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GLOSSARY

In general, we have tried to use the more precise term
2,3,7,8-TCDD (defined below) when discussing the particularly
toxic “dioxin" associated with Times Beach, Missouri, Love Canal,
and Agent Orange., The terms CDD/CDF refer to the entire class of
chemicals of interest. CDD/CDF, a term which is also
occasionally used in the text, is synonymous with
dioxins/furans. When a specific isomer (individual chemical)
other than 2,3,7,8«TCDD is referred to, it will be identified by
means of the standard nomenclature outlined below.

The following defines, for purposes of this report, a few of the
more commonly used technical terms.

Chlorinated dibenzo-para-dioxin/Chlorinated dibenzofuran
CDD/CDF) - any member of the family of chlorodioxins and
related furans having one to eight chlorine
substituents

Congener ~ any of the 75 CDDs or 135 CDFs -
Homologue group -~ a group of chemicals that have the same degree
of halogenation
For example, the homologous class of tetrachlo-
rodibenzo-p~dioxins (TCDD) consists of those
PCDDs which have four chlorine atoms.

Isomer - a particular member of a homologous group .
E.g., 2,3,7,8=-TCDD is the tetra- isomer which
has chlorine atoms at the 2-, 3-, 7- and 8-positions.

2,4,5-T - 2,4,5-Trichlorophenoxy acetic acid
2,4,5-TCP - 2,4,5-Trichlorophencl, a basic chemical used to make
YL SR 4% o 1 !
a number of herbicidal products including 2,4,5-T,
Silvex, Erbon, and Ronnel

RCRA - Resource Conservation and Recovery Act (as amended by the
Hazardous and Solid Waste Amendments of 1984)

TSCA - Toxic Substances Control Act

IFRA - Federal Insecticide, Fungicide, and Rodenticide Act

m

- Clean Air Act

E

WA - Clean Water Act

)

|

DC - Centers for Disease Control

R

A - Food and Drug Administration

i
L=

NIOSH - HNational Institute of Occupational Safety and Health
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EXECUTIVE SUMMARY

EPA conducted a two-year nationwide study to investigate the
extent of dioxin (2,3,7,8-TCDD) contamination. EPA also
developed and implemented a National Dioxin Strategy to provide a
coordinated management framework for investigative, remedial, and
regulatcry activities,

The nationwide investigation consisted of seven "tiers™ with
roughly decreasing expectation of finding 2,3,7,8-TCDD
contamination:

Tier 1 =- 2,4,5-trichlorophenol (2,4,5-TCP) production

sites (and associated waste disposal sites)

Tier 2 =~ Sites where 2,4,5-TCP was used as a precursor to
make pesticidal products (and associated waane s
disposal sites)

Tier 3 == Sites where 2,4,5~-TCP and its derivatives were
formulated into pesticidal products

Tier 4 =-- C(Combustion sources

Tier 5 -- Sites where pesticides derived from 2,4,5-TCP
were used

Tier 6 == Production sites for other chemicals where

2,3,7,8=-TCDD formation may have occurred
Tier 7 == pBackground (urban/rural soil, fish samples)

For combustion sources, EPA alsc tested for the presence of
other isomers of dioxins and furans, as previous testing had
shown significant levels of these other compounds.

Resules

In its investigatory and cleanup efforts at Tier 1 and 2
sites EPA identified twenty-one 2,4,5-TCP related production
facilities (tiers 1 and 2) and 79 associated waste disposal sites
{tiers la and 2a), considerably fewer than original projections
of as many as 50 production sites and 400-500 disposal sites.

A3 expected, these sites had the highest levels and greatest
guantities of 2,3,7,8-TCDD. Most of the sites are traditional
production and disposal facilities. The widespread dispersal of



dioxin-contaminated material that occurred in Missouri (47 of 79
total disposal sites) was not identified elsewhere.

In most cases the dioxin (2,3,7,8~TCDD) has not migrated
off=-site. However, in those cases where it has, extensive envi-
ronmenctal problems usually resulted, e.g., at Vertac, Love Canal,
and Hyde Park. A mix of federal, state and responsible party
actions are underway to seek necessary corrective actions.
Emergency measures to protect public health have been success-
fully implemented wherever necessary. Permanent remedies are
proceeding at a slower pace because of the complexities involved.

With the exception of two large facilities that handled
2,4,5-TCP, 2,4,5-T and/or Silvex, soil at pesticide formulators
(tier 3) was not found to be extensively contaminated above the 1
ppb level. 2,3,7,8-TCDD was generally detected in only Il or 2 =
samples at a given site. Regional offices are following up at 17
large formulators that handle these materials, which were not
originally selected for sampling.

2,3,7,8=-TCDD was detected at greater than 1 ppb in soil
samples at 10 of the 64 pesticide formulator facilities aampléd,
and at less than 1 ppb at 9 additional sites. At 2 sites,
2,3,7,8-TCDD was detected at low ppt levels in fish or
sediment. 2,3,7,8-TCDD was not detected at 43 of the 64 sites.

2,3,7,8-TCDD was found more frequently at 2,4,5-T and Silvex
use sites (tier 5) than at "background” sgites {(tier 7). Soil and
sediment contamination detected at 15 of the 26 use sites sampled
was generally in the low parts per trillion (ppt) range. The
principal exception was a site where samples were taken at a
herbicide mixing/locading area.

'Other’ chemical plants (tier §) do not appear to be exten-
sively contaminated at levels of concern. 2,3,7,8-TCDD levels
greater than 1 ppb were detected at 3 of the 18 facilities
sampled. Three had levels below 1 ppb and 12 were non-detected.

2,3,7,8=-TCDD was found infrequently in urban and rarely in
rural ‘background' scils at the ppt level.

ii



2,3,7,8-TCDD contamination in fish has previously been
reported by EPA and others. Such contamination was generally
linked to chemical industry activity or waste disposal. National
Dioxin Study activities have identified fish contamination
thought to be associated with chemical industry activities as
well as contamination possibly associated with the pulp and paper
industry.

2,3,7,8-TC0D was detected in fish composite samples at 112
of the 395 sites sampled. While levels were as high as 85 ppt in
whole fish and 41 ppt in filets, only four sites had levels above
25 ppt, one of which was in a filet. 2,3,7,8-TCDD was detected
in 23 of 29 Great Lakes fish samples.

Fish advisories for 2,3,7,8~TCDD had been in effect prior to
the study for a number of areas such as the Tittabawassee River =
in Michigan. Advisories were in effect for the Great Lakes due
to contamination from mirex, PCBs and mercury.

As a result of the study, advisories to limit fish consump-
tion have been issued by the States of Maine for the Androscoggin
River at Lewiston; Minnesota for the Rainy River; and wWest
Virginia for the Kanawha River at Nitro, WV.

Qutside of the Great Lakes, fish contamination was primarily
found in major river systems, such as the Ohio and Mississippi
River, or in waterways with significant industrial activity. The
initial focus of EPA followup is on pulp and paper and chemical
industry dischargés.

Earlier investigationas of municipal waste combustors {MWCs)
had revealed that combustion sources emit dioxins and furans.
EPA stack tested 13 additional sources in various source
categories ranging from secondary copper smelters to wood
stoves. The sources tested emit CCDs/CDFs, although generally at
very low levels. Secondary copper smelters and sewage sludge
incinerators have the higheat estimated ground level
concentrations of the sources tested under tier 4. EPA has

iii
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prepared a separate report to Congress on rigks from emissions
and proper design and operation of MWCs.

Regulatory Activities
EPA has initiated a number of regulatory activities to

control the generation, use and disposal of dioxin-contaminated
materials to prevent future contamination. The Agency has:

Imposed stringent management and disposal requirements by
listing certain dioxin-contaminated wastes as acutely
hazardous under RCRA, and providing for eventual banning
of sucg wastas from land disposal unless they are first
treated. e

Cancelled uses of the pesticide 2,4,5~T, a principal
ingredient in Agent Orangs.

Placed additional restrictions on continued use of PCB
transformers. These requirements are intended to protect
building occupants, emergency response personnel and -
others from exposure to CDDs/CDFs generated during PCB -
fires,

Under FIFRA, imposed additional use restrictions, handling
reguirements, and product contaminant level reduction
requirements on wood preservative uses of pentachloro-
phencl (PCP), inorganic arsenical compounds and

creosote, (It has been shown that PCP contain CDDs/CDFs.)

EPA has also initiated rulemaking under TSCA to identify
additional products and industrial waste streams which may be
contaminated, and is evaluating waste streams from PCP wood
treatment operations for possible hazardous waste designation.

CAR is

assessing whether to list CDD/CDF as a hazardous air

poliutant under Section 112 of the Clean Air Act.

Research

EPA has successfully field tested its Mobile Incinerator
System in Missouri. The unit demonstrated a 99.9999 percent
destruction and removal efficiency (DRE) for liquid waste and for
contaminated soil. EPA has also used a chemical process,
polyethylene glycol (KPEG), to decontaminate a mixture of diesel
0il and PCP pumped from groundwater at a Superfund site in
Montana. EPA is investigating other promising treatment
technologies as well as conducting research in the areas of

iv



monitoring, analytic methods, environmental effects and health
agsssssment.

EPA efforts are coordinated closely with FDA, CDC and NIOSH,
and with international entities through the NATO CCMS (Critical
Challenges Facing Modern Society) program.



Chapter One
INTRODUCTION

This report presents the results of EPA's investigation of
potential 2,3,7,8-TCDOD ("dioxin®) contamination. The study was a
two-year, nationwide, multimedia evaluation initiated at the
regquest of Congress in House Report 98-223 accompanying the bill
making appropriations for the Department of Housing and Urban
Development and for other independent agencies for PY'1984 (HR
3133). EPA headquarters and regional staff, plus state personnel
from a variety of program offices, contributed significant time
and resources to the effort. This report is a summary of
information contained in more detailed reports prepared by
individual program offices (EPA, 1987b, c, d). -

1.1 Basis of Public and Congressional Concern

Numerous incidents of contamination/exposure at home and
abroad coupled with the high toxicity and persistence of 2,3,7,8-
TCDD have resulted in a high level of public awareness angd
concern, This concern carries over into present efforts to
implement cleanup actions and conduct diaposal operations.

Among the best known incidents was the exposure of U.S.
servicemen to Agent QOrange in Viet Nam (1966-1971). A defoliant,
Agent Orange was contaminated with 2,3,7,8-TCDD. A large class
action suit was filed on the basis of alleged health effects.

In Seveso, ltaly, a 1976 industrial accident involving
2,4,5-trichlorophenol (2,4,5-TCP) manufacturing resulted in
widespread, low~level 2,3,7,8~TCDD contamination. This resulted
in evacuation of parts of the community, animal deaths, and
extensive cleanup efforts. Approximately 175 cases of chloracne
and dermatitis, many of which were acute effects due to exposure
to chloropherols and chlorobenzenes, were confirmed.

Milé chloracne has been observed in humans in Nitro, West
Virginia for at least a decade after exposure to industrial
chemicals containing 2,3,7,8-TCDD.



In the early 1970's, waste ¢©il contaminated with 2,3,7,8-~
TCDD was used to control dust on roads in Times Beach,
Missouri. The eventual resylt was the well-known government
'‘buy=-out' of the town. Use of waste 0il at several Missouri
horse arenas resulted in human health effects and the death of 65
horses. Subsequent use of the excavated horse arena materials as
£ill at building sites resulted in a proliferation of cleanup
problems.,

2,3,7,8-TCDD and other chemical contamination of adjacent
land and water resulting from industrial waste disposal at Love
Canal and Hyde Park in New York posed health risks. Efforts to
limit the spread of this contamination continue today. 2,3,7,8-
TCDD contamination resulting from 2,4,5-TCP manufacture and waste
disposal was also found to be extensive, both on- and ofi-aits._x
at the Vertac facility in Jacksonville, Arkansas.

in 1979, investigations at a municipal incinerator in
Hempstead, New York, led to the discovery that CDDs/CDFs were
being emitted during the combustion process. This information
supplemented European reports of CDD/CDF emissions from such °
facilities, and a later Dow Chemical Company report of emissions
from numercous combustion sources.

In 1980, a PCB transformer fire in the basement of a state
office building in Binghamton, New York, resulted in distribution
of soot containing dioxins and furans, including the 2,3,7,8-
isomer, throughout the building. Cleanup_costs to date have
exceeded the original construction cost of the building.

In 1981, reports from Canada revealed the presencs of
2,3,7,8-TCDD in Great Lakes fish, These reports coincided with
reports of fish contamination in several U.S. rivers, notably the
Tittabawasses River in Michigan.

In response to the public concern generated by these
incidents, Congress requested that EPA initiate an investigation.



1.2 The National Dioxin Strategy

At the time of the Congressional request for a study, EPA
was in the midst of responding to contamination in Missouri and
other locations. The Agency also had rulemaking proceedings
underway in a number of offices. To provide a coordinated
management framework for the numerous dioxin-related activities
throughout the Agency, EPA developed and implemented a National
Dioxin Strategy. The Strategy describes the full range of
activities planned or underway to address various aspects of the
dioxin problem (EPA, 1983).

1.2.1 Objectives
EPA's National Dioxin Strategy had three objectives:

1} study the extent of dioxin contamination and the
assgciated risks to humans and the environment:

2) implement or compel necessary cleanup action at
contaminated sites; and

3) further evaluate both disposal alternatives to alleviate
current problems, and regulatory alternatives to prevent
future contamination.

>

1.2.2 Management
The Assistant Administrator, Office of Solid Waste and

Emergency Response, was responsible for implementing the stra-
tegy. The Deputy Directcer, Office of Solid Wwaste, was designated
Dioxin Management Coordinator. Virtually every program in the
Agency has played a major role. The Dioxin Management Coordina-
tor oversaw program office activities in conducting the study,
¢oordinated dioxine-related regulatory activities, and served as a
central point of contact for the numerous dioxin-related inquir-
ies. Policy gQuidance was provided by the Dioxin Management Task
Force made up of Office Directors from affected programs.

1.2.3 Interagency/International Coordination

A number of federal agencies have been involved in various
aspects of the dioxin problem. Many other countries have also
had to cope with dioxin incidents.

EPA maintains contact with the Food and Drug Administration
(FDA) in interpreting results of fish contamination; with the
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wational Institute of Qccupational Safety and Health (NIOSH) for
zsrcssments of worker exposure; and with the Centers for Disease
Control (CDC} in Atlanta for human health advisories. EPA is
also represented on the Agent Orange Work Group (AOWG), chaired
by the Department of Health and Human Services. EPA is the lead
agency for U.S. participation in the NATO Committee on the Chal-
lenges of Modern Society (CCMS) group established to coordinate
international dioxin information exchange activities. EPA is
also working closely with the Canadian government in its efforts
to investigate municipal waste combustor emissions.

1.3 Background Information on 2,3,7,8-Tetrachlorodibenzo=p~

dioxin

The primary purpose of this report is to present the find-
ings of EPA's investigation of the extent of environmental coq-ﬁ’
tamination by 2,3,7,8=-TCDD. The following discussion provides
general information on the physical, chemical, and toxicological
characteristics of 2,3,7,8-TCDD, the dioxin congener of principal
concern in the Strategy. Related CDDs and CDFs are also
discussed briefly. Additional information is available from a

number of sources.

In 1980, EPA's Office of Research and Development published
an extensive compilation of information regarding dioxin (EPA,
1980), This report includes information on the chemical
reactions which resuit in formation of 2,3,7,8=-TCDD, and on
sources and pathways of human exposure.

EPA's Office of Health and Environmental Assessment has
completed a Health Assesament Document (HAD) (EPA, 1985a), that
compiles and evaluates existing health effects research on
2,3,7,8-TCDD, 1,2,3,7,8-PCDD, and a mixture of two isomers of
hexachloro-dibenzo-p-dioxin (HxCDD}.

1.3.1 Physicochemical Properties

2,3,7,8=-Tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD) is one of
75 CDD congeners with various chlorine substituents. There are
135 chlorinated dibenzofurans, all of which have the same basic
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chemical structure and many of which have gualitativity similar
toxicities. The chemical structure of 2,3,7,8-TCDD can be
depicted as follows:

Cl 0 Cl
Cl 0 Cl

The dioxin molecular framework consists of twe benzene rings
connected by two oxygen bridges. There are eight positions where
substitution of hydrogen atoms by other atoms or by organic or
inorganic radicals can occur.

2,3,7,8-TCDD is an unwanted by~product of the manufacture of
several commercial chemicals, particularly the chlorinated
phencls. CDDs/CDfs have also been shown to result from certain
combustion processes. 2,3,7,8-TCDD is a chemically stable,
extremely lipophilic (fat-soluble)} molecule with limited
solubility in water. 1In 1ts pure form, 2,3,7,8-TCDD exists as a
colorless crystal,

2,3,7,8-TCDF has a similar structure, but has one oxygen
bridge rather than two:

Cl Cl
Cl 0 Cl
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2,3,7,8-TCDD

Formula Cy2H4C1l40,
Percent by Wt

C 44.7

o} 9.95

H 1.25

Cl 44.1
Molecular Wt 322
Melting Point (°C) 305
Decomposition Temp (°C) >700
Solubility :

{in Water) 19.3 ppt

Since CDDs are usually formed only in low yields, the mini~
mum conditions ileading to formation are poorly defined. Heat,
pressure, photostimulation and catalytic action have been shown
to encourage the reactions from chlorinated precursors to diox-
ins, Proper attention to temperature and pH control can minimize
formation; however, trace amounts are usually formed along with
other impurities (EPA, 1980),

1.3.2 Toxicity
1.3.2a Non=-Human

2,3,7,8=-TCDD is the most completely studied of the
CDDs/CDFs. The compound has demonstrated a variety of toxicities
as a result of acute and chronic exposures in animal studies,
including death, carcinogenicity, teratogenicity, and immuno~
toxicity. For some of these effects (e.g., death and reproduc-
tive effects) there is Qreat variability among-animal species,
including sub=human primates. The material is nearly unique
in its ability to elicit these effects at very low doses
(1-100 ng/kg-day).

2,3,7,8-TCDD has induced hepatocellular carcinomas in two
strains of female rats and in both sexes of one mouse strain,
thyroid tumors, subcutanecus fibrosarcomas and tumors of the
lung, nasal turbinates/hard palate in male crats, and tongue
tumors in female rats. These effects occur at extremely low
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doses., The evidence of carcinogenicity for 2,3,7,8-TCDD in
animals is regarded as "sufficient® using the EPA weight-of-
evidence classification system for carcinogens (EPA, 1985a).

Other congeners of CDDs/CDFs have not been as well studied
as 2,3,7,8-TCDD; however, there is a growing body of literature
which indicates that these compounds behave in a qualitatively
similar manner, but have widely varying toxicities. Some appear
to be nearly as toxic to animals as 2,3,7,8-TCDD while others are
much less toxic (see Section 1.3.3, Toxicity Equivalence).

2,3,7,8-TCDD has bsen shown to be bicavailable to fish from
sediment and fly ash. Preferential uptake of CDDs/CDFs
substituted in the 2-, 3-, 7- and 8- positions has also been
demonstrated (Kuehl et al., 1986}. Fish/sediment contamination
ratios will vary depending on such factors as species, weight, =
lipid content, and 2,3,7,8-TCDD sediment concentration.

A significant amount of research has been conducted on the
effects of 2,3,7,8-TCDD and other CDDs/CDFs on aguatic
organisms. Concentrations as low as 0,056 parts per trillion
have been reported to affect coho salmon survival (Miller,
1973). More recent work identified effects on rainbow trout
survival at 0.038 ppt {Merhle, 1986},

In lab experiments, concentrations as low as 7.1 ppt
combined with exposures of 1-4 days produced significant
mortality to fathead minnows while continuous exposure to 1.7 ppt
produced 53 percent mortality in 28 days. On the other hand,
2,3,7,8-TCDD had no effects on Daphnia magna at concentrations up
to 1,030 ppt during 48-hour exposure followed by 1 week of
observation (Adams et al., 1986}).

1.3.2b Human

There is much less information available on the effects of
exposure of CDDs/CDFs in humans as compared to animals. A number
of accidents and/or the use of CDD/CDF=-contaminated materials
have led investigators to believe that there are cases of signi-
ficant exposure to CDDs/CDFs. A set of case control studies from



Sweden first raised concern about the possible association of
exposure to 2,3,7,8=-TCDD and/or phenoxyacetic acid herbicides
with a relatively rare form of cancer, known as "soft tissue
sarcoma” (STS) (3-5 fold increase) and non-Hodgkins Lymphoma
(5 fold increase).

More recent studies in this country (e.g., CDC birth defects
study and Ranch Hand morbidity/mortality studies involving
Vietnam veterans) and overseas (e.g., New Zealand and Australia)
have been unable to detect significant cancer or other adverse
health effects in exposed populations. Unfortunately, the cancer
studies share the limitations of many epidemiological studies,
e.g., low statistical power and limited time since exposure. 1In
addition, examination of individuals clearly exposed as a result
of industrial accidents has not revealed consistent, persistent
deleterious health effects. '

As reported in EPA's Health Assessment Document (EPA,
1985a), the human evidence for the carcinogenicity of 2,3,7,8~-
TCDD alone is regarded as "inadeqguate™ using the EPA
classification criteria, because of the difficulty of attributing
the observed effects solely to the presence of 2,3,7,8-TCDD that
occurs as an impurity in the phenoxyacetic acids and
¢hlorophenols.,

The overall evidence for carcinogenicity, considering both
animal and human studies, would place 2,3,7,8-TCDD in the B2
category of EPA's classification scheme. Chemicals in category
B2 are regarded as being “"probably” carcinogenic in humans.

1.3.3 Fate and Transport
Although significant uncertainties remain, a fair amount of

research has been conducted on the fate and transport of 2,3,7,8-
TCOD in environmental media.

Physicochemical properties suggest that 2,3,7,8-TCDD will
adsorb tightly to organic material in soil, resulting in low
mobility. Once in the soil, degradation processes (chemical,
biological, etc.) tend to be very slow, with half lives estimated
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to be 1C years or longer. Freeman and Schroy (1986) suggest that
the rate of movement in soil by leaching is insignificant
compared to volatilization and erosion.

Thus, except in cases of the presence of mobile, non-polar
co-contaminants or where channeling allows particulate tranaport,
large scale movement through the soil is thought to be
unlikely. Unfortunately, disposal situations may involve the
presence of such mobilizing agents. This may help explain the
fact that despite its strong sorptive properties, 2,3,7,8-TCDD
has been found distributed vertically through the uppermost soil
layers and horizontally beyond the boundaries of the initial
contaminated zone (DiDomenico, 1982).

While photolysis {(breakdown of contaminants by UV radiation)
has been shown to og¢cur, the effect of this mechanism in ~
environmental settings has not been fully determined. The
presence of CDDs/CDFs in isolated waterbodies thought to be
subject only to influence of airborne particulate transport
suggests that CDDs/CDrs are in fact transported in this manner
and that rapid photolysis does not occur. Downstream transport
of 2,3,7,8-TCDD for considerable distances has also been found at
Superfund sites such as Vertac (Jacksonville, Ark.}.

Additional informetion on the fate and transport of 2,3,7,8-
TCDD may be found in the Tier 3, 5, 6 and 7 Technical Suppeort
Document,

1.3.4 Toxicity Equivalence
While the primary focus of this study was on contamination

associated with 2,3,7,8-TCDD, EPA is also concerned with human
exposure to other congeners of CDD/CDF.

EPA and others have developed methods for comparing the
toxicities of various chlorinated dioxin and furan isomers to
that of 2,3,7,8-TCDD. Such Toxicity Equivalence Factor (TEF)
approaches express the toxicity of CDD/CDF mixtures in terms of
*2,3,7,8-TCDD equivalents". This allows comparison of different



I-10

toxicities of mixtures for purposes of risk assessment and
remedial action planning.

Under ideal conditions, toxicities of mixtures and/or indi-
vidual constituents are based on long-term whole animal toxicity
testing. Unfortunately, complete toxicological information is
lacking for most of the congeners of CDDs/CDFs. With the
exception of 2,3,7,8-TCDD, the 2,3,7,8~HxCDDs, and 2,3,7,8-TCDF,
TEFs are based on estimates of the relative toxicity from in
vitro tests.

EPA's Science Advisory Board has concluded that there is a
plausible basis for the TEF approach of estimating risks associ-
ated with CDD/CDF exposures, and has recommended that the Agency
adopt this approach on an interim basis, as a matter of science
policy. The TEFs will be revised as additional scientific infore«
mation is developed. EPA's TEFs for the congeners of CDD/CDPF-
considered to be the most toxic are contained in Table 1-1.

More detailed information and a comparison with similar
methods developed by the States of California and New York and
the governments of Ontario and Switzerland may be found in
Interim Procedures for Estimating Risks Associated with Exposure
to Mixtures of Chlorinated Dibenzo-p-dioxins and Dibenzofurans
(EPA, 1987a).
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TABLE 1-1
CDD/CDF ISOMERS OF MOST TOXIC CONCERN®

DICXIN DIBENZOFURAN
Isomer TEFD Isomer TEFD
3,3,’,§-TCDD 1 2,3,,,§'TCDF m
1'2'3'7;8-P9CDD 0.5 112'3'7'3-P.CDF 0.1
2,3,4,7,8-PeCDF 0.1
1,2,3,4,7;3-HXCDD 0.04 1.2;3,4'7,3-ﬂXCDF 0.01
1,2,3,7,8,9-AXCDD 0.04 1,2,3,7,8,9-HxCDF " 0.01
1;2'3'6'7'8—H3CDD 0-04 1‘2.3,6.7’8‘“ch? 0.01
2'3'4'6'733-HKCDF 0.01
1,2,3,4,6,7,8-HpCDD 0.001 1,2,3,4,6,7,8-HpCDF 0,001
1;2;3]4'7]8;9-HPCDF 00001

a/ In each homologous group the relative toxicity factor for ™
the isomers not listed is 1/100 of the value listed above.

b/ TEF = toxic equivalence factor = relative toxicity assigned.

1.3.5 Body Burden
Researchers in numerous cauntries report finding CDDs/CDFs

in human adipose tissue. 2,3,7,8~TCDD is often, but not alwgys,
found in such investigations. To date, nc studies have
established a connection between adipose tissue levels and human
health effects; nor have researchers definitively established the
source(s) of the CDDs/CDFs.

The Centers for Disease Control (CDC) conducted a study of
2,3,7,8-TCDD levels in the adipose tissue of exposed and control
persons in Missouri (Paterson et al., 1986). While exposed
psrsons had considerably higher levels of TCDD on average
(approximately 80 ppt) than the controls (approximately 7 ppt),
all members of both exposed and control groups had detectable
levels. Controls ranged from 1.4-20 ppt while exposed ranged
from 2.8-750 ppt.



I-12

1.3.6 Bioavailability
Researchers have compared the bicavailability (uptake by the

biological system) of 2,3,7,8~TCDD from two sites: Times Beach,
Missouri and Newark, New Jersey. The Times Beach soil was found
to be highly toxic to guinea pigs and produced typical TCDD
symptoms. The Newark scil was much less toxic at comparable
levels of contamination.

Possible explanations for these apparent differences in
bicavailability include differences in soil composition (e.g.,
amount of organic matter); presence of other compounds that might
offset TCDD soil binding; and method of application of the TCDD
to the scil (Umbreit et al., 1986).

1.4 Study Design and Implementation <
EPA developed a tiered approach to address the first two’

objectives of the strategy--to study the extent of contamination
and to ensure necessary cleanup action at contaminated aites.
Seven tiers were developed and ranked by anticipated likelihood
cf contamination, with & gcnera} but not exclusive focus on
activities involving 2,4,5-trichlorophenol (2,4,5-TCP).

EPA initially focused on facilities involved with 2,4,5-TCP
for a number of reasons,

- 2,3,7,8-TCDD is a known by-product of the manufacture
of 2,4,5~TCP.

- 2,4,5-TCP was manufactured in large quantities.

- 2,4,5-T7CP is an intermediate in the manufacture of several
widely used products including 2,4,5-trichlorophenoxy
acetic acid (2,4,5-T) and related herbicides,

- Most of the incidents to date involving high level of
2,3,7,8=TCDD have been associated with 2,4,5-TCP
manufacture,

l.4.1 oOrganjzation of the Study
EPA defined the following tiers based on decreasing

expectation of finding 2,3,7,8=-TCDD contamination:

Tier 1 - 2,4,5-Trichlorophenol (2,4,5-TCP) production
sites (and associated waste disposal sites)
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Sites (and associated waste disposal sjtes)
where 2,4,5-TCP was used as a precursor in the
manufacture of pesticidal products

Tier 3 =~ Sites (and associated waste disposal sites)
where 2,4,5-TCP and {ts derivative pesticidal
products were formulated or packaged into
commerc ial pesticides

Tier 2

Tier 4 - Combustion socurces

Tier 5 = Sites where pesticides derived from 2,4,5-TCP
have been or are being used on a commercial
basis

Tier 6 - Certain organic chemical and pesticide manu-~

facturing facilities where improper gquality
control on certain production processes could
have resulted in the inadvertent formation of
2,3,7,8=TCDD

Networks of existing ambient stations where fish
and soil were sampled to determine whether
2,3,7,8-TCDD was widespread in the environment ~
and, if so, at what levels

The tier 1 and tier 2 facilities, and their associated waste
disposal sites, tiers "1A and ZA" respectively, were the sites
where EPA expected to find the most contamination. They were
investigated through the Superfund program because of its
authority to address contaminated sites. Remedial acticons at the
sites in these tiers will continue in the future.

Tier 7

Tiers 3, 5, 6 and 7 were managed by the Office of Water
Regulations and Standards (OWRS). The tier 4 work was managed by
the Office of Air Quality Planning and Standards (OAQPS).

Detajled project plans were prepared for tiers 3 through 7.
The project plans underwent extensive internal and external
review. External reviewers included staff of the Centers for
Disease Control and the Office of Technology Assessment, several
members of EPA's Science Advisory Board, and the American
Chemical Society.

In addition to conducting basic research, EPA's Office of
Research and Development (ORD) provided extensive technical and
analytical support to the project.
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Regulatory activities were undertaken by the specific
Offices in EPA with the appropriate legislative authority and
media expertise. (See Chapter 5.)

1.4.2 Detection Limits/Analytical Support

During the initial round of investigations in Missouri, EPA
requested assistance from CDC in interpreting the significance of
2,3,7,8~TCDD contamination at a residential site. CDC developed
a health advisory level of 1 part per billion {(ppb) for residen-
tial soil (Kimbrough et al., 1984). A major consideration in
arriving at this level was the presence of small children, who
typically play in and ingest residential seil. CDC suggested
that a somewhat higher level might be acceptable in non-
residential settings where continuous exposure of children would
not occur, but cautioned that lower levels might be of concern op
pastures and rangelands where there is potential bicaccumulation
in the food chain.

Although 1 ppb was intended to be site=-specific, the charac-
teristics at residential sites tend to be similar. This guidance
provided important design parameters for the study.

For tiers‘l and 2, EPA selected a detection limit of 1 part
per billion {1 ppb) based on the generally non-residential nature
of the production and disposal facilities. Similar reasoning
resulted in the selection of a detection limit of 1 ppb for soil
sampling at sites in tiers 3 and 6.

The investigaticns in tiers 5 and 7 (fish and soil) were in
the nature of a "background™ evaluation, thus the objective was
to employ state-of-the-art detection capability to determine
whether 2,3,7,8-TCDD was present in the sample. A nominal detec-
tion limit of 1 part per trillicn (ppt) was selected for fish and
soil samples, using high resolution gas chromatography/high
resolution mass spectrometry. This technology allows & detection
limit in the parts per quadrillion (ppg) range in water samples
although the method is much more experimental when applied to
these samples.



The 1 ppt detection limit and the number of samples to be
processed resulted in pressing the state-of-the-art in both
capability and capacity. To meet this need and to provide
requisite consistency for a nationwide study of this nature, EPA
established a consortium of three in-house laboratories--the so-
called "Troika".

