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INTRODUCTION

*Diaxins” are modern (X 1989). The name is known to almost every citizen and almost no day passes on
which there is no mention of substances in newspapers and journals. Despite the popularity of these
substances there are not too many scientists who are competently able to judge the possible adverse health
effects induced by these substances and even fewer can do so on the basis of extended, personal experience.

While the general principles of pharmacology and toxicology, e.g. dose-effect relationships, also apply for
theseclass«gsofsubstancesthcrescemto a nomber of special aspects which are not that easily

It is impossible to give a detailed overview on the toxicity of PHDDs Fs in this brief glr&senmﬁon,but
a comprehensive compilation of the most relevant data has recently been published, including an extensive
citation of the Literature (WHO 1989). Some of the jal features of the toxicity of polyhalogenated
dibenzo-p-dioxins and dibenzofurans will be discussed The following aspects will be included:
Seloction of the sub with high toxicological sigaif
‘What docs “toxic' mean with relevance 1o man ?
Taxicity of kigh doscs vs. biological effects of bow doses;
Toxicokinetic characteristics of PCDDs/PCDFs;
Concept of no-observed-adverse-cffect: jion (NOAEC) or: Basing toxicity on the corresponding body burden;
Is the toxicity of PCDDs/PCDFs receptor-mediated 7
Some special aspects on the toxicity of PCDDs/PCDFs

Problem of increase of tumor incidence,

Some remarks on possible dioxin-induced toxic effects in man.

L. Selection of the substances with hi; tuxin;lﬁlcalsigﬂnmoe

Numerous Lﬁ:lyhalogmted dibenzo-p-dioxins dibenzofurans may be formed and many have been
bominated congenem ey oy From the rasect haloataatos confoncrs, aomtasming chlorint 3ad bromine
0! congeners may exist. From the mi eners, containing chlorine romine
inthcsamcmonf:ade,scverallhousandsubstanccsarctbeorc‘ possible. At first glance it, therefore,
may secm a hopeless task to discuss the taxicity of all these substances. Fortunately, not all of them seem to
occur in the environment, and even more important: not all of them have the same toxicological

significance.

Besides the dose, pharmacological and toxic effects always depend on kinetic as well as dynamic aspects of
the substance in question. Therefore, these characteristics are also the crucial ones when atempting to
evaluate the possible toxicological significance of PHDDs/PHDFs.

ABBREVIATIONS
TCDD = 23,78 Tetrachlorodibenzo-p-dioxin;
TBDD = 2378 Tetrabromodibenzo-p-dioxing
PCDDs/PCDFs = Polychlorinated dibeuzo-p-dioxins and dibcnzofurans;
PHDDs/PHDFs = Polyhalogenated dibenzo-p-dicxins and dibenzofurans;
EROD = O-decthylase

From the large number of congeners those are of special interest:

- which are persistent in the environment and accuroulate in the mammalian organism,
- which have 2 high toxic potency, and

- towhich a significant exposure occurs.
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For various reasons these arc the 2,3,7,8-substituted congeners. The non-2,3,7,8-substituted congeners
largely do not persist in the mammalian organism (Abraham et al. 1989; Neubert et al. 1990a) and do not
lead to accumulation. Furthermore, they exhibit 2 much lower biological potency than the 2,3,7,8
substitoted isomers. Therefore, for practical toxicological considerations the relevant number of congeners
is most often reduced to only about 10% or less (namely the 2,3,7,8-substituted onmes) of agll the
polychlorinated and polybrominated substances in a mixture.

2.  What does “toxic® mean with relevance toman ?

As is the case with many medical idioms, the term "toxic™ is difficult to define and may be misleading to the
Ia With relevance to man “toxic™ refers to effects adverse to human health, and therefore,
scientifically it cannot be associated with a substance but only with a dose or an extent of exposure. Adverse
hezlth effect means clearly demonstrable subjective or objective signs of distress or dysfunction of the
mammalian (and preferrentially human) organism.

When a pronounced adverse health effect results from the action of a substance it is to agree that this
is toxic. However, as is well-known to every medically-trained person, a broad borderline or “gray” 2one
exists in which an adverse cffect may be relative. The effect of a thyreostatic drug is, e.g, considered
"beneficial’ when given as a medication to a patient with hyperthyreoidism, but a thyreostatic effect will be
considered "adverse” if produced by a sufficent exposure to a herbicide. A similar sitvation exists when
attempting to define adverse effects of, ¢.g,, atropin at therapeutic doses. We have to accept that not every
biological effect of a substance can be called "toxic", ic adverse to human health. gtherwisc every
pharmacological and biological action would be toxic.

