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Each year, approximately 7.6 billion tons of industrial solid waste are generated and disposed
of at a broad spectrum of American industrial facilities. State, tribal, and some local governments
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Introduction
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When using the (f ide fo- Ind’ t-sal Wa tesManagement, please keep in mind that it reflects
four underlying principles:

e Protecting human health and the environment. The purpose of the Guide is to pro-
mote sound waste management that protects human health and the environment. It
takes a multi-media approach that emphasizes surface-water, ground-water, and air
protection, and presents a comprehensive framework of technologies and practices that
make up an effective waste management system.

e Tailoring management practices to risks. There is enormous diversity in the type
and nature of industrial waste and the environmental settings in which it is managed.
The Guide provides conservative management recommendations and simple-to-use
modeling tools to tailor management practices to waste- and location-specific risks. It
also identifies in-depth analytic tools to conduct more comprehensive site-specific
analyses.

e Affirming state and tribal leadership. States, tribes, and some local governments
have primary responsibility for adopting and implementing programs to ensure proper
management of industrial waste. This Guide can help states, tribes, and local govern-
ments in carrying out those programs. Individual states or tribes might have more
stringent or extensive regulatory requirements based on local or regional conditions or
policy considerations. The Guide complements, but does not supersede, those regula-
tory programs; it can help you make decisions on meeting applicable regulatory
requirements and filling potential gaps. Facility managers and the public should con-
sult with the appropriate regulatory agency throughout the process to understand regu-
latory requirements and how to use this Guide.

e Fostering partnerships. The public, facility managers, state and local governments,
and tribes share a common interest in preserving quality neighborhoods, protecting the
environment and public health, and enhancing the economic well-being of the commu-
nity. The Guide can provide a common technical framework to facilitate discussion and
help stakeholders work together to achieve meaningful environmental results.
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The d ide fo- Ind t-ial Wa tesManagement is available in both hard-copy and electronic ver-
sions. The hard-copy version consists of five volumes. These include the main volume and four
supporting documents for the ground-water and air fate-and-transport models that were devel-
oped by EPA specifically for this Guide. The main volume presents comprehensive information
and recommendations for use in the management of land-disposed, non-hazardous industrial
waste that includes siting the waste management unit, characterizing the wastes that will be
disposed in it, designing and constructing the unit, and safely closing it. The other four vol-
umes are the user’s manuals and background documents for the ground-water fate-and-trans-
port model—the Industrial Waste Evaluation Model (IWEM)—and the air fate-and-transport
model—the Industrial Waste Air Model (IWAIR).
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The electronic version of the Guide, which can be obtained either on CD-ROM or from EPA’s
Web site <www.epa.gov/epaoswer/non-hw/industd/index.htm>, contains a large collection of
additional resources. These include an audio-visual tutorial for each main topic of the Guide;
the IWEM and IWAIR models developed by EPA for the Guide; other models, including the
HELP (Hydrologic Evaluation of Landfill Performance) Model for calculating infiltration rates;
and a large collection of reference materials to complement the information provided in each of
the main chapters, including chemical fact sheets from the Agency for Toxic Substances and
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Furthermore, while the Guide provides many tools for assessing appropriate industrial waste
management, the information provided is not intended for use as a replacement for other exist-
ing EPA programs. For example, Tier 1 ground-water risk criteria can be a useful conservative
screening tool for certain industrial wastes that are to be disposed in new landfills, surface
impoundments, waste piles, or land application units, as intended by the Guide. These
ground-water risk criteria, however, cannot be used as a replacement for sewage sludge stan-
dards, hazardous waste identification exit criteria, hazardous waste treatment standards, MCL
drinking water standards, or toxicity characteristics to identify when a waste is hazardous—all
of which are legally binding and enforceable. In a similar manner, the air quality tool in this
Guide does not and cannot replace Clean Air Act Title V permit conditions that may apply to
industrial waste disposal units. The purpose of this Guide is to help industry, state, tribal, and
environmental representatives by providing a wealth of information that relays and defers to
existing legal requirements.
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Please recognize that this is a voluntary guidance document, not a regulation, nor does it
change or substitute for any statutory or regulatory provisions. This document presents techni-
cal information and recommendations based on EPA’s current understanding of a range of
issues and circumstances involved in waste management The statutory provisions and EPA reg-
ulations contain legally binding requirements, and to the extent any statute or regulatory provi-
sion is cited in the Guide, it is that provision, not the Guide, which is legally binding and
enforceable. Thus, this Guide does not impose legally binding requirements, nor does it confer
legal rights or impose legal obligations on anyone or implement any statutory or regulatory
provisions. When a reference is made to a RCRA criteria, for example, EPA does not intend to
convey that any recommended actions, procedures, or steps discussed in connection with the
reference are required to be taken. Those using this Guide are free to use and accept other
technically sound approaches. The Guide contains information and recommendations designed
to be useful and helpful to the public, the regulated community, states, tribes, and local gov-
ernments. The word “should” as used in the Guide is intended solely to recommend particular
action and does not connote a requirements. Similarly, examples are presented as recommenda-
tions or demonstrations, not as requirements. To the extent any products, trade name, or com-
pany appears in the Guide, their mention does not constitute or imply endorsement or
recommendation for use by either the U.S. Government or EPA. Interested parties are free to
raise questions and objections about the appropriateness of the application of the examples
presented in the Guide to a particular situation.
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The health benchmark for carcinogens is
called the cancer slope factor. A cancer slope
factor (CSF) is defined as the upper-bound?
estimate of the probability of a response per
unit intake of a chemical over a lifetime and is
expressed in units of (mg/kg-d). The slope fac-
tor is used to estimate an upper-bound proba-
bility of an individual developing cancer as a
result of a lifetime of exposure to a particular
concentration of a carcinogen.

A reference dose (RfD) for oral exposure
and reference concentration (RfC) for inhala-
tion exposure are used to evaluate noncancer
effects. The RfD and RfC are estimates of daily
exposure levels to individuals (including sen-
sitive populations) that are likely to be with-
out an appreciable risk of deleterious effects
during a lifetime and are expressed in units of
mg/kg-d (RfD) or mg/m? (RfC).

Most health benchmarks reflect some
degree of uncertainty because of the lack of
precise toxicological information on the peo-
ple who might be most sensitive (e.g., infants,
elderly, nutritionally or immunologically com-
promised) to the effects of hazardous sub-
stances. There is additional uncertainty
because most benchmarks must be based on
studies performed on animals, as relevant
human studies are lacking. From time-to-time
benchmark values are revised to reflect new
toxicology data on a chemical. In addition,
because many states have developed their own
toxicology benchmarks, both the ground-
water and air tools in this Guide enable a user
to input alternative benchmarks to those that
are provided.

There are several sources for obtaining
health benchmarks, some of which are sum-
marized in the text box on the following page.
Most of these sources have toxicological pro-
files and fact sheets on specific chemicals that
are written in a general manner and summa-
rize the potential risks of a chemical and how
it is currently regulated. One good Internet
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source is the Agency for Toxic Substances and
Disease Registry (ATSDR) <www.atsdr.cdc.
gov>. ATSDR provides fact sheets for many
chemicals. These fact sheets are easy to under-
stand and provide general information regard-
ing the chemical in question. An example for
cadmium is provided in the appendix at the
end of this chapter. Additional Internet sites
are also available such as: the Integrated Risk
Information System (IRIS); EPAs Office of Air
Quiality Planning and Standards Hazardous Air
Pollutants Fact Sheets; EPAs Office of Ground
Water and Drinking Water Contaminant Fact
Sheets; New Jersey’s Department of Health,
Right to Know Program’s Hazardous Substance
Fact Sheets; Environmental Defense’s
Chemical Scorecard; EPAs Office of Pollution
Prevention and Toxics (OPPT) Chemical Fact
Sheets, American Chemistry Council (ACC),
and several others. Visit the Envirofacts
Warehouse Chemical References Complete
Index at <www.epa.gov/enviro/html/emci/
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guidance for making management decisions by
providing one of the inputs to the decision
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into another chemical that is solu-

ble and can be excreted.

