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1. Introduction 

In the past decade, industry, government, and the general 
public have become increasingly aware of the need to 
respond to the hazardous waste problem, which has 
grown steadily over the past 40 years. In 1980, Congress 
passed the Comprehensive Environmental Response. 
Compensation, and Uabilily Act (CERCLA)-the Super­
fund law-to provide for ''liability, compensation. 
cleanup. and emergency response for hazardous sub­
stances released into the environment and the cleanup of 
inactive waste disposal sites." 

This manual is a guidance document for managers 
responsible for occupational safety and health programs 
at inactive hazardous waste sites. It assumes a basic 
knowledge of science and experience in occupational 
safety and health. It is the product of a four-agency com­
mittee (the National Institute for Occupational Safety and 
Health [NIOSHJ, the Occupational Safety and Health 
Administration [OSHA), the U.S. Coast Guard [USCG), 
and the U.S. Environmental Protection Agency [EPA)) 
mandated by CERCLA section 301 If) to study the prob­
lem of protecting the safety and health of workers at haz­
ardous waste sites, and by CERCLA section 111(cll6) to 
develop a program to protect the health and safety of 
employees involved in response to hazardous substance 
releases. removals, or remedial actions. 

This manual is intended for federal. state, and local offi­
cials and their contractors. It may be used: 

• As a planning tool by government or private 
individuals. 

• As a management tool by upper level or field 
managers. 

• As an educational tool to provide a comprehensive 
overview of all aspects of safety and health protec­
tion at hazardous waste sites. 

• As a reference document for site personnel who need 
to review important aspects of health and safety. 

This document is nor a detailed industrial hygiene text­
book or a comprehensive source book on occupational 
safety and health. It provides general guidance and 
should be used as a preliminary basis for developing a 
specific health and safety program. The appropriateness 
of the information presented should always be evaluated 
in light of site-specific conditions. Other sources and 
experienced individuals should be consulted as necessary 
for the detail needed to design and implement occupa­
tional safety and health programs at specific hazardous 
waste sites. 

Although this manual cites federal regulations, it is not a 
definitive legal document and should not be taken as 
such. While it represents a cooperative effort of the four 
agencies to develop a document that blends their widely 
differing mandates, policies, and procedures in specific 
areas. the manual may not include elements of each 
agency's policies that should be considered when 
developing occupational safety and health programs for 
hazardous waste sites. Individuals who are responsible 
for the health and safety of workers at hazardous waste 
sites should obtain and comply with the most recent fed­
eral. state. and local regulations relevant to these sites, 
and are urged to consult with OSHA. EPA. and other 
appropriate federal, state, and local agencies. 

This manual will be. updated regularly. Please oend com­
ments and suggested revisions tn any of these four 
organizations: 

NIOSH 
Hazardous Waste Program (C-17) 
4676 Columbia Parkway 
Cincinnati, OH 45226 

OSHA 
Directorate of Technical Support 
200 Constitution Avenue. NW 
Washington, DC 20210 

USCG 
Environmental Response Division (G-WER-2) 
2100 Second Straet, SW 
Washington, DC 20593 

EPA 
Occupational Health and Safety Staff (PM-273) 
401 M Street, SW 
Washington, DC 20460 

A separate manual that specifically addresses response tn 
hazardous substances emergencies will be published et• 
later date. In the meantime. much of the information in 
this manual can be used in planning for rasponse tn -­
gencies involving hazardous substances-
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Introduction 
Hazardous waste sites pose a multitude of health and 
safety concerns, any one of which could result in serious 
injury or death- These hazards are a function of the 
nature of the site as wen as a consequence of the work 
being performed. They include: 

• Chemical exposure. 

• Fire and explosion. 

• Oxygen deficiency. 

• Ionizing radiation. 

• Biologic hazards. 

• Safety hazards. 

• Electrical hazards. 

• Heat stress. 

• Cold exposure. 

• Noise. 

Several factors distinguish the hazardous waste site 
environment from other occupational situations involving 
hazardous substances. One important factor is the uncon­
trolled condition of the site. Even extremely hazardous 
substances do not endanger human health or safety if 
they are properly handled. However. improper control of 
these substances can result in a severe threat to site 
workers and to the general public. 

Another factor is the large variety and number of sub­
stances that may be present at a site. Any individual 
location may contain hundreds or even thousands of 
chemicals. Frequently, an accurate assessment of all 
chemical hazards is impossible due to the large number of 
substances and the potential interactions among the sub­
stances. In addition, the identity of the substances on site 
is frequently unknown, particularly in the initial stages of 
an investigation. The Project Team leader (see Chapter 3, 
Planning and Organization) will often be forced to select 
protective measures based on little or no information. 
Finally, workers are subject not only to the hazards of 
direct expcsur<1. but also to dangers posed by the disor­
derly physical environment of hazardous waste sites and 
the stress of working in protective clothing. 

The combination of all these conditions results in a work­
ing environment that is characterized by numerous and 
varied hazards which: 

• May pose an immediate danger to life or health. 

• May not be immediately obvious or identifiable. 

• May vary according to the location on site and the 
task being performed. 

• May change as site activities progress. 

General categories of hazards that may be present at a 
site are described in this chapter. In approaching a site, it 
is prudent to assume that all these hazards are present 
until site characterization has shown otherwise. A site 
health and safety program, as described in the subse­
quent chapters of this manual, must provide comprehen­
sive protection against all potential hazards and specific 
protection against individual known hazards. It should be 
continuously adapted to new information and changing 
site conditions. 

Chemical Exposure 
Preventing exposure to toxic chemicals is a primary con­
cern at hazardous waste sites. Most sites contain a vari­
ety of chemical substances in gaseous, liquid, or solid 
form. These substances can enter the unprotected body 
by inhalation, skin absorption, ingestion, or through a 
puncture wound linjection). A contaminant can cause 
damage at the point of contact or can act systemically, 
causing a toxic effect at a part of the body distant from 
the point of initial contact. 

Chemical exposures are generally divided into two cate­
gories: acute and chronic. Symptoms resulting from acute 
exposures usually occur during or shonly after exposure 
to a sufficiently high concentratiOfl of a contaminant. The 
concentration required to produce such effects varies 
widely from chemical to chemical. The term "chronic 
exposure" generally refers to exposures to .. low,. concen­
trations of a contaminant over a long period of time. The 
.. low .. concentrations required to produce symptoms of 
chronic exposure depend upon the chemical. the duration 
of each exposure. and the number of exposures. For a 
given contaminant. the symptoms of an acute expasure 
may be completely different from those resulting from 
chronic exposure. 

For either chrOflic or acute exposure. the toxic effect may 
be temporary and reversible, or may be permanent (disa­
bility or death). Some chemicals may cause obvious 
symptoms such as burning, coughing, nausea. tearing 
eyes, or rashes. Other chemicals may cause health dam­
age without any such warning signs (this is a particular 
concern for chronic exposures to low concentrations). 
Health effects such as cancer or respiratory disease may 
not become manifest for several years or decades after 
exposure. In addition. some toxic chemicals may be color­
less and/or odorless. may dull the sense of smell. or may 
not produce any immediate or obvious physiological sen­
sations. Thus. a worker's senses or feelings cannot be 
relied upon in all cases to warn of potential toxic 
exposure. 

The effects of exposure not only depend on the chemical, 
its concentration. route of entry, and duration of expo-



2-2 Hazards 

sun1. but may also be influenced by personal factors such 
as the individual's smoking habits, alcohol consumption, 
medication use. nutrition, age, and sex (see Chapter 5, 
Medical Program). 

An important exposure route of concern at a hazardous 
waste site is inhalation. The lungs are extremely winer­
able to chemical agents. Even substances that do not 
directly affect the lungs may pass through lung tissue 
into the bloodstream, where they are transported to other 
wlnerable areas of the body. Some toxic chemicals pres­
ent in the atmosphere may not be detected by human 
senses, i.e., they may be colorless, odorless, and their 
toxic effects may not produce arrv immediate symptoms. 
Respiratory protection is therefore extremely important if 
there is a possibility that the wonc-site atmosphere may 
contain such hazardous substances. Chemicals can also 
enter the respiratory tract through punctured eardrums. 
Where this is a hazard, individuals with punctured 
eardrums should be medically evaluated specifically to 
determine if such a condition would place them at unac­
ceptable risk and preclude their working at the task in 
question. 

Direct contact of the skin and eyes by hazardous sub­
stances is another important route of exposure. Some 
chemicals directly injure the skin. Some pass through the 
skin into the bloodstream where they are transported to 
wlnerable organs. Skin absorption is enhanced by abra­
sions, cuts, heat. and moisture. The eye is particularly wl­
nerable because airborne chemicals can dissolve in its 
moist surface and be carried to the rest of the body 
through the bloodstream (capillaries are very close to the 
surface of the eye). Wearing protective equipment. not 
using contact kmses in contaminated atmospheres (since 
they may trap chemicals against the eye surface), keeping 
hands away from the face, and minimizing contact with 
liquid and solid chemicals can help protect against skin 
and eye contact. 

Although ingestion should be the least significant route of 
exposure at a site, it is important to be aware of how this 
type of exposure can occur. Deliberate ingestion of chem­
icals is unlikely, however, personal habits such as chewing 
gum or tobacco, drinking, eating, smoking cigarettes, and 
applying cosmetics on site may provide a route of entry 
for chemicals. 

The last primary route of chemical exposure is injection, 
whereby chemicals are introduced into the body through 
puncture wounds (for example, by stepping or tripping 
and falling onto contaminated sharp objects). Wearing 
safety shoes, avoiding physical hazards, and taking com­
mon sense precautions are imponant protective measures 
against injection. 

Explosion and Fire 
There are many potential causes of explosions and fires 
at hazardous waste sites: 

• Chemical reactions that produce explosion. fire. or 
heat. 

• Ignition of explosive or flammable chemicals. 

• Ignition of materials due to oxygen enrichment. 

• Agitation of shock- or friction-sensitive compounds. 

• Sudden release of materials under pressure. 

Explosions and fires may arise spontaneously. However, 
more commonly, they result from site activities. such as 
moving drums, accidentally mixing incompatible chemi­
cals, or introducing an ignition source (such as a spark 
from equipment) into an explosive or flammable environ­
ment. At hazardous waste sites, explosions and fires not 
only pose the obvious hazards of intense heat. open 
flame, smoke inhalation, and flying objects, but may also 
cause the release of toxic chemicals into the environ­
ment. Such releases can threaten both personnel on site 
and members of the general public living or working 
nearby. To protect against the hazard: have quarmed per­
sonnel field monitor for explosive atmospheres and flam­
mable vapors; keep all potential ignition sources away 
from an explosive or flammable environment; use non­
sparking, explosion-proof equipment; and follow safe 
practices when performing any task that might result in 
the agrtation or release of chemicals. 

Oxygen Deficiency 
The oxygen content of normal air at sea level is approxi­
mately 21 percent. Physiological effects of oxygen defi­
ciency in humans are readily apparent when the oxygen 
concentration in the air decreases to 16 percent. These 
effects include impaired attention, judgment and coordi­
nation, and increased breathing and heart rate. Oxygen 
concentrations k>wer than 16 percent can result in nausea 
and vomiting, brain damage, heart damage, unconscious­
ness, and death. To take into account individual physio­
logical responses and errors in measurement. concentra­
tions of 19.5 percent oxygen or lower are considered to 
be indicative of oxygen def"teiency. 

Oxygen deficiency may result from the displacement of 
oxygen by another gas, or the consumption of oxygen by 
a chemical reaction. Confined spaces or low-lying areas 
are particularly wlnerable to oxygen deficiency and 
should always be monitored prior to entry. Qualified field 
personnel should always monitor oxygen levels and 
should use atmosphere-supplying respiratory equipment 
(see Chapter 8, Plersona/ Protective Equipment) when oxy­
gen concentrations drop below 19.5 percent by volume. 

Ionizing Radiation 
Radioactive materials emit one or more of three types of 
harmful radiation: alpha, beta, and gamma. Alpha radia­
tion has limited penetration ability and is usually stopped 
by clothing and the outer layers of the skin. Alpha radia­
tion poses little threat outside the body, but can be haz­
ardous if materials that emit alpha radiation are inhaled or 
ingested. Beta radiation can cause harmful "beta burns" 
to the skin and damage the subsurface blood system. 
Beta radiation is also hazardous if materials that emit beta 
radiation are inhaled or ingested. Use of protective cloth­
ing, coupled with scrupulous personal hygiene and decon­
tamination, affords good protection against alpha and 
beta radiation. 

Gamma radiation easily passes through clothing and 
human tissue and can also cause serious permanent dam­
age to the body. Chemical-protective clothing affords no 
protection against gamma radiation itself; however .. use of 
respiratory and other protective equipment can help keep 



radiation-«nitting materials from entering the body by 
inhalation, ingestion, injection, or akin absorption. 

H lewls of radiation above natural background ara discov­
ered (see Table 8-2 in Chapter 61, consult a health physi­
cist. At lewls graatar tt,., 2 mrem/hr, all site activities 
should cease until the site has been assessed by health 
physicists. 

Biologic Hazards 
Wastes from hospitals and research facilities may contain 
diseSS!H:8USing organisms that could infect site person­
nel. Lib chemical hazards, etiologic agents may be dis­
persed in the envirorvnent via water and wind. Other 
biologic hazards that may be present at a hazardous 
- site include poisonous plants, insects, animals, and 
indigenous pathogens. P, otective clothing and respiratory 
equipment can help reduce the chances of exposure. 
Thorough washing of any exposed body parts and equip­
ment will help protect against infection. 

Safety Hazards 
Hazardous - sites may contain numerous safety 
hazards such as: 

• Holes or cfotches. 

• l'hlcariuusly positioned objects, such as drums or 
boards that may fall. 

• Sharp objects, such as nans, metal shards, and 
broken glass. 

• Slippery surfaces. 

• Steep grades. 

• U-..terrain. 

• Unstable surfaces, such as walls that may cave in or 
flooring that may giYII wr,y. 

Some safety hazards ara a function of the worl< itself. For 
example, heavy equipment creates an additional hazard 
for workers in the vicinity of the operating equipment. 
Poutecti .. equipment can impair a worker's agnity, hear­
ing. and vision, which can result in an increased risk of an 
accident. 

Accidents inwlving physical hazards can diractly injure 
workers and can creata additional hazards, for example. 
increased chemical expusura due to damaged protective 
equipment. or danger of explosion caused by the mixing 
of chemicals. Site personnel should constantly luuk out 
for potential safety hazards, and should immediately 
inform their supen,iaurs of any new hazards so that 
mitigatiYII action can be taken. 

Electrical Hazards 
Ovemead power Rnes, downed electrical wiras, and 
buried cables all pose a danger of shock or electrocution 
If workers contact or sever them during site operations. 
Electric:al equipment used on site may also pose a hazard 
tu workers. lb help minimize this hazard, luw-wltage 
equipment with ground-fault Interrupters and water-tight. 
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conosion-sistant connecting cables should be used on 
site. In addition, lightning is a hazard during outdoor oper­
ations, particularly for workers handling metal containers 
or equipment. To eliminata this hazard, weather condi­
tions should be monitored and worl< should be suspended 
during electrical storms. An edditional electrical hazard 
inwlves capacitors that may retain a charge. All such 
items should be properly grounded before handling. 
OSHA's standard 29 CFR Part 1910.137 describes cloth­
ing and equipment fur protection against electrical 
hazards. 

Heat Stress 
Heat stress is a major hazard, especially for worl<ers 
wearing protective clothing. The same protective 
materials that shield the body from chemical expusure 
also limit the dissipation of body heat and moisture. Per­
sonal protective clothing can therefore create a hazardous 
condition. Depending on the ambient conditions and the 
work being performed, heat stress can occur very rapidly 
-within as little as 15 minutes. It can pose as great a 
danger to worker health as chemical exposure. In its early 
stages, heat stress can cause rashes, cramps, discomfort 
and drowsiness, resulting in impaired functional ability 
that thraatens the safety of both the individual and 
coworkers. Continued heat stress can lead to heat stroke 
and death. Avoiding overprotection, careful training and 
frequent monitoring of personnel who wear protective 
clothing, judicious scheduling of work and rest periods, 
and frequent replacement of fluids can protect against 
this hazard. Fur further information on heat stress, see 
Chapter 8, Personal Protective Equipment. 

Cold Exposure 
Cold injury (frostbite and hypothermia) and impaired abil­
ity to wort( are dangers at low temperatures and when 
the wind-chill factor is low. To guard against them: wear 
appropriate clothing; have warm shelter readily available; 
carefully schedule wort( and rest periods, and monitor 
workers' physical conditions. 

Noise 
Work around large equipment often creates excessive 
noise. The effects of noise can include: 

• Workers being startled, annoyed, or distracted. 

• Physical damage to the ear, pain, and temporary and/ 
or permanent hearing loss. 

• Communication interference that may increase 
potential hazards due to the inability tu wam of dan­
ger and the proper safety precautions to be taken. 

If employees are subjected to noise exceeding an 8-hour, 
time-weighted average sound level of 90 dBA !decibels on 
the A-weighted scale), feasible administrative or engineering 
controls must be utilized. In addition, whenever employee 
noise exposures equal or exceed an 8-hour, time-weighted 
average sound level of 85 dBA. employers must adminis­
ter a continuing, effective hearing conservation program 
as described in OSHA regulation 29 CFR Part 1910.95. 
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Introduction 
Adequate planning is the first and the mos, critical ele­
ment of hazardous waS1e site activities. By anticipating 
and taking S1eps to prevent potential hazards to health 
and safety, work at a waS1e site can proceed with mini­
mum risk to workers and the public. 

Three aspects of planning are discussed in this chapter: 
developing an owrall organizational structure for site 
operations; &S1ablishing a comprehensive Work Plan that 
considers each specific phase of the operation; and 
developing and implementing a Site Safety and Health 
Plan (hereinafter referred to as Site Safety Plan in accor­
dance with common usage). The organizational structure 
should identify the personnel needed for the owrall oper­
ation, &S1ablish the chain-of-<:ornmand, and specify the 
owrall responsibilities of each employee. The Work Plan 
should establish the objectives of site operations and the 
logiS1ics and resources required to achieve the goals. The 
Site Safety Plan should determine the health and safety 
concerns for each phase of the operation and define the 
requirements and procedures for worker and public pro­
tection. 

A fourth impOrtant aspect of planning is coordinating 
with the exiSting response community. A national 
response organization was &S1ablished by a Congression­
ally mandated National Contingency Plan to implement 
procedures for coordinating response to releases of haz­
ardous substances into the environment. This National 
Contingency Plan &S1ablishes response taams composed 
of representatives of federal agencies and S1ate and local 
gowmments 111. A particularly important contact for haz­
ardous waS1e site activities is the EPA-designated official 
responsible for coordinating federal activities related to 
site cleanup. 

Planning should be viewed as an ongoing process: the 
cleanup activities and Site Safety Plan must be continu­
ously adapted to new site conditions and new info,ma­
tion. Thus, this chapter is intended to serve as a starting 
point for planning the response activities at hazardous 
waste sites. 

Organizational Structure 
An organizational S1ructure that supports the owrall 
objectives of the Pl"Oiect should be developed in the first 
s,age of planning. This S1ructure should: 

• Identify a leader who has the authority to direct all 
activities. 

• Identify the other personnel needed for the project, 
and assign their general functions and responsi­
bilities. 

• Show lines of authority, responsibility, and communi­
cation. 

• Identify the interface with the response community. 

As the project progresses, it may be necessary to modify 
some organizational aspects of the project, such as per­
sonnel responsibilities and authorities, so that individual 
tasks can be performed as efficiently and safely as pos­
sible. Any changes to the owrall organizational structure 
mus, be recorded in the appropriate parts of the Work or 
Site Safety Plans that are developed for individual phases 
or tasks and must be communicated to all parties 
involved. 

Figure 3-1 presents one example of an organizational 
framework for a hazardous waste site response team. It 
shows the lines of authority for 24 categories of offsite 
and onsite personnel. The responsibilities and functions 
of each category are described in Tables 3-1 through 3-4. 
The onsite categories are divided into personnel that are 
essential for a safe and efficient response, and O!Jtional 
personnel that may be desirable in a large operation 
where responsibilities can be delegated to a greater num­
ber of people. As-needed personnel are specialiS1S that 
are called upon for specific tasks, either off-site or on site. 

This example is intended to illustrate the scope of respon. 
sibilities and functions that must be covered. The person­
nel categories described can be used as a starting point 
for designing an organizational structure appropriate to a 
particular situation. For smaller investigative and response 
efforts, single individuals may perform several of the 
functions described. 

Regardless of the size of the effon, all response teams 
should include a Site Safety and Health Officer (here­
inafter referred to as Site Safety Officer in accordance 
with common usage) responsible for implementing health 
and safety requirements. The Site Safety Officer should 
have ready access to other occupational health and 
safety professionals, particularly an industrial hygieniS1. 
Once an organizational sys,em has been developed, all 
individuals responsible for establishing and enforcing 
health and safety requirements should be identified and 
their respective authorities clearly explained to all mem­
bers of the response team. 

One of the most critical elements in worlc.er safety is the 
attitude of all levels of project management. A S1rong and 
visible commitment to worker safety must be present 
f<orn the beginning of a Pf"Oject. This initial attitude sets 
the tone for the entire operation. The Site Safety Officer 
and the Project learn Leader mus, have the clear support 
of senior-level management for establishing, implement­
ing, and enforcing safety programs from the outset of the 
Pf"Oject. The importance of management's attitude toward 
safety throughout the project cannot be owremphasized; 
site personnel are more likely to cooperate with safety 
programs if they sense a genuine concem on the part of 
management. 

Several organizational factors are indicators of successful 
worker safety programs. These factors include: 
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• Toxicologists 
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Personnel • Industrial 
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Agin 3-1. Generalized Approach to Personnel Organization for Site Investigation and Response. 



• Strong management commitment to safety. as 
defined by various actions reflecting management's 
support and involvement in safety activities. 

• Close contact and interaction among worl<ers, super­
visors. and management enabling open communica­
tion on safety as well as other job-related matters. 

• A high level of housekeeping, orderly worl<place con­
ditions, and effective environmental quality control. 

• Well-developed selection, job placement, and 
advancement procedures plus other employee sup­
port services. 

• Training practices emphasizing early indoctrination 
and followup instruction in job safety procedures. 

• Added features or variations in conventional safety 
practices that enhance the effectiveness of those 
practices. 

• Effective disciplinary plan to encourage employees to 
adhere to safety practices. 

Overall, the most effective industrial safety programs are 
successful in dealing with "people" variables. Open com­
munication among workers, supervisors, and manage­
ment concerning worksite safety is essential. 

The effective management of response actions at hazard­
ous waste sites requires a commitment to the health and 
safety of the general public as well as to the onsite per­
sonnel. Prevention and containment of contaminant 
release into the surrounding community should be 
addressed in the planning stages of a project. Not only 
must the public be protected, they must also be made 
aware of the health and safety program and have confi­
dence in it. To accomplish these goals, the Project Team 

lllble 3-1. Offsite Personnel 

TITLE 

Mutti­
Dlsclpfinary 
Adviooro 

Medical 
Support 

GENERAL DESCRIPTION 

Responsible for defining project objectives, 
allocating resources. determining the chain­
of-command, and evaluating program 

outc"""" 

Includes representatives from upper4evel 
management and onsite management,, a field 
team member, and experts in such fields as: 

Chemistry Law 
Engineering Medicine 
Industrial hygiene Pharmacology 
Information/public Physiology 

relations Radiation health 

Consulting physicians. 

physics 
loxicology 

Medical personnel at local hospitals and 
clinics. 

Ambulance personnel. 
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Leader, or Public Information Officer under the 1Upervi­
sion of the Project Team Leader, should establish commu­
nity liaison well before any response action is begun, and 
should be in continuous contact with community leaders. 

Work Plan 
To ensure a safe response, a Work Plan describing antici­
pated cleanup activities must be developed before begin­
ning onsite response actions. The Work Plan should be 
periodically reexamined and updated as new information 
about site conditions is obtained. 

The following steps should be taken in formulating a com­
prehensive Wor1< Plan: 

• Review available information, including: 

Site records. 
Waste inventories. 
Generator and transporter manifests. 
Previous sampling and monitoring data. 
Site photos. 
State and local environmental and health agency 
records. 

• Define work objectives. 

• Determine methods for eccornplishing the objecfu,es, 
e.g .. sampling plan, inventory, disposal techniques. 

• Determine personnel requirements. 

• Determine the need for additional training of person­
nel. Evaluate their current knowledge/skill level 
against the tasks they will perform and situations 
they may encounter (see Chapter 4, Trainingl. 

SPECIFIC RESPONSIBIUTIES 

• Provide the necessary facilities, equipment. and money. 
• Provide adequate personnel and time resources to conduct 

activities safely. 
• Support the efforts of onsite management. 
• Provide appropriate disciplinary action when unsafe acts or 

practices occur. 

• Provide advice on the -ign of the Work Plan and the Site Safety 
Plan. 

• Become familiar with the types of materials on site. the Potential 
for worker exposures, and recommend the medical program for the 
site. 

• Provide emergency treatment and decontamination procedures for 
the specific type of exposures that may occur at the site. Obtain 
special drugs. equipment. or supplies necessary to treat such 
exposures. 

• Provide emergency treatment procedures appropriate to the 
hazards on site. 
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Table 3-2. Onsite Essential Personnel 

TITLE 

Site Safety -----referred to .. 
Site Safety 
Oflicef in 
acconlance with 
COil • i.0.1 usage) 

Deco.1ta1.i...­
tlon Station 
Ofllc:erlsl 

Resc:u• 1ilam 

Woo<P•rty 

GENERAL DESCRIPTION 

Repons to upper-level management. Has 
arthority to direct respoose _,,_ 
Assumes total control owr site activities. 

Advises the Project 1ilam Leader - ell 
aspects of health - safety - site. Rec­
CN I • I.et ids stopping work if 8ll'f operation 
threatens wort<er or public health or safety. 

May be the same person as the Project 1ilam 

leader - may be. member of the -
party. Responsible for liekl team _,,_ 
-safety. 

May be the same person as the Reid 1i1am 
leader. Responsible for communications -

-- assistance. 

Responsible for decontamination proca­
dures. equipment. sld supplies. 

Used primarily - large sites with multiple 
wort parties in the contaminated area. 

Depending - the size of the field INm. any 
or ell of the liekl team may b• in the Woo< 
Party, but Iha - Party should consist of 
at least two people. 

SPECIFIC RESPONSIBIUTIES 

• Prepares - organizes the background - of the oituation. 
the - Plan, the Site Safety Plan. - the field INm. 

• Obtains permission for site access and coordinates activities 
with~ officials. 

• Ensures that the Woo< Plan io complel8d - .., 9Chedule. 
• Briefs the field teams on their apecific ass.jg:w•••ta. 
• Uses the Site Safety - Health Oflic:e< to -- that safety 

- health rwquirernents aa met. 

• Prepares the - - - IUppOrt files ex, the -­activities. 

• - - Iha liaison with pubric officials. 

• Selects -- clothing - equipment. 
• "9riodical1y inspects -- clothing - equipment. 
• Ensures that -- clothing - equ;-, - properly 

stored - maintained. 
• Controls entry - exit at the Access Control -
• Coord'inates safety - health program ac:livities with the 

Scientific Advisor. 
• Confirms each team member's IIUilablTrty for - besed ex, • 

physician's recommendation. 
• Moo.'to<s Iha - parties to, signs,,, stress. such - cold 

- heat stress. - fatigue. • Monitonl onsite hazards - c:ond"rtions. 
• -- in the .--ation of - "'im~,ple,-.~ ........ 15 the Site Safety 

Plan. 
• Conducta psiod'.c i11specoo11s to """" mi, 16 if Iha Site Safety 

Plan io being ~ 
• Enforces the .. buddy .. system. 

• ICMWS lilTlefgency procedures, -- -the 
181ephone nwnbers of the ~ local hospital, poison 
control center, fire department. - pol'.ce department. 

• Notifies. when necessary. local pubrte emerge, 1ey officials. 
• Coordinates emetge,q medical ca-a. 

• Manages field oP81 atiof as. 
• Execules the'Noo< Plan - _..._ 
• Enforces safety procadures. 
• Coon!- with the Site Safety Oflic:e< in ~ 

Pl otection level . 
• Enforces site control. 
• Documents field •ac"'""''". ,"ities'". - and sample collection. 

• - - • liaison with public officials. 

• Notifies emerge, icy response personnel by 1ek,plWJI • or racf'K> in 
the event of an eme1 ge, liCY-

• Assists the Site Safety Oflicef in • - if ,_...,_ 
• Maintains a log of communication and site activities. 
• Assists other field team membefs in the dean areas. • needed. 
• Maintains line-of-sight and communication contact with the 

- parties via - signal horns, or - means. 

• Sets up decontamination lines - the decontamination 
solutions~ for the type of chemical - -
site. 

• Controls the decontamination of .. equipment. personnel, -

~ horn the - a,eas. 
• Assists in the disposal of c:ontaminated clothing - materials. 
• Ensures that all ,equired equipment io -lable. 
• Advises mecf.cal personnel of potential exposures -

c:onsequences. 

• Stands by. partiaHy dressed;,, p.otectiwe gear, nem-hazardous --• Rescues any wort<er whose health or safety io ~ 

• ~ co.,.,..._ the onsite -ks required to 1u11m the Woo< 
Plan. 

• Complies with Site Safety Plan. 
• Notifies Site Safety Oflic:e< or supe, visot of unsafe c:onditionL 



Table 3-3. Onsite Optional l'ef$011nel 

T1Tl.E 

$ CI! 1tlfic Advisor 

Flnanc:lal/Conbac1il,g -

GENERAL DESCRIPTION 

Guides the Project learn - in 
scientific matters. 

• Determine equipment requirements. Evaluate the 
need for special equipment or &efVices, such as dnll­
ing equipment or heavy equipment and operators. 

Preparation of the Wor1< Plan requires a multidisciplinary 
appn,ach, and may therefore require input horn an levels 
of onsite and offsite management. Consultants may alsc 
be useful in developing sections of the Wor1< Plan; for 
example. chemists, occupational health and safety profes­
sionals, and statisticians may be needed to develop the 
sampling plan. 

Site Safety Plan 
A Site Safety Plan, which establishes policies and proce­
dures to protect workers and the public horn the potential 
hazards posed by a hazardous waste site. must be clewl· 
oped before site activities proceed. The Site Safety Plan 
must provide measures to minimize accidents and injuries 
that may occur during normal daily activities or during 
adverse conditions such as hot or cold waather. This sec­
tion describes the planning pmcess for health and safety 
during normal site operations. i.e., non~rget tC", situa­
tions. Chapter 12 describes planning and response to site 
emergencies. 

Oevelopment of a written Site Safety Plan helps ensure 
that all safety aspects of site operations are thoroughly 
examined prior to commencing field work. The Site 
Safety Plan should be modified as needed for every stage 
of site activity. 

Because planning requires information, planning and site 
characterization should be coordinated. An initial Site 
Safety Plan should be developed sc that the preliminary 
site assessment can proceed in a safe manner. The infor­
mation horn this assessment can then be used to refine 
the Site Safety Plan sc that further site activities can pro­
ceed safely. Plans should be revised whenever new infor­
mation about site hazards is obtained. 

Oevelopment of a Site Safety Plan should involve both the 
offsite and onsite management and be reviewed by 
occupational and industrial health and safety experts, 
physicians, chemists, or other eppropriate personnel. 
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SPEOFIC RESPONSIBILITIES 

• Provides - for. 
Field monitoring 
Sample collection 
Sample analysis 

Scientific studies 
Data ilitetp,etation 
Remedial plans 

• Plans and moblizes the faCllities, materials, and 
pe,sonnel required for the response. 

• Photogtap.'ws site conditions. 
• - photographs. 

• Reteases information to the news media and the public 
CAN IC8fi .t. ,g site activities. 

• Manages site security. 

• Maintains the official records of site activmes. 

At a minimum, the plan should: 

• Name key pef$Ollll8I and alternates responsible for 
site safety lsee Tables 3-1 through 3-41. 

• Describe the risks asscciated with each operation 
conducted lsee Chapter 6, Sits CharacteriZJJtion). 

• Confirm that personnel are adequately trained to 
perform their job responsibilities and to handle the 
specific hazardous situations they may encounter 
lsee Chapter 4, Training). 

• Describe the protective clothing and equipment to 
be worn by pef$Ollll8I during various site opera• 
tions (see Chapter 8, Personal Protective 
Equipment). 

• Describe any site-specific medical surveillanca 
requirements (see Chapter 5, Medical Programl. 

• Describe the program for periodic air monitoring, 
personnel monitoring, and environmental sam­
pling, if needed (see Chapter 6, Site Characterizt,. 
tion, and Chapter 11, Handling Drums - 0#>6, 
Containers I. 

• Describe the actions to be taken to mitigate exist­
ing hazards (e.g., containment of contaminated 
materials) to make the work environment less haz­
ardous. 

• Define site control measures and include a site 
map (see Chapter 9, Site Control). 

• Establish decontamination procedures for pef$011nel 
and equipment (see Chapter 10, Decontamination). 

• Set forth the site's Standard Operating Procedures 
(SOPsl. SOPs are those activities that can be stan­
dardized (such as decontamination and respirator fit 
tasting), and where a checklist can be used. These 
procedures should be: 

Prepared in advance. 
Based on the best available information, opera­
tional principles, and technical guidance. 
Foeld-tested by qualified health and safety proles· 
sionals, and revised es appropriate. 
Appropriete to the types of risk et that site. 
Formulated to be easy to understand and practice. 
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Table 3-4. As-Needed Personnel 

TITLE 

Bomb Squad Fl!J+ •Ion 
Eapono 

GENERAL DESCRIPTION 

Communica11.,,, Por-•.el Civil Defense o,ganizations; local radio 
and television stations. 
Local eme,vet tCY service networks. 

Envfro,....,,bll lk:lontlsts Consultants from industry, go,,emmem. 
lRWf'Sities. or other groups. 

Ewc:ua1lon Por- • .el Federal, state, and local pubf,c safety 
organizations. 

Heaftl,Physidsb 

Industrial lltyieaists 

Consultants from industry, gowmment. 
universities, or other groups. 

The County Sheriff. industrial security 
forces. National Guam. police, etc. 

Provided in writing to all site personnel, who 
should be briefed on their use. 

Included in training programs for site personnel. 

• Set fonh a Contingency Plan for safe and effective 
response to emergencies. 

Appendix B provides a generic Site Safety Plan that can 
be adapted for hazardous waste site cleanup operations. 
The generic plan should be used as a guide. not a stan­
dard, for designing a Site Safety Plan. 

Safety Meetings and Inspections 
lo ensure that the Site Safety Plan is being followed, the 
Site Safety Officer should conduct a safety meeting prior 
to initiating any site activity and before and after each 
work day. The purpose of these safety meetings is to: 

• Describe the assigned tasks and their potential 
hazards. 

SPECIFIC RESPONSIBILITIES 

• Advise on methods of handling explosive materials. 
• Assist in safery detonating or disposing of explosive 

materials. 

• Provide communication to the public in the eYent of an 
emergency. 

• Provide communication links for mutual aid. 

• Predict the movement of released hazardous materials 
through the atmospheric. geologic. and hydrologic 
environment. 

• Assess the effect of this movement on air, groundwater, 
and surface water quality. 

• Predict the e,c:posure of people and the ecosystem to the 
materials. 

• Help plan for public evacuation. 
• Mobilize transit equipment. 
• Assist in public evacuation. 

• Respond to fires that OCC\Jr on site. 
• Stand by for response to potential fires.. 
• Perform rescue. 

• Advise on the properties of the materials on site. 
• Advise on contaminant control methods. 
• Advise on the dangers of chemical mixtures that may 

result from site activities. 
• Provide immediate actv;ce to those at the scene of a 

chemical-related emergency. 

• Evaluate radiation health hazards and rec:01, dle1 Kl 
appropriate action. 

• Conduct health hazard assessments. 
• Advise on adequate health protection. 
• Conduct monitoring tests to determine worker exposures 

to hazardous substances. 

• Provide meteorological in1ormatt0n. 

• Control access to the site. 

• Advise on toxicological properties and heatth effects of 
substances on site. 

• Provide recommendations on protection of worker heatth. 

• Coordinate activities. 

• Identify methods and precautions to prevent injuries. 

• Plan for emergencies. 

• Describe any changes in the Site Safety Plan. 

• Get worker feedback on conditions affecting safety 
and health. 

• Get worker feedback on how well the Site Safety 
Plan is working. 

The Site Safety Officer should also conduct frequent 
inspections of site conditions. facilities. equipment. and 
activities to determine whether the Site Safety Plan is 
adequate and being followed. 

At a hazardous waste site. risks to workers can change 
quickly and dramatically when there are changes in: 

• Work and other site activities. 

• State of degrsdat1on of containers and containment 
structures. 



• State of equipment maintenance. 

• Weather concfrtions. 

In order to make safety inspections effective. the follow• 
ing guidelines should be obsenled: 

• Develop a checklist for aach site. listing the items 
that should be inspected. 

• Review the results of these inspections with supervi­
aon, and workefs. 

• Reinspect env identified problems to ensure that they 
haw been corrected. 

• Document an inspections and oubsequent followup 
actions. Retain these l1ICOfds until lite activities .., 
completed and es es long es required by regulatory 
agencies. 

The minimum ftaq\,ency at which inspections should 
occur varies with the characteristics of the lite and the 
equipment used on site. Factors that need to be consid• 
-• d ara: 

• The l8ll8rity of risk on site. 

• Regulatory require..-ts. 

• Operation and maintenance requiremet ats. 

• The ~ effactiva lifetime of clothing, equip­
ment. "9hicles, and othar items. 

• Recommendations based on professional judgment. 
laboratory test rasults, and field experience. 

References 
1. National 0,1 and Hazardous Substances Pollution Con­

tingency Plan, 40 CFR Part 300. 
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4. Training 

Contents 

Introduction 4-1 

Training Programs 4-1 

Record of Training 4-3 

Introduction 
Anyone who enters a hazardous waste site must recog­
nize and understand the potential hazards to health and 
safety associated with the cleanup of that site. Personnel 
actively involved in cleanup must be thoroughly familiar 
with programs and procedures contained in the Srte 
Safety Plan (see Chapter 3, Planning and Organization) 
and must be trained to work safely in contaminated areas. 
Visitors to a site must receive adequate training on hazard 
recognition and on the site's Standard Operating Proce­
dures to enable them to conduct their visit safely. 

The objectives of training programs for employees 
involved in hazardous waste site activities are: 

• To make workers aware of the potential hazards 
they may encounter. 

• To provide the knowledge and skills necessary to 
perform the work with minimal risk to worker 
health and safety. 

• To make workers aware of the purpose and limita­
tions of safety equipment. 

• To ensure that workers can safely avoid or escape 
from emergencies. 

TI,e level of training provided should be consistent with 
the worker's job function and responsibilities. The training 
program should involve both classroom instruction in a 
wide range of health and safety topics and "hands-on" 
practice. Hands-on instruction should consist of drills in 
the field that simulate site activities and conditions. Arry 
training program for work around hazardous substances 
should also incorporate onsite experience under the direct 
supervision of trained. experienced personnel. 

All training information should be presented in clear, con­
cise language. Particularly important information, such as 
the Standard Operating Procedures, should be provided in 
writing. A variety of teaching aids (i.e., films, tapes, slides, 
etc.) should be used, and lecture sessions should be inter­
spersed with class participation and hands-on training. All 
employees should also complete refresher training, at 
least annually. to reemphasize the initial training and to 
update workers on any new policies or procedures. 

Training Programs 
Employees should not engage in field activities until they 
have been trained to a level commensurate with their job 
function and responsibilities and with the degree of antic­
ipated hazards- Specific recommendations for the areas 
to be covered in training sessions are given in Table 4-1. 

The training program should involve field drills that simu­
late emergency situations. Here workers wearing Level A 
personal protective equipment repair a leaking pipe as 
part of a training exercise. 

General site workers, such as equipment operators. 
general laborers. technicians. and other supervised per­
sonnel, should attend training sessions that apply to their 
individual jobs and responsibilities, as well as training ses­
sions that provide an overview of the site hazards and the 
means of controlling those hazards. Their training should 
include classroom instruction in the following subject 
areas, depending on their individual jobs: 

• Site Safety Plan. 

• Safe work practices. 

• Nature of anticipated hazards. 

• Handling emergencies and self-rescue. 

• Rules and regulations for vehicle use. 

• Safe use of field equipment. 

• Handling. storage. and transportation of hazardous 
materials. 

• Employee rights and responsibilities. 

• Use. care, and limitations of personal protective cloth­
ing and equipment (see m,ining section of Chapter SJ. 

• Safe sampling techniques. 
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Table 4-1. Recommended Training by .bb Category" 

ONSITE HEAUH 
GENERAL MANAGE- AND 
SITE MENTAND SAFETY 

TRAINING TOPIC EMPHASIS OF TRAINING WORKER SUPERVISORS STAFF VISrTORS 

Biology, a.. ..... ,, - Chemical and physical.,._-; - R R R ...,_.,_ reactions; chemieal c:ompatib.T.ties. -'RnkDkllin Dosage._ of_ ... - -... R R R 
immedia18ly dangerous 10 lfe 0< health ODUI) 
,,..._ penniss,ble-lmiD ll'Eu), recom-
mended - lrni1s (REl..o), threshold limit 
-(TI.Vs). 

-lfrlller,e Selection and monitDring of ...- l)fOIBCtiw R R 
clothing and equipment. 

Clilculation of doles and - -., evalua- R R 
lion of hazards; selection of - - and 
ufaty protectiw measun,s. 

lllghto-~ Approcable p,oviaions of Title 29 of the Code of R R R 
afWorun-OSHA F«1en11 Regulations !the OSH Act). 

-~tu,lng fqul- Functions. capab.1ities. selection. ...... limitations. R R R 
and--- 1echniques of sampling al(!! MSBllmetrL R R 
EYaluation of field and lab INUlts. R R -- 0 R _..,..., ...... Safe practices, ufaty briefings and IN8tings. R R R R 
Slllndard Operating Procedures, sits ufaty map. 

Honds-onpn,ctic4' R R R 
Dewlopment and compr181"1C8. R R 

~ Controlo The use of barriers, iaolation, and distance IO R R R 
.rinimize hazards. 

,._ P'tulwetfwe aoth- Assigrment, sizing, liMesting, mai,,__ UN, R R R R 
Ing - fqui-1 IPPE) fimitations. and hands-on ttaining. 

Selection of fPE_ 0 R 
Etgonomics. R _,,__ Medical iilOltitOI ii.g. first aid, stress recognition.. R R R 

Advanced fim aid, carcfiOl)Ulmonaiy - 0 R R 
ICPRJ: omergency drills. 

Design_ planning, and ~ lblOOi L R - -- IJaining using ..,..,,ated field R R R 
conditions. 
Design and mainl8MnC& R R R 

legal - llegulatorr Applicable ufaty and health n,gulations (OSHA, 0 R R 
~ EPJII. etc.) 

Emw1,e.1cie1 C.1MHgettGY help SKI sett-,escue. eme,ge.q R R R 
driRs. 
Response IO -ge. lcies; follow-up irMostigation R R 
and documentation. 

oft - Raco, .. , .. .ded. 
0 • Optional 



In addition to classroom instruction, general site workers 
should engage in actual field activities under the direct 
supervision of a trained, experienced supervisor. 

Some general site workers who may be exposed to 
unique hazards or who may occasionaDy supervise others 
should receiw additional training in the following subject 
areas: 

• Site surveillance. 

• Site Safety Plan development 

• Use and decontamination of fully encapsulating 
personal protective clothing and equipment 

• Use of instruments to measure explosivity, radio­
activity, etc. 

• Safe use of speciali2ed equipment 

• Topics _.,;tic to identified site activities. 

Onsite managemerrt and supervisors, such as PIOject 
Team Leaders, who are responsible for directing others, 
should receiw the same training as the general site 
workers for whom they are responsible, as -n as addi­
tional training to enhance their ability to p,ovide guidance 
and make informed decisions. This additional training 
should include: 

• Management of hazardous waste site cleanup 
operations. 

• Management of the site work 20f18S Csee Chapter 
9, Site Cantrall. 

• How to communicate with the press and local 
community. 

Health and safety ,naff with specific responsibtlities for 
health and safety guidance on site should be familiar with 
the training p,ovided to general site workers and their 
supervisors, and should receiw advanced training in 
health and safety issuas, policies, and teehniques. 

Visitors to the site fincluding elected and appointed offi­
cials, reporters, senior-kiwi management. and other 
interested partiasl must also receive a briefing on safety. 
These visitors should not be permitted in the Exclusion 
Zone Csee Chapter 9, Site Controll unless they haYe been 
trained, fit-tasted, and medically approved for respirator 
uae. All - visitors should not enter the Exclusion 
Zone; rather, they should observe site conditions from the 
clean area, e.g., using binoculars. 

Record of Training 
A record of training should be maintained in each 
employee's personnel file to confirm that fNery person 
assigned to a task has had adequate training for that 
task, and that fNery employee's training is up-to-date. 
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Workers handling hazardous wastes can experience high 
levels of stress. Their daily tasks may expose them to 
toxic chemicals, safety hazards, biologic hazards, and 
radiation. They may develop heat stress while wearing 
protective equipment or working under temperature 
extremes. or face life-threatening emergencies such as 
explosions and fires. Therefore. a medical program is 
essential to assess and monitor workers' health and fit­
ness both prior to employment and during the course of 
work; to provide emergency and other treatment as 
needed; and to keep accurate records for future reference. 
In addition. OSHA recommends a medical evaluation for 
employees required to wear a respirator (29 CFR Part 
1910.1341bll1011. and certain OSHA standards include 
specific medical requirements (e.g .. 29 CFR Part 1910.95 
and 29 CFR Parts 1910.1001 through 1910.1045). Informa­
tion from a site medical program may also be used to 
conduct future epidemiological studies; to adjudicate 
claims; to provide evidence in litigation; and to report 
workers' medical conditions to federal, state, and local 
agencies, as required by law. 

This chapter presents general guidelines for designing a 
medical program for personnel at hazardous waste sites. 
It includes information and sample protocols for pre­
employment screening and periodic medical examina­
tions, guidelines for emergency and non-emergency treat­
ment. and recommendations for program recordkeeping 
and review. In addition, it supplies a table of some com­
mon chemical toxicants found at hazardous waste sites 
with recommended medical monitoring procedures. 

The recommendations in this chapter assume that 
workers will have adequate protection from exposures 
through administrative and engineering controls, and 
appropriate personal protective equipment and decon­
tamination procedures, as described elsewhere in this 
manual. Medical survemance should be used to comple­
ment other controls. 

Developing • Program 
A medical program should be developed for each site 
based on the specific needs, location, and potential 
exposures of employees at the site. The program should 
be designed by an experienced occupational health physi­
cian or other qualified occupational health consultant in 
conjunction with the Site Safety Officer. The director of • 
site medical program should be a physician who is board­
certified in occupational medicine or a medical doctor 
who has had extensive experience managing occupa­
tional health services. A director and/or examining physi­
cian with such quarlfications may be difficult to find, clue 
to the shortage of doctors trained in occupational medi­
cine in remote geographic areas where many hazardous 
waste Sites are located. H an occupational health physi­
cian is not available. the site medical program may be 
managed, and relevant examinations performed, by a 
local physician with assistance from an occupational 
medicine consultant. These functions may also be per­
formed by a qualified Registered Nurse. preferably an 
Occupational Health Nurse. under the direction of a suit­
ably qualified physician who has responsibility for the 
program.1 

All medical test analyses should be performed by • 
laboratory that has demOIISbated satisfactory perfor­
mance in an established interlaboratory testing program 
(1). The clinical or diagnostic laboratory to which samples 
are sent should meet either (1) minimum requirements 
under the Oinical Laboratories Improvement Act of 1967 
(42 CFR Part 74 Subpart M Section 263(all, or (21 the 
conditions for coverage under Medicare. These programs 
are administered by the Health Care Financing Adminis­
tration (HCFA), U.S. Department of Health and Human 
Services (DHHSI. 

A site medical program should provide the following 
components: 

• Survei11ance: 
Pre-employment screening. 
Periodic medical examinations (and followup exami­
nations when appropriate). 
Termination examination. 

• Treatment 
Emergency 
Non-emergency (on a case-by-a,se basis) 

• Recordkeeping. 

• Program review. 

Table 5--1 outlines a recommended medical program; 
screening and examination iMDtocol• •ra described in the 
following sections. These recommendations are based on 
known health risks for hazardous waste workers, a review 
of available data on their exposures. and an assessment 
of several established medical programs. Because condi­
tions and hazards vary considerably at each site, only 
general guidelines are given. 

The effectiveness of a medical program depends on 
active worker involvement. In addition, management 
should have a firm commitment to worker health and 

1 Certified.~ (where required) Physician'• Ani1ta11ts 
may also perlonn tMN ....,.nations H • physician is -l•ble 
on the pn,mises. 
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Table 5-1. Recommended Medical Program 

COMPONENT 

Pre-Employn•1t 
SCINtlil.g 

PwriodlcMedical -
Eme,get tey 
'INbiMWlt 

Non-Emerger,cy 
'lwbna.1t 

RECOMMENDED 

• Medical histo<y. 

• Occupational history. 

• Physical examination.. 

• Determination of fitness to work weming 
protectn,e equipment. 

• Baseline monitoring for specific exposures. 

• 'll>arly update of me<fical a,d occupational history; 
yearly physical examination; 18Sting based on 
(11 examination results. (21 - a>d (31 job 
dass a>dtask. 

• More frequent testing based on IP<ICifiC-. 

• Provide emergency first aid on site. 

• Develop liaison with local hospital a>d medical 
specialists. 

• Arrange for decontamination of victims. 

• Arrange in advance for trw ,sport of victims. 

• liansfer medical records; giw _,. of .-it 
a,d medical histo<y ID next can, provider. 

• 0eYetop mechanism for non-eme1ger q health 
care. 

• Maintain and provide access to med",cal records in 
acconlance with OSHA a>d state n,gulations. 

• Report - record occupational injuries -
illnesses. 

• - Site Safety Plan regularly ., detan11i11e if 
additional testing is needed. 

• Rev;ew program periodicarty. Focus on o.wrent site 
hazards. exposures. - industrial hygiene 
standards. 

