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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 Environmenteal Response,
Compensation, and Liability 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 marnwal is a guidance document for managers
respensible for occupational safety and heatth programs
at inactive hazardous waste sites. It assumes a basic
knowledge of science and experience in occupational
safety and health. h is the product of a four-agency com-
mittee (the National lnstitute for Occupational Safety and
Haalth [NIDSH], the Dccoupational Safety and Health
Administration [OSHA], the US. Coast Guard [USCG],
and the US. Environmental Protection Agency [EPA]]
mandzated by CERCLA section 301(f) to study the prob-
lem of protecting the safety and health aof workars at haz-
ardous waste sites, and by CERCLA section 111(cHB) to
develop a program to protect the health and safety of
employees involved in response ta hazardous substance
releases, removals, or remaedial actions.

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

s As 3 planning tool by government or private
individuals.

& As a management tool by upper level or fieid
rmanagers.

» 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
1o review important aspects of health and safety.

This document is not 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 daveloping a
specific healtth and safety program, The appropriateness
of the information presented should always be evaluated
in light of site-specific conditions. Other sources and
expenenced individuals should be consulted as necessary
for the detail needed to design and implement occupa-
tional sa.fety and health programs at specific hazardous
waste sites.

Abhthough this manual cites federal regulations, it is not a
definitive legal document and should not be taken as
such. While it represents a cooperative affort of the four
agencies to develop a document that blends their widely
differng mandates, policies, and procedures in specific
areas, the manual may not include elements of each
agency’s policies that should be considered when
developing occupationat safety and heatth programs for
hazardous waste sitas. 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 faderal, state, and local agaencias.

This manual will be updated regularly. Plasss send com-
ments and suggested revisions to any of these four
organizations:

NIOSH

Hazardous Waste Program {C-17)

4676 Columbia Parkway
Cincinnati, OH 45228

OSHA

Directorate of Technical Support
200 Constitution Avenua, NW
Washington, DC 20210

UsCG

Environmenta! Rasponse Division (GWER-2)
2100 Sscond Street, SW

Washington, DC 20593

EPA,

Occupational Health and Safety Staff (PM-273)
401 M Streat, SW

Washington, DC 20460

A separate manual thet specifically addresses responss to
hazardous substances emergencies will be published at a
iater date. In the meantime, much of tha nformation in
thig manual can be used in planning for response to smer-
gencias involving hazardous substances.
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introduction

Hazardous waste sites pose a multitude of heatth and
salety concerns, any ohe of which could result in serious
injury or death. These hazards are a function of the
nature of the site as well as a consequence of the work
being performed. They include:

* Chemical exposure.
* Fire and explosion.
* Oxygen deficiency.
* lonizing radiation.
* Biologic hazands.

= Safety hazards.

= Hectrical harards.
* Heat stress.

» Cold exposura
* Noise

Several factors distinguish the hazardous waste site
emvironmernt from other occupational situations involving
hazardous substances. One imporiant 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 10 site
workers and to the general public.

Anather factor is the large variety and number of sub-
stances that may be present at a site. Any individusl
location may contain hundreds or even thousands of
chemicals. Frequently, an accurate assessment of sl
chemical hazards ts ampossible due 10 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 initia) stages of
an irvestigation. The Project Team Leader {see Chapter 3,
Flanning and Organization) will often be forced to select
protective measures based on little or no infoermation.
Finally. workers are subject not only to the hazards of
direct axposure, but also to dangers posed by the disor-
derly physical environment of hazardous waste sites and
the strass of working in protective clothing.

The combination of all these conditions results in 8 work-
ing environment that is characterized by numerous and
varied hazards which:

& May pose en immediate danger to life or health.
+ May not be immediately obvious or identifiable.

= May vary sccording 1o 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
sita are described in this chapter. In approaching a site, it
is prudant to azsume that all these hazards are present
urttil site characterization has shown otherwise, A site
heatth and sefety program, as described in the subse-
quent chapters of this manual, must provide comprehan-
sive protection agsinst all potertial hazards and spacific
protection against individual known hazards. it shoukd be
continuously adapted to new information and changing
site conditions.

Chemical Exposure

Preventing sxpasure to toxic chemicals is a primary con-
cem at hazardous waste sites. Most gites 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 8
puncture wound (injection). A contaminant can cause
damage st the point of contact of can act systemically,
causing a toxic affect 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
sxposures usually occur during or shortly sfter exposure
10 a sufficiently high concentration of a contaminant. The
concentration required to produce such effects varies
widely from chemical to chemical. The term ““chronic
axposure’” generally refers to exposures to “low’ concan-
trations of a contaminant over a jong period of timea The
“low"" concentrations required to produce symptoms of
chronic exposure depend upon the chemical, the durstion
of each exposure, and the number of exposures. For a
given contaminant, the symptoms of an acute exposune
may be completely different from those resulting from
chronic exposure.

For either chronic 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, of rashes. Other chemicals may cause heaith dam-
age without any such waming signs (this is a particular
concem for chronic exposures to low concentrations).
Health eHfects such as cancer or respiratory disease may
not become manifest for several years or decades after
axposute 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 of feelings cannot be
ralied upon in all cases to warn of potential toxic
axposure,

The effects of exposura not only dapend on the chamical,
its concentration, routs of entry, snd duration of expo-
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sure, but may also be influenced by personal factors such
as the individuals smoking habits, alcohol consumption,
madication use, nutrition, ege, and aex {see Chapter 5,
Medical Program).

An important exposure route of concem at a hazardous
waste site is inhalation. The lungs are extremely vulner-
able o chemical agents. Even substances that do not
directly affect the lungs may pass through lung tissue
imto the bloodstream, where they are transported to other
vulnerable areas of the body. Some toxic chemicals pres-
ent in the atmosphere may not be detected by human
senses, ia, they may be colodess, odorless, and their
toxic effects may not produce any immediate symptoms.
Respiratory protection is therefore extremely important if
there is a possibility that the work-site atmosphere may
contain such hazardous substances. Chemicals can also
enter the respiratory tract through punctured sardrums.
Where this is a hazard, individuals with punctured
sardrums 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 harardous sub-
stances is another important route of axposure Some
chemicals directly injure the skin. Some pass through the
skin into the bloodstream where they are transported to
vulnerable organs. Skin absorption is enhanced by abra-
sions, cuts, heat, and moisture. The eve is particularly vul-
nerable because airborne chemicals can dissolve in its
moist surface and be carriad 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 lenses 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.

Ahthough ingestion should be the least significant route of
axposura 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, aating, 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 inte 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 important protective measurea
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 enrichmant.
* Agitation of shock- or friction-sensitive compounds.

+ Sudden release of materials under pressure.

Explosions and fices may arise spontaneousty. However,
more commanly, they result from site activities, such as
moving drums, accidentally mixing incompatible chemi-
cals, or introducing an ignition sourca {such as a spark
from eguipment) mto an explosive or flammable environ-
ment. At hazardous waste sites, explosions and fires not
only pose the obvious hazards of intense heat, open
flama, smoka inhalation, and flying objects, but may also
causs the releasa of toxic chemicals into the environ-
ment. Such releases can threaten both personne! on site
and members of the general public Kving or working
nearby. To protect against the hazard: have qualified 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 squipment; and follow safe
practices when performing any task that might result in
the agitation or release of chemicals.

Oxygen Deficiency

The oxygen content of normat air at sea level is approxd-
mately 21 percent. Physiclogical 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 lower than 16 percent can result in nauses
and vomiting. brain damage, heart damage, unconscious-
ness, and death. To taks into account individual physio-
logical responses and emrors in measurement. concentra-
tions of 19.5 percent axygen or lower are considered to
be indicative of axygen deficiency.

Oxygen deficiency may result from the displacement of
aoxygen by another gas, or the consumption of oxygen by
a chemical reaction. Confined spaces or low-lying sreas
are particularly vulnerable to axygen deficiency and
should always be monitored prior to sntry. Qualified field
personnel should always monitor oxygen levels and
should use stmosphere-supplying respiratory equipment
(see Chapter 8, Aursonal Protective Equipment) when oxy-
gen concantrations drop befow 19.5 percent by volume.

fonizing Radiation

Radioactive materials emit one or more of three types of
harmful radiation: alpha, beta, and garmma. Alpha radia-
tion has limited penetration ability and is usually stopped
by clothing and the outer layers of the skin. Alpha radia-
tion poses kttle threat outside the body, but can be haz-
ardous if materials that emit alphe radiation are inhaled or
ingasted. Beta radiation can cause harmful *‘beta bumns’’
to the skin and damage the subsurface blood system.
Beta radiation is also hazardous if matsrials 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 snd
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 itseH; however, use of
respiratory and other protective equipment can help keep
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rediation-emitting materials from entering the bady by
inhalation, ingestion, injection, or skin absorption.

H leve!s of radiation above natural background ars discov-
erod {zsee Toble 6-2 in Chapter 6}, consult a health physi-
cist. At levels greater than 2 mrem/hyr, all site activities
should cease until the site has been assessed by health
physicists.

Biologic Hazards

Wastes from hospitals and research facilities may contain
diseasa-causing organisms that could infect site person-
nel. Like chemical hazards, atiologic sgents may be dis-
parsad in the environment via water and wind. Other
biologic hazards that may bs present at a hazardous
waste sits include poisonous plants, maacts, animals, and
mdigencus pathogens. Protective clothing and respiratory
squipment can help reduce the chances of exposure.
Thorough washing of any axposed body parts and equip-
ment will help protect against infection.

Safety Hazards

Hezerdous waste sites may contain numsarous safety
hazards such s3:

* Holes or ditches.

* Pracariously positionad objects. such as drums or
boards that may fall.

» Sharp objects, such as nails, metal shards, and

broken glass.

» Slippery surfuces.

o Steep gradss.

* Uneven termain.

* Unstable surfaces, such as walls that meay cave in or
Some ssfety hazards se 3 function of the work itself. For
example, heavy squipment creates an additionsl hazard
for workers In the vicinity of the operating equipment.
Protactive squipment can impair a worker’s agility, hear-
ing, snd vizsion, which can result in an increased risk of an

d

Accidents involving physical hazards can directly injure
workars end can create additional hazards, for example,
increased chemical exposure due to damaged protective
squipment. or danger of explosion caused by the mixing
of chamicals. Site personnel should constantly look out
for potential safety hazards, and should immediatety
inform their suparvizors of any new hazards so that
mitigative action can be taken.

Electrical Hazards

Overhead power lines, downed slectrical wires, and
buried cables all pose a danger of shock or electrocution
if workars contact or sever them during site operations.
Electrical equipment used on site may also pose s hazard
to workers. To help minimize this hazard, low-voltege
squipment with ground-fault interrupters and water-tight,

cormosion-resistant connecting cables should be used on
site. In addition, lightning is a hazard during outdoor opaer-
ations, particularly for workers handling metal containers
or aquipment. To aliminate this hazard, wesather condi-
tions should be monitared and work should be suspended
during electrical storms. An additional electrical hazard
involves cepacitors that may retain a charge. All such
itemns should be properly grounded before handling.
OSHA's standard 29 CFR Part 1910.137 describes cloth-
ing and equipment for protection against electrical
hazards,

Heat Stress

Heat stress is & major hazard, espacially for workers
wearing protective clothing. The same protactive
materials that shiald the body from chemical exposure
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 lirtle as 15 minutes. It can pose as great a
danger 1o worker heatth as chamical axposure. In its aarly
stagas, heat strass can cause reshes, cramps, discomfort
and drowsiness, rasulting in impaired functional ability
that threatens the safety of both the individual and
coworkers. Continued heat atress can lead to heat stroks
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. Fot further information on heat stress, see
Chapter 8, Parsonal Protactive Equipment.

Cold Exposure

Cold mjury {frostbite and hypothermial and impaired abil-
ity to work 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;
carafulty schedule work and rest periods, and monitor
workers’ physical conditions.

Work around large squipment aoften creates axcessive
noise. The sffects 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 to wam of dan-
ger and the proper safety pracautions 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 scalel, feasible administrative or engineering
controls must be utllized. In addition, whenever employee

" noise exposures equal or exceed an 8-hour, time-weighted

average sound level of 85 dBA, employers must adminis-
tor 3 continuing, affective hearing conservation program
as described in QSHA regulation 29 CFR Part 1910.95.
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Introduction

Adequate planning iz the first and the most critical ele-
ment of hazardous waste site activities. By anticipating
and taking steps to prevent potential hazards to health
and safety, work at a waste site cen proceed with mini-
mum tisk 10 workers and the public,

Three aspects of planning are discussed in this chapter:
developing an overall organizational structure for site
operations; establishing a comprehensive Work Plan that
considers esch specific phase of the operation; and
developing and implementing a Site Safety and Health
Plan (hereinafter referred to s Site Safety Plan in accor-
dance with common usage). The organizational structure
should identify the personnel needed for the overall oper-
ation, establish the chain-of-command, and specify the
overall respongibilitias of aach employes The Work Plan
should establish the cbjectives of site operations and the
logistics and resources required to achieve the goals. The
Site Safety Plan should detarmine 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 ofganizetion was asteblished by a Congrassion-
ally mandated Nationa! Contingency Plan to implement
procedures for coondinating response to releases of haz-
ardous substances into the environment. This National
Contingency Plan establishes response teams composed
of representatives of federal agencies and stats and local
govemments [1}. A particularly important contact for haz-
ardous waste 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 adagted to new site conditions and new informa-
tion. Thus, this chapter is intended to serve as a starting
point for planning the response activities at hazardous
waste sites.

Organizational Structure

An organizationat structure that supports the overall
objectives of the project should be developed in the first
staga of planning. This structure should:

* ldentify a leader who has the authority to direct all
activities,

¢ |dentify the other personnel neaded for the project,
and assign their general functions and responsi-
bilities.

* Show lines of authority, responsibility, and communi-
cation.

s ldentify the intarface with the response community.

As the project progresses, it may ba necessary to modify
some organizational aspects of the project, such as per-
sonnel respongibilities and authorities, so that individual
tasks can be performed as efficiently and safely as pos-
sible Any changses to the overall organizational structure
must ba recorded in the appropriate parns of tha 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 inta pergsonnel that are
essantial for a safe and efficient response, and optional
personnel that may be desirable in a large operation
wheme responsibiliies can be delegated to a greater num-
ber of people. As-needed personnel are specialists 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 ba covered. The person-
nel categories described can be used as a starting point
for designing an organizational structure approprigte 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 effont, all response teams
should nclude 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 hygienist.
Once an organizational system has been developed, all
individuals responsible for astablishing and enforcing
heatth 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 worker safety is the
attitude of all levels of project management. A strong and
visible commitment to worker safety must be present
from the beginning of a project. This initial attitude sets
the tone for the entire operation. The Site Safety Officer
and the Project Team Leader must hava the ¢lear support
of senior-level management for establishing, implement-
ing, and enforcing safety programs from the outset of the
project. The importance ¢of management’s attituds toward
safety thrgughout the project cannot be everemphasized;
site personnel are more likely to cooperate with safety
programs if they sense a genuine concern on the part of
management.

Several organizational factors are indicators of successful
worker safety programs. These factors include:
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+ Strong management commitment 1o safety, as
defined by various actions reflecting management’s
support and involvement in safety activities.

* Close contact and interaction among workers, super-
visors, and management enabling open communica-
tion on safety as well as other job-related matters.

= A high leve! of housekeeping, orderly workplace con-
ditions, and eflective environmentat gquality control.

* Well-developed selection, job placemaent, and
advancement procedures plus other ampioyee sup-
port gervices.

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

* Added features or variations in cormventional safety
practices that enhance the stfectiveness of thosa
practices,

* Effective disciplinary plan 10 encourage employees to
adhere 1o safety practices.

Overall, the most sffective industrial safety programs are
successtul in dealing with “‘people’” veriables. 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 requiras a commitment to the health and
safety of the general publiic ez well as to the onsite per-
aonnel. 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

Table 3-1. Offsite Personnel

Laader, or Public Information Officer under the supervi-

sion of the Project Tearn Leader, should aatablish commu-
nity liaison well before any response ection is bagun, and
should be in continuous comntact with community leaders.

Work Plan

To ensure a safe response, 8 Work Plan describing antici-
pated cleanup activities must be developed before begin-
ning onsite response actions. The Work Plan should be
periodically reexamined and updatsd as new information
sbout gite conditions is obtained.
The following steps should be taken in formuleting a com-
prehensive Work Plan:
= Review available information, including:

Site recornds.

Wasts inventories.

Generator and transporter manifests.

Previous sampling and monitoring data.

Site photos.

State and local environmentsl and health agency

records.

» Define work objectives.

= Determine methods for accomplishing the objectives,
ag., sampling plan, imnventory, disposal tachniquaes.

¢ Determine personnel requirements,

+ Determine the need for additional training of person-
nel. Evaluate their curent knowledge/skitl level

against the tasks they will perform and situations
they may encounter (see Chapter 4, Training).

TITLE GENERAL DESCRIPTION

SPECIFIC RESPONSIBILITIES

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

* Provide the necassary facilities, equipment, and money.
s Provide adequate personnel snd time esources to conduct

outcome. * Support the sfforts of onsita managament
* Provide appropriate disciplinary action when unsafe acts or
practices occour.
Mutt- includes representatives from upperdevel = Provide advice on the design of the Work Plan and the Site Safsty
Disciplinary management snd onsite management, a field Plan.
Advisors team member, andexpertsinwchfieldsas.
Chemistry
Engineering Medlcme
Industrigt hygiene Pharmacology
information/public Physiology
relations Aadistion heatth
p_hytiec
Toxicology
Meadical Consulting physicians. * Becoma familiar with the types of materials on sita, the potantial

Medics! personnel at local hospitals and
clinics.

Ambulance personnel.

for worker exposures, and recommend the medical program for the
site.

* Provide smangency treatment and decontamination procecuras for
the specific type of exposures that may occur at the site. Obtain
special drugs, equipment, or supplies necessery to treat such
exXposures.

* Provide emergency treatment procadures appropriste to the
hazerds on site.
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Tabls 3-2. Onsite Essential Personnel

TITLE

GENERAL DESCRIPTION

SPECIFIC RESPONSIBILITIES

Project Team
Laadar

* Preparss and arganizes the background review of the situation,
the Work Plan, the Site Safety Plan, ard the field team.,

* Obtains permission for sits sccess and coordinates activites
with approprists officials.

* Ensanes thai the Work Plan is completed and on schedule

» Briefs the fisld teama on their specific assignmants.

* Uses the Site Safety and Haalth Officer 10 snsure that safety
and health requirements are met.

* Prepares the final report and support files on the response

* Serves as the Baison with public otficials.

accordance with

Advizes the Project Teamn Laader on all
aspects of hasith and safety on sita. Roc-
ommends stopping wark if any operation
threatans worker or public health or safety.

* Selocts protective clothing snd sguipment.

* Periodically inspects protactive clothing and aquipment.

= Ensures that protective clothing and equipmant are properly
stored and maintained.

* Controls entry and exit at the Access Control Points.

* Coordinates safety and health program sctivities with the
Scientific Advisor,

* Confirms each team member’s suitability for work based on a
physician’s recommendation.

* Monitors the work parties for signs .of stress. such sz cold
exposure, heat stress, and fatigue.

= Monitora ansite hazerds and conditions.

# Participates in the preparation of and implements the Site Safety
Plan.

* Conducts pariodic inspections to determine if the Site Safety
Plan is being followed.
* Enforces the ““buddy” system.

control canter, fire deparmmeant, and police department.
« Notifies, when necessary, local public smergency officials.
* Coordinates emergency medical care

May be the same person as the Project Team
Leader and may be a member of the work
and safaty.

* Manages held operstions.

=« Exscutes the Work Plan and achedule.

* Enforcas safety procadures.

* Coordinates with the Site Safety Officer in detsrmining
protection level

* Enforces site control.

* Documents field activities snd wampile collection

* Sorves as a iaison with public officials.

Supervisor

May be the same person 2= the Field Team
emengency assistence.

* Notifies emergency response personnel by wisphona or radio in
the svent of an

» Assists the Site Safety Officer in & rescus, if necessary

* Maintains a log of communication and site sctivities.

* Agsists other field team members in the clean areas, as neaded.

* Maintains Fne-of-3ight and cCoOMMuNICEton contact with the
work parties via walkie-talkies, signal horna, or other maanx.

ton Station
Officor{s}

dures, equipment, and supplies,

* Sats up decontamination lines and the decontmmination
mmhmmdwmm

OCmtrolsttudecomamnabonoftl.quipﬂum,m and
* Entures that all required equipment is avsilable

* Advises medical personnel of poterttial exposures and
CONSHQUBNCES.

Used primarily on large sites with multple
work parties in the contominatad area.

« Stands by, partially dressad in protective gear, near hazardous
work anaas.
* Rescues sny worker whose health or safety is sndangersd.

Work Party

Depending on the size of the field team. sy
or all of the field team may be in the Work

Party, but tha Work Party should consist of
at lsast two people.

« Safely completas tha onsita tasks nequined to fulfill the Work,
Plan.

= Complies with Sits Safety Plon.
* Notifies Site Safety Officer or supervisor of unsafe conditiona.
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Table 3-3. Onsite Optional Personnel

TITLE GENERAL DESCRIPTION SPECIFIC RESPONSIBILITIES
Sclentific Advisor Guides the Project Team Laadst in * Provides advice for:
scientific matters, Field monituring Scientific studies
Sample collaction Data interpratation
Sample analyzis Ramedial plans
Logistics Officer * Flans and mobilizes the facilities, matarials, and
personng! required for the response.
Photographer *» Photographs site conditions.
* Archives phatographs,
Financisl/Contracting Officer * Prowides financist and contrachusal support.
Public Information Officer * Reieases informetion to the news media and the public
conceming site activities.
Security Officer * Manages site pecuity
Recordkaeper * Mairtins the official records of site activities.

* Determine equipment requirements. Evaluate the
need for special squipment or services, such as drill-
ing equipment or heavy equipment and operators.

Preparation of the Work Plan requires & multidisciplinary
approach, and may therefore require input from all levels
of onsite and offsite management. Consultants may also
be useful in developing sections of tha Work Plary; 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 from the potential
hazards posed by a hazardous waste site, must be devel.
oped before site activities proceed. The Site Safety Plan
must provide measures to minimize accidents and injuries
that may occur during norral daily activities or during
adverse conditions such as hot or cold weather, This sec-
tion describes the planning process for health and safety
during normal site operations, ia, non-emergency situa-
tions. Chapter 12 describes plarning and msponse to site
emergencies.

Development of a written Site Safety Plan helps ensure
that all safety aspects of site operations are thoroughly
sxamined prior to commencing field work. The Site
Safety Plan should be modified as neoded for every stage
of site aCtlivity.

Because planning requires information, planning and site
characterization should be coordinated. An initial Site
Safety Plan should be developed so that the preliminary
site assessmeant can proceed in a safe manner, The infor-
mation from thiz agsessment can then be used to refine
the Site Safaty Plan s0 that further site activities can pro-
ceed safely. Plans should be revised whenaver new infor-
mation ahout site hazards is obtained.

Devslopment of a Site Safety Plan should irvolve both the
offsite and onsite management and be reviewed by
occupational and industrial haalth and safety axperts,
physicians, chemists, or other appropriate personnel.

At a minimum, the plan should:

* Name key personnel and altemates responsible for
site safety {see Tables 3-1 through 3-4).

¢ Describe the risks associated with each operation
conducted {sec Chapter 6, Site Charactsrization).

* Confirm that personnel are adequately trained to
perform their job responsibilities and to handle the
specific hazardous situations they may encounter
{ses Chapter 4, Faining).

* Describe the protective clothing and equipment to
bewombyporsomeldunngvanoussiuopera
tions (see Chapter B, Personal Protective
Eguiprment).

¢ Describe any site-specific medical surveillancs
requirements (see Chapter §, Medical Program).

* Describe the program for periodic air monitoring,
personnsl monitoring, and environmental sam-
pling, if needed (see Chapter 6, Sits Characteriza-
tion, and Chapter 11, Handling Drums and Other
Containers).

- Descnbet!nactmstobetakentombgmmdat
ing hazards {ag., containment of contaminatad
materials} to maka the work snvironment lass haz-
ardous.

* Define site control measures and include a site
map {see Chapter 9, Sita Controf).

¢ Egtablish decontamination procedures for personnel
and equipment (sae Chapter 10, Decontamination).

» Set forth the site’s Standard Operating Procedures
(SOPs). SOPs are those activities that can be stan-
dardized Isuch as decontamination and respirator fit
testing). and whete a checklist can be used. These
procedures shoukd be:

Prepared n advance.

Based on the best avaitable information, opera-
tional principles, and technical guidance.
Field-tested by qualified health and safety profes-
sionals, and revised as appropriate.

Appropriote to the types of risk at that site.
Formulatad 1o be sasy to understand and practice.
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Table 3-4. As-Needed Personnel

TITLE GENERAL DESCRIPTION SPECIFIC RESPONSIBILITIES

Bomb Squad Explosion » Advise on methods of handling explosive materials.

Experts * Asgist in safely detonating or disposing of explosive
materials.

Communication Persovnel Gﬁwmwapmﬁawzbcalndio » Provide communicetion 10 the public in the svent of an

and television stations.,

emeigency.
* Provide cornmunication links for mutual aid.

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

» Agzess the effect of this movement on air, groundwater,
and surface water quality.

* Predict the axposure of people and the scosystem to the
materials,

Federal, state, and local public safety
ol

« Help plan for public evacuation.
* Mobilize transit equipment.
» Assist in public evacuation.

* Respond to fires that occur on site
+ Stand by for response ta potential fires.
* Perform rescue.

Consuitants from industry. government.
universities, or other groups.

= Ardvise on the properties of tha materials on site

& Advise on contaminant control methods.

® Agdvise on the dangers of chemical mixtures that may
result from site activities.

= Provide immediate advice 10 those at the scenea of 3
chemical-related emergency.

* Evaluate radiation health hazards and recommend
appropriate action.

* Conduct health hazard assessments.

* Advise on adequate health protection.

* Conduct monitoring tests to determing worker gxposures
10 hazardous substances.

Meotsorologists

s Provide meteorclogical information.

Public Safety Parsonnel The County Sheriff, industrial secauity

* Control access to the site

Taxicologists

= Advise on toxicological properties and health effects of
substances on site
* Pyovide recommendations on protection of worker health.

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

Included n training programs for site personnel.

* Set forth a Contingency Plan for safe and effective
response t0 Anargancies.

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

Safety Meaeotings and Inspections

To ensure that the Site Safety Plan is being followed, the
Site Safety Qfficer should conduct a safety meeting prior
10 nitiating any site activity and before and after each
work day. The purpose of these safety mestings is to:

* Describe the assigned tasks and their potential
hazards.

+ Coordinate activities.

= ldentify methods and precautions to prevent injuries.
* Flan for emergencies.

* Describe any changes in the Site Safety Plan.

= Get worker feedback on conditions sffecting safety
and heatth.

= Get worker feedback on how well the Site Safety
Plan is working.
The Site Safety Otficer should also conduct frequent
inspections of site conditions, facilities, equipment. and
activities to determine whether the Site Safety Plgn is
adequate and being followed.

At a hazardous waste site, risks 10 workers can change
quickly and dramatically when there are changes in:
* Work and other site activities.

= State of degradation of comtainers and containment
structures. )
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« State of equipment maintenanca
* Weather conditions.
in order tn make safaty inspactions sffective, the follow-
ing guidelings shouid be obhsarved:
* Dovelop a checklist for each site, listing the items
that should be inspected.
* Review the results of these inspections with supervi-
sors and workers,

s Reinspect any identified problems to ensure that they
have been corrected.

#» Document ofl mapections and subsequent followup
actions. Retain these records umtil site activities are
compieted and as 8s long as required by regulatory
agencies.

The minimum frequency at which inspections should
occur varies with the characteristica of the site and the
scquipment used on site. Factors that need to be consid-
orod are;

* The saverity of risk on site.
« Raguiatory requirements.
& Operation and maintenance requirements,

* The sxpacted sffectiva iifetime of clathing, equip-
ment, wehicles, and other items.

* Recommendations basad on professional judgment,
laboratory test results, and field expariance

References

1. National 04l end Hazardous Substances Pollution Con-
tingency Plan, 40 CFR Pert 300,
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Introduction

Anyone who enters a hazardous waste site must recog-
nize and understand the potential hazards to heaith and
safety associated with the cleanup of that site. Personnal
actively involved in cleanup must be thoroughly familiar
with programs and procedures contzined in the Site
Safety Plan {see Chapter 3, Planning and Organization)
and must be trained to work safely in contaminated areas.
Visitors 1o a site must receive adequate training on hazard
recognition and on the site’s Standard Operating Proce-
dures to enable them ta 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 pravide 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.

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

All treining information should be presented in clear, con-
cise language. Particularly important information, such as
the Standard Opergting Procadures, should be provided in
writing. A variety of teaching aids {ie, films, tapes, slides,
etc.} should be used, and lecture sessions should be inter-
sparsed with class participation and hands-on training. All
employees should also complete refrasher training, at
least annuslly, to reemphasize the initial training and to
update workers on any new policies or procedures.

Training Programs

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

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

General site workers, such a5 equipment oparators,
general laborers, technicians, and other supervised per-
sonnel, should attend training sessions that apply 1o their
individual jobs &nd responsibilities, as well as training ses-
sions that provide an overview of the site hazards and the
means of contrelling 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 fiekl equipment.

= Handling, storage, and transportation of hazardous
materials.

* Employee rights and responsibilities.

* Use, care, and limitations of personal protective cloth-
ing and equipment (see Faining section of Chapter B).

* Safe sampling techniques.
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Table 4-1. Recommended Training by Job Categorys

TRAINING TOMC EMPHASIS OF TRAINING WORKER  SUPERAVISORS STAFF VISITORS
Biclogy, Chemistry, srwd Cherrical and physical properties; chermnical R A
Pirysics of Hazprdous reactions; chemical compatibilities.
Matorisls
Taxbcology Dosage, soutes of sxposune, taxic effects. R R
imnediatsly dangerous to kfe or health ADLM)
volups, permissible exposure imits (PELs). mcom-
manded exposure imits {(RELs), threshold Bmit
values {TLVs).
industrisl Hygiene Saelection snd monitoring of personal protective R R
clothing and squipment.
Calculation of doses and exposure levels; svalua- R R
tion of hazerds: selection of worker health snd
safety protective measures.
Rights snd Responsibiiities  Applicable provisions of Title 29 of the Code of ] R
of Workers Under OSHA Federal Regulations {the OSH Act).
Monitoring Equipment Functions. capabilities, selaction, uss, lmitations, R |
anvd mainienance.
Hazard Evalustion Technigues of sampling and assassment. R R
Evaluation of field and lab resuls. R R
Risk assessment. (v] R
Site Safety Plan Safa practices, safety brisfings and meetings. R R
Standard Operating Procadures, site safety map.
Stendard Operating Hands-on practice. R R
Procedures (50Ps) Development and complianca R f
Engineering Controls The use of bamiers, isclation, and distance to R
minimize hazards.
fersonal Protective Cloth-  Assignment, sizing, fit-testing, maintenance, use, R R
ing and Equipment (PPE] fimitations. and hands-on training.
Selaction of PPE. o R
Ergonomics. R
Medical Program Madical monitoring. first aid, strass recognition. R R
Advancad first aid, cardiopulmonary resuscitation R R
{CPR}; emargency drills.
Design, planning, and implementation.
Deacontamination Hands-on training using simulated field R R
conditions.
Design and maintenance. R R
Lagal and Reguistory Applicable satety snd health regulstions {OSHA, R R
Aspects EPA, atz.)
Emergencies R R

Emergancy help and self-rescue: amergency

:e:pamtnmm:fonowwimﬁuaﬂm
documentation.
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In addition to classroom instruction, general site workers
should engage in actual field activities under tha direct
suparvision of a trained, experiancad supervisor.

Some general site workers who may be exposed w
unigue hazards or who may occasionally supervise others
should receive additional training in the following subject
aress:
* Site surveillance
* Sita Safety Plan development.
* Use and decontamination of fully encapsulating
personal protective clothing and equipment.
* Use of mstruments to measure explosivity, radio-
activity, etc.
» Safe use of specialized squipment.
* Topics specific to identified site activities.

Onsite management and supervisors, such as Project
Teamn Leaders. who are responsibie for directing others,
should receive the same training as the general sits
workers for whom they are responsible, as well as addi-
tional treining to enhance their ability to provide guidance
snd maks informed dacisions. This additional training
should include:
* Management of hazardous waste site cleanup
operations.

* Management of the site work zones {see Chapter
8, Site Control).

* How to communicate with the press and local
COMmImunity.

Haaith and safaty staff with specific responsibilities for
health and safety guidance on site should be familiar with
the training provided to general site workers and their
supervisors, and should receive advanced training in
hesalth and safety issues, policies, and techniques.

Visitors to the site {including slected and appointed offi-
cials, reporters, senior-devel management, and other
interasted partiez) must also receive a brisfing on safety.
Thase visitors should not be permitted in the Exclusion
Zone {see Chapter 8, Site Controf) unless they have been
trained, fit-tested, and medically approved for respirator
use, All other visitors should not enter the Exclusion
Zone; rather, they should observe site conditions from the
clean ares, ag., using binoculars.

Record of Training

A record of training should be maintained in each
smployee’s parsonne! file to confirm that every person
assignad to a tazk has had adequate training for that
task, and that every employee’s training is up-to-data
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Introduction

Workers handling hazardous wastes can experience high
levels of stress. Their daily tasks may sxpose them to
toxic chemicals, safety hazards, biclogic hazards, and
radiation. They may develop heat stress while wearing
proteciive equipment of 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’ heatth 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 recommenda a medical evaluation for
employees required to wear a respirator {29 CFR Part
1910.134[bI101L. and certain OSHA standards inciude
specific medical requirements leg.. 28 CFR Part 1910.95
and 29 CFR Parts 1910.1001 through 1910.1045). Informa-
tion from a gite medical program may also be used 1o
conduct future epidemiological studies; to adjudicata
claims; to provide evidence in litigation; and to report
workers’ medical conditions to federal, state, and loca!
agencies, as required by law.

This chapter presents general guidelines for designing a
medicat program for personnel at hazardous waste sites.
It includes information and sample protocols for pre-
employment screening and periodic madical examina-
tions, guidelines for emergency and non-emergency treat-
mant, 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, es described elsewhere in this
manual. Medical surveillance should be used to comple-
ment other controls.

Developing a Program

A medica! program should be developed for sach site
based on the specific needs, location, and potential
exposures of employees at the sita. The program shoukd
be designed by an experienced occupational health plyysi-
cian or other qualified occupational health consuttant In
conjunction with the Site Safety Officer. Tha director of 8
sive medical program should be a physician whao is board-
certified in occupational medicine or a madical doctor
who has had axtensive axperisnce managing occupa-
tiona! health services. A director and/or examining physi-
cian with such gualifications may be difficult to find, dus
to the shortage of doctors tained in occypational medi-
cine in remote geographic areas where many hazardous
waste sites are located. i 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. Thess functions may also be per-
formed by a qualifhied Registered Nurse, preferably an
Occupational Health Nurse, under the direction of a suit-
ably qualified physician who hes responsibility for the
program.?

All medicel test analyses should be performed by a
laboratory that has demonstrated gatisfactory

mance in an established interlaboratory testing program
[1]. The clinical or diagnostic laboratory to which samples
are sent should meet sither {1} minimum requirements
under the Ciinical Laboratories Improvernent Act of 1987
(42 CFR Part 74 Subpart M Section 263[a)), or (2) the
conditions for coversge under Medicare These programs
are sdministered by the Health Care Financing Adminis-
tration (HCFA), US. Dapartment of Health and Human
Services {DHHS).

A site medical program should provide the following
components:
* Surweillanca:
Pre-employment screening.
Periodic medical examinations {and followup sxami-
nations when appropriate).
Termination examination.

& Treatment:

Emergency
Non-emergency (on a case-by-case basis)

* Recordkeaping.
* Program review,

Table §5-1 outlines a recommended medicsl program;
screening and examination protocols are described in the
following sections. These recommendations sre based on
known heatth risks for hazardous waste workers, a review
of available data on their exposures, and an assessment
of several astablished medical programe. Because condi-
tions and hazards vary considerably at each site, onfy
general guidelines are given.

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

' Cortified, state-ficansed {where required) Physician's Assistants
may also perform these examinations if a physician is aveilable
on the premises.
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Table 5-1. Recommended Medical Program

COMPONENT RECOMMENKDED OPTIONAL
Pre-Employment * Medical history, * Froezing pre-employment serum spacimen for later
Sareening *» Dccupational history. testing (mited W specific situtions, swa Baseling
o Physical inats Datn for Future Exposures in this chapter}
* Detormination of filness to work wearing
protective squipment.
* Baseline monitoring for specific sxposures.
Paclodic Madical * Yearly update of medical and occupational history; * Yoarly sesting with rostine medical tests.
Examinations yearly phytical axamination; testing basad on
(1} mamination nsults, (2) exposures, and (3) job
class and task.
* Moru frequent testing basad on specific axposurss.
Emargency * Provide emergency first aid on sita.
» Develop Raison with local hoepital and medice!
specialists.
* Ammange for decontamination of victims.
* Aurange in advance for transport of victime.
+ Transfer medical records; give details of incident
and madica! history o next cane provider.
Non-Emergency * Develop mechanism for non-amergency health
Treatment cara
Recordkaeping and » Maintain and provide access o medical acornds in
Review accordance with OSHA and state regulations.

* Report and record occupational injuries and
ilnesseas.

* Review Site Safety Pian regularly w determine if

additional tasting is needec.

= Review program periodically. Focus on curment site

standards.

safety, and is encouraged to express this commitment not
only by medical surveillance and treatment, but also
through management directives and informal encourage-
ment of employees 10 maintain good health through exer-
cise, proper diet, and avoidance of tobacco, slcohol shuse
and drug abusa In particular, management should:

* Urgs prospective employees to provide 8 complete
and detailed occupationsal and medical history.

¢ Assure employees of confidentiality.

# Require workers to report any suspected axposuras,
regardless of degree

* Require workers to being ary unusual phyzical or psy-
chological conditions 1o the physician’s attention.
Employee training should emphasize that vague dis-
turbances or gpparently minor complaints {such as
skin irritation or headaches) may be important.

When developing an individual program, site conditions
must be considered and the monétoring needs of each
worker should bs determined basad on the worker’s med-
ical and occupational history, as well as current anct
potential expozures on sita. The rutine job tasks of sach
worker should be considered. For instance, a heavy squip-
ment operator exposed to significant noise levels would
require a different monitoring protoco! from a field sample
collector with minimal noise exposure. Likewise, an
sdministrator may only need 3 pre-employment screening

for ability to wear personal protective equipment —if this
iz an occasional requirement —rather than & more compre-
honsive program.

The potential exposures that may occur at & sits must
also be considered. While it is oftsn impossible to identify
avery toxic substance that exists at each hazardous
wasta sits, certain types of hazardous substances or
chemicals are more likely to be present then others. Some
of thesa are:

* Aromatic hydrocarbons.

s Asbestos (or ssbestiform particies).

* Dioxin.

* Halogenated aliphatic hydrocarbons.

¢ Heavy metals.

* Harbicides.

* Organochlorine insecticides.

* Organophosphats and carbamam insscticides,
* Polychlorinated biphenyts (PCBx).