Such an example is the induction of hepatic monooxygenase activities caused by many drugs and
envimnmentaf chemim]s.% also clearly a bl%logiml effect caused by the substance, but it can, asgssuch,
not be considered “toxic”, especially not if the enzyme activity is only slightly altered.

For environmental pollutants without any benefit to man the level of an acceptable exposure may be
different: not only exposures leading to clearly “adverse” health effects, but already those inducing any
detectable biological action in man, may be considered undesirabie or unacceptable.

Furthermore, it is often not recognized that quite a different problem exists when:

- possible adverse health effects after an exposure are to be medically evaluated, or

- relevant exposures of a m‘;’n are to be prevented as a precautionary (often purely political)
measure (e.g. by defining safe dose levels®).

3. Toxicity of high doses vs. biological effects of low doses

It is difficult to briefly summarize the various biological and toxic effects of PCDDs/PCDFs as evaluated in
different species. Therefore, the following considerations should mainly refer to effects as observed in
rodcqwt?l,l%se t.hedl:m—smdied species. Some comparisons with effects seen in non-human primates and in
man made.

Effects which may be considered clearly toxic, such as weight loss er involution, may be triggered by
TCDD in susceptible species at single doses of the lower wt-range (cf. Iab{g_l) ﬁss dose
range has so far been preferred in the majority of studies with D. dose level is about three orders
of magnitude higher than the doses capable of triggering just detectable hepatic enzyme inductions.

No data are available on more subtle but dear-cut toxic effects of TCDD at lower doses (hundreds of

body wt). In this respect the behaviour of PCDDs/PCDFs very much resembles that of many other

ggs orinated substances, such as DDT, HCHs and PCBs, for which also a wide span exists between the
t detectable biological effects and the occurrence of clearly toxic symptoms.

As mentioned before, all of these substances have the potency to induce hepatic monooxygenases (at least
in experimental animals). With the most potent Ds Fs this enzYme induction may be just
detectable in rodents subsequent to dosing in the lower ng/kg-body wi-range, leading to additional hepatic
tissue concentrations in the lower ppt-range. Similar results have been obtained in non-human primates
(Knidger et al. 1990; Schulz-Schalge et al. 1990b). At this dose- and concentration-range no obvious “toxic®
effects are detectable.

The phenomenon of enzyme induction of hepatic monooxygenases is demonstrable for many classes of

lglga.lt)ﬁenated aromatic_substances with one or more ring systems. Such substances include: DDT,
ﬁ’ CB, PCBs and PCDDs/PCDFs. These substances are very lipophilic and most of them are
persistent in the mammalian organism. Therefore, when brought into the environment they will persist for
many decades and will, after some time, be ubiquitously present, also (mostly in the adipose tissue) in man.
This is the main reason for toxicological concern with respect to these classes of chemicals.
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Some special aspects of toxicity will be discassed in chapier 7,

_ Table 1: Eﬂuuanmrudaner:sﬁuﬂedmenf1!ﬂDDlnnuknu

. 3 T
e = ] mmeE
rnotoncy rat > 100 nergbodymt
h Py >
myelotoxicity mouse 1,000 ng/kg body wt
liver enlargement rat > 1,000 ng/kg body wt
liver i rat > 1,000 ng/kg body wt
e = HmMmnew
EROD induction, liver rat 1-3nykgwm
Abraham et al. 1988)
Cbnj:oﬁ;;{:uzcﬁ:?mmmmn;gzg(zg 3 subseguent to:
E:gvn about 800 ppt
1000 ng/kg body wt about 2000 ppt

eqx:un:nnﬂsmmh:sumﬁqucﬂmnthecumnalahnnpunnof2£h7;9113D[)s > 80% if the substance
is apphed nla freely available form (Poiger and Schiarter 1980). Such a high rate oilqnake s not
5 nt to an oral administration for some of the other congeners, especially aot for the