Because of the low levels expscted in combustion source
emissions, the Troika also performed ppt analyses for the tier 4
samples. Analysis of tier 4 samples addressed additional CDD/CDF
congeners because 2,3,7,8~-TCDD generally represents only a small
part of the total CDDs/CDFs generated by these facilities.

As used in this report, the term "detection limit" is
synonymous with "analytical method quantitation limit,” that is,
the contaminant concentration reguired to produce a signal with=
peak height 2.5 times the background signal leveil.



Chapter Two
TIERS 1 AND 2

This chapter presents EPA's investigatory and cleanup
efforts for sites in tiers 1 and 2. :

° Tier 1 - 2,4,5~trichlorophenol (2,4,5-TCP) production
sites and associated waste disposal sites

° Tier 2 - Sites where 2,4,5-TCP was used as a precursor
t0 make pesticidal products, and associated disposal
sites*/

The objective in these tiers was to identify contaminated
sites and develop appropriate response measures. EPA estimated
that most 2,3,7,8=-TCDD produced in this country would be
associated with tier 1 and 2 sites.

Activities at these sites were assigned to the Office of >
Solid wWaste and Emergency Response (OSWER). OSWER is also
responsible for sites from the other five tiers where significant
2,3,7,8-TCDD contamination is discovered. Funding and authority
for these investigation and response actions comes from the
Superfund program.

. EPA had been addressing 2,3,7,8=-TCDD sites prior tc the
National Dioxin Strategy. This report does not generally distin-
guish ongoing activities from those conducted after the Strategy
was established. Additional information on tiers 1 and 2 is
contained in the Technical Support Document (EPA, 1987c).

2.1 Approach
Investigation and cleanup at tier 1 and 2 sites are modeled

after the approach taken under the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA) program
(Superfund). The major difference is that, for the first time,
the Agency has targeted industry-specific production and disposal
facilities,

}/ Waste disposal sites associated with Tiers 1 and 2 are
referred to as Tiers la and 2a sites, respectively.
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EPA conducted extensive data base research and used
enforceable information request letters to identify production
facilities and associated waste disposal sites. As needed,
additional data were collected from site visits and employee
interviews., -

Field testing was conducted to determine actual 2,3,7,8-TCDD
contamination. EPA employed a targeted approach, sampling in
locations most likely to be contaminated (i.e., loading areas,
storage areas, production areas). If off-site migration was
suspected, samples were collected outside the facility boundary.

Sampling plans were developed in consultation with the
Centers for Disease Contrel (CDC) to ensure that if 2,3,7,8-TCDD
was detected, the data would be usable by CDC in developing
health recommendations. Quality assurance/quality control ~
protocols that follow Superfund procedures were developed to
ensure that all data generated would be of known quality.

1f 2,3,7,8=-TCDD contamination was detected, a site-specific
decision on the need for an immediate or longer term response
action was made in consultation with CDC. Where possible,
potentially responsible parties (PRPsS) were encouraged to take
appropriate response action.*/ If necessary, response activities
were performed under Superfund.

All activities have been coordinated with State and local
authorities as well as other Federal agencies such as the Centers
for Disease Control (CDC), the National Institute for
Occupational Safety and Health (NIOSH), the Food and Drug
Administration (FDA) and the Federal Emergency Management Agency
(FEMA}.

*/ A potentially responsible party is any person who:
1) owned, operated or otherwise controlled activities
at any facility where hazardous substances were disposed of;
2) arranged for disposal or treatment of a hazardous
substance; or 3) accepted a hazardous substance for transport
to disposal or treatment facilities.
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2.2 [Eindings

2.2.1 Universe of Tiers 1 and 2

There are 100 sites in tiers 1l and 2. Table 2~1 shows a
breakdown of sites by tier,

TABLE 2-1
QSWER DIOXIN SITES BY TIER

Tier 1 la 2 2a
No. of Sites: 11 53 10 26

It was originally thought that there were about 450 tier 1
and 2 sites {50 production sites and about 400 associated
disposal sites). The difference in the actual versus the T
estimated number of tier 1 and 2 facilities has two bases.

First, many of the facilities alleged to have produced the
chemicals of concern, in fact, did not. For sxample, they may
have been registered with EPA to produce 2,4,5-TCP and some of
its derivatives, but only formulated selected derivatives in
actuality. This would make them a tier 3 rather than a tier 1 or
2 facility. Second, those facilities that did produce 2,4,5-TCP
or use it as a precursor had an average of 4 associated disposal
sites, instead of the originally estimated 8 to 10.

Tier 1 and 2 sites are located in 8 of the 10 EPA Regions.
Figure 2~1 is a graphic representation of dioxin site locations.

Many of the sites of concern are in Missouri. Twenty-nine
of the tier 1A sites in Missouri were unwitting recipients of
2,3,7,8-TCDD waste. Recycled oil contaminated with 2,3,7,8-TCDD
was used as a dust control measure on private roads, parking lots
and horse arenas. Later, contaminated soils from a horse arena
were used as fill dirt at several farms and residences.

Prior to the National Dioxin Strategy, EPA had sampled the
majority of the 200 sites in Missouri alleged to have been
sprayed with contaminated waste oil. No 2,3,7,8-TCDD was
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detected at the 1 ppb detection limit at 110 of the sites. EPA
determined that other sites had never been sprayed.

It is of particular note when considering the extent of
environmental contamination, that no other situations such as in
Missouri have been discovered. That is, the widespread
distribution of contaminated material at numerous locations
occurred only in Missouri. ' '

Twenty® dioxin sites are on or proposed for the Superfund
National Priorities List (NPL). The NPL identifies the targets
for long-éerm action under Superfund. Most of these NPL sites,
such as Love Canal in Niagara Falls, New York,'are on the NPL for
chemical contamination problems beyond dioxin. The 20 aites on
the NPL or proposed NPL are:

Baird and McGuire Holbrook, MA v
Bliss Property Ellisville, MO :
Conservation Chemical Kansas City, MO (proposed
Diamond Alkali Newark, NJ

Drake Chemical Lock Haven, PA

Fike Chemicals Nitro, WV

Hooker Chemical (Hyde Park) Niagara Falls, NY
Hooker Chemical (Love Canal) Niagara Falls, NY

Hooker Chemical (S-Area) Niagara Falls, NY
Hooker Chemical (1l02nd st.) Niagara Falls, NY
Minker/Stout/Romaine Creek Imperial, MO

Moyers Landfill Collegeville, PA

NIES Furley, KS {proposed)
Quail Run Gray Summit, MO {proposed)
Rohm & Haas Bristol, PA (proposed)
Shenandocah Stables Moscow Mills, MO
Syntex . Verona, MO

Times Beach Times Beach, MO
Vertac Jacksonville, AR
Western Processing Kent, WA

2.2.2 Qther Dioxin-Contaminated Sites

Under the Dioxin Strategy, sites found to be contaminated in
tiers 3 through 7 are referred to QSWER for possible CERCLA
action. To date, 13 sites have been referred from tiers 3

* 1In one case, five residential areas in Missouri are listed
as one NPL site (Minker/Stout/Romaine Creek/Sullins/Cashel).
The site is known as Minker/Stout/Romaine Creek.
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through 7. These are described in greater detail in the next
chapter.

Although 2,3,7,8=-TCDD has generally not been found in
commercial grade pentachlorophenol (PCP), 2,3,7,8-TCDD has been
detected at a number of PCP wood treatment facllities. At an
inactive facility in Butte, Montana, for exampls, 2,3,7,8-TCDD
was detected at a level of 28 parts per billion {(ppb). These
sites are being handlied by EPA‘'s Superfund program.

EPA's Office of Solid Waste (OSW) is investigating wastes
from PCP wood treatment for possible designation as hazardous
under RCRA. OSW is collecting information on 2,3,7,8-TCDD and
other environmental contamination associated with wood treatment
operations.

EPA is also monitoring or responding to other sites, such as
sites where PCBS were burned.

2.2.3 Extent of Contamination of Tier 1 and 2 Pacilities

EPA, States, or responsible parties have sampled all of the
2]l production sites in tiers 1 and 2 and most of the 79 tier 1A
and 2A disposal sites for 2,3,7,8-TCDD. EPA's definition of
disposal sites goes beyond traditional active or inactive
disposal facilities to include sites such as those in Missouri
where contaminated material was dumped or received unknowingly.

Eleven tier 1 and 2 production and disposal sites are
classified as requiring "no further action®™ under the Strategy.
This classification is based on sampling results that indicate
very low (i.e., 0.7 ppb)} or undetectable levels of 2,3,7,8-TCDD,
using analytical methodology capable of detecting levels of 1
pod. These sites are:

Calgon Corporation Pasadena, TX

Drake Chemical Lock Haven, PA
Eastman Kodak Rochester, NY
Georges Creek Poca, WV

GROWS Morrisville, PA
Millmaster Onyx Berkeley Heights, NJ
Moyers Landfill Collegeville, PA
Resource Recovery Pasco, WA

Rhone Poulenc Portland, OR
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Sourth Charleston Landfill South Charleston, Wv

Union Carbide South Charleston, WV

Two of these sites {Drake Chemical and Moyers Landfjill) are
on the Superfund NPL for contamination problems unrelated to
dioxin. ' T

Where 2,3,7,8-TCDD was detected, levels were generally
highest in the vicinity of actual waste handling operations
(processing, loading, storage). At sites where concentrated
2,4,5-TCP production wastes were stored or disposed of, 2,3,7,8-
TCDD concentrations were as high as 2,000 parts per million
{2,000 ppm). At most sites, however, 2,3,7,8-TCDD levels in
soils were in the parcts per billion (ppb) range. 1In fish samples
from nearby lakes and streams, 2,3,7,8-TCDD was measured in terms
of parts per trillion (ppt). A summary of sampling data from _
each site is provided in Table 2-2.

The majority of 2,3,7,8-TCDD contamination at tier 1, 1A, 2
and 2A sites remained on-site. However, fish contamination and
off-site s0il migration were detected in a number of inatances.

2.2.3a Fish Advisories

Fish advisories have been issued by State health agencies
for nine sites. The Michigan Department of Public Health issued
a fish advisory for certein species (catfish and carp) in the
Tittabawassee River downstream from Dow Chemical in Midland, due
to dioxin contamination. The remaining advisories generally
recommend consuming fish from specified areas no more than once
or twice per month. 8Six sites are located on or near the Niagara
River:

Hooker Chemical (Buffalo Ave.)
Hooker Chemical (S-area)
Hooker Chemical (Love Canal)
Hooker Chemical (102nd St.)
Hooker Chemical (Hyde Park).
Olin Chemical Corp.

An advisory was issued by the New York Department of Environ-
mental Conservation concerning fish obtained from the entire
Niagara River during 1985 and 1986. Similarly, an advisory was
issued by the State of Arkansas for fish from the Bayou Meto from

o o & 0o & 0
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Jacksonville, Arkansas (near Vertac), to the Arkansas River; this
advisory has been issued for an indefinite period. Fish from the
Spring River from Verona, Missouri (Syntex), to the Oklahoma line
should be consumed with caution until further notice as well. An
advisory (not associated with a specific site) was issued by the
Governor of West Virginia for the Kanawha River between the Coal
River at St. Albans and the Ohio River.

2.2.3b QOff-site Contamination
Off-gite 2,3,7,8=-TCDD soil contamination at levels of
concern has been confirmed in seven cases:

Diamond Shamrock Newark, NJ

Brady Metals Newark, NJ

Dow Chemical 1/ Midland, MI

Love Canal Niagara Falls, NY

Hyde Park Niagara Falls, NY

Vertac Jacksonville, AR >
Bliss Tank Property (1la) Frontenac, MO :

To illustrate the type of environmental problems EPA can
face at tier 1 or 2 facilities, several of the facllities with
off-site contamination are briefly discussed below.

Diamond Alkali - Newark, New Jersey
This facility was a former herbicide manufacturing site

involved in the production of Herbicide Orange. 2,4,5-TCP was
manufactured at the plant from February 1946 through August
1969. The facility is located along the Passaic River in an
1ndustria1/commerc;al section of Newark which contains a sizable
number of residential dwellings. The aite is on the Superfund
NPL.

Sampling Data =-- On-site soil samples confirmed high (60 to
1200 ppb) levels of 2,3,7,8-TCDD. Later analyses showed one
sample to be greater than 50 ppm.

An extensive off-site testing program in the neighborhood
covered a 4,000 ft radius and consisted of four phases: areas of

1/ The contaminated off-site area is now included within the
plant fence line.
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human habitability (including an 800-family public housing unit,
a church and a school): open spaces (parking lots, street
corners}; transpcort routes (roads, rail linse and storm sewers)
and the Passaic River (sediments and fish). 2,3,7,8-TCDD was
detected above 1 ppb in samples taken at the following locations:

° Passaic River (bottom sediments): 5 of 35 samples
greater than 1 ppb (range 1.2 to 3.0 ppb)

* Public Contact Areas (soil/sweep):

Hayes Park East==2 of 11 samples (1.0-3.1 ppb}
Joseph Street --3 of 5 samples (l.1-4.1 ppb)

® Habitability Sampling

Esther Street =~-l.1 ppb (vacuum bag)
SCA -=1,2 ppb {air conditioner filters)
Joseph Street =--5.8 ppb (soil)

®  Transportation Routes (soil/sweep)

Esther Street =-=-4 samples 1.0-5.9 ppbd "

Lockwood Street-=-9 samples 1.5-7.3 ppb

Euclid Street -=-3 samples 1.8-4.2 ppb

Railroad . ==27 samples 1.1-520 ppb

Activities Undertaken to Date =-- As partial site

stabilization, a tarp was installed over on-site areas of
contamination and a fence was installed in the back of the
property. Adjacent residential areas have been vacuumed and

swept to remove 2,3,7,8-TCDOD contamination.

Diamond sShamrock is now performing a feasibility study that
will be used by EPA and the State of New Jersey to determine
appropriate cleanup actions.

Brady Metals = Newark, New Jersey

Brady Metals is a scrap metal facility that allegedly
received contaminated reactor vessels from the Diamond Shamrock
facility. The site is located in a residential/industrial area
known as the Iron-bound section of Newark, New Jersey.
Contamination resulted from disassembly of reactor vessels on-
site. Dioxin contamination has also heen detected off-site. It
is believed to have been transported by wind, erosion and
vehicles.
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Sampling Data == Dioxin concentrations above 5 ppb were
found over most portions of the site with many samples from the
western half of the site exceeding 100 ppb. The highest
concentration was 3,500 ppb.

Off-site data were summarized above in the discussion of
Diamond Shamrock.

Activities Undertaken to Date =-- An impermeable barrier,
filters, and fence screening were installed to prevent off-site
migration and to control dust. Nearby streets were cCleaned, scil
was excavated from the nearby road and stored on-site., New
Jersey provided security to prevent public exposure. The
responsible party has assumed cleanup responsibility. The State
is providing coempliance monitoring at the site.

Hooker Specialty Chemicals Division - Niagara Falls, New York °
The Hooker Niagara Falls facility was involved in the '

manufacture of 2,4,5-TCP from 1949-1972. The facility is located
along the Niagara River in a highly industrialized setting.
Soluble 2,4,5~TCP wastes were sewered and discharged into the
Niagara River. The Province of Ontario, Canada is located across
the Niagara River, a distance of approximately 2 miles. On-site
landfilling of 2,4,5-TCP residues took place at the S=Area
disposal location which lies 10 yards west of the City of Niagara
Falls Water Treatment Plant. Existing data indicate that
contamination from the S-Area disposal site has infiltrated the
main intake tunnel of the water treatment plant. The S-Area site
is on the Superfund National Priorities List (NPL).

Sampling Data =~ Hot spots were found at the former 2,4,5-
TCP production area with one particularly high hit at what is
thought to be the formar TCP waste staging area. On-site
sediment samples collected from catch basins ranged from 4.6-524
ppb. On-site subsurface soil samples ranged from ND to 18.6
parts per million. Off-site sampling found 8.6 ppb in one sewer
sediment sample and 1.1 ppb in a surface so0il sample.
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Activities Undertaken to Date -- EPA and New YOork State are
negotiating with Hooker to determine if the company will

undertake necessary feasibility studies and remedial
investigations at its production facility.

Love Canal - Niagara Falls, New York
More than 21,000 tons of chemicals were disposed of in Love

Canal. 1In 1954, 3,000 cubic yards of fly ash and BHC cake taken
from Love Canal were used as fill at the nearby 93rd Street
School. The Love Canal site consists of a large former
residential area (the so-called Emergency Declaration Area (EDA))
surrounding the Love Canal area proper, some of whose residents
have chosen to remain in the area. The site was used as a

disposal site from approximately 1942-1952,

Sampling Data =-- Several sampling programs for 2,3,7,8-TCDA
have been conducted, including the 1980 EPA monitoring at Love
Canal; 1983 Malcolm Pirnie sampling: 1984 NYSDOH sampling; and
1983 EC Jordan Borehole Investigation. Results included:

Medium (soil, Location {(on- High Concentratiocn
water, etc.) . or off-site) (ppb}
Sediments:
Bergholez Creek Off-site (EDA area) 45.8
Black Creek Off-site (EDA area) 4,0
102nd St. Qutfall Off-site 3.3
Sewer . Off~site (EDA area) 650
Soil:
83 st. Scheol Off-site (EDA area) 1.6
(3+ ft. deep)
Canal=-surface On-site (on Canal 6.7
proper)

Actions Undertaken to Date ~- A cap, including a synthetic
liner, now covers the canal proper. A leachate collection system
and leachate treatment plant are operating. Sewers exiting the
canal were severed and plugged. It is expected that contaminants
are no longer migrating from the canal due to these measures.
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Significant additional cleanup and long-term monitoring
activity is anticipated at this site.

Dow Chemical Company - Midland, Michigan

Dow Chemical Company U.S.A. - Michigan Division (Dow) is a
chemical manufacturing plant which produced 2,4,5-TCP. The
2.,4,5-TCP and its derivatives were formulated into pesticide
products. Dow historically landfilled its wastes on-site. Dow
is alsc a combustion source because of its on-site incinerator,

Dow began brine production operations in 1897. Commercial
production of a variety of chlorinated phenols began in the mid-
1930's and ended in the late 1970's.

Dow is located within Midland, Michigan {population
approximately 37,250}, and the manufacturing complex encompasses
a land area of approximately 1,500 acres. =

Sampling Data -« Dow and the surrounding area have been
extensively sampled for dioxin by Dow and the U.S. EPA. In
December 1983, initial sampling detected 2,3,7,8-TCDD at levels
up to 52 parts per billion (ppb) in soil on the plant site and up
to 2 ppb at the plant perimeter (now on-site}. 2,3,7,8=-TCDD has
been detected in fish in the Tittabawasee River at levels from 12
to 530 parts per trilliom (ppt). 2,3,7,8~TCDD soil samples in
residential areas were less than 1 ppb. £,3,7,8-TCDD is alsc
being monitored in the ambient air and in the emissions from
Dow's incinerator.. In 1985, Dow performed follow-up soil
sampling and reported a cone of contaminated soil with
concentrations ranging from non-detectable outside the cone (Det.
Limit .00%5 ppb) up to 1500 ppb. The contamination is from
historical releases from a tank farm associated with the
production of chlorophencl. The highest concentration was
detected in the center of the cone at a depth of 10-12 feet.

Activities Undertaken to Date =-- In 1984 and 1985, under the
terms of a U.S. EPA Administrative Ocder, Dow removed
contaminated democlition debris and capped contaminated areas to
prevent airborne migration and direct contact with
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contaminants. The State of Michigan has issued a fishing
advisory for the Tittabawassee River downstream of the Dow

plant. An NPDES limit of 10 ppq (parts per quadrillion) 2,3,7,8-
TCDD in Dow wastewater discharge into the Tittabawassee River was
also established as an interim effluent limitation.

Pursuant to the Hazardous and Solid Waste Amendments (HSWA)
to RCRA of 1984, Dow is required to address corrective action for
all releases of hazardous waste or constituents from any solid
waste management unit. This will encompass both on-site and off-
site releases of dioxin, including highly contaminated areas.
Dow's compliance plan for corrective action is currently under
review, EPA is currently writing a Corrective Action Plan
{CAP). Interim corrective measures are sxpscted to be approved
before the end of September 1987. Further investigations and
corrective measures will be incorporated into Dow's BSWA pe:mit.’

Vertac - Jacksonville, Arkansas

The site is located adjacent to a residential area of
Jacksonville, Arkansas, just north of Little Rock. In the mid~-
fifties, Reasor-Hill Conpany began the manufacture of phenoxy
herbicides at the site, including the manufacture of 2,4,5-T. In
1961, the plant was sold to Hercules, who operated until 1972 and
produced 2,4-D, 2,4,5~T, 2,4,5-TP and Herbicide Orange. 1In 1971,
Vertac, Inc. began operation at the site. From the time
production began during the Reasor-Hill era until March 1979, one
of the major products produced was 2,4,5-T,

Solid and liquid waste from the Reasor-Hill period up to
1974 were buried on-site in a series of landfills. All surface
flow from Vertac ends up in Rocky Branch Creek which runs along
the western edge of the plant. Non-contact cooling water from
the Reasor-Hill operations was held in a dammed portion of Rocky
Branch. Rocky Branch drains into Bayou Meto about 2 miles south
of the Vertac plant. !
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Sampling Data -- 2,3,7,8~TCDD has been detected both on- and
off-site:

Highest levels found were:

° Equalization basin on site 1,200 ppb
e Sewer collection line south of
facility 10.9 ppb

° Oxidation ponds from City
of Jacksonville sewage

treactment facility 3.4 ppb
* Sewerline 334 ppb
° Fish 798 ppt

Activities Undertaken to Date -- Pursuant to a consent
decree, Vertac/Hercules are containing wastes on-site with slurry
walls, French drains, and clay caps. Some sediments and
contaminated soils are being contained in a clay vault on~-site.
EPA did not feel this remedy provided sufficient protection to
human health and the environment; however, Vertac's remedy was
found to be judicially acceptable. EPA will closely monitor this
site.

An off-site Remedial Investigation/Feasibility Study (RI}FS)
is in progress. 2,3,7,8-TCDD has been found in fish as far as
roughly 100 miles downstream from the plant. The Arkansas
Department of Health has guarantined Rocky Branch from where it
flows through the Vertac property, to its confluence with Bayou
Meto and has guarantined Bayou Meto from Jacksonville to the
Bayou's confluence with the Arkansas River.

2.3 Response Actions
Initial Agency actions responding to verified contamination

have focused on mitigating the threat of public exposure.
Inhalation, soil ingestion, dermal contact, and £ish consumption
are the major exposure routes of concern. Cleanup actions,
emergency removals and associated health and fish consumption
advisories have focused on reducing potential exposure via these
coutes. EPA prioritizes its cleanup actions according to the
risks associated with each site.
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Cleanup action has been taken at 11 of the 21 production
sites in tiers 1 and 2. Some of these sites have been the
recipients of multiple actions; many will receive additional
cleanug.

Cleanup activities include:

° Removal Actions--designed to mitigate, in a relatively
short time-frame, a threat or potential threat to humans
and the environment; removals include such activities
as:?

~ Relocation of threatened populations
-~ Restricting acceas by fence construction or sign

posting '

« Excavation of contaminated soils with on- or off-site
storage

- <apping or paving measures to control migration

- (Cleaning/vacuuming of contaminated surfaces -

° Remedial Actions--to mitigate, in a longer time-frame
and consistent with a permanent remedy, a threat or -
potential threat to human health and the environment;
remedial actions may encompass the same type of
activities as removals,

Figure 2-2 presents the cleanup actions and pre=-cleanup
activities (sampling, analysis, engineering assessments) that EPA
has taken, or has compelled responsible parties to take, at tier
1 and 2 production facilities. Planned or anticipated cleanup
actions are also given.

Figure 2-3 presents similar information for disposal
facilities that received wastes directly from production
facilities. Figure 2-4 presents sites that received contaminated
waste o0il in Missouri.

As shown in Figure 2-4, monitoring is planned for 16
Missouri sites. Monitoring may involve observing the integrity
of a paved surface or a storage tank as well as periodic sampling
and analysis. Sites now being monitored may undergo further
action, EPA, States and local agencies are monitoring these
sites.
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FIGURE 2-2

PRODUCTION FACILITES
TIERS 1 AND 2

ACTIONS TAKEN TO DATE +

AEMOVALSMEMEDIAL ACTIONS
AMILEN, P SAMPLED AND ANALYZED
SARD § MOGUIAR FEOLBACOX. 1A
oW MCLAND, M . mmm"-"mm#
g —t-Heprrity PUGE JANTIR.) OMEMICALS, NITRO, Wy
QNALIDEN, CLIFTON, W)
WA ALBNY MLLMAETEN ONVI, BIVCIL BY MEXIHTS, NP
MONBANTS MY PUANT, ST, LOUS. MO poed ¢ Y
(OB NOND-POULING. RONTLANG, OfF
T e wenOA, MO SISO SOLVEBNTS. ST LOU, WO
ANyt mmmmw_“
KAMGAR CITY. K8
VEATAC CHEMGALS, JACKSONVILLE, AR
ACTIONS PLANNED OR ANTICWPATED *
* NO FURTHER A . FURTHER SAMPLING AND ANALYSIS
AT THIS TiME - CLIN CHIIL COMP, NIAGARA FALLE, NY
DUE TO SAMPLING RESULTS
CHEACAL LOCK HAVEN P2 ENGINEERING ASSESSMENT
MLLMASTER ONYX, BERCELEY =EOMTY, NJ mmm’“
LSNON CARBIOR, SOUTH CHAMEBTON. Wy TUPEACR SCLVENTR, §T. LOU MO
** NO FURTHER ACTION
AT THIS TIME
DUE TO COARECTIVE ACTIONS REMOVALSMEMEDIAL ACTIONS
MONBANTO PLANT, NITRD), W
RO & MAAS, SAUETOL, PA BARD & MOUAAE MOLBACON, WA
ENAMOND ALIGALL NIVIVAR, M
OOW OHEBCAL MOLANG. 14
P (ATIL) CHEMEALS, NTRO, Wy
ORI CHEMICAL IIPALD AVE ), NAGARA FALLS. NY
MONBANTD) (OURINY ALANT), ST L.OUR,
THOMPEONHAYWARD S, CO. KANBAS CITY, XS
VEATAC CHOWCALS. ACKEOMWRLE, AR

* I A SITE UNDERWENT (OR IS ANTICIPATED TO UNOERGO) MORE THAN ONE ACTIVITY,
THE MOST ADVANCED ACTIVITY IS INDICATED. SOME ACTIVITIES ARE ONGOING.
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FIGURE 23
DISPOSAL SITES - TIERS 1A AND 2A

WASTES RECEIVED DIRECTLY
FROM PRODUCTION FACILITY

ACTIONS TAKEN TO DATE :F

PRELIARY BIVESTRIATION
R, TGN, LA
AEMOVALE ARMEDIAL ACTIONS R O MR, AP
AR, AR, WD -amm.-r
PILL RAY EANL, BAMYY GO, WD NP, YRRIOWL Ae*
LIS TAMNE PAERRETY PRENTEMAC, MDD ONERELEAR, CHRITRA, My
DALY METALS, NEWARK W) DML WAV WY oot MELLE ALY
ollany T ARY CO. MDD aﬂmﬂ,mmmu‘
A o ol AL MO MLLE, WY R L N, MED Y, Y
MR o A AANA LD NY WADEUIICH N § NN,
PRIRAINILvA, P
HOONEA GUlM {Hiy 1), MASARA BalLl NY VOREh DRIPCIM,. A0
WA CRRER, ROCA. WY i
MO CIATER S80RD b IIIH‘ l; ”.‘-' ALYIRD
wISARI T
ACYAL TMLEY FASa, WEXINUET. MO BV S OF B0, . GANDVEW, 10
mmmg:ﬂ-b Wm SEONERS SR, ROCA, WV
[T
WESTRAN AACCEMRING SO, N ”“mn-"“ >
) -
mmm'«m -
mw’.mr‘ -
W VIR, VRO, WD
T, S LANORLL. ICTLAND, O
ST AR, VIRINA, MO
ACTIONS PLANNED OR ANTICIPATED .'F
Y NOPUNTHER ACTION SAMPLING AND AMAL YIS
CHAMTACLAA MFAGEE. WODI STV, WY
AT THID TIME WHRELING CRIRCBAL, AMAZEINA, 4D

ALKAL LML
CHEM. SECLINTY SVTEML WC.. MRLINITCN O
T TR ML PIRAAND, O
—vmes  THGNERNNG ASEOSMENT
MEIEIA CRIK, FCKA, WY
A MOCHA GIEM. (o 811, INAGARA FALLS. WY
200A LANORL.
LIRS TANR PROPINTY, MERINAL, MY
AEMOVALSAIMEDIAL ACTYON
ALDWIN AR, AURCIV, M HEOIO COULSTER, DB, VO
'm%mfmmn ﬁﬁmz
CENNY R TS, A GO, MO SOREALLE LANDINLL, SOBEYWILLE. M

W TR UNCEMWENT O 1 ANTICIPATIED TO WCERGCH MORE Twi OOl ACTIATY,
THE MOET ADVANCED ACTIITY B OCATEC 2CME ACTATTES AN CPOID
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FIGURE 24

DISPOSAL SITES - 1A « MISSOURI
WASTES RECEIVED FROM SPRAYING
OF CONTAMINATED WASTE OIL

ACTIONS TAKEN TO DATE 4:

SAMPLED AND ANALYZED
AFOANGAS BEST PRIIINT, ST, LOUR. MO
REMOVALS/REMEDIAL ACTIONS BAXTEA QAROEN CRNTRA
PROPEATY, GLLSVILLE, TRUGKNG, ST, LOUS, MO
SUBELING PRI ARENA, FENTON, UO WAL LOOSE TUBE CO. ABAMD, 140
CASHEL PESDENCE. PENTON, MO SART TIXAS MOTOR FREKNT, 37, LOUR, MO
COMMMTY CHATAN CHPCH WNCEETER, MO SROLIMN FRCPIIITY, ST, LOUW, W0
ZAST HORTH STRERT, BRENA, MO LD ACCRS RDAD, HWFY. 141, MO
JOMES TRUGCK LINES. ST, LOUNE, MO S RO HAZRLWOO0,
TACY MANCIR ORIVEL CRDAR MILL MO
NENKER AR SDENCE, IMPBAAL, MO
OVEANITE TRANSPONRTATICN, ST. LOUIS. MO ENOIMEEAING ASSESSMENT
TAZZA ROAD, ROSATL, MO
QUAL MUN MOBRLE PARN, QALY SLIWWT, MO HAMILL TRANGPER CO., §T. LOUIS. MO
AOMANE CREEX, MPERLAL, MO METHOOIET CHURCH, ST. LOLES, MO

ACTION PLANNED OR ANTICIPATED *

ENDANGERMENT ASSESSMENTS
PENDING UITQATION

SUBAL NG SRANGS HORSE ARENA, JEPPERICH CO., MO

¥ A SITE UNDERWENT (O 1S ANTICIPATED TS UNDERGO) MOSE THAN ONE ACTMITY,
THE MOST ADVANCED ACTIVITY 1 NDICATED. SOME ACTMITIES AME ONGODING.
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Several of the Agency's actions are considered temporary
solutions. These actions were taken to mitigate the immediate
threat of public exposure, Temporary solutions normally contain
rather than reduce, destroy, or permanently dispose of
contaminated material. Permanent solutions may be undertaken in
the future.

The Agency's planned or anticipated activities focus on
permanent remedies. As discussed in Chapter 6, EPA is currently
funding several demonstration projects aimed at developing
effective and affordable treatment technologies. EPA's mobile
incinerator has successfully treated Missouri soils, achieving
99.9999 percent destruction and removal efficiency. EPA has
issued regulations under RCRA (see Chapter 5) specifying
procedures for approving dioxin treatment and disposal
facilities; however, there are currently no approved commercial
treatment and disposal facilities for dioxin.

