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Abstract

The Agency for Toxic Substances and Disease Registry (ATSDR) identifies people near hazardous waste sites who are at potential health
risk because of their exposure to environmental chemicals. Nearly, 2000 chemicals have been associated with such sites. Residents of U.S
communities are potentially exposed to hazardous substances through air, soil, drinking water, and food. The agency has determined that
more than 73 million people live within a 4-mile radius of waste sites. More than 14 million Americans live within 1 mile of a National
Priorities List site, of which 11% are 7 years of age or younger, 12% are 64 years of age or older, 24% are women of childbearing age, and
25% are minorities. The lack of adequate environmental sampling and information on human exposures often restricts ATSDR’s evaluation
and assessment activities. Assessing human exposure with its attendant health risks and outcomes is complex because many populations hay
a wide range of reported illnesses, and generally exposures are to mixtures of chemicals. This prompted ATSDR to consider mixtures issues
more in depth and to establish a formal mixtures assessment and research program in 1994. In this paper, we present an overview of the agenc
activities, the genesis, legislative mandates, and pertinence of the mixtures program including applied research and the development of methods
for evaluating the impact of multiple-chemical exposure. On the basis of 20-year experience of evaluating and researching environmental
chemical mixtures at waste sites, ATSDR convened the International Conference on Chemical Mixtures (ICCM) in 2002. The conference
was supported by several federal agencies and scientific organizations and attended by international and national experts. The conference
addressed broad topics such as prevalence of exposures to chemical mixtures, importance of interactions at environmentally relevant levels,
validity of assuming additivity (dose or response) as default for mixtures assessment, and promising avenues in the three broad areas, viz.,
research, assessment, and computational tools.

Published by Elsevier B.V.
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1. Introduction ences. The International Conference on Chemical Mixtures
(ICCM) was convened in Atlanta from September 10 to 12,
ATSDR organizes peer-review panel meetings of expert 2002. Funding was supported by national and international
scientists to address and resolve major issues encounteredrganizations, including the Society of Toxicology (SOT),
by the agency as well as national and international confer- the U.S. Environmental Protection Agency (EPA), National
Institutes of Environmental Health Sciences (NIEHS), Food
— ) ) and Drug Administration (FDA), National Institute of Oc-
Abbreviations: ATSDR, Agency for Toxic Substances and Disease . . .
Registry; BBDR, biology based dose—-response modeling; CERCLA, Com- cupauqna_l Safety and Health (NIOSH)' International Joint
prehensive Environmental Response, Compensation, and Liability Act; COmmission, and the Health Council of The Netherlands.
CEPs, completed exposure pathways; HazDat, Hazardous Substance RelCCM brought together renowned scientists who use innova-
lease/Health Effects Database; HWS, hazardous waste sites; MRL, minimaltjye techniques in research, assessment, and Computationa|
risk Iev_el; NPL, Nat_ional Priorities List; PBF’I_(, phys_iologif:ally based phar-  methods (the most useful areas for risk assessment methods
macoklnetlcmodellng;SAR,struc_:turt_e—actlwtyrelatlonshlps; SAR_A, Super- development). The conference was attended by 150 expert
fund Amendments and Reauthorization Act; U.S. EPA, U.S. Environmental . . ) - . ’
Protection Agency scientists from 10 different countries. The following topics
* Corresponding author. Tel.: +1 770 488 3349; fax: +1 770 488 4178. were addressed at the conference:
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e Prevalence of exposures to chemical mixtures. With the passage of th&uperfund Amendments and
e Importance of interactions at environmentally relevant lev- Reauthorization Act of 198&TSDR received additional re-
els. sponsibilities in environmental public health. This act broad-
¢ Validity of assuming additivity (dose or response) as de- ened ATSDR’s responsibilities in the areas of public health
fault for environmental mixtures assessment. assessments, establishment and maintenance of toxicologic
databases, information dissemination, and medical educa-
tion. This statute further directed ATSDR, where feasible, to
develop methods to determine the health effects of chemical
mixtures (substances combined with other substances) that
are commonly found at hazardous waste sites. This prompted
ATSDR to initiate, coordinate, and conduct chemical mix-
tures research that would advance existing methods for chem-
ical mixtures health assessmeAt(and Falk, 2002

