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?%ﬂ Laboratory Hazards

» Chemical Hazards
o Toxicity
+ Principles of Toxicity
+ Acute Toxicity

- Irritants, Allergens and
Corrosives

- Organ-targeting
- Carcinogens

o Reactivity

> Dual-Use Chemicals of
Concern (COCs)

Laboratory Hazards

» Physical Hazards
» Biological Hazards

» Radiological Hazards
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Chemical Hazards:
Principles of Toxicity

Toxicity Depends on Dose

Chemical Beneficial Dose Toxic Dose
Aspirin 300-1000 mg 1000-30,000 mg
Vitamin A 500 units/d 50,000 units/d

Oxygen 20% in air 50-100% in air
Water ~1-2 L/day ~13L

“All substances are poisons; there is none which is not a poison.
The right dose differentiates a poison from a remedy.”

- Paracelsus (1493-1541)

Chemical Hazards:
Principles of Toxicity

» An extremely wide range of toxicities exists

Agent LDs, (mg/kg)
e=Ethanol 7060

NaCl 3000
Formaldehyde 800
Caffeine 192 g
Nicotine 1 -
(k Dioxin 0.000 T mem B0
[ e
2004, Viktor Yushchenko was
Toxicity depends on poisoned with dioxins

a Variety Of faCtors http://news.bbc.co.uk/2/hi/health/4041321.stm

Chemical Hazards:
Principles of Toxicity

Dose-Response Curve

Toxicity is Measured
by Lethality 100

¢ LDso (mg/kg)
- “Lethal Dose 50%”

% Lethality
S

—_
o

LDy,
Dose (mg/kg)

Chemical Hazards:
Principles of Toxicity

Routes of Exposure

Breathing Zone

Eyes
Inhalation*
Ingestion
Injection
) Absorption

*Most important route of entry




Chemical Hazards:
Principles of Toxicity

» Acute
> Cause harm right away

» Chronic
> May only see effects after
extended exposure, or
later in life after repeated

exposures

Chemical Hazards:
Irritants, Allergens, and Corrosives

» Irritants
-

- Effects are local and reversible
NaOH

F
F =

» Allergens (and sensitizers)

> Cause a reaction of the immune
system % ':

Na OH (w= 16,62 %)
L ——

» Corrosives
- Effects are local
> Acids and bases

- pH=<2o0r=12.5
> React with and damage living
tissue

Chemical Hazards:
Acute Toxins

» Includes highly toxic
chemicals/poisons
> Phosgene
> Strychnine

» Includes common lab
chemicals
> Cyanides
- Cl,

Need to ensure safety and
security when using and

storing acute toxins '

CSP

Chemical Hazards:
Organ-Targeting

» Neurotoxins
- Ethanol, Hg, CS,, xylene, n-hexane

» Reproductive and
Developmental Toxins
> Harm fertility or reproductive
ability
> Harm fetus

» Other Organs
> Liver, kidneys, lungs, etc.
> Chlorinated or aromatic
hydrocarbons, some metals




Chemical Hazards: Chemical Hazards:
Carcinogens é Reactivity

» Chronically Toxic » Water-reactive
> Vinyl chloride (liver cancer)
> Asbestos (mesothelioma) ) Pyrophoric materials

» Carcinogenicity of most
chemicals is untested
> Precautions taken may

consider amount and
frequency of use

» Incompatible Chemicals

> Combination leads to reactive
or toxic hazards

- Concentrated/powerful
reducing agents

- Concentrated/powerful
oxidizing agents

» Treat known carcinogens
as particularly hazardous

http://www.alternative-cancer.net/images/Cancer_cell,%20brain.jpg

http:/ /science.pixeladdiction.co.uk/?page_id=57

Chemical Hazards: Chemical Hazards:
Dual-Use Chemicals Dual-Use Chemicals
» Peaceful » Presence or suspected presence of dual-use chemicals in
> Research, production your laboratory could make you and your institution a
» Not peaceful target

