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PREFACE

The Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) mandates
that the Agency for Toxic Substances and Disease Registry (ATSDR) shall assess whether adequate
information on health effects is available for the priority hazardous substances. Where such information
is not available or under development, ATSDR shall, in cooperation with the National Toxicology
Program, initiate a program of research to determine these health effects. The Act further directs that
where feasible, ATSDR shall develop methods to determine the health effects of substances in

combination with other substances with which they are commonly found.

To carry out these legislative mandates, ATSDR’s Division of Toxicology and Human Health Sciences
(DTHHS) has developed and coordinated a mixtures program that includes trend analysis to identify the
mixtures most often found in environmental media, in vivo and in vitro toxicological testing of mixtures,
quantitative modeling of joint action, and methodological development for assessment of joint toxicity.
These efforts are interrelated. For example, the trend analysis suggests mixtures of concern for which
assessments need to be conducted. If data are not available, further research is recommended. The data
thus generated often contribute to the design, calibration or validation of the methodology. This
pragmatic approach allows identification of pertinent issues and their resolution as well as enhancement
of our understanding of the mechanisms of joint toxic action. All the information obtained is thus used to
enhance existing or developing methods to assess the joint toxic action of environmental chemicals. Over
a number of years, ATSDR scientists in collaboration with mixtures risk assessors and laboratory
scientists have developed approaches for the assessment of the joint toxic action of chemical mixtures.
As part of the mixtures program a series of documents, Interaction Profiles, are being developed for

certain priority mixtures that are of special concern to ATSDR.

The purpose of an Interaction Profile is to evaluate data on the toxicology of the “whole” priority mixture
(if available) and on the joint toxic action of the chemicals in the mixture in order to recommend
approaches for the exposure-based assessment of the potential hazard to public health. Joint toxic action
includes additivity and interactions. A weight-of-evidence approach is commonly used in these
documents to evaluate the influence of interactions in the overall toxicity of the mixture. The weight-ofl’]
evidence evaluations are qualitative in nature, although ATSDR recognizes that observations of
toxicological interactions depend greatly on exposure doses and that some interactions appear to have
thresholds. Thus, the interactions are evaluated in a qualitative manner to provide a sense of what

influence the interactions may have when they do occur.
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SUMMARY

The purpose of this profile is to investigate the possible joint actions of chlorinated dibenzo-p-dioxins
(CDDs), polybrominated diphenyl ethers (PBDEs), and phthalates (also known as phthalate esters) on
endocrine, developmental, and neurobehavioral endpoints in humans. Chemicals from all three of these
classes are found in human blood, adipose tissue, and breast milk. In assessing the available information
on possible interactions among these chemicals, this profile concludes with recommendations for
conducting screening level assessments of public health concerns from joint exposure to mixtures of these

chemical classes.

CDDs, PBDEs, and phthalates are ubiquitous in the environment. CDDs originate through incomplete
combustion processes such as incineration and as contaminants generated during chemical symthesis.
PBDEs are components of widely used flame retardants. Phthalates are commonly used to make plastics
soft and pliable. Oral exposure through food is believed to be the predominant mode of human exposure
to these chemicals. CDDs and PBDEs are bio-persistent by virtue of their slow degradation and
elimination from the body. Of the PBDEs, the lower brominated forms (e.g., tetra- and penta- brominated
diphenyl ethers [BDEs]) are primarily found in human tissues and fluids. Deca-brominated BDEs (deca-
BDE) are not readily absorbed into the body. Phthalates are rapidly metabolized and eliminated from the
body, but as exposure to phthalates is continuous, phthalates and their metabolites are continuously

cycling through the body.

Observations in humans and laboratory animals made following exposure to each of these chemicals
alone raise concern about the nature and magnitude of effects possible in association with concurrent
exposure. Exposure to chemicals in each of these classes alone has been associated with disruption of
thyroid function in humans and/or animals, and with adverse effects on fetal development, especially fetal
endocrine disruption, in animals. Animal studies indicate that 2,3,7,8-tetrachloro dibenzo-p-dioxin
(TCDD) and lower-brominated PBDEs each disrupt neurobehavioral development, and that 2,3,7,8[
TCDD, di-(2-ethylhexyl)phthalate (DEHP), and di-n-butyl phthalate (DBP) each disrupt both male and
female reproductive development. Both TCDD and lower-brominated PBDEs each disrupt thyroid

function in gestationally exposed animals.