The survey response from 90% of the ICCM participants
indicated they believed population exposure to chemical mix-
tures is common to very common. More than 50% said chem-
ical interactions at environmentally relevant exposure levels
areimportant, and an additional 33% believed such exposure
may bemportant. Several suggestions were made for further
testing to obtain pertinent data to resolve this issue. These
suggestions ranged from continuous testing to chronic testing
of low-level or occupational-level exposures. More than 50%
of survey participants agreed that additivity is a valid default
approach for environmental mixtures assessment. Promising One of ATSDR'’s primary goals is to identify people who
risk assessment avenues included dose-response analysis

. . . ate at potential health risk because of their exposure to en-
the concept of interaction threshold, and evaluation of real- . : )
o L . vironmental chemicals at more than 1000 waste sites that
world situations. Promising research methods included en-

hancing ATSDR'’s chemical-interaction database mechanis:-the EPA has identified and placed on its National Priori-
: 9 ; St ..~ ties List (NPL) ATSDR, 2001, 2003; Johnson and De Rosa,
tic studies, and use of post-genomic technologies. Promising

computational tools included biology based dose—responselggs' Another 40,000 uncontrolled waste sites pose a poten-

. . . . tial threat for human exposure to chemicals mixtures. Nearly,
modeling to understand genetic level changes and biological- . : : .
. . N . 2000 chemicals have been associated with such waste sites,
process modeling. The articles in this issuegcofironmen-

. . and ATSDR reviews and evaluates the toxicity of these chem-
tal Toxicology and Pharmacologyill express the scholarly . . . .
. 7 . icals to determine the public health risk. The agency has de-
ideas and opinions of the conference organizers and attende

e . - : 2 )
and will further explain the pertinent issues that were briefly fermined that more than 73 million people live within a4-mile

answered through the ICCM survey. The risk-assessment pro_radlus of waste sites. Across the nation, more than 14 million

. o . . . o
cess includes hazard identification, dose-response assesg—GOpIe live within 1 mile of an NPL site, of which 11% are 7

: o years of age or younger, 12% are 64 years of age or older, 24%
ment, exposure assessment, and risk characterization. Ex2 . ; o
. ; are women of childbearing age, and 25% are minorities. Of

posure to chemical mixtures has an effect on each of these . :
. the waste sites ATSDR has evaluated, 37% had either com-

aspects of risk assessment, and such exposure needs to be up-

derstood well before meaningful environmental assessmentsD leted or potentially complleted exposure pthways (C.EPS)'
can be made. Although numerous chemicals might occur in the environ-

ment and often be encountered at hazardous waste sites, not
all chemicals are of actual public health concern. A method
to identify chemical mixtures that are of actual public health
2. Legislative mandates concern has been linked to CEPs at various hazardous waste
sites. A CEP evaluation identifies and characterizes the fol-
In 1980, Congress created the ATSDR to implement lowing five elements: source of contamination, environmen-
health-related sections of federal laws that protect the pub-tal medium, point of exposure, route(s) of exposure, and a
lic from hazardous wastes and environmental spills of receptor populationXTSDR, 1992; Mumtaz et al., 19943,b
hazardous substances. TGBemprehensive Environmental A CEP occurs when all five of these elements are present
Response, Compensation, and Liability Act of 198ER- and the contaminant source is linked to a receptor popula-
CLA), commonly known as Superfund, provided the Con- tion. Should a CEP exist in the past, present, or future, the
gressional mandate to remove or clean up toxic substancegopulation is considered exposed. A potential exposure path-
at abandoned and inactive hazardous waste sites and to prowaay exists when one or more of the five elements are missing
vide federal assistance during toxic emergencies. As the leador if modeling is performed to replace real sampling data
agency within the U.S. Public Health Service forimplement- (e.g., modeled groundwater data using soil or other ground-
ing the health-related provisions of CERCLA, ATSDR is re- water data levels). An analysis using the agency’s compre-
quired to assess the presence and nature of health hazardsensive, hazardous substance release/health effects database
at specific Superfund sites, to help prevent or reduce further(HazDat) showed that approximately 37% of the NPL sites
exposure and the illnesses that result from such exposuresATSDR has evaluated to date, had at least one chemical iden-
and to expand the knowledge based on health effects fromtified in a CEP. At these sites, exposures to these chemicals
exposure to hazardous substances. are as follows: 91% through groundwater, 46% through con-

