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INTRODUCTION 

TMoxins'' are modem (X 1989). The name is Imown to almost eveiy citizen and almost no day passes on 
whidi there is no mention of these suttstances in newspapers and journals. Despite the populari^ of these 
sut>stances there are not too many scientists who are conqietentfy able to judge tbe possble adverse healtii 
effects induced by these substances and even fewer can do so on the basis of extended, personal ezperienoe. 

While the general principles of pharmacology and toxicology, e.g. dose-effect relationships, also ^>pty for 
these classes of substances there seem to^ie a nmnber of ^>ecial aspects which are not that easily 
understood. 

It is impossible to give a detailed overview on the toxidty of PHDDs/PHDFs in this brief presentation, but 
a comprehensive compilation of tbe most relevant data has recently been published, induding an extensive 
dtan'on of the h'teralure (WHO 19891 Some of the spedal features or the toxidty of poljiialogenated 
dibe•zoj^diQxins and dibenzofurans wffl be discussed. The foUowing aspects will be inchided: 

Selectioa of the substances nith high toxicology sgnificance; 
What docs tcod^ mean with idevance to man 7 
Toxicity of high doses vs. biological efi&cts of bnr doses; 
TcadCDkinc& chancteristkx of FCDDs/FCDFs; 
Concept of oo-observed-ad'reisc-ellcct-concciitiation (NOAEQ o r Basing tcmdty on the corrcspoadhig body barden; 
Is the tondty o( PCDDs/PCDFs Rnptor-mnSateil 7 
Some qicdal aspects w tbc toxidty of PCDDs/PCDFs 

Pl uUmi of increase of tmnorinridmm, 
FroUem of prenatal tomdty. 
Problem of possible Tmninnntnaridty; 

Data on other polyhalogenated dS)eazoj>.<liazitts and dHienznIinans; 
Some rcffiarks on possible dioxin-iDducsd toodc effects in man. 

L SdecUon ofthe sabstaares with h i A tarieoltttjcal rignlficance 
Numerous polyfaalogeiiated dibeDZO-^>-£oziiis and dibenzofniaiis m ^ be formed and many have been 
found in the environment Besides the 210 possible diloiinated substances, the same nuniber ot 
brominated congeners may exist From the mixetf halogenated congeneis, containing chlorine and biondne 
in the same molecule, several thousand substances are theoreticaUy possible. At first glance it, tbere&re, 
may seem a hopeless task to discuss the toxidty of aU these substances. Fbitimatety, not aU of them seem to 
occur in tbe enviionmeiit and even more important: not aH of them hsve the same toxictdogical 
si^iificance. 

Besides the dose, pharmacological and toodc effects always depend on Unetk as well as dynamic aspects of 
the substance in tjuestioiL Therefore, these characteristics are also fhe ciudal ones when attemptiiig to 
evaluate the possible toxicological significance of PHDDs/PHDFs. 

ABBSEWmOSS 

TCDD - 2;3,7,g-TeliacUoraiSbcii2i>j>-<£cmn; 
TBiOO - 23,7,S-Tctnhn»>odibeszi>f>.<Bami; 
FCDDs/FCDFs = PolydiliiriBrtfd dacnzo^Mlioiias aod laenzofinaas; 
PHm^FHD{% - Pol)<nliHi • Ml ll dibeig<>p-dioBiBS and djimaifutans; 
EROD - EdxayreioniEn O-dccthybse 

From the large number of congeners those are of special interest: 
which aie peisistem in the environment and accumulate in the mammalian organism, 
which have a h i ^ toxic potency, and 
to whidi a significant exposure occurs. 
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For various reasons these are the 23,7,8-substituted congeneis. The non-23,7,8-substituted congeners 
largely do not persist in tiie mammalian organism (Abraham et al. 1989; Neubert et aL 1990a) and oo not 
lead to accumulatioa Furthermore, they exhibit a much lower biological potency than the 2,3,7,8-
substituted isomers. Therefore, for practical toxicological considerations the relevant numtier of congeners 
is most often reduced to only about 10% or less (namely tiie 23,7,8-substituted ones) of sQl the 
polychlorinated and polybromihated substances in a mixture. 

2. What does "tantf mean with lelerance to mas ? . . . 
As is the case with many medical idioms, the term 'toxic" is difficult to define and may be misleading to the 
layman. With relevance to man 'toxic" refers to effects adverse to human health, and therefore, 
scientificaUy it cannot be assodated with a substance but only with a dose or an extent of exposure. Adverse 
he^th effect means clearly demonstrable subjective or d})ective signs of distress or dysfunction of the 
mammalian (and preferrentially human) organism. 

