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1. SUWMVARY AND RECOMVENDATI ONS
1.1 Summary
1.1.1 Sources

Pol ychl ori nat ed di benzo-p-di oxi ns (PCDDs) and pol ychl ori nat ed
di benzof urans (PCDFs) are two series of tricyclic aromatic conmpounds
with simlar chenical and physical properties; they are ubiquitous in
the environnent. They do not occur naturally, nor are they
intentionally produced. There are 75 positional isoners of PCDDs and
135 i somers of PCDFs.

The nost inportant sources of contamination with PCDDs and PCDFs
i ncl ude:

- contam nated conmmercial chemical products, such as
chl orinated phenols and their derivatives, and PCBs;

- i nci neration of municipal, hazardous, and hospita
wast es, and of sewage sl udges;

- aut ormobi | e operation

- fossil fuel conbustion

- overheating and emissions fromfires involving PCBs;

- di sposal of industrial wastes resulting from
processes such as the production of chl orophenols and
their derivatives, chlorophenol wood treatnent, use
of PCB fluids in electrical equipnent, and wastes
from pul p and paper processing.

1.1.2 Anbient levels and routes of exposure

The limted data available indicate that anbient |evels of these
conpounds are very lowin air, soil, and sedinent, i.e. fg/nd in
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air, ng/kg in soil and sedinent. Levels of PCDDs and PCDFs up to 50
ng/ kg have been found in aquatic organisns in the general environnent.
Data on contami nation of drinking water and conmercial food are very
['imted.

Exposure to these conpounds in the general popul ati on probably
occurs mainly through the food-chain.

Sone workers engaged in the production, use, and destruction of
materi als contai ning PCDDs and PCDFs and their precursors nay receive
hi gh exposure. For these persons, inhalation and dernmal contact are
the primary exposure routes of concern

1.1.3 Toxicokinetics, biotransformation, and biol ogi cal nonitoring

The bioavailability of PCDDs and PCDFs depends on the matrix they
are in and the route of exposure. Data on bioavailability through
i nhal ation are not available for any species.

The quantity absorbed by humans after any route of exposure is
not known.

Studi es on rodents given single or repeated oral doses of
2,3,7,8-TCDD have shown that about half of the adm ni stered dose is
absorbed fromthe gastrointestinal tract. The reported half-lives for
elimnati on were between 12 and 94 days for rodents. The half-life of
2,3,7,8-TCDD i n adi pose tissue of the rhesus nonkey is about 1 year

Ani mal data on the toxicokinetics of PCDDs ot her than
2,3,7,8-TCDD are limted. The half-life for 2,3,7,8-TCDD has been
reported to be in the range of 2 and 8 days for rats, mce, and
nonkeys and nore than 20 days for gui nea-pigs. Studies on rats have
shown that 2,3,4,7,8-pentaCDF is nore highly retained than is
2,3,7,8-TCDD

Data on the retention of PCDDs and PCDFs in tissues of various
speci es, exposed to synthetic m xtures or to environmental sanples
cont ai ni ng PCDDs and PCDFs, show a high variability in retention tinme
bet ween congeners with or without chlorine substitutionin the 2,3,7
and 8 positions.

Limted human data indicate half-lives for sone 2,3,7, 8-
substituted PCDDs and PCDFs in the range of 2-6 years.

The PCDDs and PCDFs are predom nately stored in fat, but they are
al so excreted in mlk and pass through the placenta. They al so appear
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in the blood and vital organs at |ower concentrations.

The tissue distribution in humans is not clear at present,
al though it has been suggested that the ratio between fatty tissue and
liver is higher in hunmans than in rodents.

In human fat, background |evels of TCDD up to 20 ng/ kg have been
found in the general population, with no known specific exposure, but
hi gher | evels have been reported in sone cases w t hout evidence of
di sease. None of these popul ations were randonly sanpl ed. The nore
hi ghly chl orinated PCDDs and PCDFs, particularly octaCbhD, are al so
present in these sanples. Average tissue levels of TCCD tend to
i ncrease with age.

1.1.4 Health effects
1.1.4.1 Aninals

The toxic and biol ogical effects resulting from exposure to
2,3,7,8-TCDD are dependent on a nunber of factors, which include the
speci es, strain, age, and sex of the animals used. The toxic responses
observed in several aninmal species include body weight |oss,
hepat ot oxi city, porphyria, dermal toxicity, gastric |esions, thynus

atrophy and i mmunotoxicity, teratogenicity, reproductive effects, and
carcinogenicity. TCDD i nduces a w de spectrum of biological effects

i ncl udi ng enzyne induction and vitanmin A depletion. Not all of these
effects are observed in any single ani mal species. The nost
characteristic toxic effects observed in all |aboratory animls are
body wei ght | oss, thynus atrophy, and i munotoxicity. Chloracne and
related dermal |esions are the nost frequently noted signs of
2,3,7,8-TCDD toxicosis in humans; dernal |esions are al so observed in
rhesus nonkeys, hairless mice, and rabbits. In contrast, nost rodents
do not develop chloracne and rel ated dermal toxic |esions after
exposure to 2,3,7,8-TCDD. Many of the toxic |lesions are noted
primarily in epithelial tissues.

Reproductive effects have been reported in rhesus nonkeys and
rats. The | owest-observed-effect |evels have been reported to be
approximately 1-2 ng/ kg body wei ght per day. In two cancer studies in
rats, hepatocellul ar carcinomas were produced at approxi mate dose
| evel s of 0.1 pg/ kg body wei ght per day and 0.01 pg/ kg body wei ght per
day. Doses of 0.001 pg/ kg body weight resulted in foci or areas of
hepat ocel lul ar alteration. The incidence of certain hornone-dependent
tunours was |lower than in the control aninmals.
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TCDD does not appear to have nutagenic properties, and is
therefore not likely to be genotoxic. Thus, it is assunmed to be
car ci nogeni ¢ through an indirect mechani sm

Several other PCDDs and PCDFs cause signs and synptons sinilar to
those of 2,3,7,8-TCDD, but there is a wide variation with regard to
potency. There are 12 isoners that display higher toxicity, i.e., the
tetra-, penta-, hexa-, and heptaCDDs and CDFs with four chlorine atons
in the symmetrical lateral positions 2,3,7, and 8. A mxture of two
hexachl or odi benzo-p-dioxins (1,2,3,7,8,9- and 1, 2, 3, 6, 7, 8- hexaCDD)
has been denonstrated to possess carcinogenic properties in long-term
ani nal studies, but at higher doses than those used in the study of
TCDD. Di benzo-p-dioxin and 2,7-di CDD failed to denonstrate
carcinogenic properties. The relative toxic and bi ol ogi cal potencies
of PCDDs and PCDFs have been estimated using short-termstudies in
rats and mammal i an cell cultures.

There are marked species differences in the susceptibility of
animals to the biological and toxic effects elicited by
2,3,7,8-substituted PCDDs and PCDFs. For exanple, the oral LD50 val ues
range from 0.6 pg/ kg body weight in guinea-pigs, to 5051 pg/ kg body
wei ght in Golden Syrian hanmsters for 2,3,7,8-TCDD. The trenendous
variation in species and strain sensitivity to 2,3,7,8-TCDD and
rel ated conpounds cannot be expl ained by the observed toxicokinetic
differences. The toxicity and toxicokinetics of TCDD i n nonkeys nost
closely resenble the effects observed in humans. There is evidence in

inbred mice that the cellular levels of the Ah receptor correlate, in
part, with susceptibility to the biological and toxic effects of these
conpounds. The receptor has al so been identified in other species

i ncl udi ng man. However, interspecies conparison of cellular Ah
receptor levels do not explain fully the differences in sensitivity.

1.1.4.2 Humans

For occupational and accidental exposures to PCDDs and PCDFs, in
spite of many clinical and followup studies, no clear-cut persistent
systenic effects have been delineated except for chloracne. O her
ef fects have been noted, but, apart from chl oracne and perhaps ni nor
functional disorders, none has been persistent.

In some epi demi ol ogi cal studies of people exposed to a m xture of
di oxi ns, furans, and other chenicals, an increased incidence of cancer
at different sites has been clained, but a nunber of factors linmits
confidence in the findings.
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In the Seveso accident, the only clear-cut adverse health effect
recorded has been chloracne. Chloracne (193 cases) occurred in 1976
and 1977, and 20 of those individuals still had active chloracne in
1984. Many studi es have been perforned to find possible |inks between
exposure to Agent Orange and health effects in civilians or mlitary
personnel in Viet Nam However, the information available to date does
not allow definite conclusions to be drawmn with regard to effects on
human reproducti on or any other significant health effects.

In the Mssouri incident, children who showed acute ill ness when
the contam nation occurred in 1971 are now reportedly in good health.
Furt hernore, epidem ological studies in Mssouri on popul ations
exposed to | ower concentrations of dioxins over |onger periods of tine
have so far not reveal ed any significant health effects. Al though no
clinical synptonms were observed, there were indications of an effect
on the cell-nedi ated i nmune system

The only docunented intoxications with PCDFs in humans are the
two instances of contam nation of rice oil with PCDFs, PCBs, and PCQs,
i.e., Yusho in Japan, 1968, and Yu-cheng in Taiwan, 1979. In total,
several thousand people were acutely intoxicated. Fromthe data it
appears nost likely that the causative agent was the PCDFs. The
general synptomatol ogy was similar to that seen in intoxications with
TCDD, with the differences reflecting the intensity of exposure and
the ages and sex of those exposed.

The average daily intake of 2,3,7,8-substituted PCDFs by Yusho
patients was estimated to be 0.1-0.2 pg/ kg body wei ght for a period of
several nonths, while the | owest dose causing di sease was estimated to
be 0.05-0.1 pg/ kg body wei ght per day over a period of 30 days.

1.1.5 Concl usion

PCDDs and PCDFs occur throughout the environnent and we all
probably carry a body burden of them They have sonetines produced
conpl ex toxic effects followi ng occupational and acci dental exposure.

Based on the Yusho di sease and experinents in sensitive species
of nonkeys, and naking assunptions about the relative potencies of
PCDDs and PCDFs, man and certai n nonkeys may have conparabl e
sensitivity to these conpounds. However, the uncertainties related to
the real dose received by humans and the difficulties of assessing
toxic effects other than chloracne in humans prevents a firm
conclusion as to the relative resistance of humans to the toxic
effects of these conpounds. Exposure should be reduced to | evels as
| ow as reasonably practicabl e.
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1.2 Recomrendati ons

1. Anal ytical interlaboratory validation and "round-robin" studies
usi ng standardi zed quality assurance and quality control procedures
are needed to inprove anal ytical nethodol ogy.

Sanpling strategy and anal ytical procedures and data
interpretation should be optim zed and standardi zed before undert aki ng
surveys.

2. Further information is required about the origins and
environnental distributon and fate of PCDDs and PCDFs.

Further nmonitoring data, including tinme trends and determ nations
of isomer patterns, are required for environnental |evels of PCDDs and
PCDFs, especially for food, anbient air, and sedinents.

3. Dat a shoul d be obtai ned about the effects of PCDDs and PCDFs on
envi ronnent al bi ot a.

4. More information is required on the bioavailability of PCDDs and
PCDFs fromdifferent matrices in the environment and fromthe diet.
Exposure fromthese sources should be correlated with agricultural and
i ndustrial practices.

5. Si npl er and | ess expensive chem cal and biol ogi cal net hods
suitable for screening for the presence of PCDDs and PCDFs shoul d be
devel oped and val i dat ed.

6. Studies to determ ne the nechanisnms of toxicity of PCDDs and
PCDFs are needed to support an evaluation of the differences in
ef fects between species and to support an extrapolation to man

7. Further investigation of imunotoxicity is inportant, including
cytotoxic T-lynmphocyte function. Studies of the effects of perinata
exposure and of the duration of actions on the inmune systemare

i mportant.

8. Long-termtoxicity studies should be carried out, including

mul ti generation reproductive studies in different species with three
of the nopst wi despread PCDDs and PCDFs, nanely 2,3, 4,7, 8-pent aCDF,
1,2,3,7,8-pentaCbhD, and oct aCDD

9. Because humans are exposed to conpl ex nixtures of PCDDs and
PCDFs, test systens, including human cell culture systens, should be
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devel oped further and validated for evaluating the toxic potency of
these conpounds and ot her mi xtures. These systens can be used to study
nmechani sns of action, structure activity relationships, and
interactive effects.

10. Investigations to exam ne the body burden and to correlate it
with clinical effects and | aboratory findings are indicated. Follow up
studi es of previously exposed groups are inportant.

2. | DENTITY, PHYSI CAL AND CHEM CAL PROPERTI ES, ANALYTI CAL METHODS
2.1 ldentity

The pol ychl ori nat ed di benzo-para-di oxi ns (PCDDs) and
pol ychl ori nat ed di benzofurans (PCDFs) are two series of al nost planar
tricyclic aromatic conpounds with very simlar chem cal properties.
The general formulae are given in Fig. 1.

1 9 1 3
. ° 8 2 8
7 i
5
a, 5 a, a, 4

X

PCDDs PCDFs WHO £3335
Dioxins x+y=1-8 Dibenzofurans

Fig. 1. Structural formulae of PCDDs and PCDFs .

The nunber of chlorine atons can vary between 1 and 8. The term
i somers refers to conpari sons between conpounds with the same
enpirical fornulae. The term congeners refers to conpari sons between
conpounds within the sane series but with a different nunber of
chlorine atonms. The nunber of positional isomers is quite large; in
all there are 75 PCDDs and 135 PCDFs and the nunber of isomers for a
certain nunber of chlorine atons is given in Table 1

The nonencl ature used in this docunent is based on the system
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Nunbers (CAS RN) for a few PCDDs and PCDFs that have been cited in the
literature are provided in Table 2.
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(NMR) or
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A large nunber of the individual
vari ous nmethods and characterized, mainly by gas chronmatography-nass
spectronetry (GC/ MS) (Buser & Rappe,

1974),

1983) .

Tabl e 1.

ultraviolet (W),

(Pohl and & Yang,

Nunmber of PCDD and PCDF i soners

1980, 1984; Taylor et al.
1985a) but al so by using nucl ear magnetic resonance
infrared (IR,
or X-ray anal yses (Boer et al.

1972

1973; Sl onecker

PCDDs have been synt hesi zed by

1985;

;. Kende
et al.,

Nunber
of chlorine atons

Nunber

of PCDD i soners

Nunber

of PCDF isoners

1 2 4
2 10 16
3 14 28
4 22 38
5 14 28
6 10 16
7 2 4
8 _1 1
75 135
Table 2. CAS RN for sonme PCDDs and PCDFs
PCDD congener CAS RN PCDF congener CAS RN
2,3,7,8-TetraCbD 1746-01-6 2,3,7,8-TetraCDF 51207-31-9
1,2,3,7,8-PentaCDD  40321-76-4 1, 2, 3,7, 8 Pent aCDF 57117-41-6
1,2,3,6,7,8-HexaCDD  57653-85-7 2,3,4,7, 8-Pent aCDF 57117-31-4
1,2,3,7,8,9-HexaCDD  19408-74-3 1, 2,3,4,7, 8- HexaCDF 70648- 26-9
1,2,3,4,6,7,8-HeptaCDD  35822-46-9 1,2, 3,6, 7, 8- HexaCDF 57117-44-9
1,2,3,4,7,8,9-HeptaCDD  58200- 70-7 1,2,3,7, 8, 9- HexaCDF 72918-38-8
Cct aCDD 3268-87-9 2,3,4,6,7, 8- HexaCDF 60851- 34-5
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Pyrol ysis of chlorinated phenols yields small anounts of one or
nore PCDD isonmers. Using this technique all the 22 tetraCDDs have been
prepared (Nestrick et al., 1979; Buser & Rappe, 1980) as well as the
14 pentaCDDs (Buser & Rappe, 1984) and 10 hexaCDDs (Lanparski &
Nestrick, 1981; Buser & Rappe, 1984).

Taylor et al. (1985) have synthesized, separated, and isol ated
all the 22 tetraCDD isoners. In Table 3 are |listed sonme ot her isoners
that have been synthesized and isol at ed.

The npst toxic and nost extensively studied representative of the
chl orinated dioxins (PCDDs) is
2,3,7,8-tetrachl orodi benzo-para-dioxin (2,3,7,8-tetraChDD) (Fig. 2).
It is commercially available, as are nore than 10 other PCDD
congeners.

The empirical formulae, nolecul ar weights, and sone physi cal
properties of a few PCDDs are given in Table 4.

Table 3. Synthetic nmethod and nelting point for some PCDDs

PCDD Synt hetic Mel ting point Ref er ence
| soner met hoda °C
1- Chl or o- 1 80- 90 Pohl and & Yang, 1972
2- Chl or o- 1 88- 89 Pohl and & Yang, 1972
1, 3-Dichl oro- 1 113.5-114.5 Kende et al., 1974
2, 3-Di chl or o- 1 163- 164 Pohl and & Yang, 1972
2, 7- Di chl or o- 2 209- 210 Pohl and & Yang, 1972
2, 8- Di chl or o- 3 150. 5- 151 Pohl and & Yang, 1972
1,2, 4-Trichl oro- 4 128- 129 Pohl and & Yang, 1972
2,3,7-Trichl oro- 1 157- 158 Kende et al., 1974
2,3,7,8-Tetrachl oro- 2 305- 306 Pohl and & Yang, 1972
2,3,7,8-Tetrachl oro- 5 305- 307 Kende et al., 1974
1, 2, 3, 4-Tetrachl oro- 4 188- 190 Pohl and & Yang, 1972
1, 3,7, 8-Tetrachl oro- 1 193.5-195 Kende et al., 1974
1, 3,6, 8-Tetrachl oro- 2 219-219.5 Pohl and & Yang, 1972
1,2, 3,4, 7-Pentachl or o- 5 195- 196 Kende et al., 1974
1,2,3,4,7, 8- Hexachl or o- 5 275 Pohl and & Yang, 1972
1,2,4,6,7,9-Hexachl or o- 2 238- 240 Pohl and & Yang, 1972
Cct achl oro 2 330 Pohl and & Yang, 1972
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a Synthetic nethods as foll ows:

Cat echol + chl orobenzene

Pyrol ysis of chlorphenols
Cyclization of chlorophenoxyphenol
Cat echol + chl oronitrobenzene

Chl ori nati on of chl orodi benzodi oxi n

abrwNBE
| L O T I A |

Cl O Cl

Cl A Cl
TCDD

WHO 89037
Fig. 2. Structural formula of TCDD.
Table 4. Physical properties of some PCDDs
Mol ecul ar Mol ecul ar Absorption
Conpound formul ae wei ght maxi mum Ref er ence
(chl orof orm
(nm
2,3,7,8-TCDD CioH,d 46, 321.9 310 Pohl and &
Yang (1972)
1,2,3,7,8-PentaCDD  C;oH;A 56, 356.5 308 Gay et al.
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(1976)
1,2,3,6,7,8-HexaChD Cj,H,d 40, 390.9 316 Gray et al.

(1975)
1,2,3,7,8,9-HexaChD  Cj,H,d 40, 390.9 317 Gay et al.

(1975)

Al t hough tetraCDD is lipophilic, it is only slightly soluble in
nost solvents and very slightly soluble in water (Table 5).

Table 5. Solubility of 2,3,7,8-tetraCDD in various sol vents2

Sol vent Solubility at 25 °C
g/litre o/ kg
O Di chl or obenzene 1.8 1.4
Chl or obenzene 0.8 0.72
Per chl or oet hyl ene 0. 68 0.48
Chl or of orm 0.55 0. 37
Benzene 0.47 0.57
Acet one 0. 09 0.11
Di et hyl sul f oxi deP < 0.1 < 0.1
Met hanol 0.01 0.01
Wt er 2 x 10-7 2 x 107
a From Crummett & Stehl (1973).
b DVMSO caused detector fouling and a better val ue could not be obtained.
Table 6. Water solubility of PCDDs2
Conmpound Water solubility (g/litre)
20.0 °C 40.0 °C
1, 3, 6, 8-Tet raCDD (3.2+0.2) x 107 (3.9+0.4) x 107
1,2, 3,7-TetraCDD (4.3+0.1) x 107 (12.7+0.8) x 107
1,2, 3,4, 7- Pent aCDD (1.2+0.1) x 107 (4.6+0.1) x 107
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1,2, 3,4, 7,8 HexaCDD (4.4%0.1) x 10-9 (19. 0£0.1) x 10-9
1,2, 3,4, 6,7, 8- Hept aCDD (2.4%0.3) x 10-9 (6.3%0.2) x 10-9
Oct aCDD (0.4%0.1) x 10-9 (2.0%0.2) x 10-9

a2 From Friesen et al. (1985).

Marple et al. (1986a) have reanal ysed the water solubility of
2,3,7,8-TCDD and found it to be considerably less (12.5-19.2
ng/litre). The |log water-octanol partition coefficient (K,, has

been determined as 6.64 by Marple et al. (1986b).

Friesen et al. (1985) have determ ned the water solubility for
sonme PCDDs ot her than the 2,3,7,8-TCDD conpound and these are given in
Tabl e 6.

Simlarly Webster et al. (1985) have determ ned the |og
octanol -water partition coefficients for a nunber of PCDDs (Table 7).

2,3,7,8-TetraCDD is considered to be a stable conmpound, but due
toits extrenme toxicity its chem stry has not been fully eval uat ed.
However, it undergoes substitution reactions (Baughman, 1974) as well
as photochem cal dechlorination (Crosby et al., 1971; Croshy & Wng,
1977; Gebefugi et al., 1977). Thermally it is very stable and rapid
deconposition of 2,3,7,8-tetraCDD occurs only at tenperatures above
750 °C (Stehl et al., 1973). The other PCDDs have been nuch | ess
studi ed; however, octaCDD is conpletely destroyed by treatnment with
hot alkali (Al bro & Corbett, 1977).

The first synthesis of 2,3,7,8-tetraCDD was reported by
Sandermann et al. (1957), who used catalytic chlorination of the
unchl orinated dioxin. It has al so been prepared in good yields by the
di meri zation of 2,4,5-trichlorophenol salts (Buu-Hoi et al., 1971b;
Langer et al., 1973).

In the PCDF series, Mazer et al. (1983) synthesized all the 38
positional tetraCDF isomers. The products were m xtures of isoners,
and each of these isoners could be identified. Later Bell & Gari,
(1985) isolated and characterized all the 38 tetraCDFs, 28 pentaCDFs,
and 16 hexaCDFs.

Table 7. Values for log K,, for some PCDDs fromlinear and quadratic plots

http://www.inchem.org/documents/ehc/ehc/ehc88.htm (25 of 419) [16/11/2009 3:00:16 AM]



Polychlorinated dibenzo-p-dioxins and dibenzofurans (EHC 88, 1989)

log Ky (11 near) | og Ky (quadratic)

WAt ers Wat ers VWAt er s VWAt er s
Bondapak Bondapak Bondapak Bondapak

Conpound (Woodburn dat a) (Woodburn dat a)

Di benzo- p-di oxi n 4.26 4.01 4.34 4. 17

1- MonoCDD 4.81 4.52 4.91 4.75

2- MonoCDD 5. 33 5.00 5. 45 5.29

2, 7-DiCDD 6. 27 5. 86 6. 39 6. 17
1,2,4-TriCDD 7.36 6. 86 7. 45 7.11
1,2,3,7-TetraCDD 8.15 7.58 8.19 7.72
1,2,3,4-TetraCDD 8.63 8.02 8. 64 8. 07
1,3,6,8-TetraCDD 8.70 8.08 8.70 8.12
1,2,3,4, 7- Pent aCDD 9. 48 8. 80 9. 40 8. 64
1,2,3,4,7,8-HexaCDhD 10. 40 9. 65 10. 22 9.19
1,2,3,4,6,7,8-HeptaCDD 11.38 10. 55 11. 05 9. 69
CctaCDD 12. 26 11.35 11.76 10. 07

a From Wbster et al. (1985).

Kuroki et al. (1984) have synthesized 51 congeners of PCDFs by a
structure specific method from chl orophenol s and chl oroni trobenzenes
or chl orophenol s and chl orodi phenyl s i odonium salts. The structures
were confirmed by M5 and NWVR

Safe & Safe (1984) described the synthesis of 22 PCDF congeners
resulting in quantities of 10-320 nmg of purified product. They al so
reported NVR data on the compounds synt hesi zed.

Sarna et al. (1984) and Burkhard & Kuehl, (1986) have docunented
the octanol /water partition coefficients for sone PCDFs (Table 8). The
di sagreenent for OCDF arises because of uncertainties in the K,,

val ues of reference conmpounds of high K,, The partitioning of

organi c chem cals between lipid and water is an inportant determ nant
of the bioconcentration potential of a toxicant and has soneti nes been
effectively used as an indicator of the preferred degradative in in

Vi vo pat hways.
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Table 8. The logarithm of the octanol/water partition coefficients (K

of sone PCDFs using HPLC net hods

PCDF log Kow Ref erence
2, 8-di chl or o- 5.95 Sarna et al. 1984a
5. 30b Bur khard & Kuehl, 1986¢
2,3,7,8-tetrachl oro- 5.82+0. 02 Bur khard & Kuehl, 1986¢
oct achl or o- 13. 37 Sarna et al. 19842
8.78 Bur khard & Kuehl, 1986¢

Quadratic equation treatnent: Biorad Biosil (10 mm dat a.
b Quadratic equation treatnment: unspecified "m crobore" HPLC col um.
c Sarna et al. (1984) data recal cul ated from experinental data

2.3. Analytical Methods
2.3.1 Ceneral aspects

The earliest reported nmethod used to detect 2,3,7,8-tetraCbhD was
a rabbit skin test (Adans et al., 1941). Test sanples were applied to
the inner surface of the ear and to the shaven belly of albino
rabbits, and inflammatory responses were observed. Subsequently, Jones
& Krizek (1962) devel oped a test based on the recovery and wei ght of
the keratin forned on the rabbit ear after application of a sanple.
These bi ol ogi cal nmet hods were non-specific as to i sonmers and not
sufficiently sensitive to detect |ow levels of contanination

In the late 1960s and early 1970s, gas chromat ographi ¢ met hods
were used for the quantification mainly of 2,3,7,8-tetraCDD in
commercial 2,4,5-T formations. The detection |evel was normally in the
range of pg/g. These anal yses were not isoner-specific and the results
coul d not be confirnmed. Ryhage (1964) sol ved the probl em of comnbining
a gas chromatograph with a mass spectroneter. During the 1970s and
1980s, various types of mass spectrometer and gas chromat ograph/ mass
spectroneter combi nations were used in analytical work. Use of these
nore sophisticated instruments all owed for the devel opnent of
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i somer-specific and validated anal yses for the tetraCbhDs in the very
| ate 1970s and for the other PCDDs and PCDFs in the early 1980s.

A nunber of spectroscopic nethods are avail able for the
| aboratory identification of 2,3,7,8-tetraCDD, but their use is highly
restricted, with the exception of mass spectroscopy (MS). Data on
X-ray, infra-red (IR), ultra-violet (UV), nuclear magnetic resonance
(NMR), electron spin resonance (ESR), and mass spectra were obtained
by Pohland & Yang (1972), Baughman (1974), and Sl onecker et al
(1983).

Because of the | arge nunber of isonmers and congeners, and due to
the extrene toxicity of some PCDD and PCDF isoners, highly sensitive
and specific analytical techniques are required for the measurenents.
Detection limts for the analysis of environnental and human sanpl es
shoul d be orders of nmmgnitude | ower than the usual detection |levels
required for pesticide analysis. A detection level of 1 pg or |ess
m ght be required to nmeasure 2,3,7,8-tetraCbhD and the other toxic
isoners in a 1-g environmental sanple. Analyses at such low |levels are
conplicated by the presence of a nmultitude of other interfering
conmpounds and cl ean-up procedures are required.

The nmono-, di-, and trichloro congeners are not usually included
in these anal yses. Such conpounds are considered to be nuch less toxic
than the higher chlorinated congeners and are al so nuch nore vol atile
and | osses may occur during clean-up.

It should be mentioned that the | evel of sophistication needed in
the anal yses for PCDD and PCDFs will depend upon the objectives
thereof. In cases where the objectives were primarily to screen
sanples to identify groups of PCDDs and/or PCDFs (in a qualitative or
sem quantitative manner), routine assays and bi oassays were adequate.
In other instances, where the objective of the analysis was to
quantify accurately specific PCDD and/ or PCDF isoners in the sanples,
sophi sticated anal ytical procedures were required. Clearly, both types
of anal yses can be useful, depending on the purpose for which the
anal ytical results are to be used.

Many anal yti cal met hods have been devel oped in recent years for
the analysis of trace anobunts of PCDDs and PCDFs in environnenta
sanpl es, especially for 2,3,7,8-tetraCDD. The nost specific of these
net hods are based on MS. There are nany requirenents to be nmet by such
an anal ytical nmethod, including representative sanpling and
appropriate storage, efficient extraction, high selectivity in the
cl ean-up, high specificity in the gas chromatography, high sensitivity
in the detection, safe and reliable quantification, good
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reproduci bility, useful confirmatory information

Several review articles discussing nethods of anal yzing PCDDs and
PCDFs have appeared (MKinney, 1978; Esposito et al., 1980; Rappe &
Buser, 1980; Harless & Lewis, 1982; Karasek & Anuska, 1982; Tiernan,
1983; Crummett et al., 1985). Most of the ol der nethods have been
critically reviewed by a panel of experts assenbled by the Nationa
Research Council of Canada (1981).

2.3.2 Sanpling strategy and sanpling met hods

The quality and utility of analytical data depend on the validity
of the sanple and the adequacy of the sanpling program The purpose of
sanpling is to obtain specinens that represent the situation being
studi ed. Sanmpling plans may require that systematic sanpl es be
obtai ned at specified tines and pl aces, or sinple random sanpling may
be necessary. Generally, the sanple should be an unbi ased
representation of the environnental situation.

Al'l aspects of a sanpling programe should be planned and
docunented in detail, and the expected relationship of the sanpling
protocol to the analytical result should be defined. A sanpling
programre shoul d include reasons for choosing sanpling sites, the
nunber and type of sanples, the timng of sanple acquisition and the
sanpl i ng equi pnment used. A detailed sanpling procedure should include
a description of the sanpling situation, the sanpling nethodol ogy,
| abel 1'i ng of sanples, field blank preparation, pretreatnent
procedures, and transportation and storage procedures.

The quality assurance programre should include neans to
denonstrate that containers or storage procedures do not alter the
qualitative or quantitative conposition of the sanple. Special
transportation and storage procedures (refrigeration or exclusion of
light) should be described, if they are required.

Because environnental sanples are typically heterogeneous, a
sufficiently | arge nunber of sanmples (ten or nore) must nornally be
anal yzed to obtain nmeani ngful data on chem cal conposition. The nunber
of individual sanples that should be analyzed will depend on the kind
of information required by the investigation. If an average
conpositional value is required, a nunber of randomy sel ected
i ndi vi dual sanpl es nmay be obtai ned, conbined, and bl ended to provide
a honogeneous conposite sanple fromwhich a sufficient nunmber of
subsanpl es coul d be anal yzed. If conposition profiles, tinme trends, or
the variability of the sanple population are of interest, many sanples
need to be coll ected and anal yzed i ndi vidual | y.
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If field blanks are not available, efforts should be nade to
obtain blank sanples that best sinulate a sanple that does not contain
the specific chemcal. In addition, neasurenents should be nade to
ascertain whether, and to what extent, any reagent or solvent used may
contribute to or interfere with the analytical results (laboratory and
sol vent bl anks).

The recovery tests are frequently used and necessary to eval uate
t he anal ytical nethodol ogy. Uncontam nated sanples fromcontrol sites
that have been spiked with the chenical of interest provide the best
i nformati on because they sinulate any matrix effect. Wen feasible,
i sotopically labelled (13C, 37Cl) chenmicals spiked into the sanple
provide the greatest accuracy since they are subjected to the sane
matrix effects. The 113G and 37Cl -1 abel | ed conpounds can be used
to validate:

(a) sampling (sanpling surrogate),
(b) anal ytical pretreatment (clean-up surrogate),
(c) quantification (internal standard).

Very few | aboratories in the world have access to and experience
in working with these conplicated anal yses.

In order to be able to conpare data generated in different
| aboratories, the same quantitative standard conpounds shoul d be used.
Interlaboratory calibrations or "round-robin" studies have been
performed in very few cases.

2.3.3 Extraction procedures

In this step, the sanple is honbgeni zed or digested and extracted
with a suitable solvent or solvent mxture to renove the bulk of the
sanple matri x and transfer the PCDD and PCDF residue into the sol vent.
Bot h the sel ection of the proper solvent and the nethod of extraction
can be critical in obtaining a satisfactory recovery of PCDDs and
PCDFs fromthe sanple matrix.

Many di fferent procedures for the extraction of PCDDs/PCDFs from
various sanples are described. In some cases this involves digestion
or destruction of the matrix. Some of these nethods have been
evaluated in the report fromthe National Research Council of Canada
(1982), while other nethods are discussed by Tiernan (1983).

An interlaboratory "round-robin" study involving 13 | aboratories
was carried out to evaluate the reliability of data on
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2,3,7,8-tetraCDD in fish sanples. No significant differences were
found fromnethods differing in the digestion or extraction procedures
(Ryan et al., 1983b).

In a study described by Albro et al. (1985), eight different
approaches were applied in eight laboratories to quantify four PCDDs
(2,3,7,8-tetraCbhb;, 1,2,3,7,8-pentaChD; 1,2, 3, 4,7, 8-hexaCDD; and
octaCDD) and three PCDFs (2, 3,7,8-tetraCDF; 2,3,4,7,8-pentaCDF; and
1,2,3,7,8,9-hexaCDF) in spiked sanples of an extract from human
adi pose tissue. Levels of fortification, unknown to the participating
| aboratories, were in the 5-50 ng/ kg range, except for octaCDD (up to

500 ng/kg). The results indicated that nost of the procedures tested
gave a high degree of qualitative reliability. However, other nethods
were not so accurate, a large portion of the reported data consisting
of false positives or fal se negati ves.

Lust enhouwer et al. (1980) studied the extraction of PCDDs and
PCDFs froma fly ash sanple. A dramatic difference was found between
di fferent sol vents.

2.3.4 Sample clean-up

In the sanpl e cl ean-up, the PCDDs and PCDFs present in the sanple
shoul d be separated froma nultitude of other co-extracted and
possi bly interfering conpounds. The clean-up nethods, nornally three
steps or nore, can vary for different sanple matrices. Two different
procedural trends can be recognized:

(a) all PCDD and PCDF isoners can be analyzed in one
single fraction by the contai nnent enrichnent
procedure (Norstromet al., 1982; Stalling et al.
1983; Tiernan, 1983; Rappe, 1984),

(b) specific isomers are analyzed in different fractions
mai nly after nornal - phase and reverse-phase high
pressure liquid chromatography (HPLC) separation
(Lamparski et al., 1979; N emann et al., 1983; Tosine
et al., 1983).

This latter nethod allows the identification of only a few PCDD
isoners in each fraction, and is mainly used to nonitor TCDD and a few
ot her congeners. For a nonitoring programof all PCDDs and PCDFs a
nore general method m ght be preferred.

The net hod described by Stalling et al. (1983) was originally
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designed for the analyses of fish sanples. In a "round-robin" study of
fish sanples it gave good results (Ryan et al., 1983b). This nethod
has now been used for the clean-up of other biological sanmples Iike
bird nuscle, seal fat, turtle fat, and human adi pose tissue - bl ood,
l'iver, kidney, and mlk (Rappe et al., 1983c; Nygren et al., 1986;
Rappe et al., 1986b).

2.3.5 Isoner identification

The purified extracts are used directly for the final anal yses
with the aid of a gas-chromat ograph/ nass spectroneter (GO MS) equi pped
with a glass capillary or a fused-silica colum. The colum | eads
directly into the ion source of the mass spectroneter, which operates
either in the electron inpact (EI) or the negative ion-chemca
ionization (NCI) node. In view of the large variation in toxicol ogica

and bi ol ogical effects of the PCDD and PCDF isomers, it is inperative
that the isonmers, particularly those having high toxicity, be
identified. For an unanbi guous isomer identification it is necessary
to have access to all analytical standards within a specific group of
isoners, e.g. all the 22 tetraCDDs and all the 38 tetraCDFs. All the
22 tetraCDDs have been prepared and, using a Silar 10c glass capillary
colum, the 2,3,7,8-tetraCbDD can be separated fromall the other 21
tetra i sonmers (Buser & Rappe, 1980). Recently all the 14 pentaCDDs and
the 10 hexaCDDs have been prepared. Using the Silar 10c colum all the
2,3,7,8- substituted isomers can be separated fromall the other

i somers (Buser & Rappe, 1984). The SP 2330 fused silica colum can

al so be used for this separation (Rappe, 1984).

In the PCDF series, Mazer et al. (1983) have synthesized all the
38 positional tetraCDF isonmers. The products were m xtures of isoners,
and each of these isonmers could be identified using both an SP 2330
and an SE 54 capillary colum. Later, Bell & Gara (1985) isolated and
characterized all tetra-, penta- and hexaCDFs. The SP 2330 col um can
separate nost of these isoners (Rappe, 1984). The 1,2, 3,7, 8- pent aCDF
co-elutes with the 1,2,3,4,8-isonmer and the 1,2,3,4,7,8- hexaCDF with
the 1,2,3,4,7,9-isomer, but they can be separated on | ess polar
colums |ike Ov-17 and DB-5.

A very limted nunber of investigations has been performnmed using
t hese conplete sets of synthetic standards.

2.3.6 Quantification

Mass sel ective detection (mass fragnmentography) has been used to
quantify trace anounts of PCDDs and PCDFs in the sanpl es by
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selectively monitoring M M+ 2, and/or M+ 4 ions (SIM. The
quantification is based on peak area neasurenents and a conpari son of
these areas using either isotopically |abelled internal standards
(13C or 37Cl) or calibration curves of external standards. As a

first approach, it has been generally assumed that with the M
quantification technique, all isoners of a particular congener of PCDD
or PCDF (e.g. the tetrachl oro-isonmers) have the sanme response factors.
However, an investigation of 13 well-defined tetraCDF isoners has
shown a three-fold variation in response factors with the EIl node and
up to a 20-fold variation with the negative ion-chenical ionization
node. For the higher chlorinated honol ogues (penta, hexa) the
variation was found to be | ess (Rappe et al., 1983b).

