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1 PCDDs and PCDFs are ubiquitous and persistent in the envirenment. They are to be found
g‘:@ in body tissues of both humans and animals.
2 The most extensively studicd PCDD is 2.3.7. 8~TCDD It has been shown to produce a wide

A &a range of effects and is considered to be a (non-genotoxic) carcinogen in animals.

oo 3 Studies into the mechanisms of toxicity so far reveal that there is involvement of a specific
receptor (Ah), however further work is required to elucidate the mechanisms of the various
elfects.

4 Rcports an a number of human exposures to PCDDs and PCDFs are described. Resulis from
human cpidemiological studies are difficult 0 interpret: there have been problems in
methodology: there has been inadequate information on intake, and exposures have often been
to mixtures of PCDDs and/or PCDFs together with other related compounds.
5 Many regulatory authorities faced with the problem of providing an index of risk from
exposure to mixtwres of PCDDs and PCDFs have employed the concept of ‘TCDD
3 equivalents’. :
" 6 Whether or not PCDDs and PCDFs pose a significant human health risk at current fevels of

exposure they remain of considerable interest 1o the toxicologist.

Chemistry, sources and environmental fate of
PCDDs and PCDFs

5 and PCDFs can loosely be described as chlorodi-
benzo derivatives of the basic chemical structures
p-dioxin and furan, respectively (Figure 1). Related
bromine substilnted dibenzo-p-dioxins and diben-
zofurans also exist as contaminanis of commercial
chemicals, but are not discussed in this paper.
The numbes of chlorine atoms can vary berween
one and cight and there are many positional
isomers with 75 PCDDs and 135 PCDF:. in the
Iatter case, the large number is due to the
asymmetry of the basic dibenzofuran molecule.
The informalion available.on the chemical and
physical properties of PCDDs and PCDFs suggesis
that both series of compounds are extremely stable,
in puse form, even on heating up to 700°C. There
are some peneral trends regarding volalility and
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_ E The polychlorinated dibenzo-p-dioxins (PCDDs) Cly Cix
¢ and polychlorinated dibenzofurans (PCDFs) are
? two series of tricyclic aromalic compounds. PCDDs Cx+Cly=<8

Figure 1 Structures of PCDDs and PCDFs

the increasie in number of chicrine atoms. The most
extensively studied isomer is 2,3,7,8-TCDD. This
isomer has a melting ?oiul of about 305°C and a
boiling point of 421°C." 2,3,7,8-TCOD is lipophilic
and is almos‘ insoluble in water. The vapour

-*pressure is very low and therefore it tends not to

volatilize readily.

There are no current technical uses for PCDDs
or PCDFs, although they have beca synthesized in
the laboratory in order to generate m-lyucal
standards. PCDDs and PCDFs very rarely occur in
the environment as the only producis from any one

; solubility in polar solutions - both decreasing with  particular source. They often accur with other
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related polyhalogenaled species such as poly-
chlorinated biphenyls (PCBs) polychlorinated ter-
phenyb (PCTs). chlorinated phenols (e g tri-
chlorophenol (TCP) and pcnlachlotophenol (PCP)).
and phenoxy acetic acid herbicides (e g. 2,4-D and

-v */  The advances achieved in analytical techniques
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over recent years have allowed for much improved
detection limits for both PCDDs and PCDFs
Environmental samples can now be analysed down
to the parts per trillion level (ppt) or 1in 10,i.0r in
some cases down to the parts per quadrillion level
(ppg) or | in 1015

There are essentially three stages in the
analytical determination of PCDDs and PCDFs in
environmental and biological samples. Stage |
involves the extraction of the chemicals from the
matrix. The technique used will depend upon the
matrix involved. For example adipose tissue or
human breast milk samples require a simple solvent
extraction procedure: but for municipal incinerator
By-ash. where the chemicals are more strongly
bound to the matrix, it is more usual to treat the
matrix with acid prior to soxhlet extraction with
toluene.’

Stage 2 of the procedure is to clean-up the
extracts obtained from stage I. The degree of
clean-up required depends upon the sample matrix,
the subsequent analytical instrumentation used,
and personal preference of the analyst. The effic-
iency of the extraction jnd clean up procedures -an
be determined by the use of “C internal standards
and calculating the percentage recovery of the
material to correct for PCDDs and PCDFs which
may have been lost during the procedure. The total
recovery of both PCDDs and PCDFs depends upon
the particular isomer in question. The procedure
may however be subject to certain inaccuracies,
either because of the PCDD or PCDF isomer used
or because of adsorption of the standard onto the
matrix, thereby decreasing the extraction effic-
iency.14

The final stage in the process is to analyse
quantitatively the cleaned-up extract for the
presence of PCDDs and PCDFs The procedure
used will depend upon the accuracy required for
the final result: for detection of PCDDs and PCDFs
down to the ppt concentration, the usual procedure
is gas chromatography coupled to a mass spectro-
meter (GCVMS). The retention lime observed on
the chromatogram provides the qualitative evi-
dence for the presence of a particular isomer (i.e.
specific PCDD/PCDF) or homologue (i.e. total
PCDDs/FCDFs with a specified number of chlorine
atoms). The results obtained from the mass
spectrometer (MS) provide both additional qualita-
five information (from observation of the mass to

charge ratio {ml2) (or the mass fragments delected)
and quantitative information (front the magnitude
of the response)

The use of immunoassay techniques have been
described in the literature and although still
requiring some further development, they show
considerable potential Fishbein” described a radio-
immunoassay technique for the determination of
2.3,7.8-TCDF in biological tissues lhe detection
limits of this assay are reported to range between
20 pg/g (ppt) to 40 ng'g (ppb) for this particular
isomer. Values for TCDF in various Aroclors
(PCBs) and tissues dcictmincd by radioimmuno-
assay are reported to correlate with those obtained
by GC/MS

Because it is necessary to measure PCDDs and
PCDFs at extremely low concentrations and
because these chemicals often occur in very
complex mixtures, the analytical technique often
requires extraction and concentration by factors of
several thousand in order to brine the concentra-
tion of PCDDs and PCDFs up to measurable
levels. Other organic compounds that are present
(often at much higher concentrations) can interfere
with their determination "

The determination of PCDDs and PCDFs in
other chlorinated organic samples, such as
phenoxyalkanoic herbicides presents a number of
analytical problems.7*The presence of predioxins-
in such chemicals can lead to the formation of
PCDDs duimg the tii..;«ti«.il proceiliite. thus
resulting in increases in the apparent amounts
present. Special adaptations to the analytical tech-
nique are required when chemicals which are
structurally related to PCDDs and PCDFs are
present, as such chemicals may have similar
extraction properties.7

The importance of quantitative analysis of
PCDCs and PCDFs has increased over recent
years. The problems involved are very complex
because of the large number of interfering
chemicals present; the extremely low detection
limits often required: and the large number of
isomers, representing a wide range of toxicological
properties and potencies At present quantitative
determinations of PCDDs and PCDFs have mostly
been conducted on total isomers (homologues) e g
total TCDDs, TCDFs. PeCDDs. PeCDFs. etc.,
with only selective isomer analyses conducted on
those congeners specifically substituted at the
2,3.7,8 positions Individual isomer analysis is
extremely costly and therefore rarely carried out
routinely. However, the results of collective isomer
analyses are none the less helpful in mapping out-
major areas of contamination, althoueh the task of
more accurate 'risk assessment- from such data
becomes more difficult
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Sources .
PCDDs and PCDFs have been delected in a
number of emissions resulting from combustion
sources. The detection of these chemicals in such a
wide range of samples led to the formulation of the
‘trace chemistries of fire' hypothesis, which states
that numerous products arise in trace amounts
during the many chemical reactions that occur
during combustion Identified sources that have
aroused a great deal of public concern include
emissions from municipal waste incinerators, indus-
trial waste incinerators, in particular PCB waste
and also PCB fires Other identified sources of
PCDDs and PCDFs include exhaust emissions from
diesel and petrol fueled vehicles.1011 The latter is
associated with the lead content of fuels (particu-
larly as these contain a dichloroethane scavenger, a
precursor of both PCDDs and PCDFs) and is much
reduced in vehicles with catalytic converters.’5
Very small amounts have also been delected in
cigarette smoke and charcoal-grilled steaks B
Research into the formation of PCDDs and PCDFs
from combustion sources has indicated that the
presence of these chemicals will depend upon the
conditions of the combustion process. In particular,
the molecular structure and chlorine content of the
fuel, the presence of precursors and contaminants,
the reaction temperature within the combustion
zone and post combustion zone, the residence lime
of reiran! and intermediate products in the high
itn.pcijture zone, mixing etfiuency ol air with
fuel, airfuel ratio, fuel-feed size and finally the
presence of metals in the process acting as
catalysts.I

The possibility of formation of PCDDs and
PCDFs from municipal waste incineration has been
recognized for some years, following their deter-
mination in fivashl and subsequently, in emissions
from such sources They may occur as a result of
chemical precursors in the fuel supply e g. PCBs or
chlorophenols and/or via de-novo synthesis from
the pyrolysis of chemically unrelated chlorinated
compounds It has been suggested that chlorine-
containing plastic materials such as PVC may
provide the largest source of organic chlorine, and
this has resulted in concern over other possible
PCDD/PCDF sources such as hospital waste incin-
erators. which burn large quantities of PVC."™

The presence of PCDDs and PCDFs as
unwanted by-products in a number of commercially
available industrial chemicals has added to the
general public concern over these substances, in
particular their presence as impurities from the
manufacture of many industrial and agricultural
chemicals based upon chlorophenols and chlor-
inated aromatic hydrocarbons Chlorophenols have
been used as fungicides, herbicides, slimicides. and
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were key intermediates in the production of
phenoxv acetic acid herbicides (2.4-D and 2.4.5-T).
Other chemicals of concern include PCBs. which
are known to contain high levels of PCDFs.

Environmental fate of PCDDs and PCDFs -«
Environmental and biological monitoring has
revealed that PCDDs and PCDFs occur fairly
ubiquitously. 2.3.7.8-TCDD has tended to be the
most widely studied of these chemicals, however
because of the chemical and physical similarities
within the group of PCDDs and PCDFs. it is likely
that a general trend will be seen with the other
PCDDs and PCDFs.

Because of their chemical nature. PCDDs and
PCDFs are strongly bound to particulate matter,
this will influence the way they move through the
environment. 2.3.7.8-TCDD is tightly bound to
peaty soils high in organic matter and usually
remains tn the upper layers of such soil types,
undergoing very little vertical migration 17 There-
fore transport of 2.3.7.8-TCDD in this environment
will generally occur by mobilization of soil particles

Levels of PCDDs and PCDFs in water per se are
thought to be very low, since adsorption to
particulate sediment seems to predominate. How-
ever, suspension of paniculate matter may occur.
Animals living in this environment may acquire
these chemicals directly through the ingestion of
sediment or indirectly from the tro 'Me food chain
There arc few data on levels of PIDDs/ICDFs in
air. Information so far available indicates that the
levels in this medium (as for water) are low. It is
generally believed that uptake of PCDDs/PCDFs
by inhalation may not be an important source of
exposure.*

It has been suggested that (he primary source of
exposure to man of PCDDs and PCDFs is from
combustion and that uptake occurs from the
consumption of foods such as fish, dairy produce
and meat.?* Levels of PCDD and PCDFs in
vegetable matter are reported to be generally very
low. and where contamination has been found, it is
largely on the surfaces, arising from surface deposi-
tion rather than by uptake from the soil 10

The main degradation process for dioxins and
presumably dibenzofurans is by photolysis, involv-
ing surface exposure to UV light, in the presence of
a hydrogen donor. Such donors include natural
substances such as leaf waxes, natural organic films
on water surfaces, pesticides or formulating agents
as well as the presence of otherwise undesirable
pollutants such as spilled 0ils.5125 The half-life of
2.3.7.8-TCDD in soil, in the absence of UV light is
estimated at 10 years.13 thus indicating that any
other degradation processes take place at a much
slower rate.



176 S.A. SKENE er al,

Dioxing do gradually volatilize fram soil and
plant surfaces, but the impottance of this toute lo
‘clear” dioxins from the environment is unknown.
The rate of volatilization depends upon several

receiving 0.05-0,1% of the adminisiered intra-
peri 1 dose. Changing the soute of administra-
tion to oral or sub-cuianeous apparently decreased
the amount in the fetus, but did not alter the

cnvironmental properties, as.well as on the degrec_ _distribution pattern, demonstsating the majority of

of chilorination of the molecule.®* A few fungal and

+* Bacteria) species have been found to be capable of

degrading dioxins, although their impantance rela-
tive to other degradation processes s
unknown 2

Animal studies

Absorprion, disuibution and excretion

Animal studies have demonsicated that absorption
of 2.3,7.8-TCDD by the gastrointestinal tract and
through the skin depend upon the vehicle used,®
For other PCDDs and PCDFs, the isomer and
chlorination number will also be important. The
bioavailability of these chemicals from soil will
depend upon the soil 1ype and has been said to vary
between 1 and 70% when contaminated soil was
sdministered to guinca pigs,™ PCDDs and PCDFs
are strongly adsorbed onto incinerator fly ash and
they are more readily absorbed by animals admin-
istered solvent extracts of fly ash than by those
feceiving fy ash itsell. i

The tissue distribution of 2,3,7,8-TCDD varies
with species, ™ dose®, time after dosing and
previous exposure to 2.3,7,8TCDD.® Monkeys
and guiaca pigs emcentrate 2,1,7.8-TCDD in the
Ia1, muscle and skin, whereas other specics concen-
tratc TCDD o a grealer extent in the liver.™
Radio-labelled TCDD adminisiered intravenously
10 mice and rats’*=* has been found to concentrate
in the nasal trbinates; a site of 2,3,7,8-TCDD-
induced tumours in rats.

