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Introduction

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

The person with primary responsibility for site characteri-
zation and assessment is the Project Team Leader. In .
addition, outside experts, such as chemists, health physi-
cists, industrial hygienists, and toxicologists, may be
needed to accurately and fully interpret all the available
information on site conditions.
Site characterization generally proceeds in three phases:
* Prior to site entry, conduct offsite characterization:
gather information away from the site and conduct
reconnaissance from the site perimeter.

® Next, conduct onsite surveys. During this phase,
restrict site entry to reconnaissance personnel.

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

i is important to recognize that site characterization is a
continuous process. At each phase of site characteriza-
tion, information should be obtained and evaluated to
define the hazards that the site may pose. This assess-
ment can then be used to develop a safety and health
plan for the next phase of work. In addition to the formal
information gathering that takes place during the phases
of site characterization described here, al! site parsonne!
should be constantly alert for new information about site
conditions.

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

Offsite Characterization

As much information as possible should be obtained
before site entry so that the hazards cen be evaluated and
preliminary controls instituted to protect initial entry per-
sonnel. Initial mformation-gathering missions should
focus on identifying all potential or suspected conditions
that may pose inhalation hazards that are immediately
dangerous to life or heatth (IDLH)" or other conditions
that may cause death or serious harm (see Table 6-1).

Otfsite information can be obtained by two methods:
interview/records research and perimeter reconnaissance.

Table 8-1. Visible indicators of Potential IDLH and Other
Dangerous Conditions

* Large contsiners or tanks that must be entered,
* Enclosad spaces such as buildings or trenches that must be
entered

* Potentially explosive or flammable situations {indicated by bulging
drums, effervescence, gas generation, or instrument readings).

¢ Extrernely hazardous materials {such as cyanide, phosgene, or
radiation sources).

* Vigible vapor clouds.

* = Areas where biological indicators (such ss dead animals or

vegetation) are located.

interview/Records Ressarch

As much data as possible should be collected before any
personnel go on site. Where possible, the following infor-
mation should be obtained:

* Exact location of the site.

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

* Duration of the activity.

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

s Terrain, ag., historical and current site maps, site pho-
tographs, aerial photographs, U.S. Geological Survey

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

DLH conditions refer to inhalation hazards (see section on DL
Concentrations later in this chapter).
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* Geologic and hydrologic data.

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

+ Pathways of dispersion.

* Present status of response and who has responded.

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

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

interviews with personnel and their families (all
interview information should be verified).
Generator and transporter records.

Water department and sewage district records.
Interviews with nearby residents incte possible
site-related medical problems and verify all infor-
mation from interviews).

Loca! fire and police department records.

Court records.

Utility company records.

Media reports (verify all information from the
media).

* Previous surveying {including soil, ground-penetrating
radar, and magnetometer surveys), sampling, and
monitoring data.

Perimeter Reconnaissance

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

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

* Review historical and current aerial photographs.
Note:

Disappearance of natural depressions, quarries, or
pits.
Variation in reforestation of disturbed areas.

Mounding or uplift in disturbed areas or paved sur-
faces, or modifications in grade.

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

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

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

* Note any biologic indicators, such as dead animals or
plants.

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

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

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

» Collect and analyze offsite samples, inctuding (see
reference (1] for methods):
Soil.
Drinking water.
Ground water.
Site run-off.
Surface water.

Protection of Entry Personnet

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

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

Onsite Survey

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

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

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

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

* Visually observe for signs of actual or potential \DLH
or other dangerous conditions (see Table 6-1).

Any indication of IDLH hazards or other dangerous condi-
tions should be regarded as a sign to proceed with care
and deliberation. Extrerne caution should be exercised in
continuing the site survey when such hazards are indi-
cated. Table 6-2 provides some basic guidelines for
decision-making. if IDLH or other dangerous conditions
are not present, or if proper precautions can be taken,
continue the survey:
* Conduct further air monitoring as necessary (see
Chapter 7).
* Note the types of containers, impoundments, or other
storage systems:
Paper or wood packages.
Metal or plastic barrels or drums.
Underground tanks.
Abovaground tanks.
Compressed gas cylinders.
Pits, ponds, or lagoons.
Other.
* Nots the condition of waste containers and storage
systems:
Sound (undamaged}.
Visibly rusted or corroded.
Leaking.
Bulging.
Types and quantities of material in containers,
Labels on containers indicating corrosive, explosive,
flammable, radioactive, or toxic materials.