Some contaminants can also be
absorbed by the skin. The skin is
not very permeable and usually
provides a sufficient barrier against
most chemicals. Some chemicals,

Figure 1 Multiple Exposure Pathways/Routes (National Research
Council, “Frontiers in Assesssing Human Exposure,” 1991)

Whereas the exposure pathway dictates the
means by which a contaminant can reach an
individual, the exposure route is the way in
which that chemical comes in contact with
the body. To generate a health effect, the
chemical must come in contact with the body.
In environmental risk assessment, three expo-
sure routes are generally considered: inges-
tion, inhalation, and dermal absorption. As
stated earlier, the toxicity of a chemical is spe-
cific to the dose received and its means of
entry into the body. For example, a chemical
that is inhaled might prove to be toxic and
result in a harmful health effect, whereas the
same chemical might cause no reaction if
ingested, or vice-versa. This phenomenon is
due to the differences in physiological
response once a chemical enters the body. A
chemical that is inhaled reaches the lungs and
enters the blood system. A chemical that is
ingested might be metabolized into a different
chemical that might result in a health effect or

however, can pass through the
skin in sufficient quantities to
induce severe health effects. An
example is carbon tetrachloride,
which is readily absorbed through
the skin and at certain doses can
cause severe liver damage. The
dermal route is typically consid-
ered in worker scenarios in which
the worker is actually performing
activities that involve skin contact
with the chemical of concern. The
tools provided in the Guide do
not address the dermal route of
exposure.

b. Exposure Quantification/Estimation

Once appropriate fate-and-transport mod-
eling has been performed for each pathway,
providing an estimate of the concentration of
a chemical at an exposure point, the chemical
intake by a receptor must be quantified.
Quantifying the frequency, magnitude, and
duration of exposures that result from the
transport of a chemical to an exposure point
is critical to the overall assessment. For this
step, the risk assessor calculates the chemical-
specific exposures for each exposure pathway
identified. Exposure estimates are expressed
in terms of the mass of a substance in contact
with the body per unit body weight per unit
time (e.g., milligrams of a chemical per kilo-
gram body weight per day, also expressed as
mg/kg-day).

The exposure quantification process
involves gathering information in two main
areas: the activity patterns and the biological
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Sorption: the partitioning of a chemical between the lig-
uid and solid phase determined by its affinity for adhering
to other solids in the system such as soils and sediment.
The amount of chemical that “sorbs” to solids and does not
move through the environment is dependent upon the
characteristics of the chemical, the characteristics of the
surrounding soils and sediments, and the quantity of the
chemical. A sorption coefficient is the measure of a chemi-
cal’s ability to sorb. If too much of the chemical is present,
the available binding sites on soils and sediments will be
filled and sorption will not continue.

Dissolution/precipitation: the taking in or coming out of
solution by a substance. In dissolution a chemical is taken
into solution; precipitation is the formation of an insoluble
solid. These processes are a function of the nature of the
chemical and its surrounding environment and are depen-
dent on properties such as temperature and pH. A chemical’s
solubility is characterized by a solubility product. Chemicals
that tend to volatilize rapidly are not highly soluble.

Degradation: the break down of a chemical into other
substances in the environment. Some degradation processes
include biodegradation, hydrolysis, and photolysis. Not all
degradation products have the same risk as the “parent”
compound. Although most degradation products present
less risk than the parent compound, some chemicals can
break down into “daughter” products that are more harmful
than the parent compound. In performing a risk assessment
it is important to consider what the daughter products of
degradation might be.

Bioaccumulation: the take up/ingestion and storage of a
substance into an organism. For substances that bioaccu-
mulate, the concentrations of the substance in the organism
can exceed the concentrations in the environment since the
organism will store the substance and not excrete it.

Volatilization: the partitioning of a compound into a
gaseous state. The volatility of a compound is dependent
on its water solubility and vapor pressure. The extent to
which a chemical can partition into air is described by one
of two constants: Henry's Law or Rauolt's Law. Other fac-

characteristics (e.g., body weight, inhalation
rate) of receptors. Activity patterns and bio-
logical characteristics dictate the amount of a
constituent that a receptor can intake and the
dose that is received per kilogram of body
weight. Chemical intake values are calculated
using equations that include variables for
exposure concentration, contact rate, exposure
frequency, exposure duration, body weight,
and exposure averaging time. The values of
some of these variables depend on the site
conditions and the characteristics of the
potentially exposed population. For example,
the rate of oral ingestion of contaminated food
is different for different subgroups of recep-
tors, which might include adults, children,
area visitors, subsistence farmers, and subsis-
tence fishers. Children typically drink greater
quantities of milk each day than adults per
unit body weight. A subsistence fisher would
be at a greater risk than another area resident
from the ingestion of contaminated fish.
Additionally, a child might have a greater rate
of soil ingestion than an adult due to playing
outdoors or hand-to-mouth behavior patterns.
The activities of individuals also determine the
duration of exposure. A resident might live in
the area for 20 years and be in the area for
more than 350 days each year. Conversely, a
visitor or a worker will have shorter exposure
times. After the intake values have been esti-
mated, they should be organized by popula-
tion as appropriate (e.g., children, adult
residents) so that the results in the risk char-
acterization can be reported for each popula-
tion group. To the extent feasible, site-specific
values should be used for estimating the expo-
sures; otherwise, default values suggested by
the EPA in The Expol < Facto- Handbook
(EPA, 1995) can be used.

3. Risk Characterization

In the risk-characterization process, the
health benchmark information (i.e., cancer
slope factors, reference doses, reference concen-




trations) and the results of the exposure assess-
ment (estimated intake or dose by potentially

exposed populations) are integrated to arrive at
quantitative estimates of cancer and noncancer
risks. To characterize the potential noncarcino-
genic effects, comparisons are made between

projected intake levels of substances and refer-
ence dose or reference concentration values. To
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assumptions that were applied during the
risk assessment. Ample documentation
should be assembled to describe the scenarios
that were evaluated for the risk assessment
and any uncertainty associated with the esti-
mate. Information that should be considered
for inclusion in the risk assessment documen-
tation include: a description of the contami-
nants that were evaluated; a description of
the risks that are present (i.e., cancer, non-
cancer); the level of confidence in the infor-
mation used in the assessment; the major
factors driving the site risks; and the charac-
teristics of the exposed population. The
results of a risk assessment are essentially
meaningless without the information on how
they were generated.
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There are several available sources of infor-
mation that citizens can review to understand
chemical risk better and to review potential
environmental release from waste manage-
ment units in their communities. The
Emergency Planning and Community Right-
to-Know Act (EPCRA) of 1986 provides one
such resource. EPCRA created the Toxic
Release Inventory (TRI) reporting program
which requires facilities in designated
Standard Industry Codes (see 40 CFR
§372.22) with more than 10 employees that
manufacture or process more than 25,000
pounds, or otherwise use more than 10,000
pounds, of a TRI- listed chemical to report
their environmental releases annually to EPA
and state governments. Environmental releas-
es include the disposal of wastes in landfills,
surface impoundments, land application
units, and waste piles. EPA compiles these
data in the TRI database and release this
information to the public annually. Facility

-
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operators might wish to include TRI data in
the facility’s information repository. TRI data,
however, are merely raw data. When estimat-
ing risk, other considerations need to be
examined and understood too, such as the
nature and characteristics of the specific facil-
ity and surrounding community.

In 1999, EPA promulgated a final rule that
established alternate thresholds for several
persistent, bioaccumulative, and toxic (PBT)
chemicals (see 64 FR 58665; October 29,
1999). In this rule, EPA has added seven
chemicals to the EPCRA Section 313 list of
TRI chemicals and lowered the reporting
thresholds for another 18 PBT chemicals and
chemical categories. For these 18 chemicals,
the alternate thresholds are significantly lower
than the standard reporting thresholds of
25,000 pounds manufactured or processed,
and 10,000 pounds otherwise used.

EPCRA is based on the belief that citizens
have a right to know about potential environ-
mental risks caused by facility operations in
their communities, including those posed as a
result of waste management. TRI data, there-
fore, provide yet another way for residents to
learn about the waste management activities
taking place in their neighborhood and to
take a more active role in decisions that
potentially affect their health and environ-
ment. More information on TRI and access to
TRI data can be obtained from EPAs Web site
<WwWw.epa.gov/tri>.
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Building partnerships between all stake-
holders—the community, the facility, and the
regulators—can provide benefits to all par-
ties, such as:
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e Better understanding of waste man-
agement activities at an industrial
facility.

e Better understanding of facility, state,
and community issues.

e Greater support of industry proce-
dures and state policies.

e Reduced delays and costs associated
with opposition and litigation.

e A positive image for a company and
relationship with the state and com-
munity.