The majority of 2,3,7,8-TCDD in the liver is
ussociated with the microsomal fraction.! The
distribution of 2,3,7,8-TCDF diffees from 2,3,7,8-
TCDD in that it concentrates in fat and skin more
than liver, although the distribution varies with
time, repeated dosing’’ and size of dosc.

The retention of PCDDs and PCDFs by the liver
incroases with chlosinalion (between four and six
chlorines), with PCDFs being retained longer than
PCDDs, The retention in fat however, is longer for
PCDDs” indicating differing ratcs of metabolism,
Nishizumi & Masuda® demonstrated liver accumu.
lation in rats of 1,2.3,4,7,8-HxCDF and 2,3,4,7.8-
PcCDF to be dose-dependent, with an increased
proportion of the dose retained at low dose levels.

2,,7.8-TCDD has been delected in the [etuses
of dosed female rats*! although the conceatration
was lower than in the mothers. Nau & Bass”
reported the transer of ''C 2,3,7,8-TCDD from
pregnant NMRI mice 10 the fetus, with the fetuses

the dose to be in the fetal liver. In 2 further study
2,3,7,8-TCDD was also shown 1o transfer 1o the
pup via the milk.*

A dictary study with PCDF mixiures demon-
strated the ability of these substances to cross the
placema in female ddN mice, but the greatest
uptake was shown in the suckling pup, indicating
milk to be 1he major vector.*® The majorily of the
absorbed dose in the dam was found in the liver.
The selative isomer distributions in the pups were
teported to differ from those in the dicl, with
2,3,7,8-TCDF and 2.3.4.7,8-P¢CDF being prefer-
entialy stored.

2,3.7.8TCDD is metabalized to a very limited
exient, alhovgh glucuronide conjugates™ " and
bydroxy derivatives*® have heen idemtified. The
metabolism of 2.3.7.5-TCDD has been related to
cytochrome P-450 monooxygenase activily and
there is evidence 10 sugpest P-450/P-448 inducers,
such as phenobarbital may influence the rate of
2.3,7.8-TCDD melabalism. The raie of 2.3.7.8-
TCDD metabolism by rat liver microsomes has
been seported to be 10™-fold slower than that of
Benzo[alpyrene.® Metabalites of 2,3,7,8-TCDD
(2-hydroxy-3.7 B-trichlnrmlihenzo-p-dioxin and 2-
ydiony-127 S wonddmc dibenzoopadivain) - sre
considesed 1o be over 100 times less potent than the
parent compound,*’ For other dioxins, mono- and
dichydroxy  derivalives of  dibenzo-p-dioxin;
1-CDD; 2-CDD; 2.3..DCDD; 2,7-DCDD; 1.24-
Tri-CDD and 1.2,3,4-TCDD have been reposted to
be excreted by rats,”® however no mctabolites of
OCDD have been defected.®® A scheme has
been proposed with a 23-cpoxide intermediate,
which cannol be readily (ormed E:] compounds
substituted at the 2.3.7.8-positions.*! Unidentified
polar metabolites of 2,3,7,8-TCDF have been
reported in the urine of monkeys, rats and guinea
pigs.’’**! No metabolites of othet PCDFs have
been teponed in the lissues of ircated animals,
which would indicale menabalites are readily
excreted,

The excretory hall-life of 23,7,8-TCDD has
been found o vary with species and is not always
related Io its relative toxicity for thatspecies.” The
hal{-life values in rodenis have been found to range
between 10 and 36 days® and in monkeys a value
of 1000 days has been proposed.*? Biliary excretion
has been propased as a major route of 2,3.7,8
TCDD  elimination:* 237.8TCDD is also
excreted in the milk.*? The excretion of 2.3.7.8-
TCDF also varies with species, but is comparatively
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rapid, with half-life values of 2 days in rats and 8
days in the monkey.X*¥ Metabofites of 2.3,7,8-
TCDF generally appeared in the urine and bile,
whilst the [aeces conlained mainly unallesed

23,78 TCDF.—___
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Acute’tosicity i A ST
The acute toxicily of 2,3,7,8-TCDD varies widely
both quamiitatively and qualitatively with species/
sirainfsex of the animals, the administration pro-
tocol, and cven, between research groups. How-
ever, cenain aspects are common to all animals
studied: progressive body weight loss; thvmic
atrophy (especially of the coriex), 8 considerable
delay from administration to death (up 10 45 days)
and gastrointestinal haemorrhages. Various signs
which have been seen in one or more species
administered a single dose of 2,3,7.8.TCDD in-
clude: reduction in food consumption (although
this is not primarily responsible for the decrease in
body weight); rough coat:; dehydration: muscular
necrosis: loss of fal deposits; hypocellular bone-
marsow; haemolysis; changes in overall serum
protein levels and their ratios; testicular degenes-
alion, parficularly of the seminiferous lubules
which develop multinucleated giamt cells; necrolic
spermatocytes and spermatozoa; disiention of the
gall bladder; bile duci profiferation; an incresse in
hepatocyte size together with a temporary prolifer-
ation of their rough endeplasmic reticulum and
increase in the premineiace of the nudeotus
(indicative of protein synthesis); fluorescence of
liver and bones, indicating excess porphysin deposi-
tion; fauy droplets In the phetatocytes; ascites;
hyperptasia of the renal pelvis and inflammatory
infltration of organs,

LDy values for 2,3,7,8-TCDD in animals, when
administered by gevage, have been reported to

> vary between 0.6 pg kg™' in Hartley guinea _pigs
in

(the most susceplible species) to 5051 pg kg

the Golden Syrian hamster.® 2,3.7,8-TCDOD s
undoubtedly the most toxic and most extensively
studied of all FCDDs and PCDFs, although the
limited information available on the others indicate
that the clinico-pathological signs seen (oflowing
acule administralion were very simitar***? but the
p ies vary iderably, depending upon the
isomer in question and also the species tested,™
The mast acutely toxic isomer studied In the PCDF
series is 2,3,7,8-TCDF, which has been reported 1o
have an oral LDgo of 5 pg kg™ in the guinea pig,™
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studies indicate that the tolal dose administered is
probably more important than the size of a single
dose of frequency of administration.”” The most
extensively reported sub-acute study of 2,3,7.8-

TCDD yet-published - is that of-Kociba'er of. *® This

was 8 13-week study in which young adult Sprague
Dawley rats were e, to 23,758-TCDD at
doses of 0.001, 0.01, 0.1 and 1 pg kg~'d~!, for 5
days per weck, by gavage, At the end of the
trealment some of the rais were killed and
aulopsied, whilst others were allowed a 13-week
recovery period. Female rals were more sensitive
than males. A no-effect level was identified at
0.001 pg kg™' (equivalent to a tota] dose of
0.065 pg kg~*) with a total dose of 0.65 pg kg™?
producing only small changes in telative liver
weights. Effects observed at the highest dose levels
for both male and female animals included severe
welght loss, haematological changes, incresse in
urinary porphyrins, increased relavive liver weights
associated with gross changes. incveased hipid
content and chaages in the size .and shape of
hepatocyies. Other changes noted were decreased
thymus weight. thymic involution and a decrease in
food intake and females experienced uterine
changes. Some reversal of these effects were shown
following termination of t in particulac
body weight (complete in females and pantial in
males) but no firm conclusions could be drawn
fiom these findings.

There are fow published reports of suh-2cuie
studies on other PCDDs. A 13-week siudy con-
ducted on a mixture of HxCDD isomers in rats and
mice at doses of between 2.5 10 100 pg kg~ body
weight per week demonstrated weight loss, hepato-
toxicity and thymic atrophy. The elfects teen vared
between species and between sexes in the rar.’®

The production of chlorzcne-like lesions has
been reported in hairless mice following dermal
application of 2,3,7,8-TCDD.* Four weeks follow-
ing treatment (6.1 ugkg™' in 0.1 ml scetone,
three times per week) the skin became hard and
shiny with fine scales. Histologically, there was
hyperkeratinization of the stratum corneum, epi-
dermal hyperplasia, keratinization of the dermal
cysis. reduction in sebaceous glands and lympho-
cytic infiliration of the dermis. A number of in viire
siudies have also been uzed 10 study this effect. 2

Schwetz ef al%® studied the cffects of seversl
dioxins (2,7-DCDD, 1,234-TCDD, 2,78
TCDD, HxCDDs and OCDD) on the production
of d [{ ion in rabbits' ears. The

though recent work oh 2,3,4,7,6-PeCDF indicated
this to be mose polent in certain assays.*

Subr-acute toxicity
The responses of experimental animals in sub-acute

animals were cxposed to the chemical for § days
per week [for 4 weeks, The most reactive of the
chemicals was 2,3,7.8-TCDD (at a tota} dose of
0.8 ug) lollowed by HxCDD (mixed isomers, at 8
dose of 200-1000 pg). The ather chemicals failed
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10 clicit o response at the doses tested. However, as
different solvents were used. valid comparisons are
nol possitle, .

Sub-acute effects af orally adminisiered 2,3,2.8-
TCDF in Rhesus k ind that although

mucosa, bile ducts, pancreatic ducis, salivary ducts
and most epithelia; hyporplastic pastritis and ulcer-
ation of the gastric mucosa: squamous metaplasia
and keralinization 0f the scbaceous glands and hair
follicles; k ion ol the meib land

lhesigmalintoxicationollhirPCDF-are-. imilar 10
2,3,7,8-TCDD, it is 10-100 times less toxic than ju
PCDD equivalent,” although a no-cfect level
(NEL) has yet 1o be established. Mixiores of

gular growth~of "to€ and finger nails; hacmor-
thages in most tissues, dilation of the bile duct; an
incregse in the number of mucus secreting cells of
the gut, al the expense .of the parictal and

TCDFs, PeCDFs and HxCDFs, when administered
in ‘the diet to rais for 4 weeks, demonsirated
significanl chang:s similar to those feported for

2,3.7.8TCDD.*

Chrenic toxicity

Many of the non-carcinogenic effects of chronie
expasure of rodents to PCDDs are described in the
studies relating 1o the carcinogenicity of these
compounds. Results of these studies have been
summarized in Table 1. A number of pathological
elfects typical of PCDD exposure have been
deseribed. although liver appears to be the major
target osgan, As Yet it has not been possible to
determine NELs for chronic toxicity of dibenzo-p-
dioxin, 2,7-DCOD. 2.3.7.8-TCDD and HxCDD.
Administration of 0.0014 ug kg='d™! of 2.3.7.8-
TCDD lor 2 years caused an inceease in centrilo-
bular fatty metamorphosis of the lver in male
rats.* Kociba ef al.* reported significant (P<0.05)
changes in the humbers of swollen hepatocyies
fincreases in fewales. decreases in males) in rats
receiving 0. pg ky~'d”! 2,3,2.8TCDD. The
lowest dose of HXCDD Mixiure (0.18 pg kg™'d™")
produced toaic hepativis in both male and [emale
rats.>® Dietary administeation of 500 ppm of 2,7-
DCDD fos 2 years in tats produced {aity metamor-
phosis of the liver and an increase in chronic
murine  pneumonia® and 5000 ppm  dibenzo-p-
dioxin in Lhe diet for 2 years produced ncphropathy
in male rais and a fatty metamorphasis of the liver
in females.?

The chronic effects of 2,3,7,8-TCDD and TCDF
on non-human primates (Macaca mullata) have
been desceibed in a number al studies® ™ 7 with a
oumber of similarities reporied in the findings.
Young Rhesus monkeys exposed to 2.3,7.8-TCDD
in the diet (approximately 0.01 pgkg~'d"')
demonstrated periorbital oedema, loss of facial hair
and cyelashes, accentuared haic follicles and dry
scaly skin.,™ After 6 hs on this regi
anaemia was alse noted and by 9 months, haem-
orthages and thrombocytopenia were d d
Between months 5-12, five of the original eight
monkeys died, with death attributed 10 the effects
of pancytopenia. The following lesions were detec-
ted at autopsy: hypocellular bone marrow; hyper-
plasia; hypertcophy and metaplasia of the bronchial

zymog cells; card: H ysis
and ascites, One monkey was essemially unaffec-
ted; no changes in serum lipid. cholesierol, protein.
.elobulin: albumin ratios or SGPT were found.

enlarg

Carcinogenicity

The available dal2 on the carcinogenicity of
PCDDs in todents are summarized in Table 1.
There appears to be very little. if any. daia relating
1o carcinogenicity testing of PCDFs.

Most di Iested d { a carcinog
potential, although dibenzo-p-dioxin did not and
preliminary reporis of investigalions en OCDD
would not be expected o show any lumour excess
due to the short period af administration.™ The
most polent rodent carcinogens vet lested appear
10 be 2.3.7.8-TCDD and an HxCDD mixture. The
commonest sites for 1umour production are
liver¥$7%8.7 and atso hard palate/nasal turbinates
and tongue for 2,3,7,8-TCDD.%

2,3,7,8-TCDD is considered 1o be a very potent
promoter’ however. aher <mdies on the mechan-
iyin of 2,3,7.8-TCHD vancinogenicity hase oo it
also 10 be a cocarcinogen,™ a weak carcinogen,’™ 3
complete carcinogen,” and an anlicarcinogen:™
the effects varying with the model used. The
cumrent view on the mechanism of carcinogenicity
of 23,78-TCDD indicates that it is a non-
genotoxic carcinogen, thereby justifying attempts
to identify a NEL. One suggested level comes from
the rat fzeding swdy reported by Kociba ef ol.8”
and is estimated at 0.00] pg kg~'d~",

Mutagenicity

2,3,7,8-TCOD has been tesied in a varicty of
mutagenicity test procedures with conflicting results
and auempts at ycpealing posilive studies have
been unsuccessful. Derailed reviews of the muia-
genicity of 2,3,7,8-TCDD have been carried out by
Wassem ef al.°, EPA™ and Gini.® All concluded
that the results were equivocal and further swudies
wefe required. In a more recenl review by Shu ef
al.% it was suggested that 2.3.7.8-TCDD falls into
the category of 'non-g i which
includes a ber of sut es such as oestro-
gens, asbestos and compounds sech as pheno-
barbital and chlorinated hydrocarbons which have
been shown 10 be carcinogenic in animals. The

£arc
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Table | Chronic texicily end cascinnpenicity of PCDDs

Compound Dose Speciet Tumour 1spe Other observanons
. 1Ref.)
i
_ D{btniu-p-dlu!ll‘_m or IDDX ppm_. Mice - — ——- Nope- — - — - ~Decreme in vmgm and— — -
A NCI ¢ in dict " decrense in s done
] - Temades. luerunhl ru:r
& , * fnBammstion in lemales.
NCI (1979 um of I Mppen Ran None Decrease in body weight and
diet dectease in survival in top dose
females, bncidence of chroaic
mutine pneumonia inreased snd
212 10 pephsopathy in male
. L
30000 Mn0or I0MM ppm Rty None Decrease in body weight,

KCL O™ indie Hepatoria lesions. Increased
chronic murine potumonia and
inmtentitiat penal inflammaiion.
Decrease in survival.