3. Hazardous waste sites and human health concerns
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taminated soil, and 14% through contaminated biota. The effects at toxic waste sites with documented exposures, (4)
top five chemicals on ATSDR’s CEP site count report were build and enhance effective partnerships, and (5) promote
trichloroethylene (TCE), lead, tetrachloroethylene, arsenic, effective and efficient agency management.
and benzene. To achieve these goals, ATSDR has developed an applied
The total body burden of exogenous chemicals found in research program. The agency seeks answers to important
the human populations living in the vicinity of such sites is questions about exposure to hazardous substances and health
due partly, to potential complex chemical mixtures found in outcomes. Through evaluation and interpretation of existing
the environmental medidDg Rosa et al., 1991 Exposure data on substances found at sites on the NPL, priority data
may also include environmental, occupational, and personalneeds for high-ranking substances are identified in ATSDR’s
agents. Concurrent exposure to chemicals, such as weldingoxicological profiles. In cooperation with the National Tox-
fumes, indoor air pollutants, tobacco smoke, alcohol, pre- icology Program, ATSDR uses several mechanisms to fill
scription and nonprescription drugs, and cosmetics makespriority data needs; these include (1) toxicologic testing of
health assessment of exposure to waste-site chemicals a morehemicals in collaboration with EPA (under the provisions
complex task QSHA, 1993. Voluntary exposures such as of the Toxic Substances Control Act); (2) private-sector vol-
those found in occupational settings can involve exposuresuntarism; (3) a partnership with minority-health-professions
to relatively high chemical concentrations for a long dura- schools; and (4) a chemical mixtures assessment and research
tion and can be well-defined and quantifi®l QSH, 1996. program.
Conversely, involuntary exposures from waste sites may be
infrequent, of unknown duration, and at low concentrations
making them difficult to characterize and quantify. ATSDR’s 4. Chemical mixtures research
findings have pointed to health threats faced by people living
near hazardous waste sites who drink contaminated water, To meet the mandates of the agency, a strategic plan was
eat contaminated fish, breath toxic fumes, or are otherwisedeveloped for a chemical mixtures program in 1994. Before
exposed to hazardous substanc®ESDR, 2003. ATSDR implementation, this proposed program underwent agency-
identifies the need for (1) health education in a community, wide review and was approved by the agency’s senior man-
(2) health studies to be conducted, or (3) issuance of a publicagers and its Board of Scientific Counselors. Subsequently,
health advisory to recommend immediate actions to reduce,the plan was presented to and endorsed by EPA and the

prevent, and eliminate exposure. NIEHS during discussions of the Tri-Agency Superfund Ap-
In this 23rd anniversary of its creation by CERCLA, plied Research Committee.
ATSDR pursues its mission, . to serve the public by us- The primary objectives of the mixtures program are to de-

ing the best science, taking responsive public health actions,velop rules that can be generalized for the toxicity assess-
and providing trusted health information to prevent harmful ment of a variety of chemical mixtures to which humans
exposures and disease related to toxic substances.” Based oare often exposed and to advance the methods for evaluat-
the current science, this mission consists of community anding the potential for joint toxic action. The generation and
site activities that prevent or reduce exposure and adverseanalysis of relevant data from a broad range of sources are
human health effects and diminished quality of life associ- being used to achieve these objectives. The following three
ated with exposure to hazardous substances from waste sitesareas of research highlight this program: (1) identification
unplanned releases, and other sources of pollution present irand listing of priority chemical mixtures that will reflect the
the environmentATSDR, 1993. combinations of chemicals in the environment that may be
In the wake of the tragedy of September 11, 2001 ATSDR of real-life concern, (2) data analysis and assessment of ex-
has new roles in terrorism preparedness and response activiisting information so as to evaluate the toxicity of identified
ties regarding exposure to environmental chemicals. ATSDR mixtures on public health, and (3) academically based labo-
collaborates with EPA, the National Response Team (with ratory research and in vivo and in vitro toxicological testing
its 16-member agencies), Federal Bureau of Investigation, of mixtures of concern if data are not adequate. Joint action
the Federal Emergency Management Agency/Department ofis estimated by using various methods including computa-
Homeland Security, and the state health departments. Evertional techniques, such as physiologically based pharmacoki-
though ATSDR'’s activities have been expanded from its netic (PBPK) modeling and structure—activity relationship
initial mandates, the new activities still fit within the overall techniques.
ATSDR mission to prevent or reduce the harmful effects  The first component of the mixtures program is identi-
of exposure to hazardous substances on human health anéication and listing of priority chemical mixtures through a
quality of life. trend analysis of data in the HazDAI{SDR HazDat, 2003
ATSDR’s major goals are to: (1) prevent ongoing and fu- HazDat is a comprehensive, database that contains detailed
ture exposures and resultant health effects from hazardousnvironmental contamination data from specific waste sites
waste sites and releases, (2) determine human health effectfor which ATSDR has conducted public health assessments,
associated with exposures to Superfund-related priority haz-prepared health consultations, or provided responses to emer-
ardous substances, (3) mitigate the risks of human healthgencies involving releases of toxic substances into commu-