Intevestingly, it is nuuonab? well-established that very similar maxinmm tissoe concentrations are
obtained in different (including nnuo after single uuxknnab high doses of TtﬂND
UumahmmetaL19&&19&?Phqyrand$dmnwxl

With the of 23,78-TCDF and 1,23,78-PSCDF all the 23,7,8-substituted PCDDs/
P(J)FSanfgzggg:nln mammalian pmmﬂﬂy chunnanonhmﬂﬂnmsznqywmy speuesand
the different ¢ Thspgﬁﬂzmx,g

i exposure will qnunnaﬂwﬂyhnd pnnuxux:d
cnces, and modifications in the dosing schedule are required whe eF
fects among species after muiti domng.Along4ennconnmmmdaﬂydosc:nthenn ng
body wt may correspound to daily 10 pg TCDD/kg body wt in man under
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(which are, of course, reached much earlier in the rat). These differences must be taken into consideration
in the experimental design and for a risk assessment.

In the case of 2,3,7,8-TCDD such a maximum accumulation (at steady-state) is expected
(with the assumed half-lives in paranthesis) for:

- therat t/2 = 3 weeks, Rose et al. 197t at the 30 fold
- Callishrix t/2 = 10 weeks, Neubert et al. 1990a at the 100 -fold
- man t/2= Tyears, Poigerand Schiatter 1986 atthe 3700 -fold

of the same single daily dose. Consequently, in man a single dose of, e.g., about 4 ng TCDD/kg body wt
should result in the same body burden as a Jong-term daily exposure to 1 pg/kg body wt at the steady-state.

S.  Concept of NOAEC or: Basing toxicity on the corresponding body burden

When the elimination half-life of a given substance is very different in the experimental species and in man,
in all pharrnaoolo%iml and toxicological considerations comparisons of effects and extrapolations between
species should no onBe;r be artempted on the basis of dose levels. This also aj B]ies for any extrapolation of
taxic effects of PCDDs/PCDFs between species. The kinetic aspects of Ds/PCDF's are now rather
well-known in several species, including the rat and some non-human primates, and tissue concentrations
have been assessed to some extent in man. Thercfore, a comparison of effects between ies should
rather be performed on the basis of tissue concentrations. In this way even large species differences in
kinetics may be compensated for. Remaining species differences will then solely be due to variations in the
susceptibility of various species to the action of the substance at the cellular level.

On the basis of no-observed-adverse-effect-concentrations (NOAEC), preferentially in target tissue, a
much better risk assessment may be achieved, Some NOAEC may be derived from the data compiled in
Table 2. According to the data of Kociba et al, &](9)78) and of Pitot et al. (1987) the NOAEC D) for
the induction of liver adenomas would be > 1,000 ppt in the ta.rilet tissue. If every biological (not toxic)
effect is considered (e.g. induction of hepatic EROD activity) the NOEC (TCDD) would be 5 to 10 ppt in
the female rat (Abraham et al. 1988), and only slightly higher values were found in marmosets (Kriiger et
al. 1990; Neubert ¢ al. 1990a). This concept will be more extensively discussed elsewhere (Neubert 1990).

6. Is the toxicity of PCDDs/PCDFs tor-mediated ?
Several years ago Poland and Glover (1980) put forth the hypothesis that the toxic effects of TCDD may be
mediated through stimulation of a defined receptor (TCDD-receptor). The evidence that TCDD reacts in a
hormone-like fashion with a defined receptor has since been substantiated, and there is bardly a pollutant
for which this mode of action (binding to the receptor, transport of the complex to the cell nucleus,
interaction with defined DNA sequences, induction of certain biological effects) has been better studied.
However, the crucial question remains whether this well-studied interaction is the only interaction TCDD
exhibits with defined structures and functions of the mammalian organism, and secondly whether the toxic
effects seen at comparatively high doses are the result of such a mechanism. There are still no good
%%nems for such a correlation, and the evidence that all symptoms produced by doses of e.g. > 10 pg
D/kg body wt in the rat are mediated through a TCDD-receptor are still more than meager. However,
it should be remembered that at highly toxic doses of any substance so many processes within an organism
are affected that the mechanisms of action can hardly be evaluated, and generally such analyses are not
even considered worth attempting.

