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Chemcial Hygiene Plan Appendix H

Classes of Carcinogenic Compounds

Alkylating agents: a-halo ethers

*bis(chloromethyl)ether
*methyl chloromethyl ether

Alkylating agents: sulfonates

*1,4-butanediol dimethanesulfonate
diethyl sulfate

dimethy] sulfate

ethyl methanesulfonate

methyl methanesulfonate

methyl trifluoromethanesulfonate
1,3-propanesultone

Alkylating agents: epoxides
*ethylene oxide
diepoxybutane
epichlorohydrin

propylene oxide

styrene oxide

Alkylating agents: aziridines

*ethylenimine
2-methylaziridine

Alkylating agents: diazo, azo, and azoxy compounds
4-dimethylaminoazobenzene

Alkylating agents: electrophilic alkenes and alkynes
*acrylnotrile

acrolein
ethyl acrylate

(* select carcinogens)
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Chemcial Hygiene Plan Appendix H

Classes of Carcinogenic Compounds

Acylating agents

*B-propiolactone
[-butyrolactone
dimethylcarbamoyl chloride

Organohalogen compounds

*1,2-dibromo-3-chloropropane
*mustard gas (bis(2-chloroethyl)sulfide)
*vinyl chloride

carbon tetrachloride
chloroform
3-chloro-2-methylpropene
1,2-dibromoethane
1,4-dichlorobenzene
1,2-dichloroethane
2,2-dichlorethane
1,3-dichloropropene
hexachlorobenzene

methyl iodide
tetrachloroethylene
trichloroethylene
2,4,6-trichlorophenol

Hydrazines

hydrazine (and hydrazine salts)
1,2-diethylhydrazine
1,1-dimethylhydrazine
1,2-dimethylhydrazine

N-nitroso compounds

*N-nitrosodimethylamine
N-nitroso-N-alkylureas

Aromatic amines

*4-aminobiphenyl

*benzidine (p,p -diaminobiphenyl)
*a-naphthylamine
*B-naphthylamine

aniline

(* select carcinogens)
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Chemcial Hygiene Plan Appendix H

Classes of Carcinogenic Compounds

o-anisidine (2-methoxyaniline)
2,4-diaminotoluene
o-toluidine

Aromatic hydrocarbons

*benzene
benz[a]anthracene
benzo[a]pyrene

Nathural products (including antitumor drugs)

adriamycin
aflatoxins
bleomycin
cisplatin
progesterone
reserpine
safrole

Miscellaneous organic compounds

*formaldehyde (gas)
acetaldehyde

1,4-dioxane

ethyl carbamate (urethane)
hexamethylphosphoramide
2-mitropropane

styrene

thiourea

thioacetamide

Miscellaneous inorganic compounds

*arsenic and certain arsenic compounds
*chromion and certain chromium compounds
*thorium dioxide

berylluim and certain berylluim compounds
cadmuim and certain cadmium compounds
lead and certain lead compounds

mickel and certain mickel compounds
selenium sulfide

(* select carcinogens)
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Chemical Hygiene Plan Appendix J
Ohio Fire Code Table 2703.1.1(1)

Maximum Allowable Quantity Per Control Area Of Flammable Liquids

Material Class Group When The Storage Use-Closed System | Use-Open System
Maximum Allowable Liquid Gallons Liquid Gallons Liquid Gallons
Quantity Is Exceeded (pounds) (pounds) (pounds)
Flammable Liquids IA H-2 or H-3 30 7 30 * 10 *
Flammable Liquids IB and IC H-2 or H-3 120 *~ 120 * 30 *
Combination of
Flammable Liquids IA, IB, IC H-2 or H-3 120 * A~ ** 120 * ** 30 * **

* Maximum allowable quantities shall be increased 100 percent in buildings equipped throughout with an approved automatic
sprinkler system in accordance with paragraph C (3)(a)(i)(903.3.1.1) of rule 1301:7-7-09 of the Administrative Code. Where Note e

also applies, the increase for both notes shall be applied accumulatively.

A Maximum allowable quantities shall be increased 100 percent when stored in approved storage cabinets, gas cabinets, or exhausted
enclosures or safety cans. Where Note d also applies, the increase for both notes shall be applied accumulatively.

** Containing not more than the maximum allowable quantity per control area of Class IA, class IB or Class IC flammable liquids.







Chemical Hygiene Plan Appendix K
Infectious Waste Spill Cleanup Procedure

Infectious waste spill containment and cleanup procedures

(Please Post)

Per the Ohio Administrative Code 3745-27-30, generators of infectious waste must have spill cleanup
procedures which should be posted or readily available on the premises to persons likely to handle
infectious waste. This page contains a generic spill cleanup procedure which may be used and posted in
each lab generating infectious waste. The procedures may be altered for each lab specific needs but must
still meet the requirements in Ohio Administrative Code. In addition to the spill procedures, each lab
generating infectious waste must have access to a spill kit for these wastes. Finally all personnel must be
made aware of the procedures and use of the spill kit as it relates to infectious waste.

DIRECTIONS:
1. Open the spill kit. (see below).
2. Puton the Tyvek total body coveralls (over normal work clothes), the latex gloves and the

W

goggles.
If this is a liquid spill, contain it by covering with absorbent pads.

Put up barrier tape at the spill site and limit access to authorized personnel.

Place contaminated absorbent and other contaminated solids into the red bags in the spill kit. Seal
the bag with the enclosed ties and place in a second bag. Sharps (needles, blades, or broken glass)
should be placed in the rigid container labeled sharps.

Cover contaminated surfaces with absorbent pads and soak with disinfectant (bleach) in a freshly
made solution at a 1:10 dilution with water. Allow the bleach to stand on the contaminated
surface for a minimum of thirty minutes. If using other disinfectants, follow the manufacturer’s
guidelines on the package for use and only use disinfectants that are tuberculocidal and have an
EPA registration.

Place the decontamination pads in a red bag. Use additional absorbent pads to soak up excess
liquid if necessary.

Remove the Tyvek coveralls and gloves and put them into the same red bag. Seal the bag with the
enclosed ties and place into a second red bag. Seal the second bag. Put into a biohazard box.
Disinfect the goggles with the disposable alcohol pads in the spill kit. Put the goggles back into
the spill kit.

NOTES:

Complete the Infectious Waste Spill Report (in the Chemical Management Guidebook, Section I,
page 23) and return it to the address on the report sheet.

If you require assistance or have questions, contact the Office of Environmental Health an Safety
at 292-1284 or the police dispatcher at 292-2525 after working hours.

SPILL KIT MATERIALS:

NNk WDD—

Absorbent

One gallon EPA registered chemical disinfectant (bleach) that is tuberculocidal.
Red bags or bags labeled with the Biohazard symbol

Impermeable and disposable overalls (preferably Tyvek total body coveralls)
Gloves (heavy neoprene or latex)

Goggles (can be reusable)

Rigid plastic container for sharps

The Ohio-State University Office of Environmental Health Safety-Chemical Hygiene Plan
Appendix K — Infectious Waste Spill Cleanup Procedure
Revision 9-06
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Table 1

Chemical Incompatibilities

Chemical

Is Incompatible With

Acetic acid

Chromic acid, nitric acid, hydroxyl compounds,
ethylene glycol, perchloric acid, peroxides,
permanganates

Acetylene

Chlorine, bromine, copper, fluorine, silver, mercury

Acetone

Concentrated nitric and sulfuric acid mixtures

Alkali and alkaline earth (e.g.,
powdered aluminum or
magnesium, calcium, lithium,
sodium, potassium)

Water, carbon tetrachloride or other chlorinated metals
hydrocarbons, carbon dioxide, halogens

Ammonia (anhydrous)

Mercury (e.g., in manometers), chlorine, calcium
hypochlorite, iodine, bromine, hydrofluoric acid
(anhydrous)

Ammonium nitrate

Acids, powdered metals, flammable liquids, chlorates,
nitrates, sulfur, finely divided organic or combustible
materials

Aniline Nitric acid, hydrogen peroxide
Arsenical materials Any reducing agent

Azides Acids

Bromine See Chlorine

Calcium oxide Water

Carbon (activated)

Calcium hypochlorite, all oxidizing agents

Carbon tetrachloride

Sodium

Chlorates

Ammonium salts, acids, powdered metals, sulfur, finely
divided organic or combustible materials

Chromic acid and chromium
trioxide

Acetic acid, naphthalene, camphor, glycerol, alcohol,
flammable liquids in general

Chlorine

Ammonia, acetylene, butadiene, butane, methane,
propane (or other petroleum gases), hydrogen, sodium
carbide, benzene, finely divided metals turpentine

Chlorine dioxide

Ammonia, methane, phosphine, hydrogen sulfide

Copper

Acetylene, hydrogen peroxide

Cumene hydroperoxide

Acids (organic or inorganic)

Cyanides

Acids

Flammable liquids

Ammonium nitrate, chromatic acid, hydrogen peroxide,
nitric acid, sodium peroxide, halogens

Fluorine Everything
Hydrocarbons (e.g., butane, Fluorine, chlorine, bromine, chromic acid, sodium
propane, benzene peroxide

Hydrocyanic acid

Nitric acid, alkali

Hydrofluroic acid (anhydrous)

Ammonia (aqueous or anhydrous)

The Ohio State University Office of Environmental Health & Safety Chemical Hygiene Plan
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Hydrogen peroxide

Copper, chromium, iron, most metals or their salts,
alcohols, acetone, organic materials, aniline,
nitromethane, combustible materials

Hydrogen sulfide Fuming nitric acid, oxidizing gases

Hypochlorites Acids, activated carbon

lodine Acetylene, ammonia (aqueous or anhydrous), hydrogen
Mercury Acetylene, fulminic acid, ammonia

Nitrates Sulfuric acid

Nitric acid (concentrated)

Acetic acid, aniline, chromic acid, hydrocyanic acid,
hydrogen sulfide, flammable liquids, flammable gases,
copper, brass, any heavy metals

Nitrates Acids

Nitroparaffins Inorganic bases, amines

Oxalic acid Silver, mercury

Oxygen Oils, grease, hydrogen, flammable liquids, solids, or

gases

Perchloric acid

Acetic anhydride, bismuth and its alloys, alcohol,
paper, wood, grease, oils

Peroxides, organic

Acids (organic or mineral), avoid friction, store cold

Phosphorus (white) Air, oxygen, alkalis, reducing agents
Phosphorus pentoxide Water
Potassium Carbon tetrachloride, carbon dioxide, water

Potassium chlorate

Sulfuric and other acids

Potassium perchlorate (see also
chlorates)

Sulfuric and other acids

Potassium permanganate

Glycerol, ethylene glycol, benzaldehyde, sulfuric acid

Selenides

Reducing agents

Silver Acetylene, oxalic acid, tartartic acid, ammonium
compounds, fulmunic acid
Sodium Carbon tetrachloride, carbon dioxide, water

Sodium nitrate

Ammonium nitrate and other ammonium salts

Sodium peroxide

Ethyl or methyl alcohol, glacial acetic acid, acetic
anhydride, benzaldehyde, carbon disulfide, glycerin,
ethylene glycol, ethyl acetate, methyl acetate, furfural

Sulfides

Acids

Sulfuric acid

Potassium chlorate, potassium perchlorate, potassium
permanganate (similar compounds of light metals, such
as sodium, lithium)

Tellurides

Reducing agents

SOURCE: Prudent Practices for Handling Hazardous Chemicals in Laboratories, National Research
Council, Washington, D.C., 1981.
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Table 2
Flammable and Combustible Liquid Container Size

Ohio Fire Code 2000 1301:7-7-03 (P) Section FM-316.0 Laboratories using

Chemicals shall comply with NFPA 45 -2000
Fire Protection for Laboratories' Using Chemicals

NFPA 45-2000 Table7.2.3.2
MAXIMUM ALLOWABLE SIZE OF CONTAINERS
AND PORTABLE TANKS

Flammable liquids® Combustible liquids®

Container type ClassIA | Class IB | Class IC | Class II Class 111
Glass 500mP’ [ 1L° 4L 4L. 20 L
Metal (other than DOT 4L 20L 20L 20 L. 20L
drums) or approved plastic
Safety cans 10 L 20L 20L 20 L 20 L
Metal drums (DOT spec.) 4L 20 L 20 L 227 L 227 L.
Polyethylene (DOT 4L 20L 20L 227L 227L
Spec.34)
Notes:
1. Laboratories used for graduate or post-graduate research and research centers.

[See Table 3 in this CHP for Flammable and Combustible Liquid classifications]
3. Glass containers as large as 4 L shall be permitted to be used if needed and if the

required purity would be adversely affected by storage in a metal or an approved

plastic container, or if the liquid would cause excessive corrosion or degradation of a
metal or an approved plastic container.

The Ohio State University Office of Environmental Health & Safety Chemical Hygiene Plan
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Table 3
Flash Points, Boiling Points, Ignition Temperatures, and Flammable
Limits of Some Common Flammable Laboratory Chemicals

Chemical NFPA Flash Boiling | Ignition Flammable Limit
Class Point Point Temperatur | (Percent by volume air)
e
(°C) (°C) (°C) Lower Upper
Acetaldehyde | TA -37.8 21.1 175.0 4.0 60.0
Acetone 1B -17.8 56.7 465.0 2.6 12.8
Benzene 1B -11.1 80.0 560.0 1.3 7.1
Carbon 1B -30.0 46.1 80.0 1.3 50.0
disulfide
Cyclohexane | IB -20.0 81.7 245.0 1.3 8.0
Diethyl ether | IA -45.0 35.0 160.0 1.9 36.0
Ethyl alcohol | IB 12.8 78.3 365.0 3.3 19.0
n-Heptane 1B -3.9 98.3 215.0 1.05 6.7
n-Hexane 1B -21.7 68.9 225.0 1.1 7.5
Isopropyl IB 11.7 82.8 398.9 2.0 12.0
alcohol
Methyl 1B 11.1 64.9 385.0 6.7 36.0
alcohol
Methyl ethyl | IB -6.1 80.0 515.6 1.8 10.0
ketone
Pentane 1A -40.0 36.1 260.0 1.5 7.8
Styrene 1B 32.2 146.1 490.0 1.1 6.1
Toluene IB 4.4 110.6 480.0 1.2 7.1
p-Xylene IC 27.2 138.3 530.0 1.1 7.0

Class Il is any liquid that has a flash point at or above 37.8°C and below 60°C
Class IIIA is any liquid that has a flash point at or above 60°C but below 93°C

Class I1IB is any liquid that has a flash point at or above 93°C

The Ohio State University Office of Environmental Health & Safety Chemical Hygiene Plan
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1.0 PURPOSE

The purpose of this Chemical Hygiene Plan (CHP) is to provide guidance and protocols
for the protection of University laboratory employees from health effects associated with
hazardous chemicals used in the laboratory. The facilities and precautions in this CHP
are compatible with current knowledge and regulations.

2.0 SCOPE

The CHP applies to all laboratory employees working on laboratory scale operations
involving laboratory use of hazardous chemicals.

3.0 DEFINITIONS (As found in 29 CFR 1910.1450)

Action Level: A concentration designated in 29 CFR part 1910 for a specific substance,
calculated as an 8-hour time weighted average (TWA), which initiates certain required
activities.

Chemical Hygiene Officer: An employee who is qualified by training or experience, to
provide technical guidance in the development and implementation of the provisions of
the CHP. (A Chemical Hygiene Sub-Committee may also be designated to represent
each laboratory.)

Chemical Hygiene Sub-Committee: The group of Physics Department staff assigned
to represent each laboratory and to administer the CHP. The structure of this group is
found in Appendix L of this document. This group is a sub-committee to the
Department’s Shops and Safety Committee.

Chemical Hygiene Plan: A written program developed and implemented which sets
forth procedures, equipment, personal protective equipment and work practices that are
capable of protecting employees from the health hazards presented by hazardous
chemicals used in the laboratory. This plan shall be reviewed and updated annually.

Designated Area: An area that may be used for work with select carcinogens,
reproductive toxins, or substances that have a high degree of acute toxicity. A
designated area may be the entire laboratory, an area of a laboratory, or a device such
as a laboratory hood.

Hazardous Chemical: A chemical for which there is statistically significant evidence,
based on at least one study conducted in accordance with established scientific
principles that acute or chronic health effects may occur in exposed employees. The
term "health hazard" includes chemicals which are carcinogens, toxic or highly toxic
agents, reproductive toxins, irritants, flammable liquids, flammable gases, combustible
liquids, pyrophorics, peroxide formers, oxidizers, corrosives, sensitizers, hepatotoxins,
nephrotoxins, neurotoxins, agents which act on the hematopoietic systems and agents
which damage the lungs, skin, eyes or mucous membranes.

The Ohio State University - Department of Physics, Chemical Hygiene Plan Revised 12-08
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Institutional Chemical Hygiene Officer: An employee who is qualified by training or
experience, to provide oversight, technical guidance, and assistance to units in the
development, implementation and auditing of the provisions of the Lab Standard and
CHP’s.

Laboratory: 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: 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 Use of Hazardous Chemicals: Handling or use of such chemicals in which
all of the following conditions are met:
1. Chemical manipulations are carried out on a laboratory scale,
2. Multiple chemical procedures or chemicals are used,
3. The procedures involved are not part of a production process nor in any way
simulate a production process, and
4. Protective laboratory practices and equipment are available and in common use to
minimize the potential for employee exposure to hazardous chemicals.

Laboratory Worker - An individual employed in a laboratory workplace who may be
exposed to hazardous chemicals in the course of his or her assignments.

Reproductive Toxins - Chemicals that affect reproductive capabilities including
chromosomal damage (mutations) and effects on fetuses (teratogeneses).

Select Carcinogen - Any substance that meets one of the following criteria:
1. Itis regulated by OSHA as a carcinogen, or
2. ltis listed under the category, known to be carcinogens, in the Annual Report on
Carcinogens published by the National Toxicology Program (NTP) (latest edition),
or
3. ltis listed under Group 1 (carcinogenic to humans) by the International Agency for
Research on Cancer Monographs (IARC) (latest editions), or
4. 1t is listed in either Group 2A or 2B by IARC or under the category, reasonably
anticipated to be carcinogens by NTP, and causes statistically significant tumor
incidence in experimental animals in accordance with any of the following criteria:
a. After inhalation exposure of 6-7 hours per day, 5 days per week, for a
significant portion of a lifetime, to dosages of less then 10 mg / m3,
b. After repeated skin application of less than 300 (mg / kg of body weight) per
week, or
c. After oral dosages of less that 50 mg / kg of body weight per day.

4.0 RESPONSIBILITIES (As Per 29 CFR 1910.1450.e.3.vii)

Vice President for Research and the Executive Vice President and Provost-These
Vice Presidents have ultimate responsibility for Lab Standard implementation and shall
provide endorsement, support and accountability at colleges and research centers.
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Department Chairman: The Department Chairman has ultimate responsibility for
implementing chemical hygiene plans at the department level and shall provide
continuing support for chemical hygiene.®

Laboratory Supervisor: (or Principle Investigator) The Laboratory Supervisor is the
Chemical Hygiene Officer in the laboratory. The Laboratory Supervisor shall ensure:

1. Laboratory workers know and follow the chemical hygiene plan,

2. Protective equipment is available and in working order, (See Sections 9.2 -
Inspections, 13.0 - Personal Protective Equipment, and Appendix F - Glove
Selection Chart for other relevant information)

3. Appropriate training has been provided, (See Section 15.0 - Employee Training
for other relevant information)

4. Facilities and training for use of any material being ordered are adequate, (See
Section 6 - Chemical Procurement, Distribution, and Storage for other relevant
information)

5. Inspections of emergency equipment, lab safety, and housekeeping are
conducted. (See Sections 5.4 - Housekeeping, 9.2 - Inspections, and 11 -
Emergency Equipment for other relevant information)

Laboratory worker - Each laboratory worker is responsible for planning and conducting
all operations in accordance with the chemical hygiene procedures and developing good
personal chemical hygiene habits.

Departmental Chemical Hygiene Sub-Committee

The Departmental CHC is responsible for the development and implementation of
chemical hygiene policies and practices in the laboratory. This group shall:

Monitor the procurement, use, and disposal of chemicals used in the laboratory,
See that appropriate audits are maintained,

Help the Laboratory Supervisor develop precautions and adequate facilities,

Know the current legal requirements concerning regulated substances,

Seek ways to improve the Chemical Hygiene Plan,

Develop and oversee implementation of the Chemical Hygiene Plan.

ogrwnNE

Members of this committee are as follows:
Phil Davids: Chairs the Sub-Committee
Mark Reed: Department Chemical Hygiene Officer
Safety & Shops Committee Delegate:  Researcher Representative
John Herrington: Provides Technical Expertise/Consultation

Laboratory Inspection Team or Individual - These individuals may be designated by
the Chemical Hygiene Sub-Committee to provide laboratory inspections as described in
the Chemical Hygiene Plan ©:

Physics Department Lab Inspection Team: Mark Reed, Bob Merritt, Phil Davids,
Kent Ludwig, Bob Wells, Mark Studer, John Herrington (not all members conduct
all inspections)
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5.0

5.1

1.

N

w

5.2

GENERAL LABORATORY PROCEDURES

(As Per 29 CFR 1910.1450.e.1.i and 29 CFR 1910.1450.e.3.ii)

BEHAVIOR IN THE LABORATORY

Employees shall act in a professional manner at all times.
Horseplay and practical jokes are expressly forbidden.
Working alone at a potentially dangerous activity is prohibited.

Visitors to the laboratory are to be escorted by an employee and are the
responsibility of that employee. All safety regulations must be observed.

Only well understood reactions should be permitted to run unattended. If a
reaction is permitted to be left unattended, lights should be left on and a sign with
the following information should be placed on the door. Include experimenter’s
name and phone number, supervisor's name and phone number, chemical
reagents and products and quantities. Provisions for containment of toxic
substances in the event of a utility service failure (such as cooling water, or
electricity) to an unattended operation must be established.

Employees shall be aware of the location and proper operation of laboratory
safety equipment (i.e., fire extinguishers, fire alarms, eyes washes, safety
showers, first aid kits). (See Section 11 - Emergency Equipment and Appendix |
(insert) for other relevant information)

The use of radioactive sources and radiation producing equipment is strictly
regulated by the Nuclear Regulatory Commission, Ohio Department of Health
and the Office of Environmental Health & Safety, Division of Radiation Safety (2-
1284). Before any radioactive source or instrument that produces radiation is
brought into the laboratory, the Division of Radiation Safety must be consulted for
appropriate permits, training and standard operating procedures. (See Section
18.8 - Radionuclides for other relevant information)

AVOIDANCE OF ROUTINE EXPOSURES
Avoid skin contact with chemicals.
Chemicals should not be smelled or tasted.

Pipette liquids with a vacuum or a pipette bulb. Never by mouth.

Apparatus that may discharge toxic chemicals must be vented outdoors through
local exhaust devices (i.e., a chemical fume hood).
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5.3 PERSONAL HABITS IN THE LABORATORY

1. Eating, drinking, gum chewing, and cosmetic application (i.e., hand cream) are not
permitted in the laboratory.

2. Smoking is not allowed in any building on campus.

3. Food shall not be eaten in places where chemicals are being used or stored.
Employee break or lunchrooms should be identified within the department.

4. Ice generated for laboratory use shall be posted “Not to be used for consumption
or food storage”.

5. Glassware or utensils that are used for laboratory operations shall not be used for
storage, handling or consumption of food or beverages.

6. Hands should be washed before using the restrooms and before eating or
smoking. Areas of exposed skin (i.e., forearms) should be washed frequently
(minimally at lunch and at the end of the shift) if there is potential for contact with
chemicals.

7. Confine long hair and loose clothing. Wear shoes at all times in the laboratory.
Open toed shoes or sandals are not allowed in any laboratory.

8. Be alert to unsafe conditions and see that they are corrected when detected.

©

Any spills or accumulations of chemicals on work surfaces shall be cleaned
immediately, using decontamination procedures and techniques that minimize
residual surface contamination and personnel exposure.

10. Laboratory gloves shall be removed before exiting a Laboratory.

54 HOUSEKEEPING
1. Lab areas and aisles are to be kept clean and uncluttered.
2. Contaminated glassware is to be cleaned daily.
3. Spills of water or ice are to be cleaned up immediately from work areas and floors.
4. Floors must be dry at all times.
5. Doorways and walkways shall not be blocked or used for storage.

6. Access to exits, emergency equipment and utility controls shall never be blocked.
(See Section 11 - Emergency Equipment for other relevant information)

7. Windows in laboratory doors shall remain unobstructed.
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6.0

6.1

6.2

6.3

CHEMICAL PROCUREMENT, DISTRIBUTION AND STORAGE

(As Per 29 CFR 1910.1450.e.3.iv and 29 CFR 1910.1450.1.1)

PROCUREMENT

. All chemicals in the laboratory must have approval of the Principal Investigator or

Supervisor prior to purchase. Prior to purchasing approval, the following must be
considered:

Check the chemical inventory to determine if there is material in stock,

Proper storage and handling procedures,

Proper disposal procedures,

Presence of adequate facilities to safely handle the material, and

Adequately trained personnel to handle the material.

GRS TN S

Before a substance is received, information on proper handling, storage, and
disposal should be known to those who will use it. All material safety data sheets
(MSDS'’s) that are received with shipments to the lab shall be maintained on file.
(See Section 15.2 - Reference Materials for other relevant information) ©

. No container should be accepted without an adequate identifying label. The label

should include as a minimum the substance name, an appropriate hazard
warning, and specific target organ effects.

HAZARDOUS CHEMICAL INVENTORY

Hazardous chemicals include those chemicals that meet the definitions found in
section 3.0 of this plan and chemicals with a health, flammability or reactivity
rating of 2, 3 or 4, as designated by NFPA 49.

. All hazardous chemicals shall be included in the inventory. The chemical name,

hazards (if known), the quantity stored in the laboratory, and the location within
the laboratory should be listed. For consistency across campus, a form similar to
Appendix A shall be used.

The Departmental Master Chemical Inventory shall be kept in the Physics

Research Building, RM1040G. Each Lab operation will also maintain its own
chemical inventory within the laboratory.

STORAGE

. Both the storage and working amounts of hazardous chemicals shall be kept to a

minimum.

. All chemical containers must have a legible, firmly attached label. The containers

shall be dated when received and also when opened.
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7.0

Chemicals shall be stored in containers with which they are chemically
compatible.

Chemical reagents shall be kept in closed containers when not in use.

The Chemical Hygiene Officer (or designee) shall conduct annual inventories with
unneeded items being submitted for recycling or disposal in accordance with
University’s Chemical Management Guidebook. (See Sections 6.2 - Inventory
and 16 - Waste Disposal Procedures for other relevant information)

Flammable substances (See Section 18.2 - Flammable Liquids for information.)

Compressed gas cylinders must be individually secured at all times. Cylinder
caps must be in place on cylinders when not in use.

Incompatible chemicals in containers of 2.0 L or 5 pound capacity must be
segregated. Table 1 is a partial list of incompatible chemicals. At a minimum,
corrosives, flammables and combustibles, oxidizers, poisons, and water reactive
chemicals should have their own designated storage areas in the laboratory.

HAZARD IDENTIFICATION
(As Per 29 CFR 1910.1450.h and f)

All chemical containers must have a legible, firmly attached label showing the
contents of the container.

Labels on incoming containers of hazardous chemicals shall not be removed or
defaced.

Material safety data sheets (MSDS's) received with incoming shipments of
hazardous chemicals shall be maintained and made readily accessible to
laboratory employees. Copies may be obtained from the Office of Environmental
Health & Safety (2-1284), Wooster Campus (5-3663) or through “Chem Watch”
(www.ehs.ohio-state.edu). (See Section 15.2 - Reference Materials for other
relevant information)

A hazard review of new materials not previously used in the laboratory shall be
completed before actual handling has begun. The Chemical Hygiene Officer or
the Principal Investigator shall conduct this review. (See Sections 6 - Chemical
Procurement, Distribution, and Storage, and Appendix B - Job Hazard Analysis
Worksheet for other relevant information)

Chemical substances developed in the laboratory shall be assumed to be
hazardous in the absence of other information.

If a chemical substance is produced in the laboratory for another use outside of
the laboratory, the MSDS and labeling provisions of the OSHA Hazard
Communication Standard apply. The Chemical Hygiene Officer or Principal
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8.0

9.0

9.1

9.2

Investigator shall ensure these requirements are met. Please contact your
administrative unit's OSHA Coordinator or the Office of Environmental Health &
Safety (2-1284), Wooster Campus (5-3663) or COMPH/OHS (2-7747) for more
information.  (See Section 15.2 - Reference Materials for other relevant
information)

ENVIRONMENTAL MONITORING
(As Per 29 CFR 1910.1450.d)

1. Employee's exposures to OSHA regulated substances shall not exceed the
permissible exposure limits specified in 29 CFR Part 1910 Subpart Z. (See
Appendix C - 29 CFR Part 1910.1450 Subpart Z)

2. Employee exposures to any substance regulated by an OSHA standard shall be
measured when there is reason to believe that exposure levels routinely exceed

the action levels.

3. The Chemical Hygiene Officer or the Office of Environmental Health & Safety shall
be consulted for assistance with environmental monitoring.

4. Monitoring results shall be provided to the Department Chemical Hygiene Officer,
the Principal Investigator and to the Employee.

5. Monitoring strategy shall be followed in the event the action limit is exceeded or as
set forth by a substance specific standard.
MAINTENANCE AND INSPECTIONS
(As Per 29 CFR 1910.1450.e.3.ii)
MAINTENANCE

1. All local exhaust ventilation hoods and other engineering controls shall function
properly.

2. Improperly functioning equipment, out of service equipment and equipment under
repair shall be tagged "OUT OF SERVICE" and locked out if possible.

The equipment shall not be restarted without the approval of the Chemical
Hygiene Officer, Principal Investigator, Facilities Operations and Development or
Facilities Maintenance.”

INSPECTIONS

Chemical Hygiene Sub-Committee

1. The Chemical Hygiene Sub-Committee will delegate a member(s) of the
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Laboratory Inspection Team to conduct a lab inspection for compliance with the
CHP at yearly intervals

2. The following emergency equipment will be inspected at the frequency designated
in Section 11.0 - Emergency Equipment:
a. Eyewashes,
b. Safety showers,
c. Fire extinguishers,
d. Fire blankets,
e. First aid kits, and
f. Emergency lighting / illuminated exit signs.

3. The following items will be inspected annually (The inspection details are in
Section 11 - Emergency Equipment and Section 17 - Ventilation):
a. Fire extinguishers,
b. Fire alarms,
c. Smoke detectors,
d. Fire doors,
e. Fire suppression systems, and
f. Local exhaust ventilation hoods.

Laboratory Supervisor / Principal Investigator

4. Each Laboratory Supervisor (who is responsible to act as the Chemical Hygiene
Officer for his/her particular laboratory), or his/her designee will appoint two or
more individuals to conduct laboratory self-inspections at monthly intervals.

Laboratory Employees

5. Each laboratory employee will conduct the following inspections at the specified
interval.

The following personal protective equipment will be evaluated before each use
where utilized or required (The inspection details are outlined in Section 13.0 -
Personal Protective Equipment):

. Safety glasses, splash goggles and face shields,

. Gloves,

c. Shoes,

d. Clothing,

e. Hearing Protection, and

f. Respirators.

oo

The following engineering controls will be evaluated before each use (See
Section 17.2 - Daily inspections for other relevant information):

g. Local exhaust ventilation hoods,

h. Chemical fume hoods.
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10.0

MEDICAL PROGRAM
(As Per 29 CFR 1910.1450.g)

Medical surveillance, including medical consultation and follow-up, shall be
provided to employees under the following circumstances:

a. Where exposure monitoring is over the action level for an OSHA regulated
substance that has medical surveillance requirements,

b. Whenever a laboratory employee develops signs or symptoms that may be
associated with a hazardous chemical to which the employee may have been
exposed to in the laboratory,

c. Whenever a spill, leak, or explosion results in the likelihood of a hazardous
exposure, as determined by the Chemical Hygiene Officer,

d. All employees required to wear a respirator (See Section 13.6 - Respirators
for other relevant information),

e. All emergency response team members.

All examinations shall be provided by a physician licensed in Occupational
Medicine or under the direct supervision of a physician licensed in Occupational
Medicine, at no cost to the employee, without loss of pay, and at a reasonable
time and place.

First aid kits must conform to University’s First Aid Kit Policy or be approved by a
physician licensed in Occupational Medicine. (See Appendix D - First Aid Kit
Policy)

Additional medical assistance, if required, is available through Employee Health
Services (3-8146).

Emergency medical assistance, if required, is available by calling 911.

Where medical consultations or examinations are provided, the examining

physician shall be provided with the following information:

a. The identity of the hazardous chemical(s) or material(s) to which the
employees may have been exposed and the MSDS'’s if available,

b. A description of the conditions under which the exposure occurred including
guantitative exposure data if available, and

c. A description of the signs and symptoms of exposure that the employee is
experiencing, if any.

For examinations or consultations provided to employees, a written opinion from

the examining physician shall be obtained by the Laboratory Supervisor or

Chemical Hygiene Officer. It shall include:

a. Recommendations for further medical follow-up,

b. Results of the examination and associated tests,

c. Any medical condition revealed that places the employee at an increased risk
of exposure to a hazardous substance found in the workplace, and

d. A statement that the employee has been informed of the results of the
examination or consultation.
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11.0

111

EMERGENCY EQUIPMENT
(As Per 29 CFR 1910.1450.e.3.ii)

GENERAL

Safety Showers / Eye Wash equipment and Fire Extinguishers for the Department of
Physics are located as indicated on the floor plans in Appendix | - Emergency Equipment
Locations.

Although not all are shown specifically on the floor plans in Appendix I, each laboratory
employee shall be familiar with the location, application and correct ways to operate the
following equipment (where applicable):

11.2

11.3

NogosrwdhE

Fire extinguishers,
Fire alarms,

Fire doors,
Smoke detectors,
Safety showers,
Eye wash units,
First aid kits.

EYEWASHES
Eyewashes should be within the work area for immediate emergency use.

Eyewashes should be plumbed. Water should be potable and provide at least 15
minutes of flushing.

. ANSI Z358.1 (Current) provides design and performance requirements.

Inspections - at least weekly by the lab Chemical Hygiene Officer (or designee):

a. Access shall be maintained at all times, and

b. Adequate flow should be observed and documented by annual University
inspections. ©

SAFETY SHOWERS

Safety showers should be within 10 seconds of travel for immediate emergency
use.

Safety showers should be plumbed. Water should be potable and provide at least
15 minutes of flushing.

. ANSI Z358.1 (Current) provides design and performance requirements.

Inspections:

a. The Chemical Hygiene Officer shall assure access is maintained at all times,

and

b. Adequate flow should be observed and documented annually by the
department assigned to the space the shower unit is in."”
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114

115

11.6

FIRE EXTINGUISHERS

Fire extinguishers are provided in accordance with original building design
parameters and located along normal paths of travel.

Access must be maintained and the location should be conspicuously marked in
an appropriate manner.

The fire extinguisher type and size must be selected for the appropriate hazards.
The Facilities Operations and Development service desk must be consulted for
fire extinguisher size, type and placement (292-6158).

Inspections - Monthly by Facilities Operations and Development or as identified by
department or laboratory personnel.

. The extinguisher is in its designated location,

b. Access is maintained,

c. The pin should be in place and attached with unbroken wire,

d. The indicator, if present, should be in the full range,

e. No indication of physical damage, and

f. The inspection should be documented.

Q

Maintenance - Annually by Facilities Operations and Development. Maintenance
of extinguishers involves a complete and thorough examination, including the
mechanical parts, the amount and condition of the extinguishing agent and the
agent's expelling device. The inspection shall be conducted by a qualified
individual and documented (OSUMC 3-8500).

FIRE ALARMS
Fire alarms must be provided along normal paths of travel, along exit routes.

Inspections - Periodically by Facilities Operations and Development,:

a. Fire alarms should be conspicuously marked,

b. Fire alarms should be activated to insure proper operation per manufacturer's
instructions and / or fire insurer's instructions, and

c. The inspections should be documented.

SMOKE OR HEAT DETECTORS

Shall be installed and selected for the appropriate hazards per building codes, fire
codes and fire insurer's requirements.

Inspections - Periodically by Facilities Operations and Development, The
detection system should be tested to assure proper working order per
manufacturer's and / or fire insurer's instructions.
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11.7 FIRST AID KITS

1. First aid kits shall be available and maintained for treatment of minor injuries or for
short term emergency treatment before getting medical assistance.

2. Inspections - Monthly by laboratory personnel.

The first aid kits should be kept adequately stocked and maintained. (See Appendix D -
First Aid Kit Policy for other relevant information)

11.8 FIRE DOORS

1. Fire doors shall be provided as required per building codes, fire codes and fire
insurer's requirements.

2. Fire doors must not be blocked open and must be able to close properly.

3. Inspections - Periodically by Facilities Operations and Development, (OSUMC 3-
8645).

a. Fire doors with heat-activated closures should be tested to assure proper
working order. The test results will be documented

11.9 FIRE SUPPRESSION SYSTEMS
1. The fire suppression system must be selected based on the hazards.

2. Inspections - Periodically by Facilities Operations and Development, (OSUMC 3-
8645).
a. All system components must be checked for physical condition,
b. The system should be checked as appropriate for the type of system, and
c. The inspections will be documented.

11.10 EMERGENCY LIGHTING

1. Emergency lighting must be adequate to provide lighting for egress during an
emergency situation or power failure.

2. Inspections - Annually by Facilities Operations and Development(OSUMC 3-
8645).
a. Emergency lighting must be activated to assure it is operational., and
b. Inspections will be documented.
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12.0

Note:

STANDARD OPERATING PROCEDURES
(As Per 29 CFR 1910.1450.e.3.i)

In addition to the following generic laboratory procedures, each laboratory should

develop standard operating procedures specific to their operations. These would include
procedures for special operations and highly toxic chemicals abd will be contained in the
lab-specific Chemical Hygiene Plan. (See Appendix E - Sample Standard Operating
Procedure)

12.1

1.

PLANNING CHEMICAL LABORATORY EXPERIMENTS
List all possible reactions including side-reactions before beginning.

Think through all reactants, intermediates, and products in terms of flammability,
toxicity, and reactivity hazards.

Follow recognized safe practices concerning protective equipment, housekeeping,
the handling of hazardous chemicals and utilization of equipment as outlined in
this chemical hygiene plan.

If conducting an unknown reaction, always start with small quantities of material
and carefully observe reaction characteristics (i.e., temperature, color, viscosity
and physical state).

Obtain safety information about reactants and by-products. If the safety
information is not available elsewhere, it may be obtained from some outside
laboratories that offer a testing service for the evaluation of explosion hazards,
etc.

If possible, determine from the thermodynamic and kinetic considerations the total
guantity and the rate of evolution of heat and gases to be released during the
reaction.

Provide adequate cooling, ventilation, pressure relief and gas purging. If possible,
isolate the reaction vessel and make frequent inspections of equipment during
the reaction. Do not leave a hazardous system unattended.

For each reactant, intermediate or product ask: What is its flash point,
flammability range, auto-ignition temperature, vapor pressure and vapor density?
Does it decompose? If so, how rapidly and to what products? What is its stability
in storage, to heat, light, water or humidity, metals, etc.? Is it impact sensitive?
Is it toxic? If so, what is the route of entry (inhalation, ingestion, skin contact)?
What protective measures are required? What is the recommended first aid
treatment in the case of an accidental exposure?