58 M.M. Mumtaz et al. / Environmental Toxicology and Pharmacology 18 (2004) 55-63

nity environments. This database also contains information somewhat the same even though their percentages might de-
abstracted from ATSDR toxicological profiles on more than crease De Rosa et al., 2004 Thus, trichloroethylene and
200 substances frequently encountered at waste sites. Typtetrachloroethylene remains the top binary combination in
ically, HazDat is used to extract data on (1) the kinds of water. Through these types of trend analyses, various com-
contaminants released from a specific waste site, (2) the en-binations of chemicals have been identified to which human
vironmental media that are most affected by such contami- populations can be potentially exposed.
nants, and (3) the site-specific pathways by which people are  The second component of the mixtures program is the as-
exposed to such contaminants. sessment of the joint toxic action of chemicals. ATSDR de-
To date, trend analyses have been performed for frequentlyvelops a series of interaction profiles that are used to evaluate
co-occurring chemicals in air, water, and soil that are col- joint toxic action of the most commonly co-occurring con-
lected at or near waste site¥ofinson and De Rosa, 1995; taminants identified through trend analysislfle 9. These
De Rosa et al., 1996; Fay and Mumtaz, 1p9%n initial interaction profiles provide a systematic way to evaluate mix-
analysis Fay and Mumtaz, 199&®f frequencies of common  tures that are of special interest to public health by presenting
binary and ternary combinations of chemicals in water, soil, data on the toxicity of individual chemicals and data on var-
and air for all sites on the NPL revealed that some of the mostious combinations of the contaminan&sTSDR, 2002b—y
common environmental contaminants are found in combi- These mixture toxicity assessments are based on individual
nations Table 1. Emphasis is now directed towards trend component toxicity and available interaction data, which dis-
analysis and explicit identification of chemical mixtures in tinguish these assessments from other toxicologic reviews
the CEPs. The analyses for binary chemicals found in CEPsof chemicals. Two interaction profiles have been developed
reveal that the highest ranked chemical combinations remainto evaluate the potential toxicity of persistent contaminant-

Table 1
Single substance and combinations frequencies
Number  Sites (%) Single substance Sites (%) Binary pairs Sites (%)  Trinary (tertiary) combinations
Water
1 424 TCE 235 TCE Perc 1% 1,1,1-TCA TCE Perc
2 384 Lead 18 Lead Chromium 16 Benzene TCE Perc
3 273 Perc 1P 1,1,1-TCA TCE 16 Lead Cadmium Chromium
4 258 Benzene 13 TCE Lead B 1,1,1-TCA 1,1-DCA TCE
5 258 Chromium 1 Lead Cadmium g Lead Arsenic Cadmium
6 239 Arsenic 170 Benzene TCE g TCE Perc Lead
7 208 1,1,1-TCA 163 Lead Arsenic <3} Lead Arsenic Chromium
8 203 Toluene 146 TCE Trans-1,2-DCE a Benzene TCE Toluene
9 198 Cadmium 13 TCE Toluene B TCE Perc Trans-1,2-DCE
10 177 MeClI* 135 Benzene Lead R} TCE Lead Chromium
Soil
1 377 Lead 205 Lead Chromium 12 Lead Cadmium Chromium
2 253 Chromium 178 Lead Arsenic 156 Lead Arsenic Chromium
3 230 Arsenic 176 Lead Cadmium 10 Lead Arsenic Cadmium
4 197 Cadmium 13 Arsenic Chromium 8 Arsenic Cadmium Chromium
5 191 TCE 129 Cadmium Chromium a Lead Nickel Chromium
6 160 Toluene 116 Arsenic Cadmium B Lead Chromium Zinc
7 148 Perc 10 TCE Perc 7 Lead Copper Zinc
8 136 PCBs 10 Lead Zinc % Toluene Lead Chromium
9 130 Xylenes 104 Ethylbenzene  Toluene R4 Ethylbenzene  Toluene Xylenes
10 128 Ethylbenzene la Lead Nickel 5 Lead Nickel Cadmium
Air
1 6.0 Benzene ) Benzene Toluene 2 Benzene TCE Perc
2 47 Toluene z Benzene TCE 9 Benzene Ethylbenzene  Toluene
3 38 TCE 26 Benzene Perc R Benzene Toluene Perc
4 34 Perc 26 TCE Perc 8 Benzene TCE Toluene
5 31 1,1,1-TCA 23 Toluene Perc 8 TCE Toluene Perc
6 26 Lead 21 Ethylbenzene  Toluene A 1,1,1-TCA Toluene Perc
7 25 Ethylbenzene 2 TCE Toluene u 1,1,1-TCA TCE Perc
8 24 MeClI* 19 1,1,1-TCA TCE 13 Benzene 1,1,1-TCA Perc
9 24 Xylenes 19 Toluene Xylenes B Benzene Toluene Xylenes
10 18 Chloroform 19 1,1,1-TCA Perc B 1,1,1-TCA TCE Toluene

