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PREFACE
In April 1991, the U.S. Environmental Protection Agency (EPA) announced that it
would conduct a scientific reassessment of the health risks of exposure to 2,3,7,8.,
tetracWorodibenzo-p-dioxin (TCDD) and chemically similar compOlmds collectively known
as dioxin. The EPA has undertaken this task in response to emerging scientific knowledge
of the biological, human health, and environmental effects of dioxin. Significant advances
have occurred in the scientific understanding of mechanisms of dioxin toxicity, of the
carcinogenic and other adverse health effects of dioxin in people, of'the pathways to human
exposure, and of the toxic effects of dioxin to the environment.
In 1985 and 1988, the Agency prepared assessments of the 'human health risks from
,

environmental exposures to dioxin. Also, in 1988, a draft exposure. document was prepared
that presented procedures for conducting site-specific exposure asse.ssments to dioxin-like
. compounds. These assessments were reviewed by the Agency's Science Advisory' Board
(SAB). At the time of the 1988 assessments, there was general agreement within the
scientific community that there could be a substantial improvement over the existing
approach to analyzing dose response, but there was no consensus as to a more biologically
defensible methodology. The Agency was asked to explore the development of such a
method. The current reassessment activities are in response to this request.
The scientific reassessment of dioxin consists of five activitiles:
1.

Update and revision of the health assessment document fOIL dioxin.

2.

Laboratory research in support of the dose-response model.

3.

Development of a biologically based dose-response model for dioxin.

4.

Update and revision of the dioxin exposure assessment, document.

5.

Research to characterize ecological risks in aquatic ecosystems.
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PREFACE (continued)
The fIrst four activities have resulted in two draft documents (the health assessment
document and exposure document) for 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) and
related compounds. These companion documents, which form the basis for the Agency's
reassessment of dioxin, have been used in the development of the risk characterization
chapter that follows the health assessment. The process for developing these documents

.

consisted of three phases which are outlined in later paragraphs.
The fIfth activity, which is in progress at EPA's Environmental Research Laboratory
in Duluth, Minnesota, involves characterizing ecological risks in aquatic' ecosystems from
exposure to dioxins. Research efforts are focused on the study of organisms in aquatic food
webs to identify the effects of dioxin exposure that are likely to result in signifIcant
population impacts. A report titled, Interim Report on Data and Methods for the

Assessment of 2,3, 7,8-Tetrachlorodibenzo-p-Dioxin (TCDD) Risks to Aquatic Organisms
and Associated Wildlife (EPA/600/R-93/055), was published in April 1993. This report will
serve as a background document for assessing dioxin-related ecological risks. Ultimately,
these data will support the development of aquatic life criteria which will aid in the.
implementation of the Clean Water Act.
The EPA had endeavored to make each phase of the current reassessment of dioxin
an open and participatory effort. On November 15, 1991, and April 28, 1992, public
meetings were held to inform the public of the Agency's plans and activities for the
reassessment, to hear and receive public comments and reviews of the proposed plans, and
to receive any current, scientifIcally relevant information.
u

In the Fall of 1992, the Agency convened two peer-review workshops to review

draft documents related to EPA's scientifIc reassessment of the health effects of dioxin.
The fIrst workshop was held September 10 and 11, 1992, to review a draft exposure
assessment titled, Estimating Exposures to Dioxin-Like Compounds. The second workshop
was held September 22-25, 1992, to review eight chapters of a future draft Health
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PREFACE (continued)

Assessment Document for 2,3, 7,8-Tetrachlorodibenzo-p-dioxin (TCDD) and Related
Compounds. Peer-reviewers were also asked to identify issues to be incorporated into the
risk characterization, which was under development.
In the Fall of 1993, a third peer-review workshop was held on September 7 and 8,
1993, to review a draft of the revised and expanded Epidemiology ,and Human Data
Chapter, which also would be part of the future health assessment document. The revised
chapter provided an evaluation of the scientific quality and strength of the epidemiology
data in the evaluation of toxic health effects, both cancer and nOnCEl11Cer, from exposure to
dioxin, with an emphasis on the specific congener, 2,3,7,8-TCDD.
As mentioned previously, completion of the health assessmeJtlt and exposure
documents involves three phases: Phase 1 involved drafting state-of-th.e-science chapters
and a. dose-response model for the health assessment document, expanding. the exposure
document to address dioxin related compounds, and conducting peer review workshops by
panels of experts. This phase has been completed.
Phase 2, preparation of the risk characterization, began during the September 1992
workshops with discussions by the peer-review panels and formulation of points to be
carried forward into the risk characterization. Following the September 1993 workshop,
I

this work was completed arid was incorporated as Chapter 9 of the draft health assessment
document. This phase has been completed.
Phase 3 is currently underway. It includes making External Review Drafts of both
the health assessment document and the exposure document available for public review and
comment.
Following the public comment period, the Agency's Science Advisory Board (SAB)
will review the draft documents in public session. Assuming that public and SAB
comments are positive, the draft documents will be revised, and final documents will be
issued.
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PREFACE (continued)

The Health Assessment Document for 2,3, 7,8-Tetrachlorodibenzo-p-dioxin (TCDD)
and Related Compounds has been prepared
under the direction of the Office of Health
and
.
.
Environmental Assessment, Office of Research and Development, which is responsible for
the report's scientific accuracy and conclusions. A comprehensive search of the scientific
literature for this document varies somewhat by chapter but is, in general, complete through
January 1994.
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9. RISK CHARACTERIZATION OF DIOXIN AND RElATED COMPOUNDS
9.1. INTRODUCTION
Chlorinated dibenzo-p-dioxins and related compounds (commonly known simply as
dioxins) are contaminants present in a variety of environmental media. This class of
compounds has caused great concern in the general public as well as intense interest in the
scientific community. Much of the public concern revolves around the characterization of
these compounds as among the most potent "man-made" toxicants ever studied. Indeed,
these compounds are extremely potent in producing a variety of effects in experimental
animals based on traditional toxicology studies at levels hundreds or thousands of times lower
than most chemicals of environmental interest. In addition, human sftudies demonstrate that
exposure to dioxin and related compounds is associated with subtle biochemical and
biological changes whose clinical significance is as yet unknown

~md

with chloracne, a

serious skin condition associated with these and similar organic chemicals. Laboratory
studies suggest the probability that exposure to dioxin-like compounds may be associated with
other serious health effects including cancer. Human data, while often limited in their ability
to answer questions of hazard and risk, are generally consistent with the observations in
animals. Whether the adverse effects noted above are expressed in humans, or are detectable
in human population studies, is dependent on the dose absorbed and the intrinsic sensitivity
of humans to these compounds. Recent laboratory studies have pmvided new insights into
the mechanisms involved in the impact of dioxins on various cells and tissues and,
ultimately, on toxicity. Dioxins have been demonstrated to be potent modulators of cellular
growth and differentiation, particularly in epithelial tissues.

TheS!~

data, together with the

collective body of information from animal and human studies, when coupled with
assumptions and inferences regarding extrapolation from experimental animals to humans and
from high doses to low doses, allow a characterization of dioxin hazards.
This chapter presents a risk characterization for dioxin and related compounds. In the
risk characterization, key findings pertinent to understanding the hazards and risks of dioxin
and related compounds are described and integrated. All of the available information is
considered in proposing hypotheses or in reaching conclusions. The risk characterization is
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not meant to be an executive summary of the extensive data base that has been analyzed in
detail in preceding chapters and in the Exposure Document. Risk characterization requires a
discussion of likely routes, patterns, and levels of exposure as well as aspects of hazard and
dose response. Information contained in the document titled Estimating Exposure to Dioxin-

like Compounds (U.S. EPA, 1994), hereafter referred to as the Exposure Document, will be
integrated with the health effects information on this class of compounds found in previous
chapters of this assessment. The risk characterization articulates the strengths and
weaknesses of the available evidence and clearly presents assumptions made and inferences
used. Risk is characterized in both qualitative and quantitative terms, as appropriate.
Finally, overall conclusions regarding the health risks of dioxin and related compounds are
presented.
The process for developing this risk characterization of dioxin and related compounds
has been an open and participatory one. The Health Assessment and Exposure Documents
that provide the basis for this characterization have been developed in collaboration. with
scientists from within and from outside of the Federal Government. Each of these has
undergone extensive internal and external review, including review at a meeting of experts
after a first draft was completed. Additional input to this characterization comes from
comments on those draft chapters as well as from the panel of experts that met in September
1992. Panel members were asked to provide their perspective on themes to be carried into
the characterization and their contributions are reflected here. Finally, the characterization,
as presented here, reflects review and comment by both those Federal scientists involved in
developing the health assessment and exposure chapters as well as representatives of other
Federal agencies. However, the views expressed in this characterization are those of the
collective authors and, as a draft undergoing public comment and further external review, no

.

Agency-level endorsement should be inferred at this time.
Once fully peer reviewed and revised accordingly, this risk characterization is meant
to provide a balanced picture of the scientific findings of the health and exposure assessments
for use by risk managers in selecting risk management options, based on this and other
information. As an integrated analysis of a complex data base, it is meant to answer key
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questions concerning the science behind concerns for dioxins andl should be useful in
developing strategies for risk communication.

9.2. CHEMICAL STRUCTURE AND PROPERTIES
Polychl~rinated dibenzodi<?xins

(PCDDs), polychlorinated dibenzofurans

(P~DFs),

and polychlorinated biphenyls (PCBs) are chemically classified as halogenated aromatic
hydrocarbons. The chlorinated and brominated dibenzodioxins and dibenzofurans are
tricyclic aromatic compounds with similar physical and chemical properties, and both classes
are similar structurally. Certain of the PCBs (the so-called coplanar or mono-ortho coplanar
congeners) are also structurally and conformationally similar. The most widely studied of
these compounds is 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). This compound, often
called simply dioxin, represents the reference compound for this class of compounds. The
structure of TCDD and several related compounds is shown in Figure 9-l.
For purposes of this document, dioxin-like compounds

ar~~

defined to include the

subset of this class of compounds, which are generally agreed to produce dioxin-like toxicity.
These compounds are assigned individual toxicity equivalence factor (TEF) values as defined
by international convention (U.S. EPA, 1989). Results of in vitro and in vivo laboratory
studies contribute to the assignment of a relative toxicity value. TEFs are estimates of the
toxicity of dioxin-like compounds relative to the toxicity of TCDJD, which is assigned a TEF
of 1.0. All chlorinated dibenzodioxins (CDDs) and chlorinated dibenzofurans (CDFs) with
,

chlorines substituted in the 2,3,7, and 8 positions are assigned TEF values. Additionally, the
analogous brominated dioxins and furans (BDDs and BDFs) and ,certain polychlorinated
biphenyls have recently been identified as having dioxin-like toxidty and thus are also
included in the definition of dioxin-like compounds. Generally accepted TEF values for
chlorinated dibenzodioxins and dibenzofurans are shown in Table .9-1. A recent World
Health Organization/International Program on Chemical Safety meeting held in The
Netherlands in December 1993 considered the need to derive intemationally acceptable
interim TEFs for the dioxin-like PCBs. Recommendations arising from that meeting of
experts (Ahlborg et al., 1994) suggest that in general only a few of the dioxin-like PCBs are
likely to be significant contributors to general population
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Table 9-1. Toxicity Equivalency Factors (TEF) for CDDs and Cl>Fs

T]~F

Compound

-;

Mono-, Di-, and Tri-CDDs

i()

2,3,7,8-TCDD

i

Other TCDDs

![)

2,3,7,8-PeCDD

0.5

Other PeCDDs

0

2,3,7,8-HxCDD

0.1

Other HxCDDs

0

2,3,7,8-HpCDD

0.01

Other HpCDDs

()

OCDD

0.001

Mono-, Di-, and Tri-CDFs

()

2,3,7,8-TCDF

0.1

Other TCDFs

(I

1,2,3,7,8-PeCDF

0.05

2,3,4,7,8-PeCDF

01.5

Other PeCDFs

Oi

2,3,7,8-HxCDF

0.1

Other HxCDFs

0

2,3,7,8-HpCDF

0.01

Other HpCDFs

0

OCDF

0.001

Source: EPA, 1989.
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compounds. Dioxin-like PCBs may be responsible for approximately one-fourth to one-half
of the total toxicity equivalence associated with general population environmental exposures
to this class of related compounds. Both the refinement of the toxicity equivalence factors
for dioxin-like PCB congeners (DeVito et al., 1993) as well as a compilation and analysis of
all available data on relative toxicities of dioxin-like PCBs with respect to a number of end
points (Ahlborg et al., 1994) support these findings. Although these findings have been
published recently, additional review and data collection will be needed. In addition, this
panel urged investigation of companion TEFs for ecotoxicoiogical use, based on data from
ecotoxicological studies.
Throughout this document, concentrations of dioxin and related compounds will be
presented as TEQs. TEQs are determined by summing the products of multiplying
concentrations of individual dioxin-like compounds times the corresponding TEF for that
compound. At times, levels will be presented as concentrations of TCDD because many past
studies monitored this congener alone. At most times, TEQs for CDDs and CDFs will be
discussed. When TEQ values include the dioxin-like PCBs as well, this will be specifically
mentioned. Readers of this chapter are encouraged to review previous chapters in the Health
Assessment Document and the Exposure Document for more details on estimates of TEQ
presented in this chapter. The strengths and weaknesses as well as the uncertainties
,

'

,

associated with the TEF/TEQ approach are discussed later in this chapter.
There are 75 individual compounds comprising the CDDs, depending on the
positioning of the chlorine(s), and 135 different CDFs. These are called individual
congeners. Likewise, there are 75 different positional congeners of BDDs and 135 different.
congeners of BDFs (see Exposure Document, Table 2-1). Only 7 of the 75 congeners: of
CDDs or of BDDs are thought to have dioxin-:like toxicity; these are ones with
chlorine/bromine substitutions in, at least, the 2, 3, 7, and 8 positions. Only 10 of the 135
possible congeners of CDFs or of BDFs are thought to have dioxin-like toxicity; these also
are ones with substitutions in the 2, 3, 7, and 8 positions. While this suggests 34 ind~vidual
CDDs, CDFs, BDDs, or BDFs with dioxin-like toxicity, inclusion of the mixed
chloro/bromo congeners substantially increases the number of possible congeners with
dioxin-like activity. There are 209 PCB congeners. Only 13 of the 209 congeners are
08/15/94
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thought to have dioxin.,-like toxicity; these are PCBs with 4 or more chlorines withjust 1 or
no substitution in the ortho position. These compounds are sometimes referred to as
coplanar, meaning that they can assume a flat configuration with rings in the same plane.
Similarly configured polybrominated biphenyls are, likely to have similar properties;
however, the data base-on these compounds with regard to

dioxin-lik~

activity has been less

extensively evaluated. Mixed chlorinated and brominated congeners also exist, increasing the
number of compounds considered dioxin-like. The physical/chemicall properties of each
congener vary according to the degree and position of chlorine and/or bromine substitution.
Very 1i.ttle is known about occurrence and toxicity of the mixed (cWo;rinated and brominated)
dioxin, furan, and biphenyl congeners.
In general, these compounds have very low water solubility, high octanol-water
partition coefficients, and low vapor pressure and tend to bioaccumulate. Volume II of the
Exposure Document presents congener-specific values for water solubility, vapor pressure,
partition coefficients, and photo quantum yields and discusses other physicochemical
characteristics of the chlorinated dioxins and dibenzofurans. These physicochemical
properties result in the environmental fate and transport discussed

bel(~w.

Expanded

discussions will be required in future documents to account for dioxinl-like PCBs and for
brominated or mixed halogenated congeners.

9.3. ENVIRONMENTAL FATE
Despite a growing body of literature from laboratory, field, and monitoring studies
examining the environmental fate and environmental distribution of CDDs and CDFs, the
fate of these environmentally ubiquitous compounds is not yet fully understood, and the
following represents our best understanding, based on available data. In soil, sediment, the
•

water column, and probably air, CDDs/CDFs are primarily associatedl with particulate and
organic matter because of their high lipophilicity and low water solubility. They exhibit little
potential for significant leaching or volatilization once sorbed to partic:ulate matter. The
I

available evidence indicates that CDDs and CDFs, particularly the tetra- and higher
chlorinated congeners, are extremely stable compounds under most environmental conditions,
with environmental persistence measured in decades. The only environmentally significant
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transformation process for these congeners is believed to be photodegradation of chemicals
not bound to particles in the gaseous phase or at the soil- or water-air interface. Brominated
congeners are significantly more readily transformed by photodegradation. CDDs/CDFs
entering the atmosphere are removed either by photodegradation or by dry or wet deposition.
Although some volatilization of dioxin-like compounds on soil does occur, the predominant
fate of CDDs/CDFs sorbed to soil is to remain in place near the surface of undisturbed soil
or to move to water bodies with erosion of soil. CDDs/CDFs entering the water column
primarily undergo sedimentation and burial. The ultimate environmental sink of these

~

CDDs/CDFs is believed to be aquatic sediments.
Little specific information exists on the environmental transport and fate of.the dioxinlike PCBs. However, the available information on the physical/chemical properties of
dioxin-like PCBs, coupled with the body of information available on the widespread
occurrence and persistence of PCBs in the environment, indicates that these PCBs are likely
to be associated primarily with soils and sediments and to be thermally and chemically stable.
Soil erosion and sediment transport in water bodies and emissions to the air (via
volatilization, dust resuspension, or point source emissions) followed by atmospheric
transport and deposition are believed to be the dominant transport mechanisms responsible
for the widespread environmental occurrence of PCBs. Photodegradation to less chlorinated
congeners followed by slow anaerobic and/or aerobic biodegradation is believed to be the
principal path for destruction of PCBs. Similar situations exist for the polybrominated
biphenyls (PBBs). Little information is available on the occurrence and fate of biphenyl
congeners containing both chlorine and bromine, but their contribution to dioxin-like activity
in the environment is thought to be small.

9.4. SOURCES
The chlorinated arid brominated dioxins and furans h,we never been intentionally
produced other than on a laboratory-scale basis for use in chemical analyses. Rather, they
are generated as by-products from various combustion and chemical processes. PCBs were
produced in relatively large quantities for use in such commercial products as dielectrics,
hydraulic fluids, plastics, and paints. They are no longer produced in the United States but
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continue to be released to the environment through the use and disposal of these products. A
similar situation exists for the commercially produced PBBs, which were produced, for a
number of uses like flame retardant's.
Dioxin-like compounds are released to the environment in a variety of ways and in
varying quantities, depending on the source. Studies of sediment cOl~es in lakes near
industrial centers of the United States have shown that historical environmental deposition of
dioxins and furans was quite low until about 1920, peaked around 1980, and has

d~lined

thereafter. This trend suggests that the presence of dioxin-like compounds in the
I

environment has occurred primarily as a result of industrial practices and is likely to reflect'
changes in release over time. Further work to confirm declining trends in environmental
samples and to relate these data to human exposures will be required.
Although these compounds are released from a variety of sources, the congener
profiles of CDDs and CDFs found in sediments have been linked to Icombustion sources
(Hites, 1991). Three theories have been suggested to explain formation of CDDs and CDFs
during combustion: (1) CDDs and CDFs are present in the fuels or feed materials and pass
through the combustor intact; (2) precursor chemicals are present in the fuels or feed
material and undergo reactions catalyzed by particulates and other chemicals to form CDDs
and CDFs; and (3) the CDDs and CDFs are formed de novo from organic and inorganic
substrates bearing little resemblance in molecular structure.
The principal identified sources of environmental release of CDDs and CDFs may be
grouped into four major types:
•

Combustion and Incineration Sources: Dioxin-like compounds can be
generated and released to the environment from various combustion processes
when chlorine donor compounds are present. These sources can include
incineration of wastes such as municipal solid waste, sewage sludge, hospital
and hazardous wastes; metallurgical processes such as high-temperature steel
production, smelting operations, and scrap metal recovery furnaces; and the
burning of coal, wood, petroleum products, and used tires for power/energy
generation.
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•

Chemical Manufacturing/Processing Sources: Dioxin-like compounds can be
formed as by-products from the manufacture of chlorine and such chlorinated
compounds as chlorinated phenols (e.g., pentachlorophenol), PCBs, phenoxy
herbicides (e.g., 2,4,5-T), chlorinated benzenes, chlorinated aliphatic
compounds, chlorinated catalysts, and halogenated diphenyl ethers. Although
the manufacture of many chlorinated phenolic intermediates and products, as
well as PCBs, was terminated in the late 1970s in the United States,
production continued elsewhere around the world until 1990, and continued,
limited use and disposal of these compounds can result in releases of CDDs;
CDFs, and PCBs to the environment.

•

Industrial/Municipal Processes: Dioxin-like compounds can be formed through
the chlorination of naturally occurring phenolic compounds such as those
present in wood pulp. The formation of CDDs and CDFs resulting from the
use of chlorine bleaching processes in the manufacture of bleached pulp and
paper has resulted in the 'presence of CDDs and CDFs in paper products as
well as in liquid and solid wastes from this industry. Municipal sewage sludge
has been found to occasionally contain CDDs and CDFs.

