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DEVELOPING AND IMPLEMENTING THE TRAINING
REQUIRED BY SARA AND OSHA 29 CFR 1910.120

E. D. Copenhaver, Program Manager
D. A. White and S. M. Wells, SARA/OSHA Training Coordinators
Technical Resources and Training Program
Environmental Compliance and Health Protection Division
Oak Ridge National Laboratory¥*
Oak Ridge, Tennessee 37831

BACKGROUND

There are currently several federal regulations requiring facilities
that are involved in hazardous material activities to train employees
concerning the hazards that surround them. Recently the Occupational
Safety and Health Administration (OSHA), Department of Labor, in response
to Title I, Section 126, of the Superfund Amendments and Reauthorization
Act (SARA)1 issued an interim final rulez, 29 CFR 1910.120, which requires
the training of hazardous waste workers in worker protection techniques and
the health effects of hazardous materials. This regulation, intended
primarily for those who are engaged in the cleanup of the many abandoned
hazardous waste sites listed under the original Superfund (Comprehensive
Environmental Response, Compensation, and Liability Act of 19803-CERCLA),
provides for appropriate health safeguards for all workers.

Unlike 40 CFR Part 26.516% implementing the Resource Conservation and
Recovery Act (RCRA)S, which was written by the EPA to train employees in
hazardous waste management procedures and emergency response, the interim
final rule 29 CFR 1910.120 promulgated by OSHA focuses on the recognition
of health hazards to which workers may be exposed and on the appropriate
work practices and methods of protection to minimize those hazards.

A review of the SARA regulation reveals there are various issues that
must be interpreted in order to develop specific facility training
curricula to meet the intent of the regulation.

*Operated by Martin Marietta Energy Systems, Inc. for the U.S. Department
of Energy under Contract No. DE-AC05-840R21400. Accordingly, the U.S.
Government retains a nonexclusive, royalty-free license to publish or
reproduce the published form of this contribution, or allow others to do
so, for U.S. Government purposes.

TRADE SARA/OSHA Training: April 1988



GENERAL WORKER TRAINING REQUIREMENTS

The interim final rule includes provisions for initial training of
employees before they are allowed to work in hazardous waste operations.
The training required for employees involved in operations at uncontrolled
hazardous waste sites includes a minimum of 40 hours of initial instruction
off the waste site, and minimum of 3 days of actual field experience under
the direct supervision of a trained and experienced supervisor. Training
must be provided at the time of job assignment and applies to employers and
employees engaged in the following operations:

- Operations involving hazardous substances that are conducted under
the Comprehensive Environmental Response, Compensation and Liability
Act of 1980, including initial investigations of CERCLA sites before
the presence or absence of hazardous substances has been
ascertained;

- Clean-up operations involving major corrective actions conducted
under the Resource Conservation and Recovery Act of 1976;

- Operations at hazardous waste sites that have been designated for
clean-up by state or local government authorities.

A less detailed training provision is given for employees working in
routine treatment, storage, and disposal operations such as facilities
regulated under RCRA Section 3004. These sites will have more routine
working conditions and the hazards will be better identified and
controlled. The interim rule specifies 24 hours as the basic level of
training appropriate to these working conditions.

Since waste sites contain many potential hazards, workers should be
trained to recognize hazards, apply appropriate work practices to minimize
the hazards, and properly use respirators and other personal protective
equipment,

SUPERVISOR/MANAGER TRAINING REQUIREMENTS

Supervisors and managers directly responsible for waste site
operations are to receive the same training as that of employees and at
least eight additional hours of specialized training on managing hazardous
waste operations. Since these people are responsible for directing others,
it is necessary to enhance their ability to provide guidance and to make
informed decisions. TRADE is developing a second volume of instructional
materials for SARA/OSHA supervisor and manager training.
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EMERGENCY RESPONSE TRAINING

The interim final rule covers emergency responses to releases of
hazardous substances at all work sites including non-CERCLA and non-RCRA
sites.

Emergency response persomnel for hazardous waste clean-up site
operations must have the same basic training as the other employees
involved in hazardous waste clean-up operations plus the training needed to
develop and retain the necessary skills for anticipated emergency response
activitics. CERCLA sites, major corrective actions at RCRA sites, sites
designated for clean-up by state and local governments, and other similar
hazardous waste clean-up sites require more training because there is the
potential of uncontrolled hazards.

When there is a reasonable potential that employees may be asked to
respond to emergencies at sites other than hazardous waste clean-up sites,
24 hours of training annually must be provided with training sessions at
least monthly. As an alternative, demonstration of competency by the
employee may be certified at least quarterly. Workers in this category
would include employees in fire departments, emergency medical and
first-aid squads, hazardous material teams, spill response teams, and other
groups with responsibility for emergency response. While emergency
response training is likely already in place at many DOE sites, emergency
response personnel can be included in the general site worker training
course.

The interim final rule clarifies that training need be given only to
those employees who will actually be engaged in emergency response
activities such as controlling toxic chemical fires and containing spills.
Employees who may be first on the scene, but not expected to engage in
response activities, may be trained only in hazard recognition if they are
instructed to call others to control hazardous substance spills and fires.

Employees who will be consulted for technical advice or assistance
concerning specific hazardous materials in the event of a spill or
hazardous substance release incident must have 24 hours of training
annually or demonstrate competency in their area of specialization.
However, training sessions for these workers need not be held on a monthly
basis.

If skilled support personnel from outside of the organization are
needed to perform immediate emergency support work, 29 CFR 1910.120 does
not require 24 hours of training or demonstration of competency. It is the
responsibility of the employer to provide an initial briefing for outside
support personnel before they become involved in an emergency situation.
The briefing should include information regarding duties to be performed,
chemical hazards involved, and instruction in wearing the proper personal
protective equipment.
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RETRAINING

Employees at hazardous waste operations need to be reminded that they
face the potential for serious health and safety risks. The interim final
rule requires eight hours of annual retraining on relevant matters such as
review of health hazards and the use of personal protective equipment.

In all areas of training, whether it be for general site employees,
supervisors at the site, or for the use of specific equipment, the level of
training should be consistent with each worker’s job function and
responsibilities. Refresher training would be supplied to reemphasize the
initial training and to update employees on any new policies and
procedures.

Once an employee has received the required training, the employee need
not be retrained to work at subsequent sites, even if a different employer
is involved. The above training requirements and specific time constraints
are summarized in Table 1.

Table 1. SARA Training Requirements

Basic Basic Mgt. On-Site Annual

(24 hrs) (40 hrs) (8 hrs) Field Refresher
Exper. (8 hrs)
(24 hrs)

Remedial Action X X X
General Site
Workers

Remedial Action X X X X
Supervisors/
Managers

CERCLA Facility X X X
Workers

CERCLA Facility X X X X
Supervisors/
Managers

RCRA Facility X X X
Workers

RCRA Facility X X X X
Supervisors/
Managers

Emergency X X
Response
Personnel
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ORNL FACILITY COMPLIANCE

Oak Ridge National Laboratory has several organizations which have
responsibilities in the area of hazardous waste substances and hazardous
wastes., Within each of these organizations are various categories of
workers who may be potentially exposed to a wide variety of
hazardous/radioactive materials through various treatment, storage, and
disposal operations. Because of the complexity in developing training
curricula to meet the specific needs of workers supporting a
multi-functional laboratory, the Technical Resources and Training Program,
in conjunction with these organizations, has done a needs analysis focusing
on 29 CFR 1910.120.

The first step undertaken by our organization in deciding what
training curriculum was needed involved an in-depth review of several
related regulations, particularly SARA and RCRA, to determine if and how
ORNL must comply with the regulations. The Laboratory has hazardous waste
treatment, storage, and disposal (TSD) facilities that are currently under
interim status or permitted under RCRA. Although ORNL has sites that fall
under the jurisdiction of CERCLA/SARA, these sites are currently being
addressed under RCRA 3004(u). Both RCRA and SARA training regulations
cover corrective actions undertaken under the authority of RCRA Section
3004 (1) as well as interim status or permitted TSD facilities, thereby
placing these facilities under dual regulatory control. Therefore, in
addition to the RCRA training program6 already in existence, the need for
additional training to meet 29 CFR 1910.120 was established.

ORNL SARA/OSHA TRAINING PROGRAM

In order to meet the specific training requirements established by
OSHA for different categories of worKkers, the ORNL SARA/OSHA training
curriculum is being structured into three separate courses. Because ORNL
is currently involved only in treatment, storage, and disposal operations
permitted under RCRA, most ORNL hazardous waste workers will require the
SARA/OSHA training curriculum consisting of 24 hours of classroom and field
exercises. For those employees who may engage in remedial waste clean-up
operations, 16 additional hours or 40 total hours of training will be
provided. Managers and supervisors involved in hazardous waste operations
will receive 8 hours of training relevant to their responsibilities in
addition to the training offered the hazardous waste workers. The
structure of this training program is outlined below; the category of
worker determines to what level in the progression the training proceeds:

- Basic SARA/OSHA Training (24 hours)
- Remedial Action Training (16 hours)
- Supervisors/Managers Training (8 hours)
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At the request of numerous DOE offices and facilities, we are making
some of the resources we have developed available across the DOE system
through the TRADE network. Our intent is to share our experience with
other DOE facilities and we hope that these materials will be useful to
others in meeting SARA training requirements.

The proposed ORNL SARA/OSHA training curriculum emphasizes health and
safety concerns in hazardous waste operations as well as methods of worker
protection. Consistent with guidelines for hazardous waste site activities
developed jointly by National Institute for Occupational Safety and Health,
Occupational Safety and Health Administration, U.S. Coast Guard, and the
Environmental Protection Agency,7 the program material will address the
following topics:

1. Basic Training for General Site Workers

ORNL Site Safety Documentation

Safe Work Practices

Nature of Anticipated Hazards

Handling Emergencies and Self-Rescue

Employee Rights and Responsibilities

Demonstration of Use, Care, and Limitations of Personal Protective
Clothing and Equipment

Demonstration of Monitoring Equipment and Sampling Techniques

The basic training courses includes major fundamentals of industrial
hygiene presented to the workers in a format that encourages them to assume
responsibility for their own safety and health protection. Basic course
development has focused on the special needs of ORNL facilities. Because
ORNL generates chemical wastes, radioactive wastes, and mixed wastes, we
have added significant modules on radiation protection in general, as well
as modules on radiation toxicology and on radiation protective clothing and
equipment.

2. Remedial Action Training Course

For those workers engaged in remedial action activities at ORNL we are
developing an additional 16-hour course to cover in more depth such topics
as site characterization, use and decontamination procedures of protective
clothing and equipment, and safe handling of drums and other containers.
TRADE will develop a third volume of instructional materials for this
course.

Because ORNL, like many other DOE sites, is embarking upon some large
scale remedial activities, we anticipate that much of the remedial site
cleanup will be performed by outside contractor personnel. Prior to
arriving on site, contractor personnel must receive 40 hours of SARA/OSHA
training with clearly defined training plans and auditable documentation.
Training requirements are being written into the contracts, and provision
is made for our review of this type of outside training. Additionally,
these contractor personnel will also receive from ORNL a site-specific
orientation,.
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3. Supervisors/Managers Training Course

An additional 8-hour course is being developed for supervisors and
managers of waste facilities and waste cleanup activities. This course
will focus on management and problem solving skills related to waste site
operations; on how to effectively use the ORNL support organizations such
as environment, safety, health, and laboratory protection; selection of
personal clothing and equipment; and on-site control. Much of this
material will be included in the second volume of TRADE instruction
materials.

SUMMARY

This tri-level approach should provide the appropriate level of
SARA/OSHA training to all DOE employees subject to SARA and OSHA 29 CFR
1910.120. Once the Final Rule is published by OSHA, the ORNL training plan
will be reviewed and revised as necessary. All DOE facilities will need to
review their level of compliance with SARA/OSHA training requirements. We
hope these materials will assist them in addressing these new training
needs.
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REVIEW OF REGULATIONS

SCOPE

This module introduces the regulations upon which the SARA/OSHA worker
health and safety training program is based. Specific mention will be made
of the training requirements of the Superfund Amendments and
Reauthorization Act (SARA) as interpreted in the Occupational Safety &
Health Administration, Department of Labor, Interim Final Rule 29 CFR
1910.120. Compliance with this regulation requires that all workers who
are involved in hazardous material/waste treatment, storage,
disposal/cleanup, and emergency response activities receive classroom and
field exercise training.

This module will also introduce the topics which will be covered
during the training course and the criteria which will be used to
demonstrate or evaluate the participants’ understanding of the material
presented.

(Suggested time - 1 hour)
PARTICIPANT GOALS

1) Gain an underst.nding of the requirements of SARA Title I, Section 126,
"Worker Protecticn Standards."

2) Gain an understanding of the requirements of OSHA 29 CFR 1910.120,
"Hazardous Waste Operations and Emergency Response."