NCI[19792)"  So0or $0 X0 ppm  Female mice  None Decrease in bedy weight.

in dret Hepstoouic lesions (focs! necrosh)
KCI (19792 Mot I0DMIppm  Male mice Hepatocellulae adenoma al both Decrease in body weight.
in dier doecs; leukaemialymphoma at
S ppm
H«CDD mivure Rans Heparncellular sdennma and Decrease in body nugm pain
(12,06, 1.0 and carcinoma neoplsstc andales at (doses Y8 and S py kg™',
1,1.).7.8,5) high dose in males mnd all doses in Lung kesions ¢ denomaiout
NTP (1orny* females. Folticular cell adenomaof  Pperplasia), 10vic bepatitiy,
tharoid in low duse males.
' NTP (19801% 5,25 1.Sughkg Male mice Hepatocellutar adenoma and No oven heslth effects. F;u;
v b tweck™ by carcinomalaeoplastic nodules at wmotphosis and pipmentation
, gasage high dase d livey (high dose).
NTE (1’ me2 Fomicte mice  Mepaaesctialin 2500 2nd Novpvery healtb cifecrs Eiver
(TR h‘ ' cocinumaneoptae audules 10 high  haematopoiesis,
week™ by duse group.
e o
NTP [1980)" Stin painting Mice None None
1.).7.0-TCDD t] o001 t'l three Male mice Nonz Surviral rates slightly decreased.
KTP (1982 ok
f NTP (1982)* 0.005 g three Female mice  Fibrosarcoma of integumentary Survival eates tlightly decrensed.
Times per week sritem
%‘ +hin painting

NTP (108 0.01,003.038, Mile ats Thyroid (ollicular cell adenoma Decregie in bod welghl gain,

'] (high dose) Toxic hepatitin (high ). Chbver
okt by liver effects focal eelular change
pavage {bigh doir) and fany

. melamorphesis. Adenomarous
. byperpistia of lung.
l{\'pﬁhulinlumn of siomach
:i (high done),
3 NTP (1982 0.01.005,0.5 Fermate rate Liver Tastic nodulefearei D weight 'lm.
[} i’ thigh dou) phvitary sdenoma (low  Toxic hcp'ml: ({I,h
B b= tazel ' by dose only) Hiver effecys {focsl eeular chnn]t
. pavage und latty metamo [caceptace

high dose l:u-ll]i denomatowd
byperplasia of fung, Decvease in
byperplasla of bite duct. Increase
in lvmphocytic inflammatory
infiltration of lachrimal gland.
Decteuse in mineratization of renal
pelvis,
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Table 1 Conlinued

Compound Dose Sproies Fumour npe Ouher obiervations
R}
0.01. 005,05 Makemice  Hepatocellular 6 fearc I focal galcification of
P et (high dose). Alveolas/broachiol brain, d d foca) calcification
sdenoma (high dose) of baua! pn;lu Totic hepatitis
o T = (high dote).
inﬂlmnlnry En irstion of lurg
(including bronchui) walivasy
glands and kidney.
1981 0.04,.02. 2 ¥, Fermule mice  Hepatocellutar 1 d fora) calcificarion of
NP (o be” lml'egy . {high doic). Thold fo“xnhv cell brzin: decrensed focal calcification
Javape adenamn (high dose). Hinioonie of basal ganglia. Toaie hepatitis
lymphoma (high dosz). Thigh dose), Lymphocyic
infammatory infilirasion of lung
(including branchus) walivary
glands and kidney, Decrease in
hmphocytic inflammatory
infiliration of multiple organs,
Incseased caleification of renal
pelvis,
Kociba st al. 0.001.001,0.1 Male raty Squarmous exll carcinoma of hard Reduced body weight gain (fromé
(a9 gy ta-id=Vin palateinasal tusbinaies ang 1angue;  monthsio 2 vem) » dose.,
the dict adenoms of adcenal conex at lhcmllolop:al clte igh dose
0.1 . None a1 lowgr doses, including anacmis/panes iopenia.
Parphyrn and ALA level
alierations (high dose). Liver
dumage (at 1wa highest dmes, lesy
extengice than in females),
R effects (ters
than females [high dose]) and
cardiovascular elfects; adsena)
haematocysis (high dose).
N .
Koxiba et ol ,0.001,0.0),0.1 Female rats {lular hyperp Reduced body weight gain (from &
oy g 1‘ h"d' mauln u 0. I nmfﬂ 01 ne, months 102 2 \{an) sUhigh dose.
i the di of bard 1 ]
= slat glnaul (mhnales nrd tongue:
e llutsr N
keyatsising squamous wll and creatinine alierations high

carcinoma of lung 2t 0.1 uy

dose). Liver damage a1 two
highest doses. more extensive 1han

les). Swollen hepaiacyies
{low dose). Thymic of ¢plenic
atrophy (high dose). Respiratory
system elfecus, (more eatensive
than males) and cardiovasculas
eflects. ased adrens| cortical
heemorrhage and pancreatic
stsopby and fibrosis,

mechanism by which such compounds induce
carcinogenesis in animals varies depending upon
the chemical,

Mutagenicity assays have been conducled in a
number of strains of Salmonella r;phrmunum.“"’
All swdies have demonsiraled negative resulty,
with the exception of Hussain ¢r ol and Seiller™
who reported positive resulls for the induction of
tcvenanls in one steain, TA 1532, sensitive 1o
frameshift 15, A to vepeat ihese
studies usang cither TA 1532 or othcr frameshift-
sensitive strains were unsuccessful

A y of dies with test
systems other than Styph:munum has been des-
cribed by Shu er a/." and is presented in Table 2.

Table 2 2,37.8-TCDD genotoxicity uudles in systems other
than S.typhimunum, Adapted from Shu ¢t ol
Test Resulr  Reference
Mutagenicity: E, celi S4.4 + 85
Muugc 3. «rew'sia( + 88

i mouse lymph cells + 89
Viral inactivation: QB virus - ]
DNA binding: rat liver in vivo - 1)
Unschieduled DNA syshesis | hepatocytes - 92
Unscheduled DNA synthesis | in ritro - 9
Transformation: BHK cells + 95
Trensformation: CIH/OT,, cells 9%
Sex-linked recessive Inibal; Drosophila - 97
Dominant lethal: Rat - 9
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A more detailed discussion of some of these
findings is summarized helow.

Hussain et al.®® reported 2,3,7.8-TCDD (o
induce a reversion 1o sireplomycin independence in
E. coti Sd4 a1 doses sbove 2 ug mi™}, howevey, at
these concentrations, survival was bélow 20%.

Bronzetti ef al.™ tested the mutsgenic effect of
23.78TCHD in » test In Sacch
myces cerevisige, The author veponed a positive,
dose-related response (over Lhe range of 0.5~10 pug
TCDD mi™" in milotic gene conversion and re-
verse point mutation in the presence of mouse liver
S10 mix. The maximum increase was approximately
fourfold a1 10 pg m!™', with 15% survival; no
thanges were noted in the absence of S10 mix. This
study has been criticized on the grounds that the
weak positive effect was obscrved only at higher
doses in the presence of considerable toxicity and
may have resulled from the selection of spontan-
eous calonies, already p in the yeast
cell population.’® Bronzelli ef al.®® also reported on
an i gui host mediated sssay on CD-1
mice. in which a maximal mutational effect was
noted in both lives and kidney, 20 days afer
adminisication of 25 pg of 23.7.6-TCDD by
gavage.

Rogers er al.™ found mutation rates 1o increase

"
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with 2,3,7,8-TCDD; the adminisiered dose In one
study was reporied (0 be 1 pg kg™ week~! by
gavage for 45 weeks. Two studies were teported es
giving weakly positive sesults for chromosomsl
aberrations: Loprieno e oL™ found a significant
i in chrom bervations in CD-1 mouse
bone maryow cells, when assaying at 96 h, but not
2t 124 h after an ip. injection of 10 pg 2,3,7.8-
TCDD kg™*. The second stady (Green ef of., cited
by Wossom ef al.®) reported 3 weakly positive
result for chromosomal aberrations in bone mamrow
cells from Osborne-Mendel rats  recelving
4 pg kg™" twice weekly for 13 weeks, no controls
were used and comparisons were made with cells
from animals receiving lower doses. 1a addition. no
details were given of the aberrations obsesved. No
conclusions ¢an be deawn from this study.
Abernethy e al.® demonstrated concentrations
of 23.7,8-TCDD above 4 pM to promote the
transformation of mouse embryo fibroblasts
(C3HNOT,) which had been pretreated with N-
ihyl-N-nitro-N-nitrosoguanidine (0.5 pug mi™*).
Comparison of m I resp with the p
ing agent TPA (12-0-tetradecanoylphorbol-13-
acelale), indicated that the dose required for
2,3,7.8-TCDD was 10* less than for TPA and
suggested 2,3,7.8-TCDD was the most potent
yet tested with C3H-10T,, cells.

in LSI178Y mouse lymph cells exp 10
2,3,7,8-TCDD when methotrexate, thymidine or
thioguanine were used as the sciective agents, but
not when ouabain or cytosine arabinoside were

“"The binding of PH] 2.3.7.8TCDD 1o liver
protein, RNA and DNA when administered i.p. to
Sprague Dawley rats ot & dosc of 7.5 ug kg™" was

used, Cell survival was decreased at 2,3,7,8-TCDD
concentsutions of 0.1 mg ml™" and ubove. Clone
mozphology was reportcd ta be changed by 2,3,7,8-
TCDD concentrations of 0.01 mg mi™" and above,
but growth in TCDD-frec medium for 36 h before
plating seversed this ch It is not possible 10
deaw conclusions from this study as It has never
been repealed, even though equivoca) results were
obtained, It has been suggested that the response
seen may have occutred by a mechanism other than
mulagenesis.

A negalive dominant [ethal effect in male Wistar
rats was seporied by Khera & Ruddick.™ Doses of
2,).78-TCDD (4, 8 or 12 ug kg™*) were admin-
istered for 7 days befose seven sequential mating
trials over 35 days and produced tokic effects in
some of the animals.

Meyne ef al.™ found no evidence of an increase
in ¢hromosome aberrations. micronuclei or sister
chromatid exchange (SCE) in boae marrow cells of
C57BL/6J or DBAS2S mice exposed to 2,3,7.8-
TCDD (0, 50, 100, 150 pg kg™ i.p.). 1 was noted
that the doses administered proved to be hepato-
toxic to these strains of mice. A number of other
studies (reported by EPA?") have found no evid-
ence of chromosomal abnormalities in rats Ireated

determined by Poland & Glover.® The resulls
demanstrated the majority of bound 2.3,7,8-
TCDD to be associsted with protein (0.01% of
administered dose) with vinally none binding to
nucleic acids,

‘There is some evidence, from studies on ycasts,
to suggest that 2,3,7,8-TCDD has mutagenic paten-
tial. However, the data from bacierial gene muta-
tion assays, clastogenicity studies and DNA
damage assays were negative, Negative results were
also obtained in a sex-linked recessive lethal assay
in Drosophila snd in a deminant-Tethal assay in
rats, Whilst the balance of results are negative,
these is evid from cell { assays
that 2.3,7,8-TCDD has tumour promoting activity.

Multagenicity studies on other PCDDs have only
been camried oul on 2,7-DCDD and OCDD.
Dibenzo-p-dioxin has also been studied. Green &
Moretand® reported (in abstract form only) no
increase in chromosome abersations in rat bone
marrow cells follawing treatment with 10 pg kg™'
dibenzo-p-dioxin or 2,7-DCDD, by intubation for 8
days, however, it should be nated that no dose
sange was used, Furthermore, it has been ge-
ported™ that using the tame protocol, s negative
result was also obtained for 2.3.7.8-TCDD, but
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using 8 different protocol Green & Moreland
obla%ned ] posiliveprcsuh for-2,3,7,8-TCDD. No
other dioxins were fesied in this revised system.
Commoner'™ reported that  dibenzo-p-dioxin
failed to demonsuate an increasc in severtants

" plate in assays using 8. syphimuritns strains TA 100,
1535, 1537 und 1538 with and without 59 mix.

Finally, QCDD has been tested in 3 number of
strains of §. typhimurium,® The resulls indicated a
negative response with strains TA 1530, 1531 and
G46 and questionable results when tested in
TA 1532 and 1534 strains. No details of dosing or
activation system were provided,

There appears 10 be littile information on the
mwtagenicity of PCDFs. The mutagenic eflects of
four PCDFs (2,8 DCDF; 3,6-DCDF; 2,3,2.8-TCDF
and OCDF) and dibenzofuran have been studied in
vatious strains of 5. nyphinurium with and without
5% mix. None of these dibenzafurans were found 1o
be mutagenic.'™

Cytotoxicity

A number of in viirg studies have been carried out
on 2,3,7,8-TCDD."1% Iy the majority of cell
lines challenged, no evidence of toxic effects were
noted. This suggests cither that the systems used
may be unsuitable or that the in vivo effects of

Table 3 Reproductive cffects of 2,3,2.8.TCDPD

% when’ tested at doses between O and 100 pg per - -

2,3,2.6-TCDD may only be seen inm highly
arganized systems (possibly signifving a require-
ment for the Ah receptor). In viiro systems have
however been used snccessfully in the investiga-
tions of hyperkerstinization. 4 _ .
In humans the most common effect of exposure
to PCDDs and PCDFs is chloracnefppidesrmal
hyperplasia, Two cell culture systems, XB cells
(epithelial cells, derived frem a mouse teratoma) or
neonatal human foreskin cells, have been found 10
exhibit hyperkeratinization when challenged with
2,3,7.8-TCDD.5* 1t is reporicd that XB cells
possess the Ah ptor protein and keratinizati
tesponse was proportional to the binding affinity of
the test compound for the receptor.

