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Introduction

Thousands of chemicals are used at the Marine Biological Laboratory. Some are relatively
harmlessandmay be usedwith a minimal numberof precautionsOthers,suchasbenzene,
formaldehyde, and chloroform are human carcinogens that may require many special precautions.
This handbookhasbeendevelopedaspartof the MBLOseffort to ensurethatits personnehave
adequate information and training on chemical hazards. It is difficult for anyone to use chemicals
in aresponsiblenannemwithout basicsafetyinformationandtraining.

Manufacturers frequently report that the toxicological properties of their products have never been
fully investigated. Therefore, even when there is no reason to believe that there are substantial
hazards, measures must be taken to ensure that chemicals are handled responsibly. Chemical safety
precautionsrenotdifficult to follow. The consistentiseof eyeprotection,gloves,lab coats,and

other basic laboratory safety practices should protect laboratory personnel from most of the

chemical hazards they might encounter.

Accidentsarenot anticipatedevents Chemicalsafetyprecautionslike automobileseatbelts,are
only fully effective when they are used regularly. All personnel are encouraged to incorporate
concernsaboutsafetyinto all of their activities.Safetyis not anisolatedtopic thatcanbe
addressed outside of the normal conduct of workplace activities.

Eachsupervisohasthefundamentatesponsibilityfor the safetyof the personnetheysupervise.
Principallnvestigatorandotherseniorscientificpersonnebftenactassupervisorandmustbe

aware that they are responsible for the safety of their research personnel and the safety of the
studentsaandstaff associatedavith their instructionalactivities. Supervisorareresponsibldor

educating their personnel about chemical hazards and enforcing chemical safety regulations in their
work areas. The supervisory training requirement is particularly important when new chemicals or
proceduresreintroduced.This Handbookestablishesninimum safetystandardgor the MBL. It

does not relieve supervisors of their responsibility to establish effective safety procedures for their
personnel.

This handbookis notintendedto be a comprehensivehemicalsafetymanual.Section2.0
describesomeof the otherresourcesvailableto assistyou in your effortsto learnabout
workplace hazards. Although this document concentrates on chemical hazards, it is equally
importantto pay attentionto the physicalhazardsn our facilities. We shouldbe particularly
concerned about the potential for electrocutions and falls in our laboratories and other wet
locations.The MBL EnvironmentaHealthandSafety(EH&S) Office welcomessuggestionsn
ways we can address these and other safety concerns.

The OccupationaBafetyandHealthAdministration(OSHA) is partof the United States
Departmenbdf Labor.Part1910.14500f the OSHA standardsknownasthe Lab Standard,
establishesegulationscoveringexposurdo hazardoushemicaldgn laboratoriesPart1910.1200,

the Hazard Communication Standard, covers MBL employees who are not laboratory workers.
Copiesof thesestandardsreavailablein the EH&S Office.



1.0.

REGULATORY OVERVIEW

1.1. 1910.1450 The OSHA Lab Standard

The OSHA Lab Standard regulates all Olaboratory useO of hazardous chemicals by MBL personnel.
Thesearethe majorprovisions.

1.1.1.TheLab Standardequiresthatwe havea written ChemicalHygienePlan(CHP). This
handbook has been developed to satisfy many of the program and training requirements contained
in our CHP. Copiesof the CHP areavailablefrom the EH&S Office.

1.1.2. OSHA and the American Conference of Governmental Industrial Hygienists (ACGIH) have
establisheadxposurdimits for manylaboratorychemicalsinformationon theselimits is

availablein the EH&S Office. In accordancevith the Lab Standardit is MBL policy to comply

with publishedimits andto limit all chemicalexposurego the greatespracticalextent.

1.1.3.ThelLab Standardestablishes list of circumstanceghatrequireusto provideour
employeesvith medicalexaminationsThesearelistedin Section4.5.

1.1.4.TheLab Standardequiresthe MBL to maintainchemicallabels,maintainaccessibldiles
of material safety data sheets, and otherwise ensure that chemical hazards are properly identified.

1.2. 1910.1200 The OSHA HazardCommunication§Standard

The Hazard Communications Standard covers chemical use by non-research personnel such as the
employeesn our PlantOperations& MaintenanceandBuilding Services& Grounds

departments. These personnel use chemical products and may also be exposed to research
chemicals during their workplace activities.

The Hazard Communication Standard requires development of a written plan and establishes
chemicallabeling,Material SafetyDataSheet{MSDS),information,andtrainingrequirements.
Most provisionsof thetwo standardsresimilar enoughto allow onebasicchemicalsafetyplan

to coverall employees.

1.3. Chemical Safety for Non-Employees

Most personnelho usechemicalsn ourfacilities arenot MBL employeesandarethereforenot
subjectto the OSHA regulations Somenon-employeessuchasBostonUniversity Marine
Program personnel, are covered by MBL policies as part of a formal agreement. Summer
investigatorsandothervisiting scientistamay be coveredby safetypoliciesestablishedy their
homeinstitutions.OSHA regulationsdo not apply to our studentsut asan institution we must
acceptsomeresponsibilityfor their safetywhile they participatein the MBL- sponsoredctivities.

It is nottheintentof the EH&S Office to attemptto identify all of the possibleemploymentand
othertypesof relationshipghe MBL haswith the personnelvho usechemicaldn our facilities.
The manner in which chemicals are used by non-employees may affect the safety of MBL
personnehndreflecton our overallcommitmentto chemicalhealthandsafety.For this reasonwe
mustinsistthatall chemicalshe usedin aresponsiblanannerthatis consistentvith applicable
MBL policies.

1.4 Resource Conservation and Recovery Act

The ResourceConservatiorandRecoveryAct (RCRA) wasoriginally passedy Congressn
1976to addresghe problemof managinganddisposinghugevolumesof municipaland
industrialsolid wastegeneratecdhationwide. The EnvironmentaProtectionAgency,(EPA),
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estimateghat57 million metrictonsof hazardousvasteis generategachyearin the United
States.

RCRA establishes standards, which are applicable to generators (MBL-Small Quantity Hazardous
Waste Generator), waste transporters, and operators of treatment, storage, and disposal (TSD)
facilities. This systemallowsfor the detailedtrackingof the wastefrom itOs@oint of generation

to itOsPoint of ultimatedisposal. This is wheretheterm Ocradle¢o graveQvascreated.

