain
environmental, health and safety on CUNY campuses.

3 This department title varies across campuses. “Building and Grounds” is a common alternative.
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2.0 ENGINEERING CONTROLS

Engineeringcontrolsareconsideredthefirstlineofdefenseinthelaboratoryforthereductionor
eliminationofthe potentialexposuretohazardous chemicals. Examplesofengineering controls
usedinlaboratoriesatCUNY mayincludedilutionventilation,localexhaustventilation,chemical
fume hoods, glove boxes, safety shields, and proper storage facilities.

TheOSHALaboratoryStandardrequiresthat"fumehoodsandotherprotectiveequipmentfunction
properlyandthatspecificmeasuresaretakentoensure properandadequate performance ofsuch
equipment."'* Generallaboratory roomventilationis notadequate to provide proper protection
against bench top use of hazardous chemicals. Laboratory personnel need to consider available
engineeringcontrolstoprotectthemselvesagainstchemicalexposuresbeforebeginninganynew
experiment(s) involving the use of hazardous chemicals.

The properfunctioningand maintenance offumehoodsandother protective equipmentusedin

thelaboratoryistheresponsibilityofavariety ofservicegroups. FacilitiesManagement,theEHSO,
andothergroupsserviceequipmentsuchasfireextinguishers,emergencyeyewashandshowers,
and mechanical ventilation. Periodic inspections and maintenance by these groups ensures the
properfunctioningandadequate performance oftheseimportant pieces of protective equipment.
However, itis the responsibility of laboratory personnel to IMMEDIATELY report malfunctioning
protective equipment, such as fume hoods, to Facilities Management.

2.1 Chemical Fume Hoods

Fumehoodsandothercapture devices mustbe used foroperationsthatmightresultintherelease
oftoxicchemicalvapors, fumes, aerosols, ordusts. Benchtopuse ofchemicalsthatpresentan
inhalation hazard is notpermitted. Fume hoods mustbe used when conducting new experiments
withunknown consequences or whenthe potential for fire exists. Laboratory personnelmay
conductadryice capturetestwhenusing newmaterials orwheneversubstantialchangeshave
been made to an experimental setup, such as the addition of apparatus.

Adheringtoafewrequirementswillhelptoobtain optimum performanceandachievethe greatest
protectionwhenusingafumehood. Allfumehoods mustbe inspectedannually. Fumehoodsthat
donotpassinspectionsorarefoundtobe malfunctioningmust belabeledas suchandare nottobe
used. Wheninuse, alwaysworkwiththe fume hood sash aslow as possible and minimize materials
storedinhoods. Usingfume hoodstoevaporate hazardous wasteisillegal. Be suretowash both the
working surfaceandhood sashfrequently, cleaningupallspillsimmediately. NYC Fire Code does
not allow the use of ductless fume hoods, therefore, they are not to be installed in CUNY
establishments. Appendix O contains detailedguidance.

1429 CFR 1910.1450(e)(3)(iii)
https://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=10106
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2.1.1 Perchloric Acid Use

Use of heated perchloric acid requires a special perchloric acid fume hood withawash down
function. DONOT use heated perchloricacidinaregularfumehood. Ifheated perchloricacidis
usedinaregularfumehood (withoutawash downfunction), shock sensitive metallicperchlorate
crystalscanforminside the ductwork. This couldresultinan explosionduringmaintenance work
ontheventilation system. Perchloricacid fumehoods should be clearlylabeled. Ifyoususpectyour
fumehoodhas perchlorate contamination orwould like more information on perchloricacidfume
hoods, contact your EHS Office.

2.1.2 Radioactive Material Use

Fume hoods for use with radioactive materials must be clearly labeled and used where
radioisotopes are handled. Donotuse hot perchloricacid, hotconcentrated acids, unstable or
explosive materialsinthistype ofhood. The cabinethousingthe hood must provide shielding ofthe
radioactive material and be constructed of stainless steel or other materials that will not be
corroded by the chemicals used. Radioactive material fumehoods must provide the means for
containing minor spills.

2.1.3 Fume Hood Inspection and Testing Program

YourEHSOfficecoordinatesannualtestingandinspectionoffumehoodsoncampus. Thefume
hood inspection program consists of an initial comprehensive inspection followed by annual
standardizedinspectionsforallfumehoodsoncampus. Thisinitialinspectionwillprovide baseline
informationincluding, butnotlimitedto,hoodusage, typeofhood, roomandbuildinginformation,
and average face velocity measurements.

Follow-upinspectionsforproperuseandfacevelocity(airflow)measurementswillbeperformed
annuallyandwhenrequestedbylaboratorypersonnel. Uponcompletionofeachinspection,hoods
willbelabeledwithaninspection stickerindicatingfacevelocity,dateinspected, andinitialsofthe
inspector. Optimum working height forthe sash, the height at which it was tested, willalso be
labeled with arrowstickers.

Ifyourfumehooddoesnothave aninspection stickerorifayearormore haspassedsincethehood
waslastinspected, contactyourEHSOimmediatelytoscheduleaninspection. Testingmustbedone
annuallyinaccordancewithNFPA45,A.8.4.7."Follow FDNY guidance, keeptrackofhoodlocation,
issues and compliance.

Ifahoodfailsinspection, aclearsignmustbe posted. Underno circumstances should laboratory
personneluseafumehoodthathasnotpassedanEHS inspection,evenifitappearstohaveairflow.

15 https://www.nfpa.org/codes-and-standards/all-codes-and-standards/list-of-codes-and-standards/detail?code=45
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2.14 Installation of New Fume Hoods

Installationofanewfumehood requires careful planningand knowledge of the existing building
ventilation systemsand capabilities. Improperlyinstalled fume hoods orothercapturedevicescan
seriouslydisruptabuilding’s ventilation system. They mayalsointerfere with the properfunctioning
ofotherfumehoodsandimpactventilationinthelaboratory. Fumehoods shallbelocated withina
laboratoryinsuch away thattheir performanceisnotadversely affected by cross drafts. Cross
currents, drafts and air currents fromopen windows, doorways, and personnel trafficflow may
directly influence hood containment ability.

Allfume hoods and othercapture devices mustbe installedin consultation with Facilities Services,
the EHS Office,andtheappropriatecampusserviceshops.AllinstallationsmustcomplywithFDNY
regulations and be approved by the EHS Office.

The EHSO can provide information regarding the selection, purchase, and inspection requirements
for laminar flow clean benches, biosafety cabinets, and portable fume hoods. For more
information, see the Laboratory Design and Construction section or contact your EHSO.

2.1.5 Removal of Existing Fume Hoods

Removal offumehoodsorany capture devices requires prior consultation with your Facilities
ManagementandEHSOffice. Thisistoensurethatbuildingventilationsystemsarenotimpacted
andthatutilityservicessuchaselectricallines,plumbingsystemsandwaterandgassupplylinesare
properly disconnected.

Asbestos may be presentwithinthe fume hood as well as in pipe insulation associated with
ductwork.Anyasbestosmustbeproperlyremovedanddisposedofbyacertifiedasbestosremoval
company. Inaddition,cupsinksmaycontainmercuryandshouldbechecked. TheEHSOcanassist
laboratories with the cleanup of any mercury contamination. Contact your EHSO for more
information or questions about potential asbestos or mercury contamination.

2.2 Other Capture or Containment Devices

Otherengineeringcontrolsforproperventilationinclude gloveboxes,compressedgascabinets,
vented storage cabinets, canopy hoods, and snorkels. These pieces of equipment are designed to
capture hazardous chemicalvapors,fumes,anddusts atthe source of potential contamination.

Exampleswherethesecapturedeviceswouldbeappropriateincludeweldingoperations,atomic
absorption units, vacuum pumps, and other operations.

Pleasenotethatwhenotherlaboratoryapparatus(suchasvacuumpumpsandstoragecabinets)are
vented into the face or side of afume hood, disruptions can occurin the design flow of the hood
andresultinlower capture efficiency. When suchventingisdeemed necessary, the connection
should befurtheralong the exhaustducts ofthe hood systemratherthaninto the faceofthe hood.
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Any additionalinstallations oradjustments should notbe undertaken withoutfirst consulting with
Facilities Services, the EHS Office, and the appropriate campus service shops.

221 Glove Boxes

Gloveboxes (orgloveboxes)are sealed enclosuresdesignedto protectthe user, the process or
both. Theyare usually equippedwithatleastonepairofgloves attachedtotheenclosure. The
usermanipulatesthematerialsinsideusingthegloves. Typically,agloveboxhasanantechamber
that is used to take materials in and out of the box.

Thetopicofglove boxes canbeconfusingbecause theirconfigurationdependsontheapplication.
Gloveboxescanbeundernegative orpositive pressure. Gloveboxesundernegative pressureare
designedtoprotectthe operatorand ambientenvironmentfrom the materials orprocesses. Glove
boxesunderpositive pressure areintended to protectthe materials orprocesses fromthe operator
and/ortheambientenvironment. The atmosphere inthe glove boxmaybe inert (e.g. nitrogen,
argon, helium), sterile, dry, orotherwise controlled. Some glove boxes are equippedwithfilters
(e.g.HEPA)while others venttoafumehood duct ora dedicated duct. Glove boxes canhave
variouscontrols,sensorsandequipmentsuchaspressuregauges,oxygensensors,temperature
controllers and purifiers. 6

Regularmaintenanceandinspectionisessentialtoensurethataglove boxisadequately protecting
the user, environment, product and/or process. Routine maintenance procedures and the
frequencyofinspection (or certification) shouldfollow the manufacturers andrelated regulatory
recommendations. Itisrecommendedthatbiological safety cabinets on campusbeinspected
annually by the manufactureroranindustrialhygienist. Glove boxes used forwork with hazardous
chemicals or processes currently do nothave arequired frequency ofinspection, butannual
certification by the manufacturer or an industrial hygienist is strongly encouraged. Ifthe
manufacturerdoesnotofferaninspection program, contactyour EHSO forinformationonqualified
industrial hygienists in the area.

The integrity of the glove box is key to successful containment. The gloves ofaglove boxare
particularlyvulnerableand shouldberegularlyinspectedforcuts,tears, cracking, pin-holeleaksor
otherdamage. Ifdefectsarefound, thebox should notbeused untilthe gloves arereplaced. Note
thatthere are many differenttypesofglovesthatvaryinthickness, material or size. Choosethe
correct one for the glove box and application.

16 The term “glove box” is most often applied to enclosures used in chemical and electronic laboratories. Similar
apparatus exists in pharmaceutical and biological applications. In the pharmaceutical industry, “glove boxes” are called
Compounding Isolators. Compounding Aseptic Isolators are used for compounding sterile preparations while
Compounding Aseptic Containment Isolatorsareusedforcompoundingsterilehazardous drugpreparations. In
biological applications, Class lll biological safety cabinets are akin to glove boxes. A Class lll cabinet s totally enclosed
with a non-opening window, gas tight, and manipulation is achieved through the use of attached gloves. This cabinetis
designed for work with high risk agents and provides maximum protection for the operator and the environment. Room
airis HEPA-filtered and the exhaust air must pass through two HEPA filters. Anindependent, dedicated exhaust system
maintains airflow to the cabinet that keeps the cabinet under negative pressure.
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Therearevariousteststhatcanbeperformedongloveboxes,thesuitabilityofwhichdependson
thegloveboxandtheapplication. Testsmayinclude pressure decay (forpositive pressure), rate of
rise (for negative pressure), oxygen analysis, containment integrity, ventilation flow
characterization,andcleanliness. ThesourceofaleakcanbeidentifiedusingaMass Spectrometer
Leak Detector, ultrasound, the soap bubble method oruse ofanoxygenanalyzer. Foranin-depth
discussionofgloveboxesandtesting,see:AGS(American GloveBox Society)2007Guidefor
gloveboxes — Third Edition. AGS-G001-2007.""

2.3 Water Protection inLabs

Laboratorypersonnelmustensurethatanypiece ofequipmentorlaboratoryapparatusconnected
tothewatersupplyutilizesbackflowprotection oris connectedtoa faucetwithavacuumbreaker.
The purpose of backflow prevention and vacuum breakers is to prevent water used in an
experimental process orwith a piece of equipment from contaminating the laboratory’s and
building’swatersupplysystem. Examplesofsituationsthatcanresultfromimproperbackflow
protectioninclude chemical contamination and/ortemperature extremes (e.g. hotwatercoming
from a drinking water fountain).

Two common water protection problems are found in labs

e A tube attached to a faucet without a vacuum breaker
» Drainage tubing hanging down into a sink

Thesetubescanbeimmersedinwashwaterwhenthe sinkis stoppedup andbackflowintothe
faucet, contaminating the building’s water supply.

The mostcommon example of backflow preventionfoundinlaboratoriesisa vacuumbreaker.
These ssink faucets are easily identifiablefrom standard faucetsby the vacuum breaker head
attachedtothe spout. Ifnovacuumbreakerorothertypeofbackflow protectionis present, make
sureany hose connectedtothefaucetis shortenoughto preventpooledwaterfrom creating the
potential for back flow. If you have questions, contact your EHSOor Facilities Management.

3.0 PERSONAL PROTECTIVE EQUIPMENT

Personal Protective Equipment (PPE) should be considered a major line of defense protecting
laboratorypersonnelagainstchemicalhazards. PPEisnotasubstituteforgoodengineering,
administrativecontrolsorgoodworkpracticesbutshouldbeusedinconjunctionwiththese
controls to ensure the safety and health of university employees and students.

17 https://www.gloveboxsociety.org/2007_Guidelines_Table_of Contents.pdf
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The OSHA Personal Protective Equipment standard, 29 CFR 1910, Subpart | '® requires the following
areas be addressed:

» Hazard assessment and equipment selection
* Employee training

* Record keeping requirements

» Guidelines for selectingPPE

» Hazard assessment certification

MoreinformationonPPE canbefoundonthe OSHA SafetyandHealth TopicspageonPersonal
Protective Equipment.'®

3.1 Laboratory Personnel Responsibilities

Laboratory personnel need to conduct hazard assessments of specific operations occurring in their
laboratoriesto determine whatPPE isnecessaryto carry outthe operations safely. PPE mustbe
made availabletolaboratory workerstoreduce exposurestohazardous chemicalsinthelab.
ProperPPEincludesbutisnotlimitedtoitemssuchasgloves, eye protection, laboratory coats, face
shields, aprons, boots,and hearing protection. PPE mustbereadily available toallemployeeswho
require it and most equipment is provided at no cost to the employee.

Whendecidingonthe appropriate PPE foraparticularoperation orexperiment,anumberoffactors
must be taken into consideration:

» Chemicals involved, including concentration and quantity

» Hazards posed by chemicals in use

» Routes of exposure for chemicals involved

» PPE construction including permeation and degradation rates of specific chemicals on
the materials used in PPE

» Length of time the PPE will be in contact with chemicals and in use

Careful consideration should be given to the comfort and fit of PPE. All personal protective
equipmentandclothingmustbe maintainedinareliable and sanitary condition. Onlythoseitems
that meet NIOSH (National Institute of Occupational Safety and Health) or ANSI standards should be
purchased or accepted for use.

Specificsregardingthe PPE required tocarry outprocedures withinalaboratory usinghazardous
chemicals mustbe included in the laboratory’s Standard Operating Procedures. Your EHS Office can
provideinformationandtraining,assistwithconductinghazardassessments, sharedepartmentor
college-specific requirements and help select proper PPE.

'8 https://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=9777
19 https://www.osha.gov/SLTC/personalprotectiveequipment/
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3.2 Training for Personal Protective Equipment

Laboratory personnelmustbetrainedinthe selection, properuse, limitations, and maintenance of
PPE. Trainingrequirementscanbemetinavarietyofwaysincludingvideos,grouptrainingsessions
andhandouts. Periodicretraining should be offered to both the employees and supervisors as
appropriate. Examples of topics to be covered during the training include the following:

*  When PPE must be worn

» What PPE is necessary to carry out a procedure or experiment
» How to properly don, doff, adjust and wear required PPE

» Proper cleaning, care, maintenance and limitations of PPE

» Useful life and disposal of PPE

PPE trainingmustbe documented, includingadescription oftheinformation covered duringthe
training session,acopy ofthe sign-insheetanddateswhentrainingoccurred. Thecampus EHS
Office maintains employee training records.

Itisthe responsibility ofthe P.l. orlaboratory supervisorto ensure thatlaboratory staffhave
receivedtheappropriate trainingonthe selectionand use of proper PPE, thatproper PPEis
availableandingoodconditionandthatlaboratorypersonneluse properPPE whenworkingin
laboratories under theirsupervision.

3.3 Eye Protection

Eye protection is one of the most important and easiest forms of PPE to wear. Laboratory
personnelshouldweareye protectiontopreventissuesfrommanychemicaland physicalhazards
including flying particles, broken glass, molten metal, acids or caustic liquids, chemical liquids, gases
or vapors, or potentially injurious light radiation.

P.l.sandlaboratory supervisors are strongly encouraged to make the use of eye protectiona
mandatory requirement for all laboratory personnel, including visitors, working in or entering
laboratories undertheir control. All laboratory employees and visitors should wear protective
eyewearwhileinlaboratorieswhere chemicalsarebeinghandled orstored,evenwhennotworking
directly with chemicals.

Additionalinformationcanbefoundonthe OSHAHealthand Safety TopicspageforEyeandFace
Protection. 2°

3.3.1 Eye Protection Selection

AllprotectiveeyeandfacedevicesmustcomplywithANSIZ87.1-2003,"AmericanNational
Standard Practice for Occupationaland Educational Eye and Face Protection" and be marked to

20 hitps://www.osha.gov/SLTC/eyefaceprotection/
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identifythemanufacturer. Whenchoosingpropereyeprotection,beawarethereareanumberof
different styles of eyewear that serve different functions.

Prescription Safety Eyewear

OSHA regulations require that employees who wear prescription lenses while engaged in operations
thatinvolve eye hazards shallweareye protection thatincorporatesthe prescriptioninits design, or
mustweareye protection thatcanbewornoverthe prescription lenses (goggles, face shields, etc.)
without disturbing the proper position of the prescription lenses or the protective lenses. Any
prescriptioneyewearpurchase mustcomplywithANSIZ87.1-1989. Contactlensesbythemselves
are not considered to be protective eyewear.

Safety Glasses
Safetyglassesprovideeyeprotectionfrommoderateimpactandparticlesassociatedwithgrinding,
sawing,scaling,brokenglass,andminorchemicalsplashes. Sideprotectorsarerequiredwhen
thereisa hazard fromflying objects. Safety glasses are available in prescriptionformforthose
persons needing corrective lenses. Safety glasses do not provide adequate protection for processes
thatinvolve heavy chemicaluse suchasstirring, pouring, ormixing. Inthese instances, splash
goggles should beused.

Splash Goggles

Splashgogglesprovideadequate eye protectionfrommanyhazardsincluding potentialchemical
splash hazards and those associated with use of concentrated corrosive material and bulk chemical
transfer. Gogglesareavailablewithclearortintedlenses,fogproofingandventedornon-vented
frames. Beawarethatgoggles designedforwoodworking are notappropriate forworking with
chemicals. Woodworkinggogglescanbeidentifiedbythenumeroussmallholesthroughoutthe
facepiecethroughwhichchemicalscouldenterresultinginexposure. Ensurethatthegogglesyou
choose are rated for use with chemicals in use.

Welder’s/Chippers’ Goggles

Welder’'sgogglesprovide protectionfromsparking, scaling,orsplashingmetalsand harmfullight
rays. Lensesareimpactresistantandareavailableingraduatedlensshades. Gogglesusedfor
chippingandgrinding provide protectionfromflying particles. The dualprotective eyecupshouse
impact resistant clear lenses with individual cover plates.

Face Shields

Face shields provide additional protectiontothe eyes andfacewhen used in combination with
safetyglassesorsplashgoggles. Theytypicallyconsistofadjustable headgearanda“window”
made of eithertinted ortransparent material of varying thickness ora mesh wire screen. They
shouldbeusedinoperationswhenthe entire faceneedsprotectionand should be wornto protect
the eyes and face from flying particles, metalsparks, and chemical/biological splashes. Face shields
withamesh wirescreenarenotappropriateforusewithchemicals. Faceshieldsarenotintended
tobe used alone and are nota substitute forappropriate eyewear. Itisrecommended thatface
shields always be wornin conjunction with a primary form of eye protection such as safety glasses
or goggles.
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Welding Shields

Weldingshieldsare similarindesigntoface shields butofferadditional protectionfrominfrared or
radiantlightburns,flyingsparks, metalsplatter,andslagchipsencounteredduringwelding,brazing,
soldering,resistance welding, bareorshieldedelectricarcwelding,and oxyacetyleneweldingand
cutting operations.

Itisrecommendedthatequipmentfitted withappropriatefilterlensesalwaysbe usedto protect
againstlightradiation.Tintedandshadedlensesarenotfilterlensesunlesstheyaremarkedor
identified as such.

LASER Eye Protection

Asinglepairofsafety glassesisnotavailable forprotectionfromallLASER outputs. Eyewearmust
be selectedforthe specifictypeoflasertoblock orattenuateoutputinthe appropriate wavelength
range. IfyouhavequestionsonthetypeofeyewearthatshouldbewornwithyourspecificLASER,
contactyour EHSO. See the LASER Hazards section for more information.

3.4 Hand Protection

Mostaccidentsinvolvinghandsand arms canbe classified underfourmainhazard categories:
chemicals, abrasions, cuts, and temperature extremes (heat/cold). Gloves must be worn whenever
significantpotentialhazards from any ofthese categories are present. Gloves mustbe wornwhen
usingchemicalsthatare easily absorbed throughthe skinand/orusing particularly hazardous
substances (such as “select carcinogens,” reproductive toxins, and substances with a high degree of
acute toxicity).

Thereisnoonetypeof glove thatoffersthe best protection againstall chemicals ortotally resists
degradationorpermeationbyallchemicals. Asaresult,allgloves mustbereplacedperiodically.
The frequency of replacement depends on the type and concentration of the chemical,
performance characteristics ofthe gloves, conditionsand durationofuse, hazards present,andthe
lengthoftimea chemical hasbeenin contactwiththe glove. ALL glove materials are eventually
permeated by chemicals;however,they canbe usedsafelyforlimitedtime periodsifspecificuse
andothercharacteristics(e.g., thickness,permeationrate,andtime)areknown. TheEHSOcan
provideassistancewithdeterminingtheresistancetochemicals ofcommonglovematerialsand
identifyingthe specifictype of glovematerialthatshould bewornforusewith aparticular chemical.

341  Selecting the ProperGloves

Before working with any chemical, always read manufacturer instructions and warnings on chemical
containerlabelsandMSDSs. Recommendedglovetypesaresometimeslistedinthe PPE sectionof
the MSDS. Iftherecommended glove typeisnotlistedonthe MSDS, thenlaboratory personnel
should consultwiththe glove manufacturers’glove selectioncharts. Differentglove manufacturers
usedifferentformulationsso checkthespecificmanufacturer’s chartfor thegloveyouplantouse.
Chartstypically include specific chemicals used to test that manufacturers’ glove types.
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Ifthe manufacturer’s glove chartdoes notlistthe specificchemical you willbe using, callthe glove
manufacturerdirectly and speak with atechnicalrepresentative to determine which glove is best
suited for your particular application. Itisimportantto know that not all chemicals or mixtures
havebeentestedbyglovemanufacturers. Itisespeciallyimportantinthesesituationstocontact
the glove manufacturerdirectly.

Some general guidelines for glove use include the following:
» Wearappropriate gloves when the potential for contact with hazardous materials exists.

» Laboratory personnel should inspect gloves for holes, cracks, or contamination before
each use and discard any gloves found to be questionable immediately.

» Replaceglovesperiodically,dependingonthefrequencyofuseandpermeabilitytothe
substance(s) handled.

* Reusableglovesshouldberinsedwithsoapandwaterandthencarefullyremoved after
use.

» Discard disposable gloves appropriately after each use and whenever they become
contaminated.

* Removeglovesbeforeleavingthelaboratory. Potentialchemical contaminationmay not
alwaysbevisible. Donotweargloveswhile performingcommontaskssuchasanswering
the phone, grabbing a door handle, or using an elevator.

342  Double Gloving

Acommonpracticetousewithdisposableglovesis“‘double-gloving.” Thisisaccomplishedwhen
two pairs of gloves are worn, one over the other, to provide a double layer of protection. Ifthe
outerglove becomes contaminated, startstodegrade, ortearsopen, theinnerglove continuesto
offer protection untilthe gloves are removed andreplaced. The best practiceisto checkouter
glovesfrequently,watchingforsignsofdegradation (e.g.,changeofcolor,change oftexture, tears).
Atthefirstsign of degradation or contamination, always remove and dispose of contaminated
disposable glovesimmediatelyand double-glove withanew setofgloves. Iftheinnerglove appears
tohave any contamination ordegradation, remove both pairs ofgloves, anddouble glove witha
new pair.

Anotherapproachtodoubleglovingistowearathindisposableglove(4milNitrile)underaheavier
glove (8 milNitrile). The outergloveisthe primary protective barrierwhiletheundergloveretains
dexterity and acts as asecondary barrierinthe eventof degradation or permeation of the outer
glove. Alternatively, you could wear a heavier glove as an under glove and wear a thinner,



LABORATORY SAFETYMANUAL 27

disposable glove astheouterglove. However,remembertochangethethinneroutergloves
frequently.

When working with mixtures of chemicals, itmay be advisable to double glove with two sets of
gloves made fromdifferentmaterials. This method can offer protectionin case the outerglove
materialbecomes permeated by one chemicalinthe mixture, while allowing forenough protection
untilbothgloves canberemoved. Thetypeofglove materials selected forthistypeofapplication
will be based on the specific chemicals used as part of the mixture. Check the chemical
manufacturer’s glove selection charts before choosing which types of gloves to use.

Toremovedisposableglovesproperly, grabthe cuffoftheleftglovewiththeglovedrighthandand
removethe leftglove. While holding the removed leftglove in the palm of the gloved right hand,
insertafingerunderthe cuffofthe rightglove and gentlyinvertthe rightglove overthe gloveinthe
palmofyourhand anddispose ofthem properly. Be suretowash yourhands thoroughlywith soap
and water after the gloves have been removed.

343  Types of Gloves

Aswithprotectiveeyewear,thereareanumberofdifferenttypesofglovesavailableforlaboratory
personnel that serve different functions.

Fabric Gloves

Fabricgloves are made of cotton orfabricblendsand are generally used toimprove gripwhen
handlingslipperyobjects. Theyalsohelpinsulatehandsfrommildheatorcold. Theseglovesare
notappropriateforusewithchemicalsbecausethefabriccanabsorbandholdthe chemicalagainst
a user’s skin, resulting in a chemical exposure.

Leather Gloves

Leatherglovesareusedtoguardagainstinjuriesfromsparks, scrapingagainstrough surfaces, or
cutsfrom sharp objectslike broken glass. Theyare alsousedincombination withaninsulated liner
whenworking with electricity. These glovesarenotappropriate foruse withchemicalsbecausethe
leathercanabsorbandholdthechemicalagainstauser’sskin, resultinginachemicalexposure.

Metal Mesh Gloves
Metalmeshglovesareusedtoprotecthandsfromaccidental cutsandscratches. Theyare most
commonly used when working with cutting tools, knives and other sharp instruments.

Cryogenic Gloves

Cryogenicglovesareusedtoprotecthandsfromextremelycoldtemperatures. Theseglovesshould
be used when handling dryice and when dispensing or working with liquid nitrogen and other
cryogenic liquids.

Chemically Resistant Gloves
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Chemicallyresistantglovescomeinawidevarietyofmaterials. Oncethechemicalmakescontact
withthe gloved hand, the gloves should be removed and replaced. A glove type specified for
incidentalcontactisnotsuitable forextended contact,suchaswhentheglovedhand canbecome
coveredorimmersedinthe chemicalinuse. Before selectingchemicalresistantgloves, consult
yourglovemanufacturer'srecommendations, gloveselectioncharts,orcontactyourEHS Office.

Latex Gloves

The use of latex gloves—especially thin, disposable exam gloves—for chemical handling is
discouragedbecauselatexofferslittle protectionfromcommonlyusedchemicals. Latexglovescan
degrade severelyin minutes oreven seconds when used with common laboratory and shop
chemicals. Latexglovesalso can causeanallergicreactionina percentage ofthe population
becauseofseveralproteinsfoundinlatex. Symptoms caninclude nasal, eye, orsinusirritation,
hives, shortness ofbreath, coughing, wheezing, orunexplained shock. Ifany ofthese symptoms
become apparentin personnel wearing latex gloves, discontinue using the gloves and seek medical
attention immediately.

Latex gloves are only appropriate for the following uses:

* Most biological materials

* Nonhazardous chemicals

» Clean roomrequirements

» Medical or veterinaryapplications

» Verydilute, aqueous solutions containing less than 1% concentrations for most hazardous
chemicals orless than 0.1% for known or suspected human carcinogens

Staffrequiredtowearlatexgloves shouldreceive trainingon the potentialhealth effects related to
latex. Hypoallergenic, non-powdered gloves should be used whenever possible. A general purpose
substitute for disposable latex gloves are disposable Nitrile gloves.

SeeAppendixFforalistofrecommendedglovesforspecificchemicals, definitionsfortermsusedin
glove selection charts, glove materials and characteristics and a list of useful references.

3.5 Protective Clothing

Protectiveclothingincludeslaboratorycoatsorotherprotectivegarmentssuchasaprons,boots,
shoecovers, Tyvekcoveralls,andotheritems, thatcanbe usedtoprotectstreet clothingfrom

biologicalorchemicalcontaminationand splashes and provide additionalbody protection from

some physical hazards.

ItisstronglyrecommendedthatP.l.sandlaboratorysupervisorsdiscouragethewearingofshorts,
skirtsorloose clothinginlaboratories using hazardous materials (chemical, biological, and
radiological)bylaboratory personnel,includingvisitors,workinginorenteringlaboratoriesunder
their supervision.



LABORATORY SAFETYMANUAL 29
The following characteristics should be taken into account when choosing protective clothing:

» Thespecifichazard(s)andthe degree of protectionrequired, includingthe potential
exposure to chemicals, radiation, biologicalmaterials and physicalhazards such as heat.

» Thetypeofmaterialusedinclothinganditsresistancetothespecifichazard(s)thatwillbe
encountered.

» Thecomfortofthe protective clothing, whichimpactsthe acceptance and ease ofuse by
laboratory personnel.

» Disposable orreusable clothing will impact cost, maintenance and cleaning requirements.

» How quickly the clothing can be removed during an emergency may be a factor. Itis
recommendedthatlaboratory coatsuse snapsorothereasytoremove fastenersinstead of
buttons.

Laboratorypersonnelwhoareplanningexperimentsthatmayrequire special protective clothingor
have questionsregarding the best protective clothingto choosefortheirexperiment(s) should
contact their EHS Office for recommendations.

3.6 Respirators

Respiratory protection includes disposable respirators (such as N95 filtering face pieces, commonly
referred to as “dust masks”) as well as air purifying and atmosphere supplying respirators.
Respiratorsaregenerallynotrecommendedforlaboratoryworkers. Engineeringcontrols,suchas
dilution ventilation, fume hoods, and otherdevices, which capture and remove vapors, fumes and
gases fromtheuser’s breathingzone arepreferred overtheuse of respirators in mostlaboratory
environments. Thereare certainexceptionstothisgeneralrule,suchaschangingcylindersoftoxic
gases and emergency response to chemical spills.

Theuseofalltypesofrespiratory protectionat CUNYis governed by the OSHA standards and
enforcedby PESH. Alaboratoryworkermay notpurchasearespiratorandbringittoany CUNY
laboratoryforpersonaluse withoutpriorapprovalfromthe campus EHS Office. Pleaserefertoyour
college’s respiratory protection program or consult with your EHS Office.

Itisimportantto note thatmostdisposable respirators do not protectagainstchemical vapors and
fumes;they are fornuisance dustonly. The use of disposable respirators may ormay notbe
regulatedby OSHAdependinguponthecircumstances. InordertodetermineifOSHAregulations
apply,pleasecontactyourEHS Officetoscheduleahazardassessmentpriortousingadisposable
respirator.
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The following are situations where respiratory protection would be appropriate for laboratory
workers pending the campus EHS Office approval.

» Voluntaryuse of N-95 respiratorsinthe laboratory but OSHA requires the following reading
be completed before use: (Mandatory) Information for Employees Using respirators When
not Required Under Standard —29 CFR 1910.134 Appendix D?"

» Use of large volumes of certain hazardous chemicals, such as formaldehyde in a
room where dilution ventilation or capture devices do not offer adequate protection

» Changing out cylinders of hazardous gases (requires additional training)
» Cleaning up hazardous chemical spills (requires additional training)

» Reducingexposuretosomechemicalstowhichcertainindividualsmaybeormaybecome
sensitive

«  When mixing chemicals that may result in more hazardous vapors from the
combination, theneach chemicalalone,or when the potential foranunknownexposure
exists. However, laboratory staff should conduct such experiments in a fume hood.

PLEASENOTE:As a measure of coworker protection,when weighing out dusty
materials or powders,consider waiting until coworkers have left theroomto prevent
possibleexposure. Always thoroughly clean up and decontaminate working surfaces or
alert them to your activities so they may take appropriate action.

There are some situations in which the use of a respirator would be prohibited.

» Whentheairinalaboratoryisseverely contaminated andimmediately dangeroustolifeand
health (IDLH)

»  Whenthe airin aroom does not have enough oxygen to support life (less than 19.5%)

» When dangerous vapors are present that have in adequate warning properties (such
as odor) should the respirator fail

* Whentheaircontaminantscanpenetrate or damageskinand eyes unless other
suitable protection is worn

3.7 Hearing Protection

21 https://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=standards&p_id=9784
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Hearingprotectivedevicesincludesearplugs,earmuffs,orsimilardevicesdesignedtoprotectyour
hearing. If occupational noise exposures, as defined by the Occupational Safety and Health
Administration(OSHA) General Industry Standard"Occupational Exposureto Noise" Part 1910.95,22
exceedpermissiblelevelsandcannotbereducedthroughengineeringorothercontrols,then
hearingprotectivedevicesmustbeworn. Contact your EHSOifyouhavequestionsabout
occupational noise exposure or would like to request workplace monitoring.

Additionalinformationcanbeobtainedfromthe OSHA Healthand Safety Topics pageforNoiseand
Hearing Conservation.?

3.8 Foot Protection

In areas where chemical, biological and physical hazards are present, laboratory and other
personnel should wear foot protection atalltimes. There is the potential for exposure to toxic
chemicalsand/orphysicalhazardssuchasdroppingequipmentorbrokenglass. Ingeneral,shoes
shouldbe comfortableandpreferablyleather. Leatherhasbetterchemicalresistanceandtendsto
absorb fewer chemicals than cloth. However, leather shoes are not designed for long term
exposureviadirectcontactwithchemicals. Insuchinstances,chemicallyresistantrubberbootsare
necessary.Chemicallyresistantbootsorshoecovers mayberequiredwhenworkingwithlarge
quantities of chemicals where the potential exists for large spills.

P.l.sandlaboratorysupervisorsarestronglyencouragedtorequiretheuseofclosed-toedshoesfor
all laboratory personnel, including visitors, who enter or work in laboratories and laboratory
support areas under their supervision.

Insome cases, theuse ofsteel-toed shoes maybe appropriateif, forexample,heavyequipmentis
involved.

40  ADMINISTRATIVE CONTROLS

Administrative controlsinclude policiesand proceduresthatresultin providing properguidance for
safelaboratoryworkpracticesandset standardsforbehavior. Once developed,administrative
controls mustbe implemented and adhered to by all personnel working in the laboratory and
associated defined spaces.

Colleges and departments are responsible for developing policies and written guidelines to ensure
thatlaboratory workers are protected againstexposure to physicalhazards and hazardous
chemicalsasoutlined inthe Laboratory Standard. Itisthe responsibility ofthe P.l.and laboratory
supervisor to ensure that personnel working in laboratories under their supervision follow
laboratory specific, departmental and campus-wide policies and procedures coveredinthis
LaboratorySafetyManual. Colleges,departments,P.l.s,andlaboratorysupervisorshavethe

22 https://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=9735
23 https://www.osha.gov/SLTC/noisehearingconservation/
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authority toimplementmore stringent policies within laboratories undertheirsupervisionand are
encouraged to doso.

4.1 Standard Operating Procedures

ThelLaboratoryStandardrequiresthatChemicalHygienePlansincludespecificelementsand
measurestoensureemployee protectioninthelaboratory. One suchelementisthe establishment
of Standard Operating Procedures (SOPs)“relevantto safetyandhealth considerationstobe
followed when laboratory work involves the use of hazardous chemicals.” %4

SOPs can be stand-alone documents or be supplemental information included as part of research
notebooks, experimentdocumentation, orresearch proposals. The requirementfor SOPs is to
ensurethataprocessisinplacetodocumentandaddressesrelevanthealthandsafetyissuesas
part of everyexperiment.

At a minimum, SOPs should address the following topics:

» Chemicals involved and their hazards

» Special hazards andcircumstances

» Engineering controls (such as fume hoods)

» Required PPE

» Spill response measures

» Waste disposal procedures

» Decontamination procedures

» Description of how to perform the experiment or operation

Whilethe OSHA Laboratory Standard specifies the requirementfor SOPs forworkinvolving
hazardouschemicals, laboratories shouldalsodevelop SOPsforworkinvolvingany piece of
equipment or operation that may pose any physical hazards. This includes safe use and
considerations of LASERS, cryogenic liquids and fill procedures and high voltage equipment as well
as connecting regulators to gas cylinders and cylinder change outs.

SOPsdonothavetobelengthyanditisperfectlyacceptabletopointlaboratorypersonneltoother
sources ofinformation. Examplesinclude: “To use this piece of equipment, see page 4 inthe
operator'smanual (located infile cabinet#4)” or “The chemical and physical hazards of this
chemical canbefoundinthe SDSlocatedinthe SDS binder. Read the SDS before using this
chemical.”

It is the responsibility of the P.I. and laboratory supervisor to ensure that written SOPs are
developedforworkinvolvingtheuseofhazardouschemicalsinlaboratoriesundertheirsupervision
andthatPPEand engineering controls are adequatetopreventexposure. Inaddition,P.l.sand

2429 CFR 1910.1450€(3)(i)
https://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=10106
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laboratory supervisors must ensure that personnel working in laboratories under their supervision
have beentrainedtousethese SOPs. See Appendix D foradditionalinformationand templates.
Your EHS Office also can assist laboratories with developing SOPs.

4.2 Procedural Controls

Procedural controlsincorporate bestmanagementpracticesforworkinginalaboratory. These
practices serve not only to protect the health and safety of personnel, but provide a way of
increasingproductivityinalaboratory. Throughimplementationofgoodpractices,laboratoriescan
expectanincreaseinthe efficientuse of valuable space, inthereliability of experiments,andan
increaseinlaboratorypersonnel’sawarenessofhealthandsafetyissues.Proceduralcontrolsare
fundamental to instilling safe work behavior and help to create a culture of safety within the
laboratory environment.

4.3 Housekeeping

Housekeepingreferstothegeneralconditionandappearanceofalaboratoryandincludesavariety
of tasks.

» Keepingallareasofthelaboratoryfree ofclutter,trash, extraneous equipment,and unused
chemicalcontainers. Areastoaddressincludebenches,hoods,refrigerators,cabinets,
chemical storage cabinets, sinks, and trash cans.

» Keeping all containers of chemicals properly closed when not in use.

» Cleaning up all chemicals spills immediately, regardless of whether the chemical is hazardous
ornot. Lookforanysplashesthatmayhave resulted onnearbyequipment, cabinets, doors,
and counter tops. See the Chemical Spill Procedures section.

» Keepingareasaroundemergencyequipmentanddevicescleanandfreeofclutter. This
includes eyewash/emergency showers, electric power panels, fire extinguishers and spill
cleanup supplies.

» Keepingaminimumofthreefeetofclearance (asrequiredbyFDNY codes)betweenbenches
and equipment.

» Exitsmustbeclearofobstaclesandtrippinghazardssuchasbottles,boxes,equipment,
electric cords andcarts.

» Combustiblematerialsmaynotbestoredinexits(includingcorridorsandstairways), exit
enclosures, boilerrooms, mechanical rooms, or electrical equipment rooms.
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» Whenstoringitemsoverhead, keep heavierandbulkieritems closertothefloor. FDNY
prohibits any type of storage within 18inches (457 mm)of sprinklerhead deflectorsin areas
ofbuildings protected bya sprinkler systemandwithin 24 inches (610 mm)ofthe ceilingin
areas not protected by sprinklers. 2°
Insummary,goodhousekeepinghasobvioushealthandsafetybenefitsandcanleadtoincreased
productivity. Duringaninspection byafederal, state, orlocalregulatory agency, the general
conditionofthe laboratory can have asignificantimpact (positive ornegative) ontherestofthe

inspectionprocess.ltistheresponsibilityofP.l.sandlaboratorysupervisorstoensureaclean,
orderly workspace is maintained and personnel practice good housekeeping.

44 Personal Hygiene

Good chemical hygiene practices include the use of personal protective equipment (PPE) and good
personalhygienehabits. AlthoughPPEcan offerabarrierofprotection,goodpersonalhygiene
habits can prevent chemical exposure.

Recommended personal hygiene guidelines

» Do noteat, drink, chew gum, or apply cosmetics in any area where chemicals are used.

» Donotplacefoodordrinkinrefrigerators where chemicals are stored. Use refrigerators
labeled safe for storage of items intended for human consumption.

» Neverstartasiphonorpipettebymouth. Doingso canresultiningestion ofchemicals or
inhalation of chemical vapors. Always use a pipette aid or suction bulb.

» Always confine long hair, loose clothing and jewelry.
» Shorts and sandals should not be worn in a laboratory. They do not offer protection.
* Wear alab coat whenever working with hazardous materials.

» Remove laboratory coats, gloves, and other PPE immediately if chemical contamination
occurs. Failure to do so could result in chemical exposure.

» Afterremovingcontaminated PPE,besuretowashanyaffected skinareaswithsoapand
water for at least 15 minutes.

» Donotwearlaboratory coats, scrubs, or other PPE (especially gloves) outside the laboratory.

Remove before exiting the laboratory.

25See Fire Code § 315.2.
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» Alwayswashhandswithsoapandwaterafterremovingglovesandbeforeleavingthe
laboratory ortouchingitems such asthe phone, doorknobs, or elevator buttons.

» Always wash laboratory coats separately from personal clothing. Place the contaminated lab
coat in a separate plastic bag and label the bag clearly.

» Smoking is prohibited on all CUNY campuses.
4.5 Eating, Drinking, and Applying Cosmetics in the Laboratory

Chemicalexposure, bothacuteand chronic,canoccurthroughingestion ofcontaminated food or
drink. Thistypeof contamination can occurwhenfood ordrinks are broughtintoalaboratory or

storedinrefrigerators, freezers, or cabinets with chemicals. Itis possible forthe food ordrink to

absorbchemicalvaporsandleadtoexposurewhenconsumed. Eatingordrinkinginareasexposed
to toxic materials is prohibited by the OSHA Sanitation Standard. 26

A similar potential for chemical exposure holdstrue with regard to the application of cosmetics
(make-up,handlotion,etc.) inalaboratorysetting. Cosmeticshavetheabilitytoabsorb chemical
vaporsorincorporatedusts,andmistsfromtheairand,whenappliedtotheskin,resultinexposure
to chemicals.

Refrigerators, freezers, microwave ovens, and food processors should be properly labeled. For
example, refrigerators for the storage of food should be labeled, “Food Only, No Chemicals” or “No
Chemicals or Samples.” Refrigerators used for the storage of chemicals should be labeled
“Chemicals Only, No Food.”

Washyourhandsthoroughlyafterusingany chemicalsorotherlaboratory materials, evenifyou
were wearing gloves, and especially before eating or drinking.

4.6 Working Alone

Whiletheuniversityacknowledgesthatworkingaloneissometimesnecessary, thereare specific
safetyconcernstobeaddressed. AppendixAofOSHAstandard29CFR1910.1450,%"theNational
Research Council (NRC) recommends that researchers, “(a)void working alone in a building; do not
work alone in alaboratory if the procedures being conducted are hazardous.”?8

Laboratories should establish guidelines and SOPs specifying when working alone is not allowed and
develop notification procedures whenworkingalone occurs. Allwork performed by someone
working alone mustbe approved inadvance bythe P.l. orlaboratory supervisorandinclude a

26See 29 CFR 1910.141(g)(2)
https://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=9790
27 https://www.osha.gov/pls/foshaweb/owadisp.show_document?p_table=standards&p_id=10107

28 jbid
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monitoringsystem. HighSchoolStudentsare NEVER permittedtoworkaloneinaresearchlab,
evenwithnon-hazardous materials. They mustalwayshave amentor/supervisorpresent.

TheFDNY requiresthatanyongoinglaboratoryoperationbeunderthe personalsupervisionofaC-
14 Certificate of Fitnessholder(Certificate of Fitnessforthe SupervisionofChemical Laboratories).
Therefore, anyone working alone MUST have a C-14 Certificate of Fitness.

Consider the following precautions when working alone.

» Working alone, especially after hours, should be avoided whenever possible.

» ConductaHazard Assessment of the work, risks, and emergency requirements

» Apersonworkingalone shouldhaveaphoneimmediatelyavailableandbeinregular
contact with a buddy. (see section 4.2.6)

» Individuals working alone in separate laboratories should make arrangements to check on
each other periodically or ask Public Safety to check on them.

Examples of activities where working alone would be acceptable include:

» Office work such as calculations, computer work, and reading.

» Housekeeping activities such as generalcleaning, or reorganization of supplies or
equipmentaslongasno moving oflarge quantitiesof chemicalsis involved.

» Assemblyormodification oflaboratoryapparatuswhennochemical, electrical, orother
physical hazards arepresent.

» Routinelaboratoryfunctionsthatare partofastandard operatingprocedure, have been
demonstrated to be safe, and do not involve hazardous materials.

Examples of activities where advance precautions and procedures should be in place include
experiments or activities involving:

» Toxicorotherwise hazardous chemicals, especially those with poison inhalation hazards
» High-pressure equipment

» Large quantities of cryogenic materials

»  Work with unstable (explosives) materials

» Class 3borClass 4 LASERS

» High voltage

» Transfer of large quantities of flammables, acids, bases, or other hazardous materials

» Changing out compressed gas cylinders containing hazardous materials

» Certain machine shopactivities

Workingaloneisnot permitted by OSHAwhenitinvolves entryintoa confined space. Itisthe
responsibilityofP.l.sandlaboratorysupervisorstoensurethatproceduresforworkingaloneare
developed and followed by personnel working in laboratories under their supervision.
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4.6.1 Working Alone -Responsibilities
The following responsibilities are assigned to employees when working alone is required.

P.l.s must
* Review all workplaces under their jurisdiction
» |dentify individuals required to work alone
» |dentify hazard(s) and assess risk(s)
» Take any necessary steps to eliminate the hazard(s)
» Use engineering controls, administrative controls, or a combination of the two
» Developa site-specific Working Alone Policyand Proceduresto addresstherisk(s)
» Communicate the site-specific Working Alone Policy and Procedure to all workers
» Ensure compliance with the Working Alone Policy and Procedure
* Review the site-specific Working Alone Policy and Procedure annually and when working
conditions change
* Maintain documentation of the site-specific Working Alone Policy and Procedure on-site

Individuals working alone or in isolation will

» Comply with the site-specific Working Alone Policy
» Advise the supervisor of any concerns as they arise
» Advise the supervisor of any changes in work that impact safety

The EHS Office will provide guidance and act as a resource. This is also true of EHSRM.
4.6.2 Buddy System and Working Alone

A“buddysystem”should establishasystem ofroutine checks onpersonnelworkingalone(e.g.,
every 15-30minutes). Thiscanbeaccomplished severalwaysincluding physicallywalkingtothe
engagedlaboratory, contactbyphone, orvisual contactby CCTV. Ifthe personworkingaloneis
engagedinhighlyhazardouswork,the designated buddy should notentertheroomunlesstheyare
properly trained andequipped.

Ifan emergency requires the buddy to leave priorto the completion of the partner’s experiment
andthatexperimentinvolves highly hazardous chemicals, the buddy should notify the campus
Officeof Public Safetyofthe partner’'s name, location, andendtimeof the experimentinvolved.
Thebuddyshouldalsonotify the person conductingthe experiment. The person conductingthe
experimentshould make an effortto complete the experimentin a safe manner and notify the
campus Office of PublicSafetyuponcompletionofthe experiment. UnderNO circumstancesshould
a campus public safety officer be used in place of a “buddy.”
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PLEASENOTE:For rooms that are locked, prior arrangementsarerequiredtofacilitateaccess.
Emergencyrespondersand/orcampus publicsafetymaynothaveimmediateaccess, whichcould
resultindelayedresponse. Ifthe doorto the laboratory doesnothave awindoworif the window is
covered,apersonworkingaloneinalockedlaboratoryandinjeopardymaynotbediscovereduntil
someone enters theroom.

46.3 C-14 Requirements for the Written Exam

Inordertoqualifytotake the exam, the applicantmustmeetthe baserequirementsandbring
required documents. Applicantsmust:

» Be 18 years orolder.
* Have areasonable understanding of the English language.

» Provide two forms of identifications at least one of which must be
government issued photo identification, such as a passport or valid driver’s license.

» Providealetterofrecommendation fromanemployer, onofficial letterhead, state the
applicant’sfullname, experienceandworkaddress. Iftheapplicantsare self-employedor
the principal ofthe company, then a notarized letter must be submitted to attestto their
qualifications.

» Applicants who are not currently employed, may take the exam without the
recommendationletter. Ifthe applicants passthe exam, atemporaryletterwitha picture for
job seeking purposes will be issued by the FDNY. A card will only be issued once the
applicantis employed andhas provided arecommendation letterfrom theiremployer.?®

Completed Certificate of Fitness (A-20 Form)application
Inaddition, C-14 exam applicants musthave one ofthe following:

» AB.SdegreeinChemical, Mechanical, Environmentalor Biomedical Engineering,
Biology, Biochemistry, Chemistry, Environmental or Health Sciences, Medical Technology

* AnA.A.SorA.SdegreeinBiochemistry, Chemistry, Biology, Environmentalor Health
Sciences, Medical Technology and Chemical, Environmental, Mechanical or Biomedical
Engineering, orrelatedfieldand acompletion ofacourse onlaboratory safety provided by
the employer

29 Applicantswhoarenotcurrentlyemployed, = maytaketheexamwithouttherecommendationletter.  Iftheapplicants

passtheexam, atemporaryletterwithapictureforjobseekingpurposeswillbeissuedbythe FDNY. Acardwillonlybe issued
once the applicant is employed and has provided a recommendation letter from their employer.


https://applicantisemployedandhasprovidedarecommendationletterfromtheiremployer.29
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» 60creditswithaminimum of21 creditsinapplicable science orengineering courses and
a completion of a course on laboratory safety provided by the employer

* NY State Permanent Certification as a Chemistry or Biology (7-12) Teacher

» Evidence of academic degree(s) indicating specific course of study and/or transcript to
verify college science courses must be presented by the applicant

* Any degree obtained in a language other than English or outside the USA will be
evaluatedbyanindependentevaluationserviceacceptedbyNYCDepartmentofCitywide
Administrative Services (DCAS). Additional information can be found here:_
http://www.nyc.gov/html/fdny/pdf/cof study material/foreign education evaluation guid
e.pdf

Undergraduate studentswhodonothaveatleast21 creditsinapplicable scienceorengineering
courses are considered ineligible for the C-14 exam.

Additional information can be found here: https://www1.nyc.gov/nycbusiness/description/cof-c14
46.4 Renewal Guidelines for Certificate of Fitness

The Certificate of Fitness mustberenewedeverythreeyears. FDNY reservestherighttorequirethe
applicantstoretake the fullexamination upon submission ofrenewal applications. Youcanrenew
online, by mail, or in person. A courtesy notice of renewal will be issued 90 days before the
expirationdate. Itisyourresponsibilitytorenew your Certificate BEFORE itexpires. Ifrenewals are
submitted 90 days afterthe expiration date the certificate holderwillincura$25 penaltyin addition
tothe regularrenewalfee. Any certificates allowed to remain expired formore than one year will
not be renewed and new exams will be required.

4.7  Supervision in the Laboratories - Defined

Supervision is the act of critically watching and directing.

Direct Supervision is achieved when a faculty member, laboratory manager, principal investigator,
orotherassignedqualifiedsupervisorisphysically presentwhenstudentsorlaboratorypersonnel

are in laboratoryareas.

A Qualified Supervisor is a laboratory worker, faculty member, graduate student, laboratory

manager,oraninvestigatortrainedinandknowledgeableaboutspecifichazardsandworkactivities
present in thelaboratory.


https://www1.nyc.gov/nycbusiness/description/cof-c14
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4.8 Phone Access

Alllabs should have ameans ofcommunicationintheeventofanemergency. Thiscanincludea
‘landline”phone, cellphone (ifservice isavailable), ortwo-wayradio. Ifaphoneisnotavailable
withinthelab, itis advisable to posta sign and/ormap indicating where the nearestphone is
located.

4.9 Unattended Operations

Wheneveritisnecessarytohave unattended operations occurringinalaboratory, itisimportantto
ensurethatsafeguardsareputintoplaceinthe eventofanemergency. The followingguidelines
weretakenfrom Appendix Aof OSHA standard29 CFR1910.1450and/orPrudentPracticesinthe
Laboratory. 30

Forunattended operationsinvolving highly hazardous materials, alight should be leftonand an
appropriatewarningsignwithaclearexplanationshouldbeplacedonthelaboratorydoororina
conspicuous, easily seenlocation. The warning sign should listthe following information:

» Nature of the experiment in progress

* Chemicals inuse

» Hazards present (electrical, heat, or explosion)

» Name of the person conducting the experiment and contact number
» Asecond name and contact number (most likely the P.I.)

Whensettingupanexperimentthatwillbeleftunattended, trytoanticipate potentialissuesand
take measures.

» Inspectallequipmenttoensurethatitisin properworkingorderpriortoleavingan
experiment unattended.

» Help contain potential spills through the use of secondary containment.

» Usesafetyshieldsandkeepthehoodsashlowtocontainchemicalsandglassincaseofan
explosion.

* Remove any chemicals or equipment that are not necessary for the experiment.

* Remove items that could potentially react with chemicals or other materials being used.

» Use automatic shutoff devices such as loss of cooling water or over-temperature devices.

» Useemergencybackuppoweroutletsforanyequipmentnegatively affected by utility
interruptions.

Itistheresponsibility of P.l.sand laboratory supervisorstoensurethatprocedures forunattended
operations are developed and followed by personnel working in laboratories under their

30 hitps://www.osha.gov/pls/oshaweb/owadisp.show document?p table=standards&p id=10107 and
https://www.nap.edu/catalog/12654/prudent-practices-in-the-laboratory-handling-and-management-of-chemical
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supervision. P.l.sshouldbe aware atalltimes of allwork being performedinlaboratoriesunder
their supervision.

410 Access tolLaboratories

Becauseof potential hazards,access to CUNY laboratories,workshops,and other work
areas housing hazardous material so rmachinery is restricted to CUNY faculty, staff,
students, or other known persons on university-related business.

4.10.1 General Visitors

As noted above, only visitors participating in a university-sanctioned activity
(e.g.,tour,openhouse, oruniversity-related business) are permitted in hazardous work
areas. Intheseinstances, all untrained laboratory visitors must be under careful and
continuous supervision. Check with your EHSO to see if your college has specific
procedures or policies in place for visitors.

It is the responsibility of the Department Chairperson, P.l.s,and laboratory supervisors
to restrict access to those are as under their supervision where potential health and physical
hazards exist. This includes cases such as employee’s children or students visiting
classmates.

4.10.2 Visiting Scientists and Other Similar Users

There are potential risks associated with allowing a visiting scientist access to
laboratories and equipment. These include questions of ownership of intellectual
property, bodily injury,property damage and theft. Collegesand units should verify thatall
laboratory visitors have requiredtraining priorto access. Itisthe visitor’s responsibility to obtain
appropriate training prior to the visit.

4.10.3 Pets inLabs

In general,P.l.sandlaboratorysupervisorsarestronglyencouragedtorestrictaccessofpetsto
laboratories. Please refertoyourcollege’s specific policy regarding accessfor pets.

4.11 Purchasing Chemicals

If it is necessary to purchase new chemicals,laboratory personnel should orderthe minimum
required tocarryoutthe experiment. Avoid orderinglargerquantities simply because the chemical

Before ordering new chemicals, search existing inventories and use those chemicals currentlyin
stock.An accurate and up-to-date chemical inventory can help minimize unnecessary
purchases. CUNY has an institutional subscription to the Chem Tracker chemical inventory system
that can help facilitate maintaininga chemical inventory. To learn moreabout the
ChemTrackersystem, contact your EHS Office. 3

31 https://chemtracker.org/
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‘mightbe neededinthefuture.” Trytotake advantage of chemicalvendors’“Just-In-Time” delivery
rather than stockpiling chemicals. Be sure to check CUNY purchasing guidelines.

Some chemical purchases may require special approval or permits, such as those chemicals that are
Drug Enforcement Agency (DEA) or Alcohol, Tobacco, and Firearms (ATF) listed substances or
particularlyhazardous substances. Therearealsobuildingandfire codesthatrestricttheamountof
flammable materials thatcan be storedinanyone room, floors, andbuildingsatatime. Formore
information, contact your EHS Office.

4.12 Ordering New Equipment

Purchasing equipment requires preplanning and consultation with Facilities Management and your
EHSOffice.Equipmentmayneedtoconnecttobuildingutilityservicessuchaselectric,water,or
gas. FacilitiesManagementandthe EHS Office willhelptoensure thatthe building can supportthe
new piece ofequipment. Certainpiecesofequipmentrequire specialinstallationsuchasfume
hoods. Fume hoods, as well as other equipment, have the potential to impact a building’s
ventilation systemand/or utilities. Asaresult, certaintypesofequipmentcannotbeinstalled by
laboratory personnel, building managers, or private contractors without first consulting with
Facilities Engineering and the EHSO.

Laboratorypersonnelareencouragedtogiveconsiderationto“Energy Star”energyefficient
equipmentto help conserve naturalresources andlong-termoperating costs. Formore
information, see Energy Conservation in Laboratories.

4.13 Work Orders and Ticket Requests

If maintenance issues arise or repairs are needed, laboratory personnel should consult the
manufacturer and review their service contract. Because of NYC building codes, laboratory
personnelMUSTNOT attempttorepairutility services (suchaselectrical,plumbing,orgasissues)

bythemselves. Theserepairsmustbehandledbyqualifiedpersonnelonly. Ensurethatthework
areaiscleanandinformthemaintenanceworkersofanypotentialhazardspresentinthevicinity,

eitherverbally orbyleavingasignwith the appropriate information. Follow campus procedures for
submitting work requests.

4.14 Changes in LaboratoryOccupancy

Changesinlaboratory occupancies canoccurwhenfaculty retire, newfacultyor staffare hired,
studentsgraduateorleave, orwhenfacilityrenovationstakeplace. Whenchangesinlaboratory
occupancyareplanned, it isimportanttoaddressanypotentialissues BEFORE theoccupantsleave.

Failuretoaddressthe changeinoccupancy canresultold, unlabeled chemicals, samples, or

hazardouswaste beingleftbehindinrefrigerators, freezers,and cabinets orvaluable furniture or
equipment being moved or thrown away. Also, changes in occupancy can leave unknown chemical
spills,contaminationorpotentialforboth. Theseissues canresultincostlyremediation effortsand
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wastedresources. Ifyouplantoleave yourlaboratory,afew simple steps can ensure asmooth
transition:

» Notify your department chairperson and laboratory supervisor well in advance
» Ensure that all chemical containers are properly labeled.

» Properly dispose of any hazardous and chemical waste left in the laboratory.

» Ensure that all chemical spills and contamination has been cleaned up.

» |dentify gaps in certification requirements and coverage for normal operations
» Review the Laboratory Move Guide.

4.15 Laboratory Design andConstruction

Itisimportanttotakehealthandsafetyconsiderationsintoaccountduringthedesignprocess,well
BEFORE construction begins. This will improve laboratory working conditions and facilitate
compliance.AlINYCBuildingandFireCodes(e.g.Section27060fthe FDNY Fire Codeentitled“Non-
production Chemical Laboratories”) mustbe followed fornew constructionas wellas renovation. A
listof chemicals, including approximate usage (weekly/monthly) and storage quantitieswill be
neededtoensure properventilationratesand engineering controls. Consultwith CUNY Facilities,
Planning, Construction and Management (FPCM) for additional details.

Ifyouareplanninglaboratoryconstructionorrenovation, please contactthe ChemicalHygiene
Officer and EHSO with the following information:

» Contact name, phone number and email

» Department, building and room(s) where the project will occur

» Expected start date for project

» Equipmenttobeinstalled,suchasfumehoods,biosafetycabinet,othercapturedevices,
eyewash and emergency showers, toxic gas cabinet and monitoring devices

4.16 Ventilation Rates

Ventilationratesforlaboratories are determined based onthe occupancy andthe type ofresearch
beingconducted. Wheneverthefunctionofaroomchanges,itisveryimportanttonotifyyourEHS
Office. The EHSOwillthen verify ifthe ventilation rate foragiven roomis appropriate forthe type
of research beingconducted.

4.16.1 Room Air Pressure in Labs

Laboratorypersonnelshouldoccasionallychecktoensurethatthereisnegative airpressureintheir
laboratories with respect to hallways. This means the fume hood is operating properly and
removingmore airfromthe roomthanis suppliedtothe lab. Conversely, positive airpressure,
whenmoreairisbeingsuppliedtotheroomversusbeingremoved, mayallow chemicalvaporsand
dustsfromthe laboratory to be blown outinto a hallway. This also can be detrimental to the fume
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hood’s performance, whichinturnmayallow chemicalodorstopermeate hallways and surrounding
rooms.

The following steps can be taken to test for negative air pressure in the laboratory: 32

» Close the entrance door to the laboratory.

» Affixasignoutsidethedoorinstructingpeopletoknockbeforeentering. Thiswillhelpavoid
any interrupts to the test.

» Place a bowl of water on the floorimmediately abutting the entrance door.

* Adddry ice to the bowl of water.

» Slowlymovethebowlalongthe edgeofthedoor, keepingitonthefloor, while observing
the path of dry ice vapors.

» Carefullypickupthebowland moveitalongthe verticaledgesofthe doorwhile continuing
to observe vapors.

» IfthedryicevaporsflowINTOthelaboratory,thentheroomisunderpropernegative air
pressure.

» Ifthedryicevaporsflow UNDERthedoorandbetweenthedoorand doorframeandintothe
hallway, then the laboratory is under positive air pressure.

» Ifyoudiscoveryourlaboratoryisunderpositiveairpressure, please contactFacilities
Management or your EHSO for assistance.

4.17 Energy Conservation inLaboratories

Laboratoriesareenergyintensive facilities,consumingenergy atratesmanytimes higherthanthe
average academic space. They use large quantities of heated and cooled, one-pass air for
ventilationand fume hoods aswellas electricitytooperate fans, lights,and specialized equipment.
Laboratoriesalsouselargeamountsoftapwater, process-chilledwater,and,insomecases,natural
gas.

Manyimprovementstofacilitydesign improveenergyconservation,includingthecomputerized
controlofbuildings. However, many improvements are only effective iftthose working in these new
facilitiesparticipate. WHENATTEMPTINGTOCONSERVEENERGYINTHELABORATORY,NEVER
JEOPARDIZETHEHEALTHANDSAFETYOFYOURSELFORYOURCOLLEAGUES. Additionalinformation
can be found on the Department of Energy’s website. 33

4.18 Research Arealnspections

Laboratories and other research areas are regulated by OSHA laboratory safety standards and
general industry regulations; EPA, DEC, and DEP hazardous waste regulations; DOHMH regulations;

32 gpecifications for the dry ice test procedure are outlined by the ANSI/American Society of Heating, Refrigerating, and
Air Conditioning Engineers (ASHRAE) Standard 110-1995.

33 https://lenergy.gov/eere/office-energy-efficiency-renewable-energy


https://energy.gov/eere/office-energy-efficiency-renewable-energy

LABORATORY SAFETYMANUAL 45

NFPAandFDNY lifeandfiresafetystandards;andNYCbuildingcodes. Additionally,accreditation
andgrantingagenciessuchasthe CDC,NIH,and USDAareincreasingscrutinyoverresearchersand
their compliance with federal and state laws.

Toassistresearchers’complianceefforts,yourEHS Officewillconductregularrequiredinspections
ofallcampusresearch areas. Inspectionshelpthose responsible identifyand correct potential
regulatorycomplianceissues. Theyalsoidentifypotentialhealthand safetyhazardsthatcouldpose
unreasonableriskstolaboratorypersonnel,students,andthecampuscommunity. Researchareas
are strongly encouraged to conduct their own regular self-inspections to address potential issues
and provide training opportunities for research staff.

4.18.1 Self-Inspections

Animportantpartofanyresearch safety programistheimplementation of self-inspections. Self-
inspections help create a culture of safety withinthe lab and identify compliance issues that might
ariseduringthe course ofdaytodayactivities. Self-inspections Identifyand address any potential
issuesbeforeaninspectionbyafederaland stateregulatoryagencyandserveasavehiclefor
addressing faculty, staff, and student concerns.

Recommended Frequency for Self-inspections

Daily Housekeeping

Weekly Laboratory walkthroughs or “Friday afternoon
cleanups”

Monthly Include participationofresearch staffand/or

safety committee members,anduse ofan
inspection checklist (see Appendix G)

Semester Research personnel should perform a formal
self-inspection

Thebenefitsofconductinginspections oflaboratoriesonaregularbasis cannotbe overstated.
Laboratoryinspectionscanreduceliabilitybyidentifyingpotentialissuesandprovidelaboratory
personnel the opportunity to look for and correct potential issues.

4.18.2 Inspections by RegulatoryAgencies
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Inspectionsbyfederalandstateregulatoryagencies canoccuratanytimeandcanresultincitations
andsignificantfinesforthe campus. The bestwaytoprepareistoknowwhatregulationsapplyto
your area and how to comply with those regulations. You can obtain this information from this
Laboratory Safety Manual, self-inspections and the campus EHS Office. If a federal or state
inspectorarrives atyourwork area unescorted, politely ask themtowaitand contactyourEHS
Office immediately. EHS Officers should contact EHSRM as well.

4.19 Laboratory Security

Laboratory security is related to but differentfrom laboratory safety. Security seeksto prevent
unauthorized accesstolaboratoriesandthetheftofequipmentormaterials. Laboratories must
provide security against theft of highly hazardous materials and valuable equipment, while ensuring
compliancewithfederal,state, andlocalregulations. TheEHSOwillworkwitheachunit(college,
department,andresearchgroup)toreviewanddevelop procedures. Oneeasywaytoincrease
security is to lock laboratory doors whenever the room is left unattended.

Thefollowingguidelinesare designedtominimize opportunitiesforunauthorizedremovalofany
hazardous materials from your laboratory:

» Developasite-specificsecuritypolicy. Assesseachlaboratoryareaandreassessas
necessary.

» Trainlaboratory group members. Training should include any assigned responsibilities.
» Knowwhoisinthelaboratoryatanygiventime. Considerusingalogbook,cardedaccess
devicesoridentificationtags. Approach anyone unfamiliarand askifyoucanhelp direct

them. Call Public Safety if you have concerns.

» Beawareofhazardouschemicalsthatposeasecurityrisk. The CentersforDisease Control
and Prevention maintains lists of biological diseases and chemical agents.*

» Controlaccesstoareaswherehazardouschemicalsareusedandstored. Limitlaboratory
accesstoonlythoserequired andrestrictoff-hoursusetoindividuals authorized by the P.1.

» Lock freezers, refrigerators, storage cabinets, and other containers where stocks of biological
agents, hazardous chemicals, or radioactive materials are stored.

» Do notleave hazardous materials unattended or unsecured at any time.

» Secure yourhighlyhazardousmaterials. Considerusing a logbooktosignhazardous
materials in and out of secure storage areas.

34 https://lemergency.cdc.gov/agent/agentlist-category.asp
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» Knowwhatmaterials are being ordered and broughtinto the laboratory area. Screen
packagesbeforetheyarebroughtintoyourlab. Packagescontainingpotentiallyinfectious
materials should be openedinabiological safety cabinetorotherappropriate containment
device.

» Trackmaterialsbeingusedandremovedfromthelaboratory,includingthe properdisposal
of hazardous materials.

» Take periodic inventories of all highly hazardous chemicals, biological agents/toxins, and
controlled substances (required for radioactive materials). 3°

* Report any missing inventory to the Office of Public Safety IMMEDIATELY.
» CLOSE and LOCK laboratory doors when no one is present.

» Developanemergencyplanthattakesintoaccountsecuritymeasures.Dothisinpartnership
with Public Safety as security measures might inhibitemergency response.

» SOPs should be in place for reporting and investing incidents, such as undocumented
visitors, missing chemicals, or unusual or threatening phone calls or email.

» Review your protocols and emergency plans and update as necessary.

Many ofthe laboratory supply catalogs carry information and products such as variouslocks, lock
boxes, and othersecurity devices forchemical storage inlaboratories. Formoreinformation, you
can contact your EHS Office or Public Safety.

5.0 EMERGENCY PREPAREDNESS

Emergenciescanoccuratanytimeandwithoutwarning. Carefulplanningandappropriate
responsescansavelives—includingyourown. Everymemberofthe CUNY communityshares
responsibilityforemergency preparedness. Inthe case ofanemergency, please follow your
College’s Emergency Procedure Manualandcontactyour EHSOfficeaswellas Public Safety. Public
Safety Officers are onduty 24 hours aday, 365 daysayear. Ifyouare workinginyourlaboratory,
during off-hours, please be sure to follow the guidelines in Section 4.6.

5.1 Emergency Procedures
Emergenciescanincludebothfireand non-fireemergencies. Firesarean"expected"emergencyin
alllaboratorysituationsandalmostalllaboratory staffshould be trainedregardingemergency steps

in the event of a fire. “Non-fire” emergencies can include

* Flooding, tornadoes, earthquakes, or other natural disasters

% aboratories must maintain a chemical inventory through ChemTracker or by some other means.
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* Nearby chemical releases of hazardous materials to the environment

» Terrorist actions or civil unrest

» Loss of electricity, heat, water or other essential utilities

» Failure of mechanical equipment such as HVAC systems and emergency generators

5.2.1  Emergency Evacuation Procedures

Building occupants are required bylaw to evacuate the building when the fire alarm sounds. ¢
Evacuationdirections, fire alarmlocations and escape routes mustbe posted throughoutthe
building,atthebaseofstairways, elevatorlandings,andinsidepublicdoors. The specificlocation(s)
ofthe building’s designated evacuation meeting points should be included. Buildings designated
with Class E occupancy code must have a fire safety plan on file with the FDNY.

When evacuating a building or work area, please follow these procedures:

* Remain calm

» Safely stop work

» Gatherpersonalbelongingsonlyifitis safetodo so. [Reminder: take prescription
medications, asitmaybe hours before occupants are allowed backinto the building.]

» Assist persons withdisabilities

» If safe, close the office door and window, but do not lock them

» Usethe nearest safe stairway and proceed quickly to the exit. Do not use the elevator.

» Proceed to the designated evacuation meeting point.

« Wait for instructions from emergency responders.

» Do not re-enter until instructed to do so by emergency responders.

5.2.2 Laboratory Emergency ShutdownProcedures

Eachfacility should develop anon-fireemergency planorincorporate non-fire emergenciesintoa
masteremergencyresponseplan. Employeesmustbetrainedregardingallresponse plandetails
including non-fire procedures. Belowisasample setofsteps forshuttingdown laboratoriesinnon-
fire emergency situations. This list is not comprehensive but gives steps to consider when
developing procedures.

* Close fume hoodsashes

» Close chemical containers

» Turnoffallnon-essentialelectricaldevices. Leaverefrigeratorsandfreezerson confirming
thedoorsareclosed. Checkdisconnectsoflarge LASERSs, radiofrequencygenerators,NMRs,
etc.

» Confirmessentialequipmentispluggedintopoweroutletssuppliedbyanemergency
generator (usually orange or red).

36 Pursuant to RNYC§27-4267 and FDNY Regulations
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« Turn off all gas cylinders at the tank valves.

» Checkallcryogenicvacuumtraps(nitrogen,carbondioxide,andsolvent). Evaporationof
trapped materials may cause dangerous conditions.

» Checkallcontainersofcryogenicliquidstoensure thatthey are vented to preventthe
buildup of internalpressure.

» Checkallpressure,temperature, air, ormoisture sensitive materialsand equipment. This
includes vacuum work, distillations, glove boxes used for airless/moistureless reactions, and
allreactionsinprogress. Be preparedtoterminate allreactionsthatare in progress, based
on the known scope of the emergency.

» Ifexperimentalanimalsareinuse,specialprecautionstosecurethoseareassuchas
emergency power, ventilation, and other support may be required.

» Allnon-essential staff/students mustleave the building. Dependingonthe nature ofthe
emergency, some staff may have to stay behindto facilitate the start-up of essential
equipment once the laboratory is reopened.

» Remembersomeequipmentdoesnotshutdownautomatically—suchaslarge cryogenic
magnets, sources of radioactivity, as well as other equipment. Check operating procedures
for equipment before an emergency occurs.

PLEASENOTE: Ifalowflow ofinertgasisbeingusedto"blanket"areactive compound or mixture,

thelaboratoryworkermaywanttoleave the flow ofgas on. Thisshouldbe partofa pre-approved,
written, posted standard operating procedure for this material or process.

5.2.3 Medical Emergency Procedures

CALL 911 AND PUBLIC SAFETY FOR ANY EMERGENCY THAT REQUIRES IMMEDIATE POLICE, FIRE, OR
MEDICAL RESPONSE TO PRESERVE A LIFE.

» Protectthe victimfromfurtherinjury by removing any persistentthreatorby moving the
victimtoasafe place. Donot move the victimunnecessarily ordelayobtainingtrained

medical assistance.

» Notify FirstResponders ofthelocation, nature,and extentoftheinjury. CallPublic Safety or
911. Always call from a safelocation.

» Provide first aid until help arrives if trained and it is safe to do so.

» Sendsomeone to escort emergency responders to the appropriate location, if possible.
5.2.4 First Aid Kits
Therearenolegalrequirements to supportfirstaid kits in work spaces on campuses, according to
OSHA(29 CFR 1910.151) andthe ANSIStandard(Z308.1-1998). Your EHSOshouldbeconsulted

beforeplacingfirstaidkitsinyourwork area. Ifyour EHSOgivesyouapprovaltohave afirstaidkit,
the kitmust containitems appropriate to mediate aninjury that could happenin yourwork area.
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Theremustbeatrained, responsible personandtheircontactinformationmustbe postedonthe
kit. Thekitmustbemaintained andrefilled afteruse. AnInjury/llinessreportshould be completed
when a first aid kit is used.

The ANSI Standard lists the following minimum fill requirements for a first aid kit:

* 1 -absorbent compress, 4 x 8 in. minimum

» 5 yards adhesivetape

» 10 - Antiseptic applications, 0.14 fl. oz. each

* 1 -triangular bandage, 40 x 40 x 56 in. minimum
* 16 -adhesive bandages, 1 x 3 inch minimum

» 2 -pairs of medical exam gloves

* 4 - sterile pads, 3 x 3 in. minimum

* 6-burntreatment applications, 1/32 oz. each

YourEHSO can provide information onwhere to obtain the appropriate trainingifyou choose to
keep a first aid kit in your work space.

5.2.5 Fire or Explosion Emergency Procedures

All fires must be reported to the Office of Public Safety, including those that have been
extinguished. Donothesitatetoactivatethefirealarmifyoudiscoversmoke orfire. Inthe case of
a fire or explosion, follow the procedures below.

» Alert people in the immediate area of the fire and evacuate the room

» Confine the fire by closing doors as you leave the room

» Activate a fire alarm by pulling on an alarm box

* NotifyfirstrespondersofthelocationandsizeofthefirebycallingPublicSafetyor911,
usingaBlueLightemergencyboxoranEmergency Telephone. Alwayscallfromasafe
location.

» Evacuatethebuildingusing the Emergency Evacuation Procedure. Donotuse elevators
unless directed to do so by emergency responders.

» Notify emergency responders of the location, nature, and size of the fire once outside.

» Proceed to the designated evacuation meeting point.

« Wait for instructions from emergency responders.

» Do not re-enter until instructed to do so by the emergency responders.

If you have been trained and itis safe to do so, you may attempt to extinguish the fire with a
portablefire extinguisher. Attemptto extinguish only smallfires (afirenobiggerthan the width of
awaste basketandnohigherthanone’sknees)and make sure youhave aclearescape path
beforehand. Consultthe Building Emergency Procedure Plan for additional information.



LABORATORY SAFETYMANUAL 51

If clothing ison fire:
» Stop, drop to the ground and roll to smother flames.
» Smother flames using a fire blanket.
» Drench with water from a safety shower or other source.
» Seek medical attention for all injuries.

5.2.6 Fire Extinguishers

Portablefire extinguishersmaybelocatedinseveralplacesthroughoutalaboratory dependingon

the work being done. Extinguishers must undergo regular testing and inspection. In certain

circumstancestheymustbereplaced.See Appendix Pfordetails. Youmustbetrainedbefore using
afireextinguisher. Any fire extinguisherthathasbeenused, evenifitwas notfully discharged, must
bereportedtothe EHSO soareplacementfireextinguishercanbe provided. Contactyour EHSO for
information regarding training or replacement extinguishers.

Notallfiresarethesame.Theyareclassifiedaccordingtothetypeoffuelthatisburning.Thereare
correspondingfire extinguishersthatare designed torespondtodifferentclasses offire. Using the
wrong class offire extinguisherforthe wrongfire can exacerbate thefire. Itistherefore extremely
important to understand the five different fire classifications.

Should the nature and size of the fire make it possible, use the appropriate extinguisher.

» CLASSA extinguishersareforordinarycombustiblematerialssuchaspaper, wood,
cardboard, and mostplastics.

» CLASS B extinguishers should be used for flammable or combustible liquids.

» CLASSCextinguishersareusedforfiresinvolvingelectricalequipment.lfpossible, turnoff
theelectricalpowertothe devices,andthen use eitherthe dry chemical extinguisherora
carbondioxideorhalonextinguisher,ifavailable.NeverusewatertoextinguishaCLASSC
fire.

» CLASSDfireextinguishersareforfiresthatinvolvecombustiblemetalssuchassodium,
potassium, magnesium, oranyotherflammablemetal powdersusedinalaboratory. DO
NOT USE pressurized water, carbon dioxide, dry-chemical or halon extinguishers on metal or
organometallicfires. The use ofthese extinguishers may introduce reactive substancesto
the burning metal and may either make the fire grow or trigger an explosion.

» CLASSKIfireextinguishersareforfiresthatinvolve cookingoils,trans-fats, orfatsincooking
appliances and are typically found in restaurant and cafeteria kitchens.
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5.2.7 Power Outage Procedures

In the case of a power outage, use the following procedures:

» Assessthe extent of the outage. Is it restricted to part one laboratory or a wider area?

* Report the outage to Public Safety.

» Assistotherbuildingoccupantsifevacuationisrequired. Powerlosstofume hoods may
require evacuation of laboratories and surrounding areas.

» Evaluate the unit's work areas for hazards created by a power outage.

» Secure hazardous materials.

» Take actions to preserve human and animal safety and health.

» Turnoffand/orunplugnon-essentialelectricalequipment,computerequipmentand
appliances.

» Keep refrigerators and freezers closed to help keep contents cold.

» Ifneeded, openwindows (in mild weather)foradditionallightand ventilation unlessitis
problematic to do so, such asina BSL2 lab.

5.3  Chemical Spill Procedures

When a chemical spill occurs, take prompt and appropriate action. The type of response will
dependonthe quantity ofchemicalspilledand the severity ofassociated hazards. Thefirstactionis
toalertothersinyourlaboratory orworkareathata spillhas occurred. Thenyou mustdetermineif
you can safely clean up the spill yourself. Many chemical spills can be safely cleaned up by
laboratory staffwithoutthe helpofthe EHSO. Onlyindividuals thataretrainedandequipped with
the properspillcleanup materials and appropriate PPE should attempttocleanupincidental spills.

5.3.1 Incidental Spills

The following is intended for spills that occur within a building. A release to the outside
environmentmayrequireareporttotheresponsiblegovernmentagency. The EHS Officecanmake
thatdetermination. ALL the following criteria must be met fora spill to be considered incidental

Physical
» The spill is a small quantity of a known chemical.

» Noresulting gases or vapors require respiratory protection.
Equipment

* You have the materials and equipment needed to clean up the spill.

* You have the proper personalprotective equipment(PPE) available._
Personal

* Youunderstand the hazards posed by the spilled chemical.

* You know how to clean up the spill.

* You feel comfortable cleaning up the spill.
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5.3.1.1 Incidental Spill CleanupProcedures

1. Notifythoseinthe spillarea. Preventothers from comingin contactwiththe spill(i.e.,
walking through the spilled chemical). Protect yourself and others first.

2. Puton the proper personal protective equipment (PPE) such as goggles, gloves, respiratory
protection, etc. before beginning any cleanup.

3. Stop the source of the spill if possible and safe to do so.

4. Trytopreventspilledchemicalsfromenteringwaterways.Buildadikearoundaccess
points (sink, cup sinks, and floordrains) withabsorbentmaterialifyou can safely do so.

5. Use the appropriate absorbent material for liquid spills (detailed in following section).

6. Slowlyaddabsorbentmaterialonandaroundthespillandallowthechemicaltobe
absorbed. Apply enough absorbentto completely cover the spilled liquid.

7. Sweep up the absorbed spill from the outside towards the middle.
8. Scoop up and deposit residue in a leak-proof container.

9. Foracidandbase spills, transfertheabsorbed materialstoasinkand complete
neutralization prior to drain disposal.

10. For absorbed hazardous chemicals, label the container and dispose of through the
hazardous waste managementprogram.

11. If possible, outline the spill area with chalk.

12. Washthe contaminated surface with soapy water. Ifthe spilled chemicalis highly toxic,
collect the rinsate for proper disposal.

13. Report the spill to your supervisor, Public Safety, and the EHS Office immediately.
14. Restock any spill cleanup supplies that you may have used from any spill kits.

5.3.2 Spill Absorbent Materials

Thefollowing materials arerecommended spillabsorbentmaterials; however, they are not
appropriate for every possible chemical spill. NEVER pour laboratory chemicals down the drain.
When in doubt, contact your EHSO for advice.
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For acid spills (except Hydrofluoric acid)
e Sodium carbonate
» Sodium bicarbonate (bakingsoda)
e Calcium carbonate
» Calcium bicarbonate
« DO NOT use absorbent clay for acid spills

For Hydrofluoric acid (HF) spills
» Use Calcium carbonate or Calcium bicarbonate to tightly bind the fluoride ion.

For liquid base spills
» Use Citric Acid or similar weak acid to lower the pH sufficiently for drain disposal.

For oil spills
» Use ground up corn cobs, vermiculite, or absorbent clay (kitty litter).

For most agueous solutions
» Use ground corncobs.

For most organicliquid spills
» Use ground corncobs.

For oxidizing liquids
» Useabsorbentclay, vermiculite,orsome othernonreactive absorbentmaterial. Donot
use paper towels. [Note: Most nitrate solutions will not oxidize sufficiently for this
requirement.]

For mercury spills
» Donotdisposeofmercuryormercurycontaminatedspilldebrisintheregulartrashor
down the drain. Never pour laboratory chemicals down the drain.
» There are no absorbent materials available for mercury. Physical removal processes are
best for removing and collecting mercury.
» Ifyouneedhelp collectingmercuryfroma spill, contact your EHSOffice. [Note: While
powdered sulfur helps reduce mercury vapors, sulfur greatly complicates spill cleanup.]

5.3.3 Spill Kits

While commercial spill kits are available from anumber of safety supply vendors, laboratory
personnelcanassemble spillkits specifictotheirneeds. ALL laboratories musthave spill kits
availableforuse. Colleges and departments should considerdistributing basic spill kits to all
laboratoriesthatcan be expandedtofitthe hazards presentinany particularlaboratory.
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Aspillkitcan be assembled usinga2.50r5gallon bucket, appropriate absorbent materials and
equipment. Stock only the absorbents appropriate foryourspace. Each containerofabsorbent
must be labeled as to what it contains and what type of spills it can address.

Possible absorbent materials
» 1-51bs. of ground-up corn cobs — for most aqueous and organic liquid spills.
» 1-51bs. of absorbent clay (kitty litter) - for oils or oxidizing liquids.
» 1-51Ibs. of Sodium bicarbonate - for liquid acid and base spills.
* 1-51Ibs. of Calcium carbonate or Calcium bicarbonate - for HF spills.

Possible equipment
* Wisk broom and dust pan
» Sponge
* pH paper
» 1 gallon and 5 gallon bags - for collection of spill cleanup material
« Smallandlargeself-sealingbags—forcollectionofspillcleanupmaterialortoenclose
leaking bottles/containers.
- Safety goggles
» Thick and thin nitrile gloves
» Hazardous wastelabels

Clearlylabeledthecontainer’'sexterior“SPILLKIT”andalistofthe contents. Includeinstructions
and contact information for restocking the kit after use.

Laboratory personnel must be properly trained to do the following:
» Determine if they can or should clean up a spill.
o IftheanswertoeitherquestionisNO, callthe EHS office, Public Safety, oroutside
assistance.
» Locate the spill kit within the laboratory.
» |dentify what items are in the kit and use the kit properly.
» Clean up different types of chemical spills.
» Dispose of spill cleanup material.
» Restock the kit.

Formoreinformationregardingassembling aspillkitorobtainingappropriate training contactyour
EHS Office.

5.3.4 Major Spills

Anytimearesearcherdeterminesoutsideassistanceisnecessarytocleanupachemicalspillsafely,
thatspillis by definition major. In the case of amajor spill, contact your EHS Office and Public Safety
immediately.



LABORATORY SAFETYMANUAL 56
5.3.4.1 Major Spill Cleanup Procedures

When a major spill occurs, the following procedures may be relevant.

1. Alert people in the immediate area and evacuate the room.

2. Ifanexplosionhazardis present,donotunplug, orturnelectricalequipmentonor off.
Doing so can result in a spark or ignition source.

3. Confine the hazard by closing doors as you leave the room.

4. Use eyewash or safety showers as needed to rinse spilled chemicals off.

5. Evacuateanynearbyroomsthat maybeaffected. Ifthehazard willaffecttheentire

building, pull the fire alarm.
6. Notify your EHS Office and Public Safety. Always call from a safe location.

Be prepared to provide first responders with the following information

*  Where the spill occurred (building and room number)

» Ifthere are any injuries and if medical attention is needed

» The identity of the spilled material(s) - be prepared to spell out chemical names

» The approximate amount of material spilled

» How the spill occurred (if you know)

* Anyimmediate actions you took

»  Whofirst observed the spill and the approximate time it occurred

»  Where and when you will meet emergency responders, either in person or by phone

Once outside, confirm someone has notified emergency responders. Isolate contaminated persons
and protect yourself and others from chemical exposure.

5.4  Emergency Eyewashand Showers

All'laboratoriesusinghazardouschemicals, particularly corrosivechemicals, musthaveaccesstoan
eyewashand/oranemergency showeraspertheOSHA standard29CFR1910.151 -Medical
Services and First Aid. 3’ The ANSI Standard Z358.1-2004 - Emergency Eyewash and Shower
Equipment provides additional guidance by stating that emergency eyewash and/or emergency
showers mustbe readilyaccessible, free of obstructions, and within 10 seconds from the hazard.
The ANSIstandardalsooutlinesspecificflowrequirements, use oftemperedwater,inspectionand
testingfrequencies,andtrainingoflaboratory personnelinthe properuse. Plumbed eyewashunits
andemergencyshowersshouldideallyhave atemperingvalvein placeto preventtemperature
extremestothe eyesorbody. Ifyou have questionsaboutwhere eyewashes and emergency
showersshouldbelocated,orwhichmodelsmeetANSIstandards,contactyourEHSO. NOTE:
Because oftheflow requirements outlined inthe ANSI standard, hand held bottles donotqualify as
approved eyewashes.

37 https://www.osha.gov/pls/oshaweb/owadisp.show_document?p_id=9806&p_table=STANDARDS
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5.4.1 Testing and Inspection of Emergency Eyewash and Showers

The ANSIStandard states that plumbed emergency eyewash and safety showers should be activated
weeklytoverify properoperationandinspectedannually.Laboratoriesareresponsibleforensuring
freeaccessisavailabletoeyewashesandemergencyshowersandthateyewashnozzledustcovers
areinplace. Dustorother particles can clogthe nozzles, resultinpoorflow orforce particlesinto
the eyes when the eyewash is used.

Itisthe responsibility of laboratory personnelto activate (flush) unitsona weekly basis. Weekly
flushing ensuresthe units are operating properly, helps keep units free of clutter,and helps prevent
the growth of bacteriain the plumbing lines. Allow the waterto run for atleast 3 minutes during
testing. Laboratoriesarestronglyencouragedtopostan“EyewashTestingSheet’neartheeyewash
to document weeklyactivation.

Always report any malfunctioning eyewashes and emergency showers to Facilities Management
immediately. Ifanemergency showeroreyewashisnotworkingproperly,hanga“DoNotUse” sign
on the unit to alert others.

AnnualinspectionandtestingshouldbeconductedinaccordancewithFDNY FireCode§2706and
Fire Code §105.3.8. 38 Tags shall be affixed to each station to documentannualinspections,
includingtheinspector’sinitialsanddateofinspection.YourEHSOwillperformannualinspections
ofeyewashesandemergencyshowerstotestforcompliancewithANS12358.1-2004. Thisannual
test willinclude

» Testing water flow for proper quantity and spray pattern

» Testing water quality

» Ensuring the unit is the proper height from the floor

» Ensuring the unit is not obstructed

» Ensuring the unit has a tempering valve (If not, recommend repair in inspection report)
» Ensuring valves are working properly

» Verifying signs are posted indicating the location of units

» Checking the unit is free of corrosion

5.4.2 Installation of New Emergency Eyewash Stations and Showers

PleasecontacttheEHSOwheneveranewemergencyshoweroreyewashhasbeeninstalledsothe
unitcanbeaddedtothe EHS inventoryandincluded as partofthe annualinspection program. For
moreinformation, seethe LaboratoryDesignand Constructionsectioninthismanualorcontact
your EHS Office.

38http://www.nyc.gov/html/fdny/pdf/firecode/2009/fire_code_[126_2008_amended_[I137_41_64_ 2009 _final_complete.
pdf
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5.4.3 Using Emergency Eyewash and Showers

Alwaysdetermineemergencyproceduresandidentifythelocationsofthenearestemergency
showerandeyewashbefore workingwithhazardous chemicals. Intheeventofanemergency
(chemicalspillorsplash)whereaneyewashoremergencyshowerisneeded, pleaseadheretothe
following procedures

Eyewashes

If you get a chemical in your eyes, yell for help.

Immediately go to the nearest eyewash station and push activation handle all the way.

Put your eyes or other exposed area in the stream of water and begin flushing.

Openyoureyelids with yourfingersandrollyoureyeballs aroundtogetmaximum

irrigation of theeyes.

5. Keepflushingforatleast15minutes. Theimportance offlushingthe eyesimmediately
and for at least 15 minutes cannot be overstated!

6. Foraccidentsinvolving Hydrofluoric acid, follow the special Hydrofluoric acid precautions.

7. Ifyouarealone,callPublicSafetyor911afteryouhavefinishedflushingyoureyesforat
least 15 minutes.

8. Seekmedicalattention.

9. Complete an Injury/lliness Report.

W=

Ifsomeoneelseinthelaboratoryneeds aneyewash, helpthemlocate the neareststation, activate

theeyewash, and helpthem startflushing the affected areas using the procedures above and then

callPublic Safety. Aftercalling, gobacktoassistthe person helpingthemto continue flushing for15
minutes or until help arrives.

Emergency Showers

If an accident results in the chemical contamination of your skin, yell for help.
Immediately gotothe nearestemergency shower and pull the activation handle.
Once underthe stream of water, remove your clothing to wash off all chemicals.
Keepflushingforatleast15minutes. Theimportanceofflushingforatleast15minutes
cannot be overstated!

If you spill Hydrofluoric acid on yourself, follow the special Hydrofluoric acid precautions.
Ifyouarealone,callPublicSafetyor911afteryouhavefinishedflushingforatleast

15 minutes.

7. Do not be concerned about the damage from flooding. KEEP flushing.

8. Seek medical attention.

9. Complete an Injury/llinessReport.

N =

o o

Ifsomeoneelseinthelaboratoryneedsanemergency shower(anditis safe foryoutodoso), assist
themtothe nearestemergency shower, activate the showerforthem, andhelp themget started
flushingusingthe proceduresaboveandthencallPublic Safety. Ifyouareassistingsomeoneelse,
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youshouldwearglovestoavoid contaminating yourself. Aftercalling, goback toassistthe person
asthey continue flushing for 15 minutes oruntilhelp arrives. NOTE: Although anemergencyisno
timeformodesty, ifapersonisreluctanttousethe emergencyshower, assistthembyusing alab
coat or other barrier while they undress under the shower.

Ifthereis alarge quantity of chemical spilled orwashed off, please consult with your EHS Office to
see if the rinsate must be collected as hazardous waste.

5.5  Injury/lliness Reporting

Allaccidents andinjuries, no matterhow minor, mustbe reported to campus officialsthroughthe
college’sincidentreportingsystem. The supervisorofaninjuredemployee, thedepartmenthead,
oradesignatedindividual withinthe departmentmustcomplete all sections of thisformwithin 24
hours after the injury is first reported and submit to Public Safety.

5.6 Medical Consultations

Whenachemicalexposureeventoccurs,medicalconsultationsandexaminationswillbemade
available to laboratory workers as required. All work related medical examinations and
consultations willbe performed by orunderthe directsupervision ofalicensed physician. They will
be provided at no cost to the employee, without loss of pay, and at a reasonable time.

The opportunity toreceive medical attention, including any follow up examinations, willbe
provided to employees who work with hazardous chemicals when:

* Anemployee develops signs or symptoms associated with a hazardous chemical to which
the employee may have been exposed.

» Airborneexposure monitoringrevealslevelsroutinelyabovetheactionlevelforan OSHA
regulated substance that has exposure monitoring and medical surveillance requirements.
(Inthe absence of an action level, the Permissible Exposure Limitis used.)
» Aneventsuch as a spill, leak, or explosion results in the likelihood of exposure.
Intheeventofanyoftheabovecircumstances,theemployeeshallbeprovidedanopportunityfora
medicalconsultation. Theconsultationshalldeterminetheneedforfurthermedicalexamination.

MoreinformationonactionlevelsandPermissible ExposureLimitscanbefoundonthe OSHA
Health and Safety Topics page — Permissible Exposure Limits. 39

5.6.1 Information Provided to the Physician

The physician shall be provided with the following information

39 https://www.osha.gov/dsg/annotated-pels/
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» Theidentity of hazardous chemical(s) to which the employee may have been exposed

» The Safety Data Sheets (SDS)

» Theconditionsunderwhichtheexposureoccurredincludingquantitativeexposuredata, if
available

* Any signs of exposure and symptoms that the employee is experiencing

5.6.2 The Physician’s Written Opinion

The Physician’s written opinion should include the following information

* Results of the medical examination and any associated tests

* Anymedicalcondition(s)revealedduringthe course ofexaminationand mayplacethe
employee at increased risk as a result of exposure

» Documentation that the employee has been fully informed by the physician of the
consultation or medical examination results, including any medical condition(s) that may
require further examination or treatment.

The physician’s written opinion regarding the consultation or examination shall NOT include
» Any specific findings of diagnoses unrelated to the occupational exposure.

Allrecords of medical consultations orexaminations, includingtestsorwritten opinions, shallbe
maintained at the college health center in accordance with 12 CRR-NY Section 801 and
administrative instructions 901.  Exposure monitoring records of contaminate levels in laboratories
willbe maintained atthe EHS Officeof each campus. Formoreinformation, contactyourEHS
Office.

6.0 EMPLOYEE INFORMATION ANDTRAINING

Federal, state,andlocallawsrequirethatalllaboratory workersreceive safety trainingand be
informedofthepotentialhealthandsafetyriskspotentiallypresentintheworkplace. Laboratory
safetytrainingmustbeobtainedeitherthroughyour EHSOfficeorthroughanEHSOapproved
source. The EHS Office maintainsrecords ofemployee safetytrainingandlaboratory personnel
must submit documentation of any training received from alternative sources.

The OSHA Laboratory Standard also requires employers provide employees with information and
training.ltalsorequiresthisinformationbeprovidedatthetimeofanemployee’sinitialassignment

40 New York State promulgated and adopted an alternative approach to recordkeeping requirements from that in the
OSHA Laboratory Standard. https://labor.ny.gov/workerprotection/safetyhealth/PDFs/PESH/Part801.pdf
http://www.nyc.gov/html/dcas/downloads/pdf/misc/cosh_sh900.pdf
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toaworkareawherehazardouschemicalsarepresentandpriortoassignmentsinvolvingnew
exposure situations.

As per the Laboratory Standard, information that must be provided to employees includes

» The Laboratory Standard and its appendices (Appendix A and B)

» Thelocation and availability of the employer's Chemical Hygiene Plan

» Thepermissibleexposurelimitsfor OSHAregulatedsubstancesorrecommendedexposure
limits for other hazardous chemicals where there is no applicable OSHA standard

» Signsand symptomsassociated withexposuresto hazardouschemicalsused in the
laboratory

» The location and availability of reference materials listing hazards, safe handling, storage,
and disposal ofhazardous chemicals found inthe laboratory including, but notlimited to,
SDSs received from the chemical supplier

The Laboratory Standard goes on to state that training shall include

» Methodsandobservationsthatmaybe usedtodetectthe presence orreleaseofa
hazardous chemical

* The physical and health hazards of chemicals in the work area

» The measures employees can take to protect themselves from these hazards, including
specificprocedurestheemployerhasimplementedtoprotectemployeesfromexposureto
hazardouschemicals, suchasappropriateworkpractices, emergencyprocedures, and PPE

Whilethe OSHA Laboratory Standardis specifictoworkingwithhazardouschemicals,laboratory
employees mustalsobe provided propertrainingand information related to other healthand
physical hazards in their work environment. This includes hazards described within this Laboratory
SafetyManualandapplicable detailsofthe employer’s written Chemical Hygiene Plan. Itisthe
responsibility of P.l.sandlaboratory supervisorstoensurethatpersonnelworkinginlaboratories
undertheirsupervision have been provided with propertraining, havereceived informationabout
hazards they may encounter, and have been informed about how to protectthemselves.

6.1 Training Options

P.l.s andlaboratory supervisors have anumberofoptions availabletothemtoensureemployees
undertheirsupervisionhavereceivedpropertraining. These optionsincludein-house programs,
on-line resources, outside vendor programs and other resources.

Onetrainingclassis usually notcomprehensive enoughto coverallofthe hazards found withina
laboratory. P.l.sandlaboratory supervisors mayfind thatitisnecessarytouse acombination ofthe

options available to ensure that their employees are properly trained.

Any training program must meet the following requirements:



LABORATORY SAFETYMANUAL 62

» Theinstructorprovidingthetrainingistechnicallyqualifiedtoprovidetrainingonthe
particular subject

» Thetrainingprogram(s)addressthehazardspresentinthelaboratoryanddescribeways
employees can protectthemselves

» Thetraining program and attendance are documented using a sign-in sheet. These records
must be readily available and accessible upon request.

7.0 SAFE CHEMICAL USE

Safe chemical use includes minimizing exposure to chemicals and proper training understanding
chemical hazards. It also encompasses proper labeling, storage and segregation, transport and
disposal.

7.1 Minimize Exposure toChemicals

Thebestwaylaboratory personnelcanprotectthemselvesfromchemicalhazardsistominimize
exposure. To minimize chemical exposure the following guidelines should be implemented where
applicable:

» Donotunderestimate therisk ofexposuretochemicals,evenforsubstancesofnoknown
significant hazard.

» Substitute less hazardous chemicals in experiments

» Alwaysusethesmallestpossiblequantityofchemicalforallexperimentsandconsider
microscale experiments

» Minimizechemicalexposuresforallpotentialroutesofentry(inhalation,ingestion, skinand
eyeabsorption, andinjection)through properuse ofengineering controlsand personal
protective equipment

» Be sure to select the proper PPE and regularly inspect it

» Do not pipette or apply suction by mouth

» Donotsmellortastechemicals. Whenitisnecessarytoidentifyachemical’sodor,holdthe
chemical containerawayfromthe faceandgentlywaftahand overthe containerwithout
inhaling large quantities of chemical vapor.

» Toidentify potential hazards, laboratory personnel should plan experiments in advance.
Theseplansshouldinclude specificmeasuresthatwillbetakentominimizeexposure,
proper positioning of equipment, and organization of dry runs.

» Chemicals that are particularly hazardous substances require prior approval from your
supervisor and special precautions must be taken.

*  Whenworkingwithmixturesofchemicals,laboratorypersonnelshouldassumethe mixture
is more toxic than the most toxic component in the mixture.

» Consider all substances of unknown toxicity to be toxic until proven otherwise.

» Requestexposuremonitoringtoensurethatthe Permissible Exposure Limits(PELs) of OSHA
and the current Threshold Limit Values (TLVs) of the American Conference of Governmental
Industrial Hygienists are not exceeded.
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* Promptlycleanupallchemicalsspillsandsplashesregardlessofwhetherthechemicalis
considered hazardous or nonhazardous.

Whenworkingincoldrooms, keepalltoxicandflammable substancestightly closed,ascold
rooms have recirculatedair.

» Beaware of a potential asphyxiation hazard when using cryogenic materials and compressed
gasesinconfinedareassuchascoldroomsandenvironmentalchambers. Installanoxygen
monitor/oxygen deficiency alarm and/or toxic gas monitor before work begins.

» Donoteat,drink,chewgum,orapply cosmeticsinareaswherehazardouschemicalsare
being used.

» Keep all food and drink out of refrigerators and freezers used to store chemicals.
Refrigeratorsusedtostorechemicalsshallbelabeled“NotForHuman Consumption.”
Refrigerators used to store food shall be labeled “For Food Only.”

» Alwayswashhandswithsoapandwaterafterhandlingchemicalsandbeforeleavingthe
laboratory — even if gloves were worn during chemical handling.

» Always remove personal protective equipment, such as gloves and laboratory coats, before
leaving thelab.

Scaling-Up Experiments

Do not attempt to scale up experiments until after you have run the experiment according to
published protocols andyou are thoroughly familiarwiththe potentialhazards. Whenscalingupan
experiment, change only one variable at a time. It is advisable to let other laboratory group
members check your setup prior to each run.

7.2 Understanding Chemical Hazards

Chemicals pose both health and physical hazards. According to OSHA, health hazard means “a
chemicalforwhichthereis statistically significantevidence based on atleastone study conducted
inaccordance withestablished scientific principlesthatacute orchronichealth effectsmayoccurin
exposedemployees. Theterm“healthhazard”includeschemicalswhichare carcinogens,toxicor
highly toxic agents, reproductive toxins, irritants, corrosives, sensitizers, hepatotoxins,
nephrotoxins, neurotoxins, agents which actonthe hematopoietic system andagents which
damage the lungs, skin, eyes, or mucous membranes.”*

Accordingto OSHA,physicalhazardmeans“achemicalforwhichthereisscientifically valid
evidencethatitis acombustibleliquid,a compressedgas, explosive, flammable,anorganic
peroxide, an oxidizer, pyrophoric, unstable (reactive) or water-reactive.”#? Physical hazards are
covered in other sections within this manual.

Forthe purposesofthisdocument, healthhazardwillbeusedinterchangeablywithchemicalhazard
and health effects on the body will be used interchangeably with chemical effects on the body.

41 https://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=10100
42 https://lwww.osha.gov/dsg/hazcom/ghd053107.htm
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7.2.1 Chemical Hazard Information

As part of the employers Chemical Hygiene Plan, the Laboratory Standard requires that “the
employershallprovideemployeeswithinformationandtrainingtoensurethattheyareapprisedof
the hazards of chemicals presentintheirwork area... Suchinformation shallbe provided atthe time
ofanemployee’sinitialassignmenttoaworkareawhere hazardous chemicals are presentand prior
to assignments involving new exposure situations.” 43

Itistheresponsibility ofthe P.l. and laboratory supervisorto ensure that staffand students under
theirsupervision are provided with adequate information specific to the hazards found within their
laboratories. In addition to required health and safety training as per the OSHA Laboratory
Standard, other sources of information on chemical and physical hazards include:

» Safety Data Sheets(SDSs)

» CUNY Laboratory SafetyManual

» Known materials (videos, other department’s safety manuals or websites)

» Container labels

» Laboratory Standard OperatingProcedures

» Laboratory signage andpostings

» Publicationslikethe American Chemical Society’s Safetyin Academic Chemistry Laboratories

7.3 Safety Data Sheets (SDSs)

Safety Data Sheets (SDSs) are an important part of any laboratory safety program, communicating
specificinformationtochemicalusers. Itistheresponsibility of P.l.sandlaboratory supervisorsto
ensurethat staffand students workinginlaboratories undertheir supervision have obtained
requiredhealthandsafetytrainingandhaveaccessto SDSs(andothersourcesofinformation)for
all hazardous chemicals used in their laboratories.

SDSs provide important information
» Identity of the chemical substance
» Physical and chemicalcharacteristics
» Physical and healthhazards
* Primary routes ofentry
» OSHA Permissible Exposure Limits (PELS)
» Potential carcinogenic and reproductive health impacts
» Precautions for safe handling and use (including PPE)
» Spill response procedures
» Emergency and first aid questions
» Date the SDS was prepared

4329 CFR 1910.1450(f)
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Anychemicalshipmentreceivedshouldbeaccompaniedbyan SDS(unlessonehasbeenshipped
withaprevious order). Ifyoudonotreceive an SDSwith your shipment, check the chemical
manufacturer’s website first, call the manufacturer directly, or contact your EHSO.

Ifyouhave questionsregardinghowtoreadan SDS, orquestions aboutthe terminologyordata
used, contactyourEHS Office. InformationregardinghowtoreadanSDS, canbefoundin Appendix
H.Informationonthe National Fire Protection Association-NFPA diamondandthe Hazardous
MaterialsInformation GuideandHazardous Materials Information System—-HMIGandHMIS-is
available.

SDSsmustbeaccessible atalltimes. Apersonworkinginalaboratory should be able to produce an
SDSwithinfiveminutes.P.l.sandlaboratorysupervisorsarestronglyencouragedtokeeppaper
copiesof SDSsinthelaboratory.Bookmarking SDSwebsitesisacceptableaslongasallemployees
aretrainedtousethecomputersandknowwheretofindthe SDSs. The SDS websitelinks should be
clearly visible.5

NOTE: AnyaccidentsinvolvingachemicalwillrequirethatanSDSbeprovidedtoemergency
responsepersonnelandtotheattendingphysiciansopropertreatmentcanbeadministered.

7.3.1 SDSs and Newly Synthesized Chemicals

P.l.swillberesponsibleforensuringthatnewly synthesized chemicals are used exclusively within
their laboratories and are properly labeled. If the hazards of a chemical synthesized in the
laboratoryareunknown,thenthe chemicalmustbeassumedtobehazardousandthelabelshould
indicate thatthepotential hazardsofthatsubstance havenotbeentestedand areunknown. The
P.l.mayneedtoprepareaSDSfornewlysynthesizedchemicals. PleaseconsultwithyourEHSOif
you need assistance.

7.4 Routes of Chemical Entry

The potentialhealth effects fromexposuretochemicalsdependsonanumberoffactors. These
factors include the properties of the specific chemical (including toxicity), the dose and
concentration of the chemical, the route of exposure, the duration of exposure, individual
susceptibility, and any other effects resulting from mixing with other chemicals. Inorderto

44 https://www.osha.gov/Publications/OSHA3514 .html;
http://www.chemsafetypro.com/Topics/USA/Hazardous_Materials_Identification_System_HMIS.html;
https://www.nfpa.org/codes-and-standards/all-codes-and-standards/list-of-codes-and-standards/detail?code=704;
https://www.osha.gov/Publications/OSHA3636.pdf

4529 CFR 1910.1200(g)(8) The employer shall maintain in the workplace copies of the required safety data sheets for
each hazardous chemical, and shall ensure that they are readily accessible during each work shiftto employees when
they are in their work area(s). (Electronic access and other alternatives to maintaining paper copies of the safety data
sheetsarepermittedaslongasnobarrierstoimmediateemployeeaccessineachworkplacearecreatedbysuch
options.)
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understandhow chemicalhazards canaffectyou,itisimportanttofirstunderstand how chemicals
canenteryourbodyand causedamage. Thefourmainroutesofentryareinhalation,ingestion,
injection, and absorption.

7.4.1 Inhalation

Inhalationofchemicals occursviatherespiratorytract. Chemicalsthathave enteredtherespiratory
tractcan subsequently be absorbed into the bloodstream and distributed throughoutthe body.
Chemicals can be inhaled in the form of vapors, fumes, mists, aerosols and fine dusts.

Symptomsofchemicalexposurethroughinhalationinclude eye, nose, and throatirritation,

coughing,difficultybreathing,headache, dizziness,confusion,and collapse. Ifanyofthese

symptomsarenoted, leave the areaimmediately and getfresh air. Seek medical attention if
symptoms persist and complete an Injury/lliness Report.

Laboratoryworkers canprotectthemselvesfromchemicalexposure viainhalationthroughproper
useofafunctioningfumehoodoruseofdustmasksand respiratorswhenapproved.Avoidbench
top use of hazardous chemicals, ensure chemical containers are kept tightly capped, and make sure
all chemical spills are promptly cleaned up.

7.4.2 Ingestion

Chemicalexposurethroughingestionoccursbyabsorptionthroughthedigestive tract. Ingestion of
chemicalscanoccurdirectlyandindirectly. Directingestioncanoccurwhenachemicalisaccidently
eatenordrunk. Properhousekeepingandlabelingdiminishesthishazard. Indirectingestionoccurs
whenfood ordrinkis broughtinto a chemical laboratory and absorbs chemical contaminants
(vapors ordusts) presentinthe air. When contaminated food or drink is consumed chemical
exposure canresult. Indirectingestion canalso resultfromcontamination offood ordrink stored
withchemicals, suchasinarefrigerator. Alaboratory workerwhohandles chemicalsandfailsto
wearglovesorpracticegoodpersonalhygiene,suchasfrequenthandwashing,andthenleavesthe
laboratory to eat, drink, or smoke also risks ingesting chemicals.

Symptomsofchemicalexposure duetoingestioninclude metallicorotherstrangetastesinthe
mouth, stomach discomfort, vomiting, problems swallowing, and ageneralill feeling. Ifyou think
you may have accidentally ingested a chemical, seek medical attention immediately by alerting
PublicSafetyand/orcallingthe Poison ControlCenterat1(800)222-1222. Afterreceivingmedical
attention, complete an Injury/lliness Report.

Thebestprotectionagainstingestionofchemicalsistolabelallchemical containersproperly,never
consumefoodordrinkorchewguminlaboratories,alwayswearPPE (suchasgloves),andpractice
good personal hygiene, such asfrequenthand washing. Itisimportantto note the effects of chronic
exposure may not manifest themselves until years later.
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7.4.3 Injection

Chemical exposure via injection can occur when handling chemically contaminated items such as
broken glass, plastic, pipettes, needles, razor blades, or other items capable of causing punctures,
cuts, orabrasionsto the skin. When this occurs, chemicals can be injected directly intothe
bloodstream and cause damage to tissue and organs.

Laboratory workers can protect themselves from an injection hazard by following safety
procedures. Wearproper PPEincludingsafetyglasses/goggles, faceshields, andgloves. Inspectall
glasswareforchipsandcracksbeforeuse,andimmediatelydiscardanyglasswareorplastic-ware
thatisdamaged. Tohelp protectcoworkers, allbroken glassshouldbedisposedofinapuncture
resistantcontainerthatisclearlylabeled. Thiscanbeacommerciallypurchased“brokenglass”
containeroracardboardboxorotherpunctureresistantcontainerwith“BrokenGlass”writtenon
theoutside. When cleaningupbrokenglass orothersharpitems, alwaysuse abroom, scoop,
dustpan, or pliers. If you must use your hands, wear leather gloves.

Neverleaveanyitem(s)outorunattendedthatcancausecutsorpuncturewounds,suchasneedles
andrazorblades. Apiece of Styrofoamor similardevice can be usedtosecurethemforlateruse.
For disposal, use an appropriate “sharps” container.

If you do receive a cut or injection from a chemically contaminated item, take the following steps:
1. Gently try to remove the object
2. Immediately rinse under water to flush the wound thoroughly
3. Administer firstaid
4. Seek medical attention if necessary
5. Complete an Injury/lliness Report

744 Eye and SkinAbsorption

Somechemicalscanbeabsorbedthrougheyesandskinresultinginexposure. Thistypeofexposure
mostoftenoccurswhenachemicalspillsorsplashesresultingincontactwithunprotectedeyesor
exposedskin. Immediate effectsare possible and, once absorbed, the chemicalcan quicklyfindits
way into the bloodstream causing additional damage.

Symptomsofeyeexposurecanincludeitchyorburningsensations,blurredvision,discomfort,and
blindness. The bestwaytoprotectyoureyesfromchemicalsplashesistoalwayswearappropriate
safetyglasseswhenevereyehazardsexist(chemicals, glassware, LASERS, etc.). Ifyouarepouring
chemicals, splashgogglesare more appropriatethansafetyglasses. Wheneveraseveresplash
hazard may exist, aface shield, in combination with splash gogglesis the best choice foreye
protection.

Ifchemicalsgetinyoureyes,immediatelyfindthenearesteyewashstationandflushyoureyesfor
atleast15minutes. Theimportanceofflushingforatleast15minutescannotbeoverstated!Once
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theeyewashhasbeenactivated, use yourfingerstoholdyoureyelidsopenandrollyoureyeballsin
the stream of water so the entire eye can be flushed. Afterflushing foratleast 15 minutes, seek
medical attention immediately and complete an Injury/lliness Report.

Symptomsofskin exposureto chemicalsincludedry, whitened skin, redness, swelling, rashes,
blisters,itching,chemicalburns,cuts,anddefatting. Pleasenotethatsome chemicalscanbereadily
absorbedbytheskin. [fskinisalready physicallydamagedorsunburnttherate ofabsorptionmay
beimpacted. Laboratory workers can protect their skin from chemical exposure by wearingthe
propergloves, wearingalab coatandemployingotherpersonal protective equipment (suchas
protectivesleeves,faceshieldsandaprons). Shortsorsandalsarenotadvisableinlaboratories.

For small chemical splashes, remove contaminated gloves, laboratory coats, or other clothing, and
wash the affected area with soap and water for at least 15 minutes. Seek medical attention
afterward, especially if symptoms persist.

Forlargechemicalsplashes,itisimportanttogettoanemergencyshowerimmediatelyandstart
flushingforatleast15minutes. Once underthe shower, and afterthe showerhasbeen activated,
remove any contaminated clothing. Failure toremove contaminated clothing canresultinthe
chemicalbeingheldagainsttheskinandcausingfurtherchemicalexposureanddamage. After
flushing fora minimum of 15 minutes, seek medical attentionimmediately and complete an
Injury/lliness Report.

NOTE: Some chemicalsrequire use ofa specialantidote and specialemergency procedures. Be
suretoread SDSsforanychemicalyouworkwithtodetermineifa specialantidoteis needed
before chemical exposureoccurs.

7.5 Chemical Exposure Limits

The Laboratory Standardrequiresthatemployee exposureto OSHA Regulated Substancesdoesnot
exceedPermissible ExposureLimits (PELs)asspecifiedin29CFRPart1010,SubpartZ. PELsare
basedontheaverage concentration ofachemicaltowhichworkers canbe exposedtooveran 8-
hourworkday, 5days perweek, foralifetime withoutobservingilleffects. Insome cases, chemicals
canalsohaveaCeiling (C)limit, whichisthe maximum concentrationthatcannotbe exceeded.
OSHA has established PELs for over 500 chemicals which are legally enforceable.

AnothermeasureofexposurelimitsareThresholdLimitValues(TLV)whicharerecommended
occupational exposure limits published by the American Conference of Governmental Industrial
Hygienists(ACGIH). Similarto PELs, TLVs aretheaverage concentration of a chemicalthata worker
canbe exposedtooveran8-hourworkday, 5 days perweek, overalifetime withoutobservingill
effects. TLVsalsohaveCeiling(C)limits,whicharethemaximumconcentrationaworkercanbe
exposedtoatanygiventime. The ACGIHhasestablished TLVsforover800chemicals. TLVsare
advisoryguidelinesonlyandnotlegallyenforceable. BothPELsand TLVscanbefoundonSDSs.
Anothergoodresource forinformationisthe Nationallnstitute forOccupational Healthand Safety
(NIOSH).Iflaboratorypersonnelusefumehoodsandotherengineeringcontrols,useproperPPE,
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practicegoodhousekeepingandpersonalhygiene,keepfoodanddrinkoutoflaboratories,and
followgoodlaboratorypractices—thepotentialforexceedingexposurelimitsissignificantly
reduced.

7.6 Chemical Exposure Monitoring

Safe use of materials depends heavily on following proper practices and the utilization of
engineeringcontrols. Incertain circumstances, itisnecessaryto verify thatwork practices and
engineeringcontrolsareeffectiveinlimitingexposurestohazardousmaterials. YourEHS Officecan
help evaluatethe effectiveness of yourcontrols by monitoringexposures. Exposure monitoring
determinestheairborne concentration ofahazardous materialintheworkenvironment. Exposure
monitoringdataiscomparedtoexistingOSHAand ACGIH exposure guidelinesandisoftenusedto
make recommendations concerning engineering controls, work practices, and the selection of PPE.

Ifyouthinkyouhavebeenexposedtoachemicalinexcessof OSHAexposurelimits,have symptoms
commonly associated withexposure tohazardous materials, orwork withanyofthe chemicals
listed below, contact your EHS Office.

In some cases, OSHA substance specific-standards actually require thatthe employer conductinitial
exposure monitoring. Examples of chemicals that fall into this category include

* Formaldehyde

* Vinyl chloride

* Methylene chloride

» Benzene

» Ethylene oxide

Other substances that have exposure monitoring requirements include
* Lead
» Cadmium
» Silica

1.7 Toxicity

Toxicity referstothe abilityofachemicalto cause harmful effectstothe body. Thereareanumber
offactors thatinfluence the toxic effects of chemicals on the body. These include, butare not
limited to

* Quantity and concentration of the chemical

» Length of time and the frequency of exposure

* Route ofexposure

» |f mixtures of chemicals are involved.

* Sex, age, and lifestyle of the person exposed to the chemical.



LABORATORY SAFETYMANUAL 70

7.7.1  Toxic Effects

Toxiceffects are generally classified aseitheracute toxicityor chronictoxicity. Acutetoxicity is
generallythoughtofasasingle, short-termexposure whereeffectsappearimmediatelyand are
oftenreversible. Anexample ofacute toxicity isthe over-consumption ofalcoholand “hangovers.”
Chronictoxicityisgenerally thoughtofasfrequentexposures where effects maybe delayed (even
foryears)andaregenerallyirreversible. Chronictoxicity canalsoresultfrom acute exposures, with
longterm chronic effects. Anexample of chronictoxicityis cigarette smokingandlungcancer.

7.7.2 Evaluating Toxicity Data

SDSs,andotherrelatedresources, generallyrefertothetoxicity ofachemicalnumericallyusingthe
term LethalDose 50 (LD50). The LD50 isdetermined by toxicity teststudy and reflects the amount
ofachemicalthatwhen ingested orabsorbed by skin results in death for 50% of testanimals.
AnothercommontermisLethalConcentration50(LC50),whichdescribestheamountofchemical
inhaledbytestanimalsthat causes deathin 50% ofthose used during atoxicityteststudy. The
LD50and LC50 values are then used toinferwhatdose is required to show a toxic effecton
humans. Thelowerthe LD50orLC50number,the moretoxicthe chemical. Remember,thereare
otherfactors (e.g., concentration ofthe chemicalandfrequencyofexposure)that contribute to
toxicity, including other hazards the chemical may possess.

While exacttoxic effects ofachemicalontestanimals cannotnecessarily be directly correlated with
toxiceffectsonhumans, the LD50 and LC50 can provide an indication of toxicity, particularly
relative toanotherchemical. Forexample,whendecidingwhatchemicaltouseinanexperiment,a
chemical withahigh LD50 or LC50 wouldbe saferto work with, assuming the chemical did not
possess multiple hazards and no additional variable exist.

PrudentPractices inthe Laboratory“®lists the following table for evaluating the relevant toxicity ofa
chemical.

Toxicity Class

Animal LD50

Probable Lethal Dose for
70 kg Person (150 Ibs.)

Example

Super Toxic Less than 5 mg/kg | A taste (7 drops or less) Botulinum toxin

Extremely Toxic 5 - 50 mg/kg < 1 teaspoonful Arsenic trioxide,
Strychnine

Very Toxic 50 - 500 mg/kg < 1 ounce Phenol, Caffeine

Moderately Toxic | 0.5 -5 g/kg <1 pint Aspirin, Sodium
chloride

Slightly Toxic 5-15 g/kg <1 quart Ethyl alcohol, Acetone

46https://www.nap.edu/catalog/12654/prudent-practices-in-the-laboratory-handling-and-management-of-chemical
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Inadditiontohaving atoxiceffectonthe body, some chemicalscanbe carcinogenic, mutagenic,
teratogenic, and acutely toxic. See the Particularly Hazardous Substances section in this manual.

7.8 Chemical Labeling

All chemical containers must be labeled properly in order to satisfy OSHA and EPA federal
regulations. Proper labeling of chemicals informs people of potential hazards, prevents the
generation of unknowns, allows for correct waste disposal, and facilitates emergency response.
Most new chemical containers have proper labeling information on the chemical label. The
Laboratory Standardrequiresthatlabelsonallincomingcontainersbe maintainedandnotdefaced.
Aspartoflaboratorygoodhousekeepingandself-inspections, any chemicallabelsthatappear
damagedoraredifficulttoread should berelabeled. Allpersonnelworkinginthelaboratory must
be fully trained on how to label chemicals.

7.8.1 Labeling Non-Original Containers for Content

Thefullchemicalname mustbe writtenonalabel. Ifthisisnotpossible, then abbreviations are
acceptableonlyifafulllistof chemical abbreviations, akey, is postedinthelaboratory. The key
mustbe inareadilyvisible location,preferablyclosetothechemicalsand/orbythedoor. Thekey
mustcontainthe abbreviations used and the fullname ofthe chemical. The P.l. musthavean
additional copy of the key.

7.8.2 Labeling Non-Original Containers for Hazards

Non-original containers (secondary use containers) can include wash bottles, squirt bottles,
temporarystoragecontainers,beakers,flasks,bottlesandvials- anycontainerthatachemicalis
transferredintofromitsoriginal. Non-originalcontainers mustbeproperlylabeled withthehazard
characteristics (ignitibility, corrosivity, reactivity, andtoxicity) ofthat chemicalin orderto satisfy
federalandstateregulations.*” Ifthematerialhasanyofthefollowingcharacteristicsthenthelabel
must indicate the specific hazard.

* Flammable (flash point under 141 degrees Fahrenheit)
» Oxidizer

* Reacts with water or air

» Spontaneously combusts orpolymerizes

* ApHlessthan 2 or greater than 12

476 NYCRR §372.2(a)(2); 40 CFR §262.11
https://govt.westlaw.com/nycrr/Document/l4eacc401cd1711ddad432a117e6e0f345?viewType=FullText&originationCon
text=documenttoc&transitionType=CategoryPageltem&contextData=%28sc.Default%29&bhcp=1 AND
https://www.ecfr.gov/cgibin/retrieveECFR?gp=&SID=c532e6054beede33caee46c48783d99f&mc=true&r=PART&n=pt40
.28.262#se€40.28.262_111
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https://govt.westlaw.com/nycrr/Document/I4eacc401cd1711dda432a117e6e0f345?viewType=FullText&originationCon
https://federalandstateregulations.47
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» Explosive
» Contains heavy metals

Anyorganicsolventmustalsobelisted. Usethe “Waste Determination/Labeling Guide”foundin
AppendixNtoensure acontaineris properlylabeledforhazards. Hazardwarninglabelsare
essential for making proper waste determinations.

Forsmallcontainers,suchasvialsand Eppendorftubes,laboratory personnelcangroupthemby
classintoalargervesselandlabelthe outside ofthatvessel, making suretolistallhazards present.
Thissystemisnotrecommendedforhazardouschemicalsandwouldbe moreappropriatefornon-
hazardous compounds such as agar and buffer solutions.

Here are examples of other similar systems.

» Placethevialorsmallcontainerina Ziplocbagorothertypeofoverpack container(e.g.,a
beaker)andlabeltheoverpackcontainerwiththechemicalnameandhazardcharacteristics.

» Storevialsinatesttuberackandlabeltherackwiththe chemicalname.Each vialintherack
shouldbelabeledwithanabbreviation, number, letter, orcolorcode*®thatcorrespondsto
the label on the test tube rack

» Preservedspecimensshouldbelabeledwiththe preservative (e.g.,ethanolor
formaldehyde). Alargenumberoflabelscanbegeneratedusingmailinglabels.

7.9 Chemical Storage

Chemicalstorageareasincludecentralstockrooms,storerooms,laboratoryworkareas, storage

cabinets, refrigerators, and freezers. There are established legal requirements as well as
recommended practices for proper storage of chemicals. Proper storage promotes safer working
conditions, extends the useful life of chemicals, and can help prevent contamination.

Chemicals that are stored improperly can result in a number of circumstances.

» Degraded containers that release hazardous vapors can be detrimental to health

» Degraded containers allow chemicals to become contaminated may impact experiments

» Degraded containers that release vapors can impact the integrity of nearby containers.

» Degraded labels can result in the generation of unknowns.

» Chemicals can become unstable and/or potentially explosive.

» Improperstorage canresultincitationsand/orfines fromfederal, state,and localregulatory
agencies.

48 3ome laboratory workers may be color-blind. This factmustbe takeninto consideration BEFORE a color-coding
system is used.
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7.9.1  General Storage Guidelines

Itisrecommendedthatlaboratoriesadhere tothe following guidelines regarding the safe storage of
chemicals. Proper storage of chemicals improves safety and increases efficiency.

» Allchemicalcontainersmustbelabeled. Labelsshouldincludeanyhazards presentandthe
fullname of the chemical constituent(s). Check chemical containers regularly. Replace labels
that are deteriorating, falling off or are at risk of becoming an unknown.

» Keep all containers closed when not in use.

» Everychemicalshouldhaveanidentifiable storage placeandshouldbereturnedtothat
location afteruse.

» Thestorageofchemicalsonbenchtopsshouldbekepttoaminimumtohelpprevent
clutter, avoid spills, and allow for adequate working space.