LR N

Reproductive toxicology .
2,3,7.8-TCDD is genesally accepted as being one of
the most polent teratogens/letoroxins in all the
an tab ¥ spee died. Mice present
teratalogical lesions. mainly cleft palate and kidney
anomalies/hydronephrosis. "™ " A number of feto-
toxic eflects have been reparted in rats including
intestina) haemorrhages and subcutaneous oedema,
as well as kidney abnormalities,®1"-1%1? Qqpey
eifects noted inciude decreased feta) weight'!! and
also increased fetal death,® Pups born 10 mothers
receiving 2,3.7.8.TCDD in the diet also had

Dare required (ng g dw='d™') io produce

Faramater Species and ref. Effect Minirmal effeet No effea
Male featlity Rag™? 4000 {14} 100* {12 mej 1o 112 mo]
Female fertidity 't 10 MGS] - 1 MGS|
- Rag M= 2000 14d) - 300 14d]
. MooheyRaate 10 ma) 1 {tmo) 02 |u)
Geners! reproductive  Ra('Y 30 MGS) 1* [MOS| " MGS]
performance Monkey™L\1® 2 ? nof - 072*  lay] !
Teratogeniity/ Mouse'™® 1000 [6-1%d of 100 [6-188of 10" fs-15d of
embryolethality Ru'™ 500 pregrancy] - pregaancy] 118 pregnancy)
Rabbit"* 100 - -
Monkey ™" 1 {7 mo before « att - 07 |12-Mmo hefore
pregnancy] + afl pregnancy}
Felotnicty x.,.,.,.,m.n mus [6-15a of . 0 {6-13d of
3 pre; - gl
- 4 Baancy] 9 pregnancy}
Mornkey'™ 072 " [15-X mo before - 012 |15-13 mo before
+ ol) pregaancy] + sll pregnancy|
Poztnatsl Mookey''? 012 [45 mo but pot for - -
development 10 mo belore or
during pregnancy)

. Indicates the basis for e Bgure it Icntative,
- Indicates oot known,
u Indicaies dezation of desing,

GS Muligencnitioa siudy,
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reduced survival rate and the transfer of pups at
birth to contsol foster mothers did mot increase
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monkeys 10 a total of 0.2, 1 or Spugkg™" of
23,78-TCDD given in nine doses, by gavage,
b n days 2030 of ion. The two snimal

survival, indicating the eliects were probably due lo
in utero expasure rather than exposure via mother’s
milk.™ Toble 3 summarizes the data,
' Matemal responses have included Increased
liveribody weight ratios in some mice studies and
vaginal haemorrhage, decreased ferility and body
weight gain in some of the rat studies. Fetuses of
New Zealand rabbits, demonstrated increases n
extra ribs and sall tissue abnormalilics, in addition
to maternal toxicity at doses of 0.25 g k;" and
above and mallormations at 0.1 pg kg™"."

There are few studies on the reproductive effects
of 23.2.8-TCDD in the male. 2,3.7.8TCDD
(4 upkg~'d™! for 7 wecks) can cause inflam-
mation of the testes which may be secondary to
general toxicity in rats™ and possible modifications
of testosterone bydroxylase activities followi:
singte ora) doses of 0.2.1 or § pp k™' ™

A number of authors have sup:' e
NELs for 1eratogenic effecis of 2.3.7.8-% . »)D. but
many of these estimates are uncenain (Table 3).
The lowest dose used in rodent reproductive
toxicity studies was 0.001 pg kg~'d-', which pro-
duced increases in the incidence of cieft palate in a
CF-1 mouse teratology study, although such elfects
were nol evident at the next higher dosage '™

A recent review of the reproduciive toxicology of
237.8.TCDD <ggests that the range of 1ovic
elfects of TCDD on the reproductive system is
consistent with its 1oxicokinetics, disttibution of the
Ah-receplor (and AHH enzyme induclion) and
also suppression of immune function.* 2,3,7,8-
TCDOD mostly occurs in the environment as part of
chemical mixtures (as indeed do other PCDDs and
PCDFs). There is evidence 1o suggest that in the
presence of some other polychlarinated com-
pounds, the teralogenic effects of 2,3,7,.8-TCDD
may be enhanced. A combination of 2.3,7.8-TCDD
and 2,3,4,5,3" 4"-hexachlorobiphenyl (HCB) ad-
ministered by gavage to CS7BL/6N mice on days
10-13 of gestation produce a tenfold increase in 1he
incidence of cleft palate in pups compared to the
fevel produced by a dose of 23.7,8-TCDD
alone."V* Hassoun & Denker,'™ reported that co-
administration of (-napthoflavone, & microsomal
mono-oxygenase inducer with no feratogenic action
itsell, was found to increase the incidence of
2,3,7,8.-TCDD Induced cleft patate in mice, Finally
a mixture of 2,3,7.8-TCDD and 2.3.7.8-TCDF
administered by gavage by CS7TBL/6N mice on day

10 of gestation produced a mare than addilive
increase in cleft palale and small increases in
kidney malformations.

A lew siudies have been reported in non-human
primates. McNully™ exposed pregnant Rhesus

<
receiving the S pg kg"vdcse aborted on days 47
and 48 of gestation and died on days BS and 136. Of
the four animals receiving 1§ pg kp™? three
aborted, with only one animal showing overt signa
of maternal toxicity. None of the four animals
recejving the 0.2 pg kx™! dose demonsirated signs
of malernal toxicity, although onc may have
aborted. The signs of maternal toxicity found were
an initial thickening and reddening of the eyelids,
followed by weight loss. dry skin, loss of hair,
anaemia, purpusa and bleeding from the nose and
mouth. 4% auvtopsy, squamous metaplasia of the
sebacer s plands, hyperplasia of the bile duct,
gine? and hypoplasia of the bone marrow were
A parallel study giving 1 pg kg™t
ICDD as a single dose on dsys 25, 30, 3§
or 4D of gesiation produced similar results to the
divided dose regimen. Of the three live feluses
from both experiments in the | ugkg™! groups
minor abnormalitics of the palate and uvula were
noted. No abnormalities were noted in three
fetuses from the 0.2 pg kg™ group. Although the
0.2 pg kg™' group (with an average intake of
approximately 0.01 ug per kg body weight per
day) did not differ significanly from control
animals, it is not possible to draw any firm
canclusicas fram such small group <jzec, Animals
ftom higher Juse graups exhibited signs of roxicity
but aborted prior 10 these symptoms becoming
obvious, No concluslons could be drawn on
whether abortions were due to maternal toxicity or
effects of 2,3,7,8-TCDD on the fetus.

The ditect administration of 2,3,7,8-TCDD (or
indeed any other of the PCDDs or PCDFs) during
gestation is not necessarily required 1o produce
adverse cffects on the offspring. Since 2,3,7,8-
TCDD is lipophilic and lates in the adip
tissue, is poorly metabolized and has a fong hall-
life in most species, particularly in primates,
malernal exposure before conception can lend to
ultimate mobilization ftom adipose stofes and
thereby transfer to the developing offspring during
gestation and also lactation. In a sisdy by Schante
et al."" subtle elfects on matemalinfant behaviour
were noled when the animals were mated one year
alier withdrawal of 2,3,7,8-TCDD administration
(S ppt and 25 ppl) in the matemal dict for about 4
years, There were no obvious toxicological effects
of TCDD exposure on the offspring er the mother.
The main finding was that TCDD-exposed mother—
infants dyads spent more time in close sodal
comact than did controls. The authors suggest that
the infant exposuse to TCDD may have been the
determining factor and that the elfects were
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probably Jiated via the her's milk, The
authors noted litile dilference from control infants
with regard to social or environmental cxploration,
self-directed behaviour, stercotypic behaviour or
play behaviour and suggest the findings [rom this
study indicate mothers were lespoqung to sublle,
physical or behavioural cues §n modifying their care
of TCDD ofispring. Further reports of this study,

2,),7.8-TCDF) treaimenm. although the aciwal
tesponse varies with animol species/sirain/age and
the experimental protocol. In common with other
effects produced by PCDDs and PCDFs, the
alterations in immune system functioning appear in
general to parallel the levels of Al teceplor and
arylhydrocarbon_hydroxylase (AHH) inducibility.
Veechi e al'®  determined (he number of

seen as abstracts only, noted changes (both p )
and negative) in lcarning tasks with increasing
levels of TCDD in the infants' [a1. The authors
caleutated a NEL of 0.05ng TCDD kg bw='d"!
based’ an transles (rom maternal fat to infant via
milk 5™

The effects of varicus PCDDs, other than
2,3,7.8-TCDD have been studicd for teratogenic
potential in Wistar rats by Khera & Ruddick™ and
in Sprague Dawlcy rats by Schwewz ef al.® Isomers
siudied were 2-CDD. 2.3-DCDD, 2.7-DCDD,
1.2.3.4-TCDD, OCDD and mixed isomers (unspec.
jfied) of HaCDD. Of these PCDDs only the
1ixCDD was truly fetotoxic and teratogenic, with
effects found at the lowest dose used i.e.
0.1 pg kg~'d".** Some effccts were noted with the
other PCDDs, but these occurred at much higher
dosage levels. Khera & Ruddick™ found 2.7
DCDD to produce myocardial [esions in the fetus
at 1000 and 2000 g kg™' d~' levcls, although
Schwetz ef al® found no such cifects at
100 000 pg kg™' dose: 1.2,34-TCDD produced
wea-signifeant increase in skelclal abnormalitics 2t
100 and 200 pg kg™" dose, but nat at higher dose
levels;¥ OCDD produced subcutaneous oedema ar
500 000 pg kg™' dose.*® Finally, negative resulls
were obtained when 1,2,34-TCDD and 2,7.DCDD
were ftested in dominant lethalifentility studies in
Wistar rats.™ Nagayama ¢ al.*? have shown certain
PCDFs can cross the placenta. The limited inform-
ation available from 2.3,7,8-TCDF teratogenicily
studies indicate it t6 be teratogenic in mice
producing cleft ‘palale and hydronephrosis. How-
ever, the dosing periods and observations were
limited in most swdies and would not necessa
have picked up all susceplible organs !nI-12
Hassoun e al,¥™ demonsirated a strain dilference
in the mice tested in their study, this was thought to
be dependent upon the p ¢ of the 1esponsive
Ah locus.,

Immunotoxicology

One of 1he most consistent pathotogical changes
following administration of 2,3,2,8-TCDD and
related compounds, has been invelution/atrophy of
the thymus, particularly the cocex, with an
associated depletion of lvmphocytes. Both humoral
and cell mediated immune effects have been
demonstrated  following  2.3.7.8-TCDD  (and

h Iytic plaque forming cells (PFC) produced in
different strains of mice (differing in AHH
responsiveness) after administsation of 2,3,2.8-
TCDD or TCDF fallowed by i.p. injection of sheep
erythyrocvies. In the AHH responsive mice (CIH/
HeN and C57BL/6) the number of PFC produced
after prior administration of 1.2 pg kg~'d~? for 7
days of 2.3.7.8-TCDD was significanily reduced. In
non-responsive mice (DBA/2) a very much grealer
dose was required (30 pg kg™'d™") in order to
elicit the same respense. For 2.3.7.8.-TCDF.
180 pg kg™' reduced humoral sesponse in
C57BL/6 mice. but not in DDAJ2 sirain mice, again
demenstrating a relationship with AHH respons-
iveness.

A stedy on 2,1,7.8-TCDF in Hartley guinea pigs
indicated the cllects ase similar to those of 2.3.7.8-
TCDD, alihough doses sequired weie increased by
approximately tenfold.'* Alerations in immune
responscs have been detecied in the absence of
overt signs of toxicity.

A nember of immunological clfects have been
studied in mive by Clurk of af.'”" Givups ot
C57BLI6 male mice received four weekly ip.
injections of 2,3.7.8-TCDD at doses of belween
0.001 pg kg™' week™ and 100 pg kg~ week™!
and were studied [ weck afier the fourth dose. The
rsults indicated the celtular content of the thymus
was lowered by 50% by doses of § pgkg!
week™! and doses of 25 pg kg™ week™! were
shown 1o seduce dramatically the cellularity of the
spleen and peripheral lymphocytes. The number of
plaque-forming celis in the spleen produced in
response 10 sheep erythrocytes (administered i.p.)
or trinitrophenol conjugated Brucella abortus was
considerably decreased at 6 days after immuniz-
ation in animals seceiving 10 pp kg™' week™;
IgM, 1gG and IgA rtcspanses were also alfected.
Fusther investigatiohs indicated that depletion of T-
helper cells was not the cause of the decreased
fmmune competence. The produclion of cyloloxic
T-lymphocytes in response 10 the injeciion of
2 x 107 P-815 irradiated umour cells (3 source of
the H-2? alloantigen) when measured 6 or 7 days
after immunization, was teduced in suspensions of
spleen cells from animals seceiving 0.1 pg kg™'
week ™! or highcr doses. The generation of cyto-
toxic T-cells in viiro was scduced when cultures
were made from the peripheral lymph nodes of

'
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mice which had received 0.001 pg kg™! week™’,
The addition of 2.3,7,8-TCDD (25 ng) directly to
control cullures produced no-suppression, whereas
the mixing of cultures from comrol snd test animals
0.1 g Isg" .weck'f) produced _the response
associated with the test culture. The level of
precursors 1o cytotoxic T-cells was not reduced
suggesting the response was due 10 an increase in
suppression, possibly via an activation of T-
suppressor cells.