Thefocusandscopeof RCRA continuedo evolveasenvironmentaheedsecomeamoredefined.
The Act hasbeenamendedwice since1976,in 1980and1984,andmodificationscontinueto
occur. Theresulthasbeento vastly expandthe EPAOsegulatorycapabilities. The goalsof
RCRA are threefold:

1) To protecthumanhealthandtheenvironment;
2) To reduce waste and conserve energy and national resources; and
3) To reduce or eliminate the generation of hazardous waste as effectively as possible.

The EPA requires that each state enforce environmental regulations that are at least as restrictive as
the EPAOsegulations. Eachstatehastheright to be morerestrictivethanthe EPA. In
Massachusetts, the Department of Environmental Protection (DEP) enforces these regulations.

What are the primary regulations that affect how we handle and dispose of hazardous waste at the
Marine Biological Laboratory?

1) 310CMR 30.351(5) hazardousvastemaybeaccumulatedin the Main
accumulatiorArea)for no morethan180daysprior to disposal.

2) 310CMR 560(3) - Incompatiblewastesor materialsncompatiblewith hazardous
wastesshall not be placedin the samecontainer. If mixing or commingling
incompatibles occurs, it must not generate any uncontrollable safety hazard or
threateremployeeor public healthor the environmen{310CMR 30.351(8) (b) (2).

3) 310CMR 30.341(2) MarkingsandLabelsshallbe placedon the sidesof
containers so they are clearly visible for inspection.



2.0

CHEMICAL SAFETY INFORMATION

2.1. Material Safety Data Sheets

Material SafetyDataSheet{MSDSs),providedby our chemicalsuppliers containbasic

information about the physical characteristics and hazards of commercial chemical products. Files
aremaintainedon MSDS Online (link foundonthe E, H, andS website). Manufacturersend
mostMSDSsdirectly to the EH&S Office. If you receivea MSDS pleasesendthe original to the

EH&S Office sothatit canbe addedto our masteffiles.

MSDSscontain:

a) Substance Identification

b) Ingredients and Hazards

c) Physical Data

d) Fire andExplosionData

e) Reactivity Data

f) Health Hazard Information

0) Spill, Leak,andDisposalProcedures
h) Special Protection Information

i) SpecialPrecautioneandComments

Well-prepared MSDSs contain extensive information about chemical hazards and safety
precautions. Although it appears that liability concerns often cause manufacturers to exaggerate
chemicalhazardsMSDSsarestill avaluablesourceof information.Evenif therecommended
precautions appear overly conservative, they are usually easy to observe and they ensure that
necessary safety procedures are followed. We should not ignore manufacturer recommendations
unless we have clear evidence that our alternative safety precautions are adequate.

2.2. Labels

Most productsbearlabelsthat containinformationsimilar to thatcontainedn the MSDSs.For
example]abelson FisherScientific productscontainsummarie®f healthhazardsfirst aid
precautions,

informationon protectiveequipmentNationalFire Prevention

Association(NFPA) ratingsandstoragenformation.Informationon labelsis explainedn the
chemical section of their catalogue. Other manufacturers provide comparable information.

2.3. Other References

The MBL/WHOI library provides many valuable resources. Selected safety references are available
in the GrassReadingRoom.The NIOSH/OSHAQOccupational Health Guidelines for Chemical
Hazardsare a particularly valuable summary of the hazards of approximately 400 of the most
common chemicals.

In additionto MSDSfiles, the MBL EH&S Office alsomaintainsa largelibrary with many
chemical safety references.



3.0.

4.0.

PROGRAM RESPONSIBILITIES AND SERVICES

3.1. General

The primary chemicalsafetyresponsibilityrestswith Principallnvestigatorsaandother
supervisorsln their supervisoryroles,theseindividualsselectchemicalsgcontrolresourcesand
direct the day-to-day activities of other personnel. However, all employees must share
responsibilityfor the safeuseof chemicalsThe ultimatesucces®f our safetyprogramsdepends
ontheactiveinvolvementof all personnel.

3.2. The MBL Environmental Health and Safety Office (Rowe 401)

The EH&S Office provides consultation and provides specialized assistance. EH&S Office
services include:

a) maintenance of a reference library and MSDS files,
b) consultation on chemical safety concerns and advice about ways to control hazards,

¢) consultatioron the selectionanduseof gloves,respiratorsandotherpersonaprotective
equipment,

d) calibrationof fume hoodsandassistancevith indoorair quality concerns,

e) chemical waste disposal,

f) evaluation of exposures to airborne contaminants,

g) programmanagemengducationandtrainingto assurghatwe useour chemicalsn a

responsible manner.

EMERGENCY INFORMATION

4.1. Emergency Phone Numbers (for use from MBL extensions)

4.1.1.Extension7/911is the MBL's 24-houremergencyhumber.During normalworking
hours,it is answeredn the SwopeOffice. Nightsandweekendst is answeredy our
watchmen.

4.1.2.Extension/217- MBL Watchman

4.1.3. Falmouth Fire and Rescue (medical emergencies) - 9-911

4.1.4. FalmouthPolice- 9-911

4.1.5. Massachusetts Poison Information Center - 1-800-222-1222

4.1.6.Phone stickerare available from the switchboard and the EH&S Office.

4.2. Medical Emergencies



CalltheMBL emergencyhumber extension/911,to reporta medicalemergencyPleaseprovide

your name, your telephone extension, the nature of the emergency, and the exact location where it
hasoccurred Remainon theline until you areinstructedto hangup. The operatoror watchman

who answers your call will notify MBL emergency response personnel and/or local emergency
servicesasrequired. Pleasecall 911 directif it is alife or deathemergency.

4.3. ChemicalSpills

Chemical spills are a disruptive but unavoidable consequence of any research activity.
Emergencies can generally be avoided if personnel evacuate spill areas promptly, attend to their
personal decontamination, and seek medical assistance. Most emergencies are caused by ill
advised clean up attempts by inexperienced and poorly equipped personnel. The following
procedures must be followed.