From the information available it is feasible that acute or chronic effects induced by rather low doses
(lower ng/kg-body wt-range), leading to tissue concentrations at the 100- to 1,000-ppt-level, such as
changes in lgmphocytc subpopulations in certain non-human primates or tumor promotion in rodents may
invoive the belp of a TCDD-receptor. Such changes induced by PCDDs/PCDFs resemble hormone actions
in some respects, and the active concentrations are comparable with hormone concentrations and some
doses required to induce well-known effects in man (eg. 500 ng ethinylestradiol/kg body wi is a highly
effective contraceptive dose in women).

7.  Some special aspects on the toxicity of PCDDs/PCDFs .
There are a number of aspects on the toxicity of PHDDs/PHDFs which deserve special attention because
of their possible significance as serious adverse effects, special medical problems, or public concern.

7.1 Problem of increase of tumor incidence .

The present situation with respect to an assessment of a possible carcinogenic potential of PCDDs/PCDFs
is similar to that summarized three years ago (Neubert and Meister 1987). However, some new and
important data must be discussed. It is noteworthy that the histological slides of Kociba et al. (1978) have
;csge)nﬂy been resvaluated and lower tumor incidences were found (Keenan et al. 1990, Dioxin *90, 1:549-
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In studies in rodents {Kociba et al. 1978; NTP 1982) 2.3,7,8-TCDD was doubtlessly able to increase the
incidence of liver tumors (adenomas) at daily doses of 10 ng/kg body wt (carcinoma were yg:‘ly seen at

0
the high and hepatotoxic dose of 100 wt). This ability is shared by many pol enated
substances with aromatic ring systems (I&g Hg{s. HCB, etc.) wh?ch have the city to induce c
monooxygenases and liver growth, This ﬁnomcnon has extensively been studied by the group of Schulte-
Hermann {e.g. Scimlte-Hennann 1974; > mann et al 1983).

All of these substances show a variety of characteristics that distinguish them from the usual initiating
carcinogens. These include:

- as TCDD they do not form adducts with the DNA (Poland and Glover 1979; Randerath et al. 1989),
and they have little, if any, mutagenic potency (epigenetic carcinogenesis);

- they are inducers of hepatic monoaxxgemss and of liver growth in rodents (TCDD is the most
potent one: Kitchin and Woods 1979; Abraham et al. 1988);

- in vitro they show (in malipnant twransformation assays) mo initiating properties, but are potent

“promoters” like TCDD (e.g. Abernethy et al. 1985);

- this “promoting” action of TCDD shows a clearcut threshold (Pitot et al. 1987);
- atlower concentrations “protective” effects against tumor induction were noted (Pitot et al. 1987);

- TCDD exhibits, at the same dose, anticarcinogenic properties against several spontaneous
(endocrine?) tumors (Kociba et al. 1978).

In the studies on tumor promotion (Pitot et al. 1987) a threshold was found at 10 ng TCDD/W per
day. This is a similar NOAEL as was found in the long-term studies (Kociba et al. 1978; ). In
these important studies of Pitot et al. %198‘% the diethylnitrosamine-induced tumor frequency was reduced
at doses of TCDD lower than 10 ng body wt. No initiating activity was found with respect to
appearance of foci in the liver and their growth (volume percentage).

When testing a mixtore of two hexa-chlorinated dibenzodioxins in a long-term carcinogenicity study, only
liver tumors were observed in rats and mice (NTP 1980).

For the reasons mentioned the increase in liver tumor incidence in rodents should be considered a very
special case. Extrapolations of such data with the usual mathematical models assuming no threshold is
certainly unacceptable and without any scientific justification. It is questionable whether this special effect
observed on the odent liver is of any significance for man, at the usual level of exposure of our population.
Primary hepatocellular carcinoma are extremely seldom in the populations of industrial countries.

72 Problem of prenatal toxicity
Data on prenatal toxicity of TCDD have been reviewed before (e.g. Neubert et al. 1990b). Here only a few

aspects will be consi

Teratogenic effects of TCDD (and of other congeners) have only been observed at rather high doses in the
mouse, ially in the form of cleft palates (Courtney and Moare 1971; Neubert and 1972;
Neubert et al. 1973). Recently, the effect of TCDD on palate development was also confirmed in in vitro
studies, and an involvement of EGF receptors and inhibition of programmed cell death were suggested as
possible mechanisms of action (Abbott and Birnbaum 1989).

