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ABSTRACT

The concern over the potential threats posed by improper

disposal of hazardous wastes has increased considerably in the

past 10 to 15 years. Recent hazardous waste legislation requires

actions that substantially increase the costs of waste disposal.

As such, waste generators face the choice of conforming to the

regulations or disposing the wastes in an initially less expen-

sive, improper manner. Although the former choice may have

relatively higher initial costs, the latter may lead to even

greater economic burdens on the waste generator. -If improper

disposal increases threats of harm to human health and/or envi-

ronment (whether those threats are actual and/or perceived), the

responsible party may face costs of remedial actions, fines, and

litigation. Even though those costs may not become manifest

until several years into the future, those costs are likely to

outweigh those for proper disposal.

A hypothetical case study using polychlorinated biphenyls

(PCBs) as the waste stream of interest is used to examine this

hypothesis. The literature review preceding the case study dis-

cusses PCBs and their potential threat to human and ecological

endpoints, present hazardous waste management practices with

emphasis on PCBs, and the use of risk assessments in remedial

activities. For both risk assessments of human health and ecolo-

gical damage, emphasis iW placed on their limitations and defi-

ciencies.

The results indicate that proper disposal is by far more

cost effective than improper disposal. Under the latter scenar-

io, the following alternative actions are considered, in order of

increasing costs: Moderate remediation (cleanup to 10 ppm PCB

soil), Extensive remediation (cleanup to 1 ppm PCB soil), and No

Cleanup, whose cost is driven by the potential for litigation

costs due to increased risks of cancer incidence amongst the

population exposed. "
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. INTRODUCTION

The costs of properly handling and disposing a given hazard-

ous waste stream may appear to be rather exorbitant from the

perspective of a waste generator. However, if the applicable

regulations and requirements are not followed completely, albeit

intentionally or due to negligence, the generator may end up

bearing an even greater financial burden, due to costs of reme-

dial action, litigation, etc. This paper synthesizes existing

literature in an attempt to illustrate the hypothesis that the

"legal" approach (i.e. proper disposal) can be more cost effect-

ive. For the purposes of this report, the author has developed a

quasi-hypothetical but realistic situation based on a waste

stream consisting of polychlorinated biphenyls (PCBs) to lemon-

strate this hypothesis.

As indicated above, the total costs to the waste generator

may exceed those required for disposal only. If the party is. responsible for creating an "illegal" site or a spill, say, it

may undergo litigation initiated by the Environmental Protection

Agency (EPA) in an attempt to recover costs for the remedial

activities (if EPA conducted those activities). In addition,

section 107(a) of the Comprehensive Environmental Response,

Compensation and Liability Act (CERCLA) contains provisions for

state governments, private citizens or action groups to sue for

any or all damages or perceived damages that may or may not have

occurred (Findley & Farber, 1988). Such damages may be based on

a risk assessment, with respect to human health or ecological

endpoints, that would factor in determining if the generator

should be held liable.

This paper consists of a detailed review of existing litera-

ture on PCBs, hazardous wastes in general, and risk assessment

methodologies, highlighting key information applicable to the

hypothetical case. I intend this paper, primarily via the

hypothetical case study, to support the following notions:S
1



* - (1) A given generator is for the most part better off by

following the regulations and bearing the relatively high initial

costs of proper disposal

- (2) Perception of risk may significantly influence the poten-

tial litigation costs

- (3) Human health risk assessments play an important role in

determining adequate cleanup levels for hazardous waste sites

LITERATURE REVIEW

Scope This background discussion is intended to provide an

understanding of the factors and issues that entail the forthcom-

ing case study. Overall, many studies have been conducted to

determine the chemical properties and health effects of PCBs.

The properties are well established, but the health effects

remain open to debate, in particular PCBs' potential for carcino-

genicity. Despite the uncertainties, regulations and standards. have been established to control the threat PCBs pose. Elements

of the Toxic Substances Control Act, the Comprehensive Environ-

mental Response, Compensation and Liability Act, and the Resource

Conservation and Recovery Act may influence the situation at

hand. Cleanup standards may be based on EPA's drinking water

standards, ambient water and air criteria, the FDA's limits on

PCB concentrations in fish and other food products, and some

state regulations. Risk assessments have been conducted on sites

contaminated with PCBs; many of the typical pitfalls associated

with present-day risk assessment approaches are evident in

situations where PCBs are the primary chemical of concern.

This section provides background on the most important

aspects of these three areas: PCBs, hazardous waste management

(in particular those regulations which apply to PCBs), and risk

assessment practices. Following this literature review is a

hypothetical case study which applies and examines much of what

is discussed below.

2



. Polychlorinated Biphenyls (PCBs)

This class of organic compounds has received a great deal of

attention over the past twenty years. "PCBs" is a catch-all term

for a group of 209 congeners, each consisting of a biphenyl ring

and a combination of anywhere trom one up to twelve chlorine

atoms (Metcalfe, 1986). Aroclor 1248, 1254 and 1260 are example

trade names of PCBs commonly found in the environment. Despite

the variances in their properties and behavior in the environ-

ment, PCBs are typically addressed within legal and management

contexts as though they are In effect one compound. The primary

properties of concern are persistence and the ability to bioac-

cumulate in aquatic organisms (Norstrom, 1986). These proper-

ties, coupled with past practices, result in widespread distribu-

tion of PCBs throughout the environment (air, water, soils,

biota); this dissemination enhances the belief that PCBs pose

potentially significant harm to human health as well as the. environment itself (e.g. liver toxicity in rainbow trout) (Nor-

strom, 1986). Federal regulations and limits on PCB allowable

levels and uses have helped to reduce levels found in biota and

human tissues; but significant levels of PCB contamination remain

(US EPA, 1980).

Sources and Pathways Due to desirable characteristics such

as insulating capacity and non-flammability, PCBs have been used

in a variety of contexts, especially in electrical equipment as

coolants and lubricants, but also in such items as carbon paper,

plastics, adhesives, paints, etc. (Belongia et al, 1985) Manu-

factured exclusively by Monsanto in the United States and taking

on a variety of trade names (e.g. Aroclor), PCBs were produced

from 1929 until 1977, constituting a total output of approxi-

mately 1.2 billion pounds (Belongla et al, 1985). When concern

over potential health effects became manifest (in particular due

to the "Yusho" incident in Japan), Monsanto voluntarily stopped

production (Belongla et al, 1985). Later, usage was banned

3



except for "closed" systems (such as transformers - Norstrom,

1986).

Despite the ban on direct production, a significant amount

of PCBs can be found throughout the environment (Norstrom, 1986).

In addition, they are by-products from the formation of various

other chemicals (US EPA, 1983). The EPA has estimated that 101

kg of PCB are dispersed throughout the world, with 1/3 of total

production still in use, and another 1/3 in landfills or storage

(Norstrom, 1986). Tateya et al (1988) estimated that 2/3 of

total production is still in use, primarily in old transformers.

Although It is difficult to accurately determine the exact fate

of the total production of PCBs, it is apparent that widespread

contamination has occurred, and due to PCBs' persistence, will

exist in the environment for the foreseeable future.

In the past, PCBs were routinely disposed of under permit

through industrial discharges into rivers and streams, as well as

in open landfills (Belongla et al, 1985). Although legal at the. time, these practices have served as the principal causes for the

now existing hazards. PCBs in transformers and capacitors also

pose a threat, although the dangers are limited mainly to fires

and leaks or spills. The potential effects are enhanced in a

fire situation, because the combustion of PCBs typically creates

polychlorinated-dibenzofurans (PCDFs) and dioxins, both of which

have been found to be far more toxic than PCBs themselves (Car-

rier, 1986). Several prominent incidents have occurred within

the last ten years; the fires in the Binghamton, NY state office

building and the San Francisco Pacific Gas Co. building are

perhaps the most well known (Carrier, 1986). In the former case,

over 40 million dollars have been spent to clean up the PCB,

PCDF, and dioxin residues, yet the building remains unoccupied.

Effects on Humans A great variety of health effects have

been attributed to PCB exposure. Acute effects are believed to

include liver damage, chloracne, etc. (Safe, 1986) Table 1

summarizes the prominent effects reported due to occupational

0



TABLE 1. Effects of Occupational Exposures to
Polychlorinated Biphenyls

Folliculitis and acneform dermatoses
Skin neoplasia (uncertain)
Acute hepatocellular injury (hepatitis)
Subacute hepatic necrosis with possible cirrhosis
Male infertility
Female infertility (suspected)
Embryotoxicity
Teratogenesis
Spontaneous abortion/fetal death
Neonatal death (suspected)
Low birth weight
Developmental disabilities (suspected)
Immune suppression (suspected)

Source: Grisham, 1986.



. exposures (note: corresponding exposure levels were not report-

ed). As alluded to earlier, the most infamous case of apparent

PCB poisoning occurred in Japan in 1968. Called the "Yusho

Syndrome," over 1000 people became ill after ingesting rice that

was cooked using an oil contaminated with 2000 to 3000 ppm

Kanechlor 400, a Japanese trade name for PCBs (Wilson, 1987 and

US EPA, 1980). It was estimated that affected individuals

ingested an average of two grams of PCBs (US EPA, 1980). Pa-

tients experienced skin discoloration, chloracne, mild Jaundice,

vomiting, diarrhea, and respiratory problems. Symptoms were

exhibited also by new-born babies, especially those that were

breast-fed (Waldbott, 1978). These effects were initially linked

to PCBs, but are now attributed to PCDFs, which were found to be

in the rice oil at concentrations ranging from 1.6 to 5 ppm

(Cordle et al, 1985 and US EPA, 1980). So even though PCBs in

and of themselves may not be as toxic as originally believed, if

PCDFs and/or dioxins are also present, then the concern over. potential adverse effects remains Justified, perhaps even mag-

nified. Moreover, ". ..the bioaccumulation of these compounds may

render the individual more susceptible to injury from subsequent

exposure to other exogenous chemicals" (Grisham, 1986).

In spite of the publicity over PCBs' threat to human health,

exposure to PCBs in the U.S. has never been as acute as the Japan

incident (Belongla et al, 1985). However, the primary concern

these days lies in the potential for chronic toxicity (US EPA,

1977). Due to their lipophilic nature, PCBs have been shown to

accumulate in human adipose tissue, as well as in blood serum

(although no firm link has been established between these ele-

vated levels and chronic effects - Belongla et al, 1985 and

Stehr-Green et al, 1986a). Average concentrations of PCBs in

human adipose tissue have been estimated at 1 ppm (US EPA, 1980).

Table 2 summarizes the results of one study depicting the levels

in human specimens. This accumulation tends to remain for a long

time, since the body has difficulty metabolizing PCBs, especially

5



TABLE 2. Levels of Polychlorinated Biphenyls
in Human Adipose Tissue

Data Sample Percent Percent Percent Percent

Source Size Nondetected 1 ppm 1-2 ppm 2 ppm

Yobs,1972 688 34.2 33.3 27.3 5.2

FY 1973 1277 24.5 40.2 29.6 5.5
Survey

FY 1974 1047 9.1 50.6 35.4 4.9

Source: US EPA, 1980.



those with relatively high chlorine content (Carrier, 1986). The

concern is supported by animal bioassays which indicate that

these compounds may be carcinogenic, teratogenic, and/or

fetotoxic (US EPA, 1984). A large number of studies have been

conducted over the years; the overall results of the bioassays

have been inconclusive, but suggestive of adverse effects

(Tables 3 and 4 summarize the results of these studies conducted

on mice and rats, respectively.) In addition, epidemiological

studies have yet to establish that PCBs result in a significant

increase in the incidence of human cancer (Cordle et al, 1985).

Nevertheless, the EPA has classified PCBs as a class B2 - prob-

able human carcinogen (US EPA, 1984).

Effects on Ecosystems PCBs are known to bioaccumulate and

bioconcentrate in the food chain, primarily in aquatic organisms

(US EPA, 1984). Bioconcentration factors (BCFs) vary greatly

among species; for instance, the BCF has been estimated to be

3000 for brook trout and 274,000 for the fathead minnow (US EPA,.1974). For freshwater fish and shellfish, the EPA has estimated

an average BCF of 31,200 (US EPA, 1980).

Fish and benthic organisms have been examined and found to

have fairly high concentrations of PCBs in their fatty tissues.

In North Atlantic fish, PCB concentrations range from 0.01 to 1

ppm (Waldbott, 1978). A more extreme situation lies in the Great

Lakes, where coho salmon have had concentrations exceeding 5 ppm

(Valdbott, 1978). Toxicities also vary substantially from

species to species; among aquatic organisms, indications are that

in some cases PCBs are more toxic to invertebrates than to fish

(Mayer et al, 1985). Moreover, studies indicate that earlier

life stages are more susceptible to damage (Mayer et al, 1985).

Some of the potential effects include suppression of avian and

mammalian immune responses, increase disease incidence, cancerous

tumors, and fin erosion (Mayer et al, 1985). The bioconcen-

tration of PCBs is more pronounced in fish-eating birds. Cormor-

ants and ospreys have been found with PCB concentrations ranging

0
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from 300 to 1000 ppm (Waldbott, 1978).

In an EPA study, newly hatched fathead minnows were exposed

to Aroclor 1248 at various ambient concentrations over a thirty

day period. Results shown in table 5 indicate that at least 75

percent survived when the ambient concentration was 5.1 micro-

grams per liter or less, but none survived at 18 micrograms/l.

(Data points between these two values were not documented, so a

toxicity "threshold" could not be ascertained from this data

set.) The study concluded that with respect to fish, PCBs are

acutely toxic, but that chronic toxicity is an even greater

concern due to the bioaccumulative tendencies of these chemicals

(US EPA, 1977). An interesting finding was that fish eggs were

apparently quite resistant or impermeable to PCBs; but again, the

newly hatched fish were the most vulnerable relative to other

life stages (US EPA, 1977).

Regulatory Standards/Criteria (excluding hazardous waste

sites) Within the last twenty years, the EPA, Food and Drug. Administration (FDA), and the National Institute for Occupational

Safety and Health (NIOSH) have promulgated and established

standards and criteria for concentrations of PCBs in ambient air,

ambient water, drinking water, food products, and occupational

settings. For ambient water, the criteria is as follows (US EPA,

1984):

Expected Increase in Ambient Water Quality

Lifetime Cancers Criteria (mg/l)

10"s  0.79

10-6 0.079

10 .7  0.0079

NIOSH has recommended an occupational standard of 1 microgram per

cubic meter for a 10 hour per day, 40 hour per week exposure (US

EPA, 1984). (Promulgation of this recommendation into a standard. is still pending.)

7



TABLE 5. Results of 30-day Survival and Growth Study of
Newly Hatched Fathead Minnows (Aroclor 1248)

Mean Initial Final Final
Measured Number Mean Mean Mean
Concentration of Percent Weight Length
(microgm/1) Animals Survival (g) (mm)

18 20 0 -- --

5.1 20 75 0.36 17.9

2.2 20 85 0.49 19.1

0.54 20 80 0.92 20.8

0.18 20 100 1.47 20.3

0.00 20 85 1.11 18.4

Source: US EPA-600/3-77-034, March 1977.



The FDA regulations for PCBs are summarized in table 6.

Also, this agency has set an action level of 2.0 mg/kg for

concentrations in fish, a level which primarily targets the Great

Lakes (D'ItrI, 1988).

Summary - PCBs PCBs are a class of chemicals whose use in

many applications, coupled with liberal disposal practices, has

led to widespread contamination of the environment. Because of

their persistence and ability to bioaccumulate, PCBs will remain

in the environment for the foreseeable future, even though their

production ceased over ten years ago. Various studies indicate

that PCBs may cause adverse health effects in humans and ecologi-

cal endpoints, although the collective results of these studies

are inconclusive. Regardless, regulations and criteria have been

established to reduce exposures to PCBs.

Hazardous Waste Management

Hazardous waste management has been a rapidly growing field

in the last 10 to 15 years. The two principal bodies of legisla-

tion for hazardous wastes are the Resource Conservation and

Recovery Act (RCRA) of 1976, which entails the "cradle-to-grave"

approach for treatment and disposal, and the Comprehensive

Environmental Response. Compensation and Liability Act (CERCLA),

commonly known as "Superfund," along with its amendments, the

Superfund Amendment and Reauthorization Act (SARA) of 1986. The

Superfund legislation deals with remediation of past waste

disposal practices which have resulted in widespread environ-

mental degradation. In dealing with most hazardous waste situa-

tions, a given site contaminated with one or more substances

would be subject to one of these laws. PCBs are somewhat of an

exception, however: Regulation of use and disposal of PCBs is

covered under the Toxic Substances Control Act (TSCA) of 1976,

which singles out PCBs in section 6(e). CERCLA/SARA would apply

8
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TABLE 6. FDA Regulations for PCBs

Commodity Temporary Tolerances
(ppm)

Milk (fat basis) 1.5

Manufactured dairy products (fat basis) 1.5

Poultry (fat basis) 3.0

Eggs 0.3

Finished animal feeds 0.2

Animal feed components of animal origin 2.0

Edible portion of fish and shellfish 5.0

Infant and junior foods 0.2

. Paper food packaging material 10.0

Source: US EPA, 1984.



0
in situations where PCBs were disposed of in an improper manner,

although elements of TSCA would be used in determining the

"applicable or relevant and appropriate requirements (ARARs)".

PCBs have been found in about 24 percent of the Superfund sites

for which Records of Decision (ROD) have been passed (Hanson,

1988). Also, in a survey of 34 Superfund sites, PCBs were

designated as an indicator chemical on 13 occasions (38% - Zam-

uda, 1989).

As mentioned earlier, TSCA governs the treatment and dis-

posal of PCBs. Table 7 presents an example of the principal

disposal requirements for the remedial action approved for the

Pacific Hide and Fur site in Idaho (US EPA, 1980), and table 8

summarizes the EPA rules for PCB transformers. As indicated,

TSCA divides cleanup requirements into three categories according

to the PCB concentration: less than 50 ppm, between 50 ppm and. 500 ppm, and greater than 500 ppm. For less than 50 ppm PCB

wastes, no special actions are required. For the intermediate

category, PCBs are to be incinerated or disposed of in an ap-

proved chemical landfill. If the waste contains PCBs in concen-

trations above 500 ppm, then incineration is the only allowable

disposal means. One is not allowed to dilute the wastes in order

to reduce the concentration to a level requiring less stringent

handling and treatment (McGraw, 1984).

Remediation Expenses The cost consequences of these requi-

rements are significant. For instance, disposal in a landfill

can cost approximately $300,000 dollars for 1000 cubic yards of

bulk waste with PCB concentrations below 500 ppm; incineration

costs can be much greater, perhaps up to 1 million dollars

(Freeman, 1989).

A recent local situation serves as an illustration. Seattle

City Light had stored at the Lake Union steam plant approximately

811,000 gallons of heating oil that was contaminated with an

O average of 75 ppm PCBs. Several alternatives were proposed to

eliminate the material, two of which were biological treatment

9



TABLE 7. Applicable or Relevant and Appropriate
Requirements for PCB Superfund Site,
Pacific Hide and Fur, Idaho

Chemical- 40 CFR 761.60 Requires that soils contaminated
specific (a) (4) over 50 ppm of PCBs be handled as a

TSCA regulated material

EPA ambient water Establishes a human lifetime cancer
quality criteria due to ingestion of water containing

PCBs and aquatic life containing
PCBs of 0.079 mg/l at the 10 "Esk

Establishes aquatic life criteria
for PCBs for acute effects (2 micgm
per liter) and chronic effects
(0.014 microgm/l).

Location-specific None

Action- CERCLA Section 121 Establishes procedures to be
Specific observed when a CERCLA response

is undertaken involving off-site
storage, treatment, or disposal
of CERCLA waste.
Procedures are outlined in EPA
Revised Procedures for implementing
Off-Site Response Actions.

TSCA Regulations

40 CFR 761.60 (a)(4) Requires that soils contami-
nated at greater than 50 ppm be
disposed of in a TSCA regulated
incinerator or chemical waste
landfill (off-site disposal,
landfill design)

40 CFR 761.60 (b)(2) Requires that all small PCB
capacitors that contain more than
500 ppm of PCBs shall be incinerated
unless a determination is made that
no Incineration capacity exists.

40 CFR 761.75 Establishes the standards for
landfills used for disposal of PCBs.

40 CFR 761.70 Establishes the standards for
incinerators used for disposal of
PCBs.



TABLE 7. Applicable or Relevant and Appropriate
Requirements (cont'd)

40 CFR 761.65 Establishes requirements for PCB
storage for disposal facilities,
including vehicles used for PCB
transport.

RCRA Regulations

40 CFR 264 Establishes requirements for
Subpart F addressing releases from solid waste

management units (landfill design).

40 CFR 264.310 Establishes hazardous waste
landfill closure standards (landfill
design).

OSHA Regulations

29 CFR Establishes worker protection
Subpart 1910.120 standards for erployees involved in

operations at CECLA sites.