•

Reservoir Sources: The persistent and hydrophobic nature of these compounds
causes them to accumulate in soils, sediments, and organic matter and to
persist in waste disposal sites. The dioxin-like compounds in these
"reservoirs" can be redistributed by various processes such as dust or sediment
resuspension and transport. Such releases are not original sources in a global
sense, but can be on a local scale. For example, releases may occur naturally
from sediments via volatilization or via operations that disturb them, such as'
dredging. Aerial deposition and accumulation on leaves can lead to releases
during forest fires or leaf composting operations.

As awareness of these possible sources has grown in recent years, a number of
changes have occurred in the United States, which should reduce the release rates. For
example, releases of dioxin-like compounds have been reduced due to the switch to unleaded
automobile fuels (and associated use of catalytic converters and!
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scavenger fuel additives), process changes at pulp and paper mills, new emission standards
and upgraded emission controls for incinerators, and reductions in the manufacture of
chlorinated phenolic intermediates and products and the use of pesticides such as 2,4,5,-T
and pentachlorophenol.
Although dioxins in the environment may arise from a numbe:r of sources as discussed
above, the Exposure Document presents recent analyses of only air emissions of CDDs and
CDFs for several European countries in terms of total toxic equivalents 'based on
international TEFs for CDDs and CDFs. These studies assume that emissions to air make up
the major portion of dioxins released to the environment. Estimates of total release in these
countries range from approximately 100-1,000 g TEQ/year in West Germany and 100-200 g
TEQ/year in Sweden to approximately 1,000 and 4,000 g TEQ/year maximum emissions in
The Netherlands and United Kingdom, respectively. Similar nationwide estimates for the
United States have not been compiled prior to this reassessment effort. The Exposure
Document estimates the U.S. emissions to be in the range of 3,300-26,000 g TEQ/year, with
a central estimate of 9,300 g TEQ/year. These estimates were derived from data from
emission tests at relatively few facilities in each combustor class. These data were used to
develop emission factors and then extrapolated to a nationwide basis 'Using the total amount
of waste feed material in each class. Variability of measured emissions from facilities within
a class and the uncertainty in estimating the total amount of waste fetxl material in each class
lead to the wide range presented above. Qualitatively speaking, majQr contributors to this
total include medical waste incinerators, municipal waste incinerators, cement kilns, and
industrial wood burning. Because of the limited number of measurements and the large
number of potential sources for each of these emissions, total estimattOO emissions from these
sources are considered highly uncertain. Municipal waste incineration has more
measurement data than other air sources, but emissions are highly valiableamong facilities
so that the overall estimate remains uncertain. Diesel-fueled vehicles; hazardous waste
burning, forest fires, and metal smelting are more moderate contributors of dioxin-like
compounds, but the magnitude of the contribution is also highly uncertain. Sewage. waste
incineration and residential wood burning as well as a few minor proeesses round out the
current analysis and provide lower range

esti~ates
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still other sources are recognized and releases to land and water in addition to air are
discussed in the Exposure Document, it is clear from this exercise that additional
measurement data will be needed to gain an adequate appreciation for the nature and
magnitude of major U.S. sources of CDD and CDF emissions.
Several investigators have attempted to conduct "mass balance" checks on the
estimates of national dioxin releases to the environment. Basically, this procedure involves
comparing estimates of the emissions to estimates of aerial deposition. Such studies in
Sweden (Rappe, 1991) and Great Britain (Harrad and Jones, 1992) have suggested that the
deposition exceeds the emissions by about tenfold. These studies are acknowledged to be
quite speculative due to the strong potential for inaccuracies in emission and deposition
estimates. In addition, the apparent discrepancies could be explained by long-range transport
from outside the country, resuspension, and deposition of reservoir sources or unidentified
sources. Bearing these limitations in mind, this procedure has been used in this reassessment
to compare the estimated emissions and deposition in the United States.
Deposition measurements have been made at a number of locations in Europe and two
places in the United States (see discussion of these studies in Volume II of the Exposure
Document). These limited data suggest that a deposition rate of 1 ng TEQ/m2-yr is typical
of remote areas and that 2-6 ng TEQ/m2-yr is more typical of populated areas. Applying
these values, the total U.S. deposition can be estimated as 20,000 to 50,000g TEQ/yr. This
range can be compared to the range of emissions for the United States (3,300-26,000 g
TEQ/yr) as presented in the Exposure Document. As noted above, interpreting such
comparisons is highly speculative and supports the need to conduct further emissions testing
into all media and deposition measurement, if we are to understand the total mass Qalance for
these compounds.
While all of the above emission and deposition values are given in the form. of TEQs,
it should be noted that neither emission nor deposition is equivalent to exposure or intake.
Significant changes in composition can occur to complex mixtures of CDDs, CDFs, and
PCBs as they move through the environment. Measurements at or near the point of human
contact provide the best estimates of human exposure. TEQs are most relevant to potential
for hazard and risk when they represent intake values.
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9.4.1. Levels in the Environment and in Food
CDDs, CDFs, and PCBs have been found throughout the world in practically all
media, including air, soil, water, sediment, fish and shellfish, and agricultural food products
such as meat and dairy products. The highest levels of these compounds are found in soils,
sediments, and biota; very low levels are found in water and air. The widespread occurrence
observed, particularly in industrialized countries, is not unexpected, considering the
numerous

~ources

that emit these compounds into the atmosphere and the overall resistance
,

,

of these compounds to biotic and abiotic transformation.
The average levels of these compounds found in the various media in North America
have been compiled in the Exposure Document. The levels shown for environmental media
and for food in North America are based on few samples and must be considered uncertain.
However, they seem reasonably consistent with, levels measured in a number of studies in
Western Europe and Canada. The consistency of these levels across industrialized countries
adds some confidence to the limited data from the United States and provides some
reassurance that the U.S. estimates are reasonable. A major concern raised regarding all of
these data is that few if any of these studies had a statistical design that was satisfactory for
generalization to national food supplies. This adds to the uncertainty of extrapolations using
these findings and argues for additional data collection to evaluate national and regional
differences of levels of dioxin-like compounds in the environment and in food.
This assessment proposes the hypothesis that the primary mechanism by which dioxinlike compounds enter the terrestrial food chain is via atmospheric deposition. Dioxin and
related compounds enter the atmosphere directly through air emissiom; or indirectly, for
example, through volatilization from land or water or from resuspension tOf particles.
Deposition can occur directly onto soil or onto plant surfaces. Soil

d~~posits

can enter the

food chain via direct ingestion (e.g., grazing animals, earth worms, fur preening by
burrowing animals). Dioxin-like compounds in soil can become available to plants by
volatilization and vapor absorption or particle resuspension and adherence to plant surfaces.
In addition,' dioxin-like compounds in soil can adsorb directly to underground portions of
plants. Uptake from soil via the roots into above-ground portions of plants is thought to be
insignificant.
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Support for this air-to-food hypothesis is provided by Hites (1991) who ,concluded that
IIbackground environmenta1levels of dioxin-like compounds are caused by dioxin-like
compounds entering the environment through the atmospheric pathway." His conclusion was
based on demonstrations that the congener profl1es in lake sediments could be linked to
congener profl1es of combustion sources. Further arguments supporting this hypothesis '
include: (1) numerous measurements show that emissions occur from multiple sO\lrces and
deposition occurs in most areas, including remote locations; (2) atmospheric transport and
deposition are the only mechanisms that could explain the widespread distribution of these
compounds in soil; and (3) other mechanisms of uptake into food, for instance, from direct
contamination or through packaging, are much less plausible. Direct uptake into food from
soil or sediments is possible and could be important for IIlocal" exposures. These routes are
less likely to explain the general background level of dioxin and related compounds found in
the diet of the general population.
At present, it is unclear whether atmospheric deposition represents primarily "new"
contributions of dioxin and related compounds from all media reaching the atmosphere or
whether it is IIold" dioxin and related compounds that persist and recycle in the environment.
Understanding the relationship between these two scenarios will be particularly important in
understanding the relative contributions of individual point sources of these compounds to the
food chain and assessing the effectiveness of control strategies focused on either IInewII or
lI

old" dioxins in attempting to reduce the levels in food.

9.4.2. Background Exposure Levels
The term IIbackgroundII exposure has been used throughout this reassessment to
describe exposure of the general population, who are not exposed to readily identifiable point
sources of dioxin-like compounds, that results in widespread, low-level circulation of dioxinlike compounds in the environment. The primary route of this exposure is thought to be the
food supply, and most of the dioxin-like compounds are thought to come from non-natural
sources. For the purposes of estimating background exposures to dioxin-like compounds via
dietary intake the upper-range background toxicity equivalent values (i.e., those calculated
using one-half the detection limit for the nondetects) were used in the Exposure Document.
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Uncertainties associated with the use of TEQs have been described throughout this chapter.
The estimates are based on intake of dioxin-like CDDs and CDFs a~d do' not include
estimates for dioxin-like PCBs or other dioxin-like compounds. Indusion of dioxin-like
. PCBs could raise these estimates by 35-50%. The net effect of the:;e calculations is that we
may be overestimating background levels based on the use of one-half of the detection limit
and underestimating background levels by not including the dioxin-like PCBs or other dioxinlike compounds.
A background exposure level of 120 pg TEQ/day for the United States was
estimated. These estimates are comparable to analogous estimates

~or

European countries.

These include estimates for Germany, which range from 79 pg TEQ/da.y based on Furst et
ale (1990) to 158 pg TEQ/day based on Furst etal. (1991), 118-126 pg TEQ/day exposure
via numerous routes in The Netherlands (Theelen, 1991), and 140-2.90 pg TEQ/day for the
typical Canadian exposed mainly through food ingestion (Gilman anp Newhook, 1991). It is
generally concluded by these researchers that dietary intake is the primary pathway of human
exposure to CDDs and CDFs. These investigators among others suggest that greater than 90
percent of human exposure occurs through the diet, with foods from animal origins being the
predominant pathway.
This conclusion, that food is the predominant pathway of exposure, 'remains to be
validated in the United States. Although data are derived from multiple studies from around
the world, the data represent limited numbers of samples. Use of one-half of the detection
level for nondetects is a reasonable but conservative approach to estimating low levels in
samples. For some data sets, use of zero values for nondetects woulld result in significantly
lower estimates. Setting nondetects equal to zero, however, does not significantly change the
average TEQ levels estimated for most categories of U.S. food. In 1the current assessment,
similar estimates of TEQs derived from different data sets, developed by different
investigators in several countries, strengthen the probability that this inference represents the
exposure of the general population in industrialized countries to dioxin and related
compounds.
Data on human tissue levels suggest that body-burden levels among industrialized
nations are reasonably similar (Schecter, 1991). These data can also be used to estimate
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background exposure through the use of pharmacokinetic models. Using' this approach,
exposure levels to 2,3,7,8-TCDD in industrialized nations are estimated to be about 20 to 40
pg TCDD/day (0.3-0.6 pg TCDD/kg/day). This is generally consistent with the estimates
derived using diet-based approaches to estimate total TCDD intake., Pharmacokinetic
approaches have not been applied to estimate exposures to CDDs or CDFs other than TCDD,
,

'

which contribute substantially to the body burden of dioxin-like compounds. Estimates of
exposure to dioxin-like CDDs and CDFs based on dietary intake are in the range of 1-3 pg
TEQ/kg/day. Estimates based on the contribution of dioxin-like PCBs to toxicity equivalents
raise the total to 3-6 pg TEQ/kg/day. This range is used throughout this characterization as
an estimate of average background exposure to. dioxin-like CDDs, CDFs, and PCBs.
The U.S. study of CDD/F body burdens contained in the National Human Adipose
Tissue Survey (NHATS) (U.S. EPA, 1991) analyzed for CDD/Fs in 48 human tissue
samples which were composited from 865 samples. These samples were collected during
1987 from autopsied cadavers and surgical patients. While this was an important study of
chemical residues occurring in human fat, numerous technical shortcomings of this study
have been described. For instance, the sample compositing prevents use of these data to
examine the distribution of CDD/F levels in tissue among individuals. However, it did allow
conclusions in the following areas:
•

National Averages: The national averages for all TEQ congeners (but
excluding dioxin-like PCBs) were estimated and totaled to 28 pg TEQ/g lipid
adjusted value (28 ppt).

•

Age Effects: Tissue concentrations of CDD/Fs were found to increase with
age.

•

Geographic Effects: In general, the average CDD/F tissue concentrations
appeared fairly uniform geographically.

•

Race Effects: No significant differences in CDD/F ti.ssue concentrations were
found on the basis of race.

•

Sex Effects: No significant differences ill CDD/F tissue concentrations· were
found betWeen mllies and females.
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•

Temporal Trends:. The 1987 survey showed decreases in tissue

concentrations relative to the 1982 survey for all congeners. However, it is
not known whether these declines were due to imprmrements in the analytical
methods or actual reductions in body-burden levels. The fact that areas
surveyed in this study changed over time (due to drop-out of areas) also makes
interpretation of time trends difficult. The percent reductions among
individual congeners varied from 9 % to 96 %. The relationship of these data
to an apparent declining trend of dioxin-like compounds in environmental
samples, especially sediments, is currently unclear.
More recent data (Patterson et al., 1994) show similar decreasing trends with regard
to levels of dioxin-like PCBs in blood and fat. In addition, these dELta showed a wide
variability of PCB congeners in human adipose tissue samples as compared to concentrations
of CDDs and CDFs, which were less variable.
Inclusion of dioxin-like PCBs in TEQ calculations raises the average body burden to
40-60 pg TEQ/g (40-60 ppt). Because available data from the two studies discussed above
do not provide a representative population sample, these conclusions must be regarded as
uncertain. Additional measurements will be necessary to confirm this hypothesis. Use of a
protocol for sampling that allows an evaluation of age-adjusted population averages will be
critical for understanding the current body-burden situation and evaluating impacts of future
efforts to further reduce exposures to this class of compounds.
Levels of dioxin-like compounds found in human tissue/bloodlappear 'similar in
Europe and North America. Schecter (1991) compared levels of dioxin··like compounds
found in blood among people from U.S. pooled samples (100 subjecltS) and Germany (85
subjects). Although mean levels of individual congeners differed by as much as a factor of
two between the two populations, the total TEQ averaged 42 pg TEQ/g (42 ppt) in the
German subjects and was 41 pg TEQ/g (41 ppt) in the pooled U.S. samples. These values
do not include TEQs for PCBs.
New information on levels of dioxin-like compounds in human adipose tissue and
blood has recently been published (Patterson et al., 1994). This study reports measurements
of dioxin-like PCB congeners as well as CDD and CDF levels in samples from 28 Atlanta
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residents. These measurements show that concentrations

of dioxin-like·P~Bs

can be more

than an order of magnitude higher than concentrations of TCDD. Comparison with other
published information suggests much higher levels of nondioxin-like congeners of PCBs and
the possibility that concentrations of both types of congeners will depend heavily on previous
human activities such as fish consumption. These data are consistent with the previous
statement that dioxin-like PCBs may account for approximately one-third of the total TEQ in
the general population. Values in Patterson's study calculated TEQs for PCBs using the data
of Safe (1990), which were acknowledged by the author as being conservative and, based on
more recent data, overestimate the contribution of dioxin-like PCBs.
While, as described above, evaluation of the range of background populatioij. blood
levels is difficult given existing data, the NHATS tissue data show that the maximum
measured concentrations were about two times higher than the average for most congeners
(U.S. EPA, 1991). These results are based on composite samples that each included
approximately 20 individual samples. This high level of compositing will greatly reduce the
individual variability of samples. Consequently, the range in body burdens in the entire
population is expected to be larger than that found among the samples in this study; The
Patterson et al. (1994) data show that the maximum 2,3,7,8-TCDD concentration was about
three to four times higher than the average. Similar results were seen for PCB 12~. These
results are based on samples of 28 individuals. Again, the range of body burdens in the

.

entire population will be greater than that found among these 28 individuals. Accordingly, it
can be concluded that body burdens of dioxin-like compounds are likely to be at least three
to four times higher than the average for some members of the population and, perhaps, even
higher. While it is difficult to know the full extent of the range of body burdens, the
Patterson data were found to fit reasonably well as a log-normal distribution. This
observation has also been made for other data sets (Sielken, 1987). With such distributions
in large populations, it is not unusual to see values that extend three standard deviations
beyond the mean. The body burdens corresponding to three standard deviations beyond the
mean (99th percentile) have been estimated (using a log-scale calculation) to be
approximately seven times higher than the arithmetic mean. Whether individuals with
background levels of dioxin-like compounds of this magnitude exist in the general population
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is unknown, but these calculations provide support for the inference: that the general
population may have a wide range of body burdens and, ther~fore, both av~rage "and high
end values should be considered when evaluating potential for adverse impacts of background
exposures.

9.4.3. Highly Exposed Populations
In addition to general population exposure, some individuals or groups of indiv~duals
,

"

may alsQ be exposed to dioxin-like compounds from discrete sources or pathways locally
within their environment. Examples of these "special" population exposures. include
occupational exposures, direct or indirect exposure to local populations from discrete local
sources, exposure to nursing infants from mother's milk, or" exposures to subsistence or
recreational fishers. These exposures have been discussed previously in terms of increased
exposure due to dietary habits (see Exposure Document) or dlle to occupational conditions or
industrial accidents (see Chapter 7). Although exposures to these populations may be
significantly higher than to the general population, they usually represent relatively small
numbers of individuals. Inclusion of their levels of exposure in the general population
estimates would have little impact

o~

average estimates and would obscure the potential

significance of elevated exposures for these subpopulations.
For example, consumption of breast milk by nursing infants may lead to higher levels
of exposure during the early postnatal period as .compared to intake in the diet later in life.
Schecter et al. (1992) report that a study of 42 U.S. women found

am average of 16 pg

TEQ/g (16 ppt), 3.3 ppt of which was 2,3,7,8-TCDD, in the lipid portion of breast milk. A

much larger survey in Germany (n=728) found an average of 31 pg TEQ/g (31 ppt) with a
range of 6 to 87 pg TEQ/g in the lipid portion of breast milk (Becket al., 1991). These
estimates do not include a contribution to total TEQ from dioxin-like PCBs. The level in
human breast milk can be predicted on the basis of the estimated dioxin intake by the
mother. Such procedures are presented in Volume II of the Exposure Document.
Elimination of 2,3,7,8-TCDD through mother's milkcan reslllit in higher exposure
levels to the infant than for the general population. Assuming that an infant breast feeds for
one year (a conservative assumption since, in the United States, 6 months of breast feeding is
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more typical), has an average weight during this period of 10 kg (which is on the high end
[90-98th percentile] of the average weight distribution for the first year of life), ingests 0.8,
kg/d of breast milk and that the dioxin concentration in milk fat is 20 pg/g (20 ppt) of TEQ,
the average daily dose to the infant over this period is predicted to be about 60 pg TEQ/kg/d,
not including dioxin-like PCBs. This value is 10 to 20 times higher than the estimated range
for background exposure to adults (Le., 3-6 pg TEQ including dioxin-like PCBs/kg/d) and
would have been even higher if dioxin-like PCBs had been included in this sample analysis.
A range of alternative assumptions could be made regarding the nursing time period, infant's
body weight, and milk ingestion rate. None of these factors is likely to vary individually by
more than a factor of two and, when combined, will likely result in less than multiplicative
variability in estimates of daily intake. WHO (1988) suggested that a reasonable average
nursing scenario would be 6 months duration, 0.7 L/day ingestion rate, and a milk fat
content of 3.5%. Using a milk ingestion rate of 120 mL/kg/day (compared to 80 mL/kg/day
used above) and a milk concentration of 16.9 pg TEQ/g, WHO estimated a daily intake of 70
pg TEQ/kg/day.
If a 70-year averaging time is used to obtain an added increment of lifetime daily

dose, then the increment of lifetime average daily dose

~ttributable

to the EPA nursing

scenario is estimated to be 0.8 pg of TEQ/kg/d. On a mass basis, the cumulative dose to the'
infant under this scenario is about 210 ng compared to a lifetime background intake of about
1,700 to 5,100 ng (suggesting that 4% to 12% of.the lifetime intake may occur as a result of
breast feeding for the first year of life). WHO (1988) estimated that 4% of the lifetime
intake would occur during the 6 months of nursing in their scenario. This percentage, as
well as the daily intake rate, is nearly identical to the estimates presented in the Exposure
Document although based on somewhat different assumptions. Traditionally, EPA has used
the lifetime average daily dose as the basis for evaluating incremental cancer risk and the
average daily dose (Le., the daily exposure per unit body weight occurring during an
exposure event) as the more appropriate indicator of risk for certain noncancer end points.
The use of a lifetime average daily dose for high..,level, early exposures may underestimate
cancer risk if dose rate or perinatal sensitivity is important in the ultimate carcinogenic
outcome. The average daily dose approach may be particularly important for the evaluation
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of noncancer end points if exposure is occurring during windows of sensitivity during
,

prenatal and postnatal development. However, data are currently insufficient to verify this
hypothesis.
In addition, consumption of unusually high levels of fish, meat, or dairy products
containing elevated levels of dioxin and related compounds can lead to elevated blood levels
in comparison to the general population. Most people eat fish from multiple sources, both
fresh and salt water, where levels of dioxin-like compounds are likely to be low. Even if
large quantities of fish are consumed, most people are not likely to have unusually high
.