OPTIONAL 

• freezing pnHmplaymer1t wum apeci11e11 for later 18Sting(limiled., ___ _ 

Data for Future Expo$tm,s in this chaptarl • 

safety, and is encouraged to express this commitment not 
only by medical surwillance and treatment. but also 
through managemen1 directives and informal encourage­
men1 of employees to maintain good health through axer• 
cise. proper cfiet. and avoidance of tobacco. alcohol abuse 
and drug abuse. In particular, management should: 

for abtT,ty to wear personal protec1iw equipmem-if 1his 
is an occasional requirement-rather than a mon compre-­
hensive program. 

• Urge prospective employees to provide a complete 
and detailed occupational and medical history. 

• Assure employees of confidentiality. 

• Require workers to report any suspected exposures, 
regardless of degree. 

• Require workers to bring any unusual physical or psy­
chological conditions to the physician's attention. 
Employee training should emphasize that vague dis­
turbances or apparently minor complaints (such as 
skin irritation or headaches) may be important. 

When developing an individual program, site conditions 
must be considered and the monitoring needs of each 
worker should be determined based on the worker's med· 
ical and occupational history, as well as cunent and 
potantial exposures on site. The routine job tasks of each 
worker should be considered. For instance. a heavy equip­
men1 operator exposed to significant noise levels would 
require a cfrfferent monitoring protocol from a field sample 
collector with minimal noise exposure. Lll<ewise, an 
administrator may only need a pre-employment screening 

The potantial exposures that may occur at a site must 
also be considered. Wlule it is often impossible 1D identify 
ewry toxic substance that exists at each hazardous 
waste site, cenain types of hazardous 11ubsta11ces or 
chemicals are mon likely to be present than others. Some 
of these are: 

• Aromatic hydrocarbons. 

• Asbestos (or asbestiform particles). 

• Dioxin. 

• Halogenated afiphatic hydrocarbons. 

• Heavy metals. 

• Herbicides. 

• Organochlorine insecticides. 

• Organophosphate and carbamate insecticides. 

• Fblychlorinated biphenyls (PCBs). 

Table 5-2 lists these groups, with reprasentatiw com­
pounds. uses. health effects. and avaHable mecf,cal 
monitoring procedures. 
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Tabla 5-2. Convnon Chemical li>xicants Found at Hazardous Waste Sites, Their Health Effects and Medical Monitoring 

HAZARDOUS 
SUBSTANCE 
OR CHEMICAL 
GROUP COMPOUNDS USES TARGET ORGANS POTENTIAL HEACTH EFFECTS MEDICAL MONITORING 

Aromatic Benzene Commercial Blood All cause: Occupational/general 
llr,1, ocarbous Ethyl benzene solvents and Bone mam,w CNS• depression: decreased medical history 

intermediates for 
CNS• alertness, headache. sleepi- emphasizing prior 

loluene synthesis in the ness. loss of consctOUsness. exposure to these or 
Xylene chemical and Eyes 

Oefatting dermatitis. 
other toxic agents. 

pharmaceutical Respiratory Medical examination 
industries. system Benzene suppreues bone- with focus on liver. kid-

Slun 
marrow fuoction. causing ney, nervous system, 
biood changes. Otronic and skin. 

Liver exposure can cause leukemia. 

Kidney Note: Because other aromatic 
Laborstory testing: 

hydrocarbons may be contami- CBC'> 

nated with benzene during dis- Platelet count 
tillation, benzene-related heatth Measurement of kidney 
effects should be considered 
when exposure to any of these 

and liver function. 

agents is suspected. 

Asbestos lor A variety of Lungs Chronic effects: History and physical 
abesdfotm industrial uses, Gastrointestinal lung cancer 8ltamination should ....-, including: system Mesothelioma 

focus on the lungs and 
Building gastrointestinal system. 

Asbestosis Laboratory tests should Construction 
Gastrointestinal malignancies include a stocl test for 

CementWO<k 
Asbestos exp0SUre coupled occult blood evaluation 

Insulation wrth cigarette smoking has n a check fof possible 
Fireproofing been shown to have a hidden gastrointestinel 

Pipes and synergistic effect in the mafignancy. 

ducts for development of kJng cancer. A high quality chest 

water. air, and X-ray and pulmonary 

chemicals function test may help 

Automobile 
tc identify long-term 
changes associated 

brake pads with asbestos diseases; 
and linings however, Nr1y identifi-

cation of low-dose 
exposure is unlikely. 

Dioxin lsee 
Herbicides I 

Halogenated Carbon Commercial CNS- All cause: Occupationaf Jgeneral 
Alphatic tetrachloride SQlventsand Kidney CNS• depression: decreased medical history 
Hydrocarbons Olloroform intennediates in u.e, alertness. headaches. emphasizing prior 

Ethyt bromide 
organic sleepiness, k>ss of exposure to these or 
synthesis. Skin consdousness. other toxK: agents. 

Ethyt chloride 
Kidney changes: decreased Medical examination 

Ethylene dibromide urine flow, swelling with focus on liver. 

Ethylene dichloride (especially around eyes!. kidney, nervoos system, 

anemia. and skin. 
Methyl chloride 

Methyl chloroform Liver changes: fatigue. laboratory testing for 

malaise. darlt urine. liver liver and kidney 
Methylene chloride enlargement, jaundice. function; carboxyhemo-

letrachloroethane Vinyl chloride is a known 
globin where relevant. 

Tetrachloroethylene carcinogen; several others in 
(perchknoethylenel this group are potential 

Trichloroethylene carcinogens. 

Vinyl chloride 
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'llble 5-2. (cont.I 

NAZAIIDOUS 
SUBSTANCE 
OR CHEMICAL 
GROUP 

-

COMPOUNDS -lle,yllium 

Cadmium 
Chromium 

Lead 

Mercury 

Chlorophet M>xy 
compoo-: 

2,4-<lichloro­
phenoxyacetic 
acid 12.4-01 
2,4,5-trichloro­
phenoxracetic 
acid 12.4.5-n 

Dioxin ftetrachSoro-­
dibenzo-p-dioxin, 
TCDDI. which 
oca.n as • trace 
contaminant in 
thesecompounds. 
poses the most 
serious hearth risk.. 

USES 

Vegetation 
control. 

°'9anochlorine Chlorinated Pest control. 

- ethanes: 
DDT 

Cyciodienes: 

Aldrin 
Chlordane 
Dieklrin 
Endrin 

~ET ORGANS POTENTIAL HEAll'H EFFECTS 

Multiple organs -­including: 

AD .. mxic ID 1ho tidneyo. 

Each heavy metal ha iao own 
characteristic ay11.ptuu1 cluster. 

Blood For~ -­Cardiopulmonary - I oud mental abolity, 

. . -- ~-1. Gasbo,n-lllial hoadaclMo. abdominal...,_ 

Kidney d¥mea. - anemia. Lead can u- also affect the bloocHunning 

mechanism. -- - the lung pefiphe,- nerwus-. 
CNS- long-term effects< also vary. 

Skin Lead mxicity.., - perma­
nent kidney - brain~; 
cadmium can - kidney or 
lung cfisease. Chromium, beryl-

lium. nenic. - cadmium 
have been implicated - human 
cscinogens. 

ChSorophenoxv compounds can 
cause cNorac:ne. weakness or 
numl>MH al the arms -
legs. - may oesult in 
long-term - damaga 

Dioxin - chlorac:ne -
may aggravate pre-existing -
and kidney diseases.. 

All cause acute •y114>to.ns of 
appeflel ~on. irritability. dizzi­
ness. disturbed equilibrium. 

oemor, - convulsions. 
C';dodienesmaycause ---­initial S)'fflt)lOi llS-

~ can cause 
anemia. Cydodiet ,es -
chlorocyclohexanes cause liver 

IDxicity - can..,._ 
permanent kidney damaga 

MEDICAL MONITORING 

History-taking -
physical Dam: -for a) I I iptol I I clusters --~ """"'--for 
- look for -.ologi-
cal deficit, anemia. -
gastroin-
SJ'i • .ptoms. 

Laboratoty bOSting: 

Measurernemsal 
metamc content in 
blood. urine. - tis­

-- leG. blood -lewl; I.Wine screen for 
--,;c.mercury. 
chromium,­
cedmium}. 

CBC" 
Measurement al 

kidney function. ---­relevant. 

Chest X-ny or 
pulmonary function 

-,;ng - relevant 

~lsto<y - physical 
exam should focus on 
theskin-----ubo.atot y· 1ests 
include: 

Measurement of -
- kidney function. where relevant. 

Urinalysis. 

History - physical _,, should focus on 
thenerwus-. 

uboratory­
include: 

Measurement of 
kidney-­
function. 

CBC" for exposure ID ----
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HAZARDOUS 
SUBSlllNCE 
OR CHEMICAL 
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GROUP COMPOUNDS USES "DIIIGET ORGANS POTENTIAL HEAIIH EFFECTS MEDICAL MONllORING 

Otg~: 
Diazinon 

DichlonNos 

Dimethoete -· Malathion 
Methyl parathion 

Pwathion 
Carbamata: 

Aldicarb 

llaygon 

Zectran 

---

Wide variety of 
industrial uses. 

l.iwr 
CNS­
(lpeculative I 
Respirato<y 

All cause a chain of internal 
reactions leading to neuro­
muscular blockage. Depending 
on the extent of poisoning, 
acute symptoms range from 
headaches, fatigue, dizziness. 
increased sar.vation and crying, 
profuse sweeting, nausea, 
vomiting. aemps. and diarrhea 
ID tightness in the chest. 
muscle twitching, and slowing 
of the heartbeat. Sewre cases 
may result in rapid onset of 
unconsciouaness end seizures. 
A delayed efhK:t may be -•k• 
neu end numbness in the feet 
and hands. IDng-tenn. perma­
nent nerve damage is possible. 

Various skin ailments. including 
chloracne; may cause liver 
toxicity; carcinogenic to 
.-.imals. 

Physical exam shoukt 
focus on the nerwus 
system. 

laboratory lesta should 
include: 

R8Cd cholinesterase 
levels for recent 
exPosure (plasma 
cholinesterase for 
acute expcsuresl. 
Measurement of 
delayed neurotoxicity 
and other effects. 

Physical exam should 
focus on the skin and 
liver. 

sysl8m (lpeculatiw) 

Laboratory tests 
include: 

"CNS - Central __,. system. 

"C8C - Complete blood count. 
<l.ong-blrm olfecta -lly manifest in 10 ID 30 years. 
"RSC - Rod blood count. 

Skin 

In comptT,ng a testing p,otocol, bear in mind that standard 
occupational medical tasU1 -re developed in factories 
and other enclosed industrial environmems, and _.. 
based on the presence of _.:ific: identifiable toxic 
chemicals and the PoSSibility of a signif,cam degree of 
exposure. Some of these tasUI may not be totally appro­
priate for hazardous waste sites, since available data sug­
gest that sil8 workers have low4ewl exposures to many 
chemicals concurrently, plus brief high-level exposure to 
aome chemicals 121. In addition, most testing recommen­
dations, even those for specific toxic IUbstances, haw 
not been critically evalUatad for efficacy. 

Another Important factor to consider ill that risk can vary, 
not only with the type, amount and duration of exposu" 
but also with individual factors IUCh as age. sex. weight. 
mess. diet, -.:eptibility to allergic-type reactions. medi­
cations taken. and offsil8 exposures Ce.g., in hobbies IUCh 
as furniture refinishing and automotive body world. 

Pre-Employment Screening 
Pre-employment acreening has two major functions: 
(11 determination of., incfividual's fitness for duty, 
Including the alklity to work whole -aring protective 

Sa<um PCB levels. 

Triglycerides and. 
cholesterol. 
Measurement of liver 
function. 

equipment, and 121 provision of baseline data for compa•i­
son with Mure medical data. These functions are dis­
cussed below. In addition, a sample pre-11mployment 
examination is described. 

Determination of Fltneu for Duty 

Workers at hazardous waste sites are often required to 
perform strenuous tasks Ce.g., moving 5511allon drums) 
and wear personal protective equipment, such as respira­
tors and p,otective clothing, that may cause heat stress 
and other problems Csee Chapter 8 for details!. To ensure 
that p<ospective employees are able to meet work require­
rnems, the pre...,,.ployment screening should focus on 
the following areas: 

Occupational and Medlcal History 
• Make sure the worker fills OU1 an occupational and 

medical history questionnaire. Review the question­
naire before seeing the worker. In the examining 
room, discuss the questionnaire with the worker, 
paying special attention to prior occupational 
exposures to chemical and physical hazards. 

• Review past illnesses and chronic diseases, partic­
ularly atopic diseases IUCh as eczema and 
asthma, lung diseases, and cardiovascular disease. 
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• Review a,mpturna, NpeciaDy shortness of breath 
or labored breathing on eertiol~ Cllher c1vunic 
respiratory symptoma, CMSt pain. high blood pres­
..., and heat lntulerm,ca. 

• Identify incfrviduals who .. vulnerable tu particu­
lar aubslal IC8S (e.;., 9011MICN Ml with • history of 
-- Nlhmatic r•actiun tu • epecific chemic • !). 

• Recunl ntlevant lfastyle habits l•G~ cigarette 
amuklng, lllcuhul and drug use) and hubbies. 

Phyalcal ExMINllun 
• Conduct • "CUl"""IIP,oraief-'°181~ISl,.;·.e physical mcaminatiun of 

all body organs. focussing on the pulmonary, 
canfKMISCUlar, and musculuskaletal systems. 

• Nute cunditiuns that could i1creasa amceptJbiT,ty 
tu heat strubl. euch .. obesity and lack of physi­
c•l eercise. 

• Nute cuncrmons that could effect r•spiratur use. 
euch a missing 01 • IMtic fingers. facial acara, 
dentures, pour ~ht or pe,-fo,ated ear drums. 

Abllty tu Wort< Whle Wearlr.,. l'lul&Cllw Equlpnwrt 131 
• Disqualify incfrviduals who ere clearly -ble tu 

perfo.m based on the medical history and physical 
•xam l•G~ 1huse with -. lung disaase, heart 
disease, or beck or orthopedic problems). 

• Nute Imitations c011cemi11g the worker's ablT,ty tu 
use p,otecli.e equipment l•G-, individuals who 
must wear contact lenses calVIUt -ar tun­
facepiece n,spiraturs). 

• Provide •dcfrtiunal -.ting le,;., CMSt X-<ay, pulmo­
nary function ~ •lectrucardiugram) fur abil­
ity tu waa. p,otacti"' aquipnwrt where ,_..ry. 

• Base the clelanninatiun on the incfrvidual worker's 
pn,file l•G~ medical history and physical •xam, 
~ pm,k>us exposur•s and -.ting). 

• Make • written aaessment of the worker's capac­
ity tu parform while weamg • n,spirator, if wear-

RINCTION 

ing • respirator is • job requirement. Nute that the 
Occupatiunal Safety and Health Adrpinistnnion 
!OSHA) respirator standard 129 CFR Part 1910.134) 
states that nu employee should be assigned tu a 
1aSk that requires the use of a respirator unless it 
has been determined that the person is physicaDy 
able tu perform under euch conditions. 

._.,. D- b Futun •---zr• 
Pra-.mployment scr•ening can be used tu establish base­
line data tu aubsequently verify the efficacy of p,otective 
measures and tu latar -...,iM if exposur•s hlM, 
•dwrsely affae1ed the worl<er. Baseline -.ting may 
include both medical screening tests and biologic moni­
toring l8sts. The !attar l•G-, blood lead level) may be use­
ful fur •scertaining jJAHXpuSUre levels of specific 
aubstances tu which the wor1<er may be exposed and fur 
which reliable tests are evailable. Given the problem in 
predicting significant •xpc)SUr•s fur these worters. there 
ere nu clear guideliMS fur prescribing specific 111sts. The 
following app<uach identifies the types of tests that may 
be indicated: 

• A battery of tests based on the worker's past 
occupational and medical history and _, assessment 
of significant potential axpos.-es. See Tabla S-3 fur 
•xamples of tests frequently performed by occupa­
tional physicians. 

• Standard established -.ting fur specific tuxicants in 
situations where worlters may receive significant 
•xp0SUr•s tu these agents. Fur •xam~ lung-tenn 
•xp0SUr• during cleanup of • polychlorinated 
biphenyls IPCB) waste facility can be monitored with 
jlnHlmployment and periodic serum PCS -.ting 141. 
Standard jlf0C8duras •r• evailable fur determining 
levels of other aubstances, •G-, lead, cadmium. 
arsenic, and o,ganuphosphate pesticides. 

• Where applicable. jlnHlmployment blood specimens 
and serum frozen fur later -.ting. IPC8s and some 
~ ere •xamples of •gents amenable tu euch 
fflOl•tol • tg.) 

9ood IIISt8 1bbll protein,. albumin,. globur,n,. tDlal bolirubin (direct bolirubin if total is elevated). 

• o a II Fom•.g Function 

Enzyme- Alcaline ~ 

Enzyme IIISt8 Gamma g1utamyt hi--IGGTPI. lactic~ (LlltfJ. - gtutamic­
-- ISGOTJ, NrUffl glulamic-pynn,ic 11'8nsaminase (SGPTJ. 

9ood IIISt8 9ood .... ~ IBUNI. c:rwtinino, uric ocid. 

Urinalysis Including color; -; opecific gravity; pH; qual"rtatiw glucos<o, protein,. bole. - -­
- occult blood; miaoocopic - of cen1rifuged Ndiment. 

9ood IIISt8 Complete blood count IC8CI will, dilltn•1tidl a,d platelet """luation. inclucf,ng white ceR 
count IWBCI, 19d blood count IRBCI. hemoglobin CHGBI. homatocrit 0< packed cen volume 
CHCTJ. a,d -Nd • flhrocyta indices. llaticulocyll, count may be --- if 1here is • 
likelihood cf expostn 10 hel1K,l'(lic chemicals. 



Sample Pre-Employment Examination 

Occupational and Meclcal History 
• Do a complete medical history emphasizing these 

systems: nervous. skin, lung, blood-forming, cardi­
owscular, gastrointestinal, genitourinary, reproduc­
tive, ear, nose. and throat. 

Physlcal Examination 
Include at least the following: 

• Height. weight. temperature. pulse. respiration, and 
blood pressure. 

• Hi,ad, nose. and throat. 

• Eyes. Include vision tests that measure refraction, 
depth perception, and color vision. These tests 
should be administered by a qualified technician or 
physician. V,sion quality is essential to safety, the 
accurate reading of instruments and labels, the avoid­
ance of physical hazards, and for appropriate 
response to color-<:Oded labels and signals. 

• Ears. Include audiometric tests, performed at 500, 
1,000, 2,000, 3,000, 4,000, and 6,000 hertz (Hz) 
pure tone in ., app,oved booth lsee requirements 
listed in 29 CFR Pa" 1910.95, Appendix D). Tests 
should be administered by a qualified technician, and 
results read by a cenified audiologist or a physician 
fammar with audiometric evaluation. The integrity of 
the eardrum should be established since perforated 
eardrums can provide a route of entry for chemicals 
into the body. The physician evaluating employees 
with perforated eardrums should cor,sider the 
environmental conditior,s of the job and discuss pos­
sible specific safety controls with the Site Safety 
Officer, industrial hygienist, and/or other health 
professionals before deciding whether such 
incfrviduals can safely work on site. 

• Chest (hea" and lungs). 

• Peripheral vascular system. 

• Abdomen and rectum fincluding hernia exam). 

• Spine and other components of the musculoskeletal 
system. 

• Genitourinary system. 

• Skin. 

• Nervous system. 

1ests 
• Blood. 

• Urine. 

• A 14 x 17-inch posterior/anterior view chest X-n,y, 
with lateral or oblique views only if indicated or if 
mandated by state regulations. The X-n,y should be 
taken by a certified radiology technician and inter­
preted by a board-certified or board-eligible radiol­
ogist. Chest X-n,ys taken in the last 12-month period, 
as well as the oldest chest X-n,y available, should be 
obtained and used for comparison. Chest X-n,ys 
should not be repeated more than once a year, unless 
otherwise determined by the examining physician. 

Ability to Perform WhBe Wearlny l'luhn.dw Equipment 
lo determine a worker's capacity to perform whne wear-
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ing protective equipment, additional tests may be neces­
sary, for example: 

• Pulmonary function testing. Measurement should 
include forced expiratory volume in 1 second IFEV,l, 
forced vital capacity (FVCI, and FEV, -to-FVC ratio, 
with interpretation and comparison to normal 
predicted values corrected for age, height, race, and 
sex. Other factors such as FEF, MEFR, MW, FRC. RV, 
and TLC' may be included for additional information. 
A permanent record of flow curves should be placed 
in the worker's medical records- The tests should be 
conducted by a certified technician and the results 
interpreted by a physician • 

• Electmcardiogram (EKG). At least one standard, 
12-lead resting EKG should be performed at the dis­
cretion of the physician. A "stress test" !graded 
exercise) may be administered at the discretion of the 
examining physician. particularly where heat stress 
may occur. 

Basefine Monitoring 
tf there is likelihood of potential onsite exposure to a par­
ticular toxicant. specific baseline monitoring should be 
performed to establish data relating to that toxicant. 

Periodic Medical Examinations 

Pwtocllc Screening 

Periodic medical examinations should be developed and 
used in conjunction with pre-employment screening 
examinations. Comparison of sequential medical reports 
with baseline data is essential to determine biologic 
trends that may mark early signs of adverse health 
effects, and thereby facilitate appropriate protective 
measures. 

The frequency and content of examinations will vary, 
depending on the nature of the work and exposures. 
Generally. medical examinations have been recommended 
at least yearly. More frequent examinations may be 
necessary, depending on the extent of potential or actual 
exposure, the type of chemicals involved, the duration of 
the work assignment. and the individual worker's profile. 
For example, workers participating in the cleanup of a 
PCB-eontaminated building were initially examined 
monthly for serum PCB levels. Review of the data fmm 
the first few months revealed no appreciable evidence of 
PCB exposure. The frequency of PCB testing was then 
reduced [41. Periodic screening exams can include: 

• Interval medical history. focusing on changes in 
health status, illnesses, and possible work-related 
symptoms. The examining physician should have 
information about the worker·s interval exposure his­
tory. including exposure monitoring at the job site. 
supplemented by worker-reported exposure history 
and general information on possible exposures at 
previously worked sites. 

• Physical examination. 

, FEF = forced expiratory flow; MEFR = maximal expiratory flow 
rate; MW = maximal voluntary ventilation; FRC = functional 
residual capacity; RV = residual volume; TLC = total tung 
capacity. 
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• Additional medical ll!Sting, depending on ava~able 
~ Information, medical histo,y, end examina­
tion ,asufts. lesting should be specific for the pos­
sible medical effects of the worker's exposure. 
Multiple testing for a large range of potential 
exposures Is not always useful; It may O'MIMI inva­
ahle p,ocedures leg., tissue biopsy), be expenshle, 
- may produce false-positive ,asufts. 

1'11/monary function tests should be administered H 
the incfrvidual uses a respirator, has been or may be 
exposed to irritating or toxic substances, or H the 
individual has breathing difficulties, especially 
when wearing a respirator. 
Audiometric tests. Annual retests are required for 
personnel subject to high noise exposures (an 
8-hour, time-weighted average of 85 dBA' or more), 
those required to wear hearing pn,tection, or es 
otherwise indicated. 
Vision tests. Annual retests are recommended to 
check for vision degradation. 
Blood and urine tests when indicated. 

Sample l'llrlodlc Medical Examination 

The basic periocfoc medical examination Is the same as 
the pre-employment screening (see previous section. 
Sample l'rr,-Emplayment Examinauonl, moalfied accord­
ing to cunent conditions. such as changes in the WO<ter'• 
symptoms, site hazards, or exposures. 

Termination Examination 
At the end of employment at a hazardous waste site. all 
personnel should have a medical examination as 
described in the previous sections (see Sample Ptr,­
Emplayment Examinauon). This examination may be 
limited to obtaining an interval medical histo,y of the 
period since the last full examination (consisting of medi­
cal h'rsto,y, physical examination, and laborato,y tests) H 
all dvee following concfrtions are met 

• The last full medical examination was within the last 
&months. 

• No exposure occurred since the last examination. 

• No symptoms associated with exposure occurred 
since the last examination. 

H any of these criteria are not met. a tun examination Is 
mecfocaUy necessary at the termination of employment. 

Emergency Treatment 
Provisions for emergency treatment - acute non­
emerge, ,cy treatment should be made at each site. 
Preplaming Is vital. 

When developing plans, procedures, and equipment lists. 
the renge of actual end potential hazards _.,;foe to the 
site should be considered, including chemical, physical 
(such as heat and/or cold stress. falls - trips), - bio­
logic hazards (animal bites - plant poisoning as well as 
hazardous biological wastes). Not only site workers, but 

• dBA - deabels on A-weightad scale 129 CFR Part 1910.951. 

also contractors. visitors. and other personnel (particu­
larly firefighters) may require emergency treatment. 

Emergency medical treatment should be integrated with 
the overall site emergency response program (see Chap­
ter 12). The following are recommended guidelines for 
establishing an emergency treatment program. 

• Train a team of site personnel in emergency first aid. 
This should include a Red Cross or equivalent certi­
fied course in cardiopulmonary resuscitation (CPR), 
and first-aid training that emphasizes treatment for 
explosion and bum injuries, heat stress. and acute 
chemical toxicity. In addition, this team should 
include an emergency medical technician (EMT) H 
possible. Table 5-4 rosts signs and symptoms of 
exposure and heat stress that indicate potential medi­
cal emergencies. 

• Train personnel in emergency decontamination proce­
dures in coonlination with the Emergency Response 
Plan (see Chapter 12 for deta~s). 

• Predesignate roles and responsib~ities to be assumed 
by personnel in an emergerocy. 

• Establish an emergency/first-aid station on site. cap­
able of providing 111 stabilization for patients requiring 
offsita treatment, - (2) general first aid (e.g. minor 
cuts, sprains, abrasions(. 

Locate the station in the clean area adjacent to the 
decontamination area to facilitate emergerocy 
decontamination. 
Provide a standard first-aid kit or equivalent sup­
plies, plus additional Items such as emergency/de!• 
uge showers, stretchers, portable water, ice. 
emergency eyewash, decontamination solutions, 
and fire..xtinguishing blankets. 
Restock supplies and equipment immediately after 
each use and check them regularly. 

• Arrange for a physician who can be paged on a 
24-hour basis. 

• Set up an on-call team of medical specialists for 
emergency consultations, e.g., a toxicologist. derma­
tologist. hematologist. allergist. opthalmologist. 
cardiologist. and neurologist. 

• Establish a protocol for monitoring heat stress (see 
Monitoring section of Chapter SJ. 

• Make plans in advance for emergency transportation 
to, treatment at. - contamination control proce­
dures for a nearby medical facility. 

Educate local emergency transport and hospital 
personnel about possible medical problems on site; 
lypes of hazards and their consequeroces; potential 
for exposure; scope and function of the site medi­
cal program. 
Assist the hospital in developing procedures for 
site-related emergencies. This will help to protect 
hospital personnel and patients, and to minimize 
delays due to corocems about hospital safety or 
contamination. 
For specific mnesses or injuries, provide deta~s of 
the incident and the worker's past medical histo,y 
to the appropriate hospital staff. This is especially 
crucial when specific medical treatment Is required, 
e.g. for exposure to cyanide or organophosphate 
pesticides. 



lilble 6-4. Signs and Symptoms of Chemical Exposure and 
Heat Stress that Indicate Pl:ltential 
Medical Emergencies 

TYPE OF HAZARD SIGNS AND SYMPTOMS 

Chemleal - - changes 
llreathingcfifficultiM 

--

HeatStrolte 
Cmay befatall 

Changes in complexion or akin color 
Coordination difficulties 

Coughing 

Dizziness 

Drooling 

Diarrhea 

Fatigue and/a, -­
Irritability 

Irritation of ..,.,._ nose, raspiratory tract. akin. 
orlhroat 

Headache 
light-headedness 

Nausea 

SMezing 

s-ating 
learing 

Tightness in the chest 

Clammy skin 

Confusion 

Dizziness 
Fainting 

Fatigue 

Heat rash 

Light-headedness 

Nausea 

Profuse sweating 

SlulT8d speech 

Weak pulse 

Confusion 

Convulsions 

Hot skin, high -•lure Cyet may feel 
dulled) 

Incoherent speech 

Convulsions 
Staggering gait 

S-ng stops Cyet residual sweat may be 
l)<eSent) 

Unconsciousness 
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Depending on tha site's location and potential hazards, It 
may be important to identify additional medical facllltiaa 
capable of sophisticated response to chemical or other 
exposures. 

• Pl:lat conspicuously (with dupficates near tha tale­
phc,Ms) the names, phone numbers, addresses, 
and procedures for contacting: 

~" physicians. 
Medical specialists. 
Ambulance services. 
Medical facilltyfies). 
Emergency, fil'II. and polica aarvica8. 

Poison control hotline. 

• Provide maps and directions. 

• Make sure at least an managers and an ind"rviduals 
irM>lwd in medical response know the wtl'f to the 
nearest emergency medical facility. 

• Establish a radiocornmunication system for emer-
gency use. . 

• Review emergency procac1ures daily with an a1ta 
personnel at safety meetings before beginning the 
work shift. 

Non-Emergency Treatment 
Anangements should be made for IIOIHffl8fllency medi­
cal care for hazardous waate alta workers who .., 
experiencing health effects resulting from en IIXl)OSUre to 
hazardous substances. In conjunction with tha medical 
sun,etllance program, offsite me<f,cal care 9hotlld -..re 
that any potential job-related symptoms or illnessea are 
evaluated in the context of the worker's exposuni. Offsite 
medical personnel should also imlestigsta and tJeat non­
job-related mnesses that may put the worker at risk 
because of task requirements (8Q., a bad cold or flu that 
might interfere with respirator use). A copy of the 
worker's medical records should be kept at the lite (with 
provisions for security and confidentiality) end, when 
appropriate, at a nearby hospital. hating physicians 
should have access to these records. 

Medical Records 
Proper recordkeeping is 8"S8ntial at hazardous waste 
sites because of the nature of the work and risks: 
employees may work at a large number of geographically 
separate sites during their careers, and advefSe effects of 
long-term exposure may not become apparent for many 
years. Records enable subsequent medical care providers 
to be informed about worl<ars' p,evious and current 
exposures. 

Occupational Safety and Health Administration COSHA) 
regulations mandsta that. tmless a specific occupational 
safety and health standard provides a different time 
period, the employer must: 

• Maintain and preserve medical records on exposed 
workers for 30 years after they leave employment 
(29 CFR Part 1910.20). 
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• Make available ID workers. their authorized represen­
tatives, and authorized OSHA representatives the 
results of medical testing and full medical records 
and analyses 129 CFR Part 1910.201. 

• Maintain reconls of occupational injuries and ill­
nesses and post a yearly summary report 129 CFR 
Part 1904). 

Program Review 
Regular evaluation of the medical program is important ID 
ensure its effectiveness. Maintenance and review of medi­
cal reconls and test results aid medical personnel, sit• 
officers. and the parent company and/or agency managers 
in assessing the effectiveness of the health and safety 
program. The Site Safety Officer, mecfical consultant. 
and/or management representative should, at least 
annually: 

• Ascertain that each accident or mness was 
promptly inwstigated ID determine the cause and 
make necessary changes in health and safety 
procedures. 

• Evaluate the efficacy of specific medical testing in 
the context of potential sit• exposures. 

• Add or delete medical tests as suggested by cur­
rant industrial ~iene and environmental data. 

• Review potential exposures and Site Safety Plans 
at an sites ID determine if add"rtional testing is 
raqu"rrad. 

• Review emergency traatment procedures and 
update lists of emergency contacts. 
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l11boductlon 
Site characterization provides the information needed to 
identify site hazards and to select worker protection 
methods. The more accurate. detailed, and comp, ehen­
siw the information 111111ilable about a site, the more the 
protectiw rneasuras can be teilorad to the actual hazards 
that workers may encounter. 

The person with primary responsibility for site characteri­
zation and assessment is the Project Team Leader. In . 
addition, outside experts, such as chemists, health physi­
cists, industrial hygienists, and toxicologists, may be 
needed to accurately and fully interpret an the 111111ilable 
information on site conditions. 

Site charactetizatioo generally proceeds in three phases: 

• Prior to site entry, conduct offsite charllCtet izatiu,,: 
gether information -av from the site and conduct 
reconnaissance from the site perimeter. 

• Next. conduct onsite sun,eys. During this phase, 
rastrict site entry to raconnaissance personnel. 

• Once the site has been determined safe for com­
mencemet ,t of other activities, perform ongoing 
monitoring to provide a continuous source of infor­
mation about site conditions. 

It is important to recognize that site characterization is a 
continuous pi ocess. At each phase of site characteriza.. 
tion, information should be obtained and 111111luated to 
define the hazards that the site may pose. This assess­
ment can then be used to -1op • safety and health 
plan for the next phase of work. In adcfotion to the formal 
information gethering that tekes place during the phases 
of site characterization described here. an site personne1 
should be constantly alert for new information about site 
conditions. 

The sections below detail the three phases of site charac­
terization and provide a general guide which should be 
adapted to meet the specific situation. Within each phase 
of infonnation gathering. the most appropriate sequence 
of steps should be determined, particularly if thera era 
time or budget considerations that Amit the scope of the 
work. Wherever possible, an information sources should 
be pursued. 

Offslte Characterization 
As much information as possible should be obtained 
before site entry so that the hazards can be 111111lueted and 
preliminary controls instituted to p,otect initial entry per­
sonnel. Initial information-gathering missions should 
focus on identifying an potential or suspected conditions 
that may pose inhalation hazards that era invnediately 
dangerous to life or health UDLH)' or other concfotions 
that may cause death or serious harm (see Table 6-1). 

Offsite information can be obtained by two methods: 
interview/records rasaarch and perimeter raconnaissance. 

liable 6-1. Visible lndicetors of Potential IDLH and Other 
Dangerous Conditions 

• I.age containe,s or tanks - must be eme,ed. 

• Enclosed spaces IUCh as buildings or tnttd'teS that must be 
entenld. 

• Potentially oxplosiw or flammable ~ foncfocated by bulging 
drums, -......Cence, gas generation. or instrument oeadingsl. 

• Extremely hazaodous materials (such as cyanide, phosgene, or 
n!ldiation sources). 

• VISibie vapor clouds. 
. • Areas where biological indicators Cauch as dead .,imals or 

vagetstionl .,., located. 

l11taa #lewl'Recorda a .... rch 

As much date as possible should be coOected befora any 
personnel go on site. Whera possible, the fonowing infor­
mation should be obtained: 

• Exact location of the site. 

• Detailed description of the activity that occurred at 
the site. 

• Duration of the activity. 

• Meteon,logic date, e.g., currant -ather and forecast, 
prevailing wind direction, precipitation levels, temper­
atura profiles. 

• Terrain, 8'1-, historical and currant site maps, site pho­
tographs, aerial photographs, U.S. Geological Sun,ey 
topographic quadrangle maps, land use maps, and 
land cover maps. 

'<out concfotions nrhor to Inhalation hazards c- section on IDI.H 
ConcentnriontJ - in lhis chapter). 
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• Geologic and hydrologic data. 

• Habitation-population centers, population at risk. 

• Accessibility by air and roads. 

• Pathways of dispersion. 

• Present status of response and who has responded. 

• Hazardous substances involved and their chemical 
and physical properties. Information sources include: 

Company records, receipts, logbooks, or ledgers. 
Records from state and federal pollution control 
regulatory and enforcement agencies, state Attor­
ney General's office, state occupational safety and 
health agencies, state Fire Marshal's office. 
Waste storage inventories and manifests or ship­
ping papers. 
Interviews with personnel and their families (all 
interview information should be verified). 
Generator and transporter records. 
Water department and sewage district records. 
Interviews with nearby residents (note possible 
site-related medical problems and verify all infor­
mation from interviews). 
IDcal fire and police department records. 
Coun records. 
Utility company records. 
Media repons (verify an information from the 
media). 

• Previous sun,eying fincluding soil, ground-penetrating 
radar. and magnetometer surveys), sampling, and 
monitoring data. 

Perimeter Reconnaissance 

At a site in which the hazards are largely unknown or 
there is no need to go on site immediately, visual observa­
tions should be made. atmospheric concentrations of air­
borne pollutants at the site perimeter should be monitored 
(see Chapter 7, Air Monitoring), and samples should be 
collected near the site. While these data are not definitive 
indicators of onsite conditions. they can assist in the 
preliminary evaluation. Perimeter reconnaissance of a site 
should involve the following actions: 

• Develop a preliminary site map. with the locations of 
buildings, containers, impoundments, pits, ponds, 
and tanks. 

• Review historical and current aerial photographs. 
Note: 

Disappearance of natural depressions. quarries, or 
pits. 

Variation in reforestation of disturbed areas. 
Mounding or uplift in disturbed areas or paved sur­
faces, or modifications in grade. 

Changes in vegetation around buildings. 
Changes in traffic patterns at the site. 

• Note any labels. markings. or placards on containers 
or vehicles. 

• Note the amount of deterioration or damage of con­
tainers or vehicles. 

• Note any biologic indicators. such as dead animals or 
plants. 

• Note any unusual conditions. such as clouds. dis­
colored liquids, oil slicks, vapors, or other suspicious 
substances. 

• Monitor the ambient air at the site perimeter (see 
Chapter 7, Air Monitoring) for: 

Toxic substances. 

Combustible and flammable gases or vapors. 
Oxygen deficiency. 
Ionizing radiation. 

Specific materials, if known. 

• Note any unusual odors. 

• Collect and analyze offsite samples, including (see 
reference 111 for methods): 

Soil. 
Drinking water. 

Ground water. 
Site run-off. 
Surface water. 

P1ohh.tion of Entry 1'9nonnel 

The information from interview/records research and 
perimeter reconnaissance is used as the basis for select­
ing the protective equipment for the initial site survey. In 
addition, the proposed work to be accomplished must be 
considered. For example. if the purpose of the survey is to 
inspect onsite condittOOS .. count containers. measure the 
ambient air for "hot spots" (i.e., areas with high concen­
trations of toxic chemicals), and generally become famil­
iar with the site. the level of protection may be less 
stringent than if containers are to be opened and samples 
taken. (Chapter 8, Personal Protective Equipment, pro­
vides more detail on the selection of protective items.) 

The ensemble of clothing and equipment referred to as 
level B protection is generally the minimum level recom­
mended for an initial entry until the site hazards have 
been funher identified and the most appropriate protec­
tive clothing and equipment chosen. level B equipment is 
described in Table 8-7, Chapter 8. 

Onsite Survey 
The purpose of an onsite survey is to verify and supple­
ment information from the offsite characterization. Prior 
to going on site. the offsite characterization should be 
used to develop a Site Safety Plan for site entry that 
addresses the work to be eccomplished and prescribes 
the procedures to protect the health and safety of the 
entry team. Priorities should be established for hazard 
assessment and site activities after careful evaluation of 
probable conditions. Because team members may be 
entering a largely unknown environment. caution and 
conservative actions are appropriate. The composition of 
the entry team depends on the site characteristics but 
should always consist of at least four persons: two 
workers who will enter the site and two outside support 
persons. suited in personal protective equipment and pre­
pared to enter the site in case of emergency. Upon enter­
ing the site. entry personnel should: 

• Monitor the air for IDLH and other conditions that 
may cause death or serious harm (combustible or 



As part of site characterization, workers suited in LINel A 
protective ensembles work in pairs when investigating 
confined spaces. 

explosive atmospheres, oxygen deficiency, toxic sub­
stances). Chapter 7 provides detailed infonnation on 
air monitoring. 

• Monitor for ionizing radiation. Survey for gamma and 
beta radiation with a Gaiger-Mueller detection tube or 
a gamma scir>tillation tube; if alpha radiation is 
expected, use a proportional counter. 

• Visually observe for signs of actual or potential IDLH 
or other dangerous conditions (see Table 6-1). 

Any indication of IDLH hazards or other dangerous condi­
tions should be regarded as a sign to proceed with care 
and deliberation. Extreme caution should be exercised in 
continuing the site survey when such hazards are indi­
cated. Table 6-2 provides some basic guidelines for 
decisi-king. H IDLH or other dangerous conditions 
are not present. or if proper precautions can be taken, 
continue the survey: 

• Conduct further air monitoring as necessary (see 
Chapter 7). 

• Note the types of containers, impoundments, or other 
Slorage systems: 

Paper or wood packages. 
Metal or plasiic barrels or drums. 
Underground tanks. 
Aboveground tanks. 
Compressed gas cylinders. 
Pits, ponds, or lagoons. 
Other. 

• Note the condition of waste containers and Slorage 
systems: 

Sound (undamaged). 
Vasibly rusted or corroded. 
IBBking. 
Bulging. 
Types and quantities of malerial in containers. 
Labels on containers indicating corrosive, explosive, 
flammable, radioactive. or toxic malerials. 
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• Note the physical condition of the materials: 

Gas. liquid, or solid. 
Color and turbidity. 
Behavior, e.g., corroding, foaming, or vaporizing. 
Conditions conducive to splash or contact. 

• Identify natural wind barriers: 

Buildings. 
Hills. 
Tanks. 

• Determine the potential pathways of dispersion: 

Air. 
Biologic routes, such as animals and food chains. 
Ground waler. 
land surface. 
Surface waler. 

• H necessary, use one or more of the following 
remote sensing or subsurface investigalive 
methods to locate buried wasies or contaminant 
plumes: 

Electromagnetic resistivity. 
Seismic refraction. 
Magnetornetry. 
Metal detection. 
Ground-penetrating radar. 

• Note any indicators of potential exposure to haz· 
ardous substances: 

Dead fish, animals or vegetation. 
Dust or spray in the air. 
Fissures or cracks in solid surfaces that expose 
deep waste layers. 
Pools of liquid. 
Foams or oils on liquid surfaces. 
Gas generation or effervescence. 
Deteriorating containers. 
Cleared land areas or possible landfilled areas. 

• Note any safety hazards. Consider: 

Conditions of site siructures. 
ObSlacles to entry and exit. 
Terrain homogeneity. 
Terrain stability. 
Stability of stacked malarial. 

• Identify any reactive. incompatible, flammable, or 
highly corrosive wastes. 

• Note land features. 

• Note the presence of any potential naturally occur­
ring skin initants or dermatitis-inducing agents, for 
exemple: 

Poison ivy. 
Poison oak. 
Poison sumac. 

• Note any tags, labels, markings, or other identify­
ing indicators. 
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1W>le 8-2. Guider.nes for Some Atmospheric Hazard.-

MONITORING EQUIPMENT' MEASURED lE\IEl ACTION 

-

Combustible gas ind"ocator <lO'lf, LEL• 

10'lf,-25'lf, LEL 

Oxygen COIK!6ilbdtiun 
meter 

>25'lf, LEL 

<19.5'lf, 

19.5'lf,-25'lf, 

>25'lf, 

Radiation .._ equipment :5 2 mremn.r-i 

>2mrem/hr 

~-arganlc Colotan •bictubes Dependson 

-- - Chemic •Hpecffic n1nJ- chemical 
moms. inclucfmg haflde 

Organic-­-
meter, hydrogen sulfide ----monitor, - mercury meter 

Ponable photokN lizer 
0rg.,;c _.,. analyzer 
110pe, •tadingasc:hn>-

matog, •phy IGCI ..-
210pe, •tad in.._..-

Depends on 
chemical 

-e•sed on Standard "-1,ting Guides. US EPA. December, 1984. 

Continua inwstiglltion. 

Continue onsite monitoring with extreme caution as high« 

- .... encountered. 
Explosion hazard. Withdraw from ....., immediately. 

Monitor wearing aelf-contained breathing -
NOTE: Combustible gas readings _,, not val"ld in •atm""'IOSPI-""""""" .. 
with <19.5'lf, oxygen. 

Continua inwstigation with caution. Deviation from normal 
- may be due 1D lhe presence of--

- hazard potential. Discontinue inwstigation. Consult • fire 
ulaty opeciafist. 

Radiation - background levels lnormal1y 0.01-0.02 
mrem/hr)I signifies lhe possible presence of nl<foation 
-.rces. Continue inwstigation with cartion. l'l1rlorm 
thorough monitoring. Consult with • health physicist. 

Fbtenti •I radiation hazard. Evacuate lite. Continua investig •-
1ion only upon lhe - of • health physicist. 

Consult standard referet iCd manuals for air concentra-
1ion/1Dxicity data. Action lewl depends on PEL/REI./TlY. • 

Consult standard refet e; .ce ,nanuals for air concentra-
1ion/1Dxicity data. Action lewl depends on PEl/REI./T1Y. • 

"T1-e.., _. cl•ases of hazards. Not all co.,_ .... of these cl•ases can be measun,d. 

-c-,tt manufaclureni' ltenrture for use limitatio,'" associated with lhe specific equipment - for lhe specific subslal"""' lhe 
equipment can det9ct. See lables 7-1 •nc1 7-2 for more comp1eta descriptions. 

"LB.•--"'8iwlmit. 
ernnmnv • 111111iroentgen equivalent in man per how. 
'Source: US. Nuclear Regulatory Commission Rules •nd Reg .. ations, 10 CFR Q, • pt •r 1, Part 20.105. 

•source: Sax, lN. 1979. Dangerous "'-ti8s of Industrial Mat•rials. Fifth &frtion. I" 167. Yan Nos1nind Reinhold Company, New 'lbrlt. 
"PEL • OSHA permissible_... lmit. 
REL - NIOStl IICOl •W•d.ded exposure limit 
TUI • lhieshold lit,vt value. 
See 1able 6-4. 

• Collect umples (1): 

Air 1sae Chap1er 7, Air Monitoringl. 
Drainage di11:hes. 
Soll (surface and subsurfacel. 
S1anding pools of liquids. 
S10rage containers. 
Streams and ponds. 
Ground water (upgradient, beneath ~ down­
gracf1811t). 

• Sample for or otherwise identify: 

Biologic or pathologic hazards. 
Radiologic hazards. 

Information Documentation 
Proper documentetion and document control are impor­
tant for ensuring eccunrte communication; ensuring the 
quality of the data collected; providing the rationale for 
safety decisions; and substantiating possible legal 
actions. Documentation can be accomplished by record· 
ing information pertir1811t to field activities, sample analy­
sis, end site conditions in one of several ways, including: 

• Logbooks. 

• Reid data records. 

• Graphs. 

• Photographs. 

• Sample labels. 



• Chain-ot-custody forms. 

• Analytical records. 

These documents should be controlled to ensure that 
they are an accounted for when the project is completed. 
The task of document control should be assigned to one 
individual on the project team and should include the 
following responsibilities: 

• Numbering each document fincluding sample labels) 
with a unique number. 

• Listing each document in a document inventory. 

• Racording the whereabouts of each document in a 
separate document register so that any document 
can be readily located. In particular, the name and 
location of site personnel that have documents in 
their possess'on should be recorded. 

• Collecting all documents at the end of each work 
period. 

• Making sure that all document entries are made in 
waterproof ink. 

• Filing an documents in a central file at the completion 
of the site response. 

Field personnel should record all onsite activities end 
observations in a field logbook-a bound book with con· 
secutiwly numbered pages. Entries should be made dur­
ing or just after completing a tesk to ensure thoroughness 
and accuracy. Table 6-3 shows the level of detail that 
should be recorded during sampling. 

Photographs can be an accurate. objective addition to a 
field worker's written observations. For each photograph 
taken, the following information should be recorded in the 
field logbook: 

• Date. time. and name of site. 

• Name of the photographer. 

• Location of the subject within the site. 

• General compass direction of the orientation of the 
photograph. 

• General description of the subject. 

• Sequential number of the photograph and the film roll 
number. 

• Camera, lens, end film type used for photography. 

Serially numbered sample labels or tags should be 
assigned to sampling team personnel and recorded in the 
field logbook. Lost. wided, or damaged labels should be 
noted in the logbook. labels should be firmly affixed to 
the sample containers using either gummed labels or tags 
attached by string or wire. Information should be recorded 
on the tag in waterproof ink and should include items 
such as: 

• The uniqua sample log number. 

• Date and time that the sample was collected. 

• Source of the sample. e.g .• name. location, and type 
of sample. 

• l'Teservative used. 

• Analysis required. 
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Sample jars are labelled prior to sampling as part of site 
documentation procedurp,;;,. 

• Name of collector. 

• Pertinent field data. 

In addition to supporting litigation. written records of 
sample collection, transfer, storage. analysis, and destruc­
tion help ensure the proper interpretation of analytical 
test results. Information describing the chain of custody 
should be recorded on a form that accompanies the sam­
ple from collection to destruction. 

Hazard Assessment 
Once the presence and concentrations of specific chemi• 
cals or classes of chemicals have been established, the 
hazards associated with these chemicals must be deter­
mined. This is done by referring to standard reference 
sources for data and guidelines on permissible levels of 
exposure. flammability, etc. Some key guidelines are listad 
in Table 6-4 and are described below. 

Threshold Llmh Yalue (TLV) 9 

TLVs can be used as a guideline for determining the 
appropriate level of worker protection. These values have 
been derived for many substances and can be fotJnd in 
Threshold Umit Values for Chemical Substances end 
Physical Agents, which is published annually by the 
American Conference of Governmental Industrial 
Hygienists IACGIH) 121. The ACGIH defines three categor­
ies of TLVs: time-weighted average [TWA); short-term 
exposure limit ISTEL); and ceiling (Cl. All three categories 
may be useful in selecting levels of protection at a hazard· 
ous waste site. Refer to the Threshold Umit Values for 
Chemical Substances and Physical Agents 121 for addi· 
tional details. 

l'llnnlulble Exposure Llmh (PEU 

Permissible exposure limits are enforceable standards 
promulgated by OSHA. In many cases they are derived 
from TLVs published in 1968. The PEL for a substance is 
the ~r time-weighted average or ceiling concentration 
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Table 8-3. Example of Field Logbook Entries 
to Describe Sampling 

• Date and time of entty. 

• Purpose of sampling. 

• Hane. address, and allmation of personnel performing sampling. 

• Name and address of the material's producer. ii known. 
• 1ype of material, ag. llludge or wastewater. 

• Description of material container. 
• Description of sample. 

• Olemical CtN 1..,oi let its end concentrations, if known. 

• Number and size of samples taken. 

• Description and location of the sampling point. 

• Date and time of sanple collection. 

• Difficulties expe,"" H:8d in -ning sample Cag. is it 
represen1BtiYe of the bulk material?). 

• Visual refer81K:eS. such as maps or photographs of the 
-,,piing lite. 

• Field observations. such .. - conditions during 
sampling periods. 