3) Learn how these regulations apply to actual work and work sites.
4) Receive a list of the topics to be covered during the training course.

5) Recognize the criteria which will be used to demonstrate the training
course participants’ understanding of the material presented.

I-1
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CHEMICAL TOXICOLOGY

SCOPE

This portion of the Toxicology module presents information about the
harmful effects of chemicals on biological systems. The information
presented included definitions of toxicology terminology, basic principles
of toxicology, the dose-response relationship, routes of entry, pathways of
excretion, and general types of adverse responses to toxic chemical
exposure.
PARTICIPANT GOALS

1) Learn the definitions of some important toxicology terms.

2) Gain an understanding of the basic principles of toxicology including
the dose-response relationship.

3) Learn the three primary routes by which toxicants enter the body.

4) Gain an understanding of the pathways of excretion by which toxicants
are removed from the body.

5) Learn some of the general types of adverse responses to toxic chemical
exposure,

II-2

TRADE SARA/OSHA Training: April 1988



VHVYS 40 M3IAH3IAO

\
=
) I~ -
™~
\
1
e |

1-4
TRADE SARA/OSHA Training: April 1988



INSTRUCTIONAL ACTIVITY

- Introduce the subject and discuss the federal regulations which protect
the health and safety of hazardous waste site workers:

Overview of SARA and other EPA regulations;
(REG 2, 4, 1, SARA 23)

Growth of Health and Environmental Protection Laws;
(ORNL-DWG 87C-16938)

SARA contents;
(SARA 1-6)

OSHA Interim Final Rule 29 CFR 1910.120 contents;
(SARA 7-8; REG 13A, 6A; SARA 9A, 10A; REG 9; SARA 11, 12A; REG 1llA;
SARA 18A-B, 19; REG 8A; SARA 20, 21; REG 5A, 12; SARA 22)

SARA additional training requirements for selected employees.
(SARA 14, 13)

- Distribute course topics outline and present overview of the topics to be
covered by this training course.
(SARA 25)

- Discuss the criteria which will be used to demonstrate or evaluate the
participants’ understanding of the material presented.

- Distribute and oversee completion of worksheet or exam.

I-3
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ORNL-DWG 87C-16938

GROWTH OF HEALTH AND ENVIRONMENTAL PROTECTION LAWS

oa T T T | ]
22 |- -
20 |- -
ow 18F CERCLA -
2 UMTRCA
< 16 F SMCRA ~
- TSCA
w 14} RCRA -
o) SDWA
x 12 HMTA -
w FWPCA
@ 10 |- MPRSA —
- CPSA
=] 8 |- FEPCA -
z PPPA
6| OSHA -~
CAA
4 NEPA —
EDCA FHSA
2 -
. 0 ] 1 | L |
1935 1945 1955 1965 1975 1985
FDCA - FEDERAL DRUG AND COSMETICS (1938)
FIFRA - FEDERAL INSECTICIDE, FUNGICIDE, AND
RODENTICIDE (1948,1972, 1975, 1983)
FHSA - FEDERAL HAZARDOUS SUBSTANCES (1968)
NEPA - NATIONAL ENVIRONMENT POLICY (1989)
PPPA - POISONIOUS PACKAGING PREVENTION (1970)
OSHA - OCCUPATIONAL SAFETY AND HEALTH (1970)
CAA - CLEAN AIR (1970, 1977)
FWPCA - FEDERAL WATER POLLUTION CONTROL
(CLEAN WATER) (NOW WATER QUALITY) (1972, 1977, 1887)
MPRSA - MARINE PROTECTION, RESEARCH, AND SANCTUARIES (1972)
CPSA - CONSUMER PRODUCT SAFETY (19872)
FEPCA - FEDERAL ENVIRONMENTAL POLLUTION CONTROL (1972)
SDWA - SAFE DRINKING WATER (1974,1977, 1986)
HMTA - HAZARDOUS MATERIALS TRANSPORTATION (1974, 1984)
RCRA - RESOURCE CONSERVATION AND RECOVERY (1976, 1979)
TSCA - TOXIC SUBSTANCE CONTROL (1978!
SMCRA - SURFACE MINE CONTROL AND RECLAMATION (1977)
UMTRCA - URANIUM MILL TAILINGS RADIATION CONTROL (1978)
CERCLA - COMPREHENSIVE ENVIRONMENTAL RESPONSE,
COMPENSATION, AND LIABILITY ACT (1980)
NWPA - NUCLEAR WASTE POLICY ACT (1982)
AHERA - ASBESTOS HAZARD EMERGENCY RESPONSE ACT (1986)
WRDA - WATER RESOURCES DEVELOPMENT ACT (1986)
SARA - SUPERFUND AMENDMENTS AND REAUTHORIZATION

ACT (EXTENSION OF CERCLA) (1988)

I-6
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OSHA INTERIM FINAL STANDARD

\ 29 CFR 1910.120, December 19, 1986 /
/ \
Provides health protection standards /
for hazardous waste workers
AN
\ 16 sections /

S
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29 CFR 1910.120
CONTENTS

Scope, appiication, and definition
General requirements

Site characterization and analysis
Site controi

Training

Medical surveillance

Enginsering controls, work practices,
and personal protective equipment
for employee protection
Monitoring

information programs

Handling drums and containers
Decontamination

Emergency respornse

lllumination

Sanitation at temporary workplaces

I-l6
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MEDICAL
SURVEILLANCE

Prior to
Assignment

/

(At Least Every 12 Months)

T~

Upon Termination

/

\

For employees exposed or potentially
exposed to hazardous substances or
who wear respirators:

SARA12A
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TOXICOLOGY

SCOPE

This two-part module presents a discussion of chemical toxicology and an
overview of radiation toxicology. The chemical toxicology portion presents
information about the harmful effects of chemicals on biological systems,
including man. A discussion of the effects of ionizing radiation on human

organ systems is presented in the radiation toxicology portion of the
module.

(Suggested time - 2 hours)

II-1
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CHEMICAL TOXICOLOGY

SCOPE

This portion of the Toxicology module presents information about the
harmful effects of chemicals on biological systems. The information
presented included definitions of toxicology terminology, basic principles
of toxicology, the dose-response relationship, routes of entry, pathways of
excretion, and general types of adverse responses to toxic chemical
exposure.
PARTICIPANT GOALS

1) Learn the definitions of some important toxicology terms.

2) Gain an understanding of the basic principles of toxicology including
the dose-response relationship.

3) Learn the three primary routes by which toxicants enter the body.

4) Gain an understanding of the pathways of excretion by which toxicants
are removed from the body.

5) Learn some of the general types of adverse responses to toxic chemical
exposure.

I1-2
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INSTRUCTOR PREPARATION

- Assemble viewgraphs.

- Prepare lecture notes.

- Prepare participant worksheet or exam.

(The worksheet developed and used by ORNL is included on pages II-6 to
I11-9.)

I1-3
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INSTRUCTIONAL ACTIVITIES

Introduce the subject and objectives of this portion of the module.
(TOX 47, 40)

- Discuss threshold of effect or "mo effect" level; first measurable
effect level as dose increases; define the toxic potency of a chemical
as the relationship between the dose and the response.

(TOX 8)

- Discuss the dose-response relationship; the differences between
individual members of a population; the range of individual responses
possible within a population.

(TOX 5-10)

- Discuss TOX 25A - a fictional example of the graded dose-response
expected from a population exposed to a chemical agent illustrating
individual differences in response.

Shots of 100-proof whiskey were added to a ten gallon tank
containing ten goldfish.

Measured response is swimming upside down.

After 10 shots, 50% of fish swam upside down.

After 18 shots, all the fish swam upside down.

- Discuss the normal distribution and dose-response curves; LDgy and LCgg
definitions and usefulness.
(TOX 21, 22, 18, 23, 29, 30)

- Define and discuss acute exposure, chronic exposure, and the effects of
frequency of exposure and dose-fractionation upon the response.
(TOX 19-20)

- Discuss routes of entry (TOX 1) and the general types of hazardous
materials that enter by each route:

1) inhalation;
(TOX 31A, 5, 6, 41, 36, 2, 4, 26)

2) skin absorption, how the skin acts as a barrier, the function of the
skin layers; the mechanism of chemical penetration and damage to skin;
(TOX 42, 37)

3) ingestion.
(TOX 43, 32A)

II-4
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- Describe the pathways of excretion by which toxicants are removed from
the body.

(ToxX 3, 39, 33)

- Define and discuss general types of adverse responses to toxic chemical
agents, target organs, and possible toxicant interactions.
(TOX 11, 12, 13, 38, 14)

Define and discuss carcinogens, mutagens, and teratogens.
(TOX 15, 35, 16, 27, 28, 17, 24, 34)

Distribute and oversee completion of worksheet or exam.

II-5
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Employee Name:
Badge #:

Job Title:

1.)

The toxic potency of a chemical is ultimately defined by the

relationship between the of the chemical and the
that is produced in a biological system.

2')

True or False: All members of a group of the same species of
animals can be expected to respond to the same dose of a chemical
in an identical manner.

3.)
From dose-response curves one may calculate what is commonly
known as the , the lethal dose that produced death in 50%

of a test group of animals.

4.)

Exposure to toxic chemical agents may be classified into two main
categories:

exposure is defined as a single exposure or multiple

exposure occurring within a short time.
exposure may be defined as a long-duration, low-level

exposure in which the rate of exposure exceeds the body’s
capacity for detoxification.

5.)
True or False: In general, fractionation of the dose reduces the
effect.

6')

The three primary routes of entry into the body are
' , and .

7.)

is the most significant route of entry in the

occupational environment.

II-6
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8.)
presents the most rapid and direct avenue of

entry.

9.)
Airborne toxicants can be of two types:
or .

10.)
In the lungs the exchange of gases, which include gas or vapor
toxicants, takes place through the thin membranes of the

11.)
Gases which produce toxic effects by interfering with the supply
of oxygen to the tissues are called .

12.)
The lungs protect themselves from foreign particles. Match these
protective mechanisms with the function that they perform.

Mucus a. Sweep and carry particles
Cilia b. Traps particles
Phagocytic cells c. Engulf particles
13.)
The layer of skin which is most effective at preventing entry of
chemicals into the body is the .
14.)

occurs as a route of exposure of workmen
through eating or smoking with contaminated hands or in
contaminated work areas.

15.)
True or False: Absorption of toxicants can take place along the
entire length of the gastrointestinal tract.

16.)

Give three organs that are involved in the removal of toxicants
from the body.

17.)
The chief organ for excretion of toxicants in the blood is the

18.)

The metabolizes certain chemical toxicants so that
they may be eliminated by the kidneys.

I1-7
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19.)
toxicity occurs rapidly after a single exposure;
toxicity occurs after the lapse of some time.

20.)

effects refer to those that occur at the site of
first contact with a chemical agent; effects
require absorption and distribution of the toxicant and are
produced at a site that is removed from the point at which the
toxicant entered the body.

21.)
Match these effects of toxicant interaction with the appropriate
definition.

__ Additive effect a. Situation in which the combined
effect of two chemicals is much
greater than the sum of the effect
of each agent given alone.

Synergistic Effect b. Situation in which the combined
effect of two chemicals is equal to
the sum of the effect of each agent
given alone.

_ Potentiation c. Situation in which two chemicals,
when given together, interfere with
each other’s actions or one
interferes with the action of the
other chemical

Antagonism d. Situation when one substance does
not have a toxic effect on a
certain organ or system, but when
added to another chemical, it makes
the latter much more toxic.

22.)

A is a substance that will induce a cancerous

growth in man following a reasonable exposure.

23.)

A is a substance that causes transformation of
the genetic material which may alter the characteristics of
offspring.

24.)

A is a substance that produces malformations
of the fetus without inducing damage to the mother or killing the
fetus.

I11-8
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Basic Elements of Toxicology:

1
2)
3)
4)
5)

6)

7)
8)
9)
10)
11)

12)

dose; response
False
LDsg
Acute; Chronic
True

inhalation; ingestion;
absorption through skin

inhalation

Inhalation

gases/vapors; particulates
alveoli
asphyxiants

b
a Cilia
c¢ Phagocytic cells

TRADE SARA/COSHA Training: Apri

Worksheet Answers

13)
14)
15)
16)
17)
18)
19)
20)

21)

22)
23)

24)

II1-9

1 1988

epidermis

Ingestion

True

kidneys; liver; lungs
kidneys

liver

Immediate; Delayed
Local; systemic
Additive effect
Synergistic effect

Potentiation
Antagonism

1o laip [T

carcinogen
mutagen

teratogen
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Cross-section of skin with halr.