,

exposures to dioxin-like compounds. However, individuals who fish regularly for purposes
of basic subsistence are likely to obtain their fish from a few sources and may have the
potential for elevated exposures. Such individuals may also consume large quantities of fish.
Although average consumers may eat a few fish meals a month (an average intake of
approximately 6.5 grams of fish a day), many recreational anglers near

l~ge

water bodies

may consume, on average, four to five times as much (approximately 30 grams per day). Of
course, these averages include some individuals who eat no fish at all. Some individuals at
the high end of the consumption range may eat, on average,

a~

much as 140 grams per day.

Certain members of ethnic groups who are subsistence fishers may consume two to three
times this high-end amount as an upper estimate (up to 400 grams or approximately 1 pound
per day). If high-end consumers obtain their fish from areas where content of dioxin-like
chemicals in the fish is high, they may constitute a highly exposed subpopulation. Svensson
et al. (1991) found elevated blood levels of CDDs and CDFs in high fish consumers living
near the Baltic Sea in Sweden. The highest consumers, fishermen or workers in the fish
industry, had blood level TEQs that were approximately three times' that of non-fish
consumers (60 pg TEQ/g lipid versus 20 pg TEQ/g lipid). The dif£erence in levels of
dioxin-like compounds was particularly apparent for the CDFs. Dio:xin-like PCBs were not
accounted for in this study. Studies are currently under way to examine fish consumption
patterns in several Native American groups. Recent results (Columbia River Intertribal Fish
Commission, 1994) suggest that Native Americans living. along the Columbia River may
consume an average of 30 grams of fish a day; some individuals cor.lsume much higher
levels. Studies are currently under way to determine levels of dioxin-like compounds in fish
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from this region. No measurements of dioxin-like chemicals in the blood of these Native
American populations are currently available.
Dewailly et al. (1994) observed elevated levels of coplanar PCBs in the blood of
fishermen on the north shore of the Gulf of the St. Lawrence River who consume large
amounts of seafood. Coplanar PCB levels were 20 times higher among the 10 highly
exposed fishermen than among controls. This study also reported elevated levels of
coplanar PCBs in the breast milk of Inuit women of Arctic Quebec. The principal source of
protein for the Inuit people is fish and sea mammal'consumption.
The possibility of high exposures to dioxin-like chemicals as a result of consuming
meat and dairy products is most likely to occur in situations where individuals consume large
quantities of these foods from a locality where the level of these compounds is elevated.
Most people eat meat and dairy products from multiple sources and, even if large quantities
are consumed, are not likely to have unusually high exposures. However, individuals who
raise their own livestock for basic subsistence have the potential for higher exposures if local
levels of dioxin-like compounds are high. Volume III of the Exposure Document presents
methods for evaluating this type of exposure scenario and concludes that indirect exposures
via consumption of locally produced foods represent a major pathway for human exposure
for a limited number of individuals in the population. In an example analysis contained in
Volume III of the Exposure Document based on proximity to combustor emissions, the high
end exposure estimates from food consumption were found to be about two orders of
magnitude higher than inhalation exposures at the same location. However, it should be
noted that no studies were found in the literature to demonstrate this potential increased
exposure based on measurements of dioxin-like chemicals from source to livestock to
humans.
Although the subpopulations discussed above have the potential for high exposure to
dioxin-like compounds, a careful evaluation of dietary habits and proximity to sO,urces of
dioxin and related compounds is needed. It would generally be inappropriate to compute the
total intake of dioxin-like compounds in a subpopulation by simply adding the dioxin intake
from highly consumed food to the general population intake level. The general-population
background estimate assumes a typical pattern of food ingestion, whereas a subpopulation -
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that has a high consumPtion rate of one particular food type is likely to eat less of other food
types. Ideally, the evaluation should be based on the entire diet of the subpopulation and use
case-specific values for food ingestion rates and concentrations of diloxin-like compounds.
High blood levels of dioxin and related compounds based on! high levels of exposure
have been documented for industrial exposures in segments of the chemical industry and for
industrial accidents. Health effects studies in human populations have focused on these
groups of highly exposed individuals. Results of these studies are d:escribed in detail in
Chapter 7..
9.5. DISPOSITION AND PHARMACOKINETICS
The disposition and pharmacokinetics of 2,3,7,8-TCDD and related compounds have
been investigated in several species and under various exposure conditions. These data and
models derived from them are. critical in understanding the sequelae of human exposure.
Data related to disposition and pharmacokinetics of dioxin and relabxl compounds and efforts
to develop models to further understand tissue dosimetry are described in detail in Chapter 1
of the Health Assessment Document.
The gastrointestinal, dermal, and transpulmonary absorptions: of these compounds
,

•

I

represent potential routes for human uptake, Findings of studies in experimental animals
indicate that oral exposure to 2,3,7,8-TCDD in the diet or in an oil vehicle results in the
absorption of > 50 %, and often closer to 90 %, of the administered dose. Gastrointestinal
absorption of related compounds is variable, incomplete, and congener specific. More
soluble congeners, such as 2,3,7,8-TCDF, are almost completely absorbed, while the
extremely insolubleOCDD is very poorly absorbed. In some cases" absorption has been
found to be dose dependent, with increased absorption occurring at Jlower doses (2,3,7,8TBDD, OCDD). The limited data base also suggests that there are no major interspecies
differences in the gastrointestinal absorption of these compounds among mammals. Limited
data (Poiger and Schlatter, 1986) from a single human volunteer suggest a high level

(> 87 %) of absorption of 2,3,7,8-TCDD in com oil from the gastrointestinal tract.
Following absorption, a half-life for elimination was estimated to be 2,120 days (5.8 years).
It should be noted that this estimate of half-life is for a single indivildual and that longer

9.-23

08/15194

DRAFT--DO NOT QUOTE OR CITE
median half-lives for 2,3,7,8-TCDD have been estimated (7.1 and 11.3 years) in other
studies described in this chapter and in Chapter 1. ,
Additional data also indicate the importance of the formulation or vehicle containing
the toxicant(s) on the relative bioavailability of 2,3,7,8-TCDD and related compounds after
exposure. For instance, rodent feeding studies indicate that the bioavailability of 2,3,7,8TCDD from soil varies between sites and 2,3,7,8-TCDD content alone may not be indicative
of potential human hazard from contaminated environmental materials. Although
data
'.
.

indicate that substantial absorption may occur from contaminated soil, soil type and duration
of contact may substantially affect the absorption of 2,3,7,8-TCDD from soils obtained from
different contaminated sites. This uncertainty should be kept in mind as intake values and
the assumption of 50-100% absorption are often used to estimate potential risk from
environmental samples.
In experiments measuring dermal absorption for 2,3,7,8-TCDD and several'CDFs,'

the percentage of administered dose absorbed decreased with increasing dose while' the
amount absorbed increased with dose. Results also suggest that the majority of the·
compound remaining at the skin exposure site was associated with the outer skin layer (the
stratum corneum) and did not penetrate through to the dermis. Together, these results on
dermal absorption indicate that at :::;;0.1 I-'mol/kg, a greater percent of this administered dose
of 2,3,7,8-TCDD and three CDFs was absorbed. Nonetheless, even following a low-dose
dermal application of 200 pmol (1 nmol/kg), the rate of absorption of 2,3,7,R-TCDD is still
very slow (rate constant of 0.005 hour-I). Dermal exposure of humans to 2,3,7,8-TCDD and
related compounds usually occurs as a complex mixture of these contaminants in soil, oils, or .
other mixtures that would be expected to alter absorption. Available data suggest that the
dermal absorption of 2,3,7,8-TCDD depends on the formulation (vehicle or adsorbent)
containing the toxicant. Although no data are available to directly evaluate human dermal
absorption, the data available from in vitro and animal studies suggest slow dermal
absorption of these compounds, which is likely to be dependent on the vehicle or adsorbent
containing the compounds and the duration of the contact.
The use of incineration as a means of solid and hazardous waste management results
in the emission of vapors and contaminated particles that may contain TCDD and related
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compounds into the environment. Thus, exposure to TCDD and related compounds may
result fro"m inhalation of contaminated fly ash, dust, and soil or

fro~

ingestion if air-

transported particles are deposited on fruits and vegetables. Direct exposure by the
inhalation route is usually relatively low as a percentage of overall intake. Systemic effects
occur in animals after pulmonary exposure to TCDD, suggesting that transpulmonary
absorption of TCDD does occur. Further results suggest that the transpulmonary absorption
of 2,3,7,8-TCDDand 2,3,7,8-TBDD was similar to that observed following oral exposure.
These limited data provide evidence of efficient transpulmonary absorption after intratracheal
instillation in laboratory animals. No data from humans or primates are available to address
this issue. However, these data provide support for the inference that efficient absorption
will occur when vapors and particles containing dioxin and related compounds are inhaled by
humans.
. Once absorbed into blood, 2,3,7,8-TCDD and related compounds readily distribute
to all organs. Tissue distribution within the first hour after exposulie reflects physiological
parameters such as blood flow to a given tissue and

relativ~

tissue sIze. There do not appear

to be major species or strain differences in the tissue distribution of2,3,7,8-TCDD and
2,3,7,8-TCDF in. mammals, with the liver and adipose tissue being the primary disposition
sites although human data to

addr~ss

this issue are quite limited. The tissue distribution of

the coplanar PCBs and PBBs also appears to be similar to that of 2,3,7,8-TCDD and 2,3,7,8TCDF based on evaluation in experimental animals.
Multiple studies suggest that distribution of this class of compounds to internal organs
is dose dependent. At low doses in ailimal studies, adipose tissue serves as the' major" depot;
at high doses, a major fraction is sequestered in the liver. The biochemical basis for .this
observation is under investigation. Induction of a hepatic binding protein has been
hypothesized to playa major role.
As discussed above, levels of 2,3,7,8-TCDD averaging 5-10 pg/g lipid (ppt) have
been reported for background populations. Sielken (1987) evaluated, these data and
concluded that the levels of 2,3,7,8-TCDD in human' adipose are log-normally distributed
and positively correlated with age. Among the observed U.S. background levels of 2,~,7,8
TCDD in human adipose tissue, more than 10% were> 12 pglg (ppt).
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Human body-burden measurements on dioxins were initially conducted using adipose tissue,
which required surgical samples, or, occasionally for women, using breast milk. Patterson 'et
al. (1988) showed that human serum was an accurate and more practical surrogate for human
adipose tissue. They found that the partitioning ratio of 2,3,7,8-TCDD between adipose
tissue and serum was approximately 1.09 when the concentrations were adjusted for lipid
content. This relationship appears to hold for at least a thousandfold concentration range in
excess of background levels. This correlation indicates that serum 2,3,7,8-TCDD, coupled
with measurement of serum lipid content, provides a valid estimate of the

2,3~7,8-TCDD'

concentration in adipose tissue under steady-state, low-dose conditions.
In a study of potentially heavily exposed Vietnam veterans, the Centers for Disease
Control and Preventipn (MMWR, 1988) reported an Air Force study of Ranch Hand veterans ;
who were either herbicide loaders or herbicide specialists in Vietnam. The herbicide 2,4,5-T
(Agent Orange) that was used in Vietnam was contaminated with a low perc:entage of
2,3,7,8-TCDD. The mean serum 2,3,7,8-TCDD level of 147 Ranch Hand personnel was 49 .
I

pg/g (ppt) in 1987, based on tota1lipid-weight,' while the mean serum level of the 49 controls
was 5 pg/g (ppt). In addition, 79% of the Ranch Hand personnel and 2% of the controls had
2,3,7,8-TCDD levels > 10 pg/g (ppt). The distribution of 2,3,7,8-'fCDD levels in this
phase of the Air Force health study indicates that Ranch Hand veterans have had higher
lifetime exposures than controls and that a small number of Ranch Hand personnel had
unusually heavy 2,3,7,8-TCDD exposure. Pirkle et al. (1989) estimated the median half-life
of 2,3,7,8-TCDD in humans to be approximately 7 years on the basis of 2,3,7,8-TCDD
levels in serum samples taken in 1982 and 1987 from 36 of the Ranch Hand personnel who
had 2,3,7,8-TCDD levels> 10 pg/g (ppt) in 1987. Similar tissue concentrations were
obtained by Kahn et al. (1988) in a report comparing 2,3,7,8-TCDD levels in blood and
adipose tissue of moderately exposed Vietnam veterans who handled herbicides regularly
while in Vietnam and matched controls. Although this study can distinguish moderately
exposed men from others, the data do not address the question of the difficulty of
characterizing the exposures of persons whose exposures· are relatively low and 'who
constitute the bulk of the population, both military and civilian, who may have been exposed
to greater than background levels of 2,3,7,8-TCDD.. Despite the fact that their exposures
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may result in slightly elevated levels of 2,3,7,8-TCDD, these individuals are
indistinguishable from the general population with similar blood levels spanning a range of
nondetect to

> 10 ppt. Recently, a follow-up analysis to the Ranch Hand study described

above has been published. This study (Wolfe et al., 1994) describes half-life measurements
based on 337 Ranch Hand veterans. The estimate of the median half-life of TCDD is
predicted to be 11.3 years. The·implications of this longer half-life on our understanding of
TCDD kinetics and on the back-calculations of historic intake values and body burdens will
need to be fully described in future versions of this report.
The metabolism of 2,3,7,8-TCDD and related compounds is reQ.uired for urinary and
biliary elimination and therefore plays a major role in regulating the: rate of excretion of
these compounds and determining their half-life. Although early in vivo and in vitro
investigations were unable to detect the metabolism of 2,3,7,8-TCDD, there is now evidence
that a wide

r~ge 'of

mammalian and aquatic spe9ies are capable of ~~lowly biotransfoiming

2,3,7,8-TCDD to polar metabolites. Although metabolites of 2,3,7,8-TCDD have not been
directly identified in humans, recent analytic data from feces samples from an individual in a
self-dosing experiment suggest that humans can slowly metabolize 2!,3,7,8-TCDD (Wendling
and Orth, 1990). Direct intestinal excretion of the parent compoundl is another route for
excretion of 2,3,7,8-TCDD and related compounds that is not regulated by metabolism.
Some investigators have questioned whether the parent compound or metabolites are
responsible for dioxin toxicity. Structure-activity studies of 2,3,7,8-TCDD and related
compounds support the widely accepted principle that the parent compound is the active
species, arid the relative lack of biological activity of readily excreted monohydroxylated
metabolites of 2,3,7,8-TCDD and 3,3' ,4,4'-TCB suggests that metabolism is a detoxification
process necessary for the biliary and urinary excretion of these compounds. This concept
has also been generally applied to 2,3,7,8-TCDD-related compounds, although data are
lacking on the structure and toxicity of metabolites of other CDDs, BDDs, CDFs, BDFs,
PCBs, and PBBs. It is still possible, however quite unlikely, that low levels of unextractable
andlor unidentified metabolites may contribute to one or more of the toxic responses of
2,3,7,8-TCDP and related compounds.
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Physiologically based pharmacokinetic (PB-PK) models

hav~

been developed for

2,3,7,8-TCDD in mice, rats, and humans. PB-PK models incorporate known or estimated
anatomical, physiological, and physicochemical parameters to describe quantitatively the
disposition of a chemical in a given species. PB-PK models can assist in the extrapolation of
high-to-Iow dose kinetics within a species, estimating exposures by different routes of
administration, calculating effective doses, and extrapolating these values across species.
These models are particularly important given the limited

~mpirical

data on individual dioxin-

like congeners.
Chapter 8 contains a review of biologically based models of dioxin pharmacokinetics.
The early studies in rodents have recently been eX,tended to describe protein induction and
tissue distribution data in the mouse (Leung et al., 1990b) and rat (Leung et al., 1990a).
Andersen et al. (1993) refined the model to include induction of CYP1A1 and diffusionlimited tissue distribution. CYP1A1 is one of a family of proteins involved in the activation
and detoxification of both endogenous and exogenous chemicaJls. The model described by
Kedderis et al. (1993) for 2,3,7,8-tetrabromodibenzo-p-dioxin extended the use of PBPK
models to the brominated congener of TCDD. Portier et al. (1993) modeled the steady-state
induction of CYPIAI and CYP1A2 using Hill equations. Their analysis stressed the
importance of the mechanism of endogenous protein expression on the shape of the doseresponse curve in the low-dose region. Kohn and Portier (1993) extended this result to a
general class of models and discussed implications of these models for risk assessment.
Kohn et al. (1993) used approaches to describe tissue dosimetry of TCDD and additionally
incorporated dioxin-mediated effects on growth factors, induction of the Ah-receptor, and
several models for endogenous induction of CYP1A1, CYP1A2, and the EGF receptor.
Other models have been proposed recently to describe effects of TCDD on lipid metabolism
(Roth et al., 1993).

An empirical dose-dependent model by Carrier (1991) relates the varying fraction of
the body burden of TCDD associated with the liver in humans to the total body burpen of
TCDD. This model is consistent with the animal results described by the PB-PK models of
Andersen et al. (1993) and Kohn et al. (1993).
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Our uncertainty in the validity of predictions from PB-PK models is primarily driven
by the limited availability of congener and species-specific data that accurately describe the
dose- and time-dependent disposition of 2,3,7,8-TCDD and related compounds. As
additional data become available, particularly on the dose-dependemt disposition of these
compounds, more accurate models can be developed. In developing a suitable model in the
human, it is also important to consider that the half-life estimate of 7.1 years for 2,3,7,8TCDD was based on two serum values taken 5 years apart, with the assumption of a single
compartment, and assuming a first-order elimination process

(Pirk:l(~

et al., 1989). It is likely

that the excretion of 2,3,7,8-TCDD in humans is more complex, involving several
compartments, tissue-specific binding proteins, and a continuous daily background exposure.
Furthermore, changes in body weight and body composition should also be considered in
developing PB-PK models for 2,3,7,8-TCDD and related compounds in humans. Data
contained in the recently reported, expanded study of half-life of 2,3,7,8-TCDD in Ranch
Hand Veterans (Wolfe et al., 1994) and additional follow-up studies using blood level
information from the 1992-1993 'physical examination should allow for better estimates of
TCDD half-life, provide important additional data to evaluate whether TCDD follows singlecompartment, first-order kinetics, and provide additional information with which to study the
influence of percent body fat on TeDD elimination in these veteraniS. '
It is known that exposure occurs to the developing fetus through placental transfer of

dioxin-like compounds in maternal blood via the placenta. In addition, exposure is likely to
increase in the early postnatal period through intake of mother's milk containing dioxin-like
compounds. Redistribution of body burdens is likely to occur with growth and development,
depending on relative intakes and changes in body fat content. Fasting, aging, and disease
are all thought to alter steady-state levels of dioxin during life. These changes complicate
standard pharmacokinetic models and present the possibility for temporary but potentially
important increases in blood or tissue levels of dioxin-like compounds during critical periods
of development, growth, and aging. Additional data on both distribution and dos,e to target
organs and response to the tissue-specific dose in relation to development and growth will be
required to refine our perspectives on the importance of these issues in evaluating dioxin
hazards and risks.
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An understanding of the relationship between exposure and dose is an important
aspect of an adequate characterization of risk. The data base relating to this issue is .
extensive for 2,3,7,8-TCDD but is lacking for many of the related compounds. Nonetheless,
evaluation of available data and the development of physiologically based models has led to a
better understanding of the disposition and pharmacokinetics of dioxin and related compounds
than for most other environmental chemicals. This is particularly important because this
characterization relies extensively on estimates of body burden, which is a function of the
uptake, distribution, metabolism, and excretion of this complex mixture of structurally
related compounds. Estimates of half-life in the body facilitate the understanding of
bioaccumulation as a function of intake over a lifetime and of the impact of incremental
exposures on blood or tissue levels both over the short and long term. In addition, these
estimates allow some estimation of historical body burdens to complement effects analysis in
human populations presumed to have high exposures in earlier decades.