• Field measurements of the materials. ag. explosiwness, 
flammability. or pH. 

• Whether chain-of-custody torms have been fined out 
for the samples. 

above which workers may not be exposed. Although per­
sonal pootective equipment may not be required fur 
exposures below the PEL its use may be advisable where 
there is a potential for Oll'erexposure. See the tables and 
substanca-specif,c standards in 29 CFR Part 1910. Sub­
part Z. for additional details. 

Recommand.,i ,_,... Umit CREU 

A NIOSH recommended exposure f,mit IREU is the work­
place exposure c:ooc:e.ibatiuil recommended by NIOSH 
for promulgation by OSHA as a PEL but is not enforc:a-­
able as is the OSHA PEL In some cases, NIOSH has 
described time-weighted average conce.1bati"'1S in terms 
of 10-hour, rether than II-hour, averages. 

IDLH Cooc:antratlons 

IDLH exposure concentrations have been established by 
the NIOSHIOSHA Standards Completion Program (SCP) 
as a guideline for selecting respirators fur some chemi­
cals. The definition of IDLH varies depending on the 
source. For example, the Mine Safety and Health Adminis­
tration Standard 130 CFR Part 11.3[tll defines IDLH condi­
tions as those that pose an immediate threat to life or 
health or that pose an immediate threat of severe 
exposure to contaminants such as radioactive materials 
that are likely to have adverse cumulative or delayed 
affects on health. The NIOSH Pocket Guide to Chemical 
Hazards (31 defines IDLH c:onc:entration as the 
" ... maximum level from which one could escape within 
30 minutes without any escape-impairing symptoms or 
any irreversible health effects ... :• The American 
National Standards Institute, Inc. (ANSI) defines IDLH as 
" .. . any atmosphere that poses an immediate hazard to 
life or produces immediate irreversible debilitating effects 
on health •• :• (4). Regardless of their exact definition, all 
IDLH values indicate those c:onc:entrations of toxic sub­
stanc:as from which escape is possible without irre­
versible harm should a worker's respiratory protective 

equipment fail. At hazardous waste sites,. IDLH cor.ce.1ba­
tions should be assumed to represent concentrations 
ab011'8 which only workers wearing respirators that pro­
vide the maximum protection (i.e.. a positive-pressure. 
full-facepiec:e, self-contained breathing apparatus (SCBAJ 
or a combination positive-pressure. full-facepiece. 
supplied-air respirator with positive-pressure SCBA (see 
Chapter 8)) are permitted. Specific IDLH values fur many 
substances can be found in the NIOSH Pocket Guide to 
Chemical Hazarrls 13). 

Potential Skin Absorption and Irritation 

Information on skin absorption is provided in the ACGIH 
publication. Threshold Umit \.irlues for Chemical Sub­
stances and Physical Agents 121 and in OSHA standard 
29 CFR Part 1910.1000 and other standard references. 
These documents identify substarices that can be readily 
absorbed through the skin, mucous membranes, and/or 
eyes by either airborne exposure or direct contact with a 
f,quid. This information, like most available information on 
skin absorption is qualitative. It indicates whether. but not 
to what extent. a substarice may pose a dermal hazard. 
Thus decisions made concerning skin hazards are neces­
sarily judgmental. 

In addition, many chemicals. although not absorbed 
through the skin, may cause skin irritation at the point of 
contact. Signs of skin irritation range from redness. swen­
ing. or itching to bums that destroy skin tissue. Standard 
references can be used to determine whether a chemical 
may act as an irritant. 

Potential Eye Irritation 

Quantitative data on eye irritation are not always availa­
ble. Where a review of the literature indicates that a sub­
stance causes eye irritation, but no threshold is specified. 
have a competent health professional evaluate the data to 
determine the level of personal protection needed for 
onsite workers. 

Explosion and Flammability Ra-
The lower explosive limit (LELl or lower flammable 6mit 
(LFL) of a substance is the minimum concentration of gas 
or vapor in air below which the substance will not bum 
when exposed to a source of ignition. This concentration 
is usually expressed in percent by volume. Below this con­
centration, the mixture is too "lean" to bum or explode. 

The upper explosive limit (UELJ or upper flammable limit 
(UFL) of a substance is the maximum concentration of 
gas or vapor ab011'8 which the substance will not bum 
when exposed to a source of ignition. Ab0ll'8 this c:onc:en­
tration. the mixture is too "rich" to bum or explode. 

The flammable range is the range of concentrations 
between the LFL and UFL where the gas-air mixture will 
support combustion. 

The flashpoint of a substance is the minimum tempera­
ture at which it gives off sufficient vapor to form an 
ignitable mixture with the air just ab011'8 the surface of the 
substance. Ignition of a substance at the flashpoint is not 
continuous. 
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Table 64. Guidelines for Assessing Chemical and Physical Hazards 

HAZARD 

Inhalation of 
airborne --

GUIDELINE EXPLANATION SOURCES 
FOR 
VAWES-

nv Threshold Limit Value One of three categories of chemical exposure levels, defined as 
follows: 

nv-TWA Threshold Limit Value- The time-weighted average concentration for a normal 8-hour ACGIH 

nv-sreL 

nv-e 

PEL 

REL 

Tnne-Weighted Average workday and a 404lour WOfl< week. to which nearly all wort<ers 
may be repeatedly exposed with<>ut adverse effect. Should be 

Threshold Limit Value­
Short-lerm Exposure 
Limit 

Threshold Limit Value­
Ceiling 

Permissible Exposure 
limit 

Recommended 
Exposure Limit 

used as ., exposure guide rather than an absolute threshokl. 

A ts-m;nuta time-weighted average exposure that should not be ACGIH 
exceeded at errv time during the work day. 

The coocentration that should not be exceeded even ACGIH 
instantaneously. 

Time-weighted average and ceiling concentrations similar to (end OSHA 
in many cases derived from) the threshold limit values published in 
1968. 
Time-weighted averages and ceiling concentrations based on NIOSH 
NIOSH evaluations. 

IDLH Immediately Dangerous The maximum level from which a WO<l<er could escape with<>ut NIOSH 
to Life or Health any escape-impairing symptoms or ,..,., irreversible health effects. b 

Dwmal absorp- Destgnation Hsk.in" 
donolc:heml-

The designation "skin"" in the ACGIH. OSHA. and NIOSH 
references' indicates that a substance may be readily absorbed 
through the intact skin; however. it is not a threshold for aafe 
exposure. Direct contact with a substance designated .. skin .. 
should be II\IOided. 

ACGIH/ 
OSHA/ 
NIOSH -through 

airbomeOf 
direct contact 

Dermal Irritation 

Carcinogens 

Ionizing 
Radiation 

nv 

PEL 

REL 

nv 

PEL 

REL 

Threshold Limit Value 

Permissible Exposure 
Limit 

Recommended 
Expo$llre Limit 

Threshold Limit Value 

Permissible Exposure 
Limit 

Reconvnended 
Exposure Limit 

Many $\Jbstances irritate the skin. Consult standard 1efetetlC8S. 

Some carcinogens have an assigned nv. 
OSHA has individual standards for some specific carcinogens. 

NIOSH makes recommendations regarding exposures to 
carcinogens. 

Sound pressure levels and durations of expasure that represent 
conditions to which it is believed that nearty all workers may be 
repeatedly exposed without an adverse effect on their ability to 
hear and understand normal speech. 

Limits for acceptable noise exposure. 

Limits for acceptable noise exposure. 

ACGIH 

OSHA 

NIOSH 

ACGIH 

OSHA 

NIOSH 

Maximum permissible body burden and maximum permissible concentrations of radionuclides in air end in NCRP 
water. 

PEL Permissible Exposure 
Limit 

Dose in rems per calendar quarter. OSHA 

The ignition temperature or autoignition temperature is 
the minimum temperature required to initiate or cause 
self-sustained combustion without an ignition source. 

Hazardous Substance Information 
Form 

When evaluating the fire or explosion potential at a haz­
ardous waste site. all equipment used should be intrinsi­
cally safe or explosion-proof. Where flammable or 
explosive atmospheres are detected, ventilation may 
dilute the mixture to below the LEL/LFL However, ventila­
tion is generally not recommended if concentrations 
exceed the UFL/UEL. since the mixture will pass through 
the flammable/explosive range as it is diluted. Note that 
combustible gas indicator raadings may not be accurate 
when oxygen concentrations are less than 19.5 percent. 

Information on the chemical. physical, and toxicologic 
properties of each compound known or expected to occur 
on site should be recorded on a Hazardous Substance 
Information Form (see Appendix Cl. Response personnel 
will then have the necessary health and safety informa­
tion in one place, and new personnel can be quickly 
briefed. As many reference sources as possible should be 
used to fill out the sheets because the information may 
vary from one source to another. Material Safety Date 
Sheets provided by chemical manufacturera are one 
source for this infonnation. 
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Table M. (cont.I 

HAZARD GUIDELINE SOURCES 
FOR 
VAWEs-

LEL Lawer Exp1osiw Limit The minimum C0.1Ce1,batiu.1 of- in air below which prupaga- -
tion of • flana wall not occur in the .,,_ tee of _, ignition eource. 

UEL Upper Explosive Limit The maximum --••atiu.1 of a._ in••- which prop&- NFPA 
gation of • flame will - oca,r in ""' p.ese, ,ce of .. ignition -Rash point The lowest -•ture at which - - of a combust,ble liquid NFAI. 
can be made to ignite n1011.e11taily in air. 

"5ources: 

ACGIH. 1984-85. Threshold Limit Values for O>emical Substa1.ces and Physical Agents in the Workplace Cnviro,o,,..,t and Biological 
Exposure Indices with Intended Changes for 1985-86. America, Coufet o, .ce of ~ Industrial 11-;gMM lists. Cincimati. Ohio. 

NIOSH. Centers for Disease Control. 1983. NIOSH Recommendations for Occupational Health Standards. Momidity and Mortarrty 
Weekly Report Supplement. IA:>!. 32. No. 1S. October 7. 1983. 

NIOSH. 1985. l'ocl<et Guide to Chemical Hazards. National Institute for Occupational Safety and Hesth, Cincimati. Ohio. 

NCRP. Basic Radiation Protection Criteria. NCRP Report No. 39. National Counal '"' Radiation Protection and ~ -­
ington, D.C. 
NCRP. Maximum Alrmissible Body llunlens and Maximum l'lltnusible Conc.61 ,b ati,,,,,. of Rad"JOnUCfides in Ai< and - for Occupational 
Exposura. NCRP Report No. 22. National Counal '"1 Rad"lation Protection and Measurements. Wahington. D.C. 

NFPA. 1985. Fire Protection Guide '"1 Hazanlo<Js Materials. Eighth Edition. National Fin, Plotectio,, Aaaociation. Boston, -
OSHA. 29 CFR Port 1910. (OSHA standards _,, legally binding.I 

"Other sources "'""' slightly cfrfferent definitions of IDLH (see IDLH Conc«rtratioM in this chapter). 

Monhoring 
Because site activilies and weather conditions change, an 
ongoing air monitoring program should be implemented 
after characterization has detennined that the site is safe 
for the commencement of operations. 

The ongoing monitoring of 81m0Spheric chemical hazards 
should be conducted using a combination of stationary 
sampling equipment. personnel monitoring devices, and 
periodic area monitoring with cfirec1-n,ading insttuments 
(see Chap1er 7, Air Monitoring). Data obtained during off. 
site and onsite surveys can be used to develop a plan that 
details the pmcedures to be used for monitoring ambiem 
concfrtions during cleanup operations. Where necessary, 
routes of exposure other than inhalation should be moni­
tored. For example. skin swipe 1IIStS may be used to 
detennine the effectiveness of personal proteCtive cloth­
ing (see Chapu,r 10, DectmtaminatkJnl. Depending on the 
physical properties and toxicity of the onsite meterials, 
community exposures resulting from hazardous was1e 
site operations may need to be assessed 15). 

Monitoring also includes continual evaluation of any 
changes in site conditions or work activilies that could 
affect worker safety. When a significant change occurs, 
the hazards should be reassessed. Some indicators of the 
need for reassessmem are: 

• Commencemem of a new work pl,ase, sucl, as the 
start of drum sampling. 

• Change in job tasks during a work pl,aS& 

• Change of season. 

• Change in weather. 

• Change in ambiem levels of contaminams. 
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Airborne contaminants can present a significant threat to 
worker health and safety. Thus. identification and quan­
tification of these contaminants through air monitoring is 
an essential com-t of a health and safety program at 
a hazardous waste site. Reliable measurements of air­
borne contaminants are useful for: 

• Selecting personal protective equipment. 

• Delineating areas where protection is needed. 

• Assessing the potential health effects of exposure. 

• Determining the need for specific medical monitoring. 

This chapter delineates the factorS to consider when con­
ducting air monitoring at a hazardous waste site. It 
presents strategies for assassing airborne contamination 
at hazardous waste sites and describes instruments and 
methods for measuring exposures. 

Measuring Instruments 
The purpose of air monitoring is to identify and qusntify 
airborne contaminants in order to detennine the level of 
worker protection needed. Initial screening for identifica­
tion is often qualitative, i.e., the contaminant. or the class 
to which it belongs. is demonstrated to be present but 
the detennination of its concentration (quantification) 
must await subsequent testing. Two principal approaches 
are ava~able for identifying and/or quantifying airborne 
contaminants: 

• The onsite use of direct-n,ading instruments. 

• Laboratory analysis of air samples obtained by gas 
sampling bag. filter. sorbent. or wet-contaminant col­
lection methods. 

Dl.-t-Readlng lnsmafflMlta 

Direct-n,ading instruments were developed as early warn­
ing devicas for use in industrial settings. where a leak or 
an accident could release a high concentration of a 
known chemical into the ambient atmosphere. loday. 

some direct-n,ading instruments can detect contaminants 
in concentrationS down to one part contaminant per mil­
lion parts of air (ppml. although quantitative data are diffi­
cult to obtain when multiple contaminants are present. 
Unlike air sampling devices, which are used to collect 
samples for subsequent analysis in a laboratory. direct­
reading instJUments provide information at the time of 
sampling. enabling rapid decision-making. 

Direct-fllading instruments may be used to rapidly detect 
flammable or explosive atmospheres. oxygen deficiency. 
certain gases and vapors. and ionizing radiation. They are 
the primary to0ls of initial site characterization. The infor­
mation provided by direct-n,ading instruments can be 
used to institute appropriate protective measures (e.g .• 
personal protective equipment. evacuation). to detennine 
the most appropriate equipment for further monitoring, 
and to develop optimum sampling and analytical pro­
toc;ols. 

All direct-n,ading instruments have inherent constraints in 
their ability to detect hazards: 

• They usually detect and/or measure only specific 
classes of chemicals. 

• Generally. they are not designed to measure and/or 
detect airborne concentrations below 1 ppm. 

• Many of the direct-fllading instruments that have 
been designed to detect one panicular substance 
also detect other substances (interference) and. con­
sequently. may give false readings. 

It is imperative that direct-n,ading instruments be oper­
ated. and their data interpreted. by qualified individuals 
who are thoroughly familiar with the particular device's 
operating principles and limitations and who have 
obtained the device's latest operating instructions and 
calibration curves. At hazardous waste sites. where 
..,known and multiple contaminants are the rule rather 
than the exception. instrument readings should be intar­
p,eted conservatively. The following guidelines may fecili­
tate accurate recording and interpretation: 

• Calibrate instruments according to the manufac­
turer's instructions before and after every use. 

• Develop chemical response curves if these are not 
provided by the instrument manufacturer. 

• Remember that the instrument's readings have 
limited value where contaminants are unknown. 
When recording readings of unknown contaminants. 
report them as "needle deflection" or "positive 
instrument responseu rather than specific concentra­
tions fi.e.. ppm). Conduct additional monitoring at any 
location where a positive response occun1-

• A reading of zero should be reported as "no instru­
ment response'' rather than '"clean·· because quanti­
ties of chemicals may be present that are not 
detectable by the instrument. 

• The survey should be repeated with several detection 
systems to maximize the number of chemicals 
detected. 

Tables 7-1 and 7-2 list several direct-n,ading instruments 
and the conditions and/or substances they measure. The 
flame ionization detector (FIDI and the photoionization 
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Table 7-1. Some Direct-Reading Instruments to< General Survey 

HAZARD DETECOON EASE OF GENERAL CARE TYPICAL 
INSTRUMENT MONITORED APPLICATION METHOD UMllll.TIONS OPER,UION ANO MAINTENANCE OPERATING TIMES - Coml>usti:,Je Measures the A filament. Accuracy de-- Effectiw Recharge o, replace Can be used for .. -- gasesand COfteei1bation usually pends. in part. use,... battery. long - the battery 
ICGII vapors. ofacom- made of on the d"rfference qui"'5 that Calibrate immedi- lasts,o,forthe 

l>ustiblegas platinum. is bohveen the operator atelybefon,use. f8COIIWINliN:fed in-
or vapor. heated by caUbration and understand --burning the sampling the-- calibrations. 

combust· temperatures. ing princi- -•less. 
ibl'e gss or SensitMty is • pies and 
vapor. The function of the procedures. 
b:reasein cfffferences in 
heat is thechemK:81 
measured. and physical 

properties 
between the cal-
ibration gas and 
the gas being 
sampled. 

The filament can 
be damaged by 
certain com-
puunds such as 
sa1icones. 
haf>des. 
tetraethyt lead, 
and oxygen-
enriched 
atmospheres. 

Does not provKle 
a valid reading 
under oxygen-
deficM!Ot conditions. 

flame Ionization Many lnsu..-.ey Gases and Does not detect Requires Recharge o, replaca 8 houB; 3 houB 
Detactor JFIOI organic mode.de-- vapors ere inorgantC gases experience battery. with strip chart 
wlthGN gasesand tectsthe ionized in a and vapors. or to interpret Monitor fuel and/0< recordef. 
Chromatography vapors. total concen- flame. A _,,. synthetics. data cor- combustion air 
Opdon trations of current is SensitMty rectly,ospe- supply gauges. 

many O<ganic produced in depends on the cial1y in the 
Perform routine gasesand propoc DOI I compound. GCmode. 
maintenance .. vapors. In to the num- Should not be Specific described in the gas chroma- bar of car- used at--- identifica- manual. tography bonatOmS tures less than tion re-

IGCI mode. present. 40"F (4"CI. quires cali- Check for leeks. 
identif,es and 

Difficult to ebso- bration 
measures 

Jutely identify with the 
specific specifK: 
compounds. compounds. 

analyte of 
In survey High concentra· intarast. 
mode, all the tions of .contam-

Ofg8nic com- inantsor 

paundsara oxygen-lcient 
ionized and atmospheres 

detected at require system 

the same modification. 
time. In GC lnlUM!Ymode. 
mode,, volatile readings can be 
S!)8cies .... only reported 
separated. relative to the 

calibration 
standard used. -- Gamma Environmen- Scintillation Does not Extremely MI.ISt be calibrated Can be ueed for -

tlonllu,wy radiation. tal radiation detecto<. measure alpha easy to op- annually at • 1pecial• long a the battery -· monitor. or beta radiation. erate, but ized fecility. lasts, CJ< for the 
requires recommet .ded in-
experience --to intttrJ)f'et cafibnrtions. 
data. Rug- ----ged, good 
in field use. 
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1ilble 7-1. (cont.) 

HAZARD DETECTION EASE OF GENERAL CARE TYPICAL 
INSTRUMENT MONllOREO APPLICATION METHOD LIMITATIONS OPERATION AND MAINTENANCE OPERATING TIMES - Menygaes MellSUf9S Passesdif- In 1he field, must Requires ~ specified by 
...,,_IIRI andvapors. CCM K.61 lb • li<>u -----personnel manufacturer. 
lp1ctro- of many quencies of pusesto withexten-
,hoton•tee gaesand IR through achieve reliable SMt experi-

vapon in air. 1he-,,ple. - ence in IA 

Designed tD The Ire- Requires spectropho-

quantify one- quencies 11s-.ott AC tometry. 

ortwo- adsorbed -· component are specific 
Not--lor 

mixtures. loreoch 
compound. use in • poten-

tiaffy flanvnable 
oruplosive 
atmosphefe. 

11,terfeietice by 
water vapor and 
carbon dioxide. 

Certain vapors 
and high mois-
ture may attack 
the instrument's 
c,ptics.which 
must then be 
,eplaced. 

lib awlolet IUV) Many Oeteclstotal lonims Does not detect Effectiw Recharge or replace 10 hours; 5 hours 
Photalc iJaduu -nicand coucenba- molecules methane. use re- battery. with strip chart 
0.-IPIDI aome inor- tions of many using UV Does not detect quires that Regularly clean lamp recorder. 

genicgaes organic and racf iation; • compound if 1he opera- window. 
andvapors. aome inor- produces. 1he probe used tor undef-

Regular1y clean and ganicgaes ...-ltthat hasalower stand 1he 
andvapon. is propor~ operating maintain the 

--ovlewlthan instrument and Some identi· tional to 1he 1he cornpaund's principles 
fication of number of and proce- accessories. 

ionization 
compounds ions. potential. dures, and 
io possible if becompe-
more than Response may tent in 
one probe io change when calibrating, 
uaed. gases are mixed. reading, 

Other wltage and inter-
sources may preting the 
interfere with instrument. --Readings can 
only be reported 
n,latn,e tD the 
calibration 
standard used. 

Response io 
affacted by high 
humidity. 

det8Ctor IPIDI !Me Table 7-1) are commonly used e, haz. 
ardous wte 8ites. ~. aome of tMse devices may 
not detect aome particularly mxic egerrts. including hydro­
gen cyanide and hydrogen euffide. Thus, tMse devices 
must be aupplemented with other methods of detection. 

tively low-level concentrations of contaminants, long-term 
or "full-shift" personal air samples must be analyzed in a 
labore,ory. Full-shift air samples for some chemicals may 
be collected with passive dosimeters, or by means of a 
pump which draws air through a filter or sorbent. Table 
7-3 lists some sampling and analylical techniques used at 
hazardous waste sites. 

Lrtnrlltolr Analyala 

Direct-fUding pe,sonal monitors are avanable for only a 
f8w epecific aib91ances and are rerely aensitiw enough 
10 meaura the minute !Le., partll of contaminant par bil­
lion partll of air) quantities of contaminants which may, 
..-thel-. ~ health changes. Thus 10 detect rala-

Selection of the appropri91e sampling media largely 
depends on the physical state of the contaminants. For 
example. chemicals such as PCBs (polychlorinated 
biphenyls) and PNAs (polynuclear •rom91ic hydrocarbons) 
occur as both vapors and particul91e-bound contami­
nants. A dual-media system ill needed to measure both 
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'llble 7-2. Some Direct-Reading lnstNments for Specific Sun,ey 

HAZARD DETECTION EASE OF GENERAL CARE TYPICAL 
INSTRUMENT MONITORED APPLICATION METHOD LIMITATIONS OPERATION AND MAINTENANCE OPEIUmNG TIMES 

Direct Rn ~Lil Specific Measures The compound The measured Minimal Do not use • preyi-
Ca1or•1M1btc gasesand couce11ba- 188CtSwith COi lC8fl I b &tion - ously_....tube -- - tions of the ind"IC8tor of the- training and ""911 if the incflCStor 

apecific chemical in compound expertise chemical is not 
gasesand the tube. pro- mayvwy n,quired. stained. - ducing • stain among differ- Check pump for 

whose length ent INnlfac- leaks before and 
or color turers· tubes. afteruse. 
change ii 
proponio,181 ID 
the com-
pound'• 
COi ,ce. lb 8 tiun. 

Oxygen- Oxygen 10,l. Measures the 11ses .. o1ec. 
perct11 ,tage of trochemical 
Oa: in air. RnSO<ID 

measure the 
panialpn,s-
"""'of 0, in 
the air and 

-- that reading to Oa: 
C:OhC&lbdtiu.L 

forms of these 1Ubstances. The volatJle component is col· 
lec:ted on a eofod adsorbent end the nonvolatJle compo­
nent is collected on a filter. More than two dozen 
dual-ffl8dia sampling techniques have been 91111luated by 
NIOSH 11,2). 

A major disadvantage of long-term air monitoring is the 
time required to obtain data. The time leg between sam­
pling end obtaining the analysis results may be a matter 
of hours. if en onsil8 laboratory is 91111ilable, or days. 
-1cs. - months, if a remote labonrtory is Involved. 
This can be a significant problem if the situation requires 
lmmecf18111 decisions co, ,ceming worker safety. Also, by 
the time samples ere returned from a remote laboratory, 
the hazardous was1e site cleanup may have progressed to 
a different stage or to a location at which cflfferent con­
taminants or cflfferent concentrations may exist. Careful 
plaMing end/or the use of a mobile laboratory on site 
may alleviate these problems. 

Many similar Relriget ate prior ID 
chemicals 
llmerfent. 

use to maintain shelf 
ifeofabout2ye...._ - Check expiration 

ooun:es of date of tubes. 
enor are 

Calibrate pump 0) how the - -.... .. least 

judges stain's quarterly. 

and-po;m.and Awid rough handling 
12) the tube's whichmaycause 
limited channeling. 
accuracy. 

""8c1Bdby 
high luni<f,ty. 

Must be Effecth,e Replace- 8 ID 12 hours. 
calibnlted prior ....... cell according ID 
muse to com- ~res1hat --· pensatelor the- rwcommendations 
altitude and ID< under- Recharge or replace 
barometric •-the batteries prior ID - -,,ting expiration of the 
Certain gases, principles specified inteMII. 
especiaRyoxi- and 

If the ambient air is 
dantsllUChas p,ocedures. 

mono....,0.5'11, -- COa. replace or 
affect read- rejuwnatelheO, 
ings. <:arbon cletactor cell 
dioxide (CO,> frequently. 
poisons the 
cletactor cell. 

techniques. lypical instruments include gas chrornato­
graphs. -.,ecbulluorometers, end infrared ~om­
aters. When not in use in the mobile laboratory. these 
devices _, be relocated to fixed-base faalities.. 0nsite 
laboratory faalities arod practices should meet starodards 
of good laboratory safety. 

UsuaDy. a few of the field samples collected era analyzed 
on site to provide rapid estimates of the COIIC4lllb8tion of 
airborne comaminants. These data can be used to deter­
mine the Initial level of worker personal protection neces­
sary to mocf,fy field sampling pn,cedures end to guide the 
fixed-base laboratory analysis.. If necessary. samples 
11Cf88ned In the mobtle labonrtory can be 1Ubsequently 
reanalyzed in sophisticated fixed-base laboratories.. The 
mobile laboratory also provides storage space, countertop 
staging areas for industrial hygiene equipment. arod facili­
ties for recharging salt-contained breathing -ratus.. 

Mobile lo,botalu<itrs may be brough1 on site to classify 
hazardous wastes for cf,spc,sal. A mobile la bot atot y is 
generaOy a trailer truck tha1 houses analytical instruments 
c:epeble of rapidly classifying contaminants by a variety of 

Sita Monitoring 
Priorities for air monitoring should be based on the infor­
mation gathered during initial site characterization (see 



Table 7-3. Some Sample Collection and Analytical Methods 

SU8STANCE 

Anions: 
Bromide 
Chloride -N-,._.,,,_ -Alphatlc-

• '1111:0S -· °'1lanlcs 
Nlt1w11nlil'" -PCs. 
Pudclde1 

COUECTION DEV1CE-

Prewashed silica gel tube 

Silica gel 

MCEF 

MCEF 

~ltube 

Thermosorb/N 

MCEF 

GF lilte< end ftorisil tube 

13-rnm GF lilte< s,d 
chromosorb 102 'lube 

• MCEF • mixed cel1ulose ester filter. 
GF • glass fiber lilte<. 

ANAIYTICAL METHOD'> 

Ion chromatography 

GC/NPD 

PCM 

ICP-AES 

GC/MS 

GC/TEA 

Gf'8\nmetric 

GC-ECD 

GC/MS 
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TYPICAL DETECTION LIMIT 
OF ANALYTIC 
INSTRUMENT f.ogJ 

10 
5 
5 

10 
20 
10 
10 

10()< 

0.5 
10 

0.01 

0.001 
0.05 

• GC/NPD • gas chromatography end nitrogen/phosphorus detector. PCM = phase contrast microscopy; ICP-AES = inductively 
coupled plasma atomic emission spectrometry. GM/MS - gas chromatography and mass spectrometry; GC/TEA = gas chroma­
lOgraphy using a thermal anergy analyzer. GC-ECD • gas chromatography using an electrical conducm,ity detector. 

c: Units in fibers per mma of filter (Method No. 7400 from the NIOSH Manual of Analytical Methods. 3rd edition). 

Chapter 6). This information serves as the basis for 
selecting the appropriate monitoring equipment and per­
son.,! p,otacti.-e equipment IPPE) to use when conducting 
site monitoring. Depending on site conditions and project 
goals, four categories of site monitoring may be neces­
sary: monitoring for IDLH and other dangerous condi­
tions, general onsite monitoring, perimeter monitoring, 
and periodic monitoring. 

Moultor:1119 fGr IDLH and OU- Dal-•ua Conditions 
Aa a first step. air monitoring should be conducted to 
identify any IDLH and other dangerous conditions, such 
as flammable or explosiw atmospheres, OX'/lle~cient 
erMronmertts, and highly toxic levels of airborne con­
taminants. Direct-f'8ading monitoring instruments will nor­
mally include combustible gas indicators, oxygen meters. 
colorimetric indicator tubes, and organic vapor monitors. 
Other monitoring instruments may be necessary based on 
the initial site characterization. When time permits, air 
samples should be collected for laboratory analysis. 
Extreme caution should be exercised in continuing a site 
survey when atmospheric hazards are indicated. Monitor­
ing personnel should be aware that conditions can sud­
denly change from nonhazardous to hazardous. 

Acutely hazardous concentrations of chemicals may per­
sist in confined and low-lying spaces for long periods of 
time. Look for any natural or artificial barriers. such as 
hills, tall buildings, or tanks, behind which air might be 
still, allowing concentrations to build up. Examine any 
confined spaces such as cargo holds, mine shafts, StlOS. 
storage tanks, box cars, buildings, bulk tanks, and sumps 
Where chemical exposures capable of causing 8CU1a 

health effects are likely to accumulate. Law-lying areas, 
such as hollows and trenches, are also suspect. Monitor 
these spaces for IDLH and other dangerous conditions. 
Also consider whether the suspected contaminants are 
lighter or heavier than air. Then, based on the type of 
contaminants present, consider sampling on hilltops, 
under any cover or canopy where workers might work or 
congregate, and in trenches and low-lying areas. 

In open spaces, toxic materials tend to be emitted into 
the atmosphere, transponed away !Tum the source, and 
dispersed. Thus acutely hazardous conditions are not 
likely to persist in open spaces for extended periods of 
time unless there is a very large (and hence. readily iden­
tifiable) source. such as an overturned tankcar. Open 
spaces are therefore generally given a lower monitoring 
priority. 

G-1 Onalte Monitoring 

Air sampling should be conducted using a variety of 
media to identify the major classes of airborne con­
taminants and their concentrations. The following sam­
pling pattern can be used as a guideline. First. after 
visually identifying the sources of possible generation, 
collect air samples downwind from the designated source 
along the axis of the wind direction. Work upwind, until 
reaching or getting as close as possible to the source. 
level B protection (see Table 8-6 in Chapter 8) should be 
worn during this initial sampling. Levels of protection for 
subsequent sampling should be based upon the results 
obtained and the potential for an unexpected release of 
chemicals. 
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After reaching the source, or finding the highest concen­
tration, sample cross-axis of the wind direction to deter­
mine the degree of dispersion. Smoke plumes, or plumes 
of instrument-detectable airborne substances, may be 
releesed as an aid in this assessment. lo ensure that 
~ is no background interference and that the detected 
substance(sl are originating at the identified source. also 
collect air samples upwind of the source. 

Pwln,eqr Monitoring 

Axed-location monitoring at the "fenceline" or perimeter, 
where personal protective equipment is no longer 
required, measures contaminant migration trw"'f from the 
site and enables the Site Safety Officer to evaluate the 
integrity of the site's clean areas. Since the fixed-location 
samples may reflect exposures either upwind or down­
wind from the site. wind speed and direction data are 
needed to interpret the sample results. 

"-lodlc Monitoring 

Site con<frtions and thus atmospheric chemical conditions 
may change following the initial characterization. For this 
reason. monitoring should be repeated periodically, espe­
cially when: 

• Work begins on a different portion of the site. 

• Different contaminants are being handled. 

• A markedly different type of operation is initiated 
IBG-, barrel opening as opposed to exploratory well 
drilling). 

• Workers are handling leaking drums or working in 
areas with obvious liquid contamination (9G., a spill 
or lagoon). 

Personal Monitoring 
The selective monitoring of high-risk workers, i.e., those 
who are closest to the source of contaminant generation, 
is highly recommended. This approach is based on the 
rationale that the probability of significant exposure 
varies directly with distance from the source. If workers 
closest to the source are not significantly exposed, then 
an 0-.. workers are. presumably, also not significantly 
exposed and probably do not need to be monitored. 

Since occupational exposures are linked closely with 
active material handling, personal air sampling should not 
be necessary until site mitigation has begun. l'ersonal 
monitoring samples should be collected in the breathing 
zone and, if workers are wearing respiratory protective 
equipment. outside the facepiece. These samples repre­
sent the actual inhalation exposure of workers who are 
not wearing respiratory protection and the potential 
exposure of workers who are wearing respirators. It is 
best to use pumps that automatically maintain a constant 
flow rate to collect samples, since it is difficult to observe 
and adjust pumps while wearing gloves, respirators. and 
..-r personal protective equipment. Pumps should be 
protected with disposable coverings, such as small plastic 
bags. to make decontamination procedures easier. 

l'ersonal monitoring may require the use of a variety of 
sampling media. Unfortunately, single workers cannot 

carry multiple sampling media because of the added 
strain and because it is not usually possible to draw air 
through different sampling media using a single portable, 
battery-operated pump. Consequently, several d"'fs may 
be required to measure the exposure of a specific 
individual using each of the media (3,4). Alternatively, if 
workers are in teams. a different monitoring device can be 
assigned to each team member. Another method is to 
place multiple sampling devices on pieces of heavy equip­
ment. While these are not personal samples, they can be 
collected very close to the breathing zone of the heavy 
equipment operator and thus would be reasonably 
representative of personal exposure. These multimedia 
samples can yield as much information as several per­
sonal samples (5 ). 

When considering employee monitoring, procedures and 
protocols found in OSHA's Industrial Hygiene Technical 
Manual m"'I be useful (6). 

Variables of Hazardous Waste She 
Exposure 
Complex. multisubstance environments such as those 
associated with hazardous waste sites pose significant 
challenges to accurately and safely assessing airborne 
contaminants. Several independent and uncontrollable 
variables, most notably temperature and weather condi­
tions, can affect airborne concentrations. These factors 
must be considered when developing an air monitoring 
program and when analyzing data. Some demonstrated 
variables include: 

• Temperature. An increase in temperature increases 
the vapor pressure of most chemicals. 

• Windspeed. An increase in wind speed can affect 
vapor concentrations near a free-standing r,quid sur­
face. Dusts and particulate-bound contaminants are 
also affected. 

• Rainfall. Water from rainfall can essentially cap or 
plug vapor emission routes from open or closed con­
tainers, saturated soil, or lagoons, thereby reducing 
airborne emissions of cenain substances. 

• Moisture. Ousts, including finely divided hazardous 
solids, are highly sensitive to moisture content. 
This moisture content can vary significantly with 
respect to location and time and can also affect 
the accuracy of many sampling results. 

• Vapor emissions. The physical displacement of 
saturated vapors can produce short-term, rela­
tively high vapor concentrations. Continuing 
evaporation and/or diffusion may produce long­
term low vapor concentrations and may involve 
large areas. 

• Work activities. Work activities often require the 
mechanical disturbance of contaminated 
materials, which m"'f change the concentration 
and composition of airborne contaminants. 
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Anyone entering a hazardous waste site must be pro­
tected against potential hazards. The purpose of personal 
protective clothing and equipment (PPE)' is to shield or 
isolate individuals from the chemical, physical, and bio­
logic hazards that may be encountered at a hazardous 
waste site. Careful selection and use of adequate PPE 
should protect the respiratory system, skin, eyes, face. 
hands, feet. head, body, and hearing. This chapter 
describes the various types of PPE that are appropriate 
for use at hazardous waste sites, and provides guidance 
in their selection and use. The final section discusses 
heat stress and other key physiological factors that must 
be considered in connection with PPE use. 

'Tho 18rffl PPE is used in this manual ID refer ID both personal 
protaCtive clothing end equipment. 

Use of PPE is required by Occupational Safety and Health 
Administration (OSHA) regulations in 29 CFR Part 1910 
(see Table 8-1) and reinforced by U.S. Environmental Pro­
tection Agency (EPA) regulations in 40 CFR Part 300 
which include requirements for all private contractors 
worlc:ing on Superfund sites to conform to applicable 
OSHA provisions and any other federal or state safety 
requirements deemed necessary by the lead agency over­
seeing the activmes. 

No single combination of protective equipment and cloth­
ing is capable of protecting against all hazards. Thus PPE 
should be used in conjunction with other protective 
methods. The use of PPE can itseH create significant 
worker hazards, such as heat stress, physical and psycho­
logical stress, and impaired vision. mobility, and commu­
nication. In general, the greater the level of PPE 
protection, the greater are the associated risks. For any 
given situation, equipment and clothing should be 
selected that provide an adequate level of protection. 
Over-protection as well as under-protection can be haz­
ardous and should be avoided. 

Developing a PPE Program 
A written PPE program should be established for work at 
all hazardous waste sites. (OSHA requires a written pro­
gram for selection and use of respirators (29 CFR Part 
1910.134].) Some of the relevant regulations, listed in 
Table 8-1, are cited throughout the text. The word "shall" 
is used only when the procedure is mandated by law. 

The two basic objectives of any PPE program should be 
to protect the wearer from safety and health hazards, and 
to prevent injury to the wearer from incorrect use and/or 
mattunction of the PPE. lo accomplish these goals, a 
comprehensive PPE program should include hazard iden­
tification; medical monitoring; environmental surveillance; 
selection, use. maintenance, and decontamination of PPE; 
and training. These subjects are discussed in this chapter 
and in Chapters 2, 4, 5, 6, 7, and 10. 

The written PPE program should include policy state­
ments, procedures, and guidelines. Copies should be 
made available to all employees, and a reference copy 
should be available at each wor1c: site. Technical data on 
equipment. maintenance manuals, relevant regulations, 
and other essential information should also be made 
available. 

Program R- and Enluatlon 

The PPE program should be reviewed at least annually. 
Elements which should be considered in the review 
incfude: 

• A survey of each site to ensure compliance with 
regulations applicable to the specific site involved. 

• The number of person-hours that workers wear 
various protective ensembles. 

• Accident and illness experience. 

• Levels of exposure. 

• Adequacy of equipment selection. 

• Adequacy of the operational guidelines. 



8-2 Personal Protective Equipment 

Table 8-1. OSHA Standards for Use of PPE 

TYPE OF PROTEC'TlON 

Eye-­
Noise&.,.,.... 
Respiratory 

Head 

Foot 
Electrical l'n,tectfw -

REGULATION 

29 CFR Part 1910.132 

29 CFR Part 1910.1000 

29 CFR Part 1910.1001-1045 

29 CFR Part 1910.1331a) 

29 CFR Part 1910.95 

29 CFR Part 1910.134 

29 CFR Part 1910.135 

29 CFR Part 1910.136 

29 CFR Part 1910.137 

SOURCE 

41 CFR Part 50-204. 7 General Requirements for ""'5onal 
Protactiw Equipment. 

41 CFR Part 50-204.50, except for 1able Z-2. the~ of 
which is American National Standards Institute, Z37 Nries-'. 

OSHA Rulemaking. 

ANSI Z87.1-1968• Eye - Face Protection. 

41 CFR Part 50-204.10 - OSHA Rulemaking. 
ANSI ZBS.2-1969' Sia-rd Practice for Respiratory Protection. 
ANSI Z89.1-1969' Safety Requirements for Industrial Head 
Protection. 

ANSI Z41.1-1967' Men's Safety be Footwear. 

ANSI Z9.4-1968. Ventilation - Safe Practices of Abrasiw 
Blasting Operations. 

•American National Standards Institute CANSIJ. 1430 Broadway, New 'lbrt, NY 10018. ANSI regularly upda1es its standards. The ANSI 
amndards ., thhl table are those that OSHA lldop1ed ., 1971. Since the ANSI standards which _,, then adopted had been set w, 
1967-1969, those amndards, now required under OSHA. may be less stringen1 than the most recent ANSI standards. 

• Adequacy of decontamination. cleaning. inspection, 
main1enance, and storage programs. 

• Adequacy and effectiveness of training and fitting 
programs. 

• Coonlination with Ollenlll safety and health program 
elements. 

• The degree of fulfillmen1 of program objectives. 

• The adequacy of program records. 

• Recommendations for program improvement and 
modification. 

• Program costs. 

The results of the program evaluation should be made 
evailable to employees ...i presented to top management 
so that program adaptations may be implemented. 

Selection of Respiratory Equipment 
Respiratory proteCtion is of primary importance since 
inhalation is one of the major routes of exposure to chem­
ical toxicams. Respirato. y jli oltn."tive devices lrespiratora) 
consist of a facepiece connected to either an air source or 
an air-purifying device. Respirators with an air source are 
called atmosphere-supplying respirators IF,gure 8-11 and 
consist of two typeS: 

• Seff~tained breathing appan,tus (SCBAsJ which 
supply air from a source carried by the user. 

• Supplied-air n,spin,tors (SARsJ which supply air 
from a source located some distance IIWIIV ...i 
connected to the user by an air-line hose. 
Supproed11ir respirators are sometimes referred to 
as air-line respirators. 

Air-purifying n,spin,tors !Figure 8-21, on the other hand, 
do not have a separate air source. Instead, they utilize 
ambient air which is "purified" through a filtering 
element prior to inhalation. 

SCBAs, SARs, and air-purifying respirators are further 
differentiated by the type of air flow supproed to the 
facepiece: 

• lbsitive-pressu,e respirators maintain • positive pres­
sure in the tacepiece during both inhalation and exha­
lation. The two main typeS of positive-pressure 

respirators are pressure.-demand and continuous flow. 
In pressunHlemand respirators, a pressure n,gulator 
and an exhalation valve on the mask maintain the 
mask's positive pressure except during high breath­
ing rates. H a leak develops in a pressure-demand 
respirator, the regulator sends a continuous flow of 
clean air into the facepiece, preventing penebation by 
contaminated ambient air. Continuous-flow respira­
tors fincluding some SARs and all powered air­
purifying respirators [PAPRs)) send a continuous 
stream of air into the facepiece at an times. With 
SARs, the continuous flow of air prevents infiltration 
by ambiem air. but uses the air supply much more 
rapidly than with pressure-demand respirators. 
l'Owered air-purifying respirators IPAPRsl are oper­
ated in a positive-pressure continuous-flow mode 
utilizing filtered ambient air. !However, at maximal 
breathing rates. a negative pressure may be created 
in the facepiece of a PAPR.) 

• Negative-pressure respirators draw air ll"lto the 
facepiece via the negative pressure created by user 
inhalation. The main dis.advantage of negative­
pressure respirators is that if any leaks develop in the 
system fi.e., a crack., the hose or an ill-fitting mask 
or facepiece), the user draws contaminated air into 
the facepiece during inhalation. 

When atmosphere-supplying respirators are used, only 
those operated in the positive-pressure mode are recom­
mended for work at hazardous -ste sites. Table 8-2 rosts 
the relative advantages and disadvantages of SCBAs, 
SARs, and air-purifying respirators. 

Different types of facepieces are available for use with 
the various types of respirators. The types generally used 
at hazardous waste sites are full facepieces and half 
maslc.s. 

• Full-fllcepiece masks cover the face from the hairline 
to below the chin. They provide eye protection. 

• Haff masks cover the face from below the chin to 
over the nose and do not provide eye protection. 

Federal n,gulations require the use of respirators that have 
been tested ...i approved by the Mine Safety ...i Health 
Administration IMSHA) and NIOSH. "Jesting procedures 
are described in 30 CFR Part 11. Approval numbers are 



Emergency escape SCBA, 
hood type 
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I I, 

- Self-contained 
breathing apparatus 

(SCBA), 
full facepiece 

Supplied-air respirator, full facepiece 

Figure 8-1. lypes of Atmosphere-Supplying Respirators. 

Full-facepiece, 
dual cartridge 

Half-mask, facepiece­
mounted cartridge. .,,,_,,,.-..­

_.._,._ 

Powered air-purifying respirator, 
half-mask 

Full-facepiece. 
chin-mounted canister 

Full-facepiece. 
harness-mounted canister 

Figure 8-2. lypes of Air-Purifying Respirators •. 
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'llble 8-Z. Relatiw Advantages and Disadvantages of Respimory ProtectiYa Equipment 

TYPE OF RESPIRATOR DISADVANTAGES 

-OSPHERE.-uPPIYINQ 
--contu. 
••1111111 ~ii 
IICIIAI 

• -the higMst-l•ble-of 
p;obk.tk,.1 agamat airborne contaminlints 

• Bulky, heavy lup tc 35 pounds). 

• Fmite air suppJy limits work duration. 
- oxygen defic:ienc,-• -the higMst-lable - of pm­____ --- • May impair rnowment in confined spaces. 

Paelth• Pa .. • Enableo longer - periods than., SCSA. • Not approved for use in atmospheres 
immediately dange,ous tc life or health 
IIDLHI or in oxygen-deficient atmospheres 
unless equipped with .,. emerget ICJ egreu 
unit such as ., oscape-<>nly SC8A that -
provide irrmediate emergei ICY respiratory 
protection in case of eir109 failure. 

•1ppl1d Mo IINplrator 
CSA!lllabocalled • lao _,. - hNvy than I SC8A. 

air ... ra•p· lb.WI SAR equipment Migha - than 5 pounds 
-- 15 pounds if- SC8A pm-
- II n:ludedl. 

• l'lotlCUagainst---

• Enhlnced mobiT~ 

• Impairs mobility. 

• MSHA/NIOSH certification limits hose 
length tc 300 feet (90 meters!. 

• Aa the length of the hose is ina-oased, the 
minimlM"l'I epprowd air flow may not be 
delivered at the tacep;ece. 

• Air line is vulnerable to damage. d1emical 
contamination, and degradation. Decon­
tamination of hoses may be difficult. 

• Worker must retrace steps to leave wort{ ...... 
• Requires supervision/ 

monitoring of the air supply line. --(I 
Alr~llesplzcb.W 
linclucfang pouu111ed 
air-purifyinQ 1Npi11tbi1 

IPIU'Rall 

• Ugh18r 1n weight than ., SC8A. Gonerany 
weights 2 pounds O kgl or - !except for 
l'IU'Rsl. 

• Cannot be used in IOLH or oxygen-deficien 
atmospheres !less than 19.5 pen:ent 
oxygen at sea level). 

• Limited duration of protection. May be hard 
tc gauge safe operating time in field 
conditions. 

clearly written on all -- rnplratory equipment; 
howewr, not ell respiratory equipment lhat ii marketed ii 
approved. F9riocficaRy, NIOSH publishes a list. entitled 
NIOSH Canified Equipm,,nt List ol ell appruved respinnon, 
and respiratory compo, 1e1 ,ts 11L 

P1~hct« 

The level uf pul8Ction that can be pruyided by• respira­
UII' ii incficated by the respirator'. polln.tiun factor. This 
runber, which ii determined ecper'"""' ,taffy by meuur­
lng facapiK8 Nal and ID<halatiun wlw leakage. incfocatu 
the Nlatiw dlfleienc:a n c:onc:e,1b• lioos ol arbtltatoc:a 
-Ide and lnolde Ille fac:eplec:e that can be maintained 
by the respirator. For ~ 1t.6 p otectiun factor for 
full-fec:epi- air-purifying respirator• ii 110. This --. 
1MOl•tlc:aRy, that -icera wring lhNe respl11110ra 
lhould be pol8..twd n -pheres -,taining chemicals 
at cc,, - ,b• tlo,'11 that - up 1D 110 times higher than the 

• Only protects against specific chemicals 
and up to specific concentrations. 

• Use requires monitoring of contaminant 
and oxvgen levels. 

• can only be used (1) against gas and vapor 
contaminants with adequate warning 
p,opemes. or 121 for specific gases or 
vapor$ provNled that the - is known 
and • safety factor is applied or ii the unit 
has an ESU lend-of-service-life indK:atorl. 

appropriate limits. One source of protection factors for 
various types of atmosphere-supplying (SCBA and SARI 
end air-purifying respirators can be found in American 
National Standards Institute (ANSI! standard ANSI 
ZSS.2-1980. 

At sites where the identity and concentration of chemi­
cals in air are known. a respirator should be selected with 
a protection factor that is sufficiently high to ensure that 
the wearer will not be expused to the chemicals above 
the applicable limits. These limits include the American 
Conference of Governmental Industrial Hygienists' 
Threshold Limit Values (TLVsl. OSHA's Permissible 
Exposure Limits (PELsl. and the NIOSH Recommended 
Exposure Limits (RELsl (see Table 6-4 in Chapter 61. 
These fimits are designed tc protect most workers who 
may be expused to chemicals day after day throughout 
1heir working life. The OSHA PELs are legally enforceable 
exposure limits, and are the minimum limits of protection 
that must be met. 
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It should be remembered that the protection provided by 
a respirator can be compromised in several situations. 
most notably, (1) if a worker has a high breathing rate. 

Self,Contalned Breathing Apparatus (SCBAI 

A self-<:ontained breathing apparatus (SCBAI usually con­
sists of a facepiece connected by a hose and a regulator 
to an air source (compressed air, compressed oxygen, or 
an oxygen-generating chemicall carried by the wearer 
(see Figura 8-11. Only positive-pressure SCBAs are recom­
mended for entry into atmospheres that are immediately 
dangerous to life and health (IOLHI. SCBAs offer protec­
tion against most types and levels of airborne con­
taminants. However, the duration of the air supply is an 
important planning factor in SCBA use (see PPE Use later 
in this chapter}. This is limited by the amount of air car­
ried and its rate of consumption. Also, SCBAs are bulky 
and heavy, thus they increase the likelihood of heat stress 
and may impair movement in confined spaces. Generally. 
only workers handling hazardous materials or operating in 
contaminated zones require SCBAs. Under MSHA regula­
tions in 30 CFR Part 11. 7O(al, SCBAs may be approved 

(21 if the ambient temperature is high or low, or 131 if the 
worker has a poor facepiece-to-face seal. At high breath­
ing rates, positive-pressure SCBAs and SARs may not 
maintain positive pressure for brief periods during peak 
inhalation. Also, at high work rates, exhalation valves may 
leak. Consequently, positive-pressure respirators working 
at high flow rates may offer less protection than when 
working at normal rates. 