Stratum  Granulosum
Stratum  Spinsoum
Stratum  Germantivum

Epidermis

Stratum ("Disjunctum e (B
Corneum ==V =
Conjunctum —= g [ O
APl A
[\’

(" Sweat duct

gland

Sweat gland
Blood vessel

Dermis

Connective tissue

Fat
Hair follicle
\_Capiliary

TOX 42
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a
-

Orel Cavity

Teath

DIGESTIVE SYSTEM
Scheme of the System

Pharynx
Tongue

\
Liver Stomsch
Spleen
Trensverss Colon | Pencreas
Ascending Colon Transverse Colon
Cocun Osscending Colon
Veraifora Appendix Jejuum
Rectum Ileun
Anal Canal ‘;j | Sigmoid Colon

ALIMENTARY CANAL AND ACCESSORY ORGANS

TRADE SARA/0SHA Training:
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distal convoluted tubule

proximal convoluted tubule
branch of renal

collecting tubule

The functional unit of the human kidney.

TOX 39
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RADIATION TOXOCOLOGY
SCOPE
This portion of the Toxicology module presents an overview of the
effects of ionizing radiation on single cells and the individual organ
systems of the human body. This portion of the module will be required
only for workers who will be dealing with radioactive or mixed wastes.

PARTICIPANT GOALS

1) Gain an understanding of the acute effects of ionizing radiation on
single cells and the various organ systems of the human body.

2) Learn some of the chronic effects of exposure to low-level ionizing
radiation.

3) Gain an understanding of the classification and distribution of
radioactive materials that may enter the body.
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INSTRUCTOR PREPARATION
- Determine the amount of radiation toxicology information which is
covered in the radiation protection training program and therefore does
not need to repeated here if all participants have received prior
training. Participants must provide documentation of this previous
training.
- Choose employee booklet(s) for distribution.
(ORNL selected "Radiation - A Fact of Life", International Atomic
Energy Agency, Wagramerstrasse 5, P. 0. Box 100, A-1400 Vienna,
Austria)
- Assembl: viewgraphs.

- Prepare lecture notes.

- Prepare participant worksheet or exam.
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INSTRUCTIONAL ACTIVITIES
- Distribute employee information booklet.

- Introduce subject and objectives.
(RADTOX 01, 16)

- Discuss free radical formation in irradiated water.
(RADTOX 02, 03)

- Discuss the effects of radiation on cells and chromosomes.
(RADTOX 04-06)

- Discuss the acute effects of ionizing radiation on human organ systems.
Blood (RADTOX 07)
Gastrointestinal system (RADTOX 08)
Central nervous system (RADTOX 10)
Reproductive system (RADTOX 09)
Summary table (RADTOX 15)

- Explain the effects of ionizing radiation on the embryo and fetus.
(RADTOX 13)

- Describe the genetic effects of ionizing radiation.
(RADTOX 11)

- Discuss the chronic effects of exposure to ionizing radiation.
(RADTOX 12)

- Classify and explain the distribution of radioactive contaminants that
gain entry into the body including a discussion of clearance rates and
organ deposition.

(RADTOX 14)

- Distribute and oversee completion of worksheet or exam.
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SOURCES OF HAZARD INFORMATION

SCOPE

This module describes the sources of hazard information available to
hazardous waste site workers and explains when and how to use them. The
sources of information include exposure limits, labels, Material Safety
Data Sheets (MSDS), and the supervisor's knowledge.

(Suggested time - 1 hour)

PARTICIPANT GOALS

1) Gain an understanding of the types of exposure limits and how they are
used to control health hazards.

2) Learn where to find and how to use MSDSs.

3) Be able to recognize and understand the information presented on:
Department of Transportation (DOT) labels and placards;
National Fire Prevention Association (NFPA) 704 labels and placards;
Facility-specific labels;
Chemical manufacturer’s labels.

4) Learn to recognize and understand the terms used for the facility
hazard rating system.

5) Be able to list the names of individuals in the organization from whom
additional hazard information is available.
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INSTRUCTOR PREPARATION
- Assemble Threshold Limit values (TLVs) viewgraphs.

- Prepare viewgraph(s) explaining OSHA PELs (permissible exposure limits),
NIOSH RELs (recommended exposure limits), and IDLH (immediately dangerous
to life and health) limits.

- Collect current copies of the American Conference of Governmental
Industrial Hygienists (ACGIH) Threshold Limit Values booklet for
participants to use during class.

- Determine if the MSDS and Labeling modules of the facility Hazard
Communication (HC) Training Program are appropriate for use in hazardous
waste site worker training.

- Determine if all participants have received HC training. Participants
must provide documentation of this prior training.

- Choose videotape for labeling and MSDSs, if desired.

(Some DOE contractors have used videotapes from ITS Corporation and
Tel-E-Train)

- Choose source of employee booklets on labels and MSDSs to use as
handouts, if desired.
(ORNL chose "The MSDS - Your Guide to Chemical Safety", Business &
Legal Reports, 64 Wall Street, Madison, CT 06443-1513)

- Assemble examples, either in the form of handouts or viewgraphs, or both,
of the MSDS formats which participants will be expected to use and
understand.

- Prepare glossary of MSDS terms for a participant handout.
(Section VI of the TRADE Hazard Communication Training Resources
Guide is a glossary of MSDS terms)

- Assemble examples, either in the form of handouts or viewgraphs, or both,
of all container labels and placards which participants will bhe expected
to use and understand such as:

DOT labels and placards;

(ORNL chose the chart "Hazardous Materials Warning Labels", U.S. DOT,
Research and Special Programs Administration, Washington, D.C.

20590)

NFPA labels and placards;
Facility-specific labels;
Chemical manufacturer'’s labels.

III-2
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- Assemble viewgraphs explaining the UN hazard classes, identification
numbers, and hazard symbols required by DOT.

- Assemble copies of the DOT Emergency Response Guidebook for participant'’s
use.

- Prepare an explanation of the NFPA 704 Label Codes as a handout or
viewgraph, or both.

- Prepare handouts and viewgraphs describing and explaining the
facility-specific hazard rating system.

- Determine the names of individuals to whom participants should go to
receive additional information about hazards and prepare handouts listing
these names, if desired.

- Prepare lecture notes.

- Prepare participant worksheet or exam.
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INSTRUCTIONAL ACTIVITIZES

Define the different categories of TLVs.
(TLV 01-06)

Discuss the basis upon which TLVs are established.
(TLV 07A, 08)

Distribute copies of the ACGIH TLV beooklet and explain the ways in which
participants will be expected to use the TLV information.
(TLV 09)

Discuss other exposure limits - PELs, RELs, IDLH.
(TLV 10, other viewgraphs as desired)

Present HC training modules covering MSDSs and labeling, if appropriate,
and participants have not already received this training.
(Show videotape, i1f desired)

Present review of MSDS and labeling information if all participants have
completed HC training.
(Show videotape, if desired)

- Distribute MSDS and labeling employee information booklet(s), examples of

MSDS formats, and MSDS glossary of terms.

Distribute examples and discuss all labeling and placarding systems that

the hazardous waste site workers will come into contact with on the job.
(LABEL la, 3A, 2A, 4A, 5, 6, 11, other viewgraphs as desired)

Iiiscuss the facility-specific hazard rating system.

Discuss the NFPA 704 Label Codes and explain how and why these differ

from the chem.cal hazard rating system which is in use at the facility.
(Viewgraphs or handout)

Distribute copies of the DOT Euergency Response Guidebook and discuss
when and how the workers will use it.

Distribute list of names of persons from whom participants can get more
hazard information.

Distribute and oversee completion of worksheet or exam.
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TYPES OF HAZARDS

SCOPE

This ten-part module presents information about health hazards and
physical hazards which may be encountered by hazardous waste site workers.
Each portion of the module addresses a single type of hazard. These
include hazardous chemicals, compressed gases, ionizing radiation, heat
stress, cold stress, confined spaces, biological hazards, asbestos
awareness, safety, and noise. Individual portions of this module need not
be presented in sequence, but may be integrated into the course schedule in
any appropriate position.

(Suggested time - 5 1/2 hours)

Iv-1i
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CHEMICAL HAZARDS
SCOPE
This portion of the Types of Hazards module presents information about
the health hazards and physical hazards of chemicals in the workplace.
PARTICIPANT GOALS

1) Review the use of labels and MSDSs as a source of hazard information
and the routes by which hazardous chemicals enter the body.

2) Gain an understanding of the types of hazardous chemicals (e.g.,
corrosives, irritants, sensitizers, toxic gases and vapors,
carcinogens) which may be present at a hazadous waste site and their
effects on the human body.

3) Gain an understanding of the ways engineering controls, respirators,
and protective clothing are used to protect against hazardous
chemicals.

4) Learn the physical hazards of common chemicals in the workplace.

5) Review the three parts of the fire triangle (i.e., heat, oxygen, and

fuel) and learn how to use this information to prevent fires and
explosions,

IV-2
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INSTRUCTOR PREPARATION

Choose videotapes which present information about chemical hazards.
(ORNL chose "Chemical Safety II, Health Hazards" and "Chemical Safety
111, Fire and Explosions", Tel-A-Train, Incorporated, P. O.

Box 4752, 309 N. Market Street, Chattanooga, TN 37405.)

- Prepare handout of chemical hazards information. The handout prepared
and used by ORNL is included on pages IV-5 to IV-13.

- Choose source of employee booklet to use as handout, if desired.
(ORNL chose "Working with Hazardous Materials," Business and Legal
Reports, 64 Wall Street, Madison, CT 06443-1513.)

- Prepare participant worksheet or exam or use those which come with the
videotapes.

1v-3
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INSTRUCTIONAL ACTIVITIES
- Show videotapes.
- Distribute handouts.

- Distribute and oversee completion of worksheet or exam.

Iv-4
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SARA Training Module
CHEMICAL HAZARDS

The majority of health hazards arising from work in hazardous
waste comes from inhaling chemical agents. Physical
classification of these chemical agents is extremely important in
toxicology. The physical characteristics and properties must
first be established in order to ascertain the form of toxic
agents in the air. The classification that follows is used to
categorize contaminants on the basis of their physical
properties.

Gases and Vapors

The terms gases and vapors are utilized to define contaminants in
the molecular state. This physical state in general applies to
liquids or gases existing at room temperature and pressure in
their gaseous phase.

Gases are normally formless fluids that expand to occupy the
space or enclosure in which they are confined and can be changed
to the liquid state only by the combined effect of increased
pressure and decreased temperatures. In common industrial
hygiene usage the term "gas" is usually applied to a substance
which is in the gaseous state at room temperature and pressure.
Examples are welding gases, internal combustion exhaust gases and
air.

Vapors are gaseous forms of substances which are normally in the
solid or liquid state under ambient conditions. The vapor can be
changed back to the solid or liquid state either by increasing
the pressure or decreasing the temperature alone. Evaporation is
the process by which a liquid is changed into the vapor state and
mixed with the surrounding atmosphere. Examples of vapors
include volatilization of organic solvents, mercury and some
acids.

Particulates

Particulates or Aerosols is a classification referring to
contaminants in the solid or liquid state of microscopic size
dispersed in a gaseous medium. Although many classes of
particulates have been defined, some typical categories are
dusts, fumes, fog, smoke, mist, and smog.

Dusts are solid particles generated by crushing, handling,
grinding, rapid impact, detonation and degradation of organic or
inorganic materials, such as rock, ore, metal, coal, or wood.
Dust is a term used in industry to describe airborne solid
particles that range in size from 0.1 to 25 microns.

Fumes are solid particles generated by condensation from the

gaseous state, generally after volatilization from molten
materials. This physical change is often accompanied by a
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chemical reaction, such as oxidation. A fume is formed when a
volatilized solid, such as metal, condenses in cool air. The
solid particles that make up a fume are extremely fine, usually
less than 1.0 microns. In most cases, the hot material reacts
with the air to form an oxide . Examples are lead oxide fume
from smelting and iron oxide fume from arc-welding. A fume can
also be formed when a material such as magnesium metal is burned
or when welding or gas cutting is done on galvanized metal.

Fog is a loose term applied to visible aerosols in which the
dispersed phase is liquid. Formation by condensation is implied.

Smoke refers to carbon or soot particles less than 0.1 microns in
size which result from the incomplete combustion of carbonaceous
materials such as coal or oil. Smoke generally contains droplets
as well as dry particles.

Mist is also a loose term applied to dispersion of liquid
particles, many of which are large enough to be individually
visible without visual aid. Mist is formed when a finely divided
liquid is suspended in the atmosphere. Examples are the oil mist
produced during cutting and grinding operation, acid mists from
electroplating, and paint spray mists from spraying operations.

Smog is a term derived from smoke and fog and applies to
extensive atmospheric contamination by aerosols arising from a
combination of natural and manmade sources.

These terms are typically used by toxicologists and health
professionals to provide a physical classification of
contaminants and should provide a working vocabulary with which
to identify airborne hazards.