4.3.1.WhenThereis a Spill With No PersonalContamination

a) Evacuatdhe spill area.Pauséf possibleto turn off anyapparatushatrequires
constanftattentionandto close any open windows

b) Closedoorsleadingto spill area.

¢) Do not openwindows.Airflow throughopenwindowsis almostalwaysinward and
cancontributeto the spreadof contaminatiorthroughouta building.

d) If abuilding evacuatioris desirableactivatethefire alarm.
e) Contactthe EH&S Office atextension/424or call the MBL emergencynumberat
extension 7911 for assistance.

f) While waiting for assistanceshecktheairflow aroundthe doorsleadingto the spill
areallf theair is flowing out, sealthe doorswith wet papertowelsor tape.

g) After theinitial evacuationyou mayreentera spill areaif you arecertainthereis no
risk. This decisionshouldbe madeat leisure,outsidethe spill area,notin anareawhere
you may be experiencing anxiety about the accident and the effects of a chemical
exposure.

4.3.2.WhenThereis PersonalContamination

a) Removelab coat,shoesandouterclothing. Decontaminat@isingthe nearest

emergency shower and/or eyewash. If you cannot reach an emergency shower or eyewash,
improviseusingany availablewatersource Contaminategyesmustberinsedfor at

least15 minutes.

b) Seekassistancéy calling extension7911.1f possible havesomeoneslsemakethe
emergency call and secure the spill area while you proceed with personal
decontamination.

¢) The EH&S Office hasinformationon chemicaltoxicity andfirst aid requirements.
Comprehensivemergencynformationis alsoavailablefrom the Massachusett8oison
Information Center.

d) After personal contamination has been controlled, proceed with the other instructions
for managinga chemicalspill.

e) Personnel who have been exposed to hazardous chemicals may be required to have a
medical evaluation.



4.4, Reporting Accidents

All injuries, no matterhow minor, mustbe reportedpromptly. Our MBL "Supervisor'fReportof
Accident”, available from the Human Resources Office or the EH&S Office, must be completed.
Supervisorareaskedio completethis form becauseheyhavethe primaryresponsibilityfor
employeesafety.Any job relatedinjury or nearmissshouldbereportedbecausdt mayhelpus

identify a potentiallyserioussafetyproblem.

4.5, Medical Consultatiorand Examinations

Employeesreentitledto receivemedicalexaminationsat MBL's expenseunderany of the
following circumstances:

4.5.1. Whenever an employee develops symptoms of exposure to a workplace chemical,

4.5.2. Whenever exposure monitoring indicates that airborne chemical levels routinely
exceedegallimits;

4.5.3.Whenevethereis anaccidentresultingin thelikelihood of a significantexposure.

4.6. Emergency Showers and Eyewashes

Bold/underlinedunits arealwaysaccessiblevhenthe building is open Others
maybein lockedlaboratories.

4.6.1. Lillie Building

a) Lillie-08 (Stock Room) - Emergency Shower and Eyewash
b) Outside Lillie-121 (BoP)

c¢) Outside Lillie-218 (GeneralUseRoom)

d) Outside Lillie-319 (GlobalInfectiousDiseasdeProgram)

e) Outside Lillie-331 (Bay PaulCenter)

4.6.2.Loeb

a) Loeb-25 (Neurobiology) Emergency Shower and Eyewash
b) Hallway outsideLoeb-26 Emergency Shower

c) Loeb-27 Emergency Shower

d) Hallway outside Lb-103 Emergency Shower and Eyewash
e) Hallway outside Lb-203 Emergency Shower and Eyewash
f) Hallway outside Lb-305 Emergency Shower and Eyewash
g) Loeb-310(Physiology) Emergency Shower

4.6.3.Rowe

a) 4" Fl. Hallway Emergency Shower and Eyewash
b) 3 FI. Hallway Emergency Shower and Eyewash
c) 2 Fl. Hallway Emergency Shower and Eyewash
d) All labs Emergency Eyewash

4.6.4.Ecosystems Center

a)ESC-112 Emergency Shower and Faucet Mounted Eyewash
b) ESC-113 Emergency Shower and Faucet Mounted Eyewash
c¢) Hallway outside ESC-114 Emergency Shower/Eyewash

d) ESC-212/213 Emergency Shower

e)ESC-213 Faucet Mounted Eyewash and Hand Held Hose

f) ESC-214 Emergency Shower and Hand Held Hose

g) Hallway outside ESC-214 Emergency Shower/Eyewash
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h) ESC-215 Emergency Shower and Faucet Mounted Eyewash

4.6.5.Marine Resources Center

a) Hallway outside202 Emergency Shower and Eyewash
b) Hallway outside 301 EmergencyshowerandEyewash

4.6.6.15 North Street

a) Cage washing room Handheld drench hose

4.6.7. StarrBuilding

a) Outside 124 Emergency Shower and Eyewash
b) Outside 231 Emergency Shower and Eyewash
c) Outside 228 Emergency Shower and Eyewash
d) Outside 331 Emergency Shower and Eyewash
e) Outside 334 Emergency Shower and Eyewash

5.0. FIRE SAFETY

5.1.

5.2.

Before a Fire Occurs

5.1.1.Locatethe nearestalarmpull station.Most MBL alarmsarenow hard-wiredto the
FalmouthFire Department.

5.1.2.Locatethenearestlarmbell.

5.1.3.ldentify severalpossibleexit routes.

When you Discover a Fire

5.2.1.Activatethe nearestlarm.
5.2.2.Evacuatenotifying otherpersonnebn the samefloor to leaveat once.

5.2.3.CalltheMBL emergencyiumberextension/911,from a safelocation.Provide
complete information about the nature and location of the emergency. Our emergency
personnelvill notify the FalmouthFire Department.

5.2.4.Do not attemptto fight afire unlessyou havebeenproperlytrainedin the useof
portable fire extinguishers and can fight the fire without endangering your safety. Never
attemptto fight afire until afterthealarmhasbeensoundedthe MBL emergency

number has been called, and evacuation is underway.

5.2.5.1f possible remainoutsidethe building andhelp directthe FalmouthFire
Departmento the exactlocationof thefire.
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6.0. MEASURES FOR REDUCING EXPOSURESTO HAZARDOUS CHEMICALS

6.1.