» Chemicalstorageinfumehoodsshouldbekepttoaminimumandlimitedtotheexperiment
being conducted orriskinterference with airflow, reduces working space, andincreased risk
of spills, fire, or explosions.

» Forchemicalstorage cabinets, largerchemicalbottles should be stored towards the back
andsmallerbottlesupfrontwheretheyarevisible. Labelsshouldfacingoutsotheycanbe
easily read.

- EPAand FDNY regulations prohibit chemical storage on the floor.

» Formultiple containers ofthe same chemical, oldercontainers should be stored infront of
newer chemicals. This reduces excessinventory.

» Do not store chemicals in direct sunlight or next to heat sources.

» Laboratoriesshouldstrivetokeeponlythe minimum quantity ofchemicalsnecessary. When
orderingnew chemicals, only orderstock neededforaspecificexperimentorthe quantity
necessary for a maximum of 2 semesters.

» Liguidchemicalcontainersshouldbestoredinsecondarycontainmenttominimize potential
for bottle breakage and spills.

» Always segregate and store chemicals according to compatibility and hazard classes.

» Chemical containers should be dated when they arrive, checked regularly and disposed of
upon expiration.

» Peroxide forming chemicals must be tested in accordance with the timetable found in
AppendixJ. Testdates mustberecorded onthe containerlabelas well as the date received
and opened.

» Flammableliquidsinexcess oflimitsforaspecificflammability class mustbe storedin
approved flammable liquid storage cabinets and refrigerators or freezers.

» Donotstoreacidsinflammableliquid storage cabinets. Thiscanresultinserious
degradation of the storage cabinet and any containers inside.

» Corrosivechemicalsshouldbestoredincorrosionresistantcabinets. Theexceptionstothis
ruleareorganicacids,suchasAceticacid,Lacticacid,andFormicacid,whichareconsidered
flammable/combustibleand corrosive and canbe storedinflammable orcorrosive storage
cabinets.

* Ingeneral, no chemicals should be stored above eye level.
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» FDNY prohibitsany type of storagewithin18inches (457 mm)of sprinkler head deflectors
in building areas protected by a sprinkler system and within 24 inches(610mm) of
the ceiling in areas not protected by a sprinkler system (see Fire Code §315.149).

» Highly toxic chemicals should be stored in locked storage cabinets. Always keep the
quantitiesofhighlytoxicchemicalstoanabsoluteminimum (see the Particularly
Hazardous Substances section 9.0).

« Beawareof anyspecial antidotesormedicaltreatment thatmaybe required for
chemicals (such as cyanides and Hydrofluoric acid).

» Organic and mineral acids must be stored separately

» Alwayskeepspill kits and otherspill control equipmentonhandinareaswhere chemicals
are used. Ensure that all personnel working have been properly trained.

» Forreagents, use shelveswith anti-rolllipsto preventbottles from falling. Thiscanalsobe
accomplished by using heavy gauge twine or wire to create a lip on the shelf.

» Consumableitems being used forlaboratory purposes, suchas sugar, soda, and vinegar,
should be clearly labeled with the words "NOT FOR CONSUMPTION".

7.9.2 Chemical Storage Limits

Thenature of laboratory work requires quantities of chemicals to be on hand foreasy access. Itis
incumbentupon laboratory workers, however, to minimize the quantities of chemicals stored on
bench tops,under fume hoods, or in other exposed areas. Under no circumstances shallthe
total quantities of hazardous chemicals stored in a laboratory exceed those permitted
under FDNY Fire Code§2706and/or 3 RCNY § 4827-01 (previously 3 RCNY
§10-01).5°See Appendix L for details.

7.10  Transporting Chemicals

When transporting chemicals between laboratories within the same building or
contiguous buildings,the following guidelines are recommended. Adherence helps
protect people and the environment and minimize the potential for spills. You should
have proper PPE accessible in the event of a spill.

« When ever transporting chemicals by hand, always use a secondary container
such as arubberacidcarrying bucket, plasticbucket, or5-gallon pail. Asmall amount
of chemical-compatible packing material (shipping peanuts, vermiculite, or cardboard
inserts) can be used to prevent bottles from tipping over or breaking during transport.

» Wheeled carts with lipped surfaces (such as Rubber maid carts) should be used
whenever feasible.

49315.2.1 Ceiling clearance. Storage shall be maintained 2 feet (610mm) or more below the ceiling in non sprinkle
red areas of buildings ora minimum of 18 inches (457 mm) below sprinkler head deflectors in sprinkle red areas of buildings.
S0http://www.nyc.gov/html/fdny/pdf/firecode/2009/

fire_code_l126_2008_amended_I137_41_64_2009_final_complete. Pdf; http://www.nyc.gov/html/fdny/pdf/rules/
rules_compilation_4th.pdf#4827-01
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* Onlyfreightelevators should be used to transportchemicals. Ifitisnecessary toemploy a
passengerelevator, transport should be restricted to low-use times. Ifthisis not possible,
warn passengers or prohibit others from riding with you.

» When transporting compressed gas cylinders, always use a proper gas cylinder hand truck
withthe cylinders strappedtothe cartkeeping the capin place. NEVERrollordraga
compressed gascylinder.

» Avoidriding in elevators withcryogenic liquids or compressed gas cylinders. Ifyou
must,use a buddy system. Have one person send the properly secured dewars
or cylinders on the elevator while the other person waits at point where it will arrive.

Please contact the EHS Office if chemicals are to be transported between laboratories
in non-contiguous buildings. NOTE: If chemicals are being transported off the main
campus,there are specific procedures,trainingandlegal requirements that must be followed.
For more information, refer to the Hazardous Material Shipping section.

8.0 CHEMICAL HAZARDS

Chemicals can be broken down into hazard classes. Chemicals can exhibit more than
one hazard or combinations of hazards. Several factors can influence how a chemical will
behave, the hazards presented, and the required response.

» Concentration of thechemical

» Physical state of the chemical (solid, liquid, gas)

» Physical processes involved using the chemical (cutting, grinding, heating, cooling, etc.)

» Chemical processes involved in using the chemical (mixing with other chemicals, purification,
distillation, etc.)

» Otherprocesses(improperstorage,additionofmoisture,storageinsunlight,refrigeration,
etc.)

The following sections describe general information and safety precautions about specific
hazard classes. The chemical hazards listed are based on the Department of Transportation
(DOT) hazard classsystem.®" A general description of the hazards of various chemical
functional groups can be found in Appendixl.Thefollowingsections aregeneral guidelines.
Laboratory personnel should always review SDSs and other resources before working with
any chemical.

8.1 Explosives
The OSHA Laboratory Standarddefines an explosiveas a chemical that causes a

sudden, almost instantaneous release of pressure, gas, and heat when subjected to sudden
shock, pressure, or high

51 https://www.fmcsa.dot.gov/regulations/enforcement/nine-classes-hazardous-materials-yellow-visor-card
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temperature. Under the Department of Transportation (DOT) hazard class system, explosives are
listed as Hazard Class 1.

Fortunately, most laboratories do notuse manyexplosives. However, there are anumber of
chemicalsthat canbecomeunstableand/or potentiallyexplosiveovertime. Exposureto
air,water, or other materials such as metals can cause a chemical to become unstable or
potentiallyexplosive. This is also a concern when certain chemicals dry out.

If youevercomeacrossany chemical that you suspect maybe shock,heat,and friction
sensitive,do not attempt to move them. Instead, contact your EHS Office immediately!

Explosions can damage surrounding materials, generate toxic gases, and cause fires.If you
plan to conduct an experiment where the potential for an explosion exists, first determine
if another non-explosive prone chemical could be substituted. If you must use a
chemical or compound that is potentially explosive, even low powered explosives, you
must first obtain prior approval from the P.I. before startingany work. Afterobtainingapproval,
thoroughlyreadthe SDSsand any other chemical resources related to the potentially
explosive compound (s) to minimize hazards.

Whenever setting up experiments using potentially explosive compounds the following guidelines
should be applied.
» Always use the smallest quantity of the chemical possible.

» Always conduct the experiment within a fume hood and properly rated safety shield.

» Be sure toremove any unnecessary chemicals and equipment (particularly highly toxic and
flammable) from the immediate work area.

* Notify the laboratory about the experiment, potential hazards and time line.

» Donotuse metalorwoodendevices when stirring, cutting, or scraping with potentially
explosive compounds. Non-sparking plastic devices should be usedinstead.

» Ensurethat other safety devices such as hightemperature controls and water
overflow devices are in place to help minimize any potential incidents.

» Always wear appropriate PPE, including the correct gloves, a lab coat or apron,
safety goggles usedin conjunctionwitha face shield, and explosion-proof shields.

» Dispose of any hazardous waste properly and note on the hazardous waste tag
any special precautions that may need to be taken if the chemical is potentially
explosive.
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» Alwaysdatechemicalcontainerswhenreceivedandopened. Payparticularattentionto
those compounds that mustremain moist orwetso they do notbecome explosive (e.g.,
picric acid or 4-Dinitrophenyl hydrazine).

» Payparticularattentiontoany potentially explosive compoundsthatappeartoexhibitsigns
of contamination. Specifically, note any deterioration of the outside of the container,
crystalline growth in or outside the container and or discoloration of the chemical. Ifyou
discoverapotentiallyexplosive compoundthatexhibitsany ofthese signsofcontamination,
contact your EHSO for assistance.

8.2 Flammable and CombustibleLiquids

The LaboratoryStandarddefinesaflammableliquid asanyliquidhavingaflashpointbelow100
degrees F (37.8 degrees C), except any mixture having components with flashpoints of 100 degrees
F (37.8degrees C)orhigher, the total of which make up 99% or more of the total volume of the
mixture.

Flashpointisdefinedastheminimumtemperatureatwhichaliquidgivesoffenoughvaportoignite
inthe presence ofanignition source. Therisk ofafire requires thatthe temperaturebe above the
flashpointandthe airborne concentrationbein the flammablerange above the Lower Explosive
Limit (LEL) and below the Upper Explosive Limit (UEL).

ThelLaboratory Standard definesacombustible liquid asanyliquid having aflashpointatorabove
100degreesF(37.8degreesC),butbelow200degreesF(93.3degreesC),exceptanymixture
havingcomponentswithflashpointsof200degreesF (93.3degreesC),orhigher, thetotalvolume
of which make up 99% or more of the total volume of the mixture. OSHA further breaks down
flammables into Class I liquids, and combustiblesinto Class lland Class lll liquids. Please Note: This
classificationis differentthanthe criteriausedbythe DOT. Thisdistinctionisimportantbecause
allowable containersizes and storage amounts are based onthe particular OSHA Class ofthe
flammabile liquid.

Summary Table of Flammable Liquids
Classification Flash Point Boiling Point

Flammable Liquid

Class IA <73 degrees F <100 degrees F
Class IB <73 degrees F >=100 degrees F
Class IC >=73 degrees F, <100 degrees F >100 degrees F

Summary Table of Combustible Liquids
Classification Flash Point Boiling Point
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Combustible Liquid

Class |l >=100 degrees F, <140 degrees F --
Class IlIA >=140 degrees F, < 200 degrees F --
Class IlIB >=200 degrees F --

Under the Department of Transportation (DOT) hazard class system, flammable liquids are listed as
Hazard Class 3.

Flammable and combustible liquids are commonlyusedat CUNY and areimportantinanumberof
laboratory processes. However, inadditiontothe flammable hazard, some flammableliquids also
may possess other hazards such as being toxic and/or corrosive.

Whenusingflammableliquids, keepcontainers awayfromopenflames; itis besttouseheating
sourcessuchassteambaths,waterbaths, oilbaths,and heatingmantels. Neveruseaheatgunto
heataflammableliquid. Anyareasusing flammables should have afire extinguisherpresent. Ifa
fire extinguisher is not present, contact your EHS Office for assistance.

Alwayskeepflammableliquids storedawayfromoxidizersand awayfromheatorignitionsources
such as radiators or electric power panels.

When pouring flammable liquids, itispossible togenerate enough staticelectricity tocause the
flammable liquid to ignite. If possible, make sure that both containers are electrically
interconnected to each other by bonding the containers and connecting to a ground.

Always clean upany spills offlammableliquids promptly. Be aware thatflammable vaporsare
usually heavierthanair(vapordensity >1). Forthose chemicals withvapordensities heavierthan
air,itispossibleforthe vaporstotravelalongfloorsand, ifanignition sourceis present, resultina
flashback fire.

8.2.1 Flammable Storage inRefrigerators/Freezers

Flammable liquids must be stored only in specially designed flammable storage
refrigerators/freezersorexplosion-proofrefrigerators/freezers,asperNFPA45andarticle 501in
NFPA70.Donotstoreflammableliquidsinstandard (non-flammablerated)refrigerators/freezers.
Standardrefrigeratorsarenotelectricallydesignedtostoreflammableliquids. Ifflammableliquids
are stored in a standard refrigerator, the buildup of flammable vapors can ignite when the
refrigerator’'s compressor or light turns on, resulting in a fire or an explosion.

Properlyratedflammableliquid storagerefrigerators/freezershave protectedinternalelectrical
components and are designed for the storage of flammable liquids. Explosion-proof
refrigerators/freezershaveboththeinternaland externalelectricalcomponentsproperly protected
and also are designedforthe storage of lammable liquids. Refrigerators and freezersrated forthe
storage offlammable materials willbe clearly identified as such by the manufacturer. Foradditional
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information, please refer to ANSI/UL 1203-1994 entitled, “Explosion-Proof and Dust-Ignition-Proof
Electrical Equipment for Use in Hazardous (Classified) Locations.”

For most laboratory applications, a flammable storage refrigerator/freezer is acceptable. However,
some operations may require an explosion-proof refrigerator/freezer. If a laboratory cannot
purchaseaflammablestoragerefrigeratorforthelaboratory’s ownuse, departmentsand
laboratory groups on each floor are strongly encouraged to consider purchasing a communal
flammable storage refrigerator for the proper and safe storage of flammable liquids.

8.2.2 Flammable Storage Cabinets

The requirementsforflammable storage cabinets are determined by the classification ofthe
flammable liquids, quantities keptonhand, building construction (fire wallratings),and building
floor intended for storage. As a general rule of thumb, if you have more than 10 gallons of
flammable liquids, including materials inuse, then you should store the flammableliquidsina
properlyrated flammableliquid storage cabinet. Allflammableliquidsnotin use shouldbe keptin
theflammableliquid storage cabinet. Forstand-aloneflammable cabinets(asopposedtocabinets
underneathfumehoods), thereareventholesoneachsideofthecabinet(calledbungholes)that
musthave the metalbungs screwedintoplace forthe cabinettomaintainitsfire rating. Venting of
flammablecabinetsisNOTrequired,however,ifaflammablecabinetisvented,itmust bevented
properlyaccordingtothemanufacturer’'sspecificationsandNFPA30. Typically, properflammable
cabinetventilation requires thatairbe supplied to the cabinetand the airbetakenaway vianon-
combustible pipes. Ifyouare planning onventing yourflammable storage cabinet, please contact
your EHS Office for more information.

8.3 Flammable Solids

The Laboratory Standarddefinesaflammable solid as a “solid, otherthan ablastingagentor
explosive,thatisliabletocausefirethroughfriction,absorptionofmoisture, spontaneous chemical
change, orretained heatfrom manufacturing or processing, orwhich can beignited readilyand
whenignited, burn sovigorously and persistently to create aserioushazard.” Anexample ofa
flammable solid is gun powder.

Underthe DOT Hazard Class System, flammable solids are listed as Hazard Class 4. Flammable
solids are further broken down by the DOT into three subcategories:

* Flammable Solids — Class 4.1
» Spontaneously Combustible — Class 4.2
» Dangerous When Wet —Class 4.3

Many ofthe same principles forhandlingand storage offlammableliquidsapply toflammable
solids. Alwayskeepflammablesolids storedaway from oxidizers,and away from heatorignition
sources such as radiators, electric power panels, and open flames.
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8.4  Spontaneously Combustible

Spontaneously combustible materials are also known as pyrophorics; these chemicals can
spontaneouslyigniteinthe presence of air, some are reactive with watervapor,and mostare
reactive with oxygen. Two common examples are tert-butyllithium underhexanes and white
phosphorus.

Inadditiontothe hazard ofthe spontaneously combustible chemicalitself, manyofthese chemicals
are alsostoredunderflammable liquids. Inthe eventofanaccident, such asabottle being knocked
offa shelf, the chemical can spontaneouslyigniteandafire can occur. Extracare mustbetaken
when handling spontaneously combustible chemicals.

8.5 Dangerous When Wet

“Dangerous when wet” compounds react violently with water to form toxic vapors and/or
flammable gasesthatcanigniteand cause afire. Pleasenote that attempting to putoutafire
involvingdangerous whenwetmaterials withwaterwillonly make the situationworse. Special
“ClassD”fireextinguishersarerequiredforusewithdangerouswhenwetcompounds. Common
examples include sodium metal and potassium metal.

Itisimportantto note that any papertoweling, gloves, or other material that comes into contact
with these materials should be quenched with water before being disposed in metaltrash cansin
order to prevent potential fires.

Ifyouare using “dangerous whenwet”compounds and donothave aworking Class D fire
extinguisher, please contact your EHSO for more assistance.

8.6  Oxidizers and OrganicPeroxides

The OSHALaboratory Standarddefinesanoxidizeras“achemicalotherthanablastingagentor
explosive thatinitiates orpromotes combustion in other materials, thereby causing fire either of
itselforthroughtherelease of oxygenorothergases.”? Underthe DOT Hazard Class system,
oxidizersarelistedasHazard Class 5.1 and organic peroxides arelistedasHazard Class 5.2.

ThelLaboratoryStandarddefinesanorganicperoxideas“anorganiccompoundthatcontainsthe
bivalent-O-O-structureandwhichmaybeconsideredtobeastructuralderivativeofhydrogen
peroxide where one orboth ofthe hydrogen atoms have beenreplaced by an organicradical.”?

Oxidizersand organicperoxides are aconcernforlaboratory safety because oftheirability to
promote and enhance the potential forfiresin labs. Asareminderofthefiretetrahedron,inorder
to have a fire, you need the following:

52 hitps://www.osha.gov/dte/grant_materials/fy07/sh-16625-07/hazcomglossary.pdf
53 ibid
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» A fuelsource

» Anoxygensource

= Anignition source

* A chemicalreaction

Oxidizers cansupplythe oxygenneededforthefire,whereasorganicperoxides supply boththe
oxygenandthefuelsource. Both oxidizersand organic peroxides may become shock sensitive
whentheydryout, are storedinsunlight, orare contaminated withothermaterials, particularly
heavy metals. Most organic peroxides are also temperature sensitive.

Aswithanychemicals,butparticularly with oxidizersand organicperoxides, quantities storedon
handshouldbe kepttoaminimum. Wheneverplanninganexperiment,be suretoreadthe SDSs
andotherreferencedocumentstounderstandthehazardsandspecialhandling precautionsthat
may berequired, includinguse ofa safety shield. Alsobe aware ofthe meltingand autoignition
temperaturesforthese compoundsand ensure thatany device usedtoheatoxidizershasa
temperature safety switch to prevent overheating.

Laboratory staff should be particularly careful when handling oxidizers around organic materials,
especially high surface area oxidizers such as finely divided powders.

Avoidusingmetalobjectswhenstirringorremovingoxidizers ororganic peroxidesfrom chemical
containers. Plasticorceramicimplementsshouldbeusedinstead. Laboratorypersonnelshould
avoidfriction,grinding,andimpactwithsolidoxidizersandorganicperoxides. Glassstoppersand
screwcaplidsshouldbeavoidedandplastic/polyethylenelinedbottlesandcapsusedinstead.

If you suspect that your oxidizer or organic peroxide has been contaminated (evident by
discolorationofthe chemical, orifthereis crystalline growthinthe containeroraroundthe cap),
thendispose ofthe chemicalashazardouswaste orcontactyour EHSOffice. Indicateonthe
hazardouswastetagthatthe chemicalisan oxidizerororganicperoxide andthatyoususpect
contamination.

8.7  Peroxide Forming Compounds

Manycommonlyusedchemicals—organicsolventsinparticular—canformshock, heat, orfriction
sensitive peroxides upon exposure to oxygen. Once peroxides have formed, an explosion can result
duringroutine handling, suchastwistingthe cap offabottle. If peroxides are present, explosions
are more likely when concentrating, evaporating, or distilling these compounds.

Whenthesecompoundsareimproperlyhandledandstored,aseriousfireandexplosionhazard
exists. Alistofcommon peroxide formingchemicals canbe foundin AppendixJThislistis not
exhaustive,astherearenumerouschemicalsthatcanformperoxides.Besuretoreadchemical
container labels, SDSs and other chemical references.
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following guidelines should be adhered to when using peroxide forming chemicals:
Each peroxide-forming chemical container MUST be dated when received and opened.

Each peroxideformingchemicalcontainermustbetestedforperoxides 6 monthsafter
opening. Ifsafeforuse, the testdate mustbe marked onthe outside ofthe container.

Aftertesting,ifalaboratorydeemsthechemicalsafeforcontinueduse,theymayretainthe
chemical for an additional 6 month period, but never to exceed the expiration date.

Ifalaboratory determinesthatachemicalisnolonger safe forcontinued use, orthe
chemicalreachesits expiration date, or6 months passes fromthetestdate, itmustbe
disposed of as a hazardous waste.

Newandunopened containersofperoxide formingchemicalsthathaveapre-printed
manufacturer's expiration date must be disposed of if that date has passed.

Becauseofsunlight’sabilitytopromote formationofperoxides, allperoxidizable compounds
should be stored away from heat and sunlight.

Peroxide forming chemicals should notberefrigerated atorbelow freezing orprecipitating
temperaturesastheseformsof peroxides are especially sensitive to shock and heat.
Refrigeration does not prevent peroxide formation.

Aswithanyhazardouschemical,butparticularlywith peroxideformingchemicals,the
amountofchemical purchased and stored shouldbe kepttoanabsolute minimum.

Ensurethatcontainersofperoxideformingchemicalsaretightlysealedaftereachuseand
consideraddingablanketofaninertgas, suchasnitrogen, tothe containertohelp slow
peroxide formation.

Anumberofperoxideformingchemicalscanbepurchasedwithinhibitorsadded. Unless
absolutely necessaryforresearch, neverpurchase uninhibited peroxide formers.

Before distillingany peroxide forming chemicals, testthe chemicalfirst with peroxide test
strips to ensure that there are no peroxides present.

Neverdistillperoxide forming chemicalstodryness. Leave atleast 10-20% stillbottomsto
help prevent possibleexplosions.

Peroxideteststripscanbepurchasedfromavarietyofsafetysupplyvendors. Analternativeto
peroxideteststripsistheKl(potassiumiodide)test. ReferencessuchasPrudentPracticesinthe
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Laboratory 5 and the American Chemical Society booklet Safety in Academic Chemistry
Laboratories®® outline ways to testfor peroxides. Ifthe teststrip turnsblue, then peroxides are
present. Lightblue testresults may be acceptable foruse if your procedure does not call for
concentrating, evaporatingordistilling. Containerswithdarkerblue testresultsmustbe disposed
ofordeactivated. Testoldertest strips for efficacy with adilute solution of hydrogen peroxide.
PleaseNote: Compoundssuspectedofhavingveryhighperoxidelevelsbecauseofage,unusual
viscosity, discoloration, or crystal formation should be considered extremely dangerous. If you
discoveracontainerthatmeetsthisdescription, DO NOT attempttoopen ormove the container.
Notifyotherpeopleinthelaboratory aboutthe potentialexplosionhazard and your EHSOffice
immediately.

8.8 Poisons

Forthe purposeofthismanualthe word “Poison”willbe usedinterchangeably withthe word
“Toxic.”OSHAdefines“Toxic”5¢ asachemicalfallingwithinanyofthefollowingcategories:

* Achemicalthathasamedianlethaldose(LD50)ofmorethan50milligramsperkilogram,
butnotmore than 500 milligrams perkilogramofbodyweightwhen administered orally to
albino rats weighing between 200 and 300 grams each

* Achemicalthathasamedianlethaldose (LD50)ofmorethan200 milligrams perkilogram,
butnot more than 1000 milligrams per kilogram of body weight when administered by
continuous contactfor24 hours (orlessifdeath occurs within 24 hours)withthe bare skin
of albino rabbits weighing between two and three kilograms each

» Achemicalthathasamedianlethal concentration (LC50)inairof morethan 200 parts per
million, but not more than 2000 parts per million by volume of gas or vapor, or more than
two milligrams per liter but not more than 20 milligrams per liter of mist, fume, dust, when
administeredbycontinuousinhalationforonehour(orlessifdeathoccurswithinonehour)
to albino rats weighing between 200 and 300 grams each

OSHA draws a distinction between toxic chemicals and acutely toxic chemicals. For more
informationonacutelytoxicchemicals,see Particularly Hazardous Substances. OSHAalsoprovides
definitions for otherhealth hazards on their website.>” Under the DOT Hazard Class system,
poisons are listed as Class 6.
Asageneralruleofthumb,allchemicalsshouldbetreatedaspoisonsandproperproceduressuch
asmaintaininggoodhousekeeping, use of properPPEandgood personalhygiene shouldbe
followed. Whenworking withknown poisons, itis very importantto have thoughtan experiment
through, addressinghealthandsafetyissuesbeforebeginningwork. Safety Data Sheets(SDSs) and

54 https://www.nap.edu/catalog/12654/prudent-practices-in-the-laboratory-handling-and-management-of-chemical
%5 https://www.acs.org/content/dam/acsorg/about/governance/committees/chemicalsafety/publications/safety-in-
academic-chemistry-laboratories-students.pdf

%6 https://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=10371

5 ibid
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otherchemicalreferencesshouldbe consultedbeforebeginningthe experiment. Askthefollowing
questions before working with poisonous chemicals:

e (Can aless toxic chemical be substituted?

» Whataretheroutesofentryintothe bodyforthe poison (inhalation, ingestion, injection, or
skin absorption)?

» What are the signs and symptoms of potential chemical exposure?

WhatPPE isrequired (type of glove, safety glasses vs. splash goggles, face shield, etc.)?
» Does the chemical require any special antidote?

» What are the emergency procedures to be followed?

Whenworkingwith highlytoxicchemicals,youshouldnotworkalone. AlwayswearproperPPE and
alwayswashyourhandswithsoapandwaterwhenfinished, evenifgloveswereworn. Beaware
that poisonous mixtures, vapors, and gases can beformed duringan experiment. Be sureto
research both the reactants and products of the chemicals you will be working in advance.
Additionalinformationcanbefoundinthe Exposure Monitoringand Routesof Chemical Entry
sections of thismanual.

Ifyou think you may have been exposed to a poisonous substance, seek medical attention
immediately. Alert Public Safety. Call Poison Control Center at 1(800) 222-1222. If possible, bring a
copy ofthe SDSwith you. Afterreceiving medical attention, complete anInjury/lliness Report.

8.9 Corrosives

OSHAdefinesacorrosiveas“achemicalthatcausesvisibledestructionof,orirreversiblealterations
inlivingtissueby chemicalactionatthe site of contact.”® Underthe DOT Hazard Class system,
corrosives are listed as Class 8.

Corrosivechemicalscanbefurthersubdividedasacidsandbases. Corrosivescanbeinaliquid,
solid,orgaseousstate. Corrosivechemicalscanhaveasevereeffectoneyes,skin,respiratorytract,
and gastrointestinal tractifan exposure occurs. Corrosive solids and theirdusts can reactwith
moisture on the skin or in the respiratory tract and result in exposure.
Wheneverworkingwithconcentratedcorrosive solutions, splashgogglesshouldbeworninstead of
safetyglasses. Splash gogglesusedinconjunctionwithaface shield provides betterprotection. A
face shield alone does notprovide adequate protection. Use ofrubbergloves suchas butylrubber
andarubberapronmayalsoberequired. Corrosive chemicals should be handledinafumehoodto
avoid breathing corrosive vapors and gases.

%8 ibid
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Whenmixingconcentratedacidswithwater,alwaysaddacidslowlytothewater(specifically,add
the more concentrated acid tothe dilute acid). Neveraddwatertoacid, this canresultin aboiling
effectand cause acid tosplatter. Donotpourthe acid directly into the water; it should be pouredin
a manner that allows it to run down the sides of the container.

Somechemicalscanreactwithacidsandliberatetoxicand/orflammablevapors. Whenworking
withcorrosivematerials,ensurethattheproperamountof spillcleanupmaterialisavailablefor
neutralization,suchasCalciumcarbonateforacidsand Citricacidforbases. ContactyourEHS
Office forassistance.

Whereveracidsandbasesareused,aneyewashandemergencyshowermustbeavailable. Ifany
corrosivechemicalgetssplashedintheeyes,immediatelygotoaneyewash stationand flushyour
eyes for at least 15 minutes. The importance of flushing for at least 15 minutes cannot be
overstated! Oncethe eyewash hasbeenactivated, use yourfingerstohold youreyelidsopenand
rollyoureyeballsinthe stream ofwater sothe entire eye can beflushed. Afterflushing foratleast
15 minutes, seek medical attentionimmediately and complete an Injury/lliness Report.

Forsmallsplashesofcorrosivestothe skin,removeanycontaminatedgloves,labcoats,orother
clothingand wash the affected area with soap andwaterforatleast 15 minutes. Seek medical
attention afterward, especially if symptoms persist.

Forlargesplashesofcorrosivestothebody,itisimportanttogettoanemergencyshowerandstart
flushingforatleast15minutes. Onceundertheshower, andaftertheshowerhasbeenactivated, it
isimportanttoremove any contaminated clothing. Failuretoremove contaminated clothingcan
resultinthe chemicalbeing held againstthe skin causing furtherchemicalexposure anddamage.
Afterflushing foraminimum of 15 minutes, seek medical attentionimmediately and complete an
Injury/lliness Report.

PLEASE NOTE: Some chemicals, such as Hydrofluoric acid, requires the use of a special antidote
(suchasCalciumgluconategel)andspecialemergency procedures. Readthe SDSsforany
chemical(s) you work with to determine if a special antidote is needed.

8.9.1 Hydrofluoric Acid

Hydrofluoric Acid (HF) is one ofthe mosthazardous chemicals used on CUNY campuses. Small
exposuresto HF canbefatalifnottreatedproperly. Thecriticalminutesimmediatelyafteran
exposure can have a great effect on the chances of a victim’s survival.

HFisagasthatisdissolvedinwatertoform Hydrofluoricacid. The concentrationcanvaryfrom
verylow such asinstore boughtproducts up to the mostconcentrated 70% form (anhydrous), with
themostcommonlaboratoryusearound48%. Theliquidis colorless, non-flammableandhasa
pungentodor. The OSHA permissible exposure limitis3ppm, butconcentrationsshouldbekeptas
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lowaspossible. HF isactuallyaweakacid by definitionand notascorrosive as strongacidssuchas
Hydrochloric (HCI); however, the toxicity of HF is the main concern.

HFis absorbed throughthe skin quickly andisa severe systemictoxin. The fluorideion binds
calciumintheblood,bones,andotherorgansand causesdamagetotissuesthatisverypainfuland
can be lethal. At the emergency room, the victim is often given calcium injections, but pain
medicationisnotgenerally givensince the pain subsidingisthe onlyindicationthatthe calcium
injections are working.

Because of the serious hazard of working with HF, the following guidelines are recommended:
» Before anyone uses HF they MUST have prior approval from the P.I.

» AllusersofHF mustreceive Hydrofluoric Acid Safetytrainingfrom boththeirEHS Officeand
supervisor.

» AStandard Operating Procedure (SOP) should be written for the process. This SOP should
be posted orreadily available nearthe designated areawhere HF use will occur.

» HF should be used in a designated fume hood labeled with a “HF Designated Area” sign.

» HFcanetchtheglasssashonahood makingithardtoseethrough.Ifthisoccurs, please
contact EHS about installing a polycarbonate sash.

* Anappropriatefirstaid kitmustbe available. AHF firstaid kitincludes 2.5% calcium
gluconategelandmustbelabeledwitha“HydrofluoricAcidFirstAidKit’signposted ina
prominent place.

* AnHF spillkitmustbe available with calcium compounds such as Calcium carbonate,
CalciumsulfateorCalciumhydroxide. Sodiumbicarbonateshouldneverbeusedbecauseit
does not bind the fluoride ion and can generate toxic aerosols.

» Laboratory personnelinvolved should be able to answer the following in the affirmative:

Read the SDS for HF

Read the HF Use SOP developed by the lab

Read the Hydrofluoric acid section in this Laboratory Safety Manual
Aware of the designated area for HF use

Knows the first aid procedure in case of an HF exposure
Knowswhattodoin case ofan HF spill

O O O O O O

The following PPE is required for HF use:

* Rubber or plasticapron
» Plastic arm coverings
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* Gloves
o Incidentaluse-double glove withheavy nitrile exam gloves andre-gloveifany
exposure to the gloves occurs

o Extended use —heavy neoprene or butyl over nitrile or silver shield gloves
» Splash goggles in conjunction with a fume hood sash
» Closedtoed shoes, long pants and a long sleeve shirt with a reasonably high neck

The following are safe practice guidelines for working with HF:

» Neverwork alone when using HF. Always have a buddy system in place.

» Useaplastictrayforcontainmentincaseofaspill.

» Washglovesoffwithwaterbefore removingthem.

» Keep containers of HF closed.

» A Safety Data Sheet (SDS) for HF must be available.

» All containers of HF must be clearly labeled.

» Anystock of HF should be stored in plastic secondary containment and the cabinet labeled.
* HF should be stored in lower cabinets near the floor.

8.9.2 Perchloric Acid

Perchloricacidis astrongoxidizingacid thatcanreactviolently withorganic materials and can also
explode if concentrated above 72%. Perchloric acid should be used and stored away from
combustiblematerials,andwoodenfurniture. Likeallacids,secondarycontainmentshouldbeused
forstorage. Use alternate techniquesthatdonotinvolve Perchloricacidifpossible. Ifyoumustuse
Perchloric acid in your experiments, purchase the smallest size container necessary.

AnyworkinvolvingheatedPerchloricacid(suchasinPerchloricaciddigestions)mustbeconducted
inaspecialPerchloricacidfumehoodwithawashdownfunction. IfheatedPerchloricacidisused
in a standard fume hood, the hot Perchloric acid vapors can react with the metal in the hood
ductworktoformshocksensitive metallicperchlorates. Also,removeallorganicmaterials, suchas
solvents, from the immediate work area.

BecausePerchloricacidissoreactive, keepitstoredseparatefromotherchemicals, particularly
organicsolvents,organicacids, and oxidizers. Inspectregularly for containerintegrity and for
discolorationofcontents. Discolored Perchloricacidshouldbediscardedashazardouswaste.

9.0 PARTICULARLY HAZARDOUS SUBSTANCES

The OSHA Laboratory Standard requires that the Chemical Hygiene Plan include provisions for
additional employee protection for work involving particularly hazardous substances. % These

%9 See https://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=10106
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substancesinclude “selectcarcinogens,’reproductive toxins, and substances which havea high
degreeofacutetoxicity. Eachofthese categories willbe discussedindetailinlatersections.

The Laboratory Standard states that for work involving particularly hazardous substances, specific
consideration should be given to the following provisions where appropriate:

» Establishment of a designated area

» Use of containment devices such as fume hoods or glove boxes
» Procedures for safe removal of contaminated waste

» Decontamination procedures

Generalguidelinesandrecommendations forthe safe handling, use,and controlofhazardous
chemicalsandparticularlyhazardoussubstancescanbefoundin SDSsandotherreferencessuchas
PrudentPracticesintheLaboratoryand SafetyinAcademic Chemistry Laboratories. Contactyour
EHS Office for additional information.

9.1 Establishment of a Designated Area

Laboratoriesshouldestablishadesignatedareawhereparticularlyhazardoussubstancescanbe
used. Thiscould mean an entire roomoutof a suite ofrooms orone particularfumehoodwithina
laboratory. One area known to everyone working in the laboratory designated for the use of
particularlyhazardoussubstances. Asignshouldbepostedindicatingtheareaisdesignatedforuse
with particularly hazardous substances. The designated location and any specialprecautions should
be included in the lab’s SOPs.

9.2 Safe Removal of Contaminated Materials and Waste

Some particularly hazardous substances may require special procedures for safe disposal of both
waste and/or contaminated materials. Whenindoubt, contactyour EHS Office to determine proper
disposal procedures. Once these disposal procedures have been identified, they should be included
aspartofthelaboratory’s SOPs and everyone workinginthe laboratory should be properly trained.

9.3 Decontamination Procedures

Someparticularlyhazardoussubstancesmayrequirespecialdecontaminationordeactivation
procedures (such as Diaminobenzidine waste or Ethidium bromide) for safe handling. Review SDSs
andotherreference materialswhenworkingwith particularly hazardous substancestodetermineif
specialdecontaminationproceduresarerequired. Iftheyarerequired,thisinformationshouldbe
includedinthe laboratory’s SOPs and appropriate comprehensive trainingmustbe provided to
laboratory personnel who work with these chemicals.

9.4 Guidelines for Working with Particularly Hazardous Substances
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Laboratory staff should always practice good housekeeping, use engineering controls, wear proper
PPE,developandfollowSOPs,andreceiveappropriatetrainingwhenworkingwithanychemicals.
Thefollowing specialguidelines should be adhered towhenworking with particularly hazardous
substances:

» Substitute less hazardous chemicals if possible to keep exposures to a minimum.

» AlwaysobtainpriorapprovalfromtheP.l.before orderinganyparticularlyhazardous
substances.

» Planyourexperimentoutinadvance,includinglayoutofapparatusandanynecessary
chemical and wastecontainers.

» Beforework, reviewchemicalresourcesforanyspecialdecontamination/deactivation
proceduresandensurethatyouhavetheappropriate spillcleanup materialsandabsorbent
on hand.

» Ensure that you have the appropriate PPE, particularly gloves.

» Alwaysusetheminimum quantitiesofchemicalsnecessaryfortheexperiment. Ifpossible,
try adding buffer directly to the original container and making dilutions directly.

» Purchasepremadesolutionstoavoid handling powders. Ifyouhavetouse powders, weigh
theminafumehood. Ifitis necessarytoweigh outside of afume hood (because some
particlesmaybetoolightandwould pose more ofa hazardinturbulentairflow)weara dust
mask. Itis advisableto surround the weighing area withwettedpapertowels tofacilitate
cleanup.

» Asameasure of coworker protection, whenweighing outdusty materials or powders,
considerwaitinguntilcoworkers have leftandthoroughly cleanup and decontaminate
working surfaces. Inform anyone remaining of your activities.

» Usesecondarycontainmenttoconductyourexperimentin,ifpossible,andtostore
particularly hazardous substances.

» Particularly hazardous substances should be stored by themselves in clearly marked trays or
containersindicating the hazard (e.g., “Carcinogens” or “Reproductive Toxins”).

= Always practice good personal hygiene, especially frequent hand washing, even if wearing
gloves.

» Ifitisnecessarytouseavacuumuseonly High Efficiency Particulate Air(HEPA)filtersfor
bestcaptureand protection. Beawarethataftercleaningup chemicalpowders, thevacuum
bag and its contents may have to be disposed of as hazardous waste.
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» Ensure that information related to the experiment is included in any SOPs.
9.5 Prior Approval

The Laboratory Standard requires Chemical Hygiene Plans to include information on “the
circumstancesunderwhich aparticularlaboratory operation, procedure, oractivity shallrequire
priorapproval’including“provisionsforadditionalemployeeprotectionforworkwithparticularly

hazardoussubstances”suchas"selectcarcinogens,’reproductivetoxins,andsubstanceswhich
have a high degree of acute toxicity.

Priorapproval ensures laboratory workers have received proper training regarding hazards of
particularlyhazardous substancesandthatsafetyconsiderationshavebeentakenintoaccount
BEFOREanewexperimentbegins. While yourEHS Office can provide assistance, the ultimate

responsibility ofestablishing priorapprovalprocedureslieswiththeP.l.orlaboratorysupervisor.

P.l.s andlaboratorysupervisorsmustidentifyoperationsorexperimentsthatinvolveparticularly
hazardoussubstances(suchas"selectcarcinogens,”reproductivetoxins,andsubstanceswhich
have ahighdegree ofacutetoxicity)andhighly hazardous operations orequipmentthatrequire
priorapproval. Theymustestablishtheguidelines,procedures,andapprovalprocessesthatwould
berequired. Thisinformationshouldbe documentedinthelaboratory'sordepartment's SOPs.
Additionally, P.l.s and laboratory supervisors are strongly encouraged to keep written
documentation onfile, such as"Prior Approval"formsthatare completed, signed by thelaboratory
worker as well as signed by the P.I. or laboratory supervisor.

Examples where P.l.s and laboratory supervisors should consider requiring laboratory workers to
obtain prior approval include the following:

» Experiments that require the use of particularly hazardous substances. These include but are
notlimitedto"select carcinogens,"reproductive toxins,and substancesthathaveahigh
degreeofacutetoxicity, highlytoxicgases, cryogenicmaterialsand otherhighlyhazardous
chemicals orexperiments involving radioactive materials, highpowered LASERSs.

» Asignificantchangeinthe quantity ofchemicals tobe usedforaroutine experiment, such as
an increase of 10% or greater than the quantity normally used.

* New equipment brought into the laboratory requires additional special training.

» Alaboratoryworkerisaloneandrunninganexperimentthatinvolveshighlyhazardous
chemicals oroperations.

9.6 Select Carcinogens
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Acarcinogenisany substance oragentthatis capable of causing cancer—the abnormal or
uncontrolled growth ofnew cellsinany partofthe bodyin humansoranimals. Mostcarcinogens
are chronictoxinswithlonglatency periodsthatcancause damage afterrepeated orlongduration
exposures and often do not have immediate apparent harmful effects.

The OSHA Laboratory Standard defines a “select carcinogen®® as any substance which meets one of
the following criteria:

» ltisregulated by OSHA as a carcinogen.

» ltislistedunderthecategory,"knowntobecarcinogens,"inthe AnnualReporton
Carcinogens published by the National Toxicology Program (NTP) (latest edition).

» ltislistedunderGroup 1 ("carcinogenictohumans")bythe International Agency for
Research on Cancer(IARC).

» ltislistedineitherGroup2Aor2BbylARCorunderthecategory,"reasonablyanticipatedto
becarcinogens"byNTP,andcausesstatisticallysignificanttumorincidenceinexperimental
animals in accordance with any of the following criteria:

o Afterinhalation exposure of6-7 hours perday, 5days perweek, forasignificant
portion of a lifetime to dosages of less than 10 mg/m(3)

o Afterrepeated skin application of less than 300 (mg/kg of body weight) per week
o Afteroral dosages of less than 50 mg/kg of body weight per day

Withregardtomixtures, OSHArequiresthatamixture “shallbeassumedtopresentacarcinogenic
hazardifitcontainsacomponentin concentrations of0.1% orgreater, whichis consideredtobe
carcinogenic.”®'Whenworking with carcinogens, laboratory staffshould adhere to Guidelines for
Working with Particularly Hazardous Substances.

Notethatthepotentialfor carcinogenstoresultin cancercan alsobe dependentonother
“lifestyle” factors such as the following:

» Cigarette smoking

» Alcohol consumption

» Consumption of high fat diet

» Geographic location —industrial areas and UV light exposure
» Therapeutic drugs

* Inherited conditions

60 https://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=10371
61 hitps://www.osha.gov/pls/oshaweb/owadisp.show_document?p_id=24730&p_table=INTERPRETATIONS
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Moreinformationoncarcinogens,includingnumeroususefulweblinkssuchasalistingofOSHA
regulated carcinogens, canbefoundonthe OSHA Safety and Health Topics for Carcinogens
webpage. The State of Californiahas developed anextensive listof“Carcinogens knowntothe
StateofCaliforniathroughProp65”. Pleasenotethisissupplementalinformationto OSHA,NTP,
and IARC chemical lists and not legally mandated by New York State.

9.7 Reproductive Toxins

The OSHALaboratory Standarddefinesareproductivetoxinasachemical“whichaffectsthe
reproductive capabilities including chromosomal damage (mutations) and effects on fetuses
(teratogenesis).” 52

Anumber ofreproductive toxins are chronic toxins that cause damage afterrepeated orlong
durationexposuresandcanhavelonglatencyperiods. Womenofchildbearing potentialshould be
especiallycarefulwhenhandlingreproductivetoxins. Pregnantwomenandwomenintendingto
become pregnant,ormenseekingtohavechildren,should seekthe advice oftheirphysicianbefore
workingwithknownorsuspected reproductive toxins. Suspected reproductivetoxinsincluding
chemical, biological, radiological, and physical agents.

YourEHSOisavailabletorespondtoconcernsorquestionsonreproductive hazards, conduct
workplace hazard assessments, and provide recommendations to address or eliminate specific
reproductive risks. As with any particularly hazardous substance, work involving the use of
reproductive toxins should adhere to the Guidelines for Working with Particularly Hazardous
Substances. Moreinformationonreproductivetoxins canbefound onthe OSHA Safetyand Health
Topics for Reproductive Hazards webpage. The State of California has developed an extensive list of
“Reproductive Toxinsknowntothe Stateof CaliforniathroughProp65.763 Pleasenotethatthislist
issupplementaltothe OSHA,NTP,andIARC chemicallistsandisnotlegallymandatedbyNew York
State.

9.8 Acute Toxins
OSHA defines a chemical as being highly toxic if it falls within any of the following categories:

» Achemicalthathasamedianlethaldose (LD50)of50milligrams orless perkilogram ofbody
weightwhen administered orally toalbino rats weighing between 200 and 300 grams each.

62 https://sp.ehs.cornell.edu/lab-research-safety/laboratory-safety-manual/pages/ch9.aspx
83 https://oehha.ca.gov/proposition-65/proposition-65-list
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* Achemicalthathasamedianlethaldose (LD50)of 200 milligrams orlessperkilogramof
bodyweightwhen administered by continuous contactfor24 hours (orlessifdeathoccurs
within 24 hours) with the bare skin of albino rabbits weighing between two and three
kilograms each.

» Achemicalthathasamedianlethalconcentration (LC50)inairof 200 parts per million by
volume orless ofgasorvapor, or2 milligrams perliter orless of mist, fume, ordust, when
administeredbycontinuousinhalationforonehour(orlessifdeathoccurswithinonehour)
to albino rats weighing between 200 and 300 grams each.

Informationaboutwhetherachemicalmeetsone ofthesedefinitionscanbefoundinSDSsand
other chemical references.

Workinvolvingthe use ofacute toxins should adhere to the Guidelines for Working with Particularly
Hazardous Substances. Additional guidelines for working with acute toxins include:

» Store highly toxic materials in a locked storage cabinet
» Beaware of any special antidotes that may be required in case of accidental exposure.
» Give particular attention to glove selection and other personal protective equipment.

» Donotworkwithhighlytoxic chemicalsoutside ofafumehood, glove boxorventilated
enclosure.

Moreinformation onacutetoxins,includingnumeroususefulweblinks,canbefoundonthe OSHA
Safety and Health Topics for Hazardous and Toxic Substanceswebpage. %*

10.0 HAZARDOUS CHEMICAL WASTEDISPOSAL

Hazardouswastedisposalishighlyregulated. Thelawsandregulationsthatapplytolaboratories
located in New York City include the following:

e TheFederalResource ConservationandRecoveryAct(RCRA).%The Resource Conservation
andRecoveryAct(RCRA)waspassedbyCongressin1976. Itrequiresthe Environmental
Protection Agency (EPA) to establish a "cradle-to-grave" system for the proper management
ofhazardouswaste. Acradle-to-grave systemtracks amaterialfromthetimeitis generated
untilthetimeitis destroyed. OnMay 19, 1980, the EPAissuedregulationsimplementing
RCRA.TheseregulationsarefoundinTitle40ofthe Code of FederalRegulations (40 CFR)
Parts260-272. Theyestablishthe minimum standardforhazardous waste managementin
the United States. RCRA allows states to enact their own more stringentlegislation.

64 https://www.osha.gov/SLTC/hazardoustoxicsubstances/
85 https://www.epa.gov/rcra
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e The New York State Environmental Conservation Law. % The New York State (NYS)
Environmental Conservation Law was passed in 1978 and is enforced by the NYS Department
ofEnvironmentalConservation(DEC). TheNYSprogramincludesregulationscoveringthe
three stages ofthe waste stream: the generation; the transportation; and the treatment,
storage,anddisposal. Therequirementsforgeneratorsofhazardous waste arefoundinthe
Part 370 series of Title 6, New York Code of Rules and Regulations.

* NYCRulesandRegulations Relatingtothe Use ofthe Public Sewers. Inaddition tofederal
and state laws, campuses mustalso adhere to NYC Sewer Regulationswhich apply to wastes
thatare poured down the drain into the sanitary sewer system or that flow through our
campusesintothestormsewersystem. The NYC DepartmentofEnvironmental Protection
(DEP)isresponsibleforenforcingthesewerregulations. Theregulationslistmanymaterials
thatcannotbe discharged into the NYC Sewer System. Theyinclude flammables, explosives,
acidswithapHbelow5.0,baseswithapHabove 12.0,and toxic materialsinconcentrations
that would be harmful to humans, animals, or aquatic life. 67

Contact your EHS Office for hazardous waste disposal procedures specific to your campus.

11.0 SHIPPING HAZARDOUS MATERIAL

CUNY must comply with US Department of Transportation (DOT) and International Air
Transportation Association (IATA) regulations forshipping hazardous materials. To ensure the safe
transportation of these materials and compliance with applicable regulations, the following
guidelines mustbeadheredtoforallshipmentsofhazardous materials. Hazardous materials are
articlesorsubstanceswhich poseanunreasonablerisktohealth, safety, orpersonal property.

1.1 Regulated Hazardous Materials

Anyonewhooffersshipment(includingland, air,andwater)ofhazardous materialsordangerous
goodsmusthavetheappropriateDOTtraining,evenwhenthetransporter/carrier(i.e.Federal
Express) completes the necessary paperwork.

Examples of these materials include the following:

» Laboratorychemicals, cryogenicmaterials, andsamplescontainingflammable, toxic,
explosive, radioactive, oxidizer, and/or corrosive materials

» Biologicalmaterialsincluding,forexample,infectioussubstances(knowntocontain
pathogens such asviruses, bacteria, fungi), HHS/USDA Select Agents, animaland human

%6 http://codes.findlaw.com/ny/environmental-conservation-law/

6715 RCNY 19-03

http://library.amlegal.com/nxt/gateway.dll/New%20Y ork/rules/therulesofthecityofnewyork ?f=templates$fn=default.ht
m$3.0$vid=amlegal:newyork ny Official DEP rules pdf: http://www.nyc.gov/html/dep/pdf/recrules/regulations.pdf
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tissue, blood, genetically modified organisms (plants, bacteria, animals, viruses that have
been genetically modified)

» Paints,stains,thinners,refrigerants, aerosols, medicines, pesticides, disinfectants, fuels
(diesel, gasoline, ethanol, etc.), or ammunition

» Equipmentcontaininghazardousmaterials, suchasmercury, compressedgases, orwet,
lithium, or dry batteries containing sodium, potassium hydroxide

11.2 Hazardous Materials TransportationRequirements

Ifhazardous materialsordangerousgoods mustbeshipped, contactthe EHS Officeforguidance. If
yourdepartmentwillship hazardousmaterials ordangerousgoodson afrequentbasis, the EHS
Office can provide the appropriate training to any additional designated personnelrequired. Itisthe
responsibility ofthe P.l.sorlaboratory supervisorstoensurethatany employee workingundertheir
supervisionwhoshipsorpreparesshipmentsofhazardous materialshasreceivedthe properinitial
training. Retraining is required every 3 years.

11.3  Dry lce Requirements

The DOTand IATAclassifydryiceasamiscellaneoushazard(Class 9). Thefollowingthreereasons are
why dry ice is considered hazardous during transportation:

Contact: When skincontactismade withdryice (cryogenicmaterial) severe frostbite can
develop.

Explosion: Carbondioxide gasisreleasedbydryiceinalargevolumeasitsublimates. ltwill
explode ifitis stored in a container that does not allow for release of the gas.

Suffocation: Anoxygendeficientatmosphereiscreated fromthelarge volume ofcarbon
dioxide gas emitted in a confined space.

11.3.1 Packaging Dry Ice

Dryiceneedstobepackaged properlytominimizerisks. The packageitselfmustbe designedto
vent gaseous carbon dioxide eliminating the potential for an explosion hazard. Packages must be
labeled properly to alert those who come in contact with it of the contents.

When shipping dry ice, please consider the following issues:

» Gasventing:Donotsealdryiceinacontainerwithanairtightsealsuchasa plasticcooleror
ajarwith athreaded lid. All packages must allow for release of carbon dioxide gas.
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Packageintegrity: The package mustbe strongenoughtowithstandtheloadingand
unloading normally encountered during transport. The package must also be closed and
constructedto preventthe loss of contents that could cause vibration orchangesin
temperature, humidity, oraltitude.

Package materials: Use commercially available packaging to ship dry ice, and do not use
plastics that can be rendered brittle or permeable by the temperature of dryice.

Airbill: ForFedEX purposes, thetermairbill (alsoknown as airwaybill) shouldinclude the
followingwords“Dryice, 9, UN1845, number ofpackages Xnetweightin kilograms.” A
check boxis presenton the airbill for FedEx that complies with this requirement.
Labeling: The net weight of dry ice in kilograms and the words “Hazard Class 9 label,
UN1845"shouldbelabeledonthe outermostcontainer. Thelabelmustbe placedonthe
vertical side ofthe box, noton the top oron the bottom. 200 kg is the maximum allowable
net quantity of dry ice allowed per package.

Other requirements for dry ice shipping include the following items:

Onlytheairbilland the dryice label are necessary references for compliance with “hazmat”
regulations related to airshipmentofdry ice. Additional labels ormarkings may be added at
the request of the EHS Office for specific items that are “regulated.”

Ifreusing adryicebox, pleaseinspecttheboxthoroughlyforcontamination orresidue.
Ensureallunnecessary marking such as-addresses, labels, courierlabels (e.g. FedEx),and
barcodes are removed. Ifany cuts, stains or cracks are apparentinthe boxorinthe
insulation it should not be reused.

Wedge yoursamples in place with cardboard or Styrofoam to prevent movement within the
insulated box. Iffragile containers such asvials orglass tubes are being used, wrap them up
with cushioning material.

Minimalairspaceexposureslowstheprocessofsublimation.Fillyourpackagewithpeanuts
or other material to minimize the volume of air space.

Shipmentsshouldcontain5-10lbs.(2.27-4.54kg)ofdryiceper24hours.Alwaysreferto

yourpackage manufacturer'srecommendations,andmakearrangementstoensureyour
packagewillbereceivedonitsintendeddeliverydate.Delaysmayoccur,takeintoaccount
local holidays, closings and business hours.

Dryice shipments canbe made with FedEx, while courierssuchasUPSand USPS have
exceptionally restrictive policies pertaining to shipments of hazardous materials. ONLY ship
dry ice withFedEx.

See your EHS Office for additional information and Appendix W.
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12.0 PESTICIDES

A pesticide is defined as a substance or mixture of substances intended for preventing,
destroying, repelling,or mitigating any pest or intended for use as a plant regulator,
defoliant,or desiccant. Two categories of pesticides are EPA Registered Pesticides (the
EPA registration number can be found on the manufacturer's label) andthose experimental
chemicals forwhich a pesticidal effect hasbeendetermined. All CUNY personnel (including
faculty members, staff members,students, andanyotheruniversity-
affiliatedindividuals)wholabel, store, use,transport, dispose of,orclean up spills of pesticides
are responsibleforadhering to federal, state,and NYC regulations.

It is essential that teaching, research, and ground maintenance involving pesticide use
adhere to regulationsand provide for adequate protection of the pesticide applicator, other
employees, staff, students,andthe environment. Theresponsibilityfor ensuring that all work
withpesticidesat CUNY is conducted safely and in compliance rests with the individual user.

12.1 Pesticide Certification

All individuals handling pesticides as part of a university programmust be New York
State Certified Pesticide Applicators.

12.1.1 Exemptions from Pesticide Certification

As per federal and state regulations, a numberof exemptions exist from pesticide
certification requirements.

» Licensed veterinarians,as well as licensed veterinary technicians,interns,
residents,and veterinary students working under the direct supervision of a
veterinarian in a veterinary facility, are exempt from the certification requirementwhen
engaged inthe use ofgeneral-use pesticides.

» Small quantities of pesticides used for analysis and treatment of samples in a
laboratory and in an environmentally non-dispersive manner (e.g., microgram quantities used
inside a fume hood)are exempt from the requirements.

As with all other chemicals, use of laboratory quantity pesticidesisregulated by the
Laboratory Standard and otherapplicable rulesand regulations.

» Testing of materials for pesticide efficacy, toxicity, or other properties may also be exempt.
For clarification, refer to 40 CFR part 172.3. 68

88 https://www.gpo.gov/fdsys/granule/CFR-1996-title40-vol11/CFR-1996-title40-vol11-sec172-3/content-detail.html
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« Teaching/demonstrating pesticide application(s) is exempted from the certification
requirements. However, the individual engaged in such activities is responsible for
ensuring thatthese activities meet all federal and state pesticide laws and regulations.

Whenusing pesticidesin a non-dispersivemannerin a laboratory setting,an individual must
follow the safety rules outlined here. For more information regarding pesticide use
requirements and exemptions, please contact your EHSO.

13.0 BIOHAZARDS

Work involving biological materials typically involves agent specific strategies designed to
manage theagentandassociatedrisks. Researchers are oftenguidedby pressuresfrom
fundingsources, standards of practice, guidelines, communal intellect, and their own
knowledge base with no specific regulatory or authoritative doctrine to govern
practice. To complicate matters further, biological research often involves the use of
chemicals, radiological materials, LASERs, animal model systems,and physical hazards
thatmustalsobe managed safely. Creatinga bio safetyframework that is capable of
anticipating, evaluating, and managing the various aspects of the work being
performed means developing internal procedures aimed at managing risks.

The standard for laboratories working with infectious agents is the CDC-NIH publication entitled
Bio safety in Microbiological and Biomedical Laboratories(BMBL). Nowin its 5thedition,the
BMBL has become the code of practice forbio safety. Eachdirectorand/orP.l.is strongly
encouragedto use the BMB Lasareference for addressing the safe handling and
containment of infectious microorganisms and hazardous biological materials. As with all
other areas of laboratory safety,all federal, state, and local regulations regarding bio
hazards must be met.

Itis the responsibility of the directors and P.l.s of all microbiological and biomedical laboratories
at CUNYto performa biologicalriskassessmentanddevelopa separate plansuitedforeach of
these laboratories.

13.1  Institutional Biosafety Committee

Each college’s Institutional Biosafety Committee (IBC) reviews research and teaching activities
involving the use of recombinant DNA, infectious and pathogenic agents, select agents and toxins,
and gene therapy.

13.1.1 Recombinant DNA

CUNY requires that all recombinant DNAworkdone by universityemployeesor affiliates
thatisnot exemptfromNIH Guidelinesbe registeredwiththecollege’sIBC. RecombinantDNA is
definedas one of the following: Molecules that are constructed outside living cells by
joining natural or synthetic DNA segments to DNA molecules that can replicate in a living cell
or DNA molecules that result from the replication of those just described.
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13.1.2 Infectious and PathogenicAgents

Biologicalagents are classified into safety risk groups fromnumbered from 1to4. Those agents
classifiedasriskgroup1typicallyposenothreattohumans.Riskgroups2,3and4buildinseverity
withagentsingroup2posingariskthatisrarelyseriousandwherepreventionandinterventionare
possible.Riskgroup4identifiesagentsthatpose potentially lethaloutcomesandwhere prevention
and intervention are not usually available. Biologicalagents classified by this system include
bacterial, fungal, parasitic, viral, rickettsial, chlamydial, and prion. See the National Institutes of
Health (NIH), Centers for Disease Control and Prevention (CDC) and American Biological Safety
Association (ABSA) for information regarding the classification of infectious agents.

13.1.3 Bloodborne Pathogens

Bloodborne pathogens can impact workers who are exposed to blood and other potentially
infectious materials. Bloodborne pathogens refer to pathogenic microorganisms present in human
blood that can cause disease. Bloodborne pathogens include the hepatitis B virus (HBV); the human
immunodeficiencyvirus(HIV),whichcausesAIDS;thehepatitisCvirus(HCV);andpathogensthat
causemalaria. Inrecognition ofthesepotentialhazards, OSHAhas implemented aregulatory
standard [Bloodborne Pathogens 29 CFR 1910.1030] to prevent the transmission of bloodborne
diseases within potentially exposed occupations. 69

13.1.3.1 COLLABORATIVE INSTITUTIONAL TRANING INITIATIVE (CITI)

CITIOSHA Bloodborne Pathogens Standard’® containsinitialtrainingforresearchers, employees,
andstudentswhohavebeenincontactwithorhandlehumanblood,bodyfluids,tissues,orother
potentially infectious materials. It can be used to retrain employees and to fulfill retraining
requirements forOSHA. Itcovers Labels & Engineering Controls, Emergency Response Procedures,
UniversalPrecautions&WorkPractices,andHepatitisBVirusVaccination. Thestandardrequires
employerstoperformanemployee exposure evaluation. Thismaytriggerrequirementssuchas
developinganExposure ControlPlan, offeringtrainingsessions,andprovidingthe HBV vaccine.

The Exposure Control Plan includes engineering controls, work practices, proceduresfor
housekeeping, medical evaluations, hazard communication, and recordkeeping.

Training mustbeprovided to employeesat thetime ofinitialassignmentto ajobwithoccupational
exposure. Itshouldbeprovidedduringworkinghoursandatnocosttotheemployee. Employees
mustbe retrained annually. Additional training should be offered any time existing tasks are
modified ornewtasks arerequired thatmay affectthe worker’'soccupationalexposure. Training
records must be maintained for a minimum of three years.

89 https://www.osha.gov/SLTC/bloodbornepathogens/bloodborne_quickref.html
70 https://about.citiprogram.org/en/course/osha-bloodborne-pathogens/
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AlthoughnovaccineexistsforHCVandHIV,avaccine does existforthe Hepatitis B Virus (HBV).
Employers are required to offer the vaccine within 10 working days of initial assignmentto all
employeesatriskofexposure. Thevaccination mustbe performedfree ofcharge,atareasonable
timeandplace,andgivenbyalicensedhealthcare professional. Employeeswhodeclinethe
vaccination must sign adeclinationform. Ifthe employeeinitially declines butlaterdecidesto
accept the vaccination, it must be provided.

Itisthe responsibility of P.l.sand laboratory supervisorsto ensure that personnelworkingin
laboratories undertheir supervision have been provided with the propertraining, received
informationabouthazardsinthelaboratorythey mayencounter,and beeninformed aboutways
they can protectthemselves.

13.1.4 Select Biological Agents and Toxins

“‘Selectagentsandtoxins”are biologicalagents andtoxinsthathave the potentialtopose asevere
threatto publichealthand safety, and animal orplant health. The possessionanduse ofthese
agentsishighlyregulated. Seethe Federal Select AgentRegistry ! website formore information.
This registry is jointly maintained by the CDC and the Animal Plant Health Inspection Service (APHIS)
ofthe United States Departmentof Agriculture (USDA). Ifyouwishtoworkwiththese agents, you
mustfirstnotifyandregisterwithyourEHSOffice. Unregisteredpossessionandusemayresultin
significant fines and criminal prosecution.

13.2  Animal Use

Itis aviolation of federal regulations to carry out studies using vertebrate animals withoutan
approvedanimaluse protocol. Itis also afederal violation to maintain animals afterthe expiration
of a previously approved protocol. Federal regulations mandate the establishment of an
Institutional AnimalCareand Use Committee (IACUC)toprovideguidance,tooverseetheanimal
careanduseprogram,andtoensure compliancewithapplicable laws, regulations,and policies.
The IACUC oversees theanimaluseprogram as mandatedbythe United States Public Health Service
Policy and Animal Welfare Act.

Federalregulations and standards stipulate thatpersonnelmustbe trained so they are qualified to
performresearchonanimals. Eachcollegeisresponsibleforprovidingtrainingtopersonnelseeking
toperformresearchonanimals,andthe college’s IACUC mustensurethatpersonnelare qualified
to perform anyoutlined the procedures. All CUNY-affiliated college IACUCsnow require that
researchersandotherkeypersonnelinvolvedinanimalresearchcompleteaprescribedlistof CITI
(Collaborative Institutional Training Initiative) computer-based training modules.

Researchers and personnel handling wild animals are strongly encouraged to get a pre-exposure
Rabies vaccination. See the NYC DOHMH website for more information.

" https://www.selectagents.gov/index.html
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13.2.1 CITI (Animal Biosafety) 2

Themodule forAnimal Biosafety providesinitialawarenesstraining forresearchersandanimal
handlerswho areworking withconventionalorsmallanimalusedinbiohazard experiments. This
specificmodulecanalsobeusedasaperiodicrefreshertrainingand additional contentforanimal
biosafety can be found in Animal Care and Use.

13.3  Human Participants

Eachcollege’s Institutional Review Board (IRB) exists asa safeguard to promote ethicaland
responsibletreatmentofhumansubjects/participantsinresearch.InaccordancewithCUNY policy,
allresearch projects that use human subjects --regardless ofthe source of funding --mustbe
reviewedandapprovedbythe IRBbeforetheinvestigatormay commencewiththe study. Research
investigators may not make the final determination of exemption from applicable federal
regulationsorprovisionsof CUNY’s Human Research Protections Program Policiesand Procedures.
OnlythelRBcandesignatearesearchprojectas“exempt.” The CUNY Ul-IRB (University Integrated
InstitutionalReviewBoard)servesCUNY’sprincipalinvestigators,theResearchFoundation’s
principalinvestigators,andreviews multi-campusprojects. Inaddition, thisbodyhearsfinalappeals
of disapprovals.

The Office of Research Conduct (ORC), located within the CUNY Office of Academic Affairs, reports
tothe Vice Chancellorfor Research and works in concert with the President ofthe Research
Foundation (RF)to oversee and carry outthe CUNY Human Research Protection Program (HRPP).
The ORCisresponsibleforthe protection ofthe rights and welfare ofallhuman subjectsinresearch
projectsconductedat CUNYorby CUNYfaculty, staff, students,and RFCUNY staff. Itisalso
responsible for the 21 Institutional Review Boards. These oversight responsibilities include:
monitoring compliance ofany ongoingresearchinvolving human subjects with federal, state,and
university regulations; monitoring university compliance with these regulations; and leading
educational efforts CUNY-wide regarding human subject protection.

AlICUNY investigators,aswellasresearch staff,undergraduate,andgraduate studentswhowillbe
working with human subjects orthe data collected on human subjects mustcomplete traininginthe
useofhumansubjects before applications are submitted forreviewtothe college IRB. OnJuly 1,
2005,CUNYimplementedamandatorycomputer-basedtrainingprogram. CITlisnowtherequired
programtobetaken byall CUNY researchers and key personnelinvolved in human subjects
research, regardless of whether the research is funded or non-funded.

Theultimateresponsibility fortreatmentofhumanresearch subjectsrestswiththe P.l. TheP.l.’s

informed participationinthis process helpstoensureapositive, ethical,and responsible climate for
scholarly research atCUNY.

13.4  Shipping Biological Materials

72 https://about.citiprogram.org/en/course/animal-biosafety/
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Shipping certain biological materials, such as human or animal infectious agents or
diagnostic/clinical samples—collectively referred to as dangerous goods—must be performed by a
trainedindividual. Thetrainedindividualisresponsible forclassifying, identifying, packaging,
marking,labeling,anddocumentingshipmentsfortransportbyairorground. The U.SDepartment
of Transportation enforces training and other regulatory requirements.

Categories of regulated materials include the following:

» Infectious substances: Substances known or reasonably expected to contain pathogens.
Pathogensaredefinedasmicroorganisms, includingbacteria, viruses, rickettsiae, parasites,
fungi,and otheragents suchas prions, which can cause diseaseinhumansand/oranimals.
This category also includes diagnostic or clinical (patient) specimens.

» Plantandinsectpathogens, and microorganismsthatare notpathogenictohumansor
animals are excluded from the dangerous goods regulations. However, permits issued by
the USDepartmentof Agriculture/Animal Plant Health Inspection Service(USDA/APHIS) may
still be required even if transportation regulations do not apply.

» BiologicalProducts: Productsderivedfromlivingorganismsthatare usedforprevention,
treatment, ordiagnosis ofdiseaseinhumansoranimals. They canincludefinished or
unfinished productssuchasvaccines. Ifproductsareknownorarereasonably believedto
contain infectious substances, they must be shipped as such.

» Genetically modified microorganisms and organisms: Microorganisms and organisms in
which genetic materialhas been purposely altered and meets the definition ofan infectious
substance, orcan genetically modify otherorganisms, orare knowntobe dangeroustothe
environment, animals, orhumans. Some genetically modified organismsthatproduce
pharmaceuticalorindustrialproductsmayberegulatedbyagenciessuchastheUSDAorthe
Food and DrugAdministration.

Contact your EHS Office for training inquires and alternative shipping options.
13.4.2 Permits for the Import and Export of Biological Materials

Theimportofdiseasecausingagentsforhumans, animals, vectors, plantpests,andanimaland
plantproductsrequirespermitsissuedbyfederalagenciessuchasthe USDepartmentofAgriculture
(USDA) or the Centers for Disease Control and Prevention (CDC).The export of certain
microorganisms and toxins is also regulated by the Department of Commerce.

13.4.1.1 Agents Regulated forlmport

Center for Disease Control and Prevention (CDC)
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Agentsofhumandiseaseandanymaterials, including liveanimals orinsects whichmay contain
them,requireapermitfromthe CenterforDisease Controland Prevention(CDC). Examplesinclude
the following:

» Anyinfectious agent known or suspected to cause disease in humans.

» Unsterilized specimensofhuman and animaltissues (such as blood, body discharges, fluids,
excretions or similar material) containing an infectious agent.

* Anyanimalknown orsuspected ofbeing infected withan organism capable of causing
diseasetransmissibletohumans. Importation oflive turtleslessthan4inchesinshelllength
and all non-human primates requires a permit from the Division of Quarantine.

» AlllivebatsrequireanimportpermitfromtheCDCandtheU.S.Departmentofinterior,Fish
and Wildlife Services.

» Alllivefleas,flies, lice, mites, mosquitoes, orticks, regardless of infection status or stage of
life (adult,egg, larvae, pupae,and nymph)and any otherliving insectorarthropod, infected
or suspected of being infected with any disease transmissible to humans

» Any snail species capable of transmitting a human pathogen.
For more information, visit the CDC's Etiologic Agent Import Permit Program. 73
US Department of Agriculture (USDA)
Importandinterstate transport of materials that could potentially harm U.S. agricultural products,

including livestock, poultry,and crop, require apermitfromthe Animaland PlantHealth Inspection
Service (APHIS), an agency of USDA.

Animal-related materials that require an APHIS Import Permit include the following:

» Livehorses, birds, dogs, sheep, cattle, and fish as well as semen, and embryos.
» Foreignimportorinterstatetransferofinfectiousagents (bacteria, viruses, protozoa,and
fungi), and vectors that might contain these infectious agents
» Materials derived from animals or exposed to animal-source material including:
o Animal tissues
Blood, cells, or cell lines of livestock or poultry origin
RNA/DNA extracts
Hormones orenzymes
Monoclonal antibodies for in-vivo use in non-human species
Certain polyclonal antibodies, antisera, and bulk shipments of test kit reagents

O O O O O

73 https://www.cdc.gov/phpr/ipp/fag.htm
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o Variousotheranimalmaterialssuchasdairy(exceptbutterandcheese),andmeat
products(e.g.,meatpies, preparedfoods)from countries withlivestockdiseases
exotic to theU.S.

Certainitemsdonotneeda USDAimportpermit, butwillbe reviewed atthe portofentryby USDA
inspectors.

Plant-related materials that are subject to import and/or interstate restrictions include:

» Bees and bee related articles
» Biological control organisms
» Butterflies and moths

» Earthworms

» Fruits and vegetables

» Noxious weeds and parasitic plants
* Plants and plantproducts

* Plant pests

* Snails and slugs

- Soll

*  Wood products

Genetically modified organisms (GMOs)

The Biotechnology Regulatory Services regulates the field testing (confined releaseintothe
environment), interstate movement, and importation of genetically engineered organisms through
the permitand notification processes. GMOsthatare notregulated may stillbeheldat customs.

U.S. Fish and Wildlife

Apermitmay berequiredtoimport/exportnon-agriculturalanimaland plantspecies. Thesecan
include:CITES (ConventiononInternational TradeinEndangered Species)plantsandwildlife,
migratory and wild birds, marine mammals, endangered and threatened species.

Food and Drug Administration

Food(exceptmostmeatandpoultry-theseareregulatedbythe USDA),drugs, biologics,cosmetics,
medicaldevices, and electronic productsthatemitradiation beingimported or offered forimport
into the United States are regulated by the Food and Drug Administration.

13.4.1.2 Agents Regulated forExport

Anexportlicense may be required from the Department of Commerce when exporting certain
infectiousagentsofhuman, plant,and animaldiseases, includinggeneticmaterial, toxins, and
productswhichmightbeusedforcultureoflargeamountsofagents. Formoreinformation,consult
the Commerce Department’s Export Control webpage. 74

74 https://www.bis.doc.gov/
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13.5 Biological Safety Cabinets

Biological Safety Cabinets (BSC)are engineering devicesthatreduce therisk of workingwith
biohazardousandinfectious microorganisms. Cabinetsare alsoused formaintainingaseptic
conditions when working with cell cultures. BSCs utilize High Efficiency Particulate Air (HEPA) filters
inthe supplyairand exhaustsystemsto create anearly sterilework environment. Thus,BSCs
provide personnel, environmental, and product protection when appropriate practices and
proceduresarefollowed. ContactyourEHSOfficeto determinethe appropriate cabinetforyour
applicationsandspace.NOTE: Asageneralrule,BSCsarenotsuitableforworkwithhazardous
materials. Work with hazardous materials should be conducted under afume hood.

13.5.1 Biological Safety CabinetCertifications

Allbiological safety cabinets mustbe certifiedto ensure properoperation. Certificationisrequired
at all the following points:

» Before a cabinet is putinto service

» Aftera cabinet has been repaired or relocated

» After afilter has been replaced

» Atleastannually
Certificationmustbe performedby atrained contractor (National Sanitation Foundation (NSF)
StandardNo.497°). Thisisnotyour EHSOfficer. Itis the responsibility of the P.l.sor laboratory
supervisorstoensurethatbiologicalsafety cabinetswithinlaboratoriesundertheirsupervisionare
certified annually.

13.5.2 Work Practices andProcedures
The properuse of biologicalsafetycabinets (BSC) can complementgood microbiologicalpractices
and result in effective containment and control of biohazardous and infectious agents.

These general guidelines should be followed:

» Installthe BSC “deep”inthelaboratory away from air currents produced by ventilation
inlets, opening/closingoflaboratorydoor(s),andawayfrom areas ofheavy traffic. If
possible, close laboratory doors, limiting traffic during operation. Aircurrentsand
movements create turbulence thatdisruptsthe protective envelope ofthe cabinet.
Additionally,othernearbylaboratoryequipment,suchas centrifugesandvacuumpumps,
canimpactperformance. Cabinets should notbe located directly opposite ofeach otheror
opposite a chemical fume hood, as laminar airflow will be hindered.

75 http://www.nsf.org/services/by-industry/pharma-biotech/biosafety-cabinetry/nsf-ansi-49-biosafety-cabinetry-
certification
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» Observethemagnehelicgaugeandnoteitsrelative positioneachtimeyouoperatetheBSC.
Themagnehelicgauge measuresthe pressuredrop acrossthe HEPAfilters,andthus
indicatesfilterloadandintegrity. Asignificantincrease ordecreaseinthe pressureovera
short period of time may indicate clogging or leaking of the filter.

» Planandprepare foryourworkinthe cabinet. Have a checklist of materials needed and
placethose materialsinthe BSC before commencingwork. Thisreducesthe numberof
disruptionsofthe cabinet’sairbarrierpreservingits protectiveenvelope. Slowmovements
in and out of the cabinet will reduce the risk of potential contamination.

13.5.3 BSC Operational Procedures
Work in a biological safety cabinet should follow this order of operations

1. Operatethecabinetblowersforatleastfiveminutesbeforebeginningworktoallow
the cabinet to purge or remove particulates.

2. Disinfectandreadytheworkarea. Wipethework surface, interiorwalls, and interior
surface ofthe window with a suitable disinfectant such as 70% ethanol, orquaternary ammonium
compound, and keep wet for 5 -10 minutes.

3. Assemble material. Introduce only items required to perform the procedures. Arrange
the items so that work “flows” from the least to the most contaminated item. Avoid a layout that
mightrequire reaching forsupplies ordiscarding items outside ofthe cabinet. Place pipette discard
trays (containing disinfectant), biohazard bags and sharps containers inside the BSC to the most
contaminated side.

4. Don protective clothing. Wearlaboratory coats orsolid frontgowns over street
clothing,andlong-cuffed latex orotherappropriate gloves (e.g., nitrile, vinyl). The cuffs ofthe
gloves should be pulled up and over the cuffs of the coat sleeves.

5. Avoidrapidmovementsinside the cabinetand performproceduresslowlytoavoid
disrupting the containment properties of the cabinet.

6. Donotblockthe frontgrille with papers orequipment. Thismay cause airtoenterthe
workspaceinstead offlowing through the frontgrille tothe HEPAfilter. Raise arms slightlyand
perform operations in the middle third area of the work surface, being sure notto block the rear
exhaust grille.

7. Avoidusingopenflamesinsidethecabinet. Thiscancreateturbulence,disrupttheair
pattern,compromise safetyandrisk productcontamination. Flamescanalsodamagetheinteriorof
the cabinet, HEPA filters, and, in certain circumstances, cause explosions. Reevaluate your
procedurestodetermineifsterilizationisrequired. Use devices suchaselectricfurnacestosterilize
toolsorusedisposable, sterileinstruments. Ifaburnerisabsolutelynecessary, useatouch plate
device that provides a flame on demand, and place it to the rear of the cabinet.
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8. Connect suction or aspirator flasks to an overflow collection flask that contains a
disinfectant(the aspirated materials canthenbediscardedinthe sanitary sewer). Couple theflasks
to aninline hydrophobic or HEPA filter designed to protect the vacuum system.

9. Whenthe work is completed, remove allitems inside the cabinet. Do notuse the
interioroftheBSC asastoragearea. Strayorganisms maybecome “trapped”and contaminatethe
cabinet. Cleanalltheinterior surfacesofthe cabinetwitha suitable disinfectant. Letthe blowers
operate for at least five minutes with no activity inside the cabinet to purge the BSC of
contaminants.

10. Investigatorsshouldremovetheirgownsandglovesandthoroughlywashtheirhands
with soap and water before exiting the laboratory.

13.5.4 Use of Ultraviolet Lights in the BSC

Ultraviolet(UV) lights are a common accessory for many BSCs. These lamps are regarded as biocidal
devices“protecting”theoperatorfromexposuretoinfectiousagents,andexperimentalmaterials
from contamination. However, the actual effectiveness of UV light in providing this “sterile”
environment is unclear. Additionally, there are potential occupational hazards associated with the
use of these lamps.

Ultravioletlamps mustbe periodically tested to ensure thatthe energy outputisadequate tokill
microorganisms. The radiation outputshould be atleast40 microwatts/cm2 at254 nmwhen
measuredwitha UVfluxmeterplacedinthe centerofthework surface. Dustthataccumulateson
thesurface ofthelamps(UV lightisunable topenetratethrough dustorother materials) can affect
the outputperformance ofthelamps. Microorganismsadheringtofloatingdustparticlesorother
fixed objects are also “protected” and unaffected by UV illumination.

Theeffectivelife spans ofthelampsarerelatively shortandthe bulbs are expensivetoreplace.
However,ultravioletdamagetotheeyesandskincanoccurwellaftertheoutputofthelampshas
droppedbelowthebiocidallevel. Asaresult, EHSdoesnotrecommendthe use of UVlightsto
maintainacleanworkingenvironment. Instead,amoreeffectivestrategytoreduceoreliminate
contaminationshouldincludegoodaseptictechniques,operationalproceduresasoutlinedinthis
manual, and thorough decontamination procedures before and after BSC use.

13.5.5 TypesofBiologicalSafetyCabinets
Biological safety cabinets are divided into 3 classifications

» The Class | biological safety cabinet (BSC) is designed to provide personnel and
environmentalprotectiononly. Unfilteredairisdirectedthroughthefrontopening,across
theworkareaandoutthroughthe HEPAfilterontop. This cabinetis conventionally used
with a fullwidth open front, or it can be used with an attached armhole front panel, with or
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without attached rubber gloves. Although Class | cabinets are simple and economical, and
provide protectionforradioisotopesand sometoxicchemicals (iftheexhaustisductedto

the outside), filtered air is not provided over the work area. These cabinets also do not
protectyourmaterialsfromcontaminantsintroducedbytheenvironmentortheoperator.

» The Class Il cabinet, the most common type of cabinet used on campus, meets the
requirementsfortheprotectionofproduct,personnel,andtheenvironment. Thecapacity
toprotect materials withinthe cabinetis provided by the flow of HEPA-filtered airoverthe
work surface. There are four subtypes of Class Il cabinets based on the construction, inflow
air velocities, and exhaust systems. These cabinets can be used to manipulate lowto
moderate risk agents.

» InClass|lIA1cabinets, air,ataface velocity of 75 linearfeet perminute (Ifpm), isdrawninto
the front grille of the cabinet away from the work surface. HEPA-filtered air is directed
downwardoverthework area. Astheairapproachesthe work surface, the blower part of
the airis directed through the front grille and the remainderthrough the rear grille. Froma
common plenum, approximately 70% ofthe airis recirculated tothe work zone througha
HEPA filter and about 30% is exhausted to the room through another HEPA filter. This
cabinet is unsuitable for work that involves radioactive materials and toxic chemicals
becauseofthebuildupofvaporsintheairrecirculatedwithinthecabinetandexhaustedout
into the laboratory.

» ClassllA2cabinets have aface velocityof 100 Ifpm. About70% ofthe airdirected overthe
work surface is recirculated througha HEPA supply filter, andabout 30% is exhausted
through a HEPA exhaust filter. Exhaust air can be directed to the room or to a facility
exhaustsystem. Minute amounts oftoxicchemicals and trace amounts ofradioisotopes can
be used within the hood (if used with facility exhaust), although activities should be
conducted toward the rear of the cabinet.

» Class IIB1 cabinets have a face velocity of 100 Ifpm. In contrast to the A2 cabinet,
approximately 70% of the circulated air passes through a HEPA exhaust filter, whereas the
remaining 30% oftheairis recirculated to the work area througha HEPA supply filter.

» Class IIB2 cabinets are total exhaust cabinets (no recirculation of air within the work area),
and are widely used intoxicology laboratories and similar applications where chemical
effluentis present and clean airis essential. Roomair enters throughablowerin the top of
the cabinet and passes through a HEPA supply filter into the work area as laminar
unidirectionalairflow. Descendingairispulledthroughthebaseofthecabinetthroughthe
perforated front and rear grilles. All of the air is pulled into a dedicated, hard-ducted
exhaust system. Small quantities of toxic chemicals and radioisotopes can be used within
thehood. The exhaustofa large volume of conditioned room airmakes this cabinetvery
expensiveto operate. Additionally, the cabinet must be runningcontinuously so asnotto
interfere with room exhaust.
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13.6

TheClassllicabinetisdesignedfortotal (100%)containmentofthe materialand any
particulates.

Biohazardous Waste (Regulated Medical Waste)

InNew York State, the DepartmentofHealthdefines biohazardousorregulated medical waste
(RMW)as “wastewhichisgeneratedinthediagnosis, treatmentorimmunization ofhumanbeings
oranimals, inresearch pertaining thereto, orin production and testing of biologicals.” 76 This
includes

13.6.1

Cultures and stocks of agents infectious to humans (including human, primate, and
mammaliancelllines), associatedbiologicals(e.g., serums, vaccines), andculturedishesand
devicesusedtotransfer,inoculate,ormixcultures(e.g.,Petridishes,vials,flasks,inoculation
loops, and disposablegloves)

Human pathological wastes including tissue, organs and other body parts, and specimens of
body fluids and their containers

Human blood and blood products

Sharps, such as syringes and needles, razor blades, scalpels, and blood vials
Animalwastes,includingcarcasses,body parts,bodyfluids,blood,and beddingoriginating
fromanimals knowntobe contaminated withzoonoticorganisms orintentionally inoculated

with infectious agents

Hypodermic Syringes andNeedles

Allusers ofhypodermicsyringes and needles mustcomply with New York State Department of
Health (DOH) regulations and are responsible for appropriate procurement, storage, distribution,
and disposal.

Allnon-medical and non-veterinary use of syringes and needles (e.g., teaching and research)
require a DOH Certificate of Need. Generally, individual academic departments at CUNY
possess Certificates that cover all those in a department. Please consult with your
administrative manager, department chair, or EHS Office.

The P.I. or supervisor should designate a responsible person for storage, security, and
recordkeeping.

Individualusersareresponsibleforsecuringhypodermicsyringesandneedlesnotinuseina
locked drawer or cabinet, and for maintaining a written log of use and distribution.

78 hitps://www.nysenate.gov/legislation/laws/PBH/1389-AA
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» Follow the regulatory guidelines for waste segregation and disposal.

14.0 RADIATION HAZARDS

lonizingradiationis aform ofenergy, butunlike some othertypes ofenergy, such as heat(infrared
radiation) or visible light, the human body cannot sense exposure to ionizing radiation.
Nonetheless, absorption of ionizing radiation energy by body tissues can cause changes to the
chemical makeup of living cells.

Thetypeandthicknessofmaterialneededtomakeaneffectivebarrierorshieldaroundasourceof
ionizingradiationvariesagreatdeal, dependingonthetype ofionizing radiation. Betaradiationisa
stream oftiny charged particlesthatcan be stoppedbyathinlayerofplastic, glass,wood, metal or
mostothercommon materials. X-raysand Gammaraysare verysimilartosunlightinthattheydo
notcontain particles, just electromagneticwaves. While sunlight will pass through only a few
materials, suchaswindow glass, X-rays and Gammarays can penetrate easily through most
materials, unless they are blocked by a sufficiently thick lead barrier.

lonizing radiation is also similar to other forms of radiation in that the intensity of the radiation
exposuredecreasesveryquicklyasyoumoveawayfromtheradiationsource. Justasmovinga
shortdistance closertoorfartherfromafireplace causesalarge changeinhowwarmyoufeel,
keepingjustashortdistanceawayfromsomeonehandlingradioactivematerialcangreatlyreduce
your exposure.

141 Where lonizing Radiation is Used

Smallamounts ofradioactive materialareused and storedindozensoflaboratoriesacross CUNY
campuses. Someofthematerialiscontainedinsmallsealed capsules. Examples ofthese “sealed
sources” include test sources for radiation detectors and ionization detectors in gas
chromatographs. Often, radioactive material is found in small vials of radioactively labeled
chemicalsinsolution. Theselabeled chemicals are widely usedinresearch andin veterinary
medicine. Typically, only very small amounts of radioactive material are used, and levels of
radiationexposurearelow.lonizingradiation canalsobeproducedbycertainelectricalequipment,
including X-ray machines and particle accelerators. Radiation levels produced by this equipment are
also low because of shielding.

14.2  Control of lonizing Radiation

Alluse of material orequipmentthat produces ionizing radiation requires priorapproval bythe
CollegeRadiationSafetyCommittee. Thisgroupoffacultyandstaffsetpoliciesandrevieweach
proposedoperationtoensure safetyand compliancewithfederal, state,andlocalregulations.Your
EHS Office orRadiation Safety Officercanprovidetrainingandotherservicestohelpensure safety.
Thismayincluderoutine inspections ofalluse areas, identifying safety violations andhelp with



LABORATORY SAFETYMANUAL 111

corrections. Itis stronglyrecommended thateach college using material orequipmentthat
producesionizingradiationhave aRadiation Safety Manualwhich gives detailed, written
information onthe radiation safety program. Anyradiation safety program should be reviewed
continuously.

TheRadiation Safety Committee shouldmeetaminimum oftwice ayeartoupdate policies, resolve
complianceissues,andmonitorradiation exposure forindividuals oncampus. Inaddition,the New
York City Department of Health and Mental Hygiene (DOHMH) performs on-campus inspections
everytwoyears. Article 175 ofthe NYC Health Code’” applies to all radiation equipmentand
radioactivematerialwithinthejurisdiction ofthe DOHMH and aimsto protectthe public,aswellas
workersin certain radiation installations, from the hazards inherentin the use ofionizing radiation.
The Article serves as aframework forcoordination of radiation control activities forthe U.S. Atomic
Energy Commission, the U.S. Food and Drug Administration, the NYS Departmentof Labor, the NYS
Departmentof Health,theNYSAtomicEnergy Council,the NYSDepartmentof Environmental
Conservation, and other federal, state and city agencies.

If you have questions or concerns about the use of ionizing radiation speak with your P.I. or
laboratorysupervisor.Ifyouneedadditionalassistanceorhaveanyotherquestions, please contact
your EHS Office.

14.3 Potential Hazards

Likeanyformofenergy,ionizingradiationcanbeharmfulifa personisexposedtoanexcessive
amount. Exposuretoionizingradiation can cause chemicaldamagetobodytissues. Justaswith
exposuretoanytoxicchemical,thehumanbodycantolerateexposuretoionizingradiationuptoa
pointwithoutproducinganyimmediate injury. However, justas with toxic chemicals, high levels of
exposure cancauseseriousinjuriesincludingskinburns, hairloss, internalbleeding,anemiaand
immunesystemsuppression. Inaddition,exposuretohighlevelsofionizingradiationcancausean
increased lifetime risk of cancer.

14.3.1 How to Protect Yourself

Responsibilityforprotecting people fromexposuretoionizingradiationisdelegated bythe College
Radiation Safety Committeetothe P.l.orareasupervisor,andto eachoftheindividual users.
Appropriate safety requirements that are specificto each use andlocation are writteninto each
approvalgranted bythe Committee. Foranyroom containingasource ofionizingradiation, each
entrancemustbeplainlymarkedbywarninglabelsinaccordance with Article 175 ofthe NYC Health
Code. Inaddition, labelsand warningtape mustbe posted on each piece ofradiation producing
equipmentandinallareas usedtoworkwith orstoreradioactive materials. Everyuseristrainedin
radiation safety principlesandonthe specific safety requirements oftheiroperationsbefore they
are allowed to begin working with radioactive material.

7 hitps://iwww1.nyc.gov/assets/doh/downloads/pdf/about/healthcode/health-code-article 175.pdf
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Other individuals in these areas who are not trained to use radioactive material or radiation
producing equipmentneedtofollowthe safety procedures established forthose working with
ionizing radiation. Primarily this means neveroperate equipment that produces ionizing radiation
and neverhandle items orcontainers thatare labeled with radioactive material warnings orthatare
within areas marked as storage or use areas for radioactive material

Itisthe responsibility ofthe P.l. orlaboratory supervisorto ensure thatall equipment producing
ionizingradiationhasbeenregisteredwiththe EHS Officeandallemployees using this equipment
and/or radioactive material have received the appropriate training.

144 Radioactive Waste Disposal

Radioactive materialcannotbe disposed ofintheregulartrash. Radioactive wasteisdividedinto
several distinct categories and should be separated accordingly. Please refer to your
college’s Radiation Safety Manual for proper proceduresin preparing your radioactive
wastefor pick upand contact your EHSO.

15.0 LASER HAZARDS

LASER is an acronym which stands for Light Amplification by Stimulated Emission of
Radiation. LASER light is a form of non-ionizing radiation. Because LASERSs produces an
intense, highly directional beam of light,they can pose more of a hazard than ordinary
light. There are two types of LASER hazards:the LASER beam hazards andthe non-beam
hazards. LASER beamhazardsinclude eye and skin burns which are due to LASER beam
shining on a person's body. Non-beam hazards are associated with the LASER
equipment,the hazardous substances released from the LASER equipment, or fumes
emitted from materials exposed to LASER beams.

LASER products are classified by wave length and maximum out put in to four classes and
subclasses. The classifications also categorize LASERS according to their ability to produce damage
in exposed people, from Class 1 (no hazard during normal use) to Class 4 (severe hazard
for eyes and skin).

» Class1LASERs-includeLASERprinters and compact disc players.Class1 LASERis safe
under all conditions of normal use. Some Class 1 LASER products may contain LASER
systems of a higher class but there are usually adequate engineering control
measures to ensure that access to the beam is not reasonably likely. Anyone who
dismantles a Class 1 LASER product that containsa higher class LASER systemis
potentially at riskof exposureto a hazardous LASER beam.

» Class IMLASERs-include LASERs used forfiber-opticcommunication systems, are safe forall
conditions of use except when the beam is viewed using magnifying optical
instruments. Class1MLASERSs products produce either a highly divergent beam or a
large diameter beam. Only a small part of the whole LASER beam can enter the eye.
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» Class2LASERs-consideredsafebecausetheblinkreflexwilllimittheexposure.Repeated,
deliberateexposuretothe LASERbeammaynotbesafe. Some LASERpointersandbarcode
scanners are Class 2 LASER products.

» Class2MLASERs-safebecauseoftheblinkreflexifnotviewedthroughopticalinstruments.
Like Class 1M LASERs, Class 2M LASER products produce eithera highly divergentbeam ora
largediameterbeam.Therefore,onlyasmallpartofthewholeLASERbeamcanenterthe
eye. However, these products can be harmful to the eye if the beam is viewed using
magnifying opticalinstruments orforlong periods oftime. Some LASERs usedfor civil
engineering applications, such as level and orientation instruments are Class 2M LASER
products.

» Class3RLASERs-higherpowereddevicesthanClass1andClass2.AClass3RLASERIs
consideredsafeifhandled carefully, withrestrictedbeamviewing. The LASER beamsfrom
Class 3R products exceed the maximum permissible exposure foraccidental viewing and can
potentially cause eye injuries, butthe actual risk of injury following a short, accidental
exposure, is stillsmall.

» Class3BLASERs-havesufficientpowertocauseaneyeinjury,bothfromthedirectbeam
andfromreflections. However, the extentand severity ofany eyeinjury arisingfroman
exposuretothe LASERbeamofaClass 3BLASER willdepend upontheradiantpower
enteringtheeyeandthedurationoftheexposure.ExamplesofClass 3B productsinclude
LASERs used for physiotherapy treatments and many research lasers. The use of eye
protectionwhenoperatinglasersof Classes3Band4 inamannerthatmayresultineye
exposureinexcessofthemaximum permissible exposureisrequiredintheworkplace by
OSHA.

» Class4LASERs-haveanoutputpowergreaterthan500 mW (halfawatt). Thereisnoupper
restrictiononoutputpower.Class4LASERsarethehighestandmostdangerous classof
LASERsandare capable of causinginjurytoboththe eye and skin. Theywillalso presenta
firehazardifsufficientlyhighoutputpowersareused. LASERsused formany LASERdisplays,
lasersurgeryandcuttingmetalsmaybe Class4products.Theuseofeyeprotectionwhen
operatinglasersofclasses3Band4inamannerthatmayresultineye exposure inexcess of
the maximum permissible exposure is required in the workplace by OSHA.

Itistheresponsibility ofthe P.I.orlaboratory supervisortoensurethatallClass 3Bor4 LASERsare
registeredwiththe EHS Officeandemployeesusingthese LASERshavereceivedtheappropriate
training.

TheEHSO Councilrecognizesthe AmericanNational Standardforthe Safg Use of LASERs, ANSI
Z136.1-2007, and New York Department of Labor’s Part 50, LASER Regulation. ANSI Z136.1-2007
requiresthat allClass 3B and 4 LASER usersmustattend LASER safetytraining. YourEHS Office

78 https://www.lia.org/store/product/ansi-z1361-2014-safe-use-lasers-electronic-version;
https://labor.ny.gov/formsdocs/wp/CR50.pdf
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should offer training tomeetthisrequirement, which includes topics such as LASER hazards, LASER
classifications, signage/labeling, medical monitoring, safety guidelines, eye protection, registration
ofequipmentandwhatto doin case ofan exposureincident. Foradditionalinformationregarding
LASERsafety,pleasecontactyour EHSOfficeorseethe OSHASafetyand Health Topicswebpagefor
LASER hazards.”

16.0 PHYSICAL HAZARDS

Inadditiontothechemicalhazardsfoundinlaboratories,therearealsonumerous physicalhazards
encounteredbylaboratory staff onaday-to-daybasis. Aswithchemicalhazards,awarenessof
thesehazards, planning,use ofappropriate Personal Protective Equipment(PPE),and following
basic safety rules can prevent accidents involving physical hazards.

Itisthe responsibility of the P.l. and laboratory supervisorto ensure that staff and students in
laboratoriesundertheirsupervision are provided withadequate trainingandinformation specificto
the physical hazards found within their laboratories.

16.1  Electrical Safety

Electricitytravelsin closed circuits througha conductor. Electricshock occurs when the body
becomesapartofthe electriccircuit. ltcancause directinjuries, such as electricalburns,arcburns,
orthermalcontactburns.ltcanalsocauseindirectinjurieswheninvoluntarymusclereactionfrom
theelectricshock causesbruises, bonefractures,orevendeathresultingfrom collisionsorfalls.
Shock normally occurs when a person s in contact with aground and then comes in contact with
any of thefollowing:

» Both wires of the electric circuit
* One wire of the energized circuit and the ground
* A metallic partthat has become energized by being in contact with an energized wire

The severity ofthe shockreceivedwhen apersonbecomesapartofanelectriccircuitis affected by
three primary factors:

» The amount of current flowing through the body (measured in amperes)
» The path of the current through the body
» Thelength of time the body is in the circuit

Otherfactorsthat may affect the severity of shock are the frequencyofthe current, the phase of

the heartcycle when shock occurs, and the general health ofthe person priorto shock. The effects
ofanelectrical shock canrange fromabarely perceptible tingle toimmediate cardiac arrest.
Although there are no absolute limits or even known values that show the exact injury from any

79 https://www.osha.gov/SLTC/laserhazards/hazards.html
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givenamperage, thetable below showsthe generalrelationshipbetweenthedegree ofinjuryand
theamount of amperage fora 60-cycle hand-to-foot path of aone second duration of shock.

EFFECTS OF ELECTRIC CURRENT ON THE BODY

Milliamperes Reaction
(mA)
1 mA Minimal perception level. Just a faint tingle.
5 mA Slight shock felt. Average individual can let go, but strong involuntary

reactions to shocks in this range can lead to injuries.

6-30 mA Painful shock. Muscular control lost.

50-150 mA Extreme pain. Respiratory arrest, severe muscular contractions.
Individual cannot let go. Death is possible.

1,000-4,300 mA | Ventricular fibrillation. Muscular contraction and nerve damage occur.
Death is likely.

10,000 mA Cardiac arrest. Severe burns and probable death.

Asthetable aboveillustrates, adifference oflessthan 100 milliamperes (mA) exists betweena
currentthatisbarelyperceptible andonethatcan kill. Muscularcontraction causedby stimulation
may not allow the victim to free himself/herself from the circuit, and the increased duration of
exposureincreasesthedangerstotheshockvictim. Forexample,acurrentof 100 mAfor3seconds
isequivalenttoacurrentof900 mA appliedfor0.03 secondsincausingfibrillation. The so-called
lowvoltagescanbeextremelydangerousbecause,allotherfactorsbeingequal,thedegreeofinjury
is proportional to the length of time the body is in the circuit. Simply put, low voltage does not
mean low hazard.

Intheeventofan accidentinvolving electricity, andtheindividualisdownorunconscious and not
breathing, CALL 911 immediately and alert Public Safety. If an individual must be physically removed
froman electrical source, eliminate the power sourcefirst (i.e., switch offthe circuit breaker). If
circumstances preventthis option, be sureto use anonconductiveitem, suchasadryboard, to
remove the victimfromthe powersource. Failure to think and react properly could make you an
additional victim.

16.1.1 Common Electrical Hazards and Preventative Steps

Manycommonelectricalhazards canbeeasilyprevented. Some stepsthatcanbetakentoprevent
electrical hazards include the following:

» Readandfollowallequipmentoperatinginstructionsforproperuse. Askyourself,"Dol
have the skills, knowledge, tools, and experience to do this work safely?"
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» Donotattemptelectricalrepairsunlessyouareaqualified electricaltechnicianassignedto
performelectricalwork by yoursupervisor. Qualifiedindividuals mustreceivetrainingin
safety related work practices and procedures, be able to recognize specifichazards
associatedwithelectricalenergy,andbetrainedtounderstandtherelationshipbetween
electricalhazardsandpossibleinjury. Fixedwiringmay onlybe repaired ormodified by
trained individuals.

» Allelectricaldevicesfabricatedforexperimentalpurposes mustmeetallfederal, state,and
local construction and grounding requirements.

» Extension cords, power strips, and other purchased electrical equipment must be
Underwriters Laboratories (UL )listed.

* Removealljewelrybeforeworkingwithelectricity. Thisincludesrings,watches, bracelets,
and necklaces.

» Determine appropriate PPE based on potential hazards present.

» Useinsulatedtools andtesting equipmenttowork on electrical equipment. Use powertools
that are double-insulated or that have Ground Fault Circuit Interrupters (GFCIs) protecting
the circuit. Donotuse aluminumladders while working with electricity; choose eitherwood
or fiberglass.

» Do not work on energized circuits. The accidental or unexpected starting of electrical
equipmentcancausesevereinjuryordeath. Beforeanyinspectionsorrepairsaremade,
the current must be turned off at the switch box and the switch padlocked ortagged outin
the off position. At the same time, the switch or controls of the machine or the other
equipmentbeinglocked outofservice should be securely taggedtoshowwhich equipment
or circuits are being worked on. Test the equipment to make sure there is no residual
energybeforeattemptingtoworkonthecircuit. Employeesmustfollowtheir college’slock-
out/tag-out procedures.

» If you need additional power supply, have additional outlets installed by trained
professionals. Donotuse extension cordsorpowerstripsasasubstitute forpermanent
wiring.

» Extensioncordsandpowerstripsmaybeusedforexperimentalordevelopmentalpurposes
onatemporarybasisonly. Extension cords canonly be usedforportable toolsorequipment
andmustbeunplugged aftereachuse. Donotuse extension cords forfixed equipmentsuch
ascomputers, refrigerators, andfreezers. Inthese cases, use apower strip. The use of
power strips is generally preferred over extension cords.

» Powerstripsmusthave abuilt-inoverload or surge protection (circuitbreaker)and mustnot
be connected to another power strip or extension cord (commonly referred to as daisy
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chained or piggy-backed). However, as mentioned above, extension cords and power strips
are not a substitute for permanent wiring.

» Makesuretheextensioncordthicknessisatleastasbigastheelectricalcordforthetool.
Formoreinformationonextensioncords,seethe ConsumerProductSafety Commission
(CPSC) - Extension Cords Fact Sheet (CPSC Document #16).8°

» Inspectallelectricaland extension cords forwearandtear. Pay particularattention nearthe
plugand where the cord connectstothe equipment. Donotuse equipmenthavingworn or
damaged power cords, plugs, switches, receptacles, or cracked casings.

» Do notrun electrical cords under doors or rugs, through windows, or through holes in walls.

» Alldepartment-purchasedelectricalequipmentmustbe 3-pronggroundedunlessitisnotan
option.

* Never store flammable liquids near electrical equipment, even temporarily.
» Keep work areas clean and dry.

= Flickering lights, warm switches or receptacles, burning odors, sparking sounds when cords
aremoved,loose connectionsandfrayed, cracked, orbrokenwiresindicateaproblem.
Have a qualified electrician address the issue immediately.

» ltisimportanttoidentifytheelectricalpanelsthatserveeachroom. Accesstothesepanels
must be unobstructed; a minimum of 3 feet of clearance is required in front of every
electrical panel. Each panel must have all the circuit breakers labeled to identify the
equipment.

» Avoidoperatingorworkingwith electricalequipmentinawetordamp environment. Ifyou
mustworkinawet ordamp environment, be sure that youroutletsor circuitbreakers are
Ground Fault Circuit Interrupter (GFCI) protected.

» Fusesandcircuitbreakers are over-currentdevicesthatare placedin circuits tomonitorthe
amountof currentthatthe circuitwill carry. They automatically open or break the circuit
whentheamountofthe currentflow becomes excessive and, therefore, unsafe. Fusesare
designedtomeltwhentoomuch currentflowsthroughthem. Circuitbreakers, onthe other
hand, are designed to trip open the circuit by electro-mechanical means.

» Fuses and circuit breakers are intended primarily for the protection of conductors and
equipment. They preventoverheating ofwires and components thatmightotherwise create
hazards foroperators.

80 https://www.cpsc.gov/Business--Manufacturing/Business-Education/Business-Guidance/Household-Electrical-
Products/Extension-Cords
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» TheGroundFaultCircuitInterrupter(GFCl)is designedtoshutoffelectricpoowerwithinas
little as 1/40 ofa second, thereby protectingthe person, notjustthe equipment. Itworks by
comparingtheamountofcurrentgoingtoanelectricaldeviceagainsttheamountofcurrent
returningfromthe device alongthe circuitconductors. Afixedor portable GFClshouldbe
used in high-risk areas such as wet locations and construction sites.

» Entrancestoroomsandotherguardedlocations containingexposedliveparts mustbe
markedwithconspicuouswarningsignsforbiddingunqualified personstoenter. Live parts
ofelectricequipmentoperatingat50 volts ormore mustbe guarded againstaccidental
contact. Guarding of live parts may be accomplished by the following actions:

o Locateequipmentinaroom,vault,orsimilarenclosure accessible onlytoqualified
persons

o Place permanent, substantial partitions or screens to exclude unqualified persons
o Locateasuitablebalcony,gallery,orplatformelevatedandarrangedtoexclude
unqualified persons

o Elevate 8 feet or more above the floor

For additional information, see the following resources

» OSHA Pamphlet 3075

« 29CFR1910.303 through 29 CFR 1910.335

» Electrical Safety FoundationInternational

» National Electric Code2002

» National Fire Protection Association (NFPA) 70E

16.1.2 Safe Use of Electrophoresis Equipment

Electrophoresisunitspresentseveralpossiblehazardsincludingelectrical, chemical, andradiological
hazards. Allofthesehazardsmustbeaddressedbeforeusingtheunits. Thefollowingguidelines
have been prepared to assist researchers in operating electrophoresis units safely.

Proper Equipment Set-Up
Placeelectrophoresisunitsandtheirpowersuppliessothattheon/offswitchiseasytoreachand
thepower-indicatorlightsareeasilyseen.  Locatetheequipmentwhereitwillnotbeeasytoknock
or trip over.

Becauseelectrophoresisworkinvolves handling conductive liquids around electricity, power
suppliesshouldbeprotectedbyGFCls. GFClsactasverysensitivecircuitbreakersand,intheevent
ofashortcircuit, will stop the power before it can hurta person. You canidentify GFClIs by their
"test"and"reset" buttons. They are found on some outlets or breakerboxes. An adaptertype,
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which plugsintoastandard outletand does notrequire installation by an electrician,canbe
purchased at local hardware stores.

Addressing Electrical Hazards

Electrophoresisunitsuseveryhighvoltage (approximately 2000 volts)and potentiallyhazardous
current(80milliamps ormore). This highpoweroutputhas the potentialto cause afatal electrical
shock if not properly handled.

Routinelyinspectelectrophoresis unitsandtheirpowersuppliestoensure thatthey are working
properly. Powersupplies shouldbeinspectedtoensure thatallswitchesandlightsareinproper
working condition, thatpowercords and leads are undamaged and properly insulated, and that
"Danger--High Voltage" warning signs are in place onthe power supply and buffertanks.

Inspectthe buffertanks forcracks orleaks, exposed connectors, ormissing covers. Ifyourunits
have such hazards, replace the units with new models thathave these safety features builtin or
contact your EHSO for information on individuals approved to perform retrofitting.

Training and Work Procedures

P.l.sareresponsible forproviding instruction onthe safe use ofelectrophoresis unitstothose inthe
laboratorywhoworkwiththem. Theinstruction should coverthe operating procedureswritten by
the manufacturer or laboratory as well as the associated hazards, the appropriate PPE, and
applicable emergency procedures. As with all safety training, this instruction should be
documented. Employees mustwear all appropriate PPE when working with electrophoresis units
including laboratory coats, gloves, and eye protection.

Donotleaveelectrophoresis unitsunattended forlong periods oftime since unauthorized persons
may accidentally comeincontactwiththe unit,orthe buffertankliquid may evaporate, resultingin
arisk offire. Laboratories thatperform electrophoresis work during offhours should considerusing
a"buddy system"to ensure thatemergency services can be notified if someone s injured or
exposed.

16.2 Machine Hazard

Thereare manytypesofmachinesandlaboratory equipmentoncampusthatare used aspartof
research.Manyofthemcanbehazardousandcauseseriousinjuryifnotusedsafely. Allmechanical
motionispotentially hazardous. Motion hazards, such as rotating devices, cutting orshearing
blades,inrunning nip points, reciprocating parts, linearmoving beltsand pulleys, meshing gears,
and uncontrolled movement of failing parts, are all examples. Never use a machine or any
equipmentunless you have beentrained onthe properuse and the safety requirements ofthe
equipment.

Researchlaboratoriesmayuseequipmentsuchas Bunsenburners, rotaryevaporators, autoclaves, hot
plates and centrifuges that can be hazardous.
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Machine Shops have many tools that can be hazardous, including lathes, milling machines, table
saws and drillpresses.

16.2.1 Machine Safety Responsibilities
The following responsibilities are assigned to employees

Management
» Ensure that all machinery is properly guarded

» Properly train supervisors on the college’s lock-out/tag-out procedures

Supervisors
» Properlytrainemployeesonspecificmachineguardingrules,aswellasthecollege’slock-
out/tag-out procedures, and ensure these rules and procedures are followed
» Ensure that machine guards remain in place and are functional
» Immediately correct machine guard deficiencies

Employees
» Do not remove guards unless authorized by a supervisor

» Report machine guard problems to supervisors immediately
» Donotoperateequipmentunlessguardsareinplace
Operators should receive the following training:

» Hazards associated with particular machines

» How the safeguards provide protection and the hazards for which they are intended

» How and why to use the safeguards

* How and when safeguards can be removed and by whom

» Whattodoif asafeguard is damaged, missing, or cannot provide adequate protection

Hazardstomachine operatorsthatcan'tbe accommodated bythedesign ofthe machinemustbe
shieldedtoprotecttheoperator. Guards,decals,andlabelsthatidentifythedangermustbekeptin
placewheneverthe machineisoperated. Guardsor shieldsremoved formaintenance mustbe
properly replaced before use. Moving parts presentthe greatesthazard because ofthe swiftness of
their action and unforgiving and relentless motion.

16.2.2 Machine Guarding

Safeguards are essential for protecting workers from needless and preventable machinery-related
injuries. The pointofoperation, aswellasall parts ofthe machine thatmove while the machineis
working, mustbe safeguarded. Moving machine parts have the potential for causing severe
workplace injuries, such as crushed fingersorhands, amputations, burns, or blindness. Safeguards
are essential for protecting workers fromthese preventable injuries. When the operation ofa
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machineoraccidental contactwithitcaninjurethe operatororothersinthevicinity,thehazards
must be either eliminated or controlled.

Requirements for safequards

» Prevent contact - worker’s body or clothing from contacting hazardous moving parts

» Secure - must be firmly secured to the machine and not easily removed

» Protectfromfallingobjects -ensurethatnoobjectscanfallintomovingparts

» Create nonew hazards - no shearpoints, jagged edges, orunfinished surfaces

» Createnointerference-mustnotpreventworkerfromperformingthejobquicklyand
comfortably

» Allowsafelubrication - if possible,be abletolubricatethemachine withoutremovingthe
safeguards

16.2.3 Personal Protective Equipment

Select the proper personal protective equipment (PPE) for the machine shop. It is strongly
suggestedthatyouwearsafety glassesatalltimesinthe shop.Consideraface shieldwhenyouare
workingup closewithgrindingand cuttingjobtasks. Wearcomfortable shoeswithanon-slipsole
and considertoereinforcementifyou work with heavy objects. Earplugs will protect yourhearingin
a noisy machining environment. Choose gloves depending on your job task. Use proper gloves when
you handle materials with sharp edges. Andfinally, gettrainingin yourjobtaskand the machinery
that you will be using.

Follow these basic safety tips for appropriate dress in a machine shop:

» Whileyouoperate machines, wearclose-fitting clothing, tiebacklonghair,and remove your
jewelry.Loosefitting clothing, neckties, rings, bracelets, orotherapparelthatmay become
entangled in movingmachinery.

» Considerwearing a hair nets or caps to keep long hair away from moving machinery.

» Gloves should not be worn if there is a chance of them being caught in machinery.

The EHS Office should be contacted to assist Supervisors and personnel in determining the
personnel protective equipmentneeded.

16.2.4 Common Machine Hazards

Anumberofcommonmachinehazardsoccur.Awarenessofthefollowingmovingpartscanimprove
safety:

Pinch Points

Pinchpoints are where two parts move togetherandatleastoneofthe parts movesina circle; also
calledmesh points, run-on points, and entry points. Examplesinclude beltdrives, chaindrives, gear
drives,andfeedrolls. When shieldscannotbe provided, operators mustavoid contactwithhandsor
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clothinginpinch pointareas. Neverattempttoservice orunclogamachine whileitis operatingor
the engine isrunning.

Wrap Points
Wrappointscanbefoundinanyexposedcomponentthatrotates. Examplesincluderotatingshafts,

such as a power take off shaft, or shafts that protrude beyond bearings or sprockets. Watch
componentsonrotating shafts, suchas couplers, universaljoints, keys, keyways, pins, orother
fasteningdevices. Splined,square,andhexagon-shapedshaftsareusuallymoredangerousthan
roundshaftsbecausetheedgestendtograbfingersorclothingmoreeasilythan aroundshaft,but
round shafts may not be smooth and can also grab quickly.

Shear Points

Shearpointscanbefoundanywhere wherethereare edges oftwomoving partsmoveacrossone
anotherorwhere a single sharp partmoves with enough speed or force to cut soft material.
Recognizethe potentialhazards ofcuttingand shearpointsonimplementsandequipmentthatare
not designed to cut or shear.

Crush Points

Crush pointsoccurbetween two objects moving toward each otherorone objectmoving toward a
stationary object. Never stand between two objects moving towardone another. Follow your
college’s blocking and lock-out/tag-out procedures when working under equipment.

Pull-In Points

Pull-in points occurwhere objects are pulled into equipment, usually forsome type of processing.
Neverattempttohand-feed materials into moving feedrollers. Always stop the equipmentbefore
attemptingtoremove anitemthathas plugged aroller orthathas become wrapped around a
rotating shaft. Rememberthatguards cannotbe providedforall situations; equipmentmustbe
abletofunctioninthe capacity forwhichitis designed. Freewheeling parts, rotating ormoving
partsthat continue to move afterthe poweris shutoff, are particularly dangerous becausetime
delaysarenecessarybefore service canbegin. Allow sufficienttime forfreewheeling partsto stop
moving.

Thrown Obijects

Anyobjectthatcanbecomeairborne because ofmovingparts. Keep shieldsinplacetoreducethe
potentialforthrown objects. Wearprotective gear, suchas goggles, toreduce therisk of personal
injuryifyou cannotpreventparticles frombeingthrown. Allguards, shields, oraccess doors must
bein placewhenequipmentisoperating. Electrically powered equipmentmusthave alock-out
controlonthe switch oran electrical switch, mechanical clutch, orotherpositive shut-offdevice
mounted directly onthe equipment. Circuitinterruption devices onan electric motor, suchas
circuit breakers or overload protection, must require manual reset to restart the motor.
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16.3  Lighting

Having properly lighted work areas is essential to safety. Anumberof points about properlighting
are important toremember:

» Lightingshouldbeadequatetoilluminateallworkareas.Forlaboratoriesthismeans 100-
200 lumens.

» Lightbulbs that are mounted low and susceptible to contact should be guarded.

» Iftherisk of electrocution exists when changing light bulbs, practice lock-out/tag-out.

» Forproperdisposal of fluorescent lamps (“universal waste”), contact the EHS Office.

» Please remember to turn off the lights when you leave the lab.

164 Compressed Gases

Compressedgasesarecommonlyusedinlaboratoriesforanumberofdifferentoperations. While
compressedgasesareveryuseful,theypresentanumberofhazardsforthelaboratoryworker.

Possible hazards

» Gascylinders may contain gases that are flammable, toxic, corrosive, asphyxiants, or
oxidizers.

» Unsecured cylinders can be easilyknocked over, causing seriousinjury and damage. Impact
canshearthevalvefromanuncappedcylinder, causingacatastrophicrelease ofpressure
leading to personal injury and extensive damage.

» Mechanicalfailureofthe cylinder, cylindervalve, orregulator canresultin rapid diffusion of
the pressurized contents ofthe cylinderinto the atmosphere. This canlead to explosion, fire,
runaway reactions, or burst reaction vessels.

Because of the hazards that compressed gases present, consider obtaining the smallestquantities
possible.

16.4.1 Handling Compressed GasCylinders
Standard practices for handling compressed gas cylinders safely include the following steps:

» Thecontentsofanycompressedgascylindermustbeclearlyidentified,stenciledorstamped
onthe cylinder, oralabel ortag should be attached. Do notrely on the color ofthe cylinder
for identification because color-coding is not standardized and may vary with the
manufacturer or supplier.

» When transporting cylinders

o Always use a hand truck equipped with a chain or belt for securing the cylinder.
o A protective cap must be used to cover the cylinder valve.
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o Nevertransport a cylinder while a regulator is attached.

o Always use caution when transporting cylinders — cylinders are heavy!

o Avoidridinginelevatorswithcompressedgascylinders.Seethesectionon

transporting chemicals

Do not move compressed gas cylinders by carrying, rolling, sliding, or dragging them across
the floor.
Do not transport oxygen and combustible gases at the same time.
Do not drop cylinders or permit them to strike anything.
Dispensingofcompressed gases (notably cryogenic materials) shallbe conductedin
accordance with FDNY Fire Code §3205. Insuch dispensing areas, oxygen sensors equipped
withanaudible alarm shall be provided to continuously monitorthe level of oxygeninthe
area (see §3205.4.1.1.1).8

16.4.2 Safe Storage of Compressed Gas Cylinders

The safe storage of compressed gas cylinders include the following standard practices:

Gascylindersmustbe securedtopreventthemfromfallingover. Chainsarerecommended
overclamp-plus-strap assembliesbecausein afire, strapsmay meltorburn. Be surethe
chainis high enough (atleast half way up) on the cylinder to keep it from tipping over.

Donotstoreincompatible gases nexttoeach other. Cylinders ofoxygen mustbe stored at
least20feetawayfrom cylinders ofhydrogen orotherflammable gases, orthe storage
areas must be separated by a firewall five feet high with a fire rating of 1/2 hour.

Allcylinders should be stored away from heatand away from areas where they mightbe
subjected to mechanicaldamage.

Allcylindersmusthavepassedahydrostaticpressuretestwithinthepast10years(FDNY
code/NFPA 45).

Keep cylindersaway from locations where they mightform partofan electrical circuit, such
as next to electric power panels or electric wiring.

The protective cap thatcomeswitha cylinderofgas should always belefton the cylinder
whenitisnotinuse. Thecapkeepsthemaincylindervalvefrombeingdamagedorbroken.

Topreventaccidentalignitionofstoredflammableliquidsandgases, allelectricalequipment
mustmeettherequirements ofthe NYC Electrical Code[referto §27-3198(4)and§27-
3197(1)].82

81 https://www1.nyc.gov/assets/fdny/downloads/pdf/about/Chapter-32.pdf
82 http://www.nyc.gov/html/dob/downloads/bldgs_code/electrical_code_local_law_390f2011.pdf


http://www.nyc.gov/html/dob/downloads/bldgs_code/electrical_code_local_law_39of2011.pdf
https://www1.nyc.gov/assets/fdny/downloads/pdf/about/Chapter-32.pdf
https://3197(1)].82
https://3205.4.1.1.1).81
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16.4.3 Operation of Compressed Gas Cylinders

Thecylindervalve handwheelopensand closesthe cylindervalve. The pressurereliefvalveis
designedtokeep acylinderfromexploding in case offire orextreme temperature. Cylinders of
verytoxicgasesdonothave apressurereliefvalve, buttheyare constructed with special safety
features. The valve outlet connection is the joint used to attach the regulator. The pressure
regulatoris attached to the valve outlet connectorin order to reduce the gas flow to a working
level. The Compressed Gas Association has intentionally made certain types of regulators
incompatible with certain valve outlet connectionstoavoid accidental mixing ofgasesthatreact
with each other. Gases should always be used with the appropriate regulator. Donotuse adaptors
withregulators. Thecylinderconnection isametal-to-metalpressureseal. Makesurethecurved
mating surfaces are cleanbefore attachingaregulatortoacylinder. Donotuse Teflontapeonthe
threaded parts because thismay actually preventthe metal sealfrom properly forming. Always test
the connection forleaks.

Inaccordance with FDNY’s Fire Code, torchoperationsusingoxygen andflammablegasescanonly be
performed by a G-38 Certificate of Fitness holder.

Basic operating quidelines

» Make sure the cylinder is secured.

» Attachthe properregulatortothe cylinder. Ifthe regulator does notfit, itmay notbe
suitable for the gas you are using.

» Attachtheappropriate hose connectionstotheflow control valve. Secureany tubingwith
clampssothatitwillnotwhip aroundwhenpressureisturned on. Use suitable materialsfor
connections. Toxicand corrosive gasesrequireconnections made of special materials.

* Installatrapbetweentheregulatorandthereaction mixturetoavoid backflowintothe
cylinder.

» Turnthedeliverypressureadjustingscrew counterclockwise untilitturnsfreelyandthen
close the flow control valve to prevent a surge of pressure.

» Slowlyopenthecylindervalve handwheeluntilthecylinderpressure gaugeindicatesthe
cylinder pressure.

» Withtheflow controlvalve closed, turnthe delivery pressure screw clockwise untilthe
delivery pressure gauge indicates the desired pressure.

» Adjustthe gasflowtothe system by using the flow control valve oranotherflow control
device between the regulator and the experiment.
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» Afteran experimentis completed, turn the cylinder valve off first, and then allow gas to
bleedfromtheregulator. Whenboth gaugesread “zero,” remove the regulatorandreplace

the protective cap on the cylinder head.

*  Whenthe cylinderisempty, markitas“Empty.” Storeempty cylindersseparate fromfull
cylinders.

» Attacha“Full/InUse/Empty”tagtoeachcylinder. Thesetagsare perforatedand canbe
obtained from the gas cylinder vendor or safety equipment suppliers.

Precautions to follow

» Usearegulatoronlywiththe gasforwhichitisintended. Theuseofadaptorsorhomemade
connectors has caused serious and even fatal accidents.

» Toxic gases should be purchased with a flow-limiting orifice.

 Whenusingmorethanone gas, be suretoinstallone-way flow valves fromeach cylinderto
preventmixing. Otherwise accidental mixing can cause contamination ofa cylinder.

» Do not attempt to put any gas into a commercial gas cylinder.

» Donotallowacylindertobecomecompletelyempty. Leaveatleast25psiofresidualgasto
avoid contamination of the cylinder by reverse flow.

» Do nottamper with or use force on a cylinder valve.

16.4.4 Return of Cylinders

EnsurethatyouhaveanS.0O.P.inplaceforthe managementandultimate disposal ofcylindersand
lecturebottles. Firstly, make surethatallcylindersandlecturebottlesarelabeledandincludedin
yourchemicalinventory. Disposal ofcylindersandlecturebottlesis expensive, especiallyifthe
contents are unknown. Before you place an orderforacylinderorlecture bottle, determineifthe
manufacturerwilltake backthe cylinderorlecture bottlewhenitbecomesempty. Ifatall possible,
only order from manufacturers who will accept cylinders or lecture bottles for return.

16.4.5 Hazards of SpecificGases

Inert Gases
» Examples include helium, argon, and nitrogen.
» Inertgases can cause asphyxiation by displacing the air necessary for the support of life.



LABORATORY SAFETYMANUAL

Cryogenic Liquids

» Cryogenicliquids are extremely cold and their vapors can rapidly freeze human tissue.

» Cryogens are capable of causing freezing burns, frostbite, and destruction of tissue.

» Boiling and splashing will occur when the cryogen contacts warm objects.

» Theycancausecommonmaterialssuchasplasticandrubbertobecomebrittleandfracture
under stress.

» Liquidto gas expansion ratio: one volume ofliquidwill vaporize and expand to about 700
timesthatvolume asagas,andthus canbuilduptremendous pressuresinaclosed system.
Therefore,dispensingareas mustbewellventilated. Avoid storingcryogenicsincoldrooms,
environmental chambers, and other areas with poor ventilation. Install an oxygen
monitor/oxygendeficiencyalarmand/ortoxicgas monitorbefore workingthese materialsin
confined areas.

Oxidizers
» Examples include oxygen and chlorine.
» Oxidizers vigorously accelerate combustion; therefore, keep them separate from all
flammableandorganicmaterials. Greasyandoilymaterialsshouldneverbe storedaround
oxygen. Qil or grease should never be applied to fittings or connectors.

Flammable Gases

» Examples include methane, propane, hydrogen, and acetylene.

» Do not store near open flames or other sources of ignition.

» Cylinders containing acetylene should always be stored upright.

» Flammablegasesareeasilyignitedbyheat, sparks, orflames, and mayform explosive
mixtureswithair. Vaporsfromliquefiedgasoftenareheavierthanairandmayspreadalong
the ground, travel to a source of ignition, and result in a flashback fire.

» Flammable gases present serious fire and explosion hazards.

FDNY prohibitsthe storage offammable gasesinthelaboratory unitunlessitisneededfor
ongoingoperations. Inaddition, FDNY statesthatinlabs with ongoing operationsthatrequire
flammablegases,storagewillbeallowedforonlythatamountsufficienttomeettheoperating
requirements ofthe equipmentinthatlaboratory unitplusanequalreserve. Unlessthereis
reasontobelieve otherwise, itis suggested thatthe operating requirements be defined as the
amountnecessarytosustainongoingoperationsforone semester. Therefore,when counting
anequalreserve,alaboratorywould,followingthisreasoning,possessnomoreflammablegas
atanyonetimethancould be exhaustedintwo semesters. FDNY alsorequiresthatflammable
gases within laboratory settings be stored in accordance with the following table.

Area of Laboratory in up to 500 per additional Maximum per
square feet (Sq. Ft. Sq. Ft. Laboratory Unit
q (Sa. Ft.) q 100 Sq. Ft i
Maximum Capacity in 9.24 1.54 15.4
cubic feet (Cu. Ft.)*

*Water container capacity
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Corrosive Gases

Examples include chlorine, hydrogen chloride, and ammonia.

There can be an accelerated corrosion of materials in the presence of moisture.
Corrosivegasesreadilyattacktheskin, mucousmembranes, andeyes. Somecorrosivegases
are also toxic.