9.6. MECHANISMS OF DIOXIN ACTION
Knowledge of the mechanisms of dioxin action may facilitate the risk assessment
process by imposing bounds on the assumptions and models used to describe possible
responses to exposure to dioxin. In this document, the relatively extensive data base on
dioxin action has been reviewed, with emphasis on the contribution of the specific cellular
receptor for dioxin and related compounds, the Ah receptor, to the mechanism(s) of action.
Other reviews referenced in Chapter 2 provide additional background on the subject.
Discussion in this chapter will focus on aspects of our understanding of mechanism(s) of
dioxin action that are particularly important in understanding and characterizing dioxin risk,
including:
•

Similarities at the biochemical level between humans and other animals with
regard to receptor structure and function;

•

Relationship of receptor binding to toxic effects; and

•

Role that the purported mechanism(s) of action might contribute to the
diversity of biological response seen in animals and, to some extent, in
humans.
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The remarkable potency of TCDD in eliciting its toxic effects in animals suggested
the possible existence of a receptor for dioxin. Biochemical and gt:metic evidence implicates
the TCDD-receptor in the biological responses to dioxin-like compounds. Electrophoretic
studies to evaluate the properties of specific proteins from inbred mouse strains reveal the
existence of several forms of the TCDD-binding protein. These

ob~ervations

imply the

existence of multiple alleles at the Ah locus in mice. The biochemical properties of the
different forms of the Ah receptor remain to be described. In partii:ular, the extent to which
the different receptor forms affect the sensitivity to TCDD is not known.
Human cells contain an intracellular protein whose propertie;s resemble those of the
Ah receptor in animals. Binding studies and hydrodynamic

analyse:~

receptor-like protein(s) in a variety of human tissues. Functional

ha.ve identified an Ah

An re.ceptors have been

found in many human tissues, including lymphocytes, liver, lung, and placenta. By analogy
with the existence of multiple receptor forms in mice, it is reasonable to anticipate that the
human population will also be polymorphic with respect to Ah receptor structure and
function. Therefore, it is also reasonable to expect that humans, may differ from one another
in their susceptibilities to TCDD. The binding and hydrodynamic pmperties of the Ah
receptor differ relatively little across species and tissues yet responses vary widely; it is
impossible, therefore, to account for the diversity of TCDD's biological effects by
characteristics of the receptor alone.
TCDD acts via an intracellular protein (the Ah receptor), which is a ligand-dependent
transcription factor that functions in partnership with a second protein (known as Arnt);
therefore, from a mechanistic standpoint, TCDD's adverse effects appear likely to reflect
sustained alterations in gene expression. Mechanistic studies also indicate that several
proteins contribute to TCDD's gene regulatory effects and that the response to TCDD
probably involves a relatively complex interplay between multiple genetic and environmental
•

_I

factors. Such mechanistic information imposes constraints on the possible models that can
plausibly account for TCDD's biological effects and, therefore, on the assumptions used
during the risk assessment process. Mechanistic knowledge of dioxin action may also be
useful in other ways. For example, knowledge of genetic polymorphisms that influence
TCDD responsiveness may allow the identification of individuals at particular risk from

9-31

08/15/94

"'"

DRAFT--DO NOT QUOTE OR CITE
exposure to dioxin. In addition, mechanistic knowledge of the biochemical pathways that are
altered by TCDD may identify novel targets for the development of drugs that can antagonize
dioxin's adverse effects.
As described below, biochemical and genetic analyses of the mechanism by which
dioxin induces CYP1A1 gene transcription have revealed the outline of a novel regulatory
system whereby a chemical signal can alter the expression of specific mammalian genes.,
The evidence to date implies that the Ah receptor participates in every biological response to
TCDD. For example, studies of structure-activity relationships among congeners of TCDD
reveal a correlation between a compound's specific binding affinity and its potency in
eliciting biochemical responses, such as enzyme induction. Furthermore, inbred mouse
strains in which TCDD binds with lower affinity to the receptor exhibit decreased sensitivity
to dioxin's biological effects, such as thymic involution, cleft palate formation, and hepatic
porphyria. While there are a few investigators who believe that dioxin may act directly on
specific cellular and biological processes without Ah-receptor mediation, the majority of
investigators believe that most; if not all, biological responses to dioxin and related
compounds are Ah-receptor mediated. A simplified diagram of this hypothesis is presented
in Figure 9-2. This hypothesis predicts that TCDD will be found to activate the transcription
of other genes via a receptor- and enhancer-dependent mechanism analogous to that described
for the cytochrome P4501A1 (CYP1A1) gene.
Compensatory changes, which occur in response to TCDD's primary effects, can
complicate the analysis of dioxin action in intact animals. For example, TCDD can produce
changes in the levels of steroid hormones, peptide growth factors, and/or their cognate
cellular receptors. In turn, such alterations have the potential to produce a series of
subsequent biological effects, which are not directly mediated by the Ah receptor.
Furthermore, the hormonal status of an animal appears to influence its susceptibility to the
hepatocarcinogenic effects of TCDD (Lucier et al., 1991). Likewise, exposure to other
chemicals can alter the developmental toxicity of TCDD (Couture et al., 1990). Therefore,
in some cases, TCDD may act in combination with other chemicals to produce its biological
effects. Such phenomena increase the difficulty of analyzing dioxin action in intact animals
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Figure 9-2. Schematic representation of the complex sequence of molecular and biological
events involved in dioxin-mediated toxicants.
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and increase the complexity of risk assessment, given that humans are routinely

expo~ed

to a

wide variety of chemicals.
The fact that TCDD may induce a cascade of biochemical changes in the intact animal
raises the possibility that dioxin might produce a response such as cancer by mechanisms that
differ among tissues. These mechanisms are discussed in detail in Chapter 8, along with the
supporting biological data and dose-response models. One possible mechanism discussed in
Chapter 8 is that TCDD might activate a gene(s) that is directly involved in tissue'

.

proliferation. A second mechanism involves TCDD-induced changes in hormone
metabolism, which may lead to tissue proliferation secondary to increased secretion of a
trophic hormone, and lor to changes in metabolism, which might lead to indirect mutagenic
effects. Thus, while this reassessment has identified a number of hypothetical mechapisms
for cancer induction by TCDD, there remains considerable uncertainty about which
mechanisms occur, with what levels of sensitivity, and in which species. Advances in
knowledge regarding the role of such activities in dioxin toxicity will facilitate the
development of more definitive biologically based models of dioxin action.
Under some circumstances, TCDD can protect against the carcinogenic effects of
polycyclic aromatic hydrocarbons in mouse skin; this may reflect the induction of detoxifying
enzymes by dioxin (Cohen et al., 1979; DiGiovanni et al., 1980). In other situations,
TCDD-induced changes in hormone metabolism may alter the growth of hormone-dependent
tumor cells, producing a potential anticarcinogenic effect (Spink et al., 1990). There is
considerable uncertainty about the magnitude and importance of these effects in relation to
both dose and response characteristics of dioxins in various species. Nonetheless, these (and
perhaps other) effects of TCDD complicate the risk assessment process for dioxin.

••

A substantial body of biochemical and genetic evidence indicates that the Ah receptor
mediates the biological effects of TCDD. This evidence implies that a response to dioxin
requires the formation of ligand-receptor complexes. TCDD-receptor binding appears to
obey the law of mass action and, therefore, depends on (1) the concentration of ligand in the
target cell; (2) the concentration of receptor in the target cell; and (3) the binding affinity of
the ligand for the receptor. In principle, some TCDD-receptor complexes will form even at
very low levels of dioxin exposure. However, in practice, at some finite concentration of
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TCDD, the formation of TCDD-receptor complexes may be insufficient to elicit detectable
effects. Furthermore, biological events subsequent to TCDD-receptor binding mayor may
not exhibit a linear response to dioxin. However, recent studies in several laboratories have
indicated no evidence of a threshold for relatively simple responses to dioxin-like compounds
such

~s

CYPIAI induction and others. Further information will be required to determine if

other responses to dioxin-like compounds requiring gene transcription will also demonstrate
.

.

low-dose linear behavior.
While much of our understanding of TCDD impacts on genetic activity is derived
from studies on liver, studies of other tissues (e.g., skin, thymus) are likely to reveal
additional TeDD-responsive genes, which exhibit tissue-specific expression (Sutter et al.,
1991). Analyses of the mechanism of dioxin action in siIch

system~;

appear likely to reveal

additional factors that influence the susceptibility of a particular tissue to TCDD. In
addition, studies of other TCDD-inducible genes, such as glutathione-S·-transferase, quinone
reductase, and aldehyde dehydrogenase, may reveal whether differences in enhancer
structure, receptor-enhancer interactions, or promoter structure affect the responsiveness of
the target gene to TCDD (Whitlock, 1990).
Based on our understanding of dioxin mechanism(s) to date, it is accurate to say that
interaction with the Ah receptor is necessary, that humans are likely to be sensitive to the
effects of dioxin, and that there is likely to be a variation between aJlld within species and
between tissue in individual species based on differential responses to receptor binding.
Although threshold mechanisms may exist for some of these respons!es, thresholds have yet
to be demonstrated. Further analyses of dioxin action may provide more insight into the
mechanisms by that TCDD and related compounds produce immuno]ogkal effects,
reproductive and/or developmental effects or cancer, effects which are of particular public
health concern. A major challenge for the future will be the establishment of experimental
systems in which such complex biological phenomena are amenable

to study at the molecular

level.
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9.7. TOXIC EFFECTS OF DIOXIN
9.7.1. General Comments
It is clear from the evaluation of the toxicologic literature that dioxin and related
compounds have the ability to produce a wide spectrum of responses in animals and,
presumably, in humans, if the dose is high enough (Table 9-2). Relatively few chronic
effects related to exposure to dioxin-like compounds have been observed in humans. The
epidemiologic data are limited due to a number of possible factors: the absence of many,
specific individual measurements of dioxin exposure for the general population; a limited
number of cross-sectional and prospective studies of more highly exposed populations; the
limited ability of epidemiologic studies to detect significant differences between exposed and
relatively unexposed populations when the outcomes are relatively rare, the exposures are
low, and the population under study is small; and the difficulty in quantifying the impact of
all potentially confounding exposures. Evaluation of hazard and risk for dioxin and related
compounds must rely on a weight-of-the-evidence approach in which all available data
(animal and human) are examined together. This process often requires extrapolation of
effects across various animal species as well as to humans.
The reliability of using animal data to estimate human hazard and risk has often been
questioned for this class of compounds. Although human data are limited, evidence suggests
that animal models are appropriate for estimating human risk if all available data are
considered. As discussed in detail in Chapters 2 and 8, humans have a fully functional Ah
receptor and both in vivo and in vitro studies demonstrate comparability of biochemical
responses in humans and animals (see also Table 8-5). When comparing species and strains
for their responses to these compounds, a wide range of sensitivity to TCDD-induced
toxicities has been noted. Qualitatively speaking, however, almost every response can be
produced in every species if the appropriate dose is administered. Although outliers~ i.e., .
species that are either very sensitive or refractory, can be identified for a particular response,
no species is consistently sensitive or refractory for all effects. In addition, sensitivity for a
given effect among the majority of species clusters within approximately one order of
magnitude (factor of 10). Therefore, despite a range of sensitivities across species, it is
reasonable to assume that humans will not be refractory to all effects nor that they will be as
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Table 9-2. Effects of TcnD and Related Compounds in Different Animal Species

Human

Monkey

Guinea
Pig

Rat

Mouse

Hamster

Cow

Rabbit

Chicken

Fish

Presence of AhR

+

+

+

+

+

+

+

+

+

+

Binding of TCOO:
AhR Complex to
the ORE (enhancer)

+

+

+

+

+

+

+

+

+

Enzyme induction

+

+

+

+

+

+

+

+

Acute lethality

0

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

Effect

Wasting syndrome

II

Teratogenesis/fetal
toxicity, mortality

+/-

+

Endocrine effects

+/-

+

Immunotoxicity

+/-

+

Carcinogenicity

+/-

Chloracnegenic
effects

+

+

+

+

0

0

+

+

0

Hepatotoxicity

+

+/-

+

+

+/-

Edema

+

0

0

+

+

... _.,-,

~"'.llCUlar alropny
~"

Bone marrow

+

+

Porphyria

""-

+

+

+
+

+

+
+

+

------'1---+------+--+--+-----+--+-----+----+---------+---1I
+
+
+/+
II

II!:::::::::hypo===plasia============:!:=='===='===='====='===:::::6::=='====='+ = observed.
+/- = observed to limited extent, or +/- results.

o

~
~

VI

~

0 = not observed.
Blank cells = no data.
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sensitive as the most sensitive responder for each effect. Humans are likely, because of
interindividual variability in response to a variety of toxic chemicals, which is generally
greater than that found in individual species of laboratory animals, to show a wide range of
sensitivities for various dioxin-induced toxicities. For purposes of the current assessment,
therefore, unless there are data to identify a particular species as being representative of
humans for a particular effect, average humans can be reasonably assumed to be of average
sensitivity for various ·effects, recognizing that individuals in the population might vary
widely in their sensitivity to individual effects. The uncertainty introduced by this :
assumption, Le., that, on average, humans will respond as do average animal models for
individual effects of exposure to'dioxin-like compounds and that an unknown range of
variability exists in the human population for individual effects, should be carefully
considered as results of this characterization are applied to individuals or specific
subpopulations.

9.7.2. Chloracne
Chloracne and associated dermatologic changes are widely recognized responses to
TCDD and other dioxin-like compounds in humans. Chloracne is a severe acne-like
condition that develops within months of first exposure to high levels of dioxin. For many
individuals, the condition disappears after discontinuation of exposure, despite serum levels
of dioxin in the thousands of parts per trillion; for others, it may remain for many years.
The duration of persistent chloracne is 'on the order of 25 years although cases of chloracne
persisting over 40 years have been noted. There are very little human data from which to
determine definitively the doses at which chloracne is likely to occur. Data from
occupational studies suggest that persistent chloracne is more often associated with exposures
of high intensity, for long duration, and commencing at an early age. Acute exposures or
chronic lower level exposures, if resulting in chloracne, have generally resulted in a
condition that resolves itself in a matter of months to a few years. Details of chloracnegenic
response in occupationally exposed humans are described in detail in Chapter 7 of the Health
Assessment Document.
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Induction of chloracne in humans after exposure to dioxin and related compounds is
supported by studies in laboratory animals. Rabbits, monkeys, and hairless mice have all
.proved useful in investigating this response. In addition, cellular systems provide a research
tool in'elucidating the chloracne response at the cellular level. Keratinocytes, the principal
cell type in the epidermis, have been used as an in vitro model for :studies of TCDD-induced
hyperkeratosis, a feature of chloracne, in human- and animal-derived cell cultures. The
response in these systems is analogous to the hyperkeratinization obsenred in vivo as a part
of chloracne.
There is little doubt that chloracne is a human condition often attributable to exposure
to dioxin and related compounds. The specific risk factors associated with this response are
still obscure. Recognition of chloracne has been associated with hiE;h-level exposure to these
compounds, and as such, may represent a biomarker of exposure. Because of the wide
variability of the chloracnegenic response in humans and its varied persistence, however, the
absence of chloracne is not a reliable indicator of low exposure to dioxin and related
compounds.
9.7.3. Carcinogenicity

Since the last EPA review of the human data base relating til the carcinogenicity of
TCDD and related compounds in 1988, several new follow-up mortility studies have been
completed. Among the most important of these are a study of 5,172 workers by Fingerhut et
ale (1991), a study with 1,583 workers by Manz et ale (1991), a sm.illeJr study of 247
workers by Zoberet ale (1990), and a study of over 18,000 workers by Saracci et ale (1991).
Although uncertainty remains in interpreting these studies because not aU potential
confounders have been ruled out and coincident exposures to other carcinogens is likely, all
provide support for an association between exposure to dioxin and relat(',d compounds and
increased cancer mortality. With the exception of the study by Saralxi tet ale (1991), these
studies have some exposure information that permits an assessment of dose response. These
data have in fact served as the basis for fitting the additive and multiplicative risk models in
Chapter 8. In addition, more limited results have been presented recently on the Seveso
cohort (Bertazzi et al., 1993) and on women exposed to chlorophenoxy herbicides,
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chlorophenols, and dioxins (Kogevinas et al., 1993). While these two studies have
methodologic shortcomings that are described in Chapter 7, they provide findings,
particularly for exposure to women, that warrant additional follow-up.
While the data base from epidemiologic studies remains controversial, it is the view
of this reassessment that this body of evidence supports the laboratory data indicating that
TCDD probably increases cancer mortality of several types. Although not all confounders
were ruled out in anyone study, positive associations between surrogates of dioxin exposure,
either length of occupational exposure or proximity to a known source combined with some
sugge~t

information on body burden, and cancer have been reported. These d,ata alone

a role

for dioxin exposure to contribute to a carcinogenic response but do npt confirm a causal
relationship between exposure to dioxin and increased cancer inciqenqe. Available hu.man
studies alone cannot demonstrate

wh~ther

a cause and effect relationship between dioxin

exposure and increased incidence of cancer exists. Therefore, ev()1uation of cancer hazard in
~d

humans must include an evaluation of all of the available animal

in vitro data as well as

the data from exposed human populations.
The Peer Panel that met in September 1993 to review an

~lier

epidemiology chapter suggested that the epidemiology data alone

wer~

draft of the cancer

still not

adequ~te

to

implicate dioxin and related compounds as "known 11 human carcinoge.ns but that the results
from the human studies were large.ly consistent with
dioxin-induced 'lancer and,

therefore~

observation~

frQffi lal:?ori;l.tory studies of

shoul<j not be dismi$sed, or ig;IlQfOO, Other scientists,

including those who attended the P~r Panel meeting, felt either more or less strongly about
the weight of the evidence from epidemiology studies, representing tbe

r~ge

of opinion that

still exists on the interpretation of the C<u1cer epidemiology studies.
Many of the earlier epidemiolqgical studies that suggeste4 an

~ssQciation

with soft

tissue sarcoma were criticized for a variety of reasons. Nonetheless, the incid,ence of soft
tissue sarcoma is elevated in several of the recent studies, supporting the findings from
previous studies. The fact that similar results were obtained in in(iependent studies of
differing design and evaluating populations exposed to dioxin-like compounds under varying
conditions, along with the rarity of this tumor type, weighs in favor of a consistent and real
association. On the other hand, arguments regarding selection bias, differential exposure
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misc1assification, confounding, and chance in each individual study have been. presented in
the scientific literature which increase uncertainty around this association. In addition,
excess respiratory cancer was noted by Fingerhut, Zober, and Manz. These results are also
supported by significantly increased mortality from lung and liver cancers subsequent to the
Japanese rice oil poisoning accident where exposure to PCDFs and PCBs occurred. Again,
while smoking as a confounder cannot be totally eliminated as a potl;mtial explanation of
these results, analyses conducted to date suggest that smoking is notJikely to explain the
~-

entire increase in lung cancer. The question of confounding exposures, such as asbestos and
other chemicals, in addition to smoking, has not been entirely ruled out and must be
considered as potentially adding to the observed increases. Although increases of cancer at
other sites (e.g., non-Hodgkin's lymphoma, stomach cancer) have

b(~n

reported, the data for

an association with exposure to dioxin-like chemicals are less compelling.
The comparison of the results of different investigations that examine the outcome of
similar exposures must always be evaluated in light of factors that may influence the outcome
of the study. A few of these factors include study design, potential confounding factors and
exposures (extraneous factors or exposures that relate to both outcome and exposure such as
age), biases that affect the selection and participation of the study population, differential
exposure misclassification, variation in age of the study population, different conditions of
exposure (mode, intensity, duration, and route), and differences in methods used to assess
outcomes of interest. Such differences may result in some variation in the results' of the
compared studies. Given that the studies are well conducted and the. variations noted, what
is important is the within-study consistency of the results..
What emerges from an analysis of the epidemiology data is a view of dioxin-like
compounds as potentially multisite carcinogens in more highly exposed human populations
that have been studied, consisting primarily of adult males. There aJre currently very few
data for women and children exposed to dioxin-like compounds. Although uncertainty in this
.
view remains, the cancer findings are generally consistent with results from studies of
laboratory animals and appear to be plausible given what is known about mechanisms of
-,

dioxin action.
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While both past and more recent human studies have focused on

mal~s,

there are

some limited data suggesting carcinogenic responses associated with dioxin exposure in
females. Because both laboratory animal data and mechanistic inferences suggest that males
and females may respond differently to dioxin-like activity, further data will be needed to
address this question of differential response.
An extensive data

ba~

on the CClfcinogenicity of dioxin and related compounds in

laboratory studies exists and is described in detail in Chapter 6.