Fung et al. (1985) have studied the nmass spectra of 26 PCDF
congeners. They found that the El spectra are not particularly isoner
specific, while positive ion-chem cal ionization spectra show a
greater degree of isomer distinction.

2.3.7 Confirmation

Quality control and quality assurance progranms help to assure
that positive data reported actually refer to specific PCDDs and PCDFs
(Kl oepfer et al., 1983). To provide reliable data:

(a) isoner specificity nmust be denonstrated initially and verified
daily,

(b) the retention time nust equal (within 3 seconds) the retention
time for the isotopically |abelled congener

(c) the signal to noise ratio nust be 2.5:1 or higher

(d) the chlorine cluster nmust be within £ 10% of the theoretica
val ues, given in Table 9,

(e) correct fragments, e.g., M-COO ions, nust be with correct
chlorine clusters.

For confirmati on, nass spectroscopy is the best techni que now
avail abl e. The El mass spectral properties of PCDFs and PCDD have been
descri bed (Buser, 1975). The nol ecular (M) and fragnent ions of
PCDDs and PCDFs show the typical, expected clustering due to the
chlorine isotopes (Table 9). The typical fragnentation is MCOQ *,
which is a useful fragnment to study.

Buser & Rappe (1978) have shown that observation of | ow mass ions
can be used for the identification of the substitution pattern of
PCDDs, which can be defined as the number of chlorine atons on each
carbon ring of the dioxin nolecular; the 2,3,7,8-isonmer has a 2:2
pattern while 1,2,3,4-tetraCbhD has a 4:0 pattern. However, these | ow
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mass ions nmay not be observed in spectra from environmental or
bi ol ogi cal sanpl es.

In the negative ion-chenical ionization node, the PCDFs have the
base peak due to M, and the fragnentation produces the unusual
M-34 ions (uptake of Hand loss of C). Fragnmentation of PCDDs in

this node is nore conventional via loss of O yielding M-35 ions
(Buser et al., 1985).

Usi ng ElI technique and a quadropol e instrument, the detection
l[imts are 1-10 pg for the tetrachl oro conpounds and up to 10-50 pg
for the octachl oro conpounds using selected ion nmonitoring or nultiple
ion detection (SIMor MD). Full mass spectra require 0.1-1 ng of
conmpound (Buser et al., 1985). Hi gh resolution instrunents can inprove
the sensitivity by one order of magnitude.

The negative ion-chemcal ionization node, using nethane gas as
reagent, gas provides extremely good sensitivity for all PCDFs (tetra-
to octachl oro- conpounds) and for the higher chlorinated PCDDs (penta-
to octaCDD). The detection linmts are in the 10-100 fg (10-15g)
range using SIR or MD, which is 1 to 2 orders of nmagnitude better
than EI (Buser et al., 1985). However, the negative ion-chem ca
i oni zati on node has very poor sensitivity for 2,3,7,8- tetraCDD under
t hese conditions.

Using low resolution M5 instrunments, a series of interfering
conmpounds has been identified (Table 10). Sone of this interference
can be elimnated using high resolution M5 instruments operating at
8000 - 10 000 daltons. However, conpounds with the sanme enpirica
formul ae cannot be separated by MS techni que; they are normally
elimnated during the clean-up or separated by the gas chronmatography
st ep.

2.3.8 Oher analytical nethods

Paasivirta et al. (1977) have shown that 2,3,7,8-tetraCDD can be
detected down to the pg | evel using a glass capillary colum and a
63Ni el ectron-capture detector. Conbined with efficient clean-up
procedures, this method has shown to be useful down to a level of 9
ppt (N emann et al., 1983), although positive sanpl es need
confirmati on by mass spectroscopy (MD, SIM.

O her techni ques, such as enzynme induction and radi oi munoassay
have been described and di scussed by Firestone (1978) and MKi nney
(1978). McKinney et al. (1982) have used the radi oi mmunoassay net hod
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for determning 2,3,7,8-tetraCbDD in human fat, and found the reliable
sensitivity at 95% confidence interval to be 100 pg per sanple.

An anal ytical nethod based on the keratonization response of
epithelial cells in an in vitro system has been descri bed by
Gerthy & Crane (1985b). This nmethod can be an assay for dioxin-like
activity in environnmental and biol ogical sanples. A positive response
was found for 2,3,7,8-tetraCDD at a concentration of 10-11 nol/litre.

Table 9. |Isotopic abundance ratio ("cluster") of polychlorinated dioxins
and di benzof urans

Nunber of
chl orine M M+ 2 M+ 4 M+ 6 M +
8 M+ 10 M+ 12 M+ 14
at ons
1 100.0 33.7
2 100.0 66. 1 11.3
3 100.0 98. 4 32.7 3.8
4 76. 4 100.0 49. 4 11.0 1.0
5 61.2 100.0 65.5 21.6
3.6 0.3
6 51.1 100.0 81.7 35.8
8.9 1.2 0.1
7 43. 8 100.0 97.9 53.4
17.6 3.5 0.4
8 33.7 87.6 100.0 65. 3
26.8 7.0 1.2 0.1

Tabl e 10. List of nolecular ions of polychlorinated conpounds present in
some human and environnental sanples

and possibly interfering in the nass spectral analysis of PCDFs and PCDDs2

Mol ecul ar ions (nl z, nt,
m) (chlorination)
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Conpounds nono- di - tri- tetra- pent a-
hexa- hept a- oct a- nona- deca-

PCDDs 320 354
388 422 456 - -

PCDFs 304 338
372 406 440 - -

PCBs 290 324
358 392 426 460 494

PCNs 264 298
332 366 400 - -

PCTs 298 332 366 400
434 468 502 536 570

PCDPEsbP 238 272 306 340
374 408 442 476 510

PCPYs¢ 36 270 304 338 372 406

From Buser et al. (1985).
b PCDPEs: Polychlorinated di phenyl ethers.
c PCPYs: Pol ychl ori nat ed pyrenes.

3. SOURCES OF ENVI RONMENTAL POLLUTI ON
3.1 Production, Synthesis, and Use

PCDDs and PCDFs are not produced comrercially. These conpounds
are in fact formed as trace anmounts of undesired inpurities in the
manuf act ure of other chemicals such as chlorinated phenols and their
derivatives, chlorinated di phenyl ethers, and pol ychl ori nated
bi phenyls (PCBs). There is no known technical use for the PCDDs and
PCDFs.

The anpbunt of total PCDDs entering the Canadi an environnent/year
has been estimated to be about 1500 kg, and 75% of this anmpunt has
been estinmated to be due to octaCDD al one (National Research Counci
of Canada, 1981). There is no estimation of the amount of PCDFs
entering the environment anywhere in the world.
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Al t hough t he pol ychl ori nated di oxi ns and di benzofurans are not
comercially produced, nost of these conpounds have been synthesized
for research purposes in small quantities according to the reactions
di scussed in section 2.

3.2 Industrial Processes

In addition to the synthetic nethods nentioned in section 2,
2,3,7,8-tetraCDD may be formed during the industrial preparation of
2,4,5-trichlorophenol from1,2,4,5-tetra-chl orobenzene. This
substitution reaction takes place at about 180 °C, and when the
solvent is nethanol, the pressure rises to about 7 KPa. The formation
of TCDD is an unwanted side reaction which takes place when the
reaction mxture is heated to 230-260 °C (Ml nes, 1971). This reaction
is exothermic, so that even higher tenperatures nmay be attained
resulting in uncontrolled conditions.

In some factories ethylene glycol is used as a solvent in order
to avoid the high pressure. As already pointed out by MIlnes (1971),
however, use of this solvent requires special precautions because of
the occurrence of a base-pronoted polynerization of ethylene glyco
and deconposition reactions that produce ethyl ene oxi de. These
reactions are also exothermi c; they may start spontaneously at
tenper at ures above 180 °C and proceed rapidly and uncontrollably to
result in the formation of relatively | arge amunts of TCDD

After nost of the solvent has been renmpved, the reaction mxture
is acidified; the 2,4,5-trichlorophenol can be separated from
2,3,7,8-tetraCDD by one or two distillations, with the result that
2,3,7,8-tetraCDD is concentrated in the still-bottomresidues. Up to
1 nmg/g of 2,3,7,8-tetraCDD i n such residues has been reported
(Ki mbrough et al., 1984). Inproper disposal of such residues is
di scussed in sections 4.4.2 and 9.

Most of the 2,4,5-trichlorophenol produced is used for the
preparation of herbicides such as 2,4,5-T (including various esters
and salts, and the bactericide hexachl orophene).

PCDDs and PCDFs are both formed as by-products during the
manuf acture of chlorinated phenols (2,4-dichloro-, 2,4,6-trichloro-,
2,3,4,6-tetrachl oro- and pentachl orophenol). The comerci al
chl orophenol s are produced by two processes, i.e., by chlorination of
t he phenol using various catal ysts and by the al kali ne hydrol ysis of
an appropriate chl orobenzene. Apparently both reactions can lead to
the formati on of PCDDs as well as PCDFs, and the |evel of
contam nation is normally rmuch higher here than in the production of
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2,4,5-trichl oro-phenol (see section 3.3).

PCDDs and PCDFs are al so formed during the preparation of
chl orinated di phenyl ether herbicides (Yamagi shi et al., 1981) and
hexachl orobenzene (Villeneuve et al., 1974). A series of PCDFs are
formed during the production of PCBs (see section 3.3).

Producti on equi pnent is often used for the production of severa
different chenmicals. In the manufacture of chenicals on such equi pnent
previ ously contam nated by PCDDs and PCDFs, both the products and
wast e generated can be contam nated. Thus, manufactured
2, 4-di chl orophenoxyacetic esters (2,4-D), which otherw se should not
be contami nated by 2,3,7,8-tetraCDD, did indeed contain this dioxin
because t he equi pnent used had been enpl oyed previously to produce
2,4,5-T and had not been cl eaned properly (Federal Register, 1980).

It should be pointed out that the primary occurrence of TCDD in
the environment is possibly related to the synthesis of
2,4,5-trichl orophenol, the use of products prepared fromthis conpound
(Table 11), and to incinerations reactions. The occurrence of the
ot her PCDDs and PCDFs is related to the synthesis and use of a variety
of other products (Table 12), sone of which are quite common.

The ot her PCDDs and PCDFs are also forned in a variety of
incineration reactions (see section 4.5).

3.3 Contam nation of Commercial Products
3.3.1 Chl orophenoxyacetic acid herbicides

Dependi ng on the tenperature control and purification efficiency,
the levels of 2,3,7,8-tetraCDD in conmercial products may vary
greatly. For exanmple, the levels of 2,3,7,8-tetraChDD in druns of the
her bi ci de Agent Orange placed in storage in the USA and in the Pacific

before 1970 were between 0.02 and 47 ng/g. Mre than 450 sanples were
anal yzed in this study, and the nmean value was 1.98 ng/g (Young et
al ., 1983). Since Agent Orange was fornmulated as a 1:1 mixture of the
butyl esters of 2,4,5-T and 2,4-D, the levels of 2,3,7,8-tetraCDD in
i ndividual 2,4,5-T preparations manufactured and used in the 1960s
coul d have been as high as 100 ng/g.

I n anal yses using high-resolution GC- M5, Rappe et al. (1978a)
have reported that in other sanples of Agent Orange (as well as in
Eur opean and the USA 2,4,5-T formul ations fromthe 1950s and 1960s),
2,3,7,8-tetraCDD was the dom nating conpound of this group of
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contam nants. Only mnor anmounts of other PCDDs and PCDFs coul d be
found, primarily |ower chlorinated PCDDs, in sanples of Agent Orange.

As a result of governnental regulations, efforts were made during
the 1970s to nininmze the formation of 2,3,7,8-tetraCDD during 2,4,5-T
production, and now all producers claimthat their products contain
less than 0.1 pg 2,3,7,8-tetraCbD/ g of product (Rappe et al., 1978a).
At present, the chloro-phenoxy herbicides are not the major source of
PCDDs and PCDFs in the environment.

Si xt een sanples of 2,4-D esters and am ne salts from Canada were
anal yzed for the presence of PCDDs. Eight out of nine esters and four
out of seven amne salts were found to be contam nated, with the
esters showi ng significantly higher levels (210-1752 ng/g) than the
salts (20-278 ng/g). The tetraCDD observed was the 1, 3,6,8-isoner, as
verified by a synthetically prepared authentic standard (Cochrane et
al., 1981). In other studies, it has been found that no tetraCDD ot her
than the 1, 3,6,8-isomer elutes in this w ndow. Hagenmaier et al.
(1986) has reported that, unexpectedly, a German 2,4-D fornul ation
contained 6.8 ng of 2,3,7,8-tetraCDD g.

Table 11. Sone commercial products that nmay be contanminated with
2,3,7,8-tetraCDD, depending on the nethod of preparation

Comon name Cheni cal nane
2,4,5-Ta 2,4,5-Tri chl orophenoxyacetic acid
2,4,5-T estersa n-butyl -, butoxy ethyl-, and

i so-octyl-esters of 2,4,5-
trichl or ophenoxyacetic acid

2,4,5-T salts? di met hyl am ne salts of 2,4,5-
trichl orophenoxyacetic acid

Fenopr op esters of 2-(2,4,5-trichlorophenoxy) -
propanoi ¢ acid

Er bon ethyl ester of 2-(2,4,5-trichloro-
phenoxy) - 2, 2- di chl or opr opanoi ¢ aci d
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2,4,5-Trichl oropheno
Fenochl or phos

Trichl oronate

Hexachl or ophene/i sobac 20

2,4,5-Trichl oropheno
O ODnethyl O2,4,5-trichlorophenyl
phosphonot hi oat e

O Ethyl 0-2,4,5-trichl oropheny
et hyl phosphonot hi oat e

2,2 -Methyl ene-bis (3,4,6-trichloro-
phenol )

a8 There are nunerous trade names for this product.

Tabl e 12. Sone commrerci al

products which may be contani nated wi th PCDDs

other than 2,3,7,8-tetraCbhD, and with PCDFs, depending on the nethod of

preparation

Conmbn nane

Chem cal nane

Bi f enox

Chl or ani |

2,4-D (esters and salts)

2,4-DB and salts

D canba

Di canba, dinmethyl am ne salt

Di capt hon

Di chl of ent hi on

Di sul sodi um (sesone)
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Met hyl - 5- 2, 4- di chl or ophenoxy- 2- ni t robenzoat e

2,3,5,6-Tetrachl oro- 2,
5-cycl o- hexadi ene- 1, 4- di one.

2, 4- Di chl orophenoxyacetic acid
and esters and salts

2, 4-Di chl orophenoxybutyric acid and
salts

3, 6- Di chl or o- 2- met hoxybenzoi ¢ acid

3, 6-Di chl or o- 2- met hoxybenzoi ¢ aci d,
di met hyl am ne sal't

Phosphor ot hi oi c acid
0- (2-chl oro- 4-ni trophenyl)
0, o-di net hyl ester

Phosphor ot hi oic acid
0- 2, 4-di chl or o- phenyl
0, o-di al kyl ester

2, 4- Di chl orophenoxyet hyl sul f at e,
sodi um sal t
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2,4-DP 2- 2, 4-Di chl orophenoxy propionic acid

HCB Hexachl or obenzene

Ni trofen 2, 4- Di chl or ophenyl - p- ni t r ophenyl
et her

PCP and salts Pent achl or ophenol and salts

PCB Pol ychl ori nat ed bi phenyl s

2,4,6-TCP 2,4,6-Trichl orophenol and salts
2,3,4,6-Tetrachl orophenol and salts

Comon nane Cheni cal nane

CNP 1, 3,5-Trichl oro-2-(4-nitrophenoxy)
benzene

NI P 2, 4-Di chl oro-1- (4-ni t rophenoxy)
benzene

X-52 2,4-Dichl oro-1-(3-net hoxy-4-nitro-

phenoxy) benzene

3.3.2 Hexachl orophene

The bacterici de hexachl orophene is prepared from
2,4,5-trichlorophenol, also the key internediate in the production of
2,4,5-T. Due to additional purification, the |level of 2,3,7,8-tetraCDD
in this product is usually < 0.03 ng/kg (Baughman, 1974). Ligon & My
(1986) reported 0.0047 ng/ kg of TCDD i n one hexachl or ophene sanpl e.
However, hexachl orophene al so contai ns about 100 ng/ kg of a
hexachl or oxant hene, the 1,2,4,6,8,9-substituted i somer (Githe &
Wacht nei ster, 1972).

3.3.3 Chl orophenol s

Chl orophenol s have been used extensively since the 1950s as
i nsecticides, fungicides, nold inhibitors, antiseptics, and
disinfectants. In 1978 the annual world production was estimted to be
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approxi mately 200 000 tons. The nost inportant use of 2,4,6-tri-,
2,3,4,6-tetra-, and pentachl orophenol, and their salts, is for wood
preservation. Pentachl orophenol is also used as a fungicide for slime
control in the manufacture of paper pulp and for a variety of other
pur poses such as in cutting oils and fluids, for tanning | eather, and
in paint, glues, and outdoor textiles. 2,4-Di- and

2,4,5-trichl oro-phenol are used for the production of 2,4-D and
2,4,5-T herbicides (phenoxy acids), and 2,4,5-trichl orophenol for the
producti on of hexachl orophene.

Chl orophenol s are produced industrially either by direct
chlorination of phenol or by hydrolysis of chlorobenzenes, the actua
process used depending on the isoner desired. Chlorination of pheno
yields 2,4-di-, 2,4,6-tri-, 2,3,4,6-tetra-, or pentachl orophenol
whi |l e hydrol ysis of chl orobenzenes is mainly used for the production
of 2,4,5-tri- and pentachl orophenol (N Isson et al., 1978).

Chl or ophenol s nay contain a variety of by-products and contani nants,
such as ot her chlorophenols, polychlorinated phenoxyphenols, and
neutral conpounds |ike polychlorinated benzene and di phenyl ethers

(PCDPEs), PCDDs, and PCDFs. Sone of these contam nants may al so occur
i n chl orophenol derivatives |ike phenoxy acids, other pesticides, and
hexachl or ophene. The possible presence of PCDDs and PCDFs in
commerci al products is of special significance because of their
extraordi nary persistence and toxicol ogical properties (see sections
7-9). A scientific criteria docunment for chlorophenols and their
inmpurities in the Canadi an environnment has been prepared by Jones
(1981, 1984). Chl orophenols were estimated to be the major chenica
sources of PCDDs and PCDFs in the Canadi an environment (Sheffield,
1985).

Buser & Bosshardt (1976) reported on the results of a survey of
the PCDD and PCDF contents of pentachl orophenol (PCP) and PCP-Na from
commer ci al sources in Switzerland. Fromthe results, a grouping of the
sanples into two series can be observed: a first series with generally
| ow | evel s (hexaCDD <1 ug/g) and a second series with rmuch higher
| evel s (hexaCDD >1 pg/g) of PCDDs and PCDFs. Sanples w th hi gh PCDD
val ues had al so high PCDF val ues. For nobst samples, the contents of
the PCDF contaminants were in the order

tetra- = penta- < hexa- < hepta- < octaCDD/ CDF.

The ranges of the conbined levels of PCDDs and PCDFs were 2-16 and
1-26 pg/ g, respectively, for the first series of sanples, and 120-500
and 85-570 upg/ g, respectively, for the second series of sanples. The
| evel s of octaCDD and octaCDF were as high as 370 and 300 ug/g,
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respectively.

Some PCP-Na sanpl es anal yzed showed the unexpected presence of a
tetraCDD (0.05-0.25 ug/g), which was later identified by Buser & Rappe
(1978) as the unusual 1,2, 3,4-substituted isonmer. Table 13 collects a
number of relevant anal yses of these chl orophenol formul ations. The
| evel s of PCDDs and PCDFs are higher than for the phenoxy-acetic acid
her bi ci des.

It has al so been reported that several positional isoners of
PCDDs and PCDFs are present in the chlorophenols. However,
i somer - speci fi c methods have not been used in nost of these
i nvestigations, and nore research is necessary to identify all the
i somers present for a risk evaluation of these products.

Mles et al. (1985) have anal yzed PCP sanples for hexaCDDs from
five different nanufacturers using an isomer-specific analytica
net hod. The study included both free PCPs as well as the sodium salts.
Total hexaCDDs in PCPs ranged fromO0.66 to 38.5 ng/kg, while in the
sodiumsalts | evel s of hexaCDDs between 1.55 and 16.3 ng/ kg were
found. The nost abundant hexaCDD i soner found in the free PCPs was the
1,2,3,6,7,8 isomer; however, in the sodiumsalts the 1,2,3,6,7,9- and
1,2, 3,6, 8,9-hexaCDD pair was the nost abundant.

Table 13. Levels of PCDDs and PCDFs in comercial chlorophenols (pg/g)2

2,4, 6- 2,3,4,6- PCP PCP

Trichl orophenol Tetrachl or ophenol Sanple A Sanple B
Tet r aCDDs < 0.1 < 0.1 <0.1 < 0.1
Pent aCDDs <0.1 <0.1 <0.1 <0.1
HexaCDDs <1 <1 <1 2.5
Hept aCDDs <1 10 0.5 175
Cct aCDD <1 2 4.3 500
Tet r aCDFs 1.5 0.5 <0.1 <0.1
Pent aCDFs 17.5 10 < 0.1 < 0.1
HexaCDFs 36 70 0.03 <0.3
Hept aCDFs 4.8 70 0.5 19
Cct aCDF <1 10 1.1 25
a From Rappe et al. (1979).
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Hagenmai er & Brunner (1987) has reported that 2,3,7,8-tetraCbD
can be found in comercial pentachl orphenol fornulation at |evels of
0.21-0.56 ng/g, while Hagenneyer & Brunner (1986) report that
1,2,3,7,8-pentaCbD was found in pentachl orophenol and
Na- pent achl or ophenates in concentrations of 0.9-18 ng/g.

3.3.4 Polychlorinated bi phenyls (PCBs)

Vos et al. (1970) were able to identify PCDFs (tetra- and
pent aCDFs) in sanples of European PCBs (Phenoclor DP-6 and C ophen A
60) but not in a sanple of Aroclor 1260. The toxic effects of these
PCB products were found to parallel the I evels of PCDFs present. Bowes
et al. (1975) exami ned a series of Aroclors, as well as the sanples of
Aroclor 1260, Phenoclor DP-6, and C ophen A-60 previously anal yzed by
Vos et al. (1970). They used packed col ums and very few standard
conmpounds, and reported that the nost abundant PCDFs had the sane
retention tine as 2,3,7,8-tetraCDF and 2, 3,4, 7, 8-pentaCDF. Using a
conpl ete set of PCDF standards and an isoner-specific analytica
net hod, Rappe et al. (1985d) determined the |evels of
2,3,7,8-substituted PCDFs in comrercial PCB products (see Table 14).

3.3.5 Chl orodi phenyl ether herbicides

In 1981, Yammgishi et al. reported on the occurrence of PCDDs and
PCDFs in the comrercial di phenyl ether herbicides
1,3,5-trichloro-2-(4-nitrophenoxy) benzene (CNP)

2, 4-di -chl oro- 1- (4- ni trophenoxy) benzene (N P), and

2, 4-di chl or o- 1- ( 3- net hoxy- 4- ni t r ophenoxy) benzene (X-52). The tota
tetraCDD found was 14.0 ng/kg in CNP, 0.38 ng/kg in NIP, and 0.03 in
X-52. Very few synthetic standards were used, but the major tetraCDDs
were identified as the 1,3,6,8- and 1, 3,7,9-isoners, the expected
inmpurities in the starting material 2,4,6-trichl orophenol. No
2,3,7,8-tetraCbhD coul d be detected in these sanples. In all three

her bi ci des, total tetraCDF was between 0.3 and 0.4 ng/kg.

3.3.6 Hexachl orobenzene

Hexachl or obenzene was used for the control of wheat bunt and
fungi. Villeneuve et al. (1974), analyzing three commerci al
hexachl or obenzene preparations, identified octaCDD and hepta- and
octaCDFs. The levels and identity of the heptaCDF isonmers were not
given. Great variation in levels of octaCDDs between the three sanples
(0.05-211.9 ng/ kg) was noted, as well as in the |evel of octaCDF
(0.35-58.3 ny/kg).
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3.3.7 Rice oi

In 1968 nore than 1500 peopl e in sout hwest Japan were intoxicated
by the consunption of a commercial rice oil accidentally contamn nated
by PCBs, PCDFs, and pol ychl ori nated quarterphenyls (Masuda &

Yoshi nura, 1982; Masuda et al., 1985). In 1979 a sinilar episode
occurred in central Taiwan, the nunber of people involved here
approachi ng 2000 (Chen et al., 1980, 1981). Both these accidents have
been referred to as Yusho epi sodes, but now the Tai wan epi sode has
been renamed Yu-cheng (see section 5.4.4.4).

The total level of PCDFs in the Japanese rice oil was reported to
be 5 pg/ g (Nagayama et al., 1976) and 5.6 pg/g (Buser et al., 1978d).
For the rice oil from Taiwan, Chen et al. (1985) reported the PCDFs
levels to be in the range 0.18-1.68 ug/g.

Buser et al. (1978) analyzed the Japanese rice oil using glass
capillary colums. They found about 50-60 PCDF congeners and al so
reported that the 2,3,7,8-tetraCDF was the nmjor isomer anong the
tetraCDFs. However, it was later shown that in this colunn systemthe
2,3,4,8-tetraCDF co-elutes with the 2,3,7,8-isomer, and in fact the
2,3,4,8-isomer was the main constituent in this peak (Chen & Hites,
1983; Masuda et al., 1985). The 2, 3,7,8-substituted congeners were
estimated to account for 10-15% of the total amount of PCDFs (Buser et
al ., 1978).

Table 14. PCDFs in commercial PCBs (ng/g)?2

TRI -
TETRA- PENTA- HEXA- HEPTA-
Tot al 2378 Tot al 12348 23478 Tota
123479 123678 123789 234678 Total Tot a
PCB-t ype 12378 123478
Pyral ene 700 53 630 10 T 35
ND ND ND ND ND ND
Al254 63 19 1400 690 490 4000
2500 2100 190 130 10 000 960
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500

50

79

700

1600

520

ND

http://www.i

A1260 10 13 110 48 56 260
120 190 27 1500 1300

A30 500 35 573 14 28 160
59 ND ND 220 T

A40 1300 180 2600 96 8 1700
68 ND T 310 ND

A50 7400 3300 20 000 760 1100 8000
360 18 98 3100 75

AGO 770 840 6900 1100 990 8100
330 170 330 6800 2000

T64 47 23 360 97 122 840
390 58 41 2600 220

C ophen C 710 54 1200 34 30 270
T ND ND T ND

a2 From Rappe et al. (1985d).
T = traces.
ND not det ect ed.

3.4 Sources of Heavy Environnmental Pollution
3.4.1 Industrial accidents

Several industrial accidents occurring during the production of
2,4,5-trichl orophenol have been described in the literature. In nost
of these accidents the pollution of 2,3,7,8-tetraCbhD has been to
factories with circunscri bed occupational exposure (section 9).
However, on 10 July, 1976, a runaway reaction in a factory at Meda
near Seveso in Northern Italy resulted in the escape of a chem ca
cloud of trichlorophenol/phenate containing 2,3,7,8-tetraCDD

The cloud initially covered an area outside the factory 5 km | ong
and 700 mwi de. On the basis of the TCDD |l evels found in the
contam nated soil sanples, it has been estimated that 2-3 kg of TCDD
was released in this accident. About 80% of this ambunt was deposited
in an area of 15 ha, within a distance of about 500 mfromthe plant.
The |l evel s of soil contamination in three zones are given in Table 15
(Pocchiari, 1978).

3.4.2 |Inmproper disposal of industrial waste

In 1973, three horse arenas in Mssouri, USA, were found to be
contanmi nated by high levels of 2,3,7,8-tetraCDD; the highest val ue
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reported was about 30 pg/g of soil (Kinbrough et al., 1977). This
contam nation resulted fromthe application, in 1971, of contam nated
waste oil to control dust at these |ocations. The TCDD had ori gi nat ed
at a hexachl or ophene- produci ng factory in Verona, Mssouri. Additiona
tri- and tetraCDDs were al so found, but the major conponent was

1,2, 4,6, 8, 9- hexachl oroxant hene, a conpound whi ch apparently can serve
as a marker for this type of contam nation. The xanthene is a nornal
by- product of hexachl orophene production and has never been associ ated
with the production of 2,4,5-tri-chlorophenol or 2,4,5-T derivatives
(Vi swanat han & Kl oepfer, 1986).

In 1982, nunerous sites of potential 2,3,7,8-tetraCDD
contam nation were di scovered in eastern M ssouri. The contamn nation
originated fromthe sane waste oil fromthe factory in Verona. The
streets of the entire town of Tinmes Beach, M ssouri, had been sprayed.
More than 10 000 soil sanples from M ssouri were analyzed. In this
state nore than 40 hazardous waste sites containing 2,3,7,8-tetraCbD
were identified. Mdst of these contanminated sites resulted fromthe
di sposal of waste fromthe same factory in Verona. The highest |eve
reported in these soil sanples was 9648 ng TCDD/ g (Vi swanat han &
Kl oepfer, 1986).

Anot her | ocation of great concern is Love Canal, N agara Falls,
USA. Here, Smith et al. (1983) found high levels of 2,3,7,8-tetraCbD
in stormsewer sedinents taken from around the Love Canal waste
di sposal site. The hi ghest value was 312 ng/g sedinent.

Tabl e 15. Distribution of TCDD contanination in the Seveso area on the basis
of soil sanpl e anal yses?2

Range Nurmber of soil sanples

(ug/ n?)
Zone A Zone B Sur roundi ng noni tored area

< 0.750 32 25 249

0.750 - 4.99 32 53 128

5.0 - 14.99 6 19 2
15.0 - 49.99 18 6 0
50.0 - 499.99 31 0 0
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500.0 - 4999.99 18
> 5000 3 0 0

o
o

a2 From Pocchiari (1978).
Zone A: high-level contamnation, about 115 ha.
Zone B: low level contam nation, about 255 ha.
Surroundi ng area: about 1400 ha.

3.4.3 Heavy use of chemcals

The Eglin Air Force Base in Northwest Florida, USA, has been used
for the devel opnent and testing of aerial spraying equi pnent for
mlitary defoliation operations. During the period 1962-1970, a
3-kn? test area was sprayed with 73 tons of 2,4,5-T. Anal yses of
archived sanmpl es of the fornulations indicated that approximtely 2.8
kg of 2,3,7,8-tetraCDD had been applied as a contani nant of the
her bi ci de. However, one 37-ha test grid received 2.6 kg of this TCDD
from 1962 to 1964. Levels of 10-1500 ng/ kg were found in 22 soi
sanples (the top 15 cm collected and anal yzed 14 years after the | ast
application of herbicide to this site (Young, 1983).

3.5 Oher Sources of PCDDs and PCDFs in the Environment
3.5.1 Thermal degradation of technical products

The formation of 2,3,7,8-tetraCDD as a result of thernal
reactions of 2,4,5-T and 2,4,5-T derivatives has been the subject of
controversy. Heating 2,4,5-T salts at 400-450 °C for 30 minutes or
| onger yielded approximately 1 g of 2,3,7,8-tetraCDD per kg of 2,4,5-T
salt, while no TCDD was identified fromthe sanme treatnent of 2,4,5-T
acid or esters (Langer et al., 1973; Baughnman, 1974). Using a nore
sensitive analytical nethod, Ahling et al. (1977) reported that 0.2-3
ng of 2,3,7,8-tetraCbD was formed per kg of 2,4,5-T esters during

conbustion at 500-850 °C. Two reports (Stehl & Lanparski, 1977;
Andersson et al., 1978) have shown that 2,3,7,8-tetraCbDD could not be
found after burning sanples of spiked or sprayed vegetation at 600 °C
The conbusti on gases, soot, particles, and ashes were anal yzed and the
detection limt was 4 ng of TCDD/ kg 2, 4,5-T burned.

Rappe (1978b) have studied the burning of material inpregnated
with various salts of chlorophenols. Very carefully purified
2,4,6-tri- and pentachl orophenate were studied, in addition to a
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commercial formulation of 2,3,4,6-tetra-chl orophenate. The anal ytica
nmet hod used in this study was not isoner specific, but the follow ng
concl usi ons can be drawn concerning the formati on of PCDDs by therna
reactions:

(a) the expected dinerization products and the products forned
in the "Sniles rearrangenment” are the maj or PCDDs;

(b) no other thermal isonerization of the PCDDs forned can be
observed;

(c) no formation of higher chlorinated PCDDs can be observed,;

(d) octaCDD and ot her higher chlorinated PCDDs yield | ower
chlorinated dioxins in a nonspecific dechlorination
reaction;

(e) a series of PCDFs was al so observed.

It has been found that PCBs can be converted to PCDFs under
pyrolytic conditions. The pyrolysis of commercial PCBs in seal ed
quartz anpoul es in the presence of air yielded about 30 mgjor, and
nore than 30 minor, PCDFs. The optimal yield of PCDFs was about 10%
cal cul ated on the anpbunt of PCB deconposed. Thus, uncontrolled burning
of PCBs can be an inportant environmental source of hazardous PCDFs.
Therefore, it was reconmended (Buser et al., 1978a, 1978d) that al
destruction of PCB-contam nated waste using incinerators nust be
carefully controlled. In the tenperature range 300-400 °C, the
conversion yield seens to be in the part-per-nillion range (Mrita et
al ., 1978).

Buser & Rappe (1979) studied the pyrolysis of 15 individua
synt heti c PCB congeners and showed that the formati on of PCDFs can
foll ow several conpeting reaction pathways. In another study where a
series of chlorobenzenes were pyrolyzed in the same way, Buser (1979)
found that significant amounts (> 1% of PCDDs and PCDFs were forned.
A conpl ex m xture of isoners of PCDDs and PCDFs was found, suggesting
several reaction routes. Using the same techni que as above, Lindahl et
al. (1980) studied the thermal deconposition of polychlorinated
di phenyl ethers. Both PCDDs and PCDFs were formed, involving severa
pat hways. The tenperature range was 500-600 °C and the yields varied
fromO0.1 to 4.5%

Bergman et al. (1984) studied the thermal degradation of two
pol ychl ori nat ed al kanes contai ning 59% and 70% chl ori ne, respectively,
and al so a conmercial chlorinated paraffin containing 70% chl ori ne.
Their studies indicated the presence of at |east nono- and di CDFs.

Ahling et al. (1978) reported that chlorinated benzenes can be
found in the pyrolysis of PVC

http://www.inchem.org/documents/ehc/ehc/ehc88.htm (49 of 419) [16/11/2009 3:00:16 AM]



Polychlorinated dibenzo-p-dioxins and dibenzofurans (EHC 88, 1989)

Direct evidence for the conversion of PVC to PCDDs and PCDFs has
recently been reported by Marklund et al. (1986). They found that
| aboratory pyrolysis of PVCresulted in the formati on of PCDDs and
PCDFs, mainly hexa- and heptaCDDs, and tetra- to heptaCDFs. |In sone
cases, the pattern of isonmers seened to be sinilar to those found in
nmuni ci pal and hazardous waste incinerators, e.g. the pentaCDFs (Rappe
et al., 1987).

The data discussed in this section are sunmari zed in Table 16.
3.5.2 Incineration of rmunicipal waste

For sone time, emnissions frommunicipal incinerators, heating
facilities, and thermal power plants have been the subject of concern
Wher eas previously the em ssion of dust, snoke, toxic netals, and
noxi ous gases were of prine concern, the presence of potentially
hazar dous organi ¢ conpounds fromthese emn ssions has been recogni zed
only recently. Lahaniatis et al. (1977) reported the presence of
chl orinated organi ¢ conpounds (chlorinated aliphatics, benzenes, PCBs,
and pesticides) in fly ash froma municipal incinerator.

Aie et al. (1977) reported the occurrence of PCDDs and PCDFs in
fly ash fromthree nunicipal incinerators in the Netherlands. Their
results indicated the presence of up to 17 PCDD peaks, but isomer
identification and quantification was not possible due to the |ack of
synt hetic standards. Buser & Bosshardt (1978) studied fly ash froma
muni ci pal incinerator and an industrial heating facility, both in
Switzerland. In the former, the level of PCDDs was 0.2 pg/g and of
PCDFs 0.1 pg/g. In the industrial incinerator, the levels were 0.6
pmg/ g and 0.3 ug/ g, respectively.

During the period 1978-1982 a series of papers, reports, and
reviews were published confirmng the original findings of Aie et al
(1977) and Buser & Bosshardt (1978) regarding fly ash. Less data have
been published on the | evels of PCDDs and PCDFs in other incineration
by-products, e.g., particulates and flue gas condensate, and in total
flue gas, which are the true em ssions (Marklund et al., 1986).

A risk evaluation should be based on the enission | evels of PCDD
and PCDF isonmers found in isoner-specific anal yses using validated
sanpling and cl ean-up net hods. However, in many studi es non-validated
sanpling and anal ytical nethods are used and the results are given in

terms of total levels of tetra-, penta-, hexa-, hepta-, and octaCDDs
and CDFs. The value of such studies is limted, particularly in this
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situation where the nunber of isoners is quite large. Mre than 30
PCDDs and 60 PCDFs have been found in fly ash sanples (Buser et al.,
1978b, 1978c).

In March 1986, a working group of experts convened by the Wrld
Heal t h Organi zation Regional Ofice for Europe reviewed the avail abl e
data on em ssions of PCDDs and PCDFs from runici pal solid-waste (MW
incinerators. It was found that the origin of these conpounds was not
conpl etely understood, but they appear to result from conplex thernal
reactions occurring during periods of poor conbustion. Because of
their high thernal stability, the PCDDs and PCDFs can be destroyed
only after adequate residence tines at tenperatures above 800 °C
(VWHO EURO, 1987).

Avail abl e data on total em ssions of PCDDs and PCDFs fromtests

on MBWi ncinerators range between a few and several thousand ng/ N3
dry gas at 10% car bon di oxide (CO,). The working group prepared a

table giving a range of estimated isonmer specific em ssions for those
i soners of major concern with respect to MSWincinerators operating
under various conditions (Table 17).