Table 5-2 lists these groups, with representative com-
poundis, usas, health sffects, and available medical
monitoring procadures.
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Table 5-2. Common Chemical Toxicants Found at Hazardous Waste Sites, Their Health Effects and Medical Monitoring
HAZARDOUS
SUBSTANCE
OR CHEMICAL
GROUP COMPOUNDS USES TARGET ORGANS PUTENTIAL HEALTH EFFECTS  MEDICAL MONITORING
Aromatic Benzene Commaercial Blood All cause: Occupstional/general
Hydrocerbons Ethyl benzene sotvents and Bone marmow CNS" depression: decreased medical history
inmermediates for alertness, h..ldo.n.cm sle:pi- emphasizing pror
Toluene synthesis inthe CNS* ness, lost of consciousnass,  SXPOSIE 10 these or
Xylena chemical and Eyes j tis. othar toxic sgents.
pharmaceutical  gagpiratory ¢ Medical examination
industries. wystemn B&\m\ewpp_t::'ses IX-N'IQ— with focys on liver, kid-
. marrow function, causing nervous system
Skin bliood changes. Chronig m' skin. :
Liver aposure ¢an cause leukemia, .
. Laboratory testing:
Kidnay Note: Becausa other aromatic
hydrocarbons may be contami-  CBC®
nated with benzane during dis- Platelet count
tillation, henzene-related heahth .
effects shoukd be considered oo e pon ot ey
when axposura 1o any of thess .
agents is suspectsd.
Ashestos [or A vanety of Lungs Chyonic effects: History and physical
ssbestiform ndustrial uses, Gastrointestinal cance examination should
particies) inthuding: systam e Lung i ) focus on the lungs and
Building Mesothe '°" na pastrointestinal system.
Construction Asbestosis Laboratory tests should
Gastrointestingl malignancies  include a stool test for
Cement work ocoult blood svaluation
) Asbestos exposurne coupled -
Insulation with cigarette smoking has s a check iorpowble
Fireproofing been shown 10 have a hidden gastraintastinal
Pipes and synergistic effect in the mafignancy.
ducts Tor development of lung cancer. A high quality chest
water, air, and X-ray and pulmonary
chemicals function test may halp
] o identify long-term
Automobile changes sssocisted
brake pads with asbestos disesses;
and linings howwever, aarly identifi-
cation of low-dose
axposure is unlikely,
Digxin {see
Harbicides)
Hualogenated Carbon Commercial CN5e All cause: Qccupational/genersl
Aliphatic tetrachlaride sotvents and Kidney CNS?® depression: decrassed  "hedical history
Hydrocarbons Chioroform intermediates in . alertness Mﬂ:,o:cm fee smphasizing prior
€ ) organic Liver sleepiness, loss ol sxpasure 1o these or
thyt ;‘I’m_'d" synthesis, Skin CONSCIOUSNESS. other toxic agents.
Ethw chloride i . Medical sxamination
Ki : od
Ethyiene dibromide um?mi,;‘;"“” with focus on liver,
Ethylene dichloride laspecially sround eyas), kidney, nervous system,
Methyl chioride angmia. and skin. .
Methyl chloroform Liver changas: fatigus, ?wa,:dm:ﬁ? g for
. malaisa, dark urine, liver ver & oy
Methylene chioride enlargement, jaundice. function: carboxyhemo-
Tetrachioroethans Viewy! chioride is 8 known globin whare relevant.
Tetrachloroethylene carcinogon; several othars in
{perchioroethylenal this group are potential
Trichloroathylane carcinogans.

Virryl chioride
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Table B-2. (cont.)

HAZARDOUS
SUBSTANCE
OR CHEMICAL -
GROUP COMPOUNDS USES TARGET ORGANS POTENTIAL HEAITH EFFECTS  MEDICAL MONITORING
Hewvy Matals  Arsanic Wide variety of  Multipie organs All are ttxic mn the kidneys. History-taking and
Beryti industrial and and systems Each heavy matal P phiysical sxam; sssrch
um commarcial including: mqmmmmﬂu for symptom clusters
Cadmiumn uses. " associsted with i
) Biood For sxampla, lead causes specific
Chromium decressed mental ability, matsl exposure, ag., for
Laad ; ¥ waskness lsspecially hands),  16ad look for neurciogi-
Gastrointestinal -
Marcury hesdache, shdominsl cramps,  ©M deficit. snemia, and
Kicney diarthes, and anemis. Loed can  BBSITDINTEItng!
Liver also sffect the blood-forming ~ FYMPtoms,
mechanism, kidnevs, and the Laborrtory msting
Lung peripheral nervous system. Mazsursments of
Chse Long-term affectss also vary. metallic content n
Skin Laad oxicity can cause perma- blood, wrine, and tis-
nant kidney and brain damage; sues lng., blood lead
cadmium can cause kidney or hevel; wrioa screen for
hmg disasse Chromium, beryl- ANENNC, MMCLry,
um, arsenic, and cadrmium chromeum, snd
harve bean implicatad s human cadmaam).
CRICINDgens. CBCh
Measurement of
kidney function, and
Kver function whers
elevant.
Chest X-ray or
pulmonary function
Haerbicides Chiorophencxy Vegetation Kudney Chiorophenoxy compounds can  History and physical
compounds: control Liver couss chioracne, weakness or  exam should focus on
2 a-dichior- . rumbness of the ams and the skin and nervous
. CN_S logs, and may result in system.
acid (2.4-D) Skin fong-term: nevve damage. Laboratory tests
2.4 5-trichlors- Diuxi'lmdﬂomc_mmd include:
phanoxyacatic may aggravals pre-axisting iver o rement of Gver
acid (2,4,6T) and kidney disesses. and Lidoey function,
Doxin ftetrachioro- where selevant.
dibenzo-p-dioxin, Urinalysis.
TCOD), which
DCCUTS &6 & trace
conteminant n
these compounds,
poses the most
serious health risk.
Orgsnochloring  Chiorinated Past control. Kidney Al cause acute sympioms of  History and physical
nsecticides  ethanes: Liver spprehension, iritability, dizzi-  exam should focus on
DoT CNS mu.diﬂubodm"librm the narvous system.
Cyelod tremor, and convulsiont. Laboratory tests
Aldrin Cydodierﬁnuyc-se nchude:
- comnvulsions without sy other Measurgment of
Dieddrin wutial symptoms. kidney end kiver
Endrin Chicrocyciohexanes can cause function.
anemia. Cyclodienss and CBC® for axposure
o ot chiorocyciohexanes cause ver MM“
mxicity anc CAN ChULA
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Table §-2. {cont.)
HAZARDOUS
SUBSTANCE
OR CHEMICAL
GRQUP COMPOUNDS USES TARGEY ORGANS POTENTIAL HEALTH EFFECTS  MEDICAL MONITORING
Orgeno- Drganophosphate:  Pest control. CNSe All cmsse & chain of internat Physical exarm should
phosphats gnd Diazinon Liver reactions leading to neuro- focus on the nervous
Carbamate ) , muscular blockage Depending  system.
Insscticidas Dichiorovos Kidney on the extent of Poisoning, ould
. poisoning Laboratory tests sh
Dirnethoate m symptoms rmgi:z from include:
“Fichlorfon . “I':ss'.lr‘ gl_ '1 and :;“ng' RBCY cholinestarase
Malathion profuse swesting, nausea, levals for recent
Mathyl parsthion vomiting. cremps, and diarrtheg  =XPosure iplasma
. 0 W nthe m cholinestarass for
Parathion e . 1
) muscle twitching, and siowing acuts axposumes].
Corbamats: of the heartbest. Severe cases Measurement of
Aldicart may result in rapid onset of delayee neurptmacity
Baygon unconsciousness snd ssizures. and other sfiects.
A delaysd sffect may ba weak-
Zoctran ness snd numbness in the feet
amg hands. Long-term, parma-
nent nerve damaga is possible,
Polychiorinated Wide variety of  Liver Various skin ailments, including Physical exam should
Biphenyls industrial uses.  cpnea chloracne; may cause liver focus on the skin and
Respiratory amvwmals Laboratory msts
system {speculstive) inchude:
Skin Serum PCB levels.
Trighycerides and.
cholesterol.
Maasurement of ver
function.

SCNS = Cantral Narvous systam

WCBC = Complate bjood count.

“Long-term effacts generaily manifest in 10 to 30 yesrs.
#RSC = Red blood count.

In compiling a testing protocol, bear in mind that standard
occupstional medical tests weve developed in factories
and other enclosed industrial environments, and wers
basad on the presenca of specific identifiabls toxic
chemicalz and the possibility of a significant degree of
exposura. Some of thasa tasts may not be totally appro-
priste for hazardous wasts sites, since available data sug-
gest that site workers have low-level axposures to many
chemicals concurrently. plus brief high-leve! exposure to
some chemicals {2]. In addition, most tasting recommen-
dations, even thase for specific taxic substances, have
not bean critically evaluated for efficacy.

Another important factor to consider is that risk can vary,
not only with the type, amount and duration of exposurs,
but also with individual factors such ss age, sex, weight,
stress, dist, susceptibility to allergic-type reactions, medi-
cations taken, and offsits exposures (eg., in hobbies such
a3 furniture refinishing and automaotive body work).

Pre-Employment Screening
Pre-semployment screening has two major functions:
{1) determination of an individual's fitness for duty,
inctuding the ability to work while wearing pratective

esquipmeant, and {2] provision of baseline data for compari-
son with future medical data. Thesa functions are dis-
cussed below. In addition, 8 semple pre-employrment
examination is described,

Determination of Fiiness for Duty

Workers at hazardous waste sites are often required to
perform strenuous tasks (e.g.. moving 55-gailon drums)
and wear personal protective equipment, such as respira-
tors and protective clothing, that may cause haat stress
and other probiems (see Chapter 8 for details). To anzure
that prospective employees are able to mesat work require-
ments, the pre-employment scresning should focus on
thae following araas:

Occupeational and Medical History
o Make sure the worker fills out an occupational and
medical history questionnaire Review the guestion-
naire bafore sesing the worker. In the exsmining
room, discuss tha quastonnaire with tha worker,
paying spacial attention to prior occupational
axposures to chemical and physical hazards.

* Revioew past ilinessas and chronic diseases, partic-
ularly atopic diseases such as ecrema snd
asthma, lung dizsases, end cardiovasculer dissssa
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s Raview symptoms, especially shortness of breath
or labored breathing on exertion, other chronic
rezpirztory symptoms, chest pain, high blood pres-
sure, and hast intolarance.

» jdentify individuals who are vuinerable to particu-
lar substances (eg.. someone with 8 history of
severs ssthmatic reaction to s specific chemical).

* Racord relevent kfestyle habits {eg. cigaretts
smoking, sicohot and drug use) and hobbies.

Piryaical Examination

* Conduct a comprehensive physical examination of
sl body organs, focussing on the puimonary,
candiovascular, snd musculoskaietal systems.

* Note conditions that could increase susceptibility
10 heat stroka, such sz obesity and lack of physi-
cal mercisa

* Nots conditions that could affect respirator use,
such as missing or arthritic fingers. facial scars,
dertures, poor syesight; or perforated ear drums.

Ablity to Work Whilks Protective Equipment (3]

* Dizqualify individuals who ars clearly unabls to
perform based on the medical history and physica!
wam {eg., those with severs lung dizaase, heart
disease, or back or orthopedic problems).

¢ Note Emitations conceming the worker’s sbility to
use protective equipment {ag., individuals who
must wear contact lenses cannot wear full-
facepiace respirators).

* Provide additional testing (eg.. chest X—rey, pulmo-
nary function testing, slectrocardiogram) for abil-
ity to wear protactive squipment whers necessary.

* Basa the determination on the individual worker's
profila {eg., medical history and physical axam,
8ge. previous exposures and tasting).

* Make & written sssessment of the worker's capac-
ity to parform while wearing a respirator, if wear-

ing a respirator is & job requirement. Nots that the
(OSHA)} respirator standard (29 CFR Part 1910.134)
states that no smployee should be assigned to a
task that requires the usa of a respirator unless it
has been determined that tha person is physically
able o perform under such conditions.

Basaline Data for Future Exposures

Pre-smployment screening can be used to establish base-
Sine data to subsequently verify the efficacy of protective
measures and to later determine if exposures heve
adversely affectod the worker. Baseline testing may
ilcludeboﬂ'mtedicalmmngmmbuologicnm
toring tests. The latter (ag., blood lead level) may be use-
ful for ascertaining pre-exposure levels of specific
substances to which the worker may be exposed and for
which reliable tests are svailable. Given the problem in
predicting significant sxposuras for these workers, there
ars no clear guidelines for preacribing spacific tests. The
following approach identifies the types of tests that may
be indicatad:

® A battery of testz basad on the worker’s past
occupational and medical history and an sssessment
of significant potential exposuras. See Tabls 5-3 for
examples of tests frequently performed by occupa-

« Standard established testing for specific toxicants in
situstions where workers may receive significant
exposures to thess agents. For example, long-termn
axposure during cleanup of a polychiorinated
biphenyls (PCB} waste facility can be monitored with
pre-employment snd periodic serum PCB testing [41.
Standard procedures are svailable for determining
levela of other substances, eg., lead, cadmium,
ersenic, and organophosphate pesticides.

* Whers applicable, pre-employment blood specimens
and serum frozen for later testing. (PCEs and some
pesticides are examples of agents smenabie to such
monitoring.}

Table §-3. Tests Fraquently Performed by Occupational Physicians

FUNCTION TEST EXAMPLE

Liver:

Ganarsl Biood tests Total protein, albumin, giobulin, total bifirubin {direct bifirubin i wtal is sevatad).

Obstruction Enzyme est  AXaline phosphatasa,

Coll Inkxy Enzyms mets Gamma ghutamy] ttanspeptidass (GGTP). lactic delrydrogenase (LDH), serum ghitamic-
aaloscetic ransaminese (SGOT), serum ghuitamic-pyTuvic trenssmingss (SGPT).

Seneral Blocd msts  Biood urea nitrogen {BUN), creatinine, uric scid.

Multdple Systems Urinalysis Inchuding color; appearance; specific gravity; pH: qualitstive glucoss, protein, bite. snd sce-

and Ovgans tone; occult blood; microscopic axamination of centrifuged sediment.

Moad-Forming Function  Blood sts  Compiste blood count (CBC) with Sifferentisl snd pistelet svalustion, including whits call
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Sample Pre-Employmant Examination

Occupational and Medical History
= Do a compiete medical history emphasizing these
systemns: nervous, skin, lung, blood-forming. cardi-
ovascular, gastrointestinal, genitourinary, reproduc-
tive. ear, nose, and throat.

Physical Examination
Include at laast the following:

* Height, weight, temperature, pulse, raspiration, and
blood prassura

#* Head, noss, and throat.

» Eyes. Include vision tests that measura refraction,
depth perception, and color vision. Thase tests
should be administered by a qualified technician or
physician. Vision quality is essential to safety, the
accurate reading of instruments and labels, the avoid-
ance of physical harards, and for appropriata
responge to color-coded labels and signals.

¢ Ears. Include sudiometric tests, performed at 500,
1,000, 2,000, 3,000, 4,000, and 6,000 hertr {H2}
pura tona in an approved booth [see requirements
listed In 20 CFR Fart 1910.95, Appendix D). Tests
should be administered by a qualified technician, and
results read by a certified sudiclogist or a physician
familiar with audiometric evaluation. The integrity of
the eardrum should be established since perforated
eardrums can provide a routs of entry for chemicals
into the body. The physician avaluating employees
with perforated eardrums should congider the
snvironmenta! conditions of the job and discuss pos-
aible specific safety controls with the Site Safety
Officer, industrial hygienist, and/or other health
professionals before deciding whether such
individuals can safely work on site.

* Chest theart and lungs).

* Peripheral vascular system.

* Abdomen and rectum (including hemia axam).

*» Spine and other components of the musculoskeletal
system.

* Genitourinary system.

& Skin.

* Narvous system.

Tosts

= Blood.

® Urine.

* A 14 x 17-inch posteriorfanterior view chest Xy,
with lateral or oblique views onty if indicated or if
mandatad by state regulations. The X-ray should be
taken by a certified radiology technician and inter-
pretad by a board-certified or board-eligible radiol-
ogist. Chast X-rays taken in the {ast 12-mornth period,
as well a3 the oidest chest X-ray available, should be
obtained and used for comparison. Chest X-rays
should not be repeated more than once a year, unless
otherwise determined by the examining physician.

Ability to Perform While Weaering Protective Equipment
To determine a worker's capacity to parformn while wear-

ing protective equipment, additional tests may be neces-
sary, for example:

* Pulmonary function testing. Measurement should
include forced expiratory volume in 1 second (FEVA),
forced vital capacity {FVC), and FEV; —to-FVC ratio,
with interpretation and comparison to normal
predicted values comected for age, height, race, and
sex. Other factors such as FEF, MEFR, MVV, 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 resufts
interpreted by a physician.

» Electrocardiogram (EKG). At least one standard,
124ead resting EKG should be performed at the dis-
cretion of the physician. A “’stress test’” (graded
exercisa] may be administersed at the discretion of the
examining physician, particularly where heat stress
may occur.

Basslina Monitoring

if 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

Periodic Screaning

Pericdic medical examinations should be developed and
used in conjunction with pre-employmeant screening
examinations. Comparison of sequantial medical reports
with baseling data is essential to determine biologic
trends that may mark early signs of adverse health
effects, and thereby facilitate appropriate protective
mMeasures.

The frequency and content of examinations will vary,
depending on the nature of the work and exposures.
Genenally, medical examinations have been recommended
at least yearly. More frequent examinations may be
necessary, depending on the extent of potential or actuat
exposure, the type of chemicals involved, the duration of
the work assignment, and the individual worker's profile
fFor example, workers participating in the cleanup of a
PCB-contaminated building were initially examined
maonthly for serum PCB levels. Review of the data from
the first few months revealed no appreciable evidence of
PCE exposure. The frequency of PCB testing was then
reduced [4], Periodic screening exams can include:

* Interval medical history, focusing on changes in
health status, fllnasses, and possible work-relatad
symptoms. Tha axamining 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 genera! information on possible exposures at
previously worked sites.

= Physical examination.

* FEF = forcad axpiratory flow; MEFR = maximal expiratory flow
rato; MYV = maximal volumary ventilation; FRC = functional
residual capacity; RV = residual volume; TLC = total Wung
capsacity.
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* Additional medical testing, depending on available
exposure information, medical history, and examina-
tion resuhts. Testing should be specific for tha pas-
sible medical effects of the worker's axposure.
Multiple testing for a large range of potantial
exposures is not always usaful; it may involve inva-
sive procedures (eg., tissue biopsy), be mxpensive,
and may produce false-pesitive results.

Pulmonary function tests should be administered if
the individual uses a respirator, has been or may be
exposed to irritating or toxic substances, or if the
individual has breathing difficulties, especially
when wearing a respirator.
Avdiometric tasts. Anhual retests are required for
personnel subject to high noiss exposures {an
8-hour, time-weighted average of 85 dBA' or more),
those required to wear haaring protection, or as
otherwise indicated.

Vision tests. Annual retests are recommended to
check for vision degradation.

Sample Perlodic Medical Examination

The basic periodic medical examination is the same as
the pre-employment screening isee pravious section,
Sample Pre-Employment Examination), modified accord-
ing o current conditions, such 8s changes in the worker's
symptomas, site hazards, or exposures.

Termination Examination

At the end of employment at 8 hazardous waste site, afl
personnel should have a madical examination as
described in the previous sections (see Sampie Pre-
Employment Examination). This examination may be
Emitad to obtaining an interval medical history of the
period since the fast full examination (consisting of medi-
cal history, physical axamination, and laboratory tests) if
all three following conditions are met:

* The last full medical examination was within ths last

& months,

* No exposure occurred sinca the last examination.

* No symptoms sssociated with sxposure occurred
since the last axamination.

H any of thase criteria are not met, a full examination is
medically necessary at the termination of amployment.

Emergency Treatment

Provisions for smergency treatment and acute non-
emergency treatmant should be made at each site.
Preplamning is vital.

When developing plans, procedures, and equipment lists,
the range of actual and potential hazards specific to the
site should be considerad, including chemical, physical
{such as heat and/or cold strass, falls and trips). and bio-
logic hazards lanimal bites and plant poisoning as well as
hazardous biological wastes). Not only site workers, but

' dBA = decibels on A-weighted acale (29 CFR Part 1970.95).

slso contractors, visitors, and other personnel (particu-
larly firefighters] may require emergency treatment.

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

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

= Train parsonnel in emergency decontamination proce-
dures in coordination with the Emergency Response
Man isse Chapter 12 for details).

* Predesignate roles and responsibilities to be assumed
by personnel in an emergency.

* Establish an emergency/first-aid station on site, cap-
able of providing (1) stabilization for patienta requiring
offsite treatment, and {2) general first aid {e.g., minor
cuts, sprains, abrasions).

Locate the station in the ¢lean area adjacent to the
decontamination area to facilitate emergency
decontamination.

Provide a standard first-aid kit or equivalent sup-
plies, plus additional items such as emergency/del-
uge showers, stretchers, portable water, ice.
emergency eyewash, decontamination solutions,
and hre-extinguishing blankets.

Rastock supplies and equipment immediately after
each use and check them regularly.

= Amrange for a physician who can be paged on a
24-hour basis.

= Set up an on-call team of medical specialists for
emergsncy consultations. eg., 8 tixicologist, derma-
tologist, hernatologist, allergist, opthalmologist,
cardiologist, and neurologist.

* Establish a protocol for monitoring heat stress {see
Monitoring section of Chapter 8).

= Make plans in advance for emergency transportation

to, treatment at. and contamination control proce-

dures for a nearby medical facility.
Educate local emergency transport and hospital
personnel about passible medical problems on site;
types of hazards and their consequences; potential
for exposura; scope and function of the site medi-
cal program.
Azsist the haspital in developing procedures for
site-related smergencies. This will help to protect
hospital personnel and patients, and to minimize
delays due o concemns about hospital safety or
contamination.
For specific ilinesses or injuries, provide details of
the incident and the worker’s past medical history
to the appropriate hospital staff. This is especially
crucial when specific medical treatment is required,
ag., for axposure to cyanide or organophosphate
pesticides.
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Tabls 5-4. Signs and Symptoms of Chemical Exposure and
Heat Stress that indicate Potential
Medical Emergencies

TYPE OF HAZARD  SIGNS AND SYMPTOMS

Chemical Hazard Behavioral changes

Breathing difficulties

Changes in complexion or skin color
Coordination difficulties

Coughing

Dizziness

Dvoaling

Diarrhea

Fatigue and/or weakness

rritability

leritation of eyes, noss, respiratory tract, skin,

or thioat

Headache
Light-hwadedness
Nausaa

Srwezing

Sweating

Taaring

Tightness in the chest

Heat Exhaustion

Heat rash
Light-headedness
Nausea

Prafuss sweating
Slurred spoech
Weaak pulse

Heat Stooke
{may be fatal)

Confusion

Comvulsions

Hot skin, high temperaturs {yet may feel
chilled)

Incoherent spoech

Covvulsions

Staggering gait

Sweating stops fyet residual sweat may be
present)

Unconsciousness

Depending on the site’s location and potential hazards, it
may be important to identify additional medical facilities
capable of sophisticated response to chemical or other
AXPOSUres.

* Post conspicuously {with duplicates near the tefe-

phones) tha names, phons numbers, addressas,
and procedursa for contacting:

On-call physicians.
Medical specialists.
Ambulance sarvices.
Medical facilitylies).
Emergency. fire, and police services.
Poizon control hotlina
* Provide maps and directions.

* Make sure at least all managers and all individuals
involved in medical response know the way to the
nearest emergency medical facility.

« Extablish B radiocommunication systam for emer-
gency use.

= Review amergency procadures daily with all aite
mmmwmmcﬁngsbefombcgimingﬂu
work shi

Non-Emergency Treatment

Arrangsments should be made for non-emergency medi-
cal care for hazardous waste site workers who are
experiencing heasith effects resulting from an exposure to
hazardous substances. In conjunction with the medical
surveillance program, offsite medical cars should ensure
that any potential job-retsted symptoms or Mnesses are
evaluated in the context of the worker’'s exposum, Offsite
maedical personnel should alsa investigate and treat non-
job-related illnesses that may put the worker st risk
because of task requirements (eg.. » bad cold or flu that
might nterfere with respirator use). A copy of the
worker's medical records should be kept at the site (with
provisions for security and confidentiality) and, when
appropriate, at a nearby bhospital. Treating physiciansg
should have access to thése records.

Medical Records

Proper recordkeeping is essential st hazardous waste
sites because of the nature of the work and riska:
smployeas may work at a large number of geographically
separate sites during their careers, and adverse affects of
long-term exposure may not bacoms apparent for many
years. Records enabla subsaquent medical care providers
1o be informed about workers” previous and curment
exposures.

+ Occupaticnal Safety snd Heelth Administretion (OSHA)

regulations mandate that, unless a specific occupstional
safety and health standard provides a different time
period, the smployer must:

+ Mzintain and preserve medical records on exposed

workers for 30 years after they laave employment
{29 CFA Part 1810.20).
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* Make svailable to workers, their suthorized reprasen-
tatives. and authorized OSHA representatives the
results of medical testing and full medical records
and anslyzes {29 CFR Part 1910.20).

¢ Maintain records of occupational injuries and #l-
nesses and post a yearly summary report {29 CFR
Part 1904).

Program Review

Regular evaluation of the medical program is important to
answe its effectivenass. Maintenance and review of medi-
cal recorde and tast results aid medical personnesl, site
officers, and the parent company and/or agency managers
in assassing the sffectiveness of the health and asfety
program. The Site Safety Officer, medical consuitant,
and/or managsmert representative should, st least
snnually:

= Ascertain that each accident or fliness was
promptly investigated to determine the cause and
maeke necessary changes in health and safsty
procedures.

* Evaluate the sificacy of spacific madical testing in
the comntext of potential site exposures.

* Add or delate madical ests as suggestad by cur-
rent industrial hygiens and environmental data.

* Review potential exposures and Site Safety Plans
at all sites to determine if additionsl testing is
required.

* Review smergency treatment procedures and
update lists of emergency contacts.

Refarences
1. Proficiency Testing Programs

Division of Technology Evaluation and Assistance
Laboratory Program Office

Center for Dizease Control

Atlanta, GA 30333

Collegs of American Pathologists
7400 N. Skokie Biwd.

Skokie, IL 80077

Amaerican Associstion for Bicanalysts
205 W. Lavee Street

Brownsville, TX 78520

2. Costello, R.J. 1983, LS. Environmantal Protection
Agency Triengle Chemical Site, Bridge City, Texas.
NIOSH Heatth Hazard Evaluations Determination
Report, HETA 83-417-1357.

3. ANS.. 1984. American National Standard for Respira-
tory Protection. ANS] ZB8.6-1984. American National
Standards institute, 1430 Broadway, New York, NY
10018.

4. Gleit, A; Cohen, AG.; Chase, KH.; snd J. Toth. 1985,
Summary Report of the Medical Surveillance Program
for the Binghamton State Office Building Decontami-
nation Projact. Prepared for Varsar New York, Inc.



L ]

6. Site Characterization

Contents

introduction 61

Offsite Charactenzation &1
Intarview/Records Resaarch B8-1
Perimeatar Reconnaiszancs 8-2
Protection of Entry Personnel 6-2

Onsite Survey 8-2
Information Documentation 64

Hazard Assessment 6-5
Threshold Limit Velua (TLV) 6-5
Permissible Exposure Limit (PEL) 65
Recormmended Exposure Limit (REL) 8-6
IDLH Concentrations 6-6
Potential Skin Absorption and Irritation 6-6
Potentizl Eye kritation 68
Explosion and Flammability Ranges 68
Hazardous Substance Information Form &7
Monitoring 6-8
References 68

Introduction

Site characterization provides the information needed t
identify site hazards and 10 select worker protection
methods. The more accurate, detailed, end comprehen-
sive the information available abourt a site, the more the
protective measures can be tailored to tha actual hazards
that workers may encounter.

The person with primary responsibility for site characteri-
zation and assessment is the Project Tesm Loader. in .
addition, outside axperts, such as chemists, health physi-
cists, ndustrial hygienists, and toxicologists, may ba
needed to accurately and fully intempret afl the svailable
information on site conditions.

Site characterization generally proceeds in three pheses:
* Prior to site entry. conduct affsite charactsrization:
gather information awsy from the site and conduct
reconnaissance from the site perimeter.

* Next, conduct onsite surveys. During this phase,
rastrict site antry t0 reconnaissance personnel.

* Once the site has been determined safe for com-
mencement of other activities, perform ongoing
monitoring to provide a continuous source of infor-
mation sbout site conditions.

h is important to recognize that site characterization is a
continuous process. At each phase of site characteriza-
tion, information shoukd be obtained snd evaluated o
define the hazards that the site may pose. This assess-
ment can then be used 1o develop a safety and healtth
pian for tha next phass of work. in addition to the formal
information gatharing that takes place during the phasas
of site characterization described hare, all site parsonne!
should be constantly alert for new information about site
conditions.

The sactions balow detail tha three phazas of site charac-
terization and provide a general guide which should be
adapted to meset the specific situation. Within sach phass
of information gathering, tha most appropriate sequence
of steps should be determined, particularly if there are
time or budget considerations that imit the scope of the
work. Wherever possible, all information sources should
ba pursued.

Offsite Characterization

As much information as possible should be obrained
before site antry so that the hazards can ba svalusted and
preliminary comtrols instituted to protect nitial entry per-
sonnel. inftial information-gathering missions should
focus on identifying all potantial or suspected conditions
that may pose inhalation hazards that are immediataly
dangerous to fe or health (IDLH)' or other conditions
that may cause death or serious harm {see Table 6-1).

Ofisite information can be obtainad by two meathods:
imerview/records resaarch and parimeter reconnaissanca

Table 6-1. Visible Indicators of Potential IDLH and Other
Dangerous Conditions

* Large containers or tanks that must be entered.

= Enciosad spaces such »s buildings or trenches that must be
smtered.

* Potentialty axplosive or flammabls shruations (ndicated by bulging
drums, sffervescence, gas gensration, or instrumeant readings).

* Extrerncly hazamous materials (such as cysnide, phosgens, or
radigtion sources).

* Vigible vapor clouds.

= Aress whers bialogical indicetors isuch as dead snimals or
vegatation) are located.

iInterview/Records Ressarch

As much data as possible should be coflected befors any
personnel go on site. Whers possibla, tha following infor-
mation should be obtained:

» Exact location of the site.

* Deatailed description of the activity that occumed at
the sita

« Duration of the activity.

* Meteorologic data, eg., current weather end forecast,
prevailing wind direction, precipitation levels, temper-
ature profiles.

* Terrain, ag., historical and current site maps, site pho-
tographs, aerial photographs, US. Geological Survey

topographic quadrangle maps, land use maps, and
land cover maps.

DLH conditions refer to inhalation hazards (see section on JDLH
Concentrations later in this chapiter).



62 Site Characterization

* Geologic and hydrologic data.

* Habitation — population centers, population at risk.
* Accessibility by air and roads.

* Pathways of dispersion.

= Prasent status of response and who has responded.

* Hazardous substances involved and their chemical
and physical properties. Information sources include;

Comparny records, receipts, logbooks, or ledgers.
Records from state and federal pollution controf
regulatory and enforcement agencies, state Attor-
ney General’s office, state occupational safety and
heatth agencies, state Fire Marshal's office.
Waste storage inventories and manifests or ship-
ping papers.

interviews with peisonnel and their families {all
interview information should be verified).
Genarator 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),

Local fire and police department records.

Court records.

UHility company records.
Media reports {verify all information from the
media).

= Previcus surveying (including soil, ground-penetrating
radar, and magnetometer surveys), sampling, and
monitoring data.

Perimeter Reconmaissancs

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 poflutants 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 m the
preliminary evaluation. Perimeter reconnaissance of a site
should involve the following actions:

* Dewvelop a preliminary site map, with the locations of
buildings, containers, mpoundments, 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 upkft in disturbed areas or paved sur-
faces, or modifications in grade.

Changes in vegetation around buildings.

Changes in traffic pattems at the site

* Note any labels, markings, or placards on containers
or wehicles.

* Note the amount of detaricration or damage of con-
tainers or vehicles.

= Note arry biologic indicators, such as dead animals or
plants.

s 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
Chaptar 7, Air Monitoring) for:

Yoxic substances.
Combustible and flammable gases or vapors.
Oxygen deficiency.
lonizing radiation.
Specific materials, if known.
* Note any unusual odors.

* Collect and analyze offsite samples, including (see
reference [1) for methods):
Soil.
Orinking water.
Ground water,
Site run-off.
Surface water.

Protection of Entry Personnel

The information from interview/records research and
perimeter reconngissance 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 conditions, 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 leve! of protection may be less
stringent than if containers are 10 be opened and samples
taken. {Chapter B, 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 further identified and the most appropriate protec-
tive clothing and equipment chosan. Level B equipment is
described in Table B-7, Chapter B.

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 ofisite characterization should be
used to develop a Site Safety Plan for site sntry that
addresses the work 1o be sccomplished and prescribes
the procedures to protect the health and safety of the
entry team. Priorities should be established for hazard
assassment and site activities after careful eveluation of
probable conditions. Because team members may be
emtering a largely unknown environment, caution and
conservative actions ane sppropriate. The composition of
the entry team depends on the sita characteristics but
should always consist of st least four persons: two
workers who will entar the site and two outsida support
persons, suited in personal protective equipment snd pre-
pared 1o anter the site in caze of amergency. Upon enter-
ing the site, entry personne! should:

* Monitor the air for IDLH and other conditions thet
may causa death or serious harm {combustibie or
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As part of site characterization, workers suited in Level A
protective ensembles work in pairs when nvestigating
confined spaces.

axplosive atmospheres, oxygen deficiency, toxic sub-
stancas). Chapter 7 provides detailled information on
air monitoring.

= Monitor for ionizing radiation. Survey for gamma and
beta radiation with a Geiger-Mueller detection tube or
= gamma scintillation tube; if alpha radiation is
expected, use a proportonal counter,

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

Any indication of I1DLH hazards or other dangerous condi-
tions should be regarded as a sign to proceed with cam
and deliberation. Extreme caution should be exercised in
continuing the site survey when such hazards are indi-
cated. Tabla 6-2 provides some basic guidelinas for
decision-making. if IDLH or other dangsmus conditions
ara not presant, ot if proper precautions can be taken,
continua the survey:

* Conduct further air monitoring as necessary (see
Chapter 7).
* Note the types of containers, impoundments, or other
storage systerns:
Paper or wood packages.
Metal or plastic bamels or drums.
Underground tanke.
Aboveground tenks.
Compressed gas cylinders.
Pits, ponds, or lagoons.
Other.
s Note the condition of waste containers and storage
systems:
Sound (undamagedi.
Visibly tusted or comoded.
Leaking.
Bulging.
Types and quantities of materia! in containers,
Labeals on containers indicating comosive, explosive,
flammab'e, radicactive, or toxic materials.

« Note the physical condition of the materials:

Gas, liquid, or solid.
Color snd turbidity.
Behavior, eg., comroding, foaming. or vaporizing.
Conditions conducive to splash or contact.
¢ ldentity natural wind barriers:
Buildings.
Hills.
Tanks.
» Determine the potential pathways of dispersion:
Air.
Biclogic routes, such as animals and food chains.
Ground water.
Land surface.
Surface water.

= if necessary, usa one or mote of the following

remote sensing or subsurface invastigative
methods to locats buried wastes of contaminant
plumes:

Electromagnetic resistivity.

Seismic refraction.

Magnetometry.

Metal detection.

Ground-penetrating redar.

= Note any indicators of potential exposure to haz-
ardous substances:
Dead fish, animals or vegetation.
Dust or spray in the air.
Fissures of cracks in solid surfacas that axpose
deep waste layers.
Pools of liquid.
Foams or oils on liquid surfaces.
Gas generation or effervescences.
Deteriorating containers.
Cleared land areas or possible landfilled areas.

» Note any safety hazards. Consider:
Conditiona of site structures.
Obstaclas 10 entry and exit.
Yertain homogeneity.

Terrain stabiiity.
Stability of stacked material.

» dantify any reactive, incompatible, flammable, or
highly corrosive wastes,

# Note land featums.

= Note the pressnce of any potential naturally occur-
ring gkin irritants or dermatitis-inducing agents, for
example: '
Poison ivy.
Poizon oak.
Poizon sumac.
= Note any tags, Inbels, markings, or ather identify-
ing indicatora.
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Table 8-2. Guidelines for Some Atmospheric Hazardse

HAZARD: MONITORING EQUIPMENT® MEASURED LEVEL ACTION
Explosive Combustible gas Indicatey < 10% LELY Continue investigation.
stmosphers 10%-25% LEL Continue onsita monitoring with extreme caution as higher
tovels are ancountered.
>25% LEL Expiosion harard. Withdraw from asea immediataty.
Oxygen Oxygen concentration <19.5% Monitor wearing seif-contained breathing spparstus.
mater NOTE: Combustible gas madings ars not valld in atrnospherss
with «<19.5% oxygen.
19.6%-25% Continue investigation with caution. Deviation from normal
lovel may be dus to the presence of other substances.
>25% Fira hazard potential. Discontinue investigation. Consult a fire
safety specialist.
Radistion Radiation survey squipment = 2 mrem/href Radiztion above background levels inomally 0.01-0,02

mram/hr)e gignifies the possibla presence of radistion
thorough monitoring. Consuht with a haatth phaysicist.

>2 mwem/hr Potential adiation hazard. Evacuate site. Continue investigs-
tion only upon the advice of a haalth physicist.
Inorganic and organic  Colorimetric tubss Dapot_\dsnn Consult standard reference manuals for air concentra-

peses and vepors

tionHoxicity date. Action level depends on PEL/REL/TIV.R

Consult standard reference manuals for sir concentrs-
ton/txicity data. Action level depends on PEL/REL/TLV.h

*Based an Standard Operating Guides. US EPA. December, 1984.

"These are general classes of hazards. Not all componants of these classes can be measured.

wmmﬁmmmmmmwﬁewmmmmmmm
sgquipment cen detect. Saa Tables 7-1 and 7-2 for more complete descriptions.

ALEL = lower explosive Bmit.
*mram/tv = milliroentgen squivalent in man per hour.

Source: LLS. Nuclear Regulatory Commission Rules and Regulations, 10 CFR Chapter 1, Part 20.105.
SSource: Sax, LN. 1973. Dangerous Properties of Industrial Materiats. Fifth Edition. p. 167, Van Nostrand Reinhold Company, New York.

MWEL = OSHA parmissible sxposure Smit.
REL = NIOSH recommended exposure hmit.
TV = threshold Bmit velue.

See Toble 8-4.

* Collect samples [1]:

Information Documentation

Air (see Chapter 7, Air Monitoring].

Drainage ditches.

Soil (surface and subsurfacel.
Standing pools of fiquids.

Storage containars.

Streams and ponds.

Ground water {upgradient. beneath site, down-
gradient).

* Sampls for or otherwise identify:

Blologic or pathologic hazards.
Rediologic hazards.

Proper documentation and document control are impor-
tant for ensuring accurate communication; ensuring the
quality of the data collected:; providing the rationala for
asfaty decisions; and substantiating possible legal
actions. Documentation can be accomplished by record-
ing information pertinent to field activities, sample anaty-
sis, and site conditions in one of several ways, including:

* Logbooks.

= Field data records.

® Graphs.

* Photographs.

* Sampls labels,
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+ Chain-ot-custody forms.
« Analytical records.

These documents should ba controlled to ensure that
they are all accounted for when the project is completed.
The task of document control should be assigned to one
individual on the project team and should inchude the
following responsibilities:
= Numbeting aach document {including sample labels)
with a unique number.

# Listing each document in a document inventory.

* Recording the whereabouts of each documant in a
separate document register so that any document
can be readily located. In parficular, the name and
location of site personne! that have documents in
their possassion should be recorded.

- all documents at the end of sach work
period.

* Making sure that all document entries are made in
waterproof ink.
* Filing all documents in a central file at the completion
of the site response.
Feld parsonne! shoukl record all onsite activities and
observations in a field logbook —a bound book with con-
sacutively numbered pages. Entries should be made dur-
ing or just sfter completing a task to ensure thoroughness
and accuracy. Table 6-3 shows the level of detail that
gshould 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
fistd logbook:

= Date, time, and name of zite.

+ Name of the photographer.

= Lpcation of the subject within the site.

= Genersl compass direction of the orientation of the

photograph.
= General description of the subject.

* Sequential number of the photograph and the film rolt
number,

= Camera, lens, and film type used for photography.

Serially rumbered sample labels or tags should be
assigned 1o sampling team personnel and recorded in the
field logbook. Lost, voided, or damaged labels should be
noted in the logbool. Labels should ba firmly affixed to
the sampie containers using either gummed labels or tags
attached by string or wire. Information should be recorded
on the tag in waterproof mk and should include ftems
such as:

¢ Tha unique sample log number.

® Date and times that the sample was collectad.

& Source of the sample, eg.. name, Jocation, and type
of sample.

+ Preservative used.
* Analysis required.

Sample jars are labelled prior to sampling as part of site
documenitation procedures,

+ Name of collector.
* Pertinent field data.

in addition to supporting litigation, written records of
sample coltaction, tranafer, storage, anatysis, and destruc-
tion help ensure the proper intarpretation 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 Aszeszsment

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

Thereshold Limit Value [TLV)®

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 found in
Threshold Limit Values for Chemical Substances and
Physical Agents, which is published annually by the
American Conference of Governmental Industrial
Hygienists (ACGIH) [2]. Tha ACGIH defines three categor-
ies of TLVs: time-weighted average [TWA); short-term
exposure limit {(STELY, and ceiling (C}. All three categories
may be useful in selecting levels of protection at a hazard-
ous waste site. Refar to the Threshold Limit Values for
Chemical Substances and Physical Agents [2) for addi-
tional details.