MeCl, methylene chloride; PCBs, polychlorinated biphenyls; Perc, perchloroethylene (tetrachloroethylene); 1,1,1-TCA, 1,1,1-triclelpro€Ban
trichloroethylene; Trans-1,2-DCE, trans-1,2-dichloroethylene; 1,1-DCA= 1,1-dichloroethane. Frequencies of single substances andrasbpetent
occurrence at the 1,188 sites surveyed. Note the predominance of inorganics in soil and volatile organics in air, with a mix of the tweaywateMumtaz,

1996.
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Table 2 Table 3
List of interaction profiles developed by ATSDR for specific environmental Selected examples of interaction data documented in ATSDR interaction
mixtures of public health concern profiles
Arsenic, cadmium, chromium, and lead Joint toxic action of lead and zinc:
Benzene, toluene, ethylbenzene, xylene (BTEX) Good mechanistic and fair toxicological significance data establish that the
Lead, manganese, zinc, and copper neurotoxic effects of lead will be decreased due to the presence of zinc.
Persistent chemicals in breast milk (polychlorinated biphenyls (PCBs), Also, good mechanistic as well as toxicological significance data establish
chlorinated dibenzg-dioxins (CDDs), DDE, hexachlorobenzene, and that the hematologic effects of lead will also be decreased due to the
methylmercury) presence of zinc (<IB neurologic effects, <IA hematological).
Persistent chemicals in fish (polychlorinated biphenyls (PCBs), chlorinated
dibenzop-dioxins (CDDs), DDE, hexachlorobenzene, and Joint toxic action of lead and copper:
methylmercury) Good mechanistic and weak toxicological significance data establish that the
1,1,1,-Trichloroethane, 1,1,-dichloroethane, trichloroethylene (TCE), and neurotoxic effects of lead will be decreased due to the presence of copper.
tetrachloroethylene (PCE) But good mechanistic and fair toxicological significance data establish
Cesium, cobalt, strontium, polychlorinated biphenyls (PCBs), that the hematologic effects of lead will also be decreased due to the
trichloroethylene (TCE) presence of copper (<IC neurologic effects, <IB hematological).
Arsenic, hydrazine, jet fuels, strontium, trichloroethylene (TCE)
Cyanide, fluoride, nitrate, and uranium Joint toxic action of lead and cadmium:

Fair mechanistic and good toxicological significance data establish that the
renal effects of lead will be decreased due to the presence of cadmium.

mixtures exposure through consumption of fish and hu- But fair mechanistic and good toxicological significance data establish

man milk @\TSDR 2002b ): The featured chemicals pon— that the testicular effects of lead will be increased due to the presence of
chlorinated biphenyls (PCBs), chlorinated dibemedioxins cadmium (<IIA renal, >lIA testicular).
(CDDs), dichlorodiphenyl dichloroethanp,§-DDE), hex- Joint toxic action of TCDD and PCBs:

achlorobenzene, and methylmercury, frequently occur to- weak mechanistic and fair toxicological significance data establish that
gether in water, sediment, and fish from the North American the immune suppressive effects of TCDD decreased due to the presence
Great Lakes and aso ocour incther etary companerds, in- % A5, sk retiion o) ik meshgis
cluding fIS.h from_ otherparts ofthe world (e.g., th,e Baltic Sea), decreased due to the presence of PCBFSJ (<IlIB immune suppression, <IlIC
human milk, dairy products, and meat. The mixture assess- geyelopmental).
ment in these interaction profiles is based on the weight-of-
evidence (WOE) methodologumtaz and Durkin, 1992 Joint toxic action of TCDD and hexachlorobenzene (HCB):
This evaluation consists of several components, including Weak meCh_a”iSrt_]iCI2”so%oosntgﬁorfugfxgis‘?:t‘i:;iEi”;g;?ﬁﬁii’:?:stzt:ze
toxicologic significance (target organ/dose data), and mech- L’;‘if:;f;ge‘gcg e A . ty an d?hymus weight)
anistic understanding (toxicokinetic/toxicodynamic).