- Diversion, sabotage - Outsider Threat

o Insider Threat

Examples: a
1. Dimethyl methyl phosphonate (DMMP) " / .
. Flame retardant L Example: Outsider Threat
- Nerve agent precursor » Chicago, USA, 2002
o L - Joseph Konopka arrested in tunnels under the University of lllinois
2. Thiodiglycol ™~ - Had NaCN on him and a stockpile of stolen chemicals including
Dyes/inks, cosmetics, pharmaceuticals, NaCN and KCN in subway
polymers, coatings, etc. . ) ) p . )
- Sentenced to 13 years in prison for “possessing a chemical
- Mustard gas precursor

/\\/8\/\ weapon” and other charges
HO OH

http:/ /articles.cnn.com/2002-03-12/us/chicago.cyanide_1_cyanide-
in-chicago-subway-sodium-cyanide-chicago-police?_s=PM:US

http://articles.chicagotribune.com/2004-01-
04/features/0401040453_1_tunnels-urban-exploration-city-hall




Chemical Hazards:
Dual-Use Chemicals

Example: Insider Threat
» Philadelphia, USA, 2007

> A microbiologist stole
10-chlorophenoxyarsine from a

work A
. \\\\ g S //\\
> Attempted to poison her = N
husband’s lover ‘ ‘
~ \n// S

It is important to recognize the
safety and security hazards
posed by chemicals

http://articles.cnn.com/2011-06-16/justice/us.scotus.poisoned. 1
dichromate-myrlinda-haynes-carol-anne-bond?_s=PM:CRIME

http:/ /www.chemindustry.com/chemicals/0437452.html|

Physical Hazards:
Fire
Three sides of the fire Triangle

1. Fuel: Solids, Liquid, or Gases

- Compressed or liquefied gases
are especially hazardous

2. Oxidant
> Oxygen in air
- Other oxidants

» University of California,

* €l HNO, Santa Cruz, 2002
> Lab fire, cause not determined
3. lIgnition Lost equipment, notes,
- Spark samples, etc.

> Labs took 2 years to reopen

}; Laboratory Hazards

VIChemical Hazards

» Physical Hazards
> Fire
> Explosion
> Compressed Gases
> Cryogens, Pressure, and
Temperature
> Electrical
> Mechanical and Other

» Biological Hazards

» Radiological Hazards

Physical Hazards:
Explosion

» Initiated by
° Heat
> Light
+ H, + Cl,
> Mechanical shock
+ Nitro, peroxo
> Certain catalysts

- Acid/base catalyzed
polymerization

» Dusts » Texas Tech University
Chemistry Lab, 2010
» Peroxide-formers > Synthesis of explosive compound
- Dialkyl ethers - Scaled-up without precautions
- One graduate student severely
injured

http://www.csb.gov/investigations/detail.aspx?SID=90&Type=2&pg=1&F_Investigationld=90
20



Physical Hazards:
Compressed Gases

» Pressure

» Also chemical hazard
depending on gas
o Toxic
- Reactive
> Flammable

» Asphyxiation

21

Physical Hazards: A
Electrical p—

» Power outages :

» Shock

» Fire

» Frayed cords

» Overloaded circuits
- Daisy chains

» Static electricity

Physical Hazards:
Cryogens, Pressure, and Temperature

» Cryogens
> Dry ice
> Liquid nitrogen
- Contact
- Oxygen condensation
- Asphyxiation
+ Pressure

» Pressure
> High, above ~1 atm
> Vacuum work

A\

» Temperature

Physical Hazards:
Mechanical and Other

» Mechanical
> Noise
° Moving parts
- Yale University, 2011

- Student dies after getting
hair caught in lathe (machine
shop of chemistry lab)

» Other
> Sharps
> Slips, trips, falls
> Housekeeping
- Fire
- Blocked exits

http://www.waterfront-woods.com/Projects/Lathe/lathe1.JPG




}L Laboratory Hazards

MChemical Hazards
MPhysical Hazards
» Biological Hazards

» Radiological Hazards

25

}L Laboratory Hazards: Radiological

» lonizing Radiation » Nonionizing Radiation
> X-rays > Ultraviolet
- Gamma rays > Infrared