Parmissible Exposure Limit (PEL)

Permissible exposure imits are enforceable standards
promulgated by OSHA. In many cases thay are derived
from TIVs published in 1968. The PEL for a substanca is
tha 8-hour time-weighted average or ceiling concentration
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Table 8-3. Example of Field Logbook Entries
to Describe Sampling

¢ Dzt and time of entry.

* Purpose of sampling.

* Name, address, and affilistion of psrsonne! performing sampling.

s Namea and address of the material’s producer, if known.

* Fype of material, og., shudge or wastewater.

* Description of material container.

= Description of sample,

* Chemical components and concentrations, if knowr.

* Number and size of samples taken.

* Description and location of the sampling point.

* Date and time of sample collection.

= Difficulties axperienced in obtaining sampla lag., is it
reprasentative of the bulk material?).

* Visual references, such as maps or photographs of the
sampling site.

* Field obsarvations, such &t weather conditions during
sampling periods.

* Field measurements of the materials, eg.. explosiveness,
flammability. or pH.

* Whather chain-of-custody forms have been filled our
for tha samples.

above which workers may not be exposed. Although per-
sonal protective equipment may not be required for
exposures below tha PEL, its use may be advisable where
there is a potential for overaxposure See tha tables and
substance-specific standards in 29 CFR Part 1910, Sub-
part Z, for additiona! details.

Recommendod Exposurs Limit {REL)

A NIOSH recormmended exposure imit {REL) is the work-
place exposure concentration recommendead by NIOSH
for promulgation by OSHA as a PEL. but is not enforce-
able as is the OSHA PEL. In some cases, NIOSH has
dascribad time-weighted avarage concentrations in terms
of 10-hour, mther than 8-hour, averages.

IDLH Concentrations

IDLH axposure concentrations have been astablished by
the NIOSH/OSHA Standards Completion Program (SCP)
as a guideline for selecting respirators for some chemi-
cals. The definition of IDLH varies depending on the
source. For example. the Mine Safety and Health Adminis-
tration Standard {30 CFR Part 11.3(t]) defines IDLH condi-
tions as those that pose an immediata threat to life or
health or that pose an immediate threat of severe
exposure to contaminants such as radicactive materials
that ara likely to have adverse cumulative or delayed
effects on health. The NIOSH FPocket Guide to Chernicel
Hazards (3] defines IDLH concentration as the

. . .maximum level from which one could escape within
30 minutes without any escape-impairing symptoms or
any imeversible heatth affects. _ . [ The American
Nationa! Standards Institute, Inc. [ANSI) defines IDLH as
. . .any atmosphere that poses an immediate hazard to
life or produces immediate imeversible debilitating effects
on health. . 7 [4] Regardless of their exact definition, all
{DLH walues indicate those concentrations of toxic sub-
stancas from which escape Is possible without ime-
wvarsible harm should a worker’s raspiratary protective

equipment fail. At hazardous waste sites, IDLH concentra-
tions should be assumed to represent concentrations
above which only workers wearing respirators that pro-
vide the maximum protection {i.e, a positive-pressure,
full-facepiece, self-contained breathing apparatus (SCBAI
of a combination positive-pressure, full-facepiece,
supplied-air respirator with positive-pressure SCBA [see
Chapter 8]) are permitted. Specific IDLH values for marry
substances can be found in the NIOSH Pocket Guide o
Chemical Hzzards [3).

Potential Skin Abaorption and Irritation

Information on skin absorption is provided in the ACGIH
publication, Threshold Limit Values for Chemical Sub-
stances and Physical Agents [2] and in QSHA standard
29 CFR Part 1910.1000 and other standard references.
These documents identify substances that can be readily
absorbed through the skin, mucous membranes, and/or
eyes by either airbome exposure or direct contact with a
Tiquid. This information, like most avaitable information on
skin absorption is qualitative. it indicates whether, but not
10 what extent, a substance may pose a derma! hazard.
Thus decizions mada concerning skin hazands are neces-
sanlty 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, swell-
ing, or itching to bums that destroy skin tissue. Standard
references can be uged to determine whether a chemical
may act as an Hritant

Potential Eye Irritation

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

Explosion and Flammability Ranges

The lower explosive limit {LEL} or lower lammable [imit
{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 burn or explode.

The upper explosive limit (UEL] or upper lammable kmit
{UFL) of a substance is the maximum concentration of
gas or vapor above which the substance will not bumn
when exposed to a source of ignition. Above this concen-
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
suppoft 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 above the surface of the
substance. Ignition of a substance at the flashpoint is not
continuous.
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Table 6-4. Guidelines for Assessing Chemical and Physical Hazards
HAZARD GUIDELINE EXPLANATION SOURCES
FOR
VALUES=
inhalation of W Threshold Limit Value Cne of three categories of chemical exposure levels, defined as
sirborme follows:
contaminants  TUTWA  Threshold Limit Value—  The time-weighted everage concentration for a nommal B-hour ACGIH
Time-Weightad Averages  workdsy and a 40-hour work wesk, to which nearty all workers
may be repaatedly exposed without adverse effect. Should be
used a5 an exposure guide rather than an absolute threshold,
TWVSTEL Threshold Lamit Value- A 15-minute time-weighted average exposure that should not be ACGH
ShortFerm Exposure axceedad at any tme during the work day.
Limit
TV Threshold Limit Valua- The concentration that shoukd not be exceeded even ACGIH
Ceiling instantaneously.
PEL Permissible Exposure Time-weighted averaga and ceiling concentrations similer o {wnd ~ OSHA
Limit in many cases derived from) the threshold limit values published in
19G8.
REL Recommended Time-weighted averages and ceiling concentrations based on NIOSH
Exposure Limit NIOSH evaluations.
IDLH immediately Dangerous  The maximum level from which & worker could sscape without RIOSH
to Life or Health By BECAPE-IMPAiringG SYMmptoms or any imeversible health affecta ®
Dermal sbsorp-  Designation “skin™ The designation ““skin™ in the ACGIH, OSHA, and NIOSH ACGIH/
ton of chami- refarencas? indicatas that a substance may be readily absorbed OSHA/
cals through through tha intact skin; however, it s not a threshold for safs NIOSH
airborne or exposure. Direct contact with a substance designated “skin'”
diract comact should be avoided.
Dermal ivitation Many substances iritate the skin. Consult standurd references.
Carcinogens v Threshold Limit Velue  Some carcinogens have an assigned TLV, ACGH
PEL Parmissible Exposure OSHA has individua! standards for some specific carcinogens. OSHA
Limit
REL Recommended NIOSH msakes recommendations regarding exposures to
Exposure Limit carcinogens. NIOSH
Noiss TV Threshold Limit Value Sound pressure levels and durations of exposure that represent ACGIH
conditions 10 which it is believed that nearty all workers may be
repeatedly exposed without an adverss effect on thair ability o
hear and understand normal speech.
PEL Permissible Exposune Limits for acoaptable noise axposure. OSHA
Lirmit
REL Recommended Limits for acceptable noige exposura NIOSH
Exposure Limit
lonizing Maximum permissible body burden and maximum permissible concentrations of radionuclides in air snd in  NCRP
Radiation water,
PEL Permissible Exposure Dase in rems per calendar quarter. OSHA
Lirnit

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

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

Hazardous Substance Information
Form

Infarmation on tha chemical, physical, and toxicologic
properties of each compound known or expacted to occur
on site should be recorded on a Hazardous Substance
information Form lsee Appendix C). Response personnel
will then have the necessary health and safety informa-
tion in one place, and new personnel can be quickly
brisfed. As mary reference sources as possible should be
used to fill out tha sheets because the information may
vary from one sourcs to another. Material Safety Data
Shests provided by chemical manufacturers are one
source for this information.
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Table 6-4. {cont.}
HAZARD GUIDELINE EXPLANATION SOURCES
FOR
VALUES>
Explosion LEL Lower Explosive Limit  The minimum concantration of vapor In sir balow which propaga- NFPA
ton of a flame will not oocur in the presence of an ignition source.
UEL Upper Explosive Limit The maximurn concentration of 8 vapor in air sbove which props-  NFPA
gation of a flame will Not occwr in the presence of an ignition
sSouUrcR
Fire FAach point The kwest lemperaturs ot which the vepor of a combustible kqud  NFPA
can be made tn ignite momentarily in air,
*Sources:

ACGIH. 19m&Mmehw&mwmlmthmm-ﬂm
Governmental industrial

Exposure Indices with intended Changes for 1985-86. American Conference of

Hygienists, Cincinnati, Ohia

NIOSH., Cemters for Disease Control. 1983, NIOSH Recommendations for Occupational Haalth Standards. Morbidity and Mortality

Waekly Roport Supplement. Vol. 32, No. 18, QOctober 7, 1983,

NIOSH. 1985, Pocket Guide to Chemical Hazards. National Institute for Occupational Safety snd Health, Cincinnati, Ohio.
NCRP. Basic Radiation Protection Criteria. NCRP Report No. 39 Nationa! Council on Radistion Protection and Measursments, Wesh-

ington, DC.

NCRP. Maximum Permissible Body Burdons and Macdmum Permissible Concentrations of Radionuclides in Alr and Watar for Occupational
Expozura NCRP Report Na. 22 National Councit on Radiation Pratection and Mezsursments, Washington, D,

NFPA. 1985. Fire Protaction Guide on Hazardous Materials. Eighth Edftion. National Fire Protection Associstion, Boston, Massachusetiy.

OSHA. 29 CFR Part 19%0. {OSHA standards are legally binding.)

bOther sources have slighdy different definitions of IDLH (ses ROLM Concentrations in this chapter).

Monitoring

Because site activities and weather conditions change, an
ongoing air monitoring program should be implemented
after characterization has determined that the site is safe
for the commencement of oparations.

Thea ongoing monitoring of atmospheric chemical hazards
should be conductad using & combination of stationary
sampling equipment, personnel monitoring devices, and
periodic area monitoring with directreading instruments
{see Chapter 7, Air Monitoring). Data obtained during off-
site end onsite surveys can be used to develop a plan that
details the procedures to be used for monitoring ambient
comditions during cleanup operations. Where necessary,
routes of exposure other than inhalation should be moni-
tored. For axample. skin swipe tests may be used w
determine the effectiveness of personal protactive cloth-
ing (see Chapter 10, Decontarnination). Depending on the
physical properties and toxicity of the onsite materials,
community exposures resulting from hazardous waste
site oparations may need to be assessed [5]1

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

* Commencement of a new work phase, such as the
gtart of drum sampling.

* Changs in job tasks during & work phase.
= Change of season.

* Change in weather.

+ Change in ambient levels of contaminants.

References

1. US. EPA. 1984, Characterization of Hazardous Waste
Sites —A Methods Manual: Volume [L Awvailable Sam-
pling Methods. Second adition. EPA 800/4-84-078.

2 ACGIH. 1984-85. Threshold Limit Values for Chemical
Substances and Physical Agents in the Workplace
Enwvironment and Biological Exposure Indices with
imended Changes for 1985-86. American Conferenca
of Govermmental Industrial Hygienists, Cincinnati, OH.

3. NIOSH. 198S. Pockst Guida to Chemical Hazards,
National Institute for Occupational Safety snd Health,
Cincinnati, OH.

4. ANSI. 1980. Practicas for Respiratory Protection. ANSI
ZBB.2-1980. American National Standards instituita,
1430 Broadway, New York, NY 10018,

5. U.S. Department of Health and Human Services. 1984,
A Systern for Prevention, Assessment and Control of
Exposures and Health Effects from Hazardous Sites
(S.PACE. for Health}, US. Department of Health snd
Human Services, Public Health Service, Canter for
Disaasa Control, Atianta, GA.



7. Air Monitoring

Contents

introduction 71

Maasuring Instr'ments 71
Diract-Reading instruments 7%
Laboratory Anatysis 7-3

Site Monitoring 74
Monitoring for IDLH and Other
Dangerous Conditions 75
General Onsite Monitoring  7-§
Perimeter Monitoring 7-6
Periodic Monitoring 7-6

Personal Monitaring 7-6

Variables of Hazardous Waste Site Exposure 7-8

References 7-7

Introduction

Airbome contaminants can present a significant threat to
worker health and safety. Thus, identification and quan-
tification of these contaminants thwough air monitoring is
an assential component of a health and safety program at
a hazardous waste site. Reliable measurerments of air-
bome contaminants are ussful for:

» Selecting personal protective equipment.
* Delineating areas where protection is needed.
* Ascessing the potential haaith effects of exposure.

= Determining the need for apecific medical monitoring.

This chapter delineates the factors to consider when con-
ducting air monitoring at a hazardous waste site. it
presents strategies for assessing airborne contamination
at hazardous waste sites and describes instruments and
methods for measuring expasures.

Measuring Instruments
The purpose of air monitoring is to identify and quantify
sirborne contaminants n order to determine the level of
worker protection needed. Initial screening for identifica-
tion is often qualitative, ia, the contaminant, or the class
to which it belongs, is demonstratad to be present but
the determination of its concentration {quamification)
must await subsequent testing. Two principal approaches
are available for identifying and/or quantifying airboma
contaminants:

» The onsite use of direct-reading instruments.

+ Laboratory analysis of air samples obtained by gas

sampling bag, filter, sorbent, of wet-contaminant col-
lection methods.

Direct-Reading Instruments

Direct-reading instrumants were developed as early warn-
ing devices for use in industrial aettings, whers a lesk or
an accident could release a high concentration of 8
known chemical into the smbient atmosphere. Today,

some direct-reading instruments can detect contaminants
in concentrations down to ons part contaminant per mil-
Kon parts of air (ppm), although quantitative data ars diffi-
cult to obtain whan muttiple contsminants are present.
Unlike air sampling devices, which are usad to collact
samples for subsequent analysis in a iaboratory, direct-
reading instrumants provide information at the time of
eampling, enabling rapid decision-making.

Direct-reading instruments may be used to rapidly dstect
flammable or explosive atmospheres, oxygan deficiency,
cartain gasas and vapors, and ionizing radiation. They are
the primary tools of initia! site charactarization. The infor-
mation provided by direct-reading instruments can be
used to institute approprigte protective measures (ag..
personal protective equipment, evacuation), to determine
the most appropriate equipment for furthar menitoring,
and to develop optimum sampling and analytical pro-
tocols.

All direct-reading instruments have inherent constraints in
their ability to detect hazards:

= They usually detsct and/or measure only specific
classes of chemicals,

* Generally, they are not designed to measure and/or
detect sirborne concentrations balow 1 ppm.

* Many of the direct-eading instruments that have
been designed to detect one particuler substance
also detect other substances (interference) and, con-
saquently, may give false readings.

It is imperative that direct-reading instruments be oper-
ated, and their data mterpreted, by qualified individuats
who are thoroughly familiar with the particuler device's
operating principles and limitations and who have
obtained the device’s Iatest operating instructions and
cslibration curves. At hazardous waste sites, where
unknaown and multiple contaminants are tha rule mther
than the exception, instrument readings should be inter-
preted conservatively. The following guidelines may facili-
tute accurwte recording and interpretation:

¢ Calibrate instruments sccording to the manufac-
turer’'s instructions bafore and after svery usae.

* Develop chemical rasponse curves if these am not
pravided by the instrument manufacturer.

* Aemember that the instrument’s readings have
fimited valua whare contaminants are unknown.
When recording readings of unknown contsminanta,
report them as “‘needls deflection’ or “'positive
instrument response’” rather than spacific concentra-
tions fi.e.. ppm}. Conduct additions! monitoring at any
location where a positive response otcurs.

» A reading of zero should be reported as *"no instru-
ment responsa’’ cathar than 'clean’” bacause quanti-
tias of chemicals may be prasant that are not
detectabls by the instrument,

¢ The survey should be repeated with several datection
systems to maximize the number of chemicaly
detected.

Tables 7-1 and 7-2 list sevaral direct-resding instruments
snd the conditions and/or substences they measure. Tha
flame ionization detector (FID} snd the photoionization
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Table 7-1. Some Direct-Reading Instruments for General Survey

HAZARD DETECTION EASE OF GENERAL CARE TYPICAL
INSTRUMENT  MONITORED APPUCATION METHOD LIMITATIONS QPERATION AND MAINTENANCE OPERATING TIMES
Combustible Combustible Measuras the A filament, Accuracy de- Effective Recharge of replace Can be used for as
Gas Indlicator gases and concentration usually pends, in part, use re- battery. long a3 the battery
can VEpOrS. of a com- made of on the difference quires that  cugineae immedi- lasts, or for the
bustible gas  platinum, i between the opearaior stely befors use. recornmended in-
of vapor, heated by  calibration and  understand tarval batween
burning tha sampling the operat- calibrations,
;:mh;m- termperatures- ing princi- whichever is leas.
e s or ity i ples and
vapor. The twwmcﬁormf.t‘l; procedures.
Increase in  gitterences in
hest is the chamical
measured. and physical
propertes
between the cal-
ibration gas and
the gas being
sarmpled,
The filament can
be damaged by
certain com-
pounds such 8s
silicones,
halides,
tetraethyd lead,
and axygen-
snriched
atmasphares.
C not »
a valid reading
under oxygen-
deficient conditions.
Rame lonization Mony n survey Gases and  Does not detect  Requires Recharge or eplace 8 hours; 3 hours
Detactor (FID}  organic mode, da- VApOrs sre  inDiganic gases  expgrience battery. with strip chart
with Gas gases and tocts the ionized ina and vapors, or W iMerpret  onitor fuel andjor | TCORdes.
Chromatography vapors. twotal concen-  flame A some synthetics. data cor- COmBastion B
Option trations of corentis  Sensitivity rectly, 8spe- o noty cauges.
many orgenic  produced n  depends on the  dally in the i
vepor. In 0 the UM~ gr,iq not R i iringvad
gus chroma-  ber of C87- (50 at tempera- ientifics- mm.mm
tography bon atOMS 4,74 less than  tion re- :
!GCl_md:'d prasent. 40°F (4°C). quires cali- Chack for lesks.
m'“ tihies Difficult to sbso- bration
; wiely identity ~ With the
specific specific
compounds. m anstyte of
in survey l'_"ghm interest.
moda, all the mdﬂm
GIYAreG coam- mams
pounds ars axygen-daficient
ionized and atmospheres
tected require system
:;m“ modification.
time In GC n survey mode,
mode, volzatile readings can be
species sre only mportad
saparsted. relative 10 the
calibration
standard used.
Gamurus Radis- Gamma Environmen- Scintillation Dows not Extremely  Must be calibrated Can be used for s
thon Burvey radiation. tal eadiation  detector, measure ¥ipha  easy 10 0p- annuslly at a spacial- long s the battery
Instrument monitor. or bata radiation. erats, but  ired facility. Insts, or for the
roquirss ncommanded in-
experience torvel between
10 interprat calibrations,
data. Rug- whichever w less.
ged, good

in field usa
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Table 7-1. {cont.)
HAZARD DETECTION EASE OF GENERAL CARE TYPCAL
INSTRUMENT  MONITORED APPLICATION METHOD HMITATIONS QPERATION AND MAINTENANCE OPERATING TIMES
Portable Mony gesas  Measures Pezsgs dif-  In the field, must Requires Ax specified by
infrared () and vapors. concentration ferentfre-  moke repeated  personnel  manufacturer,
Spactro- of many quencies of passes to with extan-
photometer gases and IR through  achigve relisble  sive sxperi-
vepors in air.  the sample.  results, ence in IR
Designed o The fre- Requires spactropho-
quentify one- TUONCIES 135.uoh AC tometry.
or two- adsorbed g,
componert gndt ° Not approved for
MixXTINGS, compound use I a poten-
*  tially lemmable
or explosive
atmosphens
intarfaranca by
watar vapor and
carbon dioxide.
Cartain vapors
and high mols-
fure may attack
ihe nstrument’s
optics, which
must than
replaced.
Uiraviolet UV} Many Deotects total  lonizes Dosa not detect  EHective Recharge or replace 10 hours; 5§ hours
H-olnltﬂ:.!nn oiganic ad  concentra- molscules  mwthana uss re- battary. with strip chart
Detector 1  someinor-  tiona of many using UV Does detecy  Quires that ia anlamp ToCoTder.
gonic pases  organic snd  radiation; .w-r;tuﬂif the opers- m* P
anhd vepors.,  pome inor- produces 3 the probe used tor under- L
Secomes i (Lot cande  fegin e o
VApOIE. i DrOpor- operating
Some identi- tions! 1o the “mm" principles  Mstrument and
fication of number of oz arion and proce. BCCESSONes.
compounds  jona. potential. durss, and
is posaible if ba compa-
more than Responsemay 4.0 i
one probe is change when  ojihrating,
uaed, gases are mixed.  ading
Cther voltage and inter-
SOUTCes may preting the
mterfere with instrument.
measurements.
Raadings can
only be reported
relative to the
calibration
standard used.
Response it
atfected by high
humidity.
detector (PID] (sse Table 7-1) are commonly used at haz- tively low-leve! concentrations of contaminants, long-term
srdous waste sites. However, some of these devices may or ““full-shift’” personal air samples must be analyzed in a
not detect some particularly toxic agents, including hydro- laboratory. Full-shift air samples for some chemicals may
gen cysnlde end hydrogen sulfide. Thus, thesea devices be collected with passive dosimaters, or by means of a
must be supplemented with other methods of detection. pump which draws air through a filter or sorbent. Table

7-3 lists some sampling and snalytical techniques used at
hazardous waste sites.

Laboratory Analysls Selection of the sppropriate sempling media largely
Direct-reading parsonal monitors are available for only a depends on the physical state of the contaminants. For
few specific substances and are rarely sensitive enough example, chemicals such as PCBs {polychlorinated

%0 measure the minute (.., parts of contaminant per bil- biphenyls) and PNAs {polynucisar aromatic hydrocarbons)
Eon perts of sir) quentitias of comtaminants which may, occur as both vapors and particulate-bound contami-

nevertheisss, induce heaith changes. Thus to detect rela- nants. A dual-media system is needed to measure both
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Table 7-2. SmneDimct-Read’inglnsu-mmtsforSpeciﬁcSwvey

HAZARD DETECTION EASEOF GENERAL CARE TYPICAL
INSTRUMENT MONITORED APPLICATION METHOD LIMITATIONS OPERATION AND MAINTENANCE OPERATING TIMES
Direct-Reading Specific Messures The compound The measured  Minimal Do not use a previ-
Colorimetric gases d  concentra- reacts with concentration operator ously opensd tubs
indicator Tube VApOrs. tions of the indicator  of the same twgining and even if the indicator
specific chemical in compound axpertise chemical is not
geses and the twbe, pro- may vary required. stained.
vapors. ducing a stain  among differ- Check pumg for
whose length  ent manufac- leaks before and
or color turers” tubes. after use.
change is Marwy mimilar
proportional Refrigerata prior 1o
the com- 2 chemicals use to maintain shel
‘. interfers. Sfe of about 2 years.
concentration. Chack expiration
e of date of tubes.
{1} how the Calibrate pump
operatr volume et least
judges stein's quarterty.
end-poirt, and Avoid rough handling
(2) the tube's which maey cause
Emited channeling
SCCUrBCY.
Affoctad by
high humidity.
Oxygen Meter  Oxygen (Os). Messures the Uses an alec- Mustbe Etfectve  Raplace detector 810 12 hours.
percamtage of trochemical calibrated prior uss - cell acconding o
O, n i sensor to o uss 1o com- quires that  manufschurer's
messurs tha  pansate for the opera- recommendations.
partial pres-  sltitude and  tOr UNDer-  Rochacy o replace
sursof Oyin berometsic stond the hmiea:iovw
converts thit  Cactain gases, PINCIDIES oocified intervel,
me':n'g::ﬁ?;u gepecially ax- :fceduu tf the ambient air Is
. m";h” more than 0.5%
azone, CO4 replace or
aftect read- rejuvenats the O,
ings. Carbon detsctor cell
dioxide (COy) frequently.
poisons the
datecror call

forms of thesa substences. Tha volatile component is col-
Jected on a solid adsorbent and the nonvolatile compo-
nant is colfectad on a filter. More than two dozren
dual-media sampling techniques have been evaluated by
NIOSH [1,21

A major disadvantage of long-term air monitoring is the
time required to obtain data. The time lag between sam-
pling snd obtaining the analysis results may be a matter
of hours, if an onsite laboratory is available, or days,
weeks, sven months, if @ remots laboratory is involved.,
This can be a significant problem if the situation requires
the time samples am retumed from a remote laboratory,
the hazardous waste site clesnup may have progressed o
u different stage or to a location at which different con-
taminants or differant concentrations may exist. Ceraful
planning and/or the usa of a mobile laboratory on site
may slleviate these problams.

Mobile laboratories may be brought on site to classify
hazardous wastes for disposal. A mobile leboratory is
generally a trailer truck that houses analytical instruments
capable of rapidly classifying contaminants by & variety of

mmlmmwm
graphs. spectrofiuorometers, and infrared spectrophotom-
sters. When not in use in the mobile laboratory, these
devices cun be refocated to fixed-base facilities. Onsite
Iaboratory facilities and practices should meet standards
of good laboratory safety.

Usually, a few of the field samples collected are snalyzed
on site to provide rapid estimates of the concentration of
airborme contaminants. These data can be used 10 deter-
mine the initial level of workar parsonal protection neces-
gary to modify field sampling procedures and to guide the
fixmd-base lsboratory analysis. if necessary, samples
screened in the mobile Isboratory can be subsequently
reanalyzed in sophisticated fixed-base laboratories. The
mabile laboratory also provides storage space. countertop
staging areas for industrial hygiena equipment, and facili-
ties for recharging self-contained breathing apparatus.

Site Monitoring

Priorities for sir monitoring should be besed on the infor-
mation gathersd during initial site characterization {sse
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Table 7-3. Some Sample Collection and Analytical Methods

TYPICAL DETECTION LIMIT

OF ANALYTIC

SUBSTANCE COLLECTION DEVICE» ANALYTICAL METHOD® INSTRUMENT g}
Andons: Prewashed silics gel tube lon chromatography

Bromide 10

Chiorida 5

Fluosida 5

Nitrste 10

Fhosphats 20

Sulfate 10
Aliphatic Amines SHica gel GC/NPD 10
Ashestns MCEF PCM 100
Metals MCEF ICP-AES 0.5
Organics Charcoal tube GC/MS 10
Nitrossmines Tharmosorb/N GCITEA 0.01
Particulates MCEF Gravimetric
PChs GF filtar and Borisi] tube GC-ECD 0.001
Pesticides 13-rom GF filter and GCIMS 0.05

chromosorb 102 Tube

2 MCEF = mixad callulosa aster filter.
GF = placa fiber fitter,

b GC/NPD = gaz chromatography snd nitrogen/phosphorus detector; PCM = phase contrast microscopy; ICP-AES = inductively
coupled plasma atomic emission spectrometry; GM/MS = gas chrometography and mass spectrometry; GC/TEA = gas chroma-
tography wsing a thermal snergy anatyzer: GC-ECD = gas chromatography using an electrical conductivity detector.

€ Units in fibars per mm? of filter (Method No. 7400 from the NIDSH Manual of Analytical Methods. 3nd edition).

Chapter 8). This information serves as tha basis for
selecting the appropriate monitoring equipment and per-
sonal protactive equipment IPPE) to use when conducting
site monitoring. Depending on site conditions and project
goals, four categories of site monitoring may be neces-
sary: monitering for IDLH and other dangerous condi-
tions, general onsite monitoring, perimeter monitoring,
and periodic monitoring.

Monitoring for IDLH and Other Dangerous Conditions

As a first stap, air monitoring should ba conducted 1o
identify any 1DLH and other dangerous conditions, such
as flammable or expiosive stmospheres, oxygen-deficient
emvironments, and highly toxic levels of sirborne con-
taminants. Direct-reading monitoring instruments will nor-
mally include combustible gas indicators, oxygen meters,
colorimetric indicator tubes, and organic vapor monitors.
Other monitoring instruments may be necaessary basad on
the initial site characterization. Whan time parmits, air
samples should be collected tor laboratory analysia.
Extreme caution should be exarcised in continuing a site
survey when atmospheric hazards are indicated. Monitor-
ing personnel shouki be aware that conditions can sud-
denly change from nonhazardous to hazardous.

Acutely harardous concentrations of chemicals may per-
sist In confined and low-lying spaces for long periods of
time Look for army natural or artificial barriars, such as
hills, tell buildings, or tanks, behind which air might be
still, sllowing concentrations to build up. Examine any
confined spaces such as cargo holds. mine shatts, silos,
storage tanks, box cars, buildings. bulk tanks, and sumps
whare chemical axposurss capable of causing acute

heaith effects are likety to accumulate. Low-lying areas,
such as hollows and trenches, are also suspect. Monitor
these spaces for iIDLH 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 hiflltops,
under any cover or canopy where workerg might work or
congregats, and i trenches and low-lying areas.

In open spaces, toxic materiats tend to be emitted into
the atmosphere, transported away from the source, and
dispersed. Thus acutely hazardousg conditions are not
likaly to persist in open spaces for extended periods of
time unfass there iz a very farge (and hence, readily iden-
tifiable) source, such as an overtumed tankcar. Open
spaces are therefore generally given a lower monitoring

General Onshte 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 idantifying the scurces of possible genaration,
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 1o 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 he based upon the results
cbtained and the potential for an unexpecied release of
chemicals.
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After reaching the source, or finding the highest concan-
tration, sample cross-axis of the wind direction to deter-
mine the degres of dispersion. Smoke plumes, or plumes
of mstrument-detectable airbome substances, may be
relcased as an al in this azssessment. To ensure that
there is no background interference and that the detected
substance(s} are ariginating st the identified source, also
coflect air samples upwind of the source.

PFerimeter Monitoring

Fied-location monitoring at the “‘fenceline’ or perimeter,
where personal protective equipment is no longer
required, measures contaminant migration away from the
site and enables the Site Safety Officer 1o evaluate the
integrity of the site’s clean areas. Since the fixed-focation
samples may reflect exposures either upwind or down-
wind from the site, wind speed and direction data are
needed to interpret the sample results,

Periodic Monitoring

Site conditions and thus atmospheric chemical conditions
may change following the initial characterization. For this

reason, monitoring should be repezted periodically, aspe-

clally when:

* Work begins on a different portion of the site.

* Different contaminants are being handled.

* A markedly different type of operation is initiated
(ng.. barrel opening as opposed to exploratory well
drilling).

= Workers are handling leaking drums or working in
areas with obvious liquid contamination {eg.. a spill
or [agoon).

Personal Monitoring

The selective monitoring of high-riek workears, ie, those
who are closest to the source of contaminant generation,
is highly recommended. This approach is based on the
rationala that the probability of significant exposure
varies directly with distance from the source f workers
clasest to tha source are not significantly axposed, then
all other workers are, presumnably, 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. Personal
monitoring samples should be collected in the breathing
zone and, if workers ars wearing respiratory protective
equipment, outside the facepiece. These zamples repre-
sent the actual inhsalation exposure of workers who are
not wearing respiratory protection and the potentis|
exposure of workers who are wearing respirators. It is
best to use pumps that autornatically maintain a constant
flow rate to collect samples, since it is difficutt to observe
and adjust pumps while wearing gloves, respirators, and
other personal protective equipment. Pumps should be
protectsd with disposable coverings, such as small plastic
bags, to maks decontamination procedures easier.

Personal monitoring may require the use of a variety of
sampling media. Unfortunately, singla workers cannot

carry multiple sempling media becausa 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 days may
be required to measure the exposure of a specific
individugl 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 muttiple sampling devices on pieces of heavy aquip-
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 Thesa 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
Manuaf may be useful [B].

Variables of Hazardous Waste Site
Exposure

Complex, multisubstance environments such as those
associated with hazardous waste sites pose significant
challenges to accurately and safely assessing airbome
contaminants. Several independent and uncontrollable
variables, most netably temperature and weather condi-
tions, can affect airborme concentrations. Thesa 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 concenirations naar a free-standing liquid sur-
face Dusts and particulate-bound contaminants are
also affected.

» Rainfall. Water from minfall can essentiaffy cap or
plug vapor emission routes frorm open or closed con-
tainers, saturated soil, or lagoons, thereby reducing
airborne emissions of certain substances.

* Moisture. Dusts, including finely divided hazardous
tolids, 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 sampfing resuhs

* Vapor smissions. 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 molve
large areas.

* Work activities. Work activities often require the
mechanical disturbance of contaminated
materials, which may change the concentration
and composition of airbome contaminants.
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introduction

Amyone sfitering a hazardous waste site must be pro-
tected against potential hazards. The purpose of psrsonal
protective clothing and equipment (PPE)® is to shield or
isolate individuals from the chemical, physical, and bio-
logic hazards that may be encountered st a hazardous
waste site. Carefutt aslection and use of adequate PPE
shaould protect the respiratory system, skin, eyes, face,
hands, feet, head, bady, and haaring. 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 cormection with PPE use.

*The term PPE is usad in this manual to refer to both personal
protective clothing snd equipment.

Use of PPE is required by Occupational Safety and Health
Administration {0SHA) regulations in 29 CFR Part 1910
{see Table 8-1) and reinforced by U.S. Environmenta! Pro-
tection Agency {EPA} regulations in 40 CFR Part 300
which include requirements for afl private contractors
working on Superfund sites to conform to applicable
OSHA provisions and any other federa! or state safety
requirements deemed nacessary by the laad agency over-
seeaing the activities.

No single combination of protective equipment and cloth-
ing is capable of protecting agsinst all hazards. Thus PPE
should be used in conjunction with other protective
methods. The use of PPE can itself 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.
Owver-protection as well as under-protection can ba 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 B-1, are cited throughout the text. The word “’shall™
i3 used only when the procedure ia mandated by law.

The two basic objectives of any PPE program should be
10 protect the wearer from safety and heatth hazards, and
1o prevent injury to the wearar from incomect use and/or
malfunction of the PPE. To sccomplish thess goals, a
comprehensive PPE program should include hazard iden-
tification; medicel monitoring; environmeantal 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 guidslines. Copies should be
made available to all employees, and a reference copy
should be available at sach work site. Technical data on
equipment, maintenance manuals, relevant regulations,
and other essential irformation should also be made
mailable.

Program Review and Evaluation

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

= A survey of each site t0 ensure compliance with
regulations applicable to the specific site involved.

&= The number of person-hours that workers wear
various protectiva ensembles.

¢ Accident and illness experience.

* Levels of exposure.

* Adequacy of equipment selection.

* Adequacy of the operational guidelines.
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Table 8-1. DSHA Standards for Use of PPE

TYPE OF PROTECTION REGULATION

SOURCE

Genoral 29 CFR Part 1810132

29 CFH Part 1910.1000

29 CFR Part 1910.1001-3045

Eye and Face 29 CFR Part 1910.133({a)
Noise Exposure 29 CFR Port 1910.95
Raspiratory 29 CFR Part 1910.134
Head 29 CFR Part 1910135
Foot 29 CFR Pert 1910138
Bectrical Frotectve 29 CFR Pant 1910137
Devices

41 CFR Part 50-204.7 Genaral Reguirements for Personal
Protective Equipment.

41 CFR Part 50-204.50, except for Table 2-2, the source of
which & American National Standards Institute, Z37 series?.
QOSHA Rulemaking.

ANS| Z87.1-1968* Eye and Face Protection.

41 CFR Part 50-204.10 and OSHA Rutemaking.

ANSI 288.2-1369* Standard Practice for Respiratory Protection.
ANS! 289.1-19554 Safaty Raquirevnents for Industrial Head
Protection.

ANSI Z41.1-1957° Men's Safety Toe Footwear.

ANS! 79.4-1968. Ventilation and Safe Practices of Abrasive
Blasting Dperations.

aAmerican National Stendards Institute (ANSI), 1430 Broadway, New York, NY 10018, ANS! regutarty updates its standards. The ANSI
standards in this table are those that OSHA adopted in 1971. Since the ANS! standards which were then adopted had been set in
1967-1969, those standards, now required under DSHA, may be less stringent than ths most recent ANS! standards.

* Adequacy of decontamination, cleaning, inspection,
maintenance, and storage programs.

¢ Adequacy and effectiveness of training and fitting
programs.

* Coordination with overall safety and health program
efements,

* The degree of fulfillment of program objectives.

& The adeguacy of program records.

¢ Recommendations for program improvement and
modification.

* Program costs.

The results of the program evaluation should be meade
available to employees and prasented 10 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 exposurs to chem-
ical toxicants. Respiratory protective devices {respirators)
consist of a facepiece connécted to either an air source or
an air-purifying device. Respirators with an air source ams
called atmosphera-supplying respirators (Figure 8-1} and
congist of two types:

= Self-contained breathing apparatus (SCBAs) which

supply air from a source carried by the user.

* Supplied-air respirators ISARs) which supply air
from a source located some distance away and
connected to the user by an airdine hose.
Supplied-gir respirators are sometimes rafered to
as sirdine respirators.

Air-puntfying respirators (Figura B-2), on the othsr 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 supplied to the
facepiece:
& Fositive-pressure respirgtors maintain & positive pras-
sure in the facepisce during both inhalation and axha-
fation. The two main typas of positive -prassure

respirators gre pressure-demand and continuous flow.
in pressure-demand respirators, 8 pressure regulator
and an exhalation valve on the mask maintain the
mask’s positive pressure except during high braath-
ing rates. H a leak develops in a pressure-demand
respirator, the regulator sends a continuous flow of
clean air mto the facepiece, preventing penetration by
contaminated ambient air. Continruous-flow respira-
tors {including some SARs and all powered air-
purifying respirators [PAPRs]) send a continuous
stream of air imo the facepiace at all times. With
SARs, the continuous flow of air prevents infiltration
by ambient air, Iurt uses the air supply much more
rapidly than with pressure-demand respirators.
Powered air-purifying respirators (PAPRs) are oper-
ated in a positive-pressure continuous-fiow mode
utilizing fitered ambient air. (However, st maximatl
breathing rates, a negative pressure may be created
in the facepiece of a PAPR.}

® Negative-pressure respirators draw sir mto the
‘facepiece via the negative pressure created by user
inhalation. The main disadvantage of negative-
prassure respirators is that if any leaks develop in the
system (i.e, a crack in the hoss of an il}-firting mask
or facepiece), the user draws contaminated »ir nto
the facepiece during inbalation.

When atmosphere-supplying respirators are ussd, only
thosa operated in the positive-pressure mode are recom-
mended for work st hazardous waste sites. Table B-2 lists
the melative advantages and disadvantages of SCBAs,
SARs, and air-purifying respirators.

Dit{erent types of facepieces are availabls for use with
the various types of respirators. The types generally used
at harardous wasta sites ara full facepieces and half
masks.

& Full-facepiece masks cover the face from the hairline
1o below the chin. They provide aye protection.

o MHalf masks cover the face from balow the chin to
over the nose and do not provide aye protection.

Federal regulations require the use of respirators that have
been tested and spproved by the Mine Safety snd Health
Administration {MSHA) and NIOSH. Testing procedures
are dascribad in 30 CFR Part 11. Approval numbers are
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Self-contained
Emergency escape SCBA, breathing apparatus
hood type (SCBA),

full facepiece

Supplied-air respirator, full facepiece

Figurs 8-1. Types of Atmosphera-Supplying Respirators.

Full-facepiece, Half-mask, facepiece-
/ dual cartridge mounted cartridge.

Powered air-puritying respirator, Full-facepiece, Fuli-facepiece,
half-mask chin-mounted canister hamess-mounted canister

Figure 8-2. Types of Air-Purifying Respirators. .
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Table 8-2. Relstive Advantsges and Disadvantsges of Raspiratory Protactive Equipment

TYPE OF RESPIRATOR ADNVANTAGES DISADVANTAGES
ATMOSPHERE-FUPPLYING
Sal-Contained * Provides the highest svailable level of « Bulky, hesvy {up to 35 poundsl.
wm nmmmmu * Finite sir supply limizs work duration.
.mlﬂ“'“ tl Aable tevel of pro- * May impair movement in confined spaces.
tction under strenuous work conditions.
Posltve-Pressure » Enablss longer work periods than an SCBA. * Not approved for usa in stmospheres
mm * Lass butky and heavy than s SCBA. immediately dangerous to life or health
{SAR) lals0 callad SAR equipment weighs less than 5 pounds (DLH] or in oxygen-deficient stmospheras
¢ir-Sne respirator] for around 15 pounds it escape SCBA pro- unless squipped with an emergency egress
tection ks included), unit such as an escape-onty SCBA that can
. . provide immediate emergency respirgtony
* Protacts against most sirborne protaction in case of asir-kne faifura,
contaminants.
® impairs mobility.
& MSHA/NIOSH certification Kmits hose
length to 300 feet (90 maters].
= As the length of tha hosa is increased, the
minimum approved air flow may not be
delivarad at the facepiece
* Air ine is vulnenable 1 demage. chamical
taminastion of hozes may be difficult
» Worker must retrace steps 10 lesve work
srea
* Raquiras supervision/
monitoring of the air supply line.
AR-PURIFYING
ArPurlfying Resplrator » Enhanced mobility. = Cannot be used in IDLH or
m' » Lightar in weight than an SCBA_ Generally atmospheres (less than 19.5 parcant
m weights 2 pounds {1 kg) ot less {except for axygen at sea level).
PAPRs). # Limited duration of protection. May be hard

o gauge sate opersting time in field
conditions.