In summary, these interaction profiles indicate that only Joint toxic action of TCDD ang,p-DDE:
limited evidence is available to support the possible existenceWeak mechanistic and weak toxicological significance data establish that
of greater-than-additive or less-than-additive joint actions for ~ the antiandrogenic effects of TCDD will not change due to the presence
a few pais of contaminanible J as follows: (1) hex-  SPI-CDE A0 wesc necharist sowel o0 veak oucocuca s
achlorobenzene potentiation of 2,3,7,8-tetrachlorodibenzo-  gecreased due to the presence of PCBs (=IIIC antiandrogenic effects).
p-dioxin (TCDD) reduction of body and thymus weights (
etal., 1989; (2) PCB antagonism of TCDD immunotoxicity ~ Joint Toxic action of TCDD ang,p-DDE:
and TCDD developmental toxicit),B@nnister et al., 1987; Weak‘mechanistic and _Weak toxi_cological significancg data exists that es-
Davis and Safe, 1989; Haake et al., 1R&hd (3) synergism :ﬁbhshes that the agga;d_nlal?cemctgﬁeé:ts of TCDﬁD vxtnll not change due to
between PCBs and methylmercury in disrupting regulation © presence @hp- (FUIC antiandrogenic effects).
of brain levels of dopamine that may influence neurologi-
cal function and developmerBémis and Seegal, 199%or the hazard index (HI) approach is used to conduct a screening
other chemical pairs, additive joint action at shared targets of level analysis for exposure-based assessments of noncancer
toxicity was either supported by data for a few pairs or rec- health hazards. Alternatively stated, HIs are computed on
ommended as a public-health-protective assumption becausean organ-specific basis, assuming that target-organ toxicities
adequate data to assess joint toxic action were not availableare biologically independent. TTDs for several toxicity tar-
In general, overlapping targets of toxicity for these five com- gets have been derived for each of the components, including
ponents provide strong support for the plausibility of joint TTDs for hepatic, endocrine, immunological, reproductive,
toxic action, but a notable lack of studies exists to character- developmental, and neurological effects. For assessment of
ize the modes of joint toxic action. Because limited data are cancer risks from joint toxic action of the mixture, a similar
available from whole mixture studies to characterize health component-based approach was recommended consisting of
hazards of mixtures of CDDs, hexachlorobenzerg;DDE, multiplying intakes of the chemical components by EPA can-
methylmercury, and PCBs, additive joint toxic action based cer slope factors and summing the resultant risk estimates.
on the component-based approach is often employed. In the Another interaction profile was developed for mixtures
first step, a target-organ toxicity dose (TTD) modification of of benzene, toluene, ethylbenzene, and xylenes (BTEX) that
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Table 4

2002¢. Combinations of these chemicals are among the most Experimental mixtures program for research and development of methods

for the joint toxicity assessment of environmental mixtures

frequently found binary mixtures in CEPs at hazardous waste

sites. Environmental media contaminated with BTEX include P': Ray Yang, Ph.D., Colorado State University (CSU)

air, water, and soil. When contaminated groundwater is used

Projecttitle: Application of toxicogenomics to hazard identification of chem-

ical mixtures

as household water, BTEX components can volatilize int0 csy researchers are developing an efficient hazard identification approach

indoor air. In addition, contamination of groundwater and
subsurface soil can result in these chemicals migrating into
basements as soil gas. Whole BTEX mixture toxicity data
are lacking, and information pertaining to toxic interactions
among the BTEX components is essentially limited to data

for carcinogenic potential of chemical mixtures by utilizing toxicoge-

nomics. CSU is using cDNA microarray “biosignatures” as a predictive
analytical tool. Implementation of microarray screening of xenobiotics for
carcinogenic activity should greatly facilitate cost-effective hazard iden-
tification, and potentially, allow more “high throughput” risk assessment.

on a few binary mixtures of the chemicals. However, predic- PI: Subhash Basak, Ph.D., University of Minnesota (UM)
tions from PBPK modeling studies, when used in conjunction Project title: Predicting toxicity of chemical mixtures using structural ge-

with mechanistic, interaction, and toxicity information on the
components, provide a sufficient basis for assessing the joint
toxic action of the whole mixture in humans. PBPK models
have been developed for binary, ternary, and quaternary mix-
tures of BTEX components in humans as well as tdegidad
etal., 1999, 2000; Purcell et al., 1990; Tardif et al., 1993a,b,
1995, 1997. Similarly, a PBPK model was developed that
predicts blood levels of the BTEX chemicals in réeiafidad
etal., 1999.

nomics and proteomics

UM researchers are developing computational approaches for the prediction

of mixture toxicity using a set of halocarbons as the first experimental set.