The em ssions tabulated in colum 1 are those which the working
group considered to be achievable in the nost nodern, highly
controlled, and carefully operated plants in use at the present tine.
Such results do not represent what is considered to be achi evabl e by
the use of acid gas cl eaning equi pnent; use of such equi pnent shoul d
result in nmuch | ower values (probably at |east one order of
magni tude). The results given in colum 1 are not representative of
em ssions that mght be expected fromsuch plants during start-up or
during occasi onal abnormal conditions. Emission levels listed in
colum 2 were considered by the working group to be indicative of the
higher limt of em ssions fromnodern MSWi ncinerators. These plants
m ght experience such em ssions during start-up or during occasiona
upset conditions. Consequently, the majority of the available
concentration data falls between colums 1 and 2. Sonme of the data
revi ewed has shown that the figures in colum 2 should not be
consi dered an absol ute maxi rum However, nost existing plants, if
carefully operated, will have PCDD and PCDF em sions in the range
bet ween columms 1 and 2.

The hi ghest values for MBWincinerators (colum 3) were obtained
by multiplying the values in columm 2 by a factor of 5. Columm 3
i ncludes em ssion data that were reported to the working group from
all tests and under all circunstances. Generally, these em ssion
| evel s are associated with irregular or unstable operating conditions,
hi gh moi sture content of the MSW | ow conbustion or afterburner
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tenperatures, |less than adequate technol ogi es, etc.

Table 16. Formation of PCDDs and PCDFs by thernal processes

Precursor Condi ti ons Product s
2,4,5-T salt Pyrol ysis 2,3,7,8-tetraCbDD
2,4,5-T (vegetation) Pyrol ysis No TCDD

Bur ni ng No TCDD
Cl - phenat e Bur ni ng PCDDs2 + PCDFs
PCBs Pyrol ysis PCDFsb
PCBz¢ Pyrol ysis PCDFs + PCDDsd
Cl - D phenyl ethers Pyrol ysis PCDFs + PCDDs
Cl - Al kanes (Paraffins) Pyrol ysis PCDFs
PVC Pyrol ysis PCDDs + PCDFs
a = PCDDs formed by dinerization and a non-specific dechlorination.
b = other products: hexa- and pentaCBs.
¢ = pol ychl ori nat ed benzenes.
d = other products: PCBs, polychlorinated naphthal enes.

The wor ki ng group was aware of both | ower and hi gher em ssion
| evel s than those included in Table 17. However, it was felt that the
val ues included in Table 17 were likely to be representative of
em ssions fromcurrent facilities (WHO EURO, 1987).

O special inportance is the observation that the em ssion of
1,2,3,7,8-pentaCDD nornal |y exceeds the enmission of 2,3,7,8-tetraCbD
by a factor of three to ten.

3.5.3 Incineration of sewage sl udge

Sl udge from rmunici pal waste water treatnent plants nay be
incinerated after being dewatered. The WHO working group (see 3.5.2)
reviewed the avail able data from nuni ci pal sewage sl udge (MSS)
incinerators, and found that PCDD and PCDF enissions fromthis type of
pl ant were generally | ower than em ssions from MSWi ncinerators (see
Table 17, colum 4) (WHO, 1986).

3.5.4 Incineration of hospital waste

Doyl e et al. (1985) clainmed that the inconplete conbustion of
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certain hospital waste containing hal ogenated organics could produce
hi gh | evel s of PCDDs and PCDFs. They found the nean val ues of total
PCDDs to be 69 ng/m and total PCDFs to be 156 ng/nmd. No
i somer-specific data seens to be avail able. Hagenmaier et al. (1986)
reported the anal yses of stack gas from 10 hospital waste incineration

pl ants. The nean value of 2,3,7,8-tetraCCD enitted was 0.28 ng/n?d,
the mean of all TCDDs being 20 ng/nd. The nean value for total PCDDs
was 118 ng/n® and for total PCDFs 434 ng/nd.

Table 17. Estimated range of em ssions from nunicipal solid waste (MW
and muni ci pal sewage sludge (MSS) incineratorsa

Enm ssions from

MBW conbusti on Em ssi ons
from MsS
conbustion
1
2 3 4
Congeners Achi evabl e
W th Maxi mum Hi gh Most
noder n
pl ants from em ssi ons likely
with no
acid aver age hi ghest
gas
cl eani ng operation em ssi ons
(ng/ Nn®, dry,
at 10% CO,)
2,3,7,8-TetraCDD
0.1 1.5 7.5 0.1
1,2, 3,7, 8- Pent aCDD
0.3 14 70 0.3

1,2,3,4,7, 8- HexaCDD
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0.2 31 155 0.2
1,2, 3,6, 7, 8- HexaCDD

0.6 56 280 0.6
1,2,3,7,8,9-HexaCDhD

0.4 20 100 0.4
2,3,7,8-TetraCDF

0.9 10 50 0.9
1,2,3,7,8-/1, 2, 3, 4, 8- Pent aCDF

2.3 52 260 2.3
2,3,4,7, 8-Pent aCDF

2.0 40 200 2.0
1,2,3,4,7,8/1,2,3,4, 7, 9- HexaCDF

1.1 48 240 1.1
1,2,3,6, 7, 8- HexaCDF

1.3 40 200 1.3
1,2,3,7, 8, 9- HexaCDF

0. 06 52 260 0. 06
2,3,4,6, 7, 8- HexaCDF

2.0 36 180 2.0

a From WHO EURO (1987).

3.5.5 Incineration of hazardous waste

Anal yses froma test burn of pentachl orophenol waste have been
reported by Rappe et al. (1983c). PCP is a well known precursor to
octaCDD (section 2). Sanples of baghouse ash and bottom ash were
anal yzed. In the baghouse ash the total |evel of octaCDD was only 0.2
Mg/ g. The major constituents were | ower chlorinated PCDDs such as
hepta-, hexa-, penta-, and tetraCDDs. The isoneric distribution was
reported to be very simlar to a "normal" fly ash. In both cases
2,3,7,8-tetraCDD was a very mnor constituent. The |level of PCDD in
the bottom ash was 0.31 pg/g. The baghouse ash was al so reported to
contain PCDFs at a total level of 2.5 pg/g. For the tetra- and penta-
chl ori nated conpounds, equal anpunts of PCDDs and PCDFs were reported.

(berg & Bergstrém (1986) reported on test data froma Swedi sh
hazardous waste incinerator equipped with a rotary kiln, an
afterburner, and a dry scrubbing unit. Conbustion tests were performed
with PCB (Aroclor 1242) as a fluid, and as a contaminant in solid
waste (Aroclor 1016 in capacitors). The results of these tests
i ndi cated no correlati on between the amobunt of PCB incinerated and the
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anmount of PCDDs and PCDFs found in the em ssions.

3.5.6 Metal industry and netal treatment industry

It has been reported by Marklund et al. (1986) that industria
hi gh-tenperature processes |ike copper snelters and electric arc
furnaces in steel mlls have been identified as sources of
envi ronnental contam nation by PCDDs and PCDFs. The results are
reported in "TCDD equi val ents" according to US EPA (1987). The
em ssion fromthe copper snelter contained 11 ng of TCDD
equi val ents/ Nn® dry gas and 10% CO,, while the dust fromthe stee

mll contained 0.8 ng TCDD equi val ents/g dust. Marklund et al. (1986)
al so considered the emissions fromindustrial incinerators to be of
the same nmagni tude, or even higher, than the em ssions from MSW

i nci nerators.

Sout herl and et al. (1987) anal yzed emi ssions from various
incinerators within Tier 4 of the USA. The hi ghest |evels were found
in a secondary copper snelter, which contained 170 ng of
2,3,7,8-tetraChDD/ Nm® and 3% oxygen. This was by far the highest
| evel found within the US EPA National Dioxin Strategy.

3.5.7 Wre reclamtion

Hryhorczuk et al. (1981) studied a wire reclamation incinerator
in the USA. Using a non-isoner-specific analytical method, they
determ ned total levels of tetraCDDs and tetraCDFs. Two sanpl es were
anal yzed, one fromthe furnace and one fromthe stack. The furnace
sanpl e contai ned 58 ng/ kg of total TCDDs and 730 ng/ kg of total TCDFs,
wher eas the stack sanpl e contained 410 ng/ kg of total TCDDs and 11 600
ng/ kg of total TCDFs.

3.5.8 Traffic

Mar kl und et al. (1987) reported a study where autonobil e exhaust
eni ssions were anal yzed for PCDDs and PCDFs. Two groups of test cars
were utilized: (1) cars equipped with a catalytic converter using
unl eaded gasoline with no hal ogenat ed scavengers; (2) cars with no
catal ytic converter using | eaded gasoline (0.15 g/litre) and a
di chl or oet hane scavenger (0.1 g/litre). Before the test runs, the
notor oil was changed in all cars. No PCDDs and PCDFs coul d be
identifed in the cars using the unl eaded gasoline, while the average
em ssion fromthe cars running on | eaded gasoline was found to be
30-540 pg/ kg of TCDD equivalents. It was assuned that the chlorinated
scavenger (dichl oroethane) was the precursor of the PCDDs and PCDFs
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formed. It was estimated that the total anount of PCDDs and PCDFs from
cars in Sweden using | eaded gasoline w th hal ogenated scavengers is in
the range of 10-100 g TCDD equi val ent s/ year

3.5.9 Fires and accidents in PCB-filled electrical equipnent

In February 1981 a fire in the State Ofice Building in
Bi nghant on, New York, USA, caused a transforner to rupture, releasing
soot throughout the building. The dielectric fluid in the transforner
consi sted of a mixture of PCB (65% and chlorinated benzenes (35%.
The soot was found to be highly contaminated with PCDFs (total PCDFs
> 2000 pg/g). The nobst toxic isoners (2,3,7,8-tetraChF; 1,2,3,7, 8-
and 2,3,4,7,8-pentaCDF; and 1,2,3,4,7,8- and 1, 2, 3,6, 7, 8-hexaCDF) were
found to be the major constituents within each group of congeners.
Level s reported were 12 ng/g of 2,3,7,8-tetra CDF, 670 ng/g of total
pent a- CDFs, and 965 ngy/g of total hexa-CDFs, 46 ng/g of total
hept a- CDFs, and 460 ng/ g of octa-CDFs (Rappe, 1984; Rappe et al.
1985b). In addition, a series of PCDDs were identified, including the
highly toxic 2,3,7,8-tetraCDD, and 1,2, 3,7, 8-pentaCDD (Rappe et al.
1983a; Buser & Rappe, 1984). It is assunmed that the chlorinated
benzenes were the dioxin precursors.

Bet ween 1981 and 1985, a series of transformer accidents (7 in
all) simlar to the one in Binghanton were reported in the USA and
Canada (Rappe et al., 1986a). |In January 1985, an expl osion foll owed
by a fire ruptured a transformer in the basenent of a residentia
conplex in Rheins, France. The transformer was filled with PCB (60%
and trichl orobenzene (40% . Total |evels of PCDFs were as high as 2570
ug/ n? before clean-up. Only traces of hepta- and octaCDD were found
(Rappe et al., 1985a).

In Europe, between 1981 and 1985, 19 accidents involving indoor
capacitor fires and expl osions were reported from Scandi navi an

countries (Rappe et al., 1986a). Al capacitors were m neral - 0i
filled, and contam nation of the sites averaged 1-5 pug total
PCDFs/ n¥.

3.5.10 Pulp and paper industry

Large amounts of chlorine or chlorine conpounds are used in the
pul p and paper industry for the bleaching of the pulp. Three bl ack
[ iquor boilers fromthe craft paper process were included in the US
EPA study of combustion sources. No 2,3,7,8-tetraCDD was found in
these em ssions, but |ow | evels of other PCDDs and PCDFs were found in
one of the three incinerators and a yearly em ssion of 0.25 g was
cal cul ated (Southerland et al., 1987).
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Rappe et al. (1987) recently identified both 2,3,7,8-tetraCbD
(170 ng/kg) and 2,3,7,8-tetraCDF (890 ng/kg) in a sanple taken in a
sedi nentation | agoon at a Swedi sh paper mll. A series of other PCDDs
and PCDFs was al so identified but at |ower |evels. The isoneric
pattern in this sanple differed markedly from ot her sedi nent sanpl es
i ndi cating pul pi ng processes to be a source of environmental pollution
by 2,3,7,8-tetraCbD and 2, 3,7, 8-tetraCDF (Rappe et al., 1987).

3.5.11 Incineration of coal, peat, and wood

The eni ssions of PCDDs and PCDFs from coal -fired power plants
(Kinble & Goss 1980), wood stoves (O enent et al., 1985), and peat
burning (Marklund et al., 1986) seemto be very | ow when cal cul at ed
per m3. However, the very high flow rates and the |arge nunber of
units could make a significant total contribution. The occurrence of
pent aCDDs and all PCDFs was not discussed in this report.

3.5.12 Inorganic chlorine precursors

It is well known that certain organochl ori ne conpounds are
efficient precursors to PCDDs and PCDFs during pyrolysis. However, it
was proposed by scientists from Dow Cheni cal Conpany that PCDDs, and
especially 2,3,7,8-tetraCDD, are ubiquitous and fornmed as trace |eve
by-products of any normal conbustion (Bunb et al., 1980).
Consequent |y, dioxins should have been present in the environment
since the advent of fire. This suggests that inorganic chloride can
serve as a useful precursor to the formation of PCDDs and PCDFs. A
recent survey of PCDD |levels, in particular fromresidential wood
conbustion units, has been quoted in support of the above. The survey
showed PCDD | evels in the ng/kg range (see al so section 3.5.11).
However, this hypothesis has been criticized. One of the main
argunent s agai nst such a hypothesis is that 2,3,7,8-tetraCbDD does not
appear to be formed in coal-fired power plants (Kinble & G oss, 1980;
Junk & Richard, 1981). Another argunent is that the Dow studies |ack
data on levels of dioxin precursors in the material being burned,
including the air in the flames (Rappe, 1984).

The anal yses of historical sanples gives additional support to
the theory that organochl ori ne conpounds are nore inportant as
precursors than inorganic chloride. Wen Czuczwa & Hites (1985)
anal yzed sedi nent core sanples from Lake Huron, N Anerica, the first
i ndi cati on of PCDDs and PCDFs was found in sediments from 1940. There
was al so a good correl ati on between the trend in the |evels of PCDDs
and PCDFs in these sedinents and the trend in the production of
chlorinated aromati c conpounds (section 5.4).
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Schecter et al. (1986a) were unable to detect PCDDs and PCDFs in
human |iver and lung tissue fromtwo femal e Eski nbs frozen over one
hundred years ago (see al so section 4.4.4).

3.5.13 Photocheni cal processes

Sundstrémet al. (1979) studied the formation of 2,3,7,8-tetraCbD
in six re-forestation areas that were sprayed with 2,4,5-T esters.
Leaf sanples fromthe areas were analyzed for 2,4,5-T esters and TCDD
TCDD was found in one | eaf sanple only, at levels |ower than expected
fromthe |l evel of dioxin contam nation of the herbicide fornulations
used.

The phot ochemical formation of PCDDs and PCDFs has al so been
studied in | aboratory experinents.

The phot ochemi cal dinerization of chlorophenols to PCDDs was
studi ed by Croshby & Wng (1976). The only PCDD fornmed in this study
was the octaCDD. Ot her PCDDs can be formed by photocheni ca
cyclization of chlorinated o-phenoxyphenols, also called pre-dioxins
(Nilsson et al., 1974). These pre-dioxins are very comon inpurities
(1-59% in commercial chlorophenols (Nilsson et al., 1978), but the
cyclization is only a mnor reaction pathway; the main reaction being
t he dechl orination of the pre-dioxin.

Akermark (1978) studied the formation of 2,3,7,8-tetraCbDD from
the appropriate pre-dioxins. He could identify the product, but
clainmed the reaction to be very inefficient.

Anot her phot ocheni cal process of potential environnental
i mportance i s dechlorination of the higher chlorinated PCDDs and
PCDFs, e.g., octaCDD and octaCDF. The products forned by photol ysis of
octaCDD i n organi ¢ solvent have now been identified (Buser & Rappe,
1978). By conparison with authentic standards, it was found that the
main tetrachloro i soner was the 1,4,6,9-tetraCDD; the ngjor
pent achl oro conpound was expected to be the 1,2,4,6,9-isoner, and the
mai n hexa- and heptachl oro conpounds were the 1,2,4,6,7,9- (or
1,2,4,6,8,9-) and the 1,2,3,4,6,7,9-isomers, respectively. The
reaction schenme deduced fromthis data indicates that the chlorine

atons are renoved preferentially fromthe lateral positions on the
carbon rings. Consequently, the nost toxic PCDD isoners, such as
2,3,7,8-tetraCDD, are not likely to be formed fromthe photol ysis of
the hi gher PCDDs in solution
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Crosby et al. (1973) studied the photolysis of a series of PCBs
di spersed in water. For two isoners, the 2,5-dichloro- and
2,2',5/5 -tetrachl orobi phenyls, small anounts (0.2% of 2-nono- CDF
could be found anong the products (for photo-chenical transformations,
see section 4.2.1).

3.6 Conparison of Isoneric Pattern and Congener Profiles From Various Sources

There is a pronounced difference between technical products and
incineration enissions in both isoneric patterns and congener profiles
of PCDDs and PCDFs. In technical products the nunber of isoners
present is limted, whereas in incineration em ssions nost isoners
seemto be present. Rappe (1987) has pointed out the large simlarity
qualitatively in isoneric patterns between different incineration
sour ces.

4. ENVI RONMVENTAL TRANSPCORT, DI STRI BUTI ON, AND TRANSFORMATI ONS
4.1 Environmental Transport
4.1.1 Air

The PCDDs and PCDFs are believed to be transported in the
at nosphere. The transport of these conmpounds from stacks and ot her
stationary point sources, as well as from waste di sposal sites and
ot her area sources, can be predicted from di spersion nodelling (SAl,
1980). In the case of the accidental release of a toxic cloud
containing 2,3,7,8-tetraCDD at Seveso, Italy, Cavallaro et al. (1982)
deternmined the transport pattern and the ground deposition. They
determ ned that the deposition of 2,3,7-8-tetraCDD fromair to soi
shoul d foll ow an exponential decay pattern in the
Gaussi an-distribution along the cross-section of the downw nd
direction. Thi bodeaux (1983) studied the air transport of
2,3,7,8-tetraCDD at a herbicide production facility in Jacksonville,
Ar kansas, USA.

The di spersion nodelling has limtations. |If possible, the
nodel 1'i ng cal cul ati ons should be conbined with true air neasurenents.

4.1.2 Water

The solubility of 2,3,7,8-tetraCDD i n water has been extensively
studi ed (see section 2), but nmuch |l ess data are available for the
ot her PCDDs and PCDFs. However, data from mi crobiol ogi cal experinments
indicate that 2,3,7,8-tetraCbD is highly adsorbed to sedi nents and
biota. Matsunura et al. (1983) suggested that nore than 90% of the
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2,3,7,8-tetraCDD i n an aquatic nedi um could be present in the adsorbed
state. Rappe et al. (1985c) studied a suspension of soot/dust in the
wash water froma PCB fire. The suspension contained 100 ng/m of
various PCDFs, but when the soot was settled the water contained no
detectable | evel s of PCDFs (detection level: 0.1 ng/m of each

i somer). Most of the PCDDs and PCDFs, if present in waterways, should
be in the sedinents or attached to suspended particles.

Thi bodeaux (1983) has cal cul ated the ampbunt of 2,3,7,8-tetraCbD
transported by a creek within the contam nated herbicide factory in
Jacksonville, Arkansas, USA. The value was 0.89 g/year as an average
rate, and a maxi mum of 2.1 g/year.

4.1.3 Soil and sedinents

The nobility of 2,3,7,8-tetraCDD and of a dichlorodioxin in soils
has been studied by Helling et al. (1973). Both were found to be
imobile in all soils and, therefore, would not be |eached out by
rainfall or irrigation, though lateral transport during surface
erosion of the soil could occur

The US Air Force conducted studies in an area of north-west
Fl orida that had been heavily sprayed with the herbici de Agent Orange
between 1962 and 1964 (Young et al., 1975). This herbicide mxture was
contam nated with TCDD (section 3.2). A 7.8-ha test grid received a
total of 40 metric tons of 2,4,5-T between 1962 and 1964. Wen 15-cm
soil core sanples were taken in 1974, they showed TCDD concentrations
ranging from10 to 710 ng/kg. This study illustrates that significant
| evel s of TCDD residues remai ned 10 years after the | ast herbicide
application. Simlar TCDD concentrations were obtained from areas that
had been sprayed between 1962 and 1969 (Bartel son et al., 1975).

I n anot her study Young (1983) neasured the concentration of
2,3,7,8-tetraCDD in a soil profile. The sanples were collected in 1974
and the data suggested that nost of the 2,3,7,8-tetraCbDD woul d be
found in the top 15 cmof the soil profile (Table 18).

The probabl e nedia and nodes of transport of PCDDs fromsoils are
the following: (1) to air via contam nated airborne dust particles;
(2) to surface water via eroded soil transported by water; (3) to
groundwater via leaching; (4) to air via volatilization. Mvenment of
particul ate matter containing adsorbed PCDDs and PCDFs has been
considered to be a nuch nore inportant transport mechani smthan
| eachi ng and vol atilization because of the | ow water solubility and
volatility of these conmpounds (Josephson, 1983). However, the
nonitoring of Seveso soil one year after the accident showed that the
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hi ghest 2,3,7,8-tetraCDD |l evel s were not present in the topnost soi
| ayer (0.5 cnm), but very often in the second (0.5-1.0 cm) or third
(1.0-1.5 cnm layers. This di sappearance of at |least a part of the

2,3,7,8-tetraCDD fromthe topnost soil |ayer was specul ated to be due
to volatilization or vertical novenent through the soil (D Donenico et
al., 1980). Therefore, it appears that volatilization fromsoil and

| eaching to groundwater can be responsible for the transport of PCDDs
and PCDFs from soils under certain conditions, nanely, heavy rainfal
on sandy soils. Studies by Young (1983) indicate that the half-life
for 2,3,7,8-tetraCDD in soil is 10-12 years.

Thi bodeaux (1983) has cal cul ated the vapori zati on of
2,3,7,8-tetraCDD froma herbicide plant in Jacksonville, Arkansas,
USA. The vaporization can take place fromsoil surfaces, fromlandfil
cells, and fromthe surface of a pond. In Table 19 a summary of yearly
em ssion rates fromthese sources is presented.

It was found that vaporization fromthe soil surface in the

hi ghly contam nated bl ow out area was the nmajor contributing source of
em ssions fromthis plant.

Tabl e 18. Concentration of 2,3,7,8-tetraCDD in a soil profilea, P

Depth (cm 2,3,7,8-tetraCbhD (ng/kg)
0 - 2.5 150
2.5 - 5.0 160
5.0 - 10 700
10 - 15 44
15 - 90 ND<
a From Young (1983).
b The area received 1,069 kg/ha of 2,4,5-T Agent Orange during
1962- 1964. The soil sanples were collected and anal yzed in 1974.
c None detected (minimmdetection limt: 10 ng/kg).

Tabl e 19. Surface source areas and emi ssion rates of 2,3,7,8-tetraCDD?

Sour ce Area (n?) Em ssion rate (g/year)
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Bl ow-out area, volatilization 753 120-1200
Bl ow out area, entrainnent 753 28- 37
Rocky Branch Creek, dissolved 0.89-2.1
Reasor-Hi || dunp 1129 0.1-1.0
Rocky Branch Creek, sedinment 0. 094-0. 22
Cool i ng water pond 15050 0. 015-0. 016
Tot al 150- 1240

8 From Thi bodeaux (1983).

Freeman et al. (1986) have devel oped a nodel to describe the
vaporization and diffusion through a colum of soil of low volatility
organic chemcals |ike PCDDs and PCDFs. This nbdel has been used to
nmake predictions on the transport of 2,3,7,8-tetraCDD at a site in
Ti mes Beach, M ssouri, USA The nodel predicted that the 1983 |evels
inthis soil would be only 10% of the original |oading. The nodel also
predicted that 57% of the initial anount of 2,3,7,8-tetraCDD was
vapori zed through the soil colum to the surface in the first year
after the spraying and that npbst transport of the vapour occurred
during the sunmer nonths. The sanme results were al so obtained in
studies reported by Facchetti et al. (1986) and Pal ausky et al
(1986) .

4.2 Environnental Transformation
4.2.1 Abiotic transformation

Li ke other PCDDs and PCDFs, 2,3,7,8-tetraCDD is chemically quite
stable, and is not likely to be degraded at a significant rate by
hydrol ytic reactions under environnmental conditions. Under these
conditions, TCDD seens al so to be rather stable to photochem cal
degradation (Crosby et al., 1971). The half-life of TCDD of about
10- 12 years, as found by Young et al. (1983) for soil, is in agreenent
with this observation.

However, three reports on rapid photochemnical degradation of
2,3,7,8-tetraCDD under experinental conditions make the situation nore
conplicated. In a nethanol solution, TCDD is fairly easily degraded by
photolysis in the |aboratory (Crosby et al., 1971). O her studies
using 2,4,5-T ester formulations with known anounts of TCDD and
exposed to natural sunlight on | eaves, soil, or glass plates showed
that nost of the TCDD was | ost during a single day (Crosby & Wng,
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1977). In these two studies, a "hydrogen donor", such as nethanol or
2,4,5-T ester, enhanced the photochenical dechlorination (Akermark,
1978); they do not therefore truly reflect environnental conditions,
where the 2,4,5-T ester would be rapidly hydrolyzed on the surface of
the |l eaves. At Seveso the TCDD was rel eased together with salts of
2,4,5-trichl orophenol, ethylene glycol, and inorganic constituents
(Rappe, 1978b). Like water, none of these is a potent hydrogen donor

According to Bertoni et al. (1978), the addition of a solution of
ethyl oleate in xylene enhances the breakdown of TCDD in soil by W
light. Simlarly, a cationic surfactant, 1-hexadecyl pyri di nium
chloride, was al so reported to enhance photodeconposition (Botre et
al ., 1978).

Anot her experinment, which mght be a good nodel for the
degradati on of TCDD bound to dust particles in the air, has shown that
TCDD adsorbed on silica gel undergoes rapid photo-chem cal degradation
(Gebefugi et al., 1977).

In order to explain the longer half-life of 2,3,7,8-tetraCDD in
a nodel |aboratory ecosystemthan in an outdoor pond, Matsunura et al
(1983) specul ated that photolysis was the nost |ikely cause. In the
out door environment, al gae-nedi ated photosensitization of
2,3,7,8-tetra-CDD may have caused sone phot odeconposition of this
conpound.

An increase in chlorine substitution is expected to decrease the
rate of photodegradati on. For exanple, Crosby et al. (1971) showed
that although conpl ete deconpostion of 2,3,7,8-tetraCDD i n net hanol
occurred in 24 h under W irradiation, > 80% octaCDD i n net hanol
remai ned unreacted during the sane period under sinilar irradiation
condi tions.

Al t hough the degree of photolysis may be related to the extent of
chlorination, different chlorine substitution patterns also play a
critical part. In higher chlorinated PCDDs, there appears to be
preferential |loss of chlorine fromthe 2,3,7, and 8 positions (Buser
& Rappe, 1978). Thus, PCDDs with chlorine substitutions in positions
2,3,7, and 8 are likely to be photochenically degraded faster than
conmpounds not having these positions substituted. For exanple, the
photolysis half-life of 1,2,3,7,8-pentaCDD has been estimated to be
7.8 h in "N-hexadecane sol ution under sunlanp irradiation (Nestrick
et al., 1980). Simlarly, the photolytic half-1lives of
1,2,3,7,8-pentaCbb, 1,2,3,6,7,9-, and 1,2,4,6,7,9-hexaCDD i n hexane
sol utions under sunlight irradiati on have been deternmined to be 5.4,
17, and 47 hours, respectively (Dobles & Grant, 1979). Nestrick et al
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(1980) reported a half-life value of 6.8 h for 1,2,3,6,7,8-hexaCDD in
n- hexadecane under sunlanp irradiation. The primary intermnedi ates of

t he phot o-degradati on of higher chlorinated PCDDs are probably | ower
chlorinated dioxins (Buser & Rappe, 1978), but the pathways of
degradation are not known with certainty (National Research Council of
Canada, 1981).

From t hese di scussions of the photolysis of PCDDs in the presence
of organi ¢ hydrogen-donating substrates, it is difficult to predict
the photolytic fate of these conpounds in natural aquatic nedia, where
hydrogen donors nmay or nay not be available. The situation is
conplicated further by the fact that a predom nant anmount of PCDDs in
surface water may be adsorbed or suspended on particles and sedi nents,
rather than in solution. Mreover, since the penetration of U |ight
into natural water may be very linited, photolytic degradation of
PCDDs in water is not likely to be of environmental inportance.

Hut zi nger et al. (1973) have studi ed the photocheni ca
degradati on of 2,8-di COF and octaCDF. They found that a reductive
dechl orination takes place, especially in nethanolic solution. The
reaction was much slower when a thin filmwas exposed to sunlight.

Thermal ly, 2,3,7,8-tetraCDD is quite stable, rapid deconposition
occurring only at tenperatures above 750 °C (Stehl et al., 1973).

4.2.2 Biotransformati on and bi odegradati on

The 2,3,7,8-tetraCDD i soner is very resistant to bi odegradati on.
Only 5 of about 100 microbial strains with the ability to degrade
persi stent pesticides were able to degrade 2, 3,7,8-tetraCDD ( Mat sunura
& Benezet, 1973). Ward & Matsunura (1978) studi ed the biodegradation
of 14C-labelled 2,3,7,8-tetraCDD in | ake waters and sedi nents from
W sconsin, USA, and observed a half-life of 2,3,7,8-tetraCbD in | ake
wat ers contai ni ng sedi nrent of 550-590 days. In | ake water al one, about
70% of the 2,3,7,8-tetraCDD renmi ned after 589 days. Using an out door
pond as a nodel aquatic ecosystem and dosing it with 14C-|abell ed
2,3,7,8-tetraCDD, Matsunmura et al. (1983) estimated the half-life of
2,3,7,8-tetraCDD to be approximately 1 year. Although bi odegradation

may have been responsible for part of the degradation, it is al npst
i npossible to estimate the bi odegradation half-Iife of
2,3,7,8-tetraCDD in aquatic systens fromthis experinent.

Philippi et al. (1982) detected a polar netabolite of
2,3,7,8-tetraCDD in several mcrobiological cultures after long-term
i ncubation. They reported chromat ographic and M5 data that supported
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the conclusion that the netabolite was 1-hydroxy-2, 3,7, 8-tetraCbDD
al though a synthetic standard conpound was not avail abl e.

Tulp & Hutzinger (1978) reported that in rats, dibenzo-p-dioxin,
1- monoCDD, 2-nonoCDD, 2,3-di CDD, 2,7-diCDD, 1,2,4-triCDD, and
1,2,3,4-tetraCDD are netabolized to nono- and di-hydroxy derivatives.
In the case of dibenzo-p-dioxin and both of the two nonochl oro
i somers, sulfur-containing netabolites were al so excreted. Primary
hydroxyl ati on excl usively took place at the 2, 3, 7, or 8 positions in
the nolecule. In these studies, no netabolites resulting fromfission
of the G- O bonds (ortho, ortho'-di hydroxychl orodi phenyl ethers,
chl oro-catechol s), or hydroxyl ated derivatives thereof, were detected.
No netabolites were found from oct aCDD

4.3 Bioaccunul ation

The bi oaccumnul ation of 2,3,7,8-tetraCDD has been investigated in
several studies, using several aquatic species and different nodel
ecosystens. In the experinments in which 14C TCDD was i ntroduced into
the nodel ecosystemin the form of residues on sand, particularly high
val ues were found in the nosquito (Aedes eqypti) larvae, the | eve
exceeding that found in water by nore than 9000 tinmes. Under simlar
conditions, the level in brine shrinp (Artenia salina) was 1570 tines
hi gher than that found in water (Matsunura & Benezet, 1973). In the
second study (Isensee & Jones, 1975; |sensee, 1978), 14C-TCDD was
absorbed, at a broad range of levels, into soil and placed at the
bottom of an aquarium Five species of organi sms were added (though
not sinultaneously) 1-30 days after flooding, and exposed for 3-32
days. The correl ation between the TCDD | evel in the water and in the
organi sns of each species was highly significant (correlation
coefficient of 0.94 or higher).

Bi oaccumul ation factors for 2,3,7,8-tetraCDD are given in Table
20 (US EPA, 1985).

4.4 Levels in Biota
4.4.1 \Vegetation

When 14C-| abelled 2,3,7,8-tetraCDD was added to soil, both oats
and soya beans accunul ated snmall quantities of TCDD, at all stages of
growh. TCDD was al so detected in control plants housed with the
experinmental plants after treatnment (lsensee & Jones, 1971). A maxi nmum
of 0.15% of the TCDD present in the soil was translocated to the

aerial portion of the oats and the soya beans, but neither the grain
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nor the beans harvested at nmaturity showed any detectabl e | evel of
14C-1 abel | ed TCDD. Wen TCDD was applied to the central |eaflet of
3-week-ol d soya bean plants and 12-day-old oat plants, very little
TCDD was | ost fromthe soya bean | eaves in 21 days, but there was a
gradual loss (38%in 21 days) fromthe oat | eaves.

Anal yses of vegetation from Seveso, Italy, after the industrial
acci dent, gave values of up to 50 ng TCDD/ kg (Firestone, 1978). In the
foll owi ng years, when there was no direct contact of the newly grown
vegetation with the aerosol cloud, the levels of dioxin in plants
decreased by several orders of magnitude (Wpf & Schnmid, 1983). In
1977 (one year after the accident in Seveso), no traces of TCDD were
found in the flesh of apples, pears, and peaches, or in corn cobs or
kernel s, grown near the factory (the detection limt for the anal yses
was 1 ng/kg). At the sane time about 100 ng TCDD/ kg was detected in
the fruit peels. This strongly suggests that the contam nation was due
to dust and not from plant uptake. The TCDD | evel in the soil was
found to be in the order of 10 ng/g, which corresponds to about 1000

ug/ i (Wpf et al., 1982).

Facchetti et al. (1986) studied plants grown in soil spiked with
2,3,7,8-tetraCDD in the range 1-752 ng TCDD/ kg. At the end of
cultivation, root sanples were collected, carefully washed, and
anal yzed. The levels of TCDD in the roots were found to be higher than
the levels found in the soil in which the plants were grown. On the
parts above ground, Facchetti et al. (1986) could not find any
significant increase in the levels of TCDD. However, the TCDD
concentration was found to vary with the | ocation, being higher if the
plants were grown in the vicinity of other pots containing
contam nated soil. The concl usion was drawn that evaporation is the
predom nant process for the contam nation of the aerial parts of
pl ants. However, studies by Sacchi et al. (1986) indicated that nuaize
and bean plants grown in soil contaninated by 3H2,3,7,8-tetraCbD
accunul ated radioactivity in the aerial parts progressively with tine
and with soil contanination (Sacci et al., 1986). It was suggested
that the distribution of the TCDD into the | eaves occurred via the
transpiration stream

Very few anal yses of sprayed vegetation have been reported. A
rough estinmate of 20-1000 ng/kg for 2,3,7,8-tetraCDD contani nati on can
be made on the basis of the level of 2,4,5-T found in newy sprayed
vegetation and the level of 2,3,7,8-tetraCDD in the spray fornulation
used. Hi gher values could be obtained for Agent Orange. Sundstrom et
al . (1979) reported data in agreenent with this estinmate. However, the
anal ytical technique used in their study was not isonmer specific.

Veget ati on was sprayed with 2,4,5-T ester contami nated by only 0.06 ngy
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2,3,7,8-tetraCDD/ g. A sanple of
sprayi ng was found to have 170 ng TCDD kg,
expected val ue 600 ng TCDD kg,

br eakdown.

| eaves col |l ected 42-45 days after the
somewhat | ower than the
i ndi cating a sl ow phot ochem ca

Tabl e 20. Measured bi oaccurul ati on factor for 2,3,7,8-TCDD in freshwater

aquati c organi sns2

Speci es Ti ssue

Dur ation Bi oconcentration Ref er ence

(days) factor

Al ga

33 3094b | sensee (1978)
(Cedogoni um car di acum
Al ga

32 2075¢ | sensee (1978)
(Gedogoni um

cardi acun

Yockimet al. (1978)
Snai | whol e body

33 5471b | sensee (1978)
(Physa sp.)
Snai | whol e body

32 3095¢ | sensee (1978)
(Physa

sp. )

373 Yockimet al. (1978)
C adocer an whol e body

32 3895b | sensee (1978)
(Daphni a magna)
d adocer an whol e body

30 7070¢ | sensee (1978)
(Daphni a

nagna)

7125 Yockimet al. (1978)
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28

14

af finis)

4875

Catfish whol e body

4875 Yockimet al. (1978)
(Ltal urus punct at us)
Mosqui t of i sh whol e body

4850¢ | sensee (1978)
(Ganbusi a

Yockimet al. (1978)

From US EPA (1985).
Arithmetic nmean of several val ues reported.
Ti ssue concentrations at equilibrium

Tabl e 21. Levels of TCDDs in fish and shellfish?

Sanpl e Ti ssue Concentrati on of
nunber t ypeP 2,3,7,8-TCDD (ng/kg)¢

1 Fish (edible flesh) 480

2 Catfish 40

3 Buffalo fish ND( 13)

4 Fi sh (predator) 230

5 Fish (bottom f eeder) 77

6 Catfish 50

7 Buffalo fish ND( 7)

8 Catfish ND( 7)

ND

From Mtchumet al. (1980).

Al'l sanples were obtained fromthe Arkansas River, USA, or
a tributary, the Bayou Meto.

These are averages of sanples that had detectable |evels of
TCDD.