« Only protects against specific chemicals
and up 1o specific concentrabions.

* Use requires monitoring of contaminant
and oxygen levels.

® Can only be uzed {1) against gas and vapor
comaminants with adequate waming
properties, or [2} for specific gases or
vepors provided that the service is known
and a safety factor is applied or if the unit
has an ESLI {end-of-sarvicadifs indicator).

clearly written on all approved respiratory equipment;
however, not all that is marketed Is

respiratory
spproved. Periodicaily, NIOSH pubiishes a list, sntitlad
NIOSH Cartified Equipment Lizt of all approved respirstors
and respiratory components [11.

Protection Factor

The level of protaction thet can be provided by a respira-
tor is indicated by the mspirator’s protection factor. This
number, which ls determined experimentally by measur-
ing facepisce seal and exhalation valve lsskags, indicates
the reistive difference in concentrations of substances
outside end inside the facepiece that can be maintainad
by the respirator. For axampie, the protection factor for
full-fscepisca sir-purifying respirutors s 5O. This means,

at concantrations that are up to B0 times higher than the

appropriate limits. One source of protection factors for
various types of atmosphere-supplying ISCBA and SAR)
and air-purifying respirators can be found in American
National Standards Institute (ANSI) standard ANSI
Z88.2-1980.

At sites where the identity and concentration of chemi-
cals in sir are known, a respirator should be selected with
a protection factor that is sufficiently high to ensure that
the wearer will not be exposed to the chemicals above
the spplicable limits. These limits include the American
Conference of Govermmental Industriat Hygienists’
Threshold Limit Values {TLVs), OSHA's Permissible
Exposurs Limits (PELs), and tha NIOSH Recommended
Exposure Limits (RELs) (see Table 6-4 in Chapter 6).
These Emits are designed to protect most workers who
may be exposed 1o chemicals day after day throughout
thair working life. The OSHA PELs are legally enforceabla
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 8 high breathing rate,
{2) if the ambient temperature is high or low, or (3} if tha
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, posilive-pressure respirators working
at high flow rates may offer less protection than when
working at nomal rates.

A similar reduction in protection may result from high or
low ambient temperatures. For example, at high tempeva-
tures excessive sweat may cause a bregk in the face-to-
facepiece seal. At very low temperatures, the exhalation
valve and regulator may become ice-clogged due to mois-
ture in the breath and air. Likewiss, a poor facepiece anal
—due to such factors as facial hair, missing teeth, scars,
lack of or improper fit testing, etc. —can result m the
panatration of air contaminants.

SeH-Containad Breathing Apparatus (SCBA)

A self-contained breathing apparatus (SCBA) usually con-
sists of a facepiece connected by a hose and a regulstor
to an air source {comprassed air, compressed oxygen, or
an oxygen-generating chemical) carried by the wearer
isee Figure 8-1). Only positive-pressure SCBAs are recom-
mended for entry into atmospheres that are immediately
dangerous to life and health [IDLHI. SCBAs offer protec-
tion against most types and levels of airbome con-
taminants. Howaver, the duration of the air supply is an
important planning factor in SCBA use (see PPE Use later
in this chapter). This is kimited 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 wmpair movement in confined spaces. Genarally,
only workers handling hazardous materials or operating in
contaminated zoneas require SCBAs. Under MSHA regula-
tions in 30 CFR Part 11.70(a), SCBAs may ba approved

{1} for escape only, or {2} for both entry into and escape
from a hazardous atmospharae The types of SCBAs and
their relative pdvantages and disadvantages are described
in Table B-3,

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

TYPE DESCRIPTION ADVANTAGES DISADVANTAGES COMMENTS
ENTRY-AND-ESCAPE SCBA
Open-Circuit SCBA Supplies clean air o Operated in a positive- Shorter operating time The 30- to 60-minute
the wearer from a pressure modsa, open- {30 1o 60 minutes) and  operating time may
cylinder. Wearer circuit SCBAs provide haavier weight {up to 35 vary depending on the
exhales air directly tp the highest respiratory 1bs [13.6 kgll than a gize of the air tank and
the stmosphere. protection currently closed-circuit SCBA. the work rate of the
avaifabie A waming individual.
slarm signals when onty
20 1o 25 percent of the
air supply remains.
Closed-Circult SCBA These devices recycle Longer operating time At very cold tempera- Positive-pressure
{Rebrouther} exhaled gases {CO,, (up to 4 hours), and tures, scrubber effi- cloged-circuit SCBAs
03, and nitrogen) by lighter weight (21 o ciency may be reduced offer substantially
removing C0,; with an 30 Ibs [9.5 10 13.6 kgl) and CO, breakthrough more protection than
alkaline xcrubber and than open-circuit may occur. negative-pressure
replanishing the con apparatus. Units ratain the heat units, which are nat
sumed oxygen with A warming alarm gignals  normally exthanged in recommended on ha2-
oxygen from & liquid o wl'ueno::l';ZOto;'gn exhalabh:mandgenerate ardous waste sites.
PaSLOUS sOUICE. percent of the oxygen heat in the 0O, scrub-  While these devices
supply remains. bing operations, sdding ~ MaY be certified as
. closed-circuit SCRAs,
Oxygen supply is 0 tha danger of heat N
Avxiliary coofi NIOSH cannot certity
depleted re the CO, stress. Auxiliary INg e
befo devices may be closed-circuit SCBAs
sorbent scrubber supply, y as positi ure
thereby protecting the  Tequired. B e o ol
. devices due to limita-
wearsr from CO» When wormn nutside an : : :
! " tions in certificstion
breakthrough. encapsulating suit, the procedures cusrently
breathing bag may be  yofned in 30 CFR
permeated by chemi- Part 1
cals, contaminating the ’
breathing apparatus and
the respirable air.
Decontamination 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 16
the wearer from either [4.5 kgl or less), low entry. minutes of respiratory
an air cylinder or from bulk, sasy to carry. protection, depsnding
an axygen-ganarating Available in on the model and
chemical. Approved fOf  gemand and contm. wearer breathing rate
escape purposes only.  yous flow modes.
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Escape-only SCBAs are frequently continuous-flow
devices with hoods that can be donned to provide
immediate emergency protection. Employers should pro-
vide snd ensure that employees carry an sscape SCBA
where such emergency protection may be necessary.

Entry-and-escape SCBA respirators give workers
untethered access to nearly 8!l portions of the workaite,
but decrease worker mobility, particularly in confined
sreas, due to both the bulk and weight of the units. Their
usa ig particularly advisable when deafing with unidenti-
fied and unquanmiified airbome contaminants. There are
two types of entry-and-escape SCBAs: (1) open-eircuit
and {2} clossd-circuit. In an open-circuit SCBA, airis
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, iquid, or
gaseous source.

As required by MSHA/NIQSH 30 CFR Part 11.80, all com-
pressed breathing gas cylinders must meat minimum US
Department of Transportation requiremaents for interstate
shipment. {(For further information, see 49 CFR Parts 173
and 178.] All compressed air, compressed oxygen, liquid
air, and fiquid oxygen used for respiration shall be of high
purity and must meet all requirements of OSHA 29 CFR
Part 1910.134Id). 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 Z86.11973,

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

» I5 the atmosphere IDLH or is it likely 10 become
1DLH? H yes, a positive-prassure SCBA should be
used. A positive-pressure SAR with an escape SCBA
can alzo be used.

* s the duration of air supply sufficient for accomplish-
ing the necessary tasks? i no, alarger cylinder
should be used, a different respirator should be
chesen, andfor the Work Plan should be modifiad.

= Will the bulk and weight of the SCBA interfere with
task performancs or Causs unnecassary stresa? if
yes, use of an SAR may be more appropriate if condi-
tions permit.

& Wil temperature effects compromise respirator effec-
tivaness or cause added stress in the worker? If yes,
the work period should be shortened or the mission
postponed until the temperature changes.

Supplisd-Alr Respirators (SARs)

Supplied-air respirators {also known as airdine respirators}
supply air, never oxygen, to a facepiece via a supply kne
from a stationary source (see Figure 8-1). SARs are availa-
ble in positive-pressure and negative-pressure modes.
Pressure-demand SARs with escape provisions provide
the highast 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-
presged air cylinders or a compressor that purifies and

delivers ambient air to the facepiece SARs guitabls for
use with compressed air are classified as *“Type C*”
supplied-air respirators as defined in MSHA/NIQSH 30
CFR Part 11. All SAR couplings must be incompatible with
the gutlets of other gas systems usad 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 SCBAS and are
less bulkcy. However, the air lina impairs worker mobility
and requires workers 10 retrace their steps when leaving
the area. Also, the air line is vuinarable to punciure from
rough or sharp surfaces, chemical permeation, damage
from contact with heavy equipment, and obstruction
from falling drums, etc. To the extent possible, all such
hazards should be removed prior to use. When in use, air
linas should be kept as short as possible {300 feet (81
muters] is the longest approved hose length for SARs),
::cﬂ!iermrkersandwhides shouid be kept away from
air kne.

The use of air compressors as the air source for an SAR
at a hazardous waste site is seversly limited by the same
concern that requires workers to wear respirators: that is,
the gquestionable quality of the ambient air. Onsite com-
pressor uss is limited by OSHA standards {29 CFR Part
1910.134{d]).

Key questions to ask when considering SAR use are:

¢ |s the atmosphere IDLH or likely to become IDLH?
yes. an SAR/SCBA combination or SCBA should be
used.

ill tha hose significantly impair worker mobility? If
yes, the work task should be modified or other
respiratory protection should be used.

* |5 there a danger of the air line being damaged or
obstructed {(eg.. by heavy equipment, falling drums,
rough terrain, or sharp objects) or permeated and/or
degraded by chemicals leg., by pools of chemicals)?
H yes, either the hazard should be removed or
another form of respiratory protection should be

= i a compressor is the air source. is it possible for gir-
borne contaminants to anter the air system? i yes,
have the contaminants been identified and are offi-
cient filters and/or sorbents available that are capable
of removing those contaminants? i no, either
cylinders shoulkd be used as the air source or another
form of respiratory protection shoukd be used.

¢ Can other workers and vehicles that might interfers
with the air kine be kept away from the area? H nq,
ancther form of respiratory protection should be
used.

Combination SCBA/SAR

A relatively new type of respiratory protection is available
that uses a regulator 1o 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
allows entry into and exit from an area using the self-
contained air supply, es well as extended work periods
within a contaminated area while connected to the air
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lina. it is particularly eppropriate for sites where workers
must trave! an extended distance to a work area within a
hot zone and remain within that erea for relatively long
work periods (eg., drum sampling). In such situations,
workers would enter the site using the SCBA mode, ¢on-
nect to the air line during the work period, and shift back
to the SCBA mode 0 leave the sita

The combination SCBA/SAR should not be confused with
an SAR with escape provisions. Tha primary difference is
the length of air time provided by the SCBA; the combina-
tion system provides up 10 60 minutes of setf.contained
air, whereas the ascaps SCBA containg much less air,
generally enough for onty 5 minutas. NIOSH certification
of the combination unit allows up to 20 percent of the
available air ime to be used during entry, while the SAR
with escape provision is certified for escape only.

Ale-Puritying Respirators

Air-purifying respirators consist of a facepiece and an air-
purifying device. which is either a removabla component
of the facepiece of an air-purifying apparatus womon a
body harness and attached to the facepiece by a cor-
rugated breathing hose {see Figure 8-2). Air-purifying
respirators selectively remove specific airborme con-
taminants (particulates, gases, vepors, fumes) from
ambient air by filtration, absorption, adsorption, or chemi-
cal reactions. They are approved for use in atmospheres
containing specific chemicals up to designated concentre-
tions, and not for IDLH atmospheres. Air-purifying res-
pirators have limitad use at hazardous waste sites and
c¢an be used only when the ambient atmosphere contains
sufficient oxygen (19.5 percent) {30 CFR Part 11.90[a)).
Table 8-4 lists 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 concentrations of specific substances

& Entry into an unventilated or confined srea whene the exposure

* Presence or potential presence of unidentified comaminants,

* Contaminant concentrations are unknown or exceed dasignated
maxitnum use concantration{s).

o dentified goses or vapors have insdequate waming properties and

the sorbant service ke is not known and the unit has no
o -of-service Kfe (ESLI) mdicator.

* High reletive humidity imay reduce the protsction offered by the
sorbant).

A:r-punMng 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: (1) particulate filters:
(2) cartridges Bnd canisters, which contain sorbents for
specific gases and vapors; and (3) combination devices.
Their efficiencies vary conaiderably even for closely
refated materials [2].

Cartridges ususlly attach directly to the respirator
facepiece. The larger-volume canisters attach to the chin

of the facepiece or are carried with a hamness and
attached to tha facapiece by a bresthing tube. Combina-
tion canisters and cartridges contain layers of diffarsnt
sorbent materiais and remove multiple chemicals or
multiple classes of chemicels from the ambient air.
Though approved againgt more than one substance, these
cenisters and cartridges are tested independently egainst
single substances. Thus, the effectivenoss of these
canisters against two or more substances has not been
demonstrated. Filters may also be combined with car-
tridges to provide additional protection against particu-
Iates. A number of standard cartridges and canisters are
commercially aveilable. They are color-coded to indicate
the general chemicals or classes of chemicals against
which they are effactive {29 CFR Part 1910.134[g1).

MSHA and NIOSH have grantad spprovels for manufac-
turers’ specific assemblies of air-purifying respirators for a
Timited number ot spacific chemicals. Respirators should
be ussd only for those substances for which thay have
been approved. Use of a sorbent shall not be aflowed
when thers is reason to suspect that it does not provide
adequate sorption efficiency against a specific con-
taminant. in addition, it should be noted that spproval
testing is performed ot a given temperature and over a
narrow rangs of flow rates snd relative humidities [3);
thus protsction may be compromised in nonatandard con-
ditions. The assembly that has been approved by MSHA
and NIOSH to protect ageinst organic vapors is tested
against only a single challenge substance, carbon tetrach-
toride; its effectiveness for protecting against other
vapors has not been demanstrated.

Most chemical sorbent canisters are imprintsd with an
expiration date. They may be used up to that date as long
as they wers not opened previously. Once opened, they
begin to sorb humidity and sir contaminants whether or
not they are in use. Their afficiency and sarvice life
decreazes and therefors they shoukd be usad immediately.
Cartridges should be discarded after use but should not
be used for longer than one shift or when breakthrough
occurs, whichever comes first.

Whera a canister or cartridge is being used against gases
mnpommeappropdmdmshanbeusedmlyifﬁn
chemicatl(s) have “adequate waming properties’ (30 CFR
Part 11.150). NIOSH considers a substance to have ade-
quate waming propertiss when ita odor, tasts, or irritant
effects are detectable and persistent at concentrations
balow the recommended exposure fimit {REL} {see Chap-
ter B). A substance s considerad to have poor waming
propertias when its odor or imitation threshold is above
the applicable exposure limit. Waming propartias are
essential to safe use of air-purifying respirators since they
allow detection of contaminant breakthrough, should it
occur. While warning properties are not foolproof,
because they rely on human senses which vary widely
among individuals and in the same individual under vary-
ing conditions {eg., oifactory fatigue), they do provide
some indication of possible sorbant exhaustion, poor
facepiece fit, or other malfunctions. OSHA permits the
use of air-purifying respirators for protection against
specific chemicals with poor waming properties provided
that (1) the sarvice lifs of the sorbent is known and a
safety factor has been applied or (2) the respirator has an
approved end-of-servicedite indicator.
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Selection of Protective Clathing

and Accessories

In this manual, personal protective clothing is considered
tot'i:daw article offering skin and/or body pratection. It
includes:

* Fully-encapsulating suits.

*= Non-encapsulating suits.

» Aprons, leggings, and sleeve protectors.

* Gloves.

» Firafighters’ protective clothing.

* Proximity, or approach, gamments.

* Blast and fragmentation suits.

= Cooling garments.

= Radiation-protective suits.
Each type of protective clothing has a specific purpose;
many. but not all, are designed to protact against chemi-
cal exposura Examples of protective clothing are shown
in Figure 8-3. Table 8-5 describas various types of protec-
tive clothing available, details the type of protection they
offer, and lists 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:

e Knife.

= Flashlight or fantern.

+ Personal locator beacon.

= Personal dosimetars.

& Two-way radia

* Safety belts and lines.

Selection of Chemical-Protective Clothing ICPC]

Chemical-protective clothing {CPC) is available in & vari-
oty of materials that offer a range of protection against
different chemicals. The most appropriate clothing mate-
nial will depend on the chemicals present and the task to
be accomplished. Mdeally, the chosen material resists
permaation, degradation, and penetration. Permestion is
the process by which a chemical dissoives in and/or
moves 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
10 exposure to chemicals, use, or ambient conditions (eg.,
sunfight). Penetration is the movement of chemicals
through zippers, stitched seams or imperfections {ag.,
pinholes) in a protective clothing material.

Sealection of chemical-protective clothing is a complex
task and should be performed by personnel with training
and experienca. Under all conditions, clothing is sefected
by evaluating the performance characteristics of the
clothing against the requirements and Emitations of tha
site- and task-specific conditionx. If possible, representa-
tive garments should be inepected before purchase and
their use and performance discussed with someone who
has experisnce with the clothing under consideration. in
all cases, tha employer is regponsible for ensuring that
the persona! protective clothing (and all PPE) necessary to

Apron, gloves, hardhat,
faceshield, boot covers

Figurs 8-3. Examples of Protective Clothing.

protect scnployees from injury or fllness that may result
from exposure to hazards at the work site is adequste and
of aafe design and construction for the work to be per-
formed {see OSHA standard 29 CFR Part 1970.132-
1910.137..

Permeation and Degradation

The selection of chemical-protective clothing depends
greatly upon the type and physical state of the con-
taminants. This information is detarmined during she
characterization [Chapter €). Once the chemicals have
been ldentified, available information sources should be
consulted to identify materials that ave resistam to
permeation and degradation by the known chemicals.
One sxcallent reference, Guidelines for the Selection of
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Tabls 8-5. Protective Clothing and Accessories

BODY PART TYPE OF CLOTHING
PRAOTECTED OR ACCESSORY DESCRIPTION TYPE OF PROTECTION USE CONSIDERATIONS
Full Body Fully-encapsulating One-piece garment. Boota Protacts, against splashes, Does not allow body heat o
suit and gloves mary be integral, dust, gases, and vapors. ascape. May contribute to
attached and replaceable, or hgat yiress o wearer, par-
separste. ticularly it wom in conjunc-
tion with a closed-eircuit
SCBA; a cooling garment
may be nesded. kvipairs
worker mobility, vision, snd
COMMUMCAaTion,
MNon-sncapsulating Jacket, hood, pants, or bib Protects against splashes, Do not use where gas-tight
suit averalls, snd one-piece dust, and other materials or pervesive splashing
coverslls. but not against gases snd protection is required.
vapors. Does not protect contribute to heat
parts of head or neck. :::ssinMIm.
Tape-3a8] connections
betwsen pant culfs and
boots and betweaen gloves
and sleeves.
Aprons, leggings, Fully sleeved and gloved Provides additional splash Whenever possibla, shoukl
and sleeve apron, protaction of chast, fore- b usad over & NON-shcap-
protectors Separats coverings for anms arms, and legs. w!ating.witﬁnmulof‘
and legs. US98 Roy-encapsulstng
gl yyra ]
Colmuiv_wom_wevnon- hrhutr::us. po
encapsulating suit- Usatul for sampling. label-
ing, snd anatysis opera-
tionzs. Shouk] be used only
when there i3 » low proby-
bility of total body contact
with contaminants,
ﬁrsﬁgl-u_tars‘ Gloves, heimet, nsnning or Pratects sgainst heat, hot Decontamination is difficult.
protactive clothing bunker coat, unning or water, and some particles. Should WOrTs ity Sre8s
bunker pants (NFPA No, Doas not protect against wlm:::u?ﬁunlq:m
1971, 1972, 1973}, and gases and vapors, or gases, vapory, chemicel
boots. chemical permeation or splashes, or permestion is
degradation. NFPA Stan- requirsd
dard Na. 1971 specifies )
that & garment consist of
an outer shell, an innet
liner, snd & vapor barrier
with § minimum water
penetration of 25 lbs/in?
{1.8 kg/cm® to pravent
the passage of hot watsr.
Proxwnity garment One- or two-piece Protects against brief Auxiliary cooling and an
{approach suit) overganment with boot exposure to radiant heat. SCBA should ba used i the
covers, gloves, snd hood of Does not protect against woarer may be axposad 10 2
stuminized nylon or cotion chemicel permeation of oXiC stmosphets of needs
fabric. degradation. more than 2 ot 3 minutes of
Normafty worn over other Can be custom- protection.
protectiva clothing, such as manufactured to protect
chamical-protective cloth- #gainst some chamical
ing. firafighters’ bunker contaminants,
goar, or fiame-retardant
coveralls,
Blast and Biast and fragmentation Provides yome protection Doces not provide
fragmentation suit vests and clathing, bomb against very small detona- hearing protection.
blankets, and bormb cariers, tiona. Bonb blankets and

baskats can halp redirect
& bisst.
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Table 8-5. {(cont)
BOQUY PAAT TYPE OF CLOTHING
PROTECTED OR ACCESSORY DESCRIPTION TYPE OF PROTECTION USE CONSIDERATIONS
Full Body Radiation- Various types of protective Protects sgamst sipha Designed to prevent skin
cont.} contamination pro- clothing designed to and beta perticles. Does contamination. If mdiation
wctive suit prevent contamination of NOT protect sgainst is detacted on sita. consult
the body by radioactive farmme radistion. an axperienced radiation
particles. Exper andd Svacuate Peraon-
nel until the sadiation haz-
ard has boen evahsated.
Flame Hira retardant Normaily worn as an Provides pratection from Adds bulk and mey exacer-
coveralls undargarmment. flash firas. bate heat stress problems
and impair mobility.
Fotation gaar Life jackats or work vests. Adds 1560 25bs (7 0 Adds bulk and restricts
{Commonky worm under- 11.3 kg of buoyancy to mobility.
nexth chemical protective personnel working in or Must meet USCG standards
tlothing t prevent flotation ~ #Ound warter. {48 CFR Part 160},
gear degradation by
chemicals )
Cooling garment One of three mathods: Removes excess heat
(1) A pumg circulates cool generated by worker {1) Pumps circulating cool
dry air throughout the suit activity, the squipment. of Ly s 10 1 20 £19 (0.3
or portions of it vis an air the eqvironment. 10 0.6 m*) of respirable mir
kne. Cooling may be par minute, 50 they ane
enhancad by use of a vor- often uneconomical for use
tax cooler, refrigaration at & wasts it
coils, or 8 haat exchanger.
(2) A jacket or vest having (2] Jackets or vests pose
pockets into which packets lce storage and charge
of ice are inserted. problama.
{3} A pump circulates {3) Purnps circulating
chilled water from a chilled water posa ice stor-
watarice reservoir and age problems. Tha pumgp
through circulating tubes, and battery add bulk snd
which cover part of the weight.
body igenerally the upper
torso onty).
Head Safety hetmet (hard For exampia, & hard plastic Protects the head from Helmet shall meet OSHA
hat} of nybber heimat. blows, standard 29 CFR Part
1910.135.
Helmet liner Insulates against cold.
Does not protect against
chemical spiashes.
Hood Commonly worn with » Protects against chemicel
helmet. splashes, particulates,
and rain.
Protective hair Protects ageinst chemical Particularty important for
covering contamination of hair. workers with long hair.
Prevents the entangle-
ment of haic in machinery
or sguipment.
Prevents hair from intor-
fering with vision snd
with the functioning of
nespiratory protactive
devices.
Eyes and Face shield Full-facs coverage, Protects sgairet chemical Faca shields and splash
Face® sight-nch minimum. spiashes. hoods must be suitably sup-
Does not protsct ade- ported to prevent them trom
quately ageinst ghifting and exposing por-
projectiles. tions of the face or obecur-
#ys pratection.

2AN sy and face protection must meset OSHA standard 28 CFR Part 1910.133.
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soms stee! materials lag.,
twoes, shanks, insolas),

pression, crushing, or
puncture bry falling., mov-

Table 8-5. (cont.)

BODY PART TYPE OF CLOTHING

PROTECTED OR ACCESSORY DESCRIPTION TYPE OF PROTECTION LISE CONSIDERATIONS

Eyen and Splash hood Protects against chemical

Feoa jcont.) splashes,

Does not protect
adequately against
projectiles.
Safety glasses Protect syes against lerge H lasers are used 1o Survey
particles ang projectiles. a site, workers should wesr
spacial protective lenses.
Goggles Depending on their con-
struction, goggles can
protect againat vaporized
chemicals, splashas, large
particles, and projectiles
if conatructed with
mpactyesistant lenses).
Sweat bands Prevents swaat-induced
mpaiment,

Eery Ear plugs and mufis Protect sgamnst physiolog- Must comply with OSHA
ical damage snd psvche- regulation 29 CFR Pant
logical disturbance 1910.95. Can interfers with

communication.
Usa of aar plugs should be
carefully reviewad by a
health end safety profes-
sional because chemical
contaminants could be
introduced into the sar.
Haadphones Radio headset with throst Provide some hgaring Highty desirable, particularly
micTophone. protection while enabling if amergency conditions
communication. Brise.
Hands and Gloves and sleeves May be integral, sttached, Protect hands and arms Wenr jacket cuffs aver glove
Anve or separate from gther from chemical contact. cuffs vo prevent liquid from
protective clothing. entaring the plove.
Tapa-sesl gloves to sleeves
10 provide additional
protaction.
Overgloves. Provide supplemental pro-
tection to the wearer and
protect mors sxpensive
undergarments from abra-
contaminytion.
Dispossbla gloves. Should be used whenever
poszible to reduce decon-
taminetion neods,
Faot Safety boots Boots constructed of Protsct feet from contact
chemical-resistant matsrial, with chemicals.
Boots constructed with Protact fest from com- All boots must at least maset

the specifications required
under OSHA 28 CFR Pant

ing. or sharp cbjects. 1810.136 and should pro-
vids good traction.
: Boots constructed from Protect the wearer
honconductive. spark- sgainst slactrical hazards
resistanmt materials or and peavent ignition of
costings. combustible gases or

vapom.
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Table B-5. {cont)
BODY PART TYPE OF CLOTHING
PROTECTED Of ACCESSORY DESCRIPTION TYPE OF PROTECTION USE CONSIDERATIONS
Foot jcont.) Disposable shoe or Made of 8 varisty of Protsct safety boots from Covers mary be disposed of
boct covers materials. Stip over tha contamination. after use, facilitating
shoe or boot. Protect feet from cortact decontamination.
with chemicals.
General Knifs Alows a person in & fully- Should be carried and used
encapsulating suit 1o out with caution to svoid
his or har way out of the puncturing the suit.
suit in the svent of an
AMengency or squipment
failure.

Fashight or lantern Enhances visibility n Must be intrinsically safe or
buildings, snclosed axplosion-proof for use in
spaces. and the dark. combustihle atrmospheres.

Sealing the flashiight in #
plastic bag facilitatas
dec:wtaninaﬁcn
approved ax iMrinsicalty
safa, or spproved for the
class and group of hazard
as definad in Article 500 of
the National Bectrical Coxie,
may be used.

Perzonal dosimater Measures worker gapo- To estimate actual body
Fe to ionizing rediation exposurs, the dosimeter
and to cortain chemicals. should be placed inside the

fully-encapsulating suit.

Parsonal locator Operated by sound, radia, Enablas emergency per-

beacon or ght. sonnel 1o locate victim

Mwo-way radio Ensbies field workers of
comwnunicate with per-
sonnst in the Support

. Zone

Safety behx, hav- Enable personnel to work. Must bs constructad of

nestas, and kfelin- in slevated arsas or enter spark-free hardwars and
wvent folls. Belts may be to provide propes protec-
used t0 carTy ools and tion. Must meet OSHA
eqripment. standards in 29 CFR Part

1926.104,

Chemical-Protective Clothing [4], provides a matrix of
clothing matsrial recommendations for approximately 300
chamicals based on sn svaluation of permeation and
degradation data from independant tests, vendor Rtera-
ture, and rew material suppliers. Charts indicating tha
resistanca of various clothing materials to permaation and
degradstion are alzo svailable from manufacturers and
other sources. It is important 10 nots, however, that no
material protects against aft chemicals and combinations
of chemicals, end that no currently svailable material is an
affective barrier 10 any prolonged chamical exposura.

in reviewing vendor Ktarature, it is important to be aware
that the data provided are of Emitad value. For mample,
the quality of vendor test methods is inconsistent; ven-
dors often rely on the raw material manufacturers for data
rather than conducting their own tests; and the data may
not be updated. In addition, vendor data cannot addross
the wide variety of uses and challenges to which CPC

may bs subjected. Most vendors strongly emphasize this
point in the descriptive text that accompanies their data.

Another factor to bear in mind when selecting CPC is that
the rate of permaation is a function of several factors,
including clothing material type and thickness, manufac-
tuting method, the concentration(s) of the hazardous sub-
stance(s), temperature, pressure, humidity, the solubility
of the chemica! in the clothing material, and the diffusion
coefficient of the permesting chemical in the clothing
material. Thus pameation rates and breakthrough time
fthe tima from initia) exposure until hazardous material is
dJdetectable on the inside of the CPC) may vary depending
on these conditions.,

Maost hazardous wastes are mixtures, for which specific
data with which to make a good CPC selection are not
avallable. Due to a lack of testing, only imited permeation
data for multicomponent liquids are cumently avsilahla
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Mixtures of chemicals cen be significantly more aggres-
sive towards CPC materials than can any single compo-
nent alone. Even small amounts of a rapidly permeating
chemical mey provide a pathway that accelerates the
permeation of other chemicals [4). Formal research is
being conducted on these effects. NIOSH is currently
developing methods for svaluating CPC materials against
mixtures of chemicals and unknowns in the fieid. For har-
ardous waste site operations, CPC should be selectsd
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 differemt
materials laminated together—that is capable of providing
the best features of each material.

Heat Transfer Characteristics

The heat transfer characteristics of CPC may be an mpor-
tant factor in selection. Since most chemical-protective
clothing is virtually impermeable to moisture, evaporative
cooling is imited. The *‘clo’’ value {thermal insulation
velue) of chemical-protective clothing is a measura of the
capacity of CPC to dissipate heat loss through means
other than evaporation. The larger the clo value, the
grezter the insulating properties of the garment and, con-
sequently, the lower the heat transfer [5). Given other
equivalent protective properties, ciothing 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 Considerations

In addition to permeation, degradation, penetration, and
heat tranafer, several other factors must be considered
during clothing selection. These affect not onty chemical
resistance, but also the worker's ability to performn the
required task. The following checklist summarizes these
considerations.
*« Durability:
Does the material have sufficient strength to with-
stand the physical stress of the taskis} at hand?
Will the material resist tears, punctures, and
abrasions?
Will the material withstand repeated usa after con-
tamination/decontamination?
* Flexibility:
Will the CPC interfere with the workers’ ability to
perform their assigned tasks (this is particularly
important to consider for gloves)?
*» Temperature effects:
Will the matarial maintain its protective integrity
and flexibility under hot and cold sxtremes?
* Eage of decontamination:

Are decontamination procedures aveilable on site?

Will tha material pose ary decontamination
problems?

Should disposable clothing be used?

= Compatibility with other squipment:
Does the clothing preclude the use of angther,
necessary piece of protective equipment {ag., suits
that preclude hardhat use In hardhat area)?

# Duration of use:

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

Special Conditions

Fire, explasion, heat, and radiation are considered specis!
conditions that require special-protective equipment.
Unigue problems are associated with radiation and it is
bevond the scope of this manual 1o discuss them
property. A qualified health physicist should be consulted
if a radiation hazard exists. Special-protective equipmant
is described in Table 8-5 (see Fulf Body saction of the
1ablej. When using special-protective equipment, it is
important to also provide protection against chemicals,
since the specialized equipment may provide fittle or no
protection against chemicals which may also be present.

Ssalection of Ensembles
Lewsl of Protaction

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

Table B-8 lists ensemble components based on the widely
used EFA Levels of Protection: Lavels A, B, C, and D.
These lists can be used as a starting point for ensemble
creation; however, each ensemble must be taiored to the
specific situation in order to provide the most approprate
level of pratection. For example, if work is being con-
ducted at 2 highly contaminated site or if the potential for
contamination is high, it may be advisable to wear a dis-
posable caovering, such as Tyvek coveralls or PVC splash
suits, over the protective ensembie. It may be necessary
to siit the back of these disposable suits to fit around the
bulge of an encapsulzating suit and SCBA [51.

The type of equipment used and the overall level of pro-
tection should be reevaluated periodically as the amount
of information about the site increases, and ag workers
am required to perform different tasks. Personnel should
ba abie to upgrade or downgrade their level of protection
with concurrence of the Site Satety Officer and approval
of the Field Team Leader.

Reasons to upgrade:

= Known or suspected presence of dermal hazards.

» Occurrence or likely occurrence of gas ar vapor
ermission.

+ 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 contact with
hazardous materials.
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Tabla 8-8. Sample Protective Ensemblesa

LEVEL OF
PROTECTION EQUIPMENT PROTECTION PROVIDED  SHOULD BE USED WHEN: UMITING CRITERIA
A RECOMMENDED: Tha highast svailable level * The chemical substance has * Fully-encapsulating
» Pressure-demsand, full-facepieca of respiretory, skin, and been identibed and requines the suit material must
SCBA or pressure-demand sup-  eye protection. highest level of protection for be compatible with
plied-gir reapirator with escape skin, syes. and the respiratory the substances
SCBA. systermn based on eithac; involved.
* Fully-encapsulating, chemical- — measured [or potential for}
resistant suit. high concentration of atmos-
» inner chemical-resistant gloves. pheric vapors, gases. or
» Chemical-resistant safety boots/ particulates
shoes. or
* “Fwo-way communications. = site operations and work
rdie fimctions imvolving a high
OPTIONAL: potentia! for splash, immer-
= Cooling unit. FON, OF EXPOSLIE 10 WNex-
N catton arwear. iculates of rthat
- particulates of materials
.ﬁm und ) are harmiul o skin or capabis
p of being absorbed through
* Disposable gloves and boot the intact skin.
covers. * Substances with & high degree
of hazard to the skin s known
or suspected to be present, and
skin contact iz possible
* Operations must be conducted
in confined, poorly ventilated
areas uritl the shsence of con-
ditions requiring Level A
protection is determined.
B RECOMMENDED: The same level of respir-  # The type and atmospheric con-  ® Use only when the
* Pyessure-dermand, full-facepiece atory protecton but less cantration of substances have VB[P OF gases
SCBA or pressura-demand sup- skin protection than bean idemified and require a present are not
plied-air respirator with escape  Level Al high leve! of respiratory pro- suspectod of con-
SCBA. it is tha minimum level tection, but less skin protection. taning high con-
* Chemical-resistant clothing racommended for inftial Thig involves stmospheres: centrations of
{overalls and long-sleeved site antries until the — with IDLH concentrations of chemicals that are
jacket; hooded, one- or two- hazards have been further specific substances that do harmnful to skin or
piece chemicsl splash suit: identified. not represent a severe skin capable of being
disposable chemical-resistant hazarg; absorbed through
ona-piocs suit). or the &vtact skin

= lnner and ouiar chemi-

— that do not meet the criteria

* Usa only when it is

cal-resistant gloves, for use of aiv-puritying ;'gehmlm that
= Chemical-resistant safety FESpIfators. being
B done will generate
boats/shoes. v Ammnosphare contzins less than either high concen-
® Hard hat. 19.5 percent oxygen. trations of vepors.
* Two-way radio communications. * Presence of incompletely identi-  gases, or particu-
fied vapors or gases s indicated lates or splashes
OPTIONAL: by direct-reading omganic vapor of material that
» Coveralls. detection instrument, but vapors  will affect exposed
= Disposable boot covers. and gases are not suspected of skin,
o Face shield. containing high levels of
chemicals harmful to gkin or
* Long cotton underwear, capable of being absorbed
on EPA . Blas through the mtect skin.

PPE Use

PPE can offer a high degree of protection only if it is used
properfy. This section covers the following aspects of PPE

& |n-use monitoring.

use: » Doffing.
* Training. * Inspection.
+ Storage.

#* Work mission duration.
# Personal use factors.

» Fit testing.

* Donning.

& Maintenance

Decontamination is covered in Chapter 10. inadequate
attention to any of these areas could cormpromise the pro-
tection provided by the PPE.



Personal Protective Equipment 8-15

Table 8-6. (cont.)

LEVEL OF
PROTECTION EQUIPMENT PROTECTION PROVIDED SHOULD BE USED WHEN: UMITING CRITERIA
[ o] RECOMMENDED: The same leve! of skin = The stmospheric contaminants, * Atmospheric
« Fuil-facepiece, air-purifying, protection as Level B, but Hiquid splathes, or other direct concentration of
canister-equipped respiratos. a lower level of contact will not adversety attect chamicals must
= Chemical-esistant clathing Tespiretory protection. arry axposed skin. not excesd IDLH
{overalls and long-sleeved s The types of sir comaminants bovels.
jpcket; hooded, one- of two- have baen identified, concentra-  + The atmoaphere
piece chermical splash suit; tions maasured, and & Canisteris  Mmust coitain at
disposabie chemical -resigtant available that can remove the hsast 19.8 parcant
one-piece suitl. contaminant. axygon.
* Inner sng outer chemi- » All criteris for the use of air-
cal-resistant gloves. purifying rezpirators s met,
» Chemical-resistant safety boots/
shoes.
* Hard hat.
* Two-way radio communications.
QPTIONAL:
= Coveralls.
s Disposable boot covers.
* Face shield.
+ Escape mask.
* Long cotton unkierwear.
D RECOMMENDED: No respiratory protection.  * The gtmosphere contains no * This level should
* Coverslls. Minimal skin protection. known hazard, not be wom in the
* Safety boots/thoss. & Wark functions preciude Exclusion Zone.
= Safety glasses or chemical splashes, immersion, or the * The gtmosphere
spiash gogples. potential for unexpectad must contain at
« Hard hat. inhalation of or contact with feast 19.5 percent
hazardous kvels of any acygen.
OPTIONAL: chemicals
* Gloves.
* Escape mask.
= Foca shield.
Training

Training in PPE use is mcommended and, for respirators,
requirad by federa! requiation in the OSHA standards in
29 CFR Part 1910 Subparts | and Z. This training:

* Allows the user to become familiar with the squip-
ment in a nonharardous situation.
¢ nstills confidence of the user in his/her equipment,

* Makes the user aware of the limitations and capabili-
ties of the equipment.

* Increases the afficiency of operations performed by
workers wearing PPE.

= May ncrease the pratective efficiency of PPE usa.
* Reducas tha axpanse of PPE maintenance.

Training should be completed prior to actual PPEuse in a
hazardous srwironment and should be repeated at least
annuaily. At 8 minimum, the training portion of the PPE
program should delineate the user’s responsibilities and
explain the following, utilizing both classroom and field
training when pecessary:

* OSHA requirements as delineated in 29 CFR Part
1910 Subparts 1 and 2.

+« The propear use and maintenance of the selacted PPE,
including capabilities and fimitations.

* The nature of tha hazards and the consequances 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 nomal air for a long familiarity period
and, finally, wearing PPE in a test stmosphere to
evgluate its effectiveness,

* The user’s responsibility {if any) for decontamination,
cleaning, maintenance, and repair of PPE.

s Emergency procedures and sesif-rescus in the event of
PPE failure

* The buddy system (see Chapter 8, Site Contro/i.

* The Site Safety Plan and the individual’s responsibili-
ties and duties in an emergency.

The discomfort and inconveniencs of wearing PPE can
create a resistance to the conscisntious use of PPE. One
assential aspect of training is 10 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 suppiy consumption.

» Suit/ensemble parmeation and penetration by
chamical contaminams.

* Ambient temperature.
* Cooclant supply.

Air Supply Consumption

The duration of the air supply must be considered before
plarning 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 8 moderate work rate, eg., some lifting, carry-
ing, and/or heavy equipment operation. In actua! vpera-
tion, however, several factors can reduce the rated
operating time. When planning an SCRBA-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 one-half during
strenuous work, eg., drum handling., major lifting,
or any task requiring repetitive speed of motion
171

» Fitness. Well-conditioned 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 [8].