Some of the halocarbons to be tested include: vinyl chloride, chloroform,

trichloroethylene, tetrachloroethylene. Novel sets of biodescriptors for the
quantification of proteomic maps are being developed. These biodescrip-
tors will be used to help elucidate modes of actions of the toxicants.

PI: Harihara Mehendale, Ph.D., University of Louisiana at Monroe (ULM)
Project title Development of Research Methods for the Joint Toxicity As-

sessment of Environmental Mixtures

The third component of the mixtures program is ATSDR- ULM reseal_’chers are investiga_ting the health effects of mixtures of the com-
supported targeted research to fill certain data gaps needed mon environmental contaminants TCE, PERC, TCA, and CHCI3. The

for assessment. Experimental studies that consist of a range
of toxicity testing and research efforts have been carried out
in cooperation with the NIEHS, private-sector groups, and
academic institutions. This collaborative effort helps sup-
port development of chemical-mixtures assessment meth-
ods. These activities utilize limited in vivo and in vitro

toxicokinetics, toxicodynamics, genomic and proteomic profiles will be
studied following administration of these chemicals individually and as
mixtures. PBPK models will be constructed using laboratory-generated
data. The proposed study implements sensitive, state-of-the-art techniques
to evaluate toxicity and adverse health outcomes in response to chemical
mixture exposure.

. ) . PI: Jeff Fisher, Ph.D., University of Georgia (UGA)
methods and available assays to conduct toxicologiC re-pygject title Development of a biologically-based model for chemical

search without compromising the sensitivity or specificity.

mixture-induced perturbations of the pituitary/hypothalamus-thyroid axis

Recently developed innovative techniques are included. Ad- UGA researchers are developing and validating physiologically-based phar-

vantage is taken of modeling methods, such as PBPK and
biologically based dose—response modeling. All of these ef-
forts interrelate and are important for mixtures assessments
and good public health practice. The trend analyses, toxi-
cological testing, and development of computational mod-

macodynamic (PBPD) models of the pituitary/hypothalamus-thyroid

(P/H-T) axis for rats and humans to reliably predict the impact of specific
chemical mixtures on the thyroid. Models for perchlorate, hexachloroben-
zene, and PCB 126 will be constructed and will be used to predict and
evaluate the effects of these particular chemical mixtures on thyroid hor-
mone levels in adult humans.

els are iterative directed research activities that can define,
suggest, and help prioritize issues needing to be resolved.
ATSDR’s chemical mixtures program allows scientists to

pursue various aspects of chemical mixtures research, in-of evaluating exposures to environmental contaminants and

cluding the following: identifying environmental chemical

resultant human health effects by using a consistent frame-

mixtures that affect public health; evaluating the poten- work (ATSDR, 1992, 1995, 2002 These guidance manu-

tial for human exposure; identifying various endpoints that als can be used by health assessors and other health profes-
would be affected; evaluating target organs that would be sionals to assess the potential joint toxicity of environmental
affected; studying the mechanisms of action, progression, contaminants and to determine if further follow-up activities

and repair; identifying biomarkers (specific and generic) that or studies may be warranted. Joint toxicity assessment is a
would allow the determination of the health of an organ- formidable task because all the possible chemical mixtures
ism; and developing qualitative and quantitative health as- to which human beings are potentially exposed cannot be
sessment methods for assessing multiple health effects (seexperimentally tested. Also, the literature on human health
Table 4. effects from chemical mixtures is limited and often suffers