Regardless of the size or type of a facility’s
waste management unit, facilities, states, and
local communities can all follow similar prin-
ciples in the process of building partnerships.
These principles are described in various
state public involvement guidance docu-
ments, various EPA publications, and state
requirements for waste facilities. These prin-
ciples embody sound business practices and
common sense and can go beyond state
requirements that call for public participation
during the issuance of a permit. The Guide
recommends principles that can be adopted
throughout the operating life of a facility, not
just during the permitting process. Following
these principles will help all involved consid-
er the full range of activities possible to give
partners an active voice in the decision-mak-
ing process, and in so doing, will result in a
positive working relationship.

A. Ry °
Pa
The key to effective involvement is good
planning. Developing a plan for how and
when to involve all parties in making deci-
sions will help make partnership activities run
smoothly and achieve the best results.
Developing a partnership plan also helps iden-
tify concerns and determine which involve-
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ment activities best
address those con-
cerns.

The first step in
developing a part-
nership plan is to
work with the state
agency to under-
stand what involve-
ment requirements
exist. Existing state
requirements deal-
ing with partnership plans must be followed.
mevafoltiesfotgershim <ationsh3lan
Plan



ronmental organizations, and any individuals
in the community who have expressed inter-
est in the facility’s operations.

Using the information gathered during the
interviews, facility representatives can devel-
op a list of the community’s concerns regard-
ing the facility’s waste management activities.
They can then begin to engage the communi-
ty in discussions about how to address those
concerns. These discussions can form the
basis of a partnership plan.
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A facility’s decision to change its opera-
tions provides a valuable opportunity for
involvement. Notifying the state and public
of new units and proposed changes at exist-
ing facilities gives these groups the opportu-
nity to identify applicable state requirements
and comment on matters that apply to them.

What are examples of effective
methods for notifying the public?

Table 1 presents examples of effective
methods for public notification and associat-
ed advantages and disadvantages. The
method used at a particular facility, and
within a particular community, will depend
on the type of information or issues that
need to be communicated and addressed.
Public notices usually provide the name and
address of the facility representative and a
brief description of the change being consid-
ered. After a public notice is issued, a facility
can develop informative fact sheets to
explain proposed changes in more detail.
Fact sheets and public notices can include
the name and telephone number of a contact

person who is available within the facility to
answer questions.

What is involved in preparing a
meeting with industry, community,
and state representatives?

Meetings can be an effective means of giv-
ing and receiving comments and addressing
concerns. To publicize a meeting, the date,
time, and location of the meeting should be
placed in a local newspaper and/or advertised
on the radio. To help ensure a successful dia-
logue, meetings should be at times conve-
nient for members of the community, such as
early in the evenings during the week, or on
weekends. An interpreter might need to be
obtained if the local community includes resi-
dents whose primary language is not English.



Methods

Briefings

Mailing of key
technical reports or
environmental
documents

News conferences

Newsletters

Newspaper inserts

Paid advertisements

News releases

Presentations to civic
and technical groups

Press kits

Advisory groups and
task forces
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Features

Personal visit or phone call to
key officials or group leaders to
announce a decision, provide
background information, or
answer questions.

Mailing technical studies or
environmental reports to other
agencies, leaders of organized

Advantages

Provides background information.
Determines reactions before an issue
“goes public.” Alerts key people to
issues that might affect them.

Provides full and detailed information

to people who are most interested.
Often increases the credibility of

groups, or other interested parties. studies because they are fully visible.

Brief presentation to reporters,
followed by a question-and-
answer period, often
accompanied by handouts of
presenter’s comments.

Brief description of what is going
on, usually issued at key intervals
for all people who have shown
interest.

Much like a newsletter, but
distributed as an insert in a
newspaper.

Advertising space purchased in
newspapers or on the radio or
television.

A short announcement or news
story issued to the media to get
interest in media coverage of the
story.

Deliver presentations, enhanced
with slides or overheads, to key
community groups.

A packet of information
distributed to reporters.

A group of representatives of key
interested parties is established.
Possibly a policy, technical, or
citizen advisory group.

Stimulates media interest in a story.
Direct quotations often appear in
television and radio. Might draw
attention to an announcement or
generate interest in public meetings.

Provides more information than can
be presented through the media to

those who are most interested. Often
used to provide information prior to

public meetings or key decision points.

Helps to maintain visibility during
extended technical studies.

Reaches the entire community with
important information. Is one of the

few mechanisms for reaching everyone
in the community through which you

can tell the story your way.

Effective for announcing meetings or
key decisions or as background
material for future media stories.

Might stimulate interest from the
media. Useful for announcing
meetings or major decisions or as

background material for future media

stories.

Stimulates communication with key
community groups. Can also provide
in-depth responses.

Stimulates media interest in the story.
Provides background information that

reporters can use for future stories.

Promotes communication between

key constituencies. Anticipates public

reaction to publications or decisions.
Provides a forum for reaching
consensus.

Disadvantages

Requires time.

Costs money to print and
mail. Some people might not
read the reports.

Reporters will only come if
the announcement or presen-
tation is newsworthy. Cannot
control how the story is pre-
sented, although some direct
quotations are likely.

Requires staff time. Costs
money to prepare, print, and
mail. Stories must be objec-
tive and credible, or people
will react to the newsletters
as if they were propaganda.

Requires staff time to prepare
the insert, and distribution
costs money. Must be pre-
pared to newspaper’s layout
specifications.

Advertising space can be
costly. Radio and television
can entail expensive produc-
tion costs to prepare the ad.

Might be ignored or not
read. Cannot control how
the information is used.

Few disadvantages, except
some groups can be hostile.

Few disadvantages, except
cannot control how the
information is used and
might not be read.

Potential for controversy
exists if “advisory” recom-
mendations are not followed.
Requires substantial commit-
ment of staff time to provide
support to committees.
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Table 1

Effective Methods for Public Notification (cont.)

Methods Features

Focus groups Small discussion groups
established to give “typical”
reactions of the public.
Conducted by a professional
facilitator. Several sessions can be

conducted with different groups.

Advantages

Provides in-depth reaction to ideas or
decisions. Good for predicting
emotional reactions

Disadvantages

Gets reactions, but no
knowledge of how many
people share those reactions.
Might be perceived as an
effort to manipulate the
public.

Telephone line Widely advertised phone number
that handles questions or provides

centralized source of information.

Gives people a sense that they know
whom to call. Provides a one-step
service of information. Can handle
two-way communication.

Is only as effective as the
person answering the tele-
phone. Can be expensive.

Meetings Less formal meetings for people
to present positions, ask

questions, and so forth.

Highly legitimate forum for the public
to be heard on issues. Can be
structured to permit small group
interaction— anyone can speak.

Unless a small-group discus-
sion format is used, it permits
only limited dialogue. Can
get exaggerated positions or
grandstanding. Requires staff
time to prepare for meetings.

U.S. EPA 1990. Sites for Our Solid Waste: A Guidebook for Effective Public Involvement.

State representatives also should antici-
pate and be prepared to answer questions
raised during the meeting. State representa-
tives should be prepared to answer ques-
tions on specific regulatory or compliance
issues, as well as to address how the facility
has been working in cooperation with the
state agency. The following are some ques-
tions that are often asked at meetings.

e What are the risks to me associated
with the operations?

e Who should | contact at the facility if
I have a question or concern?

e How will having the facility nearby
benefit the area?

e Will there be any noticeable day-to-
day effects on the community?

e Which processes generate industrial
waste, and what types of waste are
generated?

e What are the construction plans for
any proposed containment facilities?

e What are the intended methods for
monitoring and detecting emissions
or potential releases?

e What are the plans to address acci-
dental releases of chemicals or wastes

at the site?

e What are the plans for financial
assurance, closure, and post-closure

care?

e What are the applicable state regula-

tions?

e How long will it take to issue the

permit?

e How will the permit be issued?

e Who should I contact at the state
agency if | have questions or con-
cerns about the facility?

At the meeting, the facility representative
should invite public and state comments on
the proposed change(s), and tell community

e How will the waste streams be treat-
ed or managed?
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members where, and to whom, they should
send written comments. A facility can choose
to respond to comments in several ways. For
example, telephone calls, additional fact
sheets, or additional meetings can all be used
to address comments. Responding promptly
to residents’ comments and concerns demon-
strates an honest attempt to address them.
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Having a facility representative available to
answer the public’s questions and provide
information helps assure citizens that the
facility is actively listening to their concerns.
Having a state contact available to address the
public’s concerns about the facility can also
make sure that concerns are being heard and
addressed.