* Note the physical condition of the materials:

Gas, liquid, or solid.
Color and turbidity.
Behavior, eg., corroding, foaming, or vaporizing.
Conditions conducive to splash or contact.
* |dentify natural wind barriers:
Buildings.
Hills,
Tanks.
* Determine the potential pathways of dispersion:
Air.
Biologic routes, such as animals and food chains.
Ground water.

Land surface.
Surface water.

¢ If necessary, use one or more of the following
remote sensing or subsurface investigative
methods to locate buried wastes or contaminant
plumes:

Electromagnetic resistivity.
Seismic refraction.
Magnetometry.

Metal detection.
Ground-penetrating radar.

* Note any indicators of potential exposure to haz-
ardous substances:
Dead fish, animals or vegetation.
Dust or spray in the air.

Fissures or cracks in solid surfaces that expose
deep waste layers.

Pools of liguid.

Foams or oils on liquid surfaces.

Gas generation or effervescence.
Deteriorating containers.

Cleared land areas or possible landfilled areas.

® Note any safety hazards. Consider:

Conditions of site structures.
Obstacles to entry and exit.
Terrain homogeneity.

Terrain stability.

Stability of stacked material.

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

* Note land features.

« Note the presence of any potential naturally occur-
ring skin irritants or dermatitis-inducing agents, for
example: ’

Poison ivy.
Poison oak.
Poison sumac.

= Note any tags, labels, markings, or other identify-

ing indicators.
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Table 8-2. Guidelines for Some Atmospheric Hazards®

HAZARDb MONITORING EQUIIPMENT: MEASURED LEVEL ACTION

Explosive Combustible gas indicator < 10% LELY Continue investigation.

stmosphere 10%-25% LEL Continue onsite monitoring with extreme caution as higher
levols are encountered.

>25% LEL Explosion hazard. Withdraw from area immediatety.
Oxygen Oxygen concentration <19.5% Monitor wearing seif-contained breathing spparatus.
meter NOTE: Combustible gas readings are not valid in atmospheras
with <19.5% oxygen.
19.5%-25% Continue investigation with caution. Deviation from normal
level may be due to the presence of other substances.
>25% Fire hazard potential. Discontinue ivestigation. Consutt a fire
safaty specialist.

Radiation Radiation survey squipment =2 mwem/hre! Radiation above background levels inomally 0.01-0.02
mrem/hr)d signifies the possibla presence of radiation
sources. Continue imestigation with caution. Perform
thorough monitoring. Consult with a heatth physicist.

>2 mvem/hr Potential mdiation hazard. Evacuate site. Continue investiga-
tion only upon the advice of a health physicist.

inorganic and organic  Colorimetric tubes Depends on Consult standard reference manuals for sir concentra-
gases and vepors Chemical-specific instru- chemical tion/toxicity data. Action level depends on PEL/REL/TLVH

mesnts, including halide

metsr, hydrogen sulfide

detector, carbon monoxide

monitor, and mercury mater
Organic gasas and Portable photoionizer Depends on Consult standard reference manuals for air concentra-
vapors Organic vapor anatyzer chemical tion/toxicity data. Action level depends on PEL/REL/TLV "

1} Operated in gas chro-

matography (GC) mode
2) Operatad in survey mode

*Basad on Standard Operating Guides. U.S EPA. Decemnber, 1984,
MThese are general classes of hazards. Not all components of these classes can be measured.

wm'immhmﬁmmmmmmth“hm:Mﬁcwmm
equipment can detsct. See Tables 7-1 and 7-2 for more complete descriptions.

SLEL = jower explosive kmit.

*mrem/hr = milliroentgen squivalent in man per hour.

Source: US. Nuciear Regulatory Commission Rules and Regulations, 10 CFR Chapter 1, Part 20.105.
sSource: Sax, LN. 1979. Dangerous Properties of Industrial Materials. Fifth Edition. p. 167. Van Nostrand Reinhold Company, New York.

MPEL = OSHA permissible exposure kmit.
REL = NIOSH recommended exposure bmit.
TV = threshold Bmit value.