Becauseofthe corrosive nature ofthe gases, corrosive cylinders should onlybe kepton
handfor6 months (up toone yearmaximum). Orderonly the minimum amountneededfor
your experiments.

Poison (Toxic) Gases

16.5

Examples include arsine, phosphine, and phosgene.

Poison gases are extremely toxic and present a serious hazard to laboratory staff.
Poisonous gases require special ventilation systems and equipment and must only be used
bytrainedpersonnel. TherearealsospecialBuildingand FDNY coderegulationsthatmust
be followed concerning the permissible quantities.

Consult your EHSO before purchasing poisonous gases.

Battery Charging

Lead acid batteries contain corrosive liquids and also generate hydrogen gas during charging, which
poses an explosion hazard.

The following guidelines should be followed for battery charging areas:

A “No Smoking” sign should be posted.

Beforeworking,remove anydanglingjewelryto preventaccidental contactwith battery
connections (this can cause sparks which can ignite vapors).

Always wearappropriate PPE such as rubberorsynthetic aprons, splash goggles in
combination with aface shield, and thick Neoprene, Viton, or Butyl gloves.
Aplumbedemergencyeyewashstationmustbereadilyavailablenearthestation. Please
Note: handheld eyewash bottles do not meet this criteria.
AclassBratedfireextinguishermustbe readily available. Ifnoneisavailable, contactyour
EHSO.

Ensurethatthereisadequate ventilation available to preventthe buildup of potentially
flammable and explosivegases.

Keep all ignition sources away from the area.

Stand clear of batteries while charging.

Keep vent caps tight and level.

Only use appropriate equipment for charging.

Store unused batteries in secondary containment to prevent spills.
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» Haveanacidspillkitavailable. The waste from a spillmay containlead and neutralized

wastes maybetoxic. ContactyourEHSOforhazardouswaste disposalguidance.
» Properly dispose of your used batteries.

16.6 Heat and HeatingDevices

Heathazardswithinlaboratoriescanoccurfromanumberofsources. Herearesome simple
guidelines that can be followed to prevent heat related injuries:

» Heatingdevices should be setup onasturdy fixture and away from any ignitable materials
(suchasflammable solvents, paperproducts,and othercombustibles). Donotleave open
flames (e.g., Bunsen burners) unattended.

» Heatingdevicesshouldnotbeinstalledneardrenchshowersorotherwaterspraying
apparatustominimize electrical shock risk andpotential splatteringofhotwater.

» Heatingdevicesshould have backup power cutoffsortemperature controllersto prevent
overheating. Ifabackup controllerisused, analarm should notify the userthatthe main
controller has failed.

» Makesurethatreactiontemperaturesdonotcauseviolentreactionsandthatameansto
cool the dangerous reactions is available.

» Post signs to warn people of the heat hazard.
» When using ovens, follow these additional guidelines:

o Heatgenerated should be adequately removed from the area.

o Iftoxic,flammable, orotherwise hazardous chemicals are generated by the oven,
thenonlyuseovenswithasinglepassthroughdesignwhereairisventilatedoutof
the laboratory and the exhausted air is not allowed to come into contact with
electrical components or heating elements.

o Heating flammables should only be done with a heating mantle or steam bath.

When using heating baths, follow these additional guidelines:
» Heating baths should be durable and set up with firm support.

» Becausecombustibleliquidsare oftenusedinheatingbaths,thethermostatshouldbesetso
thatthe temperature neverrises above the flash pointofthe liquid. Checkthe SDSofthe



LABORATORY SAFETYMANUAL 130

chemical to determine the flashpoint. Compare that flashpoint with the expected
temperature of the reaction to gauge the risk of starting a fire.

16.6.1 Heat Stress

Inahighheatcondition,ifyourbodycannotregulateitstemperature,itoverheatsandsufferssome
degreeofheatstress. Thiscanoccurverysuddenlyand, ifleftunrecognized anduntreated, can
lead to very serious health effects.

Heatstressdisordersmayrangefrommilddisorders,suchasfainting,cramps,orpricklyheat,to

moredangerousdisorders,suchasheatexhaustionorheatstroke. Symptomsofmildtomoderate
heatstresscaninclude: sweating, clammy skin, fatigue,decreased strength,loss ofcoordination

andmuscle control, dizziness, nausea, andirritability. Ifyou withess someone sufferingfromheat
stress,youshouldmovethevictimtoacoolplaceandimmediately seekmedicalassistance. While
awaiting assistance, youmightsponge him/herwith coolwaterand offera conscious person ahalf
glass of cool water every 15 minutes.

16.7 Cold Traps
Cold traps require general safety guidelines. The list below outlines these guidelines:

» Because many chemicals captured in cold traps are hazardous, care should be taken and
appropriate PPE should bewornwhenhandlingthese chemicals. Hazardsinclude
flammability, toxicity, and cryogenic temperatures, which can burn the skin.

» Ifliquid nitrogenis used, the chamber should be evacuated before charging the system with
coolant. Because oxygeninairhas a higherboiling pointthan nitrogen, liquid oxygen can be
produced and cause an explosion hazard.

» Boiling and splashing generally occur when charging (cooling) a warm container, so stand
clearandwearappropriate PPE. Items should be added slowly and insmallamounts to

minimize splash.

» Abluetinttoliquidnitrogenindicates contamination withoxygenandrepresentsan
explosion hazard. Contaminated liquid nitrogen should be disposed of appropriately.

» Ifworking under vacuum, refer to section16.12, “Glass Under Vacuum.”

» Referto section 16.10 for safety advice when working with cryogenic materials.
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16.8  Autoclaves
Autoclaves have the following potential hazards:

* Heat, steam, andpressure

* Thermal burns from steam and hot liquids

» Cuts from explodingglass
Some general safety guidelines to follow when using autoclaves include:

» Propertraining and operating procedures for using the autoclave.

» Read the owner’s manual before using the autoclave for the first time.

» Operating instructions should be posted near the autoclave.

» Follow the manufacturer’s directions for loading the autoclave.

» Be sure to close and latch the autoclave door.

» Some kinds of bottles containing liquids can crack in the autoclave or when they are

removed from the autoclave. Use atrayto provide secondary containmentin case ofaspill

and add a little water to the tray to ensure balanced heating.

» Fillbottles halfwayto allow forliquid expansion and loosen screw caps on bottlesand tubes
of liquid before autoclaving to prevent them from shattering.

» Donotoverloadtheautoclave compartmentsoastoallowforenough space betweenitems
for the steam to circulate.

» Beawarethatliquids,especiallyinlargequantities,canbesuperheatedwhentheautoclave
is opened. Jarring them may cause sudden boiling and resultin burns.

« Attheendoftherun,openthe autoclave slowly: firstopenthe dooronlya cracktoletany
steam escape slowly for several minutes, and then openall the way. Opening the door
suddenly can scald a bare hand, arm, or face.

» Wait at least five minutes after opening the door before removing items.

» Largeflasksorbottlesofliquidremovedimmediately fromthe autoclave cancauseserious
burns by scaldingifthey should breakinyourhands. Immediatelytransferhotitems with

liquid to a cart; never carry them in your hands.

» Wearappropriate PPE, including eye protection and insulating heat-resistant gloves.
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16.9  Centrifuges
Some general safety guidelines to follow when using centrifuges include
» Be familiar with the manufacturer’s operating procedures
» Keeptheoperatingmanualneartheunitforeasyreference. Ifnecessary, contactthe
manufacturer to replacemanuals.
» Handle, load, clean, and inspect rotors as recommended by the manufacturer.
» Pay careful attention to instructions on balancing samples—tolerances for balancing are
oftenveryrestricted. Checkthe condition oftubes and bottles. Make sure you have

secured the lid to the rotor and the rotor to the centrifuge.

» Maintainalogbookofrotoruse foreachrotor, recording the speed andlengthoftimefor
each use.

» Toavoid catastrophic rotorfailure, many types of rotors must be "de-rated" (limited to a
maximum rotation speedthatislessthanthe originally setmaximum rotation speed) aftera
specifiedamountofuse. Ifitisdeterminedthe rotor hasreached the endofits useful life, it
should be taken out of service and discarded.

» Useonlythe types of rotors that are specifically approved for use in a given centrifuge unit.

* Maintainthe centrifuge ingood condition. Brokendoorlatches and otherproblems should
be repaired before using the centrifuge.

» Whenever centrifuging biohazardous materials, always load and unload the centrifuge rotor
in a Biosafety cabinet.
16.9.1 Centrifuge Rotor Care

Centrifuge rotors require care which includes regular cleaning and routine inspections. The
following activities should be a part of the care regimen:

» Keep the rotor clean and dry to prevent corrosion
» Remove adapters after use and inspect for corrosion

» Store the rotor upside down in a warm, dry place to prevent condensation in the tubes
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* Read and follow the recommendations in the manual regarding care including:

o Polishing
o Lubricating O-rings
o Decontaminating the rotor after use with radioactive or biological materials.

» Removeanyrotorfromusethathasbeendropped, showsanysignofdefectorwearand
tear and report it to a manufacturer’s representative for inspection.

16.10 Cryogenic Safety

Acryogenicgasisamaterialthatisnormally agasatstandard temperature and pressure, butwhich
hasbeensupercooleduntilitisaliquidorsolidatstandard pressure. Commonly used cryogenic
materials include the liquids nitrogen, argon, and helium, and solid carbon dioxide (dry ice).

Hazardsassociatedwithdirectpersonalexposuretocryogenicfluidsincludeanumberof
categories:

Frostbite- Liquefiedgasesandsolidsareextremelycoldandcancauseseverecontactburnsaswell
as frostbite. Associated vapors also can result in cold exposure.

Asphyxiation- Thesesliquids can rapidly convertto large quantitiesof gas. The evaporation of
cryogenicliquidspillscanresultinasphyxiation. Forinstance, nitrogenexpandsapproximately 700
timesinvolumegoingfromliquidtogasatambienttemperature. Totaldisplacementofoxygenby
anothergaswill result in unconsciousness, followed by death. Exposure to oxygen-deficient
atmospherescan causedizziness, nausea, vomiting, lossofconsciousness, andeven death. Such
symptoms may occurin seconds withoutwarning. Death may resultfromerrorsinjudgment,
confusion, or loss of consciousness that prevents self-rescue.

Workingwithcryogenicsubstancesinconfinedspaces,suchaswalk-incoolers,canbeespecially
hazardous.Wherecryogenicmaterialsareused,ahazardassessmentisrequiredtodeterminethe
potential foran oxygen-deficientcondition. Controls such as ventilation and/orgas detection
systems may be required to safeguard employees.

Toxicity -Many ofthe commonly used cryogenic gases are considered to be of low toxicity, but still
poseanasphyxiationhazard. Checkthe propertiesofthegasesyouareusingbecausesomegases
are toxic (e.g., carbon monoxide, fluorine, and nitrous oxide).

Flammabilityand Explosion- Fireorexplosion mayresultfromtheevaporationand subsequent
vaporbuildupofflammablegasessuchashydrogen,carbonmonoxide,ormethane. Liquidoxygen,
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whilenotitselfaflammable gas,cancombine withcombustible materialsand greatlyaccelerate
combustion. Oxygen clingsto clothing and cloth items, and presents an acute fire hazard.

High Pressure Gas-Potentialhazardsexistinhighly compressed gasesbecause ofthestored
energy.Incryogenicsystems,highpressuresareobtainedbygascompressionduringrefrigeration,
by pumping liquids to high pressures followed by rapid evaporation, and by confinement of
cryogenic fluids with subsequent evaporation. If these confined fluids are suddenly released
througharupture orbreakinaline,asignificantthrustmay be experienced. Over-pressurization of
cryogenicequipmentcanalsooccurbecauseofthe phasechangefromliquidtogasifnotvented
properly. All cryogenic fluids produce large volumes of gas when they vaporize.

Materials and Construction—The properties of certain materials callforconsideration ofthe effects
of low temperatures. Some materials become brittle at low temperatures. Brittle materials
fractureeasilyand canresultinalmostinstantaneousfailure. Lowtemperature equipmentcanalso
failbecauseofthermalstressescausedbydifferentialthermalcontractionofthematerials. Over-
pressurizationofcryogenicequipmentcanoccurbecause ofthe phase change fromliquidtogas if
thecontainerisnotproperlyvented. Allcryogenicfluids producelarge volumes ofgaswhenthey
vaporize.

16.10.1 Cryogenic Safety Guidelines

Responsibilities

The FDNY requires that a G-97 Certificate of Fitness holder be present whenevercryogenic liquids
are used or stored inquantities greater than 60 gallons (230 liters). In addition, an oxygen (O2)
sensormustalsobeinstalledinthe storage ordispensing area. Dewars areincludedinthe gallon

count. Personnelwho are responsible forany cryogenic equipmentmustconducta safety review

priortothe commencementofoperations. Supplementary safety reviews mustfollow any system
modification to ensure that nopotentially hazardous conditionis overlooked or created andthat
operational and safety procedures remain adequate.

Personal Protective Equipment (PPE)

Wear the appropriate PPE when working with cryogenic materials. Face shields and splash goggles
mustbe wornduring the transferand normal handlingof cryogenicfluids. Loosefitting, heavy
leather or otherinsulating protective gloves must be worn when handling cryogenicfluids. If
laboratory coats areunavailable, shirtsleeves should berolleddown and buttoned overglove cuffs
inordertopreventliquid from spraying or spilling inside the gloves. Trousers should have no cuffs.

Safety Practices
A list of guidelines for safety practices follows:

» Cryogenic fluids must be handled and stored only in containers and systems specifically
designedfortheseproducts. Theymustbestoredinaccordancewithapplicable standards,
procedures, and proven safety practices.
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» Transfer operations involving open cryogenic containers such as dewars must be conducted
slowly to minimize boiling and splashing ofthe cryogenicfluid. Transferof cryogenicfluids
from open containers must occur below chestlevel of the person pouring the liquid.

» Onlyconductsuchoperationsinwell-ventilated areas, such asthe laboratory, to prevent
possible gas or vapor accumulation that may produce an oxygen-deficient atmosphere and
lead to asphyxiation. Anoxygen (O2) sensor mustbe installed per FDNY code.

» Equipment and systems designed for the storage, transfer, and dispensing of cryogenic fluids
must be constructed of materials compatible with the products being handled and the
temperatures encountered.

» Allcryogenicsystems,includingpiping,mustbeequippedwithpressurereliefdevicesto
preventexcessive pressurebuild-up. Pressurereliefsmustbedirectedtoasafelocation. It
should be noted that two closed valves in a line form a closed system. The vacuum
insulation jacketshould also be protected by anoverpressure device ifthe serviceis below
77degreesKelvin. Intheeventthatapressurereliefdevicefails,donotattempttoremove
the blockage; instead, call your EHS Office.

» Thecapsofliquid nitrogen dewars are designed tofit snugly notonly to contain the liquid
nitrogenbutalsoto allow periodic venting preventing overpressurization. Neverattemptto
seal the caps of liquid nitrogen dewars. Doing so can present a significant hazard of
overpressurizationthatcould rupture the container, cause splashes ofliquid nitrogen and,
depending on the quantity spilled, cause an oxygen deficient atmosphere within a
laboratory.

» Ifliquid nitrogenorheliumtraps are used toremove condensable gasimpuritiesfroma
vacuumsystemthatmaybeclosedoffbyvalves,thecondensedgaseswillbereleasedwhen
thetrapwarmsup. Adequate meansforrelieving resultant build-upof pressure mustbe
provided.

First Aid

Workerswillrarely, ifever, comeinto contactwith cryogenicfluidsif properhandling procedures
areused. Intheunlikely eventofcontactwithacryogenicliquidorgas, acontact“burn”mayoccur.
The skin oreye tissue will freeze. The recommended emergency treatmentis as follows:

» Ifthecryogenicfluidcomesincontactwiththe skinoreyes, flushthe affectedareawith
generousquantitiesofcold water. Neverusedryheat. Splashesonbareskincausea
stinging sensation, but, in general, are not harmful.

» Ifclothingbecomessoakedwithliquid,itshouldberemovedasquicklyaspossibleandthe
affected areashould be flooded with generous quantities of cold water. Where clothing has
frozen to the underlying skin, cold water should be poured on the area, but no attempt
should be made to remove the clothing until itis completely free.
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» Contact Public Safety or 911 for additional treatment if necessary.
» Complete an Injury/lliness Report.
16.10.2 Cryogenic Chemical Specificlnformation

Liquid Helium

Liquidheliummust betransferredvia heliumpressurization inproperlydesignedtransfer lines.
Liquidhelium should notcome in contactwith air. Airsolidifies in contactwithliquid helium, and
precautions mustbetakenwhentransferringliquidheliumfromone vesselto anotherorwhen
venting. Over-pressurizationand rupture ofthe containermay result. Allliquid helium containers
mustbeequipped withapressure-reliefdevice. The latentheatof vaporizationofliquidheliumis
extremely low (20.5 J/gm); therefore, small heat leaks can cause rapid pressure rises.

Liquid Nitrogen

Becausetheboilingpointofliquid nitrogenisbelowthat ofliquid oxygen,itis possible foroxygento
condenseonany surface cooledbyliquid nitrogen. Ifthe systemis subsequently closed andthe
liquid nitrogen removed, the evaporation of the condensed oxygen may over-pressurize the
equipmentor cause achemical explosion ifexposed to combustible materials (e.g., theoilina
rotary vacuum pump). In addition, ifthe mixture is exposed toradiation, ozone isformed, which
freezesand becomesveryunstable. Anexplosion canresultifthisiceisdisturbed. Forthisreason,
airshould notbe admitted to enclosed equipmentthatisbelow the boilingpointof oxygenunless
specifically required by a written procedure approved by the P.l. or laboratory supervisor.

Any transfer operations involving open containers such as wide-mouth dewars must be conducted
slowly to minimize boilingand splashing ofliquid nitrogen. The transferofliquid nitrogen from
open containers must occur below chest level of the person pouring the liquid.

Liquid Hydrogen

Anyone proposing the use ofliquid hydrogen mustfirstobtain priorapproval from their EHS Office.
Becauseofitswideflammability range and ease of ignition, special safety measures must be
followedwhenusingliquidhydrogen.Liquidhydrogenmustbetransferredbyheliumpressurization
in properly designed transferlines to avoid contactwith air. Properly constructed and certified
vacuum insulated transfer lines should be used. Only trained personnel familiar with liquid
hydrogen properties, equipment, and operating procedures are permitted to performtransfer
operations. Transfer lines in liquid hydrogen service must be purged with helium or gaseous
hydrogen before using.

Safety Practices
A list of safety principles to follow when using liquid hydrogen include the following:

» |solation of theexperiment
» Provision of adequateventilation
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» Exclusion of ignition sources plus system grounding/bonding to prevent static charge build-
up

» Containment in helium purged vessels

» Efficient monitoring for hydrogen leakage

» Limiting the amount of hydrogen “cryopumped” in the vacuum system

16.11  Extractions andDistillations

Extractions

» Do not attempt to extract a solution until it is cooler than the boiling point of the extractant.

Doing anything other could cause the vessel to overpressurize and burst.

* Whenavolatile solventisused, the solution should be swirled and vented repeatedly to
reduce pressure beforeseparation.

» When opening the stopcock, your hand should keep the plug firmly in place.

» The stopcock should be lubricated.

» Ventfunnels away from ignition sources and people, preferably into a hood.

» Keepvolumessmalltoreducetheriskofoverpressureand,iflargevolumesareneeded,
break them up into smaller batches.

Distillations

» Avoidbumping(suddenboiling)becausetheforcecanbreakaparttheapparatusandresult
insplashes. Bumping canbe avoided by even heatingand by usingaheatmantle. Stirring
canalsopreventbumping. Boiling stones canbeusedonlyifthe processisatatmospheric
pressure.

» Donotaddsoliditems, suchasboilingstones, toliquid thatisnearboilingsince itmay result
in the liquid boiling over spontaneously.

» Organiccompoundsshouldneverbeallowedtoboiltodryness,whichcanresultinan
explosion hazard, unless they are known to be free of peroxides.

Reduced Pressure Distillation

» Donotoverheattheliquid. Superheating canresultindecompositionanduncontrolled
reactions.

» Superheatingandbumpingoftenoccuratreduced pressures, soitisespeciallyimportantto
avoidbumpingandtoensureevenandcontrolledheating. Insertinganitrogenbleedtube
may help alleviate this issue.

» Evacuate the assembly gradually to minimize bumping.

» Allowthesystemtocoolandthenslowlybleedinair. Aircancauseanexplosioninahot
system (pure nitrogen is preferable to air for cooling).

» Referto section 16.12 for vacuum conditions.
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16.12 Glass UnderVacuum

Some general guidelines for glass under vacuum include:

» Inspectglasswarethatwillbe usedforreduced pressuretomake surethere are nodefects
such as chips or cracks that may compromise its integrity.

* Onlyglasswarethatisapprovedforlow pressure should beused. Neveruse aflatbottom
flask (unless it is a heavy-walled filter flask) or other thin-walled flask that are not
appropriate to handle low pressure.

» Useashieldbetweentheuserandanyglassundervacuum,orwrapthe glass withtapeto
contain any glass in the event of an implosion.

Specific guidelines regarding vacuum pumps include:
» Coldtrapsshouldbeusedtopreventpump oilfrombeing contaminated, whichcan createa
hazardous waste.
» Pump exhaust should always be vented into a hood.
» Ensure that all belts and other moving parts are properly guarded.
» Wheneverworkingonorservicingvacuumpumps, be sure tofollow appropriate lock-out
procedures.

16.13 Washing Glassware

Inmostcases, laboratoryglassware canbe cleaned effectivelybyusingdetergentand water. In

some cases itmay be necessary to use strongchemicals for cleaning glassware. Strong acids should
beavoidedunless necessary. Inparticular, chromicacid should notbe used because ofits toxicity
anddisposal concerns. One productthat may be substituted for chromic acid is “Nochromix
Reagent,” an inorganic oxidizer. Unused Nochromix Reagent can be neutralized to a pH between
5.5and9.5. Acid/basebathsshouldhave appropriatelabelingandsecondarycontainment. In

addition, an SOP should be established, and proper PPE and spillmaterials should be available.

When handling glassware, checkforcracks and chipsbefore using, washing, orautoclaving. Dispose
ofchippedandbrokenglasswareimmediatelyinanapprovedcollectionunit. DONOTputbroken
glasswareintheregulartrash. Handleglasswarewith care;avoidimpacts,scratches,orintense

heating. Make sure youuse appropriate labwareforthe proceduresand chemicals. Use carewhen
insertingglasstubingintostoppers:useglasstubingthathasbeenfire-polished,lubricatetheglass,
and protect your hands with heavy gloves.

Ifyourdepartmenthasaglasswashingservice, thereare certain protocolsthatmustbefollowed
before sendingthe glasswaretobewashed. Itisthe responsibility ofthelaboratorytoemptyand
rinse allglassware beforeitleavesthe lab. Although the contents may notbe hazardous, the
washroomsupport staffcannotbe certain ofthe appropriate PPE towear, applicable disposal
regulations, or possible incompatibilities with items received from other researchers. It isthe
responsibilityoftheglasswarewashingstafftorejectorreturnglasswarethatisfoundtobebroken
orcontainchemicals. Forthisreason, glassware should belabeledwith the name ofthe person
who is responsible for it.



LABORATORY SAFETYMANUAL 139

PLEASE NOTE: Areas outside the laboratory are governed by OSHA’s Hazard Communication
Standard, which established morestringentchemicallabeling requirementsthan OSHA'’s Laboratory
Standard.

16.14 General Equipment SetUp

The following subsections include the recommended laboratory techniques for general equipment
arefromthe AmericanChemicalSociety’sbooklet—SafetyinAcademicChemistryLaboratories.®

16.14.1 Glassware and Plasticware

» Borosilicate glassware (e.g., Pyrex) is recommended for all laboratory glassware, exceptfor
specialexperimentsusingUVorotherlightsources. Softglass should onlybe usedfor
reagent bottles, measuring equipment, stirring rods, and tubing.

» Anyglass equipmentbeing evacuated, such as suction flasks, should be specially designed
withthickwalls. Dewarflasksandlarge vacuumvesselsshouldbetapedorguardedincase
offlying glassfromanimplosion. Household thermosbottles have thinwallsand are not
acceptable substitutes for laboratory dewar flasks.

» Glasscontainersholdinghazardouschemicals mustbetransportedinrubberbottle carriers
orbucketstoprotectthem from breakage and contain any spills orleaks. Plastic containers
should also be transported this way because they can break or leak as well.

Preparation of Glass Tubing and Stoppers

Follow these safety precautions when cutting glass tubing:

» Holdthetubeagainstasolid supportandmakeonefirmquickstrokewithasharptriangular
fileorglasscuttertoscoretheglasslongenoughtoextendapproximatelyonethird around
its circumference.

» Coverthetubing with cloth and hold the tubing in both hands away from the body. Place
thumbsonthetubing2to 3 cmoneitherside ofthe score and extended toward each other.

» Pushoutonthetubingwiththe thumbsas you snap the sections apart. Ifthe tubing does
notbreak, re-scorethetubeinthe same place andtryagain. Be carefultonotmake contact
with anyone nearby during scoring or with long pieces of glass tubing.

» Allglasstubing,includingstirrods, should befire polished before use. Unpolishedtubing
cancutskinaswellasinhibitinsertionintostoppers. Afterpolishingorbendingglass,giveit
ample time to cool before grasping it.

Follow these guidelines when drilling a stopper:

83 https://www.acs.org/content/dam/acsorg/about/governance/committees/chemicalsafety/publications/safety-in-
academic-chemistry-laboratories-students.pdf (8" Edition)
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» Useonlyasharpborer,oneasize smallerthanwilljustslipoverthetubetobeinserted. For
rubberstoppers, lubricate withwateror glycerol. Holes should be bored by slicing through
the stopper, twisting with moderate forward pressure, grasping the stopper with the fingers
while keeping the hand away from the back of the stopper.

» Keeptheindexfingerofthedrillinghand againstthe barrel ofthe borerand closetothe
stopperto stop the borer when it breaks through. Drill only part way through and then
finish by drilling from the opposite side.

» Discardastopperifaholeisirregularordoesnotfittheinsertedtube snugly, ifitis cracked,
or if itleaks.

» Corksshouldbe softenedbyrollingand kneading priortouse. Rubberorcork stoppers
should fit into a joint so that one-half of the stopper is inserted.

» Glasswarewithgroundjointsispreferable. Glassstoppersandjointsshouldbeclean,dry,
and lightly lubricated.

16.14.3 Insertion of Glass Tubes or Rods into Stoppers
Follow these guidelines to help prevent accidents:

» Make sure the diameterofthe tube orrod is compatible with the diameter of the hose or
stopper.

» Ifnotalreadyfire polished, fire polishthe endofthe glasstobeinserted. Be suretoletit
cool.

» Lubricate the glass. Water may be sufficient, but glycerol is a better lubricant.

» Wearheavyglovesorwraplayersofclotharoundtheglassandprotecttheotherhandby
holding the hose or stopper with a layered cloth pad.

» Hold the glass at a point not more than 5 cm from the end to be inserted.

» Insertglass using a slight twisting motion, avoiding too much pressure and torque.

* When helpful, use a cork borer as a sleeve for insertion of glass tubes.

» If appropriate, substitute a piece of metal tubing for glass tubing.

» Remove stuck tubes by slitting the hose or stopper with a sharp knife.

16.14.4 Assembling Apparatus

Follow these recommendations to help make apparatus assembly easier and equipment safer:

» Keep your work space free of clutter.

» Keepyourapparatusclean,dry, firmly clamped, and wellback from the edge ofthe
laboratory bench.

» Allowadequatespacebetweenyourapparatusandtheequipmentofothers. Choosesizes
that can properly accommodate the operation to be performed.
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» Useonlyequipmentthatisfreefromflaws suchascracks, chips, frayedwire,andobvious
defects. Glassware canbeexaminedinpolarizedlightforstrains. Eventhesmallestcrackor
chipcanrenderglassware unusable. Crackedorchippedglassware shouldberepairedor
discarded.

» Aproperlyplacedpanunderareactionvesselorcontainerwillactassecondary containment
to confine spilled liquids in the event of glass breakage.

» Donotworkwithflammable gases orliquidsnear burners orotherignition sources. Ifahot
plateis used, ensure thatthe temperatures of allexposed surfaces are below the auto
ignitiontemperatureofthechemicalslikelytobereleasedandthatthetemperaturecontrol
device and the stirring / ventilation motor (if present) do not spark.

»  Whenever possible, use controlled electrical heaters or steam instead of gas burners.

» Useappropriatetraps,condensers,orscrubberstominimizerelease ofmaterialtothe
environment.

» Additionandseparatoryfunnelsshouldbeproperlysupportedandorientedsothatthe
stopcockwillnotbeloosenedbygravity. Aretainerringshouldbeusedonthestopcock
plug. Glassstopcocks should befreshlylubricated. Teflon stopcocks should notbe
lubricated.

» Condensers should be properly supported with securely positioned clamps, and the attached
water hoses should be secured with wire or clamps.

» Stirrermotorsandvessels should be secured to maintain properalignment. Magnetic
stirringis preferable. Only non-sparking motors, such as airmotors, should be usedin
chemical laboratories.

» Apparatusattachedtoaringstand shouldbe positioned sothatthe centerofgravity ofthe
systemis overthe base and notto one side. There should be adequate provisions for
removingburnersorbathsquickly. Standardsbearingheavyloadsshouldbefirmlyattached
tothe benchtop. Equipmentracks should be securely anchored at the top and bottom.

» Apparatus,equipment, orchemicalbottles should notbe placed onthefloor. Ifnecessary,
keep these items undertables and out of aisles to avoid creating a tripping hazard.

» Neverheataclosedcontainer. Provide aventas partofthe apparatus forchemicalsthatare
tobeheated. Priortoheatingaliquid, place boilingstonesinunstirred vessels (excepttest
tubes). Ifaburnerisused, distributethe heatwitha ceramic-centered wiregauze. Usethe
thermometer with its bulb in the boiling liquid if there is the possibility of dangerous
exothermicdecomposition,asmay occurinsomedistillations. Thiswill provideawarning
and may allow time to remove the heat and apply external cooling.

» Wheneverhazardousgasesorfumesarelikelytobeemitted,anappropriate gastrapshould
be used and the operation should be confined to a fume hood.

» Fumehoodsarerecommendedforalloperationsinwhichtoxicorflammable vaporsare
emitted, asis the casewithmanydistillations. Mostvapors have adensity greaterthanair
andwill settle onabenchtop orfloor where they may diffuse to adistant burnerorignition
source. Thesevaporswillrolloutoververylongdistances and, ifflammable, anignition can
cause aflash backto the source of vapors. Oncedilutedwith significantamounts of air,
vapors move in air as it circulates.

» Useafumehoodwhenworking with a system under reduced pressure (which mayimplode).

Close the sash to provide a shield. If a hood is not available, use a standing shield. Shields
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thatcanbeknockedovermustbestabilizedwithweightsorfasteners. Standingshields
shouldbesecurednearthetop. Propereyeandfaceprotectionmustbewornevenwhen
using safety shields or fume hoods.

16.14.5 Mercury Containing Equipment
Elementalmercury(Hg)orliquidmercuryiscommonlyseeninthermometers,barometers, diffusion
pumps, sphygmomanometers, thermostats, high intensity microscope bulbs, fluorescent bulbs, UV
lamps, batteries, Coulter Counters,boilers,ovens,and weldingmachines. Mostoftheseitemscan
be substituted with non-mercury containing equipment, thus greatly decreasing the hazard
potential. Largerlaboratory equipmentmay be more difficultto identifyas “mercury containing”
because ofthe factthat mercury can be hiddeninside inner components such as switches or
gauges.
Follow these recommendations to minimize the potential for mercury spills and possible exposures:

» Identify and label “Mercury Containing Equipment.”

» Develop an SOP for handling mercury containing equipment.

» Train personnel on proper use, maintenance, transport and disposal.

» Conduct periodic inspections of equipment to ensure that no leaks or spills have occurred.

» Consider replacing mercury with electronic or other replacement components.

» Provide proper PPE, such as nitrile gloves.

» Use secondary containment, such as trays, as a precaution for spills.

» Plan foran emergency, such as a spill or release of mercury.

» Decontaminate and remove mercury before long-term storage, transport, or disposal.

» Fornew equipment purchases, please attempt to procure instruments with no mercury.
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APPENDIX A: CHEMICAL HYGENE PLAN REQUIREMENTS

The Occupational Safety and Health Administration (OSHA)29 CFR 1910.1450, "Occupational
ExposuretoHazardous ChemicalsinLaboratories”mandatesthe developmentofa Chemical
Hygiene Plan(CHP) capableofprotectingemployeesfrom healthhazardsassociatedwithhazardous
chemicalsinthelaboratoryandcapable ofkeepingexposuresbelow OSHAPermissible Exposure
Limits (PEL). TheLaboratoryStandardrequiresthataCHPbeinplaceforeachlaboratoryworkplace
existingona college campus. Thefollowingrequired elements ofa CHP are excerpted fromthe
Laboratory Standard.

1910.1450(e)(3) The Chemical Hygiene Plan shallinclude each of the following elements and shall
indicate specificmeasuresthatthe employerwilltake toensure laboratoryemployee protection:

(e)(3)(i)Standardoperatingproceduresrelevanttosafetyandhealthconsiderationstobefollowed
when laboratory work involves the use of hazardous chemicals;

(e)(3)(ii)Criteriathatthe employerwilluse todetermine and implementcontrolmeasures toreduce
employeeexposuretohazardouschemicalsincludingengineeringcontrols,theuseofpersonal
protective equipmentand hygiene practices; particularattention shallbe giventothe selection of
control measures for chemicals that are known to be extremely hazardous;

(e)(3)(iii)Arequirementthatfume hoods and other protective equipmentare functioning properly
andspecificmeasuresthatshallbetakentoensure properandadequate performance ofsuch
equipment;

(e)(3)(iv)Provisionsforemployeeinformationandtrainingas prescribedinparagraph (f)ofthis
section;

(e)(3)(v) The circumstances underwhich a particular laboratory operation, procedure, or activity
shallrequire priorapprovalfromthe employerorthe employer'sdesignee before implementation;

(e)(3)(vi) Provisions for medical consultation and medical examinations in accordance with
paragraph (g) of this section;

(e)(3)(vii) Designation of personnel responsible for implementation of the Chemical Hygiene Plan
includingthe assignmentofa Chemical Hygiene Officer,and, ifappropriate, establishmentofa
Chemical Hygiene Committee;and

(e)(3)(viii) Provisions foradditionalemployee protection forwork with particularly hazardous
substances. These include "select carcinogens," reproductive toxins and substances with a high
degreeofacutetoxicity. Specificconsideration shallbe giventothefollowing provisionswhich shall
be included where appropriate:
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(e)(3)(viii)(A) Establishment of a designated area;
(e)(3)(viii)(B) Use of containment devices such as fume hoods or glove boxes;
(e)(3)(viii)(C) Procedures for safe removal of contaminated waste; and
(e)(3)(viii)(D) Decontamination procedures.

(e)(4) Theemployershallreviewandevaluatetheeffectivenessofthe ChemicalHygienePlanat
least annually and update it as necessary.

(f) Employee information andtraining.

(f)(1) Theemployershallprovide employees with information and trainingtoensure thatthey are
apprised of the hazards of chemicals present in their work area.

(f)(2)Suchinformationshallbeprovidedatthetimeofanemployee'sinitialassignmenttoawork
area where hazardous chemicals are present and prior to assignments involving new exposure
situations. The frequency of refresher information and training shall be determined by the
employer.

(f)(3) Information. Employees shall be informed of:

(f)(3)(i) The contents ofthisstandard anditsappendices which shallbe made available to
employees;

(f)(3)(ii) The location and availability of the employer's Chemical Hygiene Plan;

(f)(3)(iii) Thepermissibleexposurelimitsfor OSHA regulated substancesorrecommendedexposure
limits for other hazardous chemicals where there is no applicable OSHA standard;

(f)(3)(iv) Signsand symptomsassociated with exposurestohazardouschemicalsusedin the
laboratory; and

(f)(3)(v) Thelocationand availability ofknown reference materialonthe hazards, safe handling,
storageanddisposalofhazardous chemicalsfoundinthelaboratoryincluding, butnotlimitedto,
Safety Data Sheets received from the chemical supplier.

(f)(4) Training.

(f)(4)(i) Employee training shall include:
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(f)(4)(i)(A)Methods and observations thatmaybe usedto detectthe presence orrelease ofa
hazardouschemical(suchasmonitoringconductedbytheemployer,continuousmonitoring
devices, visualappearance orodorofhazardous chemicalswhenbeingreleased, etc.);

(f)(4)(i)(B) The physical and health hazards of chemicals in the work area; and

(f)(4)(i)(C) The measures employees can take to protect themselves from these hazards, including
specificproceduresthe employerhasimplemented to protectemployees fromexposure to
hazardous chemicals, such as appropriate work practices, emergency procedures, and personal
protective equipment to be used.

(f)(4)(ii) Theemployee shallbetrained onthe applicable details ofthe employer's written Chemical
Hygiene Plan.

(9) Medical consultation and medical examinations.

(9)(1)Theemployershallprovide allemployeeswhoworkwithhazardouschemicalsanopportunity
toreceive medicalattention, includinganyfollow-up examinations which the examining physician
determines to be necessary, under the following circumstances:

(9)(1)(i))Wheneveranemployeedevelopssignsorsymptomsassociated with ahazardouschemical
towhich the employee may have been exposedinthe laboratory, the employee shallbe provided
an opportunity to receive an appropriate medical examination.

(9)(1)(i)Whereexposuremonitoringrevealsanexposurelevelroutinelyabovetheactionlevel(or
intheabsence ofanactionlevel, thePEL)foran OSHAregulatedsubstance forwhichthere are
exposure monitoring and medical surveillance requirements, medical surveillance shall be
established for the affected employee as prescribed by the particular standard.

(9)(1)(iii)Wheneveraneventtakes placeintheworkareasuchasaspill,leak, explosionorother
occurrenceresultinginthelikelihood ofahazardous exposure, the affected employee shallbe
provided an opportunity foramedical consultation. Such consultation shallbe forthe purpose of
determining the need for a medical examination.

(9)(2) All medical examinations and consultations shall be performed by or under the direct
supervisionofalicensedphysicianandshallbe provided withoutcosttothe employee, withoutloss
of pay and at a reasonable time and place.

(9)(3) Information provided tothe physician. Theemployershallprovide the following information
to the physician:
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(9)(3)(i) The identity of the hazardous chemical(s) to which the employee may have been exposed;

(9)(3)(ii)Adescriptionofthe conditionsunderwhich the exposure occurredincluding quantitative
exposure data, if available; and

(9)(3)(iii)Adescription ofthe signsand symptoms ofexposurethattheemployeeisexperiencing, if
any.

(9)(4) Physician's written opinion.

(9)(4)(i)Forexaminationorconsultationrequired underthis standard, theemployershallobtaina
written opinion from the examining physician which shall include the following:

(9)(4)(i)(A) Any recommendation for further medical follow-up;
(9)(4)(i)(B) The results of the medical examination and any associated tests;

(9)(4)(i)(C)Anymedicalconditionwhichmayberevealedinthe course ofthe examinationwhich
mayplacetheemployeeatincreasedriskasaresultofexposuretoahazardousworkplace;and

(9)(4)(i)(D)Astatementthatthe employee has beeninformed by the physician ofthe results of the
consultation or medical examination and any medical condition that may require further
examination ortreatment.

(9)(4)(ii) Thewrittenopinionshallnotrevealspecificfindingsofdiagnosesunrelatedtooccupational
exposure.
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APPENDIX B: CONTACT LIST

Campus

Name Phone Number

Chemical Hygiene Officer

Associate Chemical Hygiene
Officer

Chemical Inventory Contact

Hazardous Materials
Specialist

Hazardous Materials Shipping
Program Coordinator

Radiation SafetyOfficer

Biological SafetyOfficer

LASER Safety Officer

EHS Officer

Public Safety
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APPENDIX C: LABORATORY SAFETY RESPONSIBILITIES

General List ofResponsibilities

1. Itis theresponsibilityofthe P.l.s and laboratory supervisors to ensure thatpersonnelworkingin
laboratoriesundertheircontrolarefamiliarwiththecontentsandlocationofthe ChemicalHygiene
Plan,includinganylaboratory specific standard operating procedures (SOPs)and any departmentor
college level laboratory safety manuals, policies, and procedures. (Section 1.1)

2. ltistheresponsibilityoftheP.l.sandlaboratorysupervisorstobeincompliancewithall
federal,state,andlocalregulatoryrequirementsaswellaswithanyotherdepartment,
college, or university-specific policies. (Section 1.2)

3. ltis the responsibility of laboratory personnel to report malfunctioning protective
equipment,suchasfumehoods,ormechanicalproblemstotheirB&GandcopybothEHSO
and their supervisors as soon as any malfunctions are discovered. (Section 2.1)

4. P.l.s, laboratory supervisors, departments, and colleges must establish minimum PPE
requirementsfor personnel workinginand entering theirlaboratories. Be sure to check
withyourEHSOtoseeifthereisanydepartmentorcollege-specificrequirementsforPPE.
(Section 3.1)

5. ltistheresponsibility ofthe P.l.sand laboratory supervisorsto ensure thatlaboratory staff
havereceivedthe appropriate trainingonthe selectionand use of properPPE, thatproper
PPEisavailableandingoodcondition,andlaboratorypersonneluseproperPPEwhen
working in laboratories under their supervision. (Section 3.2)

6. Eyeprotectionamandatoryrequirementforalllaboratory personnel,including visitors,
workingin orentering laboratories under their control forany laboratory were chemicals
are used and/or stored. (Section 3.3)

7. In any laboratory where hazardous materials are handled (chemical, biological or
radiological) laboratory personnel, students and visitors to the laboratory mustwear
appropriate clothingforprotection. Legs,armsandtorsosmustbe coveredandanyloose
clothing must be pinned back or contained in a laboratory coat. (Section 3.5)

8. TheP.l.sandlaboratory supervisors mustrequire the use of closed-toed shoesforall
laboratorypersonnel,includingvisitors,workinginorenteringlaboratoriesandlaboratory
support areas under their supervision. (Section 3.8)
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9.

10

11

12.

13.

14.

15.

16.

17.

Itistheresponsibility ofthe P.l.sandlaboratory supervisors toensure thatwritten SOPs
incorporatinghealth and safety considerationsaredevelopedforworkinvolvingthe use of
hazardous chemicals in laboratories under their supervision and that PPE and engineering
controls are adequate to protect against exposure. In addition, P.l.s and laboratory
supervisorsmustensurethatpersonnelworkinginlaboratoriesundertheirsupervision
have been trained on those SOPs. (Section 4.1)

. Itis theresponsibilityofthe P.l.sand laboratory supervisorstoensurethat laboratories

undertheirsupervisionare maintainedinacleanandorderlymannerandthatpersonnel
working in the laboratory practice good housekeeping.
(Section 4.3)

. Itistheresponsibility ofthe P.l.sand laboratory supervisorsto ensure that procedures for

workingalone are developed andfollowed by personnelworkinginlaboratoriesundertheir
supervision. (Section4.6)

Itisthe responsibility ofthe P.l.sandlaboratory supervisorstoensure thatprocedures for
unattendedoperationsaredevelopedandfollowed by personnelworkinginlaboratories
under their supervision. (Section 4.9)

Itisthe responsibility ofthe DepartmentChairperson, P.l.,and/orlaboratory supervisorto
restrictaccess of visitors and childrento areas undertheir supervision when potential
health and physical hazards exist. (Section 4.10)

Itistheresponsibility oflaboratory personneltoactivate (flush)emergency eyewash units
once a week and test showers annually. (Section 5.4.1)

Itisthe responsibility ofthe P.l.sandlaboratory supervisorstoensurethatallinjuriesare
reported to campus officials through the use oftheircollegeinjury/illnessreporting system.
(Section 5.5)

Itistheresponsibility ofthe P.l.sand laboratory supervisors to ensure that personnel
working in laboratories under their supervision have been provided with the proper
training, have received information about the hazards in the laboratory they may
encounter,andhavebeeninformedaboutwaystheycanprotectthemselves.(Section6.0)

Itisthe responsibility of P.I.sand laboratory supervisorstoensure thatstaffand students
workinginlaboratoriesundertheirsupervision have obtainedrequired healthand safety
trainingandhaveaccessto SDSs (and othersources ofinformation)forallhazardous
chemicals used in laboratories under their supervision. (Section 7.3)
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18. While your EHSO can provide assistance in identifying circumstances when there should be
priorapproval before implementation of aparticularlaboratory operation, the ultimate
responsibility of establishing priorapproval procedures lieswiththe P.1. orlaboratory
supervisor. (Section 9.5)

19. Itistheresponsibilityof P.l.sandlaboratory supervisorstonotify EHSwhennewhazardous
materials or work is being planned.

20. Itistheresponsibility of P.l.sand laboratory supervisorstokeep currentand accurate
inventory of all hazardous chemicals in their laboratories.

21. Iltisthe responsibility of the P.l.s and laboratory supervisors to ensure that personnel
workinginlaboratories undertheirsupervision are familiarwith and follow hazardous
chemical waste container requirements and have attended Chemical Waste Disposal
training. (Section 10.0)

22. Iltistheresponsibility ofthe P.l.s and laboratory supervisors to ensure thatany employee
workingundertheirsupervisionwhoshipsorprepares shipmentsofhazardous materials
have received the proper training. (Section 11.0)

23. Itistheresponsibility ofthe P.l.sand laboratory supervisorstoensure thatall work with
pesticidesatCUNYisconductedproperlyandlegally. Whenusingpesticidesinanon-
dispersivemannerinalaboratorysetting,onemustfollowthesafetyrulesoutlinedinthe
CUNY Laboratory Safety Manual. (Section 12.0)

24. Iltistheresponsibility ofthe P.l.sand laboratory supervisorstoensure thatbiological safety
cabinetswithinlaboratoriesundertheirsupervisionare certifiedannually.(Section13.5.1)

25. Itistheresponsibility ofthe P.l.sandlaboratory supervisors with Class 3bor4 LASERSsin
laboratoriesundertheirsupervisiontoensurethattheClass3bor4d LASERshavebeen
registeredwithyour EHSOffice, andthatemployeesusingthese LASERshavereceivedthe
appropriate training. (Section15.0)

Roles and Responsibilities

Thefollowing descriptions serve as anoverview ofthe keyroles chemicallaboratory roles key for
implementing the Chemical Hygiene Plan and Laboratory Safety Manual, assisting with safety and
compliance and working with the campus EHS Office.
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Chemical Hygiene Officer(CHO)

Therole ofthe Chemical Hygiene Officer(CHO)istofacilitate theimplementation ofthe campus
ChemicalHygienePlanaswellasthisLaboratory SafetyManualacrosscampuslabsandfacilities.

The CHO also serves as a technical resource to the campus laboratory community. All campuses
with laboratories must designate a CHO, in accordance with the Laboratory Standard. The Associate

CHO, if so designated, will act in the absence of the CHO.

The Chemical Hygiene Officer has a number of major duties

»  Workwithcampusstakeholderstoimplement,reviewannually,andmakeupdatesas
needed to the Chemical Hygiene Plan and Laboratory Safety Manual. Keep senior
administration informed.

» Providetechnical expertise regarding laboratory health and safety where appropriate.

» Communicateguidelinesforparticularlyhazardoussubstances, includingproperlabeling,
handling, use, and storage as wellasthe selection of personal protective equipmentand
spill-response equipment for laboratories using these substances.

= Assist with review of academic research protocols and standard operating procedures
developed by P.l.s and department personnel.

» Coordinate the acquisition, installation, testing, and maintenance of fume hoods, emergency
safety showers and emergency eyewashes in all laboratories where hazardous chemicals are
used.

» Conduct laboratory safety training for personnel and assist laboratory supervisors with
hands-on training sessions for employees.

» Review reports of laboratory incidents, accidents, chemical spills, and near misses, and
recommend follow up action where appropriate.

» Beawareofplanedrenovationsornew construction projectsand provideinformationabout
code compliance and internal standards where appropriate.
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Deans, Directors, and Department Chairpersons

TheDeans,Directors,and DepartmentChairpersonsareresponsibleforlaboratorysafetywithin
theirdepartment(s). Specificrolesandresponsibilities varyfromcampustocampusbutingeneral
involve the following:

» Communicatetherequirements ofthe Laboratory Safety Manualtofaculty, staff,temporary
employees, visiting scholars, volunteers, and students working in laboratories within their
units.

» Assist with implementation of the Chemical Hygiene Plan.

» Ensure that laboratory personnel adhere to proper health and safety protocols.

» Directindividualstoobtainanyrequiredtrainingbeforeworkingwithhazardouschemicals,
biohazardous agents, radiation, and/or other physical/mechanical hazards.

» Help prioritize safety needs and equipment (e.g., engineering controls, training, protective
equipment).

» Ensureinstances of noncompliance identified in safety audits are corrected promptly.
» Encourage the formation of a college and/or department safety committee(s).

» Keep Facilities Management, the Chemical Hygiene Officer, and/or the EHS Officer informed
of plans for renovations or new laboratory construction projects.

» Ensureproceduresforemergencyresponseareestablished, communicatedandupdated
regularly.

* Notifythe ChemicalHygiene Officerbefore afaculty memberretires orleaves sothatproper
laboratory decommissioning occurs.

» Ensureparticipationininternal reviews oflaboratories by campus EHSasa meansto
regularly check performance against regulatory requirements and identify opportunities for
improvement.

» ReviewlInternalAuditreports provided bythe Office of EHSRMand supportcampus efforts
to address citations noted to improve compliance outcomes.
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Principal Investigators (P.l.s), Faculty, and Laboratory Supervisors

P.l. s,faculty,andlaboratory supervisors are responsible for safetyintheirresearch orteaching
laboratories. Followtheguidelinesidentifiedwithinthismanual(see AppendixC). Thesedutiescan
bedelegatedto otherqualified personnel withinthe laboratory butthe responsibility remainswith
the P.1., faculty or laboratory supervisor responsible for the area.

» Implementand communicate all college and university safety practices and programs,
including those found within the Laboratory Safety Manual.

» Communicate roles and responsibilities of individuals within the laboratory.

» Conducthazardevaluationsforlaboratoryproceduresand maintainafileofstandard
operating procedures documenting those hazards.

» Ensure that specific operating procedures for handling and disposing of hazardous
substancesarewritten,communicated, current,andfollowed,andthatlaboratorypersonnel
have been trained inthese operating procedures and use proper control measures.

» Attendrequiredhealthandsafetytrainingandrequireallstaffandstudentsundertheir
direction obtain and maintain required health and safety training.

» Conductand participate ininspections and Internal Audits with their laboratory employees.

» Correctinstancesofnoncomplianceidentifiedallitemsidentifiedduringinspectionsina
timely manner.

» Verifyall appropriate engineering controls, including chemical fumehoodsand safety
equipment,areavailableandingoodworkingorder. Notify EHS whensignificantchangesin
chemical use may require a re-evaluation of the laboratory ventilation.

» Establishand communicate procedurestoidentify the potentialforandthe appropriate
response to accidents and emergency situations.

» ReportallincidentsandnearmissestotheirDirectororDepartmentChairperson,andfilea
written Injury/lliness Reportwith EHS foreachinjured person as soon asis possible.

» Ensurethatlaboratorypersonnelunderyoursupervisionknowandfollowtheguidelinesand
requirements contained within the Laboratory Safety Manual.

» KeeptheDepartmentChairpersonandthe ChemicalHygiene Officerinformedofplansfor
renovations or new laboratory construction projects.
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Laboratory Employees

Laboratoryemployees arethose personnelwho conducttheirworkinalaboratory and are atrisk of
possibleexposuretohazardouschemicalsonaregularorperiodicbasis. These personnelinclude
laboratory technicians, instructors, researchers, visiting researchers, administrative assistants,
graduate assistants, student aides, student employees, and part-time and temporary employees. All
laboratory employees have safety duties:

» ComplywithallUniversityhealthandsafetypracticesand programsbymaintainingsafe
class, work, and laboratory areas that are free from hazards.

» Followthe standard operating procedures forthe laboratory/laboratoriesinwhich youwork
andincorporatetherequirementsoutlinedinthisLaboratorySafetyManualintoeveryday
practice.

» Know the location of the Chemical Hygiene Plan

» Knowhowtoaccess Safety Data Sheets (SDS)andensure SDSsare presentforallnew
chemicalsyoupurchase.(TheSDSeithershouldhavebeensentwiththeoriginalshipmentor

be available online.)

» ReviewtheSDSsforallchemicalsyouworkwithand checkwithyourlaboratorysupervisor
or P.l. if you ever have any questions.

» Attendrequired health and safety training as designated by your supervisor.

» Informyoursupervisororinstructorofany safety hazardsandreportany unsafe working
conditions, faulty fume hoods, or other faulty emergency safety equipment.

» Conducthazardevaluationswithyoursupervisorforallproceduresinthelaboratoryand
maintain afile of standard operating procedures documenting those hazards.

» Know what to doin the event of an emergency situation.
» Participate in laboratory self-inspections and EHS research area inspections.

Facilities Management

Facilities Management®servesasanimportantpartnerinlaboratory operation and safety aswell
asaconduitforinformationwithregardtobuilding-wide issues. Thisincludes coordinating routine

84 This department title varies across campuses. “Building and Grounds” is a common alternative.
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maintenanceissues, schedulingbuildingshutdowns, communicatingbuilding-widemaintenanceand
repairs, and informing occupants of building system shutdowns.

Facilities Management departments have a number of laboratory safety responsibilities:

» Complywithalluniversityhealthandsafety practicesandprogramsbymaintainingcommon
building areas as well as shops and workspaces safe and free from hazards.

» Attendrequired health and safety training as designated by your supervisor.
» Keepthe Department Chairperson, the Chemical Hygiene Officer, and/or EHS Officer
informed ofplansforrenovations ornew laboratory construction projectsandthe

laboratory needs of new faculty and staff.

» Ensurethatticketrequestsforsafetyequipment,suchasfumehoodsandemergency
eyewash/showers, and other laboratory equipment are processed in a timely manner.

» Ensurethatrequestsrelatedtobuilding-widelaboratorysafetyissuesfromthe EHS Office
are addressed.

» Maintainawarenessofbuildingissuesthatcouldimpactthe health and safety oflaboratory
personnel and contact the EHS Office whenever health and safety issues occur in
laboratories.

» Know procedures in the event of an emergency situation.

» Assistemergency responders by serving as a resource for control of building control systems
(ventilation, turning off water main, etc.).
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APPENDIX D: STANDARD OPERATING PROCEDURES (SOPs) - RESOURCES
The following links are examples of SOPs from other university websites:

*Disclaimer: Theaccuracyoftheinformation contained withintheselinksand SOPshasnotbeen
verified. Itistheresponsibility ofthe laboratory personneltoensureaccuracy. Theselinksare

being providedonlyas examples. Eachlaboratory should write an SOP thatis specifictotheir
processes and procedures and compliant with CUNY guidelines.

Alist of SOP examples and resources on the web from the University of Maryland

» The SOP library (with numerous examples) from the University of California - Irvine

» TheMichiganStateUniversity SOPwebpage (withanumberofexamplesandincludinga
blank form)

» Example of achemical specificinformation sheettype SOP (generic —notlaboratory specific)
— University of California, Irvine

* Ablanktemplate for chemical specific or chemical group SOP - University of California, Irvine

» AnexampleofachemicallistSOP (generic—notlaboratoryspecific) University of
Pennsylvania

Standard Operating Procedures FactSheet

The OSHA Laboratory Standard requires that Chemical Hygiene Plans include specific elements and
measurestoensureemployee protectioninthelaboratory. One suchrequirementis Standard
Operating Procedures (SOPs)“relevanttosafetyandhealth considerationstobe followed when
laboratoryworkinvolvesthe use ofhazardous chemicals”. Thisis especially the caseifyour
laboratory operations include the routine use of "select carcinogens,' reproductive toxins and
substances which have a high degree of acute toxicity”.

Standard Operating Procedures can be stand-alone documents or supplemental information
includedaspartofresearchnotebooks, experimentdocumentation,orresearchproposals. Thekey
ideawith laboratorieshavingstandard operatingproceduresistoensurea processisinplace, so
thatanexperimentiswellthoughtoutandincludesandaddressesrelevanthealthandsafetyissues.
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At a minimum, SOPs should include details such as:

= The chemicals involved and their hazards.

= Special hazards andcircumstances.

= Use of engineering controls (such as fume hoods).
= Required personal protectiveequipment.

= Spilland emergency response measures.

= Waste disposal procedures.

= Decontamination procedures.

= Description of how to perform the experiment or operation.

While the OSHA Laboratory Standard specifies the requirement for SOPs for work involving
hazardous chemicals, laboratories should also develop SOPs for use with any piece of equipment or
operation that may pose any physical hazards. Examples include:

= Safe use and considerations of lasers.
= Use of cryogenic liquids and fill procedures.
= Connecting regulators to gas cylinders and cylinder change outs.

= Use of equipment with high voltage.

Standard Operating Procedures do not need to be lengthy dissertations and it is perfectly
acceptabletopointlaboratorypersonneltoothersources ofinformation. An Exampletoinclude as
part of the SOPs can be:

“Tousethispiece ofequipment, see page 4inthe operator’'s manual (located infile cabinet
#4).”

EH&S canassistlaboratoriesindeveloping general and specific SOPs forchemical usein
laboratories. Due to the large variety of research and the number of laboratories, it is the
responsibilityofeachlaboratoryP.l.,anddepartment,toensurethatSOPsaredevelopedandthe
practicesandproceduresareadequatetoprotecttheirlaboratoryworkerswhousehazardous
chemicals.
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Standard Operating Procedure Template

Readthe Standard OperatingProcedures FactSheetbeforefilling outthis form. Printoutthe completed
formand keep areadily accessible hard copyinthe laboratory and submitan electroniccopytothe EHS
Office. Keeping an electronic copy also is highly recommended.

Cover Page — Identity

College Name andLogo

Date:

SOP Title:

Principal Investigator:

Department:

Room and Building:

PrimaryPhoneNumber:

Section 1 — Process or Experiment Description

Provide a brief description of your process or experiment, including its purpose. Do not provide a detailed
sequential description as this will be covered in section #15 of this template.

Section 2 — Hazardous Substances

List substances used. Include substance name (in full), common name and abbreviation.

SubstanceName Common Name Abbreviation Comments
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Section 3 — Potential Hazards

List substances used. Include substance name (in full), common name and abbreviation.
Describethe potentialhazardsassociated withthe substances orthe procedure.) Examplesinclude:

Substance hazards such as carcinogenic, irritant, corrosive, acutely toxic
Reproductive hazards such as teratogens or mutagens

Allergies or substance sensitivities that may be associated with the substance
Physicalhazards such as reactive, unstable, pyrophoric, implosion, exothermic, use of high
energy equipment.

5. Exposure to infectiousagents

> @D =

Section 4 — Routes of Exposure

Asapplicable,describethepotentialroutes ofexposureassociatedwiththe proceduresuchas
inhalation, injection and skin/eye contact.




LABORATORY SAFETYMANUAL 162
Section 5 — Approval

Use will be limited to the following personnel (check all that

apply):

Yes No
Principal Investigator e @
Graduate students « C
Technical staff C 5
Post-doctoral employees o I
Undergraduates C «
Other (describe)

C o

Section 6 — Training

Training requirements: The user should demonstrate competency and familiarity regarding the safe
handling and use of this material prior to purchase.

Training should include the following:

* Review of currentSDS

» Review of the OSHA Laboratory Standard

» Review of the Chemical Hygiene Plan

» Review CUNY Laboratory Manual

» Laboratory safety training (EH&S)

» Specialtraining provided by the department/supervisor
* Review of the departmental safety manual

» Safety meetings and seminars

* Review of user manuals forequipment related to SOPs
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Section 7 — Personal Protective Equipment

Allpersonnelarerequiredtowearthefollowing personalprotective equipmentwheneverhandling this
material or equipment (check all that apply):

Safety glasses r
Chemical safety goggles r
Face shield r
Gloves (type) r
Laboratory coat v
Rubber coat r
8tsec:ribe) :

Section 8 — Designated Area

Designated work area(s) - Required whenever carcinogens, highly acutely toxic materials, or
reproductive toxins are used tominimize possible sources of exposure tothese materials.

Materials usedinthis process oroperation are restricted to the following designated areasinthe
laboratory.

Check all that apply:

Demarcated area in lab| I
Fume hood -
Glove box r

=

Other
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Section 9 —Storage Requirements

Materials will be stored according to compatibility and labelrecommendationsina designated area.

Describe storage requirements for all hazardous materials, especially for highly toxic, highly
reactive/unstable materials, highly flammable materials, and corrosives.

Section 10 — Special Handling Procedures

Describe specialhandling requirements forhazardous materials used in yourprocedure, especially
for highly toxic, highly reactive or unstable, highly flammable, and corrosives materials.

Section 11 — Engineering Controls

Guidance on Engineering and Ventilation Controls — Consult SDS and review safety literature and
peer-reviewed journal articles to determine appropriate engineering and ventilation controls for
your process or experiment. Guidance is available from the EHS Office.

As applicable, describe the engineering controls used for the procedure.
Examples include:

Use of fume hoods or glove boxes
Special ventilation

HEPA filtered vacuumlines

Non-reactive containers

Temperature control

Bench paper, pads, plastic-backed paper
Special signage

Safe sharpdevices

Other safety devicesused

@ o = e @ o @9 [ =
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Section 12 — Decontamination

Forhazar material spills orrel which haveim heenvironment(viath rm
rain. soil. or air ide th ildin rfor illorrel h nn lean | |

personnel take these two steps.

(Insert contact numbers below and keep current.)
1. Notify the following

a. Public Safety

b. EHS Office

c. EHSRM (646) 664-2854

2. Provide local notifications:
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mall Spills Clean

Intheevent ofaminorspillorreleasethatcanbecleanedupbytrainedlocalpersonnelusingreadily
available equipmentthefollowing steps may apply. Additionalinformation specifictothe campus
should be addedbelow.

Notify personnel in the area and restrict access.

Reviewthe SDSforthe spilled material, oruse yourknowledge ofthe hazards ofthe material
to determine the appropriate level of protection.

Wearing appropriate personal protective equipment, clean up spill.
Collectinacompatible container, properlylabeled, and ensure containeris securely closed.
Manage spill cleanup debris as hazardous waste.

work ar nd | r ipment.

Describe specific cleanup procedures for work areas and laboratory equipment that must be
performed aftercompletion ofyourprocessorexperiment. Forcarcinogensandreproductive toxins,
designated areas must be immediately wiped down following each use.
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Section 13 — Exposure: Emergency procedures to be followed (from SDS):

Skin/eye contact--Symptoms:

First Aid:Flush eyes with plenty of water for at least 15 minutes, occasionally lifting the
upper and lower lids. Get medicalaid. Flush skinwith plenty of soap andwater for at least
15 minutes while removing contaminated clothing and shoes. Get medical aid if
irritation develops or persists. Eyewash stations should notbe used followinginjury witha
known metalorsimilarlyrigid solid fragment. In this event, seek immediate medical attention.

Inhalation--Symptoms:

FirstAid: Remove from exposure tofreshairimmediately. Ifnotbreathing give artificial respiration.
If breathing is difficult, give oxygen. Get medical aid.

Section 14 — Waste Disposal

Collect the hazardous waste in a container that is compatible with the waste. Tightly cap and label
the container. Use preprinted hazardous waste labels to label all hazardous waste containers. Keep
hazardouswaste containersinsecondary containmenttraysinthe satellite accumulation area.

Chemical Waste Generated

Chemical Non- If hazardous ,
State Hazardous | what is/are Howisthe waste
Name . Hazardous 5 managed?
Solid | Liquid | Slurry the hazard/s”
- r r
N N N
N N N
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Section 15 — Process Steps

For each step’s description, include any step-specific hazard, personal protective
equipment, engineering controls, and designated work areas in the left hand

column.
Process Steps Safety Measures

10.
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Training Documentation

Type oftraining

169

Name (Printed)

Signature

Date

Prepared by:

Reviewed/Revised:

Date:

A copy of the completed SOP must be filed with your EHS

Office
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APPENDIX E: LABORATORY MOVE GUIDE

Thisdocumentprovides generalguidancetothoselaboratory personnel preparingtomove their
laboratoryworktoanothertechnicalfacilityortoanewfacility. Movingaresearchlaboratory can
beacomplexprocesswith multiple stakeholders, especiallyifhazardous materials are involved.
However, the steps outlinedbelow can helptoensure asafe and smooth transition. Preparation
priortothe moveiskey.Ifyouare moving yourlaboratory and have specific questions, contactyour
EHSO.

GENERAL CONSIDERATIONS

» Onceyouhave madethedecisiontomoveyourlab, informyourEHSO assoonaspossible
andwellinadvance ofyourplanned move. YourEHSO can help provide usefulinformation
andresourcesto helpfacilitatethe movingprocess. If you willbe moving to anotherfacility,
identify and contact the new EHSO about the move.

* Whencleaning up your oldlab, pleasebeconsiderateof thenextoccupantsas well as
custodialstaff, maintenanceworkers,andanyremaininglaboratorystaff. Ensurethatall
items are removed from the laboratory (or scheduled tobe removed), including itemsiin
drawers, cabinets, fume hoods, refrigerators, and freezers.

» Keepinmindthevalue oflimitedlaboratory space whencleaningoutyouroldlab. Nowis
thetimetodiscard old equipment, paper, boxes, laboratory supplies and other materials
thathave notbeen usedinalongtime (and willnotbe used in the foreseeable future).
CheckwithyourEHSOregardingany surplusequipmentorfurniture you plantodiscard.
They may be needed elsewhere or require special disposal.

» Beforetheactualmoveoccurs, visitthe newfacilityandidentify whereequipmentfromthe
oldfacilitycanbeplaced. Checkelectrical, water, gas, ventilationand space requirements
for your equipment, including any new items, and processes. Conducting this type of
preplanning will greatly facilitate the moving process.

*  When moving equipment and materials to anewfacility, keep in mind that no equipment,
boxes,orothermaterialsmaybestoredinhallways,stairwells,orotheregresspointsused
inthe eventof a fire or other emergency. If you do need to temporarily store these itemsin
the hallway, please contactyourEHSO soproperarrangementscanbemade. Allitems must
beremovedfromthehallwaysbytheendofeachday. Atnotimemaydangerousmaterials,
thosepresentingchemical,biological,radiologicalorphysicalhazards,beleftinthe hallways
unattended.
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» lIdentify the location of emergency eyewashes and safety showers, fire extinguishers, and
othersafety equipment(spillkitetc.) before bringing hazardous materialsto the newlab.
Donotblockaccesstoemergencyeyewashesandsafety showersatanytime. Donotstack
boxes under oraround emergency eyewashes or safety showers, even on atemporary basis.

» Ifappropriatefireextinguishersare notpresentinthenewfacilityorhave notbeenregularly
inspected, alertyour EHSO immediately. If you have notbeentrainedinthe use offire
extinguishers, you can obtain this training from your EHSO.

» Forlaboratorieswithfumehoods,keepinmindthatfumehoodscomein avarietyofdesigns
and can function differently than hoods at your old facility. Familiarize yourself with the
newhoodsbeforeconductinganyworkinvolvinghazardous materials. Aswith safety
equipment,accesstofumehoodsmustnotbeblocked atanytimeduringthemove.

» As part of your move, update your standard operating procedures.

» Atthecompletionofyourmove, returnallkeystothe oldfacility to your Department, Public
Safety, locksmith or other responsible party and provide them with your contact
information at your new facility in case questions arise after your move.

CHEMICALS

» Beforepreparingtomove chemicalstoyournewlab, inventory allofyourchemicals or
update your current chemical inventory.

» Moveonlythosechemicalsneededforyourresearchatthenewfacilityorthosechemicals
you expectto useinthe nearfuture. All other chemicals that cannot or will notbe usedin
the newfacility should be disposed of properly. Allocateenoughtime tomanage thistask.
Forchemicalsthatare notbeing moved andare ingood condition, i.e. properly labeled, with
intactcapsandcontainers,contactyourEHSO. Someoneinyourdepartmentmaybeableto
usethechemicalsorthechemicalscouldbeincludedinacampuschemicalrecycling/surplus
program.

» Donotmove containersofchemicalwastestoyournewfacility. Contactthe EHS Office for
properdisposalofanyhazardouswastes. The EHSO can provide assistance withmaking
wastedeterminationsincludinghazardouswaste, universalwaste, biomedical waste,
radioactive waste, and non-hazardous waste.

» Onlytrainedlaboratory workers may move chemicals. Anyhighlytoxicorhazardous
chemicalsshouldbemovedonlybypersonnelwhohavereceivedspecialtraining. When
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movinghighlytoxicorhighlyhazardouschemicals,itisrecommendedtousea"buddy
system" in the event of a spill or other emergency.

» Whenmoving chemicals, be sure all containers are properly labeled and securely closed.
Pleasenotethat there are specialregulations associated withtransporting hazardous
chemicals off campus. When packaging chemicals, use a packing material (such as
vermiculite, ground corn cobs, shipping peanuts, cardboard, or absorbent clay) that is
compatiblewiththechemicalsbeingpackedandinamannertopreventbottlebreakage
during transport. Only place compatible chemicals in the same container anddo not
overload containers.Itisbesttouse DOT approved shipping containerswhentransporting
chemicals.Anyoff-campusshipmentmustbeperformedthroughEHSOfficetoensure
proper labeling and storage in shipment requirements.

* Whentransportingchemicals, itisbesttousecartswithlipsortraystopreventcontainers
frombeing knocked or sliding off. Otheritems thatare usefulfortransportinclude rubber
bottle carriers, five gallon pails, or other forms of secondary containment.

» When movingchemicals, wearappropriate PPE such as safetyglasses(splash goggles for
corrosives),laboratorycoat,andgloves. Remembertoremovegloveswhentouchingdoor
knobs, latches, and elevatorbuttons. Ifpossible, avoid using passengerelevators. Ifyou
must use a passenger elevator, request that no passengers ride along with you.

» Afterremovingallchemicals and waste fromyourold laboratory, ensure thatall spills have
beencleanedup.Allpotentially contaminated surfaces should be cleaned thoroughly with
wateranddetergent. Thisincludesbenchtops,fumehoods,storage cabinets,anddrawers
(bothinside and outside), shelving,and the outside oflarge equipmentthatis scheduled to
be moved. Remember to clean out refrigerators and freezersthoroughlyand defrost
freezers. Pleasekeepinmindthenextimmediateoccupantsofyouroldlaboratorywillbe
custodiansandmaintenanceworkers. Pleasebeconsiderateoftheirhealthandsafetyand
thoroughly cleanupanypotentially hazardous (chemical, biological,andradiological)
contamination.

» Whenstoring chemicalsinyournewlab, rememberto segregate and store chemicals
accordingtohazardclass. Tohelppreventspills,use someformofsecondarycontainment,
such as trays, buckets, or bottle carriers, when storing chemicals.

COMPRESSED GAS CYLINDERS

» Before movingtoyournewfacility, be sure to make arrangements forthe removal of any
compressedgascylindersthatareemptyorwillnolongerbeused. ContactyourEHSOifyou
need assistance.
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Beforemovinganycompressedgascylinders,removetheregulatorandreplacethesafety
capoverthecylindervalve. Useanappropriatecylinderhandcarttomove compressedgas
cylinders. Do not attempt to "roll" cylinders from one area to another.

Any compressed cylinders containing highly toxic or highly reactive gases should only be
moved by staff with special training in the use and hazards of these materials.

Onceacompressedgascylindershasbeenmoved secure them withachain (preferred)or
strapimmediately. Donotleave compressedgascylindersunsecuredforanyperiodoftime,
even temporarily.

Anynewgasdistributionsystems,using metalorplastictubing, mustbepressuretested
(leaktested)before use. Allcylinders musteitherhave aregulatorifitisinuse ora capifit
is being stored.

BIOHAZARDOUS MATERIALS

Allbiohazardous materialsmustbe properly packaged and movedonly by properlytrained
laboratory staff. Non-laboratory personnel (including moving company staff) or untrained
laboratory personnel are not permitted to move biohazardous materials.

Allpotentially contaminated equipmentand surfaces, suchasbenchtops,fumehoods,
storage cabinets and drawers (both inside and outside), shelving, refrigerators, freezers,
incubators,andtheoutside oflarge equipmentthatis scheduledtobe movedbya moving
company/college personnel, must be thoroughly decontaminated. Please be considerate of
the health and safety of future occupants by thoroughly cleaning up any potentially
hazardous (chemical, biological, and radiological) contamination.

Before moving to the new facility, dispose of all biohazardous waste properly.

Keepin mindthatcertaintypesofresearch, suchas thatwithrecombinantDNAandsome
pathogens, may needto have priorapproval orregistration foruse atyournewlocation.
Checkwiththeappropriatecollegeoruniversitycommitteewellinadvanceofyourmoveto
see if prior approval is required.

Ifyou are havingaBiosafety Cabinet (BSC)movedtoyournewlocation, thoroughly
decontaminateboththeinsideand outside ofthecabinetbeforethemove. Youwillalso
needto have the BSC recertified by athird party once ithas be reinstalled atthe new
location. Check with the manufacturers guidelines before moving your BSC.
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RADIOACTIVE MATERIALS

PLEASENOTE: Allofthefollowingstepsmustbecoordinatedthroughtheappropriate EHS staff
memberor RadiationSafetyOfficer(RSO)andadvancenaotificationofyourplannedmoveis
required.

» Nospacemaybeoccupiedforthe use ofradioisotopes untilthe areahasbeen setup by the
RSO. Please contact your EHS office for more information.

* Anyequipmenttobehandled by movers mustbe certified as contamination free before
being moved.

* Onlyproperlytrained staffmay moveradioactive materials orsmallequipmentused with
radioactive materials. All materials mustbe properly packaged and shielded.

» Beforeyourplanned move, properly dispose ofanyradioactive waste. Do notbring full
containers of radioactive waste to your new lab.

» Allvacatedrooms mustbe certified by the RSO as contamination free before they are turned
over to custodians, maintenance workers, or new laboratory occupants.

DECOMMISSIONING FACILITIES AND EQUIPMENT

Laboratory renovations may require more formal decommissioning procedures of both facilities and
equipment depending on the extent of renovation and the past use of the space. General
decommissioning procedures include

» Standardized processes, strategies, and validation methods for screening and
characterization of hazardous debris and other regulated waste streams and for compliance
with hazardous wasteregulations

» Strategiestominimize the generation ofregulated wastes, toencourage on-site use of
decontamination technologies when applicable, and to maximize recycling/recovery of
materials

» Cost-benefit analysis of decontamination and recycling versus disposal without
decontamination
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Areas and materials of concern for decommissioning of facilities and equipment include

» Asbestoscontaining materialsincluding butnotlimited tofloortiles, insulation, fireproofing,
and fume hoodpanels

» Chemical and biological contamination and/or spills

* Fluorescent lightbulbs

* Fume hood surfaces

» Gas cylinders and lecture bottles

* Lead shielding

* Mercury sources including sink traps, thermometers, and switches

» PCBs found in window caulking, transformers, and ballasts

» Perchloric acid hoods

» Reaction chambers

* RCRA heavymetals

* Unknown chemicals

* Vacuum pumps

» Electronic equipment such as CRT monitors, computers, UPS etc.

SPECIFIC ROLES AND RESPONSIBILITIES FOR DECOMMISSIONING ACTIVITIES

EHS roles/responsibilities

* Initial EHS assessment

» Technical guidance andadvice

» Advise ondecontamination and hazardous chemical and biohazardous waste disposal

» Ensure compliance with applicable laws, regulations, policies, and guidelines

» ProvidecontinuousEHS related updatesofthe plan orprojectonthe basisofnewevidence,
findings, orinformation

» Provide continual review of project decommissioning as new information is obtained

» Review appropriate risk assessment_

Research staff members’roles/responsibilities

» Contributeto EHSunderstanding ofneeds, concerns, and issues regardinglaboratory
decommissioning

» Provide EHS with historical information regarding biohazardous materials, radioactive
materials, and hazardous chemical usage for decontamination analysis

» lIdentifyandlabelmaterials (both biologicaland chemical)and create aninventorytobe
submitted to EHS
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» Segregate chemicalsinaccordance with compatibility and pack themintoa sturdy
container/boxfortransportation. EHS canprovideresearchgroupswithinformationand
assistance with segregation and proper packaging of hazardous chemicals

» Cleanworkandstoragesurfaceswithsoapandwater, givingspecialattentiontoareaswith
visible contamination

» Identifybiologically/chemically contaminatedarea(s)thatcannotbecleanedand workwith
EHS to facilitate decontamination of the area(s).

Additional guidance on decommissioning procedures can be found in the ANSI standard — 29.11-
2008 — Laboratory Decommissioning. If you have additional questions orwould like more
information, please contact your EHSO.

SUMMARY

Inconclusion, the above steps are ways laboratory staff can ensure thataplanned movetoanew
facilitygoessmoothly. Theguidelinesmentionedaboveandthefollowingkeypointswillhelpto
provide a safe and successful transition to your new laboratory facility

» Planthe move well in advance, including providing proper notification where required

» Pre-planwhereitemsand equipmentinyournew laboratory willbe placed before you begin
the move

» Takeadvantage ofthemovetodisposeofold ordiscontinueditems, equipment,and
chemicals

» Keep your current (and new) EHSO informed of the progress of the move
» Contact your EHSO if you have any questions

» Onceinyournew lab, check with Facilities Managementtofind outaboutany building
specific procedures.

» Pleasebecourteoustothenewoccupantsofyouroldlab. Leaveyouroldlaboratoryinthe
condition you want your new laboratory to be in when you arrive
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APPENDIX F: GLOVE SELECTION FOR SPECIFIC CHEMICALS

General guidelines for different glove materials

Material General Resistance
Natural Resistant to ketones, alcohols, caustics, and organic acids.
Rubber
Latex***
(See note
below)
Resistant to mineral acids, organic acids, caustics, alcohols, and petroleum solvents.
Neoprene
Resistant to alcohols, caustics, organic acids, and some ketones.
Nitrile
Rated for chemicals considered highly toxic and chemicals that are easily absorbed
through the skin. These gloves are chemically resistant to a wide range of materials that
Norfoil readily attack other glove materials. These gloves are not recommended for use with
Chloroform
Polyvinyl Resistant to mineral acids, caustics, organic acids, and alcohols.
chloride
(PVC)
Polyvinyl Resistant to chlorinated solvents, petroleum solvents, and aromatics.

alcohol (PVA)




LABORATORY SAFETYMANUAL

Chemical Incidental Contact Extended Contact

Acetic acid Nitrile Neoprene, Butyl rubber

Acetic anhydride Nitrile (8 mil), double glove Butyl rubber, Neoprene

Acetone "Natural rubber (Latex) (8 mil) | Butyl rubber

Acetonitrile Nitrile Butyl rubber, Polyvinyl acetate
(PVA)

Acrylamide Nitrile, or double Nitrile Butyl rubber

bis-Acrylamide Nitrile

Alkali metals Nitrile

Ammonium hydroxide Nitrile Neoprene, Butyl rubber

Arsenic salts Nitrile

Benzotriazole, 1,2,3- Nitrile

Bismuth salts Nitrile

Butanol Nitrile Nitrile, Butyl rubber

Butyric acid Nitrile Butyl rubber, Neoprene

Cadmium salts Nitrile

Carbon disulfide

Nitrile (8 mil), double glove, or
15 mil or heavier

Viton, Polyvinyl acetate (PVA)

Carbon tetrachloride

Nitrile (8 mil), double glove,
or 15 mil or heavier

Viton

Catechol

Nitrile

Chloroform

Nitrile (8 mil), double glove, or
15 mil or heavier

Viton, Polyvinyl acetate (PVA)

(DAB)

Chlorosulfuron Nitrile

Chromium salts Nitrile

Cobalt chloride Nitrile Nitrile

Cobalt salts Nitrile

Copper (Cupric) sulfate | Nitrile

Cyrogenic liquids Cryogloves

3,3’-Diaminobenzidine Nitrile Nitrile, double glove

Diazomethane in Ether

Nitrile (8 mil), double glove,
or 15 mil or heavier

Norfoil

Dichloromethane

Nitrile (8 mil), double glove

Polyvinyl acetate (PVA) or
Viton

2,4-Dichlorophenoxy Nitrile
acetic acid
Diethyl pyrocarbonate Nitrile Nitrile, double glove

Dimethyl sulfoxide

"Natural rubber (15-18mil)

Butyl rubber

'1f you are allergic to natural rubber products, you may double glove with 8 mil Nitrile gloves
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Chemical Incidental Contact Extended Contact
Dithiothreitol Nitrile
1,4-Dioxane Nitrile (8 mil), double glove, Butyl rubber
or 15 mil or heavier
Ethanol Nitrile
Ethidium bromide (EtBr) Nitrile Nitrile, double glove

Ethyl acetate

Nitrile (8 mil), double glove

Butyl rubber, PVA

Ethyl ether Nitrile (8 mil), double glove, Polyvinyl acetate (PVA)
or 15 mil or heavier
Formaldehyde Nitrile
Formamide Nitrile Butyl rubber
Formic acid Nitrile (8 mil), double glove Butyl rubber, Neoprene (.28-
.33mm)
Gallic acid Nitrile
Geneticin Nitrile
Glutaraldehyde Nitrile
Heavy metal salts Nitrile Nitrile, double glove

Heptane

Nitrile (8 mil), double glove, or 15

mil or heavier

Nitrile (35 mils or thicker), Viton,
PVA

Hexamethylenediamine
(1,6-Diaminohexane)

Nitrile (8 mil)

Neoprene

Hexane

Nitrile (8 mil), double glove,
or 15 mil or heavier

Nitrile (35 mils or thicker), Viton,
PVA

Hydrochloric acid

Nitrile

Neoprene, Butyl rubber

Hydrofluoric acid (HF)

Nitrile (8 mil), double glove,
or 15 mil or heavier

Nitrile or Rubber sleeves

Hypophosphorous acid

Nitrile (4mil), double glove or 8 mil
or heavier

Isoamyl alcohol Nitrile

Isoctane Nitrile Heavy weight Nitrile
Isopropanol Nitrile

Kananmycin Nitrile

Lactic acid Nitrile Nitrile (double glove), or

Neoprene or Butyl rubber

LASER dyes Nitrile

Lead acetate Nitrile Nitrile, double glove
Lead salts Nitrile

Mercuric chloride Nitrile Nitrile, double glove
Mercury Nitrile

Mercury salts Nitrile

Methanol (Methylalcohol) [ Nitrile

Methylene chloride

Nitrile (8 mil), double glove

Polyvinyl acetate, Viton

Methylphosphonic acid

Nitrile (4 mil), double glove

8 mil or heavier Nitrile
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Chemical Incidental Contact Extended Contact
Methylsulfonicacid, Ethyl | Nitrile Nitrile, double glove
ester (EMS) (Ethyl

methanesulfonate)

Monoethanolamine Nitrile

Nickel chloride Nitrile Nitrile, double glove
Nickel salts Nitrile Nitrile, double glove
Nitric acid Nitrile (8 mil), double glove Heavy weight(.28-.33mm)

ButylrubberorNeoprene

N-Methylethanolamine

Nitrile (8 mil), double glove

Viton, Neoprene, Butylrubber

Octane

Nitrile

Heavy weight Nitrile or Viton

Organophosphorous Nitrile (8 mil), double glove, or

compounds 15 mil or heavier

Osmium salts Nitrile

Osmium tetroxide Nitrile Nitrile, double glove
Paraformaldehyde Nitrile

Pentane

Nitrile (8mil), double glove

Heavy weight Neoprene, or
Viton

Perchloroethylene
(tetrachloroethylene)

Nitrile (8 mil), double glove

Nitrile (22mil or heavier)

Pesticides

heavyweight,unlinedNitrile (8-
20mils), orglove specified by
pesticide label.

Petroleum ether

Nitrile

Heavy weight Nitrile or Viton

Phenol

Nitrile (8 mil), double glove

Neoprene, Butyl rubber

Phenol-Chloroform
mixtures

Nitrile (8 mil), double glove, or
15 mil or heavier

Viton

Phenylmethylsulfonyl
fluoride (PMSF)

Nitrile

Nitrile, double glove

Phosphonic acid

Nitrile (4 mil), double glove, or 8
mil or heavier single

Phosphoric acid

Nitrile (4 mil), double glove, or 8
mil or heavier

P.l.cloram (4-amino-3,5,6-
trichloroP.l.colinic acid)

Nitrile

Polychlorinated Biphenyls
(PCB’s)

Nitrile (8 mil)glove overa
Neoprene glove

Neoprene (20 mil)
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Chemical Incidental Contact Extended Contact
Polyoxyethylene-sorbital- | Nitrile

n-monolaurate (Tween

20)

Potassium ferricyanide | Nitrile

Potassium ferrocyanide | Nitrile

Potassium permanganate | Nitrile

Propanol Nitrile

ProP.l.onic acid Nitrile Neoprene or Butyl rubber

Propylene oxide

heavierweight(17 milor
greater) Butylrubberor

Norfoil

Neoprene
Psoralen Nitrile Nitrile, double glove
Pump oll Butyl rubber

Silane based silanization
or derivatization

Nitrile (8 mil), double glove,
or 15 mil or heavier single

compounds

Silver nitrate Nitrile Nitrile, double glove

Silver salts Nitrile

Sodium dodecyl sulfate | Nitrile

(SDS)

Sodium azide Nitrile, or double glove

Spermidine Nitrile

Sulfuric acid Nitrile (8 mil) Neoprene, Butyl rubber (20

mil or greater)

Tetrahydrofuran (THF)

Nitrile (8 mil), double glove,
or 15 mil or heavier

Norfoil

3,3’,5,5-Tetramethyl- Nitrile Nitrile, double glove
benzidine (TMB)

N,N,N’,N’-Tetramethyl- | Nitrile Nitrile, double glove
ethylenediamine (TEMED)

Timetin Nitrile

Toluene

Nitrile (8 mil), double glove, or
15 mil or heavier

Viton, Polyvinyl acetate (PVA)

Trichloroethylene

Nitrile (8 mil), double glove

Viton, Polyvinyl acetate (PVA)

Trichloromethyl
chloroformate
(diphosgene)

Nitrile (8 mil)overButylrubber
glove

Thismaterialmustbeusedin
a glove box.

Triton-X100

Nitrile
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Chemical Incidental Contact Extended Contact

Uranium salts Nitrile

Valeric acid Nitrile Nitrile, double gloves, or
Neoprene or Butyl rubber

Xylene Nitrile Polyvinyl acetate (PVA), Viton

GLOVE SELECTION WEBSITES

DISCLAIMER: While the glove selection web links below are being provided as additionalresources,
The City University of New Yorkhasnotinvestigated the accuracy ofthe information contained
within the webpages. Contact the glove manufacturer for additional information.

All Safety Products, Inc. — Glove Selection Chart
https://www.allsafetyproducts.com/asp-glove-selection-chart-chemical-break-through-times.html

Ansell Protective Products — See SpecWare Online Chemical Hand Protection
https://www.ansellpro.com/download/Ansell 8thEditionChemicalResistanceGuide.pdf

SHOWA ChemRest-Comprehensive GuidetoChemical ResistantBestGloves
https://www.showagroup.com/innovation/chemical-resistance

ColeParmer-Safety Glove Chemical Compatibility Database
https://www.coleparmer.com/safety-glove-chemical-compatibility

Mapa Professional — Hand Protection Selection Guide
http://www.mapa-pro.com/nc/our-gloves/protections/chemical-protection/

Microflex — Chemical Resistance Guide
http://www.microflex.com/Products/~/media/Files/Literature/Domestic%20Reference%20Material
s/DOM Reference Chemical%20Resistance.ashx

North Safety - Chemical Resistance Guide

https://www.honeywellsafety.com/Supplementary/Documents and.../1033.aspx

http://207.20.33.136/CEGlovesMain.aspx

Argonne National Laboratory — Glove Selection Guideline
https://www.aps.anl.gov/Safety-and-Training/Safety/Reference-Material/Safety-Glove-Selection-
Guide



https://www.aps.anl.gov/Safety-and-Training/Safety/Reference-Material/Safety-Glove-Selection
http://207.20.33.136/CEGlovesMain.aspx
https://www.honeywellsafety.com/Supplementary/Documents_and.../1033
http://www.microflex.com/Products/~/media/Files/Literature/Domestic%20Reference%20Material
http://www.mapa-pro.com/nc/our-gloves/protections/chemical-protection
https://www.coleparmer.com/safety-glove-chemical-compatibility
https://www.showagroup.com/innovation/chemical-resistance
https://www.ansellpro.com/download/Ansell_8thEditionChemicalResistanceGuide.pdf
https://www.allsafetyproducts.com/asp-glove-selection-chart-chemical-break-through-times.html
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APPENDIX G: LABORATORY SELF-INSPECTION CHECKLIST

Department: .......................

Principal Investigator: .............
Today's Date: .........ooevvevennnnnnn.

Certificate of Fitness #.............

Y =Yes N = No

l. Laboratory signs
“Laboratory”

“Flammable Gases”
“LASER Operating”
“Radioactive Materials”
“Water-Reactive Chemicals”
“Biohazard”

“Fire Extinguisher”

“No Smoking”

“Class IV Laboratory Limits”

“No Smoking Eating or Drinking in the Lab.”

“Safe Hood Operation”
“Eyewash”
“Safety Shower”

“Spill Cleanup Materials”

183
................... Room: ..o,
......................... Telephone No..........cooeviiiiiinnnnn.
................................ EXpIres: ..o
N/A = Not Applicable
Y N NAA Il. Emergency Preparedness:
- - - Emergency telephone numbers posted - =
- = = All exits clear and unobstructed - =
- Fire Extinguishers:
- - = Locations clearly visible/unobstructed - -
- - = Inspected within the last year - -
- - Correct for flammable hazards present - -
- - - Safety showers present and working - -
- - = Eyewash stations present and working - =
- - Ill. Housekeeping:
- e Counters & floors are uncluttered - -
- = - Passageways are clear - -
- == Broken glass/syringe disposal containers

provided where needed & clearlylabeled =

No storage within 18" of sprinklerheads = =

“Caution-Food Must Not Be Stored In This ...”

Warning signs current, no frivolous warnings are
posted - ==

“Store No Flammables Flashing Below 100° F”

“Caution-DoNotUseForFood”

“Flammable - Keep Fire Away” +/or “Corrosive”

IV. Compressed Gas

Nolong-term storage of corrosivegases = =

e == All cylinders secured in place - =
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Oxygen & flammable gases are stored separately
fromeachother

Cylinders hydrostatic test in the past 10 years

V. Mechanical Hazards

Machine guardingisinplace (e.g., vacuum pumps,
lock-out/tag-outofequipment -

VI. Electrical Hazards

Electrical equipment is double insulated or
grounded (e.g., 3-prong plug) - o=

Electric cords in good condition - e =

Exposed circuits are barricaded when energized

Electrical service panels unobstructed = = =

VII. Ventilation (Laboratory Hoods)
Hoodsashisinplace &operable - -
Sash is used at proper working height = =
Equipment positioned at least 6" into hood = =
Airflow unobstructed by equipment/material
Laboratory doors are keptclosed - =
Hood interior is clean and uncluttered = =

Airflow indicatoris used - e

VIIl. Personal Protective Equipment

Safety goggles are available and worn = =
Face shields & safety shields available = =
Appropriate gloves are available and used = =
Laboratory coats/apronsare worn - -

Appropriate shoes are worn - e-

184

Hearing protectionwornwhen noise interferes with
normal speech

IX. Chemical Storage

Chemical stocks keptata minimum - o=

FDNY flammable/combustible liquid limits are
observed -

Grounding straps used appropriately with
flammable gases/liquids - o=

Chemical compatibilities are recognized &
observed in storage design - - -

Containers and their closures are in good condition

Highly reactive substances are disposed of before
expirationdate,orwhennolongerneeded (THF,
Ether ...) or six months after stability test six

months after opening. -

All chemical containers are properly labeled
(chemical name, hazardous properties, date,
name ofowner) - o=

X. Waste Management

Efforts are made to minimize waste generated
(scaling down reaction size, reuse of solvents
when feasible, etc.) - e

Waste Containers are sound - - -
Waste Containers are compatible with waste

Waste containers properly labeled, including the
words Hazardous Waste? - e-

Thecontentsofthecontainerclearlylisted= = =
Container closed with a properly fitting cap= = =

Waste containers areinsecondary containment
trays -

Waste in same secondary containment trays
compatible with each other - o =
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Thewaste containerslocatedinthelaboratory XI. Spill Cleanup
(notin hallway or storeroom) - o=
Laboratory workers know where spill cleanup

Less than 55 gallons of waste in the laboratory procedures & materials are available - - -

Waste located away from floor drains or sinks

Full containers being taken to the main
accumulation area for proper disposal - ==

Hoods are not used for waste disposal - -

XIl. Hazards Intrinsic to Our Work

YN
N/A
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APPENDIX H: HOW TO UNDERSTAND AN SDS

(From OSHA, https://www.osha.gov/Publications/OSHA3514.html, accessed 6/2018)

Chemicalmanufacturersarerequiredbylawtosupply"SafetyDataSheets"(OSHAForm174or
itsequivalent)uponrequestbytheircustomers. Thesesheetshave 16 sectionsgivingavariety
ofinformationaboutthechemical. Sections1through8containgeneralinformationaboutthe
chemical, identification, hazards, composition, safe handling practices, and emergency control
measures(e.g.,firefighting).Sections9through 11and 16 contain othertechnicaland scientific
information, such as physical and chemical properties, stability and reactivity information,
toxicologicalinformation, exposure controlinformation,andotherinformationincludingthe
dateofpreparation orlastrevision. Additionally, sections 12-16 are notmandatory and may
notbepresentinallSDSs. Thefollowingisasection-by-sectionreproductionandexplanation of
a Safety Data Sheets (SDS).

U.S. DEPARTMENT OF LABOR

Occupational Safety and Health Administration

SAFETY DATASHEETS

Required For compliance with OSHA Act of 1970

Public Law 91-596 (CFR 1910)

SECTION I: Identification

Product Name

Chemical Name

Manufacturer

Address

Signature and date
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Thissectiongivesthenameandaddressofthemanufacturerandanemergencyphonenumber
where questions about toxicity and chemical hazards can be directed. Large chemical
manufacturers have 24-hour hotlines manned by chemical safety professionals who can answer
questionsregardingspills,leaks,chemicalexposure,firehazard,etc. Otherinformationthat
may be contained in Section | includes:

Trade Name: This is the manufacturer's name for the product.
Chemical Name: This refers to the generic or standard names for the chemical.
Recommended use: i.e. as a solvent, laboratory chemical, cleaning product etc.

SECTION Il - HAZARD IDENTIFICATION

Thissectionidentifiesthehazardsofthechemicalpresentedonthe SDSandtheappropriate
warninginformation associated with those hazards. The required information consists of:

Thehazardclassificationofthechemicalinaccordance with GHSand 29 CFR 1910 (e.g.,
flammable liquid, category).

Signal word.

Hazard statement(s).

Pictograms (the pictograms or hazard symbols may be presented as graphical reproductions
ofthe symbolsinblackandwhiteorbea description ofthe name ofthe symbol (e.g., skull
and crossbones, flame).

Precautionary statement(s).

Description of any hazards not otherwise classified.

SECTION Ill - COMPOSITION/INFORMATION ON INGREDIENTS

Thissectionindicatesthecomponentsofthe productlistedonthe SDSincludingadditives,and
impurities.

The information would include: chemical name including common name or synonyms, CAS
number and any stabilizing additives which are present in the product.

Mixtureswouldhaveexactpercentagesoranestimatewheneverpercentagesmayvarydueto
variation in batches.
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SECTION IV - FIRST AID MEASURES

Thissectionisintendedasagenericguideforuntrainedrespondersincaseofanindividual's
exposure. Firstaidmeasuresforskin,mouthandeye contactexposuresaredescribedinthis
section while contacting a physician is always emphasized as the next step.

SECTION V - FIREFIGHTING MEASURES

This section lists recommendations for fighting a fire involving the chemical. Recommendations
includethetypeofappropriate extinguishingequipmentandwhatequipmentshould notbe

used. Specifichazardsresultingfromfireinvolvingthe chemicalarealsoindicatedand advice

on specific type of protective equipment is also given.

SECTION VI - ACCIDENTAL RELEASE MEASURES

This section provides recommendations on the appropriate response to spills, leaks, or releases,
including containment and cleanup practices to prevent or minimize exposure to people,
properties, or the environment. The information may consist of recommendations for:

- Use of personal precautions (such as removal of ignition sources or providing sufficient
ventilation) and protective equipment to prevent the contamination of skin, eyes, and
clothing.

- Emergency procedures, including instructions for evacuations, consulting experts when
needed, and appropriate protective clothing.

- Methods and materials used for containment (e.g., covering the drains and capping
procedures).

- Cleanup procedures (e.g., appropriate techniques for neutralization, decontamination,
cleaning or vacuuming; adsorbent materials; and/or equipment required for
containment/clean up)

SECTION VIl - HANDLING AND STORAGE

This section indicatesnecessary precautionswhen handling the chemicaland storage
conditions, including any incompatibilities.

Someofthe precautionspresentedareintendedforlarge-scaleusersand maynotbenecessary
foruse with small quantities of the chemical. Any questions about precautions or health effects
should be referred to EHS.
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SECTION VIl - EXPOSURE CONTROL/PERSONAL PROTECTION

Thissectiongivesinformationregardingregulatorypermissibleexposurelimits(OSHAPEL) and
industry exposure limits (ACGIH Threshold Limit Values and Biological Exposure Indices).
Appropriate engineering controls and personal protective equipment are indicated to minimize
the risk of exposure.

SECTION IX - PHYSICAL AND CHEMICAL PROPERTIES

This section gives information about the physical and chemical characteristics of the chemical.
This information can be very useful in determining how a chemical will behave in a spill
situation and what appropriate steps should betaken. Manufacturers and suppliers are
required to provide the following information if it is available:

- Appearance (physical state, color, etc.);
- Upper/lower flammability or explosive limits;
- Odor;

- Vapor pressure;

- Odor threshold;

- Vapordensity;

- pH;

- Relative density;

- Melting point/freezing point;

- Solubility(ies);

- Initial boiling point and boiling range;

- Flash point;

- Evaporation rate;

- Flammability (solid, gas);

- Partition coefficient: n-octanol/water;

- Auto-ignition temperature;

- Decomposition temperature; and

- Viscosity.

SECTION X — STABILITY AND REACTIVITY

This section describes the reactivity hazards of the chemical and the chemical stability information. This
section is broken into three parts: reactivity, chemical stability, and other. Reactivity section may
indicate if any specific testing was performed on the chemicalto identify anticipated hazards of the
chemical(s). Stability refers to behavior of the chemical under ambient temperature in storage
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conditions. Conditions that should be avoided and incompatible material are also listed as well as
hazardous decomposition products which may develop due to a fire.

SECTION Xl - TOXICOLOGICAL INFORMATION

Thissectionmaylistpossible routes ofexposure tothe chemicalalongwithimmediateand
chronic effects of such exposure.

The symptoms and effects listed are the effects of exposure at hazardous levels. Most
chemicals are safeinnormal use andthe vast majority of workers never suffertoxiceffects.
However,anychemicalcanbetoxicinhigh concentrations,andthe precautionsoutlinedinthe
SDS should befollowed.

Thetoxicologicalinformation section often contains data on the toxicity ofthe substance. The
datamostoftenpresentedaretheresultsofanimalexperiments. Forexample,"LD50 (mouse)
=250mg/kg."Theusualmeasureoftoxicityisdoselevelexpressedasweightofchemicalper
unitbody weight of the animal-usually milligrams of chemical per kilogram of body weight
(mg/kg). The LD50describestheamountofchemicalingestedorabsorbedbytheskin intest
animalsthat causes deathin 50% oftestanimals used during atoxicitytest study. Another
commontermis LC50, whichdescribesthe amountofchemicalinhaledbytestanimalsthat
causesdeathin50% oftestanimalsusedduringatoxicityteststudy. TheLD50andLC50values
are then used to infer what dose is required to show a toxic effect on humans.

Asageneral ruleofthumb, the lowerthe LD50or LC50number, themoretoxicthe chemical.
Note there are otherfactors (concentration of the chemical, frequency of exposure, etc.) that
contributetothe toxicityofachemical, includingotherhazardsthe chemical may possess.

Healthhazard information may also distinguish the effects ofacute and chronicexposure.
Acutetoxicityisgenerallythoughtofasasingle, short-term exposure where effectsappear
immediately and the effects are oftenreversible. Chronictoxicityis generally thoughtofas
frequentexposures where effects maybe delayed (evenforyears), andthe effectsare
generallyirreversible. Chronictoxicitycan alsoresultin acuteexposures, withlongterm
chronic effects

Otherimportantinformation such as carcinogenicity potential of the chemicaland whetheritis
listedin National Toxicology Program (NTP), IARCor OSHAPossible carcinogen list.
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SECTION XIl - ECOLOGICAL INFORMATION

This section provides information to evaluate the environmental impact of the chemical(s) if it
were released to the environment. The information may include:

- Data from toxicity tests performed on aquatic and/or terrestrial organisms, where
available

- Persistence in the environment, biodegradation and bioaccumulation potential

- The potential for a substance to move from the soil to the groundwater (indicate results
from adsorption studies or leaching studies).

- Other adverse effects (e.g., environmental fate, ozone layer depletion potential,
photochemical ozone creation potential, endocrine disrupting potential, and/or global
warming potential).

SECTION XIil - DISPOSAL CONSIDERATIONS

Thissectionprovidesguidanceonproperdisposalpractices,recyclingorreclamationofthe
chemical(s)orits container,and safe handling practices. Theinformationmayinclude:

- Description of appropriate disposal containers to use.

- Recommendations of appropriate disposal methods to employ.

- Description of the physical and chemical properties that may affect disposal activities.
- Language discouraging sewagedisposal.

- Any special precautions for landfills or incineration activities

As arule, manufacturers/suppliers willindicate thatall local, state and federal regulations must
befollowedwhendisposingofthe chemicals(s)anditscontainer. ContactEHS foranyquestions
related to the disposal of a chemical(s)

SECTION XIV — TRANSPORT INFORMATION

This section provides guidance on classification information for shipping and transporting of
hazardous chemical(s) by road, air, rail, or sea. The information may include:

- UNnumber (i.e., four-figure identification number of the substance).

- UN proper shipping name.

- Transport hazardclass(es).

- Packing group number, if applicable, based on the degree of hazard.

- Environmentalhazards (e.g.,identify ifitisamarine pollutantaccordingtothe
International Maritime Dangerous Goods Code (IMDG Code)).
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SECTION XV — REGULATORY INFORMATION

Thissectionidentifiesthe safety, health,andenvironmentalregulations specificforthe product
thatis notindicated anywhere else on the SDS. The information may include:

- Any national and/or regional regulatory information of the chemical or mixtures
(includingany OSHA, Departmentof Transportation, Environmental Protection Agency,
or Consumer Product Safety Commission regulations)

SECTION XVI - OTHER INFORMATION

Thissectionindicateswhenthe SDSwaspreparedorwhenthelastknownrevisionwasmade.
The SDS may also state where the changes have been made to the previous version.
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APPENDIX I: HAZARDS OF FUNCTIONALGROUPS

Thefollowinginformation gives abasicoverview ofthe hazards offunctional groups. This
informationis notmeanttoreplace safety data sheetsforthe specificchemical(s)usedinyour
experiments. While these functional groups are listed alphabetically for convenience,
chemicals should be segregated and stored by hazard classes —see Appendix L: Chemical
Segregation Scheme for more information.

ALCOHOLS

= Theloweraliphaticalcohols arelowtomoderately toxicand usually have low vapor
pressures, therefore inhalation toxicity is low.

» Vapors may be an irritant to the eyes and mucous membranes.

= Ingestion and absorption of the liquids through the skin can be a major health hazard.

= Loweralcohols,containingdouble ortriple bonds, exhibitagreaterdegree oftoxicity
and irritation.

» Fatty alcohols (derived from oils, fats, and waxes) are almost nontoxic.

» Lower alcohols are flammable or combustible liquids.

» Flammability decreases with an increase in the carbon number.

= Solubility of alcohols decrease with increase in carbon chain length.

» Toxicity tends to decrease with an increase in carbon number.

Examples:
Allylalcohol Ethanol
1-Butanol Methanol
Cyclohexanol 1-Propanol
1,2-Ethanediol 2-Propyn 1-ol
ALDEHYDES

» Aldehydesareintermediate productsinthe conversionofprimaryalcoholstocarboxylic
acids or viceversa.

» The low molecular weight aldehydes are more toxic than the higher ones.

» Toxicity decreases with increase in the carbon chain length.

» Aromatic aldehydes are less toxic than low molecular weight aliphatic aldehydes.



LABORATORY SAFETYMANUAL 194

» Low molecular weight aldehydes are highly flammable, with flammability decreasing
with increasing carbon chain length.
» Low aromatic aldehydes are combustible or nonflammable liquids.

Examples:
Acetaldehyde Glutaraldehyde
Acrolein 1-Hexanal
Benzaldehyde Isobutyraldehyde
Formaldehyde Propenal

ALIPHATIC AMINES

» The toxicity of most aliphatic amines may fall in the low to moderate category.

» The health hazard from amines arises primarily from their caustic nature.

» Allloweraliphaticamines are severe irritants to the skin, eyes, and mucous membranes.

» Allofthesecompoundshaveastrongtomildodorofammoniaandtheirvapors
produce irritation of the nose and throat.

» Aliphatic amines, especially the lower ones, are highly flammable liquids, many which
have flashpoints below 0 degrees Celsius.

» The vapors are heavier than air.

» They react vigorously with concentrated mineral acids.

« Theflammability decreases with an increase in the carbon number.

» Thereactivity of amines in general, is low.

Examples:
Aminocyclohexane Methylamine

Ethyleneimine 2-Propylamine

ALIPHATIC and ALICYCLIC HYDROCARBONS

* Organic compounds composed solely of carbon and hydrogen.
» Hydrocarbons may be classified into 3 broad categories:

o Open-chain aliphaticcompounds
o Cyclic or alicyclic compounds of naphthalene type
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o Aromatic ringcompounds
Open chain aliphatic hydrocarbons constitute alkanes, alkenes, alkynes, and their

isomers.

o Alkenesorolefinsareunsaturatedcompounds,characterizedbyoneormore
double bonds between the carbon atoms.

o Alkynesoracetylenichydrocarbonscontainatriplebondinthe moleculeandare
highly unsaturated.

» Analicyclic hydrocarbon is a cyclic ring compound of 3 or more carbon atoms.

» Aromaticsareringcompoundstoo, butare characterizedbya6 carbonatom
unsaturated benzenoid rings.

» Thetoxicitiesofaliphaticandalicyclichydrocarbonsinhumansandanimalsarevery
low.

» The gaseous compounds are all nontoxic and are simple asphyxiants.

» Lower hydrocarbons are highly flammable substances, an increase in the carbon number
causes a decrease in flammability.

» ltis the flammable properties that make hydrocarbons hazardous.

» Thereactivity of alkanes and cycloalkanes is very low.

» Alkenes and alkynes containing double and triple bonds are reactive.

Examples:
Butane Methane

Cyclohexene n-Pentane

Cyclopentane

ALKALI and OTHER REACTIVE METALS

» Alkali metals constitute Group IA of the periodic table.

» Alkaline-earth metals constitute Group IIA and are less active than the alkali metals.
» These can be reactive to water and/or air.

» Several of these metals are flammable, too, but only in finely divided state.

» Reactions with water produce strong bases.

Examples:
Aluminum Magnesium

Calcium Potassium

Lithium Sodium
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ALKALIES

» Water-soluble bases, mostly the hydroxides of alkali- and alkaline-earth metals.

» Certain carbonates and bicarbonates also exhibit basic properties but are weak bases.

» These compounds react with acids to form salts and water.

» Thehealthhazardfromconcentratedsolutionsofalkaliesarisesfromtheirsevere
corrosive actions ontissues.

» These compounds are bitter to taste, corrosive to skin and a severe irritant to the eyes.

» The toxicity of alkalies is governed by the metal ions.

» Hydroxides and carbonates of alkali-and alkaline-earth are noncombustible.

» Strong caustic alkalies react exothermically with many substances, including water and
concentrated acids, generating heat that can ignite flammable materials.

Examples:

Lithiumhydroxide Potassium carbonate

Potassiumhydroxide Sodium hydroxide

AROMATIC AMINES

» Compounds that contain one or more amino groups attached to an aromatic ring.
» These amines are similarin many respects to aliphatic amines.

» These amines are basic, but the basicity is lower than aliphatic amines.

* The health hazard from aromatic amines may arise in two ways:

o Moderate to severe poisoning, with symptoms ranging from headache, dizziness,
and ataxia to anemia, cyanosis, and reticulocytosis.

o Carcinogenic, especially cancer of the bladder.
» Many amines are proven or suspected human carcinogens, among aromatic amines,

ortho-isomersgenerallyexhibitstrongercarcinogenicpropertiesthanthose ofthe para-
and meta-isomers.

» Unlikealiphaticamines,thearomaticaminesdonotcausesevereskinburnorcorneal
injury.

» The pure liquids (or solids) may produce mild to moderate irritation on the skin.

» Loweraromatic amines are combustible liquids and form explosive mixtures with air.

» Amines may react violently with strong oxidizing compounds.
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Examples:

Aniline o-Toluidine

Benzidine

AROMATIC HYDROCARBONS

» Aromatics are a class of hydrocarbons having benzene-ring structures.

» Many polyaromatics arecarcinogens.

» The acute toxicity of mononuclear aromatics is low.

» Inhalationofvaporsathighconcentrationsinairmay cause narcosis withsymptoms of
hallucination, excitement, euphoria, distorted perception, and headache.

» Benzene is the only mononuclear aromatic with possible human carcinogenicity and
other severe chroniceffects.

» Withagreaterdegree of substitutionsinthe benzeneringand/orincreaseinthe carbon
chain length of the alkyl substituents, the flammability decreases.

Examples:
Benzene Toluene
Benzolalpyrene Xylene
Pyrene

AZIDES, FULMINATES, ACETYLIDES, and RELATED COMPOUNDS

» These compounds form highly explosive shock and heat-sensitive salts with many
metals.

» Structurally they differ from each other, but have similar detonating characteristics.

» Whilealkalimetalazidesareinerttoshock, the saltsforcopper, silver,lead, and
mercury are dangerously shock sensitive.

» Fulminates of heavy metals are powerful explosives.

» These compounds are highly sensitive to impact and heat.

» Acetylidesofheavymetalsareextremelyshocksensitivewhendry,whereas, the salts of
alkali metals are fairly stable.

» Most azides, fulminates, acetylides, nitrides and related compounds are highly unstable
and constitute an explosion hazard.

» Salts of Group IB and |1B metals are especially explosive.
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» Azidesofnonmetals,suchasthoseofhalogensororganicazidessuchasthatof
cyanogen, are also extremely shock sensitive.
» Some of these compounds may even explode on exposure to light.

Examples:
Cuprousacetylide Silver fulminate
Hydrazoicacid Silver nitride
Leadazide Sodiumazide

Mercury fulminate

CARBOXYLIC ACIDS

» Weak organic acids, their strength is much weaker than mineral acids.

» Toxicityofmonocarboxylicacidsismoderatetolowanddecreaseswithcarbonchain
length.

» Someoflowerdicarboxylicacidsare moderate to high toxicity, becominglesstoxicwith
increasing carbon chainlength.

» Low molecular weight carboxylic acids are combustible liquids.

» Aromatic acids are of low toxicity.

Examples:
Aceticacid Oxalic acid
Butyricacid Propionic acid
Formicacid Succinic acid
Methacrylicacid Valeric acid
EPOXY COMPOUNDS

» Epoxides, also called oxiranes and 1,2-epoxides.
» Exposure to epoxides can cause irritation of the skin, eyes, and respiratory tract.
» Low molecular weight epoxides are strong irritants and more toxic than higher ones.
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» Inhalationcanproducepulmonaryedemaandaffectthelungs,centralnervoussystem
and liver.

* Many epoxy compounds have been found to cause cancer in animals.

» Lower epoxides are highly flammable.

» Theyalsopolymerizereadilyinthepresenceofstrongacidsandactive catalysts, this
reaction generates heatand pressure that may rupture closed containers.

» Therefore contact with anhydrous metal halides, strong bases, and readily oxidizable
substances should beavoided.

Examples:
Butyleneoxide Glycidaldehyde
Epichlorohydrin Glycidol
Ethylene oxide Isopropyl glycidylether
ESTERS

» Lower aliphatic esters have a pleasant fruity odor.

» Theacutetoxicityofestersisgenerallyofloworder, theyarenarcoticathigh
concentrations.

» Vaporsareanirritanttotheeyesand mucousmembranes.

» Toxicityincreaseswithanincreaseinthealkylchainlength.

» Loweraliphaticestersareflammableliquids,somehavelowflashpointsandmaycause
flashback to an open container.

» The vapors form explosive mixtures with air.

» The flash point increases with increase in the alkyl chain length.

» The reactivity of esters is low.

» Aromatic esters are similar in effects as aliphatic esters.

Examples:
Ethylacetate Methyl formate
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ETHERS

* Widely used assolvents.

» They have a high degree of flammability.

» Theytendtoformunstable peroxides,whichcanexplode spontaneouslyorupon
heating.

» Theflash point decreases with increase in carbon chain.

» Loweraliphaticethersaresome ofthemostflammable organiccompoundsandcanbe
ignited by static electricity or lightning.

» The vapor densities are heavier than air.

» They form explosive mixtures with air.

» Aromaticethersarenoncombustibleliquids orsolidsand donotexhibitthe flammable
characteristics common to aliphatic ethers.

» Ethersreactwithoxygentoformunstable peroxides, thisreactionis catalyzed by
sunlight, when evaporated to dryness, the concentrations of such peroxides increase,
resulting in violentexplosions.

» Thetoxicity ofethersislowtoverylow, athigh concentrations these compounds exhibit

anesthetic effects.
Examples:
Butyl vinyl ether Methyl propyl ether
Ethylether Vinyl ether

Isopropyl ether

GLYCOL ETHERS

» Also known by the name Cellosolve.

» Thetoxiceffectsare mild,however,moderatetosevere poisoning can occurfrom
excessive dosage.

» Theroutes of exposure are inhalation, ingestion, and absorption through the skin.

» Compoundswithhighmolecularweightsandlowvaporpressuresdonotmanifestan
inhalation hazard.

» Lowmolecularweightalkylethersareflammable orcombustibleliquidsforming
explosive mixtures withair.

» The reactivity of glycol ethers is low.

» Thereis no report of any violent explosive reactions.

» The high molecular weight compounds are noncombustible.
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Examples:
Ethylene glycol monobutyl ether
Ethylene glycolmonomethylether
2-lsopropoxyethanol
HALOETHERS

» Haloethers are ethers containing hydrogen atoms.

» Halogen substitutions make ether molecules less flammable or nonflammable.

» Theexplosionhazardsoflowaliphaticethersbecause ofperoxide formationare not
manifested bythe haloethers. The halogensinhibitthe etheroxidationtoperoxides.

» Inhalationof Fluoroethers can produce anesthesiasimilartothatofthe loweraliphatic
ethers. Loweraliphatic chloro-and bromoethers can be injurious to the lungs.

* Many of these are cancer causing to lungs in animals or humans.

» Aromaticchloroethersaretoxicbyinhalation,ingestion,and skinabsorption only at
highdoses. These effects can be attributed tothe chlorine contentandto alesser
extent on the aromaticity of the molecule.

Examples:
Bis(chloromethyl)ether

HALOGENATED HYDROCARBONS

» The flammability of these compounds shows a wide variation.

» BromocompoundsarelessflammablethantheirChloro-counterparts,thedifferencein
flammability is not great though.

* Anincrease in the halosubstitutions in the molecule increases the flash point.

» Theflammable hydrocarbons are stable compounds with low reactivity.

» Thesecompounds,however,mayreactviolentlywithalkalimetalsandtheiralloysor
with finely divided metals.

» Violent reactions may occur with powerful oxidizers, especially upon heating.

» Volatile halocarbons may rupture glass containers because of simple pressure build up
or to exothermic polymerization in a closed vessel.

» Halogenated hydrocarbons in general exhibit low acute toxicity.
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» Inhalation toxicity is greater for gaseous or volatile liquid compounds.

» Thehealthhazardfromexposuretothese compounds maybebecause oftheir
anestheticactions;damaging effects onliverandkidney; andincase of certain
compounds, carcinogenicity.

» The toxic symptoms are drowsiness, lack of coordination, anesthesia, hepatitis, and
necrosis of theliver.

» Vapors may cause irritation of the eyes and respiratory tract.

» Deathmayresultfromcardiacarrestbecause ofprolongedexposuretohigh
concentrations.

» Ingestion can produce nausea, vomiting, and liver injury.

» Fluorocarbonsarelesstoxicthanthechloro-,bromo-,andiodo-compounds, thetoxicity
increases with increase in the mass number of the halogen atoms.

» Some of the halogenated hydrocarbons cause cancerin humans.

Examples:
Benzylchloride Ethyl bromide
Carbontetrachloride Fluorobenzene
Chloroform Methylene chloride
1,2-Dichlorobenzene

HYDRIDES

» The single most hazardous property of hydrides is their high reactivity toward water.

» Thereaction with water is violent and can be explosive with liberation of hydrogen.

» Manyhydridesareflammable solidsthatmayignite spontaneouslyonexposureto
moist air.

» Manyionichydrides are strongly basic;theirreactionswithacids are violentand
exothermic, which can cause ignition.

» Hydridesarealsopowerfulreducingagents,theyreactviolentlywith strongoxidizing
substances, causing explosions.

» Covalentvolatile hydrides such as arsine, silane, or germane are highly toxic.

» lonicalkalimetalhydrides are corrosive toskin,astheyform causticalkalies readily with
moisture.

Examples:
Decarborane Sodium borohydride

Lithiumaluminumhydride Sodiumhydride Potassium hydride
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INDUSTRIAL SOLVENTS

» Thetoxiceffectsofmostofthesolventsareofloworder,chronicexposuresorlarge
doses can produce moderate to severe poisoning.

» Mostorganicsolventsareflammable orcombustibleliquids,thevaporsofwhichcan
form explosive mixtures with air.

* Manyofthe common solvents can cause flashbackofthe vapors,and someform
peroxides on prolonged storage, especially those compounds containing an ether
functional group, some also can form shock-sensitive solvated complexes with metal
perchlorates.

Examples:
Acetamide Chloroform
Acetone Methyl acetate
Benzene Pyridine
Carbontetrachloride Tetrahydrofuran

INORGANIC CYANIDES

» Inorganic cyanides are the metal salts of Hydrocyanic acid.

» Cyanides of alkali metals are extremely toxic.

» In addition to being extremely toxic by ingestion or skin absorption, most metal
cyanides present a serious hazard of forming extremely toxic Hydrogen cyanide when
they come into contact with acids.

Examples:
Barium cyanide Hydrogen cyanate
Cyanogenchloride Potassium cyanide
Cyanamidecyanogen Sodium cyanide
KETONES

» Similar to aldehydes.

* Ingeneral, thetoxicityismuch lowerthanthat ofotherfunctionalgroups,such as
cyanides oramines.

» Unlikealdehydesandalcohols,someofthesimplestketonesarelesstoxicthanthe
higher ones.
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» Beyond 7 carbons, the higher ones are almost nontoxic.

= Substitution of other functional groups can alter toxicity significantly.
» The simplest ketones are highly flammable.

» Theflammability decreases with increase in the carbon number.

Examples:
Acetophenone Mesityl oxide
Acetone Methyl EthylKetone
Ketene

MINERAL ACIDS

» Acid strengths varywidely.

* Sourintaste.

» React with a base to form salt and water.

* Produce hydrogen when reacting with most common metals.

* Produce carbon dioxide when reacting with most carbonates.

» All mineral acids are corrosive.

* Noncombustible substances.

» Some are highly reactive to certain substances, causing fire and/or explosions.

Examples:
Hydrochloricacid Phosphoric acid
Hydrofluoricacid Nitric acid
Hydroiodicacid Sulfuric acid

ORGANIC CYANIDES (NITRILES)

» These are organic derivatives of Hydrocyanic acid or the cyano-substituted organic
compounds.

» Nitrilesarehighlyreactive,theCNgroupreactswithalargenumberofreactantstoform
a wide variety of products, such as amides, amines, carboxylic acids, aldehydes, ketones,
esters, thioamides, and other compounds.

» Nitriles are highly toxic compounds, some of them are as toxic as alkali metal cyanides.

» Loweraliphaticnitriles are flammable and form explosive mixtures with air. The
explosive range narrows downwith anincrease inthe carbon chainlength.
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Examples:
Acrylonitrile Butyronitrile

Acetonitrile Cyanohydrin

ORGANIC ISOCYANATES

» Organic groups attached to the isocyanate group.

» Thesecompoundsarehighlyreactivebecauseofthehighunsaturationintheisocyanate
functional group.

» Isocyanates in general are highly reactive toward compounds containing active
hydrogen atoms.

* Mostisocyanates are hazardous to health.

» They are lachrymators and irritants to the skin and mucous membranes.

» Skin contact can cause itching, eczema, and mild tanning.

» Inhalation if isocyanate vapors can produce asthma-like allergic reaction, with
symptoms fromdifficulty in breathing to acute attacks and suddenloss of
consciousness.

» Toxicitiesofisocyanatesvarywidely,inaddition, healthhazardsdiffersignificantlyon
the route of exposure but occur primarily via inhalation exposure.

» Mostisocyanates have high flash points, therefore the fire hazard is low.

» However,closedcontainerscanrupture because ofthe pressurebuiltupfromcarbon
dioxide, which is formed from reaction with moisture.

Examples:
n-B utylisocyanate Methyl isocyanate

Hexamethylenediisocyanate ~ Phenylisocyanate

ORGANIC PEROXIDES

» Compounds containing the peroxide group bound to organic groups.

* Ingeneral, the toxicity is low to moderate.

» Peroxides are a hazardous class of compounds, some of which are extremely dangerous
to handle.

« The dangerous ones are highly reactive, powerful oxidizers, highly flammable and often
form decomposition products, which are more flammable.

* Manyorganicperoxidescanexplodeviolentlybecause ofone oracombination ofthe
follow factors:
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o Mechanical shock, such as impact, jarring, or friction
o Heat
o Chemical contact
» Short chain alkyl and acyl peroxides, hydroperoxides, peroxyesters, and

peroxydicarbonateswithlowcarbonnumbersareofmuch greaterhazardthanthelong
chain peroxy compounds.

» Theactiveoxygencontentofperoxidesis measuredastheamountofactive oxygen
(from peroxide functional group) per 100 gm of the substance. The greater the
percentage ofactive oxygeninformulation, the higherisitsreactivity. Anactive oxygen
content exceeding 9% is too dangerous for handling and shipping.

Examples:
Benzoylperoxide Diisopropyl peroxydicarbonate
Cumenehydroperoxide  Hydroperoxyenthanol
Diacetyl peroxide

OXIDIZERS

» Includes certain classes of inorganic compounds thatare strong oxidizing agents,
evolving oxygen ondecomposition.

» These substances are rich in oxygen and decompose violently on heating.

» Theexplosion hazard arises when these substances come into contact with easily
oxidizable compounds such as organics, metals, or metal hydrides.

» Whenthesolidsubstancesarefinelydividedand combined, theriskofexplosionis
enhanced.

» Theunstableintermediateproducts,soformed,aresensitivetoheat,shock,and
percussion.

» Thehealthhazardfromthesubstancesarisesbecauseoftheirstrongcorrosiveactionon
the skin andeyes.

» Thetoxicity depends on the metal ions in these molecules.

Examples:

Bromates Inorganicperoxides
Chlorites Nitrates

Dichromates Perchlorates
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Hypochlorites Periodates

lodates Permanganates

PEROXY ACIDS

» There are 2 types: Peroxycarboxylic acids and Peroxysulfonic acids.

» Peroxycarboxylic acids are weaker acids than the corresponding carboxylic acids.

» Lower peroxy acids are volatile liquids, soluble in water.

» Higher acids with greater than 7 carbons are solids and insoluble in water.

» These compounds are highly unstable and can decompose violently on heating.

* May react dangerously with organic matter and readily oxidizable compounds.

* Amongorganic peroxides, peroxy acids are the most powerful oxidizing compounds.
» Thelower acids are also shock sensitive, but less than some organic peroxides.

» Health hazard is primarily because of their irritant actions.

Examples:
Peroxyaceticacid Peroxyformic acid

Peroxybenzoic acid

PHENOLS

» Phenols are a class of organic compounds containing hydroxyl groups attached to
aromatic rings.

» Thehydroxylgroup exhibits properties thatare differentfrom an alcoholichydroxyl
group.

* Phenols are weakly acidic, forming metal salts on reactions with caustic alkalies.

* Incomparison,acidstrengthsofalcoholsarenegligiblysmallorseveralordersof
magnitude lower than those of phenols.

* Incomparison with many other classes of organic compounds, phenols show relatively

greater toxicity.
Examples:
Cresol Phenols 2-Naphthol
Resorcinol

Pentachlorophenol
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PHTHALATE ESTERS

» Theseareestersof Phthalicacid.

» Theyarenoncombustible liquids.

» Some are EPA-listed priority pollutants.

» The acute toxicity is very low.

» High doses may produce somnolence, weightloss, dyspnea, and cyanosis.

» The pure liquids are mild irritants to the skin.

» Thesearerelativelyharmlessandareamongtheleasttoxicorganicindustrialproducts.

Examples:

Dibutyl phthalate Diethylhexyl Phthalate (DEHP)

Reference:

Patnaik, P. A Comprehensive Guide tothe Hazardous Properties of Chemical Substances;Van
Nostrand Reinhold: New York, 2007.
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APPENDIX J: PEROXIDE FORMING CHEMICALS

Peroxide forming chemicals are usually flammable and have the ability to form shock-
sensitive explosive peroxide crystals under normal storage conditions. It is extremely
important that all safety procedures be followed regarding the identification, handling,
storage, and disposal of peroxide-forming chemicals. These materials must
bestoredaway from light and heat with tightly secured caps and labeled with dates of
receipt and opening. Organic peroxides shall be stored in their original DOT shipping
containers. Organic peroxides shall be stored in amanner to prevent contamination.
Order only what you need. They have a short shelf life.

Allperoxide-formingsolvents should be checked for the presence of any peroxides
prior to distillationorevaporation. Donotopenaliquid organic peroxide orperoxide-forming
chemical if there are visible crystals,visible precipitate oranoilyviscous layer
present in the material. These are visual indicators ofdangerous high peroxide levels,
immediately contact EH&S department, to manage this hazardous situationandto
dispose of this material.

Periodictestingtodetect peroxides should be performed and recorded on previously opened
material. A variety of methods are available to test for the presence of peroxides
in organic solvents. Peroxide test sticks and Potassium lodide Indicator can be used
for the determination of peracetic acid and other organic and inorganic hydroperoxides.