6.2.

Laboratory Hygiene and General Work Practices
6.1.1.Smokingand Alcohol

Smokingandconsumptiorof alcoholicbeverageareprohibitedin all of our
laboratories.

6.1.2.EatingandDrinking

Eating and the use of non-alcoholic beverages in laboratories are not prohibited except in
areas where hazardous chemicals or radioisotopes are being used. Separate well-defined
areas must be established for the consumption and storage of food and beverages.

6.1.3. General Housekeeping

Work areas should be kept clean and free of obstructions. There is a definite relationship
between safety performance and orderliness in laboratories.

6.1.4.Mouth Pipetting

Mouth pipettingis bothdangerousndunnecessanA pipettebulb or anaspirator
shouldbe usedto providevacuum.The useof mouthpipettingon "non-hazardous"
solutionssubstantiallyincreasesherisk of accidentaingestionof hazardousnaterials.

6.1.5.PersonaHygiene

Hands should be washed each time you leave the laboratory and after any contact with
hazardous materials. Please remove contaminated gloves before leaving the lab also.

6.1.6.Working Alone
Working aloneshouldbe avoidedfor both safetyandsecurityreasonslf you mustwork

alone and are conducting a potentially hazardous experiment, you should make
arrangements with the watchmen or other personnel to check your laboratory periodically.

6.1.7. Visitors

Laboratoryguestsservicepersonnelsummerandparttime employeesandvisiting
scientistanustbefully informedaboutour safetyrequirementsandthe hazardof any
chemicalgo whichthey maybeexposed.

PersonaProtectiveEquipment

6.2.1.Lab Coatsand Clothing

Whenhazardoushemicalscomeinto contactwith the skin, theymay causedirectinjury

or beabsorbednto thebody.Appropriate protective clothing must be worn whenever
hazardous chemicals are used. Lab coats are designed to protect clothing but they may
provide sufficient skin protection for many routine chemical operations. Protective aprons
shouldbewornwhencorrosiveor irritating liquids arebeinghandled.
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6.2.2.EyeandFaceProtection

Eye protectiormustbe worn whenever hazardous chemicals are being handled. Eye
protectionshouldbeworn atall timeswhile you arein alaboratory Accidentsarerarely
anticipated Routineuseof eyeprotectionis the only way to guaranteehat protection

will bein placewhenthereis anaccident.

Ordinaryprescription glassasay contain“safetyglass"but theydo not provideadequate
protection.Theydo not havesideshieldsandthey do not offer asmuchimpact
protection as proper safety glasses.

Concern about wearimmpntact lensekasbeenshownto be overstatecandthe MBL will
allow themin our laboratoriesvhentheyareusedin conjunctionwith appropriatesye
protection.Personnelvho wearcontactshouldbealertto any eyeproblemsthatmaybe
causedy theirwork environmenandshouldmakepersonneivho assisthemin an
emergency aware of the presence of the lenses.

In additionto propereyeprotection face shieldshouldbe worn whenmaximum
protection against flying particles and chemical splashes is required.

Eachindividual shouldhavehis or herown equipmentThe MBL StockRoomstocks
thefollowing items:

a) Indirectly vented gogglefr protectionagainstsplashingchemicals.
b) Polycarbonate safety glasgesimpactprotectionagainsfflying particles.Glassesre

availablein a stylethatfits overregularprescriptionglassesThe polycarbonatéenson
theseglassegprovides99.9%protectionagainstUV radiationup to 385nm.

c) Eace shieldsnade of polycarbonate that offer full face UV and chemical splash
protection.

Otherproductsareavailableon shortnoticefrom vendorsor onloanfrom the MBL
EH&S Office.

6.2.3.Gloves

Gloves must be worn whenever hazardous materials are being handled. Even when gloves
arebeingworn, it is importantto avoid contactwith chemicalsandto removeandclean

or discard any gloves that become contaminated. Many chemicals will penetrate or
degradeglovesif contacttimeis prolonged.

The MBL StockRoomstocksdisposablanitrile, latex,andPVC gloves;reusableubber
gloves; and gloves that protect against extreme heat and cryogenic materials. Vendor
cataloguesncludechemicalresistancguidesandotherinformationto aid with glove
selection Assistances alsoavailablefrom the EH&S Office.

6.2.4.Shields

Safetyshieldsmay berequiredto protectagainstpossibleexplosionsandseverechemical

splash hazards. These risks may seem to be rare in our laboratories but MBL researchers
do usepicric acid, perchloricacid, sodiumazide,2,4, dinitrophenol,sodiummetaland

other chemicals that have recognized explosion potentials.

6.2.5.RespiratoryProtection

The OccupationaBafetyandHealthAdministration(OSHA) hasestablishedimits on
exposureso a selectedyroupof air contaminantsThe AmericanCouncil of
Governmental Industrial Hygienists (ACGIH) also develops recommended airborne
exposurdimits. It is the policy of the MBL to achievecompliancewith thesestandards

12



6.3.

without relying onthe useof chemicalcartridgerespiratorsFumehoods,engineering
controls,andthe substitutionof lesshazardoughemicalsmustbe usedto reduce
exposures to acceptable levels.

You must contact the EH&S Office to arrange for a hazard assessment if ongoing or
proposed activities involve the use of hazardous chemicals which may become airborne.
If the assessment of airborne chemical concentrations indicates that OSHA concentration
limits are at risk of being exceeded, chemical cartridge respirators may be worn by trained
usersasa safetyprecaution.Respiratorgnay alsobe usedto controlexposurgo
unregulatednaterials. The EH&S Office maintainsa supplyof low costdisposable

respirators.

FumeHoods

6.3.1.General

Fumehoodsmustbe usedwhenvolatile hazardoushemicalsarebeingdispensednd
when other manipulations are conducted that may create airborne contamination. We do
not havehoodsin everylaboratorybutthe supplyis adequatgrovidedthattheyareused

properly.

Chemicalghatarereleasednto fumehoodsaredischargedo the environmenwithout
anytreatmenor filtration. Chemicalreleasesnustbe minimized.Wastecontaineramust
not beleft opento allow chemicalgo evaporate.