= Body size. Larger individuals generally consume air
at a higher rate than smaller individuals (8]
thereby decreasing the SCBA operating tima.

* Breathing pattems. Quick, shallow or imegular
breaths use air more rapidly than desp, regularly
spaced breaths. Heat-induced anxiety and lack of
acclimatization (see Heal Stress and Other Physio-
logical Factors in this chapter} may induce hyper-
ventilation, resulting in decreased SCBA operating
time [8].

Suit/Enssmbia Permeation and Penetration
The possibility of chemical permeation or penetration of
CPC ensemnbles during the work mission is always & mat-
ter of concem and may Imit mission duration. Possible
causses of ensembla penetration are:
* Suit valve leakage, particularly under excessivety
hat or cold temperatures.
* Suit fastener leakage if the suit is not properly
maintained or if the fastenars becomae brittle at
cold ternperatures.

s Exhalation valve leakage at excessively hot or cold
femperatures,
Alsa, 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 1o prolonged
chamical exposura

Ambient Temperature

Tha ambient temperature has a major influence on work
mission duration as it affects both the worker and the
protective integrity of the snsemble. Heat stress, which
can occur even in relatively moderate temperatures, is the
greatast immediate danger to an ensemble-encapsulated
worker. Methods to monitor for and prevent heat stress
are discussed in the final saction of this chapter, Hea?
Stress and Other Physivlogical Fectors, Hat and cold
ambient temperatures also affect:

* Valve operation on suits and/or reapirators.,

= The durability and flaxibility of suit materials.

* The integrity of suit fasteners.

+ The breakthrough time and permeation rates of
chemicals.

* The concentration of sirbome contaminants.

All these factors may decrease the duration of protaction
providad by a given piece of clothing or respiratory
equipment.

Coolant Supply

Under warm or strenuous work conditions, adequate
coolant lice or chilled air, see Table 8-6} should be
provided to keep the wearer’s body at a comfortable tem-
perature and to reduce the potential for heat stress {see
Heat Stress and Cther Physiological Factors at the end of
this chapter). If coolant i necessary, the duration of the
coolant supply will directly sffect mission duration.

Personal Use Factors

As described below., certain personal features of workers
may jecpardize safety during equipmem use. Prohibitive
or precautionary measurnes shouid be taken as necessary.

Facial hair and long hair interfere with respirator fit and
wearer vision. Any facial heir 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 penatration. Long hair must
be effectively contained within protective hair coverings.

Eyeglasses with conventional temple pieces learpiece
bars] will interfere with the respirator-to-face ssal of a full
facepiece A spectacle kit should be installed in the face
masks of workers requiring vision cofrection.

When a worker must weer commective lenses as part of
the facepiece, the lenses shall be fitted by qualified
individuals to provide good vision, comfiort, and a gas-
tight seal. Contact lenses may trap contaminants and/or
particulates between the lens and the aye, causing imia-
tion, damage, absorption, and an urge to remove the
respirator. Wearing contact lenses with a respirator n a
contaminated atmosphere is prohibited {29 CFR Part
1910.134 e[ 516G ]).

Gum and tobacco chewing should be prohibited during
respirator use since they may causa ingestion of con-
taminants and may compromise the respirator fit.
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Donning an Ensamble

A routine should be established and practiced periodically
for donning 2 fully-encapsulating suit/SCBA ensemble
Assistance should be provided for denning and doffing
since these operations are difficult to perform alone, and
sobs efforts may increase the possibility of suit damage

Table B-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 whan extra gloves and/or boots arg used.
These procedures assume that the wearer has previous
training in SCBA use and decontamination procedures.

Once the aquipment has been donned, its fit should be
eveluated. if the clothing is toa small, it will restrict move-
ment, thereby incressing the likelihood of tearing the suit
material and accelerating worker fatigue. Iif the ciothing

is too large. the possibility of snagging the material is
increased, and the dexterity and coordination of the
worker may be compromised. In gither case, the wovker
should be recalled ang better fitting clothing provided.

As part of danning operations, an assistant tape seals
boots to protective ciothing to eliminate routes of entry
for chemicals,

Table 8-7. Sample Donning Proceduresahs

1. Inspect the clothing and respirstory squipment befors donning
{see Inspection).

2, Adjust hard hat or headpisce if worn, to fit user's head.

3. Open back closurs used o changs air tank (if suit has onel
before donning suit

4. Standing or sitting, step imto the logs of the suit ensure proper
placement of tha feat within the suit; then gather the suit
around the waist.

5. Put on chemical-resistant. safety boots over the feet of the suit.
Tape the log cuff over the tops of the boots.
=i additional chemical-resistant boots are required, put these

on Now. :

— Some one-piecs suits have heavy-soled protectiva feet. With
thesa suits, wear short, chemical-resistant safety boots ingide
the suit.

6. Put on air tanks and harness sssembly of the SCBA. Don the
facepiece snd adjust it 1o be secure, but comfortable. Do not
connact the breathing hase. Open valve on air tank.

7. Perform negative and potitive respirator facepieca seal test
procedures.

- To conduct a negative-pressure test, close the inlet part with
the palm of the hand or squeeze the braathing tube to it does
not pass air, and gently inhala for about 10 seconds. Any
inward rushing of air indicates a poor fit. Note that a leaking
facepieca may be drawm tightly to the face to form & good
segl, giving a falss indication of adequate M.

—To conduct a positive-pressurs tast, gently axhals while
cavering the exhalation valve to enzure that a positive pres-
sure can be buitt up. Fajhae to build 8 positive pressure indi-
cates a poor fit.

8. Depending on type of suit:

— Put on long-siesved inner gioves (similar to surgical gloves).

— Securs gloves to sleaves, for suits with detachabls gloves
Gif mot done prior to entering tha suit).

— Additional overgloves, worn over attached suit gloves, may be
donned later.

9. Put sleevas of suit over arms a8 assistant pulls suit up and over
the SCBA. Have assistant adjust suit sround SCBA and
shoulders to anzura unrestricted motion.

10. Put on hard hat, if needed.

11. Raise hood over head carefully 30 as not to disrupt face seal of
SCBA mask. Adjust hood to give satisfactory comfort.

12. Bagin tn sacure the suit by closing all fasteners on opaning until
thers is onty adequate room to connect the breathing hose.
Secure sl betts and/or adjustabls leg, head, and waistbands.

13. Connect the braathing hose while opening the main velve

14, Have assistant first ensure that wearer is breathing properly and
then maka final closurs of the suit.

15. Have assistant check afl closures.

16. Have sssistant observe the wearer for 8 period of time t0 snsure
that the weares is comfortable, psychologically stable, and that
the squipment is functioning properly.

*Source: Based on reforence 9]
Pyrform the procedures in the order indicated.

SWhen donning a suit, usa & moderate amount of 8 powder to pre-
vent chafing snd to incressa comfort. Powder will also reduce
rubber binding.
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Respirator Fit Testing

The “*fit’" or integrity of the facepiece-to-face seal of &
respirator affects its performance. A secure fit is impor-
tant with positive-pressure equipment, and is essential

to the zafe functioning of negative-pressure 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 ansure a tight saal. Faclal features such as scars,
hollow temples, very prominent cheekbones, deep skin
creases, dentures or missing teeth, snd the chewing of
gum and tobacco may interfere with the respirator-to-face
seal. A respirator shalt not be wom when such conditions
prévent a good seal. The workers’ diligence in observing
these factors shall be evaluated by periodic checka.

For a qualitative respirator fit tasting protocol, see
Appendix D of the OSHA lead standard {29 CFR Part
1910.1025]. For quantitative fit testing, see the NIOSH
publication A Guide to Industrial Respiratory Protection
{10]. For specific quantitative testing protocols. literature
supplied by manufecturers of quantitative fit test equip-
ment should be consulted. Note that certain OSHA s1an-
dards require quantitative fit testing under specific
circumstancas le.g., 29 CFR Parts 1910.1018h1I3](i},
1910.1025H1(3ii], and 1910104 S[h](31GiHB)).

In-Use Monitoring

The wearer must understand all aspects of the clothing
oparation and its limitations; this is especially important
for fully-encapsutating ensembles where misuse could
potentially result in suffocation.

During equipment use, workers should be encouraged to
report any perceived problems or difficulties to their
supervisor{sl. These malfunctions include, but are not
limited to:

* Degradation of the protective ensemble

» Perception of odors.

« Skin irritation.

s Unusual residues on PPE.

« Discomfort.

= Resistance ta breathing.

» Fatigue dus 10 respirator usea,

+ Interference with vision or commumnication.
# Restriction of movement.

» Personal responses such as rapid pulse, nausea, and
chest pain.

If a supplied-air respirator is being used, all hazards thet
might endanger the integrity of the air line should be
removed from the working area prior t0 use. During use,
air lines should be kept as short as possible and other
workers and vehicles should ba axcluded from the arsa.

Doffing an Ensambls

Exact procedures for removing fully-encapsulating suit/
SCBA ensembles must be established and followed in
order to pravent contaminant migration from the work
area and transfer of contaminants to the wearer's body,
the doffing assistant, snd others.

Tabia 8-8. Sampie Dotfing Procedurest

H sutficient air supply s svaliabla to sliow appropriste decontami-
naton befors rermoval:
L Remowe any extrancous or disposable clothing, boot covers,
outer gloves, and tape.
2 Have assistant lovsen and remove the wearsr’s safety shoes or
boots.

3.Have assistant opan the suit completely and kft the hood aver
the head of the wearer and rest it on top of the SCBA tank.

4.Remave sns, one at & time, from suit. Dnce srms ars frea, have

asgsistant iift the suit yp and sway from the SCBA backpack —
svoiding sny conmact betweean the outside surfacs of the suit
and the wearer’s body —and lay the suit out Rlat behind the
wearer. Laave intarnal gloves on, if sy

5. Sitting, H possible, remove both legs from the suit.

- Follow procedure for doffing SCRA.

7. After suit is vemoved, remove internal gloves by rofling them off

the hand, inzide our
8. Remove internal clothing and thoroughly cleanse the body.

K the low-prezsurs waming alarm has sounded, signifying that
spproximately 5 minutes of air remain:

1. Rernove disposable clothing.

2. Quickly scrub and hose off. especially around the sntrance/exit

Zippef.

3. Open the ripper enough to allow access to the regulator and
breathing hose.

4. Immediately sttach an sppropriate canister to the bresthing
hose tthe type and fittings should be predeterminad). Although
thiz providas somea protection against sy contamination still
prasant, it voids the certification of the unit.

5. Follow Steps 1 through B of the regular doifing procedure
above. Toks extra care to avoid cortaminating the assistent and
wearer.

*Source = Based on reference [9].

Sample doffing procedures sre provided in Table 8-8.
These procedures should be performed only after decon-
tamination of the suited workar {see Chapter 10, Decon-
tamination). They require a suitably attived assistant.
Throughout the procedures, both worker and assistam
should svoid any direct contact with the outside surface
of the suit.

Clothing Reuse

Chemicals that have begun to permeate clothing during
usza may not be removed during decontamination and may
continue to ditfuse through the material towards the
inzide surface, presenting the hazard of direct skin con-
tact to the next person who uses the clothing.

Where such potential hazerds may develop, clothing
should be checkad inside and out for discoloration or
other evidence of contamination {see next section,
Inspection). This is particularly important for fully-
sncapsulatinf) suits, which ars generally subject to reuse
due to their cost. Note, however, that negative fia, no
chamical found} test results do not necessarily preclude
the possibility that some absorbed chemical will aach
the suit’s interior.

At present, little documentation sxists ragarding clothing
reusa Reuse decisions must consider the known factors
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of permeation rates as well as the toxicity of the con-
taminant(s). In fact, unless extreme care is taken 1o
ensure that clothing is properdy decontaminated and that
the decontamination does not degrade the matenal, the
reuse of chemical protective clothing that has been
contaminated with toxic chemicals is not advisable [4].

Inspaction

An effective PPE inspection program will probably feature
five different ingpections:

* 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 treining and prior to main-
tenance

s 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 ingpection will cover somewhat different, areas in
varying degrees of depth. Detailed inspection procedures,
where appropriate, are usually available from the manu-
facturer. The inspection checklists provided in Table 8-9
may aiso be an aid.

Records must be kept of all inspection procedures.
Individual identification numbers should be assigned to afl
reusable pieces of equipment [respirators may already
have ID numberz) and records should be maintained by
that number. At a minimum, each inspection should rec-
ord the ID number, date, inspector, and any unususl con-
ditions or findings. Periodic review of these records may
indicate an item or type of item with excessive main-
tanance costs or a particulary high feve! of ““down-time.”

Storage

Clothing and mespirators must be stored properly to pre-
vent damage or malfunction due to exposure to dust,
moisture, sunlight, damaging chemicals, extremne temper-
atures, and impact. Procedures must be specified for both
pre-issuance warshousing and, more importantly, post-
iasuance (in-use) storage. Many equipment failures can be
directly attributed to improper storage

Clothing:
& Potentially contaminated clothing should be stored in
an area separate from street clothing.

* Potentially contaminated clothing should be stored in
a well-ventilated area, with good air fiow around each
ftem, if possible.

* Differant types and materials of clothing and gloves
should ba stored separately to prevent issuing tha
wrong material by mistake

* Protective clothing should be folded or hung in accor-
dancs with manufacturers’ recommendations.
Respirators:

s SCBAs, supplied-air respirators, and air-purifying
respirators should be dismantied, washed, and disin-
fectad sfter @ach use

Table 8-9. Sample PPE Ingpection Checklists

CLOTHING
Befors use:

* Determine that the clothing materia) is correct for the apecified
task at hand.

* Visually inspect for:
—imperfect seams
= non-uniform coatings
—tears
—matunctioning closures
* Hold up to light and check for pinholes.
* Reax product
—~ observe for cracks
= observe for othet signs of shelf deterioration

» If the product has been used previously, inspect inside and out
for signs of chemical attack:

—discoloration
—swelling
- gtiffness

During the work task, periodically inspact for-

. Eviden_a of chemical attack such as discoloration, sweliing,
stiffening, and softening. Keep in mind, however, that chemical
permeation can occur without any visible effects.

+ Closure failure,

* Toars.

* Punctures.

& Seam discontinuities,

GLOVES

* BEFORE USE, pressurize glove to check for pinholes. Either
blow into glove, then roll gauntiet 1owards fingers or inflate
glove and hold under water. In either case, no air should ascape.

FULLY-ENCAPSULATING SUITS
Betors use:
* Chack the operation of prassure ralief valves.
& Inspact the fitting of wrists, ankles, and neck.
* Check feceshield, if 3o equipped, for:

—gracks
—crazing
— fogginess

RESPIRATORS

SCBA

s Inspect SCHAs:

— before end after sach use
— at least monthly when in storage
— every time they are cleaned

* Check all eonnections for ightness.
* Check matenial conditions for:
—signs of pliability
— signa of deteriaration
—signs of distortion

* Check for proper satting and operation of regulavors and valves
{according 1o manufacturers’ recornmendations).

* Check operation of alarmis).
= Check faceshields and lenses for:

—cracks
—crazing
- fogginess
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Table 8-9. {cont.)

Supplisd-Alr Raspisators

* Inspect SARs:
—daily when in use
— at least monthly when in storage
—eovery 1ime they ars cleanad

* Inzpoct air lines prior to each use for cracks, kinks, cuts, fravs,
and weaak aroas

* Check for proper setting and operation of regulators and vahes
{according to manufacturers’ racommendations).

* Check all connections for tightness.

s Check meterial conditions for:
—algnsufpllahilrty

Alr-Purifying Respirators
& Inspect air-purifying respirators:
— before aach use to be sure they have been adsquately
cleanad
— after sach use
—during cleaning
—monthly if i storage for emergency use
* Check material conditions for:
—signs of pliability
— signa of deterioration
—signs of distortion
« Examine cartridges or canisters to ensure that:
—they ane the proper type for the intended use
—the supiration date has not been passed
—they have not been opened or used previously
= Check facashields and lensas for
- cracks
—crazing

—fogginess

* SCBAs should be stored in storage chests supplied by
the manufacturer. Air-purifying respirators shouid be
stoved individually in their original cartons or carmrying
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 them. Explicit procedures should be adopted o
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:

* Lovel 1: User or wearer mamtanance, requiring a few
common tools or no teols at all.

® Level 2: Shop maintenance that can be performed by
the employer’s maintenance shop.

® Llavel 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 & hazardous waste worker at consid-
erable risk of developing heat stress. This can result in
health effects ranging from transient heat fatigue 10 seri-
ous iflness or death. Heet 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) ilinesses at haz-
ardous waste sites, regutar monitoring and other preven-
tive precautions are vital.

Individuals vary in their susceptibility to heat stress. Fac-
tors that may predispose someone to hest siress include:

» Lack of physical fithess.
» Lack of acclimatization.
[ Agg.

* 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 sccess 10 normal heat exchange
mechanisms (evaporation, convection, and radiation}. and
increases energy expenditure. Therefore, when selecting
PPE. each item’s benefit should be carafully evaluated in
relation to its potential for increasing the risk of heat
stress. Onca PPE is selected, the safe duration of work/
rest periods should be determined based on the:

s Anticipated work rate.

* Ambient temperature and other anvironmental
factors.

* Type of protective ensembla.
* Individual worker characteristics and fithess.

Monhtosring

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
Amaerican Conference of Governmental industrial
Hygtenists® (ACGIH) Threshold Limit Values for
Heat Stress [11).  the actual clothing worn differs
from the ACGIH standard ensemble in insulation
value and/or wind and vapor permeability, change
the monitaring requirements and work/rest sched-
ules accondingly (12].
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* For workers wearing semipermaable or imper-
meable' encapsulating ensembles, the ACGIH
standard carnot be used. For these situations,
workers should be monitored when the tempera-
ture in the work area is above 70°F (21°C) [6).

To monitor the worker, measure:

# Haart rate Count the radial pulse during a
30-second period as aarly as possible in the rest
period.

i 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 same.

i the heart rate gtill exceeds 110 beats per minute
at the next rest period, shorten the following work
cycle by one-thind [12].

* Oral temperaturs. Use a clinical thermomaeter
{3 minutes under the tongue} or similar device to
measure the oral temperature at the end of tha
work period |before drinking}.

H oral temperature exceeds 89.5°F {(37.6°C),
shorten the next work cycle by one-third without
changing the rest period.

if oral temperature still exceads 99.6°F (37.6°C} at
the baginning of the next rest period, shorten the
following work cycla by one-third [12].

Do nof permit a worker to wear a semiparmeable or
impermaable garment when his/her oral tempera-
ture exceeds 100.6 °F {38.1°C)[12).

= Body water loss, if possible Measure weight on a
scale accurate to +£0.25 ib at the beginning and
end of each work day 1o see if enough fluids are
being taken to prevent dehydration. Weights
should be taken while the employee weasrs similar
clothing or, ideally, is nude. The body water loss
should not exceed 1.5 percent total body weight
loss in & work day [12).

Initially, the frequency of physiological monitoring
depends on the air temperature adjusted for solar radia-
tion and the leve!l of physical work {see Table B-10). The
kength of the work cycle will be governed by the fre-
quency of the required physiologica!l monitoring.

Pravention

Proper training and preventive measures will help avert
serious iliness and loss of work productivity. Preventing
heat stress is particularly important because once some-
one suiffers from heat stroke or heat exhaustion, that per-
son may be predisposed to additional heat injuries. To
avoid heat stress, management should take the fallowing
steps:

* Adjust work schedules:
Madify work/rest schadules according to monitor-
ing requirements.
Mandate work slowdowns as needed.

‘Although no protective ensemblie is “completsty” impermeabla,
for practical purposes sn outfit may be considersd impermeable
when calculating heat stress risk.

Rotate personnel: atternate job functions to mini-
mize averstress or overexertion at ona task.

Add additional personnel to work teams,

Perform work duning cocler 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 10 protect personnel during rast
periods.

= Maintain workers’ body fluids at normal levels,
This is necessary to ensure that the cardiovascular
systemn functions adequately. Daily fluid intake
must approximately equal the amount of water
lost in sweat, i, B fluid ounces {0.23 liters) of
water must be ingested for approximately evary
B ocunces {0.23 kg] of weight lost. The nomal
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 1o drink more. The following
strategies may be useful: .

Maintain water temperature at 50 to 60°F

{10° t0 15.6°C).

Provide small disposable cups that hold about

4 ounces (0.1 liter).

Have workers drink 16 ounces {0.5 fiters) of fluid
{preferably water or dilute drinks) befere beginning
work.

Urge workers to drink a cup or two avery 15 to 20
minutes, of at each monitoring break. A total of

1 to 1.6 gallons {4 to 6 liters) of fluid per day are
recormmended, but more may be necessary to
maintain body weight.

Weigh warkers before and after work to determine
it fluid replacement is adequate.

= Encourage workers to maintain an optimal level of
physical fitness:

Where indicated, acclimatize warkers to site work
conditions: temperature, pratective clothing, and
workioad {see Lleve! 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.
Az part of training, identify the signs and symp-
toms of heat strass {see Table 8-11).

Other Factors

PPE decreases worker performance as compared 1o 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 ta PPE, the individual
human characteristics that play a factor in these
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Table 8-10. Suggested Frequency of Physiological Monitoring for Fit and Acclimatized Workerss

ADJISTED TEMPERATURES NORMAL WORYX ENSEMBLES IMPERMEABLE ENSEMBLE
90*F (32.2*C) or above After each 45 minutss of work After each 15 minutes of work
87.5°-90°F {30.8*- 32.2°C) Afver ssch 60 minutes of work Afer each 30 minutes of work
82.5°-87.5°F (28,17 - 30.8*C) After sach 50 minutes of work Aflter each 60 minutes of work
77.5°-82.5°F (25.3°-28.1°C) After sach 120 minutes of work After each 90 minutes of work
725°-775°F

122.5°-25.3%C} After aach 150 minutes of work After sach 120 minutes of work
Source: Reference [131

Foc work levels of 250 kilocalories/hour.

bCalcuiate the adjustad air temperature (ta adj) by using this equation: ta odj °F = ta °F + {13 x “% sunshine). Measure air temperatire
fia} with a standand mercury-in-glass thermometsr, with the bulb shielded from radiant heat. Estimate percent sunshine by judging what
percent tims the sun is not coverad by douds that are thick enough to produce a shadow. (100 percent sunshine = no cloud cover and

& sham, distinct shadow; 0 percent sunshine = no shadows.)

€A normal work ensemble consists of cotton coveralls or other cotton clothing with kong tleeves and pants.

Tabls 8-11. Signs and Symptoms of Heat Strass®

* Haat rash may rezult from continuous exposure 1o hast of
humid air.

* Heat cramps are causad by heavy sweating with madequete
slectrolyts replacement. Signs snd symptoms include:
- MUuSCcle Spasms
— pain in the hands, feet, and abdomen

& Heost exhaustion occurs from increased stress on various body
organs including inadequate blood circulation due to cardio-
vascular msufficiency or dehydration. Signs and symptoms
include:
— peole, cool, moist skin
— haavy swaating
— dizziness
— NaIses
— fainting

* Heat stroka is the most sevious form of heat stress. Temperaturs
reguiation fails and the body temperature rises 1o critical levels.
Immecdiate action must be taken to cool the body befors sarious
injury and daath occw. Competent medical help must be
obteined. Sign: and symgtoms are:
— rod, hot, usually dry skin
= lack of or reduced perspiration
— nauses
— dizziness and confusion
— strong. rapid pulse
— coma

*Source: Reference [6).

responses, and some of the precautionary and training
meaasures that need to be taken to avoid PPE-induced
injury.

The physiological factors may affect worker ability to
function using PPE include:

s Physical condition.

* Level of acclimatization.
* Age

= Gender.

* Weight.

Physical Condition

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 [5.8.15.16]:

* Less physiological strain.
* A lower heart rate,

* A lower body tempetature, which indicates less
retained body heat {a rise in intemnal 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 undet hat conditions
affects his or her ability to do work. Acclimatized indi-
viduals ganerally have lower heart rates and body temper-
atures than unacclirmatized individuals 1171, 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 with acclimatization, which reduces salt loss {8).
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Acclimatization can occur after just a few days of
exposure to a hot environment {15,16). 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 [16]. Under this regimen, the first day
of work on site is bagun using only 50 percent of the
anticipated workload and exposure time, and 10 percent
added each day through day & [18]. With fit or trained
ndividuals, the acclimatization period may be shortened
2 or 3 days. However, workers can lose acclimitization in
a matter of daye, and work regimens should be adjusted
1o account for this.

When enciosed in an impermeable suit, fit acclimatized
mdividuals sweat more profusely than unfit 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.

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 sffective in compensating for a given
level of anmvironmental heat and work loads [19]. At
moderate thermal loads, however, the physiological
rasponsas of ““young"" and “‘old’" are similar and parfor-
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. Fitness level is a more important factor.

Gender

Tha literature indicates that females tolerate haat stress
at least as well as their male counterparts [20]. Genarally,
& female’s work capacity averages 10 to 30 percent less
than that of a ma'e [8). The primary reasons for this are
the greater oxygen-carrying 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
haat production is dependent on mass. Therefore, heat
balance is described by the ratio of the two

Since overweight individuals {those with a low ratia) pro-
duce more heat per unit of surface area than thin individ-
uzls {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 axcess heat.
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Introduction

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
important in emergency situations. This chapter describes
the basic components of a program to control the activi-
ties and movements of people and aquipment 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.

= Prapare 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.
= Sat 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 maasures.

The degree of site control necessary depends on site
characteristics, site size, and the surrounding community.
The site control program should be astablished in the
planning stages of a project and modified based on new
information and site assassmaents {zea Chapter 6, Site
Characterization). The appropriate sequence for imple-
menting these measures should be determined on a site-
specific basis. In many cases, it will be necessary o
implement several measures simultaneously.

Site Map

A site map showing topographic features, prevailing wind
direction, drainags, and the location of buildings, can-
tainers, impoundments, pits, ponds, and tanks is helpful
in;

* Planning activities,
s Azsigning personnel.

* Identifying access routes, svacuation routes, and
problemn areas.

+ |dentifying areas of the site that require use of
personal protective equipmant.

* Supplementing the daily safety and health brief-
ings of the field teamns.

The map should be prepared prior to site entry and
updated throughcut 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.

Site Preparation

Time and effort must be spent in preparing a site for the
cleanup activity to ensure that response aperations 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 level
of care at this stage as during actual cleanup. Table 9-1
presents the major steps in site preparation prior to any
cleanup activities.

Site Work Zones

To reduce the sccidemtal 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 operaticns will occur, and the flow of personne)
among the zones should be controlled. The establishment
of work zones will help ensure that: personne! 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 wasta sites should be divided into as many
different zones as needed to mest operational and safety
objectives. For illustration, this manual describes three
fraquenily used zones:

e Exclusion Zone, the contaminated area.
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Table 9-1. Site Preparation

* Construct roadways 1o provide eass of access and a sound
roaxdbad for heavy squipment and wehicles

= Amange traffic flow pattemns 10 snsure safe and efficient
oparations.

* Eliminate physical hazards from the work area as much as
possible, including:

— ignition sources in flammable hazard areas.

— exposed or ungrounded electrical wiring, and low overhead
wiring that may entangle equipment.

— sharp or protruding edges, such as glass, nails, and tom metal,
which can puncture protective clathing and equipment and
inflict puncture wounds.

— debris, holes, loose steps or flooring, protruding abjects,
slippery surfaces, or unsecured railings, which can cause falls,
slips. and tripa.

— unsacured objects. such as bricks and gas cylinders. near the
edges of slevated surfaces, such as cetwalks, roof tops, snd
scaffolding, which may dislodge and fall on warkers.

— dhebris and weeds that obstruct visibility.

* nssll skid-resistant strips snd other snti-skid devices on slippery

surfaces. .

» Construct operation pads for mobile facilities snd temporary

STrUCTUrSS. )

* Construct loading docks, processing and staging areas, and
decontamination pads.

* Provide adequate Bluminstion for work activities. Equip temporary
lights with guards to prevent accidental contact.

* Inataf afl wiring and electrical equipment i accordance with the

National Electric Code

s Conramination Reduction Zone (CRZ}, tne area
whaere decontamination takes place.

* Support Zone, the uncontaminated area whete
workers should not be exposed to hazardous
conditions.

Delineation of these three rones should be based on sam-
pling snd monitoring results and on an evaluation of
notential routes and amount of contaminant dispersion in
tha event of a release. Movemnent of personnel and equip-
ment among these zones should be minimized and res-
tricted to specific Access Control Ppints to prevent
cross-contamination from contaminated areas to clean
areas. A schamatic representation of the layout of work
zones is given in Figure 9-1.

Exclusion Zona

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 butking.

The outer boundary of the Exclusion Zone, called the Hot-
line, should be sstablished according to the criteria listed
in Tabla 9-2. It should be clearly marked by fines, 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 paersonnel 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 sntrances 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 imo different areas
of contaminaticn based on the known or expected type
and degree of hazard or on tha incompatibility of waste
streams. This allows more flexibility in safety require-
merits, operations, decontamination procedures, and use
of msources.

The personnel working in the Exclusion Zone may include
the Field Team Leader, the work parties, and specializad
personnel such as heavy equipment operators. All person-
nel within the Exclusion Zone should wear the leve! of
protection required by the Sita Safety Plan. Within the
zone, differant levels of protection may be justified based
on the degrea of hazard presented. The level of personal
protection required n each subarea Isee Chapter 8,
Personal Protective Eguipment) should be specified and
marked.

The required leve! of protection in the Exclusion Zone
varies according to job assignment. For example, a worker
whao collects samples from open containers might require
Level B protection, while one that performs walk-through
ambient sir 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 gperation, while
still maintaining a high degree of safety.

Contamination Reduction Zone

The Contamingtion Reduction Zone {CRZ} is the trangition
area batween the contaminated area and the clean area.
This zone is designed 1o reduce the probability that the
clean Support Zone will becoma comaminated or affected
by other site hazards. The distance between the Exclusion
and Support Zones provided by the CRZ, together with
decontamination of workers and equipment, limits the
physical transfer of hazardous substances into clean
areas. The boundary between the CRZ and the Exclusion
Zone is calied 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 m a designated
area within the CRZ called the Contamination Reduction
Corridor ICRC). They begin at the Hotline. At least two
lines of decontamination stations should be set up within
tha CRC: one for personna! and ona for heavy equipment.
A large operation may require more than two knes.
Access into and out of the CRZ from the Exctusion Zone
is through Access Controf Points: one each for personne!
and equipment entrance, one each for personnel and
equipment exit, if feasible

The boundary batween the Support Zone and the CRZ,
called tha 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 sach
for personnel and equipment. Personnel antering the CRZ
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Contamination
Control Line

@ Access Control Points.

Contamination Reduction Corridor,

) ' ‘| Contamination Reduction Zone {CRZ).

Exclusion Zone.

Estimated boundary
of area with highest
contamination

Support Zone

Note: Area dimensions not to scale. Distances between points may vary.

- ',' , Command Post

Prevailing wind direction

Figure 9-1. Site Work Zones. (Nate that decontamination facilities are located in the Contamination Reduction Zona.)

should be mquired to wear the personal protective cloth-
ing and equipment prescribed for working in the CRZ. To
reenter the Support Zone, workers should remove any
protective clothing and equipment wom in the CRZ, and
teave through the personnel exit Access Control Point.

Tha parsonnel stationed in the CRZ are usually the Site
Safety Otficer, a Personnel Decontamination Station
{PDS) Operator, and the emergency response personnel.
Additional personnel may assist the PDS Operator by con-
ducting abbreviated decontamination procedures for sam-
ple containers.

The CRZ must be well dasignad to facilitate:

= Decontamination of equipmant, PDS operators,
parsonnel, and samples.

= Emergency response; transport for injured person-
nel {safety hamess, stretcher), first-aid equipment
{such as bandages, blankets, eye wash, splints,
and water), containment equipment {absorbent,
fire extinguisher).

* Equipment resupply: air tank changes, persanal
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 Iaboratories.

» Worker tamporary rest area: toilet facilities, banch,
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 8-2. Establishing the Hotline

= Visually survey the immediate site environs,

* Determine the locations of:
—hazardous substences
= drainagea, laachata, and spilled material
—vwisibls discolorations

* Evuluste dete from the initial site survey indicating the
presence of:
—combustibla gases
—ovganic and inorganic gases, particulates, or vapors
— jonizing radistion

o Evaiuate the msults of »0i and water sampling.

* Consider the distances neaded to prevent an axplosion or fire
from affecting personnei outsida the Exclusion Zone.

¢ Consider the distances that personne! must trevel o and from
the Exclusion Zone

» Consider the physical arma nacessary for gite operations.

s Consider metsorological conditions and the potential for con-
teminants 30 be biown from the area.

* Sacure or mark the Hotline

= Modify its location, if necessary, as more information becomes
swpitable

clean. Wash facilities should be located near drink-
ing facilities to allow employees to wash before
drinking. Drinking, washing, and toilet facilities
should be located in a sale area where protective
clothing can be removed. Facilities should be
cleaned and inspected regularty. Appropriate pro-
tective measures should be taken by maintenance
workers.

* Drainage of water and other kquids that are used
during decontamination.

Parsonne! within the CRZ should be required to maintain
intenal communications, ine-of-gight contact with work
parties, work party monitoring leg., for air time left,
fatigus, 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. Any function that need not or
cannat be performed in a hazardous or potantially hazard-
ous srea is performed hera. 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 Team Laader 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.
Any potentially contaminated clothing, squipment, and
samplas must remain in the CRZ until decontaminated.

Support Zone personnel are responsible for alerting the
proper agency in the event of an emeargency. All emer-
gency telaphone numbers, change for the talephone (if
necassary), svacusation routs maps, snd vehicls keys
should be kept in the Support Zone.

Support facilities, ksted in Teble 9-3, are located in the
Support Zone. To place these facilities, consider factors
such as:

* Accessibility. Topography, opan space svailabls,
locetions of highways and railroad tracks, ease of
access for emergency vehicles.

* Resourves. Adequats moads, power lines, tele-
phones, shelter, and water.

+ Visibility. Line-of-zight tn all activities in the Exclu-
sion Zone,

* Wind direction. Upwind of the Exclusion Zone, if
possible,

= Distanca As far from the Exclusion Zone as prac-
ticabla

The Buddy System

Most activities in contaminated or otherwise hazardous
areas should be conducted with a buddy who is able to:

* Provide his or her partner with assistanca

® Observe his or her partner for signs of chemical or
heat sxposure

* Periodically check the imtegrity 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 sntrance 10 the
Exclusion Zone is a convenient location for enforcing the
buddy system for two ressons: enforcement is the
responsibility of the Project Team Leader, who is stationed
in the CRZ, and all personnel 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 all times,
workers in the Exclusion Zone should be in line-of-sight
contact or cofmmunications 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, unprotected
people 10 site hazards

= Avoid the increased hazards from vandals or per-
sons seeking 1o abandon other wastas on the site

= Pravent theft.
* Avoid interference with safe working procedures.

To maintain site security during working hours:
* Maintain security in the Support Zone and at
Access Control Points.
¢ Establish an identification system to identify

suthorized persons and Iirmtatlons to their
approved activities,

* Asgign responsibility for enforcing authorsity for
entry and exit requirements.
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Table 9-3. Support Zone Activities

= Erect a fence or other physical barrier around the
gite FACILITY

FUNCTION

+ If the site is not fenced, post signs around the Command Post
pearimeatar and use guards to patrol the perimeter.
Guards must be fully apprised of the hazards
involved and trained in emergency procedures.

= Have the Project Team Leader approve all visitors
to the site. Make sure they have 8 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-duty hours:

* |f 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.

s Enlist public anforcement agencias, such as the
local palice department, if the site presents a sig-
nificant risk to local health and safety.

* Sacure the squipment.

Medical Station

- ) 't Equipment and
' Supply Canters

Administration

Field Laboratory

Warning signs and fences help to prevent exposure of
unauthorized and unprotected peopie o site hazards.

Supervigion of al field operations and
fiald teams.

Maintenance of communications, includ-
ing emergency lines of communication.
Recordkeeping, including:

—accident reports

— chain-ofcustody records

—daily logbooks

—manifast directories and orders

- medical recards

— personne! training records

- site inventories

— gite safety map

—up-to-date Site Safsty Plans

Providing access to up-to-date safety and
haalth manuals and other reference
materialy.

Interfacing with the public: governmaent
agencies, local politicians, medical per-
sonnel, the media, and other intanested
parties.

Monitoring work schedules and weather
changes.

Maintaining site security.

Sanitary facilities.

First-akd administration.

Medical emergency response

Madical monitoring activities.

Sanitary facilities.

Supply, maintenance, and repair of com-
munications, respiratory, and sampling
equipment.

Maintenance and repair of vehicles.
Replacerment of expendable supplies.
Storage of monitoring equipment and
supplies. Storage may ba heare or in an
onsite field laboratory.

Sample shipment.
Interface with home office.

Maintenance of amergency tslephons
numbers, evacuation route maps, and
wvehicle keys.

Coordingtion with transportars, disposal
sites, and appropriate federal, state, and
local regulatory agencies.

Coordination and procassing of environ-
mental and hazardous waste samptes.
Copies of the sampling plens and pro-
cadures should be available for quick
raference 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 dasignated
locztion in the CRZ. Shipping papers arwd
chain-of-custody files should be kept in
the Command Post.

Maintenance and storage of lsboratory
natehooks 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 extemal communication between onsite and offsite
parsonnel.

Internal communication is used to:
= Alert team members to emergencies.

* Pass along safety information, such as the amount
of air time lett before the next rest period, air
change, heat stress check, ete

» Communicate changes in the work ta be accom-
plished.

= Maintain site control.

Verbal communication at a site can be impeded by onsite
background noise and the use of personal protective
aquipment. For axample, speech transmission through a
raspirator can be poor, and hearing can be impaired by
protective hoods and respirater 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 8-4 lists common internal communication devices.
Both a primary and backup system are necessary. A set
of signals shoutd be established for use only during emer-
gencies (see Table 12-4 in Chapter 12 for examples).

Efective intemal communication alsc requires the iden-
tification of individua! 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 symbals can be added.
Flags may be used to help locate personnel in areas
whare 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 t0 management.
# Maintain contact with essential offsite personnel.

The primary means of extemal communication are tele-
phone and radio. if telephone lines are not installed at a
site, all tearn members should know the location of the
nearest telephone, end the comect change and necessary
telephone numbers should ba readily available in the
Support Zona

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. Interna) Communication Devices

Radio®

—Citizen's band

—FM

Noisemakers, including:
— Bel!

— Compressed air hom
— Megaphone

—Siren

— Whistle

Visual signals, including:
— Flares or smoke®
—Hand signals

—Lights

— Signal board

—Whple body movements

2AN radios used in the Exclusion and Contamination Reduction
Zones must ba certified as intrinsically safe for the situation of
intended use [2,3].

B0nly from the Support Zone

Table 9-5. Sample Standing Orders

For Perzonnel Entering the Contamination Raduction Zone:
No smoking, eating. drinking, or application of cosmetics in this
Tone
No matches or lighters in this zone
Check in at the entrance Access Control Peint before you enter
this zone
Check out st the exit Access Control Point before you leave this
008

For Personnel Entering the Exclusion Zone:
No smoking, eating. drinking. or application of cosmetics in this
0N,
No matches or ighters n this zone.
Check in at the entrance Access Control Point before you enter
this zone
Check out at the exit Access Control Point before you leave this
TONE
Always have your buddy with you in this zona
Woar an SCBA in this zone
 you discover any signs of radiocactivity, explosivity, o anusual
conditons such as dead animals at the site. exit mmediately and
report this finding 10 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 ensura
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 Foints into the Contamination Reduction Zone
and/or tha Exclusion Zone.

* Reviewed by the Field Team Leader or Project
Teamn Leader with the field crew at the beginning
of each work day. In this way, parsonnel are
immediately informed of any new standing orders
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resulting from a change in site conditions or work
activities,

In addition to the standing orders, a hazardous substance
information 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 information at the beginning of the project or when-
ever they first join the work team. Daily safety meetings
should be held for all employees.

Working with tcols and heavy squipment is a major haz-
ard at aites. 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 B). The following precautions will help preclude
injuries due to auch hazards:

= Train personnal 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 structuras, seat belts, emengency
shutoff in case of rollover, and backup waming lights
and signals.

* Provide equipment such as cranes, derricks, and
power shovels with signs saying “"Unlawful to oper-
ata this equipment within 10 feet of all power linas "’

+ Use equipment and tools that are intrinsically safe
{see footmote in Table 9-4} and not capable of spark-
ing, and pneumatically and ydraulicalty driven
equipment.