In addition to identifying a contact person,
facilities and states should consider setting up
a telephone line staffed by employees for citi-
zens to call and obtain information promptly
about the facility. Opportunities for face-to-
face interaction between community mem-
bers and facility representatives include onsite
information offices, open houses, workshops,
or briefings.
Information
offices function
similarly to infor-
mation reposito-
ries, except that
an employee is
present to answer
guestions. Open
houses are infor-
mal meetings on
site where resi-
dents can talk to
company officials

one-to-one. Similarly, workshops and briefin-
gs enable community members, state officials,
and facility representatives to interact, ask
questions, and learn about the activities at the
facility. Web sites can also serve as a useful
tool for facility, state, and community repre-
sentatives to share information and ask ques-
tions.

D. Pr'v.e | _f'rmat * _
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Providing information about facility opera-
tions is an invaluable way to help the public
understand waste management activities.
Methods of informing communities include
conducting facility tours; maintaining a pub-
licly accessible information repository on site
or at a convenient offsite public building such
as a library; developing exhibits to explain
operations; and distributing information
through the publications of established orga-
nizations. Examples of public involvement
activities are presented in the following pages.

Conduct facility tours. Scheduled facility
tours allow community members and state
representatives to visit the facility and ask
guestions about how it operates. By seeing a
facility first-hand, residents learn how waste
is managed and can become more confident
that it is being managed safely. Individual cit-
izens, local officials, interest groups, students,
and the media might want to take advantage
of facility tours. In planning tours, determine
the maximum number of people that can be
taken through the facility safely and think of
ways to involve tour participants in what they
are seeing, such as providing hands-on
demonstrations. It is also a good idea to have
facility representatives available to answer
technical questions in an easy-to-understand
manner.




Maintain a publicly accessible informa-
tion repository. An information repository is
simply a collection of documents describing
the facility and its activities. It can include
background information on the facility, the
partnership plan (if developed), permits to
manage waste on site, fact sheets, and copies
of relevant guidance and regulations. The
repository should be in a convenient, publicly
accessible place. Repositories are often main-
tained on site in a public “reading room” or
off site at a public library, town hall, or public
health office. Facilities should publicize the
existence, location, and hours of the reposito-
ry and update the information regularly.

Develop exhibits that explain facility
operations. Exhibits are visual displays, such
as maps, charts, diagrams, or photographs,
accompanied by brief text. They can provide
technical information in an easily under-
standable way and an opportunity to illus-
trate creatively and informatively issues of

Getting Started—Unde: tanding Ri kgnd # ilding Pa-tne- hip

concern. When developing exhibits, identify
the target audience, clarify which issue or
aspect of the facility’s operations will be the
exhibit’s focus, and determine where the
exhibit will be displayed. Public libraries,
convention halls, community events, and
shopping centers are all good, highly visible
locations for an exhibit.

Use publications and mailing lists of
established local organizations. Existing
groups and publications often provide access
to established communication networks. Take
advantage of these networks to minimize the
time and expense required to develop mailing
lists and organize meetings. Civic or environ-
mental groups, rotary clubs, religious organi-
zations, and local trade associations might
have regular meetings, newsletters, newspa-
pers, magazines, or mailing lists that could be
useful in reaching interested members of the
community.

1-17
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To address citizens’ concerns about the manu-
facture, transport, use, and disposal of chemical
products, the American Chemistry Council (ACC)
launched its Responsible Care® program in 1988.
To maintain their membership in ACC, companies
must participate in the Responsible Care® pro-
gram. One of the key components of the program
is recognizing and responding to community con-
cerns about chemicals and facility operations.

ACC member are committed to fostering an
open dialogue with residents of the communities in
which they are located. To do this, member compa-
nies are required to address community concerns in
two ways: (1) by developing and maintaining com-
munity outreach programs, and (2) by assuring that
each facility has an emergency response program in
place. For example, member companies provide
information about their waste minimization and
emissions reduction activities, as well as provide
convenient ways for citizens to become familiar
with the facility, such as tours. Many companies
also set up Community Advisory Panels. These
panels provide a mechanism for dialogue on issues
between plants and local communities. Companies
must also develop written emergency response
plans that include information about how to com-
municate with members of the public and consider
their needs after an emergency.

Responsible Care® is just one example of how
public involvement principles can be incorporated
into everyday business practices. The program also
shows how involving the public makes good busi-
ness sense. For more information about
Responsible Care®, contact ACC at 703 741-5000.
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Public concern about the future of America’s
forests coupled with the American Forest & Paper

Association’s (AF&PAS) belief that “sound environ-
mental policy and sound business practice go hand
in hand” fueled the establishment of the
Sustainable Forestry Initiative (SFI). Established in
1995, the SFI outlines principles and objectives for
environmental stewardship with which all AF&PA
members must comply in order to retain member-
ship. SFI encourages protecting wildlife habitat
and water quality, reforesting harvested land, and
conserving ecologically sensitive forest land. SFI
recognizes that continuous public involvement is
crucial to its ultimate goal of “ensuring that future
generations of Americans will have the same abun-
dant forests that we enjoy today.”

The SFI stresses the importance of reaching out
to the public through toll-free information lines,
environmental education, private and public sector
technical assistance programs, workshops, videos,
and other means. To help keep the public
informed of achievements in sustainable forestry,
members report annually on their progress, and
AF&PA distributes the resulting publication to
interested parties. In addition, AF&PA runs two
national forums a year, which bring together log-
gers, landowners, and senior industry representa-
tives to review progress toward SFI objectives.

Many AF&PA state chapters have developed
additional activities to inform the public about the
SFI. For example, in New Hampshire, AF&PA
published a brochure about sustainable forestry
and used it to brief local sawmill officials and the
media. In Vermont, a 2-hour interactive television
session allowed representatives from industry, pub-
lic agencies, environmental organizations, the aca-
demic community, and private citizens to share
their views on sustainable forestry. Furthermore, in
West Virginia, AF&PA formed a Woodland Owner
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Understanding Risk and Building
Partnerships Activity List

You should consider the following activities in understanding risk and building partnerships between
facilities, states, and community members when addressing potential waste management practices.

0O Understand the definition of risk.
0 Review sources for obtaining health benchmarks.

0 Understand the risk assessment process including the pathways and routes of potential exposure
and how to quantify or estimate exposure.

Be familiar with the risk assessment process for cancer risks and non-cancer risks.

Develop exhibits that provide a better understanding of facility operations.

Identify potentially interested/affected people.

Notify the state and public about new facilities or significant changes in facility operating plans.
Set up a public meeting for input from the community.

Provide interpreters for public meetings.

Make knowledgeable and responsible people available for sharing information.

Develop a partnership plan based on information gathered in previous steps.

Provide tours of the facility and information about its operations.

Maintain a publicly accessible information repository or onsite reading room.

U U0 U b b0 U U U oo

Develop environmental risk communication skills.
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Resources

American Chemistry Council. 2001 Guide to Community Advisory Panels.

American Chemistry Council. Revised 2001. Environmental Justice and Your Community: A Plant
Manager’s Introduction.

American Chemistry Council. Responsible Care® Overview Brochure.

Council in Health and Environmental Science, ENVIRON Corporation. 1986. Elements of Toxicology
and Chemical Risk Assessment.

Executive Order 12898. 1994. Federal Actions to Address Environmental Justice in Minority
Populations and Low-income Populations. February.

Holland, C.D., and R.S. Sielken, Jr. 1993. Quantitative Cancer Modeling and Risk Assessment.

Kolluru, Rao, Steven Bartell, et al. 1996. Risk Assessment and Management Handbook: For
Environmental, Health, and Safety Professionals.

Louisiana Department of Environmental Quality. 1994. Final Report to the Louisiana Legislature on
Environmental Justice.

Lu, Frank C. 1996. Basic Toxicology: Fundamentals, Target Organs, and Risk Assessment.
National Research Council. 1983. Risk Assessment in the Federal Government: Managing the Process.

Public Participation and Accountability Subcommittee of the National Environmental Justice Advisory
Council (A Federal Advisory Committee to the U.S. EPA). 1996. The Model Plan for Public
Participation. November.

Texas Natural Resource Conservation Commission. 1993. Texas Environmental Equity and Justice Task
Force Report: Recommendations to the Texas Natural Resource Conservation Commission.

Travis, C.C. 1988. Carcinogenic Risk Assessment.

U.S. EPA. 1996a. RCRA Public Involvement Manual. EPA530-R-96-007.
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impoundment, they are subjected to various
physical, chemical, and biological processes
that can result in the creation of new com-
pounds in the waste, changes in the mass and







Getting Started—Cha- acte-izing Wa tes

24

Incomplete or mis-characterization of waste
can lead to improper waste management, inac-
curate modeling outputs, or erroneous deci-
sions concerning the type of unit to be used,
liner selection, or choice of land application
methods. Note that process knowledge allows
you to eliminate unnecessary or redundant
waste testing by helping you focus on which
constituents to measure in the waste. Again,
thorough documentation of both the process
knowledge used (e.g., studies, published data),
as well as the analytical data is important.