= none detected; the nunber in parenthesis is the nmeasured
detection limted for that sanple.
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4.4.2 Aquatic organi sns

Fi sh and shellfish taken fromareas in South Viet Namthat were
heavily exposed to Agent Orange during military defoliation operations
in the 1960s have been reported to contain 18-810 ng TCDD/ kg (Baughman
& Mesel son, 1973). The anal ytical technique of direct-inlet high
resolution M5 used in this study is not considered isonmer specific and
did not include any GC separation at all

In two streans associated with the US Air Force test area in
north-west Florida (section 4.1.3), which had been heavily sprayed
with Agent Orange between 1962 and 1964, the silt contained, 10 years
later, 10 and 35 ng TCDD/ kg where eroded soil entered the water.
Concentrations of 12 ng TCDD/ kg were found in two species of fish from
this stream the sailfin shiner (Notropis hypsel opterus) and the
nosquito fish (Ganbusia affinis). The spotted sunfish (Lepom s
punct atus) contained 4 ng TCDDY kg in skin and nuscle, 18 ng/kg in the
gonads, and 85 ng/kg in the gut (Young et al., 1976).

Table 22. Analytical results for 2,3,7,8-tetraCDD residues in fish from
Sagi naw Bay Regi on, M chi gan, USA2

Speci es Nunber of Nunber of TCDD

sanpl esP positive detected (ng/kg)¢

sanpl es low high mean

Channel
catfish 8 8 28 695 157 (13)
Carp 14 10 20 153 55 (7)
Yel | ow
perch 6 3 10 20 13 (5)
Smal | nout h
bass 2 2 7 8 8 (6)
Sucker 4 3 4 21 10 (4)
Lake trout 2 0 0 0 0 (5)
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a From Harless et al. 1982).

b Mean % recovery for 2.5-10 ng 37Cl 4- TCDD added to 5 or 10
g of tissue prior to sanple preparation was between 78 and
100%

c Corrected for losses in efficiency of sanple preparation for

particul ar species. The nunbers in parenthesis indicate the
l[imt of detection for TCDD.

The levels of TCDD in fish fromthe Atlantic or fromponds in the
USA in areas sprayed with 2,4,5-T were bel ow the detection levels (1-2
ng/ kg) (Baughman, 1974; Shadoff et al., 1977).

Mtchumet al. (1980) reported |levels of 400 ng
2,3,7,8-tetraCDD/ kg in fish sanples collected in Bayou Met o/ Arkansas
River, USA, a waterway associated with industrial plants for the
production of 2,4,5-T (Thi bodeux, 1983) (see Table 21).

Level s ranging from 4-695 ng TCDD/ kg were found in the edible
portion of channel catfish, carp, yellow perch, small-nouth bass, and
suckers from Sagi naw Bay, M chigan, USA, near facilities used for the
production of 2,4,5-T herbicides. The highest concentrations were
detected in bottomfeeding catfish and carp, while the | owest
concentrations were detected in bass, perch, and suckers (see Table
22) (Harless et al., 1982).

Rappe et al. (1981) identified a series of tetra- to octaCDFs in
fat sanples of a snapping turtle fromthe Hudson Ri ver and of gray
seal fromthe Baltic Sea. The total |evels of PCDFs in these sanples
were 3 ng/g and 40 ng/ kg, respectively. In both sanples the mgjor
PCDFs consisted of the npbst toxic isoners (2,3,7,8-tetra-;
2,3,4,7,8-penta-; and 1,2,3,4,7,8- and 1, 2, 3, 6, 7, 8-hexaCDFs).

Norstromet al. (1982) have anal yzed pool ed sanpl es of herring
gull eggs collected in 1982 fromvarious parts of the Great Lakes, N
Anerica. In all sanples, 2,3,7,8-tetraCDD was found in | evels ranging
from9 to 90 ng/kg. The identity of the 2,3,7,8-isomer was confirmed
by retention tinmes on three capillary colums. In another study
Stalling et al. (1983) were not able to detect neasurable |evels of
tetraCDDs and other PCDDs in fish sanples from Lake Superi or,
N. Anerica (the detection level was 2-5 pg/g). The difference could be
expl ained by the migration of the herring gulls during the winter. On
the other hand, a series of PCDFs could be identified in the Lake
Superior fish sanples, indicating nore w despread background | evels
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for the PCDFs than for the PCDDs. Stalling et al. (1983) found the
total levels of PCDFs in fish sanples from Lakes M chigan, Huron, and
Ontario, N. Anmerica, to be 12-290 ng/kg. The toxic 2,3,7,8-substituted
PCDDs and PCDFs were present in all sanples, the highest |evels being
found in sanples from Lake Huron, Lake Ontario, and the Tittabawasee
Ri ver, which flows into Sagi naw Bay. The residue pattern found in the
fish and locally high | evels suggest a strong influence by | ocal point
source discharges (Stalling et al., 1983). The data of O Keefe et al
(1983) are also in agreenent with this theory.

Norstromet al. (1986) have studied the |ong-termtrends of
2,3,7,8-substituted PCDDs and PCDFs in herring gull eggs in the G eat
Lakes. The levels of 2,3,7,8-tetraCDD were found to decline
exponentially in Lake Ontario, with a half-life of 3-4 years, froma
hi gh of 2000-5000 ng/kg in the early 1970s to a |l evel of 80-100 ng/kg
in 1984/1985. The levels of TCDD in Lake M chigan were 249 ng/kg in
1971, 70 ng/kg in 1972, and 10-20 ng/kg in 1984/1985. These | evels
have not changed significantly since 1979. This suggests that an
equi li brium between input and renoval nechani sns has been established
in this water system for nost PCDDs and PCDFs. The sane trend is
reported for various fish species in Lake Ontario (Ontario, 1986).

Ryan et al. (1983a) anal yzed a series of commercial and sport
fish fromthe Geat Lakes and fromthe Pacific coast of Canada for
2,3,7,8-tetraCDD (Table 23). The highest levels were found in Lake
Huron and Lake Ontario. In a prelimnary study they also reported
finding levels of 2,3,7,8-tetraCDFs and other unidentified tetraCDFs
of 3-200 ng/kg of fish.

The Baltic Sea is an area of interest because this region is
wi t hout any known poi nt sources of dioxins. Rappe et al. (1987)
reported on the anal yses of two sanpl es of homing sal non and two
sanpl es of pool ed herring; one herring sanple fromthe Baltic Sea
(Karl skrona) and the other fromthe northern part of the Gulf of
Bot hnia (Lul ea) (Table 24). As expected, the levels in the sal non
nmuscl e were nmuch hi gher than the levels found in the herrings, but,
unexpectedly, the levels in the herring sanple fromthe Qulf of
Bot hni a (Lul ea) were sonewhat higher than levels found in the sanple
fromthe Baltic Sea (Karl skrona).

An interesting observation is that in the magjority of the aquatic
sanples only the 2,3,7,8-substituted PCDD and PCDF congeners were
found. However, crustaceans seened to be an exception fromthis
general trend. Norstromet al. (1988) reported that crab
hepat opancreas from the Canadi an Pacific Coast contain other
congeners, e.g. 1,2,4,7,8-pentaCDD and

http://www.inchem.org/documents/ehc/ehc/ehc88.htm (71 of 419) [16/11/2009 3:00:16 AM]



Polychlorinated dibenzo-p-dioxins and dibenzofurans (EHC 88, 1989)
1,2,3,6,7,9-/1,2,3,6, 8, 9- hexaCDD. Rappe et al. (1987) collected and
anal yzed crab hepat opancreas fromthree different |ocations along the
west coast of Sweden. The crab sanples fromthe |ocations G ebbestad
and I defjord should represent background |evels, while Varofjord has
a potential point source of dioxins froma pulp nmill using chlorine
for bleaching. The results are given in Table 25

Low background | evel s of series PCDDs and PCDFs were found in al
sanples. In addition, the sanple fromthe Varoéfjord al so contained
much hi gher |evels of some congeners, especially 2,3,7,8-tetraCDF and
2,3,7,8-tetraCDD. This is another indication that pulp bl eaching could
be a potential source of 2,3,7,8-tetraCDD and 2, 3,7,8-tetraCDF (see
section 3.5.10).

4.4.3 Terrestrial aninals

In a heavily sprayed test area in north-west Florida (Young et
al ., 1976), a total of 106 adult and 67 fetuses of beach nice
(Peronysous polionotus) were collected in 1973 and 1974 and
exam ned (nethod not specified). Livers fromthe beach m ce contai ned
from 540- 1300 ng TCDD/ kg and the pelts 130-140 ng/ kg. The viscera
mass of race runners (Cnemi dophorus sexlineatus) which were caught
in that area contained 360 ng TCDD' kg and the trunk of the reptiles
cont ai ned 370 ng/kg.

At the time of the accident in Seveso, Italy, nore than 81 000
animal s were inhabiting the contam nated zones. Mst were rabbits (25
000), poultry, and other snall aninmals (55 500), with 349 cattle, 233
pi gs, 49 horses, 21 sheep, and 49 goats also in the zones. Many of
these animals died and others were killed. A large nunber of these
animal s were anal yzed for 2,3,7,8-tetraCDD by a nethod with a
detection | evel of 250 ng/kg (Pocchiari et al., 1983). The results are
summari zed in Tables 26 and 27.

Tabl e 23. Levels of 2,3,7,8-tetraCDD and PCB in G eat Lakes Canadi an sport
fish (1980) and snelt (1979)2

Speci es Oigin TCDD PCB
(ng/ kg) (Hg/ 9)

Lake trouth Lake Ontario 58 7.28
Lake Huron 37 5.03

Rai nbow troutb Lake Ontario 33 1.77
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Coho sal non Lake Ontario 28¢ 7.39
Paci fi c Coast NDA (4) 0.03
Snel t Lake Ontario 11
16
11
Lake Erie NDA (2)
a From Ryan et al. (1983a).
b Wol e fish.
c Al so contained 36 ng hexaCDD/ kg (three isoners) and 93 ng
oct aCDDY kg.
d ND = not detected at bracketed detection limt.

Tabl e 24. Levels of PCDDs and

PCDFs in fish sanples fromthe Baltic Sea

(po/g) 20

Sal mon Sal nmon Herring Herring

Ure River Ure River Kar | skrona Lul ea

1985 1985 1983 1983

2,3,7,8-TetraCDF 29 12 5.5 3.0
2,3,7,8-TetraCDD 1.9 1.3 < 0.3 0.6
1,2,3,7,8-/1, 2, 3, 4, 8- Pent aCDF 6.9 3.3 1.4 0.9
2,3,4,7, 8- Pent aCDF 49.0 23.0 6.8 8.8
1,2,3,7, 8- PentaCDD 8.8 4.3 1.1 4.7
1,2,3,4,7,8-/1,2,3,4,7,9-HexaCDF 1.1 0.7 0.4 0.3
1,2,3,6, 7, 8- HexaCDF 1.3 0.8 0.4 0.3
1,2,3,7, 8, 9- HexaCDF ND ND 0.4 0.2
2,3,4,6,7, 8- HexaCDF 1.1 0.6 0.4 0.2
1,2,3,4,7, 8- HexaCbD ND 0.4 0.2 ND
1,2,3,6, 7, 8- HexaCDhD 4.6 2.3 ND 8.1
1,2,3,7, 8, 9- HexaChD ND ND ND ND
Tot al Hept aCDFs ND 2.7 0.8 ND
Tot al Hept aCDDs ND ND ND ND
Cct aCDF ND 1.0 ND ND
Cct aCDD ND ND ND ND
Tabl e 24. (cont'd) Levels of 2,3,7,8-tetraCDD and PCB in G eat

Lakes Canadi an sport fish (1980) and smelt (1979)2
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a From Rappe et al. (1987).
b ND i ndicates a level < 0.1 pg/g.

Harl ess et al. (1983) reported a study in which 2,4,5-T
containing less than 0.1 ng of 2,3,7,8-tetraCDD/ kg was applied at a
rate of 3.4 kg/ha to approximately 3 ha of an enclosed plot (4.5 ha).
Twel ve deer were placed in the enclosure prior to the application of
2,4,5-T. One deer died tw days |ater of unknown causes. The renmi ni ng
deer were sacrificed prior to, and at specific intervals during, the
course of the 30-day study. The analytical results are summarized in
Tabl e 28.

In anot her study (Hryhorczuk et al., 1981), sanples froma horse
grazing close to a wire reclamation incinerator were anal yzed and
found to contain unspecified tetraCDFs (165 ng/kg in the fat, 57 ng/kg
in the liver) and unspecified tetraCDDs (45 ng/kg in the fat and | ess
than 6 ng/kg in the liver) (conpare section 3.5.7).

In order to identify PCDD and PCDF | evels in the genera
terrestrial background, Nygren et al. (1986) anal yzed bovi ne sanpl es
- fat, liver, and mlk - and identified the same 2, 3,7, 8-substituted
PCDDs and PCDFs as were found in the aquatic sanpl es. However, the
levels were lower and normally close to the detection limt.

4.4.4 Human data

Cccupati onal exposure to 2,3,7,8-tetraCDD can occur during the
production of 2,4,5-trichlorophenol and the subsequent production and
use of 2,4,5-T acid and esters. The first comrercial production of
2,4,5-Tin the United States was in 1944, and the use of 2,4,5-T
her bi ci des increased in the 1940s and 1950s. However, the probl em of
dioxin contamnation in 2,4,5-T was not recognized until 1957 (Kinmmg
& Schul z, 1957a, b).

During the normal production of 2,4,5-T, the heavi est exposure to
TCDD is during purification steps. The residues are far nore
contam nated than the purified products. Only limted information is
avail able on the levels of TCDD contamni nation of products prepared
prior to the 1970s, and absolutely no infornmation is available on the
dioxin levels in the correspondi ng residues. Consequently it is a
difficult task to estimate the | evels of occupational and genera
popul ati on exposures during the period prior to 1970.

Tabl e 25. Levels of PCDDs and PCDFs in sanples of crab hepatopancreas
fromthe west coast of Sweden2
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Crab Hepat opancr eas
| defj orden G ebbest ad Var of j ord
(p9/ 9) (pg/ 9) (pg/9)
2,3,7,8-tetraChDF 31 47 590
Total tetraCDFs 90 114 800
2,3,7,8-tetraCbD 17 17 170
Total tetraCDDs 17 17 170
1,2, 3,7, 8-pent aCDFP 6 7.6 45
2,3,4,7, 8-pent aCDF 44 50 130
Total pent aCDFs 130 150 490
1,2, 3,7, 8-pent aCDD 13 11 28
Total pentaCDDs 86 76 270
1,2,3,4,7, 8 hexaCDF¢ 12 16 50
1,2,3,6, 7, 8- hexaCDF 3 5 10
1,2,3,7,8,9- hexaCDF 3 3 11
2,3,4,6,7, 8- hexaCDF 16 18 63
Tot al hexaCDFs 70 88 280
1,2,3,4,7, 8-hexaCDD 8 5 14
1,2,3,6, 7, 8-hexaCDD 26 18 71
1,2,3,7,8,9-hexaCDD 3 4 7
Tot al hexaCDDs 154 170 465
Tot al hept aCDFs 23 28 90
Total hept aCDDs 32 30 85
oct aCDF <1 <1 < 2
oct aCDD <1 <1 <2
a From Rappe et al. (1987).
b Not separated from1, 2, 3, 4, 8- pent aCDF
¢ Not separated from 1, 2, 3, 4, 7, 9- hexaCDF

Tabl e 26. TCDD content of the livers of farmaninmals from Seveso
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cont anmi nated zones and surroundi ng areas (1976-1979)2

Ani mal Nurber TCDD- cont ai ni ng TCDD maxi mum
of sanpl es sanpl es I evel (ng/Q)

Rabbi t sP 698 433 633

Poul try 83 35 24

Cattle 43 21 94

Hor ses 12 2 88

Pi gs 13 0 -

CGoat s 25 17 1

Cats 1 0 -

From Pocchiari et al. (1983).

b Figures include rabbits kept in the special test plots on
contam nated ground for experinental purposes.

Tabl e 27. CDD anal yses of wildlife from Seveso contani nated zones and
surroundi ng areas (1976-1979)2

Ani mal Tested organs Number of Maxi mum | eve
and nunber of sanples TCD- cont ai ni ng of TCDD

sanpl es (ng/ q)

Rabbi t s 6 (liver) 4 13

Field nmice 14 (whol e body) 14 49

Rat s 1 (pool-4 livers) 28

Ear t hwor ns 2 (pool) 12

Fr ogs 1 (liver) 0.2

Snakes 1 (liver) 3

a From Pocchiari et al. (1983).

Table 28. Analytical results for 2,3,7,8-tetraCDD residues?

Sections of 11 No. of deer No. of Concentration range Limt of
deer in study sanpl es positive of TCDD det ect ed det ecti on
anal yzed sanpl es (ng/ kg) P range
(ng/ kg) ®
Muscl e 11 3 12 - 27 0.5 -5
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Adi pose tissue 10 8 3 - 12 1-3

Table 28. (cont'd) Analytical results for 2,3,7,8-tetraCDD resi dues?

Sections of 11 No. of deer No. of Concentration range Limt of
deer in study sanpl es positive of TCDD det ect ed det ecti on
anal yzed sanpl es (ng/ kg) P range
(ng/kg) P
Li ver 11 4 2- 5 0.4 - 4
Bone marrow 5 0 ND 1-3

a From Harless et al. (1983).

b Results corrected for efficiency of sanple preparation
ND = not detected.

4.4.4.1 Adipose tissue

Goss et al. (1984) reported a study in which 30 coded sanpl es of
adi pose tissue fromViet Namveterans were anal yzed for TCDD. The TCDD
l evel s found for two of the three heavily exposed men were 99 pg/g and
63 pg/ g, which is higher than for the other Viet Namveterans or for
the controls (all well below 15 pg/g). Only one single isoner of
tetraCDDs was found, and it was assuned that this was the
2,3,7,8-isonmer. The data in this study has al so been discussed by
Young et al. (1983). These authors concluded that the | evels do not
correlate well with known exposure data or with health status.

Rappe et al. (1984) reported the presence of 2,3,7,8-substituted
PCDDs and PCDFs in sanples of human adi pose tissue from Northern
Sweden. A series of reports presented during the period 1984-1986
confirms these observations and it has been clearly shown that there
is a background of 2,3,7,8-substituted PCDDs and PCDFs in the genera
popul ation in the industrialized part of the world. Mst of these
reports are | acking data on how the sanmpl ed people were sel ected and
possi bl e exposure to PCDDs and PCDFs. Consequently, these studies
m ght not be representative. A series of earlier studies failed to
detect these background | evels due to insufficiently |ow detection
| evel s. The Swedi sh study included 31 people, of which 18 were exposed
to phenoxy esters and 13 were nonexposed. The group included 17 cancer
patients and 14 non-cancer patients. The different groups were matched
agai nst each other. No difference in the levels, isonmer patterns, or
ranges could be found between these subgroups (Nygren et al., 1986).
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The nmean val ues for these 31 people are given in Table 29.

Schecter et al. (1986a) reported the nmean | evels of PCDDs and
PCDFs in 46 sanples of adi pose tissue collected in Canada and in 8
sanpl es fromthe USA (see Table 29). The Canadi an sanpl es were taken
from people who had died in 1976 from car acci dents, drownings,

trauma, and suicide. The sanples included all ages and both sexes and
canme fromall over the country. The USA sanpl es, (1983-1984), were
taken from bi opsies from New York State residents during the course of
nor mal mnedi cal procedures, and al so from autopsies. Table 29 al so

i ncludes the PCDD and PCDF | evels in adi pose tissue sanples from Vi et
Nam (Schecter et al., 1986b) and from cancer patients in Japan (Ono et
al ., 1986).

It isinteresting to note the simlarity between isoners present,
| evel s of isomers, isoneric patterns, and congener profiles in sanples
collected fromthe general population in industrialized countries on
three continents. The profile of the PCDD i somers shows increasing
| evel s with an increasing number of chlorine atons; the |evel of OCDD
is 230-900 pg/g. On the other hand, the profile of PCDFs shows a
maxi nrum for 2,3,4,7,8-penta- or 1,2,3,6,7,8-hexaCDF. The difference in
| evel s found between sanples from South and North Viet Nam may be
expl ai ned by spraying during the war in the 1960s and by the
difference in industrial activities between the two parts of the
country.

Four sanpl es of adi pose tissue taken from German wor kers exposed
to TCDD in the early 1950s have al so been anal yzed (Rappe et al.
1987). In spite of the fact that these workers were exposed nore than
30 years before collecting the sanples, enhanced | evels of
2,3,7,8-tetraCDD could be identified, but the I evels of the other
PCDDs and PCDFs seemto be in the normal range (Table 29, |ast
col um).

Patterson et al. (1986) studied the levels of 2,3,7,8-tetraCDD in
t he adi pose tissue of 39 exposed people and 57 controls in Mssouri,
USA. The exposed group had subgroups of recreational, residential, and
occupational exposure. Al persons in both the exposed and contro
groups had detectable levels of 2,3,7,8-tetraCDD in their adipose
tissue. N neteen of the 39 exposed peopl e had neasurenents hi gher than
the highest level in the control group and six of the exposed people
had | evel s greater than 100 ng/ kg, which was five tines higher than
the hi ghest control (Table 30).

Ryan et al. (1986) analyzed autopsy tissue sanples that were
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collected fromthree subjects who died in New York State, USA, from
nat ural causes. The tissue types were: fat (both abdom nal and

subcut aneous), adrenal, bone marrow, liver, nuscle, spleen, kidney,
and lungs. As far as could be ascertained, no subjects had known
abnormal exposure to PCDDs or PCDFs, yet these chemicals were found in
all tissues analyzed. The hi ghest concentrations of all PCDDs and
PCDFs were found in adi pose tissue. In individual tissues of the three
subj ects, the levels of individual congeners detected were within a
narrow range, with rmuch higher levels of the higher chlorinated PCDDs
and PCDFs (e.g. hepta- and octa-CDD). In adi pose tissue, the level of
2,3,7,8-tetraCDD was 3.7-8.4 ng/kg and that of 2,3,4,7,8-pentaCDF

5.2-13 ng/ kg, while octaCDD ranged between 430 and 700 ng/kg. No mgj or
di fferences were seen between abdom nal and subcutaneous fat sanples
or between these two types and perirenal fat when the lower lipid
content of the latter was considered. Snaller concentrations of PCDDs
and PCDFs were neasured (on a wet weight basis) in decreasing order
adrenal, bone marrow, liver, nuscle, spleen, kidney, and | ungs.

The high levels found in exposed Viet Nam veterans and German
workers indicate a very slow excretion rate or netabolismof TCDD in
humans. This indicates a dramatic difference between man and rodents;
inthe latter the half-life of TCDD is reported to be in the range of
a few weeks.

4.4.4.2 Blood plasnma

Anal ysis of blood plasnma has been used to eval uate occupati ona
exposure to PCDDs and PCDFs, which can occur during the production or
use of 2,4,6-tri-, 2,3,4,6-tetra-, and pentachl orophenol. Rappe et al
(1983) investigated such exposure through the analysis of blood plasm
of exposed workers and unexposed controls. Good correl ati ons were
found between the plasma | evel s and:

(a) the nature of exposure - dermal contact with liquids resulted in
hi gher | evels than inhal ation of contam nated dust;

(b) the duration of exposure - higher levels for |onger exposure
tinmes.

The isoners present in the fornulations used could also be found in
t he bl ood pl asma.

Kochman et al. (1986) studied a group of people exposed to PCBs
and PCDFs after a transfornmer fire in Rheins, France in 1985. Low
levels (1-25 pg/g) of 2,3,7,8-substituted penta-, hexa-, hepta-, and
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octaCDFs were found in the blood plasma of these people, and there was
a slight variation in the T-Iynphocytes cells.

Kahn et al. (1986) neasured the |evels of PCDDs and PCDFs in the
bl ood plasma from 10 heavily exposed Viet Nam veterans and their 17
controls. The levels of TCDD was nuch higher in the exposed nen than
in their controls.

Tabl e 29. Levels of PCDDs and PCDFs in human adi pose tissue (ng/ kg wet weight)

Sweden USA/ NYf
Canadaf Japanf N Viet Nanff FRG
| soner n=312a n=8b
n=460 n=13c¢ n=9d n=15d n=4e&
2,3,7,8-tetraChD 3 7.2 6.4 (25)
9 (12) <2 28 (12) 150
1,2, 3,7, 8- pent aCDD 10 11.1 10 (46)
15 (13) <2 15 (14) 19. 2
1,2, 3,6, 7, 8 hexaCDD 15 96 81 (46)
70 (12) 11 (6) 100 (15) 77
1,2,3,7,8,9-hexaCDD 4 NA NA
12 (10) NA NA 9.4
1,2,3,4,6,7, 8 hept aCDD 97 164 135 (46)
77 (12) 28 (6) 178 (15) 56
oct aCDD 414 707 830 (46)
230 (12) 104 (8) 1256 (15) 267
2,3,7,8-tetraCDF 3.9 NA NA
9 (13) NA NA 0.9
2,3, 4,7, 8- pent aCDF 54 14. 3 15 (46)
25 (13) 13 (7) 21 (15) 44
1,2,3,4,7, 8-hexaCDF 6 NA NA
15 (11) NA NA 10.0
1,2, 3,6, 7, 8-hexaCDF 5 31.3 16 (34)
14 (11) 13 (7) 58 (15) 6.7
2,3,4,6,7, 8- hexaCDF 2 NA NA
8 (3) NA NA 3.8
1,2,3,4,6, 7, 8-hept aCDF 11 16.5 30
(44) NA 7 (3) 29 (15) 19.5
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oct aCDF 4 NA
NA NA NA NA 1

= nunber of tissue sanples.

= not anal yzed.

Nygren et al. (1986).

Schecter et al. (1986a).

Ono et al. (1986).

Schecter et al. (1986hb).

Refers to occupationally exposed workers. Rappe et al. (1987).
Mean val ues of positives. Nunmber of positives within brackets.

—*-mo.ocrm%:
|

Level s bel ow the detection level (< 1.0 ng/kg) not included.

Tabl e 30. Conparison of Levels of 2,3,7,8-Tetrachl orodi benzo-p-di oxi n (ng/kg)
i n Adi pose Ti ssue of Exposed and Contro

G oupsa
Exposed
Vari abl e Control s Tot a

Recr eat i onal Resi dent i al Cccupati ona

Number of subjects 57 39
8 16 15

Arithnmetic nean 7.4 79.7
90. 8 21.1 136.2

Medi an 6.4 17.0
23.5 14.5 24. 7

Range 1.4-20.2 2.8-750 5.0-577
2.8-59.1 3.5-750

Ceonetric mean 6.4 21.8
24.8 15.3 29.8

Mean age, years (SD) 52.6 (15.7) 44.3 (13.7) 42.1 (14.7)
39.7 (14.9) 50.3 (9.8)

% Men 35.1 61.5
37.5 43. 8 93.3

a From Patterson et al. (1986).
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5. ENVI RONVENTAL LEVELS AND HUMAN EXPOSURE
51 Ar

Owing to sanpling and anal ytical problens, very few data are
avail able on the levels of 2,3,7,8-TCDD and ot her PCDDs and PCDFs in
normal urban air.

Rappe & Kjeller (1987) reported the | evels of PCDDs and PCDFs in
total air sanples collected in Hanburg, FRG and sanmples of air
particul ates collected in Sweden (Table 31). Sanple 1 was collected on
the outskirts of Hanburg (representing an urban area), sanple 2 in a
traffic tunnel, sanple 3 downw nd froma MSWi ncinerator, and sanple
4 inthe vicinity of a dunpsite and netal refinery. PCDDs and PCDFs
were found in all sanples. Lower |evels of PCDDs and PCDFs were found
in air particulates than in total air sanples (Table 31). Sanple 5 was
taken when "clean air" was blowing into a street in Gothenburg,

Sweden, and sanple 6 was taken in the sane street during an inversion
situation. Sanples 7 and 8 were taken at a rural research station
out si de Got henburg when the air was blowing fromthe sea (sanple 7) or
from Got henburg (sanmple 8). The isoneric pattern found in these
sanpl es were very simlar (Rappe & Kjeller, 1987).

Ai rborne dust was nonitored in 1977 in the Seveso area to
eval uate the possibility that 2,3,7,8-tetraCDD contami nated particles
m ght have drifted outside the contani nated areas. A high-vol une
sanpling techni que was used. Wen pool ed particul ate sanpl es were
anal yzed, levels of 0.17-0.50 pg TCDD/ n8 were reported (Wpf et al.
1982).

The at nospheric concentrations of 2,3,7,8-tetraCDD near two
hazardous waste sites have been nonitored. In one study, US EPA (1982)
failed to detect (detection limt: 1-20 pg/nB8) any 2,3,7,8-TCDD in the
at nosphere at the Love Canal (New York, USA) area. In another study of
a waste di sposal site (near Jacksonville, Arkansas, USA), Thi bodeaux
(1983) reported an average concentration of 1100 pg of 2,3,7,8-TCDD/ g
intwo air particul ate sanples collected near the disposal site.

Rappe et al. (1985c) analyzed i ndoor air sanples for PCDFs
resulting fromfires and explosions in PCB-filled electrica
equi prent, and in an industrial situation (loconotive shop) (Table
32).
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O Keefe et al. (1985) analyzed air sanples collected in an office
bui l di ng i n Bi nghanton, New York, USA, after a transfornmer accident in
the basenment in February 1981. The sanples were collected after a
primary cl ean-up and the values are given in Table 33.

Table 31. Levels of PCDDs and PCDFs in sanples of total air and air

particul at es2

Total air sanples Air particul ates

1 2 3 4 5 6 7 8

pg/m® pg/m pg/m® pg/nd fg/md fg/m fg/nd fg/nd
2,3,7,8-tetraCDFb 0.04 0.72 0.38 0.18 30 240 5 62
Total tetraCDFs 0. 36 6.2 4.9 3.3 320 2000 54 490
2,3,7,8-tetraCbD 0.02 0.06 0.02 0.08 3 9 <1 5
Total tetraCDDs 0.10 0.22 0.21 1.5 150 350 9 130
1,2,3,7, 8- pent aCDF¢ 0.04 0.36 0.42 1.0 39 190 7 58
2,3,4,7, 8-pent aCDF 0. 04 Inte 0.43 1.2 51 240 6 69
Total pent aCDFs 0.51 1 5.0 10 470 2500 85 610
1,2,3,7, 8-pentaCDD 0.02 0.28 0.22 0.6 17 66 5 35
Tot al pent aCDDs 0. 07 1.3 2.4 5.0 200 840 31 280
1,2,3,4,7, 8-hexaCDFd 0.03 0.13 0. 27 1.1 23 100 8 38
1,2,3,6, 7, 8-hexaCDF 0.03 0.15 0.24 1.4 20 78 8 33
1,2,3,7,8,9-hexaCDF 0.01 <0.05<0.02 0.33 4 17 3 14
2,3,4,6,7, 8- hexaCDF 0.01 <0.05 0.12 0.80 10 84 7 32
Total hexaCDFs 0.18 1.1 2.2 9.5 180 800 70 310
1,2,3,4,7, 8-hexaCbhD 0.08 < 0.17 0.19 1.0 3 19 <1 7
1,2,3,6,7, 8-hexaChD 0.23 0.66 0.71 2.2 11 46 4 14
1,2,3,7,8,9-hexaCbhD 0.08 < 0.17 0.36 5.2 6 92 5 32
Total hexaCDDs 0.74 2.7 5.3 24. 100 520 32 190
Tot al hept aCDFs 0.10 1.2 2.0 5. 200 1100 120 500
Tot al hept aCDDs 0.60 3.4 5.3 15. 380 2900 140 1000
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Oct aCDF <0.11 <1.0 0.78 7.0 150 480 100 440
Cct aCDD 0. 37 6.4 7.4 40.0 290 1900 64 540
a2 From Rappe & Kjeller (1987).

b~ Not separated from 2,3, 4, 8-tetraCDF

€ Not separated from1l, 2, 3, 4, 8- pent aCDF.

d Not separated from1, 2,3, 4, 7, 9- hexaCDF.

€ Int = Interferences.

5.2 Water and Leachate

Shadoff et al. (1977) failed to identify 2,3,7,8-tetraCDD in
water fromareas in the USA where 2,4,5-T herbicides had been used.

In the 2,4,5-T plant in Jacksonville, Arkansas, USA, Thi bodeaux
(1983) could not detect any 2,3,7,8-tetraCDD in the creek water (no
limt of detection |levels given).

Si nce August 1976, a number of tests have been periodically
conducted in Seveso on streans running through the affected area, as
far south as the River Lanbro, with consistently negative results.
During the same period sedi nent sanples were taken from Torrents,
Certesa, and Seveso. Positive results of the order of 1 pg/g were
obtained within the first few kiloneters downstream fromtheir
confluence, but further downstreamresults were negative. The
intensive rainfalls after the accident caused the Seveso to repeatedly
overflow its enbanknents at the point of entry into Mlan, thus
depositing silt on adjacent areas. Tests conducted to determ ne TCDD
in these silts yielded negative findings for the first four floods
while the fifth flood yielded positive findings (pg/g). Since August
1976, the nonthly deterninations conducted on pipeline and ground
wat ers have consistently yiel ded negative results, even when the
anal ytical detection threshold was as lowas 1 pg/litre (parts per
quadrillion) (Pocchiari, 1983).

During 1983 and 1984, the Dow Chem cal Conpany conducted a study
to deternmine the 2,3,7,8-tetraCDD contani nation at its plant in
M dl and, M chigan, USA It was estimated that 0.6 g of

2,3,7,8-tetraChDD was being enmtted per year in 2.5x107 nd of
wast ewat er effluent (Lanparski et al., 1986).

The Ontario Mnistry of Environnment has included PCDDs and PCDFs
inits Drinking Water Surveillance Programfor the St Clair/Detroit
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Ri ver area (Ontario, 1986). No 2,3,7,8-tetraCDD has been found in any
sanple of raw or treated water. Unspecified congeners of PCDDs and
PCDFs have been found mainly in raw water, octaCDD being the nost
frequent congener found. The highest value reported was 1.1 pg
octaCDD/litre raw water in Anmherstburg. The octaCDD level in the
treated water was bel ow the detection level of 0.01 pg/litre.

Gotz (1986) reported on |evels of PCDDs and PCDFs in the oily
| eachate froma sanitary landfill in Georgswerder, Hanburg, FRG (table
34).
5.3 Soil and Sedi nent

The levels of 2,3,7,8-tetraCDD in point source after inproper
di sposal of industrial waste are discussed in section 3.4.2.

Tabl e 32. Analyses of PCDFs in air sanples (pg/nB)2

t ot al

Sanpl e tetra- 2,3,7, 8- pent a- hexa- hept a- oct a-
CDF t et r aCDF CDF CDF CDF CDF

Sur ahammar < 20 <2 < 10 < 10 < 10 < 10
(during cl eaning)
Sur ahammar < 10 < 2.5 < 10 < 10 < 10 < 10
(after cleaning)
Rai | way | oconotive 500 50 50 30 20 20
(during cleaning
oper ations)
a From Rappe et al. (1985c).

Tabl e 33. Concentrations of PCDFs in air sanples collected on various
fl oors of a Binghanmton, New York (USA) office after prinmary cl eanup

Anal ytical results (pg/nd)

Fl oor/sanpl e type& 2,3,7, 8- Tot al Pent a- Hexa-
t et r aCDF t et r aCDFs CDFs CDFs
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3 16 151 43
5 11 126 30 2.0
5 (NE) 20 195 60 8.7
7 11 121 36
9 volatiles 14 140 42
9 particul ates 1.8 4.8 4.7
9 (SE) volatiles 13 146 31 3.7
9 (SE) particul ates 0.8 3.9 3.2
11 23 76 16
11 (SE + N\W 16 133 19
14 11 92 21
14 (NE) 14 185 13
16 16 118 21
17 vol atiles 12 79 24
17 particul ates 0.8 3.9 NDP
17 vol atiles 9 59 6.6
17 particul ates 0.9 NDP 2.9
Table 33. cont'd
a Abbr evi ati ons in parentheses designate sanpling |location on the floor,

e.g., SE = south-east corner. Unless otherw se specified sanples were
collected in the north-west corner and anal yzed as conbi ned particul ates
and vol atiles.

b ND = not det ect ed.

Table 34. Levels (ng/g) of the 2,3,7,8-substituted PCDDs and PCDFs in
| eachate froma sanitary landfilla

| sonmer Concentration |soner Concentration
2,3,7,8-tetraCbD 60 2,3,7,8-tetraCDF 9
1,2, 3,7, 8- pent aCDD 28 1,2, 3,7, 8-pent aCDFP 322
1,2,3,4,7, 8-hexaCDD 476 2,3,4,7, 8-pent aCDF 261
1,2, 3,6, 7, 8-hexaCDD 1440 1,2, 3,4, 7, 8-hexaCDF 748
1,2,3,7, 8, 9- hexaCDD 310 1,2,3,6,7, 8- hexaCDF 336
1,2,3,7,8,9-hexaCDF 558
2,3,4,6,7, 8- hexaCDF 114
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a From Gtz (1986).
b Overl appi ng isoner: 1,2, 3,4, 8-pentaCDF

Anal ytical results of the 1976-1977 survey of Zones B and R in
Seveso were di scussed by Pocchiari (1983). TCDD |l evels in Zones B and
R were, in general, considerably |ower than those in Zone A |In fact,
most TCDD | evels were | ower than 50 pg/n? in Zone B and 5 pg/n? in
Zone R In 1980, a large part of Zone R was renonitored to eval uate
the persistence of TCDD in the soil. This zone had been pl oughed and
wor ked since 1978. A conparison, as well as a statistical evaluation,
of the relevant data indicated a significant decrease (40% in the
geonetric nean level of TCDD in the soil of Zone R

In 1980 and 1981, soil sanples fromten sites in Zone R and five
sites outside Zone R were anal yzed using a high resolution GS- M
systemto establish whether other isonmers of 2,3,7,8-tetraCDD were
al so present. A significant percentage decrease in tetraCDDs could be
accounted for by two isoners (1,3,6,8-tetraCbhD and 1, 3,7, 9-tetraCDD)
present in the majority of the sanples tested. These two isoners were
not related to the chemical accident at the factory.