When a pronoimced adveise health effect results from the action of a sulistance it is e a ^ to agree tbat this 
is toodc However, as is well-known to eveiy medicaUy-tiained person, a broad borderUne or "gray^ zone 
exists in which an adveise effect may be relative. The effect of a tfayreostatic dmg is, e.g., considered 
'benefidaT' when given as a medicatioa to a patient with hyperthyieoidism, but a tbyreostatic effect wiii be 
considered 'adverse" if produced by a suffiaem e:q>osure to a herbidde. A similar situation exists when 
atti^mjiting to define adverse effects of̂  e.g., atropin at therapeutic doses. We have to accept that not every 
biological effect of a substance can be called 'toxic*, l e adveise to human health. Otherwise eveiy 
pharmacological and biological action would be toxic 

Such an example is the e i ^ m e induction of hepatic monoo^qrgenase activities caused by many drugs and 
environmentafchemicals. This is also dearly a biological effect caused by the substance, but it t~"i, as such, 
not be considered ^oiic ' , espedally not if the enzyme activity is only slightly altered 

For environmental pollutants without aiiy benefit to man the level of an acceptable e:q>osure may be 
different- not only exptKures leading to deariy 'adveise' health effects, tmt already those indudng any 
detectable biological action in man, may be considered undesirabie or unacceptable. 

Furthermore, it is often not recognized tbat quite a different problem exists whem 
possible adveise health effects after an eiqxisure are to tie medically evaluated, or 
relevant exposures of a population are to be prevented as a precautionary (often purely political) 
measure (eg. by defining Virtually safe dose levels'). 

3. Toxidty ofhigh doses vs. biological effects of Knr doses 
It is difficult to briefly summarize the various biological and toxic effects of PCDDs/PCDFs as evaluated in 
different spedes. Therefore, the fcdlowing considerations should mainly refer to eSecls as observed in 
rodents, as the best-smdied spedes. Some conq>arisons with effects seen m non-human primates and m 
man will be made. 

Effects which may be considered dearly toxic, such as weight loss or thymus involution, may be triggered l>y 
TCDD in susceptible spedes at s i n ^ doses of the lower |ig/kg*oOTwt-range (ct Table 11. This dose 
range has so far been preferred in the majority of studies with T C J D D . The dose level is about three orders 
of magnitude higher than the doses capable of triggering just detectable hepatic enzyme inductions. 

No dala are available on more subtle but dear-cut toxic effects of TCDD at lower doses (hundreds of 
ng/kg body wt). In this respect tbe behaviour of PCDDs/PCDFs veiy much resembles that of many otber 
poiydilorinated substances, such as DDT, HCHs and PCBs, for whicn also a wide span exists between the 
fiist detectable biological effects and the ocourence of clearly toxic symptoms. 

As mentioned before, all of these substances have tbe p o t e n n t o induce hepatic monooxygenases (at least 
in experimental animals). With the most potent P(JDDs/PCDFs this enzyme induction may be just 
detectable in rodents subsequent to dosing m the lower ng/kg-body wt-range, leading to additional he|»tic 
tissue concentrations in the lower ppt-range. Similar results have been obtained in non-human primates 
(Kriiger et aL 1990; Schulz-Schalge et al. 1990b). At this dose- and concentration-range no obvious 'toric" 
e&cts are detectable. 

Tbe phenomenon of enzyme induction of hepatic monooxygenases is demonsuable for many dasses of 
polyfaalcwenated aiomaiic substances with one or more ring systems. Such substances include: DDT, 
HtJHs, HCB, PCBs and PCDDs/PtnJFs. These substances are veiy lipophilic and most of them are 
persistent in the mammalian organism. Therefore, when brought into the enviromnent they will persist for 
many decades and wiU, after some time, be ubiquitously present also (mostiy in tbe adipose tissue) in maa 
Tbis is the main reason for toxicological concem with respect to these classes of chemicals. 
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Some special aspects of togddty will l>e discessed in diapCer 7. 

"bUel: E;Biects reported alter a s i a ^ dose oTTCDD in rodents 
lOjOOO hg/tebodywt 
ICDOO i ^ ^ b o d ^ w t 
LOOO i«/kgbodywt 
LOOO 1%/kgbodywt 
LOOO ng/kgbodywt 
LOOO ng/)«bodywt 
LOOO ng/kgbocfywt 
LOOO i^/lgbodywt 

£00 ng/kg bodywt 
1-3 i$/kgbo(^wt 

Ce»re^x>ndingmax.concentrnliota (fat) (e.̂ . AbralunneHi. 1988) subsequent to: 
1 ng^bodywt about 3 ppt 

10 qg/kgbodywt about 50 n>t 
300 ng/kgbo(^wt about 800 ppl 

1000 ng/kgbodywt about 2000 ppt 

4. ToxkoUaetie dianKleristfas of FCDDs/FCSF* 
For an assessment of the toxic potenqr d a 'dioocin*, infonnation on kinetic variaUes is essmtiaL and 
prefereiitialiy. data on the target tissue cowsntrations as welL Such kinetic data are radier well-estafaliited 
vat the rat imd reasonable iJata exist for some of the congeneis in nonteman piiuiales (Neubert et aL 
1990a; Hagenmaier etaL 1990). WiiSe in such animals data on tissue distribution and po^ible body bmden 
have been coDected over the p ^ yeais. the knotriedp of kinetic data for man is mnfinr^ to casmstic 
infoimatioiL Since a nmnber ol higluy e:^osed populatKms exist (at least against TCDD) more data may be 
eqtected widiin the neaityeais. 