See Table 6-4.

® Collect samples [11:
Air {see Chapter 7, Air Monitoring).
Drainage ditches.
Soil (surface and subsurface).
Standing pools of Rquids.
Storage containers.
Streams and ponds.
Ground water {upgradiant, beneath site, down-

gradient).

* Sample for or otherwise identify:

Biologic or pathologic hazards.
Radiologic hazards.

Iinformation Documentation

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

* Logbooks.

* Feld data records.

® Graphs.

* Photographs.

* Sample labels.
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¢ Chain-ot-custody forms.
+ Analytical records.

These documents should be 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 include the
following responsibilities:
= Numbering each document ({including sample labels)
with a unique number.

# Listing each document in a document inventory.

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

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

* Making sure that all document entries are made in
waterproof ink.
* Filing all documents in a central file at the completion
of the site response.
Field personne! should record all onsite activities and
observations in a field logbook —a bound book with con-
secutively numbered pages. Entries should be made dur-
ing or just after completing a task to ensure thoroughness
and accuracy. Table 6-3 shows the leve! of detail that
should be recorded during sampling.

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

* Date, time, and name of site

+ Name of the photographer.

® Location of the subject within the site.

* General compass direction of the orientation of the
photograph.

* (General description of the subject.

s Sequential number of the photograph and the film rolt
number.

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

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

¢ The unique sample log number.
* Date and time that the sample was collected.

* Source of the sample, eg.. name, location, and type
of sample.

* Preservative used.
* Analysis required.

Sample jars are labelled prior to sampling as part of site
documentation procedures.

* Name of collector.
* Pertinent field data.

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

Hazard Assessment

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

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

Permissible Exposure Limit (PEL)

Permissible exposure limits are enforceable standards
promulgated by OSHA. In many cases they are derived
from TLVs published in 1968. The PEL for a substance is
the 8-hour time-weighted average or ceiling concentration
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Table 6-3. Example of Field Logbook Entries
to Describe Sampling

* Date and time of entry.

* Purpose of sampling.

* Name, address, and affiliation of personne! performing sampling.

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

* Type of material, eg., sludge or wastewater.

* Description of material container.

* Description of sample.

* Chemical components and concentrations, if known.

* Number and size of samples taken.

* Description and location of the sampling point.

* Date and time of sample collection.

« Difficulties experiencad in obtaining sample {eg.. is it
representative of the bulk material?).

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

* Feld observations, such as weather conditions during
sampling periods.

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

® Whether chain-of-custody forms have been filled out
for the samples.

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

Recommended Exposure Limit {(REL)

A NIOSH recornmended exposure limit (REL) is the work-
place exposure concentration recommended by NIOSH
for promulgation by OSHA as a PEL, but is not enforce-
able as is the OSHA PEL. In some cases, NIOSH has
described time-weighted average concentrations in terms
of 10-hour, rather than B-hour, averages.

IDLH Concentrations

IDLH exposure concentrations have been established by
the NIOSH/OSHA Standards Completion Program (SCP)
as a guideline for sefecting 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 immediate threat to life or
health or that pose an immediate threat of severe
exposure to contaminants such as radicactive materials
that are likely to have adverse cumulative or delayed
effects on health. The NIOSH Pocket Guide to Chemical
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 health effects. . . ** The American
Nationa! Standards Institute, Inc. (ANSI) defines IDLH as
. . .any atmosphere that poses an immediate hazard to
life or produces immediate irreversible debilitating effects
on health . . ’* [4]. Regardless of their exact definition, all
{DLH values indicate those concentrations of toxic sub-
stances from which escape is possible without irre-
versible harm should a worker’s respiratory 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 {SCBA]
or a combination positive-pressure, full-facepiece,
supplied-air respirator with positive-pressure SCBA [see
Chapter 81]) are permitted. Specific {DLH values for many
substances can be found in the NIOSH Pocket Guide to
Chemical Hazards [3).

Potential Skin Absorption 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 OSHA standard
29 CFR Part 19101000 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
liquid. This information, like most available information on
skin absorption is qualitative. it indicates whether, but not
to what extent, a substance may pose a dermal hazard.
Thus decisions made conceming skin hazards are neces-
sarily judgmental.