A similar reduction in protection may result from high or 
low ambient temperatures. For example, at high tempera­
tures excessive sweat may cause a break in the face-to­
facepiece seal. At very low temperatures, the exhalation 
valve and regulator may become ~ogged due to mois­
tura in the breath and air. likewise, a poor facepiece seal 
-due to such factors as facial hair, missing teeth, scars, 
lack of or improper fit testing, atc.-can result in the 
penetration of air contaminants. 

(1) for escape only, or (21 for both entry into and escape 
from a hazardous atmosphere. The types of SCBAs and 
their relative advantages and disadvantages are described 
in Table 8-3. 

Table 8-3. Types of Self-Contained Breathing Apparatus (SCBAI 

TYPE DESCRIPTION ADVANTAGES DISADVANTAGES COMMENTS 

ENTRY-AND-ESCAPE SC8A 
Open-Cl,-cult SC8A Supplies clean air to Operated in a positive- Shorter operating time The 30- to SO-minute 

the wearer from a pressore mode, open- (30 to 60 minutes) and operating time may 
cylinder. Wearer circuit SC8As provide heavier wetght (up to 35 vary depending on the 
exhales air directly to the highest respiratory lb$ )13.6 kg() than a size of the air tank and 
the atmosphere. protection currently closed-circuit SCBA. the work rate of the 

available. A warning individual. 
alarm signals when only 
20 10 25 percent of the 
air suppty remains. 

Closed-Orcutt SCBA These devices recycle Longer operating time At very cold tempera- Positive-pr-essure _, exhaled gases (COL (up to 4 hours). and tures. scrubber effi- closed.-circurt SCBAs 
o., and nitrogen) by lighter weight 121 to ciency may be reduced offer substantially 
removing CO2 with an 30 lb$ (9.5 10 13.6 kgll and CO1 breakthrough more protection than 
alkaline scrubber and than c,pen~rcuit may occur. negative-pressure 
replenishing the con- apparatus. Units retain the heat units, which are not 
sumed oxygen with A warning alarm signals normally exchanged in recommended on haz-

ardous waste sites. oxygen from a liquid or when only 20 10 25 exhalation and generate 
While these devices gaseous sou= percent of the oxygen heat in the CO, scrub-
may be certified as suppty remains. bing c,perations. adding 
closed-circuit SCBAs. 

Oxygen supply is to the danger of heat 
NIOSH cannot certify 

depleted before the CO2 stress. Auxiliary cooling 
closed-circuit SCBAs 

sorbent scrubber supply, devices may be 
as pasitive-pressure 

thereby protecting the required. 
devices due to limits-

wearer from CO2 When worn 'lUtside an tions in certification 
breakthrough. encapsulatini:, :.1Jit. the procedures currently 

breathing bag may be defined in 30 CFR 
permeated by chemi- Part 11. 
eels, contaminating the 
breathing apparatus and 
the respirable air. 
Oecontan,jnation of the 
breathing bag may be 
difficult. 

ESCAPE-ONLY SCBA Supplies clean air to Lightweight (10 pounds Cannot be used for Provides onty 5 to 15 
the wearer from either (4.5 kg) or less!, low entry. minutes of respiratory 
an air cylinder or from bulk, easy 10 carry. protection, depending 
an oxygen-generating Available in pressure- on the model and 
chemical. Appro,,ed for demand and contin- wearer breathing rate. 
escape purposes only. uous-flow modes. 
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EscaptH>nly SC8As are frequently continuous-flow 
devices with hoods that can be donned to provide 
immediate emergency protection. Employers should pro­
vide and ensure that employees carry an escape SCBA 
where such emergency protection may be necessary. 

Entry-and-ilSCape SCBA respirators giw workers 
untethered access to nearly all portions of the worksite, 
but decrease worker mobility, particularly in confined 
areas, due to both the bulk and weight of the units. Their 
use is particularly advisable when dealing with unidenti­
fied and unquantified airborne contaminants. There are 
two types of entry-and-escape SCBAs: 111 open-circuit 
and (21 closed-circuit. In an open-circuit SCBA. air is 
exhaled directly into the ambient atmosphere. In a closed­
circuit SCBA. exhaled air is recycled by removing the car­
bon dioxide with an alkaline scrubber and by replenishing 
the consumed oxygen with oxygen from a solid, liquid, or 
gaseous source. 

As required by MSHA/NIOSH 30 CFR Part 11.80, all com­
pressed breathing gas cylinders must meet minimum U.S. 
Department of Transportation requirements for interstate 
shipment. (For further irrlormation, see 49 CFR Parts 173 
and 178.) All compressed air, compressed oxygen, liquid 
air, and r,quid oxvgen used for respiration shall be of high 
purity and must meet all requirements of OSHA 29 CFR 
Part 1910.1341d). In addition, breathing air must meet or 
exceed the requirements of Grade D breathing air as 
specified in the Compressed Gas Association pamphlet 
G-7.1 and ANSI Z86.1-1973. 

Key questions to ask when considering whether an SCBA 
is appropriate are: 

• Is the atmosphere IDLH or is it likely to become 
IDLH? If yes, a positiw-pressure SCBA should be 
used. A positiw-pressure SAR with an escape SCBA 
can also be used. 

• Is the duration of air supply sufficient for accomplish­
ing the necessary tasks 1 If no. a larger cylinder 
should be used, a different respirator should be 
chosen. and/or the Work Plan should be modified. 

• Will the bulk and weight of the SCBA interfere with 
task per!O<mance or cause unnecessary stress? If 
yes, use of an SAR may be more appropriate if condi­
tions permit. 

• Will temperature effects compromise respirator effec­
tiveness 0< cause added stress in the worker? If yes. 
the work period should be shortened or the mission 
postponed until the temperature changes. 

Supplied-Air R•plrators (SARsl 

Supplied-air respirators (also known as air-line respirators) 
supply air, ne\18r oxygen, to a facepiece via a supply Ii~ 
from a stationary source (see Figure 8-1). SARs are availa­
ble in positive-pressure and negative-pressure modes. 
PressuNHfemand SARs with escape provisions provide 
the highest level of protection (among SARs) and are the 
only SARs recommended for use at hazardous waste 
sites. SARs are not recommended for entry into IDLH 
atmospheres (MSHA/NIOSH 30 CFR Part 11) unless the 
apparatus is equipped with an escape SCBA. 

The air source for supplied-air respirators may be com­
pressed air cylinders or a compressor that purifies and 

deliwrs ambient air to the facepiece. SARs suitable for 
use with compressed air are classified as ''lype C" 
supplied-air respirators as defined in MSHNNIOSH 30 
CFR Part 11. All SAR coup~ngs must be incompatible with 
the outlets of other gas systems used on site to prevent a 
worker from connecting to an inappropriate compressed 
gas source (OSHA 29 CFR 1910.134[d)). 

SARs enable longer work periods than do SC8As and are 
less bulky. However, the air &ne impairs worker mobtlity 
and requires workers to retrace their steps when leaving 
the area. AlsQ. the air fine is vulnerable to puncture from 
rough or sharp surfaces, chemical permeation. damage 
from contact with heavy equipment. and obstruction 
from falling drums, etc. lo the extent possible, all such 
hazards should be removed prior to use. When in use. air 
fines should be kept as shor1 as possible (300 feet (91 
meters[ is the longest app,oved hose length for SARs). 
and other workers and whicles should be kept -.y from 
the air line. 

The use of air compressors as the air source for an SAR 
at a hazardous waste site is severely limited by the same 
concern that requires workers to wear respirators: that is. 
the questionable quality of the ambient air. Onsite com­
pressor use is fimited by OSHA standards 129 CFR Part 
1910.134[d)). 

Key questions to ask when considering SAR use are: 

• Is the atmosphere IDLH or blcely to become IDLH? If 
yes. an SAR/SCBA combination or SCBA should be 
used. 

• Will the hose significantly impair worker mobtTrty? If 
yes, the work task should be modified or other 
respiratory protection should be used. 

• Is there a danger of the air line being damaged or 
obstructed (8Q .• by heavy equipment. falling drums. 
rough terrain, or sharp objects) or permeated and/or 
degraded by chemicals (8Q., by pools of chemicals)? 
If yes. either the hazard should be removed or 
another form of respiratory protection should be 
used. 

• If a compressor is the air source. is it possible for air­
borne contaminants to enter the air system? If yes, 
have the contaminants been identified and are effi­
cient filters and/or SO<bents available that are capable 
of removing those contaminants? ff no, either 
cylinders should be used as the air source or another 
form of respiratory protection should be used. 

• can other workers - vehicles that might interfere 
with the air line be kept away from the area? If no. 
another form of respiratory protection should be 
used. 

Combination SCIIA/SAR 

A relatively new type of respiratory protection is available 
that uses a regulator 10 combine the features of an SCBA 
with an SAR. The user can operate the respirator in the 
SCBA or SAR mode, through either the manual or auto­
matic switching of air sources. This type of respirator 
anows entry into and exit from an area using the self­
contained air supply, as wen as extended work periods 
within a contaminated area wh~e connected to the air 



line. It is particularly appropriate for sites where worlcers 
must travel an extended distance to a wort< area within a 
hot zone and remain within that area for relatively long 
wort< periods (11(1., drum sampling). In such situations. 
woricers would enter the site using the SCBA mode. con­
nect to the air One during the wort< period, and shift back 
to the SCBA mode to leave the site. 

The combination SCBA/SAR should not be confused with 
an SAR with escape provisions. The primary difference is 
the length of air time provided by the SCBA; the combina­
tion system provides up to 60 minutes of self-contained 
air. whereas the escape SCBA contains much less air. 
generally enough for only 5 minutes. NIOSH certification 
of the combination unit allows up to 20 percent of the 
available air time to be used during entry, while the SAR 
with escape provision is certified for escape only. 

Afr..Purlfying R-lratora 

Air-purifying respirators consist of a facepiece and en air­
purifying device. which is either a removable component 
of the facepiece or an air-purifying apparatus worn on a 
body harness and attached to the facepiece by a cor­
rugated breathing hose (see Figure 8-2). Air-purifying 
respirators selectively remove specific airborne con• 
taminants {particulates, gases, vapors, fumes) from 
ambient air by filtration, absorption, adsorption, or chemi­
cal reactions. They are approved for usa in atmospheres 
containing specific chemicals up to designated concentra­
tions, and not for IDLH atmospheres. Air-purifying res­
pirators have limited use at haurdous waste sites and 
can be used only when the ambient atmosphere contains 
sufficient oxygen 119.5 percent) 130 CFR Part 11.90[a)). 
Table 8-4 Hsts conditions that may exclude the use of air­
purifying respirators. 

Table 8-4. Conditions That Exclude or May Exclude Use of 
Air-Purifying Respirators 

• Oxygen deficiency. 

• IDLH C011C811batk,ns of specific substances. 

• Entry into an unventilated or confined area where the 9XP()SUf9 
conditions haw not been characterized. 

• Presence or potential pn,sence of unidentified contaminants. 

• Contaminant concentrations are unknown or exceed designated 
maximum use C<N.ce.1batiun(s). 

• Identified gases or Vlll)OJS haw inadequate warning poopet- .,,,, 
the sorbent service life is not known and the unit has no 
end-of- IESUI indicator. 

• High relative humidity (may reduce the p,otection offered by the 
soroentl. 

Air-purifying respirators usually operate only in the 
negative-pressure mode except for powered air-purifying 
respirators {PAPRs) which maintain a positive facepiece 
pressure (except at maximal breathing rates). There are 
three typeS of air-purifying devices: 11) particulate filters; 
12) cartridges and canisters, which contain sorbents for 
specific gases and vapors; and (31 combination devices. 
Their efficiencies vary considerably even for closely 
related materials 121. 

Cartridges usually attach directly to the respirator 
facepiece. The larger-wlurne canisters attach to the chin 
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of the facepiece ot are carried with a harness and 
attached to the facepiece by a breathing tube. Combina­
tion canisters and cartridges contain layers of different 
sorbent materials and remove multipla chemicals ot 
multiple classes of chemicals from the ambient air. 
Though approved against mora than one substance. thesa 
canisters and cartridges are tested independently against 
single substances. Thus, the effectiveness of thesa 
canisters against two or mora substances has not been 
demonstrated. Filters may also be combined with car­
tridges to provide additional protection against particu­
lates. A number of standard cartridges and canisters are 
commercially available. They are color~oded to indicate 
the general chemicals or classes of chemicals against 
which they are effective 129 CFR Part 191O.134(g]I. 

MSHA and NIOSH have granted approvals for manufac­
turers' specific assemblies of air-purifying respiratonl for • 
Hmited number of specific chemicals. Respiratonl should 
be used only for those substances for which they have 
been approved. Use ·of a sorbent shall not be allowed 
when there is reason to -pact that it does not provide 
adequate sorption efficiency against a specific con­
taminant. In ackfltion, it should be notad that approval 
testing is performed at a given tamperature and aver a 
narrow range of flow rates and relative humicfrties (3]; 
thus proteetion may be compromised in nonstandard con­
ditions. The assembly that has been approved by MSHA 
and NIOSH to protect against organic vapors is tested 
against only a single challenge substance. carbon tetrach­
loride; its effectiveness for protecting against other 
vapors has not been demonstrated. 

M0st chemical sorbent cenistars are imprinted with an 
expiration date. They may be used up to that date as long 
as they were not opened previously. Once opened, they 
begin to sorb humidity and air contaminants whether or 
not they are in use. Their efficiency and service life 
decreases and therefore they should be used invnediately. 
Cartridges should be discarded after use but should not 
be used for longer than one shift or when b<eakthrough 
occurs, whichever comes first. 

Where a canister or cartridge is being used against gases 
or vapors. the appropriate device shall be used only if the 
chemical(s) have "adequate warning properties" (30 CFR 
Part 11.150). NIOSH considers a substance to have ade­
quate warning properties when its odor, taste. ot irritant 
effects are detectable and persistent ., CUI IC8i lb aliuna 
below the recommended exposure limit (REL) (sae Chap­
ter 6). A substance ia considered to have poor warning 
properties when its odor or irritation threshold is above 
the applicable exposure Omit. Warning properties are 
essential to safe use of air-purifying respirators eince they 
allow detection of contaminant b<eakthrough, should it 
occur. While warning properties are not foolproof, 
because they rely on human senses which vary widely 
among individuals and in the aarne individual under vary­
ing con<fitions (11(1., olfactory fatigue), they do provide 
some indication of possible sorbent exhaustion. poor 
facepiece fit. or other malfunctions. OSHA permits the 
use of air-purifying respirators for proteetion against 
specific chemicals with poor warning properties provided 
that 11) the aarvice life of the sorbent is known and a 
safety factor has been applied or 12) the iaspirator has an 
appRMKI and-of-service-fife indicator. 
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Selection of Protective Clothing 
end Accessories 
In this manual. personal protectiw clothing is considared 
to be any article offering skin swJ/or body protection. It 
includes: 

• Fully-<lflCapsulating suits. 

• NmHlllCllpsulating suits. 

• Aprons, leggings, and sleeve protectors. 

• Gloves. 

• Firefighters' protective clothing. 

• Proximity, or approach, garments. 

• Blast and fragmentation suits. 

• Cooling garments. 

• Radiation-protective suits. 

Each type of protectiw clothing has a specific purpose; 
many, but not an, are designed to protect against chemi­
cal exposure. Examples of protectiw clothing are shown 
in Figure 8-3. Table 8-5 describes various types of protec­
tive clothing available. details the type of protection they 
offer, and tists the factors to consider in their selection 
and use. This table also describes a number of accesso­
ries that might be used in conjUnction with a PPE ensem­
ble. namely: 

• Knife. 

• Aashlight or lantern. 

• Personal locator beacon. 

• Personal dosimeters. 

• 1\oto-way radio. 

• Safety belts and lines. 

Selection of Chemlcal-Protectlwe Clothing ICPCI 
Chemical-protective clothing (CPCI is available in a vari­
ety of materials that offer a range of protection against 
different chemicals. The most appropriate clothing mate­
rial will depend on the chemicals present and the taSk to 
be accomplished. Ideally, the chosen material resists 
permeation, degradation, and penetration. Permeation is 
the process by which a chemical dissolves in and/or 
mows through a protective clothing material on a 
molecular level. Degradation is the loss of or change in 
the fabric's chemical resistance or physical properties due 
to exposure to chemicals, use. or ambient conditions (eg .. 
sunlightl. Penetration is the movement of chemicals 
through zippers, stitched seams or imperfections (eg., 
pinholes I in a protective clothing material. 

Selection of chemical-protective clothing is a complex 
taSk and should be performed by personnel with training 
and experience. Under an conditions, clothing is selected 
by evaluating the performance characteristics of the 
clothing against the requirements and 6mitations of the 
site- swJ task-.pecific conditionS. H possible, rep, esenta 
tive garments should be inspected before purchase and 
their usa and performance diS<:USSed with someone who 
has experience with the clothing under consideration. In 
all cases, the employer is responsible for ensuring that 
the personal protectiw clothing (and all PPEI necessary to 

~[:::::.t,--==---~,/ I , 

J ✓; 

Fully-encapsulating suit 

Apron, gl0\18S, hardhat, 
faceshield, boot C0\18rs 

Figure 8-3. Examples of Protective Clothing. 

protect employees from injury or illness that may result 
from _..re to hazards at the work site is edequata and 
of safe design swJ construction for the work to be per­
formed (see OSHA standard 29 CFR ""rt 1910.132-
1910.1371. 

.. ,, ... tlon and hgradatlon 

The selection of chemical-,,rotec:tive clothing depends 
greatly upon the type swJ physical state of the con­
taminants. This information is determined during site 
charae:te,izatio,, (Chapter 6). Once the chemicals have 
been identified, available information sources should be 
consulted to identify materials that are resistant to 
permeation and degradation by the known chemicals. 
One """80ent reference, Guidelines for the Salection of 
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Table 11-5. Protective Clothing and Ac=ries 

BODY PART TYPE OF Ct.arHING 
PROTECTED OR ACCESSORY DESCRIPTION TYPE Of PROTECTION USE CONSIDERATIONS 

F,,aBody Fully-encapsulating ~ "8rment. lloo1s Protects against splasheo. Does not allow body heat 1D 
suit and gloYBs may be integral. dust.-· and -

--. May contribute 10 
attached and 191)1aceable. or heat stress in wearer. par-
separate. ticularty if worn in conjunc-

tion with • closecHin:uit 
SCBA; • cooling "8rment 

may be -- Impairs 
worl<er mobility, vision, and 
communication. 

Non-ilncap$ulating Jacket. hood, pants. or bib Protects against splashes, Do not use where --tight 
suit 0\19f8lls, and one-piece dust. and other materials or pen, •siw splashing 

coveralls. but not against gases and protection is required. 
.. .,.,.._ Does not - May contribute 10 heat 
p•rtS of head or neck. stress in wearer. 

lilpe-seal connections 

- pant cuffs and 
boots - - glowo --Aprono, leggings. Fully sleewd and glowd Provides additional splash -- possible. lhould -- apron. protBCtion of chest. - be used CMtf' • non-«lC8P-- Separate coverings fo< arms •nns. - legs. sulating .suit fonste•d of 

and legs. using • fully-encepsulating 

Commonly worn CMtr non-
suit) to minimize potential 
fo<heat-

encapsulating suit. 
Usaful lo,- sampling, label· 
ing. and analysis - •• 
tions. Should be used only 
when there is • low proba-
bility of tot •I body contact 
with contaminants. 

Fifefightef>' GloYBs. helmet, running or Protects against heat, hot Oecol 1ta1 I tinetion is difficult. 
protecti,,e clothing bunker coat. running or 

__ and_panicies. 
Should not be worn in areas 

bunke<p •nts!NFPANo. Does not protect against 
- pn,18<:tion •ge;nst 1971, 1972. 19731, -'<I gases-'<1-.or ---boots. chemical permeation °' splashes, or -ation is 

degradation. NFPA s-- ,oquited. 
den:t No. 1971 specifies 
that • garment consist of 
er, outer lheD, en inner ---·--with • minimum water 
penetration of 25 lbsfm' 
11.B kg/cm'l 10 p<eY911t 
the pusage of hot-. 

Proximrty garment One--or two-piece Protects against brief Auxiliary cooling and an 
!approach suitl -,iarmentwithboot expogure to radiant heat. SC8A lhould be used if the 

CCMtrs. gloYes. and hood of Does not protect against WHNtf' may be exposed 10 8 
eluminized nylon or cotton chemical -ation or tox.ic atmosphere or needs 
fabric. degradation. more than 2 or 3 minutes ol 

Normally worn - othef Can be custom- protection. 

- clothing, ouch .. manufactured 10 pn,tact 
chemical-protective doth- egainst IIOffl8 chemical 
ing, firef',ghters' bunker con111minants. 
gear. or flame-retardant 
coveralls.. 

Blast and Blast and fragmentation Provides some protection Does not p,ovido 
fragmentation suit wsts and clothing, bomb egainst very small detona~ hearing protection. 

blankets. and bomb carriers. tions. Bomb blankets and 
baskets can help redirect 
a blast. 
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Table 8-6. (cont.) 

BODY PART TYPE OF CI.OTHING 
PROTECTED OR ACCESSORY DESCRIPTION TYPE OF PROTECTION USE CONSJDEM!lONS 

Fulllocly Radiati~ various types of pootacti,e Protects against alpha Designed ID pn,,,ent li<in 
(cont.) contllmination pro-, clothing designed ID and beta partieles. Don contamination. If llldiation 

tective suit pn,,,ent contamination of Nar pnnecr -inst is detected on ._ consuft 
the body by radioactive IJllf11fflll rtldiatkxl. .... e,cpetielK:ed radiation ....- expert and IIVICUal8 --

nel until the racfiation haz-
en! hes _, ... 1......,. 

Flame/fire retardant Normally worn as ., l'nMdes proteetion from Adds bulk and may IIQC:er-

coveralls undergarment. flash fires. bate heat - pooblems 
and ~r mobolity. 

Flotation gear Life jackets or - ""51S- Adds 15.5 ID 25 lbs (7 ID Adds bulk and restricts 

(Commonly worn under· 11.3 kg) of buoyancy ID moboTrty. 

neath chemical proteCth,e personnel WOfi<ing in or Must IM8t USCG standards 
clothing ID pn,-;ent - --- (46 CFR Part 160). 
gear degradation by 
chemicals.I 

Cooling garment One of - methods: Removes excess heat 

(11 A pump circulates cool ge,ieratedby- (11 Pumps circulating cool 
dry air 1hroughout the suit activity. the equipment_ or air reQIM,_ 10 ID 20 ft> (0.3 
or portions of it via an air the el'IVironment. to 0.8 m') of respirable air 
line. Cooling may be per minute. ao 1hey are 
enhanced by use of a ..,,_ oftan uneconomical for ..... 
tex cooler, refrigeration at • waste site. 
coils. or a heat exchanger. 
(21 A jacket or wst having (21 Jackets or wsts pose 
pockets into which packats ice storage and - •rge 
of ice are inserted. pooblems. 

(31 A pump circulates (3) Pumps c:irc:ulating 
chilled water from • ct,illed water PoN ice ator-
waterftee reservoir and - pooblerns. The pump 
through circulating tubes, and b8tt8fy add bulk and 
which - part of the weight. 
body (generally the upper 
to<sOonly). 

Safety helmet (hard For example, • hard plastic Protects the head from H<,lmet s1>an rMet OSHA 
hat) or robber helmet. blows. lltandard 29 CFR Part 

1910.135. 

Helmet Siner Insulates against cold. 
Does not protect against 
chemical splashes. 

Hood Commonly worn with • Protects against chemical 
helmet. splashes, particulates. 

and rain. 

Protectiw hair Protects against chemical Particularly irnponant for 
c:owring contamination of hair. workers with long hair. 

Prevents the antanglo-
ment of hair in machinery 
or equipment. 

Prevents hair from inter-
feting with vision and 
with the functioning of 
respiratory protective -E,..and face shield Fun-face coverage. Protects against chemical Face shields and splash - eight-inch minimum. splashes. hoods must be suitably MJP-

Does not protect ade- ~ ID prevent them from 
quetely against shifting and exposing po<-

projectiles. tions of the face or obscuf-
ing vision. Provides litnited 
.,., protaction. 

•All .,., and face pro18Clion must ..-1 OSHA lltandard 29 CFR Part 1910.133. 
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"llllble 8-6. !cont.I 

BODVl'll'.RT TYPE OF a.0THING 
PROTECTED OR ACCESSORY DESCRIPTION TYPE OF PROTECTION USE CONSIDERATIONS 

E'/N- Splash hood Protects against chemical --1 splashes. 

Does not protect 
adequetely against 
projectiles. 

Safety glasses Protect eyes against large tf lasers are used to survey 
particles and projectiles. a site. workers should wear 

special protective lenses. 

Goggles Depending on their con-
anuction, goggles can 
proteet against vaporized 
chemicals, splashes. large 
particles, and projectiles 
rot constructed with 
impact-f8Sistant lenses). s-- PreYerrtssweat-induced 
eye irritation mid vision 
impairment. 

Ear plugs and muffs Protect against physiolog- Must comply with OSHA 
ical damage and psycho- regulation 29 CFR Port 
logical disturbance. 1910.95. Can interfefe with 

communication. 

Use of ear plugs should be 
carefully reviewed by a 
health and safety profes-
sional because chemical 
contaminants couk:I be 
introduced into the ear. 

Hudpl,ouew Racf,o headset with throat Provtde some hearing Highly desirable, particula~y 
micaophcMI& protection while enabling if eme,gency conditions 

communication. Brisa -- Glowtoand- May be integral, attached, Protect hands and arms Wear jacket cuffs ove, glove - or - !Tom other from chemical contact. cuffs to pn,wnt liqu<I from 
pn,t8Ctiw clothing. entering the glove. 

Tape--seal glows to sleeves 
to provide additional 
protection. 

o-v-. Provide supplemental pro-
tection to the wearer and 
protect more expensive 
underg•- !Tom •bra· 
sions. tears, and 
contamination. 

~blegloYes. Should be used whet 19Yer 

pouibkt to reduce decon-
tmnination needs. - Safety boobl Boots constructed of Protect feet from conblct 

chemical-resistant material. with chemicals. 

Bootsconatructadwith Protect feet from com- All boots must at least meet oome"'"' materials leQ .. pression, crushing, or the apecifications required 
10ft. ohanks, insoles). puncture by falling, mov- under OSHA 29 CFR Part 

ing, or aharp objecta. 1910.136 and should pro-
vide good traction. 

Boots - from Protect the wearer 
nonc:onducth,e,opark- against electrical hazards 
resistant materials or and pn,wnt ignition of 
coatings. COff'lbustible gases or 

vapors. 
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1Wlle8-&. !cont.I 

Foot (cont.I 

TYPE OF aontlNG 
OP ACCESSORY 

Dispowable ahoe or --
Knife 

DESCRIPTION 

M-olavwietyol 
materials. Slip - the 
ahoeorboot. 

Operated br -- radiQ. 
or light. 

Cllemical-Ptote Clothing 14L provides • matrix of 
clothing material recommendations for approximately 300 
chemicals based on ., evaluation of permeation and 
degradation data from independent 1Bsts. wndor litere­
~ and raw material euppliers. Charts incfocating the 
resistance of various clothing materials 10 permeation and 
degradation ae also 8V81l•ble from manufactureno and 
other -,rcea. It la Important 10 note. i-r, that no 
inateri,,1 p ul8Cbi against all chemicals and combinations 
of chemicals. and that no currently ..,.nable material ia ., 
effectiYe barrier 10-, prolonged c:hemical IIXJ)UIIUr9. 

In nwiewio ,g wndor ~ it la impo, tat ,t to be aware 
that the data provided ae of limited value. for mcample. 
the quaflty of wndor 1Nt methods ia inconsistent; wn­
dcn often rely on the raw material manufacturers for data 
rather lhan cunducting their own 1Ntl; and the data may 
not be updated. In adcfllion, wndor data cannot address 
the wide variety of uaea and challenges 10 which CPC 

TYPE OF PROTECTION 

Protect safety boots from 
contamination. 

Protect feet from contact 
with chemicals. 

Allows • person in • fully­
__,iating IIUit ID cut 
his or her wr,y out of the 
suit WII the event of an 
•••"8' 'K:f or equipment 
falun,. 

Enhances vislbtT,ty in 
buildings. enclosed 

opaces. - the dark. 

--­sure ID ioo-.g radiation 
and ID cenain chemicals. 

Enables ernelgetq per­
_ ID locate victim. 

Enables field workers of 
communicate with per­
_ in the~ 

Zone. 

Enable-"""towon. 
in elevated _... or enter 

confined areas - in­
_, falls. Belts may be 
-IDcanylDOls­
aqu;pment. 

USE CONSIDERATIONS 

Cowers may be cfisposed of 

- use, fac,Tnating -
Should be carried - -with caution ID 8'IOid 
puncturing the ... iL 

Must be intrinsicaDy safe or 
~ b use in 
combustible atmospheres. 
Saafing the flashlight in a 
plastic bag facirnatas 
decontamination 

Only electrical~ 
•pprO\led - intrinsicaDy 
safe. or appnMld b the ---al­as defined in Anicle 500 of 
the National Electrical ~ 
maybe used. 

lo estimate actual ~ 
exposu,_ the dosimeter 
should be placed inside the 
~ating suit. 

Must be constructed of 

_,it.fraa hanlwore -
chemicalffSistant materials 
ID provide proper protec­
tion. Must meet OSHA 
standards in 29 CFR Part 
1926.104. 

may be subjected. Must wndurs strongly emphasize this 
point in the descriptive text that accompanies their data. 

Another factor 10 bear in mind when selecting CPC is that 
the rete of permeation ia a function of several factors. 
including clothing material type and thickness, manufac­
turing method, the concentretion(sJ of the hazardous sub­
stanc:e(sJ, temperature, pressure. humidity, the solubtlity 
of the chemical in the clothing material, and the cfiffusion 
-'ficient of the permeating chemical in the clothing 
material. Thus permeation retes and breakthrough time 
(the time from initial exposure until hazardous material is 
detectable on the inside of the CPCI may vary depending 
on these concfrtions. 

Must hazardous wastes are mixtures. for which _.,;tic 
data with which 10 make a good CPC selection are not 
..,.nable. Due 10 a lack of tasting, only fimited permeation 
data for multicomponent riquids are currently 111111ilable. 



Mixtures of chemicals can be significantly more aggres­
sive towards CPC materials than can any single compo­
nent alone. Even small amounts of a rapidly permeating 
chemical may provide a pathway that accelerates the 
permeation of other chemicals 14). Formal research is 
being conducted on these effects. NIOSH is currently 
developing methods for evaluating CPC materials against 
mixtures of chemicals and unknowns in the field. For haz. 
ardous waste site operations, CPC should be selected 
that offers the widest range of protection against the 
chemicals expected on site. Vendors are now providing 
CPC material-composed of two or even three different 
materials laminated togethar-that is capable of providing 
the best features of each material. 

Heat 11-ansfer Characteriatlc• 

The heat transfer characteristics of CPC may be an impor­
tant factor in selection. Since most chemical-protective 
clothing is virtually impermeable to moisture, evaporative 
cooling is rimited. The "clo" value !thermal insulation 
valuel of chemical-protective clothing is a measure of the 
capacity of CPC to dissipate heat loss through means 
other than evaporation. The larger the clo value, the 
greater the insulating properties of the garment and, con­
sequently, the lower the heat transfer [5). Given other 
equivalent protective properties, clothing with the lowest 
clo value should be selected in hot environments or for 
high work rates. Unfortunately, clo values for clothing are 
rarely available at present. 

Other Consideration• 
In addition to permeation, degradation, penetration, and 
heat transfer, several other factors must be considered 
during clothing selection. These affect not only chemical 
resistance, but also the worker's ability to perform the 
required task. The following checklist summarizes these 
considerations. 

• Durability: 

Does the material have sufficient strength to with­
stand the physical stress of the tasklsl at hand? 
Will the material resist tears, punctures, and 
abrasions? 
Will the material withstand repeated use after con­
tamination/decontamination 7 

• Flexibility: 

Will the CPC interfere with the workers' ability to 
perform their assigned tasks lthis is particularly 
important to consider for gloves)? 

• Temperature effects: 

Will the material maintain its protective integrity 
and flexibility under hot and cold extremes 7 

• Ease of decontamination: 

Are decontamination procedures available on site? 
Will the material pose any decontamination 
problems? 
Should disposable clothing be used? 

• Compatibility with other equipment 

Does the clothing preclude the use of another, 
necessary piece of protective equipment 18"~ suits 
that preclude hardhat use in hardhat area)? 
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• Duration of use: 

Can the required task be accomplished before con­
taminant breakthrough occurs, or degradation of 
the CPC becomes significant? 

Special Condltiona 

Fire, explosion, heat. and radiation are considered special 
conditions that require special-protective equipmem. 
Unique problems are associated with radiation and it is 
beyond the scope of this manual to discuss them 
properly. A qualified health physicist should be consulted 
if a radiation hazard exists. Special-protective equipment 
is described in Table 8-5 (see Full Body section of the 
table). When using special-protective equipment. it is 
importam to also provide protection against chemicals, 
since the specialized equipment may provide little or no 
protection against chemicals which may also be present. 

Selection of Ensembles 
1..-1 of Protection 

The individual components of clothing and equipment 
must be assembled into a full protective ensemble that 
both protects the worker from the site-specific hazards 
and minimizes the hazards and drawbacks of the PPE 
ensemble itself. 

Table 8-6 lists ensemble components based on the widely 
used EPA Levels of Protection: Levels A, 8, C. and D. 
These lists can be used as a starting point for ensemble 
creation; however, each ensemble must be tailored to the 
specific situation in order to provide the most appropriate 
level of protection. For example. if work is being con­
ducted at a highly contaminated site or if the potential for 
contamination is high. it may be advisable to wear a dis­
posable covering, such as lyvek coveralls or PVC splash 
suits, over the protective ensemble. It may be necessary 
to slit the back of these disposable suits to frt around the 
bulge of an encapsulating suit and SC8A (61. 

The type of equipment used and the overall level of pro­
tection should be reevaluated periodically as the amount 
of infonnation about the site increases. and as workers 
are required to perform different tasks. Personnel should 
be able to upgrade or downgrade their level of protection 
with concurrence of the Site Safety Officer and approval 
of the Field leam Leader. 

Reasons to upgrade: 

• Kriown or suspected presence of dermal hazards. 

• Occurrence or likely occurrence of gas or vapor 
emission. 

• Change in work task that will increase contact or 
potential contact with hazardous materials. 

• Request of the individual performing the task. 

Reasons to downgrade: 

• New information indicating that the situation is less 
hazardous than was originally thought. 

• Change in site conditions that decreases the hazard. 

• Change in work task that will reduce comact with 
hazardous materials. 
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Table 8-6. Sample Protective Ensembles• 

LEVEL OF 
PROTECTlON EQUIPMENT 

A RECOMMENDED: 
• PressunHlemand, full.facep;ece 

SCll4 or pn,ssure-demand sup­
plied-air respirator with escape 
SCBA. 

• FuDy-encapsulating, chemical­
resistant suit. 

• Inner chemicel..,.;stant gkNes.. 
• Chemical-fllSistant safety boots/ 

shoes. 
• lwo-way rac:flO communications 

OPTIONAi.= 
• Cooling unit. 
• Coveralls. 

• long cotton underwear. 
• Hard hat. 

• Disposable gloves and boot --

8 RECOMMENDED: 
• PressunHlemand. full.facep;ece 

SC8'\ O< pn,ssure-demand IIUp­
pfaed-air respirator with escape 
SCBA. 

• Chemical-AISistant clothing 
(oweralls Sld long-sleewd 
jacket; hooded, one--or two-­
piece chemical splash suit; 
disposable­
~ecesuitl. 

•lrmerandouterchemi­
cakesistant gloves. 

• Cllemical-AISistant safety 
boots/shoes. 

• Hard hat 
• Two-way radio corrmunications. 

OPTIONAL= 
• Coveralls. 
• Disposable boot covers. 
• Face shield. 
• long cotton underwear. 

-s.sed on EPA p.otecli4 ensembles. 

PPE Use 

PROTECTION PROVIDED SHOULD BE USED WHEN: 

The highest ... ilable level 
of respiratory, skin. and 
eye protection. 

The same level of respir­
atory proteCtion but less 
skin proteCtion than 
Lovel A. 
It is the mininun level 
recommei ,cled for initial 
site entries unbl the 
hazards have been further 
identified. 

• The chemical substance has 
been identified and requires the 
highest level of pro1eCtion for 
skin. eyes. and the respiratory 
system based on either. 

- measured lor potential tori 
11igh concentration of atmos­
pheric vapors. gases. or 
particulates 

O< 

- site operatk>ns and wor1t 
functions inwlving a high 
potential for splash. immer­
sion. or exposure to unex­
pected wpors. gases. O< 
particulates of materials that 
are harmful to skin or capable 
of being abSO<bed through 
the intact skin. 

• Substances with a high degree 
of hazard to the skin are known 
O< a,spected to be present. and 
skin contact is possible. 

• Operations must be conducted 
in confined, poorly ventilated 
seas unt:Jl the absence of con-­
cfrtions requiring l.eYel A 
protection is determined. 

• The type and atmospheric con­
centration of substances have 
been identified and reQUire a 
high level of respiratory p,o­
tection, but less skin protection. 
This involves atmospheres: 

- with IDLH concentrations of 
specific substances that do 
not represent a severe sk.in 
hazard; 

O< 

- that· do not meet the criteria 
for use of air-purifying 
respirators. 

• Atmosphere contains less than 
19.5 percent oxygen . 

• Presence of incompletery identi­
fied vapors or gases is indicated 
bv direct-reading organic vapor 
detection instrument. but vapors 
and gases are not suspected of 
containing high levels of 
chemicals harmful to skin or 
capable of being absorbed 
through the intact skin. 

PPE can offer a high degree al protection only if it is used 
property. This section covers the foDowing aspects al PPE 
use: 

• In-use monitoring. 

• Doffing. 

• Training. 

• Work mission duration. 

• Inspection. 

• Storage. 

• Pe1$Dn8I use factors. 
• Maintenance. 

UMmNG CRITERIA 

• Fully-encapsula-ting 
suit material must 
be companble with 
the substances --

• Use only when the 
vapor or gases 
present are not 
suspected of con­
taining high con­
centrations of 
chemicals that ere 
harmful to skin or 
capable of being 
abSO<bed through 
the intact skin. 

• Use onry when it is 
highly unlikely that 
the wor1t being 
done wall gette1ate 
enher high concen-­
tratk>ns of vapors. 
gases. or particu­
lates O< spiashes 
of material that 
will affect exposed 
skin • 

• Fit testing. 

• Donning. 

Decontamination is covered in Chapter 10. Inadequate 
attention to any of these areas could compromise the pro­
tection provided by the f'PE_ 
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Table U. (cont.) 

LEVEL OF 
PROTECTION EQUIPMENT PROTECTION PROVIDED SHOULD BE USED WHEN: UMmNG CRITERIA 

C RECOMMENDED: The same lwel of skin • The-~ contaminants, •A~~ 
• Full-facepiece. air-purifyw,g. prot9ction .. Lewi a. but Hquid splashes. or - direct COi iiC6i lb ltiun of 

canister-equipped respirator. ·--of contact w,11 not~ aflact chemicals must 
• Chemical-ntsistant clothing n,spirato<y protection. ""'fto<pooedlltin. not-lDUi 

(overalls and long-sleewd • The typeS of air contaminants lwels. 
jacket; hooded. on&- 0, two- have been identified, COii Kbi •b &- • 1118 atmosphere 
piece cherr.;cal splash suit; tions measured. and a canister is must contain et 
disposable chemical-f8Sistant available that can remove the least19.5pe,-,t 
one-piece suit). contaminant. --• Inner and outer chemi• • All criteria for the use of air-
cal-resistant gloves. purifying resp;rators .,., met. 

• Chemical-<esistant safety boots/ 
shoes. 

• Hard hat. 

• 1wo-way radio communications. 

OPTIONAL: 
• Coveralls. 
• Disposable boot COYefS.. 

• Face shield. 
• Escape mask. 
• Long cotton underwear. 

D RECOMMENDED: No resp;rato<y protection. • The atmosphere contains no • This - ohould 
• Coveralls. Minimal skin protection. known hazard. not ba worn in the 
• Safety boots/shoes. 

• Safety glasses or chemical 
splash goggles. 

• Hard hat. 

OPTIONAL: 
• Gloves. 
• Escape mask. 
• Face shield. 

,...inlng 

Training in PPE use is recommended and. for respirators. 
required by federal regulation in the OSHA standards in 
29 CFR Part 1910 Subparts I and Z. This training: 

• Allows the user to become fammar with the equip­
men, in a nonhazardous situation. 

• Instills confidence of the user in hisn>er equipment. 

• Makes the user aware of the limitations and capabili­
ties of the equipment. 

• Increases the efficiency of operations performed by 
workers wearing PPE. 

• May increase 1he protective efficiency of PPE usa. 

• Reduces the expense of PPE maintenance. 

Training should be completed prior to actual PPE use in a 
hazardous environment and should be repeated at least 
annually. At a minimum. the training portion of the PPE 
program should delineate the user's responsibilities and 
explain the following. util~ing bo1h classroom and field 
training when necessary: 

• OSHA requirements as delineated in 29 CFR Part 
1910 Subparts I and Z. 

• The proper use and maintenance of the selected PPE. 
including capabilities and limitations. 

• Wor1t functions p<eelude Exclusion Zone. 

splashes. -- 0, the 
• The atmosphere 

potential !O< unexpected must contain at 
inhalation of or contact with least19.5pe,-,t 

hazardous -· of """ --chemicals. 

• The nature of the hazards and the consequences of 
not using the PPE. 

• The human factors influencing PPE performance. 

• Instruction in inspecting, donning, checking, fitting, 
and using PPE. 

• individualized respirator fit teSting to ensure proper 
fit. 

• Use of PPE in nonnal air for a long familiarity period 
and, finally, wearing PPE in a test atmosphere to 
evaluate its effectiveness. 

• The user's responsibtlity Of any) for decontamination, 
cleaning. maintenance. and repair of PPE. 

• Emergency procedures and self-f9SCU8 in the event of 
PPE failure. 

• The buddy system (see Chapter 9, Site Controfl. 

• The Site Safety Plan and the individual's responsibili-
ties and duties in an emergency. 

The discomfort and inconvenience of wearing PPE can 
create a resistance to the conscientious use of PPE. One 
essential aspect of training is to make the user aware of 
the need for PPE and to instill motivation for the proper 
use and maintenance of PPE. 
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Work Mission Duration 

Before the workers actually begin work in their PPE 
ensembles, the anticipated duration of the work mission 
should be established. Several factors limit mission 
length. These include: 

• Air suppfy consumption. 

• Suit/ensemble permeation and penetration by 
chemical contaminants. 

• Ambient temperature. 

• Coolant supply. 

Air Supply Consumption 
The duration of the air supply must be considered before 
planning any SCBA-assisted work activity. The antici­
pated operating time of an SCBA is clearly indicated on 
the breathing apparatUs. This designated operating time 
is based on a moderate work rate, e.g., some lifting, carry­
ing, and/or heavy equipment operation. In actual opera­
tion, however, several factors can reduce the rated 
operating time. When planning an SCBA-assisted work 
mission, the following variables should be considered and 
work actions and operating time adjusted accordingly: 

• Work rate. The actual in-use duration of SCBAs 
may be reduced by one-third to one41alf during 
strenuous work. e.g., drum handling, major fitting, 
or any task requiring repetitive speed of motion 
17). 

• Fitness. WelH:onditioned individuals generally 
utilize oxygen more efficiently and can extract 
more oxygen from a given volume of air !particu­
larly when performing strenuous tasks) than unfit 
individuals, thereby slightly increasing the SCBA 
operating time 18). 

• Body size. Larger individuals generally consume air 
at a higher rate than smaller individuals 18), 
thereby decreasing the SCBA operating time. 

• Breathing patterns. Quick, shallow or irregular 
breaths use air more rapidly than deep, regularly 
spaced breaths. Heat~nduced anxiety and lack of 
acclimatization lsee Heat Stress and Other Pfrysk,­
logical Factors in this chapter) may induce hyper­
ventilation, resulting in decreased SCBA operating 
time 18). 

Suit/Ensemble l'enneation and P'enetration 
The possibility of chemical permeation or penetration of 
CPC ensembles during the work mission is always a mat­
ter of concern and may limit mission duration. Possible 
causes of ensemble penetration are: 

• Suit valve leakage, particularly under excessively 
hot or cold temperatUres. 

• Suit fastener leakage if the suit is not properly 
maintained or if the fasteners become brittle at 
cold temperatures. 

• Exhalation valve leakage at excessively hot or cold 
temperatUres. 

Also. when considering mission duration, it should be 
remembered that no single clothing material is an effec­
tive barrier to all chemicals or all combinations of chemi-

cals, and no material is an effective barrier to prolonged 
chemical exposure. 

Ambient litmparam,, 
The ambient temperature has a major influence on work 
mission duration as it affects both the worker and the 
protective integrity of the ensemble. Heat stress, which 
can occur even in relatively moderate temperatures, is the 
greatest immediate danger to an ensemble-encapsulated 
worker. Methods to monitor for and prevent heat stress 
are discussed in the final section of this chapter, Heat 
Stress 11nd Other Physiological Factors. Hot and cold 
ambient temperatures also affect 

• Valve operation on suits and/or respirators. 

• The durability and flexibility of suit materials. 

• The integrity of suit fasteners. 

• The breakthrough time and permeation rates of 
chemicals. 

• The concentration of airborne contaminants. 

All these factors may decrease the duration of protection 
provided by a given piece of clothing or respiratory 
equipment. 

Coolant Supply 
Under warm or strenuous work conditions, adequate 
coolant f,ce or chilled air, see Table 8-5) should be 
provided to keep the wearer's body at a comfortable tem­
perature and to reduce the potential for heat stress lsee 
Heat Stress 11nd Other Physiological Factors at the end of 
this chapter). If coolant is necessary, the duration of the 
coolant supply will directly affect mission duration. 

..........,, Use Factors 

As described below. certain personal features of workers 
may jeopardize safety during equipment use. Prohibitive 
or precautionary measures should be taken as necessary. 

Facial hair and long hair interfere with respirator fit and 
wearer vision. Any facial hair that passes between the 
face and the sealing surface of the respirator should be 
prohibited. Even a few days' growth of facial hair will 
allow excessive contaminant penetration. Long hair must 
be effectively contained within protective hair coverings. 

Eyeglasses with conventional temple pieces !earpiece 
bars) will interfere with the respirator-to-face seal of a full 
facepiece. A spectacle kit should be installed in the face 
masks of workers requiring vision correction. 

When a worker must wear corrective lenses as part of 
the facepiece, the lenses shall be fitted by qualified 
individuals to provide good vision, comfort. and a gas­
tight seal. Contact lenses may trap contaminants and/or 
particulates between the lens and the eye. causing irrita­
tion, damage, absorption, and an urge to remove the 
respirator. Wearing contact lenses with a respirator in a 
contaminated atmosphere is prohibited 129 CFR Part 
1910.134(e)[5J[ii)). 

Gum and tobacco chewing should be prohibited during 
respirator use since they may cause ingestion of con­
taminants and may compromise the respirator frt. 



Donning an Ensemble 

A routine should be established and practiced periodically 
for donning a fully-encapsulating suit/SCBA ensemble. 
Assistance should be provided for donning and doffing 
since these operations are difficult to perform alone. and 
solo efforts may increase the possibility of suit damage. 

Table 8-7 lists sample procedures for donning a fully­
encapsulating suit/SCBA ensemble. These procedures 
should be modified depending on the particular type of 
suit and/or when extra gloves and/or boots are used. 
These procedures assume that the wearer has prevtOUs 
training in SCBA use and decontamination procedures. 

Once the equipment has been donned, its frt should be 
evaluated. tt the clothing is too small, it will restrict move­
ment.- thereby increasing the likelihood of tearing the suit 
material and accelerating worker fatigue. If the clothing 
is too large. the possibility of snagging the material is 
increased. and the dexterity and coordination of the 
work.er may be compromised. In either case. the work.er 
should be recalled and better fitting clothing provided_ 

As part of donning operations, an assistant tape seals 
boots to protective clothing to eliminate routes of entry 
for chemicals. 
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labia 8-7. Sample Donning Proceduresa.b.c 

1. Inspect the clothing and respiratory equipment bef0f8 doming 
{see Inspection). 

2. Adjust hard hat or headpiece if worn, to fit user's head. 

3. Open back closure used to change air tank rrt suit has onel 
before donning suit. 

4. Standing or sitting, step into the lags of the suit; ensure proper 
placement of the feet within the suit; then g- the suit 
around the waist. 

5. Put on chamical-resistsnt safety boots over the feet of the suit. 
Tape the leg cuff over the topS of the boots. 

-H additional chemical-resistant boots are required, put these 
on now. 

-Some one-piece suits haw heavy-soled proteetiw feeL With 
these suits, wear short. chemical-f'9Sistant safety boots inside 
the suit. 

6. Put on air tanks and """-5 assembly of the sea.a.. Don the 
facepiece and adjust it m be secure, but comfortable. Do not 
connect the bfeathing hose. Open V1lh,e on air tank. 

7. Perform negative and JJO$itive respirator facepiece seal test 
procedures. 

- To conduct a negatiw pessure test. close the inlet pan with 
the palm of the hand or sq.-za the bfeathing tube so it does 
not pass air, and gently inhale for about 10 seconds. Arry 
inward rushing of ai_r indicates • poor fit. Note that a leaking 
fscepiece may be drawn tightly to the face to form a good 
seal, giving a false indM:ation of adequate fit. 

- To conduct a pos~re test. gently exhale while 
COYering the exhalation valve to ensure that • pc,sitive pres­
sure can be bwlt up. Faik.Jre to build a positive pressure indi­
cates I poor fit. 

8. Depending on type of suit 

- Put on long-sleeved tnner gloves lsimilar to surgical gloves). 

- Secure gloves to .._, for suits with detachable gloves 
rrt not done prior to entering the suit). 