Fumehoodsaremaintainedby the PlantOperationsandMaintenancéepartment,
extension/333.Theyaretestedon a periodicbasisby the EH&S Office.

6.3.2.FumeHood Instructions

a) Fumehoodsaremechanicabystemssubjectto periodicfailures. Airflow shouldbe
checked prior to each use.

b) A pieceof lightweightplasticor paper suchasa Kimwipe, shouldbetapedto the
bottomof the sashto indicateairflow.

c) If ahoodfailure cancreateanimmediatethreatto your safety,you mustusea hood
equippedwith analarm.

d) Hoodsfunctionmosteffectivelywhenthe heightof the openingof the moveablesash
is 12" or less. Do not work with your headinsidethe hood.

e) Keepthework surfaceasclearaspossibleto limit obstructionsvhich candisrupt
airflow andcreatecountercurrents Slotson the backinsidewall mustnot be blocked.

f) Hoodwork surfaceshouldnot be usedto storechemicalsor equipment!f you must
usea hoodfor storageor permanenequipmeninstallations pleaseconsultwith the
EH&S Office for adviceon arrangingmaterialsto minimize theirimpacton hood
performance.

g) Equipmentandchemicalsshouldbe setbackat least6" from the front edgeof the
work surface.

h) Hood glassis "safetyglass"andshouldminimize the effectof anexplosionbutit
mustnot be usedasa substitutefor a properexplosionshield.

i) Most hoodbasecabinetsare not ventilatedandcontainignition sourcesFor this
reason, they are generally very poor areas to use for chemical storage.

6.3.3.Biological SafetyCabinets
13



6.4.

Biological safety cabinets and laminar flow hoods are designed to protect workers from
infectiousmaterialsandto preventsubstances roomair from contaminatingnaterials

inside of their enclosure. They are not designed for chemical use. Air recirculating inside
the cabinets may increase chemical concentrations to hazardous levels. Air from inside
the cabinetis dischargednto thelaboratoryafter passinghroughHEPA filters thatdo

not trap volatile chemicals.

Detecting Chemical Exposures

The mostcommonroutesof chemicalexposureareinhalation,accidentaingestion,and
skin absorption Skin contactmay causdocalizedinjury or internalpoisoningvia
absorptiorof chemicalghroughthe skin.

Chemicalanaybeinhaledin the form of dusts,mists,gasesyapors,andsprays.They
may affect the respiratory system and also affect other internal organs when they enter the
bodythroughthe lungsor digestivesystem.

Some chemicals have characteristic odors that are readily detectable at concentrations
belowthe permissibleexposurdimits (PELS).If you cannotsmellthesechemicalsyou

can be reasonably certain that you are not being over exposed. Other chemicals have
odors that are only noticeable at hazardous concentrations or have odors that produce
olfactoryfatigue.The senseof smellis thereforea valuablebut very limited way to

assess chemical hazards. The EH&S Office has information on odor thresholds and the
PELs.

Whenever possible hazardous chemical releases must be minimized. This can be
accomplishedy identifying lesshazardousubstitutesminimizing the amountof
chemicalsused,andby usingclosedcontainerdo minimize evaporationFumehoods
andotherventilationcontrolsdo notreducechemicalreleasedut theydilute the

chemicals and may discharge them to areas that are not occupied on a regular basis.

Becausanostchemicalsareusedintermittentlyandin relatively smallamountsyoutine

air monitoringis generallynot conductedn researchaboratoriesMonitoring will be
conducted if there is any reason to believe that chemical concentrations are approaching
legallimits or creatingany safetyconcernsMonitoring will be continuedif initial
screeningesultsaresignificant. The MBL EH&S Office hasaninstrumentwhich canbe

used to measure concentrations of known airborne contaminants. Biological assays are
alsoavailablewhich canquantifyindividual exposureso chemicalsThesewill bemade
availableto employeesf thereis anyreasorto suspecthata significantexposuréhas
occurred.

Studiesof laboratoryacquirednfectionshavefoundthatonly 20% of all infectionsare

caused by recognized accidents. It is assumed that a significant percentage of infections
are caused by contact with contaminated surfaces or inhalation of aerosols. Knowledge
acquired during the studies of laboratory infections can also be applied to chemical safety
concerns. It is reasonable to conclude that most chemical exposures take place during
routine laboratory operations when there has not been any unusual incident that created
recognized hazards. Operations involving highly hazardous chemicals must be carefully
reviewedin aneffort to identify andeliminateall possiblesourcesf contamination.

Excellent laboratory hygiene practices must be followed to reduce individual exposures to
chemical contamination.

Experience gained through the use of radioactive materials also serves as a reminder of
the importance of using extra care when highly hazardous chemicals are being handled.
Despitestrict regulationsandthe extraattentiongivento radioisotopesmonthly

monitoring frequently reveals detectable contamination on equipment and research
facilities. We mustassumehatcomparableontaminationis createdvhenother,less
detectable, hazardous materials are used. When highly toxic chemicals are used, work
areagnustbe decontaminatedn a daily basis.
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Chemicalexposuresnay produceimmediateandobvioussymptomsandthey may create
delayed effects. Health effects may be the first indication that a chemical exposure has
taken place. There have been very few symptomatic chemical exposures at the MBL, but
you shouldconsideryour exposurdo chemicaldf you developunusuaimedical

problemsor if severalpeoplein your laboratorydevelopsimilar complaints MSDS,

labels, and other readily available resources contain information about the health effects
of chemical exposures.

7.0 CHEMICAL HANDLING, STORAGE, AND DISPOSAL

7.1.

7.2.

Limits on FlammableStorage

The NationalFire ProtectionAssociation(NFPA) hasdevelopedtlassificationgor
flammableand combustibldiquids andlimits on the amountghat shouldbe storedin
each research laboratory. Many of our more common solvents such as acetone,
acetonitrile ethanol ethyl ether,hexanemethanoltoluene andxyleneareClassl
flammablesignitablemixturesof vaporsandair existabovethesedliquids at room
temperatures.

