

















































































































e TR R Nmw . NRE Ny TS T e NS

R WE———— -~

e

— -

The sites of the seminars are proposed for the following locations:

° Washington, D.C.  (EPA Regions I, I1, III)

® Athens, GA (EPA Regions IV, VI)
® Chicago, IL (EPA Regicns V, VII)
* Seattle, WA (EPA Regions VIII, IX, X)

The seminars would be strongly recommended for 0SC's, MSO's, TAT, FIT,
and USCG Stiike Team personnel. It is also hoped that these seminars would

be made open to the general commercial diving industry along with other

interested governmental agencies. The following is a partial list of the
various organizations who have requested copies of the final Manual of
Practice:

National Oceanic and Atmospheric Administration
U.S. Naval Surface Weapons Center, Dahlgren, VA
. Navy Experimental Diving Unit, Panama City, FL
. Naval Medical Research Center, Bethesda, MD
. Naval Supervisor of Salvage, Washington, DC
. Navai Supervisor of Diving, Washington, DC

Coast Guard, National Strike Team, Elizabeth City, NC
Coast Guard Headquarters, Washington, DC
Army Corps of Engineers
Department of Energy

erseas Medical Society

(. asteau Society

- _ociation of Diving Contractors

Yiking Diving Systems

Safety Sea Systems

Diving Systems International

Divers Institute of Technology

Suboceanic Consultants, Inc.

Nuclear Startup Services

Ocean Corporation

University of Maryland

International Un vater Contractors

Hamilton Researcii td.

Virginia Highway Research Council

University of New Orleans

Diver Local Union 1026

Webb Associates

u.s
u.s
u.s
u.s
U.s
u.s
u.s
u.s
Und
¢

n

SECTION 7 - HAZARDOUS SUBSTANCES

7.1 Federal transportation regulations should be checked as to what
"types" and "classes" of chemical substances are carried by bulk water
transportation, i.e. barges, tankers. This information should be checked
against the JRB Associates report entitled: "Evaluation of the use of Divers
and/or Remotely Operated Yehicles in Waterways Contaminated by Hazardous
Substances Discharges," by Steven A, McLellan, for amounts, frequency,
geographical locations and types of chemicals most frequently spilled or
released.
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Geographical Area Type Waterbody
Great Lakes 1.7% = Open Internal 2.3%

* 1977 tankev spill (9,600,000 gallons) in Hawaii (Pacific/Open Coasial) not included.
978 onshore oil well explosionsfire (1,365,240 gallons) i Louisiana {Inland/Cpen Internal) not inc.ded,
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Figure ¢_7 Location of Petroleum Product Spills >10,000 Ggeilons (1577 through 1980)
(Modified)
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spills with the exception of those onto beaches or into non-navigable
waters. Also note that there were 112 spills ot unknown quantity. These
snills were not incluced in the spill volume informaticn analysis. Figure
6. indicates somewhat different locations for these proaucts as opposed to
petroleum. The Gulf receives the larger percentage of both number and

volume of spills, followed by Inlana and Atlantic. In respect to water-
bodies, river .channels eagain receive the largest number and volume of
spills. The ports and harbors receive a larce number of spills, but a

* comparatively small volume. The opposite is true of the open coastal

category. These waters receive a relatively small number of spills but a
large percentage of the total volume.

A volume criterion of at least 42 gallons of spilled material was
established to help aefine situations 1in which divers/HKUVs could be
Justifiea. This amount is & standard volume for a barrel. Using this
criterion, Fiyure 6.8 shows the location of spills. Note that there are a
total of 352 spills, not including the 112 of unkncwn volume, and these
spills account for 45.9 percent of the total number of hazardous chemical
spills. Yet these 352 spills account rtor 99.8 percent of the total volume
of material spilled. Tabie 6.4 agenonstrates this relationship between the
size of a spill, the number of spills, and the total volume in a given
ranye.

Types of Material Spilled and haterial Properties

Intormation in this section concerning hazardous chemical spills will
emphasize (1) the relative frequency ana volume of spills; (2) the physical
properties of the material spilled, which will help identify tasks required
of a diver/RuY; (3) the material toxicity, and thus exposure risk to divers
and surface support perscnnel; and (4) other hazards as may be defined.
Information concerning the frequency and volume of spills is taken from
PIKS cata. All data concerning physical properties, toxicity, and other
hazards is from publishee EPA, USCG, and National Institute of Uccupational
Safety and Health (NIOSH) literature.

Analysis of petroleum product spills will be limited to the types of
material spilled, frequency, and physical properties (floats/sinks) in
water.

~ The criteria for this section are (1) petroleum product spills greater
than 10,000 gallons per incident, (2) hazardous chemical spills greater
than 42 gallons per incident, anc (3) spills onto beaches/non-navigable
water will not be considered.

Petroleum Products

Petroleum products have been arouped into eignt different types of
products. The type of product and the total number of spills during the
period 1977 throuyh 1980 are as follows:

Type of Product lumber of Spills

Crude Uil ' 79 (28.1%)

Uiesel Uil 74 (26.4%)
S 6-14
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Figure 7.1. The fire triangle. Each side of the triangle rep-
resents one of the necessary elements of a fire. The optimum
situation, position number 1, is the best fuel-to-oxygen ratio,

with sufficient heat to ignite the fuel and support its combustion.
Each corner illustrates the removal of one component: in number 2
there is insufficient fuel (concentrations below the Lower Flammable
Limit), in number 3 there is not enough oxygen (concentrations

above the Upper Flammable Limit), and in number 4 the heat source

is not adequate. A fire can be defined as a seif-sustaining,
flaming combustion.
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Irritants--Irritants are materials that cause inflammation of membranes.
The mechanism of irritation is either by corrasive or drying action, and may
affect the eyes, skin, respiratory membranes, or gastrointestinal tract. The
irritant must come in direct contact with tissue to cause an inflammation
reaction. Consequently, skin, eye, and respiratory irritants are the greatest
concern for response personnel (Table 7.3).

TABLE 7.3. IRRITANTS

Skin Irritants Respiratory Irritants
Acids Aldehydes

Alkalies Ammonia

Solvents Hydrogen chloride
Metallic salts Ozone

Detergents Nitrogen dioxide

Skin exposure to irritating materials, in high enough concentrations,
may result in contact dermatitis, characterized by redness, itching, and
drying of the skin. These dermatitis-causing materials are called primary
irritants. Organic solvents are examples of primary irritants, eliciting a
response in hours. Strong (or absolute) irritants are the acids and alkalies,
producing observable effects within minutes. Extremely corrosive agents can
cause skin ulceration and destroy tissues.

If respiratory tissues are insulated by irritant gases or fumes, they
constrict in a reflex fashion, accompanied by involuntary coughing. Tra-
cheitis and bronchitis are inflammations of the major air passages. Examples
of irritant gases are chlorine, ammonia, ozone, and sulfur dioxide. More
insidious irritating agents can reach the terminal respiratory passages
(alveoli) deep in the lungs and may result in pulmonary edema, pneumonia, and
eventually death.

It is important to note that many particulates such as dusts, although not
chemically active hazards, can be severly irritating.

Allergic Sensitizers--A sensitization to a chemical involves immune
mechanisms. When a foreign substance called an antigen enters body tissue,
it triggers production of antibodies, which react with the antigen to make it
innocuous. Upon first exposure to a specific chemical, there are no antibodies
in the body. After subsequent exposures, the concentration of antibodies
increases until a threshold is reached. At this point, the antibody level is
high enough so that upon exposure to the chemical, the antigen-antibody
reaction, also called an allergic reaction, is severe enough to manifest
itself in one or more symptoms. The body has become "sensitized" to that
chemical.

Skin and respiratory sensitizers may show the same symntoms as irritants
(for example, dermatitis, bronchitis, and conjunctivitis) and can range from
discomfort from poison ivy to a fatal reaction from isocyanates (Table 7.4).
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Health hazards to personnel from ingestion of materials are a lesser
concern than skin and respiratory hazards. The number of substances that can
be ingested are limited--that is, it is difficult to swallow vapors and gases.
Also, ingestible materials only get to the mouth through hand-to-mouth con-
tact. Even then, toxicity by mouth is cof a lower order because of the acids,
alkalies, and enzymes in the gastrointestinal tract. But these same condi-
tions may enhance the texic nature of a compound. While ingestion of toxic
chemicals is not a great concern on-site, studies have shown that gum and
tobacco chewers can absorb significant amounts of gaseous substances during
an 8-hour day.

Measurement of Toxicity--

Generally,-a given amount of a toxic agent will elicit a given type and
intensity of response. Called a dose-response relationship, it is the basic
for measurement of the relative harmfuiness of a chemical. Because humans
cannot be used as test organisms, almost all toxicological data are derived
from other mammalian species, and results are extrapolated to humans. The
test organism is chosen for its ability to simulate human response. For
example, most skin tests are performed cn rabbits-because their skin response
most closely resembles that of humans.

. In much toxicological testing, the response measured is death. The test
data are plotted on a dose-response curve. From this curve the dose, measured
in milligrams (mg) of test agenit per kilogram (kg) body weight of test i
organism, that killed a certain percentage of test organisms can be calculated. i
This dose is called the lethal dose. Most often, experiments are designed to
measure the dose that kills 50% of the test organisms. This is the lethal
dose 50, or LDgpn, and is a relative measurement of toxicity. If compound A
has an LDgg = ?300 mg/kg and compound B has an LDgg = 500 mg/kg, compound B
is more toxic than compound A at that dose (Figure 7.2). A value similar
to the LDgg used for inhalation exposures is the lethal concentration 50, or
LCgg, and is measured as parts per million of toxic agent per exposure time
(ppm/hr). Table 7.6 illustrates the use of LDgg values as a relative index
of toxicity.

Another imporfant factor to consider when determining the toxicity of a
material is. the relationship between concentration and exposure time.
Generally, and an acute exposure refers to a large single dose received over

. a short period of time. A chronic exposure is several small doses over a !

longer period of time. The difference (in terms of deleterious effects) is !
that a small acute exposure may result in no effect on an organism, while a l
chronic exposure to the secme dose may show an additive effect; that is, the
cumulative dose may be harmful. On the other hand, a large single dose in a {
short period of time might be much more hazardous than the same dose ‘
administered over a longer time. !

" |
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From this illustration, compound C could be assumed to be
more toxic than compound D, based on LDgy. This could be
misleading because at lower doses the situation is reversed:
at LDpg, D is more toxic than C.
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FIGURE 7.2. DOSE - RESPONSE CURVES
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The rate at which a chemical reaction occurs depends on the following
factors:

B Surface area of reactants available at reactions site -- for example,
a large chunk of ccal is combustibie, but coal dust is explosive.

- Physical state of reactant .- solid, liquid, or gas

- Concentration of reactants

- Temperature

- °ressure
Presence ov a catalyst

TABLE 7.6. RELATIVE INDEX OF TOXICITY

Probabie Oral Lethal Dose for Humans

Toxicity Rating or Class Dose For Average Adult

1. Practically nontoxic >15 g/kg More than 1 quart

2. Slightly toxic 5-15 a/kg Between pint and quart

3. Moderately toxic 0.5-5 g/kg Between ounce and pint

4, Very toxic 50-500 mg/kg Between teaspoonful and ounce
5. Extremely toxic 5-50 mg/kg Between 7 drops and teaspoonful
6. Supertoaic >5 mg/kg A taste (less than 7 drops)

— W

Source: Toxicology: The Basic Scierce Of Poisons, 2nd ed.
Casarret and Doull (eds.), 1975,

Compatibility--

If two or more hazardous materials remain in contact indefinitely without

_reaction, they are compatidle. Incompatibility, however, does no necessarily

ndfeate a hazard. For example, acids and bases (both corrosive) react to
form salts and water, which may not be corrosive.

Many operations on waste or accident sites involve mixing or unavoidable
contact between different hazardous materials. It is important to know ahead
of time if such materials are compatible. If they are not, then any number
of chemical reactions could occur. The results could range from the formation
of an innocuous gas to a violent explosion. Table 7.7 illustrates what
happens when scme incompatible materials are combined.

The identity of unknown reactants must be determined by chemical analysis
to establish compatibility. On the basis of their properties, a chemist then
shoul.. be able to determine any chemical reactions resulting from mixing the
reacténts. Judging the compatibility of more than two reactants is very
difficult and should be judged on a one-to-one basis.

7-12
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TABLE 7.8. CORROSIVES

Halogens Acids

Bromine Acetic acid
Chlorine Hydrochloric acid
Fluorine Hydrofluoric acid
Iodine Nitric acid
Oxygen {ozone) Sulfuri acid

Bases (Caustics)

Potassium hydroxide
Sodium hydroxide

Practical Considerations--

When dealing with corrosive materials in the field, it is imperative to
determire:

- How toxic is the corrosive material? Is it an irritant or does it
cause severe burns?

- What kind of structural damage does it do, and what other hazards
can it lead to? For example, will it destroy containers holding
other hazardous materiials, releasing them to the environment?

Hazards Due to Chemical Reactivity

Reactivity Hazards--

A reactive material is one that can undergo a chemical reaction under
certain specified conditions. Generally, the term "reactive hazard" is used
to refer to a substance that undergoes a violent or abnormal reaction in the
presence of water or under normal ambient atmospheric conditions. Among
these types of hazards are the pyrophoric liquids which will ignite in air at
or below normal room temperature in the absence of added heat, shock, or
friction, and the water-reactive flammable solids which will spontaneously
combust upon contact with water (Table 7.9).

Chemical Reactions--

A chemical reaction is the interaction of two or more substances,
resulting in chemical changes. Exothermic chemical reactions, which give off
heat, can be the most dangerous. A separate scurce of heat is required to
maintain endothermic chemical reactions. Removing the heat source stops the

“reaction.
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Specific gravity (SpG) is the ratio of the density of a substance (at a
given temperature) to the density of water at the temperature of its maximum

© density (4°C).

Numerically, SpG is equal to the density in g/cc, but is expressed as a
pure number without units. If the SpG of a substance is greater than 1 (the
SpG of water), it will sink in water. The substance w:il float on water if
its S5pG is less than 1. This is important when considering mitigation and
treatment methods.

Vapor Density--

The density of a gas or vapor can be compared to the density of the
ambient atmosphere. If the density of a vapor or gas is greater than that of
the ambient air, then it will tend to settle to the lowest point. 1f vapor
density is close to air density or lower, the vapor will tend to disperse in
the atmosphere. Vapor density is given in relative terms similar to specific
gravity.

In settling, dense vapor creates two hazards. First, if the vepor
displaces enough air to reduce the atmospheric concentration of oxygen below
16%, asphyxia may result. Second, if the vapor is toxic, then inhalation
problems predominate even if the atmosphere is not oxygen deficient. If a
substance is explosive and very dense, the explosive hazard may be close to
the ground rather than at the breathing zone (normal sampling heights).

Vapor Pressure--

The pressure exerted by a vapor against the sides of a closed container
is called vapor pressure. It is temperature dependent. As temperature
increases, so does the vapor pressure. Thus, more liquid evaporates or
vaporizes. The lower the boiling point of the liquid, the greater the vapor
pressure it will exert at a given temperature. Values for vapor pressure are
most often given as millimeters of mercury (mm Hg} at a specific temperature.

Boiling Point--

The boiling point is the temperature at which a liquid changes to a
vapor - that is, it is the temperature where the pressure of the liquid equals
atmospheric pressure. The opposite change in phases is the condensation
point. Handbooks usually list temperatures as degrees Celsius (°C) or Fahren-
heit (°F). A major consideration with toxic substances is how they enter the
body. With high-boiling-point liquids, the nost common entry is by body
contact. With low-boiling-point liquids, the inhalation route is the most
common and serious.

Melting Point--

The temperature at which a solid changes phase to a liquid is the melting
point. This temperature is also the freezing point, since a liquid can change
phase to a solid. The proper terminology depends on the direction of the
phase change.
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If a substance has been transported at a temperature that maintains a
solid phase, then a change in temperature may cause the solid to melt. The
particular substance may exhibit totally different properties, depending on
phase. One phase could be inert while the other could be highly reactive.
Thus, it is imperative to recognize the possibility of a substance changing
phase due to changes in the ambient temperature.

1ash point

If the ambient temperature in relation to the material of concern is
right, then it may give off enough vapor at its surface to allow ignition by
an open flame or spark.

The minimum temperature at which a substance produces sufficient flam-
mable vapors to ignite is its flash point. If the vapor does ignite, com-
bustion can continue as long as the temperature remains at or above the flash
point.