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

Potential Eye Irritation

Quantitative data on eye imritation are not always availa-
ble. Where a review of the literature indicates that a sub-
stance causes eye irmtation, but no threshold is specified,
have a competent healfth 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 flammable limit
{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 flammable limit
{UFL) of a substance is the maximum concentration of
gas or vapor above which the substance will not burn
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
support combustion.

The flashpoint of a substance is the minimum tempera-
ture at which it gives off sufficient vapor to form an
ignitable mixture with the air just above the surface of the
substance. Ignition of a substance at the flashpoint is not
continuous.



Site Characterization 6-7
Table 6-4. Guidelines for Assessing Chemical and Physical Hazards
HAZARD GUIDELINE EXPLANATION SOURCES
FOR
VALUES®
Inhalation of TWw Threshold Limit Value Cne of three categories of chemical exposure levels, defined as
airbome follows:
contaminants T\ TWA  Threshold Limit Value— The time-weighted average concentration for & normal 8-hour ACGIH
Time-Weighted Average workday and a 40-hour work week, to which nearly all workers
may be repeatedly exposed without adverse effect. Should be
used as an exposure guide rather than an absolute threshoid.
TW-STEL  Threshold Limit Velue- A 15-minute time-weighted average exposure that should not be ACGH
Short¥erm Exposure exceeded at any time during the work day.
Limit
TW-C Threshold Limit Value-  The concentration that should not be exceeded even ACGIH
Ceiling instantaneously.
PEL Permissible Exposure Time-weighted average and ceiling concentrations similar to {and OSHA
Limit in many cases derived from) the threshold limit values published in
1968.
REL Recommended Time-weighted averages and ceiling concentrations based on NIOSH
Exposure Limit NIOSH evaluations.
IDLH Immediately Dangerous The maximum level from which a worker could escape without NIOSH
to Life or Health any escape-impairing symptoms or any ireversible health effects.®
Dermal absorp-  Designation ““skin™” The designation ““skin™ in the ACGIH, OSHA, and NIOSH ACGIH/
tion of chemi- references? indicates that a substance may be readily absorbed OSHA/
cals through through the intact skin: however, it is not a threshold for safe NIOSH
sirborne or exposure. Direct contact with a substance designated “‘skin’’
diract contact should be avoided.
Darmal inritation Many substances irritate the skin. Consult standard references.
Carcinogens n Threshold Limit Value Some carcinogens have an assigned TLV. ACGIH
PEL Permissible Exposure OSHA has individua! standards for some specific carcinogens. OSHA
Limit
REL Recommended NIOSH makes recommendations regarding exposures to
Exposure Limit carcinogens. NIOSH
Noiss Tw Threshold Limit Value Sound pressure levels and durations of exposure that represent ACGIH
conditions to which it is believed that nearly all workers may be
repeatedly exposed without an adverse effect on their ability to
hear and understand normal speech.
PEL Permissible Exposure Limits for acceptable noise exposure. OSHA
Limit
REL Recommended Limits for acceptable noise exposure NIOSH
Exposure Limit
lonizing Maximum permissible body burden and maximum permissible concentrations of radionuclides in airand in  NCRP
Radiation water.
PEL Permissible Exposure Dose in rems per calendar quarter. OSHA

Limit

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

When evaluating the fire or explosion potential at a haz-
ardous waste site, all equipment used should be intrinsi-

cally safe or explosion-proof. Where flammable or

explosive atmospheres are detected, ventilation may
ditute the mixture to below the LEL/LFL However, ventila-
tion is generally not recommended if concentrations
exceed the UFL/UEL, since the mixture will pass through
the flammable/explosive range as it is diluted. Note that
combustible gas indicator readings may not be accurate
when oxygen concentrations are less than 19.5 percent.