. About the reaction itself, ask: How violent will it be? What is the effect of catalysts

or inhibitors? Will water or air affect the reaction?

10. What would happen and what should be done if: Electric power fails? Cooling
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11.

12.2

12.2.1

system fails? Pressure gets out of hand? Water leaks into the system? Air leaks
into the system? The reaction container falls and breaks or spills its contents?

Remember that many explosions, fires, and asphyxiations are caused by the
accidental combination of potentially dangerous substances

WORK WITH SUBSTANCES OF MODERATE TO HIGH CHRONIC TOXICITY
OR HIGH ACUTE TOXICITY AND SPECIAL OPERATIONS

(As Per 29 CFR 1910.1450e.3.viii)
CHEMICALS REQUIRING PRIOR APPROVAL

The following procedures must be developed and included with the lab

specific chemical hygiene plan for all work with "Select Carcinogens”,

reproductive toxins, and substances that have a high degree of acute

toxicity.

a. The establishment of a "designated area". This may be an entire laboratory,

an area of a laboratory or a device in the laboratory, such as a hood. This

area must be clearly marked (A suggested marking is illustrated in Figure 1),

Approvals required before conducting the project,

Control equipment (glove box, hood, etc.) required,

Proper storage procedures utilized,

. Personal protective equipment required,

f. Procedures for retention of records on amounts of these materials on hand and
used, and the names of the workers involved,

g. Procedures for the prevention of spills, accidents, and emergency response,
and

h. Procedures for decontamination and the disposal of wastes.

coooT

The designated areas for use of the following classes of substances for the
laboratories of (Enter name of Principal Investigator)

are as follows: (Attach additional page(s) as necessary.)
Class of chemical Building room Hood or other device

Carcinogens

Acutely toxic

Reproductive toxin

Guidelines for classification of toxic or highly toxic substances, based on the
LDgq in albino rats, are listed in Table 13.
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Chemicals that require prior approval for use from the Principal Investigator, Chemical
Hygiene Officer, or Supervisor include the following. (List Chemicals applicable to
your laboratory below and attach standard operating procedures as necessary)

Initial training for each of these chemicals MUST BE DOCUMENTED as part of the
specific lab standard training for your laboratory.

12.2.2 OPERATIONS REQUIRING PRIOR APPROVAL
(As Per 29 CFR 1910.1450.e.3.v)

Certain laboratory operations are of special concern because of the potential hazards
associated with them. In these instances, laboratory personnel unfamiliar with these
operations are instructed to obtain prior approval from the Principal Investigator,
Chemical Hygiene Officer, or Supervisor before commencing the operation or
experiment. This is to assure that personnel follow procedures, understand the hazards
and use safeguards. Examples of operations or equipment that require prior approval
for use from the Principal Investigator, Chemical Hygiene Officer, or Supervisor may
include the following:

Vacuum or diffusion pumps

Hydrogenation apparatus

Vacuum operations

Centrifuge operation

Electrophoresis

Atomic Absorption Spectroscopy

Laser operation

High Pressure Liquid Chromatography

NMR Spectrometers

Compressed gases

Cryogenic liquids

Biosafety cabinets

Mass Spectrometers

Gas Chromatographs

X-Ray crystallography

Cryostats

Perfusion

(Check Operations applicable to your laboratory above and

operations below. Attach standard operating procedures as necessary)

Initial training of personnel for each applicable operation MUST BE DOCUMENTED

list additional

as part of the specific lab standard training for your laboratory.
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12.3 EMERGENCY PROCEDURES

No universal emergency plan will do all things for all emergency situations. The most
important component of emergency planning is prevention. Prevention measures
include employee training, facility inspection programs and engineering design of
hazardous processes. The risks present in the laboratory include accidents or injuries,
chemical releases, fires and explosions.

In an emergency, from a safe location call 911 (campus phone) or 292-2525 (cell phone)
and provide the dispatcher with the following information:

Location

Nature of emergency

Names of chemicals involved

Your name

Phone number that you are calling from

12.4 ACCIDENTS AND ACCIDENT REPORTING
Accidents or injuries that occur in the laboratory and require medical treatment must be
treated immediately. If the extent or nature of the injury precludes the employee going to
Employee Health Services or the OSU Emergency Department, the accident should be
immediately reported by calling 911 (292-2525 cell). In addition any laboratory personnel
responding to the injury shall notify the following personnel:

Department Chemical Hygiene Officer: Mark Reed

Chemical Hygiene Sub-Committee Chair: Phil Davids

1. All accidents, whether resulting in injury or damage, should be carefully analyzed
with the results reported to all who might benefit.

2. Injuries requiring medical attention must be reported immediately and appropriate
medical attention provided.

3. An Employee Accident Report must be filled out and forwarded to the Office of
Environmental Health & Safety.®

(See Appendix G - Accident reporting for other relevant information)

13.0 PERSONAL PROTECTIVE EQUIPMENT
(As Per 29 CFR 1910.1450e.3.ii)
The Physics Department provides, and makes available, personal protective equipment

for users of liquid nitrogen who fill dewars at the common filling station located in the
Physics Research Building.
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All other personal protective equipment required as an outcome of specific laboratory
activities are to be supplied by the Principle Investigator for that laboratory.

Additionally, the Laboratory Supervisor (or designee) will be responsible for the selection
of personal protective equipment, acquiring approved equipment, maintaining availability,
and establishing cleaning and disposal procedures.

A Laboratory Hazard Assessment Form must be completed for any personal protective
equipment required for a job (see Appendix B). Personal protective equipment must be
provided cost-free to the laboratory workers by the laboratory operational funds.

Chemical protective clothing must be removed before leaving the work area.

13.1

1.

13.2

Eye / Face Protection
Safety glasses must meet the requirements of ANSI Z87.1-2003 (Current).
Safety glasses with side shields are required for everyone entering the laboratory.

Face shields, with safety glasses underneath, or chemical splash goggles are
required when transferring or pouring corrosive materials or liquids injurious to
the eyes.

Employees wearing contact lenses must be informed of the special hazards
associated with their use (i.e., absorption of chemicals from the air).

Before each use, eye and face protection is to be inspected for damage (i.e.,
cracks, scratches, debris). If deficiencies are noted, the equipment should be
cleaned, repaired or replaced before use.

Hand Protection

Chemical resistant gloves shall be worn whenever the potential for hazardous skin
contact exists. The material safety data sheet for the substance or glove
selection charts should be referenced. Contact your glove manufacturer for
specific charts. (See Appendix F - Sample Glove Selection Chart for other
relevant information) If the hazard is not known, as a minimum nitrile rubber
gloves are recommended.

Standard operating procedures should specify glove requirements.

Gloves shall be removed before touching other surfaces (i.e., doorknobs, drawer
pulls, faucet handles).

Heat resistant gloves shall be used for handling hot objects. Asbestos containing
gloves should not be used.

Abrasion resistant gloves (i.e., leather) should be worn for handling broken glass
or for other potentially abrasive materials. They should not be worn when
handling chemicals.
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13.3

13.4

13.5

Before each use, gloves are to be inspected for damage and contamination (i.e.,
tears, punctures, discoloration). If deficiencies are noted, the gloves should be
cleaned, repaired, or replaced before use.

Foot Protection
No sandals, canvas, or open-toed shoes are to be worn by laboratory employees.
The shoes worn in the laboratory should have a non-skid sole and should have a

reasonable heel height.

Safety shoes should be worn if there is potential for injury from heavy objects (i.e.,
handling drums).

Safety shoes must meet the requirements of ANSI Z41 (Current).
Before each use, shoes are to be inspected for damage, deterioration,
contamination, (i.e., tears, punctures, discoloration). If deficiencies are noted, the

shoes should be cleaned, repaired or replaced before use.

Body Protection

. Laboratory coats or aprons shall be worn by laboratory employees whenever

handling liquids or powders that are injurious to the skin or absorbed through the
skin, or when performing operations in “designated areas”. Refer to the biosafety
manual for BSL1 and BSL2 requirements for lab coat use.

Laboratory coats must be cleaned regularly. If a spill occurs on the laboratory
coat or personal clothing, it must be either decontaminated before reuse or
disposed of.

. The commercial launderer of any contaminated work clothing shall be notified of

potentially contaminating substances.

Disposable clothing will be worn when working with highly toxic materials, such as
carcinogens, mutagens, or teratogens. Grossly contaminated clothing shall be
bagged and disposed of as hazardous waste.

Before each use, clothing is to be inspected for damage, deterioration,
contamination (i.e., tears, punctures, discoloration). If deficiencies are noted, the
clothing should be cleaned, repaired or replaced before use.

Hearing Protection

Hearing protection (noise attenuating ear muffs or plugs) is required whenever
employees are exposed to 90 dBA or greater over an eight hour time weighted
average. Employees exposed to 85 dBA or greater over an eight hour time
weighted average are required to participate in the University’'s Hearing
Protection Program. Please contact the Office of Environmental Health & Safety
for more information (2-1284).
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2. Hearing protection is to be inspected before each use for tears and contamination.
If deficiencies are noted, the hearing protector should be cleaned, repaired or
replaced before use.

13.6 Respirators
1. All employees issued respirators for any reason must follow all the requirements
set forth in the Respiratory Protection Program. Please contact the Office of

Environmental Health & Safety for more information (2-1284).

2. Respirators used for emergency response are to be inspected monthly and after
each use, as described in the Respiratory Protection Program.
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14.0

15.0

15.1

RECORDKEEPING
(As Per 29 CFR 1910.1450.))

Accident / Incident records shall be retained by the Administrative Unit and the
Office of Environmental Health & Safety for five years. (See Section 12.4 -
Accidents and Accident Reporting for other relevant information)

Medical records shall be retained for employment plus thirty years.

Industrial hygiene monitoring records shall be maintained for thirty years.

EMPLOYEE TRAINING
(As Per 29 CFR 1910.1450.1)
TRAINING

All laboratory employees shall be trained on the hazards of the chemicals present
in their work area.

Employees should not use any personal protective clothing until they have
received instruction on the proper selection, use and limitations of the equipment.

The aim of the training program is to assure that all individuals at risk are
adequately informed about the work in the laboratory, its risks, and what to do if
an accident occurs.

This training shall be provided at the time of an employee's initial assignment to a
work area where hazardous chemicals are present. It shall also be provided prior
to assignments involving new exposure situations. The training shall be
coordinated through the Chemical Hygiene Officer, Chemical Hygiene Sub-
Committee, or Laboratory Supervisor (or designee). Additional information about
the training requirements may be found in the Safety Management Guidebook,
Section 3 - the Laboratory Standard, or by calling the Office of Environmental
Health & Safety (2-1284.

The training should include:

a. Review of the lab specific CHP

b. Respirator protection and fit testing program,
c. Handling hazardous chemicals,

d. Fire training - prevention and response,
e. Emergency response and evacuation,
f. Interpretation of MSDS's,

g. Engineering controls,

h. First aid,

i. Personal hygiene,

j. Personal protective equipment, and

k. Chemical or infectious waste disposal.
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15.2 REFERENCE MATERIALS

1. Reference materials on the hazards, safe handling, storage and disposal of
hazardous chemicals can be found in the OSU Libraries, the Office of
Environmental Health & Safety or at various online locations.

2. Material safety data sheets received in the lab shall be maintained by the Lab
Chemical Hygiene Officer for all hazardous chemicals used in the laboratory.
The MSDS's are kept in the laboratory within which they are used. A second
copy is filed by the Department Chemical Hygiene Officer in PRB RM1040G

15.3 TRAINING RESOURCES

The Office of Environmental Health & Safety offers the following training programs
related to the Laboratory Standard:

Laboratory Standard (initial) Laboratory Safety (initial)
Respirator Training and Fit Testing Solvent Safety

Fume Hoods Compressed Gases

Fire Extinguisher training Toxicology

Chemical Management (Waste) Personal Protective Equipment

The School of Physical Activity and Educational Services (2-6787) offers Cardio-
Pulmonary Resuscitation (CPR) and First aid training.
16.0 WASTE DISPOSAL PROCEDURES

(As Per 29 CFR 1910.1450.e.3.viii.C)

Waste Disposal procedures for chemical, infectious and other wastes are contained in
The Ohio State University "Chemical Management Guidebook".

A protocol for the clean up of infectious waste spills is included in Appendix K of this
Chemical Hygiene Plan. It must be posted wherever infectious waste spills may occur.
Please contact the Office of Environmental Health & Safety (2-1284) for more
information.
17.0 VENTILATION

(As Per 29 CFR 1910.1450.e.3.ii)

17.1 GENERAL GUIDELINES
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17.2

17.3

General laboratory ventilation shall provide airflow into the laboratory from non-
laboratory areas and out to the exterior of the building.

Laboratory doors should remain closed, except for egress and entrance.

All reactions that produce unpleasant and / or potentially hazardous fumes, vapors
and gases must be run with local exhaust ventilation (i.e., within a fume hood).

The hood sash should remain closed when it is in use. When adjustments are
needed to laboratory equipment or operations within the hood while chemical
emissions are being produced the hood sash should not be raised past the 100
linear feet per minute (Ifm) indicator.

MAINTENANCE AND INSPECTIONS

Daily inspections - Daily inspections by operators should be conducted at the

beginning of each day:

a. Visually inspect the hood area for storage and other visible blockages, and

b. If hood function indicating devices are not a part of your hood, place a one
inch by six inch piece of soft tissue paper at the hood opening and observe it
for directional flow.

Periodic inspections

The quality and quantity of ventilation shall be evaluated upon installation and
annually. These evaluations are the responsibility of Facilities Operations and
Development (2-6158), OSUMC (3-8645) and are provided at no cost to
departments. Whenever a change in local ventilation devices is made or repairs
to fume hoods are necessary, it is the responsibility of the department to have the
hoods or ventilation devices reevaluated. The Department Chemical Hygiene
Officer (Mark Reed) will coordinate ventilation system repairs within the
Department of Physics and will obtain recertification from the Facility Operations
& Development Lab Fume Hood Inspection Department

a. Capture velocity will be measured with a velometer. Hoods for most common
chemicals must have an average face velocity of 100 linear feet per minute at
sash opening of 18 inches. Face velocity readings should not vary by more
than 20 %. A minimum of six readings shall be used to determine average
face velocity,

b. Other local exhaust devices shall be smoke tested to determine if the
contaminants they are designed to remove are being adequately captured.

ANNUAL MAINTENANCE

Overall maintenance of the local exhaust ventilation should be performed annually by
Facilities Operations and Development.

1.

Exhaust fan maintenance (i.e., lubrication, belt tension, fan blade deterioration
and rpm) shall be in accordance with the manufacturer or as adjusted for
appropriate hood function.
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2. Ductwork shall be inspected for corrosion, buildup of condensate or particulate,
and dampers checked and lubricated for appropriate operation.

3. Air cleaning equipment such a charcoal or HEPA filters should be monitored for
contaminant buildup and replaced as necessary.

17.4 VENTILATION FAILURE

Ventilation within the PRB is principally accomplished by two air handling units that
deliver 100% outside air to the supply of each lab and by 6 roof-mounted fans that
extract air from the exhaust of each lab.

Because the exhaust ductwork is shared by all 6 fans, by fume exhaust hoods, and by
room exhaust grilles, proper ventilation is dependent on the proper combinations of air
handlers and fans being in operation.

In the event of ventilation failure the following procedures shall be followed.

Suspend fume operations

Close open containers of chemicals

Remove any heat sources that may be causing vaporization of chemicals

Cease any chemical processes

Close fume hood sash

Monitor Facility Information E-mail Messaging System for additional instructions
Contact Department Chemical Hygiene Officer (Mark Reed) or any member of the
Chemical Hygiene Sub-Committee.

NooswdhE

Building testing has determined that if a single air handler unit is shut down (and its
corresponding three exhaust fans) that sufficient exhaust is maintained to not require a
building evacuation.

If both air handler units are shut down (and correspondingly all six exhaust fans), then
exhaust is insufficient and the building will be evacuated.

Operations can be resumed after air handler units are returned to service which will be
announced via the Facility Information E-mail Messaging System. Fume Hood alarms
can be reset by the individual Lab Supervisor.
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18.0

CHEMICAL HANDLING PROCEDURES

(As Per 29 CFR 1910.1450e.3.i)

18.1

GENERAL

Know as much as possible about the chemical(s) you handle. Read the label on the
container, material safety data sheets, literature in the library and consult with your

peers,

principle investigator, or industrial hygiene and safety personnel. Obtain and

Maintain chemical spill cleanup materials appropriate for the chemicals in use. Common
incompatible chemicals are listed in Table 1.

18.2

18.2.1

1.

FLAMMABLE LIQUIDS
Hazards

Vapors can form ignitable mixtures in air. Vapors can also travel great distances
and be ignited by remote ignition sources, flashing back violently to the source.

2. Many flammable liquids are toxic by inhalation and / or skin contact.

3.

18.2.2

18.2.3

1.

2.

3.

Flammable liquids or their vapors can cause injury to the eyes, ranging from
irritation to severe eye damage.

Storage

The Ohio Fire Code regulates storage of flammable liquids. Table 2703.1.1(1) of
the Ohio Fire Code provides hazardous materials storage information per control
area (see appendix J). Appropriate storage for flammables is dependent upon
occupancy, hazard classification, building construction, availability of flammable
storage cabinets, quantities of flammable and combustible material, and the
location of the laboratory.

Questions in regard to storage of flammable and combustible materials, as well
as assistance with interpretation of the fire codes, should be directed to The Ohio
State University Department of Public Safety (7-6300)

Restrictions on container size are found in Table 2.

Controls

Perform work with flammable liquids in a properly functioning chemical fume hood
whenever possible.

Transfer of flammable liquids from bulk containers such as 55 gallon drums shall
only be performed in adequately ventilated areas and where appropriate
grounding and bonding for the containers is provided.

Spills of flammable materials must be cleaned up immediately. Spill procedures
are contained in Section V of the Chemical Management Guidebook.
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4. Emergency showers and eyewashes should be available and used when skin or
eye contact occurs.

18.2.4 Examples of Flammable Liquids

Examples of flammable liquids and their classifications are listed in Table 3.

18.3 CORROSIVE CHEMICALS
18.3.1 Hazards

Contact with the skin, eyes, respiratory system or digestive tract with corrosive
chemicals can cause severe irritation and burns.

18.3.2 Storage

1. Store concentrated acid and bases separately in appropriate acid or base
resistant trays or catch basins. They must be segregated if containers equal 2 L
or 5 pounds or more.

2. Transport concentrated corrosives in a break resistant protective carrier.

3. Store oxidizing acids such as perchloric, nitric and sulfuric acids away from
organic chemicals, paper, wood or other combustible materials. Contact of these
materials with each other will cause fires and or explosions.

4. Drip tray residue must be removed daily.

18.3.3 Controls

1. Wear protective clothing.

2. In case of contact: Flush the affected area with large amounts of water for at least
15 minutes, remove contaminated clothing, seek medical attention.

3. Always add acid to water when diluting.
18.3.4 Examples of Common Laboratory Corrosives

Examples of common laboratory corrosives are in Table 4

18.4 REACTIVE CHEMICALS
18.4.1 Hazards

1. Water reactive: These chemicals react violently in contact with water.
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2. Pyrophors: These chemicals ignite spontaneously in contact with air.

3. Peroxide formers: These chemicals will form shock sensitive explosives upon
prolonged storage.

18.4.2 Storage
1. Water reactive chemicals must be stored in accordance with instructions on the
label or MSDS and separately from all other chemicals, regardless of quantity.
The amount of water reactive materials should be kept to a minimum in the
laboratory.

2. Pyrophoric materials should be kept as recommended on Material Safety Data
Sheets from the manufacturer.

18.4.3 Controls
1. Wear safety equipment.
2. Read precautionary label. Understand handling instructions.
3. Use only in a chemical fume hood.

18.4.4 Examples of Water Reactive, Pyrophoric and Peroxidizable Chemicals
Examples of water reactive, pyrophoric and peroxidizable chemicals are listed in
Tables 5, 6 and 7, respectively.

18.5 COMPRESSED GASES

18.5.1 Hazards

1. Compressed gases cylinders contain large amounts of potential energy which
when transformed to kinetic energy can cause serious injury and physical
damage.

2. Compressed gases may also be flammable, toxic, or corrosive.

18.5.2 Storage

1. Compressed gases must be stored in the upright position with caps on when not
in immediate use.

2. Compressed gas cylinders must be secured individually with straps, chains or
stands designed especially for this purpose.

18.5.3 Controls

1. Transport cylinders only with caps in place, secured to suitable carriers.
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2. Each cylinder must be matched with the appropriate fitting and regulator. The use
of regulator adapters is prohibited.

3. Regulators must be fitted with check valves to prevent inadvertent mixing of gases
and suck back into the cylinder.

4. Cylinder valves should always be opened slowly. Stand on the side of the
cylinder opposite the regulator when "cracking open” cylinder valves.

5. If cylinder valves require special wrenches, the wrenches must be left attached to
the valve while the cylinder is in use.

6. Do not totally empty a cylinder. Leave residual pressure in the cylinder, mark the

cylinder as "Empty" or " MT" and return them to the empty cylinder storage area
or call Store 70 to arrange for pickup.

18.5.4 Information Regarding Compressed and Liquefied Gases

Information regarding compressed and liquefied gases is in Table 8.

18.6 CARCINOGENS, MUTAGENS, TERATOGENS, AND REPRODUCTIVE TOXINS
18.6.1 Hazards

Exposures can potentially induce carcinogenesis, mutagenesis, and adverse
reproductive capabilities or outcomes. Exposure may effect future generations.

18.6.2 Storage
1. Store these chemicals in a dedicated storage fume hood or glove box.

2. Maintain the minimum quantity necessary for the current project. Dispose of
unneeded material(s) immediately.

18.6.3 Controls
1. Work with these chemical(s) only in designated areas.
2. Wear protective clothing appropriate for the physical state of the chemical.

3. Work only with adequate engineering controls such as glove bags, glove boxes
and fume hoods.

18.6.4 Examples of Carcinogens, Mutagens, Teratogens, and Reproductive Toxins

Examples of these chemicals are listed in Tables 9,10 and Appendix H - Classes
of Carcinogenic Compounds.
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18.7 TOXIC METALS
18.7.1 Hazards

Toxic by inhalation, ingestion and possible skin absorption.
18.7.2 Storage

The minimum quantity necessary should be kept on hand.
They must be segregated if containers equal 2 L or 5 pounds or more

18.7.3 Controls
1. Work in a fume hood whenever possible.

2. Spills shall be cleaned up immediately. The work area shall be properly
decontaminated.

3. Wear appropriate personal protective equipment for work and cleaning up spills.
18.7.4 Examples of Toxic Metals

Examples of toxic metals are listed in Table 11.

18.8 RADIONUCLIDES

The Office of Environmental Health & Safety, Division of Radiation Safety has strict
policies and procedures for the procurement, handling, use and disposal of radioactive
materials. These procedures must be followed by anyone using radionuclides. Contact
the Division of Radiation Safety (2-1284) for further information.

18.9 OXIDIZERS
18.9.1 Hazards

Oxidizers are chemicals that evolve or give off oxygen. They will greatly
accelerate the rate of combustion of fuels in a fire. They are highly reactive and
can form explosive mixtures with other substances.

18.9.2 Storage

Oxidizers should be stored separately (segregated) from flammable and
combustible materials. They must be segregated if containers equal 2 L or 5
pounds or more. Maintain the minimum quantity necessary for laboratory work.
Dispose of unneeded materials immediately.

18.9.3 Controls
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Review literature regarding the reactivity of oxidizers. Utilize protective shields
and perform experiments with oxidizers in a fume hood. Use the hood sash as a
shield. Clean up spills of oxidizers immediately and dispose of waste
accordingly.

18.9.4 Examples of Oxidizers

Examples of oxidizers are listed in Table 12
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Table 4
Partial List of Corrosive Chemicals

Acids:

Nitric Perchloric

Sulfuric Periodic

Phosphoric Hydrofluoric
Hydrochloric Chloroacetic

Acetic Cresylic

Chromic

Bases:

Sodium hydroxide Potassium carbonate

Potassium hydroxide

Calcium hydroxide

Ammonium hydroxide

Trisodium phosphate

Calcium Oxide

Barium hydroxide

Sodium Carbonate

Barium carbonate

Others:

| Bromine | Glutaraldehyde
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Table 5
Partial List of Water Reactive Chemicals

Alkali metals, such as Na, Li, K

Alkali metal hydrides, such as LiH, CaH,, LiAlH,, NaBh,
Alkali metal amides, such as NaNH,

Metal alkyls, such as lithium and aluminum alkyls

Grignard reagents, RMgX

Halides of nonmetals, such as BCl;, BF;, PCl;, PCls, SiCl,, S,Cl,
Inorganic acid halides, such as POCIl;, SOCI,, SO,Cl,
Anhydrous metal halides, such as AICl;, TiCl,, ZrCl,, SnCl,
Phosphorus pentoxide

Calcium carbide

Organic acid halides and anhydrides of low molecular weight, such as, acetylchloride
acetic acid anhydride

Table 6
Partial List of Pyrophoric Chemicals

Grignard reagents, RMgX

Metal alkyls and aryls, such as RLi, RNa, R;Al, R,Zn

Metal carbonyls, such as Ni(CO),, Fe(CO)s, Co,(CO);

Alkali metals such as Na, K

Metal powders, such as Al, Co, Fe, Mg, Mn, Pd, Pt, Ti, Sn, Zn, Zr
Metal hydrides, such as NaH, LiAIH,

Nonmetal hydrides, such as B,H, and other boranes, PH;, AsH;
Nonmetal alkyls, such as R;B, R;P, R;As

Phosphorus (white)
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Table 7
Common Peroxide Forming Chemicals

List A: Severe Peroxide Hazard on Storage with Exposure to Air

Discard within 3 months

Diisopropyl ether (isopropyl ether) Potassium amide
Divinylacetylene (DVA) Sodium amide (sodamide)
Potassium metal Vinylidene chloride

(1, 1-di-chloroethylene)

List B: Peroxide Hazard on Concentration

Do not distill or evaporate without first testing for the presence of peroxides.
Discard or test for peroxides after 6 months

Acetaldehyde diethyl acetal (acetal) Ethylene glycol dimethyl ether (glyme)
Cumene (isopropyl benzene) Ethylene glycol ether acetates
Cyclohexene Ethylene glycol monoethers (cellosolves)
Cyclopentene Furan

Decalin (decahydronaphthalene) Methylacetylene

Diacetylene (butadiene) Methylcyclopentane

Diethyl ether (ether) Tetrahydrofuran (THF)

Diethylene glycol dimethyl ether (diglyme) | Tetralin (tetrahydronapthalene)

Dioxane Vinyl ethers

List C: Hazard of Rapid Polymerization Initiated by Internally Formed Peroxides

Normal Liquids
Discard or test for peroxides after 6 months
Chloroprene (2-chloro-1, 3-butadiene) Vinyl acetate
Styrene Vinylpyridine

Normal Gases

Discard after 12 months
Butadiene Vinylacetylene (MVA)
Tetrafluroethylene (TFE) Vinyl chloride
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Table 8
Data for Common Gases

Substances with Threshold Limit Values of 50 PPM or less should only be used in a
properly operating chemical fume hood.

Gas (state in cylinder) Threshold Limit Flammability | Major Hazards

Values, ppm' Limits in Air
C=Ceiling limit % by Vol
Acetylene (Dissolved) Not established 2.5-81.0 Flammable; asphyxiant

(nontoxic, produces
anesthetic effects)

Ammonia (Liquid) 25 15-28 Toxic
Argon Not established None Asphyxiant
(nontoxic)
Boron trifluoride 1C None Toxic; causes burns
1,3-Butadiene (Liquid) 2 2-11.5 Flammable; skin irritant;
suspect carcinogen
Butane (Liquid) 800 (nontoxic, 1.9-8.5 Flammable, narcosis
produces anesthetic
effects)
Carbon dioxide (Liquid) | 5000 None Asphyxiant
C=30,000
Carbon monoxide 25 12.5-74.0 Toxic; chemical
asphyxiant
Chlorine (Liquid) 0.5 None Irritant; causes burns;
C=1.0 corrosive
Ethane (Liquid) Not established 3.0-12.5 Flammable; asphyxiant

(nontoxic, produces
anesthetic effects)

Ethylene Not established 3.1-32.0 Flammable; asphyxiant
(nontoxic, produces
anesthetic effects)

Ethylene oxide (Liquid 1 ppm 3.0-100.0 Flammable; toxic can
pure) cause burns when trapped
by clothing or shoes;
affects multiple organs,
suspect carcinogen

Helium Not established None Asphyxiant

(nontoxic)
Hydrogen Not established 4.0-75.0 Flammable; asphyxiant
Hydrogen bromide C=3.0 None Toxic; causes burns;
(Liquid) corrosive
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Hydrogen chloride C=5.0 None Toxic; causes burns;
(Liquid) COrTrosive
Hydrogen fluoride C=3.0 None Toxic; causes severe slow
(Liquid) healing burns; corrosive
Hydrogen sulfide 10 4.3-45.0 Toxic; flammable; irritant
(Liquid) C=15
Methane Not established 5.3-14.0 Flammable; asphyxiant
Methyl bromide (Liquid) | 1 13.5-14.5 Toxic; causes burns
Methyl chloride (Liquid) | 50 10.7-17.4 Toxic; flammable
C=100
Methyl mercaptan 0.5 Unknown Irritant; flammable
(Liquid)
Nitrogen (nontoxic) Not established None Asphyxiant
Nitrogen dioxide (Liquid) | 3 None Toxic; corrosive
C=5.0
Oxygen Nontoxic None Highly reactive, oxidizer
Phosgene (Liquid) 0.1 None Toxic
Propane (Liquid) Not established 2.2-9.5 Flammable; asphyxiant
(nontoxic, produces
anesthetic effects)
Sulfur dioxide (Liquid) 2 None Toxic; causes burns
C=5.0
Vinyl chloride 1 4.0-22.0 Flammable; causes burns,
human carcinogen

'Threshold Limit Values (2000) ACGIH, Cincinnati, Ohio

*Zabetakis, M. G. Flammability "Characteristics of Combustible Gases and Vapors" Bulletin
627, U.S. Bureau of Mines, U.S. Gov't Printing Office, WASH. D.C.
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Carcinogens Table: OSHA,

Table 9
IARC, NTP, ACGIH (September 2006)

Chemical OSHA | TARC NTP | ACGIH
acetaldehyde (ethyl aldehyde) [75-07-0] 2B R A3
acetamide [60-35-5] 2B
acetic acid [64-19-7], cobalt(2+) salt 2B
2-acetylaminofluorene [53-96-3] yes R
acrylamide [79-06-1] 2A R A3
acrylonitrile [107-13-1] Yes 2B R A3
adriamycin (doxorubicin hydrochloride) [23214-92-8] 2A R
af-2[2-(2-furyl)-3-(5-nitro-2-furyl)acrylamide] [3688-53-7] 2B
aflatoxin B1 1
aflatoxin M1 [6795-23-9] 2B
aflatoxins [1402-68-2] 1 K
alcoholic beverages 1 K
aldrin (HHDN) [309-00-2] A3
allyl chloride [107-05-1] A3
aluminium [7429-90-5] production 1
2-aminoanthraquinone [82-45-1] R
1-amino-2,4-dibromoanthraquinone [81-49-2] R
2-amino-3,4-dimethylimidazo[4,5-f]quinoline (MelQ) R
2-amino-3,8-dimethylimidazo[4,5-f]quinoliine (MelQx) R
1-amino-2-methylanthraquinone [82-28-0] R
2-amino-5-(5-nitro-2-furyl)-1,3,4-thiadiazole [712-68-5] 2B
amino-o-c (2-amino-9h-pyrido[2,3-b]indole) [26148-68-5] 2B
p-aminoazobenzene [60-09-3] 2B
o-aminoazotoluene [97-56-3] 2B R
4-aminodiphenyl (4-aminobiphenyl) [92-67-1] yes 1 K Al
2-amino-3-methylimidazo[4,5-f] quinoline (IQ) [76180-96-6] 2A R
2-amino-1-methyl-6-phenylimidazo[4,5-b]pyridine (PhIP) R
amitrole [61-82-5] R A3
ammonium dichromate (VI) [7789-09-5] 1
ammonium perfluorooctanoate [3825-26-1] A3
amsacrine [51264-14-3] 2B
anaesthetics, volatile
analgesic mixtures containing phenacetin 1 K
androgenic (anabolic) steroids 2A
aniline (aminobenzne) [62-53-3] A3
o-anisidine [90-04-0], & hydrochloride [134-29-2] 2B R A3
antimony trioxide [1309-64-4] 2B A2
aramite [140-57-8] 2B
areca nut, in preparation |

OSHA- Occupational Safety and Health

Administration, U.S. Department of Labor
OSHA regulated chemicals marked with “yes”

NTP- National Toxicology Program, U.S. Department of Health and Human
Services

Group K: known to be human carcinogens

Group R: reasonably anticipated to be human carcinogens

IARC- International Agency for Research on Cancer
Group 1: carcinogenic to humans

Group 2A: probably carcinogenic to humans

Group 2B:possibly carcinogenic to humans

ACGIH- American Conference of Governmental Industrial Hygienists
Group Al: confirmed human carcinogen

Group A2: suspected human carcinogen
Group A3: confirmed animal carcinogen with unknown relevance to humans
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Table 9

Carcinogens Table: OSHA, IARC, NTP, ACGIH (September 2006)

Chemical OSHA | TARC NTP | ACGIH
aristolic acid 2A
aristolochia (genus) with herbal remedies 1
arsenenous acid, calcium salt (2:1), and potassium salt K
arsenic [7440-38-2], elemental and inorganic compounds as As yes 1 K Al
arsenic acid, calcium salt, and calcium salt (2:3) [7778-44-1] 1 K
arsenic acid, disodium salt, heptahydrate [10048-95-0] K
arsenic acid, lead (2+) salt (1:1) [7645-25-2] (lead arsenate) K
arsenic acid, monopotassium salt [7784-41-0] (potassium
arsenate), and sodium salt [7631-89-2] (sodium arsenate) K
arsenic pentoxide [1303-28-2] K
arsenic trioxide [1327-53-3] 1 K
arsenious acid, monosodium salt [14060-38-9] 1 K
arsenious acid, calcium salt, and calcium salt (1:1) K
art glass, glass containers and pressed ware (manufacture of) 2A
asbestos [1332-21-4] yes 1 K Al
asbestos, actinolite yes 1 Al
asbestos, amosite, anthophyllite, chrysotile, crocidolite yes K Al
asbestos, tremolite yes 1 Al
auramine [492-80-8] 2B
auramine, manufacture of 1
azacitidine (5-azacitidine, 5-AzaC) [320-67-2] 2A R
azaserine [115-02-6] 2B
azathioprine [446-86-6] 1 K
azbllen asbestos K
aziridine [151-56-4] 2B
barium chromate (VI) [10294-40-3] 1 K
benz[a]anthracene [56-55-3] 2A R A2
benzene [71-43-2] yes 1 K Al
benzidine [92-87-5] yes 1 K Al
benzidine-based dyes 2A K
benzo[a]pyrene [50-32-8] 2A R A2
benzo[b]fluoranthene [205-99-2] 2B R A2
benzo[j]fluoranthene [205-82-3], and [k] [207-08-9] 2B R
benzofuran [271-89-6] 2B
benzotrichloride [98-07-7] R A2
benzyl chloride [100-44-7] A3
benzyl violet 4B [1694-09-3] 2B
beryllium [7440-41-7] and beryllium compounds 1 K Al
beryllium aluminum alloy [12770-50-2] & silicate | K

OSHA- Occupational Safety and Health

Administration, U.S. Department of Labor
OSHA regulated chemicals marked with “yes”

NTP- National Toxicology Program, U.S. Department of Health and Human
Services

Group K: known to be human carcinogens

Group R: reasonably anticipated to be human carcinogens

IARC- International Agency for Research on Cancer
Group 1: carcinogenic to humans

Group 2A: probably carcinogenic to humans

Group 2B:possibly carcinogenic to humans

ACGIH- American Conference of Governmental Industrial Hygienists
Group Al: confirmed human carcinogen

Group A2: suspected human carcinogen
Group A3: confirmed animal carcinogen with unknown relevance to humans
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Table 9

Carcinogens Table: OSHA, IARC, NTP, ACGIH (September 2006)

Chemical OSHA | TARC NTP | ACGIH
beryllium chloride [7787-47-5] 1 K
beryllium compounds, n.0.s. 1 K
beryllium hydroxide [13327-32-7] 1 K
beryllium oxide [1304-56-9] 1 K
beryllium oxide carbonate 1 K
beryllium phosphate 1 K
beryllium sulfate [13510-49-1] 1 K
beryllium sulfate tetrahydrate [7787-56-6] 1 K
beryllium zinc silicate [39413-47-3] 1 K
betel quid with tobacco and without tobacco 1
2-2-bis-(bromomethyl)-1,3-propanediol [3296-90-0] 2B R
n,n-bis(2-chloroethyl)-2-naphthylamine
(chlornaphazine) [494-03-1] 1
bis(chloromethyl)ether [542-88-1] & technical grade [107-30-2] yes 1 K Al
bischloroethyl nitrosourea (BCNU) [154-93-8] 2A R
bitumens [8052-42-4], extracts of steam-refined and air-refined 2B
bleomycin, chlorohydrate, and sulfate 2B
bleomycins [11056-06-7] 2B
boot and shoe manufacture and repair |
bracken fern 2B
bromacil [314-40-9] A3
bromodichloromethane [75-27-4] 2B R
bromoform [75-25-2] A3
1,3-butadiene [106-99-0] Yes 2A K A2
1,4-butanediol dimethanesulfonate (busulphan;myleran) [55-98-1] 1 K
2-butoxyethanol (EGBE) [111-76-2] A3
2-butoxyethyl acetate (EGBEA) [112-07-2] A3
butylated hydroxyanisole (BHA) [25013-16-5] 2B R
B-butyrolactone [3068-88-0] 2B
CI acid red 114 [6459-94-5] 2B
CI basic red 9 [596-61-9] 2B R
CI direct blue 15 [2429-74-5] 2B
cadmium [7440-43-9], elemental and compounds, as Cd Yes 1 K A2
cadmium carbonate K
cadmium chloride [10108-64-2] 1 K
cadmium fluoborate [14486-19-2] K
cadmium fume, as Cd (cadmium oxide fume) [1306-19-0] 1 K
cadmium nitrate [10325-94-7] K
cadmium oxide [1306-19-0] K

OSHA- Occupational Safety and Health

NTP- National Toxicology Program, U.S. Department of Health and Human

Administration, U.S. Department of Labor Services
OSHA regulated chemicals marked with “yes” Group K: known to be human carcinogens

Group R: reasonably anticipated to be human carcinogens

IARC- International Agency for Research on Cancer ACGIH- American Conference of Governmental Industrial Hygienists

Group 1: carcinogenic to humans
Group 2A: probably carcinogenic to humans
Group 2B:possibly carcinogenic to humans

Group Al: confirmed human carcinogen
Group A2: suspected human carcinogen
Group A3: confirmed animal carcinogen with unknown relevance to humans
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Table 9

Carcinogens Table: OSHA, IARC, NTP, ACGIH (September 2006)