Many experimental studies iu&cate tbat the enteral abs(»ption of 2:3>7.8-TCDD is > 80% ff the substance 
is applied in a freely availidde form (Poiger and Schtanrr 1980). Sodi a t d ^ rate of n]rtake is not 
msntnteed subsequent to an tirai adiiiinrUialitm for some of the otiier rtwip-Tn-rr̂  e^pedaOy not for tbe 
higl̂ F-faakieBnated noes. 

As a ctmsetpencr of this, exposure to a mixtme ttS. PCDDs/PCU^s thnm^ die oral route may be rn'rctf^ 
to lead to an uptake into die tMganismiriiich is liot idfntifal with ifaeconiposilkm of die emBsarenmaiire, 
tbe tetra- and peola-cfaltninated PCDDs/PCDFs being more readily absorbed (Hagemnaier et aL 1990). 
AMious^ sfdid data are stifl lacUng such a situatitm imqr also be ei^ected in man, eg. for an exposure via 
mothers milk. Sodi a diSerantiated behavioiir is migp^i"^ foam £tui£es in monkeys (Hagenmaier et aL 
1990). TbaeSotc, it is Hkely that tjnmititative differences in die percentage of absoiptitm and consetmently 
in the exteid of contiitmtKm to a biotogical action irill show tsp'vUxa luixliues of FCIS>t/PCI3^«e 
imdiedhydiflei em routes. A hi^ier rate of absoqrtion is, e g , feasible for hghly^iloiiiiatedcomgiieis by 
the pareitteral or die inhahtive route when conqpared widi oral administratiao. Honevn, sodi d&ieiwes 
ire of minor sigmficance wben target cnsan coocentiatiois are monitored dnring experimemal stnifies or 
tbe body burden is assessed in faunun exposures. This, today, is an nhoilinj' gnat for experimental stufies 
and is also cpntepossible when assessing human exposure. Tissue conoentiatitms were not found to vaiy 
gready when TCDD was adnnnistered by different routes, but diSetenoes m local manife^aliaasoftagdc 
effects IIU7 of couise occur with tlifierent types of exposures (skin, lung etc). 

Interesting, it is reasonabhr well-establisbed that very dollar Tnarirmim tissue amcentralioiis are 
obtained m different animal spedes (including man) after angle moderately high doses d TCDD 
(Abraham et aL 19(88; 1989; Poiger and Schlatter 1986). 

Widl die excqition of 23,73-TCDF and possibly 1A3,7,84'5CDF aH die 23,7.»«ibstitnted PCDDs/ 
PCDFs are peisisteot in the mammalian oiganism. Tbe elimination half-lives may vaiy amoqg ̂ ledes and 
the different congeneis. This peisistence, of couise, leads to an accsmidMfam vdien constant doses are ap
plied daily over ]MOlonged pniods. Acconling to sinmle phaimacokinetic rules, a steady-stale situation is 
eimected to occur. Tbis has been confirmed in ammal studies. Because of the ^zi^ differences m tbe rates 
(^elimination anxuK spedes. longterm exposure wiD unantttathejy lead to pronounced spedes iSS^-
ences, and ctmsideiaMe modi&catioos in the dosing schedule are reqiuied when attenqiting to ctmyire ef
fects ainoi% spedes after nailtmle dosing. A long-term constant daily dose in the rat of, eg., 1 ng TCDD/kg 
body wt may correspond to about daily 10 pg TCDD/kg body wt in man under stead^^tate conditMas 
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(which are, of course, reached much earlier in the rat). These differences must be talcen into consideration 
in the experimental design and for a risk assessment 

In the case of 23,7,8-TCDD such a maximum accumulation (at steady-state) is expected 
(with the assumed half-lives in paianthesis) fon 
- the rat (t/2 = 3 weeks. Rose et a l 1976) at the 30 -fold 
- Callishrix (t/2 = 10 weeks, Neubert et a l 1990a) at the 100-fold 
- man (1/2=5 7 years, Poiger and Schlatter 1986) at tiie 3700-fold 
of the same single daily dose. Ctonsequendy, in man a single dose of, e.g., about 4 ng TCDD/kg body wt 
should result in the same body burden as a long-term daily exposure to I pg/kg body wt at the steady-state. 