-Additional overgloves. worn over attached suit gloves, may be 
donned later. 

9, Put sleeves of suit OYer arms • essistant pufts suit up and over 
the SCSA. Have assistant adjust suit around 5CM and 
shoukiers to ensure unrestricted motion. 

10. Put 0<1 hard hat. if needed. 

11. Raise hood owr head carefully so a not to disrupt face seal of 
SCBA mask. Adjust hood to give satisfactory comfon. 

12. Begin to secure the suit by dosing an fasteners on opening until 
there is ooly adequate room to connect the breathing hose. 
Secure all belts and/or adjustable leg. head, and .. aistbands. 

13. Connect the breathing hose while opening the main valve. 

14. Have assistant first ensure that wearer is breathing property and 
then make final closure of the suit. 

15. Have assistant check all closures. 

16. Have assistant observe the wearer for a period of time to ensure 
that the wearer is comfortable. psychologicany stable. end that 
the equipment is functioning proper1y. 

-SOUrce: Based on reference 191. 
"Perform the procedures in the order indicated. 

ewhen donning a suit. use • moderate amount of • powder to pre­
wot chafing and to increase comfort. Powder will also reduce 
rubber binding. 



8-18 Personal Protective Equipment 

Respirator Flt Testing 

The "fit" or integrity of the facepiece-to-face seal of a 
respirator affects its performance. A secure fit is impar­
tant with pos~re equipment. and is essential 
to the safe functioning of negati-ure equipment. 
such as most air-purifying respirators. Most facepieces fit 
only a certain percentage of the population; thus each 
facepiece must be tested on the potential wearer in order 
to ensure a tight seal. Facial features such as scars. 
hollow temples, very prominent cheekbones, deep skin 
creases, dentures or missing teeth, and the chewing of 
gum and tobacco may interfere with the respirator-to-face 
seal. A respirator shall not be worn when such conditions 
prevent a good seal. The workers' diligence in observing 
these factors shall be evaluated by periodic checks. 

For a qualitative respirator fit testing protocol, see 
Appendix D of the OSHA lead standard 129 CFR Pa" 
1910.10251. For quantitative fit testing. see the NIOSH 
publication A Guide to Industrial Respiratory Protection 
1101. For specific quantitative testing protocols, Dterature 
supplied by manufacturers of quantitative fit test equip­
ment should be consulted. Note that certain OSHA stan• 
dards require quantitative fit testing under specific 
circumstances (e.g., 29 CFR Pans 1910.1018[h][3Jr,iiL 
1910.1025[f][3]1ii], and 1910.1045[h][3Jr,ii][B]I. 

In-Use Monhorlng 

The wearer must understand all aspects of the clothing 
operation and its timitations; this is especially important 
for fully--encapsulating ensembles where misuse could 
potentially result in suffocation. 

During equipment use. workers should be encouraged to 
repo" any perceived problems or diff"oculties to their 
supervisor(s}. These matfunctions include.. but are not 
limited to: 

• Degradation of the protective ensemble. 

• Perception of odors. 

• Skin irritation. 

• Unusual residues on PPE. 

• Discomfort. 

• Resistance to breathing. 

• Fatigue due to respirator use. 

• Interference with vision or communication. 

• Restriction of movement 

• Personal responses such as rapid pulse. nausea. and 
chest pain. 

If a supplied-air respirator is being used, all hazards that 
might endanger the integrity of the air line should be 
removed from the working area prior to use. During use. 
air lines should be kept as short as possible and other 
workers and vehicles should be excluded from the area. 

Doffing - Enaemble 

Exact procedures for removing fully-<1ncapsulating suit/ 
SCBA ensembles must be established and followed in 
order to prevent contaminant migration from the work 
area and transfer of contaminants to the wearer's body, 
the doffing assistant, and others. 

Table 8-8. Sample Doffing Procedures• 

ffovffldent olr oupplylo-.ble to-~-...,,_,, ---= 1. Remove any Mb&i.e.::,us or d'tSpcsable clothing. boot COYers. 
outer glows, and tape. 

2. Haw assistant loosen and remoYe the wearer·s safety shoes or 
boots. 

3. Haw assistant apen the suit completely and lift the hood"""' 
the head of the wearer and rest it on top of lhe SCBA tank. 

4.llemoYe arms. one at• time, from suit. Once arms se '""'- ......, 
assistant lift the suit up and IIWBY from the sea. backpack 
avoiding any contact between lhe outside surface of lhe IUit 
and the wean,,'s ~-and lay the IUit out flat behind the 
wearer. Leave internal g1"""5 on. if any. 

5. Sitting. if possible, """""" both legs from lhe suit. 
6. Follow procedure for doffing SCBA. 
7.Alte< suit is removed. remow internal gk>Yes by rolling them off 

the -· inside out. 
8.Remolle internal clothing and thoroughly cleanse the~-

ff""' row__...... w.n1ng-...,,.. -· signifying 111at 
approxJmately 5 mlnuws of air ......in: 

1. Remove disposable clothing. 

2. Ouicldy scrub and hose off, especianv around the • ,b • ... ,..n 
zipper. 

3. Open the Zipper enough 10 allow access 10 the regulator and 
breathing hose. 

4. Immediately attach an appropriate canister 10 the breathing 
hose Cthe type and fittings should be predetemi;nedJ. Although 
1his l)r<Mdes some protection against any contamination atm 
present. it wids the certification of lhe unit. 

5. Follow Steps 1 through 8 of the regular doffing procedure 
- Take '"""8 care 10 avoid contar,,;nating lhe assistant and 
wearer. 

-source = Based on refetence 191. 

Sample doffing procedures are provided in Table 8-8. 
These procedures should be performed only after decon­
tamination of the suited worker (see Chapter 10, Decon­
tamination]. They require a suitably attired assistant. 
Throughout the procedures, both worker and assistant 
should awid any direct contact with the outside surface 
of the suit. 

Clolhlng Rauae 

Chemicals that have begun to permeate clothing during 
use may not be removed during decontamination and may 
continue to diffuse through the material towards the 
inside surface. presenting the hazard of direct skin con­
tact to the next person who uses the clothing. 

Where such potential hazards may develop, clothing 
should be checked inside and out for discoloration or 
other evidence of contamination (see next section. 
Inspection). This is particularly important for fully­
encapsulatintl suits, which are generally subject to reuse 
due to their cost. Note. however, that negative rr.a., no 
chemical found) test results do not necessarily preclude 
the possibility that some absorbed chemical will reach 
the suit's interior. 

At present tittle documentation exists regarding clothing 
reuse. Reuse decisions must consider the known factors 



of permeation rates as well as the toxicity of the con­
taminant(s). In fact. unless extreme care is taken to 
ensure that clothing is property decontaminated and that 
the decontamination does not degrade the material, the 
reuse of chemical protective clothing that has been 
contaminated with toxic chemicals is not advisable (4). 

Inspection 

An effective PPE inspection program will probably feature 
five different inspections: 

• Inspection and operational testing of equipment 
received from the factory or distributor. 

• Inspection of equipment as it is issued to workers. 

• Inspection after use or training and prior to main­
tenance. 

• Periodic inspection of stored equipment. 

• Periodic inspection when a question arises concern­
ing the appropriateness of the selected equipment. or 
when problems with similar equipment arise. 

Each inspection will cover somewhat different areas in 
varying degrees of depth. Detailed inspection procedures, 
where apl)ropriate. are usually available from the manu­
facturer. The inspection checklists provided in Table 8-9 
may also be an aid. 

Records must be kept of all inspection procedures. 
Individual identification numbers should be assigned to all 
reusable pieces of equipment (respirators may already 
have ID numbers) and records should be maintained by 
that number. At a minimum. each inspection should rec­
ord the ID number, date. inspector, and any unusual con­
ditions or findings. Periodic review of these records may 
indicate an item or type of item with excessive main­
tenance costs or a particularly high level of 0 down-time." 

·--Clothing and respirators must be stored property to pre-
vent damage or malfunction due to exposure to dust. 
moisture. sunlight. damaging chemicals, extreme temper­
atures, and impact. Procedures must be specified for both 
pre-ts.Suance warehousing and, more impc,rtantly, post­
issuance (in-use) storage. Many equipment failures can be 
directly attributed to improper storage. 

Clothing: 

• Potentially contaminated clothing should be stored in 
an araa separate from street clothing. 

• Potentially contaminated clothing should be stored in 
a well-ventilated area, with good air flow around each 
item, if possible. 

• Differant types and materials of clothing and gloves 
should be storad separately to prevent issuing the 
wrong material by mistake. 

• Protective clothing should be folded or hung in accor­
dance with manufacturets' recommendations. 

Re1plrator11: 

• SCBAs, supplied-air raspirators, and air-purifying 
respirators should be dismantled, washed, and disin­
fected attar each use. 

Personal Protective Equipment 

Table 8-9. Sample PPE Inspection Checklists 

Ct.OTHING 
Before use: 
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• Determine that the clothing material is correct for the specified 
task at hand. 

• Visually inspect for: 

-imperfect seams 
- non-uniform coatings 
-tears 
- mattunctioning closures 

• Hold up to light and check for pinholes. 

• Flex product 

- observe for cracks 
- observe for other signs of shelf deterioration 

• If the product has been used previously, inspect inside and out 
for signs of chemical attack: 

-discoloration 
-swelling 
-stiffness 

During the - tasl<, periodically inspect IO<: 
• Evidence of chemical attack such as discoloration, swelling, 

stiffening, and softening. Keep in mind, however, that chemical 
permeation can occur without any visible effect$. 

• Closure failure. 

• Tears. 
• Punctures. 
• Seam discontinuities. 

GLOVES 

• BEFORE USE. pressurize glove to check for pinholes. Either 
blow into glove, then roll gauntlet towards fingers or inflate 
glove and hold under water. In either case. no air should escape. 

FUUY-lENCAPSULATING SUITS 

Before use: 
• Check the operation of pressure relief valves. 

• Inspect the fining of wrists, ankles. and neck. 

• Check faceshield, if so equipped, for. 

-cracks 
-crazing 
-fogginess 

RESPIRATORS 
SCBA 

• Inspect SCBAs: 

- before and after each use 
- at 'east monthly when in storage 
- every time they are cleaned 

• Check all connections for tightness. 

• 0,eck material conditions for: 

-signs of pliability 
- signs of deterioration 
- signs of distortion 

• Check for proper setting and operation of regulators and valves 
(according to manufacturers' recon,mendations). 

• Check operation of alarm(s). 

• Check faceshields and lenses for: 

-cracks 
-crazing 
-fogginess 
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Tabla 8-9. (cont.) 

Supplied-Air Respirators 
• Inspect SARs: 

-daily when in use 
- at least monthly when in storage 
-every time they are deaned 

• Inspect air lines prior lo each use for cracks. kinks. cuts. frays. 
andweak.-eas. 

• O,eck for proper setting and operation of regulators and valves 
(according to manufacturers' reconvneiKlationsJ. 

• O,eck all connections for tightness. 

• Check material conditions for. 
-signs of pliability 
-signs of deterioration 
-signs of distortion 

• Check faceshields and lenses for. 
-cracks 
-c,azing 
-fogginess 

Air-Purifying Respirators 
• Inspect air~rifying respirators: 

-bef<><e each use lo be sure they have been adequately 
cleaned 

-after each use 
-during cleaning 
-monthly if in storage for emergency use 

• Check material conditions for: 
-signs of pliability 
-signs of deterioration 
-signs of cflSlortion 

• Examine cartridges or canisters to ensure that: 

-they are the proper type for the intended use 
-the expiration date has not been passed 
-they have not been c,pened or used previously 

• Cleek faceshields and lenses for: 
-cracks 
-crazing 
-fogginess 

• SCBAs should be stored in storage chests supplied by 
the manufacturer. Air-purifying respirators should be 
stored individually in their original cartons or carrying 
cases, or in heat-sealed or resealable plastic bags. 

Maintenance 

The technical depth of maintenance procedures vary. 
Manufacturers frequently restrict the sale of certain PPE 
parts to individuals or groups who are specially trained, 
equipped, and "authorized" by the manufacturer to pur­
chase thelTL Explicit procedures should be adopted to 
ensure that the appropriate level of maintenance is per­
formed only by individuals having this specialized training 
and equipment- The following classification scheme is 
often used to divide maintenance into three levels: 

• Level 1: User or wearer maintenance, requiring a few 
common tools or no tools at all. · 

• Level 2: Shop maintenance that can be performed by 
the employer's maintenance shop. 

• level 3: Specialized maintenance that can be per­
formed only by the factory or an authorized repair 
person. 

Heat Stress and Other Physiological 
Factors 
Wearing PPE puts a hazardous waste worker at consid­
erable risk of developing heat stress_ This can result ir, 
health effects ranging from transient heat fatigue to seri­
ous Ulness or death- Heat stress is caused by a number of 
interacting factors, including environmental conditions, 
clothing, workload, and the individual characteristics of 
the worker. Because heat stress is probably one of the 
most common (and potentially serious) illnesses at haz­
ardous waste sites, regular monitoring and other preven­
tive precautions are vital. 

Individuals vary in their susceptibility to heat stress_ Fac­
tors that may predispose someone to heat stress include: 

• Lack of physical fitness. 

• Lack of acclimatization.. 

• Age. 

• Dehydration_ 

• Obesity. 

• Alcohol and drug use. 

• Infection. 

• Sunburn. 

• Diarrhea. 

• Chronic disease. 

Reduced work tolerance and the increased risk of exces­
sive heat stress is directly influenced by the amount and 
type of PPE worn.. PPE adds weight and bulk, severely 
reduces the body's access to normal heat exchange 
mechanisms (evaporation, convection, and radiation), and 
increases energy expenditure. Therefore. when selecting 
PPE, each item's benefit should be carefully evaluated in 
relation to its potential for increasing the risk of heat 
stress. Once PPE is selected, the safe duration of work/ 
rest periods should be determined based on the: 

• Anticipated work rate. 

• Ambient temperature and other environmental 
factors_ 

• 1ype of protective ensemble. 

• Individual worker characteristics and fitness. 

Monitoring 

Because the incidence of heat stress depends on a vari­
ety of factors, all workers, even those not wearing protec­
tive equipment, should be monitored. 

• For workers wearing permeable clothing (eg.. stan­
dard cotton or synthetic work clothes), follow 
recommendations for monitoring requirements and 
suggested work/rest schedules in the current 
American Conference of Governmental Industrial 
Hygienists' (ACGIH) Tlveshold Limit Values for 
Heat Stress (11). If the actual clothing worn differs 
from the ACGIH standard ensemble in insulation 
value and/or wind and vapor permeability, change 
the monitoring requirements and work/rest sched­
ules accordingly (12). 



• For workers wearing semipermeable or imper­
meable' encapsulating ensembles, the ACGIH 
standard cannot be used. For these situations, 
worl<ers should be monitored when the tempera­
ture in the work area is above 70 °F (21 °C) 16]. 

To monitor the worker. measure: 

• Heart rate. Count the radial pulse during a 
30-second period as early as possible in the rest 
period. 

If the heart rate exceeds 110 beats per minute at 
the beginning of the rest period, shorten the next 
work cycle by one-third and keep the rest period 
the seme. 
If the heart rate still exceeds 110 beats per minute 
at the next rest period, shorten the following work 
cycle by one-third (12]. 

• Oral temperature. Use a clinical thermometer 
13 minutes under the tongue) or similar device to 
measure the oral temperature at the end of the 
work period (before drinking). 

If oral temperature exceeds 99.6°F (37.6°C), 
shorten the next work cycle by one-third without 
changing the rest period. 
If oral temperature still exceeds 99.6°F (37.6°C) at 
the beginning of the next rest period, shorten the 
following work cycle by one-third 112]. 
Do not permit a worker to wear a semipermeable or 
impermeable garment when his/her oral tempera­
ture exceeds 100.6 °F (38.1 •c11121. 

• Body water loss, if possible. Measure weight on a 
scale accurate to ±0.25 lb at the beginning and 
end of each work day to see if enough fluids are 
being taken to prevent dehydration. Weights 
should be taken while the employee wears similar 
clothing or, ideally, is nude. The body water loss 
should not exceed 1.5 percent total body weight 
loss in a work day (12]. 

Initially, the frequency of physiological monitoring 
depends on the air temperature adjusted for solar radia­
tion and the level of physical work (see Table 8--10). The 
length of the work cycle will be g011emed by the fre­
quency of the required physiological monitoring. 

P1auentlon 

Proper training and preventive measures will help avert 
serious illness and loss of work productivity. Preventing 
heat stress is particularly important because once some­
one suffers from heat stroke or heat exhaustion, that per­
son may be predisposed to additional heat injuries. To 
avoid heat stress, management should take the following 
steps: 

• Adjust work schedules: 

Moa,fy work/rest schedules according to monitor­
ing requirements. 

Mandate work slowdowns as needed. 

1Although no protective ensemble is .. completely'. impermeable. 

for practical - ., outfit may be - impermeable 
when calculating heat stress risk. 
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Rotate personnel: alternate job functions to mini­
mize overstress or overexertion at one task. 
Add additional personnel to work teams. 
Perform work during cooler hours of the day if pos­
sible or at night if adequate lighting can be 
provided. 

• Provide shelter (air-conditioned, if possible) or 
shaded areas to protect personnel during rest 
periods. 

• Maintain workers' body fluids at normal levels. 
This is necessary to ensure that the cardiovascular 
system functions adequately. Daily fluid intake 
must approximately equal the amount of water 
lost in sweat, i.e., 8 fluid ounces (0.23 liters) of 
water must be ingested for approximately every 
8 ounces (0.23 kg) of weight lost- The normal 
thirst mechanism is not sensitive enough to 
ensure that enough water will be drunk to replace 
lost sweat (14]. When heavy sweating occurs, 
encourage the worker to drink more. The following 
strategies may be useful: 

Maintain water temperature at 50 ° to 60 °F 
no• to 15.6°C>. 
Provide small disposable cups that hold about 
4 ounces (0.1 liter). 

Have workers drink 16 ounces (0.5 rners) of fluid 
(preferably water or dilute drinks) before beginning 
work. 

Urge workers to drink a cup or two every 15 to 20 
minutes, or at each monitoring break. A total of 
1 to 1.6 gallons (4 to 6 roters) of fluid per day are 
recommended. but more may be necessary to 
maintain body weight. 

Weigh workers before and after work to determine 
if fluid replacement is adequate. 

• Encourage workers to maintain an optimal level of 
physical fitness: 

Where indicated. acclimatize workers to site work 
conditions: temperature. protective clothing, and 
workload (see Leve/ of Acclimatization at the end of 
this chapter). 
Urge workers to maintain normal weight levels. 

• Provide cooling devices to aid natural body heat 
exchange during prolonged work or severe heat 
exposure. Cooling devices include: 

Field showers or hose-down areas to reduce body 
temperature and/or to cool off protective clothing. 
Cooling jackets, vests, or suits (see Table 8-5 for 
details). 

• Train workers to recognize and treat heat stress. 
As part of training. identify the signs and symp­
toms of heat stress (see Table 8-11). 

Other Factors 

PPE decreases worker performance as compared to an 
unequipped individual. The magnitude of this effect varies 
considerably, depending on both the individual and the 
PPE ensemble used. This section discusses the demon­
strated physiological responses to PPE, the individual 
human characteristics that play a factor in these 
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Table 8--10. Suggested Frequency of Physiological Monitoring for Flt and Acclimatized Workers• 

ADJUSTED TEMPERATIJREb NORMAL WORK ENSEMBL.Ec IMPERMEABLE ENSEMBLE 

90"F (32.2"CI or abcMI 

87.5°-90"1' (30.8°-32.2°CI 

82.5°-87.5"1' (28.1°-30.B"CI 

n.5°-82.5"F (25.3°-28.l"CI 

12.s•-n.s"F 
(22.5°-25.3"CI 

After each 45 minutes of work 

A- each 60 minutes of work A-each 90 minutes of work 

Alter each 120 minutes of work 

A- each 15 minutes of work 

A- each 30 minutes of work A-each 60 minutes of work 

After each 90 minutes of work 

A-each 150 minutes of work Alter each 120 minutes of work 

Soun:e: Refelence 113i 

'for work - of 250 lulocalories/hour. 

"Calculate the acfjUSted air lemperature (ta adjl b'( using lhis equation: ta adj "F = ta °F + (13 x 'JI, sunshine). Measure air temperature 
Ital with • standard mercu~-glass thermometer. with the bulb shielded from radiant heat. Estimate pen:ent sunshine by judging what 
percent time the sun is not covered by clouds that are thick enough to produce a shadow. (100 percent sunshine = no cloud cover and 
• sharp, distinct shadow; 0 pe,cant sunshine = no shadows.I 

cA normal work ensemble consists of cotton COYeralls or other cotton clothing with long sleeves and pants. 

Table 8--11. Signs and Symptoms of Heat Stress" 

• Heat rash may result from continuous exposwe to heat or 
humid air. 

• IINt cramps are caused b'( heavy sweating with inadequate 
electroly1a replacement. Signs end symptoms include: 
- muscle spasms 
- pain in the hands. feet. and abdomen 

• Heat uhausdon occurs from inc"l'ased stress on various body 
organs including inadequate blood circulation due to cardio­
vascular insufficiency or dehydration. Signs and symptoms 
include: 
- pale. cool, moist skin 
- heavy sweating 
- cfazziness 
- nausea 
- fainting 

• Heat stroke is the most serious form of heat stress. Temperature 
regulation fails and the body te.1ij>Eriat....-e rises to critical levels. 
Immediate action must be taken to cool the body before serious 
injury and death occur. Competent medical help must be 
obtained. Signs and •t ••4Jtoms are: 
- red, hot. _,.11y dry skin 
- lack of or reduced perspiration 
- nausea 
- dizziness and confusion 
- strong. rapid pulse 
-coma 

oSoun:e: Reference ,si 

responses, and some of the precautionary and training 
measures that need to be taken to avoid PPE-induced 
injury. 

The physiological factors may affect worker ability to 
function using PPE include: 

• Physical condition. 

• level of acclimatization. 

• Age. 

• Gender. 

• Weight. 

Physical Cond"rtion 
Physical fitness is a major factor influencing a person•s 
ability to perform work under heat stress. The more fit 
someone is, the more work they can safely perform. At a 
given level of work, a fit person, relative to an unfit 
person, will have 15,8,15,16): 

• Less physiological strain. 

• A lower heart rate. 

• A lower body temperature. which indicates less 
retained body heat Ca rise in internal temperature 
precipitates heat injury). 

• A more efficient sweating mechanism. 

• Slightly lower oxygen consumption. 

• Slightly lower carbon dioxide production. 

Level of Acclimatization 
The degree to which a worker's body has physiologically 
adjusted or acclimatized to working under hot conditions 
affects his or her abmty to do work. Acclimatized indi­
viduals generally have lower heart rates and body temper­
atures than unacclimatized individuals (17), and sweat 
sooner and more profusely. This enables them to maintain 
lower skin and body temperatures at a given level of 
environmental heat and work loads than unacclimatized 
workers (18). Sweat composition also becomes more 
dilute wjth acclimatization. which reduces salt loss (8). 



Acclimatization can occur after just a few days of 
exposure to a hot environment (15,161. NIOSH recom­
mends a progressive 6--day acclimatization period for the 
unacclimatized worker before allowing him/her to do full 
work on a hot job 116). Under this regimen, the first day 
of work on site is begun using only 50 percent of the 
anticipated workload and exposure time, and 10 percent 
is added each day through day 6 116). With frt or trained 
individuals, the acclimatization period may be shonened 
2 or 3 days. However, workers can lose acclimitization in 
a matter of days, and work regimens should be adjusted 
to account for this. 

When enclosed in an impermeable suit, fit acclimatized 
individuals sweat more profusely than unfrt or unacclima­
tized individuals and may therefore actually face a greater 
danger of heat exhaustion due to rapid dehydration. This 
can be prevented by consuming adequate quantities of 
water. See previous section on Prevention for additional 
information. 

Age 
Generally, maximum work capacity declines with increas­
ing age, but this is not always the case. Active, well­
conditioned seniors often have performance capabilities 
equal to or greater than young sedentary individuals. 
However, there is some evidence, indicated by lower 
sweat rates and higher body core temperatures, that older 
individuals are less effective in compensating for a given 
level of environmental heat and work loads 119). At 
moderate thermal loads, however, the physiological 
responses of "young" and "old" are similar and perfor­
mance is not affected (19). 

Age should not be the sole criterion for judging whether 
or not an individual should be subjected to moderate heat 
stress. Frtness level is a more imponant factor. 

Gender 
The literature indicates that females tolerate heat stress 
at least as well as their male counterparts (20). Generally, 
a female's work capacity averages 10 to 30 percent less 
than that of a male (8). The primary reasons for this are 
the greater oxygen-<:arrying capacity and the stronger 
heart in the male (15]. However, a similar situation exists 
as with aging: not all males have greater work capacities 
than all females. 

Weight 
The ability of a body to dissipate heat depends on the 
ratio of its surface area to its mass (surface area/weight). 
Heat loss (dissipation) is a function of surface area and 
heat production is dependent on mass. Therefore, heat 
balance is described by the ratio of the two. 

Since overweight individuals (those with a k>w ratio) pro­
duce more heat per unit of surface area than thin individ­
uals (those with a high ratio), overweight individuals 
should be given special consideration in heat stress situa­
tions. However. when wearing impermeable clothing. the 
weight of an individual is not a critical factor in deter­
mining the ability to dissipate excess heat. 
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The purpose of site control is to minimize potential con­
tamination of workers, protect the public from the site's 
hazards, and prevent vandalism. Site control is especially 
imponant in emergency situations. This chapter describes 
the basic components of a program to control the activi­
ties and movements of people and equipment at a hazard­
ous waste site. 

Several site control procedures can be implemented to 
reduce worker and public exposure to chemical, physical, 
biologic, and safety hazards: 

• Compile a site map. 

• Prepare the site for subsequent activities. 

• Establish work zones. 

• Use the buddy system when necessary. 

• Establish and strictly enforce decontamination 
procedures for both personnel and equipment (see 
Chapter 10, Decontamination}. 

• Establish site security measures. 

• Set up communication networks. 

• Enforce safe work practices. 

This chapter, based on EPA's Standard Operating Safety 
Guides (11, discusses general aspects of these eight con­
trol measures. 

The degree of site control necessary depends on site 
characteristics. site size. and the surrounding community. 
The site control program should be established in the 
planning stages of a project and modified based on new 
information and site assessments (see Chapter 6, Site 
Characterin,tion}. The appropriate sequence for imple­
menting these measures should be determined on a site­
specific basis. In many cases, it will be necessary to 
implement several measures simultaneously. 

Sita Map 
A site map showing topographic features, prevailing wind 
direction. drainage. and the location of buildings, con­
tainers. impoundments. pits, ponds, and tanks is helpful 
in: 

• Planning activities. 

• Assigning personnel. 

• Identifying access routes, evacuation routes, and 
problem areas. 

• Identifying areas of the site that require use of 
personal protective equipment. 

• Supplementing the daily safety and health brief-
ings of the field teams. 

The map should be prepared prior to site entry and 
updated throughout the course of site operations to 
reflect: 

• Accidents. 

• Changes in site activities. 

• Emergencies. 

• Hazards not previously identified. 

• New materials introduced on site. 

• Vandalism. 

• Weather conditions. 

Overlays can be used to help portray information without 
cluttering the map. 

Sita Preparation 
Time and effon must be spent in preparing a site for the 
cleanup activity to ensure that response operations go 
smoothly and that worker safety is protected. Site 
preparation can be as hazardous as site cleanup. There­
fore, safety measures should be afforded the same leval 
of care at this stage as during actual cleanup. Table 9-1 
presents the major steps in site preparation prior to any 
cleanup activities. 

Sita Work Zones 
To reduce the accidental spread of hazardous substances 
by workers from the contaminated area to the clean area, 
zones should be delineated on the site where different 
types of operations will occur, and the flow of personnel 
among the zones should be controlled. The establishment 
of work zones will help ensure that: personnel are 
properly protected against the hazards present where 
they are working, work activities and contamination are 
confined to the appropriate areas, and personnel can be 
located and evacuated in an emergency. 

Hazardous waste sites should be divided into as many 
different zones as needed to meet operational and safet-,, 
objectives. For illustration. this manual describes three 
frequently used zones: 

• Exclusion Zone, the contaminated area. 
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Table 9-1. Site Preparation 

• Construct roadways to provide ease of access and a sound 
roadbed for heavy equipment and -icles. 

• Anaoge traffic flow patterns to ensure safe and efficient 
operatiottS. 

• Eliminate physical hazards from the work area as much as 
possible. including: 
- ignition sources in flanvnable hazard areas. 
- exposed or ungrounded electrical wiring. and low overhead 

wiring that may entangle equipment. 
- sharp or protrUding edges, such as glass, nails. encl tom metal, 

which c.i puncture proteCtive clothing and equipment and 
inflict puncture WOlmds. 

- debris. holes, loose steps 0< flooring. protruding objects. 
slippery surfaces. or unsecured railings, which can cause tans. 
slips. and trips. 

- unsecured objects, such as bricks and' gas cylinders. near the 
edges of elevated surfaces, such as catwalks, roof tops, and 
scaffok:ling. which may dislodge and tan on workers. 

- debris aid weeds that obstruct visibility. 

• Install skid-resistant strips and other anti--skid devices on slippery 
surfaces. 

• Construct operation pads for mobile facilities and temporary 
structures. 

• Construct loading docks, processing and staging areas, and 
decontamination pads. 

• Provide adequate illumination for work ectivffies. Equip temporary 
lights with guards to prevent accidental contact. 

• Install all wiring and electrical equipment in accordance with the 
National Electric Code. 

• Contamination Reduction Zone (CRZ), me area 
where decontamination takes place. 

• Support Zone, the lrtcontaminated area where 
workers should not be expased to hazardous 
conditions. 

Delineation of these three zones should be based on sam­
pling and monitoring results and on an evaluation of 
ootential routes and amount of contaminant dispersion in 
the event of a release. Movement of personnel and equip­
ment among these zones should be minimized and res­
tricted to specific Access Control Points to prevent 
cross.contamination from contaminated areas to clean 
areas. A schematic representation of the layout of work 
zones is given in f"tgure 9-1. 

Exclusion Zone 

The Exclusion Zone is the area where contamination does 
or could occur. The primary activities performed in the 
Exclusion Zone are: 

• Site characterization, such as mapping, 
photographing, and sampling. 

• Installation of wells for groundwater monitoring. 

• Cleanup work. such as drum movement. drum 
staging, and materials bulking. 

The outer boundary of the Exclusion Zone. called the Hot­
line.. should be established according to the criteria listed 
in Table 9-2. It should be clearly marked by lines, plac­
ards, hazard tape and/or signs; or enclosed by physical 
barriers, such as chains, fences, or ropes. Access Control 
Points should be established at the periphery of the Exclu­
sion Zone to regulate the flow of personnel and equip-

ment into and out of the zone and to help verify that 
proper procedures for entering and exiting are followed. If 
feasible, separate entrances and exits should be estab­
lished to separate personnel and equipment movement 
into and out of the Exclusion Zone. 

The Exclusion Zone can be subdivided into different areas 
of contamination based on the known or expected type 
and degree of hazard or on the incompatibility of waste 
streams. This allows more flexibility in safety require­
ments, operations. decontamination procedures. and use 
of resources. 

The personnel working in the Exclusion Zone may include 
the Field Team Leader, the work parties, and specialized 
personnel such as heavy equipment operators. All person­
nel within the Exclusion Zone should wear the level of 
protection required by the Site Safety Plan_ Within the 
zone. different levels of protection may be justified based 
on the degree of hazard presented. The level of personal 
protection required in each subarea (see Chapter 8, 
Pen;0na/ Protective Equipment) should be specified and 
marked. 

The required level of protection in the Exclusion Zone 
varies according to job assignment For example. a worker 
who collects samples from open containers might require 
Level 8 protection, wh~e one that performs walk-through 
ambient air monitoring might only need Level C protec­
tion. When appropriate. different levels of protection 
within the Exclusion Zone should be assigned to promote 
a more flexible, effective, and less costly operation, while 
still maintaining a high degree of safety. 

Contamination Reduction Zone 

The Contamination Reduction Zone (CRZ) is the transition 
area between the contaminated area and the clean area. 
This zone is designed to reduce the probability that the 
clean Support Zone will become contaminated or affected 
by other site hazards. The distance between the Exctusion 
and Support Zones provided by the CRZ, together with 
decontamination of workers and equipment. fimits the 
physical transfer of hazardous substances into clean 
areas. The boundary between the CRZ and the Exclusion 
Zone is called the Hotline. The degree of contamination in 
the CRZ decreases as one moves from the Hotline to the 
Support Zone. due both to the distance and the decon­
tamination procedures. 

Decontamination procedures take place in a designated 
area within the CRZ caned the Contamination Reduction 
Corridor (CRC). They begin at the Hotline. At least two 
lines of decontamination stations should be set up within 
the CRC: one for personnel and one for heavy equipment. 
A large operation may require more than two lines. 
Access into and out of the CRZ from the Exclusion Zone 
is through Access Control Points: one each for personnel 
and equipment entrance. one each for personnel and 
equipment exit. if feasible. 

The boundary between the Support Zone and the CRZ. 
called the Contamination Control line. separates the pos­
sibly low contamination area from the clean Support 
Zone. Access to the CRZ from the Support Zone is 
through two Access Control Points if feasible: one each 
for personnel and equipment. Personnel entering the CRZ 
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Figure 9-1. Site Work Zones. (Note that decontamination facilities are located in the Contamination Reduction Zone.) 

should be required to wear the personal protective cloth­
ing and equipment prescribed for working in the CAZ. To 
reenter the Support Zone, workers should remove any 
protective clothing and equipment worn in the CAZ, and 
leave through the personnel exit Access Control Point. 

The personnel stationed in the CAZ are usually the Site 
Safety Officer. a Personnel Decontamination Station 
(POS) Operator. and the emergency resporu,e personnel. 
Additional personnel may assist the PO$ Operator by con­
ducting abbreviated decontamination procedures for sam­
ple containers. 

The CAZ must be well designed to facilitate: 

• Decontamination of equipment. PO$ operators. 
personnel, and samples. 

• Emergency response: transport for injured person­
nel (safety harness, stretcher), first-aid equipment 
(such as bandages, blankets, eye wash, splints, 
and water), containment equipment (absorbent, 
fire extinguisher). 

• Equipment resupply: air tank changes. personal 
protective clothing and equipment (such as boo­
ties and gloves}. sampling equipment (such as bot­
tles and glass rods), and tools. 

• Sample packaging and preparation for onsite or 
offsite laboratories. 

• Worker temporary rest area: toilet facilities. bench. 
chair, liquids, and shade. Water and other potable 
liquids should be clearly marked and stored 
properly to ensure that all glasses and cups are 
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Table 9-2. Establishing the Hotline 

• Vasualfy survey the irrmediate site environs. 

• Detennine the locations of: 

-hazardous IIUbstal """' 
-drainage, leachate. and spilled material 
-visible discok>nrtiona 

• Evaluate data from the initial site 81.JrWY indJcating the 
presence of: 

-combusbble gases 
-organic and inorganic gases. perticulates. or vapors 
-ionizing radiation 

• Evaluate the results of_, and water sampling. 

• Consider the distances needed to prevent an explosion or fire 
from affecting personnel outside the Exclusion Zone. 

• Conside, the distances that -nel must travel ID and from 
the Exclusion Zone. 

• Conside, the physical W8a necessary for site operations. 

• Conside, uelBO<ological concfrtions and the potential for con­
taminants ID be blown from the area. 

• Secure or mark the Hotline. 
• Mocftfy its location. if necessary. as more information becOl1ies 

available. 

clean. Wash facilities should be located near drink­
ing facilities to anow emplorees to wash before 
drinking. Drinking, washing, and totlet faCllities 
should be located in a safe area where protective 
clothing can be removed. Fac,lities should be 
cleaned and inspected regularly. Appropriate pro­
tective measures should be taken b'{ maintenance 
workers. 

• Drainage of water and other liquids that are used 
during decontamination. 

Personnel within the CRZ should be required to maintain 
internal convnunications, line-of-.Jght contact with work 
parties, work party monitoring (e.g., for air time left. 
fatigue, heat stress. hypothermia), and site security. 

Support Zone 

The Support Zone is the location of the administrative 
and other support functions needed to keep the opera­
tions in the Exclusion and Contamination Reduction 
Zones running smoothly. Arry function that need not or 
cannot be performed in a hazardous or potentiaffy hazard­
ous area is performed here. The Command Post Supervi­
sor should be present in the Support Zone. Other 
personnel present will depend on the functions being per­
formed, and may include the Project learn l.aader and 
field team members who are preparing to enter or who 
have returned from the Exclusion Zone. 

Personnel may wear normal work clothes within this zone. 
Arry potentially contaminated clothing, equipment. and 
samples must remain in the CRZ until decontaminated. 

Support Zone personnel are responsible for alerting the 
proper agency in the event of ., emergency. AD emer­
gency telephone numbers, change for the telephone (if 
necessary). evacuation niuta maps, and vehicle kays 
should be kept in the Support Zone. 

Support faCITlties, listed in Table 9-3, are located in the 
Support Zone. lo place these facilities, consider 1acto,s 
such as: 

• Accessibtlity. "Topography, open space available, 
locations of highways and railroad tracks, ease of 
access for emergency vehicles. 

• Resources. Adequate roads, power rones, tele­
phones, shelter. and water. 

• V1Sibility. LirMH>f-sight to all activities in the Exclu­
sion Zone. 

• Wind direction. Upwind of the Exclusion Zone, if 
possible. 

• Distance. As far from the Exclusion Zone es prec­
ticable. 

The Buddy System 
Most activities in contaminated or otherwise hazardous 
areas should be conduc1ed with a buddy who is able to: 

• Provide his or her partner with assistance. 

• Observe his or her partner for signs of chemical or 
heat exposure. 

• Periodically check the integrity of his or her part­
ner's protective clothing. 

• Notify the Command Post Supervisor or others if 
emergency help is needed. 

The Access Control Point for personnel entrance to the 
Exclusion Zone is a convenient location for enforcing the 
buddy system for two reasons: enforcement is the 
responsibility of the Project Team Leader. who is stationed 
in the CRZ. and all persomel who enter the contaminated 
area must pass through the control point. 

The buddy system alone may not be sufficient to ensure 
that help will be provided in an emergency. At an times, 
workers in the Exclusion Zone should be in 6ne-of-sight 
contact or communicatiorlS contact with the Command 
Post Supervisor or backup person in the Support Zone. 

Site Security 
Site security is necessary to: 

• Prevent the exposure of unauthorized. unpmtected 
people to site hazards. 

• Avoid the increased hazards from vandals or per­
sorlS seeking to abandon other wastes on the site. 

• Prevent theft. 

• Avoid interference with safe working procedures. 

lo maintain site security during working hours: 

• Maintain security in the Support Zone and at 
Access Control Points. 

• Establish an identification system to identify 
authorized persorlS and fimitations to their 
approved activities. 

• Assign responsibility for enforcing authority for 
entry and exit requirements. 



• Erect a fence or other physical barrier around the 
site. 

• If the site is not fenced, post signs around the 
perimeter and use guards to patrol the perimeter. 
Guards must be fully apprised of the hazards 
inwlved and trained in emergency procedures. 

• Have the Project Team Leader approve all visitors 
to the site. Make sure they have a valid purpose 
for entering the site. Have trained site personnel 
accompany visitors at all times and provide them 
with the appropriate protective equipment. 

To maintain site security during off-<luty hours: 

• tf possible. assign trained, in-house technicians for 
site surveillance. They will be familiar with the site, 
the nature of the work, the site's hazards, and 
respiratory protection techniques. 

• If necessary, use security guards to patrol the site 
boundary. Such personnel may be less expensive 
than trained technicians, but will be more difficult 
to train in safety procedures and will be less confi­
dent in reacting to problems around hazardous 
substances. 

• Enlist public enforcement agencies, such as the 
local police department, if the site presents a sig­
nificant risk to local health and safety. 

• Secure the equipment. 

Warning signs and fences help to prevent exposure of 
unauthorized and unprotected people to site hazards. 
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Table 9.3_ Support Zone Activities 

FACIUTY 

Commandl'l>ot 

Med"ocal Station 

Equipment and 
Supply Centen 

Administration 

Field l.aborato,y 

FUNCTION 

Supervision of all field operations and 
field teams. 
Maintenance of communications, includ­
ing emergency lines of communication. 

Recordkeeping, including: 

-acctdent reports 
-chain-of-custody records 
-daily logbooks 
-manifest directories and orders 
-medical records 
- personnel training records 
- site inventories 
- site safety map 
- up-to-date Site Safety Plans 

Providing access to up-to-date safety and 
health manuals and other reference 
materials. 

Interfacing with the public: government 
agencies, local politicians, medical per­
sonnel, the media, and other interested 
parties. 

Monitoring work schedules and weather 
changes. 

Maintaining site security. 

Sanitary facilities. 

first-aid administration. 

Medical emergency response. 

Medical monitoring activities. 

Sanitary facilities. 

Suppty, maintenance, and repair of com­
munications, respiratory, and sampling 
equipment. 

Maintenance and repair of vehicles. 

Replacement of expendable supplies. 

Storage of monitoring equipment and 
supplies. Storage may be here or in an 
onsite field laboratory. 

Sample shipment. 

Interface with home office. 

Maintenance of emergency telephone 
numbers, evacuation route maps, and 
vehicle keys. 

Coordination with transporters. disposal 
sites, and appropriate federal. state, and 
local regulatory agericies. 

Coordination and processing of environ­
mental and hazardous waste samples. 
Copies of the sampling plans and pro­
cedures should be available for quick 
reference in the laboratory. 

Packaging of materials for analysis fol­
lowing the decontamination of the out­
sides of the sample containers which 
should be done in the CRZ. This packag­
ing can also be done in a designated 
location in the CRZ. Shipping papers and 
chain-of-custody files should be kept in 
the Command Post. 

Maintenance and storage of laboratory 
notebooks in designated locations in the 
laboratory while in use. and in the Com­
mand Post when not in use. 
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Communication Systems 
Two sets of communication systems should be estab­
lished: internal communication among personnel on site. 
and external communication between onsite and offsite 
personnel. 

Internal communication is used to: 

• Alert team members to emergencies. 

• Pass along safety information. such as the amount 
of air time left before the next rest period, air 
change. heat stress check. etc. 

• Communicate changes in the work to be accom­
plished. 

• Maintain site control. 

Verbal communication at a site can be impeded by onsite 
background noise and the use of personal protective 
equipment. For example. speech transmission through a 
respirator can be poor, and hearing can be impaired by 
protective hoods and respirator air flow. For effective 
communication. commands must be pre-arranged. In 
addition, audio or visual cues can help convey the mes­
sage. The most important thing is that signals are agreed 
to in advance. 

Table 9-4 lists common internal communication devices. 
Both a primary and backup system are necessary. A set 
of signals should be established for use only during emer­
gencies (see Table 12-4 in Chapter 12 for examples). 

Effective internal communication also requires the iden­
tification of individual workers so that commands can be 
addressed to the right worker. The worker's name should 
be marked on the suit and, for long-distance identifica­
tion, color coding, numbers, or symbols can be added. 
Rags may be used to help locate personnel in areas 
where visibility is poor due to obstructions such as 
accumulated drums, equipment. and waste piles. 

All communication devices used in a potentially explosive 
atmosphere must be intrinsically safe (see footnote in 
Table 9-4) and not capable of sparking, and should be 
checked daily to ensure that they are operating. 

An external communication system between onsite and 
offsite personnel is necessary to: 

• Coordinate emergency response. 

• Report to management. 

• Maintain contact with essential offsite personnel. 

The primary means of external communication are tele­
phone and radio. H telephone lines are not installed at a 
site. all team members should know the location of the 
nearest telephone, and the conect change and necessary 
telephone numbers should be readily available in the 
Support Zone. 

Safe Work Practices 
To maintain a strong safety awareness and enforce safe 
procedures at a site. a list of standing orders should be 
developed which state the practices that must always be 
followed and those that must never occur in the contami-

Table 9-4. Internal Communication Devices 

Radio­
-Citizen's band 
-FM 
Noisemakers. including: 
-Bell 
-Compressed air horn 
-Megaphone 
-Siren 
-Whistle 

Visual signals, including: 
-Aag 
-Rares or smokeb 
-Hand signals 
-Lights 
-Signal board 
- Whole body movements 

•All radios used in the ExclustOO and Contamination Reduction 
Zones must be certified as intrinsically safe for the situation of 
mtended use 12.31. 

"Only from the Support Zone. 

Table 9-5. Sample Standing Orders 

For Penonnel Entering the Contamination Reduction Zone: 
No smoking. eating. drinking. or application of cosmetics in this 
zone. 
No matches or lighters in this zone. 

Check in at the entrance Access Control Point before you enter 
this zone. 

Check out at the exrt Access Control Point before you leave this 
zone. 

Few Pwsonnel Entering the Exclusion Zone: 
No smoking. eating. drinking. or application of cosmetics in this 
zone. 
No matches or lighters in this zone. 
Cleek in at the entrance Access Control Point before you enter 
this zone. 
Oleck out at the exit Access Control Point before you leave this 
zone. 
Always have your buddy with you in this zone. 
Wear an SCBA in this zone. 
H you discover any signs of radioactivity. expk)sivity. or unusual 
conditions such as dead animals at the site. exit immediately and 
report this finding to your supervisor. 

nated areas on site. Separate standing orders should be 
developed for the Contamination Reduction Zone and the 
Exclusion Zone if the hazards are sufficiently different. 
Sample standing orders are given in Table 9-5. To ensure 
that everyone who enters the site is aware of these orders 
and that a high degree of familiarity with their content is 
maintained, the list should be: 

• Distributed to everyone who enters the site. 

• Posted conspicuously at the Command Post. 

• Posted conspicuously at the entrance Access Con­
trol Points into the Contamination Reduction Zone 
and/or the Exclusion Zone. 

• Reviewed by the Reid Team leader or Project 
Team leader with the field crew at the beginning 
of each work day. In this way, personnel are 
immediately informed of any new standing orders 



resulting from a change in site conditions or work 
activities. 

In addition to the standing orders, a hazardous substance 
infonnation form that lists the names and properties of 
chemicals present on site should be prepared and posted 
conspicuously. Employees should be briefed on the chem­
ical infonnation at the beginning of the project or when­
ever they first join the wor1< team. Daily safety meetings 
should be held for all employees. 

Working with tools and heavy equipment is a major haz­
ard at sites. Injuries can result from equipment hitting or 
running over personnel, impacts from flying objects, 
bums from hot objects, and damage to protective equip­
ment such as supplied-air respirator systems (see Chap­
ter 8). The following precautions will help preclude 
injuries due to such hazards: 

• Train personnel in proper operating procedures. 

• Install adequate onsite roads, signs, lights, and 
devices. 

• Install appropriate equipment guards and engineering 
controls on tools and equipment. These include roll­
over protective structures, seat belts, emergency 
shutoff in case of rollover, and backup warning lights 
and signals. 

• Provide equipment such as cranes, derricks, and 
power shovels with signs saying "Unlawful to oper­
ate this equipment within 10 feet of all power lines." 

• Use equipment and tools that are intrinsically safe 
(see footnote in Table 9-4) and not capable of spark­
ing, and pneumatically and hydraulically driven 
equipment. 

• Where portable electric tools and appliances can be 
used. (i.e., where there is no potential for flammable 
or explosive conditions), use three-wire grounded 
extension cords to prevent electric shocks. 

• In hydraulic power tools, use fire-resistant fluid that is 
capable of retaining its operating characteristics at 
the most extreme temperatures. 

• At the start of each work day, inspect brakes, hydrau­
lic lines, light signals, fire extinguishers, fluid lewls, 
steering, and splash protection. 

• Keep all non-essential people out of the work area. 

• Prohibit loose-fitting clothing or loose long hair 
around moving machinery. 

• Keep cabs free of all non-essential items and 
secure all loose items. 

• Do not exceed the rated load capacity of a vehicle. 

• Instruct equipment operators to report to their 
supervisor(s) any abnonnalities such as equipment 
failure. oozing liquids. unusual odors. etc. 

• When an equipment operator must negotiate in 
tight quarters, provide a second person to ensure 
adequate clearance. 

• Have a signalman direct backing as necessary. 

• All onsite internal combustion engines should have 
spark arrestors that meet requirements for hazard­
ous atmospheres. Refuel in safe areas. Do not fuel 
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engines whHe vehicle is running. Prohibit ignition 
sources near a fuel area. 

• Lower an blades and buckets to the ground and set 
parking brakes before shutting off the vehicle. 

• Implement an ongoing maintenance program for 
all tools and equipment. Inspect an tools and mov­
ing equipment regularly to ensure that parts are 
secured and intact with no evidence of cracks or 
areas of -akness, that the equipment turns 
smoothly with no evidence of wobble. and that it 
is operating according to manufacturer's specifica­
tions. Promptly repair or replace arry defective 
items. Keep maintenance and repair logs. 

• Store tools in clean, secure areas so that they will 
not be damaged, lost, or stolen. 

• Keep an heavy equipment that is used in the 
Exclusion Zone in that zone until the job is done. 
Completely decontaminate such equipment before 
moving it into the clean zone. 
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Decontamination-the process of removing or neutraliz­
ing contaminants that have accumulated on personnel 
and equipment-is critical to health and safety at hazard­
ous waste sites. Decontamination protects workers from 
hazardous substances that may contaminate and eventu­
ally permeate the protective clothing, respiratory equip­
ment. tools, vehicles, and other equipment used on site; it 
protects all site personnel by minimizing the transfer of 
harmful materials into clean areas; it helps prevent mixing 
of incompatible chemicals; and it protects the community 
by preventing uncontrolled transportation of contami­
nants from the site. 

This chapter describes the types of contamination that 
workers may encounter at a waste site. the factors that 
influence the extent of contamination, and methods for 
preventing or reducing contamination. In addition, this 
chapter provides general guidelines for designing and 
selecting decontamination procedures at a site, and it 
presents a decision aid for evaluating the health and 
safety aspects of decontamination methods. The chapter 
does not cover decontamination of radioactively contami­
nated personnel or equipment. A health physicist should 
be consulted if this situation arises. 

Decontamination Plan 
A decontamination plan should be developed (as part of 
the Site Safety Plan) and set up before any personnel or 
equipment may enter areas where the potential for 
exposure to hazardous substances exists. The decontami­
nation plan should: 

• Determine the number and layout of decontamination 
stations. 