In several studies in non-buman primates no teratogenic effects wese observed (Allen et al. 1977; McCon-
nell et al. 1978; McNulgt{S1985; lgwlk: and Neubert 1988). However, the data available from rbesus mon-
keys (McNulty 1984, 1985) and marmosets (Krowke and Neubert 1988) suggest that cmb?ofeto-monality
may result from total doses exceeding 1,000 ng TCDD/kg body wi (given over a period of several months
to years). In cases of surviving fetuses tissue concentrations measured were in the range of 6,000 to 10,000
pg TCDD/g adipose tissue (ppt) in the maternal organism.

There has been considerable controversy on a multigeneration study published bynh]d.sunay ctal (1979). The
authors considered a daily dose of 1 ng TCDD/kg body wt as the NOAEL. This was questioned on 2
statistical basis for some minor effects. In our opinion the apparent adverse effects were overinterpreted by
the critic. It is well-known to any experienced investigator minor variations among groups are d to
occur in extremely complex and long-ternmn studies such as the one mentioned. Such deviations from the
controls are normally not considered substance-related (in accordance with the i retation of the
authors). Nevertheless, it seems necessary to repeat the study to solve the controversy. Furthermore, the
study, at that time, had not been coupled with kinetic investigations which would be necessary according to
today’s standard, since considerable variations in tissue concentrations of TCDD are to be expected during
such a study (Krowke 1986).
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No convincing or well-documented data have been presented on malformations induced in man by
PCDDs/PCDFs. However, the predictive value of epidemiologic studies is often overestimated, and it is
cxtremely difficult to detect xenobiotica-induced increases in spontancous incidences of a low magnitude.
Long-term studies on the po'E;dation living in contaminated areas in Seveso had the resolving power 10
exclude a 2-fold increase in the overall rate of malformations and of some important single deviations in
zone A and a 5-fold increase in zones AB, and they did not reveal such adverse effects (Mastroiacovo et al.
1988). Similarly, no significant increase in adverse rcgggducﬁve outcome was found in women living in a
contaminated area in Missouri (Stockbaner et al. 1988). However, of course, a small increase in rare
abnormalities can never be excluded, although this also does not mean that this would be of great medical
significance. In several reports the results of carefully conducted obscrvations have been published on
children of yucheng victims who were heavily exposed to po]&'echlorinated biphenyls and their contaminants
in utero (e.g. Rogan et al 1988). A sigu.igmm delay of dev tal milestones was found, besides
abnormalities of gingiva, pails, teeth and coloured skin. The authors suggested that much of the toxicity
seen may be due at least in part to the contaminating PCDFs.

Table 2: Some effects reported after multiple doses of TCDD in rodents

effect observed:
no slight  pronounced
ng/kg body wt. per day

TCDD
Tiver tumors (Kociba et al. 1978)  rat 1 10* 100
multigeneration study ~ (Muwrayetal 1979)  rat 71 10 100
porphyria (Cantoni etal. 1981)  rat 14 143
123678-/123789-H6CDDs
liver tumors ** (NTP 1980) rat 180 360

(NTP 1980) mice 360 715

* no carcinoma;  ** liver tumors only observed;

Corresponding concentrations at steady-state (e.g. Kz;%m et al. 1978) subsequent to:

1 ng/kg body wt (liver,
1 ng/kg wt about 540 ;’;5‘: (a:hp{'ase tissue)
10 ngikg wt about 5,100 ppt (liver)
10 nglkg wt about 1,700 ppt (adipose tissue)
100  ng/kg body wt about 20000 ppt  (lver)
100 ng/kg body wt about 8100 ppt (adipose tissue)

7.3 Problem of possible immunotoxicity

There is no doubt that, e.g. in rodents, relatively high doses of TCDD (> S ug/kg body wt) are able to
interfere with several functions of the immune System, when assessed in several test systems (e.g- Vos 1977;
Vos this meeting). As mentioned before these doses have to be considered highly toxic, also with respect to
other actions. It is much more difficult to answer the question whether signs of immunotaxicity may also be
detectable at rather low levels of TCDD (i.e. at the hundreds of ppt level in major organs, or subsequent to
single doses in the ng/kg-body wt-range). No data have been reported o allergic reactions caused by

D. Much more immunological information is required in expenmental animals and man.

There are only two reports in the literature on possible effects of Jow doses of TCDD on functions of the
immune systen. It is questionable whether the effects observed must be considered adverse health effects,
rather than a biological variation. The first clue for a possible effect of TCDD was reported by Clark et al.
(1981; 1983) in an in vitro/in vivo sfvstcm after wreatment of mice with multiple doses of 4 ng TCDD/kg
body wt, or even lower. Unfortunately. this finding has not been confirmed in another laboratory.