Inventoriesof low flash point chemicalsmustbe minimized.In mostcasesNFPA
guidelinesrequirethattotal amountsof Classl flammablesn anysinglelaboratoryunit

mustbe keptbelowfour gallons.Thesechemicalsareall availablein the StockRoom

where they are stored in cabinets that are specifically designed for the storage of
flammableliquids. Laboratorieghatwish to havelargesolventinventoriesmay be

required to purchase their own flammable storage cabinets. Whenever practical, a quantity
of anyflammableliquid greaterthanonequartshouldbe storedin a metalsafetycan.

General Chemical Storage Requirements

Extensiveinformationon chemicalstorageds availablein the EH&S Office. The
following list coversonly a few of the mostimportantconsiderations.

7.2.1.Chemicalanustbe storedin securewell-labeledcontainersOriginal labelsmust

be maintained. Secondary chemical containers, regardless of their contents, must be
carefully labeled with the identity of the chemical and appropriate hazard warnings unless
the contents are intended for your immediate use. Unlabeled or mislabeled containers can
cause accidents and create serious disposal problems.

7.2.2.Inventoriesmustbe keptto an absoluteminimum. A significantportion of our
wastedisposabudgetis spenton the disposalof pureunusedcchemicalghatare
discardedvhenlaboratoriesloseor moveto otherinstitutions.This is environmentally
irresponsible and a waste of limited research resources. Sharing chemicals among
research groups is strongly encouraged.

7.2.3.Mutually reactive chemicals should be stored separately. Unnecessary hazards may
be created when chemicals are stored in alphabetical order without regard for
compatibility. Most chemical manufacturers provide storage information and color codes
ontheir labels.

7.2.4.Chemicalsstoredon floors mustbe placedin plastictubsto protectagainst
accidental breakage and to contain spills.

7.2.5.Cardboard boxes are not appropriate for the storage or transportation of chemicals.

7.2.6.Unless they are specifically designed and designated as flammable storage
cabinetsthe cabinetsunderfume hoodsarenot suitablelocationsfor storingflammable
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liquids. Theyarenot ventilatedandthey containswitchesandotherelectricalequipment
thatmayignite confinedvapors.

7.2.7.Unmodifiedlaboratoryrefrigeratoramustnot be usedfor storingflammable
liquids. Sparksfrom athermostatfan, or light may ignite vaporsthataccumulaten the
unventilatedcompartmentsRkefrigeratorsisedfor the storageof flammableliquids must
be speciallymanufacturedor that purposeor modifiedto removeall internalignition
sources.

7.2.8.Peroxideformerssuchasethyl ethermustbe datedwhentheyarereceivedand
discarded within one year.

7.2.9.Eachlaboratoryshouldmaintaina chemicalinventoryandinspectall chemicalson
anannualbasisto maintaindamagedabelsanddiscardsurplusandoutdatedmaterials.

7.3. Compressed Gases

Compressed gases are ordered through the Purchasing Department and delivered by the
ApparatuDepartmentApparatusnustbe notified aboutany cylindermovessothatthey
can keep track of our inventory and limit demurrage charges.

All cylindersmustbe chainedor securelytied at all timesduring storageuse,and
transport OEmpty@©ylindersmustalsobe securedThey may containasmuchas600
psigof residualpressureUnusedcylindersmustbe capped. Cylinder cartsandclamps

are available from the Apparatus Department. Apparatus will not deliver a cylinder to
any laboratory unless there is an adequate means of securing it.

The total force on the inside surfaces of a laboratory cylinder may be as much as
28,800,00(ounds. Brokencylindersmay causeextensivedamage.Regulatorsare
particularly subject to breakage and they must be protected during use and removed
during storageandtransport. In additionto the physicalhazardsstoredgasesnay be
toxic, flammable,or actasasphyxiants.

7.4 CryogenicLiquids

Smallamountsof liquid nitrogenareavailablethroughthe CentralMicroscopyFacility.
Cryogenicliquids suchasliquid nitrogenposenumerousandlingandsafetyproblems.

Skin or eyecontactwith liquid nitrogenor cold gasmay causeseriousfrostbiteinjuries. Objects
cooledby liquid nitrogenmayfreezeto skinif theyarehandledwithout gloves.

7.4.1.Appropriate eye protection, preferably a full-face shield, must be worn whenever
liquid nitrogenis handled.

7.4.2.Loosefitting heavyleatherglovesspecificallydesignedor usewith cryogenic
liquids arestronglyrecommended.

7.4.3.Useonly with containerghataredesignedor usewith low temperaturdiquids.
NevercloseN2 containerswith tightly fitting stoppersor any otherdevicethatwill
interferewith ventingof thegas.

7.4.4.Liquid nitrogenmustbe storedandusedin well-ventilatedareas.

7.5. Chemical Waste Disposal
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Completeinstructionsareavailablein the MBLOSChemicalWasteDisposalPolicy. Copiesare
availableat the StockRoomandin the EH&S Office. You mustbe familiar with the entirepolicy
if you plan to generate any regulated chemical wastes.

7.5.1.All surpluschemicalsmustbe broughtto the StockRoomfor eitherdisposalor
anothedabOsise. Wastechemicalsshouldbe storedin eachlabOsatelliteaccumulation

area (SAC) prior to weekly removal by Safety department personnel. The EH&S Office
sorts the chemicals and discards them appropriately. There is no charge for waste
disposal.

7.5.2. Hazardous chemicals may not be discarded in regular laboratory trash or discharged
downdrains. No solutionsmay be dischargediown laboratorydrainsunlessyou are
absolutely certain that the discharges are both safe and legal.

7.5.3. Non-specific descriptions such as Oorganic waste,O Ofix,0 and OEM wastes,O are
insufficient. Containeramustbe labeledwith completechemicalcontents.

7.5.4.Speciallabels,availablefrom the StockRoom,mustbe placedon all waste
containers.

7.5.5.Containeranustbe kept closedwhennotin use.

7.5.6.Most compatiblechemicalsmaybe mixed. Thefull policy describespecial
precautionghatapplyto uraniumandosmiumwastes.

7.5.7.The EH&S Office maintainsa supplyof recycledchemicalcontainerghatmaybe
used for collecting wastes.

7.6 Satellite Accumulation Areas (SAAS)

7.6.1Dueto thelimited amountof spacein manyof our labs,it is not feasibleto setup
SatelliteAccumulationAreas(SAAs) to collecthazardousvasteat the point of
generatiorin everylab. However,we will attemptto setup SAAswhereit is feasible
and where chemical waste is being produced.