* Where portable electric tools and appliances can be
used, {i.e, where there is no potential for flammable
or axplosive conditions), use thres-wire grounded
extension cords to prevant electric shocks.

¢ [n hydraulic power tools, usa fire-resistant fluid that is
capable of retaining its operating charactenstics at
the moest extreme temperatures.

* At the start of aach work day, inspect brakes, hydrau-
lic lines, kght signals, fire extinguishers, fluid levels,
steering, and splash protection.

* Keep all non-essential people out of the work area.

* Prohibit loose-fitting clothing or locse 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 abnormalities such as equipment
failure, oozing Tiquids, unusual odors, etc

» When an equipment operator must negotiate in
tight quarters, provide a second person to ensure
adequate ¢lesranca,

* Have a signalman direct backing as necessary.

¢ All ongite internal combustion engines should have
spark amestors that meet requiremants for hazard-
ous atmospheres. Refuel in safe areas. Do not fuel

engines while vehicle is running. Prohibit ignition
sources near a fuel area.

* Lower all blades and buckets to the ground and set
parking brakes before shutting off the vehicle.

* Implement an ongoing maintenance program for
sll tools and squipment. Inspact all tools and mov-
ng squipment regularly 1o snsura that parte are
aecurad and intact with no evidence of cracks or
areas of weakness, that the squipment turns
smoothly with no evidence of wobble, end that it
is operating according to manufacturer's specifica-
tions. Promptly repair or replace sny defective
itams. Keep maintenance and repair Jogs.

» Store tools in clean, secure areas so0 that they will
not be damaged. lost. or stolen.

* Keep sl! heavy equipment that is usad in the
Exclusion Zone in that zone until the job is done.
Compietely decontaminate such eguipment before
maoving it into the clean zone
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Iintroduction

Decontamination —the process of removing or neutraliz-
ing contaminants that have accumulated on personnet
and equipment—is critical to health and safety at hazad-
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 halps 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 sncounter 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
salecting 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 personne! 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 layvout of decontamingtion
stations.

* Determine the decontamination equipment needed.
* Deatermine appropriate decontamination methods.

s Establish procedures to prevent contamination of
clean areas.

+ Establish methods and procedures to minimize
worker contact with contaminants during removal of
personal protective clothing and squipment [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 {ag., do npat walk through
areas of obvious contamination, do net directly touch
potentially hazardous substances).

* Use remote sampling. handling, and container-
opening techniques fe.g., drum grapplers, pneumnatic
impact wrenchesl.

* Protect monitoring and sampling instruments by bag-
ging. Make popenings 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 1ools with a strippable coating
which can be removed during decontamination.

* Encase the source of contaminants, eg., with plastic
sheeting or overpacks.

In addition, Standard QOperating Procedures should be
astablished that maximize worker protection. For axample,
proper procedures far 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 (ie, zippers
fully closed, all buttons used, all snaps closed, etc.).
Gloves and boots should be tucked under the slseves and
legs of outer clothing, and hoods {if not attached} should
be worn outside the collar. Another pair of tough outer
gloves is often worn over the sieeves. 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 aquipment (PPE)
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
acratches, may aenhance the potential for chemicals or
mfectious agents that directly contact tha worker's skin
to penetrate into the body. Particular care should be taken
to pratect these areas. Workers with large areas of
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damaged skin should be kept from working on site until
the skin heals.

AE personnel should be trained in the Standard Operating
Procedures for mirimizing 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 squipment or permeated into the PPE
material. Surface contaminants may be easy 1o detect
and remove; however, contaminants that have permeated
a material are difficult or impossible to detect and remove
i contaminants that have permeated a materia! are not
removed by decontamination, they may continue to
permeaate to either surface of the material where they can
causa an unsxpected axposure

Five major factors affect the axtent of permeatior:

+» Contact time. The longer a contaminant is in contact
with an object, the greater the probability and axtent
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 1o areas of low concentration. As con-
centrations of wastes increase, the patential for
permeation of personat pratective clothing increases.

* Temperature. An increase in temperature generally
mncreases the permeation rate of contaminants.

» Size of contaminant molecules and pore space.
Permeation increases as the comtaminant molecule
becomes smaller, and as the pore space of the mate-
rial 1o be permeated increases.

* Physical state of wastes. As a nule, gases, vapors,
and low-viscosity iquids tend to permeate more read-
ily than high-viscosity liquids or solids.

Dacontamination Methods

All personnel, clothing, equipment, and samples laaving
the contaminated area of a site {generally refermed to as
the Exclusion Zone} must be decontaminated to remove
any harmful chemicals or infectious organisms that may
have adhered to them. Decontamination methods either
{1) physically remove contaminants, {2) inactivate con-
taminants by chamical detoxification 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 Remowsl

In many cases, gross contamination can be removed by
phrysical means involving dislodging/displacement, rins-
mng, 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-
1amination and cause burns. Contaminants that can be
removed by physical means can be categorized as
follows:

® Lnose contaminants. Dusts and vapors that cling to
equipment and workers or become trapped in smal!
openings, such as the weave 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 svail-
able commercially 85 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-
1aminams and the temperatura For exampls,
contaminants such as glues, cements, resins, and
muds have much greater sdhesive proparties 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 {aq., using dry ice or ice water),
asdsorption or absorption leg.. with powdered lime or
kitty litter), or melting.

* Yolatile liquids. Volatile kguid contaminants can be
removed from protective clothing or equipment by
evaporation followed by a water rinsa. Evaporation of
wvolatile liquids can be enhanced by using steam jets.
With any evaporation or vaporization process. care
must be taken to prevent worker inhalation of the
vaporized chemicals.

Table 10-1. Some Decontamination Methods

REMOVAL
* Cortarninaent Removal
Water ninsa, using pressurized or gravity flow.
Chemical leaching and axtraction.
Evaporation /vaporization.
Pressurized air jers.
Scrubbing/scraping. Commonly done using brushes, scrapers,
or sponges and water-compatible sotvent cleaning solutions.
Steam jets.
* Removal of Contaminated Surfaces
Disposal of deeply permeated materials, ag.. clothing, foor
mats, and seats.
Disposal of protective coverings/coatings.
INACTIVATION
» Chamical Detoxification
Halogen stripping.
Neutralization.
Cxidation/reduction.
Thermal degradation.
» Disinfection/Sterilization
Chemical disinfection.
Dry heat sterilization.
Gas/vapor stecilization.
radiation.
Stasm storlization.
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+ Surfactants. Surfactants sugment physical cleaning
methods by reducing sdhesion 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 [11.

» Solidification. Solidifying liquid or ge! 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; {2) chemical reactions via potymerization
catalysts and chemical reagents; and (3) freezing
using ice weter.

Table 10-2. Genaral Guide to Solubility of Contaminants in

Gross contaminants can be removed with water or @
liquid rinse. Hare, 8 mamber of the decontamination team
rinses and scrubs the boots of a worker with & soft-
biistiad brush, Both individuals are wearing Level! C per-
sonai protective equipment.

Chemical Ramoval

Physical removal of gross contamination should be fol-
lowed by a wash/rinse process using cleaning solutions.
These cleaning solutions normally wutilize one or more of
the following methads:

* Dissolving contaminants. Chemical removal of sur-
face contaminants can be accomplished by dis-
solving them in a sohvent. The solvent must be
chemicsally compatible with tha equipment being
cleaned. This is particularly important when decon-
taminating personal protective clothing constructed
of erganic 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 flammabie 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
should only be used for decontamination in extreme
cases where other cleaning agents will not remove
the contaminant.

Table 10-2 provides a general guide to tha solubility
of several contaminant categories in four types of
solvents: water, dilute acids, dilute bases, and
omanic solvents. Because of the potential hazards,
decontamination using chemicals should be done
only if recommended by an industriat hygienist or
other qualified health professional.

Four Solvent Types
SOLVENT SOLWUBLE CONTAMINANTS
Water Low-chain lydrocarbons.
Inorganic compounds.
Salts,
Some arganic acids and other polar
CONTIPOUrKlS.
Dilute Acids Basic (causticl compounds.
Amines.
Hydrazines.
Diluts Bases Agidic compounds.
For axample: Phenols.
—detergent Thiols.
—soap Some nitro and sulfonic compounds.
Organic Solvents? * Nonpoler compounds leg., some
For example: arganic compounds).
—alcohals
—athers
—ketones
~ aromatics
—straight-chain

alkanes feg., hexane)

—common petrolaum
products {ag., fuel
oit, kerosene)

*WARNING: Some organic solvents can permeate and/or degrade
the protactive 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 with large
volumes will remove sven 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 gnd 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
implemantation, influence the salection of a decontamina-
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tion method. From a heatth and safsty standpoint. two
key questions must be addrezsad:

* |s the decontamination method effective for the
specific substances prasent?

* Does the method itself pose any health or safety
hazards?

Testing for the Effectivensss

of Decontamination

Decontzgmination methods vary in their sffectiveness for
removing different substances. The sffectivenesas of any
decontsmination method should be assessed at the
beginning of a program and periodically throughout the
Hetima of the program. if contaminated materials are not
being removed or are penetrating protective clothing, the
decontamination program must be revised. The following
methods may be ussful in assessing the sffectiveness of
decontamingtion.

Visual Obssrvation

There is no reliable test to immediately determine how
effective decontamination is. in some cases, effective-
nass can be estimated by visual obsarvation.

® Natural ight Discolorations, stains, commosive
effects, visibla dirt, or aherations in clothing fabric
may indicate that contaminants have not been
removed. However, not &ll contaminants laave visi-
ble traces; many contaminants can permeats
claothing 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 ultraviclet kght. Ultraviolet light can be
used to observe contamination of skin, clothing,
and equipment; however, certain areas of the skin
may flucresce naturally, thereby ntroducing an
uncertainty into the test [2,3,4). In addition, use of
ultraviolet light can increase the risk of skin cancer
and aye damage; therefore, a qualified haalth
professional should assess tha benefits and risks
associated with ultreviclet light priortoits use at a
waste site.

Wipe Sampiing

Wipe testing provides after-the-fact information on the
sffectiveness of decontamination. In this procedure,  dry
or wet cloth, glass fiber filter paper, or swab is wiped
over the surface of the potentially contaminated object
and then analyzed in a laboratory. Both the innar snd
ourter surfaces of protective clothing should be tested.
Skin may alzo be tested using wipe samples.

Clsaning Solution Analysls

Another way to tegt the effectivanass 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 additional cleaning
ond rinsing are needed.

Tasting for Permneation

Testing for the presence of permeated chemical con-
taminants requires that pleces of the protective garmenta
be sent to a laboratory for anatysis.

Health and Safety Hazards

While decontamination is performed to protect health and
safety, it con pose hazards under certain circumstances.
Decontamination methods may:

*» Be incompatible with the hazardous substances
being removed fia, = decontamination method may
react with cortaminants to produce sn explosion,
haet, or toxic products).

* Ba incompatible with the clothing or aquipment being
decontaminated (eg., some organic solvents can
permesate and/or degrade protective clothing).

¢ Pose a direct health hazard to workens {ag., 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 gtherwise impairs the safe functioning of the PPE is
incompatible with such PPE and shoukd not be used. If @
decontamination method does pose a direct haatth haz-
ard, measures must be teken to protect both decontami-
nation personnel and the workers being decontaminated.
Figure 10-1 prasents a decision aid for evaluating the
health and safety sspects of decontamination methods.

Decontamination Facllity Design

At a hazardous waste site, decortamination facilities
should be located in the Contamination Reduction Zone
{CHZ), ia, the area between the Exclusion Zone (the con-
iaminated arsa} and the Support Zone (the clean area) as
shown in Figurs 9-1 in Chapter 9.

The level and types of decontamination procedures
required depend on several site-specific factors including:
* The chemical, physical, and toxicological properties
of the wastes.

* The pathogenicity of infectious wastes.

* The amount, location, and containment of con-
taminants.

* Tha potential for, and location of, exposurs hased on
assigned worker duties, activitias, and functions.

= The potential for wastes to permeats, degrade, or
penetrate materials used for personal protactive
clothing and equipment, vehicles, tools, buitdings,
snd structures.

* The proximity of incompatible wastes.

* The movement of personnel and/or equipment among
differant 20nes.

* Emergencies.

* The methods available for protecting workers during
decontamination.
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NO

Is the method effective for
removing contaminants?

lves

Nol

Are the deconmtamination
materials compatible with the
hazardous substarices present?

YES

NO materials compatible with the
materials to be decontaminated?

Are the decontamination

lvEs

Do the decontamination materials
OF process pose health or safety
hazards?

YES

Take additional measures to

prevent contamination or find

another decontamination
method.

Consult specialists if necessary.

Can appropriate protective
measures be instituted?

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 shoutd consist of a series
of procedures performed in a specific sequence, For
example, outer, mofre heavily contaminated items leg.,
outer boots and gloves} should be decontaminated and
removed first, followed by decontamination and remowval
of inner, less contaminated items (ag., jackets and pants},
Each procedure should be performed at a separate station
n order 1o prevent cross contamination. The sequence of
stations is called the decontamination line.

Stations should be separated physically to prevent cross
contamination and should be arranged in order of

dacreasing contamination, preferably in a straight line.
Separme flow patterns and stations should be provided to
isclate workers from different contamination zones con-
taining incompatible wastes. Entry and exit points should
be conspicuously marked, and the entry to the Contami-
nation Reduction Zone {CRZ) from the Exclusion Zone
should be separate from the entry to the Exclusion Zone
trom the CRZ. Dressing stations for entry to the CRZ
should be separate from redressing areas for exit from tha
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 various levels of protection are
provided in Appendix D.
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A member of the decontamingtion team suited i1 Level B
personal protective equipment stands by 1o scrub dawn 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 whaether the equipment itself can be decontami-
nated for reuse or can be easily disposed of. Table 10-4
fists recommended aquipment 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

AR 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 Recommanded Equipment for
Decontamination of Personnel and Personal
Protective Clothing and Equipmeant

» Drop cloths of plastic or other suitable materials on which heavily
contaminated equipment and outer protective clothing may be
deposited.

» Collection containers, such as drums or sastably lined tresh cans,
for storing disposable cothing and heavily contaminated personal
protective clothing or equipment that must be discarded.

+ Uned box with absorbents for wiping or rinsing off gross con-
taminants and liquid contaminants.

* Large galvanized tubs, stock tanks, or children’s wading pools to
hoid wash and rinse solutions. These should be at least large
enough for & worker to place a booted foot in. and should have
either no drain or a drain connected to a collection tank or
BPProprists eatment Systen:.

* Wash solutions selected to wash off and reduce the hazards

* Hinse solutions selected D remove contaminants and contami-
nated wash solutions.

* Long-handled, soft-bristied brushes ta help wash and rinse off
contaminants.

* Paper or clath towels for drying protective clothing and
eQuipment.

® Lockers and cabinets for storage of decontaminated clothing and
equipment

* Metsi or plastic cans or drums for contaminated wash and rinse
solutions.

® Plastic sheeting, ssalad pads with drains, or other appropriate
methods for containing and collecting contamnated wash and
rnse solutions spitled during decontamination.

* Shower facilites for fufl body wash or. st 3 minimum, personal
wash sinks iwith drains connectad to a collection tank of
sppropriata treatment system).

» Soap or wash solution, wash cloths, snd towels for personnel,

* Lockers or closets for clean clothing and personal item storaga.

Personal Protection
Decontamination workers who mitially come in contact
with personnel! and equipment leaving the Exclusion Zone
will require more protection from contaminants than
decontamination workers who are assigned to the last
station mn the decontamination line. In some cases, decon-
tamination personnel should wear the same lavels of PPE
&3 workers in the Exclusion Zone In other cases, decon-
tamination personne! may be sufficiently protected by
wearing one level lower protection (eg., wearing Level C
protection while decontaminating workers who are wear-
ing Level B).

The level of protection required will vary with the type of
decontemination equipment used. For eampls, workers
using a steam jet may need a different type of respiratory
protection than other decontamination personne! because
of tha high moisture levels produced by steam jets. In

. sofme situations, the cleaning solutions used and wastes

removed during decontamination may generate harmful
vapors. Appropriate equipment and clothing for peotecting
decontamination personne! should be salacted by a quali-
fied health and safety expert.
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Table 10-4. Soma Recommended Equipment for
Heavy Equipment and Vehicle Decontamination

« Storage tanks of appropriate treatment systems for temporary
storage and/or treatment of contaminated wash and rinse
solutions.

® Drains or pumps for collection of contaminated wash and rinse
solutions.

* Long-handled brushes for general exterior chsening.

* Wash solutions selected 1o remove and raduce the hazards
associgted with the contamination.

* Rinse solutions selected to ramove contaminants and con-
taminated wash solutions,

* Presswiized sprayers for washing and rinsing, particularty
hard-to-reach areas.

= Curtains, enclosures, or spray booths to contain splashes from
pressurized sprays.

* Long-handled brushes, rods, and showvels for dislodging con-
taminants and contaminantsd soil caught in tres and the under-
sides of velucles and equipment.

= Containers to hald contaminants and contaminated soil removed
from tires and the undersides of vehicles and eguipment.

» Wash and rinse buckets for use in the decontamination of opera-

* Brooms snd brushes for cleaning operator areas inside vehicles
and squipmant.

» Containers for storage and disposal of contaminatad wash and
rinse solutions, damaged or heavily 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 thould be determined by the types of contaminants
they may have contacted and the type of work they per-
formed.

Emergency Decontamination

In addition 1o routina decontamination procedures, emer-
gency decontamination procedures must be established.
In an emergency, the primary concern is 1o prevent the
Yoss of life or severe injury to site personnel. if mmediate
medical treatment is required to save a life. decontamina-
tion should be delayed untdl the victim is stabilized. If
decontamination can be performed without interfering
with essential life-saving techniques or first aid, orif 8
worker has been contaminated with an axtrernely toxic or
cofrosive material that could cause severe injury or loss of
life. decontamination must be performed immediately.
an emergency due 10 a heat-related iliness develops, pro-
tective clothing should be removed from the victim as
soon as possibla to reduce the haat atress. During an
emengency, provisions must also ba made for protecting
medical personnel and disposing of contaminatad clathing
and squipment. See Chapter 12 for further information on
decontamination during smergencies.
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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 equipmant, 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 shoutd also be
aware of all pertinent regulations. OSHA, regulations {29
CFR Parts 1910 and 1928} include general requirements
and standards for storing, containing, and handling chem-
icals and comtainers, 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 containmant structures, and
design and maintenance of storage areas. DOT regula-
tions {43 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 111 is
provided in the following sections of this chapter. The
final section, Special Case Problemns, describes the
handling of tanks, vaults, vacuum trucks, slevated tanks,
and compressed gas eylinders,

Inspection

The appropriate procedures for handling drums depend on
the drum contents. Thus, prior to any handling, drums
should be visually inspected to gein 8s much information
as possible about their contents. Tha inspection crew
should look for:

* Symbols, words, or other marks on the drum indicat-
ing that its contents are hazardous, eg., radicactive,
axplosive, 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).

s Configuration of the drumhead (see Table 11-2).
Conditions in the immediate vicinity of the drums may
provide information about drum contants and their
associated hazards. Monitoring should be conducted
ampund 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 tha
drums into preliminary hazard categories, for example:

* Radioactive.

* Leaking/deteriorated.

* Bulging.

* Explosive/shock-sensitive,

* Contains small-volume individual containers of
iaboratory wastes or other dangerous materials.

As a precautionary measure, pevsonnel should assume
that unlabelled drums contain hazardous matarials until
their contents are characterized. Also, thay shoukd bear in
mind thet drums are frequently mislabelled —particularty
drums that are reused. Thus, a drum’s label may not
accurately describe its contents.

if buried drums ars suspected, ground-penstrating sys-
tems, such as electromagnetic wave, slectrical resistivity,
ground-penetrating radar, magnetometry, and meta!
detection, can be used to estimate the location and depth
of the drums.
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Figure 11-1. Flow Chart for Drum Handling. {Dashed boxes indicate optional steps.
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Tabla 11-1. Spacial Drum Types end
Their Associated Hazards

Polysthyiens or Often contain strong acids or besas. ¥ the

PYC-Lined Drums ning is punctured, the substanca usually
quickly corrodes the steel, resulting ina
significent jeak or spill

Exntlc Mutal Very sxpensive drums that usually con-

Drums (eg., 8lumi- tain an extremely dangerous material.

num, nickel, stain-
Sous, steal, or other

unususl metal)

Single-Walted These drums heve fittings for both

Drums Used aa product filling and placement of an inent

Prasaurs Vassel gas, such &3 nitrogen. May contain mac-
tive, flammeble, or expiosive substances.

Lebarstory Packs Used for disposal of expired chemicals

and process samples from university
Isbarstories, hospitals, and similae institu-
tions. Individual containens within the lab
pack ars often not packed in absorbent
material. They may comain incompatibla
materisls, radicisotopes, shock-sensitive,
highly wolatila, highly comosive, or very
toxic axotic chemicats. Laboratory packs
can be an ignition source for fires at
hazerdous wastoe sites.

Table 11-2. Information Provided by
Drumhead Configuration

CONFIGURATION INFORMATION

Whole fid mmovable, Deasignad to contain solid
material.

Has a bung. Designed to contain a liquid.

Contains a liner. May contain a highly cormosive
or otharwisa hazardous matenal.

Planning

Since drum handling is fraught with danger. every step of
the operation should be carefulty planned, based on all
the information availabls at the time. The results of the
preliminary inspsction can be ussd to determine (1) if any
hazards are present and the appropriate response, and

{2} which drums need to be maoved in order tc ba opened
and sampled. A praliminary plan should be developed
which spacifies the axtem of handling necessary, the per-
sonnel selactad for the job, and the most appropriate
procedures based on the hazards associated with the
probable drum comtents as determinad by visual inspec-
tion. This plan should be revised as new information is
obtained during drum handling.

Handling

The purpose of handling is 10 (1) respond to any obvious
problema that might impair worker safety. such as radio-
activity, leakage, or the prasance of explosive substances,
{2) unstack and orient drums for sampling, and {3) if
necessary, to organize druma into different areas on site

to facilitate characterization and remedial action (see
Staging in this chapter). Kandling may or may not be
necessaty, depending on how the drums are positioned at
a site.

Since accidents occur frequently during handling, particu-
larty initial handling, drums should only be handled if
necessary. Prior to handling, all personnel should be
wamed about the hazards of handling, and instructed to
minimize handling as much as possible and tc avoid
unnecessary handling. In all phases of handling, person-
nel should be alert for new information about potentiat
hazards, These hazards should be responded to before
continuing with mora routineg handiing operations. Cher-
pack drums {lerger drumns in which leaking or damaged
drums are placed for storage or shipment Isee 49 CFR
Part 173.3i¢}]) and an adequate volume of absorbent
should be kept near areas where minor spills may oceur.
Where major spills may occur, a containment berm ade-
quate 1o 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.

Several typss of squipment can be used to move drums;
{1) A drum grappler attached 1o a hydraulic excavator;

{2} 8 small front-end loader, which can be either loaded
manually or equipped with a bucket sling; (3) a rough ter-
rain forklift; (4} 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. i a drum is leaking, the operator can
step the leak by rotating the drum and immediately piac-
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 ¢rum 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 10 handle the anticipated loads, and
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makes sure the vwhicle can operate smoothly on the
. mvailable road surface

& Air condition the cabs of vehicles to increase opera-
tor efficiency; protect the operator with heavy splash
shields.

¢ Supply operators with appropriate respiratory protec-
tive equipment when needed. Normally either 4 com-
bination SCBASSAR with tha air tank fastened to the
wvehicla, or an airline respirator and an sscaps SCBA
are used because of the high potential hazards of
drum handling. This improves operator efficiency snd
providas protection in cese the operator must aban-
don the equipment

+ Have overpacks ready before any attemgt is made to
move drums.

® Before moving anything, determing the most appro-
priate sequence in which the various drums and
other containers should be moved. For example, small
containers may have to ba removed first to permit
heavy squipmeant to enter and move the drums.

» Exsrcise sxtrema caution in handling drums that are
not intact and tightly sealed.

= Ensure that operators have a clear view of the road-
way when carrying drums. Where necessary, have
ground workers available to guide the operator’s
mation.

Drums Contalning Radioactive Waste

¢ H the drum exhibits radiation levels above back-
ground {see Table 6-2), immediately contact a heatth
physicist. Do not handie any drums that sre deter-
mined to ba radioactive until persons with expertise
in this area have been consufted.

Drums that May Contain Explosive or
Shock-S8ansitive Wasts
= If & drum is suspected to contain explosive or shock-
sensitive waste & determined by visual inspection,
seck specialized sssistance before any handling.
» I handling is necassary, handle these drums with
aéxtreme caution.

» Prior to handling thase drums, make sure all non-
assenitial parsonnel have moved a safe distance away.

+ Use a grappler unit constructed for explosive contain- °

ment for Initia! handling of such drums.

« Palletize the drums priof to transport. Secure drums
1o pallets.

* Uss an sudible siren signal system, similar to that
emploved in conventional blasting operations, to
signal the commencemant and completion of explo-
sive waste handling activities.

» Maintain continuous commumication with the Site
Satety Officer and/ot the command post until drum
handling operations are complete.

Bulging Drums

s Pressurized drums are extremely hazardous. Wher-
ever possible, do not move drums that may ba

under internal pressure, as evidenced by bulging or
swelling.

* I a pressurized drum has to be moved, whenever
possible handle the drum with a grappler unit con-
structed for explosive containment. Either move
tha bulged drum only as far as necessary 10 allow
seating on firm ground, or carefully overpack the
drum. Exercise extreme caution when working
with or adjacent to potentially pressurized drums.

Drums Containing Peckaged Laboratory Wastas
{Lab Packs]

Laboratory packs {ie., drums containing individual con-
tainers of Iaboratory materials normally surrounded by
cushioning absorbant 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
follk:‘wingprecauﬁons sre among those that should be
taken:

* Prior to handling or transporting lab packs, make sure
all non-essental personnel have moved a safe dis-
tance away.

s 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 operations are complete.

* Once a lab pack has been opened, have a chemist
nspect, classify, and segregate the bottles within it.
without oepening them, according to the hazards of
the wastes. An axample 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
10 prevent axcessive movement of the botties and 1o
absorb all free hquids, and ship themn to an approved
disposal facility.

* [f 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 bafore attempting to
handla it

« Palletize the repacked drums prior to transport.
Sacurs the drums 1o pallets.

l'..“"'l ow 1 and Deteriorated Drums

= ¥ a druam containing a liquid cannot be moved with-
out rupture, wmmediately transfer its contents to a
sound drum using a pump designed for transfering
that liquid.
= Lsing a drum grappler, place immediately in overpack
containars:
Leaking drums that contain sludges or semi-solids.
Open drums that contain liquid or solid waste.

Deteriorated drums that can be maved without
npture.
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Table 11-3. Example of Lab Pack Content Classification

System for Disposal
CLASSIFICATION EXAMPLES
Sulfuric
Potassium hydroxide
Strong oxidizing ageniz Ammonium hitrate
Barium nitrate
Sodium chiomte
Sodium peroxide
Strong reducing agents Sodium thiosutfate
Oxalic acid
Sodium sulphite
Anlhydrous organics and Tetraethyl load
organometallics Phenyimercuric chloride
Anhydrous inorganics and Fotassivm hydride
metal hydrides Sodium hydride
Sodium metal
Potassium
Toxic DIganics PCBs
Insacticides
Fammabls organics Haxana
Toluens
Acgtone
Inorganics Sodium carbonate
FPotassium chloride
Inorganic cyanides Potassium cyanide
Sodium cyshide
Copper cysnide
Organic cyanides Cyanoacetamide
Toxic metals Arsanic
Cadmum
Lead
Mercury
Burisd Drums

= Prior to initiating subsurface excavation, use ground-
penatrating systems to estimata the location and
depth of the drums (see /nspection in this chapter).

* Remove soil with great caution to minimize the
potential for drum rupture

s Have a dry chemical fire extinguisher on hand to con-
trol small fires,

Opening

Drums are usually opened and sampied 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.
To enhance the efficiency and safety of drum-opening
personne!, the following procedures should be instituted.

« H a supplied-air respiratory protaction system s used,
place a bank of air cylinders outside the work area
and supply air to the operators via aitlines and
sscaps SCBAs. This enables workers to operate in
relative comfort for extended periods of time.

* Protect personnel by keeping them at a safe distance
from the drums being opened. If personnel must be
located 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.

= if possibla, monitor continuously during opening.
Placs sensors of monitoring equipment, such as
colorimetric tubes, dosimeters, radiation survey
instruments, explosion meters, organic vapor
analyzers. and axygen meters, as close as possible
1o the source of contaminants, i.e., at the drum
opening.

* Use the following remote-controlled devices for
opening drums:

Pneumatically operated impact wrench to remove
drum bungs.

Hydraulcally or pneumatically operated drum
piercers {see Figure 11-2}. '
Backhoes eqiipped with bronze spikes for
penetrating drum tops in large-scale aperations
{see Figure 11-3).

* Do not use picks, chisels and firearms to open
drums.

» Hang or balance the drum opening equipment to
minimize worker exartion.

= If the drum shows signs of swelling or bulging,
perform all steps slowly. Relieve excess pressure
prior to opening and, if possible, from a remote
location using such devices as a pneumatic impact
wrench or hydraulic penetration devica If pressure
must be relieved manually, place a barrier such as
explosion-resistant plastic sheeting between the
worker and bung to defiect any gas. liquid, or
solids which may be expelled as the bung is
loosensd.

Two drums with rusted bungs were opened by backhoes
with bronze spikes and now await sampling. Drum in fore-
ground has bean labelied 1507 for sample documenta-
tion purposes.
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55 GAL. DRUM

DRAIN TO VACUUM TFIUCK,/
WASTE RECOVERY SYSTEM
OR TANK

AIR'HYDRAULIC CYLINDER

REMOTE
LOCATION

NEEDLE VALVE

I~ SPLASH PLATE

REPLACEABLE 316 STAINLESS
STEEL CONICAL PLUNGER
i3IN. DIA. X 4 IN. LG}

DOORS (2 SIDES)

SPILL CONTAINMENT PAN &
SUPPORT FRAME (75-GAL. CAPACITY)

Figure 11-2. Air/Hydraulic-Operated Singla-Drum Puncture Device.

Source: Reference [1].

* Open exotic metal drums and polyethylene or

* Decontaminate equipment after each use to gvoid

polyvinyl chloridelined {PVC-ined) drums through mixing incompatible wastes.

the bung by removal or drilling. Exercises extreme
caution when manipulating these containers.

* Do not open or sample individual containers with
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 rasealed, place the drum into an over-

Sampling

Drum sampling can be one of the most hazardous activi-
ties to worker safety and health because it often imoives
direct contact with unidentified wastes. Prior to collecting
any sample, develop a sampling plan:

* Research background information about the waste

pacik. Plug any openings in pressurized drums with

pressure-venting caps set 10 a 5-psi [polinds per
square inch) release 1o allow venting of vapor
pressure.

* Determine which drums should be sampled.

* Select the appropriate sampling devicels) and
container(s).
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REPLACEABLE 316 STAINLESS
STEEL CONICAL PUINGER
{3IN. DIA. X 4 IN. LG.)

HYDRAULIC CYL.
WITH 6-IN. STROKE

SPLASH PLATE

STANDARD SINGLE
DHUM GRABBER

55-GALLON

DAUM

HYDRAULIC LINES

ADAPTER BRACKET

SPILL CONTAINMENT PAN
{PORTABLE) 75-GAL. CAPACITY

DRAIN TO VACUUM TRUCK, WASTE
RECOVERY SYSTEM OR TANK

—_—

)

Fgure 11-3. Backhoe-Mounted Drum Puncture Device.
Source: Reference [1].

* 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
:Ln?;;\g procedures can be found in Referencas (2]

* Have a trained heatth and safety professional deter-
ming, based on available information about the
wastes and site conditions, the appropriate personal
protection to be used during sampling, decomamina-
tion, and packaging of the sample.

When manually samgpling from a drum, use the foflowing
techniques:
= Keep sampling persormel at a safe distance while
drums are being opened. Sample only after opening
operations sare complete

* Do not lean over other drums to reach the drum bemg
sampled, unless absolutely hecessary.

* Cover drum tops with plastic sheeting or other suit-
able noncontaminated materials to avoid excessive
contact with the drum tops,

* Naver stand on drums. This is extremely dangerous.
Use mobile steps or ancther platform to achieve tha
height necessary to safely sample from the drums.

* Dbtain samples with either glass rods or vacuum
pumps. Do not use contaminated items such as dis-
carded rags to sampla. The contaminants may con-
taminate the sample and may not be compatible with
the waste in the drum. Glass rods should be removed
prior 10 pumping to minimize damage to pumps.

Characterization

Tha goal of characterization is to obtain the data neces-
sary to determine how to safely and efficientdy package
and transport the wastes for treatment and/or disposal.
H wastes ere bulked, they must be sufficiently character-
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SITE: DROM KO. SAMNPLE WO. _ SCREENING RESULYS (AREA):
DRUM SIZE: DRUM OPENING: DRDM TYPE: 0 wnknowm
0 uoknown 0 unknown ¢ wokoown _ 1 radioactive —_
155 gal.___ L ricg top ___ 1 aetal 2 actd/oxzidizer .
2 30 gal. 2 closed top _ __ 2 plastie 3 causcic/reducec/cyanide
3 other ___ 3 opea top ___ 3 Efber 4 flammable organic -
specify 4 ather o 4 glass 5 ponflamasble orgenic
specify _ 5 other 6 peroxide _
apecify _ 7 alr or vater resctive _
8 fgert —_—
DADM CoLok: PRI SEC DROM CONDITION:
0 uaknown —_ 0 aoknowa SCREENING DATA:
1 creas ——— 1 good o TES MO
2 clear — 2 falr —_ RADIOACTIVE e —_ 21 mR over background
3 black e 3 poor - ACIDIC —_—— <3
& vhice CAISTIC pi > 12
5 red DRI MARKING KETWORD 1 AIR REACTIVE T T Redtion of > 10°F
6 green —_— temp. change
7 blue . DRUN WARKING KEYWORD 2 VATER REACTIVE _ _  Reaction of > 10°F
8 brown - teap. change
9 piok ____ DRUM RARKING KEYWORD 3 WATER SOLUBLX — ___ Distolves in water
10 orange —_— SATER BATH (WA — Reading =
11 yallow —______ DRUM CONTENIS STAIE: PRI SEC 210 ppm = Tas
12 gray ———— 0 unknown — _ COMRUSTIBLE — — Catchey fire when
13 purple — 1 solid —_— torched in water bath
14 mmber —_— 2 liquid — BALTIE — . Creen flame when
15 green-blue 3 sludge —_— heated with copper
4 gas — ___ INORGANIC ___ WATER BATH OVA and
DRUH CONTENTS COLOR: 5 trash - - COMBUSTIBLE = Wo
@ woknown — 6 dirc — . ORGANIC o INORGANIC - No
1 cream — 7 gel ALCOBOL/ALDEHYDE ___ VATER BATH OVA,
2 clear —_— - - MATER SOLUBIE and
3 black — DRUM CONTENT AMOUNT: COMBUSTIBLE = Yes
& white — 0 unknown CIAXIDE — — Draeger tube aver
5 red —_ 1 full water bath D 2 ppu
6 green - 2 part — FLAMMARLE - COMBUSTIBLE = Yeu, and
7 blue _ 3empey T SETA flashpotnt £ 140°F
8 brosm —_ OXIDIZER o, Starch fodine paper
9 piak . CHEMICAL ARALY3IS: YES NO shows positive rssctica
10 orange - radiacion e TEET R OTEER ______  Everythiog "Fo™ except
11 yellow fgnitable —_ THORCANIC or ORCANIC
12 gray - witer reactive ——
13 purple —_— cyanide —
14 smbe: - oxiditer —_—
15 green-blue__ orgaanlc vapor Ppu
e S

Figure 11-4. Sample Drum Characterization Sheet.

Source: EPA Region VH Emergency Planning and Response Branch.
(This figure is provided only as an example. Values were selected
by EPFA Region Vil and should be modified as appropriate.)

ized to determine which of them can be safely combined
Isme Bulking later in this chapter). As a first step in
obtaining these data, standard tests should be used to
dassify the wastes into general categories, including
suto-feactives. water reactives, inorganic acids. organic
acids, heavy metals, pesticides, cyanides, inorganic
oxidizers, and organic oxidizers. In some cases, further
analysis should be conducted to more precisely identify
the waste materials. Sea Figure 11-4 for an axample of a
characterization sheet for drums.

When poszibls, 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 ba taken 1o haridle any hazardous materials. Also, it

preciudes any potential problems associated with trans-
porting samples to an offsite laboratory (ag.. sample
packaging, waste incompatibility, fume generation).

K samples must be analyzed off site, samples should be
packaged on site in accordance with DOT regulations
149 CFR} and shipped to ths laboratory for analysis.

Staging

Although every attempt should be made to minimize drum
handling, drums must sometimes be staged (ie. moved In
an omanized manner to predesignated areas) to facilitate
characterization and remedial action, and to protect
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drums from potentially hazardous site conditions {ag.,
movement of heavy equipment and high temperatures
that might cause explosion, ignition, or pressure buildup).
Staging involves a rade-off between the increased haz-
ards associated with drum movement and the decreased
hazards associsted 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,
end the perceived hazards. Investigation usually involves
little, if ary, staging; remedial and emergency operations
can involve extensive drum staging. The extent of staging
must be determined individually for each site, and should
always be kapt to a minimum. Up to five separate arsas
have besn used {see Figure 11-5)

* An initial staging area where drums can be
{1} organized according to type, size, and sus-
pected contents, and (2) stored prior to gampling.

* An gpening erea where drums are opened,
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 firs or explosion.

» During large-scale remedial or emergency tasks, a
separate sampling areg may be set up at some dis-
tance from the opening area to reduce the number
of peopls present in the opening area, and to kmit
potential casuatties in case of an explosion,

* A second staging 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 steging area in casa they
contain mcompatible materials. (Either remove the
contents or averpack the drum.}

* A final staging grea, glso known as 8 bulking area,

where substances that have been characterized

are bulked for transport to treatment or disposal

facilities.
Locate the final staging area as close s 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
categovries (acids, heavy metals, pesticides, etc.} as
determined by characterization. Construct separate
areas for each type of waste prasent to preclude
the possibility of imtermingling incompatible chemi-
cals when bulking.

In all staging areas, stage the drums two wide in two
rows per area {see Figure 11-8), and space these rows

7 10 8 feer (2 to 2.5 m) apart to anable movemeant of the
drum handling equipment.

Bulking

Wastes that have been characterized are often mixed
together and placed in bulk containers such as tanks or
wacuum trucks for shipmeant to treatment or disposa!

Crushed drums awaiting landfil. Note the staging of
drums on the Jeft in 8 row two drums wide.

facifities. This increases the efficiency of transportation,
Bulking should be performed only after thorough waste
characterization by trained and experienced personnel.
The preliminary tests dascribed sarier under Characteriza-
tion provide only a generatl indication of the nature of the
individua! wastes. In most cases, additional sampling and
analysis to further characterize the wastes, and compati-
bility tests {in which small quantities of diffevent wastes
are mixed together under controlled conditicns and
observed for signs of incompatibility such as vapor gener-
ation and heat of reaction) should be conducted. Bulking
is performed at the final staging area using the following
procedures:;

» |[nspect each tank trailar and remove any residual
materials from the traiter 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
shisld. Make sure the pump hosas, casings, fittings,
and gaskets are compatible with the material being
pumped.

* inspect hose lines befora baginning work to ensure
that all lines, fittings, and valves are intact with no
weak spots.

= Taks 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 wehicular and pedestrian traffic.

« Store flammable liquids in approved conteiners.

Shipment

Shipment of materials to offsite treatmant, storage, or
dispossl {acilities involves the entry of waste hauling
vehicles into the site. US. Department of Trensportation
{DOT} regulations (49 CFR Parts 171-178) and EPA regula-
tions (40 CFR Part 263) for shipment of hazardous
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« Outfit the driver with appropriate protective

Q0 - 00 equipment.

Q0 a2 Q0 * If drums are shipped, tightly seal the drums prior to

Q0 % Q0O loading. Overpack leaking or deteriorated drums prior

o0 ™ 00 to shipment. (Under most circumstances, overpack
drums used for hazardous wastes may not be reused

ROADWAY [49 CFR Part 173.3(c))). Make sure that truck bed
and waells are clean and smooth to prevent damage to

Q0 w 00 drums. Do not double stack drums. Secure drums to

Q0 8 00 prevent shifting during trangport.

88 < 88 * 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

ROADWAY or release during transport.

OO0 w OO * Weigh vehicles periodically to ensure that vehicle and

00 @ 00 road weight flimits are not exceeded.

