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The EPA-recommended toxicity equivalence factor
(TEF) approach to estimating the lifetime ineremental
cancer risks for dioxins does not address (a) differences
in the severity of toxicity according to the composition
of chemical mixture and (b} potentials for modification
of ti lewel d ol F' ® in mixtures and con-
spguently the concer risk estimates. (ur earlier effores
to model the binding of congeners to the Ab receptor in
the low-dose range and to develop gquantitotive esti-
mates for the formation of fractions of Ab receptor=
congener complexes resolted in the definition of a
unique parameter, defined as competitive binding
ratio (CER), to adjust tissue-level doses for mixture
EXPOSUTE, We made an effort lo incorporaie CBR values
in the dose—response analysis and risk characierization
of congeners in two distinet exposure scenarios, The
modified approach to estimating tlssue-level doses of
congeners in mixtures by the use of a competitive bind-
ing model indicated that (a) the Ah receptor affinity Is
an important eriterion in the determination of tissue-
level dose of congeners, (b) the TEF doeses caleulated by
using the model algorithms modified the tissue-level
doses for congeners in mixture exposures, and (c) the
combined lifetime incremental cancer risks for all con-
geners were generally lower when model algorithms
were nsed in the dose—response analysis, However, the
percentage contribution of toxic congeners was sig-
nificantly higher when model algorithms were used.
The percentage contribution of higher congeners with
lowr toxicity was siderably redoced when del nl-
gorithms were used. Oor preliminery results indicnte
that the standard approaches tend to overestimate the
combined total risks of higher congeners with low tox-
icity, but onderestimate the ricks of more toxie conge-
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INTRODUCTION

The arylhydrocarbon (Ah) receptor-mediated molec-
ular mechanism as the basis for most of the known toxie
effects involving exposures to low levels of dioxins does
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not address the effects of higher congeners of diozins on
the severity of the health hazared of 2,3,7,8-tetrachloro-
dibenzo-p-dicxin (TCDD) in chemical mixtures, Chem-
ical analyeis of environmental misdia and biotic recep-
tors indicates that TCDD is 8 minor component repre-
senting 0.8%, whereas the higher isomers account for
over 99.2% of the total dioxin mass (Czuczgwa and Hites,
1986; Happe et al., 1986, 1987), Experimental data from
tre i and in edro studies indicate that (a) several
higher congenera with substitutions at 2,3,7- and 8-posi-
tions and polyehlorinated biphenyls (PCBs) with both
peara and at least two substitutions at the meta positions
effectively compete and bind to Ah receptors in the pres-
ence of TCDD (Haakee et al., 1987; Biegel et af.,, 1980a.h)
and (b} higher congeners of dioxin and some PCBs pro-
duce biochemical and toxicological effecta similar to
those of TCDD, albeit at higher concentrations | Gierthy
and Crane, 1985; Kannan of al, 1987, Couture ef al,
1988; Pluess ef al., 1988,

The hazard of TCDID in & mixture of other congeners
with eimilar mechanisme of action and different toxic
potentiale is not clesr. The EPA-recommended ap-
proach uses toxicity equivalence factors (TEF) for the
more abundant octa-, hexa-, hepta-, and pentaisomers
(EPA, 1987). According to the TEF methed, the com-
bined dose of & mixture of congeners ia calculated as the
sum of the preduct of the concentration and their TEF
values. Although the available biochemical and toxico-
logical data for the congeners have been eritically ana-
lyzed for deriving their TEF values, their application in
the dose-response analysis does not account for (a) the
aimultaneous presence of congeners with similar bio-
chemical mechanisms and differing toxic potentials on
the tissue-level doses, (b) differences in the severity of
toxicity according o the composition of chemical mix-
ture, and (¢} congeners modifving the tissue-level doses
and consequently the camcer risk estimates depending
upon the environmental source and composition of con-
geners in a mixture,

As a part of our continuing studies on chemical in-
teractions in carcinogeneais, we are interested in char-
acterizing the cellular-level doses of TCDD and other
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