National Ambient Air Quality Standards for Particulate Matter

40 CFR 50.6 Establishes national primary and
secondary ambient air quality
standards for particulate matte:.

Source: US EPA/ROD/R10-88/015 (US EPA (1988b))



TABLE 8. Summary of EPA Rules Governing PCB-Related Transformers

Transformer Categories

Non-PCB PCB-Contaminated PCB

Distinction between transformer categories

Fluid Concentration Fluid Concentration Fluid concentration
below 50 ppm (F.R. vol between 50 ppm & 500 ppm greater than or
44, no. 106, p 31517) (F.R. Vol. 44, No. 106, equal to 500 ppm (F.R.

p. 31517) Vol. 44, No. 106, p
31517)

PCB marking and labeling requirements

No labeling required No labeling required Labeling required
(F.R. Vol 44, No 106, (F.R. Vol 44, No 106, pp (F.R. Vol 44, No 106,
p 31517) 31512 & 31548) p 31548)

. Inspection program

Not required (F.R. Vol Not required (F.R. Vol 47, Required (F.R. Vol
47, No 165, p 37346) No. 165, p 37346) 47, No 165, p 37346)

Restrictions on servicing and/or rebuilding

No restriction (F.R. Vol Any servicing must be per- Any servicing that
44, No 106, p 31517) formed by the owner or requires the removal

operator or service comp- of coil from tank is
any that has obtained prohibited (F.R. Vol
exemption (F.R. Vol 44, No 44, No. 106,
106, p 31518) p 31518; Vol 47, No

165, p 37346)

Disposal of transformer carcasses

No restrictions (F.R. Vol No restrictions (F.R. Vol Must be disposed
44, No. 106 p31517) 44, No. 106, pp 31546, 31547) of in the follow-

ing manner: Annex II
chemical waste
landfill or

incinerator (F.R.
Vol 44, No. 106,
p 31546)



TABLE 8. (cont'd)

Disposal of the insulating fluids

No restrictions, except Must be disposed of by one Must be disposed of
that fluids with any de- of the following methods: in an Annex I in-
tectable PCB cannot be Annex II chemical waste cinerator (F.R. Vol
used as a "sealant, coat- landfill; high efficiency 44, No 106, p3 1 545 )
ing, or dust-control boiler; or Annex I Inciner-
agent" (F.R. Vol 44, No ator (F.R. Vol 44, No 106,
106, pp 31517, 31524) pp 31519, 31520, 31545)

Source: McGraw, 1984.

0

0



and on-site incineration. The former alternative was estimated

to cost 1.2 million dollars, whereas the latter (which was later

chosen) was expected to cost 4 million dollars (City of Seattle,

1985). There may be other situations, however, where incinera-

tion may be more cost effective (e.g. operations and maintenance

costs may be quite high and render an alternative more costly in

present value terms - Hall, 1988).

There are a number of factors which influence the total

costs of remedial activities. Table 9 lists some of these fac-

tors. The type and quantity of waste(s), degree of hazard, site

characteristics, age of site, and proximity to at-risk popu-

lations all factor into the total price. Politics and public

involvement (or lack thereof) also play a role. In at least one

case involving the cleanup of an old Alcoa site, proper communi-

cations with the public in effect "enhanced" the assessment and. cleanup process, thereby helping to keep costs in check (no

estimates of cost savings were provided) (Sonksen and Crawford,

1988).

In general, hazardous waste legislation includes stringent

requirements which lead to significant costs borne by waste

generators, the government, and society as a whole. The costs

for remedial activities at particular sites can range from a few

hundred thousand dollars to 50 million dollars in some cases.

With the promulgation of SARA, the costs are expected to increase

further. The EPA has estimated that the institution of SARA

requirements will increase the average time required for a

remedial investigation/feasibility study (RI/FS) from sixth

months to two years, and that an average of 67 months will be

necessary for remedial activities, resulting in a total time of

6.5 years (Hellman and Hawkins, 1988). The average cost per site

is projected to rise from 8 million dollars to 25-30 million

dollars (Hellman and Hawkins, 1988). Table 10 illustrates the

S ranges of unit costs for cleanup of a site contaminated with PCBs

(Hellman and Hawkins, 1988).
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TABLE 9. Factors Affecting Disposal Costs

A. Excavation or On-Site Transfer
1. Excavation depth
2. Site surface characteristics
3. Waste explosivity
4. Material-liquid/solid/drums
5. Waste quantity

B. Transportation
1. Distance to disposal facility
2. Accessibility to road
3. Material-liquid vs. solid
4. Waste quantity

C. Disposal

1. PCB
a. Concentration over/under 500 ppm
b. Material-solid vs. liquid

2. Non-PCB RCRA Hazardous
a. Solid vs. liquid
b. Aqueous vs. organic

II. Non-Technical
A. Community relations
B. Interstate relations
C. Inflation and regulatory factors

Source: Werner et al, 1983.



TABLE 10. Cleanup Options and Costs for PCB-Contaminated
Soil (100 ppm PCB)

Estimated

Treatment Cost/cu. yd.

Landfill - no pretreatment $200 - $400

Fly ash/cement stabilization $60 - $80

Fixation onsite with inorganic $180
polymer/cement mixture

Chemical destruction onsite $200 - $250

In situ vitrification (glassifying the $200 - $250
soil) maxtrix with complete
destruction of PCBs

Incineration of soil onsite $200 - $300
(PCB destruction)

Source: Hellman and Hawkins, 1988.



O Determining Cleanup Levels At times, the various bodies of

legislation may conflict with each other as to what actions

should ensue to assure an adequate cleanup. As a result, con-

fusion and disagreement may exist as to what constitutes accept-

able levels of cleanup for a given site (Santos and Sullivan,

1988). This situation is commonly referred to as the "how clean

is clean" issue. Two key aspects of CERCLA that deal with this

concern are (1) if for a given site there are several feasible

options for remedial activity which will reduce residual concen-

trations to "acceptable" levels, then the lowest cost option

should be chosen (i.e. most cost effective option); and (2) that

In determining cleanup levels, all "applicable or relevant and

appropriate requirements (ARARs)" should apply, meaning standards

and criteria stipulated in regulations such as the Clean Water

Act, the Safe Drinking Water Act, and the Clean Air Act (Wentz,

1989). This is often an area of controversy, because disagree-. ment often exists as to which laws, standards and/or criteria

should apply in a given situation. Such disagreement exists in

part because many of the standards incorporated from existing

laws and regulations were derived as overall requirements, not

explicitly for a localized site (Santos and Sullivan, 1988).

Also, standards/criteria do not exist explicitly for groundwater

or soils (Santos and Sullivan, 1988). The EPA and other involved

parties are often left with the problem of calculating what

residual contaminant concentrations in soil can be allowed to

keep surface water and/or ambient air contaminant concentrations

below acceptable levels, a task whose difficulty is exacerbated

by the various sources of uncertainty such as hydrogeologic

conditions, fluctuations in rainfall and infiltration, values of

constants used in determining adsorption or desorption potential,

etc. (Santos and Sullivan, 1988).

The difficulties involved in establishing appropriate

cleanup levels are manifest in the RI/FS process, which can take
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. several years to complete. The delays caused by this process,

coupled with legal problems and the sheer backlog of work on the

part of the EPA, have resulted in the promulgation of only 130

records of decision (RODs) (up to 1984), even though there are

over 900 sites on the National Priority List (NPL) (Hellman and

Hawkins, 1987). Such delays may result in contamination spread-

ing even further, depending on site conditions, the nature(s) and

amount(s) of the chemical(s) involved, proximity of target

populations, etc. This spreading may then lead to more extensive

cleanup operations, thus increasing the total cost of remedia-

tion.

Another issue in deciding cleanup levels is what should be

designated as the "point of compliance?" A party responsible for

the site would typically prefer it to be at the property boundary

or point of impact, whereas those affected would argue for it

established at the point of release. Obviously, the choice could

greatly change the extent, expense and effectiveness of a given. remedial activity (Greer, 1987).

Not only is the point of compliance a significant factor, so

is the potential future use of the site in question. Ignorance

of this factor could substantially reduce cost effectiveness

(Hirschhorn, 1988). The ramifications go beyond environmental

and public risks; they also may influence property rights and

values (Hellman and Hawkins, 1988).

Linking Remediation Costs and Cleanup Levels From the perspect-

ive of a generator, higher cleanup costs may be preferable in

some cases, because more extensive remedial activity is likely to

reduce residual contamination levels, which In turn may reduce

the costs and/or likelihood of litigation against the waste

generator. The desire of a given waste generator is to minimize

its total costs, thereby striking a balance between these two

major cost items (Hellman and Hawkins, 1988). However, more

stringent cleanup levels would likely increase the time needed

12



. for cleanup, which may in turn increase the risks associated with

exposure and consequently the likelihood of litigation (Hellman

and Hawkins, 1988). Such is the responsible party's dilemma.

A key element in the RI/FS program is the conduct of a risk

assessment to aid in determining the potential effectiveness and

extent of remedial alternatives. The next section discusses this

area with emphasis on weaknesses of the methodologies employed.

Summary - Hazardous Waste Management Several bodies of

legislation have been enacted to reduce contamination of the

environment with hazardous wastes (including PCBs), as well as

remediate contamination due to inadequate disposal practices.

Fulfillment of the requirements called for in these laws can be

very costly to the responsible parties and society as a whole.

The establishment of cleanup levels for a given hazardous waste

site can be a very complex task, and may lead to overly stringent

requirements which could substantially increase the costs of

remediation.

General Aspects of Risk Assessment

The estimation of the risks borne by potentially affected

populations due to exposure to various compounds is an essential

part of hazardous waste management. The EPA has conducted risk

assessments for predicting potential increases in human cancer

incidences on regional as well as site-specific levels. Consult-

ing firms and other agencies have conducted risk assessments for

hazardous waste sites and other situations. The overriding

problems with these assessments are a lack of consistency in

assumptions and approach, and insufficient data to confidently

predict what the true effects will be. This section discusses

some of the key issues and problems revolving around risk assess-

ments in a general sense.

13



Althouqh not stated exactly the same way in every case, most

human health risk assessments consist of four basic steps:

hazard identification, dose-response assessment, exposure asses-

sment, and risk characterization (Anderson and Henry, 1988). In

the first step, one needs to determine if indeed a hazard exists

due to exposure to a given substance. Short term tests, blo-

assays, and epidemiological studies are the methods typically

used. In dose-response assessment, a hypothetical curve or

equation is developed to quantify the purported relationship

between the magnitude of exposure and degree of adverse effect

for a given endpoint (e.g. cancerous tumors). Uncertainties

exist because one must usually develop the curve or equation

based on insufficient information and an extrapolation from one

species to another. For example, the dose-response curves for

human carcinogens are usually made based on bioassays using rats,

mice or rhesus monkeys, in which the animals are exposed to rela-

tively high doses of the chemical of interest. The size and. number of tumors (both malignant and benign) are typically

correlated with the discrete amount of chemical to which they've

been exposed. Since relatively high doses are used, the scien-

tist must extrapolate down to low dose levels, which are associ-

ated with potential chronic effects. (Some believe this is when

the scientist stops being a scientist and becomes a soothsayer.)

The existence of a "threshold," below which no adverse effects

occur, has been subject to great debate, especially for suspected

carcinogens (NRC, 1983). It is typically assumed that for a

suspected carcinogen, exposure at any level poses a risk (Hen-

nlngson et al., 1988).

Epidemiological studies are also used to help determine If a

certain hazard exists. Like other methods, the validity of these

studies are usually limited by a number of confounding factors,

in particular the relatively small population size under study,

latency between exposure and measurable effects, competing

causes, and boundary crossings (i.e. many people don't stay in
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the same place for extended periods of time) (Houk, 1982).

Exposure assessment involves determining how people might be

exposed, i.e. what are the pathways, either through drinking

water, ambient air, as well as how the substance may enter the

body (ingestion, Inhalation, skin adsorption). This step may be

both qualitative and quantitative; it may rely on sampling

measurements made at the location of interest or on environmental

fate models. The desired end product is an estimate of the

potential exposure level(s).

The dose-response and exposure assessments are combined to

form the risk characterization. This step involves estimating

the degree and likelihood of increased adverse effects. In the

most simple terms, risk is a product of the probability of

occurrence and the consequences of exposure (Shih and Arroyo,

1988). Given the various elements of uncertainty, a range of

risk values is more appropriate than one point value (Pausten-

bauch, 1989). To quantify the risks, assessors often use the

O EPA's guidelines which are very conservative in nature; typic-

ally, the only risk estimate reported is the increased incidence

of cancer at the 95 percent upper confidence limit (UCL)(Pausten-

bauch, 1989). The agency's guidelines consider risks to be

acceptable if they lie within the 10 4 to 10"7 at this upper

limit (Santos and Sullivan, 1988). However, the maximum likeli-

hood estimate (MLE) (i.e. a more realistic estimate) is often

several orders of magnitude below the UCL

(10 "I to 10 "12 is not uncommon). The degree of uncertainty in

these calculations is obvious.

Despite the large uncertainties and very conservative

approach, risk assessments are useful in terms of prioritizing

problems and helping determine adequate cleanup levels for

hazardous waste sites. However, there are even more issues/prob-

lems associated with risk assessments which shall be described

below.
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One problem of risk assessments is that in most cases they

are limited to human endpoints, cancer in particular. To fully

address all risks associated with a particular environmental

problem, one should also consider the following:

- The adverse health effects to humans other than cancer

- The risks to the ecosystem, such as fish, water quality, flora

and fauna

- The risks to the polluter/responsible party (e.g. costs borne

via remedial activity and/or potential litigation)

- Risks to the involved government agencies (e.g. EPA's deci-

sions on resource allocation, potential for bad publicity,

inappropriate choice of a risk management approach)

. Ecological risk assessments constitute a less mature discipline

relative to human health risk assessments. All but ignored in

the past, the EPA has indicated that it will in the future step

up the effort to address this concern. Of course, the same

problems associated with human health risk assessments will be

manifest in this area; in some cases, those problems will be

magnified. For instance, determining a dose-response curve for

certain flora or fauna may be even more difficult, if not impos-

sible. Some species could be tested directly under laboratory

conditions, but for others this approach may not be practical or

affordable. (The EPA's Office of Research and Development has

produced dose-response curves for toxicity of some chemicals to

many important aquatic organisms, but little data exists for

terrestrial creatures - Pavlov, 1989). Even if it were possible

to test all species individually, the results would have limited

validity due to the dynamic interactions of the species consti-

tuting a given ecosystem.
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what might be a prudent approach to addressing ecological

risks? Barnthouse et al have tried to address this issue and

have developed a user's manual for ecological risk assessment

(Barnthouse et al, 1986). Although this manual was developed

with synthetic fuels in mind, it serves as a guideline or at

least a starting point for risk assessments of other chemicals.

With this guideline as a foundation, I suggest the following

approach:

(1) Identify critical endpoints (e.g. LC 54),

(2) Gather whatever existing data is available on the species of

interest,

(3) Identify data deficiencies and uncertainties,

(4) Use existing models such as SWACOM and/or conduct field. Investigations if feasible, to estimate exposure levels and

potential effects,

(5) Estimate the risks of ecological damage.

"Endpoints" as such will be broader than those used for human

health assessments; for instance, significant decreases in

populations of important species and/or disruptions in the

ecosystem structure and function could be considered (Barnthouse

et al, 1988). Other possible endpoints are species succession,

changes in behavior (growth, feeding) of important organisms,

decreased metabolism, etc. With this in mind, an ecological risk

assessment should consider a number of factors, including the

possible involvement of endangered species, and the fact that

some species may be critical to the ecosystem even if not per-

ceived to be important to society (zooplankton, macroinverte-

brates, etc.). In the end, it will be up to the risk managers to
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. determine acceptable levels of environmental damage (if any).

A Critical Look at Risk Assessments Again, the credibility of a

qiven risk assessment is limited by the degree of uncertainty

which inevitably exists. Table 11 lists some of the primary

factors which contribute to uncertainty, much of which we may

never be able to reduce by any substantial degree. (Any or all

of these factors could apply to a situation involving PCB contam-

ination.)

Silbergeld (1987) singled out several areas of uncertainty

which hamper the abilities of risk managers to make prudent

choices. First, all chemicals believed to be carcinogenic are

treated the same, when in fact their effects and mechanisms

warrant different treatments. Specifically, some act as "initi-

ators" (directly affecting genetic material), whereas others are

1promoters" (affecting an organism only after exposure to an
"inriating event"). Sllbergeld argues that this lack of distin-. ction hurts risk management efforts because potential carcinogens

may not be detected properly, and there may be a failure to

recognize the threat posed by background levels of promoters,

compounds for which there is currently insufficient effort to

identify which chemicals act in such a manner.

Second, statistical analyses to derive population risks from

individual risk assessments are flawed. Most risk calculations

are performed for one "average" individual; often the resulting

risk value is multiplied by the number of people supposedly

exposed to that level of risk. This simple approach doesn't

account for true variances in exposure scenarios, the importance

of time, variations in metabolism between individuals, etc.

Silbergeld contends this approach may underestimate the true

risks to an individual due to a "safety in numbers" situation.

Third, the extent of data available on a chemical's poten-

tial toxicity (i.e. the weight of evidence) may not be utilized. properly. She suggests using such weight of evidence as a basis
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* TABLE 11. Assessment Elements and Uncertainties

Category Element Uncertainty

Sources and Releases Type Measurement Error
Quantity Sampling Error
Concentrations Chemical use practices
Form Historical conditions
Local conditions Sources

Background concentrations
Choice of chemicals to include
for lab analysis
Variability (temporal & spatial)

Environmental Environmental Physical properties of media &
Transport & Fate media (air, soil, Biological properties of chemi-

water,biota) cals
Transport within Limits on chemicals to include in
a medium the assessment
Transfer between Advection, dispersion rates
media Partitioning between media
Transformation Rates of mass transfer

Exposure Assessment Exposure routes Intake rates: USEPA has used 2
(inhalation, in- L/day for water ingestion, 20
gestion, dermal m3/day for air inhalation and
contact) 6.5 gm/day for fish ingestion
Exposure point Exposure frequency
concentrations Exposure duration

Receptor activ- Limits on chemicals to include
ities
Intake rates of environmental media
Populations

Toxicity Assessment Population Variety of effects
Metabolism Assessments available for rela-
Dose-Response tively few chemicals
relationships Extrapolations

Animal-to-man
High-to-low dose
Structure-activity relation-

ships
Synergism/antagonism
Individual sensitivity
Cancers have different impacts on

expected lifetime
Absence of quantitative toxi-

cological data on tested
chemicals

Risk Characterizations Combines all of Combines all of the above
the above elements uncertainties

Source: Lincoln, 1987.



. for prioritizing chemicals may inhibit the identification of more

dangerous compounds. If a chemical is truly hazardous, but

little evidence has been developed to determine so, attention and

expenditures may be diverted to concerns which actually should

receive less relative effort.

Fourth, using single values for potency factors can be

misleading. For one, linear regression analyses lead to this

single value for a given chemical, when its potency actually

varies with level of exposure. Moreover, a toxin with a rela-

tively high potency factor may receive more attention even though

exposure level may be the overriding factor.

Typically, risk assessments are conducted vis-a-vis one

chemical. What about the presence of other chemicals and sur-

rounding exposures? Are they additive, synergistic, or

antagonistic? The EPA assumes that the risks posed by all

carcinogens are additive (Zamuda, 1989). Likewise, the risks

posed by a given compound via several pathways are usually. considered additive. While it may be difficult to determine the

true nature of interactions between compounds, simply assuming

additive Interactions may compound the overestimation or under-

estimation of risk. Moreover, when assessing the risks in a

given situation, one should look beyond the risks posed only by

the direct anthropogenic Input, and consider the risks posed by

background contaminant concentrations. For instance, exposure to

a contaminant and the preexisting levels may be below an accept-

able level (if non-carcinogenic); but what if that incremental

amount of exposure pushes the total exposure above that which is

considered allowable? Risk assessments should address this

question.

In making risk calculations, point values of relevant

chemical properties are often used (e.g. half-life). These

values are usually derived in laboratory experiments, whose

conditions are often very different from those found in the

field. Many confounding factors exist (pH, temperature, oxygen
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. availability, etc.), factors which usually do not remain constant

over time. The constants used in risk calculations may therefore

be inaccurate, potentially leading to an overestimate or under-

estimate of the true risks (Paustenbauch, 1989).

Even if technical methods and a "risk database" were well

developed and integrated, and uncertainties were subsequently re-

duced, much of this effort could be rendered useless due to one

major influence: the perception of the public. This factor is

exemplified by the concern over Alar, wherein one study which may

or may not have been biased resulted in overconcern on the part

of the public and caused a tremendous economic loss for the apple

industry (a case of "crying wolf," perhaps). Once rumors grow

over the possible dangers of a substance, whether it is truly

hazardous or not, government and industry are forced to act.

Even with PCBs, the threat may be exaggerated, because for the

most part no statistically significant increases in adverse

effects have been identified in those subjects who have signifi-. cantly higher levels of PCBs in their systems (Stehr-Green et al,

1986b). So public perception is a factor which must be consi-

dered in any risk assessment (at least in a qualitative manner).

This is why many private parties treat risk assessment document-

ation as confidential, lest they find themselves mired in law-

suits and exorbitant, excessive remedial response actions.

With all these deficiencies, are risk assessments of any

real value? One author made this observation:

Risk assessments are most effective when used as a tool for organizing
the best available scientific and technical information about a particular
exposure problem, to assist in informing decisionmakers about the consequences
of alternatives, not when the objective is to obtain a specific risk value
(Lincoln, 1987).