> Alpha particles \
- Beta particles
= Neutrons - Primarily an eye hazard

» lonizing Radiation
Sources
- Radioactive isotopes
. 3H’ 14C’ 32P’ 355’ 131|
o Instruments

- Diffractometer
- Electron microscope

27

?&w Laboratory Hazards: Biological

Pathogens

» Route of infection
> Food or water borne

- Salmonella
> Blood borne :
* Hepatitis, HIV e .
H i ’7/1// \
> Airborne <My,

+ Tuberculosis

» Reason for exposure

- Diagnostic work
> Research work i E

Activity: Laboratory Hazards
and Glove Selection

Sandia
National
Laboratories



?%v Activity: Glove Selection

v

v

4

In your groups discuss which PPE is/are required for the
given scenarios below

> PPE available in the lab are provided in the packet

Scenario 1:

> You need to clean multiple pieces of glassware in a bucket
containing 10% nitric acid.

Scenario 2:

> You will need concentrated sulfuric acid to titrate a basic solution
to neutral a pH of 7.

Scenario 3:

> You need to prepare a 65:45 Acetonitrile/Methanol solution for
you HPLC separation.

Scenario 4:
> You need to dissolve your analyte into 100mL of Hexane.

Take about 15 minutes to do this

?&» Activity: Conclusion

Discussion

- Was there any difficulty in this activity?

> Was the activity useful for you?

> What is something new your learned?

> Would this activity be useful in your teaching?

Activity: Answers and Discussion

Were there any assumption you had to make?

Answers and Discussion

> Scenario 1- Cleaning glassware in a 10% nitric acid bath
- Latex, Vinyl, SOV-VEX, Neoprene, Silvershield

> Scenario 2 - Pouring concentrated sulfuric acid into a beaker
+ Vinyl, Butyl, Silvershield

> Scenario 3 - Creating a 65:45 Acetonitrile/Methanol solution
- Latex, Vinyl, SOV-VEX, Neoprene, Butyl, Silvershield

> Scenario 4 - Pouring 100mL of Hexane into a flask
- Nitrile, SOV-VEX, Silvershield

Globally Harmonized System
of Classification

SAND No. 2012-5234C
Sandia is a multiprogram laboratory.operated by Sandia Corporation, a Lockheed Martin Company,
for the United States Department of Energy’s National Nuclear Security Administration @ Sandia

under coniract DE-AC04-94AL85000.

Natianal
Laboratories



%&; Labeling Basics

» Proper Labeling of Laboratory Hazards

> Chemical o _ﬂr
o Physical e
- Biological

- Radiological

Just ignore the label...
The worst stuff isn't listed anyway.

» Globally Harmonized System (GHS) Hazarg
Labels M\_

G

33

Globally Harmonized System (GHS)
Hazard Labels

Corrosive Irritant Health Hazard Acute Toxicity
ﬁ”

i & %

Flammable Explosion Oxidizer Compressed Gas

<

35

}; The Globally Harmonized System
(GHS) of Classification and

Labeling of Chemicals

» A system for standardizing and
harmonizing the classification and
labeling of chemicals

» Not a regulation or a standard.

- establishes agreed hazard classification and
communication provisions with explanatory
information on how to apply the system

» GHS Labels and Safety Data Sheets
(SDS)

http://www.osha.gov/dsg/hazcom/ghs.html

Globally Harmonized System (GHS)
and Other Hazard Labels

Environmental Electricity Hot Surface Pinch Point
Biohazard Radioactive Laser Beam Optical

Radiatign (UV)




?%‘ GHS Labels Elem

v

Symbols (hazard pictograms)
Signal words
"Danger" for the more severe

v

hazards, an
"Warning" for the less severe
hazards Ses 14108203 1

Hazard statement

Precautionary Statements and
Pictograms
°© preventlon response in cases of

v v

Sea 14

Ses 141052 ——»  Product Name or Kdentfier

ents

GHS Label Elements

[~ (dennfy Hazantous Ingredients, ywhere appropriate)

o -

Signal Word

Physicat, Health, Environmental
Hazied Statements =

accidental spillage or exposure,
storage, and disposal

» Product Identifier (ingredient
disclosure)

» Supplier identification
» Supplemental information

o8 141052 () —

» Label Creation

Chemical Name
CommonMName
Manufacturer

MSDS# Date

e
141052 (0) et FrSYAde] Stattensents
and Annex3

Precantionary Measires & Piclograms ———.