Most of EPA's cleanup activities discussed above were based
on CDC or NIOSH health recommendations. NIOSH and CDC have
issued recommendations concerning at least 37 residential, *
recreational, and commercial sites. These sites are listed in
Table 2-3.

Health recommendaticas were issued for 16 residential and 7
public access area sites. Each site had been contaminated by
dioxin-containing oil sprayed to control dust, or by oil-
contaminated fill dirt. Of the 16 residential areas, residents
of 6 of the sites have been advised to avoid contact with soil
until cleanup or removal takes place. Access to portions of six
additional sites is restricted until cleanup or removal.
Evacuation and prohibition of use have been advised at the
remaining four residential sites, the most notable being Times
Beach, Missouri. An evacuation has been established, and many of
the residents are complying.

For public access areas, access has been limited to a
portion of the area at one park pending further testing. Two
churches have been permitted to continue operations (including
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day-care center operations), provided access is limited at a
remcte area of each site. Due to the potential of soil
disturbance and dust generation at riding stables, four stables
require remedy; their use is currently restricted.

CDC and NIOSH issued health recommendations for 14
industrial sites, 11 of which are commercial facilities involved
in light industry. Most of these sites were contaminated by
dioxin=-containing 0il used for dust control. Seven of the 11
were found to present no hazard to the employees under current
operating conditions., However, if activities which will disturd
the scil occur {(such as excavation or underground pipeline
repair), safety precautions including protective clothing and
respirators should be used. At an eighth commercial site which
required cleanup, operations were permitted to resume. Access
has been prohibited at a waste-oil storage facility until
cleanup. At the tenth site, EPA expects responsible parties to
mitigate all exposure routes. At the eleventh site (Nalco=-tier
3}, public access is restricted until additional samples are
analyzed.

Health recommendations were issued for three tier 1 and 2
production facilities. One site has been found to pose no major
hazard under current operations. The second site is not
currently used, and access has been limited until cleanup. The
third site ceased operations in 1982.
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Bawrd & McGurre

Chemcal Inseclagioe

Diamond Alkals

Givauden

Hooker Chemical (Buffalo Ave.)

Lacation

Holbrook, MA

Edison. ¥)

Newark, W)

Clifton, W)

Niagara Falls, NY

TABLE 2-2
SITE LISTING

HATIOMAL DIONIN STRATEGY

2/87

No. And Kind Of
Samolc Mnalried

REGION 1

96 on site so0i)

12 of F siLe sobd

2 on site sediment
5 off-site water
I8 on site soil

S onjoff-sivLe air
35 onsoff-site Fish

REGIOM 11

61 on-site 5041
a8 off-site soil

9 on site soi)
$37 off-site so0i

28 of 1 sile vacoum bogs
32 of F-site sediment

37 on-site soil
28 of F-site soi)

17 on-site soid

4 of F-site s0i)

4 on-site

2 of F-site sediment

Concentration
fanae. {oph)

13,3

2232333
I.ﬁ-_.ﬂ..‘.

.-.0045

2.89-17
«1.9

50-%1,000
n.d, -725
n.d.-5.9
nd.-6.7

nd -9
n.d.

Prior to dloxin dis-
covery, rempval of
1000 yad of soil,
instalied ground
water recirculation
system and clay cap.
Fence aracted by [PA
after dionin dis-
cavary. BNew 12°
wiler-maln built Lo
reroute water sSupply
around site. -

Fence installed. On-site
and off-site sampling

of alr, soil, ground-
water, surface water
and sther salerials
planned.

Tarp placed avar en-site
contaminat ien areas amd
fonce installed in back
of proparty. Adjacent
rasident 12) areas vac-
wantd and swapl .

None Lo date; Cansent
dacree under negeti-
atien ts condutt
BB/RA

Access Vimited, areas
Covered, some wasle
cantainarized. Resulls
of sampling transmitied
ta EPA ACRA and State
for enforcement
activities.
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OYsn Chvmicald Corp.

Tewer ¢
Fastman Xodak

Mt lmaster Do

Tigr_ ba

Brady Melasls

Chwml 1ol /5CA Servicey

Nosher Clwamical (S Area)

wooker Chumical {Love Canal)

Ascation
Biagara Falls, Wy

Rechesier, NY

Berkeley Neoighis, W)

.OIOI'l. n

Node) City, WY

Niagara Falls, Ny

Niagara Falls, v

SITE LISTING
NAYIONAL DIOXIN STRATEGY
HL Y

No. And Kind OF
Samole Analyzed

15 on site soil
2 of f -séLe sond

23 a0l
2 sediment

F4 )

1% on site s0i)
30 of f-site Su0i)

14 on-site veu 1cal soil

14 on-sile surlace wipe
3 on-site sweeping

?

? on-site seil
? of f-sile sediment

? off-site seil {subsurface)

T off-51te sower

LN N
n.d.

ne - 0.2

1.9-3588

1.72-1054

6. 95 1908
12-5 (L ]
$.4-l0

1-6.7
?-4%.8
r-1.4
7-650

Fulure acLion pending;
additiona) sampling
will be condutted.
{50L1)) negotiating)

o furlher action
planned.

Ne further aclion
planned.

ispermesbie bareiers,
filrers, amd famce
instalisgd: responsisle
parLy parfarming Clean-
.

Sone Lo date; pra-
liainary dlexin
screening planned.

Ares Tonced; surveys
and studies phase of
program bagun. Site
parcier mall, drpin
collactiion system, C2p
te ba installed. Al
wark governnd by
Consent Decree:
disxin sampling per
this decree.

Cap with synthatic
tinar installed.
Leachate collaction
sysled crevks to e
cleaned. Parts of
sewers cleaned; rest Lo
b cleaned laler.
Long-ters moniloring
program being imple-
mented. RIZFS bewng
conducied.
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Hooker Chemiycal (102nd Street)

Hooker Chemical (Hyde Park)

Toscand Truckng

Tier. fa
Green Village Disposal

Tier d
Drake Chomical

Robwm & Haas

Wsager Carbrde SC

Localion
Niagara Falls, wy

Town of Nragara, NY

none Lo date

Green Village, W)

tock Haven, PA

Brislol, PA

Soulth Charteston, W

SITE LISTING
WATIONAL DIONIN STRATEGY
787

ho. And Kind OF
damole Analyzed

18 on-site swface soil
14 on-site subsurface soil

1 on sile non-aguecus phase
Yiquid
28 off site soil
I off site ground waler

REGION I11

various (ca. 300)

Concenlrat ion
Banae_{poh)

0.59
173 630

8. .608
3-261
G.00018

n.4d.

1-3

Resmanse Aclions

Area fenced: warning
signs posted; RI/FS
being conducted.

Site is capped, fenced,
avl has » LiVe drain
systam nearby; planned
collection of leachate
by purse and recircula-
tion wells.

Hone to date; no
specific site
idenl ifiad yot; no
future activigies
plamned.

None (o date. Mesponsi-
bl parly search and
dionin screening
completed. BMoxin was
undetacted in a))
samples.

Site is fenced; drummed
materials and reacior
vessels removad and
dispased; o ddditioma)
dtonin respenss actions
ARCESSAFY.

Suildings vacummed;
wiste drummed and
removed for inciner -
ation; no Further
actLions necessary.

No further aclion
necessary.
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Artel Chemicals

HONLAMLD

Ter 22
Boyerion Scrap

Ctwm Claar

Colwell Lane

Georges Creek

GRS

Wevier Cocek

Mo by Creee

Lacation

Ambler, PA

Wiltre, W

Nitre, WV

Boyerien, PA

Chester, PA

—

Poca, W

Morrisville, PA

foca, W
Poca. W

SITE LISTING

NATIONAL OIOXIN STRATEGY

/82
No. And King OF Concentration
S:mele _Analyied Ganat {peb}
9 on-site sotl nd. 118.9
1 on-site pipe dust 9 ¢
11 off-site soil n.d.
1 on-site sump 1.3
189 an-site soil n.d.-i8.8
& on-site drummed waste P.70-1.94
38 off-site soil n.d.
Ca. 498 on-site soid n.d.-408
Ca. 350 ofF-site sevl n.d.-1.4
Mot Lesicd
- n.d.
- - ﬂ-‘t
pl
1% an-site seil nd. -8
19 on-site soil n.e. 5}.2

fesaonse Actions

Buildings vacuwmed;
waste being drusmed
and removed for n-
cineration.

Planned caverspe with

asphaltic concrete cap;
slanned preper Stecige
of contaminaled drums.

Arna coversd with
asphalt. clay or gravel;
bui lding vacuumed, vl
maste drummed and re-
maved for incineratyvan;
ne furither action
neCessary.

A}) polent ially
cantaminated waste
was bagetd an receipt
and Yand-fillad;
disnia preject
terminatad.

Ne methed available to
trace wostes:
contaninption net
found ¥ waste at

Tier 2 site.

Orus buried on site; no
furiher action necessary
unless druns romevad from
site.

Ne further actions
necessary.

Ne further aclion-
secessary.

RL/FS wnderway .
Remedial order planned.

»Z-11



Mame
Monsanto Landf )

Hoyers Landgfili

Hitro Oump

Poca LandFi )

South Charleston Landfill

washingion Iron & Metal

YTier 24
Chemica! Wasie Manapemenl

Yier. 1
Dow Chemical Co.

Lacation
Hilvo, W

Collegeville, PA

Nitro, W

Poca, WV

South Charlestion, W

Miladelphia, PA

Emelie, AL

Hydland, W1

SITE LISTING
NATIONAL DIOXIN STRATEGY

2707
Mo. And Kind OF Concentration
Samole Anplyzed fiaase (opb}
See Monsanto (Tier 2)
6 on-site soid n.d-1.8
9 on-siLe soil n.d.-17.8

ot Lested

REGION IV

Hone to date for TCOD except
for PCB storage tanks

REGION v

4] on site soll (1904 study) 9.841-52.0
11 off-site so0b) 5.0006-0.4%
45 Fish 9.0012-0.53

186 on-siéte soil (1945 study) n.d.-1500
41 off-site sol) 8.803 - 2.03

Bessonse Ack ions

to further actions
NECesSAry.

#o further actions
necessary.

Capping completed.

Megod fatfion underway
for RI/FS.

so further actions
Necessary.

Hetal melted down; no
way Lo trace
potentially
contaninated aetal.

Faciviry relerred lo
RCRA program for
permitting action.

Contaminated debris
vemoved and site
cappad; raspansible
party RCRA compliance
plan under Tevigw.
Corrective ction
nvestigat ions for
Lhres point Seurce
Areds are under
#iscussion.

§Z~11



Wime
Twr la

Poseyviile Lanafi 1)

Tice )

VerLac

Lier 12
SFI (LECOS Inc )

Chemical Wasle Management, InC.

her 2a
Calgon Corporalion

Location

Midlang, Wl

Jacksenville, AR

Livingston, LA

Pori Arthur, TX

Pasadena, TX

SITE LISVING

MATIOMAL DIOXIN STRATEGY

2707

Mo. And Kine OF
Samole Analvicd

REGION VI

320 off-sile various
45 on-site s0il/sedimenL
26 fish
S an-site waler
? on-sile wastes from
2,4.5-T product isn

none to date
none Lo date
an-site sludes

]
1 en-site reacter influent
I off-site spant carban

Cencentration

Ranee isdh}

<k-11.4
<«V-1,208
n.d.-. 19
n.d.

up to several
[

n.d.
n.d.
n.d.

Mesaonse Actions

Honitering on &
suarierly basis;
closure of Tantf i),
Sesponsible party
BCAA campliance plan
under review.

Wastes contained
oh-site with sharry
walls, French drains
and clay caps;
off-site RE/FS being
conducted.

8o Further diexin
aELAOA PRCESSATY;
under ACRA
onfarcoment program.

Cont inued
ml'u. under
RORA, lansf i)
closed, capped and
araded.

e further action
astessary.

$Z-11



SITE LISTING
NATIONAL DIOXIN STRATEGY

FRAD B

2702
No. And Xind Of Concentration
"ame Lotaton Samele_Analyzed Range (poh) gesponse Actions
REGION VI1
Tier 1
Synien Agribusineys Verona, WO M on-site s0id n.d.-579 Responsible party
14 on site waler n.d. -4} planning removal
1 off site water 1.0 ation.
Ter \a
Arkansas fest frevgt St. Lowis, MO 15 on-Site sond nd., 5.8 City to continue
) off-site soid nd. observalion of site.
Baldwin Pack Aurora, HD 67 on site sovl n.d. M3 Access reads
sarriiided
S on-onsite sweep n.d. and area posied. Sile
clean-up under
nepotiation.
Bacter Gacden Cenler Chesterfield, WO 19 on-siie soi} n.d.-92 State to continue
observation of sile.
Russell Bliss Farm Road Rosati, MO 7 on-site soil n.d.-382 A1/FS undar develop-
{-Piazza Road) ¢ ment .
Bliss Properiy ElVisville, MO M on-site seil n.d.-128 Crook bank stabiliza-
2 off-site n.d. Lion and stream
rereuls en-going.
RI/FS repert
conpleted; M/RA
underedy. '
Bliss Tank Properly Frantenac, MD 50 on/olff-site soil n.é.-430 Contaminated teil
16 on/off-site sediment n.d.-14.4 paved; ared s posled.
13 of F-site dust n.d.
Bonifiels Brothers Trucking St. towis, MO $ an-site seil 12.9-55.8 City to conlinue ob-
servation of site.
Orowning fercis Industries (BFE)  Missours Citly. MD Quarterly groundwater n.d. Site transferred 1o
monitor ing SCRA program for
further atLion.
Bubbl Sorings Arena Fenton, M0 N on-site sell n.d. -5 ConLaminated soi)
We Serane 7 en-sile sediment J V-22 excavaled; RL/FS
wier development .
Hull Hoose (ube Company Gerald, MO 196 on-site soil nd. -29.0 Stale (o continie ob.
nd. serval ton of sile,

& o yite sedmmenl

-
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Nawe
Laty Manpr Development

Hanchester United Nelhadyst
Church

Minker Besidence

National Industrial Environmental

Services (MIES)

Heosho Digester

Meosho Tank Water and
Hastewaler Techanical School

Overnite Tranaporlation Company

Prazra Road

Lacation
Cedar 1}, HO

Manchester, Ml

Taperial, WD

Furley, KS

Si. Lowis, MO

Rosali, HO

SITE LISTING
WATIONAL DIONIN STRATEGY
2197

No. And Kind OF
Sapele Malyicd

182 on-site 5041
5 on sile dust

1221 on srie s0i)
1 on-site dust

209 pn-site soi)
16 on site dust
IV on site sediment

12 on-Site apniteoring well
wiste
39 gn-sile olher

18 on-site soid

41 on-site sail

180 on-site sal)

168 on-sile s8l)

105 on-Site discrate 504}
7Y on-stie sisved

19 sn-site sediani
on-site dust

on-site pond water
on-site pond sediment
on-sile drainage

on Sile bark

on Sete rar whhicla

el L K

Concentration
Baneg (pob}

n.d.-40.6
<1.8

«.s

n.d.-33.0

n.d.-12

n.d. -1 800
n.4.-V,.828
n.d.- &N
n.d.- 168
nd. - 12
<1.8

n.d. - 29
nd.- k4]
nd, - 1.4

Response Actions

rortion of ares
exCavaled, partion
saved; residence de-
contaminated.

State Lo continue
observation of sile.

Pervanent relocation
of restidents: drain-
age diversion;
excCavation of
contaminated sail.
final masgomant of
soil pending.

Lanf i3} capped: moni -
taring wells sampled
monthly: extracbion
walls instalied.
Eveparation pands Fluid
traated; disposal celd
being butld for
evaperatisn pands
sTusges.

Ared fanced and pasted:;
sveund-water monitoring
systom te be tnstalled.
Soils incineraled.

Seils excavated ane
drusmed; drums were
placed in bunker
oen-5ite and ware then
incinerated off-site.

6Z~I1

Site paved; perlodic
observation.

Area barricaded and
posied; vredd encavaled
and paved; relocation
offered; amLiLipate
tncineration of druwmed
soil off-site.



Yame

Quai] Sun Mob)le Nome Park

a1l Ray Farm

Romaine Creek

Robert Rusha Farm

Sagdle and Spur Rviing Club

Shenandoah Stables

Sontag Road

Southern Cross Lusber

Spring River

Lecat ion
Gray Sussmt, M0

Verona, M0

feperial, H0

Barry County, WD

Nigh Rudge, ¥

Hoscam WITYS, WD

Sallwin, MO

Nazeiwood, MD

Verona, M0

SITE LISVING
MATIONAL DTOUIN STRATEGY
/ey

do. And Kind Of

Samele_Anaivzed

J4) on site sat)
42 on site dust

varidus on-sike

251 on-site sediment
8 on-site sofd
2 on-sile walar

B on-site soil

51 on-site soll

% on-site sotd
Y on-site dust
I on-Site water

J en-site sediment
2 off-site waler

756 on-site set)
$3 an-sita dust
2 mn-site waler

Z an-site tasulation

" an-5ite sediment

" on-stLe sebl

&8 Fish
13 sadiment

Conceniration

n.4.-1,650
n.d. -1

2-160. 0

n.d4.-4.3

n.d.-N

n.$.-%, 75
n.d. -
n.d.

n.4d.

.o‘-

n.d.-Sa
nd.-%
ne

1.8

nd, - 1.4

nd. -21.3

.

n.d.-55 ppl.
n.d. -1} ppL,

esponse Actions

Mobile hanes being
secontaminated, and
contaminated so0il haing
extavated. Site
resteration nearing
camplet ion.

Orums vemoved: no
further actien
netessary.

Brainape diversion
coastrucied at

Ninker. Anticipate
excavation and Storase
of contaminated sails,

Sail Lo be encavated
and ramoved fer in-
cimpration.

Area coversd with
sand; site Tenced,
posted, and inspecied
weakly. .

Site fonced and pasied;
R/FS under
Savelepuant .

SR it

P LE
Jeww:dtate ramoval
atLinn approved for
aucavation and
containment of
contaminaled sei). Al
asterial will be stered
an-site.

State to conlynue
monitering.

ConLinued fish and
sedimenl monitloring.

QE-11



dame
Stoul Residence

Sullins Residence

Synlex Agribubiness

Syntex Facilily

Royal Talley farm

Timber)ine Stables

Yimes Beach

Her 2

Monsanlo Company Queeny Rlant

Location
Imperial, MO

fFenton, MD

Verona, M0
Seringlield, WO

Martonville, WO

New Bloomfield, MO

Yimes Beach, W)

St. Louis, MO

SITE LISTING

NATIONAL DEOXIN STRATEGY

/87

No. And Kind OF
2ample Analyzed

IM on-sile soi)
7 on-siLe dust

7 on-site soil
) on-sile waler
2 on site dust
3 on-site sediment

See Tiew )
4 on-site sludge

1 on-site supernatant

I on-site sludee
{eretreataent )

3 on-site chamber water
tpretreateent )

b on-site Vift pump
(pretrestment)

5 on-site pilet plant
1% n-site lapbon wells

S on-site monitoring wells

15 on sile soil

24 an-site soil
1 on-site dust
2 en-site sediant

451 an-site sl
% on-site sediment
13 en-site dust
54 on-site waler
2 on-siLe stOvm witer
18 on-site surface debris
9 on-site Lest pit-soi)

3 on-site soil ‘
2l on-site dusk

Concentration

n.d.-24)
n.d.

n.d.-026
n.d.
n.d.
n.g.

4N

1.9
n.d - 5.9
a.e’
<h.0

nd. - 16.2

n.d.-42
n.d.-53
n.d.

n.4.-1,200
1.8

<1.¢9

n-‘o ’l -'
1.8

.0

nd -4M4.0

n.4.
n.d.-4.8

fesponse Acticns

Restricted access,
area posted: reloca-
tion offered; soil
axcaval ion under
evaluation.

AccCess resiricted;
sotl sxcavated; siqe
restered. Finad)
managament of soil
panding.

Sludge removal
conpleted.

Sludge stevred in
concrete Stovage Lank.
Sthudges schedule for
tncineration.

Soil excavated ang
transperied for in-
cinaration.

Site fonced and postad;

RL/FS under develop-
mant .

fesidents relocated;
Tever construcied;
town barricaded and
puarded.

Buildings being decon-
taminated. fFipal
clean-up antiCipated
soon. .

1e-I11



Superor Solvents and ChemiCals

Company

Thompaon Hayward Chemical

Cusupany

Tigr 23

Browning Ferris Indusiries (8F))

Matr1onal Todusirial Envirenmental

Services (MIES)

Conservation Chemical Company

swn ling Despusal

Lier 2
fhone Poulonc

Location
St. Lows, MD

Kansay Cily, KS

Nissaurd City, MO

Furley, KS

Kansas City, WO

AR A, WD

PoriLiand, OR

SITE LISTING
NATIONAL DIONIN STRAFTEGY
707

Ho. And Kind OF
Samele Analvied

48 pn-sile Soil
2 off-site 500D
| on site sediment

46 on-site soil

1 off-site soil
S on-shte dust

3 an-sile wipe

| on-site sludge
0 on-site waler
1 of f-site walter

Son Yier 1a

6 an-site sei)d

e L0 dale

several seill, sediment, and

areund waler

Concantrat ton

n.é. -6k
1.8
1.8

n.g.-46
n.d.
n.d.-1.68
n.d

[ 2 19

n.d.

n.d.-29

n.d.

fessonse Actians
R1/FS Lo be negoliated.

Some areas paved: dust
suppressanls applind:
srea fencad and posted;
pracessing building to
b sealed, vramaining
dreds LO b2 paved,
srounduiler Lo ba
sampled.

Siwe tranferred Lo
MRA program for
furither action.

Site fenced; cap.
shurry wall, with-
dramal well systow,
wel} water treataent
systom Lo be installed.

Grounduster manitering
planned.

e further EPA action
ARCESSArY. Stale
maping traating
contaminated grownd
whler; conlinues to
monitor the sile.

ze-11



SITE LISTING
WATIOMAL DIOXIM STRATEGY

/87
No. And Kind OF Concentration
Name Locat 1on Sample Analyzed flansg (pob) Besponse Actions
Tier 22
St. Johwns Landfild Portiand, OR 14 sampies {(including n.a. State responsible for
aroundwater, soil/refuse, sonitoring stie.
leachate. gas) Samples not tested for
TCOD due to Yow levels
of pesticide indicators
‘s"'e‘o 3.‘"’.
Alkatt Lake Southeastern, DR 40 on-site soi) 087-.043 State owntd property.
1) on-site ground water n.4d.
Resource Recovery Pasce, WA 14 ground waler and 26 soid n.a. e further on-site
samples MLION necessary,
Stale monitors Lhe
site. €M sampling
of f-site drinking wells,
Weslern Processing Co. Kant, WA 35 on-site tank n.d.-2.7 Contaminated materials
severa) on- and off-site sodl  a.d. drumeed and Secured
. on-site. Liguid dioxin
- dechlorinated.
Stoxin-free material
incineratad and
disposed of F-site.
tavirosafe Services of ldaho, Inc. Grandview, 1D various n.e. Ground -mater Siapling
canductied.
Chemical Security Systems, Inc. ArVinglon, DR various n.a. Ground-water sampling

conductied.

£L-1I



BLGION

vil
vii

vil

Vil

v

vil
vil

vil

vil

vit

vit
vil

vil

vit
vil

vil

STIE WAME

Batrd & Wcuire Sule

Drampng Shamrock

Nalce Chamical Co.

Arhansas Best Freight

Baldwin Park

Barler Garden Cenler

Bussell Glvss farm Road

815 Properiy

Blesy Yank Properiy
Sonif ted Brothers Trucking
Bull NHagse Tube Co.

Cashee)} Pesidence

Commmily Chwistran Ciwerch

Last NMerih Sireet

Last Teads Molor Freight

$.8. frmn farm

Leadchen Properiy

Ham 1} Transfer Co.

Joewey Trasch L 1eees

tacy Manor Development

TABLE 2-3
DEOKIN SITES §SSUED HEALTH RECOMMEMDAT JOMS

LOCATION
Holbrook , HA

Bewark . M)

Bedford Park, N

St. Lowss, M0
Aurora, MHD

Chesterfreld, MD

Rosaly, MO
ENlisville, M

Frontenac, WO
SL. touss, 1D
Gerald, M0

Fenton, MO

Hanchesler, M)

furcka, MO
SL. Lowls, MD

Lawrence Counly, MO

StL. Lows, WD

SL. Lowms, M)
$t. Lowrs, MO

Cedar Y, WO

g 8 EE

NlDSH

Njose

coC

£oc
coC
nIosH

CaC

WEOSH
nI0sH

Gecommendat ions issued after sampling
s Cinished.

Limited access wnti) cleanup.

Public access restricted until
additional .

samples ave analyaed.

Mo modrfications Decessary.

Cont inued maniloring, limited access.

Normal activities say continue;
eacaval ion requires protective gear.

Avord contact with soil.

Hid Mmerica arena 15 Lo0 contaminaled
for use.

Probibiled accers.

Site should remain unused.
formal aciivities may continue;
excavalian requires preteciive
sear.

So41 should ael by disturbed.

Limited access ta portion of
preapesty.

Limited access.
Averd conlacl wilh sebl.

Incinerate dienin wastes above 48 pgm,
remeve ol Lo 30 pp.

Evacudlion and prohibilion of
use.

Mo dionin hazare.
o hazard after clean wp.

Contact with 501! should be
avorded.

$e-11



REGION
vik

vl

vil

vil

Vil
Vil
Vit
vil
vIil
vil
Vil
vil
vil

vii

vil

Vit
vil

SITE NAE

Manchesier United Methodist
Chuarch

Minker Nestdente

Overmite Transportation Co.

Prazzs Road

Quarl Sun Mok le Home Park
fomaine Creck

Robert Rusha Farm

Saedle and Spur Riding Club
Shenandoah Stables

Sonitag Road

Soulhern Cross Lumber

Stout Residence

Sullins Residence

Royald Talley farm
Tusber Vo Stables

Times Brach

Superior Solvenis

DIGKIN SITES 1550ED0 HEAL TH RECOMMENDAT 1ONS

LOCATION
St. Lowis, WO

lmperial, HO

SL. Lowis, MO

Rosati, MO

Gray Sumwmt, M0
Imperial, M0
8arry County, WO
High Ridge, W0
Lincoln Counly, MD
Castlewood, Mo
Hazrelwood, MO
Imperial, WO
FenLon, MO

Nexinley, MD

Callamay Co., MD

Times Beach, MD
St. Louis, MO

AENCY
coC

CnC

NIOSH

coC
coC
coC

g B

g

HI0SH

AVISORY

Limited access to portion of
property.

Residents are al health risk;
relocation offered by EPA.

o dioxin hazard.

Contact with spil should e
avoided; 3 families at risk.

Contact with S0l should be avoided.
Access to Fi1Y area prohibited.
Incinerate dioxin wastes above 50 ppm.
Probibited use.

Facility should not be used.

Avold contact with sodl.

Normal activities may contlinue.
Restdents are at headth risk.

Lisited accass te propes

Site sheuld aot be used for
calile grazing.

Thate in comtact with s8il are at
health rise.

Relocation of residents.

Bormat activities may continue.

St-1J



Chapter Three

TIERS 3, 5, 6, 7

The Office of Water coordinated the collection of over 4,000
samples from 862 sites nationwide. Regional, State and
contractor perscnnel collected the samples. Sampled media
included soil, sediment, fish, water, and various plants and
animals.,

The objective was to learn more about the extent of 2,3,7,8~-
TCDD contamination in the general environment. While tiers 1 and
2 sites were investigated with an expectation, based on
experience, of finding ¢ontamination, tiers 3, 5, 6, and 7 were
investigated with no such advance expectation. EPA defined these

four tiers as follows: r

Tier 3 - Formulators, blenders, and packagers of 2,4,5-
trichlorophenol (2,4,5~TCP)=based pesticides;

Tier § = Sites where suspected contaminated pesticides
were commercially applied;

Tier 6 - Other c¢chemical producers with a lower potential
for contamination; and

Tier 7 = Background sites.

As previously mentioned, the initial focus of tiers 3, 5, &,
and 7 was on 2,3,7,8-TCDD. The Strategy provided for testing for
other congeners where appropriate; however, at the time tnhe study
was developed, there was a severs shortage of analytical methods,
reference materials, and laboratories capable of testing for
other congeners. Samples and/or extracts were saved to allow
future analysis for other congeners. Follow=on work will take
advantage of improvements in analytical capability.

Information for this chapter was derived from the more
extensive report prepared by the Office of Water Regulations and
Standaras (EPA, 1987b).
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3.1 Tier 3--Formulators

3.1.1 Objective

Tier 3 consisted of facilities {(and associated waste
disposal sites) where 2,4,5-TCP and its derivatives were
formulated into pesticidal products. Generally, these products
are herbicides, insecticides, fungicides and germicides:

Products Uses
2.4,5-Trichlorophenol fungicide; bactericide
(2,4,5-TCP)
2,4,5-Trichlorophenoxyacetic plant hormone; herbicide;
acid (2,4,5-T) defoliant
Silvex herbicide; plant growth
regulator
Erben herbicide
Ronnel insecticide
Hexachlorophene topical antiinfective i

(restricted); germicidal
soaps; veterinary medicine

Isobac 20 topical antiinfective
(restricted);
germicidal soaps:
veterinary medicine

The objective of the tier 3 sampling program was to determine the
percentage of facilities that have concentrations of 2,3,7,8-TCDD
above 1 ppb in soil, or at any detectable level in other
environmental media (e.g., f£ish in nearby streams). The
detection limits for other media, and therefore the levels that
determine whether contamination is present, vary slightly from
site to site. '

3.1.2 Study Design
EPA statistically selected 61 formulator sites from the

FIPRA and TSCA Enforcement System (FATES) data base. FATES
contains the names of companies which have registered with EPA to
engage in commercial activities with designated classes of
chemicals., Regional Offices and States selected 23 additional
sites for sampling.

Regional Offices sent information request letters to these
facilities to verify existing EPA records on chemicals and their
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volumes, and to obtain additional information on the types and
quantities of waste generated, waste disposal methods, and the
location of disposal sites. In addition, regional persconnel
visited the selected sites prior to sampling to identify
potential sampling locations. In some cases the information
gathered through these efforts resulted in a decision not to
sample a particular facility, either because the facility did not
actually formulate the compounds of interest (13 ineligible
sites) or because site reconnaissance revealed that the site was
not suitable for sampling, e.g., extensive paving (7 eligible,
missing sites). These 7 sites are considered missing for
purposes of statistical analysis and are included in the
statistical evaluation. Sampling was actually conducted at 41 of
the statistically selected sites, and at all 23 of the regionally
selected sites. e

At each facility, targeted sampling was conducted in areas
where contamination was considered most probable, including
loading/unloading areas, storage areas, disposal areas, and storm
water drainage areas. A random sampling scheme was developed for
gites or portions ¢of sites whare there was not enough information
to identify areas mest likely to be contaminated.

3,1.3 Results

Results of the tier 3 investigation are portrayed in Figure
3-1. Soil contamination levels greater than 1 ppb were found at
five of the statistically selectea siteas. Five additional sites
had soil concentrations below 1 ppb.

2,3,7,8-TCDD was found in s¢il at a level greater than 1 ppb
at five regionally selected sites. Four regional sites had soil
levels below 1 ppb.

When found, contamination was usually limited within a site
area. At three of the five statistically selected contaminated
sites and four of the six contaminated regionally selected sites,
only one or two samples had soil levels above 1 ppb.
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2,3,7,8-TCDD was found in fish at 3 ppt at one statistically
selected site, and at levels from 1-25 ppt in fish and sediment
in a river adjacent to a regionally selected site. S5So0il samples
were “non-detected"” for these sites.