80 < 80 « Decontaminate vehicle tires prior to leaving the site

0 O to ensure that contamination is not carried onto pub-
lic roads.

® 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.

Fgure 11-8. Sample Drum Staging Layout.
Source: Reference [1).

Special Case Problems

Tanks and Vaults

For tanks and vaufts, 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 apening to prevent direct contamination of work-
ers by matenals forced out by pressure when the
tank is opened.

» Guard manhaoles or access portals to prevent person-
nel from falling into the tank.

» kdentify the contents through sampling and analysis.
K characterization indicates that the contents can be
safely moved with the available equipment, vacuum
them into a trailer for transportation to a disposal or

wastes must be complied with. The following guidelines recycling facility.

hance the of the ions:
can sn safaty 2@ operations s Empty and decontaminate the tank or vault before
& Locate the final staging (bulking) area as close as disposal.
possible to the site exit.

* Prapate a circulation plan that minimizes conflict

Single-stackad overpack drums swaiting transport off
sita Worker suited in Level C personal protective equip-
ment will spread a terp over the drums to protect them
during transport.

* H it is necessary to enter a tank or vault (ia, confinad
spaces) for eny reason (eg., to clean off solid

between cleanup teams and waste haulers. Install
tratfic aigns, lights, and other control devices as
NACcessary.

& Provide adequate area for onsite and hauling vehicles
1o tum around. Where necessary, build or improve
onsita roads.

= Stage hauling vehicles in a safe area until ,pady for
loading with drivers remaining in cah. Minimize the
time that drivers spend in hazardous areas.

materials or sludges on the bottom or sides of the
tank or vauht), the fallowing precautions should be
taken [4]:

Ventilate thoroughly prior to entry.

Disconnect connecting pipelings.

Prior to entry, take air samples to prove the

absence of flammable or other hazardous vapors

ard to demonstrate that adequate levels of oxygen
exist.
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Equip the entry team with appropriate respiratory
protection, protective clothing, safety hamesses,

and ropes.

Equip a safety obsarver with appropriate respira-

tory protection, protective clothing, a safety har-

ness, and ropa

Establish Gfsline signals prior to entry so that the

worker and safety observer can communicate by

tugs on the rope.

Have an additional person available in the kmmedi-
ate vicinity to assist tha safety obesrver if needed.
instruct the gafaty observer not to entsr the space
until additional parsonnel ars on scena

Vacuum Trucks

-Wearappmpﬁmmcnwdommgardmment
when opening the hatch.

= if possible, use mobils steps or suitable scaffolding
consistent with 29 CFR Part 1910, Subpart D. Avoid
¢limbing up the ladder and walking across the tank
catwalk.

* K the truck must be climbed. raise and lower equip-
ment and samples in carriers to enable workers 1o
use two hands whils climbing.

s If possible, sample from the top of the wehicle i it ia

necessary to sample from the drain spigot, take steps

1o prevent spraying of excessive substances. Have all
personnel stand off 10 the side. Have sorbemt
materials on hand in the event of a spill.

Elsvated Tanks

n general, observe the safety precautions described for
vacuum trucks. in addition:

¢ Use a safety fine and hamess.

+ Maintain ladders and railings m accordance with
OSHA requirements {29 CFR Part 1910, Subpart D).

Compressaed Gas Cylinders

* Obtain expert assistance in moving and disposing of
compressed gas cylinders.

+ Handle comprassed gas cylindars with sxtreme cau-
tion. The rupture of a cylinder may rasuit in an explo-
sion, and the cylinder may become a dangerous
projectile.

* Record the identification numbers on the cylinders to
#id in cheracterizing their contents.

PFonds and Lagoons

<+ Drowning is a very real danger for personnel suited m
protective equipment because the weight of protec-
tive equipment increases an individusl’s overall den-
sity and severaly impairs thair swimming ability.
Whers there is danger of drowning, pravide neces-
sary safaty gear such a3 lifeboats, tag lines, milings,
nets, safety harmesses, and flotation gear.

¢ Wherever possible, stay on shore. Avoid going out
over the water.

* Be aware that some solid wastes may float and give
the appearance of solid crecked mud. Caution should
be axercised when working along shorelines.
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introduction

The nature of work at hazardous waste sites makes
emergencies a continual passibility. no matter how
infrequently they may actually occur. Emergencies
happen quickly and unexpectedly and require immediate
response At a hazardous waste site, an smergency may
be as limited as a worker axperiencing heat stress, or as
vast as sn axplosion that spreads toxic fumes throughout
a community. Any hazard on site can precipitate an emer-
gency: chemicals, biologic agents, radiation or plrysical
hazards may act alone or in concert to creata explosions,
fires, spills, toxic atmospheres, or other dangerous and
harmtul situations. Table 12-1 lists common causes of site
emengencias.

Site emergencias are characterized by their potential for
complexity: uncontrolled toxic chemicals may be aumer-
ous and unidentified; their effects may be synergistic.
Hazards may potentiate ona another—for example, 2
flammable spill feading a fira Rescue personnel attempt-
ing to remove injured workers may themselves becoma

victims. This variability means that advance planning,
including anticipation of ditferent emergency scenarios
and thorough preparation for contingencias, is essantial
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 sgencies. 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 rgady 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,
& Contingency Plan should be develapad.

A Contingency Plan is a written document that sets forth
policies and procedures for responding to site emergen-
cies. it shouid incorporate the following:

s Parsonnel:
Roles.
Lines of authority.
Training.
Communication.

* Site:
Mapping.
Security and control.
Refuges.
Ewvacuation routes.
Decontamination statiohs.

* Medical/first aid.

* Equipment.

* Emergency procedures.
= Documentation.

* Reporting.

QOverall, a Contingency Plan should:

s Be designed as a discrete section of the Site
Safety Ptan.

+ Be compatible and integrated with the pollution
response, disaster, firg, and emergency plans of
local, state, and federal agencies.

+ Be rehearsed regularly using dnlls 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 Emergancies at Hazardous Wasts Sites

Worker-Relatad

= Minor accidents {sfips, trips, falls),

+ Chamical iposurs,

= Modical problems hest stress, heat stroke, aggravation of
pre-auisting conditions).

* Personal protective equipment faiture (air source failure, tearing or
permeation of protective clothing, facepioce fogging).

= Physical injury Gnjuries from hot or ftying objects, loose clothing
sntangfing in machinery, sarious falls, vehicle accidents).

» Eloctrical {bums, shock, slectrocution).

Waste-Retated

* Fira

= Explosion,

* Laak,

» Ralaaza of toxic vapors.

= Raaction of iIncompatible chemicals,

« Collapss of containers.

. * Discovery of radicective materials.

Table 12-2. Personnel Invoived in Emergency Response

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 as contractors,
athar agency reprasentatives, and visitors. Emergency
parsonnel and their responsibilities are coverad in detallin
Chapter 3 as part of the overall organizationa! structure.
This information is summanzed n Table 12-2.

Emargency personne! may be deployed in a variety of
ways. Depending on the nature and scope of the smer-
gency, tha gize of the site, and the number of personnal,
the emergency response cadre can include individuals,
amall or large teams, or several interacting teams.
Atthough 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-command, every individual
should know his or her position and authority, and the
chain-of-command must be flaxibla enough to handle
multiple emergencies, such as a rescue and a spill
response or two rescues with s fire and spill response.

Froject Team Laader

= Directs amergency responss opargtions.

* Serve: as Gaizon with approptiats government afficials.
Site Safety Officer

= Recommends that work be stopped if sny operation threatens
workar or public heatth or safaty.

* Knowys smergency procedures, avacustion routas, and the
spprogriate telephone numbers including: the ambulance, medical
facility, poison control certer, firs department, and police
department.

» Notifies local public smergency officials,

* Provides for smergency medical care on site.

Command Post Supervisor

» Notifies amergency support parsonne! by telephone or redio in
CASS NesCUS Oparations are requirad.

« Assists the Site Sataty Officer in a rescue, if necessary.

Rescus Team

» An ameigoncy rescus taam stands by, pertially dressed in protec-
tive gear, near the Excluzion Zone ready to rescue any workers
whoss heslth or safety s endangered.

s State emergency response personnel {varies among states).

Decontamingtion Station Officers

» Parform smergency decortamination.

24-Hour Medical Team

« Fansportation and treatment of victims by ambulance personnel,
personne! st local clinics or hospitals, and physicians.

Comemunication Personnel

s Local smengency service networks provide communication knks
for mutual sid

= Civl! Defensa and local mdio and telavision stations
provida information o the public during an smagency.

Environmentsl Bcientists

= Pradict the immediate and future movemnent of released hazandous
substances through the geoclogic and hydrologic environment snd
air.

» Asgess the effect of this movement on groundwater quality, sus-
face water quality, and sir quality.

« Dararmine the probabls movement of released toxic gases.

* Estimate the expacisd concentration of gases in the community
and the expected duration of exposure

= Pradict the sxposure levels of people and the ecasystem o the
matarials.

Hazardous Chemicals Exparts

* Provide immediate advice tu thoge at the scene of s chemical-
related smergency.

Firefighters

* fespond to fires that occur at a site; rescue victims.

Matsorologists

* Provide meteoroiogical information needed by environmental
scientists.

Public Eafety Personnel

= The county sheriff, industrisl security forces, the National Guard,
and the police control site access, crowds, and traffic.

Public Evacustion Personnel

s Civil Defensa grganizations plan evacuations.

* The National Guard and other military, the Red Cross, the Salva-
tion Armry, end municipal transportation systems mobilize transit
esquipment and assist m evacuations

On-Scena Coordinator

» Coordinates fadersl response activities.
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Onsite Personnel

The Contingency Plan should identify all individuals and
tsams who will participate in emergency nesponss and
define their roles. All personnel, whether directly involved
in emergency response of not, should know their own
responsibilities in an emergency. They must also know
the namas of thosa in authority, and the extent of that
authority.

Laader

In an emergency situation, one person must be able to
assume total control and decision-making on site. This
leader must

* Be identified in the emergency response plan. This
person may be, for example, the Project Team Leadar,
Site Safety Officer, or Field Team Laader.

= Be backed up by a specified altemate(zs).

# Have the authority to resolve sll disputes about
health and safety requirements and precautions.

+ Be authorized to seek and purchass supplies as
necessary.

s Have control over activities of everyone entering the
site, for example, contractors, fire departmants, and
police,

s Have the clear support of management.

Teams

Although individuals {eg.. the Site Safety Officer) may
perform certain tasks in amergencies, in most cases
teams provide greater efficiency and safety. Teams com-
posed of onsite personnel may ba craated for specific
emergency purposes, such as decontamination, rescue,
and entry. Rescue teams can be used during a particularty
dangerous operation, or at lange sites with multiple work
parties in the Exclusion Zone. Their sole function is 1o
remain near hazardous work areas, partially dressed in
protective gear, ready for full suiting and immediate res-
cue of any sndangered worker. Thess teams should be
capabie of administering cardiopulmonsry resuscitation
(CPR) and emergency first aid. Other teams can be
formed for responding to containment emergencies and
fire-fighting until offsite assistance arrives.

Offaite Personnel

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, responsa, or support (see Table 12-3 for a
listing of typical organizations). As part of advance plan-
ning, stte personnel should:

= Make arrangemeants with individus! experts to provide

guidance as needed. .
» Make arrangements with the appropriate agencies

{ag., local fire department, state snvironmental
agency, EPA regional affice) for support.

= Alart thasa authorities to the types of emergencias
that may anse.

= Determine their estimated response time and
resources.

Tabls 12-3. Examples ‘uf Agencies and Groups Involved in

Emergencies

AGENCY OR GROUP

RESCUE* RESPONSE™ SUPPORT®

FEDERAL

Ammy Corpa of Enginesrs
Coast Guardd -
Deparoment of Defensed -
Department of Transportation
Errvironmental Pratection

Agency (EPAY . .

ton (FAA) .
Federal Emergancy Manags-

ment Agency {FEMA] .
National Institute for

Occupetional Safety and

Heatth INIDSH) .
Occupational Safaty and

Haalth Administration

(OSHA) .

STATE

Civil Defonsa
Department of Haalth
Departrnent of Labor
Emvironmanta! Agency *
Otfice of the Attomey
Genersi
State Police - .

LOCAL

Ambulance and rescue
sarvices

Cleanup contractor

Disposal companies

Fire department

Hospital

Police

Rad Cross

Satvation Army

Transporters
Uhility companias (Hectic,
gas, water, phona) L

L I R N
L I BN B ]
[ ]

*Rescue = axiricating andior providing on-the-spot smergency

treatment o victima.

*Resporse = controlling snd stabilizing hazardous conditions.
Support = providing technical assistance, aquipment, andjor

rasources.

9This agancy may provide an On-Scens Coardinator (O5C),

depending on the jurisdiction.

* Idantify backup facilitiea.
* Provide training and information about hazards on
site and special procedures for handling them.

» Establish a contact person and means of notification
&t sach agency.

Faders! Responsa Organizations

Site emargencies involving significant chemical releasess
should be coordinated with federsl response organiza-
tions. The federal govemnment has establishad a National
Contingency Plan (NCP) to promote the coordination snd

- direction of federal and state responsse systema, and 1o
encourage the development of local govemment end pri-
vate capabilities to handle chemical emergencies involyv-
ing chemical releases.
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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 (0SCs), and a National Response
Center {NRC). The NRC is the national terminal point for
receipt of notification of significant chemical releases,
anrd the OSCs are the interface between the onsite per-
sonnel and the federal response organizations. Tha OSC
is the federal official responsible for ensuring that neces-
£3ry response actions are takan 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 QS5C

i a significant chemical release occurs at a hazardous
waste site, the National Response Center in Washington,
D.C., should be contacted {Telephane: B00-424-8802).
The NRC will activate federal response under the National
Contingency Plan.

Training
Since immediate, informed response is essential in an
emargency, all site personnel and others entering the site
lvisitors, contractors, offsite emergency response groups,
other agency representatives) must have some level of
emergency training. Any training program should:

= Realate directly to site-specific, anticipated situations.

* Be brief and repeated often.

= Be realistic and practical.

* Provide an opportunity for special skills to be
practiced regularly.

* Feature drills freaquantly {eg., site-specific mock
rescue operations).

» Ensure that training records are maintained in a rain-
ing logbook.

Everyone entering the site must be made aware of the
hazards and of hazardous actions which are forbidden or
should be avoided {eg., smoking). They must also know
what 10 do in case of an emergency.

Visitors should be briefed on basic emergency procedures
such as decontamination, emergency signals, and evacua-
tion routes.

Personnet without defined emergency response roles {eg.,
contractors, federal agency representatives) must still
receive & level of training that inchudes 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 ta.

* Evacuation routes and refuges.

+ The person or station to report to when an alarm
sounds.

Onsite emergency personnel, who have emergency roles
in addition 1o their ordinary duties, must have a thorough
rderstanding of emergency response. Training should be

directly related to their specific roles and should include
subjects such as:

* Emergency chain-of-command.

¢ Communication methods end signals.
= How to call for help.

* Emergency equipment and itx usa,

* Emergency evacuation while wearing protective
equipment.

* Removing injured personnel from enclosed spaces.
» Offsite support and how to use it.

These personnel should obtain cartification in first aid and
CFR. and practice treatment techniques regularly, with an
emphasis on:

* Recognizing and treating chemical and physical
injuries.
* Recognizing and treating heat and cold stress.

Otfsite 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 onsie
worker. These personnel should be informed of ways to
recognize and deal effectively with onsite hazards. Lack
of information may inadvertentfy worsen an emergency
by improper actions (eg., spraying water on 8 water-
reactive chemica! and causing an explosion). Inadequate
knowledge of the onsite emergency chain-of-command
may cause confusion and delays. Site managemant
should, at a minimum, provide offsite emergency per-
sonnel with information about:

» Site-specific hazards.

* Appropriate response techniques.

& Site emergency procedurss.

s Dacontamination procedures.

Emergency Recognition and Prevention

On a day-to-day basis, individual personne! should be
constantly alert for indicators of potentially hazardous
situations and for signs and symptoms in themselves and
others that wam of hazardous conditions and exposures.
Rapid recognition of dangerous situstions can avert an
emergency. Before daily work assignments, regular meet-
ings should be held. Discussion should include:

+ Tasks to be performed.
* Time constraints {a.g., rest breaks, air tank changes).

# Hazards that may be encountered, including their
effects, how 10 recognize symploms or monitor
them, concentration imits, or other danger signals.

* Emergency procedwres.

After daily work assignments, a debriefing session should
be held to review work accomplished and problems
observed.

Communications

In an emergency, ¢rucial messages must be conveyed
quickly and accurately. Site staff must be able to commu-
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nicate infarmation such as the location of injured person-
nel, orders to evacuate the site, and notice of blocked
svacuation routes, even through noise and confusion.
Outside support 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 communication 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, eg., bullhoms, megaphones, sirens, bells,
whistles, or visual signals such as colored flags, flares,
tights, 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.

= |imited in number so that they are easily
remembered.

Examples include: stop, avacuate, help, all clear. Any set
of signals may be used to convay thesa messages as long
as all personnal understand their meaning. See Table 12-4
for examples.

When designing and practicing communication systems,
remember that.

» Background noisa on site will interfere with talking
and listening.

* Wearing personsl protective equipment will impede
hearing and limit vision {eg., the ability to recog-
nize hand and bedy signals).

= [nexperisnced radic usars may need practice in
speaking clearly.

External Communicationa

Offsite sources must be contacted to get assistance or to
inform officials about hazardous conditions that may
affect public or environmental satety. The telephone is the
most common mode of offsite communication; phone
hook-ups are considered 8 necessity at all but the most
remote sites.

= The National Response Center (NRC) {Telephone:
BO0D-424-8802} should be contacted in the event
of a significant chemical release. The NRC will
contact the appropriate federal On-Scene Coor-
dinator.

Table 12-4. Sample Internal Emergency Communication

Signals
DEVICES®s AND
SIGNALS EXAMPLE
Radio (citizen’s band or FM} Established code words.
Moisemakars, inchading: One long blast: Evacuate area by
Bell nearest emergency exit.
Compressed air hom Two short blasts: Localized problem
gf::phone {not dangerous to woarkers),
Whistla Two long biasts: all clear.
Visual signal, including: Hand clutching throat: Out of air/
Hand signals cen't breathe.
Whole body movements Hands on top of head: Nead
assistance.
Thambe up: OKA'm alright/
1 understand.

Thumbs down: No/negative.

Grip partner's wrist or both hardds
aroundd partner’s waist: Leaws
area immediatety.

AN devices and squipmant used in the Exclusion and Contamina-
tion Reduction Zones must be intrinsically safe and not capable
of gparking.

+ 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 departments, ambulance units, and
hospitals.

= H there is no sita telaphone system, alf parsonnel
must know the location of the nearest public tele-
phone. A supply of telaphone 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. ik serves as a graphic record of tha 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 locationse. The map should highlight:

= Hazard areas, especially potential IDLH conditions.

+ Site terrain: topography, buildings, barriers.

= Evacuation routes.

= Site accessibility by land, ssa, and air.

* Work crew locations.

* Changes {eg., work activities, vendalism, accidents).
+ Oftsite populations or environments at potential rigk.

The map can be used for planning and training. ft can
sarve as a basis for developing potential smergency
scenarios and alternative response strategies.
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When an emergency occurs, the problem areas should be
pinpointed on the map. Pertinent information—such as
weaather and wind conditions, temperature, and forecast
—should be added. The map can then be used 1o design
the emergency plan, eg., to define zones; determine
svacuation routes; and identify emergency first-aid,
decontamnsbon.andCommandPoststsbom.When
using the map for such purposes, the accuracy of the
data obtained and the potential for over- or underestimat-
ing a hazard should be considered.

Even if the emergency develops so fast that the map can-
not be used for on-the-spot planning, prior familiarity with
it will sid in making informed decisions.

Safe Distances and Refuges

Safe Distances

No single recommendation can ba given for svacuation or
satfe distances because of the wide variety of hazardous
substances and releases found at sites. For example, a
“small’”’ chlorine keak may call for an isolation distance of
only 140 feet (43 metears), while a “’large”™ leak may
require an evacuation distance of 1 mile {1.6 kilometers)
or more, depending on the wind direction [1].

Safe distances can only be determined 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 famitiarize personnel with
points to consider. Factors that influence safe distances
inclhude:

# The toxicological properties of the substance.

* The physical state of the substance

+ The quantity released.

= Tha rate of releass.

* The method of release.

¢ The wvapor pressura of the substance,

* Vapor density relative 1o air.

* Wind speed and direction.

» Atmospheric stability.

= The height of releaza

* Air temperature and temperature change with

ahitude.

» Local topography {eg., barriers may enhance or
retard a cloud or plume, and attentuate a blast).

Public Evacuation

i an incident may threaten the heatth or safety of the sur-
rounding community, the public will nead to ba informed
and possibly evacuated from the area. Site managemem
should plan for this in coordination with the appropriata
lecal, state and federal groups, such as the Federal Emer-
gency Management Agency. the Civil Defense, county
sheriff, local redio end television stations, municipsl trans-
portation systems, National Guard, and police.

Refugaa (Safaty Stations)

Onstte refuges {safety stations) can be set up for local-
ized emergencies that do not require site svacuation.
These refuges should only be used for essential neads,
such as short rest breaks, emergency response strategy
meetings. or temporary refief during mild cases of muscle
strain and heat stress. The refugs should ba located in a
relatively safe. but not necessarily “clean’ araa, ag.,
along the upwind fence line in specially cleared places or
on tha periphery of the Exclusion 2one! The refuge
should never be used for activities such as pating, drink-
ing, or air changes. Typical items located in a refuge area
include;

= A gitting/resting area that should be shaded if
possibla

» Water for decontamination.

* Wind mdicator.

* Communication system with the Command Post.

= First-aid supplies, ag., eyewash, stretcher, blanket.

* Special monitoring devices (eg., extra detector tubes
»nd personal monitors).

¢ Bolt cutters.

* Firs mxtinguishers,

= Hand to0ls

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 snd wash
water for chemical exposure victims, and communica-
tions with the Command Post. In a sitewide evacuation,
they can be used 1o housse evacuation exit squiprnent,
thereby reducing security problems. These refuges should
bhe stocked with such items as:

* Decontamination supplies.

* Oxygen and/or air.

s Water,

* Special testing equipment {eg.. pH paper, cyanides
paper).

* First-aid supplies.

* Communication system.

Site Security and Control

In an emergency, the Project Team Leader {or designated
representative) must know who is on sita and must be
able to control the entry of personne! into the hazardous
areas to prevent additional injury and exposure. Only
necessary rescue and response personne! should be
allowed into the Exclusion Zone.

One control technique is a chackpoint or series of check-
points through which all personnel entering or exiting the

"In an emeargency, as in daily wrk activities, the site is divided
into three areas: Exclugion {conteminated) Zone, Contamination
Reduction Zone, and Support (clean] Zone {(sas Chapter 9, Site
Controh.
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site must pass, &J.. 8 Support Zone checkpoint and sn
Exclusion Zone checkpoint. ldentification or authorization
must be prassnted to a Checkpoint Control Manager, who
records sech person's:

* Name {and affiliation if offsite personnel).
* Status (in or out).

* Time of entry.

* Articipated exit time

* Zones Or araas to be entered.

¢ Toam or “buddy.””

* Task baing performed.

e Location of task.

* Protective equipment wom; &ir time left.
* Rescus and response equipment used.

The smergancy area Checkpoint Control Manager should
inform the Project Team Leader if a person remains in the
smargency area beyond his or her anticipated exit tima

Personal Locator Systems

In an emergeancy, it is vital for the Project Team Leader lor
designes) and rescue personnel to rapidly detsrmine
where workers are located and who may ba injured. A
passive locator system (ia, a written record of the loca-
tion of all personnel on site 8t any time) could be used to
he!p find personnel in an emergency. Any such systam
should be:

* Graphic (such 8s & drawing with a written kay).

+ Roughly drawn to scale, with the scale and visible
landmarks included.

* Kafit cument.
* Easy to locate.
* Stored outside the Exclusion Zona.

A good passive locator system is o site map with flags or
color-headed pins identifying each worker.

Active locator systems can also be ysed, Thess are wom
or carried by individual personnel, and are activated by
actions such as flipping a switch, a decraasa in sir supply,
or a fall. They have the advantage of precisely locating
individuals,

Evacuation Routes and Procedures

A savere smergency. such as a fire or explosion, may cut
workers off from the normal exit near the Command Post.
Tharefore, alternate routes for evacuating victims snd
sndangerad personnal should be established in advanca,
marked, and kept clear. Routes should be directed

(1) from the Exclusion Zons through an upwind Contami-
nation Reduction Zone to the Support Zone, and (2} from
the Support Zone to an offsite location in case conditions
necessitate a general site evacuation. Tha following
guidelinas will heip in establishing safe evacustion routes.

& Place the evacuation routes in the pradominantty
upwingd direction of the Exclusion Zone. (At a very
large site, or one with many obstacles, some exits

may be placed in the downwind fenceline, nor-
mally an undesireble location. If this is dona,
workers must know that they are not ““out” until
they reach the designated safety area.)

* Run the evacuation routss through the Contamina-
tion Reduction Zone. Even if there is not encugh
time to process the svacusss through decontami-
nation procedures, there should be & mechanism
for accounting for all personnel.

» Consider the accessibility of potantial routes. Take
Into account obstructions such as locked gates,
trenches, pits, tanks, drums, or other barriers, and
the extra time or equipment neadad to maneuver
around or through tham.

* Develop two or mors routes that lead to safe arvas
and that are sepamate or remote from each other.
Multiple routes are necassary in cass one is
blocked by a fire, spill, or vapor cloud. Thess
routes must not overlap because if 8 common
point were obstructed by a fire or other emer-
gency, all intersecting routes would be blocked.

® Mark routes “*safe’ or “‘not safe” on a daily basis
Bccording to wind direction and other factors.

s Mark svacuation routes with materials such as
barricade tape, flagging, or traffic cones. Equally
important, merk aneas that do not offer safe
escsps or that 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
waaring protective clothing and aquipment. 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 feel {1 meter) deep. For long cuts,
place iadders at least every 25 feet (7.5 meters),
and for desp cuts, place plywood or planks on top
of ladders.

Provide ladders for rapid descent from areas or
structures slevated mare than 3 feet {1 meter).
Use only ladders capable of supporting a 250-Ib
{114-xg) load.

Secure ladders to prevent slipping.

Place standard cleated ramps {"’chickenboard”’}
across ditches and other similar obstacles, Add a
railing and toe boards if the board is narmow or
steeply sloped.

Check the tos and body clearanca of ladders to
make sure thet personnel wearing protactive cloth-
ing and SCBA can yse them.

Check the clearance of access ports, such as
crawlspaces, hatches, manholes, and tunnels to
make sure that personnel wearing a protactive
ensemble can get through. in any case, access
ports should be at least 3 feet {1 meter) in diameter
where possible. [Standard tank manwaya are
smaller.)

= Make sscape routes known to afl who go on site.
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Perform Life-Saving
Procedures

Grossly Decontaminate
and/or Cover or Wrap
Contaminated Areas
|
Decontaminate as Much as NO Additional Emergency
Possible Care Required?

YES

Transport 1o Medical
Facility

Figurs 12-1. Decision Aid for Emergency Decontamination.

Decontamination

When planning for decontamination in medical emergen-
cies, procedures should be developed for:

¢ Decontaminating the victim.
* Protecting medical personnel.

« Disposing of comaminated protective squipment and
wash solutions.

Thesa activities shoukd be coordinated. The decision

whether or not to decontaminate a victim is based on the
type and saverity of the Siness or injury and the nature of
the tontaminant. For some emergency victims, immediate
decontamination may be an essentia! part of kfe-saving
first aid. For others, decontamination may aggravate the
injury or delay fe-saving treatment. f decontamination
does not interfere with essantial treatment, it should be
performed. Figure 12-1 is a decision aid for emergency
decontamination.

= if decontamination can be done:
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Wash, rinse and/or cut off protactive clothing and
equipment.
= i decontamination cannot be done:

Wrap the victim in blankets, plastic, or rubber to
reduce contamination of other personnel.
Alert smergency and affsite medical personnel to
potential contamination; instruct them about
specific decontamination procedures if necessary.
Sand along site personnel femiliar with the
incident.
See Chaptet 9, Decontamination, for details on decon-
tamingtion techniques and procedures.

Equipment

in an emargency, equipment will be necessary to rescue
snd traat victimsa, 10 protect response personnel, and to
mitigate hazardous conditions on site {eg., to contain
chemicals or fight fires). Some regular equipment can
double for ememency use. Because of its high cost, most
heavy equipment (eg.. bulldozers, drum movers, pumps)
employed in emergencies will also be used for regular
work assignments. All aquipment should be in working
order, fueled, and available when an emergency occurs.
Provide safe and unobstructed sccess for all firefighting
and emargency egquipment et all times. Consider adopting
the following work procedures:

» Refuel ell heavy equipment when there is still one-
hslf to one-quarter of a tank of fuel left.

* Require all equipment repairs to take place at the
time the problem is discoversd.

« Separate two similar pieces of aquipment (eg., two
frontJoaders or a bulldozer and a frontdoader); park
each at a different spot on site and do not use them

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)

For personal protective equipment:

= Refill all empty self-contained breathing apparatus
{SCBA) tanks and prepare them for emergencies
immediately after normal use.

= Stock higher levels of protective equipment than
required for anticipated hazards (eg.. a site where
Level C equipment is normally used [see Table 8-6]
should have Level A and B equipment available for
emergencies).

Basic equipment that ghould 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 of 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 site personne! who could be vig-
tims during an emergency.

= The probable number of personnel availabie for
response

Tabla 12-5. Onsite Equipment and Supplies for Emargency Responsa

PERSONAL PROTECTION MEDICAL HAZARD MITHGATION
= Escape SCBA or SCBA, which can « Ajr splints » Fire-fighting equipment and supplies
ba brought to the victim to * Antiseptics  Spili-containment equipment, such
S"g;:. o supplement his or her * Blankats as absorbents and oil booms

= Personal protective squipment
and clothing specialized for

known site hazards * Emergency aye wash

* Emergency showers or wash stations

s lce

* Decontamination solutions appropriate
for ansite chamical hazards

* Special hazardous-use tools such as
remote pneumatic impact wrenches,
nonsparking wrenches and picks

* Congainers 10 hold contaminated
materials

* Raference books cantaining basic
first-aid procedures and information on
treatment of specific chemical injuries

* Resuscitator
+ Safety harness
* Stwtchers

& Water, in portable containers

* Wire basket litter {Stokes litter) which
cen be used 1o camry a victim in bad
weather and on 3 difficult terrain, allows
sasy decontamination of the victim, and
is itself sasy 10 decontaminats
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Notify onsite parsonnel
about the incident

y

Size up the situation based

!

Review and revise Site Safety
and Contingency Plans

1 on available information %
4 Reguest aid from
2 outside sources
< i
g Allocate parsonnel
u ’ and equipment
o= resources for response
a " I
_ ] y
Survey and assess
Survey and assess .. .
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hazards
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- 4 victims
[ =]
% Extricate Decontaminate
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Q
[

Figure 12-2. Emergency Response Operations.
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Medical Treatment/First Ald

In emergencies. toxic exposuras and hazardous situations
ﬁmatcwseiuunesandilrmssesmllwryfmmsitomm
Medical treatment may range from bandaging of minor
cuts and abrasions to kfe-saving techniques. In many
cases, sssantial medical help may not be immediately
available. For this resson, it is vital to train onaite emer-
gency personnel in on-the-spot treatment techniques, to
astablish and maintain telephone contact with medical
experts {eg.. toxicologists), and to establish kaisons with
local hospitals and ambulance services. Guidelines for
establishing an emergency medical program are detailed
in Chapter 5. When designing this program, thesa essen-
tial points should be included:

# Train a cadre of personnel in emargency treatment
such as first aid and CPR. Training should be
thorough, frequently repeated, and geared to
site-specific hazards.

» Establish liaison with local medical personnsd, for
example: 24-hour on-call physician, medical
speclallsts. local hospitals, ambulance servica, and
poison control center. Inform and aducate these
personnel about site-specific hazards so that they
can be optimally helpful if an emergency occurs.
Denvelop procedurss for contacting them; familia-
rize all onzite amergency personnel with these
proceduraes.

= Set up onsite emergency first-aid stations; see
that they are well supplied and restocked immedi-
ately atter sach smergency.

Emergency Response Procedures

Response operations usually follow a sequence that
starts with the notification of trouble and continues
through the preparation of aquipment 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 abourt the
emergency and include essential information:
* What happened.
* Where it happened.
* Whom it happened to.
* When it happened.
= How it happened.
* The axtent of damage
* What aid is needed.

Slze-Up

Available information about the mcident snd smergency

response capabilities should be evaluated. The following

information should be determined, to the extent possible:
+ What happened:

Type of incident.
Cause of incident.
Extent of chemical release and transport.
Extent of damage to structurss, squipment, and
Tarrain.

* Casuslties:

Victims {(number, kocation, and condition),
Treatrment required.
Missing personnel.

» What could happen. Consider:
Types of chemicals on site,
Potential for fira, axplosion, and release of hazard-
ous substancea.,
Location of all personnal on sits relative to hazard-
Ous arpas.
Potential for danger to offsite populstion or
sfivironment.

* What can be done. Consider:
Equipment and personnel resources nesded for vic-
tim rescue and hazard mitigation.
Number of uninjured parsonnal availabls for
response.
Resources svallabls on site.
Resources available from outside groups and
agencies.
Time for outside resources to reach tha site.
Hazards involved in rescue and response.

Rescue/Responss Action

Based on the available information, the type of action
required should be decided and the necessary steps
implemented., Some actions may be done concurmently.
No one shoukd attempt emergency response or rescue
until backup personnel and evacuation routes have baen
identified. Rescue/responsa actions may include:

» Enforce the buddy system: Allow no one to enter an.
Exclusion Zone or hazardous area without a partner.
At all imes, personnel in the Exclusion Zone should
be in line-of-sight or communications contact with
the Command Post Supervisor or dasignea.

* Survey casualties:

Locate all victims and assess their condition.
Determine resources needed for stabilization and
transport.

* Assess existing and potentisl hazarda to site person-
nel and to the offsite population. Determine:

Whether and how to reapond.

The need for evacuation of site personnel and off-
site population.

‘The resources needed for evacuation and response.
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= Allocate resources. Allocate onsite personnel and
equipment to rescue and incident response oper-
ations.

* Request aid. Contact the nequired offsite personnel or
facilities, such as the ambulance, fire department,
and police.

* Control, Bring the hazardous situstion under com-
plete or temporary control; use measures to prevent
the spread of the emergency.

* Extricate. Remove or assist victims from the area.

= Decontaminata Usa astablished procadures to
deconteminate uninjured personnel in the Contamina-
tion Reduction Zone. If the emergency makes this
area unsafe, establish a new decortamination area at
an appropriate distance. Decontaminate victims
before or after stabilization as their medical condition
indicates {sea 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 leg.,
repack; empty fillad runoff dikes). Attend to what
caused the emergency and anything {(ag.. drums,
tanks) damaged or endangersd by the onmgepcy.

* Transport. Take measures to minimize chemical
contamination of the trangport wehicle and
ambulance and haspital personnel. Adequatsly
protected rescuers shoukd decontaminate the vic-
tims before transport. if this is not possible, cover
the victims with adequate sheeting. Befors trans-
portation, determine the level of protection neces-
sary for transport personnel. Provide them with
disposable coveralls, disposable gloves. and sup-
plied air, as necessary, for their protection. if
appropriate, have response personnel accompany
victims to the medical facility to advise on decon-
tarnination,

* Evacuate:

Move site personnel to a safe distance upwind of
tha incident.

Monitor the incident for significant changes. The
hazards may diminish, permitting persoanel to
reeriter the site, or increase and requira public
evacuation.

Inform public safety personne! when thereis a
potential or actual need o evacuate the offsite
population. Do aof attempt large-scale public
evacuation. This is the responsibility of government
authorities (see Table 12-3),

* Review and revise all aspects of the Contingency
Plan according to new site conditions and lessons
learned from the emergency responza When
reviewing the information, consider typical ques-
tions such as:

Cause: What caused the amargency?
Prevention: Was it preventable? i so, how?
Procedures: Were inadequate or incorrect orders
given or actions taken? Were these the result of
bad judgment, wrong or insufficient information, or
poor procedures? Can procadures or training be
mproved?

Sits profile: How doas the incident affect the site
profila? How are other gite cleanup activitias
affected?
Community: How s community safety affected?
Uabirnty:whoisliablel:otdamagepmmnu?

Documentation
The Project Team Leader should initiete the investigation
and documentation of the incident. This is important in afl
casas, but aspecially so0 when the incident has resulted in
personal injury, onsits property damage, or damage 1o the
surrounding savironment. Documentation may be usaed to
help svert recurrences, as avidence in future legal action,
for assessment of iability by insuranca companies, and
for review by government agencies. Methods of docu-
menting can include a written transcript taken from tape
recordings made during the emargency or a bound field
book tnot a looseleal book) with notes. The document
must be:

¢ Accurate: All mformation must be recorded objac-

tively.

* Authentic: A chain-of-custody procadure should

be used. Each person making an entry must dats

and sign the document. Keep the number of

documentors to 8 minimum {to avoid 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 horizontzl kine

through the old material and initial tha change.

* Complete: At a minimum, the following should be
ncluded:;

Chronological history of the incident.
Facts about the incident and when they became
available.
Title and names of personnel; composition of
teams.
Actions: decisions made and by whom; orders
given: to whom, by whom, and when; and actions

Follow-Up

Before normal site activities are resumed, personnel must

be fully prepared and equipped to handle another
emergency.

* Notify appropriste government 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.

taken: who did what, when, where, and how.
Types of samples and test resutts; air monitoring
results.

Possible exposures of site personnel.

History of all injuries or linesses during or as a
result of the emergency.

References
1. U.S. Department of Transportation. 1984. DOT 1984

Emergency Response Guidebook. DOT P5800.3. LS.
Department of Transportation, Washington, DC.
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Appendix A. List of Abbreviations and Acronyms

List of Abbreviations

m? cubic meter
cm? cubic centimeter mg milligram
CO; carbon dioxide mi milliliter
dBA decibels on A-weighted scale mram millircantgen equivalent in man
ft foot 0, oxygen
g gram psi pourdds per square inch
g-mole gram-mole ppb parts per billion
hr hour ppm parts par million
t liter 1A ambient air temperature
b pound ta adj adjusted ambient air temperature
List of Acronyms NFPA National Fire Protection Association
ACGIH American Conference of Governmeantal NIOSH Nm::lnlail instituts for Occupational Safety
industrial Hygienists and Heatth
ANSI American National Standards Institute
OSHA Occupationa! Safety and Health Administratior
CAA Clean Air Act OovaA | organic vapor anslyzer
CBC Complete blood count
CERCLA Comprehensive Environmental Responss, PAPR powered air-purifying respirator
Compensation, and Liability Act PCB polychlorinated bipheny!
falso called Superfund) FDS personnel decontamination station
CFR Code of Federal Regulations PEL permissible exposure limit
Gl combustible gas indicator PID photoionization detector
CNS central nervous system PPE personal protective clothing and squipmeant
CPR cardiopulmonary resuscitation PVC polyviryl chloride
CRC Contamination Reduction Corridor
CRZ Contamination Reduction Zone RBC red biood count
REL recommanded exposure imit
EPA U.S. Environmental Protection Agency RV residual wolume
ESU end-of-service-life indicator
SAR supplied-air respirator
FEF forced expiratory flow sSCBa self-contained breathing apparatus
AD flame ionization detector SOP Standard Operating Procedure
FRC functional residual capacity
TLC total king capacity
GC gas chromatography TV threshold kmit value
TIvV-C threshold fimit value —ceiling
IDLH immediately dangerous to life or heatth TIV-STEL threshaold limit value —
IR infrared short-tarm exposure limit
TWA time-weighted average
LEL lower explosive limit
LFL lower flammable limit UEL upper axplosive limit
UFL upper flammable limit
MEFR maximal expiratory flow rate USCG US. Coast Guard
MSHA Mine Safety and Health Administuration uv ultraviolat
Mvv maximal voluntary ventilation
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Appendix B. Generic Site Safety Plan

This appendix provides a generic plan based on a plan developed by the
U.5. Coast Guard for responding to hazardous chemical releases.l This
generic plan can be adapted for designing a Site Safety Plan for hazardous
wagte Site cleanup operations. It is not all inclusive and should only be
used as a guide, not a standard.