Subsequent work by the same group found that
the immunbsuppressive clfects of 2.3,7,8-TCDD
were dependent on (he Ah gene,. not the H-2
locus."* By ransplanting lymphomyeloid cclls
from one $train of mouse into irradiated recipient
mice, the Ah genotype of the recipient was found
to bc dominant. It was suggested that this was due
to an Ah receptor present in the thymus. the
thymic seceptor would be expected 10 have a bower
dissociation constamt (Kd) than the Tiver Al
receplor.

The developing immune system in animals has
been found 10 be particularly susceplible 10 the
effecis of 2.3.7.8-TCDD exposure, The effects can
be medialed either through in uiero exposure or
postnatal exposure from mother's milk. Pre- and
postnatal exposure to 2,3,7,6-TCDD in F3H rats
has been shown to produce prolonged reduction in
certain immune functions: delayed hypersensitivity
.and Tymphoproliferative r:sponsc." The doses
1evcived Ly the mothiers tu <lizit a respone in the
offspring were 5 pg kg™ by gavage on days 0, 7
and 14 alier birth, with some groups receiving an
additional prenatal dose on day 18 of gestation.
Some indicatign of the exact dose received by the
pups is required however before one can extra-
polate these findings to man. A similar swdy
conducted in S-week-old Swiss-Webster mice whose
mothess had received 2,3,7,8-TCDD in the diet (1,
2.5 or 5 ppb) from 4 wecks before mating o 3
weeks afler birth (total dose mpproximately
4pg kg™’ for the 1ppb group) has been re-
ported. ™ The results were not entirely copsistent
with those reported by Faith & Moore,'” as no
alterations were detected in delayed hypersensitiv-
ity, Iymphoproliferation or antibody response to
sheep erythrocytes although a significant dose-
related increase in monality due to S.yphimurium
endotoxin was demonstrated together with a reduc-
tion in PFC at 2.5 and § ppb.

Same studies have been reporied on the effects
of olher PCDDs on the immune system, 2.7-
DCDD has been shown to produce a number of
decrcased iramune responses, including a dose-
related decrease in IeM-producing PFCs_[from
splenic cclls of young female B6CIFI mice.'™ The
ellecis of 2,7.DCDD were not as potent as 2,3.7.8-
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TCDD (used as a positive conirol). This finding is
of interest ay 2,7-DCDD has very low or no binding
alinity {or the Ah veceptat and may indicate some
aspect of PCDD/PCDF toxicity to be independent
of the Ah receptor, alihough further work in this
area is required. The same study also reposted a
negative cffect on the immune system by OCDD in
one lest system, although it was not studied as
comprehensively as 2.3-DCDD. .

The immunosuppressive cffects of pentachloro-
phenol  contaminants,  including  OCDD:;
1.2.3.6.7.8-HxCDD;  12.3.4.6,7.8-HpCDD  and
1,2.3.4.672.8-HpCDF were studied in mice by
Ketkvleit e al'™™ Mice (C57BL/6 strain) were
given a single gavage dose of the compaunds 2 days
prior 1e i.p. inoculation with 2.5 x 10" SRBC (T-
dependent antigens). Mice were killed § days after
inoce lation, The IgM resp of isolated spleni
cells was not reduced by OCDD at doses of up 1o
$00 mg kg~!, however 3 50% inhibitory dese
(IDs) of 7.1, 85 and 208 pg kg™* was shown for
1.23.6.7.8-HxCDD:  1.2.3.4.6.7.8-HpCDD  ond
1.2.3.4.6.7.8-HpCDF_ respeciively. tn a similar
study. Veechi & al.'® reported 2.3.7.8-TCDD to
have an 1Dy, of 0.65 pg kg™*. )

Proposed mechanisms of toxicity of PCDDs
and PCDFs

Ah receptor and enzyme induction

The similatities between the elfccts prodazcd in
expesimental systems by PCDDs, YCDFs and other
halogenated hydrocarbons such as PCBs and PBBs
(polybrominated biphenyls) suggests the possibility
of a common mechanism.” Such a mechanism was
proposed by Poland & Glover'! and was based

.upon_studies on 23.78.TCDD following the
*. The studi

identification .of the ‘Ah plor’.

involved the use of mice strains having a high
sensitivity for AHH induction (C57BLJ6) a low
sensitivitity (DBA/2) or crosses having inter-
mediate sensitivity. The sensitivity to AHH induc-
tion was found to relate 10 levels of a so called “Ah-
receplor’.

The Ah (aromalic hydrocarbon) receptor is 2
soluble iniracellular protein that binds specific
halogenated aromatic compounds such as 2.3.7.8-
TCDD and certain polycyclic aromatic hydro-
carbons such as 3-methylcholanthrene. A major
function of the Ah-receptor is to regulate the
inductien of specific forms of cytochrome P-450. in
animals exposed to aryl hydrocasbon hydroxylase
(AHH) inducers. It has been demonstrated that the
binding alfinities ol compounds for the Ah-receptor
cotrelale well with their toxicity and ability to
induce AHH'"® and also d-aminolevulinic acid
(ALAY syniherase,'® The induction of these
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enzyme activities is tong lived and occurs following
the adminisication of very low Icu.-l§ of dmxm_s.
The aciivity of AHH in hepatic microsomes in
femate rats wos seen lo be significantly increased
following an  oral adminislraln')n of =a
0.002 pg kg~! dosc of 2.3,7.8-TCDD.

Compounds capable of inducing both AHH end
ALA synthetase (e.g. PCDDs, PCBs, PCDFs and
ather halogenated aromatics) have Iwo common

properties that are similar to the propentics of
receptors for sieroid hormones and it appeurs that
the Ah-receptor and steroid receprars belong to a
common family. Kester & Gasiewicz'™ reported
that studies from several laboratorics have shown
the Ah-receptor to be an oligomeric protein,
comparable to steroid receplots in Stokes radius,
sedimentation cocfficicnt, molecular weight and
frictional ¢atio. with an equilibrium dissociation

propedties: the first is halogen atoms pying a
minimum of three {or four for maximal actwvity) of
the lateral ring position (i.e, 2.3.7.8) and sccondly.
at least one ring position must be unsubstituted.
Therefose the binding alfinities of various PCDDs

for 2,3.7.8-TCDD within the range char-
acleristic of steroids. The Ah-receplor is more
hydraphobic 1han id receptors, however. i
interacts with polvanions (including DNA) in a
similar manner. ft has been reported thar the Ah-

and related compounds for the Ah can in

plor. fike recepiors for steroid hormones

general be cxplained by the shape and
configuration of the molecule. However, the
precise mechanism of PCDD interactions wilh the
Ab-receptor has not yet been determined.
The ligand-receptor complex is transported into
the nucleus, where it is thought to bind 10 DNA,
Evidence for this step has been provided by the
analysis of radio-labelled 2.3.7.8-TCDD in prepara-
tions of cell puclei.’™ The interaction of the
complex with DNA is thought 10 tely on both
1 ic and configurational effects.'”™ The
binding of the complex 10 DNA alters the sate of

in sulphydryl groups which are ¢ssential for
ligand binding functi lithough there exist subtle
dillerences between the 1wo receplor types in
response 10 a specitum of sulphydryl-modifyving
agents."™ In spile of the number of similarities
bewween the two recepior 1ypes. the Ah-receptor is
apparently_not identical 10 any known sicroid
receptor.’™ It has been sugpested that there is
slight evidence that o¢stradiol levels may affec the
action of 2.3.7.8.-TCDD and its recepror al the
genomic level,™ However, Kester & Gasiewicz'
reporied that eestradiol. hydrocortisone, progesiers

transiation of @ battery of genes cading for
and othet lecul ibly via

one, (and ako the non-steroidal

and inhibitor domains'® which are uliimately
responsible for the range of hiolngical effects scen.

‘Ihe requirement tor a recopior to micdivle the
action of PCDDs on DNA would explain the fow
level of 2,3,7,.8-TCOD binding to isolated DNA
compared to many known genotoxic carcinogens
and the Jack of mutagenic potemiial in test sysklems;

gen diethyistilb 1) did nol enhance Ah-
recovery of stability and Jurthermore TCDD bind-
ing was not inhihited by anv of thee steraids,
indicating that 1hey do aut compete with 1L D9 for
specific binding 1o the Ah-reccptor.
In a study by Gasiewicz & Bauman'"! evidence
had been presented for the existence of at least
three forms of the Ah-recepior prepared from rat

Several species (both b and )
including  humans'** possess, a TCDD-binding
recepter, | 10 the Ah identified
in the mouse and it has been suggested that this
protein has been conserved duning evolution to
perform a role in these species.'”” It has also been
suggested that the Ah-recepior complex could have
once served in fon as a h or growth
factor veceplor for a variely of ecloedermally-
derived tissues,' The Abereceptor has been
isolated from a number of organs'™ and it is
conceivable that it exists in such tissues without a
natural ligand and is sctivated only when tissues are
exposed lo potent toxins such as 2.3,7.8-TCDD.'™
There are both specics and strain dillerences in the
response to 2,3,2.8-TCDD and it is possible that
not only concenwations of the receplor but also
variations in the binding affinities. translocation
inta the nucleus and response of the affecicd genes
could explzin such dilferences.

h cviosol in vitro and identified as: an
unoccupied farm, an occupied form showing some
affinity toward DNA and an addilional occupied
form that is less negalively charged and has greater
affinity for DNA. The iransformation 10 the lauer

was dependent upon the y e of 2.3.7.8-TCDD
and the d of the incubation and pera-
ture. As d for the f of steroid

hormone peceptors. this teansformation may be due
1o exposure of positively charged groups on the
receplor molecule. The precise mechanism that
mediates the transformalion of the Ah-receptor w0
DNA binding species is unknown. However, the
finding that the fully wransformed receptor can be
isolated from hepalic nuclei of ras pre-treated with
TCDD seem 10 indicale that the abave process may
oceur in vive.

There is therefore evidence 10 suggest that Ah-
receptor binding is necessary for many aspects of
PCDD/PCDF roxicity and it is likely that a definite

The Ah-receptor has many  physi

str Tivity hip exists. 2.0.7.8-TCDD

ATL B .

-




—GENP 010383

has 3 very high affinity for the recepior and also has
preulest taxic potency, The role of the Ah-recepror
binding and rcceplor-mediated cvents in  the
tumour promating aclivil).‘ ol 2.1.7.8-TCDD bhas ver
to be fully determined.'

Lipid peroxidation .
Lipid peroxidation of b comy as
measured by levels of malonaldehvde and conju-
pated diencs, has been reported 10 increase (otlow-
ing the adminisiration of 2.3.7.8-TCDD 10 the
rat."*"** Other aulhors have disputed these find-
ings as in annther study there was found 10 be no
increase in cthunc exhalation (another marker for
lipid peroxidation) after administration of 2.3.7.8-
TCDD, W

An intrcase in the level of free-radicals formed
due 1o lipid peroxidation. has been supgesied as a
mechanism for some of the nen-specific elfects of
PCODs."* I has heen suggested that a correlation
exisls belween species suscepiibility 10 TCDD-
induced hepatic lipid peroxidution, AMH inducibil-
ity. inhibition of GSH-PX (sclenium-dependent
plutathiane peroxidase). thymic airophy and body
weight loss.!* The administration of the anti-
axidont  buivlaled hydroxsanisole tBHA) or
reduced gluthathione to female Sprague-Davdey
rats which reccived 2.3,7,8-TCDD demonstrated a
decrease in the level of lipid peroxidation (as
malonaldehyde formalion) and the BHA 1teaiment

eenecmed againet the moetality  prodiced by
2.3.7.3-TCDD."" These resulls sugeest thal the
levels of oxidizing molecules are intreased by
2,).7.8-TCDD administration. by either a primary
effect, e.g. due to direct inhibition of glutathione
perosidase or a secondary effect due to 2.3.2.8-
TCDD being transponied inlo the nucleus and
inducing oxidizing enzvme synthesis.

Vitamin A

Some of the effects of TCDD intoxication resemble
those of vilamin A deficiency e.g. keratosis and
immunosuppression and. it has been suggesied 1hat
depletion of viramin A stores in the liver produced
by 2.3.7.5.TCDD administration may be respons-
ible for some of the signs of 23.2.8.TCDD
oxicity.'  An oral dose of 23.2.8-TCDD
{30 pg kg™!) has been found to modify (he

metabolism of vitamin A, when administered to -

Sprague Dawley rats.'” The administration of
vitamin A was shown to extend the survival time of
female Sprague Dauwicy rais when given 2.3.7.8-
TCDD.'™ Whilst these studies demonstrated
vitamin A metabolism to be altered b 2.3.7.8-
TCDD. it is nat known whether this is a primary or
secondary eflect.

PLULy A PCDFS: RISKS TO HUMANS 187

Orher mechanisms

Other mechanisms proposed 1o explain the muti-
arious effents of 2.3,7.8-TCDD incdude medifica-
tions in hormene levels. changes in metabolism due
to enzyme induction and modiflying the response of
the epidermal gsowth factor receptor.

Interaciions

Since ‘dioxins’ bind 10 the Ah-recepior and are
inducers of hepatic enzyme activity. il is possible
thal they may modily the toxicity of other xeno-
biolics. Furthermore, the modification of “dioxin®
toxicity by other companents of an environmental
mixture, is also possible. Swudies on these inlerac.
fions are not extensive at present, bul those which
have been published 1o date indicate thai the
combined elfects may be additive/
synergistic™ M1 o antagonistic. ™1 The
major [aciors in determining any interactive effect
are the genelic make-up of the exposed animal and
the exact chemical natuce of the mixture.