The second report comes from our group. Administering single doses (s.c.) of TCDD to a non-human
Enmate (Callithrix jacchus) and analysing peripheral venous lymphocytes with monoclonal antibodies and

low %):xzeuy ACScan-technique) we could demonstrate a reduction in the percentage of the
CD4* *(T cell-) subpopulation and in the CD20* (B cell-) population subsequent to doses as low as
10 ng TCDD/kg body wt (Neubert et al. 1989; 1990e). No significant effect was secn following a dose of 3
:ﬁj %IDD/kg body wt. Although the *helper-inducer” subpopulation affected (CD4* CDw29*), which have
been designated as "memory cells”, may play an important role in immunological processes, again, the
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medical significance of such a change in the percentage of lymphocyte subpopulations is questionable.
However, it certainly is a biological \%ariation induced by an exiremely low dose of TCDD. ’l%e Kglphqﬁc
system as well as the bone marrow of this non-human primate seems to be especially sensitive to the action
of TCDD, since a single dose of 1,000 ng/kg body wt proved to be generally haematotoxic.

Further in vitro studies revealed that in addition to the well-known effect on the thymus (Greenlee et al
1985), also a direct effect of TCDD on peripheral lymphocytes is feasible (mixed culture). Such
an effect may be observed in vitro with concentrations as low as 10 to 10 M {(Neubert et al.
1990d). Again cells with the epitopes: CD4*CDw29* and CD 20* were predominanily affected. This
correlated with a reduction of the number of cells developing IgG lambda and kappa chains on their
surface during culturing. Human lymphocytes exhibited the same susceptibility to this & vitro action of
TCDD as corresponding cells from marmosets.

There is no convincing evidence for effects on the immune system by TCDD in man (e.g. studies in Seveso;
Hoffman et al. 1986; Evans et al. 1988), but the monitoring has not been performed up till now with
modern and sensitive techniques. In yucheng victims with a combined exposure to s and PCDFs
changes in some functions of the immune system have been reported.

8.  Data on some other polyhalogenated dibenzo-p-dioxins and dibenzofaraus

No lengthy consideration will be given to the problem of "TCDD-toxic-equivalency” factors since these
aspects have been discussed before (Neubert et al. 1990c). However, it should be remembered that TE-
factors represent no more than p?ﬁg?ﬁc means for regulato:i purposes, and they have even been included
in the laws of some countries. ir scientific value and their significance for a specific medical risk
assessment is very small, if at all existent. This is derived from the fact that comparisans of various effects
of several substances between different species may only be astempted when dose-response curves are
available and pharmacokinetic varizbles are known. Since there are good indications that such dose-
response curves will not run el in the case of PCDDs/PCDFs, different "TE" ratios are bound to
result for a given congener various biological end%%ts, different species and different dose es
(low vs. high doses) are considered. For this reason factors must scientifically remain unjusti
compromises. Up tll now, no data have been presented for the multiple dose-response relationships
mentioned even for a single pair of substances from these classes.

In this short overview it is impossible to discuss the toxicities and toxicokinetics of all of the remaini
PCDDs/PCDFs. Among othets, work from the laboratories of Poiger and Schiatter, from Birnbaom,
from our own group have largely contributed to compiling information in this field. Furthermore, the area
is even more extended since some co-planar PCBs (as also discussed in this meeting) scem to exhibit
similar toxic properties as the “dioxins®.

Besides TCDD, 2,3,7,8-TCDF has been rather well studied in rodents and non-human primates. Recentlya
controversy has arisen on the toxicity of OCDD. This congener, occurring at co! ively
concentrations in human fat, had so far been assumed to it 2 very low toxicity, and a toxia
equivalency factor of 1/1000 of that of TCDD was assigned. Data on rais from Couture et al. (1988
obtained in the hj ect-m% might suggest a somewhat higher toxicity of OCDD than anticipated A
toxicity between 1 to 1/1000 as compared with OCDD is suggested from recent studies of Poiger and
Schiatter (1990, this meeting). However, our own studies on the hepatic EROD induction in the same
species at the low-effect-range suggest an at least 1/1000 lower potency of OCDD than TCDD when
compared on the basis of tissue {evels (Golor et al. 1990; Neubert et al. 1990c).