5. Concept of NOAEC on Basing toxidty on the corresponding body burden 
Wben the elimination half-life of a given substance is veiy different in the experimental spedes and in man, 
in all pharmacological and toxicological considerations conqiarisons of effects and extrapolations between 
spedes should no longer be attempted on the basis of dose levels. Ihis also applies for any extrapolation of 
toxic effects of PCDDs/PCDFs between spedes. The kinetic aspects of PCDDs/PCDFs are now ratiier 
well-known in several spedes, induding the rat and some non-human primates, and tissue concentrations 
have lieen assessed to some extern in man. Therefore, a compaiison of effects between ^ e d e s should 
rather be performed on the liasis of tissue concentrations. In this way even large spedes differences in 
kinetics may be compensated for. Remaining spedes differences will then solely t ^ due to variations in the 
suscepuliility of various spedes to the action ofthe substance at the cellular level 

On tbe basis of no-obseived-adveise-effect-concentrations (NOAEQ, preferentially in target tissue, a 
much better risk assessment may be achieved. Some NOAEC may be derived from tlie data compiled in 
Table 2. According to die data of Kodba et a l (1978) and of Pitot et a l (1987) fhe NOAEC (TcDD) for 
the mduction of hver adenomas would be > 1,000 ppt in the target tissue. If eveiy biologiaU (not toxic) 
effect is considered (e.g. induction of hepatic EROD activity) the NOEC (TCDD) would M S to 10 ppt in 
the female rat (Abraham et a l 1988), and only slighdy higher values were found in marmosets (Kruger et 
a l 1990; Neubert et a l 1990a), This concept will be more extensively discussed elsewhere (Neubert 1990). 

6. Is the toxidty of PCDDs/PCDFs rec^tor-mediated ? 
Several years ago Poland and Glover (1980) put forth the hypothesis that the toxic effects of TCDD may be 
mediated through stimulation ofa denned receptor (TCDEI-receptor). The evidence that TCDD reacts in a 
honnone-like rashion with a defmed receptor has since been substantiated, and theie is hardly a pollutant 
for which this mode of action (binding to tbe receptor, transport of tbe complex to the ceQ mideus, 
interaction with defined DNA sequences, induction of certain biological effects) has been better studied. 
However, the cnidal question remains whether this well-sudied mteiaction is the only interaction TCDD 
exhibits with defined structures and functions of the mammalipp organism, and secondly whether the toxic 
effects seen at comparatively h i ^ doses are the result of such a mechanism. There are still no good 
aimunents for such a correl^on, and the evidence that all symptoms produced by doses of eg . > 10 ^g 
TCDD/kg body wt in the rat are mediated through a TCDE>-receptor are still more than meager. However, 
it should be remembered that at highly toxic doses of any tnt»ctVn<-> so many processes witbin 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 infomiation available it is feasible tbat acute or chronic effects induced by rather low doses 
(lower ng/kg-body wt-iange), leading to tissue concentrations at the 100- to 1,000-ppt-level, such as 
changes m lymphocyte subpopulations in certain non-human primates or tumor promotion in rodents may 
involve the help of a IX^D-ieceptor. Such changes induced Qi PCDDs/PC^Fs resemble hormone actions 
in some respects, and the active concentrations are comparable with hoimone concentrations and some 
doses required to induce well-known effects in man (e.g. SOO ng ethinylestradiol/kg body wt is a highly 
effective contraceptive dose in women). 

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

7.1 Problem of increase of tnnior inddence 
The present situation with respect to an assessment of a possible cardnogenic 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 notewortli^ ihat tbe histologital slides of Kodba et al. (1978) have 
recentiy been reevaluated and lower tumor inddences were found (Keenan et a l 1990, Dioxin "90,1:549-
554). 
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In studies m rodenis (Kodba et al. 1978; NTP 1982) 23,7,8-TCDD was doubtlessly able to mcrease the 
inddence of liver tnmois (adenomas) at daily doses of 10 ng/kg body wt (carcinoma were only seen at 
the high and hepatotoric dose of 1(J0 iw/kg body wt). This abih^ is shared by many polyhalogenated 
substances with aromati'c ring systems (POBs, HCHs, HCB, etc) which have the capadty to induce oepatic 
monooxygenases and liver growth. This jAenomcnon has extensively been studied by the group of Schulte-
HermaiiQ <e.g. Sttedte-Hermann 1974; Sdmhe-Heimann et a l 1983). 

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

as TCDD tiiey do not form adducts wifli flie DNA (Poland and Glover 1979; Randeradi et a l 1989), 
and they have littie, if any, mutagenic potency (epigenetic carcinogenesis); 

they are mducers of hepatic monooxygeiiases and of liver growth in rodents (TCDD is the most 
potem one: Kitchm and Woods 1979; Abraham et a l 1988); 

in vitro they show (in malignant transformation assays) no initiating properties, but are potent 
'promoteis" like TCDD (eg. Abemethy et a l 1985); 

this "promoting action of TCDD shows a dear-cut threshold (Pitot et a l 1987); 

at lower concentrations 'protective* effects against tumor induction were noted (Pitot et a l 1987); 

TCDD exhibits, at the same dose, anticardnogenic properties against several ^xmtaneous 
(endocrine?) tumois (Kodba et a l 1978). 