A. SITE DESCRIPTION
Date Location
Hazarcds
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 accomplighed; i.e., identify

contaminated soil; wonitor conditions, etc,)

C. ONSITE ORGANIZATION AND COORDINATION - The following personnel are
designated to carry out the stated job functions on site. {(Note: One
persan may carry out more than one jab function.)

PROJECT TEAM LEADER
SCIENTIFIC ADVISOR

SITE SAFETY OPFICER

PUBLIC INFORMATIOR OFPPICER
SECURITY OFFICER
RECORDKEEPER
FINAKCIAL OFFICER
FIELD TEAM LEADER
FIELD TEAM MEMBERS

1p.8. Coast Guard. Policy Guidance for Response to Hazardous Chemical
Releases. USCG Pollution Response COMDTINST-M16465,30.
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FEDERAL AGENCY REPS__ (i.e., EPA, NIOSH)

STATE AGENRCY REPS

LOCAL AGENCY REPS

CONTRACTOR( §)

All personnel arriving or departing the site should log in and out with the
Recordkeeper. All activities on site must be cleared through the Project Team
Leader.

D. ONSITE CONTROL

{Rame of individual or agency has been designated to coordinate

access control and security on site. A safe perimeter has been established

at {distance or description of controlled area)

No unauthorized person should be within this area.

The onzite Command Post and staging area have been established at

The prevailing wind conditions are +« This location is upwind
from the Exclusion Zone.

Contrel boundaries have bheen established, and the Exclusion Zone (the
contaminated area), hotline, Contamination Reduction Zone, and Support ZIone
{clean area) have been identified and designated as follows: (describe

boundaries andgor attach sap of controlled area}

These boundaries are identified by: marki of zones, j.e., red bounda

tape - hotline; traffic cones — Support Zone; etc,.)
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E. HAZARD EVALUATION

The following substance({s) are known or suspected to be on site., The primary
hazards of each are identified.

Subatances Involved Concentrations (If Known) Primary Hazards
{chemical name) (e.g., toxic on
inhalation)

The following additional hazards are expected on site: {i.e., slippery
ground, uneven terrain, etc.)

Hazardous substance information form(s) for the involved substancel(s) have
been completed and are attached.

F. PERSONAL PROTECTIVE EBQUIPMENT

Based on evaluation of potential hazards, the following levels of personal
protection have been designated for the applicable work areas or tasks:

Location Job Punction Level of Protection
Exclusion Ione A B C D Other
A B C D Other
A B C D Other
A B C D Dther
Contarination A B C D Other
Reduction Zone 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 Pully-encapsulating suit Level C  Splash gdear (type)
SCBA Pull-face canister resp.

Tdisposag;g_coveralls)

Level B Splash gear (type) Level D
SCBA

Other
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The following protective clething materials are required for the involved
substances:

Substance Material

(chemical name) (material name, e.q., Viton)

If air-purifying respirators are authorized, _ (filtering medium) is the
appropriate canister for use with the involved substances and concentrations.
A competent individual haz determined that all criteria for using thi= type of
raspiratory protection have been met.

RO CHARGES TO THE SPECIFIED LEVELS OF PROTECTION SEALL BE MADE WITHOUT THE
APPROVAL OF THE SITE SAFETY OFFICER AND THE PROJECT TEAM LEADER.

G. ONSITE WORK PLANS
Work party(s) consisting of persons will perform the following tasks:

Project Team Leader {name) {function)

Work Party #1

Work Party #2

Rescue Tean

(required for

entries to IDLH

environments)

Decontamination
Team

The work party(s) were briefed on the contents of this plan at
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H. COMMUNICATION PROCEDURES

Channel has been desiqnated 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 communication
or within sight of the Project Team Leader. Any fajlure of radio
communication requires an evaluation of whether personnel should leave the
Exclusion Zone.

{Horn blast, miren, etc.) is the emergency signal to indicate that all
personnel should leave the Bxclusion Zone. In addition, a loud hailer is
avajilable if required.

The following standard hand signals will be used in case of failure of radio
communications:

Band gripping throat Out of air, can't breathe
Grip partnetr's wrist or -~=--———w--=- Leave area immediately
both hands around waist

Handz on top of head Need assistance
Thumbs up OK, I am al]l right, I underatand
Thumbs down Na, negative

Telephone communication teo the Command Post should be eatablished as soon as
practicable, The phone number jis -

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} (3) (4) {5)

(6) (7) (a) (9)

(10) Other

Ewergency decontamination will include the following atations:

The following decontamination equipment is required:

(Normally detergent and water) will be used as the decontamination
solution. :

J. SITE SAFETY AND HEALTH PLAN

1. {name) is the designated Site Safety Officer and is
directly responsible Lo the Project Team Leader for safety recommendations on
gite.
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2. Enmergency Medical Care

(names of qualified perscnnel) are the gqualified ENTs on site.

(medical facility names) , at __ (address) ’
phone is located minutes from this location.

(pame of person) was contacted at [time) and briefed on

the situation, the potential bazards, and the substances involved. A map
of alternative routes to this facility is available at (normally Command

Poat) .
Local aebulance service is available from at
phone + Thelr response time i=s minutes,

Whenever possible, arrangements should be made for onsite standby.
First-aid equipment is available on site at the following locations:

First-aid kit
Emergency eye wash
Emergency shower

{other)

EBrmergency medical information for substances present:

Substance Bx ure ong Firat-Aid Instructions

List of emergency phone numbers:

Mengg !acilgtz Phone ! Contact

Police
Fire
Hospital
Airport
Public Eealth Advisor

3. Environmental Monitoring

The following environmental monitoring instruments shall be used on site
(eross out if not applicable) at the specified intervals,

Combustible Gas Indicator - continuous/hourly/daily/other

02 Monitor - gontinuous/hourly/daily/other

Colorimetric Tubes - continuous/hourly/daily/other
(type)

HXU/OVA - continuous/hourly/daily/other

Other - gcontinuous/hourly/daily/other

continuous/hourly/daily/other
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Emergency Procedures (should be modified as required for incldent)

The following standard emergency procedures will be uzed 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 Bxclusion 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 remove 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 3one. The onsite ENT shall initiate the
appropriate first aid, and contact should be made for an ambulance and
with the designated medical facility (if required), Ko 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
agsess 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 EMT 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 zhall move
to the decontamimation line for further instructions. Activities on site
will stop until the added risk is removed or minimized.

Fire/Explosion: Upon notification of a fire or explosion on site, the
designated emergency signal ghall be sounded and
all site personnel assembled at the decontamination line. The fire
department shall be alerted and all personnal moved to a safe distance
Erom the involved area.

Personal Protective Bquipment 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 immediately leave the
Exclusion Zone. Reentry shall not be permitted until the equipment has
been repaired or replaced.

Other Bquipment Pailure: If any other equipment on gite fails to operate
properly, the Project Team Leader and Site Safety Officer shall be
notified and then determine the effect of thia failure on continuing
opetations on site. 1If the failure affects the safety of personnel or
prevents completion of the Work Plan tasks, all personnel ghall leave the
Exclusion Zone until the situation is evaluated and appropriate actiona
taken.
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The following emergency escape routes are designated for use in those
gituations where egress from the Exclusion 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
Exclusion Ione, personnel shall not reenter until:

1. The conditions resulting in the emergency have been corrected.

2. The hazard=z have been reassessed.

3. The Site Safety Plan has been reviewed.

4. 5Site personnel have been briefed on any changes in the Site Safety
Plan.

5. Personal Monitoring
The following personal monitoring will be in effect on site:

Pergonal exposure sampling: (describe any personal sampling proqrams
being carried out on site personnel. This would include use of sampling
pumps, air monitors, etc.)

Medical nonito:1ng- The expected air temperature will be ( °F) If
it is determined that heat stress monitoring is required {mandatory if
over 70°F) 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.

8ite Safety Oficer {name) (signature)
Project Team Leader
Other Site Personnel
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Appendix C. Sample Hazardous Substance Information Form

COMMON NAME: CHEMICAL NAME:
1. PHYSICAL/CHEMICAL PROPERTIRS
SOURCE
Natural physical state: Gas Liquid Solid
{at ambient temps of 20°C-25°C)
Molecular weight g/g-mole
Density® g/al
Specific gravity® ] *g/°C
Solubility: water ! °F/°C
SolubilityP: e *F/*C
Boiling point N TAL™
Melting point "p/oC
Vapor pressure mmHg @ °p/oC
Vapor density ] SpP/oC
Plash point *F/°C
{apen cup : closed cup )
Other:
IX. HAZARDOUS CHARACTERISTICS
A, TOXICOLOGICAL HAZARD HAZARD? CONCENTRATIONS SOURCE
{PEL, TLV, other)}
Inhalation Yes Ho
Ingestion Yes No
Skin/eye abasorption Yes HNo
Skin/eye contact Yes No
carcinogenic Yes No
Teratogenic Yes No
Mutagenic Yes No
Aquatic Yes No
Other: Yes No
B. TOXICOLOGICAL HAZARD HAZARD? CONCENTRATIONS SOURCE
Combustibility Yes No

Toxic byproduct(s): Yes HNo

Plammability Yes HNo
LFL
OFL

Explosivity Yes No
LEL
OEL

8only one is necessary.
bror organic compounds, recovery of spilled material by solvent extraction may
require solubiljity data.
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C. REACTIVITY HAIARD HAZARD? CONCENTRATIONS SOURCE
Yes Ko
Reactivities:
D. CORROSIVITY HAZIARD HAZARD? CG’CBNTRM.‘IOHS SOURCE
ph Yes No
Neutralizing agent:
E. RADIOACTIVE BHAIARD BAZARD? EXPOSURE RATE SOURCE
Background Yes No
Alpha particles Yes HNo
Beta particles Yes No
Gamma radiation Yes No
III. DESCRIPTION OF INCIDENT:

Ve

Quantity involved
Release information

Monitoring/samspling recommended

RECOMNENDED PROTECTIOR:
Worker

Public

RECOMMENDED SITE CONTROL:
Hotline

Decontamination 1iine

Command Poat location

REFERERCES FOR BOURCES:
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SANPLE HAZARDOUS SUBSTANCE INFORMATIONR PORM PILLED OUT FOR VINYL CHLORIDE

comson mane: Viny! Chloride capmcar vane: Chloroethene

1. PHYSICAL/CHEMICAL PROPERTIES

SOURCE
Watural physical state: Gasl/ Liquid Solid cuims
{at ambient temps of 20°C-25°C)
Molecular weight 62.5 g/g-mole_  CHRIS
Density® g/ml
Specific gravity? 09121 @ 2o__ *k/80) CHEM DIS
Solubility: water shahMy @  — *F/°C CHEM Dilé
SolubilityP: __alcehel Sofuille @ *p/*C CHEM DIt
Boiling point I 3 4@'(: — CHR)S |
Melting point a1 Fj"C CHRIS
Vapor pressure Z,3cc mmig &__20 PAC CHEM DI<
Vapor density -3 @& —  Spj* AF PA
Plash point —110 e{fc) CHRIS

{open cup v : closed cup )

Other: Palymerjaes "94-"7'1 in Mir_pnd water OHMTADS

II. HAZARDOUS CHARACTERISTICS

A. TOLICOLOGICAL HAZARD HAIARD? CONCENTRATIONS SOURCE
(PEL, TLV, other)

Inhalation Ho PEL-TWA | o [Tev-TWA Sgm __ OSHA /acei
Ingestion Yes No 7 i
Skin/eye absorption (Jeg) No SITTIG
skin/eye contact (Yeg) Ro S&in bara_Frem costnct OHMTADS
Carcinogenic (Yes) Ro TLY m(&l?ﬂ. ACEIH JOSHA
Teratogenic Yex No
Mutagenic Yez No
Aquatic Yes No
Other: Yes No

B. TOXICOLOGICAL HAZARD HAZARD? CONCENTRATIONS SQURCE
Combustibility (Yes) Ko

Toxic byproduct{s): (Yes) No
Pydresen chleride
Phosqeme, cacbon monoxide

Plammability No

LPL 1.6 OMmTADS

UFL 23 OHMTADS
Bxplosivity Yes No

LEL

UEL

A0nly one is necessary.
bpor organic compounds, recovery of spilled material by solvent extraction may
require solubility data.
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C. REACTIVITY HAZARD HAZARD? CONCENTRATIONS SOURCE
o
Reactivities:
Polymerizes in @it, CHRIS
Sunligbt or heat
4
D, CORROSIVITY HAIARD HAZARD? CONCENTRATIORS SOURCE
ph Yes

III.

V.

Neutralizing agent:

RADIOACTIVE HAZARD HAZARD? EXPOSURE RATE SOURCE
Background Yes (Ng/

Alpha particles Yes LN

Beta particles Yes

Gamma radiation Yes (No)

DESCRIPTION OF IRCIDERT:

Quantity involved Lov0 Jbs
Release information __ Suspected Leaking g Jrnoler
—F—t

Monitoring/sampling recommended

RECOMMENDED PROTECTION:
Worker Level B protection, Mrotective clofhing materals
reécemmended : CPE or Vider =

Public

RECOMMERDED SITE CONTROL:
Hot line

Decontamination line

Command Post location

REFERERCES FOR SOURCES:
CHRIS — Chemical Hazardr Rrsbonfe Toformahinn Sqclem Mn‘qu‘g

AcgiH ~ TeVs - 'ﬂ:rqﬁoﬁ Limit Volues Ao Chemical Sublinnw r
And Physicat J(nﬂ n the Work Eavinpwsoat lqu-f’j
—= Conglen Y -

cesl D Elihion , 19F]
NEFPA — Fre FantecNon i roeic ) esoatt fJ.’ 1978
Ds— O:f a~ la2arde & rinls Technical Aifithinia Dut® !;[ﬁ'ml EFPA 1984
5 - Hand, Toxic 2~d ’ Chenicals, MArS iia, M%I

OSHA -~ 271 CFR _Part o . 1ol



Appendix D. Sampie Decontamination Procedures for
Three Typical Levels of Protection®

F.S.0.P. No. 7
Process: DECONTAMINATION PROCEDURES

INTRODUCTION

1.1 The objective of these procedures is to minimize the risk of
exposure to hazardous substances. These procedures were derived
from the U.S. Envirormental Protection Agency, Office of
Emergency and Remedial Response's (OERR), “Interim Standard
Operating Safety Guides (revised Sep. 82)". This version of the
ggildgs is in a format that is more apprapriate for use in the

eld.

1.2 Protective equipment must be worn hy personnel when response
activities 1nvolve 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 waximum and minimum amount of decontaminatfon used for each
Jevel of protection.

1.3 The maximum 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 1ine, each aspect should be
incorporated separately or combined with other aspects into a
procedure with fewer steps (such as the Minimm Decontamination
Procedures).

1.4 Decontamination 1ines are site specific since they are dependent
upon the types of contamination and the type of work activities
on site. A cooling station is sometimes necessary within the
decontamination 1ine during hot weather. It is usually a
location in a shaded area in which the wind can help to cool
personnel. In addition, site conditions may permit the use of
coolfng devices such as cool water hose, ice packs, cool towels,
etc. When the decontamination line is no longer required,
contaminated wash and rinse solutions and contaminated articles
nust be contained and disposed of as hazardous wastes in
compliance with state and federal regqulations.

2 Source: Excerpted from Field Standard Operating Procedures for the Decon-
famination of Responsa Parsonne! (FSOP 7). EPA Dffice of Emergency
and Remedial Response, Hazardous Response Support Division,
Washington, DC. January 1985.
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r.5.0.P. Ra. 7

PROCESS DECON FROCEDURES

MAXIMOM DECONTAMINATION LAYQUT

LEVEL A PROTECTION

EXCLUSION

Tank Change Rinss
and Radress - Boot Cover/
Outer Gloves
Safety Boot
Removal

Fully Encapsulating Suit
and Hard Hat Rernoval

CONTAMINATION
REDUCTION
Z0NE

SCBA Backpack

Removal

Inner Glove
Wash

{nner Glove
Rinse

Face Piece
Removal

@ Inner Glove
Remaoval

m Inner Clothing
Removal
CONTAMINATION

Field CONTROL LINE
e ‘—0‘ Redress
Wash SUPPORT

ZONE




Appendix D

D3

r.s.olP. Ho. 7

PROCESS DECON PROCEDURES

MAXIMUM DECONTAMINATION LAYOUT

LEVEL B PROTECTION

EXCLUSION
ZONE
Boot Cover
Outer Glove Tape &

Removal Removal Glove Wash Seg I
0 o Equipment
Drop

Removal Glove Rinse

HOTLINE wemm

Suit/Safety Boot
Wash

Suit/SCBA/Boot/Glove

Tank Change o Rinse

and Redress - Boot Cover/
Outer Gloves

Safety Boot
Removal

SCBA Backpack
Removal

CONTAMINATION
REDUCTION
ZONE

Splash Suit
Aemoval

Inner Glove
Wash

Inner Glove
Rinse

Face Piece
Removal

@ Inner Glove
Removal
inner Clothing
m Removal
CONTAMINATION

Field CONTROL LINE
Wash 18) (19) Redress

SUPPORT
ZONE
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r's.o.?l “o. 7

PROCESS DECOR PROCEDURES

MAXIMUM DECONTAMINATION LAYOUT

LEVEL C PROTECTION

EXCLUSION
ZONE

Boot Cover

Quter Glove &

Removal Glove Wash Segregated
Equipment
Drop
&
Removal Glove Rinse
d HOTLINE e

Suit/Safety Boot
Wash

Canister or

Mask Change

and Redress - Boot Cover/
Quter Gloves

Suit/Safety Boot
Rinse

Safety Boot
Removal

Splash Suit

Remaoava!
CONTAMINATION

REDUCTION
ZONE

inner Glove
Wash

Inner Glove
Rinse

Face Piece
Removal

Inner Glove
Removal

Inner Clothing

Removal CONTAMINATION

CONTROL LINE ==
Field ‘_..
@ Redress

SUPPORT
ZONE
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F.8.0.P, No. 7

PROCESS DECON PROCEDURES

NINIMUM DECONTAMIRATION LAYOUT

LEVELS A & B PROTECTION

WIND DIRECTION

{ Redress: Boot Covers 20%,
g and Outer Gloves

‘ ) 4k
w | Decon
§ 1 Solution
51 @ ®
’ Water Tank Remove
Change-Over Boots/Gloves
Point and
Decon Quter Outer
qu:‘;mt Ga s Garments
- oo (—— o aonew [
rs
u 1
S
Plastic E i Can Can
Sheet T | (t0gallon) {32 gallon)

|

REMOVE
SCBA
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P.8.0.FP. No. 7

PROCESS DECON PROCEDURES

NININUM DECORTAMINATION LAYOUT

LEVEL C PROTECTION

WIND DIRECTION

| Radress: Boot Cavers 20°,
< | nd Quter Gloves
w ] Decon
S0 Sofution
B @ ©
| Water Cartridge or Canister Remove
0\:;?&0!« Boon/Gloves
mnt and
. Garments Duter
Drop R {For Disposal >
Boot Coverz and Off Srln .
and Outer Gloves Decontamination)
O D O
o1
-
Plastic g 1 Can Can
Sheet i (10 galion) {32 gailon)
REMOVE
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EQUIPMENT NEEDED TO PERFORM MAXIMUM DECONTAMINATION MEASURES FOR LEVELS A, B, AND C

Station 1:

Station 2:

Statfon 3:

Station 4:

Station 5:

Station 6:

Station 7:

Station 8:

Station 9:

a,

Yarious $ize Containers

b. Plastic Liners

€.

a.
h.
c

-

A
.o
c.
‘-

Plastic Drop Cloths

Contafners (20-30 Gallons)

Decon Sclution or Detergent Nater
2-3 Long-Handled, Soft-Bristled
Scrud Brushes

Containers {20-20 Gallons)

OR
High-Pressure Spray Unft
Water
2-3 Long-Handled, Soft-8ristled
Scrub Brushes

Containers (20-30 Gallons)
Mastic Liners

Containers [20-30 Gallons)
Mastic.Liners
Bench or Stools

Contaimers [20-30 Gallons)
Plastic Liners

Containers {20-30 Gallons}

Decon Solution or Detergent Mater
2-3 Long-Handlad, Soft-Bristled
Scrub Brushes

Containers (20-30 Gallons)
OR
High-Pressure Spray Unit
Hater
2-3 Long-Handled, Soft-Bristled
Scrub Brushes

Afr Tanks or Face Masks and
Cartridge Depending on Lavel
Tape

Boot Covers

Gloves

Station 10:

Statfon 11:

Station 12:
Station 13:

Station V14:

Statfon 15:;

Station 16:

Station 17:

Station 18:

Station 19:

c.
d.

a.
a.
b.
c.

b.
c.

.‘
b.

Containers (20-30 Gallons)
Plastic Liners

Bench or Stools

Boot Jack

Rack
brop Cloths
Bench or Stools

Table

Basin or Bucket
Oecon Solution
Small Table

Matsr
Basin or Bucket
Small Table

Contatners (20-30 Gallons)
Plastic Limprs

Containers (20-30 Gallons)

b. Plastic Limers

a.
b.

a,
b.
<.
d.
e.
fﬁ

b.
c.
d.

2.

Containers {20-30 Gallony)
Plastic Liners

Water

Soap

Small Table
Basin or Bucket
Field Showers
Towels

Dressing Trafler is Meeded in
Inclement Weather

Tables

Chairs

Lockers

Cloths

EQUIPMENT NEEDED TO PERFORM MINIMUM DECONTAMINATION MEASURES FOR LEVELS A, B, AND C

Station 1:

Station 2:

Station 3:

i.
b.
c.

1.
bo
[ =
4.

4.
h.
c.

Various Size Contatners
Mastic Liners
Plastic Drop Cloths

Contaimers [(20-30 Gallons)
Decon Solution

Rinse Water

2-3 Long-Handled, Soft-Bristled
Scrub Brushes

Contatners {20-30 8allons)
Plastic Liners
Sench or Stools

Station 4:

Station §:

Statfon §:

Station 7:

b. T

c.
d.

C.

a.
b.
c.
d.

[
b.
C.
dO

Afr Tanks or Kasks and
Cartridges Depending Upon Lewvel

ape
Boot Covers
Gloves

Containers {20-30 Gallons)
Plastic Limers
Bench or Stools

Plastic Sheets
Basin or Bucket
Soap and Towels
Bench or Stools

Hater

Taoh
Tablex
MWash Basin or Bucket
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FSOP 7:

MAXIMUM MEASURES FOR LEVEL A DECONTAMINATION

Station 1t

Station 2:

Statfon 3:

Station §5:

Station 6:

Statfon T:

Station 8:

Station 9:

Statian 10:

Station 11:

Station 12:

Statfon 13:

Station 14:

Statfon 15:

Station 16:

Segregated Equipment
Drop

Boot Lover and
Glove Wash

Boot Cover and
Glove Hnse

Tape Removal
oot Lover
Removal

Outer Glove
Removal

Suit and Boot
Nash
Suit and B00t

Tank Change

Safety Boot
Removal

Fully Encapsulating
Suit and Hard Hat
Resoval

SCBA Backpack
Removal

Imer Glove Wash
Inner Glove Rinse

Face Pece Removal

Inner Glove
Removal

1.

‘3.

14,

Deposit equipment wsed on site (tools, sampling
devices and containers, monitoring fnstruments,
radios, clipboards, etc.) on plastic drop cloths
or in different containers with plastic 1iners.
During hot weather operations, 4 cool down
station mey be set up within this ares.

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

KHnze off decon solutfon from station 2 using
copious amounts of water,

Remave tape around boots and gloves and deposit
in contaimer with plastic Viner.

Remove boot covers and deposit in container
with plastic 1iner.

Remove outer gloves and deposit 1n contaiper
with plastic Tiner,

Mash encapsulating suit and boots using szcrub
brush and decon solution or detergent/water.
Repeat as many times as necessary.

Rinse off decon solutfon wsing water, Repeat as
many times as necessary.

If an afr tank change 1s desired, this 15 the
last step in the decontamination procedure.

Afr tank 15 exchanged, mew outer gloves and boot
covers donned, and joints taped. WNorker returns
to duty.

Remove safety boots and deposit in container
with plastic 1iner.

Fully encapsulated suit 1s remaved with
assistance of a helper and Jaid out on a drop
cloth or hung up. Hard hat is removed. Hot
weather rest station maybe set wp within this
area for personnel returning to site.

¥hile stil] wearing facepfece, remove backpack
and place on table. Disconnect hose from
regulator valve and proceed to pext station.

¥ash with decon solution that will not harw the
skin. Repeat as often az necessary.

Rinse with water. Repeat a5 many times as
necessary.

Remove face piece. Deposit in contatner with
plastic Tiner. Avold touching face with fingers.

Remove inner gloves and deposit 1n container
with Tiner.
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FSOP 7: MAXIMUM MEASURES FOR LEVEL A DECONTAMINATION
Statton ¥7: Inner Clothing 17. Remove clothing and place in Tined contatner,
Removal Do mot wear inner clothing off-gite tince there
fs & possibility that small amounts of
contaminants might have beern transferred n
removing the fully-encapsulating suit,

Station 18: Field Mash 18. Shower {f highly toxic, skin-corrosfve or skin-
absorbable materfals are known or suspectad to
be present. Wash hands and face 1f shower is
not avallable,

Station 19: Redress 19. Put on clean clothes.

FSOP 7: MINIMUM MEASURES FOR LEVEL A DECONTAMINATION

Statfon 1: Equipment Drop 1. Deposit equipment used on-site {tools, sampling
devices and containers, wanitoring instruments,
radios, clipboards, etc.} on plastic drop
cloths., Segregation at the drop reduces the
probabllity of cross contaminatfon. During kot
weather operations, cool down stations saybe set
up within this area.

Station 2: Outer Garment, 2. Scrub outar boots, outer gloves and fully-

Boots, and Gloves encapsulating suit with decon solutfon or
Wash and Rinse detergent and water, Rinse off using copious
maounts of water.

Statifon 3: OQuter Boot and 3. Rewove outer boots and gloves, Depostt in

Blove Removal container with plastic Tiner,

Station &: Tank Change 4. If worker leaves Exclusion Ione to change aire
tank, this is the last step in the
decontmination praocedure. Norker's alr tank is
exchanged, new outer gloves and boot covers
donned, joints taped, and worker returns to duty.

Station 5: Boot, Gloves 5. Boots, fully-encapsulating suit, fnner gloves

and Quter Garment removed and deposited tn separate containers
Removal 1ined with plastic.

Statfon 6: SCBA Removal 6. SCBA backpack and facepiece is removed {avold
touching face with fingers). SCBA deposfted
on plastic shests,

Station 7: Fiald Wash 1, Hands and face are thoroughly washed. Shower as

soon a5 possible.
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FSOP 7: MAXIMUM MEASURES FOR LEVEL B DECONTAMINATION
Station 1: 1. Deposit equipment ysed on site {tools, sampling

Station 2:

Station 13:

Statfon 4:

Station §:

Station 6:

Station 7:

Station 8:

Station 9:

Statfon 10:

Station 11:

Station 12:

Station 13:
Station 14:
Station 15:

Station 16:

Segregated Equipment
Drop

Boot Cover and
Glove Mash

Boot Cover and
€l ove Kinse

Tape Remaval
Boot Cover
Rewoval

Outer Glove
removal

Suit and Safety
Boot Wash

Suit, SCBA, Boot,
and Glove Rinse

Tank Change

Safety Boot
Removal

SCBA Backpack
Removal

Splash Suit
Removal

Inner Glove Wash

Inner Glove Rinse

Face PHece Removal

Inner Glove
Removal

1.

10.

11.

12.

3.

14,
15.

16.

devices and containers, monitoring instruments,
radios, clipboards, etc.) on plastic drop
cloths or {n different containers with plastic
1iners, Segregation at the drop reduces the
probab$11ty of cross-contamination. Durisg hot
weather operations, cooldown stations mey be set
up within this area,

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

Rinse off decon solution from station 2 using
copious amounts of water,

Remove tape ground boots and gloves and deposit
in container with plastic liner,

Remove boot covers and deposit im container
with plastic Timer.

Remove outer gloves and deposit in container
with plastic 1iner,

Hash chemical-resistant splash suit, SCHA,
gloves and safety boots. Scrub with long-handle
scrub brush and decon solution. Wrap SCEA
regulator (1f belt mounted type] with plastic to
keep out water, Wash backpack assembly with
sponges or cloths.

Rinse off decon solution using copious amounts
of water.

If worker leaves exclusion zone to change air
tank, this is the last step in the
decontamination procedure, Horker's atr tank 1s
exchanged, mew cuter gloves and boot covers
zmed. and joints taped. HNorker returns to

ty.

Resove safety boots and depasit {n contatiner
with plastic 1iner.

While still wearing facepiece, remcve back-
pack and place on table, [Msconnect hose from
regulator valve.

With assistance of helper, remove splash suit.
Deposit 1n container with plastic 1iner.

Yash imner gloves with decon solution.
finse inner gloves with wvater,

Remove face piece. Deposit In container with
plastic Viner, Avoid touching Tace with fingers,

Remaove inner gloves and depasit in container
with Tiner,
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FSOP 7:

MAXIMUM MEASURES FOR LEVEL 8 DECONTAMINATION.

Station 17:

Inner Clothing
Removal

17.

Remove inner clothing. Place Tn container with
1iner. Do not wear inner clothing of f-site
since there is a possibility that small amcunts
of contaminants might have been transferred in
removing the fully-encapsulating suit.

Station 18: Field Wash 18. Shower if Nghly toxic, skin-corrosive or skin-
absorbable materials are known or suspected to
be present. Wash hands and face {f shower is
not available.

.Station 19: Redress 19. Put on clean clothes.

FSOP 7: MINIMUM MEASURES FOR LEVEL B DECONTAMINATION

Station 1: Equipsent Drop 1. Deposit equipment used on-site (tools, sampling
devices and containers, monitoring fnstruments,
radfos, clipboards, etc.) on plastic drop
cloths, Segregation at the drop reduces the
probability of crosz contamination. During hot
weather operations, cool down station may be set
up within this area.

Station 2: Outer Garment, 2. Scrud outer boots, outer gloves and chemical-
Boots, and Gloves resistant splash suit with decon solution or
¥Wash and Rinse detergent water. Rinse off using coplous

amounts of water.

Station 3: Outer Boot amd 3. Rewmove outer boots and gloves. Deposit in
&Glove Resoval container with plastic Yimer.

Statfon 4: Tank Change 4. If worker leaves exclusive zone to change afr

tank, this is the last step in the
decontamination procedure. Worker's alr tank 13
exchanged, new outer gloves and boot covers
donned, joints taped, and worker returns to duty.

Station 5: Boot, Gloves 5. Boots, chemical-resistant splash suit, inner
and Quter Garment gloves removed and deposited In separate
Removal containers lined with plastic.

Statfon 6: SCBA Removal 6. SCRA backpack and facepiece is removed, Avoid

touching face with finger, SCBA deposited
on plastic sheets.
Statfon 7: Field Wash 7. Hands and face are thoroughly washed., Shower as

soon as possible.



Appendix D

FSOP 7: MAXIMUM MEASURES FOR LEYEL C DECONTAMINATION
Station 1: Segrated Equipment 1. Deposit equipment wsed on site (tools, sampling
Drop devices and containers, monitering instruments,
radios, clipboards, etc.) on plastic drop
cloths or in different containers with plasti.
liners, Segregation at the drop reduces the
probabi1ity of cross contamination. During hot
weather operations, a coo! down station may be
set up within this area.
Station 2: Boot Cover and 2. Scrub outer boat covers and gloves with decon
Glave Mash solution or detergent and water.
Station 3: Boot Cover and 3. Rinse off decon solution from station 2 wsing
Glove Rinse coplous amounts of water,
Station 4: Tape. Removal 4. Remove tape around boots and gloves and deposit
in container with plastic liner.
Station 5: Boat Cover S. Remove boot covers and deposit In contafners
Removal with plastic 11ner.
Station 6: Outer Glove 6. Remove outer gloves and deposit in container
Remaval with plastic Viner.
Statfon 7: Suit and Boot T. Mash splash suit, gloves, and safety boots.
Kash Scrub with long-handle scrub brush and decon
solutfon.
Station 8: Suit and Boot, 8. Rinse off decon solution using water. Repezt as
and Glove Rinse many times as necessary.
Station 9: Canister or 9. If worker leaves exclusion yone to change
Mask Change canister (or mask}, this is the last step
in the decontamination procedure. Worker's
canister fs exchanged, mew outer gloves and boot
covers donned, and Joints taped worker returmns
to duty. .
Station 10: Safety Boot 10. Remove safety boots and deposit 1n container
Removal with plastic 1iner.
station 11: Splash Suit 1. With assistance of helper, remove splash
Removal suit. Deposit in container with plastic Vimer.
Statfon 12: Imner Glove 12. Wash inner gloves with decon solution.
Rinse
Statfon 13: 1Imner Glove 13. Rinse imner gloves with water,
Wash
Station 14: Face Piece 14, Remove face piece. Deposit in contafner with
Removal plastic Tiner. Avoid touching face with fingers.
Station 15: Inner Glove 15. Remove inner gloves and deposit in 1ined
Removal container,
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FSOP 7: MAXIMUM MEASURES FOR LEVEL C DECONTAMINATION

Station 16: Inner Clothing 16. Remove clothing soaked with perspiration and
Removal place in lined container, Do not wear inner
clothing off-site since there is a possibility
that small awounts of contawinants eight have
been transferred in resoving the fully-
encapsulating suit,

Station 17: Field Wash 17. Shower 1f highly toxic, skin-corrosive or skin-
absorbable materials are krown or suspected to
be present. Wash hands and face 1f shower 1s
not available,

Station 18: Redvess 18. Put on clean clothes,

FSOP 7: MINIMUM MEASURES FOR LEVEL C DECONTAMINATION

Station 1: Equipment Drop 1. Deposit equipment used on-site {tools, sampling
devices and containers, monitoring instruments,
radios, clipboards, etc.) on plastic drop
cloths. Segregation at the drop reduces the
probability of cross contamination. During hot
weather operatfons, a cool down station may be
set up within this area,

Station 2: Quter Garment, 2. Scrub outer boots, outer gloves and splash

Boots, and Gloves suit with decon solution or detergent water,
Wash and Rinse Rinse off using copious amounts of water.
Statfon 3: Outer Boot and 3. Remove outer boots and gloves. Deposit in
Glove Removal container with plastic 1iner.
Station 4: Canister or 4. If worker leaves exclusfve 2ome to change
Mask Change canister {or mask), this is the Tast step in the
decontamination procedure, Worker's canister is
exchanged, new outer gloves and boot covers
dormed, Joints taped, and worker returns to duty.
Station 5: Boot, Glaves 5. Boots, chemical-resistant splash suit, inner
and Outer Garwent gloves removed and deposfted in separate
Removal containers Vined with plastic.
Station 6: Face Plece 6. Facepiece 1< removed, Aveid touching face with
Removal fingers, Faceplece deposited on plastic sheet.
Station 7: Ffeld Wash 1. Hands and face are thoroughly washed, Shower as

soon as possible.






Appendix E. NIOSH, OSHA, and EPA Regional Offices and USCG District Offices

NIOSH Ragionasl Offices

HHS Region |

Government Center

{JFK Faderal Building)
Boston, MA 02203
Telophona: [617) 223-3848

HHS Region 1l )

26 Federal Plaza, Room 3337
New York, NY 10278
Telephone: (212) 284-5747

HHS Region NI

521-35 Markat Street

PO. Box 13718
Fhiladelphia, PA 19101
Telephone: (215) 686-6716

HHS Region IV

101 Meristts Tower, Suite 1007
Adants, GA 30323

Telephone: {404} 221-2396

HHS Region V

300 South Wacker Drive. 33rd Floor
Chicago, IL 60606

Telephone: {312) BEG-3881

HHS Region V1

1200 Main Tower Building
Room 1835

Dallas, TX 75202
Jalephone: 1214) 767-3916

HHS Region VI

601 East 12th Street
Kansas Ciry, MO 84106
Telaphone: (816) 374-340

HHS Region Vil

1185 Federal Building

1961 Stout Street

Denver, CO B0254

Jelephone: (303) 844-.6183 x17

HHS Region IX

50 United Nations Plaza
San Francisco, CA 94102
Telephone: {(415) 5566-3782

HHS Region X

2901 Third Avenus, M.S. 402
Seattle, WA 98121
Telaphone; (206] 442-0530

OSHA Reglional Offices

QSHA Region |

16-18 North Street

1 Dock Square Building, 4th Floor
Boston, MA 02109

Telephons: (617) 223-6710

OSHA Region Il

One Astor Plaza, Room 3445
1515 Broadway

New York, NY 10036
Telaphone: (212) 944-3432

OSHA Region llI

Gateway Building, Suite 2100
3535 Market Street
Philadelphia, PA 19104
Telephone: {2151 §96-1201

OSHA Region IV

1375 Peachtrea Street, N.E.
Suite 537

Atlanta, GA 30387
Telephone: {404) 881-3573

OSHA Region V

230 South Dearbom Street
32nd Floor, Room 3244
Chicago, IL 60604
Tetephone: {312) 353-2220

OSHA Region V1

525 Griffin Square, Room 802
Dallas, TX 75202

Telephone: {218} 767-4731

OSHA Region VIl

811 Walnut Street, Room 406
Kansas City, MO 64106
Telephone: {(816) 374-5861

OSHA Region Vil

Federal Building, Room 1554
1961 Stount Street

Denver, CO 80294
Telephone: {303) 837-3061

OSHA Region IX

450 Golden Gate Avenue
Box 36017

San Francisco, CA 84102
Telephone: {415) 556-7260

OSHA Region X

Federal Office Building, Room 6003
809 First Avenue

Seattle WA 98174

Telephone: {206} 442-5930

EPA Regional Otfices

EPA Region |

JEK Federal Building
Boston, MA 02203
Telaphone: {617} 223-7210

EPA Region (i

28 Federal Plaza

Room 900

New York, NY 10218
Telephone: {212} 264-2525

EPA Region N

841 Chestnut Street
Philadelphia, PA 19107
Telephona: [215) 597-9B00

EPA Region IV

345 Cortland Street, N.E.
Atlards, GA 30365
Telephone: (404) 881-4727

EPA Ragion V

230 5. Dearborna Street
Chicaga, IL 60804
Telephone: {(312) 353-2000

EFA Region Vi

First International Building
1201 Eim Street

Dallas, TX 75270
Telephone: {214) 767-2600

EPA Region Vi

728 Minnesota Avenue
Kansas City, KS 66101
Telephone: {913) 236-2800

EPA Region VIl

One Denver Place

999 18th Strest, Suite 1300
Denver, CO 80202-2413
Telephone: {303} 2931803

EPA Region IX

215 Framont Street

San Francisco, CA 94105
Telaphone: {415) 974-8153

EPA Region X

1200 Bth Avenue

Seattle. WA 98101
Telephone: {206) 442-6810
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USCQa District Offices

Commander [mep}

First Coast Guard District
150 Cauzeway Straet
Boston, MA 02114
Telephone: (817) 223-6915

Commander {imeps)

Second Coast Guard District
1430 Olive Streat

St. Lowis, MD 83103
Telephone: {314) 425-4655

Commander {mer)

Third Coast Guard District
Governors sland

New York, NY 10004
Telephone: {212) 668-7152

Commander [mep)

Fifth Coast Guard District
Federa! Building

431 Crawfort Street
Portsmouth, VA 23705
Telephone: {804) 398-6383

Commander {mep}

Seventh Coast Guard District
Federal Building

51 SW. 1st Avenue

Miami, FL 33130

Telephona: 1305) 350-5276

Commander (mep}

Eighth Coast Guard District
Hale Boggs Federal Building
500 Camp Street

New Oreans, LA 70130
Telephone: [504) 589-6296

Commander (mep}

Ninth Coast Guard District
1240 East 9th Street
Cleveland, OH 44199
Telephone: 1216) 522-3918

Commander {(mep}

Eleventh Coast Guard District
Union Bank Building

400 Dceangate

Long Beach, CA 90822
Telephone: (213) 580-2301

Commander imepps)
Twelfth Coast Guard District
Building 51

Government Island
Alameda, CA 94501
Telephone: {415) 437-3465

Commander imep)

Thirteenth Coast Guard District
Faderal Building

915 Second Avenue

Seattle, WA 388174

Telephone: {206) 442-5850

Commander [mep)

Fourteenth Coast Guard District
Prince Kalanianaole Federal Building
300 Ala Moana Boulevard, Sth Floor
Honohilu, HI 96850

“Felephone: {808] 548-7510

Commander imep)

Severteenth Coast Guard District
PO. Box 3-5000

Juneau, AK 99802

Telephone: (907) 586-7185

Pacific Area

U.S. Coast Guard Districts
| Atlantic Area




Appendix E

E-3

NIOSH, OSHA, AND EPA REGIONS
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