Tabl e 35. PCDD contamination in soil from Zone R in Seveso (1981)
(values in ng/kg)?a

Sanpl e 2,3,7,8> TCDD¢ Pent a- Hexa- Hept a- Cct a- Tota

tet raCDD CDDs CDDs CDDs CDD PCDDs
S1 0.8 0.3 0.4 6.0 1.4 1.7 10.6
S2 3.4 1.0 0.7 9.5 2.1 2.2 18.9
S3 4.0 1.9 1.2 8.2 8.6 27.0 50.9
sS4 2.3 0.8 0.6 10. 2 2.1 2.0 18.0
S5 <0.1 < 0.3 0.5 9.5 1.9 1.4 13. 7
S6 6.3 1.5 1.1 10. 4 2.6 1.3 24.8
S7 1.7 1.0 0.8 12. 4 1.9 1.8 19.6
S8 2.2 0.4 0.8 8.8 1.8 0.8 14. 8
S9 1.0 2.8 2.3 21.2 9.6 13.5 50. 4

From Wpf & Schmid (1983).
b Probably related to the accident.

c Total levels of isoners other than 2,3,7,8-tetraCDD
probably not related to accident.
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W pf & Schnmid (1983) reported the presence of PCDDs other than
2,3,7,8-tetraCDD in the soil from Zone R (Table 35). They suggest that
a mnunici pal incinerator and the burning of wood shavings treated with
chl orinated phenols could be the source of the other PCDDs.

Nestrick et al. (1986) reported the levels of 2,3,7,8-tetraCbhD in
soil sanples collected fromindustrialized areas of US cities. They
observed a wi despread occurrence of 2,3,7,8-tetraCbDD in urban soils,
with Ievels of 1-10 ng/kg, and suggested that |ocal conbustion
sources, including MSWand industrial incinerators, were the probable
origin.

McLaughl in & Pearson (1984) neasured soil concentrations of PCDDs
and PCDFs in the vicinity of a municipal refuse incinerator in
Ontario, Canada. Urban and rural control |ocations were al so sanpl ed.
Al soil sanples (14) had detectable quantities of at |east one of the
five PCDD congener classes (tetraCDD to octaCCD) tested for, whereas
ei ght sanmpl es contained detectable | evels of one or nore of the five
PCDF congener groups (tetraCDF to octaCDF). The | evels ranged from
non-det ectable (0.003 - 0.008 ng/g) to 3.5 ng/g (octaCDD); only one
site had a nmeasurable quantity (0.007 ng/g) of tetraCDD in the soil.
The nost abundant PCDD or PCDF congener was octaCDD, which had simlar
| evel s whet her sanples were taken close to or renmpte fromthe
incinerator. Simlarly, no concentration gradients, relative to
di stance fromthe incinerator, were apparent for any of the other
PCDDs or PCDFs.

Soi |l sanples near a chem cal waste incinerator in Scotland have
al so been anal yzed for PCDDs and PCDFs, together with sanples from
control locations (Edulgee et al., 1986). Detectable |evels of al
PCDFs or PCDFs that were exam ned were found in each of the soi
sanmpl es (13). Levels found ranged from1.2 ng/kg (2,3,7,8-tetraCDD) to
1900 ng/ kg (total hexaCDF). No consistent pattern was observed to
differentiate levels found in control sanples fromlevels in soil near
the incinerator.

These studies fromw dely separate areas of the world support the
suggestion that diffuse conbustion sources are the major source of
PCDDs and PCDFs in the soil.

Rappe & Kjeller (1987) anal yzed soil sanples fromvarious parts
of Europe (Table 36). They represent rural areas (sanples 1, 2, and 3)
as well as nore industrialized areas (sanples 4 and 5). PCDDs and
PCDFs could be identified in all sanples. The 2,3,7,8-tetraCDD
concentration was bel ow the detection level in the soil sanples from

http://www.inchem.org/documents/ehc/ehc/ehc88.htm (88 of 419) [16/11/2009 3:00:16 AM]



Polychlorinated dibenzo-p-dioxins and dibenzofurans (EHC 88, 1989)

the non-industrialized areas. Trapped sedi nents fromthe archi pel ago
of Stockholm Sweden, were al so anal yzed. The sanples were coll ected
in the inner (sanple 6), mddle (sanple 7), and outer archipel ago
(sample 8). Levels decreased with increasing distance fromthe city of
St ockhol m The isonmeric patterns for tetra- and pentaCDF isoners are
very simlar to those found for sanples of total air and air

particul ates (section 6.1). A sedinment sanple fromthe nmouth of River
Vi skan, Sweden, was al so anal yzed (sanple 9). A slight difference in
congener profile was found between this sanple and the sedinents from
t he archi pel ago of Stockhol m

Czuczwa & Hites (1985) found PCDDs and PCDFs in sedi ment sanples
fromseveral |ocations in Sagi naw Ri ver and Bay, and southern Lake
Huron, levels ranging from 100 ng/g in urban areas to 100 ng/ kg at
renote sites. Although no isomers were identified, the analytica
profiles in the sedinents followed closely those found in conbustion
sanpl es, suggesting that conbustion is the najor source of PCDDs and
PCDFs found in the sedinents. Anal yses of sedinent cores showed a
dramatic increase in the PCDD and PCDF concentrations at a depth
corresponding to approxi mately the year 1940, and |levels remained high
up to the present. There is no good correlati on between the trend in
these levels and the trend for coal burning in the United States.
However, the levels in the sedinents correlate with the production and
use of chlorinated aromati c conmpounds within this area of the G eat
Lakes.

5.4 Food
5.4.1 Meat and bovine mlk

The | evel s of PCDDs and PCDFs in fish and other seafood are
di scussed in section 4.4.2.

Table 36. Levels (pg/g) of PCDDs and PCDFs in sanples of sedinments and soil?2

Soi |
sanpl es Sedi ment s
1 2 3 4
5 6 7 8 9
2,3,7,8-tetraCDFpP 2.9 1.6 1.1 34
38 30 17 14 1.6
Total tetraCDFs 9.3 7.7 11 320
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370 290 150 120
2,3,7,8-tetraCbD <20 <21
0.8 2.4 2.0 <20
Total tetraCDDs - -
11.2 69 21 23
1,2,3,7, 8- pent aCDF¢ 2.5 1.6
31 16 8.6 8.5
2,3,4,7, 8-pent aCDF 0.8 1.0
65 20 14 16
Tot al pent aCDFs 14 13
450 260 140 130
1,2, 3,7, 8- pent aCDD <20 <20
34 7.6 5.2 5.5
Total pent aCDDs - -
270 230 99 86
1,2,3,4,7, 8-hexaCDFd 3.8 2.2
45 16 10 8.8
1,2, 3,6, 7, 8 hexaCDF 1.8 1.5
25 12 7.1 5.9
1,2,3,7,8,9- hexaCDF 1.0 0.9
1100 5 <1 <1
2,3,4,6,7, 8- hexaCDF 1.9 1.0
57 16 31 23
Tot al hexaCDFs 16 12
1900 250 220 92
1,2,3,4,7, 8-hexaCDD < 2 < 2
28 1.6 0.8 1.0
1,2,3,6, 7, 8-hexaCDD <2 <2
64 48 2.0 2.0
1,2,3,7,8,9-hexaCDD <2 <2
19 2.5 0.9 1.0
Tot al hexaCDDs - -
330 49 16 19
Tot al hept aCDFs 22 14
4500 1300 1500 190
Total hept aCDDs < 10 < 10
1600 5700 1200 880
Cct aCDF - -
71 39 < 20 < 20
Cct aCDD - -
180 3100 510 260
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From Rappe & Kjeller (1987).

Not separated from 2, 3,4, 8-tetraCDF, except in the case of sanple 9.
Not separated from1, 2, 3, 4, 8- pent aCDF

Not separated from1l, 2, 3, 4,7, 9- hexaCDF

o O T 9

The US Environnmental Protection Agency (US EPA) initiated a
2,3,7,8-tetraCDD nonitoring progranme of beef fat sanples taken from
cattle that had grazed on rangel ands known to have been treated with
2,4,5-T. The analytical collaborators in this programme were Dow
Chem cal Co. (USA), Wight State University, and Harvard University.
Al the laboratories used mass spectroscopi c techni ques for
quantification. Two different extraction techni ques were used. All
three | aboratories anal yzed control sanples taken fromcattle that had
grazed on non-treated areas. Sonme of these control sanples were spiked
wi th known amounts of TCDD. All the controls were prepared by the US
EPA (Firestone, 1978). Good agreenent was found between the anmpunts of
TCDD spiked into the control beef fat sanples and the reported |evels
found, even down to TCDD | evel s of 10 ng/kg. The average reported TCDD
| evel was 10 ng/kg; the anount actually added by the EPA was 9 ng/Kkg.
O a total of 34 anal yses of controls to which no TCDD was added, in
only one case was there a false positive report of TCDD (O Keefe et
al ., 1977). O 52 sanples of beef fat from2,4,5-T-treated rangel and,
19 (37% were reported by one or nore | aboratories to have TCDD. The
average range of levels reported was 5-66 ng/ kg, and the overal
average was 7 ng/kg. If one considers only the 40 beef fat sanples
fromareas receiving at least 1.1 kg of 2,4,5-T/ha, all 19 positive
sanples (48% belong to this group, and the average reported TCDD
| evel would be 9 ng/kg. The results indicated a consistent trend,
relating the average reported TCDD | evel in beef fat to the intensity
of the 2,4,5-T application to rangeland (O Keffe et al., 1978;

McKi nney, 1978).

None of the three collaborating | aboratories used the nost
selective and sensitive anal ytical method now known (capillary gl ass
col um gas chromat ography - high resol ution mass fragnmentography).

Kocher et al. (1978) also anal yzed speci nens of fat taken from
steers that had grazed on rangel and previously treated with 2,4,5-T
herbicides. The limt of detection of TCDD (2.5 times peak to peak
noi se) was found to be in the 30-60 pg range (3-6 pg/g in beef fat
using 10 gram sanpl es). None of the sixteen sanples analyzed in two of
three studies revealed TCDD. In the third study, the aninmals were
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confined to a fenced pasture sprayed in its entirety with 2,4,5-T

her bi ci des. The samples fromthree of the seven aninmals gave a
positive response at the extrenely low level of 3 to 4 ng TCDD kg,
which is at the detection limt; the highest reported value (wthout
interfering conponents) was 13 pg/g. The level of 2,3,7,8-tetraCDD in
the 2,4,5-T used was, however, unknown. Beck et al. (1986) anal yzed
seven randomy collected sanples of cows mlk fromdifferent areas of
the Federal Republic of Germany and one sanple fromthe Gernan
Denmocratic Republic. The cow s milk was taken fromroad transport
tankers. In all sanples, 2,3,7,8-substituted PCDDs and PCDFs were
found at Iow levels of pg/g on a fat weight basis. Detection linits

were in the range 0.1-0.3 ng/kg. The levels of PCDDs and PCDFs found
in the mlk sanples were | ower than those neasured by Rappe et al
(1987b) in cows nmilk fromSwitzerland (Table 38). In addition, there
was no evidence of high I evels of the higher chlorinated congeners
(e.g. hepta and octa- ) (see Table 37). Levels were much | ower than
those in human m |k sanmples (see section 5.4.2).

Rappe et al. (1987b) anal yzed PCDDs and PCDFs in six sanples of
bovine mlk fromvarious |locations in Switzerland. In all sanples,
2,3,7,8-substituted PCDDs and PCDFs were found at |evels of pg/kg in
whole nmilk (Table 38). However, the levels were |lower in commercia
mlk sanples than in sanples collected directly fromcows grazing in
the vicinity of incinerators.

When Ryan et al. (1985) anal yzed PCDDs and PCDFs in chicken and
pork sanmples in Canada, the incidence of positives for hexa-, hepta-,
and octaCDD in sel ected sanples of chicken fat was 50, 62, and 46%
with averages of 27, 52, and 90 ng/kg, respectively. Simlar |evels of
hexa- and heptaCDFs were also found in sonme of these sanples, but
tetra- and pentaCDDs and tetra-, penta-, and octaCDFs were not
detected. A conparison between the tissue anal yses and those of the
wood (treated with pentachl orophenol) used to house the aninals showed
a marked simlarity (see Table 38), indicating that pentachl oropheno
was t he probabl e source of contam nation of the food sanpl es.

Firestone et al. (1986) reported the anal yses of various food
items collected in the period beginning in 1979. Low levels (< 300
ng/ kg) of 1,2,3,4,6,7,8- and 1,2,3,4,6,7,9-heptaCDD were found in sone
sanpl es of chicken, bacon, pork chops, and beef |iver. HexaCDD was not
found in any of the foods. Several beef livers had high |evels of OCDD
resi dues, the highest reported val ue being 3830 ng/kg. No PCDDs (at a
detection limt of 10-40 ng/kg) were found in ground beef.

5.4.2 Human ml k
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Rappe et al. (1984) reported |low |l evels of 2,3,7,8-substituted
PCDDs and PCDFs in five sanples of human milk fromthe Federa
Republic of Germany (FRG (Table 39).

Table 39 also indicates the results of analyses of four sanples
of human mlk fromthe Unea regi on of northern Sweden (Rappe, 1985),
92 sanpl es from Rhei nl and-Wstfalia in the FRG (Furst et al., 1987),
30 other sanmples fromthe FRG (Beck et al., 1987), and five sanples
fromthe Netherlands or Yugoslavia (Rappe et al., 1987).

Van der Berg et al. (1986) also reported the | evels of PCDDs and
PCDFs in human mil k sanples fromthe Netherlands, but these |evels
were reported on mlk basis, not on fat basis, and are therefore not
i ncluded in Table 39.

A conpari son between the isomers, |levels, isoneric pattern, and
congener profiles found in human nmilk (Table 39) and in adi pose tissue
(Tabl es 29 and 30) shows a remarkabl e degree of simlarity.

5.4.3 Rice

Rice fromfields in Arkansas, Louisiana, and Texas, USA, treated
at a maxinumrate to give 2.52 kg 2,4,5-T/ha, were anal yzed for
possible 2,3,7,8-tetraCDD resi dues. A specification of 1 ug
2,3,7,8-tetraCDD/g 2,4,5-T was given in the report, but no anal ytica
data were given for the herbicide. No 2,3,7,8-TCDD was detected in the
rice (detection limt = 2-7 pg/kg) and no 2, 3,7, 8- TCDD resi dues
(detection limt = 2-10 pg/ kg) were found in 30 sanples of rice
purchased in retail stores throughout the USA (Jensen et al., 1983).

5.5 Yusho and Yu-cheng Epi sodes

In 1968, nore than 1500 peopl e in south-west Japan were
i ntoxi cated through consunming commercial rice oil accidentally
contam nated by PCBs, PCDFs, and pol ychl orinated quarterphenyls
(Masuda & Yoshinmura, 1982; Masuda et al., 1985). In 1979, a simlar
epi sode occurred in central Taiwan, the nunber of persons involved
here approachi ng 2000 (Chen et al., 1980; Chen et al., 1985). In the
past, both accidents were referred to as Yusho epi sodes, but now the
Tai wan epi sode has been renaned Yu-cheng.

The Japanese rice oil contained nmore than 40 PCDF isoners (tri-
to hexaCDFs) (Buser et al., 1978d), whereas the nunber of isoners in
the Tai wanese oil seens to have been less (Chen & Hites, 1983). The
toxic 2,3,7,8-substituted PCDFs were middle or m nor constituents,
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about 10-15% of the total amount of PCDFs (Buser et al., 1978d; Masuda
et al., 1985; Chen & Hites, 1983). The mean total consunption of PCDFs
of the Yusho and Yu-cheng patients has been estimated to be 3.3-3.8
ng/ person (Hayabuchi et al., 1979; Chen et al., 1985), or a daily

i ntake of total PCDFs of 0.9 pg/kg body wei ght (Hayabuchi et al.

1979). The average intake of 2,3,7,8-substituted PCDFs was 90-135
ng/ kg body wei ght per day. The smallest amobunt of total PCDFs causing
chl oracne has been estimated to be 0.16 pg/ kg body wei ght per day
(Hayabuchi et al., 1979) or 20-30 ng/kg per day of the
2,3,7,8-substituted congeners.

Anal ysis of liver sanples taken fromthe Yusho patients about 18
nonths after the exposure showed a dramati c decrease in the nunber of
PCDF i soners. Apparently nmost of the PCDF isonmers were netabolized or
excreted during the period between exposure and sanpling (Rappe et
al ., 1979). A conparison between the PCDF isoners found in the Yusho
oil and the liver sanples revealed an interesting relationship. Most
of the isomers retained had | ateral positions (2, 3, 7, and 8)
substituted with chlorine; these isoners have the highest toxicity
(Rappe et al., 1979).

Tabl e 37. PCDD and PCDF |evels in sanples of cows nilk (ng/kg on a fat
wei ght basis)a

SAMPLE
1 2 3
4 5 6 7 8
2,3,7,8-tetraCDF <0.1 0.29 0. 28
1.1 1.0 1.4 1.4 0. 27
2,3,7,8-tetraCbhD 0. 33 <0.2 <0.2 <0.2
ND < 0.2 ND ND
1,2,3,7, 8- pent aCDF ND 0.4 ND
0. 26 0.24 ND 0. 39 < 0.2
2,3,4,7, 8-pent aCDF 1.3 0.91 1.1
1.6 1.5 1.3 2.9 0.8
1,2,3,7, 8-pentaChD 1.0 0.72 ND
0.81 0.6 0.78 1.2 < 0.5
1,2,3,4,7, 8-hexaCDF 0.93 0.67 0.70 0. 85
<0.3 0. 84 1.9 0.57
1,2,3,6, 7, 8- hexaCDF 0.73 0.58 0.57 0. 85
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< 0.3 0.73 2.1 0.41
2,3,4,6,7, 8- hexaCDF 0. 65 0.48 0.53
0. 68 ND 0. 64 1.8 0. 37
1,2,3,4,7, 8- hexaCDD 0. 33 0.34 < 0.3 < 0.3
<0.3 0. 36 0.33 < 0.3
1,2, 3,6, 7, 8-hexaCDD 1.3 1.2 1.0
0.82 0.32 1.7 1.9 0. 80
1,2, 3,7, 8, 9- hexaCDD < 0.3 0.34 0. 36
0. 39 N 0. 55 0. 48 <0.3
1,2,3,4,6, 7, 8- hept aCDFb < 0.5 < 0.5 < 0.5 < 0.5
< 0.5 < 0.5 < 0.5 < 0.5
1,2,3,4,6,7,8—heptaCIIﬁ < 2 < 2 < 2 < 2
< 2 < 2 < 2 < 2
oct aCDDP <10 <10 <10
<10 <10 <10 <10 <10
oct aCDFb <1 <1 <1 <1
<1 <1 <1 <1

From Beck et al. (1987).

b Not significantly higher than bl anks.
ND = not detectable.

Tabl e 38. PCDF and PCDD content of bovine mlk fromSwitzerland. Results in
ng/ kg (ppt), whole mlk basis?

Conpound
Commer ci al I ncinerators
1
2 3 4 5 6
2,3,7,8-tetraCDF < 0.028 < 0.035 < 0.021
< 0.022 < 0.032 < 0.028
1,2, 3,7, 8- pent aCDF < 0.020 < 0.022 < 0.021
< 0.020 < 0.036 < 0.032
2,3,4,7, 8-pent aCDF 0.084 0. 066
0. 069 0.43 0.22 0.23
1,2,3,4,7, 8 hexaCDF < 0.020 < 0.026 <
0.017 0.13 0. 06 0.084
1,2,3,6, 7, 8-hexaCDF 0. 028 < 0.018 <
0.021 0.19 0. 095 0. 059
2,3,4,6,7, 8-hexaCDF < 0. 020 < 0.018
ND 0.28 0.12 0. 049
(< 0.02)
1,2,3,4,6,7, 8-hept aCDF < 0.12 ND
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ND 0.49 0.28 < 0.18
(< 0.13) (< 0.08)
oct aCDF < 0.20 ND
ND ND ND < 0.52
(< 0.13) (< 0.09)
(< 0.16) (< 0.21)
2,3,7,8-tetraCbhD ND ND
ND 0. 049 0. 038 0.021
(< 0.012) (< 0.013) (< 0.013)
1,2,3,7, 8-pentaCbDD ND ND
ND 0. 25 < 0.086 ND
(< 0.04) (< 0.08)
(< 0.06) (< 0.1
1,2,3,4,7, 8-hexaCbDD < 0.068 ND
ND 0.23 0.14 < 0.14
(< 0.1 (< 0.06)
1,2,3,6, 7, 8-hexaCDD < 0.068 ND
ND 0.29 0.16 < 0.21
(< 0.1 (< 0.06)
1,2,3,7,8,9-hexaCbDD < 0.068 ND
ND 0.17 < 0.080 < 0.11
(< 0.1 (< 0.06)
1,2,3,4,6, 7, 8-heptaChD < 0.064 < 0. 066 <
0. 064 0. 26 < 0.095 0.42
oct aCbD < 0.16 < 0. 26 <
0.12 0. 28 < 0.16 0.59

a From Rappe et al. (1987h).
ND = not detectable.

Tabl e 39. Levels of PCDDs and PCDFs found in human nmilk (ng/ kg of fat weight).

Sweden FRG FRG
FRG Net her | ands Yugosl avi a
n=42a n=5b n=92¢
n=30d n=3e n=2¢
2,3,7,8-tetraCbDD 0.6 1.9 <5
3.4 9.7 <1.0
1,2,3,7, 8- pentaChD 6.5 12.9 10.7
15 44 5.5
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1,2,3,4,7, 8- hexaCDD 2.5 4.6 8.1
12 25 3.5
1,2,3,6, 7, 8-hexaCDD 19 17.3 32.7
59 251 15
1,2,3,7,8,9-hexaCDD 6.3 1.6 6.4
11 23 ND
1,2,3,4,6, 7, 8-heptaCDD 59.5 72.8 49.9
61 130 106
oct aCDD 302 434 181
530 744 106
2,3,7,8-tetraCDF 4.2 5.4 2.6
2.5 2.8 <10
1,2,3,7, 8- pent aCDF <1 <1 1.8 <
1 ND ND
2,3,4,7, 8-pent aCDF 21.3 36.4 22.9
20 79 25
1,2,3,4,7, 8- hexaCDF 4.7 11. 4 8.2
8.5 8.9 3.7
1,2,3,6, 7, 8- hexaCDF 3.4 10. 2 6.6
7.8 10. 3 3.6
2,3,4,6,7, 8-hexaCDF 1.4 4.3 3.3
3.0 6.4 1.3
1,2,3,4,6, 7, 8-hept aCDF 7.4 9.2 6.4
8.5 39 ND
oct aCDF 3.2 2.4 22.8 <
3 ND ND
ND = not detected; NA = not analyzed; n = nunber of sanples.

Rappe (1985).

Rappe et al. (1984).

Furst et al. (1987).

Beck et al. (1987).

Rappe et al. (1987) (pool ed sanpl es)

T o O T 9o

Kunita et al. (1984) studied the blood | evels of PCDFs in people
i nvol ved in the Japanese and Tai wanese epi sodes. They used a
non-i somer -speci fic anal ytical nmethod, and reported hi gher bl ood
| evel s in persons with severe dernal synptons than in persons with
light synptons. The levels 2 years after exposure were |ower than 0.5
year after exposure; for the six persons studied the levels of total
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PCDFs decreased on average by 57% + 12% (Kunita et al., 1984).

The rate of excretion of these toxic PCDF isonmers is very | ow.
Rappe & Nygren (1984) could detect 2,3,4,7,8-pentaCDF in blood plasna
from Yusho patients when the sanples were collected 11 years after
exposure. However, higher |evels were found in blood from Yu-cheng
patients one year after exposure; these anal yses al so showed a 15-20%
reduction in levels in one year (Rappe, 1984).

6. KINETICS AND METABOLI SM OF 2, 3, 7, 8- TETRACHLORG
Dl BENZO- P- DI OXI N ( TCDD) AND OTHER PCDDs

6.1 Uptake, Distribution, and Excretion

Mbst of the avail able toxicokinetic data arise from studies of
gastroi ntestinal exposure and oral or intraperitoneal administration
There has been one dernal study on rats, but no studies on exposure
via the respiratory tract. Data on the gastrointestinal absorption,
distribution, and elimnation of TCDD in various species are
summari zed in Tables 40 and 41. Principle organ depots in all species
studied are the liver and adi pose tissue. In addition skin and mnuscle
have been found to be organ depots in nonkeys, and skin in
gui nea-pigs. In all species studied clearance of TCDD from the body
foll ows apparent first-order Kkinetics.

6.1.1 Studies on rats

Mal e Sprague Dawl ey rats were dosed by gavage with 14C TCDD in
acetone: corn oil (1:9), at a concentration of 50 pg/ kg body wei ght
(Piper et al., 1973). Rats |ost weight and their physical condition
was generally poor, although no deaths occurred. Approximately 30% of
the adm ni stered dose of radioactivity was elimnated in the faeces
during the first 48 h, this being nost probably unabsorbed TCDD. The
total faecal TCDD content was equivalent to 53.2% of the dose over a
21-day period. During this time 13.2% was elimnated in the urine and
3.2%in the air. Fromthese results the half-time for the cl earance of
TCDD was cal cul ated as 17.4 (* 5.6) days. In another study, groups of
two to three rats were killed at different time intervals after
admi ni stration of the same dose of 14C-TCDD. The liver contained
3.2, 4.5, and 1.3% of the adninistered dose per gram of tissue 3, 7,
and 21 days, respectively, after dosing. The concentrations in adipose
tissue at the same tine intervals were 2.6, 3.2, and 0.4% of the dose
per gramof tissue. Other tissues showed | ower concentrations.

In a study by Allen et al. (1975), male Sprague Dawl ey rats were
given 14C-TCDD in a single dose of 50 ug/ kg body wei ght by stomach
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t ube.

after dosing. The dose given resulted in marked liver
wei ght
Twenty-five percent of the dose was elimnated within the

thym c regression,
25 days.

first 3 days through the faeces.
the dose was found in the faeces daily. The total

G oups of five rats were sacrificed 1, 3, 5, 7, 14, and 21 days

hypertrophy,

|l oss, and death in 50% of the animals within

1 to 2% of
in the faeces

During the next 18 days,
anount

during the 21 days follow ng adm nistrati on was about 52%

Tabl e 40.

Gastroi nt esti nal

absorption of TCDD

Speci es/ Strain

Vehi cl e

Dose % Absor ption Ref er ence
(Hg/ kg body
wei ght) (rmean £ SD)
Rat s
Sprague Daw ey acet one: corn oi
(1:9) 502 70 Pi per et al. (1973)
Sprague Dawl ey corn oi
502 > 75 Allen et al. (1975)
Sprague Dawl ey di et 7 or 20; for
42 days 50- 60 Fries & Marrow (1975)
Sprague Dawl ey acet one: corn oi
(1: 24) 1a 8411 Rose et al. (1976)
Sprague Dawl ey acetone:corn oil (1:24) 0.1 or 1.0; 5
days/ week 86+12 Rose et al. (1976)
for 7 weeks
M ce
| CR/ Ha Swi ss et hanol : Tween 80:
sal i ne 1352 27-28 Koshakji et al. (1984)
(1:10:89)
Hansters
CGol den Syri an olive oi
6502 73.5+22.8 O son et al. (1980a)

Si ngl e dose.
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Table 41. Elimnation of TCDD in different species

Speci es/ Strain Rout e/ Vehi cl e Dose? Duration Half-
life El i mi nated radioactivity Ref er ence
(png/ kg of for elimnation
(% of admi ni stered dose)
body st udy (days)
wei ght)
(days) Faeces Ui ne
Rat s
Sprague Dawl ey oral / acet one: 50 21 17. 4
5.6 53.2 13.2 Pi per et al. (1973)
corn oil (1:9)
Sprague Dawl ey oral /corn oil 50 21 21.3
+2.9 53.3 4.5 Allen et al. (1975)
Sprague Dawl ey oral / acet one: 1 22 31 +
6 NR ND Rose et al. (1976)
corn oil (1:24)
Sprague Dawl ey oral / acet one: 1b 49
23.7 NR 3.1 £0.2 (m Rose et al. (1976)
corn
oil (1:24) 12.5 5.1 (f)
Sprague Dawl ey i p/corn oil 400 7 NR
4.96 £0.3 0.51 +0.05 van Mller et al.
(1976)
M ce
C57BL/ 6 ip/olive oil 10 30
11 59. 3 20.5 Gasiewicz et al.
(1983b)
DBA/ 2 i p/olive oil 10 30
24. 4 39.8 16. 8 Gasiewicz et al.
(1983b)
B6D2F, ip/olive oil 10 30
12. 6 56. 3 20.5 Gasiewicz et al.
(1983hb)
| CR/ Ha Swi ss oral / et hanol : 135 11
20 78 4 Koshakji et al.
t ween
80: (1984)
saline (1:10:89)
C57BL/ 6 Ahb/ Ahd i p/ emul phor: 0.5 42
9.6 61.8 19.9 Bi r nbaum (1986)
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et hanol : H,0O
(1:1:18)
C57BL/ 6 Ahgy/ Ahy i p/ erul phor: 0.5 42
9.6 55.9 26.8 Bi r nbaum (1986)
et hanol : H,O
(1:1:18)
DBA/ 2 Ahy/ Ahg i p/ emul phor: 0.5 42
10. 8 71.5 13.6 Bi r nbaum (1986)
et hanol : H,O
(1:1:18)
Tabl e 41 (contd).
Speci es/ Strain Rout e/ Vehi cl e Dose? Duration Half-
life El i mi nated radioactivity Ref er ence
(png/ kg of for elimnation
(% of admi ni stered dose)
body st udy (days)
wei ght)
(days) Faeces Ui ne
M ce (contd)
DBA/ 2 Ahd/ Ahd i p/ enul phor: 0.5 42

10. 8 76.1 11.1 Bi r nbaum (1986)
et hanol : H,O
(1:1:18)
GQui nea- pi gs
Hart !l ey i p/olive oil 2
23 33 2 Gasiewicz &
(1979)
NR oral / NR NR 22 22-
43 ND ND Nol an et al. (1979)
Hart !l ey i p/olive oil 0. 56 45 93.7
26.2 +3.6 3.1 1.2 A son (1986)
Hanst er s
Gol den Syri an oral/olive oil 650 35 15.0
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2.5 NR NR A son et al
Gol den Syri an i p/olive oil 650 35 12.0 £2.0
50. 0+£2. 7 34.615. 4 A son et al
Monkeys
Rhesus (adult) i p/corn oil 400 7
NR 3.75 1.06 van MIller et al
Rhesus (i nfant) i p/ corn oil 400 7
NR 1.26 2 van Mller et al

(1980a)

(1980a)

(1976)

(1976)

Si ngl e dose, unl ess otherw se stated.
b 5 days/week for 7 weeks.
ND = not detectable, NR = not reported, m= nmales, f = females, ip
= intraperitoneal.

The authors concluded that the faecal content during the first 3
days represented mainly unabsorbed TCDD and that apparently nore than
75% of the adm ni stered dose had been absorbed fromthe
gastrointestinal tract. The radioactivity excreted daily through the
urine ranged between 0.1 and 0.2% of the adm nistered dose during the
initial 12 days. Thereafter, the daily urinary radioactivity excretion
i ncreased from 0. 25% of the adm nistered dose to 0.43% by day 21. The
total amount of 14C excreted through the urine over a 21-day period
was about 4.5% of the dose. On the basis of the daily faecal and
urinary excretion, the authors calculated a half-tine of 21.3 (+ 2.9)
days. In the rats killed on days 1, 3, 5, 7, 14, and 21 after

admi ni stration, the total liver content was 56 (+ 5), 54 (% 14), 54 (%
6), 54 (£ 8), 45 (+ 5), and 24 (= 4)% of the adm nistered dose,
respectively. At all intervals, the levels found in the |Iiver exceeded

those found in other organs. On days 5, 7, and 14 about 90% of the
total radioactivity in the Iiver was present in the mcrosona
fraction.

Fries & Marrow (1975) fed Sprague Daw ey male and fenale rats a
diet containing 7 or 20 pug 14C-TCDD' kg diet for 42 days. Thereafter
all rats received the control diet for another 30 days. Two ani mal s of
each sex and TCDD dietary level were sacrificed at 14-day intervals.
This treatment resulted in decreased food consunption, decreased
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wei ght gain, and increased relative |iver weight anong both nal es and
femal es. The concentration of TCDD-derived radioactivity in the liver
whi ch was the principal tissue depot of both males and fenal es, was
directly proportional to the dietary intake of 14C- TCDD. At the end
of the 42-day feeding period, the 4C levels in male livers

i ndi cated TCDD contents of 5.8 and 15.9 pg/ kg of tissue for the | ower
and higher feed concentrations, respectively. The concentrations in
the liver of female rats were simlar. Analysis of the liver of rats
killed 14 and 30 days after discontinuing TCDD exposure indicated a
gradual decrease in TCDD liver concentration in both sexes. The

st eady-state body burden for TCDD was estimted to be 10-11 tinmes the
daily intake in both sexes. The whol e-body and liver half-lives were
calculated to be 12 and 11 days in males and 15 and 13 days,
respectively, in females.

Rose et al. (1976) estinated the absorption of a single non-toxic
dose of 1 ug 14C- TCDD/ kg body weight in male and femal e Sprague
Dawl ey rats to be 84 £ 11% of the adm nistered dose. The elimnation
of TCDD was followed for 22 days after adm nistration and the faeca
excretion accounted for nost if not all of the elimnation of TCDD
and/or its metabolites. No radioactivity was detectable in urine and
expired air. Twenty-two days after dosing, nean val ues of 1.26% and
1.25% of the dose/g |iver and adi pose tissue, respectively, were
found. Much lower 14C-activities were found in the thynus, kidney,
and spl een, namely 0.09, 0.06, and 0.02% of the dose/g, respectively.

The whol e-body half-life was estimated to be 31 days. Rose et al
(1976) also followed the fate of 5 daily doses per week of 0.01, 0.1
and 1.0 ng 14C- TCDD/ kg body weight given for 1, 3, and 7 weeks to
nmal e and fenmal e Sprague Dawl ey rats (Table 42).

According to Kociba et al. (1976), a dose level of 0.01 pg/ kg per
day, 5 days/week for 13 weeks, produced no overt toxic effects,
whereas 0.1 or 1.0 pg/ kg per day produced adverse effects, including
some deaths in the high dose group. In the study by Rose et al
(1976), the dose level of 0.01 pg/kg per day resulted in no detectable
14C, except in liver, fat, and excreta. Thus no kinetic cal cul ations
on a truly non-toxic dose could be perfornmed. Pooling the results for
all rats receiving 0.1 or 1.0 pg/ kg per day, the absorbed dose
corresponded to 86 = 12% of the adm nistered dose, with an individua
variation of 66 to 93% The overall rate constant for elimnation
corresponded to a half-tine of 23.7 days, with an individual variation
of 16-37 days. The radioactivity was elimnated prinmarily in the
faeces, but the percentage of the dose excreted in the urine conpared
to that elimnated in the faeces tended to increase with tine. At the
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dose level of 1.0 pg/ kg per day, nales excreted in the urine 3.1 (%
0.2)% and fermales 12.5 (= 5.1)% of the cumul ati ve dose over 7 weeks of
exposure. The one female rat that died during the 7th week excreted
17.8% of the cunul ative dose in the urine. Exhaled air was not
examned in these studies. After 7 weeks of exposure, the average body
burdens were 47.7 (+ 8.8) and 37.1 (= 7.5)% respectively, of the
admi ni stered dose for the rats given 0.1 and 1.0 ng TCDD/ kg per day.
The main tissue depots of 14C were the liver and adi pose tissue.

Radi oactivity was al so detected in thynmus, kidney, and spl een at

| evel s between 1 and 2% of that in liver. Direct chem ca
deternmination of liver sanples confirnmed the TCDD-concentrations
cal cul ated by radioactivity neasurenments. TCDD and/or its netabolites
approached a steady-state body burden calculated to be 21.3 D, for

rats given a daily dose (D,, ug/kg body weight) on 5 consecutive

days per week for an infinite nunber of weeks, within 13 weeks over
the dose range 0.01 to 1.0 pg/ kg per day. It was thought unlikely that
the dietary intake of extrenely low |l evels of TCDD would result in the
accunul ation of toxic amounts in the rat.

The excretion and distribution of a toxic dose of 400 pg
3H TCDD/ kg body wei ght was followed in male Sprague Dawl ey rats (Van
MIller et al., 1976). Wthin 7 days, about 5.0% of the dose had been
excreted in faeces and 0.5%in urine. The principal tissue depots for
radi oactivity were liver, nuscle, and skin, which contained 43.0, 4.6,
and 4.4% of the adm ni stered dose, respectively.

Table 42. Tissue distribution of TCDD derived radioactivity in rats given
oral doses of 14 TCDDA

Ti ssue content of 14: (ug equival ents of TCDD/ kg tissue)b

Ti ssue 1 week 3 weeks 7 weeks

Exposure level: 1.0 pg/ kg body wei ght per day

liver 49.5+3. 6 110. 2+37. 1 204. 0+52.2
adi pose tissue 10.0+3.0 23.547.5 61.4+£36. 7
t hymus 0.9+0. 2 7.3+4.5 6.9+2. 5
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ki dney 0.9+0. 2
spl een 0.4+0.1

a1
a1
I+
a1
=

1.9+0.9 . .
1.6+0.8 1. 9+1.

I+ 1+

=

Exposure level: 0.1 pg/ kg body wei ght per day

liver 3.9+1.1 11.8%2.2 19.8%£3.1

adi pose tissue 0.9+0. 6 2.7+0.8 4.5+0.7

t hyrmus ND 1.0+0.6 0. 6+0. 2

spl een ND 0.6%0.4 0.3+0.1

ki dney ND ND ND

Exposure level: 0.01 pg/ kg body wei ght per day

liver ND 0.8%0.1 1.6+0.5

adi pose tissue ND 0.3 (2)¢ 0.3+0.1 (4)¢

t hymus ND 0.6+0.1 ND

spl een ND 0. 6+0. 3 ND

ki dney ND ND ND

a From Rose et al. (1976).

b The nean = standard deviation of 3 male and 3 fenale rats.

c I ndi cates the nunber of animals with detectable | evels of
l4-activity.

ND = not detected.