SAFE STORAGE PERIODS FOR PEROXIDE FORMERS

Unopened chemicals from manufacturer— Label with Date Received

Test upon opening or discard after
manufacturer’s expiration date

Opened containers:

Test for Peroxide formation or discard after:

Chemicals in Table A— 3 months
Chemicals in Tables B and D— 6 months
Uninhibited chemicals in Table C— 6 hours

Inhibited chemicals in Table C— 6 months

(Do not store under an inert atmosphere)
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A. Severe Peroxide Hazard - Spontaneously decompose and become explosive with
exposure to air without concentration.

Butadiene?

Isopropyl ether

Sodium amide (sodamide)

Chloroprene?

Potassium metal

Tetrafluoroethylene?®

Divinyl acetylene

Potassium amide

Vinylidene chloride

B. Chemicals that form explosive levels of peroxides on concentration (Require external
energy for spontaneous decomposition. Form explosive peroxides when distilled, evaporated

or otherwise concentrated.)

Acetal

Diethyl ether

4-Methyl-2-pentanol

Acetaldehyde

Diethylene glycol dimethyl
ether (diglyme)

2-Pentanol

Benzyl alcohol

Dioxanes

4-Penten-1-ol

2-Butanol Ethylene glycol dimethyl 1-Phenylethanol
ether (glyme)

Cumene 4-Heptanol 2-Phenylethanol

2-Cyclohexen-1-ol 2-Hexanol 2-Propanol

Cyclohexene Methylacetylene Tetrahydrofuran

Decahydronaphthalene

3-Methyl-1-butanol

Tetrahydronaphthalene

Diacetylene

Methylcyclopentane

Vinyl ethers

Dicyclopentadiene

Methyl isobutyl ketone

Other secondary alcohols

C. Shock and Heat Sensitive - Highly reactive and can auto-polymerize as a result of internal
peroxide accumulation. The peroxides formed in these reactions are extremely shock- and

heat-sensitive.

Acrylic acid®

Methyl methacrylate®

Vinyl chloride

Acrylonitrile®

Styrene

Vinylpyridine

Butadiene®

Tetrafluoroethylene®

Vinyladiene chloride

Chloroprene®

Vinyl acetate

Chlorotrifluoroethylene

Vinylacetylene
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D. Chemicals that may form peroxides but cannot clearly be placed in

sections A-C

Acrolein

p-Chlorophenetole

4,5-Hexadien-2-yn-1-ol

Allyl ether®

Cyclooctene?

n-Hexyl ether

Allyl ethyl ether

Cyclopropyl methyl ether

0,p-lodophenetole

Allyl phenyl ether

Diallyl ether®

Isoamyl benzyl ether?

p-(n-Amyloxy)benzoyl

chloride

p-Di-n-butoxybenzene

Isoamyl ether?

n-Amyl ether

1,2-Dibenzyloxyethane®

Isobutyl vinyl ether

Benzyl n-butyl ether®

p-Dibenzyloxybenzene®

Isophorone?

Benzyl ether®

1,2-Dichloroethyl ethyl
Ether

B-Isopropoxypropionitrile®

Benzyl ethyl ether®

2,4-Dichlorophenetole

Isopropyl 2,4,5-trichloro-

phenoxy- acetate

Benzyl methyl ether

Diethoxymethane®

Limonene

Benzyl 1-napthyl ether?

2,2-Diethoxypropane

1,5-p-Methadiene

1,2-Bis(2-chloroethoxy)
Ethane

Diethyl ethoxymethylene-

Malonate

Methyl p-(n-amyloxy)-

benzoate

Bis(2 ethoxyethyl)ether

Diethyl fumarate®

4-Methyl-2-pentanone

Bis(2-(methoxyethoxy)-
ethyl) ether

Diethyl acetal®

n-Methylphenetole

Bis(2-chloroethyl)ether

Diethyketene'

2-Methyltetrahydrofuran

Bis(2-ethoxyethyl)adipate

m,o,p-diethoxybenzene

3-Methoxy-1-butyl acetate

Bis(2-ethoxyethyl)phthalate

1,2-Diethoxyethane

2-Methoxyethanol

Bis(2-methoxyethyl)-

Carbonate

Dimethoxymethane®

3-Methoxyethyl acetate

Bis(2-methoxyethyl) ether

1,1-Dimethoxyethane?

2-Methoxyethyl vinyl ether

Bis(2-methoxyethyl)
Phthalate

Dimethylketene'

Methonxy-1,3,5,7-cyclo-

octa-tetraene
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Bis(2-methoxymethyl)
Adipate

3,3-Dimethoxypropene

B-Methoxypropionitrile

Bis(2-n-butoxyethyl)
Phthalate

2,4-Dinitrophenetole

m-Nitrophenetole

Bis(2-phenoxyethyl) ether

1,3-Dioxepane®

1-Octene

Bis(4-chlorobutyl) ether

Di(1-propynyl)ether’

Oxybis(2-ethyl acetate)

Bis(chloromethyl) ether®

Di(2-propynyl)ether

Oxybis(2-ethyl benzoate)

2-Bromomethyl ethyl ether

Di-n-propoxymethane®

B,B-oxydipropionitrile

B-Bromophenetole

1,2-Epoxy-3-isopropoxy-

propane?

1-Pentene

o-Bromophenetole

1,2-Epoxy-3-phenoxy-

Propane

Phenoxyacetyl chloride

p-Bromophenetole

p-Ethoxyacethophenone

a-Phenoxypropionyl chloride

3-Bromopropyl phenyl ether

2-Ethoxyethyl acetate

Phenyl o-propyl ether

1,3-Butadiyne

(2-Ethoxyethyl)-o-benzoyl

Benzoate

p-Phenylphenetone

Buten-3-yne

1-(2-Ethoxyethoxy)ethyl

Acetate

n-Propyl ether

tert-Butyl ethyl ether

1-Ethoxynaphthalene

n-Propyl isopropyl ether

tert-Butyl methyl ether

0,p-Ethoxyphenyl

isocyanate

Sodium 8,11,14-eicosa-

tetraenoate

n-Butyl phenyl ether

1-Ethoxy-2-propyne

Sodium ethoxyacetylidef

n-Butyl vinyl ether

3-Ethoxyopropionitrile

Tetrahydropyran

Chloroacetaldehyde

diethylacetal®

2-Ethylacrylaldehyde oxime

Triethylene glycol diacetate

2-Chlorobutadiene

2-Ethylbutanol

Triethylene glycol diprop-

ionate

1-(2-Chloroethoxy)-2-

Ethyl B-ethoxypropionate

1,3,3-Trimethoxypropene®
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phen-oxyethane

Chloroethylene 2-Ethylhexanal 1,1,2,3-Tetrachloro-1,3-
butadiene

Chloromethyl methyl ether® Ethyl vinyl ether 4-Vinyl cyclohexene

B-Chlorophenetole Furan Vinylene carbonate

o-Chlorophenetole 2,5-Hexadiyn-1-ol Vinylidene chloride®

NOTES:

@When stored as a liquid monomer.

® Although these chemicals form peroxides, no explosions involving these
monomers have been reported.

®When stored in liquid form, these chemicals form explosive levels of peroxides
without concentration. They may also be stored as a gas in gas cylinders.
When stored as a gas, these chemicals may autopolymerize as a result of
peroxide accumulation.

4These chemicals easily form peroxides and should probably be considered
under Part B.

¢ OSHA - regulated carcinogen.

' Extremely reactive and unstable compound.

References:

Prudent Practices in the Laboratory, National Research Council, 1995.

“Review of Safety Guidelines for Peroxidizable Organic Chemicals,” Chemical Health

and Safety, September/October 1996.
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APPENDIX K: INCOMPATIBLE CHEMICALS

Substances in the left-hand column should be stored and handled so they cannot
contact corresponding substancesinthe right-hand column. The following listcontains
some ofthe chemicals commonly found in laboratories, but it should not be considered
exhaustive. Information for the specific chemical you are using can usually be found
in the“REACTIVITY”or “INCOMPATIBILITIES” section of the Safety Data Sheets.
Rapid Guide to Chemical Incompatibilities, by Pohanish and Greene, lists the

incompatibilities of hundreds of chemicals.

Alkaline and alkaline earth metals, such as
Sodium, Potassium, Cesium, Lithium,
Magnesium, Calcium

Carbon dioxide, Carbon tetrachloride and other
chlorinated hydrocarbons, any free acid or
halogen

Donotusewater,foamordry chemicalonfires
involving these metals.

Acetic acid Chromic acid, Nitric acid, hydroxyl compounds,
Ethylene glycol, Perchloric acid, peroxides,
permanganates

Acetic anhydride Chromic acid, Nitric acid, hydroxyl-containing
compounds, Ethylene glycol, Perchloricacid,
peroxides and permanganates

Acetone Concentrated Nitric and Sulfuric acid mixtures

Acetylene Copper,Silver, Mercuryandhalogens,Fluorine,

Chlorine, Bromine

Aluminum alkyls

Halogenated hydrocarbons, water
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Ammonia (anhydrous)

Silver, Mercury, Chlorine, Calcium hypochlorite,
lodine,Bromine,Hydrogenfluoride,Chlorine
dioxide, Hydrofluoric acid (anhydrous)

Ammonium nitrate

Acids, metal powders, flammable liquids,
chlorates, nitrites, Sulfur, finely divided organics
or combustibles

Aniline

Nitric acid, Hydrogen peroxide

Arsenical materials

Any reducing agent

Azides

Acids

Benzoyl peroxide

Chloroform, organic materials

Bromine

Ammonia, Acetylene, Butadiene, Butane and
other petroleum gases, Sodium carbide,
Turpentine, Benzene and finely divided metals,
Methane, Propane, Hydrogen

Calcium carbide

Water (see also Acetylene)

Calcium hypochlorite

Methyl carbitol, Phenol, Glycerol, Nitromethane,
Iron oxide, Ammonia, activated carbon

Calcium oxide

Water
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Carbon, activated

Calcium hypochlorite, all oxidizing agents

Carbon tetrachloride

Sodium

Chlorates Ammonium salts, acids, metal powders, Sulfur,
finely divided organics or combustibles
Chlorine Ammonia, Acetylene, Butadiene, Butane,

Propane, andotherpetroleum gases, Hydrogen,
Sodium carbide, Turpentine, Benzene andfinely
divided metals, Methane

Chlorine dioxide

Ammonia, Methane, Phosphineand Hydrogen
sulfide

Chlorosulfonic acid

Organic materials, water, powdered metals

Chromic acid & Chromium trioxide

Acetic acid, Naphthalene, Camphor, Glycerin,
Turpentine, alcohol and other flammable liquids,
paper or cellulose

Copper

Acetylene, Hydrogen peroxide, Ethylene oxide

Cumene hydroperoxide

Acids, organic ormineral

Cyanides

Acids

Ethylene oxide

Acids, bases, Copper, Magnesium perchlorate
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Flammable liquids

Ammonium nitrate, Chromic acid, Hydrogen
peroxide, Nitricacid, Sodium peroxide, halogens

Fluorine

Reducing agents, Combustible and Organic
materials, Metals, Alkalis and Moisture

Hydrocyanic acid

Nitric acid, alkalis

Hydrogen peroxide

Copper,Chromium, Iron,mostmetalsortheir
salts, any flammable liquid, combustible
materials,Aniline, Nitromethane, alcohols,
Acetone, organic materials, Aniline

Hydrides

Water, air, Carbon dioxide, chlorinated
hydrocarbons

Hydrofluoric acid, anhydrous

(Hydrogen fluoride)

Ammonia(anhydrousoraqueous), organic
peroxides

Hydrogen sulfide

Fuming Nitric acid, oxidizing gases

Hydrocarbons (Benzene, Butane, Propane,
Gasoline, Turpentine, etc.)

Fluorine, Chlorine, Bromine, Chromic acid, Sodium
peroxide, fuming Nitric acid

Hydroxylamine

Barium oxide, Lead dioxide, Phosphorus
pentachloride and trichloride, Zinc, Potassium
dichromate
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Hypochlorites Acids, activated Carbon

lodine Acetylene,Ammonia(anhydrousoraqueous),
Hydrogen

Maleic anhydride Sodiumhydroxide, Pyridineandothertertiary
amines

Mercury Acetylene, Fulminicacid, Ammonia, Oxalicacid

Nitrates Acids, metal powders, flammable liquids,

chlorates, sulfur, finely divided organics or
combustibles, Sulfuricacid

Nitric acid (concentrated)

Acetic acid, Aniline, Chromic acid, Hydrocyanic
acid, Hydrogen sulfide, flammabile liquids,
flammable gases, nitratable substances, organic
peroxides, chlorates, Copper, brass, any heavy
metals

Nitroparaffins

Inorganic bases, amines

Oxygen Oil,grease,Hydrogen,flammableliquids, solids,
or gases
Oxalic acid Silver, mercury, organic peroxides

Perchlorates

Acids
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Perchloric acid

Acetic anhydride, Bismuth and its alloys, alcohol,
paper, wood, grease, oil, organic amines or
antioxidants

Peroxides, organic

Acids(organicormineral),avoidfriction, store
cold.

Phosphorus (white)

Air, Oxygen, alkalis, reducing agents

Phosphorus pentoxide

Propargyl alcohol

Potassium

Carbon tetrachloride, Carbon dioxide, water

Potassium chlorate

Acids, Sulfuric acid (see also chlorates)

Potassium perchlorate

Sulfuric&otheracids(seealsoPerchloricacid, &
chlorates)

Potassium permanganate

Glycerin, Ethylene glycol, Benzaldehyde, any free
acid, Sulfuric acid

Selenides Reducing agents

Silver Acetylene, Oxalicacid, Tartaricacid, Fulminicacid,
ammonium compounds

Sodium Carbon tetrachloride, Carbon dioxide, water. See

alkaline metals (above)
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Sodium amide

Air, water

Sodium nitrate

Ammonium nitrate and other ammonium salts

Sodium oxide

Water, any free acid

Sodium peroxide

Any oxidizable substance, such as Ethanol,
Methanol,glacialAceticacid,Aceticanhydride,
Benzaldehyde, Carbon disulfide, Glycerine,
Ethylene glycol, Ethyl acetate, Methyl acetate and
Furfural

Sulfides Acids

Sulfuric acid Chlorates, perchlorates, permanganates, organic
peroxides, Potassium chlorate, Potassium
perchlorate, Potassium permanganate (similar
compounds of light metals, such as Sodium,
Lithium)

Tellurides Reducing agents

UDMH (1,1-Dimethylhydrazine)

Oxidizing agents such as Hydrogen peroxide and
fuming Nitric acid

Zirconium

Prohibit water, Carbon tetrachloride, foam and
dry chemical on zirconium fires
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APPENDIX L: CHEMICAL SEGRATION SCHEME AND LIMITS

Unstable/Reactive

Check manufacturer’s Safety Data Sheet (SDS) for
information on incompatibles and proper storage.

Nitric Acid Always by itself away from incompatible materials in
appropriate secondary containment.
Hydrofluoric Acid Alwaysbyitselfawayfromincompatible materialsinan

appropriate secondary container.

Perchloric Acid

Always by itself away from incompatible materials in an
appropriate secondary container.

Oxidizers

Storedasagroup,separatedfromallotherchemicalgroups,
place onshelvingcompatible with oxidizing materials (not
unprotectedwood ormetal). (Bleach should be storedwith
the Oxidizers). Cannotbe stored above, below, or nextto
flammables.

Flammables

Storedasagroupinatwo-hourfireratedcabinetapproved
for flammable materials.

Organic Acids

Store with flammables unless contraindicated by SDS.

Inorganic Acids

Store as a group in an appropriate cabinet or on shelving
compatible with acids (not unprotected metal). Cannot be
stored above, below, or next to bases or oxidizers.

Bases

Storeasagroupinanappropriate cabinetoron shelving
compatible withbases (notunprotected metal). Cannotbe
stored above, below, or next to acids or oxidizers.

Poisons/Carcinogens

Store as a group away from the above materials.

Compressed Gasses

StoreMINIMALamountofmaterialinlaboratory. Cylinders
mustbe securedto preventtipping. Cylindersofinhalation
poisonsmustbesmallenough(lecturebottles)tofitinsideof
fume hoods. Largercylinders mustbein keptin ventilated
gas cabinets. Flammable and oxidizing gases must be
separated by at least 20-feet or a fire-rated partition.

Radioactive Materials

Storedseparatelyfromothermaterialsbehindappropriate
shielding and in chemically compatible containers.

Other Materials

Storedawayfromtheabovematerialsonsecureshelving.
Chemicalsshouldnotbestoredon thefloor oraboveeye
level.
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Laboratory | Fire Fire Flammable | Flammable | Oxidizing Unstable

Type Rating | Protection Liquids Solids Materials Reactives

I 2 hour | Sprinklers 30 gallons 15 pounds | 50 pounds | 12 pounds

I 1 hour | Sprinklers 25 gallons 10 pounds | 40 pounds | 6 pounds

" 2 hour | No 20 gallons 6 pounds 30 pounds | 3 pounds
sprinklers

v 1 hour | No 15 gallons 3 pounds 20 pounds | 2 pounds

sprinklers
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APPENDIX M: SAMPLE PRIOR APPROVAL FORM
Prior Approval for Chemical Use/Highly Hazardous Operations

Laboratorypersonnellistedbelow musthave permissionfromthelaboratorysupervisor,
Principal Investigator,orthe P.l.’s delegate to use the chemicals or conductthe detailed
operation in the laboratory listed.

P.l. orsupervisor: Location:

Name of chemical(s) oroperation:

Participants should printnames legibly below, initialand date toindicate they meetthe
following requirements:

» Awareness of the hazards the chemical(s) or operation(s) pose

» Read and understood the Standard Operating Procedures for this process
» Knows the first aid procedure in case of an exposure

» Knows what to do in the event of a spill or other emergency

» Completed specific training needed above the standard Laboratory Safetyand Chemical
Waste Disposal training
» Possesses a valid Certificate of Fitness (C-14)

Name Initials Date

TheP.l.,laboratorysupervisor,orP.l.delegatelistedabove mustsignbelowandindicatethe
date range for which the prior approval extends in order for approval to be valid.

Above Signature: Date(s) Applicable:
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APPENDIX N: WASTE DETERMINATION/LABELING GUIDE
Waste Name:
Point of Generation:

Answer all the following questions and take all actions indicated.

1. Isitaliquid, otherthan anaqueous solution containingless than 24percentalcoholby
volumeandhasaflashpointlessthan60°C (140°F); orisitnotaliquidand capable,under
standardtemperature and pressure (STP), of causing fire through friction, absorption of
moisture or spontaneous chemical changes and when ignited, burns so vigorously and
persistently thatitcreates ahazard; orisitan ignitable compressed gasor oxidizer?

YES, this waste mustbelabeled ignitable.
NO, no action required.

2. Isitaqueous and has a pH less than or equal to 2 or greater than or equal to 12.57?

YES, thiswastemustbelabeledcorrosive.
NO, no action required.

3. Isitnormally unstable and readily undergoes violentchange withoutdetonating, orreacts
violently with water; doesitformpotentially explosive mixtures with water, generates toxic
gases, vaporsorfumesinaquantity sufficientenoughtopresentadangertohumanhealth or
the environment; or is a cyanide or sulfide bearing waste which, when exposed to pH
conditionsbetween2and 12.5, can generate toxic gases oris capable of detonation or
explosive decomposition or reaction at STP?

YES, thiswastemustbelabeled reactive.
NO, no action required.

4. Does the material have a toxic component (See Table 1)?

YES, thiswastemustbelabeledtoxic. Include chemical(s)from Table 1 presentinthe material.
NO, no actionrequired.

5. Isthe material listed as a Hazardous Waste from a non-specific source? (See Table 2.)

YES, thiswastehastheEPAHazardous\WasteNumberassociatedwithitfromTable?2.
NO, no action required.
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6. Is this unused material or an off-spec chemical for disposal?

YES, give this material to your EHS officer.
NO, label this material as non-hazardous waste.

Waste determination is complete.

TABLE 1: Maximum Concentration of Contaminants for the Toxicity Characteristic

Regulatory
HW No. Contaminant CAS No. Level (mg/L)

D004 Arsenic 7440-38-2 5.0
D005 Barium 7440-39-3 100.0
D018 Benzene 71-43-2 0.5
D006 Cadmium 7440-43-9 1.0
D019 Carbon tetrachloride 56-23-5 0.5
D020 Chlordane 57-74-9 0.03
D021 Chlorobenzene 108-90-7 100.0
D022 Chloroform 67-66-3 6.0
D007 Chromium 7440-47-3 5.0
D023 o-Cresol 95-48-7 200.0
D024 m-Cresol 108-39-4 200.0
D025 p-Cresol 106-44-5 200.0
D026 Cresol 200.0
D016 2,4-D 94-75-7 10.0
D027 1,4-Dichlorobenzene 106-46-7 7.5
D028 1,2-Dichloroethane 107-06-2 0.5
D029 1,1-Dichloroethylene 75-35-4 0.7
D030 2,4-Dinitrotoluene 121-14-2 0.13

D012 Endrin 72-20-8 0.02
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D031
D032
D033
D034
D008
D013
D009
D014
D035
D036
D037
D038
D010
D011
D039
D015
D040
D041
D042

D017
D043

Heptachlor (and its
epoxide)

Hexachlorobenzene.
Hexachlorobutadiene
Hexachloroethane
Lead

Lindane

Mercury
Methoxychlor

Methyl Ethyl Ketone
Nitrobenzene
Pentrachlorophenol
Pyridine

Selenium

Silver
Tetrachloroethylene
Toxaphene
Trichloroethylene
2,4,5-Trichlorophenol
2,4,6-Trichlorophenol
2,4,5-TP (silvex)
Vinyl Chloride

76-44-8
118-74-1
87-68-3
67-72-1
7439-92-1
58-89-9
7439-97-6
72-43-5
78-93-3
98-95-3
87-86-5
110-86-1
7782-49-2
7440-22-4
127-18-4
8001-35-2
79-01-6
95-95-4
88-06-2
93-72-1
75-01-4

0.008
0.13
0.5
3.0
5.0
0.4
0.2
10.0
200
2.0
100.0
5.0
1.0
5.0
0.7
0.5
0.5
400.0
2.0

1.0
0.2

226
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TABLE 2: Waste from Non-specific Sources
The following spent halogenated solvents: (T)

Tetrachloroethylene,

methylene chloride,
trichloroethylene,
1,1,1-trichloroethane,

chlorobenzene,

1,1,2- trichloro-1,2,2-trifluoroethane,
ortho-dichlorobenzene,
trichlorofluoromethane,

1,1,2- trichloroethane;

All spent solvent mixtures and blends containing any of the above.

The following spent non-halogenated solvents: (I*)
Xylene,
acetone,
ethyl acetate,
ethyl benzene,
ethyl ether,
methyl isobutyl ketone,
n-butyl alcohol,
cyclohexanone,
methanol;
Cresols and cresylic acid,
nitrobenzene;
Toluene,
methyl ethyl ketone,
carbon disulfide,
isobutanol,
pyridine,
benzene,
2- ethoxyethanol,
2-nitropropane;

All spent solvent mixtures and blends containing any of the above.
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APPENDIX O: FUME HOODS

Engineeringcontrols, thefirstline ofdefenseagainstworkplace hazards, includelocalexhaust
ventilation (i.e., chemicalfumehoods)to preventexposureto gases, chemical vapors and
aerosols. There are two basic categories of laboratory hoods: chemical fume hoods and
biological safety cabinets. This section addresses the design face velocity requirements and test
procedures for chemical fume hoods (CFH). Biological safety cabinets are tested and certified by
an independent contractor.

SAFE WORK PRACTICES
Laboratory personnel must employ work practices that minimize/eliminate their exposures
when working with hazardous materials in fume hoods.

» Allfumehoodsareinspectedannually. Ifyourfume hood doesnothave aninspection
stickeroriftheexistinginspection stickeronyour fumehoodindicates ayearormore
haspassedsincethehoodwaslastinspected, contactyourEHSOimmediatelyto
schedule aninspection.

» Beforeusingafumehood,ensurethatthefumehoodisworkingbycheckingboththe
telltale (green crepe paperhangingfromhood sash)andairmonitoring deviceifthe
hood is equipped with one.

» Keeplaboratorywindowsanddoorsclosedandminimizetrafficinfrontofthehood
while working. Minimize rapid movements, including opening and closing the sash.
Theseprecautionswillhelptopreventaircurrentsfromforming,whichcanresultin
hazardousvaporsbeingpulled outofthehood andintothelaboratorypersonnel’s
breathing zone.

» IftheEHSOorFacilitiesManagementhaspostedanoutofservicenoticeonahood,DO
NOT usethefume hoodforanyreason.Alwaysreportany malfunctioning fume hoods
to Facilities Managementand requestrepair. Letothers in the laboratory know by
posting a “Do Not Use” sign on the hood.

* Minimizematerialsstoredinhoods. Excessandunnecessarystorageorclutterresultsin
decreased hood performance and increases the chances of anaccidentor spill.

» Hoods should not be used for permanent storage including of hazardous materials.

» Laboratorypersonnelshouldnotplacetheirupperbodyinsidethe fumehoodexcept
duringinitialsetup ofequipmentandbeforeanyhazardous materialshave beenplaced
inside the hood.

» Equipmentplaced inside the hood should not block airflow through slots in the baffle.

» Hazardousmaterialsandanyequipmentthatcould be sourcesofemissionshouldbe
placedmorethan6-inchesinsidethehoodforpropercontainmentofchemicalvapors.

» Keepanylaboratoryequipmentelevatedatleastoneinchofftheworksurfacetoallow
forproperairflow. Usebench standsoritems such asblocks, metaltesttube racks, or
other items that will not react with the chemical(s) in use.
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» Thehoodsashorpanelsshouldbeloweredtothe lowest(comfortable)working height,
usually 12to 18-inches. Fully openingthe sash lowers the face velocity tothe point of
ineffectiveness.

» Thehoodsashorpanelsshallnotberemovedexceptforinitialexperimentsetup before
hazardous chemicals are placed in the hood.

» Filterstoremovecontaminants,thoughrarelyusedforspecificoperations,suchas
volatile radioactive materials, shall be maintained as recommended by the
manufacturer.

» When pouring flammable liquids, always make sure both containers are electrically
interconnectedto each otherbybondingand groundingin orderto preventthe
generation of static electricity, which can cause the flammable liquid toignite.

» Besuretowashboththeworking surfaceandhoodsashfrequentlyandalways maintain
acleananddrywork surface thatis free of clutter, cleaning up all spillsimmediately.

» Keepthefumehood sashclosedallofthewaywheneverthefumehoodisnotbeing
used to help conserve energy.

» Forthoselaboratoriesequippedwithoccupancysensorsorwheretheventilationrates
are controlled by the light switches, when youfirst enterthe lab, wait a few minutes
before beginningtoworkwith chemicalsinorderforthe ventilation systemtorampup
to occupied settings and higher ventilation rates.

* Using fume hoods to evaporate hazardous waste is illegal.

FLOW MONTIORING DEVICES

Newand reconditioned hoodsshould beequippedwithan airflow-monitoring devicethat
providesanaudible and visible warning should the fume hood face velocity fallbelow a safe
level. Foruniformity the selectionmustbereviewedbyEHS. The deviceshouldbe checked
andrecalibrated annuallyatthetimeofrecertification. Any damaged devices should be
repaired or replaced.

PERFORMANCE TESTING
Fume hoods must be certified annually using ASHRAE-110 guidelines % to test performance.

Performance tests for hoods require one of the following
» Exhaust rate measured by a calibrated meter
» Linearairvelocitymeasuredinthe plane ofthe fume hood face (face
velocity)
» Smoke tests at different fume hood sash positions

8 ANSI/AIHA Z9.5-2003, American National Standard for Laboratory
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Documenting the performance ofafumehood may be performed by the EHS Officeora
competentanddesignatedperson.The EHS Officeshouldensurethatthisworkisconducted
annually.Ifadditional problems are suspected withaparticularhood, allthree performance
tests may be performed and/or maintenance required.

Face Velocity
FaceVelocityisthelinearaverageairvelocityintotheexhaustsystem (i.e.,fumehood)
measured atthe openingintothe hood. The measurementofhoodface velocity is
importantforquantitatively determiningthe effectivenessofa chemical fumehoodin
capturingandremoving materials emitted withinit. The average face velocity isthe
volumetricflowrate ofthe hood divided by the area ofthe hoodface. Forcombination
orhorizontal sashes, theface velocityis measured atthe midpointofthe planeofthe
hood face.

Adequatefacevelocitygenerallyrangesfrom 80-120linearfpm.Minimum face velocity
isthe minimumacceptable velocityatanypointonthe operatingopening, forexample
80fpm.Thisshouldnotbelessthan95percentoftheas-designed averagefacevelocity.
Maximum face velocity is the maximum acceptable velocity at any point of the
operating opening. Maximum face velocity should not be greater than 120 fpm to
prevent creation of turbulent air currents within the fume hood.

Average face velocity is determined in the following manner:

o Dividethehorizontaland vertical planes ofthe face into equal grids no greater
thanonefootsquare.Dimensions oftheface openingshallinclude the space
between the air foil and the work surface.

o Velocityreadings shallbetakenwithacalibratedanemometerfixedatthe
centerofeach grid cell. The anemometerisheldin the planeofthe hood
perpendicular to theopening.

o The hood face velocity is the average velocity of these measurements.

o Thetesterwill place a certification stickeron the frontofthe hood, recording the
testdate,facevelocityata12to18-inchessashheight,andtester’sinitials.The
sashheightatwhichtheaveragefacevelocityis100fpmmayalsobeindicated.

o Fumehoodtestinginformationshouldberecordedinadatabase maintained at
the EHS Office. Information should include Principal Investigator (P.1.),
department, building, room number, hood ID number, date, velocity (fpm)and
tester initials.

o Afumehoodthatdoesnotmaintainanadequate averageface velocity hasfailed
thetest, cannotbe used and is tagged with a sign indicating itis not working.
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SCHEDULED MAINTENANCE

Regularchecksoffumehoodandductworkisapartofpreventivemaintenance. Advance
notificationofthe plannedinterruption offumehoodservice shouldbe providedtorelevant
P.l.s,laboratorypersonnelandthe EHS office. Affected fume hoods should belabeled with“DO
NOTUSE"signsifnotalreadyposted. Duringthistime,noproceduresshallbeconductedinside
the affected fume hoods. Ifprocedures cannotbe interrupted orrelocated to anotherfume
hood during this time, the P.l./laboratory personnel shall inform those responsible of this
conflictand schedule amutually convenienttime forpreventive maintenance tobe conducted.

Fume hood service interruption notices shall include:
» Date/time of shutdown
» Fan motor number shutdown (if relevant include the site)
» Date/time of reactivation
* Number to call for further information

Oncescheduled,theP.l.andlaboratorypersonnelshallmakenecessaryarrangementsto
conduct procedures requiring local exhaust ventilation elsewhere, or suspend these activities
untilserviceisrestored.Designatedpersonorpersonsshalllockoutandtagoutaffectedhoods
sothatthey cannotbeusedduringthistime. Allhazardous materialsinside the hoods mustbe
inclosedcontainersorremoved.Oncemaintenanceiscomplete,thelockoutdevice(s)andtag
shallberemovedand EHS notified. The EHS Officereevaluatesthe affectedhoodsandgives
clearance for use when maintenance is complete.

REMOVING HOODS FROM SERVICE

When a chemical fume hood is to be removed from service, the P.I. must ensure that all
hazardous materialshave beenremovedandthehoodhasbeenproperlydecontaminated. If
radioactive materialshavebeenusedinthehood, the Radiation Safety Officermustsurveythe
fume hood forradioactive contamination. After decontamination and final survey, clearance
for removal is given by EHS Office.

FUME HOOD FAILURE RESPONSABILITIES

Iftheaudiblealarmsounds, thisindicatesthatthefacevelocityhasfallenbelow 80fpm andthe
fume hood should notbe used. Ifitis suspected that a fume hood is not working properly
regardless ofthe status ofthe alarm, work inside the hood should stop immediately andthe
problem shouldbereportedtothe Principal InvestigatororLaboratory Managerand Facilities.
Everyoneworkinginthe laboratory has responsibilities related to fume hood operations.
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P.I./ Laboratory Personnel
» Inform all laboratory personnel if hood is not working.
» Close or cover any open or exposed containers or radioactive materials.
» Placea“DO NOT USE” sticker or sign on the hood if it is not working properly.
» Remove chemicals and equipment and relocate procedures.
» Contact Facilities or appropriate department.

Facilities or Appropriate Department
» Lockout and tagout of individual hoods before investigation.
* Notify P.l., laboratory manager and research personnel.
» Post“DO NOT USE” signs (if not already posted).
» Repair and adjust adequate flow rate.
* Provide adequate preventive maintenance, including a review of entire system.
» Ensure personnel safety when doing repairs.
» Ensure any contractors follow lockout/tagout procedures.
» Contact EHS to do re-certification after repair or adjustment.

EHS
» Assist with communications between Departments and personnel.
» Arrange for annualcertifications.
» Issue clearance beforerepairs.
» Inform P.l. and Facilities Office if a hood fails certification.
» Re-certify after repairs or adjustment.
ROOF WORK

Thefumehood exhaustfans are designed suchthatthe exhaustis ejected highabove the
building. Workingneartheseoutlets could potentiallyexposeworkerstohazardouschemicals,
albeitinextremely dilute concentrations. Ifmaintenance/repairworkmustbedoneon theroof
ofanybuilding containinghood exhaust(s), the EHS Office mustbeinformed sothatworkers
canbe provided with information regarding chemicals usedinrelevantfumehoodsandfor
clearance to work in the vicinity.

DUCTLESS FUME HOODS
TheNYCFireCodedoesnotallowtheuseofductlessfumehoodsinNYC;thereforeductless
fume hoods are not to be installed in CUNY establishments.
REFERENCES
» ANSI/AIHA Z9.5-2003, American National Standard for Laboratory
» NFPAA45 Standard on Fire Protection for Laboratories Using Chemicals.
» ACGIH’s Industrial Ventilation: A Manual for Recommended Practice.
* ANSI/ASHRAE 110-1995 Method of Testing Performance of Laboratory Fume Hoods.
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APPENDIX P: FIRE EXTINGUISHERS TESTING AND INSPECTIONS

Annual

Allfireextinguishersmustbeinspectedmonthlyandservicedannually. Annualmaintenanceis
acompleteandthorough examinationofeachextinguisherincludingexaminingallitsparts,
cleaning and replacing any defective parts and reassembling, recharging and where
appropriate, pressurizing the extinguisher. Thisisdonebya person orvendorwhohasa
Certificate of FitnessinExtinguisherMaintenance. Maintenance shouldbe performed atleast
onceeveryyear,aftereachuse,orwhenmonthlyinspectionindicatesaneedformaintenance.

Monthly

Laboratory personnelshould performregularvisual checks (atleastona monthlybasis)to
ensurethatfire extinguishers are presentintheirlabs and willoperate. The pointofthese
inspections is to give reasonable assurance that the extinguishers are fully charged, completely
visible, fullyaccessible,and operable. The extinguishershouldbe inits designated place, not
been actuated and show no signs of damage that would interfere with operation. Afterthe
inspectionis complete the monthly inspectiontagshall beinitialedanddated. Forthosefire
extinguishers with a dial, the inspector must ensure that the indicator arrow on the dial is
within the green zone. If the indicator arrow is on either side of the green zone, which
indicates a problem, contact your EHSO to have the fire extinguisher replaced.

Hydrostatic Testing

Fireextinguishersthat aresubjecttointernalpressuresarerequiredtoundergohydrostatic
testingtopreventunexpected, in-servicefailure.Undetectedinternal corrosion caused by
moistureinthe extinguisher, external corrosion caused by atmospherichumidity orcorrosive
vapors, rough handling, repeated pressurizations, manufacturing flaws, improper assembly of
valvesorsafetyreliefdiscs,orexposuretoabnormalheat,asduringafire,maycausedamage.

Thefrequency ofhydrostatictestingisdetermined by the National Fire Protection Association
Standard for Portable Fire Extinguishers (NFPA 10). NFPA 10 provides the following hydrostatic
test frequency based on the different types of portable fire extinguishers.
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Type Test Interval
Pressure Water 5 years
CO2 5 years
Dry Chemical 5 years

Stainless Steel shell

Dry Chemical 12 years

Halon 12 years

Water Mist 5 years
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APPENDIX Q: MACHINE SHOP GUIDANCE

GENERAL STANDARD OPERATING PROCEDURES FOR COMMON TOOL AND MACHINE SHOP
EQUIPMENT

Machine shoptoolsand equipmentplace users atrisk ofinjury duetomoving machine parts
which can cause crushed fingers or hands, amputations, burns, or blindness. Thebasic
procedures listed below minimize the risk from these preventable injuries and apply to all
equipmentthatcontains pinch points, wrap points, shearpoints, crush points, pull-in points, or
the potential to throw fragments.

General Safety Tips

- Before using equipment, read the instruction manual andobtaintrainingfroma
supervisor. Askforhelpif youdonotfeelconfidentusingtheequipment. Inspect
equipment before use to confirm itis in good working order.

- Maintain tools in accordance with manufacturer requirements.

- Do notinstall or repair equipment unless you are qualified.

- Donotusedefectivemachinery,equipmentorhandtools. Takeitoutofserviceand
report it to the supervisor.

- Do not tamper with or remove any part of the equipment or safety devices.

- Do not use atool with a damaged or frayed electrical cord.

- Keep electric cords clean and free from kinks.

- Work Area must be clean, dry and well-lit.

- Stand where you have good footing and good balance when using any tools.

- Usetherighttoolsthecorrectway. Usehandtoolsandmachineshopequipmentfor
their designed purposes only. Never use a dull blade or cutting edge.

- Do not work alone in a machine shop.

- Concentrate —do not take your eyes off your work or talk to anyone as you use tools.

- Know the location of start, stop switches or buttons.

- Donotwearlooseclothing,loose neckwearorexposedjewelrywhile operating
machinery.

- Rolluplong shirtsleeves above the elbows.

- Pull back and secure long hair.

- Do notwear thin fabric shoes, sandals, open-toed shoes, and high-heeled shoes.

- Arrangetheworkanduse portable tools sothatthe tool willmove awayfromyour
hands and body if it slips.

- Wear safety glasses with side shields at all times.

- Use hearing protection and respiratory protection when required.
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Alwayskeephandsandotherbody partsasafedistance awayfrommoving machine
parts,workpieces, andcutters. Thedrillshould beboltedtothefloororwork surface
Use all guards and safety devices (i.e. three-prong plugs, double-insulated tools, safety
switches, and guards) that are part of the equipment.

Turn off and unplug equipment before making adjustments or changes.

Keepthedrillpresstablefreeoftoolsandother
materials.
Useonlyproperlysharpeneddrillbits,socketsand
chucksingood condition. Remove dull drill bits,
battered tangs, or sockets from service.
Donotremove byhand metalorwood chips from
the table or stock. Use brushes orothertools to
remove chips.

All belts and pulleys must have guards; if the belts
orpulleysarefrayed, thedrillpressmustbetakenoutofserviceandthebeltsorpulleys
replaced.

Secure stock with a vise or clamps prior to a machining process.

Use the correct speed and drill for the type of stock being machined.
Usetheappropriate bitforthe stock beingmachined. Donotuse bitswithfeed screwor
extremely long bits.

The drill bit should be mounted the full depth and in the center of the chuck.

Never attempt to remove a broken drill with a center punch or hammer.
Whenanoperatorhasfinishedworkingonthedrillpress,andbeforeleavingthedrill
pressforanyreason, the powermustbe shutoffand the machine mustcometoa
complete stop.

The drill itself as well as the material being drilled, must be clamped or secured firmly.

Bench or Pedestal Grinder

Donotuseagrinderwithchippedorcracked
wheels.

When startingmotor, standtoone side ofthewheel
until the wheel reaches operating speed. This
preventsinjury if a defective wheel breaks apart.
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= Priortostartingthe grinder,ensure guards enclosing the outside ofgrindingwheelare
in place.
» Priortoadjustingthe workrestortang, unplug the powerto the grinderfromthe wall

receptacle. Ifthe grinderis hardwired into a box, follow Lockout/Tag Out Policy

Hand Tools

Power Tools

Donotuseascrewdriverasachiselasit
may cause the tip ofthe screwdriverto
break andfly, hitting the user or other
employees.

Donotuse awoodenhandleonatoolsuch
asahammeroran axeisloose, splintered,
or cracked, the head of the tool may fly off
and strike the user or another worker.
Donotuseawrenchifitsjawsare sprung,
it might slip.

Impacttools such aschisels, wedges, or
drift pins are unsafe if they have

mushroomed heads. The heads might shatter on impact, sending sharp

fragments flying.

Keepfloorscleananddrytopreventaccidentalslipswithorarounddangerous

hand tools.

Around flammable substances, sparks produced by iron and steel hand tools can
beadangerousignitionsource. Where thishazard exists, spark-resistanttools

made from brass, plastic, aluminum, or wood will provide for safety.

= Never carry a tool by the cord or hose.

» Neveryankthecordorthehosetodisconnectitfrom

the receptacle.

» Keepcordsandhosesawayfromheat,oil,andsharp

edges.

» Disconnecttoolswhennotinuse, beforeservicing,
and when changing accessories such as blades, bits

andcu

= Secure work with clamps or a vise, freeing both hands to operate the tool.

tters.
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= Avoidaccidentalstarting. Theworkershouldnotholdafingerontheswitchbutton
while carrying a plugged-in tool.

» Toolsshouldbemaintainedwith care. They shouldbe keptsharp and cleanforthe best
performance. Followinstructionsinthe user's manualforlubricatingand changing
accessories.

= Allportable electrictoolsthatare damaged shallberemoved fromuse andtagged"Do
Not Use."

Pneumatic Tools

» Eyeprotectionisrequired andface protection
isrecommendedforemployees workingwith
pneumatic tools.

» Noiseisanotherhazard. Workingwith noisy
tools such as jackhammers requires proper,
effective use of hearing protection.

= When using pneumatic tools, employees must
checktoseethatthey are fastened securely to
the hose to prevent them from becoming
disconnected.Ashortwireorpositivelockingdeviceattachingtheairhosetothetool
will serve as an added safeguard.

= Asafetycliporretainermustbeinstalled to preventattachments, such aschiselsona
chipP.l.ng hammer, from being unintentionally shot from the barrel.

» Screensmustbesetuptoprotectnearbyworkersfrombeing struck byflyingfragments
around chippers, riveting guns, staplers, or air drills.

= Compressed air guns should never be pointed toward anyone.

Table Saw

» Alwaysinspectthetablesawbeforebeginninga
shift.

» Alwaysweareyeandearprotectionwhileusing
the saw and adust maskis recommended.

» Tiebackhair,removealljewelry,andwearsnug
fitting clothing while using this machine.

= Never wear gloves while using this machine.
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Keepthetableandsurroundingareafreeofdebrisandexcessivedustthatmaycause
tripping or slipping.

Eliminate potentialdistractions andignore anyone who tries to converse with you while
operating the saw.

Ensurethatallguidesare properlylocked before usingthe saw and thatthe appropriate
guards are inplace.

Check each piece of wood for metal and loose knots and remove either before cutting.
The power must be disconnected at the service panel before changing a blade.
Theblade mustbe adjustedto protrude nomore thatapproximately 1/4”throughthe
stock that is being cut.

A“kickback”isthe mostdangerous hazardwhenrunningatablesaw. ltoccurswhen
material being cut is thrown back at the operator. To prevent it:

1) Donotuse adull blade. Replace it with new.

2) Use the splitterguard.

3) Do not drop wood on the saw.

4) Do not cut freehand or rip warped wood.
Usepushsticks,featherboardsandotherholdingorpushingjigsanddevicestokeep
hands away from the blade.

Payattentiontothedirectionyouare applyingforcetothe stock sothatyourhandsslip,
they will not go toward the blade.

Use a stick to clear scraps, not your hands.

Always maintain controloverany stock captured between the blade and the fence of
the saw.

The blade must be completely stopped before making adjustments.

Never reach over the saw to push stock.

Stand slightly to the side of the saw, never in line with the saw.
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APPENDIX R: LABORATORY SPECIFIC WORKING ALONE PROTOCOL APPROVAL*

EHSRMhas always recommended that no one work alone with hazardous materials in the lab, but
we also recognize that there are circumstances where this may be necessary. As a result, a program
has been developed where working alone must be authorized by the responsible

Principal Investigator(P.l.)of the lab. The form requires the P.I. to confirm the status of the
applicant’'s C-14 Certificate and evaluate activities that would help mitigate or prevent an
accident or injury to the person working alone.

If you have solo work with hazardous materials being performed in a lab,please
complete the formandsubmit to campus EHS Officewitha copy of the applicants C-14
Certificateof Fitness. Working alone will not be approved for individuals without
a C-14 Certificate of Fitness.

Section |: APPLICANT

Name Date / /
Phone Number Emergency Phone
Number

Name of Principal
Investigator

Proposed date(s)
of task/activity

Duration of
authority

Place of Work

Areas to be
accessed

Brief of task /
activity to be
undertaken alone
or in isolation
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SECTION II: PRINCIPAL INVESTIGATOR APPROVAL

Identify hazardous substances/processes associated with the task/activity to be undertaken alone or on
isolation.

Low Hazard
O Theworkerisnotinvolvedinany highly hazardous materials orprocesses. “Working alone” is allowed.

Chemical Hazards - Working with any materials in these hazard classes requires a valid certificate of
fitness and the use of the “buddy system.”

O Pyrophoric Chemicals

(ex: Lithium Reagents: RLi (R = alkyls, aryls, vinyls); Metal carbonyls: Lithium carbonyl, Nickel
tetracarbonyl; Metal hydrides: Potassium Hydride, Sodium hydride, Lithium Aluminum Hydride; Nonmetal
hydrides: Arsine, Boranes, Diethylarsine, diethylphosphine, Germane, Phosphine, phenylphosphine,
Silane; Elements: Phosphorus, Cesium, Lithium, Potassium, Sodium, Sodium Potassium Alloy (NaK)), or
listed as OSHA Hazard Class Pyrophoric

00 Water Reactive Chemicals
(ex:AluminumCarbide,Calcium,CalciumCarbide,LithiumaluminumHydridePotassium,sodium),or
listed as OSHA Hazard Class” substances which, in contact with water, emit flammable gases.”
O Potentially Explosive Chemicals

(ex:Azide Metal (M-N3), Nitrate (-ONO2), Nitro (-NO2), Nitrite (-ONO), Peroxide (-O-O-), Ammonium
nitrate, Ammonium perchlorate, Benzoyl peroxide, Dinitrophenol,Nitrocellulose, Picric acid
(trinitrophenol), Ureanitrate), orlistedas OSHA Hazard Class Explosive or Self-reactive

O Explosive Salts

(ex: Perchlorate salts (ClO4-)), or listed as OSHA Hazard Class Explosive or Self-reactive

0O Acutely Toxic Chemicals

(ex: Carbon Monoxide, Cyanide salts, Digoxin,2,4-Dinitrophenol, Methyl mercaptan, Nitric oxide,
Phosgene, Potassium cyanide,Sodium Azide,Sodium cyanide, any chemical with LD50 (oral)< 50 mg/kg) or
listed as OSHA Hazard Class Acutely Toxic Category 1 or 2

O Peroxide Forming Chemicals

(ex: Isopropyl Ether, Methyl Isobutyl Ketone, Tetrahydrofuran, Acrylonitrile, Methyl
Methacrylate,Styrene), or listed as OSHA Hazard Class Peroxide

O Strong corrosives

(ex:Hydrochloricacid, Hydrofluoricacid, Nitricacid, Perchloricacid, Phenol,Sulfuricacid,Potassium
hydroxide,Sodium hydroxide), or listed as OSHA Hazard Class Corrosive

0O Strong Oxidizing Agent

(ex: Ammonium perchlorate, Ammonium permanganate, Bromine, Calcium chlorate, Calcium
hypochlorite, Chromic acid, Hydrogen peroxide,Oxygen), or listed as OSHA Hazard Class Oxidizer
O Strong Reducing Agent

(ex: Lithium, Lithium aluminum hydride, Magnesium, Potassium, Sodium, Sodium borohydride)
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ORegulated Carcinogens
(ex: Acrylonitrile, Benzene, Formaldehyde, Gallium Arsenide, Inorganic Arsenic, Paraformaldehyde), or
listed as OSHA Hazard Class Carcinogen

O Other:

Biological Hazards: Working with any materials in this hazard class requires a “buddy system.”

O Select Agents
(ex: Botulinum neurotoxin, Tetrodotoxin, Yersenia pestis)
http://www.slectagensts.govSlect%20Agents%20and%20Toxins%20List.html

O Others:

Process Hazards: Specify with any materials in this hazard class requires a “buddy system”

O Use of machine shop or lathes {identify specific equipment}

O Procedures involving high pressure equipment {identify specific equipment}

O Transferring large quantities {e.g. 10 liters or more} hazardous
O Handing animals that could cause serious injury

0O High voltage, highcurrent

O Other:

Health and Safety
O Inability for self-rescue: Can the person rescue themselves in case of emergency?



http://www.slectagensts.govSlect%20Agents%20and%20Toxins%20List.html
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Additional Requirements:

Identify the “Buddy” and confirm they are available before beginning work:

Thelaboratory Emergency Planis posted nearthe laboratory phone. The names and phone numbers forthe
laboratory and building contacts are up to date.

YesO No O

Principal investigator Approval

Ihavereviewedthe Hazard Assessmentforthis procedure, thetasksand hazardsinvolvedinthe work, the
consequencesresultingfromaworst-case scenario, the possibilityofanaccidentorincidentthatwould prevent
thelaboratorypersonnelfromcallingforhelp,thelaboratorypersonnel’strainingandexperienceandthetime
theworkistobe conducted (duringnormalbusiness hours versus atnightoron weekends/holidays). This
laboratory worker has permission to work alone on this procedure.

P.l.Signature: Date:

P.l.Phone Number P.l.Emergency phone number:

*This is a recommended form for labs to use when approving “Working Alone.” The P.l. can change these recommended
hazards that would require the Buddy System, unless required by another policy. The P.l. can use this form to document their approval for
someone to work alone in the lab.
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APPENDIX S: OVERVIEW OF HAZARDOUS WASTE DISPOSAL PROCEDURE

([Insert School Logo]

[Insert College name] College faculty, staff, students, contractors, and other parties that handle or generate
hazardous wastes are required to properly handle, store and label hazardous wastes and to comply with
applicable federal, state and local regulations. Please check off each topic as discussed.

The [Insert College name] College Hazardous Waste Program

Do not dispose of hazardous waste down sink drains.

Do not dispose of hazardous waste in the normal trash.

Do not dispose of hazardous waste by evaporation in fume hood.

Do not dispose of hazardous waste in broken glass container.

HW must be collected in a compatible container which is in good condition.

All containers of HW MUST be labeled with the word “Hazardous Waste” and with other words identifying contents and
hazards present.

All HW containers must be kept tightly capped except when adding or removing waste.
Do not mix incompatible chemicals together in the same waste container.

© Do not store waste containers next to other bottles holding incompatible chemicals. Separate incompatible chemicals into
separate secondary containment trays.

Store HW containers at or near point of generation and under the control of generator.
Inspect HW containers weekly for leaks or signs of deterioration.

O O o0 O O O

o

~N

© HW containers must be marked with the date the container becomes full and taken to the Main Accumulation Area ([Insert

room number]) for disposal
Review Safety Data Sheets prior to working with chemicals.
Use appropriate personal protective equipment when working with chemicals.
Report any accident to P.l., Supervisors and Safety Officers.
Report any emergency to Public Safety (Ext. [Insert extension number]).

/
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APPENDIX T: FIRE SAFETY IN LABS

f [Insert School Logo] \

Do you know what the fire hazards are in your laboratory? = Fire retardant or flame resistant laboratory coats help reduce the risk o

clothing fires.
= Type of materials and how they should be used?

« Never use a fire extinguisher on someone who is on fire. Use the

. i ial?
Reaction and hazard potential? emergency shower.

= Proper storage methods?

< Emergency response procedures? . .
9 y P P Common causes of fires include:

- Special considerations when working with material? . .
= Improper storage, including improper use and storage of flammable
liquids (keep no more than the permitted amount of flammable liquids i

If the answer is "no” to any of these questions, you should the laboratory at any time and no container larger than 5 gallons).

Ask your supervisor and/or consult the Safety

Data Sheets (SDS)! You need to know the characteristics of the chemicals
you are working with and are stored in your lab. The SDS can be obtained
through ChemWatch.

- Keeping chemicals past the expiration dates (e.g. ethyl ether is 6 mont
from when first opened).

* Not using the least hazardous materials.

= Purchasing non-anhydrous chemicals and drying out in the fume hood.
Do you know the location of the safety equipment in and around your
laboratory? « Spontaneous combustion (ex.: some solvents on towels will self-ignite
the trash).
» Fire extinguisher
« Water reactivity (ex.: sodium).
< Emergency eyewash and emergency shower
= Faulty electrical wiring & equipment (frayed wires, too close to
= Spill clean-up material combustibles, overheating wires, lack of over current protection).

\ » Alarm pull box » Poor housekeeping. /
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APPENDIX U: GUIDELINES FOR CHEMICAL STORAGE

Guidelines for Safe Chemical Storage

Safe chemical handling requires routine inspections of chemical storage areas and maintenance of stringent
inventory control.

Proper storage information can usually be obtained from the Safety Data Sheets (SDS), label, or other chemical
reference material. SDSs are available through ChemWatch website at http://jr.chemwatch.net/chemgold3/?X. The
username is [INSERT USERNAME] and the password is [INSERT PASSWORD].

Keys for safe chemical storage:

All chemicals are properly labeled with the identity of the hazardous chemical(s) and appropriate
hazard warnings.

= Maintain Labels on Incoming Containers

= Replace Torn or Defaced Labels

Incompatible chemicals are segregated by hazard class (see segregation chart).

Chemicals are not stored alphabetically except within a grouP.l.ng of compatible chemicals.

Flammable materials are stored in flammable materials storage cabinet. Cabinet doors are kept
closed.

Hazardous chemicals are not stored higher than eye level.

Shelves are not overcrowded.

Chemicals are not stored on the floor (even temporarily)

Liquids are stored in secondary containers, or the storage cabinet that have the capacity to hold the
contents if the container breaks.

Acids are stored in a dedicated acid cabinet. Nitric acid is isolated from all other acids.

Highly toxic or controlled materials are stored in a locked, dedicated poison cabinet.

Volatile or highly odorous chemical are stored in a ventilated cabinet.

Chemical fume hoods are not used for storage as containers impede airflow in the hood and reduce
available workspace.

No chemical storage under, over or near a sink.

Peroxide forming chemicals such as ethers, dioxane, acetal, and tetrahydrofuran are dated upon
receipt and on opening. (At the end of 6 months, these chemicals must be tested for peroxide
formation for continued safe use and can be re-dated and retained for an additional 6-month period
after it is found to be safe).

Refrigerators and freezers for storing flammable liquids must are designed, constructed, approved,
and labeled for that purpose.

Refrigerators used for storing chemicals, samples or media are labeled with words to the effect as
follows: “Caution—Do Not Store Food or Beverages in This Refrigerator.”

Only compressed gas cylinders that are in use and secured in place are kept in the laboratory.

Emergency phone numbers, eyewash, emergency shower, fire extinguishers, spill cleanup supplies
and personal protective equipment are readily available and personnel trained in their use.

Look for unusual conditions in chemical storage areas, such as:
= Improper storage of chemicals

= Leaking or deteriorating containers

= Spilled chemicals

= Temperature extremes (too hot or cold in storage area)
= Lack of or low lighting levels

= Blocked exits or aisles

= Doors blocked open, lack of security

= Trash accumulation

= Open lights or matches

= Fire equipment on the floor, blocked, broken or missing

Lack of information or warning signs ("Flammable liquids", "Acids", "Corrosives", "Poisons", etc.)
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APPENDIX V: LABORATORY HAZARD ASSESSMENT TOOL

This toolis adaptedfromUCLAEHS.Theform must be completed by the P.1., Laboratory
Supervisor,ortheirdesigneetoconductalaboratoryhazard assessmentspecificto
activities in their laboratories. The laboratoryhazard assessment identifies hazards to
employeesandspecifiespersonalprotectiveequipment(PPE)toprotectemployees
duringworkactivities. The P.l.assessmentmustverifythatitis completeandthat
traininghasbeenconducted. EH&S personnelare available to assistwith thisform.

This assessment consists of four sections and serves as a step in satisfying PPE requirements.
Section 1: Laboratory Information
Section 2: Laboratory Hazard Assessment
Section 3: PPE Training

Section 4: Verification of PPE Training

Section 1: Laboratory Information

Department

Laboratory location(s) with building & room number(s)

Principal Investigator

Laboratory Safety Coordinator

Name & title of person conducting assessment

Phone number

Email address

Date assessment completed

Signature

Section 2: Laboratory Hazard Assessment

In this section, you will:

« Conduct a hazard assessment of the laboratory to identify activities when PPE is needed

to protect the laboratory staff from exposure to hazards.

« Certify the hazard assessment for the laboratory by signing Section 1.
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The following checklists are an overview of common laboratory activities and associated potential hazards

and applicable PPE. Check each box that describes activities performed by laboratory personnel.

Chemical Hazards

Are the following activities performed in the lab?

Yes | No Activity Potential Hazard Applicable PPE
' {™ Working with small volumes (<4 Eye or skin damage. Safety glasses or goggles. Light chemical-resistant
liters) of corrosive liquids. gloves. Laboratory coat.

Chemical Hazards

Are the following activities performed in the lab?

Yes | No Activity Potential Hazard Applicable PPE
(s ' Working with large volumes (>4 Poisoning; increased Safety goggles. Heavy chemical-resistant gloves.
liters) of corrosive liquids, small potential for eye and Laboratory coat and chemical-resistant apron.

to large volumes of acutely toxic | skin damage.
corrosives, or work which creates
a splash hazard."

= r Working with small volumes (<4 Skin or eye damage, Safety glasses or goggles. Light chemical-resistant
liters) of organic solvents or potential poisoning gloves. Laboratory coat.
flammable organic compounds. through skin contact.

s '@ Working with large volumes (>4 Major skin or eye Safety goggles. Heavy chemical-resistant gloves.
liters) of organic solvents, small to | damage, potential Flame-resistant laboratory coat (e.g. Nomex).

large volumes of very dangerous | poisoning through skin
solvents, or work which creates a | contact. Fire.
splash hazard.'

' ' Working with toxic or hazardous Skin or eye damage, Safety glasses (goggles for large quantities). Light
chemicals (solid, liquid, or gas)."? | potential poisoning chemical-resistant gloves. Laboratory coat.
through skin contact
and/or inhalation.

i ' Working with acutely toxic or Increased potential for Safety goggles. Heavy chemical- resistant gloves.
hazardous chemicals (solid, eye or skin damage; Laboratory coat.
liquid, or gas).m 23 increased potential

poisoning through skin
contact and/or inhalation
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s ' Working with an apparatus with Eye or skin damage. Safety glasses or goggles; face shield for high risk
contents under pressure or vacuu activities. Chemical-resistant gloves. Laboratory

coat, chemical-resistant apron for high risk
activities.

Iy r Working with air or water reactive | Severe skin and eye Work in inert atmosphere, when possible. Safety
chemicals. damage. Fire. glasses or goggles. Chemical- resistant gloves.

Laboratory coat, flame resistant laboratory coat for
high risk activities (e.g. Nomex). Chemical-resistant
apron for high risk activities.

s '® Working with potentially explosive | Splash, detonation, Safety glasses face shield, and blast shield. Heavy
chemicals. flying debris, skin and gloves. Flame-resistant laboratory coat (e.g.

eye damage. Fire. Nomex).

Iy '@ Working with low and high Burns. Splashes. Fire. Safety glasses. Laboratory coat. Thermal insulated
temperatures. gloves, when needed.

s ' Minor chemical spill cleanup. Skin or eye damage, Safety glasses or goggles. Chemical- resistant

respiratory damage. gloves. Laboratory coat. Chemical- resistant apron
and boot/shoe covers for high risk activities.
Respirator as needed. Consider keeping Silver
Shield gloves in the laboratory spill kit.
Iy r Reactive Materials
Biological Hazards
Are the following activities performed in the lab?

Yes | No Activity Potential Hazard Applicable PPE

s ' Working with human blood, body | Exposure to infectious Safety goggles with face shield or
fluids, tissues, or blood borne material. facemask plus goggles, latex or nitrile gloves,
pathogens (BBP). ® laboratory coat or gown.

Biological Hazards
Are the following activities performed in the lab?

Yes | No Activity Potential Hazard Applicable PPE

'® '® Working with preserved animal Exposure to infectious Safety glasses or goggles, protective
and/or human specimens. material or gloves such as light latex or nitrile for unpreserved

preservatives. specimens (select protective glove for preserved
specimens according to preservative used),
laboratory coat or gown.

I ' Working with radioactive human Cell damage, potential Safety glasses (goggles for splash hazard), light
blood, body fluids, or blood borne | spread of radioactive latex or nitrile gloves, laboratory coat or gown.
pathogens (BBP). contaminants, or

potential BBP exposure.
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' ' Working with agents or Eye or skin irritation. Safety glasses or goggles for protection
recombinant DNA classified as from splash or other eye hazard, light latex or nitrile
Biosafety Level 1 (BSL-1). gloves for broken skin or skin rash, laboratory coat

or gown.

'y ' Manipulation of cell lines, Exposure to infectious Safety glasses or goggles for protection from
viruses, bacteria, or other material, particularly splash or other eye hazard, light latex or nitrile
organisms classified as Biosafety | through broken skin or gloves, laboratory coat or gown.

Level 2 (BSL-2). ° mucous membranes.

s ' Manipulation of infectious Exposure to infectious Safety glasses or goggles for protection
materials classified as Biosafety materials with high risk from splash or other eye hazard, light latex or nitrile
Level 2 facility with BSL-3 of exposure by contact gloves (double), laboratory coat or disposable
practices (BSL-2+). 8 or mucous membranes. | gown (preferred), surgical mask.

'y ' Manipulation of infectious Exposure to infectious Safety glasses or goggles for protection from
materials classified as Biosafety | materials with high risk | splash or other eye hazard, light
Level 3 (BLS-3). of exposure, particularly | latex or nitrile gloves (double), full disposable gown

through inhalation. or Tyvek suite
(preferred), respirator, shoe cover or
dedicated shoe.

(s ' Working with live animals Animal bites, allergies. Safety glasses or goggles for protection
(Animal Biosafety Level 1, from splash or other eye hazard, light latex, nitrile
ABL-1). or vinyl gloves for broken skin or skin rash,

laboratory coat or gown. Consider need for wire
mesh glove.

'y ' Working with live animals Animal bites, exposure Safety glasses or goggles for protection from
(Animal Biosafety Level 2, ABL- to infectious material, splash or other eye hazard, light
2).°% allergies. latex, nitrile or vinyl gloves, laboratory gown, hair

cover, shoe covers, surgical mask.
Consider need for wire mesh glove.
Radiological Hazards
Are the following activities performed in the lab?
Yes | No Activity Potential Hazard Applicable PPE
Working with solid radioactive Cell damage, potential Safety glasses, impermeable gloves, laboratory
'O ¢~ | materials or waste. spread of radioactive coat.
materials.
Working with radioactive Cell damage or spread Safety glasses (or goggles for
materials in hazardous of contamination plus splash hazard), light
chemicals (corrosives, hazards for the specific chemical-resistant gloves, laboratory coat. Note:
flammables, liquids, powders, chemical. Select glove for the applicable chemical
s -
etc.). hazards above.
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Yes Activity Potential Hazard Applicable PPE
I Working with ultraviolet Conjunctivitis, corneal
radiation. damage, skin redness.
o Working with infrared emitting Cataracts, burns to UV face shield and goggles,
equipment (e.g. glass blowing). cornea. laboratory coat.
I Working with X-Rays Appropriate shaded goggles,
laboratory coat.

Activity Potential Hazard Applicable PPE
Open Beam
Performing alignment, trouble- Eye damage. Appropriately shaded goggles/glasses with
shooting or maintenance that optical density based on individual beam
requires working with an open beam parameters.
® and/or defeating the interlock(s) on
any Class 3 or Class 4 laser system.
Viewing a Class 3R laser beam with Eye damage. Appropriately shaded goggles/glasses with
magnifying optics (including optical
r.c
eyeglasses). density based on individual beam
parameters.
Working with a Class 3B laser open Eye damage, skin Appropriately shaded goggles/glasses with
& beam system with the potential for damage. optical
producing direct or specular density based on individual beam
reflections. parameters, appropriate skin protection.
Working with a Class 4 laser open Eye damage, skin Appropriately shaded
o beam system with the potential for damage. goggles/glasses with optical density based on
producing direct, specular, or diffuse individual beam parameters, appropriate skin
reflections. protection.
Non Beam
Handling dye laser materials, such Cancer, explosion, fire. | Gloves, safety glasses, flame resistant
o as powdered dyes, chemicals, and laboratory coat or coveralls.
solvents.
Maintaining and repairing power Electrocution, Electrical isolation mat, flame- resistant
o sources for large Class 3B and explosion, fire. laboratory coat or coveralls.
Class 4 laser systems.
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Yes | No Activity Potential Hazard Applicable PPE
Working with cryogenic liquids. Major skin, tissue, or eye damage. Safety glasses or goggles for
& I !arge volumes, impermeable
insulated gloves, laboratory
coat.
Removing freezer vials from liquid Vials may explode upon Face shield, impermeable
nitrogen rapid warming. Cuts to face/neck insulated gloves, laboratory
and frostbite to hands. coat.
v |

Activity Potential Hazard Applicable PPE
Working with very cold equipment or Frostbite, hypothermia. Safety glasses, insulated
o (“ dry ice. gloves (possibly warm clothing),
laboratory coat.
Working with hot liquids, equipment, Burns resulting in skin or eye Safety glasses or goggles for
open flames (autoclave, Bunsen damage. large volumes, insulated gloves
1o o burner, water bath, oil bath). (impermeable insulated gloves
for liquids, steam), laboratory
coat.
Glassware washing. Lacerations. Cut or puncture resistant rubber
v |
gloves, laboratory coat.
I e Working with loud equipment, noises, | Potential ear damage and hearing Earplugs or ear muffs as
sounds, alarms, etc. loss. necessary.
Working with a centrifuge. Imbalanced rotor can lead to broken | Safety glasses or goggles, lab
w | vials, cuts, exposure. coat, latex, vinyl, or nitrile
gloves.
Working with a sonicator. Ear damage, exposure. Safety glasses or goggles, lab
« C coat, latex, vinyl, or nitrile
gloves. Ear plugs or ear muffs.
Working with sharps. Cuts, exposure. Safety glasses or goggles, lab
v & coat, cut or puncture resistant
gloves.
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Nanomaterial Hazard

Is the following activity performed in the lab?

Yes | No Activity Potential Hazard Applicable PPE
& I Working with engineered Inhalation, exposure, dermal Goggles, gloves, laboratory coat.
nanomaterials. 8 exposure.

—_

Use a chemical fume hood or other engineering control whenever possible. In addition to
engineering controls and PPE, consider personal clothing that provides adequate skin coverage.
Consult SDS.

Chemical-resistant gloves are to be selected based on the specific chemical(s) used.

Use a Biosafety cabinet to minimize exposure

Appropriate skin protection can include laboratory coat, gloves, sun block, or barrier cream.
Working with dry engineered nanomaterials (e.g. synthesizing, storage) should be

separately evaluated for respiratory protection.

@arwLN

Section 3: Conduct PPE Training

PPE training is conducted by the laboratory P.l. It may be supplemented by online resources
approved by the EHS office. Documentation of training must be kept (see the following page).

Step 1

The P.1. or laboratory supervisor identifies those requiring PPE training, informs them of the requirements
and outlines how they can meet the obligations.

Step 2

1. The P.l1., laboratory manager, or their designee reviews the completed Hazard Assessment
Tool (this document) with the employee. It describes the tasks in the laboratory when
employees need PPE to protect themselves from exposure to hazards. In this step, the
hazard assessment is used as a trainingtool.

2. While discussing laboratory activities and the associated hazards with laboratory staff, the
supervisor will address how their laboratory obtains PPE, what types of PPE are used in the
laboratory and for which tasks, where and how the PPE is stored and maintained, how to
properly use the PPE, and discuss any limitations of the PPE. The supervisor should also
discuss general PPE safety practices, including not wearing PPE outside of laboratory hazard
areas (e.g. hallways and eating areas).

Step 3

When the supervisor believes the employees have demonstrated understanding, the employees and
the P.l. then sign the following Verification of PPE Training form (next page) to document that PPE
training has been conducted. A copy of this signed form is to be maintained in the Laboratory Safety
Manual.

Step 4

Repeat or conduct a refresher training whenever the hazard assessment is updated (at least
annually).
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Section 4: Verification of PPE Training

The following employees of

received the following training:

When PPE is necessary.

The limitations of PPE.

Ok wN =

What PPE is required in a given circumstance
How to properly don, doff, adjust, and wearPPE.

The proper care, maintenance, useful life, and disposalof PPE.

254

(laboratory) have

Employee Name

FNDY COF Number

Employee Signature

As a part of this training, employees were informed of the personal protective equipment selected by
this facility for their use. By my signature and those of the employees listed above, we certify that

each employee has demonstrated his/her understanding of this training.

(Signature of Principal Investigator)

(Date)
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APPENDIX W: DRY ICE SHIPPING PROTOCOL

Federal regulations require that anyone involved in shipping a hazardous material (including dry
ice)mustfirstreceivetraining. Ifyouare goingtopackagedryiceforshipmentorsignanytype
of shippingdocumentation (suchasa FedExAirbill)foradryice shipment,itisnecessaryto
renew your certification every three years.

Example: FedEx Airbill containing proper documentation for 1 box containing 6 kg of dry ice.
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I . 1000 Go Fodr™ 200450 318 vanuse ‘
| - |

» Package Dry Ice properly using approved dry ice shipping containers.
Below are some Manufacturers of Dry Ice Shipping Containers:

a) DG supplies,Inc.
5BoxalDrive
Cranbury, NJ 08512
(800) 347-7879
http://www.dgsupplies.com



http://www.dgsupplies.com
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b) HAZMATPAC, Inc.
5301 Polk St., Bldg. 18
Houston, TX 77023
(800) 923-9123
http://www.hazmatpac.com

c) United City lce Cube Company
503 W 45thSt
New York, NY 10036
212-563-0819
https://www.unitedcityicecube.com

» Make sure to mark and label container properly.

Dry Ice Shipping Label (Class 9 Hazard: Miscellaneous)

DRY ICE,
kg.

Shipper's Name and Address

Consignee's Name and Address

WACE LABELIPASTIR @ (306) 6214008 www lsbwmastor som



https://www.unitedcityicecube.com
http://www.hazmatpac.com
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IATA Acceptance Checklist for Dry Ice

From: http://www.iata.org/whatwedo/cargo/dgr/Documents/EN_Form_Drylce_59.pdf

2018
ACCEPTANCE CHECKLIST FOR DRY ICE (Carbon Dioxide, solid)

(For use when a Shipper's Declaration for Dangerous Goods is not required)

A checklistis required for all shipments of dangerous goods (9.1.4) to enable proper acceptance checks to be
made. The following example checklistis provided to assist shippers and carriers with the acceptance ofdryice
when packaged on its own or with non-dangerous goods.

Is the following information correct for each entry?

DOCUMENTATION
YES NO* N/A

The Air Waybill contains the following information in the “Nature and Quantity of Goods” box(8.2.3)

1.The UNNumber“1845”, preceded by the prefix “UN"...........iiiii e O O O

2. Thewords “Carbon dioxide, solid” or “Dry IC€” .......ccooiiiiiiiiiie O O O
3. The number of packages of dry ice (may be in the Pieces field of the AWB when they are the only

packagesinthe CONSIGNMENT)........oi i e e O O O

4.The netquantity of dryiceinKilograms. ... O O O

Note: The packing instruction “954” is optional.

Quantity

5. The quantity of dry ice per package is 200 kg Orless [4.2] .......coueiiiiiiiiiie e O O O

PACKAGES AND OVERPACKS
6. The number of packages containing dry ice delivered as shown on the Air Waybill............ O O O
7. Packages are free from damage and in a proper condition forcarriage ...........cooccuvieeeeeenn. O O O

8a.Packagingconformswith PackingInstruction954.............oooiiiiiii e o 0O O

257
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8b. The packageisventedtopermittherelease ofgas..........cceeeeiiiiiiiii O O O

Marks & Labels

9. The UN number “1845” preceded by prefix “UN”[7.1.4.1(Q)]......uveeeeeeeiiiiiiiceee e O O O
10. The words “Carbon dioxide, solid” or “Dryice” [7.1.4.1(2)]. .. uveeeeeeeiiiiiiiieee e O O O
11.Fullname and address ofthe shipperand consignee[7.1.4.1(D)] ......covveeiiiiiiiiiiienninns O O O
12. The net quantity of dry ice within each package [7.1.4.1(d)] ..o O O O
13. Class 9 label affixed [7.2.3.9].......oo i s a O O
14.Irrelevant marks and labels removed or obliterated [7.1.1(b); 7.2.1(@)].....vvveeveeriiiiiieenn. O O O

Note: The Marking and labelling requirements do not apply to ULDs containing dry ice

For Overpacks

15. Packaging Use marks and hazard and handling labels, as required must be clearly visible or

reproduced on the outside ofthe overpack [7.1.7.1, 7. 2. 7] ....oooeiiiiiieee s O O O
16. The word “Overpack” marked if marks and labels are not visible [7.1.7.1] ..........ccceveeee. O O O
17. Thetotalnetquantityofcarbondioxide, solid(dryice)intheoverpack[7.1.7.1]........... O O O

Note: The Marking and labelling requirements do not apply to ULDs containing dry ice

State and Operator Variations

18. State and operatorvariations complied With [2.8]...........cciiiii e, O O O
Comments:

Checked by:

Place:

Signature:

Date: Time:

*IF ANY BOX IS CHECKED “NO”,DONOT ACCEPT THE SHIPMENT AND GIVE ADUPLICATE COPY OF THIS
COMPLETED FORM TO THE SHIPPER.
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APPENDIX X: LABORATORY SAFETY REFERENCE LIBRARY
Reference materials identified in the OSHA Laboratory Standard
Inaddition, thefollowingreference materialsarerecommended:

AHandbookof Radioactive Measurements Procedures, National Councilon Radiation
Protection and Measurements,1978.

A Practical Guide to the Determination of Human Exposure to Radiofrequency Fields, National
Council on Radiation Protection and Measurements, 1993.

Adams, Lowder, The Natural Radiation Environment, William Marsh Rice, 1964.

Adelberg, Edward A., Biosafetyinthe Laboratory, National Academyof Sciences, 1989.
Agriculture Biotechnologyatthe Crossroads, Volume 2 &3, Committee on Aldehydes
Formaldehydeand Other Aldehydes, National Agricultural Biotechnology Council, National
Academy Press, 1996.

Alberty, Robert A., Prudent Practices for Disposal of Chemicals from Laboratories, National
Academic Press, Washington D.C., 1983.

Albisser, R. H., Guidefor Safetyinthe Chemical Laboratory, Van Nostrand Reinhold Company,
New York, 1972.

Al-Soraya, Ahmed, Proceedingsof International Symposium on Applicationsand Technologyof
lonizing Radiations, Volumes 1-3, King Saud University, 1983.

Altman, Philip L., editor, Biology Data Book, Federation of American Societies for Experimental
Biology, U.S.A., 1964.

American Chemical Society Task Force, Laboratory Waste Management A Guidebook, American
Chemical Society, 1994.

American Red Cross CPR Workbook, American Red Cross, 1988.

American Red Cross Multimedia Standard First Aid, American Red Cross. U.S.A.,1981.
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Anthology of Biosafety, lll: Applications of Principles, the American Biological Safety Association
(ABSA), Chicago 2000.

Armour, M A, Hazardous Laboratory Chemicals, CRC Press, 1991.

Armour, Margret Ann, Hazardous Chemicals Information and Disposal Guide, University of
Alberta, 1984.

Armour, Margret Ann, Potentially Carcinogenic Chemicals, University of Alberta, 1986.

Ashford, Nicholas, Chemical Exposures: Low Levels and High Stakes, 2nd Edition, Van Nostrand
Reinhold, 1998.

Attix, Frank H., Radiation Dosimetry, Volumes 1- 3, Academic Press, 1968.
Attix, Frank H., Topics in Radiation Dosimetry, Academic Press, 1972.
Ayres, J. A., Decontamination of Nuclear Reactors and Equipment, Ronald Press Co., 1970.

Badger, Donald W., Work Practice Guide for Manual Lifting, American Industrial Hygiene
Association, 1983.

Bagniewski, Joan, Cardiopulmonary Resuscitation CPR, American Red Cross U.S.A., 1986.

Balows, Albert, Manual of Clinical Microbiology, American Society for Microbiology,
Washington D.C., 1991.

Barlow, Susan M., Reproductive Hazards Of Industrial Chemicals, Academic Press London, 1982.

Basic Radiation Protection Criteria, National Council on Radiation Protection and
Measurements, 1971.

Bates, Lloyd M., Some Physical Factors Affecting Radiographic Image Quality: Their Theoretical
Basis And Measurement, U.S. Department Of Health, 1969.

Becker, Ernist ., First Aid Manual for Chemical Accidents, Dowden, Hutchinson & Ross Inc.

Benedetti,RobertP.,Flammableand CombustibleLiquids CodeHandbook,NationalFire
Protection Association, 1988.
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Benenson, Abram S., editor, Controlof Communicable Diseases Manual, American Public Health
Association, Washington D.C.,1995.

Bierbaum, Philip J., Proceedings of the Scientific Workshop on The Health Effects of Electric and
Magnetic Fields on Workers, U.S. Department of Health & Human Services, 1991.
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	LIST OF ACRONYMS AND ABBREVIATIONS 
	ABSA American Biological SafetyAssociation ACGIH American Conferenceof Governmental Industrial Hygienists AIHA American Industrial HygieneAssociation ANSI American NationalStandards Institute ASHRAE AmericanSocietyofHeating,Refrigerating,andAirConditioningEngineers BSC Biological Safety Cabinet BSL Biosafety Laboratory CDC Center for Disease Control and Prevention CFR Code of Federal Regulations CHO Chemical Hygiene Officer CHP Chemical Hygiene Plan CPR Cardiopulmonary Resuscitation DEC Department of Enviro
	P.I. Principal Investigator PEL Permissible Exposure Limits PESH Public Employee Safety and Health PPE Personal Protective Equipment RCNY Rules of the City of New York 
	1.0 INTRODUCTION 
	TheOccupationalSafetyandHealthAdministration(OSHA)regulation29CFR1910.1450, "Occupational Exposure to Hazardous Chemicals in Laboratories,” mandates health and safety practices and procedures in laboratories that use hazardous chemicals. The Standard became effectiveMay 1,1990andrequiresthataChemicalHygienePlanbedeveloped foreachlaboratory workplace. ThepurposeoftheLaboratoryStandardistoprotectlaboratoryemployeesfrom chemicalsthatcan pose harm while they are working inagiven laboratory. This regulation appl
	the OSHA LaboratoryStandard:
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	Laboratory means a facility where the "laboratory use of hazardous chemicals" occurs. It is a workplace where relatively small quantities of hazardous chemicals are used on a non-production basis. 
	Laboratory scale means work with substances in which the containers used for reactions, transfers, and other handling of substances are designed to be easily and safely manipulated by one person. 
	"Laboratory scale" excludes those workplaces whose function is to produce commercial quantities of materials. 
	Hazardouschemicalmeansanychemicalwhichisclassifiedashealthhazardorsimpleasphyxiantinaccordance with the Hazard Communication Standard (§1910.1200) 
	Healthhazardmeansachemicalthatisclassifiedasposingoneofthefollowinghazardouseffects: Acute toxicity (any route of exposure); skin corrosion or irritation; serious eye damage or eye irritation; respiratory or skin sensitization; germ cell mutagenicity; carcinogenity; reproductive toxicity; specific target organ toxicity (single or repeated exposure); aspirationhazard. 
	In other words, a hazardous chemical is a chemical for which there is statistically significant evidence based on atleastone study conducted in accordance with established scientific principles thatacute orchronic health effects may occurin exposed employees. Appendix Aand Appendix Bof the Hazard Communication Standard (29 CFR 1910.1200) provide further guidance in defining the scope of health hazards and determining whether ornota chemical is tobe considered hazardous. 
	4 
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	Most laboratories atCUNY using chemicals are subjectto the requirements of the Laboratory Standard. Other areas where chemicals are used but do not fall under the OSHA definition of “laboratory” must comply with OSHA regulation 29 CFR 1910.1200 – “Hazard Communication 
	Standard.”
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	29 CFR 1910.1450(b) 
	3

	4 
	https://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=10100 
	https://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=10100 
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	https://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=10108 
	https://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=10108 
	6 
	https://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=standards&p_id=10099 

	Inadditiontothoseemployeeswhoordinarilyworkfull-timewithinalaboratoryspace,other employees(suchasoffice,custodial,maintenanceandrepairpersonnel)regularlyspenda significantamountoftheirtimewithinalaboratoryenvironmentaspartoftheirduties.These employeesmayfallundertherequirementsoftheLaboratoryStandard.OSHAalsoconsiderspaid graduatestudentswhoworkinlaboratoriesemployees.Aslongasthese studentscontinueinthis capacity they are subject to the requirements of the Laboratory Standard. 
	ThemaingoalsoftheOSHALaboratoryStandardistoprotectemployeesfromhealthhazards associatedwithuseofhazardouschemicals.TofacilitatethistheOSHALaboratoryStandard requiresemployerstodevelopa Chemical Hygiene Plan(CHP), designatea Chemical Hygiene Officer,andensurethatlaboratoryemployeesareprovidedwiththeproperinformationand training,includingsafeworkproceduresandthelocationoftheChemicalHygienePlan. 
	OSHArequirements,includingtheCHP,seektokeepexposuresbelowthepermissibleexposure limits.Inaddition tootherrequirements,theOSHA Lab Standard specifiesthatthe CHP include “criteria the employer will use to determine and implement controlmeasures to reduce employee exposuretohazardouschemicalsincludingengineeringcontrols,theuseofpersonalprotective equipmentandhygienepractices;particularattentionshallbegiventotheselectionofcontrol 
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	7F measures for chemicals that are known to be extremely hazardous.”
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	The New York State Planfor Public Employee Safetyand Health (PESH), byauthorityunder Section 27(a)oftheNewYorkLaborLaw,isresponsibleforpromotingthehealthandsafetyofstateand localgovernmentemployees. ThePESHProgramhasadoptedallfederalOSHA standardsand regulations inregards tolaboratorysafetywiththeexceptionoftheRecordkeeping Rule,29CFR 
	1904.TheNewYorkDepartmentofLaborisdesignatedastheagencyresponsibletoadminister the plan throughoutNew York State.The CommissionerofLaborhasfullauthoritytoenforceand administer all laws and rules adopted by the PESH Program. 
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	1.1 Chemical Hygiene Plan (CHP) Accessibility 
	TheOSHALaboratoryStandard,enforcedbytheNewYorkStateCommissionerofLaborunderthe PublicEmployeeSafetyandHealth(PESH)Plan,requirestheCHPtobereadilyavailableto employees,employeerepresentatives,and,uponrequesttotheNYSCommissionerofLabor,or designee.Thismeansemployeesworkingwithhazardouschemicalsinalaboratorymustknowthe 
	locationoftheCHP,befamiliarwiththecontents,andbeabletoproducetheCHPforanyfederal, state, or local regulatory inspectors upon request. While it is recommended[a] that a hard copy be kept in the laboratory, electronic access is acceptable and encouraged. 
	ItistheresponsibilityofPrincipalInvestigatorsandlaboratorysupervisorstoensurethat personnel working in laboratories under their control are familiar with the contents and location oftheChemicalHygienePlan,includinganylaboratoryspecificstandardoperatingproceduresas wellasanydepartmentorcollegelevellaboratorysafetymanuals,policies, andprocedures. 
	1.2 Laboratory Safety Responsibilities 
	Theultimateresponsibilityforhealthandsafetywithinlaboratorieslieswitheachindividualwho worksinthelaboratory;however, itistheresponsibilityofthePrincipalInvestigator(P.I.), faculty, andtheLaboratorySupervisortoensurethatemployees(includingvisitingscientists,fellows, volunteers,temporaryemployees,andstudentemployees)havereceivedallappropriatetraining and have been provided with all the necessary information to work safely in the laboratories under their control. 
	ItistheresponsibilityofthePrincipalInvestigatorandindividualsupervisors(andindividuals workingundertheirsupervision)tobeincompliancewithallfederal,state,andlocalregulatory requirements aswellasanyotherdepartmentoruniversityspecificpolicies. There arenumerous resourcesatthedisposalofthoseresponsibletoensureasafeandhealthylaboratorythatis compliant with federal, state, and local regulations. 
	1.2.1 New York City Laboratory Requirements 
	Laboratory Permits 
	Laboratory Permits 

	Itisunlawfultooperatealaboratoryorstorageroominwhichflammableliquids,flammablesolids, flammable gases, oxidizing materials, explosive materials, unstable or reactive chemicals are used in testing,research,experimentalorinstructionalwork,withoutapermitfromtheFireDepartment 
	for the City of New York.
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	Ifyourlaboratory orstorage area contains chemicals in quantities that meetorexceed one ormore of the following criteria, you must have a permit for that area: 
	• 
	• 
	32 ounces or greater of a flammable liquid 

	• ½ pound or greater of a solid oxidizing agent 
	FDNY, Fire Code Section 105, Permits and Other Approvals. Available online: df 
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	http://www.nyc.gov/html/fdny/pdf/firecode/2009/fire_code_ll26_2008_amended_ll37_41_64_2009_final_complete.p 

	• 
	• 
	• 
	20 inch high and 6 inch diameter or greater flammable gas cylinder 

	• 
	• 
	10 gallons or greater of a combustible liquid 

	• 
	• 
	15 gallons or greater of an acid 


	Ifyourlaboratorycontainschemicalsthatmeetorexceedoneormoreofthequantitiesabove, but doesnothaveanFDNYpermit,pleasecontactyourcampusEnvironmentalHealthandSafety Officer. 
	Throughout the City of New York, the FDNY performs inspections for the proper storage of hazardous chemicals. Inspections are performed annually to enforce regulations that protect the publicandpropertyexposed toapotentialincidenceoffirecausedbyimproperlystored chemicals. If there are no violations found during the inspection, the laboratory is approved for permit renewal. Ifaviolationisfound,thenanoticeofviolation(NOV)willbeissued. OnceanNOVis written, there are 35 days from the violation date to correct t
	Currentlaboratorypermitsmustbe postedinaconspicuouslocationonthepremisesdesignated 
	therein atalltimes and must be readily available forinspection by any representative ofthe FDNY.Suggested posted areas include on the inside ofthe laboratory doororinside the laboratorynear the door ateye-level. 
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	ThenewFireCodefortheCityofNewYork,Title29oftheAdministrativeCodeoftheCityofNew York, became effective onJuly 1,2008. Conditions lawfully existing onJune 30,2008,may, with 
	The ChemicalHygiene Plan specific to each campus shall incorporate the proper Fire Code requirements. 
	certainexceptions,bemaintainedunderthepriorlawsandregulations.
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	Please contact your campus Environmental Health and Safety Officer for further information clarification on issues related to conditions existing prior to June 30, 2008. 
	Certificate of Fitness(C-14) 
	Certificate of Fitness(C-14) 

	The FDNY requires that all chemical laboratory units be supervised by an FDNY “Certificate of Fitness” holderwhenever laboratory operations are being conducted. The “Certificate ofFitness for theSupervisionofChemicalLaboratories”isreferredtoasaC-14bytheFDNY. Itisrequiredthat alllaboratorysupervisors,principalinvestigators,andadjunctswhoqualifyforthecertificateobtain one. The FDNY requires that the C-14 certification be renewed every 3 years. 
	Fire Code §105.3.5 “Posting the Permit” See FDNY Fire Code 102.3; lawfully existing conditions as of June 30, 2008. 
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	Laboratoriesmusthaveasufficientnumberofstaffwith C-14 LaboratoryCertificates ofFitness to providecoverageforalltimeswhenthelaboratoryisinoperation.Thisisbecomingevenmore importantnowthatFDNYisperformingunannouncedlaboratoryinspectionsonweekendsandoffhours. 
	-

	Qualificationrequirements,studymaterials,andothertestinformationcanbefoundonFDNY’s website. 
	1.3 Roles atCUNY 
	Theindividualsinvolvedinlaboratorysafetymayvaryinnumberandtitleata specificCUNY campus. Outlined here are roles foundational to campus laboratory safety. Sample descriptions of specificresponsibilitiesassociatedwiththeserolescanbefoundInAppendixCalongwitha compliedlistoflaboratorysafetyresponsibilities.Campusesshouldclearlydefineandshare responsibilities associated with specific roles. 
	Environmental, Health, Safety and Risk Management 
	Environmental, Health, Safety and Risk Management 

	The City University ofNew York’s OfficeofEnvironmental,Health,Safetyand RiskManagement (EHSRM)iscommittedtofosteringasafeandhealthyenvironmentfortheCUNY communityandto reducingtheUniversity'srisks. AclearandnecessarysteptowardthisgoalisensuringthatCUNYis andremainsincompliance withapplicable regulationsand Universitypoliciesandprocedures. EHSRM works with the Environmental, Health and Safety OfficerCouncilto mitigate hazards by coordinatingand organizing safetycompliancethroughtrainingand oversightprogramsa
	Environmental, Health and Safety (EHS) 
	Environmental, Health and Safety (EHS) 

	Foreachcampus,theEnvironmental,Health,andSafetyOfficer(EHSO)willprovidetechnical information and program supporttoassistin compliance with the Laboratory Standard and allother regulatory requirements. This includes providing training programs designed to meet these regulatoryrequirements andprovidinghealthandsafetyinformationtolaboratorypersonnel. EHS OfficewillmaintainthecampusChemicalHygienePlanandtheinstitutionalChemicalHygiene Officer responsibilities. 
	Chemical Hygiene Officer(CHO) 
	Chemical Hygiene Officer(CHO) 

	The role of the Chemical Hygiene Officer (CHO) is to facilitate the implementation of the campus Chemical Hygiene Plan as wellas this Laboratory Safety Manualacross campus labs and facilities. TheCHOalsoservesasatechnicalresourcetothecampuslaboratorycommunity. Allcampuses 
	with laboratories must designate a CHO, in accordance with the Laboratory Standard. The Associate CHO, if so designated, will act in the absence of the CHO. The Chemical Hygiene Officer has a number of major duties 
	Deans, Directors, and Department Chairpersons 
	Deans, Directors, and Department Chairpersons 

	TheDeans,Directors,andDepartmentChairpersonsareresponsibleforlaboratorysafetywithin theirdepartment(s).Specificrolesandresponsibilitiesvaryfromcampustocampusbutingeneral involve facilitating communication between EHS staff, Principal Investigators, Faculty and Supervisorsand supportofparticipation in guidelines, internalaudits, andprogramstoensure compliance and identify opportunities for improvement. 
	Principal Investigators (P.I.s), Faculty, and Laboratory Supervisors 
	Principal Investigators (P.I.s), Faculty, and Laboratory Supervisors 

	P.I.s,faculty,andlaboratorysupervisorsareresponsibleforsafetyintheirresearchorteaching laboratories. They must follow regulatory requirements and ensure the guidelines identified within this manual are communicated and adopted. Individuals in these roles must provide,among other tasks,the EHS with acurrentchemicalinventoryonanannualbasis. Aspects ofthesedutiescan be delegatedtootherqualifiedpersonnelwithinthelaboratorybuttheresponsibilityremainswiththe P.I., faculty or laboratory supervisor responsible for 
	Laboratory Employees 
	Laboratory Employees 

	Laboratory employees are all those personnel who conduct their work in a laboratory and are atrisk ofpossibleexposuretoassociatedhazardsonaregularorperiodicbasis. Thesepersonnelinclude laboratory technicians, instructors, researchers, visiting researchers, administrative assistants, graduate assistants, student aides, student employees, and part-time and temporary employees. All laboratoryemployeeshavesafetyduties.Theymustbeawareoftheseresponsibilitiesandany requiredcomplianceactivities.Theyalsomustparticip
	Facilities Management 
	Facilities Management 

	Facilities Managementserves as an important partner in laboratory operation and safety as well asaconduitforinformationwithregardtobuilding-wideissues. Thisincludescoordinatingroutine maintenanceissues, schedulingbuildingshutdowns, communicatingbuilding-widemaintenanceand repairs, and informing occupants of building system shutdowns. Facilities Management departmentshaveanumberoflaboratorysafetyresponsibilitiesandarekeypartnersinmaintain environmental, health and safety on CUNY campuses. 
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	This department title varies across campuses. “Building and Grounds” is a common alternative. 
	13 

	2.0 ENGINEERING CONTROLS 
	Engineeringcontrolsareconsideredthefirstlineofdefenseinthelaboratoryforthereductionor eliminationofthepotentialexposuretohazardouschemicals. Examplesofengineeringcontrols usedinlaboratoriesatCUNY mayincludedilutionventilation,localexhaustventilation,chemical fume hoods, glove boxes, safety shields, and proper storage facilities. 
	TheOSHALaboratoryStandardrequiresthat"fumehoodsandotherprotectiveequipmentfunction properlyandthatspecificmeasuresaretakentoensureproperandadequateperformance ofsuch equipment."Generallaboratoryroomventilationisnotadequatetoprovideproperprotection 
	14 

	13F against bench top use of hazardous chemicals. Laboratory personnel need to consider available engineeringcontrolstoprotectthemselvesagainstchemicalexposuresbeforebeginninganynew experiment(s) involving the use of hazardous chemicals. 
	Theproperfunctioningandmaintenanceoffumehoodsandotherprotectiveequipmentusedin thelaboratoryistheresponsibilityofavarietyofservicegroups. FacilitiesManagement,theEHSO, andothergroupsserviceequipmentsuchasfireextinguishers,emergencyeyewashandshowers, and mechanical ventilation. Periodic inspections and maintenance by these groups ensures the properfunctioning andadequate performance oftheseimportantpiecesofprotective equipment. However, it is the responsibility of laboratory personnel to IMMEDIATELY report m
	2.1 Chemical Fume Hoods 
	Fume hoods and other capturedevices mustbe used foroperationsthatmightresultin the release oftoxicchemicalvapors,fumes,aerosols,ordusts. Benchtopuseofchemicalsthatpresentan inhalation hazard isnotpermitted. Fume hoods mustbe used when conducting new experiments withunknownconsequencesorwhenthepotentialforfireexists. Laboratorypersonnelmay conductadryicecapturetestwhenusingnewmaterialsorwheneversubstantialchangeshave been made to an experimental setup, such as the addition of apparatus. 
	Adheringtoafewrequirementswillhelptoobtainoptimumperformanceandachievethegreatest protectionwhenusingafumehood.Allfumehoodsmustbeinspectedannually.Fumehoodsthat donotpassinspectionsorarefoundtobemalfunctioningmustbelabeledassuchandarenottobe used. When inuse,always work with thefume hoodsash aslow aspossible andminimize materials storedinhoods.Usingfume hoodstoevaporatehazardous waste suretowashboththe workingsurfaceandhood sashfrequently,cleaningup allspillsimmediately.NYC FireCode does not allow the use o
	isillegal.Be 

	29 CFR 1910.1450(e)(3)(iii) 
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	2.1.1 Perchloric Acid Use 
	Useofheatedperchloricacidrequiresaspecialperchloricacidfumehoodwitha washdown function. DONOTuseheatedperchloricacidinaregularfumehood. Ifheatedperchloricacidis usedinaregularfumehood(withoutawashdownfunction),shocksensitivemetallicperchlorate crystalscanforminsidetheductwork.Thiscouldresultinanexplosionduringmaintenancework onthe ventilation system. Perchloric acid fume hoodsshould beclearly labeled. Ifyou suspectyour fumehoodhasperchloratecontaminationorwouldlikemoreinformationonperchloricacidfume hoods, 
	2.1.2 Radioactive Material Use 
	Fume hoods for use with radioactive materials must be clearly labeled and used where radioisotopesarehandled.Donotusehotperchloricacid,hotconcentratedacids,unstableor explosive materials in this type of hood. The cabinet housing the hood must provide shielding of the radioactive material and be constructed of stainless steel or other materials that will not be corrodedbythechemicalsused.Radioactivematerialfumehoodsmustprovidethemeansfor containing minor spills. 
	2.1.3 Fume Hood Inspection and Testing Program 
	YourEHSOfficecoordinatesannualtestingandinspectionoffumehoodsoncampus. Thefume hood inspection program consists of an initial comprehensive inspection followed by annual standardizedinspectionsforallfumehoodsoncampus. This initialinspection willprovide baseline informationincluding,butnotlimitedto,hoodusage,typeofhood,roomandbuildinginformation, and average face velocity measurements. 
	Follow-upinspectionsforproperuseandfacevelocity(airflow)measurementswillbeperformed annuallyandwhenrequestedbylaboratorypersonnel. Upon completionofeachinspection,hoods willbelabeledwithaninspection stickerindicatingfacevelocity,dateinspected, andinitialsofthe inspector. Optimumworking heightforthesash, theheightatwhich itwastested, willalso be labeled with arrowstickers. 
	Ifyourfumehooddoesnothaveaninspectionstickerorifayearormorehaspassedsincethehood waslastinspected,contactyourEHSOimmediatelytoscheduleaninspection.Testingmustbedone 
	annuallyinaccordancewithNFPA45,A.8.4.7.FollowFDNYguidance,keeptrackofhoodlocation, issues and compliance. 
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	Ifahoodfailsinspection,aclearsignmustbeposted.Undernocircumstancesshouldlaboratory personneluseafume hood thathasnotpassed an EHS inspection,even ifitappears tohaveairflow. 
	15 
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	2.1.4 Installation of New Fume Hoods 
	Installationofanewfumehoodrequirescarefulplanningandknowledgeoftheexistingbuilding ventilation systems andcapabilities. Improperlyinstalled fumehoodsorothercapture devices can seriouslydisruptabuilding’s ventilation system.They may also interfere with the properfunctioning ofotherfumehoodsandimpactventilationinthelaboratory.Fumehoodsshallbelocatedwithina laboratoryinsuchawaythattheirperformanceisnotadverselyaffectedbycrossdrafts.Cross currents,draftsandaircurrentsfromopenwindows,doorways,andpersonneltraffic
	Allfume hoods and other capture devices must be installed in consultation with Facilities Services, theEHSOffice,andtheappropriatecampusserviceshops.AllinstallationsmustcomplywithFDNY regulations and be approved by the EHS Office. 
	The EHSO can provide information regarding the selection, purchase, and inspection requirements for laminar flow clean benches, biosafety cabinets, and portable fume hoods. For more information, see the Laboratory Design and Construction section or contact your EHSO. 
	2.1.5 Removal of Existing Fume Hoods 
	Removaloffumehoodsorany capturedevicesrequirespriorconsultationwithyourFacilities ManagementandEHSOffice. Thisistoensurethatbuildingventilationsystemsarenotimpacted andthatutilityservicessuchaselectricallines,plumbingsystemsandwaterandgassupplylinesare properly disconnected. 
	Asbestosmay bepresentwithin thefumehood aswell as inpipeinsulationassociated with ductwork.Anyasbestosmustbeproperlyremovedanddisposedofbyacertifiedasbestosremoval company. Inaddition,cupsinksmaycontainmercuryandshouldbechecked.TheEHSOcanassist laboratories with the cleanup of any mercury contamination. Contact your EHSO for more information or questions about potential asbestos or mercury contamination. 
	2.2 Other Capture or Containment Devices 
	Otherengineeringcontrolsforproperventilationincludegloveboxes,compressedgascabinets, vented storage cabinets, canopy hoods, and snorkels. These pieces of equipment are designed to capture hazardous chemicalvapors,fumes, and dusts atthe source ofpotentialcontamination. Exampleswherethesecapturedeviceswouldbeappropriateincludeweldingoperations,atomic absorption units, vacuum pumps, and other operations. 
	Pleasenotethatwhenotherlaboratoryapparatus(suchasvacuumpumpsandstoragecabinets)are vented intothe faceor sideof afume hood,disruptions can occur inthe design flowofthe hood andresultinlowercaptureefficiency. Whensuchventingisdeemednecessary,theconnection shouldbefurtheralongtheexhaustductsofthehoodsystemratherthanintothefaceofthehood. 
	Any additional installations or adjustments should not be undertaken without first consulting with Facilities Services, the EHS Office, and the appropriate campus service shops. 
	2.2.1 Glove Boxes 
	Glove boxes (orgloveboxes) are sealed enclosuresdesigned toprotectthe user,the process or both. Theyareusuallyequippedwithatleastonepairofglovesattachedtotheenclosure. The usermanipulatesthematerialsinsideusingthegloves. Typically,agloveboxhasanantechamber that is used to take materials in and out of the box. 
	The topicofglove boxescanbeconfusing because theirconfigurationdepends on the application. Gloveboxescanbeundernegativeorpositivepressure. Gloveboxesundernegativepressureare designed to protectthe operatorand ambient environment from the materials or processes.Glove boxes under positive pressure are intended toprotectthe materials orprocesses from the operator and/ortheambientenvironment. Theatmosphereinthegloveboxmaybeinert(e.g.nitrogen, argon,helium),sterile,dry,orotherwisecontrolled. Somegloveboxesareequ
	controllers and 
	purifiers.
	16 

	15F 
	Regularmaintenanceandinspectionisessentialtoensurethatagloveboxisadequatelyprotecting the user, environment, product and/or process. Routine maintenance procedures and the frequencyofinspection(orcertification)shouldfollowthemanufacturersandrelatedregulatory recommendations. Itisrecommendedthatbiologicalsafetycabinetsoncampusbeinspected annually bythe manufacturer oranindustrialhygienist. Glove boxes used for work with hazardous chemicalsorprocessescurrentlydonothavearequiredfrequencyofinspection,butannual 
	Theintegrityofthegloveboxiskeytosuccessfulcontainment. Theglovesofagloveboxare particularlyvulnerableandshouldberegularlyinspectedforcuts,tears,cracking,pin-holeleaksor otherdamage. Ifdefectsarefound,theboxshouldnotbeuseduntiltheglovesarereplaced. Note thattherearemanydifferenttypesofglovesthatvaryinthickness,materialorsize. Choosethe correct one for the glove box and application. 
	The term “glove box” is most often applied to enclosures used in chemical and electronic laboratories. Similar apparatus exists in pharmaceutical and biological applications. In the pharmaceutical industry, “glove boxes” are called Compounding Isolators. Compounding Aseptic Isolators are used for compounding sterile preparations while Compounding Aseptic Containment Isolatorsareusedforcompoundingsterilehazardous drugpreparations. In biological applications, Class III biological safety cabinets are akin to g
	16 

	Therearevariousteststhatcanbeperformedongloveboxes,thesuitabilityofwhichdependson thegloveboxandtheapplication. Tests may includepressuredecay(forpositivepressure),rate of rise (for negative pressure), oxygen analysis, containment integrity, ventilation flow characterization,andcleanliness.ThesourceofaleakcanbeidentifiedusingaMassSpectrometer LeakDetector,ultrasound, the soap bubble method oruse ofanoxygen analyzer. For anin-depth discussionofgloveboxesandtesting,see:AGS(American GloveBox Society)2007Guidef
	gloveboxes – Third Edition. 
	AGS-G001-2007.
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	2.3 Water Protection inLabs 
	Laboratorypersonnelmustensurethatanypieceofequipmentorlaboratoryapparatusconnected tothewatersupplyutilizesbackflowprotection orisconnectedtoafaucetwithavacuumbreaker. The purpose of backflow prevention and vacuum breakers is to prevent water used in an experimentalprocessorwithapieceofequipmentfromcontaminatingthelaboratory’sand building’swatersupplysystem. Examplesofsituationsthatcanresultfromimproperbackflow protection include chemical contamination and/or temperature extremes (e.g. hot water coming from
	Two common water protection problems are found in labs 
	• 
	• 
	• 
	A tube attached to a faucet without a vacuum breaker 

	• 
	• 
	Drainage tubing hanging down into a sink 


	These tubes can be immersed in wash water when the sink is stopped up and backflow into the faucet, contaminating the building’s water supply. 
	Themostcommonexampleofbackflowpreventionfoundinlaboratoriesisa vacuumbreaker. Thesesinkfaucetsareeasilyidentifiablefromstandardfaucetsbythevacuumbreakerhead attachedtothespout. Ifnovacuumbreakerorothertypeofbackflowprotectionispresent,make sureanyhoseconnectedtothefaucetisshortenoughtopreventpooledwaterfromcreatingthe potentialforbackflow.Ifyouhavequestions,contactyourEHSOor FacilitiesManagement. 
	3.0 PERSONAL PROTECTIVE EQUIPMENT 
	Personal Protective Equipment (PPE) should be considered a major line of defense protecting laboratorypersonnelagainstchemicalhazards.PPEisnotasubstituteforgoodengineering, administrativecontrolsorgoodworkpracticesbutshouldbeusedinconjunctionwiththese controls to ensure the safety and health of university employees and students. 
	17 
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	The OSHA Personal Protective Equipment standard, 29 CFR 1910, Subpart I requires the following areas be addressed: 
	18 

	17F 
	• 
	• 
	• 
	Hazard assessment and equipment selection 

	• 
	• 
	Employee training 

	• 
	• 
	Record keeping requirements 

	• 
	• 
	Guidelines for selectingPPE 

	• 
	• 
	Hazard assessment certification 


	MoreinformationonPPEcanbefoundontheOSHASafetyandHealthTopicspageonPersonal 
	18F Protective 
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	3.1 Laboratory Personnel Responsibilities 
	Laboratory personnel need to conduct hazard assessments of specific operations occurring in their laboratories todetermine what PPEisnecessary tocarry outthe operations safely. PPEmust be madeavailabletolaboratoryworkerstoreduceexposurestohazardouschemicalsinthelab. ProperPPE includesbutisnotlimitedtoitemssuchasgloves,eyeprotection,laboratorycoats,face shields,aprons,boots,and hearing protection. PPE must be readily available to allemployees who require it and most equipment is provided at no cost to the em
	When deciding on the appropriate PPE for a particular operation or experiment,a number offactors must be taken into consideration: 
	• 
	• 
	• 
	Chemicals involved, including concentration and quantity 

	• 
	• 
	Hazards posed by chemicals in use 

	• 
	• 
	Routes of exposure for chemicals involved 

	• 
	• 
	PPE construction including permeation and degradation rates of specific chemicals on the materials used in PPE 

	• 
	• 
	Length of time the PPE will be in contact with chemicals and in use 


	Careful consideration should be given to the comfort and fit of PPE. All personal protective equipmentandclothingmustbemaintainedinareliableandsanitarycondition. Onlythoseitems that meet NIOSH (National Institute of Occupational Safety and Health) or ANSI standards should be purchased or accepted for use. 
	Specifics regarding the PPE required to carry outprocedures within a laboratoryusing hazardous chemicals mustbe included in the laboratory’s Standard Operating Procedures. Your EHS Office can provideinformationandtraining,assistwithconductinghazardassessments,sharedepartmentor college-specific requirements and help select proper PPE. 
	/ 
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	3.2 Training for Personal Protective Equipment 
	Laboratory personnel must be trained in the selection, proper use, limitations, and maintenance of PPE. Trainingrequirementscanbemetinavarietyofwaysincludingvideos,grouptrainingsessions andhandouts. Periodicretrainingshouldbeofferedtoboththeemployeesandsupervisorsas appropriate. Examples of topics to be covered during the training include the following: 
	• 
	• 
	• 
	When PPE must be worn 

	• 
	• 
	What PPE is necessary to carry out a procedure or experiment 

	• 
	• 
	How to properly don, doff, adjust and wear required PPE 

	• 
	• 
	Proper cleaning, care, maintenance and limitations of PPE 

	• 
	• 
	Useful life and disposal of PPE 


	PPE training must be documented, including adescription ofthe information covered during the training session,acopy ofthe sign-in sheetanddates when training occurred. The campus EHS Office maintains employee training records. 
	ItistheresponsibilityoftheP.I.orlaboratorysupervisortoensurethatlaboratorystaffhave receivedtheappropriatetrainingontheselectionanduseofproperPPE,thatproperPPEis available andingoodcondition andthatlaboratory personneluse properPPE when working in laboratories under theirsupervision. 
	3.3 Eye Protection 
	Eye protection is one of the most important and easiest forms of PPE to wear. Laboratory personnelshould wear eye protection topreventissues from many chemicalandphysicalhazards including flying particles, broken glass, molten metal, acids or caustic liquids, chemical liquids, gases or vapors, or potentially injurious light radiation. 
	P.I.sandlaboratorysupervisorsarestronglyencouragedtomaketheuseofeyeprotectiona mandatory requirement for all laboratory personnel, including visitors, working in or entering laboratoriesundertheircontrol.All laboratoryemployeesandvisitorsshouldwearprotective eyewear while inlaboratories where chemicals are being handled orstored,even when notworking directly with chemicals. 
	AdditionalinformationcanbefoundontheOSHA HealthandSafetyTopicspageforEyeandFace 
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	3.3.1 Eye Protection Selection 
	AllprotectiveeyeandfacedevicesmustcomplywithANSIZ87.1-2003,"AmericanNational Standard Practice for Occupationaland Educational Eye and Face Protection" and be marked to 
	/ 
	20 
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	identifythemanufacturer. Whenchoosingpropereyeprotection,beawarethereareanumberof different styles of eyewear that serve different functions. 
	OSHA regulations require that employees who wear prescription lenses while engaged in operations thatinvolve eye hazards shallwear eye protection that incorporates the prescription in itsdesign,or must wear eye protection thatcan be worn overthe prescription lenses (goggles, face shields,etc.) without disturbing the proper position of the prescription lenses or the protective lenses. Any prescriptioneyewearpurchasemustcomplywithANSIZ87.1-1989. Contactlensesbythemselves are not considered to be protective ey
	Prescription Safety Eyewear 

	Safetyglassesprovideeyeprotectionfrommoderateimpactandparticlesassociatedwithgrinding, sawing,scaling,brokenglass,andminorchemicalsplashes. Sideprotectorsarerequiredwhen thereisahazardfromflyingobjects. Safetyglassesareavailableinprescriptionformforthose persons needing corrective lenses. Safety glasses do not provide adequate protection for processes thatinvolveheavychemicalusesuchasstirring,pouring,ormixing. Intheseinstances,splash goggles should beused. 
	Safety Glasses 

	Splashgogglesprovideadequateeyeprotectionfrommanyhazardsincludingpotentialchemical splash hazards and those associated with use of concentrated corrosive material and bulk chemical transfer. Gogglesareavailablewithclearortintedlenses,fogproofingandventedornon-vented frames. Beawarethatgogglesdesignedforwoodworkingarenotappropriateforworkingwith chemicals. Woodworkinggogglescanbeidentifiedbythenumeroussmallholesthroughoutthe facepiecethroughwhichchemicalscouldenterresulting inexposure. Ensurethatthegogglesyo
	Splash Goggles 

	Welder’sgogglesprovideprotectionfromsparking,scaling,orsplashingmetalsandharmfullight rays. Lenses are impactresistant andare available ingraduated lens shades. Goggles used for chippingandgrindingprovideprotectionfromflyingparticles. Thedualprotectiveeyecupshouse impact resistant clear lenses with individual cover plates. 
	Welder’s/Chippers’ Goggles 

	Faceshieldsprovideadditionalprotectiontotheeyesandfacewhenusedincombinationwith safetyglassesorsplashgoggles. Theytypicallyconsistofadjustable headgearanda“window” madeofeithertintedortransparentmaterialofvaryingthicknessorameshwirescreen. They shouldbeusedinoperationswhentheentirefaceneedsprotectionandshouldbeworntoprotect the eyes and face from flying particles, metalsparks, and chemical/biological splashes. Face shields withamesh wirescreenarenotappropriateforusewithchemicals. Faceshieldsarenotintended t
	Face Shields 

	Weldingshieldsaresimilarindesigntofaceshieldsbutofferadditionalprotectionfrominfraredor radiantlightburns,flyingsparks,metalsplatter,andslagchipsencounteredduringwelding,brazing, soldering,resistance welding,bareorshieldedelectricarcwelding,andoxyacetyleneweldingand cutting operations. 
	Welding Shields 

	Itisrecommendedthatequipmentfittedwithappropriatefilterlensesalwaysbeusedtoprotect againstlightradiation.Tintedandshadedlensesarenotfilterlensesunlesstheyaremarkedor identified as such. 
	Asingle pairofsafety glassesisnotavailable forprotection from allLASER outputs. Eyewearmust beselectedforthespecifictypeoflasertoblockorattenuateoutputintheappropriatewavelength range. IfyouhavequestionsonthetypeofeyewearthatshouldbewornwithyourspecificLASER, contact your EHSO. See the LASER Hazards section for more information. 
	LASER Eye Protection 

	3.4 Hand Protection 
	Mostaccidentsinvolvinghandsandarmscanbeclassifiedunderfourmainhazardcategories: chemicals, abrasions, cuts, and temperature extremes (heat/cold). Gloves must be worn whenever significantpotentialhazards from anyofthese categories are present. Gloves must beworn when usingchemicalsthatareeasilyabsorbedthroughtheskinand/orusingparticularlyhazardous substances (such as “select carcinogens,” reproductive toxins, and substances with a high degree of acute toxicity). 
	Thereisnoonetypeof glovethatoffersthebestprotectionagainstallchemicalsortotallyresists degradationorpermeationbyallchemicals. Asaresult,allglovesmustbereplacedperiodically. The frequency of replacement depends on the type and concentration of the chemical, performance characteristicsofthegloves,conditionsanddurationofuse,hazardspresent,andthe lengthoftimea chemicalhasbeenin contactwiththeglove.ALLglovematerialsareeventually permeatedbychemicals;however,theycanbeusedsafelyforlimitedtimeperiodsifspecificuse a
	3.4.1 Selecting the ProperGloves 
	Before working with any chemical, always read manufacturer instructions and warnings on chemical containerlabelsandMSDSs. RecommendedglovetypesaresometimeslistedinthePPEsectionof theMSDS. IftherecommendedglovetypeisnotlistedontheMSDS,thenlaboratorypersonnel should consultwith theglove manufacturers’glove selectioncharts.Differentglove manufacturers usedifferentformulationsso checkthespecificmanufacturer’s chartfor thegloveyouplantouse. Chartstypically include specific chemicals used to test that manufacture
	Ifthe manufacturer’s glove chart does not list the specific chemical you will be using, call the glove manufacturer directly and speak with a technicalrepresentative to determine which glove is best suited foryour particular application. Itisimportant toknow thatnotallchemicals ormixtures havebeentestedbyglovemanufacturers. Itisespeciallyimportantinthesesituationstocontact the glove manufacturerdirectly. 
	Some general guidelines for glove use include the following: 
	• 
	• 
	• 
	Wear appropriate gloves when the potential for contact with hazardous materials exists. 

	• 
	• 
	Laboratory personnel should inspect gloves for holes, cracks, or contamination before each use and discard any gloves found to be questionable immediately. 

	• 
	• 
	Replaceglovesperiodically,dependingonthefrequencyofuseandpermeabilitytothe substance(s) handled. 

	• 
	• 
	Reusableglovesshouldberinsedwithsoapandwaterandthencarefullyremovedafter use. 

	• 
	• 
	Discard disposable gloves appropriately after each use and whenever they become contaminated. 

	• 
	• 
	Remove gloves before leaving thelaboratory.Potentialchemicalcontamination may not alwaysbevisible. Donotwear gloveswhileperformingcommon taskssuchasanswering the phone, grabbing a door handle, or using an elevator. 


	3.4.2 Double Gloving 
	Acommonpracticetousewithdisposableglovesis“double-gloving.” Thisisaccomplishedwhen two pairs of gloves are worn, one over the other, to provide a double layer of protection. If the outerglovebecomescontaminated,startstodegrade,ortearsopen,theinnerglovecontinuesto offerprotection untiltheglovesareremovedandreplaced. Thebestpracticeistocheckouter glovesfrequently,watchingforsignsofdegradation(e.g.,change ofcolor,changeoftexture,tears). Atthefirstsignofdegradationorcontamination,alwaysremoveanddisposeofcontami
	Anotherapproachtodoubleglovingistowearathindisposableglove(4milNitrile)underaheavier glove(8milNitrile). Theoutergloveistheprimaryprotectivebarrierwhiletheundergloveretains dexterityandactsasasecondarybarrierintheeventofdegradationorpermeationoftheouter glove. Alternatively, you could wearaheavier glove asanunderglove andwearathinner, 
	disposable glove asthe outerglove. However,remembertochange thethinneroutergloves frequently. 
	Whenworkingwithmixturesofchemicals,itmaybeadvisabletodoubleglovewithtwosetsof glovesmadefromdifferentmaterials. Thismethodcanofferprotectionincasetheouterglove materialbecomes permeated byone chemical inthe mixture, while allowing forenough protection untilbothglovescanberemoved. Thetypeofglovematerialsselectedforthistypeofapplication will be based on the specific chemicals used as part of the mixture. Check the chemical manufacturer’s glove selection charts before choosing which types of gloves to use. 
	Toremovedisposableglovesproperly,grabthecuffoftheleftglovewiththeglovedrighthandand removetheleftglove. Whileholdingtheremoved leftgloveinthepalmofthegloved righthand, insertafingerunderthecuffoftherightgloveandgentlyinverttherightgloveoverthegloveinthe palmofyourhandanddisposeofthemproperly. Besuretowashyourhandsthoroughlywithsoap and water after the gloves have been removed. 
	3.4.3 Types of Gloves 
	Aswithprotectiveeyewear,thereareanumberofdifferenttypesofglovesavailableforlaboratory personnel that serve different functions. 
	Fabricglovesaremadeofcottonorfabricblendsandaregenerallyusedtoimprovegripwhen handlingslipperyobjects. Theyalsohelpinsulatehandsfrommildheatorcold. Theseglovesare notappropriateforusewithchemicalsbecause thefabriccanabsorbandholdthechemicalagainst a user’s skin, resulting in a chemical exposure. 
	Fabric Gloves 

	Leathergloves are used toguard againstinjuriesfrom sparks,scraping againstrough surfaces,or cuts from sharp objects like broken glass. They are also used in combination with an insulated liner when working with electricity. These gloves are notappropriate foruse with chemicals because the leathercanabsorbandholdthechemicalagainstauser’sskin,resultinginachemicalexposure. 
	Leather Gloves 

	Metalmesh glovesareusedtoprotecthands from accidentalcutsandscratches. Theyaremost commonlyused when working with cutting tools, knives and other sharp instruments. 
	Metal Mesh Gloves 

	Cryogenicglovesareusedtoprotecthandsfromextremelycoldtemperatures. Theseglovesshould beusedwhenhandlingdryice and whendispensingorworking withliquid nitrogenandother cryogenic liquids. 
	Cryogenic Gloves 

	Chemically Resistant Gloves 
	Chemically Resistant Gloves 

	Chemicallyresistantglovescomeinawidevarietyofmaterials.Oncethechemicalmakescontact withtheglovedhand,theglovesshouldberemovedandreplaced. Aglovetypespecifiedfor incidentalcontactisnotsuitableforextendedcontact,suchaswhen theglovedhandcanbecome coveredorimmersed inthechemicalinuse. Before selecting chemicalresistantgloves,consult yourglovemanufacturer’srecommendations,gloveselectioncharts,orcontactyourEHSOffice. 
	The use of latex gloves—especially thin, disposable exam gloves—for chemical handling is discouragedbecauselatexofferslittleprotectionfromcommonlyusedchemicals.Latexglovescan degradeseverelyinminutesorevensecondswhenusedwithcommonlaboratoryandshop chemicals. Latexglovesalsocancauseanallergicreactioninapercentageofthepopulation becauseofseveralproteinsfoundinlatex. Symptomscanincludenasal,eye,orsinusirritation, hives,shortness ofbreath,coughing,wheezing, orunexplained shock. Ifanyofthese symptoms become appa
	Latex Gloves 

	Latex gloves are only appropriate for the following uses: 
	• 
	• 
	• 
	Most biological materials 

	• 
	• 
	Nonhazardous chemicals 

	• 
	• 
	Clean room requirements 

	• 
	• 
	Medical or veterinaryapplications 

	• 
	• 
	Very dilute, aqueous solutions containing less than 1% concentrations for most hazardous chemicals or less than 0.1% for known or suspected human carcinogens 


	Staffrequiredtowearlatexglovesshouldreceivetrainingonthepotentialhealtheffectsrelatedto latex. Hypoallergenic, non-powdered gloves should be used whenever possible. A general purpose substitute for disposable latex gloves are disposable Nitrile gloves. 
	SeeAppendixFforalistofrecommended glovesforspecificchemicals,definitionsfortermsusedin gloveselectioncharts,glovematerialsandcharacteristicsandalistofusefulreferences. 
	3.5 Protective Clothing 
	Protectiveclothingincludeslaboratorycoatsorotherprotectivegarmentssuchasaprons,boots, shoecovers,Tyvekcoveralls,andotheritems,thatcanbeusedtoprotectstreetclothingfrom biologicalorchemicalcontaminationandsplashes andprovideadditionalbodyprotectionfrom some physical hazards. 
	ItisstronglyrecommendedthatP.I.sandlaboratorysupervisorsdiscouragethewearingofshorts, skirtsorlooseclothinginlaboratoriesusinghazardousmaterials(chemical,biological,and radiological)bylaboratorypersonnel,includingvisitors,workinginorenteringlaboratoriesunder their supervision. 
	The following characteristics should be taken into account when choosing protective clothing: 
	• 
	• 
	• 
	Thespecifichazard(s)andthedegreeofprotectionrequired,includingthepotential exposure to chemicals, radiation, biologicalmaterials and physicalhazards such as heat. 

	• 
	• 
	Thetypeofmaterialusedinclothinganditsresistancetothespecifichazard(s)thatwillbe encountered. 

	• 
	• 
	The comfortofthe protective clothing,which impacts the acceptance andease ofuse by laboratory personnel. 

	• 
	• 
	Disposable or reusable clothing will impact cost, maintenance and cleaning requirements. 

	• 
	• 
	How quickly the clothing can be removed during an emergency may be a factor. It is recommended thatlaboratorycoats use snapsorothereasytoremove fastenersinstead of buttons. 


	Laboratorypersonnelwhoareplanningexperimentsthatmayrequirespecialprotectiveclothingor havequestionsregardingthebestprotectiveclothingtochoosefortheirexperiment(s)should contact their EHS Office for recommendations. 
	3.6 Respirators 
	Respiratory protection includes disposable respirators (such as N95 filtering face pieces, commonly referred to as “dust masks”) as well as air purifying and atmosphere supplying respirators. Respiratorsaregenerallynotrecommendedforlaboratoryworkers. Engineering controls,suchas dilution ventilation, fume hoods, and other devices, which capture and remove vapors, fumes and gases fromtheuser’s breathingzone arepreferred over theuse of respirators in most laboratory environments. There arecertainexceptionstoth
	TheuseofalltypesofrespiratoryprotectionatCUNYis governedbytheOSHAstandardsand enforcedbyPESH. AlaboratoryworkermaynotpurchasearespiratorandbringittoanyCUNY laboratoryforpersonaluse withoutpriorapprovalfrom the campus EHS Office. Please refer toyour college’s respiratory protection program or consult with your EHS Office. 
	Itis important to note that most disposable respirators do not protect against chemical vapors and fumes;theyarefornuisancedustonly. Theuseofdisposable respiratorsmayormaynotbe regulatedbyOSHAdependinguponthecircumstances. InordertodetermineifOSHA regulations apply,pleasecontactyourEHSOfficetoscheduleahazardassessmentpriortousingadisposable respirator. 
	The following are situations where respiratory protection would be appropriate for laboratory workers pending the campus EHS Office approval. 
	• Voluntary use of N-95 respirators in the laboratory but OSHA requires the following reading be completed before use: (Mandatory) Information for Employees Using respirators When 
	not Required Under Standard – 29 CFR 1910.134 Appendix D
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	• 
	• 
	• 
	Useoflargevolumesofcertainhazardouschemicals,suchasformaldehydeinaroomwhere dilution ventilation or capture devices do not offer adequate protection 

	• 
	• 
	Changing out cylinders of hazardous gases (requires additional training) 

	• 
	• 
	Cleaning up hazardous chemical spills (requires additional training) 

	• 
	• 
	Reducingexposuretosomechemicalstowhichcertainindividualsmaybeormaybecome sensitive 

	• 
	• 
	Whenmixingchemicalsthatmayresultinmorehazardousvaporsfromthecombination, then each chemicalalone,orwhen the potentialforanunknown exposure exists. However, laboratory staff should conduct such experiments in a fume hood. 