Form

Hazardous Substance Information

Information on the chemical, physical, and toxicologic

properties of each compound known or expected to occur
on site should be recerded on a Hazardous Substance

Information Form {see Appendix C). Response personnel

source for this information.

will then have the necessary health and safety informa-
tion in one place, and new personnel can be quickly
briefed. As many reference sources as possible should be
used to fill out the sheets because the information may
vary from one source to another. Material Safety Data
Sheets provided by chemical manufacturers are one
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Table 6-4. {cont)

HAZARD GUIDELINE EXPLANATION SOURCES
FOR
VALUES*
Expilosion LEL Lower Explosive Limit The minimum concentration of vapor in sir below which propaga- NFPA
tion of a flame will not occur in the presence of an ignition sourca.
UEL Upper Explosive Limit The maximum concentration of a vapor in air above which props-  NFPA
gation of a flame will not occur in the presence of an ignition
souCce.
Fire Flash point The lowest temperature at which the vapor of a combustible iquid NFPA
can be made to ignite momentarily in air.
*Sources:

ACGIH. 1984-85. Threshold Limit Values for Chemical Substances and Physical Agents in the Workplace Enwironment and Biological
Exposure Indices with Intended Changes for 1985-86. American Conference of Governmental industrial Hygienists, Cincinnati, Ohia,
NIOSH. Centers for Disease Control. 1983. NIOSH Recommendations for Occupational Health Standards. Morbidity and Mortality

Weekly Report Supplement. Vol. 32, No. 1S, October 7, 1983.

NIOSH. 1985. Pocket Guide to Chemical Hazards. National Instituts for Occupational Safety and Health, Cincinnati, Ohia.
NCRP. Basic Radiation Protection Criteria. NCRP Report Na. 39. National Council on Radiation Protaction and Measurements, Wash-

ington, DC.

NCRP. Maximum Permissible Body Burdens and Maximum Permissible Concentrations of Radionuclides in Air and Water for Occupational
Exposure. NCRP Report Na. 22 National Council on Radiation Pratection and Measurernents, Washington, D.C.
NFPA. 1985. Fire Protection Guide on Hazardous Materials. Eighth Edition. National Fire Protection Association, Boston, Massachusetis.

OSHA. 29 CFR Part 1910. (OSHA standards arg legally binding.}

b0ther sources have slightly different definitions of IDLH (see IDLH 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 operations.

The ongoing monitoring of atmospheric chemical hazards
should be conducted using a combination of stationary
sampling equipment, personnel monitoring devices, and
periodic area monitoring with direct-reading instruments
{see Chapter 7, Air Monitoring). Data obtained during off-
site and onsite surveys can be used to develop a plan that
details the procedures to be used for monitoring ambient
conditions during cleanup operations. Where necessary,
routes of exposure other than inhalation should be moni-
tored. For example, skin swipe tests may be used to
determine the effectiveness of personal protective cloth-
ing {see Chapter 10, Decontamination). Depending on the
physical properties and toxicity of the onsite materials,
community exposures resutting from hazardous waste
site operations may need to be assessed [5].

Monitoring 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
start of drum sampling.

¢ Change in job tasks during a work phass.
¢ Change of season.

* Change in weather.

¢ Change in ambient levels of contaminants.
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Introduction

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

& Selecting personal protective equipment.

+ Delineating areas where protection is needed.

* Assessing the potential heatth effects of exposure.

» Determining the need for specific medical monitoring.

This chapter delineates the factors to consider when con-
ducting air monitoring at a hazardous waste site.
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
airborme contaminants in order to determine the leve! of
worker protection needed. Initial screening for identifica-
tion is often qualitative, i.e, the contaminant, or the class
to which it belongs, is demonstrated to be present but
the determination of its concentration {quantification)
must await subsequent testing. Two principal approaches
are available for identifying and/or quantifying airbormne
contaminants:

* The onsite use of directreading instrurments.

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

Direct-Reading Instruments

Direct-reading instruments were developed as sarly warn-
ing devices for use in industrial settings, where a leak or
an accident could release a high concentration of a
known chemical into the ambient atmosphere. Today,

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

Direct-reading instruments may be used to rapidly detect
flammable or explosive atmospheres, oxygen deficiency.,
certain gases and vapors, and lonizing radiation. They are
the primary tools of inftial site characterization. The infor-
mation provided by direct-reading instruments can be
used to institute appropriate protective measures (eg.,
personal protective equipment, evacuation), to detarmine
the most appropriate equipment for further monitoring,
and to develop optimum sampling and analytical pro-
tocols.

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

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

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

* Many of the direct-reading instruments that have
been designed to detect one particular substance
also detect other substances {interference) and, con-
sequently, may give false readings.

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

* Calibrate instruments according to the manufac-
turer’s instructions before and after every use.