In the studies on tumor promotion (Pitot et a l 1987) a threshold was found at 10 ng TCDD/kg body wt per 
day. This is a sunilar NOAEL as was found in the long-tenn studies (Kodba et a l 1978; hlTP 1982). In 
these importam smdies of Pitot et a l ( ^ 7 ) the diethylnitrosamine-induced tumor fretjuency was reduced 
at doses of TCDD lower than 10 ng TCDD/k | body wt No initiating activity was found with respect to 
appearance of fod in the liver and their growth (volume percentage). 

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

For the reasons mentioned the increase in liver tumor inddence in rodents should be considered a veiy 
spedal case. Extiapolations of such data with the usual mathematical models ataiming no threshold is 
certainly unacceptable and without air^ sdentific justification. It is questionable whether this qiedal ^ e d 
observed on the rodem liver is of any cigniftraTyy for man, at the usual level of exposure of our population. 
Primaiy hepatocellular carcinoma are extremely seldom in the populations of industrial countries. 

7,2 Problem of prenatal toxidty 
Data on prenatal toxidty of TCDD have been reviewed before (e.g. Neubert et a l 1990b). Here only a few 
aspects win be considered. 

Teratogenic effects of TCDD (and of other congeneis) have only been obseived at rather high doses in the 
mouse, espedallyin the form of deft palates (Oourtney and Moore 1971; Neubert and raimann 1972; 
Neubert et a l 1973). Recendy, tiie effect of TCDD on palate development was also confirmed m in vitro 
studies, and an involvement of E G F receptois and inhibition of programmed cell death were suggested as 
possible mrchanisms of action (Abbott and Birnbaum 1989). 

In several smdies in non-human primates no terattigenic effects were observed (Allen et a l l<r77; McCon
nell et a l 1978; McNulty 1985; Krowke and Neubert 1988). However, the data available from rhesus mon
keys (McNulty 1984.1985) and marmosets (Krondce and Neubert 1988) suggest that embiyc&ttv-mortalily 
may result from total doses exceeding 1,000 ng TCDD/kg body wt ( ^ e n over a period of several mondis 
to years). In cases of survivmg fetuses tissue concentrations measured were m the range erf 6,000 to 10.000 
pg TCDD/g adipose tissue (ppt) m the mateinal oiganism. 

There has been considerable controversy on a multigeneration study published byMurrs^ et a l (1979). The 
authors considered a daily dose of 1 ng TCDD/lcg body wt as the NOAEL This was questioned on a 
statistical basis for some minor effects. In our opinion the apparent adverse effects were overinteipreted by 
the critic It is well-known to any experienced investigator that minor variations among groups aremrand to 
occw in extremely complex and long-teim studies such as the one mentioned Such deviations from the 
controls are normally not considered substance-related (in accordance with the interpretation of the 
authors). Nevertheless, it seems necessaiy to repeat the study to solve the controveisy. Furthermore, the 
smdy. at that time, had not been ompled with kinetic investigations whidi would be necessaiy according to 
todays standard, since considerable variations in tissue concentrations of TCDD are to be expected during 
such a smdy (Krowke 1986). 
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No convincing or wel l -documented da ta have b e e n presented on malformations induced in m a n by 
P C D D s / P C D F s . However , the predictive value of epidemiologic smdies is often overes t imated , a n d it is 
ext remely difficult t o de tec t xenobiotica-induced increases in spontaneous i n d d e n c e s of a low m a g n i m d e . 
Long- t e rm s m d i e s on the popula t ion living in con tamina ted a reas in Seveso had the resolving p o w e r to 
e x d u d e a 2-fold increase in tne overall ra te of malformat ions and of some impor tant single devia t ions in 
zone A a n d a S-fold increase in zones A B , and they did n o t reveal s u d i adverse effects (Mas t ro iacovo et al. 
1988). Similarly, n o significant increase in adverse reproduct ive outcome was found in w o m e n living in a 
c o n t a m i n a t e d a r e a in NC^our i (Stockbauer e t a l 1988). However , of course, a small i nc rease in ra re 
abnormah ' t ies c a n never be exduded , al though this also does not m e a n that this would b e of g r e a t medical 
s i^ i i f icance. I n several repor ts the results of carefully conducted observations have b e e n pub l i shed on 
chi ldren o l yucheng victims w h o were heavily e q i o s e d to polychlorinated biphenyls a n d the i r c o n t a m i n a n t 
in utero (e.g. R o g a n et a l 1988), A significant d e h ^ of developmental miles tones was fbimd, besides 
a b n b r m a h t i e s o f gingiva, nails, tee th and coloured skin. T h e authors suggested tha t much of t h e toxidty 
s een may b e d u e at least in pa r t to t he contaminat ing P C D F s . 

