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1. Introduction 
The toxic equivalency concept has been developed as a tool for risk assessment of 
dioxin-like compounds during the last decades. In this concept individual halogenated 
compounds are each assigned a toxic equivalency factor (TEF) relative to a reference 
compound, usually 2,3,7,8-TCDD '•̂ . Dioxin-like compounds may cause a wide range of 
toxic and biochemical effects from which most of them are thought to be initially 
mediated by a single intracellular protein, the Ah-receptor •*. Based on this mechanism of 
action additivity of these effects of individual compounds in a mixture is supposed. This 
prerequisite is supported by a wide range of results from both in vivo and in vitro 
experiments ^ ^ 
TEFs have now been determined for the most toxic chlorinated dioxins (PCDDs), 
dibenzofurans (PCDFs ) and biphenyls (PCBs). Although there Is clearly consistency in 
the dafa for individual congeners it should be pointed out, that TEFs always have been 
determined from a range of data into one single value ' ' ' . This range of data originates 
from the fact that these TEF values have been found to be endpoint as well as species 
specific in spite of the common Ah-receptor mediated pathway '°. In addition, other 
mechanisms which do not necessarily have to be strictly Ah-receptor mediated cannot be 
excluded, e.g. interactions with the estrogen receptor and effects on neurotoxicity or 
perinatal development " ' " . 
The present TEF values have mostly been derived from in vivo studies, in which data 
from (semi)chronic experiments with mammals have given preference over those 
obtained from acute or in vitro studies. The TEF concept is mostly used in relation to the 
human risk assessment to determine the total TCDD equivalency In food items. When 
applied to other parts of the ecosystem generally similar TEFs are used as those applied 
for the human risk assessment. This in spite of the fact that relative toxicity of PCDDs, 
PCDFs and especially PCBs In birds and fish can significantly deviate from mammalian 
species *̂ ''*. In this paper the use of separate TEFs for PCDDs, PCDFs and dioxin-like 
PCBs for ecotoxicological risk assessment will be discussed. 