Corrosives

Corrosives are chemical substances that react with enough vigor
to destroy the structure of other materials. Some of them can
eat away metals, and others can cause severe injury to 1living
tissue resulting in the killing of body cells. From an
occupational safety and health point of view the definition of a
corrosive results from its effects on living tissue rather than
on metal plates. Specific tests have been prescribed to be
performed on test animals (usually rabbits), and corrosives are
compounds that cause, in the words of the OSHA standard,
nyisible destruction of, or irreversible alterations in, living
tissue by chemical action at the site of contact" during a four-
hour test period. Corrosives are thus defined in terms of their
chemical and physiological action, which does not have a
particular relation to the chemical structural class. In other
words, the name or structure alone is insufficient to identify a
substance as a corrosive. Information on whether a compound is a
corrosive or not must ultimately be based on experimentation and
will be recorded on a safety label and a Material Safety Data
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Sheet for the substance.

Acids and caustics are corrosive chemicals. They are dangerous
to the human body because of their corrosive properties: they
tend to eat away at or dissolve tissue. When acids or caustics
come in contact with the skin, they cause chemical burns; when
their mists or vapors are inhaled, they destroy lung tissue. The
effects of acids and caustics are immediate.

Acids are extensively used in many different industries. Some
uses of acids include water treatment, metal plating, chemical
processing, and storage batteries. Many different kinds of acids
are used. Sulfuric, hydrochloric, perchloric, chromic, and
nitric acids are just a few of the types used in industry. The
more highly concentrated the acid, the more corrosive it is and
the more dangerous it is to handle. But again the chemical
structural class is not enough sometimes to identify a substance
as corrosive. For example, strong acids are known to be
corrosives, but that is not to say that all acids are corrosives.
Boric acid, for instance, is used as an eyewash.

Acids can also be dangerous in other ways. Some have delayed, or
chronic effects. Chromic acid, widely used in metal plating, may
cause chronic poisoning and even cancer in persons exposed to low
concentrations of acid mists over a period of years.

Caustics, also called alkalis, are similar to acids in that they
are both corrosive; however, caustics and acids are chemical
opposites--mixed together, they neutralize each other. The
property is used to advantage in waste water treatment--if the
water is too alkaline, acids are added; if it is too acidic,
alkalis are added.

In industry, caustics are used for a number of purposes,
including water treatment and corrosion prevention. Some of the
most common alkaline substances used are 1lime (calcium
carbonate), lye (sodium hydroxide), phosphates, and chromates.
All of these caustics are corrosive to the human body; their
effects are similar to acids. They dry and crack the skin, and
burn the eyes and lungs. The corrosive effect is intensified
when the caustic contacts water.

Some caustics are also toxic in other ways. Chromates, for
example, are extremely poisonous; their toxic effects may make
themselves known before the corrosive properties of the substance
cause damage. Chromates are often used in water treatment
systems and paints as a corrosion inhibitor.

In general, the precautions and protective equipment needed for
handling caustics and acids are the same. Rubber suits or
aprons, rubber gloves, and eye protection keep spills off the
worker’s body and out of his eyes. Where large quantities of
corrosive materials are being used, or anywhere that acid mists
or vapors may be present, a respirator fitted with cartridge
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designed for acid gases will prevent damage to the worker’s
lungs. If corrosives splash onto the skin or eyes, a person
should immediately wash the affected areas with generous amounts
of water.

oxidizers

oxidizing agents are sources of oxygen, one of the necessary
components of a fire. Normal air with its 20% oxygen content is
the primary source. However, many other materials are so
constituted chemically that they can supply oxygen to a reaction,
even in the absence of air. Some of these oxygen suppliers
require heat before they will yield oxygen; others evolve
significant amounts of it at room temperature. When containers
of oxidizing materials are damaged, for example, by the forces
unleased during a disaster, their contents can mix with the
contents of other damaged containers and possibly start fires
and explosions. This is a strong argument in favor of separate
storage over mixed storage. Some classes of compounds noted for
their ability to supply oxygen are: organic and inorganic
peroxides, oxides, permanganates, chlorates, perchlorates,
organic and inorganic nitrates, iodates, periodates, bromates,
perbromates, chromates, dichromates, and ozone.:

In general, it is unsafe to store oxidizers close to liquids of
low flash point. In fact, even slightly flammable materials
should be isolated from oxidizers. For instance, ordinary
glycerol and potassium permanganate, when simply blended at room
temperature, react violently to produce a hot fire.

As a general rule, it is wise to keep all flammables away from an
area where oxidizing agents are stored. This storage area should
be kept cool and ventilated, and should be fireproof. Normal
fire fighting equipment 1is 1less wuseful here, since the
blanketing or smothering effect of fire extinguishers is less
effective because the oxidizers supply their own oxygen. With
these materials it is best to keep fuel away.

Poisons

Poisons are substances that are liable to cause death or serious
injury if they are swallowed, inhaled, or come in contact with
the skin. The mechanism by which poisons act may vary widely, but
the 1level of action is wusually physiological. The poison
interferes with the proper functioning of the body, for instance
by affecting oxygen distribution in the bloodstream or by
blocking nerve impulses.

OSHA defines two categories of toxic materials based on results
of animal testing.

Highly toxic materials. A chemical falling within any of the
following categories:
a. A chemical that has a median 1lethal dose of 50
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milligrams or less per Kkilogram of body weight when
administered orally to albino rats weighing between 200 and
300 grams each.
b. A chemical that has a median 1lethal dose of 200
milligrams or 1less per kilogram of body weight when
administered by continuous contact for 24 hours (or less of
death occurs with 24 hours) with the bare skin of Albino
rabbits weighing between 2 and 3 kilograms each.
c. A chemical that has a median lethal concentration in air
of 200 parts per million by volume or less of gas or vapor,
or 2 milligrams per liter or less of mist, fume, or dust,
when administered by continuous inhalation for one hour (or
less of death occurs with one hour) to albino rats weighing
between 200 and 300 grams each.

Toxic materials. A chemical falling within any of the following

categories:
a. A chemical that has a median lethal dose of more than 50
milligrams per kilogram but not more than 500 milligrams
per kilogram of body weight when administered orally to
albino rats weighing between 200 and 300 grams each.
b. A chemical that has a median lethal dose of more than
200 milligrams per kilogram but not mcre the 1000 kilograms
per kilogram of body weight when administered by continuous
contact for 24 hours (or less if death occurs within 24
hours) with the bare skin of albino rabbits weighing between
2 and 3 kilograms each.
c. A chemical that has a median lethal concentration in air
of more than 200 parts per million but not more than 2000
parts per million by volume of gas or vapor, or more than 2
milligrams per liter but not more than 20 milligrams per
liter of mist, fume, or dust, when administered by
continuous inhalation for one hour (or less if death occurs
within one hour) to albino rats weighing between 200 and 300
grams each.

Other classes of substances that have a physiological action and
are defined as health hazards by the OSHA standard are:

Irritants. Chemicals that are not corrosive but cause a
reversible inflammatory effect on 1living tissue by chemical
action at the site of contact. Conditions for a rabbit skin
test are specified in federal regulations. Eye irritants are
also defined in terms of animal tests in federal regulations.

Sensitizers. Chemicals that cause a substantial proportion of
exposed people or animals to develop an allergic reaction in
normal tissue after repeated exposure to the chemical.

Explosives

An explosive 1is a chemical substance which under certain
conditions of temperature, shock, or chemical action can
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decompose rapidly to evolve either large volumes of gas or so
much heat that the surrounding air is forced to expand very
rapidly; in either case, an explosion results. These materials
are particularly dangerous when involved in shock or heat-
producing disaster conditions. Beside the hazard of explosive
substances, there is the hazard of explosive conditions in the
workplace. Concentrations of vapor from a flammable substance
may build up to form a combustible or explosive atmosphere.

Flammables and Combustibles

Fire is a chemical process involving four factors: fuel,
oxygen, heat, and the chemical reaction between them. The
combination of these is represented by the fire pyramid.
Flammable and explosive substances are fuels. If sufficient
amounts of heat and oxygen are added to a fuel, the chemical
reaction starts and a fire takes place. If any one of the four
factors is removed, the fire stops.

Each type of fuel has different burning characteristics and
requires different combinations of heat and oxygen for ignition.
One characteristic of a fuel is its flash point. A material’s
flash point refers to the lowest temperature at which the
material gives off enough vapors to be ignited by a spark or
flame. It is the vapors that actually burn; solid and liquid
fuels will not ignite unless they have released sufficient
vapors. The lower a material’s flash point, the easier it is to
ignite.

Materials with flash points below 100°F (38°9C) are called
flammable substances. Gasoline, benzene, and ethyl alcohol are
flammable liquids. Burnable materials with flash points above
100°F (38°C) are called combustibles. Brake fluid, antifreeze,
and No. 6 fuel oil are all combustibles.

Under certain conditions, almost any flammable or combustible
material can also be explosive. The explosive potential of a
fuel relates to its surface area. As surface area increases,
more oxygen can come in direct contact with the fuel, and the
substance ignites more readily. Concentrations of vapor from a
flammable substance may build up in confined spaces to form a
combustible or explosive atmosphere. When atomized fuels (fuels
sprayed in fine droplets) or combustible dusts like coal dust are
spread throughout the air in a confined space, an explosive
mixture is created. Any spark or flame can cause the mixture to
explode violently.

A prominent factor in rating the fire hazard of a flammable or
combustible liquid is its flammable range, sometimes referred to
as "explosive range." For each flammable or combustible liquid
there is a minimum concentration of vapor in air below which
propagation of flame will not occur on contact with a source of
ignition because the mixture is too lean. There also is a
maximum concentration of vapor in air above which propagation of
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flame will not occur because the mixture is too rich. These
boundary line mixtures of vapor with air that, if ignited, will
just propagate flame are known as the lower and upper explosive
limits, and are usually expressed in terms of percentage by
volume of vapor in air.

Many flammable liquids have an additional characteristic that
makes them dangercus above and beyond the hazards of fire and
explosion: most are toxic. Vapors from fuels like gasoline and
kerosene are poisonous; vapors from many common solvents can be
deadly even in small amounts.

Everyone who works around flammable substances must take care
that a stray spark does not start a fire. However, fires
sometimes start even without an external heat source. Ignition
without the addition of external heat is called spontaneous
combustion. Spontaneous combustion typically occurs when a pile
of used wiping rags is exposed to oxygen in the air. A slow
chemical reaction gradually raises the temperature of the pile of
rags until the ignition point is reached. Then the rags suddenly
burst into flame, with no warning and no immediate apparent
cause.

Solvents

No single chemical class can be defined as a solvent, but in
looking at plant operations in the chemical industry it is
natural to consider solvents as a group because of their common
characteristics in handling, use, and storage.

Solvents are used to dissolve other materials. Some of them are
thus used as cleaning fluids or for degreasing and others are
used for extracting soluble materials from raw materials.
Solvents are also used in chemical processing, because more
uniform and controlled behavior can be obtained with chemicals
uniformly present in solution. A wide variety of solvents is
used because favorable reaction conditions have to be tailored
to the kind of dissolved substances and reaction conditions
required. Water is a very common solvent and dissolves a wide
range of substances, particularly inorganic salts. However, many
specialized organic 1liquids are used because they meet
particular requirements better; and these are the solvents that
may present health hazards.

Many solvents are flammable liquids, and they present more of a
safety hazard than a health hazard. However, there can also be
health effects of all kinds~--solvents may be toxic, corrosive, or
irritant.

Solvents vary widely in their toxicological properties. All
organic solvents affect the central nervous system to some
extent because they act as depressants and anesthetics.

Depending upon the degree of exposure and the solvent involved,
these effects may range from mild narcosis to death from
IvV-11
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respiratory arrest. All solvents contacting and wetting the skin
will cause dermatitis--inflammation of the skin. This may vary
from simple irritation to systemic damage to the skin. Solvents
dissolve the natural protective barrier of fats and oils and
leave the skin susceptible to further irritation and harm.

Good ventilation systems, either local or general, are generally
the most satisfactory means of controlling solvent vapors.
Emergency or backup protection may be provided by the use of
respirators. Air supplied respirators or air purifying
respirators that are listed as approved by NIOSH for use against
organic vapors should provide adequate protection for most
solvents. Make sure, however, by working with industrial
hygiene, that the level of solvent vapors in the air does not
exceed the protective factor of the respirator.

Metals

Significant quantities of heavy metals, primarily lead, are
known to have been placed in ORNL’s Solid Waste Storage Areas.
In addition, cadmium, chromium, copper, nickel, and zinc, among
others, have been detected. Metals are quite toxic to biological
systems. Most toxic metals are systemic poisons, accumulating in
specific organs of the body and causing permanent damage to those
organs. Persons may be exposed to toxic metals as dusts or
vapors from pure metals or as part of a metallic compound.

There is very little in the way of generalizing principles about
the effects of toxic metals. Those that have been studied the
most have produced a wide array of biological effects involving
multiple target organs and systems. To further complicate
matters, metals bind with other constituents to form organic
compounds that produce toxic effects that are quite different
from those of inorganic forms.