7.6.2Wherefeasible the SafetyServiceDepartmentvill setup a Satellite

Accumulation Area (SAA) in order to collect chemical waste at the point of generation.
EachSAA will includea secondangcontainmenbin to storehazardousvaste a signto
delineate the location, and a weekly inspection performed by Safety Services personnel.
The SafetyServicesdepartmentvill keepa mastelist of eachlocation.

7.7 Other Special Wastes
Furtherinformationaboutthesepoliciesis availablefrom the EH&S Office.

7.7.1.Sharpsopfficially definedasOuseanddiscardemypodermimeedlessyringesz
pasteur pipettes, scalpel blades, razor blades, and broken medical glassware,O must be
broughtto the StockRoomfor shipmentio a medicalwasteincinerator.

7.7.2.Uncontaminatednarineanimals,collectedin CapeCodwaters,shouldbe placed
in animalbucketsfor disposaby our custodiansTerrestrialanimals,non-nativemarine
animals,andtreatedspecimensvill becommerciallyincinerated They mustbe placedin
a freezer located in Loeb-18.

7.7.3.All live culturesandotherliquid andsolid biological wastesmustbe
decontaminatedhemicallyor thermallyprior to disposalFull biohazarcdbagsmay not

be placed in regular laboratory trash. Autoclaved wastes that contain sharps must be
broughtto the StockRoomfor shipmentto our medicalwastevendor. Otherbiohazard
bagsshouldbe emptiedinto aregulartrashreceptacleThe emptybagsshouldbetaped

up into asmallbundleor otherwisepackagedothattheyarenot readilyidentifiable.
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8.0. SPECIAL PRECAUTIONS FOR HIGHLY TOXIC CHEMICALS

8.1.

8.2.

Definitions

8.1.1. Highly toxic chemicalsare carcinogens, reproductive toxins, and substances
havinga high degreeof acutetoxicity.

8.1.2. Carcinogensre substances that induce cancer in humans. Appendices A and B are
lists of substancethatareeitherknownor reasonablyanticipatedo be human
carcinogenstormaldehydés the knownhumancarcinogermostcommonlyusedin our
facilities.

8.1.3. Reproductivdoxinsincludemutagens and teratogemdutagens are substances

that damage the DNA in female or male germ cells. Teratogens are substances that
damagea developingembryoor fetus.AppendixC is alist of substancethatmay

adversely effect reproduction and development. Because there is no single accepted list,
informationfrom a variety of sourcesncludingMSDSsmaybe neededo adequately

identify reproductivetoxins.

8.1.4. An acutely toxicsubstance can cause damage as a result of a single or short
durationexposureA chronically toxicsubstance causes damage after repeated or long
duration exposures. Acute health effects are effects that appear rapidly. Chronic health
effects are effects like cancer that may not appear until many years after an exposure.
Chemicals often cause both acute and chronic effects.

8.1.5. Substancewith a high degreeof acutetoxicity are substances having either an

LD50 of 50 milligrams or lessper kilogram of body weightby ingestion,an LD50 of

200 mg/kg or lessby contact,or anLC50 of 200 ppmor lessby inhalation.LD50 and

LC50 informationis availablein MSDSs.Whenhumandatais not available resultsof
animalstudieswill beused.LD50 (Lethal DoseFifty) andLC50 (Lethal Concentration

Fifty) refer to calculated acute doses of a substance that are expected to cause the death of
50% of anexposedopulation.

General Precautions for Using Highly Toxic Chemicals

These basic precautions should be adequate for most chemicals that have moderate chronic and
high acutetoxicity. Precautiondistedin Section8.3. mustalsobe followed whenchemicalsare
handlecthathavea high degreeof bothacuteandchronictoxicity.

8.3.

8.2.1.Employeeaisingthesesubstancemustbefully informedabouttheir hazardsand
should be prepared to answer questions about health effects and proper handling methods.

8.2.2.Precautiondistedin Section6.0 mustbe followed whenevethighly toxic
compoundsrebeingused.Extracareshouldbe givento glove selection.

8.2.3.A fumehoodmustbe usedwhenevewolatile materialsareusedandwhenever
there is a foreseeable risk of aerosol formation.

8.2.4.Work areasandequipmenmustbe protectedrom spills throughthe useof trays
and absorbent liners.

8.2.5.Emergencyproceduresnustbereviewed.Specialffirst aid suppliesor antibodies

may be required for some substances.

Additional Precautions for Substances which have a High Degree of Acute and Chronic
Toxicity
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9.0.

Additional precautions will be required when potent carcinogens and certain highly toxic
heavy metal compounds are used such as nickel carbonyl and dimethylmercury. Users are
strongly encouraged to contact the EH&S Office before these substances are used.
Specific written work practices should be developed by the researcher and reviewed by the
EH&S Manager. Some research may be inappropriate for our facilities or may require
highly specializeccontainmentsuchasa glove box.

These are examples of additional precautions that may be required.

8.3.1.A designatedireawith clearly markedboundariesnustbe establishedThis may
beanentirelab, afumehood,or any otherclearly definableportionof alab.

8.3.2.Appropriatewarningsignsandlabelsmustbe readilyvisible in thework areaand
on glassware and equipment.

8.3.3.Specialconsiderationsnustbe givento the storageof thesechemicalso ensure
that they are not released under normal storage conditions and ensure that they are fully
containedn the eventof a spill. Storageareasmustbelocked.

8.3.4.Wastemustbe collectedin durablewell-labeledcontainersWastecontainersmust
be stored and transported in sturdy secondary containers that are large enough to contain
wastesn the eventof a spill.

8.3.5.Hazardousvasteregulationsdo not allow usto treatwastego converthighly
toxic chemicaldnto lesstoxic reactionproducts However treatmenmay be allowedif
it is conducted for safety purposes in accordance with a formal written protocol.
8.3.6.Vacuumpumpsmustbe fitted with high efficiency scrubberr filters.
8.3.7.Work areagnustbe decontaminatedtthe endof eachworkday.All work areas
andequipmenimustbe labeleduntil decontaminatiofs completed.
8.3.8.Disposabldab coats,availablefrom the Stockroommustbe worn.
8.3.9.Theamountof materialpurchase@ndthe amountusedin eachexperimenmust
be minimized.