The intent of leachate and extraction testing
is to estimate the leaching potential of con-
stituents of concern to water sources. It is
important to estimate leaching potential in
order to accurately estimate the quantity of
chemicals that could potentially reach ground-
or surface-water resources (e.g., drinking
water supply wells, waters used for recre-
ation). The Industrial Waste Management
Evaluation Model (IWEM) developed for the
Guide uses expected leachate concentrations
for the waste management units as the basis
for liner system design recommendations.
Leachate tests will allow you to accurately
guantify the input terms for modeling.

If the total concentration of all the con-
stituents in a waste has been estimated using
process knowledge (which could include pre-
vious testing data on wastes known to be very
similar), estimates of the maximum possible
concentration of these constituents in leachate
can be made using the dilution ratio of the
leachate test to be performed.

For example, the Toxicity Characteristic
Leachate Procedure (TCLP) allows for a total
constituent analysis in lieu of performing the
test for some wastes. If a waste is 100 percent
solid, as defined by the TCLP method, then

the results of the total compositional analysis
may be divided by twenty to convert the total
results into the maximum leachable concentra-
tiont. This factor is derived from the 20:1 lig-
uid to solid ratio employed in the TCLP. This
is a conservative approach to estimating
leachate concentrations and does not factor in
environmental influences, such as rainfall. If a
waste has filterable liquid, then the concentra-
tion of each phase (liquid and solid) must be
determined. The following equation may be
used to calculate this value:?

(VD(Cy) + (V)(Cy)
V, + 20V,
Where:
V; = Volume of the first phase (L)

C; = Concentration of the analyte of con-
cern in the first phase (mg/L)

V, = Volume of the second phase (L)

C, = Concentration of the analyte of con-
cern in the second phase (mg/L)

Because this is only a screening method for
identifying an upper-bound TCLP leachate
concentration, you should consult with your
state or local regulatory agency to determine
whether process knowledge can be used to
accurately estimate maximum risk in lieu of
leachate testing.

\
A. Sam *a ,Aaj)ss
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One of the more critical elements in proper
waste characterization is the plan for sampling
and analyzing the waste. The sampling plan is
usually a written document that describes the
objectives and details of the individual tasks of

! This method is only appropriate for estimating maximum constituent concentration in leachate for non-
liquid wastes (e.g., those wastes not discharged to a surface impoundment). For surface impoundments,
the influent concentration of heavy metals can be assumed to be the maximum theoretical concentration
of metals in the leachate for purposes of input to the ground-water modeling tool that accompanies this
document. To estimate the leachate concentration of organic constituents in liquid wastes for modeling
input, you will need to account for losses occurring within the surface impoundment before you can esti-
mate the concentration in the leachate (i.e., an effluent concentration must be determined for organics).

2 Source: Office of Solid Waste Web site at <www.epa.gov/sw-846/sw846.htm
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e Constituents/parameters to be sampled.

e Physical and chemical properties of
the waste.

e Accessibility of the unit.

e Sampling equipment, methods, and
sample containers.

e Quality assurance and quality control
(e.g., sample preservation and han-
dling requirements).

e Chain-of-custody.
e Health and safety of employees.

Many of these considerations are discussed
below. Additional information on data quality
objectives and quality assurance and quality
control can be found in Te t Method fa:
quf ating Solid Wa tes Phy icsl/Chemical
Method 3SW-846 (U.S. EPA, 1996¢), & idance
fo- the Data C\I ality Objective Boce [(U.S.
EPA, 1996bh), d idance on d ality A 4 ssance
P-oject Plan (§).S. EPA, 1998a), and ¢ idance
fo- the Data @ ality A esymgnt: P-actical
Method fa- Data Analy i {4).S. EPA, 1996a).?

A determination as to the constituents that
will be measured can be based on process
knowledge to narrow the focus and expense
of performing the analyses. Analyses should
be performed for those constituents that are
reasonably expected to be in the waste at
detectable levels (i.e., test method detection
levels). Note that the Industrial Waste
Management Evaluation Model (IWEM) that
accompanies this document recommends
liner system designs, if necessary, or the
appropriateness of land application based on
calculated protective leachate thresholds
(Leachate Concentration Threshold Values or
LCTVs) for various constituents that are like-
ly to be found in industrial waste and pose
hazards at certain levels to people and the
environment. The constituents that are evalu-
ated are listed in Table 1.2 of the In;[ t-3al
Wa tesManagement qu{ ation Model Technical

Backg d nd Dof ment (U.S. EPA 2002). The
LCTV tables also are included in the IWEM
Technical Backg: / nd Do] ment and the model
on the CD-ROM version of this Guide, and
can be used as a starting point to help you
determine which constituents to measure. It
is not recommended that you sample for all
of the organic chemicals and metals listed in
the tables, but rather use these tables as a
guide in conjunction with knowledge con-
cerning the waste generating practices to
determine which constituents to measure.

1 Representative Waste
Sampling

The first step in any analytical testing
process is to obtain a sample that is represen-
tative of the physical and chemical composi-
tion of a waste. The term “representative
sample” is commonly used to denote a sample
that has the same properties and composition
in the same proportions as the population
from which it was collected. Finding one sam-
ple which is representative of the entire waste
can be difficult unless you are dealing with a
homogenous waste. Because most industrial
wastes are not homogeneous, many different
factors should be considered in obtaining
samples. Examples of some of the factors that
should be considered include:

e Physical state of the waste. The
physical state of the waste affects
most aspects of a sampling effort. The
sampling device will vary according
to whether the sample is liquid, solid,
gas, or multiphasic. It will also vary
according to whether the liquid is
viscous or free-flowing, or whether
the solid is hard, soft, powdery,
monolithic, or clay-like.

e Composition of the waste. The
samples should represent the average
concentration and variability of the
waste in time or over space.

® These and other EPA publications can be found at the National Environmental Publications Internet
site (NEPIS) at <www.epa.gov/ncepihom/nepishom/>.



e Waste generation and han-
dling processes. Processes to
consider include: if the waste
is generated in batches; if
there is a change in the raw
materials used in a manufac-
turing process; if waste com-
position can vary substantially
as a function of process tem-
peratures or pressures; and if
storage time affects the waste’s
characteristics/composition.

e Transitory events. Start-up,
shut-down, slow-down, and
maintenance transients can
result in the generation of a
waste that is not representative
of the normal waste stream. If
a sample was unknowingly
collected at one of these inter-
vals, incorrect conclusions
could be drawn.

You should consult with your state or
local regulatory agency to identify any
legal requirements or preferences before
initiating sampling efforts. Refer to
Chapter 9 of the EPA's SW-846 test
methods document (see side bar) for
detailed guidance on planning, imple-
menting, and assessing sampling events.

To ensure that the chemical infor-
mation obtained from waste sampling
efforts is accurate, it must be unbiased
and sufficiently precise. Accuracy is
usually achieved by incorporating
some form of randomness into the
sample selection process and by select-
ing an appropriate number of samples.
Since most industrial wastes are het-
erogeneous in terms of their chemical
properties, unbiased samples and
appropriate precision can usually be
achieved by simple random sampling.
In this type of sampling, all units in
the population (essentially all locations

Getting Started—Cha- acte-izing Wa tes
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EPA has begun replacing requirements mandat-
ing the use of specific measurement methods or
technologies with a performance-based measure-
ment system (PBMS). The goal of PBMS is to
reduce regulatory burden and foster the use of
innovative and emerging technologies or meth-
ods. The PBMS establishes what needs to be
accomplished, but does not prescribe specifically
how to do it. In a sampling situation, for exam-
ple, PBMS would establish the data needs, the
level of uncertainty acceptable for making deci-
sions, and the required supporting documenta-
tion; a specific test method would not be
prescribed. This approach allows the analyst the
flexibility to select the most appropriate and cost
effective test methods or technologies to comply
with the criteria. Under PBMS, the analyst is
required to demonstrate the accuracy of the mea-
surement method using the specific matrix that is
being analyzed. SW-846 serves only as a guidance
document and starting point for determining
which test method to use.

SW-846 provides state-of-the-art analytical test
methods for a wide array of inorganic and organic
constituents, as well as procedures for field and
laboratory quality control, sampling, and charac-
teristics testing. The methods are intended to pro-
mote accuracy, sensitivity, specificity, precision,
and comparability of analyses and test results.