Of the CDDs, 2,3,7,8-TCDD is widely believed to be the most toxic, and is considered representative of

the class. There is a large body of evidence that supports a pivotal role for the aryl hydrocarbon receptor
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(AhR) in the mechanism of TCDD-induced toxicity. Due to structural similarities to 2,3,7,8-TCDD,
PBDEs have been investigated for dioxin-like activity; however, a group of expert scientists assembled
under the aegis of the World Health Organization (WHO) in 2005 concluded that PBDEs do not meet
commonly accepted criteria to be considered “dioxin-like” with regard to their toxicity. Recent in vitro
investigations from a variety of mammalian cell lines have shown that PBDEs have negligible ability to
bind to the AhR and are incapable of activating it to induce the cascade of events (the AhR signal
transduction pathway) leading to induction of enzymes that are the hallmark of dioxin-like activity.
However, companion in vitro studies designed to investigate the joint action of PBDEs and 2,3,7,8-TCDD
on various stages of the AhR signal transduction pathway indicate that the lower PBDE congeners, such
as those found in human blood, adipose tissue, and breast milk, antagonize TCDD-induced activation of
the AhR signal transduction pathway, but the molecular nature of this antagonism is currently unclear.
Given that these observations were made on isolated cells and at concentrations orders of magnitude
higher than concentrations of PBDEs found in human body fluids, the environmental relevance of this
apparent antagonism is uncertain. There is no evidence to suggest that phthalates interact with the AhR or
express dioxin-like toxicity. In fact, the fetal and developmental toxicity of DEHP is likely mediated
through the peroxisome proliferator receptor (PPAR).

There are no studies in the literature that address the possible effects of concurrent whole-body exposure
of humans or animals to a mixture of CDDs, PBDEs, and phthalates. The available mechanistic
understanding of toxicity caused by each class of chemicals alone is not sufficient to reliably predict the
direction or magnitude of any interaction between all three chemicals or between any two pairs of
chemicals, except for PBDEs and TCDD. Whereas in vitro mechanistic evidence indicates that PBDEs
antagonize TCDD activation of the AhR signal transduction pathway, there are no studies that address
possible joint action of PBDEs and TCDD on any toxicity endpoint. Furthermore, the mechanistic
evidence suggesting possible antagonism is offset by thyroid toxicity data for TCDD alone and PBDEs
alone that suggest the possibility of joint additivity on the basis of a common non-AhR-mediated mode of
action (i.e., inhibition of T, binding by hydroxylated intermediates). There are no physiologically based
toxicokinetic (PBTK) models that can be used to predict interactions between any pairs or sets of three

chemicals from the three chemical classes.

Given the co-occurrence of CDDs, PBDEs, and phthalates in humans and the commonality of certain
types of effects, ATSDR recommends that the default assumption of joint additivity be employed to
assess mixtures of these chemicals using a modified hazard index approach. To facilitate the use of this

approach, target toxicity doses (TTDs) have been derived for thyroid disruption in adults, developmental
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endocrine disruption (either thyroid or reproductive hormone disruption), and neurodevelopmental
toxicity for 2,3,7,8-TCDD, lower-brominated PBDEs, DEHP, di-n-octyl phthalate (DNOP), and DBP,
where toxicity data were indicative of the effect of concern and were suitable for quantification of effect
levels. No TTDs were derived for diethyl phthalate (DEP) or deca-BDE due to the lack of effects of

concern (i.e., endocrine, developmental, and neurobehavioral effects).

Exposure to CDDs should be determined as the sum of all congeners converted by toxic equivalence to
TCDD. Exposure to PBDEs should be evaluated as the sum of the lower-brominated congeners and
mixtures. Exposure to DEHP, DNOP, and DBP should each be determined. A hazard index for each
relevant endpoint (endocrine, neurobehavioral, and developmental) can be derived by summing the ratio
of exposure to TTD for each chemical in the mixture that is associated with the effect of concern. Hazard
indices in excess of one indicate the potential for the mixture to be of greater concern than any individual
component, usually resulting in the need for further study or limiting exposure through remedial action or

education.
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