Shock SensitiveChemicals

9.1 General

Shocksensitivechemicalamay explodewith movementfriction or heat. Thesechemicalshave
the potentialto undergoarapidreactionthatmaybe violent enoughto producean explosive
reaction.Somechemicalsareshocksensitiveby nature.Othershecomeshocksensitivethrough
drying, decompositionor slow reactionswith oxygen,nitrogen,or the container. Some
chemicalghatareor maybecomeshock-sensitivevill havethis hazardnotedon their MSDS.

9.2 Strategieto Improvethe Managemenbf Shock-Sensitiv€€hemicals

The two main types of shock-sensitive chemicals that present a hazard are peroxide formers and
peroxidizable organic chemicals. The chemistry and management of these and other shock-
sensitivechemicalds notwell understoodEffective managemenif thesechemicalds a

challenge because:

1) Thereis no absoluteanswerasto whatshouldor shouldnot be definedasbeingshock-
sensitive.

2) Detectionmethoddor potentiallyexplosiveconcentrationevelsarenot definitive.
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3) Procedures for removing peroxides are not always effective.
4) What Can Happen?

Between 1980 and 2002 there were 167 accidents nationally involving shock-sensitive chemicals
thatresultedn severdnjuriesand/orfatalities. Failureto acknowledgeahathazardghatshock-
sensitive chemicals present can result in extreme danger.

Ex.1- A technicianuseda pair of channelock pliersto twist therustylid off asmall,darkgreen,
bottleto characterizehe unknownchemicaldnside. Therewasanimmediateexplosionandglass
shardsembeddedn a nearbychair. Analysisshowedthatovertime the picric acidin the bottle
combinedwith the metallid to form shock-sensitivenetalpicratesthatlodgedin thethreadsn
the neckof the bottle.

Ex.2- A techniciarwasremotelyhandlinganold, openedcanof anesthesigradeethyl etherto
addmoreethyl alcoholasaninhibitor. Enoughinhibitor wasthoughtto be presentsothe ether
wasnot consideredhazardousTheliquid levelin the smallmetalcanwaslow sothetechnician
tilted the canto pipetteout analiquotfor the peroxideteststrip. As the technicianturnedthe can
upright,animmediateexplosionandfireball filled the fume hood.The slight handlingof the can
wasenoughof amechanicakhockto causeperoxidecrystalsin thetop portionof the canto
explode.

Safeandhealthfulworking environmentst facilities thatuseor storeshock-sensitivehemicals
can be enhanced by an effective life-cycle management system that includes the following:

* Datingyour chemicalsanddisposingof shock-sensitivehemicalgn atimely manner.
* Respecthechemicalandthedangerst presents.If you find shock-sensitivehemicals
thatareoutdatedor suspectimmediatelycontactyour supervisomandtheE, H & S
Manager.
9.3 StepsTo Be Takenlf You Identify a PotentialShock-Sensitive€hemicalHazard
1. DO NOT TOUCHOR MOVE SUSPECTCHEMICALS.

2. When working with shock-sensitive chemicals, closely follow approved work procedures
and hazard controls.

3. StudythechemicalO8ISDS andlabel.Look for informationaboutthe chemicalOs
reactivity, stability andhazardslf thereis anNFPA diamond,look for a2, 3, or 4 in the
yellow reactivity section. Also use information from other chemical safety resources.

4. Check with your facility's chemical safety personnel.

5. Use appropriate personal protective equipment (PPE).

6. Protectthechemicalfrom shock,friction or heating.

7. Makesurethatyou haveaccesdo the MSDS,the chemicalis labeledasrequiredby your
facility.

8. Acquisitioncontrol: 1) Prior to procuremendfollow criteriain this handbooko
identify shock-sensitivehemicals. At procuremendlimit to the quantitythatcanbe
used before shelf life is reached.

9. Storage: Adhere to the manufacturerOs recommendations, noting any precautions on the
MSDS andlabel. Keepthe chemicalwettedif it is adry chemical.

10. (E, H, and Safety Manager) Training: Ensure that employees are adequately trained on the
hazards, safe working methods, and emergency procedures for shock-sensitive chemicals.
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10.0.

11. (E, H, and Safety Manager) Disposal: Establish criteria and procedures for the safe and

timely disposalof shock-sensitivehemicals.

For a comprehensive list of shock-sensitive chemicals and chemical mixtures, please see
AppendixD.

RADIATION SAFETY

10.1

Basiclnformationfor All Personnel

The MBL is licensedo useradioactivematerialsby the Massachusett®epartmenof

Public Health. Researchers who use radioactive materials must be registered with the
Radiation Safety Office and must receive appropriate training. All personnel should be
aware of the following basic information about our radiation safety program.

10.1.1.Copiesof our Massachusettiscense all pertinentregulationsanddocuments
pertainingto inspectionsareavailablefor inspectionin Whitman-424the EH&S Office.

10.1.2."CAUTION RADIOACTIVE MATERIALS" signsarepostedon the doorsof all
roomswherelicensedmaterialsareusedor stored regardles®f theamountWe do not
restrictaccesdo theserooms. The presenc®f thesesignsdoesnot indicatethatroom
occupant®r visitorsarebeingexposedo harmfullevelsof radiation.

10.1.3. Areas where radioactive materials are used are surveyed for contamination on a
regularbasis.Surveyresultsareavailablefor inspectionin the EH&S Office. Surveysof
any work area will be conducted upon request.

10.1.4. The external exposures of our radiation workers are regularly monitored using
film badges. Their exposures rarely exceed those considered acceptable for members of
thegeneralpublic. Uponrequestafilm badgewill beissuedto anymemberthe MBL
community.

10.1.5.No oneis permittedto orderradioactivematerialsor to transporthemto or from
the MBL without the prior approvalof the RadiationSafetyOfficer (RSO).

10.1.6.All personnehreencouragedo contactthe RSOat extensiori7424if they have

any concerns or questions about the MBLOs use of radioactive materials or perceive any
conditionthatmay causea violation of our regulationsor unnecessargxposureo

radiation or radioactive materials.
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