For assistance with the methods described in SW-
846, call the EPA Method Information
Communication Exchange (MICE) Hotline at 703
676-4690 or send an e-mail to mice@cpmx.saic.com.

The text of SW-846 is available online at:
<www.epa.gov/sw-846/main.htm>. A hard copy
or CD-ROM version of SW-846 can be purchased
by calling the National Technical Information
Service (NTIS) at 800 553-6847.
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or points in all batches of waste from which a
sample could be collected) are identified, and
a suitable number of samples is randomly
selected from the population.

The appropriate number of samples to
employ in a waste characterization is at least
the minimum number of samples required to
generate a precise estimate of the true mean




important factors to consider and will vary
depending on the type of constituents being
measured (e.g., VOCs, heavy metals, hydro-
carbons) and the waste matrix (e.g., solid,
liquid, semi-solid).

The analytical chemist then develops an
analytical plan which is appropriate for the
sample to be analyzed, the constituents to be
analyzed, and the end use of the information
required. The laboratory should have standard
operating procedures available for review for
the various types of analyses to be performed
and for all associated methods needed to com-
plete each analysis, such as instrument main-
tenance procedures, sample handling
procedures, and sample documentation proce-
dures. In addition, the laboratory should have

Getting Started—Cha- acte-izing Wa tes

* There are several general categories of phases in which samples can be categorized: solids, aqueous,
sludges, multiphase samples, ground water, and oil and organic liquid. You should select a test that is

designed for the specific sample type.

29



5 EPA has only reviewed and evaluated those test methods found in SW-846. The EPA has not reviewed
or evaluated the other test methods and cannot recommend use of any test methods other than those
found in SW-846.

¢ EPA is undertaking a review of the TCLP test and how it is used to evaluate waste leaching (described
in the Phase IV Land Disposal Restrictions rulemaking, 62 Federal Register 25997; May 26, 1998). EPA
anticipates that this review will examine the effects of a number of factors on leaching and on
approaches to estimating the likely leaching of a waste in the environment. These factors include pH,
liquid to solid ratios, matrix effects and physical form of the waste, effects of non-hazardous salts on
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ter is defined as the TCLP extractant. The
concentrations of constituents in the liquid
extract are then determined.

For wastes containing greater than or equal
to 0.5 percent solids, the liquid, if any, is sep-
arated from the solid phase and stored for
later analysis. The solids must then be
reduced to particle size, if necessary. The
solids are extracted with an acetate buffer
solution. A liquid-to-solid ratio of 20:1 by
weight is used for an extraction period of 18
+ 2 hours. After extraction, the solids are fil-
tered from the liquid through a glass fiber fil-
ter and the liquid extract is combined with
any original liquid fraction of the wastes.
Analyses are then conducted on the liquid fil-
trate/leachate to determine the constituent
concentrations.

To determine if a waste is hazardous
because it exhibits the toxicity characteristic
(TC), the TCLP method is used to generate
leachate under controlled conditions as dis-
cussed above. If the TCLP liquid extract con-
tains any of the constituents listed in Table 1
of 40 CFR Part 261 at a concentration equal
to or greater than the respective value in the
table, the waste is considered to be a TC haz-
ardous waste, unless exempted or excluded
under Part 261. Although the TCLP test was
designed to determine if a waste is hazardous,
the importance of its use for waste characteri-
zation as discussed in this chapter is to
understand the parameters to be considered
in properly managing the wastes.

You should check with state and local reg-
ulatory agencies to determine whether the
TCLP is likely to be the best test for evaluat-
ing the leaching potential of a waste or if
another test might better predict leaching
under the anticipated waste management
conditions. Because the test was developed by
EPA to determine if a waste is hazardous
(according to 40 CFR 261.24) and focused
on simulating leaching of solid wastes placed

in a municipal landfill, this test might not be
appropriate for your waste because the leach-
ing potential for the same chemical can be
quite different depending on a number of fac-
tors. These factors include the characteristics
of the leaching fluid, the form of the chemical
in the solids, the waste matrix, and the dis-
posal conditions.

Although the TCLP is the most commonly
used leachate test for estimating the actual
leaching potential of wastes, you should not
automatically default to it in all situations or
conditions and for all types of wastes. While
the TCLP test might be conservative under
some conditions (i.e., overestimates leaching
potential), it might underestimate leaching
under other extreme conditions. In a landfill
that has primarily alkaline conditions, the
TCLP is not likely to be the optimal method
because the TCLP is designed to replicate
leaching in an acidic environment. For mate-
rials that pose their greatest hazard when
exposed to alkaline conditions (e.g., metals
such as arsenic and antimony), use of the
TCLP might underestimate the leaching
potential. When the conditions of your waste



stituents from wastes. The SPLP was designed
to estimate the leachability of both organic
and inorganic analytes present in liquids, soils,
and wastes. The SPLP was originally designed
to assess how clean a soil was under EPA's
Clean Closure Program. Even though the fed-
eral hazardous waste program, did not adopt
it for use, the test can still estimate releases
from wastes placed in a landfill and subject to
acid rain. There might be, however, important
differences between soil as a constituent
matrix (for which the SPLP is primarily used)
and the matrix of a generated industrial waste.
A copy of Method 1312 has been included on



leachate generation, in part, from acid rain.
This time a liquid-to-solid ratio of 20:1 by
weight is used for an extraction period of 24
hours. After extraction, the solids are once
again filtered from the liquid extract, and the
liquid extract is combined with any original
liquid fraction of the waste.

These four steps are repeated eight addi-
tional times. If the concentration of any con-
stituent of concern increases from the 7th or
8th extraction to the 9th extraction, the pro-
cedure is repeated until these concentrations
decrease.

The MEP is intended to simulate 1,000
years of freeze and thaw cycles and prolonged
exposure to a leaching medium. One advan-
tage of the MEP over the TCLP is that the
MEP gradually removes excess alkalinity in
the waste. Thus, the leaching behavior of
metal contaminants can be evaluated as a
function of decreasing pH, which increases
the solubility of most metals.

4, Shake Extraction of Solid
Waste with Water or Neutral
Leaching Procedure

The Shake Extraction of Solid Waste with
Water, or the Neutral Leaching Procedure,
was developed by the American Society for
Testing and Materials (ASTM) to assess the
leaching potential of solid waste and has been
designated as ASTM D-3987-85. This test
method provides for the shaking of an extrac-
tant (e.g., water) and a known weight of
waste of specified composition to obtain an
aqueous phase for analysis after separation.
The intent of this test method is for the final
pH of the extract to reflect the interaction of
the liquid extractant with the buffering capac-
ity of the solid waste.

The shake test is performed by mixing the
solid sample with test water and agitating
continuously for 18+0.25 hours. A liquid-to-

solid ratio of 20:1 by weight is used. After
agitation the solids are filtered from the liquid
extract, and the liquid is analyzed.

The water extraction is meant to simulate
conditions where the solid waste is the domi-
nant factor in determining the pH of the
extract. This test, however, has only been
approved for certain inorganic constituents,
and is not applicable to organic substances
and volatile organic compounds (VOCs). A
copy of this procedure can be ordered by
calling ASTM at 610 832-9585 or online at
<www.astm.org>.
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To determine whether volatile organic

emissions are of concern at a waste manage-
ment unit, determine the concentration of the
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unnecessary sampling costs. A thorough
understanding of process knowledge can help
you determine what is reasonably expected to
be in the waste, so that it is not necessary to
sample for unspecified constituents.

Many tests have been developed for quan-
titatively extracting volatile and semi-volatile
organic constituents from various sample
matrices. These tests tend to be highly
dependent upon the physical characteristics
of the sample. You should consult with state
and local regulatory agencies before imple-
menting testing. You can refer to SW-846
Method 3500B for guidance on the selection
of methods for quantitative extraction or
dilution of samples for analysis by one of the
volatile or semi-volatile determinative meth-
ods. After performing the appropriate extrac-
tion procedure, further cleanup of the sample
extract might be necessary if analysis of the
extract is prevented due to interferences
coextracted from the sample. Method 3600
of SW-846 provides additional guidance on
cleanup procedures.

Following sample preparation, a sample is
ready for further analysis. Most analytical
methods use either gas chromatography
(GC), high performance liquid chromatogra-
phy (HPLC), gas chromatography/mass spec-
trometry (GC/MS), or high performance
liquid chromatography/mass spectrometry
(HPLC/MS). SW-846 is designed to allow the
methods to be mixed and matched, so that
sample preparation, sample cleanup, and
analytical methods can be properly
sequenced for the particular analyte and
matrix. Again, you should consult with state
and local regulatory agencies before finalizing
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Waste Characterization Activity List

To determine constituent concentrations in a waste you should:

Assess the physical state of the waste using process knowledge.
Use process knowledge to identify constituents for further analysis.
Assess the environment in which the waste will be placed.