TCDD cquivalems

There is at present no reliable. rapid test for
assessing the biological activity of eavironmental
samples likely to comain PCDDs and PCDFs. The
assessment of polential risk is based on individuat
isomer analysis and relaling these sesults to the
toxicity (where known)} of the individual isomers.*
In order 10 simplily the risk assessment procedure
and 10 permil some form of regulalory control. the
concept nf "TCDD equivalenis” has been intro-
Suced, Jhis cencept is derived from eciating ihe
toxicities of groups of isomers 10 (he toxicity of
2,3.7,8-TCDD to produce a ‘toxic equivalence
factor® with a summation procedure 10 give
‘TCDD equivalent” for the mixture. The major
drawback of the TCDD equivalents concept is that
it is assumed all isomers in a defined group have
the same toxicily and that all interactions are
simply additive.

Whilst TCDD equivalents are of use for screen-
ing mixtures, Lhere are not enough data on the
toxicities of many of the isomers to give a definite
estimate of risk. Furthermore, where equivalence
faciers are derived. they arc ofien based upon in
vitro studies, The Tack of religble toxicity data is
highlighted by the differemt equivalence factors
given 1o the same groups of isomers by diffevent
authorities.'™

Although the concept cannot be used as a 100!
{or accurately predicling human healh effects. it js
uselul in assessing priorities in terms of poleniial
risk to human health,

Mortality and morbidity in humans
There has been a considerable number of reports of
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* h
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‘non-cxperi p o both
PCDDs and PCDFs. In virtually all’ instances
however, exposures were to mixtures of PCDDs
andfor PCDFs as well as to a range of other
chemicals sharing similar properties. Furthermore
it has not been possible 1o ascertain am‘:m.tcly_!hg

of higher chlorinated phenals between 1940 and
1979. An aliempt was made ta provide estimates of
2,3,7.8-TCDD exposure potential for each job. Up
to the end of 1979 death cerlificates were obtained
for a to1al of 298 men known to have died. For
cancer sites of particular intesest (such as saft tissue
t and non-Hodgkin's lymphoma) there were

take by individuals. Dos p
uuPn:ol t{cmforc be established for any of the

adverse effects observed. Commonly the design
and evolution of the reported siudies detract from
the conclusions drawn by the authors. Nonetheless
the human epidemiological daia need to be evalu-
ated carefully as animal data have demonstrated
considerable variation in species sensitivity and
toxicokinelics.

Circumstances under which human exposures to
PCDDs and PCDFs have 1aken place fall into a
number of categorics. Exposure to 2,3,7,8-TCDD
is the prominent feature in most occupational
studies, and has been associated wilh: the synthesis
of trichlorophenol and wichlorophenate; the syn-
thesis. compounding and use ol wrichlorophen-
wxyacetic acid herbicides and accidenial relcases to
the envirorment in both types of indusirial pro-
cesses, Exposure to PCDFs has been studied in the
fallow-up of incidents involving PCBs: this includes
the *Yusho' incidents (associated with ingestion of
rice oil contaminated with PCBs) and fallowing
accidental fires involving electrical transformers
containing PCBs.

Exposures assaciated wilth the synthesis of trich-
lotophenol and tichlorophenate have lied in
outbreaks of chloracne and malaise. Dugois et ol.'™
reported chloracne in workers at a French factory
synthesizing 2,4,5-trichlorophencl from 1tetrach-
lorobenzene. Other complaints by the workforce
included loss of weight, anorexia, weakness, head-
ache, digestive disturbances and conjunctivitis.
These observations were not necessarily relaled to
the presence or severity of chloracne. The authors
were unable to idemify the agenmt or agents
responsible for the outbreak, although it is conceive
oble that PCDDs could at feast have been panly
responsible for some of the cffects seen.

DOW Chenticals. mortality data

Investigations im0 morstality of trichlorpheno)
workers at DOW Chemicals have been repotied by
Cook et al.'*1% The first repont'® referred 10 only
o few workers and the most that could be
cencluded from the results (apart from the develop-
ment of chloracne in exposed workers) was that the
TCDD conaminant was unlikely to be a ve
powerful human carcinogen. The second report!
involved a far more detailed analysis of the
Company data. A monality study was camied out
on a tota) of 2189 men involved in the manufaciuse

no significant increases in standard montality ratios
nor were dose-response relationships observed.

A siudy of workers synthesizing penachlorophenol
(PCP) and sodium pentacliorophenate (Santobrite)
A group of workers at a plant synthesizing PCP and
Santobrite beiween 1950 and 1978 were reviewed in
1979, 1950 and 1982."*" Exposures had been to
PCP and intermediate lower chlorophenols, and a
number of PCDDs and PCDFs. The PCP contained
hexa-, hepta- and oc1a-homologues of PCDDs at
levels of 5-15 ppm, 23-250 ppm and 1900 ppm,
respectively. No 2.).7.8-TCDD was detected in the
PCP oproduct a1 the then detection limit of
10-15 pph. The Samohrite product contained hexa.
CDDs and OCDD.

The results of the general health study among the
workers were stated to show a nen-significant
elevation of serum triglycerides compared with
controls. Those with chloracne had greater distwrb-
ances than those exposed without chlaracne.,

The authors reported that exposure to PCP had
probably varied aver the years, with higher expo-
sures in the earlier years and lower expesure
latlerly fullowing comsidetable improvements in
conditions. Because of the limitations in the design
of the study, linle can be said about the Irue
incidence of natural hisiory of the observed elfects,
However, it does support observations noted in
othes studies of the association between! dioxin®
expasuse, chloracne and  distutbance of lipid
metabolism.

The Philips Duphar occident

An explosion occurred in March 1963 at a plam
synthesizing sadium richloroph from 1,2,4.5-
tetrachlorobenzene, causing widespread contamina-
tion of the containing building. A wmudy was
conducied 10 Jook at the cllects of exposure during
cleaning-up activities in 1963.%% The resulis
revealed normal liver function tests in the workers
exposed and a number of cases of chloracne, A
follow-up feport on morbidity was subsequently
published.3* However, details of the siudics are
limited and to date no sipnificant differences have
been attnbuted to exposvre.

The Coalite episode
A number of studies have been reporied following
an incident in 1968 at a UK plami [Caalite}

1ok

b



178 Oy

k 2.4,5-trich henol. As a result of
unscheduled conditions a hlgh:t than nprmal yield
o! 2 3,7.8TCDD occuncd l'olloued by an

1 rel of
was. conducled on 14 workers :d:nnﬁed as having
been i d in the sccident.!® Some slight

laints were d plus s variety of
abnormal biochemical and haematologlcal results,
which all returned 10 normal in 10 days. A (ollow-
up of 79 workers who had sulfered from chloracne
up 1o the end of 1968'** found that the condition
persisted in a quarter. There were honever. no
acecprable  biochemical indicators ol toxrclly.
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% Injtially, a study *
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malignancies’ was above expectation, but indi-
vidually only stomach cancer. reached stalistical
significance. The small size of \he population and
the small numbers of deaths do nol permit
definitive conclusions to be reached from ‘this
study. The suthors refer to veports of stomach
cancer excess in other swdies,

The exposure to lnchlorophcno:ynecnc acid-
based herbicides and their *dioxin’ contaminants
has perhaps fed to the most widely studied aspect
of human hel!lh eﬂecls relating 10 dioxins. A brief
d of some of these studies, with

before. during or alter chioracne developed and
off-spring of these workers were uporled to be

an mdncauon of the effects noted in the populations

normal and healthy. Unf
wuh a ber of alher p

ical and inadeq study
dcs!gn leave it opcn to & number of tnucnsms

pdd
. lhe Iack of

The Danish phenoxy herbicide industry experience
ln Dcnmalk the use of 245T (245
etic  acid), which contains

Further ad hoc # on of
thesc exposed workers have been seported hy other
authors, Jensen ef al'** reported chloracne in two
fitters, and also in a son of one and wile of another.
No other adverse effects were noted {liver function
and lipids were normal). Walker & Martin'®
independently conducted a study of cighl men with
chloracne 10 veaes after cessation of exposure. Five
had raised serum triglyceride Jevels and gamma
glutamyl transpepudase (GGT) levels, and all had
teduced high density lipoproteins &HDL) and
increased total cholesterol. Martin'® compared
cxporsed Coulite waikees with controls for bio-
chemical effects, and found higher chol 1 and

2.3.7,8-TCDD has always been limited, and it has
not been marketed since 1980, The principal
production has been of D-type phenoxy herbicides
(based upon 24-dichlosophenol) and M-type
{based upon A-chlomnho-ctesol). While these
herbicides contain PCDDs. they are thought to be
of the less 1oxic \am% and 2,3,7.8TCDD is
apparently not present.'™ Lynge'” autempied 1o
study all persons in Denmark involved in the
manufacture of phenoxy herbicides before 1982,
However, of the four factosies Inv:silgllcd only
v had suitzble dala for analysis. The swudy was

ken in the hope of evaluating the potential

carcinogenic effects of the DM phenoxy herbicides.

mgl\c:ndc tevels in the d group

with higher D- Bglm:am: acid/creatinine ratio. Fnally.
Blank er ol." carried out a study of genotoxic
elffects 10 years after exposute, and found no
stalistically significant differences between exposed
and non-exposed groups.

The BASF explosion

In 1953 an explosive release took place at a BASF
plant from a vessel in a process synihesizing 2,4.5-
TCP lrom 1.2.4 5 tetrachlorobenzene. Hoffmann'®
and Goldmann'®’? gave accounts of the incident and
Goldmann'® reviewed the conditions observed in

A number of analyses were conducted Jooking at
employees ftom the two factories separately and
also in combination. While the conclusions seem ta
add support for an excess risk of solt titsue sarcoma
to be associated with phenoxy herbicide exposure,
the authors were uncertain about the validity of
their Andings, since various biases may have
operated,

A UK phenoxy herbicide soudy
A monahly swdy was conducied by Cogpan et
al.’® © on 5754 people of a total worklosce of 5784
ccen 1947 and 1975, classlﬁcd secord-

the 42 chloracne-alfected woskers and described
the natural history of their development, Subse-
quent to these seports, Theiss ef al. ¥ reported a
moriality study of the total number of people
involved in the incident (70 exposed initially and
four for short periods during the next 2 vears). In
this population, 66 cases of chloracne and derma-
titis were recorded and overall the mortality for the

hath

ing 10 v their exp top acids was
*high’, ‘low’ or ‘background’, 2Mclhyl-4—chlom—
phenoxyacetic acid (MCPA), considered not to
comain 2,3.7,8-TCDD was the principal product
manufactured and contract sprayed by the company
between 1547 and 1982. A range of other com-
pounds were manufactured, bought In and formu.

‘dioxin exposed’ proup was less than e 1
controls, but slightly higher than for the internal
conlrols. It was reported that mortality for ‘all

lated including 2.4,5-T and other phenoxy scids,
though on a smaller scale. Mortality statistics were
compared with those expected for England and
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. An
made to follow-up afl childrcn’hom in the com

was  thus making Me task of de

inated zones. The study involved the compfer:: these subjects 10 2.1.7.5.TCDD very difficulr.

examination of 2989 infanis at bisth and a periodic
examination of physical and behaviousal develop-
ments subsequently. No clear associalion was

demonstrated betwrsn ka-t -
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Wales and separately for aggreganed .ruml areas for
the period 1968-1978. The results did not suggest
that these chemicals were powerful carcinogens.

Greenwald er al. "™ iy
of soft tissue sarcoma with

hcrl{icide expasure, using
Regisire Ma -t -

orders reported were immediate or delayed and
included parphyria, lipid disturbance, hepatic
discases  with  pl proicin  disturbance:

b ] glucose tolerance tests and central and

There were difficuliics in defining an adequ
contsol group, and the study was of insulficient
power 10 identify low ordess of carcinogenicity.

The West Virginia 2,4,5-T factory experience
In 1949 during the synthesis of 2,4.5-T, a reaction

periphesel nervous system disease. No eardiac,
fenal or blood diseases were teported. When
workers were reinvesligaled, some 15 years later,
lipid metabolism elfccts and glucose tolerance
abnonmalities were still obseyvable, The authors

vessel overheated and the explasion which followed

also reporied severe g I atherosclerosis assoc-

lted in the ¢ ination of the lacal environ-
ment. Four workers exposcd in 1949 in the clean-
up after the accident were examined. Subscquently
an investigation was carsicd out on a larger number
of exposed plant workers. ™7 A mixtore of signs

P

jated with some psychiatric disorders.

A follow-up study of workers symihesising 2,4.D

and 2,4,5-T

Poland er al.'™ followed- ip 73 warkess previously
died by Bleibesg e al."”® at a faclory. synthesiz-

and symploms was reported i e ¢
hepatic enfargement, peripheral neoritis, delayed
prothrombin time and elevated serum lipids. O

ing 2.4,-D and 2,4.5-T, containing 2.3.2.8-TCDD.
In the original study, 11 workers had uropor-

some 200 workers thoupht 1o have been expesed,
86% developed chioracne, There was said 10 be an
increase in upper gasirointestinal tract ulous.as

phy ] had hirsutism, hyperpigmenta-
tion or skin fragility. or all three. Two had vesicular
eruptians on ‘exposed’ areas, two' had hepatic

well as a & inp y function following
exposure. There were no increased risks detecied
{or cardiovascular, hepatic, renal or nervous sysiem

diseases and no adverse effects cegarding reproduc-
rlad

y tion with fiver biopsies showing UVR
fluorescence. Three warkers wese considered to
have fulfilied the criteria for the diapnosis of
porphyria cutaneca 1arda (PCT). It was shown that
neither chlosacne nor PCT wete related the to
d of to 2,4-D and 2.4.5.T and

tive fi o birth defects were rec .
Moses & Prioleau!™ using a popul of dep
§ tollowing this incid died fooh

P
6 years later there were no cases of

workers exp 2 1
the incidente of skin lesions present up 1o 33 years
aftes the onset of disease. Of 37 workers found still
1o have chloracne, 21 were reporied to have had
the condition for 30 years. In a further study
conducted in 1979 on both current aad relired

PCT. However. over this period the TCDD content
of the praducts would have been markedly reduced
as would other porphyriagenic agents. The study
demonsisaled the prevatence of liver dvsfunciion to
be minimal. Personaiity diswrbances seened (o be

lated to chl However, no cardiovascular

workers, 1 a variety of pecific symp wefe
shown to be equally distributed among those with
and without chloracne. The results demonstrated
that acute effects of 2,3,7,8-TCDD were [argely
reversible with the exception perhaps of skin
elfects, changes in peripheral nerves and possibly
hanges in bver boli o reproductive
effects were detected. In addition to TCDD
exposure, it was also reported that 50% had also
been exposed to the known buman carcinogen 4-
amino biphenyl.