The relative flammability of a substance is based on its flash point. An
accepted relation between the two is:

Highly flammable: Flash point less than 100°F

Moderately flammable: Flash point greater than 100°F
but less than 200°F
Relatively inflammable: Flash point greater than 200°F

7-18
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SECTION 8
HAZARDOUS SUBSTENCE IDENTIFICATION SYSTEMS

INTRODUCTIOK

Hazardous materials are sicored and transported in large quantities.
Frequently, some stored or transported material is released, presenting a
potential hazard to the public and environment. Such an incident can be
managed more expeditiously when the hazardous material is specifically
identified and characterized. Unfortunately, the contents of storage tanks
or trucks may not be identified specifically or properly. Records or shipping
papers may be inaccessible. Even with suzn information, an experienced person
is needed to define the hazards and their seriousness.

Because of the immediate neced for information concerning a hazardous
material, two systems for hazard identification have been developed. Both
help responders to deal with a hizardous material incident quickly and safely,
ard both were devised for persons untrained in chemistry.

The first is the National Fire Protection Association (NFPA) 704 M
System, which is used mostly on storage tanks and smaller cotainers. The
second system is used exclusively on containers and tanks transported in
interstate commerce. The U.S. Department of Transportation (DOT) is respon=-
sible for this system. Its use, by way of placards and labels, is required
under DOT regulations found in the Code of Federal Regulations 49 (49 CFR).

NEPA 704 M HAZARD IDENTIFICATION SYSTEM

Description

The NFPA is a standardized system which used numbers and colors on a
sign to define the basic hazards of a specific material. The three, Health,
Flammability, and Reactivity, are identified and rated on a scale of 0 to 4
depending on the degree of hazard presented (Figure 8.1).

The ratings for individual chemicals can be found in the NFPA "Guide to
Hazardous Materials". Other references such as the U.S. Coast Guard mannval,
CHRIS Volume 2, and the National Safety Council's "Fundamentals of Industrial
Hygiene" contain the NFPA ratings for specific chemicals. Such information
can be useful not only in emergencies but also during long-term remedial
activities when extensive evaluation is required.
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FIGURE 8-1.

Flammability
Hazard

(BLUE)

Health
Hazard

(WHITE)
Special
Information

Summary of Hazard Ranking System

Health Hazard (51ue)--

Rank Number

4

Description

Materials that on very short
exposure could cause death or
major residual injury even
though prompt medical treatment
was given.

Matarials that on short exposure
could cause serious temporary or
residual injury even though
prompt medical treatment was
given.

Materials that on intense or
continued exposure could cause
temporary incapacitation or
possible residual injury unless
prompt medical treatment was
given.

Materials that on exposure would
cause irritation but only minor
residual injury even if no treat-
ment was given.

Materials that on exposure under
fire conditions would offer no
hazard beyond that of ordinary
combustible material.

8-2
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NFPA 704 M HAZARD IDENTIFICATION SYSTEM

Examples

Acrylonitrile
Bromine
Parathion

Aniline
Sodium hydroxide
Sulfuric acid

Bromobenzene
Pyridine
Styrene

Acetone
Methanol
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Flammability Hazard (Red)--

Rank Number

4

0

Description

Materials that (1) rapidly or
completely vaporize at atmos-

“pheric pressure and normal

ambient temperatures and burn
readily or (2) are readily
dispersed in air and burn
readily.

Liquids and solids that can be
ignitied under almost all ambient
temperature conditions.

Materials that must be moderately
heated or exposed to relatively
high ambient temperatures before
ignition can occur.

Materials that must be preheated
before ignition can occur.

Materials that will not burn.

Reactivity Hazard {Yellow)--

Rank Number

4

Description

Materials that in themselves are
readily capable of detonation or
of explosive decomposition or
reaction at normal temperatures
and pressures.

Materials that (1) in themselves
are capable of detonation or
explosive reaction but require

a strong initiating source or

(2) must be heated under confine-
ment before initiation or (3)
react explosively with water.

Materials that (1) in themselves
are normally unstable and
readily undergo violent chemical
change but do not detonate or (2)
may react violently with water
or (3) may form potentially
explosive mixtures with water.

8-3
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Examples

1, 3-Butadiene
Propane
Ethylene oxide

Phosphorus
Acrylonitrile

2-Butanone
Kerosene

Sodium
Red phosphorus

Examples

Benzoyl peroxide
Picric acid
TNT

Diborane
Ethylene oxide
2-Nitropropane

Acetaldehyde
Potassium




Rank Number Description Examples

Materials that in themselves are Ethyl ether
normally stable but which can Sulfuric acid
(1) become unstable at elevated :
temperatures or (2) react with
water with some release of
energy but not violently.

0 Materials that in themselves are
rormally stable, even when
exposed to fire, and that do not
react with water.

Special Information (White)--

The whitc block denotes special information about the chemical. For
example, it may indicate that the material is radioactive by displaying the
standard radioactive symbol, or unusually water-reactive by displaying a
large W with a slash through it (K). For a more complete discussiun of these
various hazards, consult the NFPA Standard 704 M.

DOT HAZARD INFORMATION SYSTEM

The DOT's Hazardous Materials Transportation Administraticn regqulates
over 1,400 hazardous materials. The requlations require labels on small
containers and placards on tanks and trailers. These placard, and labels
indicate the nature of the hazard presented by the cargo. Tre classification
used for the placards and labels is based on the United Nations Hazard Classes
(Table 8.1). The UN hazard class number is found in the bottom corner of a
DOT placard or Tlabel.

The various hazards are defired in Table 8.2.

TABLE 8.1. UN HAZARD CLASS SYSTEM

United Nations
Hazard
Class Number Description

Ciass A, B, and C Explosives

Honflammable and fiammable compressed gases
Flammable liquids

Flammable solids, spontaneously combustible
substances, and water-reactive substances
Oxidizing materials, including organic
peroxides

Class A and B poisons, irritants, ana etiologic
(disease-causing) materials

Radioactive materials

Corrosive materials (acids, alkaline liquids,
and certain corrosive liquids and solids)
Miscellaneous hazardous materials not covered
by any of the other classes

o o~ o w B =
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TABLE 8.2 (Continued)

HAZAR

WASTES
RSty

For tiansportation purposw?, means any material that is subject

to the hazardous waste minifest requirements of the Environmental
Protection Agency in CFR, Title 40, Parc 123, Chapter F. (Sec. 171.8}
For details on the Hazardows Waste and Consolidated Permit Regulations
tefer to CFR, Title 40, Pe.ts 260-267 and Parts 122-125. Questions
regarding these regulations, call Toll Free: (B00) 424-9346 or

(202) 554-1404

LIM

-leana the maximum amount of m harardous material; as specified in
those sections applicsble “v the particular hazard cless, for which
there ave specific exceptions from the requirements of this sub-
chapter. Sea Sec. 100.110, 172,118(s), 173.153; 173.244, 173.306,
173.345 and 173.364.

REPORTABLE

For transportation purp . the q ity of hazardous substance
and/or hazardous waste specified in the Hazardous Material Table,
Column 2 aud {dentified by the letter “E® in Column 1. (Sec. 171.8)

SFONTﬁﬂﬂﬂugkf
COMBUSTIELE

HAT
5

Means a solid substance (including sludges and pastes) which may
undergo spontaneous heating or self-ignition under conditions normally
incident to transportation or which may, upon contact with the atmo-
sphere, undergo an i{ncrease in tewmparature and ignite. (Sec. 171.8)

WATET REACTIVE

ETE“ f

Means any golid substance (including sludpes and pastes) which, by
interaction with weter, ic likely to becowe spontaneously flammable
or to give off flammable or toxic gases in dangerous quantities.

(Sec. 171.8)

JNOTE: .This handout is designed as & training aid for all interested parties vho may
become involved with hszardous materials. 1t does not relieve persons from complyinp
with the Deparrment of Transportation Harardous Materisls Regulatione. Final suthor:

for use of these hazprd classes and defin{tions is found in CFR, Title 49, Parts

100-177.

Information Services Division, DMT-11

Office of Operations and Enforcement
Haterials Transportaticn Bureau

Research and Special Programs Administration
Department of Transportatiom

Washingten, D.C. 20590

; This material may be reproduced without special permission from this

Bureau and any
to the address

questions o. comments concarning this handout should be directed
ebove,

REVISED FEBRUARY 1981
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SECTION 9
USE OF THE HAZARDOUS SUBSTANCE DATA SHEET
INTRODUCTION

A hazardous substance data sheet is an effective means of presentinr,
data on a particular compound and the related incident. It is much easier
for response personnel to have the necessary information in one place than
continually to consuit different sources which may or may not have the desired
data. Condensing the information on physical, chemical, and toxicological
properties of the compound and incident onto two pages also speeds briefing
of any personnel arriving on site when time is important. As many sources as
possible should be used to fill out the sheets as some information on the
same property may vary from one reference to another.

FILLING OUT THE HAZARDOUS SUBSTANCE DATA SHEET

Under "Name of Substance," 1ist both the common name and the name approved
by the Iluternational Union for Pure and Applied Chemistry (IUPAC). Both
should be entered, ~‘nce it may be necessary to look up information under
different names. If a compound uses more than one common name, list all
synonyms. Write in the formula after the chemical name, because some ref-
erences index chemicals by their formulas.

Part 1 lists the physical/chemical properties of the compound. In the
far right column 1labeled "Source," enter the reference from which the
information was obtained. If the information is found later to be incorrect
or conflicting, it may be corrected. It also makes it easier to refer back
to a particular source if additional information is needed. The properties
included in the data sheet are:

Normal Physical State: Check the appropriate space for the physical
state of the chemical at normal ambient. temperatures (20°C-24°C).

Molecular Weight: Usually expressed in grams per grem-mole. This
information is essential because neutralization or any cother chem-
jcal treatment would require the number of moles of chemical
present.

Density and Specific Gravity: Only one is required. Density is
usually expressed in grams per milliliter. Specific gravity is
dimensionless. Indicate the temperature at which specific gravity
is measured and circle the e-aropriate letter corresponding to
degrees Fahrenheit(°F) or Celsius(°C).

9-1




S, WL TIENERREL . NENRSNITT. e N N TN —_— _K_--— N
v
\ .

wem

Solubility: Water: Usually expressed in parts per million or
milligrams per liter, which are equivalent (that is, 1 ppm =
1 mg/L). Solubility is temperature dependent.

Solubility: Enter any other material for which solubility data are
neéeded. For instance, recovering a spilled material by solvent
extraction may require solubility data for any one of a number of
organic compounds.

Boiling Point: Expressed in degrees Fahrenheit or Celsius. It is
the temperature at which the vapor pressure of the compound equals
atmospheric pressure (760 mm mercury at sea level). The boiling
point is raised if any impurities are present.

Melting Point: Same as freezing point. Meiting point is lowered
1f any impurities are present.

Napor Pressure: usuvally expressed in millimeters of mercury or
atmospheres at a given temperature. Strongly temperature dependent.

Vapor Density: Dimensionless quantity. Expressed relative to air.

Flash Point: Expresed in degrees Fahrenheit or Celsius. Indicate
whether the figure is based on an open cup or closed cup test.

Other: Enter any miscellaneous data, for example biochemical oxygen
demand, autoignition temperature, or odor threshold concentrations.

Part 11 is a compilation of five types of hazardous charcteristics. In the

far right column labeled "Source", enter the reference from which the
information was obtained.

Section A list toxicological hazards:
Inhalation: Under "Concentrations," enter the current TLV (Thres-
hold Limit Value) concentration. This is important for selecting
levels of protection for workers who will be in the area.

Ingestion: Enter the toxicity level in milligrams per kilogram
(mg/kg) of the body weight.

Skin/Eye Abscrption - Contact: Determine from the references
whether these hazards exist.

Carcinogenic, Teratogenic, Mutagenic: It is difficult to obtain
concentration data on these hazards, since very iittle is known
about the mechanisms which cause these effects.

Aquatic: Usually expressed in parts per million (ppm) for a
particular species.

Other: Enter an IDLH (Immediately Dangerous to Life or Health)
concentration, or any other pertinent miscellaneous information.
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Section B contains fire hazard data:

Combustibility: Applies to any compound which can be oxidized in
air. Almost every organic compound is combustible.

Toxic By-products: If the compound is combustible, enter yes,
because all combustion processes yield some carbon monoxide. List
the particular toxic by-products in the spaces below.

Flammability/Explosiveness Limits: Expressed as a percentage by
volume in air. Usually flammable Tlimits and explosive limits are
Synonymous.

Section C contains reactivity data:

Reactivity Hazard: If the material is reactive, indicate the
substances which are incompatible with the material.

Section D contains corrosivity data:

pH: Some references give the pH of an aqueous solution at a given
concentration. For instance, the pH of 0.5% solution of sodium
hydroxide is 13. There is also space for listing the types of
materials known to be corroded by the compound in question.

Neutralizing Agent: Some references 1ist neutralizing materials
which may help at an incident by bringing the pH of the affected
area to neutral (pH of 7).

Section E contains radioactivity data:

Background: List a background level. Ba'«ground is usually on the
order of 0.01 milliroentgens per hour (mR,/ncur). See Part 2, "Field
Monitoring".

Alpha, Beta, Gamma: Exposure rates on some elements may be found
in the "Radiological Health Hancbook," published by the U.S.
Department of Health and Human Services.

Parts 111, IV, and V of the sheet describe the specific incident and recommend
safety measures. Sometimes, parts of the following sections will be left
blank, simply because of a lack of accurate information. Enter available
incident information as promptly as possible, however, so that mitigation
measures can start.

Part III describes the incident:

Quantity Involved: Usually express in gallons, barrels, or liters for a
liquid, and pounds or kilograms for a solid.

Release Information: Indicate if the container(s) is (are) still leak-
ing, and 1f possible, the rate of discharge.

9-3




Part

Monitoring/Sampling Recommended: Indicate what type(s) of monitoring
should be initiated to completely characterize an incident and if on-
site samples are necessary. See sections on Sampling and Field Moni-
toring.

1V, Recommended Protection, covers:

Part

Public: Based on the data obtained in the first three parts and the
proximity of the incident to populated areas, make an initial public
hazard evaluation. The OHMTADS reference segment Number 111, “Degree of
Hazard to Public Healtn," is helpful in recommending action to protect
public health.

Environment: Depending on the type of release ard potential pathways of
dispersion, propose potential activities suv~i as booming, skimming, or
chemicai/physical treatment., OHMTADS secrents 113, "Action Levels," and
114, "In Situ Amelioration," can help <Zetermine initial response activ-
ities.

Worker: Decide on levels of protection for response personnel, once
again based on the physical, chemical, and toxicological properties of
the materials in question. OHMTADS segment 108, “Personal Safety
Precautions," aids in this decision. See also "Standard Operating Safety
Guides," Part 5.

V, Recommended Site Control, covers:

If enough information is available, establish three work zones (See
Standard Operating Procedures, Part 6):

- Exclusion Zone (contaminated)

- Contamination Reduction Zone

- Support Zone (non-contaminated)

Hotline: Establish site boundary.

Any person who crosses the Hotline (the outer boundary of the Exclusion
Zone) must be in the proper level of protection predesignated by the.
site satety officer.

Decontamination Line: Based upon the toxicity of the compound(s) in-

volved, establish a decontamination system in the Contamination
Reduction zone. "See Standard Operating Safety Guides," Part 7.

Command Post Location: Locate the command post. This decision is usu-

ally constrained by wind direction, accessibility, and logistical con
siderations. It should also be a safe distance from the Hotline.
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EXAMPLE OF DOCUMENTATION NEEDED TO COMPLETE A HAZARDOUS SUBSTANCE DATA
SHEET (PARTS 1 AND 11)

Ben.ene has been chose as an example. For purposes of illustration,

seven

-

sources of information were utilized:

“6ondensed Chemical Dictionary" by Gessner G. Hawley

"The Merck Index"

"Dangerous Properties of Industrial Materials" by N. Irving Sax

"NIOSH/OSHA Pocket. Guide to Chemical Hazards"

"Documentation of the Threshold Limit Values (TLV)"

CHRIS, Volume 2
OHMTADS
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V. HAZARDOUS SUBSTANCE DATA SHEET

SURSTANCE ;
COMMON: CHEMICAL:
1. PHYSICAL/CHEMICAL PROPERTIES
SOURCE
Normal Physical State: Gas Liquid Solid
Molecular Meight
Density Lo ,g/ml
Specific gravity @ F/°C
Solubility: Water @ PF/C
Solubility: “F/°C
Boiling Point *EC
Melting Point YEf°C
Vapor Pressure mmHg i ol o
Vapor Density [¢] F/°C
Flash Point “F/C
Other:
1I. HAZARDOUS CHARACTERISITICS
A,  TOXICOLOGICAL HAZARD HAZARD CONCENTRATIONS SOURCE
Inhalation Yes No
Ingestion Yes No
Skin/Eye Absorption Yes No
Skin/Eye Contact Yes No
Carcinogenic Yes No
Teratogenic Yes No
Mutagenic Yes No
Aquatic Yes No
Other: Yes No
B. FIRE HAZARD CONCENTRATIONS SOURCE
Combustibility Yes No
Toxic Byproducts: Yes No
Flammability Yes No
LFL
UFL
Explosiveness Yes No
LEL
UEL
L C. REACTIVITY HAZARD Yes No CONCENTRAT IONS SOURCE
9-6
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HAZARD CONCENTRATIGNS SOURCE
CORROSIVITY HAZARD Yes No
pH
Neutralizing agent:
RADIOACTIVE HAZARD Yes No EXPOSURE RATE SOURCE
Background

Alpha Particles

Beta Particles

Gamma Radiation

DESCRIPTION OF INCIDENT:

Quantity Involved

Release Information

Monitoring/Sampling Recommended

RECOMMENDED PROTECTION:
Public

Environment

Worker

RECOMMENDED SITE CONTROL:

Hotline

Decontamination Line

Command Post Location
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I1I.