2. Discussion 
Available data. In the figures 1, 2 and 3 the reported TEFs for mammals, fish and birds 
are presented. TEF values are differentiated for these three groups of species and 
shown as ranges. Invariable, the information is more extensive for mammalian species 
than for fish and birds. A wide TEF range for a group of species does not necessarily 
implicate that extensive information is available. Such a range could very well consist of 
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two or three TEF values, which differ significantly. 
In figure 1 the TEF values are presented for the most toxic PCDDs. Besides ranges of 
values for the three groups of species, the present NATO/CCMS l-TEF value is indicated 
with an asterisk ^^ From this figure it can be seen that 1,2,3,7,8-PnCDD appears to be 
slightly more toxic for fish and birds, more justifying a TEF value of 1 rather than the 
present 0.5. Data on 1,2,3,4,7,8,-, 1,2,3,6,7,8-, and 1,2,3,7,8,9-HxCDD are not very 
consistent, but appear to be in the same ranges as observed for mammalian TEFs. 
These data do not justify a suggestion for another TEF value for HxCDDs other than the 
value of 0.1. The present TEF value for 1,2,3,4,6,7,8-HpCDD is 0.01 and if this value is 
compared with those from fish and birds, it seems to be a clear overestimation as TEF 
values are almost two orders of an magnitude lower. A TEF value 0.001 or 0.0001 
seems to be more appropriate. For OCDD no TEF values for fish and birds are presently 
available. 
In figure 2 the TEF ranges for PCDFs are illustrated. Based on mammalian studies, the 
present TEF for 2,3,7,8-TCDF has been assigned 0.1. A single study done with fish 
indicated that the TEF was nearer to 1, while in contrast for birds the middle of the range 
was near to 0.01. For 1,2,3,7,8- and 2,3,4,7,8-PnCDF TEF values for fish and birds are 
in the same range as those reported for mammalian species. Based on these data a 
modification of the NATO/CCMS TEF values of 0.05 and 0.5 seems not justified. For 
1,2,3,4,7,8-HxCDF with a present TEF value of 0.1, this value seems to be a slight over 
estimation and a TEF of 0.01 or 0.05 appears to be more appropriate for fish and birds. 
However, the limited data for 1,2,3,6,7,8-HxCDF indicate a TEF around 0.1 for fish and 
birds. As the present information for mammals, birds and fish on TEF values for the 
HxCDFs is very limited, an isomer specific differentiation seems not appropriate and the 
present value of 0.1 appears adequate. 
In figure 3 TEF ranges are presented for non and mono-ortho PCBs, all exhibiting dioxin-
like properties and abundantly present in the biotic environment. For these PCBs two set 
of TEF values have recently been suggested •̂'. Which set of TEF values is more 
appropriate for risk assessment is cleariy beyond the scope of this paper. For reasons of 
clarity only those TEF values for which a consensus was reached at a Worid Health 
Organization meeting in Bilthoven (The Netherlands), are indicated in figure 3 .̂ The 
suggested TEF for 3,3',4,4'-TCB (PCB #77) has been 0.0005, but as can be seen from 
the mammalian TEF range its value can vary two orders in magnitude depending on the 
endpoint and species involved. Data from bird studies indicate a TEF value of 0.01 when 
measured in systems using chicken embryos as a model. However, in various studies 
PCB #77 also showed to be non-responsive in (wild) bird species. In fish a TEF 0.0001 
or 0.001 seems more appropriate. A similar pattern can be found for 3,3'4,4',5-PnCB 
(PCB 126) in which again mammals and birds have a similar TEF range, justifying the 
present value of 0.1. Again the TEF for fish is at least one order of a magnitude lower, 
suggesting a TEF between 0.001 and 0.1. For 3,3',4,4',5,5'-HxCB (PCB #169) only data 
for mammals and birds are available at this time and these are clearly in the same range 
and a deviation from the present TEF value of 0.01 is not justified. The consistent lower 
TEF value for fish appears also applicable for the mono-ortho PCBs included in figure 3. 
Both 2,3,3',4,4'- and 2,3',4,4',5-PnCB (PCBs #105 and #118) show for fish a TEF value 
which is at least one order of magnitude lower, than 0.0001 which have been presently 
assigned by the World Health Organization ^ For 2,3,3',4,4',5-HxCB (PCB #156) no data 
on fish are presently available. Based on the data from PCBs #105 and #156 TEFs for 
birds and mammals appear to fall in the same range. However, PCB 118 shows a higher 
toxicity in birds than in mammals. 
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Figure 1. Ranges of Toxic Equivalency Factors in mammals, birds and fish for PCDDs. 
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Figure 2. Ranges of Toxic Equivalency Factors In mammals, birds and fish for PCDFs. 
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Figure 3. Ranges of Toxic Equivalency Factors in mammals, birds and fish for non 
and mono-ortho PCBs. 