Chemical OSHA | TARC NTP | ACGIH
cadmium sulfate [10124-36-4] 1 K
cadmium sulfide [1306-23-6] 1 K
caffeic acid [331-39-5] 2B
calcium chromate [13765-19-0] 1 K A2
captafol [2425-06-1] 2A
captan [133-06-2] A3
carbon black [1333-86-4] 2B
carbon tetrachloride [56-23-5] 2B R A2
carpentry and joinery 2B
carrageenan [9000-07-1], degraded 2B
catechol [120-80-9] 2B A3
ceramic fibers (respirable size) R
chlorambucil [305-03-3] 1 K
chloramphenicol [56-75-7] 2A R
a-chlordane, and beta, and gamma 2B
chlordane [57-74-9] 2B A3
chlordane, technical 2B
chlordecone (kepone) [143-50-0] 2B R
chlorendic acid [115-28-6] 2B R
chlorinated camphene [8001-35-2] A3
chlorinated paraffins (C12 60% and C23, 43% chlorine) 2B R
a-chlorinated toluenes (benzal chloride [98-87-3], benzotrichloride [98-07-
7], benzyl chloride [100-44-7]) and benzoyl chloride [98-88-4] (combined) 2A
1-chloro-2-methylpropene [513-37-1] 2B R
3-chloro-2-methylpropene [563-47-3] R
4-chloro-o-phenylenediamine [95-83-0] 2B R
4-chloro-o-toluidine [95-69-2] hydrochloride 2A R
p-chloro-o-toluidine, and its strong acid salts 2A
p-chloroaniline [106-47-8] 2B
chlorobenzene [108-90-7] A3
3-chloro-4-(dichloromethyl)-5-hydroxy-2(5h)furanone
[77439-76-0] 7B
chlorodiphenyl (54% chlorine) [11097-69-1] A3
1-(2-chloroethyl)-3-(4-methylcyclohexyl)-1-nitrosourea
(methyl-CCNU;semustine) [13909-09-6] 1 K
1-(2-chloroethyl)-3-cyclohexyl-1-nitrosourea
(CCNU) [13010-47-4] 2A R
chloroform [67-66-3] 2B R A3
chloromethyl methyl ether (CMME) [107-30-2] yes K A2

OSHA- Occupational Safety and Health

NTP- National Toxicology Program, U.S. Department of Health and Human

Administration, U.S. Department of Labor Services
OSHA regulated chemicals marked with “yes” Group K: known to be human carcinogens

Group R: reasonably anticipated to be human carcinogens

IARC- International Agency for Research on Cancer ACGIH- American Conference of Governmental Industrial Hygienists

Group 1: carcinogenic to humans
Group 2A: probably carcinogenic to humans
Group 2B:possibly carcinogenic to humans

Group Al: confirmed human carcinogen
Group A2: suspected human carcinogen
Group A3: confirmed animal carcinogen with unknown relevance to humans
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Table 9

Carcinogens Table: OSHA, IARC, NTP, ACGIH (September 2006)

Chemical OSHA | TARC NTP | ACGIH
chlorophenoxy herbicides 2B
chloroprene [126-99-8] 2B R
chlorothalonil [1897-45-6] 2B
chlorozotocin [54749-90-5] 2A R
chromate(1-), hydroxyoctaoxodizincatedi-, potassium 1 Al
chromic acid [7738-94-5], lead(2+) Salt (1:1) 1 K A2
chromic acid, disodium salt 1 K
chromite (mineral) [1308-31-2] (chromite ore) K Al
chromite ore processing Al
chromium (VI) chloride 1 K
chromium (VI) compounds 1 K
chromium (VI) dioxychloride 1 K
chromium [7440-47-3] and certain chromium compounds K
chromium carbamate (6Cl) K
chromium phosphate K
chromium triacetate K
chromium (VI) oxide (1:3) [1333-82-0] 1 K
chromium [7440-47-3], metal & inorganic compounds, as Cr,
insoluble Cr VI compunds, and water soluble Cr VI compounds K Al
chrysene [218-01-9] A3
cisplatin [15663-27-1] 2A R
citrus red number 2 [6358-53-8] 2B
clonorchis sinensis (infection with) 2A
coal gasification 1
coal tar [8007-45-2] and coal tar distillate & coal tar pitches 1 K
coal tar pitch [65996-93-2] volatiles, as benzene solubles 1 Al
cobalt [7440-48-4] and cobalt compunds 2B A3
cobalt alloy, Co, Cr [11114-92-4] 2B
cobalt-aluminium-chromium spinel 2B
cobalt carbonate (1:1) 2B
cobalt carbonate, cobalt dihydroxide (2:3) 2B
cobalt-chromium-molybdenum-alloy 2B
cobalt-chromium-nickel-tungsten alloy 2B
cobalt (Co4(Co)12) 2B
cobalt, di-mu-carbonylhexacarbonyldi-, (Co-Co) 2B
cobalt dinitrate hexahydrate 2B
cobalt hydroxide 2B
cobalt hydroxide oxide 2B
cobalt metal with tungsten carbide 2A

OSHA- Occupational Safety and Health

NTP- National Toxicology Program, U.S. Department of Health and Human

Administration, U.S. Department of Labor Services
OSHA regulated chemicals marked with “yes” Group K: known to be human carcinogens

Group R: reasonably anticipated to be human carcinogens

IARC- International Agency for Research on Cancer ACGIH- American Conference of Governmental Industrial Hygienists

Group 1: carcinogenic to humans
Group 2A: probably carcinogenic to humans
Group 2B:possibly carcinogenic to humans

Group Al: confirmed human carcinogen
Group A2: suspected human carcinogen
Group A3: confirmed animal carcinogen with unknown relevance to humans
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Table 9

Carcinogens Table: OSHA, IARC, NTP, ACGIH (September 2006)

Chemical OSHA | TARC NTP | ACGIH
cobalt metal without tungsten carbide 2B
cobalt molybdate (VI) [13762-14-6] 2B
cobalt, (mu-(carbonato(2-)-0:0"))dihydroxydi 2B
cobalt naphthanate 2B
cobalt oxide, (II) oxide, and (III) oxide 2B
cobalt triacetate 2B
cobalt (II) acetate tetrahydrate 2B
cobalt (II) carbonate hydroxide (2:3) monohydroxide 2B
cobalt (II) chloride [7646-79-9]
(cobaltous chloride), and chloride hexahydrate 2B
cobalt (IT) hydroxide 2B
cobalt (II) nitrate (1:2) [10141-05-6] (cobaltous nitrate) 2B
cobalt (II) sulfate (1:1) [10026-24-1] 2B R
cobalt (1) sulfide 2B
coffee (urinary bladder) 2B
coke oven emissions yes K
coke production yes 1 K
conjugated estrogens (sodium [estrone & equilin] sulfate) K
creosote [8001-58-9], and creosote wood 2A
p-cresidine [120-71-8] 2B R
crotonaldehyde [4170-30-3] A3
cupferron R
cycasin [14901-08-7] 2B
cyclohexanone [108-94-1] A3
cyclophosphamide [50-18-0] 1 K
cyclophosphamide hydrate 1
cyclosporin A [79217-60-0] 1 K
dacarbazine [4342-03-4] 2B R
dantron (chrysazin; 1,8-dihydroxyanthraquinone) [117-10-2] 2B R
daunomycin [20830-81-3] 2B
DDT (dichlorodiphenyl trichloroethane) [50-29-3] 2B R A3
decabromobiphenyl (under polybrominated biphenyls) R
n,n’-diacetylbenzidine [613-35-4] 2B
2,4-diaminoanisole [615-05-4] 2B
2.,4-diaminoanisole sulfate [39156-41-7] R
4,4’-diaminodiphenyl ether [101-80-4] 2B R
2,4-diaminotoluene [95-80-7] 2B R
diazoaminobenzene R
diazomethane [334-88-3] A2

OSHA- Occupational Safety and Health

Administration, U.S. Department of Labor
OSHA regulated chemicals marked with “yes”

NTP- National Toxicology Program, U.S. Department of Health and Human
Services

Group K: known to be human carcinogens

Group R: reasonably anticipated to be human carcinogens

IARC- International Agency for Research on Cancer
Group 1: carcinogenic to humans

Group 2A: probably carcinogenic to humans

Group 2B:possibly carcinogenic to humans

ACGIH- American Conference of Governmental Industrial Hygienists
Group Al: confirmed human carcinogen

Group A2: suspected human carcinogen
Group A3: confirmed animal carcinogen with unknown relevance to humans
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Table 9

Carcinogens Table: OSHA, IARC, NTP, ACGIH (September 2006)

Chemical OSHA | TARC NTP | ACGIH
dibenz[a,h]acridine [226-36-8], and [a,j] [224-42-0] 2B R
dibenz[a,h]anthracene [53-70-3] 2A R
dibenzo[a,e]pyrene [192-65-4], and [a,h] [189-64-0],
and [a,i] [189-55-9], and [a,l] [191-30-0] 2B R
7h-dibenzo[c,g]carbazole [194-59-2] 2B R
1,2-dibromo-3-chloropropane (DBCP) [96-12-8] yes 2B R
2,3-dibromo-1-propanol [96-13-9] 2B R
tris(2,3-dibromopropyl)phosphate [126-72-7] 2A R
dichloroacetic acid [79-43-6] 2B
dichloroacetylene 7572-29-4] A3
1,4-dichlorobenzene [106-46-7] R
1,4-dichloro-2-butene [764-41-0] A2
3,3’-dichloro-4,4’-diaminodiphenyl ether [28434-86-8] 2B
p-dichlorobenzene [106-46-7] 2B R A3
3,3’-dichlorobenzidine [91-94-1] yes 2B R A3
3,3’-dichlorobenzidine hydrochloride R
1,2-dichloroethane (ethylene dichloride) [107-06-2] 2B R
dichloromethane (methylene chloride) [75-09-2] yes 2B R A3
1,3-dichloropropene (technical grade) (DCP) [542-75-6] 2B R A3
dichlorvos [62-73-7] 2B
diepoxybutane [298-18-0] [564-00-1] R
diesel engine exhaust, and marine fuel, and distillate (light) 2A R
diesel fuel [68334-30-5] [68476-30-2] [68476-31-3]
[68476-34-6] [77650-28-3] as total hydrocarbons 2B
di(2-ethylhexyl)phthalate (DEHP) [117-81-7] A3
1,2-diethylhydrazine [1615-80-1] 2B
diethylstilbestrol (DES) [56-53-1] 1 K
diethyl sulfate [64-67-5] 2A R
diglycidyl resorcinol ether [101-90-6] 2B R
dihydrosafrole [94-58-6] 2B
diisopropyl sulfate [2973-10-6] 2B
3,3’-dimethoxybenzidine (o-dianisidine) [119-90-4] 2B R
3,3’-dimethoxybenzidine dihydrochloride [20325-40-0] R
dimethyl sulfate [77-78-1] 2A R A3
trans-2-[(dimethylamino)methylimino]-5-[2-(5-nitro-2-
furyl)vinyl]-1,3,4-oxadiazole [25962-77-0] 2B
4-dimethylaminoazobenzene [60-11-7] yes 2B R
2,6-dimethylaniline (2,6-xylidine) [87-62-7] 2B
3,3’-dimethylbenzidine (o-tolidine) [119-93-7] 2B R A3

OSHA- Occupational Safety and Health

Administration, U.S. Department of Labor
OSHA regulated chemicals marked with “yes”

NTP- National Toxicology Program, U.S. Department of Health and Human
Services

Group K: known to be human carcinogens

Group R: reasonably anticipated to be human carcinogens

IARC- International Agency for Research on Cancer
Group 1: carcinogenic to humans

Group 2A: probably carcinogenic to humans

Group 2B:possibly carcinogenic to humans

ACGIH- American Conference of Governmental Industrial Hygienists
Group Al: confirmed human carcinogen

Group A2: suspected human carcinogen
Group A3: confirmed animal carcinogen with unknown relevance to humans
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Table 9

Carcinogens Table: OSHA, IARC, NTP, ACGIH (September 2006)

Chemical OSHA | TARC NTP | ACGIH
dimethylcarbamoyl chloride [79-44-7] 2A R A2
1,1-dimethylhydrazine [57-14-7] 2B R A3
1,2-dimethylhydrazine [540-73-8] 2A
dimethylvinyl chloride R
3,7-dinitrofluoranthene [105735-71-5] 2B
3,9-dinitrofluoranthene [22506-53-2] 2B
1,6-dinitropyrene [42397-64-8], and 1,8 dinitropyrene [42397-65-9] 2B R
dinitrotoluene [25321-14-6], 2,4 [121-14-2] and 2,6 [606-20-2] 2B A3
1,4-dioxane [123-91-1] 2B R A3
disperse blue 1 [2475-45-8] 2B R
dry cleaning, (occupational exposures in) 2B
dyes metabolized to 3,3’-dimethoxybenzidine R
dyes metabolized to 3,3’-dimethylbenzidine R
engine exhaust, gasoline 2B
epichlorohydrin [106-89-8] 2A R A3
1,2-epoxybutane [106-88-7] 2B
epstein-barr virus 1
erionite [66733-21-9] 1 K
estrogens (not conjugated), estradiol-17 beta,
estrone, ethinylestradiol, mestranol K
ethyl acrylate [140-88-5] 2B R
ethyl benzene [100-41-4] 2B A3
ethyl bromide [74-96-4] A3
ethyl chloride (chloroethane) [75-00-3] A3
ethyl methanesulfonate [62-50-0] 2B R
n-ethyl-n-nitrosourea [759-73-9] 2A R
ethylene dibromide (1,2-dibromoethane) [106-93-4] 2A R A3
ethylene oxide [75-21-8] Yes 1 K A2
ethylene thiourea R
ethylenimine (aziridine) [151-56-4] yes A3
etoposide [33419-42-0] 2A
etoposide in combination with cisplatin & bleomycin 1
foreign bodies implanted in tissue (polymetric, metallic) 2B
formaldehyde gas [50-00-0] yes | R A2
2-(2-formylhydrazino)-4-(5-nitro-2-furyl)thiazole [3570-75-0] 2B
fuel oils, residual (heavy) 2B
fumonisin B1 [116355-83-0] 2B
furan [110-00-9] 2B R
furfural [98-01-1] A3

OSHA- Occupational Safety and Health

NTP- National Toxicology Program, U.S. Department of Health and Human

Administration, U.S. Department of Labor Services
OSHA regulated chemicals marked with “yes” Group K: known to be human carcinogens

Group R: reasonably anticipated to be human carcinogens

IARC- International Agency for Research on Cancer ACGIH- American Conference of Governmental Industrial Hygienists

Group 1: carcinogenic to humans
Group 2A: probably carcinogenic to humans
Group 2B:possibly carcinogenic to humans

Group Al: confirmed human carcinogen
Group A2: suspected human carcinogen
Group A3: confirmed animal carcinogen with unknown relevance to humans
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Table 9

Carcinogens Table: OSHA, IARC, NTP, ACGIH (September 2006)

Chemical OSHA | IARC NTP | ACGIH
furniture and cabinet making 1
fusarium moniliform (toxins from) 2B
gallium arsenide [1303-00-0] 1 A3
gamma radiation (x-ray) 1 K
gasoline [86290-81-5], including unleaded 2B A3
glass wool fibers R A3
glu-p-1 (2-amino-6-methyldipyrido[ 1,2-a:3”,2’-d]imidazole
[67730-11-4] 2B
glu-p-2 (2-aminodipyrido[1,2-a:3°2’-d]imidazole [67730-10-3] 2B
glycidaldehyde [765-34-4] 2B
glycidol [556-52-5] 2A R A3
griseofulvin [126-07-8] 2B
hairdresser or barber, occupational exposure 2A
hc blue #1 [2784-94-3] 2B
helicobacter pylori, infection with 1
hematite mining, underground with exposure to radon 1
hepatitis b and c virus, (chronic infection with) 1 K
heptachlor [76-44-8], and heptachlor epoxide 2B A3
hexachlorobenzene [118-74-1] 2B R A3
hexachlorobutadiene (HCBD) [87-68-3] A3
hexachlorocyclohexanes (all isomers) alpha, beta, gamma 2B R
hexachloroethane (perchloroethane) [67-72-1] 2B R A3
hexamethyl phosphoramide (HMPA) [680-31-9] 2B R A3
hot mate 2A
human t-cell lymphotropic virus type 1 1
human immunodeficiency virus type | (infection with) 1
human immunodeficiency virus type 2 (infection with) 2B
human papilloma virus type 16 and 18 1 K
human papilloma virus type 31 and 33 2A K
human papilloma virus type other than 16,18, 31 and 33 2B K
hydrazine [302-01-2] 2B R A3
hydrazine sulfate [10034-93-2] R
hydrazobenzene [122-66-7] R
hydrogen peroxide [7722-84-1] A3
hydroquinone [123-31-9] A3
1-hydroxyanthraquinone [129-43-1] 2B
indeno[1,2,3-cd]pyrene [193-39-5] 2B R
indium phosphide [22398-80-7] 2A
involuntary smoking 1

OSHA- Occupational Safety and Health

Administration, U.S. Department of Labor
OSHA regulated chemicals marked with “yes”

NTP- National Toxicology Program, U.S. Department of Health and Human
Services

Group K: known to be human carcinogens

Group R: reasonably anticipated to be human carcinogens

IARC- International Agency for Research on Cancer
Group 1: carcinogenic to humans

Group 2A: probably carcinogenic to humans

Group 2B:possibly carcinogenic to humans

ACGIH- American Conference of Governmental Industrial Hygienists
Group Al: confirmed human carcinogen

Group A2: suspected human carcinogen
Group A3: confirmed animal carcinogen with unknown relevance to humans
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Table 9

Carcinogens Table: OSHA, IARC, NTP, ACGIH (September 2006)

Chemical OSHA | TARC NTP | ACGIH
iron and steel founding 1
iron-dextran complex [9004-66-4] 2B R
isobutyl nitrite [542-56-3] A3
isophorone [78-59-1] A3
isoprene [78-79-5] 2B R
isopropanol [67-63-0] manufacture (strong acid process)
(see 2-propanol) 1
kaposi’s sarcoma herpes virus/human herpes virus 8 2A
kepone (chlordecone) [143-50-0] R
kerosene [463-51-4] / jet fuel as total hydrocarbons A3
lasiocarpine [303-34-4] 2B
lead [7439-92-1] and lead compounds, inorganic 2A R A3
lead acetate [301-04-2], lead acetate (II) trihydrate [6080-56-4] R
lead chromate [7758-97-6] as Pb or Cr K A2
lead chromate (V1) oxide [18454-12-1] 1 K
lead phosphate [7446-27-7] R
lindane [58-89-9] R A3
magenta [632-99-5], containing Cl basic red 9 2B
magenta [632-99-5], manufacture of 1
magnetic fields (very low frequency) 2B
mea-a-c¢ (2-amino-3-methyl-9h-pyrido[2,3-b]indole)
[68006-83-7] 2B
medroxyprogesterone acetate [71-58-9] 2B
MelQ (2-amino-3,4-dimethylimidazo[4,5f]quinoline [77094-11-2] 2B
MelQx (2-amino-3,8-dimethylimidazo[4,5-f]quinoxaline
[77500-04-0] 7B
melphalan [148-82-3] 1 K
merphalan [531-76-0] 2B
5-methoxypsoralen [484-20-8] 2A
8-methoxypsoralen (methoxsalen) [298-81-7] with UV A radiation 1 K
methyl hydrazine [60-34-4] 2B R A3
methyl mercury compounds 2B
methyl methanesulfonate [66-27-3] 2A R
2-methyl-1-nitroanthraquinone [129-15-7] (uncertain purity) 2B
n-methyl-n’-nitro-n-nitrosoguanidine (MNNG) [70-25-7] 2A R
n-methyl-n-nitrosourea (n-nitroso-n-methylurea) [684-93-5] 2A R
n-methyl-n-nitrosourethane [615-53-2] 2B
methyl-tert butyl ether (MTBE) [1634-04-4] A3
2-methylaziridine (propyleneimine) [75-55-8] 2B R A3

OSHA- Occupational Safety and Health

NTP- National Toxicology Program, U.S. Department of Health and Human

Administration, U.S. Department of Labor Services
OSHA regulated chemicals marked with “yes” Group K: known to be human carcinogens

Group R: reasonably anticipated to be human carcinogens

IARC- International Agency for Research on Cancer ACGIH- American Conference of Governmental Industrial Hygienists

Group 1: carcinogenic to humans
Group 2A: probably carcinogenic to humans
Group 2B:possibly carcinogenic to humans

Group Al: confirmed human carcinogen
Group A2: suspected human carcinogen
Group A3: confirmed animal carcinogen with unknown relevance to humans
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Table 9

Carcinogens Table: OSHA, IARC, NTP, ACGIH (September 2006)

Chemical OSHA | IARC NTP | ACGIH
methylazoxymethanol acetate [592-62-1] 2B
5-methylchrysene [3697-24-3] 2B R
4,4’-methylene bis(2-chloroaniline) (MBOCA) [101-14-4] 2A R A2
4,4’-methylene bis(2-methylaniline) [838-88-0]

(4,4’-methylene bis(n,n-dimethyl)benzenamine) 2B R
4,4’-methylenedianiline [101-77-9] yes 2B R A3
4,4’-methylenedianiline dihydrochloride R
methyleugenol R
methylthiouracil [56-04-2] 2B
metronidazole [443-48-1] 2B R
michler’s ketone [90-94-8] R
mineral oil [8012-95-1],

petroleum residual oils, acid treated, condensates 1

mineral oil, petroleum distillates, acid treated heavy naphthenic 1

mineral oil, petroleum distillates, acid treated heavy paraffinic |

mineral oil, petroleum distillates, acid treated light naphthenic 1

mineral oil, petroleum distillates, acid treated light paraffinic 1

mineral oil, petroleum distillates, heavy & light naphthenic 1

mineral oil, petroleum distillates, heavy & light paraphinic |

mineral oil, petroleum distillates, hydrotreated heavy paraffinic 1

mineral oil, petroleum distillates, hydrotreated light paraffinic 1

mineral oil, petroleum distillates, solvent-dewaxed heavy or

light naphthenic (mild or no solvent-refining or hydrotreatment) 1

mineral oil, petroleum distillates, solvent-dewaxed heavy

paraffinic (mild or no solvent-refining or hydrotreatment) 1

mineral oil, petroleum distillates, solvent-refined (mild) heavy

or light paraffinic 1

mineral oil, petroleum distillates, solvent-refined (mild) light

naphthenic 1

mineral oil, petroleum extracts, heavy or light naphthenic

distillate solvent 1

mineral oil, petroleum extracts, light or heavy paraffinic

distillate solvent 1

mineral oil, petroleum extracts, residual oil solvent 1

mineral oil, petroleum naphthenic oils, catalytic dewaxed heavy

or light (mild or no solvent-refining or hydrotreatment) 1

mineral oil, petroleum paraffin oils, catalytic dewaxed heavy

(mild or no solvent-refining hydrotreatment) 1

mineral oil, petroleum distillates, hydrotreated (mild) heavy or

light naphthenic 1

OSHA- Occupational Safety and Health

NTP- National Toxicology Program, U.S. Department of Health and Human

Administration, U.S. Department of Labor Services
OSHA regulated chemicals marked with “yes” Group K: known to be human carcinogens

Group R: reasonably anticipated to be human carcinogens

IARC- International Agency for Research on Cancer ACGIH- American Conference of Governmental Industrial Hygienists

Group 1: carcinogenic to humans
Group 2A: probably carcinogenic to humans
Group 2B:possibly carcinogenic to humans

Group Al: confirmed human carcinogen
Group A2: suspected human carcinogen
Group A3: confirmed animal carcinogen with unknown relevance to humans
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Table 9

Carcinogens Table: OSHA, IARC, NTP, ACGIH (September 2006)

Chemical OSHA | TARC NTP | ACGIH
mineral oil, petroleum distillates, solvent-dewaxed light
paraffinic (mild or no solvent-refining or hydrotreatment) 1
mineral oil, petroleum distillates, solvent-refined (mild) heavy
naphthenic 1
mineral oils, untreated and mildly treated 1 K
mirex [2385-85-5] 2B R
mitomycin ¢ [50-07-7] 2B
mitoxantrone [65271-80-9] 2B
molybdenum [7439-98-7] as Mo (soluble compounds) A3
monocrotaline [315-22-0] 2B
MOPP & combined chemotherapy including alkylating agent 1
5-(morpholinomethyl)-3-[(5-nitrofurfurylidene)amino]-2-
oxazolidinone [3795-88-8] 2B
mustard gas (sulfur mustard) [505-60-2] 1 K
nafenopin [3771-19-5] 2B
naphthalene [91-20-3] 2B R
2-naphthylamine (alpha & beta) (aminonaphthalene) [91-59-8] yes 1 K Al
neutrons 1 K
nickel alloy [37227-61-5], Ni 47-59, Co 17-20, Cr 13-17, Mo 4.5-
5.7, A13.7-4.7, Ti 3-4, Fe 0-1, C 0-0.1 (AISI 687) 2B
nickel biscyclopentadiene K
nickel carbonyl [13463-39-3] (as Ni) K
nickel compounds 1 K
nickel hydroxide, nickel (II) hydroxide [12054-48-7],
nickel (IIT) hydroxide K
nickel sulfide (3:2) [12035-72-2] (nickel subsulfide) K Al
nickel, insoluble compounds, as Ni (NOS) Al
nickel, compound with pi-cyclopentadienyl (1:2) K
nickel, metallic [7440-02-0] and alloys 2B R
nickel (II) acetate (1:2) [373-02-4] K
nickel (II) carbonate (1:1) [3333-67-3] K
nickel (II) oxide (1:1) K
niridazole [61-57-4] 2B
nitrilotriacetic acid [139-13-9] and its salts 2B R
n-[4-(5-nitro-2-furyl)-2-thiazolyl]acetamide [531-82-8] 2B
S-nitroacenaphthene [602-87-9] 2B
2-nitroanisole [91-23-6] 2B R
nitrobenzene [98-95-3] 2B R A3
4-nitrobiphenyl (4-nitrodiphenyl ) [92-93-3] yes A2

OSHA- Occupational Safety and Health

NTP- National Toxicology Program, U.S. Department of Health and Human

Administration, U.S. Department of Labor Services
OSHA regulated chemicals marked with “yes” Group K: known to be human carcinogens

Group R: reasonably anticipated to be human carcinogens

IARC- International Agency for Research on Cancer ACGIH- American Conference of Governmental Industrial Hygienists

Group 1: carcinogenic to humans
Group 2A: probably carcinogenic to humans
Group 2B:possibly carcinogenic to humans

Group Al: confirmed human carcinogen
Group A2: suspected human carcinogen
Group A3: confirmed animal carcinogen with unknown relevance to humans
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Carcinogens Table: OSHA,

Table 9
IARC, NTP, ACGIH (September 2006)

Chemical OSHA | TARC NTP | ACGIH
p-nitrochlorobenzene [100-00-5] A3
6-nitrochrysene [7496-02-8] 2B R
nitrofen [1836-75-5], (technical-grade) 2B R
2-nitrofluorene [607-57-8] 2B
1-[(5-nitrofurfurylidene)amino]-2-imidazolidinone [555-84-0] 2B
nitrogen mustard [51-75-2], and hydrochloride 2A R
nitrogen mustard n-oxide [126-85-2] 2B
nitromethane [75-52-5] 2B R A3
2-nitropropane [79-46-9] 2B R A3
1-nitropyrene [5522-43-0], and 4-nitropyrene [57835-92-4] 2B R
n-nitroso-n-ethylurea R
n-nitrosobutylbutanolamine R
n-nitrosobutylcarboxypropylamine R
n-nitrosodi-n-butylamine [924-16-3] 2B R
n-nitrosodi-n-propylamine [621-64-7] 2B R
n-nitrosodiethanolamine [1116-54-7] 2B R
n-nitrosodiethylamine [55-18-5] 2A R
n-nitrosodimethylamine [62-75-9] yes 2A R A3
4-(n-nitrosomethylamino)-1-(3-pyridyl)-1-butanone
(NNK) [64091-91-4] 2B R
3-(n-nitrosomethylamino)propionitrile [60153-49-3] 2B
n-nitrosomethylethylamine [10595-95-6] 2B
n-nitrosomethylvinylamine [4549-40-0] 2B R
n-nitrosomorpholine [59-89-2] 2B R
n’-nitrosonornicotine (NNN) [16543-55-8] 2B R
n-nitrosopiperidine [100-75-4] 2B R
n-nitrosopyrrolidine [930-55-2] 2B R
n-nitrososarcosine [13256-22-9] 2B R
non arsenic insecticides 2A
norethisterone R
ochratoxin A [303-47-9] 2B R
oestrogen-proestrogen therapy, postmenopausal 1
oestrogens, steroidal and nonsteroidal |
oil orange SS [2646-17-5] 2B
opisthorchis viverrini (infection with) 1
oral contraceptives, sequential and combined 1
oxazepam [604-75-1] 2B
4,4’-oxydianiline [101-80-4] R
oxymetholone R

OSHA- Occupational Safety and Health

Administration, U.S. Department of Labor
OSHA regulated chemicals marked with “yes”

NTP- National Toxicology Program, U.S. Department of Health and Human
Services

Group K: known to be human carcinogens

Group R: reasonably anticipated to be human carcinogens

IARC- International Agency for Research on Cancer
Group 1: carcinogenic to humans

Group 2A: probably carcinogenic to humans

Group 2B:possibly carcinogenic to humans

ACGIH- American Conference of Governmental Industrial Hygienists
Group Al: confirmed human carcinogen

Group A2: suspected human carcinogen
Group A3: confirmed animal carcinogen with unknown relevance to humans
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Carcinogens Table: OSHA,

Table 9
IARC, NTP, ACGIH (September 2006)

Chemical OSHA | IARC NTP | ACGIH
painter (occupational exposure as a) 1
palygorskite (attapulgite) [12174-11-7]
(long fibers, >5 micrometers 2B
panfuran S [794-93-4] (containing dihydroxymethylfuratrizine) 2B
pentachlorobiphenyl R
pentachlorophenol [87-86-5] A3
petroleum refining (occupational exposures in) 2A
phenacetin [62-44-2] 2A R
phenazopyridine hydrochloride [136-40-3] 2B R
Phenobarbital [50-06-6] 2B
phenolphthalein [77-09-8] 2B R
phenoxybenzamine hydrochloride [63-92-3] 2B R
phenyl glycidyl ether [122-60-1] 2B A3
o-phenylenediamine [95-54-5] A3
phenylhydrazine [100-63-0] A3
phenytoin [57-41-0] 2B R
PhIP (2-amino-1-methyl-6-phenyl-imidazo[4,5-b]pyridine
[105650-23-5] 7B
phosphorus-32, as phosphate 1
pickled vegetables (traditional in Asia) 2B
piperazine estrone sulfate (conjugated estrogen) K
plutonium-239 and decay products 1
polybrominated biphenyl (FF-1), and (PBBs),
firemaster BP-6 [59536-65-1], octabromobiphenyl 2B R
polychlorinated biphenyl (aroclor 1254) [11097-69-1] 2A R
polychlorinated biphenyl (aroclor 1260) [11096-82-5],
and kanechlor R
polychlorinated biphenyl [PCBs] [1336-36-3] 2A R
polychlorophenols and their sodium salts (mixed exposures) 2B
polycyclic aromatic hydrocarbons (PAHs) R
ponceau 31 [3564-09-8] 2B
ponceau mx [3761-53-3] 2B
potassium bromate [7758-01-2] 2B
potassium chromate (VI) [7789-00-6], and dichromate (VI) 1 K
printing processes (occupational exposures in) 2B
procarbazine hydrochloride [366-70-1] 2A R
progesterone [57-83-0] R
progestins 2B
progestrogen-only contraceptives 2B

OSHA- Occupational Safety and Health

Administration, U.S. Department of Labor
OSHA regulated chemicals marked with “yes”

NTP- National Toxicology Program, U.S. Department of Health and Human
Services

Group K: known to be human carcinogens

Group R: reasonably anticipated to be human carcinogens

IARC- International Agency for Research on Cancer
Group 1: carcinogenic to humans

Group 2A: probably carcinogenic to humans

Group 2B:possibly carcinogenic to humans

ACGIH- American Conference of Governmental Industrial Hygienists
Group Al: confirmed human carcinogen

Group A2: suspected human carcinogen
Group A3: confirmed animal carcinogen with unknown relevance to humans
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Table 9

Carcinogens Table: OSHA, IARC, NTP, ACGIH (September 2006)

Chemical OSHA | TARC NTP | ACGIH
1,3-propane sultone [1120-71-4] 2B R A3
n-propanol (propyl alcohol) [71-23-8] A3
B-propiolactone [57-57-8] yes 2B R A3
propoxur (baygon) [114-26-1] A3
propylenimine [75-55-8] A3
propylene oxide [75-56-9] 2B R A3
propylthioracil [51-52-5] 2B R
pyridine [110-86-1] A3
radionuclides, alpha and beta emitting — internally distributed 1
radioiodines, short lived isotopes 1
radium-224, 226, 228 and decay products 1
radon-222 [10043-92-2] and its decay products 1 K
refractory ceramic fibres 2B
reserpine [50-55-5] R
riddelliine [23246-96-0] 2B
rock wool fibers A3
rubber industry 1
safrole [94-59-7] 2B R
salted fish (Chinese style) 1
schistosoma haematobium (infection with) 1
schistosoma japonicum (infection with) 2B
selenium sulfide (selenium monosulfide) [7446-34-6] R
shale-oils [68308-34-9] 1
silica [14808-60-7], crystalline (respirable) 1 K
silica, crystalline cristobalite [14464-46-1],
tridymite & quartz [14808-60-7], [1317-95-9] K A2
silicic acid, beryllium salt [15191-85-2] 1
silicon carbide [409-21-2] (fibrous) A2
smooth film, metallic cobalt, nickel 2B
sodium dichromate (VI) 1 K
sodium o-phenylphenate [132-27-4] 2B
solar radiation 1 K
soots 1 K
special-purpose fibres (E-glass, 475 glass fibres) 2B
sterigmatocystin [10048-13-2] 2B
streptozotocin [18883-66-4] 2B R
strontium chromate (V1) [7789-06-2] 1 K A2
styrene [100-42-5] 2B
styrene-7,8-oxide [96-09-3] 2A R

OSHA- Occupational Safety and Health

Administration, U.S. Department of Labor
OSHA regulated chemicals marked with “yes”

NTP- National Toxicology Program, U.S. Department of Health and Human
Services

Group K: known to be human carcinogens

Group R: reasonably anticipated to be human carcinogens

IARC- International Agency for Research on Cancer
Group 1: carcinogenic to humans

Group 2A: probably carcinogenic to humans

Group 2B:possibly carcinogenic to humans

ACGIH- American Conference of Governmental Industrial Hygienists
Group Al: confirmed human carcinogen

Group A2: suspected human carcinogen

Group A3: confirmed animal carcinogen with unknown relevance to humans
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Carcinogens Table: OSHA,

Table 9
IARC, NTP, ACGIH (September 2006)

Chemical OSHA | TARC NTP | ACGIH
sulfallate 95-06-7] 2B R
sulfuric acid [7664-93-9],
strong inorganic mists, occupational exposure to 1 K A2
sunlamps and sunbeds 2A K
synthetic vitreous fibers A2
talc [14807-96-6] (containing asbestos or asbestiform fibers) 1 Al
tamoxifen [10540-29-1] 1 K
tars 1 K
teniposide [29767-20-2] 2A
2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD) (dioxin) [1746-01-6] 1 K
1,1,2,2-tetrachloroethane [79-34-5] A3
tetrachloroethylene (perchloroethylene) [127-18-4] 2A R A3
tetrafluoroethylene [116-14-3] 2B R A3
tetrahydrofuran [109-99-9] A3
tetranitromethane [509-14-8] 2B R A3
textile manufacturing industry (work in) 2B
thioacetamide [62-55-5] 2B R
4.4’-thiodianiline [139-65-1] 2B R
thiotepa [52-24-4] 1 K
thiouracil [141-90-2] 2B
thiourea R
thorium-232 and decay products 1
thorium dioxide (thorium oxide) [1314-20-1] K
tobacco smoke, tobacco products, smokeless 1 K
o-tolidine [119-93-7] A3
2,6-toluene diisocyanate, and 2,4- [584-84-0] 2B
toluene diisocyanate [26471-62-5] (mixed isomers) 2B R
p-toluidine [106-49-0] R A3
o-toluidine [95-53-4] 2A R A3
o-toluidine hydrochloride [636-21-5] R
toxaphene (polychlorinated camphenes) [8001-35-2] 2B R A3
treosulphan [299-75-2] 1
trichlormethine (trimustine hydrochloride) [817-09-4] 2B
trichloroacetic acid [76-03-9] A3
1,1,2-trichloroethane [79-00-5] A3
trichloroethylene (ethylene trichloride) [79-01-6] 2A R
2,4,6-trichlorophenol [88-06-2] R
1,2,3-trichloropropane [96-18-4] 2A R A3

OSHA- Occupational Safety and Health

Administration, U.S. Department of Labor
OSHA regulated chemicals marked with “yes”

NTP- National Toxicology Program, U.S. Department of Health and Human
Services

Group K: known to be human carcinogens

Group R: reasonably anticipated to be human carcinogens

IARC- International Agency for Research on Cancer
Group 1: carcinogenic to humans

Group 2A: probably carcinogenic to humans

Group 2B:possibly carcinogenic to humans

ACGIH- American Conference of Governmental Industrial Hygienists
Group Al: confirmed human carcinogen

Group A2: suspected human carcinogen
Group A3: confirmed animal carcinogen with unknown relevance to humans
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Table 9

Carcinogens Table: OSHA, IARC, NTP, ACGIH (September 2006)

Chemical OSHA | TARC NTP | ACGIH
trp-P-1(3-amino-1,4-dimethyl-5H-pyrido[4,3-b]indole)
[62450-06-0] 2B
trp-P-2(3-amino-1-methyl-5H-pyrido[4,3-b]indole [62450-07-1] 2B
trypan blue [72-57-1] 2B
ultraviolet radiation A, and B, and C 2A R
ultraviolet radiation, broad spectrum K
uracil mustard [66-75-1] 2B
uranium (as U) [7440-61-1] Al
urethane [51-79-6] 2B R
vanadium pentoxide [1314-62-1] 2B
vm & p naphtha [8032-32-4] A3
vinyl acetate [108-05-4] 2B A3
vinyl bromide [593-60-2] 2A R A2
vinyl chloride [75-01-4] yes 1 K Al
4-vinyl cyclohexene [100-40-3] 2B A3
vinyl cyclohexene dichloride A3
vinyl fluoride [75-02-5] 2A R A2
4-vinyl-1-cyclohexene diepoxide [106-87-6] 2B R
n-vinyl-2-pyrrolidone [88-12-0] A3
welding fumes 2B
wood dust (beech & oak) 1 K Al
wood dust (birch, mahogany, teak & walnut) A2
xylidine [1300-73-8] A3
zalcitabine [7481-89-2] 2B
zidovudine (AZT) [30516-87-1] 2B
zinc chromate (VI) 1 K Al
zinc chromate (VI) hydroxide 1
zinc chromates, as Cr [13530-65-9] [11103-86-9] [37300-23-5] Al