• Determine the decontamination equipment needed. 

• Determine appropriate decontamination methods. 

• Establish procedures to prewnt contamination of 
clean areas. 

• Establish methods and procedures to minimize 
worker contact with contaminants during removal of 
personal protective clothing and equipment (PPE}. 

• Establish methods for disposing of clothing and 
equipment that are not completely decontaminated. 

The plan should be revised whenever the type of personal 
protective clothing or equipment changes, the site condi­
tions change. or the site hazards are reassessed based on 
new information. 

Prevention of Contamination 
The first step in decontamination is to establish Standard 
Operating Procedures that minimize contact with waste 
and thus the potential for contamination. For example: 

• Stress work practices that minimize contact with 
hazardous substances (e.g., do not walk through 
areas of obvious contamination, do not directly touch 
potentially hazardous substances}. 

• Use remote sampling. handling, and container­
opening techniques (e.g., drum grapplers. pneumatic 
impact wrenches). 

• Protect monitoring and sampling instruments by bag­
ging. Make openings in the bags for sample ports and 
sensors that must contact site materials. 

• Wear disposable outer garments and use disposable 
equipment where appropriate. 

• Cover equipment and tools with a strippable coating 
which can be removed during decontamination. 

• Encase the source of contaminants, e.g .• with plastic 
sheeting or overpacks. 

In addition, Standard Operating Procedures should be 
established that maximize worker protection. For example, 
proper procedures for dressing prior to entering the Exclu­
sion Zone will minimize the potential for contaminants to 
bypass the protective clothing and escape decontamina­
tion. In general, all fasteners should be used (i.e., zippers 
fully closed, all buttons used, all snaps closed, etc.}. 
Gloves and boots should be tucked under the sleeves and 
legs of outer clothing, and hoods (if not attached} should 
be wom outside the collar. Another pair of tough outer 
gloves is often worn over the sleeves. All junctures should 
be taped to prevent contaminants from running inside the 
gloves, boots, and jackets (or suits, if one-piece 
construction). 

Prior to each use. the personal protective equipment (PPEJ 
should be checked to ensure that it contains no cuts or 
punctures that could expose workers to wastes. Similarly, 
any injuries to the skin surface. such as cuts and 
scratches, may enhance the potential for chemicals or 
infectious agents that directly contact the worker's skin 
to penetrate into the body. Particular care should be taken 
to protect these areas. Workers with large areas of 
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damaged skin should be kept from worl<ing on site until 
the skin heals. 

All personnel should be trained in the Standard Operating 
Procedures for minimizing contact and maximizing worker 
protection, and these procedures should be enforced 
throughout site operations. 

Types of Contamination 
Contaminants can be located either on the surface of per­
sonal protective equipment or permeated into the PPE 
material. Surface contaminants may be easy to detect 
and remow; however, contaminants that have permeated 
a material are difficult or impossible to detect and remove. 
H contaminants that have permeated a material are not 
removed by decontamination, they may continue to 
permeate to either surface of the material where they can 
cause an unexpected exposure. 

Five major factors affect the extent of permeation: 

• Contact time. The longer a contaminant is in contact 
with an object, the greater the probability and extent 
of permeation. For this reason. minimizing contact 
time is one of the most important objectives of a 
decontamination program. 

• Concentration. Molecules flow from areas of high 
concentration to areas of low concentration. As con­
centrations of wastes increase, the potential for 
permeation of personal protective clothing increases. 

• Temperature. An increase in temperature generally 
increases the permeation rate of contaminants. 

• Size of contaminant molecules and pore space. 
Permeation increases as the contaminant molecule 
becomes smaller. and as the pore space ot tne mate­
rial to be permeated increases. 

• Physical state of wastes. As a rule, gases, vapors, 
and low-viscosity liquids tend to permeate more read­
ily than high-viscosity liquids or solids. 

Decontamination Methods 
All personnel, clothing, equipment. and samples leaving 
the contaminated area of a site (generally refened to as 
the Exclusion Zone) must be decontaminated to remow 
any harmful chemicals or infectious organisms that may 
have adhered to them. Decontamination methods either 
(1) physically remow contaminants, 12) inactivate con­
taminants by chemical detoxifacation or disinfection/ 
sterilization. or (3) remove contaminants by a combination 
of both physical and chemical means. Various decontami­
nation methods are listed in Table 10-1. 

Physical Removal 

In many cases, gross contamination can be removed by 
physical means involving dislodging/displacement.. rins­
ing, wiping off. and evaporation. Physical methods involv­
ing high pressure and/or heat should be used only as 
necessary and with caution since they can spread con­
tamination and cause bums. Contaminants that can be 
removed by physical means can be categorized as 
follows: 

• loose contaminants. Dusts and vapors that cling to 
equipment and workers or become trapped in small 
openings, such as the weaw of the clothing fabrics, 
can be removed with water or a liquid rinse (see pho­
tograph). Removal of electrostatically attached 
materials can be enhanced by coating the clothing or 
equipment with anti-static solutions. These are avail­
able commercially as wash additives or anti-static 
sprays. 

• Adhering contaminants. Some contaminants adhere 
by forces other than electrostatic attraction. Adhe· 
sive qualities vary greatly with the specific con­
taminants and the temperature. For example. 
contaminants such as glues. cements, resins, and 
muds have much greater adhesive properties than 
elemental mercury and, consequently, are difficult to 
remove by physical means. Physical removal methods 
for gross contaminants include scraping. brushing, 
and wiping. Removal of adhesive contaminants can 
be enhanced through certain methods such as solidi­
fying, freezing (e.g., using dry ice or ice water), 
adsorption or absorption (e.g., with powdered rime or 
kitty litter), or melting. 

• Volatile r.quids. Volatile liquid contaminants can be 
remowd from protective clothing or equipment by 
evaporation followed by a water rinsa Evaporation of 
volatile r.quids can be enhanced by using steam jets. 
Wrth any evaporation or vaporization process, care 
must be taken to prevent worker inhalation of the 
vaporized chemicals. 

lilble 10-1. Some Decontamination Methods 

REMOVAL 
• Contaminant Removal 

Water rinse. using pressurized or gravity flow. 

Chemical leaching and extraction. 

Evaporation/vaporization. 

Pressurized air jets. 

Scrubbing/scraping. Cornmonty done using brushes. scrapers. 
or sponges and water-compatible solwnt cleaning solutions.. 

Steam jets. 

• - of Contaminated -
Dispcsal of deeply permeated materials, ag .• clothing. floor 
mats, and seats. 
Disposal of protecti-..e coveringstcoatings. 

INACTIVATION 
• Chemical Detoxification 

Halogen stripping. 

Neutralization. 

Oxidation/reduction. 

Thermal degradation. 

• Disinfection/Sterilizatlon 
Otemical disinfection. 

Dry heat sterilization. 

Gas/vapor sterilization. 

Irradiation. 

Steam sterilization. 
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Gross con'tllminants can be removed with water or a 
liquid rinse. Here, a member of the decontamination team 
rinses and scrubs the boots of II worker wfth a soft• 
bristled brush. Both individuals are wearing Level C per­
sonal protective equipment. 

Chemical Removal 

Phy$ical removal of gross contamination should be fol· 
lowed by a wash/rinse process using cleaning solutions. 
These cleaning solutions normally utilize one or more of 
the following methods: 

• Dissolving contaminants. Chemical removal of sur­
face contaminants can be accomplished by dis­
solving them in a solvent. The solvent must be 
chemically compatible with the equipment being 
cleaned. This is particularly important when decon­
taminating personal protective clothing constructed 
of organic materials that could be damaged or dis­
solved by organic solvents. In addition, care must be 
taken in selecting, using, and disposing of any 
organic solvents that may be flammable or potentially 
toxic. Organic solvents include alcohols, ethers, 
ketones, aromatics, straight-chain alkanes, and com­
mon petroleum products. 

Halogenated solvents generally are incompatible with 
personal protective equipment and are toxic. They 
shoukl only be used for decontamination in e~me 
cases where other cleaning agents will not remove 
the contaminant. 

Table 10-2 provides a general guide to the solubility 
of several contaminant categories in four types of 
solvents: water, dilute acids. dilute bases, and 
organic solvents. Because of the potential hazards, 
decontamination using chemicals should be done 
only if recommended by an industrial hygienist or 
other qualified health professional. 
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• Surfactants. Surfactants augment physical cleaning 
methods by reducing adhesion forces between con~ 
taminants and the surface being cleaned, and by 
preventing redeposit of the contaminants. Household 
detergents are among the most common surfactants. 
Some detergents can be used with organic solvents 
to improve the dissolving and dispersal of con­
taminants into the solvent [1]. 

• Solidification. Solidity;ng liquid or gel contaminants 
can enhance their physical removal. The mechanisms 
of solidification are: (1) moisture removal through the 
use of absorbents such as grounded clay or pow· 
dered lime; (21 chemical reactions via polymerization 
catalysts and chemical reagents; and (31 freezing 
using ice water. 

Table 10-2. General Guide to Solubility of Contaminants in 
Four Solvent Types 

SOLVENT 

Water 

Olute Acids 

Dlute Bases 
For example: 
-detergent 
-soap 

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

alkanes (e.g .• hexane) 
- common petroleum 

products (e.g., fuel 
oil, kerosene) 

SOWBLE CONTAMINANTS 

Low--chain hydrocarbons. 
Inorganic compounds. 
Salts. 
Some organic acids and other polar 

compounds. 

Basic (caustic) compounds. 
Amines. 
Hydrazines. 

Acidic compounds. 
Phenols. 
Thiols. 
Some nrtro and sulfonic compounds. 

Nonpolar compounds (e.g., some 
organic compounds). 

-WARNING: Some organic solvents can permeate and/or degrade 
the protective clothing. 

• Rinsing. Rinsing removes contaminants through 
dilution, physical attraction, and solubilization. 
Multiple rinses with clean solutions remove more 
contaminants than a single rinse with the same 
volume of solution. Continuous rinsing vvith large 
volumes will remove even more contaminants than 
multiple rinsings with a lesser total volume. 

• Disinfection/Sterilization. Chemical disinfectants 
are a practical means of inactivating infectious 
agents. Unfortunately, standard sterilization tech­
niques are generally impractical for large equip­
ment and for personal protective clothing and 
equipment. for this reason, disposable PPE is 
recommended for use with infectious agents. 

Many factors, such as cost, availability, and ease of 
implementation. influence the selection of a decontamina-
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tion method. From • health and safety standpoint. two 
key questions must be addressad: 

• Is the decontamination method affective for the 
specific substances present? 

• Does the method itself pose any health or safety 
hazards? 

Testing for the Effectiveness 
of Decontamination 
Decontamination methods wry in their •ffectiwness for 
removing different -..bsta 1C&S. The effectiveness of any 
decontamination method should be assessed at the 
begiming of a program and periodicany throughout the 
6fetime of the program. If contaminated materials era not 
being removed or are penetrating protective clothing, the 
decontamination program must be revised. The following 
methods may be useful in assessing the affectiwness of 
decontamination. 

Visual Ob..,,,.tlon 

There is no reliable test to immediately determine how 
effective decontamination is. In some cases~ effective­
ness can be estimated by visual observation. 

• Natural tight. Discolorations, stains, corrosive 
effects, visible dirt, or alterations in clothing fabric 
may indicate that contaminants have not been 
removed. However, not all contaminants leave visi­
ble traces; many contaminants can permeate 
clothing and are not easily observed. 

• Ultraviolet light. Certain contaminants. such as 
polycyclic aromatic hydrocarbons, which are com­
mon in many refined oils and solvent wastes, 
fluoresce and can be visually detected when 
exposed to ultraviolet light. Ultraviolet right can be 
used to observe contamination of skin, clothing, 
and equipment; however, certain areas of the skin 
may fluoresce naturally, thereby introducing an 
uncertainty into the test (2,3,4). In addition, use of 
ultraviolet fight can increase the risk" of skin cancer 
and eye damage; therefore. a qualified health 
professional should assess the benefits and risks 
associated with ultraviolet light prior to its use at a 
waste site. 

Wipe Sampllng 

Wipe testing provides after-the-fact information on the 
effectiveness of decontamination. In this procedure, a dry 
or -t cloth, glass fiber filter paper, or IIWllb is wiped 
over the surface of the potantiaffy contaminated object 
and then analyzed in a laboratory. Both the inner and 
outer surfaces of protective clothing should be tested. 
Skin may also be tested using wipe samples. 

Cleanlng Solutlon Analysis 

Another way to test the effectiveness of decontamination 
procedures is to analyze for contaminants left in the 
cleaning solutions. Elevated levels of contaminants _in the 
final rinse solution may suggest that add"rtional cleaning 
and rinsing are needed. 

lesting for the presence of permeated chemical con­
taminants requires that pieces of the p, ubh.tive garments 
be sent to a laboratory for analysis. 

Health and Safety Hazards 
Wlllle decontamination is performed to protect health and 
safety, it can pose hazards under certain circumstances. 
Decontamination methods may: 

• Be incompatible with the hazardous substances 
being removed Ii.a. a decontamination method may 
react with contaminants to produce an explosion. 
heat, or toxic products). 

• Be incompatible with the clothing or equipment being 
decontaminated fe.g., some organic solvents can 
permeate and/or degrade p,otective clothing). 

• Fbse a direct health hazard to workers leg., vapors 
from chemical decontamination solutions may be 
hazardous if inhaled, or they may be flammable). 

The chemical and physical compatibility of the decon­
tamination solutions or other decontamination materials 
must be determined before they are used. Any decon­
tamination method that permeates, degrades, damages, 
or otherwise impairs the safe functioning of the PPE is 
incornpatJllle with such PPE and should not be used. If a 
decontamination method does pose a direct health haz­
ard, measures must be taken to protect both decontami­
nation personnel and the workers being decontaminated. 
Figure 10-1 presents a decision aid for evaluating the 
health and safety aspects of decontamination methods. 

Decontamination Facility Design 
At a hazardous waste site. decontamination facilities 
should be located in the Contamination Reduction Zone 
ICRZ), i.e., the area between the Exclusion Zone lthe con­
taminated area) and the Support Zone lthe clean areal as 
shown in Figure 9-1 in Chapter 9. 

The level and types of decontamination procedures 
requirad depend on several site-specffic factors including: 

• The chemical, physical, and toxicological properties 
of the wastes. 

• The pathogenicity of infectious wastes. 

• The amount. location, and containment of con­
taminants. 

• The potential for, and location of, exposure based on 
assigned worker duties, activities, and functions. 

• The potential for wastes to permeate. degrade, or 
pe, iebal~ materials used for personal protective 
clothing and equipment, vehicles, tools, buildings, 
and structures. 

• The proximity of incompatible wastes. 

• The movement of personnel and/or equipment among 
different zones. 

• Emergencies. 

• The methods available for protecting workers during 
decontamination. 
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NO Is the method effective for 
removing contaminants? 

YES 

NO Are the decontamination 
materials compatible with the 

hazardous substances present? 

YES 

• 
NO Are the decontamination 

materials compatible with the 
materials to be decontaminated? 

YES 

Do the decontamination materials NO 
or process pose health or safety 

hazards? 

YES 

Take additional measures to 
prevent contamination or find NO Can appropriate protective 

another decontamination - measures be instituted? 
method. 

Consult specialists if necessary. YES 

• 

Method OK to use. 

Figure 10-1. Decision Aid for Evaluating Health and Safety Aspects of Decontamination Methods. 

• The impact of the decontamination process and com-
pounds on worker safety and health. 

Decontamination procedures must provide an organized 
process by which levels of contamination are reduced. 
The decontamination process should consist of a series 
of procedures performed in a specific sequence. For 
example, outer, more heavily contaminated items 18'1-, 
outer boots and gloves! should be decontaminated and 
removed first, followed by decontamination and removal 
of inner, less contaminated items 18'1-, jackets and pants!. 
Each procedure should be performed at a separate station 
in order to prevent cross contamination. The sequence of 
stations is called the decontamination line. 

Stations should be separated physically to prevent cross 
contamination and should be ananged in order of 

decreasing contamination, preferably in a straight line. 
Separate flow patterns and stations should be provided to 
isolate workers from different contamination zones con~ 
taining incompatible wastes. Entry and exit poina should 
be conspicuously marked, and the entry to the Contami­
nation Reduction Zone ICRZI from the Exclusion Zone 
should be separate from the entry to the Exclusion Zone 
from the CRZ. Dressing stations for entry to the CRZ 
should be separate from redressing areas for exit from the 
CRZ. Personnel who wish to enter clean areas of the 
decontamination facility, such as locker rooms. should be 
completely decontaminated. 

Examples of decontamination lines and procedures for 
personnel wearing \farious levels of protection are 
provided in Appendix D. 
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A member of the decontamination team suited in Level B 
personal protective equipment stands by to scrub down a 
worker after an initial rinse down in the decontamination 
shower. 

Decontamination Equipment Selection 
Table 10-3 lists recommended equipment for decontami­
nation of personnel, personal protective clothing, and 
equipment In selecting decontamination equipment.. con­
sider whether the equipment itself can be decontami­
nated for reuse or can be easily disposed of. Table 10-4 
lists recommended equipment for decontamination of 
large equipment and vehicles. Note that other types of 
equipment not listed in Tables 10-3 and 10-4 may be 
appropriate in certain situations. 

Disposal Methods 
All equipment used for decontamination must be decon­
taminated and/or disposed of properly. Buckets, brushes, 
clothing, tools, and other contaminated equipment should 
be collected, placed in containers, and labeled. Also. all 
spent solutions and wash water should be collected and 
disposed of properly. Clothing that is not completely 
decontaminated should be placed in plastic bags. pending 
further decontamination and/or disposal. 

Table 10-3. Some Recommended Equipment for 
Decontamination of Personnel and Personal 
Protective Clothing and Equipment 

• Drop cloths of plastic or other swtable materials on which heavily 
contaminated equipment and outer protectiw clothing may be 
deposited. 

• Conection containers. such as drwns or suitably lined trash cans. 
for storing disposable clothing and heavily - pe,sonal 
protective clothing or equipment that must be discarded. 

• Lined box with absorbents for wiping or rinsing off gross con­
taminants and liquid contaminants. 

• Urge gatvanized tubs. stock tanks, Of duldren's wading pools 10 
hold wash and rinse solutions. loose should be at least large 
enough for a "'°""" to place a booted loot in, and should have 
either no drain or • drain connected to • collection lank or 
ap~ treatment system. 

• Wash solutions selected to wash off and reduce the hazards 
associated with the contaminants. 

• Rinse solutions selected to remove contaminants and contami­
nated wash solutions. 

• long-handled, soft-bristled brushes to help wash and rinse off 
contaminants. 

• Paper or cloth towels for drying protective clothing aid 
equipment. 

• Lockers and ca!Mnets for storage of _.,.,taminated clotNng and 
equipment_ 

• Metal or plastic cans or drums for contaminated wash and rinse 
solutions. 

• Plastic sheeting. sealed pads with drains. or other appropriate 
methods for containing and collecting contaminated wash and 
rinse solutions sp,lled during decontamination. 

• Shower facilrties for tun body wash or. at a minimum. personal 
wash sinks (with drains connected to a collection tank or 
appropriate treatment systeml. 

• Soap 0< wash solution, wash cloths. and towels for pe,sonnel. 

• Lockers CJ< closets for clean clothing and personal item storage. 

Personal Protection 
Decontamination workers who initially come in contact 
with personnel and equipment leaving the Exclusion Zone 
win require more protection from contaminants than 
decontamination workers who are assigned to the last 
station in the decontamination rine. In some cases. decon­
tamination personnel should wear the same levels of PPE 
as wor1<ers in the Exclusion Zone. In other cases, decon­
tamination personnel may be suff"ICiently protected by 
wearing one level lower protection (e.g., wearing Level C 
protection while decontaminating workers who are wear­
ing level Bl. 

The level of protection required will vary with the type of 
decontamination equipment used. For example, workers 
using a steam jet may need a different type of respiratory 
protection than other decontamination personnel because 
of the high moisture levels produced by steam jets. In 
some situations, the cleaning solutions used and wastes 
removed during decontamination may generate harmful 
vapors. Appropriate equipment and clothing for protecting 
decontamination personnel should be selected by a quafi­
fied health and safety expert_ 



Table 1(µ1. Some Recommended Equipment for 
Heavy Equipment and Vehicle Decontamination 

• Storage tanks of appropriate treatment systems for temp01 ai y 
storage and/or treatment of contaminated wash and rinse 
solutions. 

• Drains or pumps for collection of contaminated wash and rinse 
solutions. 

• Long~ brushes for general exterior cleaning. 

• Wash solutions selected to remoYe and reduce the hazards 
associated with the contamination. 

• Rinse solutions seJected to remove contaminants and con­
taminated wash solutions. 

• Pressurized sprayers for washing and rinsing, particularfy 
hard-to-reach areas. 

• Curtains, enclosures, or spray booths to contain splashes from 
pressurized sprays. 

• Long-handled brushes, rods. and shovels for dislodging con­
taminants and contaminanted soil caught in tires and the wider­
sides of vehicles and equipment. 

• Containers to hold contaminants and contaminated S011 removed 
from tires and the undersides of vehicles and equipment. 

• Wash and rinse buckets for use in the decontamination ol opera­
tor areas inside vehicles and equipment. 

• Brooms and brushes for cleaning operator areas inside vehicles 
and equipment. 

• Containers for storage and disposal of contaminated wash and 
rinse solutions, damaged or heavity contaminated parts, and 
equipment to be discarded. 

All decontamination workers are in a contaminated area 
and must themselves be decontaminated before entering 
the clean Support Zone. The extent of their decontamina­
tion should be determined by the types of contaminants 
they may have contacted and the type of work they per­
formed. 

Emergency Decontamination 
In addition to routine decontamination procedures, emer­
gency decontamination procedures must be established. 
In an emergency, the primary concern is to prevent the 
loss of life or severe injury to site personnel. If immediate 
medical treatment is required to save a life, decoutamina­
tion should be delayed until the victim is stabilized. If 
decontamination can be performed without interfering 
with essential life-saving techniques or first aid, or if a 
worker has been contaminated with an exbemety toxic or 
corrosive material thet could cause severe injury or loss of 
life, decontamination must be performed immediately. If 
an emergency due to a heat-n,lated illness develops, pro­
tective clothing should be removed from the victim as 
soon as possible to reduce the heat stress. During an 
emergency, provisions must also be made for protecting 
medical personnel and disposing of contaminated clothing 
and equipment. See Chapter 12 for further information on 
decontamination during emergencies. 
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Introduction 
Accidents may occur during handling of drums and other 
hazardous waste containers. Hazards include detonations. 
fires. explosions. vapor generation, and physical injury 
resulting from moving heavy containers by hand and 
working around stacked drums. heavy equipment. and 
deteriorated drums. While these hazards are always pres­
ent, proper work practices-such as minimizing handling 
and using equipment and procedures that isolate workers 
from hazardous substances-can minimize the risks to 
site personnel. 

This chapter defines practices and procedures for safe 
handling of drums and other hazardous waste containers. 
It is intended to aid the Project Team Leader in setting up 
a waste container handling program. In addition to read­
ing this chapter, the Project Team Leader shoukt also be 
aware of all pertinent regulations. OSHA regulations (29 
CFR Parts 1910 and 1926) include general requirements 
and standards for storing, containing, and handling chem­
icals and containers, and for maintaining equipment used 
for handling materials. EPA regulations (40 CFR Part 265) 
stipulate requirements for types of containers, main­
tenance of containers and containment structures, and 
design and maintenance of storage areas. DOT regula­
tions (49 CFR Parts 171 through 178) also stipulate 
requirements for containers and procedures for shipment 
of hazardous wastes. 

Containers are handled during characterization and 
removal of their contents and during other operations. A 
flow chart showing one set of possible procedures for 
drum handling is given in Figure 11-1. Guidance for safely 
performing the procedures shown in Figure 11-1 is 
provided in the following sections of this chapter. The 
final section, Special Case Problems, describes the 
handling of tanks, vaults, vacuum trucks, elevated tanks, 
and compressed gas cylinders, 

Inspection 
The appropriate procedures for handling drums depend on 
the drum contents. Thus, prior to any handling, drums 
should be visually inspected to gain as much information 
as possible about their contents. The inspection crew 
should look for: 

• Symbols, words, or other marks on the drum indiC81-
ing that its contents are hazardous. e.g., radioactive. 
explosive. corrosive. toxic. flammable. 

• Symbols, words, or other marks on a drum indicating 
that it contains discarded laboratory chemicals, rea­
gents, or other potentially dangerous materials in 
small-volume individual containers (see Table 11-1). 

• Signs of deterioration such as corrosion, rust. and 
leaks. 

• Signs that the drum is under pressure such as swell­
ing and bulging. 

• Drum type (see Table 11-1). 

• Configuration of the drumhead (see Table 11-2). 

Conditions in the immediate vicinity of the drums may 
provide information about drum contents and their 
associated hazards. Monitoring should be conducted 
around the drums using instruments such as a gamma 
radiation survey instrument. organic vapor monitors, and 
a combustible gas meter. 

The results of this survey can be used to classify the 
drums into preliminary hazard categories, for example: 

• Radioactive. 

• Leaking/deteriorated. 

• Bulging. 

• Explosive/shock-sensitive. 

• Contains small-volume individual containers of 
laboratory wastes or other dangerous materials. 

As a precautionary measure. personnel should assume 
that unlabelled drums contain hazardous materials until 
their contents are characterized. Also, they should bear in 
mind that drums are frequently mislabelled-particularly 
drums that are reused. Thus, a drum's label may not 
accurately describe its contents. 

If buried drums are suspected, ground-penetrating sys­
tems, such as electromagnetic wave. electrical resistivity, 
ground-penetrating radar, magnetometry, and metal 
detection, can be used to estimate the location and depth 
of the drums. 
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INSPECTION 

Inspect drums 

OPENING 

Open drums 

SAMPLING 
Develop sampling 

plan. Sample 
drum contents 

CHARACTERIZATION 

Characterize wastes 

BULKING 
Transfer drum 
contents into 

bulk containers 

Develop a 
handling plan 

HANDLING 
Orient drums 
for opening 

and sampling 

SHIPMENT 
Ship bulked wastes and/or 
drums to offsite treatment. 
storage. or disposal facility 

PLANNING 

Develop a 
staging plan 

r -- --, 
I STAGING I 
I Move drums to I 
I first staging area I 
L lif •~~ri~I ...J 

r- _t __ 7 
1 Move drums to 

1 
1 opening/sampling 

area 

L
I (if appropriate) 1 

- -•- _...J 

j M-;., dru-;s 7.; 7 
I second staging 
I area 1 
L (if appropriat~ ...J 

r_] __ , 
I Move drums to I 
I final staging area 
I (if appropriate) I L ____ ....1 

BULKING 
Transfer drum 
contents into 

bulk containers 

Figure 11-1. Row Chart for Drum Handling. (Dashed boxes indicate optional steps. 
Number of staging areas necessary is site specific.) 

OPENING 

Open drums 

SAMPLING 

Sample drum contents 

CHARACTERIZATION 

Characterize wastes 



Table 11-1. Special Drum lypes and 
Their Associated Hazards 

Polyethylene or 
~Drum• 

Emtlc Metal 
Drums (e.g •• alumi­
num. nickel, stain­
less, steel, or -
unusual metal) 

Slo,gle-.cl -~----
Labo, • toi f Pacb 

Often contain strong acids or bases. If the 
lining is punctured, the substance usually 
quickly corrodes the steel, resulting in • 
significant leak or spill. 

Very expensive drums that usually con­
tain an extremely dangerous material. 

These drums have fittings for both 
procl\Jct filling - placement of en ine<t 
gas,. such as nitrogen. May contain reac­
tive, flammable, or explosiw substances. 

Used for disposal of expired chemicals 
- process -.nples from university 
laboratories, hospitals. and similar institu­
tions. Individual containers within the lab 
pact< are often not packed in absorbent 
material. They may contain incompatible 
materials, radioisotopes. shock-sensitive, 
highly volatile, highly corms;..., or very 
toxic exotic chemicals. Laboratory packs 
can be en ignition source for fires at 
huardous waste sites. 

Table 11-2. Information Provided by 
Drumhead Configuration 

CONFIGURATION 

Whole lid removable. 

Has • bung. 
Contains • liner. 

Planning 

INFORMATION 

Designed to contain solid 
material. 

Designed to contain a liquid. 

May contain a highly corrosive 
or otherwise hazardous material. 

Since drum handling is fraught with danger, tNery step of 
the e>peration should be carefully planned. based on all 
the information available at the time. The results of the 
preliminary inspection can be used to determine 11) if any 
hazards are present and the appropriate response, and 
12) which drums need to be moved in order to be opened 
and sampled. A preliminary plan should be dtNeloped 
which specifies the extent of handling necessary. the per­
sonnel selected for the job, and the most appropriate 
procedures based on the hazards associated with the 
probable drum contents as determined by visual inspec­
tion. This plan should be ~sed as new information is 
obtained during drum handling. 

Handling 
The purpose of handling is to 11) respond to any obvious 
problems that might impair worker safety, such as radio­
activity, leakage, or the presanca of explosive substances. 
121 unstack and orient drums for sampling. and 131 if 
necessary, to organize drums into different areas on site 
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to facilitate characterization and remedial action (see 
Staging in this chapter). Handling may or may not be 
necessary, depending on how the drums are positioned at 
a site. 

Since accidents occur frequently during handling, particu­
larly initial handling, drums should only be handled if 
necessary. Prior to handling, all personnel should be 
warned about the hazards of handling, and instructed to 
minimize handling as much as possible and to avoid 
unnecessary handling. In all phases of handling, person­
nel should be alert for new information about potential 
hazards. These hazards should be responded to before 
continuing with more routine handling operations. Over­
pack drums (larger drums in which leaking or damaged 
drums are placed for storage or shipment [see 49 CFR 
Part 173.3(c)J) and an adequate volume of absorbent 
should be kept near areas where minor spills may occur. 
Where major spills may occur, a containment berm ade­
quate to contain the entire volume of liquid in the drums 
should be constructed before any handling takes place. If 
the drum contents spill, personnel trained in spill response 
should be used to isolate and contain the spill. 

Severer types of equipment can be used to move drums: 
11) A drum grappler attached to a hydraulic excavator; 
(2) a small front-end loader. which can be either loaded 
manually or equipped with a bucket sling; (3) a rough ter­
rain forklift; (41 a roller conveyor equipped with solid 
rollers; and (5) drum carts designed specifically for drum 
handling. Drums are also sometimes moved manually. The 
drum grappler is the preferred piece of equipment for 
drum handling. It keeps the operator removed from the 
drums so that there is less likelihood of injury if the drums 
detonate or rupture. tf a drum is leaking, the operator can 
stop the leak by rotating the drum and immediately plac­
ing it into an overpack. In case of an explosion, grappler 
claws help protect the operator by partially deflecting the 
force of the explosion. 

Backhoe with drum grappler. 

The following procedures can be used to maximize 
worker safety during drum handling and movement: 

• Train personnel in proper lifting and moving tech­
niques to prevent back injuries. 

• Make sure the vehicle selected has sufficient rated 
load capacity to handle the anticipated loads. and 
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make sure the vehicle can operate smoothly on the 
111111ilable road surface. 

• Air conartion the cabs of vehicles to increase opera­
tor efficiency; protect the operator with heavy splash 
shields. 

• Supply operators with appropriate respiratory protee­
tiw equipment when needed. Normally either a com­
bination SCBA/SAR with the air tank fastened to the 
vehicle, or an airline respirator and an escapa 5CBA 
are used because of the high potential hazards of 
drum handling. This impruwes oparator efficiency and 
provides proteCtion in case the oparator must aban­
don the equipment. 

• Have overpacks ready before any attempt is made to 
rnovedrums. 

• Before ..-ing anything. determine the most appro­
priate sequence in which the various drums and 
other containers should be moved. For example, small 
containers may have to be removed first to permit 
heavy equipment to enter and move the drums. 

• Exercise extreme caution in handling drums that are 
not intact and tightly sealed. 

• Ensure that operators have a clear view of the road­
wwy when carrying drums. Where necessary, have 
ground workers 111111ilable to guide the oparator's 
motion. 

Drums Containing Radioactive Waste 

• If the drum exhibits radiation levels above back­
ground (see Table 6-2), immediately contact a health 
physicist. Do not handle any drums that are deter­
mined to be radioactive until persons with expertise 
in this area have been consulted. 

Drums that May c:-taln hploalve « 
8hock-e-ltlve Wa-

• If a drum is suspected to contain explosive or shock­
sensitive waste as determined by visual inspection. 
seek apeciarized assistance before any handling. 

• If handling is necessary, handle these drums with 

""""""' caution. 
• Prior to handling these drums. make sure an non­

essential parsonnel have moved a safe distance away. 

• Use a greppler unit constructed for explosive contain- · 
ment for initial handling of such drums. 

• Palletize the drums prior to transport. Secwe drums 
to pallets. 

• Use an audible siren signal system. similar to that 
employed in conventional blasting operations. to 
signal the commencement and completion of explo­
sive waste handling activities. 

• Maintain continuous communication with the Site 
SafetY Officer and/or the command post until drum 
handling operations are complete. 

Bulging Drums 

• Pressurized drums are extJemely hazardous. Wher­
ewr possible, do not move drums that may be 

under internal pressure, es evidenced by bulging or 
swelling. 

• If a pressurized drum has to be moved. whenever 
possible handle the drum with a grappler unit con­
stJucted for explosive containment. Either move 
the bulged drum only as far as necessary to allow 
seating on firm ground. or carefully o,,erpack the 
drum. Exercise extreme caution when working 
with or adjacent to potentially pressurized drums. 

Drum• Containing Packaged Laborat01 r Wastes 
11.abPacaJ 

laboratory packs fi.e., drums containing individual con­
tainers of laboratory materials normally surrounded by 
cushioning absorbent material) can be an ignition source 
for fires at hazardous waste sites. They sometimes con­
tain shock-sensitive materials. Such containers should be 
considered to hold explosive or shock-sensitive wastes 
until otherwise characterized. If handling is required. the 
tonowing precautions are among those that should be 
taken: 

• Prior to handling or transporting lab packs, make sure 
an non-ilSSential personnel have moved a safe dis­
tance tJWay. 

• Whenever possible, use a grappler unit constructed 
for explosive containment for initial handling of such 
drums. 

• Maintain continuous communication with the Site 
Safety Officer and/or the command post until han­
dling oparations are complete. 

• Once a lab pack has been c,pened, have a chemist 
inspect. classify. and segregate the bottles within it. 
without c,pening them, according to the hazards of 
the wastes. An example of a system for classifying 
lab pack wastes is provided in Table 11-3. The objec­
tive of a classification system is to ensure safe segre­
gation of the lab packs' contents. Pack these bottles 
with sufficient cushioning and absorption materials 
to prevent excessive movement of the bottles and to 
absorb all free liquids, and ship them to an approwd 
disposal facility. 

• If crystalline material is noted at the neck of any 
bottle, handle it as a shock-sensitive waste, due to 
the potential presence of picric acid or other similar 
material. and get expert advice before attempting to 
handle it. 

• Palletize the repacked drums prior to transPort. 
Secure the drums to pallets. 

leaking, Open, and Deterlorllted Drums 

• If a drum containing a liquid cannot be moved with­
out ruptUre, immediately transfer its contents to a 
sound drum using a pump designed for transfering 
that liquid. 

• Using a drum grappler. place immediately in o,,erpack 
containers: 

Leaking drums that contain sludges or semi-solids. 
Opan drums that contain ijquid or solid waste. 
Deteriorated drums that can be mo,,ed without 
rupture. 



Table 11-3. Example of Lab Pack Content Classification 
System for Disposal 

ClASSIACATION 

lno,ganiceads 

lno<ganicbases 

Strong oxidizing agents 

Strong 18ducing agents 

Anhydrous organica and 
organometaUics 

Anhydrous inorganics and 
metal hydrides 

1oxic organics 

Rammable organics 

lnorganics 

Inorganic cyanides 

Organic c:yw,ides 

loxic metals 

Burled Dnana 

EXAMPLES 

Hydrochloric 
Sulfuric 

Sodium hydroxide 
Potassium ~roxide 
Ammonium nitrate 
Barium nitrate 
Sodium chlo<ate 
Sodium peroxide 

Sodium thiosulfate 
Oxalic acid 
Sodium sulphite 

Tetraethyl -
Phenylmen:uric chloride 

Potassiumhydride 
Sodium hydride 
Sodium metal 
Potassium 

PCBs 
Insecticides 

Hexane 
li>luene 
Acetone 

Sodium carbonate 
Potassium chk>fide 

l'olassium cyanide 
Sodium cyanide 
Copper cyanide 

Cyanoacetarnide 

Arsenic 
cac:tmium 
Load 
Mercury 

• Prior to initiating subsurface excavation, use ground­
penetrating systems to estimate the location and 
depth of the drums (see Inspection in this chapter). 

• Remove soil with great caution to minimize the 
potential for drum rupture. 

• H8"" a dry chemical fire extinguisher on hand to con­
trol small fires. 

Opening 
Drums are usually opened and sampled in place during 
site investigations. However. remedial and emergency 
operations may require a separate drum opening area (see 
Staging in this chapter). Procedures for opening drums 
are the same, regardless of where the drums are opened. 
Kl enhance the efficiency and safety of drum-opening 
personnel. the following procedures should be instituted. 

• H a supplied-air respiratory protection system is used, 
place a bank of air cylinders outside the work area 
and supply air to the operators via airlines and 
escape SCBAs. This enables workers to operate in 
relative comfort for extended periods of time. 
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• Protect personnel by keeping them at a safe distance 
from the drums being opened. If personnel must be 
Jocated near the drums. place explosion-resistant 
plastic shields between them and the drums to pro­
tect them in case of detonation. locate controls for 
drum opening equipment. monitoring equipment, and 
fire suppression equipment behind the explosion­
resistant plastic shield. 

• H possible, monitor continuously during opening. 
Place sensors of monitoring equipment, such as 
colorimetric tubes, dosimeters, radiation survey 
instruments, explosion meters, organic vapor 
analyzers,. and oxygen meters, as close as possible 
to the source of contaminants, i.e.,. at the drum 
opening. 

• Use the following remote-<:ontrolled devices for 
opening drums: 

Pneumatically operated impact wrench to remove 
drum bungs. 
Hydraulically or pneumatically operated drum 
piercers (see Rgure 11-2). 
Backhoes equipped with bronze spikes for 
penetrating drum tops in large-scale operations 
(see Figure 11-3). 

• Do not use picks, chisels and firearms to open 
drums. 

• Hang or balance the drum opening equipment to 
minimize worker exertion. 

• H the drum shows signs of swelling or bulging, 
perform all steps slowly. Reliew excess pressure 
prior to opening and, if possible, from a remote 
location using such devices as a pneumatic impact 
wrench or hydraulic penetration device. If pressure 
must be relieved manually, place a barrier such as 
explosion-resistant plastic sheeting between the 
worker and bung to deflect any gas. liquid, or 
solids which may be expelled as the bung is 
loosened. 

1wo drums with rusted bungs were opened by backhoes 
with bronze spikes and now await sampling. Drum in fore­
ground has been labelled "150" for sample documenta­
tion purposes. 
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AIR/HYDRAULIC CYLINDER 

55GALDRUM 

DRAIN TO VACUUM TRUCK.~ 
WASTE RECOVERY SYSTEM 
OR TANK 

SPLASH Pl.ATE 

REPI.ACEABLE 316 STAINLESS 
STEEL CONICAL PLUNGER 

(3 IN. DIA. X 4 IN. LG.I 

DOORS (2 SIDESI 

BECT CONVEYOR 

SPILL CONTAINMENT PAN & 
SUPPORT FRAME (75-GAL CAPACITYI 

Figure 11-2. Air/Hydraulic-Operated Single-Orum Puncture Device. 
Source: Reference 111. 

• Open exotic metal drums and polyethylene or 
polyvinyl chloride-lined (PVC-linedl drums through 
the bung by removal or drilling. Exercise extreme 
caution when manipulating these containers. 

• Do not open or sample individual containers within 
laboratory packs. 

• Reseal open bungs and drill openings as soon as 
possible with new bungs or plugs to avoid explo­
sions and/or vapor generation. If an open drum 
cannot be resealed, place the drum into an over· 
pack. Plug any openings in pressurized drums with 
pressure-venting caps set to a 5-psill)Oil1lds per 
square inchl release to allow wnting of vapor 
pressure. 

• Decontaminate equipment after each use to avoid 
mixing incompatible wastes. 

Sampling 
Drum sampling can be one of the most hazardous activi· 
ties to wo<ker safety and health because it often involves 
direct contact with unidentified wastes. Prior to collecting 
any sample, develop a sampling plan: 

• Research background information about the waste. 

• Determine which drums should be sampled. 

• Select the appropriate sampling device(sl and 
container(sl. 
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HYDRAULIC CYL 
WITH 6-IN. STROKE 

BACKHOE 
ARM (REF.) 

REPlACEABLE 316 STAINLESS 
STEEL CONICAL PWNGER 

(3 IN. DIA. X 4 IN. LG.) 
SPLASH PLATE 

HYDRAUI.K LINES 
ADAPTER BRACKET 

SPIU. CONTAINMENT PAN 
(PORTABLE) 75-0AL CAPACITY 

STANDARD SINGLE 
DRUM GRABBER 

55-0AUDN 
DRUM 

DRAIN TO VACUUM TRUCK. WASTE j 

RECOVERY SYSTEM OR TANK -------- • ~<lf'=r-:..'.:~-;;::==::=:::::::--=-=-"7"1 

Figure 11-3. Backhoe-Mounted Drum Puncture Device. 
Source: Reference 11). 

• Develop a sampling plan which includes the number, 
volume. and locations of samples to be taken. 

• Develop Standard Operating Procedures for opening 
drums, sampling, and sample packaging and trans­
portation. Some guidance in designing proper 
sampling procedures can be found in References 121 
and (3). 

• Have a trained health and safety professional deter­
mine, based on available information about the 
wastes and site conditions, the appropriate personal 
protection to be used during sampling, decontamina­
tion, and packaging of the sample. 

When manually sampling from a drum, use the following 
techniques: 

• Keep sampling persomel at a safe distance while 
drums are being opened. Sample only after opening 
operations are complete. 

• Do not lean awr other drums to reach the drum being 
sampled, unless absolutely necessary. 

SlOPE 

-----

• Cover drum tops with plaStic sheeting or other suit­
able noncontaminated materials to avoid excessive 
contact with the drum tops. 

• Never stand on drums. This is extremely dangerous. 
Use mobile steps or another platform to achieve the 
height necessary to safely sample from the drums. 

• Obtain samples with either glass rods or vacuum 
pumps. Do not use contaminated items such as dis­
carded rags to sample. The contaminants may con­
taminate the sample and may not be compatible with 
the waste in the drum. Glass rods should be remawd 
prior to pumping to minimize damage to pumps. 

Characterization 
The goal of characterization is to obtain the data neces­
sary to determine how to safely and efficiently package 
and transport the wastes for treatment and/or disposal. 
If wastes are bulked, they must be sufficiently character-
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SITE: 
DllUII ~S~IZE~,--

0 unknown 
1 55 gal.-
2 JO gal.­
] other -
specify 

DllUII NO. =---
DRUM OPEHIIIG: 

0 unk.oovn 
l ring top 
2 closed top -
l open top -
4 other 
specif, 

DllUII COLOR: PRl SEC DIIDK COtlDITIOH: 
0 unknovn O miltnovn --1 creaa -- 1 good 
2 clear 2 fair --3 blaclt 3 poor --4 vhite 

SAMPLE NO. 
llllUII TYPE: 

O unknown 
1 aetal 
2 plaatlc 
3 fiber 

4 ·-· 5 other 
apeclfy 

5 reel -- DllUII IIAlllllG DYVORD 1 
6 green ----7 blue DRllK IIAlllHG DlllORD 2 
8 brOIIID ----9 piak -- DRllK IIAlllllG DYIIOllD 3 
10 orange --11 :,ellov DRUM COHTEIITS STUB: Pll SEC 
12 gray -- 0 aaltnovn ---- --13 purple l aolld -- --14 •ber 2 liquid 
15 areen-blue - = l aludge ----4 ... --DIIIJM COHTEIITS COLOI.: S trash 
0 aaltnovn 6 dirt --
1 creaa -- 7 gel ----2 clear --
3 black -- DIWM COHTE!r? .IKOUIIT: 
4 lfb.f.te -- 0 aa1tnovn --5 red 1 full --6 green 2 part 
7 blue -- 3 eapty --8 brown --9 pink CIIEKICAL ANALYSIS: YES •o --10 orange -- radiation 
11 Jellov lgnicable --
12 gray -- 11111.ter reacti,re ---- --ll purple -- cyanide --14 -bet ozldlaer --

SOEE!IIIIG KSIILTS (ilEA): 
o unmow 
1 rad.ioactl ve 
2 acld/od.cllser 
l caustlc/reducer/cyaaide --
4 flaaaable oraanic -
5 nonflaaaable organic 
6 peroxide 
7 air or water reactlft 
8 iaen: 

SOEE!IIIIG D&V.: 
YES •O 

IWlIOACTIVE l. 1 all onr background 
ACIDIC -- pll ~ 3 --CAUSTIC pll > 12 
AllllACTIVE -- ae.Cttoa of > 10-1' --- teap. cbaa.ge-
WATER llACTIVE Reaction of > 10-1' -- teap. change-
IIATER SOLDIILE Dla801Tu ill -ter 
IIATEI. um CRA -- 11.eadiag • -- ~ 10 ppa • ""Tea 
Cl»IBUSTIIIIZ Catches fire when --- torcbed 1n aater Nth 
BALIDE Green f1-e vbeo -- heated with copper 
INOI.GAnC IIATEI. um CRA and -- CXJKIOSTULE • a:, 
01.GAnC DIORG&lfiC • llo 
ALCOIIOL/ALDEIIYDE -- VA?II. LUK (NA. -- IIATEI. SOLUBLE and 

COKBUSTDLB • Yea 
CUlfIDE Draeger cube CRer -- water ltrath .?, 2 ppa 
PlAMKAl!F C<»flUSTIBLI • Yea• and. -- SETA f luhpoint i 140°F 
OllDIZEI. Search loctloe paper ---- abowa poa1t1Ye reaccioa. 
lllUr OR O?IIEI. B•erythiag -Wo· escept -- IBOI.GAnC or OI.GAIIIC 

lS green-blue = organic .-apor 
pll ---

Figure 11-4. Sample Drum Characterization Sheet. 
Source: EPA Region VII Emergency Planning and Response Branch. 
[This figure is provided only as an example. Values were selected 
by EPA Region VII and should be modified as appropriate.I 

ized 10 determine which of them can be safely combined 
(see Bulking later in this chapterl. As a first step in 
obtaining these data, standard tests should be used 10 
classify the wastes into general categories, including 
auto--reactives. water reactives, inorganic acids. organic 
acids. heavy metals, pesticides, cyanides, inorganic 
oxidizers, and organic oxidizers. In some cases, further 
analysis should be conducted 10 more precisely identify 
the waste materials. See Figure 11-4 for an example of a 
characterization sheet for drums. 

When possible, materials should be characterized using 
an onsite laboratory. This provides data as rapidly as pos­
sible, and minimizes the time lag before appropriate action 
can be taken 10 handle any hazardous materials. AlsQ. it 

precludes any potential problems associated with trans­
porting samples 10 an offsite laboratory (e.g., sample 
packaging, waste incompatibility. fume generationl. 

If samples must be analyzed off site, samples should be 
packaged on site in accordance with DOT regulations 
(49 CFRI and shipped 10 the laboratory for analysis. 

Staging 
Although <Nery attempt should be made 10 minimize drum 
handling, drums must sometimes be staged fi.e.. moved in 
an organized manner 10 predesignated areasl 10 facilitate 
characterization and remedial action. and to protect 



drums from potentially hazardous site conditions (e.g., 
movement of heavy equipment and high temperatures 
that might cause explosion, ignition, or pressure buTidup). 
Staging inwlves a trade-off between the increased haz­
ards associated with drum movement and the decreased 
hazards associated with the enhanced organization and 
accessibility of the waste materials. 

The number of staging areas necessary depends on site­
specific circumstances such as the scope of the opera­
tion, the accessibility of drums in their original positions, 
and the perceived hazards. Investigation usually involves 
little. if any, staging; remedial and emergency operations 
can inwlve extensive drum staging. The extent of staging 
must be determined individually for each site. and should 
always be kept to a minimum. Up to five separate areas 
have been used (see Figure 11-5): 

• An initial staging area where drums can be 
{1) organized according to type. size. and sus­
pected contents, and 121 stored prior to sampling. 

• An opening area where drums are openedk 
sampled, and resealed. Locate this area a safe dis­
tance from the original waste disposal or storage 
site and from all staging areas to prevent a chain 
reaction in case of fire or explosion. 

• During large-scale remedial or emergency tasks. a 
separate sampling area may be set up at some dis­
tance from the opening area to reduce the number 
of people present in the opening area, and to limit 
potential casualties in case of an explosion. 

• A second stJJging area, also known as a holding 
area, where drums are temporarily stored after 
sampling pending characterization of their con­
tents. Do not place unsealed drums with unknown 
contents in the second staging area in case they 
contain incompatible materials. (Either remove the 
contents or overpack the drum.} 

• A final staging area, also known as a bulking area, 
where substances that have been characterized 
are bulked for transport to treatment or disposal 
facilities. 

locate the final staging area as close as possible to 
the site's exit. 
Grade the area and cover it with plastic sheeting. 
Construct approximately 1-foot-high (0.3-m-high) 
dikes around the entire area. 
Segregate drums according to their basic chemical 
categories (acids, heavy metals, pesticides, etc.) as 
determined by characterization. Construct separate 
areas for each type of waste present to preclude 
the possibility of intermingling incompatible chemi­
cals when bulking. 

In all staging areas, stage the drums two wide in two 
rows per area (see Figure 11-61, and space these rows 
7 to 8 feet (2 to 2.5 ml apart to enable movement of the 
drum handling equipment. 