Consult with state and local regulatory agencies to determine any specific testing requirements.

U U o o

Select an appropriate leachate test or organic constituent analysis based on the above information.
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Test Method

Leaching Fluid

Liquid:Solid Maximum

Ratio

Number of
Particle Size Extractions
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Time of
Extractions

Comments

B. Non-Agitated Extraction Tests

Static Leach Test Can be site specific, 3 VOL/surface |40 mm? 1 >7 days Series of optional steps
Method (material | standard leachates: water, 10 cm surface area increasing complexity of
characteristic brine, silicate/bicarbonate analysis

centre- 1)

High Temperature | Same as MCC-1 (conducted| VOL/Surface |40 mm? 1 >7 Days Series of optional steps
Static Leach Tests | at 100°C) 10 cm Surface Area increasing complexity of

Method (material
characterization

analysis

centre-2)

C. Sequential Chemical Extraction Tests
Sequential 0.04 m acetic acid 50:1 9.5 mm 15 24 hours per
Extraction Tests extraction

D. Concentration Build-Up Test

Sequential 5 leaching solutions of Varies from | 150 mm 5 Varies 3 or Examines partitioning of
Chemical increasing acidity 16.1to0 40.1 14 days metals into different
Extraction fractions or chemicals forms
Standard Leach DI water SYN Landfill 10:1, 5:1, As in 3 3 or 14 days | Sample discarded after each
Test, Procedure C 7.5:1 environment leach, new sample added to

(Wisconsin)

existing leachate

I1. Dynamic Tests (Leaching Fluid Renewed)

A. Serial Batch (Particle)

Multiple Extraction | Same as EP TOX, then 20:1 9.5 mm 9 (or more) | 24 hours per
Procedure (1320) [ with synthetic acid rain extraction

(sulfuric acid, nitric acid

in 60:40% mixture)
Monofill Waste Distilled/deionized water 10:1 per 95mmor |4 18 hours per
Extraction or other for specific site extraction monolith extraction
Procedures
Graded Serial Batch| Distilled water Increases N/A >7 Until steady
(U.S. Army) from 2:1 to state

96:1

Sequential Batch Type 1V reagent water 20:1 Asin 10 18 hours

Ext. of Waste with
Water ASTM
D-4793-93

environment
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Leaching Fluid

Liquid:Solid Maximum
Ratio

Number of

Particle Size Extractions

Time of
Extractions

Comments

Use of Chelating Demineralized water with | 50 or 100 <300 um 1 18, 24, or Experimental test based on
Agent to Determine |EDTA, sample to a final 48 hours Method 7341
the Metal pH of 7+0.5
Availability for
Leaching Soils and
Wastes*
B. Flow Around Tests

IAEA Dynamic DI water/site water N/A One face >19 >6 months
Leach Test prepared
(International
Atomic Energy
Agency)
Leaching Tests on | 0.1N acetic acid 20:1 0.6 um-70um| 1 24 hours S/S technologies most valid
Solidified Products* (Procedure A) when applied to wastes

2:1 (6 hrs.) contaminated by inorganic

& 10:1 pollutants

(18 hrs.)

(Procedure B)
DLT DI water N/A Surface 18 196 days

washing
C. Flow Through Tests
ASTM D4874-95 | Type IV reagent water One void 10 mm 1 24 hours
Column Test volume
I11. Other Tests
MCC-5s Soxhlet Dl/site water 100:1 Out and 1 0.2 ml/min
Test (material washed
characteristic center)
ASTM C1308-95 Only applicable if diffusion
Accelerated Leach is dominant leaching
Test® mechanism
Generalized Acid | Acetic acid 20:1 Able to pass |1 48 hours Quiantifies the alkalinity of
Neutralization through an binder and characterizes
Capacity Test™ ASTM No. 40 buffering chemistry
sieve

Acid Neutralization | HNO;, solutions of 31 150 mm 1 48 hours per
Capacity increasing strength extraction

it Garrabrants, A.C. and Koson, D.S.; Use of Chelating Agent to Determine the Metal Availability for Leaching
from Soils and Wastes, unpublished.

12 | eaching Tests on Solidified Products; Gavasci, R., Lombardi, F, Polettine, A., and Sirini, P,

2 C1308-95 Accelerated Leach Test for Diffusive Releases from Solidified Waste and a Computer Program to
Model Diffusive, Fractional Leaching from Cylindrical Wastes.
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Integrating Pollution Prevention

This chapter will help you:

= Consider pollution prevention options when designing a waste

ollution prevention describes a vari-
ety of practices that go beyond tra-
ditional environmental compliance
or single media permits for water,
air, or land disposal and begin to
address the concept of sustainability in the
use and reuse of natural resources. Adopting
pollution prevention policies and integrating
pollution prevention into operations provide
opportunities to reduce the volume and toxic-
ity of wastes, reduce waste disposal needs,
and recycle and reuse materials formerly han-
dled as wastes. In addition to potential sav-
ings on waste management costs, pollution
prevention can help improve the interactions

among industry, the public, and regulatory
agencies. It can also reduce liabilities and risks
associated with releases from waste manage-
ment units and closure and post-closure care
of waste management units.

Pollution prevention is comprehensive.
It emphasizes a life-cycle approach to assess-
ing a facility’s physical plant, production
processes, and products to identify the best
opportunities to minimize environmental
impacts across all media. This approach also
ensures that actions taken in one area will not
increase environmental problems in another
area, such as reducing wastewater discharges
but increasing airborne emissions of volatile
organic compounds. Pollution prevention
requires creative problem solving by a broad
cross section of employees to help achieve
environmental goals. In addition to the envi-
ronmental benefits, implementing pollution
prevention can often benefit a company in
many other ways. For example, redesigning
production processes or finding alternative
material inputs can also improve product
quality, increase efficiency, and conserve raw
materials. Some common examples of pollu-
tion prevention activities include: redesigning
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processes or products to reduce raw material
needs and the volume of waste generated;
replacing solvent based cleaners with aqueous
based cleaners or mechanical cleaning sys-
tems; and instituting a reverse distribution
system where shipping packaging is returned
to the supplier for reuse rather than discard.

The Pollution Prevention Act of 1990




Over the past 10 years, interest in all aspects
of pollution prevention has blossomed, and
governments, businesses, academic and
research institutions, and individual citizens
have dedicaMed greaMer resources to it. Many
industries are adapting pollution prevention
practices to fit their individual operations.
Pollution prevention can be successful when
flexible problem-solving approaches and solu-
tions are implemented. Fitting these steps into
your operation’s business and environmental
goals will help ensure your program’s success.

Throughout the Guide several key steps are
highlighMed that are ideal points for imple-
menting pollution prevention to help reduce
waste management costs, increase options, or
reduce potential liabilities by reducing risks
that the wastes mighM pose. For example:

Waste characterization is a key compo-
nent of the Guide. It is also a key component
of a pollution prevention opportunity assess-
ment. An opportunity assessment, however, is
more comprehensive since it also covers maMe-
rial inputs, production processes, operating
practices, and potentially other areas such as
inventory control. When characterizing a
waste, consider expanding the opportunity
assessment to cover these aspects of the busi-
ness. An opportunity assessment can help
identify the most efficient, cost-effective, and
environmentally friendly combination of
options, especially when planning new prod-
ucts, new or changed waste management prac-
tices, or facility expansions.

Land applicaMion of wastenighM be a pre-
ferred waste management option because land
applicaMion units can manage wastes with high
liquid content, treaM wastes through biodegra-
daMion, and improve soils due to the organic
maMerial in the waste. Concentrations of con-
stituents mighM limit the ability to take full
advantage of land applicaMion. Reducing the
concentrations of constituents in the waste
before it is generated or treaMing the waste prior

to land applicaMion can provide the flexibility to
use land applicaMion and ensure that the prac-
tice will be protective of human health and the
environment and limit future liabilities.

industry, states, and the public by protecting
the environment and reducing health risks,
and also provide businesses with financial and
strategic benefits.