The one widely contaminated statistically selected site (13
of 14 soil samples with 2,3,7,8-TCDD at levels greater than or
equal to 1.0 ppb) handled large quantities of 2,4,5-T, silvex and
2,4,5-TCP. The total amount handled was greater than 100,000
pounds. This site was already under investigation through the
Superfund program when it was selected for this study. The one
widely contaminated regionally selected site (16 of 26 soil and
sediment samples at levels greater than or equal to ! ppb) also
handled 2,4,5-T and silvex, with the total amount handled greater
than 100,000 pounds.

Based on the results of sampling at the statistically
selected sites and using the assumption that the seven missing
eligible sites are contaminated with similar frequency as the
sites that were actually sampled, it is estimated that 1218
percent of the 312 facilities in the FATES data base may be
contaminated. It is important to note that this estimate is
derived simply from whether any samples at a facility had levels
greater than one part per billion. As discussed below, the
number of positive samples at most sites was very limited.

These estimates do not necessarily apply to the 325
potential formulators identified from other sources. Fewer of
these facilities are likely to have actually engaged in
formulation activities (e.g., registered to handle the pesticide
but never actually did so because of the 2,4,5~-T cancellation
proceedings).

EPA has identified 29 facilities in the FATES data base
which handled more than 100,000 pounds of 2,4,5-T, silvex, and/or
2,4,5-TCP. EPA investigated 12 of these as part of this study,
and is gathering information on the remaining 17 to determine if
future sampling is needed.
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Discussion of Contaminated Sites

During review of the sampling results, the appropriateness
of EPA's soil sampling methodology was questioned. The specific
_issue was whether taking 4-inch core samples might have diluted
the 2,3,7,8-TCDD levelas to such an extent that low levels in the
surface layer might not be detected.

EPA's work plans for soil sampling in tiers 3-7 were
extensively peer-reviewed prior to implementation. Four=-inch
core sanples were selected because a number of studies had shown
that highest levels were most likely to be found' in subsurface
layers,

The Seveso, Italy accident involved airborne dispersal and
deposition of contaminants. Subsequent investigation of the
vertical distribution of 2,3,7,8-TCDD found that the highest
levels were not found in the uppermost (0.5 ¢m) layer, but rath;r
most often in the second {0.5-1.0 cm) or third (1.0-1.5 cm)
layers (DiDomenico, et al.,, 1980).

Investigation of soil concentrations of 2,3,7,8-TCDD at
Eglin AFB after aerial application of Herbicide Orange found the
highest levels-in the 2-4 inch layer (EPA, 1980).

Researchers have suggested that photolysis and other
degradative processes, volatilization, and downward diffusion
play varying roles in the vertical distribution of material.

During the investigation of DOW Midland and associated
comparison sites, -EPA collected a limited number of samples which
were surficial in nature. The data from this effort are
presented below. With the exception of the areas subject to the
influence of the DUW plant, the results were comparable to those
from tiers 3-7.
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Surficial* Soil Sampling Conducted for the Midland,
Michigan Study (2,3,7,8-TCID)

Range of
e Detection
Range of  Limits for
Number of Mamber of Detacts Non-detects

Location Samples  Detects seot) sppt)
Midland—Dow Plant 15 15 10~36,000 -—
—Plant Perimeter 9 9 10~2,030 -—
——Open Areas 22 21 3110 1
——Downspouts 13 13 13-270 -
Upwind of Midland—Open Areas 3 0 — 2-4
—Downspout.s 2 2 &9 —
Middletown, Ohio 22 6 3-5 1-3
Henry, Illinois 13 1 2 1=-3 =
Minnescta Natural Areas 4 0 -— 1-3

*al1] samples taken to a depth of 0.5-1 inch.

Figures 3-1 and 3-2 and Table 3-1 summarize site results.
Following is a narrative description of contaminated sites and
sampling results, 2,3,7,8-TCDD was not detected at 43 of the 64
sites which were sampled. A summary of sampling activities at
these sites is provided in the Tiers 3,5,6,7 Report (EPA, 1%87b).

Region II * Farmingdale Garden Lab-~Farmingdale, New York

This facility, located on 0.5 acres, blended and repackaged
silvex from 1965 to 1978 and erbon in 1969. Over 90 percent of
the site is covered by a building and pavement.

Twenty-£five random soil samples were collected from a 10 by
75 ft gravel area at the rear of the processing building. One of
these samples contained 2,3,7,8~TCDD at 17.6 ppb.

This site has been referred to Superfund and will be
resampled under that program.

* Statistically selected site.
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Region II * Rockland Chemical Co., Inc, - West Caldwell, NJ

This facility, located on approximately l.5 acres,
formulated products containing silvex from 1961 to 1979 and
products containing 2,4,5~T until 1%976. There are currently five
underground storage tanxs on-site which are used for storing
solvents. A septic tank was used for disposal of process waste
and sanitary wastewater before the plant connected to a treatment
facility. e aa s

Ten s$0il samples were collected along the perimeter of
former and current loading docks where runoff from on-site
loading and storage areas would collect. The one sample
containing 2,3,7,8~TCDD {1.32 ppb})} was collected down-gradient
from the current loading dock area.

Additional sampling at the site indicated levels of 2,3,7,8~
TCDD below ! ppb at several storage and loading areas. The New
Jersey Department of Environmental Protection is discussing
possible remedial actions with the facility.

Region III R.H. Bogle Company--Alexandria, Virginia

This faciiity, located on ftive acres, distributed 2,4,5-T
and silvex from 1954 to 1979, These herbicides were stored on--
site and loaded into railroad sprayer cars for application to
railroad rights-of-way. 1In 1978, most of the site was clay~-
capped to contain arsenic contamination. Residential townhouses,
office buildings, and asphalt parking lots now cover the site.

As the site nhas been changed substantially in recent years,
40 soil samples were collected at 17 locations that had received
runcoff from the site prior to capping. No 2,3,7,8-TCDD was
detected in any of these samples. However, five of the nine
sediment samples taken from the Oronoco Bay and the Potomac
Estuary, which border the site, contained 2,3,7,8~-TCDD at levels
of 5.5-23 ppt. Seven of the eight fish collected from the
Potomac Estuary within 2 miles north of the site contained
2,3,7,8=TCbD at levels of 1.6-6.3 ppt. Since the samples
containing 2,3,7,8~TCDD were collected off the site, there is no
conclusive evidence that the contamination came from the Bogle
facility.

The Centers for Disease Control concluded that no further
sediment and fish sampling for 2,3,7,8-TCDD is required. EPA
Region III is evaluating the impact that dredging may have on the
bioavailability of 2,3,7,8-TCDO in the Potomac Estuary.

Region III * Holder Chemical Company--Ona, West Virginia

This facility, located on 2.5 acres, used a.number of
insecticides and herbicides, including 2,4,5-T, in formulating
products. The years when 2,4,5-T was used in formulation are
unknown. Based on a 1982 site evaluation, approximately 280 tons
of contaminated topsoil containing malathion, chlordane, sevin,
DDT, dieldrin, heptachlor, lindane, kepone, and 2,4-D were
removed from tne site (no dioxin analyses were performed).
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Thirty-six soil samples were collected: 31 from locations

" surrounding the main building, and 5 from the wooded area
bordering the site., No 2,3,7,8~-TCDD was detected in any of these
samples or in the five sediment samples and a clam sampls
collected from the nearby Mud River. However, all three fish
samples collected from this river 0.5 miles downstream from the
site contained 2,3,7,8-TCDD at levels between 0.5 and 2.9 ppt.
There is no conclusive evidence that the contamination came from
the Holder facility.

No followup action is planned for this site.

Region III Smith Douglas (Borden)--Norfolk, Virginia

This facility, located on 35 acres, formulated products
using silvex, The formulation activity took place in two
buildings.

Fifty-three soil samples were collected: 15 from around the
storage building, 14 around the formulation building, S from
ditches at the perimeter of the property, and 19 at various other
locations around the site. Ten dust samples were also collected
from the storage building and from the formulation building. A
sample of trash from the formulation area was also analyzed. The
one soil sample containing 2,3,7,8~TCDD {(10.1 ppb) was collected
along a driveway leading to the building where silvex was
formulated. No 2,3,7,8-TCUD was detected in the dust or trash
samples.,

Intensive followup sampling under the Superfund program was
conducted around the formulation building. The location of
2,3,7,8=-TCDL contanmination was confirmed, with no additional °
contaminated locations being identified. The company has agreed
to excavate the contaminated soil and dispose of it aloeng wzth
the formulation equipment in a manner acceptable to EPA.

Region IV - Chem Spray--Belle Glade, Florida
This facility, located on two acres, formulated products
using large amounts (more than 100,000 pounds) of 2,4,5-T from

1967 to 1977. A residue pile is adjacent to a formulation
building. In additidén, canals border two sides of the site.

Nineteen soil samples were collected: 2 from the residue
pile, 4 from outside the formulation building, 2 from between the
formulation building and a second building, and 3 from around
this second building. Eight random samples were also taken
between the two buildings. The two soil samples containing
2,3,7.8=-TCDD (0.2 and 3.0 ppb) were both collected outside the
second building. Seven sediment samples were also collected from
canals. All contained 2,3,7,8-TCDD at levels between 20.9 and
S15 ppt.

Additional sampling and analysis confirmecd the isolated
nature of the 2,3,7,8-TCDD contamination. The facility has
secured the contaminated area. EPA is currently pursuing
alternatives for disposal.
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Region IV * Security Chem (Woolfolk Chem)--Fort Valley, Georgia

This facility, located on 22 acres, repackaged and stored
silvex from 1978 to 1979, in a general warehouse which housed a
loading dock.

Severnteen socil samples were coilected: three from around
and underneath the warehouse (the building is on raised blocks),
three along the street where silvex was transported, five around
another site building, five from various other site locations,
and one from a drainage ditch. The soil sample containing
2,3,7,8=-TCDD (23 ppb) was collected from underneath the warehouse
where 55 gallon drums were stored. A field duplicate for the
same sample contained 40 ppb. It appears that the contamination
was due to spillage. The drainage ditch sample 2lsc contained
2,3,7,8~TCDD at 36.7 ppt.

Security Chemical, as the responsible party, and the Georgia
Environmental Protection Division conducted a comprehensive
sampling survey of the entire facility, confirming the isclated
nature of the contamination. Appropriate measures have been
taken to secure these areas. EPA is currently pursuing
alternatives for disposal.

Region V * ETM Enterprises (Parsons Chemical Works, Inc.)
Grand Ledge, Michlgan

The facllity, located on approximately five acres,
formulated products using 2,4,5~-T and ronnel for an unknown
number of years, although tnhe mixing, manufacturing, and
packaging of agricultural chemicals at the site generally
occurred from 1945-1979. Several areas of this site had
previously been found contaminated with other pollutants, and
some excavation of contaminated soil has taken place.

Twenty=-one soil samples were collected: 7 from a storme-
water drainage ditch, 2 from an area where a septic system had
been removed as a result of previous sampling, 2 at the storm
drain pipe (1 at the inlet and 1 at the open catch basin), 4 off
the southwest corner of the building where previous sampling had
indicated other pollutant contamination (no previous 2,3,7,8-TCDD
analyses), 1 from just outside the parking lot, 4 along the south
gide of the building near the loading dock in a low area (under
downspouts), and 1 near the mid-north side of the building along
the roof drain line., The two samples containing 2,3,7,8-TCDD
(0.56 and 1.13 ppb) were collected at two depths at the location
wnere storm water from the storm drain pipe discharges intc the
drainage ditch.

Additional samples, collected and analyzed at lower levels
of detection, contained 2,3,7,8-TCDD in sediments from a nearby
stream and the Grand River, at levels of 9 and 15 ppt; soils on-
site had levels bpetween 0.005 and 0.246 ppb.

P*" denotes a statistically selected site.
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The State of Michigan has fenced, covered and paved the
drain outlet. A septic tank and surrounding soils have been
removed. Plant floor drains have been closed. Additional
remedial measures are beiny discussed by the company and the
State.

Region V Nalco Chemical Company--Bedford Park, Illinois

This facility, located on approximately 21 acres, used large
amounts of sodium 2,4,5-trichlorophenate (approximately 100,000
pounds) anc¢ 2,4,5-TCP (approximately 8,500,000 pounds). The
2,4,5-TCP was reported by one of Nalco's suppliers to contain a
maximum of 0.098 ppm 2,3,7,8=-TCDD. Formulation wastes wers
disposed of off-site with other soil waste from the piant, or
with plant waste water which went to the sanitary sewers after
treatment (removal of oils and solids). The sludge was
temporarily stored on-site and then disposed of off-site in a
landfill. Products not meeting specifications were stored on- '
site in 553-gallon drums and then disposed of off-site in a
landfill.

This site is extensively paved. Ten soil samples were
initially collected: 7 from loading docks, and 1 sample each _
from outside a warshouse, a processing building, and a storage ~
building. These three samples were in areas of expected roof
drainage. The two samples containing 2,3,7,8-TCDD (1.9 and 2.2
ppb) were collected at two of the loading docks, one at the drum
rinsing operation location and the other at. a processing
location. sSignificant levels of other dioxin isomers were also
found in one of those samples.

Additional sampling in areas adjacent to previously
identified contaminacion and areas of expected drainage indicated
the presence of 2,3,7,8-TCDD ranging from 0.24 to 5.2 ppb in all
samples; signizficanc levels of other dioxin and furan homologues
were also found, Contaminated areas have been covered with
plastic and gravel.

EPA issued a unilateral 106 Order under CERCLA to Nalco to
investigate the extent of contamination and to take appropriate
steps to prevent migration.

Region V * Riverdale Chemical Company--Chicago Heights, Illinois
This site formulated products USing Silvex, 5.5.5-% and
.2+4,5-TCP, and had already been scheduled for investigation under
the Superfund program prior to its statistical selection for this
study. The sampling approach used at the site by the Superfund

program was slightly different than those used at the other tier
3 sites. :

Fifteen soil samples were initially collected by gridding
and sampling all the open areas., Areas covered by gravel or
pallets were not sampled. Wwidespread 2,3,7,8-TCDD contamination
was found on-site; 13 of the 14 soil samples collected contained
2,3,7,8-TCDD at concentrations ranging from 1.1 to 364 ppb.
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Two Consent Qrders are being implemented by tne Riverdale
Chemical Ccmpzany. The first inveolved covering the area where
2,3,7,8-TCDD was detectec with tarp or gravel. The second
requires Riverdaie to conduct a remedial investigation/feasinility
study of the site and its surrounding areas to determine the
extent of contamination. This information will be used to
develop furiner appropriate remedial action.

Region VII CUnion Carbide agricultural Products Company Inc.
{forneriv amchem Progduct Co.)--Saint Joseph, Missouri

This facility was owned by Amchem Product "Co. when it
formulated products containing 2,4,5-T and silvex. More than
10v,00uU pounds of these compounds were used in formulation from
about 1957 until about 1978. Union Carbide purchased the
facility from Amchem Products in 1978. This site is about seven
acres, with about five acres of open fields,

Twenty=-six so0il samples were collected at this site: 4 from
the railroad lcading area, ¢ from around a storage tank of
2,4,5~7T, 6 from a pare spot where a s$pill may have occurred, and
10 from a cdrainage ditch that receives runoff from on-site
loading ard unloading areas. Valid analytical results were
obtained for 25 of the 26 samples (questionable results were
obtained from one of the drainage ditch samples)}. Of the 25
samples, detectable levels of 2,3,7,8-TCDD of 0.13-39.1 ppb were
found in 23; values greater than 1 ppb were detected in 16. The
highest concentrations were observed in soxls taken from the bare

spot.

After being notified of the results from the sampling, Union
Carbide voluntarily installed a fence around the entire site in
order to limit unauthorized access. The Superfund program
requested Union Carbide to evaluate pollution abatement
options. Additional samples were collected by EPA to determine
the extent of pollution more accurately. Further cleanup
negotiations are on hold pending review of analytical results
from the additional sampling.

Region IX Magna Corp.--Sante Fe Springs, California

This facility, located on two acres, blended large amounts
of 2,4,5-TCP (greater than 100,000 pounds) into products from
1961 to 197¢&.

Ten soil samples were collected along the perimeter of this
facility where drainage would collect. The one sample containing
2,3,7,8-TCDD (2.0 ppb) was collected downgradient from the 2,4,5-
TCPF mixing area.

EPA issued an immediate removal order under Superfund. The
company drummed all contaminated soil, sediment, and debris and
conduct2d acdditional sampling in an off-site drainage dicch.

3.1.4 Findings

o Assuming that the 7 unsampled sites have the same
frequency of contamination as sampled sites, EPA
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estimates that approximately 12 percent of the tier 3
facilities identified in the FATES data base would be
found contaminated.

o] At contaminated sites, the extent of contamination was
usually limited to one or two soil samples with
concentrations of 2,3,7,8-TCDD above 1 ppb. Only two
tier 3 sites were extensively contaminated.

o) 3ll 12 contaminated sites were at or near facilities
that handled 2,4,5-TCP, 2,4,5~T, and/or silvex.

o The two extensively contaminated facilities were both
large handlers of 2,4,5-T, 2,4,5-TCP and/or silvex.

et

.1+9 Conclusions

o Based on the limited number of sites found tc be
contaminated, the small number of positive samples at
most of these sites, and the generally low levels of
2,3,7,8-TCDD detected, immediate national investigation
of all of the remaining Tier 3 formulator facilities does
not appear to be warranted.

-
-

0 In addition to the facilities referred to Superfund for
more immediate followup, the names of the remaining
facilities have been transmitted to the Regional Offices
with the request that they be added to CERCLIS, the
Superfund facility list, for future Superfund attention.

© Since the two extensively contaminated facilities were
both large handlers of 2,4,5-T, silvex, and/or 2,4,5~-TCP,
further evaluation of other large handlers of these three
compounds is warranted. EPA sampled 12 of the 29 large
handlers of these compounds as part of the study, and is
collecting information on the remaining 17 facilities.

3.2 Tier 5--Use Sites

3.2.1 OQbjective
Tier 5 sites are areas where 2,4,5-TCP and pesaticide

derivatives (including 2,4,5-T and silvex) were used on a
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commercial basis. A& statistical sampling of this tier was not
possible due to the variety of uses and conditions. The
cbjective was to determine whether 2,3,7,8-TCDD is present at
detectable levelis (approximately 1 ppt) in areas where major uses
of these pesticides had occurred.

Tier 3 sampling was generally limited to those areas where
the use of 2,4,5-T or silvex has been documented, since
information £rom the Office of Pesticide Programs indicated that
these two compounds have been more heavily used in specific areas
and thus have a greater potential for causing significant human
exposure to dioxin. The other compounds were of lesser interest
due to: (1) low levels of active ingredient pesticide in the
end-products; (2) use on very small areas; or (3} a wide
diversity of uses at low levels of application. Lack of
documentation of usage also made it impractical to focus on these
other compounds.

3.2.2 Study Design

To identify applicable sites, the Office.of Pesticide
Programs compiled general information on areas of use for the
pesticides of interest. EPA Regional Offices, in conjunction

with state or local agencies, then identified the specific sites

to pe sampled.

A total of 26 tier 5 sites were sampled, including six
forest sites, seven rice fields, three surgarcane fields, three
rights~of-way, three rangeland areas, and four aquatic sites
{used for recreation, fisheries, or multiple uses).

A random sampling approach was generally used to select the
sampling locations at tier 5 sites. This approach assumed that
"hot spots” could not be identified within a pesticide use site,
and that the 2,3,7,8-TCDD is either uniformly ororandomly
distributed within the site. In a few cases, locations such as
equipment loading areas or drainage ditches were targeted for
sampling, since 2,3,7,8-TCDD contamination, if present, was
expected to be higher in these areas.
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The environmental media to be sampled were determined by the
Regional Offices on a site~-by-site basis., These included soils,
stream sediments, fish tissue, vegetation, and animal tissue.

All analyses were done at detection levels of approximately 1
ppt, because soil concentrations below 1 ppb can be of concern in
certain types of areas, such as grazing lands.

3.2.3 Results

2,3,7,8-TCDD has been detected at 15 of the 26 sites
including 2 rights-of-way, 1 aquatic use site, 2 sugarcane
fields, canals adjacent to 1 sugarcane field, 4 rice fields, 2
forest areas, 1 rangeland area, and 1 multiple use area. More
than 40 percent of the soil and sediment samples taken at
contaminated sites had 2,3,7,8-TCDD present above the detection
limit of approximately one ppt. 7Two sites had detectable levels
in fish. At one of these, all fish samples were contaminated at
levels up to 23 ppt in filets. 2,3,7,8-TCDD levels in soils at
contaminated sites were between 0.6 and 6623 ppt with 67 percent
below S ppt; levels in sediments were between 0.7 and 200 ppt
with 61 percent below S ppt: and levels in fish filets were
between 8 and 23 ppt. No 2,3,7,8-TCDD was detected in animal
tissue or vegetation samples collected from land used for grazing
or raising crops; however, 5nly a limited number of these samples
were collected.

CDC has inaicated that 2,3,7,8~-TCDD soil levels as low as
6.2 ppt may be of concern where dairy cattle graze. Levels of
potential concern for soil where beef cattle graze range from 20
to 79 ppt. With the exception of the Tonto National Forest
discussed below, grazing did not occur and/or levels detected
were below the values suggested by CDC.

Discussion of Contaminated Sites

Figure 3-~3 and Tables 3-2 and 3-3 summarize tier 5 site
results. FfFollowing is a narrative description of the 15
contaminated sites. A summary of sampling results for the 11l
sites where 2,3,7,8-TCDD was not detected may be found in the
Tiers 3,5,6,7 Report.
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Region I Grindstone, Maine
In 1977, approximateiy 1,000 acres of railroad yards and

railroad rights-of-way were Sprayed with a herbicide containing
2,4,5-T. A l6-footr area, 8 feet to each side of the centerline
of the tracks, received the herbicide directly:; an estimated 2
feet beyond this area on each side received the herbicide from
aerial drift. An 1,800-foot long section of this right-of-way
was sampled.

Twenty=-two soil samples were collected approximately 2 feet
from the ends of the rail ties. Eighteen of the 22 samples
contained 2,3,7.8-TCDD at levels ranging from 8 to 35 ppt.

No additional action is planned at this time. The low ppt
level contamination found is in the ballast or subgrade areas of
an active railroad, and thus presents minimal risk.

Region 1I Long Island Railroad, New York
This railrcad right-of-way was treated with 2,4,5-TCP based
herbicides during the 1970's.

A 480-foot long section aleong the tracks was sampled.
Twenty-six samples were collected 13 feet from each end of the _
tracks. One sample contained 2,3,7,8-TCDD at a level of 9 ppt.”

No additional action is planned.

Region IV Cleveland, Mississi
This ricefield was treated with 2,4,5-T in 1978, 1981, and
1984.

Twenty random scoil samples were collected from a recently
harvested field (60-100 acres). Sixteen samples contained levels
of 2,3,7,8-TCDD at levels ranging from 0.8 to 1.7 ppt.

No additional action is planned.

Region IV Scot, Mississippi

This ricefield was treated with 2,4,5-T in 1984.

Twenty random soil samples were collected from a recently
harvested fielé (60-100 acres). Two samples contained 2,3,7,8-
TCDD at levels of 0.6 and 0.7 ppt. No 2,3,7,8-TCDD was detected
in the one rice sample.

No additional action is planned.

Region IV West Palm Beach, Florida
These sugarcane fields were treated with s11vex for weed
control around tne perimeter of the fields.

Sampling was not permitted dlrectly on the sugarcane fields
so sediment samples were collected from canals adjacent to the
fields. Twenty-seven of 36 collected sediment samples contained
2,3,7,8~TCDD at levels ranging from 0.7 to 26.5 ppt.

EPA has notified the Florida Pesticide Enforcement Division
of lnspection, Department of Agriculture and Commerce Services of
the results.
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Region V Petenwell Flowage, Wisconsin

This 23,000-acre reservolr on the Wisconsin River supported
a major commercial carp fishery until 1983 when 2,3,7,8-TCDD was
detected in carp at levels above 50 ppt. Chlorophenol-based
slimicides, reportedly containing 2,3,7,8-TCDD as a contaminant,
had previously been used by several pulp and paper mills along
the river. Use of these slimicides had been voluntarily stopped
by the mills by 1980.

Whoie fish and filets from several species, fatty tissue
from raccoons, aquatic bird tissue and eggs, aquatic sediments,
ana sludges from the paper mills were sampled. An information
request was directed to each of the facilities in order to
acquire more dJdetail regarding past slimicide usage and sludge
disposal practices.

All sampled fish contained 2,3,7,8-TCDD, with levels of 9-47
ppt in the whole fish and 3-23 ppt in the filets. Aguatic
sediments at both ends of the reservoir contained 2,3,7,8~TCDD at
levels from 35-200 ppt. Two of the paper mills are still
producing sludges with 2,3,7,8-TCDD levels over 100 ppt, even
though chlorophenol-based slimicides are no longer used. The
chlorine-bleaching process has been identified as a potential -
source of 2,3,7,8-TCDD.

As a result of these findings additional work is being
conducted at this site, with particular interest in determining
the cause of 2,3,7,8~-TCDD sludge contamination and environmental
conditions at and near the sludge disposal sites. The industry
has begun followup stucdies under State direction.

*

Region VI Assumption, Louisiana

This 2,3Uv acre site, used for growing sugarcane, was
treated with silvex in 1983, Twenty-four soil samples were
randomly collected from eignt acres. Fourteen samples contained
2,3,7,8=-TCDD at levels between 0.3 and 1.1 ppt.

No adcditional action is planned.

Region VI Desha County, Arkansas

This experimental agricultural station specializes in rice
reproduction, with soybeans grown in rotation. Two 20-acre
fields at this site were aerially sprayed with 2,4,5-T. One
field was treated with 2,4,5-T in 1972, 1974, and 1975; the cther
was treated in 1975 only.

Forty-six soil samples were randomly collected from the 2
fields and associated drainage ditches. One sample from the
field that had been treated three times contained 2,3,7,8-TCDD at
3 ppts No 2,3,7,8=TCDD was detected in the five plant tissue
samples or the three drainage ditch samples.

No additional action is planned,

Region VI Richland Parish, Louisiana
Approximately 70 acres of this ricefield were treated with
2,4,5-T, with one application in 1982 and two applications in
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1983. Thirty-five samples and 1 sediment sample were randomly
collected; 2,3,7,8-TCDL was detected in 9 so0il samples at levels
between 0.3 and 0.4 ppt. o 2,3,7,8-TCDD was detected in the
segiment sample.

No additienal action is planned,

Region VI Pointe Coupee Parish, Louisiana
: This site, used for growilng sugarcane prior to 198% ana
soybeans in 1585, was treated with silvex in 1983.

Twenty-five soil samples were randomly collected from two
fields, 2.6 acres and 2.7 acres in area. Twenty samples
contained 2,3,7,8-TCDD at levels ranging from 1.0 to 2.5 ppt.

No additional action is planned.

Region VI [Rio Grande Plain Experimental Ranch, Kinney Co.,
Texas
This site 1s an experimental ranch used for research on
brush contrel and livestock production. In 1981, parts of three
experimental pastures (five acres each) were aerially sprayed
with 2,4,5-T. Parts of each were left untreated as controls.

Thirty-eight soil samples were randomly collected from tne
three pastures among the treated and untreated areas. Twelve
samples contained 2,3,7,8-TCDD--5 samples from treated areas and
7 samples from untreated areas--at levels between 0.2 and 3 ppt.
No 2,3,7,8-TCDD was detected in a rattlesnake or in six
vegetatlon samples collec.ed from the sprayed pastures.

No additional action is planned.

Region VII Mark Twain National Forest, Migsouri

The heroicide 4,4,5-T was appliec in 1977 to 3 sites
totaling approximately 95 acres within the forest, to facilitate
the relief of shortleaf pines from competing hardwoods. A
tractor drawn, high-volume ground spray tanker unit was used to
apply the herpicide,

A total of S50 soil samples were collected from 2 sub-areas
at one of the 3 treated sites. These areas were located at the
bottom ¢f slopes, where herbicide runoff would tend to
accumulate. Twenty-one of 50 soil samples contained 2,3,7,8-TCDD
at levels between 0.3 and 120 ppt.

No additional action is planned at this time. The
contamination is within a forest area, not used for grazing.

Region IX Tonto National Forest, Arizona :

Between 1965 and 1969, 2,4,5-1, 24,4-D, and silvex were
sprayed over more than 2,500 acres in the Globe Ranger
District. This spraying project was designed to improve
rangeland and to increase water runoff, resulting in increased
water yields for downstream users.

Soil samples were collected from three helicopter landing
areas used as herbicide mixing-loading areas and from five other
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locations within the sprayed area. Whole animals and animal
tissues were also collected withinh the sprayed areas. Twenty-
four of 77 soil samples had 2,3,7,8-TCDD at levels of 2 to 564
ot. Seoll contamination was found at two of the three mixing-
loading areas. (The mixing-loading area where no 2,3,7,8-TCDD
was found was later gecermined not to have been used for that
purpose.} 2,3,7,3-TCDD was detected a short distance beyond the
boundaries of the actual mixing/loading locations, but no
2,3,7,8-TCDD was detected at the other five locations. No
2,3,7,8-TCDD was detected in any of the animal samples,

Forty-five additional samples, which included soil and fish,
were collected from 3 additional and 1 previously sampled
mixing/loading area. Twenty-one soil samples contained 2,3,7,8-
TCDD at levels from 0.4 to 6623 ppt. Four samples had levels
greater than 1,000 ppt. No 2,3,7,38-TCDD was detected in the fish
collected.,

The U.S. Forest Service has restricted access to the
contaminated heli-pads. EPA Region IX is reviewing alternative
treatment technologies, focusing on in situ treatment. The
Forest Service has indicated willingness to sponsor a pilot
project, o

Region IX Santa Ana River, California
The Santa Ana River Basin inciudes agricultural, industrial,
and residencial areas.

Twenty-elght sediment samples were collected from stations
along the Santa Ana River and a few of its tributaries. These
locations have been routinely monitored for c¢onventicnal and
priority pollutants. Fish samples were collected at eight of the
sediment stations where water flow was sufficient to support
fish. One seciment sample had 2,3,7,8~TCDD at 0.6 ppt; one of
the seven whole fish had 2,3,7,8-TCDD at 4.6 ppt.

Region X Santiam Forest, Gates, Oregon
A 75-acre area of this forest site was aerially sprayed with
a herbicide c¢ontaining 2,4-D and 2,4,5-T in 1976 and 1977.

Twelve sediment samples were collected from a stream that
runs through the sprayed area, from an area where this stream
empties into the North Santiam River, and from an area of the
North Santiam River near the confluence with the stream. Thirty-~-
five s0il samples were collected from a wetlands area south of
the sprayed area, a heliport used by helicopters that sprayed the
area, and the heliport drainage area. One fish sample was
collected from the North Santiam River sampling area. 2,3,7,8-
TCDD was detected in 3 of 12 sediment samples at levels of 0.2
and 0.4 ppt. No 2,3,7,8-TCDD was detected in the 35 soil samples
analyzed or the 1 fish sample.

3.2.4 Findings
© Contamination was found at a variety of the pesticide use

sites where 2,4,5~T, silvex, and 2,4,5-TCP based pesti~-
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¢cides were used and in various media {s0il, sediment, and
fish); however, the levels found were generally very low.

The highest levels for each media were generally found
where sampling was targeted for specific areas most
likely to be contaminated (areas used for eguipment
loading, areas where contaminants would tend to
accumulate).

Levels were much lower, in most cases not detected, for
samples in areas where the pesticides were uniformly :
appiied (spray areas).

2,3,7,8~-TCDD was more freguently detected and was
occasionally at higher levels at tier 5 sites than at
background sites (tier 7).

T

Two of tne seven sites where f£ish were collected had
detectable levels of 2,3,7,8-TCDD; whole fish were
contaminated with levels up to 47 ppt (Petenweill
Flowage).

3.2.5 Conclusions .

Q

with the exception of helicopter loading areas in the
Tonto National Forest, the levels found of tier 5 sites
where spraving of pesticides occurred were generally low
and of no concern. Further national investigation of
tier 5 spray areas does not appear to be warranted.