Bulking 
Wastes that have been characterized are often mixed 
together and placed in bulk containers such as tanks or 
vacuum trucks for shipment to treatment or disposal 
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Crushed drums awaiting landfill. Note the stJJging of 
drums on the left in a row two drums wide. 

facilities. This increases the efficiency of transportation. 
Sulking should be performed only after thorough waste 
characterization by trained and experienced personnel. 
The preliminary tests described earlier under Characteriza­
tion provide only a general indication of the nature of the 
individual wastes. In most cases, additional sampling and 
analysis to funher characterize the wastes, and compati­
bility tests (in which sman quantities of different wastes 
are mixed together under controlled conditions and 
observed for signs of incompatibility such as vapor gener­
ation and heat of reaction) should be conducted. Sulking 
is performed at the final staging area using the following 
procedures: 

• Inspect each tank trailer and remove any residual 
materials from the trailer prior to transferring any 
bulked materials. This will prevent reactions between 
incompatible chemicals. 

• To move hazardous liquids. use pumps that are 
properly rated (see National Fire Protection Associa­
tion [NFPA] 70 Articles 500-503 and NFPA 497M) 
and that have a safety relief valve with a splash 
shield. Make sure the pump hoses, casings, fittings, 
and gaskets are compatible with the material being 
pumped. 

• Inspect hose lines before beginning work to ensure 
that all lines, fittings, and valves are intact with no 
weak spots. 

• Take special precautions when handling hoses as 
they often contain residual material that can splash 
or spill on the personnel operating the hoses. Protect 

· personnel against accidental splashing. Protect lines 
from vehicular and pedestrian traffic. 

• Store flammable liquids in approved containers. 

Shipment 
Shipment of materials to offslte treatment, storage, or 
dispos<"I facilities involves the entry of waste hauling 
vehicles into the site. U.S. Department of Transportation 
(DOT) regulations (49 CFR Parts 171-1781 and EPA regula­
tions (40 CFR Part 263) for shipment of hazardous 
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figure 11-5. Possible Staging Areas at a Hazardous Waste Site. 
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Figure 11-8. Sample Drum Staging layout. 
Source: Reference 11]. 

Single-stacked overpack drums awaiting transport off_ 
site. \\biker suited in Level C personal protective equ,p­
ment w,71 spread a tarp over the drums 1'11 protect them 
during transport. 

wastes must be complied with. The following guidelines 
can enhance the safety of these operations: 

• Locate the final staging (bulking) area as close as 
possible to the site exit. 

• Prepare a circulation plan that minimizes conflict 
between cleanup teams and waste haulers. Install 
traffic signs, lights, and other control devices as 
necessary. 

• Provide adequate area for onsite and hauling vehicles 
to tum around. Where necessary, build or improve 
onsite mads. 

• Stage hauling vehicles in a safe area until ready for 
loading with drivers remaining in cab. Minimize the 
time that drivers spend in hazardous areas. 

Handling Drums and Other Containers 

• Outfit the driver with appropriate protective 
equipment. 
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• If drums are shipped, tightly seal the drums prior to 
loading. Overpack leaking or deteriorated drums prior 
to shipment. (Under most circumstances, overpack 
drums used for hazardous wastes may not be reused 
(49 CFR Part 173.3(clll. Make sure that truck bed 
and walls are clean and smooth to prevent damage to 
drums. Do not double stack drums. Secure drums to 
prevent shifting during transport. 

• Keep bulk solids several inches below the top of the 
truck container. Cover loads with a layer of clean soil, 
foam, and/or tarp. Secure the load to prevent shifting 
or release during transpon. 

• Weigh vehicles periodically to ensure that vehicle and 
road weight limits are not exceeded. 

• Decontaminate vehicle tires prior to leaving the site 
to ensure that contamination is not carried onto pub­
lic roeds. 

• Check periodically to ensure that vehicles are not 
releasing dust or vapor emissions off site. 

• Develop procedures for responding quickly to offsite 
vehicle breakdown and accidents to ensure minimal 
public impact. 

Special Case Problems 

Tanks and Vaults 

For tanks and vaults, which are often found on hazardous 
waste sites, the following procedures are recommended: 

• In general, when opening a tank or vault follow the 
same procedures as for a sealed drum. If necessary. 
vent excess pressure if volatile substances are 
stored. Place deflecting shields between workers and 
the opening to prevent direct contamination of work­
ers by materials forced out by pressure when the 
tank is opened. 

• Guard manholes or access portals to prevent person­
nel from falling into the tank. 

• Identify the contents through sampling and analysis. 
If characterization indicates that the contents can be 
safely moved with the evailable equipment, vacuum 
them into a trailer for transportation to a disposal or 
recycling facility. 

• Empty and decontaminate the tank or vault before 
disposal. 

• tf it is necessary to enter a tank or vault (i.e.. confined 
spaces) for any reason (e.g .• to clean off solid 
materials or sludges on the bottom or sides of the 
tank or vault), the following precautions should be 
taken [4]: 

Ventilate thoroughly prior to entry. 
Disconnect connecting pipelines. 

Prior to entry, take air samples to prove the 
absence of flammable or other hazardous vapors 
and to demonstrate that adequate levels of oxygen 
exist. 
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Equip the entry team with appropriate respiratory 
protection, protective clothing, safety harMSSeS, 
andropes. 
Equip a safety obserwr with appropriate respira-
1Dry protectio<~ potectiw clothing, a safety har­
ness, and rope. 
Establish lifeline signals prior to entry so that the 
worker and safety obserwr can communicate by 
tugs on the rope. 
Have ., additional person 111111ilable in the immedi­
ate vicinity to assist lhe safety obserwr if needed. 
Instruct the safety obserwr not to enter the space 
until additional personnel ara on scene. 

Vacuum 'ltucks 

• Wear appropriate protective clothing and equipment 
when opening the hatch. 

• If possible. use rnobtle steps or suitable scaffolding 
consistent with 29 CFR Part 1910, Subpart D. Avoid 
climbing up lhe ladder and walking across the tank 
catwalk. 

• If the truck must be climbed, raise and lower equip­
ment and samples in carriers to enable workers to 
use two hands while climbing. 

• If possible, sample from lhe top of the whicle. If it is 
necessary to sample from the drain spigot. take steps 
to prevent spraying of excessive substances. Have all 
personnel stend off to the side. Haw sorbent 
materials on hand in the 8\ll!nt of a spill. 

Elftatad Tanks 

In general, obserw the safety precautions described for 
vacwm trucks. In addition: 

• Use a safety fine and harness. 

• Maintain ladders and railings in accordance with 
OSHA requirements (29 CFR Part 1910, Subpart DI. 

Compr •Hed Ga Cylinders 

• Obtain expert assiStance in moving and disposing of 
compressed gas cylinders. 

• Handle compressed gas cylinders with extreme cau­
tion. The ruptura of a cylinder may result in ., explo­
sion, and the cylinder may become a dangerous 
projectile. 

• Record the identification numbers on the cylinders to 
aid in characterizing their contents. 

Ponds and lagOOl l8 

• Drowning is a very real danger for personnel suited in 
protective equipment because the weight of protec­
m,e equipment increases ., individual's owrall den­
sity and severely impairs their swimming ability. 
Where there is danger of drowning, provide neces­
sary safety gear such as lifeboats, tag fines, railings, 
net•, safety harnesses, and flotation gear. 

• Wherever possible, stay on shore. Avoid going out 
owr the water. 

• Be awara that some solid wastes may float and give 
lhe -•ranee of sorid cracked rnxt. Caution should 
be exercised when working along shorelines. 
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Introduction 
The neture of work at hazardous waste sites makes 
emergencies a continual possibility. no matter how 
infrequently they may actually occur. Emergencies 
happen quickly and unexpectedly and require immediate 
response. At a hazardous waste site, an emergency may 
be as limited as a worker experiencing heat stresS, or as 
vast as an explosion that spreads toxic fumes throughout 
a community. Arrv hazard on site can precipitate an emer­
gency: chemicals, biologic agents, radiation or physical 
hazards may act alone or in concen to create explosions. 
fires, spills. toxic atmospheres. or other dangerous and 
harmful situationL Table 12-1 lists common causes of site 
emergencies. 

Site emergencies are characterized by their potential for 
complexity: uncontrolled toxic chemicals may be numer­
ous and unidentified; their effects may be synergistic. 
Hazards may potentiate one another-for example, a 
flammable spill feeding a fire. Rescue personnel attempt­
ing to remove injured workers may themselves become 

victims. This variability means that advance planning, 
including anticipation of different emergency scenarios 
and thorough preparation for contingencies, is essential 
to protect worker and community health and safety. 

This chapter outlines important factors to be considered 
when planning for and responding to emergencies. It 
defines the nature of site emergencies, lists the types of 
emergencies that may occur, and outlines a Contingency 
Plan and its components, which include personnel roles, 
lines of authority. training, communication systems, site 
mapping, site security and control. refuges, evacuation 
routes, decontamination, a medical program, step-by-step 
emergency response procedures, documentation, and 
reporting to outside agencies. Backup information is 
detailed in other chapters of the manual. 

Planning 
When an emergency occurs, decisive action is required. 
Rapidly made choices may have far-reaching, long-term 
consequences. Delays of minutes can create life­
threatening situations. Personnel must be ready to 
immediately rescue or respond; equipment must be on 
hand and in good working order. In order to handle emer­
gencies effectively, planning is essential. For this purpose, 
a Contingency Plan should be developed. 

A Contingency Plan is a written document that sets fonh 
policies and procedures for responding to site emergen­
cies. It should incorporate the following: 

• Personnel: 
Roles. 
Lines of authority. 
Training. 
Communication. 

• Site: 
Mapping. 
Security and control. 
Refuges. 
Evacuation routes. 
Decontamination stations. 

• Medical/first aid. 

• Equipment. 

• Emergency procedures. 

• Documentation. 

• Reporting. 

Overall, a Contingency Plan should: 

• Be designed as a discrete section of the Site 
Safety Plan. 

• Be compatible and integrated with the pollution 
response. disaster, fire. and emergency plans of 
local, state, and federal agencies. 

• Be rehearsed regularly using drills and mock situ­
ations. 

• Be reviewed periodically in response to new or 
changing site conditions or information. 
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Table 12-1. Causes of Emergencies at Hazardous Waste Sites --• Mi,_ accidents (slips. trips. tan.I. 
• Olemical ixposura. 

• Med"ical p<oblems lhUt--. heat-egg- of 
.,.._;sting concfrtions). 

• - pn>tectiw equipment fatlure i.ir -.rce fatlure. tearing .., 
permeation of protectiw clothing. facepiece fogging). 

• Physical injury !injuries horn hot ... flying objects. loose dothing 
-,mngr.ng in machinery, wious falls. whicle accidents). 

• Electrical lbums. shock. electrocution). 

W'ate A.elated 

• Ara 
• Explosion. 

• Leek. 

• Release of mxic: vapors. 

• Reaction of incompatible chemicals. 

• Collapse of - ...... 
• Discovery of radioac:tiwl materials. 

1ilble 12-2. Personnel Involved in Emergency Response 

Proloct--
• Oiracta -ency - --
• S-- as laison with~ government officials. 

SltalaletyOffic:a 

• - !hat - be atOl)ped if - c,peradon threatens 
- ... public health ... safety. 

• KMws emergency p,ocedures. owcuation routes. -1he 
_,ipriate telepho,,e numbers including: the ambulance. med"ical 
faCfTrty, poison control center, fire department. - por,ce 
clepartrnent. 

• Notifies local publ"ic "'""'llencv officials. 
• Provides for emergency mec:fical care on site. 

Command - Supervtaor 
• Notifies emergency IUPPCM't pe,sonnel by telephone or racf,o in 

case rescue operationS ere required. 

• Alaists the Sita Safety Officer in a l'8SCU40. if necessary. --• An amet gene, rescue taam stands by. partiany dressed in protec-
tiW gear, near the Elu:lusion Zone n,ady 10 rescue.., worl<ers 
whose health ... safety is endange,ed. 

• State ernerget ,cy rasponse personnel lvaries among states). 

---Station Of-. 
• Pllrfom, ••"MNge.K:y deeo;1tamination. 

24-lblrMadlcal-
• li•asportation and treatment of victims by ambulance personnel. 

personnel at local crmics .., hospitals. end physicians. 

Communicadon Pwso,11 ... 

• local emerger,cyaervice netwon<S pnM(leCCM"n.-..nication links 
forll"Artualaid. 

• Civil Defense organizations end local racf,o end bllevision stations 
pnMCle information 10 1he public during., emergency. 

Personnel 
This component of the plan includes not only onsite and 
offsite personnel with specific emergency response roles, 
but also others who may be on site, such es contractors. 
other agency representatives, and visitors. Emergency 
personnel and their responsibilities are cowred in detaIT in 
Chapter 3 as part of the OYerall organizational structure. 
This information is summarized in Table 12-2. 

Emergency personnel may be deployed in a variety of 
ways. Depending on the nature and scope of the emer­
gency, the size of the site, and the number of personnel, 
the emergency response cadre can include individuals, 
small or large teams, or several interacting teams. 
Although deployment is determined on a site-by-site 
basis, pertinent general guidelines and recommendations 
are listed below. In all cases the organizational structure 
should show a clear chain-of-eommand, every individual 
should know his or her position and authority, and the 
chain-of-eommand must be flexible enough to handle 
multiple emergencies, such as a rescue and a spill 
response or two rescues with a fire and spill response. 

Envir011amentlll Scle,1tista 

• l're<fJCt 1he immediate and future movement of released hazardous 
substances through the geologic and hydrologic envirorvnent and 
air. 

• Assess 1he effect of this movement on groundwater quality. .... 
face water quality. and air quality. 

• Determine the probable movement of reSeased toxic gases. 

• Estimate the expected COIK.eilbativn of gases in the comrnu'lity 
end 1he expected duration of exposure. 

• Predict the exposure levels of people and the ecosystem to the 
materials. 

ttaz.dous Chemicals &pen. 
• Provide immediate advice to those at the scene of a chemical~ 

related emergency. 

Rrefighters 

• Respond to fires that occur at a site; rescue victims. 

MeteCM'ologists 

• Provide meteorological information needed by environmental 
scientists. 

Public Safety...,_ 

• The county sheriff, industrial security fon:es. the National Guard. 
and the police control site access. cro't¥ds, and traffic. 

Public Evacuation,,,,__ 
• Civil Defense organizations plan evacuations. 

• The National Guard and other military, the Red Cross. the Sahnt­
tion Army, and municipal transportation systems mobilize tran$i1: 
equipment and assist in evacuations. 

On-8cene Coorcfinator 

• Coordinates federal response actiVities. 
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The Contingency Plan should identify all individuals and 
teams who will participate in emergency n,sponse and 
define their roles. All personnel, whether directly imlolved 
in emergency response or not. should know their own 
responsibilities in an emergency. They must also know 
the names of those in authority, and the extent of that 
authority. 

Leader 
In an emergency situation. one person must be able to 
assume total control and decisi~king on site. This 
leader must 

• Be identified in the emergency response plan. This 
person may be. for example, the Project Team Leader, 
Site Safety Officer, or Field Team leader. 

• Be backed up by a specified altemate(s). 

• Have the authority to resolve all disputes about 
health and safety requirements and precautions. 

• Be authorized to seek and purchase supplies as 
necessary. 

• Have control over activities of ewryone entering the 
site, for example. contractors, fire departments, and 
police. 

• Have the clear support of management. 

Teams 
Although individuals (e.g .. the Site Safety Officer) may 
perform cenain tasks in emergencies, in most cases 
teams provide greater efficiency and safety. Teams com­
posed of onsite personnel may be created for specific 
emergency purposes. such as decontamination, rescue. 
and entry. Rescue teams can be used during a particularly 
dangerous operation, or at large sites with multiple work 
parties in the Exclusion Zone. Their sole function is to 
remain near hazardous work areas, partially dressed in 
protective gear, ready for full suiting and immediate res­
cue of any endangered worker. These teams should be 
capable of administering cardiopulmonary resuscitation 
(CPR) and emergency first aid. Other teams can be 
formed for responding to containment emergencies and 
fire-fighting until offsite assistance arrives. 

Offslte Penonnel 

These may include individual experts such as meteorolo­
gists or toxicologists (see Table 12-2), and representatives 
or groups from local, state. and federal organizations 
offering rescue. response, or support (see Table 12-3 for a 
listing of typical organizations). As part of advance plan­
ning, site personnel should: 

• Make arrangements with individual experts to provide 
guidance as needed. 

• Make arrangements with the appropriate agencies 
1e.g .. local fire department. state environmental 
agency. EPA regional office) for support. 

• Alert these authorities to the types of emergencies 
that may arise. 

• Determine their estimated response time and 
resources. 
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lilble 12-3. Examples of Agencies and Groups Involved in 
Emergencies 

AGENCY OR GROUP RESCUE• RESPONSE" SUPPORT'C 

FEOERAL 
Amr>( Corps of Engineers 
Coast Guard<' 
Oepartment of Defensa<I 
Oepartment of hnsportltion 
Environmental Protection 

Agency (EPA)d 
Federal Aviation Administr.­

tion IFAAI 
Federal Emergency Manage­

ment Agency (FEMAI 
National lnstituts for 

Occupational Safety and 
Health (NIOSHI 

Occupational Safety and 
Health Administratiort 
(OSHA) 

STATE 

c;.,;1De1ense 
0epartment of Health 
Oepartment of Lebo< 
Envirat .mental Agency 
Office of the Attorney 

General 
State Police 

lOCA1. 

Ambulance and rescue 
services 

Cleanup contractor 
Disposal companies 
Fire department 
Hospital 
Police 
Red Closs 
Salvation Army 
Transporters 
Utility compames (electric. 

gas, water, l!h<Jne) 

• 

• 
• 
• 
• 

• 

• 
• 

• 

• 

• 
• 
• 
• 

• 
• 
• 
• 
• 
• 
• 

• 

• 

• 
• 
• 
• 
• 
• 

• 
• 

• 
• 
• 
• 
• 
• 
• 

"Rescue • extricating andio, p,oviding on--..,ot emergency 
treatment to victims. 

bftespome z controlling and stabilizing hazardous conditions. 
<Support = providing tachnical IISi- equipment. and/or 
resources. 

dfllis agency may provide., On-Scene C-inator (OSCI, 
depending on the jurisdiction. 

• Identify backup facilities. 

• Provide training and information about hazards on 
site and special procedures for handling them. 

• Establish a contact person and means of notification 
at each agency. 

Federal RNponN Ot,ianlzatl-

Site emergencies involving significant chemical releasas 
should be coordinated with federal response organiza­
tions. The federal govemmant has established • National 
Contingency Plan (NCPI to promote the coordination and 
direction of federal and state response aystams, and to 
encourage the development of locsl govenment and pri­
vate capabilities to handle chemical emergencies lmlolv­
ing chemical n,leases. 
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To implement the NCP. a national organization was estab­
lished, including a National Response Team (NRT), a net­
work of Regional Response Teams (RRTs), a cadre of 
On-Scene Coordinators (OSCs), and a National Response 
Center (NRC). The NRC is the national terminal point for 
receipt of notification of significant chemical releases. 
and the OSCs are the interface between the onsite per­
sonnel and the federal response organizations. The OSC 
is the federal official responsible for ensuring that neces­
sary response actions are taken to protect the public and 
the environment from the effects at a chemical release. 
Many federal agencies have specific technical expertise 
which is available to assist the OSC. 

tf a significant chemical release occurs at a hazardous 
waste site. the National Response Center in Washington, 
O.C., should be contacted (Telephone: 800-424-8802). 
The NRC will activate federal response under the National 
Contingency Plan. 

Training 
Since immediate.. informed response is essential in an 
emergency, all site personnel and others entering the site 
(visitors, contractors, offsite emergency response groups, 
other agency representatives) must have some level of 
emergency training. Any training program should: 

• Relate directly to site-specific, anticipated sm.Jations. 

• Be brief and repeated often. 

• Be realistic and practical. 

• Provide an opportunity for special skills to be 
practiced regularly. 

• Feature drills frequently (e.g., site-specific mock 
rescue operations). 

• Ensure that training records are maintained in a train-
ing logbook. 

Everyone entering the site must be made aware of the 
hazards and of hazardous actions which are forbidden or 
should be avoided (e.g., smoking). They must also know 
what to do in case of an emergency. 

Visitors should be briefed on basic emergency procedures 
such as decontamination. emergency signals. and evacua­
tion routes. 

Personnel without defined emergency response roles (e.g., 
contractors, federal agency representatives) must still 
receive a level of training that includes at a minimum: 

• Hazard recognition. 

• Standard Operating Procedures. 

• Signaling an emergency: the alarm used, how to 
summon help, what information to give and who to 
give it to. 

• Evacuation routes and refuges. 

• The person or station to report to when an alarm 
sounds. 

Onsite emergency personnel, who have emergency roles 
in addition to their ordinary duties, must have a thorough 
....terstanding of emergency response. Training should be 

directly related to their specific roles and should include 
subjects such as: 

• Emergency chai~-command. 

• Convnunication methods and signals. 

• How to call for help. 

• Emergency equipment and its use. 

• Emergency evacuation while wearing protective 
equipment. 

• Removing injured personnel from enclosed spaces. 

• Offsite suppon and how to use it. 

These personnel should obtain certification in first aid and 
CPR, and practice treatment techniques regularly, with ., 
emphasis on: 

• Recognizing and treating chemical and physical 
injuries. 

• Recognizing and treating heat and cold stress. 

Offsite emergency personnel such as local firefighters and 
ambulance crews often are first responders and run a risk 
of acute hazard exposure equal to that of any onsite 
worker. These personnel should be informed of ways to 
recognize and deal effectively with onsite hazards. lack 
of information may inadvertently worsen an emergency 
by improper actions (e.g., spraying water on a water­
reactive chemical and causing .., explosion). Inadequate 
knowledge of the onsite emergency chai~-<:ammand 
may cause confusion and delays. Site management 
should, at a minimum, provide offsite emergency per­
sonnel with information about 

• Site-specific hazards. 

• Appropriate response techniques. 

• Site emergency procedures. 

• Decontamination procedures. 

Emergency Recognition and Prevention 
On a day-to-<lay basis. individual personnel should be 
constantly alert for indicators of potentially hazardous 
situations and for signs and symptoms in themselves and 
others that warn of hazardous conditions and exposures. 
Rapid recognition of dangerous situations can avert an 
emergency. Before daily work assignments, regular meet­
ings should be held. Discussion should include: 

• Tasks to be performed. 

• Time constraints (e.g., rest breaks, air tank changes). 

• Hazards that may be encountered, including their 
effects, how to recognize symptoms or monitor 
them, concentration limits, or other danger signals. 

• Emergency procedures. 

After daily work assignments, a debriefing session should 
be held to review work accomplished and problems 
observed. 

Communications 
In an emergency, crucial messages must be conwyed 
quickly and accurately. Site staff must be able to commu-



nicate information such as the location of injured person­
nel, orders to evacuate the site, and notice of blocked 
evacuation routes. even through noise and confusion. 
Outside suppon sources must be reached, help obtained, 
and measures for public notification ensured, if neces­
sary. To do this. a separate set of internal emergency sig­
nals should be developed and rehearsed daily. External 
communication systems and procedures should be clear 
and accessible to all workers. 

Internal Communications 

Internal emergency comm•Jnication systems are used to 
alert workers to danger, convey safety information, and 
maintain site control. Any effective system or combina­
tion may be employed. Radios or field telephones are 
often used when work teams are far from the Command 
Post. Alarms or short clear messages can be conveyed by 
audible signals. e.g .• bullhorns. megaphones. sirens. bells. 
whistles, or visual signals such as colored flags. flares. 
lights, and hand or whole-body movements. The primary 
system must have a backup. For example, hand signals 
may be used as a backup if radio communications fail. 
All internal systems should be: 

• Clearly understood by all personnel. 

• Checked and practiced daily. 

• Intrinsically safe (spark-free). 

A special set of emergency signals should be set up. 
These should be: 

• Different from ordinary signals. 

• Brief and exact. 

• Limited in number so that they are easily 
remembered. 

Examples include: stop, evacuate, help, all clear. Any set 
of signals may be used to convey these messages as long 
as all personnel understand their meaning. See Table 12-4 
for examples. 

When designing and practicing communication systems, 
remember that: 

• Background noise on site will interfere with talking 
and listening. 

• Wearing personal protective equipment will impede 
hearing and limit vision (141., the ability to recog­
nize hand and body signals). 

• Inexperienced radio users may need practice in 
speaking clearly. 

External Communications 

Offsite sources must be contacted to get assistance or to 
inform officials about hazardous conditions that may 
affect public or environmental safety. The telephone is the 
most common mode of offsite communication; phone 
hook-ups are considered a necessity at all but the most 
remote sites. 

• The National Response Center INRCJ (Telephone: 
800-424-8802) should be contacted in the event 
of a significant chemical release. The NRC will 
contact the appropriate federal On-Scene Coor­
dinator. 
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Table 12-4. Sample Internal Emergency Communication 
Signals 

DEVICES• AND 
SIGNALS 

Radio (citizen's band or FM) 

Noisemakers, including: 
Bell 
Compressed air horn 
Megaphone 
Siren 
Whistle 

Visual signal. including: 
Hand signals 
Whole body movements 

EXAMPLE 

Established code words. 

One long blast Evacuate area by 
nearest emergency exit. 

Two short blasts: Localized problem 
(not dangerous to workers). 

Two long blasts: all clear. 

Hand clutching throat Out of air/ 
can't breathe. 

Hands on top of head: Need 
assistance. 

Thumbs up: OK/I'm alright/ 
I understand. 

Thumbs down: No/negative. 

Grip partner's wrist or both hands 
around partner's waist l.Bave 
area immediately. 

•All devices and equipment used in the Exclusion and Contamina­
tion Reduction Zones must be intrinsically safe and not capable 
of sparking . 

• All personnel must be familiar with the protocol 
(phone number or emergency code, contact per­
son) for contacting public emergency aid teams 
such as fire depanments, ambulance units, and 
hospitals. 

• tt there is no site telephone system, all personnel 
must know the location of the nearest public tele­
phone. A supply of telephone change and the 
necessary phone numbers must be readily 
available. 

Site Mapping 
Detailed information about the site is essential for ad­
vance planning. For this purpose. a site map is a valuable 
tool. It serves as a graphic record of the locations and 
types of hazards, a reference source, and a method of 
documentation. This map can be a duplicate of the one 
developed for the Site Safety Plan (see Chapter 3), but it 
should focus on potential areas where emergencies may 
develop. Pins and colored flags can be used to mark 
changes in personnel deployment, hazard areas, and 
equipment locations. The map should highlight: 

• Hazard areas. especially potential IDLH conditions. 

• Site terrain: topography, buildings, barrier&-

• Evacuation routes. 

• Site accessibility by land, sea, and air. 

• Work crew k>cations. 

• Changes (e.g., work activities, vandalism, accidents). 

• Offsrte populations or environments at potential risk. 

The map can be used for planning and training. It can 
serve as a basis for developing potential emergency 
scenarios and alternative response strategies. 
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When an emergency occurs, the problem areas should be 
pinpointed on the map. Pertinent infonnation-such as 
weather and wifld concfltions, temperature, and forecast 
-should be added. The map can then be used to design 
the emergency plan, e.g., to define zones; determine 
evacuation routes; and identify emergency first-aid, 
decontamination. and Command Post stations. When 
using the map for such purposes, the accuracy of the 
data obtained and the potential for 011er-or underestimat­
ing a hazard should be considered. 

Ewn if the emergency develops so fast that the map can­
not be used for on-the-spot planning, prior familiarity with 
it will aid in making informed decisions. 

Safe Distances and Refuges 

Safe Distances 

No single recommendation can be given for evacuation or 
safe distances because of the wide variety of hazardous 
substances and releases found at sites. For example, a 
"small" chlorine leak may call for an isolation distance of 
only 140 feet (43 metersl, while a "large" leak may 
require an evacuation distance of 1 mile (1.6 lalornetersl 
or more. depending on the wind direction [1]. 

Safe distances can only be detennined at the time of an 
emergency, based on a combination of site- and incident­
specific factors_ However, planning and outlining potential 
emergency scenarios will help familiarize personnel with 
points to consider. Factors that influence safe distances 
include: 

• The toxicological properties of the substance. 

• The physical state of the substance. 

• The quantity released. 

• The rate of release. 

• The method of release. 

• The vapor pressure of the substance. 

• Vspor density relative to air. 

• Wind speed and direction. 

• Atmospheric stability. 

• The height of release. 

• Air temperature and temperature change with 
altitude. 

• Local topography (e.g., barriers may enhance or 
retard a cloud or plume, and attentuate a blastl. 

Public Encuatlon 

If an incident may threaten the health or safety of the sur­
rounding community, the public wm need to be informed 
and possibly evacuated from the area. Site management 
should plan for this in coordination with the appropriate 
local, state and federal groups, such as the Federal Emer­
gency Management Agency, the Civil Defense, county 
sheriff, local radio and television stations, municipal trans­
portation systems, National Guard, and police. 

Refuges (Saf9ty lltational 

Onsite refuges (safety stationsl can be set up for local­
ized emergencies that do not require site 1M1CUation_ 

These refuges should only be used for essential needs, 
such as short rest breaks, emergency response stnrtegy 
meetings, or temporary relief during mild cases of muscle 
strain and heat stress. The refuge should be located in a 
relatiwly safe, but not necessarily "clean" area, e.g~ 
along the upwind fence line in specially cleared places or 
on the periphe,y of the Exclusion Zone.' The refuge 
should never be used for activities such as eating, drink­
ing, or air changes. lypical items located in a refuge area 
include: 

• A sitting/resting area that should be shaded if 
possible. 

• Water for decontamination-

• Wind indicator. 

• Communication system with the Command Post 

• Rrst-aid supplies, e.g., eyewash, stretcher, blanket_ 

• Special monitoring devices (e.g., extra detector tubes 
and personal monitorsl. 

• Bolt cutters. 

• Rre extinguishers. 

• Hand tools. 

Other refuges can be set up in the Support Zone, or in the 
case of site-wide evacuations, offsite at the safe exit des­
tination. These will provide for emergency needs such as 
first aid for injured personnel, clean dry clothing and wash 
water for chemical exposure victims, and communica­
tions with the Command Post In a sitewide evacuation. 
they can be used to house evacuation exit equipment. 
thereby reducing security problems. These refuges should 
be stocked with such items as: 

• Decontamination supplies. 

• Oxygen and/or air. 

• Water. 

• Special testing equipment (e.g., pH paper, cyanide 
paperl. 

• First-aid supplies. 

• Communication system. 

Site Security and Control 
In an emergency. the Project Team Leader (or designated 
representatiwl must know who is on site and must be 
able to control the entry of personnel into the hazardous 
areas to prevent additional injury and exposure. Only 
necessary rescue and response personnel should be 
allowed into the Exclusion Zone. 

One control technique is a checkpoint or series of check­
points through which an personnel entering or exiting the 

11n an •••ge,q. as in daily work. activities, the llite is divided 
Into three areas: Exclusion (contaminated! Zone. Contamination 
Reduction Zone. and Support (clean) Zone (see Chapter 9, Sita 
Conrro/1. 



lite must pass, eg., a Suppon Zone checkpoint and an 
Exclusion Zone checkpoint. Identification or authorization 
must be p,esented to a Checkpoint Control Manager, who 
records each person's: 

• Name land affiliation if offsite personnel!. 

• Status Pn or out). 

• Tme of entry. 

• Anticipated exit time. 

• Zones or areas to be entered. 

•Teamor .. buddy:' 

• Task being performed. 

• Location of laSk. 

• Ptotectiw equipment worn; air time left. 

• Rescue end response equipment used. 

The eme,gency area Checkpoint Control Manager should 
inform the Project learn Luder if a person remains in the 
emergency area beyond his or her anticipated exit time. 

Panonal lac •tor 8t • lwi •IS 

In an emergency, it is vital for the Project learn Luder (or 
designeel end rescue personnel to rapidly determine 
where workers ara located and who may be injured. A 
passive locator system Pa, a written record of the loca­
tion of all personnel on site et any time) could be used to 
help find personnel in an emergency. Any such system 
should be: 

• Graphic (such as a drawing with a written kay). 

• Roughly drawn to acale, with the acale end visible 
landmarks included. 

• Kept cunent. 

• Easy to locate. 

• Stored outside the Exclusion Zone. 

A good passive locator system is a site map with flags or 
color-headed pins identifying each worker. 

ActMI locator systems can also be used. These are worn 
or carried by indMdual personnel, end are activated by 
actions SUCh as flipping a switch. a decrease in air supply, 
or a fall. They have the advantage of p,ecisely locating 
incfividuals. 

Evacuadon Routes and Procedures 
A severa emergency, such as a fira or explosion. may cut 
workers off from the normal exit near the Command Post. 
Therefore. alternate routes for evacuating victims and 
endangered personnel should be established in advance, 
marked, end kept clear. Routes should be directed 
11) from the Exclusion Zone through an upwind Contami­
nation Reduction Zone to the Support Zone. and 12) from 
the Support Zone to an offsite location in case conditions 
necessitets a general site evacuation. The following 
guidelines wm help in establishing safe evacuation routes. 

• Place the evacuation routes in the predominantly 
upwind direction of the Exclusion Zone. IAt a wry 
large aita, or one with many obstacles, aorne exits 
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may be placed in the downwind fenceline, nor­
mally an undesirable location. If this is done, 
workers must know thet they are not "out" until 
they reach the designated safety area.) 
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• Run the evacuation routes through the Contamina­
tion Reduction Zone. Even if there is not enough 
time to process the evacuees through decontami­
nation procedures, there should be a mechanism 
for accounting for all personnel . 

• Consider the accessibility of potential routes. lake 
into account obstructions such as locked getas, 
trenches, pits, tanks, drums, or other barriers, and 
the extra time or equipment needed to maneuver 
around or through them . 

• Develop two or more routes that lead to safe areas 
and that are separate or remote from each other. 
Multiple routes are necessary in case one is 
blocked by a fire, spill, or vapor cloud. These 
routes must not overlap because if a common 
point -re obstructed by a fire or other emer­
gency, all intersecting routes would be blocked. 

• Mark routes .. safe., or 0 not safe., on a daily basis 
according to wind direction and other factors. 

• Mark evacuation routes with materials such as 
barricede tape, flagging, or traffic cones. Equally 
important. mark areas that do not offer safe 
escape or thet should not be used in an emer­
gency, such as low ground, which can fill with 
gases or vapors, or routes blocked by natural bar­
riers, such as cliffs or streams. 

• Consider the mobility constraints of personnel 
-•ring protective clothing and equipment. They 
will have difficulty crossing even small streams 
and going up and down banks . 

Place ladders across any cut or excavation that is 
more than 3 feet 11 meter) deep. For long cuts, 
place ladders et least every 25 feet 17.5 meters), 
end for deep cuts, place plywood or planks on top 
of ladders. 

Provide ladders for rapid descent from areas or 
structures elevated more than 3 feet 11 meter). 
Use only ladders capable of supporting a 250-lb 
1114-kgl load. 
Secure ladders to prewnt slipping. 
Place standard cleated ramps C"chickenboard"l 
across ditches and other similar obstacles. Add a 
railing and toe boards if the board is narrow or 
steeply sloped. 

Check the toe and body clearance of ladders to 
make sure that personnel -aring protective cloth­
ing and SCBA can use them. 
Check the clearance of access ports, such as 
crawlspaces, hatches, manholes, and tunnels to 
make sure that personnel -aring a protective 
ensemble can get through. In any case, access 
ports should be et least 3 feet 11 meter) in diameter 
where possible. (Standard tank manways are 
smaller.) 

• Make escape routes known to all who go on site. 
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Accident/Injury Event 

NO 

YES 

YES 

NO Perform Life-Saving 
Procedures 

Grossly Decontaminate 
and/or Cover or Wrap 
Contaminated Areas 

Decontaminate as Much as 14 _______________ N:..:...:O:....,ir 
Possible 

YES 

NO Report to Superims for 
Instructions 

YES~----------------------' 

Transport to Medical 
Facility 

Figure 12-1. Decision Aid for Emergency Decontamination. 

Decontamination 
When planning for decontamination in medical emergen­
cies, procedures ahould be developed for. 

• Decontaminating the victim. 

• Protecting medical personnel. 

• Disposing of contaminated protective equipment and 
wash aolutions. 

These activities "-Id be coonlinated. The decision 

whether or not to decontaminate a victim is based on the 
type and severity of the illness or injury and the nature of 
the contaminant. For some emergency victims, immediate 
decontamination may be an essential part of life-saving 
first aid. For others, decontamination may aggravate the 
injury or delay life--saving treatment. If decontamination 
does not Interfere with essential treatment. it ahould be 
performed. Figure 12·1 is a decision aid for emergency 
decontamination. 

• If decontamination can be clone: 



Wash, rinse and/or cut off protective clothing and 
equipment. 

• H decontamination cannot be done: 

Wrap the victim in blankets, plastic, or rubber to 
reduce contamination of other personnel. 
Alert emergency and offsite medical personnel to 
potential contamination: instruct them about 
specific decontamination procedures if necessary. 
Send along site personnel familiar with the 
incident. 

See Chapter 9, Decontamination, for details on decon­
tamination techniques and procedures. 

Equipment 
In an emergency, equipment will be necessary to rescue 
and treat victims, to protect response personnel, and to 
mitigate hazardous conditions on site (e.g., to contain 
chemicals or fight fires). Some regular equipment can 
double for emergency use. Because of its high cost. most 
heavy equipment (9'1., bulldozers, drum movers, pumps( 
employed in emergencies will also be used for regular 
work assignments. All equipment should be in working 
order, fueled, and available when an emergency occurs. 
Provide safe and unobstructed access for all firefighting 
and emergency equipment at all times. Consider edopting 
the following work procedures: 

• Refuel all heavy equipment when there is still one­
half to omH!lJarter of a tank of fuel left. 

• Require all equipment repairs to take place at the 
time the problem is discovered. 

• Separate two similar pieces of equipment (9'1 .. two 
front-loaders or a bulldozer and a front-loader); park 
each at a different spot on site and do not use them 
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at the same time in a hazardous area unless abso­
lutely necessary. (This will minimize the possibility of 
both pieces of equipment being damaged in the same 
explosion or fire.I 

For personal protective equipment: 

• Refill all empty self-contained breathing apparatus 
(SCBAI tanks and prepare them for emergencies 
immediately after normal use. 

• Stock higher levels of protective equipment than 
required for anticipated hazards (e.g .• a site where 
level C equipment is normally used [see Table 8-61 
should have level A and B equipment available for 
emergencies). 

Basic equipment that should be available at any site is 
listed in Table 12-5. Special equipment should be obtained 
depending on the specific types of emergencies that may 
occur at a particular site and the capabilities -0f backup 
offsite personnel. For example, if the nearest fire depart­
ment is small and only carries one bucket of foaming 
solution because of its high cost and short shelf-life. a 
site may need to stock a large quantity of foam. When 
determining the type and quantity of special equipment, 
the following factors should be considered: 

• The types of emergencies that may arise. For each 
emergency, consider a probable and a worst-case 
scenario. 

• The types of hazards that site personnel may be 
exposed to and the appropriate containment, 
mitigative. and protective measures. 

• The capabilities and estimated response times of 
offsite emergency personnel. 

• The number of srte personnel who could be vic­
tims during an emergency. 

• The probable number of personnel available for 
response. 

lilble 12-5. Onsite Equipment and Suppr.es for Emergency Response 

PERSONAL PROTECTION 

• Escape SCBA or SCBA. which can 
be bn>ught to the victim to 
replace or supplement his or her 
SC8A 

• Personal protective equipment 
end clothing specialized lo< 
known site hazards 

MEDICAL 

• Air splints 

• Antiseptics 

• Blankets 
• Decontamination sotutions appropriate 

for onslte chemical hazards 

• Emergency aye wash 

• Emergency-showers or wash stations 

• Ice 

• Reference books containing basic 
first-aid procedures and information on 
treatment of specific chemical injuries 

• Resuscitator 

• Safety harness 
• Stretchers 

• water, in Portable containers 

• Wire basket litter (Stokes Utter) which 
can be used to carry a victim in bad 
weather and on a difficult terrain, allows 
easy decontamination of the victim, and 
is itself easy u, decontaminate 

HAZARD MITIGATION 

• Fire-fighting equipment and supplies 

• Spill-containment equipment, such 
as absorbents and oil booms 

• Special hazardous-use tools such as 
remote pneumatic impact wrenches, 
nonsparking wrenches and picks 

• Containers to hold contaminated 
materials 
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Notify onsite personnel 
about the incident 

• 
Size up the situation based 

on available information 

• z Request aid from 
0 outside sources -~ • a: 
if Allocate personnel 

Ill and equipment 
a: resources for response 
L • 

' t 

Survey and assess 
Survey and assess 

existing and potential '--casualties 
hazards 

• Ill 

GI~ 
., 
z ctims • 
0 
L Dec°!'t~minate ., 
Ill V1Cbms 

I 
Evacuate Evacuate 

)I a: site nearby Contain Extinguish ) 
personnel public hazard hazard 

Transpon and 
treat victims 

• ' 

t 
Replace or rejuvenate damaged 

L or exhausted equipment 
::::, • ~ Document the ... 
0 

incident 

II. 
~ 

Review and revise Site Safety 
and Contingency Plans 

Figure 12-2. Emergency Response Operations. 



Medical Treatment/First Aid 
In emergencies. toxic exposures and hazardous situations 
that cause injuries and illnesses will vary from site to site. 
Medical treatment may range from bandaging of minor 
cuts and abrasions to rite-saving techniques. In many 
cases. essential medical help may not be immediately 
available. For this reason, it is vital to uain onsita -­
gency personnel in on-the-spot tteatment techniques. to 
establish and maintain telephone contact with medical 
experts (IIQ •• toxicologists). and to establish liaisons with 
local hospitals and ambulance services. Guidelines for 
establishing an emergency medical program are detailed 
in Chapter 5. When designing this program. these essen­
tial points should be included: 

• Train a cadre of personnel in emergency treatment 
such as first aid and CPR. Training should be 
thorough. frequently repeated. and geared to 
site-specific hazards. 

• Establish liaison with local medical personnel. for 
example: 24-hour on-call physician. medical 
specialists. local hospitals, ambulance service, and 
poison control center. lrlfonn and educate these 
personnel about sit-pecific hazards so that they 
can be optimally helpful if an emergency occurs. 
Develop procedures for contacting them; familia­
rize all onsita emergency personnel with these 
procedures. 

• Set up onsite emergency first-aid stations; see 
that they are well supplied and restocked immedi­
ately after each emergency. 

Emergency Response Procedures 
Response operations usually follow a sequence that 
starts with the notification of trouble and continues 
through the preparation of equipment and personnel for 
the next emergency. This process is illustrated in 
Figure 12-2. 

Notification 
Alert personnel to the emergency. Sound a site alarm to: 

• Notify personnel. 

• Stop work activities if necessary. 

• Lower background noise in order to speed communi­
cation. 

• Begin emergency procedures. 

Notify onsite emergency response personnel about the 
emergency and include essential irlfonnation: 

• What happened. 

• Where it happened. 

• Whom it happened to. 

• When it happened. 

• How it happened. 

• The extent of damage. 

• What aid is needed. 
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siz.up 

Available information about the incident and emergency 
response capabilities should be evaluated. The following 
information should be determined, to the extant possible: 

• What happened: 

1ype of incident. 
Cause of incident. 
Extant of chemical release and uanspon. 
Extent of damage to structures. equipment, and 
terrain. 

• Casualties: 

Victims !number, location, and condition). 
Treatment required. 
Missing personnel. 

• What could happen. Consider: 

Types of chemicals on site. 
Potential for fire, explosion. and release of hazard­
ous substances. 
location of all personnel on site relative to hazard­
ous areas. 
Potential for danger to offsite population or 
environment. 

• What can be done. Consider: 

Equipment and personnel resources needed for vic­
tim rescue and hazard mitigation. 
Number of uninjured personnel avaHable for 
response. 
Resources available on site. 
Resources available from outside groupa and 
agencies. 
Time for outside resources to reach the site. 
Hazards involved in rescue and response. 

Reacue/R- Action 

Based on the avaHable information, the type of action 
required should be decided and the necessary stapa 
implemented. Some actions may be done concurrently. 
No one should attempt emergency response or rescue 
until backup personnel and evacuation routes have been 
identified. Rescue/response actions may include: 

• Erlforce the buddy system: Allow no one to anter ... 
Exclusion Zone or hazardous area without a partner. 
At all times, personnel in the Exclusion Zone should 
be in li~-sight or communications contact with 
the Command Post Supervisor or designee. 

• Survey casualties: 

Locate all victims and assess their condition. 
Determine resources needed for stabilization and 
transpon. 

• Assess existing and potential hazards to site person-
nel and to the offsita population. Determine: 

Whether and how to respond • 
The need for evacuation of site personnel and off­
aite population. 
The resources needed for evacuation and response. 



• 

12-12 Site Emergencies 

• Allocate resources. Allocate onsite personnel and 
equipment to rescue and incident response oper­
ations. 

• Request aid. Contact the required offsite personnel or 
facilities, such as the ambulance. fire department, 
and police. 

• Control. Bring the hazardous situation under com­
plete or temporary control; use measures to prevent 
the spread of the emergency. 

• Extricate. Remove or assist victims from the area. 

• Decontaminate. Use established p,ocedures to 
decontaminate uninjured personnel in the Contamina­
tion Reduction Zone. If the emergency makes this 
area unsafe, establish a new decontamination area at 
an appropriate distance. Decontaminate victims 
before or after stabilization as their medical condition 
indicates (see Figure 12-1 for decision aid). 

• Stabilize. Administer any medical procedures that are 
necessary before the victims can be moved. Stabilize 
or permanently fix the hazardous condition (eg., 
repack; empty filled runoff dikes). Attend to what 
caused the emergency and anything (eg., drums, 
tanks) damaged or endangered by the emergency. 

• 
• Transport. Take measures to minimize chemical 

contamination of the transport vehicle and 
ambulance and hospital personnel. Adequately 
protected rescuers should decontaminate the vic­
tims before transport. If this is not possible, cover 
the victims with adequate sheeting. Before trans­
portation, determine the level of protection neces­
sary for transport personnel. Provide them with 
disposable coveralls, disposable gl011es. and sup­
plied air, as necessary, for their protection. If 
appropriate, have response personnel accompany 
victims to the medical facility to advise on decon­
tamination. 

• Evacuate: 

M011e site personnel to a safe distance upwind of 
the incident. 
Monitor the incident for significant changes. The 
hazards may diminish, permitting personnel to 
reenter the site, or increase and require public 
evacuation. 
Inform public safety personnel when there is a 
potential or actual need to evacuate the offsite 
population. Do not attempt large-scale public 
evacuation. This is the responsibility of g011emment 
authorities (see Table 12-3). 

Follow-Up 

Before normal site activities are resumed, personnel must 
be fully prepared and equipped to handle another 
emergency. 

• Notify appropriate g011emment agencies as 
required. For example, OSHA must be notified if 
there have been any fatalities or five or more 
hospitalizations. 

• Restock all equipment and supplies. Replace or 
repair damaged equipment Clean and refuel 
equipment for future use. 

• Review and revise all aspects of the Contingency 
Plan according to new site conditions and lessons 
learned from the emergency response. When 
reviewing the information, consider typical ques­
tions such as: 

Cause: What caused the emergency? 
Prevention: Was it preventable? If so. how? 
Procedures: Were inadequate or inconect orders 
given or actions taken? Were these the result of 
bad judgment, wrong or insufficient information, or 
poor p,ocedures? Can procedures or training be 
improved? 
Site profile: How does the incident affect the site 
profile? How are other site cleanup activities 
affected? 
Community: How is community safet, affected? 
liability: Who is r,able for damage payments? 

• 
Documentation 
The Project Team Leader should initiate the investigation 
and documentation of the incident. This is important in all 
cases. but •specially so when the incident has resulted in 
persor,al injury. onsite property damage, or damage to the 
surrounding environment. Documentation may be used to 
help avert recurrences. as evidence in future legal action, 
for assessment of liability by insuranca companies, and 
for review by g011emment agencies. Methods of docu­
menting can include a written transcript taken from tape 
recordings made during the emergency or a bound field 
book (not a looseleaf book) with notes. The document 
must be: 

• Accurate: All information must be recorded objec­
tively. 

• Authentic: A chain-of-custody procedure should 
be used. Each person making an entry must data 
and sign the document Keep the number of 
documentors to a minimum (to 111/0id confusion 
and because they may have to give testimony at 
hearings or in court). Nothing should be erased. If 
details change or revisions are needed, the person 
making the notation should mark a horizontal line 
through the old material and initial the change. 

• Complete: At a minimum, the following should be 
included: 

Chronological history of the incident. 
Facts about the incident and when they became 
available. 
Trtle and names of personnel; composition of 
teams. 
Actions: decisions made and by whom; orders 
given: to whom, by whom, and when; and actions 
taken: who did what, when, where, and how. 
lypes of samples and test results; air monitoring 
results. 
Pbssible exposures of site personnel. 
History of all injuries or illnesses during or as a 
result of the emergency. 
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Appendix A. Ust of Abbreviations and Acronyms 

List of Abbrwlatlon• m' cubic meter 
cm• cubic centimeter mg milligram 
CO, carbon dioxide ml milliliter 
dBA decibels on A-weighted scale mrem mitliroentgen equivalent in man 
ft foot o, oxygen 
g gram psi pounds per square inch 
g-mole gram-mole ppb parts per billion 
hr hour ppm parts per million 
I liter ta ambient air temperature 

lb pound ta adj adjusted ambient air tamperature 

lJst of AcroiiJiilS NFPA National Fire Protection Association 

ACGIH American Conference of Governmental NIOSH National Institute for Occupational Safety 

Industrial Hygienists and Health 

ANSI American National Standards Institute 
OSHA Occupational Safety and Health Administratior 

CAA Clean Air Act OVA organic vapor analyzer 
CBC Complete blood count 
CERCLA Comprehensive Environmental Response. PAPA powered air1)Urifying respirator 

Compensation, and Liability Act PCB polychlorinated biphenyl 
(also called Superfundl PDS personnel decontamination station 

CFR Code of Federal Regulations PEL pennissible exposure limit 
CGI combustible gas indicator PIO photoionization detector 
CNS central nervous system P1'E personal protective clothing and equipment 
CPR cardiopulmonary resuscitation PVC polyvinyl chloride 
CRC Contamination Reduction Corridor 
CRZ Contamination Reduction Zone RBC red blood count 

REL recommended exposure limit 
EPA U.S. Environmental Protection Agency RV residual wlume 
ESU end-Of-service-life indicator 

SAR supplied-air respirator 
FEF forced expiratory flow SCBA self-contained breathing apparatus 
FID flame ionization detector SOP Standard Operating Procedure 
FRC functional residual capacity 

TLC total lung capacity 
GC gas chromatography TLV threshold limit value 

TLV-C threshold limit value-ceiling 
IDLH immediately dangerous to life or health TLV-STEL threshold limit value -
IR infrared shon•term exposure limit 

TWA time-weighted average 
LEL lower explosive limit 
LFL lower flammable limit UEL upper explosive limit 

UFL upper flammable limit 
MEFR maximal expiratory flow rate USCG U.S. Coast Guard 
MSHA Mine Safety and Health Administration UV ultraviolet 
MW maximal voluntary ventilation 





Appendix B. Generic Site Safety Plan 

This appendix provides a generic plan based on a plan developed by the 
U.S. Coast Guard for responding to hazardous chemical releases.l This 
generic plan can be adapted for designing a Site Safety Plan for hazardous 
waste site cleanup operations. It is not all inclusive and should only be 
used as a guide, not a standard. 