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

* Remember that the instrument’s readings have
fimited vafue where contaminants are unknown.
When recording readings of unknown contaminants,
report them as *‘needls deflection’ or “‘positive
instrument response’” rather than specific concentra-
tions (i.a.. ppm). Conduct additional monitoring at any
location where a positive response occurs.

* A reading of zero should be reported as "'no instru-
ment response’”’ rather than ‘‘clean” because quanti-
ties of chemicals may be present that are not
detectable by the instrument,

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

Tebles 7-1 and 7-2 %ist several direct-reading instruments
and the conditions and/or substances they measure. The
flame ionization detector (FID)} and 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 APPLICATION METHOD LIMITATIONS OPERATION AND MAINTENANCE OPERATING TIMES
Combustible Combustible Measures the A filament, Accuracy de- Etfective Recharge or replace  Can be used for as
Gas Indicator gases and concentration usually pends, in part, use re- battery. long ss the battery
{CGY) VBpOrs. of a com- made of on the difference quires that  caiinrate immedi- lasts, or for the
bustible gas  platinum, is between the ately before use recornmended in-
of vapor, heated by calibration and terval between
burning the sampling the opersat- calibrations,
combust- temperatures. ing princi- whichever is less,
ible gas or itivity is 8 ples and
vapor. The ﬂmwmcﬁurwf:\e procedures.
ncrease N gitferences in
heat is the chemicat
measured and physical
properties
between the cal-
ibration gas and
the gas being
sampled,
The filament can
be damaged by
certain com-
pounds such as
silicones,
halides,
tetraethyl lead,
and oxygen-
enriched
atmospheres.
Does not provide
a valid reading
under oxygen-
Rame lonization Many In survey Gases and Does not detect  Requires Recharge or replace B hours; 3 hours
Detector (FID]  organic mode, de- vapors afe  inofganic gases experience  battery. with strip chart
with Gas gases and tects the jonized na and vapors, or tointerpret  paonitor fuel andjor  TPCOTdEr.
Chromatography vapors. total concen- flame A some synthetics. data cor- . omboetion sir
trations of currentis  Sensitivity rectly, 8spe- ooty gauges.
many organic produced in depends onthe cially in the routi
gases and proportion  compound. GC mode. mau' orform ':
gas chroma-  ber of ar-  ceq gt tempera- identifica- sl
tography bON B10MS  gyre5 less than  tion re- :
{GC) mode, present. 40°F (4°C). quires cali- Check for leaks.
identifies and Difficult to abso- bration
specifi lutely identity ~ With the
g compounds. specific
compounds. i analyte of
In survey High concentra- . qprect
maode, all the mts(’formm-
mf" e axygen-deficient
ionized and mm
:.;.mnmeu maodification.
time. In GC In survey mode,
mode, volatile readings can be
species are only reported
separated relative to the
calibration
standard used.
Gamma Radla- Gamma Environmen-  Scintillation Does not Extremely  Must ba calibrated Can be used for as
tion Survey radiation. tal radiation  detector. mesasure alpha oasy 10 op- snnually at a spacial- long as the battary
Instrument monitor. or beta radiation. erate, but ized facility. lasts, or for the
requires recommended in-
experience terval batween
1o interpret calibrations.
data. Rug- whichever is less.
ged, good

in field use.
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Table 7-1. {cont.)
HAZARD DETECTION EASE OF GENERAL CARE TYPICAL
INSTRUMENT MONITORED APPLICATION METHOD UMITATIONS OPERATION AND MAINTENANCE OPERATING TIMES
Portable Many gases Measures Passes dif-  In the field, must Requires As specified by
infrared (1) snd vapors. concentration ferent fre- make repeated  personnel  manufacturer.
Spectro- of many quencies of passes to with exten-
gases and IR through  achieve reliable  sive experi-