A Czechoslovakicn herbicide factory study

Between 1965 and 1968, 80 oul of 400 production
waorkers became ill in 3 Czech [actory synthesizing
wichlorophenoxyacetic acid-based herbicides. The
illness was attributed 10 the TCDD liberated in the
process.’™ Although cavironmenial levels were not
measured at the time, TCDD was detected in the
product and was detected several years later in the
building and on painted surfaces, QF the 80 workers
who had seported adverse effects, 55 were
followed-up in hospital, where the nawsal history
of development of complaints were sindied. Dis-

system, respiratory sysiem, gastrointestinal or
central nervaus system associated discases could be
linked with exposure, fn conclusion, the results do
seem 10 indicate a link with TCDD exposure and
interference  with liver  porphyrin  metabolism,
clthough some auhors'™® have disputed this find-
ing, 1inl:irlg the raised porphysin Jevels with

hexac

[

The Seveso accident

This incident occurred at a 2.4.5-trichlorophenol
manufaciuring plant causing the release of about
2-3 kg of 2,3,7,8-TCDD, as well as TCP and other
substances. The toxic cloud drifted downwind,
seuling over fields and houses in the vicinity. Thrce
major zones were identificd according 10 the level
of TCDD soil contamination. A medical surveil-
lance programme was set uwp, but it was not
designed as. a2 sensitive  epidemiological  study.
Chloracne was first reporicd some & weeks after the
accident, the frequency af chloracne correlaied to
some degree with the leve! of TCDD soil contam-
ination. It was reported that by the end of 1978 the

ictonining exposure of

stigased the association
service in Viemam and
2 the New York Cancar

e
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chloracne effect had disappeared,

Biachemical effects were studied between 1976
and 1981 in 2 group of 700 children, subdivided
according to zone of residence. Parameters siudied
included liver function tests, lipid metabolism and
porphysins. These appearcd to be no significant
difference between groups when related 1o degree
* of expasure or incidence of chloracne. In the study
of porphyria, although a few cases of ‘hereditary’
chronic hepatic prophyria (CHP) were reparted. a
rumber of conlounding causes were involved. In
the non-heudﬂnry cases, porphyria was reported,
but its clinical manifestation - PCT, was Iacking.
Goldstein e al."™ reporied 2.3.7.8-TCDD to be the
most potent porphyrogenic ageat knowx. It inhibits
vroporphyrinogen decarboxylase (UD). In chronic
TCDD poisoning, this results in an increase in liver
uro- and heptacarbaxyporphyrins, It appears that a
single dose does not produce porphyria, although it
has been suggested that such an exposure will lead
10 PCT if 1these is a predisposition in the form of an
inherited UD defect.

The long-texm elfects of TCDD in childeen. aged
6-30 years at the tlime of the incident were
investipated by Macarelli et al'™ Children were
examined apnually {rom 1976 to 1952. Various
subscts were identified according to TCDD con-

of soif at e. A slight increase in
[ i ferase (GGT) ‘and al

siarcoma §
M €xposed agriculiyra)
hay
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available da1a showed no single birth defect 1o be
unequivocally linked with 2.3.7.8-TCDD exposure,
Tt shoutd be notcd that due 10 the limited number
of births in the high exposure 20ne, the likelihood
of detecling anyihing less than an enormous cffect
was minimal.

Spontancous abortion incidence was reported to
the health avthorities belore 1978, and after this
time the only available data were from hospita)
records. The information pathered indicated no
difference between polluted and unpofluted zones,
although it was noted that a wide variation in rates
within each zone occurred. passibly attributable lo
the small numbers involved. A further study was
feported by Remoti et ol.™ staning that there was
no increase in abortion sate In the 6 months after
the incident.

At the time of the Seveso incidem. 2 number of
abortions were carricd out. Chromosome analyses
were performed on sborted tissues, s well as
materaal peripheral blood."™ Afthough higher
frequencies of chromosomal lesions were found jn
feta} tissues when compared 1o adult fibroblasts.
they were comparable to those observed in
amniotic mud cells of ‘normal pregasncies” a1
cofresp 1 periods. In 1979, aborted
tissues and speci of l blood b
available from comrol (unexposed) pregnancies.
There app d to be no statistically significant

aminotransferase (ALT) was found in boys in the
‘highest contamination zone" (where levels of up to
54 nph had heen sccorded). The resufls seemed to
indicate thal males were more susceplibie than
females to this effect. However, it was noted that
even the most ‘exposed” chitdren did not have
alteration in cholesterol and triglycerides.
Biochemical determinations o! Yiver l'uncuon

differences between maternal blood and pia:enul
cells b the ‘“exposed” and

groups. However, a higher frcqucncy of chmmo-
somal abnornulities was noted in the ‘expused
fesal tissues, indicating the possibility of an effect
finked to maternal exposure to 2,3,7,8-TCDD.
Although 10 date there is no evidence for an
increase in bisth defects in this poputation, it is silf
qot possible to draw definitive conclusions about a

were carsied out in 427 of the most heavil
persons during the year lollm\lng the mudcnl, No

lack of geneuc consequenice assaciated with the
in the exposed popula-

untoward effecis weee ded in this popaf:
paradoxucaﬂy |hc ‘contvol’ group chosen seemed 10
ginally g b lity than the

nxpuscd group,

Neuro!omr.al cl’fc:ls in the exposed populations
were foll heral neusopathy was
found in 733 usndems “ho were evacvated 15-20
days after the accident from the mast polluted area.

tion. Remotti er ol teporied on & swdy of
placental tissues from a number of women who
were B-12 weeks pregnant at the time of lhe
incidemt, and wha had sub: tly been

to environmental levels of 2,3.7,8- TCDD Of the
22 placentas swudied, all showed U histology,
bul seven of lhcse h d i |

wefe a5y ic and

The observations made were the resolt of sc '3

i ol the fet showed no abnosmal-

only a praportion of the 1o1al . a9 }
and 21 months after the incident. The authors
identified some cases of mild polyneuropathy.

In view of the animal evidence for a teratogenic
elfect of 2,378-TCDD, a Seveso Binh Delects
tegister was set up in 1977. This included all live
and stilbirths in the various Scveso zones and in 11
municipatities, cavering data from hospnals. local
health avthorities and paediatric services.™ The

ities. 'Ihelel'ore the slgnlﬁ:luce of these findings

o be d The lesi identified

could have resuhied from factors other than TCDD
exposure, )

Investigations into the incidence of stillbicths and

) deaths indicated that in g 1. the tates

were below those weported for haly overall and

were within the ranges for the province of Milan
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and ‘the regions of Lombardy. An aticmapt was
made ta follow-up all children bora in the contam-
inated zomes. The study invoived the complete
examination of 2989 infants at birth and a periodic
cxamination of physical and behaviours] develop-

thus making the task of delcrmining exposure of
these subjects to 2.3.7.8-TCDD very difficult.
Greenwald ef al."™ investigaled the association
of soft fissue sarcoma with scrvice in Vietnam and
herbicide exposure, using the New York Cancer

bsequenily. No clear i was
ments sul ‘q?: ¥ health p and cxpo-

sure. but compliance rates were reporied 10 be as
* Jow ps 30-50%. Any biochemical ahnormalities
noted were always associated with chronic hepatifis
B virus infection.

1 7 was studied in children with
and withou chloracne. in workers at the chemical
factory and military p 1. No immunological
impaitment was detecied. A further series of
studics have been cited in which immune function
in cxposed children was investigated."™® The sub-
jects demonstrated higher titrgs of tota) hacmelytic
camplement activity in serum. lymphocyte respanse
to phytohacmagglutinin and pokeweed mitogen in
the casly part of the scries of studies and a
tendency toward higher values of peripheral blood
tymphocyics. These changes did not correlate with
any clinical discase.

Finally, studies conducted on mostality of
persons [iving around the area of Seveso at The time
of the incident have to daie failed 10 reveal any
excess in overall mortality for particular causes
such as cardiovascular disease, hypertension and
liver discase. A report by the Scveso Cancer
Regietry indicated a hizher incitl~ure of «oft tistue
sarcoma but no vther cancers in eaposcd subjects,
though causality is not yet demonstrable,’®

The health experiences of civil and military
pevsonnel  potentially  exposed (o phenoxyacid
herbicides have been investigated in a number of
studies. Conditions studied in these populations
including soft tissue sarcoma, other malignant
disease, npon-matignant  physical disease and
psvehological disease and the development of binh
defects in the offspring of exposed persons. are
discussed belaw.

Agent Qrange and the study of defects in Viemamn
Vererans

Between 1962 and 1971 a range of herbicides/
defoliants was sprayed in Victnam. The most
widely used was ‘Agent QOsange’. which was
reported to be contaminated by up to 30 mg kg~'
2,3,7.8-TCDD. Among the 2.6 million Americans
in Vicinam. only 1200 were crew involved in aerial
speaylng and 200 were civilians disposing of the
surplus. It is reported that in addition to Agent
Orange other herbicides based on Picloram and
insecticides based on Malathion were also used.

Regisiry. No such could be idenlified.

Erickson e al.'® uscd the Adlanta Congenital
Defects Program in a case-conirol study to deter-
mine il children of Vietnam Velerans had any
excess risk of birth defects. Among the problems
invalved in the study was that of evaluating actual
exposure 10 Agent Orange. No evidence could be
found lor an excess risk of hirth defects, Donovan
et al."™ seported on a study in Australian Vietnam
Veterans, in which similar problems were encoun-
tered reparding assessment of aciual exposure.
Once more, no jation between exp and
risk of malformations in the offspring were found.

A study of the general health of the US Air
Force herbicide sprayer \'elerans was reporied in
which the results were compared with a control
group not invohed in spraving.™ The study
revealed no increase in the incidence of chlaracne
or sofl tissue sarcoma, However, the esposed
Velerans did show higher incidence of non-
melanoma skin cances. minor birth defecis in
offspring. nconatal deaths. liver enlargemenl. por-
phyria cwanea tarda and psychological disordess,
The methods used to estoblish measurement of
exposuse in this study are apen to criticism on the
grounds of ¢orare ol miselassifieation ard an
altenrative :;ppmauh tu the usc u! the dita has been
proposed.'®

A further study has been reported on US Air
Force herbicide spraving personnel during 1962-
1971, with controls chosen as crew from cargo
aireraft.'® The study now includes a planned
follow-up 10 investigale monality and morbidity
until 2002. The resulis so far have not sevealed any
abnormal herbicide-assacialed montality  exper-
ience. However, it has disclosed a pumber of
medical findings in the ecxposed group whose
significance is of a minor or undetermined nature at
present. The extended dctuiled follow-up will
indicate their healih significance, The investigators
considered there to be insulficient evidence at
present to supporl a cause and cffect relaionship
between herbicide exposure and adverse health in
the exposed group. and the dala do seem reassus-
ing in so far as none of the reported symptoms are
common to those of dioxin exposure.

Studics to identify a link between the use of
phenoxvacid herbicides and the development of
soft tissue sarcoma and malignant lymphoma have
been conducted in  Sweden.™ '’  New
Zealand*! ™™ and United Kingdom.'” Earlier
reports of an association with an increased incid-




S = vivoQuU

ence of sofl tissue surcoma in cxposcd agricultural
and Jorestry workers in Sweden"™ ™ "have not
been confirmed by later siudies. H . some
studies ha\'e indicated an cx0ess in risk of non-
Hodgkin's lymph in k In all
cases the studies are umable to seveal a lfink
specifically with 2 3 1 B-TCDD since the exposures
are alwayvs d by the p of the
phenoxyacid heshicides.

Missouri waste oil contaniination — exposed
population studies

n 1971, 9l(g of 1.3.7.8-TCDD-contaminaied
sludge was mixed with waste oils and used as a dust
suppressant over (en counties of Missouri.™ By
1983 some 241 residemial, work and recreational
areas were suspecied of having become con-
taminated.