Koci ba et al. (1976) gave Sprague Daw ey rats TCDD in daily doses
of 0.01, 0.1, and 1 pg/ kg body weight 5 days per week for 13 weeks by
gavage. The liver contained TCDD at a |level of 324 (x 53) ug/ kg wet
wei ght in males and 284 (£ 21) pg/ kg wet weight in fenales given
repeat ed TCDD doses of 1 upg/ kg body wei ght per day. For the dose |evel
of 0.1 pg/ kg body wei ght per day, the liver TCDD | evel s were 36 (x 4)
and 35 (£ 4) pg/ kg wet weight for males and fenmal es, respectively. A
dose of 0.01 pg/ kg body weight per day resulted in TCDD |iver |evels
of 2.6 ( 0.6) pg/kg wet weight in males and 3.7 (+ 0.4) pg/kg wet
wei ght in fenales.

After feeding diets with TCDD | evel s corresponding to daily
dietary intakes of 0.001, 0.01, or 0.1 pg/kg body weight for 2 years,
the average concentrations of TCDD found in the liver of fenale
Sprague Dawl ey rats were 0.54, 5.1, and 24.0 pg/ kg wet wei ght,
respectively (Kociba et al., 1978). The corresponding levels in
adi pose tissue were 0.54, 1.7, and 8.1 pg/kg wet weight. A conparison
of liver TCDD |l evels found in rats given conparable daily doses of
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TCDD for 13 weeks (Kociba et al., 1976) or 2 years (Kociba et al.
1978) indicates that with prol onged exposure the |liver TCDD content
reaches a plateau. This finding agrees well with the prediction
obtai ned by mathemati cal analysis of the data resulting from
experinments involving exposure of a few weeks (Rose et al., 1976).

The proportion of a single oral dose of 3H TCDD found in the
liver of female Sprague Dawl ey rats was dependent both on the dose
| evel and on the vehicle used (Poiger & Schlatter, 1980). Mxima
retention occurred within 48 h after dosing. Increasing retention was
observed up to a dose of 280 ng TCDD/rat. Hepatic retention 24 h after
dosi ng was hi gher (36.7% of the dose) if TCDD was given in 50% et hano
than if it was given as an aqueous suspension of soil (37% ww),
where it was 16-24. 1% of the dose, or activated carbon (25% ww),
where it was < 0.07% of the dose (see section 7.4).

Biliary excretion of radioactivity originating from3H1|abelled
TCDD occurred at a nore or less constant rate of 0.5 to 1% of the
adm ni stered dose per day for 12 days follow ng the adm nistration of
100 pg TCDD kg body weight in a fermal e Sprague Dawl ey rat (Poiger &
Buser, 1983). No severe toxic effects were observed within that tine
peri od.

McConnell et al. (1984) dosed fenal e Sprague Dawl ey rats orally
with either pure TCDD in corn oil or anpbunts of contam nated soi
giving simlar doses of TCDD. In general TCDD in soil was as potent an
i nducer of aryl hydrocarbon hydroxyl ase (AHH) as pure TCDD in corn
oil. The hepatic concentration of TCDD was 40.8 pg/ kg in the corn oi
group, receiving 5 pg TCDD/ kg body wei ght, and 20.3 pg/kg in the soi
group, receiving 5.5 ug TCDD/ kg body wei ght (see section 7.4).

Poi ger & Schlatter (1980) studied the dermal absorption of
3HTCDD in hairless rats of the Naked ex Back-Cross and Hol zman
strain (200-250 g). Using the ambunt of TCDD-derived radioactivity
found in the liver as an indicator of its absorption, they reported
that the perneation of TCDD across the epidernis was highly dependent
on the fornul ation used. The highest radioactivity in the liver, 14.8%
of the adm ni stered dose, was detected when TCDD was applied as a
nmet hanolic solution. The hepatic recovery of the adm ni stered dose
observed when TCDD was applied in polyethylene glycol 1500 with and
wi t hout 15% water was 14.1 and 1.4% respectively. Dermal application
of TCDD in vaseline or adsorbed onto soil or activated carbon
decreased the percentage of the dose recovered in the liver to 1.4,
1.7-2.2, and < 0.05% respectively.

In studies by van den Berg et al. (1983), fly ash and crude or
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purified toluene extracts of PCDD- and PCDF-containing fly ash froma
nmuni ci pal incinerator were nixed with ordinary |aboratory diet for
rats. Small portions (2 g) of these diets were fed to nale Wstar rats
(300 g) every 24 h for 19 days, at which tine the aninmals were
sacrified. Tetra-, penta-, and hexa-chlorinated PCDDs and PCDFs in the
liver and adi pose tissues of these rats were deternmined. Rats fed the
fly ash containing diet stored PCDDs and PCDFs in their livers at
concentrations that were at least 3 to 5 tinmes lower than in the case
of rats fed conparabl e anpbunts of fly ash extracts (for the pentaCDD,
hexaCDF, and hexaCDD i sonmers, the concentrations were approxi mately
10-20 tinmes lower). Cenerally PCDFs showed a higher retention in rat
liver than did the corresponding PCDDs. In the adi pose tissue of rats
fed with fly ash extracts, retention was higher for penta- and
hexaCDDs t han for the correspondi ng PCDFs.

In further fly ash studies, male Wstar rats (275 g) were fed for
up to 99 days a diet that included 2.5% HCl-pretreated fly ash
(contai ning PCDDs and PCDFs) from a munici pal incinerator (van den
Berg et al., 1986a). A control group received standard diet. Al
congeners retained in the liver of the rats had a 2,3,7,8-chlorine
substitution pattern. Wth the exception of 2,3,4,7,8-pentaCDF and
2,3,4,6,7,8-hexaCDF, liver retention for each congener was bel ow 10%
of the group dose. The retention percentages of the various congeners
in the liver were al nost equal at the tinme-points studied (34, 59, and
99 days), thus indicating a long half-1ife of these congeners in rat
l'iver.

Mal e Wstar rats fed 22.7 (+ 1) pg or 120.7 (% 2.8) ug octaCDD
over a two-week period were found to retain about 1-2% of the given
dose in the liver (Wllians et al., 1972). The heart, kidneys, spleen
l ung, skeletal muscle, testes, and urine contained no detectable
| evel s of octaCDD, but ninor anmobunts were found in the adi pose tissue

of the high-dose group. Faeces contained 61% and 37% respectively, of
the | ow and hi gh dose given. The presence of a large quantity of
octaCDD in the faeces conpared to that in the bile 24-72 h after a
single oral dose of 58 ng octaCDD to bile-cannulated nale Wstar rats
(400 g) indicated that the dioxin present in the faeces was mainly
unabsorbed octaCDD (Wl liams et al., 1972).

After 21 daily doses of 100 ng octaCDD containing 12.6 pg
35S-t hi o-heptaCDD to nmal e Sprague Dawl ey rats, the radioactivity was
mai nly recovered in the faeces and urine, the percentages of the
i ngested radi oactive dose being 93 (£ 6) and 5.2 (+ 0.8)% respectively
(Norback et al., 1975). The high faecal excretion suggests poor
absorption. O the radio-active body burden, 50% was contained in the
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liver. The microsomal fraction contained 96.3 (£ 8.2)% of the hepatic
radi oactivity.

6.1.2 Studies on mce

In studies by Vinopal & Casida (1973), male white nmice (20 Q)
were given tritiumlabelled TCDD intraperitoneally in a single dose of
130 pg/ kg body wei ght. Three days after TCDD administration to one
nouse, 13% of the adm nistered tritiumwas recovered in the faeces and
0.3%in the urine, while 32% was found in the liver and 0.3%in the
ki dneys. I n another study, groups of two to six nmice were killed at
various tinme intervals after simlar treatnment with the same dose of
3H- TCDD. One and 4 days after dosing, the liver contained about 15%
of the dose, on the 8th day, 26% on the 11th day, 22% and on the
15th and 20th days, about 10% The hi ghest anmpunt of 3H-activity was
found in the nmicrosomal fraction of the liver. Somewhat |ower activity
was detected in the mitochondrial fraction and the nuclei. The
supernatant fraction was practically devoid of any radioactivity. On
day 8 when the highest |evels were observed, the whole liver
honogenat e contained 26.7 (+ 4.8)% of the adninistered dose, the
m crosones 12.6 (+ 3.8)% the nuclei 7.8 (x 1.2)% the nitochondria
6.2 (£ 1.3)% and the supernatant fraction 0.1 (+ 0.0)% of the
admi ni stered dose.

Coccia et al. (1981) described the effect of adding different
substances to food on the persistence of TCDD in the liver of male
C57BI /6 mice. In one of the experinents, the test diet was given
i Mmedi ately after the administration of a single oral dose of 7.6 ug
3H TCDD/ kg body wei ght. The hepatic radioactivity 14 days after
dosing was 17.3, 6.3, 13.1, and 14.5% of the adninistered dose in
aninal s fed standard chow contai ni ng 5% vegetabl e charcoal, 0.5%
cholic acid, and 4% chol estyram ne, respectively. \Wen feeding of the
test diet started 3 days after dosing, the hepatic retention of
3H TCDD was decreased to a similar extent.

Faecal and urinary excretion (Table 41), along with the formation
of faecal, biliary, and urinary netabolites (see 7.2.1.1), of
3H TCDD was studied in male C57BL/ 6, DBA/2, and B6D2F1 mice after a
single intraperitoneal dose of 10 pg 3H TCDD kg body wei ght
(Gasiewicz et al., 1983b). The principal tissue depot in C57BL/6 and
B6D2F1 mice was the liver, followed by the adi pose tissue. Mst other
ti ssues exam ned contained | ess than 1% of the adm ni stered dose. In
DBA/ 2 nice, the adi pose tissue contained nore radioactivity than the
liver. This difference nay be due to the fact that these three strains
of mice differ in their adipose tissue content, being 5.9, 11.5, and
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5.0% of the body weight in C57BL/6, DBA/2, and B6D2F1 nice,
respectively. The estimated half-lives of clearance of 3H TCDD from
the liver of C57BL/6, DBA/2, and B6D2F1 mce were 17, 27, and 13 days,
respectively, and the corresponding figures for the half-life in the
adi pose tissue were 11, 42, and 11 days. The cumul ative faecal
elimnation 30 days after dosing was 59.3, 39.8, and 56.3% of the
admi ni stered dose in C57BI/6, DBA/ 2, and B6D2F1 mice, respectively,
and the corresponding figures for urinary elimnation were 20.5, 16. 8,
and 20. 5%

Bi rnbaum (1986) studied in mce the distribution and excretion of
a single intraperitoneal dose of 500 ng (45 pCi)3H TCDD/ kg body
weight for up to 42 days after treatnent. Two sets of congenic strains
of mce were used, i.e., male C57BI/6 and fenmal e DBA/2 mce, where
wi thin each congenic pair the nmice differed only at the Ah locus (or
at a limted nunber of genes closely linked to the Ah | ocus). The nice
were bred and phenotyped by zoxazol anine paralysis tinme. The results,
sonme of them summarized in Tables 47 and 48, suggested that, at the
dose |l evel studied, the distribution and excretion of TCDD were
primarily governed by the total genetic background rather than by the
all el e present at the Ah | ocus.

When male 1CR/Ha Swiss mice (27 - 35 g) were given a single ora
dose of 135 ug 14C- TCDDY kg body wei ght, about 71% and 1-2%
respectively, of the adm nistered dose was elinmnated via faeces and
urine within the first 24 h (Koshakji et al., 1984). During the
foll owi ng 10 days, an additional 7% and 2% of the adm ni stered
radi oactivity were recovered in faeces and urine, respectively. Based
on the estimated body burden of radioactivity, a whole-body half-life
of 20 days was cal cul at ed.

The distribution of 34 TCDD in the skin of hairless (SKH HR- 1)
mce after a single intraperitoneal dose of 6.3 pg TCDD/ kg body wei ght
was exam ned for up to 14 days (Puhvel et al., 1986). Most of the
3H-TCDD in skin was localized in the derms, although the
concentration of 3H TCDD was consistently higher in the epiderns

6.1.3 Studies on guinea-pigs

The retention of a single intraperitoneal dose of 2 pug
14C- TCDD/ kg body weight in various tissues of male Hartley
gui nea-pi gs was determined 1, 3, 5 7, 11, and 15 days after exposure
(Table 43) (Gasiewicz & Neal, 1979). Three aninals died and al
aninals lost 24 to 35% of the body wei ght during the study. The
hi ghest anmount of radioactivity per tissue was found in the liver and
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skin. The radioactivity in the liver increased with time, concomtant
to the depletion of adipose tissues. Radioactivity in the skin
decreased also with tine. No signs of toxicity were seen when the
cunmul ative excretion of a single i.p dose of 0.5 pg 3H TCDD/ kg body
weight in male Hartl ey gui nea-pigs was studied (Gasiewi cz & Neal
1979). The faecal and urinary excretion of radioactivity was |inear

t hroughout the 23-day study. Approxinmately 1.4% of the adm nistered
dose was excreted daily during that period, and the faeces contai ned
94% of the excreted radioactivity.

The microsonal fraction of the liver in male Hartl ey gui nea-pigs
contained 40.7 to 47.4% of the hepatic radioactivity 1 day after a
single ip dose of 0.3, 2.0, or 7.0 pg of 3H or 14C- TCDD/ kg body
wei ght (Gasiewicz & Neal, 1979). Correspondi ng val ues for the crude
nucl ear fraction, the mitochondrial fraction, and the sol uble fraction
were 20.1-35.6% 9.5-12.9% and 7.6-26.4% respectively. The
subcel lular distribution was sinmlar 1 and 6 days after the | ow dose
but, follow ng the high dose, nore radioactivity was present in the
m crosormal fraction and | ess was recovered in the crude nucl ear and
soluble fractions on day 6 after exposure.

A son (1986) followed the distribution, elinination and
net abol i sm (see section 6.2.1.1) of a single ip dose of 0.56 pg
3H TCDD/ kg body weight in adult (335 to 625 g) male Hartley
gui nea-pi gs for 45 days. One of seven aninmals died on day 27, but the
remai ni ng ani mal s gai ned wei ght and exhi bited no gross signs of
toxicity. At termination the body conposition was nornmal, and 61% of
the admi ni stered radi oactivity was recovered in the twelve
investigated tissues at the end of the study. The adi pose tissue
cont ai ned 36% of the dose; liver, pelt, and skel etal nuscle plus
carcass contai ned each 7% of the dose; the gastrointestinal tract
cont ai ned about 2% of the dose, and remaining tissues contained |ess
than 0.5% of the dose. Urinary and faecal elimnation foll owed
apparent first-order kinetics, with half-lives of 82.5 (+ 22.4) and
94.4 (£ 14.7) days, respectively.

Tabl e 43. Tissue content of TCDD-derived 14. (% of dose/g tissue)2 in guinea-

pigs following a single
dose of 14, TCDDA

Days
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after exposure

Ti ssue 1 3
5 7 11 15

Perirenal adipose 3.2+1.0 4.1+0.4 2.1+0. 4
1.3+0.2 2.1+0.2

Epi di dymal adi pose 1.5+0.8 3.8+0.5 3.4+0.7
3.240.1 3.9b 2.5+1.1

Adr enal 1.4+0.3 1.4+0.2 0.9+0.1
1.2+0.3 2.1+0.9 1.7+0.2

Li ver 1.1+0. 4 1.5+0.4 1.3+0.2
1.1+0.2 2.2+0.2 3.2+0.3

Li ver¢ 11.4+3. 3 15.5+3. 3 14. 0+2. 3
12.0+1.9 21.2+2.3 29.6+2.7

Spl een 0.7+0.3 0.5%0.3 0.2+0.1
0.4+0.2 0.4%0. 2 0.5+0.1

Duodenum 0.4+0.2 0.2+0.1 0.2+0.1
0.240.1 0.240.1 0.3+0.1

Pancr eas - - 0.2+0.1
0.5+0.3 0.4+0.3 0.3+0.1

St omach 0.2+0.1 0.3%0.1 0.1+0.1
0.2+0.1 0.3%#0.1 0.3+0.1

Test es 0.2+0.1 0.3+0.1 0.2+0.1
0.340.1 0.3+0.1 0.240.1

Ki dneys 0.3+0.1 0.3%0.1 0.2+0.1
0.4+40.1 0.8%0.4 0.7+£0.1

Bone narrow 0.3+0.1 0.5+0.1 0.2+0.1
0.4+40.1 0. 4b 0.2+0.1

Lungs 0.3+0.1 0.2+0.1 0.2+0.1
0.4+40.1 0.5%0. 2 0.6+0.1

Ski n¢ 13.8%0. 7 16. 320. 3 15.8+2. 4
6.5+0.8 6.5+0.7 6. 7+0. 6

Brai n, heart,

skel etal rmnuscle <0. 25

Mean of two ani mal s

o O T 9

Per cent age of dose/tissue.
From Gasiewicz & Neal (1979).
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6.1.4 Studies on hansters

In studies by Ason et al. (1980a), Golden Syrian hansters
absorbed about 73.5% of a single oral dose of 650 ug 3H TCDD/ kg body
wei ght, a dose that produced thynic atrophy and body weight 1o0ss in
several of the animals. The distribution of radioactitivity in various
tissues 1, 3, 10, and 20 days after administration is given in Table
44. The principal depots were the liver and adi pose tissue. A sinilar
pattern of distribution was obtai ned when the sane dose was given
intraperitoneally. The elimnation of radioactivity in faeces and
urine was followed for 35 days after a single intraperitoneal (ip) or
oral dose of 650 pg/ kg body weight (O son et al., 1980a). The
half-l1ife for elimnation was 12.0 (£ 2.0) days and 15.0 (+ 2.5) days
for the ip and oral routes, respectively. O the excreted
radi oactivity 41% occurred in urine and 59% i n faeces.

The hepatic retention of PCDDs and PCDFs fromdietary intake of
HCl-pretreated fly ash froma municipal incinerator was studied in
mal e Gol den syrian hamsters (van den Berg et al., 1986b). The livers
were anal ysed for tetra-, penta-, and hexaCDDs and PCDFs after feeding
the diet, which contained 25% fly ash, for 34, 58, and 95 days. No
detectabl e hepatic retention was observed after 34 days. The highest
retention after 95 days was 8.4%for 2,3,4,7,8-pentaCDF, but the
retention was generally below 5% of the total dose. Wth the exception
of 2,3,4,6,7-pentaCDF, only 2, 3,7, 8-substituted PCDDs and PCDFs were
retai ned. Constant relative concentrations were found for the
2,3,7,8-substituted PCDDs and PCDFs at the tine points studied.

6.1.5 Studies on nonkeys

Van MIler et al. (1976) gave three adult fenal e rhesus nonkeys
and four nmale infant rhesus nonkeys a single intraperitoneal dose of
400 pg 3H TCDD/ kg body weight in corn oil. This dose resulted in a
| oss of body weight: 10.8% for adults and 20. 7% for infants, and |ight
m croscopi ¢ changes in the liver. Over a 7-day period the adult
nonkeys excreted 1.06% of the dose in the urine and 3.75%in the
faeces. During the sane period the infant nonkeys excreted
approximately 2% of the admi ni stered dose in urine and about 1.26%in
the faeces. The authors questioned the accuracy of these figures ow ng
to the difficulty of separating the two types of excreta frominfant
nonkeys. The total tissue concentrations of radioactivity 7 days after
dosing are given in Table 45. The principal tissue depots of
radi oactivity in adult nonkeys were adi pose tissue, skin, liver, and
nuscl e; they contained 16.2, 13.1, 10.4, and 8.6% of the adm nistered
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respectively. The distribution in infant nonkeys was 35.6%in
22. 7% i n skin,

and only 4.5% of the dose in the liver.

Tabl e 44. Tissue distribution of TCDD derived radi oactivity in Gol den

Syrian hanmsters at

1, 3, 10, and 20 days following a single ora
dose of 650 pg 3H TCDD/ kg body wei ghta

Ti ssue content of 3H (% of dose/g tissue)b

Ti ssue Day 1 Day 3 Day 10 Day 20
Li ver 4.03+1. 00 5.32+. 82 3.19+.93 0. 86+0. 09
Li verb 2.74+3. 21 0. 44+3. 45 9. 69+0. 99 3. 70+0. 29
Perirenal adipose 2.93+0. 87 3. 48+0. 56 1. 38+0. 28 0. 32+0. 03
Adrenal s 1.56+0. 52 1.12+0. 14 0. 47+0. 08 0. 10+0. 01
Pancr eas 0. 39+40. 20 0. 61+0. 13 0. 62+0. 26 0.21+0. 04
Ki dneys 0. 60+0. 16 0. 64+0. 11 0. 60+0. 32 0. 12+0. 03
Spl een 0. 30+0. 08 0. 24+0. 05 0. 43+0. 26 0. 07+0. 02
Thynus 0.49+0. 14 0.34+0. 11 - 0. 05+0. 02
Skin 0. 84+0. 26 0. 31+0. 07 0. 56+0. 18 0. 03+0. 01
St omach 0. 34+0. 07 0. 55+0. 09 0. 65+0. 39 0. 16+0. 06
Duodenum 0.51+0. 13 0. 47+0. 09 0. 55+0. 28 0. 07+0. 02
Jej unum 0. 59+0. 15 0. 71+0. 20 0. 39+0. 16 0. 08+0. 02
Il eum 0.41+0. 12 0. 35+0. 05 0. 37+0. 21 0. 06+0. 02
Col on 0. 92+0. 27 0. 60+0. 14 0. 34+0. 07 0. 06+0. 01
Caecum 0. 39+40. 11 0.41+0. 10 0. 28+0. 12 0. 05+0. 01
Lungs 0. 38+0. 09 0. 37+0. 05 0.41+0. 25 0. 07+0. 03
Skel etal nuscle 0. 20+0. 07 0. 15+0. 05 0. 15+0. 03 0. 04+0. 02
Hear t 0. 14+0. 03 0. 13+0. 02 0. 15+0. 08 0. 03+0. 01
Testes 0. 10+0. 04 0. 32+0. 13 0. 13+0. 04 0. 03+0. 01
Bl ood 0. 12+0. 02 0. 14+0. 03 0. 12+0. 06 0. 02+0. 01
Brain 0. 03+0. 01 0. 05+0. 01 0. 06+0. 02 0.01
From O son et al. (1980a).

b All
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c Per cent age of dose/liver.

Tabl e 45. Tissue distribution of TCDD derived radioactivity in adult
and i nfant rhesus nonkeys 7 days following a single intraperitonea

dose of 400 pg 3H TCDD/ kg body wei ghta

(% of dose/tissue)
Ti ssue content of 3HP

Ti ssue Adul t | nf ant

Li ver 10. 44+6. 9 4.51+1. 60
Brai n 0. 58%0. 34 1.41+1. 40
Spl een 0. 028+0. 013 0. 026+0. 004
Smal | intestine 0. 87+0. 39 1.47+0. 64
Large intestine 1.29+0. 12 0. 64+0. 24
Muscl e¢ 8.62+2. 39 35.6%14. 4
Skin 13.1+4.9 22.7+8.8
Adi pose tissued 16. 2+5. 8

Fom Van Mller et al. (1976).

Mean (+ standard deviation) of three adults or four infants.
Total nuscle was taken as 40% of body wei ght.

Quantities in infant nonkey were insignificant. For adult
nonkeys, the cal cul ati on was based on an estimate of 300 g
nmesenteric fat.

o O T 9

The concentration of TCDD in sanples of faeces, urine, and fat
were nmeasured by GC-Ms at intervals after dosing up to 715 days in an
adult femal e rhesus nonkey (Macaca nulatta) given a single oral
dose of 1 pg TCDD/ kg body weight (McNulty et al., 1982b). During the
3 nont hs after dosing the nonkey | ost 50% of its body wei ght but then
began to gain weight again. The | evel of TCDD in faeces was high for
4 days and then fell to very low or undetectable |levels. TCDD in urine
was very low at all time points. The apparent half-life of TCDD in
adi pose tissue was about 1 year.

There were no significant tinme-dependent changes in TCDD-derived
radi oactivity found in the tissues investigated from marnosets during
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the 3-week-period followi ng subcutaneous treatnent with 5 ug

14C- TCDD/ kg body wei ght, except for a minor decrease in |levels found
in the adi pose tissue (Krowke, 1986). The data thus indicate a | ong
hal f-1ife for TCDD i n marnosets.

6.1.6 Studies on dogs

A one-year-old nal e beagle dog received a total dose of 5.4 ug of
TCDD enterally by direct introduction into the duodenal |unmen in four
portions of 1-2 pug, with intervals of 2-7 days between treatnents
(Poiger et al., 1982). Severe toxic symons preceeded the death of the
animal 17 days after the first dose. The excretion of radioactivity in
the bile reached a maxi mumon day 1 or day 2 follow ng adm nistration
Significantly nore biliary radioactivity was found after
admi ni stration of doses 3 and 4 than after the administration of doses
1 and 2, suggesting that TCDD-administration stinmulated its own
netabolism It was |later denonstrated in a 18-nonths-old mal e boxer
that TCDD-pretreatnment (10 pg/ kg body weight) stimulated the biliary
excretion of 3H-|abelled TCDD (32.8 ng/ kg body weight), whereas
phenobarbi tal - pretreatnent had no effect when conpared to the biliary
excretion w thout pretreatnent (Poiger & Schlatter, 1985). Al the
experinments were carried out in the sane animal, which had enough tine
between treatnents for the radioactivity to return alnost to the
background | evel

6.1.7 Studies on cows

The major routes for elimination of 34 TCDD in Hol stein cows
(500- 650 kg) after oral doses of 0.05ug (two cows) or 7.5ug (one cow)
TCDD kg body wei ght were faeces > mlk > urine (Jones et al., 1987).
Fifty percent of the adninistered dose was elininated in faeces, the
maj or part in the first few days after treatnent. Three lactating
Hol stein cows received comercial technical grade pentachl oropheno
orally by gelatine capsule at a dose rate of 10 ng/ kg body wei ght
twice daily for 10 days and once daily for the followi ng 60 days
(Firestone et al., 1979). One cow served as a control and received
gel ati ne capsul es containing only ground corn. The pentachl or opheno
conposite used contai ned ten PCDD congeners (0.1 to 690 ng/kg) and
ei ght PCDF congeners (0.9 to 130 ng/kg). Faeces collected on day 28 of
the treatnent period contained three hexaChbDs (0.05 to 0.63 pg/kg),
two heptaCDDs (21.3 to 33.1 pg/kg), and octaCDD (290 to 429 pug/kg).
Faeces al so contained hexa-, hepta-, and octaCDF. M|k, body fat, and
bl ood contained only three of the PCDD congeners present in the
pent achl or ophenol conposite, nanely 1, 2, 3,6, 7, 8- hexaCDD
1,2,3,4,6,7,8-heptaCDD, and octaCDD. M Ik sanpl es al so contai ned
hexa-, hepta-, and octaCDF. The average concentrations of
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1,2,3,6,7,8-hexaCDD, 1,2,3,4,6,7,8-heptaCDD, octaCDD, and octaCDF in
the conposite mlk fat at the end of the treatnment period were 20, 40,
25, and 2 ng/ kg respectively. Simlar concentrations were found in
body (shoulder) fat at the end of the treatnent period (13, 24, and 32
ng/ kg, respectively, of 1,2,3,6,7,8-hexaCDD, 1,2, 3, 4,6, 7, 8-heptaCDD,
and octaCDD). Levels of dioxins in the bl ood were approxi mately 1000
times below the values in mlk or body fat. The average daily
excretion of 1,2,3,6,7,8-hexaCDD, 1,2, 3,4,6,7,8-heptaCDD, and oct aCDhD
in the mlk during days 40-70 was about 20, 40, and 23 ng,
corresponding to 33, 3, and 0.6%of the daily intake of PCDDs. One

hundred days after the cessation of treatnment, the average val ues for
1,2,3,6,7,8-hexaCDD, 1,2, 3,4,6,7,8-heptaCDD, and octaCDD i n shoul der
fat and mlk fat were 2.5, 6.6, 5.6 ng/kg and 4.3, 6.9, 3.0 ng/kg,
respectively.

6.1.8 In vitro studies

The uptake of 3H TCDD in human fibroblasts was |ess efficient
when the TCDD was associated with the high density |ipoprotein (HDL)
than with the low density lipoprotein (LDL), and even | ess when
associ ated with serum (Shireman & Wi, 1986). From studi es in nutant
human fibroblasts |acking the normal LDL cellul ar receptor, the
aut hors concl uded that the LDL receptor pathway was involved in the
cel lul ar uptake of TCDD. The uptake from LDL was tine, tenperature,
and concentration dependent.

6.2 Metabolic Transformation
6.2.1 Studies on manmal s
6.2.1.1 In vivo studies

The possible existence of a urinary netabolite of TCDD was first
suggested by the finding of Allen et al. (1975) that the radioactivity
in urine of 14C-TCDD treated rats was highest fromweek 2 to 3. Later
both Poiger & Schlatter (1979) and Ransey et al. (1982) presented
evidence for the in vivo biotransformati on of TCDD in the rat.

Mal e Sprague Dawl ey rats were given two, four, or six daily oral doses
of approximately 15 pg 14C- TCDD kg body wei ght, and the bile was
collected for 24 h following the | ast dose (Ransey et al., 1982).
Usi ng high pressure |iquid chromatography, at |east eight netabolites
of TCDD were found in the bile fromthese rats. Incubation of the bile
wi th B-glucuronidase indicated the presence of glucuronide conjugates
anong the nmetabolites. Poiger & Schlatter (1979) incubated simlarly
the bile or the dialysate with glucuronidase/aryl sul fatase, and the
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di chl or onet hane-extractabl e radi oactivity increased from1l.5%to 75%
Their results indicate the elimnation of TCDD netabolites in the form
of water-soluble sulfate and gl ucuroni de conjugates. 3H TCDD

net abolites extracted fromthe bile of one-year-old beagle dogs with
et hanol (Poiger et al., 1982) were given to bile-duct-cannul ated
femal e Sprague Dawl ey rats (250 g) as single oral doses of 7.8-20.8 ug
3H TCDD- net abol i t es/ kg body wei ght (Weber et al., 1982b). The nean
24-h elimnation of radioactivity was 86.7 (% 6.7)% of the dose, 8.2%
occurring inurine, 31.3%in bile, and 46.9% in faeces. A delay in the
excretion of radioactivity in rats whose bile ducts were not
cannul at ed suggested an enterohepatic circulation in the rat of the

3H TCDD- net abolites fromthe dog. The radioactive material in the

rat bile seened to be conjugated fornms of the netabolites fromthe
dogs. A metabolic breakdown schenme of TCDD in the rat and dog (Fig. 3)
was proposed by Poiger & Buser (1983). The mmjor nmetabolite seens to
be formed via cl eavage of an ether bond.

The netabolic fate of a single ip dose of 10 pg, 500 pC TCDD kg
body weight in male C57Bl /6, DBA/2, and B6D2F1 mi ce was studi ed by
Gasiewicz et al. (1983b). Sanples of urine, bile, and faeces,
collected on days 5 to 8, 8, and 7 after treatment, respectively, were
extracted and anal yzed for netabolites of TCDD by HPLC. Unmet abolized
TCDD was detected in faeces but not in urine or in bile. Mre than 85%
of the total radioactivity elimnated was present as netabolites of
TCDD in all three nouse strains. Metabolites in the bile appear to be
| ess polar than in urine. Qualitatively the elution profiles for
urine, bile, and faeces fromall three strains appeared to be quite
simlar.

A dose of 3H TCDD (0.56 pg/ kg body weight) that produced no
gross toxicity was given ip in olive oil to six adult nmale Hartley
gui nea-pigs (A son, 1986). Metabolites of TCDD were found in organic
extracts of the liver, kidney, perirenal adipose tissue, and skeletal
muscle in ambunts corresponding to 13, 4, 8, and 28% respectively, of
the recovered radioactivity in these organs 45 days after dosing.
These figures suggest that TCDD netabolites are not efficiently
elimnated fromtissues in guinea-pigs. Al radioactivity in urine and
bile represented netabolites of TCDD, whereas in faeces nost (70-90%
cont ai ned unchanged TCDD. O the radioactivity admi nistered, 73.4% was
el i m nated as unchanged TCDD i n faeces and 25. 7% as netabolites of
TCDD in urine and faeces. The presence of TCDD in faeces and its
absence in bile suggest that direct elimnation of TCDD fromthe bl ood
to the intestinal lunmen may occur. The HPLC elution profiles for
net abolites were simlar, although not identical, for bile, urine, and
ti ssues. Taken together, the data by O son (1986) indicate that
net abol i sm does not appear to have a major role in the ultimte
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elimnation of TCDD in the gui nea-pig.

O son et al. (1980a) collected bile and urine from Gol den Syrian
hanmsters that had been treated with a single ip dose of 650 ug
14C- TCDD/ kg body wei ght 7 days earlier. By means of HPLC, one nmaj or
and several ninor netabolites of 14C-TCDD were denpnstrated both in
bile and urine. No netabolites of 14C- TCDD were detectable in Iiver
and adi pose tissue, thus suggesting a rapid cl earance of
bi ot ransf ormed products of TCDD

A one-year-ol d beagl e dog was chol ecystectom zed and a Thonas
cannul a was inplanted about 3 nonths before the first dose of TCDD
(Poiger et al., 1982, Poiger & Buser, 1983). A total dose of 5.4 ngy
was adm nistered enterally in four portions of 1.8, 1.08, 1.08, and
1.44 ng on days 0, 2, 7, and 13. Five phenolic netabolites of TCDD
excreted in dog bile were identified by conbi ned gas
chr omat ogr aphy- mass spectronetry. Severe toxic synptons preceded the
death of the dog 17 days after the first dose. A metabolic breakdown
schenme of TCDD in the dog (Fig. 3) was proposed by Poiger & Buser
(1983), lateral hydroxylation of TCDD seenming to be the najor route of
net abol i sm

CI:]:::I:ﬂ:]::::I:cl Cl o cl Cl o Cl
Cl Y] cl m:I:::[;:I::;ljm CI:I:::I:QZI:;:I:GH
)]
! 1 + 9
ct:[:::I:o Cl Cl 0 cl o
Cl 0:%E;::I:CI CI:I:::I:O:]::::I:OH [:;;lgo;llz:]
| [d)

clgon),

Cl O Cl Cl OH
JORDIENG |
(d) = dog
& OHGH ¢l ¢ OH {r) = rat WHO $81280
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Fig. 3. Proposed metabolic breakdown scheme for TCDD. From:
Poiger & Buser {1983).
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6.2.1.2 In vitro studies

Al though there is evidence of different netabolites of TCDD and
the possibility of its metabolic transformati on was suggested as early
as 1975 (Allen et al., 1975; Rose et al., 1976), it was only in 1982
that specific nmetabolites were identified by Sawahata et al. (1982).
They incubated TCDD with isolated rat hepatocytes at 37 € for 8 h
and the resulting incubation m xture was subjected to HPLC. The nmj or
peak of radioactivity not corresponding to TCDD was i ncubated with
- gl ucuroni dase in order to split the possible glucuronide
conjugate(s) of TCDD or its netabolite(s). They found that
4, 5-di chl orocat echol and 4, 5-di chl or oguai acol are potenti al
net abolites of TCDD, but due to the linted anount of material the
identity of these nmetabolites was not confirmed by gas
chr omat ogr aphy- mass spectronetry. Two ot her netabolites of TCDD,
namely 1-hydroxy-2, 3,7, 8-tetrachl oro-di benzo-p-di oxin and
8- hydroxy- 2, 3, 7-tri chl or odi benzo- p-di oxi n, were isol ated by neans of
HPLC, and were identified by nass spectronetry.

Primary hepatocytes from Sprague Dawl ey rats and Hartl ey
gui nea- pi gs have been used to study the metabolism of 14C TCDD
(Wobl ewski & O son, 1985). The overall netabolismwas 2.8 times
greater in rats than in guinea-pigs. The netabolismof 14C TCDD was
increased 3.2-fold in rats pretreated with TCDD (5 pg TCDD/ kg body
weight ip 72 h prior to isolation of hepatocytes), but no effect was
found in sinlarly TCDD pretreated gui nea-pigs, or in phenobarbital-
pretreated rats (80 ny/ kg body weight ip for 3 days, begi nning 4 days
prior to isolation of hepatocytes). Hepatocytes from TCDD pretreated
rats netabolized TCDD 9 times nore rapidly than simlarly pretreated
gui nea- pi g hepatocytes. TCDD nmay be netabolized by an inducible form
of cytochrome P448 which is expressed in rats but not gui nea-pigs.
These differences in netabolismmay play a major role in explaining
the differences in species susceptibility to the acute effects of
TCDD.

6.3 Transfer Via Placenta and/or MIk

The transpl acental passage of 14C-TCDD has been studied by
Khera & Ruddick (1973). Pregnant Wstar rats were given 14C TCDD in
a single oral dose of 200 pg/ kg body weight on gestation days 16, 17,
or 18 and were killed 6 h after dosing. 14C-activity was detected in
mat ernal tissues and also in the fetuses and the placenta. Assuni ng

that all the 4C activity found in the sanples was present as
14C-TCDD, the following levels (ng/gramtissue) were found for
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gestation days 16, 17, and 18 respectively: maternal liver 339 (z 15),
339 (£ 19), and 275 (x 20); maternal blood 25 (+ 11), 19 (£ 9), and 10
(x 3); placenta 25 (+ 6), 38 (x 4), and 41 (£ 3); and fetus 11 (z 3),
15 (£ 1), and 16 (£ 1). Studies by More et al. (1973) indicated that

the passage of TCDD or its netabolites into mlk could be of

i mportance, as TCDD-rel ated effects were observed in sucklings,
nouri shed by |l actating nothers given, after delivery, a single oral
dose of 1 or 3 ug/kg body weight.

The TCDD concentration in livers of pregnant NVRI mice, at a
gi ven dose, was significantly lower than in livers of non-pregnant
nmce (Krowke 1986). The concentration of TCDD in the liver of
non- pregnant mice was about 5 tines higher than in pregnant mce 7
days after a s.c. dose.