Tab l e 2 : S o m e effects r epor ted after mul t ip le doses of T C D D in rodents 

efliect observed: 
BO slight p rono imced 

n p / k p hodv wt n#^r dav 
TCDD 
liver tumors (Kodbn ci a l 1978) rat 
mul t igenera t ion stucly (Mimiy t i aL 1979) rat 
porphyr ia (OmiomttaL 1981) rat 

123678- /123789-H6CDDS 
liver t u m o r s " (NTT 1980) rat 

(NTP 19S0) mice 

* no carcinoma; •* liver tumors only observed; 

Corrajionding coruxrUrations at steady-state (e.g. Kodba et aL 1978) subsequent to: 
1 ngAgbodvui about 540 ppt (filer) 
1 i^/ligbo^wt about 540 ppt (adiposetissue) 

10 ng/kgbo^wt about 5,100 ppt (Uver) 
10 ng/kgbodywt about 1,700 ppt (adiposetissue) 

100 ng/kgbodyvn about 24,000 ppt (Uver) 
100 rie/kgbody-wt about 8,100 /ipr (appose t i s sue) 

1 3 P r o b l e m of poss ib le immunotoxici ty 
T h e r e is n o d o u b t t h a t e.g. in rodents , relatively high doses of T C D D ( > 5 ; i g A g body wt) a r e ab le to 
m t e r i e r e wi th severa l functions of the immune system, w h e n assessed m several test systems (e.g. V o s 1977; 
Vos this mee t ing ) . A s men t iooed before these doses have to be considered highly toxic, also w i u r e spec t t o 
o t h e r ac t ions . I t is m u d i m o r e difficult to answer the ques t ion whe the r signs of immunotox id ty m a y a lso be 
de tec t ab le a t rather low levels of T C D D (i.e. at the hund reds of pp t l eve fm major organs , or s u t s e q u e n t t o 
single doses m t h e ng /kg-body wt-range) . No da t a have b e e n repor ted on alleigic reac t ions caused by 
T C D D . M u c h m o r e immunological information is l e q u i i e d in exper imental animals a n d man 

T h e r e a r e only two repor t s in t he l i terature on possible effects of low doses of T C D D on funct ions of the 
i m m u n e s y s t e m It is ques t ionable wheUier the effects obse ived must be considered adve i se hea l t h effects, 
r a the r t h a n a b i o l o ^ c a l v a r i a t i o a T h e first d u e for a possible e f f ed of T C D D was repor ted by Q a r k et al. 
( 1981 ; 1983) in a n in vitrofin vivo system afler t r e a tmen t o f mice wi th mult iple doses of 4 n g T C D D / k g 
body w t o r even lower . Unfor tunately , this finding has not b e e n confirmed in ano the r laboratory. 

T h e second r e p o r t c o m e s from ou r group. Adminis ter ing single doses ( s . c ) of T C D D to a n o n - h u m a n 

Srimate (Cal l i thr ixJacchus) and analysing per ipheral venous Iympbo<^es with m o n o d o n a l an t ibod ies and 
o w cytometry (FACScan- t echn ique ) we could demons t r a t e a reduction in the pe rcen tage of t he 

C I > 4 * ( ; D W 2 9 * ( T cell-) subpopula t ion and in die C D 2 0 * ( B cell-) populat ion su l»equen t to doses a s low as 
10 n g T C D D / k g body wt (Neube r t e t al. 1989; I990e) . N o significant effect was seen following a d o s e of 3 
ng TCDD/kg b o d y w t Al though the "helper- inducer ' subpopula t ion affected (CD4*CDW29*) , which have 
a u o b e e n des igna ted a s ' m e m o i y cells", may play a n impor tan t ro le in immunological processes , aga in , 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 variation induced by an extremely low dose of TCDD. The lymphatic 
system as well as the bone marrow of this non-human pnmate seems to be espedally sensitive lo the action 
of TCDD, since a single dose of 1,000 ng/kg body wt proved to be generally haematotoxic 

Further in vitn) studies revealed tbat in addition to the well-known effect on the thymus (Greenlee et a l 
1985), also a direct effect of TCDD on peripheral lymphocytes is feaaWe (mixed l y n m ^ c ^ ailture). Such 
an effect may be observed in vitro with concentrations as low as IO"" to W ^ M TCDD (Neubert et al. 
1990d). Agam cells widi tile epitopes: CD4*CDw29* and CD 20* were predommantiy affected. This 
correlated with a reduction of the nuinber of cells developing IgG lambda and kappa chains on their 
suriace during culturing. Human lymphocytes odiibitBd the same susceptibility to this in vitro action of 
TCDD as coae^ponding cells fiom marmosets. 

There is no convincing evidence for effiects oo tbe immune system by TCDD in man (e.g. smdies in Seveso; 
Hoffinan et a l 1986; Evans et a l 1988), but the monitoruig has not been performed up till now with 
modem and sensitive techniques. In yucheng victuns with a combined exposure to PCBs and PCDFs 
dianges in some fimctions of the immune system have been reported. 