OSHA- Occupational Safety and Health

NTP- National Toxicology Program, U.S. Department of Health and Human

Administration, U.S. Department of Labor Services
OSHA regulated chemicals marked with “yes” Group K: known to be human carcinogens

Group R: reasonably anticipated to be human carcinogens

IARC- International Agency for Research on Cancer ACGIH- American Conference of Governmental Industrial Hygienists

Group 1: carcinogenic to humans
Group 2A: probably carcinogenic to humans
Group 2B:possibly carcinogenic to humans

Group Al: confirmed human carcinogen
Group A2: suspected human carcinogen
Group A3: confirmed animal carcinogen with unknown relevance to humans

The Ohio State University Office of Environmental Health & Safety Chemical Hygiene Plan
Table 9 Carcinogens Table: OSHA, IARC, NTP, ACGIH Page 17

Revision 9/06







Table 10

PARTIAL LIST OF REPRODUCTIVE TOXINS

(From: “Reproductive Hazards of the Workplace” by Linda M. Frazier, MD, MPH & Marvin L. Hage, MD)

CHEMICAL / ROUTE OF COMMENTS / POTENTIAL PROBLEMS
ENTRY
acrylamide [resp/skin] | animal-decrease copulatory behavior & fertility, possible fetotoxin
acrylates [resp/skin] | animal-possible fetotoxin, decrease in fetal size
aflatoxin B1 [oral/resp] | human-mutagen, decrease male fertility, animal-teratogen, fetotoxin,
decrease sperm counts, increase sperm abnormalities
aldicarb [resp/skin/oral] | human-at near toxic levels may cause stillbirth
aluminum [resp] | animal-neurotoxin mid to late term
ammonia [resp] | human-spermicide

anesthetic gases (enflurane,
halothane, nitrous oxide)

human-decrease in female fertility when exposed to nitrous oxide > 5 hours
a week, mixed gases may increase chance of spontaneous abortion,

[resp] | decrease birth weight, animal-teratogen, embryotoxin, nitrous oxide-
reduced sperm counts, mixed gases-possible reduced fertility,
aniline & derivatives human-possible menstrual & ovarian disorders, reduction of , maternal and
[resp/skin] | fetal blood oxygen
antimony [resp] | animal-increase spontaneous abortion rate
antineoplastic agent human-testicular & ovarian dysfunction, permanent sterility, increased rate
[resp/oral/skin] | of spontaneous abortion, ectopic pregnancy, decrease birth weight, animal-
teratogen, embryolethal
arsine [resp] | animal-teratogen
arsenic [resp/skin/oral] | human-possible chromosomal and testicular toxin, increased rate of
spontaneous abortion, teratogen, mutagen, fetotoxin
barium [resp/oral] | animal-soluble compound (carbonate, chloride) acute testicular toxicity
benomyl [resp/oral] | human-possible teratogen, animal-possible teratogen, testicular toxin,
increase rate of post implantation mortality,
benzene [resp/skin] | animal-fetal death, delayed ossification
beryllium [resp] | possible human mutagen (sperm), fetal stunting, pre-implantation mortality
boric acid [skin/resp] | animal-high dose tests- borax is testicular toxin, female impaired fertility
1,3-butadiene [resp] | human-increased rate of abnormal sperm, animal-reduced fetal weight
cadmium [resp/oral] | human mutagen, decrease in motility counts, testicular necrosis, may
prevent egg implantation, increase stillbirth rate, animal-teratogen, fetotoxic
captan [oral/resp] | human-mutagen, possible teratogen, animal-possible teratogen, testicular
toxin, increase post implant mortality
carbaryl [oral/resp/skin] | human-weak mutagen, animal-increased rate of sperm abnormality,

decreased sperm counts & function, teratogen only at toxic levels

carbon disulfide [resp/skin]

human-reduced male libido, alterations of menstrual cycle, increased rate
of spontaneous abortion and neurobehavioral abnormalities after birth

carbon monoxide [resp]

human-fetal asphyxiation, increased rate of neurological abnormalities,
malformations, animal-reduced fetal weight,

chlordecone
[skin/resp/oral/ocular]

human-decreased motility, animal-reduced male fertility, reduced litter size,
increase in mouse resorptions, subtle neurobehavioral changes

chlorine dioxide, chlorite,

animal-reduced weight between birth and weaning

chlorate [resp/skin/oral]

chloroform [resp/skin] | animal-increased rate of fetal loss, reduced fertility

chloroprene [resp] | human-possible increase in spontaneous abortion rate , animal-reduced
male fertility

chlorpryrifos [oral/skin] | animal-near lethal doses decrease sperm motility, possible neurotoxin

chromium [resp] | human genotoxin, decreased motility counts

cobalt [resp] | animal-seminiferous tubule degeneration

copper [resp] | human-direct contact is toxic to sperm, low motility counts
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Table 10

PARTIAL LIST OF REPRODUCTIVE TOXINS

(From: “Reproductive Hazards of the Workplace” by Linda M. Frazier, MD, MPH & Marvin L. Hage, MD)

CHEMICAL / ROUTE OF COMMENTS / POTENTIAL PROBLEMS
ENTRY
cyfluthrin  [oral/resp/skin] | animal-large exposures through pregnancy caused neurological dysfunction
cypermethrin [oral/resp] | animal-large exposures through pregnancy caused neurological dysfunction
2,4-D [skin] | human-(reversible) abnormal sperm, animal-possible teratogen at toxic
levels
DDT  [resp/ocular/skin/oral] | human-possible male infertility,

DEET (N,N-diethyl-m-

human-at (maternal) high dose exposures there is an increase in acute

toluamide) [skin/oral] | neurotoxic symptoms in children
diazinon [oral/skin] | animal-teratogen, reduced genital weight, decreased motility, increase in
sperm mortality
dibromochloropropane human-testicular damage, animal-mutagen, genotoxin
[oral/skin/resp]
dicamba [skin/resp] | animal-(single study) induced unscheduled DNA synthesis

1,3-dichloropropene and
1,2-dichloropropane [resp/skin]

animal-mutagen, causes testicular degeneration, reduced sperm counts,
abnormal sperm

dimethylformamide [resp/skin]

human-possible testicular cancer, inconsistent data indicates teratogen

epichlorhydrin  [resp/skin]

animal-male reproductive toxin, sterility,

ethidium bromide [skin/resp]

animal-mutagen, embryotoxin

ethyl alcohol [resp/oral/skin]

human-high doses suggest an increased rate of miscarriages & stillbirths,
fetal alcohol syndrome, occupational exposure problems rarely encountered

ethylene bisdithiocarbamate

animal-possible teratogen near lethal dose

[resp]
ethylene oxide [resp] | human-teratogen, increased rate of spontaneous abortions, animal-
teratogen, testicular toxin, increased rate of sterility, decreased fertility
formaldehyde [resp] | human-one study suggests a slight % increase in spontaneous abortion and

subtle neurobehavioral abnormalities, animal-decreased sperm motility,
reduced fetal & maternal weight

glutaraldehyde [resp/oral/skin]

animal-cytotoxin (bacteria)

glycidyl ethers [skin/resp] | animal-testicular atrophy

glyphosate [oral/skin] | animal-sperm count reduction at high concentrations

hair dyes [skin] | human-may cause neuroblastoma, animal-bacterial mutagen (coal tar)

hexachlorobenzene [oral/resp] | human-long half life, excessive exposures can result from breast milk,
animal-menstrual irregularities, neonatal lethality at high doses

hexane (n-) [resp] | animal-testicular toxin, reduced fetal weight

hydrazine & derivatives [resp] | animal-abnormal sperm, reduced fetal weight, increased rate of resorptions,

hydrogen cyanide [resp/skin]

animal-impaired spermatogenesis & fertility, reduced brain function

hydrogen sulfide [resp] | human-fetal asphyxiation, increased rate of menstrual irregularities,

hydroquinone  [resp/skin] | animal-reduced testicular weight, increased rate of resorptions, recent
studies suggest that hydroquinone is not a reproductive toxin

indium [resp] | animal-teratogen, testicular and sperm abnormalities

iron [resp] | human-decline in semen parameters,

isocyanates [resp] | human-increased risk of spontaneous abortion and stillbirths, animal-male
decrease in successful matings, female persistent diestrus, increased rate of
resorptions,

lead [resp/oral/skin] | human-decrease in motility counts, increased rate of preterm deliveries,
stillbirths, neurological abnormalities

lindane [resp/skin] | animal-testicular degeneration, altered fetal steroid metabolism

malathion [oral/skin] | human-(applicators) increase in chromosomal abnormalities, animal-

testicular atrophy
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Table 10

PARTIAL LIST OF REPRODUCTIVE TOXINS

(From: “Reproductive Hazards of the Workplace” by Linda M. Frazier, MD, MPH & Marvin L. Hage, MD)

CHEMICAL / ROUTE OF COMMENTS / POTENTIAL PROBLEMS
ENTRY
manganese [resp] | human-possible decline in sperm parameters (excessive exposure &
manganese deficient), animal-adverse neurodevelopmental effects from
breast milk, retarded offspring growth
mercury [resp/oral/skin] | human-mutagen, teratogen, neurotoxin, increased rate of spontaneous

abortion, embryolethal, menstrual irregularities

methyl alcohol [resp/oral/skin]

animal-decrease testicle size, reduced sperm counts, high dose (inhale
>5,000 ppm) teratogen,

methyl bromide [resp] | animal-(high dose studies near toxic levels) mutagen, genotoxin
methyl chloride [resp] | animal-reduced male fertility, testicular degeneration, heart valve defects
methyl ethyl ketone [resp] | animal-at high doses (3,000 ppm-7 hour days) minor birth defects

methylene chloride [resp/skin]

animal-fetotoxic, neurologic deficits because it is metabolized into CO

methylpyrrolidone (N)[resp/skin]

animal-fetotoxin

molybdenum [resp/oral] | human-mutagen, animal-embryolethal

nickel [resp/oral] | human-mutagen, decline in semen parameters, animal-embryolethal,
increased rate of fetal growth retardation and skeletal anomalies

nitriles [resp/skin] | animal-teratogen, reduced sperm counts, increased rate of resorptions,

nitrates, nitrites & organic nitro | human-reduced oxygen uptake causing oxygen debt, animal-testicular

compounds  [resp/skin/oral] | toxin, abortifacient

paraquat [resp/oral/skin] | animal-mutagen, embryotoxin

pentamidine [resp/skin/oral] | animal-increased rate of resorptions

perchloroethylene [resp] | human-possible increased rate of spontaneous abortion (only a few studies
were completed)

permethrin [oral/resp] | animal-large exposures through pregnancy caused neurological dysfunction

phenol [skin/resp/oral] | animal-minimal embryotoxin

phenoxyacid herbicides [oral] | animal-fetotoxin at high doses

phthalates  [oral/resp/skin] | animal-possible teratogen, testicular toxin, increased rate of resorptions &

stillbirths

polybrominated biphenyls

animal-possible prolonged menstrual cycles, blocked implantation,

[oral/skin/resp] | increased rate of resorptions, increased fetal liver weight
polychloronated biphenyls human-hyperpigmentaion, possible reduction of birth weights do to
[skin/oral] | shortened gestation, neurological delay, animal-testicular toxin, reduced

female conception rates, fetotoxin at high dose, decrease birth weight,

polycyclic aromatic

hydrocarbons [resp/oral] | animal-gonadotoxin, increased rate of stillbirths & resorptions,

providone-iodine [skin/oral] | human-possible fetal goiter due to elevated iodine levels

selenium [resp/oral] | animal-teratogen, embryolethal

sodium azide [oral/resp] | animal-embryotoxin, increased rate of resorptions

styrene [resp/skin] | human-associated with sperm abnormalities, menstrual disorders, animal-
possible genotoxin

tellurium [resp] | human-does not cross the placenta, animal-mutagen

thallium [resp/oral/skin] | human-induces abortion, absorbed by testicles, animal-lethal mutagen,
teratogen

tin [resp/skin] | animal-possible increase in subtle neurological & skeletal deformities

titanium dioxide [resp] | animal-embryolethal, reduction in litter sizes

toluene [resp/skin] | human-increased rate of spontaneous abortion at 50-150 ppm TWA,

intentional inhalation-microcephali, growth retardation, learning delayed

1,1,1-trichloroethane [resp/skin]

human-acute exposure at high concentrations cause fetal death (drug abuse)

trichloroethylene [resp/skin]

human-decreased libido, increase in menstrual disorders at levels that effect
CNS

tungsten [resp]

animal-possible embryolethal (single study)

The Ohio State University Office of Environmental Health and Safety Chemical Hygiene Plan

Table 10 Partial List of Reproductive Toxins Page 3
Revision 4-06






Table 10

PARTIAL LIST OF REPRODUCTIVE TOXINS

(From: “Reproductive Hazards of the Workplace” by Linda M. Frazier, MD, MPH & Marvin L. Hage, MD)

CHEMICAL / ROUTE OF COMMENTS / POTENTIAL PROBLEMS
ENTRY
uranium [resp/oral] | animal-nephrotoxin, genotoxin (from radiation)
vanadium pentoxide [resp] | animal-mutagen (at high doses), decrease in fertility rates
vinyl chloride [resp] | human-increased rate of impotence, decreased libido, decreased
testosterone, change in menstrual cycles, pregnancy complications
xylene [resp/skin] | animal-increased rate of abnormal sperm, may also be genotoxic and

mutagenic (rats only)

zinc chloride & oxide [resp]

human-deficiency is teratogenic and can cause behavioral abnormalities,
zinc salts are spermicidal
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Table 11
Partial List of Toxic Metals and Metal Compounds

Antimony, antimony compounds
Arsenic, arsenic compounds, arsine
Barium, soluble compounds, sulfate
Beryllium, compounds

Boron, borates, boron halides
Cadmium, salts

Chromium, compounds
Germanium tetrahydride

Indium, compounds

Iron salts, soluble

Lead, salts, organo compounds
Manganese compounds

Mercury metal, compounds, organo compounds
Molybdenum compounds

Nickel compounds

Osmium compounds, tetroxide
Rhodium compounds

Selenium compounds

Silver compounds, soluble
Tellurium compounds

Thallium compounds, soluble

Tin compounds, inorganic and organic
Tungsten compounds, soluble
Uranium compounds

Yttrium metal and compounds
Zinc, chromates, oxide dust
Zirconium compounds
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Table 12
Partial List of Oxidizers

‘Increase Rate of Combustion

‘Aluminum nitrate HPerchloric acid 60% or less
‘Ammonium persulfate ”Potassium chlorate
‘Barium chlorate ”Potassium dichromate
‘Barium peroxide ”Potassium nitrate
‘Calcium chlorate ”Potassium persulfate
‘Calcium nitrate HSilver nitrate
‘Calcium peroxide HSilver nitrite

‘Cupric nitrate HSodium perborate
‘Hydrogen peroxide HSodium perchlorate
‘Lead nitrate HSodium persulfate
‘Lithium hypochlorite ”Strontium chlorate
‘Lithium peroxide ”Strontium nitrate
‘Magnesium nitrate ”Strontium nitrite
‘Magnesium perchlorate ”Thorium nitrite
‘Magnesium peroxide ”Uranium nitrate
‘Nickel nitrate HZinc chlorate

‘Nitric acid 70% or less HZinc peroxide

‘Cause Spontaneous Ignition

‘Calcium hypochlorite ”Sodium chlorite (>40%)
‘Chromic acid ”Sodium peroxide

‘Hydrogen peroxide (27.5-52%) ”Sodium permanganate

‘Nitric acid ”Trichloroisocyanuric acid
‘Potassium bromate ”Sodium dichloroisocyanurate

‘Potassium permanganate ”

‘Decompose with Catalyst or Heat

‘Ammonium dichromate HPerchloric acid (60-72.5%)
‘Hydrogen peroxide (52-91%) ”Potassium dichloroisocyanurate
‘Calcium hypochlorite (>50%) HSodium dichloroisocyanurate

‘Cause Explosive Reaction when exposed to Catalyst, Heat, Shock, or Friction

‘Ammonium perchlorate HPerchloric acid

‘Ammonium permanganate ”Potassium superoxide
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Table 13
Compounds with a High Degree of Acute Toxicity

Toxic Highly Toxic
Oral LDs 50-500 mg/kg <50 mg/kg
(albino rats)
Skin Contact LDs, 200-1000 mg/kg <200 mg/kg
(albino rabbits, 24 hour)
Inhalation LDsy, 200-2000 ppm/air <200 ppm/air
(albino rats, one hour)

Any chemical meeting criteria in the Highly Toxic column is considered by OSHA as an
extremely hazardous substance.

Examples of Chemicals with a High Degree of Acute Toxicity

Acrolein Nickel Carbonyl

Arsine Nitrogen dioxide
Chlorine Osmium tetroxide
Diazomethane Ozone

Diborane (gas) Phosgene

Hydrogen cyanide Sodium azide

Hydrogen fluoride Sodium cyanide

Methyl fluorosulfonate (and other cyanide salts)

Source: Prudent Practices in the Laboratory, National Academy Press, pg. 42, (1995)
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Chemical Hyagiene Plan Appendix A
Hazardous Chemical Inventory Form

Department Laboratory Building and Room Number
Laboratory Supervisor or Principal Investigator Inventory
Date
Chemical name Container Amount Number of Containers Building Room
Phenol 1Kg 2 Graves Hall 212
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Chemical Hyqgiene Plan Appendix A
Chemicals with a “4” rating by NFPA 49

This table lists hazardous chemicals that have the highest hazard rank (4) in the health,
flammability or reactivity category based on NFPA 49. Chemicals with hazard ranks of 2, 3, and
4 in any category need to be included in the inventory as well as those meeting the definitions of
hazardous materials in this Chemical Hygiene Plan. A complete list of chemicals found in NFPA

49 and NFPA 325 can be accessed at this link: http://www.hazmat.msu.edu:591/nfpa.

Chemical Name Health Flammability Reactivity Water reactive or
rating rating rating oxidizing
3 - Bromopropyne 3 3 4
Acetaldehyde 3 4 2
Acetone Cyanohydrin, 4 2 2
stabilized
Acetylene 0 4 3
Acrolein, inhibited 4 3 3
Acrylonitrile, inhibited 4 3 2
Allyl alcohol 4 3 1
Allylamine 4 3 1
Aluminum alkyls 3 4 3 water reactive
Aluminum phosphide 4 4 2 water reactive
Ammonium perchlorate 1 0 4 oxidizing
Antimony pentafluoride 4 0 1
Arsenic pentafluoride 4 0 1
Arsine 4 4 2
Boron trifluoride 4 0 1
Bromine pentafluoride 4 0 3 water reactive,
oxidizing
Bromine trifluoride 4 0 3 water reactive,
oxidizing
Butadienes, inhibited 2 4 2
Butyllithium 3 4 2 water reactive
Carbon disulfide 3 4 0
Carbon monoxide 3 4 0
Chlorine 4 0 0 oxidizing
Chlorine trifluoride 4 0 3 water reactive,
oxidizing
Chlorodinitrobenzenes 3 1 4
Chloropicrin 4 0 3
Chlorosulfonic acid 4 0 2 water reactive,
oxidizing
Crotonaldehyde, stabilized 4 3 2
Cyanogen bromide 4 0 1
Cyanogen, liquified 4 4 2
Diborane 4 4 3 water reactive
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Chemical Hyqgiene Plan Appendix A
Chemicals with a “4” rating by NFPA 49

This table lists hazardous chemicals that have the highest hazard rank (4) in the health,
flammability or reactivity category based on NFPA 49. Chemicals with hazard ranks of 2, 3, and
4 in any category need to be included in the inventory as well as those meeting the definitions of
hazardous materials in this Chemical Hygiene Plan. A complete list of chemicals found in NFPA

49 and NFPA 325 can be accessed at this link: http://www.hazmat.msu.edu:591/nfpa.

Chemical Name Health Flammability Reactivity Water reactive or
rating rating rating oxidizing

Dichlorodimethyl ether

Dichlorosilane water reactive

Diethyl ether

Diethyl telluride water reactive

Diethylaluminum chloride water reactive

Diethylzinc water reactive

Diketene, inhibited

Dimethyl ether

Dimethyl sulfate

Dimethylamine, anhydrous

Dimethylamine, solution
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Dimethylhydrazine,
unsymetrical

Dinitrobenzenes

Ethyl methyl ether

Ethyl nitrite solutions

Ethylamine

Ethylchloroformate

Ethylene chlorohydrin

Ethylene oxide

Ethylene, compressed

Ethylenimine, inhibited

Fluorine, compressed water reactive

Formaldehyde, flammable

Formaldehyde, solutions

Germane water reactive
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Hydrogen cyanide,
anhydrous, stabilized

o
o
N

Hydrogen cyanide,
anhydrous, stabilized,
absorbed in a porous inert
material

Hydrogen fluoride, 4 0 1
anhydrous

Hydrogen sulfide, liquified 4 4 0
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Chemical Hyqgiene Plan Appendix A
Chemicals with a “4” rating by NFPA 49

This table lists hazardous chemicals that have the highest hazard rank (4) in the health,
flammability or reactivity category based on NFPA 49. Chemicals with hazard ranks of 2, 3, and
4 in any category need to be included in the inventory as well as those meeting the definitions of
hazardous materials in this Chemical Hygiene Plan. A complete list of chemicals found in NFPA

49 and NFPA 325 can be accessed at this link: http://www.hazmat.msu.edu:591/nfpa.

Chemical Name

Health
rating

Flammability
rating

Reactivity
rating

Water reactive or
oxidizing

Hydrogen, refrigerated liquid

Isoprene, inhibited

Isopropylamine

Methyl formate

Methyl isocyanate

water reactive

Methyl mercaptan

Methyl vinyl ketone

Methylamine, anhydrous

Methylamine, aqueous
solution
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Methylhydrazine

Natural gas, liquified

Nickel carbonyl

Nickel catalyst

Nitric acid (> 40%)

oxidizing

Nitric acid, fuming

oxidizing

Nitromethane

Pentaborane

Peracetic acid (<40%)

oxidizing

Phenol, molten

Phenol, solid

Phenol, solutions

Phosgene

Phosphorus oxychloride

water reactive

Phosphorus trichloride

water reactive

Phosphorus, white, molten

Phosphine

Picric acid, wet, with not less
than 10% water
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Propargyl alcohol

Propylene oxide

Silane

Stibine

Tetrafluoroethylene,
inhibited
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Chemical Hyqgiene Plan Appendix A
Chemicals with a “4” rating by NFPA 49

This table lists hazardous chemicals that have the highest hazard rank (4) in the health,
flammability or reactivity category based on NFPA 49. Chemicals with hazard ranks of 2, 3, and
4 in any category need to be included in the inventory as well as those meeting the definitions of
hazardous materials in this Chemical Hygiene Plan. A complete list of chemicals found in NFPA

49 and NFPA 325 can be accessed at this link: http://www.hazmat.msu.edu:591/nfpa.

Chemical Name Health Flammability Reactivity Water reactive or
rating rating rating oxidizing

Thionyl chloride water reactive

Trichlorosilane water reactive

Triethylaluminum water reactive

Triisobutylaluminum water reactive

Trimethoxysilane

Trimethylamine

Vinyl acetylene

Vinyl chloride, inhibited

Vinyl ether
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Vinylidene chloride,
inhibited
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§1910.1201

Does a list of the hazardous chemicals
exist in each work area or at a central loca-
tion?

Are methods the employer will use to in-
form employees of the hazards of non-routine
tasks outlined?

Are employees informed of the hazards as-
sociated with chemicals contained in
unlabeled pipes in their work areas?

On multi-employer worksites, has the em-
ployer provided other employers with infor-
mation about labeling systems and pre-
cautionary measures where the other em-
ployers have employees exposed to the ini-
tial employer’s chemicals?

Is the written program made available to
employees and their designated representa-
tives?

If your program adequately addresses the
means of communicating information to em-
ployees in your workplace, and provides an-
swers to the basic questions outlined above,
it will be found to be in compliance with the
rule.

5. Checklist for Compliance

The following checklist will help to ensure
you are in compliance with the rule:
Obtained a copy of the rule.
Read and understood the requirements.
Assigned responsibility for tasks.

Prepared an inventory of chemicals.

Ensured containers are labeled.

Obtained MSDS for each chemical.

Prepared written program.

Made MSDSs available to workers.

Conducted training of workers.

Established procedures to maintain current
program.

Established procedures to evaluate effective-
ness.

6. Further Assistance

If you have a question regarding compli-
ance with the HCS, you should contact your
local OSHA Area Office for assistance. In ad-
dition, each OSHA Regional Office has a Haz-
ard Communication Coordinator who can an-
swer your questions. Free consultation serv-
ices are also available to assist employers,
and information regarding these services can
be obtained through the Area and Regional
offices as well.

The telephone number for the OSHA office
closest to you should be listed in your local
telephone directory. If you are not able to
obtain this information, you may contact
OSHA'’s Office of Information and Consumer
Affairs at (202) 219-8151 for further assistance
in identifying the appropriate contacts.

[59 FR 6170, Feb. 9, 1994, as amended at 59 FR
17479, Apr. 13, 1994; 59 FR 65948, Dec. 22, 1994;
61 FR 9245, Mar. 7. 1996]

29 CFR Ch. XVII (7-1-07 Edition)

§1910.1201 Retention of DOT mark-
ings, placards and labels.

(@) Any employer who receives a
package of hazardous material which is
required to be marked, labeled or plac-
arded in accordance with the U. S. De-
partment of Transportation’s Haz-
ardous Materials Regulations (49 CFR
Parts 171 through 180) shall retain
those markings, labels and placards on
the package until the packaging is suf-
ficiently cleaned of residue and purged
of vapors to remove any potential haz-
ards.

(b) Any employer who receives a
freight container, rail freight car,
motor vehicle, or transport vehicle
that is required to be marked or plac-
arded in accordance with the Haz-
ardous Materials Regulations shall re-
tain those markings and placards on
the freight container, rail freight car,
motor vehicle or transport vehicle
until the hazardous materials which re-
quire the marking or placarding are
sufficiently removed to prevent any po-
tential hazards.

() Markings, placards and labels
shall be maintained in a manner that
ensures that they are readily visible.

(d) For non-bulk packages which will
not be reshipped, the provisions of this
section are met if a label or other ac-
ceptable marking is affixed in accord-
ance with the Hazard Communication
Standard (29 CFR 1910.1200).

(e) For the purposes of this section,
the term ‘‘hazardous material’” and
any other terms not defined in this sec-
tion have the same definition as in the
Hazardous Materials Regulations (49
CFR Parts 171 through 180).

[59 FR 36700, July 19, 1994]

§1910.1450 Occupational exposure to
hazardous chemicals in labora-
tories.

(a) Scope and application. (1) This sec-
tion shall apply to all employers en-
gaged in the laboratory use of haz-
ardous chemicals as defined below.

(2) Where this section applies, it shall
supersede, for laboratories, the require-
ments of all other OSHA health stand-
ards in 29 CFR part 1910, subpart Z, ex-
cept as follows:
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Occupational Safety and Health Admin., Labor

(i) For any OSHA health standard,
only the requirement to limit em-
ployee exposure to the specific permis-
sible exposure limit shall apply for lab-
oratories, unless that particular stand-
ard states otherwise or unless the con-
ditions of paragraph (a)(2)(iii) of this
section apply.

(ii) Prohibition of eye and skin con-
tact where specified by any OSHA
health standard shall be observed.

(iii) Where the action level (or in the
absence of an action level, the permis-
sible exposure limit) is routinely ex-
ceeded for an OSHA regulated sub-
stance with exposure monitoring and
medical surveillance requirements,
paragraphs (d) and (g)(1)(ii) of this sec-
tion shall apply.

(3) This section shall not apply to:

(i) Uses of hazardous chemicals which
do not meet the definition of labora-
tory use, and in such cases, the em-
ployer shall comply with the relevant
standard in 29 CFR part 1910, subpart Z,
even if such use occurs in a laboratory.

(ii) Laboratory uses of hazardous
chemicals which provide no potential
for employee exposure. Examples of
such conditions might include:

(A) Procedures using chemically-im-
pregnated test media such as Dip-and-
Read tests where a reagent strip is
dipped into the specimen to be tested
and the results are interpreted by com-
paring the color reaction to a color
chart supplied by the manufacturer of
the test strip; and

(B) Commercially prepared kits such
as those used in performing pregnancy
tests in which all of the reagents need-
ed to conduct the test are contained in
the kit.

(b) Definitions—

Action level means a concentration
designated in 29 CFR part 1910 for a
specific substance, calculated as an
eight (8)-hour time-weighted average,
which initiates certain required activi-
ties such as exposure monitoring and
medical surveillance.

Assistant Secretary means the Assist-
ant Secretary of Labor for Occupa-
tional Safety and Health, U.S. Depart-
ment of Labor, or designee.

Carcinogen (see select carcinogen).

Chemical Hygiene Officer means an
employee who is designated by the em-
ployer, and who is qualified by training

§1910.1450

or experience, to provide technical
guidance in the development and im-
plementation of the provisions of the
Chemical Hygiene Plan. This definition
is not intended to place limitations on
the position description or job classi-
fication that the designated indvidual
shall hold within the employer’s orga-
nizational structure.

Chemical Hygiene Plan means a writ-
ten program developed and imple-
mented by the employer which sets
forth procedures, equipment, personal
protective equipment and work prac-
tices that (i) are capable of protecting
employees from the health hazards pre-
sented by hazardous chemicals used in
that particular workplace and (ii)
meets the requirements of paragraph
(e) of this section.

Combustible liqguid means any liquid
having a flashpoint at or above 100 °F
(37.8 °C), but below 200 °F (93.3 °C), ex-
cept any mixture having components
with flashpoints of 200 °F (93.3 °C), or
higher, the total volume of which make
up 99 percent or more of the total vol-
ume of the mixture.

Compressed gas means:

(i) A gas or mixture of gases having,
in a container, an absolute pressure ex-
ceeding 40 psi at 70 °F (21.1 °C); or

(ii) A gas or mixture of gases having,
in a container, an absolute pressure ex-
ceeding 104 psi at 130 °F (54.4 °C) regard-
less of the pressure at 70 °F (21.1 °C); or

(iii) A liquid having a vapor pressure
exceeding 40 psi at 100 °F (37.8 °C) as de-
termined by ASTM D-323-72.

Designated area means an area which
may be used for work with ‘“‘select car-
cinogens,” reproductive toxins or sub-
stances which have a high degree of
acute toxicity. A designated area may
be the entire laboratory, an area of a
laboratory or a device such as a labora-
tory hood.

Emergency means any occurrence
such as, but not limited to, equipment
failure, rupture of containers or failure
of control equipment which results in
an uncontrolled release of a hazardous
chemical into the workplace.

Employee means an individual em-
ployed in a laboratory workplace who
may be exposed to hazardous chemicals
in the course of his or her assignments.

Explosive means a chemical that
causes a sudden, almost instantaneous
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§1910.1450

release of pressure, gas, and heat when
subjected to sudden shock, pressure, or
high temperature.

Flammable means a chemical that
falls into one of the following cat-
egories:

(i) Aerosol, flammable means an aer-
osol that, when tested by the method
described in 16 CFR 1500.45, yields a
flame protection exceeding 18 inches at
full valve opening, or a flashback (a
flame extending back to the valve) at
any degree of valve opening;

(ii) Gas, flammable means:

(A) A gas that, at ambient tempera-
ture and pressure, forms a flammable
mixture with air at a concentration of
13 percent by volume or less; or

(B) A gas that, at ambient tempera-
ture and pressure, forms a range of
flammable mixtures with air wider
than 12 percent by volume, regardless
of the lower limit.

(iii) Liquid, flammable means any lig-
uid having a flashpoint below 100 °F
(37.8 °C), except any mixture having
components with flashpoints of 100 °F
(37.8 °C) or higher, the total of which
make up 99 percent or more of the total
volume of the mixture.

(iv) Solid, flammable means a solid,
other than a blasting agent or explo-
sive as defined in §1910.109(a), that is
liable to cause fire through friction,
absorption of moisture, spontaneous
chemical change, or retained heat from
manufacturing or processing, or which
can be ignited readily and when ignited
burns so vigorously and persistently as
to create a serious hazard. A chemical
shall be considered to be a flammable
solid if, when tested by the method de-
scribed in 16 CFR 1500.44, it ignites and
burns with a self-sustained flame at a
rate greater than one-tenth of an inch
per second along its major axis.

Flashpoint means the minimum tem-
perature at which a liquid gives off a
vapor in sufficient concentration to ig-
nite when tested as follows:

(i) Tagliabue Closed Tester (See
American National Standard Method of
Test for Flash Point by Tag Closed
Tester, Z11.24-1979 (ASTM D 56-79))-for
liquids with a viscosity of less than 45
Saybolt Universal Seconds (SUS) at 100
°F (37.8 °C), that do not contain sus-
pended solids and do not have a tend-
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ency to form a surface film under test;
or

(ii) Pensky-Martens Closed Tester
(see  American National Standard
Method of Test for Flash Point by
Pensky-Martens Closed Tester, Z11.7-
1979 (ASTM D 93-79))-for liquids with a
viscosity equal to or greater than 45
SUS at 100 °F (37.8 °C), or that contain
suspended solids, or that have a tend-
ency to form a surface film under test;
or

(iii) Setaflash Closed Tester (see
American National Standard Method of
Test for Flash Point by Setaflash
Closed Tester (ASTM D 3278-78)).

Organic peroxides, which undergo
autoaccelerating thermal decomposi-
tion, are excluded from any of the
flashpoint  determination methods
specified above.

Hazardous chemical means a chemical
for which there is statistically signifi-
cant evidence based on at least one
study conducted in accordance with es-
tablished scientific principles that
acute or chronic health effects may
occur in exposed employees. The term
health hazard includes chemicals which
are carcinogens, toxic or highly toxic
agents, reproductive toxins, irritants,
corrosives, sensitizers, hepatotoxins,
nephrotoxins, neurotoxins, agents
which act on the hematopoietic sys-
tems, and agents which damage the
lungs, skin, eyes, or mucous mem-
branes.

Appendices A and B of the Hazard
Communication Standard (29 CFR
1910.1200) provide further guidance in
defining the scope of health hazards
and determining whether or not a
chemical is to be considered hazardous
for purposes of this standard.

Laboratory means a facility where the
“laboratory use of hazardous chemi-
cals” occurs. It is a workplace where
relatively small quantities of haz-
ardous 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” ex-
cludes those workplaces whose func-
tion is to produce commercial quan-
tities of materials.
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Laboratory-type hood means a device
located in a laboratory, enclosure on
five sides with a moveable sash or fixed
partial enclosed on the remaining side;
constructed and maintained to draw
air from the laboratory and to prevent
or minimize the escape of air contami-
nants into the laboratory; and allows
chemical manipulations to be con-
ducted in the enclosure without inser-
tion of any portion of the employee’s
body other than hands and arms.

Walk-in hoods with adjustable sashes
meet the above definition provided
that the sashes are adjusted during use
so that the airflow and the exhaust of
air contaminants are not compromised
and employees do not work inside the
enclosure during the release of air-
borne hazardous chemicals.

Laboratory use of hazardous chemicals
means handling or use of such chemi-
cals in which all of the following condi-
tions are met:

(i) Chemical manipulations are car-
ried out on a ‘‘laboratory scale;”’

(ii) Multiple chemical procedures or
chemicals are used;

(iii) The procedures involved are not
part of a production process, nor in any
way simulate a production process; and

(iv) “Protective laboratory practices
and equipment” are available and in
common use to minimize the potential
for employee exposure to hazardous
chemicals.

Medical consultation means a con-
sultation which takes place between an
employee and a licensed physician for
the purpose of determining what med-
ical examinations or procedures, if any,
are appropriate in cases where a sig-
nificant exposure to a hazardous chem-
ical may have taken place.

Organic peroxide means an organic
compound that contains the bivalent
—0O—-0O-structure and which may be
considered to be a structural derivative
of hydrogen peroxide where one or both
of the hydrogen atoms has been re-
placed by an organic radical.

Oxidizer means a chemical other than
a blasting agent or explosive as defined
in §1910.109(a), that initiates or pro-
motes combustion in other materials,
thereby causing fire either of itself or
through the release of oxygen or other
gases.
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Physical hazard means a chemical for
which there is scientifically valid evi-
dence that it is a combustible liquid, a
compressed gas, explosive, flammable,
an organic peroxide, an oxidizer,

pyrophoric, unstable (reactive) or
water-reactive.
Protective laboratory practices and

equipment means those laboratory pro-
cedures, practices and equipment ac-
cepted by laboratory health and safety
experts as effective, or that the em-
ployer can show to be effective, in
minimizing the potential for employee
exposure to hazardous chemicals.

Reproductive toxins means chemicals
which affect the reproductive capabili-
ties including chromosomal damage
(mutations) and effects on fetuses
(teratogenesis)

Select carcinogen means any sub-
stance which meets one of the fol-
lowing criteria:

(i) It is regulated by OSHA as a car-
cinogen; or

(i) It is listed under the category,
““known to be carcinogens,” in the An-
nual Report on Carcinogens published
by the National Toxicology Program
(NTP) (latest edition); or

(iii) It is listed under Group 1 (“‘car-
cinogenic to humans’) by the Inter-
national Agency for Research on Can-
cer Monographs (IARC) (latest edi-
tions); or

(iv) It is listed in either Group 2A or
2B by IARC or under the category,
““reasonably anticipated to be carcino-
gens”” by NTP, and causes statistically
significant tumor incidence in experi-
mental animals in accordance with any
of the following criteria:

(A) After inhalation exposure of 6-7
hours per day, 5 days per week, for a
significant portion of a lifetime to dos-
ages of less than 10 mg/ms;

(B) After repeated skin application of
less than 300 (mg/kg of body weight)
per week; or

(C) After oral dosages of less than 50
mg/kg of body weight per day.

Unstable (reactive) means a chemical
which is the pure state, or as produced
or transported, will vigorously polym-
erize, decompose, condense, or will be-
come self-reactive under conditions of
shocks, pressure or temperature.

Water-reactive means a chemical that
reacts with water to release a gas that
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is either flammable or presents a
health hazard.

(c) Permissible exposure limits. For lab-
oratory uses of OSHA regulated sub-
stances, the employer shall assure that
laboratory employees’ exposures to
such substances do not exceed the per-
missible exposure limits specified in 29
CFR part 1910, subpart Z.

(d) Employee exposure determination—
(1) Initial monitoring. The employer
shall measure the employee’s exposure
to any substance regulated by a stand-
ard which requires monitoring if there
is reason to believe that exposure lev-
els for that substance routinely exceed
the action level (or in the absence of an
action level, the PEL).

(2) Periodic monitoring. If the initial
monitoring prescribed by paragraph
(d)(1) of this section discloses employee
exposure over the action level (or in
the absence of an action level, the
PEL), the employer shall immediately
comply with the exposure monitoring
provisions of the relevant standard.

(3) Termination of monitoring. Moni-
toring may be terminated in accord-
ance with the relevant standard.

(4) Employee notification of monitoring
results. The employer shall, within 15
working days after the receipt of any
monitoring results, notify the em-
ployee of these results in writing either
individually or by posting results in an
appropriate location that is accessible
to employees.

(e) Chemical hygiene plan—General.
(Appendix A of this section is non-man-
datory but provides guidance to assist
employers in the development of the
Chemical Hygiene Plan.)