Noted previously was the fact that risk assessments are

rarely if ever complete. Lincoln also noted that

... the permutations and potential resource requirements for performing. a 'complete' risk assessment for a general site condition are quite large.
Unfortunately, there is no generally accepted 'stopping rule' that describes
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. when there is enough information to perform a xisk assessment that meets the
study objectives ... The stopping point gould be when the marginal resource
requirements of the risk assessment exceed the marginal gains in distinguish-
ing between the two alternative actions.

Using such a "stopping point" would be more or less a value

judgement; moreover, there are typically more than two alterna-

tive actions, a reality which would further complicate determ-

ining the so-called stopping point.

At most sites, there exists more than one hazardous waste.

Should a complete risk assessment be carried out for each

substance? This would likely be an inefficient and %inecessary

approach. Santos and Sullivan commented on this manner:

If volatile, semi-volatile or inorganic compounds all present signifi-
cant health risks, it may only be necessary to select one or two compounds
from each class for development of the target level. Usually the most
recalcitrant compounds will be chosen to assure that the treatment methods are
effective even on the compounds most difficult to treat.

What is the true purpose of conducting a risk assessment?

It is to provide decisionmakers sufficient information to allow

them to pursue a risk management approach that protects humans

and the environment at the lowest possible cost. It is the

responsibility of risk managers to decide which options to pursue

to mitigate and prevent potentially harmful effects on humans and

the environment. A comprehensive risk assessment, in conjunction

with knowledge of other factors such as public sentiment, the

ability to identify responsible parties, etc., is necessary for

risk managers to accomplish their tasks.

Several options are available to the risk manager when

determining a remedial response for a given hazardous waste

problem (Hellman and Hawkins, 1988):

- Remediate to achieve or exceed cleanup standards

- Contain or control entry

- "Educate" the public

- Do nothing
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. The choice of one or a combination of these options will depend

on the quality and quantity of information available to the risk

manager. As pointed out already, this information is often

incomplete, typically leading to a conservative (perhaps overcon-

servative) approaches. The irony is that such conservative

approaches may decrease safety because resources may be allocated

to areas of concern which are truly of lesser priority (Maxim,

1989). Likewise, Collins and LeClare noted:

On the one hand, risk management decisions that rely on the cost-
effectiveness ranking of options ... without health risk assessments cannot
assure protection of public health. On the other hand, the use of a risk
assessment approach to identify unacceptable risks but not to identify
potentially acceptable levels of risk, leads to the situation as in Times
Beach where the only governmental choice can be to take the lowest risk
option. The proposition is put forward that without an identified and
quantified level of acceptable risk, risk management decisions remain essen-
tially qualitative decisions regardless of the degree of cost-effectiveness or
risk assessment input.

All in all, there is great controversy over the validity and

utility of present-day risk assessments. One author stated that

"... risk assessment is the major issue that hampers progress."

(LeGrand, 1981) Others claim that risk assessment is really an

art (even "black magic"), not a science. Despite such cynicism,

risk assessments will continue to play an important role in

hazardous waste management. Their need is called for in priori-

tizing hazardous waste sites, determining cost effective cleanup

levels, etc. Continuing efforts to improve their accuracy and

precision should lead to more consistent approaches, thus enhan-

cing the credibility of risk assessments.

In light of the advantages and disadvantages of risk assess-

ments, it is undoubtedly possible to improve the quality (and

thus, the credibility) of risk assessments to enable more prudent

approaches to risk management. While much of the criticism of

risk assessments as depicted in the literature is warranted, risk

assessment will remain an important element in reducing and

preventing harm to humans and the ecosystem. However, modifica-
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. tions to the approaches will be needed. It would be ideal if

sufficient time and money were available to conduct more strin-

gent bioassays and epidemiological studies. I question whether

improvements will be made in these areas. If we continue to use

overconservative approaches to establish standards and cleanup

levels, the effects of exposure to toxic chemicals are less

likely to become manifest in epidemiological studies, because

remedial actions will reduce exposure levels to well below those

which are truly necessary; the ability to determine a true causal

relationship between exposure and endpoint will hampered even

further. In other words, we may never be able to determine if

risk management efforts as chosen are truly effective. This is

not to say that we should allow the general population to contin-

ue to be exposed to potentially very damaging levels of contam-

inants; but to allow risk managers to be more objective in their

decisionmaking, improvements in risk assessment procedures are

warranted. One of the areas which is most amenable to improve-. ment is the development of more realistic case scenarios of

exposures to obtain more accurate estimates of risks. For

example, variances in exposure levels could be postulated;

durations of exposure could be made parametric rather than just

70 years.

There will be a limit, however, in how far one can go in

narrowing the uncertainties involved. Many risk analyses depend

on complicated models for determining environmental pathways and

fate of the chemicals of concern. At best, most of these models

are valid only within an order of magnitude, due to problems such

as modeling groundwater transport through heterogeneous media,

assumed values for half-lives and adsorption constants, etc. The

marginal costs for improving these models eventually outweighs

the marginal improvements in accuracy, as Lincoln indicated.

This may very well be the "stopping point" to choose.

Summary - Risk Assessments Risk assessments are an integral

part of hazardous waste management; they factor into the priori-
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. tization of hazardous waste problems and the selection of reme-

dial action alternatives. Unfortunately, present day methodolo-

gies for risk assessment are based on insufficient information;

inherently conservative assumptions often lead to substantial

overestimations of risk, a situation which may spawn excessive

remedial efforts.

HYPOTHETICAL CASE STUDY

The purpose of this hypothetical case study is to (1)

provide analytical evidence supporting the notion that it is in

the best interests of a waste generator to use proper disposal

practices for a given quantity of hazardous waste, rather than

dispose of the same in a negligent manner, and (2) to illustrate

present-day practices in risk assessments along with the attri-

butes and pitfalls thereof. Although the scenario is hypotheti-. cal, the data and methodologies used in it are based on those

reported in the literature, in particular the following docu-

ments:

- Superfund Record of Decision (ROD) for LaSalle Electrical

Utilities, Illinois (PCB and volatile organic chemical contamina-

tion within the vicinity of 190 people and four aquifers; present

worth cost of remedial action is approximately $35 million)

- Superfund Records of Decision (ROD) for Pacific Hide and Fur

Site, Idaho (eleven acre site; present value of remedial action

is between $1.3 million and $1.9 million)

- Northwest Transformer (Whatcom County, Washington) Remedial

Investigation and Feasibility Study Reports (PCB, PCDF, & dioxin

contamination in agricultural setting; recommended cleanup to 10

ppm using on-site thermal destruction costing $0.75 million)
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. - Fort Miller Inactive PCB Disposal Site, New York (2.5 acre

remote site consisting of 20,000 cubic yards of waste material;

no remedial cost data provided)

- Strandley Scrap Metal/Manning Property Focused Feasibility

Study (65 acre site near Burley Lagoon, Washington; PCBs and

dioxin present)

The scope of this hypothetical situation is as follows: A

waste generator has 10,000 gallons of transformer mineral oil

containing an average of 200 ppm PCBs (range 150-300 ppm). The

company has obtained an estimate for incinerating the material of

approximately one hundred thousand dollars. Instead of pursuing

this disposal method, the company is considering "indefinitely

storing" the waste material on property it owns in a rural/subur-. ban region with a steadily growing population.

The generator is faced with two basic options: incinerate

the waste at a very high initial cost, or merely dispose of it on

its remote property, resulting in a very low initial cost, but

with potentially high regrets. The following figure is an event

tree which graphically depicts the scope of this analysis:

Dispose waste Contamination
Present properly Levels for case
(Year 0)/

Site discovered;" Other levels
Dispose waste---- Site

imprSperly site not Rnge of possible

discovered Contamination
Lvels

This case only considers the possibilities outlined above. As

the figure shows, in actuality there are other possible outcomes,. to which each would be assigned a point value probability of
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o occurrence. These other possibilities are not considered in this

scenario.

Groundrules To place this scenario within a meaningful and

realistic context, this case study assumes that the waste gener-

ator is a generic, private entity of medium size which acts as a

supplier of PCB closed system products such as capacitors and

transformers. Its customers consist primarily of real estate

developers and building contractors; as such, it does not deal

directly with the public at large in the marketplace (hence, the

demand for its products can be considered inelastic; any bad

publicity that would arise from this situation will have negli-

gible impact on sales). The waste generator is self-insured,

i.e. it can afford to pay for remedial actions and litigation

from a "management reserve" fund. Although the potential costs

it would bear that may result from improper disposal are con-

sidered significant, they are not so great as to force the

company to file for bankruptcy. Since the disposal occurs on its. own property, and this company is the only contributor of waste

at this particular site, it is assumed that evidence (property

ownership records, labeled containers, etc.) is strong enough to

clearly establish a link between the contaminated site and this

waste generator. Therefore, the likelihood of facing the regrets

associated with this activity is all but certain.

The end product will be a cost comparison of one immediate,

proper disposal option to three alternative measures resulting

from improper disposal. Inherent in this cost comparison are

risk assessments of the potential hazards to both the proximate

human population and the surrounding ecosystem. It will be shown

that while both require the employment of limiting assumptions,

the latter is even more difficult to perform with any confidence

due to deficiencies in techniques for quantification of the

various risks and the limited availability of data needed to

perform the assessment.
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The results of these risk assessments will be converted into

potential cost liabilities for the waste generator. As such,

this case study assumes that the risk assessments are conducted

by and for the waste generator; in particular, the human health

risk assessment will be conducted in a fashion similar to those

presently conducted by the EPA and consulting firms using EPA

guidelines. In essence, the risk assessment as conducted by the

waste generator is intended to answer this question posed by the

waste generator: If the site contamination is discovered, with

remedial actions, possible fines and litigation following, what

would be the scope, content and results of a quantitative risk

assessment that might be used as evidence for probable harm to

human health and the ecosystem? In other words, it gives the

waste generator a chance to foresee how strong the evidence

against it would be.

Case Study Framework This case study consists of the

following steps:

* - Proper disposal Estimate cost of immediate disposal

- Improper disposal

-- Characterize the site and its potential hazards

--- Determine volume, concentration, area and depth of

contamination

-- Separately assess the risks to humans and the ecosystem

Human Health

Identify pathways and relative contributions to total

exposure (air, water, soils, foods)

Estimate PCB intake levels

--- Estimate risk of increased incidence of cancer

Ecological

--- Identify general organisms of interest

--- Calculate the percent reduction in biomass due to

possible acute, chronic and indirect (reduction in

prey biomass) effects

--- Perform the same for the overall ecosystem using EPA
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chronic and acute aquatic life criteria

- Estimate costs for remedial activities

- Estimate costs/damage to wildlife and cost potential of legal

actions against the waste generator (for both ecological and

human health considerations)

- Compare the costs of proper disposal to the alternatives

associated with improper disposal

- Develop a "base case" based on plausible assumptions, then

perform uncertainty analyses

Proper Disposal As described in the literature review, PCB

contaminated fluid in the 50 to 500 ppm range can be disposed of

in an approved chemical landfill or be incinerated. Based on a

telephone conversation with a representative of such a landfill

in this region, it is presently not common practice to exercise

the landfill option for a waste stream of this nature (communi-

cation with Jack Stone, Waste Management Inc., 1989). Therefore,. for this cost comparison, the method of choice is incineration.

Although incineration is perhaps the most expensive disposal

method (unit costs range from $350 to $400 per ton), it the most

effective, because it destroys the PCB waste with greater than

99.99% destruction-removal efficiency (DRE - Freeman, 1989).

Byproducts of incineration may contain hazardous substances such

as dioxin, but they are of substantially lower quantity; if any

escapes through the stack, the byproducts are likely to be

disbursed over a wide area. For purposes of this cost compar-

ison, it is assumed that the incineration facility is located in

a relatively remote region, and that plume emissions are spread

over a sparsely inhabited region such that the ecological and

human health risks can be considered de minimis (i.e. so small

that they are not worth considering). From the perspective of

the waste generator, this assumption is plausible because even if

litigation were initiated as a result of concern over the incin-

erator emissions, the operator of this facility would bear
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. primary responsibility; moreover, one would face virtually insur-

mountable technical and legal difficulties in establishing a link

between such emissions and the waste generator in question.

Therefore, the only costs associated with this option are trans-

portation to the burn facility and the incineration itself (see

Appendix A).

Improper Disposal

Given that the waste has been placed on the company's

"remote" property, the contamination could adversely affect human

health as well as the ecosystem of the locality. It will be

assumed that contamination has occurred five years prior to the

point in time at which the site is "discovered" by local authori-

ties and the community. As a result of this contamination,

increases in concentrations of PCBs in the various environmental

media result; the risks that such a situation imposes depend on

the various site conditions which are described below. Table 12. summarizes the parameters and inputs for the site, which shall be

elaborated on further. (Note: While not all of the parameters

will actually be used in the case study, the table illustrates

what information is typically documented in an RI/FS; also, the

data would be needed if a fate/transport model were used for the

exposure assessment. Those directly used in this case are

annotated accordingly.)

General site description The area of the site is about

three (3) acres, surrounded by woodlands and some agricultural

land. Approximately 35 homes and two farms are within 1000 feet

of the boundary. A small stream separates the site and the

farms; it runs by a cluster of homes, most of which rely on local

drinking water wells. Within a two mile radius, three more farms

and 100 more homes exist. The stream empties into a small lake

1.5 miles away. The lake is mesotrophic and is stocked yearly

with trout and other game fish.
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* TABLE 12. SITE PARAMETERS

Average
Item Unit Value Range

Hydrogeologic

Soil porosity % vol 25 1 -

Soil permeability ft/s 10 3  101-10 0

Depth to confining ft 10 8 - 15
layer

Depth to groundwater ft 6 4 - 10
Head drop between ft 50 0 - 300

landfill and
compliance surface

Annual rainfall in 35 25 - 42
Rainfall rate in/hr 0.1 0.02 - 1
Rainfall duration hr 2.5 0.5 - 6
Annual infiltration in 27 20 - 32
Annual evaporation in 25 20 - 30
Net infiltration in 10 -5 - 22

. Physical

RArea sq ft 130,000 110,000 - 150,000

Distance to stream ft 1000 --

Distance to lake mi 1.5 1 - 2
Elevation ft 400 350 - 430
Radius encircling ft 1500 1200 - 1700
150 people

Radius encircling ft 2000 1800 - 2200
300 people

Distance to agri- ft 1000 900 - 1100
cultural land

Population growth rate (% per year) 15 10 - 25

Climatological

Temperature deg F 60 15 - 98
Barometric pressure in Hg 29.5 27 - 32
Rainfall in 35 25 - 42
Evaporation in 25 20 - 32
Snowfall in 3 0 - 15
Wind speed mi/hr 5 0 - 30

@ R Required for risk assessment calculations



Climate The climate is similar to that found in the North-

west United States, with generally mild conditions year round.

The typical temperature range for a given year is 20 to 90

degrees Farenheit; temperatures beyond these values are rare.

Winters are cool, with snowfall averaging 10 inches or less per

year. Fall through spring constitutes the rainy season (late

September through early May); little precipitation occurs during

the summer months. Average rainfall is 35 inches, evaporation

(potential) is 25 inches, and infiltration is 27 inches, yielding

10 inches net infiltration and 8 inches of runoff.

Topography/Drainage The site is at an elevation of 400 feet

above sea level. It is fairly flat, although it gently slopes

downward to the west and north such that runoff occurs in those

directions and empties into the nearby stream. The surrounding

area (with a radius of approximately 0.5 miles) is slightly hilly

(elevation range of 375 to 425 feet); beyond to the south and

east is a steeper region (elevations rising up to 800 feet).

Hydrogeology: The groundwater table varies, usually between

10 to 15 feet below the surface. One major aquifer exists in the

area. The soil type varies, with organic sandy-silt in the first

five to ten feet, followed by glacial till then a relatively

impermeable clay-silt layer. The region above the confining

layer is moderately permeable (on the order of 10 -4 to 10 -6feet

per second). Ground water moves at an average rate of 40 feet

per year.

Contamination Assessment Five years after initial disposal,

the contamination is discovered. The PCB contaminated fluid is

assumed to have been placed uncontained onto the property and has

permeated into the soil. The fluid concentration of PCBs is

measured and determined to be an average of 200 ppm, with a range

of 150 to 300 ppm. The fluid consists primarily of Aroclor 1254

and Aroclor 1260, both of which exhibit a relatively high per-

sistence due to high chlorine content. Soil borings are made to
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. assess the spread of the contamination. Table 13 lists the

maximum depths of several concentrations; it indicates that the

PCBs have moved vertically to a depth no greater than 10 feet;

some horizontal movement is present, but is difficult to quan-

tify. Some "hot spots" also exist, in which the contamination

does not exceed 300 ppm PCBs.

Risk Assessment Methodology

This section follows the risk assessment framework described

earlier. The site and associated contamination have been charac-

terized. Next come the exposure assessment, dose-response

assessment, and risk estimation. Human and ecological risks will

for the most part be discussed separately. However, some por-

tions of the discourse will apply to both, even though they

appear under one heading. The risk estimation is first performed

for the "no-action" alternative (which represents "present"

conditions), then for the two cleanup options (remove all soil. contaminated with PCBs at concentrations greater than 10 ppm and

1 ppm, respectively).

Exposure Assessment - General Normally, there are two basic

options for conducting an exposure assessment. One is to use

fate/transport models to predict concentrations in the media of

interest; the other option is to use direct (field) measurements.

This case study will rely on the field measurements as reported

in the literature, in particular those values which are commen-

surate with the source contamination levels at hand. (A fate /

transport model would be useful if available; however, it would

provide little if any gain in accuracy relative to direct meas-

urements; the use of such a model is not required for purposes of

this report.)

In reality, the concentrations of PCBs in each medium would

vary with time and space. For this exercise, average values as

reported are used for the base case. To link the soil contam-

ination levels with the resulting concentrations in the ground-
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TABLE 13. FACTORS AND PROPERTIES OF CONTAMINANT (PCB)

Average
Item Unit Value Range

Contaminant (PCB)

Half-life in:
Air months 7 4 - 10
Soil years 2
Biota 10 1 - 100

Potency (mg/kg-day) "1

Human 7.7 4.34 or 7.7
Vapor pressure atm 8 - 29 x 10
Water solubility ppm 3 0.2
Henry's Law constant atm-m /mol 1.9 x 10-7 1.7 - 2.3xi1 7

(20 deg C)

Site Contamination

Concentration of PCB ppm 200 150 - 350
in fluid

Volume of fluid gal 10,000
Depth of 200 ppm ft 0.5 0.3 - 1. Depth to 10 ppm ft 2.0 1.5 - 2.2
Depth to 1 ppm ft 3.0 2.5 - 4.5
Depth not detected ft 10.0 7.0 +
Area of 10 ppm contam sq ft 22500 6750 - 33750
Area of 1 ppm contam sq ft 32400 9000 - 45000



. water, air, and lake/stream water column, appropriate "reduction"

factors are employed; the same values are used for all three

cleanup alternatives. (See Appendix A.)

Exposure Assessment - Human Humans can come into contact

with PCB due to site contamination in one of five ways: air

inhalation, soil ingestion, dermal adsorption (soil), ground

(drinking) water, and consumption of crops and fish contaminated

with PCBs. In assessing the pathways, one must consider the

concentrations in each medium resulting from the site contamina-

tion in conjunction with pre-existing (background) levels. Table

14 lists these background levels in all media.

In general, many risk assessments involving PCBs have

determined that food intake is the primary source of PCBs (al-

though discrepancies do exist in terms of prioritizing the

pathways - Hennlngson et al, 1988 and Tetra Tech, 1985). Path-

ways such as'outdoor air and drinking water pose less of a threat

due to certain properties of PCBs, namely their propensity to. absorb and remain absorbed to soils, along with low solubility

and vapor pressure; ingestion of contaminated foods may pose

greater risks because of PCBs' tendency to bioconcentrate in

living organisms (US EPA, 1980). with respect to ground water

contamination, unless the ground water table is very high (within

2 to 3 feet of the surface), and/or organic solvents are present,

the relative contribution of ground water contamination to human

health risk will be low to negligible (US EPA, 1984). Likewise,

contamination of the ambient air will be small (perhaps insig-

nificant), because PCBs have little tendency to volatilize. Even

if air contamination is significant at the source, dilution will

reduce concentrations to near background levels once they reach a

human target (unless an individual is right on the site and is

not protected). Soil ingestion is a potentially high risk

pathway; in particular for children whose intake of soil matter

may be very high during certain times of the year.
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TABLE 14. BACKGROUND PCB CONCENTRATIONS

Nominal
Item Unit Value Range

Groundwater microgm/l 0.03 0.005 - 0.05

On-site soil mg/kg 0.5 0.2 - 1

Water column microgm/l 0.002 0.001 - 0.007

Air nanogm/m 3  0.8 0.1 - 2

Fish ppm 0.1 0.02 - 0.3

Food crops ppm 0.1 0.02 - 0.3

0

0



Exposure Assessment - Ecological The exposure assessment

for ecological endpoints is somewhat similar to that for humans;

the differences are that (1) not all of the five previously

delineated pathways are necessarily relevant for each species,

and (2) the food chain may become a significant pathway for PCB

exposure, in particular for those organisms residing at higher

trophic levels.