ATSDR has developed several guidance manuals in col-from lack of good exposure assessments. This dilemma de-
laboration with a broad range of partners, including EPA, the mands a critical analysis and synthesis of relevant data to
Toxicology and Nutrition Office (TNO) (The Netherlands), identify rules that can be generalized for use in site-specific
NIEHS, and academia-based research, to accomplish the goahssessments.
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The draftGuidance Manual for the Assessment of Joint to support environmental health and research programs in
Toxic Action of Chemical Mixturd&TSDR, 2002ais a doc- state and local health departments, educational institutions,
ument that provides a summary of issues related to health ancand other organizations serving public health. Because of
toxicity assessment of chemical mixtures. This draft manual ATSDR'’s 20-year experience in public health evaluation, the
includes a discussion of the latest tools and methods that areagency is in a strong position to engage in a long-term re-
useful for assessing mixtures toxicity and conducting health search program. The agency plays a unique leadership role in
assessments. Alternative approaches are provided for evalidentifying and compiling new knowledge base that is appli-
uating the joint toxicity of chemical mixtures encountered cable to public health. ATSDR’s focus and strengths reside in
at hazardous waste sites. This guidance builds on acceptedommunity public health practice and support services. The
concepts of mixtures toxicity that have been supported by agency serves as the lead federal agency for Superfund public
years of animal research (usually at high doses) but havehealth activities; environmental public health practice; sup-
been adopted by various federal agencies and offices, includ-port for states and tribes in various activities; and identifying,
ing EPA, NIOSH, and FDAKEPA, 1986, 1989; NIOSH, 1996; evaluating, and intervening to reduce exposures and adverse
Yang, 1994. The draft guidance recommends the use of a human health outcomes.

WOE methodology for evaluation of chemical interactions.

This methodology allows the identification of data gaps and

suggests strategically targeted applied research needed to acs. Agenda for public health and environmental

vance the methods development. Several tiered steps are inresearch (APHER)

cluded leading to the most plausible evaluation of possible

health risks and using the most current risk assessment tools.  With the involvement of many organizational partners and
For example, using toxicity and exposure data available on constituents, ATSDR has developed the agenda for public
the specific mixture of concern is generally recommended. health and environmental research (APHER), a 10-year re-
If data on the mixtures of concern are not available, then us- search progranSpengler and Falk, 2002APHER was de-

ing data on similar or related mixtures is recommended. The veloped after consideration of various issues and discussions
third option offered is using data available on the components with partners and collaborators to address and improve the
of the mixture. In the guidance, methods that use the compo-agency’s effectiveness in meeting its mission and goals. The
nent data to evaluate the whole mixture include the following: activities defined in APHER fit within the agency’s critical
the HI approach, target-organ toxicity dose modification of mission to prevent or reduce the harmful effects of expo-
the HI approach, WOE modification of the HI method, and sure to hazardous substances on human health and quality
toxicity equivalency and relative potency methods. of life. ATSDR’s major goals are to (1) prevent ongoing and

The HI approach is the most generally accepted methodfuture exposures and resultant health effects from hazardous
used to screen for the toxicity of chemical mixtures. This ap- waste sites and releases, (2) determine human health effects
proach approximates the toxicity index that would have been associated with exposures to Superfund-related priority haz-
calculated had the mixture itself been tested. However, be-ardous substances, (3) mitigate the risks of human health
cause of resource limitations, most environmental mixtures effects at toxic waste sites with documented exposures, (4)
have notbeentested. When this approachis used, all plausiblduild and enhance effective partnerships, and (5) promote
candidates for the critical effects of the mixture are usually effective and efficient agency management. The agency sup-
considered by calculating, if possible, organ-specific hazard ports both intramural and extramural research using various
indices. Then the role is considered of potential interactions funding mechanisms, including contracts, cooperative agree-
that could modify the expected outcome when chemicals oc- ments, and grants. APHER will highlight the following six
curtogether. Integration of the knowledge and insights gained focus areas during 2002—2010: exposure assessment, chemi-
about chemical interactions and the actions of the chemicalcal mixtures, susceptible populations, community and tribal
components of a mixture becomes part of the WOE for in- involvement, evaluation and surveillance of health effects,
teractions. Toxicological interactions among mixture com- and health promotion and intervention. ATSDR'’s Superfund-
ponents can either increase or decrease the apparent toxicitynandated research and public health activities will be en-
of a mixture. This step relies on scientific judgment, based hanced through these six focus areas and will help guide
on empirical observations and mechanistic considerations,research to fill critical data and information gapfumtaz et
that categorizes the most plausible nature of potential inter-al., 1991
actions for a given exposure scenario. Currently, an ATSDR  Twenty-six initial research projects within the six focus
workgroup has been charged to evaluate the utility of the HI areas were proposed to address several important and re-
approach in real field settings and assist in risk communica- curring themes that include partnering, community involve-
tion with communities. ment, and consideration of social, cultural, and biological

Inrecentyears, ATSDR has addressed public health issuesssues. Numerous opportunities exist for working collabora-
involving hazardous waste sites by directly dispersing more tively in research with various governmental partners, pro-
than 50% ($37 million) of its total budget through contracts, fessional associations, universities, nongovernmental orga-
grants, cooperative agreements, and interagency agreementsizations, affected citizens, community groups, and Native
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