HAZARD CONCENTRATIONS

D.  CORROSIVITY Yes

- |
Neutralizing agent:

SOURCE

O{MTADS

E. RADIOACTIVE HAZARD Yes ‘(EE) EXPOSURE RATE

Background

SOURCE

cHRIS IL

Alpha Particles

Beta Particles

Gamma Radiation

INCIDENT RELATED:

Quantity Involved

Helease Information

Monitoring/Sampling Recommended

RECOMMENDED PROTECTION:
Public

Environment

Worker

RECOMMENDED SITE CONTRQL;

Hotline

Decontamination Line _

Command Post location _
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CSECTION 10
DIVING PHYSIOLOGY

Houghly 80 percent of the Earih's air is the inert gas nitrogen.
This inert gas is absorbed by body tissues when air is breathed under
pressure. Tne same also is true when another inert gas, such as helium,
is substituted for nitrogen on deeper dives. Each body tissue absorbs
this gas at its own characteristic rate. Upon ascent, these tissues give
up their absorbed gas at a rate that can be determined experimentally.
The actual physiclogical processes involved are complicated anu not yet
completely understood; however, the body's reaction to this off-gassing
can be unc2rstooo without this knowledge.

If aecompression is too rapid, small bubbles of inert gas will form
in the tissues, causing a conaition callea Decompression Sickness (UCS)
or the Benas. The diver experiences excruciating pain in his joints, and
ine condition can lead to serious complications if not immediately and
properly treatcd. This treatment usually involves placing the patient
under pressure in a recoripression chamber as a major part of the overall
remedy.

A volume of gas descending in water halves its volume approximately
every 33 feet. The inverse is true upon ascent. If the volume of air in
question is in a aiver's lungs, and if he does not expe! the air as he
ascenas, the expanding air will force its way through the walls of the
alveoli, causing bubbles to form in the blood vessels. This condition is
known a5 a gas embolism and can occur in as shallow as four feet of
water. Should one of these bubbles block the flow of bleood, and thus
oxygen, toa vital organ (especially the brain), serious and immediate
consequences would result. It the situation is not immediately ana
properly treated, the victim probably will die. As the treatment for
DCS, treatment for embolism also involves recompression. .

For the diver, a controlled ascent is extremely important. As impor=-
tant, is allowiny sufficient time for the dissolveu gasses to come cut of
solution without formring the dangerous bubbles. The U.S. Navy Decom-
pression Jables (U.S. Uepartment of the Navy, 1973) were designed to
assist the diver in this task and can be found in most diving references.

There are many other aspects of diving physiology, however, that .are
anot pertinent to the subject or this manual. UCS and gas embolism are
risks associated with every dive, risks easily exacerpated by unfamiliar
equipment, or equipment that fails to function correctly.
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several days. The whole chamber is pressurized to the working depth of the
dive, After about twelve nours tne divers are saturated. When it is time
to dive, they don their equipment and enter the PTC which is mated to the
recompressinn chamber in some pressure-tight fashion. The PTC is sealed
and lowered to diving depth. Usually a PTC is fed air, power, and comnuni-
cations through an umbilical from the surface. Occasionally it is ceif-
sufficient for some period of time, except for the cable which suspends it
at depth. Upon reaching depth, the divers open the PTC which remains dry
because internal gas pressure balarces outside water pressure. The divers
wear band masks supplied through umbilicals from the PTC in the performance
of their work outside tne PTC,

Self-contained diving. Self-contained diving has two major sub-
divisions. Closed-circuit diving is the direct descendant of the work done
in the late 1800's by Fleuss, Siebe, and Gorman. Open-circuit diving has
changed very 1ittle since the invention of the open-circuit demand requlator
by Cousteau and Gagnin in 1943, Equipment has kept pace with technology,
but changes have Leen mere refinements of the original which still is
acceptable for use under most circumstances today.

Closed circuit diving uses the principle that metabolicaliy-produced
carbon dioxide can be removed from the breathing gas mixture with pure
oxygen and so elimirate the problem of maintaining the delicaie balance
betwoen oxygen and the inert gas being used, When pure cxygen is being
used, the diver normally is limited to a depth of 25 feet because of
physiological complications that arise when oxygen is breathed at higher
partial pressures. A tightly fitting mask must be worn to prevent the
escape of gases around the rebreather mask. The unit has a bag inte and
from which the diver breathes. Exhaled qasses pass over a chemical (such
as barium hydroxide) that absorbs carbon dioxide, and in the casa of the
more sophisticated units, the gas is monitored continuously to ensure that
there is always sufficient, but not too much, oxygen present in the gas.

Pabreather units leave no telltale trail of bubbles, so they are
idealty suited for clandestine military diving, When, for operational
reasons, a diver on a deep dive cannot be anchored to an umbilical, he can
dive for a longer period of time using a rebreather instead of open-circuit
because his tank can be filled with pure oxygen instead of a very small
percentage of oxygen mixed with a large amount of useless inert gas.

Since the rebreather is a self-contained unit, exhausting no gases, it
may be suited for a polluted water diving dress which fully encapsulates
not only the diver but the breathing apparatus as well. Further investiga-
tion is required in this area of equipment modification. Figure 11.4
illustrates an example of a closed-circuit diving system.

Open-circuit diving, commonly called SCUBA diving, and shown in
Fig. 11.5, is the predominant form of noncommercial diving in the world
today. It normally consists of one to three tanks of compressed air
carried on the diver's back, feeding a regulator which reduces the tank
pressure to some fixed pressure above ambient (usually between 120 and 140
psi). This first stage regulator feeds a second stage regulator which is
attached to a mouthpiece through which the diver breathes. This second
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its normal dimensions are. The suit becomes somewhat rigid at this point,
and overpressurizing the suit will make it more so. Because the internal
volume . of this suit does not change, it is called a constant volume suit.
A variable volume suit is made of a material that stretches. It usually is
much more pliable than a constant volume suit. In normal use enough air is
injected into the suit to 1ift it off the body sufficiently to allow the
diver to be comfortable. Because the suit stretches and shrinks with
increasing and decreasing internal pressure, it requires much less attention
on the diver's part and generally is much more comfortable to wear. A
. variable volume suit must always be supplied with a source of air. There
is a third type of suit that falls between the two just discussed. These
suits are somewhat stretchy, and thus not constant volume suits, but not
nearly so stretchy as variable volume suits. Suits in this category are
called variously by either name, depenaing upon the manufacturer.

In practic'e the constent volume suit usually is used with the heavier
(and normally older) hard-hat rigs. The variable volume suit is found more
often with the newer, 1ightweight hard-hat rigs and with band masks.

Swimming diving dress. The swimming diver's primary clothing consid-
eration is mobility, and his diving dress reflects this. Where conditions
allow, the swimming diver will wear no diving .dress at all. Environmental
conditions determine what he wears when the water is rnot warm and pleasant.
There are two basic categories, the wet suit and the dry suit.

The wet suit is constructed of a formfitting, closed-cell foam neo-
prane rthber w:terial which usually is sandwiched between an inner and an
outer layer of nylon fabric. Sone suits have the nylon on the inside only,
and some do not use the nylon fabric. Although the nylun protects the
suit's outer layer and eases donning the suit, it also makes the suit less
flexible. Suit material ranges in thickness from 1/16-inch to 3/8-inch.
The thicker the material, the warmer the suit is. Suits generally have one
to three pieces, not counting foot, hand, and head covering. The two- and
three-piece styles consist of pants which may stop at the waist or be
bibbed, an optional inner vest, and a jacket. The one-piece suit is like a
Jjumpsuit with a slide fastener up the front or across the shoulders. Suits
may have attached or separate boots, always have separate gloves or mitts,
and may have a separate or an attached hood. The wet suit offers time
limited protection against cold only.

- The dry suit originated as a watertight rubber suit worn over a
diver's insulating garment. The air inside it would compress with depth
and the diver could experience suit squeeze, a condition where his skin is
severely pinched between clothing ?0135. A recent development is an out-
growth of the variable volume non-swimming dress discussed above. As in
the above case, there are constant volume, variable volume, and bhalfway
between versions.

The constant volume dry suit is a lightweight sui* constricted of
rubberized material designed to retain the flexibility required by a.

swimming diver. These suits are designed with an inlet air valve controlled
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- by the diver and an exhaust valve, The exhaust valve always can be manually
operated, but in some suits there is also a provision for automatic opera-
tion so that the suit will vent as the diver ascends from deeper to
shallower depths. These suits usually have boots attached; however, they
can be obtained with ankle seals and separate boots. Gloves are always
separate, but in some versions the gloves can be attached to cuffs on the
sleeves via rings so they form an integral part of the suit. There are
rubber seals at the wrists. Hoods may or may not be attached. Where they
are not, the suit has a rubber neck seal. Where they are, the suit may or
may not have a neck seal, depending upon the design of the hood. In some
versions the hood can be attached teo the suit in a manner similar to
attachable gloves, by clamping the suit and hood material between a rigid
under-ring and a clamp ring, giving the suit greater versatility in use.

The variable volume dry suit can be counstructed of the same closed-cell
foam neoprene as wet suits. As in the non-swimming dress previously
discussed, they differ from the constant volume suits in that they stretch
when filled with ai . Since trc, are constructed of the same material as
wet suits, they have all the insulating characteristics of the wet suit
without the discomfort of being wet. And since the diver remains, for the
most part, dry, body temperature is not lest as quickly to the surrounding
water,

Newer variable volume dry suits are now being manufactured that are
constructed of crushed foam neoprene. This type of suit has fewer insul-
ating qualities, but is much tougher and more flexible than the older style
suit.,  In cold water, insulating garments must be worn underneath this suit.

Another variety of variable volume dry suit is constructed of rubber.
{See Figure 11.6) It has no insulating qualities at all and requires that
insulating garments be worn beneath the suit even in moderately cool water,
but it is the most flexible of the suits.

Seals at neck and wrist of the variable volume dry suits are the same
as for constant volume suits. Design of boots and hood is also the same
for both types of suits. The only distinguishable difference between these
suits is the inherent stretch of the variable volume dry suit, and in the
case of the neoprene suit, its inherent insulating ability.

Most of the dry suits have in common some form of waterproof slide
fastener with a very few where entry is made througi. a very stretchy neck
opening. Regardless of whether the suits are constant or variable volume
(or one of the halfway versions), they tend to be either bulky in design
with a lot of internal volume, or snug-fitting in design. The snug-fitting
suits usually have an across-the-shoulder entry. The bulky suits have
several different entries. Some start near the crotch in front and go up
around the neck and back down to the crotch in front. Some begin at the
middle of the back and go through the crotch to the chest. Many have an
across~the-shoulder entry just as in the snug fitting suits. And a few are
entered through the neck opening which stretches sufficiently, with the
help of two or three tenders, to allow the suit to be pulled up over the
diver's legs and torso,
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method of pressurizing his mask cannot be used; however, a method must be
devisead to prevent the influx of water into the mask. This is the primary
requirement. Should the diver inhale droplets of contaminated water, all
other efforts of containment would be futile. *

~ The diver's entire body not covered by the face mask must be isolated
from the surrounding environment. Tlhere are circumstances where the hands
may be exposed (so long as they can be decontaminated later); however, this
shoulu be an option--full body coveraye capability is necessary. This body
covering should not unouly restrict the diver's ability to move ana work
unaerwater.

The diver must have the ability to adjust his buoyancy, either with
tne suit directly, with an auxiliary buoyancy device, or with a combination
of both. This buoyancy mechanism must not restrict the diver's ability to
nove and work unagerwater.

Tne equipment should be available off the shelf with little or no
modification requirea to make it functional for use in bioloyically-
contaminated water. loeally, it should be within a reasonable price ran‘e
aftordable by the small group or the sport diver. It should be simple in
design for ease of maintenance, and simple in use for ease in training.

And finally, the equipment must not pose a greater threat to the diver
than would exposure to the contaminted water.

In summary, the diver's air supply and his body must be isolated, he
must be avle to work competently and safely in the equipment, and the
equipment must pe simple, convevient, inexpensive, and available.
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1. Any first stage regulator from the top list in the Navy Experi-
mental Uiving Group regulator study (Middleton, 1980) can be used to supply
"ne AGA Divator mask. Care must be taken to en:ure that the reuwulator,
agaptor titting (if any), ana hose are compatible. The regulator must have
its secondary output pressure reduces to 90 psi, &nd the pressure sensing
mechanism must b2 treeze-protected.

2. The complete AGA ULivator rig, including mask, first stage regu-
lator, tanks, and backpack, is compatible for polluted water Giving, but
there are certain drawbacks. The unit cannot be usea in the combined
surface supply-SCUbA moge without very special preceutions. The suit air
supply must be thought out in advance, ann care must be exercised to ensure
that fittings are compatible. An appropriate charging source fcr the tanks
also must be available for full utilization of the rig.

3. A flooded AGA Divator mask will dewater itself automatically if
proper procedures are used; however, the diver should be trained and
practiced in these procedures. It is unlikely that tne mask will become
gislodged o~ knockea off accidentally.

4. The AGA Divator mask can be made compatible with ali types of dry
suit hooas. The ideal arrangement, however, is a hooa face seal with a
smooth ruboer outer surface against which the mask can seal.

5. When used with an AGA Divator, snug-type ary suits consume about
one-thira less air than do bulky-type suits. Bulky-type non-neoprene suits
consume abouv one-thira more air than ao bulky-type neoprene suits.

The Kirty-korgan Bana Mask

The ligntweight diving outfit is surface-supplied with air for
breathing, but unlike the aeep-sea outfit, it does not admit air into the
aiving curess for bucyancy control. Uiving which uses lightweight equipment
1s limited in aepth, depending upon the equipment being used.

If the KM Band Mask or USN MK 1 shown in Fia. 13.2 is used, depths are
limited to 130 feet (39.6 meters) without the support of an open bell and
190 feet (57.9 meters) with a bell. The basic components of a lightweight
outfit are:

The mask group which includes all valving. There are two different
models of lightweight masks--the standard ur "Jack Browne® rig, which
is not suitable for polluted water operations, or the KMB Mask and USN
MK 1.

The diviny dress group, which includes the diving dress (with two
styles, wet or dry, available), and gloves, shoes, chefing pants,
weighted belt, ana knife.

The hose group, which includes the air hose and fittings, lifeline,
communications cable (if applicable) and the pneumofathometer.
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The Band mask is an improved version of the standard lightweight mask.
It permits two-way voice communication between the diver ana the surface,
and it has features that minimize the dangers of flooding, face squeeze,
and CUz buildup. The mask is basically a demand breathing appuratus, but
incorporates an emergency tree flow capability for defogging the faceplate.
This free flow may also be usea as an emergency breathing modge or for clear-
ing the mask when floouea. Tne aemanda regulator is manually aajusted during
a dive to accommodate changing overbottom pressures supplied to the mask.
It can be adjusted to provige continuous flow through the orai-nasal mask
should a specific operational dive scenario require this. The mask, how-

- ever, is basically a demand mask and provides all the air requirec by the

aiver when used in the cemano mode; the above "dial-a-breath" and emergency
free flow are not routinely utilized. For added safety beyond 60-foot

depth usaye, the mask is equippea with a backup air supply bottle commonly

referred to-as a "come home pottle," or "pony bottle."

The band mask is built around a molded plastic frame upon which are
mounted a rubber face seal, a head harness, a faceplate lens made of
1/4-inch acrylic plastic, a sige block assembly, a demand regulator and a
moveable nose pad, which can be used by the aiver as an aid in clearing his
ears and sinuses. :

-- Side Block Assembly =-- This assembly functions as a manifold. It
is fitted with an on/off defogger valve, which controls a steady
air flow into the mask and acrouss the inside of the faceplate.
This feature is alszo used as an emergency breathing mode in the
evenl of demand regulator faiiure. The emergency breathing supply
valve for the come home bottle is located on the rear of the side
block. The non-return valve is located within the side block
assembly.

-- Demand degulator =-- The demand regulator is set into the mask in
front of the diver's mouth. This regulator is similar to the
second stage of a single hose SCUBA regulator. Air passes to the
agemand regulator from the side block assembiy through a hard pipe;
the flow of air 1is controlled by the diver's breathing rate. A
manual purge button permits the diver to establish a free flow
through the regulator. The regulator is adjusted by a knob on its
sice to accommodate air supplied at overbottom pressures as
necessitated by operational requirements. 1lhe knob can be opened
slightly to permit a free flow through the oral-nasal mask as
discussed previously.