	PLEASENOTE:Asameasureofcoworkerprotection,whenweighingoutdustymaterialsor powders,considerwaitinguntilcoworkershavelefttheroom topreventpossibleexposure.Always thoroughlycleanupanddecontaminateworkingsurfacesoralertthemtoyouractivitiessothey may take appropriateaction. 
	There are some situations in which the use of a respirator would be prohibited. 
	• 
	• 
	• 
	When the air in a laboratory is severely contaminated and immediately dangerous to life and health (IDLH) 

	• 
	• 
	When the air in a room does not have enough oxygen to support life (less than 19.5%) 

	• 
	• 
	Whendangerousvaporsarepresentthathaveinadequatewarningproperties(suchasodor) should the respiratorfail 

	• 
	• 
	Whentheaircontaminantscanpenetrateordamageskinandeyesunlessothersuitable protection is worn 


	3.7 Hearing Protection 
	21 
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	Hearingprotectivedevicesincludesearplugs,earmuffs,orsimilardevicesdesignedtoprotectyour hearing. If occupational noise exposures, as defined by the Occupational Safety and Health 
	Administration(OSHA) General Industry Standard"Occupational Exposureto Noise" Part 1910.95,exceedpermissiblelevelsandcannotbereducedthroughengineeringorothercontrols,then hearingprotectivedevicesmustbeworn. Contact your EHSOifyouhavequestionsabout occupational noise exposure or would like to request workplace monitoring. 
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	AdditionalinformationcanbeobtainedfromtheOSHA HealthandSafetyTopicspageforNoiseand 
	Hearing 
	Conservation.
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	3.8 Foot Protection 
	In areas where chemical, biological and physical hazards are present, laboratory and other personnel should wearfootprotection atalltimes. There isthepotentialforexposure totoxic chemicalsand/orphysicalhazardssuchasdroppingequipmentorbrokenglass. Ingeneral,shoes should becomfortableandpreferablyleather. Leatherhasbetterchemicalresistance andtendsto absorb fewer chemicals than cloth. However, leather shoes are not designed for long term exposureviadirectcontactwithchemicals. Insuchinstances,chemicallyresista
	P.I.sandlaboratorysupervisorsarestronglyencouragedtorequiretheuseofclosed-toedshoesfor all laboratory personnel, including visitors, who enter or work in laboratories and laboratory support areas under their supervision. 
	Insome cases,theuseofsteel-toedshoesmay beappropriateif,forexample,heavyequipmentis involved. 
	4.0 ADMINISTRATIVE CONTROLS 
	Administrativecontrolsincludepoliciesandproceduresthatresultinprovidingproperguidancefor safelaboratoryworkpracticesandset standardsforbehavior. Once developed,administrative controlsmust beimplementedandadheredtobyallpersonnelworkinginthelaboratory and associated defined spaces. 
	Colleges and departments are responsible for developing policies and written guidelines to ensure thatlaboratoryworkersareprotectedagainstexposuretophysicalhazardsandhazardous chemicals as outlined in the Laboratory Standard. It is the responsibility of the P.I. and laboratory supervisor to ensure that personnel working in laboratories under their supervision follow laboratoryspecific,departmentalandcampus-widepoliciesandprocedurescoveredinthis LaboratorySafetyManual. Colleges,departments,P.I.s,andlaborator
	/ 
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	authority to implement more stringent policies within laboratories under their supervision and are encouraged to doso. 
	4.1 Standard Operating Procedures 
	TheLaboratoryStandardrequiresthatChemicalHygienePlansincludespecificelementsand measures toensureemployee protectioninthelaboratory. One suchelementistheestablishment ofStandardOperatingProcedures(SOPs)“relevanttosafetyandhealthconsiderationstobe 
	followed when laboratory work involves the use of hazardous chemicals.”
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	SOPs can be stand-alone documents or be supplemental information included as part of research notebooks, experiment documentation, or research proposals. The requirement for SOPs is to ensurethataprocessisinplacetodocumentandaddresses relevanthealthandsafetyissuesas part of everyexperiment. 
	At a minimum, SOPs should address the following topics: 
	• 
	• 
	• 
	Chemicals involved and their hazards 

	• 
	• 
	Special hazards andcircumstances 

	• 
	• 
	Engineering controls (such as fume hoods) 

	• 
	• 
	Required PPE 

	• 
	• 
	Spill response measures 

	• 
	• 
	Waste disposal procedures 

	• 
	• 
	Decontamination procedures 

	• 
	• 
	Description of how to perform the experiment or operation 


	WhiletheOSHALaboratoryStandardspecifiestherequirementforSOPsforworkinvolving hazardouschemicals,laboratoriesshouldalsodevelopSOPsforworkinvolvinganypieceof equipment or operation that may pose any physical hazards. This includes safe use and considerations of LASERs, cryogenic liquids and fill procedures and high voltage equipment as well as connecting regulators to gas cylinders and cylinder change outs. 
	SOPsdonothavetobelengthyanditisperfectlyacceptabletopointlaboratorypersonneltoother sourcesofinformation.Examplesinclude:“Tousethispieceofequipment,seepage4inthe operator’smanual (locatedinfilecabinet#4)” or“Thechemicalandphysical hazardsof this chemicalcanbefoundintheSDSlocatedintheSDSbinder. ReadtheSDSbeforeusingthis chemical.” 
	It is the responsibility of the P.I. and laboratory supervisor to ensure that written SOPs are developedforworkinvolvingtheuseofhazardouschemicalsinlaboratoriesundertheirsupervision andthatPPEandengineeringcontrolsareadequatetopreventexposure. Inaddition,P.I.sand 
	29 CFR 1910.1450€(3)(i) 
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	laboratory supervisors must ensure that personnel working in laboratories under their supervision havebeentrainedtousetheseSOPs.SeeAppendixDforadditionalinformationandtemplates. Your EHS Office also can assist laboratories with developing SOPs. 
	4.2 Procedural Controls 
	Proceduralcontrolsincorporatebestmanagementpracticesforworkinginalaboratory. These practices serve not only to protect the health and safety of personnel, but provide a way of increasingproductivityinalaboratory.Throughimplementationofgoodpractices,laboratoriescan expectanincreaseintheefficientuseofvaluablespace,inthereliabilityofexperiments,andan increaseinlaboratorypersonnel’sawarenessofhealthandsafetyissues.Proceduralcontrolsare fundamental to instilling safe work behavior and help to create a culture of
	4.3 Housekeeping 
	Housekeepingreferstothegeneralconditionandappearanceofalaboratoryandincludesavariety of tasks. 
	• 
	• 
	• 
	Keepingallareasofthelaboratoryfreeofclutter,trash,extraneousequipment,andunused chemicalcontainers. Areastoaddressincludebenches,hoods,refrigerators,cabinets, chemical storage cabinets, sinks, and trash cans. 

	• 
	• 
	Keeping all containers of chemicals properly closed when not in use. 

	• 
	• 
	Cleaning up all chemicals spills immediately, regardless of whether the chemical is hazardous ornot. Lookforanysplashesthatmayhaveresulted onnearbyequipment,cabinets,doors, and counter tops. See the Chemical Spill Procedures section. 

	• 
	• 
	Keepingareasaroundemergencyequipmentanddevicescleanandfreeofclutter. This includes eyewash/emergency showers, electric power panels, fire extinguishers and spill cleanup supplies. 

	• 
	• 
	Keepingaminimumofthreefeetofclearance(asrequiredbyFDNYcodes)betweenbenches and equipment. 

	• 
	• 
	Exitsmustbeclearofobstaclesandtrippinghazardssuchasbottles,boxes,equipment, electric cords andcarts. 

	• 
	• 
	Combustiblematerialsmaynotbestoredinexits(includingcorridorsandstairways),exit enclosures,boilerrooms,mechanicalrooms,orelectricalequipmentrooms. 

	• 
	• 
	Whenstoringitemsoverhead,keepheavierandbulkieritemsclosertothefloor. FDNY prohibits any type of storage within 18 inches (457 mm) of sprinkler head deflectors in areas ofbuildingsprotectedbyasprinklersystemandwithin24inches(610mm)oftheceilingin areas not protected by sprinkler . 
	25 
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	Insummary,goodhousekeepinghasobvioushealthandsafetybenefitsandcanleadtoincreased productivity. Duringaninspectionbyafederal,state,orlocalregulatoryagency,thegeneral conditionofthelaboratorycanhaveasignificantimpact(positiveornegative)ontherestofthe inspectionprocess.ItistheresponsibilityofP.I.sandlaboratorysupervisorstoensureaclean, orderly workspace is maintained and personnel practice good housekeeping. 
	4.4 Personal Hygiene 
	Good chemical hygiene practices include the use of personal protective equipment (PPE) and good personalhygienehabits. AlthoughPPEcan offerabarrierofprotection,goodpersonalhygiene habits can prevent chemical exposure. 
	Recommended personal hygiene guidelines 
	• 
	• 
	• 
	Do not eat, drink, chew gum, or apply cosmetics in any area where chemicals are used. 

	• 
	• 
	Donotplace food ordrink inrefrigerators where chemicals are stored. Use refrigerators labeled safe for storage of items intended for human consumption. 

	• 
	• 
	Neverstartasiphonorpipettebymouth. Doingsocanresultiningestionofchemicalsor inhalation of chemical vapors. Always use a pipette aid or suction bulb. 

	• 
	• 
	Always confine long hair, loose clothing and jewelry. 

	• 
	• 
	Shorts and sandals should not be worn in a laboratory. They do not offer protection. 

	• 
	• 
	Wear a lab coat whenever working with hazardous materials. 

	• 
	• 
	Remove laboratory coats, gloves, and other PPE immediately if chemical contamination occurs. Failure to do so could result in chemical exposure. 

	• 
	• 
	Afterremoving contaminatedPPE,besuretowashanyaffectedskinareaswith soap and water for at least 15 minutes. 

	• 
	• 
	Donotwearlaboratory coats, scrubs, orotherPPE(especially gloves) outside thelaboratory. Remove before exiting the laboratory. 


	See Fire Code § 315.2. 
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	• 
	• 
	• 
	Alwayswashhandswithsoapandwaterafterremoving glovesandbeforeleavingthe laboratoryortouchingitemssuchasthephone,doorknobs,orelevatorbuttons. 

	• 
	• 
	Always wash laboratory coats separately from personal clothing. Place the contaminated lab coat in a separate plastic bag and label the bag clearly. 

	• 
	• 
	Smoking is prohibited on all CUNY campuses. 


	4.5 Eating, Drinking, and Applying Cosmetics in the Laboratory 
	Chemicalexposure,both acute and chronic,can occurthrough ingestion ofcontaminated food or drink. Thistypeofcontaminationcanoccurwhenfoodordrinksarebroughtintoalaboratoryor storedinrefrigerators,freezers,orcabinetswithchemicals. Itispossibleforthefoodordrinkto absorbchemicalvaporsandleadtoexposurewhenconsumed. Eatingordrinkinginareasexposed 
	to toxic materials is prohibited by the OSHA Sanitation Standard. 
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	Asimilarpotentialforchemicalexposureholdstruewithregardtotheapplicationofcosmetics (make-up,handlotion,etc.) inalaboratorysetting. Cosmeticshavetheabilitytoabsorb chemical vaporsorincorporatedusts,andmistsfromtheairand,whenappliedtotheskin,resultinexposure to chemicals. 
	Refrigerators, freezers, microwave ovens, and food processors should be properly labeled. For example, refrigerators for the storage of food should be labeled, “Food Only, No Chemicals” or “No Chemicals or Samples.” Refrigerators used for the storage of chemicals should be labeled “Chemicals Only, No Food.” 
	Wash yourhands thoroughlyafterusing anychemicalsorotherlaboratorymaterials,even ifyou were wearing gloves, and especially before eating or drinking. 
	4.6 Working Alone 
	Whiletheuniversityacknowledgesthatworkingaloneissometimesnecessary,therearespecific safetyconcernstobeaddressed.AppendixAofOSHAstandard29CFR1910.1450,theNational Research Council (NRC) recommends that researchers, “(a)void working alone in a building; do not 
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	work alone in a laboratory if the procedures being conducted are hazardous.”
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	Laboratories should establish guidelines and SOPs specifying when working alone is not allowed and developnotificationprocedureswhenworkingaloneoccurs. Allworkperformedbysomeone workingalonemustbeapprovedinadvancebytheP.I.orlaboratorysupervisorand includea 
	See 29 CFR 1910.141(g)(2) 
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	monitoringsystem. HighSchoolStudentsareNEVER permittedtoworkaloneinaresearchlab, evenwithnon-hazardousmaterials.Theymustalwayshaveamentor/supervisorpresent. 
	The FDNY requires thatanyongoing laboratoryoperation beunderthe personalsupervision ofaC14CertificateofFitnessholder(CertificateofFitnessfortheSupervisionofChemicalLaboratories). Therefore, anyone working alone MUST have a C-14 Certificate of Fitness. 
	-

	Consider the following precautions when working alone. 
	• 
	• 
	• 
	Working alone, especially after hours, should be avoided whenever possible. 

	• 
	• 
	Conduct a Hazard Assessment of the work, risks, and emergency requirements 

	• 
	• 
	Aperson working aloneshouldhave aphoneimmediately available andbeinregular contact with a buddy. (see section 4.2.6) 

	• 
	• 
	Individuals working alone in separate laboratories should make arrangements to check on each other periodically or ask Public Safety to check on them. 


	Examples of activities where working alone would be acceptable include: 
	• 
	• 
	• 
	Office work such as calculations, computer work, and reading. 

	• 
	• 
	Housekeeping activities such as generalcleaning, or reorganization of supplies or equipmentaslongasno movingoflargequantitiesofchemicalsisinvolved. 

	• 
	• 
	Assembly ormodification oflaboratoryapparatuswhen nochemical,electrical,orother physical hazards arepresent. 

	• 
	• 
	Routine laboratory functions thatare partofastandard operating procedure, have been demonstrated to be safe, and do not involve hazardous materials. 


	Examples of activities where advance precautions and procedures should be in place include experiments or activities involving: 
	• 
	• 
	• 
	Toxic or otherwise hazardous chemicals, especially those with poison inhalation hazards 

	• 
	• 
	High-pressure equipment 

	• 
	• 
	Large quantities of cryogenic materials 

	• 
	• 
	Work with unstable (explosives) materials 

	• 
	• 
	Class 3b or Class 4 LASERS 

	• 
	• 
	High voltage 

	• 
	• 
	Transfer of large quantities of flammables, acids, bases, or other hazardous materials 

	• 
	• 
	Changing out compressed gas cylinders containing hazardous materials 

	• 
	• 
	Certain machine shopactivities 


	WorkingaloneisnotpermittedbyOSHAwhenit involves entryintoaconfinedspace.Itisthe responsibilityofP.I.sandlaboratorysupervisorstoensurethatprocedures forworkingaloneare developed and followed by personnel working in laboratories under their supervision. 
	4.6.1 Working Alone -Responsibilities 
	The following responsibilities are assigned to employees when working alone is required. 
	P.I.s must 
	• 
	• 
	• 
	Review all workplaces under their jurisdiction 

	• 
	• 
	Identify individuals required to work alone 

	• 
	• 
	Identify hazard(s) and assess risk(s) 

	• 
	• 
	Take any necessary steps to eliminate the hazard(s) 

	• 
	• 
	Use engineering controls, administrative controls, or a combination of the two 

	• 
	• 
	Developa site-specific Working Alone Policyand Proceduresto addresstherisk(s) 

	• 
	• 
	Communicate the site-specific Working Alone Policy and Procedure to all workers 

	• 
	• 
	Ensure compliance with the Working Alone Policy and Procedure 

	• 
	• 
	Review the site-specific Working Alone Policy and Procedure annually and when working conditions change 

	• 
	• 
	Maintain documentation of the site-specific Working Alone Policy and Procedure on-site 


	Individuals working alone or in isolation will 
	• 
	• 
	• 
	Comply with the site-specific Working Alone Policy 

	• 
	• 
	Advise the supervisor of any concerns as they arise 

	• 
	• 
	Advise the supervisor of any changes in work that impact safety 


	The EHS Office will provide guidance and act as a resource. This is also true of EHSRM. 
	4.6.2 Buddy System and Working Alone 
	A“buddysystem”shouldestablishasystemofroutinechecksonpersonnelworkingalone(e.g., every 15–30minutes). This can beaccomplished severalways including physically walking tothe engagedlaboratory,contactbyphone,orvisualcontactbyCCTV. Ifthepersonworkingaloneis engaged inhighlyhazardous work,the designated buddy should notenterthe room unless they are properly trained andequipped. 
	Ifanemergency requires thebuddytoleave prior tothecompletion ofthepartner’s experiment andthatexperimentinvolveshighlyhazardouschemicals,thebuddyshouldnotifythecampus OfficeofPublicSafetyofthepartner’sname,location,andendtimeof theexperimentinvolved. Thebuddyshouldalsonotifythepersonconductingtheexperiment. Thepersonconductingthe experiment should make an effort to complete the experiment in a safe manner and notify the campusOfficeofPublicSafetyuponcompletionoftheexperiment. UnderNOcircumstancesshould a ca
	PLEASENOTE:Forroomsthatarelocked,priorarrangementsarerequiredtofacilitateaccess. Emergencyrespondersand/orcampuspublicsafetymaynothaveimmediate access,whichcould resultindelayedresponse. Ifthedoortothelaboratorydoesnothaveawindoworifthewindowis covered,apersonworkingaloneinalockedlaboratoryandinjeopardymaynotbediscovereduntil someone enters theroom. 
	4.6.3 C-14 Requirements for the Written Exam 
	Inordertoqualifytotaketheexam,theapplicantmustmeetthebaserequirementsandbring required documents. Applicantsmust: 
	• 
	• 
	• 
	Be 18 years or older. 

	• 
	• 
	Have a reasonable understanding of the English language. 

	• 
	• 
	Provide two forms of identifications at least one of which must be government issued photo identification, such as a passport or valid driver’s license. 

	• 
	• 
	Providealetterofrecommendationfromanemployer,onofficialletterhead,statethe applicant’sfullname,experienceandworkaddress.Iftheapplicantsareself-employedor theprincipalofthecompany,thenanotarizedlettermustbesubmittedto attesttotheir qualifications. 

	• 
	• 
	Applicants who are not currently employed, may take the exam without the recommendationletter.Iftheapplicantspasstheexam,atemporaryletterwithapicturefor job seeking purposes will be issued by the FDNY. A card will only be issued once the 


	applicantisemployedandhasprovidedarecommendationletterfromtheiremployer.
	applicantisemployedandhasprovidedarecommendationletterfromtheiremployer.
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	• CompletedCertificateofFitness(A-20Form)application 
	Inaddition,C-14 exam applicants must have ofthe following: 
	one

	• 
	• 
	• 
	AB.SdegreeinChemical,Mechanical,EnvironmentalorBiomedicalEngineering, Biology, Biochemistry, Chemistry, Environmental or Health Sciences, Medical Technology 

	• 
	• 
	AnA.A.SorA.SdegreeinBiochemistry,Chemistry,Biology,EnvironmentalorHealth Sciences, Medical Technology and Chemical, Environmental, Mechanical or Biomedical Engineering, orrelated field and acompletion ofa course on laboratory safety provided by the employer 


	Applicantswhoarenotcurrentlyemployed, maytaketheexamwithouttherecommendationletter. Iftheapplicants passtheexam, atemporaryletterwithapictureforjobseekingpurposeswillbeissuedbythe FDNY. Acardwillonlybe issued once the applicant is employed and has provided a recommendation letter from their employer. 
	29 

	• 
	• 
	• 
	60credits with aminimum of21credits inapplicable science orengineering courses and a completion of a course on laboratory safety provided by the employer 

	• 
	• 
	NY State Permanent Certification as a Chemistry or Biology (7-12) Teacher 

	• 
	• 
	Evidence of academic degree(s) indicating specific course of study and/or transcript to verify college science courses must be presented by the applicant 

	• 
	• 
	Any degree obtained in a language other than English or outside the USA will be evaluatedbyanindependentevaluationserviceacceptedbyNYCDepartmentofCitywide Administrative Services (DCAS). Additional information can be found here: 
	e.pdf 
	http://www.nyc.gov/html/fdny/pdf/cof_study_material/foreign_education_evaluation_guid 




	Undergraduate studentswho donothaveatleast21creditsinapplicablescienceorengineering courses are considered ineligible for the C-14 exam. 
	Additional information can be found here: 
	https://www1.nyc.gov/nycbusiness/description/cof-c14 

	4.6.4 Renewal Guidelines for Certificate of Fitness 
	The CertificateofFitness mustberenewed everythreeyears.FDNY reserves the righttorequire the applicants to retake the full examination upon submission of renewal applications. You can renew online, by mail, or in person. A courtesy notice of renewal will be issued 90 days before the expiration date. Itisyour responsibility to renew your Certificate BEFORE itexpires.Ifrenewals are submitted90daysaftertheexpirationdatethecertificateholderwillincura$25penaltyinaddition totheregular renewalfee.Any certificates a
	4.7 Supervision in the Laboratories -Defined 
	Supervision is the act of critically watching and directing. 
	Direct Supervision is achieved when a faculty member, laboratory manager, principal investigator, orotherassignedqualifiedsupervisorisphysicallypresentwhen studentsorlaboratorypersonnel are in laboratoryareas. 
	A Qualified Supervisor is a laboratory worker, faculty member, graduate student, laboratory manager,oraninvestigatortrainedinandknowledgeableaboutspecifichazardsandworkactivities present in thelaboratory. 
	4.8 Phone Access 
	Alllabs should have ameans ofcommunication inthe eventofanemergency. This can include a “landline”phone,cellphone(ifserviceisavailable),ortwo-wayradio. Ifaphoneisnotavailable withinthelab,itisadvisabletopostasign and/ormapindicatingwherethenearestphoneis located. 
	4.9 Unattended Operations 
	Whenever it is necessary to have unattended operations occurring in a laboratory, it is important to ensurethatsafeguardsareputintoplaceintheeventofanemergency. Thefollowingguidelines weretakenfrom AppendixAofOSHA standard29CFR1910.1450 and/orPrudentPractices inthe 
	Laboratory.
	Laboratory.
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	For unattended operations involving materials, a light should be left on and an appropriatewarningsignwithaclearexplanationshouldbeplacedonthelaboratorydoororina conspicuous,easilyseenlocation.Thewarningsignshouldlistthefollowinginformation: 
	highly hazardous 

	• 
	• 
	• 
	Nature of the experiment in progress 

	• 
	• 
	Chemicals in use 

	• 
	• 
	Hazards present (electrical, heat, or explosion) 

	• 
	• 
	Name of the person conducting the experiment and contact number 

	• 
	• 
	A second name and contact number (most likely the P.I.) 


	Whensettingupanexperimentthatwillbeleftunattended,trytoanticipatepotentialissuesand take measures. 
	• 
	• 
	• 
	Inspectallequipmenttoensurethatitisinproperworkingorderpriortoleavingan experiment unattended. 

	• 
	• 
	Help contain potential spills through the use of secondary containment. 

	• 
	• 
	Usesafetyshieldsandkeepthehoodsashlow tocontainchemicalsandglassincaseofan explosion. 

	• 
	• 
	Remove any chemicals or equipment that are not necessary for the experiment. 

	• 
	• 
	Remove items that could potentially react with chemicals or other materials being used. 

	• 
	• 
	Use automatic shutoff devices such as loss of cooling water or over-temperature devices. 

	• 
	• 
	Use emergency backuppoweroutletsforanyequipmentnegativelyaffectedbyutility interruptions. 


	Itistheresponsibility ofP.I.sand laboratorysupervisors toensure thatprocedures forunattended operations are developed and followed by personnel working in laboratories under their 
	and 
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	https://www.nap.edu/catalog/12654/prudent-practices-in-the-laboratory-handling-and-management-of-chemical 

	supervision. P.I.s should beaware atalltimes ofall work being performed inlaboratories under their supervision. 
	4.10 Access to Laboratories 
	Becauseofpotentialhazards,accesstoCUNY laboratories,workshops,andotherworkareas housinghazardousmaterialsormachineryisrestrictedtoCUNYfaculty,staff,students,orother known persons on university-related business. 
	4.10.1 General Visitors 
	Asnotedabove,onlyvisitorsparticipatinginauniversity-sanctionedactivity(e.g.,tour,openhouse, oruniversity-relatedbusiness)arepermittedinhazardousworkareas. Intheseinstances,all untrainedlaboratoryvisitorsmustbeundercarefulandcontinuoussupervision. Checkwithyour EHSO to see if your college has specific procedures or policies in place for visitors. 
	ItistheresponsibilityoftheDepartmentChairperson,P.I.s,andlaboratorysupervisorstorestrict accesstothoseareasundertheirsupervisionwherepotentialhealthandphysicalhazardsexist.This includes cases such as employee’s children or students visiting classmates. 
	4.10.2 Visiting Scientists and Other Similar Users 
	Therearepotentialrisksassociatedwithallowingavisitingscientistaccesstolaboratoriesand equipment.Theseincludequestionsofownershipofintellectualproperty,bodilyinjury,property damage andtheft. Colleges andunits should verify thatalllaboratory visitors have required training prior to access. It is the visitor’s responsibility to obtain appropriate training prior to the visit. 
	4.10.3 Pets in Labs 
	Ingeneral,P.I.sandlaboratorysupervisorsarestronglyencouragedtorestrictaccessofpetsto laboratories. Please refer toyourcollege’s specificpolicyregardingaccess forpets. 
	4.11 Purchasing Chemicals 
	Before ordering new chemicals,search existing inventories and use those chemicals currently in stock. Anaccurateandup-to-datechemicalinventorycanhelpminimizeunnecessarypurchases. CUNY has an institutional subscription to the ChemTracker chemical inventory system that can help facilitatemaintainingachemicalinventory. TolearnmoreabouttheChemTrackersystem,contact 
	your EHS 
	Office.
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	Ifitisnecessarytopurchasenewchemicals,laboratorypersonnelshouldordertheminimum required tocarry outthe experiment. Avoid ordering largerquantities simply because the chemical 
	/ 
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	“might be needed in the future.” Try to take advantage of chemical vendors’ “Just-In-Time” delivery rather than stockpiling chemicals. Be sure to check CUNY purchasing guidelines. 
	Some chemical purchases may require special approval or permits, such as those chemicals that are Drug Enforcement Agency (DEA) or Alcohol, Tobacco, and Firearms (ATF) listed substances or particularlyhazardous substances. Therearealsobuilding andfirecodesthatrestrictthe amountof flammablematerialsthatcanbestoredinanyoneroom,floors,andbuildingsatatime. Formore information, contact your EHS Office. 
	4.12 Ordering New Equipment 
	Purchasing equipment requires preplanning and consultation with Facilities Management and your EHSOffice.Equipmentmayneedtoconnecttobuildingutilityservicessuchaselectric,water,or gas.Facilities Management andtheEHS Officewillhelp toensure thatthebuilding can supportthe newpieceofequipment.Certainpiecesofequipmentrequirespecialinstallationsuchasfume hoods. Fume hoods, as well as other equipment, have the potential to impact a building’s ventilationsystemand/orutilities.Asaresult,certaintypesofequipmentcannot
	Laboratorypersonnelareencouragedtogiveconsiderationto“EnergyStar”energyefficient equipmenttohelpconservenaturalresourcesandlong-termoperatingcosts. Formore information, see Energy Conservation in Laboratories. 
	4.13 Work Orders and Ticket Requests 
	If maintenance issues arise or repairs are needed, laboratory personnel should consult the manufacturer and review their service contract. Because of NYC building codes, laboratory personnelMUSTNOTattempttorepairutilityservices(suchaselectrical,plumbing,orgasissues) bythemselves. Theserepairsmustbehandledbyqualifiedpersonnelonly. Ensurethatthework areaiscleanandinformthemaintenanceworkersofanypotentialhazardspresentinthevicinity, either verbally orby leaving a sign with the appropriate information. Follow c
	4.14 Changes in LaboratoryOccupancy 
	Changesinlaboratoryoccupanciescanoccurwhenfacultyretire,newfacultyorstaffarehired, studentsgraduateorleave, orwhenfacilityrenovationstakeplace. Whenchangesinlaboratory occupancyareplanned, it isimportanttoaddressanypotentialissues BEFORE theoccupantsleave. 
	Failuretoaddressthechangeinoccupancycanresultold,unlabeledchemicals,samples,or hazardous waste being left behind in refrigerators, freezers,and cabinets or valuable furniture or equipment being moved or thrown away. Also, changes in occupancy can leave unknown chemical spills,contamination orpotentialforboth.These issues can resultin costlyremediation efforts and 
	Failuretoaddressthechangeinoccupancycanresultold,unlabeledchemicals,samples,or hazardous waste being left behind in refrigerators, freezers,and cabinets or valuable furniture or equipment being moved or thrown away. Also, changes in occupancy can leave unknown chemical spills,contamination orpotentialforboth.These issues can resultin costlyremediation efforts and 
	wasted resources. Ifyou plan toleave your laboratory, afew simple steps can ensure asmooth transition: 

	• 
	• 
	• 
	Notify your department chairperson and laboratory supervisor well in advance 

	• 
	• 
	Ensure that all chemical containers are properly labeled. 

	• 
	• 
	Properly dispose of any hazardous and chemical waste left in the laboratory. 

	• 
	• 
	Ensure that all chemical spills and contamination has been cleaned up. 

	• 
	• 
	Identify gaps in certification requirements and coverage for normal operations 

	• 
	• 
	Review the Laboratory Move Guide. 


	4.15 Laboratory Design andConstruction 
	Itisimportanttotakehealthandsafetyconsiderationsintoaccountduringthedesignprocess,well BEFORE construction begins. This will improve laboratory working conditions and facilitate compliance.AllNYCBuildingandFireCodes(e.g.Section2706oftheFDNYFireCodeentitled“Nonproduction Chemical Laboratories”) must be followed for new construction as wellas renovation. A listofchemicals,includingapproximateusage(weekly/monthly)andstoragequantitieswillbe needed toensure properventilation rates and engineering controls.Consul
	-

	Ifyouareplanninglaboratoryconstructionorrenovation,pleasecontacttheChemicalHygiene Officer and EHSO with the following information: 
	• 
	• 
	• 
	Contact name, phone number and email 

	• 
	• 
	Department, building and room(s) where the project will occur 

	• 
	• 
	Expected start date for project 

	• 
	• 
	Equipmenttobeinstalled,suchasfumehoods,biosafetycabinet,othercapturedevices, eyewash and emergency showers, toxic gas cabinet and monitoring devices 


	4.16 Ventilation Rates 
	Ventilation rates for laboratories are determined based on the occupancy and the type ofresearch beingconducted. Wheneverthefunctionofaroomchanges,itisveryimportanttonotifyyourEHS Office. TheEHSOwillthenverifyiftheventilationrateforagivenroomisappropriateforthetype of research beingconducted. 
	4.16.1 Room Air Pressure in Labs 
	Laboratorypersonnelshouldoccasionallychecktoensurethatthereisnegativeairpressureintheir laboratories with respect to hallways. This means the fume hood is operating properly and removingmoreairfromtheroomthanissupplied tothelab. Conversely,positiveairpressure, when more air is being supplied tothe room versus being removed, may allow chemical vapors and dustsfromthelaboratory tobeblownoutintoahallway. Thisalsocanbedetrimentaltothefume 
	hood’sperformance,whichinturnmay allowchemicalodorstopermeate hallwaysandsurrounding rooms. 
	The following steps can be taken to test for negative air pressure in the laboratory: 
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	• 
	• 
	• 
	Close the entrance door to the laboratory. 

	• 
	• 
	Affixasignoutsidethedoorinstructingpeopletoknockbeforeentering.Thiswillhelpavoid any interrupts to the test. 

	• 
	• 
	Place a bowl of water on the floor immediately abutting the entrance door. 

	• 
	• 
	Add dry ice to the bowl of water. 

	• 
	• 
	Slowlymovethebowlalongtheedgeofthedoor,keepingitonthefloor,whileobserving the path of dry ice vapors. 

	• 
	• 
	Carefullypickupthebowlandmoveitalongtheverticaledgesofthedoorwhilecontinuing to observe vapors. 

	• 
	• 
	IfthedryicevaporsflowINTOthelaboratory,thentheroomisunderproperair pressure. 
	negative


	• 
	• 
	IfthedryicevaporsflowUNDERthedoorandbetweenthedooranddoorframeandintothe hallway, then the laboratory is under air pressure. 
	positive 


	• 
	• 
	Ifyoudiscoveryourlaboratoryisunderpositiveairpressure,pleasecontactFacilities Management or your EHSO for assistance. 


	4.17 Energy Conservation inLaboratories 
	Laboratoriesareenergyintensivefacilities,consuming energyatrates many timeshigherthanthe average academic space. They use large quantities of heated and cooled, one-pass air for ventilation and fume hoods as wellas electricity to operate fans,lights,and specialized equipment. Laboratoriesalsouselargeamountsoftapwater,process-chilledwater,and,insomecases,natural gas. 
	Manyimprovementstofacilitydesign improveenergyconservation,includingthecomputerized control of buildings. However, many improvements are only effective if those working in these new facilitiesparticipate.WHENATTEMPTINGTOCONSERVEENERGYINTHELABORATORY,NEVER JEOPARDIZETHEHEALTHANDSAFETYOFYOURSELFORYOURCOLLEAGUES. Additionalinformation 
	can be found on the Department of Energy’s website. 
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	4.18 Research Area Inspections 
	Laboratories and other research areas are regulated by OSHA laboratory safety standards and general industry regulations; EPA, DEC, and DEP hazardous waste regulations; DOHMH regulations; 
	Specifications for the dry ice test procedure are outlined by the ANSI/American Society of Heating, Refrigerating, and Air Conditioning Engineers (ASHRAE) Standard 110-1995. 
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	NFPAandFDNYlifeandfiresafetystandards;andNYCbuildingcodes.Additionally,accreditation andgrantingagenciessuchasthe CDC,NIH,and USDAareincreasingscrutinyoverresearchersand their compliance with federal and state laws. 
	Toassistresearchers’complianceefforts,yourEHSOfficewillconductregularrequiredinspections ofallcampusresearchareas.Inspectionshelpthoseresponsibleidentifyandcorrectpotential regulatorycomplianceissues.Theyalsoidentifypotentialhealthandsafetyhazardsthatcouldpose unreasonableriskstolaboratorypersonnel,students,andthecampuscommunity. Researchareas are strongly encouraged to conduct their own regular self-inspections to address potential issues and provide training opportunities for research staff. 
	4.18.1 Self-Inspections 
	Animportantpartofanyresearchsafetyprogram istheimplementation ofself-inspections. Selfinspectionshelpcreate acultureofsafetywithinthelab andidentifycomplianceissuesthatmight ariseduringthecourseofdaytodayactivities. Self-inspectionsIdentifyandaddressanypotential issuesbeforeaninspectionbyafederalandstateregulatoryagencyandserveasavehiclefor addressing faculty, staff, and student concerns. 
	-

	Recommended Frequency for Self-inspections 
	Daily Housekeeping 
	Weekly Laboratorywalkthroughsor“Fridayafternoon cleanups” 
	Monthly Includeparticipationofresearchstaffand/or safetycommitteemembers,anduseofan inspectionchecklist(seeAppendix G) 
	Semester Research personnel should perform a formal self-inspection 
	Thebenefitsofconductinginspectionsoflaboratoriesonaregularbasiscannotbeoverstated. Laboratoryinspectionscanreduceliabilitybyidentifyingpotentialissuesandprovidelaboratory personnel the opportunity to look for and correct potential issues. 
	4.18.2 Inspections by RegulatoryAgencies 
	4.18.2 Inspections by RegulatoryAgencies 
	Inspectionsbyfederaland state regulatory agencies can occuratanytime and can resultincitations andsignificantfinesforthecampus. Thebestwaytoprepareistoknowwhatregulationsapplyto your area andhowtocomply withthose regulations. You can obtainthisinformation from this Laboratory Safety Manual, self-inspections and the campus EHS Office. If a federal or state inspectorarrivesatyourworkareaunescorted,politelyaskthemtowaitand contactyourEHS Office immediately. EHS Officers should contact EHSRM as well. 

	4.19 Laboratory Security 
	Laboratorysecurityisrelatedtobutdifferentfromlaboratorysafety. Securityseekstoprevent unauthorizedaccesstolaboratoriesandthetheftofequipmentormaterials.Laboratoriesmust provide security against theft of highly hazardous materials and valuable equipment, while ensuring compliancewithfederal,state, andlocalregulations. TheEHSOwillworkwitheachunit(college, department,andresearchgroup)toreviewanddevelopprocedures.Oneeasywaytoincrease security is to lock laboratory doors whenever the room is left unattended. 
	The following guidelinesare designed tominimize opportunitiesforunauthorizedremovalofany hazardous materials from your laboratory: 
	• 
	• 
	• 
	Developasite-specificsecuritypolicy. Assesseachlaboratoryareaandreassessas necessary. 

	• 
	• 
	Train laboratory group members. Training should include any assigned responsibilities. 

	• 
	• 
	Know who isinthe laboratory atanygiven time. Consider using alogbook,carded access devices oridentification tags. Approach anyone unfamiliar andask ifyou can help direct them. Call Public Safety if you have concerns. 

	• 
	• 
	Beawareofhazardouschemicalsthatposeasecurityrisk. TheCentersforDiseaseControl 
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	and Prevention maintains lists of biological diseases and chemical 
	agents.
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	• 
	• 
	• 
	Controlaccesstoareaswhere hazardous chemicalsareusedandstored. Limitlaboratory access toonly those required and restrictoff-hours use toindividuals authorized by the P.I. 

	• 
	• 
	Lock freezers, refrigerators, storage cabinets, and other containers where stocks of biological agents, hazardous chemicals, or radioactive materials are stored. 

	• 
	• 
	Do not leave hazardous materials unattended or unsecured at any time. 

	• 
	• 
	Secure yourhighlyhazardousmaterials. Considerusing a logbookto signhazardous materials in and out of secure storage areas. 

	• 
	• 
	Knowwhatmaterialsarebeingorderedandbroughtintothelaboratoryarea. Screen packagesbeforetheyarebroughtintoyourlab. Packagescontainingpotentiallyinfectious materials should beopened inabiologicalsafety cabinetorotherappropriate containment device. 

	• 
	• 
	Trackmaterialsbeingusedandremovedfromthelaboratory,includingtheproperdisposal of hazardous materials. 

	• 
	• 
	Take periodic inventories of all highly hazardous chemicals, biological agents/toxins, and 
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	controlled substances (required for radioactive 
	materials).
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	• 
	• 
	• 
	Report any missing inventory to the Office of Public Safety IMMEDIATELY. 

	• 
	• 
	CLOSE and LOCK laboratory doors when no one is present. 

	• 
	• 
	Developanemergencyplanthattakesintoaccountsecuritymeasures.Dothisinpartnership with Public Safety as security measures might inhibit emergency response. 

	• 
	• 
	SOPs should be in place for reporting and investing incidents, such as undocumented visitors, missing chemicals, orunusual or threatening phone calls oremail. 

	• 
	• 
	Review your protocols and emergency plans and update as necessary. 


	Many ofthe laboratory supply catalogs carry information and products such as various locks, lock boxes, and other security devices for chemical storage in laboratories. For more information, you can contact your EHS Office or Public Safety. 
	5.0 EMERGENCY PREPAREDNESS 
	Emergenciescanoccuratanytimeandwithoutwarning. Carefulplanningandappropriate responsescansavelives–includingyourown.EverymemberoftheCUNYcommunityshares responsibility foremergency preparedness. Inthe case ofanemergency,pleasefollow your College’s Emergency Procedure Manualandcontactyour EHSOfficeaswellas Public Safety. Public SafetyOfficersareonduty24hoursaday,365daysayear. Ifyouareworkinginyourlaboratory, during off-hours, please be sure to follow the guidelines in Section 4.6. 
	5.1 Emergency Procedures 
	Emergenciescanincludebothfireandnon-fireemergencies. Firesarean"expected"emergencyin alllaboratorysituationsandalmostalllaboratorystaffshouldbetrainedregardingemergencysteps in the event of a fire. “Non-fire” emergencies can include 
	• 
	• 
	• 
	Flooding, tornadoes, earthquakes, or other natural disasters 

	• 
	• 
	Nearby chemical releases of hazardous materials to the environment 

	• 
	• 
	Terrorist actions or civil unrest 

	• 
	• 
	Loss of electricity, heat, water or other essential utilities 

	• 
	• 
	Failure of mechanical equipment such as HVAC systems and emergency generators 


	Laboratories must maintain a chemical inventory through ChemTracker or by some other means. 
	35 

	5.2.1 Emergency Evacuation Procedures 
	35F Buildingoccupantsare Evacuationdirections,firealarmlocationsandescaperoutesmustbepostedthroughoutthe building,atthebaseofstairways,elevatorlandings,andinsidepublicdoors. Thespecificlocation(s) of the building’s designated evacuation meeting points should be included. Buildings designated with Class E occupancy code must have a fire safety plan on file with the FDNY. 
	requiredbylawtoevacuatethebuildingwhenthefirealarmsounds.
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	When evacuating a building or work area, please follow these procedures: 
	• 
	• 
	• 
	Remain calm 

	• 
	• 
	Safely stop work 

	• 
	• 
	Gatherpersonalbelongingsonlyifitissafetodoso. [Reminder: takeprescription medications, as itmay be hours before occupants are allowed back into the building.] 

	• 
	• 
	Assist persons withdisabilities 

	• 
	• 
	If safe, close the office door and window, but do not lock them 

	• 
	• 
	Use the nearest safe stairway and proceed quickly to the exit. Do not use the elevator. 

	• 
	• 
	Proceed to the designated evacuation meeting point. 

	• 
	• 
	Wait for instructions from emergency responders. 

	• 
	• 
	Do not re-enter until instructed to do so by emergency responders. 


	5.2.2 Laboratory Emergency ShutdownProcedures 
	Each facility should develop anon-fire emergency plan or incorporate non-fire emergencies into a masteremergency response plan. Employees must betrained regarding allresponse plan details including non-fire procedures. Below isasample set ofsteps for shutting down laboratories innonfire emergency situations. This list is not comprehensive but gives steps to consider when developing procedures. 
	-

	• 
	• 
	• 
	Close fume hoodsashes 

	• 
	• 
	Close chemical containers 

	• 
	• 
	Turn offallnon-essentialelectricaldevices. Leave refrigerators andfreezersonconfirming thedoorsareclosed. Checkdisconnectsoflarge LASERs, radiofrequencygenerators,NMRs, etc. 

	• 
	• 
	Confirm essentialequipmentisplugged intopoweroutletssupplied byanemergency generator (usually orange or red). 

	• 
	• 
	Turn off all gas cylinders at the tank valves. 

	• 
	• 
	Checkallcryogenicvacuumtraps(nitrogen,carbondioxide,andsolvent).Evaporationof trapped materials may cause dangerous conditions. 

	• 
	• 
	Check all containers of cryogenic liquids to ensure that they are vented to prevent the buildup of internalpressure. 

	• 
	• 
	Check allpressure,temperature, air,ormoisture sensitive materials andequipment. This includes vacuum work, distillations, glove boxes used for airless/moistureless reactions, and all reactions in progress. Be prepared to terminate all reactions that are in progress, based on the known scope of the emergency. 

	• 
	• 
	Ifexperimentalanimalsareinuse,specialprecautionstosecurethoseareassuchas emergency power, ventilation, and other support may be required. 

	• 
	• 
	Allnon-essential staff/students must leave the building. Depending onthe nature ofthe emergency,somestaffmayhavetostaybehindtofacilitatethestart-upofessential equipment once the laboratory is reopened. 

	• 
	• 
	Remember some equipment doesnotshutdown automatically –such aslarge cryogenic magnets, sources of radioactivity, as well as other equipment. Check operating procedures for equipment before an emergency occurs. 


	Pursuant to RNYC§27-4267 and FDNY Regulations 
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	PLEASE NOTE: Ifalow flow ofinert gasisbeing used to"blanket" areactive compound ormixture, thelaboratoryworkermaywanttoleavetheflowofgason. Thisshouldbepartofapre-approved, written, posted standard operating procedure for this material or process. 
	5.2.3 Medical Emergency Procedures 
	CALL 911 AND PUBLIC SAFETY FOR ANY EMERGENCY THAT REQUIRES IMMEDIATE POLICE, FIRE, OR MEDICAL RESPONSE TO PRESERVE A LIFE. 
	• 
	• 
	• 
	Protectthevictimfromfurtherinjurybyremovinganypersistentthreatorbymovingthe victimtoasafeplace.Donotmovethevictimunnecessarilyordelayobtainingtrained medical assistance. 

	• 
	• 
	• 
	Notify FirstResponders ofthe location,nature,andextentofthe injury.CallPublic Safety or 

	911. Always call from a safelocation. 

	• 
	• 
	Provide first aid until help arrives if trained and it is safe to do so. 

	• 
	• 
	Send someone to escort emergency responders to the appropriate location, if possible. 


	5.2.4 First Aid Kits 
	There are no legal requirements to support first aid kits in work spaces on campuses, according to OSHA(29 CFR 1910.151) andthe ANSIStandard(Z308.1-1998). Your EHSOshouldbeconsulted beforeplacingfirstaidkitsinyourworkarea.IfyourEHSOgivesyouapprovaltohaveafirstaidkit, thekitmustcontainitemsappropriatetomediateaninjurythatcouldhappenin yourworkarea. 
	Theremustbeatrained,responsiblepersonandtheircontactinformationmustbepostedonthe kit. Thekitmustbemaintainedandrefilledafteruse. AnInjury/Illnessreportshouldbecompleted when a first aid kit is used. 
	The ANSI Standard lists the following minimum fill requirements for a first aid kit: 
	• 
	• 
	• 
	1 -absorbent compress, 4 x 8 in. minimum 

	• 
	• 
	5 yards adhesivetape 

	• 
	• 
	10 -Antiseptic applications, 0.14 fl. oz. each 

	• 
	• 
	1 -triangular bandage, 40 x 40 x 56 in. minimum 

	• 
	• 
	16 -adhesive bandages, 1 x 3 inch minimum 

	• 
	• 
	2 -pairs of medical exam gloves 

	• 
	• 
	4 -sterile pads, 3 x 3 in. minimum 

	• 
	• 
	6 -burn treatment applications, 1/32 oz. each 


	Your EHSO can provide information on where to obtain the appropriate training ifyou choose to keep a first aid kit in your work space. 
	5.2.5 Fire or Explosion Emergency Procedures 
	All fires must be reported to the Office of Public Safety, including those that have been extinguished. Donothesitatetoactivatethefirealarmifyoudiscoversmokeorfire. Inthecaseof a fire or explosion, follow the procedures below. 
	• 
	• 
	• 
	Alert people in the immediate area of the fire and evacuate the room 

	• 
	• 
	Confine the fire by closing doors as you leave the room 

	• 
	• 
	• 
	Activate a fire alarm by pulling on an alarm box 

	• NotifyfirstrespondersofthelocationandsizeofthefirebycallingPublicSafetyor911, using aBlue Lightemergency boxoranEmergency Telephone. Always callfrom asafe location. 

	• 
	• 
	Evacuatethebuildingusing the Emergency Evacuation Procedure. Donotuse elevators unless directed to do so by emergency responders. 

	• 
	• 
	Notify emergency responders of the location, nature, and size of the fire once outside. 

	• 
	• 
	Proceed to the designated evacuation meeting point. 

	• 
	• 
	Wait for instructions from emergency responders. 

	• 
	• 
	Do not re-enter until instructed to do so by the emergency responders. 


	If you have been trained and it is safe to do so, you may attempt to extinguish the fire with a portablefireextinguisher. Attempttoextinguishonlysmallfires(afirenobiggerthanthewidthof awastebasketandnohigherthanone’sknees)andmakesureyouhaveaclearescapepath beforehand. Consult theBuilding Emergency ProcedurePlan foradditionalinformation. 
	If clothing ison fire: 
	• 
	• 
	• 
	Stop, drop to the ground and roll to smother flames. 

	• 
	• 
	Smother flames using a fire blanket. 

	• 
	• 
	Drench with water from a safety shower or other source. 

	• 
	• 
	Seek medical attention for all injuries. 


	5.2.6 Fire Extinguishers 
	Portable fire extinguishers may be located in severalplaces throughout alaboratory depending on the work being done. Extinguishers must undergo regular testing and inspection. In certain circumstancestheymustbereplaced.See AppendixPfordetails.Youmustbetrainedbeforeusing a fire extinguisher. Any fire extinguisher that has been used, even if it was not fully discharged, must bereported totheEHSO soareplacementfireextinguishercanbeprovided.ContactyourEHSO for information regarding training or replacement extin
	Notallfiresarethesame.Theyareclassifiedaccordingtothetypeoffuelthatisburning.Thereare corresponding fire extinguishers thatare designed to respond to different classes of fire.Using the wrongclassoffireextinguisherforthewrongfirecanexacerbatethefire.Itisthereforeextremely important to understand the five different fire classifications. 
	Should the nature and size of the fire make it possible, use the appropriate extinguisher. 
	• 
	• 
	• 
	CLASSA extinguishersareforordinarycombustiblematerialssuchaspaper, wood, cardboard, and mostplastics. 

	• 
	• 
	CLASS B extinguishers should be used for flammable or combustible liquids. 

	• 
	• 
	CLASS C extinguishersareusedforfiresinvolvingelectricalequipment.Ifpossible,turnoff theelectricalpowertothedevices,andthenuseeitherthedrychemicalextinguisherora carbondioxideorhalonextinguisher,ifavailable.NeverusewatertoextinguishaCLASSC fire. 

	• 
	• 
	CLASSDfireextinguishersareforfiresthatinvolvecombustiblemetalssuchassodium, NOT USE pressurized water, carbon dioxide, dry-chemical or halon extinguishers on metal or organometallic fires. The use ofthese extinguishers may introduce reactive substances to the burning metal and may either make the fire grow or trigger an explosion. 
	potassium,magnesium,oranyotherflammablemetalpowdersusedinalaboratory.DO 


	• 
	• 
	CLASSKfireextinguishersareforfiresthatinvolvecookingoils,trans-fats,orfatsincooking appliances and are typically found in restaurant and cafeteria kitchens. 


	5.2.7 Power Outage Procedures 
	In the case of a power outage, use the following procedures: 
	• 
	• 
	• 
	Assess the extent of the outage. Is it restricted to part one laboratory or a wider area? 

	• 
	• 
	Report the outage to Public Safety. 

	• 
	• 
	Assistotherbuilding occupantsifevacuation isrequired.Power losstofume hoodsmay require evacuation of laboratories and surrounding areas. 

	• 
	• 
	Evaluate the unit's work areas for hazards created by a power outage. 

	• 
	• 
	Secure hazardous materials. 

	• 
	• 
	Take actions to preserve human and animal safety and health. 

	• 
	• 
	Turnoffand/orunplugnon-essentialelectricalequipment,computerequipmentand appliances. 

	• 
	• 
	Keep refrigerators and freezers closed to help keep contents cold. 

	• 
	• 
	Ifneeded,openwindows(inmildweather)foradditionallightandventilationunlessitis problematic to do so, such as in a BSL2 lab. 


	5.3 Chemical Spill Procedures 
	When a chemical spill occurs, take prompt and appropriate action. The type of response will dependonthe quantity ofchemical spilled andthe severity ofassociated hazards. The first action is toalertothersinyourlaboratoryorworkareathataspillhasoccurred. Thenyoumustdetermineif you can safely clean up the spill yourself. Many chemical spills can be safely cleaned up by laboratorystaffwithoutthehelpoftheEHSO. Onlyindividualsthataretrainedandequippedwith the proper spill cleanup materials and appropriate PPE shou
	5.3.1 Incidental Spills 
	The following is intended for spills that occur within a building. A release to the outside environmentmayrequireareporttotheresponsiblegovernmentagency. TheEHSOfficecanmake thatdetermination.ALL thefollowingcriteria must bemet fora spill tobeconsidered incidental 
	Physical 
	Physical 

	• The spill is a small quantity of a known chemical. 
	• 
	• 
	• 
	• 
	No resulting gases or vapors require respiratory protection. 
	Equipment 


	• You have the materials and equipment needed to clean up the spill. 

	• 
	• 
	• 
	You have the proper personalprotective equipment(PPE) available. 
	Personal 


	• 
	• 
	• 
	You understand the hazards posed by the spilled chemical. 

	• 
	• 
	You know how to clean up the spill. 

	• 
	• 
	You feel comfortable cleaning up the spill. 




	5.3.1.1 Incidental Spill CleanupProcedures 
	1. 
	1. 
	1. 
	Notifythoseinthespillarea. Preventothersfromcomingincontactwiththespill(i.e., walking through the spilled chemical). Protect yourself and others first. 

	2. 
	2. 
	Put on the proper personal protective equipment (PPE) such as goggles, gloves, respiratory protection, etc. before beginning any cleanup. 

	3. 
	3. 
	Stop the source of the spill if possible and safe to do so. 

	4. 
	4. 
	Trytopreventspilledchemicalsfrom enteringwaterways.Buildadikearoundaccess points (sink, cup sinks, and floor drains) with absorbent material ifyou can safely do so. 

	5. 
	5. 
	Use the appropriate absorbent material for liquid spills (detailed in following section). 

	6. 
	6. 
	Slowlyaddabsorbentmaterialonandaroundthespillandallowthechemicaltobe absorbed. Apply enough absorbent to completely cover the spilled liquid. 

	7. 
	7. 
	Sweep up the absorbed spill from the outside towards the middle. 

	8. 
	8. 
	Scoop up and deposit residue in a leak-proof container. 

	9. 
	9. 
	Foracid andbase spills,transferthe absorbed materials toasink andcomplete neutralization prior to drain disposal. 

	10. 
	10. 
	For absorbed hazardous chemicals, label the container and dispose of through the hazardous waste managementprogram. 

	11. 
	11. 
	If possible, outline the spill area with chalk. 

	12. 
	12. 
	Wash the contaminated surface with soapy water. Ifthe spilled chemical ishighly toxic, collect the rinsate for proper disposal. 

	13. 
	13. 
	Report the spill to your supervisor, Public Safety, and the EHS Office immediately. 

	14. 
	14. 
	Restock any spill cleanup supplies that you may have used from any spill kits. 


	5.3.2 Spill Absorbent Materials 
	Thefollowingmaterialsarerecommendedspillabsorbentmaterials;however,theyarefor every possible chemical spill. NEVER pour laboratory chemicals down the drain. When in doubt, contact your EHSO for advice. 
	not appropriate 

	For acid spills (except Hydrofluoric acid) 
	For acid spills (except Hydrofluoric acid) 

	• 
	• 
	• 
	Sodium carbonate 

	• 
	• 
	Sodium bicarbonate (bakingsoda) 

	• 
	• 
	Calcium carbonate 

	• 
	• 
	Calcium bicarbonate 

	• 
	• 
	DO NOT use absorbent clay for acid spills 


	For Hydrofluoric acid (HF) spills 
	For Hydrofluoric acid (HF) spills 

	• Use Calcium carbonate or Calcium bicarbonate to tightly bind the fluoride ion. 
	For liquid base spills 
	For liquid base spills 

	• Use Citric Acid or similar weak acid to lower the pH sufficiently for drain disposal. 
	For oil spills 
	For oil spills 

	• Use ground up corn cobs, vermiculite, or absorbent clay (kitty litter). 
	For most aqueous solutions 
	For most aqueous solutions 

	• Use ground corncobs. 
	For most organicliquid spills 
	For most organicliquid spills 

	• Use ground corncobs. 
	For oxidizing liquids 
	For oxidizing liquids 

	• Use absorbent clay,vermiculite,orsome other nonreactive absorbent material. Donot use paper towels. [Note: Most nitrate solutions will not oxidize sufficiently for this requirement.] 
	For mercury spills 
	For mercury spills 

	• 
	• 
	• 
	Donotdisposeofmercuryormercurycontaminatedspilldebrisintheregulartrashor down the drain. Never pour laboratory chemicals down the drain. 

	• 
	• 
	There are no absorbent materials available for mercury. Physical removal processes are best for removing and collecting mercury. 

	• 
	• 
	Ifyouneedhelpcollectingmercuryfromaspill,contactyourEHSOffice. [Note:While powdered sulfur helps reduce mercury vapors, sulfur greatly complicates spill cleanup.] 


	5.3.3 Spill Kits 
	While commercial spill kits are available from a number of safety supply vendors, laboratory personnelcan assemble spillkitsspecifictotheirneeds. ALL laboratoriesmusthave spillkits available for use. Colleges and departments should consider distributing basic spill kits to all laboratoriesthatcanbeexpandedtofitthehazardspresentinanyparticularlaboratory. 
	A spill kit can be assembled using a 2.5 or 5 gallon bucket, appropriate absorbent materials and equipment. Stock only the absorbents appropriate for your space. Each container of absorbent must be labeled as to what it contains and what type of spills it can address. 
	Possible absorbent materials 
	• 
	• 
	• 
	1-5 lbs. of ground-up corn cobs – for most aqueous and organic liquid spills. 

	• 
	• 
	1-5 lbs. of absorbent clay (kitty litter) -for oils or oxidizing liquids. 

	• 
	• 
	1-5 lbs. of Sodium bicarbonate -for liquid acid and base spills. 

	• 
	• 
	1-5 lbs. of Calcium carbonate or Calcium bicarbonate -for HF spills. 


	Possible equipment 
	• 
	• 
	• 
	Wisk broom and dust pan 

	• 
	• 
	Sponge 

	• 
	• 
	pH paper 

	• 
	• 
	1 gallon and 5 gallon bags -for collection of spill cleanup material 

	• 
	• 
	Smallandlarge self-sealing bags–forcollection ofspillcleanupmaterialortoenclose leaking bottles/containers. 

	• 
	• 
	Safety goggles 

	• 
	• 
	Thick and thin nitrile gloves 

	• 
	• 
	Hazardous waste labels 


	Clearlylabeledthecontainer’sexterior“SPILL KIT”andalistofthe contents. Include instructions and contact information for restocking the kit after use. 
	Laboratory personnel must be properly trained to do the following: 
	• 
	• 
	• 
	• 
	Determine if they can or should clean up a spill. 

	o IftheanswertoeitherquestionisNO,calltheEHSoffice,PublicSafety,oroutside assistance. 

	• 
	• 
	Locate the spill kit within the laboratory. 

	• 
	• 
	Identify what items are in the kit and use the kit properly. 

	• 
	• 
	Clean up different types of chemical spills. 

	• 
	• 
	Dispose of spill cleanup material. 

	• 
	• 
	Restock the kit. 


	For more information regarding assembling a spillkit orobtaining appropriate training contact your EHS Office. 
	5.3.4 Major Spills 
	Anytimearesearcherdeterminesoutsideassistanceisnecessarytocleanupachemicalspillsafely, that spill is by definition major. In the case of a major spill, contact your EHS Office and Public Safety immediately. 
	5.3.4.1 Major Spill Cleanup Procedures 
	When a major spill occurs, the following procedures may be relevant. 
	1. 
	1. 
	1. 
	Alert people in the immediate area and evacuate the room. 

	2. 
	2. 
	Ifanexplosionhazardispresent,unplug,orturnelectricalequipmentonoroff. Doing so can result in a spark or ignition source. 
	donot


	3. 
	3. 
	Confine the hazard by closing doors as you leave the room. 

	4. 
	4. 
	Use eyewash or safety showers as needed to rinse spilled chemicals off. 

	5. 
	5. 
	Evacuateanynearbyroomsthatmaybeaffected. Ifthehazardwillaffecttheentire building, pull the fire alarm. 

	6. 
	6. 
	Notify your EHS Office and Public Safety. Always call from a safe location. 


	Be prepared to provide first responders with the following information 
	• 
	• 
	• 
	Where the spill occurred (building and room number) 

	• 
	• 
	If there are any injuries and if medical attention is needed 

	• 
	• 
	The identity of the spilled material(s) -be prepared to spell out chemical names 

	• 
	• 
	The approximate amount of material spilled 

	• 
	• 
	How the spill occurred (if you know) 

	• 
	• 
	Any immediate actions you took 

	• 
	• 
	Who first observed the spill and the approximate time it occurred 

	• 
	• 
	Where and when you will meet emergency responders, either in person or by phone 


	Once outside, confirm someone has notified emergency responders. Isolate contaminated persons and protect yourself and others from chemical exposure. 
	5.4 Emergency Eyewash and Showers 
	All laboratoriesusinghazardouschemicals, particularly corrosivechemicals, musthaveaccesstoan eyewashand/oranemergencyshoweraspertheOSHAstandard29CFR1910.151–Medical 
	36F Services and First Aid. The ANSI Standard Z358.1-2004 -Emergency Eyewash and Shower Equipment provides additional guidance by stating that emergency eyewash and/or emergency showers must be readily accessible, free ofobstructions, and within 10 seconds from the hazard. TheANSIstandardalsooutlinesspecificflowrequirements,useoftempered water,inspectionand testingfrequencies,andtraining oflaboratorypersonnelintheproperuse. Plumbedeyewash units andemergencyshowersshouldideallyhaveatemperingvalveinplacetopre
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	5.4.1 Testing and Inspection of Emergency Eyewash and Showers 
	The ANSIStandard states that plumbed emergency eyewash and safety showers should be activated weeklytoverifyproperoperationandinspectedannually.Laboratoriesareresponsibleforensuring freeaccessisavailabletoeyewashesandemergencyshowersandthateyewashnozzledustcovers areinplace. Dustorotherparticlescanclogthenozzles,resultinpoorfloworforceparticlesinto the eyes when the eyewash is used. 
	Itistheresponsibilityoflaboratorypersonneltoactivate(flush)unitsonaweeklybasis. Weekly flushing ensures the units are operating properly,helps keep units free of clutter, and helps prevent thegrowthof bacteria inthe plumbing lines. Allow thewater torun foratleast3 minutes during testing.Laboratoriesarestronglyencouragedtopostan“EyewashTestingSheet”neartheeyewash to document weeklyactivation. 
	Always report any malfunctioning eyewashes and emergency showers to Facilities Management immediately.Ifan emergency shower oreyewash isnotworking properly,hang a“Do NotUse”sign on the unit to alert others. 
	AnnualinspectionandtestingshouldbeconductedinaccordancewithFDNYFireCode§2706and FireCode§105.3.8. Tagsshallbeaffixedtoeachstationtodocumentannualinspections, 
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	includingtheinspector’sinitialsanddateofinspection.YourEHSOwillperformannualinspections ofeyewashesandemergencyshowerstotestforcompliancewithANSIZ358.1-2004.Thisannual test will include 
	• 
	• 
	• 
	Testing water flow for proper quantity and spray pattern 

	• 
	• 
	Testing waterquality 

	• 
	• 
	Ensuring the unit is the proper height from the floor 

	• 
	• 
	Ensuring the unit is not obstructed 

	• 
	• 
	Ensuring the unit has a tempering valve (If not, recommend repair in inspection report) 

	• 
	• 
	Ensuring valves are working properly 

	• 
	• 
	Verifying signs are posted indicating the location of units 

	• 
	• 
	Checking the unit is free of corrosion 


	5.4.2 Installation of New Emergency Eyewash Stations and Showers 
	PleasecontacttheEHSOwheneveranewemergencyshoweroreyewashhasbeeninstalledsothe unitcan beaddedtothe EHS inventory andincluded aspartofthe annualinspection program. For moreinformation, seethe LaboratoryDesignand Constructionsectioninthismanualorcontact your EHS Office. 
	. pdf 
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	5.4.3 Using Emergency Eyewash and Showers 
	Alwaysdetermineemergencyproceduresandidentifythelocationsofthenearestemergency showerandeyewashbeforeworkingwithhazardouschemicals.Intheeventofanemergency (chemicalspillorsplash)whereaneyewashoremergencyshowerisneeded,pleaseadheretothe following procedures 
	Eyewashes 
	Eyewashes 

	1. 
	1. 
	1. 
	If you get a chemical in your eyes, yell for help. 

	2. 
	2. 
	Immediately go to the nearest eyewash station and push activation handle all the way. 

	3. 
	3. 
	Put your eyes or other exposed area in the stream of water and begin flushing. 

	4. 
	4. 
	Open your eyelids with your fingers and roll your eyeballs around to get maximum irrigation of theeyes. 

	5. 
	5. 
	Keep flushing foratleast 15minutes. ! 
	The importance offlushing the eyes immediately and for at least 15 minutes cannot be overstated


	6. 
	6. 
	Foraccidents involvingHydrofluoric acid,followthespecial Hydrofluoric acid precautions. 


	7. Ifyouarealone,callPublicSafetyor911afteryouhavefinishedflushingyoureyesforat least 15 minutes. 
	8. 
	8. 
	8. 
	Seekmedicalattention. 

	9. 
	9. 
	Complete an Injury/IllnessReport. 


	Ifsomeone else in the laboratory needs an eyewash, help them locate the nearest station,activate the eyewash, and help them start flushing the affected areas using the procedures above and then callPublic Safety. After calling, goback toassist the person helping them tocontinue flushing for15 minutes or until help arrives. 
	Emergency Showers 
	Emergency Showers 

	1. 
	1. 
	1. 
	If an accident results in the chemical contamination of your skin, yell for help. 

	2. 
	2. 
	Immediately go to the nearest emergency shower and pull the activation handle. 

	3. 
	3. 
	Once under the stream of water, remove your clothing to wash off all chemicals. 


	4. Keepflushingforatleast15minutes. 
	Theimportanceofflushingforatleast15minutes cannot be overstated! 

	5. If you spill Hydrofluoric acid on yourself, follow the special Hydrofluoric acid precautions. 
	6. Ifyouarealone,callPublicSafetyor911afteryouhavefinishedflushingforatleast 15 minutes. 
	7. 
	7. 
	7. 
	Do not be concerned about the damage from flooding. KEEP flushing. 

	8. 
	8. 
	Seek medical attention. 

	9. 
	9. 
	Complete an Injury/IllnessReport. 


	Ifsomeone else in the laboratory needs an emergency shower (and it is safe for you to do so), assist themtothenearestemergencyshower,activatetheshowerforthem,andhelpthemgetstarted flushingusingtheproceduresaboveandthencallPublic Safety.Ifyouareassistingsomeoneelse, 
	you should wear gloves toavoid contaminating yourself. After calling,goback toassist the person as they continue flushing for 15 minutes or until help arrives. NOTE: Although an emergency is no timeformodesty,ifaperson isreluctanttousethe emergencyshower,assistthembyusing alab coat or other barrier while they undress under the shower. 
	Ifthere is a large quantity of chemical spilled or washed off, please consult with your EHS Office to see if the rinsate must be collected as hazardous waste. 
	5.5 Injury/Illness Reporting 
	Allaccidentsandinjuries,nomatterhowminor,mustbereportedtocampusofficialsthroughthe college’s incidentreporting system. The supervisor ofan injured employee, the department head, oradesignatedindividualwithinthedepartmentmustcompleteallsectionsofthisformwithin24 hours after the injury is first reported and submit to Public Safety. 
	5.6 Medical Consultations 
	Whenachemicalexposureeventoccurs,medicalconsultationsandexaminationswillbemade available to laboratory workers as required. All work related medical examinations and consultations willbe performed by orunder the directsupervision ofa licensed physician.They will be provided at no cost to the employee, without loss of pay, and at a reasonable time. 
	The opportunity to receive medical attention, including any follow up examinations, willbe provided to employees who work with hazardous chemicals when: 
	• 
	• 
	• 
	An employee develops signs or symptoms associated with a hazardous chemical to which the employee may have been exposed. 

	• 
	• 
	Airborne exposuremonitoring reveals levelsroutinelyabovetheaction levelforanOSHA regulated substance that has exposure monitoring and medical surveillance requirements. (In the absence of an action level, the Permissible Exposure Limit is used.) 

	• 
	• 
	An event such as a spill, leak, or explosion results in the likelihood of exposure. 


	Intheeventofanyoftheabovecircumstances,theemployeeshallbeprovidedanopportunityfora medicalconsultation. Theconsultationshalldeterminetheneedforfurthermedicalexamination. MoreinformationonactionlevelsandPermissibleExposureLimitscanbefoundontheOSHA 
	Health and Safety Topics page – Permissible Exposure Limits. 
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	5.6.1 Information Provided to the Physician 
	The physician shall be provided with the following information 
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	• 
	• 
	• 
	The identity of hazardous chemical(s) to which the employee may have been exposed 

	• 
	• 
	The Safety Data Sheets (SDS) 

	• 
	• 
	Theconditionsunderwhichtheexposureoccurredincludingquantitativeexposuredata,if available 

	• 
	• 
	Any signs of exposure and symptoms that the employee is experiencing 


	5.6.2 The Physician’s WrittenOpinion 
	The Physician’s written opinion should include the following information 
	• 
	• 
	• 
	Results of the medical examination and any associated tests 

	• 
	• 
	Anymedicalcondition(s)revealedduringthecourseofexaminationandmayplacethe employee at increased risk as a result of exposure 

	• 
	• 
	Documentation that the employee has been fully informed by the physician of the consultation or medical examination results, including any medical condition(s) that may require further examination or treatment. 


	The physician’s written opinion regarding the consultation or examination shall NOT include 
	• Any specific findings of diagnoses unrelated to the occupational exposure. 
	Allrecordsofmedicalconsultationsorexaminations,includingtestsorwrittenopinions,shallbe maintained at the college health center in accordance with 12 CRR-NY Section 801 and 
	40 
	administrative instructions 901. Exposure monitoring records of contaminate levels in laboratories 
	39F 
	willbemaintainedattheEHSOfficeofeachcampus. Formoreinformation,contactyourEHS Office. 
	6.0 EMPLOYEE INFORMATION ANDTRAINING 
	Federal,state,andlocallawsrequirethatalllaboratoryworkersreceivesafetytrainingandbe informedofthepotentialhealthandsafetyriskspotentiallypresentintheworkplace. Laboratory safetytrainingmustbeobtainedeitherthroughyour EHSOfficeorthroughanEHSOapproved source. TheEHS Officemaintains records ofemployee safetytrainingandlaboratorypersonnel must submit documentation of any training received from alternative sources. 
	The OSHA Laboratory Standard also requires employers provide employees with information and training.Italsorequiresthisinformationbeprovidedatthetimeofanemployee’sinitialassignment 
	New York State promulgated and adopted an alternative approach to recordkeeping requirements from that in the OSHA Laboratory Standard. 
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	toaworkareawherehazardouschemicalsarepresentandpriortoassignmentsinvolvingnew exposure situations. 
	As per the Laboratory Standard, information that must be provided to employees includes 
	• 
	• 
	• 
	The Laboratory Standard and its appendices (Appendix A and B) 

	• 
	• 
	The location and availability of the employer's Chemical Hygiene Plan 

	• 
	• 
	Thepermissibleexposurelimitsfor OSHAregulatedsubstancesorrecommendedexposure limitsforotherhazardouschemicalswherethereisnoapplicableOSHAstandard 

	• 
	• 
	Signsand symptomsassociated withexposuresto hazardouschemicalsused in the laboratory 

	• 
	• 
	The location and availability of reference materials listing hazards, safe handling, storage, and disposal of hazardous chemicals found in the laboratory including, but not limited to, SDSs received from the chemical supplier 


	The Laboratory Standard goes on to state that training shall include 
	• 
	• 
	• 
	Methods andobservations thatmay beused todetectthe presence orrelease ofa hazardous chemical 

	• 
	• 
	The physical and health hazards of chemicals in the work area 

	• 
	• 
	The measures employees can take to protect themselves from these hazards, including specificprocedurestheemployerhasimplementedtoprotectemployeesfromexposureto hazardouschemicals, suchasappropriateworkpractices, emergencyprocedures, and PPE 


	WhiletheOSHALaboratoryStandardisspecifictoworkingwithhazardouschemicals,laboratory employeesmustalsobeprovidedpropertrainingandinformationrelatedtootherhealthand physical hazards in their work environment. This includes hazards described within this Laboratory SafetyManualandapplicabledetailsoftheemployer’swrittenChemicalHygienePlan.Itisthe responsibilityofP.I.sandlaboratorysupervisorstoensurethatpersonnelworkinginlaboratories undertheirsupervisionhavebeen providedwithpropertraining,havereceived information
	6.1 Training Options 
	P.I.s and laboratory supervisors have anumberofoptionsavailable tothem toensure employees undertheirsupervisionhavereceivedpropertraining.Theseoptionsincludein-houseprograms, on-line resources, outside vendor programs and other resources. 
	Onetrainingclassisusuallynotcomprehensiveenoughtocoverallofthehazardsfoundwithina laboratory. P.I.sandlaboratory supervisors may find thatitisnecessary touse acombination ofthe options available to ensure that their employees are properly trained. 
	Any training program must meet the following requirements: 
	• 
	• 
	• 
	Theinstructorprovidingthetrainingistechnicallyqualifiedtoprovidetrainingonthe particular subject 

	• 
	• 
	Thetrainingprogram(s)addressthehazardspresentinthelaboratoryanddescribeways employees can protectthemselves 

	• 
	• 
	The training program and attendance are documented using a sign-in sheet. These records must be readily available and accessible upon request. 


	7.0 SAFE CHEMICAL USE 
	Safe chemical use includes minimizing exposure to chemicals and proper training understanding chemical hazards. It also encompasses proper labeling, storage and segregation, transport and disposal. 
	7.1 Minimize Exposure toChemicals 
	The bestway laboratorypersonnelcan protectthemselves from chemicalhazards istominimize exposure. To minimize chemical exposure the following guidelines should be implemented where applicable: 
	• 
	• 
	• 
	Donotunderestimate the risk ofexposure tochemicals,even forsubstances ofnoknown significant hazard. 

	• 
	• 
	Substitute less hazardous chemicals in experiments 

	• 
	• 
	Alwaysusethesmallestpossiblequantityofchemicalforallexperimentsandconsider microscale experiments 

	• 
	• 
	Minimize chemicalexposuresforallpotentialroutesofentry(inhalation,ingestion,skinand eyeabsorption,andinjection)throughproperuseofengineeringcontrolsandpersonal protective equipment 

	• 
	• 
	Be sure to select the proper PPE and regularly inspect it 

	• 
	• 
	Do not pipette or apply suction by mouth 

	• 
	• 
	Donotsmellortastechemicals. Whenitisnecessarytoidentifyachemical’sodor,holdthe chemicalcontainerawayfromthefaceandgentlywaftahandoverthecontainerwithout inhaling large quantities of chemical vapor. 

	• 
	• 
	Toidentifypotentialhazards, laboratory personnelshould planexperiments inadvance. Theseplansshouldincludespecificmeasuresthatwillbetakentominimizeexposure, proper positioning of equipment, and organization of dry runs. 

	• 
	• 
	Chemicals that are particularly hazardous substances require prior approval from your supervisor and special precautions must be taken. 

	• 
	• 
	Whenworkingwithmixturesofchemicals,laboratorypersonnelshouldassumethemixture is more toxic than the most toxic component in the mixture. 

	• 
	• 
	Consider all substances of unknown toxicity to be toxic until proven otherwise. 

	• 
	• 
	Requestexposuremonitoringtoensurethatthe Permissible Exposure Limits(PELs) of OSHA and the current Threshold Limit Values (TLVs) of the American Conference of Governmental Industrial Hygienists are not exceeded. 

	• 
	• 
	Promptlycleanupallchemicalsspillsandsplashesregardlessofwhetherthechemicalis considered hazardous or nonhazardous. 

	• 
	• 
	Whenworkingincoldrooms,keepalltoxicandflammablesubstancestightlyclosed,ascold rooms have recirculatedair. 

	• 
	• 
	Be aware of a potential asphyxiation hazard when using cryogenic materials and compressed gasesinconfinedareassuchascoldroomsandenvironmentalchambers. Installanoxygen monitor/oxygen deficiency alarm and/or toxic gas monitor before work begins. 

	• 
	• 
	Donoteat,drink,chewgum,orapplycosmeticsinareaswherehazardouschemicalsare being used. 

	• 
	• 
	Keep all food and drink out of refrigerators and freezers used to store chemicals. Refrigeratorsusedtostoreshallbelabeled“NotForHumanConsumption.” Refrigerators used to store shall be labeled “For Food Only.” 
	chemicals
	food 


	• 
	• 
	Alwayswashhandswithsoapandwaterafterhandlingchemicalsandbeforeleavingthe laboratory – even if gloves were worn during chemical handling. 

	• 
	• 
	Always remove personal protective equipment, such as gloves and laboratory coats, before leaving the lab. 


	Scaling-Up Experiments 
	Scaling-Up Experiments 

	Do not attempt to scale up experiments until after you have run the experiment according to published protocols andyou are thoroughly familiar with the potentialhazards. When scaling upan experiment, change only one variable at a time. It is advisable to let other laboratory group members check your setup prior to each run. 
	7.2 Understanding Chemical Hazards 
	Chemicals pose both health and physical hazards. According to OSHA, health hazard means “a chemicalfor which there isstatistically significantevidence based on atleastone study conducted inaccordance with establishedscientificprinciplesthatacuteorchronichealtheffectsmay occurin exposedemployees. Theterm “healthhazard”includeschemicalswhicharecarcinogens,toxicor highly toxic agents, reproductive toxins, irritants, corrosives, sensitizers, hepatotoxins, nephrotoxins,neurotoxins,agentswhichactonthehematopoieti
	damage the lungs, skin, eyes, or mucous membranes.”
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	Accordingto OSHA,physicalhazardmeans“achemicalforwhichthereisscientifically valid evidencethatitis acombustibleliquid,a compressedgas, explosive, flammable,anorganic 
	peroxide, an oxidizer, pyrophoric, unstable (reactive) or water-reactive.”Physical hazards are covered in other sections within this manual. 
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	Forthepurposesofthisdocument,healthhazardwillbeusedinterchangeablywithchemicalhazard andhealtheffectsonthebodywillbeusedinterchangeablywithchemicaleffectsonthebody. 
	41 
	41 
	https://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=10100 
	42 
	https://www.osha.gov/dsg/hazcom/ghd053107.html 

	7.2.1 Chemical Hazard Information 
	As part of the employers Chemical Hygiene Plan, the Laboratory Standard requires that “the employershallprovideemployeeswithinformationandtrainingtoensurethattheyareapprisedof the hazards of chemicals present in their work area… Such information shall be provided at the time ofan employee’s initial assignment toawork area where hazardous chemicals are presentand prior 
	42F to assignments involving new exposure situations.” 
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	ItistheresponsibilityoftheP.I.andlaboratorysupervisortoensurethatstaffandstudentsunder their supervision are provided with adequate information specific to the hazards found within their laboratories. In addition to required health and safety training as per the OSHA Laboratory Standard, other sources of information on chemical and physical hazards include: 
	• 
	• 
	• 
	Safety Data Sheets(SDSs) 

	• 
	• 
	CUNY Laboratory SafetyManual 

	• 
	• 
	Known materials (videos, other department’s safety manuals or websites) 

	• 
	• 
	Container labels 

	• 
	• 
	Laboratory Standard OperatingProcedures 

	• 
	• 
	Laboratory signage andpostings 

	• 
	• 
	PublicationsliketheAmericanChemicalSociety’sSafetyinAcademicChemistryLaboratories 


	7.3 Safety Data Sheets(SDSs) 
	Safety Data Sheets (SDSs) are an important part of any laboratory safety program, communicating specific information tochemicalusers. Itisthe responsibility ofP.I.s and laboratory supervisors to ensurethatstaffandstudentsworkinginlaboratoriesundertheirsupervisionhaveobtained required healthandsafetytrainingandhaveaccesstoSDSs(and othersourcesofinformation)for all hazardous chemicals used in their laboratories. 
	SDSs provide important information 
	• 
	• 
	• 
	Identity of the chemical substance 

	• 
	• 
	Physical and chemicalcharacteristics 

	• 
	• 
	Physical and healthhazards 

	• 
	• 
	Primary routes ofentry 

	• 
	• 
	OSHA Permissible Exposure Limits (PELs) 

	• 
	• 
	Potential carcinogenic and reproductive health impacts 

	• 
	• 
	Precautions for safe handling and use (including PPE) 

	• 
	• 
	Spill response procedures 

	• 
	• 
	Emergency and first aid questions 

	• 
	• 
	Date the SDS was prepared 


	29 CFR 1910.1450(f) 
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	Anychemicalshipmentreceivedshouldbeaccompaniedbyan SDS(unlessonehasbeenshipped withapreviousorder). IfyoudonotreceiveanSDSwithyourshipment,checkthechemical manufacturer’s website first, call the manufacturer directly, or contact your EHSO. 
	IfyouhavequestionsregardinghowtoreadanSDS,orquestionsabouttheterminologyordata used,contactyourEHS Office. InformationregardinghowtoreadanSDS,canbefoundinAppendix H.InformationontheNationalFireProtection Association -NFPA diamond andthe Hazardous MaterialsInformationGuideandHazardousMaterialsInformationSystem–HMIGandHMIS-is 
	available.
	available.
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	SDSs must be accessible at all times. A person working in a laboratory should be able to produce an SDSwithinfiveminutes.P.I.sandlaboratorysupervisorsarestronglyencouragedtokeeppaper copiesofSDSsinthelaboratory.BookmarkingSDSwebsitesisacceptableaslongasallemployees are trained touse the computers andknow where tofind the SDSs. The SDS website links should be 
	clearly visible.
	clearly visible.
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	NOTE: AnyaccidentsinvolvingachemicalwillrequirethatanSDSbeprovidedtoemergency responsepersonnelandtotheattendingphysiciansopropertreatmentcanbeadministered. 
	7.3.1 SDSs and Newly Synthesized Chemicals 
	P.I.swillberesponsible forensuringthatnewlysynthesizedchemicalsareusedexclusivelywithin their laboratories and are properly labeled. If the hazards of a chemical synthesized in the laboratoryareunknown,then thechemicalmustbe assumed tobehazardous andthe labelshould indicatethatthepotentialhazardsofthatsubstancehavenotbeentestedandareunknown.The P.I.mayneedtoprepareaSDSfornewlysynthesizedchemicals. PleaseconsultwithyourEHSOif you need assistance. 
	7.4 Routes of ChemicalEntry 
	The potentialhealtheffects from exposuretochemicalsdependsonanumberoffactors. These factors include the properties of the specific chemical (including toxicity), the dose and concentrationofthechemical,theroute of exposure,theduration ofexposure, individual susceptibility,andanyothereffectsresultingfrommixing withotherchemicals. Inorderto 
	; ; ; 
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	https://www.osha.gov/Publications/OSHA3514.html
	http://www.chemsafetypro.com/Topics/USA/Hazardous_Materials_Identification_System_HMIS.html
	https://www.nfpa.org/codes-and-standards/all-codes-and-standards/list-of-codes-and-standards/detail?code=704

	https://www.osha.gov/Publications/OSHA3636.pdf 
	https://www.osha.gov/Publications/OSHA3636.pdf 
	https://www.osha.gov/Publications/OSHA3636.pdf 


	29 CFR 1910.1200(g)(8) The employer shall maintain in the workplace copies of the required safety data sheets for each hazardous chemical, and shallensure that they are readilyaccessible during each work shift to employees when they are in their work area(s). (Electronic access and other alternatives to maintaining paper copies of the safety data sheetsarepermittedaslongasnobarrierstoimmediateemployeeaccessineachworkplacearecreatedbysuch options.) 
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	understandhow chemicalhazardscan affectyou,itisimportanttofirstunderstandhow chemicals canenteryourbodyandcausedamage. Thefourmainroutesofentryareinhalation,ingestion, injection, and absorption. 
	7.4.1 Inhalation 
	Inhalationofchemicalsoccursviatherespiratorytract. Chemicalsthathaveenteredtherespiratory tractcansubsequentlybeabsorbedintothebloodstreamanddistributedthroughoutthebody. Chemicals can be inhaled in the form of vapors, fumes, mists, aerosols and fine dusts. 
	Symptomsofchemicalexposurethrough inhalation include eye,nose,and throatirritation, coughing,difficultybreathing,headache,dizziness,confusion,andcollapse. Ifanyofthese symptoms arenoted,leavethe area immediately andgetfresh air. Seek medicalattention if symptoms persist and complete an Injury/Illness Report. 
	Laboratoryworkerscanprotectthemselvesfromchemicalexposureviainhalationthroughproper useofafunctioningfumehoodoruseofdustmasksand respiratorswhenapproved.Avoidbench top use of hazardous chemicals, ensure chemical containers are kept tightly capped, and make sure all chemical spills are promptly cleaned up. 
	7.4.2 Ingestion 
	Chemicalexposurethroughingestionoccursbyabsorptionthroughthedigestivetract. Ingestionof chemicalscanoccurdirectlyandindirectly. Directingestioncanoccurwhenachemicalisaccidently eatenordrunk. Properhousekeepingandlabelingdiminishesthishazard. Indirectingestionoccurs whenfoodordrinkisbroughtintoachemicallaboratoryandabsorbschemicalcontaminants (vaporsordusts)presentintheair.Whencontaminatedfoodordrinkisconsumedchemical exposurecanresult. Indirectingestioncanalsoresultfromcontaminationoffoodordrinkstored withc
	Symptomsofchemicalexposureduetoingestionincludemetallicorotherstrangetastesinthe mouth, stomach discomfort, vomiting, problems swallowing,andageneral illfeeling. Ifyou think you may have accidentally ingested a chemical, seek medical attention immediately by alerting PublicSafetyand/orcallingthePoisonControlCenterat1(800)222-1222. Afterreceivingmedical attention, complete an Injury/Illness Report. 
	Thebestprotectionagainstingestionofchemicalsistolabelallchemicalcontainersproperly,never consumefoodordrinkorchew guminlaboratories,alwayswearPPE (such asgloves),andpractice good personal hygiene, such as frequent hand washing. Itis important to note the effects of chronic exposure may not manifest themselves until years later. 
	7.4.3 Injection 
	Chemical exposure via injection can occur when handling chemically contaminated items such as broken glass, plastic, pipettes, needles, razor blades, or other items capable of causing punctures, cuts,orabrasionstotheskin. Whenthisoccurs, chemicalscanbeinjecteddirectlyintothe bloodstream and cause damage to tissue and organs. 
	Laboratory workers can protect themselves from an injection hazard by following safety procedures. Wearproper PPEincludingsafetyglasses/goggles, faceshields, andgloves. Inspectall glasswareforchipsandcracksbeforeuse,andimmediatelydiscardanyglasswareorplastic-ware thatisdamaged. Tohelpprotectcoworkers,allbrokenglassshouldbedisposedofinapuncture resistantcontainerthatisclearlylabeled. Thiscanbeacommerciallypurchased“brokenglass” containeroracardboardboxorotherpunctureresistantcontainerwith“BrokenGlass”written
	Neverleaveanyitem(s)outorunattendedthatcancausecutsorpuncturewounds,suchasneedles andrazorblades. ApieceofStyrofoamorsimilardevicecanbeusedtosecurethemforlateruse. For disposal, use an appropriate “sharps” container. 
	If you do receive a cut or injection from a chemically contaminated item, take the following steps: 
	1. 
	1. 
	1. 
	Gently try to remove the object 

	2. 
	2. 
	Immediately rinse under water to flush the wound thoroughly 

	3. 
	3. 
	Administer first aid 

	4. 
	4. 
	Seek medical attention if necessary 

	5. 
	5. 
	Complete an Injury/IllnessReport 


	7.4.4 Eye and SkinAbsorption 
	Somechemicalscanbeabsorbedthrougheyesandskinresultinginexposure. Thistypeofexposure mostoftenoccurswhenachemicalspillsorsplashesresultingincontactwithunprotectedeyesor exposed skin. Immediate effectsarepossible and,once absorbed,the chemicalcanquickly findits way into the bloodstream causing additional damage. 
	Symptomsofeyeexposurecanincludeitchyorburningsensations,blurredvision,discomfort,and blindness. The bestwaytoprotectyoureyesfrom chemicalsplashesistoalwayswearappropriate safetyglasseswhenevereyehazardsexist(chemicals, glassware, LASERs, etc.). Ifyouarepouring chemicals,splashgogglesaremore appropriatethansafetyglasses. Wheneveraseveresplash hazardmayexist,afaceshield,withsplashgogglesisthebestchoiceforeye protection. 
	incombination

	Ifchemicalsgetinyoureyes,immediatelyfindthenearesteyewashstationandflushyoureyesfor atleast15minutes. Theimportanceofflushingforatleast15minutescannotbeoverstated!Once 
	the eyewash has been activated,use yourfingersto hold youreyelids open and rollyour eyeballs in thestreamofwatersotheentireeyecanbeflushed. Afterflushingforatleast15minutes,seek medical attention immediately and complete an Injury/Illness Report. 
	Symptomsofskinexposuretochemicalsincludedry,whitenedskin,redness,swelling,rashes, blisters,itching,chemicalburns,cuts,anddefatting. Pleasenotethatsomechemicalscanbereadily absorbedbytheskin.Ifskinisalreadyphysicallydamagedorsunburnttherateofabsorptionmay beimpacted.Laboratoryworkerscanprotecttheirskinfromchemicalexposurebywearingthe propergloves,wearingalabcoatandemployingotherpersonalprotectiveequipment(suchas protectivesleeves,faceshieldsandaprons). Shortsorsandalsarenotadvisableinlaboratories. 
	For small chemical splashes, remove contaminated gloves, laboratory coats, or other clothing, and wash the affected area with soap and water for at least 15 minutes. Seek medical attention afterward, especially if symptoms persist. 
	Forlargechemicalsplashes,itisimportanttogettoanemergencyshowerimmediatelyandstart flushing for at least 15 minutes. Once under the shower, and after the shower has been activated, removeanycontaminatedclothing. Failuretoremovecontaminatedclothingcanresultinthe chemicalbeingheldagainsttheskinandcausingfurtherchemicalexposureanddamage. After flushingfora minimumof15minutes,seekmedical attentionimmediatelyandcompletean Injury/Illness Report. 
	NOTE: Some chemicalsrequire use ofa specialantidote and specialemergency procedures. Be suretoreadSDSsforanychemicalyouworkwithtodetermineifa specialantidoteisneeded before chemical exposureoccurs. 
	7.5 Chemical Exposure Limits 
	The Laboratory Standardrequiresthatemployee exposureto OSHA Regulated Substancesdoesnot exceedPermissibleExposureLimits(PELs)asspecifiedin29CFRPart1010,SubpartZ. PELsare basedontheaverageconcentrationofachemicaltowhichworkerscanbeexposedtooveran8hourworkday, 5days perweek, foralifetime withoutobserving illeffects. Insome cases,chemicals canalsohaveaCeiling(C)limit,whichisthemaximumconcentrationthatcannotbeexceeded. OSHA has established PELs for over 500 chemicals which are legally enforceable. 
	-

	AnothermeasureofexposurelimitsareThresholdLimitValues(TLV)whicharerecommended occupational exposure limits published by the American Conference of Governmental Industrial Hygienists(ACGIH). Similarto PELs, TLVs aretheaverage concentration ofachemicalthata worker canbeexposedtooveran8-hourworkday,5daysperweek,overalifetimewithoutobservingill effects. TLVsalsohaveCeiling(C)limits,whicharethemaximumconcentrationaworkercanbe exposed toatanygiven time. The ACGIH hasestablished TLVs forover800chemicals. TLVs are 
	practicegoodhousekeepingandpersonalhygiene,keepfoodanddrinkoutoflaboratories,and followgoodlaboratorypractices—thepotentialforexceedingexposurelimitsissignificantly reduced. 
	7.6 Chemical Exposure Monitoring 
	Safe use of materials depends heavily on following proper practices and the utilization of engineeringcontrols. Incertaincircumstances,itisnecessarytoverifythatworkpracticesand engineeringcontrolsareeffectiveinlimitingexposurestohazardousmaterials. YourEHSOfficecan helpevaluatetheeffectivenessofyourcontrolsbymonitoringexposures. Exposuremonitoring determines the airborne concentration ofahazardous material inthe work environment. Exposure monitoringdata iscompared toexistingOSHA andACGIH exposureguidelines 
	IfyouthinkyouhavebeenexposedtoachemicalinexcessofOSHA exposurelimits,havesymptoms commonlyassociatedwithexposuretohazardousmaterials,orworkwithanyofthechemicals listed below, contact your EHS Office. 
	In some cases, OSHA substance specific-standards actually require thatthe employer conductinitial exposure monitoring. Examples of chemicals that fall into this category include 
	• 
	• 
	• 
	Formaldehyde 

	• 
	• 
	Vinyl chloride 

	• 
	• 
	Methylene chloride 

	• 
	• 
	Benzene 

	• 
	• 
	Ethylene oxide 


	Other substances that have exposure monitoring requirements include 
	• 
	• 
	• 
	Lead 

	• 
	• 
	Cadmium 

	• 
	• 
	Silica 


	7.7 Toxicity 
	Toxicityreferstotheabilityofachemicaltocauseharmfuleffectstothebody. Thereareanumber offactors thatinfluence thetoxiceffects ofchemicals onthebody. These include, butare not limited to 
	• 
	• 
	• 
	Quantity and concentration of the chemical 

	• 
	• 
	Length of time and the frequency of exposure 

	• 
	• 
	Route of exposure 

	• 
	• 
	If mixtures of chemicals are involved. 

	• 
	• 
	Sex, age, and lifestyle of the person exposed to the chemical. 


	7.7.1 Toxic Effects 
	Toxiceffectsaregenerallyclassifiedaseitheracutetoxicityorchronictoxicity.Acutetoxicityis generallythoughtofasasingle,short-termexposurewhereeffectsappearimmediatelyandare often reversible. Anexample ofacute toxicityisthe over-consumption ofalcoholand“hangovers.” Chronictoxicityisgenerallythoughtofasfrequentexposures where effectsmay bedelayed (even foryears)andaregenerallyirreversible. Chronictoxicitycanalsoresultfrom acuteexposures,with longtermchroniceffects. Anexampleofchronictoxicityiscigarettesmokingan
	7.7.2 Evaluating Toxicity Data 
	SDSs,andotherrelatedresources,generallyrefertothetoxicityofachemicalnumericallyusingthe term LethalDose 50 (LD50). The LD50 is determined by toxicity teststudy and reflects the amount ofachemicalthatwheningestedorabsorbedbyskinresultsindeathfor50%oftestanimals. AnothercommontermisLethalConcentration50(LC50),whichdescribestheamountofchemical inhaledbytestanimalsthatcausesdeathin50%ofthoseusedduringatoxicityteststudy. The LD50andLC50valuesarethenusedtoinferwhatdoseisrequiredto showatoxiceffecton humans.The lo
	While exacttoxiceffectsofachemicalon testanimalscannotnecessarilybedirectlycorrelated with toxiceffectsonhumans,theLD50andLC50canprovideanindicationoftoxicity,particularly relative toanotherchemical. For example, when deciding what chemicaltouse inanexperiment,a chemicalwithahigh LD50orLC50wouldbe safertoworkwith,assumingthechemicaldidnot possess multiple hazards and no additional variable exist. 
	Prudent Practices in the Laboratorylists the following table for evaluating the relevant toxicity of a chemical. 
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	Inaddition tohavingatoxiceffectonthebody,some chemicalscanbecarcinogenic,mutagenic, teratogenic, and acutely toxic. See the Particularly Hazardous Substances section in this manual. 
	7.8 Chemical Labeling 
	All chemical containers must be labeled properly in order to satisfy OSHA and EPA federal regulations. Proper labeling of chemicals informs people of potential hazards, prevents the generation of unknowns, allows for correct waste disposal, and facilitates emergency response. Most new chemical containers have proper labeling information on the chemical label. The LaboratoryStandardrequiresthatlabelsonallincomingcontainersbemaintainedandnotdefaced. Aspartoflaboratorygoodhousekeepingandself-inspections,anyche
	7.8.1 Labeling Non-Original Containers for Content 
	Thefullchemicalnamemustbewrittenonalabel. Ifthisisnotpossible,thenabbreviationsare acceptableonlyifafulllistofchemicalabbreviations,akey,ispostedinthelaboratory.Thekey mustbeinareadilyvisiblelocation,preferablyclosetothechemicalsand/orbythedoor. Thekey mustcontaintheabbreviationsusedandthefullnameofthechemical. TheP.I.musthavean additional copy of the key. 
	7.8.2 Labeling Non-Original Containers for Hazards 
	Non-original containers (secondary use containers) can include wash bottles, squirt bottles, temporarystoragecontainers,beakers,flasks,bottlesandvials-anycontainerthatachemicalis transferredintofromitsoriginal. Non-originalcontainersmustbeproperlylabeledwiththehazard characteristics(ignitibility,corrosivity,reactivity,andtoxicity)ofthatchemicalinordertosatisfy Ifthematerialhasanyofthefollowingcharacteristicsthenthelabel must indicate the specific hazard. 
	federalandstateregulations.
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	• 
	• 
	• 
	Flammable (flash point under 141 degrees Fahrenheit) 

	• 
	• 
	Oxidizer 

	• 
	• 
	Reacts with water or air 

	• 
	• 
	Spontaneously combusts orpolymerizes 

	• 
	• 
	A pH less than 2 or greater than 12 


	6 NYCRR §372.2(a)(2); 40 CFR §262.11 
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	• 
	• 
	• 
	Explosive 

	• 
	• 
	Contains heavy metals 


	Any organic solventmustalso belisted. Use the “Waste Determination/LabelingGuide”found in AppendixNtoensureacontainerisproperlylabeledforhazards. Hazardwarninglabelsare essential for making proper waste determinations. 
	Forsmallcontainers,such asvials and Eppendorftubes,laboratorypersonnelcan group them by classinto alarger vesseland labelthe outside ofthatvessel,making sure tolistallhazardspresent. Thissystem isnotrecommended forhazardous chemicalsandwouldbemore appropriatefornonhazardous compounds such as agar and buffer solutions. 
	-

	Here are examples of other similar systems. 
	• 
	• 
	• 
	PlacethevialorsmallcontainerinaZiplocbagorothertypeofoverpackcontainer(e.g.,a beaker)andlabeltheoverpackcontainerwiththechemicalnameandhazardcharacteristics. 

	• 
	• 
	Storevialsinatesttuberackandlabeltherackwiththechemicalname.Eachvialintherack 
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	shouldbelabeledwithanabbreviation,number,letter,orcolorcodethatcorrespondsto the label on the test tube rack 
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	• Preserved specimens shouldbelabeledwith thepreservative (e.g.,ethanolor formaldehyde). Alargenumberoflabelscanbegeneratedusingmailinglabels. 
	7.9 Chemical Storage 
	Chemicalstorageareasincludecentralstockrooms,storerooms,laboratoryworkareas,storage cabinets, refrigerators, and freezers. There are established legal requirements as well as recommended practices for proper storage of chemicals. Proper storage promotes safer working conditions, extends the useful life of chemicals, and can help prevent contamination. 
	Chemicals that are stored improperly can result in a number of circumstances. 
	• 
	• 
	• 
	Degraded containers that release hazardous vapors can be detrimental to health 

	• 
	• 
	Degraded containers allow chemicals to become contaminated may impact experiments 

	• 
	• 
	Degraded containers that release vapors can impact the integrity of nearby containers. 

	• 
	• 
	Degraded labels can result in the generation of unknowns. 

	• 
	• 
	Chemicals can become unstable and/or potentially explosive. 

	• 
	• 
	Improper storage can result incitations and/orfines from federal,state, andlocalregulatory agencies. 


	Somelaboratoryworkersmay beThisfactmust betaken intoconsideration BEFORE acolor-coding system is used. 
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	7.9.1 General Storage Guidelines 
	Itis recommended thatlaboratories adhere tothe following guidelines regarding the safe storage of chemicals. Proper storage of chemicals improves safety and increases efficiency. 
	• 
	• 
	• 
	Allchemicalcontainersmustbe.Labelsshouldincludeanyhazardspresentandthe full name of the chemical constituent(s). Check chemical containers regularly. Replace labels that are deteriorating, falling off or are at risk of becoming an unknown. 
	labeled


	• 
	• 
	Keep all containers when not in use. 
	closed 


	• 
	• 
	Everychemicalshouldhaveanandshouldbereturnedtothat location after use. 
	identifiablestorageplace


	• 
	• 
	Thestorageofchemicalsonshouldbekepttoaminimumtohelpprevent clutter, avoid spills, and allow for adequate working space. 
	benchtops


	• 
	• 
	Chemicalstorageinshouldbekepttoaminimumandlimitedtotheexperiment being conducted or risk interference with airflow, reduces working space, and increased risk of spills, fire, or explosions. 
	fumehoods


	• 
	• 
	For ,largerchemical bottles should bestored towards the back andsmallerbottlesupfrontwheretheyarevisible. Labelsshouldfacingoutsotheycanbe easily read. 
	chemicalstorage cabinets


	• 
	• 
	EPA and FDNY regulations prohibit chemical storage on the . 
	floor


	• 
	• 
	For of the same chemical, older containers should be stored in front of newer chemicals. This reduces excessinventory. 
	multiple containers 


	• 
	• 
	Do not store chemicals in direct or next to sources. 
	sunlight 
	heat 


	• 
	• 
	Laboratoriesshouldstrivetokeeponlythe ofchemicalsnecessary. When orderingnewchemicals,onlyorderstockneededforaspecificexperimentorthequantity necessary for a maximum of 2 semesters. 
	minimum quantity


	• 
	• 
	containersshouldbestoredinsecondarycontainmenttominimizepotential for bottle breakage and spills. 
	Liquidchemical


	• 
	• 
	Always and store chemicals according to compatibility and hazard classes. 
	segregate 


	• 
	• 
	Chemical containers should be when they arrive, checked regularly and disposed of upon expiration. 
	dated 


	• 
	• 
	chemicals must be tested in accordance with the timetable found in Appendix J. Test dates must be recorded on the container label as well as the date received and opened. 
	Peroxide forming 


	• 
	• 
	inexcessoflimitsforaspecificflammabilityclassmustbestored in approved flammable liquid storage cabinets and refrigerators or freezers. 
	Flammable liquids


	• 
	• 
	Donotstoreinflammable liquid storage cabinets. This canresultinserious degradation of the storage cabinet and any containers inside. 
	acids


	• 
	• 
	Corrosivechemicalsshouldbestoredincorrosionresistantcabinets. Theexceptionstothis ruleareorganicacids,suchasAceticacid,Lacticacid,andFormicacid,whichareconsidered flammable/combustibleand corrosiveandcanbestored inflammable orcorrosivestorage cabinets. 

	• 
	• 
	In general, no chemicals should be stored 
	above eye level. 



	• FDNYprohibitsanytypeofstoragewithin18inches(457mm)ofsprinklerheaddeflectorsin 
	buildingareasprotectedbyasprinklersystemandwithin24 inches(610mm) oftheceiling 
	in areas not protected by a sprinkler system (see Fire Code §315.1). 
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	• 
	• 
	• 
	should be stored in locked storage cabinets. Always keep the quantitiesofhighlytoxicchemicalstoanabsoluteminimum(seetheParticularlyHazardous Substances section9.0). 
	Highly toxic chemicals 


	• 
	• 
	Beawareofanyormedicaltreatmentthatmayberequiredforchemicals (such as cyanides and Hydrofluoric acid). 
	specialantidotes


	• 
	• 
	must be stored separately 
	Organic and mineral acids 


	• 
	• 
	Alwayskeepandotherspillcontrolequipmentonhandinareaswherechemicals are used. Ensure that all personnel working have beenproperly trained. 
	spillkits


	• 
	• 
	For,useshelveswith anti-rolllipstopreventbottlesfrom falling. This canalsobe accomplishedbyusingheavy gaugetwineor wiretocreatea lipon the shelf. 
	reagents


	• 
	• 
	beingused for laboratorypurposes, suchas sugar, soda, and vinegar, shouldbeclearlylabeledwiththewords"NOTFORCONSUMPTION". 
	Consumable items



	7.9.2 Chemical StorageLimits 
	Thenature oflaboratoryworkrequiresquantitiesofchemicalstobeonhandforeasyaccess. Itis incumbentuponlaboratoryworkers,however,tominimize thequantitiesofchemicalsstoredon benchtops,underfumehoods,orinotherexposedareas. Undernocircumstancesshallthetotal quantitiesofhazardouschemicalsstoredinalaboratoryexceedthosepermittedunderFDNYFire Code§2706and/or3RCNY§4827-01(previously3RCNY§10-01).SeeAppendixLfordetails. 
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	7.10 Transporting Chemicals 
	Whentransportingchemicalsbetweenlaboratorieswithinthesamebuildingorcontiguous buildings,thefollowingguidelinesarerecommended.Adherencehelpsprotectpeopleandthe environmentandminimizethepotentialforspills.YoushouldhaveproperPPEaccessibleinthe event of aspill. 
	• 
	• 
	• 
	Whenevertransportingchemicalsbyhand,alwaysuseasecondarycontainersuchasa rubberacidcarryingbucket,plasticbucket,or5-gallonpail. Asmallamountofchemicalcompatible packing material (shipping peanuts, vermiculite, or cardboard inserts) can be used to prevent bottles from tipping over or breaking during transport. 
	-


	• 
	• 
	Wheeled carts with lipped surfaces (such as Rubbermaid carts) should be used whenever feasible. 


	315.2.1 Ceilingclearance.Storageshallbemaintained2 feet(610mm)ormorebelowtheceilinginnonsprinklered areas of buildings or a minimum of 18 inches (457 mm) below sprinkler head deflectors in sprinklered areas of buildings. . pdf; 
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	http://www.nyc.gov/html/fdny/pdf/rules/rules_compilation_4th.pdf#4827-01 

	• 
	• 
	• 
	Only freight elevators should be used to transport chemicals. If it is necessary to employ a passenger elevator, transport should be restricted to low-use times. If this is not possible, warn passengers or prohibit others from riding with you. 

	• 
	• 
	When transporting compressed gas cylinders, always use a proper gas cylinder hand truck withthecylindersstrappedtothecartkeepingthecapinplace. NEVERrollordraga compressed gas cylinder. 

	• 
	• 
	Avoidridinginelevatorswithcryogenicliquidsorcompressedgascylinders. Ifyoumust,use abuddysystem. Haveonepersonsendtheproperlysecureddewarsorcylindersonthe elevator while the other person waits at point where it will arrive. 


	PleasecontacttheEHSOfficeifchemicalsaretobetransportedbetweenlaboratoriesinnoncontiguousbuildings. NOTE: Ifchemicalsarebeingtransportedoffthemain campus,thereare specificprocedures,trainingandlegalrequirementsthatmustbefollowed. Formore information, refer to the Hazardous Material Shipping section. 
	-

	8.0 CHEMICAL HAZARDS 
	Chemicalscanbebrokendownintohazardclasses.Chemicalscanexhibitmorethanonehazardor combinations of hazards. Several factors can influence how a chemical will behave, the hazards presented, and the required response. 
	• 
	• 
	• 
	Concentration of thechemical 

	• 
	• 
	Physical state of the chemical (solid, liquid, gas) 

	• 
	• 
	Physicalprocesses involved using the chemical(cutting, grinding, heating,cooling, etc.) 

	• 
	• 
	Chemical processes involved in using the chemical (mixing with other chemicals, purification, distillation, etc.) 

	• 
	• 
	Otherprocesses(improperstorage,additionofmoisture,storageinsunlight,refrigeration, etc.) 


	Thefollowingsectionsdescribegeneralinformationandsafetyprecautionsaboutspecifichazard classes. The chemicalhazards listed are based on the Departmentof Transportation (DOT) hazard Ageneraldescriptionofthehazardsofvariouschemicalfunctionalgroupscanbe foundinAppendix I.Thefollowingsectionsaregeneralguidelines.Laboratorypersonnelshould always review SDSs and other resources before working with any chemical. 
	classsystem.
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	8.1 Explosives 
	TheOSHALaboratoryStandarddefinesanexplosiveasachemicalthatcausesasudden,almost instantaneous release of pressure, gas, and heat when subjected to sudden shock, pressure, or high 
	51 
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	temperature. Under the Department of Transportation (DOT) hazard class system, explosives are listed as Hazard Class 1. 
	Fortunately,most laboratoriesdonotusemanyexplosives.However,thereareanumberof chemicalsthatcan become unstable and/orpotentiallyexplosive overtime. Exposure toair,water, orothermaterialssuchasmetalscancauseachemicaltobecomeunstableorpotentiallyexplosive. This is also a concern when certain chemicals dry out. 
	Ifyouevercome acrossanychemicalthatyoususpectmaybeshock,heat,andfrictionsensitive,do not attempt to move them. Instead, contact your EHS Office ! 
	immediately

	Explosionscandamagesurroundingmaterials,generatetoxicgases,andcausefires.Ifyouplanto conductanexperimentwherethepotentialforanexplosionexists,firstdetermineifanothernonexplosivepronechemicalcouldbesubstituted. Ifyoumustuseachemicalorcompoundthatis potentiallyexplosive,evenlowpoweredexplosives,youobtainpriorapprovalfromthe 
	-
	mustfirst

	P.I. beforestarting anywork. Afterobtaining approval,thoroughlyread the SDSs andanyother chemicalresourcesrelatedtothepotentiallyexplosivecompound(s)tominimizehazards. 
	Whenever setting up experiments using potentially explosive compounds the following guidelines should be applied. 
	• 
	• 
	• 
	Always use the smallest quantity of the chemical possible. 

	• 
	• 
	Always conduct the experiment within a fume hood and properly rated safety shield. 

	• 
	• 
	Be sure to remove any unnecessary chemicals and equipment (particularly highly toxic and flammable) from the immediate work area. 

	• 
	• 
	Notify the laboratory about the experiment, potential hazards and timeline. 

	• 
	• 
	Do not use metal or wooden devices when stirring, cutting, or scraping with potentially explosivecompounds.Non-sparkingplasticdevicesshouldbeusedinstead. 

	• 
	• 
	Ensurethatothersafetydevicessuchashightemperaturecontrolsandwateroverflow devices are in place to help minimize any potential incidents. 

	• 
	• 
	AlwayswearappropriatePPE,includingthecorrectgloves,alabcoatorapron,safety gogglesused in conjunction with aface shield,and explosion-proof shields. 

	• 
	• 
	Disposeofanyhazardouswasteproperlyandnoteonthehazardouswastetaganyspecial precautions that may need to be taken if the chemical is potentially explosive. 

	• 
	• 
	Always datechemicalcontainers when received andopened.Pay particularattention to those compounds that must remain moist or wet so they do not become explosive (e.g., picric acid or 4-Dinitrophenyl hydrazine). 

	• 
	• 
	Pay particularattention toanypotentially explosive compounds thatappeartoexhibitsigns of contamination. Specifically, note any deterioration of the outside of the container, crystallinegrowthinoroutside thecontainerandordiscoloration ofthechemical.Ifyou discoverapotentiallyexplosivecompoundthatofthesesignsofcontamination, contact your EHSO for assistance. 
	exhibitsany



	8.2 Flammable and CombustibleLiquids 
	The LaboratoryStandarddefinesaflammableliquid asanyliquidhavingaflashpointbelow100 degrees F (37.8 degrees C), except any mixture having components with flashpoints of 100 degrees F(37.8degreesC)orhigher,thetotalofwhich make up99% ormore ofthetotal volumeofthe mixture. 
	Flashpointisdefinedastheminimumtemperatureatwhichaliquidgivesoffenoughvaportoignite inthepresenceofanignitionsource. Theriskofafirerequiresthatthetemperaturebeabovethe flashpointandtheairborneconcentrationbeintheflammablerangeabovetheLowerExplosive Limit (LEL) and below the Upper Explosive Limit (UEL). 
	The Laboratory Standard definesacombustible liquid as any liquid having aflashpointatorabove 100degreesF(37.8degreesC),butbelow200degreesF(93.3degreesC),exceptanymixture having components withflashpointsof200degrees F(93.3 degrees C),orhigher,thetotalvolume ofwhich make up99%ormoreofthetotalvolume ofthemixture. OSHAfurther breaksdown flammables into Class Iliquids, andcombustiblesinto Class IIand Class IIIliquids. Please Note: This classificationisdifferentthanthecriteriausedbytheDOT. Thisdistinctionisimpor
	Summary Table of Flammable Liquids 
	Summary Table of Combustible Liquids 
	Under the Department of Transportation (DOT) hazard class system, flammable liquids are listed as Hazard Class 3. Flammable andcombustible liquids are commonly used atCUNY andareimportantinanumberof laboratoryprocesses. However, inaddition tothe flammable hazard,some flammable liquids also may possess other hazards such as being toxic and/or corrosive. 
	Whenusingflammableliquids,keepcontainersawayfromopenflames;itisbesttouseheating sourcessuchassteam baths,waterbaths,oilbaths,andheatingmantels. Neveruseaheatgunto heataflammableliquid. Any areas using flammables should have afireextinguisherpresent. Ifa fire extinguisher is not present, contact your EHS Office for assistance. 
	Alwayskeepflammableliquidsstoredawayfromoxidizersandawayfrom heatorignitionsources such as radiators or electric power panels. 
	When pouringflammable liquids,itispossibletogenerateenough staticelectricitytocausethe flammable liquid to ignite. If possible, make sure that both containers are electrically interconnected to eachother by bondingthe containers and connecting to a ground. 
	Alwayscleanupanyspillsofflammableliquidspromptly. Beawarethatflammablevaporsare usuallyheavierthan air(vapordensity>1). Forthosechemicalswith vapordensitiesheavierthan air,itispossibleforthevaporstotravelalongfloorsand,ifanignitionsourceispresent,resultina flashback fire. 
	8.2.1 Flammable Storage inRefrigerators/Freezers 
	Flammable liquids must be stored only in specially designed flammable storage refrigerators/freezersorexplosion-proofrefrigerators/freezers,asperNFPA 45andarticle501in NFPA70.Donotstoreflammableliquidsinstandard(non-flammablerated)refrigerators/freezers. Standardrefrigeratorsarenotelectricallydesignedtostoreflammableliquids. Ifflammableliquids are stored in a standard refrigerator, the buildup of flammable vapors can ignite when the refrigerator’s compressor or light turns on, resulting in a fire or an expl
	Properlyratedflammableliquidstoragerefrigerators/freezershaveprotectedinternalelectrical components and are designed for the storage of flammable liquids. Explosion-proof refrigerators/freezershaveboththeinternalandexternalelectricalcomponentsproperlyprotected and also are designed forthe storage offlammable liquids. Refrigerators and freezersrated forthe storage offlammable materials willbeclearlyidentified assuch bythe manufacturer. For additional 
	information, please refer to ANSI/UL 1203-1994 entitled, “Explosion-Proof and Dust-Ignition-Proof Electrical Equipment for Use in Hazardous (Classified) Locations.” 
	For most laboratory applications, a flammable storage refrigerator/freezer is acceptable. However, some operations may require an explosion-proof refrigerator/freezer. If a laboratory cannot purchaseaflammablestoragerefrigeratorforthelaboratory’s ownuse, departmentsand laboratory groups on each floor are strongly encouraged to consider purchasing a communal flammable storage refrigerator for the proper and safe storage of flammable liquids. 
	8.2.2 Flammable Storage Cabinets 
	Therequirementsforflammablestoragecabinetsaredeterminedbytheclassificationofthe flammableliquids,quantitieskeptonhand,buildingconstruction(firewallratings),andbuilding floor intended for storage. As a general rule of thumb, if you have more than 10 gallons of flammableliquids,includingmaterialsinuse,thenyoushouldstoretheflammableliquidsin a properlyratedflammableliquidstoragecabinet. Allflammableliquidsnotinuseshouldbekeptin theflammableliquidstoragecabinet. Forstand-aloneflammablecabinets(asopposedtocabine
	-

	8.3 Flammable Solids 
	TheLaboratoryStandarddefinesaflammable solidasa“solid,otherthanablastingagentor explosive,thatisliable tocausefirethroughfriction,absorption ofmoisture,spontaneous chemical change,orretainedheatfrommanufacturingorprocessing,orwhichcanbeignitedreadilyand whenignited,burnsovigorouslyandpersistentlytocreateaserioushazard.” Anexampleofa flammable solid is gun powder. 
	Under the DOT Hazard Class System, flammable solids are listed as Hazard Class 4. Flammable solids are further broken down by the DOT into three subcategories: 
	• 
	• 
	• 
	Flammable Solids – Class 4.1 

	• 
	• 
	Spontaneously Combustible – Class 4.2 

	• 
	• 
	Dangerous When Wet – Class 4.3 


	Manyofthesameprinciplesforhandlingandstorageofflammableliquidsapplytoflammable solids. Alwayskeepflammable solidsstoredawayfrom oxidizers,andawayfrom heatorignition sources such as radiators, electric power panels, and open flames. 
	8.4 Spontaneously Combustible 
	Spontaneously combustible materials are also known as pyrophorics; these chemicals can spontaneously ignite in the presence of air, some are reactive with water vapor, and most are reactive with oxygen. Two common examples are tert-butyllithium under hexanes and white phosphorus. 
	Inadditiontothehazardofthespontaneouslycombustiblechemicalitself,manyofthesechemicals are also stored under flammable liquids. In the event of an accident, such as a bottle being knocked offashelf,thechemicalcanspontaneouslyigniteandafirecanoccur. Extracaremustbetaken when handling spontaneously combustible chemicals. 
	8.5 Dangerous When Wet 
	“Dangerous when wet” compounds react violently with water to form toxic vapors and/or flammablegasesthatcanigniteandcauseafire. Pleasenotethatattemptingtoputoutafire involvingdangerouswhenwetmaterialswithwaterwillonlymakethesituationworse. Special “ClassD”fireextinguishersarerequired forusewithdangerouswhen wetcompounds. Common examples include sodium metal and potassium metal. 
	Itis importanttonote that anypapertoweling, gloves,or othermaterialthat comes into contact with these materials should be quenched with water before being disposed in metal trash cans in order to prevent potential fires. 
	Ifyou are using “dangerous when wet” compounds and do nothave a working Class D fire extinguisher, please contact your EHSO for more assistance. 
	8.6 Oxidizers and OrganicPeroxides 
	TheOSHALaboratoryStandarddefinesanoxidizeras“achemicalotherthanablastingagentor explosive that initiates or promotes combustion in other materials, thereby causing fire either of itselforthrough the release ofoxygen orother gases.”Under the DOT Hazard Class system, oxidizers are listed as Hazard Class 5.1 and organicperoxides are listed asHazard Class 5.2. 
	52 

	TheLaboratoryStandarddefinesanorganicperoxideas“anorganiccompoundthatcontainsthe bivalent-O-O-structureandwhichmaybeconsideredtobeastructuralderivativeofhydrogen peroxide where one or both ofthe hydrogen atoms have been replaced by an organic radical.”
	53 

	Oxidizersandorganicperoxidesareaconcernforlaboratorysafetybecauseoftheirabilityto promoteandenhancethepotentialforfiresinlabs. Asareminderofthefiretetrahedron,inorder to have a fire, you need the following: 
	ibid 
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	• 
	• 
	• 
	A fuel source 

	• 
	• 
	An oxygen source 

	• 
	• 
	An ignition source 

	• 
	• 
	A chemical reaction 


	Oxidizers can supply the oxygen needed forthe fire,whereas organicperoxides supply both the oxygen and the fuel source. Both oxidizers and organic peroxides may become shock sensitive whentheydryout,arestoredinsunlight,orarecontaminatedwithothermaterials,particularly heavy metals. Most organic peroxides are also temperature sensitive. 
	Aswithanychemicals,butparticularlywithoxidizersandorganicperoxides,quantitiesstoredon handshould bekepttoaminimum. Whenever planning anexperiment,besure toread the SDSs andotherreferencedocumentstounderstandthehazardsandspecialhandlingprecautionsthat mayberequired,includinguseofasafetyshield. Alsobeawareofthemeltingandautoignition temperaturesforthesecompoundsandensurethatanydeviceusedtoheatoxidizershasa temperature safety switch to prevent overheating. 
	Laboratory staff should be particularly careful when handling oxidizers around organic materials, especially high surface area oxidizers such as finely divided powders. 
	Avoidusingmetalobjectswhen stirringorremovingoxidizersororganicperoxidesfrom chemical containers. Plasticorceramicimplementsshouldbeusedinstead. Laboratorypersonnelshould avoidfriction,grinding,andimpactwithsolidoxidizersandorganicperoxides. Glassstoppersand screwcaplidsshouldbeavoidedandplastic/polyethylenelinedbottlesandcapsusedinstead. 
	If you suspect that your oxidizer or organic peroxide has been contaminated (evident by discolorationofthechemical,orifthereiscrystallinegrowthinthecontaineroraroundthecap), thendisposeofthechemicalashazardouswasteorcontactyourEHSOffice. Indicateonthe hazardouswastetagthatthechemicalisanoxidizerororganicperoxideandthatyoususpect contamination. 
	8.7 Peroxide Forming Compounds 
	Manycommonlyusedchemicals—organicsolventsinparticular—canform shock,heat,orfriction sensitive peroxides upon exposure to oxygen. Once peroxides have formed, an explosion can result duringroutinehandling,suchastwistingthecapoffabottle. Ifperoxidesarepresent,explosions are more likely when concentrating, evaporating, or distilling these compounds. 
	Whenthesecompoundsareimproperlyhandledandstored,aseriousfireandexplosionhazard exists.AlistofcommonperoxideformingchemicalscanbefoundinAppendixJThislistisnot exhaustive,astherearenumerouschemicalsthatcanformperoxides.Besuretoreadchemical container labels, SDSs and other chemical references. 
	The following guidelines should be adhered to when using peroxide forming chemicals: 
	• 
	• 
	• 
	• 
	Each peroxide-forming chemical container MUST be dated when received and opened. 

	• Each peroxideformingchemicalcontainermustbetestedforperoxides6monthsafter opening. Ifsafeforuse,thetestdatemustbemarkedontheoutsideofthecontainer. 

	• 
	• 
	Aftertesting,ifalaboratorydeemsthechemicalsafeforcontinueduse,theymayretainthe chemical for an additional 6 month period, but never to exceed the expiration date. 

	• 
	• 
	Ifalaboratorydeterminesthatachemicalisnolongersafeforcontinueduse,orthe chemical reaches its expiration date, or 6 months passes from the test date, it must be disposed of as a hazardous waste. 

	• 
	• 
	New andunopenedcontainersofperoxideformingchemicalsthathaveapre-printed manufacturer's expiration date must be disposed of if that date has passed. 

	• 
	• 
	Becauseofsunlight’sabilitytopromoteformationofperoxides,allperoxidizablecompounds should be stored away from heat and sunlight. 

	• 
	• 
	Peroxide formingchemicals should notberefrigerated atorbelow freezing orprecipitating temperaturesastheseformsof peroxides are especially sensitive to shock and heat. Refrigeration does not prevent peroxide formation. 

	• 
	• 
	Aswithanyhazardouschemical,butparticularlywithperoxideformingchemicals,the amountofchemicalpurchasedandstoredshouldbekepttoanabsoluteminimum. 

	• 
	• 
	Ensurethatcontainersofperoxideformingchemicalsaretightlysealedaftereachuseand consideraddingablanketofan inertgas,suchasnitrogen,tothecontainertohelpslow peroxide formation. 

	• 
	• 
	Anumberofperoxideformingchemicalscanbepurchasedwithinhibitorsadded.Unless absolutelynecessaryforresearch,neverpurchaseuninhibitedperoxideformers. 

	• 
	• 
	Before distilling anyperoxide forming chemicals,testthe chemical with peroxide test strips to ensure that there are no peroxides present. 
	first


	• 
	• 
	Never distillperoxide forming chemicalstodryness. Leave atleast10-20%stillbottomsto help prevent possibleexplosions. 


	Peroxideteststripscanbepurchasedfromavarietyofsafetysupplyvendors. Analternativeto peroxideteststripsistheKI(potassium iodide)test. ReferencessuchasPrudentPracticesinthe 
	Laboratory and the American Chemical Society booklet Safety in Academic Chemistry 
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	Laboratoriesoutlinewaystotestforperoxides. Iftheteststripturnsblue,thenperoxidesare present.Lightbluetestresultsmay beacceptableforuseif yourprocedure doesnotcallfor concentrating,evaporatingordistilling. Containerswithdarkerblue testresultsmustbedisposed ofordeactivated. Testolderteststripsforefficacywithadilutesolutionofhydrogenperoxide. PleaseNote: Compoundssuspectedofhavingveryhighperoxidelevelsbecauseofage,unusual viscosity, discoloration, or crystal formation should be considered extremely dangerous. 
	55

	8.8 Poisons 
	Forthepurposeofthismanualtheword“Poison”willbeusedinterchangeablywiththeword 
	55F 
	“Toxic.”OSHAdefines“Toxic”asachemicalfallingwithinanyofthefollowingcategories: 
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	• Achemicalthathasamedianlethaldose(LD50)ofmorethan50milligramsperkilogram, butnotmorethan500milligramsperkilogramofbodyweightwhenadministeredorallyto albino rats weighing between 200 and 300 grams each 
	• Achemicalthathasamedian lethaldose (LD50)ofmore than 200milligrams perkilogram, butnotmorethan1000milligramsperkilogramofbodyweightwhenadministeredby continuouscontactfor24hours(orlessifdeathoccurswithin24hours)withthebareskin of albino rabbits weighing between two and three kilograms each 
	• Achemicalthathasamedianlethalconcentration(LC50)inairofmorethan200partsper million, butnot morethan 2000 parts per millionby volume of gasorvapor, or morethan twomilligramsperliterbut notmorethan 20 milligramsperliterofmist,fume,dust, when administeredbycontinuousinhalationforonehour(orlessifdeathoccurswithinonehour) to albino rats weighing between 200 and 300 grams each 
	OSHA draws a distinction between toxic chemicals and acutely toxic chemicals. For more informationonacutelytoxicchemicals,see Particularly Hazardous Substances. OSHAalsoprovides 
	definitions for otherhealth hazards on their Under the DOT Hazard Class system, poisons are listed as Class 6. Asageneralruleofthumb,allchemicalsshouldbetreatedaspoisonsandproperproceduressuch asmaintaininggoodhousekeeping,useofproperPPEandgoodpersonalhygieneshouldbe followed. Whenworkingwithknownpoisons,itisveryimportanttohavethoughtanexperiment through, addressinghealthandsafetyissuesbeforebeginningwork. Safety Data Sheets(SDSs) and 
	website.
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	otherchemicalreferencesshouldbeconsultedbeforebeginningtheexperiment. Askthefollowing questions before working with poisonous chemicals: 
	• 
	• 
	• 
	Can a less toxic chemical be substituted? 

	• 
	• 
	Whataretheroutesofentryintothebodyforthepoison(inhalation,ingestion,injection,or skin absorption)? 

	• 
	• 
	What are the signs and symptoms of potential chemical exposure? 

	• 
	• 
	What PPE is required (type of glove, safety glasses vs. splash goggles, face shield, etc.)? 

	• 
	• 
	Does the chemical require any special antidote? 

	• 
	• 
	What are the emergency procedures to be followed? 


	Whenworkingwithhighlytoxicchemicals,youshouldnotworkalone.AlwayswearproperPPEand alwayswashyourhandswithsoapandwaterwhenfinished,evenifgloveswereworn. Beaware thatpoisonousmixtures,vapors,andgasescanbeformedduringanexperiment. Besureto research boththe reactants andproductsof thechemicalsyou will be working in advance. AdditionalinformationcanbefoundintheExposureMonitoring andRoutesofChemicalEntry sections of thismanual. 
	Ifyouthinkyoumayhavebeenexposedtoapoisonoussubstance,seekmedicalattention immediately. Alert Public Safety. Call Poison Control Center at 1(800) 222-1222. If possible, bring a copyoftheSDSwithyou. Afterreceivingmedicalattention,completeanInjury/IllnessReport. 
	8.9 Corrosives 
	OSHAdefinesacorrosiveas“achemicalthatcausesvisibledestructionof,orirreversiblealterations 
	inlivingtissuebychemicalactionatthesiteofcontact.”UndertheDOTHazardClasssystem, corrosives are listed as Class 8. 
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	Corrosivechemicalscanbefurthersubdividedasacidsandbases. Corrosivescanbeinaliquid, solid,orgaseousstate.Corrosivechemicalscanhaveasevereeffectoneyes,skin,respiratorytract, andgastrointestinaltractifanexposureoccurs. Corrosivesolidsandtheirdustscanreactwith moisture on the skin or in the respiratory tract and result in exposure. Wheneverworkingwithconcentratedcorrosivesolutions,splashgogglesshouldbeworninsteadof safety glasses. Splash gogglesused inconjunction with aface shield provides better protection.A f
	ibid 
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	Whenmixingconcentratedacidswithwater,alwaysaddacidslowlytothewater(specifically,add themoreconcentratedacidtothediluteacid). Neveraddwatertoacid,thiscanresultinaboiling effectandcauseacidtosplatter. Donotpourtheaciddirectlyintothewater;itshouldbepouredin a manner that allows it to run down the sides of the container. 
	Somechemicalscanreactwithacidsandliberatetoxicand/orflammablevapors. When working withcorrosivematerials,ensurethattheproperamountof spillcleanupmaterialisavailablefor neutralization,suchasCalcium carbonateforacidsandCitricacidforbases. ContactyourEHS Office for assistance. 
	Whereveracidsandbasesareused,aneyewash andemergencyshowermustbeavailable. Ifany corrosivechemicalgetssplashedintheeyes,immediately gotoan eyewash station andflushyour eyes for at least 15 minutes. The importance of flushing for at least 15 minutes cannot be overstated! Once the eyewash hasbeenactivated,use your fingers tohold youreyelids openand rollyoureyeballsinthestreamofwatersotheentireeyecanbeflushed. Afterflushingforatleast 15 minutes, seek medical attention immediately and complete an Injury/Illness 
	Forsmallsplashesofcorrosivestotheskin,removeanycontaminatedgloves,labcoats,orother clothingandwashtheaffectedareawithsoapandwaterforatleast15minutes. Seekmedical attention afterward, especially if symptoms persist. 
	Forlargesplashesofcorrosivestothebody,itisimportanttogettoanemergencyshowerandstart flushingforatleast15minutes. Onceundertheshower,andaftertheshowerhasbeenactivated,it isimportanttoremoveanycontaminatedclothing. Failuretoremovecontaminatedclothingcan result in the chemical being held against the skin causing further chemicalexposure and damage. After flushing for a minimum of 15 minutes, seek medical attention immediately and complete an Injury/Illness Report. 
	PLEASE NOTE: Some chemicals, such as Hydrofluoric acid, requires the use of a special antidote (suchasCalcium gluconate gel)andspecialemergencyprocedures. Read theSDSs forany chemical(s) you work with to determine if a special antidote is needed. 
	8.9.1 Hydrofluoric Acid 
	Hydrofluoric Acid (HF) is one ofthe mosthazardous chemicals used on CUNY campuses. Small exposuresto HF canbefatalifnottreatedproperly. Thecriticalminutesimmediatelyafteran exposure can have a great effect on the chances of a victim’s survival. 
	HFisagasthatisdissolvedinwatertoformHydrofluoricacid. Theconcentrationcanvaryfrom very low such as in store bought products up to the most concentrated 70% form (anhydrous), with themostcommonlaboratoryusearound48%. Theliquidiscolorless,non-flammableandhasa pungentodor. TheOSHA permissibleexposurelimitis3ppm,butconcentrationsshouldbekeptas 
	HFisagasthatisdissolvedinwatertoformHydrofluoricacid. Theconcentrationcanvaryfrom very low such as in store bought products up to the most concentrated 70% form (anhydrous), with themostcommonlaboratoryusearound48%. Theliquidiscolorless,non-flammableandhasa pungentodor. TheOSHA permissibleexposurelimitis3ppm,butconcentrationsshouldbekeptas 
	low aspossible. HFisactually aweak acid bydefinition andnotascorrosive asstrong acids such as Hydrochloric (HCl); however, the toxicity of HF is the main concern. 