Lead is perhaps the most common of all poisonous metals. Almost
everyone 1is exposed to a certain amount of 1lead; however,
medical problems set in when the amount of lead in the body
exceeds the body’s ability to dispose of it through the normal
waste processes. When this toxic level is reached, symptoms of
heavy metal poisoning begin to appear. If the toxic level has
been reached during a single exposure to lead, the victim suffers
from acute lead poisoning; the symptoms are anemia, severe
stomach trouble, paralysis, and brain damage. Cases of chronic
poisoning are far more common. When workers have been exposed to
lead over a long period of time, it affects the central nervous
system, the peripheral nerves, the kidney, and the blood forming
systems. Signs of chronic lead poisoning include shaking, poor
coordination, irritability, headaches, dullness, and 1loss of
memory.

Carcinogens

Carcinogens are substances that cause cancer. Harmful health
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effects of chemicals can range from gross destruction of tissue
(as with corrosives) to interference with normal beody
functioning (as with toxic materials) to disruption of processes
within body cells that affect their ability to divide. In
cancer, modified body cells start reproduction and continue to do
so out of control. This leads to tumor formation and is a severe
assault on the body’s normal functioning.

Cancer is not a single disease. Many types of body cells can
show cancerous activity and result in different symptoms.

It has long been known that exposure to some substances is
correlated with the development of cancer. With regard to dose
levels and the duration of exposure, the range of effects seems
to be broad. Some authorities hold that there is no safe
exposure level, and this conservative approach is certainly the
safest one to take. From an occupational safety and health point
of view the definition of a carcinogen results from its effects
in animal testing. There is an argument about the applicability
of test data obtained with animals to humans.

Accordlng to the OSHA, a chemical is considered to be a
carcinogen if it has been;
*Evaluated by the International Agency for Research on Cancer
and found to be a carcinogen or potential carcinogen;
*I,isted in the Annual Report on Carc1nogens published by the
National Toxicology Program as a carcinogen or potential
carcinogen.
*Regulated by OSHA as a carcinogen.
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COMPRESSED GASES

SCOPE

This portion of the Types of Hazards module presents information about
the safe handling of compressed gases. It includes specific information
about the hazards of the types of compressed gases most common at the
facility.

PARTICIPANT GOALS

1) Learn safe handling procedures for transporting cylinders of compressed
gas.

2) Learn safe handling procedures for storing cylinders of compressed gas.

3) Learn the general requirements for safe handling of compressed gas
cylinders in general use.

4) Review the special precautions to be taken when dealing with specific
compressed gases in use at the facility.
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INSTRUCTOR PREPARATION

- Assemble viewgraphs.

- Prepare viewgraphs for the discussion of facility-specific compressed
gases, if needed.

- Prepare lecture notes.

- Prepare participant worksheet or exam.
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INSTRUCTIONAL ACTIVITIES

- Introduce the subject and objectives.
(CoMGAS 11, 12)

- Discuss the procedures for the safe transportation of compressed gas
cylinders.
(COMGAS 1)

- Discuss the procedures for the safe storage of compressed gas cylinders.
(CoMGAS 2)

- Discuss the procedures for safe handling of compressed gases in general
use.

(COMGAS 3, 8, 7)

- Discuss safe handling procedures for specific compressed gases.
(COMGAS 4, 5, 6, 9, 10)

- Review the safety factors to remember when handling compressed gases.
(COMGAS 13)

- Distribute and oversee completion of worksheet or exam.
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IONIZING RADIATION

SCOPE

This portion of the Types of Hazards module presents a much shortened
version of the radiation protection training for general employees and
radiation workers. It includes basic information on sources, types, and
properties of radiation; biological effects of radiation and exposure
risks; and radiation protection measures.
PARTICIPANT GOALS

1) Learn to identify the three main sources of natural radiation.

2) Review the risks associated with radiation relative to other health
risks.

3) Learn to identify the basic types and properties of radiation.
4) Gain an understanding of the biological effects of ionizing radiation.
5) Learn radiation protection fundamentals such as radiation protection

zones, radiation work permits, radiation exposure standards and limits,
and ALARA.

IV-30
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INSTRUCTOR PREPARATION
- Determine the information to be presented on a flip chart.

- Prepare viewgraph illustrating the penetrating power of the different
types of radiation.

- Prepare viewgraphs for facility-specific radiation protection
procedures, radiation work permits, monitoring instruments, occupational
exposure limits, radiation exposure experiences, and ALARA.

- Assemble viewgraphs.
- Prepare lecture notes.

- Choose a short videotape about ionizing radiation, if desired. The
technical content should either center on a concept or an account of a
recent event.

Suggested materials includes:

The Story of Radiation - This series consists of ten l5-minute
videotapes dealing with the fundamantal concepts of ionizing
radiation. The films present scientific facts without making value
judgments. They may be purchased from most training vendors.

Videotapes may be available from organizations that respond to major
events that have occured. Such an event might include the
dismantling of a medical therapy source in Goiania, Brazil, in
September 1988.

Use may be made of locally produced videotapes that incorporate
site-specific application of the concepts of ionizing radiation.
This allows the participants an opportunity to closely identify with
the material being presented.

- Prepare participant worksheet or exam.

Iv-31
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INSTRUCTIONAL ACTIVITIES

Introduce the contents and objectives of this portion of the training.
(RAD 1, 2)

Discuss the sources of natural radiation including external terrestrial,
internal terrestrial, and cosmic radiation.
(C 3, 4, 64)
Write the most common naturally occurring isotopes on flip chart.
Use flip chart to explain the Chart of the Nuclides and how
participants can use this chart for information.

Discuss non-occupational, artificial sources of radiation.
(C 65)

Discuss the risks associated with ionizing radiation exposure relative
to other health risks.
(D 8, 9, 10, 14, 11, 12)

Discuss the types and properties of ionizing radiation and
radioactivity, including an explaination of radiation units.
(C 5; D13; RAD 3; C 19; RC 1)
Use flip chart to correlate SI units with the more familiar
units and to explain the radiation units used by the
facility’s radiation protection department.

Discuss the biological effects of acute and chronic exposure to ilonizing
radiation.
(C7, 8; D40; B 106; C 43, 20, 11, 44; HE 2, 1)

Discuss radiation and contamination safety measures including training;
time, distance, and shielding; protective clothing; zoning; monitoring;
radiation protection standards; and ALARA,
(C 13, 36, 45-52; D 16, 17, 41; C 73, 39, 17, 40, 41)
facility-specific viewgraphs
Show videotape, 1if desired.

Distribute and oversee completion of worksheet or exam.
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TXADE

REGULATED
0.‘ ZONE 4.4
o

ZONE CONTROL SIGNS

STANDARD SIGNS USED FOR THE PURPOSE
OF IDENTIFYING ZONE BOUNDARIES
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REGULATED ZONE

g

ESTABLISHED FOR THE CONVENIENCE OF EMPLOYEES WHO
WORK IN AND OUT OF CONTAMINATION ZONES AND WOULD
OTHERWISE BE FREQUENTLY CHANGING CLOTHING. THE
PERIMETER OF THIS TYPE ZONE MAKES THE OUTER
BOUNDARY OF THE AREA IN WHICH ACCEPTABLE
CONTAMINATION ZONE CLOTHING MAY BE WORN.

C 50

IV-67
TRADE SARA/OSHA Training: Aprii 1588



C 51

CONTAMINATION ZONE CLOTHING AND EQUIPMENT

WEARING APPAREL AND EQUIPMENT PROVIDED BY THE
LABORATORY FOR USE IN A CONTAMINATION ZONE.

TRADE SARA/OSHA Trzining: April 1688



AN

v3IHV G3NOZ N3IML3I8 HO/GNV N

aNV T13INNOSH3d 40 NOILV.LHOdSNVHYL HOd @3SN aNV
SINIW3IHINDIH HLIM 3ONVAHOIIV NI QINOZ SITIIHIA

S$310IH3A @3INOZ

IHLIM STVIHILVWN

o INGZ oy
DN.—.(‘-:OU!

IV-€¢

TRADE SARA/OSHA Training:



oid

‘peX)o0|q 40 PO>D0| SeduUbJ4jus Yiim
[puuosied pezjioyjnpun }joO UOISN|IXS
ejnjosqp epjaoad o} eppolIIDq jO64e pub
(dy/wea QlLz 3! ubis pJipzZPH UOHPIPDY
eA3 s,|ing) sb6p} 4o subis Bujuipm }sod

‘DeJD O} Sseo0D |euuosied jo |O44UOD
ejnjosqp sepiaoad yolym epodlibq
joeae pup sbpj Jo subjs Bujuapm jsod

-joajuos ssed29D ©Aljisod
ysjjqpise pup ‘se|luppunoq suoz
eujjop °‘sbo} ao subis Bujuapm isod

‘weJw OZ o9 Apw esop A||pp 3l |O44U0D
sSseo0D UsSj|gqpb}se ¥ sejubpunoq
eseuoz suljeq °'sbp} |eAe|—moO| }sod

G <

1—900°0

900°0—¢00°0

peo4inbey uojjovy

(ay/wed)

ebupy ®}pYy ©esoQ

SIANOZ NOIlLVIAdVvd
ONIHSITaV1LS3 304 3dInNO

IV-70

April 1988

TRADE SARA/OSHA Training:



£1d

1v-71

PULIWIDS
0001L< 4y /poiwd GgZ°0< QAOOV X 1°0< —bjeg
oe< 2 o oolL/w/p oos< “A90) x 1°0< pydiv
Zzwo 00L/wW/P)

¢ CO_L_.OC_F_“._.CO\O uogipujwpjuod  (41P 29/107) uolpIpby
00D 4INS ®oD}INS Uo4PUWIDIUOCD jo eodAyl
Bujppbey joe4ig | suJs0qUalVy

o|qDJ4e}SuUDA|

SINOZ NOILVNINVLINOD
ONIHSITavlisd d04 3dINSO

April 1988

TRADE SARA/OSHA Training:



i¥a

‘Apog |pbjol
o} 4noy/wed g ubpy} J8ipeus eiby esog ol

IDNPIAIPU] }O B8uansodX3 SOA|OAU| MIOM —

40 ‘(pedinbey

siojpajdsey) deepm 4noy—Qop 403 P(DOdN)
UuoiibajusouUo0) 9|qissiiieod WNWIXDW

UDY} J9}beuds S| A}IA|§ODOIPDY BuJdoqJly —

40 ‘}31YsS
»4op ©jbuis o Bupung |pnplAlpuUul 40}
seljiuedixy o} wedw Q0O¢ 40 Apog ®|loym o}

weJaw (7 Ubyj} Jeibeds s| eso( psejdoedx3y —

S1INddd HJdOM

NOILVIAVYH ONINSSI 404 VId3dlldO

' '

Iv-72

April 1988

TRADE SARA/OSHA Training:



€40

s|pAaoaddy

S}iLulT] UoOHDIPDY

|04jUO0) @aJinsodXx3 |puJdeix3y pub |]uuosJdad
sjuawinJdjsul BUlJIO}IUON

juswdinb3 aAl}osjoad

sjuswaiinbay BuliojlUON

PP ASAINS UOIIDIPDY

uoijdiuosa@ qor pPuUD UOILPDOT

1INY3d MHOM NOILVvIaVvd

1V-73

TRADE SARA/OSHA Training: April 1988



6¢£0

seJ4NSDOW

sjoejeQd

sjoejeq

se.NsSbew

sjoeje

(g1l) s4ejewysog
jueoseujwinjowasy]

sJo4o8ieg UOD||IHUIDS
sa9juno) |puojjiodoud
Jejewlisoq ijexo0d -—
eld el{nd -—
siequiby) uUolbzZjuoj
MOPUIM PU3T —

MOPUIM\ ®8plS —
sjuswunasul (N9) ae||jenp—4i06j09

SINIWNAULSNI ONIJOLINOW

IV-74

April 1988

TRADE SARA/OSHA Training:



L1410

(VIVIV)

J1aVAIIHOV

A18VNOSV3IY SV MO SV

i1 1988 1V77°

ng: Apr

TRADE SARA/OSHA Traini



o+O

-seanpesodd bBuiipaedpo pooo

pup ‘ABojouyose] 8|qD|IPAY ‘sSOlLLOUOD]
PUNOS Y}M ©jbinsusuillio] S|d9A8T 1Semo
eyj 0} seuansodxy uolpIpPy [P{USLLUUOIIAUS
pup |puuosiead bBuionpay jo Aoljod V

a|gpA®IyOoY A|gDUOSDOY SY MOT SV

vV 4V 1YV

IV-76

TRADE SARA/OSHA Training: April 1988




L#O

s|eA®T ||D 4D s|puoisssjodd
so1sAyd Y4IPOH 3O jUBLUSAJOAUY

uoijpjusunsog
fujuipa] Jo0siaaednsg —
BUiUuIDA] J8NIOM —

jusweBDUDN AjeipS UOUDIPDY

seanpeoodd —

juswdinb3 o>_+00+oLn. pup Bujio}jilUON —

tuswudinb3 fuiypasdp -—
ubiseq -
suojjpiepisuo)d A}l|1904

130 uopjuswe|du ybnoayyl

SAIAIIHOV VIVIV SI MOH

v-77

TRADE SARA/OSHA Training: April 1988



=

HEAT STRESS

SCOPE

This portion of the Types of Hazards module presents information about

how the body handles heat, the health and safety problems associated with
heat stress, and heat stress prevention.

