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The recent consultation on the “Assessment of the health risk of dioxins: re-evaluation of
the Tolerable Daily Intake (TDI)” based the TDI on various adverse effects after exposure to
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) in animal studies”. These adverse effects included
endometriosis, developmental neurobehavioral (cognitive) effects, developmental reproductive
(sperm count, female urogenital malformations) effects and immunotoxic effects. In order to
estimate human exposure to dioxin-like compounds as TCDD, the toxic equivalency factor
concept is used”. In this TEF concept, the total dioxin-concentration (TEQ) in an environmental
biological sample is estimated by using toxic equivalency factors (TEFs) which are assigned to the
individual dioxin-like compounds in the mixture and multiplied by the concentration in the
specific matrix for various dioxin-like compounds, such as polychlorinated dibenzo-p-dioxins
(PCDDs), dibenzofurans (PCDFs), and co-planar and mono-ortho-substituted biphenyls (PCBs). A
TEF value expresses the relative potency of the individual congener in comparison to TCDD.

By using a TDI derived from dose-response studies with TCDD, the consultation assumes
that all dioxin-activity is captured by the TEF concept, which include PCDDs, PCDFs, co-planar
and mono-ortho-substituted PCBs. However, some of the effects which drive the risk assessment
of dioxin-like compounds, e.g., developmental neurobehavioral, developmental reproductive, and
immunotoxic effects have also been observed after exposure to di-ortho-substituted PCBs,
polybrominated diphenyl ethers (PBDEs), and hexachlorobenzene (HCB)* ™. This indicates that by
excluding di-ortho-substituted PCBs, PBDEs, and HCB in the assessment of a TDI, it is likely that
the suggested TDI of 1 to 4 pg TEQ/kg/day is not protective enough. However, it might well be
that in human exposure scenarios di-ortho-substituted PCBs, PBDEs, and HCB do not contribute
considerably in order to overwhelm the effect of the pure dioxin-like compounds for the
mentioned endpoints as has been estimated in environmental exposure scenarios with mink and
PCBs®. Nevertheless, is has recently been suggested that HCB could add considerably to the total
TEQ based on only its dioxin-like properties” .

In addition, by using a TDI based on dose-response studies with TCDD, the consultation
assumes dose-additivity for the used endpoints. Indeed, dose-additivity has been shown after
exposure to mixtures resembling human or environmental exposure for various endpoints such a
cytochrome P450 induction, immunotoxicity, a decrease in the concentration of hepatic retinoids,
tumor promotion, and fish early life stage mortality'*'®. However, no information is available to
date if this dose-additivity holds for the endpoints that drive the risk assessment. This is of concern
since for example, permanent alterations in behavior and brain maturation in the offspring have
been associated with decreased thyroid hormone levels'”. Di-ortho substituted PCBs, HCB, and
PBDEs have been shown to accumulate in the food chain and have also been shown to interfere
with thyroid homeostasis at various levels > '**?. In addition, the thyroid toxicity of a mixture of
dioxin-like compounds, including mono-ortho-substituted PCBs was underpredicted by
approximately 2 orders of magnitude when compared to a dose-response study with TCDD*".
Hepatic and pulmonary cytochrome P4501A1 activities however, were similar in both studies,
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indicating that the mixture predicted a pure Ah-receptor mediated effect very well'”. This
indicates that the thyroid system is vulnerable for interactive effects. In humans, pre- and postnatal
exposure to dioxin-like compounds in the background population in the Netherlands and Japan
have found alterations in circulating thyroid hormone concentrations and (neuro)developmental
effects’>?. This indicates that after exposure to dioxin-like compounds, the thyroid system and
(neuro)developmental behavior are among one of the more sensitive endpoints in humans.

Based on the above information, it is suggested that future studies should focus on dose-
response studies with mixtures of dioxin-like compounds and non-dioxin-like compounds,
including the mentioned groups. The ratio of the compounds in these mixtures should resemble
human exposure. These studies would provide a base for the dose-additivity of the endpoints that
drive risk assessment of dioxin-like compounds. In addition, these studies would also form a base
for future risk assessments of dioxin-like and related compounds on a more realistic exposure
scenario.