-~ Emergency Air Supply -- The emergency breathing supply valve
provides an air supply path parallel to the non-return valve.
Threads on the inlet of this valve permit attachment of the “come
home bottle" whip. The "come home bottle" is equipped with a
SCUBA type first stage regulator.

-- Frame Exhaust Valve =-- This is a mushroom-type valve which is
located in the mask frame under the demand regulator. The exhaust
valve is at the lowest point in the mask; therefore, when the mask
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breathing. Hood niodifications were identical to those for Mod 1.

The band mask is supplied from a first stage regulator just as standard
SCUBA regyulators are. Tne tirst stage regulator must be freeze protected
as witn the AuA Uivator. Uuring these tests, the U.S. Divers Conshelf and
the Scubapro Mark 5 were used, vut it must be remembered that the Mark 5 is
aifficult to freeze protect. lhe test aives were in clean water, so freeze
protection was not critical, and the available supply of freeze protected
first stayge regulators was augmentec by the MARK 5 regulators present.

Uuring normal use, most divers put a small hole in the top of their dry
suit and band mask hooas. While diving, air often escapes around the neck
seal or face seal and accumulates in the hood. This hole serves to let that
air out. This hole also lets water in, so this practice is unacceptable for
diving in contaminated water. A provisional solution to this problem was
found during the field studies. A Sea Quest BC overpressurizalion valve was
installed in the hoods. The valve was fitted with the lightest spring
available from Sea (uest, but when this proved to be too stirf, it was
further reauces by clipping off various lengths until an apparently satis-
factory size was founo. ©C overpressurization valves aojusted in _this
fashion were installed in all suit and band mask hoods. :

4. when the modified hoon is matec to a dry suit, care must be taken
to ensure that the whole arrangement is not too tight. Removal of thick
necprene hoods frcm the dry suit, leaving enough material to mate with the
band mask hood, appears to be the best solution where thick hoods cause
excessive tightness. '

5. [kffective hooa relief valve cracking pressure experimentally is
less than O.¢ psi. The position of the spring within valve housing, or the
valve housing used, is not a significant factor. Relief valve findings are
sketchy, nowever, and nore work 1is needed before further cefinitive
statements can be made.

Hecommended Diving Uress for Microbiological hazards

The recommended system presented here is not the only solution to the
problem of protecting a SCUSA diver from the hazards of polluted water. It
certainly is not the best solution, for gaps sti1l exist, and research still
goes forward; but it is a working solution, one that the findings of this
study clearly show adequately protects the SCUBA diver. It can be
considered an interim sclution for biologically-contaminated water, one
that can be, and already is being used around the world where standard
S5CUBA techniques are inadequate, ana where surface supply cannot be used.

Une of the basic- premises of this undertaking was that the final solu-
tion had to include equipment that was available off-the-shelf with little
or no modification required to make it functional for use in contaminated
water. Also, it had to be reasonably priced, simple in design, and easy to
use.
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The MK-12 Surface-Supplied Diving System (SSDS)

The MK-12 SSDS as shown in Figure 14.8, consists of four major assem-
blies, the helmet assembly, the recircular assembly, the dress assembly and
support equipment. The helmet may be used with air or mixed gas as the
breathing medium, with the use of the recirculator as a modular, add-on
component for mixed gas operation. The normal diving dress consists of a
crushed foam neoprene nylon dry suit, outer chafing garment, jocking
harness, lightweight diving boots, and gloves. Two-, four-, and five-pound
lead weights (to a maximum of 60 1bs) fit into the calf, thigh, and hip
pockets of the outer garment. The swimming dress consists of either a wet
suit or swim trunks with jocking harress, fins, scuba weight belt or outer
garment, and weights and the neck-dam with exhaust valve in the ambient
configuration. All dress configurations require the use of the jocking
harness to provide helmet stability.

The MK-12 SSDS air operations will support a diver performing tasks
varying from light to heavy work to depths of 250 FSW. Operating the MK-12
SSNS with console overbottom pressure determined by hose length and dive
depth provides the means of ensuring adequate airflow through the helmet.
The MK-12 is an open circuit system in air operations. The air is supplied
from the surface by the umbilical hose thirough a non-return valve within
the air supply adapter, through stainless steel tubing to the air supply
valve, and out into the helmet by means of the air supply diffuser. The
air is directed up across the front viewport and toward the diver's face,
exiting the helmet via the exhaust valve. In the adjustable configuration,
the normal operating range of the exhaust vilve provides a helmet pressure
differential of 0.3 + 0,05 psi to 2.0 + 0.3 psi with a flow of 6 ACFM.

The helmet shell is laid up with fiberglass cloth and polyester resin
for a strong, light, impact-resistant structure. The shell is coated with
a highly visible yellow gel coat to provide the UM definition. A cast
lead weight is cut to fit into the crown of the helmet, then laminated with
fiberglass and resin. The weight is sized and located to make the helmet
neutral in buoyancy and to counterbalance the weight of the base and breach
rings. This makes the centers of gravity and buoyancy coincide, resulting
in a stable comfortable helmet in all positions.

The standard diving dress is a commercially available drysuit modified
te accept the MK-12 lower breach ring. It is made of 1/4-inch closed cell
neoprene rubber-backed on both sides with nylon fabric. The seams curve
around the legs to produce minimum stretching of the seams, reducing tension
and consequently reducing the chance of leaks. The seams are butt-fitted,
glued with neoprene cement, and covered on the inside surface with seal
tape.

The outer nylon chafing garment serves several purposes. It provides
protection for the dry suit against snaaging, tearing, and abrasion;
provides inflation restraint to prevent inadvertent flow-up, has pockets
;or fnstalling diver weights, and aids in maintaining the jocking harness

n place.

The stardard MK-12 SSDS diving dress is virtually impossible to
decontaminate and does not-provide a dry suit/glove interface. As a result
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exercise routines with no evidence of heat stress. What's more, they did
so in 1129 water, even hotter than the day before, and still emerged
"feeling fine."

By this time, the SUS suit and modified versions of two commerciallv
available suits and two helmets had been identified as effective for diving
in contaminated waters. The SUS suit will have a working range of 100
degrees: it will warm divers in below freezing water as cold as 30° and
water as hot as 1300,

Figures 16.1 and 16.2 show the development and use of a real time heat
sensor system incorporated into the diver's medical monitoring harness.
The rectal thermal probe gives an accurate reading of body core tempera-
tures of the diver under varicus work loads and environmental conditions.
An additional set of thermal sensors within the helmet monitor heat buildup
within the diver's head area, which can be controlled by venting the hat
more frequently. All sensors have hard wire telemetry through the surface
supported umbilical to a YSI 400 tele-thermometer.

Effects of Heat Stress

If the bodv's physiological processes fail to maintain a normal body
temperature because of excessive heat, a number of physical reactions can
occur ranging from mild (such as fatigue, irritability, anxiety, and
decreased concentration, dexterity, or movement) to fatal. Standard
reference books should be consulted for specific treatment.

Heat-related problems are:

- Heat rash: caused by continuous exposure to heat and humid air
and agyravated by chafing clothes. Decreases ability to tulerate
heat as well as being a nuisance.

- Heat cramps: caused by profuse perspiration with inadequate fluid
intake ang chemical replacement (especially salts). Signs: muscle
spasm and pain in the extremities and abdomen.

- Heat exhaustion: caused by increased stress on various organs to
meet increased demands to cool the body. Signs: shallow breath-
ing; pale, cooi, moist skin; profuse sweating; dizziness and
lassitude.

- Heat stroke: the most severe form of heat stress. Body must be
cooled immediately to prevent severe injury and/or death. Signs
and symptoms are: red, hot, dry skin; no perspiration; nausea;
dizziness and confusion; strong, rapid pulse; coma.
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SECTION 17
MEDICAL MONITORING

Perspectives on Response Team Exposure Potential

Hazardous materials response personnel, both the diver and surface
support personnel, can be exposed to conditions that are typical of normal
occupational exposures. Therefore, special attention should be given when
developing medical surveillance programs for this type of worker. The team
member can be exposed to thousands of toxic chemicals that may or may not
be identifiable at the time of response. Even if the substances are identi-
fied, potential health effects of exposure to these chemicals or mixtures
of the chemicals may not be known. Some other differences between the
normal industrial worker and the response team member are as follows:

1. Usually the response team member's exposure to hazardous substances
is relatively short in duration and dependent primarily on the
length of the cleanup operation.

2. Industrial exposures are controlled by engineering and industrial
hygiene practices. However, the response team member's source of
protection from exposure to hazardous substances is usually proper
work practices anc proper utilization of personal protective
equipment, e.g., gloves, respirators, coveralls, chemical suits,
boots, etc.

3. Generally, dindustrial exposures evolve from known substances and
sources, whereas the response team member may be exposed to
substances that are unknown in type, quantity, concentration, etc.

Preplacement/Pre-employment Examinations

Preplacement examinations serve an essential function in health
surveillance by providing a historical record of previous exposures,
information on the state of health prior to joining the team, and a
baseline for comparisons with Tater health observations. Preplacement
examinations are used to ensure that workers are physically able to use
personal protective equipment. Employment and medical history, a physical
examination, and biological monitoring are elements of the preplacement
examination and should be tailored to the specific hazards of the job under
consideration.

Hazardous material response personnel may be required to utilize
protective respirator equipment. Occupational Health and Safety Standard
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29 CFR 1910, Part 134, requires that no employee be assigned to a task that
requires the use of a respirator unless it has been determined that the
person is physically able to perform under such conditions. The baseline
evaluation should determine whether a team member can utilize respiratory
equipment. Once a determination has been made as to the physical ability
to wear a respirator and perform the work task, a periodic review of the
employea's "health status" should be made. Annual evaluations are common
practice. It is recommended that a physician with knowledge of pulmonary
disease and respiratory protection practices should determine what medical
factors are pertinent.

Potential respirator wearers should be examined for any evidence of
respiratory impairment such as emphysema, obstructive Tlung disease, and
bronchial asthma. These conditions may justify forbidding a person to wear
a resnirator that restricts inhalation and exhalation, but would allow the
individual the ability to perform adequately in a continuous-flow supplied
air device. Other medical conditions that may prevent an employee from
wearing a respirator might include: diabetes, epilepsy, use of certain
drugs, skin sensitivities, emphysema, chronic pulmonary obstructive
disease, and coronary artery disease.

The primary element of any baseline medical evaluation is the comple-
tion of a comprehensive medical health history form. In addition, an
occupational history questionnaire should be completed so that pessible
pre-existing exposure to chemicals can be traced. Table 17.1 gives
examples of basic parameters that coula be considered in an occupational
and medical history assessment.

The current general EPA Medical Monitoring Program recommendations are
to provide a comprehensive baseline examination for participants in the
program. Specific medical monitoring for hazardous materials response
personnel is under development and is due for release in the fall of 1983.

Periodic monitoring should include, as a minimum, an interim medical
and occupational history review, a screening physical examination, basic
blood and urine 1laboratory tests, and a physician's evaluation. The
monitoring examination should be supplemented by procedures and special
tests only as warranted by exposure to speci€ic significant hazards or
stresses.

Each individual should receive a basic panel of blood counts and
chemistries to evaluate blood-forming, kidney, liver, and endocrine/
metabolic function. The following blood tests are considered to be the
minimum desirable:

Khite blood cell count and differential cell count
Hemoglobin and/or hematocrit

Albumin, globulin, and total protein

Serum glutamic oxalacetic transaminase (SGOT)
Lactic dehydrogenase (LDH)

Alkaline phosphatase

Calcium

oocococoQCOo
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X-Ray--

A baseline chest X-ray should be a standard 14 x 17-inch P-A
(posterior-anterior) exposure. The Tlateral view is not necessary for
routine scre2ning purposes. 'he X-ray may be obtained from the examining
physician, a local radiologist, or a local hospital. The film should be
read or vreviewed by a board-certified radiologist or other competent
medical specialist. Subsequent periodic chest X-rays should be performed
only when clinically indicated and not as a routine measure,

Electrocardiogram--

An electrocardiogram should be included in the baseline examination.
Ordinarily it should be of the standard 12-lead resting type and interpreted
by an internist or cardiologist. Subsequent periodic electrocardiograms
should te obtained only when recommended by tke examining physician, and not
as a routine measure. Figure 17.1 shows a three lead EKG pickup and a
Lifepak 4 heart monitor for real time tracking of work stress.

Pulmonary function--

Pulmonary function testing is desirable as a part of the baseline
examination. It may be indicated periodically for employees at respiratory
system risk, such as those with significant exposure to toxic dusts and
irritants. As a minimum, it should consist of simple tests of Tlung

yentilation: forced expiratory volume in one second (FEVy) and forced

vital capacity (FVC).

Workers who are significantiy exposed to certain designated materials
may require additional special procedures in addition to the basic panel of
tests. The physician should determine who is in need of special tests
after reviewing the history forms and after consulting with supervisors
and/or medical monitoring coordinators and health and safety designees.
Provision should be made for repeating tests when necessary. Consultative
assistance is available from the EPA Occupational Health and Safety Staff
regarding special tests.

Ambient air monitoring--

While not a true medical monitoring function, it is desirable to
monitor the helmet atmosphere of the diver for contamination. Figure 17.2
shows the use of a battery operated air sampling pump known as a Poly Meter
which is worn under the divers dress. This unit pulls a measured air flow
through a specific chemical detector tube which will measure the concen-
tration by discoloration. The diver and tenders are able to measure any
contamination just by visual observation. Based upon prior knowledge of
what contamination 1is present, the appropriate detector tube can be
selected.
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of the skin can be greatly diminishea by lacerations, abrasions, and moisture.
Also, many organic solvents can greatly increase the permeability of the skin
to materials that would otherwise not pass through it. Another factor is
that the skin provides a large area for surface contact of the toxin.

Inhalation is the most rapid exposure route. Toxins are introduced to
respiratory tissue and the boodstream immediately. Once admitted to the
blood through the 1lungs, these toxic chemicals are quickly transported
throughout the body providing contact with all organs.

Health hazards to personnel from ingestion of materials are of minimal
concern relative to skin and respiratory hazards. The number of substances
that can be ingested are limited; i.e., it is difficult to swallow vapors and
gases. Also, contact with ingestible materials is limited in that they only
get to the mouth through hard contact. Even when ingested, toxicity by mouth
is of a lower order due to subjection to acidic, alkaline, enzymatic conditions
of the gastrointestinal tract. However, these same conditions may enhance
the toxic nature of a compound. It should also be noted that gum and tobacco
chewers can abscrb appreciable amounts of gaseous substances during an eight-
hour work shift.

The establishment and execution of personnel protection programs when
responding to hazardous chemical spills or releases find their basis in th
letters "IDLH".

The definition of IDLH provided in 30 CFR 11.3(t) is as follows:

"Immediately dangerous to life or health" means conditions that
pose an immediate threat to life or health or conditions that
pose an immediate threat of severe exposure to contaminants,
such as radioactive materials, which are likely to have adverse
cumulative or delayed effects on health."

The purpose of establishing an IDLH exposure concentration is to ensure
that the worker can escape without injury or irreversible health effects from
an IDLH concentration in the event of failure of the respiratory protective
equipment. The IDLH is considered a maximum concentration above which only
highly reliable breathing apparatus providing maximum worker protection is
permitted. Since IDLH values are conservatively set, any approved respirator
may be used up to its maximum use concentration below the IDLH.

Levels of Protection

It is important that personnel protective equipment and safety require-
ments be appropriate to protect against the potential or known hazards at an
incident. Protective equipment should be selected based on the types(s),
concentrations(s), possibilities, and routes of personnel exposure from
substances at a site. In situations where the type of materials and
possibilities of contact are unknown or the hazards are not clearly identifi-
able, a more subjective determination must be made of the personnel protective
equipment required for initial safety. Level B protection is the minimum

level recommended on initial entries until the hazards have been further.

identified and defined through monitoring, sampling, and other reliable
methods for analysis; and personnel protection equipment corresponding with
those findings can be utilized.
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The appropriate ievel of protection shall be determined prior to the
initial entry on-site based on best available information. Subsequent
information may suggest changes in the original level selected. Recommended
levels of protection ave:

1. Level A
Level A protection should be worn when the highest available
level of respiratory, skin, and eye contact protection is needed.
While Level A provides the maximum available protection, it does
not protect against all possible airborne or splash hazards. For
example, suit material may be rapidly paim2able to certain chemicals
in high air concencrations or heavy splashes. (See Figure 18.1)

2. Level B ]

LCevel B protection should be selected when the highest 1evel
of respiratory protection is needed, but cutaneous or percutaneous
exposure to the small unprotectec areas of the body (i.e. neck and
back of head) is unlikely, or where concentrations are known within
acceptabl e exposure stardards. (See Figure 18.1)

3. Level C

evel C protection should be selected when the type(s) and
concentration(s) of respirable material is known, or reascnably
assumed to e not greater than the protection factors associated
with air-purifying respirators; and exposure to *he few unprotected
areas of the body (i.e. neck and back of head) is unlikely to cause
harm, Continuous monitoring of site and/or irdividuals should be
establ ished. (See Figure 18.1)

4, Level D
evel D is the basic work uniform and should be worn Ffor all
site operations. Level D protection should only be selected when
sites are positively identified as having ro toxic hazards. (See
Figure 18.1)

Respiratory Hazards and Protection:

The lungs do not have defenses which are 100% effective against toxic
gases, vapors or particulates. Such hazards may impair or destroy portions
of the respiratory tract or they may be absorbed directly into the bloodstream.
Those hazards in the blood may eventually affect the function »f other organs
and tissues. The lungs must be protected from toxic hazards. This can be
accompl ished by avoiding or minimizing exposure. Engineering controls such as
ventilation will help decrease exposure. However, when such controls are not
practical or feasible, protection can be aifurded by the use of respirators.