PARTICIPANT GOALS

L))

2)

3)

4)

Gain an understanding of the ways the human body handles heat.

Learn to identify the health and safety problems associated with heat
stress.

Learn how to prepare for working in a hot environment.

Learn ways to prevent heat stress.

IV-78

TRADE SARA/OSHA Training: April 1988



INSTRUCTOR PREPARATION
- Assemble viewgraphs.
- Prepare lecture notes.

- Prepare participant worksheet or exam.

1v-79

TRADE SARA/OSHA Training: April 1988



INSTRUCTIONAL AGCTIVITIES

Introduce the subject and objectives.
(HTSRT 1A, 26)

- Discuss how the body handles heat and the effects of high temperatures
and humidity on the body’s heat removal mechanisms.
(HTSTR 2, 3A, 4, 5A, 6)

- Discuss the potential hazards in hot environment.
(HTSTR 23)

- Describe the factors which interact to cause heat stress.
(HTSTR 7A)

- Describe the symptoms of and treatment for heat cramps and heat
exhaustion.
(HTSTR 8, 9, 12A, 27)

- Describe the symptoms of and treatment for heat stroke.
(HTSTR 14A, 15, 17A)

- Describe the symptoms of and treatment for other, less serious, heat
disorders.
(HTSTR 16A, 18A, 19A, 20, 21)

- Discuss how to prevent heat stress.
(HTSTR 24A)

- Discuss ways to prepare for working in a hot environment.
(HTSTR 22)

- Review the important points to remember about heat stress.
(HTSTR 25)

- Distribute and oversee completion of worksheet or exam.

IV-80
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COLD STRESS

SCOPE

This portion of the Types of Hazards module presents information about

how the body handles cold, the types and symptoms of cold stress, and cold
stress prevention.

PARTICIPANT GOALS
1) Gain an understanding of the ways the human body handles cold.
2) Learn the types of cold stress and their symptoms.

3) Learn ways to prevent cold stress.

IV-105
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INSTRUCTOR PREPARATION
- Assemble viewgraphs.
- Prepare lecture notes.

- Prepare participant worksheet or exam.

IV-106
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INSTRUCTIONAL ACTIVITIES

- Introduce the subject and objectives.
(CLDSTR 1, 13)

- Discuss how the body handles cold and the signs of cold stress.
(CLDSTR 2, 3)

- Discuss the wind chill factor.
(CLDSTR 4, 5a)

- Describe the two basic types of cold stress and the symptoms of and
treatment for each.

(CLDSTR 6-10)

- Discuss how to prevent cold stress.
(CLDSTR 11)

- Review the important points to remember about cold stress.
(CLDSTR 12, 14)

- Distribute and oversee completion of worksheet or exam.

Iv-107
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CONFINED SPACE

SCOPE

This portion of the Types of Hazards module presents information about
the hazards of working in confined spaces.

PARTICIPANT GOALS
1) Learn to recognize all of the different types of confined spaces.
2) Gain an understanding of the hazards which confined spaces may present.

3) Learn the proper safety measures to uss when working in confined
spaces.
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INSTRUCTOR PREPARATION
- Assemble viewgraphs.
- Prepare lecture notes.

- Prepare participant worksheet or exam.

Iv-123
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INSTRUCTIONAL ACTIVITIES

Introduce subject and objectives.
(CONSP 26, 2)

Define a confined space and give examples.
(CONSP 6A, 4, 27)

Discuss the hazards of confined spaces and how to minimize them.
(CONSP 3, 5, 7, 9, 25)

Discuss personal protection equipment and procedures used when working
in confined spaces.

(CONSP 24, 13, 14, 15, 16, 12, 30)

Describe the general safety hazards of confined spaces.
(CONSP 29, 31, 33, 32)

Review the important points to remember about working safely in confined
spaces.
(CONSP 21, 22)

Distribute and oversee completion of worksheet or exam.
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BIOLOGICAL HAZARDS

SCOPE

This portion of the Types of Hazards module presents information about
the types of biological hazards which may be present at a hazardous waste
site.

PARTICIPANT GOALS

1) Learn the types of biological hazards which may be present at a
hazardous waste site.

IV-148
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INSTRUCTOR PREPARATION

Assemble viewgraphs which illustrate all potential biological hazards
present at the facility'’s hazardous waste site(s).

- Prepare lecture notes.

- Prepare participant worksheet or exam.

IV-149

TRADE SARA/OSHA Training: April 1988



INSTRUCTIONAL ACTIVITIES

- Discuss the types of disease-causing organisms which may be present at a
hazardous waste site.
(BIOHAZ 1)
- Discuss the poisonous animals and plants which may be present at a
hazardous waste site.
(BIOHAZ 02)

- Distribute and oversee completion of worksheet or exam.

1V-150
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ASBESTOS AWARENESS

SCOPE

This portion of the Types of Hazards module presents information about
the types of asbestos, the ways each type was most often used, and the
locations within the facility where asbestos hazards may exist.

PARTICIPANT GOALS

1) Learn the definition and different types of asbestos.

2) Learn the health hazards of asbestos.

3) Become aware of regulations and facility policy pertinent to asbestos.

4) Become aware of the locations where asbestos is found and the
protection methods used at the facility.

IV-153
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INSTRUCTOR PREPARATION

- Determine the location of asbestos at the facility. Take photographs to
be used as viewgraphs.

- Prepare facility-specific viewgraphs for the asbestos policy, locations
of asbestos, handling procedures, and hazard prevention procedures.

- Assemble viewgraphs.
- Prepare lecture notes.

- Prepare participant worksheet or exam.

IV-154
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INSTRUCTIONAL ACTIVITIES

Introduce subject and objectives.
(ASBO7, A3)

- Define asbestos and describe the three main types of asbestos.
(A 4-8)

- Discuss the uses of asbestos.
(A 10)

- Discuss the locations in which workers should expect to find asbestos.
(Facility-specific viewgraphs and photographs)

- Discuss the health hazards of asbestos.
(A 12)

- Discuss asbestos regulations and operating procedures.

- Describe asbestos protection measures and hazard prevention.
(A 13, 15)

- Distribute and oversee completion of worksheet or exam.

IV-155
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SAFETY HAZARDS

SCOPE
This portion of the Types of Hazards module presents information about

the types of safety hazards which may occur at hazardous waste sites and
ways to avoid or prevent accidents.

PARTICIPANT GOALS
1) Review general on-the-job safety hazards and accident prevention.

2) Learn about additional safety hazards which might be encountered at a
hazardous waste site.

IV-167

TRADE SARA/OSHA Training: April 1988



INSTRUCTOR PREPARATION
- Assemble viewgraphs.
- Prepare lecture notes.

- Prepare participant worksheet or exam.

IV-168

TRADE SARA/OSHA Training: April 1988



INSTRUCTIONAL ACTIVITIES

Introduce subject.
(SAFE 11)

Describe the safety hazards which may be found at a hazardous waste
site, including the hazards inherent in the use of heavy equipment and
protective clothing.

(SAFE 01, 02)

Discuss general industrial hazards and accident prevention.
(SAFE 03, 12, 13, 14)

Review standard facility safety procedures.
(SAFE 04, 05, 06)

Discuss things to remain aware of at the hazardous waste work site.
(SAFE 07, 08, 09)

Distribute and oversee completion of worksheet or exam.
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NOISE

SCOPE

This portion of the Types of Hazards module presents information about
the effects of noise on the human ear and the types of hearing protection
used at the facility.

PARTICIPANT GOALS
1) Review the structure and function of the human ear.
2) Gain an understénding of the effects of noise exposure.

3) Learn about the personal protective devices that prevent hearing loss.

IV-183
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INSTRUCTOR PREPARATION

Collect examples of the types of hearing protection devices in use at
the facility.

- Choose a booklet on noise and hearing protection to use as a handout, if
desired.

- Assemble viewgraphs. .
- Prepare lecture notes.

- Prepare participant worksheet or exam.

Iv-184
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INSTRUCTIONAL ACTIVITIES

Introduce subject and objectives.
(Noise 3A, Noise 7)

Describe the structure and function of the human ear.
(Noise 10)

Discuss the sources of noise and the adverse effects of noise exposure.
(Noise 5, 2a, 6)

Discuss the types of hearing loss caused by noise exposure.
(Noise 4)

Demonstrate the different types of hearing protection devices in use at
the facility and the circumstances under which each is used.
(Noise 9, 8a)

Distribute employee booklet, if desired.

Distribute and oversee completion of worksheet or exam.
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PERSONAL PROTECTIVE EQUIPMENT

Scope

This two-part module presents information about the personal
protective equipment which hazardous waste site workers will use. These

include cartridge respirators, self-contained breathing apparatus (SCBA),
and radiation and chemical protective clothing.
(Suggested time 3 1/4 hours)

V-1

TRADE SARA/OSHA Training: April 1988



RESPIRATORY PROTECTION

SCOPE
This portion of the Personal Protective Equipment module presents

information about inhalation hazards and the types of respirators to be
used under different conditions.

PARTICIPANT GOALS
1) Learn the types of respiratory hazards.

2) Gain an understanding of the effects and conditions associated with
exposure to respiratory hazards.

3) See demonstration of different types of respirators, chemical
canisters, and SCBA in use at the facility.
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INSTRUCTOR PREPARATION

Assemble viewgraphs.
- Prepare lecture notes.

- Arrange for a live demonstration which includes information about when
to use the following types of respiratory protection: dust masks, half-
and full-face respirators, chemical-specific canisters, and SCBA
used at the facility.

- Select a videotape describing facility-specific procedures for correct
respirator use, if desired.

- Select a videotape about the use of SCBA, if desired.
(ORNL chose to use "Breathing Apparatus--Why?", Fire Fighter Films,
Inc., RD 1, Box 335B, Columbia, NJ 07832)

Prepare participant worksheet or exam.

V-3
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INSTRUCTIONAL ACTIVITIES

NOTE: Collect and copy participants’ respirator certification cards (or
use another procedure) to ensure that all participants who may be required
to use respirators because of their work at hazardous wastes sites are
qualified for respirator use.

- Introduce the contents and objectives of this portion of the module.
(RESPRO 1, resprob)

- Introduce the basic steps for the selection of proper respiratory
protective equipment.
(RESPRO 22)

- Describe the three types of respiratory hazards.
(RESPRO 2)

- Discuss gaseous contaminants,
(RESPRO 3, 4, 5)

- Discuss the effects of gaseous irritants.
(RESPRO 6, 7, 8)

- Discuss the effects of asyphyxiants and anesthetic gases.
(RESPRO 9, 10)

- Discuss the effects of gaseous systemic poisons and their target organ
effects,
(RESPRO 11)

- Discuss particulates that are respiratory hazards.
(RESPRO 12, 13)

- Discuss oxygen deficient atmospheres.
(RESPRO 18, 15)

- Review and emphasize that the type of respiratory protection required
depends upon the type of contaminant present.
(RESPRO 16A)

- Give demonstration of respirators and chemical cartridges.
(RESPRO 19, 20, 21)

- Show videotape of correct respirator use, if desired.

V-4
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- Describe the uses and limitations of SCBA.
(SCBA 1, ORNL-DWG 88-6913, SCBA 2-4, 6)

- Give demonstration of how to don, operate, and doff the SCBA in use at
the facility.

- Discuss the correct procedures for maintenance and storage of SCBA.
- Show videotape illustrating use of SCBA, if desired.

- Distribute and oversee completion of worksheet or exam.
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RADIATION AND CHEMICAL PROTECTIVE CLOTHING

SCOPE

This portion of the Personal Protective Equipment module presents
information about the clothing used at the facility to protect workers from
the harmful effects of radiation and chemical exposure. It includes
demonstrations of types of protective clothing; the proper ways to don,
use, and doff the clothing; and the levels of protection provided by
specific types of equipment.
PARTICIPANT GOALS
1) Review the function of protective clothing.

2) See demonstrations of the proper way to don and doff protective
clothing.

3) Learn the five common sense rules for contamination zones.
4) Gain an understanding of the levels of protective equipment, the

protection provided by each level, and proper uses and limitations of
the equipment.
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INSTRUCTOR PREPARATION

- Arrange for live demonstrations of all the types of radiation and
chemical protective clothing in use at the facility.

- Prepare outline of the information to be included during the
demonstration.

- Assemble viewgraphs of level A, B, C, and D protective equipment,
- Prepare lecture notes.