Literature cited

1) Van Leeuwen, F.X.R., and Younes, M. (1998). WHO revises the Tolerable Daily Intake (TDI) for
dioxins. Organohalogen Compounds 38, 295-298.

2) Van den Berg, M., Birnbaum, L.S., Bosveld, B.T.C., Brunstrdm, B., Cook, P., Feeley, M., Giesy,
J.P., Hanberg, A., Hasegawa, R., Kennedy, S.W., Kubiak, T., Larsen, J.C., van Leeuwen, F.X.R.,
Liem, A.K.D., Nolt, C., Petersen, R.E., Poellinger, L., Safe, S., Schrenk, D., Tillitt, D., Tysklind,
M., Younes, M., Wern, F., and Zacharewski, T. (1998). Toxic equivalency factors (TEFs) for
PCBs, PCDDs, PCDFs for humans and wildlife. Environ. Health Perspect. 106, 775-792.

3) Seegal, R.F. (1996). Epidemiological and laboratory evidence of PCB-induced neurotoxicity. Crit.
Rev. Toxicol. 26, 709-737.

4) Waalkens-Berendsen, I.D.H., Smits-van Prooije, A.E., Bouwman, C.A., and van den Berg, M.
(1996). Reproductive effects in F1-generation rats perinatally exposed to PCB 126, PCB 118, PCB
153, or 2,3,4,7,8-PnCDF. Organohalogen Compounds 29, 190-194.

5) IPCS. Hexachlorobenzene. Environmental Health Criteria 195. Geneva: World Health
Organization, 1997.

6) Darnerud, P.A., and Thuvander, A. (1998). Studies on immunological effects of polybrominated
diphenyl ether (PBDE) and polychlorinated biphenyl (PCB) exposure in rats and mice.
Organohalogen Compounds 35, 415-418.

7) Eriksson, P., Jakobsson, E., and Frederikson, A. (1998). Developmental neurotoxicity of
brominated flame-retardants, polybrominated diphenyl ethers and tetrabromo-bis-phenol A.
Organohalogen Compounds 35, 375-377.

8) Giesy, J.P., and Kannan, K. (1998). Dioxin-like and non-dioxin-like toxic effects of
polychlorinated biphenyls (PCBs): Implications for risk assessment. Crit. Rev. Toxicol. 28, 511-
569.

9) Van Birgelen, A.P.J.M. (1998). Hexachlorobenzene as a possible major contributor to the dioxin
activity of human milk. Environ. Health Perspect. 106, 683-688.

10) Van Birgelen, A.P.J.M., DeVito, M.J., and Birnbaum, L.S. (1996). Toxic equivalency factors
derived from cytochrome P450 induction in mice are predictive for cytochrome P450 induction
after subchronic exposure to mixtures of PCDDs, PCDFs, and PCBs in female B6C3F1 mice and
Sprague Dawley rats. Organohalogen Compounds 29, 251-256.

11) Walker, M.K., Cook, P.M., Butterworth, B.C., Zabel, E.W., and Peterson, R.E. (1996). Potency of
a complex mixture of polychlorinated dibenzo-p-dioxin, dibenzofuran, and biphenyl congeners

ORGANOHALOGEN COMPOUNDS 506
Vol.44 (1999)



12)

13)

14)

15

~

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

Risk Assessment and Risk Management P432

compared to 2,3,7,8-tetrachlorodibenzo-p-dioxin in causing fish early life stage mortality. Fundam.
Appl. Toxicol. 30, 178-186.

Smialowicz, R.J., DeVito, M.J., Riddle, M.M., Williams, W.C., and Birnbaum, L.S. (1997).
Comparative immunotoxic potency of mixtures containing polychlorinated dibenzo-p-dioxins
(PCDDs), dibenzofurans (PCDFs), and biphenyls (PCBs). The Toxicologist, 36, 266.

Ross, D.G., Van Birgelen, A.P.J.M., DeVito, M.J., and Birnbaum, L.S. (1997). Relative potency
factors derived from CYPIA induction in mice are predictive for alterations in retinoid
concentrations after subchronic exposure to mixtures of PCDDs, PCDFs, and PCBs in female
Sprague Dawley rats. Organohalogen Compounds 34, 281-286.