There are respirators which filter gases, vapors, and particulates in
the ambient atmosphere. When concentrations are too high, respirators are

~available which will supply a clean source of breathable air to the wearer.

Oxygen Deficiency:

The body requires oxygen to maintain the various ongoing process. If

_the oxygen concentration decreases, the body will react by exhibiting various

symptoms. Dealth will occur when the concentration reaches only 6%. The
effects of oxygen deficiency are 1isted on the following table.
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. 0p Vol % Physiclogical Effect
At Sea Level :

16-12 ; Increased breathing volume, acceierated
heartheat, impaired attention and think-
ing, impaired coordination.

14-10 Very faulty judgment, very poor muscular
coordination, muscular exertion causes
rapid fatigue that may cause permanent
heart damage, intermittent respiration.

10-6 , Nausea, vomiting, inability to perform
vigorous movement, or Tloss of all move
ment, unconsciousness, followed by
death.

Less than 6 Spasmotic breathing, convulsive muvements,
: death in minutes.

Aerosols

~ MAerosol is a term used to describe particulates in air without regard to
their origin. Particulates are collected on the walls of the nasal cavities
and conducting tubes. Particulates ranging in size from 5 to 30 microns are
deposited in the nasal and pharnygeal passages. The trachea and smaller
conducting tubes collect particulates 1-5 microns in size. Any particulates
which travel into the conducting tubes are carried by force of inhalation.
For particulates to reach the alveolar spaces they must diffuse from the
smallest conducting tubes into the alveolar spaces. Oniy particulates less
than .5 microns in diameter diffuse into the alveoli. Larger particles do
reach the alveolar spaces due to gravity and settling. The smallest parti-
culates may never be deposited in the alveoli and so may diffuse back into
the conducting tubes to be exhaled.

Gaseous Contaminants

Gases and vapors are filtered to some degree by the respiratory tract.
If soluble, gases and vapors will be absorbed into the walls of the passages
to the alveolar spaces. Not all will be absorbed and so they will finally
diffuse into the alveolar spaces. Here, the gases or vapors can be directly
absorbed into the bloodstream.

Respiratory Protective Devices

Respiratory apparatus can be divided into two general types: Air
Purifying and Atmosphere Supplying. These two categories can be further
divided into groups based on their construction and operation.

A1l respirators are composed of two main components: the faccpiece and
" the device which supp11es or purifies air. The facepiece comes in three
configurations which is d1rect1y related to the amount of protection afforded
by the respirator:

1) Quarter Mask (Type B - Half Mask) fits from nose to top of chin and
utlizes two-or four-point suspension.
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2) Half Mask (Type A - Half Mask) fits under chin and over the nose.
To be approved it must have four-point suspension.

3) Full Facepiece covers all of the face from under the chin to the
forehead.

The full facepiece provides the best protection because it is more easily
fitted on the face than either the half or quarter mask.

Equipment Classification - Genera: Considerations

Air Purifying Respirators--

The use of air purifying respirators is predicted on several factors,
The atmosphere that the respirator is to be used in must have at least 19.5%
oxygen. The concentration of the contaminant must be at IDLH levels.

Mechanical filters are used for particulate hazards and chemical sorbents
are used fcr gases and vapor hazards. Respirators are approved for use up to
predesignated concentrations. The respirator is also 1imited by its length
of service which is based on the contaminant concentration.

Another important requirement 1is that the contaminant being filtered
have warning properties which will alert the user to the exhaustion of service
capacity of the respirator.

Atmosphere Supplying Respirators--

There are four types of respiraters which supply breathing air to the
user. Atmosphere-supplying respirators provide from five minutes to several
hours of breathing air. The first type and the oldest is the oxygen genera-
ting respirator. This type of respirator has a canister which converts car-
bon dioxide to oxygen. Oxygen generating respirators have been used in the
mil itary and for escape purposes in mines.

“The hose mask is another type of atmosphere-supplying respirator. It
utilizes a remote source of a clean atmosphere. The clean air is drawn
through the hose by the user or by a blower. The airline respirator is
similar to the hose mask except that the source of air is compressed.

Sel f-contained breathing apparatus (SCBA) uses a cylinder to hold com-
pressed air or oxygen and allows the wearer to carry it with him/her without
the confinement of a hose or airline., SCBA's and airline respirators operate
in one of several modes, continuous demand or pressure demand,

The amount of protection an atmosphere-supplying respirator gives is
based on two factors: the type of facepiece and its mode of operation. As
was indicated earlier, the full face mask provides the best protection. Of
the three modes of operation, continuous, demand, and pressure demand, the
pressure demand mode provides the best protection. Airline respirators may
use any one of the three operational modes. SCBA's will operate in either
demand or pressure demand. Hose masks are considered to be demand operated.
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is to establish equil ibrium, diffusion and other molecular forces "drive" the
agent into the material. When the agent passes completely through the .mat-
erial, it will condense on the inside wall and/or diffuse into the atmosphere
opposing this inside wall. The precess of permeation will continue as long
as te concentration gradient remains greater in the outside atmosphere. The
amount of time required for this sorption process to begin is the initial
breakthrough point.

The permeation rate is based upon several factors. These include the
concentration of the attack chemical and the thickness of the protective
material. The rate is inversely proportional to the thickness of the material
while the conceotration 1is directly proportional to the perm2ation rate.

The amount or degree of permeation is related to the exposure conditions
which include temperature and contact time. The contact time will ultimately
dictate how much of the chemical will successfully permeate the protective
material. The use of protective clothing warrants a conscious effort to
avoid prolonged exposure or contact with any hazardous chemical.

It is important to be cognizant of the fact that no material will resist
permeating by all agents. Some degree of permeation can be expected in most
cases. The various types of protective materials usually possess the abil ity
to protect only against certain classes of chemicals. The other classes of
compounds may readily permeate the material.

Once a 1iquid or vapor is sorbed by the material, there is a need for
laundering. The ability to be completely decontaminated is an advantageous
cheracteristic of protective material. Most materials, no matter how resis-
tant to strength loss, will allow permeation. With many of these materials
it is impossible to remove al contamination compietely. Materials such as
butyl rubber and viton, which will desorb most contamination upon cleaning,
are available but also expensive. This 1is wnhere the use of disposable
ciothing may be advantageous.

The Naval Surface Weapons Center, Dahlgren, VA is currently conducting
extensive chemical permeation tests on the various materials found in diving
suits, helmets and exhaust assembl jes. Once this data has been released to
the public it will be incorporated into this section under the final protocol.

Chemical Resistance Charts

In choosing protective materials based on a selected hazard, various
tables are available which indicate relative effectiveness. It is important
to recognize that such tables reflect only the material 's ability to resist
degradation by the agent. This is not the same as resistance to permeation.
A material may be physically unaffected by a substance, but may still be very
permeable to that agent. This is not to say that such charts are not useful.
They can be so long as the seriousness of the hazard is properly considernd.
If the hazard is extremely toxic, then any activity involving that agent
should be reevaluated. The potential risk involved must be weighed against
the potential gain.
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Table 18.1 provides an illustration of available data usually presented
by the manufacturer. (This information is general and indicates effactive-
ness by generic classes of chemical compounds). Upon studying this table, it
is apparent that the protective capabilities of these materials are variable.

1. Tyvek - a DuPont product described as a spun bonded olefin which is made
of nonwoven polyethylene fibers. In this form, Tyvek has reasonable
tear, puncture and abrasion resistance and is excellent in holding out
particles. Another desirbale quality of this material is its resistance
to static build-up. Once laundered, it loses that property. Tyvek is
inexpensive and suitable as a disposable garment. Its melting point is
270°F,

2. Nomex = This is another DuPont product. HNomex is composed of an aromatic
polyamide fiber. It is noncombustible and has flame-resistance up to
220°C, thus providing good thermal protection. It is also very durable
and acid-resistant. Nomex is easily laundered, '

3. Polyethylene - This is an inert yet permeable material. I}t is sometimes
used as a coating or Tyvek garment which gives them resistance to. acids,
bases, and salts. Polyethylene will absorb organic solvents.

4, Polyvinyl Chloride (PVC) - This material is used to manufacture many
types of protective clothing. It is resistant to acids but will also
allow permeation. Upon decontamination, PVC will retain traces of the
contamination. PVC has been coated on Nomex to develop a strong pro-
tective material. Fully encapsulating suits such as the Wheeler Acid
King and the MSA Rocket Fuel Handlers suits are examples of such a
combination. These suits cost in the neighborhood of $600.00.

5. Neoprene - This synthetic elastomer provides very gnod protection aganist
many chemicals. Keep in mind that a material which will not degrade may
still be permeated. Neoprene provides better protection than PVC but as
with PVC, it will retain contaminants upon decontamination. Many
respirator facepieces and breathing hoses are also made of neoprene.

6. Chlorinated Polyethylene (CPE) or Chloropel - This material is manufactured
by ILC Dover and used in the manufacture of splash suits and fully
encapsultating suits. The U.S. Army is currently testing prototype
suits as protection against nerve agents and the U.S. Coast Guard is
also conducting tests with suits made of CPE. The manufacturer supplies
chemical resistance information but no data on permeability. it is
considered to be a good all-around protective material. Four hundred
dollars will be sufficient to buy a suit made of CPE.

7. Butyl Rubber - This material is especially resistant to permeation by
gases. It is used in the manufacture of boots, gloves, splashsuits,
aprons, and fully encapsulating suits. The Army has been using butyl
rubber garments against toxicological agents for many years. Butyl
Rubber is resistant to many compounds except halogenated hydrocarbons
and petroleum compounds, which is a common deficiency of most protective
materials. One advantage Butyl Rubber does have is its ability to
release all contamination upon laundering. .
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Chem-Pro of East Wind, Inc. manufactures fully encapsulating suits and
other Butyl Rubber garments. Their fully encapsulating suit is used a great
deal by EPA and its contractors. A Butyl Rubber suit is avaiiable for nearly
$1,000.00.

8. Viton - This is a DuPont fluoroelastomer which has recently been employed
in a fully encapsulating suit. The suit is manufactured by Chem-Pro of
East Wind, Inc. Viton has been tested for permeability and it has been
shown that its overall protective capabilities, especially with liquids,
surpasses that of butyl rubber and neoprene. There are chemicals which
Viton i5 not as effective as other materials such as the ketones and
aldehydes. Viton also has the ability to extricate all contaminants
upon thorough cleaning which is an advantage over other materials which
do not. A fully encepsulating Viton suit costs about $3,000.00.

9. Others:

a) Natural rubber - used in the manufacture of boots and gloves. It
resists degradation by alcohols and caustics.

b) Nitrile - This material is being used in protective boots and gloves
because of its resistance to petroleum products.

c) Poly Vinyl Alcohol (PVA) - This is an excellent protective material
for use against aromatic and chlorinated hydrocarbons. The major problem
with PVA is the fact that it is soluble in water.

It is evident that there are protective materials available for specific
chemical hazards. Yet, there is really no one material good for all types of
hazards; thus, selection can be difficult. Because protection can be limited
by the protective material employed in the suit or gloves, several layers of
protection should bg considered. Disposable boots and gloves and PVC rain-
suits serve such a purpose. They can be used to provide an extra layer of
protection and then discarded. This also lessens the amount of decontam-
ination required for the inside layer of garments.

Types of Protective Clothing

As has been emphasized, the selection of appropriate protective gear is
based on the protection required. Appropriate protection is achieved by
assembling a complete set of gear. This includes hardhat, safety glasses or
faceshield (preferably both), body covering (coveralls o~ pants and jacket),
gloves, and safety shoes (steel toe and shank). If one item is omitted, the
safety of the individual is compromised.

Heat Stress & Body Cooling

With any clothing which provides protection aganist hazardous substances,
it is important to recognize the hazards created by wearing such clothing.
Because the body is shielded from normal circulation of air, it is not allowed
to carry out its functions normally. Perspiration generated does not evap-
orate, thus eliminacing the body's main mechanism of cooling. With that
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gone, the body is prone to heat stress which can be exhibited as heat stroke
or heat exhaustion. This 1is very common as the ambient temperature rises
above 65-70°F. Work schedules in fully encapsulated clothing must be regu-
lated very conservatively as heat stress may become more of a threat than the
chemical hazard itself.

The best way to combat any heat stress is to allow the body to perform
1ts normal cool ing functions. The most efficient body cooling process is by
evaporation. While in protective clothing that has no ventilation, profuse
perspirinn occurs. If the perspiration is left in contact with the skin, it
has a better chance of evaporating and cool ing the body surface. When the
perspiration is allowed to run off the body quickly, evaporaticn will not
occur as much as 1is desirable. This will happen when only shorts are worn
under a fully encapsulating suit. Another hazard when dressed minimally in a
suit is the temperature of the suit itself. On a hot day the suit material
can become very hot and cause severe burns to the person inside.

When wearing a fully encapsulating suit, it is advisable to wear long
underwear, It will cling to the body when soaked with perspiration, thus
allowing the greatest possible amount of cooling by evaporation. This will
also protect the body from burns from the suit itself. The best way to
prevent heat illness is to 1imit the amount of work in the suits.

When extended periods of work in fully eicapsulated suits is required,
some sort of cooling must be provided to the worker. The best method is by
allowing frequent rest periods. Sometimes this is not enough so a cooling
device must be employed. There are effective cooling units available for use
with supplied air units. The cool air is directed to all parts of the bcdy.
A vortex tube is used to generate the cool air. Actually, the vortex tube
separates the supplied air into warm and cool components and releases the
warm air. When sel f-contained air is used for breathing, the cooling device
must also be self-contained. Vests have been designed to carry ice packs for
cool ing. Trere are several other commercial devices available to combat heat
generated by fully encapsul ating suits.

Heat stress symptoms should be observed for all levels of protection,
but especially 1inLevels A and B. For example, Army personnel wearing the
military M3 toxicological suit (a two-piece butyl rubber suit) are required
to follow these guidel ines:

Ambient Temperature Maximum Wearing Time (Hours)
Above 90°F 1/4 hour
85-90°F 1/2 hour
80-85°F 1 hour
70-80°F g 1-1/2 hours
60-70°F 2 hours
50-60°F 3 hours
30-50°F 5 hours
Below 30°F 8 hours
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Level B
Personal Protective Equipment

Positive Pressure SCbA (MESA/NIOSH approved)

Two-piece chemical-resistant suit

Chemical-resistant hood*

Coveralls (fire-resistant) under splash suit*

Gloves - Outer, chemical protective

Gloves - Inner, tight-fitting, chemical resistant

Boots - Outer (chemical-protective heavy rubber throw aways)
Boots - Inner (chemical-protective, steel toe and shank)
2-way Radio communications

Hard-hat*

Face Shiela*

0O00CO0O00O00C0 OO

Level C
Personal Protective Equipment

o Fullface, air-purifying respirator (MESA/NIOSH approved)

o Chemical-resistant clothing: overalls & long sleeved jacket or
coveralls, hooded 2-piece chemical splash suit, when spplicable -
hooded disposal coveralls*

o Gloves - Outer (chemical-protective)

o Gloves - Inner (surgical type)*

o Cloth Coveralls - Fire-resistant (inside chemical protective cloth-
ing)*

o Escape Mask

o Hard-hat* (face shield, optional)

o Boots - Outer (chemical-protective heavy rubber throw aways)*

o Boots - Inner (chemical-protective, steel toe & shank)

0 2-way Radio communications

Level D

Personal Protective Equipment

Coveralls - Fire-Resistant

Boots/Shoes - Safety or chemical-resistant steel toed boots
Boots - Outer (chemical-protective heavy rubber throw aways)*
Escape Mask

Safety Glasses

Hard-hat* (face shield optional)

Gloves*

(==~ I = I = [ = I =]

*Optional Equipment
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- Leachate or runoff.