- Prepare participant worksheet or exam.
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INSTRUCTIONAL ACTIVITIES

Demonstrate the proper way to don, use, and doff radiation protective
clothing.

Discuss the function of the protective clothing, the important things to
remember as clothing is donned and doffed, and ALARA.

Discuss the importance of being aware of special hazards, such as fire,
explosions, and low oxygen levels, in addition to radiation hazards in
contamination zones.

Describe the limitations that protective clothing impose on the wearer
including noise, difficulties in hearing and communicating, heat stress,
and limited vision.

Discuss the five common sense rules for contamination zones:
1. no smoking, eating, drinking;
2. use respiratory protection;
3. don and doff protective clothing properly;
4. always monitor when leaving the area;
5. remember you must protect yourself.

Demonstrate the proper way to don, use, and doff chemical protective
clothing.

Describa the protection provided by each level of equipment, the proper
uses and limitations of each level of equipment, and identify the
specific equipment needed for each level of protection.

(PPE 13, 14, 1-3, 6, 4, 5, 7, 9, 10, 8, 11, 12)

Distribute and oversee completion of worksheet or exam.
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OVERVIEW OF FACILITIES

SCOPE

This module presents an overview of the hazardous waste sites which
exist at this DOE Contractor facility. All waste sites will be described
with the emphasis being on those sites on which the individuals
participating in this training course will be expected to work.
(Suggested time - 1 3/4 hours)

PARTICIPANT GOALS

1) Receive an historical perspective of closed and operating hazardous
waste sites at the facility.

2) Gain an understanding of the waste generation, storage, treatment
and disposal activities, both historical and ongoing, at the facility.

3) Learn that there are ongoing remedial action activities at the
facility.

4) Recognize the existing liquid, solid, and gaseous waste systems at the
facility.
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INSTRUCTOR PREPARATION
NOTE: This suggested approach is the one used at ORNL

-  Research the historical waste management documents (reports and their
references) of the facility for information, flow sheets, and
historical photographs with file numbers.

- Prepare a set of viewgraphs which describe the name (if applicable),
geographical location, date of opening and closing, type of waste
(including results of monitoring for radioactivity and chemicals), and
current problems requiring remedial action for each hazardous waste
site at the facility.

- Find historical photographs and take current photographs of each
generation, treatment, and disposable site. These photographs should be
shown at the same time as, and correlated with, all waste stream
flowsheets.

- Diagram the process waste system which was used for all closed
hazardous waste sites to be used as a viewgraph or handout.

- Review the facility’s RCRA Facility Assessment Documentation which
identifies and characterizes what is at each RCRA 3004(u) site.

- Prepare viewgraphs which illustrate below-grade tank installations, if
applicable.

- Prepare maps giving the location of waste disposal sites relative to
the major components of the watershed both on and adjacent to the
facility to be used as viewgraphs or handouts.

- Create a flow sheet for liquid waste streams.

- Create a flow sheet of the solid, liquid, and gaseous radioactive waste
disposal system(s).

- Create a flow sheet for liquid chemical wastes.
- Create a flowsheet for solid wastes.

- Create flow sheets for mixed wastes and miscellaneous hazardous wastes.
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- Create topographic maps of each waste site indicating movement of
ground water, direction of prevailing wind, location of trenchs and
seeps, identity of streams and rivers, location of access roads.

- Create flow sheets identifying the source and type of potentially
hazardous emissions into the air and illustrating emission controls,
monitoring procedures, and the agency or DOE Order under which the
emissions are permitted or controlled.

- Prepare viewgraphs of all flow sheets and maps.

- Prepare viewgraphs of maps which show the location of air monitoring
stations on-site, at the perimeter, and in locations remote from the
waste site.

- Prepare viewgraphs of maps showing the location of groundwater
monitoring wells around waste ponds, near pits and underground tanks,

and near solid waste disposal areas.

- Prepare worksheet or exam which covers current TSD sites on which the
participants may work.
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INSTRUCTIONAL ACTIVITIES

- Show and discuss the viewgraphs and photographs describing waste
generation, storage, treatment, and disposal activities, both
historical and ongoing, at the facility.

- Discuss all of the hazardous waste sites on which the participants may
be expected to work and identify the sites requiring remedial action.

- Distribute and oversee completion of worksheet or exam.
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SITE CONTROL AND CHARACTERIZATION

SCOPE

This module contains information about site control, site
characterization, and site monitoring. The site control portion will
present the components of the facility program to minimize contamination of
waste site workers and members of the public. The site characterization
portion is a discussion of the way specific waste site information is used
to tailor worker protective measures to the existing hazards. The site
monitoring portion presents information about the capabilicies and

limitations of industrial hygiene instrumentation and sampling methods.
(Suggested time - 1 3/4 hour)
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SITE CONTROL AND CHARACTERIZATION

SCOPE
This portion of the module contains information about both site

control and site characterization. The site control section will present
the components of the facility program to minimize decontamination of waste
site workers and members of the public. The site characterization section
is a discussion of the way specific waste site information is used to
tailor worker protective measures to the existing hazards.
PARTICIPANT GOALS
1) Learn the purpose of site control.
2) Gain an understanding of the elements of site control including site

preparation techniques and work zones, use of the buddy system, site

security, communication systems, and safe work practices.

3) Learn the purpose and phases of the off-site characterization which is
used to prepare the Site Safety Plan.

4) Gain an understanding of the procedures for on-site hazard assessment,
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INSTRUCTOR PREPARATION

Assemble viewgraphs.

]

Prepare lecture notes.

- Assemble photographs illustrating site control.

Prepare participant worksheet or exam.

VII-3

TRADE SARA/OSHA Training: April 1988



INSTRUCTIONAL ACTIVITIES

- Discuss the purpose and elements of site control.
(CONTROL, CONTROL 1, 2)

- Discuss site preparation and work zones.
(CONTROL 3, 4)

- Discuss site security.
(CONTROL 5)

- Discuss comunication systems.
(CONTROL 6)

- Discuss the elements of a Site Safety Plan and project planning for
hazardous waste sites.

(CONTROL 7-9)

- Describe the purpose and three phases of site characterization.
(SITE 4D, 1, 2)

- Discuss the off-site characterization procedure.
(SITE 3, 4A, 6)

- Discuss the way that site characterization information is used to
protect site workers.
(SITE 7)
- Discuss on-site characterization procedures, the elements of hazard
identification, hazard assessment, and sample collection points.
(SITE 8-11)

- Discuss ongoing site monitoring and instrumentation.
(SITE 13)

- Distribute and oversee completion of worksheet or exam.
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SITE MONITORING

SCOPE

This portion of the Site Characterization and Control module presents
information about the capabilities and limitations of industrial hygiene
instrumentation and sampling methods.

PARTICIPANT GOALS

1) Receive information about the principles and instruments used for air
monitoring, air sampling, and personal monitoring.

2) Gain an understanding of both the capabilities and limitations of
industrial hygiene instrumentation and sampling methods.
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INSTRUCTOR PREPARATION

Assemble viewgraphs.

- Prepare lecture notes.

- Assemble examples of the sampling and monitoring instruments used by
industrial hygiene at the facility and small quantities of selected

chemicals to use to demonstrate these instruments,

- Create an Odor Threshold Chart which includes chemicals in use at the

facility. A suggested format for this type of chart is provided on page
VII-30.

- Prepare participant worksheet or exam.
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INSTRUCTIONAL ACTIVITIES

Introduce the subject and objectives.
(Monitor 1)

- Describe instantaneous or grab sampling instruments, procedures, and
usefulness.

(Monitor 2, 3, 3B)

- Describe the procedure used to identify asbestos fibers in a sample.
(Monitor 4)

- Describe integrated sampling instruments, procedures, and usefulness.
(Monitor 5-7)

- Discuss sampling with direct reading instruments and the capabilities
and limitations of each.
(Monitor 8-14)

- Demonstrate the reactivity, cross-reactivity, and sensitivity of as
many instruments as possible.

- Discuss the Odor Threshold viewgraph and the capabilities and
limitations of the human nose as an instrument to detect harmful
chemicals.

- Distribute and oversee completion of worksheet or exam.

VIiI-29

TRADE SARA/OSHA Training: April 1988



ODOR THRESHOLD CHART

Chemical name oT TLV Odor

0T < TLV

List several chemicals for which the odor threshold concentration is lower
than the TLV. List the actual odor threshold concentration, the TLV, and a
description of the odor.

0T = TLV

List several chemicals for which the odor threshold concentration and the
TLV are the same. List the actual odor threshold concentration, the TLV,
and a description of the odor.

OT > TLV

List several chemicals for which the odor threshold concentration exceeds
the TLV. List the actual odor threshold concentration, the TLV, and a
description of the odor.

Exceptions
List several chemicals which do not fall into any of these catagories such
as chemicals with no odor and those which are depressants of the sense of

smell. List the actual odor threshold concentration, the TLV, and a
description of the odor or lack of odor.
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DECONTAMINATION

SCOPE

This modulg will present information about the types of contamination
that hazardous waste site workers may encounter, measures used to prevent
and control contamination, and the established facility decontamination
procedures.

(Suggested time - 1 hour)

PARTICIPANT GOALS

1) Recognize types and sources of potential contamination.

2) Gain an understanding of contamination prevention measures.

3) Learn about the established facility and hazardous waste site
decontamination procedures.
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INSTRUCTOR PREPARATION
- Assemble viewgraphs.

- Prepare viewgraph outlining the facility’s standard decontamination
procedures.

- Prepare lecture notes.

- Plan simulated decontamination scenario for inclusion in the Emergency
Drill which is described in Module XII.

- Prepare participant handouts consisting of the Personnel Contamination
Monitoring Data forms, Dose Rate forms, and Health Division Information
forms which are in use at the facility.

- Prepare participant worksheet or exam.
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INSTRUCTIONAL ACTIVITIES

- Introduce subject and objectives.
(DECON 20, 14)

- Define decontamination.
(DECON 1)

- Discuss the facility decontamination plan and the way it is used in
hazardous waste site work zomnes. NOTE: It may be helpful to correlate
this with the more familiar zones used for radiation.

(DECON 2, 2A, facility-specific viewgraph)

- Discuss the standard operating procedures used to prevent
contamination.
(DECON 3)

- Discuss the types of contamination that hazardous waste site workers
may encounter and the factors which affect permeation of these
contaminants into the various levels of protective clothing.

(DECON 4-7)

- Discuss physical and chemical decontamination methods and the potential
health and safety hazards of incorrectly performing these procedures.
(DECON 8-10, 10A)
- Discuss the procedures used to test the effectiveness of
decontamination procedures.
(DECON 11-12)

- Distribute standard facility contamination monitoring forms and discuss
how they are completed and used.

- Distribute and oversee completion of worksheet or exam.
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General Guide to Solubility of Contaminants in
Four Solvent Types

SOLVENT

SOLUBLE CONTAMINANTS

Water

Dilute Acids

Dilute Bases
For example:
—detergent
— soap

Organic Solvents®
For example:
- alcohols
—ethers
— ketones
- aromatics
- straight-chain

alkanes (e.g., hexane)
- common petroleum
products (eg., fuel

oll, kerosene)

Low-chain hydrocarbons.

Inorganic compounds.

Salts.

Some organic acids and other polar
compounds.

Basic (caustic) compounds.
Amines.
Hydrazines.

Acidic compounds.
Phenols.
Thiols.

Some nitro and sulfonic compounds.

Nonpolar compounds (eg., some
organic compounds).

sWARNING: Some organic solvents can permeate and/or degrade

the protective clothing.

TRADE SARA/OSHA Training:
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MEDICAL SURVEILLANCE

SCOPE

This module is an explanation of the purpose and components of the
medical surveillance program required by OSHA 29 CFR 1910.120 for hazardous
waste site workers. It includes specific information about the health care
program at the facility.
(Suggested time - 1 hour)
PARTICIPANT GOALS

1) Learn the purpose and components of the medical surveillance program.

2) Recognize the different types of medical examinations and the reason
each is necessary.

I1X-1
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INSTRUCTOR PREPARATION

- Assemble viewgraphs.

- Prepare viewgraphs which give the following information for the medical
department at the facility:

the health care professionals (by title) who staff the medical
department;

which professional are at work and available for emergency treatment
during each portion of a 24-hour day;

ambulance service(s) and local hospital(s) used by the medical
department;

location of on-site decontamination facility(s);

availability of non-emergency treatment.

- Prepare lecture notes.

- Prepare participant worksheet or exam.