(1) Where hazardous chemicals as de-
fined by this standard are used in the
workplace, the employer shall develop
and carry out the provisions of a writ-
ten Chemical Hygiene Plan which is:

(i) Capable of protecting employees
from health hazards associated with
hazardous chemicals in that laboratory
and

(ii) Capable of keeping exposures
below the limits specified in paragraph
(c) of this section.

(2) The Chemical Hygiene Plan shall
be readily available to employees, em-
ployee representatives and, upon re-
quest, to the Assistant Secretary.
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(3) The Chemical Hygiene Plan shall
include each of the following elements
and shall indicate specific measures
that the employer will take to ensure
laboratory employee protection:

(i) Standard operating procedures rel-
evant to safety and health consider-
ations to be followed when laboratory
work involves the use of hazardous
chemicals;

(ii) Criteria that the employer will
use to determine and implement con-
trol measures to reduce employee expo-
sure to hazardous chemicals including
engineering controls, the use of per-
sonal protective equipment and hy-
giene practices; particular attention
shall be given to the selection of con-
trol measures for chemicals that are
known to be extremely hazardous;

(iii) A requirement that fume hoods
and other protective equipment are
functioning properly and specific meas-
ures that shall be taken to ensure prop-
er and adequate performance of such
equipment;

(iv) Provisions for employee informa-
tion and training as prescribed in para-
graph (f) of this section;

(v) The circumstances under which a
particular laboratory operation, proce-
dure or activity shall require prior ap-
proval from the employer or the em-
ployer’s designee before implementa-
tion;

(vi) Provisions for medical consulta-
tion and medical examinations in ac-
cordance with paragraph (g) of this sec-
tion;

(vii) Designation of personnel respon-
sible for implementation of the Chem-
ical Hygiene Plan including the assign-
ment of a Chemical Hygiene Officer
and, if appropriate, establishment of a
Chemical Hygiene Committee; and

(viii) Provisions for additional em-
ployee protection for work with par-
ticularly hazardous substances. These
include “‘select carcinogens,” reproduc-
tive toxins and substances which have
a high degree of acute toxicity. Spe-
cific consideration shall be given to the
following provisions which shall be in-
cluded where appropriate:

(A) Establishment of a designated
area;

(B) Use of containment devices such
as fume hoods or glove boxes;
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(C) Procedures for safe removal of
contaminated waste; and

(D) Decontamination procedures.

(4) The employer shall review and
evaluate the effectiveness of the Chem-
ical Hygiene Plan at least annually and
update it as necessary.

(f) Employee information and training.
(1) The employer shall provide employ-
ees with information and training to
ensure that they are apprised of the
hazards of chemicals present in their
work area.

(2) Such information shall be pro-
vided at the time of an employee’s ini-
tial assignment to a work area where
hazardous chemicals are present and
prior to assignments involving new ex-
posure situations. The frequency of re-
fresher information and training shall
be determined by the employer.

(3) Information. Employees shall be
informed of:

(i) The contents of this standard and
its appendices which shall be made
available to employees;

(ii) The location and availability of
the employer’s Chemical Hygiene Plan;

(iii) The permissible exposure limits
for OSHA regulated substances or rec-
ommended exposure limits for other
hazardous chemicals where there is no
applicable OSHA standard;

(iv) Signs and symptoms associated
with exposures to hazardous chemicals
used in the laboratory; and

(v) The location and availability of
known reference material on the haz-
ards, safe handling, storage and dis-
posal of hazardous chemicals found in
the laboratory including, but not lim-
ited to, Material Safety Data Sheets
received from the chemical supplier.

(4) Training. (i) Employee training
shall include:

(A) Methods and observations that
may be used to detect the presence or
release of a hazardous chemical (such
as monitoring conducted by the em-
ployer, continuous monitoring devices,
visual appearance or odor of hazardous
chemicals when being released, etc.);

(B) The physical and health hazards
of chemicals in the work area; and

(C) The measures employees can take
to protect themselves from these haz-
ards, including specific procedures the
employer has implemented to protect
employees from exposure to hazardous
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chemicals, such as appropriate work
practices, emergency procedures, and
personal protective equipment to be
used.

(ii) The employee shall be trained on
the applicable details of the employer’s
written Chemical Hygiene Plan.

(9) Medical consultation and medical
examinations. (1) The employer shall
provide all employees who work with
hazardous chemicals an opportunity to
receive medical attention, including
any follow-up examinations which the
examining physician determines to be
necessary, under the following cir-
cumstances:

(i) Whenever an employee develops
signs or symptoms associated with a
hazardous chemical to which the em-
ployee may have been exposed in the
laboratory, the employee shall be pro-
vided an opportunity to receive an ap-
propriate medical examination.

(i) Where exposure monitoring re-
veals an exposure level routinely above
the action level (or in the absence of an
action level, the PEL) for an OSHA
regulated substance for which there are
exposure monitoring and medical sur-
veillance requirements, medical sur-
veillance shall be established for the
affected employee as prescribed by the
particular standard.

(iii) Whenever an event takes place
in the work area such as a spill, leak,
explosion or other occurrence resulting
in the likelihood of a hazardous expo-
sure, the affected employee shall be
provided an opportunity for a medical
consultation. Such consultation shall
be for the purpose of determining the
need for a medical examination.

(2) All medical examinations and
consultations shall be performed by or
under the direct supervision of a li-
censed physician and shall be provided
without cost to the employee, without
loss of pay and at a reasonable time
and place.

(3) Information provided to the physi-
cian. The employer shall provide the
following information to the physician:

(i) The identity of the hazardous
chemical(s) to which the employee may
have been exposed;

(ii) A description of the conditions
under which the exposure occurred in-
cluding quantitative exposure data, if
available; and
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(iii) A description of the signs and
symptoms of exposure that the em-
ployee is experiencing, if any.

(4) Physician’s written opinion. (i) For
examination or consultation required
under this standard, the employer shall
obtain a written opinion from the ex-
amining physician which shall include
the following:

(A) Any recommendation for further
medical follow-up;

(B) The results of the medical exam-
ination and any associated tests;

(C) Any medical condition which may
be revealed in the course of the exam-
ination which may place the employee
at increased risk as a result of expo-
sure to a hazardous chemical found in
the workplace; and

(D) A statement that the employee
has been informed by the physician of
the results of the consultation or med-
ical examination and any medical con-
dition that may require further exam-
ination or treatment.

(if) The written opinion shall not re-
veal specific findings of diagnoses unre-
lated to occupational exposure.

(h) Hazard identification. (1) With re-
spect to labels and material safety data
sheets:

(i) Employers shall ensure that labels
on incoming containers of hazardous
chemicals are not removed or defaced.

(ii) Employers shall maintain any
material safety data sheets that are re-
ceived with incoming shipments of haz-
ardous chemicals, and ensure that they
are readily accessible to laboratory
employees.

(2) The following provisions shall
apply to chemical substances developed
in the laboratory:

(i) If the composition of the chemical
substance which is produced exclu-
sively for the Ilaboratory’s use is
known, the employer shall determine if
it is a hazardous chemical as defined in
paragraph (b) of this section. If the
chemical is determined to be haz-
ardous, the employer shall provide ap-
propriate training as required under
paragraph (f) of this section.

(ii) If the chemical produced is a by-
product whose composition is not
known, the employer shall assume that
the substance is hazardous and shall
implement paragraph (e) of this sec-
tion.
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(iii) If the chemical substance is pro-
duced for another user outside of the
laboratory, the employer shall comply
with the Hazard Communication
Standard (29 CFR 1910.1200) including
the requirements for preparation of
material safety data sheets and label-
ing.

(i) Use of respirators. Where the use of
respirators is necessary to maintain
exposure below permissible exposure
limits, the employer shall provide, at
no cost to the employee, the proper
respiratory equipment. Respirators
shall be selected and used in accord-
ance with the requirements of 29 CFR
1910.134.

(J) Recordkeeping. (1) The employer
shall establish and maintain for each
employee an accurate record of any
measurements taken to monitor em-
ployee exposures and any medical con-
sultation and examinations including
tests or written opinions required by
this standard.

(2) The employer shall assure that
such records are kept, transferred, and
made available in accordance with 29
CFR 1910.20.

(k) [Reserved]

(I) Appendices. The information con-
tained in the appendices is not in-
tended, by itself, to create any addi-
tional obligations not otherwise im-
posed or to detract from any existing
obligation.

APPENDIX A TO §1910.1450—NATIONAL RE-
SEARCH COUNCIL RECOMMENDATIONS CON-
CERNING CHEMICAL HYGIENE IN LABORA-
TORIES (NON-MANDATORY)
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Foreword

As guidance for each employer’s develop-
ment of an appropriate laboratory Chemical
Hygiene Plan, the following non-mandatory
recommendations are provided. They were
extracted from “‘Prudent Practices for Han-
dling Hazardous Chemicals in Laboratories”
(referred to below as ‘““Prudent Practices”),
which was published in 1981 by the National
Research Council and is available from the
National Academy Press, 2101 Constitution
Ave., NW., Washington DC 20418.

“Prudent Practices’ is cited because of its
wide distribution and acceptance and be-
cause of its preparation by members of the
laboratory community through the sponsor-
ship of the National Research Council. How-
ever, none of the recommendations given
here will modify any requirements of the
laboratory standard. This Appendix merely
presents pertinent recommendations from
“Prudent Practices’, organized into a form
convenient for quick reference during oper-
ation of a laboratory facility and during de-
velopment and application of a Chemical Hy-
giene Plan. Users of this appendix should
consult ““Prudent Practices’ for a more ex-
tended presentation and justification for
each recommendation.
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“Prudent Practices’” deals with both safety
and chemical hazards while the laboratory
standard is concerned primarily with chem-
ical hazards. Therefore, only those rec-
ommendations directed primarily toward
control of toxic exposures are cited in this
appendix, with the term ‘“‘chemical hygiene”
being substituted for the word ‘‘safety’.
However, since conditions producing or
threatening physical injury often pose toxic
risks as well, page references concerning
major categories of safety hazards in the lab-
oratory are given in section F.

The recommendations from “Prudent
Practices’” have been paraphrased, combined,
or otherwise reorganized, and headings have
been added. However, their sense has not
been changed.

Corresponding Sections of the Standard and this
Appendix

The following table is given for the conven-
ience of those who are developing a Chemical
Hygiene Plan which will satisfy the require-
ments of paragraph (e) of the standard. It in-
dicates those sections of this appendix which
are most pertinent to each of the sections of
paragraph (e) and related paragraphs.

Relevant
Paragraph and topic in laboratory standard appendix
section

(e)(3)(i) Standard operating procedures for | C, D, E

handling toxic chemicals.

(e)(3)(ii) Criteria to be used for implementa- | D
tion of measures to reduce exposures.

(e)(3)(iii) Fume hood performance ................... C4b

(e)(3)(iv) Employee information and training | D10, D9
(including emergency procedures).

(e)(3)(v) Requirements for prior approval of
laboratory activities.

(e)(3)(vi) Medical consultation and medical ex-
aminations.

(e)(3)(vi) Chemical hygiene responsibilities .... | B

(e)(3)(viii) Special precautions for work with | E2, E3, E4
particularly hazardous substances.

E2b, E4b

D5, EAf

In this appendix, those recommendations
directed primarily at administrators and su-
pervisors are given in sections A-D. Those
recommendations of primary concern to em-
ployees who are actually handling labora-
tory chemicals are given in section E. (Ref-
erence to page numbers in ‘““Prudent Prac-
tices” are given in parentheses.)

A. General Principles for Work with Laboratory
Chemicals

In addition to the more detailed rec-
ommendations listed below in sections B-E,
“Prudent Practices’ expresses certain gen-
eral principles, including the following:

1. It is prudent to minimize all chemical expo-
sures. Because few laboratory chemicals are
without hazards, general precautions for
handling all laboratory chemicals should be
adopted, rather than specific guidelines for
particular chemicals (2, 10). Skin contact
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with chemicals should be avoided as a car-
dinal rule (198).

2. Avoid underestimation of risk. Even for
substances of no known significant hazard,
exposure should be minimized; for work with
substances which present special hazards,
special precautions should be taken (10, 37,
38). One should assume that any mixture will
be more toxic than its most toxic component
(30, 103) and that all substances of unknown
toxicity are toxic (3, 34).

3. Provide adequate ventilation. The best
way to prevent exposure to airborne sub-
stances is to prevent their escape into the
working atmosphere by use of hoods and
other ventilation devices (32, 198).

4. Institute a chemical hygiene program. A
mandatory chemical hygiene program de-
signed to minimize exposures is needed; it
should be a regular, continuing effort, not
merely a standby or short-term activity (6,
11). Its recommendations should be followed
in academic teaching laboratories as well as
by full-time laboratory workers (13).

5. Observe the PELs, TLVs. The Permissible
Exposure Limits of OSHA and the Threshold
Limit Values of the American Conference of
Governmental Industrial Hygienists should
not be exceeded (13).

B. Chemical Hygiene Responsibilities

Responsibility for chemical hygiene rests
at all levels (6, 11, 21) including the:

1. Chief executive officer, who has ultimate
responsibility for chemical hygiene within
the institution and must, with other admin-
istrators, provide continuing support for in-
stitutional chemical hygiene (7, 11).

2. Supervisor of the department or other ad-
ministrative unit, who is responsible for chem-
ical hygiene in that unit (7).

3. Chemical hygiene officer(s), whose ap-
pointment is essential (7) and who must:

(a) Work with administrators and other
employees to develop and implement appro-
priate chemical hygiene policies and prac-
tices (7);

(b) Monitor procurement, use, and disposal
of chemicals used in the lab (8);

(c) See that appropriate audits are main-
tained (8);

(d) Help project directors develop pre-
cautions and adequate facilities (10);

(e) Know the current legal requirements
concerning regulated substances (50); and

(f) Seek ways to improve the chemical hy-
giene program (8, 11).

4. Laboratory supervisor, who has overall re-
sponsibility for chemical hygiene in the lab-
oratory (21) including responsibility to:

(a) Ensure that workers know and follow
the chemical hygiene rules, that protective
equipment is available and in working order,
and that appropriate training has been pro-
vided (21, 22);

(b) Provide regular, formal chemical hy-
giene and housekeeping inspections includ-
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ing routine inspections of emergency equip-
ment (21, 171);

(¢) Know the current legal requirements
concerning regulated substances (50, 231);

(d) Determine the required levels of protec-
tive apparel and equipment (156, 160, 162); and

(e) Ensure that facilities and training for
use of any material being ordered are ade-
quate (215).

5. Project director or director of other specific
operation, who has primary responsibility for
chemical hygiene procedures for that oper-
ation (7).

6. Laboratory worker, who is responsible for:

(a) Planning and conducting each oper-
ation in accordance with the institutional
chemical hygiene procedures (7, 21, 22, 230);
and

(b) Developing good personal chemical hy-
giene habits (22).

C. The Laboratory Facility

1. Design. The laboratory facility should
have:

(a) An appropriate general ventilation sys-
tem (see C4 below) with air intakes and ex-
hausts located so as to avoid intake of con-
taminated air (194);

(b) Adequate, well-ventilated stockrooms/
storerooms (218, 219);

(c) Laboratory hoods and sinks (12, 162);

(d) Other safety equipment including eye-
wash fountains and drench showers (162, 169);
and

(e) Arrangements for waste disposal (12,
240).

2. Maintenance. Chemical-hygiene-related
equipment (hoods, incinerator, etc.) should
undergo continuing appraisal and be modi-
fied if inadequate (11, 12).

3. Usage. The work conducted (10) and its
scale (12) must be appropriate to the
physicial facilities available and, especially,
to the quality of ventilation (13).

4. Ventilation—(a) General laboratory ventila-
tion. This system should: Provide a source of
air for breathing and for input to local ven-
tilation devices (199); it should not be relied
on for protection from toxic substances re-
leased into the laboratory (198); ensure that
laboratory air is continually replaced, pre-
venting increase of air concentrations of
toxic substances during the working day
(194); direct air flow into the laboratory from
non-laboratory areas and out to the exterior
of the building (194).

(b) Hoods. A laboratory hood with 2.5 linear
feet of hood space per person should be pro-
vided for every 2 workers if they spend most
of their time working with chemicals (199);
each hood should have a continuous moni-
toring device to allow convenient confirma-
tion of adequate hood performance before
use (200, 209). If this is not possible, work
with substances of unknown toxicity should
be avoided (13) or other types of local ven-
tilation devices should be provided (199). See
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pp. 201-206 for a discussion of hood design,
construction, and evaluation.

(c) Other local ventilation devices. Ventilated
storage cabinets, canopy hoods, snorkels,
etc. should be provided as needed (199). Each
canopy hood and snorkel should have a sepa-
rate exhaust duct (207).

(d) Special ventilation areas. Exhaust air
from glove boxes and isolation rooms should
be passed through scrubbers or other treat-
ment before release into the regular exhaust
system (208). Cold rooms and warm rooms
should have provisions for rapid escape and
for escape in the event of electrical failure
(209).

(e) Modifications. Any alteration of the ven-
tilation system should be made only if thor-
ough testing indicates that worker protec-
tion from airborne toxic substances will con-
tinue to be adequate (12, 193, 204).

(f) Performance. Rate: 4-12 room air
changes/hour is normally adequate general
ventilation if local exhaust systems such as
hoods are used as the primary method of
control (194).

(9) Quality. General air flow should not be
turbulent and should be relatively uniform
throughout the laboratory, with no high ve-
locity or static areas (194, 195); airflow into
and within the hood should not be exces-
sively turbulent (200); hood face velocity
should be adequate (typically 60-100 Ifm) (200,
204).

(h) Evaluation. Quality and quantity of
ventilation should be evaluated on installa-
tion (202), regularly monitored (at least
every 3 months) (6, 12, 14, 195), and reevalu-
ated whenever a change in local ventilation
devices is made (12, 195, 207). See pp. 195-198
for methods of evaluation and for calculation
of estimated airborne contaminant con-
centrations.

D. Components of the Chemical Hygiene Plan

1. Basic Rules and Procedures (Recommenda-
tions for these are given in section E,
below)

2. Chemical Procurement, Distribution, and
Storage

(a) Procurement. Before a substance is re-
ceived, information on proper handling, stor-
age, and disposal should be known to those
who will be involved (215, 216). No container
should be accepted without an adequate
identifying label (216). Preferably, all sub-
stances should be received in a central loca-
tion (216).

(b) Stockrooms/storerooms. Toxic substances
should be segregated in a well-identified area
with local exhaust ventilation (221). Chemi-
cals which are highly toxic (227) or other
chemicals whose containers have been
opened should be in unbreakable secondary
containers (219). Stored chemicals should be
examined periodically (at least annually) for
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replacement, deterioration, and container
integrity (218-19).

Stockrooms/storerooms should not be used
as preparation or repackaging areas, should
be open during normal working hours, and
should be controlled by one person (219).

(c) Distribution. When chemicals are hand
carried, the container should be placed in an
outside container or bucket. Freight-only
elevators should be used if possible (223).

(d) Laboratory storage. Amounts permitted
should be as small as practical. Storage on
bench tops and in hoods is inadvisable. Expo-
sure to heat or direct sunlight should be
avoided. Periodic inventories should be con-
ducted, with unneeded items being discarded
or returned to the storeroom/stockroom (225-
6, 229).

3. Environmental Monitoring

Regular instrumental monitoring of air-
borne concentrations is not usually justified
or practical in laboratories but may be ap-
propriate when testing or redesigning hoods
or other ventilation devices (12) or when a
highly toxic substance is stored or used regu-
larly (e.g., 3 times/week) (13).

4. Housekeeping, Maintenance, and
Inspections

(a) Cleaning. Floors should be cleaned reg-
ularly (24).

(b) Inspections. Formal housekeeping and
chemical hygiene inspections should be held
at least quarterly (6, 21) for units which have
frequent pesonnel changes and semiannually
for others; informal inspections should be
continual (21).

(c) Maintenance. Eye wash fountains should
be inspected at intervals of not less than 3
months (6). Respirators for routine use
should be inspected periodically by the lab-
oratory supervisor (169). Safety showers
should be tested routinely (169). Other safety
equipment should be inspected regularly.
(e.g., every 3-6 months) (6, 24, 171). Proce-
dures to prevent restarting of out-of-service
equipment should be established (25).

(d) Passageways. Stairways and hallways
should not be used as storage areas (24). Ac-
cess to exits, emergency equipment, and util-
ity controls should never be blocked (24).

5. Medical Program

(a) Compliance with regulations. Regular
medical surveillance should be established to
the extent required by regulations (12).

(b) Routine surveillance. Anyone whose
work involves regular and frequent handling
of toxicologically significant quantities of a
chemical should consult a qualified physi-
cian to determine on an individual basis
whether a regular schedule of medical sur-
veillance is desirable (11, 50).

(c) First aid. Personnel trained in first aid
should be available during working hours
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and an emergency room with medical per-
sonnel should be nearby (173). See pp. 176-178
for description of some emergency first aid
procedures.

6. Protective Apparel and Equipment

These should include for each laboratory:

(a) Protective apparel compatible with the
required degree of protection for substances
being handled (158-161);

(b) An easily accessible drench-type safety
shower (162, 169);

(c) An eyewash fountain (162);

(d) A fire extinguisher (162-164);

(e) Respiratory protection (164-9), fire
alarm and telephone for emergency use (162)
should be available nearby; and

(f) Other items designated by the labora-
tory supervisor (156, 160).

7. Records

(a) Accident records should be written and
retained (174).

(b) Chemical Hygiene Plan records should
document that the facilities and precautions
were compatible with current knowledge and
regulations (7).

(c) Inventory and usage records for high-
risk substances should be kept as specified in
sections E3e below.

(d) Medical records should be retained by
the institution in accordance with the re-
quirements of state and federal regulations
(12).

8. Signs and Labels

Prominent signs and labels of the following
types should be posted:

(a) Emergency telephone numbers of emer-
gency personnel/facilities, supervisors, and
laboratory workers (28);

(b) Identity labels, showing contents of
containers (including waste receptacles) and
associated hazards (27, 48);

(c) Location signs for safety showers, eye-
wash stations, other safety and first aid
equipment, exits (27) and areas where food
and beverage consumption and storage are
permitted (24); and

(d) Warnings at areas or equipment where
special or unusual hazards exist (27).

9. Spills and Accidents

(a) A written emergency plan should be es-
tablished and communicated to all per-
sonnel; it should include procedures for ven-
tilation failure (200), evacuation, medical
care, reporting, and drills (172).

(b) There should be an alarm system to
alert people in all parts of the facility in-
cluding isolation areas such as cold rooms
(172).

(c) A spill control policy should be devel-
oped and should include consideration of pre-
vention, containment, cleanup, and report-
ing (175).
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(d) All accidents or near accidents should
be carefully analyzed with the results dis-
tributed to all who might benefit (8, 28).

10. Information and Training Program

(&) Aim: To assure that all individuals at
risk are adequately informed about the work
in the laboratory, its risks, and what to do if
an accident occurs (5, 15).

(b) Emergency and Personal Protection
Training: Every laboratory worker should
know the location and proper use of avail-
able protective apparel and equipment (154,
169).

Some of the full-time personnel of the lab-
oratory should be trained in the proper use
of emergency equipment and procedures (6).

Such training as well as first aid instruc-
tion should be available to (154) and encour-
aged for (176) everyone who might need it.

(¢) Receiving and stockroom/storeroom
personnel should know about hazards, han-
dling equipment, protective apparel, and rel-
evant regulations (217).

(d) Frequency of Training: The training
and education program should be a regular,
continuing activity—not simply an annual
presentation (15).

(e) Literature/Consultation: Literature and
consulting advice concerning chemical hy-
giene should be readily available to labora-
tory personnel, who should be encouraged to
use these information resources (14).

11. Waste Disposal Program

(a) Aim: To assure that minimal harm to
people, other organisms, and the environ-
ment will result from the disposal of waste
laboratory chemicals (5).

(b) Content (14, 232, 233, 240): The waste dis-
posal program should specify how waste is to
be collected, segregated, stored, and trans-
ported and include consideration of what ma-
terials can be incinerated. Transport from
the institution must be in accordance with
DOT regulations (244).

(c) Discarding Chemical Stocks: Unlabeled
containers of chemicals and solutions should
undergo prompt disposal; if partially used,
they should not be opened (24, 27).

Before a worker’s employment in the lab-
oratory ends, chemicals for which that per-
son was responsible should be discarded or
returned to storage (226).

(d) Frequency of Disposal: Waste should be
removed from laboratories to a central waste
storage area at least once per week and from
the central waste storage area at regular in-
tervals (14).

(e) Method of Disposal: Incineration in an
environmentally acceptable manner is the
most practical disposal method for combus-
tible laboratory waste (14, 238, 241).
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Indiscriminate disposal by pouring waste
chemicals down the drain (14, 231, 242) or add-
ing them to mixed refuse for landfill burial
is unacceptable (14).

Hoods should not be used as a means of dis-
posal for volatile chemicals (40, 200).

Disposal by recycling (233, 243) or chemical
decontamination (40, 230) should be used
when possible.

E. Basic Rules and Procedures for Working with
Chemicals

The Chemical Hygiene Plan should require
that laboratory workers know and follow its
rules and procedures. In addition to the pro-
cedures of the sub programs mentioned
above, these should include the rules listed
below.

1. General Rules

The following should be used for essen-
tially all laboratory work with chemicals:

(a) Accidents and spills—Eye Contact:
Promptly flush eyes with water for a pro-
longed period (15 minutes) and seek medical
attention (33, 172).

Ingestion: Encourage the victim to drink
large amounts of water (178).

Skin Contact: Promptly flush the affected
area with water (33, 172, 178) and remove any
contaminated clothing (172, 178). If symp-
toms persist after washing, seek medical at-
tention (33).

Clean-up. Promptly clean up spills, using
appropriate protective apparel and equip-
ment and proper disposal (24 33). See pp. 233-
237 for specific clean-up recommendations.

(b) Avoidance of ““routine’ exposure: Develop
and encourage safe habits (23); avoid unnec-
essary exposure to chemicals by any route
(23);

Do not smell or taste chemicals (32). Vent
apparatus which may discharge toxic chemi-
cals (vacuum pumps, distillation columns,
etc.) into local exhaust devices (199).

Inspect gloves (157) and test glove boxes
(208) before use.

Do not allow release of toxic substances in
cold rooms and warm rooms, since these
have contained recirculated atmospheres
(209).

(c) Choice of chemicals: Use only those
chemicals for which the quality of the avail-
able ventilation system is appropriate (13).

(d) Eating, smoking, etc.: Avoid eating,
drinking, smoking, gum chewing, or applica-
tion of cosmetics in areas where laboratory
chemicals are present (22, 24, 32, 40); wash
hands before conducting these activities (23,
24).

Avoid storage, handling or consumption of
food or beverages in storage areas, refrig-
erators, glassware or utensils which are also
used for laboratory operations (23, 24, 226).

(e) Equipment and glassware: Handle and
store laboratory glassware with care to
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avoid damage; do not use damaged glassware
(25). Use extra care with Dewar flasks and
other evacuated glass apparatus; shield or
wrap them to contain chemicals and frag-
ments should implosion occur (25). Use
equipment only for its designed purpose (23,
26).

(f) Exiting: Wash areas of exposed skin well
before leaving the laboratory (23).

(g) Horseplay: Avoid practical jokes or
other behavior which might confuse, startle
or distract another worker (23).

(h) Mouth suction: Do not use mouth suc-
tion for pipeting or starting a siphon (23, 32).

(i) Personal apparel: Confine long hair and
loose clothing (23, 158). Wear shoes at all
times in the laboratory but do not wear san-
dals, perforated shoes, or sneakers (158).

(J) Personal housekeeping: Keep the work
area clean and uncluttered, with chemicals
and equipment being properly labeled and
stored; clean up the work area on completion
of an operation or at the end of each day (24).

(k) Personal protection: Assure that appro-
priate eye protection (154-156) is worn by all
persons, including visitors, where chemicals
are stored or handled (22, 23, 33, 154).

Wear appropriate gloves when the poten-
tial for contact with toxic materials exists
(157); inspect the gloves before each use,
wash them before removal, and replace them
periodically (157). (A table of resistance to
chemicals of common glove materials is
given p. 159).

Use appropriate (164-168) respiratory equip-
ment when air contaminant concentrations
are not sufficiently restricted by engineering
controls (164-5), inspecting the respirator be-
fore use (169).

Use any other protective and emergency
apparel and equipment as appropriate (22,
157-162).

Avoid use of contact lenses in the labora-
tory unless necessary; if they are used, in-
form supervisor so special precautions can be
taken (155).

Remove laboratory coats immediately on
significant contamination (161).

() Planning: Seek information and advice
about hazards (7), plan appropriate protec-
tive procedures, and plan positioning of
equipment before beginning any new oper-
ation (22, 23).

(m) Unattended operations: Leave lights on,
place an appropriate sign on the door, and
provide for containment of toxic substances
in the event of failure of a utility service
(such as cooling water) to an unattended op-
eration (27, 128).

(n) Use of hood: Use the hood for operations
which might result in release of toxic chem-
ical vapors or dust (198-9).

As a rule of thumb, use a hood or other
local ventilation device when working with
any appreciably volatile substance with a
TLYV of less than 50 ppm (13).
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Confirm adequate hood performance before
use; keep hood closed at all times except
when adjustments within the hood are being
made (200); keep materials stored in hoods to
a minimum and do not allow them to block
vents or air flow (200).

Leave the hood ‘““‘on”” when it is not in ac-
tive use if toxic substances are stored in it or
if it is uncertain whether adequate general
laboratory ventilation will be maintained
when it is ““off”’ (200).

(0) Vigilance: Be alert to unsafe conditions
and see that they are corrected when de-
tected (22).

(p) Waste disposal: Assure that the plan for
each laboratory operation includes plans and
training for waste disposal (230).

Deposit chemical waste in appropriately
labeled receptacles and follow all other
waste disposal procedures of the Chemical
Hygiene Plan (22, 24).

Do not discharge to the sewer concentrated
acids or bases (231); highly toxic, mal-
odorous, or lachrymatory substances (231); or
any substances which might interfere with
the biological activity of waste water treat-
ment plants, create fire or explosion hazards,
cause structural damage or obstruct flow
(242).

(q) Working alone: Avoid working alone in a
building; do not work alone in a laboratory
if the procedures being conducted are haz-
ardous (28).

2. Working with Allergens and Embryotoxins

(a) Allergens (examples: diazomethane,
isocyanates, bichromates): Wear suitable
gloves to prevent hand contact with aller-
gens or substances of unknown allergenic ac-
tivity (35).

(b) Embryotoxins (34-5) (examples:
organomercurials, lead compounds, form-
amide): If you are a woman of childbearing
age, handle these substances only in a hood
whose satisfactory performance has been
confirmed, using appropriate protective ap-
parel (especially gloves) to prevent skin con-
tact.

Review each use of these materials with
the research supervisor and review con-
tinuing uses annually or whenever a proce-
dural change is made.

Store these substances, properly labeled, in
an adequately ventilated area in an unbreak-
able secondary container.

Notify supervisors of all incidents of expo-
sure or spills; consult a qualified physician
when appropriate.

3. Work with Chemicals of Moderate Chronic
or High Acute Toxicity

ExAMPLES: diisopropylflurophosphate (41),
hydrofluoric acid (43), hydrogen cyanide (45).

Supplemental rules to be followed in addi-
tion to those mentioned above (Procedure B
of ““Prudent Practices’, pp. 39-41):
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(@) Aim: To minimize exposure to these
toxic substances by any route using all rea-
sonable precautions (39).

(b) Applicability: These precautions are ap-
propriate for substances with moderate
chronic or high acute toxicity used in sig-
nificant quantities (39).

(c) Location: Use and store these substances
only in areas of restricted access with spe-
cial warning signs (40, 229).

Always use a hood (previously evaluated to
confirm adequate performance with a face
velocity of at least 60 linear feet per minute)
(40) or other containment device for proce-
dures which may result in the generation of
aerosols or vapors containing the substance
(39); trap released vapors to prevent their
discharge with the hood exhaust (40).

(d) Personal protection: Always avoid skin
contact by use of gloves and long sleeves
(and other protective apparel as appropriate)
(39). Always wash hands and arms imme-
diately after working with these materials
(40).

(e) Records: Maintain records of the
amounts of these materials on hand,
amounts used, and the names of the workers
involved (40, 229).

(f) Prevention of spills and accidents: Be pre-
pared for accidents and spills (41).

Assure that at least 2 people are present at
all times if a compound in use is highly toxic
or of unknown toxicity (39).

Store breakable containers of these sub-
stances in chemically resistant trays; also
work and mount apparatus above such trays
or cover work and storage surfaces with re-
movable, absorbent, plastic backed paper
(40).

If a major spill occurs outside the hood,
evacuate the area; assure that cleanup per-
sonnel wear suitable protective apparel and
equipment (41).

(g) Waste: Thoroughly decontaminate or in-
cinerate contaminated clothing or shoes (41).
If possible, chemically decontaminate by
chemical conversion (40).

Store contaminated waste in closed, suit-
ably labeled, impervious containers (for lig-
uids, in glass or plastic bottles half-filled
with vermiculite) (40).

4. Work with Chemicals of High Chronic

Toxicity
(Examples: dimethylmercury and nickel
carbonyl (48), benzo-a-pyrene (51), N-

nitrosodiethylamine (54), other human car-
cinogens or substances with high carcino-
genic potency in animals (38).)

Further supplemental rules to be followed,
in addition to all these mentioned above, for
work with substances of known high chronic
toxicity (in quantities above a few milli-
grams to a few grams, depending on the sub-
stance) (47). (Procedure A of “Prudent Prac-
tices’’ pp. 47-50).
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(a) Access: Conduct all transfers and work
with these substances in a ‘‘controlled area’’:
a restricted access hood, glove box, or por-
tion of a lab, designated for use of highly
toxic substances, for which all people with
access are aware of the substances being
used and necessary precautions (48).

(b) Approvals: Prepare a plan for use and
disposal of these materials and obtain the
approval of the laboratory supervisor (48).

(c) Non-contamination/Decontamination: Pro-
tect vacuum pumps against contamination
by scrubbers or HEPA filters and vent them
into the hood (49). Decontaminate vacuum
pumps or other contaminated equipment, in-
cluding glassware, in the hood before remov-
ing them from the controlled area (49, 50).

Decontaminate the controlled area before
normal work is resumed there (50).

(d) Exiting: On leaving a controlled area,
remove any protective apparel (placing it in
an appropriate, labeled container) and thor-
oughly wash hands, forearms, face, and neck
(49).

(e) Housekeeping: Use a wet mop or a vacu-
um cleaner equipped with a HEPA filter in-
stead of dry sweeping if the toxic substance
was a dry powder (50).

® Medical surveillance: If using
toxicologically significant quantities of such
a substance on a regular basis (e.g., 3 times
per week), consult a qualified physician con-
cerning desirability of regular medical sur-
veillance (50).

(g9) Records: Keep accurate records of the
amounts of these substances stored (229) and
used, the dates of use, and names of users
(48).

(h) Signs and labels: Assure that the con-
trolled area is conspicuously marked with
warning and restricted access signs (49) and
that all containers of these substances are
appropriately labeled with identity and
warning labels (48).

(i) Spills: Assure that contingency plans,
equipment, and materials to minimize expo-
sures of people and property in case of acci-
dent are available (233-4).

(J) Storage: Store containers of these
chemicals only in a ventilated, limited ac-
cess (48, 227, 229) area in appropriately la-
beled, unbreakable, chemically resistant,
secondary containers (48, 229).

(k) Glove boxes: For a negative pressure
glove box, ventilation rate must be at least
2 volume changes/hour and pressure at least
0.5 inches of water (48). For a positive pres-
sure glove box, thoroughly check for leaks
before each use (49). In either case, trap the
exit gases or filter them through a HEPA fil-
ter and then release them into the hood (49).

() Waste: Use chemical decontamination
whenever possible; ensure that containers of
contaminated waste (including washings
from contaminated flasks) are transferred
from the controlled area in a secondary con-
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tainer under the supervision of authorized
personnel (49, 50, 233).

5. Animal Work with Chemicals of High
Chronic Toxicity

(a) Access: For large scale studies, special
facilities with restricted access are pref-
erable (56).

(b) Administration of the toxic substance:
When possible, administer the substance by
injection or gavage instead of in the diet. If
administration is in the diet, use a caging
system under negative pressure or under
laminar air flow directed toward HEPA fil-
ters (56).

(c) Aerosol suppression: Devise procedures
which minimize formation and dispersal of
contaminated aerosols, including those from
food, urine, and feces (e.g., use HEPA filtered
vacuum equipment for cleaning, moisten
contaminated bedding before removal from
the cage, mix diets in closed containers in a
hood) (55, 56).

(d) Personal protection: When working in
the animal room, wear plastic or rubber
gloves, fully buttoned laboratory coat or
jumpsuit and, if needed because of incom-
plete suppression of aerosols, other apparel
and equipment (shoe and head coverings, res-
pirator) (56).

(e) Waste disposal: Dispose of contaminated
animal tissues and excreta by incineration if
the available incinerator can convert the
contaminant to non-toxic products (238); oth-
erwise, package the waste appropriately for
burial in an EPA-approved site (239).

F. Safety Recommendations

The above recommendations from ‘“‘Pru-
dent Practices” do not include those which
are directed primarily toward prevention of
physical injury rather than toxic exposure.
However, failure of precautions against in-
jury will often have the secondary effect of
causing toxic exposures. Therefore, we list
below page references for recommendations
concerning some of the major categories of
safety hazards which also have implications
for chemical hygiene:

1. Corrosive agents: (35-6)
2. Electrically powered laboratory apparatus:

(179-92)

3. Fires, explosions: (26, 57-74, 162-4, 174-5,

219-20, 226-7)

4. Low temperature procedures: (26, 88)
5. Pressurized and vacuum operations (in-
cluding use of compressed gas cylinders):

(27, 75-101)

G. Material Safety Data Sheets

Material safety data sheets are presented
in “Prudent Practices’” for the chemicals
listed below. (Asterisks denote that com-
prehensive material safety data sheets are
provided).

*Acetyl peroxide (105)
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*Acrolein (106)
*Acrylonilrile (107)
Ammonia (anhydrous) (91)
*Aniline (109)

*Benzene (110)
*Benzo[a]pyrene (112)
*Bis(chloromethyl) ether (113)
Boron trichloride (91)
Boron trifluoride (92)
Bromine (114)

*Tert-butyl hydroperoxide (148)
*Carbon disulfide (116)
Carbon monoxide (92)
*Carbon tetrachloride (118)
*Chlorine (119)

Chlorine trifluoride (94)
*Chloroform (121)
Chloromethane (93)
*Diethyl ether (122)
Diisopropyl fluorophosphate (41)
*Dimethylformamide (123)
*Dimethyl sulfate (125)
*Dioxane (126)

*Ethylene dibromide (128)
*Fluorine (95)
*Formaldehyde (130)
*Hydrazine and salts (132)
Hydrofluoric acid (43)
Hydrogen bromide (98)
Hydrogen chloride (98)
*Hydrogen cyanide (133)
*Hydrogen sulfide (135)
Mercury and compounds (52)
*Methanol (137)
*Morpholine (138)

*Nickel carbonyl (99)
*Nitrobenzene (139)
Nitrogen dioxide (100)
N-nitrosodiethylamine (54)
*Peracetic acid (141)
*Phenol (142)

*Phosgene (143)

*Pyridine (144)

*Sodium azide (145)
*Sodium cyanide (147)
Sulfur dioxide (101)
*Trichloroethylene (149)
*Vinyl chloride (150)

APPENDIX B TO §1910.1450—REFERENCES (NON-
MANDATORY)

The following references are provided to
assist the employer in the development of a
Chemical Hygiene Plan. The materials listed
below are offered as non-mandatory guid-
ance. References listed here do not imply
specific endorsement of a book, opinion,
technique, policy or a specific solution for a
safety or health problem. Other references
not listed here may better meet the needs of
a specific laboratory. (a) Materials for the
development of the Chemical Hygiene Plan:

1. American Chemical Society, Safety in
Academic Chemistry Laboratories, 4th edi-
tion, 1985.

2. Fawcett, H.H. and W. S. Wood, Safety
and Accident Prevention in Chemical Oper-
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ations, 2nd edition, Wiley-Interscience, New
York, 1982.