- Biological indicators - dead vegetation, animals, insects, and fish.
B Unusual odors or conditions.

- Visﬁa] observation of vapors, clouds, or suspicious substances.

- Off-site samples.

surface water

-~ driniking water

site runoff

]
L}

groundwater (wells)
- Interviews with inhabitants and indications of medical problems.

On-Site Survey

A more thorough evaluaticn of the hazards leading to remedial operations
generally necessitates personnel entering the defined site. Prior to going
on-site, develop an entry plan addressing what wiil be accomplished initially
and prescribe the procedures to protect the health and safety of response
personnel. Upon entering the site, collect the following information and
observations:

- Monitoring ambient air for:

-- organic vapors, gases, and particulates.

oxygen deficiency.
-~ gpecific materials, if know.

combustible gases.

]
]

" inorganic vapors, gases, and particulates.
-- radiation.
- Types of containers, impoundment, or other storage systems.
-- numbers, types, and quantities of material
-- condition of storage systems, state of repair, or deterioration
- Physical condition of material.

-- solids, liquids, gaszs
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-- color, turbidity

~-- behavior - foaming, vaporizing, corroding
- Leaks or discharges from containers, tanks, pcnds, vehicles, etc.
- Potential pathways of dispersion.

-- air

surface water

-- groundwater

land surface

-- biological routes

- Labels, markings, identification tags, or other indicators of
material.

- Samples.
-~ standing water
-= s0i]l
-- wells
-- storage containers
-- drainage ditches
" -- streams and ponds
PHASE II: COMPREHENSIVE EVALUATION

The second phase, comprehensive evaluation, which may not be needed in
all responses, is amore methodical program designed to collect data to enhance,
refine, and enlarge the initial data base. This phase would provide more
comprehensive information for characterizing the environmental hazards assoc-
iated with incident response operations and for meking decisions. As a
continuously operating program, the second phase also reflects environmental
changes resulting from response activities.

Available information and/or information obtained through initial site

: entries may be sufficient to identify and assess thoroughly the human and
t environmental effects of an incident, If not, additional monitoring and
samoling are required. Phase II, an environmental surveillance program, will

need to be designed and implemented to allow a complete evaluation of all the

effects of the incident on all media. Also, since mitigation and remedial

measures taken at the site may cause changes in the original conditions, a
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surveillance program must be maintained to identify any changes at the site.
Phase Il (which may not be required on all responses) is to refine, supplement,
or complement information obtained throuah initial investigations and to
maintain the surveillance program throughout the lifetime of the incident.

SUMMARY

Evaluating the hazards associated with an incident involves various
degrees of complexities. The release of a single, known chemical compound
may represent a relatively simple problem. It becomes progressively more
difficult to determine harmful effects as the number of compounds increases.
Evaluation of the hazards associated with an abandoned waste site, storage
tanks, or lagoons holding vast amounts of known or unknown chemical substances
is far mor: complex than a single release of an identifiable substance.

Effectively accomplishing the major responsibility of response personnel,
which is the protection of public health and the environment, requires a
thorough characterization of the chemical compounds involved, their dispersion
pathways, concentrations in the environment, and deleterious effects. A base
of information is developed over the lifetime of the incident to assess. the
harmful effects and ensure that effective actions are taken to mitigate the
release.

19-6

T —— g R TSR DR |

B e i o ]




i
l
@

SECTION 20
FIELD SAMPLING AND ANALYSIS

Prior to deploying aiving personnel at a hazardously contaminated
water site, the uSC or MSO must obtain information as 0o the nature and
concentration of materials and assess the risk to underwater divers. As
was describea in Section 16 on "Incident Evaluation", sanmple acquisition
forms the Lasis for any response action.

At present, there are numerous accepted standardized methods for
collecting environmental samples. Many of these methods are specified by
inaustrial, governmental, or scientific organizations such as the American
Society of Testing Materials (ASTM). Common -publications which spell out
specific sampling requirements for a particular analysis are Standard
Methods for the Examination of Water and wastewater and Methods for Chemical

Analysis of water and Wasie. Sampling procedures can also be found in the

Feceral Register. It tihere 1is conflicting information, employ the most

recent U.S. Government methoa.

Personnel collecting hazardous samples should use protective clothing
and equipment to minimize exposure. The use of special collection equipment
presents a proclem. vLimitea information is available, and no universally
acceptea standaraized methods have been devised for the collection of
hazardous samples.

Sampling Equipment
Equipment to collect and contain hazardous samples should be:

- Disposable or easily decontaminated. A collection device may be
-reused again only arter thorough cleaning.

- Inexpensive, especially for disposable items.

- Easy to operate, because personnel may be wearing cumhersome
safety clothing and respiratory equipment.

-  Non-reactive, so that it does not contaminate samples.
- Safe to use.
A1l information pertinent to field activities will be recorded in
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various forms: logoooks, sample tags, photoygraohs, etc. Proper documenta-
tion ana document contrcl are crucial to entorcement actions, since the
government's case in a formal hearing or criminal prosecution often hinges
on evidence gathered by the Science C(oorainator. Therefore, each field
worker must keep aetailea records of inspections, investigations, photo-
graphs taken, etc., and review all rotes thoroughly before leaving the site.

The purpose of document control is to assure that all documents for a
specific project are accounted for when the project is completed. Account-
able documents include items such as logbooks, field cata records, analyti-
cal records, and photos. Each document should bear a serial number and
should be listed, with tne nuiber, in a project acocument inventory assemblel
at the project's completion. Waterproof ink must be used in recording & °
data in documents bearing serial numbers.

The first area of sampling is air monitoring for:

- Urganic vapors, gases, and particulates,

- Uxygen deficiency,

- Specific materials (if known),

-  Combustible gases,

- Inorganic vapors, gases, and particulates,
- Radiation.

Samples must also pe taken of the contaminated water surface, mida-depth and

Allowing for free head space in the top of the water sample container,
a number of air monitoring tests can be run on the aqueous sample.

A number of field instruments which are currentiy used analyze
"ambient" air for percentage of the lower flammability limit of a vapor or
gas in air, concentration of oxygen, or concentration of toxic vapors/gases.
These devices come in two categories, general survey and specific survey,
based on the type of sampling performed.

General survey instruments include:

- Combustible yas inaicators

~- Ultraviolet photoionization detector

- Flame ionization detection

-  Century Systems Urganic Vapor Analyzer
- Infrared Spectrophotometer

- Miran Infrared Spectrophotometer

Specific survey in truments are devices that measure a specific
material. Oxygen meters and direct-reading colorimetric tubes are virtually
always used at incidents involving hazardous substances.

Appendix b entitled "Air Monitoring ana Survey Instruments" presents
information on the characteristics of field instruments along with detailed
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explanations on the characteristics, capabilities, and limitations of these
units.

A numper of different types of devices and techniques are utilized for
sampling at incidents involving hazardous substances. Using the correct
liquid and solia materials samplers, selecting sample containers ana clos-
ures, and preserving samples, are all critical in obtaining the necessary
analytical aata that will provice the USC and MSO with the true perspective
on the condition cf the incident. Appendix ¢ describes various sampling
equipment and methoas.

Hazardous Materials Spills Uetection Kit

In oruer to facilitate rapia detection, a Hazardous mraterials Spills
Detection Kit, shown in Fig. 20.1, for performing non-specific tests with a
broad response to many contaminants has been developed by the EPA. The kit
is designed for use at spills when the identity of the contaminant is known
and the important consideration is tracing the spill plume until counter-
measures can be taken.

The Hazaraous Materials ULetection Kit can be carried by one person and
is versatile enough to be modifiea for special applications. It contains a
pH meter, conductivity meter, spectrophotometer, filter assembly, efferves-
cent jar, miniature chromatographic columns, enzyme "tickets", ano data
sheets. The instrument components are battery-powered for field use,
although the spectrophotemeter and conductivity meter can be modified for
120~ or z40-V a.c. operation using the adapter and cable that are provided.
The kit has all the necessary instrumentation, equipment, and reagents that
may be needed by a field investigator to detect and tracc contaminants in
warerways.

Hazardous materials ULetection Kits, which are commeycially available,
have been used during emergency responses to hazardous materials spills.
Additional information about the kits may be found in the EPA report,
EPA-600/2-78-055.

Hazaraous Materials Identification Kit

There are nearly 300 materials classified as hazardous substances by
EPA (Federal Register, February 16, 1979), and -a field kit capable of
rapidly and accurately identifying each of these substances would be too
unwieldy to be practicai. Thus, thirty-six representative hazardous
materials (toxic metals, anicns, organic compounds) were selected and a
ficld kit was designed by the EPA to identify these and related substances.

The identification (ID) kit, shown in Fig. 20.1, consists of two major
components: (1) an inverter/shortwave UV lamp unit for photochemical and
thermal reactions ana (¢) a package with reagents and auxiliary equipment,
including test papers, detector tubes, spray reagents, spot test supplies,
and thin-layer chromatography apparatus. Equipment to facilitate the
recovery of contaminants from water and soil is also included. The field
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identification kit contains cetailsd operating instructions and data cards
for each of the 36 representative hizardous substances.

Identification of groups of contaminants, rather than quantification
of specific substances, is the interdea use of the identification kit. The
ID kit can be used in conjunction with the hazardous Materials Uetection
Kit, which contains a pH meter, spectrophotometer, conductivity meter, and
other analytical equipment. Uti'ization of both kits can improve

“jdentification capability, particularly for inorganic materials. For

example, cyanide and fluoride cannot be distinguished by the 1U kit alone;
however, when the kits are used concurrently, ioentification becomes
possible.

Spills or -gischarges of toxic pesticides in waterways pose a serious
threat to the- aquatic environment anc municipal water supplies. With the
increased use of organophosphate pesticides, which are toxic at very low
lavels, precautions are needea to reduce this threat. Because of the
stability of toxic organophospnate pesticides under “"normal" environmental
conditions, it is imperative to detect these hazardous compounds rapidly .

Cholinesterase Antagonist lonitor

Automatic systems have been developed to monitor water for the presence
of. organophosphate and carbamate insecticides. The principle used for
detecting these cnolinesterase-inhibiting toxic substances is based upon:
(1) the collection of enzyme inhibitors on immobilized cholinesterase, (2)
the chemical reaction of immobilized cholinesterase with a substrate,
butyrylthiocholinesterase, in the presence of enzyme inhibitors, and (3)
the electrochemical wonitoring o7 substrate hydrolysis products.

The Cholinesterase Antagonist Monitor (CAM-4), shown 1in Fig. 20.2
(developed by EPA) is a rugged 1instrument that is designed for rapid
detection of toxic materials in a river, stream, or pond. The portable
apparatus can be used from alongside the banks of a stream or from a boat.
An operator is needed to note the presence of enzyme inhibitors when the
baseline voltage increases 10 or more millivolts in one sampling cycle, as
indicated on the printout of a strip chart recorder. The CA%-4 can operate
continuously--with Tittle maintenance--for an eight-hour period when using
a 12-V automobile battery or a 110~V a.c. Dower source.

Cyclic Colorimeter

The Cyclic Colorimeter, shown in Fig. 20.2, (developed by the EPA) is
useful for field monitoring of heavy metal spills. It incorporates
hydraulic, optical, and electronic components that are designed for the
automatic detection of most heavy metal pollutants. Wwhen an iriicator,
sodium sulfide, is injected dropwise into a sample stream, the p 2sence of
a heavy metal contaminant causes cyclic variations in optical transmittance
at the inagicator injection frequency. These variations are detected by a
lamp and photocell, coupled to an electronic subsystem, which produces
either a quantitative indication of the pollutant or an alarm when a
threshold jevel is exceeded.
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The Cyclic Colorimeter is capable of detecting low levels of many heavy
metals in water of widely varying temperatures. The detector maintains
agequate sensitivity for a period of about two weeks without maintenance.
Scale buildup and stream turbidity do not affect its performance.

The Cyclic Colorimeter is commercially available. Instrument design

specifications and descriptions of latoratory and field tests are included
in the final report, EPA-600/2-79-064.
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Category 1 (more serious) which includes:

Gases having a systemic dermal toxicity reting of moderate to
extremely hazaraous and a skin penetration ranking of moderate to
high, -

Liquidgs and solias having a systemic cermal toxicity rating of
extremely hazaraous and a skin penetration ranking of moderate to
high.

Gases having a local wogermal to-icity rating of moderate to
extremely hazardous.

Liquids and solids having a local dermal toxicity rating of
extremely hazaraous.

Categorx 2 (less serious) which includes:

Gases having a systemic dermal toxicity rating of slightly
hazardous ana a skin penetration ranking of slight.

Liquids and solids having a systemic dermal toxicity rating of
slightly hazardous and a skin penetration ranking of moderate to
slight.

Gases having a local dermal toxicity rating of siightly hazardous.

Liguids and soliags having a local dermal toxicity rating of
moverate to slightly hazardous.

Physicai State

The

physical state of the chemicals listed is their normal state. In

a fire, some listed as solias or ligquids could vaporize and represent
a greater hazard to the skin. The chemicals listed aiso may be found
mixed with other substances, which could change how they affect the
skin.

Skin Penetration

+4

144

Negligible Penetration (solid - polar)
Slight Penetration (solid - nonpolar)
Moderate Penetration (liquid/solid - nonpolar)

High Penetration (gas/liquid - nonpolar)
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Tabiae 21.1 (Continued)

*

Chemical Physical Skin Deramal Patency Prrmissible Category
State Penetration Toxicity Concentration
Monyl Phenol 1iquid - local i+t - 2
a-propyl Alcohol Hquid + local + 200 ppa/ih 2
. systemic +
Omazene salid + local L2 - 2
systemic ++
o-nitrophenol solid A Tucal e - 2
systemic +
o-nitroaniline solid ¢ lecal * - H
systemic e
Oxydiproplonitrile Hquid " systemic -+ - 2
local +
o-xylene Tiquid -+ local + 100 ppm/Bh 2
systemic *
parg-nitrosniline solid + tocal -+ 1 ppm/Bh ‘ 2
systemic ++ 5
Pentanal Tquie L local Lad - 2
systemic +
Perchloromethyl mercaptan 1iquid e local -+ .1 ppa/Bh 2
systemic ++
Phenolcarbylamine Chloride Tgquid + local - - 2
Pheno'mercuric Acetate solid + iocal + - 2
syilemic e
Phuzzmae gas + local =+ .1 ppm/Bn 1
¥hite Fhosphoraus {yellow) selid + local 44 - 1
syitealc ++
Phasphorous Oxychloride Tiqutd " Tocal e - H
systemic -
Fhosphorous Pentasulf ide solid + local e 1 lg!l’f&h 2
! systealc had
Phosphorous Trichloride 1iquid a4 local 4 .5 ppa/Bh 2
systemic ++ 3 mg/m°/Bh
Phthalic-Acid-Diethyl-Ester aquid " local + - 2
Phthalic Anhydride solld + local +t 1 ppa/th 2
systemic *
p-nitrophenol solid Ll local - - -2
systemic +
Potassium Arsenate solid + local -+ .5 mg/m¥/8n 2
systamic 44
Potassium Arsenite solid + local - - 2
systemic paad
Potassius Permenganate solid * Tocal e - 2
Propane gas ~ local Laad 1,000 ppa/Bh 2
frosthite
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Examples of insoluble chemical substances in which a diver should never
be allowed to operate are as follows:

Acetic Anhyiride
Acrylonitrile
Bromine
Epichlu-shiydrin
Methyl Parathion
Chlordane

Again, this list is not complete! Selection of these chemicals are
based upon their insolubility and permissible concentrations being less
than 10 PPM/8-hour period.

The 0SC and diving officer must consult specific chemical charac-
teristics references in order to make an educated on-site decision on
whether or rnot to deploy diving personnel.

21-22









































































































































































































































































R

e e S S

F.

ma, alpha, or beta radiation may be present, but for a number of
reasons may not cause a response on the finstrument. Unless
airborne, these radioactive materials should garesent minimal
hazard, but more thorough surveys should be conducted as site
operations continue to completely rule out the presence of any
radioactive material.

Orygen Deficiency

Normal air contains about 20.5% by volume of oxygen, At or
below 19.5% oxygen air-supplied respiratory protective equipment
is needed. Oxygen measurements are of particular importance for
work in enclosed spaces, low-lying areas, or in the vicinity of
accidents that have prcduced heavier-than-air vapors which could
displace ambient air. These oxygen deficient areas are also prime
Ircations for taking further orcanic vapor and combustible gas
measurements, since the air has been displaced by other sub-
stances. Oxygen-enriched atmosphcres increase the potential for
fires. '

Combustible Gases

The presence or absence of cembustible vapors or gases must be
determined. If readings approach ar exceed 10% of the lower
explosive 1imit (LEL), extreme caution should be exercised fn
continuing the investigation. If readings approach or exceed 25%
LEL, personnel should be withdrawn immediately. Before resuming
any on-site activities, project personnel in consultation with
experts in fire or explosion prevention must develop procedures
for continuing operations.