T4er~ i~

adequate evidence

that 2,3,7,8-TCDD is a carcinogen in laboratory animals based on long,.term bioassays
conducted in both sexes of rats and mice. All studies have prodlJce<;l positive results, leading
to the conclusions that TCDD is a multistage carcinogen increasing the incidence of tumors

at sites distant from the site of treatment and at doses well below the maximum
dose. Since this issue was

la~t

toler~ted

reviewed by the Agency in 1988, TeDD has been shown to

be a carcinogen in hamsters, which are relatively resistant to the lethal e.ffects of TCDp.
Recent data have also shown TCPD to be a liver carcinogen in the

~mall

fish, Me4aka

(Johnson et al., 1992). Few attempts have been made to demonstrate the carcinogenicity of

of
hexachlorodibenzodioxin (HCDDs), which produced liver tumors in both ~exes of ra,t~ and
mice (NTP, 1980), t4e more highly chlorinated CDDs and CPF~ have m>t been studie4 in
other dioxin-like compounds. Other thqu a mixture of two

isomer~

long-term a,nimal c;ancer bioassays. lfQwever, it is generally J!OOpgniged that these
compounds bioaccumulate and exhibit tQ~icities similar to TeDD a.nd
likely to be carcinogens (U.S. EPA Science Advisory

J3o~d,

are,

therefore,

also

1989),

In addition to the demonstration of TCnD as a comp1e.te QafcillQgen in long.,.term
cancer bioassays, a number of dioxin-li:ke PCDPs and PCDFs, as wen qS several PCBs, have
also been demonstrated to be tumor promoters in two-stage (initiatiQl}:"pfQnIotion) pt:otocols in
rodent liver and skin. In addition, a recent study has demonstrated the ability !pf TCDD to
neoplastically transform immortalized human cells in culture at

Vff,ry

lo.w concentrations of

TCDD. While dioxin and related compounds are not generally GQDsidere4 to be "genotoxic"
in traditional terms, both empirical data and the results of modeling efforts suggest that they
may be functioning indirectly to produce irreversible genetic changes in exposed cells. All
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of these data add substantially to the weight of the evidence that dic>xin and related
compounds are likely to be carcinogenic, at least under some circumstances, in humans.
Despite the relatively large number of bioassays on TCDD, the study of Kociba et al.
(1978) and those of the NTP (1982), because of their multiple dose groups and wide dose
range, continue to be the focus of additional review. Sauer (1990) re-evaluated the female
rat liver tumors in the Kociba study using the latest pathology critelia for such lesions. The
review confIrmed only approximately one-third of the tumors of the~ previous review (Squire,
1980). While this finding did not change the determination of carcilnogenic hazard since
TCDD induced tumors in multiple sites in this study, it does have an effect on evaluation of
dose-response and on estimates of risk at low doses. These issues will be discussed in a later
section of this chapter.
One of the more interesting findings in the Kociba bioassay was reduced tumor
incidences of the pituitary, uterus, mammary gland, pancreas, and aldrenals. These findings,
coupled with the sex specificity of the TCDD-induced liver tumors :in rats, emphasize that the
carcinogenic actions of TCDD involve a complex interaction of hormonal factors.
Moreover, it is hypothesized that cell-specific factors modulate TCDD/hormone actions
relevant to cancer. The fmdings of reduced tumor incidence in certain tissues suggest that
dioxin exposure may be exerting an anticarcinogenic effect under certain circumstances or in
certain tissues. The complex interplay between dioxin and hormones in terms of both
carcinogenic and anticarcinogenic responses will continue to be a matter of hypothesis until
specific data to address these issues are obtained.
In summary, publication of additional studies of human populations exposed to dioxin

and related compounds since the last EPA assessment (Fingerhut et .al., 1991; Manz et al.,
1991; Zober et al., 1990; Saracci et al., 1991; Bertazzi et al., 1993;; Kogevinas et al., 1993)
has strengthened the inference, based on all the evidence from mechanistic, animal, and
epidemiologic studies, that these compounds are appropriately charaeterized as probable
I

human carcinogens. While the data for 2,3,7,8-TCDD are particulafly comprehensive, the
data on other congeners remain limited. This puts added emphasis on the assumptions and
inferences regarding toxicity equivalence in evaluating complex exposures to dioxin and
related compounds with regard to carcinogenicity. The evolving understanding of the
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complex interplay between dioxin-like compounds and hormones and other modulators of cell
growth and differentiation continues to complicate more precise determinations of cancer
hazard and risk.

9.7.4. Reproductive and Developmental Effects
The potential for dioxins and related compounds to cause reproductive and
developmental toxicity in animals has been recognized for many years, and the data base
regarding these effects is analyzed in Chapter 5.

Rece~t laboratory

studies have suggested

that altered development may be among the most sensitive TCDD end points in lab()ratory
animal systems although the likelihood and level of response in humans are much less clear.
Although the discussion of these effects in Chapter 5 is divided into developmental toxicity
and male and female reproductive toxicity, it is important to recognize the interrelatedness of
developmental and reproductive events at all levels of biological complexity. This point is
critical for understanding and fully characterizing the hazards and risks of dioxin and related
compounds. For example, effects of TCDD on circulating levels of sex ,hormones and/or on
responsiveness to sex hormones in laboratory animals or humans may be translated into
reproductive dysfunction if exposure occurs in adulthood as well as abnormal development
and/or reproductive dysfunction if exposure occurs prenatally. Therefore, a similar effect of
dioxin-like compounds may be manifest as a reproductive end point if exposure occurs to
adults or as a developmental and/or a reproductive end point if exposure occurs to the fetus.
Likewise, even though effects on organ structure and on growth are considered separate
developmental end points that are associated with pre- and postnatal exposure to TCDD in
laboratory animals, they are interrelated because effects on prenatal growth can significantly
disrupt the structural integrity of an organ system. It is important to note that adverse
developmental effects are a complex set of end points, many of which are 'caused by multiple
factors, requiring coincidence of a number of events.
In the current data base, developmental toxicity end points. have been observe<I at
lower TeDD exposure levels than male and female reproductive toxicity end points in a
.

I

number of animal systems. The lowest effective TCDD egg burden for causing
developmental toxicity in fish and birds and the lowest effective maternal TCDD body

9-44

08/15/94

DRAFT-DO NOT QUOTE OR CITE
burden for producing a wide range of developmental responses in mammals are summarized
in Chapter 5. Of particular interest to the risk assessment process

i~

the fact that a wide

variety of developmental events, crossing three vertebrate classes and several species within
each class, can be perturbed, suggesting that dioxin has the potential to disrupt a large
number of critical developmental events at specific developmental sltages. Not only can these
changes lead to increases in embryo/fetal mortality, but they can disrupt organ system
structure and irreversibly impair organ function.
The laboratory studies demonstrating adverse health effects from prenatal exposures
often involved a single dose administered at a discrete time during pregnancy. The doses
that produced adverse effects, such as reproductive and developmental toxicity, can be
related to longer term body burdens produced by the single dose or to background body
burdens. Because the production of prenatal effects often requires

f~xposures

to occur during

certain ,critical times during fetal development, the uncertainties in the relationship with
steady-state body burdens must be carefully assessed. A single

dos~~

may cause a spike in

both maternal and fetal blood concentration related to the magnitude; of the dose, and the
concentrations will fall rapidly as the dioxin-like compounds are redistributed to adipose and
.

,

other tissues. Application of phannacokinetic models described earlier in this chapter to
estimate blood concentrations at the critical time of development is expected to be a sound
method for relating chronic background exposures to the results obtained from single-dose
studies.
Because developmental toxicity following exposure to TCDD-like congeners occurs in
fish, birds, and mammals, it is likely to occur at some level in humans. It is not currently
possible to state exactly how or at what levels humans in the populattion will respond with

.

adverse impacts on development or reproductive function. Data analyzed in Chapter 5 and
Chapter 7 suggest, however, that adverse effects may be occurring at levels lower than
originally thought to represent a no observed adverse effect level (NOAEL) in animals.
Traditional toxicology studies had led to the conclusion that the NOAEL was in the range of
intake values of 1 ng TEQ/kg/day. Current data suggest that the NOAEL in animals should
be lower. This issue will be discussed further in the dose-response sectlon of this chapter.
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While human data on potential developmental effects of dioxin-like compounds are
limited, developmental effects in human infants exposed to a complex mixture of PCBs,
CDFs, and PCQs in the Yusho and Yu-Cheng poisoning episodes were probably caused by
the combined exposure to those PCB and CDF congeners that are Ah-receptor agonists.
However, it should be noted that not all effects that are seen are attributable only to dioxinlike compounds. Similarity of the effects observed in human infants prenatally exposed to
this complex mixture with those reported in adult monkeys exposed only to TCDD increases
the probability that at least some of the effects in the Yusho and Yu-Cheng children are due
to the TCDD-like congeners in the contaminated rice oil ingested by the mothers of these
children. Most significant is a clustering of effects in organs derived from the ectodermal
germ layer, a syndrome referred to as ectodermal dysplasia. Included in this syndrome are
effects on the skin, nails, and meibomian glands that occur in both adult monkeys exposed to
TCDD and in Yusho and Yu-Cheng infants exposed transplacentally to PCB, CDF, and PCQ
contaminated rice oils. In addition, accelerated tooth eruption has been reported both in
human infants affected by the Yusho and Yu-Cheng exposures and in neonatal mice exposed
to TCDD. Yu-Cheng children exposed transplacentally to PCB, CDF, and PCQ
contaminated rice oil have also exhibited developmental and psychomotor delay during
developmental and cognitive tests (Chen et al., 1992). Some investigators believe that,
because these effects do not correlate with TEQ, the effects are exclusively due to nondioxinlike PCBs or a combination of all congeners. However, monkeys pre- and postnatally
exposed to TCDD are also affected by a deficit in cognitive Junction. Recent studies
presented at Dioxin '93 (Hsu et al., 1993; Lai et al., 1993) have demonstrated that these,
effects persist throughout childhood, as does the growth retardation (Guo et al., 1994). The
concept that the ectodermal dysplasia syndrome in Yusho and Yu-Cheng infants may be
caused by the combination of PCB and CDF congeners in the rice oil that are Ah receptor
agonists but are less potent than TCDD is consistent with structure-activity results for various
developmental end points in different species of fish, birds, and mammals.
In mammals, postnatal functional alterations involving learning behavior and the .
developing reproductive system appear to be the developmental events most sensitive to
prenatal dioxin exposure. The developing immune system may also be highly sensitive.
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Alterations in structures and diminished prenatal viability and growth begin to predominate at
maternal TCDD body burdens and/or daily TeDD doses during gestation that are above 100
ng/kg in virtually every species tested. These doses of TCDD are not maternally toxic.
Higher dose levels can be demonstrated to result in prenatal mortalilty. A general finding in
fish, bird, and mammalian species is that the embryo or fetus is more sensitive to TCDDinduced mortality than the adult. Thus, the timing of TCDD exposure during the life history
of an animal can greatly influence its susceptibility to· overt dioxin toxicity.
With respect to male and female reproductive end points, there are clear effects
following dioxin exposure of the adult animal. Such reproductive effects generally occur at
TCDD body burdens that are higher than those required to cause the more sensitive
developmental end points. For example, TCDD exposure of the adult male rodent causes
reduced testis and accessory sex organ weights, abnormal testis structure, decreased
spermatogenesis, reduced fertility, decreased testicular testosterone synthesis, reduced plasma
androgen concentrations, and altered regulation of pituitary LH secretion. However, in
laboratory animal studies, these effects are detectable only at TCDD exposure levels that are
overtly toxic to the animal. In the more limited studies focusing on female reproduction, the
primary effects include decreased fertility, inability to maintain pregnancy, and in the rat,
decreased litter size. Signs of ovarian dysfunction and alterations in hormone levels have
also been reported.
Exposure of female mice and rats to TCDD has an antiestrogenic effect on the uterus.
The dose of TCDD required to produce this response is generally higher than that needed to
cause the most sensitive signs of developmental toxicity in these spe€;ies. More specifically,
hydronephrosis and cleft palate in mice and reductions in spermatogenesis in rats occur at
maternal doses of TCDD that are far less than

thos~

needed to exert :a demonstrable

antiestrogenic effect when adult female mice and rats are exposed to dioxin. The precise
mechanism of TCDD's antiestrogenic effect is not fully understood. It may be caused by
both a decrease in available estrogen receptor number and/or by an increase in cytochrome
P-4501A-mediated estrogen metabolism within the target cell.
These studies indicate that while there is variability between species in the profile of
developmental responses elicited by TCDD, essentially all dioxin-like PCB, CDD, and CDF'
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congeners that have Ah receptor affinity and intrinsic activity produce the same pattern of
developmental effects within a given vertebrate species if a sufficiently high dose of the
congener is given. Data to support these. conclusions regarding reproductive and
developmental hazards of dioxin and related compounds continue to accumulate, but the
weight of the evidence is still a subject of much scientific debate.

9.7.5. Immunotoxicity
Concern over the potential toxic effects of chemicals on the immune system arises
from the critical role that the immune system plays in maintaining health. It is well
recognized that suppressed immunological function can result in increased incidence and
severity of infectious diseases as well as some types of cancer. Conversely, the
inappropriate enhancement of immune function or the generation of misdirected immune
responses may precipitate or exacerbate the development of allergic and autoimmune
diseases. Thus, suppression as well as enhancement of immune function are considered to
represent potential immunotoxic effects of chemicals.
Extensive evidence has accumulated over the past 20 years to demonstrate that the
immune system is a target for toxicity of TCDD and structurally related compounds,
including PCDDs, PCDFs, PCBs, and PBBs. This evidence is described in detail in Chapter
4. The evidence has derived from numerous studies in various animal species, primarily
rodents, but also guinea pigs, rabbits, monkeys, marmosets, and cattle. Epidemiological
studies also provide some evidence for the immunotoxicityof dioxin and related compounds
in humans. In animal studies, relatively high doses of HAH produce lymphoid tissue
depletion, except in the thymus where cellular depletion occurs at lower doses. Alterations
in specific immune effector functions and increased susceptibility to infectious disease have
been identified at doses of TCnD well below those that cause lymphoid tissue depletion.
Both cell-mediated and humoral immune responses are suppressed following TeDD
exposure, suggesting that there are multiple cellular targets within the immune system that
are altered by TCDD. Evidence also suggests that the immune system is indirectly targeted
by TCDD-induced changes in nonlymphoid tissues. In addition, in parallel with increased
understanding of the cellular and' molecular mechanisms involved in immunity, studies on
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TCDD are beginning to establish biochemical and molecular mechanisms of TCDD
immunotoxicity.
The ability of an animal to resist and/or control viral, bacterial, parasitic, and
neoplastic diseases is determined by both nonspecific and specific immunological functions.
Decreased functional activity in any immunological compartment may result in increased
susceptibility to infectious and neoplastic diseases. In terms of risk assessment, host
I

resistance is often accorded the "bottom line" in terms of relevant immlUnotoxic end points.
Animal host resistance models that mimic human disease are available and have been used to
assess the effect of TCDD on altered host resistance. Results from host resistance studies
provide evidence that exposure to TCDD results in increased suscepdbillity to bacterial, viral,
parasitic, and neoplastic diseases. These effects are observed at relatively low doses and
likely result from TCDD-induced suppression of immunological funetion. The specific
immunological functions targeted by TCDD in each of the host resistanee models remain to
be fully defined.
Despite considerable investigation, the cells that are altered by TCDD exposure,
leading to suppressed immune function, have not been unequivocally identified. Direct in
vitro effects of TCDD on purified B cell activity have been reported:. while direct effects on
macrophages and T cells in vitro have not been described. The in vitro effects of TCDD on
lymphocytes, however, appear to be influenced by cell culture conditions, which may explain
the discrepancies in effects observed in different laboratories. Although the direct effects of
TCnD on T cells in vitro have not been demonstrated, it is clear thalt functional Tcell
responses generated in vivo are compromised following in vivo exposure. TCDD may alter
immune function by indirect mechanisms. One potentially important indirect mechanism is
via effects on the endocrine system. Several endocrine hormones have been shown to
regulate immune responses, including glucocorticoids, sex steroids, thyroxine, growth
hormone, and prolactin. Importantly, TCDD and other related compounds have been shown
to alter the activity of these hormones.
It is important to consider that if an acute exposure to TCDD ,even temporarily raises

the TCnD body burden at the time when an immune response is initiatedl., there may be a
risk of adverse impacts even though the total body burden may indicate a relatively low
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average TeDD level. Furthermore, because TCDD alters the normal differentiation of
immune system cells, the human embryo may be very susceptible to long-term impairment of
immune function from in utero effects of TCDD on developing immune tissue. There are
currently no data to directly support this hypothesis. Concern arises as a consequence of
inferences derived from an understanding of dioxin action and observations in humans and
laboratory animals.
In summary, evidence has accumulated to demonstrate that the immune system is a
target for toxicity of TCDD and structurally related compounds. The evidence has derived
from numerous studies in various animal species. Animal studies suggest that some
immunotoxic responses may be evoked at very low levels of dioxin exposure.
Epidemiological studies also provide

~onflicting

evidence for the immunotoxicity of these

compounds in humans. Few changes in the immune system in humans associated with dioxin
body burdens have been detected when exposed humans have been studied. Both direct and
indirect (e.g., hormonally mediated) impacts on the immune system have been hypothesized
to be the basis of dioxin immunotoxicity. While there is speculation that the developing
immune system may be particularly sensitive to the effects of exposure to dioxin and related
compounds, additional research will be needed to support this hypothesis.

9.7.6. Other Effects
A number of other effects of dioxin and related compounds have been discussed in
some detail throughout the chapters in this assessment. While they illustrate the wide range
of effects produced by this class of compounds, some may be specific to the species in which
they are measured and may have limited relevance to the human situation. On the other
hand, they may be indicative of the fundamental level at which dioxin produces its. biological
impact and may represent a continuum of response expected from these fundamental changes.
While all may not be adverse effects (some may be adaptive and of neutral consequence),
several effects have been noted in human studies or in primates that deserve special mention.
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9.7.6.1. Circulating Reproductive Honnones
Two cross-sectional epidemiologic studies have detected an association between levels
of male reproductive hormones and exposure to TCJ;lD. Decreased 'testosterone levels were
detected in. two of the three studies where testosterone was evaluated and luteinizing hormone
(LH) was increased in one of the two studies evaluating that end point. The fact that the
results are based on a single sample rather than on the currently preferred series of three
samples adds to the uncertainty of these findings. Animal data are E;yaillable to support the
plausibility of these findings. The mechanism(s) responsible for this effect are largely
unknown, but changes in receptor level or function and hormone metabolism and homeostasis
need to be investigated. If these data continue to hold up in future observations, their
clinical significance will need to be further evaluated. Follow-up studies are currently under
way.

9.7.6.2. Diabetes and Fasting Serum Glucose Levels
Epidemiologic evidence has been presented to suggest an

inc1i~sr"d

risk of diabetes

and for an elevated prevalence of abnormal fasting serum glucose levels with dioxin
exposure. Three studies found that individuals with elevated serum levels of TCDD had a
slight but statistically significant or borderline significant increased risk for developing
diabetes or having elevated fasting serum glucose. There are virtually no animal data to
corroborate these findings although some data have indicated effects of TCDD on glucose
metabolism and insulin function. While the findings of a greater pre-valence of elevated
fasting glucose may presage the development of diabetes, in the NIOSH study of chemical
'"

workers, the traditional risk factors for diabetes (age, body mass index or weight, and family
history of diabetes) appear substantially more influential than TCDD exposure in the
development of the disease.

9.7.6.3. Enzyme Induction
One of the best characterized effects of exposure to dioxin-like compounds is the
induction of cytochrome P-450 IA1 (CYP1A1). CYPIA1 is one of a family of proteins
involved in the activation and detoxification of both endogenous and exogenous chemicals.
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Dioxin also increases the activity of a number of other enzymes involved in
biotransformation reactions. Increased activity of these enzymes has been implicated
mechanistically in the toxic responses seen in animals in response to dioxin-like compounds.
For example, it has been hypothesized that increases in UDP-glucuronyltransferases leads to
elimination of thyroxine and may lead indirectly to increased thyroid-stimulating hormone
synthesis by the pituitary and subsequent hyperplastic and hypertrophic responses by the
thyroid. There is speculation that such prolonged stimulation may lead to the thyroid tumors
seen in both rats and mice exposed to TCDD. Therefore, while changes in enzyme activity
in response to dioxin and related compounds may result in detoxification of .certain
chemicals, examples exist in experimental animals of changed metabolism leading directly or
indirectly to adverse effects, some as severe as cancer. Data to .confirm this effect of dioxin
and related compounds in humans are not available.

9.7.6.4. Gamma Glutamyl Transferase (OOT) Activity
GGT is one of the many hepatic enzymes that are measured in human serum to
evaluate liver toxicity. Of these, GGT is the only hepatic enzyme found in a number of
human studies to be chronically elevated in adults exposed to high levels of TCDD. The
consistency of the findings in a number of studies suggests that the finding may reflect a true
effect of exposure but for which the clinical significance is unclear. Long term, pathologic
consequences of elevated GGT have not been illustrated by excess mortality from liver
disorders or cancer or in excess morbidity in the available cross-sectional studies. There are
few animal data to support these findings.