3. Flury, Patricia A., Environmental
Health and Safety in the Hospital Labora-
tory, Charles C. Thomas Publisher, Spring-
field IL, 1978.

4. Green, Michael E. and Turk, Amos, Safe-
ty in Working with Chemicals, Macmillan
Publishing Co., NY, 1978.

5. Kaufman, James A., Laboratory Safety
Guidelines, Dow Chemical Co., Box 1713, Mid-
land, MI 48640, 1977.

6. National Institutes of Health, NIH
Guidelines for the Laboratory use of Chem-
ical Carcinogens, NIH Pub. No. 81-2385, GPO,
Washington, DC 20402, 1981.

7. National Research Council, Prudent
Practices for Disposal of Chemicals from
Laboratories, National Academy Press,
Washington, DC, 1983.

8. National Research Council, Prudent
Practices for Handling Hazardous Chemicals
in Laboratories, National Academy Press,
Washington, DC, 1981.

9. Renfrew, Malcolm, Ed., Safety in the
Chemical Laboratory, Vol. 1V, J. Chem. Ed.,
American Chemical Society, Easlon, PA,
1981.

10. Steere, Norman V., Ed., Safety in the
Chemical Laboratory, J. Chem. Ed. American
Chemical Society, Easlon, PA, 18042, Vol. I,
1967, Vol. 11, 1971, Vol. 111 1974.

11. Steere, Norman V., Handbook of Lab-
oratory Safety, the Chemical Rubber Com-
pany Cleveland, OH, 1971.

12. Young, Jay A., Ed., Improving Safety in
the Chemical Laboratory, John Wiley &
Sons, Inc. New York, 1987.

(b) Hazardous Substances Information:

1. American Conference of Governmental
Industrial Hygienists, Threshold Limit Val-
ues for Chemical Substances and Physical
Agents in the Workroom Environment with
Intended Changes, 6500 Glenway Avenue,
Bldg. D-7 Cincinnati, OH 45211-4438 (latest
edition).

2. Annual Report on Carcinogens, National
Toxicology Program U.S. Department of
Health and Human Services, Public Health
Service, U.S. Government Printing Office,
Washington, DC, (latest edition).

3. Best Company, Best Safety Directory,
Vols. I and 11, Oldwick, N.J., 1981.

4. Bretherick, L., Handbook of Reactive
Chemical Hazards, 2nd edition,
Butterworths, London, 1979.

5. Bretherick, L., Hazards in the Chemical
Laboratory, 3rd edition, Royal Society of
Chemistry, London, 1986.

6. Code of Federal Regulations, 29 CFR part
1910 subpart Z. U.S. Govt. Printing Office,
Washington, DC 20402 (latest edition).

7. IARC Monographs on the Evaluation of
the Carcinogenic Risk of Chemicals to Man,
World Health Organization Publications Cen-
ter, 49 Sheridan Avenue, Albany, New York
12210 (latest editions).
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8. NIOSH/OSHA Pocket Guide to Chemical
Hazards. NIOSH Pub. No. 85-114, U.S. Gov-
ernment Printing Office, Washington, DC,
1985 (or latest edition).

9. Occupational Health Guidelines, NIOSH/
OSHA NIOSH Pub. No. 81-123 U.S. Govern-
ment Printing Office, Washington, DC, 1981.

10. Patty, F.A., Industrial Hygiene and
Toxicology, John Wiley & Sons, Inc., New
York, NY (Five Volumes).

11. Registry of Toxic Effects of Chemical
Substances, U.S. Department of Health and
Human Services, Public Health Service, Cen-
ters for Disease Control, National Institute
for Occupational Safety and Health, Revised
Annually, for sale from Superintendent of
Documents U.S. Govt. Printing Office, Wash-
ington, DC 20402.

12. The Merck Index: An Encyclopedia of
Chemicals and Drugs. Merck and Company
Inc. Rahway, N.J., 1976 (or latest edition).

13. Sax, N.l. Dangerous Properties of Indus-
trial Materials, 5th edition, Van Nostrand
Reinhold, NY., 1979.

14. Sittig, Marshall, Handbook of Toxic and
Hazardous Chemicals, Noyes Publications,
Park Ridge, NJ, 1981.

(c) Information on Ventilation:

1. American Conference of Governmental
Industrial Hygienists Industrial Ventilation
(latest edition), 6500 Glenway Avenue, Bldg.
D-7, Cincinnati, Ohio 45211-4438.
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Foreword

As guidance for each employer's development of an appropriate laboratory Chemical Hygiene Plan, the following non-mandatory
recommendations are provided. They were extracted from "Prudent Practices" for Handling Hazardous Chemicals in Laboratories” (referred
to below as "Prudent Practices"), which was published in 1981 by the National Research Council and is available from the National Academy
Press, 2101 Constitution Ave., NW,. Washington DC 20418.

"Prudent Practices" is cited because of its wide distribution and acceptance and because of its preparation by members of the laboratory
community through the sponsorship of the National Research Council. However, none of the recommendations given here will modify any
requirements of the laboratory standard. This Appendix merely presents pertinent recommendations from "Prudent Practices," organized into
a form convenient for quick reference during operation of a laboratory facility and during development and application of a Chemical Hygiene
Plan. Users of this appendix should consult "Prudent Practices" for a more extended presentation and justification for each recommendation.

"Prudent Practices" deal with both safety and chemical hazards while the laboratory standard is concerned primarily with chemical hazards.
Therefore, only those recommendations directed primarily toward control of toxic exposures are cited in this appendix, with the term
"chemical hygiene" being substituted for the word "safety." However, since conditions producing or threatening physical injury often pose
toxic risks as well, page references concerning major categories of safety hazards in the laboratory are given in section F.





The recommendations from "Prudent Practices" have been paraphrased, combined, or otherwise reorganized, and headings have been
added. However, their sense has not been changed.

Corresponding Sections of the Standard and this Appendix

The following table is given for the convenience of those who are developing a Chemical Hygiene Plan which will satisfy the requirements of
paragraph (e) of the standard. It indicates those sections of this appendix which are most pertinent to each of the sections of paragraph (e)
and related paragraphs.

Paragraph|Topic in laboratory standard Relevant appendix
section
(e)(3)(i) [Standard operating procedures for handling toxic chemicals. C,D, E
(e)(3)(ii) |Criteria to be used for implementation of measures to reduce D
exposures.
(e)(3)(iii) |Fume hood performance C4b
(e)(3)(iv) [Employee information and training (including emergency procedures). |D10, D9
(e)(3)(v) |Requirements for prior approval of laboratory activities. E2b, E4b
(e)(3)(vi) |Medical consultation and medical examinations. D5, E4f
(e)(3)(vii) [Chemical hygiene responsibilities. B
(e)(3)(viii) |Special precautions for work with particularly hazardous substances.

In this appendix, those recommendations directed primarily at administrators and supervisors are given in sections A - D. Those
recommendations of primary concern to employees who are actually handling laboratory chemicals are given in section E. (Reference to
page numbers in "Prudent Practices" are given in parentheses.)
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A. General Principles for Work with Laboratory Chemicals

In addition to the more detailed recommendations listed below in sections B-E, "Prudent Practices" expresses certain general principles,
including the following:

1. Itis prudent to minimize all chemical exposures. Because few laboratory chemicals are without hazards, general precautions for
handling all laboratory chemicals should be adopted, rather than specific guidelines for particular chemicals (2,10). Skin contact
with chemicals should be avoided as a cardinal rule (198).

2. Avoid underestimation of risk. Even for substances of no known significant hazard, exposure should be minimized; for work with
substances which present special hazards, special precautions should be taken (10, 37, 38). One should assume that any mixture
will be more toxic than its most toxic component (30, 103) and that all substances of unknown toxicity are toxic (3, 34).

3. Provide adequate ventilation. The best way to prevent exposure to airborne substances is to prevent their escape into the working
atmosphere by use of hoods and other ventilation devices (32, 198).

4. Institute a chemical hygiene program. A mandatory chemical hygiene program designed to minimize exposures is needed; it
should be a regular, continuing effort, not merely a standby or short-term activity (6,11). Its recommendations should be followed
in academic teaching laboratories as well as by full-time laboratory workers (13).

5. Observe the PELs, TLVs. The Permissible Exposure Limits of OSHA and the Threshold Limit VValues of the American Conference
of Governmental Industrial Hygienists should not be exceeded (13).

B. Chemical Hygiene Responsibilities
Responsibility for chemical hygiene rests at all levels (6, 11, 21) including the:

1.  Chief executive officer, who has ultimate responsibility for chemical hygiene within the institution and must, with other
administrators, provide continuing support for institutional chemical hygiene (7, 11).
2. Supervisor of the department or other administrative unit, who is responsible for chemical hygiene in that unit (7).
3. Chemical hygiene officer(s), whose appointment is essential (7) and who must:
Work with administrators and other employees to develop and
Monitor procurement, use, and disposal of chemicals used in the lab (8);
See that appropriate audits are maintained (8);
Help project directors develop precautions and adequate facilities (10);
Know the current legal requirements concerning regulated substances (50); and
Seek ways to improve the chemical hygiene program (8, 11).
4.  Laboratory supervisor, who has overall responsibility for chemical hygiene in the laboratory (21) including responsibility to:
a.  Ensure that workers know and follow the chemical hygiene rules, that protective equipment is available and in working
order, and that appropriate training has been provided (21, 22);
b.  Provide regular, formal chemical hygiene and housekeeping inspections including routine inspections of emergency
equipment (21, 171);
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c.
d.
e.

Know the current legal requirements concerning regulated substances (50, 231);
Determine the required levels of protective apparel and equipment (156, 160, 162); and
Ensure that facilities and training for use of any material being ordered are adequate (215).

5.  Project director or director of other specific operation, who has primary responsibility for chemical hygiene procedures for that
operation (7).
6. Laboratory worker, who is responsible for:

a.

b.

Top of Page

Planning and conducting each operation in accordance with the institutional chemical hygiene procedures (7, 21, 22,
230); and
Developing good personal chemical hygiene habits (22).

C. The Laboratory Facility

1. Design. The laboratory facility should have:

a.

aogo

e.
2. Maintenan

An appropriate general ventilation system (see C4 below) with air intakes and exhausts located so as to avoid intake of
contaminated air (194);

Adequate, well-ventilated stockrooms/storerooms (218, 219);

Laboratory hoods and sinks (12, 162);

Other safety equipment including eyewash fountains and drench showers (162, 169); and

Arrangements for waste disposal (12, 240).

ce. Chemical-hygiene-related equipment (hoods, incinerator, etc.) should undergo continual appraisal and be modified

if inadequate (11, 12).

3. Usage. Th

e work conducted (10) and its scale (12) must be appropriate to the physical facilities available and, especially, to the

quality of ventilation (13).

4. Ventilation
a.
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General laboratory ventilation. This system should: Provide a source of air for breathing and for input to local ventilation
devices (199); it should not be relied on for protection from toxic substances released into the laboratory (198); ensure
that laboratory air is continually replaced, preventing increase of air concentrations of toxic substances during the
working day (194); direct air flow into the laboratory from non-laboratory areas and out to the exterior of the building
(194).

Hoods. A laboratory hood with 2.5 linear feet of hood space per person should be provided for every 2 workers if they
spend most of their time working with chemicals (199); each hood should have a continuous monitoring device to allow
convenient confirmation of adequate hood performance before use (200, 209). If this is not possible, work with
substances of unknown toxicity should be avoided (13) or other types of local ventilation devices should be provided
(199). See pp. 201-206 for a discussion of hood design, construction, and evaluation.

Other local ventilation devices. Ventilated storage cabinets, canopy hoods, snorkels, etc. should be provided as
needed (199). Each canopy hood and snorkel should have a separate exhaust duct (207).

Special ventilation areas. Exhaust air from glove boxes and isolation rooms should be passed through scrubbers or
other treatment before release into the regular exhaust system (208). Cold rooms and warm rooms should have
provisions for rapid escape and for escape in the event of electrical failure (209).

Modifications. Any alteration of the ventilation system should be made only if thorough testing indicates that worker
protection from airborne toxic substances will continue to be adequate (12, 193, 204).

Performance. Rate: 4-12 room air changes/hour is normally adequate general ventilation if local exhaust systems such
as hoods are used as the primary method of control (194).

Quality. General air flow should not be turbulent and should be relatively uniform throughout the laboratory, with no
high velocity or static areas (194, 195); airflow into and within the hood should not be excessively turbulent (200); hood
face velocity should be adequate (typically 60-100 Ifm) (200, 204).

Evaluation. Quality and quantity of ventilation should be evaluated on installation (202), regularly monitored (at least
every 3 months) (6, 12, 14, 195), and reevaluated whenever a change in local ventilation devices is made (12, 195,
207). See pp 195-198 for methods of evaluation and for calculation of estimated airborne contaminant concentrations.

D. Components of the Chemical Hygiene Plan

1. Basic Rules and Procedures (Recommendations for these are given in section E, below)
2. Chemical Procurement, Distribution, and Storage

a.

Procurement. Before a substance is received, information on proper handling, storage, and disposal should be known
to those who will be involved (215, 216). No container should be accepted without an adequate identifying label (216).
Preferably, all substances should be received in a central location (216).

Stockrooms/storerooms. Toxic substances should be segregated in a well-identified area with local exhaust ventilation
(221). Chemicals which are highly toxic (227) or other chemicals whose containers have been opened should be in
unbreakable secondary containers (219). Stored chemicals should be examined periodically (at least annually) for
replacement, deterioration, and container integrity (218-19). Stockrooms/storerooms should not be used as preparation
or repackaging areas, should be open during normal working hours, and should be controlled by one person (219).
Distribution. When chemicals are hand carried, the container should be placed in an outside container or bucket.
Freight-only elevators should be used if possible (223).





d.

Laboratory storage. Amounts permitted should be as small as practical. Storage on bench tops and in hoods is
inadvisable. Exposure to heat or direct sunlight should be avoided. Periodic inventories should be conducted, with
unneeded items being discarded or returned to the storeroom/stockroom (225-6, 229).

3. Environmental Monitoring
Regular instrumental monitoring of airborne concentrations is not usually justified or practical in laboratories but may be
appropriate when testing or redesigning hoods or other ventilation devices (12) or when a highly toxic substance is stored or used
regularly (e.g., 3 times/week) (13).

4. Housekeeping, Maintenance, and Inspections

a.
b.

C.

d.

5. Medical P
a.

b.
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Cleaning. Floors should be cleaned regularly (24).

Inspections. Formal housekeeping and chemical hygiene inspections should be held at least quarterly (6, 21) for units
which have frequent personnel changes and semiannually for others; informal inspections should be continual (21).
Maintenance. Eye wash fountains should be inspected at intervals of not less than 3 months (6). Respirators for routine
use should be inspected periodically by the laboratory supervisor (169). Other safety equipment should be inspected
regularly. (e.g., every 3-6 months) (6, 24, 171). Procedures to prevent restarting of out-of-service equipment should be
established (25).

Passageways. Stairways and hallways should not be used as storage areas (24). Access to exits, emergency
equipment, and utility controls should never be blocked (24).
rogram

Compliance with regulations. Regular medical surveillance should be established to the extent required by regulations
(12).

Routine surveillance. Anyone whose work involves regular and frequent handling of toxicologically significant quantities
of a chemical should consult a qualified physician to determine on an individual basis whether a regular schedule of
medical surveillance is desirable (11, 50).

First aid. Personnel trained in first aid should be available during working hours and an emergency room with medical
personnel should be nearby (173). See pp. 176-178 for description of some emergency first aid procedures.

6. Protective Apparel and Equipment
These should include for each laboratory:
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7. Records
a.

c.
d.

8.  Signs and

Protective apparel compatible with the required degree of protection for substances being handled (158-161);

An easily accessible drench-type safety shower (162, 169);

An eyewash fountain (162)

A fire extinguisher (162-164);

Respiratory protection (164-9), fire alarm and telephone for emergency use (162) should be available nearby; and
Other items designated by the laboratory supervisor (156, 160).

Accident records should be written and retained (174).

Chemical Hygiene Plan records should document that the facilities and precautions were compatible with current
knowledge and regulations (7).

Inventory and usage records for high-risk substances should be kept as specified in sections E3e below.

Medical records should be retained by the institution in accordance with the requirements of state and federal
regulations (12).

Labels

Prominent signs and labels of the following types should be posted:

1.

2.

3.

4,
Spills and

a.

b.

c.
Informatio

0.

1.

Emergency telephone numbers of emergency personnel/facilities, supervisors, and laboratory workers (28);

Identity labels, showing contents of containers (including waste receptacles) and associated hazards (27, 48);
Location signs for safety showers, eyewash stations, other safety and first aid equipment, exits (27) and areas where
food and beverage consumption and storage are permitted (24); and

Warnings at areas or equipment where special or unusual hazards exist (27).

Accidents

A written emergency plan should be established and communicated to all personnel; it should include procedures for
ventilation failure (200), evacuation, medical care, reporting, and drills (172).

There should be an alarm system to alert people in all parts of the facility including isolation areas such as cold rooms
(172).

A spill control policy should be developed and should include consideration of prevention, containment, cleanup, and
reporting (175).

All accidents or near accidents should be carefully analyzed with the results distributed to all who might benefit (8, 28).
n and Training Program

Aim: To assure that all individuals at risk are adequately informed about the work in the laboratory, its risks, and what
to do if an accident occurs (5, 15).

Emergency and Personal Protection Training: Every laboratory worker should know the location and proper use of
available protective apparel and equipment (154, 169). Some of the full-time personnel of the laboratory should be
trained in the proper use of emergency equipment and procedures (6). Such training as well as first aid instruction
should be available to (154) and encouraged for (176) everyone who might need it.

Receiving and stockroom/storeroom personnel should know about hazards, handling equipment, protective apparel,
and relevant regulations (217).

Frequency of Training: The training and education program should be a regular, continuing activity - not simply an
annual presentation (15).

Literature/Consultation: Literature and consulting advice concerning chemical hygiene should be readily available to
laboratory personnel, who should be encouraged to use these information resources (14).

Waste Disposal Program.





Aim: To assure that minimal harm to people, other organisms, and the environment will result from the disposal of
waste laboratory chemicals (5).

a. Content (14, 232, 233, 240): The waste disposal program should specify how waste is to be collected, segregated,
stored, and transported and include consideration of what materials can be incinerated. Transport from the institution
must be in accordance with DOT regulations (244).

b.  Discarding Chemical Stocks: Unlabeled containers of chemicals and solutions should undergo prompt disposal; if
partially used, they should not be opened (24, 27). Before a worker's employment in the laboratory ends, chemicals for
which that person was responsible should be discarded or returned to storage (226).

c.  Frequency of Disposal: Waste should be removed from laboratories to a central waste storage area at least once per
week and from the central waste storage area at regular intervals (14).

d.  Method of Disposal: Incineration in an environmentally acceptable manner is the most practical disposal method for
combustible laboratory waste (14, 238, 241). Indiscriminate disposal by pouring waste chemicals down the drain (14,
231, 242) or adding them to mixed refuse for landfill burial is unacceptable (14). Hoods should not be used as a means
of disposal for volatile chemicals(40, 200). Disposal by recycling (233, 243) or chemical decontamination (40, 230)
should be used when possible.
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E. Basic Rules and Procedures for Working with Chemicals

The Chemical Hygiene Plan should require that laboratory workers know and follow its rules and procedures. In addition to the procedures of
the sub programs mentioned above, these should include the rules listed below.

1. General Rules
The following should be used for essentially all laboratory work with chemicals:
a. Accidents and spills - Eye Contact: Promptly flush eyes with water for a prolonged period (15 minutes) and seek
medical attention (33, 172).

Ingestion: Encourage the victim to drink large amounts of water (178).

Skin Contact: Promptly flush the affected area with water (33, 172, 178) and remove any contaminated clothing (172,
178). If symptoms persist after washing, seek medical attention (33). Clean-up. Promptly clean up spills, using
appropriate protective apparel and equipment and proper disposal (24, 33). See pp. 233-237 for specific clean-up
recommendations.

b.  Avoidance of "routine" exposure: Develop and encourage safe habits (23); avoid unnecessary exposure to chemicals
by any route (23). Do not smell or taste chemicals (32). Vent apparatus which may discharge toxic chemicals (vacuum
pumps, distillation columns, etc.) into local exhaust devices (199). Inspect gloves (157) and test glove boxes (208)
before use. Do not allow release of toxic substances in cold rooms and warm rooms, since these have contained
recirculated atmospheres (209).

c.  Choice of chemicals: Use only those chemicals for which the quality of the available ventilation system is appropriate
(13).

d.  Eating, smoking, etc.: Avoid eating, drinking, smoking, gum chewing, or application of cosmetics in areas where
laboratory chemicals are present (22, 24, 32, 40); wash hands before conducting these activities (23, 24). Avoid
storage, handling, or consumption of food or beverages in storage areas, refrigerators, glassware or utensils which are
also used for laboratory operations (23, 24, 226).

e. Equipment and glassware: Handle and store laboratory glassware with care to avoid damage; do not use damaged

glassware (25). Use extra care with Dewar flasks and other evacuated glass apparatus; shield or wrap them to contain

chemicals and fragments should implosion occur (25). Use equipment only for its designed purpose (23, 26).

Exiting: Wash areas of exposed skin well before leaving the laboratory (23).

Horseplay: Avoid practical jokes or other behavior which might confuse, startle or distract another worker (23).

Mouth suction: Do not use mouth suction for pipeting or starting a siphon (23, 32).

Personal apparel: Confine long hair and loose clothing (23, 158). Wear shoes at all times in the laboratory but do not

wear sandals, perforated shoes, or sneakers (158).

j. Personal housekeeping: Keep the work area clean and uncluttered, with chemicals and equipment being properly
labeled and stored; clean up the work area on completion of an operation or at the end of each day (24).

k. Personal protection: Assure that appropriate eye protection (154-156) is worn by all persons, including visitors, where
chemicals are stored or handled (22, 23, 33, 154). Wear appropriate gloves when the potential for contact with toxic
materials exists (157); inspect the gloves before each use, wash them before removal, and replace them periodically
(157). (A table of resistance to chemicals of common glove materials is given p. 159). Use appropriate (164-168)
respiratory equipment when air contaminant concentrations are not sufficiently restricted by engineering controls (164-
5), inspecting the respirator before use (169). Use any other protective and emergency apparel and equipment as
appropriate (22, 157-162). Avoid use of contact lenses in the laboratory unless necessary; if they are used, inform
supervisor so special precautions can be taken (155). Remove laboratory coats immediately on significant
contamination (161).

I Planning: Seek information and advice about hazards (7), plan appropriate protective procedures, and plan positioning
of equipment before beginning any new operation (22, 23).

m. Unattended operations: Leave lights on, place an appropriate sign on the door, and provide for containment of toxic
substances in the event of failure of a utility service (such as cooling water) to an unattended operation (27, 128).

n. Use of hood: Use the hood for operations which might result in release of toxic chemical vapors or dust (198-9). As a
rule of thumb, use a hood or other local ventilation device when working with any appreciably volatile substance with a
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TLV of less than 50 ppm (13). Confirm adequate hood performance before use; keep hood closed at all times except
when adjustments within the hood are being made (200); keep materials stored in hoods to a minimum and do not
allow them to block vents or air flow (200). Leave the hood "on" when it is not in active use if toxic substances are
stored in it or if it is uncertain whether adequate general laboratory ventilation will be maintained when it is "off"(200).
Vigilance: Be alert to unsafe conditions and see that they are corrected when detected (22).

Waste disposal: Assure that the plan for each laboratory operation includes plans and training for waste disposal (230).
Deposit chemical waste in appropriately labeled receptacles and follow all other waste disposal procedures of the
Chemical Hygiene Plan (22, 24). Do not discharge to the sewer concentrated acids or bases (231); highly toxic,
malodorous, or lachrymatory substances (231); or any substances which might interfere with the biological activity of
waste water treatment plants, create fire or explosion hazards, cause structural damage or obstruct flow (242).
Working alone: Avoid working alone in a building; do not work alone in a laboratory if the procedures being conducted
are hazardous (28).

2. Working with Allergens and Embryotoxins

a.

b.

Allergens (examples: diazomethane, isocyanates, bichromates): Wear suitable gloves to prevent hand contact with
allergens or substances of unknown allergenic activity (35).

Embryotoxins (34-5) (examples: organomercurials, lead compounds, formamide): If you are a woman of childbearing
age, handle these substances only in a hood whose satisfactory performance has been confirmed, using appropriate
protective apparel (especially gloves) to prevent skin contact. Review each use of these materials with the research
supervisor and review continuing uses annually or whenever a procedural change is made. Store these substances,
properly labeled, in an adequately ventilated area in an unbreakable secondary container. Notify supervisors of all
incidents of exposure or spills; consult a qualified physician when appropriate.

3. Work with Chemicals of Moderate Chronic or High Acute Toxicity

Examples: diisopropylfluorophosphate (41), hydrofluoric acid (43),hydrogen cyanide (45).

Supplemental rules to be followed in addition to those mentioned above (Procedure B of "Prudent Practices," pp. 39-41):

a.
b.
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Aim: To minimize exposure to these toxic substances by any route using all reasonable precautions (39).
Applicability: These precautions are appropriate for substances with moderate chronic or high acute toxicity used in
significant quantities (39).

Location: Use and store these substances only in areas of restricted access with special warning signs (40, 229).
Always use a hood (previously evaluated to confirm adequate performance with a face velocity of at least 60 linear feet
per minute) (40) or other containment device for procedures which may result in the generation of aerosols or vapors
containing the substance (39); trap released vapors to prevent their discharge with the hood exhaust (40).

Personal protection: Always avoid skin contact by use of gloves and long sleeves (and other protective apparel as
appropriate) (39). Always wash hands and arms immediately after working with these materials (40).

Records: Maintain records of the amounts of these materials on hand, amounts used, and the names of the workers
involved (40, 229).

Prevention of spills and accidents: Be prepared for accidents and spills (41). Assure that at least 2 people are present
at all times if a compound in use is highly toxic or of unknown toxicity (39). Store breakable containers of these
substances in chemically resistant trays; also work and mount apparatus above such trays or cover work and storage
surfaces with removable, absorbent, plastic backed paper (40). If a major spill occurs outside the hood, evacuate the
area; assure that cleanup personnel wear suitable protective apparel and equipment (41).

Waste: Thoroughly decontaminate or incinerate contaminated clothing or shoes (41). If possible, chemically
decontaminate by chemical conversion (40). Store contaminated waste in closed, suitably labeled, impervious
containers (for liquids, in glass or plastic bottles half-filled with vermiculite) (40).

4. Work with Chemicals of High Chronic Toxicity

(Examples: dimethylmercury and nickel carbonyl (48), benzo-a-pyrene

(51), N-nitrosodiethylamine (54), other human carcinogens or substances

with high carcinogenic potency in animals (38).)

Further supplemental rules to be followed, in addition to all these mentioned above, for work with substances of known high
chronic toxicity (in quantities above a few milligrams to a few grams, depending on the substance) (47). (Procedure A of "Prudent
Practices" pp. 47-50).

a.

Access: Conduct all transfers and work with these substances in a "controlled area": a restricted access hood, glove
box, or portion of a lab, designated for use of highly toxic substances, for which all people with access are aware of the
substances being used and necessary precautions (48).

Approvals: Prepare a plan for use and disposal of these materials and obtain the approval of the laboratory supervisor
(48).

Non-contamination/Decontamination: Protect vacuum pumps against contamination by scrubbers or HEPA filters and
vent them into the hood (49). Decontaminate vacuum pumps or other contaminated equipment, including glassware, in





the hood before removing them from the controlled area (49, 50). Decontaminate the controlled area before normal
work is resumed there (50).

Exiting: On leaving a controlled area, remove any protective apparel (placing it in an appropriate, labeled container)
and thoroughly wash hands, forearms, face, and neck (49).

Housekeeping: Use a wet mop or a vacuum cleaner equipped with a HEPA filter instead of dry sweeping if the toxic
substance was a dry powder (50).

Medical surveillance: If using toxicologically significant quantities of such a substance on a regular basis (e.g., 3 times
per week), consult a qualified physician concerning desirability of regular medical surveillance (50).

Records: Keep accurate records of the amounts of these substances stored (229) and used, the dates of use, and
names of users (48).

Signs and labels: Assure that the controlled area is conspicuously marked with warning and restricted access signs
(49) and that all containers of these substances are appropriately labeled with identity and warning labels (48).

Spills: Assure that contingency plans, equipment, and materials to minimize exposures of people and property in case
of accident are available (233-4).

Storage: Store containers of these chemicals only in a ventilated, limited access (48, 227, 229) area in appropriately
labeled, unbreakable, chemically resistant, secondary containers (48, 229).

Glove boxes: For a negative pressure glove box, ventilation rate must be at least 2 volume changes/hour and pressure
at least 0.5 inches of water (48). For a positive pressure glove box, thoroughly check for leaks before each use (49). In
either case, trap the exit gases or filter them through a HEPA filter and then release them into the hood (49).

Waste: Use chemical decontamination whenever possible; ensure that containers of contaminated waste (including
washings from contaminated flasks) are transferred from the controlled area in a secondary container under the
supervision of authorized personnel (49, 50, 233).

5. Animal Work with Chemicals of High Chronic Toxicity
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a.
b.

Access: For large scale studies, special facilities with restricted access are preferable (56).

Administration of the toxic substance: When possible, administer the substance by injection or gavage instead of in the
diet. If administration is in the diet, use a caging system under negative pressure or under laminar air flow directed
toward HEPA filters (56).

Aerosol suppression: Devise procedures which minimize formation and dispersal of contaminated aerosols, including
those from food, urine, and feces (e.g., use HEPA filtered vacuum equipment for cleaning, moisten contaminated
bedding before removal from the cage, mix diets in closed containers in a hood) (55, 56).

Personal protection: When working in the animal room, wear plastic or rubber gloves, fully buttoned laboratory coat or
jumpsuit and, if needed because of incomplete suppression of aerosols, other apparel and equipment (shoe and head
coverings, respirator) (56).

Waste disposal: Dispose of contaminated animal tissues and excreta by incineration if the available incinerator can
convert the contaminant to non-toxic products (238); otherwise, package the waste appropriately for burial in an EPA-
approved site (239).

F. Safety Recommendations

The above recommendations from "Prudent Practices" do not include those which are directed primarily toward prevention of physical injury
rather than toxic exposure. However, failure of precautions against injury will often have the secondary effect of causing toxic exposures.
Therefore, we list below page references for recommendations concerning some of the major categories of safety hazards which also have
implications for chemical hygiene:

arwnE

Corrosive agents: (35-6)

Electrically powered laboratory apparatus: (179-92)

Fires, explosions: (26, 57-74, 162-64, 174-5, 219-20, 226-7)

Low temperature procedures: (26, 88)

Pressurized and vacuum operations (including use of compressed gas cylinders): (27, 75-101)

G. Material Safety Data Sheets

Material safety data sheets are presented in "Prudent Practices" for the chemicals listed below. (Asterisks denote that comprehensive
material safety data sheets are provided).

Acetyl peroxide (105)
Acrolein (106)

Acrylonitrile
Ammonia (anhydrous)(91)

Aniline (109)

Benzene (110)
Benzo[a]pyrene (112)
Bis(chloromethyl) ether (113)

Boron trichloride (91)





Boron trifluoride (92)
Bromine (114)

Tert-butyl hydroperoxide (148)

Carbon disulfide (116)
Carbon monoxide (92)

(] Carbon tetrachloride (118)
*Chlorine (119)
Chlorine trifluoride (94)

®  Chloroform (121)
Chloromethane (93)

(] Diethyl ether (122)
Diisopropy! fluorophosphate (41)

Dimethylformamide (123)
Dimethyl sulfate (125)
Dioxane (126)

Ethylene dibromide (128)
Fluorine (95)
Formaldehyde (130)

Hydrazine and salts (132)
Hydrofluoric acid (43)
Hydrogen bromide (98)
Hydrogen chloride (98)

(] Hydrogen cyanide (133)

Hydrogen sulfide (135)
Mercury and compounds (52)

Methanol (137)
Morpholine (138)
Nickel carbonyl (99)

Nitrobenzene (139)
Nitrogen dioxide (100)
N-nitrosodiethylamine (54)

Peracetic acid (141)
Phenol (142)
Phosgene (143)
Pyridine (144)
Sodium azide (145)

Sodium cyanide (147)
Sulfur dioxide (101)

Trichloroethylene (149)
®  Vinyl chloride (150)

29 CFR 1910.1450 App B References (Non-Mandatory)
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Chemical Hygiene Plan Appendix B
Laboratory Task Hazard Assessment Form

General Information:
Building Room Number/Area

Department/Unit:

Process/Procedure (Explain Task):

—] Routine —] Non-routine

Hazards/ Potential Hazards Assessment:

L' Chemical (Vapor/Dust) L Noise L] Thermal
] Fire/Explosion _— Non-Ionizing Radiation _— Ergonomic
L1 Biological L Tonizing Radiation L Other
Explain:

Monitoring Results:

Accident Probability [ Low I Moderate I High
Accident Severity 1 Low 31 Moderate 1 High

Personal Protective Equipment Required:

Required PPE Required (See Code) Hazard Source
Eyes —
Face —c
Head —
Foot —
Hand —
Body —
Hearing |-
Respiratory —
Other Requirements: (Circle Y or N. If Y, Attach Additional Pages.)
Technical Skills Training: Y /N Safety Plan: Y /N
Safety Training: Y /N Special Tools/ Equipment: Y /N
Standard Operating Procedures: Y /N Other: Y/N
Certified By: Date:
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Chemical Hygiene Plan Appendix B
Laboratory Task Hazard Assessment Form

Personal Protective Equipment Code

Hand Protection
CRG - Chemical Resistant Gloves*
CLG - Cloth Gloves (Utility)
LEG - Leather Gloves
TRG - Thermal Resistant Gloves
RUG - Rubber Gloves

Face/ Eye Protection
CSG - Chemical Splash Goggles
SGS - Safety Glasses with Side Shields
FAS - Face Shield
WEM - Welding Mask
WEG - Welding Goggles

Torso Protection
CRC - Chemical Resistant Clothing
CRA - Chemical Resistant Apron
LSS - Long Sleeved Shirt
LSC - Long Sleeved Coveralls
WEJ - Welder’s Jacket

Respiratory Protection
APR - Air Purifying Respirator**

Miscellaneous Protection
SAH - Safety Harness and Life Line
HAH - Hard Hat
SAS - Safety Shoes
HEP - Hearing Protection

*Hand Protection (Glove Material) **Respiratory Protection / Air Purifying
Respirator (Cartridge Type)

1. Butyl Rubber 1. Dust. Mist and Fumes

2. Natural Rubber 2. Organic Vapor

3. Neoprene Rubber 3. Organic Vapor / Acid Gas

4. Nitrile Rubber 4. Combination - Organic Vapor Acid

5. Polyvinyl Alcohol Plastic Gas and High Efficiency Particulate Filter

6. Polyvinyl Chloride Plastic

7. Viton

8. 4H / Silver Shield

The Ohio State University Office of Environmental Health and Safety Chemical Hygiene Plan
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Chemical Hygiene Plan Appendix C
29 CFR Part 1910 Subpart Z
Toxic and Hazardous Substances

Authority: Secs. 6, 8 Occupational Safety and Health Act, 29 U.S.C. 655, 657: Secretary
of Labor's Orders 12-71 (36 FR 8754), 8-76 (41 FR 25059), 9-83 (48 FR 35736), or 1-90
(55 FR 9033), as applicable; and 29 CFR Part 1911.

All of subpart Z issued under section 6(b) of the Occupational Safety and Health Act,
except those substances which have exposure limits listed in Tables Z-1, Z-2, and Z-3 of
29 CFR 1910.1000. The latter were issued under section 6(a) [29 U.S.C. 655(a)].
Section 1910.1000, Tables Z-1, Z-2, Z-3 also issued under 5 U.S.C. 553. Section
1910.1000, Table Z-1, Z-2, and Z-3 not issued under 29 CFR part 1911 except for the
arsenic (organic compounds), benzene, and cotton dust listings.

Section 1910.1001 also issued under Sec. 107 of Contract Work Hours and Safety and
Standards Act, 40 U.S.C. 333 and 5 U.S.C. 553. Section 1910.1002 not issued under 29
U.S.C. 655 or 29 CFR Part 1911; also issued under 5 U.S.C. 553.

Section 1910.1003 through 1910.1018 also issued under 29 CFR 653.

Section 1910.1025 also issued under 29 U.S.C. 653 and 5 U.S.C. 553.

Section 1910.1028 also issued under 29 U.S.C. 653.

Section 1910.1030 also issued under 29 U.S.C. 653.

Section 1910.1043 also issued under 5 U.S.C. 551 et seq.

Section 1910.1045 and 1910.1047 also issued under 29 U.S.C. 653.

Section 1910.1048 also issued under 29 U.S.C. 653.

Sections 1910.1200, 1910.1499 and 1910.1500 also issued under 5 U.S.C. 553.
Section 1910.1450 is also issued under secs. 6(b), 8(c) and 8(g)(2), Pub. L. 91-
596, 84 Stat. 1593, 1955, 1600; 29 U.S.C. 655, 657.

SOURCE: 39 FR 23502, June 27, 1974, unless otherwise noted. Redesignated at 40 FR
23072, May 28, 1975.

*[55 FR 3327, Jan. 31, 1990; 55 FR 4999, Feb. 13, 1990; 55 FR 12819, Apr. 6, 1990; 55
FR 50686, Dec. 10, 1990; 56 FR, Dec. 6, 1991; 58 FR 21780 April 23, 1993; 58 FR
35310 & 35338, June 30, 1993; 59 FR 6169, Feb. 9, 1994; 59 FR 17479, April 13, 1994;
59 FR 36695, July 19, 1994; 59 FR 40964, Aug. 10, 1994; 59 FR 65947, Dec. 22, 1994;
60 FR 9624, Feb. 21, 1995; 60 FR 33343, June 28, 1995; 60 FR 52856, Oct. 11, 1995]

An employee's exposure to any substance listed in Tables Z-1, Z-2, or Z-3 of this section
shall be limited in accordance with the requirements of the following paragraphs of this
section.
(a) Table Z-1
(1) "Substances with limits preceded by "C" - Ceiling Values." An employee's
exposure to any substance in Table Z-1, the exposure limit of which is preceded
by a "C", shall at no time exceed the exposure limit given for that substance. If
instantaneous monitoring is not feasible, then the ceiling shall be assessed as a 15-
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Chemical Hygiene Plan Appendix C
29 CFR Part 1910 Subpart Z
Toxic and Hazardous Substances

minute time weighted average exposure which shall not be exceeded at any time
during the working day.