Implications for ecotoxicological risk assessment 

Based on the scientific information presently available about relative toxicity of PCDDs, 
PCDFs and PCBs, it can be concluded that for ecotoxicological risk assessment 
separate TEFs (ECOTEFS) should be applied. Based on both evolutionary principles and 
observed congener specific potencies a division between mammals, birds and fish 
seems most feasible. From an ecotoxicological point of view it would also be preferable 
to include the group of invertebrates. However, to date no information about relative 
toxicity of these compounds is available for invertebrates. Nevertheless, it has been 
reported that some invertebrate species are highly sensitive for 2,3,7,8-TCDD toxicity ̂ °. 
For PCDDs and PCDFs the majority of the information indicates that mammalian TEFs 
are also applicable for birds and fish. Exceptions are found for 2,3,7,8-TCDF, 1,2,3,7,8-
PnCDD and 1,2,3,4,6,7,8-HpCDD which have significantly higher or lower TEFs for birds 
and fish respectively, when compared with those from NATO/CCMS. The TEF values 
which are available for non and mono-ortho PCBs in fish invariable indicate that these 
values should be significantly lower than those for birds and mammals. These lower TEF 
values for fish could have significant implications for the risk assessment in the aquatic 
ecosystem. In contrast to human risk assessment, the species to species extrapolation 
might cause a much higher uncertainty in ecotoxicological risk assessment due to the 
large variety of species present. Clearly relative potencies can not be tested in all 
species to derive species specific TEFS and therefore a conservative approach would 
be recommended. In practice this could mean that the upper limit of a TEF range should 
be used for ecotoxicological risk assessment. In the future these ECOTEFs should be 
used In combination with no-observed or lowest observed adverse effect levels or 
concentrations (NOAEL(C)s or LOAEL(C)s), which at least should be differentiated for 
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mammals, birds and fish if the individual species sensitivity is not known. In this process 
it would be preferable if other endpoints than carcinogenicity, e.g. reproduction or 
perinatal development, should be Included. 

References. 

1. Safe S., (1990): Polychlorinated biphenyls (PCBs), dibenzo-p-dioxins (PCDDs), 
dibenzofurans (PCDFs), and related compounds: Environmental and mechanistic 
considerations which support the development of toxic equivalency factors (TEFs). 
Crit Rev Toxicol 21, 51-88. 

2. Safe 8. (1994): Polychlorinated biphenyls (PCBs): environmental impact, biochem­
ical and toxic responses, and implications for risk assessment. Crit Rev Toxicol 
24, 87-149 

3. Ahlborg U.G., G.C. Becking, LS. Bimbaum, A. Brouwer, H.J.G.M. Derks, M. 
Feeley, G. Golor, A. Hanberg, J.C. Larsen, A.K.D. Liem, S.H. Safe, C. Schlatter, 
F. Waem, M. Younes, E. Yrjanheikki. (1994): Toxic equivalency factors for dioxin-
like PCBs. Chemosphere 28, 1049-1067 

4. A. Poland, J.C. Knutson (1982): 2,3,7,8-Tetrachlorodibenzo-p-dioxin and related 
halogenated aromatic hydrocarbons: Examination of the mechanism of toxicity, 
Annu. Rev. Pharmacol. 22, 517-554. 

5. Sawyer, T.W., S.Safe (1985) : In vitro AHH induction by polychlorinated biphenyl 
and dibenzofuran mixtures: additive effects, Chemosphere 14, 79-84. 

6. Pluess, N., H. Poiger, C. Hohbach, C Schlatter (1988) : Subchronic toxicity of 
some chlorinated dibenzofurans (PCDFs) and a mixture of PCDFs and chlorinated 
dibenzodioxins (PCDDs) in rats. Chemosphere, 17, 973-984. 

7. Birnbaum, LS., M.W. Harris, E.R. Barnhart, R.E. Morrissey. (1987) : Terato­
genicity of three polychlorinated dibenzofurans in C57BL/6N mice Toxicol. Appl. 
Pharmacol. 90, 206-216. 

8. A.P.J.M van Birgelen, J. van der Kolk, K.M. Fase, I. Boi, H. Poiger, M. van den 
Berg and A. Brouwer. (1994): Toxic potency of 2,3,3',4,4',5-Hexachlorobiphenyl 
relative to and in combination with 2,3,7,8-Tetrachlorodibenzo-p-dioxin in a 
subchronic feeding study in the rat. Tox. Appl. Pharmacol. 126, 202-213. 

9. A.P.J.M van Birgelen, J. van der Kolk, K.M. Fase, I. Boi, H. Poiger, A. Brouwer 
and M. van den Berg. (1994): Toxic potency of 3,3'4,4'5-pentachlorobiphenyl 
relative to and in combination with 2,3,7,8-Tetrachlorodibenzo-p-dioxin in a 
subchronic feeding study in the rat. Toxicol. Appl. Pharmacol. 127, 209-221. 