The source of 2,3,7,8-TCDD at the one significantly
contaminated tier 5 site (Petenwell Flowage) may not be
related to pesticide use. As described in greater detail
under the tier 7 discussion, further investigations of
certain types of pulp and paper mills using the chlorine
bleaching process are being conducted.

3.3 Tier 6 - 'Other' Chemical Manufacturers

3.3.1 Objective
Tier 6 consists of organic chemical and pesticide
manufacturing facilities where improper quality control on
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.-
production processes could have caused products or waste streams
to become z2ontaminated with 2,3,7,8-TCDL. Facilities producing
any of sixty compounds were identified. The objective of the
sanpling for tnis tler was to determine tne percentage of
facilities with concentrations of 2,3,7,8-TCDD above 1 ppb in
soil or at detectabie levels in other environmental media (e.g.,
fish in nearby streams).

3,3.2 8study Desian

EPA jdentified 67 facilities which manufacture 1 or more of
the 60 compounds of interest. Information to identify these
facilities was obtalned from the SRI Directory of Chemical
Producers (1977-1983), FATES data base, Dioxins (EPA, 1980), and
EPA Regiona: Ofrfice staff suggestions.

Twenty-£five sites were statistically selected for
sampling. EPA Regional Offices identified three additional
facilities of particular interest, based on either known
a;tivities or previous contamination incidents at these
facilities.

The arpprcach to sampling tier 6 sites was identical to that
described fcor tier 3. 0Of the 25 statistically selected sites, IO
were ccnsilerel inelligible becsuse further information revealed
that no tier 6 compounds which could cause 2,3,7,8-TCDD to be
formed were actually produced at these sites,

3.3.3 Results

Contanination (Soil concentration greater than or equal to 1
ppb or detectable levels in other media) was found at 2 of the 15
statistically selected sampled sites and at 1 of the 3 regionally
selected sites.

At all three contaminated sites, so0il contamination was
limited to one or two samples. At the regionally selected
contaminated site, groundwater contamination was also found at
the 0.07 to 0.10 ppt level in three samples. The groundwater at
this site is not used as a drinking water source.
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Soil concentrations below 1 ppb were detected at two
additicnal statistically selected sites and at one additional
regionally selected site.

Discussion of Contaminated Sites

Figure 3-4 and Table 3=4 summarize tier 6 results.
Following is a narrative description of contaminated sites and
sampling results. 2,3,7,8~TCDD was not detected at 12 of the 18
sites which were sampled. A summary of sampling at these sites
is providecd in tne Tiers 3,5,6,7 Report.

Region II * W.A. Cleary =~ Somerset, New Jersey

This faciiity, located on 137 acres, produced mecoprop and

2,4=D salts from 1977 to 1983. During this time an estimated

10,000 gallons per year of ligquid waste were discharged to an on-
site lagcon.

Thirty-one soil samples were collected: 21 at tne areas
around the production buildings and the lagoon and 10 random -,
samples from the remainder of the property which includes a
densely wooded area and the company's golf course. One soil
sample collected near a production building (below a loading
dock) c¢contained 2,3,7,8=-TCDD at 34.7 ppb. 2,3,7,8-TCDD was not
detected in a sediment sample collected from the lagoon.

This site has been reierred to the Superfund program for
furtner sampling. ’

Region VI * Chezall, Inc. (formerly Riverside Chemical Company)
-~Porec secnes, Texas

This facil:icy 1s locat2qg on 14.19 acres with the
manufacturing facility situated on 11.9 fenced acres within the
tract., A former operator of the facility produced penta-
¢hlorophencl (PCP) at this site prior to the facility's purchase
by Chemall, Inc. in 1978. 1In addition, a number of organic
¢hemicals, including 2,4,5-T (a tier 3 chemical) and 2,4~D and
parathion (both tier & chemicals), have been stored at this
site. As a result of a 1976 Texas Water Quality Board Enforcement
Order, the former owner removed soils contaminated with PCP and
toxaphene anc covered areas around the processing facilities,
warehouse, office and railroad spur with approximately one to two
feet of crushed limestone.

Thirty=-two scil samples were collected from drainage ditches,
including those from the former PCP process and storage area, and
from areas near unloading and storage areas. Many of these
samples were taken from peneath pools of standing water; about

* Denotes statistically selected site.
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half were taken outside the fenced area. 2,3,7,8-TCDD was
detected in nine samples, with two samples containing greater than
1 ppb (1.1 ppd> & 1.4 ppo). These two samples were collected from
the tank c¢ar unloading area and the drainage ditches from behind
the central warenouse, wnere 2,4,5~7, 2,4-D, parathion and otner
chemicals were stored. The runoff area f{rom the former PCP
process and storage area contained 2,3,7,8-TCDD at levels below |

ppb.

The Texas water Commission (TWC) currently has Chemall under
an enforcement action to undertake remedial action relating to
‘contamination found on=-site and in adjacent ditches. All areas
where 2,3,7,8~-TCDD was detected will be addressed in the TWC's
enforcement action. The TWC will coordinate with EPA Region VI to
assure compliance with EPA's dioxin regulations.

Region IX BMI Conplex - Henderson, Nevada

This industrial complex covers more than 350 acres and
includes the Stauffer Chemical Company and the Montrose Chemical
Corporation.

The Stauffer facility produced lindane from 1948 to 1954,
ethyl and methyl parathicn intermittently since 1958, and "~
carbophenothion. Alpna and beta BHC were produced as waste
products from the production of lindane. The waste BHC was
disposed of in a surface pile, which was capped with a l-foot
layer of clay in 1978-1979., Prior to 1974, aqueous wastes from
the production of carbophenothion were disposed of in on-site
leach beds, and drums c¢ontaining still bottoms from the
carbophenothion process were buried on-site. Both areas have been
capped with a l=-foot c¢lay layer. After 1974, carbophenothion
wastes were disposed of in on-site lined ponds or in an off-site
landfill.

Montrose Chemical produced chlorobenzenes at this site from
1947 to 1983. From 1947 to 1976, polychlorinated benzene wastes
(still bottoms) were disposed of in the on-site BMI dump. From
1976 to 1983, the polychlorinated benzene wastes were disposed of
in a lined pond. In 1980, the still bottoms from this pond were
transferred to a storage tank.

Thirty-seven s0il samples were collected from chemical
production, storage and loading areas, associated drainage areas,
and from areas adjacent to former waste disposal locations.
2,3,7,8=TCDD was detected at 1 ppb in one soil sample, taken down-
gradient from the chlorobenzene still bottom disposal area. Seven
ground water samples were also collected from Stauffer's ground-
water intercept and treatment system. 2,3,7,8-TCDD was detected
in four of these samples, at levels ranging from 0.07 to 0.1l
ppt. Other dioxin isomers were also detected but not quantified.

Montrose Chemical's use of caustic soda in its former produc-
tion of chlorobenzene may account for the levels of 2,3,7,8-TCDD.
(Chlorobenzenes were not included as tier 6 compounds because it
was not suspected that 2,3,7,8=-TCDD could be formed during their
manufacture.) The 2,3,7,8~-TCDD detected in groundwater may have
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been brought into solution by benzene and chlorobenzenes disposed
of on-site.

Additional soil, water, and waste samples have been
collected. Analysis of these samples has been delayed until the
resolution of analytical difficulties {(complex mixtures of
chlorinated products).

3.3.4 Findings
o EPA estimates that 9 percent of the 67 facilities

originally identified as tier 6 sites would be found to be
contaminated.

© None of the three contaminated sites were extensively
contaminated with 2,3,7,8-TCDD.

3.3.%5 Conglusion
© VFurther national investigation of tier 6 sites for
2,3,7,8-TCDD does not appear to be warranted.

3.4 Tier 7 - Background Sites

3.4.1 Cbjectives ,

Tier 7 consists of siées that did not have previously known
sources of 2,3,7,8=-TCDD contamination. The tier 7 investigation
was intended to establish the prevalence of 2,3,7,8<TCUD in the
- environmen:t and to provide a basis for comparison with results
from the otner tiers. The specific objectives of the sampling

were to:

- Determine the percentage of sites in the EPA Urban and
Rural Soil Networks that have detectable levels of
2,3,7,8-TCDD in soil at a detection limit of approximately

1l ppt.

- Determine the percentage of sites in the combined U.S.
Geological Survey's (USGS) National Stream Quality
Aczounting Network (NASQAN) and Benchmark Network that
have detectable levels of 2,3,7,8-TCDD in fish tissue at a
detection limit of approximately 1 ppt.

EPA Regional Offices also selected a large number of

additional fish samples in areas of general interest, including
areas near population centers, recreational or commercial fishing

areas or historical sampling areas.
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3.4.2 Studv Design

Soil

Soil sanmpling locations (both urban and rural) were chosen
from the Rural and Urban Soils Networks of the National Soils
Monitoring Program, which was established to monitor pesticide
residues in rural and urban soils. The Rural Soils Network con-
sists of 13,2380 rural sites identified in the 1967 Conservation
Needs Inventory of rural land areas within the contiguous United
States. Two-hundred sites were randomly selected from this net-

work. A similar approach was used to select 300. urban soil sites
from the Urban Soils Network, which is comprised of 1,761 sites in
20 Standard Metropelitan Statistical Areas. One soil sample was
taken per site.

Eish

One-hundred fish sampling sites were statistically selected
from cthe combined U.S. Geoclogical Survey KASQAN and Benchmark
Networks. An additional 305 sites suggested by EPA's Office of
Water Regulations and Starilards (OWRS) or EPA Regional Offices
were also chosen for sampling based on proximity to population
centers, commercial or recreational fishing activity, or
availability of water quality information. Fish sampling was
generally conducted by State personnel.

Protocols were defined to limit £ish sample collection
variables among sites. Certain species were targeted in order to
minimize interspecies variations. Fish of similar age were
sampled whenever possible, and the time of sampling was limited to
reduce seasonal variations.

Four composite samples per site were collected: 1) a whole
bottom=feeding fish, 2) a bottom-feeding fish filet, 3) a whole
predator or game fish, and 4) a predator or game fish filet.

Whole fish composites of bottom-feeders were analyzed first
because data indicate that 2,3,7,8-TCDD concentrations are likely
to be highest in these samples. 1I1f 2,3,7,8-TCDD was detected in a
whole fish pbottom~-feeder sample, then the other three samples from
that site were analyzed., Because of differences in species, age,
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or fat content of the fish being composited for each separate
analysis, it is possible that the highest level found at a site
could be in 2 sample other than the whole bottom~feeding fish.

3.4.3 Results .

Of the statistically selected soil sites, 141 of 200 rural
and 221 of 300 urban sites were sampled. The remaining 5% rural
sites anc 79 urban sites could not be sampled because of diffi-
culty in locating the site (131 sites) or because permission to
collect & sample was denied (7 sites). Of the 100 statistically
selected fish sites, 90 were sampled. The remaining 10 sites
could not ve sampled because of lack of water, fish, or success in
catching the latter,

S0il

Seventeen of the 221 urban soil sites and one of the 138 _
rural sites had¢ detectable levels of 2,3,7,8-TCDD; the levels w;re
very low--between 0.2 and 11.2 ppt. (The Linn County Oregon rural
soil sample had 0.5 ppt}. Samples for three sites were not
analyzed because they were either lost or broken during shipment.

F£ish
Fisn from 17 of the 90 statistically selected sites had
detectanle lzvels up to 19 ppt in the whole fish composite sample.

Whole fisn composite samples from 95 of the 305 regionally
selected sites (includes rivers, Great Lakes, and estuarine and
coastal sites) (31 percent) had detectable levels up to 85 ppt.
This freguency is greater than that found for the statistically
selected sites; however, many of the regionally selected sites
were near urban or industrialized areas.

Only 4 of the 37 estuarine or coastal sites had detectable
levels in fish or shellifish, with concentrations ranging from 1.08
to 3,5 ppt. Three of the four sites with detectable levels were
in heavily industrialized areas, while the fourth contaminated
sample was collected from weathered, chemically-treated wood
pilings. Additional analyses of shellfish attached to recent,
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chemically-treated wood pilings and artificial substrate at this
gsits showed no detectable 2,3,7,8-TCDD.

At 74 sites (67 percent) where 2,3,7,8-TCDD was detected, the
maximum value was below 5 ppt, while at 4 sites levels were above
25 ppt. As a result of these findings, two advisories to limit
fish consumption have been issued by tne sStates of Maine (for the
Androscoggin River at Lewiston) and Minnesota (for the Rainy River
at International Falls); An advisory was already in effect for
fish caught in Lake Ontario due to contamination from mirex, PCBs,
and mercury. Additional sampling will be conducted at the fourth
site (Flint River at Elms Road) to verify levels and identify
potential sources of 2,3,7,8-TCDD. '

Twenty=-three of the 29 sampled sites in the Great Lakes were
found to have detectable levels of 2,3,7,8-TCDD, which is a much
higher proportion than in the statistically selected or other )
regionally selected sites. Possible explanations for tnis finding
include: 1} the sites were selected based on potential
‘contamination from prior evaluation of toxic pollutants; 2) the
long water retention of the lakes causes elevated polluthnt levels
in the system; and 3) there are many sources of pollutants
entering the laxkes. Areas in the lakes with higher levels are
sublects of State fisnh advisories, based on other chemicals.
Further investigation is being conducted cooperatively by Regional
Offices, States, and the Great Lakes National Program Office.

Qutside of the Great Lakes, detectable levels in fish appear
to be most frequently found in major river systems such as the
Ohio and Mississippi Rivers, or in waterways with significant
industrial activity.

Levels found in filet samples (between 0.4-41 ppt) were
generally lower than levels in the whole fish samples. In 46
percent of the cases where 2,3,7,8-TCDD was detected in whole
fish, it was not detected in the filet sample. Even though only
one filet sample was greater than the FDA advisory level of 25
ppt, the levels found in fish filets may be a cause for concern
under particular conditions at specific locations. For example,
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using the EPA cancer model and the consumptlion estimates from
EPA's water quality criteria document, fish contaminated at the
detection level of approximately 1 ppt could cause an increased
lifetime cancer risk of 1 in 100,000. The results from tier 7
should be carefully evaluated by local, State, and Fecderal
agencies in light of local exposure conditions in determining
appreopriate levels of concern. Site-specific factors include
consumption patterns (type of fish and amount consumed), length of
exposure, level of contamination, and percent of fish
contaminated.

EPA used two approaches in an effort to determine possible
associations between 2,3,7,8-TCDD presence in fish and various
sources: 1)} preparing stream profiles identifying types of
industrial dischargers in the vicinity of the fish sampling sites,
and 2) conducting additional sampling at selected sites. )

-

The two sites with the highest 2,3,7,8-TCDD levels in whole
fish (the Androscoggin River--maximum 29 ppt, and the Rainy
River--maximum 85 ppt) have upstream pulp and paper mill
discharges. Elevated levels in fish were also found below paper
mills in the Petenwell Flowage., Ffurther investigations at those
sites have 1ncluded sampling of waste treatment sludges from the
mills. Levels of up to 414 ppt have been found in these sludge
samples., Additional investigations, including those previously
described for the Petenwell Flowage (tier S) site, are underway by
EPA, States, and the. paper industry to determine the scurces of
2,3,7,8-TCDD within several mills that produce bleached pulp using
chlorine-based chemicals.

3.4.4 Findings
Figures 3-5 and 3-6 and Tables 3-5 through 3-~9 provide a

summary of tier 7 results.

Soil

o 2,3,7,8-TCDD was detected infrequently and at very low
levels in background soil samples. Seventeen of 221 urban
sites and 1 of 138 rural sites had detectable levels, with
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the highest level found being 11.2 ppt in an urban soil
sample.

Fish

EPA estimates that 21 percent of the U.S. Geolegical
Survey national monitoring network sites would have
detectatle levels above 1 ppt in fish. The frequency of
detection is greater (31 percent) at sites selected by
tPA's Regional Offices, many of which are near industrial
and urban areas.

An even higher proportien (23 of 29) of Great Lakes fish
sampling sites had detectable levels, This is of concern
as 1t suggests multiple sources to the Great Lakes, which,
pecause of their long water retention times, have
increased bicaccumulation potential,

3.4.5 Conclusions

o

Q

o]

[s)

2,3,7,8-TCPL levels in filet samples can be a cause for
concern at specific locations under certain consumption
patterns; local exposure conditions must be evaluated to
determine levels of concern for those areas.

Fisn and shellfish from estuarine and coastal waters were
rarely contaminated; three of the four sites where
2,3,7,8-TCDD was detected are in areas heavily influenced
by industrial discharges.:-

A previously unsuspected possible source of contamination
in some areas appears to be certain types of pulp and
paper mill discharges. Mills using a chlorine bleaching
process are heing investigated by EPA, States and the
paper industry to determine the source of 2,3,7,8-TCDD
within the mills.

Fish contamination is a current and continuing phenomenon
since recent EPA studies indicate that 2,3,7,8-TCDD has a
half~life of slightly less than 1 year in £fish.
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© Based on the very small number of positive soil samples
and the low levels detected, soil contamination does not
aprnear to be a problem in either rural or urban background

settings,

O <,3,7,8-TCDD contamination in fish may be a cause for
concern in specific locations. Site-specific factors
including levels of contamination, types of fish, length
cf exposure, and levels of consumption must be evaluated
to determine the appropriate level of concern and
response, )

3.5 Fellow-on Investigations

Pulp and Paper Mills

As previously discussed, results from the study indicate that
2,3,7,8-TCDD is present in fish and river sediments downstream i
from a number of pulp and paper mills located in various parts of
the country. In addition, current wastewater treatment plant
siudges from some Maine, Minnesota, and Wisconsin mills are
contaminated with 2,3,7,8-TCDD and other CDDs and CDFs.

Given current knowledge and concerns about protection of
fisheries, EPA and the paper industry have initiated a cooperative
sampling program. Data will be used to assess conditions at
sampled mills using chlorine bleaching processes, to draw prelim-
inary conclusions about the presence of dioxin in pulp and paper
processes in general, and to help focus further regulatory work in
this area.

Sludges, process materials, and water and waste waters will
be analyzed for 2,3,7,8-TCDD, 2,3,7,8-TCDF, and other CDDS and
CDFs as homologues. Iscmer-specific analyses for 2,3,7,8-
substituted congeners and certain other selected congensers will be
conducted on selected samples. Detection levels in the low parts
per trillion (ppt) range are required for sludges and process
materials and in the low parts per quadrillion (ppq) range for
water and wastewaters. Analyses for a number of other related
compounus potentially associated with paper making operations will
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also be performed on selected samples. Detection limits in the
range of 1 te 10 ppb will be required.

Bicaccumulative Poliutant Study

The bicaccumulation study is a national sampling survey to
determine the extent to which selected contaminants bioaccumulate
in fish. The study is in part a followup to the Naticnal Dioxin
Study, and reflects EPA and public concern that there may be other
pollutants similar to 2,3,7,8-TCOD which are persistent,
bicaccumulative, significantly toxic, and potentially widespread

in the environment.

EPA currently has over 400 frozen fish samples collected from
the National Pioxin Study. The funding for the bioaccumulation
study allows for analysis of a subset of these samples, plus
additional sampling and specific chemical analysis for a limited
number of contaminants at approximately 250 new sites over 2 )
years.

The objective and potential outcomes of the study include:

(1) identification of toxic pollutants that need further
study (toxicity ctesting, monitoring, source assessment,
analytical methods development);

(2) estaplishment of a paseline for levels of selected toxic¢
poilutants in fish;

{(3) 1initiation of regilatory decisions on an industry-~ or
pollutant-specific basis; and

(4) initiation of site~-specific action (stricter discharge
permits, local health advisories, cleanup action}).



TABLE 3-1, ANALYTICAL RESULTS FOR CONTAMINATED TIER 3 SITES--STATISTICALLY SELECTED SITES

RANGE DET LIMIT
(PPB UNLESS . (pem UNLESS
IEGION LOCATION DESCRIPTION: MATRIX TYPE # SAMPLED ¥ DETECTED OTHERWISE NOTED) # CONT  OTHERWISE NOTED)
SONTAMINATED SITES:
2  NY FARMINGDALE FARMINGDALE GARDEN 25 1 17.6 1 0.1 - 0.94
LABS, INC.
SOIL
NJ W. CALDWELL ROCKLAND CHEM. CO. SOIL 10 1 .3 1 0.03 - 1.1
3 WV ONA HOLDER CORP. SOIL 36 0 ND 0 0.012 - 0.84
SEDIMENT 5 0 ND 0 0.72 - 8 (PPT)
FISH 3 3 0.5 - 2,9 (PPT) 3 0.05 - 0.3 {PPT)
CLAM 1 0 ND - 0 2.2 (PPT)
4 GA FORT VALLEY SECURITY CHEM. CO. "
(WOOLFOLK CHEM. ) "
SOIL 16 2 23 - 40 2 0.3 -21 %
SOIL 1 1 16.7 (PPT) 0 NA
S IL CHICAGO HEICHTS RIVERDALE CHEM. CO.
SOIL 14 14 1.1 - 364 13 NA
MI GRAND LEDGE ETM ENTERPRISES SOIL 21 2 0.56 - 1.13 1 0.05 - 0.76

‘I

‘' Contamination defined as concentration greater than or equal to | ppb in soil or above detectable levels in other media,



ANALYTICAL RESULTS FOR CONTAMINATED TIER 3 SITES--REGIONALLY SELECTED SI'UES

RANGE DET LIMIT
: {PPB UMLESS {PPB UNLESS
EGION LOCATION DESCRLPTION: MATRIX TYPE % SAMPLED # DETECTED OTHERWISE NOTED) # CONT OTHERWISE MNOTED)
a
'ONTAMINATED SITES:
3 VA  ALEXANDRIA R.H. BOGLE CO.
SOIL 40 0 WD 0 0,07 - .89
FISH-WHOLE 4 4 1.6 - 6.3 (PP} 4 0.3 - 1.3 (PPT)
FISH=F KT 4 3 1.9 - 5.0 (Pry) 3 0.4 - 1.3 (PPP)
SEDIMENT 9 5 5.5 = 23 (PPT) 5 1.2 = 9.7 (I'PT)
VA NORFOLX SMITH DOUGLAS CO.
{ BORDEN )
501L 53 1 10.1 1 0.01 - 0.83
DUST 10 0 ND 0 0.08 -~ 0.83
OTHER S | 0 MND 0 0.12 e
B -
4 FL BELLE GLADE CHEM. SPRAY, INC. fg
SOIL 19 2 0.2 - 3,0 1 0.01 - 60
SEDIMENT 7 1 20,9 - 515 (PPT) 7 NA
S IL BEDFORD PARK NALCO CHEM. CO.
SOIL 10 2 1.9 - 2,2 2 0.76 - 0.65
7 MD SAINT JOSEPH UNION CARBIDE
SOIL : 26 23 0.13 - 39,1 te 0.1% - 1,09

9 CA SANTE FE SPRINGS MAGNA CORP, SOIL 10 1 ‘ 2.0 1 0.07 - 0,7



TABLE 3-2,

REGION LOCATION DESCRIPTION:
CONTAMINATED? SITES:

] ME BEA - R-O-W - GRINDSTONE

2 NY LONG [SLAND RAILROAD - STEWART MANOR

4 FL. WEST PALMN HEACH - FLORIDA CANALS

4 MS CLEVELAND CO.

4 MS SCOT CO.

5 WI PETENWELL FLOWAGE - WISCONSIN RIVER

6 AR DESHA CO.

6 LA ASSUMPTION PARISH

3contamination defined as detectable levels

ANALYTICAL RESULTS FPOR CONTAMINATED TIER 5 SITES

MATRIX TYPF

SO

SO,

SEULTMENT

5014,

RICE
SOIL

BOTTOM FEEDER-FILET
BOTTOM FEEDER-WHOLE
GREAT BLUE HERON
GREEN HERON

KING FISHER
RACCOON FAT
PREDATOR-FILET
PREDATOR -WHOLE

PLANT TISSUE
SEDIMENT
S0IL

501L

22

26

16

20

20

MR W = W b

W

46

24

4 SAMPLED # DETECTED

18

27

16

R =t = o e W L8]

-0

14

RANGE (PPT)

2

0.7 ~ 26,5

0;3 - Iol

UET LIMIT (PPT)

0.12 - 1,35

0.42 - 1,24

0.6
0.22 - 1,45

0.28 - 0,42

6£-111



TABLE 3-2. (CONT.)

REGION LOCATION DESCRIPTION: MATRIX TYPE # SAMPLED # DETECTED RANGE (PPT) DET LIMIT (PPT)

a
CONTAMINATED SITES:
6 LA POINT COUPEE PARISH
SOIL 25 20 ] - 2.5 0.26 -~ 1.15

6 LA RICHLAND PARISH
SEDIMENT ] 0 ND 0.46
SOIL 35 9 0.3 - 0.4 0,19 - .39

6 TX RIO GRANDE PLAIN EXP. RANCH -
KINNEY COUNTY SOIL 38 12 0.2 -3 0.09 - 0,75
RATPLESNAKE

VEGETATION 6 ) ND 0.5

— -

7 MO MARK TWAIN NATIONAL FOREST -

FREDERICTOWN SOIL - 124 0.17 - 0.7

L
=]
.8
-
(=4
’

w

9 AZ TONTO NATIONAL FOREST

W

1.1 - 6623 0,06

-
b
-
-

SOIL
COYOTE FAT
COYOTE KIDNEY
COYOTE LIVER
DEER FAT

DEER KIDNEY
DEER LIVER
FROGS WHOLE (20}
JAVELINA FAT
JAVELINA KIDNEY
JAVELINA LIVER
QUAIL WHOLE
SUNFISH WHOLE
SNAKE WHOLE
TOAD WHOLE

t OO O W

l-o
oo = .
L) w O N WD

L
i

[ =2 =
=T I
[ ]

o

-
-
el

-3

COQOOOOOOOOCooCOWw
ESETEEEEBEESEEE

-l et b g R G o Ly b e e e

Ob~111



REGION LOCATION DESCRIPTION:
a
CONTAMINATED SITES:

9 CA SANTA ANA RIVER

10 OR SANTIAM FOREST - GATES

8 Contamination defined as detectable levels.

TABLE 3-2, (CONT.)

MATRIX TYPE # SAMPLED # DETECTED RANGE (FPPT)

BOTTOM FEEDER-WHOLE 7 1 4.6
PREDATOR -WHOLE 2 o HD
SEDIMENT 28 t 0.6
SEDIMENT 12 3 0.2 - 0.4
SOIL 35 o ND
WHOLE SCULPIN 1 o ND

.

DET LIMIT (PPT)

0.68

.24 -

0,05 - 0,67

0.13 - 0,85

0.1 - 0,43

0,13 - 1.05
0.3

Tp=-1II1



Reglon

Name ot Slta

v

Lake Abanakl, vT

Lake Clara, ¥T

Grindstone, ME

Yarmouth, ME

Loag island Rali-
road, NY

i(lug&Ouoon
Co,, VA

Matthews Co,,
VA

Cleveland,
)

Boyle,
s

Site Use
Aquatic recreation and

private water supply

Aquatic recreation

Ral iroad right-ot-way

Power | Ine rlght-ot-way

Right=of-uay

Forest

forest

Ricetield

Ricetleld

TABLE 3-3

TIER 5 SITE CHARACTERIZATION

Pasticide

Applied

Slivox

S1tvex

2.4,5-1°

2,4,5-1

2.4,5-1CP
herbliclides

2,4,5-T
2,4,5~T with
2,40

2,4,5~T

Ko Information
aval lable

Datels)

Treatoed

1975

1971-73
{once each
yoar)

1 - 1977

1978

1910!s

1-19710

t-1978

1978, 1983,

1984

Unknown

Yoluma

foptied

5 gal, Shlvex

5 gal, (1923)

537,5 lbs,

Unkaown

Unknown

300 1bs/yr
{caiculated)

40 Ibs/yr
{calculatad)

Unknown

Unknown

Area
Appiied

15 acres
{southern
third)

18 acres
usin?;
spot freat-
mont (1973)

1075 acres
(along rall-
road)

within 75 t+
of tower
canferiine
Area unknown
(along rali-

road)

$150 acres

20 acres

Unknown

Unknown

Rate of Typo of
Appl lcatlon{ Al Appiication
1/3 gal/acre Spraying.
(calculated) from boat
Unknown Spraylng
from boat
0,5 ibs/acro Spray -
“
—
1
F -9
ho
Unknown Sprayed at
base of
selected plant
Unknown Spray
2 ibs/acre Unknown ;
probably spray
2 Ibs/acre Unknown ;
probably spray
| qt/acre Unknown
Unknown Unknown



Reqlon Hame of Slte

v Scot, M5

tcont,)
Waest Palm Beach,
FL
Escambla Exp,
Brewton, AL

v Petenwsl | Flowage,
wi

vl

Assumptlion Parish,
LA

Pointe Coupee Parlsh,

LA

U, of Arkansas

Experlmental Statlon

Desha County, AR

Now Mexlco State
tniv, Expt, Ranch
Dons Ana Cty, M

Madison Parish, LA

Rlo Grande Plaln
Expor imental Ranch,
Kinney Lo, TX

Site Use
Ricefleld

Sugarcane Fleld
Forest

Carp Fishery; closed
since 1983

Sugorcane

Segarcane tield
tsoybeans In 1985)

Ricetleld (soybean in
rotation}

Rangs | and

Ricetield

Rangel and

TABLE 3-3

TIER 5 SITE CHARACTERIZATION

Pesticlde

Applied

2,4,5-1

Sllvex
2,4,5-1
Trichloro—
phanatu

Slivex

Stivex

2,4,5-1

2,4,5-1

Sl lvex

2,4,5-T

2,4,5-7

Dateis)

Treated

1984

Unknown

1957

T - W80

1982

1972, 1974
1915

1968
1984

1982, 1983

1981

Yo luma

Appl lod

Unknawn

nknown

Uaknown

9,000 1bs

Unknown

tnknown

15 Ibs each
tteld
{calculated)

400 tbs
tUnknown

25 gal (1982);
17,5 gal (1983)
{calculated)

2.9 Ibs

Area fate ot Type ot
Appl lod Appl lcatlon(Al) Appllcation
Unknown Unknown Unkaawn
Unknaown Unknown Unknown
Unknown Unknown Aerlal spray
Pulp and Papar Unknown Paper mil |
mills upstream bloclde

8.1 acres

2 tleids,
2.6 acres and
2,7 acres

2 flalds,
20 acres
aach

800 acres
4000 acras

200 acres
{1902)
140 acres
(1983}

Exper imental
application-3
plots approx,
S5 acres

2 lbs/acre

2 tbs/acra

0,75 lbs/
acre

0.9 1hsfacra
Unknown

1/8 gal/acra

0.5 Ib/acre

Spray from

ground rlg

Spray from

tp-II1

ground rlg

Aerlal

Aer | al

Aerial

Aarlal

Aarfal

spray

sSpray

spray

spray

spray



TABLE 3-3

TIER 5 SITE CHARACTERIZATION

Datels)