Yisual Observations

Khile on-site, the initial entry team should make visual obser-
vations which would help in evaluating site hazards, for example,
dead fish or other animals; land features; wind direction; labels
on containers indicating explosive, flammable, toxic, or corrosive
materials; conditions ~onducive to splash or contact with uncon-
fined liquids, sludges, or solids; and other general conditions.

Direct-Reading Instruments
A variety of to«ic afr pollutants, (including organic and in-

organic vapers, gases, or particulates) can be produced at, for
example, abandoned waste sites; fires at chemical manufacturing,

storage, reprocessing, or formulating facilities; or fires 1nvol-'

ving pesticides, Direct-reading field instruments will not

detect or measure all of these substances. Thus, negative
readings should not be interpreted as the complete absence of
airborne tcvic substances. verificaticn of negative results can





















































































The iritial decontamination plan assumes all persornnel and equip-
ment leaving the Exclusion Zone (area of potential contamination)
are grossly contaminated, A system is then set up for personnel
decontamination to wash and rinse, at least once, all the pro-
tective equipment worn. This 1is done 1in combination with a
sequential doffing of protective equipment, starting at the first
statfon with the most heavily contaminated ftem and progressing
to the last station with the least contaminated article. Each
piece precedure requires a separate station.

The spread of contaminants during the washing/doffing process is
further reduced by separating each decontamination station by a

minimum of 3 feet. Ideally, countamination should decrease as a

gerson moves from one station tc another further along in the
ine.

While planning site operations, methods should be developed to
prevent the contamination of people and equipment. For example,
using remote sampling techniques, not opening containers Ly hand,
bagging monitoring instruments, using drum grapplers, watering
down dusty areas, and not walking through areas of obvious con-
tamination would reduce the probability of becoming contaminated
and require a iess elaborate decontamination procedure.

The inftial decontaminatfon plan is based on a worst-case situ-
ation or assumes no information is available about the incident.
Specific conditions at the site are then evaluated, including:
- Type of contaminant.

- The amount of contamination.

- Levels of protection required.

- Type of protective clothing worn.

The initfal decontamination plan 1s modified, eliminating unneces-
sary stations or otherwise adapting it to site conditions. For

instance, the {initfal plan might require a complete wash and..

rinse of chemical protective garments. If disposable garments
are worn, the wash/rinse step could be omitted. Wearing dis-
posable boot covers and gloves could eliminate washing and
rinsing these items and reduce the number of stations needed.

Contamination Reduction Corridor

An area within the Contamination Reduction Zone is designated the
Contamination Reduction Corridor (CRC). The CRC controls access
into and out of the Exclusion Zone and confines decontamination
activities to a limited area. The size of the corridor depends
on the number c¢f stations in the decontamination procedure,
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with higher air concentrations and greater amounts cf liquid
contaminatiori. Gross contamination also increases the proba-
bility of personnel contact. Swipe tests may help determine
the type and quantity of surface contaminants.

Level of Protection

The Level of Protection and specific pieces of clothing worn
determine on a preliminary basis the larout of the decontamin-
ation line. Each Level of Protection incorporates different
propiems in decontamination and doffing of the equipment. For
example: decontamination of the harress straps and backpack
assembly of the self-contained breathing apparatus {s dif-
ficult. A butyl! rubber apron worn cver the harness makes
cdecontamination eastier. C'sthing vartations and different
Levels of Prutection may rejuire adding or deleting stations
in the original decontamination procedure.

Work Fuaction

The work each person does determines the potential for centact
with hazardous materials, [In turn, this dictates the layout
of the decontamination line. For example, observers, photo-
graphers, operators of air samplers, or others in the Ex-
clusion Zone performing tasks that will not bring them in
contact with contaminants way not need to have their garments
washed and rinsed. Others in the Exclusion Zone with 2
potential for direct contact with the hazardeus material will
require more thorough decontamination. Dif{ferent decontamin-
ation lines could be set up for different job functions, or
certain stations in a line could be omitted for personnel
performing certain tasks.

Location of Centamination
Contamination on the upper areas of protective clothing poses

a greater risk to the worker because vclatile compounds may
generate a- hazardous breathing concentration both for the

-worker and for the decontamination personnel, There is also

an increased probabilfty ".f contact with skin when doffing
the upper part of clctning.
Rezson for Leaving Site

The reason for leaving the Exclusion Zone also determines the
need and extent of decontamination, A worker leaving the
Exclusion Zone to pick up or crop off tools or {nstruments
and immedfately returning may not require decontamination. A
worker leaving to get a new air cylinder or to change 2
respirator or canister, however, may require some dagree of
decontamination, Ind{v{duals departing the CRC for a break,
lunch, or at the end of day, must be thoroughly decontaminated.
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ANNEY 2
LEVEL B DECONTAMINATION

A. EQUIPMENT WORN
The full decontamination procedure outlined is for workers wearing
Level B protection (with taped joints between gloves, boot, and suit)
consisting of:
- One-piece, hooded, chemical-resistant splash suit.
- Self-contained breathing apparatus.
- Hard hat.
- Chemical-resistant, steel toe and shank boots,
- Boot covers
- Inner and outer gloves.
B. PROCEDURE FOR FULL DECONTAMINATION
Statfon 1: Segregated Equipment Drop
Deposit equipment used on-site (tools, sampling devices and containers,
monitoring instruments, radios, clipboards, etc.) on plastic drop
cloths or in different containers with plastic liners. Each will be
contaminated to a different degree. Segregatfon at the drop reduces
the probability of cross-contaminacion,
Equipment: varfous size containers

plastic liners

plastic drop cloths
Station 2:_ Boot Coyer and Glove Wash _
Scrub outer boot covers and gloves with decon solution or detergent/
-atero

Equipment: container (20-30 gallons)
decon solution
or
detergent water
2-3 long-handle, soft-bristle scrub brusties
D-61
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Station 8: Suit/SCBA/Boot/Glove Rinse

Rinse off decon solution or detergent/water using copious amounts
of water. Repeat as many times as necessary.

Equipment: container (30-50 gallons)
or
high-pressure spray unit
water
small buckets
2-3 long-handie, soft-bristle scrub brushes
sponges or cloths

Station 9: Tank Change

If worker leaves Exclusion Zone to change air tank, this is the last
step in the decontamination procedure. Worker's air tank is
exchanged, new outer gloves and boots covers donned, and joints
taped. Worker returns to duty.

Equipment: air tanks
‘tape
boot covers
gloves
Station 10: Safety Boot Removal
Remove safety boots and depcsit in container with plastic liner.
Equipment: container (30-50 gallons)
plastic liners
bench or stool
boot jack
Station 11: SCBA Backpack Removal

While still wearing facepiece, remove backpack and place on table.
Disconnect hose from regulator vaive and proceed to next station.

Equipment: table

Station 12: Splash Suit Removal

Hith assistance of helper, remove splash suit. Deposit in container
with plastic liner.

Equipment: container (30-50 gallons)
plastic liners
bench or stool
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Station 13: Inner Glove Wash

Wash inner gloves with decon solution or detergent/water that will
not harm skin. Repeat as many times as necessary.

Equipment: decon solution
or
detergent /water
basin or bucket
small table

Station 14: Inner Glove Rinse

Rinse inner gloves with water. Repeat as many times as necessary.

Equipment: water
basin or bucket
small table

Station 15: Facepiece Removal

Remove facepiece. Avoid tcuching face with gloves. Deposit in .
container with plastic liner.

Equipment: container (30-50 gallons)
plastic liners

Station 16: Inner Glove Removal

Remove inner gloves and deposit in container with plastic liner.

Equipment: container (20-30 gallons) .
plastic liners

Station 17: Inner Clothing Removal

Remove clothing soaked with perspiration. Place in container with
plastic liner. Do not wear inner clothing off-site since there 1is
a possibility small amounts of contaminants might have been
transferred in removing fully encapsulating suit.

Equipment: container (30-50 gallons)
plastic liners

Station 18: ?1e1d Wash

Shower if highly toxic, skin-corrosive, or skin-absorbable materials
are known or suspected to be present, Wash hands and face if shower
is not available.
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ANNEX 3
LEVEL C DECGHTAMINATION

EQUIPMENT WORN

The full decontamiration procedure outlined is for werkers wearing
Level C protection (with taped joints between gloves, boots, and
suit) consisting of:

- One-piece, hooded, chemical-resistant splash suit,

- Canister equipped, full-face mask.

- Hard hat.

- Chemical-resistant, steel toe and shank boots.

- Boot covers.

~ = Inner and outer gloves,

PROCEDURE FOR FULL DECOMTAMINATION

Station 1: Segregated Equipment Drop

Deposit equipment used on-site (tools, sampling devices and containers,
menitoring instruments, radios, clipboards, etc.) on plastic drop
cloths or in different containers with plastic 1iners. Each will be
contaminated to a different degree. Segregation at the drop reduces
the probability of cross-contamination.

Equipment: various size containers
plastic liners
plastic drop cloths

Station 2: Boot Cover and Glove Hash

Scrub outer boot covers and gloves with decon solution or detergent/
water.

Equipment: container (20-30 gallons)
decon solution
or
detergent water
2-3 long-handle, soft-bristle scrub brushes
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VABLE IiI-1 (CCHTIKUED)

DERFAL TORICITY
Chemical Physical Skin Bormal Potency Permissible Category
State Penctration Toxficity Concentration
Sodiuva Hypochlorite Viguid + local e - 3 "
Scdium Lauryl Suifate solid 4 Tocal -+ - 2
Scdium Kethylate solid + Tocal + - 2
Scdizs Naphthalene % local + - 2
Sulfate . gysteaic ++
Scdium Hitrite solid 4 local ++ - 2
gsystemic ~+
Sedium Octylsuifate " go0ifid 'S Tocal + - 2
Sodium Selenite solid # local ++ .2 mg/a3/8h 3
systemic s =
Tecal ++ .15 mg/m3/6h
Strychnine solid = systemic ++ | .45 mg/m3/15 ; 2
min

Styrene Yiquid = 1scal + 100 ppa/&h 2

. systemic ++ 125 ppm/Bh 2
Sulfoxide solid 4 Tocal - 2
Sulfur solid + local + - 2
Sulfur Dioxide gas = local 4 5 ppm/8h 1
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MANUAL

CHAPTER 10

EPA DIVING SAFETY POLICY OCCUPATIONAL
HEALTH AND SAFETY

c. Diving Safety Conmnittee Chairman. The Camnittee will select or
vote for a chairman to reprecent. them and act as focal point on all
EPA diving activities.

(1) CQualification. The Chairman shall:

(a) Be a trained diver with a wide range of experience;

(b) Be a currently certified FPA diver;

(c) Have a least 5 year's experience as a diver; and

(d) Uave successfully caunpleted a nationally recognized
instructors certification course or it's equivalent.

(2) Responsibilities.

(a) 1Issue through OHSS, EPA Diver Certification to quali-
fied employees based on recamrendations and data from the wit diving
officer;

(b) Coordinate with OHSS, and Diving Safety Committee
training certification and other safety programs for divers;

(c) Confer with OHSS Industrial Hygienist Manager on the
approval and use of specialized breathing apparatus or mixture of gases;

(d) Review and initiate through OHSS, appropriate action
on recamendations made by the Diving Safety Cammittee; and

(e) Remain abreast of new diving techniques, procedures
and equipment.

d. Unit Diving Officer.

(1) Designation. Unit Diving Officers shall be selected fram
various EPA installations which conduct diving operations. These
diving officers shall be appointed by the installation director.

(2) Qualifications. The Unit Diving Officer shall be a
trained, currently certified diver experienced in the types of diving
conducted by the organizational wnit.

(3) Responsibilities. The Unit Diving Officer shall be re-
sponsible, within the unit, for:

™ (2/11/82) ; CRAP 10
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MANUAL _ CHAPTER 10

OCCUPATIONAL EPA DIVING SAFETY POLICY
HEALTH AND SAFETY

(1) Present certificate;

{2) The physician's Diving Fitness Medical Evaluation Report;

(3) The results of other tests conducted by the Unit Diving
Officer;

(4) A written statement of the Unit Diving Officer's evaluation
of the overall qualifications and performance of the prospective diver;

(5) An EPA certification issued by the Unit Diving Officer
in one. of the following catigories:

(a) Trainee Diver. A diver who has canpleted a kasic
SCUBA diver training course but has performed fewer than 15 open water
dives. Diver Trainees may not be paired together to form a dive team nor
may they perform workina dives. They may accompany a working diver as a
buddy on dives involving a simple task, at the discretion of the Unit
Diving Officer.

(b) Working Diver. A diver who has completed a least
15 open water dives, but who otherwise may have limited or infrequent
expericnce or at the judgement of either the EPA or Unit Diving Officer
should be restricted in his/her activities. A limited diver may perform
working dives within his/her restriction or abilities.

(c} Senior Diver. A diver who has demonstrated a high
has logged at least 100 dives. The unlimited diver shall be capable of
serving as the Dive Supervisor on a given dive.

(sj At the recommendation of the Unit Diving Officer, alcng
with supporting docurentation, the EPA Diving Safety Committee Chairman
will issue new classifications as appropriate.

d. Reciprocity. In order to encourage and facilitate joint opera-
tions between FPA facilities and neighboring colleges, universities,
private institutions, or other government agencies, the Unit Diving
Officer may approve such dive plans upon inspection of the credentials
of the prospective non-EPA diver, providing the criteria for certifi-
cation of that diver by the institution he/she represents is cumparable
to those in this Manual. The visiting diver must also have permission
from his/her diving officer and must be covered by an accident insurance
plan by his/her institution. Questions in this matter should be directed
to the EPA Diving Safety Cammittee.

CHAP 10 10 ' TN (2/11/82)
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MANUAL

CHAPTER 10

EPA DIVING SAFETY POLICY OCCUPATIONAL
HEALTH AND SAFETY

(g) Compass - shall be worn by each diver. Divers can
become disoriented in direction at any depth.

© (2) Support Equipment.

(a) Dive Flag - an appropriate dive flag shall be shown at
all times. This is especially critical waile actively diving in areas
subject to boating or other hazardous traffic or when required by local
regulation. An appropriate dive flag is a square red flaj with a white
diagonal stripe at least 12" square (depending on the size of the
vessel) in all waters except those frequented by international tratfic.
In this case, the international code flag "Alpha" will be also used.

In any case, divers will make every effort to avoid diving in areas
in which traffic would cause a safety hazard.

(b) First Aid Kit = shall be approved by the Unit's
physician who performs the annual physicals. A coby of the Anerican
tational Red Cross publication, Standard First Aid and Personal
Safety shall be included and a copy of the HOAA/Sea Grants Book,
First Aid for Boaters and Divers. Also um:rgency oxygen should be
on boarxd.

(c) Ladder - shall be provided when diving fran a vessel,
dock or otrer surface where elevation above the surface: of the water
presents a difficuity to tne diver. The ladder must extond sufficiently
below the surface of the water to support the diver while still in the
water.

(d) Safety Plan - a ccpy of this Diving Safety Chapter,
the U.S. Navy Decampression Tables and emergency aid information shall
be’ present at each dive site.

(e) Communications - at cach dive site, shore or vessel,
located beyond the range of other reasonable woice camnunication, a
2-way ralio will be provided for usc in sumwmning emergency aid.

(£) Additional support tanks-should be on board and be

available,

(g) Underwater transponder/cannunicator should be on
board.
TN { 2/11/82) 13 ! CHAP 10
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APPENDIX A

OCCUPATIONAL EPA DIVING SAFETY POLICY

HEALTH AND SAFETY

11. Bquipment.

a. Life Support. Open circuit SCUBA using compressed air shall
be standard. Other types of equipment (i.e., surface-supplied diving
equipment, closed-circuit rebreathers, semiclosed units or other types
of diving apparatus utilizing gas mixtures) may be approved for use
by the Diving Safety Conmittee Chairman. Individuals requesting use of
closed-circuit rebreathers, semiclosed units, or other types of equip-
ment must have been trained and qualified in the use of such equipment.
Dive supervisors shall also be trained in the use of such equipment
and shall be ready to assist in case of an emergency.

b. Herness and Weight Belt. All harness and weight belts must
have a quick release, operable by a single motion by either hand.

c. Flotation Device. Each diver shall wear an adequate in-
flatable vest or other flotation device.

d. Compass. An underwater compass shall be carried by each diver
when, in the opinion of the bive Supervisor, lack of underwater
orientation is likely to mccur and may create a hazard.

e. Depth Gauge. One underwater depth gauge shall be carried by
each diver vhen diving in an area of unknown depth or an area of uneven
bottom contours when a diver might reasonably exceed the planned dive
deptn.

f. Decompression Meter. Use of decanpression meters will be
authorized only by the Diving Safety Commnittee Chairman. Decom-
pression meters will not be used for dives which require decompression
stops. Decompression meters can be used as an alternative method of
determining the allowable time at depths before a decampression stop is
required, In all cases at least two meters must be used simultanecusly
with the more conservative meter used to detennine the allowable dive
time, Decompression meters must be recalibrated every eighteen (18)
tonths by a qualified technician.

g. Diving Watch. A diving watch shall be worn by each member of a
diving team.

h. Diving Flag. A diving flag shall be shown while actively diving
in areas subject to hoating or other hazardous traffic.