IX-2
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INSTRUCTIONAL ACTIVITIES

- Introduce the subject and explain the purpose of the medical
surveillance program.
(MDSUR 1, 22, 2, 14)

- Discuss the capabilities of the medical department.
(MDSUR 4, 6, and viewgraphs covering staffing)

- Discuss the medical surveillance procedure including pre-employment,
periodic, follow-up, and termination examinations.
(MDSUR 15, 13, 16, 5A, 17, 7, 18, 8, 9, 10, 11A)
- Discuss emergency and non-emergency treatment.
(MDSUR 12A and viewgraphs covering 24-hour day staffing, ambulance
service, hospitals, and decontamination facilities)

- Explain the medical recordkeeping procedure.
(MDSUR 19)

- Explain how the medical surveillance program is reviewed.
(MDSUR 20)

- Conclude by explaining how the medical, industrial hygiene, and safety
departments work together to ensure worker health.
(MDSUR 21)

- Distribute and oversee completion of worksheet or exam.

IX-3
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EMERGENCY PREPAREDNESS

SCOPE

This two-part module presents information about the facility's

emergency preparedness and response programs and the uses of fire
extinguishers.

(Suggested time - 1 3/4 hours)

X-1
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EMERGENCY RESPONSE

SCOPE

This module presents an overview of the emergency preparedness

philosophy and programs which exist at a DOE Contractor facility. All
types of emergency response actions are reviewed, with an emphasis upon
emergencies dealing with hazardous materials releases. A tour of the
facility emergency response center 1s incorporated as part of the
instruction.

PARTICIPANT GOALS

1.

2.

Review the facility'’s emergency philosophy.

Learn the emergency event response levels and reporting time
requirements.

Review appropriate emergency procedures.

Gain an understanding of the roles and responsibilities of facility
personnel.

Learn about the ways in which hazardous material/chemical emergencies
are managed.

Review the emergency communications system.

Review the Judgment Factor Checklist.

X-2
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INSTRUCTOR PREPARATION

- Review the facility'’s Emergency Manual and other procedures for
appropriate material to meet the participant goals.

- Prepare handouts on the DOE Emergency Event Response Levels, Reporting
Time Requirements, and a list of those individuals who are responsible
for reporting during emergencies.

- Prepare a handout which emphasizes the resources available for handling
emergencies dealing with hazardous materials/chemicals.

- Prepare a handout on the appropriate use of communications systems
during emergencies.

- Arrange a visit to the emergency control center, if possible, to
underscore the importance of emergency preparedness,.

- Assemble viewgraphs.

- Prepare lecture notes.

- Choose a videotape of emergency response teams in action or of an

emergency response drill.

(OFNL chose "Just in Case II1", a videotape designed to acquaint the
viewer with SARA Title III - Community Awareness and Emergency
Response. This videotape is available from Westinghouse Materials
Company of Ohio, Emergency Preparedness Department, P. O. Box 398704,
Cincinnati, OH 45239, FTS 774-6870; Commercial (513)738-6870)

- Prepare participant worksheet or exam.

X-3
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INSTRUCTIONAL ACTIVITIES

- Introduce the subject and objectives.
(EP 1, 10)

- Explain the philosophy of emergency preparedness and response.
(EP 8)

- Discuss the DOE Emergency Event Response Levels - general emergency,
site emergency, alert, and unusual event; nonroutine events (reportable
and loggable); and the reporting time requirements.

(EP 2A, 3A, 4)

- Discuss the facility emergency procedures, what they cover, where they
are located, and how they are practiced in drills.

- Explain the roles of different facility personnel in emergency
situations and individual responsibilities for emergency preparedness,
response, and reporting. Visit the control center and review how
emergency management is maintained.

(EP 7)

- Discuss in more detail how hazardous materials/chemical emergencies are
managed. Review the roles that will be practiced in the emergency drill
described in Module XII, with emphasis on who to call and not trying to
handle an emergency alone unless absolutely necessary.

- Discuss the facility communications systems available for use during
emergency situations.
(EP 9)

- Review emergency preparedness drill activities and how they are
documented by report of building emergency or evacuation drill.

- Explain the Judgment Factor Checklist on who's involved, what's the
emergency, what got damaged, and how badly, location and circumstances,
etc.

(EP 5, 6)

- Show emergency response or emergency response drill videotape.

- Distribute and oversee completion of worksheet or exam.

X-4
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FIRE EXTINGUISHERS

SCOPE
This portion of the Emergency Preparedness module is a discussion of

proper response to a fire. It includes information about when and how to
use portable fire extinguishers.

PARTICIPANT GOALS
1) Learn the correct procedure to report a fire at the facility.
2) Learn the types of portable fire extinguishers at the facility.

3) Learn when and how to use portable fire extinguishers.

X-15
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INSTRUGTOR PREPARATION

Decide what booklet to use as a handout and order copies.
(ORNL chose to hand out copies of "Understanding Portable Fire
Extinguishers", National Fire Protection Association, Batterymarch
Park, Quincy, MA 02269.)

- Choose and acquire a videotape describing fire extinguisher uses, if
desired;

(ORNL chose "Fighting Fires with Portable Fire Extinguishers",

National Fire Protection Association, Batterymarch Park, Quincy,
MA 02269.)

or arrange a live demonstration and discussion of fire extinguisher uses
and limitatioms.

- Outline introductory, facility-specific information about fire response
and the use of fire extinguishers.

- Prepare participant worksheet or exam.

X-16
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INSTRUCTIONAL ACTIVITIES
- Introduce the subject and distribute handout booklet.

- Discuss how to use the types of portable fire extinguishers which are at
the facility.

- GShow videotape describing the uses of fire extinguishers, if desired, or
demonstrate and discuss this subject.

- Inform participants of a mmnemonic for fire extinguisher use: PASS -
meaning Pull, Aim, Squeeze, Swish, back and forth.

- Describe the fire emergency reporting system at the facility.

- Distribute and oversee completion of worksheet or exam.

X-17
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SPILL RESPONSE

SCOPE

This module defines a spill, presents information about when spills
are to be reported, and outlines the correct procedure for reporting and
cleaning up a spill.
(Suggested time - 1 hour)
PARTICIPANT GOALS

1) Learn how to respond to spills.

2) Learn the steps for fighting a spill.

XI-1
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INSTRUCTOR PREPARATION
- Collect photographs of spills at the facility to be used as viewgraphs.
- Prepare viewgraph listing the responsibilities of the person discovering
an emergency.
(SPLRSP 09 is included as an example)
- Assemble viewgraphs.

- Prepare lecture notes.

- Prepare participant worksheet or exam.

X1-2
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INSTRUCTIONAL ACTIVITIES

Introduce the subject.
(SPLRSP 10)

- Define a spill and discuss when spills are to be reported.
(SPLRSP 11A, 12, and viewgraph of responsibilities)

- Discuss the facility's established steps for fighting a spill.
(SPLRSP 01, 02, 03, 08, facility-specific viewgraph)

- Describe ways to safely identify spilled material.
(SPLRSP 05, 04)

- Discuss spill clean-up and decontamination procedures.
(SPLRSP 06, 07, photographs)

- Distribute and oversee completion of worksheet or exam.

XI-3
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EMERGENCY DRILL

SCOPE

This module takes the form of an emergency drill dealing with a
hazardous chemical leak. It is planned as a "hands on" activity for all
class participants, allowing them to practice many of the principles and
personal protective techniques learned during the course. Role playing
includes dressing out, controlling the emergency, and clearing the site.

The drill is then reviewed with a critique of the videotape of drill
activities.

(Suggested time: 2 3/4 hours)

PARTICIPANT GOALS

1) Practice identification of hazardous material.
2) Practice personal protective techniques.

3) Practice emergency control techniques.

4) Practice site control techniques.

XII-1

TRADE SARA/OSHA Training: April 1988



INSTRUCTOR PREPARATION

- Develop a drill scenario that emphasizes many of the principles taught
in the course, such as identification of chemicals and degree of hazard;

personal protective clothing and equipment; and emergency control and
site control techniques.

- Set up the drill site, gather the necessary equipment, and arrange for
experienced emergency personnel to be present to assist with the drill.
Prepare different roles for the class participants to play.

- Arrange to have the drill activities videotaped.
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INSTRUCTIONAL ACTIVITIES

- Carry out the drill scenario.

Facilitate the role-playing by the class participants when necessary.

Using the videotape of the drill, facilitate the critique of drill

activities, emphasizing the principles observed and the errors
committed.
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EXAMPLE OF A DRILL SCENARIO
SITUATION
The facility Emergency Response Center receives a report of a drum leaking
in an old abandoned building. The only information reported is that the
substance has a heavy, sweet odor and the area appears to be clear of
personnel.
ROLES INVOLVED
Facility Emergency Director.
Supervisor of Waste Operations Group.
Waste Operations Spill Team (2 members).
Optional roles:

Representatives from Fire Department, Industrial Hygiene, Environmental
Compliance, Health Physics, and Engineering.

OBJECTIVES
1) Practice the management of and response to hazardous chemical spills.
2) Practice the use of personal protective clothing and equipment.

3) Practice identifying a spilled chemical and determining the degree of
hazard. :

4) Practice site control.
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ACTIONS EXPECTED IN SPILL RESPONSE DRILL

(Members of the facility waste operations spill team offer guidance
throughout the drill but do not participate.)

Throughout the drill, support groups who need to be notified of problems or
potential problems created by the spill are identified. Individuals from
the training group may be asked to perform these roles and make appropriate
decisions.

Notify the facility Emergency Director who will take responsibility for the
overall direction of the spill response.

Notify the Hazardous Waste Operations Group who will function as the spill
response teamn.

At this point it is understood that to enter the building and assess the
situation, Level "B" personal protective equipment is the minimum
protection required. The drill participants, however, proceed to enter the
area of the spill to learn how to make this initial assessment of the spill
and its related hazards.

A leaking 55 gallon drum is found. The spilled liquid is flowing into a
drain in the floor.

Using the United Nations (UN) Identification Number found to be written on
the side of the drum, the spilled substance is identified as benzene.

Determine the degree of the hazard posed by the benzene spill as well as an
appropriate initial response to the spill. This is done by the drill
participants using a current copy of the DOT Emergency Response Guidebook.

The Hazardous Waste Operations Supervisor begins to formulate a plan of
action.

The level of personal protection needed to contain the spill is determined
based upon the potential health hazards. The spill response team dresses
in appropriate personal protective equipment, including a self-contained
breathing apparatus.

The spill response team enters the area and works to control the source of
the spill. (Drum may be turned over, tipped on edge, plugged, etc.)

[
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Check for sources of ignition because of the flammability hazard.

Dike the area around the floor drain to prevent entrance of additional
spilled material.

Absorb the spilled liquid with an appropriate spill control media such as
granular clay.

Establish an area for decontamination of the spill team and remove
protective equipment as the workers exit the area.

Containment of the spill residue and decontamination of the area may be
discussed at this point.

CRITIQUE OF DRILL

Review the videotape of the drill, noting the principles that were applied
in the spill response and discussing any errors made in managing the
situation.
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REFERENCES
for
Selected Individual Modules

MODULE II - Chemical Toxicology

Anderson, Kim E. and Ronald M. Scott. 1981. Fundamentals of Industrial
Toxicology. Ann Arbor: Ann Arbor Science Publishers.

Casarett, Louis J. and John Doull. 1980. Casarett and Doull’'s Toxicology:
The Basic Science of Poisons, 2nd Edition. New York: MacMillan.
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Philadelphia: Lea and Febiger.
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Edition. Concord, NH: National Safety Council.

1987. Toxicology Handbook, EPA. Government Institutes.

MODULE II - Radiation Toxicology

Casarett, Louis J. and John Doull. 1980. Casarett and Doull'’s Toxicology:
The Basic Science of Poisons, 2nd Edition. New York: MacMillan.

Gollnick, Danial A. 1983. PBasic Radiation Protection Technology. Temple
City: Pacific Radiation Press.

1983. Radiation Biology: An Advanced Course. Columbia, MD:
General Physics Corporation.

MODULE IV - Compressed Gas

Fawcell, E. H. 1980. Hazardous and Toxic Materials. New York: John
Wiley and Sons.

Meyer, E. 1977. Chemistry of Hazardous Materials. Englewood Cliff, NJ:
Prentice-Hall, Inc.

Pipitone, D. A. 1984. Safe Storage of Laboratory Chemicals. New York:
John Wiley and Sons.
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MODULE IV - Heat Stress

1982. Fundamentals of Industrial Hygiene, Occupational Safety and
Health Series, 2nd Edition. Concord, NH: National Safety Council.

. 1986. Working in Hot Environment, Revised. NIOSH Publication No.
86-113, NTIS No. PB-86-219-508.

MODULE IV - Cold Stress
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MODULE IV - Confined Space
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Hall, Inc.

MODULE IX - Medical Surveillance

Conibear, Shirley A. 1987. "Hazardous Waste Workers Require Careful
Monitoring," Environmental Management News 2(2):1-3.

Melius, James M. 1986. "Medical Surveillance for Hazardous Waste Workers,"
Journal of Occupational Medicine 28(8):679-683.

Mintz, Benjamin W. 1986. "Medical Surveillance of Employees Under the
Occupational Safety and Health Administration," Journal of Occupational
Medicine 28(10}:913-920.
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