As the food chain takes on greater significance as an

exposure route, so do the contaminant concentrations in the

stream and lake sediments. PCBs tend to absorb to particulate

matter and settle out of the water column, thereby providing

potential for uptake by benthic organisms which may bioconcen-

trate the chemicals (Thomann et al., 1987). Given that average

runoff is 8 inches per year, transport of PCB from surface soil

to the stream and lake beds Is a mode of concern. This contam-

ination may increase further In higher trophic levels via preda-

tor-prey relationships in conjunction with biomagnification.

O Such mechanisms may yield significantly higher risks for certain

organisms even though the media concentrations of PCBs may appear

to be much smaller (Thomann et at., 1987). (Note: Unfortu-

nately, data needed to assess the uptake by benthic organisms are

not available. Data on benthic macroinvertebrates are of the

form of acute and chronic toxicities based on the PCB concen-

trations in the ambient media (water), not of those found in

sediments. Hence, although it is desirable to quantify this

route of exposure, attempts to do so here were abandoned.)

Average values of PCB concentrations in the media of inter-

est are delineated below. It is assumed that all PCB contamina-

tion above background levels is due to the site contamination.

- Groundwater: 0.010 mg/l

- Stream water & Lake water column: 2.0E-06 mg/l

- Stream & lake sediments: 10 ppm (mg/kg)

- Air within 1000 feet of site: 0.126 mg/m3
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Dose-Response Assessment - Human The primary endpoint of

concern is cancer. All the risk assessments used in developing

this case study addressed carcinogenicity, but none of them

addressed any other endpoint such as fetotoxicity or

teratogenicity. This simplification can be deemed acceptable if

cancer is the endpoint of greatest chronic sensitivity to PCB

contamination, or if the estimated risks (existing or post-

remediation) are minimal.

For cancer, risk assessments typically assume that no level

of exposure is completely safe, and that cancer risk can be

estimated using this formula:

Risk = 1 - exp (- average daily x potency factor)
exposure

where the average daily exposure is usually measured in units of

milligrams per kilogram-body weight per day (mg/kg-bw/day), and.the potency factor has reciprocal units (Schaum 1984). The

potency factor is based on the steepest slope of the laboratory-

derived dose-response curve. For PCBs, both 4.34 and 7.7 have

been used in the literature as values for the potency factor.

The base case will assume the latter value.

Dose-Response Assessment - Ecological Data are available

for PCB exposure causing effects which are grouped into one of

two general categories: acute and chronic (Eisler 1986). While

considerable overlap may exist among these categories (in terms

of both level and duration of exposure), they are traditionally

viewed as follows:

- Acute: short duration, high exposure level

- Chronic: long duration, low exposure level

Quantification of acute exposure typically involves the experi-

mental determination of the exposure that causes mortality in a.relatively short period of time. This exposure Is defined as
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either the LC 50 (lethal concentration at which 50 percent of the

sample population dies within 96 hours), LD 50 (lethal dose

instead of lethal concentration), or EC 50' Chronic exposures

involve measuring effects other than direct mortality, such as

reductions in reproductivity, in growth, and/or in feeding, and

even cancer in some instances.

Eisler (1986) tabulated a rather voluminous amount of data

on acute and chronic effects of PCBs to various ecological

organisms. Obviously, it would be impossible (and unnecessary)

to consider all species in this exercise; this case study will

take into account the following general categories of organisms

(with the exception of specifically using mink, which is con-

sidered to be one of the most sensitive organisms to PCBs -

Eisler, 1986), accompanied by pertinent toxicity data:

(Source: Eisler, 1986)

Organism Acute Toxicity Chronic Toxicity

Mink 6000 mg/kg 0.64 mg/kg

Invertebrate 0.1 mg/l 0.002 mg/l

Small fish 0.033 mg/l 0.006 mg/l

Large Fish 0.1 mg/l 0.0015 mg/l

Avian 2000 mg/kg 50 mg/kg

(Note: I didn't necessarily pick those organisms that have

exhibited the greatest sensitivity to PCB exposure, but those

appearing to be most representative and which are likely to be

found in this region of the United States. Also, values for

toxicities vary considerably even for a given class of organisms;

values used here are within applicable ranges.) Effects on

plants are ignored since PCBs appear to pose little If any harm

to many forms of vegetation (Mahanty, 1986). In additicn, table

15 summarizes the-recommended values of environmental criteria

that are being used or are proposed for use in controlling PCB

exposure. Some of these values will be taken into account in the
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TABLE 15. Proposed PCB Criteria for Protection of
Various Resources & Human Health

Resource and

Criterion PCB Concentration a

Aquatic Life

Freshwater <0.014 mcgm/l, 24-h average
Saltwater <0.030 mcgm/l, 24-h average
Fish

Diets <0.5 mg/kg (FW)
Residues

Whole body <0.4 mg/kg FW
Eggs <0.33 mg/kg FW

Laboratory Animals

Rat <5.0 mcgm/kg BW daily
Dog <2.5 mcgm/kg BW daily
Rhesus monkey <1.0 mcgm/kg BW daily

Livestock

Finished animal feeds b <0.2 mg/kg FW
Animal feed components <2.0 mg/kg FW
Food packaging materials1  <10.0 mg/kg

Wildlife

Mink <100 mcgm/kg FW diet
<1.5 mcgm/kg BW daily

Birds
Diet <3.0 mg/kg FW
Residues

Eggs <16.0 mg/kg FW
Brain <54.0 mg/kg FW

Human Health

Adult daily intake <1.0 mcgm/kg BW
Fish and shellfish e

USA <5.0 mg/kg FW
Canada <2.0 mg/kg FW

Poultry
USA <3.0 mg/kg LW
Canada <0.5 mg/kg LW



TABLE 15. (Continued)

Resource and
Criterion PCB Concentration a

Human Health (cont'd)

Eggs, whole less shell

USA <0.3 mg/kg FW
Canada <0.1 mg/kg FW

Dairy products
USA <1.5 mg/kg LW
Canada <0.2 mg/kg LW

Fish oil (Canada) <2.0 mg/kg LW

Beef (Canada) <2.0 mg/kg LW

Infant & junior foods <0.2 mg/kg FW
Drinking water zero
Lifetime safety limit 200 mg
Overt human effects 500 mg
Air

Occupational,
40-hr week <1.0 mcgm/m3

' FW = fresh weight, BW = body weight, LW = lipid weight.
b Except feed concentrates, feed supplements, and feed premixes.
c Including fish meal and other byproducts of marine origin, &

finished feed concentrates, supplements, & premixes.
d Paper products intended for used in contact with human food &

finished animal feed.
e Excluding heads, scales, viscera, and inedible bones.

The zero drinking water criterion for human health protection is based
on the non-threshold assumption for PCBs. However, a zero level
threshold may not be attainable at this time. A measurable
reduction in potential carcinogenic effects due to exposure of
PCBs through ingestion of contaminated water may be effected
through ingestion of water containing less than
0.0008 mcgm PCBs/l.

Source: Eisler, 1986.



.risk estimation.

Risk Estimation - Human In this section, the exposure

assessment and dose-response data are combined to estimate the

risks of carcinogenicity resulting from exposure to PCBs. The

risks associated with exposure via each medium are separately

derived, then are summed to arrive at "total" risk level.

(Appendix A delineates the equations used.) This approach uses

the following assumptions:

- One potency factor is valid for all exposure media (7.7)

- Exposure levels are constant for the duration of exposure

- An average human weighs 70 kg (150 lb); see Appendix A for

formula used to derive average weights for infants and

children

- For air exposure, the inhalation rate is 20 cubic meters per

day for all age groups

- Nominal absorption rates are as follows (Tetra Tech, 1985):

-- Via lung: 0.3
-- Via skin: 0.03
-- Via GI tract: 0.5

- Contact rates with soils vary with age (Schaum, 1984?)

-- 0 to 1 year: 5 grams per day
-- 1 to 5 years: 10 grams per day
-- 5 to 70 years: 0.3 grams per day

- Exposure durations are media dependent: exposure via air

occurs 24 hours per day, 365 days per year; exposure via soil

occurs 6 months per year (24 hours per day), and exposure via

drinking (ground) water is based on a consumption rate of 2

liters per day

- No depuration or degradation of PCB occurs (half-life is

considered infinite)

The values delineated for adsorption rates are extracted from

Schaum (1984), which provides a risk assessment methodology for.TCDD (dioxin) contaminated soil. Hence, there exists an implicit
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. assumption that these values are the same for PCBs. This ap-

proach is reasonable since these two chemicals are similar in

terms of structure and some chemical properties; the main dif-

ference lies in their respective potency factors. The validity

of this approach deserves questioning; nevertheless, it is

justified to do so here because the same approach has been taken

in at least two of the risk assessments upon which this case

study is based (Tetra Tech, 1985 and Henningson et al., 1988).

(Note: These assumptions have been extracted from the

literature; they collectively represent a conservative approach

which is warranted on the grounds of insufficient data. while

more complex analyses are possible, this case study is intended

to illustrate how risk assessments have actually been conducted

by professional entities of the environmental community; a

critical look at this methodology is forthcoming in the "Results/

Discussion" section).

The equations In for calculating risk as depicted in Appen-. dix A show how the risk values for PCB exposure from each medium

are calculated and then added to arrive at a composite risk

value. The risk calculations for air, groundwater, soil dermal

contact, and fish ingestion routes assume a lifetime fraction of

exposure duration, while using the standard adult body mass of 70

kg. The lifetime fractions for air and groundwater are set at 1

(which implies constant exposure every day for seventy years),

whereas the fish ingestion lifetime fraction is set at 0.3, under

the supposition that a "typical" individual consumes fish from

waters near the site no more than three days out of ten. (These

values would be considered very conservative, perhaps too conser-

vative in the opinion of some individuals.)

Soil and food crop ingestion are assumed to have greater

dependence on the age of the individual. Hence, cumulative

intakes for three age groups (0-1 year, 1-5 years, and 5-70

years) are calculated, then used to determine the average daily

intake and subsequent risk for each medium.
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Absolute risk is defined as the risk associated with each

exposure route. For each risk pathway, this absolute risk is

then divided by the "background risk," which is a measure of risk

from the same respective route but using background PCB concen-

trations. The quotient is termed "relative" risk, which serves

as an indication of the increased risk from a given pathway due

to the site contamination. To calculate consummate relative

risk, the total absolute risk (sum of absolute risks from each

pathway) is divided by the total background risk (sum of back-

ground risks from all pathways); it is not found by adding all

the relative risks from each pathway (see Appendix A.)

Risk Assessment - Ecological This estimation is much more

difficult than that for human risks, due to lack of data on

intake rates, weights of organisms, etc. In addition, the

dynamic interactions of an ecosystem are neither well understood

nor readily quantifiable. Some models have been attempted at

emulating relatively simple ecosystems (e.g. SWACOM), but they. are not necessarily relevant to this case study, given the nature

of the contaminant, the potential interactions between aquatic

and terrestrial organisms, and contaminant transport phenomena.

Given these handicaps, an ecological risk assessment will be

attempted in the following manner: First, the selected species

will be addressed individually using acute and chronic effects

data combined with media exposure levels to predict steady-state,

long term reductions in populations/biomass. Then, where applic-

able, any further reductions due to indirect effects (i.e. damage

to a given preceding trophic level) will be incorporated. While

this approach doesn't take into account many parameters, it does

provide a rough estimate of potential ecological damage and

accounts for two of the most important factors: direct toxicity

and the influences of predator-prey relationships.

The calculation used for direct effects Is the quotient

method as defined by Barnthouse et al (1985). The toxicity data

are compared with ambient PCB concentrations to estimate a
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. percentage reduction In population or biomass. The reductions

from acute and chronic effects added together constitute the

"direct" reduction in biomass; this direct reduction, coupled

with the "indirect" reduction resulting from reductions in the

availability of the preceding trophic level, comprise the total

percentage reduction. (See Appendix A.)

In addition to treating each trophic level separately, an

"overall" reduction for the aquatic ecosystem is calculated based

on the EPA aquatic life criteria (US EPA, 1984). This approach

is performed for comparison purposes only.

Cost Analysis

The cost analysis provides estimates of total costs to the

waste generator for proper disposal and each of the following

alternatives for remedial action due to improper disposal:

- No cleanup

* - Remove soils contaminated with greater than 10 ppm PCB

- Remove soils contaminated with greater than 1 ppm PCB

The 10 ppm cleanup level is based on EPA guidelines for PCB

spills which call for removal to 10 ppm when the spill occurs

near human populations. This criterion has been used in deter-

mining remedial actions of some hazardous waste sites (Hennlngson

et al., 1988). The 1 ppm cleanup level alternative is used for

comparison purposes in order to assess whether further reduction

is warranted and/or cost effective.

The total costs of theses alternatives are then compared to

the total cost of proper (immediate) disposal, which has a

relatively high initial cost but avoids all the ensuing regrets.

This cost analysis incorporates the following assumptions:

Inflation rate is nominally 2 percent, and inflated Interest

rate is nominally 8 percent, resulting in a real interest
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rate of 5.9 percent

- Contamination is discovered 5 years after disposal on the site

- Remedial investigation / feasibility study (RI/FS) costs are

realized at the end of year 6

- Remedial costs are realized as a lump sum at the end of year 8

- Litigation costs are realized in years 8 - 10

- Unit costs for remedial operations are applicable for the

range of contamination involved (i.e. no economies of scale)

- Unit costs are given in today's dollars

Table 16 summarizes the input parameters for the cost

analysis. Table 17 depicts the timelines for the activities in-

volved.

For proper disposal, there are two primary cost elements of

interest: transportation and waste destruction. For improper

disposal, these costs elements apply: remedial investigation I

feasibility study (RI/FS), remediation, fines levied by the EPA,

O and costs of litigation for potential harm to human health and

the environment.

RI/FS Once the waste site is discovered, an RI/FS would be

initiated to assess the extent and severity of contamination, as

well as to evaluate alternatives for remedial action. As such,

the level of activity during an RI/FS would be the same no matter

which remedial action alternative is pursued. Therefore, the

cost of the RI/FS is the same across the board and applies to all

three alternatives for remediation after improper disposal.

In general, RI/FS costs vary considerably among sites.

Rough estimates of these activities range from about $300,000 up

to $10 million (communication with Sally Martyn, US EPA - Region

10, 1989). The size, complexity and extent of contamination of

the site in this case study would call for an RI/FS with a cost

tending towards the lower end of this range, because it is a

rather small site with only one contaminant. Therefore, an

overall RI/FS cost of $300,000 (today's dollars) is used. (For
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TABLE 16. INPUTS FOR COST ANALYSIS

Average
Item Unit Value Range

Transportation of $/ton-mi 0.5 0.3 - 0.8
contaminated soil

Incineration S/ton 350 300 - 500
Lawsuit - human mil $ 1 0.5 - 5
No. of cases 3 0 - 10
Lawsuit - environ- mil $ 2.0 0.1 - 8

mental
No. of cases 1 ---

Inflation rate 0.02 0.0 - 0.06
Inflated interest rate 0.08 0.04 - 0.10
Real interest rate 0.059 -0.02 - 0.10

CLEANUP COSTS

Remedial Investigation/
Feasibilty'Study mil $ 0.5 0.3 - 1.5

Remediation

Transporation S/ton-mile 0.5 0.3 - 0.8
Excavation & S/ton 100.0 80 - 150

Backfill
Treatment

Incineration S/ton 350.0 300 - 500
Overhead % of sub- 25.0 20 - 50

total
Contingency % of sub- 10.0 5 - 40

total



Table 17. TIME LINE OF ACTIVITIES

Incinerate
0 Year post disposal

I I I
0 5 6 8
Dump Discover RI/FS Complete Cleanup

SiteI
Litigation

Time (years after disposal)

Milestone Average Range

Discovery of contamination 5 3 - 7
Site RI/FS

Begin 5.5 4 - 8
Complete 6.0 4.5 - 9

Remediation
Begin 6.5 5 - 10
Complete 7.5 6 - 12

Lawsuit Payments Realized
Human Health 7.0 6 - 10
Environmental Compensation 8.0 7 - 12

Fines 6 - 7 4 - 9



. both the RI/FS and remedial activity, it is assumed that the

waste generator as the principal responsible party (PRP) bears

all the costs of these actions. This may be the case in real

situations, but it is also possible for the EPA to bear these

costs initially and then sue the PRP for cost recovery.)

Remediation For comparison purposes, incineration is again

the chosen method of treatment. (Other methods are possible at

lower costs, but none of them will be considered here.) The

subitems contributing to total remediation costs are excavation

of contaminated soil and backfilling with "clean" soil (less than

10 ppm or 1 ppm soil, depending on the cleanup level), transpor-

tation of the contaminated soil to the incinerator, destruction

of the waste material, overhead and contingency costs. Since the

contaminated soil is removed from the site, and the residual PCB

concentration is expected to remain adsorbed to the soil matrix,

no leachate collection or gas venting system is needed (Henning-

son et al., 1988).

Fines Fines can range considerably depending on the situa-

tion and the responsiveness of the responsible party. CERCLA

stipulates that the EPA can levy fines up to $25,000 per day if

the regulatory action deems them appropriate (e.g. if the PRP is

delaying the remedial process - Stoll, circa 1987). In one case,

the EPA fined Chemical Waste Management, Inc. $2.5 million for

improperly storing and diluting PCB wastes (Chemical and Engi-

neering News, 1985). For this study, it is assumed that the EPA

will levy a fine of $100,000 if the "No Cleanup" alternative is

chosen. For the other two remedial alternatives, no fine is

issued.

Litigation The risk estimates for human and ecological

endpoints are incorporated into the cost analysis in the follow-

ing manner. The risks to humans create potential costs of

litigation. The calculated risk value Is multiplied by both the

assumed population exposed and the cost per litigation case to

estimate a total cost of compensation for human carcinogenicity.
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. For costing purposes, it is assumed that the probability of

litigation occurring is 1.

Ecological risks incorporated in a similar fashion. The

main concern will be the potential effects on game fish (also

referred to as "large fish" here) and overall ecological damage.

For this study, the estimated reduction in game fish will be used

to estimate "environmental compensation" that may result from

litiqation, and for which cleanup efforts alone are not suffi-

cient.

Potential Benefits If the waste generator chooses to

dispose of the PCB waste on its property, the money that would be

spent on immediate destruction would be freed up for other use

(before the other costs begin to be realized). It is assumed

that this amount is placed in a "management reserve" fund and is

invested in a certificate of deposit (CD) type account (i.e.

interest earned is realized at maturity) until it matures at the

five year point. This inclusion allows one to more fairly assess. the economic advantages and disadvantages of each alternative.

The Bottom Line All costs and benefits are discounted to

year 0 and summed accordingly. The alternative exhibiting the

lowest net present cost would be considered by the waste gener-

ator to be the most desirable. (Note: The cost figures, as they

appear in Tables 18-A, 18-B, and similar ones in Appendix B, are

in then-year dollars (inflation = 2 percent). The net present

values represent the sum of those figures once discounted to year

zero (ir = 5.9 percent).)

RESULTS

Human Health Risk Assessment The commensurate human risk of

increased cancer associated with each alternative are summarized

as follows (detailed results are in Tables B.1 through B.3 in

Appendix B):
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0 Absolute Background Relative
Alternative Risk Risk Risk

No cleanup/200 3.84E-02 1.14E-03 33.64

ppm soil

Clean to 10 ppm 3.07E-03 1.14E-03 2.69

Clean to 1 ppm 1.38E-03 1.14E-03 1.21

Figure 1 graphically depicts these results.

It appears that even the background risk is above the range

considered acceptable (10 -4 to 10 -7). This is because the fish

ingestion route is driving the risks to much higher levels

compared to the other routes. Without fish ingestion, the

cumulative risks are as follows:

Absolute Background Relative. Alternative Risk Risk Risk

No cleanup/200 2.86E-02 2.OOE-05 1430

ppm soil

Clean to 10 ppm 1.51E-03 2.OOE-05 75.5

Clean to 1 ppm 2.10E-04 2.OOE-05 10.5

As these tables and figure 2 indicate, the absolute risks are

much lower without fish ingestion; the relative risks appear much

greater, but the apparent effectiveness of cleanup actions also

appear to be greater. In absolute terms, both remedial action

alternatives are effective enough to reduced risks to acceptable

levels, if fish ingestion is reduced or eliminated.

Ecological Risk Assessment The table below summarizes the

results of the ecological risk assessment. The numbers are

indications of expected long-term percent reductions in biomass

for the organism categories of interest. The last line is the. expected "macro" ecosystem biomass reduction based on the EPA
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Figure 1.

Human Risk Comparison
see. vs. BAkground Risk

Human Risk Estimate

0.01-

0.001
No Cleanup Cleon to 10 ppm Clean to 1

Base Case - Background Risk



Figure 2.

Human Risk Comparison
Without Fish Ingestion

Human Risk Estimate

0.01

1l.OOOE-03- --- ----

1 .OOOE-04

1 .OOOE -06
No Cleanup Clean to 10 ppm Clean to 1

Base Case - Background Risk

-~Base w/o Fish Background w/o Fish



. aquatic life criteria of 2 micrograms per liter (acute) and 0.014

micrograms per liter (chronic), respectively (see Tables B.4

through B.6 in Appendix B).