9.7.6.5. Endometriosis
Endometriosis is a serious disorder of the female reproductive system that is of
unknown etiology and a major cause of infertility in women. A recent study has determined
that chronic exposure to TCDD increases the risk of endometriosis in rhesus monkeys (Reier
et al., 1993). The incidence and severity of the disease were dose dependent. Additional
studies are under way to further evaluate these observations in rhesus monkeys, and studies
are planned to evaluate women exposed to TCDD after the accident at Seveso for any
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correlation between dioxin body burden and incidence or severity of endometriosis. Further
evaluation of this health end point awaits reports from these studies.,

9.8. DOSE-RESPONSE CONSIDERATIONS
The current efforts to evaluate the risks of dioxin and related compounds have focused
on the understanding of the biological basis of response as well as evaluation of the weight of
'\.

the empirical observations on inferences regarding hazard and risk. Previous sections have
discussed the relationship of binding of this class of compounds to a spf'. cific receptor and
subsequent events. It is generally accepted that all well-studied responses to dioxin appear to
be mediated by receptor binding. This situation is not unlike the signal transduction
pathways that have been described for hormone action, particularly exemplified by the wellstudied family of steroid hormones, although the dioxin receptor

dOf~s

not belong to the

steroid receptor family.
The fact that much of the biological activity of this class of c'ompounds follows the
rank order of binding affinity of the congeners to the Ah-receptor supports the concept that
these earliest steps play a determining role in the probability that later responses will occur.
This does not imply that a simple proportional relationship between jreceptor binding and
. biological response can explain the diversity of biological responses described for dioxin and
related compounds. It is likely that differences in response will be due to tissue and cellspecific factors that modulate the qualitative relationship between receptor binding, or more
precisely, occupancy and response. It is expected that there may be markedly different doseresponse relationships for different effects of dioxin, depending on the respective roles of
modulating activities. Coordinated biological responses, such as TCDD-mediated increases
in cell proliferation, likely involve numerous cellular factors and hormone systems. This
means that the dose-response for relatively simple sequelae of the eaJdy binding events such
as cytochrome (CYPIAl) induction may not accurately predict dose-response relationships
for more complex responses such as cancer. Much additional knowk'Xlge will be required
before we can accurately predict these complex dose-response relationships.
Development of biologically based dose-response models for dioxin and related
compounds as a part of this reassessment has led to considerable and valuable insights
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regarding both mechanisms of dioxin action and dose-response relationships for dioxin
effects. These are described in some detail in Chapter 8. These efforts have provided
additional perspectives on traditional methods such as the linearized multistage (LMS)
procedure for estimating cancer potency or the uncertainty factor approach for estimating
levels below which noncancer effects are not likely to occur. These methods have also
provided a biologically based rationale for what had been primarily statistical approaches.
The development of models like those in Chapter 8 allows for an iterative process of data
development, hypothesis testing, and model development. These efforts have resulted in
incorporation of more of the available biological data into models to predict hQman risk at
low increments of exposure.
Tables 9-3 through 9-6 summarize estimated body burdens and effect levels for a
variety of species, including the lowest observed effect levels (LOELs) for some of the more
sensitive indicators of biological response induced by dioxin and related compounds.
Important assumptions used in deriving these values are included as part of this table. It is
particularly important to note that the estimated body burdens associated with several of
these experimental doses are quite low relative to background body burdens in the general
human population. The implications of this observation will be discussed later in this
chapter.
Dose-response modeling efforts in Chapter 8 for liver canc;er in female rats and for
lung cancer and all cancers combined in humans have produced results that can be used to
estimate risk-specific doses and risk estimates. Estimates from these efforts differ with
models based on the human data, providing somewhat higher risk estimates than the animalbased estimates. The risk estimates resulting from these models have uncertainties that cause
their ranges to overlap, and all models produce fits that are consistent with the linearized
multistage model commonly used for cancer risk estimates. By the definitions of mechanistic
modeling given in Chapter 8, both modeling efforts fall short of completely explaining
conditions of biology or exposure. However, because the animal modeling establishes a
better mechanistic basis for extrapolation to low doses and the animal data have greater
certainty in terms of causal association for cancer (especially considering that smoking may
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Table 9-3•. Estimated Body Burdens of Experimental Animals and Humans Exposed to
Dioxins: Responses in Humans Causally Associated With Exposure to Dioxins and
Comparable Effects in Experimental Animals
I
Experimental
Dose

Effect

Species

Chloracne

Humans

Chloracne

Monkey

1,000 ng/kg

1,000 ng/kg

Chloracne

Rabbits

4 ng/kg
5d/wk/4wk

220 ng/kg

Chloracne

Mice

4,000 ng/kg
3d/wk/2wk

Decreased Birth
Weight

Humans

Decreased Growth
Decreased Growth

Body BurdelJ
45-3,000 ng/kg

Ref./Note
Ryan et aI.,
1990; Beck et
al., 1989/a,b
McNulty,
1985/c
Schwetz et al.,
1973/d

14,000 ng/kg

Puvel and
Sakamoto,
1988/e

Mother's body
burden

1,460 ng/kg'

Lucier, 1991/f

Humans

Mother's body
burden

1,460 ng/kg

Guo et al.,
1994/f

Rats

400 ng/kg
maternal dose
gd 15

.

Delayed
Developmental
Milestones

Humans

Object Learning

Monkey

Down Regulation
ofEGFR in
Placenta (Maximal
Effect)

Humans

1.26 ng/kg/d

c'

400 ng/kg ,
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Mably et al.,
1992a1g

1,460 ng/kg

Rogan et al.,
1988/f

19 ng/kg

Schantz and
Bowman,
1989/h

1,460 ng/kg ,

I

Lucier, 1991/f
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Table 9-3. (continued)

: Effect
: Down Regulation
of EGFR in Liver
(MaximaI Effect)
I I
.
ncrease In
I

Experimental
DQse

Species
Rats

125 ng/kg/d
30 weeks

Body Burden

Ref./Note

1,600 ng/kg

Sewall et aI.,

1993/i
- ...

Humans

,

..

1,460 ng/kg

Lucier, 19911f

1,600 ng/kg

Tritscher et'

Placental CYPIAI
(Maximal Effect)
Increase in Liver
CYPIAI (MaximaI
Effect)

Rats

125 ng/kg/d

30 weeks

al" 1992/i
...

!

_-

-

,-

Enzyme Induction
CYPIAI (LOEL)

Rats

'1 ng/kg
single dose
sac 24 hr

1 ng/kg

Van den
Heuvel et aI.,
1993/j

Enzyme Induction
CYPIAlIIA2
(LOEL)

Mice

1.5 ng/kg/d
5 d/wk 13 wk

23 ng/kg

DeVito et aI.,
1994/k

.--

Hepatic
Sequestration
Hepatic
Sequestration

Human

150 ng/kg

Carrier et al.,
submitted/l
....

--

Rats
Human

, Background

Mouse

,

....

60 TEQ ppt in
serum
- -

-

-

,"-

._ .. -

..

_-.-

"'

9 ng/kg

m

4 ng/kg

n
.--

~

...-

Carrier et aI"
submitted/l

300 ng/kg
--

Background

... _.-

---

....... "-"

Notes:
a.

All human data assume a background level of 60 ppt TEQs in serum (lipid adjusted) in
addition to the dioxin levels presented in the referenced papers, Dioxins are assumed to
be distributed in the body lipid. Thus the concentration of dioxins in serum expressed as
lipid adjusted are assumed to be equivaIent to the concentration of dioxins in total body
lipids. In addition, the average person is assumed to weigh 70 kg with 15% of the
weight from body fat. Hence a person with background levels of 60 ppt TEQs in serum
(lipid-adjusted levels) has a body burden of 9 ppt or 9 ng/kg. Although unpublished
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Table 9-3. (continued)
studies in our laboratory indicate that untreated 150-day-old mice also have background
levels of dioxins and dibenzofurans of approximately.4 ng TEQ/kg, these values were
. not included in body-burden estimates for the effects seen in experimental animals.

d.

Assumes the same rate of elimination as the rat and that the animals weighs 2.5 kg
throughout the experiment. This is a LOEL dose and no lower doses were tested.

e.

Assumes a half-life of 11 days and an average weight of the animal at 25 grams. This is
a LOEL dose, and no lower doses were administered.

f.

According to the author (Lucier, 1991), in highly exposed patients from Yu-Cheng, there
is a decrease in birth weights of children born from these patients compared to
unexposed control populations. In addition, there is an association between placental
levels of dioxins and alterations in placental epidermal growth tictor receptor (EGFR)
and CYP1Al. In addition, the author suggested that the changes in placental EGFR and
CYP1A1 in these patients were maximal. Body burdens determined based on levels of
2,3,4,7,8-pentachlorodibenzofuran (TEF=O.I) and 1,2,3,4,7,8-hexachlorodibenzofuran
in placenta tissue. Assumes placenta is 1 % lipid (Beck et al., 1994) and that women
have a fat content of 21 % of body weight (Ganong, 1982). Also used these body
burdens to estimate body burden of mothers of the children with decreased growth (Guo
et al., 1994) and delayed developmental milestones (Rogan et al., 1988). All patients
are from the Yu-Cheng rice oil poisoning.

g.

Assumes pups exposed to an equal dose of TCDD as are the dams on a weight basis and
that the pups do not eliminate any of the TCDD. For decreased body weight in pups
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Table 9-3. (continued)
400 ng/kg is the LOEL, a dose of 64 ng/kg to the dam was the NOEL for this response.
For decreased sperm count, the LOEL is 64 ng/kg, and no lower doses were tested.
h.

Assumes a single first-order elimination rate constant and a half-life for the whole body
elimination of 400 days (McNulty, 1985) and a gastrointestinal absorption of 86%, (Rose.
et al., 1976). This'is the LOEL from this study; no lower doses tested.

i.

From Tritscher et al. (1992) and Maronpot et al. (1993). Liver levels measured in study
at approximately 30 ppb. Liver and body weights were reported in 40. Assumes animal
is 20% body fat by weight and that at this dose, the liver has four times the
concentration of TCDD than adipose tissue. The body-burden calculation assumes that
liver and fat account for 90% of the body burden in these animals. For tumor
promotion, this is the LOEL in these animals. A NOEL for tumor promotion was
observed at a dose of 35 ng/kg/d. For induction of CYPIAI and downregulation of
EGF-R, this body burden produces a maximal response.

j.

Animals received a single dose and were sacrificed 24 hours later. Assumes no TCDD
eliminated at this time. CYPIAI induction determined by RT-PCR. This is the LOEL
for this response; a NOEL from this study is 0.1 ng/kg.

k.

Animals received 1.5 ng/kg/d, 5 d/wk for 13 wk. Animals sacrificed 3 days after last
dose. Hepatic, dermal, and pulmonary EROD activity induced at this dose. Tissue
levels measured in liver, skin, and fat. Assumes 100 % of the body burden is in liver,
skin, and fat. This is the LOEL from this study; no lower doses were tested.

1.

Body burdens are estimated by Zinkl et al. (1973) for the increased accumulation of
PCDD/PCDF in liver compared to adipose tissue.

m. Assumes a background TEQ of 60 ppt for dioxins, dibenzofurans, and PCBs. Also
assumes a body weight of 70 kg with 15% body fat.
n.

Data from DeVito and Birnbaum. TEQ for TCDD 1,2,3/1,8-PCDD; 2,3,7,8-TCDF;
1,2,3,7,8-PCDF; 2,3,4,7,8-PCDF; and ocnF in 150 day old female B6C3Fl mice.
Chemicals were determined in liver, fat and skin of these animals. Assumes that 100%
of the body burden is in liver, fat, and skin.
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Table 9-4. Estimated Body Burdens of Experimental Animals and Humans Exposed
to Dioxins: Responses in Humans Associated With Dioxin Expo:slme and Comparable
Effects in Experimental Animals

Effect

Species

Cancer

Humans

Cancer

Hamsters

,

Experimental
Dose

Body Burden

I

109-7,000
ng/kg
100 p.g/kg
6 doses
(600 p.g/kg
total dose)

500 ng/kg

Ref./Note
Fingerhut et al.,
1991; Bertazzi et al.,
1993/a
Rao et al., 1988/b

i

Cancer

Rats

100 ng/kg/d
for 2 years

1,400 ng/kg

Kociba et al., 1978/c

Cancer

Mice

400 ng/kg/d
for 2 years

1,000 ng/kg

NTP, 1982/d

Liver Tumor
Promotion

Rats

125 ng/kg/d
30 weeks

1,600 ng/kg

Maronpot et al.,
1993/e

Skin Tumor
Promotion

Mice

7.5 ng/kg/wk
for 20 wks
dermal
exposure

1,100 ng/kg

Poland et al., 1982/f

Decreased
Testosterone

Humans

Decreased
Testosterone

Rats

:

83 ng/kg
12,500 ng/kg
sac day 7

10,200 ng/kg

Egeland et al.,
1994/g
Moore et al., 1985/h

Decreased Testis
Size

Humans

14 ng/kg

Air Force Study,
19911i

Altered Glucose
Tolerance

Humans

110 ng/kg

Sweeney et al.,
1992/j

Altered Glucose
Tolerance

Humans

14 ng/kg

Wolfe et al., 1992/i
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Table 9-4. (continued)

Effect

Species

Experimental
Dose

Decreased
Glucose Uptake
Adipocytes

Guinea
Pigs

30 ng/kg
sac day 1

30 ng/kg

Enan et al., 1992/k

Decreased
Serum Glucose

Rats

100 ng/kg/d
30 days

1,900 ng/kg

Zinkl et al., 1973/1

60 TEQppt
in serum

9 ng/kg

m

4 ng/kg

n

Background

Human

Background

Mouse

Ref./Note

Body Burden

"

Notes:
a.

Estimated highest body burden at time of last exposure. Calculations based on measured
TeDD levels in serum (lipid adjusted) and assuming a first-order elimination kinetics
and a half-life for elimination of 7.1 years. Also assumes a body weight of 70 kg and
22 % body fat. Calculations for estimated serum concentrations at last time of exposure
performed by authors (Fingerhut et al., 1991; Bertazzi et al., 1993).

b.

Animals administered 100 p.g/kg six times over a 4-week period. Assumes a half-life of
23.4 days and that animals are sacrificed at 10 months after the first dose. This is the
LOEL; however, no other doses tested in this study.

c.

Assumes a single first-order elimination rate constant and a half-life for the whole body
elimination of 23.7 days (Rose et al., 1976) and a gastrointestinal tract absorption of
86% (Rose et al., 1976). This is the LOEL of the study; a dose of 10 ng/kg/d was also
tested with no significant increase in tumors.

d.

Body burden estimated from animals treated with 450 nglkgld for 90 days (DeVito and
Birnbaum, unpublished results).

e.

From Tritscher et ale (1992) and MarQnpot et ale (1993). Liver levels measured in study
at approximately 30 ppb. Liver and body weights were reported in White and Gasiewicz
(1993). Assumes animal is 20% body fat by weight and that at this dose, the liver has
four times the concentration of TCDD than adipose tissue. The body-burden calculation
assumes that liver and fat account for 90 % of the body burden in these animals. For
tumor promotion, this is the LOEL in these animals. A NOEL for tumor promotion was
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Table 9-4. (continued)
observed at a dose of 35 ng/kg/d. For induction of CYPIAI and dlownregulation of
EGF-R, this body burden produces a maximal response.

..

f.

Assumes an elimination rate of 11 days and a body weight of 20 grams.

g.

From Egeland et al. (1994) in which workers with half-life extrapolated levels of TCDD .
of 496-1,860 ppt have a greater percentage of workers with low testosterone levels.
Extrapolation performed by Egeland et aI. (1994) assuming a half-life of 7.1 years.
Also assumed that the background TEQ was 60 ppt so that the total serum TEQ was 496
ppt + 60 ppt = 556 ppt (lipid adjusted). Average worker was male weighing 70 kg
with 15 % body fat.

h.

Animals received single exposure of 12.5 f1.g/kg (LOAEL) and sacrificed 7 days after
dosing. Assumes a half-life of 23.4 days and body burden corre:cted for elimination. A
dose of 6.25 f1.g/kg was tested and is the NOEL for this study.

i.

From Ranch Hand study (Sweeney et aI., 1992), assumes that high exposed group (>33
ppt) had a background of 60 TEQ ppt. Thus, this group had at least 93 TEQ ppt.
Assumes average Ranch Hand patient was male weighing 70 kg with 15 % body fat.

j.

Same assumptions in note g except average serum level in affectled workers is 640 ppt.

k.

Guinea pigs received 0.03 f1.g TCDD/kg i.p. and sacrificed 24 hours after dose. .
Assumes that no TCDD was eliminated at this time. This is a LOEL; no other doses
tested.

1.

Animals were treated with 0.1 ,ug/kg/day for 30 days and assumes half-life of TCDD in
the rat is 23.4 days.

m. Assumes a background TEQ of 60 ppt for dioxins, dibenzofurans, and PCBs. Also
assumes a body weight of 70 kg with 15 % body fat.
n.

Data from DeVito and Birnbaum (1994). TEQ for TCDD, 1,2,3,7,8-PCDD; 2,3,7,8TCDF; 1,2,3,7,8-PCDF; 2,3,4,7,8-PCDF; and OCDF in 150-day-old female B6C3Fl
mice. Chemicals were determined in liver, fat, and skin of these animals. Assumes that
100 % of the body burden is in liver, fat, and skin.
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Table 9-5. Estimated Body Burdens of Experimental Animals and Humans Exposed to
Dioxins: Low-Dose Effects in Animals Exposed to Dioxins and Their Relationship to
Background Human Exposure

Species

Experimental
Dose

Decreased
Offspring
Viability

Rhesus
Monkeys

25 ppt in diet
for 4 years

270 ng/kg

Hong et al.,
1989/a

Altered
Lymphocyte
Subsets

Rhesus
Monkeys

25 ppt in diet
for 4 years

270 ng/kg

Hong et al.,
1989/a

Marmosets

0.3 ng/kg/wk
for 24 weeks
1.5 ng/kg/wk
for 12 weeks

6-8 ng/kg

Neubert et al.,
1992/b

Enhanced Viral
Susceptibility

Mice

10 ng/kg
sac day 7

7 ng/kg

Burelson et al.,
1994/c

Endometriosis

Monkeys

5 ppt in diet
4 years

54 ng/kg

Reier et al.,
1993/a

Rats

64 ng/kg
maternal dose
gd 15

64 ng/kg

Mably et al.,
1992b/d

Background

Human

60TEQ ppt
in serum

9 ng/kg

e

Background

Mouse

4 ng/kg

f

, Effect

,
I

Body Burden

Ref./Note

,

Altered
, Lymphocyte
Subsets
,

Decreased Sperm
Count

Notes:
a.

Assumes a single first-order elimination rate constant and a half-life for the whole body
elimination of 400 days (McNulty, 1985) and a gastrointestinal absorption of 86% (Rose
et al., 1976). This is the LOEL from this study; no lower doses tested.

b.

Assuming a single first-order elimination rate constant and a half-life of 6-8 wks. Body
burdens calculated by authors (Neubert et al., 1992).
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Table 9-5. (continued)
c.

Body burden determined in these animals (Diliberto etal., submitted). Approximately
70% of the body burden remains at 7 days after dosing. This is the LOEL from this
study. A dose of 5 ng/kg was also tested in this study with no ieffect (NOEL).

d.

Assumes pups exposed to an equal dose of TCDD as are the dams on a weight basis and
that the pups do not eliminate any of the TCDD. For decreasedl body weight in pups
400 ng/kg is the LOEL, a dose of 64 ng/kg to the dam was the NOEL for this response.
For decreased sperm count, the LOEL is 64 ng/kg, and no lowe:r doses were tested.

e.

Assumes a background TEQ of 60 ppt for dioxins, dibenzofurans, and PCBs. Also
assumes a body weight of 70 kg with 15 % body fat.

f.

Data from DeVito and Birnbaum (1994). TEQ for TCDD, 1,2,3,7,8-PCDD; 2,3,7,8TCDF; 1,2,3,7,8-PCDF; 2,3,4,7,8-PCDF; and OCDF in 150-day-old female B6C3Fl
mice. Chemicals were determined in liver, fat, and skin of thesle animals. Assumes that
100% of the body burden is in liver, fat, and skin.

i

.
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Table 9-6. Comparison of the Effects of TCDD Exposure on Human and Animal Tissue
In Vitro
: Effect

Cell Line/Species

Concentration

, Binding to CYP1A1
DRE

Hepa-1c1c7/mouse

2nM

Probst et al., 1993/a

Binding to CYP1A1
DRE

LS180/human

lOnM

Probst et al., 1993/a

Binding to ER DRE

Hepa 1c1c7/mouse

15.5 nM

White and Gasiewicz,
1993/b

Binding to ER DRE

MCF-7/human

5.6nM

White and Gasiewicz,
1993/b

Induction CYP1A1

Lymphocytes mouse

1.3nM

Clark et al., 1992/c

Induction CYP1A1

Lymphocytes human

1.8nM

Clark et al., 1992/c

Cytotoxicity

Embryonic palate
mouse

0.1 nM

Abbott and
Birnbaum, 19911d

Cytotoxicity

Embryonic palate rat

100nM

Abbott and
Birnbaum, 19911d

Cytotoxicity

Embryonic palate
human

100nM

Abbott and
Birnbaum, 19911d

: Altered Lymphocyte
Subsets

Peripheral
lymphocytes
marmoset

0.0001 nM

Neubert et al.,
19911e

, Altered Lymphocyte
! Subsets

Peripheral
lymphocytes human

0.0001 nNI

Neubert et al.,
19911e

Inhibition of
Proliferation

Thymocytes mouse

0.1 nM

Greenlee et al.,
1985/f

Inhibition of
Proliferation

Thymocytes human

0.1 nM

Cook et al., 1987/f

Inhibition of
Proliferation

Tonsilar lymphocytes
human

0.3 nM

Wood et al., 1993/g

Inhibition of
Proliferation

Splenic lymphocytes
murine

3.0nM

Wood et al., 1993/g

I

,
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Table 9-6. (continued)
Effect

Cell Line/Species

Inhibition of IgM
Secretion

Splenic lymphocytes
murine

3.0nM

WOod et al., 1993/g

Inhibition of IgM
Secrection

Tonsilar lymphocytes
human

0.3 nM

Wood et al., 1993/g

,'.;;':

Concentration

Ref./Note

Notes:
a.

Using gel retardation assay, Probst et al. (1993) compared the albility of the Ah receptor
isolated from either murine or human cell lines to bind to a dioxin response element
(ORE). The authors used only one concentration of TCDD for leither cell type, 2 nM
for murine cells and 10 nM for human cells.

b.

White and Gasiewicz (1993) compared the ability of Ah receptors isolated from either
murine or human cell lines to bind to a DRE found in the human estrogen receptor (ER)
structural gene. Concentration values are binding affmities to this DRE.

c.