(2) "Other substances" - "8-hour Time Weighted Averages." An employee's
exposure to any substance in Table Z-1, the exposure limit of which is not
preceded by a "C", shall not exceed the 8-hour Time Weighted Average given for
that substance any 8-hour work shift of a 40-hour work week.

(b) Table Z-2 - An employee's exposure to any substance listed in Table Z-2 shall not
exceed the exposure limits specified as follows:
(1) "8-hour time weighted averages." An employee's exposure to any substance
listed in Table Z-2, in any 8-hour work shift of a 40-hour work week, shall not
exceed the 8-hour time weighted average limit given for that substance in Table
Z-2.

(2) "Acceptable ceiling concentrations." An employee's exposure to a
substance listed in Table Z-2 shall not exceed at any time during an

8-hour shift the acceptable ceiling concentration limit given for the substance in
the table, except for a time period, and up to a concentration not exceeding the
maximum duration and concentration allowed in the column under "acceptable
maximum peak above the acceptable ceiling concentration for an 8-hour shift".

(3) "Example." During an 8-hour work shift, an employee may be exposed to a
concentration of Substance A (with a 10 ppm TWA, 25 ppm ceiling and 50 ppm
peak) above 25 ppm (but never above 50 ppm) only for a maximum period of 10
minutes. Such exposure must be compensated by exposures to concentrations
less than 10 ppm so that the cumulative exposure for the entire 8-hour work shift
does not exceed a weighted average of 10 ppm.

(c) Table Z-3 - An employee's exposure to any substance listed in Table Z-3, in any 8-
hour work shift of a 40-hour work week, shall not exceed the 8-hour time weighted
average limit given for that substance in the table.

(d) Computation formulae - The computation formula which shall apply to employee
exposure to more than one substance for which 8-hour time weighted averages are listed
in subpart Z of 29 CFR Part 1910 in order to determine whether an employee is exposed
over the regulatory limit is as follows:

(1)(1) The cumulative exposure for an 8-hour work shift shall be computed as
follows:

(E=C(a)T(a) + C(b)T(b) + ...C(n)T(n)) divided by 8
Where:
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Chemical Hygiene Plan Appendix C
29 CFR Part 1910 Subpart Z
Toxic and Hazardous Substances

E is the equivalent exposure for the working shift.

C is the concentration during any period of time T where the concentration
remains constant.

T is the duration in hours of the exposure at the concentration C.

The value of E shall not exceed the 8-hour time weighted average specified in
Subpart Z or 29 CFR Part 1910 for the substance involved.

(i1) To illustrate the formula prescribed in paragraph (d)(1)(i) of this section,
assume that Substance A has an 8-hour time weighted average limit of 100 ppm
noted in Table Z-1. Assume that an employee is subject to the following
exposure:

Two hours exposure at 150 ppm

Two hours exposure at 75 ppm

Four hours exposure at 50 ppm

Substituting this information in the formula, we have

(2 X150+ 2 X 75+ 4 X 50)divided by 8 = 81.25 ppm

Since 81.25 ppm is less than 100 ppm, the 8-hour time weighted average limit, the
exposure is acceptable.

(2)(1) in case of a mixture of air contaminants an employer shall
compute the equivalent exposure as follows:

Em = (C, divided by L, + C, divided by Ly) + ... (C,divided by Ly)

Where:
En, is the equivalent exposure for the mixture.

C is the concentration of a particular contaminant.

L is the exposure limit for that substance specified in Subpart Z of
29 CFR Part 1910.

The value of E(m) shall not exceed unity (1).

(i) To illustrate the formula prescribed in paragraph (d)(2)(i) of this
section, consider the following exposures:
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Chemical Hygiene Plan Appendix C
29 CFR Part 1910 Subpart Z
Toxic and Hazardous Substances

Substance Actual concentration of 8- 8-hour TWA
hour exposure (ppm) Pel (ppm)
B 500 1,000
C 45 200
D 40 200

Substituting in the formula, we have:
En =500 divided by 1,000 + 45 divided by 200 + 40 divided by 200
En=0.500 + 0.225 + 0.200
En=0.925

Since Ey, is less than unity (1), the exposure combination is within acceptable
limits.

(e) To achieve compliance with paragraphs (a) through (d) of this section, administrative
or engineering controls must first be determined and implemented whenever feasible.
When such controls are not feasible to achieve full compliance, protective equipment or
any other protective measures shall be used to keep the exposure of employees to air
contaminants within the limits prescribed in this section. Any equipment and/or
technical measures used for this purpose must be approved for each particular use by a
competent industrial hygienist or other technically qualified person. Whenever respirators
are used, their use shall comply with 1910.134.

(f) Effective dates. The exposure limits specified have been in effect with the method of
compliance specified in paragraph (e) of this section since May 29, 1971.

An employee's exposure to any substance listed in Tables Z-1, Z-2, or Z-3 of this section

shall be limited in accordance with the requirements of the following paragraphs of this

section.

(a) Table Z-1
(1) "Substances with limits preceded by "C" - Ceiling Values." An employee's
exposure to any substance in Table Z-1, the exposure limit of which is preceded
by a "C", shall at no time exceed the exposure limit given for that substance. If
instantaneous monitoring is not feasible, then the ceiling shall be assessed as a 15-
minute time weighted average exposure which shall not be exceeded at any time
during the working day.

(2) "Other substances" - "8-hour Time Weighted Averages." An employee's
exposure to any substance in Table Z-1, the exposure limit of which is not
preceded by a "C", shall not exceed the 8-hour Time Weighted Average given for
that substance any 8-hour work shift of a 40-hour work week.

(b) Table Z-2 - An employee's exposure to any substance listed in Table Z-2 shall not
exceed the exposure limits specified as follows:

The Ohio State University Office of Environmental Health & Safety - Chemical Hygiene Plan
Appendix C 29 CFR Part 1910 Subpart Z - Toxic and Hazardous Substances Tables Page 4
Revised 4/06






Chemical Hygiene Plan Appendix C
29 CFR Part 1910 Subpart Z
Toxic and Hazardous Substances

(1) "8-hour time weighted averages." An employee's exposure to any substance
listed in Table Z-2, in any 8-hour work shift of a 40-hour work week, shall not
exceed the 8-hour time weighted average limit given for that substance in Table
Z-2.

(2) "Acceptable ceiling concentrations." An employee's exposure to a
substance listed in Table Z-2 shall not exceed at any time during an

8-hour shift the acceptable ceiling concentration limit given for the substance in
the table, except for a time period, and up to a concentration not exceeding the
maximum duration and concentration allowed in the column under "acceptable
maximum peak above the acceptable ceiling concentration for an 8-hour shift".

(3) "Example." During an 8-hour work shift, an employee may be exposed to a
concentration of Substance A (with a 10 ppm TWA, 25 ppm ceiling and 50 ppm
peak) above 25 ppm (but never above 50 ppm) only for a maximum period of 10
minutes. Such exposure must be compensated by exposures to concentrations
less than 10 ppm so that the cumulative exposure for the entire 8-hour work shift
does not exceed a weighted average of 10 ppm.

(c) Table Z-3 - An employee's exposure to any substance listed in Table Z-3, in any 8-
hour work shift of a 40-hour work week, shall not exceed the 8-hour time weighted
average limit given for that substance in the table.

(d) Computation formulae - The computation formula which shall apply to employee
exposure to more than one substance for which 8-hour time weighted averages are listed
in subpart Z of 29 CFR Part 1910 in order to determine whether an employee is exposed
over the regulatory limit is as follows:

(1)(1) The cumulative exposure for an 8-hour work shift shall be computed as
follows:

(E = C(a)T(a) + C(b)T(b) + . ..C(n)T(n)) divided by 8

Where:
E is the equivalent exposure for the working shift.

C is the concentration during any period of time T where the concentration
remains constant.

T is the duration in hours of the exposure at the concentration C.

The value of E shall not exceed the 8-hour time weighted average specified in
Subpart Z or 29 CFR Part 1910 for the substance involved.
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Chemical Hygiene Plan Appendix C
29 CFR Part 1910 Subpart Z
Toxic and Hazardous Substances

(i) To illustrate the formula prescribed in paragraph (d)(1)(1) of this section,
assume that Substance A has an 8-hour time weighted average limit of 100 ppm
noted in Table Z-1. Assume that an employee is subject to the following
exposure:

Two hours exposure at 150 ppm

Two hours exposure at 75 ppm

Four hours exposure at 50 ppm

Substituting this information in the formula, we have

(2 X 150 +2 X 75 + 4 X 50) divided by 8 = 81.25 ppm

Since 81.25 ppm is less than 100 ppm, the 8-hour time weighted average limit, the
exposure is acceptable.

(2)(1) in case of a mixture of air contaminants an employer shall
compute the equivalent exposure as follows:

Enm = (C; divided by L, + C, divided by Ly) + ... (Cndivided by Ly)

Where:
En is the equivalent exposure for the mixture.

C is the concentration of a particular contaminant.

L is the exposure limit for that substance specified in Subpart Z of
29 CFR Part 1910.

The value of E(m) shall not exceed unity (1).

(i1) To illustrate the formula prescribed in paragraph (d)(2)(i) of this
section, consider the following exposures:

Substance Actual concentration of 8- 8-hour TWA
hour exposure (ppm) Pel (ppm)
B 500 1,000
C 45 200
D 40 200

Substituting in the formula, we have:
En =500 divided by 1,000 + 45 divided by 200 + 40 divided by 200
En=0.500 + 0.225 + 0.200
En=0.925
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Chemical Hygiene Plan Appendix C
29 CFR Part 1910 Subpart Z
Toxic and Hazardous Substances

Since Ey, is less than unity (1), the exposure combination is within acceptable
limits.

(e) To achieve compliance with paragraphs (a) through (d) of this section, administrative
or engineering controls must first be determined and implemented whenever feasible.
When such controls are not feasible to achieve full compliance, protective equipment or
any other protective measures shall be used to keep the exposure of employees to air
contaminants within the limits prescribed in this section. Any equipment and/or
technical measures used for this purpose must be approved for each particular use by a
competent industrial hygienist or other technically qualified person. Whenever respirators
are used, their use shall comply with 1910.134.

(f) Effective dates. The exposure limits specified have been in effect with the method of
compliance specified in paragraph (e) of this section since May 29, 1971.

TABLE Z-1 LIMITS FOR AIR CONTAMINANTS

NOTE: Because of the length of the table, explanatory Footnotes applicable to all
substances are given below as well as at the end of the table. Footnotes specific only to a
limited number of substances are also shown within the table.

Footnote(1) The PELs are 8-hour TWAs unless otherwise noted; a (C) designation
denotes a ceiling limit. They are to be determined from breathing-zone air samples.

Footnote(a) Parts of vapor or gas per million parts of contaminated air by volume at 25
degrees C and 760 torr.

Footnote(b) Milligrams of substance per cubic meter of air. When entry is in this
column only, the value is exact; when listed with a ppm entry, it is approximate.

Footnote(c) The CAS number is for information only. Enforcement is based on the
substance name. For an entry covering more than one metal compound measured as the
metal, the CAS number for the metal is given - not CAS numbers for the individual
compounds.

Footnote(d) The final benzene standard in 1910.1028 applies to all occupational
exposures to benzene except in some circumstances the distribution and sale of fuels,
sealed containers and pipelines, coke production, oil and gas drilling and production,
natural gas processing, and the percentage exclusion for liquid mixtures; for the excepted
subsegments, the benzene limits in Table Z-2 apply. See 1910.1028 for specific
circumstances.
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29 CFR Part 1910 Subpart Z
Toxic and Hazardous Substances

Footnote(e) This 8-hour TWA applies to respirable dust as measured by a vertical
elutriator cotton dust sampler or equivalent instrument. The time-weighted average
applies to the cotton waste processing operations of waste recycling (sorting, blending,
cleaning and willowing) and garnetting. See also 1910.1043 for cotton dust limits
applicable to other sectors.

Footnote(f) All inert or nuisance dusts, whether mineral, inorganic, or organic, not listed
specifically by substance name are covered by the Particulates Not Otherwise Regulated
(PNOR) limit which is the same as the inert or nuisance dust limit of Table Z-3.
Footnote(2) See Table Z-2

Footnote(3) See Table Z-3

Footnote(4) Varies with compound.
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TABLE Z-1 - LIMITS FOR AIR CONTAMINANTS

Chemical Hygiene Plan Appendix C

29 CFR Part 1910 Subpart Z

Toxic and Hazardous Substances

[ Substance | CASNo.(c) | ppm(a)1) | mg/m@B3)b)1) | nSkin designatio |
Acetaldehyde 75-07-0 200 360
Acetic acid 64-19-7 10 25
Acetic anhydride 108-24-7 5 20
Acetone 67-64-1 1000 2400
Acetonitrile 75-05-8 40 70
2-Acetylaminofluorene; see 53-96-3
1910.1014
Acetylene dichloroide; see
1,2-Dichloroethylene
Acetylene tetrabromide 79-27-6 1 14
Acrolein 107-02-8 0.1 0.25
Acrylamide 79-06-1 0.3 X
Acrylonitrile; see 1910.1945 | 107-13-1
Aldrin 309-00-2 0.25 X
Allyl Alcohol 107-18-6 2 5 X
Allyl Chloride 107-05-1 1 3
Allyl glycidyl ether (AGE) 106-92-3 (O)10 (C)45
Allyl propyl disulfide 2179-59-1 2 12
alpha-Alumina 1344-28-1
Total dust 15
Respirable fraction 5
Aluminum Metal (as AL) 7429-90-5
Total dust 15
Respirable fraction 5
4-Aminodiphenyl; see 92-67-1
1910.1011
2-Aminoethanol; see
Ethanolamine
2-Aminopyridine 504-29-0 .05 2
Ammonia 7664-41-7 50 35
Ammonium sulfamate 7773-06-0
Total dust 15
Respirable fraction 5
n-Amyl acetate 628-63-7 100 525
sec-Amyl acetate 626-38-0 125 650
Aniline and homologe 62-53-3 5 19 X
Anisidine (0-,p-isomers) 29191-52-4 0.5 X
Antimony and compounds 7440-36-0 0.5
(as Sb)
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Chemical Hygiene Plan Appendix C
29 CFR Part 1910 Subpart Z
Toxic and Hazardous Substances

TABLE Z-1 - LIMITS FOR AIR CONTAMINANTS

Substance

| CASNo.(¢) | ppm (@) |

mg/m(3)(b)(1)

ANTU (alpha
Naphthylthiourea)

86-88-4

03.

Arsenic; inorganic
compounds (as As) see
1910.1018

7440-38-2

Arsenic; organic compounds
(asAs)

7440-38-2

0.5

Arsine

7784-42-1

0.05

0.2

Asbestos; see 1910.1001

4)

Asinphos-methyl

86-50-0

0.2

Barium, soluble compounds
(as Ba)

7440-39-3

0.5

Barium sulfate

7727-43-7

Total dust

Respirable fraction

Benomyl

17804-35-2

Total dust

Respirable fraction

Benzene; See 1910,1028.
See Table Z-2 for the
limits applicable in the

operations or sectors
excluded in 1910.1028(d)

71-43-2

Benzidine; See 1910.1010

92-87-5

p-Benzoquinone; see
Quinone

Benzo(a)pyrene; see coal tar
pitch volatiles

Benzoyl peroxide

94-36-0

Benzyl chloride

100-44-7

Berylluim and berylluim
compounds (as Be)

7440-41-7

Biphenyl; see Diphenyl

Bismuth telluride

Undoped

1304-82-1

Total dust

Respirable fraction

Boron oxide

1303-86-2

Total dust

15

Boron trifluoride

7637-07-2

(O]

(C)3

| nSkin designatio I
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TABLE Z-1 - LIMITS FOR AIR CONTAMINANTS

Chemical Hygiene Plan Appendix C

29 CFR Part 1910 Subpart Z

Toxic and Hazardous Substances

[ Substance | CASNo.(c) | ppm(a)1) | mg/m@B3)b)1) | nSkin designatio |
Bromine 7726-95-6 0.1 0.7
Bromoform 75-25-2 0.5 5 X
Buradiene (1,3-buradiene) 106-99-0 1000 2200
Butanethiol; see Butyl
mercaptan
2-Butanone (Methyl ethyl 78-93-3 200 590
ketone)
2-Butoxyethanol 111-76-2 50 240 X
n-Butyl-acetate 123-86-4 150 710
sec-Butyl acetate 105-46-4 200 950
tert-Butyl-acetate 540-88-5 200 950
n-Butyl alcohol 71-36-3 100 300
sec-Butyl alcohol 78-92-2 150 450
tert-Butyl alcohol 75-65-3 100 300
Butylamine 109-73-9 (C)5 (C)15 X
tert-Butyl chromate (as 1189-85-1 (c)0.1 X
CrO(3))
n-Butyl glucidyl ether 2426-08-6 50 270
(BGE)
Butyl mercaptan 109-79-5 10 35
p-tert-Butyltoluene 98-51-1 10 60
Cadmuim (as Cd); see 7440-43-9
1910.1027
Calcuim Carbonate 1317-65-3
Total dust 15
Respirable fraction 5
Calcuim hydroxide 1305-62-0
Total dust 15
Respirable fraction 5
Calcium oxide 1305-78-8 5
Calcium silicate 1344-95-2
Total dust 15
Respirable fraction 5
Calcium sulfate 7778-18-9
Total dust 15
Respirable fraction 5
Camphor, sunthetic 76-22-2 2
Carberyl (Sevin) 63-25-5 8
Carbon black 1333-86-4 3.5
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TABLE Z-1 - LIMITS FOR AIR CONTAMINANTS

Chemical Hygiene Plan Appendix C

29 CFR Part 1910 Subpart Z

Toxic and Hazardous Substances

[ Substance | CASNo.(c) | ppm(a)1) | mg/m@B3)b)1) | nSkin designatio |
Carbon dioxide 124-38-9 5000 9000
Carbon disulfide 75-15-0 (2)
Carbon monoxide 630-08-0 50 55
Carbon tetrachloride 56-23-5 (2)
Cellulose 9004-34-6
Total dust 15
Respirable fraction 5
Chlordane 57-74-9 0.5 X
Chlorinated camphene 8001-35-2 0.5 X
Chlorinated diphenyl oxide | 55720-99-5 0.5
Chlorine 7782-50-5 (O)1 (C)3
Chlorine dioxide 10049-04-4 0.1 0.3
Chlorine trifluoride 7790-91-2 (©)0.1 (©)0.4
Chloroacetaldehyde 107-20-0 (O)1 (O)3
a-chloroacetophenone 532-27-4 0.05 0.3
(Phenacyl chloride
Chlorobenzene 108-90-7 75 350
o-Chlorobenzylidene 2698-41-1 0.05 0.4
malononitrile
Chlorobromomethane 74-97-5 200 1050
2-Chloro-1,3-Butadiene;
See beta-Chloroprene
Chlorodiphenyl (42% 53469-21-9 1 X
Chlorine) (PCB)
Chlorodiphenyl (54% 11097-69-1 0.5 X
Chlorine) (PCB)
1-Chloro-2, 3-
epoxypropane; See
Epichlorohydrin.
2-Chloroethanol;
SeeEthylene Chlorohydrin
Chloroethylene; See Vinyl
chloride.
Chloroform 67-66-3 (C)50 (C)240
(Trichloromethane)
bis(Chloromethyl) ether; see | 542-88-1
1910.1008.
Chloromethyl methyl ether; 107-30-2
see 1910.1006.
1-Chloro-1-nitropropane 600-25-9 20 100
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Chemical Hygiene Plan Appendix C
29 CFR Part 1910 Subpart Z
Toxic and Hazardous Substances

TABLE Z-1 - LIMITS FOR AIR CONTAMINANTS

Substance | CASNo.(c) | ppm(a)1) | mg/m@B3)b)1) | nSkin designatio |

Chloropicrin

76-06-2

0.1

0.7

beta-Chloroprene

126-99-9

25

90

2-Chloro-6
(trichloromethyl) pyridine

1929-82-4

Total dust

15

Respirable fraction

Chromic acid and chromates
(as CrO(3))

“4)

)

Chromium (IT) compounds
(as Cr)

440-47-3

0.5

Chromium (IIT) compounds
(as Cr)

7440-47-3

0.5

Chromium metal and isol.
salts (as Cr)

7440-47-3

Chrysene; see Coal tar pitch
volatiles

Clopidol

2971-90-6

Total dust

15

Respirable fraction

Coal dust (less than 5%
Si0(2)), respirable
fraction

3)

Coal dust (greater than or
equal to 5% Si0(2)),
respirable fraction

3)

Coal tar pitch volatiles
(benzene soluble fraction),
anthracene, BaP,
phenanthrene, acridine,
chrysene, pyrene

65966-93-2

0.2

Cobalt metal, dust, and fume
(as Co)

7440-48-4

0.1

Coke oven emissions; see
1910.1029

Copper

7440-50-8

Fume (as Cu)

0.1

Dusts and mists (as Cu)

Cotton dust (e); see
1910.1043

Crag herbicide (Sesone)

136-78-7
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TABLE Z-1 - LIMITS FOR AIR CONTAMINANTS

Chemical Hygiene Plan Appendix C

29 CFR Part 1910 Subpart Z

Toxic and Hazardous Substances

[ Substance | CASNo.(c) | ppm(a)1) | mg/m@B3)b)1) | nSkin designatio |
Total dust 15
Respirable fraction 5
Cresol, all isomers 1319-77-3 5 22 X
Crotonaldehyde 123-73-9 2 6
4170-30-3
Cumene 98-82-8 50 245 X
Cyanides (as CN) 4) 5
Cyclohexane 110-82-7 300 1050
Cyclohexanol 108-93-0 50 200
Cyclohexanone 108-94-1 50 200
Cyclohexene 110-83-8 300 1015
Cyclopentadiene 542-92-7 75 200
2,4-D (Dichlorophen- 94-75-7 10
oxyacetic acid)
Decaborane 17702-41-7 0.05 0.3 X
Demeton (Systox) 8065-48-3 0.1 X
Diacetone alcohol (4- 123-42-2 50 240
Hydroxy-4-methyl-2-
pentanone)
1,2-Diaminoethane; see
Ethylenediamine
Diazomethane 334-88-3 0.2 0.4
Diborane 19287-45-7 0.1 0.1
1,2-Dibromo-3- 96-12-8
chloropropane (CBCP);
see 1910.1044
1,2-Dibromoethane; see
Ethylene dibromide
Dibutyl posphate 107-66-4 1 5
Dibutyl phthalate 84-74-2 5
o-Dichlorobenzene 95-50-1 ()50 (C)300
p-Dichlorobenzene 106-46-7 75 450
3,3’-Dichlorobenzidine; see 91-94-1
1910.1007
Dichlorodifluoromethane 75-71-8 1000 4950
1,3-Dichloro-5,5-dimethyl 118-52-5 0.2
hydantoin
Dichlorodiphenyltrichloroet 50-29-3 1 X
hane (DDT)
1,1-Dichloroethane 75-34-3 100 400

The Ohio State University Office of Environmental Health & Safety - Chemical Hygiene Plan
Appendix C 29 CFR Part 1910 Subpart Z - Toxic and Hazardous Substances Tables Page 14
Revised 4/06





TABLE Z-1 - LIMITS FOR AIR CONTAMINANTS

Chemical Hygiene Plan Appendix C

29 CFR Part 1910 Subpart Z

Toxic and Hazardous Substances

[ Substance | CASNo.(c) | ppm(a)1) | mg/m@B3)b)1) | nSkin designatio |

1,2-Dichloroethane; see

Ethylene dichloride
1,2-Dichloroethylene 540-59-0 200 790
Dichloroethyl ether 111-44-4 (O)15 (©)%0 X
Dichloromethane; see

Methylene chloride
Dichloromonofluoromethan 75-43-4 1000 4200

e
1,1-Dichloro-1-nitroethane 594-72-7 (O)10 (C)60
1,2-Dichloropropane; see

propylene dichloride
Dichlorotetrafluoroethane 76-14-2 1000 7000 X
Dichlorvos (DDVP) 62-73-7 1 X
Dicyclopentadienyl iron 102-54-5

Total dust 15

Respirable fraction 5
Dieldrin 60-57-1 0.25 X
Diethylamine 109-89-7 25 75
2-Diethylaminoethanol 100-37-8 10 50 X
Diethyl ether; see Ethyl

ether
Difluorodibromomethane 75-61-6 100 860
Diglycidyl ether (DGE) 2238-07-5 (©)0.5 (C)2.8
Dihydroxybenzene; see

Hydroquinone
Diisobutyl ketone 108-83-8 50 290
Diisopropylamine 108-18-9 5 20 X
4- 60-11-7

Dimethylaminoazobenzen

e; see 1910.1015
Dimethoxymethane; see

Methylal
Dimethyl acetamide 127-19-5 10 35 X
Dimethylamine 124-40-3 10 18
Dimethylaminobenzene; see

Xylidine
Dimethylaniline (N.N- 121-69-7 5 25 X

Dimethylaniline)
Dimethylbenzene; see

Xylene
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TABLE Z-1 - LIMITS FOR AIR CONTAMINANTS

Chemical Hygiene Plan Appendix C

29 CFR Part 1910 Subpart Z

Toxic and Hazardous Substances

[ Substance | CASNo.(c) | ppm(a)1) | mg/m@B3)b)1) | nSkin designatio |
Dimethyl-1,2-dibromo-2,2- 300-76-5 3
dichloroethylphosphate
Dimethylformamide 68-12-2 10 30 X
2,6-Dimethyl-4-heptanone;
see Diisobutyl ketone
1,1-Dimethylhydrazine 57-14-7 0.5 1 X
Dimethylphthalate 131-11-3 5
Dimethyl sulfate 77-78-1 1 5 X
Dinitrobenzene (all isomers) 1 X
(ortho) 528-29-0
(meta) 99-65-0
(para) 100-25-4
Dinitro-o-cresol 534-52-1 0.2 X
Dinitrotoluene 5321-14-6 1.5 X
Diozane (Diethylene 123-91-1 100 360 X
dioxide)
Diphenyl (Biphenyl) 92-52-4 0.2 1
Diphenylmethane
diisocyanate; see
Methylene bisphenyl
isocyanate
Dipropylene glycol methyl | 34590-94-8 100 600 X
ether
Di-sec octyl phthalate (Di- 117-81-7 5
(2-ethylhexyl) phthalate)
Emery 2415-34-8
Total dust 15
Respirable fraction 5
Endosulfan 115-29-7 0.1
Endrin 72-20-8 0.1 X
Epichlorohydrin 106-89-8 5 19 X
EPN 2104-64-5 0.5 X
1,2-Epozypropane; see
propylene oxide
2,30Eposy-1-propanol; see
Glycidol
Ethanethiol; see Ethyl
mercaptan
Ethanolamine 141-43-5 3 6
2-Ethoxyethanol 110-80-5 200 740 X
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TABLE Z-1 - LIMITS FOR AIR CONTAMINANTS

Chemical Hygiene Plan Appendix C

29 CFR Part 1910 Subpart Z

Toxic and Hazardous Substances

[ Substance | CASNo.(c) | ppm(a)1) | mg/m@B3)b)1) | nSkin designatio |
(Cellosolve)
2-Ethosyethyl acetate 111-15-9 100 540 X
(Cellosolve acetate)
Ethyl acetate 141-78-6 400 1400
Ethyl acrylate 140-88-5 25 100 X
Ethyl alcohol (Ethanol) 34-17-5 1000 1900
Ethylanime 75-04-7 10 18
Ethyl amyl ketone (5- 541-85-5 25 130
Methyl-3-heptanone)
Ethyl benzene 100-41-4 100 435
Ethyl bromide 74-96-4 200 890
Ethyl butyl ketone (3- 106-35-4 50 230
Heptanone)
Ethyl chloride 75-00-3 1000 2600
Ethyl ether 60-29-7 400 1200
Ethyl formate 109-94-4 100 300
Ethyl mercaptan 75-08-1 (O)10 (C)25
Ethyl silicate 78-10-4 100 850
Ethylene chlorohydrin 107-07-3 5 16 X
Ethylenediamine 107-15-3 10 25
Ethylene dibromide 106-93-4 (2)
Ethylene dichloride (1,2- 107-06-3 (2)
Dichloroethane)
Ethylene glycol dinitrate 628-96-6 (©)0.2 (O)1 X
Ethylene glycol methyl
acetate; see Methyl
cellosolve acetate
Ethyleneimine; see 151-56-4
1910.1012
Ethylene oxide; see 75-21-8
1910.1047
Ethylidene chloride; see 1,1-
Dichlorethane
N-Ethylmorpholine 100-74-3 20 94 X
Ferbam 14484-64-1
Total dust 15
Ferrovanadium dust 12604-58-9 1
Fluorides (as F) (4) 2.5
Fluorine 7782-41-4 0.1 0.2
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Chemical Hygiene Plan Appendix C
29 CFR Part 1910 Subpart Z
Toxic and Hazardous Substances

TABLE Z-1 - LIMITS FOR AIR CONTAMINANTS

[ Substance | CASNo.(c) | ppm(a)1) | mg/m@B3)b)1) | nSkin designatio |
Fluorotrichloromethane 75-69-4 1000 5600
(Trichlorofluoromethane)
Flomaldehyde; see 50-00-0
1910.1048
Formic acid 64-18-6 5 9
Furfural 98-01-1 5 20 X
Furfuryl alcohol 98-00-0 50 200
Grain dust (oat, wheat, 10
braley)
Clycerin (mist) 56-81-5
Total dust 15
Respirable fraction 5
Glycidol 556-52-5 50 150
Glycol monoethyl ether; se
2-Ethoxyethanol
Graphite, natural
Respirable dust 7782-42-5 (3)
Graphite, sunthetic
Total dust 15
Respirable fraction 5
Guthion; see Azinphos
methyl
Gupsum 13397-24-5
Total dust 15
Respirable fraction 5
Hafnium 7440-58-6 0.5
Heptachlor 76-44-8 0.5 X
Heptane (n-Heptane) 142-82-5 500 2000
Hexachloroethane 67-72-1 1 10 X
Hexachloronaphthalene 1335-87-1 0.2 X
n-Hexane 110-54-3 500 1800
2-Hexanone (Methyl n-butyl | 591-78-6 100 410
ketone)
Hexone (Methyl isobutyl 108-10-1 100 410
ketone)
sec-Hexyl acetate 108-84-9 50 300
Hydrazine 302-01-2 1 1.3 X
Hydrogen bromide 10035-10-6 3 10
Hydrogen chloride 7647-01-0 (C)5 (C)7
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Chemical Hygiene Plan Appendix C
29 CFR Part 1910 Subpart Z
Toxic and Hazardous Substances

TABLE Z-1 - LIMITS FOR AIR CONTAMINANTS

[ Substance | CASNo.(c) | ppm(a)1) | mg/m@B3)b)1) | nSkin designatio |
Hydrogen cyanide 74-90-8 10 11
Hydrogen flyoride (as F) 7664-39-3 (2)
Hydrogen peroxide 7722-84-1 1 1.4
Hydrogen selenide (as Se) 7783-07-5 0.05 0.2
Hydrogen sulfide 7783-06-4 (2)
Hydroquinone 123-31-9 2
lodine 7553-56-2 (©)0.1 (O)1
Iron oxide fume 1309-37-1 10
Isomyl acetate 123-92-2 100 525
Isomyl alcohol (primary and | 123-51-3 100 360

secondary)
Isobutyl acetate 110-19-0 150 700
Isobutyl alcohol 78-83-1 100 300
Isophorone 78-59-1 25 140
Isopropyl acetate 108-21-4 250 950
Isopropyl alcohol 67-63-0 400 980
Isopropylamine 75-31-0 5 12
Isopropyl ether 108-20-3 500 2100
Isopropyl glycidyl ether 4016-14-2 50 240

(IGE)
Kaolin 1332-58-7

Total dust 15

Respirable fraction 5
Ketene 463-51-4 0.5 0.9
Lead inorganic (as Pb); see 7439-92-1

1910.1025
Limestone 1317-65-3

Total dust 15

Respirable fraction 5
Lindane 58-89-9 0.5
Lithium hydride 7580-67-8 0.025
L.P.G. (Liquified petroleum | 68476-85-7 1000 1800

gas)
Magnesite 546-93-0

Total dust 15

Respirable fraction 5
Mangesium oxude fume 1309-48-4

Total particulate 15
Malathion 121-75-5
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Chemical Hygiene Plan Appendix C
29 CFR Part 1910 Subpart Z
Toxic and Hazardous Substances

TABLE Z-1 - LIMITS FOR AIR CONTAMINANTS

[ Substance | CASNo.(c) | ppm(a)1) | mg/m@B3)b)1) | nSkin designatio |
Total dust 15 X
Maleic anhydride 108-31-3 0.25 1
Manganese compounds (as 7439-96-5 (O)5
Mn)
Manganese fume (as Mn) 7439-96-5 (C)5
Marble 1317-65-3
Total dust 15
Respirable fraction 5
Mercury (aryl and 7439-97-6 (2)
inorganic) (as Hg)
Mergury (organo) alkyl 7439-97-6 (2)
compounds (as Hg)
Mercury (vapor) (as Hg) 7439-97-6 (2)
Mesityl oxide 141-79-7 25 100
Methanethiol; see Methyl
mercaptan
Methoxychlor 72-43-5
Total dust 15
2-Methoxyethanol; (Methyl 109-86-4 25 80 X
cellosolve)
2-Methoxyethyl acetate 110-49-6 25 120 X
(Methyl cellosolve
acetate)
Methyl acetate 79-20-9 200 610
Methyl acetylene (Propyne) 74-99-7 1000 1650
Methyl acetylene 1000 1800
propadiene mixture
(MAPP)
Methyl acrylate 96-33-3 10 35 X
Methylal (Dimethoxy- 109-87-5 1000 3100
methane)
Methyl alcohol 67-56-1 200 260
Methylamine 74-89-5 10 12
Methyl amyl alcohol; see
Methyl Isobutyl carbinol
Methyl n-amyl ketone 110-43-0 100 465
Methyl bromide 74-83-9 (C)20 (C)80 X
Methyl butyl ketone; see 2-
Hexanone
Methyl cellosolve; see 2-
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TABLE Z-1 - LIMITS FOR AIR CONTAMINANTS

Chemical Hygiene Plan Appendix C

29 CFR Part 1910 Subpart Z

Toxic and Hazardous Substances

[ Substance | CASNo.(c) | ppm(a)1) | mg/m@B3)b)1) | nSkin designatio |
Methoxyethanol
Methyl cellosolve acetate;
see 2-Methoxyethyl
acetate
Methyl chloride 74-87-3 (2)
Methyl chloroform (1,1,1- 71-55-6 350 1900
Trichloroethane
Methylcyclohexane 108-87-2 500 2000
Methylcyclohexanol 25639-42-3 100 470
o-Methylcyclohexanone 583-60-8 100 460 X
Methylene chloride 75-09-2 (2)
Methyl ethyl ketone (MEK);
see 2-Butanone
Methyl formate 107-31-3 100 250
Methyl judrazine 60-34-4 (©)0.2 (C)0.35 X
(Monomethyl hydrazine)
Methyl iodide 74-88-4 5 28 X
Methyl isomayl ketone 110-12-3 100 475
Methyl isobutyl carbinol 108-11-2 25 100 X
Methyl isobutyl ketone; see
Hexone
Methyl isocyanate 624-83-9 0.02 0.05 X
Methyl mercaptan 74-93-1 (O)10 (©)20
Methyl methacrylate 80-62-6 100 410
Methyl propyl ketone; see
2-Pentanone
alpha-Methly styrene 98-83-9 (C)100 (C)480
Methylene bisphenyl 101-68-8 (©)0.02 (©)0.2
isocyanate (MDI)
Mica; see Silicates
Molybdenum (as Mo) 7439-98-7
Soluble compounds 5
Insoluble Compounds
Total dust 15
Monomethyl aniline 100-61-8 2 9 X
Monomethyl hydrazine; see
Methyl hydrazine
Morpholine 110-91-8 20 70 X
Naphtha (Coal tar) 8030-30-6 100 400
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TABLE Z-1 - LIMITS FOR AIR CONTAMINANTS

Chemical Hygiene Plan Appendix C

29 CFR Part 1910 Subpart Z

Toxic and Hazardous Substances

[ Substance | CASNo.(c) | ppm(a)1) | mg/m@B3)b)1) | nSkin designatio |
Naphthalene 91-20-3 10 50
alpha-Naphthylamine; see 134-32-7

1910.1004
beta-Naphthylamine; see 91-59-8
1910.1009
Nickel carbonyl (as Ni) 13463-39-3 0.001 0.007
Nickel, metal and insoluble 7440-02-0 1
compounds (as Ni)
Nickel, soluble compounds 7440-02-0 1
(as N1)
Nicotine 54-11-5 0.5 X
Nitric acid 7697-37-2 2 5
Nitric oxide 10102-43-9 25 30
p-Nitroaniline 100-01-6 1 6 X
Nitrobenzene 98-95-3 1 5 X
p-Nitrochlorobenzene 100-00-5 1 X
4-Nitrodiphenyl; see 92-93-3
1910.1003
Nitroethane 79-24-3 100 310
Nitrogen dioxide 10102-44-0 (C)5 (©)9
Nitrogen trifluoride 7783-54-2 10 29
Nitroglycerin 55-63-0 (©)0.2 (©)2 X
Nitromethane 75-52-5 100 250
1-Nitropropane 108-03-2 25 90
2-Nitropropane 79-46-9 25 90
N-Nitrosodimethylamine;
see 1910.1016
Nitrotoluene (all isomers) 5 30 X
o-isomer 88-72-2
m-isomer 99-08-1
p-isomer 99-99-0 15
Nitrotrichloromethane; see
Chloropicrin
Octachloronaphthalene 2234-13-1 0.1 X
Octane 111-65-9 500 2350
Oil mist, mineral 8012-95-1 5
Osmium tetroxide (as Os) 20816-12-0 0.002
Oxalic acid 144-62-7 1

The Ohio State University Office of Environmental Health & Safety - Chemical Hygiene Plan
Appendix C 29 CFR Part 1910 Subpart Z - Toxic and Hazardous Substances Tables Page 22

Revised 4/06





Chemical Hygiene Plan Appendix C
29 CFR Part 1910 Subpart Z
Toxic and Hazardous Substances

TABLE Z-1 - LIMITS FOR AIR CONTAMINANTS

[ Substance | CASNo.(c) | ppm(a)1) | mg/m@B3)b)1) | nSkin designatio |
Oxygne difluoride 7783-41-7 0.05 0.1
Ozone 0028-15-6 0.1 0.2
Paraquat, respirable dust 4685-14-7 0.5 X
1910-42-5
2074-50-2
Parathion 56-38-2 0.1 X
Particulates not otherwise
regulated (PNOR) (f)
Total dust 15
Respirable fraction 5
PCB; see Chlorodiphenyl
(42% and 54% chlorine)
Pentaborane 19624-22-7 0.005 0.01
Pentachloronaphthalene 1321-64-8 0.5 X
Pentachlorophenol 87-86-5 0.5 X
Pentaerythritol 115-77-5
Total dust 15
Respirable fraction 5
Pentane 109-66-0 1000 2950
2-Pentanone (Methyl propyl | 107-87-9 200 700
ketone)
Perchloroethylene 127-18-4 (2)
(Tetrachloroethylene)
Perchloromethyl mercaptan 594-42-3 0.1 0.8
Perchloryl fluoride 7616-94-6 3 13.5
Perlite 93763-70-3
Total dust 15
Respirable fraction 5
Petroleum distillates 500 2000
(Naphtha) (Rubber
Solvent)
Phenol 108-95-2 5 19 X
p-Phenylene diamine 106-50-3 0.1 X
Phenyl ether, vapor 101-84-8 1 7
Phenyl ether-biphenyl 1 7
mixture, vapor
Phenylethylene; see Styrene
Phenyl glycidyl ether (PGE) | 122-60-1 10 60
Phenylhydrazine 100-63-0 5 22 X
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TABLE Z-1 - LIMITS FOR AIR CONTAMINANTS

