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ABSTRACT 

The presijnl. Loxic e(]iiLval ency (TEQ) concept contaLns sorae major drawbacks due to the lack of 
incorporaLion of toxicokinetics and raetabolism. The influence of kinetics is discussed in 
detail for the use of semichronic studies and the occurrence of nonlinear combination 
effects. A new TEQ approach is suggested in which a combination of biological response and 
toxicokinetics must be used. 

INTRODUCTION. 

At present the relative toxicity of PCDDs and PCDFs is estimated by a toxic equivalency 

concept. in which the toxic potency of especially the 2,3,7,8-subscituted congeners is 

related to the most toxic congener, 2,3,7,8-TCDD. The combination of this concept wlch a 

tolerable daily intake (TDI) of 2,3,7,8-TCDD or TCDD-equivalents (TEQ) for humans is 

presently the only methodology available for risk assessment. However, some of the present 

TEQ values are mainly based on experiments partly lacking the influence of toxicokinetics in 

their results. According to our opinion tlie adverse effect of these compounds is determined 

not only through the biological response but also by kinetics. The toxicological response can 

thus be considered as a consequence of the interaction between both mechanisms. 

Presently a number of (in vltrp) bio-assays are used to evaluate the relative toxicity of 

PCDDs, PCDFs, PCBs or mixtures of these compounds. These bio-assays quite often involve only 

a single coiDpound administration, while the response of e.g. cytochrome P-A50I related 

Induction, is only observed after a short time period, during which kinetic influence can be 

considered neglcctible for the most relevant PCDDs and PCDFs. 

Moreover, the comparative toxicity data of serai-chronic studies with different 2,3,7,8-

substituted PCDDs and PCDFs are difficult to compare due to considerable differences in 

kinetics and raetabolism. 

In addition the nonlinear antagonistic and synergistic interactions between PCDD/Fs and PCBs 

observed in some experiments can not be included in the present risk assesment using the TEQ 

concept. 

In this paper we will present sorae serious drawbacks inherent to the present TEQ concept and 

derived risk assessments, due to the lack of incorporation of toxicokinetics and metabolisn. 

Furthermore sorae suggestions will be given for future, raore realistic, approaches. 
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Coraparativt seraichronic studi es 

have been done with several 

2,3,7.8-subsLituted PCDDs and 

PCDFs during three months time 

periods (1 ). When u.sing data of 

these studies to establish TEQ 

values for the different 

congeners, 11 should be considered 

that their eliraination is very 

different. As a consequence of 

these differences in kinetics 

steady state conditions will be 

reached after different time 

intervals and with sorae congeners 

not within a 13 weeks experimental 

peri od 

By using computer simulaL ion based 

on experimental data we illustrate 

in figure 1 this problem for 

2.3,7,8-TCDD, 2.3,/.8-TCDF and Fig. 

2.3.4.7,8-PnCDF in rats. For this 

simulation published toxicokinet ic 

data were used frora experiments with these congeners and rats (2.3,4). These calculat ions 

show that e.g. 2.3,7,8-TCDF reaches a 99.9X steady state within 20 days, while others e.g. 

2,3,4,7,8-PnCDF will not exceed ^01 of the steady state condition at the end of the three 

months dosing period. From the toxicological point of view these differences in steady state 

condition are undesirable, si nee the target tissue concentrations of the congeners are 

increasing differentially. As a consequence no clear cut relations between organ levels and 

toxic effects can be established. Therefore another experimental approach should be used, 

allowi ng a raore precise compari son. 

In view of the nongenetic toxic action of these compounds a large extension of the 

experimental time period is considered to be unnecessary, when using experiments with low 

dose levels. 

We propose such studies should include an initial "loading" period for about one week, 

yielding distinct predetermined organ/tissue levels, which should be maintained by daily 

dosage throughout the whole experimental period. An exact knowledge of kinetics of the 

compounds tested would certainly be a prerequisite in this approach. 
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1. Simulation of a steady state acquisition in 
three months study for 2,3,7.8-TCDF, 2,3,7,8-TCDD and 
2,3,4,7,8-PnCDF in rats 

THE ROLE OF KINETICS IN THE INTERACTIVE EFFECTS 

Several groups have reported nonlinear interactive effects between PCDD/Fs and PCBs. These 

effects were antagonistic as well as synergistic (5,6,7), depending on the ratio as well as 

the species and parameter studied. However, irrespective of the type of interaction, the 
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;inl,Tf,onisl ic or !;yn('r)',i sl i c -ffccts w,-rf r,|ioit:ocl foi 2,3,7.8-TCDD .ind some PCRs w.is in the 

r.,n(;..- 1 10' LO 111', 0;it=ide of Ui i .•; r.iin, i nt eiiict. i ve ct tect.s- were ncglectible or not 

ob.'ierved uilhiii ihe preseiil Tr.O conci.'i.i. noiiline.ir interactive effcct.s can no; be considered 

as il.s principle is Imseii solely on additivity. In addition, the n.irrow concentration range, 

wliich is apparently a ptei oqiii .s i t e for antagoiii.sm or synergism creates an additional 

complication for the human risk assessment. 