Splenic lymphocytes from C57Bl/6 mice and peripheral blood lymphocytes were
isolated, cultured, and exposed to TCDD. ERGD activity, a marker for CYP1Al, was
determined following TCDD exposure. Data presented are ECso •

d.

Abbott and Birnbaum (1991) compared the cytotoxic effects of TCDD on organ culture
of human, mouse, and rat embryonic palatal shelves. Embryonic palates from human
mouse and rat were grown in the same organ culture system and exposed to TCDD.
Cytotoxicity was detected using transmission electron microscopy. Concentrations are
the lowest observable effect level.

e.

Neubert et al. (1991) isolated lymphocytes from human and primates and determined
lymphocyte subsets following antigen stimulation in cells treated with TCDD. The
concentration is the level at which the authors describe a consistent effect on lymphocyte
subsets in this system.

f.

Thymocytes were isolated from either human or murine sources and cocultured with a
human thymic epithelium culture (human thymocytes) or with murine thymic epithelium
(murine thymocytes). The incorporation of tritiated thymidine was determined in cells
treated with TCDD following antigen stimulation. Data presented are LOEL for both
cell lines.
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Table 9-6. (continued)
g.

Human tonsilar lymphocytes and murine splenic lymphocytes were used to isolate B
cells. Human and murine B cells were grown under identical conditions and exposed to
TCDD. Proliferation and IgM secretion were determined in response to different
concentrations of TCDD ranging from 0.3 to 30 nM. 'Values presented are LOELs from
Wood et al. (1993).
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have a potentiating effect with dioxin for lung cancer in the human ;studies), the animal
model will be the focus of estimates of cancer risk..
I

Many scientists agree that the cancer modeling efforts should continue to focus on the
animal studies in the absence of,better quantitative human data. Others suggest that there is
no compelling reason to conclude that estimates derived from the human data are any more

.

uncertain than the estimates based on the rodent bioassay. In both cases, modeling efforts
have indicated the sensitivity of certain model parameters to choice of data sets and/or
assumptions. Analyses in Chapter 8 illustrate that the slope of the dose-response curve for
surrogate markers of low-dose response such as enzyme induction

01;

indirect mutagenic

activity on estimates of cancer risk using animal data are highly dependent on the
assumptions that go into the modeling. Dependent on assumptions, use of the obvious dose
surrogates could predict very different low-dose risks, differing by orders of magnitude from
the estimates described above. For gene expression of biological markers, the major factor
controlling this broad range of low-dose risk estimates is the mechanism by which dioxin
modifies constitutive expression. However, as expressed in Appendix D of Chapter 8,
reasonable assumptions concerning constitutive expression of the biochemical markers will
result in low-dose linearity and risk estimates consistent with that obtained using the
linearized multistage approach.
The two-stage modeling of the Kociba et al. (1978) female rat liver tumor data in
Chapter 8 incorporates data from earlier events in the carcinogenic process into the
estimation of model

para~eters.

In fact, the results using the two-stage model incorporating

dioxin-altered hepatic foci data to estimate mutation and growth parameters provide nearly
the same low-dose estimates as the linearized multistage model using only the tumor data.
When using the default species extrapolation from animals to humans (body weight ratio to
the 3/4 power), both models yield oral intake risk-specific doses of slightly less than 0.01 pg
TCDD/kg/day, corresponding to unit risk estimates of 1X10-4 per pg TeDD/kg/day.
Chapter 8 discusses other potential models that might fit these data as well as the best-fitting
model (Appendix C, Chapter 8). These analyses indicate that, unless a protective effect of
TCDD on mutation rates occurs at low doses, low-dose risk will remain proportionate to '
exposure and consistent with the linearized multistage model. If protective effects are
9-67

08/15/94

DRAFT--DO NOT QUOTE OR CITE
allowed in the model, the low-dose risks may be substantially reduced. The focal lesion data
and the biochemical markers generally agree and do not suggest the protective effect
discussed above. These models assume that the PGST foci are precursors to cancer. Other
hepatic focal lesion markers could be used in this context and may lead to different doseresponse curves for tumor response (see discussion in Chapter 8).
Uncertainty in estimates of human

half~life

for dioxin and related compounds

represents an important factor in comparing human-based risk estimates versus
risk estimates. For instance, if the

dose~dependent pharmacokineticffiOdel ,of

animal~based

Carrier (1991)

is correct, exposures in the occupational studies must have been greater than the fixed halflife model would suggest, so that the estimated risk per unit of exposure may well have been
lower. However, this reduction will be relatively small and is unlikely to move the risks
outside the range of risk estimated by the linearized multistage model.
An additional consideration regarding the evaluation of dose response for dioxin and
related compounds involves the Ubiquity of background exposure to these compounds. Body
burdens of these compounds have been discussed previously in several parts of this
assessment. In all studies, both in laboratory animals and in humans, incremental exposures
are being added onto an existing body burden that is present at birth and appears to increase
with age. This background is often insignificant from the standpoint of added dose in
experimental studies or for highly exposed human cohorts. On the other hand, it has real
implications relative to the detectability of response at low incremental exposures and may
have implications for the. use of models that assume additivity to ongoing processes that may
have been stimulated by background levels. Modeling estimates suggest that, if dioxin and
related compounds are adding to human cancer burden, current background exposures may
result in upper bound population cancer risk estimates attributable to exposure to dioxin and
related compounds in the range of 1 in 10,000 (10-4) for the average population exposures to
1 in 1,000 (10-3) for more highly exposed members of the population (e.g., individuals
consuming high levels of dioxin-containing foods). Actu,al risk for indiViduals exposed to
background levels in the population is likely to be less than these upper bound estimates and,
for some, may even be zero. More highly exposed populations with exposures to specific
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sources of dioxin and related compounds such as those exposed undler occupational or
accident conditions may, on average, experience proportionately higher risk.
Background levels also complicate the evaluation of no observed or low observed
adverse effect levels (NOAELs or LOAELs). Incremental exposures must be considered in
light of existing body burdens in determining whether increased probability of effects having
biological thresholds is likely. The concept that an incremental exposure is below an
experimental threshold is moot unless the combined background and incremental exposure

.

'

are below the threshold level. This has important consequences for the assessment of
compounds like dioxin where certain biochemical alterations can be dete-eted. at or near
equivalent human background body burden levels.
9.9. USE OF TOXICITY EQUIVALENCE
The concept of toxicity equivalence in evaluating mixtures of dioxin-like compounds
is fundamental to many of the conclusions reached in this characterization. This is based on
the fact that most data described in this and preceding chapters were obtained using 2,3,7,8TCDD as the experimental compound. More limited data exist as individual congeners are
evaluated. Nonetheless, estimates of body burden as derived in this reassessment suggest
that greater than 90 % of the total dioxin equivalence is due to dioxin-like compounds other
than 2,3,7,8-TCDD. While there are empirical bases for the toxicity equivalence factors
assigned to dioxin-like compounds relative to 2,3,7,8-TCDD, they generally represent order
of magnitude estimates of relative toxicity and are not meant to be mled precisely. The
potency for most, if not all, of the toxic end points is determined by the number and position

•

of the halogen (chlorine or bromine) atoms on the dioxin-like molecule. This appears, based
.on a substantial body of evidence, to be a function of relative ability ,to bind to a specific
cellular receptor that mediates most, if not all, of the toxic end points of this class of
compounds. This inference is based on experimental evidence, primarily in rodents but
involving some other species, that for some toxic effects, the potency of the effect itself is
proportional to receptor binding as measured by either binding studies or a sensitive measure
of receptor binding, AHH induction. When EDsos for effects versus binding are plotted
logarithmically, good linear correlations are obtained (Safe, 1990). This approach constitutes
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a "relative ranking" scheme based on 2,3,7,8-TCDD. Because the data base for effects for
individual congeners is incomplete and because the concept is based on responsiveness of
humans to these compounds in a manner similar to that of animals and high to low dose
extrapolation, the TEQ approach is considered a useful but uncertain procedure.
.In addition to the idea of "relative ranking," there is a second aspect to the TEQ
approach. This is the concept of additivity. The hypothesis is that one can estimate the
toxicity of a mixture of dioxin-like compounds by adding together the products of the
concentrations of the individual congeners and their TEFs. This hypothesis has not been
extensively tested although data addressing this issue are generally supportive of additivity.
Some data collected using high levels of different congeners have suggested the potential for
interactions (mostly, antagonism) between congeners. There is currently general acceptance
of the concept of additivity with the recognition that issues such as congener interactions,
presence of "spare" receptors, and the unavoidable presence of other dietary constituents that
react with the dioxin receptor must be considered to add uncertainty to the concept.
The points discussed above describe the basis of the TEQ concept and indicate some
of the assumptions on which they are based. A more detailed description of these issues is
contained in U.S. EPA (1989). In addition to scientific grounds, the use of TEQs can be
justified on a practical basis, not the least of which is the sheer enormity of the task of
attempting to conduct appropriate studies on all toxic end points for all of the congeners.
They continue to be described by the EPA and others as an "interim" approach, and. the
extent of their current use should not detract from the expressed need for more data to
further validate their use.

9.10. KEY ASSUMPTIONS AND INFERENCES
One of the primary functions of the risk characterization is to present key assumptions
and inferences that are used to reach conclusions in the absence of definitive information.
Not all scientists may agree with the use of these specific assumptions and inferences. The
degree to which there is disagreement will have profound effects on the acceptance of this
analysis. While many of these assumptions and.inferences are discussed in previous sections,
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it is important that they be recognized in order to put our overall conclusions in a proper
perspective. Key assumptions and inferences are listed below.

The limited information on sources, fate, and transport in

th~

environment provides a

reasonable basis for predicting human exposure. While data are limited and, therefore,
uncertain, information from a variety of studies in industrialized countries coupled with our
,""

detailed knowledge of physicochemical properties for this class of compounds allows
reasonabl~

assumptions to be made regarding relative ranking of sources with regard to their

contribution to environmenta1loading, the persistence of this class of compounds under
specific environmental conditions, and the likelihood that the chemical will be transferred
from the environment to biological systems. Nonetheless, these are assumptions that are
arguable and that will be refined as more data become available. Additional data will be
required to validate the numerous hypotheses that go into assembling models for
environmental release, fate, and transport for this complex mixture of individual chemical
congeners.
The air to food hypothesis is plausible and is supported by enough data to warrant its

use in the absence ofmore complete information. The air-to-food hypothesis is founded on
data evaluating deposition, environmental transport, bioaccumulation, and consumption
patterns. It is supported by studies from Europe and Canada.

Whil«;~

individual measurement

data are still quite limited, the consistency of the evidence supporting the validity of the
hypothesis is compelling. The hypothesis has been accepted by a large segment of the
knowledgeable scientific community. Because airborne dioxin may come from direct
releases to air or from recycling of dioxin-like compounds released into various
..

environmental media from a number of sources, this hypothesis provides a perspective on
how dioxin-like compounds move through the environment to humans but does not allow
attribution of exposure to particular sources.

Toxicity equivalence is a valid, interim method for assessing exposure to a complex
mixture ofdioxin and related compounds and predicting likely health outcomes. The EPA
and the international scientific community have agreed that the use of tmdcity factors to
predict relative toxicities of mixtures of this class of compounds has an empirical basis, is
theoretically sound, and, in the absence of more complete data sets on the toxicity of
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individual members of this class, is a useful procedure. This is not to say that the use of
TEFs is a certain procedure. Since 1986 when the first Agency-wide consensus on,the use of
TEFs was published, additional refinements to the data bases and to the use of TEFs have
occurred. Published revisions in accord with international agreement appeared in 1989. In
the course of this reassessment, critical data were collected, and agreement was reached
regarding the contribution of dioxin~like PCBs to overall TEQs. Additional validation of the
TEQ concept in predicting effects of this class of compounds on wildlife species lends further
support to the use of this approach. It must be recognized that this relatively simple,
additive approach does not take into account interactions between

dio~n-like

compounds and

other chemical exposures. These interactions may result in either an overestimate or an
underestimate of likely effects of the complex mixture. While generally accepted as useful
for evaluating intakes of various dioxin-like compounds, the application of this approach to
the evaluation of measured body burdens remains even more uncertain.

Use of one-halfthe nondetect level for estimating low levels of exposure is a
reasonable but conservative approach to evaluating limited blood and tissue level data. For
some data sets, use of zero values for nondetects could result in significantly lower estimates
and, therefore, use of the current procedure may be overestimating blood or tissue levels.
However, it is widely held that use of zero values for nondetects would most likely
underestimate true levels of exposure, particularly where nondtetects do not dominate
measured values. Similar estimates of TEQs derived from different data sets, developed by
different investigators in several countries, strengthen the probability that this inference
represents the exposure of the general population in industrialized countries to dioxin and
related compounds.

The limited data available from studies of levels of dioxin and related compounds in
humans provide an adequate basis to infer general population body burdens. Although there
are still limited measurements of general population body burdens, the data provide a
consistent picture of background body burdens fOr industrialized countries. While additional
data will help refine the range of general population body burdens as a function of location,
human activity, age, and the like, there are adequate data to estimate current body burdens in
the general population for the purposes of this assessment. It is highly unlikely that these
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estimates would represent a sensitive parameter in estimating margins of exposure within an
order of magnitude.

Laboratory animal studies provide useful information in evaluating potential human
responses to dioxin and related compounds. Based on our knowledge of the biochemical and
I

biological similarities between laboratory animals and humans, our understanding of some of

..

the fundamental impacts of this class of compounds on biological sY,stems, and comparable
responses from animal and human studies both in vitro and in vivo,our decision to use
laboratory animal data to contribute to weight-of-the":evidence conclusions on human hazard
and risk is reasonable. Humans do not appear to be an unusual responder for dioxin effects,
that is, we do not, on average, appear to be either refractory to or exquisitely sensitive to the
effects of dioxin-like compounds. While positive human data are preferable for ascribing
hazard or risk, the lack of adequate human data to demonstrate causality for many suspected
dioxin effects is assumed not to negate the findings from laboratory animal and in vitro
studies. Although some scientists may disagree, in our estimation, tine data base on dioxin
and related compounds is one of the most comprehensive among allienvironmental chemicals.
The fundamental understanding of mechamsms of dioxin action provides a unifying theory
for the mechanisms for observed effects in laboratory animals and humans and for using a
weight-of-the-evidence approach considering all relevant data to infei the human health
impacts of dioxin and related compounds.

Observations of effects from exposure to dioxin and related compounds in humans and

f

other animals suggest that fundamental changes in cellular biochemistry and biology may be
related to frankly adverse effects, which can be more readily observed at higher levels of
exposure. Observations described in this assessment suggest a continuum of response to
exposure to dioxin-like chemicals. By a continuum of response we suggest that as dose
increases, the probability of occurrence of individual effects increases, and the severity of
collective effects increases. This continuum provides a basis for inferring a relationship
between some early events that are not necessarily considered to be adverse effects with later
events that are adverse effects. Considerable uncertainty remains in inferring how these
events are related, although we know more about how dioxin-like compounds may elicit
effects than we know about the mechanisms of action for most chemicals. This inference
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may be the most contentious of all, and it is likely that a wide range of opinion will be
provided by the scientific community regarding the relationship of these mechanistic
observations and prediction of potential for adverse effects in exposed humans. This range
of opinion must be carefully weighed to assure that the proper perspective concerning the
relative likelihood of adverse effects in humans exposed to environmental levels is
maintained.

9.11. OVERALL CONCLUSIONS REGARDING THE IMPACT OF DIOXIN.AND
RELATED COMPOUNDS ON HUMAN HEALTH
An extensive data base provides information pertinent to the evaluation of
exposure of humans to dioxin and related compounds. An even larger data base of
equal quality suggests that exposure to dioxin results in a broad spectrum of biochemical
and biological effects in animals and, based on limited data, some of these effects occur
in humans. Relatively speaking, these exposures and effects are observable at very low

levels in the laboratory and in the environment when compared with other
environmental toxicants. Despite the large amount of information available on exposure·
and effects of dioxin and related compounds, this risk characterization serves to
highlight significant data gaps and identifies information needed to reduce uncertainty in
its conclusions.
An extensive data base detailing dioxin emissions and dioxin levels in environmental
media and in human serum and tissue indicates widespread, low-level human exposure.
Much of the public concern for this potential exposure revolves around the characterization
of these compounds as among the most toxic "man-made" chemicals ever studied. These
compounds, which are generally unwanted by-products of chemical reactions, are extremely
potent in producing a variety of effects in experimental animals based on traditional
toxicology studies at levels hundreds or thousands of times lower than most synthetic
chemicals of environmental interest. In addition, human studi,es demonstrate that exposure to
dioxin and related compounds is associated with subtle biochemical and biological changes
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whose clinical significance is as yet unknown and, at higher levels, ~with chloracne, a serious
skin condition. Laboratory studies suggest that exposure to dioxin-like compounds 'may be
associated with other serious health effects, including cancer. Human data, while limited in
their ability to answer questions of hazard and risk, are consistent with some observations in
animals. The ability to determine the expression in humans of adve:rse effects noted in
laboratory studies or to detect these effects in human population studies is dependent on the
dose absorbed and the intrinsic sensitivity of humans to these compounds. The large data
base on exposure coupled with toxicity data from animal experimenlts, as well as more
limited human information, forms the basis for the risk characterizaltion of dioxin and related
compounds.
A large variety of sources of dioxin have been identified

~lLDd

others may exist.

Because dioxin-like chemicals are persistent and accumulate in biological tissues,
particularly in animals, the major route of human exposure is tbrough ingestion of foods
containing minute quantities of dioxin-like compounds. This results in widespread, lowlevel exposure of the general population to dioxin-like compounds. Certain segments of
the population may be exposed to additional increments of exposure by being in
proximity to point sources or because of dietary practices.

Dioxin-like compounds are released to the environment in

;;t.

variety of ways and in

varying quantities, depending on the source. Despite a growing body of literature from
laboratory, field, and monitoring studies examining the environmental fate and environmental
distribution of CDDs, CDFs, and PCBs, the fate of these environmentally ubiquitous
compounds is not yet fully understood. The available information suggests that the presence
of dioxin-like compounds in the environment has occurred primarily as a result of industrial
practices and is likely to reflect changes in release over time. Furthelr work to confirm
declining concentrations in environmental samples and to relate these data to human
exposures will be required.
The principal identified sources of environmental release of CDDs and CDFs may be
grouped into four major types: combustion and incineration sources; chemical,
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manufacturing/processing sources; industrial/municipal processes; and reservoir sources.
PCBs were produced in relatively large quantities for use in such commercial products as
dielectrics, hydraulic fluids, plastics, and paints. They are no longer produced in the United
States but continue to be released to the environment through the use and disposal of these
products. A similar situation exists for the commercially produced PBBs that are produced
for a number of uses such as flame retardants. Additional measurement data will be needed
to gain an adequate appreciation for the nature and magnitude of major U.S. sources and
releases of CDDs, CDFs, and polyhalogenated biphenyls.
CDDs, CDFs, and PCBs have been found throughout the world in, practically all
media, including air, soil, water, sediment, fish and shellfish, and agricultural food products
such as meat and dairy products. The highest levels of these compounds are found in soils,
sediments, and biota; very low levels are found in water and air. The widespread occurrence
observed, particularly in industrialized countries, is not unexpected, considering the
numerous sources that emit these compounds into the environment and the overall resistance
of these compounds to biotic and abiotic transformation. The levels of dioxin and related
compounds in environmental media and in food in North America are based on few samples
and must be considered quite uncertain. However, they seem reasonably consistent with
levels measured in a number of studies in Western Europe and Canada. The consistency of
these levels across industrialized countries provides reassurance that the U.S. estimates are
reasonable. Collection of additional data to reduce uncertainty in U.S. estimates of dioxinlike compounds in the environment and in food represents an important data need.
This assessment adopts the hypothesis that the .primary mechanism by which dioxinlike compounds enter the terrestrial food chain is via atmospheric deposition. Dioxin and
related compounds enter the atmosphere directly through air emissions or indirectly, for
example, through volatilization from land or water or from resuspension of particles.
Deposition can occur directly onto soil or onto plant surfaces. At present, it is unclear
whether atmospheric deposition represents primarily current contributions of dioxin and
related compounds from all media reaching the atmosphere or whether it is past emissions of
dioxin and related compounds that persist and recycle in the environment. Understanding the
relationship between these two scenarios will be particularly important in understanding the
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relative contributions of individual point sources of these compounds to the food chain and in
assessing the effectiveness of control strategies focused on either currel1lt or past emissions of
dioxins in attempting to reduce the levels in food.
Throughout this document, concentrations·of dioxin and

rel,~ted

compounds have been

presented as TCDD equivalents (fEQs). Total TEQs are the sum of the products of
"

..

concentrations of individual dioxin-like compounds in a complex eI1lvironmental mixture times
the corresponding TCDD toxicity equivalence factor (TEF) for that compound [Total
TEQs = E Ccongener

x TEFcongener]' The strengths and weaknesses as well as the

uncertainties associated with the TEF/TEQ approach have been disc:ussed in this chapter. As
noted, the use of the TEQ approach is fundamental to the evaluationl of this group of
compounds and, as such, represents a key assumption on which many of the conclusions in
this characterization hinge.
The term "background" exposure has been used throughout this reassessment to
describe exposure of the general population that is not exposed to madily identifiable point
sources of dioxin-like compounds. Data on human tissue levels suggest that body burden
levels among industrialized nations are reasonably similar (Schecter:. 1991). These data can
also be used to estimate background exposure through the use of pharmacokinetic models.
Vsing this approach, exposure levels to 2,3,7,8-TCDD in industrialized nations are estimated
to be about 0.3-0.6 pg TCDD/kg body weight/dayl. This is generally <consistent with the
estimates derived using diet-based approaches to estimate total TCDD intake.
Pharmacokinetic approaches have not been applied to estimate expo:mre:s to CDDs or CDFs
other than· TCDD, which contribute substantially to the body burden of dioxin-like

..

compounds. Estimates of exposure to dioxin-like CDDs and CDFs based on dietary intake
are in the range of 1-3 pg TEQ/kg body weight/day. Estimates based on the contribution of
dioxin-like PCBs to toxicity equivalents raise the total to 3-6 pg TEQ/kg body weight/day.
This range is used throughout this characterization as an estimate of average background
exposure to dioxin-like CDDs, CDFs, and PCBs. This average background exposure leads
to body burdens in the human population that average 40-60 pg TEQ/g lipid (40-60 ppt)
ISince 2,3,7,8-TCDD is the reference compound for the TEF/TJEQ approach, 1.0 pg
TCDD = 1.0 pg TEQ.
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when all dioxins, furans, and PCBs are included. High-end estimates of body burden of
individuals in the general population (approximately the top 10% of the general population)
may be greater than three times higher.
In addition to general population exposure, some individuals or groups of individuals
may also be exposed to dioxin-like compounds from discrete sources or pathways locally
within their environment. Examples of these "special" exposures include occupational
exposures, direct or indirect exposure to local populations from discrete sources, exposure to
nursing infants from mother's milk, or exposures to subsistence or recreational

fish~rs.