[ &

Name and Address of Conpany

988141052 ()
and Anneses 1, 2

Sea 1410525
| and Ameres 1,2

See 141052
— (c) and Annex 3

| See 141052 06)

———————* Telephone Number

CHEMICAL NAME _
. gy oy

'71‘“‘
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GHS Labels Elements: Example
Bottle

Symbols (Hazard Pictograms)

ToxiFlam (Contains: XYZ)

Danger! Toxic If Swallowed, Flammable Liquid and Vapor

—
Do not eat, drink or us€ co when using\this product. Wash hands thoroughly
after i
Prod d d gredie d O
. d O
g fo a
IF SWALLOWED: Immediately call a POI! / physici
pplier Id 0
pblementa 0 atio |, CO,, or "alcohol” foam.
P P O o]0 a
o ge o po orag d dispo

» Chemical Resistance
» Environmental Resistance
o Heat, Fridge, Freezer
» Age
» Size
> Label
- Container
» Attachment to Bottle

10



}L Transportation: Package Labels

iy
o/

Figure 4.13 Combination Packaging (Outer box with inner bottles)

1
— &
=)

e
*
&

Figure 4.14 Combination Packaging (Outer box with inner bottles)

a

}L Example: Outer Shipping Container

ToxiFlam Flammable liquids, toxic, n.o.s.
Danger! Toxic If Swallowed (contains XYZ)
Flammable Liquid and Vapor UN 1992

Do not eat, drink or use tobacco when using this product. Wash hands thoroughly after
handling. Keep container tightly closed. Keep away from heat/sparks/open flame, - No
smoking. Wear protective gloves and eyefface protection. Ground container and receiving
equipment. Use explosion-proof electrical equipment. Take precautionary measures
against static discharge. Use only non-sparking tools. Store in cool/well-ventilated place

IF SWALLOWED: Immediately call a POISON CONTROL CENTER or doctor/physician.
Rinse mouth.

In case of fire, use water fog, dry chemical, CO,, or "alcohol" foam.

See Material Safety Data Sheet for further details regarding safe use of this product.

MyCompany, MyStreet, MyTown NJ 00000, Tel: 444 999 9999

43

?&w Transportation Pictograms

Liquid lid Sell i i Self-
Aerosol Heating
Substances, which in contact with water, emit | Oxidizing Gases Oxidizing Liquids Oxidizing Solids Explosive Divisions 1.1, 1.2, 1.3

Dangerous When Wet)

Explosive Division 1.5 Explosive Division 1.6

6
Ol
¢

T Gases Acute Toxicity (Poison): Oral, Dermal, Inhalation Corrosive

P

Organic Peroxides

42

?&w GHS Safety Data Sheets

» Serve the same function as an MSDS does in ISO,
EU and ANSI requirements
» Most comprehensive source of information
> Hazards, including environmental hazards
> Advice and safety precautions
- Transportation, emergency responders, poison centers
» Product related and not specific to workplace or task
o Written and supplied by manufacturer

» Only for pure substances and some mixtures

http://www.osha.gov/dsg/hazcom/ghs.html

44

11



}%v SDS Format

16 Sections

1. Identification 9. Physical and chemical
2. Hazard(s) identification properties

3. Composition/information 10. Stability and reactivity
on ingredients 11. Toxicological information

12. Ecological information

4. First-aid measures - ; .

. o 13. Disposal considerations
3. F|re.—f|ght|ng measures 14. Transport information
6. Accidental release 15. Regulatory information

measures 16. Other information
7. Handling and Storage

8. Exposure controls/
personal protection

Look at Sulfuric Acid SDS provided in Booklet, as we
describe some of the important sections

}%v Activity: Chemical Storage

» Find one or two partners
» Use the hazard and compatibility information to optimize
chemical storage
» Rules:
> 4 bottles per shelf maximum
> Note that only one cabinet has a vent
> Only one cabinet can be secured (padlock)

You may have to make some compromises or hard choices

» When finished, discuss the following and write comments
in your workbook:
> Was there one “perfect” way to store the chemicals?
> Did you have to make compromises? What were they?
> In making compromises, what were your main priorities?