Pesticlde Yolume Aroa Rate of Type ot
Reglon Mame of Site Site Use Applied Treated Applled Mppliod Appil lcatlon(Al) Appllcatlon
vl Ok i ahoma Rangsatand Rangeland 2,4,5=1 1960, 1984 35 Ibs 93 acrues 1 ibfecre Aor lal spray
{cont. )} Site 1, Tlhiman Co,,
oK
Richland Parlsh, LA Ricetlisla 2,4,5-T 1982 (once); 22 gal. totral 40 acros /8 qalfacre Aorlal spray
1983 {(twlce) (calculsted) (1982} ;
65 and 72
acres {1983)
Vil Mark Twain Natlonal Forest 2,4,5%1 19717 190 ibs {est,) 3 sltes, 2 ibs acld Ground
forest, MO 95 acres total‘ equlv/acre Spray
1x Tonto Natlonail Forest 2,4,5-T; 2,4-D 1965-1966§ 5400 Ibs 2,4-D Greater than 2 Ibs achd Aerlal H
Forest, AZ Sl lvex + 1968~ 1969 and 2,4,5-7; 2560 acres equlv, /acre spray l;*
. 7260 1bs siivex &
-9
North Calitorala Rice Ricetleld 2,4,5-T and Botore 1911 Unknown Unkno-n6 Unknown Spray
Growlng Areas Slivex thru 1982
Santa Ana River, CA Multiple uses o Information  Unknown Unknown Unknown Unknown Unksown
avallable
X Sontlam State Forest, Forest 2,4,5-T and 19761977 Unknown 7% acres 2 Ibs acld Spray
Gates, OR 2,40 aqulv,/acre
b Max. depth of lake: 7 .
2 Lake wos pactially dralned in 1982; now sbout 1/3 the slze of orliginal lake: 4-3 ft deep,
3 Area wos sprayed with several pesticides {Including 2,4,5-T (a 1977) from 1975 to 1983,
4 Sompled aress Include portlon of the site where 2,4,5-T was sprayed and where surface cunoff from the sprayed sltes would drala.
: Ialtlal spraying In 1965 and 1966; malntenance spraying In 1968 and 1969,

Contticting data exist; Into, from pesticide use permits probably includes rangeland; samdled area represents points where runoff from rlceflelds
could Impact river water quality,



TABLE 3-4. ANALYTICAL RESULTS POR CONTAMINATED TIER 6 SITES--STATISTICALLY SELECTED SITES

RANGE
{PPB UNLESS
REGION LOCATION DESCRIPTION: MATRIX TYPE # SAMPLED N DETECTED OTHERWISE NOTED)
JONTAM IN’&TEOaS iTES:
2 NJ SOMERSET W.A. CLEARY
: SOIL 31 1 34, 7b
SEVIMENYT 1 0 NC
6 TX PORT NECHES CHEM ALL, INC.
(RIVERSIDE CHEMICALS)
SOIL 32 9 0.1 - 1.4
- REGIONALLY SELECTED SITES
RANGE
(PPB UNLESS
AEGION LOCATION DESCRIPTION: MATRIX TYPE # SAMPLED 4§ DETECTED OTHERWISE NOTED)
a
SONTAMINATED SITES:
9 NV HENDERSON STAUFFER CHEM,
SOIL 37 1 1
WATER 7 4 0.07 - 0.11 (PPT)
AQUEOUS LIQUID 4 0 ND

1 cContamination defined as concentration greater than 1 ppb in soil or detegtable levels in other media

> Concentration level uncertain - may be high by 20%

DECT LIMIT
{PrPB UNLESS
§ CONT OTWERWISE NOTED)

L 0.02 - 6,17
0 0,08

2 0,028 ~ 0,37

Sh=-III

DET LIMIT
{(PPB UNLESS
# CONT OTHERWISE NOTED)

t 0.05 -~ 0.29
4 0.005 -
0.02 (PPT)

0 0.002 -~ 0.005



REGION

b
- CONTAMINATED LOCATIONS
3

10

NOT ODETECTED LOCATIONS:

1

TABLE 3-S.
LOCATION DESCRIPTION": NO. SAMPLES
DC, WASHINGTON 3
PA, PITTSBURGIH 2
IN, EVANSVILLE '
IN, GARY 2
LA, LAKE CHARLES 1
CA, SAN FRANCISCO 1
WA, TACOMA 7

TOTAL 17
CT, WARTFORD 8
MA, FITCHBURG 6
MA, PITTSFIELD 9
PA, PITTSBURGH 22
PA, READING
VA, NEWPORT NEWS "
DC, WASHINGTON 16

RESULTS OF ANALYSES OF TIER 7 URBAN SOILS

DETECTION LIMIT (PPT)

0,40 - 2.0

1.0

- 4.0

AVAILABLE

AVAILABLE

AVAILABLE

'.0

AVAILABLE

b!uu
S o0

B W
. »
o o

ND
ND
ND

ND
ND
NI
HD

LEVELS DETECTEG (PPT)

gp-I11



REGION

NOT DETECTED LOCATIONS
4

10

TABLE 3-5,

RESULTS OF ANALYSES OF TIER 7 URBAN SOILS

a
LOCATION DESCRIPTION : RO,

AL,

GADSDEN
MACON
DURNAM
GREFNVILLE

SPRINGFIELD
EVANSVILLE
GARY

PINE BLUYF
LAKE CHARLES

DES MOINES

SAN FRANCISCO

TACOMA

3 Sampling was conducted in the SMSAS for these cities.
Contamination defined as detectable levels.

SAMPLES

~ N oW e

n

12

14

27

204

0.33 -

ODETECTION LIMIT (PPT)

8.0

0.98

HNO
ND
ND
HbD

HI?
ND
ML

N
ND

ND

ND

ND

LEVELS DBETECTED (PPT)

LP-1I1I



TABLE 3-6. ANALYTICAL RESULTS FOR CONTAMINATED TIER 7 FISH SITES - STATISTICALLY SELECTED SITES

REGION LOCATION DESCRIPTION:

TYPE OF VIsSH CUT OF SAMPLE & DETECTED VALUE (PPT) LET LIKUT {(PPT)
a
JONTAMINATED SITES
| ME ANDROSCOGGIN RIVER - BRUNSWICK
BOTTOM FEFDER WIOLE FIsSH 1 19 ]
BO'ITOM FPEEDER FLLET 1 n 0.6
3 MDD SUSQUEHANNA RIVER - CONOWINGO
BOTTOM FEEDER WHOLE FISH 1.2 0.8
BOTTOM FEEDER FILET 1 0.5 0.1
-
3 PA SCHUYLKILL RIVER - PHILADELPHIA H
BOTTOM FEEDER WIIOLE FISH 2 1.2 0.1 i
BOTTOM FEEDER FILET 0 ND 0.7 ©
PREDATOR WHOLE FISH 1 1.9 0.2
PREDATOR FILET ] ND 0.5
4 MS YAZOO RIVER - REDWOOQD
PREDATOR WHOLE FISH 2 3.2 to
PREDATOR FILET 0 ND 1.2
5 IN WABASH RIVER -~ NEW HARMONY
POTTOM FEEDER WHOLE FISH 1 2 0.3
BOTTOM FEEDER FILET 0 HD 0.9
PREDATOR WHOLE FISH 0 ND 0.9
5 MI MUSKEGON RIVER - BRIDGETON
BOTTOM FEEDER WHOLE FP1sH ] 2.8 0.1
BOTTOM FEEDER FILET 0 ND 0.6
PREDATOR WHOLE FIsH 1 4.3 0.1
PREDATOR FILET 0 ND 0.4
[]
S MN RAINY RIVER - LONG SAULT '
BOTTOM FLEEDER WHOLE FIsSH 1 19 1.2

PREDATOR WHOLE FIsd 12



TABLE 3-6. (CONT.)

REGION LOCATION DESCRIPTION:

TYPE OF FIsH CUT OF SAMPLE ¥ DETECTED VALUE (PPT) DET LIMIT (PPT)
a
CONTAMINATED SITES
) OH GREAT MIAMI RIVER - NEW BALTIMORE
BOTTOM FEEDER WHOLE FISH 0 NI 4,6
PREDATOR WHOLE PISNH 1 1.2 0,08
5 OH LITTLE MIAMI RIVER -~ KILFORD
BOTTOM FHEEDER WHOLE F1sH 1 1.2 0.18
5 Wl NEMADJI RIVER - SOUTH SUPERIOR -
BOTTOM FEEDER WHOLE FISH 1 4 0.2 a
BOTTOM FEEDER FILET 1 0.9 0.4 I
PREDATOR WHOLE FISH ) 1.5 0.6 w
6 AR MISSISSIPPI RIVER - ARKANSAS CITY
BOTTOM FEEDER WHOLE FISH 3.7 0.4
PREDATOR WHOLE FISH 1 2.4 0,96
6 AR RED RIVER - INDEX .
BOTTOM FEEDER WHOLE FPISH 6 0.8
BOT'TOM FEEDER PILET 1 1.9 0.1
6 LA BEQOUF RIVER - FT; NECESSITY .
BOTTOM FEEDER WHOLE FISH 1 7 0.2
BOTTOM FEEDER FILET 0 ND 0.3
PREDATOR WHOLE FISH 1 1.4 0.4
PREDATOR FILET 0 ND 0.6



TABLE 3-6. (CONT.)

REGION LOCATION DESCRIPTION:

TYPE OF FISI CUT OF SAMPLE § DETECTED VALUE (PPT') DET LIMIT (PPT)}
6 OK WASHITA RIVER - DURWOOD
BOTTOM FEEDER WHOLE FIsi 1 1.3 0,32
BOTTOM FLEEDER FISH 0 NI 0,39
PREDATOR WHOLE FISH 0 ND 0.38
PREDATOR FILET ) ND 0.34
7 NE PLATTE RIVER - LOUISVILLE
BOTTOM FEEDER WHOLE FISH 1 2 0.4
BOTTOM FEEDER FILET o ND 1.4
9 CA OWENS RIVER - BIG PINE E
BOTTOM FEEDER WHOLE FIsH 1 1.2 0.8 )
POTTOM FEEDER FILET 0 ND 1.3 a
PREDATOR WHOLE FISH 0 ND 0.7
10  OR WILLAMETTE RIVER - PORTLAND . X
BOTTOM FEEDER WHOLE FISH 2 4.5 to1
BOTTOM FEEDER FILET 1 1.5 .73

4 cContamination defined as detectable levels.



TABLE 3-7. AMNALYTICAL RESULTS POR CONTAMINATED TIER 7 FISH SITES ~ REGIOHMALLY SELECTED SITES

REGION LOCATION DESCRIPTION:

CONTAMINATED 2 SITES

1 CT QUINIPIAC RIVER - NORTH HAVEN
1 MA BLACKSTONE RIVER - MILLVILLE

1 MA MERRIMACK RIVER - TYNGS ISLAND
1 MA NASHUMA RIVER - PEPPERELL

1 ME ANDROSCOGGIN RIVER - LEWISTON
1 ME KENNEBEC RIVER - SIDNEY

TYPE OF ¢iIsH

BOTTOM FEEDER
BOTTOM FEEDER

BOTTOM FEEDER
BOTTOM FEEDER
PREDATOR
PREDATOR

BOTTOM FEEDER

BOTTOM FEEDER
BOTTOM FEEDER
PREDATOR
PREDATOR

BOTTOM FEEDER
BOTTOM FEEDER
PREDATOR
PREDATOR

BOTTOM FEEDER
BOTTOM FEEDER
PREDATOR

CUT OF SAMPLE

WHOLE
FILET

WHOLE
FILET
WHOLE
FILET

WHOLE

WHOLE
FILET
WHOLE
FILET

WHOLE
FILET
WHOLE
FILET

WHOLE
PILET
WHOLE

FISH

FISH

FISH

FISH

FISH

FISH

FISH

F1ISH

FISH

FISH

§ DETECTED

[ =T

O - O -

-t b o

VALUE (PPT}

0.9
ND

HND

1.2

ND
3.5
ND

29
4.6
24
4.5

t1.4
1.2
20.3

0.24

UET LIMLIT (PPT})

T6=-II1



REGION LOCATION DESCRIPTION:

CONTAMINATED 2 SITES

1

HE PENOBSCOT RIVER - EDDINGTON

VT CONNECTICUT RIVER - NEWBURY

NJ PASSAIC RIVER - PATERSON

NY HUDSON RIVER - PEEKSKILL

NY HUDSON RIVER & GREEN ISLAND - TROY

DC POTOMAC RIVER - EAST POTOMAC PARK

MD POTOMAC RIVER - SHEPHERDSTOWN

PA ALLEGHENY RIVER ~ NEW KENSINGTON

TYPE OF FISH

BOTTOM 1'EEDER
BOTTOM FEEDER
PREDATOR

BOTTOM FEEDFR
BOTTOM FEEDER
PREDATOR
PREDATOR

BOTTOM FEELER
BOTTON FEEDER

BOTTOM FEEDER
PREDATOR
PREDATOHR

BOTTOM FEEDER
BOTTOM FEEDER
PREDATOR
PREDATOR

PREDATOR
PREDATOR

PREDATOR
PREDATOR

BOTTOM FEEDER
PREDATOR .

TABLE 3"7 L]

CUT OF SAMPLE

WHOLE F1SH
FILET
WHOLE FISH

WHOLE FISH
FILET
WIOLE F15H
FILET

WHOLE FISH
FILET

WHOLE FIsy
WHOLE FISH
FILET

WHOLE FIsH
FILET
WHOLE FISH
FILET

WHOLE FISH
FILET

WHOLE FISH
PILET ,

WHOLE FISH
WHOLE FISH

(CONT. )

# DETECTED

SO0 =

(S X QO = QO =

-

VALUE (PPT)}

N ]
(= I - -

1.6

ND

NI

o -
L]
W0 owd

“N
-
W

ND

1.7
ND

0.45
0.5

0.1

QPO
LS SR
i

=]

ooe0
(VI
-

= =1

0. 44

LET LIMIT {reT)

¢e-II1



REGION

LOCATION DESCRIPTION:

CONTAMINATED 2 SITES

3

PA JUNIATA RIVER - NEWPORT

VA JAMES RIVER - GLASGOW

VA SHENANDOAL! RIVER - ROCKLAND

TYPE OF FISH

BOTTOM FEEDFER
BOTIOM FEEDER
PREDATOR
PREDAROR

BOTTOM YEEDER
BOTTOM FEELER
PREDATOR
PREDATOR

BOTTOM FEEDER
BOTTOM FEEDER
PREDATOR

WV OH10 RIVER @ PIKE ISLAND - WHEELING

AL ALABAMA RIVER - CLAIBORNE

AL COOSA RIVER - CHILDERSBURG

BOTTOM FEEDER
POTTOM FEEDER
PREDATOR
PREDATOR

BOTTOM FEEDER
BOTTOM FEEDER
PREDATOR
PREDATOR

BOTTOM FEEDER
BOTTOM FEEDER
PREDATOR
PRECATOR

TABLE 3-7.

CUOT OF SAMPLE

WHOLE
FILET
WHOLLE
¥ILEYT

WHOLLE
FILET
WHOLE
FILET

WHOLE
FILET
WHOLE

WHOLE
FILET
WHOLE
FILET

WHOLE
FISH

WHOLE
FILET

WHOLE
FPILET
WHOLE
FILET

{CONT. )

FISH

FLISH

F15H

FISH

FISH

FISH

FISH

FISH

FISH

FISH

FISH

FISH

# DETECTED

- wh - O - o - S =0 = oo -

- b b b

VALUE {(PPT)}

0.7 0.1
ND 1

Ni) 1.1
HND 0.4
4.5 0.8
18] 1.6
1.4 0.3
N 1
1 1.3
NG 0.4
HO 0.2
1.2 0.1
ND 1
1.2 0.2
ND 0.6
23 0.65
2.4 0.08
17 0.09
12 0.15
15 0.1
3.2 1.2
13 1.4
6.7 0.3

DET LIMIT (PPT)

£ES-II1



REGION LOCATION DESCRIPTION:

CONTAMINATED 2 SITES

4

AL TENNESSEE RIVER - WATERLOO

GA FLINT RIVER, LAKE BLACKSHEAR
- CORDELLE

GA SAVANNAH RIVER - AUGUSTA

KY KENTUCKY RIVER - GEST

KY OHIO RIVER - CANNELTON DAM

KY OHIO RIVER - MARKLAND DAM

XY OHIO RIVER - UNIONTOMWN

TYPE OF FIsSH

DBOTTOM FEEDER
WYTFOM FEEDER
PREDATOR
PREDATOR

BOTTOM VFEEDER
PREDATOR

BOTTOM FEEDER
BOTTOM FEEDER
PREDATOR

BOTTOM FEEDER
BOTTOM FEEDER
PREDATOR
PREDATOR

BOTTOM FEEDER
BOTTOM FEEDER
PREDATOR
PREDATOR

BOTTOM FEEDER
BOTTOM FEEDER
PREDATOR
PREDATOR

BOTTOM FEEDER
PREDATOR

TABLE 3-7.

{CONT. }

CUT OF SAMPLE

WHOLE
FILET
WHOLE
FILET

WHOLE
FILET

WHOLE
FILET
WHOLE

WHOLE
FILET
WHOLE
FILET

WHOLE
FILET
WHOLE
FILET

WHOLE
FILET
WHOLE
FILET

WHOLE
WHOLE

F15H

FI1SH

FISH

FISH

FISH

FISH

FISH

FISH

FISH

FISH

FISH

FISH
FISH

# DETECTED

S0 - -

O = 0w CO0O=-

[ = T R

[ Y

VALUE (PPT)

4.1

3.4
ND

S=C0o
.- & = &
[ SIRU I KRR
b w o

0.13

DET LIMIT (PPT)

ps-I11



REGION LOCATION DESCRIPTION:

CONTAMINATED 2 SITES

4

KY

MS

M5

HS

NC

sC

OHIO RIVER - WESTPOINT

BIG BLACK RIVER -~ BOVINA

HOMOCHITTO RIVER - ROSETTA

PASCAGOULA RIVER - DENNDALE

CATAWBA RIVER - LAKE HICKORY

LAKE MURRAY - PROSPERITY

PEE DEE RIVER - PEE DEE

TYPE OF FISH

BOTTOM FEEDER
PREDATOR

BOTTOM FHEDER
BOTTOM FHEDER
PREDATOR
PRELVATOR

PREDATOR
PREDATOR

BOTTOM FEEDER
BOTTOM FEEDER
PREDATOR
PREDATOR

BOTTOM FEEDER
BOTTOM FEEDER
PREDATOR
PREDATOR

BOTTOM FEEDER
BOTTOM FEEDER
PREDATOR
PREDATOR

BOTTOM FEEDER
BOTTOM FEEDER
PREDATOR
PREDATOR

TABLE 3-7,

{CONT.}

COT OF SAMPLE

WHOLE
WHOLE

WHOLE
FILET
WHOLE
FILET

WHOLE
FILET

WHOLE
PILET
WHOLE
FILET

WHOLE
FILET
WHOLE
FILET

WHOLE
FILET
WHOLE
FILET

WHOLE
FILET
WHOLE
FILET

FISH
F15H

FiSH

FIsN

FISH

FISH

FIsd

FISH

FISH

FISH

FISH

FISH

FISH /

# DETECTED

CO = - (=~ =0 (=2 =R -

=B

VALUE (PPT)

5.2
2.1

2.2
NL
N
N§)

Nd
-
oo

5.2
N
2.7
HO

0.3
0.4

0.0QD
0 o =

DET LIMIT (PPT)

€6-II1



TABLE 3-7., (CONT.)

REGION LOCATION DESCRIPTION:

TYPE OF FISH CUT OF SAMPLE i DETECTED VALUE (PPT)  DET LIMIT {(PPT)
CONTAMINATED 2 SITES
5 IL DES PLAINES RIVER - LOCKPORT
BOTTOM FEEDER WHOLE FISH 1 12 0.6
BYITOM  FEEDER FILET i H.9 0.1
S IL ILLINOLS RIVER - FLORENCE
BO'TPOM FEEDER WHOLE st 1 2.7 0.5
BUOITOM FEEDER FILEY U ND 0.92
PREDATOR WHOLE FISH 0 N 0.69
PHREDATOR FLLET 0 ND 0.36
5 IL ILLINOIS RIVER - MARSEILLES :
BOTTOM FEEDER WHOLE F15H 1 15 0.7
BOTTOM FEEDER FILET 1 7 0.3
5 IL KASKASKIA RIVER - VANDALIA a
BOTTOM FEEDER . WHOLE FISH 1 1.2 1 "
BOTTOM FFEDER PILET 0 ND 0.7 &
PREDATOR * WHOLE FISH 0 ND E|
5 IL MISSISSIPPI RIVER - THEBES
BOTTOM FLEEDER WHOLE FISH 1 5.4 0.3
BOTTOM FEEDLER PILET 0 ND 1.6
PREDATOR WHOLE FISH 0 ND 1.6
5 IN GRAND CALUMET RIVER ~ HAMMOND :
: BOTTOM FEEDER WHOLE FISH 1 8 0.1
5 IN MISSISSNEWA RIVER - MATTHEWS
BOTTOM FEEDER WHOLE FISH ) 1 0.1
BOTTOM FEEDER PILET 0 ND 1.1
PREDATOR WHOLE FISH 1 2 0.1
PREDATUR PILET 0 ND 0.8
5 IN WABASH RIVER - BLACKROCK
BOTTOM FEEDER WHOLE FISH ' 1.4 0.2

BOTTUM FEEDER FILET 0 ND 0.4



TABLE 3-7. (CONT.)

REGION LOCATION DESCRIPTION:

TYPE OF FISH CUT OF SAMPLE # DETECTED VALUE (PPT) UDET LIMIT (PPT)
CONTAMINATED 2 SITES
5 MI CLINTON RIVER - MT. CLEMENS
BOTTOM PEEDER WHOLE FisSi 1 2.6 0.1
5 MI PLINT RIVER, FLMS ROAD - FLINT
BOTTOM FREDER WHOLE FISH 1 28 0,02
BOTTOM FEVDER FiLET 1 5.1 0.23
PREDATOR WHOLE FISH 1 .6 0.23
PREDATOR FILET ) ND 0,12
5 M1 KALAMAZOO RIVER - LAKE ALLEGAN POTTOM FREEDER WHOLE FISH 1 3 0.7
5 MI MUSKEGON LAKE - MUSKEGON
BOTTOM FEEDER WHOLE FISH 0 ND 1.4
BOTTOM FEEDER F(skinless) 1 5.2 2
PREDATOR WHOLE FISH 1 3.9 1.6 i
PREDATOR Fiskinless) 0 ND 2.4 W
in
~}
) MI PINE RIVER - ALMA
BOTTOM FEEDER WHOLE FISH 1 8.6 0.4
5 MI ST. CLAIR RIVER - ALGONAC
BOTTOM FEEDER WHOLE FISH 1 4.9 0.3
5 MN RAINY RIVER - INTERNATIONAL FALLS
BOTTOM FEEDER WHOLE FISH 1 23 0.52
BOPTOM FEEDER FILET 1 5.9 0.1
PREOATOR WHOLE FISH 1 B85 0.11
S OH GREAT MIAMI RIVER - FRANKLIN
BOTTOM FEEDER WHOLE FISH 1 4.8 1
PREDATOR WHOLE FPISH 1 1.8 0.13 -
5 OH GREAT MIAMI RIVER - HAMILTON
BOTTOM FEEDER °~ WHOLE FISH 2 3.7 .

0.3
BOTTOM FEEDER FILET ‘ 0 ND 0.6



TABLE 3-7. (CONT.)

REGION LOCATION DESCRIPTION:

TYPE OF F1SH CUT OF SAMPLE # DETECTED VALUE (PPT) DET LIMIT (PPT)
CONTAMINATED 2 SITES
5 OH OHIO RIVER - EAST LIVERPOOL
BOTTOM FEEDER WHOLE FISH ) 0.9 0.16
PREDATOR WHOLE FISH 1 1.08 0.03
5 OH OHIO RIVER -~ GALLIPOLIS
PREDATOR WHOL.E FISH 1 4 0.6
s OH OHIO RIVER - MARIETTA
BOTTOM FEEDER WHOLE FISH 1 3.6 0.03
PREDATOR WHOLE FISH 1 0.97 0.23
5 OH OMIO RIVER - PORTSMOUTH
BOTTOM FEEDER WHOLE FISH 1 2 0.136
PREDATOR WHOLE FISH 1 3.1 0.3 o
-
5 OH SCIOTO RIVER - CIRCLEVILLE ) 7;:;
BOTTOM FEEDER WHOLE FISH 1 3,2 0.19
PREDATOR WHOLE FISH D 2.7 0.4
3 Wl BLACK RIVER - BLACK RIVER FALLS
BOTTOM FEEDER WHOLE FISH 1 4.7 0.2
BOTTOM FEEDER FILET 0 ND 1.4
PREDATOR WHOLE FISH o ND 0.9
PREDATOR FILET 0 ND 0.9
5 WI ST. CROIX RIVER = ST. CROIX FALLS
BPOTTOM FEEDER WHOLE FISH 1 1.8 0.7
BOTTOM FEEDER FILET 0 ND 1.1
PREDATOR WHOLE FISH o ND 0.3
PREDATOR FILET 0 ND 0.5
6 LA BAYOU LAFOURCHE ~ MATHEWS
BOTTOM FEEDER WHOLE FISH 1 1.9 0.2
BOTTOM FEEDER FILET 0 ND 0.72
PREDATOR WHOLE FISH . 1 1.9 0.1
0 ND 0.67

PREDATOR FILET



TABLE 3-7, (CONT.}

REGION LOCATION DESCRIPTION:

TYPE OF FISH CUT OF SAMPLE % DETECTED VALUE (PPT) DET LIMIT (PPT)
CONTAMINATED ? SITES
6 LA MISSISSIPPE RIVER - ST. FRANCISVILILE
BOTPOM FEEDER - WHOLE ¥ISH 1 5.3 0.9
WYrroOM FEFDER FILET 0 ND 1
PREIRTOR WHOILLE FISN 1 0.7 0.2
PREDATOR FILFET 1 .4 (3.2
6 TX SAN JACINTO RIVER - LAKE HOUSTON
BOTTOM FEEDER WIIOLE FIsH 1 2.8 0.1
BOTTOM FEEDER FILET o NO 0.4
PREDATOR WIIOLE FISH 0 N 1.7
PREDATOR FILET ] ND 1.2
7 IA BIG SIQUX RIVER - AKRON
BOTTOM FEEDER WHOLE FISH 1 1.3 0.1 ot
SOTTOM FEEDER FILET 0 ND 0.4 3
D
7 K5 ARKANSAS RIVER - DERBY
BOTTOM FEEDER WHOLE FISM 1 0.8 0.5
BOTTOM FEEDER FILET 0 NO 0.2
7 KS NBOSHO RIVER - CHETOPA
BOTTOM FEEDER WHOLE FISH 1 2.4 1.2
. BOTTOM FEEDER FILET 0 ND 0.5
PREDATOR WHOLE FISH 0 ND 0.7
PREDATOR FILET 0 ND 0.7
7 XS TUTTLE CREEK RESERVOIR _
BOTTOM FEELER WHOLE FISH 1 4.7 0.3
BOTTOM FEEDER FILET 0 ND 1.1
PREDATOR WHOLE FISH 0 ND 0.7
PREDATOR FILET o ND 0.8
7 MO LITTLE RIVER DITCHES - HORNERSVILLE ,
BOTTOM FEEDER WHOLE FISH 1 1.9 0.5 -~
BOTTOM FEEDER FILET s 1 0,4 0,2 [
PREDATOR WHOLE FPISH 1 1.3 0.2
PREDATOR FILET 0 D 0.6



TABLE 3-7. (CONT.)}

REGION LOCATION DESCRIPTION:

TYPE OF FISH CUT OF SAMPLE % DETECTED VALUE (PPT) DET LIHIT (PPT)
CONTAMINATED 2 SITES
7 MO MISSOURI RIVER -~ LEXINGTON
BOTTOM FEEDER WHOLE FISH 1 1.8 0.2
BOTTOM FEEDER FILET 0 ND 0.6
PREDATOR WHOLE FIsH o ND 0.6
PREDATOR FILET 0 ND 0.1
7 MO ST. FRANCIS RIVER ~ CARDWELL
BOTTOM FEEDER WHOLE FISH 1 3.4 0. 21
8 ND RED RIVER - PEMBINA
BOTTOM FEEDER WHOLE FTSH 1 1.8 0.72
BOTTOM FEEDER FILET 0 ND 0.9
PREDATO: WiLE FISH 0 ND 0.72
"
H
Y
O

8 Contamination defined as detectable levels.



TABLE 3-8. ANALYTICAL RESULTS FOR CONTAMINATED TIER 7 FISH SITES - GREAT LAKES AREA

REGION LOCATION DESCRIPTION:

CONTAMINATED? SITES

2 NY LAKE ONTARIO--BUFFALO RIVER

NY LAKE ONTARIO--EIGHTEEN MILE CREEK

NY LAKE ONTARIO--NIAGARA RIVER

NY LAKE ONTARIO--OLCOTT

NY LAKE ONTARIO--ROCHESTER

NY LAKE ONTARIO--WILSON

2 Contamination defined as detectable levels.

TYPE OF F15M

BOTTOM FrEFDER
BOT'TOM FEEDER

BOTTOM FEEDER
BOTTOM YEEDER
PREDATON
PREDATOR

BOTTOM FEEDER
BOTTOM FEEDER
PREDATOR
PREDATOR

PREDATOR
PREDATOR

PREDATOR
PREDATOR

PREDATOR
PREDATOR

CUT OF SAMPLE

WHOL.E
FILET

WHOLE
FILET
WHOLE
FILET

WHOLE
FILET
WHOLE
PILET

WHOLE
FILET

WHOLE
FILET

WHOLE
FILET

FISH

FISH

FLSH

F1SH

FISH

FISH

FISH

FISH

DETECTED

- 5 -

et et el e

VALUE (FPT)} DET LIMIT (PPT)

1.9 0.6
0.76 0.4
6.3 0.5
N 0.65
20 0.2
1.6 0.5
LR 0.4 .
8.4 0.1 H
5.8 0.1 iy
2.3 0.1 =
18 1.4
13 9.7
13 0.6
12 0.3
23 0.3
9 0.9

——



TABLE 3-8, (CUNT.)

REGION LOCATION DESCRIPTION:

TYPE OF FISH CUT OF SAMPLE NO. DETECTED VALUE (PPT) DET LIMIT (PPT)
CONTAMINATED® SITES
5 M1 LAKE ERI1E--TRENTON CHANNEL

BOTTOM FEEDER WHOLE FISH ] 14 0.6
BYPTOM FEELER FILET 1 2.7 (1]
PHREDATOR WHOLF, FIsSH (0] NI) 1.6
PREDATOR FILET 0 NI 0.4

MI LAKE ERIE--RIVER ROUGE
BOTTOM FEEDER WHOLE FISH 1 241 1.8
8OTTOM FEEDER FILET 1 4.4 0,26
PREDATOR ) WHOLE FISH 1 3.4 1.01
PREDATOR FILET 0 ND 0.68

MI LAKE ERIE--DETROIT RIVER
BOTTOM FEEDER WHOLE FISH 1 9.1 0.1 -
BOTTOM FEEDER FILET 1 8 0.1 HH
PREDATOR WHOLE FISH 2 3.8 0.1 &
PREDATOR PILET 0 ND 0.58 i

MI LAKE MICHIGAN--ROCKPORT
PREDATOR WHOLE FISH 1 5.0 1.1
PREDATOR FILET ' 9.8 0.2

MI LAKE MICHIGAN--SANGATUCK
PREDATOR WHOLE FISH 1 4.0 1.4
PREDATOR PILET 1 6.5 0.25

MI LAKE MICHIGAN--WHITE LAKE ,
BOTTOM FEEDER WHOLE FISH 2 1.8 0.45
BOTTOM FEEDER FILET 0 ND 0.21
PREDATOR WHOLE FISH 1 1.1 0.1
PREDATOR PILET 0 ND 0.42

MI LAKE ST, CLAIR--ANCHOR BAY ‘
PREDATOR WHOLE FISH (o 1 5.8 0.95 »
PREDATOR FILET 1 2.3 0.1 )



REGION LOCATION DESCRIPTION:

CONTAMINATED? SITES

MI LAKE

NY LAKE

OH LAKE

OH LAKE

WI LAKE

WI LAKE

W1 LAXE

HURON-~=SAGINAW - BAY--CASEVILLE

ONTARI O--0SWEGO

ERIE-~-BLACK RIVER

ERIE--CUYAHOGA RIVER

MICHIGAN--FOX RIVER

MICHIGAN--MENOMINEE RIVER

MICHIGAN--OCONTO RIVER

TYPE OF FISII

BOTTOM FEEDER
HOTTOM VEEDER
PREDATOR
PREDATOR

PREDATOR

BOTTOM FuEDER

BOTTOM FEEDER

BOTTOM FEEDER
BOTTOM FEEDER
PREDATOR
PREDATOR

BOTTOM FEEDER
BOTTOM FEEDER
PREDATOR
PREDATOR

BOTTOM FEEDER
BOTTOM FEEDER
PREDATOR
PREDATOR

TABLE 3-8.