	HFisabsorbedthroughtheskin quicklyandisaseveresystemictoxin. Thefluorideionbinds calcium inthe blood,bones, andotherorgans and causes damage totissues thatisverypainfuland can be lethal. At the emergency room, the victim is often given calcium injections, but pain medicationisnotgenerallygivensincethepainsubsidingistheonlyindicationthatthecalcium injections are working. 
	Because of the serious hazard of working with HF, the following guidelines are recommended: 
	• 
	• 
	• 
	Before anyone uses HF they MUST have prior approval from the P.I. 

	• 
	• 
	Allusers ofHFmustreceive HydrofluoricAcid Safetytrainingfrom both theirEHS Office and supervisor. 

	• 
	• 
	A Standard Operating Procedure (SOP) should be written for the process. This SOP should be posted or readily available nearthedesignated area where HF use will occur. 

	• 
	• 
	HF should be used in a designated fume hood labeled with a “HF Designated Area” sign. 

	• 
	• 
	HFcan etch the glass sash onahoodmaking ithard tosee through.Ifthis occurs, please contact EHS about installing a polycarbonate sash. 

	• 
	• 
	Anappropriate firstaidkit mustbeavailable.AHFfirstaidkit includes 2.5%calcium gluconategelandmustbelabeledwitha“HydrofluoricAcidFirstAidKit”signposted ina prominent place. 

	• 
	• 
	AnHFspillkitmustbeavailablewithcalciumcompoundssuchasCalciumcarbonate, CalciumsulfateorCalciumhydroxide. Sodiumbicarbonateshouldbeusedbecauseit does not bind the fluoride ion and can generate toxic aerosols. 
	never


	• 
	• 
	• 
	Laboratory personnel involved should be able to answer the following in the affirmative: 

	o 
	o 
	o 
	Read the SDS for HF 

	o 
	o 
	Read the HF Use SOP developed by the lab 

	o 
	o 
	Read the Hydrofluoric acid section in this Laboratory Safety Manual 

	o 
	o 
	Aware of the designated area for HF use 

	o 
	o 
	Knows the first aid procedure in case of an HF exposure 

	o 
	o 
	KnowswhattodoincaseofanHFspill 




	The following PPE is required for HF use: 
	• 
	• 
	• 
	Rubber or plasticapron 

	• 
	• 
	Plastic arm coverings 

	• 
	• 
	• 
	Gloves 

	o 
	o 
	o 
	Incidentaluse -double glove with heavy nitrile exam gloves and re-glove ifany exposure to the gloves occurs 

	o 
	o 
	Extended use – heavy neoprene or butyl over nitrile or silver shield gloves 



	• 
	• 
	Splash goggles in conjunction with a fume hood sash 

	• 
	• 
	Closed toed shoes, long pants and a long sleeve shirt with a reasonably high neck 


	The following are safe practice guidelines for working with HF: 
	• 
	• 
	• 
	Never work alone when using HF. Always have a buddy system in place. 

	• 
	• 
	Useaplastictrayforcontainmentincaseofaspill. 

	• 
	• 
	Wash gloves off with water before removing them. 

	• 
	• 
	Keep containers of HF closed. 

	• 
	• 
	A Safety Data Sheet (SDS) for HF must be available. 

	• 
	• 
	All containers of HF must be clearly labeled. 

	• 
	• 
	Any stock of HF should be stored in plastic secondary containment and the cabinet labeled. 

	• 
	• 
	HF should be stored in lower cabinets near the floor. 


	8.9.2 Perchloric Acid 
	Perchloric acid is a strong oxidizing acid thatcan react violently with organic materials and can also explode if concentrated above 72%. Perchloric acid should be used and stored away from combustiblematerials,andwoodenfurniture. Likeallacids,secondarycontainmentshouldbeused for storage. Use alternate techniques that donotinvolve Perchloric acid ifpossible. Ifyou must use Perchloricacid in your experiments, purchase the smallest size container necessary. 
	AnyworkinvolvingheatedPerchloricacid(suchasinPerchloricaciddigestions)mustbeconducted inaspecialPerchloricacidfumehoodwithawashdownfunction. IfheatedPerchloricacidisused in a standard fume hood, the hot Perchloric acid vapors can react with the metal in thehood ductworktoform shocksensitivemetallic perchlorates. Also,removeallorganicmaterials,suchas solvents, from the immediate work area. 
	BecausePerchloricacidissoreactive,keepitstoredseparatefromotherchemicals,particularly organic solvents,organic acids,andoxidizers. Inspectregularly for container integrity andfor discolorationofcontents. DiscoloredPerchloricacidshouldbediscardedashazardouswaste. 
	9.0 PARTICULARLY HAZARDOUS SUBSTANCES 
	The OSHA Laboratory Standard requires that the Chemical Hygiene Plan include provisions for 
	additional employee protection for work involving particularly hazardous substances. These 
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	substancesinclude “selectcarcinogens,”reproductive toxins, and substances which havea high degreeofacutetoxicity. Eachofthesecategorieswillbediscussedindetailinlatersections. 
	The Laboratory Standard states that for work involving particularly hazardous substances, specific consideration should be given to the following provisions where appropriate: 
	• 
	• 
	• 
	Establishment of a designated area 

	• 
	• 
	Use of containment devices such as fume hoods or glove boxes 

	• 
	• 
	Procedures for safe removal of contaminated waste 

	• 
	• 
	Decontamination procedures 


	Generalguidelinesandrecommendationsforthesafehandling,use,andcontrolofhazardous chemicalsandparticularlyhazardoussubstancescanbefoundin SDSsandotherreferencessuchas PrudentPracticesintheLaboratoryandSafetyinAcademicChemistryLaboratories. Contactyour EHS Office for additional information. 
	9.1 Establishment of a Designated Area 
	Laboratoriesshouldestablishadesignatedareawhereparticularlyhazardoussubstancescanbe used. Thiscouldmeananentireroomoutofasuiteofroomsoroneparticularfumehoodwithina laboratory. One area known to everyone working in the laboratory designated for the use of particularlyhazardoussubstances.Asignshouldbepostedindicatingtheareaisdesignatedforuse with particularly hazardous substances. The designated location and any specialprecautions should be included in the lab’s SOPs. 
	9.2 Safe Removal of Contaminated Materials and Waste 
	Some particularly hazardous substances may require special procedures for safe disposal of both waste and/or contaminated materials. When in doubt, contact your EHS Office to determine proper disposal procedures. Once these disposal procedures have been identified, they should be included as partofthe laboratory’s SOPs and everyone working in the laboratory should be properly trained. 
	9.3 Decontamination Procedures 
	Someparticularlyhazardoussubstancesmayrequirespecialdecontaminationordeactivation procedures (such asDiaminobenzidine waste orEthidium bromide)for safe handling. Review SDSs andotherreferencematerialswhenworkingwithparticularlyhazardoussubstancestodetermineif specialdecontaminationproceduresarerequired. Iftheyarerequired,thisinformationshouldbe included in the laboratory’s SOPs and appropriate comprehensive training must be provided to laboratory personnel who work with these chemicals. 
	9.4 Guidelines for Working with Particularly Hazardous Substances 
	Laboratory staff should always practice good housekeeping, use engineering controls, wear proper PPE,developandfollowSOPs,andreceiveappropriatetrainingwhenworkingwithanychemicals. Thefollowingspecialguidelinesshouldbeadhered towhen workingwithparticularlyhazardous substances: 
	• 
	• 
	• 
	Substituteless hazardous chemicals if possible tokeep exposurestoa minimum. 

	• 
	• 
	AlwaysobtainpriorapprovalfromtheP.I.beforeorderinganyparticularlyhazardous substances. 

	• 
	• 
	Planyourexperimentoutinadvance,includinglayoutofapparatusandanynecessary chemical and wastecontainers. 

	• 
	• 
	Beforework,reviewchemicalresourcesforanyspecialdecontamination/deactivation proceduresandensurethatyouhavetheappropriatespillcleanupmaterialsandabsorbent on hand. 

	• 
	• 
	Ensure that you have the appropriate PPE, particularly gloves. 

	• 
	• 
	Alwaysusetheminimumquantitiesofchemicalsnecessaryfortheexperiment. Ifpossible, tryaddingbufferdirectlytothe originalcontainer and makingdilutions directly. 

	• 
	• 
	Purchasepremadesolutionstoavoidhandlingpowders. Ifyouhavetousepowders,weigh theminafumehood. Ifitisnecessarytoweighoutsideofafumehood(becausesome particlesmaybetoolightandwouldposemoreofahazardinturbulentairflow)wearadust mask. Itisadvisabletosurroundtheweighingareawithwettedpapertowelstofacilitate cleanup. 

	• 
	• 
	As a measure ofcoworker protection,when weighing outdusty materials orpowders, considerwaitinguntilcoworkershaveleftandthoroughlycleanupanddecontaminate working surfaces. Inform anyone remaining of your activities. 

	• 
	• 
	Usesecondarycontainmenttoconductyourexperimentin,ifpossible,andtostore particularly hazardoussubstances. 

	• 
	• 
	Particularly hazardous substances should be stored by themselves in clearly marked trays or containersindicatingthehazard(e.g.,“Carcinogens”or“ReproductiveToxins”). 

	• 
	• 
	Always practice good personal hygiene, especially frequent hand washing, even if wearing gloves. 

	• 
	• 
	IfitisnecessarytouseavacuumuseonlyHighEfficiencyParticulateAir(HEPA)filtersfor bestcaptureandprotection. Beawarethataftercleaningupchemicalpowders,thevacuum bag and its contents may have to be disposed of as hazardous waste. 

	• 
	• 
	Ensure that information related to the experiment is included in any SOPs. 


	9.5 Prior Approval 
	The Laboratory Standard requires Chemical Hygiene Plans to include information on “the circumstances under which aparticular laboratoryoperation,procedure,oractivity shallrequire priorapproval”including“provisionsforadditionalemployeeprotectionforworkwithparticularly hazardoussubstances”suchas"selectcarcinogens,”reproductivetoxins,andsubstanceswhich have a high degree of acute toxicity. 
	Prior approval ensures laboratory workers have received proper training regarding hazards of particularlyhazardoussubstancesandthatsafetyconsiderationshavebeentakenintoaccount BEFOREanewexperimentbegins.WhileyourEHSOfficecanprovideassistance,theultimate responsibilityofestablishingpriorapprovalprocedureslieswiththeP.I.orlaboratorysupervisor. 
	P.I.s andlaboratorysupervisorsmustidentifyoperationsorexperimentsthatinvolveparticularly hazardoussubstances(suchas"selectcarcinogens,”reproductivetoxins,andsubstanceswhich haveahighdegreeofacutetoxicity)andhighlyhazardousoperationsorequipmentthatrequire priorapproval.Theymustestablishtheguidelines,procedures,andapprovalprocessesthatwould berequired. Thisinformationshouldbedocumentedinthelaboratory'sordepartment'sSOPs. Additionally, P.I.s and laboratory supervisors are strongly encouraged to keep written do
	Examples where P.I.s and laboratory supervisors should consider requiring laboratory workers to obtain prior approval include the following: 
	• 
	• 
	• 
	Experiments that require the use of particularly hazardous substances. These include but are notlimitedto"selectcarcinogens,"reproductivetoxins,andsubstancesthathaveahigh degreeofacutetoxicity,highlytoxicgases,cryogenicmaterialsandotherhighlyhazardous chemicalsorexperimentsinvolvingradioactivematerials,highpoweredLASERs. 

	• 
	• 
	Asignificantchange inthe quantityofchemicals tobeused foraroutine experiment, such as an increase of 10% or greater than the quantity normally used. 

	• 
	• 
	New equipment brought into the laboratory requires additional special training. 

	• 
	• 
	Alaboratoryworkerisaloneandrunninganexperimentthatinvolveshighlyhazardous chemicals or operations. 


	9.6 Select Carcinogens 
	9.6 Select Carcinogens 
	Acarcinogenisany substanceoragentthatiscapableofcausingcancer—theabnormalor uncontrolledgrowthofnewcellsinanypartofthebodyinhumansoranimals. Mostcarcinogens are chronic toxins with long latency periods thatcan cause damage afterrepeated orlong duration exposures and often do not have immediate apparent harmful effects. 

	The OSHA Laboratory Standard defines a “select carcinogen”as any substance which meets one of the following criteria: 
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	• 
	• 
	• 
	It is regulated by OSHA as a carcinogen. 

	• 
	• 
	Itislistedunderthecategory,"knowntobecarcinogens,"inthe AnnualReporton Carcinogens published by the National Toxicology Program (NTP) (latest edition). 

	• 
	• 
	Itislisted underGroup 1("carcinogenic tohumans") bythe InternationalAgency for Research on Cancer(IARC). 


	• ItislistedineitherGroup2Aor2BbyIARCorunderthecategory,"reasonablyanticipatedto becarcinogens"byNTP,andcausesstatisticallysignificanttumorincidenceinexperimental animals in accordance with any of the following criteria: 
	o 
	o 
	o 
	After inhalation exposure of 6-7 hours per day,5 days perweek, for a significant portion of a lifetime to dosages of less than 10 mg/m(3) 

	o 
	o 
	After repeated skin application of less than 300 (mg/kg of body weight) per week 

	o 
	o 
	After oral dosages of less than 50 mg/kg of body weight per day 


	Withregard tomixtures,OSHA requiresthatamixture “shallbeassumed topresentacarcinogenic hazardifitcontainsacomponentinconcentrationsof0.1%orgreater,whichisconsideredtobe 
	carcinogenic.”When working with carcinogens,laboratorystaffshould adhere to Guidelinesfor Working with Particularly Hazardous Substances. 
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	Notethatthepotentialforcarcinogenstoresultincancercanalsobedependentonother “lifestyle” factors such as the following: 
	• 
	• 
	• 
	Cigarette smoking 

	• 
	• 
	Alcohol consumption 

	• 
	• 
	Consumption of high fat diet 

	• 
	• 
	Geographic location – industrial areas and UV light exposure 

	• 
	• 
	Therapeutic drugs 

	• 
	• 
	Inherited conditions 
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	Moreinformationoncarcinogens,includingnumeroususefulweblinkssuchasalistingofOSHA regulated carcinogens,can befound on the OSHA Safetyand Health Topics forCarcinogens webpage. The State ofCalifornia hasdeveloped anextensive listof“Carcinogens known tothe StateofCaliforniathroughProp65”. PleasenotethisissupplementalinformationtoOSHA,NTP, and IARC chemical lists and not legally mandated by New York State. 
	9.7 Reproductive Toxins 
	TheOSHALaboratoryStandarddefinesareproductivetoxinasachemical“whichaffectsthe reproductive capabilities including chromosomal damage (mutations) and effects on fetuses 
	(teratogenesis).”
	62 

	61F
	Anumberofreproductivetoxinsarechronictoxinsthat causedamageafterrepeatedorlong durationexposures andcanhavelonglatencyperiods. Women ofchildbearingpotentialshouldbe especiallycarefulwhenhandlingreproductivetoxins. Pregnantwomenandwomenintendingto becomepregnant,ormen seekingtohavechildren,shouldseektheadviceoftheirphysician before workingwithknownorsuspectedreproductivetoxins.Suspectedreproductivetoxinsincluding chemical, biological, radiological, and physical agents. 
	YourEHSOisavailabletorespondtoconcernsorquestionsonreproductivehazards,conduct workplace hazard assessments, and provide recommendations to address or eliminate specific reproductive risks. As with any particularly hazardous substance, work involving the useof reproductive toxins should adhere to the Guidelines for Working with Particularly Hazardous Substances. More informationonreproductive toxinscan befound ontheOSHA SafetyandHealth Topics for Reproductive Hazards webpage. The State of California has dev
	62F “ReproductiveToxinsknowntotheStateofCaliforniathroughProp65.”Pleasenotethatthislist issupplementaltotheOSHA,NTP,andIARCchemicallistsandisnotlegallymandatedbyNewYork State. 
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	9.8 Acute Toxins 
	OSHA defines a chemical as being highly toxic if it falls within any of the following categories: 
	• Achemicalthathasamedian lethaldose (LD50)of50milligrams orless perkilogram ofbody weight when administered orally to albino rats weighing between 200 and 300 grams each. 
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	• Achemicalthathasamedianlethaldose(LD50)of200milligramsorlessperkilogramof body weight when administered by continuous contact for 24 hours (or less ifdeath occurs within 24 hours) with the bare skin of albino rabbits weighing between two and three kilograms each. 
	• Achemicalthathasamedianlethalconcentration(LC50)inairof200partspermillionby volumeorlessofgasor vapor,or2milligramsperliterorlessofmist,fume,ordust,when administeredbycontinuousinhalationforonehour(orlessifdeathoccurswithinonehour) to albino rats weighing between 200 and 300 grams each. 
	Informationaboutwhether achemicalmeets oneofthese definitionscan befound inSDSs and other chemical references. 
	Work involving the use of acute toxins should adhere to the Guidelines forWorking with Particularly Hazardous Substances. Additional guidelines for working with acute toxins include: 
	• 
	• 
	• 
	Store highly toxic materials in a locked storage cabinet 

	• 
	• 
	Be aware of any special antidotes that may be required in case of accidental exposure. 

	• 
	• 
	Give particular attention to glove selection and other personal protective equipment. 

	• 
	• 
	Donotworkwithhighlytoxicchemicalsoutsideofafumehood,gloveboxorventilated enclosure. 


	More information on acute toxins,includingnumerous usefulweblinks,can be found onthe OSHA 
	Safety and Health Topics for Hazardous and Toxic 
	Substanceswebpage.
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	10.0 HAZARDOUS CHEMICAL WASTEDISPOSAL 
	Hazardouswastedisposalishighlyregulated. Thelawsandregulationsthatapplytolaboratories located in New York City include the following: 
	64 
	• TheFederalResourceConservation andRecoveryAct(RCRA).TheResource Conservation andRecoveryAct(RCRA)waspassedbyCongressin1976. ItrequirestheEnvironmental Protection Agency (EPA) to establish a "cradle-to-grave" system for the proper management ofhazardous waste. Acradle-to-grave system tracks amaterialfrom the time itisgenerated untilthetimeitisdestroyed. OnMay19,1980,theEPAissuedregulationsimplementing RCRA.These regulations are found inTitle40oftheCode ofFederalRegulations(40CFR) Parts260-272. They establi
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	• The New York State Environmental Conservation Law. The New York State (NYS) Environmental Conservation Law was passed in 1978 and is enforced by the NYS Department ofEnvironmentalConservation(DEC). TheNYSprogramincludesregulationscoveringthe threestagesofthewastestream: thegeneration;thetransportation;andthetreatment, storage,anddisposal. The requirements forgenerators ofhazardous waste are found inthe Part 370 series of Title 6, New York Code of Rules and Regulations. 
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	• NYC Rules andRegulations Relating tothe Use ofthe Public Sewers. Inaddition tofederal and state laws, campuses mustalso adhere to NYC Sewer Regulationswhich apply to wastes that are poured down the drain into the sanitary sewer system or that flow through our campusesintothestorm sewersystem. TheNYC DepartmentofEnvironmentalProtection (DEP)isresponsibleforenforcingthesewerregulations. Theregulationslistmanymaterials thatcannotbe discharged into the NYC Sewer System. They include flammables, explosives, ac
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	Contact your EHS Office for hazardous waste disposal procedures specific to your campus. 
	11.0 SHIPPING HAZARDOUS MATERIAL 
	CUNY must comply with US Department of Transportation (DOT) and International Air Transportation Association (IATA) regulations forshipping hazardous materials. To ensure the safe transportation of these materials and compliance with applicable regulations, the following guidelines mustbeadhered toforallshipmentsofhazardous materials.Hazardous materials are articlesorsubstanceswhichposeanunreasonablerisktohealth,safety,orpersonalproperty. 
	11.1 Regulated Hazardous Materials 
	Anyonewhooffersshipment(including land,air,andwater)ofhazardousmaterialsordangerous goodsmusthavetheappropriateDOTtraining,evenwhenthetransporter/carrier(i.e.Federal Express) completes the necessary paperwork. 
	Examples of these materials include the following: 
	• 
	• 
	• 
	Laboratorychemicals, cryogenicmaterials, andsamplescontainingflammable, toxic, explosive, radioactive, oxidizer, and/or corrosive materials 

	• 
	• 
	Biologicalmaterialsincluding,forexample,infectioussubstances(knowntocontain pathogens such as viruses, bacteria, fungi), HHS/USDA Select Agents, animal and human 


	/ 15 RCNY 19-03 Official DEP rules pdf: 
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	tissue, blood, genetically modified organisms (plants, bacteria, animals, viruses that have been genetically modified) 
	• 
	• 
	• 
	Paints,stains,thinners,refrigerants, aerosols, medicines, pesticides, disinfectants, fuels (diesel, gasoline, ethanol, etc.), or ammunition 

	• 
	• 
	Equipmentcontaininghazardousmaterials, suchasmercury, compressedgases, orwet, lithium, or dry batteries containing sodium, potassium hydroxide 


	11.2 Hazardous Materials TransportationRequirements 
	Ifhazardousmaterialsordangerousgoodsmustbeshipped,contacttheEHSOfficeforguidance. If yourdepartmentwillshiphazardousmaterialsordangerousgoodsonafrequentbasis,theEHS Office can provide the appropriate trainingto anyadditionaldesignated personnel required. Itis the responsibility oftheP.I.sorlaboratorysupervisorstoensure thatanyemployee working undertheir supervisionwhoshipsorpreparesshipmentsofhazardousmaterialshasreceivedtheproperinitial training. Retraining is required every 3 years. 
	11.3 Dry Ice Requirements 
	The DOTand IATAclassifydryiceasamiscellaneoushazard(Class 9). Thefollowingthreereasons are why dry ice is considered hazardous during transportation: 
	:Whenskincontactismadewithdryice (cryogenicmaterial)severefrostbitecan develop. 
	Contact

	:Carbon dioxide gasisreleased bydryice inalargevolume asitsublimates. Itwill explode if it is stored in a container that does not allow for release of the gas. 
	Explosion

	:Anoxygendeficientatmosphereiscreatedfromthelargevolumeofcarbon dioxide gas emitted in a confined space. 
	Suffocation

	11.3.1 Packaging Dry Ice 
	Dryiceneedstobepackaged properlytominimize risks.The package itselfmustbedesignedto vent gaseous carbon dioxide eliminating the potential for an explosion hazard. Packages must be labeled properly to alert those who come in contact with it of the contents. 
	When shipping dry ice, please consider the following issues: 
	• 
	• 
	• 
	Donotsealdryiceinacontainerwithanairtightsealsuchasa plasticcooleror a jar withathreadedlid.All packages must allow for release of carbon dioxidegas. 
	Gasventing:


	• 
	• 
	:Thepackagemustbestrongenoughtowithstandtheloadingand unloading normally encountered during transport. The package must also be closed and constructedtopreventthelossofcontentsthatcouldcausevibrationorchangesin temperature, humidity, oraltitude. 
	Packageintegrity


	• 
	• 
	: Use commercially available packaging to ship dry ice, and do not use plastics that can be rendered brittle or permeable by the temperature of dry ice. 
	Package materials


	• 
	• 
	:ForFedEX purposes,theterm airbill(alsoknown asairwaybill)shouldinclude the following words“Dry ice, 9, UN1845, number ofpackages Xnetweightin kilograms.” A check box is present on the airbill for FedEx that complies with this requirement. 
	Airbill


	• 
	• 
	: The net weight of dry ice in kilograms and the words “Hazard Class 9 label, UN1845”shouldbelabeledontheoutermostcontainer.Thelabelmustbeplacedonthe verticalsideofthebox,notonthetoporon thebottom.200kgisthemaximumallowable net quantity of dry ice allowed per package. 
	Labeling



	Other requirements for dry ice shipping include the following items: 
	• 
	• 
	• 
	Only the air bill and the dry ice label are necessary references for compliance with “hazmat” regulations related to air shipment of dry ice. Additional labels or markings may be added at the request of the EHS Office for specific items that are “regulated.” 

	• 
	• 
	Ifreusing adryicebox, pleaseinspecttheboxthoroughlyforcontamination orresidue. Ensure allunnecessary marking such as-addresses, labels, courier labels (e.g. FedEx), and barcodesareremoved.Ifany cuts,stainsorcracksareapparentintheboxorinthe insulation it should not be reused. 

	• 
	• 
	Wedge your samples in place with cardboard or Styrofoam to prevent movement within the insulated box. If fragile containers such as vials or glass tubes are being used, wrap them up with cushioning material. 

	• 
	• 
	• 
	Minimalairspaceexposureslowstheprocessofsublimation.Fillyourpackagewithpeanuts or other material to minimize the volume of air space. 

	• Shipmentsshouldcontain5-10lbs.(2.27-4.54kg)ofdryiceper24hours.Alwaysreferto yourpackagemanufacturer’srecommendations,andmakearrangementstoensureyour package willbereceivedonitsintendeddeliverydate.Delaysmayoccur,takeintoaccount local holidays, closings and business hours. 

	• 
	• 
	Dry ice shipments can be made with FedEx, while couriers such as UPS and USPS have exceptionally restrictive policies pertaining to shipments of hazardous materials. ONLY ship dry ice withFedEx. 


	See your EHS Office for additional information and Appendix W. 
	12.0 PESTICIDES 
	Apesticideisdefinedasasubstanceormixtureofsubstancesintendedforpreventing,destroying, repelling,ormitigatinganypestorintendedforuseasaplantregulator,defoliant,ordesiccant. TwocategoriesofpesticidesareEPARegisteredPesticides(theEPAregistrationnumbercanbe foundonthe manufacturer's label)and thoseexperimentalchemicalsforwhich apesticidaleffect hasbeendetermined. AllCUNYpersonnel(includingfacultymembers,staffmembers,students, andanyotheruniversity-affiliatedindividuals)wholabel,store,use,transport,disposeof,orc
	Itisessentialthatteaching,research,andgroundmaintenanceinvolvingpesticideuseadhereto regulations and provide for adequate protection of the pesticide applicator, other employees, staff, students,andtheenvironment.TheresponsibilityforensuringthatallworkwithpesticidesatCUNY is conducted safely and in compliance rests with the individual user. 
	12.1 Pesticide Certification 
	AllindividualshandlingpesticidesaspartofauniversityprogrammustbeNewYorkStateCertified Pesticide Applicators. 
	12.1.1 Exemptions from PesticideCertification 
	Asperfederalandstateregulations,anumberofexemptionsexistfrom pesticidecertification requirements. 
	• 
	• 
	• 
	Licensedveterinarians,aswellaslicensedveterinarytechnicians,interns,residents,and veterinarystudentsworkingunderthedirectsupervisionofaveterinarianinaveterinary facility, are exempt from the certification requirement when engaged in the use of general-use pesticides. 

	• 
	• 
	Smallquantitiesofpesticidesusedforanalysisandtreatmentofsamplesinalaboratoryand in an environmentally non-dispersive manner (e.g., microgram quantities used inside a fume hood)areexemptfromtherequirements. Aswithallotherchemicals,useoflaboratory quantitypesticides isregulated by the LaboratoryStandard and otherapplicable rules and regulations. 

	• 
	• 
	Testingof materials forpesticide efficacy, toxicity,or other properties may also be exempt. 


	For clarification, refer to 40 CFR part 172.3. 
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	• Teaching/demonstrating pesticide application(s) is exempted from the certification requirements.However,theindividualengagedinsuchactivitiesisresponsibleforensuring thattheseactivities meet allfederaland statepesticidelaws andregulations. 
	Whenusingpesticidesinanon-dispersivemannerinalaboratorysetting,anindividualmustfollow thesafetyrulesoutlinedhere.Formoreinformationregardingpesticideuserequirementsand exemptions, please contact your EHSO. 
	13.0 BIOHAZARDS 
	Workinvolvingbiologicalmaterialstypicallyinvolvesagentspecificstrategiesdesignedtomanage theagentandassociatedrisks.Researchersareoftenguidedbypressuresfromfundingsources, standardsofpractice,guidelines,communalintellect,andtheirownknowledgebasewithno specificregulatoryorauthoritativedoctrinetogovernpractice.Tocomplicatemattersfurther, biologicalresearchofteninvolvestheuseofchemicals, radiologicalmaterials, LASERs, animalmodel systems,andphysicalhazardsthatmustalsobemanagedsafely.Creatingabiosafetyframework
	Itisthe responsibility ofthe directorsandP.I.sofallmicrobiological andbiomedicallaboratories at CUNYtoperformabiologicalriskassessmentanddevelopaseparateplansuitedforeachofthese laboratories. 
	13.1 Institutional BiosafetyCommittee 
	Each college’s Institutional Biosafety Committee (IBC) reviews research and teaching activities involving the use of recombinant DNA, infectious and pathogenic agents, select agents and toxins, and genetherapy. 
	13.1.1 Recombinant DNA 
	CUNYrequiresthatallrecombinantDNAworkdonebyuniversityemployeesoraffiliatesthatisnot exemptfromNIHGuidelinesberegisteredwiththecollege’sIBC. RecombinantDNAisdefinedas one of the following: Molecules that are constructed outside living cells by joining naturalor synthetic DNA segments to DNA molecules that can replicate in a living cell or DNA molecules that result from the replication of those just described. 
	13.1.2 Infectious and PathogenicAgents 
	Biologicalagentsareclassifiedintosafetyriskgroupsfromnumberedfrom1to4.Thoseagents classifiedasriskgroup1typicallyposenothreattohumans.Riskgroups2,3and4buildinseverity withagentsingroup2posingariskthatisrarelyseriousandwherepreventionandinterventionare possible.Riskgroup4identifiesagentsthatposepotentiallylethaloutcomesandwhereprevention and intervention are not usually available. Biologicalagents classified by this system include bacterial,fungal,parasitic,viral,rickettsial,chlamydial,andprion.SeetheNationa
	13.1.3 Bloodborne Pathogens 
	Bloodborne pathogens can impact workers who are exposed to blood and other potentially infectious materials. Bloodborne pathogens refer to pathogenic microorganisms present in human blood that can cause disease. Bloodborne pathogens include the hepatitis B virus (HBV); the human immunodeficiencyvirus(HIV),whichcausesAIDS;thehepatitisCvirus(HCV);andpathogensthat causemalaria. Inrecognitionofthesepotentialhazards,OSHAhasimplementedaregulatory standard [Bloodborne Pathogens 29 CFR 1910.1030] to prevent the tra
	diseases within potentially exposed occupations. 
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	13.1.3.1 COLLABORATIVE INSTITUTIONAL TRANING INITIATIVE (CITI) 
	CITIOSHA Bloodborne Pathogens Standardcontainsinitialtrainingforresearchers, employees, andstudentswhohavebeenincontactwithorhandlehumanblood,bodyfluids,tissues,orother potentially infectious materials. It can be used to retrain employees and to fulfill retraining requirements for OSHA. It covers Labels & Engineering Controls, Emergency Response Procedures, UniversalPrecautions&WorkPractices,andHepatitisBVirusVaccination.Thestandardrequires employers toperform anemployee exposure evaluation. This may trigge
	70 

	68F 
	The Exposure Control Plan includes engineering controls, work practices, proceduresfor housekeeping, medical evaluations, hazard communication, and recordkeeping. 
	Training mustbeprovided to employeesat thetime ofinitialassignmentto ajobwithoccupational exposure. Itshouldbeprovidedduringworkinghoursandatnocosttotheemployee. Employees mustberetrained annually.Additionaltrainingshouldbeoffered anytimeexistingtasksare modified ornewtasks are required thatmay affectthe worker’soccupationalexposure. Training records must be maintained for a minimum of three years. 
	/ 
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	Although no vaccine exists for HCV and HIV,a vaccine does existforthe Hepatitis B Virus (HBV). Employersarerequiredtoofferthevaccinewithin10workingdaysofinitialassignmenttoall employees atriskofexposure. The vaccination mustbeperformedfreeofcharge,atareasonable timeandplace,andgivenbyalicensedhealthcareprofessional. Employeeswhodeclinethe vaccinationmustsignadeclinationform. Iftheemployeeinitiallydeclinesbutlaterdecidesto accept the vaccination, it must be provided. 
	ItistheresponsibilityofP.I.sandlaboratorysupervisorstoensurethatpersonnelworkingin laboratoriesundertheirsupervisionhavebeenprovidedwiththepropertraining,received information about hazards in the laboratory they may encounter,and been informed about ways they can protectthemselves. 
	13.1.4 Select Biological Agents and Toxins 
	“Select agents and toxins” are biological agents and toxins that have the potentialto pose a severe threattopublichealthandsafety,andanimalorplanthealth. Thepossessionanduseofthese 
	agents ishighly regulated. See the Federal SelectAgent Registrywebsite formore information. This registry is jointly maintained by the CDC and the Animal Plant Health Inspection Service (APHIS) oftheUnitedStatesDepartmentofAgriculture(USDA). Ifyouwishtoworkwiththeseagents,you mustfirstnotifyandregisterwithyourEHSOffice. Unregisteredpossessionandusemayresultin significant fines and criminal prosecution. 
	71

	69F 
	13.2 Animal Use 
	Itisaviolationoffederalregulationstocarry outstudiesusing vertebrateanimalswithoutan approved animal use protocol. It is also a federal violation to maintain animals after the expiration of a previously approved protocol. Federal regulations mandate the establishment of an InstitutionalAnimalCareandUseCommittee(IACUC)toprovideguidance,tooverseetheanimal care and use program,and toensure compliance with applicable laws,regulations,and policies. The IACUC oversees theanimaluseprogram as mandatedbythe United S
	Federal regulations and standards stipulate that personnel must be trained so they are qualified to performresearchonanimals. Eachcollegeisresponsibleforprovidingtrainingtopersonnelseeking toperform research on animals,and the college’s IACUC must ensure thatpersonnel are qualified to perform anyoutlined the procedures. All CUNY-affiliated college IACUCsnow require that researchers and otherkeypersonnelinvolved inanimal research complete aprescribed listofCITI (Collaborative Institutional Training Initiativ
	Researchers and personnel handling wild animals are strongly encouraged to get a pre-exposure Rabies vaccination. See the NYC DOHMH website for more information. 
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	13.2.1 CITI (Animal Biosafety)
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	The module forAnimalBiosafety provides initialawareness trainingforresearchers and animal handlerswhoareworking withconventionalorsmallanimalused inbiohazardexperiments.This specificmodule canalsobeusedasaperiodicrefreshertrainingandadditionalcontentforanimal biosafety can be found in Animal Care and Use. 
	13.3 Human Participants 
	Eachcollege’sInstitutionalReviewBoard(IRB)existsasa safeguardtopromoteethicaland responsibletreatmentofhumansubjects/participantsinresearch.InaccordancewithCUNYpolicy, allresearchprojectsthatusehumansubjects--regardlessofthesourceoffunding--mustbe reviewedandapprovedbytheIRBbeforetheinvestigatormaycommencewiththestudy. Research investigators may not make the final determination of exemption from applicable federal regulationsorprovisionsof CUNY’s Human Research Protections Program Policiesand Procedures. On
	The Office of Research Conduct (ORC), located within the CUNY Office of Academic Affairs, reports totheViceChancellorforResearchandworksinconcertwiththePresidentoftheResearch Foundation (RF) to oversee and carry outthe CUNY Human Research Protection Program (HRPP). The ORC isresponsible fortheprotection ofthe rightsandwelfare ofallhuman subjects inresearch projectsconductedatCUNYorbyCUNYfaculty,staff,students,andRFCUNYstaff.Itisalso responsible for the 21 Institutional Review Boards. These oversight respons
	AllCUNYinvestigators,aswellasresearchstaff,undergraduate,andgraduatestudentswhowillbe working with human subjects orthe data collected on human subjects must complete training in the useofhumansubjectsbeforeapplicationsaresubmittedforreviewtothecollegeIRB. OnJuly1, 2005,CUNYimplementedamandatorycomputer-basedtrainingprogram. CITIisnowtherequired programtobetakenbyallCUNYresearchersandkeypersonnelinvolvedinhumansubjects research, regardless of whether the research is funded or non-funded. 
	TheultimateresponsibilityfortreatmentofhumanresearchsubjectsrestswiththeP.I. TheP.I.’s informedparticipationinthisprocesshelpstoensureapositive,ethical,andresponsible climatefor scholarly research atCUNY. 
	13.4 Shipping Biological Materials 
	/ 
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	Shipping certain biological materials, such as human or animal infectious agents or diagnostic/clinical samples—collectively referred to as dangerous goods—must be performed by a trainedindividual. Thetrainedindividualisresponsibleforclassifying,identifying,packaging, marking,labeling,anddocumentingshipmentsfortransportbyairorground. TheU.SDepartment of Transportation enforces training and other regulatory requirements. 
	Categories of regulated materials include the following: 
	• 
	• 
	• 
	Infectioussubstances: Substancesknownorreasonablyexpectedtocontain pathogens. Pathogensaredefinedasmicroorganisms, includingbacteria, viruses, rickettsiae, parasites, fungi,andotheragentssuch asprions,which can cause disease inhumans and/oranimals. This category also includes diagnostic or clinical (patient) specimens. 

	• 
	• 
	Plantandinsectpathogens,andmicroorganismsthatarenotpathogenictohumansor animals are excluded from the dangerous goods regulations. However, permits issued by the USDepartmentof Agriculture/Animal Plant Health Inspection Service(USDA/APHIS) may still be required even if transportation regulations do not apply. 

	• 
	• 
	BiologicalProducts:Productsderivedfrom livingorganismsthatareusedforprevention, treatment,ordiagnosisofdiseaseinhumansoranimals. Theycanincludefinishedor unfinishedproductssuchasvaccines. Ifproductsareknownorarereasonablybelievedto contain infectious substances, they must be shipped as such. 

	• 
	• 
	Genetically modified microorganisms and organisms: Microorganisms and organisms in which genetic materialhas been purposely altered and meets the definition of an infectious substance,or can genetically modify other organisms,or are known tobe dangerous tothe environment,animals,orhumans. Somegeneticallymodifiedorganismsthatproduce pharmaceuticalorindustrialproductsmayberegulatedbyagenciessuchastheUSDAorthe Food and DrugAdministration. 


	Contact your EHS Office for training inquires and alternative shipping options. 
	13.4.2 Permits for the Import and Export of Biological Materials 
	Theimportofdiseasecausingagentsforhumans,animals,vectors,plantpests,andanimaland plantproductsrequirespermitsissuedbyfederalagenciessuchastheUSDepartmentofAgriculture (USDA) or the Centers for Disease Control and Prevention (CDC).The export of certain microorganisms and toxins is also regulated by the Department of Commerce. 
	13.4.1.1 Agents Regulated forImport 
	Center for Disease Control and Prevention (CDC) 
	Center for Disease Control and Prevention (CDC) 

	Agentsofhumandiseaseandanymaterials,includingliveanimalsorinsectswhichmaycontain them,requireapermitfromtheCenterforDiseaseControlandPrevention(CDC). Examplesinclude the following: 
	• 
	• 
	• 
	Any infectious agent known or suspected to cause disease in humans. 

	• 
	• 
	Unsterilized specimensofhuman and animaltissues (such as blood, body discharges, fluids, excretions or similar material) containing an infectious agent. 

	• 
	• 
	Anyanimalknownorsuspectedofbeinginfectedwithanorganismcapableofcausing disease transmissible tohumans. Importation oflive turtles less than 4inches inshelllength and all non-human primates requires a permit from the Division of Quarantine. 

	• 
	• 
	AlllivebatsrequireanimportpermitfromtheCDCandtheU.S.DepartmentofInterior,Fish and Wildlife Services. 

	• 
	• 
	All live fleas, flies, lice, mites, mosquitoes, or ticks, regardless of infection status or stage of life (adult, egg, larvae, pupae, and nymph) and any other living insect or arthropod, infected or suspected of being infected with any disease transmissible to humans 

	• 
	• 
	Any snail species capable of transmitting a human pathogen. 


	For more information, visit the CDC's Etiologic Agent Import Permit Program. 
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	Import and interstate transport of materials that could potentially harm U.S. agricultural products, including livestock, poultry, and crop, require a permitfrom the Animal and Plant Health Inspection Service (APHIS), an agency of USDA. 
	US Department of Agriculture (USDA) 

	Animal-related materials that require an APHIS Import Permit include the following: 
	• 
	• 
	• 
	Live horses, birds, dogs, sheep, cattle, and fish as well as semen, and embryos. 

	• 
	• 
	Foreignimportorinterstatetransferofinfectiousagents(bacteria,viruses,protozoa,and fungi), and vectors that might contain these infectious agents 

	• 
	• 
	• 
	Materials derived from animals or exposed to animal-source material including: 

	o 
	o 
	o 
	Animal tissues 

	o 
	o 
	Blood, cells, or cell lines of livestock or poultry origin 

	o 
	o 
	RNA/DNA extracts 

	o 
	o 
	Hormones or enzymes 

	o 
	o 
	Monoclonal antibodies for in-vivo use in non-human species 

	o 
	o 
	Certain polyclonal antibodies, antisera, and bulk shipments of test kit reagents 

	o 
	o 
	Variousotheranimalmaterialssuchasdairy(exceptbutterandcheese),andmeat products (e.g.,meatpies,prepared foods)from countries with livestock diseases exotic to theU.S. 
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	CertainitemsdonotneedaUSDAimportpermit,butwillbereviewedattheportofentrybyUSDA inspectors. 
	Plant-related materials that are subject to import and/or interstate restrictions include: 
	• 
	• 
	• 
	Bees and bee related articles 

	• 
	• 
	Biological control organisms 

	• 
	• 
	Butterflies and moths 

	• 
	• 
	Earthworms 

	• 
	• 
	Fruits and vegetables 

	• 
	• 
	Noxious weeds and parasitic plants 

	• 
	• 
	Plants and plantproducts 

	• 
	• 
	Plant pests 

	• 
	• 
	Snails and slugs 

	• 
	• 
	Soil 

	• 
	• 
	Wood products 


	TheBiotechnologyRegulatoryServicesregulatesthefieldtesting(confinedreleaseintothe environment), interstate movement, and importation of genetically engineered organisms through thepermitandnotificationprocesses. GMOsthatarenotregulatedmaystillbeheldatcustoms. 
	Genetically modified organisms (GMOs) 

	Apermit may berequired toimport/export non-agricultural animal andplant species. These can include:CITES (Convention onInternationalTradeinEndangeredSpecies)plantsandwildlife, migratory and wild birds, marine mammals, endangered and threatened species. 
	U.S. 
	Fish and Wildlife 

	Food(exceptmostmeatandpoultry-theseareregulatedbytheUSDA),drugs,biologics,cosmetics, medicaldevices,andelectronicproductsthatemitradiationbeingimportedorofferedforimport into the United States are regulated by the Food and Drug Administration. 
	Food and Drug Administration 

	13.4.1.2 Agents Regulated forExport 
	Anexport licensemay berequired fromtheDepartment ofCommercewhenexporting certain infectiousagentsofhuman,plant,andanimaldiseases,includinggeneticmaterial,toxins,and productswhichmightbeusedforcultureoflargeamountsofagents. Formoreinformation,consult 
	the Commerce Department’s Export Control webpage. 
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	13.5 Biological Safety Cabinets 
	BiologicalSafetyCabinets(BSC)areengineeringdevicesthatreducetheriskofworkingwith biohazardousandinfectiousmicroorganisms. Cabinetsarealsousedformaintainingaseptic conditions when working with cell cultures. BSCs utilize High Efficiency Particulate Air (HEPA) filters inthesupplyairandexhaustsystemstocreateanearlysterileworkenvironment. Thus,BSCs provide personnel, environmental, and product protection when appropriate practices and proceduresarefollowed. ContactyourEHSOfficetodeterminetheappropriatecabinetfo
	13.5.1 Biological Safety CabinetCertifications 
	Allbiological safety cabinets must becertified toensure proper operation. Certification isrequired at all the following points: 
	• 
	• 
	• 
	Before a cabinet is put into service 

	• 
	• 
	After a cabinet has been repaired or relocated 

	• 
	• 
	After a filter has been replaced 


	• At least annually Certificationmustbeperformedbyatrainedcontractor(NationalSanitationFoundation(NSF) StandardNo.49).ThisisnotyourEHSOfficer.ItistheresponsibilityoftheP.I.sorlaboratory supervisorstoensurethatbiologicalsafetycabinetswithinlaboratoriesundertheirsupervisionare certified annually. 
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	13.5.2 Work Practices andProcedures 
	The properuse of biologicalsafetycabinets (BSC) can complementgood microbiologicalpractices and result in effective containment and control of biohazardous and infectious agents. 
	These general guidelines should be followed: 
	• 
	• 
	• 
	Install the BSC “deep” in the laboratory away from air currents produced by ventilation inlets,opening/closingoflaboratorydoor(s),andawayfromareasofheavytraffic. If possible,closelaboratorydoors,limitingtrafficduringoperation. Aircurrentsand movementscreateturbulencethatdisruptstheprotectiveenvelopeofthecabinet. Additionally,othernearbylaboratoryequipment,such ascentrifugesandvacuum pumps, can impact performance. Cabinets should notbelocated directly opposite ofeach other or opposite a chemical fume hood, a

	• 
	• 
	ObservethemagnehelicgaugeandnoteitsrelativepositioneachtimeyouoperatetheBSC. ThemagnehelicgaugemeasuresthepressuredropacrosstheHEPAfilters,andthus indicatesfilterloadandintegrity. Asignificantincreaseordecreaseinthepressureovera short period of time may indicate clogging or leaking of the filter. 

	• 
	• 
	Plan and prepare for your work in the cabinet. Have a checklist of materials needed and place those materials in the BSC before commencing work. This reduces the number of disruptionsofthecabinet’sairbarrierpreserving itsprotectiveenvelope. Slow movements in and out of the cabinet will reduce the risk of potential contamination. 


	certification 
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	13.5.3 BSC Operational Procedures 
	Work in a biological safety cabinet should follow this order of operations 
	1. 
	1. 
	1. 
	Operatethecabinetblowersforatleastfiveminutesbeforebeginningworktoallow the cabinet to purge or remove particulates. 

	2. 
	2. 
	Disinfectandreadytheworkarea. Wipetheworksurface,interiorwalls,andinterior surface of the window with a suitable disinfectant such as 70% ethanol, or quaternary ammonium compound, and keep wet for 5 -10 minutes. 

	3. 
	3. 
	Assemble material. Introduce only items required to perform the procedures. Arrange the items so that work “flows” from the least to the most contaminated item. Avoid a layout that might require reaching for supplies or discarding items outside of the cabinet. Place pipette discard trays (containing disinfectant), biohazard bags and sharps containers inside the BSC to the most contaminated side. 

	4. 
	4. 
	Donprotectiveclothing. Wearlaboratorycoatsorsolidfrontgownsoverstreet clothing,andlong-cuffed latex orother appropriate gloves (e.g., nitrile, vinyl). The cuffs ofthe gloves should be pulled up and over the cuffs of the coat sleeves. 

	5. 
	5. 
	Avoidrapid movementsinsidethecabinetandperform proceduresslowlytoavoid disrupting the containment properties of the cabinet. 

	6. 
	6. 
	Donotblockthefrontgrillewithpapersorequipment.Thismaycauseairtoenterthe workspaceinsteadofflowingthroughthefrontgrilletotheHEPAfilter. Raisearmsslightlyand performoperationsinthemiddlethirdareaoftheworksurface,beingsurenottoblocktherear exhaust grille. 

	7. 
	7. 
	Avoidusingopenflamesinsidethecabinet. Thiscancreateturbulence,disrupttheair pattern,compromise safetyandriskproductcontamination. Flames canalso damagetheinteriorof the cabinet, HEPA filters, and, in certain circumstances, cause explosions. Reevaluate your procedurestodetermine sterilization isrequired. Use devices such aselectricfurnacestosterilize toolsorusedisposable,sterileinstruments. Ifaburnerisabsolutelynecessary,useatouchplate device that provides a flame on demand, and place it to the rear of the c
	if


	8. 
	8. 
	Connect suction or aspirator flasks to an overflow collection flask that contains a disinfectant (the aspirated materials can then be discarded inthe sanitary sewer). Couple the flasks to an inline hydrophobic or HEPA filter designed to protect the vacuum system. 

	9. 
	9. 
	Whenthework iscompleted, remove allitems inside thecabinet. Donotuse the interioroftheBSCasastoragearea.Strayorganisms may become “trapped”andcontaminatethe cabinet. Cleanalltheinteriorsurfacesofthecabinetwithasuitabledisinfectant. Lettheblowers operate for at least five minutes with no activity inside the cabinet to purge the BSC of contaminants. 

	10. 
	10. 
	Investigatorsshouldremovetheirgownsandglovesandthoroughlywashtheirhands with soap and water before exiting the laboratory. 


	13.5.4 Use of Ultraviolet Lights in the BSC 
	Ultraviolet(UV) lights are a common accessory for many BSCs. These lamps are regarded as biocidal devices“protecting”theoperatorfromexposuretoinfectiousagents,andexperimentalmaterials from contamination. However, the actual effectiveness of UV light in providing this “sterile” environment is unclear. Additionally, there are potential occupational hazards associated with the use of these lamps. 
	Ultravioletlampsmustbeperiodicallytestedtoensurethattheenergyoutputisadequatetokill microorganisms. Theradiationoutputshouldbeatleast 40microwatts/cm2 at254nmwhen measuredwithaUVfluxmeterplacedinthecenteroftheworksurface. Dustthataccumulateson thesurfaceofthelamps(UVlightisunabletopenetratethroughdustorothermaterials)canaffect theoutputperformanceofthelamps. Microorganismsadheringtofloatingdustparticlesorother fixed objects are also “protected” and unaffected by UV illumination. 
	Theeffectivelifespansofthelampsarerelativelyshortandthebulbsareexpensivetoreplace. However,ultravioletdamagetotheeyesandskincanoccurwellaftertheoutputofthelampshas droppedbelowthebiocidallevel. Asaresult,EHStheuseofUVlightsto maintainacleanworkingenvironment. Instead,amoreeffectivestrategytoreduceoreliminate contaminationshouldincludegoodaseptictechniques,operationalproceduresasoutlinedinthis manual, and thorough decontamination procedures before and after BSC use. 
	doesnotrecommend

	13.5.5 TypesofBiologicalSafetyCabinets 
	Biological safety cabinets are divided into 3 classifications 
	• The biological safety cabinet (BSC) is designed to provide personnel and environmentalprotectiononly. Unfilteredairisdirectedthroughthefrontopening,across theworkareaandoutthroughtheHEPAfilterontop.Thiscabinetisconventionallyused withafullwidth openfront, or it can beused with an attached armhole front panel,withor 
	Class I 

	• Thecabinetisdesignedfortotal(100%)containmentofthematerialandany particulates. 
	ClassIII

	13.6 Biohazardous Waste (Regulated Medical Waste) 
	InNewYorkState,theDepartmentofHealthdefinesbiohazardousorregulatedmedicalwaste (RMW)as“wastewhichisgeneratedinthediagnosis,treatmentorimmunizationofhumanbeings 
	oranimals,inresearchpertainingthereto,orinproductionandtestingofbiologicals.” This includes 
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	• 
	• 
	• 
	Cultures and stocks of agents infectious to humans (including human, primate, and mammaliancelllines), associatedbiologicals(e.g., serums, vaccines), andculturedishesand devicesusedtotransfer,inoculate,ormixcultures(e.g.,Petridishes,vials,flasks,inoculation loops, and disposablegloves) 

	• 
	• 
	Human pathological wastes including tissue, organs and other body parts, and specimens of body fluids and their containers 

	• 
	• 
	Human blood and blood products 

	• 
	• 
	Sharps,such as syringes and needles, razor blades, scalpels, and blood vials 

	• 
	• 
	Animalwastes,includingcarcasses,bodyparts,bodyfluids,blood,andbeddingoriginating fromanimalsknowntobecontaminatedwithzoonoticorganismsorintentionallyinoculated with infectiousagents 


	13.6.1 Hypodermic Syringes andNeedles 
	Allusersofhypodermic syringesandneedlesmustcomplywithNew YorkStateDepartmentof Health (DOH) regulations and are responsible for appropriate procurement, storage, distribution, and disposal. 
	• 
	• 
	• 
	All non-medical and non-veterinary use of syringes and needles (e.g., teaching and research) require a DOH Certificate of Need. Generally, individual academic departments at CUNY possess Certificates that cover all those in a department. Please consult with your administrative manager, department chair, or EHS Office. 

	• 
	• 
	The P.I. or supervisor should designate a responsible person for storage, security, and recordkeeping. 

	• 
	• 
	Individualusersareresponsibleforsecuringhypodermicsyringesandneedlesnotinuseina lockeddraweror cabinet,andformaintaininga written log of useanddistribution. 

	• 
	• 
	Follow the regulatory guidelines for waste segregation and disposal. 
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	14.0 RADIATION HAZARDS 
	Ionizing radiation is a form of energy, but unlike some other types of energy,such as heat (infrared radiation) or visible light, the human body cannot sense exposure to ionizing radiation. Nonetheless, absorption of ionizing radiation energy by body tissues can cause changes to the chemical makeup of living cells. 
	Thetypeandthicknessofmaterialneededtomakeaneffectivebarrierorshieldaroundasourceof ionizing radiation varies agreat deal,depending onthe type ofionizing radiation. Beta radiation isa streamoftinychargedparticlesthatcanbestoppedbyathinlayerofplastic,glass,wood,metalor mostothercommonmaterials. X-raysandGammaraysareverysimilartosunlightinthattheydo notcontainparticles,justelectromagneticwaves. Whilesunlight willpassthroughonlyafew materials,suchaswindowglass,X-raysandGammarayscanpenetrateeasilythroughmost mat
	Ionizing radiation is alsosimilar to other forms of radiation in that the intensity of theradiation exposuredecreasesveryquicklyasyoumoveawayfromtheradiationsource. Justasmovinga shortdistanceclosertoorfartherfromafireplacecausesalargechangeinhowwarmyoufeel, keepingjustashortdistanceawayfromsomeonehandlingradioactivematerialcangreatlyreduce your exposure. 
	14.1 Where Ionizing Radiation is Used 
	Smallamounts ofradioactive materialareusedand stored indozensoflaboratoriesacross CUNY campuses. Some ofthematerialiscontained insmallsealed capsules. Examplesofthese“sealed sources” include test sources for radiation detectors and ionization detectors in gas chromatographs. Often, radioactive material is found in small vials of radioactively labeled chemicalsinsolution. Theselabeledchemicalsarewidelyusedinresearchandinveterinary medicine. Typically, only very small amounts of radioactive material are used,
	14.2 Control of IonizingRadiation 
	Alluseofmaterialorequipmentthatproducesionizingradiationrequirespriorapprovalbythe CollegeRadiationSafetyCommittee. Thisgroupoffacultyandstaffsetpoliciesandrevieweach proposedoperationtoensuresafetyandcompliancewithfederal,state,andlocalregulations.Your EHSOfficeorRadiationSafetyOfficercanprovidetrainingandotherservicestohelpensuresafety. Thismayincluderoutineinspectionsofalluseareas,identifyingsafetyviolationsandhelpwith 
	Alluseofmaterialorequipmentthatproducesionizingradiationrequirespriorapprovalbythe CollegeRadiationSafetyCommittee. Thisgroupoffacultyandstaffsetpoliciesandrevieweach proposedoperationtoensuresafetyandcompliancewithfederal,state,andlocalregulations.Your EHSOfficeorRadiationSafetyOfficercanprovidetrainingandotherservicestohelpensuresafety. Thismayincluderoutineinspectionsofalluseareas,identifyingsafetyviolationsandhelpwith 
	corrections. Itisstronglyrecommendedthateachcollegeusingmaterialorequipmentthat producesionizingradiationhaveaRadiationSafetyManualwhichgivesdetailed,written information on the radiation safety program. Any radiation safety program should be reviewed continuously. 

	The RadiationSafetyCommittee should meetaminimum oftwiceayeartoupdatepolicies,resolve complianceissues,andmonitorradiation exposure forindividualsoncampus. Inaddition,theNew York City Department of Health and Mental Hygiene (DOHMH) performs on-campus inspections 
	everytwoyears. Article175oftheNYCHealthCodeappliestoallradiation equipmentand radioactivematerialwithinthejurisdictionoftheDOHMHandaimstoprotectthepublic,aswellas workers in certain radiation installations, from the hazards inherent in the use of ionizing radiation. The Article serves as a framework for coordination of radiation control activities for the U.S. Atomic Energy Commission, the U.S. Food and Drug Administration, the NYS Departmentof Labor, the NYS Departmentof Health,theNYSAtomicEnergy Council,t
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	If you have questions or concerns about the use of ionizing radiation speak with your P.I. or laboratorysupervisor.Ifyouneedadditionalassistanceorhaveanyotherquestions,pleasecontact your EHS Office. 
	14.3 Potential Hazards 
	Likeanyformofenergy,ionizingradiationcanbeharmfulifapersonisexposedtoanexcessive amount. Exposure toionizing radiation can cause chemical damage tobodytissues. Just aswith exposuretoanytoxicchemical,thehumanbodycantolerateexposuretoionizingradiationuptoa point without producing any immediate injury. However, just as with toxic chemicals, high levels of exposurecan cause serious injuries including skin burns,hairloss,internalbleeding,anemia and immunesystem suppression. Inaddition,exposuretohighlevelsofioniz
	14.3.1 How to Protect Yourself 
	ResponsibilityforprotectingpeoplefromexposuretoionizingradiationisdelegatedbytheCollege RadiationSafetyCommitteetotheP.I.orareasupervisor,andtoeachoftheindividualusers. Appropriatesafetyrequirementsthatarespecifictoeachuseandlocationarewrittenintoeach approvalgrantedbytheCommittee. Foranyroomcontainingasourceofionizingradiation,each entrancemustbeplainlymarked bywarning labels inaccordance withArticle175 oftheNYC Health Code. Inaddition,labelsandwarningtapemustbepostedoneachpieceofradiationproducing equipme
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	Other individuals in these areas who are to use radioactive material or radiation producingequipmentneedtofollowtheestablishedforthoseworkingwith ionizing radiation. Primarily this means operate equipment that produces ionizing radiation and never handle items or containers that are labeled with radioactive material warnings or that are within areas marked as storage or use areas for radioactive material 
	not trained 
	safetyprocedures
	never 

	ItistheresponsibilityoftheP.I.orlaboratorysupervisortoensurethatallequipmentproducing ionizingradiationhasbeenregisteredwiththeEHSOfficeandallemployeesusingthisequipment and/or radioactive material have received the appropriate training. 
	14.4 
	14.4 
	14.4 
	14.4 
	Radioactive Waste Disposal 

	Radioactive material cannot be disposed of in the regular trash. Radioactive waste is divided into severaldistinctcategoriesandshouldbeseparatedaccordingly. Pleaserefertoyourcollege’s RadiationSafetyManualforproperproceduresinpreparingyourradioactivewasteforpickupand contact your EHSO. 

	15.0 
	15.0 
	LASER HAZARDS 


	LASERisanacronymwhichstandsforLightAmplificationbyStimulatedEmissionof Radiation. LASER lightisaformofnon-ionizing radiation. Because LASERs produces an intense, highly directionalbeamoflight,theycanposemoreofahazardthanordinarylight.Therearetwotypesof LASER hazards: the LASER beam hazards and the non-beam hazards. LASER beam hazards include eyeandskinburnswhichareduetoLASERbeamshiningonaperson'sbody.Non-beamhazardsare associatedwiththeLASERequipment,thehazardoussubstancesreleasedfromtheLASER equipment, or 
	LASERproductsareclassifiedbywavelengthandmaximumoutputintofourclassesandsubclasses. The classifications alsocategorize LASERS according to theirability toproduce damage in exposed people,fromClass1(nohazardduringnormaluse)toClass4(severehazardforeyesandskin). 
	• -includeLASERprintersandcompactdiscplayers.Class1LASERissafeunder allconditionsofnormaluse. Some Class 1 LASERproductsmaycontain LASERsystemsofa higherclassbut thereare usuallyadequateengineering controlmeasurestoensure that accesstothebeam isnotreasonablylikely. Anyone whodismantlesa Class 1 LASER product thatcontainsahigherclass LASER system ispotentially atriskofexposure toahazardous LASER beam. 
	Class1LASERs

	• -include LASERs used for fiber-optic communication systems, are safe for all conditionsofuseexceptwhenthebeamisviewedusingmagnifyingopticalinstruments. Class1MLASERsproductsproduceeitherahighlydivergentbeamoralargediameterbeam. Only a small part of the whole LASER beam can enter the eye. 
	Class 1M LASERs

	• -consideredsafebecausetheblinkreflexwilllimittheexposure.Repeated, deliberateexposuretothe LASERbeammaynotbesafe. Some LASERpointersandbarcode scanners are Class 2 LASER products. 
	Class2LASERs

	• -safebecauseoftheblinkreflexifnotviewedthroughopticalinstruments. Like Class 1M LASERs, Class 2M LASER products produce either a highly divergent beam or a largediameterbeam.Therefore,onlyasmallpartofthewholeLASERbeamcanenterthe eye. However, these products can be harmful to the eye if the beam is viewed using magnifyingopticalinstrumentsorforlongperiodsoftime.SomeLASERsusedforcivil engineering applications, such as level and orientation instruments are Class 2M LASER products. 
	Class2MLASERs

	• -higherpowereddevicesthanClass1andClass2.AClass3RLASERis consideredsafeifhandledcarefully,withrestrictedbeam viewing.TheLASER beamsfrom Class 3R products exceed the maximum permissible exposure foraccidental viewing and can potentiallycauseeyeinjuries,buttheactualriskofinjuryfollowingashort,accidental exposure, is stillsmall. 
	Class3RLASERs

	• -havesufficientpowertocauseaneyeinjury,bothfromthedirectbeam andfromreflections.However,theextentandseverityofanyeyeinjuryarisingfroman exposuretothe LASER beam ofaClass3B LASER willdepend upon the radiantpower enteringtheeyeandthedurationoftheexposure.ExamplesofClass3Bproductsinclude LASERs used for physiotherapy treatments and many research lasers. The use of eye protectionwhenoperatinglasersofClasses3Band4inamannerthatmayresultineye exposureinexcessofthemaximum permissibleexposureisrequiredintheworkpla
	Class3BLASERs

	• haveanoutputpowergreaterthan500mW(halfawatt).There isnoupper restrictiononoutputpower.Class4LASERsarethehighestandmostdangerous classof LASERs and are capable ofcausing injury toboth the eye and skin.They willalso presenta firehazardifsufficientlyhighoutputpowersareused. LASERsused formany LASERdisplays, lasersurgeryandcuttingmetalsmaybe Class4products.Theuseofeyeprotectionwhen operatinglasersofclasses3B and 4inamannerthatmay resultineye exposure inexcessof the maximum permissible exposure is required in 
	Class4LASERs-

	ItistheresponsibilityoftheP.I.orlaboratorysupervisortoensurethatallClass3Bor4LASERsare registeredwiththeEHSOfficeandemployeesusingtheseLASERshavereceivedtheappropriate training. 
	TheEHSOCouncilrecognizestheAmericanNationalStandardfortheSafeUseofLASERs,ANSI 
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	76F ANSI Z136.1-2007 requiresthat allClass 3B and 4 LASER usersmustattendLASER safetytraining.YourEHS Office 
	Z136.1-2007, and New York Department of Labor’s Part 50, LASER Regulation. 

	; 
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	should offer training tomeetthisrequirement, which includes topics such as LASER hazards, LASER classifications, signage/labeling, medical monitoring, safety guidelines, eye protection, registration ofequipmentandwhattodoincaseofanexposureincident.Foradditionalinformationregarding LASERsafety,pleasecontactyour EHSOfficeorseethe OSHASafetyand Health Topicswebpagefor 
	LASER 
	hazards.
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	16.0 PHYSICAL HAZARDS 
	Inadditiontothechemicalhazardsfoundinlaboratories,therearealsonumerousphysicalhazards encounteredbylaboratory staff onaday-to-daybasis. Aswithchemicalhazards,awarenessof thesehazards,planning,useofappropriatePersonalProtectiveEquipment(PPE),andfollowing basic safety rules can prevent accidents involving physical hazards. 
	Itistheresponsibility of theP.I.and laboratory supervisor toensure that staff and students in laboratoriesunder theirsupervision are provided with adequate training and information specificto the physical hazards found within their laboratories. 
	16.1 Electrical Safety 
	Electricitytravelsinclosedcircuitsthroughaconductor. Electricshockoccurswhenthebody becomes apartofthe electric circuit. Itcan cause directinjuries,such aselectricalburns,arc burns, orthermalcontactburns.Itcanalsocauseindirectinjurieswheninvoluntarymusclereactionfrom theelectricshockcausesbruises,bonefractures,orevendeathresultingfromcollisionsorfalls. Shock normally occurs when a person is in contact with a ground and then comes in contact with any of thefollowing: 
	• 
	• 
	• 
	Both wires of the electric circuit 

	• 
	• 
	One wire of the energized circuit and the ground 

	• 
	• 
	A metallic part that has become energized by being in contact with an energized wire 


	The severity ofthe shock received when a person becomes a part ofan electric circuit is affected by three primary factors: 
	• 
	• 
	• 
	The amount of current flowing through the body (measured in amperes) 

	• 
	• 
	The path of the current through the body 

	• 
	• 
	The length of time the body is in the circuit 


	Otherfactorsthatmayaffecttheseverityofshockarethefrequencyofthecurrent,thephaseof the heart cycle when shock occurs, andthe general health ofthe person prior toshock. The effects ofanelectricalshockcanrangefromabarelyperceptibletingletoimmediatecardiacarrest. Although there are no absolute limits or even known values that show the exact injury from any 
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	given amperage, the table below shows the general relationship between the degree ofinjury and theamount ofamperage fora60-cycle hand-to-footpathofaonesecond duration ofshock. 
	EFFECTS OF ELECTRIC CURRENT ON THE BODY 
	Asthetableaboveillustrates,adifferenceoflessthan100milliamperes(mA)existsbetweena currentthat isbarelyperceptible andonethatcankill. Muscularcontraction causedbystimulation may not allow the victim to free himself/herself from the circuit, and the increased duration of exposure increases the dangers tothe shock victim. For example, acurrent of100mAfor 3seconds isequivalenttoacurrentof900mAappliedfor0.03secondsincausingfibrillation. Theso-called low voltages canbeextremelydangerous because,allotherfactorsbei
	Intheeventofanaccidentinvolvingelectricity,andtheindividualisdownorunconsciousandnot breathing, CALL 911 immediately and alert Public Safety. If an individual must be physically removed from anelectrical source, eliminatethepowersource first (i.e., switch offthecircuit breaker). If circumstancespreventthisoption,besuretouseanonconductiveitem,suchasa dryboard,to removethevictimfromthepowersource. Failure tothinkandreactproperly couldmakeyou an additional victim. 
	16.1.1 Common Electrical Hazards and Preventative Steps 
	Many common electricalhazards can beeasilyprevented. Some stepsthatcan betaken toprevent electrical hazards include the following: 
	• 
	• 
	• 
	Read andfollow all equipment operating instructions for proper use. Ask yourself, "Do I have the skills, knowledge, tools, and experience to do this work safely?" 

	• 
	• 
	Donotattemptelectricalrepairs unlessyou areaqualified electricaltechnicianassignedto performelectricalworkbyyoursupervisor. Qualifiedindividualsmustreceivetrainingin safety related work practices and procedures, be able to recognize specifichazards associatedwithelectricalenergy,andbetrainedtounderstandtherelationshipbetween electricalhazardsandpossibleinjury. Fixedwiringmayonlyberepairedormodifiedby trained individuals. 

	• 
	• 
	Allelectricaldevicesfabricatedforexperimentalpurposesmustmeetallfederal,state,and local construction and grounding requirements. 

	• 
	• 
	Extension cords, power strips, and other purchased electrical equipment must be Underwriters Laboratories (UL)listed. 

	• 
	• 
	Removealljewelrybeforeworkingwithelectricity. Thisincludesrings,watches,bracelets, and necklaces. 

	• 
	• 
	Determine appropriate PPE based on potential hazards present. 

	• 
	• 
	Use insulated tools and testing equipment to work on electrical equipment. Use power tools that are double-insulated or that have Ground Fault Circuit Interrupters (GFCIs) protecting thecircuit. Donotusealuminumladderswhileworkingwithelectricity;chooseeitherwood or fiberglass. 

	• 
	• 
	Do not work on energized circuits. The accidental or unexpected starting of electrical equipmentcancausesevereinjuryordeath. Beforeanyinspectionsorrepairsaremade, thecurrentmustbeturned offattheswitchboxandtheswitchpadlocked ortaggedoutin the off position. At the same time, the switch or controls of the machine or the other equipment being locked out ofservice should be securely tagged to show which equipment or circuits are being worked on. Test the equipment to make sure there is no residual energybeforea
	-


	• 
	• 
	If you need additional power supply, have additional outlets installed by trained professionals. Donotuse extension cordsorpowerstrips asasubstituteforpermanent wiring. 

	• 
	• 
	Extensioncordsandpowerstripsmaybeusedforexperimentalordevelopmentalpurposes onatemporary basis only. Extension cords can only beused forportable tools orequipment andmust beunplugged aftereach use. Donotuse extension cordsforfixed equipment such ascomputers,refrigerators,andfreezers. Inthesecases,useapowerstrip. Theuseof power strips is generally preferred over extension cords. 

	• 
	• 
	• 
	Power strips must have a built-in overload or surge protection (circuit breaker) and must not beconnectedtoanotherpowerstrip orextensioncord(commonlyreferred toasdaisy 

	chained or piggy-backed). However, as mentioned above, extension cords and power strips are not a substitute for permanent wiring. 

	• 
	• 
	Makesuretheextensioncordthicknessisatleastasbigastheelectricalcordforthetool. Formoreinformationonextensioncords,seetheConsumerProductSafetyCommission 


	(CPSC) -Extension Cords Fact Sheet (CPSC Document #16).
	80 

	78F 
	• 
	• 
	• 
	Inspect all electrical and extension cords for wear and tear. Pay particular attention near the plugandwherethecordconnectstotheequipment. Donotuseequipmenthavingwornor damaged power cords, plugs, switches, receptacles, or cracked casings. 

	• 
	• 
	• 
	Do not run electrical cords under doors or rugs, through windows, or through holes in walls. 

	• Alldepartment-purchased electricalequipmentmustbe3-pronggroundedunlessitisnotan option. 

	• 
	• 
	Never store flammable liquids near electrical equipment, even temporarily. 

	• 
	• 
	Keep work areas clean and dry. 

	• 
	• 
	Flickering lights, warm switches or receptacles, burning odors, sparking sounds when cords aremoved,looseconnectionsandfrayed,cracked,orbrokenwiresindicateaproblem. Have a qualified electrician address the issue immediately. 

	• 
	• 
	Itisimportanttoidentifytheelectricalpanelsthatserveeachroom. Accesstothesepanels must be unobstructed; a minimum of 3 feet of clearance is required in front of every electrical panel. Each panel must have all the circuit breakers labeled to identify the equipment. 

	• 
	• 
	Avoidoperatingorworkingwithelectricalequipmentinawetordampenvironment. Ifyou mustworkinawet ordampenvironment,besurethatyouroutletsorcircuitbreakersare Ground Fault Circuit Interrupter (GFCI) protected. 

	• 
	• 
	Fuses and circuit breakers are over-current devices that are placed in circuits to monitor the amountofcurrent thatthecircuit willcarry. They automatically openorbreak thecircuit when the amount ofthe current flow becomes excessive and,therefore, unsafe. Fuses are designedtomeltwhentoomuchcurrentflowsthroughthem. Circuitbreakers,ontheother hand, are designed to trip open the circuit by electro-mechanical means. 

	• 
	• 
	Fuses and circuit breakers are intended primarily for the protection of conductors and equipment. They prevent overheating of wires and components that might otherwise create hazards for operators. 


	Products/Extension-Cords 
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	• 
	• 
	• 
	TheGroundFaultCircuitInterrupter(GFCI)isdesignedtoshutoffelectricpowerwithinas littleas1/40ofasecond,therebyprotectingtheperson,notjusttheequipment. Itworksby comparingtheamountofcurrentgoingtoanelectricaldeviceagainsttheamountofcurrent returningfromthedevicealongthecircuitconductors. AfixedorportableGFCIshouldbe used in high-risk areas such as wet locations and construction sites. 

	• 
	• 
	• 
	Entrancestoroomsandotherguardedlocationscontainingexposedlivepartsmustbe markedwithconspicuouswarningsignsforbiddingunqualifiedpersonstoenter. Liveparts ofelectricequipmentoperatingat50voltsormoremustbeguardedagainstaccidental contact. Guarding of live parts may be accomplished by the following actions: 

	o 
	o 
	o 
	Locateequipmentinaroom,vault,orsimilarenclosure accessible onlytoqualified persons 

	o 
	o 
	Place permanent, substantial partitions or screens to exclude unqualified persons 

	o 
	o 
	Locateasuitablebalcony,gallery,orplatformelevatedandarrangedtoexclude unqualified persons 

	o 
	o 
	Elevate 8 feet or more above the floor 




	For additional information, see the following resources 
	• 
	• 
	• 
	OSHA Pamphlet 3075 

	• 
	• 
	29 CFR 1910.303 through 29 CFR 1910.335 

	• 
	• 
	Electrical Safety FoundationInternational 

	• 
	• 
	National Electric Code2002 

	• 
	• 
	National Fire Protection Association (NFPA) 70E 


	16.1.2 Safe Use of Electrophoresis Equipment 
	Electrophoresisunitspresentseveralpossiblehazardsincludingelectrical, chemical, andradiological hazards. Allofthesehazardsmustbeaddressedbeforeusingtheunits. Thefollowingguidelines have been prepared to assist researchers in operating electrophoresis units safely. 
	Placeelectrophoresisunitsandtheirpowersuppliessothattheon/offswitchiseasytoreachand thepower-indicatorlightsareeasilyseen. Locatetheequipmentwhereitwillnotbeeasytoknock or trip over. 
	Proper Equipment Set-Up 

	Becauseelectrophoresisworkinvolveshandlingconductiveliquidsaroundelectricity,power suppliesshouldbeprotectedbyGFCIs. GFCIsactasverysensitivecircuitbreakersand,intheevent ofashort circuit, willstop thepowerbeforeitcan hurt aperson. You can identifyGFCIsbytheir "test"and"reset" buttons. Theyarefoundonsome outletsorbreaker boxes. Anadaptertype, 
	which plugs into a standard outlet and does not require installation by an electrician, can be purchased at local hardware stores. 
	Electrophoresisunitsuseveryhighvoltage(approximately2000volts)andpotentiallyhazardous current(80milliampsormore). Thishighpoweroutputhasthepotentialtocauseafatalelectrical shock if not properly handled. 
	Addressing Electrical Hazards 

	Routinely inspectelectrophoresis units and theirpower supplies toensure thatthey are working properly. Power supplies should beinspected toensure thatallswitches andlights are inproper working condition,thatpower cords and leads are undamaged and properly insulated, and that "Danger--HighVoltage"warningsignsareinplaceonthepowersupplyandbuffertanks. 
	Inspect the buffer tanks for cracks orleaks, exposed connectors, ormissing covers. Ifyour units have such hazards, replace the units with new models that have these safety features built in or contact your EHSO for information on individuals approved to perform retrofitting. 
	Training and Work Procedures 
	Training and Work Procedures 

	P.I.s are responsible for providing instruction on the safe use of electrophoresis units to those in the laboratorywhoworkwiththem.Theinstructionshouldcovertheoperatingprocedureswrittenby the manufacturer or laboratory as well as the associated hazards, the appropriate PPE, and applicable emergency procedures. As with all safety training, this instruction should be documented. Employees must wear all appropriate PPE when working with electrophoresis units including laboratory coats, gloves, and eye protecti
	Do notleave electrophoresis units unattended for long periods of time since unauthorized persons mayaccidentallycomeincontactwiththeunit,orthebuffertankliquidmayevaporate,resultingin arisk offire. Laboratories that perform electrophoresis work during offhours should considerusing a"buddysystem"to ensure that emergency services can benotifiedifsomeone isinjuredor exposed. 
	16.2 Machine Hazard 
	Therearemanytypesofmachinesandlaboratoryequipmentoncampusthatareusedaspartof research.Manyofthemcanbehazardousandcauseseriousinjuryifnotusedsafely.Allmechanical motionispotentiallyhazardous.Motionhazards,suchasrotatingdevices,cuttingorshearing blades,inrunning nip points,reciprocating parts,linearmoving belts and pulleys,meshing gears, and uncontrolled movement of failing parts, are all examples. Never use a machine or any equipmentunlessyouhavebeentrainedontheproperuseandthesafetyrequirementsofthe equipmen
	Researchlaboratoriesmayuseequipmentsuchas Bunsenburners, rotaryevaporators, autoclaves, hot plates and centrifuges that can be hazardous. 
	Machine Shops have many tools that can be hazardous, including lathes, milling machines, table saws and drillpresses. 
	16.2.1 Machine Safety Responsibilities 
	The following responsibilities are assigned to employees 
	Management 
	Management 

	• 
	• 
	• 
	Ensure that all machinery is properly guarded 

	• 
	• 
	Properly train supervisors on the college’s lock-out/tag-out procedures 


	Supervisors 
	Supervisors 

	• 
	• 
	• 
	Properlytrainemployeesonspecificmachineguardingrules,aswellasthecollege’slockout/tag-out procedures, and ensure these rules and procedures are followed 
	-


	• 
	• 
	Ensure that machine guards remain in place and are functional 

	• 
	• 
	Immediately correct machine guard deficiencies 


	Employees 
	Employees 

	• 
	• 
	• 
	Do not remove guards unless authorized by a supervisor 

	• 
	• 
	Report machine guard problems to supervisors immediately 


	• Donotoperateequipmentunless guardsareinplace Operators should receive the following training: 
	• 
	• 
	• 
	Hazards associated with particular machines 

	• 
	• 
	How the safeguards provide protection and the hazards for which they are intended 

	• 
	• 
	How and why to use the safeguards 

	• 
	• 
	How and when safeguards can be removed and by whom 

	• 
	• 
	What to do if a safeguard is damaged, missing, or cannot provide adequate protection 


	Hazardstomachineoperatorsthatcan'tbeaccommodatedbythedesignofthemachinemustbe shieldedtoprotecttheoperator. Guards,decals,andlabelsthatidentifythedangermustbekeptin placewheneverthemachineisoperated. Guardsorshieldsremovedformaintenancemustbe properly replaced before use. Moving parts present the greatest hazard because ofthe swiftness of their action and unforgiving and relentless motion. 
	16.2.2 Machine Guarding 
	Safeguards are essential for protecting workers from needless and preventable machinery-related injuries. Thepointofoperation,aswellasallpartsofthemachinethatmovewhilethemachineis working,mustbesafeguarded. Movingmachinepartshavethepotentialforcausingsevere workplace injuries, such as crushed fingersorhands, amputations, burns, or blindness. Safeguards areessentialforprotectingworkersfromthesepreventableinjuries. Whentheoperationofa 
	Safeguards are essential for protecting workers from needless and preventable machinery-related injuries. Thepointofoperation,aswellasallpartsofthemachinethatmovewhilethemachineis working,mustbesafeguarded. Movingmachinepartshavethepotentialforcausingsevere workplace injuries, such as crushed fingersorhands, amputations, burns, or blindness. Safeguards areessentialforprotectingworkersfromthesepreventableinjuries. Whentheoperationofa 
	machineoraccidentalcontactwithitcaninjuretheoperatororothersinthevicinity,thehazards must be either eliminated or controlled. 

	Requirements for safeguards 
	Requirements for safeguards 

	• 
	• 
	• 
	Prevent contact -worker’s body or clothing from contacting hazardous moving parts 

	• 
	• 
	Secure -must be firmly secured to the machine and not easily removed 

	• 
	• 
	Protectfromfallingobjects -ensurethatnoobjectscanfallintomovingparts 

	• 
	• 
	Create no new hazards -no shearpoints, jagged edges, orunfinished surfaces 

	• 
	• 
	Createnointerference-mustnotpreventworkerfromperformingthejobquicklyand comfortably 

	• 
	• 
	Allowsafelubrication-ifpossible,beabletolubricatethemachinewithoutremovingthe safeguards 


	16.2.3 Personal Protective Equipment 
	Select the proper personal protective equipment (PPE) for the machine shop. It is strongly suggested thatyou wearsafety glassesatalltimes in the shop.Consider a face shield when you are workingupclosewithgrindingandcuttingjobtasks. Wearcomfortableshoeswithanon-slipsole and consider toe reinforcement if you work with heavy objects. Earplugs will protect your hearing in a noisy machining environment. Choose gloves depending on your job task. Use proper gloves when youhandlematerialswithsharpedges.Andfinally,g
	• 
	• 
	• 
	While you operatemachines,wearclose-fitting clothing,tiebacklonghair,andremove your jewelry.Loose fitting clothing,neckties,rings, bracelets,orotherapparelthatmay become entangled in movingmachinery. 

	• 
	• 
	Consider wearing a hair nets or caps to keep long hair away from moving machinery. 

	• 
	• 
	Gloves should not be worn if there is a chance of them being caught in machinery. 


	The EHS Office should be contacted to assist Supervisors and personnel in determining the personnel protective equipmentneeded. 
	16.2.4 Common Machine Hazards 
	Anumberofcommonmachinehazardsoccur.Awarenessofthefollowingmovingpartscanimprove safety: 
	Pinchpointsarewheretwopartsmovetogetherandatleastoneofthepartsmovesina circle;also called mesh points, run-on points, and entry points. Examples include belt drives,chain drives, gear drives,and feed rolls.When shieldscannotbeprovided,operators mustavoid contactwith hands or 
	Pinch Points 

	clothinginpinchpointareas. Neverattempttoserviceorunclogamachinewhileitisoperatingor the engine isrunning. 
	Wrappointscanbefoundinanyexposedcomponentthatrotates.Examplesincluderotatingshafts, such as a power take off shaft, or shafts that protrude beyond bearings or sprockets. Watch componentsonrotatingshafts,suchascouplers,universaljoints,keys,keyways,pins,orother fasteningdevices. Splined,square,andhexagon-shapedshaftsareusuallymoredangerousthan roundshaftsbecausetheedgestendtograbfingersorclothingmoreeasilythan aroundshaft,but round shafts may not be smooth and can also grab quickly. 
	Wrap Points 

	Shearpointscan befound anywhere wherethereareedges oftwomoving partsmove acrossone anotheror where a single sharp part moves with enough speed orforce tocut soft material. Recognize thepotentialhazardsofcuttingandshearpointsonimplementsandequipmentthatare not designed to cut or shear. 
	Shear Points 

	Crush points occur between two objects moving toward each other or one object moving toward a stationaryobject. Neverstandbetweentwoobjectsmovingtowardoneanother. Followyour college’s blocking and lock-out/tag-out procedures when working under equipment. 
	Crush Points 

	Pull-in points occurwhere objects are pulled into equipment, usually for some type of processing. Never attempt to hand-feed materials into moving feed rollers. Always stop the equipment before attemptingtoremoveanitemthathaspluggedarollerorthathas become wrappedarounda rotatingshaft. Rememberthatguardscannotbeprovidedforallsituations;equipmentmustbe abletofunctioninthecapacityforwhichitisdesigned. Freewheelingparts,rotatingormoving partsthatcontinuetomoveafterthepowerisshutoff,areparticularlydangerousbecau
	Pull-In Points 

	Anyobjectthatcan become airborne because ofmoving parts.Keepshieldsinplace toreduce the potential for thrown objects. Wear protective gear, such as goggles, to reduce the risk of personal injury ifyou cannot preventparticles from being thrown. Allguards,shields,oraccess doors must beinplacewhenequipmentisoperating. Electricallypoweredequipmentmusthavealock-out controlontheswitchoranelectricalswitch,mechanicalclutch,orotherpositiveshut-offdevice mounteddirectlyontheequipment. Circuitinterruptiondevicesonanel
	Thrown Objects 

	16.3 Lighting 
	Having properly lighted work areas is essential to safety. A number of points about proper lighting are important toremember: 
	• Lightingshouldbeadequatetoilluminateallworkareas.Forlaboratoriesthismeans100200 lumens. 
	-

	• 
	• 
	• 
	Light bulbs that are mounted low and susceptible to contact should be guarded. 

	• 
	• 
	If the risk of electrocution exists when changing light bulbs, practice lock-out/tag-out. 

	• 
	• 
	For proper disposal of fluorescent lamps (“universal waste”), contact the EHS Office. 

	• 
	• 
	Please remember to turn off the lights when you leave the lab. 


	16.4 Compressed Gases 
	Compressedgasesarecommonlyusedinlaboratoriesforanumberofdifferentoperations. While compressedgasesareveryuseful,theypresentanumberofhazardsforthelaboratoryworker. 
	Possible hazards 
	Possible hazards 

	• 
	• 
	• 
	Gas cylinders may contain gases that are flammable, toxic, corrosive, asphyxiants, or oxidizers. 

	• 
	• 
	Unsecured cylinders can be easilyknocked over, causing seriousinjury and damage. Impact canshearthevalvefrom anuncapped cylinder,causingacatastrophicrelease ofpressure leading to personal injury and extensive damage. 

	• 
	• 
	Mechanicalfailureofthecylinder,cylindervalve,orregulatorcanresultinrapiddiffusionof the pressurized contents of the cylinder into the atmosphere. This can lead to explosion, fire, runaway reactions, or burst reaction vessels. 


	Because of the hazards that compressed gases present, consider obtaining the smallestquantities possible. 
	16.4.1 Handling Compressed GasCylinders 
	Standard practices for handling compressed gas cylinders safely include the following steps: 
	• 
	• 
	• 
	Thecontentsofanycompressedgascylindermustbeclearlyidentified,stenciledorstamped onthecylinder,oralabelortagshouldbeattached. Donotrelyonthecolorofthecylinder for identification because color-coding is not standardized and may vary with the manufacturer or supplier. 

	• 
	• 
	• 
	When transporting cylinders 

	o 
	o 
	o 
	Always use a hand truck equipped with a chain or belt for securing the cylinder. 

	o 
	o 
	A protective cap must be used to cover the cylinder valve. 

	o 
	o 
	Never transport a cylinder while a regulator is attached. 

	o 
	o 
	Always use caution when transporting cylinders – cylinders are heavy! 

	o 
	o 
	Avoidridinginelevatorswithcompressedgascylinders.Seethesectionon transporting chemicals 



	• 
	• 
	Do not move compressed gas cylinders by carrying, rolling, sliding, or dragging them across the floor. 

	• 
	• 
	Do not transport oxygen and combustible gases at the same time. 

	• 
	• 
	Do not drop cylinders or permit them to strike anything. 

	• 
	• 
	Dispensingofcompressedgases(notablycryogenicmaterials)shallbeconductedin accordance with FDNY Fire Code §3205. In such dispensing areas, oxygen sensors equipped withanaudiblealarmshallbeprovidedtocontinuouslymonitorthelevelofoxygeninthe 


	area (see §
	3205.4.1.1.1).
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	16.4.2 Safe Storage of Compressed Gas Cylinders 
	The safe storage of compressed gas cylinders include the following standard practices: 
	• 
	• 
	• 
	Gas cylindersmustbesecuredtopreventthem from fallingover. Chainsarerecommended overclamp-plus-strapassembliesbecauseinafire,strapsmaymeltorburn. Besurethe chain is high enough (at least half way up) on the cylinder to keep it from tipping over. 

	• 
	• 
	Do not store incompatible gases next to each other. Cylinders of oxygen must be stored at least20feetawayfromcylindersofhydrogenorotherflammablegases,orthestorage areas must be separated by a firewall five feet high with a fire rating of 1/2 hour. 

	• 
	• 
	• 
	Allcylinders should bestored away from heatandaway from areas where they might be subjected to mechanicaldamage. 

	• Allcylindersmusthavepassedahydrostaticpressuretestwithinthepast10years(FDNY code/NFPA 45). 

	• 
	• 
	Keep cylinders away from locations where they might form partofanelectrical circuit, such as next to electric power panels or electric wiring. 

	• 
	• 
	Theprotectivecapthatcomeswithacylinderofgasshouldalwaysbeleftonthecylinder whenitisnotinuse. Thecapkeepsthemaincylindervalvefrombeingdamagedorbroken. 

	• 
	• 
	Topreventaccidentalignitionofstoredflammableliquidsandgases,allelectricalequipment mustmeettherequirementsoftheNYCElectricalCode[referto§27-3198(4)and§27
	-



	3197(1)].
	3197(1)].
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	16.4.3 Operation of Compressed Gas Cylinders 
	Thecylindervalvehandwheelopensandclosesthecylindervalve. Thepressurereliefvalveis designedtokeep acylinderfromexplodingincaseoffireorextremetemperature. Cylindersof verytoxicgasesdonothaveapressurereliefvalve,buttheyareconstructedwithspecialsafety features. The valve outlet connection is the joint used to attach the regulator. The pressure regulator is attached to the valve outlet connector in order to reduce the gas flow to a working level. The Compressed Gas Association has intentionally made certain type
	Inaccordance with FDNY’s Fire Code, torchoperationsusingoxygen andflammablegasescanonly be performed by a G-38 Certificate of Fitness holder. 
	Basic operating guidelines 
	Basic operating guidelines 

	• 
	• 
	• 
	Make sure the cylinder is secured. 

	• 
	• 
	Attachtheproper regulator tothecylinder. Iftheregulator doesnotfit,itmay notbe suitable for the gas you are using. 

	• 
	• 
	Attachtheappropriatehoseconnectionstotheflowcontrolvalve. Secureanytubingwith clampssothatitwillnotwhiparoundwhenpressureisturnedon. Usesuitablematerialsfor connections.Toxicandcorrosivegasesrequireconnectionsmadeofspecialmaterials. 

	• 
	• 
	Installatrapbetweentheregulatorandthereactionmixturetoavoidbackflowintothe cylinder. 

	• 
	• 
	Turn the delivery pressure adjusting screw counterclockwise untilitturns freely andthen close the flow control valve to prevent a surge of pressure. 

	• 
	• 
	Slowlyopenthe cylindervalve handwheeluntilthe cylinderpressuregaugeindicatesthe cylinder pressure. 

	• 
	• 
	With the flow control valve closed, turn the delivery pressure screw clockwise until the delivery pressure gauge indicates the desired pressure. 

	• 
	• 
	Adjustthegasflowtothesystembyusingtheflowcontrolvalveoranotherflowcontrol device between the regulator and the experiment. 

	• 
	• 
	After an experiment is completed, turn the cylinder valve off first, and then allow gas to bleed from the regulator. When both gauges read “zero,” remove the regulator and replace the protective cap on the cylinder head. 

	• 
	• 
	Whenthecylinderisempty,markitas“Empty.” Storeemptycylindersseparatefromfull cylinders. 

	• 
	• 
	Attach a “Full/In Use/Empty” tag to each cylinder. These tags are perforated and can be obtained from the gas cylinder vendor or safety equipment suppliers. 


	Precautions to follow 
	Precautions to follow 

	• 
	• 
	• 
	Usearegulatoronlywiththegasforwhichitisintended. Theuseofadaptorsorhomemade connectors has caused serious and even fatal accidents. 

	• 
	• 
	Toxic gases should be purchased with a flow-limiting orifice. 

	• 
	• 
	When using more than onegas, besure toinstall one-way flow valves from each cylinder to preventmixing. Otherwiseaccidentalmixing cancausecontamination ofacylinder. 

	• 
	• 
	• 
	Do not attempt to put any gas into a commercial gas cylinder. 

	• Donotallowacylindertobecomecompletelyempty. Leaveatleast25psiofresidualgasto avoid contamination of the cylinder by reverse flow. 

	• 
	• 
	Do not tamper with or use force on a cylinder valve. 


	16.4.4 Return of Cylinders 
	Ensure thatyou have an S.O.P.inplace for the management and ultimate disposalofcylinders and lecturebottles. Firstly,makesurethatallcylindersandlecturebottlesarelabeledandincludedin yourchemicalinventory. Disposalofcylindersandlecturebottlesisexpensive,especiallyifthe contentsareunknown. Beforeyouplaceanorderforacylinderorlecturebottle,determineifthe manufacturerwilltakebackthecylinderorlecturebottlewhenitbecomesempty. Ifatallpossible, only order from manufacturers who will accept cylinders or lecture bottl
	16.4.5 Hazards of SpecificGases 
	Inert Gases 
	Inert Gases 

	• 
	• 
	• 
	Examples include helium, argon, and nitrogen. 

	• 
	• 
	Inert gases can cause asphyxiation by displacing the air necessary for the support of life. 


	Cryogenic Liquids 
	Cryogenic Liquids 

	• 
	• 
	• 
	Cryogenic liquids are extremely cold and their vapors can rapidly freeze human tissue. 

	• 
	• 
	Cryogens are capable of causing freezing burns, frostbite, and destruction of tissue. 

	• 
	• 
	Boiling and splashing will occur when the cryogen contacts warm objects. 

	• 
	• 
	Theycancausecommonmaterialssuchasplasticandrubbertobecome brittleandfracture under stress. 

	• 
	• 
	Liquid to gas expansion ratio: one volume ofliquidwill vaporize and expand to about 700 times that volume as a gas, and thus can build up tremendous pressures in a closed system. Therefore,dispensingareasmustbewellventilated. Avoidstoringcryogenicsincoldrooms, environmental chambers, and other areas with poor ventilation. Install an oxygen monitor/oxygen deficiency alarm and/ortoxic gasmonitorbefore working these materials in confined areas. 


	Oxidizers 
	Oxidizers 

	• 
	• 
	• 
	Examples include oxygen and chlorine. 

	• 
	• 
	Oxidizers vigorously accelerate combustion; therefore, keep them separate from all flammableandorganicmaterials. Greasyandoilymaterialsshouldneverbestoredaround oxygen. Oil or grease should never be applied to fittings or connectors. 


	Flammable Gases 
	Flammable Gases 

	• 
	• 
	• 
	Examples include methane, propane, hydrogen, and acetylene. 

	• 
	• 
	Do not store near open flames or other sources of ignition. 

	• 
	• 
	Cylinders containing acetylene should always be stored upright. 

	• 
	• 
	Flammablegasesareeasilyignitedbyheat,sparks,orflames,andmayformexplosive mixtureswithair. Vaporsfromliquefiedgasoftenareheavierthanairandmayspreadalong the ground, travel to a source of ignition, and result in a flashback fire. 

	• 
	• 
	Flammable gases present serious fire and explosion hazards. 


	FDNYprohibitsthestorageofflammablegasesinthelaboratoryunitunlessitisneededfor ongoing operations. Inaddition,FDNY states that inlabs with ongoing operations thatrequire flammablegases,storagewillbeallowedforonlythatamountsufficienttomeettheoperating requirementsoftheequipmentinthatlaboratoryunitplusanequalreserve. Unlessthereis reason to believe otherwise, it is suggested that the operating requirements be defined as the amountnecessarytosustainongoingoperationsforonesemester. Therefore,when counting anequa
	*Water container capacity 
	*Water container capacity 
	Corrosive Gases 
	Corrosive Gases 


	• 
	• 
	• 
	Examples include chlorine, hydrogen chloride, and ammonia. 

	• 
	• 
	There can be an accelerated corrosion of materials in the presence of moisture. 

	• 
	• 
	Corrosivegasesreadilyattacktheskin, mucousmembranes, andeyes. Somecorrosivegases are also toxic. 

	• 
	• 
	Becauseofthecorrosivenatureofthegases,corrosivecylindersshouldonlybekepton handfor6months(uptooneyearmaximum). Orderonlytheminimumamountneededfor your experiments. 


	Poison (Toxic) Gases 
	Poison (Toxic) Gases 

	• 
	• 
	• 
	Examples include arsine, phosphine, and phosgene. 

	• 
	• 
	Poison gases are extremely toxic and present a serious hazard to laboratory staff. 

	• 
	• 
	Poisonous gases require special ventilation systems and equipment and must only be used bytrainedpersonnel. There arealsospecialBuilding andFDNY coderegulations thatmust be followed concerning the permissible quantities. 

	• 
	• 
	Consult your EHSO before purchasing poisonous gases. 


	16.5 Battery Charging 
	Lead acid batteries contain corrosive liquids and also generate hydrogen gas during charging, which poses an explosion hazard. 
	The following guidelines should be followed for battery charging areas: 
	• 
	• 
	• 
	A “No Smoking” sign should be posted. 

	• 
	• 
	Before working,remove anydangling jewelry toprevent accidental contactwith battery connections (this can cause sparks which can ignite vapors). 

	• 
	• 
	Always wearappropriate PPE such as rubberorsynthetic aprons, splash goggles in combination with a face shield, and thick Neoprene, Viton, or Butyl gloves. 

	• 
	• 
	Aplumbedemergencyeyewashstationmustbereadilyavailablenearthestation. Please Note: handheld eyewash bottles do not meet this criteria. 

	• 
	• 
	Aclass Brated fire extinguisher must bereadily available. Ifnoneisavailable, contact your EHSO. 

	• 
	• 
	Ensure that there is adequate ventilation available to prevent the buildup of potentially flammable and explosivegases. 

	• 
	• 
	Keep all ignition sources away from the area. 

	• 
	• 
	Stand clear of batteries while charging. 

	• 
	• 
	Keep vent caps tight and level. 

	• 
	• 
	Only use appropriate equipment for charging. 

	• 
	• 
	Store unused batteries in secondary containment to prevent spills. 

	• 
	• 
	Have anacid spillkit available. The waste from aspill may contain lead andneutralized wastesmaybetoxic. ContactyourEHSOforhazardouswastedisposalguidance. 

	• 
	• 
	Properly dispose of your used batteries. 


	16.6 Heat and HeatingDevices 
	Heat hazardswithinlaboratories can occurfrom anumber ofsources. Here are some simple guidelines that can be followed to prevent heat related injuries: 
	• 
	• 
	• 
	Heating devices should be set up on a sturdy fixture and away from any ignitable materials (such as flammable solvents, paper products, and other combustibles). Do notleave open flames (e.g., Bunsen burners) unattended. 

	• 
	• 
	Heatingdevicesshouldnotbeinstalledneardrenchshowersorotherwaterspraying apparatustominimizeelectricalshockriskandpotentialsplatteringofhotwater. 

	• 
	• 
	Heating devices should have backup power cutoffs or temperature controllers to prevent overheating. Ifabackupcontrollerisused,analarmshouldnotifytheuserthatthemain controller has failed. 

	• 
	• 
	Make sure that reaction temperatures do not cause violent reactions and that a means to cool the dangerous reactions is available. 

	• 
	• 
	Post signs to warn people of the heat hazard. 

	• 
	• 
	• 
	When using ovens, follow these additional guidelines: 

	o 
	o 
	o 
	Heat generated should be adequately removed from the area. 

	o 
	o 
	Iftoxic,flammable, orotherwise hazardous chemicals are generated by the oven, thenonlyuseovenswithasinglepassthroughdesignwhereairisventilatedoutof the laboratory and the exhausted air is not allowed to come into contact with electrical components or heating elements. 

	o 
	o 
	Heating flammables should only be done with a heating mantle or steam bath. 




	When using heating baths, follow these additional guidelines: 
	• 
	• 
	• 
	Heating baths should be durable and set up with firm support. 

	• 
	• 
	Because combustible liquidsare often used inheating baths,the thermostatshould besetso thatthetemperatureneverrisesabove theflashpointoftheliquid. ChecktheSDSofthe 


	chemical to determine the flashpoint. Compare that flashpoint with the expected 
	temperature of the reaction to gauge the risk of starting a fire. 
	16.6.1 Heat Stress 
	Inahighheatcondition,ifyourbodycannotregulateitstemperature,itoverheatsandsufferssome degreeofheatstress. Thiscanoccurverysuddenlyand,ifleftunrecognizedanduntreated,can lead to very serious health effects. 
	Heatstressdisordersmayrangefrommilddisorders,suchasfainting,cramps,orpricklyheat,to moredangerousdisorders,suchasheatexhaustionorheatstroke. Symptoms ofmildtomoderate heatstresscan include: sweating,clammy skin,fatigue,decreased strength,lossofcoordination andmuscle control,dizziness,nausea,andirritability. Ifyou witnesssomeone suffering from heat stress,youshouldmovethevictim toacoolplaceandimmediatelyseekmedicalassistance. While awaiting assistance, you might sponge him/herwith coolwater and offera consci
	16.7 Cold Traps 
	Cold traps require general safety guidelines. The list below outlines these guidelines: 
	• 
	• 
	• 
	Because many chemicals captured in cold traps are hazardous, care should be taken and appropriatePPEshouldbewornwhenhandlingthesechemicals. Hazardsinclude flammability, toxicity, and cryogenic temperatures, which can burn the skin. 

	• 
	• 
	If liquid nitrogen is used, the chamber should be evacuated before charging the system with coolant. Because oxygen in air has a higher boiling point than nitrogen, liquid oxygen can be produced and cause an explosion hazard. 

	• 
	• 
	Boiling and splashing generally occur when charging (cooling) a warm container, so stand clear andwear appropriate PPE. Items should beaddedslowly andinsmallamounts to minimize splash. 

	• 
	• 
	Abluetinttoliquidnitrogenindicatescontaminationwithoxygenandrepresentsan explosion hazard. Contaminated liquid nitrogen should be disposed of appropriately. 

	• 
	• 
	If working under vacuum, refer to , “Glass Under Vacuum.” 
	section16.12


	• 
	• 
	Refer to section 16.10 for safety advice when working with cryogenic materials. 


	16.8 Autoclaves 
	Autoclaves have the following potential hazards: 
	• 
	• 
	• 
	Heat, steam, andpressure 

	• 
	• 
	Thermal burns from steam and hot liquids 

	• 
	• 
	Cuts from explodingglass 


	Some general safety guidelines to follow when using autoclaves include: 
	• 
	• 
	• 
	Proper training and operating procedures for using the autoclave. 

	• 
	• 
	Read the owner’s manual before using the autoclave for the first time. 

	• 
	• 
	Operating instructions should be posted near the autoclave. 

	• 
	• 
	Follow the manufacturer’s directions for loading the autoclave. 

	• 
	• 
	Be sure to close and latch the autoclave door. 

	• 
	• 
	Some kinds of bottles containing liquids can crack in the autoclave or when they are removed from the autoclave. Use a tray to provide secondary containment in case of a spill and add a little water to the tray to ensure balanced heating. 

	• 
	• 
	Fill bottles half way to allow for liquid expansion and loosen screw caps on bottles and tubes of liquid before autoclaving to prevent them from shattering. 

	• 
	• 
	Donotoverload the autoclave compartment soastoallow for enoughspace between items for the steam to circulate. 

	• 
	• 
	Beawarethatliquids,especiallyinlargequantities,canbesuperheatedwhentheautoclave is opened. Jarring them may cause sudden boiling and result in burns. 

	• 
	• 
	Attheendoftherun, opentheautoclave slowly: first openthedooronlyacracktoletany steamescapeslowlyforseveralminutes,andthenopenalltheway. Openingthedoor suddenly can scald a bare hand, arm, or face. 

	• 
	• 
	Wait at least five minutes after opening the door before removing items. 

	• 
	• 
	Large flasks orbottles ofliquid removed immediately from the autoclavecan cause serious burnsbyscaldingiftheyshouldbreakinyourhands. Immediatelytransferhotitemswith liquid to a cart; never carry them in your hands. 

	• 
	• 
	Wear appropriate PPE, including eye protection and insulating heat-resistant gloves. 


	16.9 Centrifuges 
	Some general safety guidelines to follow when using centrifuges include 
	• 
	• 
	• 
	Be familiar with the manufacturer’s operating procedures 

	• 
	• 
	Keep the operating manual nearthe unit for easy reference. Ifnecessary,contactthe manufacturer to replacemanuals. 

	• 
	• 
	Handle, load, clean, and inspect rotors as recommended by the manufacturer. 

	• 
	• 
	Pay careful attention to instructions on balancing samples—tolerances for balancing are oftenveryrestricted. Checktheconditionoftubesandbottles. Makesureyouhave secured the lid to the rotor and the rotor to the centrifuge. 

	• 
	• 
	Maintainalogbookofrotoruseforeachrotor,recordingthespeedandlengthoftimefor each use. 

	• 
	• 
	Toavoid catastrophic rotor failure, manytypes ofrotors must be"de-rated" (limited toa maximum rotation speed that is less than the originally set maximum rotation speed) after a specifiedamountofuse. Ifitisdeterminedtherotorhasreachedtheendofitsusefullife,it should be taken out of service and discarded. 

	• 
	• 
	Use only the types of rotors that are specifically approved for use in a given centrifuge unit. 

	• 
	• 
	Maintain the centrifuge in good condition. Broken door latches and other problems should be repaired before using the centrifuge. 

	• 
	• 
	Whenever centrifuging biohazardous materials, always load and unload the centrifuge rotor in a Biosafetycabinet. 


	16.9.1 Centrifuge Rotor Care 
	Centrifuge rotors require care which includes regular cleaning and routine inspections. The following activities should be a part of the care regimen: 
	• 
	• 
	• 
	Keep the rotor clean and dry to prevent corrosion 

	• 
	• 
	Remove adapters after use and inspect for corrosion 

	• 
	• 
	Store the rotor upside down in a warm, dry place to prevent condensation in the tubes 

	• 
	• 
	• 
	Read and follow the recommendations in the manual regarding care including: 

	o 
	o 
	o 
	Polishing 

	o 
	o 
	Lubricating O-rings 

	o 
	o 
	Decontaminating the rotor after use with radioactive or biological materials. 



	• 
	• 
	Remove any rotor from use that has been dropped, shows any sign of defect or wear and tear and report it to a manufacturer’s representative for inspection. 


	16.10 Cryogenic Safety 
	A cryogenic gas isa materialthatis normally agas atstandard temperature and pressure,butwhich hasbeensupercooleduntilitisaliquidorsolidatstandardpressure. Commonlyusedcryogenic materialsincludetheliquidsnitrogen,argon, andhelium, andsolidcarbondioxide (dryice). 
	Hazardsassociatedwithdirectpersonalexposuretocryogenicfluidsincludeanumberof categories: 
	-Liquefiedgasesandsolidsareextremelycoldandcancauseseverecontactburnsaswell as frostbite. Associated vapors also can result in cold exposure. 
	Frostbite

	-Thesesliquidscanrapidlyconverttolargequantitiesofgas.Theevaporationof cryogenicliquidspillscanresultinasphyxiation. Forinstance,nitrogenexpandsapproximately700 timesinvolumegoingfromliquidtogasatambienttemperature. Totaldisplacementofoxygenby anothergaswill result in unconsciousness, followed by death. Exposure to oxygen-deficient atmospherescan causedizziness, nausea, vomiting, lossofconsciousness, andeven death. Such symptomsmayoccurinsecondswithoutwarning. Deathmayresultfromerrorsinjudgment, confusion, 
	Asphyxiation

	Workingwithcryogenicsubstancesinconfinedspaces,suchaswalk-incoolers,canbeespecially hazardous. Wherecryogenicmaterialsareused,ahazardassessmentisrequiredtodeterminethe potentialforanoxygen-deficientcondition. Controlssuchasventilationand/orgasdetection systems may be required to safeguard employees. 
	-Many of the commonly used cryogenic gases are considered to be of low toxicity, but still poseanasphyxiationhazard.Checkthepropertiesofthegasesyouareusingbecausesomegases are toxic (e.g., carbon monoxide, fluorine, and nitrous oxide). 
	Toxicity 

	-Fireorexplosion mayresultfromtheevaporationand subsequent vaporbuildupofflammablegasessuchashydrogen,carbonmonoxide,ormethane. Liquidoxygen, 
	Flammabilityand Explosion

	whilenotitselfaflammable gas,cancombinewithcombustiblematerialsandgreatlyaccelerate combustion. Oxygenclingstoclothingandclothitems,andpresentsanacutefirehazard. 
	-Potentialhazardsexistinhighlycompressedgasesbecauseofthestored energy.Incryogenicsystems,highpressuresareobtainedbygascompressionduringrefrigeration, by pumping liquids to high pressures followed by rapid evaporation, and by confinement of cryogenic fluids with subsequent evaporation. If these confined fluids are suddenly released througharupture orbreak inaline, asignificantthrust may beexperienced. Over-pressurization of cryogenicequipmentcanalsooccurbecauseofthephasechangefromliquidtogasifnotvented prop
	HighPressureGas

	–The properties of certain materials callforconsideration ofthe effects of low temperatures. Some materials become brittle at low temperatures. Brittle materials fractureeasilyand canresultinalmostinstantaneousfailure. Lowtemperatureequipmentcanalso failbecauseofthermalstressescausedbydifferentialthermalcontractionofthematerials. Over-pressurization ofcryogenic equipment can occurbecause ofthe phase change from liquid togas if thecontainerisnotproperlyvented. Allcryogenicfluidsproducelargevolumesofgaswhenth
	Materials and Construction 

	16.10.1 Cryogenic SafetyGuidelines 
	The FDNY requires that a G-97 Certificate of Fitness holder be present whenevercryogenic liquids are used or stored inquantities greater than 60 gallons (230 liters). In addition, an oxygen (O2) sensor must also be installed in the storage or dispensing area. Dewars are included in the gallon count. Personnel who are responsible for any cryogenic equipment must conduct a safety review priortothe commencement ofoperations. Supplementary safety reviews must follow anysystem modificationtoensurethatnopotential
	Responsibilities 

	Wear the appropriate PPE when working with cryogenic materials. Face shields and splash goggles mustbewornduringthetransferandnormalhandlingofcryogenicfluids. Loosefitting,heavy leatherorotherinsulating protectivegloves mustbeworn whenhandlingcryogenic fluids. If laboratorycoatsareunavailable,shirtsleevesshouldberolleddown andbuttonedoverglovecuffs in order to prevent liquid from spraying or spilling inside the gloves. Trousers should have no cuffs. 
	Personal Protective Equipment (PPE) 

	A list of guidelines for safety practices follows: 
	Safety Practices 

	• 
	• 
	• 
	Cryogenic fluids must be handled and stored only in containers and systems specifically designedfortheseproducts.Theymustbestoredinaccordancewithapplicablestandards, procedures, and proven safety practices. 

	• 
	• 
	Transfer operations involving open cryogenic containers such as dewars must be conducted slowly to minimize boiling and splashing of the cryogenic fluid. Transfer of cryogenic fluids fromopen containers must occur below chest level of the person pouring the liquid. 

	• 
	• 
	Only conduct such operations in well-ventilated areas, such as the laboratory, to prevent possible gas or vapor accumulation that may produce an oxygen-deficient atmosphere and leadtoasphyxiation. Anoxygen (O2) sensormust beinstalled perFDNYcode. 

	• 
	• 
	Equipment and systems designed for the storage, transfer, and dispensing of cryogenic fluids must be constructed of materials compatible with the products being handled and the temperatures encountered. 

	• 
	• 
	Allcryogenicsystems,includingpiping,mustbeequippedwithpressurereliefdevicesto preventexcessive pressure build-up. Pressure reliefsmustbedirected toasafe location. It should be noted that two closed valves in a line form a closed system. The vacuum insulation jacket should also be protected by an overpressure device ifthe service is below 77degreesKelvin. Intheeventthatapressurereliefdevicefails,donotattempttoremove the blockage; instead, call your EHS Office. 

	• 
	• 
	Thecapsofliquidnitrogendewarsaredesignedtofitsnuglynotonlytocontaintheliquid nitrogen but also to allow periodic venting preventing overpressurization. Never attempt to seal the caps of liquid nitrogen dewars. Doing so can present a significant hazard of overpressurization that could rupture the container, cause splashes of liquid nitrogen and, depending on the quantity spilled, cause an oxygen deficient atmosphere within a laboratory. 

	• 
	• 
	Ifliquidnitrogenorheliumtrapsareusedtoremovecondensablegasimpuritiesfroma vacuumsystemthatmaybeclosedoffbyvalves,thecondensedgaseswillbereleasedwhen thetrapwarmsup. Adequatemeansforrelievingresultantbuild-upofpressuremustbe provided. 


	Workerswillrarely,ifever,comeintocontactwithcryogenicfluidsifproperhandlingprocedures areused. Intheunlikelyeventofcontactwithacryogenicliquidorgas,acontact“burn”mayoccur. The skin or eye tissue will freeze. The recommended emergency treatment is as follows: 
	First Aid 

	• 
	• 
	• 
	Ifthecryogenicfluidcomesincontactwiththeskinoreyes,flushtheaffectedareawith generousquantitiesofcold water. Neverusedryheat. Splashesonbareskincausea stinging sensation, but, in general, are not harmful. 

	• 
	• 
	Ifclothingbecomessoakedwithliquid,itshouldberemovedasquicklyaspossibleandthe affected area should beflooded with generous quantities ofcold water. Where clothing has frozentothe underlying skin, cold water should be poured on the area, but no attempt should be made to remove the clothing until it is completely free. 

	• 
	• 
	Contact Public Safety or 911 for additional treatment if necessary. 

	• 
	• 
	Complete an Injury/IllnessReport. 


	16.10.2 Cryogenic Chemical SpecificInformation 
	Liquidheliummust betransferredvia heliumpressurization inproperlydesignedtransfer lines. Liquidheliumshouldnotcome incontactwithair. Air solidifiesincontactwithliquidhelium,and precautionsmust betakenwhentransferringliquidheliumfromonevesseltoanotheror when venting. Over-pressurization and rupture of the container may result. All liquid helium containers mustbeequippedwithapressure-reliefdevice. Thelatentheatofvaporizationof liquidheliumis extremely low (20.5 J/gm); therefore, small heat leaks can cause rap
	Liquid Helium 

	Becausetheboilingpointofliquidnitrogenisbelowthatofliquidoxygen,itispossibleforoxygento condenseonanysurfacecooledbyliquidnitrogen. Ifthesystemissubsequentlyclosedandthe liquid nitrogen removed, the evaporation of the condensed oxygen may over-pressurize the equipmentorcauseachemicalexplosionifexposedtocombustiblematerials(e.g.,theoilina rotaryvacuumpump). Inaddition,ifthemixtureisexposed toradiation,ozoneisformed,which freezes andbecomes very unstable. Anexplosion can result ifthis ice isdisturbed. For thi
	Liquid Nitrogen 

	Any transfer operations involving open containers such as wide-mouth dewars must be conducted slowlytominimizeboilingandsplashing ofliquidnitrogen. Thetransferofliquidnitrogenfrom open containers must occur below chest level of the person pouring the liquid. 
	Anyone proposing the use of liquid hydrogen must first obtain prior approval from their EHS Office. Becauseofitswideflammability range and ease of ignition, special safety measures must be followedwhen usingliquid hydrogen.Liquidhydrogen mustbetransferredbyhelium pressurization inproperlydesignedtransferlinestoavoidcontact withair. Properlyconstructed andcertified vacuum insulated transfer lines should be used. Only trained personnel familiar with liquid hydrogenproperties,equipment,andoperatingproceduresar
	Liquid Hydrogen 

	A list of safety principles to follow when using liquid hydrogen include the following: 
	Safety Practices 

	• 
	• 
	• 
	Isolation of theexperiment 

	• 
	• 
	Provision of adequateventilation 

	• 
	• 
	Exclusion of ignition sources plus system grounding/bonding to prevent static charge buildup 
	-


	• 
	• 
	Containment in helium purged vessels 

	• 
	• 
	Efficient monitoring for hydrogen leakage 

	• 
	• 
	Limiting the amount of hydrogen “cryopumped” in the vacuum system 


	16.11 Extractions andDistillations 
	Extractions 
	Extractions 

	• 
	• 
	• 
	Do not attempt to extract a solution until it is cooler than the boiling point of the extractant. Doing anything other could cause the vessel to overpressurize and burst. 

	• 
	• 
	When a volatile solvent is used, the solution should be swirled and vented repeatedly to reduce pressure beforeseparation. 

	• 
	• 
	When opening the stopcock, your hand should keep the plug firmly in place. 

	• 
	• 
	The stopcock should be lubricated. 

	• 
	• 
	Vent funnels away from ignition sources and people, preferably into a hood. 

	• 
	• 
	Keepvolumessmalltoreducetheriskofoverpressureand,iflargevolumesareneeded, break them up into smaller batches. 


	Distillations 
	Distillations 

	• 
	• 
	• 
	Avoidbumping(suddenboiling)becausetheforcecanbreakaparttheapparatusandresult in splashes. Bumping can be avoided by even heating and by using a heat mantle. Stirring can also prevent bumping. Boiling stones can beused only ifthe process isatatmospheric pressure. 

	• 
	• 
	Donotaddsoliditems,suchasboilingstones,toliquidthatisnearboilingsinceitmayresult in the liquid boiling over spontaneously. 

	• 
	• 
	Organic compounds should neverbeallowed toboiltodryness,which can resultinan explosion hazard, unless they are known to be free of peroxides. 


	Reduced Pressure Distillation 
	Reduced Pressure Distillation 

	• 
	• 
	• 
	Donotoverheattheliquid. Superheating can resultindecomposition anduncontrolled reactions. 

	• 
	• 
	Superheating andbumping often occuratreduced pressures,soitisespeciallyimportantto avoidbumpingandtoensureevenandcontrolledheating. Insertinganitrogenbleedtube may help alleviate this issue. 

	• 
	• 
	Evacuate the assembly gradually to minimize bumping. 

	• 
	• 
	Allowthesystemtocoolandthenslowlybleedinair. Aircancauseanexplosioninahot system (pure nitrogen is preferable to air for cooling). 

	• 
	• 
	Refer to section 16.12 for vacuum conditions. 


	16.12 Glass Under Vacuum 
	Some general guidelines for glass under vacuum include: 
	• 
	• 
	• 
	Inspectglassware thatwillbeused forreduced pressure tomake sure there are nodefects such as chips or cracks that may compromise its integrity. 

	• 
	• 
	Only glassware that isapproved for low pressure should beused. Never use aflatbottom flask (unless it is a heavy-walled filter flask) or other thin-walled flask that are not appropriate to handle low pressure. 

	• 
	• 
	Use ashield between the userandanyglass undervacuum, orwrap the glass with tape to contain any glass in the event of an implosion. 


	Specific guidelines regarding vacuum pumps include: 
	• 
	• 
	• 
	Cold traps should beused topreventpump oilfrom being contaminated,which can create a hazardous waste. 

	• 
	• 
	Pump exhaust should always be vented into a hood. 

	• 
	• 
	Ensure that all belts and other moving parts are properly guarded. 

	• 
	• 
	Wheneverworking onorservicing vacuum pumps,besure tofollow appropriate lock-out procedures. 


	16.13 Washing Glassware 
	Inmostcases,laboratoryglasswarecanbecleanedeffectivelybyusingdetergentandwater. In some cases itmay benecessary touse strongchemicalsfor cleaning glassware. Strong acids should beavoided unless necessary. Inparticular, chromic acid should notbeused because ofits toxicity anddisposalconcerns. Oneproductthatmaybesubstitutedforchromicacidis“Nochromix Reagent,” an inorganic oxidizer. Unused Nochromix Reagent can be neutralized to a pH between 5.5and9.5. Acid/basebathsshouldhaveappropriatelabelingandsecondarycon
	When handling glassware, checkforcracks andchipsbefore using,washing, orautoclaving. Dispose ofchippedandbrokenglasswareimmediatelyinanapprovedcollectionunit. DONOTputbroken glasswareintheregulartrash. Handleglasswarewith care;avoidimpacts,scratches,orintense heating. Make sure youuse appropriate labwarefortheprocedures andchemicals. Use care when insertingglasstubingintostoppers:useglasstubingthathasbeenfire-polished,lubricatetheglass, and protect your hands with heavy gloves. 
	Ifyourdepartmenthasaglasswashingservice,therearecertainprotocolsthatmustbefollowed beforesendingtheglasswaretobewashed. Itistheresponsibilityofthelaboratorytoemptyand rinseallglasswarebeforeitleavesthelab. Althoughthecontentsmaynotbehazardous,the washroomsupportstaffcannotbecertainoftheappropriatePPEtowear,applicabledisposal regulations, or possible incompatibilities with items received from other researchers. It isthe responsibilityoftheglasswarewashingstafftorejectorreturnglasswarethatisfoundtobebroken or
	PLEASE NOTE: Areas outside the laboratory are governed by OSHA’s Hazard Communication Standard, which established morestringentchemicallabeling requirementsthan OSHA’s Laboratory Standard. 
	16.14 General Equipment SetUp 
	The following subsections include the recommended laboratory techniques for general equipment 
	arefromtheAmericanChemicalSociety’sbooklet–SafetyinAcademicChemistryLaboratories.
	arefromtheAmericanChemicalSociety’sbooklet–SafetyinAcademicChemistryLaboratories.
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	16.14.1 Glassware and Plasticware 
	• 
	• 
	• 
	Borosilicate glassware (e.g., Pyrex) is recommended for all laboratory glassware, exceptfor specialexperimentsusingUVorotherlightsources. Softglassshouldonlybeusedfor reagent bottles, measuring equipment, stirring rods, and tubing. 

	• 
	• 
	Any glass equipment being evacuated, such as suction flasks, should be specially designed withthickwalls. Dewarflasksandlargevacuum vesselsshouldbetapedorguarded incase offlyingglassfromanimplosion. Householdthermosbottleshavethinwallsandarenot acceptable substitutes for laboratory dewar flasks. 

	• 
	• 
	Glasscontainersholdinghazardouschemicalsmustbetransportedinrubberbottlecarriers or buckets to protect them from breakage and contain any spills or leaks. Plastic containers should also be transported this way because they can break or leak as well. 


	Preparation of Glass Tubing and Stoppers 
	Preparation of Glass Tubing and Stoppers 

	Follow these safety precautions when cutting glass tubing: 
	• 
	• 
	• 
	Holdthetubeagainstasolid supportandmakeonefirmquickstrokewithasharptriangular fileorglasscuttertoscoretheglasslongenoughtoextendapproximatelyonethird around its circumference. 

	• 
	• 
	Coverthetubingwithcloth andholdthetubinginbothhandsawayfromthebody.Place thumbsonthetubing2to3cmoneithersideofthescoreandextendedtowardeachother. 

	• 
	• 
	Pushoutonthetubingwiththethumbsasyou snapthesectionsapart. Ifthetubingdoes notbreak,re-scorethetubeinthesameplaceandtryagain. Becarefultonotmakecontact with anyone nearby during scoring or with long pieces of glass tubing. 

	• 
	• 
	Allglasstubing,includingstirrods,shouldbefirepolishedbeforeuse. Unpolishedtubing cancutskinaswellasinhibitinsertionintostoppers. Afterpolishingorbendingglass,giveit ample time to cool before grasping it. 


	Follow these guidelines when drilling a stopper: 
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	• 
	• 
	• 
	Useonlyasharpborer,oneasizesmallerthanwilljustslipoverthetubetobeinserted.For rubberstoppers, lubricatewithwateror glycerol. Holesshouldbeboredbyslicingthrough the stopper, twisting with moderate forward pressure, grasping the stopper with the fingers while keeping the hand away from the back of the stopper. 

	• 
	• 
	Keeptheindexfingerofthedrillinghandagainstthebarreloftheborerandclosetothe stopper to stop the borer when it breaks through. Drill only part way through and then finish by drilling from the opposite side. 

	• 
	• 
	Discardastopperifaholeisirregularordoesnotfittheinsertedtubesnugly,ifitiscracked, or if itleaks. 

	• 
	• 
	Corks should besoftened byrolling andkneading prior touse. Rubber orcork stoppers should fit into a joint so that one-half of the stopper is inserted. 

	• 
	• 
	Glassware withgroundjointsispreferable. Glassstoppersandjointsshouldbeclean,dry, and lightly lubricated. 


	16.14.3 Insertion of Glass Tubes or Rods into Stoppers 
	Follow these guidelines to help prevent accidents: 
	• 
	• 
	• 
	Makesurethediameterofthetubeorrod iscompatible withthediameter ofthehoseor stopper. 

	• 
	• 
	Ifnotalreadyfirepolished,firepolishtheendoftheglasstobeinserted. Besuretoletit cool. 

	• 
	• 
	Lubricate the glass. Water may be sufficient, but glycerol is a better lubricant. 

	• 
	• 
	Wearheavyglovesorwraplayersofclotharoundtheglassandprotecttheotherhandby holding the hose or stopper with a layered cloth pad. 

	• 
	• 
	Hold the glass at a point not more than 5 cm from the end to be inserted. 

	• 
	• 
	Insert glass using a slight twisting motion, avoiding too much pressure and torque. 

	• 
	• 
	When helpful, use a cork borer as a sleeve for insertion of glass tubes. 

	• 
	• 
	If appropriate, substitute a piece of metal tubing for glass tubing. 

	• 
	• 
	Remove stuck tubes by slitting the hose or stopper with a sharp knife. 