Percent Reduction in Biomass

No Cleanup Clean to Clean to

organism (200 Dom) 10 ppm 1 ppm

Terrestrial-Mink 3.125 0.156 0.016

Aquatic-large fish 0.227 0.011 0.001

Avian 0.527 0.312 0.302

Criteria-based 1.433 0.075 0.011

Based on this methodology, it appears that even without remedia-

tion the PCB contamination would have relatively little effect on

ecological endpoints. This result bears similarity to other. related findings (Mayer et al., 1985 and Peakall, 1987). Al-

though this quotient method is rather crude (and unproven), it

serves as a top-level indication of what may potentially occur.

Another approach would be to estimate the amount of PCB

residual concentration in large game fish. If such concentrations

were actually measured and found to be above the FDA's action

level (2 ppm), the regulatory agency in conjunction with the EPA

may ban fishing In the region. This ban would be of prime

interest in the cost analysis, because it may become the driving

factor for litigation of environmental damage claims. (Such a

situation exists with the case of PCB contamination of the Hudson

River. PCB levels in fish were found above the acceptable limit,

leading to a ban on fishing which resulted in a $12 million

lawsuit initiated by sportfishermen against General Electric Co.,

the responsible party - New York Law Journal, 1987.)

As an illustration, to estimate the residual concentration

in large fish, two sources of exposure of concern are ambient. water and the preceding trophic level (i.e. what the fish eats):
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. From Ambient Water

Ambient x Bioconcentration = 2.OE-06 mg/l x 4.2E+04 = 0.084 mg/kg
Concentration Factor

+ From Food Chain

Concentration x Feeding x Absorption x Duration x 1
in prey Rate Rate Body Weight

0.3 mg/kg x (0.05 x Body = 0.15 _q_) x 0.7 x 300 days x 1 = 3.15 mg/kg
weight day 3 kg

Total Intake

0.084 + 3.15 = 3.23 mg/kg (= 3.23 ppm)

Although the actual concentration could vary considerably, this

method serves as an indication that there may be a problem. It

is interesting to note that the main concern in setting the FDA

limit is human health, not the fish itself. In fact, many fish. have been found to exist with no Identifiable adverse effects

even though the accumulated concentrations of PCBs in their

systems are at levels which would be expected to cause harm

(Eisler, 1986).

Cost Analysis Table 18-A details the costs for all four

alternatives. (For convenience, proper disposal is referred to

as "Option A," and the three alternatives under improper disposal

are collectively called "Option B.") The net present cost is

lowest for immediate disposal, followed by cleanup to 10 ppm,

cleanup to 1 ppm, and no cleanup. These results illustrate part

of what was discussed in the literature review: There exists a

tradeoff between the expense of remedial action and costs associ-

ated with litigation. For the no cleanup alternative, litigation

costs are expected to be highest. When remedial action is taken,

the litigation costs drop substantially.

Also, the base case results indicate that the RI/FS cost

alone would be significant enough to warrant proper disposal,
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Table 18-A. COST ANALYSES Base
Case

iDistance to burn facility 500 miles

lUnit Costs

I neration (liquid) 350.0 S/ton
II neration (solid) 500.0 $/cu yd
ITransportation 0.50 $/cu yd-mile
lExcavate & 100.0 $/cu yd

11 Backfill

Illnterest rate 0.080 ALTERNATIVES
IDiscount (cost values are in million dollars)

11 Factor 1.059

I OPTION A ---------- OPTION B-------------
I Year

Illtem I Cost I Incinerate I No Cleanupi Cleanup I Cleanup
I Realized I to 10 ppm I to 1 ppm
II II II

I-------------------------------------------------------------------------------I
lQuantity of I 1 0,000 1 1 1666.000 1 3600.000 1
lWaste Material I gall I cu yd I cu yd I
I I I I I I I
Illmmediate 0.030 1 N/A I N/A N/A
lDestruction

IIRI/FS 6 0.423 1 0.423 1 0.423 1

IR diation 8 N/A I N/A
Il6avate & 1 1 0.263 0.569
11 Backfill I I
1 Transportation I 1 0.658 1 1.422 1
11 Incineration 1.316 1 2.844 1
11 Overhead 0.559 1.209
11 Contingency 0.224 0.483
II----------------I
11 Total Remdiatn 1 8 0.000 1 0.000 I 3.020 1 6.526 1

IlFines 7 0.000 1 0.100 1 0.000 1 0.000 1

!IHuman Health 7 0.000 1 8.587 1 0.686 1 0.308 1
ILitigation I

lEnvironmental 1 8 0.000 1 0.007 1 3.58E-04 I 3.58E-05 I
ILitigation

I"Benefits" of 1 5 I 0.000 1 0.0A4 1 0.044 1 0.044 1
Illnvested Capitall I

IlNet Present 0.030 I 6.094 1 2.639 1 4.604 1
I * st I I I I



Figure 3.
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. because it is estimated to be over ten times greater than the

cost for improper disposal. if RI/FS costs were significantly

less, then the other cost elements would take on greater signifi-

cance in terms of influencing the results and the decisionmaker's

choice of disposal option. (Because of this outcome, the uncert-

ainty analysis will include emphasis on the differences between

the costs of the three alternatives for improper disposal, rather

than just the differences between proper and improper disposal.)

10 ppm vs. 1 ppm Cleanup Figure 3 shows the cost required

to achieve various risk reduction levels. It illustrates the

fact that 95 percent of the expected risk reduction occurs with

cleanup to 10 ppm, whereas the expense of remediation to 1 ppm is

twice that of the 10 ppm cleanup. Referring back to table 18,

the reduction in litigation cost for human health problems is

relatively small when pursuing the more extensive remediation

from 10 ppm to 1 ppm. This result is as expected since most of

the risk reduction occurs with the 10 ppm cleanup. These results

O as a whole lead one to conclude that remediation to 1 ppm is not

cost effective.

Human Health vs. Environmental Litigation In this case, it

appears that the risks and litigation associated with human

health far outweigh those for ecological damage. Although other

methods may yield somewhat different results, the differences

between the two are in line with expectations because of (1) the

strong propensity of PCBs to remain adsorbed to soils, (2)

studies which indicate PCBs pose little threat to various species

despite the chemicals' persistence (Mayer et al., 1985 and

Peakall, 1987), and (3) society's perception of the threats posed

by hazardous waste contamination and the resulting high frequency

of lawsuits against those responsible for creating such cond-

itions (Strelow, 1988).

Modification of Approach - Incorporation of Chance Outcomes)

This analysis assumes that the waste generator is positively

identified as the responsible party, and as such will bear all
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. ensuing regrets of improper disposal. In actuality, there exists a

finite chance that the responsible party would not be identified.

The likelihood of this occurring could vary from virtually nil all

the way to near one, depending on the location and distribution of

contamination, the ability of the waste generator to cover his

tracks, etc. For illustrative purposes, the following shows how the

results would change if the assumed chance of getting caught is less

than one. It will also consider another factor: the waste generator

may not at least initially pay for the RI/FS and remediation; in-

stead, the EPA or state government may fund these efforts, and then

sue the waste generator for cost recovery.

Given that the Improper disposal takes place on the waste

generator's property in a growing suburban/residential area, let's

assume for this exercise the following:

Probability of getting caught = 0.75

Probability of cost recovery given that the
waste generator gets caught = 0.75

Probability = EProb. of getting x [Prob. of cost recovery1

of paying Lcaught IL
= 0.75 x 0.75 = 0.56

This factor is applied to the RI/FS and remediation cost ele-

ments for the base case; the probability of getting caught (0.75)

alone is applied to fines. None of these factors are considered in

the litigation and "benefits" cost elements.

Table 18-B shows the effect on the results. The total costs are

lower for the improper disposal alternatives, but still greater than

immediate disposal. What value(s) of the probability of payment

would have to be used to make the combined RI/FS and remediation cost

virtually on the same level as proper disposal? This question is

answered below.

Let p = Probability of paying for RI/FS and Remediation
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Table 18-B. COST ANALYSES Base Case with Added
Chance Outcomes

IDistance to burn facility 500 miles

iCostsI

llncineration (liquid) 350.0 S/ton
lIncineration (solid) 500.0 $/cu yd
ITransportation 0.50 $/cu yd-mile
lExcavate & 100.0 $/cu yd
I Backfill
I
lInterest rate 0.080 ALTERNATIVES
Discount (cost values are in million dollars)
I Factor 1.059

I I OPTION A I---------- OPTION B------------
Ii Year I I

lItem i Cost I Incinerate I No Cleanupl Cleanup I Cleanup
I Realized I I I to 10 ppm I to 1 ppm

----------------------------------------------------------------------------- I
iQuantity of 10,000 1 1 1666.000 1 3600.000 1
IWaste Material gall cu yd I cu yd I

Ilmmediate 0.030 1 N/A N/A N/A
IlDestruction

IIRI/FS 6 0.237 0.237 1 0.237 1

;I diation I 8 I N/A I N/A II
I 9 cavate & 0.263 0.569 1
11 Backfill

I Transportation 0.658 1.422
I Incineration 1.316 2.844
1 Overhead 0.559 1.209
Contingency 0.224 0.483

-----------------I
Total Remdiatn 8 0.000 0.000 1 1.691 1 3.655 1

IFines 7 0.000 1 0.100 1 0.000 0.000

Human Health 1 7 0.000 8.587 1 0.686 1 0.308 1

ILitigation I

lEnvironmental 1 8 0.000 1 0.007 1 3.58E-04 I 3.58E-05 I

ILitigation I I I I I
II I I I I I
I"Benefits" of 1 5 1 0.000 1 0.044 1 0.044 1 0.044 1
lInvested Capitall I

I Present 1 0.030 1 5.962 1 1.665 1 2.655
1 st I II I I I



Cost of proper = (Cost of RI/FS + Cost of Remediation) x P
disposal (or fines for

No Cleanup)

(Note: Cost figures have been discounted to year zero; values
are in million dollars)

No Cleanup

0.030 = (0.3 + 0.067) x P --- > P = 0.082

Cleanup to 10 ppm

0.030 = (0.3 + 1.91) x P --- > P = 0.014

Cleanup to 1 ppm

0.030 = (0.3 + 4.12) x P --- > P = 0.0068

This example shows that according to expected value theory, the. probability of paying for RI/FS and remediation, based on the chances

of being caught and being sued for cost recovery, has to be quite

small in order to make improper disposal appear cost effective

(whether these values found here are commensurate with reality is

unknown). The rest of the results and the uncertainty analysis does

not take into account these probabilities.

Summary of Results The results of this case study indicate that

the total cost of improper disposal may be far greater than proper

disposal. When considering only the former, three plausible alterna-

tive actions (in order of decreasing costs) are No Cleanup, Clean up

to 1 ppm PCB soil, and cleanup to 10 ppm soil. For no cleanup, the

driving factor Is the cost of litigation which is based on a human

health risk assessment that estimates the increased incidence of

human cancers in the population exposed. For cleanup to 1 ppm, the

human and ecological risks and ensuing litigation costs are reduced

further, but the cost of remediation Is substantially higher, making

a 10 ppm cleanup the most cost effective alternative.
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. DISCUSSION

Limitations and Deficiencies of Human Risk Assessment

The risk assessment methodology is rather simplistic and as such

relies on several assumptions (both explicit and implicit) which

limit the validity of the results. Those defending this methodology

claim that the assumptions are necessary due to a lack of sufficient

knowledge and data which can be translated into appropriate mathe-

matical relationships and values for relevant parameters. Due to

these deficiencies, assumptions are made to ensure that errors will

result on the conservative side (i.e. the risks will be overestimated

instead of underestimated). The problem created with this approach

is that the effect of conglomerating many conservative assumptions

leads to risk estimates for conditions which may have extremely low

probability of actually occurring (Maxim, 1989). In fact, Maxim.(1989) explicitly addressed the risk assessment in the Strandley

Scrap Metal/Manning RI/FS (which Tetra Tech performed), which was

used in developing this case study. Maxim (1989) specifically called

out the following:

- Tetra Tech used a 2000 ppm PCB soil concentration when this

level was actually found in only one "hot spot;" over 90

percent of the PCB concentration in the soil was 100 ppm or

less

- PCBs were assumed to be infinitely persistent (no degradation)

whereas their half-life in soil is actually on the order of

2 years; thus exposure levels would decrease with time

instead of remaining constant

- Tetra Tech used absorption rates of 1 for soil ingestion even

though the document upon which the risk assessment was based

(Schaum 1984) recommended much lower values (0.2 - 0.5)
- Assumed soil ingestion rates were perhaps the highest ever
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reported; actual rates are one to two orders of magnitude

lower

Maxim (1989) reports that the combination of these conservative

assumptions led to a lifetime risk estimate that is eight orders of

magnitude higher than the estimate which relies on less conservative

values and assumptions. The case study in this report approaches the

less conservative range by using lower absorption and ingestion

rates, as well as lower soil PCB concentrations. However, the

degradation of PCBs over time is not considered here.

Potency Factor As mentioned previously, the assumed potency

factor (7.7 (mg/kg/day) -I) is based on the highest slope of an

experimentally-derived dose-response curve (Henningson et al., 1988).

Rome risk assessments have used a lower value of 4.34, which is based

.n results of earlier studies; an EPA employee recommended the higher

value because it is considered to be more current (communication with

Dana Davoli - EPA Region 10, 1989). The use of a single value (as. opposed to a range of values) for the potency factor implicitly

assumes a linear dose-response relationship, when In fact it is

typically concave curvilinear; hence the potency factor should be

lower at lower doses; using a single value overestimates the risk

(Maxim, 1989).

Exposure Duration and Contact Rates Air, groundwater, and fish

ingestion are assumed to occur every day over a seventy year life-

time. This assumption obviously leads to overestimates of risk from

these routes. A person would have to stay very close to the site for

most of his or her life to approach these exposure levels. For fish

ingestion, even if someone actually ingested fish up to 30 percent of

the time, much of it is likely to come from sources other than waters

contaminated by the PCB site. (PCB levels in fish from other sites

may be higher or lower than those considered here.)

For soil ingestion, each age group of exposure is assumed to

come in contact with soil every day six months out of a year. A

typical individual is indoors for longer periods relative to being

0
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. outdoors; combined with environmental conditions which may inhibit

contact (e.g. precipitation), actual exposures are likely to be lower

than those assumed in the risk assessment. Those who never come near

the site are likely to experience near zero exposure.

At least two of the risk assessments used for this case study

(US EPA (1988b) and Tetra Tech, 1985) point out the irony that the

greatest exposure may occur during and as a result of remedial

activities. The laborers would face the greatest risks (if not

properly attired); in addition, various construction equipment could

cause an increase of airborne particles contaminated with PCBs.

Under dry, somewhat windy conditions, the soil particles would be

transported to nearby human targets, thus increasing exposure levels.

However, those levels would be of short duration (less than one

year). Precipitation would remove the particulate matter from the

airborne phase, reducing exposure levels even further.

The Human Element The risk assessmeat methodology assumes

average adult weight of 70 kg. This value is based on statistics for. male populations. In addition, the methodology assumes the same

absorption (metabolic) rates, contact rates, and lifetime span for

everyone exposed (with the exceptions of soil and food crop ingest-

ion). In reality, many differences exist among individuals. While

they would be difficult to fully account for in a risk assessment,

one needs to be aware of this caveat. Some individuals may be more

sensitive to exposure (babies, small children), while others may be

less susceptible to contracting illness from PCB exposure.

PCBs and Other Carcinogenic Substances The risk assessment

looks only at the expected increased incidence of contracting cancer

via PCB exposure from the contaminated site. A 1/1000 increase may

seem substantial at first glance, but it is small compared to the one

in four cancer contraction rate that has been determined statistic-

ally (Paustenbauch, 1989). A typical individual is exposed to many

potentially carcinogenic substances, through foods, air, indoor

pollution, etc. Indeed, little is known if the combined effects of

these absorbed chemicals are additive, synergistic, or antagonistic.
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For PCBs alone, one study suggests that they may in fact prevent

cancer at low exposures instead of promote the disease (Hayes, 1987).

Moreover, there has yet to be any epidemiological evidence showing

that PCBs do in fact cancer. Stehr-Green et al. (1986b) reported that

no statistically significant increase in cancer or any other adverse

effect could be found in individuals (sportfishermen in particular)

who had significantly higher levels of PCBs in their blood serum and

adipose tissue. On the other hand, no studies have proven that PCBs

do not cause cancer either. We may never know the answer for sure.

Ecological Risk Assessment

The results in this case study indicate that PCBs are likely to

have little effect on several species populations and the ecosystem

as a whole. Even though some evidence exists to support this finding

(Peakall, 1987, Mayer et al., 1985 and Mahanty, 1987), one must bear

in mind that many factors have been ignored in this scenario, includ-

ing the vast number of species in virtually every ecosystem and their

O wide range of susceptibilities to PCBs, along with the dynamic

interactions between those species. For avian species, at least two

documents appear to conflict in terms of their reported effects on

birds. Eisler (1986) indicates that at rather high exposure levels

(2000 - 6000 mg/kg diet), birds are likely to experience a number of

effects including morbidity, tremors, and muscular incoordination.

On the other hand, Peakall (1986) found little harm to birds (with

dose levels ranging from 100 ppm to 5000 ppm). Although both report

tt' t PCBs do bioaccumulate in many species of birds, they seem to

diverge on the significance of this phenomenon.

Likewise, Mayer et al (1985) reported that PCBs pose little

threat to rainbow trout. Their study concluded that the harm that

was reported (at 3 micrograms per liter or above) was probably due to

the petroleum hydrocarbons (in transformer oil) in which the PCBs

were a constituent, rather than the PCBs themselves.

Regardless of these and other findings, those investigating

ecological effects of PCBs would agree on one statement: there
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. simply is not sufficient data to confidently conclude one way or

another on whether or not PCBs are harmful to ecosystems in general.

As such, the EPA's criteria tend to be conservative. It is interest-

ing to note the method with which the chronic toxicity criterion of

0.014 micrograms per liter (24 hour average) is derived: The chronic

effects level for mink (0.64 mg/kg diet) is divided by the geometric

mean bioconcentration factor for salmonids (45000) to arrive at 1.4E-

05 mg/i (US EPA, 1980). The accuracy of such a criterion is suspect

at best.

Validity of Expected Value Theory

The method of calculating human health litigation relies on an

expected value approach whereby the increased cancer risk is multi-

plied by the number of individuals exposed and by an assumed cost of

compensation due to lawsuit award or settlement. (The approach Is

similar for determining environmental litigation costs.) This

approach may be sufficient for cost comparison purposes, but should-. n't be relied on too heavily. For instance, if a decisionmaker for

the waste generator was trying to decide if and how much money should

be set aside to cover litigation costs, he might be presented with

these possibilities:

Probability Cost of Expected
Scenario of Occurrence Litigation Value

Low risk, high 0.10 $3,000,000 $300,000
regrets

Medium risk & 0.50 $600,000 $300,000
litigation

High risk but low 0.90 $333,333 $300,000
regrets

All three scenarios would lead to the same conclusion: Reserve

$300,000 for compensation. Yet in the first two cases, the respon-. sible party would be substantially underfunded. In this simple
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O situation, either litigation award would occur, or it would not

(probability = 0 or 1); as such the company should set aside $3,000,-

000 to be fully covered.

Of course, there exists a finite probability that no litigation

would ensue. What are the opportunity costs of earmarking several

million dollars for compensation? The answer depends on a company's

financial health and goals. If the money is invested in relatively

liquid securities, the regrets are likely to be small. However, if

the company needs the assets for capital investment, then the regrets

could be more significant if such investment leads to strengthening

the company's financial condition.

The bottom line is that expected value calculations should be

viewed critically. It is better to separate the probabilities from

the costs and allow the decisionmaker to choose which scenario he

prefers.

Value Sets of Decisionmakers

There are basically two categories of decisionmakers to con-

sider: Those that would be most concerned about the magnitudes of

regrets (costs), and those that are most influenced by the likelihood

of bearing the cost burdens of regrets. Because of the relative

costs of improper disposal are much greater than those for improper

disposal in this case, the results would most easily influence the

former class of decisionmaker to choose proper disposal. However,

since this analysis doesn't fully consider other realistic scenarios

that depend on chances of detection, the latter type of decisionmaker

is less likely to be influenced by the results contained herein. In

other words, unless one could persuade the latter decisionmaker that

the probability of getting caught is extremely high, he is likely to

choose improper disposal, thus favoring short term in gains in spite

of the possibility of large regrets.
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. Risk Assessment Data as Leqal Evidence

Risk assessments have been used primarily to estimate potential

damage mostly to human health and to some degree to ecosystems,

thereby providing a quantitative means to determine environmental

standards, to prioritize environmental problems, and to decide on

remedial actions. However, some civil actions have attempted use

risk assessment data as evidence in toxic tort cases (Landau &

O'Riordan, 1988-89). In some cases, the evidence was deemed inadmis-

sable; in others, such evidence was considered irrelevant (Brown vs.