Although interactive effects were reported with dosage ratios in the range 1 " Iff to 10*. the 

ratio preijent in the target organ.s, e.g. thymus or liver, was not reported. In addition, 

interactive studies were done only with a single or few repetitive doses. Kffecls were 

usually observed a short time period after adminstration. e.g. 7 to K days. 

Upon chronic administration of a combination of two corapounds with distinctly different 

kinetics, we have to face a completely different situation, [f we assurae that interactions in 

the target organ require a similar ratio as for intake, it can easily be illustrated, that 

the ratio for such two congeners 

vill change rapidly. This effect T î/o year interactive rat study 
i s i l l u s t r a t e d in f i g 2 . i n w h i c h (̂  ^g yCDD + 1 0 0 0 Rg HxCB) 
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toxicokinetic parameters were 

appl ied (2,8). Thi .<; semircal i.<:;r i c 

simulation clearly illustrates, 

that the original ratio is not 

maintained but changes rapidly. As 

a result the interactive effects, 

occuring only in distinct 

"windows". might be Important only 

within a certain period. 

in view of this considerations and 

the very limited data presently 

available, it is premature to 2,4,5.2 

incorporate such possible effects 

in the risk evaluations. 
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Simulated chronic study wich 2,3.7.8-TCDD and 
.4',5'-MxCB in rats. 

USING THE TEQ CONCEPT FOR HUMAN INTAKE 

At present the risk assessment for human intake of these compounds is calculated by using TEQ 

values for the different PCDD and PCDF congeners. Calculations are based on additivity 

without making a discrimination regarding kinetics of the different congeners. This approach 

can partly be justified, as at present only the elimination rate for ?.3.7,8-TCDn in humans 
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i s knov,ii i,'-)). Mow'i'ver. in most are.js oC the world huraan exposure to seme- ct her congf.ner.s. 

G.^. 2 , 3 ,4 , / . fl-i^nCDF and OCDD, is quantitatively and toxicological far more i ::i;)oit.a]H . 

Anini.il c.xpoi i nenLs with othor PCDD/Fs have .shown, that kinetics and me Label ism can di f fer 

suh?;t;if.t:.'il ] V from tl'.rii of 2,3,7,8-TCDD. At. present there are no indicat icr.s that .'similar 

differences might not occur in humans and we can assume that in humans similar differences in 

meiabolisra might bo found depending on the chlorine substitution pattern in the molecule, 

when LhestF di f fcrences in kinetics can be be incl uded in future risk a3 3f-ssment s, the 

toxicological significance of some congeners, e.g. 2,3,4,7,8-PnCDF, relative to 2,3,7,8-TCDD 

Dtight drastically change. Unfortunately these phenomena can never be included in the present 

TEQ concept, as present values were derived from experiraents in which kinetics and metabolism 

played only a minor role. 

HOU TO IMPROVE THE TEQ CONCEPT IN THE FUTURE 

As we ha\e i rmstrated above the present TEQ concept suffers from a number of serious 

drawbacks, originating from the fact that in the present approach kinetics and metabolism are 

not at all considered. Ue believe that the present TEQ approach must gradually be replaced by 

a new system, in whi ch bi ologi cal response and kinetics should be the t wo fundamental pilars, 

TEQ values for biological responses can presently be obtained from in vitro assays or in vivo 

short term experiments. Kinetics can be included in this new approach by using computer 

modelling, calculating either target organ concentration or burden. The combination of the 

biological response factor and target organ concentration/burden will then be a more 

realistic approach for the human risk assessment. This dual approach is also a better 

approach to indicate possible nonlinear interactive effects between PCDD/Fs and PCBs. To 

realize this approach for risk assessment additional huraan data are necessaiy. Furthermore, 

animal data liave to be re-evaluated to obtain toxicological, associated biochemical and 

toxicokinetic data relative to 2,3,7,8-TCDD. 
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