Van der Plas, S.A., Haag-Gronlund, M., Scheu, G., Warngaard, L., and Brouwer, A. (1998).
Induction of altered hepatic foci by mixtures of dioxin- and non-dioxin-like compounds in female
Sprague Dawley rats. The Toxicologist 42, 134.

Porterfield, S.P., and Hendrich, C.E. (1993). The role of thyroid hormones in prenatal and neonatal
neurological development - current perspectives. Endocri. Rev. 14, 94-106.

Rozman, K., Gorski, J.R., Rozman, P., and Parkinson, A. (1986). Reduced serum thyroid hormone
levels in hexachlorobenzene-induced porphyria. Toxicol. Lett. 30, 71-78.

Van Raaij, J.A., van den Berg, K.J., Engel, R., Bragt, P.C., and Notten W.R. (1991). Effects of
hexachlorobenzene and its metabolites pentachlorophenol and tetrachlorohydroquinone on serum
thyroid hormone levels in rats. Toxicology 67, 107-116.

Chu, 1., Villeneuve, D.C., Yagminas, A., Lecavalier, P., Poon, R., Feeley, M., Kennedy, S.W.,
Seegal, R.F., Hakansson, H., Ahlborg, U.G., Valli, V.E., and Bergman, A. (1996a). Toxicity of
2,2°,4,4°,5,5 -hexachlorobiphenyl in rats: effects following 90-day oral exposure. J. Appl. Toxicol.
16, 121-128.

Chu, L., Villeneuve, D.C., Yagminas, A., Lecavalier, P., Poon, R., Hakansson, H., Ahlborg, U.G.,
Valli, V.E., Kennedy, Bergman, A. S.W., Seegal, R.F., and Feeley, M. (1996b). Toxicity of 2,4,4’-
trichlorobiphenyl in rats: effects following 90-day dietary exposure. J. Toxicol. Environ. Health 49,
301-318.

World Health Organization (WHO) (1996). Levels of PCBs, PCDDs and PCDFs in human milk.
Second round of WHO-coordinated exposure study. No. 3. Bilthoven, etc.: WHO European Centre
for Environment and Health, Environmental Health in Europe.

Desaulniers, D., Poon, R., Phan, W., Leingartner, K., Foster, W.G., and Chu, 1. (1997).
Reproductive and thyroid hormone levels in rats following 90-day dietary exposure to PCB 28
(2,4’4-trichlorobiphenyl) or PCB 77 (3,3’,4,4’-tetrachlorobiphenyl). Toxicol. Ind. Health 13, 627-
638.

Lecavalier, P., Chu, 1., yagminas, A., Villeneuve, D.C., Poon, R., Feeley, M., Hakansson, H.,
Ahlborg, U.G., Valli, V.E., Bergman, A., Seegal, R.F., and Kennedy, S.W. (1997). Subchronic
toxicity of 2,2°,3,3°,4,4’-hexachlorobiphenyl in rats. J. Toxicol. Environ. Health 51, 265-277.
Rosiak, K.L., Seo, B.W., Chu, 1., and Francis, B.M. (1997). Effects of maternal exposure to
chlorinated diphenyl ethers on thyroid hormone concentrations in maternal and juvenile rats. J.
Environ. Sci. Health B 32, 377-393.

Crofton, K.M., Craft, E.S., Ross, D.J.,, and DeVito, M.J. (1998). Detecting the effects of
environmental contaminants on thyroid hormones: A preliminary report on short-term dosing
model in the rat. Organohalogen Compounds 37, 285-288.

Hallgren, S., and Darnerud, P.O. (1998). Effects of polybrominated diphenyl ethers (PBDEs),
polychlorinated biphenyls (PCBs) and chlorinated paraffines (CPs) on thyroid hormone levels and
enzyme activities in rats. Organohalogen Compounds 35, 391-394.

Marsh, G., Bergman, A., Bladh, L.-G., Gillner, M., and Jakobsson, E. (1998). Synthesis of
p-hydroxybromodiphenyl ethers and binding to the thyroid receptor. Organohalogen Compounds
37, 305-308.