Take about 20 minutes to do this
47

Chemical Storage Activity

SAND No. 2012-4331 W

Sandia
Natianal
Laboratories

Compatible Storage Groups

"Chemical Laboratory Safety and Security”, National Academies Press, page 99

Compatible Storage Group Classification System

Should be used in conjunction with specific storage conditions taken from the manufacturer’s label and SDS.

STORAGE GROUPS

If space does not allow Storage Groups in separate

Store chemicals in separate
secondary confainment and cabinets

A Compatible Organic Bases

B Compatible Pyrophoric &
Wiater Reaclive Materials

€ Compatible Inorganic Bases
D Compatible Organic Acids

E  Compatible Oxidizers including Peroxides
F Comparible norganic Acids not including
Oxidizers or Combustible

G Not Intrinsically Reactive or Flammable
or Combusfible

J  Poison Compressed Goses
K Compatible Explosive or ather highly
Unstable Material

Non-Reactive Flammable ond Combustible,
including solvents.

X Incompatible with ALL other storage groups Storage Group X segi
from cll other chemicol

Adepled from Stanford University's ChemTracker Storoge System.

12



nstructions
Use the Safety Data Sheet for H,SO; to complete the table, Use the table to arrange the chemicals for storage in the best way possible,

No more than 4 bottles can go on a shelf. Note that only one cabinet has a vent. You must choose only one cabinet to protect with a padlock. ﬁ t H H t - C h H I St
You may have to make some compromises or hard choices. c I V I y " e m I C a. 0 rag e

ﬁ & Incompatible Additional .
With Notes » Find one or two partners
FreTv X x x » Use the hazard and compatibility information to optimize
Acetone X X chemical storage
NHJOH X X X > Ru'es:
z,i"&: X X x < 0. L0 > 4 bottles per shelf maximum
Ethanol X X = Note that only one cabinet has a vent
Diethyl ether X X Peroxide former > Only one cabinet can be secured (padlock)
n-Hexane X X X
HCI X X . -
Wig(OH]; X You may have to make some compromises or hard choices
HNO3 X X
Ko X , . X — Lo » When finished, discuss the following and write comments
1505 in your workbook:
Ticl X X H,0 coct | > Was there one “perfect” way to store the chemicals?
DEsiiisd Hi \ - Did you have to make compromises? What were they?

. > In making compromises, what were your main priorities?
‘When you are done, share your results and discuss with those around you.

‘Was there one “perfect” way to store the chemicals?
Take about 20 minutes to do this
50

Did you have to make compromises? What were they?

‘What were your main priorities?

o . Overview: Fundamentals of
%Qv Activity: Chemical Storage Chemical Safety and Security

Conclusions ) “Laboratory Hazards » Introduction to CSS
» Can make chemical storage safer and more secure Controls

MActivity 1: Laboratory
> Purpose of CSS controls

» Safe and secure chemical storage requires Hazards and Glove o )
> Space . > Administrative
o Time Selection > Engineering
> Training “Globally Harmonized > Operational
- Equipment . ) S H d Label o Personal Protective
» Difficulties may be mitigated by operational controls ystem Hazard Labels Equipment (PPE)
> Substitution i . ; L .
. Source reduction MActivity 2: Chemical » Activity 3: Hazards and
Storage Controls Activity
» Can get help from a computer/web-based inventory » Summary, Conclusions,

system that tracks hazard classes and Evaluations




;i, Introduction to CSS Controls

1. Eliminate the source
2. Block the pathway
3. Protect the receiver

Chemical Safety Controls: Protect People from
Chemicals

@

Sandia

ational

MNati
Laborat

lories

}L Hierarchy of CSS Controls

» Purpose
- Safety

 Security Administrative

» Administrative

» Operational
Operational § Engineering

3 Q

» Engineering

}L CSS Controls: Security Purpose

THREAT
PATHWAY
e ——

ASSETS

I, Eliminate the threat
. Block the pathway
3. Protect the assets

Chemical Security Controls: Protect Chemicals (assets)
from People

Joli®

14



?L CSS Controls: Administrative

» Policy and Regulations to control hazards:
> Work place practices
> Education and Training
> Inspections, Assessments, and Reporting
> Good housekeeping