Southeast Pennsylvania Transit Authority - Landau & O'Riordan, 1988-

89). There are many factors which have influenced those decisions on

admissability, including the present condition of the plaintiffs, the

jurisdiction in which the case is heard, etc. Overall, it appears

that plaintiffs have had difficulties in getting such information

into the courtroom; but while the odds favor the defendants (indus-

try), there still is a significant, reasonable chance that such data

could be used, leading to an award for the plaintiff.

Many industries/corporate entities have accepted the risks of

facing civil action in order to save near term monetary resources.

The probabilities may be in their favor (albeit not overwhelmingly),

but the regrets certainly are not so. Indeed, the general arena of

toxic tort cases is in a vpry dynamic state of flux at present. Many

more environmentally-related lawsuits are reaching court dockets, and

there is wide disparity in the rulings handed down. Recently a

precedent may have been set in the case of Potter vs. Firestone Tire

and Rubber Co. (Monterey Superior Court No. 81723). The plaintiffs

were awarded $3.9 million ($2.6 million in punitive damages) as

compensation for fear of increased risk of cancer (Echenique, 1988).

The key statement was the ruling that "... enhanced susceptibility to

cancer or other life threatening diseases is a 'presently existing

physical condition.'" In most other cases, plaintiffs had to demon-

strate that actual manifestations of physical harm exist before

compensation for increased risk of contracting future health problems

were allowed (Cummings, 1987-88). Whether other courts will rule in
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a manner similar to Potter vs. Firestone remains uncertain for now.

The reasons for reluctance to consider risk assessments as

evidence in toxic tort cases lie In the traditional approaches to

determining liability in such cases. Basically, the plaintiff had to

show physical manifestation of harm as well as show with reasonable

certainty or probability that the defendant was responsible (Cum-

mings, 1987-88). Two types of arguments that could be used are "but

for" and "substantial factor." (Foster, 1988) "But for" means that

the plaintiff under the same conditions in which he or she has

existed would not have contracted disease or other adverse effects

"but for" the actions on the part of the defendant. The other

argument generally stipulates the defendant was a "substantial

factor" (contributing to more than half) in the causation of the

plaintiff's ailment (Foster, 1988). These arguments tend to break

down in toxic torts, because of the difficulties In proving a link

exists between the defendant's actions and the plaintiff's illness,

along with the fact that a latency period often exists between. exposure and disease manifestation (Forstrom, 1987).

With latency period a significant factor, the establishment of

when the statute of limitations begins becomes very important.

Should it start when contamination first takes place, when the

exposure starts, or when the disease becomes evident? To solve this

dilemma, 39 states have adopted the "discovery rule," whereby the

statute of limitations begins at the time when the plaintiff "knew or

should have known" of possible injurious exposure (Cummings, 1987-

88). Although still open to interpretation, this ruling narrows the

possibilities and favors the plaintiff.

F reatest concern over accepting and relying upon risk

assessment datA for determining probable cause is the chance that

defendants could be forced to pay when no injury will actually occur,

i.e. courts do not want to open the floodgates to speculative claims

(Robinson, 1985). However, those gates may already be opening. In

addition to the precedents mentioned above, some states have adopted

rulings/legislation which greatly favor the plaintiff. In 1987,
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S California adopted Proposition 65 which established the possibility

of large fines and even "bounties" against unlawful polluters.

Moreover, it shifted the burden of proof from the plaintiff to the

defendant. The latter now has to prove that its actions were not the

cause of the plaintiff's ailment (Scroggin, 1987). In Oregon, the

law states that "... a person who has the care, custody, or control

of hazardous waste is strictly liable for any personal injury or

property damage that results from improper disposal of that waste.v

Only California, New Jersey, and Minnesota have similar statutes

(Landau & O'Riordan, 1988-89).

Natural Resource Claims (Habricht I, 1987) CERCLA/SARA legis-

lation contains provisions for governmental entities to sue polluters

for natural resource damages caused by the defendant's improper

disposal practices. The damage awards are limited to amounts needed

to "restore, replace, or acquire the equivalent thereof," and only to

those residual damages beyond which the remedial actions cannot

repair. In addition, these damages apply only to "public" natural

S resources (although the definition of what constitutes a public

natural resource is somewhat open to interpretation). Up to now,

most lawsuits of this kind have been initiated at the state level,

with few at the federal or municipal level. One exception is the

case of the United States vs. AVX Corporation (No. 83-3882-Y, Massa-

chusetts), wherein a claim of $50 million was filed against the

companies responsible for PCB contamination of New Bedford Harbor.

CERCLA stipulates that private persons may not sue for any such

natural resource damages. However, in at least one case a Judge

allowed such a claim to go to trial. As mentioned earlier in the

report, a group of commercial fishermen sued General Electric Co. for

PCB contamination of the Hudson River and the subsequent ban on

fishing for striped bass (New York Law Journal, 1987). (The author

does not know If a ruling has been handed down as yet.) GE already

had paid $4 million as part of a settlement with New York state in

1976 (New York Law Journal, 1987).
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. Perceived vs. True Risks

The risk assessment data in and of itself does not convert

directly to a probability of lawsuits occurring. Rather, assuming

they are admissable as evidence in a toxic tort, they can be trans-

lated into a probability of losing the lawsuit (i.e. they serve as an

indication of the weight of evidence against the defendant) and thus

help determine the magnitude of claims awards. The likelihood of

civil action being initiated would depend (at least in this case) on

the perceived risk on the part of the individuals living near the

site. This perceived risk will be a function primarily of two

factors: the suddenly rising incidence of unusual health problems

(if any), and the discovery of the site and the publicity resulting

from the discovery. Even if the true risks to humans are small,

there is a very strong chance that at least a portion of the popula-

tion in the vicinity would initiate civil action even if no health

effects have become manifest. Once civil actions begin, the decision

in favor of the plaintiffs or defendant will depend to varying. degrees on epidemiological evidence (for the site or historical sites

similar to the one at hand), risk assessment data (similar to that

described in the case study), and the presence or absence of present

physical conditions which may be linked to the site contamination.

For this scenario, the analysis takes a conservative approach by

assuming that civil action will definitely occur

(P = 1). The results of risk assessment factor Into the Jury award

or settlement as described previously.

Data Quality/Validity

The confidence placed in the risk and cost analyses depend in

part on the valid. y of the data available in the literature. Given

the manner in which these data are presented (values were scattered;

few If any values were presented in a statistical format), it is

difficult to say how accurate the results are. Much of the data are

subject to wide variations in reported values, in particular the

levels of PCB concentrations causing detrimental effects in various
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. organisms, the PCB concentrations in various media due to contamina-

tion and environmental dispersion and diffusion, and the various site

parameters which contribute to the spread of contamination. Remedia-

tion and litigation costs may also vary considerably, depending on

the site conditions, the actual number of people exposed, the weight

of evidence supporting the claim(s) of health damage due to contami-

nation, etc. With such wide ranges of values for many influencing

factors, many combinations of values are possible which could alter

the estimates of total costs for the disposal / remediation alterna-

tives considered. However, as the uncertainty analysis will show, it

appears that under most reasonable conditions, proper disposal

remains economically favorable to improper disposal.

Other Scenarios

Apart from the uncertainty analysis, there exists at least one

set of plausible (but unlikely) conditions under which improper

disposal appears more cost effective:

O - Contamination is spread over a wider area and/or not on the waste

generator's property

- The site is not discovered or cannot be traced to the waste

generator

- The RI/FS and remediation costs are borne by the government

which is unable to successfully recover those costs

- No litigation costs ensue

In the case study, it is assumed that only one contaminant (PCBs)

exists at the site, which resides on property owned by the entity.

Although this situation is rare (sites usually have more than one

type of waste stream), it is by no means completely unheard of.

Given these conditions, it is more likely than not that the responsi-

bility would be traced to the waste generator. Such likelihood may

be reduced if the waste were either dispersed over a much larger

region that is not owned by the entity, or if the waste oil were
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.dumped at a site which contained other chemicals from other genera-

tors, such that it would be difficult if not impossible to identify

this particular responsible party. (But these situations would give

rise to the possibility of someone either internal or external to the

company reporting such illegal actions to the appropriate authori-

ties.)
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. UNCERTAINTY ANALYSIS

Given that much of the data used in this case study are subject

to large variations under actual conditions, it is warranted to

explore the ranges of values of at least some of the parameters to

support the findings of the base case. This section will consider

five sets of conditions and values which are different from those

previously used. The first two try to emulate conditions which would

tend to make improper disposal appear more cost effective.

Uncertainty Case 1: Low Range of Human Health Risk

To develop the low end of the range of human risk and to see the

effect on total costs, the following parameter values are changed as

shown below:

Uncertainty
Parameter Base Case Case 1

. Air Inhalation
Absorption rate 0.3 0.25
Duration (lifetime fraction) 1.0 0.5

Groundwater
Absorption rate 1.0 0.5
Duration (lifetime fraction) 1.0 0.5

Soil - Dermal Absorption
Absorption rate 0.03 0.01
Lifetime fraction 0.5 0.3

Soil Ingestion
Contact rates (g/day)

0 - 1 years 5.0 0.05
1 - 5 years 10.0 0.10
5 - 70 years 0.3 0.03

Absorption rates - all age 0.5 0.
groups

Exposure durations 0.5 x age group 0.25 x age
interval group interval
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Food Crop Ingestion
Absorption rates (all age 0.3 0.2

groups)
Exposure durations same as for soil ingestion

Fish Ingestion
Contact rate (g/day) 454.0 6.5
Absorption rate 0.75 0.5
Duration (lifetime fraction) 0.3 0.04

Cancer Potency Factor ((mg/kg/day) "1 ) 7.7 4.34

Results - Case 1 Figures 4 and 5 show the risk estimates and total

costs, respectively, of the base case compared to uncertainty case 1.

Primarily due to substantially lower fish ingestion, the risks are

about one to two orders of magnitude lower than In the base case.

The cost of the No-cleanup alternative is much less due to reduced

human health litigation; but it is still one order of magnitude

greater than immediate disposal. The total costs of remediation to

10 ppm and 1 ppm, respectively, are reduced only slightly because. remediation costs are their respective cost drivers and are the same

as those for the base case. Hence, for improper disposal, no cleanup

is the most cost effective alternative under these conditions (Also

see Tables B.7 through B.10 In Appendix B.)

Uncertainty Case 2.1: Lower Costs Combined with Low Human Risk

The values associated with the low estimate of human health risk

are combined with lower unit costs, longer timelines for activities

involved (RI/FS, remediation, etc.), and a higher real interest rate

in an attempt to make improper disposal appear more favorable. The

values used here are as follows:
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Figure 4. Human Risk Comparison
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Figure 5. Cost Changes
with Low Human Risk
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Uncertainty
Parameter Base Case Case 2.1

Human Health Risk see Uncertainty Case 1

Volume of Soil Excavated (cubic yards)
Cleanup to 10 ppm 1666 500
Cleanup to 1 ppm 3600 1000

Unit Costs
Incineration - liquid (S/ton) 350 250
Incineration - solid ($/cu yd) 500 375
Transportation ($/cu yd-mile) 0.5 0.25
Excavation & Backfill ($/cu yd) 100 80

RI/FS (million $) 0.3 0.1

Interest rate (%) 8 10
Inflation rate () 2 0
Real interest rate 5.9 10

Timelines (year cost realized)
RI/FS 6 9
Remediation 8 11
Fines 7 9
Human Health Litigation 7 15
Environmental Litigation 8 12

Results - Case 2.1 Figure 6 (and Table B.11 in Appendix B) show the

resultant lower costs with these values. Costs are substantially

lower for all alternatives, but immediate disposal is still lowest by

at least one order of magnitude. For improper disposal, no cleanup

is the cheapest, although the differences are not as great as in

uncertainty case 1.

Uncertainty Case 2.2: Low Costs with Base Risk

The base case values of factors for human risk were combined

with the values for cost factors in uncertainty case 2.1 to isolate

the effects of the lower cost factors. As figure 7 shows, the

results are as one should expect: Total costs for all alternatives

are higher than for uncertainty case 2.1, but lower than those in the
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FIgure 7. Cost Changes
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base case. Proper disposal is by far the lowest cost option, and a

10 ppm cleanup is the most cost effective alternative when only

considerinq improper disposal (Also see Table B.12 in Appendix B.)

Uncertainty Case 3: Worst Case Human Risk Estimate

The opposite of uncertainty case 1, larger values of selected

risk parameters were adjusted to yield a worst case human risk

estimate.

Uncertainty
Parameter Base Case Case 3

Air Inhalation
Absorption rate 0.3 0.6

Soil - Dermal Absorption
Absorption rate 0.03 0.5
Duration - Lifetime fraction 0.5 1.0

Soil Ingestion
Absorption rates - all age 0.5 0.75

groups
Exposure durations 0.5 x age group 1.0 x age

interval group interval

Food Crop Ingestion
Absorption rates (all age 0.3 0.5

groups)
Exposure durations same as for soil ingestion

Fish Ingestion
Background concentration (ppm) 0.1 0.3
Absorption rate 0.75 0.86
Duration (lifetime fraction) 0.3 1.0

Results - Case 3 Figure 8 depicts the worst case vs. base case human

risk estimate, with the former about one order of magnitude greater

than the latter. Figure 9 shows the total cost comparison. The

costs for the No Cleanup alternative are five times greater whereas

the costs of the remediation alternatives are about 1.5 to 2 times

greater than those of the base case. (The dramatic increase in human

health litigation under No Cleanup is most likely an unrealistic
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. overestimate; as such, it shows to some degree the limited accuracy

and validity of the computational methodology employed in this case

study. Also see Tables B.13 through B.16 in Appendix B.)

Uncertainty Case 4: Increased Ecological Risks

In this case, the PCB concentrations in the media of interest

are increased by a factor of ten.

Results - Case 4 The total percent reductions in biomass are corres-

pondingly increased tenfold. With respect to the effect on total

costs, since environmental litigation costs are relatively small

under each alternative for improper disposal, the effect on total

costs is virtually negligible. (See Tables B.17 through B.20 in

Appendix B.)

Uncertainty Case 5: High Cost with Base Case Risk Estimate

Selected cost factors are increased to obtain a high estimate of. total costs.

Uncertainty
Parameter Base Case Case 5

Volume of Soil Excavated (cubic yards)
Cleanup to 10 ppm 1666 2500
Cleanup to 1 ppm 3600 5000

Unit Costs
Incineration - liquid ($/ton) 350 450
Incineration - solid ($/cu yd) 500 650
Transportation ($/cu yd-mile) 0.5 1.0
Excavation & Backfill ($/cu yd) 100 125

Interest rate (% 8 6
Inflation rate (% 2 3
Real interest rete 5.9 2.9

Human Health Litigation (mil $ per 1.0 2.0
case)

Environmental Litigation (mil $) 2.0 3.0
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. Results - Case 5 See Figure 10 (and Table B.21, Appendix B). Total

costs are virtually doubled for all alternatives.

Summary of Uncertainty Analysis

The uncertainty analysis provides a range of low and high human

risks and total costs for the alternative methods of disposal/remedi-

aton. Figure I. combines the base case with the high and low human

risk estimates. It Illustrates the fact that the use of conservative

assumptions and values for all inputs may greatly overestimate the

actual risks of carcinogenicity. Figure 12 summarizes the ranges of

total costs assuming base case human risk values.

In no case was Improper disposal more cost effective than proper

disposal. This conclusion is primarily due to the fact that the cost

elements under consideration take on greater significance when

improper disposal occurs; in particular, the destruction costs are

much greater for remediation of an improperly disposed waste stream,

due to the greater quantity of waste material requiring treatment.

SUMMARY

Responsible parties face dire financial and other consequences

if regulations for treatment and disposal of hazardous wastes are not

followed properly. Although It was easier to "get away" with cutting

corners in the past, present day focus on hazardous waste problems

increases the chances of regrets for the generator.

PCBs are a class of chemicals whose use in many applications,

coupled with liberal disposal practices, has led to widespread

contamination of the environment. Because of their persistence and

ability to bioaccumulate, PCBs will remain in the environment for the

foreseeable future, even though their production ceased over ten

years ago. Various studies indicate that PCBs may cause adverse

health effects in humans and ecological endpoints, although the

collective results of these studies are Inconclusive. Regardless,
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Figure 10. Cost Changes
with Base Risk/High Cost Factors
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Figure 11. Human Risk Comparison
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regulations and criteria have been established to reduce exposures to

PCBs.

Several bodies of legislation have been enacted to reduce

contamination of the environment with hazardous wastes (including

PCBs), as well as remediate contamination due to inadequate disposal

practices. Fulfillment of the requirements called for in these laws

can be very costly to the responsible parties and society as a whole.

The establishment of cleanup levels for a given hazardous waste site

can be a very complex task, and may lead to overly stringent require-

ments which could substantially increase the costs of remediation.

Risk assessments are an integral part of hazardous waste manage-

ment; they factor into the prioritization of hazardous waste problems

and the selection of remedial action alternatives. Unfortunately,

present day methodologies for risk assessment are based on insuffi-

cient information; inherently conservative assumptions often lead to

substantial overestimations of risk, a situation which may spawn

excessive remedial efforts.

The results of this case study indicate that the total cost of

improper disposal may be far greater than proper disposal. When

considering only the former, three plausible alternative actions (in

order of decreasing costs) are No Cleanup, Clean up to 1 ppm PCB

soil, and cleanup to 10 ppm soil. For no cleanup, the driving factor

is the cost of litigation which is based on a human health risk

assessment that estimates the increased incidence of human cancers in

the population exposed. For cleanup to 1 ppm, the human and ecologi-

cal risks and ensuing litigation costs are reduced further, but the

cost of remediation is substantially higher, making a 10 ppm cleanup

the most cost effective alternative.

CONCLUSIONS/RECOMMENDATIONS

PCBs certainly deserve to be treated in a conservative manner,

but their true threat to human health and ecosystems may be exag-
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. gerated. The uncertainties and public perception of the risks they

pose may have led to overregulation and may force future cleanup

actions to be more extensive and costly than is really necessary.

Moreover, many of the environmental problems created by PCBs could

have been avoided if waste generators had had some foresight and

followed rather costly treatment and disposal procedures, anticipat-

ing that the true total costs would actually be higher if "simpler"

disposal measures were taken.

with regard to risk assessments, complex, time-consuming ap-

proaches may be necessary (because they are required), but certain

assumptions with inherent uncertainties may undermine the value of a

complex approach. unfortunately, many elements of uncertainty will

probably always remain, especially data on effects, epidemiological

studies, etc. Perhaps the most important modifications to present

practices would be to increase the level of activity devoted to

ecological risks. Certain elements of the environment are more

sensitive to exposure to toxic chemicals than humans are, and those. elements must be accounted for. People must recognize that while

chemicals may pose a threat directly to them, this threat may be

exaggerated. The public at large needs to also show greater concern

for the rest of the ecosystem, as opposed to the direct risk to

itself; for ultimately, the quality of human life depends on the

quality of our natural surroundings.