8. Data oo some other pohhalogeiiated dibenzo-p-diozias and dibenzofmraos 
No lengthy consideration will be given to the prcAlem of "TCDI>-toiic-equivalen<^ factois since these 
aqiects have been discussed before (Neubert et a l 1990c). However, it should be remembered that TE-
factois represem no more than prt«niatic means for regulatoiy purposes, and they have even been induded 
m the laws of some countries. Their sdentific value and iheir significance for a spedfic metfical risk 
assessment is very small, ff at ail existent This is derived from the met that comparisons of various effects 
of several substances between differem spedes may only be attempted when dose-response corves are 
available and phannacokineti'c variables are known. Since there are good indications that snch dose-
respcmse curves will not run parallel in the case of PCDDs/PCDFs. different "TE" ratios are bound to 
result for a given congener vtmen various biological endpoints, difierent qiedes and different dose ranges 
(low vs. high doses) are considered. For this reason 7B-factors must sdentifically remain u i i ius^» i 
compromises. Up till now, no data have been presemed for the multiple dose-response relationships 
mentioned even for a single pair of substances from these dasses. 

In this short overview it is inqiossible to discuss the toxidties and toxicokinetics of aH of the remaining 
PCDDs/PCDI^ Amoqg otheis, woik from the laboratories of Poiger and Schlatter, b a m Birnbaum, and 
btxn our own group have laige^ contributed to compilmg infonnation in this field. Furthermore, the area 
is even more extended since some co-planar PCBs (as also discussed in this meeting) seem to exhibit 
similar toxic properties as the 'dioxins*. 

Besides TCDD, 23,7,8-TCDF bas been rather well studied in rodents and non-human primates. Recently a 
controveisy has arisen on the toxidty of OCDD. This congener, occuiring at comparativety high 
concentrations in human fat, bad so mr been assumed to e m b i t a veiy low toxidly, and a toxiaty 
equivalency factor of 1/1000 of that of TCDD was assigned. Data on rats from Couture et aL (1988) 
obtained in the higb-effect-range might suggest a somewhat higher toxidty of OCDD than anticipated A 

10 to 1/1000 as compared with CXDD is suggested from recent studies of Poiger and toxidty between '1/300 to If 1000 as compared with OCDD is suggested from recent studies of Poiger i 
Sdilatter (1990, this meeting). However, our own smdies on the hepatic EROD induction m tbe same 
spedes at die low-effect-range suggest an at least l/IOOO lower potency of <X33D than TCDD when 
conqiared on the basis of tissue levels ((jolor et al. 1990; Neubert et aL 199(k:). 

While abundant toxioologica] and kinetic data on PCDDs/PCDFs have been published, although not to the 
same extent for all of the congeneis, information on the toxidty of ot/ier PHDDs/ PHDFs is r aue r scarce. 

Some data have become available from a 90-day toxidty study with 23,7,8-TBrDD (L6ser and Ivens 1989) 
m Wistar rats, suggesting a 3- to 10-fold lower toxidty when compaired to TCDD, but with synqitmns 
comparable to those known from the acti'on of TCDD. The LD„ seemed to be between 3 and 10 ugfkg 
body w t and onty daily doses of 100 ng/ te or less did not l ead to a r e d u a d weight gain or a dear-cut 
reducb'on of the relative thymus weight Triiodothyronine and thyroxine levels in serum mcreased and 
decreased correqiondingly subsequent to daily doses of > 10 ng/kg body w t Smce up till now no data on 
the phaimacokmetics have been reported, it can presently not be nSetl out that the proposed difference m 
potency between TBrDD and TCDD may be due fo differences in absorption. 

Smdies on the potency of induction of hepatic EROD activity in rats (Nagao et a l 1990a) subsequem to 
low subcutaneous doses of TBrDD (< 1 ng/kg body wt), and of the deft palate-mdudng potency of this 
brominated congener (N2«ao et al. 1990b) point to a rather similar potency of TBrDD anoTCDD. In all of 
these smdies with single doses no higher potency of the brominated congener was found on a molar basis, 
but the kinetics seem to be different l e . the brominated congener was more persistent in adipose tissue. 
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Recently preliminary d a u have become available (Schulz-Schalge et al. 1990a) on the potency of mixed-
halMenated congeners, i.e. those containing chlorine and bromine in the same molecule, to induce hepatic 
ERC5D activity. Subsequent to a single dose none of the three tested 2,3,7,8-tetra-halogenated congeners 
was more active than 23,7,8-TCDD on a molar basis. Similarly, none 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 dioiin-indnced toxic effects io man 
The major difficulty in assessing possible toxic effects induced by TCDD and its congeners in man has long 
been a reasonable definition ofthe exposure. Most often only an exposure agains herbiddes, pestiddes 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 hyptrthesized to be mduced by Just these substances were drawn. This indudes smdies on a possible 
causal relationship between such ill-defined exposures (e.g. of farm or industrial workers) and an increased 
tumor mddence, 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 condusions with respect to dioxins when a "negative* 
outcome is found. Otherwise it can onty be conduded 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 directiy comparable. Therefore, at today's sdentific standard no epidemiological studies 
should be performed without an attempt lo define the type and quantity of exposure to PCDDs/PCDFs, or 
no condusions with respect to possible effects of "dioxins should be drawn from such smdies. Furthennoie, 
grant-ghang institutions should take 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 in this area, e.g. 
recentiy established in Gennany, and to avoid the wasting of tax money. 