Chemical Hygiene Plan Appendix C

29 CFR Part 1910 Subpart Z

Toxic and Hazardous Substances

[ Substance | CASNo.(c) | ppm(a)1) | mg/m@B3)b)1) | nSkin designatio |
Phosdrin (Mevinphos) 7786-34-7 0.1 X
Phosgene (Carbonyl 75-44-5 0.1 0.4

chloride)
Phosphine 7803-51-2 0.3 0.4
Phosphoric acid 7664-38-2 1
Phosphorus (yellow) 7723-14-0 0.1
Phosphorus pentachloride 10026-13-8 1
Phosphorus pentasulfide 1314-80-3 1
Phosphorus trichloride 7719-12-2 0.5 3
Phthalic anhydride 85-44-9 2 12
Picloram 1918-02-1 15

Total dust 15

Respirable fraction 5
Picric acid 88-89-1 0.1 X
Pindone (2-Pivalyl-1,3- 83-26-1 0.1

inandione)
Plaster of paris 26499-65-0

Total dust 15

Respirable fraction 5
Platnium (as Pt) 740-06-4

Metal

Soluble Salts 0.002
Portland cement 65997-15-1

Total dust 15

Respirable fraction 5
Propane 74-98-6 1000 1800
beta-Propiolactone; see 57-57-8

1910.1013
n-Propyl acetate 109-60-4 200 840
n-Propyl alcohol 71-23-8 200 500
n-Propyl nitrate 627-13-4 25 110
Propylene dichloride 78-87-5 75 350
Propylene imine 75-55-8 2 5 X
Propylene oxide 75-56-9 100 240
Propyne; see Methyl

acetylene
Pyrethrum 8003-34-7 5
Pyridine 110-86-1 5 15
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TABLE Z-1 - LIMITS FOR AIR CONTAMINANTS

Chemical Hygiene Plan Appendix C

29 CFR Part 1910 Subpart Z

Toxic and Hazardous Substances

[ Substance | CASNo.(c) | ppm(a)1) | mg/m@B3)b)1) | nSkin designatio |
Quinone 106-51-4 0.1 0.4
RDX: see Cyclonite
Rhodium (as Rh), metal 7440-16-6 0.1
fume and insoluble
compounds

Rhodium (as Rh), soluble 7440-16-6 0.001
compounds

Ronnel 299-84-3 15

Rontenone 83-79-4 5

Rouge
Total dust 15
Respirable fraction 5

Selenuim compounds (as 7782-49-2 0.2
Se)

Selenium hexafluoride (as 7783-79-1 0.05 0.4
Se)

Silica, amorphous, 112926-00- 3)
precipitated and get 8

Silica, amorpous, 61790-53-2 3)
diatomaceous earth,
containing less than 1%
crystalline silica

Silica, crystalline 14464-46-1 3)
cristobalite, respirable
dust

Silica, crystalline quartz, 14808-60-7 3)
respirable dust

Silica, crystalline tripoli (as | 1317-95-9 3)
quartx), respirable dust

Silica, crystalline tridumite, | 15468-32-3 3)
respirable dust

Silica, fused, respirable dust | 60676-86-0 (3)

Silicates (less than 1%
crystalline slica)
Mica (respirable dust) 12001-26-2 (3)
Soapstone, total dust (3)
Soapstone, respirable dust (3)
Talc (containing asbestos): 3)
use asbestos limit: see 29
CFR 1910.1001
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TABLE Z-1 - LIMITS FOR AIR CONTAMINANTS

Chemical Hygiene Plan Appendix C

29 CFR Part 1910 Subpart Z

Toxic and Hazardous Substances

[ Substance | CASNo.(c) | ppm(a)1) | mg/m@B3)b)1) | nSkin designatio |
Talc (containing no 14807-96-9 3)
asbestos), respirable dust
Tremolite, asbestiform;
see 1910.1001
Silicon 7440-21-3
Total dust 15
Respirable fraction 5
Silicon carbide 409-21-2
Total dust 15
Respirable fraction 5
Silver, metal and soluble 7440-22-4 0.01
compounds (as Ag)
Soapstone; see Silicates
Sodium fluoroacetate 62-74-8 0.05 X
Sodium hydroxide 1310-73-2 2
Starch 9005-25-8
Total dust 15
Respirable fraction 5
Stibine 7803-52-3 0.1 0.5
Stoddard solvent 8052-41-3 500 2900
Strychnine 57-24-9 0.15
Styrene 100-42-5 (2)
Sucrose 57-50-1
Total dust 15
Respirable fraction 5
Sulfur dioxide 7446-09-5 5 13
Sulfur hexafluoride 2551-35-4 1000 6000
Sulfuric acid 7664-93-9 1
Sulfur monochloride 10025-67-9 1 6
Sulfur pentaflyoride 5714-22-7 0.025 0.25
Sulfuryl fluoride 2699-79-8 5 20
Systox; see Demeton
2,4,5-T (2,4,5- 93-76-5 10
trichlorophenoxyacetic
acid)
Talc; see Silicates
Tantalum, metal and oxide 7440-25-7 5
dust
TEDP (Sulfotep) 3689-24-5 0.2 X
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TABLE Z-1 - LIMITS FOR AIR CONTAMINANTS

Chemical Hygiene Plan Appendix C

29 CFR Part 1910 Subpart Z

Toxic and Hazardous Substances

[ Substance | CASNo.(c) | ppm(a)1) | mg/m@B3)b)1) | nSkin designatio |
Tellurium an compounds (as | 13494-80-8 0.1
Te)
Tellurium hexafluoride (as 7783-80-4 0.02 0.2
Te)
Temphos 3383-96-8
Total dust 15
Respirable fraction 5
TEPP (Tetraethyl 107-49-3 0.05 X
pyrophosphate)
Terphenylis 26140-60-3 (O)1 (C)9
1,1,1,2-Tetrachloro-2,2- 76-11-9 500 4170
difluoroethane
1,1,2,2-Tetrachloro-1,2- 76-12-0 500 4170
difluoroethane
1,1,2,2-Tetrachloroethane 79-34-5 5 35 X
Tetrachlorethylene; see
Perchloroethylene
Tetrachloromethane; see
Carbon tetrachloride
Tetrachloronaphthalene 1335-88-2 2 X
Tetraethyl lead (as Pb) 78-00-2 0.075 X
Tetrahyrofuran 109-99-9 200 590
Tetramethyl lead, (as Pb) 75-74-1 0.075 X
Tetramethyl succinonitrile 3333-52-6 0.5 3 X
Tetranitromethane 509-14-5 1 8
Tetryl (2,4,6- 479-45-8 105 X
Trinitrophenylmethylnitra
mine)
Thalluim, soluble 7440-28-0 0.1 X
compounds (as T1)
4,4’-Thiobis(6-tert,Butyl-m- 96-69-5
cresol)
Total dust 15
Respirable fraction 5
Thiram 137-26-8 5
Tin, inorganic compounds 7440-31-5 2
(except oxides) (as Sn)
Tin, organic compounds (as | 7440-31-5 0.1
Sn)
Titanium dioxide 3463-67-7
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29 CFR Part 1910 Subpart Z

Toxic and Hazardous Substances

[ Substance | CASNo.(c) | ppm(a)1) | mg/m@B3)b)1) | nSkin designatio |
Total dust 15
Toluene 108-88-3 (2)
Toluene-2,4-diisocyanate 584-84-9 (©)0.02 (C)0.14
(TDI)
o-Toluidine 95-53-4 5 22 X
Toxaphene; see Chlorinated
camphene
Tremolite; see Silicates
Tributyl phosphate 126-73-8 5
1,1,1-Trichloroethane; see
Methyl chloroform
1,1,2-Trichloroethane 79-00-5 10 45 X
Trichloroethylene 79-01-6 (2)
Thrichloromethane; see
Chloroform
Trichloronaphthalene 321-65-9 5 X
1,2,3-Trichloropropane 96-18-4 50 300
1,1,2-Trichloro-1,2,2- 76-13-1 1000 7600
trifluoroethane
Triethylamine 121-44-8 25 100
Trifluorobromomethane 75-63-8 100 6100
2,4,6-Trinitrophenyl; see
Picric acid
2,4,6-Trinitrophenylmethyl
nitramine; see Tetryl
2,4,6-Trinitrotoluene (TNT) 118-96-7 1.5 X
Triorthocresyl phosphate 78-30-8 0.1
Triphenyl phosphate 115-86-6 3
Turpentine 8006-64-2 100 560
Uranium (as U) 7440-61-1
Soluble compounds 0.05
Insoluble compounds 0.05
Vanadium 1314-62-1
Respirable dust (as (©)0.5
V(2)O(5))
Fume (as V(2)O(5)) (©)0.1
Vegetable oil mist
Total dust 15
Respirable fraction 5
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TABLE Z-1 - LIMITS FOR AIR CONTAMINANTS

Chemical Hygiene Plan Appendix C

29 CFR Part 1910 Subpart Z

Toxic and Hazardous Substances

[ Substance | CASNo.(c) | ppm(a)1) | mg/m@B3)b)1) | nSkin designatio |
Vinyl benzene; see Styrene
Vinyl chloride; see 75-01-4
1910.1017
Vinyl cyanide; see
Acrylonitrile
Vinyl toluene 5013-15-4 100 480
Warfarin 81-81-2 0.1
Xylenes (0-, m-, p-isomers) | 1330-20-7 100 435
Xylidine 1300-73-8 5 25 X
Yttrium 7440-65-5 1
Zinc chloride fume 7646-85-7 1
Zinc oxide fume 1314-13-2 5
Zinc oxide 1314-13-2
Total dust 15
Respirable fraction 5
Zinc stearate 557-05-1
Total dust 15
Respirable fraction 5
Zirconium compounds (as 7440-67-7 5
Zr)

Footnote(1) The PELs are 8-hour TWAs unless otherwise noted; a (C) designation
denotes a ceiling limit. They are to be determined from breathing-zone air samples.

Footnote(a) Parts of vapor or gas per million parts of contaminated air by volume at 25

degrees C and 760 torr.

Footnote(b) Milligrams of substance per cubic meter of air. When entry is in this column
only, the value is exact; when listed with a ppm entry, it is approximate.

Footnote(c) The CAS number is for information only. Enforcement is based on the
substance name. For an entry covering more than one metal compound measured as the
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metal, the CAS number for the metal is given - not CAS numbers for the individual
compounds.

Footnote(d) The final benzene standard in 1910.1028 applies to all occupational
exposures to benzene except in some circumstances the distribution and sale of fuels,
sealed containers and pipelines, coke production, oil and gas drilling and production,
natural gas processing, and the percentage exclusion for liquid mixtures; for the excepted
subsegments, the benzene limits in Table Z-2 apply. See 1910.1028 for specific
circumstances.

Footnote(e) This 8-hour TWA applies to respirable dust as measured by a vertical
elutriator cotton dust sampler or equivalent instrument. The time-weighted average
applies to the cotton waste processing operations of waste recycling (sorting, blending,
cleaning and willowing) and garnetting. See also 1910.1043 for cotton dust limits
applicable to other sectors.

Footnote(f) All inert or nuisance dusts, whether mineral, inorganic, or organic, not listed
specifically by substance name are covered by the Particulates Not Otherwise Regulated
(PNOR) limit which is the same as the inert or nuisance dust limit of Table Z-3.

Footnote(2) See Table Z-2.

Footnote(3) See Table Z-3

Footnote(4) Varies with compound.

[54 FR 36767, Sept. 5, 1989; 54 FR 41244, Oct. 6, 1989; 55 FR 3724, Feb. 5, 1990; 55

FR 12819, Apr 6, 1990; 55 FR 19259, May 9, 1990; 55 FR 46950, Nov. 8, 1990; 57 FR
29204, July 1, 1992; 57 FR 42388, Sept. 14, 1992; 58 FR 35340, June 30, 1993]
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Table Z-2 8-Hour Acceptable Acceptable [ Acceptable Peak
Substance TWA Ceiling ' Peak Maxim-um
Concentration 8-Hour Duration
Shift
Benzene(a) (Z237.40-1969) 10 ppm 25 ppm 50 ppm 10 minutes
Beryllium and berylluim 2 ug.m(3) 5 ug/m(3) 25 30 minutes
compounds (Z37.5-1970) ug/m(3)
Cadmium fume(b) 0.1 mg/m(3) | 0.3 mg/m(3)
(Z237.5-1970)
Cadmuim dust(b) 1.2 mg/m(3) | 0.6 mg/m(3)
(Z37.5-1970)
Carbon disulfide 20 ppm 30 ppm 100 ppm 30 minutes
(Z237.3-1968)
Carbon tetrachloride 10 ppm 25 ppm 200 ppm 5 min. in any 4
(237.17-1967) hrs
Chromic acid and chromates 1 mg/10 m(3)
(237-7-1971)
Ethylene dibromide 20 ppm 30 ppm 50 ppm 5 minutes
(Z37.31-1970)
Ethylene dichoride 50 ppm 100 ppm 200 ppm 5 min. in any 3
(Z237.21-1969) hrs.
Fluoride as dust 2.5 mg/m(3)

(237.28-1696)

Formaldehyde: see 1910.1048

Hydrogen Fluoride 3 ppm
(Z237.28-1969)
Hydrogen sufide 20 ppm 50 ppm 10 mins. once
(Z37.2-1966) only if no other
measured
exposure occurs.
Mercury (£37.8-1971) 1 mg/10m(3)
Methyl chloride 100 ppm 200 ppm 300 ppm | 5 mins. in any 3
(237.18-1969) hrs.
Methylene chloride 500 ppm 1000 ppm 2000 ppm | 5 mins in any 2
(Z237.23-1969) hrs.
Organo (alkyl) mercury 0.01 0.04 mg/m(3)
(Z237.30-1969) mg/m(3)
Styrene (Z37.15-1969) 100 ppm 200 ppm 600 ppm 5 mins in any 3
hrs.
Tetrachloroethylene 100 ppm 200 ppm 300 ppm 5 mins in any 3
(237.22-1967) hrs
Toluene (Z37.12-1967) 200 ppm 300 ppm 500 ppm 10 minutes
Trichloroethylene 100 ppm 200 ppm 300 ppm | 5 mins in any 2
(Z37.19-1967) hrs.
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Footnote(a) This standard applies to the industry segments exempt from the 1 ppm 8-hour TWA
and 5 ppm STEL of the benzene standard at 1910.1028.

Footnote(b) This standard applies to any operations or sectors for which the Cadmium standard,
1910.1027, is stayed or otherwise not in effect.

[57 FR 42388, Sept. 14, 1992; 58 FR 21781, April 23, 1993; 58 FR 35340, June 30, 1993]
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TABLE Z-3 Mineral Dusts
Note: The Federal Register revised Table Z-3 July 27, 1993

Substance Mppcf(a) Mg/m3
Silica:
Crystalline
250(b) 10 mg/m(3)(e)
Quartz (Respirable) . .
%Si0(2)+5 %Si10(2)+2
Quartz (Total Dust) 30 mg/m(3)
%Si0(2) +2
Cristobalite: Use 1/2 the value calculated
from the count or mass formulae for quartz.
Tridumite: Use 1/2 the value calculated
from the formulae for quartz.
Amorphous, including natural diatomaceous 20 80 mg/m(3)
earth .
%Si0(2)
Silicates (less than 1% crystalline silica):
Mica 20
Soapstone 20
Talc (not containing asbestos) 20 (O)
Talc (containing asbestos) Using asbestos
limit
Tremolite, asbestiform (see 29 cfr
1910.1001)
Portland cement 50
Graphite (Natural) 15
Coal Dust:
Respirable fraction less than 5% SiO(2) 2.4 mg/m(3)(e)
%Si10(2)2+2
Respirable fraction greater tahn 5% 10 mg/m(3)(e)
Si0(2) .
%Si0(2)+2
Inert or Nuisance Dust: (d)
Respirable fraction 15 5 mg/m(3)
Total dust 50 15 mg/m(3)

Note. - Conversion factors - mppcf X 35.3 = million particles per cubic meter = particles per c.c.
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Footnote(a) Millions of particles per cubic foot of air, based on impinger samples counted by
light-field techniques.

Footnote(b) The percentage of crystalline silica in the formula is the amount determined from
airborne samples, except in those instances in which other methods have been shown to be
applicable.

Footnote(c) Containing less than 1% quartz; if 1% quartz or more, use quartz limit.
Footnote(d) All inert or nuisance dusts, whether mineral, inorganic, or organic, not listed
specifically by substance name are covered by this limit, which is the same as the Particulates

Not Otherwise Regulated (PNOR) limit in Table Z-1.

Footnote(e) Both concentration and percent quartz for the application of this limit are to be
determined from the fraction passing asize-selector with the following characteristics:

Aerodynamic diameter (unit density Percent passing selector
sphere)
2 90
2.5 75
3.5 50
5.0 25
10 0

The measurements under this note refer to the use of an AEC (now NRC) instrument. The
respirable fraction of coal dust is determined with an MRE; the figure corresponding to that of
2.4 mg/m(3) in the table for coal dust is 4.5 mg/m(3).

[54 FR 2920, Jan. 19. 1989, 54 FR 28059, July 5, 1989, as amended at 54 FR 36767, Sept. 5,
1989; 54 FR 47513, Nov. 15, 1989; 54 FR 50372, Dec. 6, 1989; 55 FR 19259, May 9, 1990; 55
FR 46950, Nov. 8, 1990; 57 FR 29205, July 1, 1992; 58 FR 35340, June 30, 1993; 58 FR 40191,
July 27, 1993]
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First Aid Kit Policy

The Ohio State University and Medical Center Employee Health Service

Policy G-15: Workplace First Aid
Developed by: Office of Environmental Health & Safety and Employee Health

On -site first aid kits should contain supplies that allow individuals to treat themselves.
Examples:

1) Band-Aids of several sizes and shapes,
2) Gauze pads and one inch tape for a wound larger than Band-Aid size.
The most important first aid procedure for minor cuts and abrasions is to “clean the

wound thoroughly with soap and water”. This statement should be written or posted on
the front of the kit.

Reasons for keeping First Aid Kits simple are:

1) Workplace injuries should be formally evaluated by Employee Health
Service to assure proper care, documentation, and follow-up of the
accident,

2) Coworkers should not be involved in the care of an injured worker’s
wounds due to risks with exposures to blood and body fluids,

3) There are also requirements for training workers who render first aid care
in the workplace, and

4) For more serious injuries, the injured worker should be transported to the
Employee Health Service Clinic or the Emergency Department. The
emergency squad should be called when necessary.

Medications, such as decongestants, analgesics, and antihistamines, are not emergency
supplies.

Advanced first-aid equipment should be supplied only when personnel are trained in their
use and are available.
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Chemical Laboratory First Aid Kit--Contents

NN R W=

\O

10.

11

12.

13.
14.
15.
16.
17.
18.
19.

20
21

4 0z. -- 4% chlorhexidine germicidal soap
1 doz.-- alcohol swabs

4 oz. --Sterile Dacriose irrigating solution
25 --1” adhesive bandages

15 --extra large adhesive bandages

10 --sterile 4”x 4 gauze pads

1 roll --1” plastic adhesive tape

2 --2” Kling gauze rolls

1 --4” elastic bandage

3 --4” burn free dressings

. 3 --1/8-0z. packets of burn free gel

4 --1/32 oz. packets of Neosporin ointment

2 pr. Each—size 7 & 8 non-sterile vinyl gloves

1 pr. Each--size 7 & 8 sterile latex gloves

1 pr. —4” or 5” bandage scissors

1 -- thumb forceps without teeth

3 -- sterile wrapped double packs of cotton tipped applicators
3 -- individually wrapper tongue depressors

1 -- non-sterile packaged hand towel

. (If cyanide exposure is of concern, add 6 ampoules (pearls) of amyl nitrite)
. (If hydrofluoric acid is in use add 25 gm tube of calcium gluconate gel for skin

burns)

These items should be packaged with directions for use and the kit should be inventoried
and updated every six months.
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Sample Standard Operating Procedure

(This standard operating procedure is included with permission from the department of
Chemistry from their Chemical Hygiene Plan, Revision 4-12-95.)

SOP 1. Standard Operating Procedure for Flammable Liquids

L.

II.

I1I.

IV.

General Statement of Coverage
Flammable liquids are chemicals that have a flash point below 100°F (38.7°C)
and a vapor pressure that does not exceed 40 psig at 100°F.

Hazard Assessment

Hazard assessment for work involving flammable liquids should thoroughly
address the issues of proper use and handling, fire safety, chemical toxicity,
storage, and spill response.

Resources

Existing Standards

Operating Manual Instructions

Text and Literature References
CHP Appendix IV Chemical Tables

o0

Table 2. Ohio Fire Code

Chemical Storage
A. Special Storage

1.

The storage of flammable and combustible liquids in a laboratory,
shop or building area must be kept to the minimum needed for
research and/or operations. If more than 5 gallons of flammables
are present outside of safety cans per 100 square feet of area, a
flammable liquids storage cabinet is required.

Flammable-liquids storage cabinets are not intended for the storage
of highly toxic materials, acids, bases, compressed gases or
pyrolytic chemicals.

Where feasible (if the quality of the solvent will not be adversely
affected) transfer flammable liquids from glass bottles into metal
safety cans.

B. Securing Gas Cylinders
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Personal Protection Equipment

A. Eye and Face Protection
Eye protection in the form of safety glasses and side shields must be worn
at all times when handling flammable liquids.

B. Eye Wash
Where the eyes or bode of any person may be exposed to flammable
liquids suitable facilities for quick drenching or flushing of the eyes and
body shall be provided within the work area for immediate emergency
use. Bottle type eyewash stations are not acceptable.

C. Safety Showers
Safety or drench shower should be available in a nearby location where
the flammable liquids are used.

D. Gloves
Gloves should be worn when handling flammable liquids. The selection
of glove materials should be made from Appendix II, Part A of this
document. (Chemistry’s CHP)

E. Protective Clothing
Lab coats, closed toes shoes and long sleeved clothing should be worn
when handling flammable liquids. Additional protective clothing should
be worn if the possibility of skin contact is likely.

F. Hearing Protection

G. Respirators

Controls

A. Designated Areas

B. Chemical Fume Hoods
When possible, experiments involving greater than 500 ml of flammable
liquids should be carried out in a fume hood.

C. Glove Boxes

D. Safety Shielding

Safety shielding is required any time there is a risk of explosion, splash
hazard or a highly exothermic reaction. All manipulations of flammable
liquids which pose this risk should occur in a fume hood with the sash in
the lowest feasible position.
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VIII.

H.

L.
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Special Ventilation

Fume hoods provide the best protection against exposure to flammable

liquids in the laboratory and are the preferred ventilation control device.

Always attempt to handle large quantities of flammable liquids in a fume

hood. If your research does not permit the handling of large quantities of

flammable liquids in your fume hood, contact the Chemical Hygiene

Officer of the Office of Environmental Health and Safety to review the

adequacy of all special ventilation.

Vacuum Protection

1. Evacuated glassware can implode and eject flying glass, and
splattered chemicals. Vacuum work involving flammable liquids
must be conducted in a fume hood, glove box or isolated in an
acceptable manner.

2. Mechanical vacuum pumps must be protected using cold traps and
where appropriate, filtered to prevent particulate release. The
exhaust for the pumps must be vented into an exhaust hood.
Vacuum pumps should be rated for use with flammable liquids.

Signs and Labels
1. Doorways
2. Containers

All flammable liquids must be clearly labeled with the correct
chemical name.

Utilities

File Protection

Specific Procedures

Emergency Procedures

A.

Notification
Emergency procedures which address response actions to fires,
explosions, spills, injury to staff, or the development of signs and
symptoms of overexposure must be developed. The procedures should
address the following as a minimum:
1. Who to contact:
(University police, and Office of Environmental Health and Safety,
and Principal investigator of the laboratory including evening
phone number)

2. The location of all safety equipment (showers, eye wash, fire
extinguishers, etc.),

3. The method used to alert personnel in nearby areas of potential
hazards, and

4. Special spill control materials required by the type of flammable
liquids handled in the laboratory.

Spill Response
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Anticipate spills by having the appropriate clean up equipment on
hand. The appropriate clean up supplies can be determined by
consulting the material safety data sheet. This should occur prior
to the use of any flammable liquids. Spill supplies for flammable
liquids are designed to control the liquid portion of the spill and
minimize the production of flammable vapors. Never use paper
towels on large spills of flammable liquids because it exacerbates
vapor production.

In the event of a spill all personnel in the area should be alerted.
Turn off all sources of ignition. Do not attempt to handle a large
spill of flammable liquids. Vacate the laboratory immediately and
call 911 for assistance of the Office of Environmental Health and
Safety at 292-1284.

Remain on the scene, but at a safe distance, to receive and direct
safety personnel when they arrive.

Decontamination and Waste Disposal
A. Decontamination Procedures

1.

2.
3.
B. Waste

Personnel

Wash hand and arms with soap and water immediately following
any skin contact with flammable liquids.

Area

Equipment

Disposal

Some flammable liquids are hazardous wastes. Question regarding waste
disposal should be directed to the Chemical Hygiene Officer and the
Office of Environmental Health and Safety.

SOP Prepared by Date

Reviewed by

Date
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Chemical Hygiene Plan Appendix F

Sample Glove Selection Chart - CPC Recommendations By Class

(A Guide Not a Guarantee)

| Butyl | CPE | Nat.Rub | Neoprene | Nitrile | Nitrile/PVC | PE | PU | PVA [ PVC | SBR | Viton | Other |
Acids, Carboxylic
eAliphatic & R r o RR RR R N |[R |n T R r
Alicyclic N
- Unsubstituted
Aldehydes
eAliphatic RR Ir o nn nn r r NN | rr r NN
eAromatic & T ok nn nn nn n n T N n Hk
Heterocyclic
Amides, Carboxylic
eAliphatic o o nn nn nn
Amines
e Aliphatic & o | FF Ir I r #* |y rr o
Alicyclic
- Primary
- Secondary I nn *x nn *ox n o o o o
- Tertjary r T T R r r r r
Ester, Carboxylic
OAliphatiC ok r NN NN NN N nn | ** T N N N

Note: Single and double, upper and lower case

Double asterisks (**) indicate a while variation in ratings within the class for the given material. In these cases refer to Matrix A.

Source: Guidelines for Selecting of Chemical Protective Clothing Second Edition
American Conference of Governmental Industrial Hygienists, Inc.
Matrix B - CPC Recommendations By Chemical Class
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(A Guide Not a Guarantee)

| Butyl | CPE | Nat.Rub | Neoprene | Nitrile | Nitrile/PVC | PE [ PU | PVA | PVC | SBR | Viton | Other |

- Acetates

- Higher Monobasic r nn n n

e Aromatic o nn T Ir Rk r

- Phthalates
Ethers, Aliphatic nn I nn nn o n x x
Halogen Compounds

° Aliphatic NN NN NN NN NN n N | nn ok NN N RR

- Unsubstituted N

- Substituted T wk NN NN nn nn | n ok NN RR

e Aromatic N nn | N N NN ok N n RR

- Unsubstituted

- Polynuclear nn nn nn o #* | nn 1T
Heterocyclic Compounds

- Epoxy Compounds | 1 ** | NN n o NN |n nn

- Furan Derivatives o ** nn nn NN n % nn ok
Hydrazines o mm |n nn ok o o
Hydrocarbons

eAliphatic & Alicyclic | N R NN ox RR *x N |R | ** NN | N RR

N

[T R

Note: Single and double, upper and lower case “r’s

Double asterisks (**) indicate a while variation in ratings within the class for the given material. In these cases refer to Matrix A.

Source: Guidelines for Selecting of Chemical Protective Clothing Second Edition
American Conference of Governmental Industrial Hygienists, Inc.
Matrix B - CPC Recommendations By Chemical Class
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Sample Glove Selection Chart - CPC Recommendations By Class

(A Guide Not a Guarantee)

| Butyl | CPE | Nat.Rub | Neoprene | Nitrile | Nitrile/PVC | PE [ PU | PVA | PVC | SBR | Viton | Other |

e Aromatic NN *E NN ok *E ** nn | ** | RR | NN |N RR
Hydroxyl Compounds

eAliphatic & Alicyclic | RR R ok ok ok R % [ R| #% % *x R
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Organo-Phosphorus ok ok *ok nn | n *ok
Compounds
Peroxides r r o o r 1T I

Note: Single and double, upper and lower case

Source: Guidelines for Selecting of Chemical Protective Clothing Second Edition
American Conference of Governmental Industrial Hygienists, Inc.
Matrix B - CPC Recommendations By Chemical Class

The Ohio State University Office of Environmental Health & Safety - Chemical Hygiene Plan

Appendix F - Sample Glove Selection Chart - - Page 3
Revision 4-06

and “n’s” are used to convey the recommendations. Briefly, RR, R, rr, and r indicate various degrees of good resistance and NN, N, nn, and n
indicate various degrees of poor chemical resistance. Double characters indicate that there are test data to support the recommendations and single characters indicate that only qualitative information
was available. Upper case characters indicate consensus and a relatively large amount of information, whereas lower case indicates a relatively small amount of information or inconsistencies.
Double asterisks (**) indicate a while variation in ratings within the class for the given material. In these cases refer to Matrix A.
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Glossary

Acetate - Polymer of cellulose acetate; a clear, relatively inexpensive material used for face and eye
protection.

Acrylic - Polymer of methyl methacrylate; clear plastic used for face and eye protection.

Breakthrough Time - The time elapsed between initial contact of a chemical with the outside
surface of a protective clothing materials and the time at which the chemical can be detected at the
inside surface of the material. Measured breakthrough times are dependent on the sensitivity of the
analytical methods used to detect the chemical.

Baypren - See Neoprene.

Butyl Rubber - Copolymer of isobutylene and a small amount of isoprene. Material has good
resistance to weathering and a wide variety of chemicals. Both supported and unsupported forms of
butyl rubber are used as protective clothing.

Cellulose Propionate - Polymer; clear plastic use for face and eye protection.

Chlorobutyl Rubber - A chlorinated form of butyl rubber. Generally has better wear than butyl
rubber.

Chloroprene Rubber - See Neoprene.

Chlorinated Polyethylene - CPE, Chloropel™. A polyethylene elastomer with a chlorine content of
36 to 45%. The material generally has better chemical resistance and physical properties than
polyethylene.

Chlorosulphonated Polyethylene - See Hypalon.

Contamination - The presence of potentially harmful chemicals on the surface of or within the
polymer of CPC.

Copolymer - A long chain molecule synthesized by reaction of more than one monomer species
with each other. Copolymers often have cost and/or performance advantages over polymers
produced from a single monomer species.

CPE - See Chlorinated Polyethylene.
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CF-39 - Polymer of allyl diglycol carbonate. A clear, impact resistant plastic used for face and eye
protection.

Decontamination - The removal of potentially harmful chemicals from the surface of and from
within the polymer of CPC. Noted surface decontamination does not necessarily remove absorbed
chemical.

Degradation - The loss in physical properties of an item of protective clothing due to exposure to
chemical, use, or ambient conditions (e.g., sunlight).

FEP - Polymer of fluorinated ethylene propylene. Polymer with exceptionally good chemical
resistance with protective clothing applications in both film and clothing form.

Flock-lined or Flocked - A layer of fibers, typically cotton, adhered to the inside of rubber gloves.
The lining absorbs perspiration and provides some insulating effect.

Gore-Tex® Fabric - A proprietary fabric in which microporous PTFE is laminated on one or both
sides with a fabric. The fabric allows the transmittance of moisture vapor which reduces heat stress.
It prevents penetration by many liquids and solids but does not provide vapor protection.

Hypalon® - Polymer produced by the post chlorination and sulfonation of polyethylene thereby
producing a rubbery material suitable for CPC.

Laminated - Joining two or more sheets of fabrics together by means of heat or adhesive.

Latex - A stable dispersion of polymer or rubber particles in water. Latex gloves and coated fabrics
are prepared by coagulating and cross-linking the particles on a form or cloth substrate. Most
natural rubber, neoprene, and nitrile gloves are prepared from latex.

Latex Dipped - A glove prepared by dipping a glove form or a fabric glove into a rubber latex bath.
In one dip, the entire amount of rubber that will form the glove is deposited.

Natural Rubber - Polyisoprene obtained from rubber plants. A highly flexible and conforming
material used principally for gloves. High elasticity.

NBR (Nitrile-butadiene rubber) - see Nitrile Rubber.

Neoprene - Polychloroprene. A synthetic rubber having chemical and wear resistance properties
that are generally superior to those of natural rubber.
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Nitrile Rubber - Copolymer of acrylonitrile and butadiene. Also known as acrylonitrile rubber,
acrylonitrile-butadiene rubber, Buna-N, and nitrile-butadiene rubber (NBR). Trademarked names
include Hycar™, Kyrnac™, and Paracril™. Used for supported and unsupported gloves, and coated
fabric. Nitrile rubbers are available in a wide range of acrylonitrile concentrations. In general, the
higher the acrylonitrile concentration the better the chemical resistance. However, stiffness also
increases at high acrylonitrile concentrations.

PE - See Polyethylene.

Penetration - The movement of chemical through zippers, stitched seams or imperfections (i.e.,
pinholes) in a protective clothing material.

Permeation - The process by which a chemical dissolves in and moves through a protective clothing
material on a molecular level.

Permeation Rate - The rate at which the chemical moves through the clothing material. This is
expressed in terms of amount per unit area per unit time.

Polyethylene - A fairly chemically resistant material that is used as a freestanding film (e.g., apron)
or a fabric coating. Low density polyethylene is the most common form used in protective clothing.

Polycarbonate - A hard, transparent plastic used for face and eye protection. It has exceptional
impact resistance and good chemical resistance, and is commonly used as the lens of safety glasses.

Polyester - A family of polymers that finds application in fiber form as clothing and in film form as
a clear material for face and eye protection.

Polyurethane - An extensive and multi-branched family of polymers based on isocyanates. As used
in protective clothing, polyurethanes are rubbery polymers that are either coated onto fabrics or
formed into boots.

Polyvinyl Alcohol - A water-soluble polymer that, as long as it is dry, exhibits exceptional
resistance to many organic solvents that rapidly permeate most rubbers. The material is somewhat
stiff, thus limiting dexterity.

PU - See Polyurethane.
PVU - See Polyvinyl Alcohol.

PVC - See Polyvinyl Chloride.

Source: Guidelines for Selecting of Chemical Protective Clothing Second Edition
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Polyvinyl Chloride - A stiff polymer that is made suitable for protective clothing applications by
the addition of plasticizers. Used as a freestanding material for gloves, aprons, etc., as well as
coating for fabrics. Clear forms are also available as flexible face shields.

Safeguard CPF - A proprietary nonwoven fabric for limited-use (i.e., disposable) clothing.
Saranex - Multilayer laminate of polyethylene and Saran™.
Sontara - A proprietary spun-laced, limited use fabric.

SBR (Styrene-butadiene Rubber) - Also known as Buna-S. Trade-mark names include Solprene™,
Plioflex™, and Stereon™. Used for fabric coatings and boots.

Solvent Dipped - A glove prepared by repeatedly dipping a glove form or glove substrate into a
solution of the rubber in a solvent. The rubber is subsequently cured.

Supported - Materials containing a substrate such as cotton, polyester or nylon fabric or scrim
which is coated, laminated or impregnated with a polymer or rubber.

TFE (PRFE) - Polytetrafluoroethylene. An example is Teflon™.
Tyvek - A proprietary, nonwoven fabric for limited use (e.g., disposable) clothing.

Viton - A proprietary fluoroelastomer. Highly chemically resistant, but expensive synthetic
elastomer.

Source: Guidelines for Selecting of Chemical Protective Clothing Second Edition
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In an effort to ensure the proper record keeping and reporting of work-related injuries and
illnesses throughout OSU, the Administrative Unit had designated an accident report
form (or “OSHALOG) Coordinator to maintain and record all the work-related injury and
illness report forms.

In the event of a work related injury or illness the “Employee Accident Report” (EAR)
must be filled out completely and submitted to the OSHALOG Coordinator immediately.
The OSHALOG Coordinator can supply you with the EAR form.

If medical treatment is needed, the employee should be sent to Employee Health Services
(ESH) taking the EAR form with them. EHS is located at the University Hospitals Clinic
(2-A Lobby, Room 2018A) on West 10™ Avenue. Business hours are Monday — Friday,
7:30a.m — 4:00p.m. Phone number (614) 293-8146.

If EHS is closed and medical treatment is necessary, or emergency treatment is
necessary, the employee should then be sent to OSU Emergency Department or a Med
Ohio.

In the event that an employee receives medical treatment at another facility for a work-
related injury or illness, and EAR must still be filled out completely. The employee must
also be sent to EHS for an evaluation to assure they are ready to return to work and to
determine if any restrictions are needed.

Please follow this format for seeking medical treatment to ensure the proper reporting of
work-related injuries and illnesses.

Copies of the EAR need to be forwarded to the OSHALOG Coordinator immediately
after the accident to be recorded in the Administrative Unit’s OSHALOG record. This
information must be recorded within six working days of the accident in accordance with
the OSHA 300 Recordkeeping Standard (29 CFR 1904 Recording and Reporting
Occupational Injuries and Illnesses).
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Emergency)
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APPENDIX L

ORGANIZATIONAL STRUCTURE
CHEMICAL HYGIENE SUB—COMMITTEE
DEPARTMENT OF PHYSICS

SHOPS & SAFETY

COMMITTEE
DEPT OF PHYSICS
FACILITY OPERATIONS
l‘ & DEVELOPMENT (FOD)
ENVIRONMENTAL HEALTH
& SAFETY (EHS)

CHEMICAL HYGIENE
SUB—COMMITTEE (CHC)

(SHOPS & SAFETY SUB—COMMITTEE)

PHIL DAVIDS Provides administrative leadership
DEPT OF PHYSICS to maintain the CHP and to
CHEMICAL HYGIENE insure adherence to the CHP

SUB—COMMITTEE CHAIR'| within the Physics Department

MARK REED Department representative for
DEPT OF PHYSICS implementation of the CHP,
CHEMICAL HYGIENE first responder to spills, or

OFFICER other chemical release events.

SHOPS & SAFETY Provides oversight of safety
COMMITTEE operations within assigned lab,
DEPT OF PHYSICS works with Pl to prepare lab—
(ROTATING MEMBERS) | specific CHP, safely manages lab.

JOHN HERRINGTON Provides advanced technical

DEPT OF CHEMISTRY expertise on a consulting

CHEMICAL HYGIENE and/or as—need basis to
OFFICER the Physics Department