CUT OF SAMPLE

WHOLE
FILET
WHOLE
FILET

FILET

WHCOLE

WHOLE

WHOLE
FILET
WHOLE
FILET

WHOLE
FILET
WHOLE
PILET

WHOLE
PISH

WHOLE
FPILET

FIsH

15

FIsN

FISH

FISH

FISH

FISH

FISH

FLISH

{CONT,. )

NG,

NETECTED

A

o mh b b

-t amd b b

OO0 -

VALUE (PPT)

2.4

- ot T w)
+
[

*
[-- I3

g

ND

DET LIMIT (PPT)

£9-111



REGION LOCATION DESCRIPTION: .
TYPE OF FISH CUT OF SAMPLE NO. DETECTED VALUE (PPT}) DET LIMI'T (PPT)

CONTAMINATED? SITES

WI LAKE MICHIGAN--PESTIGO RIVER
POTTOM FEEDER WHOLE FIst i 8.5 0.6
BOTIM FEEDER FILET ' 3.5 0.29
PREDATOR WHOLE FISH ] 1.5 0.38
PREDATOR : FILET 0 ND 0.22

WI LAKE SUPERIOR=--~ASHLAND
BOTTOM FEEDER WHOLE FIsd 1 4.8 0.4
BOTTOM FLEEOER FILET 0 ND 1.3

Wl LAKE SUPERIOR--SUPERIOR
BOTTOM FFREDER WHOLE FISH 1 15 0.2
BOTTOM FEEDER PILET 1 5.2 0.7
PREDATOR WHOLE FISH | 5.2 0.46
PREDATOR . PILET 0 ND 1,2

b9-111



TABLE 3-9. RESULTS OF ANALYSES OF TIER 7 FISH - ESTUARINE AREAS

REGION LOCATION DESCRIPTION:

CONTAMINATED? SITES

1 RI NARRAGANSHTT BAY--NARRAGANSETT
2 NJ SANDY HOOK BAY--LEONARD
6 LA GARDEN ISLAND BAY--VENICE

TX TRINITY BAY

3 Contamination defined as detectable levels

MATRIX TYLE

MUSLSELS

MUSHELS

FISH-FILET

PISH-WHOLE

OYSTERS

NO. SAMPLED NO, DETECTED
1 1
1 )
1 0
1 1
1 1

VALUE {(PPT)

.04

ND
3.3

+

DET LIMIT (PPT)

0.01

o) -
»
-

§9~1I711I



Chapter Four

COMBUSTION SOURCES

4.1 Obijeztives

Tier 4 was designed as a screening study to determine which
combustion source categnories emit CDDs and at what concentra-
tions. The main focus was on releases to the ambient air:
however, other samples, such as ash and scrubber water, were also
obtained to determine if these compounds are released to other
media. Because some combustion sources weére known to emit a wide
range of CDD and CDF compounds, tier 4 samples were analyzed for
specific homologues of CDDs and CDFs as well as for 2,3,7,8-TCDD,
the compound of most specific concern.

4.2 Background
There ara millions of combustion sources in the United

States. Residenzial heating units burn oil, gas, coal, and wood
for heat. Larger commerciul, institutional, and utility boilers
burn fossil fuels to generate heat and electricity. Many
industrial processes burn fuels and other raw or waste materials
to procduce heat and/or to recover products of marketable value.
Qther processes, such as incineration, use combustion to reduce
the volume of unwanted waste products and to recover heat and
ocher resources from the waste products. Open fires, both
accidental (e.g., structural and forest fires) and intentional,
(i.e., those set for forest management and agricultural burning)
are other examples of combustion sources.

assessment of CDD and CDF emissions from combustion sources
has been limited. Previous work included studies of emissions
from hazardous waste incinerators, utility boilers and municipal
waste combustion. Even for those source categories that have
been tested, there is considerable variation in both the extent
and quality of testing and the test methods employed.
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4.3 Study Design

It was impractical to test all of the combustion source
" categories under tier 4. A study plan was developed that
identifiec tnose source categories which were believed to have
the greatest potential for CDD emissions., Selection and
prioricization of source categories for testing were based upon a
review of CDD-related studies reported in the literature, and on
engineering judgment (EPA, 1984c). Information from this review
suggested that the following conditions were most important for
CDD formaticn:
1. Presence of CDD in the materials being burned;
2. Presence of CDD precursors in the materials being burned
(e.¢., chlorinated phenclis, chlorinated benzenes); and
3. Presence of chleorine, fuel and combustion conditions
conducive to CDD formation, including: “a
{a) Relatively low combustion temperature (500-800°C);
{b) Short residence time of fuel in the combustion zone
(<1l=2 seconds):;
{¢) Inadeguate oxygen (resulting in incomplete
combustion): .
(2d) 1Inadequate processing of fuels (e.g., burning of
wet garbage); and
{e) Lack of supplemental fuel to promote combustion
efficiency.

Based on a relatively subjective determination of which
combustion source categories were most closely associated with
these factors, judgments were made regarding the potential of
various source categories to emit CDDs. Certain source
categories judged tc have a relatively low potential to emit CDDs
were not given further consideration for testing. For example,
process neaters and gas turbines were believed to have low
potential because of their higher combustion efficiencies and
their use cf fuels with low chlorine content (e.g., natural gas).

Municipal waste combustors, sewage sludge incinerators and
recovery borlers at kraft paper mills were identified as large
source categories with the potential to emit CCDs. Table 4-l
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TABLE 4-1. (COMBUSTION SOURCE CATEGORIES WHERE ASH AND STACK
SAMPLES wEREZ COLLECTED

Sample Type

Source Categories Sampled Stack

Sewage Sludge Incinerator X (3)3

Kraft Paper Recovery Boiler X (3}
(1)
(1)
(1)
(1)
(1)
(1)

(1)

Industrial Waste Incinerator
Wire Reclamation Incinerator
Secondary Copper Smelter
Carbon Regeneraticn Furnace
Drum and Barrel Furnace

Wood Stove

E A A . -

Wood-fired Beiler

b
I T - T T - - )Cll:l::_

Charcoal Manufacturing Oven
Mobile Source X (2)
Utility Boiler

Small Spreader~Stoker Coal-fired Boiler
Commercial Boiler

Kiln Burning Hazardous Waste

LA - R

Open Burning/Accidental Fire
Sulfite Liquer Boiler
Apartment House Incinerator
Hazardous Waste Incinerator
tHospital Incineracor

Municipal Waste Combustor

S - S S o B

Charcoal Grill

SNumber in parentheses indicates how many sources in the specified
source category were stack tested under tier 4,
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lists the source categories identified by the prioritization
effort. A more complete explanation of the selection and
prioritization process is contained in the tier 4 Project Plan.

The Project Plan was widely circulated for comment prior to
implementation. Some of the source categories in Table 4-]1 were
included primarily on the basis of reviewers' recommendations.

A few source categories (wood stoves and mobile sources) were
included because these sources were being tested for other
purposes, and the add-on cost of CDD/CDF testing was small,
Adjustments were made to the initial list as the study
progressed,

Tier 4 sampling efforts focused on source categories that
had not been widely tested. Although some municipal waste
combusctors (MWCs) were known to emit CDDs, no additional stack

-

f

testing of this source category was performed directly under
tier 4." Compared to most other source categories, a relatively
large data base already existed. In addition, other air
pollution control agencies, e.g., the New York Department of
Environmental Conservation and Environment Canada, were either
conducting or planning data c¢onllection studies for MWCs,
Selected MWC emission data and ash sampling results are
summarized later in this report.

4.3.1 Sample Collection
Two types of testing were considered for each of the source

categories listed in Table 4~-1:

Stack Sampling

Stack sampling provides the best quantitative wmeasurement of
emissions; however, it is expensive (e.g., $50,000~100,000 per
source, not including analytical costs). Where possible, stack
gas samples were collected both before (inlet) and after (outlet)

* Subsequent to this decision, Congress directed EPA to
provide a report specifically on municipal incinerator
emissions of CDDs under the requirements of Section 102 of
the Hazardous and Solid Waste Act of 1984,
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any polluticon control device. Ash, feed, and soil samples were
also collectad at sitses that were stack testad.

Because of the high ¢osts, only 13 socurces could be stack
tested., Three kraft paper recovery boilers and three sewage
sludge incinerators were tested because they appeared to have
conditions particularly conducive to CDD formation. Only one
gsource in each of the other selected source categories was
tested., Th2 focus of the testing program was primarily on
sources believed to be indicative of average to worst case
emission situations,

Ash Sampling

Ash samples were collected from air pollution control
devices {(fly ash) or from residues of combustion (bottom ash} to

provide an incication of the presence of CDDs. A secondary .

objective of the tier 4 study was to examine possible
relationships between ash and stack test results. If such a
relationship could be determined, inexpensive ash samples could
be used in lieu of expensive stack testing to identify source
categories with high CDD/CDF emission rates. Use of ash data is

currently limited because observed correlations between levels of

CDDs in fly ash and CDD stack emissions are not sufficient for
quantitative use. Ash samples were generally collected from
three sources in each of the source categories listed in Table
4-1.

4,3.2 8Site Selection

Selection of test sites for stack and ash sampling was based
on a number of factors. EPA Regional Offices recommended sources

based on the criteria outlined in the Project Plan (EPA, 1985b).
A technical analysis was conducted to determine the operational
parameters for a particular source category that -would likely
result in a "representative" to "worst-case" emission situa-
tion. Candidate sources were contacted, and pre-test survey

visits conducted, to identify plants with operations most closely

resembling the hypothesized conditions, which had acceptable
stack sampling locations.
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Once a site was selected for stack testing, a detailed pre-
test plan was prepared which described the physical layout of the
source, the location, number, and types of samples to be
collected, and associated quality assurance activities. After
the test was completed, a separate report for each site was
prepared that described the actual testing performed and the test
results.,

Ash sampling sites were generally selected based upon
recommendations from Regional, State and local environmental
agencies. Ease of sampling and level of participation by the
agencies were considered in those cases where several facilities
appeared to be of agual interest. Ash samples were collected by
State and local agencies and EPA contractors during the surveys
of candidate sourceé for the stack sampling program, as part of .
actual stack sampling, and from selected additional facilities,

4.3.3 Sampiing Procedure and Analyses

Consistent sample col! :ction procedures were used at all
sites. Sampling methodologies and procedures are described in
three tier 4 protocol documents. One document describes the ash
sampling procedures, a second the stack sampling procedures, and
a third the guality assurance measures and procedures (EPA,
1985c, 1984d, 1985d). The stack testing method used at tier 4
sampling sites is the state-of-the-art method proposed for use by
a joint American Society of Mechanical Engineers (ASME) and EPA
Work Group for municipal incinerators, with minor
modifications. This procedure, which uses a modified EPA Method
5 sampling train, is described in detail in the stack test
protocol document.

EPA's "Troika" of three in-house laboratories was
responsible for the analyses, as well as for the'p:eparation of
the CDD and CDF analytical protocols and laboratory quality
control procedures to be used with tier 4 samples. Analytical
methods are described in an addendum to a Troika procedures
document (EPA, 1986e).
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wWhile the Troika was responsible for all CDD and CDF

analyses, an EPA concractor (Radian Corporation) provided support
for the anzivyses of o:her compounds. Tor exampie, samples of the
fuels and other fzed matarials at each site were analyzed to
determine the presence of possible precursors (e.g., chlorinated
benzenes, biphenyls, anc phenols). In addition, continuous
emissions cata were collected f£or various stack gases (e.g., CO,
CO4, O,) during each stack test. Analytical procedures used for
these anaiyses are described in a separate report: (EPA, 1986f).

A second EPA contractor (Research Triangle Institute)
conducted the quality assurance program, which included auditing
three stack tests and introducing audit samples inteo the
laboratories to evaluate their performance, The independent
quality assurance program is described in a ssparate report N
(EPA, 1985d).

4,4 Results

Approximately 350 samples were collected, 20-25 percent of
which were £3r internal quality assurance purposes. Thirteen
sources were stack tested and 72 sites were tested under the ash
sampling procgram. (Coliected samples were sent to the appropriate
analytical laboratcry 1n accordance with established procedures.

4,4.1 Tisr 4 Stack Test Results

Table 4~2 contains the CDD results for the 13 sites tested,
while Table 4-3 presents the CDF results. Data presented in
these tables represent concentrations of emissions measured in
the stack gases. CDD/CDF stack concentrations have been
normalized to a 3 percent oxygen concentration. This removes the
effect of dilution, and is a more appropriate means of comparing
combustion precesses.

There is considerzble variation in the concentrations among
the sources tested under tier 4. Each of the sources with valid
data had detectable levels of CDDs and CDFs, although not all had



TALLE 4~

2. TIER 4 COD STACK TESTING RESULTS

{ng/dscm @ 3% Ozla

Chlorinated Dibenzo-p-dioxin ilomoloyues
Other Tbtalb
Sguxce 2,3,7.8-1TCOB] Tetra- Puenta- Hexa— llepta- Qcta- Tetra-0Octa
Drum amnd Barrel Furnace .05 1.2 0.72 0.79 1.3 0.92 5.0
Industrial Carbon Regenerator NDC 0.57 0.44 0.498 0.90 0.41 3.7
Industrial Waste Incinerator 4.5 77 100 150 230 61 630
Kraft Paper Recovery Boilers
Plant A ND ND ND .06 0.18 0.49 0.73
Plant B ND HD D 0.10 0.26 0.83 1.2
Secondary Copper Snelterd 170 1400 2300 2200 5900 3700 16, 000
Sewage Sludge Incinerators
Plant A 0.05 " 0.18 0.51 2.5 5.3 20
Plant B ND Q.40 ND ND 0.22 0.98 1.6
Plant C 0.14 8.1 1.1 7.0 2 15 53
Wire Reclamation Incinerator? 0.07 1.2 2.2 14 130 290 aa0
wood-fired Boiler 0.26 47 48 49 39 1" 200
{Salt Laden ¥Wood)
Wood Stoves NR® NR NR NR MR NR NR

8=Al

ang/dscu € 3% 0, = nancgrams per standard cubic meter of flue gas, normalized to 3 percent oxygen.
Numbers across may not add up to totals due to rouhding.

°ND = Not detccted, generally at less than 0.1 ng/dscm @ 3% 0,.

dpstimated values. Stack sampling results for this site do not meet analytical quality assurance
objectives, but represent lower level estimates. '

®NR = Not reported due to organic interference.



TABLE 4-3.

TIER 4 CDF STACK TESTING RESULTS

(ng/dscm @ 3% 0,)°

Chliorinated Dibenzofuran llomoloyues
Other 1Utalb
Source 2,3,7,.8-ICLKF Tetra~. Penta- ilexa- ilepta- Octa- |Tetra-octa

Drum and Barrel Furnace 0.90 14 6.2 3.0 2.0 .55 27
Industrial Carbon Regeaerator T 1.2 0.137 0.59 d.61 Q.54 3.3
Industrial Waste Incinerator 2% 5710 610 650 470 66 2400
Kraft Paper Mill Recovery
Boilers

Plant A 0.02 0.16 0.06 0.07 0.16 0.13 0.9

Plant B 0.0% 0.13 ND 0.34 0.17 0.07 o. N

Pl.al‘ll‘. C 000' 0.46‘ 0-46 0059 0-50 0009 2.'
Secondary Copper Smelter® 5100 19,000 |19, 000 6000 11,000 7200 65, 000
Séwage Sludge Incinerators

Plant A N 33 10 .10 0.5 0.10 a4

Plant B 2.1 19 4.8 1.6 ND 0.07 28

Plant C 54 150 110 2 60 415 450
wire Reclamation Incineratord 0.40 29 22 65 230 230 540
Wood-fired Boilér 1.8 37 23 13 6.5 0.92 6l

{Salt Laden Wood)
wWood Stoves NR NR NR NR NR NR NR

= nanograms per standard cubic meter of Flue gas, normalized to ) perceat oxygen.

6=A1

ang/dscn e i 02
Numbers acroas may not add up to totals due to rounding.

CNpD = Not detected, generally at less than 0.) ng/dscm @ 3% 0. ¢

destimated values. Stack sampling results for this site do not meet andlytical gquality assurance
objectives, but represent lower level cstimates.

€NR = Not reported due to organic interference.

]
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detectable levels of 2,3,7,8-TCDD. The reported 2,3,7,8-TCDD,
CDD and CDF concentrations from the sécondary copper smeiter are
one or more order of magnitude larger than any other source
tested under tier 4, and as many as two to four orders of
magnitude greater than concentrations from some of the sources.

A nunber of sources have considerably lower concentrations
than the seceondary copper smelter, but considerably greater con-
centrations tnan a number of other sources. On the other hanc,
some sources (e.g., kraft paper recovery‘boilers) have very low
concentrations of 2,3,7,8-TCDD, CDDs and CDFs. For most sources
the CDF concentrations appear to be closely related to those of
CDLg, i.e., sources which emit higher concentrations of CDDs also
emit greater amounts of CDFs.

4.4.12 Quality Assurance

The sampling and analysis in this study required the use of
state-of-the-art methods. The stack sampling method is currently
undergeoing vaiidation testing. Preliminary results indicate that

‘récovgry efficiencies fror. the sampling train may be low and
variable. Analytical methods were not always able to cope with
high levels of interfering contaﬁination: thus, for some samples,
the desired validity and precision of results was not achieved.

The stack gas samples collected at the secondary copper
smelter ceontained such high levels of CDDs and CDFs that the
sensitivity cf the analytical procedures and equipment was
raduced. Therefore, the results for this source represent
minimum levels, and actual values could have been considerably
higher.*

At the wire reclamation incinerator, the levels of
concentration from other organic compounds in the sample were so
high, even after rigorous laboratory extraction and sample

*Subsequent to the tier 4 test, the secondary copper smelter was
retested by the source in conjunction with the State agency.

This retest found CDL emissions to be one third of the tier 4
results while CDF emissions were 70 percent of the tier 4 values,
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¢leanup procecures, that only estimates of CDDs and CDFs are
available. At the wood stove site, it could not be determined if
CDDs/CDfs were present in any of the three stack test samples due
to similar organic contamination. NO results were obtainec from
the mobile source exhaust samples because internal reference
standards were not added to the samples prior to the extraction
step in the analytical procedure. At a few other sites,
relatively minor problems occurred with limited number of
samples, but these did not affect the analysis or the overall
integrity of the data.

4,4.2 Results Reported in the Literature

The scientific literature was reviewed to identify
combustion scurce studies that were similar in scope and
measurement methodology to tier 4. CDD and CDF data for 17
sources in the U.S. and Canada are presented in Tables 4-4 and ™
4-5, These results have also been normalized to a 3 percent

oxygen concentration.

' Table 4-6 has been prepared to facilitate a comparison of’
these data with those obtained under the tier 4 program.. The
sources in Tasle 4-6 are listed in descending order of
2,3,7,8-TCDD concentrations.

Eight source tests (seven coal-fired boilers and one co;
fired boiler firing fuel and refuse) reported in the literature
had "non-~detectaple" stack gas concentrations of CDbs and CODFs.
Pre-1986 data for municipal waste combustors (MWCs) are also
providec.

4.5 Discussion of Stack Test Results

The determination of the ground level concentration includes
the impact on dispersion of stack height, stack gas temperature,
stack gas flow rate (i.e., the size of the source) and local
meteorological conditions, in addition to CDD and CDF stack




(ng/ascm @ 3% 0,)?

TABLE 4-4, CDD EMISSIONS DATA FROM STUDIES SIMILAR TO TIER 4

ZT1-4aT

Chlorinated Dibenzo-p-dioxin Homologues
Other - Total?
Source 2,3,7,8-TCOD| Tetra- |  Penta- Hexa- Hepta- Octa- | Tetra-icta
Hazardous Waste Incinerator 1.4 64 4.3 1.2 1.1 2.4 7
Hospital Incinerator ND® ND 74 65 79 110 130
Municipal Carbon Regenerator ND 0.01 0.113 0.37 0.47 1.6 3.3
Municipal Waste Combustors
Plant A 0.7 10 Nr9 26 12 4.1 53
Plant B 26 700 1600 1700 1600 860 6400
Plant C NR 2.1 1.7 3.4 25 14 46
Plant D 0.8 30 250 210 200 15 no
Plant E 16 640 1700 1200 520 210 4300
Plant P HR 7 18 36 58 20 210
Co-fired Boiler ND ND * ND ND HD ND ND
80% Coal /20% Refuse
Coal-~fired Utiliéy Boilers NR ND ND ND ND ND ND
Seven Plants

8hg/dscm @ 3% 0, = nanograms per standard cubic meter of flue gas, normalized to 3} percent oxygen.
umbers across may not add up to totals due to rounding.

SND = Not detected, generally at less than 1. ng/dscm @ 3% 0,.
ot reported.




TABLE 4-5. CDF EMISSIONS DATA FROM STUDIES SIMILAR TO TIER 4

{ng/dscm & 3% Oz)a

Chlorinated Dibenzofuran Homologues

Other
Source 2,3,7,84TCQR_ Tetra~ Penta~ Hexa- flepta- QEEE:_.

Hazardous Waste Incinerator 2.1 170 V2 4.8 0.81 0,24
Hospital Incinerator NRE 130 220 200 120 65
Municipal Carbon Regenerator 0.02 1.4 1.1 0.7 0.76 Q.72
Municipal Waste Combustors

Plant A NR 150 NR 100 12 1.0

Plant B 3109 3300 4200 2200 1600 120

Plant C NR 14 9.4 15 56 22

Plant D 4 65 60 13 3 ND€

Plant E 57 1400 2100 1400 400 a

Plant F NR KE:] 63 78 62 12
Co-fired Boiler ND ND ND ND ND WD

B80s Coal/20% Refuse
Coal-fired Utility Boilers NR ND ND HD ND ND

Seven Plants

Totall

260
11,600
120
150
5300
250

ND

ND

ang/dscn @ 3% 0, = nanograms per standard cubic meter of flue gas, normalized to 1} percent oxyqen.
umbers across may not add up to totals due to rounding.

®Not reported.

nly three of eleven tests conducted at this site reported 2,3,7,8-TCDF.

eND = Not detected, generally at less than

' ng/dscm & 3% 0,

EI"&I
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TABLE 4~-&. TiZk 4* AND OTHER SQURCES LISTZD IN RANK ORDER BY
2,3,7,8-1T200 CONCENTRATIONS
(ng/dscm 2 3% 0,)%
Source 2,3,7,5=-TCDD| Total CDDs Total CDFs
*Sacondary Copper Smeizer® 170 16,000 63,000
Municipal waste Compustor - Plant B 26 6,400 11,800
Municipal Wast2 Combustor - Plant E 19 4,300 5,300
*Industrial wasce Incineracsr 4.5 630 2,400
Hazardous Waste Incinerator 1.4 17 130
Municipal Waste Combustor - Plant D 0.8 o 150
Municipal Waste Combustor - Plant A 0.7 53 260
*Wood~fired BolL.sx -28 200 gl
*Sewage Sludge Iacineratsr = Plant C 14 53 2450
*Wire Reclamation Incinera:orb .07 440 580
*Sewage Sludge Incinerator = Plant A +05 20 44
*Drum and Barrel Furnace +05 5 27
Hospital Incineratsr ND® 330 73%
Aunizipal waste Combustsr - Plant F wrd 210 259
Municipal Waste Combustor = Plant é NR 46 120
*Industrial Carben Regenerator ND 3,7 3.3
Municipal Carbon Regenerator ND 3.3 4.8
*Krafc Paper Recovery soiler - Plant C ND 2.9 2.1
*Sewage Sludge Incinerator - Plant B ND 1.6 28
*Kraft Paper Racovery boiler - Plant B ND 1.2 0.7
*Kraft Paper Recovary Boiler -.Plant A ND 0.7 0.8
Co-fired Boiler (ccal and municipal waste)| ND ND ND
Coal=fired Utilivy Boilers (7 Plants) NR ND ND

2ng/dscm @ 3% 0, = nanograms per standard cubic meter of flue
gas, normalized to 3 percent oxygen.

Data reported £or this site are "estimated minimum”,

value may be higher.

The true

°ND = Not detected, generally at less than 1 ng/dscm @ 3% 02.

dNR = Not reported.




Iv=-15

concentrations. These parameters were entered into the
dispersion component of the Human Exposure Model (HEM) to
estimate the annual average ground level concentration in the
vigcinity of tne source. 1In tne application of this model to the
tier 4 data, it is assumed that the CDD and CDF emitted from the
stack is a gas. This assumption is believed to be a reasonable
one for these sources. While different calculated ambient air
concentrations could result from particle deposition, it is
believed tnat such effects would not be significant because

1) these sources are gencerally low level emitters; and 2) the
particle size is likely to be small enough that the effect of
deposition on ambient air concentration will not be a significant
factor.

As discussed in Chapter 1, EPA uses "2,3,7,8-TCDD toxic
equivalency factors" (TEFs) to estimate the toxicity of other
CDDs and CDFs. The TEFs for the various CDDs and CDFs were
presented in Table 1-l. 1In applying the TEF approach, CDDs/CDFs
. £6or a particular homologue were assumed to be the most toxic¢

-

isomer, thus yielding an upper bound estimate. The particular
TEF values used in this tier are presented in Table 4=~7.

The calculated maximum ground level concenttation, estimated
annual loacings, anc¢ 2,3,7,8+«TCDD equivalents for the tier 4
sources ancd for most of the sources from the literature are
presented in Table 4-8.* To place these results in some
perspective, the cancer risk from inhalation exposure to a ground
level concentration of 1 picogram per cubic meter of 2,3,7,8-TCDD
equivalents is estimated at 3.3 chances in 100,000, assuming 70
years of continuous exposure. As with the stack concentration
data, there is considerable variability among the various sources

*Ground level concentrations were not calculated for the eight
sources with nondetectable CDD/CDF emissions. MWNeither the
hospital incinerator nor the municipal waste combustor, Plant
F, are included in Table 4-8,
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TABLE 4-7. RELATIVE POTENCY FACTORS USED IN ESTIMATING
2,3,7,8-TCDD EQUIVALENTS

Compound (s} Relative Potency Factor
2,3,7,8-TCDD 1.0
Other TCDDs* 0.01
Penta-CDDs 0.5
Hexa-CDDs 0.04
Hepta=CDDs . 0.001
Octa-CDDs 0.000
2,3,7,8-TCDF ¢.1
Other TCDFs* 0.001
Penta CDFs 0.1
Hexa=CDFs 0.01

-Hepta~CDFs ‘ : 0.001
Octa-CDFs 0.000

NOTE: In situations where 2,3,7,8=-TCDD or 2,3,7,8-TCDF were not
cnemically analyzed in the sample, then TCDDs and
TCDFs will have a relative potency factor of 1.0 and
0.1, respectively.



TABLE 4-8,

TIER 4 AN OTHER SOURCES LISTED IN RANK ORDER BY 2,3,7,8-TCOD EQUIVALENTS?

Annual Average
2,3,7,8-TCDD Maximum Ground 2378-~TCDD
Equivalents Level Concentration® Egquivalent Emissious
Source (ng/dscm @ I 02)b (pg/m3) (g/year}d

*Secondary Copper Smelter® 3900 1.5 gou
Municipal Waste Combustor - Plant B 1400 2.1 500
Municipa) Waste Combustor - Plant E t 300 1.5 140
Municipal Waste Combustor - Plant D 140 3.0 x 102 95
*Industrial Waste Incinerator 130 1.2 x 1072 0.7
Municipal Waste Combustor - Plant A 56 0.3 80
sWood-fired Boiler 29 6.1 x 1072 0.6
*Sewage Sludge Incinerator - Plant C 25 0.9 2

*Wire Reclamation Incinerator® 10 9.1 x 1073 1 x 1072
Hazardous Waste Incinerator 7.4 9.1 x 107 2
Municipal Waste Combustor - Plant C 5.7 0.24 1 x 1072
*Sewage Sludge Incinerator - Plant A 1.3 3.0 x 1073 2 x 1072
*Drum and Barrel Furnace 1.2 6.1 x 107> 9 x 1073
*Sewage Sludge Incinerator - Plant B 0.52 1.2 x 1073 4 x107?
#Industrial Carbon Regenerator 0.3 3.0 x 1074 2 x 1072
Municipal Carbon Regenerator 0.20 1.5 x 103 4 x 1073
*Kraft Paper Recovery Boiler - Plant C 0.12 1.5 x 1074 0.3

*Kraft Paper Recovery Boiler - Plant A 0.0 3.0 x 107> 3.0 x 1072
*Kraft Paper Recovery Boiler - Plant B <0.0 3.0 x 1073 3.0 x 1072

[+

Sources tested by Tier 4.

1somer-gpecific data are generally not available.

of the most toxic isomers.

ng/dscm € 3% 0, = Nanograms per standarxd cubic meter of flue gas, normalized to 3 perceant oxygen.

Homologue data are considered to be composed

Ground level concentration calculation assumes compounds are present at analysis detection

limits when reported ags not detected (ND).
Assumes 8160 operating hours per year.

These values are estimated. True values may be higher.

LT=AI
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for all three of these parameters. In general the sources with
the highest stack concentrations of 2,3,7,8-TCDD, CDDs and CDFs
also had the highest greocund level concentrations. One notable
exception is the sewage sludge incinerator, Plant C. Stack
concentrations at this plant are about two to three orders of
magnitude less than those of the secondary copper smelter, yet
the ground level concentrations from the two sources differ by
less than a factor of two. The sewage sludge incinerator has a
relatively low stack with low temperature flue gas coupled with a
high plant throughput, which leads to a relatively high ground
level concentration impacting a small area very near the plant.
On the other hand, the secondary copper smelter has a relatively
tall stack with high temperature flue gas which results in a
comparable ground level concentration, but at a significantly
greater distance from the plant. The area impacted by this "
concentration is much greater.

In addition to estimating ground level concentrations, EPA
has prepared a preliminary assessment of the potential cancer
risks from inhalation associated with emissions from these facil-
ities. A detailed discussion of the risk assessment is not
included in this report due to the concerns raised by EPA's
Science Advisory Board (8AB) during its review of the study. The
SAB cautlioned that risks were likely to be higher than estimated
if exposure pathways other than inhalation were considered (e.g.,
foed chain}, and if more sources had been tested. EPA agrees
with these comments and is currently developing a procedure to
consider the risks associated with secondary pathways of

exposure. Further testing of other sources may be considered as
the Agency moves forward with its ongoing effort to decide
whether CDDs/CDFs should be listed as hazardous air pollutants,

Tier 4 stack test program results and preliminary risk
assessments have been provided to appreopriate State air pellution
control agencies for their information and use,
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4.6 Tier 4 Ash Sampiing Results

Three differen: types of samples were collected: bottom
ash, fly ash, and scrubber water effluent. Bottom ash is the
residue left in tnhne combustion chamber as a result of the
combustion process. Fly ash is the material collected by air
pollution control devices which would otherwise be released to
the ambient air. Scrubber water effluent samples are samples
obtained from wet scrubbers, an air pollution control device
which uses water to filter both particulate and gaseous

pollutants from tne exhaust gas stream.

Ash sample results for the 72 tier.- 4 sites are summarized in
Taples 4-% ancd 4-1G. Table 4-9 presents data from the source
categories with dztectaple values of 2,3,7,8-TCDD equivalent
while Table 4-10 1Is a listing of the source categories where
2,3,7,8~TCDD eguivalent was not detected in the ash. A total of
87 samples were analyzec from the 72 sites.