	16.14.4 Assembling Apparatus 
	Follow these recommendations to help make apparatus assembly easier and equipment safer: 
	• 
	• 
	• 
	Keep your work space free of clutter. 

	• 
	• 
	Keep your apparatus clean, dry, firmly clamped, and well back from the edge of the laboratory bench. 

	• 
	• 
	Allowadequatespacebetweenyourapparatusandtheequipmentofothers. Choosesizes that can properly accommodate the operation to be performed. 

	• 
	• 
	Useonlyequipmentthatisfreefromflawssuchascracks,chips,frayedwire,andobvious defects. Glasswarecanbeexamined inpolarizedlightforstrains. Eventhesmallestcrackor chip can renderglassware unusable. Cracked orchipped glassware should berepaired or discarded. 

	• 
	• 
	Aproperlyplacedpanunderareactionvesselorcontainerwillactassecondarycontainment to confine spilled liquids in the event of glass breakage. 

	• 
	• 
	Donotworkwithflammablegasesorliquidsnearburnersorotherignitionsources.Ifahot plateisused,ensurethat thetemperaturesofallexposedsurfacesarebelowthe auto ignitiontemperatureofthechemicalslikelytobereleasedandthatthetemperaturecontrol device and the stirring / ventilation motor (if present) do not spark. 

	• 
	• 
	Whenever possible, use controlled electrical heaters or steam instead of gas burners. 

	• 
	• 
	Useappropriatetraps,condensers,orscrubberstominimizereleaseofmaterialtothe environment. 

	• 
	• 
	Additionandseparatoryfunnelsshouldbeproperlysupportedandorientedsothatthe stopcockwillnotbeloosenedbygravity. Aretainerringshouldbeusedonthestopcock plug. Glassstopcocksshouldbefreshlylubricated. Teflonstopcocksshouldnotbe lubricated. 

	• 
	• 
	Condensers should be properly supported with securely positioned clamps, and the attached water hoses should be secured with wire or clamps. 

	• 
	• 
	Stirrer motors and vessels should be secured to maintain proper alignment. Magnetic stirring is preferable. Only non-sparking motors, such as air motors, should be used in chemical laboratories. 

	• 
	• 
	Apparatusattachedtoaringstandshouldbepositionedsothatthecenterofgravityofthe systemisover thebaseandnottooneside. Thereshould beadequateprovisionsfor removingburnersorbathsquickly. Standardsbearingheavyloadsshouldbefirmlyattached tothebenchtop. Equipmentracksshouldbesecurelyanchoredatthetopandbottom. 

	• 
	• 
	Apparatus,equipment, orchemicalbottles should notbeplaced onthe floor. Ifnecessary, keep theseitems under tablesand out of aisles toavoid creating a tripping hazard. 

	• 
	• 
	Never heat a closed container. Provide a vent as part of the apparatus for chemicals that are tobeheated. Priortoheatingaliquid,placeboilingstonesinunstirredvessels(excepttest tubes). Ifaburnerisused,distributetheheatwithaceramic-centeredwiregauze. Usethe thermometer with its bulb in the boiling liquid if there is the possibility of dangerous exothermicdecomposition,asmayoccurinsomedistillations. Thiswillprovideawarning and may allow time to remove the heat and apply external cooling. 

	• 
	• 
	Wheneverhazardousgasesorfumesarelikelytobeemitted,anappropriategastrapshould be used and the operation should be confined to a fume hood. 

	• 
	• 
	Fumehoodsarerecommendedforalloperationsinwhichtoxicorflammablevaporsare emitted,asisthecasewithmanydistillations. Mostvaporshaveadensitygreaterthanair andwillsettleonabenchtoporfloorwheretheymaydiffusetoadistantburner orignition source. These vapors willrolloutover very long distances and,ifflammable, anignition can causeaflashbacktothesourceofvapors. Oncedilutedwithsignificantamountsofair, vapors move in air as it circulates. 

	• 
	• 
	Use afumehoodwhenworking withasystem underreduced pressure (which may implode). 


	Close the sash to provide a shield. If a hood is not available, use a standing shield. Shields 
	thatcanbeknockedovermustbestabilizedwithweightsorfasteners. Standingshields 
	shouldbesecurednearthetop. Propereyeandfaceprotectionmustbewornevenwhen 
	using safety shields or fume hoods. 
	16.14.5 Mercury Containing Equipment 
	Elementalmercury(Hg)orliquidmercuryiscommonlyseeninthermometers,barometers,diffusion pumps, sphygmomanometers, thermostats, high intensity microscope bulbs, fluorescent bulbs, UV lamps,batteries,CoulterCounters,boilers,ovens,andwelding machines. Mostofthese itemscan be substituted with non-mercury containing equipment, thus greatly decreasing the hazard potential. Largerlaboratoryequipmentmaybemoredifficulttoidentifyas“mercurycontaining” becauseofthefactthatmercurycanbehiddeninsideinnercomponents such asswi
	Follow these recommendations to minimize the potential for mercury spills and possible exposures: 
	• 
	• 
	• 
	Identify and label “Mercury Containing Equipment.” 

	• 
	• 
	Develop an SOP for handling mercury containing equipment. 

	• 
	• 
	Train personnel on proper use, maintenance, transport and disposal. 

	• 
	• 
	Conduct periodic inspections of equipment to ensure that no leaks or spills have occurred. 

	• 
	• 
	Consider replacing mercury with electronic or other replacement components. 

	• 
	• 
	Provide proper PPE, such as nitrile gloves. 

	• 
	• 
	Use secondary containment, such as trays, as a precaution for spills. 

	• 
	• 
	Plan for an emergency, such as a spill or release of mercury. 

	• 
	• 
	Decontaminate and remove mercury before long-term storage, transport, or disposal. 

	• 
	• 
	For new equipment purchases, please attempt to procure instruments with no mercury. 
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	without attached rubber gloves. Although Class I cabinets are simple and economical, and 
	without attached rubber gloves. Although Class I cabinets are simple and economical, and 
	without attached rubber gloves. Although Class I cabinets are simple and economical, and 

	provideprotectionforradioisotopesandsometoxicchemicals(iftheexhaustisductedto 
	provideprotectionforradioisotopesandsometoxicchemicals(iftheexhaustisductedto 

	the outside), filtered air is not provided over the work area. These cabinets also do not 
	the outside), filtered air is not provided over the work area. These cabinets also do not 

	protectyourmaterialsfromcontaminantsintroducedbytheenvironmentortheoperator. 
	protectyourmaterialsfromcontaminantsintroducedbytheenvironmentortheoperator. 

	• 
	• 
	The Class II cabinet, the most common type of cabinet used on campus, meets the 

	TR
	requirementsfortheprotectionofproduct,personnel,andtheenvironment. Thecapacity 

	TR
	toprotectmaterialswithinthecabinetisprovidedbytheflowofHEPA-filteredairoverthe 

	TR
	work surface. There are four subtypes of Class II cabinets based on the construction, inflow 

	TR
	air velocities, and exhaust systems. These cabinets can be used to manipulate lowto 

	TR
	moderate risk agents. 

	• 
	• 
	InClassIIA1cabinets,air,atafacevelocityof75linearfeetperminute(lfpm),isdrawninto 

	TR
	the front grille of the cabinet away from the work surface. HEPA-filtered air is directed 

	TR
	downwardovertheworkarea. Astheair approachestheworksurface,theblowerpartof 

	TR
	the air isdirected through the frontgrille and theremainder through therear grille. Froma 

	TR
	commonplenum,approximately70%oftheairisrecirculatedtotheworkzonethrougha 

	TR
	HEPA filter and about 30% is exhausted to the room through another HEPA filter. This 

	TR
	cabinet is unsuitable for work that involves radioactive materials and toxic chemicals 

	TR
	becauseofthebuildupofvaporsintheairrecirculatedwithinthecabinetandexhaustedout 

	TR
	into the laboratory. 

	• 
	• 
	ClassIIA2cabinetshaveafacevelocityof100lfpm. About70%oftheairdirectedoverthe 

	TR
	work surface is recirculated througha HEPA supply filter, andabout 30% is exhausted 

	TR
	through a HEPA exhaust filter. Exhaust air can be directed to the room or to a facility 

	TR
	exhaust system. Minute amounts of toxic chemicals and trace amounts of radioisotopes can 

	TR
	be used within the hood (if used with facility exhaust), although activities should be 

	TR
	conducted toward the rear of the cabinet. 

	• 
	• 
	Class IIB1 cabinets have a face velocity of 100 lfpm. In contrast to the A2 cabinet, 

	TR
	approximately 70% of the circulated air passes through a HEPA exhaust filter, whereas the 

	TR
	remaining 30% oftheairis recirculated to the work area througha HEPA supply filter. 

	• 
	• 
	Class IIB2 cabinets are total exhaust cabinets (no recirculation of air within the work area), 

	TR
	and are widely used intoxicology laboratories and similar applications where chemical 

	TR
	effluentis present and clean airis essential. Roomair enters throughablowerin the top of 

	TR
	the cabinet and passes through a HEPA supply filter into the work area as laminar 

	TR
	unidirectionalairflow. Descendingairispulledthroughthebaseofthecabinetthroughthe 

	TR
	perforated front and rear grilles. All of the air is pulled into a dedicated, hard-ducted 

	TR
	exhaust system. Small quantities of toxic chemicals and radioisotopes can be used within 

	TR
	thehood. Theexhaustofa largevolumeofconditionedroomairmakesthiscabinetvery 

	TR
	expensiveto operate. Additionally, the cabinet must be runningcontinuously so asnotto 

	TR
	interfere with room exhaust. 
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	Milliamperes (mA) 
	Milliamperes (mA) 
	Milliamperes (mA) 
	Reaction 

	1 mA 
	1 mA 
	Minimal perception level. Just a faint tingle. 

	5 mA 
	5 mA 
	Slight shock felt. Average individual can let go, but strong involuntary reactions to shocks in this range can lead to injuries. 

	6-30 mA 
	6-30 mA 
	Painful shock. Muscular control lost. 

	50-150 mA 
	50-150 mA 
	Extreme pain. Respiratory arrest, severe muscular contractions. Individual cannot let go. Death is possible. 

	1,000-4,300 mA 
	1,000-4,300 mA 
	Ventricular fibrillation. Muscular contraction and nerve damage occur. Death is likely. 

	10,000 mA 
	10,000 mA 
	Cardiac arrest. Severe burns and probable death. 


	LABORATORY SAFETYMANUAL 116 
	LABORATORY SAFETYMANUAL 117 
	LABORATORY SAFETYMANUAL 118 
	LABORATORY SAFETYMANUAL 119 
	LABORATORY SAFETYMANUAL 120 
	LABORATORY SAFETYMANUAL 121 
	LABORATORY SAFETYMANUAL 122 
	LABORATORY SAFETYMANUAL 123 
	LABORATORY SAFETYMANUAL 124 
	LABORATORY SAFETYMANUAL 125 
	LABORATORY SAFETYMANUAL 126 
	LABORATORY SAFETYMANUAL 127 
	Area of Laboratory in square feet (Sq. Ft.) 
	Area of Laboratory in square feet (Sq. Ft.) 
	Area of Laboratory in square feet (Sq. Ft.) 
	up to 500 Sq. Ft. 
	per additional 100 Sq. Ft 
	Maximum per Laboratory Unit 

	Maximum Capacity in cubic feet (Cu. Ft.)* 
	Maximum Capacity in cubic feet (Cu. Ft.)* 
	9.24 
	1.54 
	15.4 
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	APPENDIX A: CHEMICAL HYGENE PLAN REQUIREMENTS 
	The Occupational Safety and Health Administration (OSHA) 29 CFR 1910.1450, "Occupational ExposuretoHazardousChemicalsinLaboratories”mandatesthedevelopmentofaChemical Hygiene Plan(CHP) capableofprotectingemployeesfrom healthhazardsassociatedwithhazardous chemicalsinthelaboratoryandcapableofkeepingexposuresbelowOSHAPermissibleExposure Limits(PEL).TheLaboratoryStandardrequiresthataCHPbeinplaceforeachlaboratoryworkplace existingonacollegecampus. ThefollowingrequiredelementsofaCHPareexcerptedfromthe Laboratory S
	1910.1450(e)(3) The Chemical Hygiene Plan shall include each of the following elements and shall indicatespecificmeasuresthattheemployerwilltaketoensurelaboratoryemployeeprotection: 
	(e)(3)(i)Standardoperatingproceduresrelevanttosafetyandhealthconsiderationstobefollowed when laboratory work involves the use of hazardous chemicals; 
	(e)(3)(ii)Criteriathatthe employerwillusetodetermineandimplementcontrolmeasures toreduce employeeexposuretohazardouschemicalsincludingengineeringcontrols,theuseofpersonal protectiveequipmentandhygienepractices;particularattentionshallbegiventotheselectionof control measures for chemicals that are known to be extremely hazardous; 
	(e)(3)(iii)Arequirementthatfumehoodsandotherprotectiveequipmentarefunctioningproperly andspecificmeasuresthatshallbetakentoensureproperandadequateperformanceofsuch equipment; 
	(e)(3)(iv)Provisionsforemployeeinformationandtrainingasprescribedinparagraph(f)ofthis section; 
	(e)(3)(v) The circumstances under which a particular laboratory operation, procedure, or activity shallrequirepriorapprovalfromtheemployerortheemployer'sdesigneebeforeimplementation; 
	(e)(3)(vi) Provisions for medical consultation and medical examinations in accordance with paragraph (g) of this section; (e)(3)(vii) Designation of personnel responsible for implementation of the Chemical Hygiene Plan includingtheassignmentofaChemicalHygieneOfficer,and,ifappropriate,establishmentofa Chemical Hygiene Committee;and 
	(e)(3)(viii)Provisionsforadditionalemployeeprotectionforworkwithparticularlyhazardous substances. These include "select carcinogens," reproductive toxins and substances with a high degreeofacutetoxicity.Specificconsiderationshallbegiventothefollowingprovisionswhichshall be included whereappropriate: 
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	(e)(3)(viii)(A) Establishment of a designated area; (e)(3)(viii)(B) Use of containment devices such as fume hoods or glove boxes; (e)(3)(viii)(C) Procedures for safe removal of contaminated waste; and (e)(3)(viii)(D) Decontamination procedures. (e)(4) TheemployershallreviewandevaluatetheeffectivenessoftheChemicalHygienePlanat 
	least annually and update it as necessary. 
	(f) Employee information andtraining. 
	(f)(1) The employer shallprovide employees with information and training to ensure that they are apprised of the hazards of chemicals present in their work area. (f)(2)Suchinformationshallbeprovidedatthetimeofanemployee'sinitialassignmenttoawork 
	area where hazardous chemicals are present and prior to assignments involving new exposure situations. The frequency of refresher information and training shall be determined by the employer. 
	(f)(3) Information. Employees shall be informed of: 
	(f)(3)(i)The contentsofthisstandardanditsappendiceswhichshallbemade availableto employees; (f)(3)(ii) The location and availability of the employer's Chemical Hygiene Plan; (f)(3)(iii) Thepermissibleexposurelimitsfor OSHA regulated substancesorrecommendedexposure 
	limits for other hazardous chemicals where there is no applicable OSHA standard; 
	(f)(3)(iv) Signsand symptomsassociated with exposurestohazardouschemicalsusedin the laboratory; and (f)(3)(v)The location and availability ofknown reference materialon the hazards,safehandling, 
	storage and disposalofhazardous chemicals found inthe laboratory including,butnotlimited to, Safety Data Sheets received from the chemical supplier. (f)(4) Training. (f)(4)(i) Employee training shall include: 
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	(f)(4)(i)(A)Methodsandobservationsthatmaybeusedtodetectthepresenceorreleaseofa hazardouschemical(suchasmonitoringconductedbytheemployer,continuousmonitoring devices,visualappearanceorodorofhazardouschemicalswhenbeingreleased,etc.); 
	(f)(4)(i)(B) The physical and health hazards of chemicals in the work area; and 
	(f)(4)(i)(C) The measures employees can take to protect themselves from these hazards, including specificprocedurestheemployerhasimplementedtoprotectemployeesfromexposureto hazardous chemicals, such as appropriate work practices, emergency procedures, and personal protective equipment to be used. 
	(f)(4)(ii)Theemployeeshallbetrainedontheapplicabledetailsoftheemployer'swrittenChemical Hygiene Plan. 
	(g) Medical consultation and medical examinations. (g)(1)Theemployershallprovideallemployeeswhoworkwithhazardouschemicalsanopportunity toreceivemedicalattention,includinganyfollow-upexaminationswhichtheexaminingphysician determines to be necessary, under the following circumstances: 
	(g)(1)(i)Wheneveranemployeedevelopssignsorsymptomsassociated with ahazardouschemical to which the employee may have been exposed in the laboratory,the employee shallbe provided an opportunity to receive an appropriate medical examination. 
	(g)(1)(ii)Whereexposuremonitoringrevealsanexposurelevelroutinelyabovetheactionlevel(or intheabsenceofanactionlevel,thePEL)foranOSHAregulatedsubstanceforwhichthereare exposure monitoring and medical surveillance requirements, medical surveillance shall be established for theaffected employee as prescribed by theparticular standard. 
	(g)(1)(iii)Wheneveraneventtakesplaceintheworkareasuchasaspill,leak,explosionorother occurrenceresultinginthelikelihoodofahazardousexposure,theaffectedemployeeshallbe providedanopportunityforamedicalconsultation.Suchconsultationshallbeforthepurposeof determining the need for a medical examination. 
	(g)(2) All medical examinations and consultations shall be performed by or under the direct supervisionofalicensedphysicianandshallbeprovidedwithoutcosttotheemployee,withoutloss of pay and at a reasonable time and place. 
	(g)(3)Informationprovidedtothephysician.Theemployershallprovidethefollowinginformation to thephysician: 
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	(g)(3)(i) The identity of the hazardous chemical(s) to which the employee may have been exposed; 
	(g)(3)(ii)Adescriptionoftheconditionsunderwhichtheexposureoccurredincludingquantitative exposure data, if available; and (g)(3)(iii)Adescriptionofthesignsandsymptomsofexposurethattheemployeeisexperiencing,if 
	any. (g)(4) Physician's written opinion. (g)(4)(i)Forexaminationorconsultationrequiredunderthisstandard,theemployershallobtaina 
	written opinion from the examining physician which shall include the following: (g)(4)(i)(A) Any recommendation for further medical follow-up; (g)(4)(i)(B) The results of the medical examination and any associated tests; (g)(4)(i)(C)Anymedicalconditionwhichmayberevealedinthecourseoftheexaminationwhich 
	mayplacetheemployeeatincreasedriskasaresultofexposuretoahazardousworkplace;and (g)(4)(i)(D)Astatementthattheemployee hasbeeninformedbythephysician oftheresultsofthe 
	consultation or medical examination and any medical condition that may require further examination ortreatment. (g)(4)(ii)Thewrittenopinionshallnotrevealspecificfindingsofdiagnosesunrelatedtooccupational 
	exposure. 
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	Campus 
	Name Phone Number 
	APPENDIX B: CONTACT LIST 
	APPENDIX B: CONTACT LIST 
	APPENDIX B: CONTACT LIST 

	Chemical Hygiene Officer 
	Chemical Hygiene Officer 

	Associate Chemical Hygiene Officer 
	Associate Chemical Hygiene Officer 

	Chemical Inventory Contact 
	Chemical Inventory Contact 

	Hazardous Materials Specialist 
	Hazardous Materials Specialist 

	Hazardous Materials Shipping Program Coordinator 
	Hazardous Materials Shipping Program Coordinator 

	Radiation SafetyOfficer 
	Radiation SafetyOfficer 

	Biological SafetyOfficer 
	Biological SafetyOfficer 

	LASER Safety Officer 
	LASER Safety Officer 

	EHS Officer 
	EHS Officer 

	Public Safety 
	Public Safety 
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	APPENDIX C: LABORATORY SAFETY RESPONSIBILITIES 
	General List ofResponsibilities 
	1. 
	1. 
	1. 
	It is theresponsibilityofthe P.I.s and laboratory supervisors to ensure thatpersonnelworkingin laboratoriesundertheircontrolarefamiliarwiththecontentsandlocationofthe ChemicalHygiene Plan,includinganylaboratoryspecificstandardoperatingprocedures(SOPs)andanydepartmentor college level laboratory safety manuals, policies, and procedures. (Section 1.1) 

	2. 
	2. 
	ItistheresponsibilityoftheP.I.sandlaboratorysupervisorstobeincompliancewithall federal,state,andlocalregulatoryrequirementsaswellaswithanyotherdepartment, college, or university-specific policies. (Section 1.2) 

	3. 
	3. 
	It is the responsibility of laboratory personnel to report malfunctioning protective equipment,suchasfumehoods,ormechanicalproblemstotheirB&GandcopybothEHSO and theirsupervisors assoon asanymalfunctionsarediscovered.(Section 2.1) 

	4. 
	4. 
	P.I.s, laboratory supervisors, departments, and colleges must establish minimum PPE requirementsforpersonnelworkinginand enteringtheirlaboratories. Besureto check withyourEHSO toseeifthereisanydepartmentorcollege-specificrequirementsforPPE. (Section 3.1) 

	5. 
	5. 
	Itisthe responsibility ofthe P.I.s andlaboratory supervisors toensure that laboratory staff have received the appropriate training on the selection and use ofproperPPE, thatproper PPEisavailableandingoodcondition,andlaboratorypersonneluseproperPPEwhen working in laboratories under their supervision. (Section 3.2) 

	6. 
	6. 
	Eye protection a mandatory requirement for all laboratory personnel, including visitors, working in or entering laboratories under their control for any laboratory were chemicals are used and/or stored. (Section 3.3) 

	7. 
	7. 
	In any laboratory where hazardous materials are handled (chemical, biological or radiological)laboratorypersonnel,studentsandvisitorstothelaboratorymustwear appropriateclothingforprotection. Legs,armsandtorsosmustbecovered andanyloose clothing must be pinned back or contained in a laboratory coat. (Section 3.5) 

	8. 
	8. 
	TheP.I.sandlaboratorysupervisorsmustrequiretheuseofclosed-toedshoesforall laboratorypersonnel,includingvisitors,workinginorenteringlaboratoriesandlaboratory support areas under their supervision. (Section 3.8) 

	9. 
	9. 
	ItistheresponsibilityoftheP.I.sandlaboratorysupervisorstoensurethatwrittenSOPs incorporatinghealth andsafetyconsiderationsaredeveloped forworkinvolvingtheuseof hazardous chemicals in laboratories under their supervision and that PPE and engineering controls are adequate to protect against exposure. In addition, P.I.s and laboratory supervisorsmustensurethatpersonnelworkinginlaboratoriesundertheirsupervision have been trained on those SOPs. (Section 4.1) 

	10. 
	10. 
	10. 
	Itis theresponsibilityof the P.I.sand laboratory supervisorstoensurethat laboratories under their supervision are maintained in a clean and orderly manner and that personnel working in the laboratory practice good housekeeping. 

	(Section 4.3) 

	11. 
	11. 
	ItistheresponsibilityoftheP.I.sandlaboratorysupervisorstoensurethatproceduresfor working alone are developed and followed by personnel working in laboratories under their supervision. (Section 4.6) 

	12. 
	12. 
	Itisthe responsibility ofthe P.I.s andlaboratory supervisors toensure that procedures for unattendedoperationsaredeveloped and followed bypersonnelworkinginlaboratories under their supervision. (Section 4.9) 

	13. 
	13. 
	Itisthe responsibility oftheDepartment Chairperson, P.I.,and/orlaboratory supervisorto restrictaccessofvisitorsandchildrentoareasundertheirsupervisionwhenpotential health and physical hazards exist. (Section 4.10) 

	14. 
	14. 
	Itistheresponsibilityoflaboratorypersonneltoactivate(flush)emergencyeyewash units once a week and test showers annually. (Section 5.4.1) 

	15. 
	15. 
	ItistheresponsibilityoftheP.I.sandlaboratorysupervisorstoensurethatallinjuriesare reported to campus officials through the use oftheircollege injury/illness reporting system. (Section 5.5) 

	16. 
	16. 
	ItistheresponsibilityoftheP.I.sandlaboratorysupervisorstoensurethatpersonnel working in laboratories under their supervision have been provided with the proper training, have received information about the hazards in the laboratory they may encounter,andhavebeeninformedaboutwaystheycanprotectthemselves.(Section6.0) 

	17. 
	17. 
	Itisthe responsibility ofP.I.s andlaboratory supervisors toensure that staff andstudents workinginlaboratoriesundertheirsupervisionhave obtained required healthand safety trainingandhaveaccesstoSDSs(andothersourcesofinformation)forallhazardous chemicals used in laboratories under their supervision. (Section 7.3) 

	18. 
	18. 
	While your EHSO can provide assistance in identifying circumstances when there should be priorapprovalbeforeimplementationofaparticularlaboratoryoperation,theultimate responsibilityofestablishingpriorapprovalprocedureslieswiththeP.I.orlaboratory supervisor. (Section 9.5) 

	19. 
	19. 
	ItistheresponsibilityofP.I.sandlaboratorysupervisorstonotifyEHSwhen newhazardous materials or work is being planned. 

	20. 
	20. 
	Itistheresponsibility ofP.I.sandlaboratorysupervisors tokeep currentandaccurate inventory of all hazardous chemicals in their laboratories. 

	21. 
	21. 
	It is the responsibility of the P.I.s and laboratory supervisors to ensure that personnel working in laboratories under their supervision are familiar with and follow hazardous chemical waste container requirements and have attended Chemical Waste Disposal training. (Section 10.0) 

	22. 
	22. 
	It is the responsibility of the P.I.s and laboratory supervisors to ensure that any employee workingundertheirsupervisionwho shipsorpreparesshipmentsofhazardous materials have received the proper training. (Section 11.0) 

	23. 
	23. 
	ItistheresponsibilityoftheP.I.sandlaboratorysupervisorstoensurethatallworkwith pesticidesatCUNYisconductedproperlyandlegally. Whenusingpesticidesinanondispersivemannerinalaboratorysetting,onemustfollowthesafetyrulesoutlinedinthe CUNY Laboratory Safety Manual. (Section 12.0) 
	-


	24. 
	24. 
	Itistheresponsibility ofthe P.I.s andlaboratorysupervisorstoensure thatbiologicalsafety cabinetswithinlaboratoriesundertheirsupervisionarecertifiedannually.(Section13.5.1) 

	25. 
	25. 
	Itisthe responsibility ofthe P.I.s andlaboratory supervisors with Class 3bor4LASERs in laboratoriesundertheirsupervisiontoensurethattheClass3bor4LASERshavebeen registeredwithyour EHSOffice, andthatemployeesusingthese LASERshavereceivedthe appropriate training. (Section15.0) 
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	Roles and Responsibilities 
	The following descriptions serve as an overview of the key roles chemical laboratory roles key for implementing the Chemical Hygiene Plan and Laboratory Safety Manual, assisting with safety and compliance and working with the campus EHS Office. 
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	Chemical Hygiene Officer(CHO) 
	Chemical Hygiene Officer(CHO) 

	TheroleoftheChemicalHygieneOfficer(CHO)istofacilitatetheimplementationofthecampus ChemicalHygienePlanaswellasthisLaboratorySafetyManualacrosscampuslabsandfacilities. The CHO also serves as a technical resource to the campus laboratory community. All campuses with laboratories must designate a CHO, in accordance with the Laboratory Standard. The Associate CHO, if so designated, will act in the absence of the CHO. The Chemical Hygiene Officer has a number of major duties 
	• 
	• 
	• 
	Workwithcampusstakeholderstoimplement,reviewannually,andmakeupdatesas needed to the Chemical Hygiene Plan and Laboratory Safety Manual. Keep senior administration informed. 

	• 
	• 
	Providetechnicalexpertiseregardinglaboratoryhealthandsafetywhereappropriate. 

	• 
	• 
	Communicateguidelinesforparticularlyhazardoussubstances, includingproperlabeling, handling,use,andstorageaswellastheselectionofpersonalprotectiveequipmentand spill-response equipment for laboratories using these substances. 

	• 
	• 
	Assist with review of academic research protocols and standard operating procedures developed by P.I.s and department personnel. 

	• 
	• 
	Coordinate the acquisition, installation, testing, and maintenance of fume hoods, emergency safety showers and emergency eyewashes in all laboratories where hazardous chemicals are used. 

	• 
	• 
	Conduct laboratory safety training for personnel and assist laboratory supervisors with hands-on training sessions for employees. 

	• 
	• 
	Review reports of laboratory incidents, accidents, chemical spills, and near misses, and recommend follow up action where appropriate. 

	• 
	• 
	Beawareofplanedrenovationsornewconstructionprojectsandprovideinformationabout code compliance and internal standards where appropriate. 


	LABORATORY SAFETYMANUAL 154 
	Deans, Directors, and Department Chairpersons 
	Deans, Directors, and Department Chairpersons 

	TheDeans,Directors,andDepartmentChairpersonsareresponsibleforlaboratorysafetywithin theirdepartment(s).Specificrolesandresponsibilitiesvaryfromcampustocampusbutingeneral involve the following: 
	• 
	• 
	• 
	Communicatetherequirements oftheLaboratorySafetyManualtofaculty,staff,temporary employees, visiting scholars, volunteers, and students working in laboratories within their units. 

	• 
	• 
	Assist with implementation of the Chemical Hygiene Plan. 

	• 
	• 
	Ensure that laboratory personnel adhere to proper health and safety protocols. 

	• 
	• 
	Directindividualstoobtainanyrequiredtrainingbeforeworkingwithhazardouschemicals, biohazardousagents, radiation, and/or other physical/mechanical hazards. 

	• 
	• 
	Help prioritize safety needs and equipment (e.g., engineering controls, training, protective equipment). 

	• 
	• 
	Ensure instances of noncompliance identified in safety audits are corrected promptly. 

	• 
	• 
	Encourage the formation of a college and/or department safety committee(s). 

	• 
	• 
	Keep Facilities Management, the Chemical Hygiene Officer, and/or the EHS Officer informed of plans for renovations or new laboratory construction projects. 

	• 
	• 
	Ensureproceduresforemergencyresponseareestablished, communicatedandupdated regularly. 

	• 
	• 
	Notifythe ChemicalHygiene Officerbefore afacultymemberretires orleaves sothatproper laboratory decommissioningoccurs. 

	• 
	• 
	EnsureparticipationininternalreviewsoflaboratoriesbycampusEHSasameansto regularly check performance against regulatory requirements and identify opportunities for improvement. 

	• 
	• 
	ReviewInternalAuditreportsprovidedbytheOfficeofEHSRM andsupportcampusefforts to address citations noted to improve compliance outcomes. 
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	Principal Investigators (P.I.s), Faculty, and Laboratory Supervisors 
	Principal Investigators (P.I.s), Faculty, and Laboratory Supervisors 

	P.I. s,faculty,andlaboratorysupervisorsareresponsibleforsafetyintheirresearchorteaching laboratories. Followtheguidelinesidentifiedwithinthismanual(seeAppendixC).Thesedutiescan bedelegatedtootherqualifiedpersonnelwithinthelaboratorybuttheresponsibilityremainswith the P.I., faculty or laboratory supervisor responsible for the area. 
	• 
	• 
	• 
	Implement and communicate all college and university safety practices and programs, including those found within the Laboratory Safety Manual. 

	• 
	• 
	Communicate roles and responsibilities of individuals within the laboratory. 

	• 
	• 
	Conducthazardevaluationsforlaboratoryproceduresandmaintainafileofstandard operating procedures documenting those hazards. 

	• 
	• 
	Ensure that specific operating procedures for handling and disposing of hazardous substancesarewritten,communicated,current,andfollowed,andthatlaboratorypersonnel havebeentrainedintheseoperating proceduresanduseproper controlmeasures. 

	• 
	• 
	Attendrequiredhealthandsafetytrainingandrequireallstaffandstudentsundertheir direction obtain and maintain required health and safety training. 

	• 
	• 
	Conduct and participate in inspections and Internal Audits with their laboratory employees. 

	• 
	• 
	Correctinstancesofnoncomplianceidentifiedallitemsidentifiedduringinspectionsina timely manner. 

	• 
	• 
	Verifyall appropriate engineering controls, including chemical fumehoodsand safety equipment,areavailableandingoodworkingorder. NotifyEHSwhensignificantchangesin chemical use may require a re-evaluation of the laboratory ventilation. 

	• 
	• 
	Establish andcommunicate procedures toidentify the potentialforandthe appropriate response to accidents and emergency situations. 

	• 
	• 
	ReportallincidentsandnearmissestotheirDirectororDepartment Chairperson, andfilea writtenInjury/IllnessReportwithEHSforeachinjuredpersonassoonasis possible. 

	• 
	• 
	Ensurethatlaboratorypersonnelunderyoursupervisionknowandfollowtheguidelinesand requirements contained within the Laboratory Safety Manual. 

	• 
	• 
	KeeptheDepartmentChairpersonandtheChemicalHygieneOfficerinformedofplansfor renovations or new laboratory construction projects. 
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	Laboratory Employees 
	Laboratory Employees 

	Laboratory employees are those personnel who conduct their work in a laboratory and are atrisk of possibleexposuretohazardouschemicalsonaregularorperiodicbasis. Thesepersonnelinclude laboratory technicians, instructors, researchers, visiting researchers, administrative assistants, graduate assistants, student aides, student employees, and part-time and temporary employees. All laboratory employees have safety duties: 
	• 
	• 
	• 
	ComplywithallUniversityhealthandsafetypracticesandprogramsbymaintainingsafe class, work, and laboratory areas that are free from hazards. 

	• 
	• 
	Follow the standard operating procedures forthe laboratory/laboratories in which you work andincorporatetherequirementsoutlinedinthisLaboratorySafetyManualintoeveryday practice. 

	• 
	• 
	Know the location of the Chemical Hygiene Plan 

	• 
	• 
	KnowhowtoaccessSafetyDataSheets(SDS)andensureSDSsarepresentforallnew chemicalsyoupurchase.(TheSDSeithershouldhavebeensentwiththeoriginalshipmentor be available online.) 

	• 
	• 
	ReviewtheSDSsforallchemicalsyouworkwithandcheckwithyourlaboratorysupervisor or P.I. if you ever have any questions. 

	• 
	• 
	Attend required health and safety training as designated by your supervisor. 

	• 
	• 
	Inform yoursupervisororinstructorofanysafetyhazardsandreportanyunsafe working conditions, faulty fume hoods, or other faulty emergency safety equipment. 

	• 
	• 
	Conducthazardevaluationswithyoursupervisorforallproceduresinthelaboratoryand maintain afile of standard operatingproceduresdocumentingthosehazards. 

	• 
	• 
	Know what to do in the event of an emergency situation. 

	• 
	• 
	Participate in laboratory self-inspections and EHS research area inspections. 


	Facilities Management 
	Facilities Management 

	FacilitiesManagementserves asan importantpartnerinlaboratoryoperation and safetyaswell asaconduitforinformation withregard tobuilding-wide issues. This includes coordinating routine 
	84
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	This department title varies across campuses. “Building and Grounds” is a common alternative. 
	84 

	LABORATORY SAFETYMANUAL 157 
	maintenanceissues, schedulingbuildingshutdowns, communicatingbuilding-widemaintenanceand repairs, and informing occupants of building system shutdowns. 
	Facilities Management departments have a number of laboratory safety responsibilities: 
	• 
	• 
	• 
	Complywithalluniversityhealthandsafetypracticesandprogramsbymaintainingcommon building areas as well as shops and workspaces safe and free from hazards. 

	• 
	• 
	Attend required health and safety training as designated by your supervisor. 

	• 
	• 
	Keepthe Department Chairperson, the Chemical Hygiene Officer, and/or EHS Officer informedofplansforrenovationsornewlaboratoryconstructionprojectsandthe laboratory needs of new faculty and staff. 

	• 
	• 
	Ensurethatticketrequestsforsafetyequipment,suchasfumehoodsandemergency eyewash/showers, and other laboratory equipment are processed in a timely manner. 

	• 
	• 
	Ensurethatrequestsrelatedtobuilding-widelaboratorysafetyissuesfromtheEHSOffice are addressed. 

	• 
	• 
	Maintain awarenessofbuildingissuesthatcouldimpactthehealthandsafetyoflaboratory personnel and contact the EHS Office whenever health and safety issues occur in laboratories. 

	• 
	• 
	Know procedures in the event of an emergency situation. 

	• 
	• 
	Assist emergency responders by serving as a resource for control of building control systems (ventilation, turning off water main, etc.). 
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	APPENDIX D: STANDARD OPERATING PROCEDURES (SOPs) -RESOURCES 
	The following links are examples of SOPs from other university websites: 
	*Disclaimer: The accuracyoftheinformation contained withintheselinksandSOPshasnotbeen verified. Itistheresponsibilityofthelaboratorypersonneltoensureaccuracy. Theselinksare beingprovidedonlyasexamples.EachlaboratoryshouldwriteanSOPthatisspecifictotheir processes and procedures and compliant with CUNY guidelines. 
	• 
	• 
	• 
	A list of SOP examples and resources on the web from the 
	University of Maryland 


	• 
	• 
	The SOP library (with numerous examples) from the 
	University of California -Irvine 


	• 
	• 
	Thewebpage(withanumberofexamplesandincludinga blank form) 
	MichiganStateUniversitySOP


	• 
	• 
	• 
	Example ofachemical specific information sheet type SOP (generic –notlaboratory specific) 

	– 
	University of California, Irvine 


	• 
	• 
	Ablanktemplate forchemical specific orchemical group SOP 
	-University ofCalifornia, Irvine 


	• 
	• 
	AnexampleofachemicallistSOP (generic –notlaboratoryspecific)
	Universityof Pennsylvania 



	Standard Operating Procedures FactSheet 
	The OSHA Laboratory Standard requires that Chemical Hygiene Plans include specific elements and measurestoensureemployeeprotectioninthelaboratory.OnesuchrequirementisStandard Operating Procedures (SOPs) “relevant tosafetyandhealth considerations tobefollowed when laboratoryworkinvolvestheuseofhazardouschemicals”.Thisisespeciallythecaseifyour laboratory operations include the routine use of "select carcinogens,' reproductive toxins and substances which have a high degree of acute toxicity”. 
	Standard Operating Procedures can be stand-alone documents or supplemental information includedaspartofresearchnotebooks,experimentdocumentation,orresearchproposals.Thekey ideawith laboratorieshavingstandard operatingproceduresistoensurea processisinplace, so thatanexperimentiswellthoughtoutandincludesandaddressesrelevanthealth andsafetyissues. 
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	At a minimum, SOPs should include details such as: 
	• 
	• 
	• 
	The chemicals involved and their hazards. 

	• 
	• 
	Special hazards andcircumstances. 

	• 
	• 
	Use of engineering controls (such as fume hoods). 

	• 
	• 
	Required personal protectiveequipment. 

	• 
	• 
	Spill and emergency response measures. 

	• 
	• 
	Waste disposal procedures. 

	• 
	• 
	Decontamination procedures. 

	• 
	• 
	Description of how to perform the experiment or operation. 


	While the OSHA Laboratory Standard specifies the requirement for SOPs for work involving hazardous chemicals, laboratories should also develop SOPs for use with any piece of equipment or operation that may pose any physical hazards. Examples include: 
	• 
	• 
	• 
	Safe use and considerations of lasers. 

	• 
	• 
	Use of cryogenic liquids and fill procedures. 

	• 
	• 
	Connecting regulators to gas cylinders and cylinder change outs. 

	• 
	• 
	Use of equipment with high voltage. 


	Standard Operating Procedures do not need to be lengthy dissertations and it is perfectly acceptable topoint laboratory personnel toothersources Example toinclude as part of the SOPs can be: 
	ofinformation.An 

	“Tousethispieceofequipment,seepage4intheoperator’smanual(locatedinfilecabinet 
	#4).” 
	EH&ScanassistlaboratoriesindevelopinggeneralandspecificSOPsforchemicalusein laboratories. Due to the large variety of research and the number of laboratories, it is the responsibilityofeachlaboratoryP.I.,anddepartment,toensurethatSOPsaredeveloped andthe practicesandproceduresareadequatetoprotecttheirlaboratoryworkerswhousehazardous chemicals. 
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	Standard Operating Procedure Template 
	Read the Standard Operating Procedures Fact Sheet before filling outthis form.Print outthe completed form and keep a readily accessible hard copy in the laboratory and submit an electronic copy to the EHS Office. Keeping an electronic copy also is highly recommended. 
	– Identity 
	Cover Page 

	College Name andLogo 
	College Name andLogo 
	College Name andLogo 

	Date: 
	Date: 

	SOP Title: 
	SOP Title: 

	Principal Investigator: 
	Principal Investigator: 

	Department: 
	Department: 

	Room and Building: 
	Room and Building: 

	PrimaryPhoneNumber: 
	PrimaryPhoneNumber: 


	– Process or Experiment Description 
	Section 1 

	Provide a brief description of your process or experiment, including its purpose. Do not provide a detailed sequential description as this will be covered in section #15 of this template. 
	– Hazardous Substances List substances used. Include substance name (in full), common name and abbreviation. 
	Section 2 

	SubstanceName CommonName Abbreviation Comments 
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	– Potential Hazards 
	Section 3 

	List substances used. Include substance name (in full), common name and abbreviation. 
	Describethepotentialhazardsassociatedwiththesubstancesortheprocedure.)Examplesinclude: 
	1. 
	1. 
	1. 
	Substance hazards such as carcinogenic, irritant, corrosive, acutely toxic 

	2. 
	2. 
	Reproductive hazards such as teratogens or mutagens 

	3. 
	3. 
	Allergies or substance sensitivities that may be associated with the substance 

	4. 
	4. 
	Physicalhazards such as reactive, unstable, pyrophoric, implosion, exothermic, use of high energy equipment. 

	5. 
	5. 
	Exposure to infectiousagents 


	– Routes of Exposure 
	– Routes of Exposure 
	Section 4 

	– Approval 
	Section 5 


	Asapplicable,describethepotentialroutesofexposureassociatedwiththeproceduresuchas inhalation, injection and skin/eye contact. 
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	Usewillbelimitedtothefollowingpersonnel(checkallthat apply): 
	Table
	TR
	Yes 
	No 

	Principal Investigator 
	Principal Investigator 
	TD
	Figure

	TD
	Figure


	Graduate students 
	Graduate students 
	TD
	Figure

	TD
	Figure


	Technical staff 
	Technical staff 
	TD
	Figure

	TD
	Figure


	Post-doctoral employees 
	Post-doctoral employees 
	TD
	Figure

	TD
	Figure


	Undergraduates 
	Undergraduates 
	TD
	Figure

	TD
	Figure


	Other (describe) 
	Other (describe) 
	TD
	Figure

	TD
	Figure



	– Training 
	Section 6 

	Training requirements: The user should demonstrate competency and familiarity regarding the safe handling and use of this material prior to purchase. 
	Training should include the following: 
	• 
	• 
	• 
	Review of currentSDS 

	• 
	• 
	Review of the OSHA Laboratory Standard 

	• 
	• 
	Review of the Chemical Hygiene Plan 

	• 
	• 
	Review CUNY Laboratory Manual 

	• 
	• 
	Laboratory safety training (EH&S) 

	• 
	• 
	Special training provided by the department/supervisor 

	• 
	• 
	Review of the departmental safety manual 

	• 
	• 
	Safety meetings and seminars 

	• 
	• 
	Review of user manuals for equipment related to SOPs 
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	– Personal Protective Equipment 
	Section 7 

	Allpersonnelarerequiredtowearthefollowingpersonalprotectiveequipmentwheneverhandlingthis material or equipment (check all that apply): 
	Safety glasses 
	Safety glasses 
	Safety glasses 
	TD
	Figure


	Chemical safety goggles Face shield 
	Chemical safety goggles Face shield 
	TD
	Figure


	Gloves (type) 
	Gloves (type) 
	TD
	Figure


	Laboratory coat 
	Laboratory coat 
	TD
	Figure


	Rubber coat 
	Rubber coat 

	Other (describe) 
	Other (describe) 
	TD
	Figure



	– Designated Area 
	Section 8 

	Designated work area(s) -Required whenever carcinogens, highly acutely toxic materials, or reproductivetoxinsareusedtominimizepossiblesourcesofexposuretothesematerials. 
	Materials used inthisprocessoroperation arerestricted tothefollowingdesignatedareasinthe laboratory. 
	Check all that apply: 
	Demarcated area in lab 
	Demarcated area in lab 
	Demarcated area in lab 
	TD
	Figure

	(describe) 

	Fume hood 
	Fume hood 
	(identify) 

	Glove box 
	Glove box 
	TD
	Figure

	(identify) 

	Other 
	Other 
	TD
	Figure

	(describe) 
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	Section 9 –Storage Requirements 
	Materials will be stored according to compatibility and label recommendations in a designated area. 
	Describe storage requirements for all hazardous materials, especially for highly toxic, highly reactive/unstable materials, highly flammable materials, and corrosives. 
	Figure
	Section 10 – Special Handling Procedures 
	Section 10 – Special Handling Procedures 
	Section 10 – Special Handling Procedures 

	Describe spfor highly t
	Describe spfor highly t
	ecialhandling requirements forhazardous materials used in yourprocedure, especially 

	oxic, highly reactive or unstable, highly flammable, and corrosives materials. 
	oxic, highly reactive or unstable, highly flammable, and corrosives materials. 


	Section 11 – Engineering Controls 
	Section 11 – Engineering Controls 
	Section 11 – Engineering Controls 

	Guidance opeer-reviewyour proceAs applicablExamples include: 1. Use 2. Special ventilation 3. HEP4. 5. 6. Ben7. Special signage 8. Safe 9. Oth
	Guidance opeer-reviewyour proceAs applicablExamples include: 1. Use 2. Special ventilation 3. HEP4. 5. 6. Ben7. Special signage 8. Safe 9. Oth
	n Engineering and Ventilation Controls – Consult SDS and review safety literature and 

	ed journal articles to determine appropriate engineering and ventilation controls for 
	ed journal articles to determine appropriate engineering and ventilation controls for 

	ss or experiment. Guidance is available from the EHS Office. 
	ss or experiment. Guidance is available from the EHS Office. 

	e, describe the engineering controls used for the procedure. 
	e, describe the engineering controls used for the procedure. 

	of fume hoods or glove boxes 
	of fume hoods or glove boxes 

	A filtered vacuumlines 
	A filtered vacuumlines 

	Non-reactive containers 
	Non-reactive containers 

	Temperature control 
	Temperature control 

	ch paper, pads, plastic-backed paper 
	ch paper, pads, plastic-backed paper 

	sharp devices 
	sharp devices 

	er safety devicesused 
	er safety devicesused 
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	For hazardous material spills or releases which have impacted the environment (via the storm drain, soil, or air outside the building) or for a spill or release that cannot be cleaned up by local personnel take these two steps. (Insert contact numbers below and keep current.) 1. Notify the following a. Public Safety b. EHS Office c. EHSRM (646) 664-2854 
	Section 12 – Decontamination 
	Section 12 – Decontamination 


	2. Providelocalnotifications:Identifytheareamanagementstaffthatmustbecontacted and includetheirwork and home numbers.Thisinclude the principalinvestigatorand may include the laboratory safety coordinator. [DELETE PRECEDING GUIDANCE TEXT WHEN COMPLETE] 
	must 
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	Small Spills Cleanup: 
	Intheevent ofaminorspillorreleasethatcanbecleanedupbytrainedlocalpersonnelusingreadily available equipment the following steps may apply. Additional information specific to the campus should be added below. 
	•
	•
	•
	 Notify personnel in the area and restrict access. 

	•
	•
	 Review the SDS for the spilled material, or use your knowledge of the hazards of the material to determine the appropriate level of protection. 

	•
	•
	 Wearing appropriate personal protective equipment, clean up spill. 

	•
	•
	 Collect in a compatible container, properly labeled, and ensure container is securely closed. 

	•
	•
	 Manage spill cleanup debris as hazardous waste. 


	Clean up work area and laboratory equipment. 
	Describe specific cleanup procedures for work areas and laboratory equipment that must be performed after completion of your process or experiment. For carcinogens and reproductive toxins, designated areas must be immediately wiped down following each use. 
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	– Exposure: Emergency procedures to be followed (from SDS): 
	Section 13 

	--Symptoms: 
	Skin/eye contact

	FirstAid:Flusheyeswithplentyofwaterforatleast15minutes,occasionallyliftingtheupperand lowerlids.Getmedicalaid.Flushskinwithplentyof soapandwaterforatleast15minuteswhile removingcontaminatedclothingandshoes.Getmedicalaidifirritationdevelopsorpersists. Eyewash stations should not be used following injury with a known metal or similarly rigid solid fragment. In this event, seek immediate medical attention. 
	--Symptoms: 
	Inhalation

	FirstAid: Remove from exposure to fresh air immediately. Ifnotbreathing give artificialrespiration. If breathing is difficult, give oxygen. Get medical aid. 
	– Waste Disposal 
	Section 14 

	Collect the hazardous waste in a container that is compatible with the waste. Tightly cap and label the container. Use preprinted hazardous waste labels to label all hazardous waste containers. Keep hazardous waste containers in secondary containment traysin the satellite accumulation area. 
	Chemical Waste Generated Chemical Name State Non-Hazardous Hazardous If hazardous what is/are the hazard/s? Howisthewaste managed? Solid Liquid Slurry 
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	Foreach step’sdescription, include any step-specific hazard, personalprotective equipment, 
	engineering controls, and designated work areas in the left hand column. 
	– Process Steps 
	– Process Steps 
	– Process Steps 
	Section 15 


	Process Steps 
	Process Steps 
	Safety Measures 

	1. 
	1. 

	2. 
	2. 

	3. 
	3. 

	4. 
	4. 

	5. 
	5. 

	6. 
	6. 

	7. 
	7. 

	8. 
	8. 

	9. 
	9. 

	10. 
	10. 
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	Type of training 
	Training Documentation 

	Name (Printed) 
	Name (Printed) 
	Name (Printed) 
	Signature 
	Date 


	Prepared by: Date: Reviewed/Revised: A copy of the completed SOP must be filed with your EHS Office 
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	APPENDIX E: LABORATORY MOVE GUIDE 
	This document provides general guidance tothose laboratory personnel preparing to move their laboratoryworktoanothertechnicalfacilityortoanewfacility. Movingaresearchlaboratorycan be acomplex process with multiple stakeholders,especially ifhazardous materials are involved. However,thestepsoutlinedbelowcanhelptoensureasafeandsmoothtransition. Preparation prior to the move is key. If you are moving your laboratory and have specific questions, contact your EHSO. 
	GENERAL CONSIDERATIONS 
	• 
	• 
	• 
	Once you have made the decision tomove yourlab, inform yourEHSO assoon aspossible andwellinadvance ofyourplanned move. Your EHSO can help provide usefulinformation andresourcestohelpfacilitatethemovingprocess. Ifyouwillbemovingtoanotherfacility, identify and contact the new EHSO about the move. 

	• 
	• 
	Whencleaning up your oldlab, pleasebeconsiderateof thenextoccupantsas well as custodialstaff,maintenanceworkers,andanyremaininglaboratorystaff.Ensurethatall items are removed from the laboratory (or scheduled to be removed), including items in drawers, cabinets, fume hoods, refrigerators, and freezers. 

	• 
	• 
	Keepinmindthevalueoflimitedlaboratoryspacewhencleaningoutyouroldlab.Nowis the time to discard old equipment, paper, boxes, laboratory supplies and other materials thathave notbeenusedin a longtime(and will notbeused intheforeseeablefuture). Check with yourEHSO regarding any surplusequipment orfurniture you plan todiscard. They may be needed elsewhere or require special disposal. 

	• 
	• 
	Beforetheactualmoveoccurs,visitthenewfacilityandidentifywhereequipmentfromthe old facility can beplaced. Check electrical,water,gas,ventilation andspace requirements for your equipment, including any new items, and processes. Conducting this type of preplanning will greatly facilitate the moving process. 

	• 
	• 
	When moving equipment and materials to anewfacility, keep in mind that no equipment, boxes,orothermaterialsmaybestoredinhallways,stairwells,orotheregresspointsused in the event of a fire or other emergency. If you do need to temporarily store these items in thehallway,pleasecontactyourEHSO soproperarrangements canbemade. Allitemsmust beremovedfromthehallwaysbytheendofeachday. Atnotimemaydangerousmaterials, thosepresentingchemical,biological,radiologicalorphysicalhazards,beleftinthehallways unattended. 

	• 
	• 
	Identify the location of emergency eyewashes and safety showers, fire extinguishers, and othersafetyequipment(spillkitetc.)beforebringinghazardousmaterialstothenewlab. Donotblock accesstoemergency eyewashes andsafety showers atanytime. Donotstack boxes under or around emergency eyewashes or safety showers, even on a temporary basis. 

	• 
	• 
	Ifappropriatefireextinguishersarenotpresentinthenewfacilityorhavenotbeenregularly inspected,alert your EHSOimmediately. Ifyou havenotbeentrained intheuseoffire extinguishers, you can obtain this training from your EHSO. 

	• 
	• 
	Forlaboratorieswithfumehoods,keepinmindthatfumehoodscomein avarietyofdesigns andcan functiondifferentlythanhoodsatyour oldfacility. Familiarize yourself withthe newhoodsbeforeconductinganyworkinvolvinghazardousmaterials.Aswithsafety equipment,accesstofumehoodsmustnotbeblockedatanytimeduringthemove. 

	• 
	• 
	As part of your move, update your standard operating procedures. 

	• 
	• 
	Atthecompletionofyourmove,returnallkeystotheoldfacilitytoyourDepartment,Public Safety, locksmith or other responsible party and provide them with your contact information at your new facility in case questions arise after your move. 
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	CHEMICALS 
	• 
	• 
	• 
	Before preparing to move chemicals to your new lab, inventory all of your chemicals or update your current chemical inventory. 

	• 
	• 
	Moveonlythosechemicalsneededforyourresearchatthenewfacilityorthosechemicals you expecttouse inthenearfuture. Allother chemicals thatcannotor willnot be usedin thenewfacilityshouldbedisposedofproperly. Allocateenoughtimetomanagethistask. For chemicals that are not being moved and are in good condition, i.e. properly labeled, with intactcapsandcontainers,contactyourEHSO. Someoneinyourdepartmentmaybeableto usethechemicalsorthechemicalscouldbeincludedinacampuschemicalrecycling/surplus program. 

	• 
	• 
	Donotmove containersofchemical wastes toyour newfacility. Contact the EHS Office for properdisposalofanyhazardouswastes. TheEHSO canprovideassistancewithmaking wastedeterminationsincludinghazardouswaste,universalwaste,biomedicalwaste, radioactive waste, and non-hazardous waste. 

	• 
	• 
	• 
	Onlytrainedlaboratoryworkersmaymovechemicals. Anyhighlytoxicorhazardous chemicalsshouldbemovedonlybypersonnelwhohavereceivedspecialtraining. When 

	movinghighlytoxicorhighlyhazardous chemicals,itisrecommendedtousea"buddy system" in the event of a spill or other emergency. 

	• 
	• 
	When moving chemicals, be sure all containers are properly labeled and securely closed. Pleasenotethat there are specialregulations associated withtransporting hazardous chemicals off campus. When packaging chemicals, use a packing material (such as vermiculite, ground corn cobs, shipping peanuts, cardboard, or absorbent clay) that is compatiblewiththechemicalsbeingpackedandinamannertopreventbottlebreakage during transport. Only place compatible chemicals in the same container anddo not overload containers.

	• 
	• 
	Whentransportingchemicals, itisbesttousecartswithlipsortraystopreventcontainers frombeingknockedorslidingoff. Otheritemsthatareusefulfortransportincluderubber bottle carriers, five gallon pails, or other forms of secondary containment. 

	• 
	• 
	When movingchemicals, wearappropriate PPE such as safetyglasses(splash goggles for corrosives),laboratorycoat,andgloves. Remembertoremovegloveswhentouchingdoor knobs,latches,andelevatorbuttons. Ifpossible,avoid using passenger elevators. Ifyou mustuse a passenger elevator, request that no passengers ride along with you. 

	• 
	• 
	After removing allchemicals andwaste from your old laboratory, ensure that all spills have been cleanedup.Allpotentiallycontaminated surfacesshould be cleanedthoroughlywith wateranddetergent. Thisincludesbenchtops,fumehoods,storagecabinets,anddrawers (both inside and outside), shelving, and the outside of large equipment that is scheduled to be moved. Remember to clean out refrigerators and freezersthoroughlyand defrost freezers. Pleasekeepinmindthenextimmediateoccupantsofyouroldlaboratorywillbe custodiansa

	• 
	• 
	Whenstoringchemicalsinyournewlab,remembertosegregateandstorechemicals accordingtohazardclass. Tohelppreventspills,usesomeformofsecondarycontainment, such as trays, buckets, or bottle carriers, when storing chemicals. 
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	COMPRESSED GAS CYLINDERS 
	• 
	• 
	• 
	Beforemovingtoyournewfacility,besuretomakearrangementsfortheremovalofany compressedgascylindersthatareemptyorwillnolongerbeused.ContactyourEHSO ifyou need assistance. 

	• 
	• 
	Beforemovinganycompressedgascylinders,removetheregulatorandreplacethesafety capoverthecylindervalve. Useanappropriatecylinderhandcarttomovecompressedgas cylinders. Do not attempt to "roll" cylinders from one area to another. 

	• 
	• 
	Any compressed cylinders containing highly toxic or highly reactive gases should only be moved by staff with special training in the use and hazards of these materials. 

	• 
	• 
	Once a compressed gas cylinders has been moved secure them with a chain (preferred) or strapimmediately. Donotleavecompressedgascylindersunsecuredforanyperiodoftime, even temporarily. 

	• 
	• 
	Anynewgasdistributionsystems,using metalorplastictubing, mustbepressuretested (leaktested)beforeuse. Allcylindersmusteitherhavearegulatorifitisinuseoracapifit is being stored. 
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	BIOHAZARDOUS MATERIALS 
	• 
	• 
	• 
	Allbiohazardous materialsmustbeproperlypackaged andmovedonlybyproperlytrained laboratory staff. Non-laboratory personnel (including moving company staff) or untrained laboratory personnel are not permitted to move biohazardous materials. 

	• 
	• 
	Allpotentiallycontaminatedequipmentandsurfaces,suchasbenchtops,fumehoods, storage cabinets and drawers (both inside and outside), shelving, refrigerators, freezers, incubators,andtheoutsideoflargeequipmentthatisscheduledtobemovedbyamoving company/college personnel, must be thoroughly decontaminated. Please be considerate of the health and safety of future occupants by thoroughly cleaning up any potentially hazardous (chemical, biological, and radiological) contamination. 

	• 
	• 
	Before moving to the new facility, dispose of all biohazardous waste properly. 

	• 
	• 
	Keepinmindthatcertaintypesofresearch,suchasthatwithrecombinantDNAandsome pathogens,mayneedtohavepriorapprovalorregistrationforuseatyournewlocation. Checkwiththeappropriatecollegeoruniversitycommitteewellinadvanceofyourmoveto see if prior approval is required. 

	• 
	• 
	IfyouarehavingaBiosafetyCabinet(BSC)movedtoyournewlocation,thoroughly decontaminateboththeinsideandoutsideofthecabinetbeforethemove. Youwillalso needtohavetheBSC recertified byathirdpartyonceithasbereinstalledat thenew location. Check with the manufacturers guidelines before moving your BSC. 
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	RADIOACTIVE MATERIALS 
	PLEASENOTE: AllofthefollowingstepsmustbecoordinatedthroughtheappropriateEHSstaff memberor RadiationSafetyOfficer(RSO)andadvancenotificationofyourplannedmoveis required. 
	• 
	• 
	• 
	No space may be occupied forthe use ofradioisotopes untilthe area hasbeen setup by the RSO. Please contact your EHS office for more information. 

	• 
	• 
	Any equipment to be handled by movers must be certified as contamination free before being moved. 

	• 
	• 
	Onlyproperlytrainedstaffmay move radioactive materialsorsmallequipmentused with radioactivematerials. All materials must be properly packaged and shielded. 

	• 
	• 
	Before yourplanned move,properlydispose ofanyradioactive waste. Donotbring full containers of radioactive waste to your new lab. 

	• 
	• 
	Allvacated rooms mustbecertifiedbytheRSO ascontamination free before they are turned over to custodians, maintenance workers, or new laboratory occupants. 


	DECOMMISSIONING FACILITIES AND EQUIPMENT 
	Laboratory renovations may require more formal decommissioning procedures of both facilities and equipment depending on the extent of renovation and the past use of the space. General decommissioning procedures include 
	• 
	• 
	• 
	Standardized processes, strategies, and validation methods for screening and characterization of hazardous debris and other regulated waste streams and for compliance with hazardous wasteregulations 

	• 
	• 
	Strategies tominimize the generation ofregulated wastes,toencourage on-site use of decontamination technologies when applicable, and to maximize recycling/recovery of materials 

	• 
	• 
	Cost-benefit analysis of decontamination and recycling versus disposal without decontamination 
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	Areas and materials of concern for decommissioning of facilities and equipment include 
	• 
	• 
	• 
	Asbestos containing materials including butnotlimited tofloor tiles, insulation, fireproofing, and fume hoodpanels 

	• 
	• 
	Chemical and biological contamination and/or spills 

	• 
	• 
	Fluorescent light bulbs 

	• 
	• 
	Fume hood surfaces 

	• 
	• 
	Gas cylinders and lecture bottles 

	• 
	• 
	Lead shielding 

	• 
	• 
	Mercury sources including sink traps, thermometers, and switches 

	• 
	• 
	PCBs found in window caulking, transformers, and ballasts 

	• 
	• 
	Perchloric acid hoods 

	• 
	• 
	Reaction chambers 

	• 
	• 
	RCRA heavy metals 

	• 
	• 
	Unknown chemicals 

	• 
	• 
	Vacuum pumps 

	• 
	• 
	Electronic equipment such as CRT monitors, computers, UPS etc. 


	SPECIFIC ROLES AND RESPONSIBILITIES FOR DECOMMISSIONING ACTIVITIES 
	EHS roles/responsibilities 
	EHS roles/responsibilities 

	• 
	• 
	• 
	Initial EHS assessment 

	• 
	• 
	Technical guidance andadvice 

	• 
	• 
	Advise on decontamination and hazardous chemical and biohazardous waste disposal 

	• 
	• 
	Ensure compliance with applicable laws, regulations, policies, and guidelines 

	• 
	• 
	Provide continuous EHS related updates ofthe plan orprojectonthe basisofnewevidence, findings, or information 

	• 
	• 
	Provide continual review of project decommissioning as new information is obtained 

	• 
	• 
	Review appropriate risk assessment 


	Research staff members’roles/responsibilities 
	Research staff members’roles/responsibilities 

	• 
	• 
	• 
	Contributeto EHSunderstanding ofneeds, concerns, and issues regardinglaboratory decommissioning 

	• 
	• 
	Provide EHS with historical information regarding biohazardous materials, radioactive materials, and hazardous chemical usage for decontamination analysis 

	• 
	• 
	Identify andlabel materials (both biological andchemical) andcreate aninventory tobe submitted to EHS 

	• 
	• 
	Segregatechemicalsinaccordancewithcompatibilityandpackthemintoasturdy container/boxfortransportation. EHScanprovideresearchgroupswithinformationand assistance with segregation and proper packagingof hazardous chemicals 

	• 
	• 
	Cleanworkandstoragesurfaceswithsoap andwater,giving specialattentiontoareaswith visible contamination 

	• 
	• 
	Identifybiologically/chemicallycontaminatedarea(s)thatcannotbecleanedandworkwith EHS to facilitate decontamination of the area(s). 
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	Additional guidance on decommissioning procedures can be found in the ANSI standard – Z9.112008 – Laboratory Decommissioning. If you have additional questions orwould like more information, please contact your EHSO. 
	-

	SUMMARY 
	In conclusion, the above steps are ways laboratory staff can ensure that a planned move to a new facilitygoessmoothly. Theguidelinesmentionedaboveandthefollowingkeypointswillhelpto provide a safe and successful transition to your new laboratory facility 
	• 
	• 
	• 
	Plan the move well in advance, including providing proper notification where required 

	• 
	• 
	Pre-plan where items and equipment in your new laboratory will be placed before you begin the move 

	• 
	• 
	Take advantage ofthe move todispose ofold ordiscontinued items,equipment, and chemicals 

	• 
	• 
	Keep your current (and new) EHSO informed of the progress of the move 

	• 
	• 
	Contact your EHSO if you have any questions 

	• 
	• 
	Once in your new lab, check with Facilities Management to find out about any building specific procedures. 

	• 
	• 
	Pleasebecourteoustothenewoccupantsofyouroldlab. Leaveyouroldlaboratoryinthe condition you want your new laboratory to be in when you arrive 
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	Material 
	Material 
	Material 
	General Resistance 

	Natural Rubber Latex*** (See note below) 
	Natural Rubber Latex*** (See note below) 
	Resistant to ketones, alcohols, caustics, and organic acids. 

	Neoprene 
	Neoprene 
	Resistant to mineral acids, organic acids, caustics, alcohols, and petroleum solvents. 

	Nitrile 
	Nitrile 
	Resistant to alcohols, caustics, organic acids, and some ketones. 

	Norfoil 
	Norfoil 
	Rated for chemicals considered highly toxic and chemicals that are easily absorbed through the skin. These gloves are chemically resistant to a wide range of materials that readily attack other glove materials. These gloves are not recommended for use with Chloroform 

	Polyvinyl chloride (PVC) 
	Polyvinyl chloride (PVC) 
	Resistant to mineral acids, caustics, organic acids, and alcohols. 

	Polyvinyl alcohol (PVA) 
	Polyvinyl alcohol (PVA) 
	Resistant to chlorinated solvents, petroleum solvents, and aromatics. 
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	Chemical 
	Chemical 
	Chemical 
	Incidental Contact 
	Extended Contact 

	Acetic acid 
	Acetic acid 
	Nitrile 
	Neoprene, Butyl rubber 

	Acetic anhydride 
	Acetic anhydride 
	Nitrile (8 mil), double glove 
	Butyl rubber, Neoprene 

	Acetone 
	Acetone 
	1Natural rubber (Latex) (8 mil) 
	Butyl rubber 

	Acetonitrile 
	Acetonitrile 
	Nitrile 
	Butyl rubber, Polyvinyl acetate (PVA) 

	Acrylamide 
	Acrylamide 
	Nitrile, or double Nitrile 
	Butyl rubber 

	bis-Acrylamide 
	bis-Acrylamide 
	Nitrile 

	Alkali metals 
	Alkali metals 
	Nitrile 

	Ammonium hydroxide 
	Ammonium hydroxide 
	Nitrile 
	Neoprene, Butyl rubber 

	Arsenic salts 
	Arsenic salts 
	Nitrile 

	Benzotriazole, 1,2,3
	Benzotriazole, 1,2,3
	-

	Nitrile 

	Bismuth salts 
	Bismuth salts 
	Nitrile 

	Butanol 
	Butanol 
	Nitrile 
	Nitrile, Butyl rubber 

	Butyric acid 
	Butyric acid 
	Nitrile 
	Butyl rubber, Neoprene 

	Cadmium salts 
	Cadmium salts 
	Nitrile 

	Carbon disulfide 
	Carbon disulfide 
	Nitrile (8 mil), double glove, or 15 mil or heavier 
	Viton, Polyvinyl acetate (PVA) 

	Carbon tetrachloride 
	Carbon tetrachloride 
	Nitrile (8 mil), double glove, or 15 mil or heavier 
	Viton 

	Catechol 
	Catechol 
	Nitrile 

	Chloroform 
	Chloroform 
	Nitrile (8 mil), double glove, or 15 mil or heavier 
	Viton, Polyvinyl acetate (PVA) 

	Chlorosulfuron 
	Chlorosulfuron 
	Nitrile 

	Chromium salts 
	Chromium salts 
	Nitrile 

	Cobalt chloride 
	Cobalt chloride 
	Nitrile 
	Nitrile 

	Cobalt salts 
	Cobalt salts 
	Nitrile 

	Copper (Cupric) sulfate 
	Copper (Cupric) sulfate 
	Nitrile 

	Cyrogenic liquids 
	Cyrogenic liquids 
	Cryogloves 

	3,3’-Diaminobenzidine (DAB) 
	3,3’-Diaminobenzidine (DAB) 
	Nitrile 
	Nitrile, double glove 

	Diazomethane in Ether 
	Diazomethane in Ether 
	Nitrile (8 mil), double glove, or 15 mil or heavier 
	Norfoil 

	Dichloromethane 
	Dichloromethane 
	Nitrile (8 mil), double glove 
	Polyvinyl acetate (PVA) or Viton 

	2,4-Dichlorophenoxy acetic acid 
	2,4-Dichlorophenoxy acetic acid 
	Nitrile 

	Diethyl pyrocarbonate 
	Diethyl pyrocarbonate 
	Nitrile 
	Nitrile, double glove 

	Dimethyl sulfoxide 
	Dimethyl sulfoxide 
	1Natural rubber (15-18mil) 
	Butyl rubber 


	If you are allergic to natural rubber products, you may double glove with 8 mil Nitrile gloves 
	1 
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	Chemical 
	Chemical 
	Chemical 
	Incidental Contact 
	Extended Contact 

	Dithiothreitol 
	Dithiothreitol 
	Nitrile 

	1,4-Dioxane 
	1,4-Dioxane 
	Nitrile (8 mil), double glove, or 15 mil or heavier 
	Butyl rubber 

	Ethanol 
	Ethanol 
	Nitrile 

	Ethidium bromide (EtBr) 
	Ethidium bromide (EtBr) 
	Nitrile 
	Nitrile, double glove 

	Ethyl acetate 
	Ethyl acetate 
	Nitrile (8 mil), double glove 
	Butyl rubber, PVA 

	Ethyl ether 
	Ethyl ether 
	Nitrile (8 mil), double glove, or 15 mil or heavier 
	Polyvinyl acetate (PVA) 

	Formaldehyde 
	Formaldehyde 
	Nitrile 

	Formamide 
	Formamide 
	Nitrile 
	Butyl rubber 

	Formic acid 
	Formic acid 
	Nitrile (8 mil), double glove 
	Butyl rubber, Neoprene (.28.33mm) 
	-


	Gallic acid 
	Gallic acid 
	Nitrile 

	Geneticin 
	Geneticin 
	Nitrile 

	Glutaraldehyde 
	Glutaraldehyde 
	Nitrile 

	Heavy metal salts 
	Heavy metal salts 
	Nitrile 
	Nitrile, double glove 

	Heptane 
	Heptane 
	Nitrile (8 mil), double glove, or 15 mil or heavier 
	Nitrile (35 mils or thicker), Viton, PVA 

	Hexamethylenediamine (1,6-Diaminohexane) 
	Hexamethylenediamine (1,6-Diaminohexane) 
	Nitrile (8 mil) 
	Neoprene 

	Hexane 
	Hexane 
	Nitrile (8 mil), double glove, or 15 mil or heavier 
	Nitrile (35 mils or thicker), Viton, PVA 

	Hydrochloric acid 
	Hydrochloric acid 
	Nitrile 
	Neoprene, Butyl rubber 

	Hydrofluoric acid (HF) 
	Hydrofluoric acid (HF) 
	Nitrile (8 mil), double glove, or 15 mil or heavier 
	Nitrile or Rubber sleeves 

	Hypophosphorous acid 
	Hypophosphorous acid 
	Nitrile (4mil),double glove or 8 mil or heavier 

	Isoamyl alcohol 
	Isoamyl alcohol 
	Nitrile 

	Isoctane 
	Isoctane 
	Nitrile 
	Heavy weight Nitrile 

	Isopropanol 
	Isopropanol 
	Nitrile 

	Kananmycin 
	Kananmycin 
	Nitrile 

	Lactic acid 
	Lactic acid 
	Nitrile 
	Nitrile (double glove), or Neoprene or Butyl rubber 

	LASER dyes 
	LASER dyes 
	Nitrile 

	Lead acetate 
	Lead acetate 
	Nitrile 
	Nitrile, double glove 

	Lead salts 
	Lead salts 
	Nitrile 

	Mercuric chloride 
	Mercuric chloride 
	Nitrile 
	Nitrile, double glove 

	Mercury 
	Mercury 
	Nitrile 

	Mercury salts 
	Mercury salts 
	Nitrile 

	Methanol (Methylalcohol) 
	Methanol (Methylalcohol) 
	Nitrile 

	Methylene chloride 
	Methylene chloride 
	Nitrile (8 mil), double glove 
	Polyvinyl acetate, Viton 

	Methylphosphonic acid 
	Methylphosphonic acid 
	Nitrile (4 mil), double glove 
	8 mil or heavier Nitrile 
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	Chemical 
	Chemical 
	Chemical 
	Incidental Contact 
	Extended Contact 

	Methylsulfonicacid,Ethyl ester (EMS) (Ethyl methanesulfonate) 
	Methylsulfonicacid,Ethyl ester (EMS) (Ethyl methanesulfonate) 
	Nitrile 
	Nitrile, double glove 

	Monoethanolamine 
	Monoethanolamine 
	Nitrile 

	Nickel chloride 
	Nickel chloride 
	Nitrile 
	Nitrile, double glove 

	Nickel salts 
	Nickel salts 
	Nitrile 
	Nitrile, double glove 

	Nitric acid 
	Nitric acid 
	Nitrile (8 mil), double glove 
	Heavy weight(.28-.33mm) Butyl rubber or Neoprene 

	N-Methylethanolamine 
	N-Methylethanolamine 
	Nitrile (8 mil), double glove 
	Viton,Neoprene,Butylrubber 

	Octane 
	Octane 
	Nitrile 
	Heavy weight Nitrile or Viton 

	Organophosphorous compounds 
	Organophosphorous compounds 
	Nitrile (8 mil), double glove, or 15 mil or heavier 

	Osmium salts 
	Osmium salts 
	Nitrile 

	Osmium tetroxide 
	Osmium tetroxide 
	Nitrile 
	Nitrile, double glove 

	Paraformaldehyde 
	Paraformaldehyde 
	Nitrile 

	Pentane 
	Pentane 
	Nitrile (8mil), double glove 
	Heavy weight Neoprene, or Viton 

	Perchloroethylene (tetrachloroethylene) 
	Perchloroethylene (tetrachloroethylene) 
	Nitrile (8 mil), double glove 
	Nitrile (22mil or heavier) 

	Pesticides 
	Pesticides 
	heavyweight,unlinedNitrile (820 mils), or glove specifiedby pesticide label. 
	-


	Petroleum ether 
	Petroleum ether 
	Nitrile 
	Heavy weight Nitrile or Viton 

	Phenol 
	Phenol 
	Nitrile (8 mil), double glove 
	Neoprene, Butyl rubber 

	Phenol-Chloroform mixtures 
	Phenol-Chloroform mixtures 
	Nitrile (8 mil), double glove, or 15 mil or heavier 
	Viton 

	Phenylmethylsulfonyl fluoride (PMSF) 
	Phenylmethylsulfonyl fluoride (PMSF) 
	Nitrile 
	Nitrile, double glove 

	Phosphonic acid 
	Phosphonic acid 
	Nitrile (4 mil), double glove, or 8 mil or heavier single 

	Phosphoric acid 
	Phosphoric acid 
	Nitrile (4 mil), double glove, or 8 mil or heavier 

	P.I.cloram (4-amino-3,5,6trichloroP.I.colinic acid) 
	P.I.cloram (4-amino-3,5,6trichloroP.I.colinic acid) 
	-

	Nitrile 

	Polychlorinated Biphenyls (PCB’s) 
	Polychlorinated Biphenyls (PCB’s) 
	Nitrile(8mil)gloveovera Neoprene glove 
	Neoprene (20 mil) 
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	Chemical 
	Chemical 
	Chemical 
	Incidental Contact 
	Extended Contact 

	Polyoxyethylene-sorbital-n-monolaurate (Tween 20) 
	Polyoxyethylene-sorbital-n-monolaurate (Tween 20) 
	Nitrile 

	Potassium ferricyanide 
	Potassium ferricyanide 
	Nitrile 

	Potassium ferrocyanide 
	Potassium ferrocyanide 
	Nitrile 

	Potassium permanganate 
	Potassium permanganate 
	Nitrile 

	Propanol 
	Propanol 
	Nitrile 

	ProP.I.onic acid 
	ProP.I.onic acid 
	Nitrile 
	Neoprene or Butyl rubber 

	Propylene oxide 
	Propylene oxide 
	heavierweight(17milor greater) Butylrubberor Neoprene 
	Norfoil 

	Psoralen 
	Psoralen 
	Nitrile 
	Nitrile, double glove 

	Pump oil 
	Pump oil 
	Butyl rubber 

	Silane based silanization or derivatization compounds 
	Silane based silanization or derivatization compounds 
	Nitrile (8 mil), double glove, or 15 mil or heavier single 

	Silver nitrate 
	Silver nitrate 
	Nitrile 
	Nitrile, double glove 

	Silver salts 
	Silver salts 
	Nitrile 

	Sodium dodecyl sulfate (SDS) 
	Sodium dodecyl sulfate (SDS) 
	Nitrile 

	Sodium azide 
	Sodium azide 
	Nitrile, or double glove 

	Spermidine 
	Spermidine 
	Nitrile 

	Sulfuric acid 
	Sulfuric acid 
	Nitrile (8 mil) 
	Neoprene, Butyl rubber (20 mil or greater) 

	Tetrahydrofuran (THF) 
	Tetrahydrofuran (THF) 
	Nitrile (8 mil), double glove, or 15 mil or heavier 
	Norfoil 

	3,3’,5,5’-Tetramethylbenzidine (TMB) 
	3,3’,5,5’-Tetramethylbenzidine (TMB) 
	-

	Nitrile 
	Nitrile, double glove 

	N,N,N’,N’-Tetramethylethylenediamine (TEMED) 
	N,N,N’,N’-Tetramethylethylenediamine (TEMED) 
	-

	Nitrile 
	Nitrile, double glove 

	Timetin 
	Timetin 
	Nitrile 

	Toluene 
	Toluene 
	Nitrile (8 mil), double glove, or 15 mil or heavier 
	Viton, Polyvinyl acetate (PVA) 

	Trichloroethylene 
	Trichloroethylene 
	Nitrile (8 mil), double glove 
	Viton, Polyvinyl acetate (PVA) 

	Trichloromethyl chloroformate (diphosgene) 
	Trichloromethyl chloroformate (diphosgene) 
	Nitrile(8mil)overButylrubber glove 
	This material must be used in a glove box. 

	Triton-X100 
	Triton-X100 
	Nitrile 
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	Chemical 
	Chemical 
	Chemical 
	Incidental Contact 
	Extended Contact 

	Uranium salts 
	Uranium salts 
	Nitrile 

	Valeric acid 
	Valeric acid 
	Nitrile 
	Nitrile, double gloves, or Neoprene or Butyl rubber 

	Xylene 
	Xylene 
	Nitrile 
	Polyvinyl acetate (PVA), Viton 


	GLOVE SELECTION WEBSITES 
	DISCLAIMER: While the glove selection web links below are being provided as additionalresources, TheCityUniversityofNewYorkhasnotinvestigatedtheaccuracyoftheinformationcontained within the webpages. Contact the glove manufacturer for additional information. 
	All Safety Products, Inc. – Glove Selection Chart 
	https://www.allsafetyproducts.com/asp-glove-selection-chart-chemical-break-through-times.html 
	https://www.allsafetyproducts.com/asp-glove-selection-chart-chemical-break-through-times.html 
	https://www.allsafetyproducts.com/asp-glove-selection-chart-chemical-break-through-times.html 


	Ansell Protective Products – See SpecWare Online Chemical Hand Protection 
	https://www.ansellpro.com/download/Ansell_8thEditionChemicalResistanceGuide.pdf 
	https://www.ansellpro.com/download/Ansell_8thEditionChemicalResistanceGuide.pdf 
	https://www.ansellpro.com/download/Ansell_8thEditionChemicalResistanceGuide.pdf 


	SHOWA ChemRest-Comprehensive Guide toChemicalResistant Best Gloves 
	https://www.showagroup.com/innovation/chemical-resistance 
	https://www.showagroup.com/innovation/chemical-resistance 
	https://www.showagroup.com/innovation/chemical-resistance 


	ColeParmer–SafetyGloveChemicalCompatibilityDatabase 
	https://www.coleparmer.com/safety-glove-chemical-compatibility 
	https://www.coleparmer.com/safety-glove-chemical-compatibility 
	https://www.coleparmer.com/safety-glove-chemical-compatibility 


	Mapa Professional – Hand Protection Selection Guide 
	/ 
	/ 
	http://www.mapa-pro.com/nc/our-gloves/protections/chemical-protection


	Microflex – Chemical Resistance Guide 
	s/DOM_Reference_Chemical%20Resistance.ashx 
	s/DOM_Reference_Chemical%20Resistance.ashx 
	http://www.microflex.com/Products/~/media/Files/Literature/Domestic%20Reference%20Material 


	North Safety -Chemical Resistance Guide 
	.aspx 
	.aspx 
	https://www.honeywellsafety.com/Supplementary/Documents_and.../1033
	http://207.20.33.136/CEGlovesMain.aspx 


	Argonne National Laboratory – Glove Selection Guideline 
	-Guide 
	-Guide 
	https://www.aps.anl.gov/Safety-and-Training/Safety/Reference-Material/Safety-Glove-Selection
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	APPENDIX G: LABORATORY SELF-INSPECTION CHECKLIST 
	Department: ………………...………………... 
	Department: ………………...………………... 
	Department: ………………...………………... 
	Room: ......................................... 

	Principal Investigator: ...................................... 
	Principal Investigator: ...................................... 
	Telephone No.............................. 

	Today's Date: ............................... 
	Today's Date: ............................... 

	Certificate of Fitness #............................................. 
	Certificate of Fitness #............................................. 
	Expires: ....................................... 


	Y =Yes N=No 
	I. Laboratory signs 
	“Laboratory” “Flammable Gases” “LASER Operating” “Radioactive Materials” “Water-Reactive Chemicals” “Biohazard” “Fire Extinguisher” “No Smoking” 
	“Class IV Laboratory Limits” 
	N/A = Not Applicable 
	N
	Y N 
	/A 

	“No Smoking Eating or Drinking in the Lab.” 
	“Safe Hood Operation” • • • “Eyewash” • • • “Safety Shower” • • • “Spill Cleanup Materials” • •• “Caution-Food Must Not Be Stored In This ...” 
	“Store No Flammables Flashing Below 100F” 
	0 

	“Caution -DoNot UseForFood” ••• “Flammable -Keep Fire Away” +/or “Corrosive” 
	II. Emergency Preparedness: 
	Emergency telephone numbers posted • • All exits clear and unobstructed • • 
	Fire Extinguishers: 
	Locations clearly visible/unobstructed ••• Inspected within the last year ••• Correct for flammable hazards present ••• Safety showers present and working ••• 
	Eyewash stations present and working ••• 
	III. Housekeeping: 
	Counters & floors are uncluttered • • • Passageways are clear • • • Broken glass/syringe disposal containers 
	provided where needed & clearly labeled • • • No storage within 18" of sprinkler heads • • • Warning signs current, no frivolous warnings are 
	posted ••• 
	IV. Compressed Gas 
	Nolong-term storage ofcorrosive gases • • • All cylinders secured in place • • • 
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	Oxygen & flammable gasesare stored separately from eachother ••• 
	Cylinders hydrostatic test in the past 10 years 
	V. Mechanical Hazards 
	Machine guarding is in place (e.g.,vacuum pumps, lock-out/tag-outofequipment • •• 
	VI. Electrical Hazards 
	Electrical equipment is double insulated or grounded (e.g., 3-prong plug) • •• Electric cords in good condition • • • Exposed circuits are barricaded when energized 
	Electrical service panels unobstructed • • • 
	VII. Ventilation (Laboratory Hoods) 
	Hoodsashisinplace&operable • • • Sash is used at proper working height • • • Equipment positioned at least 6" into hood••• Airflow unobstructed by equipment/material 
	Laboratory doors are kept closed • • • Hood interior is clean and uncluttered • • • Airflow indicator isused ••• 
	VIII. Personal Protective Equipment 
	Safety goggles are available and worn • • • Face shields & safety shields available • • • Appropriate gloves are available and used ••• Laboratory coats/apronsareworn • • • Appropriate shoes are worn ••• 
	Hearingprotectionwornwhennoiseinterfereswith normal speech • • • 
	IX. Chemical Storage 
	Chemicalstockskeptataminimum • •• 
	FDNY flammable/combustible liquid limits are observed • • • 
	Grounding straps used appropriately with flammable gases/liquids • • • 
	Chemical compatibilities are recognized & observed in storage design • • • 
	Containers and their closures are in good condition 
	Highly reactive substances are disposed of before expirationdate,orwhennolongerneeded(THF, Ether …) or six months after stability test six months after opening. • • • 
	All chemical containers are properly labeled (chemical name, hazardous properties, date, nameofowner) • •• 
	X. Waste Management 
	Efforts aremade to minimize waste generated (scaling down reaction size, reuse of solvents whenfeasible,etc.) • •• 
	Waste Containers are sound • • • 
	Waste Containers are compatible with waste 
	Waste containers properly labeled, including the wordsHazardousWaste? • •• 
	Thecontentsofthecontainerclearlylisted• • • 
	Container closed with a properly fitting cap• • • 
	Wastecontainersareinsecondarycontainment trays • •• 
	Waste in same secondary containment trays compatible with each other • • • 
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	XI. Spill Cleanup 
	Laboratory workers know where spill cleanup procedures & materials are available • • • 
	Laboratory workers know where spill cleanup procedures & materials are available • • • 
	The waste containers located in the laboratory (not inhallway orstoreroom) • •• 

	Less than 55 gallons of waste in the laboratory 
	Waste located away from floor drains or sinks 
	Table
	TR
	••• 

	Full containers being taken to the main 
	Full containers being taken to the main 

	accumulation area for proper disposal 
	accumulation area for proper disposal 
	••• 

	Hoods are not used for waste disposal 
	Hoods are not used for waste disposal 
	•• • 

	XII. Hazards Intrinsic to Our Work 
	XII. Hazards Intrinsic to Our Work 

	TR
	Y N 

	N/A 
	N/A 

	.............................................................. 
	.............................................................. 
	• • • 

	.............................................................. 
	.............................................................. 
	• • • 

	.............................................................. 
	.............................................................. 
	• • • 

	.............................................................. 
	.............................................................. 
	• • • 

	.............................................................. 
	.............................................................. 
	• • • 

	.............................................................. 
	.............................................................. 
	• • • 

	.............................................................. 
	.............................................................. 
	• • • 

	.............................................................. 
	.............................................................. 
	• • • 

	.............................................................. 
	.............................................................. 
	• • • 

	.............................................................. 
	.............................................................. 
	• • • 
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	APPENDIX H: HOW TO UNDERSTAND AN SDS 
	(From OSHA, , accessed 6/2018) 
	https://www.osha.gov/Publications/OSHA3514.html
	https://www.osha.gov/Publications/OSHA3514.html


	Chemicalmanufacturersarerequiredbylawtosupply"SafetyDataSheets"(or itsequivalent)uponrequestbytheircustomers. These sheetshave 16sectionsgiving avariety ofinformationaboutthechemical. Sections1through8containgeneralinformationaboutthe chemical, identification, hazards, composition, safe handling practices, and emergency control measures(e.g.,firefighting).Sections9through11and16containothertechnicalandscientific information,suchasphysicalandchemicalproperties,stabilityandreactivityinformation, toxicological
	OSHAForm174

	U.S. DEPARTMENT OF LABOR 
	U.S. DEPARTMENT OF LABOR 
	U.S. DEPARTMENT OF LABOR 

	Occupational Safety and Health Administration 
	Occupational Safety and Health Administration 

	SAFETY DATASHEETS 
	SAFETY DATASHEETS 

	Required For compliance with OSHA Act of 1970 
	Required For compliance with OSHA Act of 1970 

	Public Law 91-596 (CFR 1910) 
	Public Law 91-596 (CFR 1910) 


	SECTION I: Identification 
	SECTION I: Identification 
	SECTION I: Identification 

	Product Name 
	Product Name 

	Chemical Name 
	Chemical Name 

	Manufacturer 
	Manufacturer 

	Address 
	Address 

	Signature and date 
	Signature and date 
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	Thissectiongivesthenameandaddressofthemanufacturerandanemergencyphonenumber where questions about toxicity and chemical hazards can be directed. Large chemical manufacturers have 24-hour hotlines manned by chemical safety professionals who can answer questionsregardingspills,leaks,chemicalexposure,firehazard,etc. Otherinformationthat may be contained in Section I includes: 
	Trade Name: This is the manufacturer's name for the product. Chemical Name: This refers to the generic or standard names for the chemical. Recommended use: i.e. as a solvent, laboratory chemical, cleaning product etc. 
	SECTION II -HAZARD IDENTIFICATION 
	ThissectionidentifiesthehazardsofthechemicalpresentedontheSDSandtheappropriate warninginformationassociatedwiththosehazards.The required informationconsistsof: 
	Thehazardclassificationofthechemicalinaccordance with GHSand 29 CFR 1910 (e.g., flammable liquid, category). Signal word. Hazard statement(s). 
	Pictograms (the pictograms or hazard symbols may be presented as graphical reproductions ofthesymbolsinblackandwhiteorbeadescriptionofthenameofthesymbol(e.g.,skull and crossbones,flame). 
	Precautionary statement(s). 
	Description of any hazards not otherwise classified. 
	SECTION III -COMPOSITION/INFORMATION ON INGREDIENTS 
	ThissectionindicatesthecomponentsoftheproductlistedontheSDSincludingadditives,and impurities. 
	The information would include: chemical name including common name or synonyms, CAS number and any stabilizing additives which are present in the product. 
	Mixtureswouldhaveexactpercentagesoranestimatewheneverpercentagesmayvarydueto variation inbatches. 
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	SECTION IV -FIRST AID MEASURES 
	Thissectionisintendedasagenericguideforuntrainedrespondersincaseofanindividual`s exposure.Firstaidmeasuresforskin,mouthandeyecontactexposuresaredescribedinthis section while contactinga physicianisalwaysemphasized asthenextstep. 
	SECTION V -FIREFIGHTING MEASURES 
	This section lists recommendations for fighting a fire involving the chemical. Recommendations includethetypeofappropriateextinguishingequipmentandwhatequipmentshouldnotbe used.Specifichazardsresultingfromfireinvolvingthechemicalarealsoindicatedandadvice on specific type of protective equipment is also given. 
	SECTION VI -ACCIDENTAL RELEASE MEASURES 
	This section provides recommendations on the appropriate response to spills, leaks, or releases, including containment and cleanup practices to prevent or minimize exposure to people, properties, or the environment. The information may consist of recommendations for: 
	• 
	• 
	• 
	Use of personal precautions (such as removal of ignition sources or providingsufficient ventilation) and protective equipment to prevent the contamination of skin, eyes, and clothing. 

	• 
	• 
	Emergency procedures, including instructions for evacuations, consulting experts when needed, and appropriate protective clothing. 

	• 
	• 
	Methods and materials used for containment (e.g., covering the drains and capping procedures). 

	• 
	• 
	Cleanup procedures (e.g., appropriate techniques for neutralization, decontamination, cleaning or vacuuming; adsorbent materials; and/or equipment required for containment/clean up) 


	SECTION VII -HANDLING AND STORAGE 
	This section indicatesnecessary precautionswhen handling the chemicaland storage conditions, including any incompatibilities. 
	Someoftheprecautionspresentedareintendedforlarge-scaleusersandmaynotbenecessary for use with small quantities of the chemical. Any questions about precautions or health effects should be referred to EHS. 
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	SECTION VIII -EXPOSURE CONTROL/PERSONAL PROTECTION 
	Thissectiongivesinformationregardingregulatorypermissibleexposurelimits(OSHAPEL) and industry exposure limits (ACGIH Threshold Limit Values and Biological Exposure Indices). Appropriate engineering controls and personal protective equipment are indicated to minimize the risk of exposure. 
	SECTION IX -PHYSICAL AND CHEMICAL PROPERTIES 
	This section gives information about the physical and chemical characteristics of the chemical. This information can be very useful in determining how a chemical will behave in a spill situation and what appropriate steps should betaken. Manufacturers and suppliers are required to provide the following information if it is available: 
	• 
	• 
	• 
	Appearance (physical state, color, etc.); 

	• 
	• 
	Upper/lower flammability or explosive limits; 

	• 
	• 
	Odor; 

	• 
	• 
	Vapor pressure; 

	• 
	• 
	Odor threshold; 

	• 
	• 
	Vapor density; 

	• 
	• 
	pH; 

	• 
	• 
	Relative density; 

	• 
	• 
	Melting point/freezing point; 

	• 
	• 
	Solubility(ies); 

	• 
	• 
	Initial boiling point and boiling range; 

	• 
	• 
	Flash point; 

	• 
	• 
	Evaporation rate; 

	• 
	• 
	Flammability (solid, gas); 

	• 
	• 
	Partition coefficient: n-octanol/water; 

	• 
	• 
	Auto-ignition temperature; 

	• 
	• 
	Decomposition temperature; and 

	• 
	• 
	Viscosity. 


	SECTION X – STABILITY AND REACTIVITY 
	This section describes the reactivity hazards ofthe chemical and the chemical stability information. This section is broken into three parts: reactivity, chemical stability, and other. Reactivity section may indicate if any specific testing was performed on the chemicalto identify anticipated hazards of the chemical(s). Stability refers to behavior of the chemical under ambient temperature in storage 
	This section describes the reactivity hazards ofthe chemical and the chemical stability information. This section is broken into three parts: reactivity, chemical stability, and other. Reactivity section may indicate if any specific testing was performed on the chemicalto identify anticipated hazards of the chemical(s). Stability refers to behavior of the chemical under ambient temperature in storage 
	conditions. Conditions that should be avoided and incompatible material are also listed as well as hazardous decomposition products which may develop due to a fire. 
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	SECTION XI – TOXICOLOGICAL INFORMATION 
	This section may listpossible routes ofexposure tothechemicalalong with immediate and chronic effects of such exposure. 
	The symptoms and effects listed are the effects of exposure at hazardous levels. Most chemicalsaresafeinnormaluseandthevastmajorityofworkersneversuffertoxiceffects. However, anychemicalcan be toxic inhighconcentrations,andtheprecautions outlined inthe SDS should befollowed. 
	The toxicological information section often contains data on the toxicity of the substance. The datamostoftenpresentedaretheresultsofanimalexperiments. Forexample,"LD50(mouse) =250mg/kg."Theusualmeasureoftoxicityisdoselevelexpressedasweightofchemicalper unitbodyweightoftheanimal-usuallymilligramsof chemicalperkilogramofbodyweight (mg/kg). The LD50describestheamountofchemicalingestedorabsorbedbytheskin intest animalsthatcausesdeathin50%oftestanimalsusedduringatoxicityteststudy. Another commontermisLC50,which
	Asageneral ruleofthumb, thetheLD50or LC50number,themoretoxicthe chemical. Note there are other factors (concentration of the chemical, frequency of exposure, etc.) that contributetothetoxicityofachemical,includingotherhazardsthechemicalmaypossess. 
	lower

	Healthhazard information may also distinguish the effectsofacute and chronic exposure. Acutetoxicityisgenerallythoughtofasasingle,short-term exposurewhere effectsappear immediately and the effects are often reversible. Chronic toxicity is generally thought of as frequentexposureswhereeffectsmaybedelayed(evenforyears),andtheeffectsare generallyirreversible. Chronictoxicitycan alsoresultin acuteexposures, withlongterm chronic effects 
	Other important information such as carcinogenicity potential of the chemical and whether it is listedinNationalToxicologyProgram(NTP),IARCor OSHAPossiblecarcinogenlist. 
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	SECTION XII – ECOLOGICAL INFORMATION 
	This section provides information to evaluate the environmental impact of the chemical(s) if it were released to the environment. The information may include: 
	• 
	• 
	• 
	Data from toxicity tests performed on aquatic and/or terrestrial organisms, where available 

	• 
	• 
	Persistence in the environment, biodegradation and bioaccumulation potential 

	• 
	• 
	The potential for a substance to move from the soil to the groundwater (indicate results from adsorption studies or leaching studies). 

	• 
	• 
	Other adverse effects (e.g., environmental fate, ozone layer depletion potential, photochemical ozone creation potential, endocrine disrupting potential, and/or global warming potential). 


	SECTION XIII – DISPOSAL CONSIDERATIONS 
	Thissectionprovidesguidanceonproperdisposalpractices,recyclingorreclamationofthe chemical(s)oritscontainer,andsafehandlingpractices.Theinformationmayinclude: 
	• 
	• 
	• 
	Description of appropriate disposal containers to use. 

	• 
	• 
	Recommendations of appropriate disposal methods to employ. 

	• 
	• 
	Description of the physical and chemical properties that may affect disposal activities. 

	• 
	• 
	Language discouraging sewagedisposal. 

	• 
	• 
	Any special precautions for landfills or incineration activities 


	As a rule, manufacturers/suppliers will indicate that all local, state and federal regulations must befollowedwhen disposingofthechemicals(s)anditscontainer.ContactEHS foranyquestions related to the disposal of a chemical(s) 
	SECTION XIV – TRANSPORT INFORMATION 
	This section provides guidance on classification information for shipping and transporting of hazardous chemical(s) by road, air, rail, or sea. The information may include: 
	• 
	• 
	• 
	UN number (i.e., four-figure identification number of the substance). 

	• 
	• 
	UN proper shipping name. 

	• 
	• 
	Transport hazardclass(es). 

	• 
	• 
	Packing group number, if applicable, based on the degree of hazard. 

	• 
	• 
	Environmental hazards (e.g., identify ifitisamarine pollutant according tothe International Maritime Dangerous Goods Code (IMDG Code)). 
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	SECTION XV – REGULATORY INFORMATION 
	Thissectionidentifiesthe safety,health,andenvironmentalregulations specific fortheproduct that is not indicated anywhere else on the SDS. The information may include: 
	• Any national and/or regional regulatory information of the chemical or mixtures (includingany OSHA, Departmentof Transportation, Environmental Protection Agency, or Consumer Product Safety Commission regulations) 
	SECTION XVI – OTHER INFORMATION 
	ThissectionindicateswhentheSDSwaspreparedorwhen thelastknownrevisionwasmade. TheSDS may also statewherethechangeshavebeenmade tothepreviousversion. 
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	APPENDIX I: HAZARDS OF FUNCTIONALGROUPS 
	Thefollowinginformationgivesabasicoverviewofthehazardsoffunctionalgroups. This information is meant to replace safety data sheets for the specific chemical(s) used in your experiments. While these functional groups are listed alphabetically for convenience, chemicalsshouldbesegregatedandstoredbyhazardclasses –seeAppendix L: Chemical Segregation Scheme for more information. 
	not

	ALCOHOLS 
	• 
	• 
	• 
	The lower aliphatic alcohols are low to moderately toxic and usually have low vapor pressures, therefore inhalation toxicity is low. 

	• 
	• 
	Vapors may be an irritant to the eyes and mucous membranes. 

	• 
	• 
	Ingestion and absorption of the liquids through the skin can be a major health hazard. 

	• 
	• 
	Lower alcohols,containing double ortriple bonds, exhibit agreater degree oftoxicity and irritation. 

	• 
	• 
	Fatty alcohols (derived from oils, fats, and waxes) are almost nontoxic. 

	• 
	• 
	Lower alcohols are flammable or combustible liquids. 

	• 
	• 
	Flammability decreases with an increase in the carbon number. 

	• 
	• 
	Solubility of alcohols decrease with increase in carbon chain length. 

	• 
	• 
	Toxicity tends to decrease with an increase in carbon number. 


	Examples: Allylalcohol Ethanol 
	1-Butanol Methanol 
	Cyclohexanol 1-Propanol 
	1,2-Ethanediol 2-Propyn 1-ol 
	ALDEHYDES 
	• 
	• 
	• 
	Aldehydesareintermediateproductsintheconversionofprimaryalcoholstocarboxylic acids or viceversa. 

	• 
	• 
	The low molecular weight aldehydes are more toxic than the higher ones. 

	• 
	• 
	Toxicity decreases with increase in the carbon chain length. 

	• 
	• 
	Aromatic aldehydes are less toxic than low molecular weight aliphatic aldehydes. 

	• 
	• 
	Low molecular weight aldehydes are highly flammable, with flammability decreasing with increasing carbon chain length. 

	• 
	• 
	Low aromatic aldehydes are combustible or nonflammable liquids. 
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	Examples: 
	Acetaldehyde Glutaraldehyde 
	Acrolein 1-Hexanal 
	Benzaldehyde Isobutyraldehyde 
	Formaldehyde Propenal 
	ALIPHATIC AMINES 
	• 
	• 
	• 
	The toxicity of most aliphatic amines may fall in the low to moderate category. 

	• 
	• 
	The health hazard from amines arises primarily from their caustic nature. 

	• 
	• 
	All lower aliphatic amines are severe irritants to the skin, eyes, and mucous membranes. 

	• 
	• 
	Allofthesecompoundshaveastrongtomildodorofammoniaandtheirvapors produce irritation of the nose and throat. 

	• 
	• 
	Aliphatic amines, especially the lower ones, are highly flammable liquids, many which have flashpoints below 0 degrees Celsius. 

	• 
	• 
	The vapors are heavier than air. 

	• 
	• 
	They react vigorously with concentrated mineral acids. 

	• 
	• 
	The flammability decreases with an increase in the carbon number. 

	• 
	• 
	The reactivity of amines in general, is low. 


	Examples: 
	Aminocyclohexane Methylamine 
	Ethyleneimine 2-Propylamine 
	ALIPHATIC and ALICYCLIC HYDROCARBONS 
	• 
	• 
	• 
	Organic compounds composed solely of carbon and hydrogen. 

	• 
	• 
	• 
	Hydrocarbons may be classified into 3 broad categories: 

	o 
	o 
	o 
	Open-chain aliphatic compounds 

	o 
	o 
	Cyclic or alicyclic compounds of naphthalene type 

	o 
	o 
	Aromatic ring compounds 



	• 
	• 
	• 
	Open chain aliphatic hydrocarbons constitute alkanes, alkenes, alkynes, and their isomers. 

	o 
	o 
	o 
	Alkenesorolefinsareunsaturatedcompounds,characterizedbyoneormore double bonds between the carbon atoms. 

	o 
	o 
	Alkynes oracetylenic hydrocarbons contain atriple bond inthe molecule and are highly unsaturated. 



	• 
	• 
	An alicyclic hydrocarbon is a cyclic ring compound of 3 or more carbon atoms. 

	• 
	• 
	Aromatics are ring compounds too,butare characterized bya6carbon atom unsaturated benzenoid rings. 

	• 
	• 
	Thetoxicitiesofaliphaticandalicyclichydrocarbonsinhumansandanimalsarevery low. 

	• 
	• 
	The gaseous compounds are all nontoxic and are simple asphyxiants. 

	• 
	• 
	Lower hydrocarbons are highly flammable substances, an increase in the carbon number causes a decrease in flammability. 

	• 
	• 
	It is the flammable properties that make hydrocarbons hazardous. 

	• 
	• 
	The reactivity of alkanes and cycloalkanes is very low. 

	• 
	• 
	Alkenes and alkynes containing double and triple bonds are reactive. 
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	Examples: Butane Methane 
	Cyclohexene n-Pentane 
	Cyclopentane 
	ALKALI and OTHER REACTIVE METALS 
	• 
	• 
	• 
	Alkali metals constitute Group IA of the periodic table. 

	• 
	• 
	Alkaline-earth metals constitute Group IIA and are less active than the alkali metals. 

	• 
	• 
	These can be reactive to water and/or air. 

	• 
	• 
	Several of these metals are flammable, too, but only in finely divided state. 

	• 
	• 
	Reactions with water produce strong bases. 


	Examples: Aluminum Magnesium 
	Calcium Potassium 
	Lithium Sodium 
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	ALKALIES 
	• 
	• 
	• 
	Water-soluble bases, mostly the hydroxides of alkali-and alkaline-earth metals. 

	• 
	• 
	Certain carbonates and bicarbonates also exhibit basic properties but are weak bases. 

	• 
	• 
	These compounds react with acids to form salts and water. 

	• 
	• 
	Thehealthhazardfrom concentratedsolutionsofalkaliesarisesfrom theirsevere corrosive actions ontissues. 

	• 
	• 
	These compounds are bitter to taste, corrosive to skin and a severe irritant to the eyes. 

	• 
	• 
	The toxicity of alkalies is governed by the metal ions. 

	• 
	• 
	Hydroxides and carbonates of alkali-and alkaline-earth are noncombustible. 

	• 
	• 
	Strong caustic alkalies react exothermically with many substances, including water and concentrated acids, generating heat that can ignite flammable materials. 


	Examples: 
	Lithiumhydroxide Potassium carbonate 
	Potassium hydroxide Sodiumhydroxide 
	AROMATIC AMINES 
	• 
	• 
	• 
	Compounds that contain one or more amino groups attached to an aromatic ring. 

	• 
	• 
	These amines are similar in many respects to aliphatic amines. 

	• 
	• 
	These amines are basic, but the basicity is lower than aliphatic amines. 

	• 
	• 
	• 
	The health hazard from aromatic amines may arise in two ways: 

	o 
	o 
	o 
	Moderate to severe poisoning, with symptoms ranging from headache, dizziness, and ataxia to anemia, cyanosis, and reticulocytosis. 

	o 
	o 
	Carcinogenic, especially cancer of the bladder. 



	• 
	• 
	Many amines are proven or suspected human carcinogens, among aromatic amines, ortho-isomersgenerallyexhibitstrongercarcinogenicpropertiesthanthoseoftheparaand meta-isomers. 
	-


	• 
	• 
	Unlikealiphaticamines,thearomaticaminesdonotcausesevereskin burnorcorneal injury. 

	• 
	• 
	The pure liquids (or solids) may produce mild to moderate irritation on the skin. 

	• 
	• 
	Lower aromatic amines are combustible liquids and form explosive mixtures with air. 

	• 
	• 
	Amines may react violently with strong oxidizing compounds. 
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	Examples: 
	Aniline o-Toluidine 
	Benzidine 
	AROMATIC HYDROCARBONS 
	• 
	• 
	• 
	Aromatics are a class of hydrocarbons having benzene-ring structures. 

	• 
	• 
	Many polyaromatics arecarcinogens. 

	• 
	• 
	The acute toxicity of mononuclear aromatics is low. 

	• 
	• 
	Inhalation ofvapors athigh concentrations inairmay cause narcosis with symptoms of hallucination, excitement, euphoria, distorted perception, and headache. 

	• 
	• 
	Benzene is the only mononuclear aromatic with possible human carcinogenicity and other severe chroniceffects. 

	• 
	• 
	With a greater degree of substitutions in the benzene ring and/or increase in the carbon chain length of the alkyl substituents, the flammability decreases. 


	Examples: 
	Benzene Toluene 
	Benzolalpyrene Xylene 
	Pyrene 
	AZIDES, FULMINATES, ACETYLIDES, and RELATED COMPOUNDS 
	• 
	• 
	• 
	These compounds form highly explosive shock and heat-sensitive salts with many metals. 

	• 
	• 
	Structurally they differ from each other, but have similar detonating characteristics. 

	• 
	• 
	While alkali metal azides are inert toshock, the salts for copper, silver, lead, and mercury are dangerously shock sensitive. 

	• 
	• 
	Fulminates of heavy metals are powerful explosives. 

	• 
	• 
	These compounds are highly sensitive to impact and heat. 

	• 
	• 
	Acetylidesofheavymetalsareextremelyshocksensitivewhendry,whereas,thesaltsof alkali metals are fairly stable. 

	• 
	• 
	Most azides, fulminates, acetylides, nitrides and related compounds are highly unstable and constitute an explosion hazard. 

	• 
	• 
	Salts of Group IB and IIB metals are especially explosive. 

	• 
	• 
	Azidesofnonmetals,suchasthoseofhalogensororganicazidessuchasthatof cyanogen, are also extremely shock sensitive. 

	• 
	• 
	Some of these compounds may even explode on exposure to light. 
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	Examples: 
	Cuprous acetylide Silver fulminate 
	Hydrazoic acid Silver nitride 
	Leadazide Sodium azide 
	Mercury fulminate 
	CARBOXYLIC ACIDS 
	• 
	• 
	• 
	Weak organic acids, their strength is much weaker than mineral acids. 

	• 
	• 
	Toxicityofmonocarboxylicacidsismoderatetolowanddecreaseswithcarbonchain length. 

	• 
	• 
	Some oflowerdicarboxylic acids are moderate tohigh toxicity,becoming less toxic with increasing carbon chainlength. 

	• 
	• 
	Low molecular weight carboxylic acids are combustible liquids. 

	• 
	• 
	Aromatic acids are of low toxicity. 


	Examples: 
	Aceticacid Oxalic acid 
	Butyricacid Propionic acid 
	Formicacid Succinic acid 
	Methacrylicacid Valeric acid 
	EPOXY COMPOUNDS 
	• 
	• 
	• 
	Epoxides, also called oxiranes and 1,2-epoxides. 

	• 
	• 
	Exposure to epoxides can cause irritation of the skin, eyes, and respiratory tract. 

	• 
	• 
	Low molecular weight epoxides are strong irritants and more toxic than higher ones. 

	• 
	• 
	Inhalationcanproducepulmonaryedemaandaffectthelungs,centralnervoussystem and liver. 

	• 
	• 
	Many epoxy compounds have been found to cause cancer in animals. 

	• 
	• 
	Lower epoxides are highly flammable. 

	• 
	• 
	Theyalsopolymerizereadilyinthepresenceofstrongacidsandactivecatalysts,this reaction generates heat and pressure that may rupture closed containers. 

	• 
	• 
	Therefore contact with anhydrous metal halides, strong bases, and readily oxidizable substances should beavoided. 
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	Examples: 
	Butyleneoxide Glycidaldehyde 
	Epichlorohydrin Glycidol 
	Ethylene oxide Isopropyl glycidylether 
	ESTERS 
	• 
	• 
	• 
	Lower aliphatic esters have a pleasant fruity odor. 

	• 
	• 
	Theacutetoxicityofestersisgenerallyofloworder,theyarenarcoticathigh concentrations. 

	• 
	• 
	Vaporsareanirritanttotheeyesandmucousmembranes. 

	• 
	• 
	Toxicityincreaseswithanincreaseinthealkylchainlength. 

	• 
	• 
	Loweraliphaticestersareflammableliquids,somehavelowflashpointsandmaycause flashback to an open container. 

	• 
	• 
	The vapors form explosive mixtures with air. 

	• 
	• 
	The flash point increases with increase in the alkyl chain length. 

	• 
	• 
	The reactivity of esters is low. 

	• 
	• 
	Aromatic esters are similar in effects as aliphatic esters. 


	Examples: Ethylacetate Methyl formate 
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	ETHERS 
	• 
	• 
	• 
	Widely used assolvents. 

	• 
	• 
	They have a high degree of flammability. 

	• 
	• 
	Theytendtoform unstableperoxides,whichcanexplodespontaneouslyorupon heating. 

	• 
	• 
	The flash point decreases with increase in carbon chain. 

	• 
	• 
	Loweraliphaticethersaresome ofthe mostflammable organiccompounds andcanbe ignited by static electricity or lightning. 

	• 
	• 
	The vapor densities are heavier than air. 

	• 
	• 
	They form explosive mixtures with air. 

	• 
	• 
	Aromatic ethers are noncombustible liquids orsolids anddonotexhibit the flammable characteristics common to aliphatic ethers. 

	• 
	• 
	Ethersreactwithoxygentoformunstableperoxides,thisreactioniscatalyzedby sunlight, when evaporated to dryness, the concentrations of such peroxides increase, resulting in violentexplosions. 

	• 
	• 
	The toxicity of ethers is low to very low, at high concentrations these compounds exhibit anesthetic effects. 


	Examples: 
	Butyl vinyl ether Methyl propyl ether 
	Ethyl ether Vinyl ether 
	Isopropyl ether 
	GLYCOL ETHERS 
	• 
	• 
	• 
	Also known by the name Cellosolve. 

	• 
	• 
	The toxic effects are mild,however,moderate tosevere poisoning can occurfrom excessive dosage. 

	• 
	• 
	The routes of exposure are inhalation, ingestion, and absorption through the skin. 

	• 
	• 
	Compounds with highmolecular weights andlow vaporpressuresdonotmanifest an inhalation hazard. 

	• 
	• 
	Lowmolecular weightalkylethersare flammableorcombustible liquids forming explosive mixtures withair. 

	• 
	• 
	The reactivity of glycol ethers is low. 

	• 
	• 
	There is no report of any violent explosive reactions. 

	• 
	• 
	The high molecular weight compounds are noncombustible. 
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	Examples: Ethylene glycol monobutyl ether 
	Ethylene glycol monomethyl ether 
	2-Isopropoxyethanol 
	HALOETHERS 
	• 
	• 
	• 
	Haloethers are ethers containing hydrogen atoms. 

	• 
	• 
	Halogen substitutions make ether molecules less flammable or nonflammable. 

	• 
	• 
	The explosion hazards oflow aliphatic ethers because ofperoxide formation are not manifested bythe haloethers. The halogens inhibit the ether oxidation toperoxides. 

	• 
	• 
	Inhalation ofFluoroethers can produce anesthesia similar tothat ofthe lower aliphatic ethers. Loweraliphaticchloro-andbromoethers can beinjurious tothelungs. 

	• 
	• 
	Many of these are cancer causing to lungs in animals or humans. 

	• 
	• 
	Aromatic chloroethers are toxic byinhalation, ingestion, andskin absorption only at highdoses. Theseeffectscanbeattributedtothechlorinecontentandtoalesser extent on the aromaticity of the molecule. 


	Examples: Bis(chloromethyl)ether 
	HALOGENATED HYDROCARBONS 
	• 
	• 
	• 
	The flammability of these compounds shows a wide variation. 

	• 
	• 
	Bromo compoundsarelessflammable thantheirChloro-counterparts,thedifferencein flammability is not great though. 

	• 
	• 
	An increase in the halosubstitutions in the molecule increases the flash point. 

	• 
	• 
	The flammable hydrocarbons are stable compounds with low reactivity. 

	• 
	• 
	These compounds,however,may react violentlywith alkalimetals andtheiralloysor with finely dividedmetals. 

	• 
	• 
	Violent reactions may occur with powerful oxidizers, especially upon heating. 

	• 
	• 
	Volatile halocarbons may rupture glass containers because of simple pressure build up or to exothermic polymerization in a closed vessel. 

	• 
	• 
	Halogenated hydrocarbons in general exhibit low acute toxicity. 

	• 
	• 
	Inhalation toxicity is greater for gaseous or volatile liquid compounds. 

	• 
	• 
	The health hazard from exposure tothese compounds may bebecause oftheir anesthetic actions; damaging effects on liver and kidney; and in case of certain compounds, carcinogenicity. 

	• 
	• 
	The toxic symptoms are drowsiness, lack of coordination, anesthesia, hepatitis, and necrosis of theliver. 

	• 
	• 
	Vapors may cause irritation of the eyes and respiratory tract. 

	• 
	• 
	Death may resultfrom cardiacarrestbecause ofprolongedexposure tohigh concentrations. 

	• 
	• 
	Ingestion can produce nausea, vomiting, and liver injury. 

	• 
	• 
	Fluorocarbonsarelesstoxicthan the chloro-,bromo-,andiodo-compounds,thetoxicity increases with increase in the mass number of the halogen atoms. 

	• 
	• 
	Some of the halogenated hydrocarbons cause cancer in humans. 
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	Examples: Benzyl chloride Ethyl bromide 
	Carbon tetrachloride Fluorobenzene 
	Chloroform Methylene chloride 
	1,2-Dichlorobenzene 
	HYDRIDES 
	• 
	• 
	• 
	The single most hazardous property of hydrides is their high reactivity toward water. 

	• 
	• 
	The reaction with water is violent and can be explosive with liberation of hydrogen. 

	• 
	• 
	Manyhydridesareflammablesolidsthatmayignitespontaneouslyonexposureto moist air. 

	• 
	• 
	Manyionichydridesarestronglybasic;theirreactionswithacidsareviolentand exothermic, which can cause ignition. 

	• 
	• 
	Hydridesarealsopowerfulreducingagents,theyreactviolentlywithstrongoxidizing substances, causing explosions. 

	• 
	• 
	Covalent volatile hydrides such as arsine, silane, or germane are highly toxic. 

	• 
	• 
	Ionicalkalimetalhydridesarecorrosivetoskin,astheyformcausticalkaliesreadilywith moisture. 


	Examples: Decarborane Sodium borohydride 
	Lithiumaluminumhydride Sodiumhydride Potassiumhydride 
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	INDUSTRIAL SOLVENTS 
	• 
	• 
	• 
	Thetoxiceffectsofmostofthesolventsareofloworder,chronicexposuresorlarge doses can produce moderate to severe poisoning. 

	• 
	• 
	Mostorganicsolventsareflammableorcombustibleliquids,thevaporsofwhich can form explosive mixtures with air. 

	• 
	• 
	Manyofthecommonsolventscancauseflashbackofthevapors,andsomeform peroxides on prolonged storage, especially those compounds containing an ether functional group, some also can form shock-sensitive solvated complexes with metal perchlorates. 


	Examples: Acetamide Chloroform 
	Acetone Methyl acetate 
	Benzene Pyridine 
	Carbon tetrachloride Tetrahydrofuran 
	INORGANIC CYANIDES 
	• 
	• 
	• 
	Inorganic cyanides are the metal salts of Hydrocyanic acid. 

	• 
	• 
	Cyanides of alkali metals are extremely toxic. 

	• 
	• 
	In addition to being extremely toxic by ingestion or skin absorption, most metal cyanides present a serious hazard of forming extremely toxic Hydrogen cyanide when they come into contact with acids. 


	Examples: Barium cyanide Hydrogen cyanate 
	Cyanogen chloride Potassium cyanide 
	Cyanamidecyanogen Sodium cyanide 
	KETONES 
	• 
	• 
	• 
	Similar to aldehydes. 

	• 
	• 
	Ingeneral,thetoxicityismuchlowerthanthatofotherfunctionalgroups,suchas cyanides or amines. 

	• 
	• 
	Unlikealdehydesandalcohols,someofthesimplestketonesarelesstoxicthanthe higher ones. 

	• 
	• 
	Beyond 7 carbons, the higher ones are almost nontoxic. 

	• 
	• 
	Substitution of other functional groups can alter toxicity significantly. 

	• 
	• 
	The simplest ketones are highly flammable. 

	• 
	• 
	The flammability decreases with increase in the carbon number. 
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	Examples: Acetophenone Mesityl oxide 
	Acetone Methyl EthylKetone 
	Ketene 
	MINERAL ACIDS 
	• 
	• 
	• 
	Acid strengths varywidely. 

	• 
	• 
	Sour in taste. 

	• 
	• 
	React with a base to form salt and water. 

	• 
	• 
	Produce hydrogen when reacting with most common metals. 

	• 
	• 
	Produce carbon dioxide when reacting with most carbonates. 

	• 
	• 
	All mineral acids are corrosive. 

	• 
	• 
	Noncombustible substances. 

	• 
	• 
	Some are highly reactive to certain substances, causing fire and/or explosions. 


	Examples: Hydrochloric acid Phosphoric acid 
	Hydrofluoricacid Nitric acid 
	Hydroiodicacid Sulfuric acid 
	ORGANIC CYANIDES (NITRILES) 
	• 
	• 
	• 
	These are organic derivatives of Hydrocyanic acid or the cyano-substituted organic compounds. 

	• 
	• 
	Nitrilesarehighlyreactive,theCNgroupreactswithalargenumberofreactantstoform a wide variety of products, such as amides, amines, carboxylic acids, aldehydes, ketones, esters, thioamides, and other compounds. 

	• 
	• 
	Nitriles are highly toxic compounds, some of them are as toxic as alkali metal cyanides. 

	• 
	• 
	Lower aliphatic nitriles are flammable and form explosive mixtures with air. The explosiverangenarrowsdownwithanincreaseinthecarbonchainlength. 
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	Examples: Acrylonitrile Butyronitrile 
	Acetonitrile Cyanohydrin 
	ORGANIC ISOCYANATES 
	• 
	• 
	• 
	Organic groups attached to the isocyanate group. 

	• 
	• 
	Thesecompoundsarehighlyreactivebecauseofthehighunsaturationintheisocyanate functional group. 

	• 
	• 
	Isocyanates in general are highly reactive toward compounds containing active hydrogen atoms. 

	• 
	• 
	Most isocyanates are hazardous to health. 

	• 
	• 
	They are lachrymators and irritants to the skin and mucous membranes. 

	• 
	• 
	Skin contact can cause itching, eczema, and mild tanning. 

	• 
	• 
	Inhalation if isocyanate vapors can produce asthma-like allergic reaction, with symptomsfromdifficultyinbreathingtoacuteattacksandsudden lossof consciousness. 

	• 
	• 
	Toxicitiesofisocyanatesvarywidely,inaddition,healthhazardsdiffersignificantlyon the route of exposure but occur primarily via inhalation exposure. 

	• 
	• 
	Most isocyanates have high flash points, therefore the fire hazard is low. 

	• 
	• 
	However,closedcontainerscan rupture because ofthepressurebuiltupfrom carbon dioxide, which is formed from reaction with moisture. 


	Examples: n-B utylisocyanate Methyl isocyanate 
	Hexamethylenediisocyanate Phenyl isocyanate 
	ORGANIC PEROXIDES 
	• 
	• 
	• 
	Compounds containing the peroxide group bound to organic groups. 

	• 
	• 
	In general, the toxicity is low to moderate. 

	• 
	• 
	Peroxides are a hazardous class of compounds, some of which are extremely dangerous to handle. 

	• 
	• 
	The dangerous ones are highly reactive, powerful oxidizers, highly flammable and often form decomposition products, which are more flammable. 

	• 
	• 
	• 
	Many organic peroxides can explode violently because ofoneoracombination ofthe follow factors: 

	o 
	o 
	o 
	Mechanical shock, such as impact, jarring, or friction 

	o 
	o 
	Heat 

	o 
	o 
	Chemical contact 



	• 
	• 
	Short chain alkyl and acyl peroxides, hydroperoxides, peroxyesters, and peroxydicarbonates withlow carbonnumbersareofmuch greaterhazardthanthelong chain peroxy compounds. 

	• 
	• 
	Theactiveoxygencontentofperoxidesismeasuredastheamountofactiveoxygen (from peroxide functional group) per 100 gm of the substance. The greater the percentage ofactive oxygen informulation,the higher isits reactivity. Anactive oxygen content exceeding 9% is too dangerous for handling and shipping. 
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	Examples: Benzoylperoxide Diisopropyl peroxydicarbonate 
	Cumene hydroperoxide Hydroperoxyenthanol 
	Diacetyl peroxide 
	OXIDIZERS 
	• 
	• 
	• 
	Includes certain classes of inorganic compounds thatare strong oxidizing agents, evolving oxygen ondecomposition. 

	• 
	• 
	These substances are rich in oxygen and decompose violently on heating. 

	• 
	• 
	The explosion hazard arises when these substances come into contact with easily oxidizable compounds such as organics, metals, or metal hydrides. 

	• 
	• 
	When thesolidsubstancesarefinelydivided andcombined,theriskofexplosionis enhanced. 

	• 
	• 
	Theunstableintermediateproducts,soformed,aresensitivetoheat,shock,and percussion. 

	• 
	• 
	Thehealthhazardfromthesubstancesarisesbecauseoftheirstrongcorrosiveactionon the skin andeyes. 

	• 
	• 
	The toxicity depends on the metal ions in these molecules. 


	Examples: 
	Bromates Inorganicperoxides 
	Chlorites Nitrates 
	Dichromates Perchlorates 
	LABORATORY SAFETYMANUAL 207 
	Hypochlorites Periodates 
	Iodates Permanganates 
	PEROXY ACIDS 
	• 
	• 
	• 
	There are 2 types: Peroxycarboxylic acids and Peroxysulfonic acids. 

	• 
	• 
	Peroxycarboxylic acids are weaker acids than the corresponding carboxylic acids. 

	• 
	• 
	Lower peroxy acids are volatile liquids, soluble in water. 

	• 
	• 
	Higher acids with greater than 7 carbons are solids and insoluble in water. 

	• 
	• 
	These compounds are highly unstable and can decompose violently on heating. 

	• 
	• 
	May react dangerously with organic matter and readily oxidizable compounds. 

	• 
	• 
	Among organic peroxides, peroxy acids are the most powerful oxidizing compounds. 

	• 
	• 
	The lower acids are also shock sensitive, but less than some organic peroxides. 

	• 
	• 
	Health hazard is primarily because of their irritant actions. 


	Examples: Peroxyacetic acid Peroxyformic acid 
	Peroxybenzoic acid 
	PHENOLS 
	• 
	• 
	• 
	Phenols are a class of organic compounds containing hydroxyl groups attached to aromatic rings. 

	• 
	• 
	The hydroxyl group exhibits properties that are different from an alcoholic hydroxyl group. 

	• 
	• 
	Phenols are weakly acidic, forming metal salts on reactions with caustic alkalies. 

	• 
	• 
	Incomparison,acidstrengthsofalcoholsarenegligiblysmallorseveralordersof magnitude lower than those of phenols. 

	• 
	• 
	In comparison with many other classes of organic compounds, phenols show relatively greater toxicity. 


	Examples: 
	Cresol Phenols 2-Naphthol 
	Resorcinol 
	Pentachlorophenol 
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	PHTHALATE ESTERS 
	• 
	• 
	• 
	Theseareestersof Phthalicacid. 

	• 
	• 
	Theyarenoncombustible liquids. 

	• 
	• 
	Some are EPA-listed priority pollutants. 

	• 
	• 
	The acute toxicity is very low. 

	• 
	• 
	High doses may produce somnolence, weight loss, dyspnea, and cyanosis. 

	• 
	• 
	The pure liquids are mild irritants to the skin. 

	• 
	• 
	Thesearerelativelyharmlessandareamongtheleasttoxicorganicindustrialproducts. 