10-A-2 , ™ (2/11/82)
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NDO DIVER INFORMATION SUMMARY

1 R

name of Uiver

Date of Birth

Blood Type & RH Factor

TRAINING & CERTIFICATIONS:

Non-NOAA:

Name of Agency

Name of UDY

Certification Level

Date of Certification

Polluted Water:

Operational:

Dry-Suit: Surface Supplied:

Divemaster: Mixed Gas:

Chamb. Oper: L Open Sell: o R

EMT: Other: .
DATE OF LAST:

Physical Chest X-ray EKG Audiogram
NOTES:

RGP
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PART I Raproduced frem .
MEDICAL EVALUATION CRITERIA el gvallable: popy: (:.)

These criteria are to be used by the examining physician in evaluating an applicant’s physical {itness for diving.

Qlinical Evaluation: The applicant should be free of chronic disabling discase or disability, His hustory should be free of disease o7 disability of the type
which could recur under diving conditions, or strenuous physical activity. Any disease which might prevent active exercise should disqualify the
applicant, There should be no bleediag tendency.

Ear: Individuals with zcute ar chronic ear infection should not dive. Scarring from olitis is not a contraindication to diving, Individuals with
perforation of the drum should be disqualified. Healed perforations of the drum of at least two months duration will not be disquality ing. Specazl care
should be taken to keep the ears well cleared during the dive. Acute or chronic otitis externa with discharge, or moderate amounts nl cerumen n the
external rana!, should be considered harmful in diving until the canals are elear. Check tympamie mosement with Valsalva. There should be no disease
of the mastoids or disturbances in equilibrium,

Audiogram Tracing: Vhis should be done on each applicant to rule oul preexisting hearing losses in frequency ranges which could be further impaired
by diving. Damage in i%e drum from diving could further compromise a hearing loss. Clironuic atitis externa, a tomiion ifection in divers, may thicken
the ear drum and theveby increase the hearing loss. This examin.tion should be done as a baseline and repeated every five yearsof diving routinely. It
shbuld be done niten if injury occurs to the ears or symptoms referable to any ear structures develop.

Nose and Sinuses: Pereons having acute or chronic sinus trouble should not dive unless free drainage of the sinuses 13 #ssured. Congestion, secondary to
upper respiratoty infecticn or hay fever, 13 a contraindication to diving until free passage of air 15 posible. Posons with acute upper respiratory
wmfrctions may be passed, but thould be stnie*ly cautioned against diving until the upper respuratory infection has cerap'etely cleared,

Mouth and Throat: Bridgewo.k or dentures should fit solidly. The applicant should be apable of retaining a viiving mouthpiece, Acute inlectious
aiseases of the saft tissue of tae oral cavity are disqualifving until remedial treatment is completed.

Vascular: Peripheral vascular disease which might interfere with gas exchange n an exteemity should disqualify the applicant. Vanicose veins or
hemorthoids should be mimimal or absent.

Heart: Thrust, size, rhythm, and sounds should be.normal,

EKG: Divers should kave on record an initial normal exercise electrocardiogram. Bevond age 40, an exercise electrocardiogram should be performed
annually. d

Bluod Pressure: Blood pressure should not exceed 145 millimeters systolic, or 9 millimeters diastolic on repeated examinations for unres'ricted
diving.

Pulse: Pulse should be normal,

Lungs and Chest: Persins with evidence of chronie lung disease, interference with free air passage, or with pocr gas exchange, should be disqualified. A
tustory of asthma, with no attacks in the preceding three vears, should not disqualifs the applicant from diving, as long as there is no residual evidence .
of the disease. A vital capacity test i necessary only when the examiner s clinically suspicious of a disease. A history of pneumothorax or thoracotomy
shall disqualify the applicant.

(hest Xray: A report of a 1V x 17 chest wray, tahen within 12 months pror to this physical, <hall be normal and the results eeported wath this
syamination,

Gastrointestinal: Persans having svmptomatie aente or chromie sastromtestinal diae e e B aleers =ball be disgualitied

Serology: Should be performed because of equipment shaning,

Hemoglobin and Red and White Blood Cells:  Should be within normal limas,

Blood Type and RH Factor: Required an Dirst examination only, x
Newromuscular: The applicant should be able to demonstrate fine and gross muscular counlmation, Refexes should be normal. Jomts should be fice
fram disabling arthritic conditions,

Endocrine: Endocrine disturbances shall disqualify the applicant,

Neuropsychiatric: Neuropsychiatric dis‘urbances may disqualify the applicant. This area 1s obviously most difficult to evaluate, Il the response of the
patient to stress is questionable, seriously consider disqualifying him. Emergencies below the surface require cool judgment. The alternative 1s death,
perhaps for others. Emotional immaturity or instability and recklessness are serious liabilities, not only for the person contemplating diving, but also
for his companions. Anyone exhibiting poor temperament should be disqualified. ©laustrophobia, as well az other phobias, inability to tolerate face
masks, accident proneness, etc., should be included a5 poor temperament. Screen for history of headache, dizziness, fainting spells, soaking sweats,
dyspnes, palpitations, stuttering, attempted suicide, sleepwalking, disciplinary problems. Elicit feelings about: living in a restricted environment,
possibility of bedily harm, lack of privacy, separation from home and family. Observe appropriateness of emotional reactions duning examination.

Aleoholism, unusual use of drugs, medicines, intoxicants, or drug addiction shall disqualify the applicant.

Central Nervous System: History of syncope, epilepsy, convulsions, organic disease of the central nervous system or history of head injury with
wiurlae shall disquahify the apphicant.

All abnormalities of the cramial nerves, deep tendon reflexes, balance, position disenimination, senzation or coordination {including gait) should be
recorded in detail
Skin: The skin should be free of active, acute, or chronic disease which may prove undesirable from the standpoint of equipment sharing.

Visual Acaity: A normal ophthalmoscopic and extza acular museulature #xamination shall be mven. Althouch vision for distant objects under water 1s
often decreased by particulate matter in the water, and the low levels of dlumimation that mas be caconntered, the refractive chamees mtroduced by
the water environment enlarge objects by about one.fourth. The exammning physician and the ML Diving Otficer should, in each mstance, determine
whether the epplicant’s visual status is compatible with safety during diving. The following cniteria may be helpful a2 a guide in rendering this decision:

a. lndivid$h with uncorrected vision of 20/50 or better for near ar.d distant in one or both eyes, and with no evidence of organic ocular disease
are unrestricted,

b. Individuals with uncorrected visual acuity of 20/50 ro 20/190 for distance and the equivalent of 20/50 or better for near in one or both cyes,
and with no evidence of organic ocular diseass, may dive if the applicant is advised of the nisks associated with the restricted vision,

c. Applicants with uncorrected vision of lesa than 207100 for distance and less than 20/50 for near, in one or both eves, and with no evidence of
organic ocular disease should be restricted rom diving unless optical correction worn underwater improves vision ta 20/100 or better for distance, and
20/50 or better for near, in one or both eyes, These individuals should be advised of the risks associated with decreased vision.

d. Applicants with significant orzanic ocular discase aifecting both eyes should be restricted from diving.

Height/Weight: Dir applicant should not be obese. His height and weight should be within the imits of the following chart:

Height - Max, Height Marx, Height Max. Height Max.

(inches) ) Weight (inches) Weight (inches) Weight {inches) Weight
04 164 68 1134 C T2 205 Th 230
65 169 09 189 73 211 i 236
66 174 il 194 b 218 8 242
67 179 71 199 75 224
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NO I CHECK EACH ITEM YES OR NO. EVERY ITEM CHECKED YES MUST BE FULLY EXPLAINED IN BLANK SPACE ON R!GHT

15. Have you been refused smployment or
haen unatie 1o hold @ job or stay in
schoal hecausa of
A. Sensitivity 13 chemicals, dusf, sun-

hght, etc

8. Inatility ta perform :ndotn lru:rllorn

C. Inatulity to sssume cerain po\\tionl
T S ) R SRR
D. Other medcat ressons III you. give
ressons )

16 Have you ever !nm treated for a mental
condition? (If yes, spacify whan, where,
and give detacs

17. Heve you ever
ance? (if yes, Olltl r
detaile.}

ot
d e insur
son and give

18. Have you had, or have {on baen advised

to h. any cpe-ations? (If

at wnich occurred.)

19. Have you ever Seen 2 patisnt In any typa
of hospitais? i yer, specity when, whar
why, snd namae of doctar and compl
addrass of rosptal)

20. Have you ever had any lliness or injury |
other than thote alraady noted? (I yas, :
spacily whan, where, and give details.)

clinics, phys.c.ans, hes'ars, or other
practitioners =thin the pasl 5 yoars for
other than menar ilicesses! (If yes, give
complete s23ress of doclor, hospital, \

clinic, and cetate.)

22. Have you ever boen rojacted for military
ce because of physical, mental, or
rensonal (i1 yes, give date and
uum for rerectan.) |
: —
23. Heve you ewer besn discharged from
m sernce becsuse of physical
mental, or cther reavons? (If yes, g
date, reason. ard type of discher
whether honsres.e, other then honorsbie,
I'dr unh:nul or unm-llblh'rl §

i
i b

' 21. Have you comsulted or baen treated by
1

|

i

]

1

24. anl yOu ever receved, i1 there pcm:lml
or have y>s agphied for pentwon  of ~
COMpPensaton for pusting mun.mr it
you. specty == at ki, granted by whom,
and what s=oont, when, why.)

- B e e e g L | J—— — . = —t ERI SR

I mr'-fy that | have reviewsa the foregoing iﬂfurm-tlon supplied by me and that it |l true and comoleta 1o the bett of my knowladge.
© authorite any of the doct=~s. hasptals, of chinics mentioned above to furnish the Governmant & complete transeript of my maedical record for purposes
o processing my anplcaton far thiy amploymant or service.

TYPED OR PRINTED NAME OF EXAMINEE

NOTE: HAND TO THE NOCTOR OR NURSE, OR IF MAILED MARK ENVELOPE "TO BE OPENED BY MEDICAL OFFICER OMLY."
25. Physiclan's y and sisb of all partinent data (Physicisn shall t on sl itive & In itams 9 through 24. Physiclen may
davelop by Interview any e2ditionsl medical history he desme important, and record any algnificant findings here.)

YYP[D OR PFNNTED NAU cr PHYSIL.!AN OR T DAT 1 NUMBER OF
EXAMINER & ! £ BUNATURE ATTACHED SHEETS
i |
REVERSE OF STANDARD FORM 93 o U5 GPO 1982-5-301 620 | B2
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APPENDIX F
BASIC DECONTAMINATION PROCEDURES
ANNEX 1
LEVEL A DECONTAMINATION

EQUIPMENT WORN

The full decontamination procedure outlined is for workers wearing
Level A protection (with taped joints between gloves, buots, and suit)
consisting of:

- Fully encapsulating suit with integral boots and gloves.
- Self-contained breathing apparatus.

- Hard hat (optional).

- Chemical-resistant, steel toe and shank boots.

- Boot covers.

- Inner and outer gloves.

PROCEDURE rGOR FULL DECONTAMINATION
Station 1:  Segregated Equipment Drop

Deposit equipment used on-site (tools, sampling devices and containers,
monitoring instruments, radios, clipboards, etc.) on plastic drop cloths
or in different containers with plastic liners. Each will be
contaminated to a different degree. Segregation at the drup reduces the
probability of cross-contamination.

Equipment: various size containers
plastic liners
plastic drop cloths

Station 2: Boot Cover and Glove Hash

Scrub outer boot covers and gloves with decon solution or detergent/
water.

Equipment: container (20-30 gallons)
decon solution
or
detergent water
2-3 long-handle, soft-bristle scrub brushes
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ANNEX 3

LEVEL C DECONTAMINATIOM

EQUIPMENT WORN

The full decontanination procedure cutlined is for workers wearing
Level C protection (with taped joints bhetween gloves, boots, and suit)
consisting of:

- One-piece, hooded, chemical-resistant splash suit.

- Canister equipped, full-face mask.

- Hard hat.

- Chemical-resistant, steel toe and shank boots.

- Boot covers.

- Inner and outer gloves.

PROCEDURE FOR FULL DECONTAMINATICN

Station 1: Segregated Equipment Drop

Deposit equipment used on-site (tools, sampling devices and containers,
monitoring instruments, radios, clipboards, etc.) on plastic drop cloths
or in different containers with plastic liners. Each will be
contaminated to a different degree. Segregation at the drop reduces the
probability of cross-contamination.

Equipment: various size containers
plastic liners
plastic drop cloths

Station 2: DBoot Cover and Glove Wash

Scrub outer boot covers and gloves with decon solution or detergent/
water.

Equipment: container (20-30 gallons)
decon solution
or
detergent water
2-3 long-handle, soft-bristle scrub brushes

F-13
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IV. REMOTE SENSING AND MAP INTERPRETATION
A. Aerial Photography

1. ftnvironmental Photograph Interpretation Center, Warrenton, YA 22180,
telephone 703/557-3110 (EPA Regions [-1V)

Environmental Monitoring and Support Laboratory, Las Vegas, NV 89114,
telephone 702/798-2237 (EPA Regions Y-X)

Aerial photography can be useful in a spill response in that a plane
can fly over the area the time of the spill recording its extent.
Subsequent flights can show the dispersion. Also, many different
types of photography, including infrared, can help describe waste
cites and plume dispersion. Historical photos can trace a facility
from its inception to the present, pin-pointing past activities that
may mark trouble spots.

Aerial photography has another use, monitoring facilities that
produce or store chemicals. Spill and spill-threat conditions that
exist in many such facilities may also be photographically
documented. Aerial photographers can assist with the monitoring of
chemical facilities for compliance with the spill prevention
requlations issued under the Federal Water Pollution Control Act

as amended in 1977. Aerial reconnaissance missions effectively and
economically augment compliance monitoring efforts of EPA Regions or
other requlatory agencies. An airplane can fly over a large number
of areas and facilities in a brief period of time. Once the
photographs have been interpreted, spill prevention personnel can use
the results to inspect areas or facilities in a minimum amount of
time because they can concentrate on those areas with the spill
problem.

2. EROS Data Center, User Services, Sicux Falls, SD 57198, telephone
504/594-6511, ext. 151

The EROS system, run by the U.S. Geological Survey, uses remote-
sensing techniques to inventory, wonitor, and manage natural
resources. EROS includes research gnd training in the interpretation
and application of remotely sensed dara and provides these data at
nominal cost.

At the heart of the EROS Data Center is a central computer complex
which controls a data base of over 6 million images and photographs
of the earth's surface features, searches for geographic data on
areas of interest, and serves as a management tool for the entire
data reproduction process. The computarized data storage and
retrieval system is based on latitude and longitud2, supplemented by
information about image quality, cloud cover, and type of data.

G-7




B.

Information received from the EROS Data Center can be used in much
the same way as information received from the Environmental
Monitoring and Support Laboratory. EROS data provide a chronological
ovirview of an area, thereby establishing the extent of damage over
time.

U.S. Geological Survey Maps

) 38

2.

4'

Topographic quandrangle maps

Topographic maps are useful in that they show the contours of the
land, the network of water features, and elevations. They also show
cities and urban areas and, in the case of a spill or waste site,
they tell how close a spill or waste site is to a lake, river,
stream, or popuiation centers.

Hydrologic maps

Hydrologic maps show water in or beneath the land surface. They are
very useful when evaluating water supply and water-related hazards
such as flooding. They also show drainage areas, depth %o ground
water, and the thickness of water-bearing formations In the case of
a spill or waste site, a hydrologic map is can indicate any possib1e
contamination of %the ground water and/or drainage area.

Land use and land cover maps

Land use and land cover maps have been prepared by using the standard
topographic quadranale maps or larger-scale low-altitude aerial
photographs as a base. These maps provide detailed information about
the way people use the land or about the vegetation covir. This
information could be useful at a spill or waste site. For example,
if chemicals enter an area baing used for crops, authorities should
be advised of the chemical(s) involved and their possible effects.

Sources of maps

Maps are available in areas east of the Mississippi River. including -
Minnesota, Puerto Rico, and the Virgin Island, from:

Branch of Distribution
U.S. Geological Survey
1200 South Eads St.
*Arlington, VA 22202
Telephone: 703/557-2751

Areas west of the Mississippi River, including Alaska, Hawai{,
Louisiana, Guam, and American Somoa, should order from:
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