ORGANOHALOGEN COMPOUNDS 507
Vol.44 (1999)



27)

28)

29)

30)

31)

32)
33)

34)

35)

36)

37)

38)

39)

Risk Assessment and Risk Management P432

Meerts, I.A.T.M., Marsh, G., van Leeuwen-Bol, 1., Luijks, E.A.C., Jakobsson, E., Bergman, A,
and Brouwer, A. (1998). Interaction of polybrominated diphenyl ether metabolites (PBDE-OH)
with human transthyretin in vitro. Organohalogen Compounds 37, 309-312.

Norén, K., and Meironyté, D. (1998). Contaminants in Swedish human milk. Decreasing levels of
organochlorine and increasing levels of organobromine compounds. Organohalogen Compounds
38, 1-4.

Petreas, M., She, J., Winkler, J., Visita, P., and McKinney, M. (1998). Levels of PCDD/PCDFs,
PCBs and OC pesticides in breast adipose of women enrolled in a California breast cancer study.
Organohalogen Compounds 38, 37-40.

Van Birgelen, A.P.J. M., Visser, T.J., Kaptein, E., Kodavanti, P.R.S., Derr-Yellin, E.C., DeVito,
M.J., and Birnbaum, L.S. (1997). Synergistic effects of thyroid hormone metabolism in female
Sprague Dawley rats after subchronic exposure to mixtures of PCDDs, PCDFs, and PCBs.
Organohalogen Compounds 34, 370-375.

Jacobson, J.L., Jacobson, S.W., and Humphrey, H.E.B. (1990a). Effects of in utero exposure to
polychlorinated biphenyls and related contaminants on cognitive functioning in young children. J.
Pediatr. 116, 38-45.

Jacobson, J.L., Jacobson, S.W., and Humphrey, H.E.B. (1990b). Effects of exposure to PCBs and
related compounds on growth and activity in children. Neurotoxicol. Teratol. 12, 319-326.
Jacobson, J.L., and Jacobson, S.W. (1996). Intellectal impairment in children exposed to
polychlorinated biphenyls in utero. N. Engl. J. Med. 335, 783-789.

Koopman-Esseboom, C., Morse, D.C., Weisglas-Kuperus, N., Lutke-Schipholt, 1.J., van der
Paauw, C.G., Tuinstra, L.G.M.T., Brouwer, A., and Sauer, P.J.J. (1994). Effects of dioxins and
polychlorinated biphenyls on thyroid hormone status of pregnant women and their infants.
Pediatric Research 36, 468-473.

Huisman, M., Koopman-Esseboom, C., Fidler, V., Hadders-Algra, M., van der Paauw, C.G.,
Tuinstra, L.G.M.T., Weisglas-Kuperus, N., Sauer, P.J.J., Touwen, B.C.L., and Boersma, E.R.
(1995). Perinatal exposure to polychlorinated biphenyls and dioxins and its effect on neonatal
neurological development. Early Hum. Dev. 41, 111-127.

Lonky, E., Reihman, J., Darvill, T., Mather, J., and Daly, H. (1996). Neonatal behavioral
assessment scale performance in humans influenced by maternal consumption of environmentally
contaminated Lake Ontario fish. J. Great Lakes Res. 22, 198-212.

Patandin, S., Koopman-Essebom, C., Weisglas-Kuperus, N., and Sauer, P.J.J. (1997a). Birth
weight and growth in Dutch newborns exposed to background levels of PCBs and dioxins.
Organohalogen Compounds 34, 447-450.

Patandin, S., Lanting, C.I., Boersma, E.R., Sauer, P.J.J., and Weisglas-Kuperus, N. (1997b). Pre-
and postnatal exposure to PCBs and dioxins and cognitive development of Dutch children at 3%
years of age. Organohalogen Compounds 34, 451-454.

Nagayama, J., lida, T., Hirakawa, H., Matsueda, T., Okamura, K., Hasegawa, M., Sato, K., Ma, H.-
Y., Yanagawa, Y., Igarashi, H., Fukushige, J., and Watanabe, T. (1997). Effects of lactational
exposure to chlorinated dioxins and related chemicals on thyroid functions in Japanese babies.
Organohalogen Compounds 33, 446-450.

ORGANOHALOGEN COMPOUNDS 508
Vol.44 (1999)