While abundant toxicological and kinetic data on PCDDs/PCDFs have been g;blishcd, al not to the
same extent for all of the congeners, information on the toxicity of ather PHDDs/ PHDFs is scarce.

Some data have become available from a 90-day toxicity smdy with 2,3,7,8-TBrDD (L8ser and Ivens 1989)
in Wistar rats, suggesting a 3- to 10-fold lower toxicity when compared to TCDD, but with symptoms
comparable to those known from the action of TCDD. The LD, seemed to be between 3 and 10 ug/kg
body wt, and only daily doses of 100 ng/kg or less did not lead to a reduced weight gain or a clear-cut
reduction of the relative thymus weight. Triiodothyronine and thyroxine levels in serum increased and
decreased correspondingly subsequent to daily doses of > 10 ng/kg body wt. Since up till now no data on
the pharmacokinetics have been reBortcd. it can presently not be ruled out that the proposed difference in
potency between TBrDD and TCDD may be due to differences in absorption.

Studies on the potency of induction of hepatic EROD activity in rats cSNagao ct al. 1990a) subsequent to
low subcutaneous doses of TBrDD (< 1 ug/kg body wt), and of the cleft palate-inducin; _lpotcncy of this
brominated congener 0 et al. 1990b) point to a rather similar potency of TBrDD and TCDD. In all of
these studies with single doses no higher potency of the brominated congener was found on a molar basis,
but the kinetics seem to be different, Le. the brominated congener was more persistent in adipose tissue.
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Recently preliminary data have become available (Schulz-Schalge et al. 1990a) on the potency of mixed-
halogenated congeners, i.c. those containing chlorine and bromine in the same molecule, to induce hepatic
ER%)gD activity.ngubsequcm to a single dose none of the three tested 2,3,7,8-tetra-halogenated congeners
was more active than 2,3,7,8-TCDD on a molar basis. Similarg. nonc of the tested tetra-halogenated
congeners was more active than TCDD in vitro in inducing EROD activity in hepatocytes (Blankenburg et
al. 1990). However, no data on the kinetic behaviour or tissue distribution are yet available.

9.  Some remarks on possible dioxin-induced toxic effects in man

The major difficulty in assessin; ﬁssiblc toxic effects induced by TCDD and its congeners in man has long
been a reasonable definition o exposure. Most often only an exposure against herbicides, pesticides or
industrial chemicals (possibly contaminated by PCDDs/PCDFs) has been documented. Although the
extent of exposure to PCDDs/PCDFs (if any) was impossible to judge, conclusions with respect to toxic
effects hypothesized to be induced by just these substances were drawn. This includes studies on a possible
causal relationship between such ill-defined exposures (e.g. of farm or industrial workcrs? and an increased
tumor incidence, and such reports have largely complicated an assessment of possible toxic effects by
TCDD and similar substances when (some often questionable) correlations were reported. Such results
from ill-defined mixed exposures will only allow some conclusions with respect to dioxins when a “negative”
outcome is found. Otherwise it can only be concluded that farmers or industrial workers exposed to a
variety of chemicals show a rate of abnormality different from that of a control population, which often
may not even be directly comparable. Therefore, at today’s scientific standard no epidemiological studies
should be performed without an attempt to define the type and quantity of exposure to PCDDs/PCDFs, or
no conclusions with respect to ible effects of “dioxins” should be drawn from such studies. Furthermore,
grant-giving institutions should {ake care that a proper peer review of the protocols and an accompanying
expert group is at hand to avoid the recently created data cemeteries and false claims ia this area, e.g.
recently established in Germany, and to avoid the wasting of tax money.