Nau & Bass (1981) studied the transfer of 14C-TCDD to enbryos
and fetuses in NVRI nice. The animals were given a single dose of 5,
12.5, or 25 pg TCDD/ kg body wei ght by gavage or by s.c. or ip
injection at day 16 of gestation to study the transfer of TCDD to the
fetus. The animals were killed two days |ater and various tissues were
anal yzed for radioactivity. No evidence was found to indicate a mgjor
first pass effect follow ng oral admnistration. Maternal livers
contai ned the highest levels of TCDD, 4.1 to 10.5% of the radi oactive
dose adm ni stered, which was about one order of nagnitude higher than
in extrahepatic maternal tissues, including placenta. Fetal liver and
extrahepatic tissues contained | ow |l evels of radioactivity
corresponding to 0.09 to 1.41% and 0.05 to 0.14% respectively, of the
dose administered to the dans. More radioactivity was recovered in the
pl acenta and fetus when TCDD was given either as a single ip dose of
25 pg/ kg body weight on day 10 of gestation or as 5 daily ip doses of
5 pg/ kg body weight on days 7 to 11, when conpared to a single i.p.
dose of 25 pg/ kg body wei ght on gestation day 7. Oral dosing of 30 pg
14C-TCDD (0.332 uCi/ upg)/ kg body weight to pregnant C57Bl/6 nice on
gestation day 11 resulted in 0 to 14% enbryonortality on gestation
days 12 to 14 (Wber & Birnbaum 1985). About 0.03% of the radioactive
dose was contained in the enbryo and in the placenta on days 12 to 14
of gestation. The maternal liver contained 67.4, 67.9, and 50. 6% of
the adm ni stered radi oacti ve dose on gestation days 12, 13, and 14,
during which days the cunmulative elimnation of radioactivity in urine
and faeces was 2.4 and 53.3% of the dose, respectively.

The transfer of 14C-TCDD via placenta and nmilk and the
distribution of the transformed TCDD bet ween vari ous enbryoni ¢ and
fetal tissues were studied in NVRI nmice (Nau et al., 1986). Dans were
given a single dose of 25 pg 14C- TCDD (45 nCi/mol )/ kg body wei ght
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either orally, subcutaneously, or intraperitoneally. To differentiate
bet ween postnatal and in utero exposure, the experinental design

i ncluded cross fostering. Depending on the route of admnistration,
from0.02 to 0.07% of the administered radioactivity was found in the
liver of the fetus at birth. The highest levels were noted after ip
admi ni stration and the | owest after oral intubation. The correspondi ng
val ues one week after birth were 0.05 to 0.20% The hepatic

radi oactivity in the neonate reached a peak 1 week after birth and
then decreased slowy throughout and after lactation. The |evels of

TCDD- deri ved radioactivity in extra-hepatic tissues of the offspring
wer e approxi mately one order of nagnitude |ower than the hepatic
levels. Very little radioactivity was found in the stomach filled with
mlk, indicating that TCDD i ngested fromm |k was rapidly absorbed in
t he stomach.

Arstila et al. (1981) studied the excretion of TCDD in goat mlk
after a subchronic admnistration of 200 ng TCDD per day for 2 nonths
in the first experinment and of 400 ng TCDD per day for one nmonth in
the second experinment. The nininmal detectable concentration in this
study was declared to be below 5 ng/litre. The nmaxi mum concentration
of TCDD in mlk in the first experinment was 20.8 (* 6.6) ng/litre and
in the second experinment 19.3 (+ 6.6) ng/litre. After 18 weeks feeding
with TCDD the |l evels had dropped to 4.2 and 3.6 ng/litre,
respectively.

The secretion of TCDD in mlk and cream has al so been studied in
| actating dairy cows kept on a diet containing 10, 30, 100, 300, or
1000 ng/litre 2,4,5-T, corresponding to TCDD |l evels of 5, 15, 50, 150,
and 500 ng/litre (Jensen & Humel, 1982). This resulted in | evels of
TCDD in the excreted m |k of below detection limt, 3, 10, 16-22, and
42-89 ng/litre, respectively, indicating that about 10-20% of the dose
given was elimnated in the nmlk. The levels in cream were about ten
ti mes higher than those in mlKk.

One | actating Hol stein cow, receiving comrercial technical-grade
pent achl orophenol contai ni ng several PCDDs and PCDFs orally in
gel ati ne capsul es at a dose rate of 10 ng/ kg body weight twice daily
for 10 days and once daily for the follow ng 60 days, calved 151 days
after treatnment was stopped (Firestone et al., 1979). The PCDD content
of bl ood, body fat (shoulder fromthe cow and hind quarter of the
calf), and mlk fat was determ ned 14 days |ater. The detected
congeners were 1, 2,3,6,7,8-hexaCDD, 1,2, 3,4,6,7,8-heptaCDD, and
octaCDD and their levels were 12, 13, 20 ng/litre and 27, 14, 6
ng/litre in the blood of the cow and cal f, respectively. Corresponding
val ues for body fat were 4.8, 11.1, and 6.1 pg/kg in the cow and 2. 3,
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1.9, and 0.5 pg/kg in the calf. The mlIk fat fromthe cow contai ned
2.2, 4.4, and 3.3 pg/ kg of the respective congeners.

6.4 Matrix Effects on the Uptake ("Bio-availability")

Upt ake of TCDD and ot her PCDD congeners is highly dependent upon
the formulation in which it is applied. A though conflicting results
have been obtained from studies where TCDD in soil was admi ni stered
(McConnell et al., 1984; Unrbreit et al., 1985, 1986a, 1986b), nost
avai |l abl e data support the idea that mxing TCDD with soil or
activated carbon results in the adsorption of TCDD to the soi
particles, thus reducing the availability of TCDD. Contact timnme of
TCDD with soil seemto influence the availability, probably because
the binding of TCDD to soil particles becomes strengthened (Poiger &

Schl atter, 1980). Studies elucidating the matrix effects of various
soils or activated carbon on the TCDD-responses in several anina
species are sunmmari zed in Table 46.

Poi ger & Schlatter (1980) showed decreasi ng hepatic recovery of
TCDD in rats 1 day after dosing using suspensions of ethanol, soil, or
activated carbon as vehicles. About 50% | ower hepatic retention of
TCDD was obtained in the rat, 6 days after dosing, when M nker stout
site soil was the vehicle as conmpared to corn oil (Lucier et al.
1986). However, in this study hepatic enzyne-induction (AHH and UDPGT)
was simlar in the two vehicle groups.

The bioavailability of TCDD from environmental |y contam nated
soi |l sanples has been studied in young gui nea-pigs after intragastric
adm ni stration (McConnell et al., 1984). G oups of six aninals each
were given soil sanples corresponding to doses of approximtely 1, 3,
or 10 pg TCDD per kg body weight. The doses were based on anal yses of
soil siftings (60-gauge nesh) fromthe Tinmes Beach and M nker Stout
sites, which indicated concentrations of 770 and 880 pg TCDD kg,
respectively. Controls received soil sanples in which no TCDD, PCBs,
or PCDFs were detected. For conparison, pure TCDD in corn oil was
given at either 0, 1, or 3 pg/kg. The observation time was 30 days.
LDsg values calculated in this study were 1.75 pg/kg for TCDD in

corn oil, 7.15 pg/kg for Times Beach soil, and 5.50 pug/kg for the

M nker Stout site soil. An exact percentage for bioavailability was
not calculated in this study, but the TCDD content of the livers of
exposed gui nea-pigs indicated a highly efficient absorption of TCDD
fromsoil.

TCDD in contanminated soil froma 2,4,5-T manufacturing plant and
froma nmetal salvage yard (Newark, New Jersey, USA) had a | ow
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bi oavailability (0.5% and 21.3% respectively) in guinea-pigs (Unbreit
et al., 1985, 1986a). The soils were given as single oral doses in a
10% aqueous suspension in 5% gum acaci a. The bioavailability was
judged by the hepatic concentration of TCDD 60 days after dosing in
gui nea-pigs receiving site soils, decontam nated soil, and
TCDD- r econt ami nat ed soi |

The difference in bioavailability of TCDD from
2,4,5-T-manufacturing site soil in Newark (New Jersey) and from Ti nes
Beach Site soil (M ssouri) when given orally to guinea-pigs was
confirmed by Unbreit et al. (1986b).

Bonaccorsi et al. (1984) gave to rabbits seven daily doses of
TCDD in corn oil, TCDD- contam nated Seveso soil, or recontam nated
soil. Taking the hepatic recovery of TCDD in the corn oil group as
100% "bi oavail ability", the decrease in "bioavailability" of TCDD from
Seveso soil was 68% The decrease in "bioavailability" of
recontami nated soil varied fromO to 44% w th the doses used.

Table 46. Matrix effects of various soils on TCDD-responses, as related to
the estimated bioavailability of TCDD given
orally to different species.

Speci es/ Vehicle/ matri x Dose of
Lethality Hepatic Esti mat ed Ref er ence
Lengt h TCDDF¢
recovery of " bi o-
of
st udy
TCDDe avail ability"
(days)
Rat 50% et hanol 14.7
ng 36. 7f Poi gner &
1 day recontanm nated soil 2 12.7, 22.9
ng 24. 1f Schl atter
recont anmi nated soilP 21.2, 22.7
ng 16. Of (1980)
activated carbon 14.7 ng < 0.07f
Rat corn oil 1.0, 5.0 7.6
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and 40.8 Lucier et al.
6 days M nker Stout site soil 1.1, 5.5 1.8
and 20.3 50% (1986)
Qui nea- corn oil 1, 3 1/6, 6/6
1.6, 13.3 McConnel | et
pig Ti mes Beach site soil 1.3, 3.8, 12.8 0/6, 1/5, 5/5 <
1.0-34.3 Efficient al . (1984)
30 days M nker Stout site soil 1.1, 3.3, 11.0 0/6, 2/6, 6/6 <
1.0-25.7 absorption from
recont am nat ed soi l 10.0
6/ 6 45. 4 soil (85%
QUi nea- corn oil
6 5/8 Urbreit et al.
pig 2,4,5-T-manuf acturing 3, 6, 12 0/8, 0/7, 0/7 0. 09
(high dose) 0.5% (1985, 1986a)
60 days site soil (Newark,
New Jersey, USA).
Met al sal vage yard soil
0.32 0.23 21. 3%
( Newar k)
recont am nat ed soi l 6 6/7 18
Table 46 (contd).
Speci es/ Vehicl e/ matri x Dose of
Lethality Hepatic Esti mat ed Ref er ence
Lengt h TCDDF¢
recovery of " bi o-
of
st udy
TCDD* availability"
(days)
Qui nea- 2,4,5-T-Manuf acturing 3, 5, 10 0/ 18,
1/20, 1/18 Urbreit et al.
pig site
soi l,

( Newar k) (1986b)
60 days Ti mes Beach site soil 1, 3, 10 2/ 19, 2/20, 8/14
recont am nat ed soi l 6 19/ 20

Rabbi t corn oil 20, 40, 80d
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0.26-2.7 Bonaccorsi et

7 days Seveso soil 80, 160d
0.88-2.2 > 32% al . (1984)

recont ani nat ed soil 20, 40, 80d

0.26-1.5 > 66-100%

a Contact tinme = 10-15 h.

b Contact time = 8 days.

c pg/ kg body wei ght, unl ess otherw se stated.

d ng/ kg body wei ght per day.

e pg/ kg liver, unless otherw se stated.

f % of dose.

Consi derably | ower hepatic | evels of PCDDs and PCDFs were
observed in rats fed a diet containing fly ash from muni ci pa
incinerators conpared with those fed a diet containing extracts from
the sane fly ash (van den Berg et al., 1983).

Dietary intake of soot-containing TCDD produced 60% nortality in
mal e and femal e gui nea-pi gs on days 46 and 60, respectively, at which
time the estinmated TCDD consunption was 1.3 ug/ kg body wei ght for
mal es and 1.9 pg/ kg body weight for females (DeCaprio et al., 1983,
see al so section 8.2.3). These data thus suggest a hi gh uptake of TCDD
fromthe soot matrix.

7. EFFECTS OF TCDD AND OTHER PCDDs ON EXPERI MENTAL AN MALS AND
N VITRO TEST SYSTEMsS

7.1 Acute Toxicity
7.1.1 In vivo studies on mammal s

The range of doses required to cause death varies considerably
bet ween species, as well as between strains of species, and with sex,
age, and route of admnistration within a single strain (Table 47).
More than an 8000-fold difference exists between the dose of TCDD
reported to cause 50%lethality to male Hartley guinea-pigs, the nopst
sensitive species tested (Schwetz et al., 1973), and the correspondi ng
dose for nmal e Golden Syrian hansters (Henck et al., 1981). The rat
seens to be the second nost sensitive species, although there is a
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nore than 200-fold variability in LDgg val ues between different

strains. The oral LDsg value was 22 pg TCDD/ kg body weight for nale

Sherman rats (Schwetz et al., 1973), whereas Wal den & Schiller (1985)
found LDsg val ues ranging from 164 to 340 pg TCDD) kg body wei ght

when nmal e Fisher 334 Nrats fromthree different suppliers were
tested. The Han/ Wstar-strain of rat has been denonstrated to be
particularly resistant to TCDD exposure (Pohjanvirta & Tuoni sto,
1986). Anong the five rats per dose group (0, 1500, 2000, 2500, or
3000 ng TCDDY kg body weight) only one aninmal died within the 39-40
days observation peri od.

Monkeys (McConnell et al., 1978a), New Zeal and rabbits (Schwetz
et al., 1973), C57BlI/6 mice (Chapman & Schiller, 1985; Jones & Geig,
1975; McConnell et al., 1978b; Smith et al., 1981; Vos et al., 1974),
DBA/ 2- i ce (Chaprman & Schiller, 1985), and B6D2F1-nice (Chapman &
Schiller, 1985) gave oral LD50 values of 70, 115, 114, 2570, and 296
ng TCDD/ kg body weight, respectively. The difference in sensitivity
towards TCDD anong vari ous strains of mce has been clained to depend
on a genetic variability in the Ah and/or hr-locus (see section
7.8.1).

Mal e Shernman rats were found to be nore sensitive to TCDD than
were females (Schwetz et al., 1973), whereas Beatty et al. (1978)
reported that male Sprague Dawl ey rats were nore resistant to TCDD
than were females. Smith et al. (1981) found adult fenmale C57BL/10
mce to be nore resistant to TCDD than adult mnales of the sane strain.
No differences in sensitivity to TCDD bet ween sexes were recorded for
gui nea-pi gs (McConnell et al., 1978b; Silkworth et al., 1982) or
hansters (O son et al., 1980b). Thus data on sex differences in
sensitivity to lethal effects of TCDD are conflicting.

Data on the effect of age at exposure to TCDD on the sensitivity
of acute response are scarce, and conpari sons are hanpered by the
absence of information, or inconplete information, on the age and/or
body weight of the tested animals. However, Beatty et al. (1978) found

that weanling nmal e Sprague Dawl ey rats were nore sensitive to TCDD
than were adult males. A dose of 25 pug TCDD/ kg body wei ght caused,
after 35 days, a cunulative lethality of 62%in weanling Sprague
Dawl ey rats and 25%in young adults (Christian et al., 1986a). Wen
weanling and mature adults were exposed to a simlar toxic dose of
TCDD (LD62 and LD60, respectively), onset of death occurred 9 days
later in the adults (Christian et al., 1986a).

Schwetz et al. (1973) found LD50 values in rabbits of 115 pg
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TCDD/ kg body wei ght after oral exposure, as conpared to 275 pg TCDD kg
body wei ght after dermal exposure. C57BlI/6-nmce seemto be nore
sensitive to ip admnistration of TCDD (Gasiewicz et al., 1983b) than
to oral administration (MConnell et al., 1978b). The LDsg value in

gui nea-pi gs was increased from 2.5 pg/ kg body weight to 19 pg/ kg body
wei ght when the vehicle for the oral administration of TCDD was

changed fromcorn oil to nethyl cellulose (Silkworth et al., 1982).
Unrbreit et al. (1985) compared nortality, and time to death, ampng
gui nea-pi gs given single oral doses of TCDD in corn oil, TCDD in a
suspensi on of cleaned soil, froman industrial site, or
TCDD- cont ami nated soil fromthe sane industrial site. Aninmals treated
with corn oil, cleaned soil and contami nated site soil survived the

60-day study without any sign of TCDD intoxication. Among ani mals that
received 6 ug TCDD/ kg body weight either in corn oil or mxed with

cl eaned soil, only 3/8 and 1/7 survived, respectively. Deaths occurred
between days 9 to 31 and 15 to 25, respectively. These results are
different fromthose reported by McConnell et al. (1984) where
TCDD-contam nated soils from Ti mes Beach and M nker Stout were highly
toxic to guinea-pigs. LD50 values calculated in this study were 1.75
pg/ kg for TCDD in corn oil, 7.15 pg/kg for TCDD in Times Beach soil
and 5.50 pg/ kg for TCDD in M nker Stout site soil. The M nker Stout
site soil was also potent in inducing AHH activity in femal e Sprague
Dawl ey rats. The different results nay be due to the vehicle used
and/or to the presence of other substances in the soils that my
potentiate or retard the TCDD-i nduced toxicity (Unbreit et al.

1986a). In section 6.4, the results from MConnell et al. (1984) and
Urbreit et al. (1985, 1986a) are further discussed fromthe viewpoint
of the "bioavailability" of TCDD in soils (Table 46).

Despite simlar routes and vehicles for the adm nistration of
TCDD to CGol den Syrian hamsters, LDgy val ues varied between 1157

png/ kg body weight (O son et al., 1980b) and 5051 pg/ kg body wei ght
(Henck et al., 1981). A possible explanation for this difference could
be the spontaneous occurrence of ileitis observed in the forner study,
whi ch m ght have increased the susceptibility of those hansters to
TCDD toxicity.

Table 47. Single lethal dose val ues for TCDD?

Speci es/ strain Sex/ No/ Age/ wei ght Rout e/ vehi cl e
Dose Dur ati on of LDsg Tinme to
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(Reference) gr oup
tested observati on (mna/ kg) death
(ug/
kg) (days)
Rat s
Porton F/ 5-12 8-9 weeks/ or al / DMSO 0
90 days NR 40
170-200 g 30
(Geig et al., 48
1973) 75
120
190
300
Porton F/ 6 9-10 weeks/ oral /arachis 0
90 days NR 40
170-200 g oi | 126
(Geig et al., 199
1973) 315
500
Sher man M 5-10 NR oral /corn oil 8
2-8 weeks 22 9- 27
acetone (9:1) 16
(Schwetz et al., 32
1973) 63
Sher man F/ NR NR oral/corn oil NR
2-8 weeks 45 13-43
acetone(9: 1)
(Schwetz et al.
1973)
Tabl e 47 (contd).
Speci es/ strain Sex/ No/ Age/ wei ght Rout e/ vehi cl e
Dose Duration of LDso Tinme to
(Ref erence) group
tested observati on (ng/ kg) death
(ug/
kg) (days)
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Rats (contd)

Spr ague M 6
doses 20 60
Dawl ey
(Beatty et al.
1978)
Spr ague F/ 6
doses 20 60
Dawl ey
(Beatty et al.
1978)
Spr ague M 6
doses 20 25
Dawl ey
(Beatty et al.
1978)
Fi sher 334N M 7
30 days 340P 28b
g 75
(wal den
&
150 164d
Shiller, 1985)
CD M 7
30 days 297d 25d
(Wl den &

Shiller, 1985)

adul t/ NR
NR

adul t/ NR
NR

25 days/ NR
NR

11- 12 weeks/

230- 280

25d

10- 11 weeks/

350-370 g

i p/olive oi

i p/olive oi

i p/olive oi

oral /corn oi

303¢

oral/corn oi

20- 80

10- 60

5-50

26¢

225
275
325
375

75
150
225
275
325
375

60

Table 47 (contd).
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Speci es/strain Sex/ No/ Age/ wei ght Rout e/ vehi cl e
Dose Dur ati on of LDsg Time to
(Ref erence) group
tested observati on (pna/ kg) death
(ng/
kg) (days)
Rats (contd)
Han/ W st ar M 5 NR/ 300- 350 oral/corn oil 1500
39-40 days > 3000 NR
2000
(Pohjanvirta 2500
& Tuomni st o, 3000
1986)
M ce
C57BL/ 6 M 14 3 nont hs/ oral /corn oil 0
2 nont hs 114 15- 30
23.6-30.8 g acetone (6:1) 100
(Vos et al., 1974) 150
200
C57BL/ 6 M NR 7-15 weeks/ oral /arachi s NR
35 days 126 21+1.6
14-30 g oi |
(Jones & Geig,
1975)
C57BL/ 6 M 8 9 weeks/ oral /corn oil NR
30 days 284 22-25
21-25 ¢
(McConnel | et al.
1978b)
C57BL/ 6J M NR NR i p/olive oil NR
30 days 132 NR

(Gasiewicz et al.,
1983hd)

Table 47 (contd).
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Speci es/ strain Sex/ No/ Age/ wei ght Rout e/ vehi cl e
Dose Dur ati on of LDsg Tine to
(Ref erence) group
tested observati on (ng/ kg) deat h
(Hg/
kg) (days)
M ce (contd)
C57BL/ 6J M 10- 15 10- 12 weeks/ oral/corn oil 95
30 days 182 24
22-32 ¢ 145
(Chapnman & 190
Schil l er, 1985) 285
C57BL/ 10 M 5 42-121 days/ NR oral /arachis 85
45 days 146 22-38
oi | 107
(Smth et al., 135
1981) 170
213
C57BL/ 10 F/'5 42-121 days/ NR oral /arachis 85
45 days > 450 22-38
oi | 107
(Smth et al., 135
1981) 170
213
269
338
426
536
DBA/ 2] M NR NR i p/olive oil NR
30 days 620 NR
(Gasiewicz et al.
1983he)
DBA/ 2] M 10- 15 10- 12 weeks/ oral/corn oil 1370
30 days 2570 21
22-32 ¢ 1870
(Chapman & 2610
Schil | er, 1985) 3500
4470
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Tabl e 47 (contd).

Speci es/ strain Sex/ No/ Age/ wei ght Rout e/ vehi cl e
Dose Dur ati on of LDsg Time to
(Ref erence) group
tested observation (ng/ kg) deat h
(mg/
kg) (days)
M ce (contd)
B6D2F,/ J M NR NR i p/olive oil NR
30 days 300 NR
(Gasiewicz et al.,
1983¢€
B6D2F,J M 10- 15 10- 12 weeks/ oral/corn oil 170
30 days 296 25
22-32 ¢ 220
(Chapman & 265
Schiller, 1985) 325
425
450
QUi nea- pi gs
Hartl ey M NR NR oral/corn oil NR
2-8 weeks 0.6 5-34
(Schwetz et al.
1973)
Hart | ey M NR NR oral /corn oil NR
2-8 weeks 2.1 9-42
acetone (9:1)
(Schwetz et al.
1973)
Hart | ey M 6 3-4 weeks/ oral /corn oil NR
30 days 2 17-20
200- 250 ¢
(McConnel | et al.
1978b)
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Tabl e 47 (contd).

Speci es/ strain Sex/ No/ Age/ wei ght Rout e/ vehi cl e
Dose Dur ati on of LDsg Time to
(Ref erence) gr oup
tested observati on (na/ kg) deat h
(mg/
kg) (days)
QUi nea-pi gs (contd)
Hartl ey F/ 6 NR/ 500- 600 g oral /corn oil 0.1
42 days 2.5 32-42
0.5
(Silkworth et al., 2.5
1982) 12.5
20.0
Hartl ey F/ 6 NR/ 500- 600 g oral / met hyl - 0.1
42 days 19 12-42
cel l ul ose 0.5
(Silkworth et al., 2.5
1982) 12.5
20.0
Rabbi t s
New Zeal and M F/ NR NR oral/corn oil NR
2-8 weeks 115 6- 39
acetone (9:1)
(Schwetz et al.
1973)
New Zeal and M F/ NR NR der mal / acet one 31.6
3 weeks 275 12-22
63
(Schwetz et al., 126
1973) 252
500
New Zeal and M F/ 5 NR i p/corn oil 31.6
4 weeks NR 6-23
63

http://www.inchem.org/documents/ehc/ehc/ehc88.htm (133 of 419) [16/11/2009 3:00:16 AM]



Polychlorinated dibenzo-p-dioxins and dibenzofurans (EHC 88, 1989)

(Schwetz et al., 126
1973) 252
500
Tabl e 47 (contd).
Speci es/strain Sex/ No/ Age/ wei ght Rout e/ vehi cl e
Dose Dur ation of LDsg Time to
(Ref erence) group
tested observation (ng/ kg) deat h
(ng/
kg) (days)
Hanst er s
CGol den Syri an M 5-6 NR/ 50- 80 g i p/olive oil 0
50 days > 3000
500
(Ad'son et al., 1000
1980b) 2000
3000
Gol den Syri an F/'5 NR/ 50-80 g i p/olive oil 0
50 days > 3000 14- 32
500
(Ason et al., 1000
1980b) 2000
3000
Gol den Syri an M5 NR/ 50- 80 ¢ oral/olive oil 500
50 days 1157 2-47
1000
(Ad'son et al., 2000
1980P) 3000
Gol den Syri an M 6 NR/ 70- 120 ¢ oral /corn oil 0
55 days 5051 9-43
acetone (9:1) 300
(Henck et al., 600
1981) 1000
3000
6000
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Tabl e 47 (contd).

Speci es/strain Sex/ No/ Age/ wei ght Rout e/ vehi cl e
Dose Dur ati on of LDsg Time to
(Ref erence) gr oup
tested observation (ng/ kg) deat h
(ng/
kg) (days)
Monkeys
Macaca F/ 3 juvenil e/ oral /corn oil 0
47 days < 70 14- 34
nmul atta 2.1-2.6 kg 70
350
(McConnel |l et al.,
19782)
Dogs
Beagl e M 2 NR oral/corn oil 300
2-8 weeks NA 9- 15
acetone (9:1) 3000
(Schwetz et al.,
1973)
Beagl e F/ 2 NR oral /corn oil 30
2-8 weeks NA al |
acet one
(9:1) 100 ani mal s
(Schwet z
et
al . , sur -
1973) vi ved
Chi ckens
Leghorn NR 4-6 weeks/NR oral/NR
NR NR 25-50 12-21
(Gieg et al.,
1973)
a M= nmale, F = female, NR = not reported, NA = not applicable, ip

= intraperitoneal, DVMSO = di net hyl sulfoxide.
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b suppl i ed by Harlan

c suppl i ed by Frederick.

d supplied by Charles River.

e based on unpublished studies by Gasiewicz et al., 1983.

TCDD affects a variety of organ systens in different species. The
organ primarily affected in rodents and rabbits is the liver. In
gui nea- pi gs atrophy of the thynmus and | ynphatic tissues seens to be
the main effect, while dermal effects are prom nent signs in non-human
primates. Generally it is not possible to specify a single organ whose
dysfunction is responsible for death. Overall, TCDD seens to have a
predil ection for causing pathol ogi cal changes in epithelial tissues,
both cutaneous and internal. This is particularly apparent in
non- human prinmates (Macaca nulatta), and is note-worthy that the
lesions mmnmc to some degree the effects in human beings. The
hi st opat hol ogi cal alterations in tissues include hyperplastic and/or
net apl astic alterations as well as hypoplastic responses. The toxic
responses of various species to TCDD are summarized in Tabl e 48,
adapted from Pol and & Knutson (1982). In all aninmal species studied,
death occurred after a tinme | apse ranging fromseveral days to nore
than one nonth after exposure. The delay was dependent on dose but not
on species (Table 48). Progressive | oss of body weight was a
characteristic sign observed in animals given a | ethal dose of TCDD
The wei ght | oss becane nmanifest usually within a few days after
exposure and resulted in a substantial reduction of the adi pose tissue
observed at autopsy. At sublethal doses of TCDD a dose-dependent
decrease in body weight gain occurred. This TCDD i nduced wasti ng
syndronme has been thoroughly investigated in several studies discussed
nore fully in section 7.4.1.

The greatest difference between species at necropsy, both in
gross and hi stol ogi cal effects, concerns pathological alterations in
the liver. As discussed in detail in section 7.4.2, a dose of TCDD
| ethal to guinea-pigs did not result in |iver danage conparable to the
l'iver lesions described in rabbits and rats or to |iver changes
observed in mce dying after doses higher than those needed to cause
death in these species. In the hanster, frank liver |esions do not
occur even after fatal doses.

Chloracne-li ke |l esions can be induced by topical application
and/ or system c adm nistration of TCDD in rabbits, non-human pri nmates,
and hairless mice. These |esions are further discussed in section
7.4.4.
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Severe thymus atrophy was al so found at autopsy in all aninal
speci es given | ethal doses of TCDD. Histol ogical exam nations reveal ed
| ymphoi d cell depletion in thymus cortex, spleen, and | ynph nodes.
These consistent findings in TCDD poisoning will be discussed in
detail in section 7.4.5 together with the other |ynphoid
tissue-rel ated effects.

Tabl e 48. Specific differences in toxic responses follow ng exposure to

2,3,7,8-TCDD?, b

Monkey Qui nea- Cowe

Rat Mouse Rabbi t ¢ Chi cken¢ Hanst er
pi g
Hyperpl asi a and/ or net apl asi a
Gastric mucosa ++ 0 +
0 0 0
I nt estinal
nmucosa
+ ++
Uinary tract ++ ++ ++ 0
Bil e duct and/or gall bl adder ++ 0 +
++ 0
Lung: focal alveolar ++
Skin ++ 0 +d
0 0 ++ 0
Hypopl asi a, atrophy, or necrosis
Thyrus + + +
+ + + +
Bone marrow +
+ + +
Testicle + + +
O her responses
Li ver | esions + + +
+ + ++ + +
Por phyri a 0 0 +
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++ + 0

Cedema + 0
0 + ++ +

a Ref erences: nonkey (Norback & Allen, 1973; Allen et al., 1977; MConnel

et al., 1978a), guinea-pig (MConnel

et al., 1978b; Moore et al., 1979; MConnell, 1980; Turner &
Collins, 1983), cow (MConnell, 1980), rat (Kociba et

al ., 1978; Kociba et al., 1979a; MConnell, 1980), nouse (Vos et al.
1973; Schwetz et al., 1973; MConnell et al.

1978b), rabbit (Vos & Beens, 1971; Schwetz et al., 1973), chicken (Al len
& Lalich, 1962; Vos & Koenan, 1970;

Nor back & Allen, 1973; Schwetz et al., 1973), hanster (O son et al.
1980b; Henck et al., 1981).

b Synbols: 0 = | esion not observed, + = | esion observed (nunber of "+"
denote severity), = = | esion observed to
a very linmted extent, blank = no evidence reported in literature.
c Responses fol |l owed exposure to 2,3,7,8-TCDD or structurally
related chlorinated aromati c hydrocarbons.
d Skin lesions in cattle have been observed, but they differ fromthe

skin | esions observed in other species.

There are al so substantial interspecies differences in the
ef fects observed in other organs of aninmals given | ethal doses of
TCDD. Icterus was reported in rats (Buu-Hoi et al., 1972a; Cupta et
al ., 1973), hepatic porphyria occurred in mce and rats (see section
7.4.3), and ascites w th subcutaneous oedema and hydrot horax appeared
in mce (Jones & Greig, 1975; Vos et al., 1974) and nonkeys (Al len et
al ., 1977). The accumul ation of serous fluid in the pericardial sac
occurred in chickens after a single | ethal dose of TCDD (see section
7.1.4). Haenorrhages were frequently observed in many organs foll ow ng

| ethal doses in nonkeys (Allen et al., 1977), rats, and gui nea-pigs
(CQupta et al., 1973). In mce, death was frequently attributed to
term nal haenorrhages (Vos et al., 1974).

When admini stered in doses sufficient to cause overt toxicity,
TCDD causes testicular atrophy and degenerati on characterized by

reduced spermatogenic activity in mce (MConnell et al., 1978b), rats
(Kociba et al., 1976; Van Mller et al., 1977), and gui nea-pigs
(McConnell et al., 1978b). The sane synptons were present in nonkeys

fed dioxin-containing toxic fat (Allen & Carstens, 1967; Norback &
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Al len, 1973). The decreases in nale sex organ weights (senina

vesi cles, ventral prostate, testes, and caput epididynms) were

dose- dependent. ED50 val ues were around 15 ng TCDD/ kg body wei ght in
Sprague Dawl ey rats 7 days after TCDD-treatnent when conpared to
pair-fed control rats (More et al., 1985). Shrunken, hyperchromatic
nuclei in the two | ayers of sem niferous tubules closest to the
baserment menbrane were observed in testes of young Sprague Dawl ey rats
90 h after a single ip dose of 5 ng TCDD/ kg body weight (Mttler et
al ., 1984). Epididynal |esions (Khera & Ruddick, 1973) and decreased
anounts of secretory material within the accessory sex gl ands (Kociba
et al., 1976) have been reported in TCDD-treated rats. Reduced
prostate wei ghts, both absolute and relative, were found in Han/ W st ar
rats at non-lethal doses of TCDD (Pohjanvirta & Tuom sto, 1986).

Reduced rel ative uterine weight, acconpanied by decreased nucosa,
stroma, and gl ands, occurred in young C57Bl/6 mice dosed with 6 pg
TCDDY kg body weight three tines a week for 1 nonth, but there was no
effect on the ovaries (Gallo et al., 1986). TCDD had no effect on the
uterine weight in 25 day-old Long Evans rats 2 - 10 days after
treatment with single ip doses of 20 or 80 pg/ kg body wei ght (Ronkes
et al., 1987). However, the increase in uterine weight induced by
estradi ol treatnent was counteracted by sinultaneous TCDD-treat nent.

Proliferative lesions of the gastrointestinal tract have been
found primarily in non-human primates (Al len et al., 1977; MConnel
et al., 1978a) whereas proliferative changes of the transitiona
epitheliumin the urinary tract have been found in both gui nea-pigs
(CQupta et al., 1973; MConnell et al., 1978b) and nonkeys (Norback &
Allen, 1973).

Reduced or unaffected spleen weight and slight to noderate | oss
of |ynphocytes from spleen germ nal centers have been common fi ndi ngs
in [aboratory animals exposed to sublethal to | ethal doses of TCDD
(Gasiewicz et al., 1980; Geig et al., 1973; Kociba et al., 1978
McConnel |l et al., 1978a; O son et al., 1980b; Vos et al., 1973, 1974).
Spleen cellularity in C57BL/6 mice was decreased 14 and 21 days after
treatment with 30 pg TCDD kg body wei ght (Chastain & Pazdernik, 1985),
but not in B6C3Fl1 or DBA/2 mice 7 days after oral doses of up to 10 pug
TCDD kg body wei ght (Luster et al., 1984).

The thyroid weight, both absolute and relative to body wei ght, of
the rat has been found to be increased by TCDD treatnent (Bastonsky,
1977; Potter et al., 1983, 1986b). Degenerative changes in the
epithelial cells of the thyroid gland were observed in rats after 31
daily oral doses of 1 pg TCDD/ kg body weight (CGupta et al., 1973) and
7 days after a single ip dose of 150 pg TCDD kg body wei ght (Rozman et
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al., 1986). However, Potter et al., (1986b) found no consistent
changes in follicle size or colloid content, variation in follicle
size, height of follicular epithelium or resorption of colloid at the
peri phery of follicles in rats one week after an oral dose of TCDD in
the range 6.25 to 100 pg/ kg body wei ght.

H st ol ogi cal changes in the pancreas and in the interscapul ar
brown adi pose tissue have been found in Sprague Dawl ey rats exposed to
single ip doses of 150 pg TCDD/ kg body wei ght (Rozman et al., 1986).

Lesi ons of the adrenal gl ands have been observed in nice and
gui nea-pigs treated with (Gupta et al., 1973; MConnell et al.
1978b) .

Acute exposure to | ethal doses of TCDD has produced ni nor
haemat ol ogi cal alterations in all species studied. Anaenm a was not

observed in nmice or guinea-pigs (Zinkl et al., 1973), but a noderate
anaem a and | eukocytosis occurred in rats (Buu-Hoi et al., 1972a) and
nonkeys (McConnell et al., 1978a). On the contrary, haenoconcentration

was observed in rats after exposure to a sonewhat |ower but stil

| et hal dose of TCDD (Greig et al., 1973; Zinkl et al., 1973).

Thr onbocyt openi a and clotting abnormalities were observed in rats
after acute exposure to lethal levels of TCDD (Wi ssberg & Zinkl
1973). Hypocellularity of the bone marrow was found in gui nea-pigs
(McConnell et al., 1978b), rhesus nobnkeys (Allen et al., 1977,
McConnel |l et al., 1978a), and mice (MConnell et al., 1978b). However,
in these studi es decreased bone marrow cellularity, as judged by

hi st ol ogi cal exam nation, appeared only at doses high enough to cause
severe toxicity in the experinmental aninmals. Mre recent studies
(Chastain & Pazderni k, 1985; Luster et al., 1980, 1985) have
denonstrated that collection and enunmerati on of bone marrow cells in
suspensi on provides a nore sensitive and quantitative nmethod than

hi st ol ogi cal preparation for assessing bone marrow cellularity.

Decreased bone marrow cellularity was found in adult nmale C57BlI /6 m ce
3 days after exposure to 120 pg TCDD/ kg body wei ght (Chastain &
Pazderni k, 1985), and in female B6C3F1 mice 5 days after exposure to
10 pg TCDD kg body wei ght (Luster et al., 1985), but not in female
DBA/ 2 mice, even at a dose of 50 pug TCDD/ kg body wei ght (Luster et

al ., 1985). The myel otoxic potential of TCDD is described in section
7.4.6.

Changes in clinical chem stry, including serumenzyne activities,
serum protein concentrations, and lipid | evels, observed in animals
after acute exposure to TCDD, primarily reflect damage to other organ
systens, mainly the liver (MConnell et al., 1978a; MConnell & Moore,
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1979; A son et al., 1980b). Liver-related enzyne activities in serum
are affected in those animal species where |iver damage i s a prom nent
sign of TCDD toxicity. In those animal species where hepatotoxicity is
not as apparent, such as nonkeys and gui nea-pigs, these enzyne
activities are essentially normal. Also the TCDD-rel ated decrease in
serum al bunmin seens to be secondary to the hepatotoxic effect, since
the decrease is |l ess evident or non-existent in those animals that
show little liver danmage. Generally serumtriglycerides and free fatty
acid levels are increased after TCDD exposure, while that of serum
chol esterol is decreased. However, marked species differences exi st
and again these effects seemto be secondary to liver damage. For
further details on hyperlipidaem a, see section 7.4.7.