photometer

vBpofs in air.  the sample.  results,

ence in IR

Designed to Thefm- Requires spectropho-
quantify one- Quencies 115-volt AC tometry.
or two- :’:"'b“_'c power.
component o each Not approved for
mixtures. compound. use in a poten-
tially flammabile
or explosive
stmosphere.
Interference by
water vapor and
carbon dioxide.
Certain vapors
and high mols-
ture may attack
the instrument’s
optics, which
must then be
replaced.
Ultraviclet (UV]} Many Detects total  lonizes Does not detect  EHective Recharge or replace 10 hours; 5 hours
Photolonization organic and  concentra- molecules  methane. use re- battery. with strip chart
Detector (PID)  someinor-  tionsof many using UV poge not detecy  QUires that i lamp Tecorder.
ganic gases  organic snd  madiation; .m:::u'ﬂlf the opera- ,“,,‘?E;':w”_‘d“" P
and vapors.  SOmMe inor- produces a the probe used tor under-
ganic gases  current that standthe  Regularly clean and
: has 2 lower : maintain the
and vapors.  is propor anergy level than OpPerating + and

Some identi- tional to the the compound'’s principles

fication of number of

mdmaccessaﬁe&

compounds  jons. ::termal. dures, and
is possible if Res may be compe-
more than ponse tent in
one probe is change when  ch(ibrating,
used. gases are mixed. reading,

Other voltage and inter-

Sources may preting the

interfere with instrument.

measurements.,

Readings can

only be reported

relative to the

calibration

standard used.

Response is

sffected by high

humidity.

detactor (P1D) (sae Table 7-1) are commonly used at haz-
ardous weste gites. However, some of these devices may
not detect some particularly toxic agents, including hydro-
gen cyenide and hydrogen sulfide. Thus, these devices
must be supplementsd with other methods of detection.

Laboratory Analysls

Direct-reading personal monitors are available for only a
few specific subatances and are rarely sensitive enough
to measure the minute (s, parts of contaminant per bil-
kon parts of air) quantitias of contaminants which may,
nevertheless, induce heatth changes. Thus to detect rela-

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

Selection of the appropriate sampling media largsly
depends on the physical state of the contaminants. For
example, chemicals such as PCBs {polychlorinated
biphenyis) and PNAs {polynuclear aromatic hydrocarbons)
occur as both vapors and particulate-bound contami-
nants. A dusl-media system is needed to measure both



74 Air Monitoring

Table 7-2. Some Direct-Reading Instruments for Specific Survey
HAZARD DETECTION EASE OF GENERAL CARE TYPICAL
INSTRUMENT MONITORED APPLICATION METHOD LIMITATIONS OPERATION AND MAINTENANCE OPERATING TIMES
Direct-Reading  Specific Meesures The compound The measured Minimal Do not use a previ-
Colorimetric gases and concentra- reacts with concentration operator ousty opened tube
Indicstor Tube VBpors. tions of the indicator  of the same training and even if the indicator
spacific chemical in compound expertise chemical is not
VApOrs. ducing a stain  among differ- Check pump for
whose length  ant manufac- leaks before and
or color turers’ tubes. after use.
change is Many similar 3 ;
proportional R Refrigerate prior to
the com- ® chemicals use to maintain shelf
Mn. interfere. ifeﬂfmzm
'“"’:‘"" date of tubes.
operator wvolume at least
judges stain’s quarterly.
and-point, and Avoid rough handling
{2) the tube’s which may cause
kmited channeling.
BCCUracy.
Affocted by
high humidity.
Oxygen Meter Oxygen (0;). Measures the Uses an slec- Must be Effective Replace detector 81t 12 hours.
percentage of trochemical calibrated prior use re- cell according to
O3 in air. sensor to 10 use to com- quires that  manufacturer's
measure the pensate for the opera-  recommendations.
partial pres- sltitude and tor under- Recharge or replace
sure of O:in  barometric stand the m:io,m
the air and pressure. opeuung expiration of the
m"gt Certain gases, :‘:’;‘”P‘” specified interval.
reading 0 O:  opp0ciatty oxi- ambient sir i
Concentration.  dants such as  Procedures. mmosrs
Ozone, can CO,. replace or
affect read- rejuvenate the O,
ings. Carbon detector cell
dioxide {CO,) frequentty.
poisons the
detector cell

forms of these substances. The volatile component is col-
lectad on a solid adsorbent and the norvolatile compo-
nent is collected on a filter. More than two dozen
dual-media sampling techniques have been evaluated by
NIOSH [1,2].