‘ Administrative

?L CSS Controls: Operational

» Standard » Scale Down
Operating > Procure and use a smaller
Procedure (SOP) amount of the dangerous
chemical

- Micro-scale

» Substitution » What are the benefits?

Q g;ﬁgae:,isuss > Smaller cost
chemical > Smaller hazard
- Alcohol o Easier storage
thermometers > Easier disposal

instead of Hg

[ Administrative |

;iw CSS Controls:

» Develop CSS policy
o Communicate

Administrative

» Implement CSS policy
- Establish a CSS program

expectations regarding + Assessments and
CSS reporting
. + Training
- Prevent and mitigate CSS .
incidents Apcpomt.tfss personnel
- Build CSS into all ommittee
; - CSS Officer
operations >
) > Provide resources and
- Comply with laws and
. support
regulations ;
) . + Incentives
- Continually improve . Enforcement
performance

. Administrative

PPE

;iw CSS Controls: Engineering

» Methods that are built into the
design of a building, equipment, l
or process, or system to :
minimize the hazard
> Process Control
- Automation

- Isolate or enclose the process,
hazardous material, or worker
- Barrier (blast shield)

= Ventilation (laboratory hood)

- Emergency equipment

Control at the source and control

along the path T Administrative |

15



?%v CSS Controls: Engineering

» Create barriers between
threat and target

> Control access to the
potential targets

- Lock laboratories and
chemicals (especially COCs)
when not in use

Blocks the pathway from
threat to assets

I T

PPE

61

Summary: Fundamentals of
Chemical Safety and Security

MCSS Controls
I Purpose of CSS controls
“Administrative
“Engineering
1 Operational

MLaboratory Hazards
MActivity 1: Laboratory
Hazards and Glove

Selection

/ 3o\ cHEmICAL SECURITY
AGEMENT PROGHAM

MGlobally Harmonized
System Hazard Labels

MActivity 2: Chemical
Storage

I Personal Protective
Equipment (PPE)
» Activity 3: Hazards and
Controls Activity
» Summary, Conclusions,
and Evaluation

63

CSS Controls: Personal Protective
Equipment

» Last line of defense

» For emergency or spill
response
> Glasses or goggles
> Gloves
> Laboratory coats
° Respirators » Hanover New Hampshire, USA,
> Footwear 1996

» Must be appropriate for the
specific hazards

» Prof. Karen Wetterhahn,
Dartmouth College

- Spilled a few drops of
dimethylmercury on latex glove

Should never be the only method - Died 6 months later

used to reduce hazards
——i i —
=]

PPE

Activity: Hazards and Controls
Bingo

Sandia
Natianal
Laboratories
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}& Activity: Hazards and Controls Bingo Activity: EXAMPLE SHEET
AAZARDS G CONTROLS MATCHING GAVE A Al

EDUCATION &
TRAINING & AUTOMATION

» Topic called: : \
> 1- Administrative TR %‘4 secuny uasos # ‘
control N : :
e 1-Admin 6.

» Mark sheet /

SUBSTITUTION

» 5inarow, wins

L

» Recognizing laboratory hazards is an
important first step in improving CSS
> GHS hazard labels and SDSs are an important part

of hazard recognition Th an k YOLI ! I

_ Drs. Joe, and Christine
» Appropriate controls are based on the

hazards

- Should address both safety and security concerns

Sandia

Sandia is a multi-program laboratory. operated by Sandia Corporation, a Lockheed Martin Company, I
2 = for the United States Department of Energy’s National Nuclear Security Administration Natianal
67 ATES OF %

| undef contract DE-AC04-94AL85000. Laboratories