As described in the case study, many other possible outcomes

with associated probabilities of occurrence were ignored, due to

insufficient data and the fact that the case study was designed to

follow the methods used in related efforts. Even though such probab-

ilities are difficult to determine with confidence, and the incorp-

oration of other scenarios could greatly increase the complexity of

the analysis, such efforts should be attempted when the analysis is

conducted by and/or for a waste generator.
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APPENDIX A. RISK CALCULATIONS

Costs of Proper Disposal

Total Cost = Cost of Transportation + Cost of Incineration

Transportation Cost = volume of waste material x distance to

incinerator x unit cost of trans-
portation

x conversion factor(s)

Example: 10,000 gal x 1/(55 gal/drum) x 550 lb/drum x

(1/2000 lb/ton)) x $0.5/ton-mile x 500 miles

$ $12,500

Incineration Cost = volume of waste x unit cost of inciner-
ator x conversion factors

Example: 10,000 gal x 1/(55 gal/drum) x 550 lb/drum x

1/(2000 lb/ton) x $350/ton

- $17,500

Total Cost of Disposal = $12,500 + $17,500 = $30,000

Reduction Factors Linking PCB Soil Concentrations to Environ-
mental Media Concentrations

Soil Concen- Reduction Concentration
Medium tration (mg/kq) Factor in Medium

Air 200.0 6.3E-04 0.126 mg/m3

Groundwater 200.0 5.OE-05 10 mcgm/L

Water Column 200.0 1.OE-08 2 ng/L

Sediments 200.0 5.OE-04 0.1 mg/kg
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APPENDIX A. (cont'd)

Mean Weight for Ages Below 18 Years

Body Weight (kg) = 3.14 kg + (3.52 kg/yr x age)

(Source: Schaum, 1984)

Human carcinogenic risk

Consummate Relative Risk = Total Absolute Risk

Total Background Risk-

Total Absolute Risk = LRisk I from pathway I

Total Background Risk = ZBackground Risk i from pathway i

Absolute Risk = 1 - exp (average daily intake x potency
from pathway I factor

average daily intake = (mg/kg/day)
potency factor = (mg/kg/day) "I

Average daily intake = concentration of PCB at contact point
(mg/kg)

x contact rate (g/day)
x absorption rate (dimensionless)
x duration of exposure (days)
x 1/average lifetime (70 years x

365 days)
x 1/average body weight (kg)
x 1 kg / 1000 g

Background Risk1 = Same method as absolute risk except back-
ground PCB concentrations are used

For food crop and soil ingestion pathways,

Average daily intake = intake from age interval J
70 years x 365 days per year

where
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Intake from age
interval j PCB conc. in food or soil (mg/kg)

x contact rate (g/day)
x absorption rate
x duration of exposure (days)
x 1 kg/1000 g
x l/Mean body weight for age

interval j (kg)

Ecological Risk Assessment Methodology

Total percent reduction
in biomass = %Reduction via Chronic Toxicity

+ %Reduction via Acute Toxicity
+ %Reduction via Reduction in prey

biomass (indirect)

Percent Chronic
Reduction = Relative Chronic Risk (RCR) x 10

Relative Chronic
Risk = PCB Concentration in Medium x Chronic

Toxicity Concentration

Percent Acute
Reduction = Relative Acute Risk x 0.5

Relative Acute
Risk = PCB Concentration in Medium x Acute

Toxicity Concentration

Net Present Cost

Net Present Cost = Cost (1 + i) "j -
i

- aBenefJt (1 + J )

where
I = cost element
It = real interest rate
n| = year in which cost element I is realized
J = benefit element J (principal + interest)
nj = year in which benefit J is realized
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APPENDIX B. DETAILED RISK AND COST ANALYSES
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* Table B. 1

Dura- Base Case
RISK AMAYLSES - WMAN tion Soil Conc 200.0 ppm

(days)
or

Adsorp-Li fe-
Back- Cntmnant Degradn/Cntnant Contact tion time Body (Cum) Back-
ground Conc DilutionConc at Rate Rate Frac- Weight Amount Intake Absolute ground Relative

Species/ Conc. at Site Factor Intake tion Ingstd (Rate) Risk Risk Risk
Route (m"/kg) (ag/kg) (mg/kg) (g/day) (g/g) (yrlyr)(kg) (mg) (mg/kg/dy)

Air 8.E-07 n 0.126 f 0.9 0.113 20.0 0.3 1.000 70.0 9.72E-06 7.48E-05 5.28E-10 1.42E+05

Grndwtr 3.E-05 1.E-02 1.0 I.E-02 1500.0 1.0 1.000 70.0 2.14E-04 1.65E-03 4.95E-0 3.33E+02

Soil
Dermal 0.5 200.0 1.0 200.5 4.3 0.03 0.5 70.0 1.85E-04 1.42E-03 3.55E-06 4.01E+02

Ingestn 0.5 200.0 1.0 200.5 0.3 0.5 1.000
0-1 yr 0.5 200.0 1.0 200.5 5.0 0.5 112.5 4.9 9.15E*01 7.361-04
I-5 yr 0.5 200.0 1.0 200.5 10.0 0.5 730 13.7 7.32E+02 2.69E-03
5-70 yr 0.5 200.0 1.0 200.5 0.3 0.5 11863 70.0 3.57E+02 3.26E-03 2.48E-02 8.25E-06 3.01E+03

Food Crop 0.1 200.0 0.2 40.1 0.3
0-1 yr 0.1 200.0 0.2 40.1 0.9 0.3 193 4.9 1.76E+00 1.41E-05
0-5 yr 0.1 200.0 0.2 40.1 0.7 0.3 730 13.7 6.15E+00 3.22E-05
5-12 yr 0.1 200.0 0.2 40.1 0.3 0.3 11963 70.0 4.29E+01 7.69E-05 5.92E-04 9.90E-07 5.98E+02

Fish 0.10 200.00 0.0039 0.88 454.0 0.75 0.3 70.0 1.21E-03 9.84E-03 1.12E-03 8.76E400
Ingestion

Absolute Backgrnd Relative
f Air conceontratios in og/3

3.64E-02 1.14E-03 33.635



Table B. 2

S Shra- hs Call

il MNUTSi - SUN iin Sll Come 1.O p"m

or

Adsorp-LiJe-
Sack- Cetmamt kgrodn/Ctlmeat Collect II.. tie hdI (Coe) hck-
gromad Cose 1lmtiolCoa t ate Rate Frac- ehlit bult Intake Absolutt grmud Relative

Species/ Come. at Site Factor istake lis ilegtd (Sate) Risk Risk Risk
Rote (mg/kg) (mg/lg) (mg/kg) (g/dal) (g/g) (yr/r)(kg) (al) (mg/kg/dy)

Ai1 3.1-01 7 0.006 6.1 0.6 26.0 0.1 1.000 10.0 4.361-T 3.141-0H 6.281-10 1.6*413

kudvir 3.1-05 .1-04 1.0 $.1-04 1500.0 1.0 1,314 to.0 1.011-05 3.253-0$ 4..51-0 1.011011

Soil
rnl .1 10.0 1.0 10.1 4.3 0.03 0.5 10. 1.61-0 7.051-0 3.511-06 2.1m1l

Ileges 0.5 10.0 1.0 10.5 0.3 0. 1.00
0-1 If 0. 10.0 1.0 1. 5.0 0.5 132. 6 4.1 .I10 3.l51-05
1- yr 0.5 10.0 1.0 10.$ 1 0. 130 13.1 3.131601 1.511-04
61T Ir 0.5 10. 1.0 10.5 0.3: 0.5 11363 10.0 1.111.01 1.111-04 1.311-03 .2510 1.501+02

F ood Crop 0.l I0.0 0.2 2.1 0.
o-d If oo 01 H0 0.2 2.1 1.1 3 133 4.1 .21-02 1.401-01

0-5 yV 0.1 10.0 0.2 2.1 0.1 0.3 T30 .13.1 .221-01 1.661-0
5-Il yr 0.1 10.0 0.2 2.1 0.3 0.3 11113 10.0 2.241+0 4.031-06 .101-0 1.101-11 3.131401

Fisk 1.10 10.00 1.0031 0.14 414.0 0.15 0.3 10.0 2.31-04 1.61-3 1.121-13 1.391*00
imgest iou

Aolute aekgrm Relative
s Air eomcentratie Is eg/m

3.011-3 1.141-03 2.11



0 Table B. 3

Dura- Base Case
RISK ANAYLSES -HUNAN tion Soil Conc 1.0 ppe

(days)
or

Adsor p-Li fe-

Back- Cntenant Degradn/Cntenant Contact tion time Body (Cue) Back-
ground Conc DilutionConc at Rate Rate Frac- Weight Amount Intake Absolute ground Relative

Species/ Conc. at Site Factor Intake tion Ingstd (Rate) Risk Risk Risk
Route (ag/kg) (ag/kg) (ag/kg) (g/day) (g/g) (yr/yr)(kg) (mg) (mg/kg/dy)

Air 8.E-07 n 0.001 f 0.9 0.001 20.0 0.3 1.000 70.0 4.86E-08 3.74E-07 5.28E-10 7.09E+02

6rndvtr 3.E-05 5.E-05 1.0 5.E-05 1500.0 1.0 1.000 70.0 1.07E-06 6.25E-06 4.95E-06 1.67E+00

Soil
Dermal 0.5 1.0 1.0 1.5 4.3 0.03 0.5 70.0 1.38E-06 1.06E-05 3.55E06 3.00E*O0

Ingestn 0.5 1.0 1.0 1.5 0.3 0.5 1.000
0-1 yr 0.5 1.0 1.0 1.5 5.0 0.5 182.5 4.9 6.84E-01 5.51E-06. 1-5 yr 0.5 1.0 1.0 1.5 10.0 0.5 730 13.7 5.48E+00 2.16E-05
5-70 yr 0.5 1.0 1.0 1.5 0.3 0.5 11863 70.0 2.67E*00 2.44E-05 1.8E-04 8.25E06 2.28E+01

Food Crop 0.1 1.0 0.2 0.3 0.3
0-1 yr 0.1 1.0 0.2 0.3 0.9 0.3 183 4.9 1.31E-02 1.06E-07
0-5 yr 0.1 1.0 0.2 0.3 0.7 0.3 730 13.7 4.60E-02 2.41E-07
5-12 yr 0.1 1.0 0.2 0.3 0.3 0.3 11863 70.0 3.20E-01 5.75E-07 4.43E-06 9."E-07 4.47E00

Fish 0.10 1.00 0.0039 0.10 454.0 0.75 0.3 70.0 1.52E-04 1.17E-03 1.12E-03 1.04E00
Ingestion

Absolute ackgrnd Relative
1 Air concentratio in 4013
1.39E-03 1.14E-03 1.209



Table B.4

RISK AISIS - SCOLOGCIL hse Cast
tell CO&c 211.004 pp

(lefereace soly)(uq/kI It terrestrial)
I I I I percent Percent Percent

Acute Chrenic Couc telativelelativePerceut PerceatDirect Indirect Total
ulocosc Tl Tel IN Acute Chronic Acute Chrsicledectienleluctionledects
factor (1,011 Nedia Risk lisk Reducts keduce to tops io poe io top

(19/1) log/l) (21/11 Ais$ Diomss Niewas

link 1.661 011 6.346 6.211 3.31-15 3.11-11 1.71-65 3.125 3.125 -- 3.125

AQUA1TIC. Pytplaktm o66516-426-6 13-426-267.5 626 626 - .6

Invrtebrte 26616 6.161 1.S12 2.1-SI 2.11-15 1.01-13 1.01-65 6.016 6. 1 .210 1.210

lull fish - 6.633 $.M6 2.03-06 6.19165 3.13-64 3.6915 6.663 6.663 6.216 6.213

Large flub 42666 6.1 6.6615 2.11-66 2.61-65 1.31-1; 1.63-65 6.613 6.613 6.213 6.221

Lila. 2666 56.666 1.5166 7.51-64 3.65-62 3.63-04 6.366 6.366 6.227 6.527

Criteria- 6.002 1.43-65 2.6916 6.661 6.143 5.61-64 1.432 1.433



Table B. 5

RISK AKALTSIS - SCOI.OGICAIL Base Case
Se11 Couc 11.666 ppm

flefereace oaly)Iug/kg It terrestrial)
I I I I Percent percent percent

Acute Chronic Coic EelativeleiativePercest PercentDirect Indirectfstal
liecoac Tel l in Acute Cl.romic Acute Ckronicledectioatedictigdedactio
factor (LCSI Media Risk Risk leducto Redact in Pop& In Pop in Ppp

(1g/1) (mg/1) fog/1) Blonass Biouass Dimsass

KInk 1.060 6600 6.640 6.610 1.71-66 1361-12 8.31-67 6.151 6.151 -- 6.15;

AQUTIC

Pkyiplakim -- 1.115 1.61-14 1.11-17 6.71-16 1.01-03 3.31-06 1.110 0.016 -- 0.110

Iavrtebrte 21066 6.160 6.602 1.01-67 1.11-H6 5.61-05 5.61-07 6.061 6.061 6.010 6.611

snill fish -. .633 6.066 1.61-17 3.01-6 1.6-5 1.59-1-6 6.60 6.666 6.611 6.111

Large fish 42660 6.1 6.6615 1.61-67 1.61-66 0.1-65 5.61-67 6.601 6.61 6.611 6.111

. IN 2666 56.600 1.51401 7.51-64 3.61-62 3.61-04 6.366 6.306 6.611 0.312

Criteria- 062 1.41-65 1.11-67 6.666 6.667 2.69165 6.675 6.675
based



Table B.6

liSt ANAIYSIS -ECOLOGICIL Mse Case
Soil Coc 1.06 pp

(uefeiemce omly)(mg/kI if terrestrial)
I I I I Percest percent Pewcest

Acute Chromic Coac Relativelelativefercemt Percemtolrect ladirect Votal
Diocoac ?o Yes is Acote Chromic Acote Ckzomicledectiostedectiotedictm
factor (LCS) Media Risk list tedecta leduct is Pope it Pope io tops

(mg/1) (mg/1) (11/1) ioisi liouss lieouss

Niel 1.60 6666 0.640 6.601 1.71-17 1.61-13 1.31-11 6.616 6.616 -- 1..11

AQUATIC. Phytplakto -- 6.615 1.1-64 1.0-11 6.71-61 1.11-14 3.31-01 4.611 1.611 -- 1.111

Isvtebite 2110 6.161 1.112 1.1-13 1.63-67 5.61-K 5.61-66 1.611 6.611 1.11 6.661

hall fish -- 6.633 6.606 1.61-18 3.11-17 1.61-16 1.51-67 .116 1 .610 1.01 6.661

Large fish 42660 6.1 0.0615 1.1-1 1.1-07 6.71-6H 5.63-1 0.666 6.01 0.61 .01

Aviam 216 50.06 1.5101 7.51-14 3.11-12 3.3-14 1.361 6.361 1.661 6.362

Criteria- 0.662 1.41-05 1.51-11 6.616 1.11 3.81-16 6.11 6.611ika .4



Table B. 7

Daua- Uncertainty Case 1.1
11ISKANAILSIS - BUNAS tion soil Cone 260.0 ppm

(days)
or

Idsorp- Life-
lack- Cmtmnantegrado/Cmtenaot Contact tion time Body (Cell Back-
ground Cone Dilutionconc at late late fusc- Weight Amount Intake Absolute ground Relative

Species/ Conc. at Site factor Intake tiom imgqstd (late) Risk Risk Risk
Route (mg/kg) (mg/kg) (mg/kg) (9/day) (qi9) (yr/yr(kg) (ug) (mg/kg/dy)

111 1.1-07 n 0.121'2 0.9 0.113 20.0 0.25 0.50 76.0 5.101-06 3.521-05 2.411-10 1.429165

Grndvtt 3.15 1.3-62 1.0 1.1-62 1560.1 6.5 0.50 76.0 1.171-64 4.351-04 1.391-11 3.33912

Soil
Dermal 1.5 200.6 1.0 200.5 4.3 6.61 6.3 70.0 3.1105 1.301-04 4.001-67 4.119402

Ingests 0.5 200.6 1.6 200.5 6.3 0.20 1.000
1-1 yr 6.5 200.6 1.0 200.5 0.15 0.20 91 4.9 1.831-01 1.471-01.1-5 yr 6.5 200.6 1.6 206.5 0.16 6.20 315 13.7 1.01160 5.711-SI
5-70 yr 6.5 -200.6 1.6 200.5 6.03 0.20 5931 70.0 7.141+06 1.691-05 4.731-05 1.6117 2.541402

food Crop 0.1 200.0 0.2 46.1 6.2
6-1 yr 0.1 260.0 0.2 10.1 6.6 6.2 91 4.9 5.151-61 4.191-6
0-5 yr 6.1 200.6 6.2 46.1 6.7 6.2 365 13.1 2.U1M6 1.611-05
5-16 yr 1.1 260.6 0.2 40.1 1.3 0.2 5931 76.6 1.431#61 2.101-65 9.121-05 3.721-67 2.451402

FIsh 6.16 200.0 6.0639 6.68 1.5 6.50 6.64 16.6 1.031-0617.091-H01.11-67 6.1+40
Ingestion

Absolute Backgrmd Relative
l it concentration in mg/m3

1.61-SI 3.161-0I 255.147



Table B. 8

Data- Uncertaiaty Case 1.0
RISK 1IMTLSIS -RONAN tion Soil Conc 10.0 ppm

(days)
or

Adsorp- Life-
Back- CmtmantDegradu/Cntmnant Contact tion time Body (CIA) Back-
groved Couc DilutiomConc at Rate Rate fra- leight lmount Intake Absolute ground Relative

Species/ Coac. at Site Factor Intake tion Imgstd (late) list Risk Risk
Route (m/k9) (mg/kg) (mg/kg) (g/day) (g/g) (yr/yr(kg) (29) (mg/kg/dy)

1ir 6.-07 0 0.006 ' 0.9 0.006 20.0 6.25 0.50 70.0 4.051-07 1.16-06 2.483-10 7.091403

Gradvtr 3.3-05 5.1-04 1.0 5.1-04 1500.0 0.5 0.50 70.0 5.361-06 2.321-05 1.391-0 1.671+61

Soil
DPeal 0.5 10.0 1.6 10.5 4.3 0.01 0.3 76.0 '"1-6 8.463-06 4.001-i? 2.11+01

ingesta 0.5 10.0 1.6 10.5 6.3 0.20 1.00
0-1 yr 0.5 10.0 10.5 0.05 6.26 91 4.9 9.561-03 1.611-01. 1-5 yr 6.5 10.0 1.6 10.5 6.10 6.20 365 13.1 7.673-62 2.993-07
5-70 yr 0.5 16.0 1.0 10.5 0.03 0.20 5931 76.0 3.743-61 5.711-07 2.411-06 1.163-07 1.33101

food Crop 0.1 16.0 0.2 2.1 6.2
6-1 yr 0.1 16.0 0.2 2.1 6.0 0.2 91 4.9 3.071-62 2.461-01
0-5 yr 6.1 10.6 6.2 2.1 6.7 0.2 365 13.7 1.11-01 5.571-7
5-1 yr 0.1 10.0 6.2 2.1 0.3 0.2 5931 71.0 7.471-61 1.161-6 4.711-06 3.723-07 1.26941

fish 6.16 10.60 0.0639 0.14 6.5 6.50 0.64 11.0 2.51-17 1.121-06 1.61-01 1.3900
lIgestion

Absolute lackgrod Relative
' Air conceutration in ig/3 4.101-05 3.161-66 13.226



Table B.9

Dura- Uncertainty Case 1.1
RISK AATLSIS - RBNII tion Soil Comc 1.6 ppm

(days)
or

idsorp- Life-
lack- CatmnaitDegradn/Cntnnant Contact tion tise lody (COI) lack-
ground Couc DilutionConc at Rate Rate Frac- leigbt bAount Intake lbsolute ground Relative

Species/ Conc. at Site Factor Intake tion ligstd (Rate) Risk Risk Risk
Route (mq/kq) (mq/kq) (mg/kg) (g/day) (9/g) (yr/yr(kq) (mg) (mg/kq/dy)

it 8.1-17 n 0.061 ' 0.9 0.001 20.0 6.25 0.50 70.0 4.051-05 1.761-67 2.481-16 7.091 2

Grnddt 3.1-05 5.1-05 1.1 5.1-05 1500.0 0.5 0.50 70. 5.31-07 2.321-H6 1.391-H6 1.371411

Soil
Dermal 0.5 1.0 1.6 1.5 4.3 6.61 0.3 71.6 2.761-07 1.211-11 4.101-t7 3.611+06

Ingests 6.5 1.0 1.0 1.5 6.3 0.20 1.600e- yr0.5 1.6 1.6 1.5 0.05 1.26 91 4.9 1.371-13 1.161-01
1-5 yr 1.5 1.0 1.0 1.5 0.10 0.20 315 13.7 1.11-62 4.271-1
5-70 yr 0.5 1.0 1.6 1.5 0.03 0.26 5931 76.6 5.341-02 1.101-11 3.541-07 1.610-07 1.961400

food Crop 6.1 1.0 6.2 6.3 6.2
0-1 yr 0.1 1.0 6.2 0.3 6.6 0.2 91 4.9 4.311-13 3.511-1
6-5 yr 6.1 1.0 0.2 0.3 0.7 0.2 365 13.7 1.531-02 7.951-16
5-70 yr 0.1 1.0 0.2 0.3 6.3 0.2 5931 70.0 1.071-1 1.571-17 .131-07 3.721-17 1.1314+0

risk 0.16 1.06 0.0139 6.10 6.5 6.50 0.04 76.0 1.131-07 1.371-17 6.061-07 1.61140
Ingestion

lbsolute hckgrd Relative
' lit concentration iN og/e

5.571-6 3.161-06 1.765

C



Table B.10. COST ANALYSES Uncertainty
Case

IlDistance to burn facility 500 miles

I lUnit Costs

Illncineration (liquid) 350.0 S/ton
Illncineration (solid) 500.0 $/cu yd
IlTransportation 0.50 $/cu yd-mile
IlExcavate & 100.0 $/cu yd
1 IBackfill

Illnterest rate 0.080 ALTERNATIVES
I Discount (cost values are in million dollars)

.11 Factor 1.059

I lOPTION A I ---------- OPTION B
I Year I I

IlItem I Cost I Incinerate I No Cleanupl Cleanup I Cleanup I
I Realized I I I to 10 ppm I to 1 ppm I

III I I I II

---------------------------------------------------------------------------
llQuantity of I 1 10,000 1 1 1666.000 1 3600.000 1
IlWaste Material I I gall I cu yd I cu yd

Illmmediate 1 I 0.030 1 N/A I N/A I N/A
IlDestruction I I I I I
iI 1 1 1 1 1 1
JRI/FS 1 6 1 0.423 1 0.423 1 0.423 1

I lRemediation 1 8 1 N/A I N/A I
11 Excavate & I I I 1 0.263 0.569 1
11 Backfill I I I I I
11 Transportation I I 1 0.658 1 1.422 1
11 Incineration 1.316 I 2.844 1
11 Overhead 0.559 1.209 1
11 Contingency 0.224 0.483 I
II ----------------I I
11 Total Remdiatn 1 8 0.000 1 0.000 I 3.020 1 6.526 1

IlFines I 7 0.000 1 0.100 1 0.000 I 0.000 I

lHuman Health 7 I 0.000 I 0.180 I 0.009 I 0.001 1
Litigation I

IlEnvironmental I 8 1 0.000 I 0.007 1 3.58E-04 I 3.58E-05 I
IlLitigation I I I I I I