A major disadvantage of long-term air monitoring is the
time required to obtain data. The time lag between sam-
pling and obtaining the analysis results may be a matter
of hours, if an onsite laboratory is available, or days,
weeks, even months, if 8 remote laboratory is involved.
This can be a significant problem if the situation requires
mmediate decisions concemning worker safety. Also, by
the time samplas are returnad from a remote laboratory,
the hazardous wasts site cleanup may have progressed to
a differant stage or to a location at which different con-
taminants or different concentrations may exist. Careful
planning and/or the use of a mobile laboratory on site
may alleviate these problems.

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

techniques. Typical instruments include gas chromato-
graphs, spectrofiuorometers, and infrared spectrophotom-
eters.Whennotmusemmembﬂelabomtoryﬂwse
devices con be relocated to fixed-base facilities. Onsite
laboratory facilities and practices should meet standards
of good laboratory safety.

Usually, a few of the field samples coflected are analyzed
on site to provide rapid estimates of the concentration of
airbome contaminants. These data can be used 1o deter-
mine the initial level of worker personal protection neces-
sary to modify field sampling procedures and to guide the
fixed-base laboratory analysis. if necessary, samples
lcreenedmmemobilelabomtorycan be subsequentty
reanalyzed in sophisticated fixed-base laboratories. The
mobile Iaboratory also provides space, countertop
staging areas for industrial hygiene equipment, and facili-
ties for recharging self-contained breathing apparatus.

Site Monitoring

Priorities for sir monitering should be based on the infor-
mation gathered during initial site characterization {see
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Table 7-3. Some Sample Collection and Analytical Methods

TYPICAL DETECTION LIMIT
OF ANALYTIC
SUBSTANCE COLLECTION DEVICE* ANALYTICAL METHODY INSTRUMENT {pg)
Anions: Prewsshaed silica gel tube lon chromatography
Bromide 10
Chioride L
Fluorkds 5
Nitrate 10
Phosphatse 20
Sulfats 10
Aliphatic Amines Silica gel GC/NPD 10
Asbastos MCEF PCM 100<
Metals MCEF ICP-AES 0.5
Organics Charcoal tube GC/MS 10
Nitrosamines Thermosorb/N GC/TEA 0.01
Particulates MCEF Gravimetric
PCBs GF filter and forisil tube GC-ECD 0.001
Pesticides 13-mm GF fitter and GC/MS 0.05

chromosorb 102 Tube

2 MCEF = mixped cellulcse aster filter.
GF = glass fiber filter.

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

© Units in fibers per mm? of filter (Method No. 7400 from the NIOSH Manual of Analytical Methods. 3rd edition).

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

Monitoring for IDLH and Other Dangerous Conditions

As a first step, air monitoring should be conducted to
identify any IDLH and other dangerous conditions, such
as flammable or explosive stmospheres, oxygen-deficient
environments, and highly toxic levels of sirborme 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 necessary based on
the initial site characterization. When time permits, air
samples should be collected for laboratory analysis.
Extreme caution should be exercised in continuing a site
survey when atmospheric hazards are indicated. Monitor-
ing personnel should be aware that conditions can sud-
denly change from nonhazardous to hazardous.

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

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

In open spaces, toxic materials tend to be smitted into
the atmosphere, transported away from the source, and
dispersed. Thus acutely hazardous conditions are not
likely to persist in open spaces for extended periods of
time unfess there is a very large (and hence, readily iden-
tifiable} source, such as an overtumed tankcar. Open
spaces are therefore generally given a lower monitoring
priority.

General Onsite Monitoring

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

Perimeter Monitoring

Fixed-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 to evaluate the
integrity of the site’s clean areas. Since the fixedocation
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 repeated periodically, espe-
cially when:
* Work begins on a different portion of the site.
* Different contaminants are being handled.
* A markedly different type of operation is initiated
{eg.. barrel opening as opposed to exploratory well
drilling}.

* Workers are handling leaking drums or working in
areas with obvious liquid contamination (eg., a spill
of lagoon).

Personal Monitoring

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

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

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

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

When considering employee monitoring, procedures and
protocols found in OSHA's Industrial Hygiene Technical
Manual may be useful [6].

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 notably temperature and weather condi-
tions, can affect airbome concentrations. These factors
must be considered when developing an air monitoring
program and when analyzing data. Some demonstrated
variables include:

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

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

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

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

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

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