Cl2z and CIZFs were found in about one-third of the bottom
ash and fly ash samples and one-half of the scrubber effluent
samples. The highest concentrations were typically found in fly
ash samples. Ash samples were collected from 21 different source
categories. TIwelve of the source categories had one or more ash
samples witn detectanle concentrations.

It is presently difficult to interpret the significance of
the ash data from an air pollution perspective. One of the
objectives of the study was to determine a correlation between
fly ash and stack emission concentrations. While the presence of
CDDs and CDFs in the fly ash appears to be a good indicator of
the presence of CDDs and CDFs in the stack emissions, no
quantitative relationship nas yet been observed that could
reliably predict the magnitude of CDD/CDF emissions in the stack
gases.



TABLE 4-~9.
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TIER 4 ASH SAMPLING RESULTS

2,3,7,8-1C0D
Equivalent
Seurce Category/Source Sampled Sample Type {ppb)
Wire Reclamation Incinerateor
Source=C Fly Ash 656*
Source-A Fly Ash 87
Source=-hA Bottom Ash a2
Source=-h Fly Ash : 21
Source=a Bottom Ash 4
Source~g Fly Ash 0.3
Source-D Fly Ash NDP
Secondary Copper Smelter
Source-B Fly Ash 1173
Source=A Fly Ash 13
Wood Fired Boiler
Source-A Fly Ash 158
Source-C Fly Ash 13§
Source~B Fly Ash 51
Source~D Scrubber Effluent 0.1
Source=-A Bottom Ash (2 Samples) ND
Source-t Fly Ash ND
Source-F Fly Ash ND
Scurce-G Fly Ash ND
Sourse-H Fly Ash ND
Municipal Waste Combuster
Source~C Fly Ash 142
Source-D Fly Ash 44
Source-B Scrubber Effluent 4
Source~B Scrubber Effluent 3
Source-B Bottom Ash 0.3
Source~=_ Scrubber Effluent 0.1
Hazardous Waste Incinerator
Source-B Scrubber Effluent 42.9
Source=A Bottom Ash ND
Source-C Serubber Effluent ND
Carbon Regeneration Furnace
Source=C Fly Ash 18
Source-A Fly Ash 0.1
Source=-B Scrubber Effluent KD
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TABLE 4-9. TIER 4 ASH SAMPLING RESULTS (continued)

2,3,7,8-TCDD
Equivalent
Souyce Category/Source Sampled Sample Type (ppb)
Sewage Sludge Irncinerator
Source~=C Serubber Effluent 8
Source-F Scrubber Effluent 5
Source=B Bottom Ash Q.1
Source=A Bottom Ash ND
Source=C Bottom Ash ND
Source~C Secrubber Effluent ND
Source-D Serubber Effluent ND
Source=G Bottom Ash ND
Source=-H Bottom Ash ND
Source=1 Bottom Ash ND
Source~J Serubber Effluent ND
Industrial Waste Incineracor
Source=A Bottom Ash 2
Commercial So.ler
Source~8 Fly Ash 1
Source=-h Fly Ash ND
Hospital Incinerator '
Source=d Fly Ash 0.9
Source~-E Fly Ash Q0.6
Sourse-3 Bottom Ash 0.4
Scurce— Bottom Ash 0.4
Source=_ Bottom Ash ND
Drum and Barrel Furnace
Source=8 : Bottom Ash 0.%
Source~E Bottom Ash 0.3
Source=C Bottom Ash 0.2
Source=A Bottom Ash ND
Source=B Bottom Ash ND
Sourca-D Bottom Ash WD
Apartment House Incinerator
Source=-A Bottom Ash 0.3
Source-B Bottom Ash 0.1
Source=C Bottom Ash ND
Source=C Bottom Ash ND

2These values are estimated. The true values may be higher.

D = Not detected, generally less than 0.08 ppb.




Iv=-22

TABSLE 4-10, TIER 4 ASH SAMPLING RESULTS WITH BELOW

DETECTION LIMIT ASH SAMPLE RESULTS?

Number of Samples

Source Category Sampled Fly Bottom Scrubber

Ash Ash Effluent
Charcoal Grill - 1 -
Charcoal Manufacturing Oven 2 1 -
Kiln Burning Hazardous Wastes 3 - -
Kraft Paper Recovery Boiler S - -
Opean Burning/Accidental Fires - 2 -
Small Spreader Stoker Coal Fired Boiler 3 1 -
Sulfite Liquor Boiler - - 4
‘ptility Boiler 3 - -
Wood Stove - 3 -

3petection limit geanerally less than 0.08 ppb.

Listad alphabetically.
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Table 4-1l1 provides a comparison of the data from sources
with both fly ash and stack test samples. This table illustrates
the apparent lack of correlation between the two types of
samples. For example, the secondary copper smelter, which had
significantly higher stack concentrations than any other source,
has fly ash concentrations more than an order of magnitude lower
than some other sources. Other sources with relatively low stack
emissions had fairly high fly ash concentrations. At this time,
ash data do not appear to be a reliable indicator of the relative
magnitude of CDD/CDF emissions in the stack. Fly ash samples, on
the other hand, are believed to be fairly reliable indicators of
tne presence of CDDs/CDFs in stack emissions.

The ash sampling results have been transmitted through EPA's
Regional QOffices to the appropriate State and local agencies for
their consideration. Although of limited usefulness for air pol-~
lution control purposes, the data do provide a measure of the
level of contamination in the ash that is disposed of as a solid
waste.,

4,7 Findings and Conclusions

This inves:tiigatien included a review of information in the
literature and a sampling program for the combustion source
categories pelieved to have the greatest potential to emit CDDs
and CDFs. The findings from this investigation are presented
below,

(a) CDCs and CDFs have been detected in the stack emissions
from most, though not all, combustion source categories tested to
date. All of the sources stack tested under tier 4, and most of
the combustion source categories tested by others reported in the
literature, had detectable concentrations of CDDs and CDFs.

{b} There is considerable variabiliiy in the emission rates
among source categories. For example, measured CDD emissions
ranged more than four orders of magnitude from "nondetected” at
seven coal fired power plants tested (detection limit at less
than 1 ng/dscm) to approximately 16,000 ng/dscm of total CDDs at
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TABLE 4-11, COMPARISON QF ASH AND STACK EMISSIONS

AT SJURCES WITH CONCURRENT MEARSUREMENTS

2,3,7,8-TCDD Equivalents
Socurce Fly Ash Stack Emissiona

(ppb) {ng/dscm @ 3% 023'l
Wood Fired Boiler 158 29
Municipal Waste Combustor = Plant C 142 5.7
Secondary Copper Smelter 13 3soo?
Industrial Carbon Regenerator Q.1 0.3t
Kraft Paper Recovery Boiler C ND 0.12
Kraft Paper Recovery Boiler A ND 0.0

qng/dsem @ 3% 0, = Nanograms per standard cubic meter of flue gas,
normalized to 3 percent oxygen.
The true values may be higher.

ese values are astimated,
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a secondary copper smelting facility. Most of the combustion
source categories fell within an intermediate range, generally
two to three orders of magnitude less than the concentrations at
the secondary copper smelting facility.

{c} EPA nas not yet determined the magnitude of the
potential population risk from these sources. An effort is
underway to consider risx from all routes of exposure (e.g.,
inhalation, ingestion, dermal contact) and for evaluating
procedures for estimating nationwide impacts from these sources.

(d) The presence of CDD/CDF in the fly ash‘from a control
device appears to be a good indicator of the likely presence of
CDD/CDF in the stack emissions. Presently, however, it does not
appear that the asn samples can be used to reliably estimate the
magnitude of CDD and CDF stack emissions from a particular g

source. Continued use of expensive stack test methods appears to
be necessary.

4;8 Continuing Efforts
Although the tier 4 study-has been completed, the Agency
plans a number c¢f continuing efforts with respect to CDD

emissions from comdoustiion sources. These include:

{a) A detailed technical report describing the tier 4
program is being finalized.

(b) EPA issued a report to Congress on July 1, 1987
responding to the requirements of section 102 of the Hazardous
and Solid Waste Amendments of 1984 concerning CDD emissions from
municipal waste combustors. This effort also identified design
and operating guidelines to minimize CDD emissions.

(¢) EPA has decided that additional Federal regulation of
municipal waste combustor emissions is warranted.under section
111 of the Clean Air Act. The regulatory determination was
published in the Federal Register on July 7, 1987 (52 FR 25399).

(d) EPA plans to continue its evaluation of CDD/CDF
emissions from various sources. EPA has not yet determined
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whether CDCs,/CDFs should be listed as a hazardous air pollutant
uncder section 112 or otherwise regulated under other sections of
the Clear Air Act.

(e) EPA is continuing its efforts to standardize and refine
stack sampling and analysis procedures to reflect improvements in
the stace-cof-the-art. The recommended ASTM stack test
methodologies for municipal waste combustors are currently being
validated by the Agency.



Chapter Five

REGULATORY ACTIVITIES

EPA has issued regulations under the authorities of RCRA,
TsCA, and FIFRA to control the ygeneration, use, and disposal of
many CDD/CDF containing materials and their precursors. This
chapter reviews the highlights of several completed or ongoing
regulatery initiatives.

5.1 RESQURCE CONSERVATION AND RECOVERY ACT (RCRA) LISTING OF
DIOXIN CONTAINING WASTES AS HAZARDOUS WASTES (OFFICE OF
SOLID WASTE)

EPA's rulemaking regarding dioxin containing wastes was

published in the Federal Register on January 14, 1985, and became

effective on July 15, 1985, The regulation designates as acutely
hazardous a number of waste streams containing tetra-, penta-,
and hexachlorcdibenzo-p-dioxins and dibenzofurans:

- Wastes from the producticn or manufacturing use of tri-,
tetra-, and pentachlorophenol and their chlorophenoxy
derivatives.

- Wastes from tne manufacturing use of tetra-, penta-, or
hexachlorobenzene under alkaline conditions.

- Discarcded, unusecd formulations of tri-, tetra- or
pentachlorophenol and their derivatives.

- Wastes from equipment previously used for production or
manufacturing use of tri- and tetrachlorophenol.
Residues from the incineration or thermal treatment of soil
contaminated with the listed wastes are designated as hazardous
rather than acutely hazardous.

Generators, treaters, storers, and disposers of the listed
wastes are subject to stringent management and disposal
standards:

- Generators are subject to the 1 kg/menth exclusion limit,
i.e,, facilities generating more than 1 kg/month are
subject to the listing.

- In¢cinerator and thermal treatment units must be fully
permitted or be certified by the Assistant
Administrator/QOSwWER as meeting the Tecnnical Standards in
40 CFR Part 264. These units must demonstrate the "6-



9's" (i.e., 99.9999 percent) Destruction and Removal
Efficiency (URE) that is also required for PCB
destruction.

- Land disposal facilities which plan to accept dioxin
wastes must be fully permitted and must submit a Waste
Management Plan with the permit application.

5.2 PCB TRANSFORMER FIRE RULE (OFFICE OF TOXIC SUBSTANCES)

5.2.1 Summary of the Rule

EPA recently strengthened its August 25, 1982, rule
regarding PCB transformers by placing additional restrictions and
conditions on their continued use. These requirements are

intended to reduce the fire-related risks posed by the continued
use of PCB transformers.

5.2.2 Background

Fires involving PCB transformers can cause the rupture of
PCB transformers, the release of PCBs, and the formation and
distripbution of PCBs and toxic products of incomplete
combustion., Products formed from the incomplete combustion of
PCB dielectric fluid containing tetrachlorobenzene include
2,3,7,8«~TCDF and 2,3,7,8-TCDD. When PCB transformer fires occur
in or near builcdings, building occupants as well as emergency
response personnel, cleanup crews, and members of the general
public can be exposed.

The PCB transformer fire rule established the following
regquirements:

{(l) High secondary voltage PCB transformers (480 volts and
above) configured in a network fashion and used in or
near commercial buildings must be removed from use,
placed into storage or disposal, disposed of, or
reclassified to PCB-contaminated or non-FCB status by
Oct. 1, 1990,

(2) PCB transformers can no longer be installed in
commercial buildings after Oct. 1, 198S%.

(3) PCB transformers used in or near commercial buildings
(other than high secondary voltage network PCB
transformers) must be equipped with enhanced electrical
protection by Oct. 1, 1990, to avoid failures and fires
from sustained electrical faults.



{4} All transformers must be registered with appropriate
emergency response personnel anc witn building owners
by Dec. 1, 1985,

{3} All PC3 transformer locaticns must be cleared of stored
combustible materials by Dec. 1, 19853,

(6} All PCB transformer fire-related incidents must be
immediately reported to the National Response Center,
and measures must be taken as soon as practically and
safely possible to contain potential releases of PCBs
anc inconplete combustion products to waterways.

EPA defines commercial buildings to include all types of
buildings cother than industrial facilities and would include
locations such as office buildings, snopping centers, hospitals,
and collieges.

In addicion, while EPA concluded that there are several
substitutes for PCBs in electrical transformers, preliminary data
indicate that chlorinated benzenes and perchloroethylene {both of
which have been proposed as substitutes for PCBs) may also lead
to the formation of CDFs and CDDs in combustion situations. EPA
advised that the replacement of PCB dielectric fluid with
materials which in fire situations may also lead to the formation
of CDFs and CDDs should be carefully considered in light of the
Agency's decision in this rule to place conditions and
restrictions on the use of PCB transformers. EPA will evaluate
the need for acdditional action should this type of substitution
occur.

5.3 CANCELLATION OF REGISTRATION OF 2,4,5-T (OFFICE OF PESTICIDE
PROGRAMS)

Registered in 1948, the phenoxy herbicides 2,4,5-T and
gsilvex were used to control broad leaf weeds in or on forests,

rangelands, pasturelands, orchards and other crop lands, homes
and gardens, certain agquatic areas, and rights-of-way such as
roads, railroads, and electric utility lines. 1In 1970, acting on
the basis of animal tests showing potential teratogenic {birth
defects) effects of 2,4,5-T, the U.S. Department of Agriculture
halted uses of this pesticide in instances where there was a high



exposure potential: home and garden, recreational areas, and
aquatic sites. All f£o0d uses of 2,4,5-T, except for rice, were

nalted as well,

In February 1979, EPA took emergency action immediately
suspending all use of 2,4,5-T and silvex herbicides on forests,
pastures, anc rights-of-way, anc use of silvex on or around
aguatic sites, homes and gardens, recreational areas, and
ornamental turf.

All registrations for 2,4,5-T and silvex have now been
cancelled.

S.4 AMBIENT WATER QUALITY CRITERIA DOCUMENT (OFFICE OF WATER)
Under the Clean Water Act (CWA), 2,3,7,8-TCDD is listed as
one of the 65 compounds and classes of compounds which EPA is

required to control in industrial effluents.

In support of Ehis requirement, EPA has published an Ambient
Water Quality Criteria Doc:ment (EPA, 1984a} for 2,3,7,8~TCDD.
As specified in section 304(a){l) of the CWA, this document
reflects the latest scientific knowledge on the kinds and extent
of all identifiasle effects on health and welfare which may be
expected from the presence of 2,3,7,8-TCDD in any body of water,
including groundwater.

States use EPA's ambient water quality criteria in setting
water quality standards. These standards take into account
particular water bodies and their designated uses. State water
quality standards are enforceable maximum acceptable levels of a
pollutant in ambient water.

$.5 WOOD PRESERVATION PESTICIDES=--PENTACHLOROPHENOL, CREOSQOTE,
INORGANIC ARSENICALS (OFFICE OF PESTICIDE PROGRAMS)

EPA rulemaking and a negotiated agreement requires phased
reduction of the hexachlorodibenzodioxin (HxCDD) level in
pentachlorophencl or its salts to 4 ppm. The 2,3,7,8-TCDD level
in this chemical must be below the limits of detection using gas
chromatography/mass spectrometry (GC/MS).




A number of additional use restrvictions, handling
reguirements and public information provisions are also included

in the documen:c:

- All three chemicals are to be classified for Restricted
“se Cnly by Certified Applicators except for brush-on
treacment of inorganic arsenicals and except for
creosote application on pilings, pole framing, and
railroad ties. For the latter use, the applicator must
complete an EPA-approved training course.

- mpermeable gloves are required for all uses, plus
additional clothing and respirators in certain
situations.

- Eating, drinking, and smoking ave prohibited during
application of all three chemicals.

- A teratogenicity/fetotoxicity warning is required on
the labeis for all uses of pentachlorophenol and
reiated sales.

- application of pentachlorophencl (or its salts) or -
creosote to interiors is prohibited.
- EPA will also require information on health effects,

worker/user exposure, and effectiveness of protective
measures.

- Industry will put into effect a voluntary Consumer
Awareness Program, the focus of which will be the
distrioution of a Consumer Information Sheet containing
safe use and handling recommendations regarding treated
wood products. One recommendation is that treated wood
shall not be used in contact with food, feed, or '
drinking water. Another is that creosote- and
pentacnlorophensl-treated wood not be used in
interiors, with certain exceptions.

5.6 TSCA §54/S8 RULEMAKING (Office of Toxic Substances)

On December 19, 1985, EPA proposed a Dioxin/Furan Testing
Rule in the Federal PRegister. This purpose of the rule is to
develop information on additional chemicals which may contain
CDDs/CDFs as well as those containing other halogens (e.g..
" brominated compounds). As previously discussed, EPA's National
Dioxin Strategy focused primarily on 2,3,7,8-TCDD contamination
associated wicth 2,4,5~trichlorophenol (TCP).

The proposed rule under section 4 of the Toxic Substances
Control Act (TSCA) will require manufacturers and importers of 12
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commercial organic¢ chemicals to test for the presence of certain
chlorinated and brominated dibenzo-p-dioxins and dibenzofurans.
In addition, this testing will be required for 20 other
commercial organic chemicals not currently manufactured or
imported, shoulé their manufacture or importation resume.

EPA also proposes, under section 8(a) of TSCA, to require
manufacturers and importers of the 12 commercially produced
chemicals to submit existing test data on contamination of these
chemicals with CDDs or CDFg and to require similar information on
the 20 other chemicals, should commercial manufacture or
importation resume.

I1f data from the testing proposed under this rule, or other
valid existing test data, show that these commercial chemicals
contain CDDs at concentrations at or above specified levels, EPQ
proposes to require, with respect to the chemicals, the
submission of: (1) production, process, use, exposure, and
disposal data unaer section 8(a) of TSCA; (2) unpublished health
and safety studies under section 8(d} of TSCA; and (3) records of
allegations of significant adverse reactions both to the
chemicals and to the CDDs/CDFs under section 8(c) of TSCA.

The chemicals proposed for testing are listed below along
with their Chemical Abstract Services (CAS) registry nunmbers,
where available,.

CAS No. Chemical name
79-94~7 Tetrabromobisphenol A
i18-85=-2 2,3,5,6=-Tetrachloro-2,5~cyclohexa-
diene-1,4-dione
118=79-6 2,4,6-Tribromophencl
120=-83=-2 2,4-Dichloropnenol
1163=-19=5 Decabromodiphenyloxide
4162-45-2 Tetrabromobisphenol A bisethoxylate
21850-44-2 Bis(2,3-dibromopropyl) ether of
tetrabromobisphenol A
25327-89-3 Allyl ether of tetrabromobisphenol A
32534-81-9 Pentabromodiphenyloxide
32536-52-0 Octabromodiphenyloxide
37853-59~1 l1,2-Bis(tribromophenoxy)ethane
| 55205-38-4 Tetrabromobisphenol A diacrylate




5.7 LAND DISPOSAL BAN EVALUATION FOR DIOXIN CONTAINING WASTES” ~
(OSw)

The 1984 Hazardous anc Solid Waste Amendments to RCRA banned
certain untreated dioxin-contaminated wastes from land
disposal. 1In the November 7, 1986 Federal Register, EPA promul-
gated treatment standards for those wastes based on Best Demon-
strated Available Technology (BDAT). For thermal treatment pro-
cesses, BDAT for these wastes has been determined to be a
destruction and removal efficiency (DRE) of 99.9999 percent
("6=9's")., Following treatment, residues may be_disposed of in a
permitted hazardous waste land disposal facility.

Due to the current lack of disposal capacity for these
wastes, EPA has, as provided by law, extended the effective date
of the ban for 2 years. 1In the interim, these wastes may be
placed in fully permicted facilities. As of July 1987, no land-.
disposal facilities have applied for permits to handle the

arfected was:zes.



Chapter Six

RESEARCH

6.1 Introduction

Dioxin researzh at EPA began in 1970, when 2,3,7,8-TCDD was
found to be a contaminant of the commonly used herbicide,
2,4,5-T. This research effort was géenerally limited to
developing a methoddology for detecting 2,3,7,8~TCDD in

environmental samples. Additional impetus was generated in 1984,
when Congress enacted legislation specifically directed toward
this class of chemicals. The 98th Congress appropriated apecific
resources for dioxin research in human toxicity, disposal
methods, and sampling guality assurance.

In response to Congressional concern, the Agency establishéd
a dioxin research program during FY'1984, under the framework of
the National Dioxin Strategy.

-The Strategy specifically charged EPA's Office of Research
and Development (ORD) with the following tasks: (1) pilot
testing of promising disposal/destruction technigues including a
comprehensive stucdy of bHinding characteriscics of 2,3,7,8-TCDD to
solls, and field validarion of destruction techniques;

(2} guidance in sampling and analytical methods for detection and
quantification, including quality assurance; {(3) conducting
hazard and exposure assessment for site-specific risk
assessments, including establishing exposure scenarios; and (4)
evaluation of the bicavailability of dioxins for use in food
chain models.

The Agency began its research program by focusing on the
most toxic isomer, 2,3,7,8-TCDD. The scope of more recent
research has expanded to include other isomers and related
compounds such as chlorinated dibenzofurans. The Agency is also
evaluating information on the toxicity of the brominated
CDDs/CDFs.
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By establishing an International Information Exchange under
the North Atlantic Treaty OQOrganization (NATQ) Committee on
Critical Chalienges of Modern Society (CCMS), EPA has taken
initiative to coordinate its research with that of other
industrialized nations concerned with dioxins. The United
States, the fFederal Republic of Germany, and Italy are
coordinators of this project.

There are four arezas of EPA dioxin research: technology
asgsessment research evaluates technologies for the control and
ultimate destruction or detoxification of dioxins; monitoring
research develops analytical methodologies and quality assurance
procedures for identifying and gquantifying dioxins within biotic
and abijotic matrices; environmental effects research considers

the fate, mobility, and effects of dioxins in the environment, -

-

and determines the uptake and bicavailability in plants and
living systems; health assessment research develops both the

methodologies and the data base necessary for evéluating human
health exposure and risks associated with CDDs/CDFs. '

6.2 Technolocv Assessment

Since the inception of this research program, the Agency has
macde significant progress in evaluating and refining techniques
for cleanup of CDDs/CDFs and related compounds. This includes
field work on detoxification of dioxin-contaminated soils using
Potassium Polyethylene Glycolate (KPEG) reagents; field testing
of the EPA Mobile Incineration System (MIS) at the Denney Farm
site near McDowell, Missouri; in situ stabilization testing using
portland cement and lime-treated asphalt; and an evaluation of
the utility of surface mines as repositories for dioxin-
contaminated soils. Controlled laboratory tests .have shown that
the white rot fungus, Phanerochaete chrysosporium, is capable of
degrading 2,3,7,8-TCDD, DOT, lindane, PCBs, and other difficult
to degrade halogenated organics.

EPA's Mobile Incineration System was designed and built to
provide on-site thermal destruction of hazardous organic
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substances. The total system consists of: (1) major
incineration and air pollution control 2guipment mounted on three
neavy—-cCuty semitrailers; (Z) combustion and stack gas monitoring
equipment housed within a fourth trailer; and (3) ancillary
support equipment.

In 1983, trial burns were conducted in Edison, New Jersey on
RCRA-listed surrogates, including di-, tri-, and tetra-
chlorobenzene, and tetrachloromethane. Currently, the mobile
incinerator is installed at the Denney Farm site near McDowell,
Missouri, where tests were conducted using both clean soil and
so0il contaminated with surrogates similar to those employed in
the earlicer liguid waste tests. Tests using dioxin-contaminated
liquid wastes and solils verified the destruction and removal
efficiency (DRE) and the effectiveness of the control devices. -
Interim delisting guidelines were established and analyses were
conducted on ash, trested soils, filter materials, and
process/quench water. The analyses determined that the
guidelines were attainable. |

The dioxin trial burns were successful, with DREs exceeding
99.9999 percen:, Particulate emission permit limitations (<180
mg/m3 ? 7% O,) were- achieve” in three of four test runs. The
fourth run exceeded the prescribed limit slightly, possibly due
to the accumulation of submicron-sized particles in the air
pollution control system. The observed CO emission values (1.3~
7.7 ppm) are eguivalent to those from the best available
incineration technologies and are indicative of very complete
combustion (Combustion Efficiencies = 99.993-99.999 percent).

The trial burn data supported the issuance of Federal and
State permits required for extended use of the system at the
Denney Farm site. '

As of February 1986, about 2 million pounds of dioxin-
contaminated solids (including soil, drums, and trash) and about
18,000 gallons of 2,3,7,8-TCDD containing liguid wastes have been
processed.
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The KPEG chemical destruction technique was used success-
fully in the states of Montana and Washington to detoxify
pentachiorophencl-oil (PCP) and spent solvent waste contaminatecd
with dioxin.

A mobile treatment unit mounted on a 45~-foot trailer was
used to process 38,650 gallons of PCP wood treating chemical waste
at the Montana Pole site in Butte, Montana, and 7,550 gallens of
an olily spent solvent waste at the Western Processing site in
Kent, Washington. These wastes were contaminated with as much as
120 parts per billion (ppb) of 2,3,7,8=tetrachlorodibenzo-p-
dioxin and other CDDs/CDFs at levels as high as 125,000 ppb. No
dioxins or furans were detected in the treated oil at limits of
detection in the parts per trillion (ppt} range,

A battery of bigassay tests was used to ascertain whether ™
KPEG by-products: (a) bicaccumulated in tissues of organisms;
{b) caused cell mutations; or (¢} caused immediate harm to fish
or mammals. There was no evidence that the by-products were
toxic in any of the tests performed.

6.3 Monitoring

At the onset of the program, the existing analytical
capability was insufficient to routinely analyze a large number
of samples containing dioxins. As previously discussed, the
Agency has developed a collaborative network of three of its
laboratories (ERL-Duiuth, Minnesota; EMSL-Research Triangle Park,
North Carolina; and ECL-Bay St. Louis, Mississippi), referred to
as the "Troika”. The Troika has significantly improved the
Agency's analytical capability and has made a major contribution
to the state~of-the-art of analysis of 2,3,7,8-~TCDD and other
CDDs/CDFs.

A pilot round-robin survey of trace analyses of CDDs and
CDFs in adipose tissues has been completed. Such methods will
allow more accurate characterization of 2,3,7,8-TCDD exposure by
measuring actuél body burden.
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A monoclonal antibody to detect and measure dioxins has been
produced with sufficient specificity to warrant further
characterization, These and other rapid screening technigques
show promise in terms of both sensitivity and selectivity in
guickly determining the present (or absence) of 2,3,7,8-TCDD.

6,4 Environmental Effects

Environmental effects studies have shown that dioxins are
very tightly sorbed onto soils and that both organic contaminant
content and actual organic matter are important factors in
controlling dioxin movement in soils and the degree of binding to
the soil matrix. Recent studies indicate that in large chemical
waste landfills and in wood preserving facilities, the physical
ang chemical properties of the soils are quite different from
other sites previously studied, and the dioxins are much more
mobile.

- Biocavailability studies in laboratory samples of
contaminated soils from Missouri and New Jersey have shown that
differences in the bioavailability of 2,3,7,8-TCDD from these two
soils correlate with its extractability. These differences may
be related to the different compositions of the soils, the
differences in the types of application of dioxin to the soil,
and the residence time of dioxin on the soil. Thus, public
health risks may vary between sites as a function of contaminants
present and biocavailability from the matrix,

Uptake studies have shown that, in comparison to other
isomers, 2,3,7,8-TCDD preferentially bicaccumulates in fish.
Limited plant uptake studies are being conducted to verify
hypotheses regarding dioxin movement into plants and thereafter
into food chains., Uptake studies of dioxins by large animals
will also evaluate food chain contamination to humans through
animal products.

EPA has also developed exposure assessment methods for
2,3,7,8~TCDD for five scenarios through which humans could be
exposed to dioxin. Nomographs were developed for approximating
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upper bound car¢inogenic risk. In addition, the risk assessment
methods usec by EPA for 2,3,7,8-TCDD were assembled and
contrasted to those wnhich were adopted by CDC and FDA,

6.5 Healih Assessment

ORD has completad the Health Assessment Document for
Polychlorinated Dibenzo-p-Dioxins, which provides a comprehensive
multimedia assessment of the analytical methodologies,
envirenmental levels, and ecological and health effects of four
chlorinated dioxins. A similar document is being prepared for
2,3,7,8-TCDF,

An ongoing pharmacokinetic study of 2,3,7,8=TCDD in rhesus
monkeys will provide results on distribution, accumulation,
depuration, and transfer of 2,3,7,8-TCDD in offspring. A battecy
of immunological tests to analyze the results of exposing female
rhesus monkeys and their offspring to 2,3,7,8~-TCDD is alsc being
developed.

Short-term in vitro biocassays and chemical analytical
technigques for specially synthesized higher chlorinated CDDs and
CDFs are being ceveloped for comparison to in vivo animal
assays. These 1n vitro asseys will be evaluated with regard to
their usefulness in providing complementary information or in
serving as surrxogates for in vivo toxicity assays. Lack of
sufficient exposure information is often the reason that a causal
relationship cannot be drawn between an agent and a human effect.

NIOSH/CDC Mortality Study of Exposed Workers

NIOSH has included 14 sites in a dioxin registry.
Approximately 7,000 workers have been identified, and standard
methods of followup are being used. Inclusion in the registry
requires company records showing worker assignment to 2,4,5-T,
2,4,5-TCP, or pentachlorophenol processes. Demographic data have
been coded for all workers, and the coding of detailed work

histories is in process., Discussions of the chemical process and
job duties have been completed at all but one site and have been
initiated for the remaining site. Data have been collected on



analytic measurements of dioxin in products, wastes, and process
streams. This information is being used in the construction of
the exposure matrix for the study. Completion is expected in
1988.

In addition to an Qffice of Health Research contribution to
begin the registry in FY'84, Superfund resources are being
provided to the register for a 3-year period that began in FY'&84.

NIQSH/CDC Morbidity Study
In November 1986 NIOSH initiated a study of occupationally
exposed workers at 2 of the 14 plants covered in the dioxin

registry. The study was designed in cooperation with the States
of New Jersey anc Missouri and is being c¢onducted with Superfund
resources,

-

Blood serum analysis procedures récently developed by CDC
will confirm exposure and establish body burdens. Review of
medical records and testing during medical examinations will
investigate a number of health end points. Results will be
compared to a control group of unexposed people from workers'
current neighborhoods. The study is scheduled for completion in
1990,

Because actual exposure to 2,3,7,8-TCDD has been confirmed
through blood sampling, this study may provide much needed
information on the human health conseguences of 2,3,7,8-TCDD
exposure.

Missouri Health Effects Studies
CDC conducted an immunological study of,résidents of the

Quail Run Mobile Home Park, Gray Summit, MO, where contaminated
oil was used to control road dust. Results were compared with
those from a group of residents of other mobile home parks where
no contamination was found. Some members of the high risk group
did not respund to skin test antigens {anergy). Of those that
did respond, positive reactions were obtained for fewer antigens

than in the unexposed group (relative anergy).
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Unfortunactely, there were significant methodological flaws
in the study (nearly 50% of the data had to be discarded due to
interpretation problems). Further, there was no deponstrated
assoclation between observed effects and clinical manifestations
of illness.

Several other dioxin-related studies have been conducted or
are uynderway in Missouri including the adipose tissue study
discussed in Chapter 1, a reproductive ocutcome study, and
comprehensive physical examinations of residents of Quail Run

Mobile Home Park.
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