Table 3: C^omparison of effects induced by TCDD in animalc gnd reported in raan 

in anlmfllf i n i 

hyperkeratosis 
monooxygenase tndnctloo 
liver daouge 
porphyria 
hypeteholesterinaemia 
neurological symptoms 

beliavloiml symptoms 

iaunDDoIogica] effects 

Uver tumors 
other tnmon 

in monkeys, hairless mice 
typical tffCfl 

at veiy high doses 
at veiy hi^b iloses 

littie evidence 

no evidence 

DO evidence 

at h i ^ doses 
onty in mice 

at ve^ high doses 
in rats and mice 

widl TCDD at high doses T 

typical and frequent symptom 
Uttie evidence 

at veiy high exposures ? 
httle evidence 

typical symptom ? 
typical symptom ?, 
cansaSty qocttioaable 
typical symptom ?, 
causafity qnrtfiotiable 

litde, if any, evidence 
no convincing evidence 

litde evidence 
Uttie evidence 

' ooc wilh hexa-chlorinalcd CDDs 

A comparison of some of the symptoms reported in man and effects observed m rodents is given in X a b l ^ . 

Most epidemiologic medical smdies conducted so far in this field also suffered from a limited control of 
confoundmg &ictns and they bad a ratiier Umited resolving power. An overview on such studies was oven 
by Fmgerhut et a l (1987). In weU-planned, weU-conducte<t and well-documented smdies Uide evi&nce 
was obtained for an increased rate of tumois in exposed people. Many of these studies did not show a 
significant increase in the rate of defined tumon when compared with controls (Zack and Suskind 1980; 
Bertazzi et aL 1989; Zober et a l 1990), and il was conduded tiiat a cancerosem'c risk for man induced by 
TCDD even at high exposures may be expected to be low, if present at al l Further critical smdies will be 
necessaiy to dedde whether TCDD has aoy significant cancerogeiuc potency in man or no t 

Thus, there is only littie information available on adverse bealth effects in man observed after a ' dean ' 
exposure to TCDD or similarly defined substances. When evaluating the few examples of a rather defined 
exposure, a similar situation as discussed for experimental animals seems to exist with respect to maa 
Except for extremely high exposures, many orders of magnimde above an exposure of the general 
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P ^ D ^ ' ^ T T D W ^ ^ J ^ I E ? \ ' ^ ^ ' ' E 7 E ^ " ^ ' ^ ' '^.^l^V^POrt'd ^bsequem to "clean' exposures to 
^ ^ I f ^ r ? . S ? ? ** extreme exposures agamst TCDD (like tiiat of some residents in S e ^ ) cfc^ 
^mptoms f t^city (except for diloracne in ̂ d r e n ) were 'ahsem or al least d f f i ^ u > " e c ^ ' ^ 
vanabl« of laboratoiy medidne obseived m chDdren over a period of s« yeareW^ Mt S ^ I S 
S f , n ^ « f r ' " ' ' °^'^f " ^ '^ r-glutamyltransferase and a m i S o t r a n s f e i ^ ^ ^ ^ t i ^ L ^ e h i S ' f r ^ m 
S l e T and S an"°aZl.'^.f,,*° "^^"^^ above it^and the ctoges disappeared witi, ti^(MlS^effi e t ^ 
1 ^ 1 ^ R ^ f ^ S ^ i T * ^ •" ?™»jy f:«''"anc*cid epietion i^Mme of die d A e n (Meo ef aL 
iwsz; l««5>. Retrospectively, it was found that some of the children wifli chkiraav harf an̂ nin.iK>tZH 
amcemrations > 10,()00 ppt m die fet of blood plasma. Th«e ^ a S ^ S e S ^ ^ n S S ^ r 
^ E ^ i . Z ^ ^ * ^ ? " ^ , ^ ^ ^ '"^^^ ^ *<= °0"°^ p o p S S , by a W ^ f ^ S ^ t o T o OOO 
There are many more exanroles of humans witii high exDosuiesaEam.<rt THin Irnri i w T o ^ „ ; K!S,' 
b ^ e n s at die ppb leverSTe fia widiout o b v i o u s X ^ S . S S ( I r ^ t f e l S S H ' ^ 

f o 5 r o % ° o ^ ' r t ^ f 3 ^ 4 ^ * ^ » T ? ^ ' P C ^ F T S ' ^ e ' c U o r i ^ t L ^ i - ^ ' S d J ^ p S ^ r 
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