	Examples: 
	Dibutylphthalate Diethylhexyl Phthalate(DEHP) 
	Reference: 
	Patnaik, P. AComprehensive Guide tothe HazardousProperties ofChemicalSubstances; Van Nostrand Reinhold: New York, 2007. 
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	APPENDIX J: PEROXIDE FORMING CHEMICALS 
	Peroxide forming chemicals are usuallyflammable and have the ability to form shock-sensitive explosive peroxide crystals undernormalstorageconditions. It is extremely important that all safetyprocedures be followed regarding the identification,handling,storage,and disposalof peroxide-formingchemicals. Thesematerialsmust bestoredaway fromlightandheatwith tightlysecuredcapsandlabeledwithdatesofreceiptandopening.Organicperoxidesshallbe storedintheiroriginalDOTshippingcontainers.Organicperoxidesshallbestoredina
	Allperoxide-formingsolventsshouldbecheckedforthepresenceofanyperoxidespriorto distillation orevaporation. Do notopen a liquid organic peroxide orperoxide-forming chemical iftherearevisiblecrystals,visibleprecipitateoranoilyviscouslayerpresentinthematerial. These are visualindicators ofdangerous high peroxide levels, immediately contact EH&S department,tomanage thishazardoussituationandtodisposeof thismaterial. 
	Periodic testing to detectperoxides should be performed and recorded on previously opened material. Avarietyofmethodsareavailabletotestforthepresenceofperoxidesinorganic solvents. PeroxideteststicksandPotassiumIodideIndicatorcanbeusedforthedetermination of peracetic acid and other organic and inorganic hydroperoxides. 
	SAFE STORAGE PERIODS FOR PEROXIDE FORMERS 
	SAFE STORAGE PERIODS FOR PEROXIDE FORMERS 
	SAFE STORAGE PERIODS FOR PEROXIDE FORMERS 

	Unopened chemicals from manufacturer→ 
	Unopened chemicals from manufacturer→ 
	Label with Date Received Test upon opening or discard after manufacturer’s expiration date 

	Opened containers: 
	Opened containers: 
	Test for Peroxide formation or discard after: 

	Chemicals in Table A→ 
	Chemicals in Table A→ 
	3 months 

	Chemicals in Tables B and D→ 
	Chemicals in Tables B and D→ 
	6 months 

	Uninhibited chemicals in Table C→ 
	Uninhibited chemicals in Table C→ 
	6 hours 

	Inhibited chemicals in Table C→ (Do not store under an inert atmosphere) 
	Inhibited chemicals in Table C→ (Do not store under an inert atmosphere) 
	6 months 
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	A. Severe Peroxide Hazard -Spontaneously decompose and become explosive with exposure to air without concentration. 
	A. Severe Peroxide Hazard -Spontaneously decompose and become explosive with exposure to air without concentration. 
	A. Severe Peroxide Hazard -Spontaneously decompose and become explosive with exposure to air without concentration. 

	Butadienea 
	Butadienea 
	Isopropyl ether 
	Sodium amide (sodamide) 

	Chloroprenea 
	Chloroprenea 
	Potassium metal 
	Tetrafluoroethylenea 

	Divinyl acetylene 
	Divinyl acetylene 
	Potassium amide 
	Vinylidene chloride 

	B. Chemicals that form explosive levels of peroxides on concentration (Require external energy for spontaneous decomposition. Form explosive peroxides when distilled, evaporated or otherwise concentrated.) 
	B. Chemicals that form explosive levels of peroxides on concentration (Require external energy for spontaneous decomposition. Form explosive peroxides when distilled, evaporated or otherwise concentrated.) 

	Acetal 
	Acetal 
	Diethyl ether 
	4-Methyl-2-pentanol 

	Acetaldehyde 
	Acetaldehyde 
	Diethylene glycol dimethyl ether (diglyme) 
	2-Pentanol 

	Benzyl alcohol 
	Benzyl alcohol 
	Dioxanes 
	4-Penten-1-ol 

	2-Butanol 
	2-Butanol 
	Ethylene glycol dimethyl ether (glyme) 
	1-Phenylethanol 

	Cumene 
	Cumene 
	4-Heptanol 
	2-Phenylethanol 

	2-Cyclohexen-1-ol 
	2-Cyclohexen-1-ol 
	2-Hexanol 
	2-Propanol 

	Cyclohexene 
	Cyclohexene 
	Methylacetylene 
	Tetrahydrofuran 

	Decahydronaphthalene 
	Decahydronaphthalene 
	3-Methyl-1-butanol 
	Tetrahydronaphthalene 

	Diacetylene 
	Diacetylene 
	Methylcyclopentane 
	Vinyl ethers 

	Dicyclopentadiene 
	Dicyclopentadiene 
	Methyl isobutyl ketone 
	Other secondary alcohols 

	C. Shock and Heat Sensitive -Highly reactive and can auto-polymerize as a result of internal peroxide accumulation. The peroxides formed in these reactions are extremely shock-and heat-sensitive. 
	C. Shock and Heat Sensitive -Highly reactive and can auto-polymerize as a result of internal peroxide accumulation. The peroxides formed in these reactions are extremely shock-and heat-sensitive. 

	Acrylic acidb 
	Acrylic acidb 
	Methyl methacrylateb 
	Vinyl chloride 

	Acrylonitrileb 
	Acrylonitrileb 
	Styrene 
	Vinylpyridine 

	Butadienec 
	Butadienec 
	Tetrafluoroethylenec 
	Vinyladiene chloride 

	Chloroprenec 
	Chloroprenec 
	Vinyl acetate 

	Chlorotrifluoroethylene 
	Chlorotrifluoroethylene 
	Vinylacetylene 
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	D. Chemicals that may form peroxides but cannot clearly be placed in sections A-C 
	D. Chemicals that may form peroxides but cannot clearly be placed in sections A-C 
	D. Chemicals that may form peroxides but cannot clearly be placed in sections A-C 

	Acrolein 
	Acrolein 
	p-Chlorophenetole 
	4,5-Hexadien-2-yn-1-ol 

	Allyl etherd 
	Allyl etherd 
	Cyclooctened 
	n-Hexyl ether 

	Allyl ethyl ether 
	Allyl ethyl ether 
	Cyclopropyl methyl ether 
	o,p-Iodophenetole 

	Allyl phenyl ether 
	Allyl phenyl ether 
	Diallyl etherd 
	Isoamyl benzyl etherd 

	p-(n-Amyloxy)benzoyl chloride 
	p-(n-Amyloxy)benzoyl chloride 
	p-Di-n-butoxybenzene 
	Isoamyl etherd 

	n-Amyl ether 
	n-Amyl ether 
	1,2-Dibenzyloxyethaned 
	Isobutyl vinyl ether 

	Benzyl n-butyl etherd 
	Benzyl n-butyl etherd 
	p-Dibenzyloxybenzened 
	Isophoroned 

	Benzyl etherd 
	Benzyl etherd 
	1,2-Dichloroethyl ethyl Ether 
	B-Isopropoxypropionitriled 

	Benzyl ethyl etherd 
	Benzyl ethyl etherd 
	2,4-Dichlorophenetole 
	Isopropyl 2,4,5-trichlorophenoxy-acetate 
	-


	Benzyl methyl ether 
	Benzyl methyl ether 
	Diethoxymethaned 
	Limonene 

	Benzyl 1-napthyl etherd 
	Benzyl 1-napthyl etherd 
	2,2-Diethoxypropane 
	1,5-p-Methadiene 

	1,2-Bis(2-chloroethoxy) Ethane 
	1,2-Bis(2-chloroethoxy) Ethane 
	Diethyl ethoxymethylene-Malonate 
	Methyl p-(n-amyloxy)benzoate 
	-


	Bis(2 ethoxyethyl)ether 
	Bis(2 ethoxyethyl)ether 
	Diethyl fumarated 
	4-Methyl-2-pentanone 

	Bis(2-(methoxyethoxy)ethyl) ether 
	Bis(2-(methoxyethoxy)ethyl) ether 
	-

	Diethyl acetald 
	n-Methylphenetole 

	Bis(2-chloroethyl)ether 
	Bis(2-chloroethyl)ether 
	Diethyketenef 
	2-Methyltetrahydrofuran 

	Bis(2-ethoxyethyl)adipate 
	Bis(2-ethoxyethyl)adipate 
	m,o,p-diethoxybenzene 
	3-Methoxy-1-butyl acetate 

	Bis(2-ethoxyethyl)phthalate 
	Bis(2-ethoxyethyl)phthalate 
	1,2-Diethoxyethane 
	2-Methoxyethanol 

	Bis(2-methoxyethyl)Carbonate 
	Bis(2-methoxyethyl)Carbonate 
	-

	Dimethoxymethaned 
	3-Methoxyethyl acetate 

	Bis(2-methoxyethyl) ether 
	Bis(2-methoxyethyl) ether 
	1,1-Dimethoxyethaned 
	2-Methoxyethyl vinyl ether 

	Bis(2-methoxyethyl) Phthalate 
	Bis(2-methoxyethyl) Phthalate 
	Dimethylketenef 
	Methonxy-1,3,5,7-cycloocta-tetraene 
	-
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	Bis(2-methoxymethyl) Adipate 
	Bis(2-methoxymethyl) Adipate 
	Bis(2-methoxymethyl) Adipate 
	3,3-Dimethoxypropene 
	B-Methoxypropionitrile 

	Bis(2-n-butoxyethyl) Phthalate 
	Bis(2-n-butoxyethyl) Phthalate 
	2,4-Dinitrophenetole 
	m-Nitrophenetole 

	Bis(2-phenoxyethyl) ether 
	Bis(2-phenoxyethyl) ether 
	1,3-Dioxepaned 
	1-Octene 

	Bis(4-chlorobutyl) ether 
	Bis(4-chlorobutyl) ether 
	Di(1-propynyl)etherf 
	Oxybis(2-ethyl acetate) 

	Bis(chloromethyl) ethere 
	Bis(chloromethyl) ethere 
	Di(2-propynyl)ether 
	Oxybis(2-ethyl benzoate) 

	2-Bromomethyl ethyl ether 
	2-Bromomethyl ethyl ether 
	Di-n-propoxymethaned 
	B,B-oxydipropionitrile 

	B-Bromophenetole 
	B-Bromophenetole 
	1,2-Epoxy-3-isopropoxyd propane
	-

	1-Pentene 

	o-Bromophenetole 
	o-Bromophenetole 
	1,2-Epoxy-3-phenoxy-Propane 
	Phenoxyacetyl chloride 

	p-Bromophenetole 
	p-Bromophenetole 
	p-Ethoxyacethophenone 
	a-Phenoxypropionyl chloride 

	3-Bromopropyl phenyl ether 
	3-Bromopropyl phenyl ether 
	2-Ethoxyethyl acetate 
	Phenyl o-propyl ether 

	1,3-Butadiyne 
	1,3-Butadiyne 
	(2-Ethoxyethyl)-o-benzoyl Benzoate 
	p-Phenylphenetone 

	Buten-3-yne 
	Buten-3-yne 
	1-(2-Ethoxyethoxy)ethyl Acetate 
	n-Propyl ether 

	tert-Butyl ethyl ether 
	tert-Butyl ethyl ether 
	1-Ethoxynaphthalene 
	n-Propyl isopropyl ether 

	tert-Butyl methyl ether 
	tert-Butyl methyl ether 
	o,p-Ethoxyphenyl isocyanate 
	Sodium 8,11,14-eicosatetraenoate 
	-


	n-Butyl phenyl ether 
	n-Butyl phenyl ether 
	1-Ethoxy-2-propyne 
	Sodium ethoxyacetylidef 

	n-Butyl vinyl ether 
	n-Butyl vinyl ether 
	3-Ethoxyopropionitrile 
	Tetrahydropyran 

	Chloroacetaldehyde diethylacetald 
	Chloroacetaldehyde diethylacetald 
	2-Ethylacrylaldehyde oxime 
	Triethylene glycol diacetate 

	2-Chlorobutadiene 
	2-Chlorobutadiene 
	2-Ethylbutanol 
	Triethylene glycol dipropionate 
	-


	1-(2-Chloroethoxy)-2
	1-(2-Chloroethoxy)-2
	-

	Ethyl B-ethoxypropionate 
	1,3,3-Trimethoxypropened 
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	phen-oxyethane 
	phen-oxyethane 
	phen-oxyethane 

	Chloroethylene 
	Chloroethylene 
	2-Ethylhexanal 
	1,1,2,3-Tetrachloro-1,3butadiene 
	-


	Chloromethyl methyl ethere 
	Chloromethyl methyl ethere 
	Ethyl vinyl ether 
	4-Vinyl cyclohexene 

	B-Chlorophenetole 
	B-Chlorophenetole 
	Furan 
	Vinylene carbonate 

	o-Chlorophenetole 
	o-Chlorophenetole 
	2,5-Hexadiyn-1-ol 
	Vinylidene chlorided 

	NOTES: a When stored as a liquid monomer. b Although these chemicals form peroxides, no explosions involving these monomers have been reported. c When stored in liquid form, these chemicals form explosive levels of peroxides without concentration. They may also be stored as a gas in gas cylinders. When stored as a gas, these chemicals may autopolymerize as a result of peroxide accumulation. d These chemicals easily form peroxides and should probably be considered under Part B. e OSHA -regulated carcinogen. 
	NOTES: a When stored as a liquid monomer. b Although these chemicals form peroxides, no explosions involving these monomers have been reported. c When stored in liquid form, these chemicals form explosive levels of peroxides without concentration. They may also be stored as a gas in gas cylinders. When stored as a gas, these chemicals may autopolymerize as a result of peroxide accumulation. d These chemicals easily form peroxides and should probably be considered under Part B. e OSHA -regulated carcinogen. 


	References: Prudent Practices in the Laboratory, National Research Council, 1995. 
	“Review of Safety Guidelines for Peroxidizable Organic Chemicals,” Chemical Health and Safety, September/October 1996. 
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	APPENDIX K: INCOMPATIBLE CHEMICALS 
	Substancesintheleft-handcolumnshouldbestoredandhandledsotheycannotcontact corresponding substances in the right-hand column. The following list contains some of the chemicals commonly found in laboratories, butit should notbe considered exhaustive. Informationforthespecificchemicalyouareusingcanusuallybefoundinthe“REACTIVITY”or “INCOMPATIBILITIES” section of the Safety Data Sheets. , by Pohanish and Greene, lists the incompatibilities of hundreds of chemicals. 
	Rapid Guide to Chemical Incompatibilities

	Alkaline and alkaline earth metals, such as Sodium, Potassium, Cesium, Lithium, Magnesium, Calcium 
	Alkaline and alkaline earth metals, such as Sodium, Potassium, Cesium, Lithium, Magnesium, Calcium 
	Alkaline and alkaline earth metals, such as Sodium, Potassium, Cesium, Lithium, Magnesium, Calcium 
	Carbon dioxide, Carbon tetrachloride and other chlorinated hydrocarbons, any free acid or halogen Donotusewater,foamordrychemicalonfires involving thesemetals. 

	Acetic acid 
	Acetic acid 
	Chromic acid, Nitric acid, hydroxyl compounds, Ethylene glycol, Perchloric acid, peroxides, permanganates 

	Acetic anhydride 
	Acetic anhydride 
	Chromic acid, Nitric acid, hydroxyl-containing compounds, Ethylene glycol, Perchloricacid, peroxides and permanganates 

	Acetone 
	Acetone 
	Concentrated Nitric and Sulfuric acid mixtures 

	Acetylene 
	Acetylene 
	Copper,Silver, Mercuryandhalogens,Fluorine, Chlorine, Bromine 

	Aluminum alkyls 
	Aluminum alkyls 
	Halogenated hydrocarbons, water 
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	Ammonia (anhydrous) 
	Ammonia (anhydrous) 
	Ammonia (anhydrous) 
	Silver, Mercury, Chlorine, Calcium hypochlorite, Iodine,Bromine,Hydrogenfluoride,Chlorine dioxide, Hydrofluoric acid (anhydrous) 

	Ammonium nitrate 
	Ammonium nitrate 
	Acids, metal powders, flammable liquids, chlorates, nitrites, Sulfur, finely divided organics or combustibles 

	Aniline 
	Aniline 
	Nitric acid, Hydrogen peroxide 

	Arsenical materials 
	Arsenical materials 
	Any reducing agent 

	Azides 
	Azides 
	Acids 

	Benzoyl peroxide 
	Benzoyl peroxide 
	Chloroform, organic materials 

	Bromine 
	Bromine 
	Ammonia, Acetylene, Butadiene, Butane and other petroleum gases, Sodium carbide, Turpentine, Benzene and finely divided metals, Methane, Propane, Hydrogen 

	Calcium carbide 
	Calcium carbide 
	Water (see also Acetylene) 

	Calcium hypochlorite 
	Calcium hypochlorite 
	Methyl carbitol, Phenol, Glycerol, Nitromethane, Iron oxide, Ammonia, activated carbon 

	Calcium oxide 
	Calcium oxide 
	Water 
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	Carbon, activated 
	Carbon, activated 
	Carbon, activated 
	Calcium hypochlorite, all oxidizing agents 

	Carbon tetrachloride 
	Carbon tetrachloride 
	Sodium 

	Chlorates 
	Chlorates 
	Ammonium salts, acids, metal powders, Sulfur, finely divided organics or combustibles 

	Chlorine 
	Chlorine 
	Ammonia, Acetylene, Butadiene, Butane, Propane, andotherpetroleum gases, Hydrogen, Sodium carbide, Turpentine, Benzene andfinely divided metals, Methane 

	Chlorine dioxide 
	Chlorine dioxide 
	Ammonia, Methane, Phosphineand Hydrogen sulfide 

	Chlorosulfonic acid 
	Chlorosulfonic acid 
	Organic materials, water, powdered metals 

	Chromic acid & Chromium trioxide 
	Chromic acid & Chromium trioxide 
	Acetic acid, Naphthalene, Camphor, Glycerin, Turpentine, alcohol and other flammable liquids, paper or cellulose 

	Copper 
	Copper 
	Acetylene, Hydrogen peroxide, Ethylene oxide 

	Cumene hydroperoxide 
	Cumene hydroperoxide 
	Acids, organic ormineral 

	Cyanides 
	Cyanides 
	Acids 

	Ethylene oxide 
	Ethylene oxide 
	Acids, bases, Copper, Magnesium perchlorate 
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	Flammable liquids 
	Flammable liquids 
	Flammable liquids 
	Ammonium nitrate, Chromic acid, Hydrogen peroxide, Nitricacid, Sodium peroxide, halogens 

	Fluorine 
	Fluorine 
	Reducing agents, Combustible and Organic materials, Metals, Alkalis and Moisture 

	Hydrocyanic acid 
	Hydrocyanic acid 
	Nitric acid, alkalis 

	Hydrogen peroxide 
	Hydrogen peroxide 
	Copper,Chromium,Iron,mostmetals ortheir salts, any flammable liquid, combustible materials,Aniline, Nitromethane, alcohols, Acetone, organic materials, Aniline 

	Hydrides 
	Hydrides 
	Water, air, Carbon dioxide, chlorinated hydrocarbons 

	Hydrofluoric acid, anhydrous (Hydrogen fluoride) 
	Hydrofluoric acid, anhydrous (Hydrogen fluoride) 
	Ammonia(anhydrousoraqueous), organic peroxides 

	Hydrogen sulfide 
	Hydrogen sulfide 
	Fuming Nitric acid, oxidizing gases 

	Hydrocarbons (Benzene, Butane, Propane, Gasoline, Turpentine, etc.) 
	Hydrocarbons (Benzene, Butane, Propane, Gasoline, Turpentine, etc.) 
	Fluorine, Chlorine, Bromine, Chromic acid, Sodium peroxide, fuming Nitric acid 

	Hydroxylamine 
	Hydroxylamine 
	Barium oxide, Lead dioxide, Phosphorus pentachloride and trichloride, Zinc, Potassium dichromate 
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	Hypochlorites 
	Hypochlorites 
	Hypochlorites 
	Acids, activated Carbon 

	Iodine 
	Iodine 
	Acetylene,Ammonia(anhydrousoraqueous), Hydrogen 

	Maleic anhydride 
	Maleic anhydride 
	Sodium hydroxide,Pyridineandothertertiary amines 

	Mercury 
	Mercury 
	Acetylene,Fulminicacid,Ammonia,Oxalicacid 

	Nitrates 
	Nitrates 
	Acids, metal powders, flammable liquids, chlorates, sulfur, finely divided organics or combustibles, Sulfuricacid 

	Nitric acid (concentrated) 
	Nitric acid (concentrated) 
	Acetic acid, Aniline, Chromic acid, Hydrocyanic acid, Hydrogen sulfide, flammable liquids, flammable gases, nitratable substances, organic peroxides, chlorates, Copper, brass, any heavy metals 

	Nitroparaffins 
	Nitroparaffins 
	Inorganic bases, amines 

	Oxygen 
	Oxygen 
	Oil,grease,Hydrogen,flammableliquids,solids, or gases 

	Oxalic acid 
	Oxalic acid 
	Silver, mercury, organic peroxides 

	Perchlorates 
	Perchlorates 
	Acids 
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	Perchloric acid 
	Perchloric acid 
	Perchloric acid 
	Acetic anhydride, Bismuth and its alloys, alcohol, paper, wood, grease, oil, organic amines or antioxidants 

	Peroxides, organic 
	Peroxides, organic 
	Acids (organic ormineral),avoidfriction,store cold. 

	Phosphorus (white) 
	Phosphorus (white) 
	Air, Oxygen, alkalis, reducing agents 

	Phosphorus pentoxide 
	Phosphorus pentoxide 
	Propargyl alcohol 

	Potassium 
	Potassium 
	Carbon tetrachloride, Carbon dioxide, water 

	Potassium chlorate 
	Potassium chlorate 
	Acids, Sulfuric acid (see also chlorates) 

	Potassium perchlorate 
	Potassium perchlorate 
	Sulfuric&otheracids(seealsoPerchloricacid,& chlorates) 

	Potassium permanganate 
	Potassium permanganate 
	Glycerin, Ethylene glycol, Benzaldehyde, any free acid, Sulfuric acid 

	Selenides 
	Selenides 
	Reducing agents 

	Silver 
	Silver 
	Acetylene, Oxalicacid, Tartaricacid, Fulminicacid, ammonium compounds 

	Sodium 
	Sodium 
	Carbon tetrachloride, Carbon dioxide, water. See alkaline metals (above) 
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	Sodium amide 
	Sodium amide 
	Sodium amide 
	Air, water 

	Sodium nitrate 
	Sodium nitrate 
	Ammonium nitrate and other ammonium salts 

	Sodium oxide 
	Sodium oxide 
	Water, any free acid 

	Sodium peroxide 
	Sodium peroxide 
	Any oxidizable substance, such as Ethanol, Methanol,glacialAceticacid,Aceticanhydride, Benzaldehyde, Carbon disulfide, Glycerine, Ethylene glycol, Ethyl acetate, Methyl acetate and Furfural 

	Sulfides 
	Sulfides 
	Acids 

	Sulfuric acid 
	Sulfuric acid 
	Chlorates, perchlorates, permanganates, organic peroxides, Potassium chlorate, Potassium perchlorate, Potassium permanganate (similar compounds of light metals, such as Sodium, Lithium) 

	Tellurides 
	Tellurides 
	Reducing agents 

	UDMH (1,1-Dimethylhydrazine) 
	UDMH (1,1-Dimethylhydrazine) 
	Oxidizing agents such as Hydrogen peroxide and fuming Nitric acid 

	Zirconium 
	Zirconium 
	Prohibit water, Carbon tetrachloride, foam and dry chemical on zirconium fires 
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	APPENDIX L: CHEMICAL SEGRATION SCHEME AND LIMITS 
	Unstable/Reactive 
	Unstable/Reactive 
	Unstable/Reactive 
	Check manufacturer’s Safety Data Sheet (SDS) for information on incompatibles and proper storage. 

	Nitric Acid 
	Nitric Acid 
	Always by itself away from incompatible materials in appropriate secondary containment. 

	Hydrofluoric Acid 
	Hydrofluoric Acid 
	Always by itself away from incompatible materials in an appropriate secondarycontainer. 

	Perchloric Acid 
	Perchloric Acid 
	Always by itself away from incompatible materials in an appropriate secondary container. 

	Oxidizers 
	Oxidizers 
	Storedasagroup,separatedfrom allotherchemicalgroups, placeonshelvingcompatiblewithoxidizingmaterials(not unprotectedwoodormetal). (Bleachshouldbestoredwith theOxidizers). Cannotbe storedabove,below,ornextto flammables. 

	Flammables 
	Flammables 
	Storedasagroupinatwo-hourfireratedcabinetapproved for flammable materials. 

	Organic Acids 
	Organic Acids 
	Store with flammables unless contraindicated by SDS. 

	Inorganic Acids 
	Inorganic Acids 
	Store as a group in an appropriate cabinet or on shelving compatible with acids (not unprotected metal). Cannot be stored above, below, or next to bases or oxidizers. 

	Bases 
	Bases 
	Storeasa groupinan appropriatecabinetoron shelving compatible with bases (not unprotected metal). Cannot be stored above, below, or next to acids or oxidizers. 

	Poisons/Carcinogens 
	Poisons/Carcinogens 
	Store as a group away from the above materials. 

	Compressed Gasses 
	Compressed Gasses 
	StoreMINIMALamountofmaterialinlaboratory. Cylinders mustbesecuredtopreventtipping. Cylindersofinhalation poisonsmustbesmallenough(lecturebottles)tofitinsideof fumehoods.Largercylindersmustbein keptinventilated gas cabinets. Flammable and oxidizing gases must be separated by at least 20-feet or a fire-rated partition. 

	Radioactive Materials 
	Radioactive Materials 
	Storedseparatelyfromothermaterialsbehindappropriate shielding and in chemically compatible containers. 

	Other Materials 
	Other Materials 
	Storedawayfrom theabovematerials onsecureshelving. Chemicalsshouldnotbestoredon thefloor oraboveeye level. 
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	Summary Table Chemical Storage Limits 
	Laboratory Type 
	Laboratory Type 
	Laboratory Type 
	Fire Rating 
	Fire Protection 
	Flammable Liquids 
	Flammable Solids 
	Oxidizing Materials 
	Unstable Reactives 

	I 
	I 
	2 hour 
	Sprinklers 
	30 gallons 
	15 pounds 
	50 pounds 
	12 pounds 

	II 
	II 
	1 hour 
	Sprinklers 
	25 gallons 
	10 pounds 
	40 pounds 
	6 pounds 

	III 
	III 
	2 hour 
	No sprinklers 
	20 gallons 
	6 pounds 
	30 pounds 
	3 pounds 

	IV 
	IV 
	1 hour 
	No sprinklers 
	15 gallons 
	3 pounds 
	20 pounds 
	2 pounds 
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	APPENDIX M: SAMPLE PRIOR APPROVAL FORM 
	Prior Approval for Chemical Use/Highly Hazardous Operations 
	Laboratorypersonnellistedbelowmusthavepermissionfromthelaboratorysupervisor, Principal Investigator, or the P.I.’s delegate to use the chemicals or conduct the detailed operation in the laboratory listed. 
	P.I. orsupervisor: Location: 
	Name of chemical(s) oroperation: 
	Participants should print names legibly below, initial and date to indicate they meet the following requirements: 
	• 
	• 
	• 
	Awareness of the hazards the chemical(s) or operation(s) pose 

	• 
	• 
	Read and understood the Standard Operating Procedures for this process 

	• 
	• 
	Knows the first aid procedure in case of an exposure 

	• 
	• 
	Knows what to do in the event of a spill or other emergency 

	• 
	• 
	Completed specific training needed above the standard Laboratory Safetyand Chemical Waste Disposal training 

	• 
	• 
	Possesses a valid Certificate of Fitness (C-14) 


	Name Initials Date 
	TheP.I.,laboratorysupervisor,orP.I.delegatelistedabovemustsign below andindicatethe date range for which the prior approval extends in order for approval to be valid. 
	Above Signature: Date(s) Applicable: 
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	APPENDIX N: WASTE DETERMINATION/LABELING GUIDE 
	Waste Name: 
	Point of Generation: 
	Answer all the following questions and take all actions indicated. 
	Answer all the following questions and take all actions indicated. 

	1. Isitaliquid,otherthananaqueoussolutioncontaininglessthan24percentalcoholby volume and has a flash pointless than 60°C (140°F); or is itnota liquid and capable,under standard temperature and pressure (STP), of causing fire through friction,absorption of moisture or spontaneous chemical changes and when ignited, burns so vigorously and persistentlythatitcreatesahazard;orisitan ignitablecompressedgasor oxidizer? 
	YES, this waste mustbelabeled ignitable. 
	NO, no action required. 
	2. Is it aqueous and has a pH less than or equal to 2 or greater than or equal to 12.5? 
	YES, thiswastemustbelabeledcorrosive. 
	NO, no action required. 
	3. Isitnormally unstable andreadily undergoes violent change without detonating, orreacts violentlywithwater;doesitformpotentiallyexplosivemixtureswithwater,generatestoxic gases, vapors or fumes in a quantity sufficient enough to present a danger to human health or the environment; or is a cyanide or sulfide bearing waste which, when exposed to pH conditionsbetween2and12.5,cangeneratetoxicgases oriscapableofdetonationor explosive decomposition or reaction at STP? 
	YES, thiswastemustbelabeled reactive. 
	NO, no action required. 
	4. 
	4. 
	4. 
	4. 
	Does the material have a toxic component (See Table 1)? 

	YES,thiswastemustbelabeledtoxic. Includechemical(s)from Table1presentinthematerial. NO, no actionrequired. 

	5. 
	5. 
	Is the material listed as a Hazardous Waste from a non-specific source? (See Table 2.) 

	6. 
	6. 
	Is this unused material or an off-spec chemical for disposal? 


	YES,thiswastehastheEPAHazardousWasteNumberassociatedwithitfromTable2. NO, no action required. 
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	YES, give this material to your EHS officer. NO, label this material as non-hazardous waste. Waste determination is complete. 
	TABLE 1: Maximum Concentration of Contaminants for the Toxicity Characteristic 
	Regulatory HW No.Contaminant 
	D004 
	D004 
	D004 
	Arsenic 

	D005 
	D005 
	Barium 

	D018 
	D018 
	Benzene 

	D006 
	D006 
	Cadmium 

	D019 
	D019 
	Carbon tetrachloride 

	D020 
	D020 
	Chlordane 

	D021 
	D021 
	Chlorobenzene 

	D022 
	D022 
	Chloroform 

	D007 
	D007 
	Chromium 

	D023 
	D023 
	o-Cresol 

	D024 
	D024 
	m-Cresol 

	D025 
	D025 
	p-Cresol 

	D026 
	D026 
	Cresol 

	D016 
	D016 
	2,4-D 

	D027 
	D027 
	1,4-Dichlorobenzene 

	D028 
	D028 
	1,2-Dichloroethane 

	D029 
	D029 
	1,1-Dichloroethylene 

	D030 
	D030 
	2,4-Dinitrotoluene 


	CAS No. Level (mg/L) 
	7440-38-2 
	7440-38-2 
	7440-38-2 
	5.0 

	7440-39-3 
	7440-39-3 
	100.0 

	71-43-2 
	71-43-2 
	0.5 

	7440-43-9 
	7440-43-9 
	1.0 

	56-23-5 
	56-23-5 
	0.5 

	57-74-9 
	57-74-9 
	0.03 

	108-90-7 
	108-90-7 
	100.0 

	67-66-3 
	67-66-3 
	6.0 

	7440-47-3 
	7440-47-3 
	5.0 

	95-48-7 
	95-48-7 
	200.0 

	108-39-4 
	108-39-4 
	200.0 

	106-44-5 
	106-44-5 
	200.0 

	TR
	200.0 

	94-75-7 
	94-75-7 
	10.0 

	106-46-7 
	106-46-7 
	7.5 

	107-06-2 
	107-06-2 
	0.5 

	75-35-4 
	75-35-4 
	0.7 

	121-14-2 
	121-14-2 
	0.13 


	D012 Endrin 72-20-8 0.02 
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	Heptachlor (and its D031 epoxide) D032 Hexachlorobenzene. D033 Hexachlorobutadiene D034 Hexachloroethane D008 Lead D013 Lindane D009 Mercury D014 Methoxychlor D035 Methyl Ethyl Ketone D036 Nitrobenzene D037 Pentrachlorophenol D038 Pyridine D010 Selenium D011 Silver D039 Tetrachloroethylene D015 Toxaphene D040 Trichloroethylene D041 2,4,5-Trichlorophenol D042 2,4,6-Trichlorophenol D017 2,4,5-TP (silvex) D043 Vinyl Chloride 
	Heptachlor (and its D031 epoxide) D032 Hexachlorobenzene. D033 Hexachlorobutadiene D034 Hexachloroethane D008 Lead D013 Lindane D009 Mercury D014 Methoxychlor D035 Methyl Ethyl Ketone D036 Nitrobenzene D037 Pentrachlorophenol D038 Pyridine D010 Selenium D011 Silver D039 Tetrachloroethylene D015 Toxaphene D040 Trichloroethylene D041 2,4,5-Trichlorophenol D042 2,4,6-Trichlorophenol D017 2,4,5-TP (silvex) D043 Vinyl Chloride 
	76-44-8 118-74-1 87-68-3 67-72-1 7439-92-1 58-89-9 7439-97-6 72-43-5 78-93-3 98-95-3 87-86-5 110-86-1 7782-49-2 7440-22-4 127-18-4 8001-35-2 79-01-6 95-95-4 88-06-2 93-72-1 75-01-4 
	0.008 0.13 0.5 3.0 5.0 0.4 0.2 10.0 

	200 2.0 100.0 5.0 1.0 5.0 0.7 0.5 0.5 400.0 2.0 1.0 0.2 
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	TABLE 2: Waste from Non-specific Sources 
	The following spent halogenated solvents: (T) 
	Tetrachloroethylene, 
	methylene chloride, 
	trichloroethylene, 
	1,1,1-trichloroethane, 
	chlorobenzene, 
	1,1,2-trichloro-1,2,2-trifluoroethane, 
	ortho-dichlorobenzene, 
	trichlorofluoromethane, 
	1,1,2-trichloroethane; 
	All spent solvent mixtures and blends containing any of the above. 
	The following spent non-halogenated solvents: (I*) 
	Xylene, 
	acetone, 
	ethyl acetate, 
	ethyl benzene, 
	ethyl ether, 
	methyl isobutyl ketone, 
	n-butyl alcohol, 
	cyclohexanone, 
	methanol; 
	Cresols and cresylic acid, 
	nitrobenzene; 
	Toluene, 
	methyl ethyl ketone, 
	carbon disulfide, 
	isobutanol, 
	pyridine, 
	benzene, 
	2-ethoxyethanol, 
	2-nitropropane; 
	All spent solvent mixtures and blends containing any of the above. 
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	APPENDIX O: FUME HOODS 
	Engineeringcontrols,thefirstlineofdefenseagainstworkplacehazards,includelocalexhaust ventilation(i.e.,chemicalfumehoods)topreventexposuretogases,chemicalvaporsand aerosols. There are two basic categories of laboratory hoods: chemical fume hoods and biological safety cabinets. This section addresses the design face velocity requirements and test procedures for chemical fume hoods (CFH). Biological safety cabinets are tested and certified by an independent contractor. 
	SAFE WORK PRACTICES Laboratory personnel must employ work practices that minimize/eliminate their exposures when working with hazardous materials in fume hoods. 
	• 
	• 
	• 
	Allfume hoodsare inspected annually.Ifyourfume hooddoesnothave aninspection stickeroriftheexistinginspection stickeronyour fumehoodindicates ayearormore haspassedsincethehoodwaslastinspected,contactyourEHSOimmediatelyto schedule an inspection. 

	• 
	• 
	Beforeusingafumehood,ensurethatthefumehoodisworkingbycheckingboththe telltale(greencrepepaperhangingfromhoodsash)andairmonitoringdeviceifthe hood is equipped with one. 

	• 
	• 
	Keeplaboratorywindowsanddoorsclosedandminimizetrafficinfrontofthehood while working. Minimize rapid movements, including opening and closing the sash. Theseprecautionswillhelptopreventaircurrentsfromforming,whichcanresultin hazardousvaporsbeingpulled outofthehood andintothelaboratorypersonnel’s breathing zone. 

	• 
	• 
	IftheEHSO orFacilitiesManagementhaspostedanoutofservice noticeonahood,DO NOT use the fume hood for any reason. Always report any malfunctioning fume hoods toFacilitiesManagementandrequestrepair.Letothersinthelaboratoryknowby posting a “Do Not Use” sign on the hood. 

	• 
	• 
	Minimizematerialsstoredinhoods. Excessandunnecessarystorageorclutterresultsin decreasedhoodperformanceandincreasesthechancesofanaccidentorspill. 

	• 
	• 
	Hoods should not be used for permanent storage including of hazardous materials. 

	• 
	• 
	Laboratorypersonnelshouldnotplacetheirupperbodyinsidethefumehoodexcept duringinitialsetupofequipmentandbeforeanyhazardousmaterialshavebeenplaced inside the hood. 

	• 
	• 
	Equipment placed inside the hood should not block airflow through slots in the baffle. 

	• 
	• 
	Hazardous materialsandanyequipmentthatcould besources ofemission should be placedmore than 6-inches insidethe hoodforpropercontainmentofchemicalvapors. 

	• 
	• 
	Keepanylaboratoryequipmentelevatedatleastoneinchofftheworksurfacetoallow forproperairflow. Usebench standsoritems such asblocks, metaltesttube racks, or other items that will not react with the chemical(s) in use. 

	• 
	• 
	The hood sash or panels should be lowered to the lowest (comfortable) working height, usually12to18-inches. Fullyopeningthesashlowersthefacevelocitytothepointof ineffectiveness. 

	• 
	• 
	The hoodsash orpanels shall notberemoved except forinitialexperiment setup before hazardous chemicals are placed in the hood. 

	• 
	• 
	Filterstoremovecontaminants,thoughrarelyusedforspecificoperations,suchas volatile radioactive materials, shall be maintained as recommended by the manufacturer. 

	• 
	• 
	When pouring flammable liquids, always make sure both containers are electrically interconnectedtoeachotherbybondingandgroundinginordertoprevent the generationofstaticelectricity, which can causetheflammableliquidtoignite. 

	• 
	• 
	Besure towash both the working surface andhoodsash frequently andalways maintain aclean anddrywork surfacethatisfree ofclutter, cleaning upallspillsimmediately. 

	• 
	• 
	Keepthefumehood sashclosedallofthewaywheneverthefumehoodisnotbeing used to help conserve energy. 

	• 
	• 
	Forthoselaboratoriesequipped with occupancy sensorsorwhere the ventilationrates are controlled bythelight switches, when you first enterthe lab, wait a fewminutes beforebeginningtoworkwithchemicalsinorderfortheventilationsystemtorampup to occupied settings and higher ventilation rates. 

	• 
	• 
	Using fume hoods to evaporate hazardous waste is illegal. 
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	FLOW MONTIORING DEVICES Newandreconditionedhoodsshouldbeequippedwithanairflow-monitoringdevicethat provides an audible and visible warning should the fume hood face velocity fall below a safe level. Foruniformitytheselection mustbereviewed byEHS. The device should bechecked andrecalibratedannuallyatthetimeofrecertification.Anydamageddevicesshouldbe repaired or replaced. 
	PERFORMANCE TESTING Fume hoods must be certified annually using ASHRAE-110 guidelines to test performance. 
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	Performance tests for hoods require one of the following 
	• 
	• 
	• 
	Exhaust rate measured by a calibrated meter 

	• 
	• 
	Linear air velocity measured in the plane of the fume hood face (face velocity) 

	• 
	• 
	Smoke tests at different fume hood sash positions 


	ANSI/AIHA Z9.5-2003, American National Standard for Laboratory 
	85 
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	Documentingtheperformanceofafumehood maybeperformedbytheEHSOfficeora competentanddesignatedperson.TheEHSOfficeshouldensurethatthisworkisconducted annually.Ifadditionalproblems are suspected with a particularhood, allthree performance tests may be performed and/or maintenance required. 
	Face Velocity Face Velocityisthelinearaverageairvelocityinto the exhaustsystem (i.e.,fumehood) measuredattheopeningintothehood.Themeasurementofhoodface velocityis importantforquantitativelydeterminingtheeffectivenessofachemicalfumehoodin capturingandremovingmaterialsemittedwithinit.Theaveragefacevelocityisthe volumetricflowrateofthehooddividedbytheareaofthehoodface.Forcombination orhorizontalsashes,thefacevelocityismeasuredatthemidpointoftheplaneofthe hood face. 
	Adequate face velocitygenerallyranges from 80-120 linearfpm.Minimum face velocity istheminimumacceptablevelocityatanypointontheoperatingopening,forexample 80fpm.This shouldnotbe lessthan95percentoftheas-designedaveragefacevelocity. Maximum face velocity is the maximum acceptable velocity at any point of the operating opening. Maximum face velocity should not be greater than 120 fpm to prevent creation of turbulent air currents within the fume hood. 
	Average face velocity is determined in the following manner: 
	o 
	o 
	o 
	Divide the horizontal and vertical planes of the face into equal grids no greater than one foot square.Dimensions ofthe face opening shallinclude the space between the air foil and the work surface. 

	o 
	o 
	Velocity readings shall be taken with a calibrated anemometer fixed at the center of each grid cell. The anemometer isheldin theplaneof the hood perpendicular to theopening. 

	o 
	o 
	The hood face velocity is the average velocity of these measurements. 

	o 
	o 
	Thetesterwillplaceacertificationstickeronthefrontofthehood,recordingthe testdate,facevelocityata12to18-inchessashheight,andtester’sinitials.The sashheightatwhichtheaveragefacevelocityis100fpmmayalsobeindicated. 

	o 
	o 
	Fume hood testing informationshouldbe recorded inadatabase maintained at the EHS Office. Information should include Principal Investigator (P.I.), department, building, room number, hood ID number, date, velocity (fpm) and tester initials. 

	o 
	o 
	Afume hood thatdoesnotmaintain an adequate average face velocity has failed thetest,cannot beusedand istagged withasignindicatingit isnot working. 
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	SCHEDULED MAINTENANCE 
	Regularchecksoffumehoodandductworkisapartofpreventivemaintenance. Advance notificationoftheplannedinterruptionoffumehoodserviceshouldbeprovidedtorelevant 
	P.I. s,laboratorypersonnelandtheEHS office.Affected fumehoodsshould belabeled with “DO NOTUSE”signsifnotalreadyposted. Duringthistime,noproceduresshallbeconductedinside theaffectedfumehoods. Ifprocedurescannotbeinterruptedorrelocated toanotherfume hood during this time, the P.I./laboratory personnel shall inform those responsible of this conflictand schedule a mutually convenient time for preventive maintenance to be conducted. 
	Fume hood service interruption notices shall include: 
	• 
	• 
	• 
	Date/time of shutdown 

	• 
	• 
	Fan motor number shutdown (if relevant include the site) 

	• 
	• 
	Date/time of reactivation 

	• 
	• 
	Number to call for further information 


	Oncescheduled,theP.I.andlaboratorypersonnelshallmakenecessaryarrangementsto conduct procedures requiring local exhaust ventilation elsewhere, or suspend these activities untilserviceisrestored.Designatedpersonorpersonsshalllockoutandtagoutaffectedhoods so thatthey cannot be used during this time. Allhazardous materials inside the hoods must be inclosedcontainersorremoved.Oncemaintenanceiscomplete,thelockoutdevice(s)andtag shallberemovedandEHS notified.TheEHS Officereevaluates theaffectedhoodsandgives cleara
	REMOVING HOODS FROM SERVICE 
	When a chemical fumehood isto be removed from service, theP.I. must ensure that all hazardousmaterials havebeenremoved andthehoodhasbeenproperlydecontaminated. If radioactivematerialshavebeenusedinthehood,theRadiationSafetyOfficermustsurveythe fume hood for radioactive contamination. After decontamination and final survey, clearance for removal is given by EHS Office. 
	FUME HOOD FAILURE RESPONSABILITIES 
	Iftheaudiblealarmsounds,thisindicatesthatthefacevelocityhasfallenbelow 80fpmandthe fume hood should not be used. If it is suspected that a fume hood is not working properly regardlessofthestatusofthealarm,workinsidethehoodshouldstopimmediatelyandthe problem should be reported to the Principal Investigatoror Laboratory Manager and Facilities. Everyoneworkinginthelaboratoryhasresponsibilitiesrelatedtofumehoodoperations. 
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	P.I. / Laboratory Personnel 
	• 
	• 
	• 
	Inform all laboratory personnel if hood is not working. 

	• 
	• 
	Close or cover any open or exposed containers or radioactive materials. 

	• 
	• 
	Place a “DO NOT USE” sticker or sign on the hood if it is not working properly. 

	• 
	• 
	Remove chemicals and equipment and relocate procedures. 

	• 
	• 
	Contact Facilities or appropriate department. 


	Facilities or Appropriate Department 
	• 
	• 
	• 
	Lockout and tagout of individual hoods before investigation. 

	• 
	• 
	Notify P.I., laboratory manager and research personnel. 

	• 
	• 
	Post “DO NOT USE” signs (if not already posted). 

	• 
	• 
	Repair and adjust adequate flow rate. 

	• 
	• 
	Provide adequate preventive maintenance, including a review of entire system. 

	• 
	• 
	Ensure personnel safety when doing repairs. 

	• 
	• 
	Ensure any contractors follow lockout/tagout procedures. 

	• 
	• 
	Contact EHS to do re-certification after repair or adjustment. 


	EHS 
	• 
	• 
	• 
	Assist with communications between Departments and personnel. 

	• 
	• 
	Arrange for annualcertifications. 

	• 
	• 
	Issue clearance beforerepairs. 

	• 
	• 
	Inform P.I. and Facilities Office if a hood fails certification. 

	• 
	• 
	Re-certify after repairs or adjustment. 


	ROOF WORK Thefumehoodexhaustfansaredesignedsuchthattheexhaustisejectedhighabovethe building. Working neartheseoutletscouldpotentiallyexposeworkerstohazardouschemicals, albeitinextremelydiluteconcentrations. Ifmaintenance/repairworkmustbedoneontheroof ofanybuildingcontaininghoodexhaust(s),theEHSOfficemustbeinformedsothatworkers canbeprovidedwithinformation regardingchemicalsusedinrelevantfumehoodsandfor clearance to work in the vicinity. 
	DUCTLESS FUME HOODS TheNYC FireCodedoesnotallowtheuseofductlessfumehoodsinNYC;thereforeductless fume hoods are not to be installed in CUNY establishments. REFERENCES 
	• 
	• 
	• 
	ANSI/AIHA Z9.5-2003, American National Standard for Laboratory 

	• 
	• 
	NFPA 45 Standard on Fire Protection for Laboratories Using Chemicals. 

	• 
	• 
	ACGIH’s Industrial Ventilation: A Manual for Recommended Practice. 

	• 
	• 
	ANSI/ASHRAE110-1995MethodofTestingPerformance ofLaboratory FumeHoods. 
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	APPENDIX P: FIRE EXTINGUISHERS TESTING AND INSPECTIONS 
	Allfireextinguishersmustbeinspectedmonthlyandservicedannually. Annualmaintenanceis acompleteandthorough examinationofeachextinguisherincludingexaminingallitsparts, cleaning and replacing any defective parts and reassembling, recharging and where appropriate,pressurizingtheextinguisher.Thisisdonebya personorvendorwhohasa CertificateofFitnessinExtinguisherMaintenance. Maintenanceshouldbeperformedatleast onceeveryyear,aftereach use,orwhen monthlyinspectionindicatesaneedformaintenance. 
	Annual 

	Laboratorypersonnelshouldperformregularvisualchecks(atleastonamonthlybasis)to ensurethatfireextinguishersarepresent intheirlabsandwilloperate. Thepointofthese inspections is to give reasonable assurance that the extinguishers are fully charged, completely visible,fullyaccessible,and operable.The extinguishershould be initsdesignated place,not beenactuatedandshownosignsofdamagethatwouldinterferewithoperation.Afterthe inspectioniscompletethemonthlyinspectiontagshallbeinitialedanddated.Forthosefire extinguishe
	Monthly 

	Fireextinguishersthat aresubjecttointernalpressuresarerequiredtoundergohydrostatic testingtopreventunexpected,in-servicefailure.Undetectedinternalcorrosioncausedby moisture in the extinguisher,externalcorrosion caused by atmospheric humidity orcorrosive vapors, rough handling, repeated pressurizations, manufacturing flaws, improper assembly of valvesorsafetyreliefdiscs,orexposuretoabnormalheat,asduringafire,maycausedamage. 
	Hydrostatic Testing 

	The frequency ofhydrostatic testing is determined by the National Fire Protection Association Standard for Portable Fire Extinguishers (NFPA 10). NFPA 10 provides the following hydrostatic test frequency based on the different types of portable fire extinguishers. 
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	Pressure Water 5 years CO2 5 years Dry Chemical 5 years Stainless Steel shell 
	Dry Chemical 12 years Halon 12 years Water Mist 5 years 
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	APPENDIX Q: MACHINE SHOP GUIDANCE 
	GENERAL STANDARD OPERATING PROCEDURES FOR COMMON TOOL AND MACHINE SHOP EQUIPMENT 
	Machineshoptoolsandequipmentplaceusersatriskofinjuryduetomovingmachineparts which can cause crushed fingers or hands, amputations, burns, or blindness. Thebasic procedureslisted belowminimize therisk fromthesepreventableinjuriesandapplytoall equipment that contains pinch points, wrap points, shear points, crush points, pull-in points, or the potential to throw fragments. 
	General Safety Tips 
	• 
	• 
	• 
	Before using equipment, read the instruction manual andobtaintrainingfroma supervisor. Askforhelpif youdonotfeelconfidentusingtheequipment. Inspect equipment before use to confirm it is in good working order. 

	• 
	• 
	Maintain tools in accordance with manufacturer requirements. 

	• 
	• 
	Do not install or repair equipment unless you are qualified. 

	• 
	• 
	Donotusedefectivemachinery,equipmentorhandtools. Takeitoutofserviceand report it to the supervisor. 

	• 
	• 
	Do not tamper with or remove any part of the equipment or safety devices. 

	• 
	• 
	Do not use a tool with a damaged or frayed electrical cord. 

	• 
	• 
	Keep electric cords clean and free from kinks. 

	• 
	• 
	Work Area must be clean, dry and well-lit. 

	• 
	• 
	Stand where you have good footing and good balance when using any tools. 

	• 
	• 
	Usetherighttoolsthecorrectway. Usehandtoolsandmachineshopequipmentfor their designed purposes only. Never use a dull blade or cutting edge. 

	• 
	• 
	Do not work alone in a machine shop. 

	• 
	• 
	Concentrate – do not take your eyes off your work or talk to anyone as you use tools. 

	• 
	• 
	Know the location of start, stop switches or buttons. 

	• 
	• 
	Donotwearloose clothing,looseneckwearorexposed jewelrywhileoperating machinery. 

	• 
	• 
	Roll up long shirtsleeves above the elbows. 

	• 
	• 
	Pull back and secure long hair. 

	• 
	• 
	Do not wear thin fabric shoes, sandals, open-toed shoes, and high-heeled shoes. 

	• 
	• 
	Arrangetheworkanduseportabletoolssothatthetoolwillmoveawayfromyour hands and body if it slips. 

	• 
	• 
	Wear safety glasses with side shields at all times. 

	• 
	• 
	Use hearing protection and respiratory protection when required. 

	• 
	• 
	Always keep handsandother bodyparts asafe distance away from moving machine parts,workpieces,andcutters.Thedrillshouldbeboltedtothefloororworksurface 

	• 
	• 
	Use all guards and safety devices (i.e. three-prong plugs, double-insulated tools, safety switches, and guards) that are part of the equipment. 

	• 
	• 
	Turn off and unplug equipment before making adjustments or changes. 
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	Drill Press. 
	• 
	• 
	• 
	Keepthedrillpresstablefreeoftoolsandother materials. 

	• 
	• 
	Useonlyproperlysharpeneddrillbits,socketsand chucksingood condition.Removedulldrillbits, battered tangs, or sockets from service. 

	• 
	• 
	Donotremovebyhandmetalorwoodchipsfrom thetableorstock. Use brushesorothertoolsto remove chips. 

	• 
	• 
	• 
	All belts and pulleys must have guards; if the belts 

	orpulleysarefrayed,thedrillpressmustbetakenoutofserviceandthebeltsorpulleys replaced. 

	• 
	• 
	Secure stock with a vise or clamps prior to a machining process. 

	• 
	• 
	Use the correct speed and drill for the type of stock being machined. 

	• 
	• 
	Usetheappropriatebitforthestockbeingmachined.Donotusebitswithfeedscrewor extremely long bits. 

	• 
	• 
	The drill bit should be mounted the full depth and in the center of the chuck. 

	• 
	• 
	Never attempt to remove a broken drill with a center punch or hammer. 

	• 
	• 
	Whenanoperatorhasfinishedworkingonthedrillpress,andbeforeleavingthedrill pressforanyreason,thepowermustbeshut offand themachinemustcometoa complete stop. 

	• 
	• 
	The drill itself as well as the material being drilled, must be clamped or secured firmly. 


	Figure
	Bench or Pedestal Grinder 
	• 
	• 
	• 
	Donotuseagrinderwithchippedorcracked wheels. 

	• 
	• 
	Whenstartingmotor,standtoonesideofthewheel until the wheel reaches operating speed. This preventsinjuryifadefectivewheelbreaks apart. 

	• 
	• 
	Prior tostarting the grinder,ensure guards enclosing the outside ofgrinding wheelare in place. 

	• 
	• 
	Priortoadjusting theworkrest ortang,unplugthepowertothegrinder from thewall receptacle. Ifthe grinder is hardwired into a box, follow Lockout/Tag OutPolicy 


	Figure
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	Hand Tools 
	• 
	• 
	• 
	Donotuse ascrewdriver asachisel asit maycause thetipofthescrewdriver to break and fly, hitting the user or other employees. 

	• 
	• 
	Donotuseawoodenhandleonatoolsuch as a hammer or an axe is loose, splintered, or cracked, the head of the tool may fly off and strike the user or another worker. 

	• 
	• 
	Donotuseawrenchifitsjawsaresprung, it might slip. 

	• 
	• 
	Impacttools such aschisels, wedges, or drift pins are unsafe if they have mushroomed heads. The heads might shatter on impact, sending sharp fragments flying. 

	• 
	• 
	Keep floors clean anddry topreventaccidentalslips with oraround dangerous hand tools. 

	• 
	• 
	Around flammable substances, sparks produced by iron and steel hand tools can be adangerous ignition source.Where this hazard exists,spark-resistant tools made from brass, plastic, aluminum, or wood will provide for safety. 
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	Power Tools 
	• 
	• 
	• 
	Never carry a tool by the cord or hose. 

	• 
	• 
	Neveryankthecordorthehosetodisconnectitfrom the receptacle. 

	• 
	• 
	Keepcordsandhosesawayfrom heat,oil,andsharp edges. 

	• 
	• 
	Disconnect tools when notinuse,before servicing, and when changing accessories such as blades, bits and cutters. 

	• 
	• 
	Secure work with clamps or a vise, freeing both hands to operate the tool. 

	• 
	• 
	Avoidaccidentalstarting.Theworkershouldnotholdafingerontheswitchbutton while carrying a plugged-in tool. 

	• 
	• 
	Tools should bemaintained with care.They should bekept sharp andclean forthe best performance.Followinstructionsintheuser'smanualforlubricatingandchanging accessories. 

	• 
	• 
	Allportable electric tools that are damaged shallberemoved from use andtagged "Do Not Use." 


	Figure
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	Pneumatic Tools 
	• 
	• 
	• 
	Eye protection isrequired andface protection isrecommended for employees working with pneumatic tools. 

	• 
	• 
	Noise isanotherhazard.Working with noisy tools such as jackhammers requires proper, effective use of hearing protection. 

	• 
	• 
	When using pneumatic tools, employees must check to see that they are fastened securely to the hose to prevent them from becoming disconnected.Ashortwireorpositivelockingdeviceattachingtheairhosetothetool will serve as an added safeguard. 

	• 
	• 
	Asafety clip orretainer must beinstalled topreventattachments,such aschisels ona hammer, from being unintentionally shot from the barrel. 
	chipP.I.ng 


	• 
	• 
	Screens must besetuptoprotectnearby workers from being struck byflying fragments around chippers, riveting guns, staplers, or air drills. 

	• 
	• 
	Compressed air guns should never be pointed toward anyone. 


	Table Saw 
	• 
	• 
	• 
	Alwaysinspectthetablesawbeforebeginninga shift. 

	• 
	• 
	Alwaysweareyeandearprotectionwhileusing thesaw anda dust mask is recommended. 

	• 
	• 
	Tiebackhair,removealljewelry,andwearsnug fitting clothing while using this machine. 

	• 
	• 
	Never wear gloves while using this machine. 

	• 
	• 
	Keepthe table andsurroundingareafreeofdebrisandexcessivedustthatmay cause tripping or slipping. 

	• 
	• 
	Eliminate potential distractions andignore anyone who tries toconverse with you while operating the saw. 

	• 
	• 
	Ensure that all guides are properly locked before using the saw andthat the appropriate guards are inplace. 

	• 
	• 
	Check each piece of wood for metal and loose knots and remove either before cutting. 

	• 
	• 
	• 
	The power must be disconnected at the service panel before changing a blade. 

	• Theblademustbeadjustedtoprotrudenomorethatapproximately1/4”throughthe stock that is being cut. 

	• 
	• 
	• 
	A“kickback” isthe most dangerous hazard when running atable saw. Itoccurs when material being cut is thrown back at the operator. To prevent it: 

	1) Do not use a dull blade. Replace it with new. 
	2) Use the splitterguard. 
	3) Do not drop wood on the saw. 
	4) Do not cut freehand or rip warped wood. 

	• 
	• 
	Use pushsticks,featherboardsandotherholding orpushing jigsanddevicestokeep hands away from the blade. 

	• 
	• 
	Payattentiontothedirectionyouareapplyingforcetothestocksothatyourhandsslip, they will not go toward the blade. 

	• 
	• 
	Use a stick to clear scraps, not your hands. 

	• 
	• 
	Always maintain control over anystock captured between the blade andthe fence of the saw. 

	• 
	• 
	The blade must be completely stopped before making adjustments. 

	• 
	• 
	Never reach over the saw to push stock. 

	• 
	• 
	Stand slightly to the side of the saw, never in line with the saw. 
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	APPENDIX R: LABORATORY SPECIFIC WORKING ALONE PROTOCOL APPROVAL* 
	EHSRM hasalwaysrecommended thatnooneworkalonewithhazardousmaterialsinthelab, butwealso recognize thatthere arecircumstanceswherethismaybenecessary. Asaresult,a programhasbeendevelopedwhereworkingalonemustbeauthorizedbytheresponsible PrincipalInvestigator(P.I.)ofthelab.TheformrequirestheP.I.toconfirmthestatusofthe applicant’sC-14Certificateandevaluateactivitiesthatwouldhelpmitigateorpreventan accident or injury to the person working alone. 
	Ifyouhavesoloworkwithhazardousmaterialsbeingperformedinalab,pleasecompletethe form and submittocampus EHS Office with acopy ofthe applicants C-14 CertificateofFitness. 
	Ifyouhavesoloworkwithhazardousmaterialsbeingperformedinalab,pleasecompletethe form and submittocampus EHS Office with acopy ofthe applicants C-14 CertificateofFitness. 

	WorkingalonewillnotbeapprovedforindividualswithoutaC-14CertificateofFitness. 
	WorkingalonewillnotbeapprovedforindividualswithoutaC-14CertificateofFitness. 

	Section I: APPLICANT 
	Name 
	Name 
	Name 
	Date 
	/ / 

	Phone Number 
	Phone Number 
	Emergency Phone 

	Number 
	Number 

	Name of Principal 
	Name of Principal 

	Investigator 
	Investigator 

	Proposed date(s) 
	Proposed date(s) 

	of task/activity 
	of task/activity 

	Duration of 
	Duration of 

	authority 
	authority 

	Place of Work 
	Place of Work 

	Areas to be 
	Areas to be 

	accessed 
	accessed 

	Brief of task / 
	Brief of task / 

	activity to be 
	activity to be 

	undertaken alone 
	undertaken alone 

	or in isolation 
	or in isolation 
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	SECTION II: PRINCIPAL INVESTIGATOR APPROVAL 
	Identify hazardous substances/processes associated with the task/activity to be undertaken alone or on isolation. 
	Low Hazard 
	□ The worker is not involved in any highly hazardous materials or processes. “Working alone” is allowed. 
	Chemical Hazards -Working with any materials in these hazard classes requires a valid certificate of fitness and the use of the “buddy system.” 
	□ Pyrophoric Chemicals 
	(ex: Lithium Reagents: RLi (R = alkyls, aryls, vinyls); Metal carbonyls: Lithium carbonyl, Nickel tetracarbonyl; Metal hydrides: Potassium Hydride, Sodium hydride, Lithium Aluminum Hydride; Nonmetal hydrides: Arsine, Boranes, Diethylarsine, diethylphosphine, Germane, Phosphine, phenylphosphine, Silane; Elements: Phosphorus, Cesium, Lithium, Potassium, Sodium, Sodium Potassium Alloy (NaK)), or listed as OSHA Hazard Class Pyrophoric 
	□ Water Reactive Chemicals 
	(ex:AluminumCarbide,Calcium,CalciumCarbide,LithiumaluminumHydridePotassium,sodium),or listed as OSHA Hazard Class” substances which, in contact with water, emit flammable gases.” 
	□ Potentially Explosive Chemicals 
	(ex:AzideMetal(M-N3),Nitrate(-ONO2),Nitro(-NO2),Nitrite(-ONO),Peroxide(-O-O-),Ammonium nitrate, Ammonium perchlorate, Benzoyl peroxide, Dinitrophenol,Nitrocellulose, Picric acid (trinitrophenol),Ureanitrate),orlistedasOSHA HazardClassExplosiveorSelf-reactive 
	□ Explosive Salts 
	(ex: Perchlorate salts (ClO4-)), or listed as OSHA Hazard Class Explosive or Self-reactive 
	□ Acutely Toxic Chemicals 
	(ex: Carbon Monoxide, Cyanide salts, Digoxin,2,4-Dinitrophenol, Methyl mercaptan, Nitric oxide, Phosgene, Potassium cyanide,Sodium Azide,Sodium cyanide, any chemical with LD50 (oral)< 50 mg/kg) or listed as OSHA Hazard Class Acutely Toxic Category 1 or 2 
	□ Peroxide Forming Chemicals 
	(ex: Isopropyl Ether, Methyl Isobutyl Ketone, Tetrahydrofuran, Acrylonitrile, Methyl Methacrylate,Styrene), or listed as OSHA Hazard Class Peroxide 
	□ Strong corrosives 
	(ex:Hydrochloricacid,Hydrofluoricacid,Nitricacid,Perchloricacid,Phenol,Sulfuricacid,Potassium hydroxide,Sodium hydroxide), or listed as OSHA Hazard Class Corrosive 
	□ Strong Oxidizing Agent 
	(ex: Ammonium perchlorate, Ammonium permanganate, Bromine, Calcium chlorate, Calcium hypochlorite, Chromic acid, Hydrogen peroxide,Oxygen), or listed as OSHA Hazard Class Oxidizer 
	□ Strong Reducing Agent 
	(ex: Lithium, Lithium aluminum hydride, Magnesium, Potassium, Sodium, Sodium borohydride) 
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	□ Regulated Carcinogens 
	(ex: Acrylonitrile, Benzene, Formaldehyde, Gallium Arsenide, Inorganic Arsenic, Paraformaldehyde), or listed as OSHA Hazard Class Carcinogen 
	□ Other: 
	Biological Hazards: Working with any materials in this hazard class requires a “buddy system.” 
	□ Select Agents 
	(ex: Botulinum neurotoxin, Tetrodotoxin, Yersenia pestis) 
	http://www.slectagensts.govSlect%20Agents%20and%20Toxins%20List.html 
	http://www.slectagensts.govSlect%20Agents%20and%20Toxins%20List.html 


	□ Others: 
	Process Hazards: Specify with any materials in this hazard class requires a “buddy system” 
	□ 
	□ 
	□ 
	Use of machine shop or lathes {identify specific equipment} 

	□ 
	□ 
	Procedures involving high pressure equipment {identify specific equipment} 

	□ 
	□ 
	Transferring large quantities {e.g. 10 liters or more} hazardous 

	□ 
	□ 
	Handing animals that could cause serious injury 

	□ 
	□ 
	High voltage, highcurrent 

	□ 
	□ 
	Other: 


	Health and Safety 
	□ Inability for self-rescue: Can the person rescue themselves in case of emergency? 
	LABORATORY SAFETY MANUAL 243 Additional Requirements: 
	Identify the “Buddy” and confirm they are available before beginning work: 
	The laboratory Emergency Plan is posted near the laboratory phone. The names and phone numbers for the laboratory and building contacts are up to date. 
	Yes□ No □ 
	Principal investigator Approval 
	IhavereviewedtheHazardAssessmentforthisprocedure,thetasksandhazardsinvolvedinthework,the consequencesresulting from aworst-casescenario,thepossibilityofanaccidentorincidentthatwouldprevent thelaboratorypersonnelfromcallingforhelp,thelaboratorypersonnel’strainingandexperienceandthetime theworkistobeconducted(duringnormalbusinesshoursversusatnightoron weekends/holidays).This laboratory worker has permission to work alone on this procedure. 
	P.I.Signature: Date: 
	P.I.Phone Number P.I. Emergency phonenumber: 
	*This is a recommended form for labs to use when approving “Working Alone.” The P.I. can change these recommended hazards that would require the Buddy System, unless required by another policy. The P.I. can use this form to document their approval for someone to work alone in the lab. 
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	APPENDIX S: OVERVIEW OF HAZARDOUS WASTE DISPOSAL PROCEDURE 
	[Insert College name] College faculty, staff, students, contractors, and other parties that handle or generate hazardous wastes are required to properly handle, store and label hazardous wastes and to comply with applicable federal, state and local regulations. Please check off each topic as discussed. 1. College Hazardous Waste Program Do not dispose of hazardous waste down sink drains. Do not dispose of hazardous waste in the normal trash. Do not dispose of hazardous waste by evaporation in fume hood. Do 
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	Do you know what the fire hazards are in your laboratory? • Type of materials and how they should be used? • Reaction and hazard potential? • Proper storage methods? • Emergency response procedures? • Special considerations when working with material? If the answer is "no" to any of these questions, you should Ask your supervisor and/or consult the Safety Data Sheets (SDS)! You need to know the characteristics of the chemicals you are working with and are stored in your lab. The SDS can be obtained through 
	APPENDIX T: FIRE SAFETY IN LABS 
	APPENDIX T: FIRE SAFETY IN LABS 
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	APPENDIX U: GUIDELINES FOR CHEMICAL STORAGE 
	Guidelines for Safe Chemical Storage 
	Guidelines for Safe Chemical Storage 
	Guidelines for Safe Chemical Storage 

	Safe chemical handling requires routine inspections of chemical storage areas and maintenance of stringent inventory control. Proper storage information can usually be obtained from the Safety Data Sheets (SDS), label, or other chemical reference material. SDSs are available through ChemWatch website at http://jr.chemwatch.net/chemgold3/?X. The username is [INSERT USERNAME] and the password is [INSERT PASSWORD]. 
	Safe chemical handling requires routine inspections of chemical storage areas and maintenance of stringent inventory control. Proper storage information can usually be obtained from the Safety Data Sheets (SDS), label, or other chemical reference material. SDSs are available through ChemWatch website at http://jr.chemwatch.net/chemgold3/?X. The username is [INSERT USERNAME] and the password is [INSERT PASSWORD]. 

	Keys for safe chemical storage: 
	Keys for safe chemical storage: 

	• 
	• 
	All chemicals are properly labeled with the identity of the hazardous chemical(s) and appropriate hazard warnings. • Maintain Labels on Incoming Containers • Replace Torn or Defaced Labels 

	• 
	• 
	Incompatible chemicals are segregated by hazard class (see segregation chart). 

	• 
	• 
	Chemicals are not stored alphabetically except within a grouP.I.ng of compatible chemicals. 

	• 
	• 
	Flammable materials are stored in flammable materials storage cabinet. Cabinet doors are kept closed. 

	• 
	• 
	Hazardous chemicals are not stored higher than eye level. 

	• 
	• 
	Shelves are not overcrowded. 

	• 
	• 
	Chemicals are not stored on the floor (even temporarily) 

	• 
	• 
	Liquids are stored in secondary containers, or the storage cabinet that have the capacity to hold the contents if the container breaks. 

	• 
	• 
	Acids are stored in a dedicated acid cabinet. Nitric acid is isolated from all other acids. 

	• 
	• 
	Highly toxic or controlled materials are stored in a locked, dedicated poison cabinet. 

	• 
	• 
	Volatile or highly odorous chemical are stored in a ventilated cabinet. 

	• 
	• 
	Chemical fume hoods are not used for storage as containers impede airflow in the hood and reduce available workspace. 

	• 
	• 
	No chemical storage under, over or near a sink. 

	• 
	• 
	Peroxide forming chemicals such as ethers, dioxane, acetal, and tetrahydrofuran are dated upon receipt and on opening. (At the end of 6 months, these chemicals must be tested for peroxide formation for continued safe use and can be re-dated and retained for an additional 6-month period after it is found to be safe). 

	• 
	• 
	Refrigerators and freezers for storing flammable liquids must are designed, constructed, approved, and labeled for that purpose. 

	• 
	• 
	Refrigerators used for storing chemicals, samples or media are labeled with words to the effect as follows: “Caution—Do Not Store Food or Beverages in This Refrigerator.” 

	• 
	• 
	Only compressed gas cylinders that are in use and secured in place are kept in the laboratory. 

	• 
	• 
	Emergency phone numbers, eyewash, emergency shower, fire extinguishers, spill cleanup supplies and personal protective equipment are readily available and personnel trained in their use. 

	• 
	• 
	Look for unusual conditions in chemical storage areas, such as: • Improper storage of chemicals • Leaking or deteriorating containers • Spilled chemicals • Temperature extremes (too hot or cold in storage area) • Lack of or low lighting levels • Blocked exits or aisles • Doors blocked open, lack of security • Trash accumulation • Open lights or matches • Fire equipment on the floor, blocked, broken or missing Lack of information or warning signs ("Flammable liquids", "Acids", "Corrosives", "Poisons", etc.) 
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	APPENDIX V: LABORATORY HAZARD ASSESSMENT TOOL 
	This toolisadaptedfromUCLAEHS.Theform must be completed by the P.I., Laboratory Supervisor,ortheirdesigneetoconductalaboratoryhazardassessmentspecificto activities in their laboratories. The laboratoryhazard assessment identifies hazards to employeesandspecifiespersonalprotectiveequipment(PPE)toprotectemployees duringworkactivities. TheP.I.assessmentmustverifythatitiscompleteandthat traininghasbeenconducted.EH&Spersonnelareavailabletoassistwiththisform. 
	This assessment consists of four sections and serves as a step in satisfying PPE requirements. 
	Section 1: Laboratory Information 
	Section 2: Laboratory Hazard Assessment 
	Section 3: PPE Training 
	Section 4: Verification of PPE Training 
	Section 1: Laboratory Information 
	Department 
	Department 
	Department 

	Laboratory location(s) with building & room number(s) 
	Laboratory location(s) with building & room number(s) 

	Principal Investigator 
	Principal Investigator 

	Laboratory Safety Coordinator 
	Laboratory Safety Coordinator 

	Name & title of person conducting assessment 
	Name & title of person conducting assessment 

	Phone number 
	Phone number 

	Email address 
	Email address 

	Date assessment completed 
	Date assessment completed 

	Signature 
	Signature 


	Section 2: Laboratory Hazard Assessment 
	In this section, you will: 
	• 
	• 
	• 
	Conduct a hazard assessment of the laboratory to identify activities when PPE is needed to protect the laboratory staff from exposure to hazards. 

	• 
	• 
	Certify the hazard assessment for the laboratory by signing Section 1. 


	LABORATORY SAFETYMANUAL 248 The following checklists are an overview of common laboratory activities and associated potential hazards and applicable PPE. Check each box that describes activities performed by laboratory personnel. 
	Table
	TR
	Chemical Hazards 

	TR
	Are the following activities performed in the lab? 

	Yes 
	Yes 
	No 
	Activity 
	Potential Hazard 
	Applicable PPE 

	TR
	TD
	Figure

	TD
	Figure

	Working with small volumes (<4 liters) of corrosive liquids. 
	Eye or skin damage. 
	Safety glasses or goggles. Light chemical-resistant gloves. Laboratory coat. 

	TR
	Chemical Hazards 

	TR
	Are the following activities performed in the lab? 

	Yes 
	Yes 
	No 
	Activity 
	Potential Hazard 
	Applicable PPE 

	TR
	TD
	Figure

	TD
	Figure

	Working with large volumes (>4 liters) of corrosive liquids, small to large volumes of acutely toxic corrosives, or work which creates a splash hazard.1 
	Poisoning; increased potential for eye and skin damage. 
	Safety goggles. Heavy chemical-resistant gloves. Laboratory coat and chemical-resistant apron. 

	TR
	TD
	Figure

	TD
	Figure

	Working with small volumes (<4 liters) of organic solvents or flammable organic compounds. 
	Skin or eye damage, potential poisoning through skin contact. 
	Safety glasses or goggles. Light chemical-resistant gloves. Laboratory coat. 

	TR
	TD
	Figure

	TD
	Figure

	Working with large volumes (>4 liters) of organic solvents, small to large volumes of very dangerous solvents, or work which creates a splash hazard.1 
	Major skin or eye damage, potential poisoning through skin contact. Fire. 
	Safety goggles. Heavy chemical-resistant gloves. Flame-resistant laboratory coat (e.g. Nomex). 

	TR
	TD
	Figure

	TD
	Figure

	Working with toxic or hazardous chemicals (solid, liquid, or gas).1,2 
	Skin or eye damage, potential poisoning through skin contact and/or inhalation. 
	Safety glasses (goggles for large quantities). Light chemical-resistant gloves. Laboratory coat. 

	TR
	TD
	Figure

	TD
	Figure

	Working with acutely toxic or hazardous chemicals (solid, liquid, or gas).1, 2, 3 
	Increased potential for eye or skin damage; increased potential poisoning through skin contact and/or inhalation 
	Safety goggles. Heavy chemical-resistant gloves. Laboratory coat. 
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	Table
	TR
	TD
	Figure

	TD
	Figure

	Working with an apparatus with contents under pressure or vacuu 
	Eye or skin damage. 
	Safety glasses or goggles; face shield for high risk activities. Chemical-resistant gloves. Laboratory coat, chemical-resistant apron for high risk activities. 

	TR
	TD
	Figure

	TD
	Figure

	Working with air or water reactive chemicals. 
	Severe skin and eye damage. Fire. 
	Work in inert atmosphere, when possible. Safety glasses or goggles. Chemical-resistant gloves. Laboratory coat, flame resistant laboratory coat for high risk activities (e.g. Nomex). Chemical-resistant apron for high risk activities. 

	TR
	TD
	Figure

	TD
	Figure

	Working with potentially explosive chemicals. 
	Splash, detonation, flying debris, skin and eye damage. Fire. 
	Safety glasses face shield, and blast shield. Heavy gloves. Flame-resistant laboratory coat (e.g. Nomex). 

	TR
	TD
	Figure

	TD
	Figure

	Working with low and high temperatures. 
	Burns. Splashes. Fire. 
	Safety glasses. Laboratory coat. Thermal insulated gloves, when needed. 

	TR
	TD
	Figure

	TD
	Figure

	Minor chemical spill cleanup. 
	Skin or eye damage, respiratory damage. 
	Safety glasses or goggles. Chemical-resistant gloves. Laboratory coat. Chemical-resistant apron and boot/shoe covers for high risk activities. Respirator as needed. Consider keeping Silver Shield gloves in the laboratory spill kit. 

	TR
	TD
	Figure

	TD
	Figure

	Reactive Materials 


	Table
	TR
	Biological Hazards 

	TR
	Are the following activities performed in the lab? 

	Yes 
	Yes 
	No 
	Activity 
	Potential Hazard 
	Applicable PPE 

	TR
	TD
	Figure

	TD
	Figure

	Working with human blood, body fluids, tissues, or blood borne pathogens (BBP). 5 
	Exposure to infectious material. 
	Safety goggles with face shield or facemask plus goggles, latex or nitrile gloves, laboratory coat or gown. 

	TR
	Biological Hazards 

	TR
	Are the following activities performed in the lab? 

	Yes 
	Yes 
	No 
	Activity 
	Potential Hazard 
	Applicable PPE 

	TR
	TD
	Figure

	TD
	Figure

	Working with preserved animal and/or human specimens. 
	Exposure to infectious material or preservatives. 
	Safety glasses or goggles, protective gloves such as light latex or nitrile for unpreserved specimens (select protective glove for preserved specimens according to preservative used), laboratory coat or gown. 

	TR
	TD
	Figure

	TD
	Figure

	Working with radioactive human blood, body fluids, or blood borne pathogens (BBP). 
	Cell damage, potential spread of radioactive contaminants, or potential BBP exposure. 
	Safety glasses (goggles for splash hazard), light latex or nitrile gloves, laboratory coat or gown. 
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	Table
	TR
	Working with agents or 
	Eye or skin irritation. 
	Safety glasses or goggles for protection 

	TR
	recombinant DNA classified as 
	from splash or other eye hazard, light latex or nitrile 

	TR
	Biosafety Level 1 (BSL-1). 
	gloves for broken skin or skin rash, laboratory coat or gown. 

	TR
	TD
	Figure

	TD
	Figure

	Manipulation of cell lines, viruses, bacteria, or other organisms classified as Biosafety Level 2 (BSL-2). 5 
	Exposure to infectious material, particularly through broken skin or mucous membranes. 
	Safety glasses or goggles for protection from splash or other eye hazard, light latex or nitrile gloves, laboratory coat or gown. 

	TR
	TD
	Figure

	TD
	Figure

	Manipulation of infectious materials classified as Biosafety Level 2 facility with BSL-3 practices (BSL-2+). 5 
	Exposure to infectious materials with high risk of exposure by contact or mucous membranes. 
	Safety glasses or goggles for protection from splash or other eye hazard, light latex or nitrile gloves (double), laboratory coat or disposable gown (preferred), surgical mask. 

	TR
	TD
	Figure

	TD
	Figure

	Manipulation of infectious materials classified as Biosafety Level 3 (BLS-3). 
	Exposure to infectious materials with high risk of exposure, particularly through inhalation. 
	Safety glasses or goggles for protection from splash or other eye hazard, light latex or nitrile gloves (double), full disposable gown or Tyvek suite (preferred), respirator, shoe cover or dedicated shoe. 

	TR
	TD
	Figure

	TD
	Figure

	Working with live animals (Animal Biosafety Level 1, ABL-1). 
	Animal bites, allergies. 
	Safety glasses or goggles for protection from splash or other eye hazard, light latex, nitrile or vinyl gloves for broken skin or skin rash, laboratory coat or gown. Consider need for wire mesh glove. 

	TR
	TD
	Figure

	TD
	Figure

	Working with live animals (Animal Biosafety Level 2, ABL2). 5 
	-

	Animal bites, exposure to infectious material, allergies. 
	Safety glasses or goggles for protection from splash or other eye hazard, light latex, nitrile or vinyl gloves, laboratory gown, hair cover, shoe covers, surgical mask. Consider need for wire mesh glove. 


	Table
	TR
	Radiological Hazards 

	TR
	Are the following activities performed in the lab? 

	Yes 
	Yes 
	No 
	Activity 
	Potential Hazard 
	Applicable PPE 

	TR
	TD
	Figure

	TD
	Figure

	Working with solid radioactive materials or waste. 
	Cell damage, potential spread of radioactive materials. 
	Safety glasses, impermeable gloves, laboratory coat. 

	TR
	TD
	Figure

	TD
	Figure

	Working with radioactive materials in hazardous chemicals (corrosives, flammables, liquids, powders, etc.). 
	Cell damage or spread of contamination plus hazards for the specific chemical. 
	Safety glasses (or goggles for splash hazard), light chemical-resistant gloves, laboratory coat. Note: Select glove for the applicable chemical hazards above. 
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	Table
	TR
	Radiological Hazards 

	TR
	Are the following activities performed in the lab? 

	Yes 
	Yes 
	No 
	Activity 
	Potential Hazard 
	Applicable PPE 

	TR
	TD
	Figure

	TD
	Figure

	Working with ultraviolet radiation. 
	Conjunctivitis, corneal damage, skin redness. 

	TR
	TD
	Figure

	TD
	Figure

	Working with infrared emitting equipment (e.g. glass blowing). 
	Cataracts, burns to cornea. 
	UV face shield and goggles, laboratory coat. 

	TR
	TD
	Figure

	TD
	Figure

	Working with X-Rays 
	Appropriate shaded goggles, laboratory coat. 


	Table
	TR
	Laser Hazards 

	TR
	Are the following activities performed in the lab? 

	Yes 
	Yes 
	No 
	Activity 
	Potential Hazard 
	Applicable PPE 

	TR
	Open Beam 

	TR
	TD
	Figure

	TD
	Figure

	Performing alignment, troubleshooting or maintenance that requires working with an open beam and/or defeating the interlock(s) on any Class 3 or Class 4 laser system. 
	-

	Eye damage. 
	Appropriately shaded goggles/glasses with optical density based on individual beam parameters. 

	TR
	TD
	Figure

	TD
	Figure

	Viewing a Class 3R laser beam with magnifying optics (including eyeglasses). 
	Eye damage. 
	Appropriately shaded goggles/glasses with optical density based on individual beam parameters. 

	TR
	TD
	Figure

	TD
	Figure

	Working with a Class 3B laser open beam system with the potential for producing direct or specular reflections. 
	Eye damage, skin damage. 
	Appropriately shaded goggles/glasses with optical density based on individual beam parameters, appropriate skin protection. 

	TR
	TD
	Figure

	TD
	Figure

	Working with a Class 4 laser open beam system with the potential for producing direct, specular, or diffuse reflections. 
	Eye damage, skin damage. 
	Appropriately shaded goggles/glasses with optical density based on individual beam parameters, appropriate skin protection. 

	TR
	Non Beam 

	TR
	TD
	Figure

	TD
	Figure

	Handling dye laser materials, such as powdered dyes, chemicals, and solvents. 
	Cancer, explosion, fire. 
	Gloves, safety glasses, flame resistant laboratory coat or coveralls. 

	TR
	TD
	Figure

	TD
	Figure

	Maintaining and repairing power sources for large Class 3B and Class 4 laser systems. 
	Electrocution, explosion, fire. 
	Electrical isolation mat, flame-resistant laboratory coat or coveralls. 
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	Table
	TR
	Physical Hazards 

	TR
	Are the following activities performed in the lab? 

	Yes 
	Yes 
	No 
	Activity 
	Potential Hazard 
	Applicable PPE 

	TR
	TH
	Figure

	TD
	Figure

	Working with cryogenic liquids. 
	Major skin, tissue, or eye damage. 
	Safety glasses or goggles for large volumes, impermeable insulated gloves, laboratory coat. 

	TR
	TH
	Figure

	TD
	Figure

	Removing freezer vials from liquid nitrogen 
	Vials may explode upon rapid warming. Cuts to face/neck and frostbite to hands. 
	Face shield, impermeable insulated gloves, laboratory coat. 

	TR
	Physical Hazards 

	TR
	Are the following activities performed in the lab? 

	Yes 
	Yes 
	No 
	Activity 
	Potential Hazard 
	Applicable PPE 

	TR
	TH
	Figure

	TD
	Figure

	Working with very cold equipment or dry ice. 
	Frostbite, hypothermia. 
	Safety glasses, insulated gloves (possibly warm clothing), laboratory coat. 

	TR
	TH
	Figure

	TD
	Figure

	Working with hot liquids, equipment, open flames (autoclave, Bunsen burner, water bath, oil bath). 
	Burns resulting in skin or eye damage. 
	Safety glasses or goggles for large volumes, insulated gloves (impermeable insulated gloves for liquids, steam), laboratory coat. 

	TR
	TH
	Figure

	TD
	Figure

	Glassware washing. 
	Lacerations. 
	Cut or puncture resistant rubber gloves, laboratory coat. 

	TR
	TH
	Figure

	TD
	Figure

	Working with loud equipment, noises, sounds, alarms, etc. 
	Potential ear damage and hearing loss. 
	Earplugs or ear muffs as necessary. 

	TR
	TH
	Figure

	TD
	Figure

	Working with a centrifuge. 
	Imbalanced rotor can lead to broken vials, cuts, exposure. 
	Safety glasses or goggles, lab coat, latex, vinyl, or nitrile gloves. 

	TR
	TH
	Figure

	TD
	Figure

	Working with a sonicator. 
	Ear damage, exposure. 
	Safety glasses or goggles, lab coat, latex, vinyl, or nitrile gloves. Ear plugs or ear muffs. 

	TR
	TH
	Figure

	TD
	Figure

	Working with sharps. 
	Cuts, exposure. 
	Safety glasses or goggles, lab coat, cut or puncture resistant gloves. 
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	Table
	TR
	Nanomaterial Hazard 

	TR
	Is the following activity performed in the lab? 

	Yes 
	Yes 
	No 
	Activity 
	Potential Hazard 
	Applicable PPE 

	TR
	TD
	Figure

	TD
	Figure

	Working with engineered nanomaterials. 8 
	Inhalation, exposure, dermal exposure. 
	Goggles, gloves, laboratory coat. 


	1. 
	1. 
	1. 
	Use a chemical fume hood or other engineering control whenever possible. In addition to engineering controls and PPE, consider personal clothing that provides adequate skin coverage. 

	2. 
	2. 
	Consult SDS. 

	3. 
	3. 
	Chemical-resistant gloves are to be selected based on the specific chemical(s) used. 

	4. 
	4. 
	Use a Biosafety cabinet to minimize exposure 

	5. 
	5. 
	Appropriate skin protection can include laboratory coat, gloves, sun block, or barrier cream. 

	6. 
	6. 
	Working with dry engineered nanomaterials (e.g. synthesizing, storage) should be separately evaluated for respiratory protection. 


	Section 3: Conduct PPE Training 
	PPE training is conducted by the laboratory P.I. It may be supplemented by online resources approved by the EHS office. Documentation of training must be kept (see the following page). 
	Step 1 
	The P.I. or laboratory supervisor identifies those requiring PPE training, informs them of the requirements and outlines how they can meet the obligations. 
	Step 2 
	1. 
	1. 
	1. 
	The P.I., laboratory manager, or their designee reviews the completed Hazard Assessment Tool (this document) with the employee. It describes the tasks in the laboratory when employees need PPE to protect themselves from exposure to hazards. In this step, the hazard assessment is used as a trainingtool. 

	2. 
	2. 
	While discussing laboratory activities and the associated hazards with laboratory staff, the supervisor will address how their laboratory obtains PPE, what types of PPE are used in the laboratory and for which tasks, where and how the PPE is stored and maintained, how to properly use the PPE, and discuss any limitations of the PPE. The supervisor should also discuss general PPE safety practices, including not wearing PPE outside of laboratory hazard areas (e.g. hallways and eating areas). 


	Step 3 
	When the supervisor believes the employees have demonstrated understanding, the employees and the P.I. then sign the following Verification of PPE Training form (next page) to document that PPE training has been conducted. A copy of this signed form is to be maintained in the Laboratory Safety Manual. 
	Step 4 
	Repeat or conduct a refresher training whenever the hazard assessment is updated (at least annually). 
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	Section 4: Verification of PPE Training 
	The following employees of (laboratory) have received the following training: 
	1. 
	1. 
	1. 
	When PPE is necessary. 

	2. 
	2. 
	What PPE is required in a given circumstance 

	3. 
	3. 
	How to properly don, doff, adjust, and wearPPE. 

	4. 
	4. 
	The limitations of PPE. 

	5. 
	5. 
	The proper care, maintenance, useful life, and disposalof PPE. 


	Employee Name 
	Employee Name 
	Employee Name 
	FNDY COF Number 
	Employee Signature 


	As a part of this training, employees were informed of the personal protective equipment selected by this facility for their use. By my signature and those of the employees listed above, we certify that each employee has demonstrated his/her understanding of this training. 
	(Signature of Principal Investigator) (Date) 
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	APPENDIX W: DRY ICE SHIPPING PROTOCOL 
	Federal regulations require that anyone involved in shipping a hazardous material (including dry ice)mustfirstreceivetraining.Ifyouaregoingtopackagedryiceforshipmentorsignanytype ofshippingdocumentation(suchasaFedExAirbill)foradryiceshipment,itisnecessaryto renew your certification every three years. 
	Example: FedEx Airbill containing proper documentation for 1 box containing 6 kg of dry ice. 
	Figure
	• Package Dry Ice properly using approved dry ice shipping containers. Below are some Manufacturers of Dry Ice Shipping Containers: 
	a) 
	a) 
	a) 
	a) 
	DGsupplies,Inc. 5BoxalDrive Cranbury, NJ 08512 (800) 347-7879 

	http://www.dgsupplies.com 
	http://www.dgsupplies.com 
	http://www.dgsupplies.com 



	b) 
	b) 
	HAZMATPAC, Inc. 5301 Polk St., Bldg. 18 Houston, TX 77023 (800) 923-9123 
	http://www.hazmatpac.com 


	c) 
	c) 
	United City Ice Cube Company 503 W 45thSt New York, NY 10036 


	LABORATORY SAFETYMANUAL 256 
	212-563-0819 
	212-563-0819 

	https://www.unitedcityicecube.com 
	https://www.unitedcityicecube.com 

	• Make sure to mark and label container properly. 
	Dry Ice Shipping Label (Class 9 Hazard: Miscellaneous) 
	Figure
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	IATA Acceptance Checklist for Dry Ice From: 
	http://www.iata.org/whatwedo/cargo/dgr/Documents/EN_Form_DryIce_59.pdf 

	2018 ACCEPTANCE CHECKLIST FOR DRY ICE (Carbon Dioxide, solid) (For use when a Shipper's Declaration for Dangerous Goods is not required) 
	A checklist is required for all shipments of dangerous goods (9.1.4) to enable proper acceptance checks to be made. The following example checklist is provided to assist shippers and carriers with the acceptance of dry ice when packaged on its own or with non-dangerous goods. 
	Is the following information correct for each entry? 
	Is the following information correct for each entry? 

	DOCUMENTATION YES NO* N/A 
	The Air Waybill contains the following information in the “Nature and Quantity of Goods” box(8.2.3) 
	1.The UN Number “1845”,preceded by the prefix “UN”.........................................................☐☐ ☐ 
	2. 
	2. 
	2. 
	The words “Carbon dioxide, solid” or “Dry Ice” ................................................................. ☐☐ ☐ 

	3. 
	3. 
	The number of packages of dry ice (may be in the Pieces field of the AWB when they are the only packagesin theconsignment)..................................................................................................☐☐ ☐ 


	4.The net quantity of dry icein kilograms............................................................................... ☐☐ ☐ Note: The packing instruction “954” is optional. 
	Quantity 
	5. The quantity of dry ice per package is 200 kg or less [4.2] ...................................................☐☐ ☐ 
	PACKAGES AND OVERPACKS 
	6. 
	6. 
	6. 
	The number of packages containing dry ice delivered as shown on the Air Waybill............☐☐ ☐ 

	7. 
	7. 
	Packages are free from damage and in a proper condition for carriage ..............................☐☐ ☐ 8a.PackagingconformswithPackingInstruction954.............................................................☐☐ ☐ 
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	8b.The package isvented topermit the release of gas.......................................................... ☐☐ ☐ 
	Marks & Labels 
	9. 
	9. 
	9. 
	The UN number “1845” preceded by prefix “UN” [7.1.4.1(a)]............................................. ☐☐ ☐ 

	10. 
	10. 
	The words “Carbon dioxide, solid” or “Dry ice” [7.1.4.1(a)]............................................... ☐☐ ☐ 

	11. 
	11. 
	Full name and address of the shipper and consignee [7.1.4.1(b)].................................... ☐☐ ☐ 

	12. 
	12. 
	The net quantity of dry ice within each package [7.1.4.1(d)] ........................................... ☐☐ ☐ 

	13. 
	13. 
	Class 9 label affixed [7.2.3.9]............................................................................................. ☐☐ ☐ 

	14. 
	14. 
	Irrelevant marks and labels removed or obliterated [7.1.1(b); 7.2.1(a)]........................... ☐☐ ☐ Note: The Marking and labelling requirements do not apply to ULDs containing dry ice 


	For Overpacks 
	15. 
	15. 
	15. 
	Packaging Use marks and hazard and handling labels, as required must be clearly visible or reproduced on the outside of the overpack [7.1.7.1, 7.2.7] .................................................. ☐☐ ☐ 

	16. 
	16. 
	The word “Overpack” marked if marks and labels are not visible [7.1.7.1] ...................... ☐☐ ☐ 

	17. 
	17. 
	Thetotalnetquantityofcarbondioxide, solid(dryice) intheoverpack[7.1.7.1]........... ☐☐ ☐ Note: The Marking and labelling requirements do not apply to ULDs containing dry ice State and Operator Variations 


	18.State and operator variations complied with [2.8]............................................................ ☐☐ ☐ Comments: Checked by: Place: Signature: Date: Time: 
	* IF ANY BOX IS CHECKED “NO”, DO NOT ACCEPT THE SHIPMENT AND GIVE A DUPLICATE COPY OF THIS COMPLETED FORM TO THE SHIPPER. 
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	APPENDIX X: LABORATORY SAFETY REFERENCE LIBRARY 
	Reference materials identified in the OSHA Laboratory Standard Inaddition,the followingreference materials arerecommended: AHandbookof Radioactive Measurements Procedures, National Councilon Radiation 
	Protection and Measurements,1978. 
	A Practical Guide to the Determination of Human Exposure to Radiofrequency Fields, National Council on Radiation Protection and Measurements, 1993. Adams, Lowder, The Natural Radiation Environment, William Marsh Rice, 1964. Adelberg, Edward A., Biosafetyinthe Laboratory, National Academyof Sciences, 1989. AgricultureBiotechnologyattheCrossroads,Volume2&3,CommitteeonAldehydes 
	Formaldehydeand Other Aldehydes, National Agricultural Biotechnology Council, National 
	Academy Press, 1996. Alberty, Robert A., Prudent Practices for Disposal of Chemicals from Laboratories, National Academic Press, Washington D.C., 1983. 
	Albisser, R. H., Guidefor Safetyinthe Chemical Laboratory, Van Nostrand Reinhold Company, 
	New York, 1972. Al-Soraya, Ahmed, Proceedingsof International Symposium on Applicationsand Technologyof Ionizing Radiations, Volumes 1-3, King Saud University, 1983. 
	Altman, Philip L., editor, Biology Data Book, Federation of American Societies for Experimental 
	Biology, U.S.A., 1964. American Chemical Society Task Force, Laboratory Waste Management A Guidebook, American Chemical Society, 1994. 
	American Red Cross CPR Workbook, American Red Cross, 1988. American Red Cross Multimedia Standard First Aid, American Red Cross. U.S.A.,1981. 
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	Anthology of Biosafety, III: Applications of Principles, the American Biological Safety Association (ABSA), Chicago 2000. 
	Armour, M A, Hazardous Laboratory Chemicals, CRC Press, 1991. Armour, Margret Ann, Hazardous Chemicals Information and Disposal Guide, University of Alberta, 1984. 
	Armour, Margret Ann, Potentially Carcinogenic Chemicals, University of Alberta, 1986. 
	Ashford, Nicholas, Chemical Exposures: Low Levels and High Stakes, 2nd Edition, Van Nostrand Reinhold, 1998. Attix, Frank H., Radiation Dosimetry, Volumes 1-3, Academic Press, 1968. Attix, Frank H., Topics in Radiation Dosimetry, Academic Press, 1972. Ayres, J. A., Decontamination of Nuclear Reactors and Equipment, Ronald Press Co., 1970. Badger, Donald W., Work Practice Guide for Manual Lifting, American Industrial Hygiene 
	Association, 1983. Bagniewski, Joan, Cardiopulmonary Resuscitation CPR, American Red Cross U.S.A., 1986. Balows, Albert, Manual of Clinical Microbiology, American Society for Microbiology, 
	Washington D.C., 1991. Barlow, Susan M., Reproductive Hazards Of Industrial Chemicals, Academic Press London, 1982. Basic Radiation Protection Criteria, National Council on Radiation Protection and 
	Measurements, 1971. 
	Bates, Lloyd M., Some Physical Factors Affecting Radiographic Image Quality: Their Theoretical Basis And Measurement, U.S. Department Of Health, 1969. Becker, Ernist I., First Aid Manual for Chemical Accidents, Dowden, Hutchinson & Ross Inc. Benedetti,RobertP.,FlammableandCombustibleLiquidsCodeHandbook,NationalFire 
	Protection Association, 1988. 
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	Benenson, Abram S., editor, Controlof Communicable Diseases Manual, American Public Health 
	Association, Washington D.C.,1995. Bierbaum, Philip J., Proceedings of the Scientific Workshop on The Health Effects of Electric and Magnetic Fields on Workers, U.S. Department of Health & Human Services, 1991. 
	Biohazards Reference Manual, Biohazards Committee, American Industrial Hygiene Association, 
	Ohio, 1985. Biological Effects and Exposure Criteria for Radiofrequency Electromagnetic Fields, National Council on Radiation Protection and Measurements, 1986. 
	Biological Effects of Ultrasound Mechanism and Clinical Implications, National Council on 
	Radiation Protection and Measurements, 1983. Biosafety in Microbiological and Biomedical Laboratories, the Centers for Disease Control and PreventionandtheNationalInstitutesofHealth,U.S.GovernmentPrintingOffice,2007. 
	Biosafetyin theLaboratory:PrudentPracticesfortheHandlingandDisposalofInfectious Materials, National Research Council, National Academy Press, 1989. 
	Block, Seymour S., Disinfection, Sterilization, and Preservation, 4th Edition, Lea & Febiger, 1991. Bretherick,L.,Bretherick'sHandbookofReactiveChemicalHazards,5thEdition,Volumes1-2, 1995. 
	Bretherick, L., Hazardsin the Chemical Laboratories, Royal Society of Chemistry London, 1981. Brodsky, Allen B., CRC Handbookof Radiation Measurementand Protection, CRC Press, 1978. Budavari, Susan, Editor, The Merck Index, 12th Edition (CD-ROM version 12:3), CRC Press, 2000. Budavari,Susan,Editor,TheMerckIndex,13thEdition,Merck&CoInc,U.S.A.,2001. Burke, Robert, Hazardous Materials Chemistry for Emergency Responders, 2nd Edition, Lewis 
	Publishers, 2003. Carbon-14 In the Environment, National Council on Radiation Protection and Measurements, 1985. 
	LABORATORY SAFETYMANUAL 262 
	Carson, George A., The American Conferenceof GovernmentalIndustrial Hygienists, Volumes 6 and 10, The American Conference Of Governmental Industrial Hygienists, 1985. 
	Case Studiesin Environmental Healthand Safety, Associationof Physical Plant Administratorsof 
	Universities and Colleges, 1990. Certified Equipment List, National Institute for Occupational Safety and Health, U. S. Department Of Health And Human Services, 1989. 
	Chaffin, Don B., Ergonomic Interventions to Prevent Musculoskeletal Injuries in Industry, Lewis Publishers Inc., 1987. 
	Charnley, H. W. Jr., Arsenic and its Compounds, National Safety Council. Chemical Hazardsto Human Reproduction, Council On Environmental Quality, Government Printing Office, Washington D.C., 1981. 
	Claton, George D., Patty's Industrial Hygiene And Toxicology, 4th Edition 2A, B, C, D, E, F, John 
	Wiley & Sons Inc, Canada, 1993. Claton, George D., Patty's Industrial Hygiene And Toxicology, Volume 2A, 2B, 2C and 3, John Wiley & Sons Inc, Canada, 1981. 
	Coast Guard Hazardous Chemical Data, U.S. Coast Guard, U.S. Government Printing Office, 
	1978. Collins George R., editor, Manualfor Laboratory Animal Technicians, American Association for Laboratory Animal Science, IL. 
	Collins, C. H., Laboratory -Acquired Infections, Butterworths & Co Ltd. London, 1983. 
	Comparative Carcinogenicityof Ionizing Radiationand Chemicals, NationalCouncilon Radiation Protection and Measurements,1989. Controlof Biohazards in the Research Laboratory Course Manual, Office of Environmental 
	Health & Safety, Department of Environmental Health Sciences, Baltimore MD. Control of Radon in Houses, National Council on Radiation Protection and Measurements, 1989. 
	LABORATORY SAFETYMANUAL 263 
	Costle, Douglas, The Effectson Populationsof Exposureto Low Levelsof Ionizing Radiation, 
	National Academy Press,1980. Cox, Doye B, editor, Hazardous Materials Management, Institute of Hazardous Materials Management, U.S.A., 1995. 
	Criteria for a Recommended Standard Welding, Braising and Thermal Cutting, National Institute 
	for Occupational Safety and Health, U.S. Department Of Health And Human Services, 1988. Czerski, P., Biologic Effectsand Health Hazardsof Microwave Radiation, U.S. Departmentof Health Education and Welfare, 1973. 
	DangerousGoodsRegulations,44thEdition,InternationalAirTransportAssociation,2003 Dental X-Ray Protection, National Councilon Radiation Protection and Measurements, 1970. DiBerardinis,Louis,GuidelinesforLaboratoryDesign,JohnWiley&SonsNewYork,1987. Documentation of the Threshold Limit Values and Biological Exposure Indices, 5th Edition, 
	American Conference of Governmental Industrial Hygienists, 1986. 
	DosimetryofX-Rayand Gamma-Ray Beamsfor Radiation Therapyinthe Energy Range 10 KeV to 50 MeV, National Council on Radiation Protection and Measurements, 1981. Dreisbach, Robert H., Handbook of Poisoning, Lange Medical Publications California, 1983. Drury,Peter, Guidelinesfor Laboratory Safety, Canadian Societyof Laboratory Technologists, 
	Canada, 1996. Duggan, Jerome, Laboratory Investigators in Nuclear Science, Nucleus Inc., 1988. Dunworth, J.V., Treatment and Disposal of Radioactive Wastes, Pergamon Press, 1961. Ebert, Michael, Radiation Effects In Physics, Chemistryand Biology, North Holland Publishing 
	Co., 1963. EffectsofExposuretoToxicGases-FirstAid&MedicalTreatment,3rdEdition,MathesonGas Products, Inc.,1988. 
	LABORATORY SAFETYMANUAL 264 
	Environmental Radiation Measurements, National Councilon Radiation Protection and 
	Measurements, 1976. Estabrook, Ronald, Identifying and Estimating the Genetic Impactof Chemical Mutagens, National Academy Press Washington D.C., 1983. 
	Evaluation of Occupationaland Environmental Exposuresto Radon and Radon Daughtersinthe 
	U.S., National Council on Radiation Protection and Measurements, 1984. Evaluationofthe Carcinogenic Riskof Chemicalsto Humans, Monographs, International Agency for Research on Cancer, Lyon, France, 1984. 
	Exner, Jurgen H., Detoxification of Hazardous Waste, Ann Arbor Science U.S.A., 1982. 
	Exposure of the Population in the U.S. and Canada from Natural Background Radiation, National Council on Radiation Protection and Measurements, 1987. Exposure Of The U.S. Population From Occupational Radiation,National Councilon Radiation 
	Protection and Measurements,1989. 
	Exposures from the Uranium Series with Emphasis on Radon and its Daughters, National Council on Radiation Protection and Measurements, 1984. Faires, R.A., Radioisotope Laboratory Techniques, R.A. Faires, 1960. Fawcett, Howard H., Hazardousand Toxic Materials, John Wiley& Sons Inc. Canada, 1984. Few, Richard E., Radiological Assessment, Prentice Hall Inc., 1993. Fire Protection Guide to Hazardous Materials, 12th Edition, National Fire Protection 
	Association, 1997. 
	Fleming, Diane O., Biological Safety: Principlesand Practices, 3rd Edition, American Societyfor Microbiology Press, 2000. Fleming, Diane O., editor, Laboratory Safety Principlesand Practices, 2nd Edition, American 
	Society for Microbiology, Washington, D.C., 1995. Fluer, Larry, Chemical Handler's Guide, Larry Fluer, Inc., 1984. Formaldehyde and Other Aldehydes, National Research Council, National Academy Press, 1981. 
	LABORATORY SAFETYMANUAL 265 
	Freeman, Leonard M., Physician's Desk Referencefor Radiologyand Nuclear Medicine, Litton Industries, 1979. Friedlander, G., Nuclear and Radiochemistry, John Wiley & Sons Ltd., 1962. Friel, John, editor, Dorland's Pocket Medical Dictionary, W. B. Saunders Company, U.S.A., 1977. Furr, Keith A., CRC Handbook of Laboratory Safety, CRC Press U.S, 1995. 
	Fuscaldo, Anthony A., Laboratory Safety, Academic Press, New York, 1980. Gardner, William, Gardner's Chemical Synonymsand Trade Names, 10th Edition, Gower Publishing Limited, 1994. 
	General Conceptsforthe Dosimetry Internally Deposited Radionuclides, National Councilon 
	Radiation Protection and Measurements, 1985. Genetic Effects from Internally Deposit Radionuclides, National Council on Radiation Protection and Measurements, 1987. 
	Genium Publishing, Genium's Handbookof Safety, Health, and Environmental Data for Common Hazardous Substances Volumes 1 -3, McGraw-Hill Companies, 1999. Gibson, David E., Printmaking, Occupational Hygiene Branch, 1987. 
	Godish, Thad, Indoor Air Pollution Control, Lewis Publishers, 1990. Goh, Kean S, The Transportationof Pesticidesas Hazardous Materialsby Highway, New York State College, 1986. 
	Goh, Kean S.,Farm Guide To The Right To Know Law, CornellUniversity Cooperative Extension, 
	1987. Goldberg,Alfred,H-6DesignGuidetotheUniformCodesforHighTechFacilities,Alfred Goldberg And Larry Fluer, 1986. 
	Gosselin, R., Clinical Toxicology of Commercial Product, 5th Edition, 1976. Gottschall, Carl W., Chemical Safely Manual for Small Businesses, American Chemical Society, Washington D.C., 1992. 
	LABORATORY SAFETYMANUAL 266 
	Gray, Joel E., Quality Control in Diagnostic Imaging, Mayo Foundation, 1983. 
	Green, Michel E., Safety in Working with Chemicals, Macmillan Publishing Co. Inc., New York, 1978. Guideto Occupational Exposure Values, American Conferenceof Governmental Industrial 
	Hygienists, 1999. Guide to Safe Handling of Compressed Gases, Matheson Gas Products, Inc., 1983. Guidelines for the Selection of Chemical Protective Clothing, Volume 1 and 2, American 
	Conference of Governmental Industrial Hygienists, 1983. 
	Handling Chemical Carcinogensin the Laboratory Problems of Safety, International Agency for Research on Cancer, Lyon U.S.A., 1979. Hawley, Gessner, Hawley's Condensed Chemical Dictionary, 14th Edition, John Wiley & Sons 
	Inc., 2001. 
	Hayes Davis J., Superfund 2 A New Mandate, Also The Clean Water Act And The Safe Drinking Water Act, Bureau Of National Affairs Inc., 1987. Healthand Ergonomic ConsiderationsofVisual Display Units, Ergonomics Committee, American 
	Industrial Hygiene Association,1983. Health Physics at Research Reactor, Health Physics, Conference, 1996. Heisler, Robin, OfficeofPesticidesand TechnicalReports,EnvironmentalProtection Agency, 
	1982. 
	Hollaender, Alexander, Radiation Biology, Volume 1 (part 1,2), 2, 3, McGraw-Hill Book Co., 1954. Identifying and Estimating the Genetic Impactof Chemical Mutagens, National Research 
	Council, National Academy Press, 1983. 
	ImplementationofthePrincipleofAsLowAsReasonablyAchievableforMedicalandDental Personnel, National Council on Radiation Protection and Measurements, 1990. Indoor Pollutants, Committee On Indoor Pollutants, National Academic Press, 1981. 
	LABORATORY SAFETYMANUAL 267 
	Indoor Pollutants, National Research Council, National Academy Press, 1981. 
	Industrial Ventilation: A Manual of Recommended Practice, 20th Edition, American Conference of Governmental Industrial Hygienists, 1988. Influence of Dose and its Distribution in Time on Dose-Response Relationships for Low-Let 
	Radiations, National Council on Radiation Protection and Measurements, 1980. 
	InstrumentationandMonitoringMethodsforRadiationProtection,NationalCouncilon Radiation Protection and Measurements, 1978. International Commission on Radiological Protection Limit for Intakes of Radionuclides, 
	Volumes 1–8, International Commission on Radiological Protection, Pergamon Press, 1980. 
	Introduction of Thyroid Cancer by Ionizing Radiation, National Council on Radiation Protection and Measurements, 1985. Ionizing Radiation Exposure of the Population Of the U.S., National Council on Radiation 
	Protection and Measurements,1987. 
	Jacob, , Radiation Protection -A Guide for Scientists, Regulators, and Physicians, 4th edition. Johns, Harold Elford, The Physics Of Radiology, Charles C. Thomas, 1974 Kingsbury, David, Emerging Issues in Biomedical Research Safety, U.S. Department of Health 
	ShaP.I.ro

	and Human Services, U.S.A., 1987. Klaassen, Curtis D., Casarett and Doull's Toxicology, Macmillan Publishing Co. U.S., 1986. Klement,AlfredW.,CRCHandbookofEnvironmentalRadiation,CRCPress,1982. Krypton-85 in the Atmosphere, Biological Significanceand Control Technology, National Council 
	on Radiation Protection and Measurements, 1975. 
	Laboratory Decontamination and Carcinogens in Laboratory Wastes: Some N-Nitrosamides, International Agency for Research on Cancer, Lyon U.S.A., 1982. Laboratory Decontamination and Destruction of Aflatoxins B1, B2, G1, G2 In Laboratory Wastes, 
	International Agency for Research on Cancer, Lyon U.S.A., 1980. 
	LABORATORY SAFETYMANUAL 268 
	Laboratory Decontamination and Destruction of Antineoplastic Agents, International Agency for 
	Research on Cancer, Lyon, U.S.A., 1985. Laboratory Decontaminationand Destructionof Carcinogens In Laboratory Wastes: Some Haloethers, International Agency for Research on Cancer, Lyon, U.S.A., 1984. 
	Laboratory Decontaminationand Destruction of Carcinogensin Laboratory Wastes: Some N– 
	Nitrosamines, International Agency for Research on Cancer, Lyon U.S.A., 1982. Laboratory Decontaminationand Destruction Of Carcinogens In Laboratory Wastes: Some Hydrazines, International Agency for Research on Cancer, Lyon, U.S.A., 1983. 
	Laboratory Decontaminationand Destructionof Carcinogens In Laboratory Wastes: Some 
	Antineoplastic Agents, International Agency for Research on Cancer, Lyon, U.S.A., 1985. Laboratory Safety Monograph, Officeof Research Safety, U.S. Departmentof Health, Education and Welfare, U.S.A, 1979. 
	Langham, Wright H., Radiobiological Factors In Manned Space Flight, National Academy Of Sciences, 1967. 
	Laser Safety Resource Literature, Laser Institute of America, Cincinnati, 1975. Lefevre, Marc J., First Aid Manual for Chemical Accidents: for Use with Nonpharmaceutical Chemicals, 1980. 
	Lessard, Edward T., Interpretation of Bioassay Measurements, U.S. Nuclear Regulatory 
	Commission, 1990. Lide,David R.,Editor-in-Chief,CRC Handbook ofChemistry and Physics (CD-ROM version 2005 for Windows), CRC Press, 2005. 
	LimitforExposureto"HotParticles"ontheSkin,NationalCouncilonRadiationProtectionand 
	Measurements, 1989. Lowry, George G., Handbook of Hazard Communication and OSHA Requirements, Lewis Publishing Inc., 1986. 
	Lunn, G., Destruction of Hazardous Chemicals in the Laboratory, 1994. 
	LABORATORY SAFETYMANUAL 269 
	Mackison, Frank W., OccupationalHealth Guidelinesfor Chemical Hazards, U.S. Department Of Health And Human Services, 1981. 
	Makower, Joel, Office Hazards, Tilden Press, 1981. Maletskos, Constantine J., Radiation Protection at Nuclear Reactors, Health Physics Society, 1995. 
	Mammography A User's Guide, National Councilon Radiation Protection and Measurements, 1986. 
	Mammography, National Council on Radiation Protection and Measurements, 1980. Managementof Chemical Wastes Policyand Manual, Chemical Safety Advisory Committee, Yale University,1987. 
	Managementof Persons Accidentally Contaminatedwith Radionuclides, National Councilon 
	Radiation Protection and Measurements, 1980. Manufacture and Formulation of Pesticides, National Institute for Occupational Safety and Health, U.S. Department Of Health, Education And Welfare, 1978. McCann, Michael, Artist Beware, Watson Guptill Publications, 1979. 
	Measurement of Radon and Radon Daughters in Air, National Council on Radiation Protection 
	and Measurements, 1988. MedicalX-RayandGamma-RayProtectionforEnergiesupto10MeV,NationalCouncilon Radiation Protection and Measurements, 1973. 
	Mettler, Fred A., Jr., Medical Management of Radiation Accidents, CRC Press, 1990. Meyer, Eugene, Chemistry of Hazardous Materials, Prentice Hall Career and Technology, 1990. Miller, Brinton M., editor, Laboratory Safety Principles and Practices, American Society for 
	Microbiology, Washington, D.C.,1986. 
	Monographs on the Evaluation of the Carcinogenic Risk of Chemicals to Humans, Volume 34, International Agency for Research on Cancer, 1984. Mossman, Kenneth L, The Biological Basisof Radiation Protection Practice, Williams & Wilkens, 
	1992. 
	LABORATORY SAFETYMANUAL 270 
	Murray,PatrickR., ManualofClinicalMicrobiology,6thEdition,ASMPress,1995. Mutgeert, B. J., Handling Chemicals Safely, Dutch Associationof Safety Experts, 1980. Natural Background Radiation In The U.S., National Councilon Radiation Protection and 
	Measurements, 1975. 
	Neal, Robert A., Prudent Practicesfor Handling Hazardous Chemicalsin Laboratories, National Academy Press, Washington D.C, 1981. Neptunium: Radiation Protection Guidelines, National Council on Radiation Protection and 
	Measurements, 1988. 
	Neutron Contamination from Medical Electron Accelerators, National Council on Radiation Protection and Measurements,1984. NIOSH Pocket Guide to Chemical Hazards, U.S Department of Health and Human Services, 
	U.S.A., 1985. 
	Noyes, Robert, Handbook of Leak, SP.I.ll, and Accidental Techniques, Noyes Publications NJ, 1992 Noyes, Robert, Northeastern Regional Pesticide Information Manual, Chemical Pesticides 
	Program, Mass., 1986. Occupational Cancer -Prevention and Control, International Labor Office -Geneva, 1979. Occupational Cancer Prevention and Control, Occupational Safety and Health Series, 
	International Labor Office, Geneva Switzerland, 1979. 
	Occupational Health Guideline For Endrin, U.S. Department OfHealth And Human Services, U.S. Department Of Labor, 1978. Occupational Health Guideline For Osmium Tetroxide, U.S. Department Of Health And Human 
	Services, U.S. Department Of Labor, 1978. Occupational Safety & Health Cases, Volume 11-15, The Bureau Of National Affairs Inc., 1993. Occupational Safety and Health Guidance Manualfor Hazardous Waste Site Activities, National 
	Institute for Occupational Safety and Health, U.S.A., 1985. 
	LABORATORY SAFETYMANUAL 271 
	Oldham, K.G., Radiochemical Review, Volumes 1 & 2, Amersham Searle. Operation Radiation Safety Training, National Councilon Radiation Protection and Measurements, 1983. 
	Overman, Ralph T., Radioisotope Techniques, Magraw Hill Book Co., 1960. 
	Pakes,StevenP.,GuidefortheCareandUseofLaboratoryAnimals,U.SDepartmentofHealth and Human Services, 1987. Parkin, William P., The Complete Guide to Environmental Liability and Enforcement in New 
	York, STP, 1992. 
	Patnaik, Pradyot, A Comprehensive Guide to the Hazardous Properties of Chemical Substances, Van Nostrand Reinhold, 1992. Pelt, Van, Laser Fundamentalsand Experiments, U.S. Departmentof Health, Education and 
	Welfare, 1970. 
	Phillips, Jack J., Handbookof Training Evaluationand Measurement Methods, Gulf Publishing Co, 1983. Physical, Chemical, and Biological Propertiesof Radiocerium Relevantto Radiation Protection 
	Guidelines, National Council on Radiation Protection and Measurements, 1978. Pipitone, David A, Safe Storageof Laboratory Chemicals,John Wiley& Sons Inc., Canada,1984. Pitt, Martin J., Handbook of Laboratory Waste Disposal, M.J Pitt Great Britain, 1985. Plimpton, Sarah W., Prudent Practices In The Laboratory, National Academy Press, 1995. Plog, B., Fundamentals of Industrial Hygiene, 4th Edition, National Safety Council, 1996. Precautionsforthe Proper Usageof Polyurethanes, Polyisocyanuratesand Related Mate
	The Upjohn Company, 1981. 
	Primary Containmentfor Biohazards: Selection, installation and Use of Biological Safety Cabinets, 2000. Protection Against Radiation From Brachytherapy Sources, National Councilon Radiation 
	Protection and Measurements,1972. 
	LABORATORY SAFETYMANUAL 272 
	Protection in Nuclear Medicine and Ultrasound Diagnostic Procedures in Children, National Council on Radiation Protection and Measurements, 1983. 
	ProtectionoftheThyroidGlandintheEventofReleases ofRadioiodine,NationalCouncilon Radiation Protection and Measurements, 1977. 
	Prudent Practices for Disposal of Chemicals from Laboratories, National Research Council, National Academy Press, 1983. 
	Prudent Practicesinthe Laboratory: Handlingand Disposalof Chemicals, National Research Council, National Academy Press, 1995. 
	Public Radiation Exposure from Nuclear Power Generation in the U.S., National Council on Radiation Protection and Measurements, 1987. 
	Quality Assurance for Diagnostic Imaging Equipment, National Councilon Radiation Protection and Measurements, 1988. 
	Radiation Alarmsand Access Control Systems, National Councilon Radiation Protectionand Measurements, 1986. 
	Radiation Exposure from Consumer Products and Miscellaneous Sources, National Council on Radiation Protection and Measurements, 1977. 
	Radiation Exposureofthe U.S. Populationfrom Consumer Productsand Miscellaneous Sources, National Council on Radiation Protection and Measurements, 1987. 
	Radiation Protection and Measurement for Low Voltage Neutron Generators, National Council on Radiation Protection and Measurements, 1983. 
	Radiation Protection for Medical and Allied Health Personal, National Council on Radiation Protection and Measurements,1989. 
	Radiation Protection in Educational Institutions, National Council on Radiation Protection and Measurements, 1996. 
	Radiation Protection in Pediatric Radiology, National Council on Radiation Protection and Measurements, 1981. 
	Radiation Protection Recommendationsofthe International Commission on Radiological Protection, Publication 6, 7, 9, 10, Pergamon Press, 1959. 
	LABORATORY SAFETYMANUAL 273 
	Radiation Protection, International Commission on Radiological Protection, Pergamon Press, 1977. 
	Radiation Safety Manual, John Hopkins Medical Institutions, 1981. 
	Radiation Safety Training Criteria for Industrial Radiography, National Councilon Radiation Protection and Measurements,1978. 
	Radioactive Tracersin Microbial Immunology, International Atomic Energy Agency, Vienna, 1972. 
	Radiofrequency Electromagnetic Fields, National Councilon Radiation Protectionand Measurements, 1981. 
	Radiological Assessment: Predicting the Transport, Bioaccumulation and Uptake by Man of Radionuclides Released to the Environment, National Council on Radiation Protection and Measurements, 1984. 
	Radiological Health Handbook, Bureauof Radiological Health, U.S. Department Of Health, Education and Welfare,1970. 
	Recommendations on Limits for Exposure to Ionizing Radiation, National Councilon Radiation Protection and Measurements,1987. 
	Reinhardt, P. A., Pollution Prevention and Waste Minimization in Laboratories, 1996. 
	Richardson,John H., Biosafetyin Microbiologicaland Biomedical Laboratories, U.S. Government Printing Office, Washington, 1988. 
	Richmond, Jonathan Y. editor, Biosafetyin Microbiologicaland Biomedical Laboratories, U.S. Government Printing Office Washington D.C., 1993. 
	Rossol, Monona, Stage Fright: Health and Safety in the Theater. A Practical Guide, Center for Occupational Hazards, 1986. 
	Rossol, Monona, The Artist's Complete Health and Safety Guide, 2nd Edition, Allworth Press, 1994. 
	Safe Handlingof Compressed Gasesinthe Laboratoryand Plant, Matheson Gas Products, Inc., 1997. 
	LABORATORY SAFETYMANUAL 274 
	Safety in Academic Chemistry Laboratories, American Chemical Society U.S.A., 1995. Sax, Irving N., Cancer Causing Chemicals, Van Nostrand Reinhold Co., 1981. Sax, Irving N., Dangerous Properties of Industrial Materials, 6th Edition, Van Nostrand Reinhold 
	Company Inc. U.S.A., 1984. 
	Sax, Irving N., Hazardous Chemicals Inthe Workplace, Van Nostrand Reinhold Co. New York, 1986. Schilt, Alfred A., Perchloric Acidand Perchlorates, Fredrick Smith Chemical Company Ohio, 
	1979. 
	Schwope, A.D., Guidelinesforthe Selectionof Chemical Protective Clothing, American Conference Of Governmental Industrial Hygienists Inc., 1983. Seeger,Nancy,AlternativesfortheArtist:ACeramist'sGuidetotheSafeUseofMaterials,The 
	School of the Art Institute of Chicago, 1984. 
	Seeger,Nancy,AlternativesfortheArtist:APainter'sGuidetotheSafeUseofMaterials,The School of the Art Institute of Chicago, 1984. Seeger,Nancy,AlternativesfortheArtist:APhotographer'sGuidetotheSafeUseofMaterials, 
	The School of the Art Institute of Chicago, 2000. 
	Seeger,Nancy,AlternativesfortheArtist:APrintmaker'sGuidetotheSafeUseofMaterials, The School of the Art Institute of Chicago, 1984. Seeger,Nancy,AlternativesfortheArtist:An IntroductoryGuidetotheSafe UseofMaterials, 
	The Art Institute Of Chicago, 1982. Setter,LloydR.,Regulations,StandardsandGuidesforMicrowave,UltravioletRadiation,and 
	Radiation from Lasers and Television Receivers-An Annotated Bibliography, U.S. Department Of Health, Education, and Welfare, 1969. Seventh Annual Report on Carcinogens, Environmental Health Sciences, U.S. Department of 
	Health and Human Services, Washington D.C., 1994. Shaw, Susan, Overexposure Health Hazards in Photography, Friends of Photography, 1983. 
	LABORATORY SAFETYMANUAL 275 
	Shepard M.D., Thomas H., Catalogof Teratogenic Agents, 5th Edition, John Hopkins University Press, 1986. 
	Shultis, Kenneth, Radiation Shielding, Prentice Hall PTR, 1996. SI Units in Radiation Protection and Measurements, National Council on Radiation Protection and Measurements, 1985. 
	Sliney, David H. editor, Threshold Limit Values, American Conferenceof Governmental Industrial Hygienists, Cincinnati,1993. 
	Smith, William V., Laser Applications, Artech House Inc., 1970. Snavely,DavidR.,Regulations,StandardsandGuidesPertainingtoMedicalandDental Radiation Protection: An Annotated Bibliography, U.S. Department Of Health, Education, and Welfare, 1969. 
	Spandorfer, Merle, Making Art Safely, Van Nostrand Reinhold, 1993. 
	Steere, Norman V., Handbook of Laboratory Safety, Chemical Rubber Co., Cleveland, Ohio, 1967. Stellman, Jeanne, Office Workcanbe Dangerousto Your Health, Jeanne Stellman, 1983. Stewart, Donald C., Handling Radioactivity, John Wiley & Sons, 1981. Tardiff, Robert G., Principles and Procedures for Evaluating the Toxicity of Household 
	Substances, National Academy of Sciences, Washington D.C, 1977. 
	Tatken, Rodger L., Registryof Toxic Effectsof Chemical Substances, Volume 1, 2 and 3, U.S. Department of Health And Human Services, Cincinnati, 1983. Taylor, David G., Manual Of Analytical Methods, U.S. Department Of Health And Human 
	Services, 1980. 
	The Experimental Basis for Absorbed-Dose Calculations in Medical Uses of Radionuclides, National Council on Radiation Protection and Measurements, 1985. The Medical NBC Battlebook, US Army Center for Health Promotion and Preventive Medicine, 
	2002. 
	LABORATORY SAFETYMANUAL 276 
	The Relative Biological Effectiveness of Radiations of Different Quality, National Councilon 
	Radiation Protection and Measurements, 1990. The Safe Handlingof Chemical Carcinogens, Division of Safety, National Institutesof Health, U.S.A. 
	Till, John E., Radiological Assessment, Nuclear Regulatory Commission, 1983. 
	TLV's and BEI's: Threshold Limit Values for Chemical Substances and Physical Agents. Biological ExposureIndices,AmericanConferenceofGovernmentalIndustrialHygienists,1999. Tracy, Tony M., Clinical Toxicology of Commercial Products, Williams Wilkins U.S.A., 1984. Tritium and Other Radionuclide Labeled Organic Compounds Incorporated in Genetic Material, 
	National Council on Radiation Protection and Measurements, 1979. Tritium in the Environment, National Council on Radiation Protection and Measurements, 1979. Tritium Measurement Techniques, National Council on Radiation Protection and 
	Measurements, 1976. 
	Tuohey, Seamus M., Manager's Guide to Safety and the Retail Environment, Cornell University, 1993. Tver, David F., Industrial Medicine, Chapman & Hall, New York, London, 1988. Upton,ArthurC.,HealthEffectsofExposureto LowLevelsofIonizingRadiation,National 
	Academy Press, 1990. US Senate: Radiation Standards, Scientific Basis Inconclusive, and EPA & NRC Disagreement 
	Continues, Government Accountability Office, GAO Report to the Honorable Pete Domenici, June, Government Accountability Office, 2000. Useof Bioassay Proceduresfor Assessmentof International Radionuclide Deposition, National 
	Council on Radiation Protection and Measurements, 1987. Veterinaryand Human Toxicology, Veterinaryand Human Toxicology U.S, 1981. Video Display Terminals, Bell Laboratories, Bell Telephones, 1983. 
	LABORATORY SAFETYMANUAL 277 
	Vrschueren, K., Handbookof Environmental Dataon Organic Chemicals, 2nd Edition, Van 
	Nostrand Reinhold Company,1983. Wagner, Sheldon L., Clinical Toxicology of Agricultural Chemicals, Noyes Data Corporation, NJ, 1983. 
	Walters Douglas B., Safe Handling of Chemical Carcinogens, Mutagens, Teratogens and Highly Toxic Substances, Volume 1 & 2, Ann Arbor Science, U.S.A, 1980. 
	Weast, Robert C., Handbook of Chemistry and Physics, Chemical and Rubber Co. Welding Healthand Safety Resource Manual, American Industrial Hygiene Association, Akron, 1984. 
	Weng, Yen, Handbook of Radioactive Nuclides, Chemical Rubber Co., 1969. Whittenberger, James L., Toxicity Testing, National Academy Press, Washington D.C., 1984. Wohlhueter, Robert, Working Safely with Hazardous Chemicals, U.S. Departmentof Health and 
	Human Services U.S., 1991. Wood, Clair G., Safety in School Science Labs, James A. Kaufman & Associates. Working with Chemicals and You -Health Instructors Manual, National Safety Council, 1982. Wyckoff,H.O.,International CommissiononRadiationUnitsandMeasurements,Volume28, 
	35, 36, Library Of Congress Cataloging In Publication Data, 1985. Yaws, Carl L., Matheson Gas Data Book, 7th Edition, McGraw-Hill, 2001. 