A. SITE DESCRIPTION 

Date____________ Location'-----------------Bazards. _________________________________ _ 
Area affected. ______________________________ _ 

surrounding population'--------------------------
Topography_,.-,-,-----------------------------
Weather conditions ----------------------------
Additional information. _________________________ _ 

B. ENTRY OBJECTIVES - The objective of the initial entry to the contaminated 
area is to (describes actions, tasks to be accomplished; i.e •• identify 
contaminated soil; monitor conditions. etc.) 

C. ONSITE ORGAIIIZATION AND COORDINATION - The following personnel are 
designated to carry out the stated job functions on site. (Note: One 
person may carry out more than one job function.) 

PROJECT TEAM LEADER 
SCIENTIFIC ADVISOR---------------------------
SITE SAFETY OFFICER __________________________ _ 
PUBLIC INFORMATION OFFICER _______________________ _ 

SECURITY OFFICER 
RECORDKEEPER ----------------------------
FINANCIAL OFFICER ___________________________ _ 
FIELD TEAM LEADER ___________________________ _ 

FIELD TEAM MEMBERS. __________________________ _ 

lu.s. Coast Guard. Policy Guidance for Response to Hazardous Chemical 
Releases. USCG Pollution Response COMDTINST-Ml6465.30. 
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PBDBRAL AGBNCY RBPS (i.e •• BPA 1 RIOSH) 

STATE AGENCY RBPS 

LOCAL AGENCY RBPS 

CONTRACTOR( S) 

All personnel 
Recordteeper. 
Leader. 

arriving or departing the site should log in and out with the 
All activities on site aust be cleared through the Project Tea• 

D. OtlSITB CCIITROL 

(Name of individual or agency has been designated to coordinate 
access control and security on site. A safe periaeter has been established 
at (distance or description of controlled area) 

Ro unauthorized person should be within this area. 

The onsite Command Post and staging area have been established at ______ _ 

The prevailing wind conditions are _______ _ This location is upwind 
from the Bzclusion Zone. 

Control boundaries have been established, and the Bzclusion zone (the 
contaainated area), hotline, Contaaination Reduction Zone, and Support lone 
(clean area) have been identified and designated as follows: (describe 
boundaries and/or attach aap of controlled area) 

These boundaries are identified by: (aarting of zones. i.e .. red boundary 
tape - hotline, traffic cones - SUPPOrt lone; etc.) 
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B. HAZARD EVALUATION 

The following aubstancelal are known or suspected to be on site. The primary 
hazards of each are identified. 

Substances Involved 

(chemical name) 

Concentrations (If Known) Primary Hazards 

(e.g., toxic on 
inhalation) 

The following additional hazards are expected on site: -~<~i~-~e~•~• ..... a~l~i~pp.e=rY..._ __ _ 
ground. uneven terrain. etc.) 

Hazardous substance information fora(al for the involved subatance(a) have 
been completed and are attached. 

P. PERSONAL PROTECTIVE l!QOIPMENT 

Baaed on evaluation of potential hazards, the following 
protection have been designated for the applicable work 

Location 

bcluaion zone 

Contamination 
Reduction Zone 

Job Function 

levels of personal 
areas or tasks: 

Level of Protection 

A B C D Other 
A B C D other 
A B C D Other 
A B C D other 

A B C D other 
A B C D other 
A B C D Other 
A B C D Other 

Specific protective equipment for each level of protection is as follows: 

Level A Fully-encapsulating suit 
SCBA 
(disposable coveralls) 

Level B Splash gear (type) 
SCBA 

other 

Level c 

Level D 

Splash gear (type) 
Full-face canister resp. 

------------------------------------
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'l'be following protective clothing aaterials are required for the involved 
substances: 

Substance 

(chemical name) 

Material 

(material name, e.g., Viton) 

If air-purifying respirators are authorized, (filtering medium) is the 
appropriate canister for use with the involved substances and concentrations. 
A competent individual bas determined that all criteria for using this type of 
respiratory protection have been • et. 

RO CHARGES '1'0 THE SPECIPlED LEVELS OP PROTECTIOtl SHALL BE MADE WITHOOT THE 
APPROVAL OP THE SITE SAPETY OPPICER AND THE PROJECT TEAM LEADER. 

G. OIISITE ll0R1t PLANS 

Work party(s) consisting of_ persons will perform the following tasks: 

Project Team Leader --~<~n~am=e~> __ _ 

Work Party 11 

work Party t2 

Rescue Team 
(required for 
entries to IDLll 
environments) 

Decontamination 
Team 

(function) 

The work party(s) were briefed on the contents of this plan at 
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H. COMMUNICATION PROCEDURES 

Channel bas been designated as the radio frequency for personnel in the 
Exclusion zone. All other onsite communications will use channel_. 

Personnel in the Exclusion zone should remain in constant radio C011111unication 
or within sight of the Project Team Leader. Any failure of radio 
communication requires an evaluation of whether personnel should leave the 
Exclusion zone. 

(Horn blast. siren. etc.) is the emergency signal to indicate that all 
personnel should leave the Exclusion Zone. In addition, a loud hailer is 
available if required, 

The following standard band signals will be used in case of failure of radio 
communications: 

Hand gripping throat---------- out of air, can't breathe 
Grip partner's wrist or------- Leave area illll!ediately 

both bands around waist 
Hands on top of bead-------
Thumbs up--------------
Thumbs down------------------

Need assistance 
OK, I am all right, 
No, negative 

I understand 

Telephone communication to the command Post should be established as soon as 
practicable. The phone number is ____________ ,. 

I. DECONTAMINATION PROCEDURES 

Personnel and equipment leaving the Exclusion zone shall be thoroughly 
decontaminated. The standard level ___ decontamination protocol shall be 
used with the following decontamination stations: (1) 
(2) ______ 13) ______ 14) ______ (S) 

16) ______ (7) ______ (8) ------ (9) 
110) ______ Other ________________________ _ 

Emergency decontamination will include the following stations: 

B-6 

The following decontamination equipment is required: ____________ _ 

-~<.N~o_rma.....,_l_lY._d_e_t_e_r_9.e~n.t---'a~n~d---'va=t~e~r~l'--_will be used as the decontamination 
solution. 

J. SITE SAFETY AND BBALTB PLAN 

1. (Dallle) is the designated Site Safety Officer and is 
directly responsible to the Project Team Leader for safety recommendations on 
Site, 
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2. Emergency lledical care 

(names of gualified personnel) are the qualified Bl!Ts on site. 
(• edical facility names) , at (address) , 

phone ___________ is located ___ • inutes from this location. 
(name of person) vu contacted at (ti • e) and briefed on 

the situation, the potential hazards, and the substances involved. A •ap 
of alternative routes to this facility is available at (nor • allY eommand 
Post) • 

Local ambulance service is available from _______ ...,. ____ at 
phone ________ ...,.• 'fbeir response ti • e is ___ • inutes. 
Whenever possible, arrangements should be • ade for onsite standbY. 

First-aid equipnent is available on site at the following locations: 

First-aid kit 
Emergency eye wash 
Emergency shover 

(other) 

Emergency • edical infor • ation for substances present: 

Substance Bzposure SYJDptoms First-Aid Instructions 

List of emergency phone numbers: 

Agency/Facility 
Police 
Fire 

Phone f contact 

Hospital-------------------------------
Airport Public Health Advisor ________________________ _ 

l. Environmental llonitoring 

The following environmental • onitoring instru • ents sball be used on site 
(cross out if not applicable) at the specified intervals. 

CombUstible Gas Indicator 
02 Monitor 
Colori • etric 'l'llbes 

(type) 

IINO/OVA 
Other _______ _ 

- continuous/hourly/daily/other ____ _ 
- continuous/hourly/daily/other ____ _ 
- continuous/hourly/daily/other ____ _ 

- continuous/hourly/daily/other ____ _ 
- continuous/hourly/daily/other ____ _ 
- continuous/hourly/daily/other ____ _ 
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4. Emergency Procedures (should be modified as required for incident) 

The following standard emergency procedures will be used by onsite 
personnel. The Site Safety Officer shall be notified of any onsite 
emergencies and be responsible for ensuring that the appropriate 
procedures are followed. 

Personnel Injury in the Exclusion zone: Upon notification of an injury in 
the Exclusion Zone, the designated emergency signal __________ _ 
shall be sounded. All site personnel shall assemble at the 
decontamination line. The rescue team will enter the Exclusion zone (if 
required) to reicove the injured person to the hotline. The Site Safety 
Officer and Project Team Leader should evaluate the nature of the injury, 
and the affected person should be decontaminated to the extent possible 
prior to movement to the Support zone. The onsite BMT shall initiate the 
appropriate first aid, and contact should be made for an ambulance arid 
with the designated medical facility (if required). No persons shall 
reenter the Exclusion zone until the cause of the injury or symptoms is 
determined. 

Personnel Injury in the Support zone: Upon notification of an injury in 
the Support zone, the Project Team Leader and Site Safety Officer will 
assess the nature of the injury. If the cause of the injury or loss of 
the injured person does not affect the performance of site personnel, 
operations may continue, with the onsite E"T initiating the appropriate 
first aid and necessary follow-up as stated above. If the injury 
increases the risk to others, the designated emergency signal 
___________ shall be sounded and all site personnel shall 110ve 
to the decontamination line for further instructions. Activities on site 
will stop until the added risk is removed or minimized. 

Pire/Explosion: Upon notification of a fire or explosion on site, the 
designated emergency signal ____________ shall be sounded 
all site personnel assembled at the decontamination line. The fire 
department shall be ale1:ted and all personnel 110ved to a safe distance 
from the involved area. 

and 

Personal Protective Eguipment Pailure: If any site worker experiences a 
failure or alteration of protective equipment that affects the protection 
factor, that person and his/her buddy shall illlmediately leave the 
Exclusion Zone. Reentry shall not be permitted until the equipment bas 
been repaired or replaced. 

Other Equipment Pailure: If any other equipment on site fails to operate 
properly, the Project Team Leader and Site Safety Officer shall be 
notified and then determine the effect of this failure on continuing 
operations on site. If the failure affects the safety of personnel or 
prevents completion of the Work Plan tasks, all personnel shall leave the 
Exclusion Zone until the situation is evaluated and appropriate actions 
taken. 

B-7 
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The following emergency escape routes are designated for use in those 
situations where egress from the Bzclusion Zone cannot occur through 
the decontamination line: (describe alternate routes to leave area in 
emergencies) 

In all situations, when an onsite emergency results in evacuation of the 
Bzclusion zone, personnel shall not reenter until: 

1. The conditions resulting in the emergency have been corrected. 
2. The hazards have been reassessed. 
3. The Site Safety Plan bas been reviewed. 
4. Site personnel have been briefed on any changes in the Site Safety 

Plan. 

s. Personal Monitoring 

The following personal monitoring will be in effect on site: 

Personal ezposure sampling: (describe any personal sampling programs 
being carried out on site personnel. This would include use of sampling 
pumps, air monitors, etc.) 
Medical monitoring: The ezpected air temperature will be ( •p) If 
it is determined that heat stress monitoring is required (mandatory if 
over 7o•p) the following procedures shall be followed: 

(describe procedures in effect, i.e., monitoring bodY temperature, body 
weight, pulse rate) 

All site personnel have read the above plan and are familiar with its 
provisions. 

Site Safety Oficer -----~'~nam=~e~I _____ _ ( signature I 
Project Team Leader. _____________ _ 
other Site Personnel --------------



Appendix C. Sample Hazardous Substance Information Form 

COMMON NAMB: __________ CBBIUCAL NAME: _____________ _ 

I. PBYSICAL/CBBIIICAL PROPERTIES 

II. 

A. 

8. 

SOURCE 
Natural physical state: Gas_ Liquid_ Solid_ 
lat ambient temps of 2o•c-2s•c> 
Molecular weight __________ g/g-mole ________ _ 
Densitya _________ g,/ml 
Specific gravitya @ 0 P/ 0 c ----------- ----------Solubility: water _____ @ 0 P/ 0 c _________ _ 

Solubilityb: ____ @ 0 P/ 0 c ---------
Boiling point 0 P/ 0 c 
Melting point ---------~•p;•c ----------
Vapor pressure lll!l!lg @ 0 P/ 0 c __ _.: ---- ----------Vapor density _____ @ 0 P/ 0 c _________ _ 
Plash point -,---------•p/•c _________ _ 

(open cup ___ i closed cup ___ > 
Other: __________ _ 

HAZARDOUS CBARACTBllISTICS 

'l'OXICOLOGICAL HAZARD 

Inhalation 
Ingestion 
Skin/eye absorption 
Skin/eye contact 
carcinogenic 
Teratogenic 
Mutagenic 
Aquatic 
Other: 

'l'OXICOLOGICAL HAZARD 
Combustibility 
Tozic byproduct(s): 

Flammability 
LPL 
UPL 

Bxplosivity 
LBL 
UBL 

HAZARD? 

Yes No 
Yes No 
Yes No 
Yes No 
Yes Ro 
Yes Ro 
Yes No 
Yes No 
Yes No 

HAZARD? 
Yes No 
Yes No 

Yes No 

Yes No 

CONCENTRATIONS 
(PEL, TLV, other) 

CONCENTRATIONS 

SOURCE 

SOURCE 

Bonly one is necessary. 
bpor organic compounds, recovery of spilled material by solvent extraction may 

require solubility data. 
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C. UACTIVITY BAZAR!> 

Reactivities: 

BAIARD? 
Yes Ro 

D • CORROSIVITY BAIARD HAZARD? 
pb __ ,,_____ Yes Ro 
Neutralising agent: 

s. RADI~CTIVB HAZARD HAZARD? 
Background Yes Ro 
Alpha particles Yes Ro 
Beta particles Yes Ro 
Gamma radiation Yes Ro 

CONCENTRATIONS SOURCB 

~CBNTRATIONS SOORCB 

BXPOSORB RATS SOORCB 

III. DBSCRIPTIOR OP IRCIDB!IT: 

Quantity involved 
Release inforaation 

Konitoring/saapling recmunended 

IV. UCOIOIB!IDBD PROTBCTIOR: 

Worker------------------------------

Public-----------------------------

V • lllla»IXBNDJSD SITS QlR:fkOL: 

Hotline------------------------------
Decontuination line _______________________ _ 

Coll.lland Post location ______________________ _ 

VI. RBPIIRBRCBS fOR SOURCBS: 
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SAIIPLB BllARDOOS SOBSTAIICB IIIFORflATION POlUI PILI.Bl) OUT FOR VINYL CBLORIDB 

COMMON IIAJIE: 1/;,.yf CJ,/ori de. CHBIUCAL NA!!E: C J,/oroeH,~,,.,-e, 

I. PIIYSICAL/CHBXICAL PROPBllTIBS 

II. 

A. 

B. 

SOORCB 
CH/tlC Natural physical state: Gas ✓ Liquid_ Solid_ 

(at ambient temps of 2o•c-2s•c) 
Molecular weight ---"""•2"---~ ____ __.g/g-aole __ c_H_lt_,£ ___ _ 
Density& /al 
Specific gravity• 0.91:,.1 @_"l._o __ •rf© __ c __ 11 __ € __ 1W _ _.1>_1_, __ _ 

Solubility: water S4jAt1!£. @ 0 P/°C CHrM 1>1c. 
Solubilityb: "'lcoS. ., soii.u k ,;::::::::,_;•p::.:.f•c --C"'H.,.._£:_M. __ l>_I_L. __ _ 

Boiling point 'f: -z. (jJ•c ___ c_H_~"'•-s ..... __ _ 
Melting point -"2.Jl'1. ~ T•r)•c c It R1s 
Vapor pressure ~,:Joo aml!g @ '2-o ~,@ ___ C_ff<_.E; __ jM ____ J> __ l~--

Vapor density 1.-'l-- @ ______ •_rt•c NFP~ 
Plash point -, 10 •,,e~:s-c"1,--"'""c""H""""'~--,-s.,....--

(open cup ✓; closed CUP;._-,-_) 
Other: Poly,..~i~S rc;,J;7 I-. -iir 9,.J -+.r OHMTADs 

HAUJIDOOS CBARACTERISTICS 

TOXICOLOGICAL HAZARD HAZARD? CONCENTRATIONS SOURCE 

Inhalation ~ No 
Ingestion Yes No 
Skin/eye absorption 

~No Skin/eye contact No 
carcinogenic !lo 
Teratogenic Yes No 

(PEL, TLV, other) 
PEI---,_,,. , f!r"jn'I', Ttt1,. ,, 11--""----....a..o ja.,al(. __ ,'i,,.,/._ .. __ c_G __ tJf .... 

f.t:;11 h• rh t'!?:, o,.-,.,,r 
7"£-V ~/Pn,.lff'"' 

srrr,cr 

'iCtf I H I DSHf't 
I 

Mutagenic Yes Ro 
Aquatic Yes !lo 
Other: Yes No 

TOXICOLOGICAL HAZARD HAZARD? CONCENTRATIONS SOORCB 
CoJ1bustibility ~ !lo 
Tozic byproduct(s): No 
P.y_Jr-•:!." cS. lo,-;Jc. 
'f:.h•sr~, ear,oA.. ,...,..,.,;Jc 
Flammability B No 

LPL DH,..T"""t::>f 
OPL 

Bzplosivity Yes !lo 
LBL 
UBL 

aonly one is necessary. 
bror organic compounds, recovery of spilled material by solvent eztraction aay 

require solubility data. 
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c. REACTIVITY HAZARD 

Reactivities: 
Po/1-,..,,;us ,,,., a,·r, 
'"""':J'-+ •r Ja#'A ,-

D. COI!ROSIVI'fi HAZARD 
ph 
Neutralizing agent: 

B. RADI01.C'l'IVB HAZARD 
Background 
Alpha particles 
Beta particles 
GUlllla radiation 

HAZARD? CONCENTRATIONS SOURCE 
@No 

CH/VS-

HAZARD? CONCENTRATIONS SOURCE 
Yes@ 

HAZARD? BXPOSORB RATE SOURCE 

Yes! Yes 
Yes 
Yes Ro 

III. DBSCRIPTION OF INCIDENT: 

Quantity involved /, DOO //,f 
Release information ~ .. sf"'d(J u.-/,:;:J 

Monitoring/sampling recommended __________________ _ 

IV. JtBCOIOIBNDBD PROTBC'l'IOR: 
worker L~wl E pnt~et,·-,. J>,.,te,:::li~ el..i"'A,-..... , ,,,.,,,,k,.,·,,.J.r 

re<,,..-,,.d,d. CPE or V,°hA.- -

Public-----------------------------

V. Jll5C()lvll!RDBI> SITB CX>NTROL: 

Hotline------------------------------
Decontamination line _______________________ _ 

Command Post location ______________________ _ 

VI. 



Appendix D. Sample Decontamination Procedures for 
Three Typical Levels of Protection 8 

F.S.O.P. No. 7 

Process: DECONTININATION PROCEDURES 

INTRODUCTION 

1.1 The objective of these procedures fs to mfnf11fze the risk of 
exposure to hazardous substances. These procedures were derived 
from the U.S. Environmental Protection Agency, Office of 
&!ergency and Remedial Response's (OERR). •1nterf11 Standard 
Operating Safety Guides (revised Sep. 82)•. This version of the 
guides fs fn a fonnat that fs more appropriate for use fn the 
ffel d. 

1.2 Protective equipment must be worn by personnel when response 
actfvftfes involve known or suspected hazardous substances. The 
procedures for decontaminating personnel upon leaving the 
contaminated area are addressed for each of the EPA, OERR 
designated levels of protection. The procedures given are for 
the 11axim1111 and mfnimm amount of decontamination used for each 
level of protection. 

1.3 The 11axf11Um decontamination procedures for all levels of 
protection consist of specific activities at nineteen stations. 
Each station emphasizes an important aspect of decontamination. 
When establishing a decontamination line, each aspect should be 
incorporated separately or combined with other aspects into a 
procedure with fewer steps (such as the MinillUffl Decontamination 
Procedures). 

1.4 Decontamination lines are site specific since they are dependent 
upon the types of contamination and the type of work activitfes 
on site. A cooling station is sometimes necessary within the 
decontamination line during hot weather. It fs usually a 
location fn a shaded area in which the wind can help to cool 
personnel. In addition, site conditions may permit the use of 
cooling devices such as cool water hose, fee packs, cool towels, 
etc. When the decontamination line fs no longer required, 
contaminated wash and rinse solutions and contaminated articles 
must be contained and disposed of as hazardous wastes fn 
compliance with state and federal regulations. 

8 Source: Excerpted from Field Standard Operating Procedures for the Decon­
tamination of Response Personnel (FSOP 7}. EPA Office of Emergency 
and Remedial Response, Hazardous Response Support Division, 
Washington, DC January 1985. 
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P.s.o.P. Ro. 7 

PROCESS DECON PROCEDURES 

IIAXIIWM DECONTAMINATION LAYOU'l' 

LEVEL A PROTECTION 

EXCLUSION 
ZONE 

Cute< Glove Tape 
Removal Removal 

4 
Seg,egaled 
Equipment 

Crop 

-----~----+-------~;....-....;;_.;,,_=;....-HOnlNE-

Tank Qiange 9 >+---t 
and Redress. Boot Cover/ 

Outer Gloves 

CONTAMINATION 
REDUCTION 

ZONE 

Suit/Safety Boot 
Wash 

Suit/Safety Boot 
Rinse 

Safety Boot 
Removal 

Fully Encapsulating Suit 
and Hard Hat Removal 

SCBA Badcpadc 
Removal 

Inner Glove 
Wash 

Inner Glove 
Rinse 

Face Piece 
Removal 

Inner Glove 
Removal 

Inner Clothing 
Removal 

SUPPORT 
ZONE 
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PROCESS DECON PROCBDORBS 

IIAXIIWM DECONTAMINATION LAYOUT 

LEVEL B PROTECTION 

EXCLUSION 
ZONE 

Outer Glove 
Removal 

Tape 
Removal 

Tank O,ange 9)4--i 
and Redress - Boot Cover/ 

Outer Gloves 

CONTAMINATION 
REDUCTION 

ZONE 

Suit/Safety Boot 
Wash 

Suit/SCBA/Boot/Glove 
Rinse 

Safety Boot 
Removal 

SCBA Backpack 
Removal 

Splash Suit 
Removal 

Inner Glove 
Wash 

Inner Glove 
Rinse 

Face Piece 
Removal 

Inner Glove 
Removal 

Inner Clothing 
Removal 

SUPPORT 
ZONE 

Appendix D D-3 
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r.s.o.P. No. 7 

PROCESS DBCOII PROCBDORES 

MAXIIIOM DBCONTAMINATION LAYOtJT 

LEVEL C PROTECTION 

EXCLUSION 
ZONE 

Outer Glove Tape 
Removal Removal 

Canister or 
Mask Change 9}'4----t 

and Redress• Boot Cover/ 
Outer Gloves 

CONTAMINATION 
REDUCTION 

ZONE 

4 Lo___f. 

Suit/Safety Boot 
Wash 

Suit/Safety Boot 
Rinse 

Safety Boot 
Removal 

Splash Suit 
Removal 

Inner Glove 
Wash 

lnne<Glove 
Rinse 

Face Piece 
Removal 

Inner Glove 
Removal 

, 

Segregated 
Equipment 

Drop 

Inner Clothing 
Removal CONTAMINATION 

---------• ----------CONTROL LINE -
Field 
Wash 

}--""""~118 Redreu 

SUPPORT 
ZONE 
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PROCESS DBCON PROCBDIJRBS 

4 

Equipment 
Drop 

Plastic 
Sheet 

RINIMUM DBC:ONTAIIINATION LAYOUT 

LEVELS Ai B PROTECTION 

I Redress: Boot Cow,,. 

I and Outer Gloves 

w I Oecon z 
I Solution ::::; 

I- I @ 0 
% I 

Remove 
BootCovel'l 

and Outer Gloves 

w I z 
I ::::; 

5 I Can 

(ff} 
Water 

% I 110 gallon) 

l 
Tank 

Otange--()ver 
Point 

20 

Appendix D 0-5 

WINO DIRECTION 

Remove 
Boots/Gloves 

and 
Outer 

Garments 
lfor Disposal 
and Off Site 
Decontamination) 

Can 
132 gallon) 

REMOVE 
SCBA 
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P.S.O.P. Ro. 7 

PROCESS DECOR PROCEDOR!!S 

.. 

Equipment 
Drop 

Plastic 
Sheet 

IURIMON DEC:ORTAIIIRATION LAYOUT 

LEVEL C PROTECTION 

I Redress: Boot Coven 

I and Outer GI°""' 

Ill I Decon 

~ I Solution 

b I @ (ff; 
::i:: I Water 

Ill I 
~ I 
b I Can 
::i:: I (10 gallon! 

l 
Clrtridge or Canisll!r 

Dlange-()ver 
Point 

WIND DIRECTION 

Remove 
Boots/Gl"""5 

and 
Outer 

Garments 
IFcw Disposal 
and Off Site 
Decontamination) 

Can 
(32 gallon) 

REMOVE 
MASK 
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EQUIP>ENT NEEDED TO PERFORM MAXIMUM DECONTAMINATION MEASURES FOR LEVELS A, B, AND C 

Station 1: a. Yarlaus Size Containers 
b. Plastic Liners 
c. Plastic Drop Cloths 

Station 2: a. Containers (20-30 Gallons) 
b. Decon Solution or Detergent Nater 
c. 2-3 Long-Handled, Soft-Bristled 

Scnib Bnishes 

Station 3: •· Containers (20-30 Gallons) 
OR 

High-Pressure Spray Unit 
b. Nater 
c. 2-3 Long-Handled, Soft•Brl st led 

Scrub Brushes 

Station 4: a. Containers (20-30 Gallons) 
b. Plastic Liners 

Station 5: a. Containers (20-30 Gallons) 
b. Plastic.Liners 
c. Bench or Stools 

Station 6: •· Containers (20-30 Gallons) 
II. Plastic Lfners 

Station 7: a. Containers (20-30 Gallons) 
b. Decon Sol utf on or Detergent Nater 
c. 2-3 Long-Handled, Soft-Brl st led 

Scrub Brushes 

Station B: a. Containers (20-30 Gallons) 
OR 

High-Pressure Spray Unit 
b. Nater 
c. 2-3 Long-Handled, Soft-Brl st led 

Scrub Brushes 

Station 9: a. Air Tanks or Face !lasts and 
Certrldge Depending on Level 

b. Tape 
c. Boot Covers 
d. &loves 

Station 10: •· Containers (20-30 Gallons) 
b. Plastic Liners 
c. Bench or Stools 
d. Boot Jack 

Station 11: a. Rack 
b. Orop Cloths 
c. Bench or Stools 

Station 12: a. Table 

Station 13: a. Basin or Bucket 
b. Decon Solution 
c. Slllll Table 

Station 14: a. Water 
b. Basin or Bucket 
c. Slllll Table 

Station 15: a. Containers (20-30 Gallons) 
b. Plastic Liners 

Station 16: a. Containers (20-30 Gallons) 
b. Plastic Liners 

Station 17: a. Containers (20-30 Gallons) 
b. Plastic Liners 

Station 18: a. Water 
b. Soap 
c. Sllall Table 
d. Basin or Bucket 
e. Field Showers 
f. Towels 

Station 19: a. Oresslng Trailer fs Needed in 
Incle .. nt Weather 

b. Tables 
c. Chai rs 
d. Lockers 
e. Cloths 

EQUIPMENT NEEDED TO PERFORM MINIM\Jil DECONTAMINATION MEASURES FOR LEVELS A, B, AND C 

Station 1: a. Yarlaus Size Containers 
b. Plastic Liners 
c. Plastic Drop Cloths 

Station 2: a. Containers (20-30 Gallons) 
b. Decon Solution 
c. Rinse Water 
d. 2-3 Long-Handled, Soft-Bristled 

Scrub Brushes 

Station 3: a. Containers (20-30 Gallons) 
b. Plastic Liners 
c. Bench or Stools 

Station 4: a. Afr Tanks or Nasks and 
cartridges Depending Upon Level 

b. Tape 
c. Boot Covers 
d. Gloves 

Station 5: a. Containers (20-30 Gallons) 
b. Plastic Liners 
c. Bench or Stools 

Station 6: a. Plastic Sheets 
b. Basf n or Bucket 
c. Soap Ind Towels 
d. Bench or Stoo 1 s 

Stat! on 7: a. llater 
b. Soap 
c. Tables 
d. llash Bas In or Bucket 
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FSOP 7: MAXIM!)! MEASURES FOR LEVEL A DECONTAMINATION 

St.ltfon 1: Segregated [quipaent 
Drop 

St.ltfon 2: Boot Cover and 
Glowe !lash 

St.ltf on 3: Boot Cover and 
Glove lfnse 

St.ltfon 4: Ttpe laoval 

St.ltion 5: Boot Cover 
leooval 

St.ltfon 6: Outer Glove 
leooval 

St.ltfon 7: Suit and loot 
!lash 

St.ltfon 8: Suit and loot 

St.ltfon 9: Tant Cllange 

St.ltion 10: Safeey Boot 
Relloval 

St.ltfon 11: Fully Encapsulating 
Suit and Hard Hat 
leooval 

St.ltfon 12: SC8A S.c:l:l)Kk 
Relooval 

St.ltion 13: Inner Slo,e llash 

St.ltfon 14: Imer Slowe Rinse 

St.ltion 15: Face Piece llelloval 

St.ltion 16: Inner Glove 
leooval 

1. Deposit equipaent IISed on site (tools. sa.plfng 
devfces and cont.liners, mnftorfng insm.ents, 
radios, clipboards, etc. I on plastic drop cloths 
or in dfffer@llt contafners wfth plastfc ltners. 
During hot wather operatfons, a cool down 
st.ltion -, be set up wfthfn thfs lrft. 

2. Scrub outer boot covers and 91 oves wt th decon 
solution or dete1'111'nt/lf1ter. 

3. lfnse off decon solution frca st.ltfon 2 usfng 
copf ous aounts of ""ter. 

4. laove t.lpe around boots and gl owes and deposf t 
fn cont.lfner wfth plastfc lfner. 

5. Rl!l!IOve boot covers and deposft fn cont.lfner 
wfth plastfc ltner. 

6. Remove outer gloves and deposft fn contafner 
wfth plastfc lfner. 

7. llash encapsulatfng suft and boots usfng scrub 
brush and decon solutfon or dete1'111!nt/lAlter. 
Repfft as •ny tfaes as necessary. 

8. Rfnse off decon solutfon usfng Wilt.er. Repeat as 
•ny tfaes as necessary. 

9. If an afr tank change fs desfred, thfs fs the 
last step fn the decontafnatfon procedure. 
Afr tint fs exchanged, - outer gloves and boot 
covers donned, and jofnts taped. llorker returns 
to duey. 

10. Remove safeey boots and deposft fn contafner 
wfth plastfc lfner. 

11. Fully encapsulated suft fs reooved wfth 
assfstance of a helper and lafd out on a drop 
cloth or hung up. Hard hat fs reo,oved. Hot 
wither rest statfon •ybe set up wfthfn thfs 
area for personnel returnfng to sfte. 

12. llhfle stf11 warfng facepfece, reoove backpack 
and place on table. 0fsconnect hose frca 
regulator valve and proceed to next station. 

13. llash wfth decon solution that will not harw the 
sl<fn. Repeat as often as necessary. 

14. Rfnse wfth ... ter. Repeat IS .. ny tflll!S as 
necessary. 

15. Remove face piece. Deposit In contafner wfth 
plastfc lfner. Avofd touchfng face wfth ffngers. 

16. Remove fnner gloves and deposft fn container 
wfth lfner. 
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FSOP 7: MAXIMIJI MEASURES FOR LEVEL A DECONTAMINATION 

Statton 17: Inner Clothing 
Rew>val 

Statton 18: Field lllsh 

Statton 19: Redress 

17. ll!IIOve clothing and place fn lfned container. 
Do not war Inner clothing off-sfte since there 
fs a possfbflfty that 5111111 U10Unts of 
conta • fnants • fght have been transferred fn 
l"ellOYfng the fully-encapsulating suft. 

18. Shower ff highly toxic, stfn-eo1TOsfve or stfn­
absor11able aterfal s are known or suspected to 
be present. lllsh hands and face ff ,.._r ts 
not avaflable. 

19. Put on clean clothes. 

FSOP 7: MINIM!)! MEASURES FOR LEVEL A DECONTAMINATION 

Statton 1: Equfp•ent Drop 

Statton 2: Outer Glr•ent, 
Boots, and 61 oves 
llash and Rinse 

Statf on 3: Outer Boot and 
G1 ove Rew>val 

Statton 4: Tant Change 

Statton 5: Boot, Gloves 
and Outer Glr•ent 
Rl!IIOval 

Statton 6: SCBA Rl!IIOval 

Statton 7: Field Wash 

I. Deposit equlp•ent used on-site (tools, H•Pllng 
devices and containers, •onltorfng htstnaents, 
radios, cllpboanls, etc.) on plastic drop 
cloths. Segregation at the drop reduces the 
probablllt;y of cross conta • fnatfon. During ltot 
wather operations, cool down stations •aybe set 
up within this area. 

2. Scrub outer boots, outer gloves and fully­
encapsulating suit with decon solution or 
detergent and vater. Rinse off using copious 
a•ounts of water. 

3. Remove outer boots and gloves. Deposit In 
container with plastic llner. 

4. If worker leaves Exclusion Zone to change air 
tank, this is the list step In the 
cleconbllination procedurea Worker's atr tank fs 
exchanged, new outer gloves and boot covers 
donned, Joints taped, and wort:er returns to duty. 

5. Boots, fully-encapsulatfng suft, Inner gloves 
reaived and deposited tn separate containers 
lined with plastic. 

6. SCBA backpack and faceptece fs reaived (avoid 
touching face with fingers). SCBA deposited 
on plastic sheets. 

1. Hands and face are tltorougllly vashed. Shower as 
soon as possible. 
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FSOP 7: MAXIMUM MEASURES FOR LEVEL B DECONTAMINATION 

Station 1: Segregated Equii-,nt 
Drop 

Sution 2: Boot Cover and 
Glove Vash 

Station 3: Boot Cower and 
Glove Rinse 

Station 4: Tape Remowa 1 

Station 5: Boot Cower 
Reaowal 

Station 6: Outer Glove 
reaowal 

Station 7: SUit and Safety 
Boot llash 

Station 8: SUft, SCBA, Boot, 
and Glowe Rinse 

Sution 9: Tant Change 

Station 1D: Safety Boot 
Remowal 

Station 11: SCBA Bad:114d: 
Remo.al 

Sution 12: Splash SUit 
Reaowal 

Station 13: Inner GI ove Vash 

Station 14: Inner Glowe Rinse 

Station 15: Face Pfece Remowal 

Sution 16: Inner Glowe 
Reaoval 

1. Deposit equii-,nt used on site (tools, su,plfng 
dewices and containers, .,,,itoring instna!nts, 
radios, clipboards, etc. l on plastic drop 
cloths or in different containers wtth plastic 
liners. Segregation at the drop reduces the 
probabll tty of cross-contafnation. During llot 
wather operations, coolclown stations .,.y lie set 
up wtthfn this area. 

2. Scnlh outer boot covers and gloves wt th decon 
so 1 uti on or detergent and •ter. 

3. Rinse off decon solution froa station 2 asing 
copious -,unts of •ter. 

4. Reaove upe around boots and gloves and deposit 
In conuiner wtth plastic lfner. 

5. Remove boot covers and deposit in container 
with plastic lfner. 

6. Reaove outer gloves and deposit in container 
wtth plastic lfner. 

7. Vash ci-ical-reslstant splash suit, SCIA, 
gloves and safety boots. Scrub wfth l~ndle 
scrub brush and decon solution. llrap SCBA 
regulator (if belt -.nted type) wtth plastic to 
teep out •ter. Vash bad:.,.ct as5'!111>1y wtth 
sponges or cloths. 

8. Rinse off decon solution using copious aDllllts 
of water. 

9. If ..,,ter leaves exclusion zone to change air 
tank, this Is the last step In the 
decontainatfon procedure. llorter's air tant Is 
exchanged, new outer gloves and boot covers 
donned, and joints taped. llorter retums to 
duty. 

10. Reaove safety boots and deposit In container 
with plastic lfner. 

11. llhfle stfll waring faceplece, reaove bac:t­
pact and place on table. Disconnect llosa froa 
regulator valve. 

12. 111th assistance of helper, raove splash suit. 
Deposit In container wtth plastic lfner. 

13. Vash Inner gloves with decon solution. 

14. Rinse Inner gloves with water. 

15. Remove face piece. Deposit in container with 
plastic lfner. Avoid touching face wtth fingers. 

16. Remove Inner glowes and deposit In container 
with lfner. 
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FSOP 7: MAXIM\JI MEASURES FOR LEVEL 8 OECOHTAMINATION. 

Station 17: Inner Clothing 
Re110nl 

Station 18: Field llash 

. Station 19: Redress 

17. Remove Inner clothing. Place In container with 
liner. Do not wear Inner clothing off-site 
since there 1s a possibility that saall U10unts 
of conta • inants • ight have been transferred In 
re •oving the fully-encapsulating suit. 

18. Shower if highly toxic, skin-corrosive or skln­
absorbable • ater1als are k- or suspected to 
be present. Wash hands and face If shower 1s 
not available. 

19. Put on clean clothes • 

FSOP 7: MINIM\JI MEASURES FOR LEVEL B DECONTAMINATION 

Station 1: Equlp• ent Drop 

Station 2: Outer Garwent, 
Boots, and Gloves 
Wash and Rinse 

Station 3: Outer Boc.t and 
Glove RellOval 

Station 4: Tank Change 

Station 5: Boot, Gloves 
and Outer Garwent 
Re110val 

Station 6: SCBA Removal 

Station 7: Field Wash 

1. Deposit equip11ent used on-site (tools, sa11pl1ng 
devices and containers, mnftorfng fnstruaents. 
radios, clipboards, etc.) on plastic drop 
cloths. Segregation at the drop reduces the 
probability of cross conta • fnatlon. During hot 
""ather operations, cool down station • ay be set 
up within this area. 

2. Scrub outer boots, outer 9lowes and che• ical­
resistant splash suit with decon solution or 
detergent water. Rinse off using copious 
a1t0Unts of water. 

3. Remove outer boots and glowes. Deposit fn 
container with plastic liner. 

4. If worker leawes_exclusive zone to change air 
tank, this is the last step In the 
deconta • lnatlon procedure. Worker's air tank 1s 
exchanged, new outer gloves and boot covers 
donned, joints taped, and worker returns to duty. 

5. Boots, che• lcal-reslstant splash suit, Inner 
gloves re•oved and deposited In separate 
containers lined with plastic. 

6. SCBA backpack and faceplece is re •oved. Avoid 
touching face with finger. SCBA deposited 
on plastic sheets. 

7. Hands and face are thoroughly washed. Shower IS 
soon as possible. 
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FSOP 7: MAXIMltl MEASURES FOR LEVEL C DECONTAMINATION 

Station 1: Segr1ted Equfiaent 
Drop 

Station Z: Boot Cover 1nd 
Glove Wash 

Sta ti on 3: Boot Cover 1nd 
Glove Rinse 

Station 4: Tape. Reaoval 

Stat! on 5: Boot Cover 
Reaoval 

Stat! on 6: Outer G1 ove 
Reaoval 

Station 7: Sult Ind Boot 
Wash 

Station 8: Suit and Boot, 
and Glove Rinse 

Stat! on 9: canister or 
Nast Change 

Station 10: Safecy Boot 
Reaoval 

Station 11: Splash Suit 
Reaoval 

Station 12: Inner Glove 
Rinse 

Station 13: Inner Glove 
llash 

Station 14: Face Piece 
Removal 

Station 15: Inner Glove 
Removal 

1. Deposit equiiaent used on site (tools. snplfng 
devices and containers. aonitorfng tnstn.ents, 
radios, clipboards. etc.) on pl1Stic drop 
cloths or fn different containers with pl1St1~ 
lfners. Segregation at the drop reduces the 
probabflfcy of cross contaafnation. During hot 
""ather oper1tions. • cool _, station -.y be 
set up within this 1rea. 

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

3. Rinse off decon solution frm station Z using 
copious na,unts of water. 

4. Remove tape around boots 1nd gloves and deposit 
in container with plastic lfner. 

5. Reaove boot covers and deposit in containers 
with plastic lfner. 

6. Reaove outer gloves and deposit in container 
with plastic liner. 

7. llash spl1sh suit. gloves. 1nd safecy boots. 
Scrub with long-handle scrub brush and decon 
solution. 

8. Rtnse off decon solution ustng water. llepe1t as 
aany tla,s 1s necessary. 

9. If worker leaves ,;xclusfon zone to change 
canister (or aask). this is the last step 
in the decontallination procedure. llorter's 
canister Is exchanged, new outer gloves and boot 
covers donned, 1nd Joints taped worker retums 
to duey. 

10. Remove safecy boots and deposit in container 
with phstfc ltner. 

11. With assistance of helper. reaove splash 
suit. Deposit in container with plastic lfner. 

12. Wash Inner gloves with decon solution. 

13. Rinse tnner gloves with water. 

14. Remo·,e face piece. Deposit tn container with 
plastic liner. Avoid touching flee with fingers. 

15. Remove inner gloves and deposit in ltned 
contl.fner. 
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FSOP 7: MAXIMUM MEASURES FOR LEVEL C DECONTAMINATION 

Sta ti on 16: Inner Clothing 
R-,val 

Station 17: Field Wash 

16. Remove clothing soaked 111th perspiration and 
place in lined container. Do not Nl!ar inner 
clothing off-site since there is a possibility 
that saall aounts of contaminants lright have 
been transferred in reaovfng the fully­
encapsulating suit. 

17. Shower ff highly toxic, skin-corrosive or skin­
absorbable .. terials are known or suspected to 
be present. Wash hands and face if shower fs 
not available. 

St!!tfon 18: Red.-ess 18. Put on clean clothes. 

FSOP 7: MINIMIJI MEASURES FOR LEVEL C DECONTAMINATION 

Station 1: Equipaent Drop 

Station 2: Outer &anient, 
Boots, 1nd Gloves 
Wash and Rf nse 

Statton 3: Outer Boot and 
Glove Rl!IIIOYll 

Station 4: Canister or 
llask Change 

Statton 5: Boot, Gloves 
and Outer &anient 
Removal 

Station 6: Face Piece 
Rea,oval 

Statton 7: Field Wash 

1. Deposit equfpn,nt used on-sfte (tools, su,plfng 
devices and containers. a:,nftorfng fnstraments, 
radios, clipboards, etc.) on plastic drop 
cloths. Segregation at the drop reduces tt,,, 
probabflft;y of cross contamination. During hot 
111eather operations, a cool down staUon aay be 
set up within this area. 

2. Scrub outer boots, outer gloves and spla,;~ 
suit with decon solution or detergent water. 
Rinse off using copious u,ounts of water. 

3. Remove outer boots and gloves. Deposit In 
container with plastic liner. 

4. If worker 1Hves exclusive zone to change 
canister (or •ask), this is the last step In the 
deconta • tnation procedure. Worker's canister is 
exchanged, new outer gloves and boot covers 
donned, joints taped, and worker returns to duty. 

5. Boots, chemical-resistant splash suit, inner 
gloves reaoved and deposited fn separate 
containers lined wfth plastic. 

6. Facepiece is removed. Avoid touching face with 
fingers, Facepiece deposited on plastic sheet. 

7. Hands and face are thoroughly washed. Shower as 
soon as possible. 
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Appendix E. NIOSH, OSHA, and EPA Regional Offices and USCG District Offices 

NIOBH Regional Offices 

HHS Region I 
GoYemment Center 
CJFK Federal Building) 
Boston, MA 02203 
Telephone: 1617) 223-3848 

HHS Region II 
26 Federal Plaza, Room 3337 
New 'lbrk. NY 10278 
Telephone: 1212) 264-5747 

HHS Region Ill 
521-35 Market Street 
P.O. Box 13716 
Philadelphia. PA 19101 
lelephone: 1215) 596-6716 

HHS Region IV 
101 Marietta Tower, Suite 1007 
Adanta, GA 30323 
Telephone: 1404) 221-2396 

HHSRegionV 
300 South Wacker Drive. 33rd Roor 
Chicago. IL 60606 
Telephone: 13121 886-3881 

HHS Region VI 
1200 Main Tower Building 
Room 1835 
Dallas, TX 75202 
Telephone: 1214) 767-3916 

HHS Region VII 
601 East 12th Street 
Kansas City, MO 64106 
Telephone: 1816) 374-3491 

HHS Region VIII 
1185 Federal Building 
1961 Stout Stteet 
Denver, CO 80294 
Telephone: 13031 844-6163 x17 

HHS Region IX 
50 United Nations Plaza 
San Francisco. CA 94102 
Telephone: 14151 556-3782 

HHS RegionX 
2901 Third Avenue, M.S. 402 
Seattle, WA 98121 
Telephone: 12061 442-0530 

OSHA Regional Offices 

OSHA Region I 
16-18 North Street 
1 Dock Squara Building, 4th Roor 
Boston, MA 02109 
Telephone: 16171 223-6710 

OSHA Region II 
One Astor Plaza, Room 3445 
1515 Broadway 
New 'lbrl<. NY 10036 
Telephone: 12121 944-3432 

OSHA Region 111 
Gateway Building, Suite 2100 
3535 Market Street 
Philadelphia, PA 19104 
Telephone: 12151 596-1201 

OSHA Region IV 
1375 Peachttee Street. N.E. 
Suite 587 
Atlanta, GA 30367 
Telephone: (4041 881-3573 

OSHA Region V 
230 South Dearborn Street 
32nd Roor, Room 3244 
Chicago. IL 60604 
Telephone: 13121 353-2220 

OSHA Region VI 
525 Griffin Square, Room 602 
Dallas, TX 75202 
Telephone: 12141 767-4731 

OSHA Region VII 
911 Walnut Street, Room 406 
Kansas City, MO 64106 
Telephone: 18161 374-5861 

OSHA Region VIII 
Federal Building, Room 1554 
1961 Stout Street 
Denver. CO 80294 
Telephone: 13031 837-3061 

OSHA Region IX 
450 Golden Gate Avenue 
Box 36017 
San Francisco. CA 94102 
Telephone: 1415) 556-7260 

OSHA Region X 
Federal Office Building, Room 6003 
909 First Avenue 
Seatde. WA 98174 
Telephone: 1206) 442-5930 

EPA Regional Offlc• 

EPA Region I 
JFK Federal Building 
Boston, MA 02203 
Telephone: 16171 223-7210 

EPA Region II 
26 Federal Plaza 
Room900 
New 'lbrk, NY 10218 
Telephone: 12121 264-2525 

EPA Region Ill 
841 Chestnut Street 
Philadelphia, PA 19107 
Telephone: 1215) 597-9800 

EPA Region IV 
345 Cordand Street. N.E. 
Adanta, GA 30365 
Telephone: 14041 881-4727 

EPA Region V 
230 S. Dearborne Street 
Chicago. IL 60604 
Telephone: 1312) 353-2000 

EPA Region VI 
First International Building 
1201 Elm Street 
Dallas, TX 75270 
Telephone: 12141 767-2600 

EPA Region VII 
726 Minnesota Avenue 
Kansas City, KS 66101 
Telephone: (9131 236-2800 

EPA Region VIII 
One Denver Place 
999 18th Stteet. Suite 1300 
Denver, CO 80202-2413 
Telephone: 13031 293-1603 

EPA Region IX 
215 Fremont Stteet 
San Francisco. CA 94105 
Telephone: 14151 974-8153 

EPA Region X 
1200 6th Avenue 
Seattle. WA 98101 
Telephone: 12061 442-5810 
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USCG District Officn 
Commander (mep) 
First Coast Guard District 
150 Causeway Street 
Boston, MA 02114 
Telephone: 1617) 223-6915 

Commander lmeps) 
Second Coast Guard District 
1430 Olive Street 
St. I.Duis, MO 63103 
Telephone: (314) 425-4655 

Commander (mer) 
Third Coast Guard District 
Governors Island 
New 'lbrk, NY 10004 
Telephone: 1212) 668-7152 

Commander (mep) 
Rfth Coast Guard District 
Federal Building 
431 Crawfort Street 
Portsmouth. VA 23705 
Telephone: 1804) 398-6383 

Commander (mep) 
Seventh Coast Guard District 
Federal Building 
51 S.W. 1st Avenue 
Miami, FL 33130 
Telephone: (305) 350-5276 

Commander (mep) 
Eighth Coast Guard District 
Hale Boggs Federal Building 
500 Camp Street 
New Orleans. lA 70130 
Telephone: (504) 589-6296 

Commander (mep) 
Ninth Coast Guard District 
1240 East 9th Street 
Cleveland, OH 44199 
Telephone: (216) 522-3918 

Commander (mep) 
Eleventh Coast Guard District 
Union Bank Building 
400 Oceangate 
long Beach, CA 90822 
Telephone: 1213) 590-2301 

Commander (mepps) 
lwelfth Coast Guard District 
Building 51 
Government Island 
Alameda, CA 94501 
Telephone: (415) 437-3465 

Commander (mep) 
Thirteenth Coast Guard District 
Federal Building 
915 Second Avenue 
Seattla WA 98174 
Telephone: 1206) 442-5850 

Commander (mep) 
Fourteenth Coast Guard District 
Prince Kalanianaole Federal Building 
300 Ala Moana Boulevard, 9th Roo,­
Honolulu, HI 96850 
Telephone: (808) 546-7510 

Commander (mep) 
Seventeenth Coast Guard District 
P.O. Box 3-5000 
Juneau, AK 99802 
Telephone: (907) 586-7195 

U.S. Coast Guard Districts 
Pacific Area I 
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