Table 3: Comparison of effects induced by TCDD in animals and reported in man

in animals in man
hyperkeratosis in monkeys, hairless mice i
monooxygenase induction little evidence
liver damage at very high doses at very high exposures ?
porphyria at very high doses little evidence
hypacbol‘;éilmeﬁnnemia little ev&dence typical symptom ?
neuro symptoms no evidence ical symptom ?,
behavioural symptoms no evidence typical symptom ?,
immunological effects at high doses little, if any, evidence
malformations only In mice no convincing evidence
at very high doges
liver tumors in rats and mice little evidence

other tumors with TCDD at high doses 7* little evidence
* oot with bexa-chlorinated CDDs '

A comparison of some of the symptoms reported in man and effects observed in rodents is given in Table 3.

Most epidemiologic medical studies conducted so far in this field also suffered from a limited control of
confounding factors and they had a rather limited resolving power. An overview on such studies was m
by Fingerhut et al. (1987). In well-planned, well-conducmd?zwnd well-documented studies little evi

was obtained for an increased rate of tumors in people. Many of these studies did not show a
significant increase in the rate of defined tumors when ared with controls (Zack and Suskind 1980;
Bertazzi et al. 1989; Zober et al. 1990), and it was eondudcg that a cancerogenic risk for man induced by
TCDD even at hciPh exposures ng be expected to be low, if present at all. Further critical studies will be
necessary to decide whether TCDD has any significant cancerogenic potency in man or not.

Thus, there is only little information available on adverse health effects in man observed after a "clean”
exposure to TCDD or similarly defined substances. When evaluating the few examples of a rather defined
exposure, 2 similar situation as discussed for experimental animals seems to exist with respect to man.
Except for extremely high exposures, many orders of magnitude above an exposure of the general
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ulation, very few (if any) clear-cut toxic effects have been reported subsequent to “clean” exposures to
B?DDs/PCDFs. Even at extreme expostires ﬁmx TCDD (like that of some residents in Seveso) clear
symptoms of toxicity (except for cliloracne in children) were absent or at least difficult to recognize. Also
variables of laboratory medicine observed in children over a period of six years were not abnormal, and
confined in some of the cases to r-glulaxg{’louzns{erase and aminotransferase activities inside limits set from
the end of the normal range to slightly above it, and the changes disappeared with time (Mocarelli et al.
1986), and to an apparent increase inurina.ryDﬂumﬁc_addqm_:ﬁonmsomeofﬂu children (Ideo et al.
1982; 1985). Retrospectively, it was found that some of the children with chiforacne had accumulated
concentrations > 10,000 ppt in the fat of blood plasma. These are among the highest concentrations ever
measured in man, and they exceed tissue levels in the normal population by a r of 1,000 to 10,000.
There are many more les of humanswithhighmq)osmcsa%ginsx D, and those mng'm%body
bguégr;ns at the ppb level in the fat without obvious adverse health stfects (e.g. Facchetti et al. 1981; Young
1 3

From these observations i is tempting to conclude that man does not belong to the especially sensitive
ies against TCDD, and uncertainties in diagnosing clear-cut symptoms have been di d (Webb et
1986). These conclusions seem to be in contrast to the Aumerous symptoms described in workers having
been subjected to mixed exposures (including PCDDs/PCDFs) and those of the Yusho and Yucheng cases.
If one is pot willing to assume that some of the PCDFs or higher chlorinated dibenzodioxins possess other
toxic properties than TCDD, many of the symptoms described may ot have been caused by TCDD
(alone), but by other chemicals present in the exposure mixtures. However, special susceptibilites of some
individpals towards TCDD cannot be excluded at present.

It has become modern among some self-elected demagogic "experts” in our oountry (for definition of an
“expent” of. Hutzinger, 1989) and irresponsible journalists to deli rately spread wrong information and to
relate all kinds of observations or even claimed adverse effects (such as all types of cancer, birth defects,
allergies, etc.) which occur in a given area to “dioxins", if such substances have been detected at any level in
the larger surroundings. For some mle “dioxins” have taken up the position of the devil from the middle
es. It is often forgotten that any kind of toxicity is a matter oF dose or extent of cxgosurc. One wonders
whether more adverse effects have been induced in our population by the 10ld or published horror stories
than directly resuit from PCDDs/PCDFs. There is no doubt that pollutants such as PCDDs/PCDFs, which
have no usefulness, have to be removed from the environment as much as ie. However, in the long
nin 10 benefit will result from exaggerations and faise claims since they will prevent these pollutants from
being given their rightful place among toxic substances and their due consideration in our environment,
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