A number of studics weve seported on the
populations thought 10 be at risk from the
exposures. In a pilot epidemiological study. 130
people out of some &) considered ta be ar risk
were examined for detailed physical. biochemical.

fogical and h logical defects. The
resulls demonsirated no abnormalities of porph\ Tin
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cystitis and a further casc study™® reporied an
unverified skin condition. nose biceds. headaches
and diarthoca. Exposed horses, dogs. cats, birds
and mice were seriously alfecied and died. Animals
were more affected than humans; this could result
from marked differences in species senmmly
and/or from differences in intake,

As part of the general Missouri study, levels of
2.3.7.8-TCDD were measured in adipase tissue
1aken from groups of exposed and non-exposed
subjects.™ The cases were persons cxposed to
2378 TCOD either at work, residentially or
recreationally. All persons in both groups had
derectable levels of TCDD in their adipose tissues.
These results indicate the possibility cf other
background exp Of those subj
strating adipose tissue levels greater than 100 ppt,
five came from p posed durin,
of hexachlorophene and one came (rom a2 man who
had been horse-riding in a contaminaled asena,

Some 600 workers a1 a twucking terminal In
Missouri were investigated in 1983 to cvatuate the
potential heahih effects of exposure 10 TCDD-
conlammated waste ol used as a dust suppres-
sant.™* A former worker \\ho had become grossly
v (some 10 vears after

metabolism. liver function or lipid
Therc may be a number of reasons why no specific
effect was seen, possibly lting from the limited
scope of the study.
Part of the pilot study involved the study of
> ubite there were no statistically
szgmluanl dilferences between high' and Tow"
exposure provps in teems of delayed hypersensi-
tivity on skin test (indeed there are questions about
the technique) within the *high' exposure group
there was a small percentage of individuals with
diminished T-helper 10 T-suppressor cell ratios.
suggesting that 2,3,7.8-TCDD exposure may affect
human cellular immunity, Further work would be
ired to confirm these findings. Resulls of 1his
pllo! study have been published in greater detail
and the significance of the findings further dis-
cussed, ™
A further study on residents exposed whilst living
on a contaminated caravan site in Missouri was
reported by lloilman e ol Nnne of 1he studies

o)

the first exposure) dc\eloped porph\na culanca
tarda and later developed wmours in the right
femur and pelv:s _Angiosarcoma was diagnosed.
but the site of origin (bone or soft ussue) was not
determined.  The causal  association  vemains
wacenain, The stedy of wochers ot die Conlim-
inated terminals is continving and further studies
are being carricd out on workers exposed ai several
chemical plants, but 1o date nothing significant has
been reported.

Analvticol chemists exposed to @ TCDD standord

Oliver™ reported on the clinical progress of three
scientists who had become cxposed 10 2,3,7.8-
TCDD standards whilst developing  analytical
methods for assessing the dioxin content in 2.4,5-T.
The author considered that effecis seen in the
analysts resulied solely from exposure to 2.3.7.8
TCDD since there had been no previous seports of

on resi any e 10

effects in colleagues exposed 1o similar
ts in the ab of dioxin contamination,

suggest any adv erse effects on fiver function of lipid
metabolism disturbance in relatively high risk
groups overall.

An outbreak of poisoning resulting from three
horse-riding arcnas having been sprayed with 1the
contaminaled  dust suppressant has been
reporied.™ Sevesal incomplete case reporis were
provided of children and adults with varied symp-
toms, including skin rashes. One child was reported
to have suffered nose bleeds and haemorchapic

After limited exposure on few occasions there were
varying latent periods before the onset of skin
effects and signs and symptoms of disease. The
effects scen varied between the indmduals
although fiver function tests were normal in all
three. On the whole signs and symptoms resolved
after aboul a year following - exposure and subse-
queml\' lnllowup was abandoned because of
negative findings (p jon).
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Transfornier oil: exposure of maintenance workers
and exposure after fires .
A swdy was conducied on transformer main-
tenance workers who had been exposed to the
mixed polychlorinated biphenyl product Aroclor
1260, and occasionaily Aroclors 1255 and 1242."°
The chemical contaminants of PCBs tend (o be
PCDFs rather than PCDDs. Examination of bulk
oils have sevealed TCDF concentralions of 13-
116 ppb by weight. The results indicated that apan
from stalistically significant dillerences for adipose
PCBs, 2&4-hour urinacy 17-hydroxyconicostesoid
excrelion, serum PCB concentration and servm
gamma GT, there were no significant biochemical
diffetences found between currently exposed, past
and non-exposed groups.

Following an electrical transformer fire in 2n
office building in Binghamton (USA), the building
became widely contaminated with soot, containing
PCHs (28-23 000 ppm) and PCDFs (1~1200 ppm}.

. 20: 4054,
Arsenauly
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polychlorinated quaterphenyls and more recently,
the presence of a further ‘compound, 3.4,3°4'-
tetrachtorobiphenyl has also been dctected. ™!
Levels of PCBs and PCDFs measuzed in blood,
adipose tissue_and liver of the 1wo groups were
detenmnined?™ 2 and 2 number of estimates of
amounts of contaminants ingested were assessed, 2V
in general it was found that the clinical severity
correlated more closely with towal amount of ail
consumed rather than amount of oil kg='d™": this
it consistent with resulis from animal studies with
23,78 TCOD.Y

The health siatus of alfected persons in Japan
and Taiwan was reviewed some years later.?®
Although 2 number of signs and symptoms had
teduced considerably. some persisied in a substan-
tial psoportion of those re-examined. By the end of
1982, 112 of the affected Japanese had died (of
whom in only 31 cases was cause of death
confirmed). The small numbers, variety of con-
ditions and the very mixed exposure did not permit

Alr sampling at the final stages of dec i
showed maximum total PCDF and specifical
2,3,7.8-TCDF concentrations of 264 and 23 pgm™~,
respeclively. Low concentrations of PCDDs and
polychlorinated biphenylenes were also detected. '

Two years after the incident, chemical analyses
wese conducted on liver and fat biopsies of subjects
‘exposed’ to the soot and the resulls were com-
pared to far measurements from ‘non-exposed’
persans.?'? Afthough Jevels of PCDDs and PCDFs
were higher in the exposed satfeas, they were also
detected in non-exposed persons at 8 lower level,
thus indicating a ‘background’ body burden of
these substances. The signs observed in one

posed subject included hyp ion and raised
serum cholesterol and triglycerides; whether the
association was causal or incidental is not estab-
fished, In addition this subject and two others
studied had wmild portal fibrosis. However in ald
cases, exposure to a 1ange of compounds had beea
involved.

Toxic rice oif (Yusho) ousbreaks
In 1968 in south-west Japan and in 1979 in Taiwan,
two extensive groups were poisoned by rice bran oif
comaminated with PCB heat exchange fluid. The
poisoning resulted in thousands of people being
affecied by » wide ronge of sigas and symptoms
referrable to most organ systems. and including
swelling of the upper eyelids with discharge spd
acneiform  eruplions with skin pi m

ation

any causal associstion 1o be established beiween
death and PCDF expasure. A further analysis™ up
1o 1983 of 487 females and 552 males, of whom 28
females and 42 males had died. presumably the
same papulation reported by Masuda, ™ concluded
that there was na significaat excess of liver cancer
in males and mortality foy ischaemic heart disease
in [emales. Other authors™™ reviewing 79 male and
41 female deaths in 1his population found a
signifeant cvursll cancer Jdeath execss enly Jor
males (33 observed versus 155 expected)
accounted for largely by liver cancer (90:1.6 E)
and lung cancer (8O:2.5 E). A significant excess
for heart disease was not found in females in this
analysis.

Background ‘divzin’ exposure in mon
Monitoring of human lissues for the presence of
PCDDs and PCDFs indicates that there arc *back-
ground”_ sources of exposure fo these com-
pounds.2! The primary source of exposure is
largely thcught to arise from environmental pollu-
tion from waste disposal. incineration and other
combustion operations.™

PCPDs and PCDFs 1end to concentrate mainly
in lipid-rich vssueg, i.e, adipose rissuz and human
milk-fat. and 1o 2 lesser extent in liver. muscle,
kidney®™ and blood.?* Most of these compounds
temain in the body for some time alter expasure.
Esti ol half-ile values of PCODs and PCDFs

Babies born to both affected and non-affecied
females were found to have abnormal pigmentation
ol skin, eyelids, nails and gums as well as Increased
conjunctival discharge. The incidemt was oniginally
thought to be due 10 PCBs. The PCBs however,
were found to contain high levels of PCDFs and

have been reparted in the literature. ™ The
values seefn 10 depend bath on the chlorination
number of the chemical as well as the specific
isamer in question, Parterson ef ol.™ estimaied the
hall-fife of 2.3.7.8-TCDD in adipose rissue to be
between 5-8 veafs. commenting that previous

!alonophmol and onntal
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estimates of one year were not consistent with the
resulls they had obtained in their studies. Another
study conducted by Poiger & Schlatter™™ indicated
a hall-life figure of approximately 5.5 years for
2.3,7.8-TCDD in a single male volunteer, although
a more rceent preseptation indicates the figure to
be nearer 10 years.

Since samples of liver, kidncy, muscle and
adipose tissue can normally only be taken during
surgery or avtopsy, the favoured approach for
more general monitoring studies has been the
measurement of PCDDs and PCDFs in human milk
and blood. Hithesto the latter has oaly been of use
when major exposures to these chemicals are
expected. since the lovels are gcnerally very low in
such les by of the limited Jat content of
bload. However more secently, blood lipid estima-

Ctions of 2.3.7.8-TCDD have been found to

corrclate well with adipose tissue levels and lipo-
sucnon has seplaced more conventional biopsy,
Jensen™? carcied out 2 yeview of vesulis obrained
from dewcrminations of PCDDs. PCDFs and PCBs
in human milk., blood and adipose tissue. He
concluded thay the levels associated with back-
ground” exposure to PCDDs and PCDFs may be
50300 jimes lower than levels associated \ulh
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delermined that no significant human health hazard
existed, lhey are of considerable interest (o the
1oxicologist.

The most extensively studied of the PCDDs and
PCDFs is 2,3.2,8.TCDD. This isomer in certaln
specics has been shown to be one of the most toxic
compounds known. The cffects produced In
animals are wide ranging and include thymic
atrophy. nmmune system dysruncnon. terato-
genicity. icity and ity. Of the
PCDDs and PCDFs sa far studied it appears that
the toxic clfects seen tend 1o vary quantitatively
rather than qualitatively, with differem species,
straing and genders dillering in their responses,
Whilst some insight has been schieved into some of
the mechaniyms of action at the molecular Jevel,
much 1 to be d ined. The involvement
of the Ab-receptor and the y for chlosi
substitulion at positions 2,3.7 and 8 is generally
accepud however further i m\’esngauon is sequired
into other possible mechanisms of action. Until the
mechanisms of toxicity are clearly understood it
will be difficuli to extrapolate the results of animal
studies 1o man.

The human data on “dioxins’ are limited and
difficull to imerpret. Human exposure studies have
virtually all been ‘non-cxperimentai’ and an that

advesse cffects from occupational or accid
exposure, Comparing the results from PCB
analyses, it was demonstrated that these occur at
levels of abom 10 003 times higher than the sum of
fevels of PCDIDs and PCTE chaugh these
substances are pore than PCBs,
Because these orgaina, s have similar
sites of cancentration in in. vz, and hecause of
the potential fos toxicological interactions, Jensen
suggests it would be wrong to look at anly one
condaminant at a time. There &5 expenmenial
evidence for 2nlagonism between cenam FCBs and

ground alone present difficulty in mterprelallon.
Too often the quality of in\'esugauon and the time
lag between exp and investi have
adversely affecied the outcome of the study. To
varying degtees all expusures siuicd have been to
mixiures of PCODs or PCDFs as well as 1o other
compounds. In the epidemiological studies, it is
rarely possible to distinguish the effects of the
*dioxins’ from other associated compounds. Neither
bas it been possible (o distinguish between the
refative human toxicity of different ‘dioxins'

2,1,7.8-TCDD in eflects on enzyme ind (aryl
hydrocarbon  hydroxylase, ecithioxy resorufin O-
decthylase) and immunotoxicity (plaque-forming
cell resgonse) varying with the vatio of the two

in

Allempu 10 the carci risk to
man from expasure to 2,3,7,8-TCDD have failed 1o
generate consistent tesults and are thesefore

unseliable. As 23,7.8-TCDD is considered s

agems®™ and, also, evidence for potentiatjon of
tesatogenic effects with other PCBs (HCB).'*

Discussion

tumour promoter and non-genotoxic it s reason-
able 10 propose the use of salety factors to assess
the ‘acceplability” of a panticular levei‘of exposure.
Since PCDDs and PCDFs mostly occur as chemical

many Regolatory Authorities have

PCDDs and PCDFs are both ubiqui and

pegsistent in the envir They ate g ed
by natural and man-made combusiion processes as
well as bicing present as wnwanted by-products in a

dopted ithe use of the ‘TCDD Equivatents®
scheme. This approach relies on the simple
addmon of toxicolopical polencies of individua!
Is. These are obvious drawbacks to this

range of commercially important « ds. They
have been found in body tissues of appatently
unallected animats and b and i app that
their presence in hoth oceurs largely as a resuli of
the ingestion of food. Even il at the prevailing
levels of environmemial comamination i@ were

approach as chemicals fn mixtores may also act
synetgistically or even antagonistically. However,
umit biological assays ta predict the overall potency
of ‘dioxin’ are available the

cqmvalems app!uach scems to be the best option
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il used thoughtfully.

PCDDs and PCDFs ‘thercfore present a great
challenge to both regulator and investigative toxi-
culogist. At present the ubiquilous nature of these
chemicals in the environment, the lack of prgven
no-effect levels in animal studics and the pauu'ly: of

10: 401-4.

* Arsenaull RD. Pentachlorophenol and  cal
chlorinated dib Jioxins in thc envi . A
study of environmenial fate, stability and significance
shen used in wood preservation, Americon Wood-
preserver’s Asiocialion 1976; 122—48.

d « WB. Envi I chl d dioxins

4

data which can be related to man p a l‘

bustion = the trace chemisiries of fire
bypothesis, In: Chlorinated Dioxing and Related

of problems, In the future, with the clucidation of
the mechanisms by which these chemicals produce

Compounds. Tmpact on  the' Envirooment, ed.
O. Hulzinger  pp. 253-61. Pergamon  Sesies on

their mutiitude of effects. the task of estab 2
*acceptable Jevels® in the environment will be made
casier, Furthermore, it may be possible 1o gain
some insight into the mechanisms of certain natusal
disovdens.

We sre grateful to the Depariment of Health for
pemmission 1o publish. The contents of thiy aride
however, represent our views alone 3nd in no way commit
the Departmeat.

We also wish 10 acknowlcdge the generous help of our
colleagues within the Departiment’s Medical Toxicology
sod Environmenial Health Division; Dr S. Barlow, Mr 1.
Carmichael, Dr R, Ficlder, Miss F. Pollit. De A, Wadge,
Dc K. Woodward snd all the siaff in the Division's
Information Unit.
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