These exposures have been discussed previously in terms of increased exposure due to
dietary habits (see Exposure Document) or due to occupational conditions or industrial
accidents (see Chapter 7). Although exposures to these populations may be significantly
higher than to the general population, they usually represent a relatively small percentage of
the total population. Inclusion of their levels of exposure in the general population estimates
would have little impact on average population estimates. Simply evaluating these exposures
as average daily intakes prorated over a lifetime might obscure the potential significance of
elevated exposures for these subpopulations, particularly if exposures occur for a short period
of time during critical windows of biological sensitivity.

The scientific community has identified and described a series of common
biological steps that are necessary for most if not all of the observed effects of dioxin
and related compounds in vertebrates, including humans. Binding of dioxin-like
compounds to a cellular protein called the .1 Ah receptor" represents the f"nost step in a
series of events attributable to exposure to dioxin-like compounds, including
biochemical, cellular, and tissue-level changes in normal biological processes. Binding
to
,
the Ah receptor appears to be necessary for all well-studied effects of dioxin but is not
sufficient, in and of itself, to elicit these responses. This reassessment concludes that the
effects elicited by exposure to 2,3,7,8-TCDD are shared by other chemicals that have a
similar structure and Ah receptor-binding characteristics. Consequently, the biological
system responds to the cumulative exposure ·of Ah receptor-mediated chemicals rather
than to the exposure to any single dioxin-like compound.
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Based on our understanding of dioxin mechanism(s) to date, it is accurate to say that
interaction with the Ah receptor is necessary, "that humans are likely to be sensitive to many
'

"

of the effects of dioxin demonstrable in laboratory animals, and that there is likely to be a
variation between and within species and between tissues in individual species based on
differential responses "downstream" from receptor binding. Furthe:r analyses of dioxin action
may provide more insight into the mechanisms by which TCDD and related compounds
produce effects that are of particular public health concern. A major challenge for the future
•

will be the establishment of experimental systems in which complex biological phenomena
associated with these effects are amenable to study at the molecular level.
The concept of toxicity equivalence based on a unifying mec:hanism of action within
this class of compounds and the use of toxicity equivalence factors as described in this
document and elsewhere have been extensively reviewed and are widely used. While some
uncertainty remains.with regard to the .additivity of complex mixtur,es of these compounds
and with the impacts of co-exposure to nondioxin-likecompounds, lthe use of this approach is
consistent with the Agency's guidance on the evaluation of complex mixtures in the absence
of data on the impact of the actual mixture. This approach to the eyaluation of dioxin and
related compounds, while considered an interim procedure to be

.

USi:::d

in the absence of more
'

specific data, is an integral part of this reassessment. Additional validation studies to reduce
uncertainty in the use of TEFs/TEQs will be very important.

There is adequate evidence based on all availabie infonmLtioJn, including studies
in human populations as well as in laboratory animals and from. ancillary experimental
.

"

.

data, to support the inference that humans are likely to respondl with a broad spectrum
of effects from exposure to dioxin and related compounds, if eXJlosures are high enough.
These effects will likely range from adaptive changes at or near background levels of
exposure to adverse effects with increasing severity as exposure lincreases above
background levels.
~nzyme

induction, changes in hormone levels, and indicators of altered cellular

function represent examples of effects of unknown clinical significance and which mayor
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may not be early indicators of toxic response. Induction of activating/metabolizing enzymes
at or near background levels, for instance, may be adaptive or may be considered adverse
since induction may lead to more rapid metabolism and elimination of potentially toxic
compounds, or may lead to increases in reactive intermediates and may potentiate toxic
effects. Demonstration of examples of both of these situations is available in the published
literature.
Clearly adverse effects, including perhaps cancer, may not be detectable until
exposures exceed background by one or

two orders of magnitude.. The mechanistic

..

relationships of biochemical and cellular changes seen at very low levels of exposure to
production of adverse effects detectable at higher levels remain uncertain and controversial.
Individual species vary in their sensitivity to any particular dioxin effect However,
the evidence available to date indicates that humans most likely fall in the middle of the
range of sensitivity for individual effects among animals rather than at either extreme. .In
other words, evaluation of the available data suggests that humans, in general, are neither
extremely sensitive nor insensitive to the individual effects of dioxin:-like compounds.
Human data provide direct or indirect support for evaluation of likely effect levels for several
of the end points discussed in previous sections, although the influence of variability among
humans remains difficult to assess. Discussions in previous chapters have highlighted certain
prominent, biologically significant effects of TCDD and related compounds. These
biochemical, cellular, and organ-level end points have been shown to be affected by TCDD,
but specific data on these end points do not generally exist for other congeners. Despite this
lack of congener-specific data, there is reason to infer that these effects may occur for all
dioxin-like compounds, based on the concept of toxicity equivalence.
Some of the effects of dioxin and related compounds, such as enzyme induction,
changes in hormone levels, and indicators of altered cellular function, have been observed in
laboratory animals and humans at or near levels to which people in the general population
are exposed. Other effects are detectable only in highly exposed populations, and there may
or may not be a likelihood of response in individuals experiencing lower levels of exposure.
Evaluation of effects in this health assessment document is based on the concept that .1ipidadjusted serum levels approximate the body burden of dioxin and related compounds and that
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there will be a dose-response relationship between effects and body burden. Adverse effects
associated with temporary increases in dioxin blood levels based on short-term high-level
.
.
exposures, such as those that might occur in an industrial accident Ol~ in infrequent contact
with highly contaminated environmental media, may be dependent
with a window of sensitivity of biological processes. It is

exposure coinciding

0111

reasonabll~

to assume that

developing organisms may be particularly sensitive to adverse impactstirom temporary
increases above average background exposure levels. Such

exposure~s

may also lead to

higher tissue levels over the long term becallse of the long half..;life for elimination of di~xin
and related compounds.
In TCDD-exposed men, subtle changes in biochemistry and physiology, such as
.

.

'

enzyme induction, altered levels of circulating reproductive hormon1es, or reduced
glucose tolerance, have been detected in a limited number of available studies. These
imdings, coupled with knowledge derived from animal experimelllts, suggest the potential
for adverse impacts on human metabolism and developmental allld/or reproductive
biology and, perhaps, other effects in the range of current huma:n exposures. Given the
assumption that TEQ intake values represent a valid comparison with TeDD exposure,
some of these adverse impacts may be occurring at or within

onE~

order of magnitude of

average background TEQ intake or body-burden levels (equal to 3-6 to 60 pg TEQ/kg
body weight/day or 40-60 to 600 ppt in lipid). As body burdens increase within and
above this range, the probability and severity as well as the spectrUlill of human
noncancer effects most likely increase. It is not currently possiblle

..

tIl)

state exactly how

or at what levels humans in the population will respond, but the margin of exposure
(MOE) between background levels and levels where effects are detectable in humans in
terms of TEQs is considerably smaller than previously estimated..
Average human daily intakes of TCDD are in the range of 0.'3-0.6 pg TeDD/kg body
weight/day. Using the TEQ approach, average human daily intakes of dioxin and related
compounds, including the dioxin-like PCBs, are in the range of 3-6 pg TEQ/kg body
weight/day. This intake results in average body burdens estimated tiD be in the range of 30-
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60 pg TEQ/g lipid (30-60 ppt) or 5-10 ng TEQ/kg body weight. Suhtle changes in
biochemistry and physiology described above and discussed in detail in previous chapters are
seen with TCDD exposures at or just several fold above these average TEQ levels. Since
exposures within the general population are thought to be log-normally distributed,
individuals at the high end of the general population range (with body burdens estimated to
be three, and perhaps as high as seven, times higher than the average) may be experiencing
some of these effects. These facts and assumptions lead to the inference that some more
highly exposed members of the general population or more highly exposed, special
populations may be at risk for a number of adverse effects, including developmental toxicity
based on the inherent sensitivity of the developing organism to changes in cellular
biochemistry and/or physiology, reduced reproductive capacity in males based on decreased
sperm counts, higher probability of experiencing endometriosis in women, reduced ability to
withstand an immunological challenge, and others. This inference that more higVly exposed
members of the population may be at risk for various noncancer effects is supported by
observations in animals, by some human information from highly exposed cohorts, and by
scientific inference.
The deduction that humans are likely to respond with noncancer effects Trom exposure
to dioxin-like compounds is based on the fundamental level at which these compounds affect
cellular regulation and the broad range of species that have proven to respond with adverse
effects. Since, for example, developmental toxicity following exposure to TCDD-like
congeners occurs in fish, birds, and mammals, it is likely to occur at some level in humans.
It is not currently possible to state exactly how or at what levels people will respond with

adverse impacts on development or reproductive function. Fortunately, there have been few
human cohorts identified with TCDD exposures in the high end of the exposure range, and
when these cohorts have been examined, few clinically significant effects were detected. The
lack of adequate human information and "the focus of most currently available

epidemiolog~c

studies on occupationally TCDD-exposed adult males make difficult the evaluation of the
inference that noncancer effects associated with exposure to dioxin-like compounds may be
occurring. It is important to note, however, that when exposures to very high levels of
dioxin-like compounds have been studied, such as in the Yusho and Yu-Cheng cohorts,. a
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spectrum of adverse effects has been detected in men, women, and chiltdren. Some have
argued that to deduce that a spectrum of noncancer effects will occur in humans in the
absence of better human data overstates the science; most scientists :involved in the
reassessment as authors and reviewers have indicated that such inference is reasonable given
the weight of the evidence from available data. As presented, this lfogical conclusion
represents a testable hypothesis that may be evaluated by further dajta collection.
The likelihood that noncancer effects may be occurring in the human population at
environmental exposure levels is often evaluated using a margin of (exposure approach. A
MOE is calculated by dividing the human-equivalent animal lowest observed adverse effect
level or no observed adverse effect level with the human exposure llevel. MOEs in the range
of 100 to 1,000 are generally considered adequate to rule out the likelihood of significant
effects occurring in humans based on sensitive animal responses. The average levels of
intake of dioxin-like compounds in terms of TEQs in humans described above would be well
within a factor of 100 of levels representing lowest observed

advers(~

effect levels in

laboratory animals exposed to TCDD or TCDD equivalents. For several of the effects noted
in animals, a MOE of less than a factor of 10, based on intake levels or body burdens, is
likely to exist.
The previous basis for MOE calculations was the observatiol1l that exposure in the
range of 1-10 ng TEQ/kg/day represented a no observed adverse effect level for a sensitive
noncancer end point in laboratory animals and, therefore, that an intake of up to 10 pg
TEQ/kg/day might represent an adequate MOE for all other noncancer leffects in humans.

Recent data suggest that "high-end" average exposures in the general population are likely to
approach this intake level and that several effects, both subtle and frank, can be demonstrated
to occur in animals at intake values significantly lower than 1-10 ngTEQ/kg/day. This

III'

information, coupled with limited human data suggesting measurable effects, which mayor
may not be considered adverse, at or near average background intake levels, makes it highly
unlikely that a margin of exposure of 100 or more currently exists for these effects at
background intake levels, at least for some members of the human population. Whether the
current MOE is adequate to protect public health is beyond the purview of this document and
represents a risk management decision. The reassessment points to the need to continue to
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monitor trends in human intake and body burden for dioxin and related compounds. If levels
are declining, the relationship of background body burdens to observed effect levels in
animal and human studies will need to be reevaluated.
Another approach that has been used to evaluate the likelihood of noncancer effects of
environmental chemicals is the reference dose (RID). The EPA has frequently defined a
reference dose for toxic chemicals to represent a scientific estimate of the dose below which
no appreciable risk of noncancer effects is likely to occur following chronic exposures. In
the case of dioxin and related compounds, calculation of an RID based on human and animal
data and including standard uncertainty factors to account for species differences and
sensitive subpopulations would likely result in reference intake levels on the order of 10 to
100 times below the current estimates of daily intake in the general population. For most
compounds where RIDs are applied, the compounds are not persistent and background
exposures that are generally low are not taken into account. Dioxin and related compounds
present an excellent example of a case where background levels in the general population are
likely to have significance for evaluation of the relative impact of incremental exposures
associated with a specific source. Since RIDs refer to the total chronic dose level, the use of
the RID in evaluating incremental exposures in the face of a background intake exceeding the
RID would be inappropriate and make the calculation of an Rfd for dioxin-like compounds of
doubtful significance.

In addition to the concern for various noncancer health end points discussed above,
the potential immunotoxicity of dioxin and related compounds represents a special situation.
Impairment of the immune system can be considered an adverse outcome in its own right,
being responsible for induced pathologies. At the same time, immunotoxicity can function as
a irtodulator of the disease process. It has been clearly established that TCDD is
immunotoxic and that it can impair normal immune function in laboratory animals at very
low levels (see Table 9-5). Epidemiological studies provide conflicting evidence fOf the
immunotoxicity of these compounds in humans. Few changes in the immune system in
humans associated with dioxin body burdens have been detected when exposed adult males
have been studied. It is possible that humans may be less sensitive than certain animal
models to dioxin immunotoxicity, or that available studies have lacked the power or the
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specificity to evaluate the impact of immunotoxic responses to dioxin and related compounds
in humans. Despite the possibility that these compounds may be

irntmunotoxi~ at

some level

in humans, the impact of dioxin and related compounds on the immune system and
implications for characterizing risk are largely unknown at this time.

With regard to carcinogenicity, a weight-of-the-evidence evalluation suggests that
dioxin and related compounds (CDDs, CDFs, and dioxin-like PCBs) are likely to present
a cancer hazard to humans. While major uncertainties remain, efforts of this
reassessment to bring more data into the evaluation of cancer potency have resulted in a
risk-specific dose estimate (1 x 10-6 risk or one additional cancer in one million exposed)
of approximately 0.01 pg TEQ/kg body weight/day. This

risk-sl~ecific

dose estimate

represents a plausible upper bound on risk based on the evaluatJion of animal and
human data. "True" risks are not likely to exceed this value, m:ay f[)e less, and may
even be zero for some members of the population.
Based on bioavailability and uptake studies, a cancer hazard ils likely by oral,
inhalation, and dermal routes of exposure. As daily doses through these routes and
subsequent body burdens approach those seen in occupational studies, the uncertainty of the
hazard characterization is reduced. The epidemiological data alone are not yet deemed
sufficient to characterize the cancer hazard of this class of compounds as being "known."
However, combining suggestive evidence of recent epidemiology studies with the unequivocal
evidence in animal studies and inferences drawn from mechanistic data supports the
characterization of dio?Cin and related compounds as likely cancer hazards, that is, likely to
produce cancer in some humans under some conditions. It is important to distinguish this
statement of cancer hazard from the evaluation of cancer risk. The extent of cancer risk will
depend on such parameters as route and level of exposure, overall body burden, dose to
target tissues, individual sensitivity, and hormonal status.
The current evidence suggests that both receptor binding and most early biochemical
events such as induction of CYPIAI and CYPIA2, as' described in Chapter 8, are likely to
demonstrate low-dose linearity. The mechanistic relationship of these e.:1.I'ly events to the
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complex process of carcinogenesis remains to be established. If these findings imply lowdose linearity in biologically based cancer models under development, then the probability of
cancer risk will be linearly related to exposure to TCDD at low doses. Until the mechanistic
relationship between early cellular responses and the parameters in biologically based cancer
models is better understood, the shape of the dose-response curve for cancer in the low-dose
region can only be inferred with uncertainty. Associations between exposure to dioxin and
certain types of cancer have been noted in occupational cohorts with average body burdens of
TCDD approximately two orders of magnitude (100 times) higher than average TCDD body
burdens in the general population. The average body burden in these occupational cohorts is
within one to two orders of magnitude (10 to 100 times) of average background body
burdens in the general population in terms of TEQ. Thus, there is no need for large-scale
low-dose extrapolations. Nonetheless, the relationship of apparent increases in cancer
mortality in these populations to calculations of general popula1ion risk remains uncertain.
With regard to average intake, humans are currently exposed to background levels of
dioxin-like compounds on the order of 3-6 pg TEQ/kg body weight/day, including dioxin-like
PCBs. This is more than 5OO-fold higher than the EPA's 1985 risk-specific dose associated
with a plausible upper-bound, one in a million (1 x 10-6) risk of 0.006 pg TEQ/kg body
weight/day and several hundredfold higher than revised risk-specific dose estimates presented
in Chapter 8 of this reassessment. Plausible upper-bound risk estimates for general
population exposures to dioxin and related compounds, therefore, may be as high as 10-4 to
10-3 (one in ten thousand to one in a thousand).
The fact that dioxin-like compounds are ubiquitous in the environment may have
further implications for low-dose risk assessment. Special populations may receive
identifiable, incremental exposures, based on proximity to specific sources or specific human
activity patterns such as consumption of higher amounts of foods containing average or
higher levels of dioxin-like compounds. The additive background model of Crump et al.
(1976) implies that the addition of an incremental dose to an existing background exposure
would support the use of a dose response model containing the assumption of linearity. This
assumption is particularly appropriate, in the absence of more definitive data on dose
response, if the exposure range (Le., background exposure plus the added incremental
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exposure) is within one to two orders of magnitude (10 to 100 times) of the range of
observation of purported dioxin-induced tumors in highly exposed humans. In other words,
the proximity of background exposures to the range of observation of tumors in animals and
humans provides added support for the assumptions of additivity to background and linearity
of response.
TCDD has been clearly shown to increase malignant tumor incidence in laboratory
animals. In addition, a number of studies analyzed in Chapter 8 elucidate other biological
effects of dioxin related to the process of carcinogenesis. These studies have been used to
develop biologically based models of the pharmacokinetics of dioxin, of binding to the Ah
receptor, and of induction of various proteins that may be involved in the carcinogenic
process. In addition, bioassay data on TCDD reported by Kociba h:ave been analyzed using
•

the two-stage clonal expansion model of carcinogenesis. There is evidence to suggest that
hormones and growth factors may be involved in TCDD carcinogenesis. The role of such
factors warrants additional study. Ideally, a biologically based modlel for cancer induction by
TCDD should explicitly consider hormonal influences. Initial attempts to construct a
biologically based model for certain dioxin effects as a part of this reassessment will need to
be continued and expanded to accommodate more of the available bilology and to apply to a
broader range of potential health effects associated with exposure to dioxin-like compounds.
Based on all of the data reviewed in this reassessment ami scientific inference, a
picture emerges of TenD and related compounds as potent toxic~n1ts in animals with the
potential to produce a spectrum of effects. Some of these effects may be occurring in
humans at very low levels and some may be resulting in adverse impacts on human
health.
The potency and fundamental level at which these compounds act on biological
systems are analogous to several well-studied hormones. Dioxin and related compounds have
the ability to alter the pattern of growth and differentiation of a number of cellular targets by
initiating a series of biochemical and biological events resulting in the potential for a
spectrum of responses in animals and humans. Despite this potential, there is currently no
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clear indication of increased disease in the general population attributable to dioxin~like
compounds. The lack of a clear indication of disease in the general population should not be .
considered strong evidence for no effect of exposure to dioxin-like compounds. Rather, lack
of a clear indication of disease may be a result of the inability of our current data and
scientific tools to directly detect effects at these levels of human exposure. Several factors
suggest a need to further evaluate the impact of these chemicals on humans at or near current
background levels. These are the weight of the evidence on exposure and effects, an
apparently low margin of exposure for noncancer effects, and potential for additivity to
background processes related to carcinogenicity.
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