Protecting human health and the envi-
ronment. By reducing the amount of contami-
nants released into the environment and the







When implementing pollution prevention,
consider a combination of options that best
fits your facility and its products. There are a
number of steps common to implementing
any facility-wide pollution prevention effort.
An essential starting point is to make a clear
commitment to identifying and taking advan-
tage of pollution prevention opportunities.
Seek the participation of interested partners,
develop a policy statement committing the
industrial operation to pollution prevention,
and organize a team to take responsibility for
it. As a next step, conduct a thorough pollu-
tion prevention opportunity assessment. Such
an assessment will help set priorities accord-
ing to which options are the most promising.
Another feature common to many pollution
prevention programs is measuring the pro-
gram’s progress.

The actual pollution prevention practices
implemented are the core of a program. The
following sections give a brief overview of
these core activities: source reduction, recy-
cling, and treatment. To find out more, con-
tact some of the organizations listed
throughout this chapter.

o o
A. S ae R o4 -

As defined in the Pollution Prevention Act
of 1990, source reduction means any practice
which (i) reduces the amount of any haz-
ardous substance, pollutant, or contaminant
entering any wastestream or otherwise
released into the environment, prior to recy-
cling, treatment, or disposal; and (ii) reduces
the hazards to public health and the environ-
ment associated with the release of such sub-
stances, pollutants, or contaminants. The
term includes equipment or technology mod-
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ifications; process or procedure modifica-
tions; reformulations or redesign of products;
substitution of raw materials; and improve-
ments in housekeeping, maintenance, train-
ing, or inventory control.

Reformulation
or redesign of
products. One
source reduction
option is to refor-
mulate or redesign
products and
processes to incor-
porate materials
more likely to pro-
duce lower-risk
wastes. Some of the
most common
practices include eliminating metals from
inks, dyes, and paints; reformulating paints,
inks, and adhesives to eliminate synthetic
organic solvents; and replacing chemical-
based cleaning solvents with water-based or
citrus-based products. Using raw materials
free from even trace quantities of contami-
nants, whenever possible, can also help
reduce waste at the source.

When substituting materials in an industri-
al process, it is important to examine the
effect on the entire waste stream to ensure
that the overall risk is being reduced. Some
changes can shift contaminants to another
medium rather than actually reduce waste
generation. Switching from solvent-based to
water-based cleaners, for example, will
reduce solvent volume and disposal cost, but
is likely to dramatically increase wastewater
volume. Look at the impact of wastewater
generation on effluent limits and wastewater
treatment sludge production.

Technological modifications. Newer
process technologies often include better
waste reduction features than older ones. For
industrial processes that predate considera-
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tion of waste and risk reduction, adopting
new procedures or upgrading equipment can
reduce waste volume, toxicity, and manage-
ment costs. Some examples include redesign-
ing equipment to cut losses during batch
changes or during cleaning and maintenance,
changing to mechanical cleaning devices to
avoid solvent use, and installing more energy-
and material-efficient equipment. State tech-
nical assistance centers, trade associations,
and other organizations listed in this chapter
can help evaluate the potential advantages
and savings of such improvements.

In-process recycling (reuse). In-process
recycling involves the reuse of materials, such
as cutting scraps, as inputs to the same
process from which they came, or uses them
in other processes or for other uses in the
facility. This furthers waste reduction goals by
reducing the need for treatment or disposal
and by conserving energy and resources. A
common example of in-process recycling is
the reuse of wastewater.

Good housekeeping procedures. Some of
the easiest, most cost-effective, and most wide-
ly used waste reduction techniques are simple
improvements in housekeeping. Accidents and
spills generate avoidable disposal hazards and
expenses. They are less likely to occur in
clean, neatly organized facilities.

Good housekeeping techniques that reduce
the likelihood of accidents and spills include
training employees to manage waste and
materials properly; keeping aisles wide and
free of obstructions; clearly labeling contain-
ers with content, handling, storage, expira-
tion, and health and safety information;
spacing stored materials to allow easy access;
surrounding storage areas with containment
berms to control leaks or spills; and segregat-
ing stored materials to avoid cross-contami-
nation, mixing of incompatible materials, and
unwanted reactions. Proper employee train-
ing is crucial to implementing a successful

waste reduction program, especially one fea-
turing good housekeeping procedures. Case
study data indicate that effective employee
training programs can reduce waste disposal
volumes by 10 to 40 percent.*

Regularly scheduled maintenance and
plant inspections are also useful. Maintenance
helps avoid the large cleanups and disposal
operations that can result from equipment
failure. Routine maintenance also ensures that
equipment is operating at peak efficiency, sav-
ing energy, time, and materials. Regularly
scheduled or random, unscheduled plant
inspections help identify potential problems
before they cause waste management prob-
lems. They also help identify areas where
improving the efficiency of materials manage-
ment and handling practices is possible. If
possible, plant inspections, periodically per-
formed by outside inspectors who are less
familiar with day-to-day plant operations, can
bring attention to areas for improvement that
are overlooked by employees accustomed to
the plant’s routine practices.

Storing large volumes of raw materials
increases the risk of an accidental spill and
the likelihood that the materials will not be
used due to changes in production schedules,
new product formulations, or material degra-
dation. Companies are sometimes forced to
dispose of materials whose expiration dates
have passed or that are no longer needed.
Efficient inventory control allows a facility to
avoid stocking materials in excess of its abili-
ty to use them, thereby decreasing disposal
volume and cost. Many companies have suc-
cessfully implemented “just-in-time” manu-
facturing systems to avoid the costs and risks
associated with maintaining a large onsite
inventory. In a “just-in-time” manufacturing
system, raw materials arrive as they are need-
ed and only minimal inventories are main-
tained on site.

* Freeman, Harry. 1995. Ingf t-dal Pof tion P-evention Handbook. McGraw-Hill, Inc. p. 13.
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Segregating waste streams is another good
housekeeping procedure that enables a facili-

3-7



Getting Started—

3-8




Getting Started—Integ- ating Pof tion P-evention

e Immobilization: e Stabilization
Encapsulation TP
N = Vitrification
Thermoplastic binding
e Extraction:
Solvent extraction

Critical extraction

e Carbon absorption:
Granular activated carbon (GAC)

Powdered activated carbon (PAC)

N e High temperature metal recover
e Distillation: g P y

Batch distillation (HTMR)

Fractionation Biological treatment can be divided into two
Thin film extraction categories—aerobic and anaerobic. Aerobic bio-
Steam stripping logical treatment uses oxygen-requiring
Thermal drying microorganisms to decompose organic and

non-metallic constituents into carbon dioxide,
water, nitrates, sulfates, simpler organic prod-
e Evaporation/volatilization ucts, and cellular biomass (i.e., cellular growth
and reproduction). Anaerobic biological treat-
ment uses microorganisms, in the absence of

e Filtration

e Grinding
e Shredding
e Compacting

« Solidification/addition of absorbent
material

Chemical treatment involves altering a
waste’s chemical composition, structure, and
properties through chemical reactions.
Chemical treatment can consist of mixing the
waste with other materials (reagents), heating
the waste to high temperatures, or a combi-
nation of both. Through chemical treatment,
waste constituents can be recovered or
destroyed. Listed below are a few examples of
chemical treatment.

e Neutralization
e Oxidation

e Reduction

e Precipitation
e Acid leaching
e lon exchange
e Incineration

e Thermal desorption
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and waste reduction alternatives for
specific industry sectors.
<www.epa.gov/ttbnrmrl/ttmat.htm>
Phone: 513-569-7562 e-mail:
ord.ceri@epamail.epa.gov

Enviro$en$e, part of the U.S. EPA’s
Web site, provides a single repository
for pollution prevention, compliance
assurance, and enforcement informa-
tion and data bases. Its search engine
searches multiple Web sites (inside
and outside the EPA), and offers
assistance in preparing a search.
<es.epa.gov>

National Pollution Prevention
Roundtable (NPPR) promotes the
development, implementation, and
evaluation of pollution prevention.
NPPR’s Web site provides an abridged
online version of The Poll tion
P-evention Yellow Page <\Www.p2.
org/inforesources/nppr_yps.html>,
a listing of local, state, regional and
national organizations, including
state and local government programs,
federal agencies, EPA pollution pre-
vention coordinators, and non-profit
groups that work on pollution pre-
vention. <www.p2.org> Phone: 202
466-P2P2

P2 GEMS. This site, an Internet
search tool operated by the
Massachusetts Toxics Use Reduction
Institute, can help facility planners,
engineers, and managers locate
process and materials management
information over the Web. It includes
information on over 550 sites valu-
able for toxics use reduction planning
and pollution prevention.
<www.edu/p2gems.org>

Pollution Prevention Information
Clearinghouse (PPIC). PPIC main-
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