II"Benefits" of I 5 1 0.000 I 0.044 I 0.044 I 0.044 I
Illnvested Capitall I

IlNet Present 1 I 0.030 I 0.459 I 2.185 I 4.399 1
11 Cost I I I



Table B.11. COST ANALYSES UncertaintyCase 2.1

SIDistance to burn facility 500 miles

I Unit Costs

Illncineration (liquid) 250.0 S/ton
Illncineration (solid) 375.0 $/cu yd
IITransportation 0.25 $/cu yd-mile
IlExcavate & 80.0 $/cu yd
11 Backfill

Illnterest rate 0.100 ALTERNATIVES
I Discount (cost values are in million dollars)
11 Factor 1.100

I I OPTION A I ---------- OPTION B------------
I Year I I

I ltem I Cost I Incinerate I No Cleanupl Cleanup I Cleanup
I Realized I I I to 0 ppm I to 1 ppm

I II I I I II
----------------------------------------------------------------------------- I

I Quantity of 1 10,000 1 1 500.000 I 1000.000 1
ItWaste Material I gall I cu yd I cu yd I

Illmmediate 0.019 1 N/A I N/A N/A
IlDestruction I

IIRI/FS 9 0.177 0.177 1 0.177 1

O Remediation 11 N/A N/A
11 Excavate & 0.094 1 0.189 I
11 Backfill I I
11 Transportation 1 0.147 I 0.295 I
11 Incineration 1 0.442 I 0.884 I
11 Overhead 0.171 1 0.342 1
11 Contingency 0.068 I 0.137 I
11I----------------I I I
11 Total Remdiatn 1 9 1 0.000 0.000 I 0.923 I 1.846 1

IlFines 9 0.000 1 0.100 1 0.000 1 0.000 I

lHuman Health I 15 1 0.000 I 0.505 I 0.026 1 0.003 I

IlLitigation I I I I

IlEnvironmental 1 12 0.000 0.014 1 7.11E-04 1 7.11E-05 I
IlLitigation I I I

II"Benefits" of 1 5 0.000 1 0.030 1 0.030 1 0.030 1
Illnvested Capitall

IlNet Present 1 0.019 1 0.224 1 0.454 1 0.840 1

II Cost I I I I I



Table B.12. COST ANALYSES Uncertainty
Case 2.2

IIDistance to burn facility 500 miles

. lUnit Costs

Illncineration (liquid) 250.0 S/ton
Illncineration (solid) 375.0 $/cu yd
I Transportation 0.25 S/cu yd-mile
IlExcavate & 80.0 $/cu yd
II Backfill

Illnterest rate 0.100 ALTERNATIVES
IIDiscount (cost values are in million dollars)
11 Factor 1.100

i I OPTION A I---------- OPTION B -
I Year I I

II1tem I Cost I Incinerate I No Cleanupl Cleanup I Cleanup
I Realized I I I to 10 ppm I to 1 ppm

-- I I I I 

I Quantity of I 1 10,000 1 500.000 i 1000.000 1
IlWaste Material I I gall cu yd I cu yd I

Illmmediate 0.019 1 N/A N/A N/A
IIDestruction I I I I

IIRI/FS 1 9 0.177 1 0.177 1 0.177 1

SIRemediation 1 11 N/A N/A I I
Excavate & 1 0.094 0.189

11 Backfill I
11 Transportation 1 0.147 0.295
11 Incineration 1 0.442 0.884 1
11 Overhead 0.171 0.342
11 Contingency 0.068 0.137
----------------I
Total Remdiatn 1 9 0.000 1 0.000 1 0.923 1 1.846 1

IlFines 9 0.000 1 0.100 1 0.000 1 0.000 1

IlHuman Health 1 15 1 0.000 1 24.042 1 1.921 1 0.864 1
MLitigation I I I I I
I1 1 1 1 1 1 1
IlEnvironmental 1 12 0.000 1 0.014 I 7.11E-04 I 7.11E-05 I
ILitigation I I I

I("Benefits" of I 5 1 0.000 1 0.030 1 0.030 1 0.030 1
Illnvested Capitall

IlNet Present 1 0.019 1 5.859 1 0.908 1 1.046 1
11 Cost I I I I I I



Table B.13

D111- Vicertality Case 3.6
RisK MUSIS - NIN tiOD soil Come 266.60p

(days)
or

Idsorp- Life-
Back- CmtshamtDegrads/Cmtanast Coatact tic. time lady (Coo) lack-
grouid Comn DilutiouCooe at Rate Rate frac- Ieillit bmoumt Istake Absolute ground Relative

Species/ Couc. at Site factor Istake tie. Imqstd Ilate) Risk Risk Risk
Rolte (1g/kq1 (mg/kg) (mg/kg) (g/day) (g/g) (yr/yr(kil Cug) (msg/dyi

111 8.1-61 a 0.126 t 6.9 6.113 20.6 6.60 1.60 1.6 1.943-65 1.583-64 1.013-69 1.423465

Gahiti 3.3-65 1.3-02 1.6 1.3-02 1506.6 1.6 1.66 76.6 2.141-64 1.651-63 4.951-66 3.333462

Soil
Dersal 6.5 260.6 1.6 260.5 4.3 6.56 1.1 76.6 6.1-3 4.031-62 1.111-64 3.921+62

Ingests 6.5 206.0 1.6 266.5 6.3 6.75 1.600
1-1 yr 6.5 260.0 1.6 260.5 5.06 6.75 365 4.9 2.741462 2.223-63.1.5 yr 6.5 266.0 1.0 266.5 10.60 1.75 1466 13.7 2.2134M 1.61-13
5-76 yr 6.5- 266.6 1.6 260.5 0.30 6.75 23725 76.6 1.679163 1.7312 1.241-11 1.2415 1.119404

food Crop 6.1 20.6 6.2 46.1 6.5
6-1 yr 6.1 266.6 6.2 46.1 6.6 6.5 365 4.9 5.651466 4.741-65
6-5 yr 6.1 206.6 6.2 46.1 6.7 6.5 1406 13.7 2.659161 1.163-64
5-76 yr 6.1 266.6 6.2 40.1 6.3 6.5 23125 76.6 1.431462 1.231-13 9.401-63 1.151-6H 5.7613

risk 6.36 266.66 1.0139 1.66 454.6 6.66 1.66 76.6 6.621-63 4.531-62 1.263-62 3.541+66
Imgest iol

Ibsolute lackgrad Relative
l ir concentration Is 1g/m3

2.271-11 1.291-02 17.563



Table B.14

Dra- Umcertality Case 3.6
RISK 11ITLSIS - NINAl tio. Soil Comc 11.0 ppo

(days)
or

ldsorp- Life-
Back- Ctmaantlegrada/Catnsast Contact tiom time Body (Coo) Back-
grouid Coac DilutionConc at Rate Rate FMet- Belght mount ltake lbsolute ground Relative

Species/ Coac. at Site factor Intake tio Ingstd (Rate) Risk Risk Risk
Route (mg/kg) lmg/kg) (mg/kg) 1g/day) (g/g) (yr/yrLkq) fog) 1mg/kgldy)

lit 8.1-17 a 0.116 t 1.9 #.M06 20.1 06 1. 0 76.0 9.721-17 7.41-86 1.161-19 7.1143

Grldvtr 3.1-65 5.1-04 1.6 5.1-04 1500.6 1.3 1.01 76.6 1,171-5 1.251-15 4.951-11 1.011401

Soil
krul 1.5 16.6 1.0 16.5 4.3 6.56 1.6 76.6 3.231-14 2.411-03 1.111-64 2.111411

Ingest 6.5 16.6 1.6 10.5 6.3 6.75 1.066
6-1 yr 6.5 11.0 1.6 11.5 5.0 1.75 35 4.5 1.441401 1.161-14
1-5 yr 1.5 16.1 1.0 16.5 10.66 115 1466 13.1 1.151#62 4.651-14
5-70 yr 6.5 16.0 1.1 10.5 6.30 1.75 23725 76.0 5.611401 9.041-64 6.931-13 1.241-05 5.1114 2

food Crop 1.1 16.0 1.2 2.1 1.5
6-1 yr 0.1 16.6 0.2 2.1 6.I 6.5 365 4.9 3.171-11 2.111-11
6-5 yr 1.1 1. 6.2 2.1 0.7 1.5 1466 13.7 1.671#16 5.143-6
5-71 yr 6.1 16.6 6.2 2.1 1.3 1.5 23725 11.1 1.471401 1.421-65 4.941-04 1.651-66 3.6102

risk 1.31 11.66 6.639 M.34 454.0 0.6 1.1 76.1 1.11l-t3 1.451-62 1.263-62 1.139166
Ingestion

Absolute lackgrad Relative
ir concentration in ng/n3

2.451-62 1.291-12 1.19

0



Table B. 15

Data- Uncertainty Cast 3.6
RISK MDILSIS - 1UIi ti.. 3.i1 Couc 1.6 rpP

or

Isorp- Life-
Dick- CmtmantegridOW/CNtm t Contact lion time Body KCim) lack-
pound Comc 0ilitionCoac at Rate Rate Fray- leight Amout Intake Absolute ground Relative

Species/ Case. at Site factor intake tiOG Ingstd (Rate) Risk Risk Risk
Route (mg/kg) (mg/kg) (ag/kg) (glday) 1g/g) (yr/yr(kgl (oil (mg/kgfdy)

Air 9.1-01 a 6.601 1 0.9 6.661 26.6 6.66 1.66 76.6 9.721-66 7.461-07 1.611-09 7.693402

Grndytr 3.91S5.36 . iO 1500.0 1.0 1.66 70.6 1.671-6 1.2511-01 4.193-01 .3711100

Soil
Derail 6.5 1.3 1.6 1.5 4.3 6.56 1.6 76.6 4.613-65 3.551-04 1.161-64 3.663460

ingests 6.5 1.0 1.6 1.5 6.3 6.75 1.066
6-1 yr 6.5 1.6 1.6 1.5 5.66 6.75 36s 1.9 2.603466 1.663-65
1-5 7! 6.5 1.0 1.6 1.5 10.66 6.75 1466 13.7 1A4111 6.641-65.5-76 yr 6.5 1.6 1.6 1.5 6.36 M.7 23125 76.6 1.61910 1.291-64 1.131-44 1.241-65 1.6314611

food crop 6.1 1.6 6.2 6.3 6.5
1-1 yr 6.1 1.6 6.2 6.3 6.3 6.5 36 4.9 4.311-62 3.551-67
6-5 Ir 6.1 1.6 6.2 6.3 6.7 6.5 116 13.7 1.33-61, 1.191-67
5-76 yr 6.1 1.6 6.2 0.3 6.3 1.5 23725 76.6 1.671466 9.151-06 7.171-65 1.6516 4.2114611

fish 6.36 1.66 6.6639 6.30 454.6 6.66 1.66 16.6 1.761-63 1.363-62 1.263-62 1.611466
Ingestion

Abseote Backgrad Relative
2 Air concentration Is mgln3

1.443-62 1.291-62 1.113



Table B.16. COST ANALYSES Uncertainty
Case 3

IlDistance to burn facility 500 miles

I lUnit Costs

Illncineration (liquid) 350.0 S/ton
Illncineration (solid) 500.0 $/cu yd
ITransportation 0.50 S/cu yd-mile

IlExcavate & 100.0 $/cu yd
II Backfill

Illnterest rate 0.080 ALTERNATIVES
Discount (cost values are in million dollars)

-1 Factor 1.059

I I OPTION A ---------- OPTION B
I Year I I

IlItem I Cost I Incinerate I No Cleanupl Cleanup I Cleanup
I Realized I I I to 10 ppm I to 1 ppm

-- I I I I I

liQuantity of I 1 10,000 1 1 1666.000 1 3600.000 1
lWaste Material I I gall I cu yd I cu yd I

Illmmediate 1 1 0.030 1 N/A I N/A N/A I
IlDestruction I I I

IRI/FS 1 6 0.423 1 0.423 1 0.423 1

I Remediation 1 8 1 N/A I N/A I I
11 Excavate & I I 1 0.263 1 0.569 I
11 Backfill I I I I I
11 Transportation I I 1 0.658 1 1.422 1
11 Incineration 1 1.316 1 2.844 1
11 Overhead 0.559 1 1.209 1
11 Contingency 0.224 I 0.483 1

II ----------------I I I
11 Total Remdiatn 1 8 1 0.000 1 0.000 1 3.020 I 6.526 1

IlFines 7 0.000 I 0.100 1 0.000 1 0.000 1

IlHuman Health 1 7 1 0.000 1 50.857 1 5.472 I 3.222 I
IlLitigatlon I I I I I
II 1 1 1 1 1
IlEnvironmental I 8 1 0.000 I 0.007 1 3.58E-04 I 3.58E-05 I

IlLitigation I I I I I

II"Benefits" of I 5 0.000 1 0.044 1 0.044 1 0.044 I
Illnvested Capitall

IlNet Present 1 0.030 1 34.425 1 5.846 1 6.557 1. Cost I I I I I



Table B. 17

3181 ILISIS - SCOLOCICAL Unertainty Cast 4
Sol COIC 20.666 Pp.

Ileferesce *&ly)(3"Itj if terrestriall
I I I I Wenet Percent Percent
Icute Chronic COBc *elativelelatlvelercent Percent Direct ludirect Total

Biocoac foz To: in Acute Chronic Acute WSWni leiectilnteductiobledectn
factor ILCSII UNdia Risk Risk teducti leduci Is Pop iW Pop 1. Pope

1"M~ IM~1 (11/1) liNess Dionass Niews

ll 1.666 0666 6.64 2.016 3.31-14 3.1146611.11-64 31.256 31.2560 - 31.251

AWATIC

fhytPBInt - 6.615 1.01-64 2.1-65 1.31-03 2.11-116.71-04 2.310 2.061 -- 2.11

lnvrtebite 26SSS 6.166 6.662 2.61-65 2.61-64 1.61-62 1.61-41 6.163 6.166 2.661 2.1611

Snail fish .11 6.3 .606 2.61-65 6.11-64 3.1913 3.1-64 1.631 6.632 2.161 2.132. Large fish 42066 6.1 6.6615 2.01-65 2.11-14 1.312 1.1-14 6.133 6.133 2.132 2.26

hymn 2066 59.M01.51466 1.51-64 3.11-62 3.61-64 0.3#1 6.300 2.216 2.561

Criteria- 6.662 1.4915 2.1-65 6.16 1.429 5.61-63 14.206 14.211
based



Table B. 18

RISK HIAL!SIS - NCOLOGCIL hacertailty Case 4
s.1l CeaC 16.666 pp

(Referesce oily)(aq/kg If terrestrial)
I I I I Went Fercest kncest
Acute Chromic Come Relativelelativeferceat Ferceat Direct Ilirect MoAI

Diocoac 'Fez 'Fe is Acute Chromic Acute Chromic lelactioieluctioslelucts
factor 11,01) keil Risk Risk Relict. Redeics l ops Is Pope is top

111/1) (sq/1) (sq/1) Biomass Biomass liuSS

Risk 1.666 666 6.640 6.166 1.71-65 1.63-11 1.31-06 1.503 1.503 -- 1.503

Phytplakti - 1.01S 1.0" V 1.61-66 0.1-65 1.1-62 3.3915 6.166 6.166 -- 6.166

Iitebrte 2066 M116 M.62 1.63-60 1.01-05 5.61-64 5.61-16 6.665 6.665 6.166 M.1S

small fish - .633 C.66 1.09-06 3.61-65 1.61464 1.51-65 4.662 6.662 6.165 6.161.Large fish 42666 6.1 1.0115 1.11-66 1.61-45 6.14-4 5.11-66 0.667 1.167 1.117 0.113

hissO 2666 56.661 1.511 7.51-14 3.01-62 3.81-64 1.310 6.301 6.113 1.414

Criteria- 6.662 1.41-65 1.61-66 6.661 6.671 2.51-64 6.114 6.715
eased



Table B. 19

RISK ANALIS - SCOLOSCIL hcertailty Caset

(Relereuce omIy)(mq/kg It teritstria1l
I I I I Percent Percent Percent

&cite Cbromic Couc Relativelelati"ePercent Percelt Direct Indirect Total
DiocoIc Tel Vole s in Acte Chronkic Acute Cbronic RedictiOntedIctledict
factor (1,011 keia Risk Risk Relict. Riecs in PpA is Pep. 1n PAPA

InaIlI (m/1) 1ng/li liouss Diouass leass

lik1.666 6660 6.341 6.016 1.71-66 1.61-62 6.31-67 6.156 6.151 -- 6.156

?bytplakto -- .615 1.1-61 1.1-61 6.71-66 1.61-63 3.3916 6.616 6.16 -- .6116

It-A:ebite 20666 6.166 6.662 1.61-67 1.01-61 5.61-65 5.61-67 6.661 6.661 6.616 6.611

Snail fish -- .633 6.66 1.61-67 3.61-66 1.63-65 1.5916 6.666 6.666 6.611 6.6111. Large fish 42666 6.1 6.6615 1.61-67 1.61-66 6.71-65 5.61-67 #.##1 6.661 6.611 6.6111

huna 2666 56.666 1.51101 7.51-04 3.01-12 3.11-14 6.311 6.366 6.611 0.312

Criteria- 6.662 1.1-65 1.19-7 6.666 6.667 2.51-65 6.671 6.671
based



Table B.20. COST ANALYSES Uncertainty. 11Case 4I
IlDistance to burn facility 500 miles

I Unit Costs
11 -----------------------------------------------
Illncineration (liquid) 350.0 S/ton
Illncineration (solid) 500.0 $/cu yd
IITransportation 0.50 $/cu yd-mile
IIExcavate & 100.0 $/cu yd
II Backfill

Illnterest rate 0.080 ALTERNATIVES
IlDiscount (cost values are in million dollars)
11 Factor 1.059

I I OPTION A I---------- OPTION B
I Year I I

IlItem I Cost I Incinerate I No Cleanupl Cleanup I Cleanup
I Realized I I I to 10 ppm I to 1 ppm

-- I I I I I

IQuantity of I 1 10,000 1 1 1666.000 1 3600.000 1
IlWaste Material I I gall I cu yd I cu yd I

IlImmediate 1 1 0.030 1 N/A N/A N/A
IlDestruction I I I

IIRI/FS 1 6 0.423 1 0.423 1 0.423 1

IlRemediation 8 N/A N/A I I I
I1 Excavate & 1 0.263 1 0.569 1
11 Backfill I I
11 Transportation 1 1 0.658 I 1.422 I
11 Incineration 1 1 1.316 1 2.844 1
11 Overhead 0.559 1.209 1
11 Contingency 0.224 0.483 1
II ----------------I I
11 Total Remdiatn 1 8 1 0.000 1 0.000 1 3.020 1 6.526

IlFines 1 7 1 0.000 1 0.100 1 0.000 1 0.000

IlHuman Health 7 1 0.000 1 8.587 I 0.686 1 0.308 I
ILitigation I I I I

IlEnvironmental I 8 I 0.000 I 0.071 1 3.59E-03 I 3.59E-04 I
ILitigation I I I I I

lI"Benefits" of 1 5 1 0.000 1 0.044 1 0.044 1 0.044 1
Illnvested Capitall

IlNet Present 1 0.030 I 6.134 2.641 1 4.605 1
II Cost I I I



Table B.21. COST ANALYSES Uncertainty
II Case 5I

I Distance to burn facility 500 miles s

IlUnit Costs

Illncineration (liquid) 450.0 S/ton
Illncineration (solid) 650.0 $/cu yd
IITransportation 1.00 $/cu yd-mile
IlExcavate & 125.0 $/cu yd
I I Backfill

Illnterest rate 0.060 ALTERNATIVES
Discount (cost values are in million dollars)

11 Factor 1.029

i I OPTION A I---------- OPTION B------------
I Year I I

IlItem I Cost I Incinerate I No Cleanupl Cleanup I Cleanup
I Realized I I I to 10 ppm I to 1 ppm

III I I I I

I-----------------------------------------------------------------------------
I Quantity of I 1 10,000 1 2500.000 1 5000.000
lWaste Material I I gall cu yd I cu yd I

Illmmediate 0.048 1 N/A N/A N/A
IlDestruction I

IIRI/FS 6 1 0.356 1 0.356 1 0.356 1

I Remediation 1 8 N/A N/A I I I
11 Excavate & 1 0.393 0.786 1

1I Backfill I I
Transportation 1 1.573 1 3.145 1
Incineration 2.045 4.089 1
Overhead 1.003 2.005 1

11 Contingency 0.401 1 0.802 1

I-----------------I I I I
Total Remdiatn 1 8 0.000 1 0.000 1 5.414 1 10.828 1

IlFines 7 0.000 1 0.100 1 0.000 1 0.000 1

lHuman Health 1 7 0.000 1 14.073 1 1.125 1 0.506 1

IlLitigation I I I I I

IlEnvironmental 1 8 1 0.000 1 0.009 1 4.28E-04 I 4.28E-05 I

Litigation I I

II"Benefits" of I 5 0.000 1 0.064 1 0.064 1 0.064 1
Illnvested Capitall

IlNet Present 0.048 11.845 1 5.469 1 9.265 1. 11 Cost
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