10. U.G. Ahlborg, A. Brouwer, M.A. Fingerhut, J.L. Jacobson, S.W. Jacobson, S.W. 
Kennedy, A.A.F. Kettrup, J.H. Koeman, H. Poiger, Ch. Rappe, S.H. Safe, R.F. 
Seegal, J. Tuomisto, M. Van den Berg. (1992): Impact of polychlorinated dibenzo-
p-dioxins, dibenzofurans and biphenyls on human and environmental health, with 
special emphasis on application of the toxic equivalency factor concept. Eur. J. 
Pharmacol.-Env. Toxicol. Sect. 228, 179-199. 

11. Safe, S., B. Astroff, M. Harris, T. Zacharewski, R. Dickerson, M. Romkes, L. 
Biegel (1991): 2,3,7,8-Tetrachlorodibenzo-p-dioxin and related compounds as anti-
oestrogens: characterization and mechanism of action. Pharmacol. Toxicol. 69, 
400-409. 

12. Shain, W., Bush, B. and R.F. Seegal. (1991): Neurotoxicity of polychlorinated 
biphenyls: Structure - Activity Relationship of Individual Congeners. Toxicol. Appl. 
Pharmacol. 111, 33-42. 

ORGANOHALOGEN COMPOUNDS 
Vol.26 (1995) 281 



RSK 

13. Peterson, R.E., H.M. Theobald and G.L. Kimmel. (1993) : Developmental and 
reproductive toxicity of dioxins and related compounds: cross species compari­
sons. Crit. Rev. Toxicol. 23, 283-335. 

14. Brunstrom, B. (1991): Toxicity and EROD-inducing potency of polychlorinated bi­
phenyls (PCBs) and polycyclic aromatic hydrocarbons (PAHs) in avian embryos. 
Comp. Biochem. Physiol. 100C, 241-243. 

15. M.E.W. van der Weiden, LP. de Vries, K. Fase, M. Celander, W. Seinen, M. van 
den Berg. (1994):Relative potencies of polychlorinated dibenzo-p-dioxins, dibenzo­
furans and biphenyls, based on P450 1A induction in the Mirror Carp (Cyprinus 
carpio). Aquat. Toxicol. 29, 163-182. 

16. A.T.C. Bosveld, M. van den Berg and R.M.C. Theelen. (1992): Assessment of the 
EROD Inducing potency of eleven 2,3,7,8-substituted PCDD/Fs and three coplanar 
PCBs in the chick embryo. Chemosphere 25, 911-916. 

17. Kennedy, S.W., A. Lorenzen and CA. James. (1992): A rapid and sensitive 
method for measuring ethoxyresorufin-O-deethylase (EROD) activity in cultured 
hepatocytes exposed to dioxins, PCBs, and related chemicals. Organohalogen 
Compounds. 10, 117-120. 

18. Walker, M.K. and R.E. Peterson (1991): Potencies of polychlorinated dibenzo-p-
dioxin, dibenzofuran, and biphenyl congeners, relative to 2,3,7,8-tetrachlorodi-
benzo-p-dioxin, for producing eariy life stage mortality in rainbow trout 
(Oncorhynchus mykiss), Aquat. Toxicol. 21, 219-238. 

19. NATO/CCMS (North Atlantic Treaty Organization, Committee on the Challenges 
of the Modern Society (1988): International Toxicity Equivalency Factors (l-TEF) 
method of risk assessment for complex mixtures of dioxins and related com­
pounds. Report No. 176. Brussels: North Atlantic Treaty Organization. 

20. Reinecke, A.J. and R.G. Nash. (1984): Toxicity of 2,3,7,8-TCDD and short-term 
bioaccumulation by earthworms (Oligochaeta). Soil Biol. Biochem. 16, 45-9 

ORGANOHALOGEN COMPOUNDS 
282 Vol.26 (1995) 