I ndi cators of renal damage such as bl ood urea nitrogen
creatinine, and bl ood electrolytes are usually within normal limts
after TCDD exposure.

In view of the interspecies differences in the organ distribution
of TCDD and the variability in the effects on various organs in the
different species, the effects of TCDD in non-hunman prinmates are of
particular interest. Nine female juvenile rhesus nonkeys (Macaca
nul atta) were divided into three groups of three and given TCDD in
a single oral dose of 0, 70, or 350 pg per kg/body wei ght (MConnel
et al., 1978a). The first indication of a toxic effect of TCDD, at day
3, was weight |oss, followed by periorbital oedema, conjunctivitis,
and thickening of the Meibom an gl ands on day 12. Subsequently, the
eye lashes, facial hair, and toe and finger nails were | ost. Mnkeys
gi ven the hi ghest dose showed a noderate absol ute |ynphopenia and
t hronbocyt openi a. Serum chol esterol |evels dropped, while the serum
triglyceride | evels increased. Al kaline phosphatase and total
bilirubin were normal, but glutam c oxalic transanm nase and al dol ase
were increased. A decrease in the albunmin fraction of the total serum
protein was noticed. The three nonkeys given TCDD in a dose of 350
png/ kg body wei ght died or becane nori bund between days 28 and 34 after
adm nistration. One of the nonkeys given TCDD in a dose of 70 pg/kg
body wei ght died 14 days after administration. At autopsy body fat was
al nost conpl etely absent in all treated nmonkeys. Ascites was noticed

in two aninmals and all nonkeys had markedly di stended and thickened
bile ducts and gall-bl adders. Small focal ulcerated areas in the
fundus of the stomach were observed in two nonkeys. M croscopic

exam nati on showed that the Meibom an glands were dilated and filled
wi th keratinaceous debris. Squanous netapl asia of the gl andul ar
portion, with atrophy of sebaceous cells, was present. Cccasiona
scattered necrotic hepatocytes were noted in the liver on microscopic
exam nation. The gastric ulcers that were found extended into the
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[ ami na propri a.

Schwetz et al. (1973) reported that no signs of toxicity were
observed in four male nice and two female rats given single oral doses
of respectively 2 and 1 g 2, 7-di CDD/ kg body wei ght (purity
99.6-99.8% . For octaCDD (purity 98.86%, oral doses of 1 g/kg body
weight to five fenmale rats and 4 g/ kg body weight to four male m ce
did not cause any toxic synptons. A sanple containing two different
i soners of hexaCDD (purity > 99% 89:11) killed 1 of 2 and 0 of 2
mal e rats when given as single oral doses of 100 and 10 ng,
respectively. The only toxic sign observed anong these rats was | o0ss
of body weight. These studies lasted for 2 to 8 weeks.

The toxicities of single oral doses of nine PCDDs, including
TCDD, in C57BL/6J mce and Hartl ey gui nea-pi gs were conpared by
McConnel | et al. (1978b) (Table 49). The purity of the various isoners
tested exceeded 97% Groups of eight male nice and of six male
gui nea-pi gs were used for each dose of any of the tested conpounds,
and the animals were followed for 30 days after administration. The
toxic effects observed after administration of the different PCDDs
were simlar, the only difference anong the congeners being the amount
needed to produce a given effect. Progressive decrease of body weight,
nore pronounced in guinea-pigs than in mce, was observed after a
| et hal dose of any of the congeners tested. Marked reduction in
deposi ted adi pose tissue deposits was a constant finding in animals
given a lethal dose of any of the PCDDs. Reduction of nuscle nmass and
severe dehydration were observed i n guinea-pigs, and ascites,
subcut aneous oedema, and hydrothorax in sonme of the treated nice.
Decrease of thymus wei ght was a constant finding in both species,
bei ng nore pronounced in mice and in the guinea-pigs that died.

Hi st ol ogi cal exami nation of the thynus of the guinea-pigs that died as
early as 5 days after administration of PCDDs reveal ed scattered
necrosis of |ynphocytes throughout the cortex, with conconitant
phagocyt osi s by nacrophages. This was even nore apparent in animals
that died 14 days after administration, in which a noticeable decrease
in the thickness of the cortex was observed. In the aninals that had
died by day 20 it was difficult to differentiate the cortex fromthe
medul la, but little evidence of necrosis was present.

Tabl e 49. Estinated single oral LDgy values for some PCDDs2

Chl orination GQui nea- pi gs M ce
of PCDDs (mg/ kg) P (ng/ kg) P
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2,8 > 300 000 NR

2,3, 7 29 444 > 3000
2,3,7,8 2 284
1,2,3,7,8 3 338
1,2,4,7,8 1125 > 5000
1,2,3,4,7,8 73 825
1,2,3,6,7,8 70- 100¢ 1250
1,2,3,7,8,9 60- 100¢ > 440
1,2,3,4,6,7,8 > 600 NR

a From MConnell et al. (1978b).

b Spear man- Kar ber net hod.

c Estimated range due to variability in replicates.

NR = not reported.

I n gui nea-pigs that survived 30 days after a |l ethal dose of any
of the congeners, the thynus was reduced to one-fourth of its size in
controls. However, thynus histology at this tinme was often
conmparatively normal. A reduction of the lynphoid follicles in the
spl een and of the Peyer's patches in the intestine was observed with
| ess conspi cuous necrosis, which again was not evident in the 30-day
survivors. Striking hypocellularity was found in the sternal bone
marrow i n the guinea-pigs that died, but was |ess obvious in
survivors. Simlar thymc and splenic changes were found in nice
However, bone marrow atrophy occurred only rarely in this species and
then it was | ess pronounced than in guinea-pigs. In the guinea-pigs
that died, and occasionally in survivors, a marked hyperpl asia of the
renal pelvis was observed, invariably extending into the ureter and at
times involving the urinary bladder nucosa. Gastrointestina
haenorrhages and occasi onal mcroscopic dilatation of crypts in the
gl andul ar portion of the gastric nucosa were observed in dead
PCDD-treated ani mal s of both species. Retro-orbital haenorrhages with
exopht hal mus and haenorrhages with detachment of the retina were seen
in mce that died after a | ethal dose of any of the congeners tested.
Adr enal haenorrhages and noderate atrophy of the zona gl onerul osa were
seen in gui nea-pigs that died. These changes were not observed in nice
or in surviving guinea-pigs. In guinea-pigs, primarily in aninmals that
died during the observation period, changes in the spermatogenic
epi thelium were observed, with testicular tubules containing only
spermat ogoni a and Sertoli cells in severely affected ani mals. Reduced
sper mat ogenesi s, necrotic spermatocytes, and spermatozoa within the

 umen of the testicular tubules and in the epididyms, and
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mul ti-nucl eated giant cells within the sem niferous tubules, were
found in the mice that died but not in those that survived. On the

ot her hand, liver |esions were observed with the sane frequency and
degree of involvenment in all the mce given the sane dose, whether
they died or survived. Mnimal liver changes were detected in

gui nea- pi gs, changes largely confined to central congestion with
occasi onal degeneration of hepatocytes in dead ani mals. Fluorescence,
as an indication of porphyria, was found only in mce, particularly in
the liver but also in the incisors, cranial bones, costochondral
junction, and stifle joint. It was dose related and detectabl e at
doses several tines |ess than the LDgg.

Haenol ysi s and hyperprotei naemi a were found in dying ani mals of
both species. In mice surviving 30 days, but not in guinea-pigs, the
bl ood a-globulin level was decreased, with a resultant increase in the
al bumi n/ gl obulin rati o.

Wth all PCDDs for which it was possible to establish an LD50
values were in the range 10 to 100 tinmes |ower in guinea-pigs than in
nmce. To produce the greatest toxicity the lateral positions 2, 3,7,
and 8 nmust be fully chlorinated. Wth 2,3,7-tri CDD or 2,8-di CDD t he
LDsg values were in the range 1000 to 100 000 tinmes higher than with

TCDD. The addition of a chlorine atomat an ortho-position, e.g.
1,2,3,7,8-pentaCDD, resulted in only a mnor reduction of toxicity. An
addi ti onal chlorine atom further reduced the toxic potency but the
LDsq values of 1,2,3,4,7,8-hexaCDD and 1, 2, 3, 6, 7, 8- hexaCDD r enai ned

conparatively low. The toxicity of 1,2,3,4,6,7,8-heptaCDD was furt her
reduced. A reduction in the rate of weight gain was observable in

gui nea- pi gs gi ven doses of this conpound exceedi ng 200 pg/ kg body

wei ght. However, no deaths were observed during the experinent even at
doses as high as 600 pg/ kg body wei ght.

The acute oral toxicities of soot and benzene extracts of soot,
contai ning PCDDs and PCDFs froma fire in a PCB-containing transfornmer
(Bi nghamt on, New York, USA) were deternmined to be 410 ng/ kg body
wei ght and 327 ng equival ents/ kg body weight, respectively, in female
Hartl ey guinea-pigs (Silkwrth et al., 1982). The observation period
was 42 days. The test substances were given in 0.75% aqueous net hyl
cellul ose and the doses used were 250, 500, 750, 1000, and 1250 ngy
soot/ kg body wei ght and benzene extracts corresponding to 4, 20, 100,
500, and 1000 ng soot/ kg body weight. An extensive investigation
i ncl udi ng pat hol ogy, haematol ogy, and serum chemi stry alterations, in
groups of six male and fermale Hartl ey gui nea-pigs, 42 days after
single oral doses of 1, 10, 100, or 500 ng Bi nghanton soot/kg body
wei ght in 0.75% nmethyl cellul ose, was reported by Silkworth et al

http://www.inchem.org/documents/ehc/ehc/ehc88.htm (144 of 419) [16/11/2009 3:00:16 AM]



Polychlorinated dibenzo-p-dioxins and dibenzofurans (EHC 88, 1989)

(1982). Control animals received 500 ng activated carbon/ kg body
weight in the same vehicle. No treatnent-related differences were
observed at 1 and 10 ng soot/kg body wei ght. Decreased body wei ght
gain occurred in both sexes at 100 and 500 ng/ kg, and decreased thynus
wei ght occurred at 500 ng/ kg for males and at 100 and 500 ng/ kg for

femal es. The ki dney wei ght was decreased only in males at 100 and 500
ng/ kg. There were no treatnment-related alterations in haematol ogi ca
val ues. Mal e gui nea-pigs had significantly increased serum
triglyceride levels at 100 and 500 ng/ kg and femal es at 500 ng/ kg
only. Elevated aspartate anino transferase (at 100 and 500 ngy/kg) and
decreased Y-glutanyltransferase (at 500 ng/ kg) were observed in the
serum of fenmal e gui nea-pigs. The only clearly dose-rel ated

m croscopi cal findings in soot-exposed gui nea-pigs were netapl asia of
salivary gland interlobul ar duct epitheliumand gobl et cel
hyper pl asi a of pancreatic interlobular ducts. These |esions occurred
only in males at doses of 100 or 500 ng soot/kg body wei ght.

M croscopi c | esions, which tended to be nore frequent and/or severe in
treatment groups than in controls, included bile duct hyperplasia,
hepat ocel | ul ar cytopl asm ¢ inclusions, vacuol ation of the adrena
cortex, and focal lacriml adenitis.

7.1.2 In vitro studies on mammali an cells

Over 30 cell types, including primary cultures and cells from
established and transforned cell |ines derived fromvarious tissues of
at | east six animal species, have been exami ned for their response to
TCDD (Beatty et al., 1975; Knutson & Pol and, 1980a; Niwa et al., 1975;
Yang et al., 1983). The effects studied were viability, growh rate,
and norphol ogical alterations. No toxic effects were observed except
in one rat hepatoma cell line in which Nwa et al. (1975) reported
decreased viability after exposure for 72 h to TCDD at a concentration
of 300 nnol/litre. This concentration is high when conpared to the
LDsg in rats and mce. No effect on these cells was observable at 30

nnol /litre.

The bi ocheni cal responses found in primary hepatocytes fromrats
exposed to 10 pg TCDD/ kg body weight in vivo was not present when
t he hepatocytes were exposed in vitro to TCDD at 50, 100, or 200
nmol/litre for 48 h (Yang et al., 1983a).

7.1.3 Studies on birds

Chi ck oedema di sease first gained attention in the United States
in 1957. An extensive outbreak anpbng chi ckens occurred in that year in
Georgia (Firestone, 1973; Sanger et al., 1958; Sinmpson et al., 1959).
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The cause of the disease was traced to the presence in the feed of
toxi c conponents later identified as chlorinated di benzo-p-di oxins.
TCDD was identified as one of the isomers in the nmixture of

chl ori nated di benzo-p-di oxi ns capabl e of produci ng chi ck oederma
(Flick et al., 1973).

dinical signs of chick oedema di sease consi st of dyspnea,
reduced body wei ght gain, stunted growth, subcutaneous oedemm, pallor
and sudden death. In young chickens gasping was the first noticeable
sign, followed by a waddling gait. Gross inspection of the birds at
aut opsy reveal ed an increased anount of fluid in the pericardial sac

and pale livers with a nottled and irregular granular surface. In
advanced stages the chickens devel oped a di stended abdonen filled with
fluid. Endotheliosis of the vascular system was observed at

m croscopi ¢ exani nation, as well as pronounced proliferation of the
endot hel i um of the glonerular capillaries and necrosis of the liver
cells. Diseased chickens devel oped pul nonary oedena and perivascul ar

| ynphocyte infiltration, as well as oedema of the cardiac nuscle with
interstitial |lynmphocytic infiltration (Allen, 1964; Allen & Lalich,
1962, McCune et al., 1962; Sinpson et al., 1959).

Experinental Iy, chick oedema has been produced with a single dose
of 25 to 50 pug TCDD kg body weight (Geig et al., 1973). Wen mni xtures
of tri- and tetraCDDs were fed at dietary concentrations of 0.01
png/ kg, the chickens devel oped oedema and 83% of themdied (Flick et
al ., 1972).

Pot ency for inducing chick oedema was conpared for three
different PCDDs: TCDD (purity 91% and > 99%, hexaCDD (purity > 99%
two isoners), and octaCDD (purity 98.86% (Schwetz et al., 1973). In
t he experinments, 3-day-old white Leghorn cockerels were exposed for 20
to 21 days to one of these congeners at several dose |evels. Chick
oedenma occurred in birds given oral doses of 1 or 10 pg TCDD/ kg per
day, or of 10 or 100 pg hexaCDD/ kg per day. Chick oederma was not
observed in chicks naintained on a diet containing 0.1 or 0.5%
octaCDD. The wei ght of the Bursa of Fabricius was significantly
decreased in 2-week-old white Leghorn cockerels decapitated 2 days
after three daily ip doses of 10 pug TCDD kg body wei ght (Sawyer et
al ., 1986).

7.1.4 Toxicity of netabolites

Not only has identification of several in vivo netabolites been
achi eved, but the acute oral toxicity of TCDD netabolites excreted in
the bile of dogs has been studied in the guinea-pig (Wber et al.
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1982a). 3H- | abelled TCDD was adm nistered directly into the duodena
[umen of two 1-year-old Beagle dogs in four portions of 1 to 2 ng at
time intervals of 2 to 7 days. Excretion of radioactive material from
pool ed bile sanples collected daily for 4 or 7 days, and thereafter in
pool ed sanples of 2 or 3 days, was performed with a nethod vyiel ding
about 50% of the total radioactivity of the bile. The extracts
containing the netabolites were concentrated and di ssolved in

1, 3-propanedi ol for adm nistration. Male Pirbright guinea-pigs were
used in a 5-week toxicity study. Five animals in each of four
dose-groups were given a single oral dose via gastric intubation. The
anount of TCDD netabolites was cal cul ated by neans of radioactivity
neasurenments to be 0.6, 6.0, 30.0, or 60.0 pg/ kg body weight. Three
animals, one control and two in the high-dose group, died within 48 h
after adm nistration. One death in the high-dose group was due to
gastric perforation during dosing. The other aninmals which died

exhi bited hi stol ogical |esions which, according to the authors, were
due to material coextracted frombile together with the netabolites

The light mcroscopic exam nation of the liver, spleen, pancreas,

t hynus, ki dneys, lungs, and adrenals reveal ed no histol ogi cal changes,
and no other toxic effects due to the nmetabolites of TCDD could be
recorded in this study. The authors concluded that TCDD netabolites
fromthe dog are at least 100 tines |less toxic to mal e gui nea-pigs
than TCDD itsel f.

When the nmetabolites 2-hydroxy-3,7,8-tri CDD and
2-hydroxy-1,3,7,8-tetra CDD were given as single ip injections of 100,
1000, or 5000 pg/ kg body weight to young male Wstar rats, no decrease
in body weight gain was noted and thym c atrophy was not seen 14 days
| ater (Mason & Safe, 1986). \Wen conpared to TCDD
1-hydroxy-3,7,8-tri CDD was at |east 3 orders of magnitude | ess
ef fective in inducing hepatic AHH and EROD activities, whereas
2-hydroxy-1,3,7,8-tetra CDD was inactive at all dose levels tested.

7.1.5 Mbdulation of the acute toxicity

Several studies have been performed which attenpt to nodify the
acute toxicity of TCDD. Manara et al. (1984) studied the effect of
activated charcoal or cholic acids in the diet on the nortality after
60 days and nean tinme to death in mice, rats, and gui nea-pigs exposed
to TCDD. Dietary levels of charcoal (2.5%, cholic acid (0.25%, and
dehydrocholic acid (0.5% decreased the nortality induced in C57BlI/6
mce by a single sc dose of 110 ng TCDD/ kg body weight from93%to
53, 21, and 53% respectively. The nmean tine to death was prol onged
from29 days with a normal chow diet to 35-48 days with the above
dietary additives. In CDrats the addition of charcoal (2.5% and
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cholic acid (0.15% decreased nortality from80%to 50 and 70%
respectively. The nmean tine to death was not affected. Charcoal (5%
added to gui nea-pig chow decreased TCDD i nduced nortality from64%to
29% and reduced the nmean tinme to death from29 to 14 days. These
additions to the diet did not prevent body weight [oss or liver

enl argenent in the mce or guinea-pigs (Manara et al., 1984), but 5%
charcoal in the diet protected agai nst TCDD-i nduced thymnus at hrophy in
C57BI /6 mce 14 days after a single oral dose of 10 ng TCDD/ kg body
wei ght (Manara et al., 1982). The addition of 5% n-hexadecane in the
diet increased the TCDD i nduced nortality from60%to 100% and the
nmean time to death, within the 50 day study, from19.8 to 28.8 days in
Sprague Dawl ey rats treated with a single ip dose of 60 ng TCDD kg
body wei ght (Rozman, 1984). N hexadecane itself did not affect

animal viability.

I ncreased survival tinmes have been denonstrated in mice receiving
daily injections of triiodothyronine (T3) after TCDD treatnment (Nea
et al., 1979) and in rats thyroidecton zed before TCDD treat ment

(Rozman et al., 1984). Although thyroidectony increases the nean time
to death, it does not prevent TCDD-related nortality in rats (Rozman
et al., 1985a). Thyroidectony has been denpbnstrated to counteract

TCDD- i nduced decreases in thynmus wei ght and to reduce the spl een

pl aque-form ng cell response (Pazdernik & Rozman, 1985). A nunber of
hepatic enzyne activities were induced by TCDD to an equal magnitude
in thyroidectom zed and normal rats (Rozman et al., 1985b). It has
been suggested that TCDD-treatnent of rats |eads to hypothyroidism a
possi bl e protective nechani sm agai nst TCDD toxicity (Pazdernik &
Rozman, 1985). However, available data on changes in T3, thyroxine
(T4), and thyroid-stinmulating hormone (TSH) levels in TCDD-treated
rats are not sufficient to state whether the animals are functionally
hypot hyroi d, euthyroid, or hyperthyroid. Results presented by Potter
et al. (1986b) (see section 8.4.9) suggest that TCDD-treated rats
remain essentially euthyroid and that the altered thyroid status is
neither a major contributor to TCDD toxicity nor a key response to
TCDD exposure.

Daily injections of butylated hydroxyani sol e protected agai nst
TCDD-i nduced lethality in fenale Sprague Dawl ey rats, whereas vitan ns
E and A, two other antioxidants, did not (Hassan et al., 1985a,b).
Dietary selenium if given in an optinmal dose, provides partial
protection fromthe lethal effects of TCDD in femal e Sprague Daw ey
rats (Hassan et al., 1985c). None of these treatnents coul d counteract
the TCDD-i nduced body wei ght |oss (Hassan et al., 1985a,b,c).

7.2 Short-term Toxicity
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7.2.1 Studies on rats

Data fromthe earliest subchronic |aboratory study, in which rats
were exposed to daily and/or weekly doses of TCDD, were reported in
four separate papers (published sinultaneously) covering genera
effects (Harris et al., 1973), pathology (CGupta et al., 1973),
haemat ol ogi cal and clinical chem stry changes (Zinkl et al., 1973),
and i mmuno- bi ol ogi cal effects (Vos et al., 1973). Fenmale CD rats were
given TCDD by gavage in daily doses of 0.1, 1, or 10 pg/ kg body
wei ght for 31 days. The body wei ght of aninals exposed to the highest
dose started to decrease within the first week of exposure and 15/16
animal s died or becane noribund 17 to 31 days after administration of
t he conpound began. Pathol ogi cal changes were conparable to those
observed in rats given a single |lethal dose, and included severe
thym c atrophy and |iver danmage, icterus, haenorrhages in various
organs, and the depletion of |ynphoid organs. Wight gain was al so
reduced at the daily dose level of 1 pg/kg body wei ght. However, there
were no deaths and in the animals that were killed noderate thymc
atrophy, slight to noderate |iver damage, and, in sonme of the
ani mal s, degenerative changes in the kidneys and in the thyroid gland
were reported. The wei ght gain was not affected and significant
hi st opat hol ogi cal changes were not found in rats that received 0.1
png/ kg body wei ght per day. A decrease in thymc weight that was
significant on day 24, was observed at the | owest exposure |evel
(CQupta et al., 1973; Harris et al., 1973). Bl ood sanples were
collected 3, 6, 10, 13, 17, 24, and 31 days after adninistration of

TCDD began. Serum enzyne activities related to |iver danage began to
increase after 10 days of exposure and renai ned high until death
occurred in the 10 ng TCDD/ kg per day group. This group of animals
al so exhibited increased serumbilirubin |l evels comencing on day 13.
These paraneters were only slightly affected in rats receiving 1 ug
TCDDY kg per day. Thronbocytopenia occurred at all dose |levels. After
3 days of treatment with either 1 or 10 pg/ kg per day, aninmals had
depressed platelets counts that remained | ow t hroughout the study. In
the Iowdose rats, platelets were significantly decreased by day 17
No significant | eukocytopenia or |ynphocytopenia occurred in rats at
any dose |level. These results are in good agreenent with the results
froma nore detail ed haemat ol ogi cal study on female CD rats given
daily oral doses of 10 pg TCDD kg body weight for 10 and 14 days

(Wi ssberg & Zinkl, 1973).

When oral doses of 0.02, 1.0, or 5.0 ng TCDD/ kg body wei ght were
given weekly to groups of 10 fenmale CD rats for 6 weeks, all the
animals survived (Harris et al., 1973). However, body wei ght gain
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decreased in the 5.0 pg/ kg group during the exposure period, and at

the end of this period the thynus/body weight ratio was approxinmately
50% of the ratio found in the controls. Liver damage was reported as

slight at this dose level. No effect on body or thym c weight and no

signi ficant histopathol ogi cal changes were observed in rats given

1 pg/ kg body wei ght or |ess.

Adult male and fenal e Sprague Daw ey rats, in groups of 12, were
given 0, 0.001, 0.01, 0.1, and 1.0 pg TCDD kg body wei ght by gavage,
5 days per week for 13 weeks (Kociba et al., 1976). At the end of the
treatment period, five rats of each sex were killed for
hi st opat hol ogi cal exam nation, while the renmaining animals were
retai ned for post-exposure observation. Doses of 1 pg TCDD/ kg body
wei ght per day caused five deaths in females, with three occurring
during treatment and two after treatnent, and two deaths in nales,
both occurring in the post treatnment period. Decreased body weights
and food consunption were found at the two highest dose levels both in
mal es and fenmal es. Decreased rel ative thynmus wei ght and increased
relative liver weight occurred only in the nales given the highest
dose but in both the 0.1 and 1.0 pg/ kg fermal e groups. Male rats had
significantly depressed haemat ol ogi cal val ues (packed cell volune, red
bl ood cell count, and haenoglobin) in the two high-dose groups, while
these values were normal in all female rats. G oss, as well as
hi st ol ogi cal , exami nation revealed treatnment-related effects only in
t he hi gh-dose groups with sonme minor findings in the 0.1 pg/kg group
Subcut aneous oedenm, decreased sizes of testes and uteri, and a
decreased nunber of corpora lutea were found at necropsy. Histologica
findings were limted to |Iynphoid tissues, liver, and epithelial
linings. The Iynphoid tissues, including thynus, were depleted of
| ymphocytes. The liver of both male and fenale rats showed pl eonorphic
and nul tinucl eated hepatocytes. Foci of necrosis, with foca
reticul oendot helial aggregations in the areas of parenchymal cel
necrosis, were observed. Hyperplasia of Kupffer cells and an increased
anount of a gol den-brown pignent were noted. The hepatic changes were
nore pronounced near the periphery of the |obules. Slight hyperplasia

of bile ducts and ductul ar epitheliumwas present. The uterus was

i ned by cuboidal epitheliumin the female rats. The rats given 0.01
ng TCDD/ kg did not differ fromthe controls in any of these
parameters, except for a slight increase in the nean liver to body
wei ght ratio.

Col dstein et al. (1982) exposed groups of eight fenal e Sprague
Dawl ey rats to 16 weekly oral doses of 0, 0.01, 0.1, 1.0, and 10.0 pg
TCDD kg body weight in a study (further discussed in section 8.4.3)
primarily ainmed at investigating TCDD-i nduced porphyria. Al aninals
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gi ven the hi ghest dose died, or were noribund after eight to twelve
doses and were killed. A decrease in body weight gain was seen in this
group within one week of treatnent. Decreased body wei ght gain was
observed also in the 1.0 pg TCDD/ kg per week group, but not unti
several weeks after the start of treatment. Hepatic porphyria was
found in 7 out of 8 animals receiving weekly doses of 1.0 pug TCDD kg
body weight, in 1 out of 8 receiving 0.1 pg/ kg per week, and in none
of the animals receiving 0.01 pg/ kg per week or the | ethal dose of
10.0 pg/ kg per week. Porphyria was not reversed after six nonths
recovery froma 16-week exposure to 1.0 pg/ kg body wei ght per week.

Feeding male Wstar rats (110 g) 0, 0.2, or 1.0 pg octaCDD kg
diet for two weeks, resulting in a total intake of 0, 22.7 (£ 1.0) or
120.7 (£ 2.8) ng octaCDD, had no effect on body weight gain, feed
consunption, or tissue weights (liver, thynus, testes, heart, and
kidney) (WIlliams et al., 1972). Congestion of the liver occurred in
t he hi gh-dose group

Dai ly doses of 100 ng octaCDD for 21 days produced no effects on
appear ance, activity, or eating habits in nale Sprague Dawl ey rats,
but slightly increased relative liver weight. A noderate increase in
the hepatic snooth endoplasmc reticulumwas noted (Norback et al.
1975).

7.2.2 Studies on mce

Oral doses of 0.2, 1, 5, or 25 pg TCDD/ kg body wei ght were given
in corn oil to male C57BI/6 mice weekly for four weeks (Harris et al.
1973; Vos et al., 1973). One aninmal of the 25 pg/ kg group died after
24 days. Significant weight | oss was observed only in the high-dose
group. Thym ¢ atrophy, characterized by nearly conplete | oss of
cortex, occurred in the 5 and 25 pug TCDD/ kg body wei ght groups.

7.2.3 Studies on guinea-pigs

Al'l 10 femal e Hartl ey guinea-pigs that received weekly oral doses
of 1 pg TCDD/ kg body wei ght died, or were killed when noribund,
bet ween days 24 and 32 after the first dose (Gupta et al., 1973;
Harris et al., 1973; Vos et al., 1973). Light mcroscopic findings of
nori bund or dead aninmals reveal ed severe atrophy of the cortex of the
thymus with destruction of |ynphocytes. There was | ynphoid cel

depletion in spleen and |Iynph nodes. Haenorrhages, nmitotic figures,
and |oss of lipid vacuol es were observed in the adrenals. Liver
effects were restricted to diffuse single-cell necrosis, predoninantly
in the periportal area. Haenorrhages were found in the urinary bl adder
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and gastrointestinal tract. The |ynphocyte count was decreased at all
doses, whereas total |eukocyte val ues were decreased at doses > 0.04
pg/ kg. Animal s that received ei ght weekly doses of 0.008, 0.04, or 0.2
ng TCDDY kg body weight all survived. At the 0.2 pg/kg dose |evel,
decreased body wei ght gain and decreased relative thynus wei ght were
observed

A 90-day feeding study of TCDD in male (250-370 g) and fenal e
(230-340 g) Hartley guinea-pigs was performed by DeCaprio et al
(1986) and included extensive pathol ogy, haematol ogy, and serum
chemi stry on surviving animals. The diets contained 0, 2, 10, 76, or
430 ng TCDDY kg. Animals that received the highest dose exhibited
severe body wei ght |oss, decreased feed consunption, and nortality.
When 60% nortality was reached, on day 46 for nales and day 60 for
fermal es, the remaining animals in these groups were sacrificed. The
estimated total TCDD consunption at that tine was 1.3 and 1.9 ug
TCDDY kg body weight for nales and femal es, respectively. No
treatment-related nortality was observed at the 76 ng/ kg dose |evel
whi ch corresponded to a total estinmated intake of 0.44 pg TCDD/ kg body
wei ght over the 90 days. Decreased body wei ght gain and increased
relative liver weight were seen in both sexes, whereas reduced
relative thymus weight occurred in males only. At doses of 2 and 10
ng/ kg diet, no dose-related alterations were observed. The only
treatment-rel ated effect on haematol ogy and serum chenistry paraneters
was the elevation of serumtriglycerides for nmale guinea-pigs at the
76 ng/ kg dose |l evel. The presence of hepatocellular cytoplasmc
i nclusion bodies in fermal e gui nea-pigs was the only significant
nm croscopi cal finding, except for thynus atrophy. Based on this
study, a no-observed-effect |evel of 0.6 ng TCDD/ kg body wei ght per
day in guinea-pigs was estinmated.

DeCaprio et al. (1986) also followed the body wei ght changes and
nortality during and after feeding male Hartl ey gui nea-pigs (250-360
g) a diet containing 430 ng TCDDY kg. The diet was fed for 11, 21, or
35 days and was then withdrawn during a 79, 69, or 55-day recovery
peri od. The rate of change of weight per day was the same as that of
aninals on a control diet, after an initial weight |oss of
approximately 10% during the first 5 days. Wen aninals were fed the
TCDD-diet for 21 and 35 days, a significant nortality, 10% and 70%
respectively, was apparent. Both body wei ght gain and absol ute body
wei ght were severely depressed in surviving ani mals throughout the
study. Aninals destined to die generally lost nore than 20% of the
original weight, whereas |ess pronounced wei ght | osses were usually
foll owed by increases in body weight during the recovery period.

A PCB-containing transfornmer fire at the State office building,
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Bi nghant on, New York, USA, resulted in contami nation of the building
with soot-like material containing various PCDDs and PCDFs (see
section 4.5.10). This soot, nmixed with diet, was fed to groups of 10
mal e (250-350 g) and fenal e (200-350 g) Hartley guinea-pigs for 90
days (0, 0.2, 1.9, 9.3, and 46.3 ng soot/kg diet) or 32 days (231.5 ny
soot/ kg diet) (DeCaprio et al., 1983). The total intake of soot during
the study corresponded to approximately 0.3, 3, 13, 67, and 100% of
the LDsy dose of Binghanton soot in guinea-pigs (Silkworth et al.,

1982) (see section 8.1.1.1). A dose-related decrease in body wei ght
gain occurred at 9.3 and 46.3 ny soot/kg diet. Body weight |oss and
decreased feed intake was evident in the animals given 231.5 ny

soot/ kg diet. Three nale and three femal e gui nea-pi gs given 46.3 ngy
soot/ kg died. Seven aninmals in the highest-dose group died within 28
to 31 days and the renmaining noribund animals were killed on day 32
Gross pat hol ogy reveal ed no effects at 0.2 ng soot/kg diet. Thymc
atrophy occurred only in males at 1.9 ng soot/kg diet, but in both
sexes at higher doses. The relative spleen weight was significantly
increased at 46.3 ng TCDD/ kg in both sexes. Treatnent-rel ated

m croscopi cal findings included netaplasia of salivary gland epithelia
(> 1.9 ng soot/kg diet), increased nunber of goblet cells in
pancreatic ducts (> 46.3 ng soot/kg diet for nales), focal lacrinal

gl and adenitis (> 9.3 ng soot/kg diet for males and > 46.3 ny

soot/ kg diet for fenales), depletion of haematopoietic cells fromthe
bone marrow (> 46.3 ng soot/kg diet for females, > 231.5 ng soot/kg
diet for nmales), and hepatocellular cytoplasm c inclusion bodies (9.3
and 46.3 ny soot/kg diet in both sexes). Fatty infiltration of the
liver, reduced thickness of thymc cortex, and degenerative changes of
the stomach and intestine were observed only in high-dose aninals.
Haenmat ol ogi cal alterations were observed only in animals at the 46.3
ng soot/kg diet dose level, whereas alterations in serumchem stry

val ues were found also at lower levels. Toxic effects of feeding

Bi nghant on soot for 90 days were simlar to the effects occurring
after acute exposure (Silkwrth et al., 1982) (see section 8.1.1.1),
but the effects were seen at a |ower total dose after subchronic
exposure than after acute dosing. The effect seen at the |owest |eve
in this study was thymc atrophy at 1.9 ng soot/kg diet, which was
equivalent to 7.8 ng TCDD/ kg body wei ght per day. A conparison between
the effects of feeding pure TCDD and TCDD- cont ami nated soot to

gui nea-pigs (DeCaprio et al., 1986) denonstrated that pure TCDD
produced |l ess variability of alterations and gave a steeper
dose-response relationship for many effects. Exposure to Bi nghanton
soot characteristically resulted in salivary gland duct mnetaplasia and
decreased serum sodi um and potassium |l evels (DeCaprio et al., 1983).

When mal e gui nea-pigs (200 g) were fed a diet containing 2.5%
HC -pretreated fly ash froma municipal incinerator (Zaanstad, The
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Net herl ands) for up to 95 days, the animals exhibited progressive

wei ght loss, hair loss, and increased relative liver weight (van den
Berg et al., 1986b). One aninal died on day 76.

Tabl e 50. Studies on | ong-term exposure (excluding cancer studies) to TCDD
in laboratory aninals

Speci es/ Strain Sex/ nunber/ Doses
tested Tr eat ment Par anet ers
gr oupd
schedul e noni t or ed
Rat s
Sprague Dawl ey@ M 10 0 ng/ kg
in diet survi val
1 ng/
kg conti nuously
5 ng/ kg for
65 weeks
50 ng/ kg
500 ng/ kg
1000 ng/ kg
5000 ng/ kg

50 000 ng/ kg
500 000 ng/ kg
1 000 000 ng/ kg

Sprague Dawl eyP M and F/ 10 0.001 pg/ kg per day
in diet ext ensi ve
0. 01 pg/ kg per
day conti nuously hi st opat hol ogy,
0.1 pg/ kg per day for
2 years haemat ol ogy and
M ce
Swi ss M 38- 44 0 pg/ kg/ week by
gavage weekly hi st opat hol ogy

0. 007 pg/ kg per week for 1 year
0.7 ug/ kg per week
7.0 pg/ kg per week
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Monkeys
Macaca nul att ac F/ 8 500 ng/ kg
continuous in ext ensi ve
t he
diet for hi st opat hol ogy,
9
nont hs haemat ol ogy and

clinical chemstry

a Van Mller et al. (1977). b Kociba et al. (1978, 1979a,b).
¢ Alen et al. (1977). d M= nmle; F = fenmle.

7.2.4 Studies on hansters

No toxic effects were reported in nmale Golden Syrian hansters
(50-70 g) given a diet containing 2.5% HC -pretreated fly ash froma
nmuni ci pal incinerator in Zaanstad, The Netherlands for up to 95 days
(van den Berg et al., 1986b).

7.2.5 Studies on nonkeys

A cunul ati ve dose of 0.2 pg TCDD/ kg body wei ght, divided into
nine oral doses given three tinmes per week, produced no clinica
toxicity in fermal e rhesus nmonkeys (Macaca nulatta) (MNulty,

1984). However, clearly toxic signs did occur in those nonkeys that
recei ved cunul ati ve doses of 1.0 and 5.0 pg TCDD/ kg body wei ght over
the same tine period. The first signs were thickening and reddeni ng of
the eyelids, followed by weight |oss, dryness and granularity of the
skin, and loss of hair, and in sone cases anaem a, purpura, and

bl eeding fromthe nose and nouth. Aninals that died showed squanobus
net apl asi a of the sebaceous gl ands, nucous netaplasia of the gastric
mucosa, hyperplasia of biliary ductal epithelium gingivitis, and
hypopl asi a of the bone marrow. The tinmes to death after dose were 65
and 116 days at 5 pg/kg and 130 to 211 days at 1 pg/kg.

7.3 Long-term Toxicity

Chronic toxicity studies perfornmed on |aboratory ani mal s exposed
to TCDD are summarized in Table 50. Studies on carcinogenicity are
presented in section 7.7.

7.3.1 Studies on rats
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In studies by Van Mller et al. (1977), nale Sprague Dawl ey rats
were maintained in groups of 10 on diets containing 0, 1, 5, 50, 500,
1000, 5000, 50 000, 500 000, and 1 000 000 ng TCDD/ kg for 65 weeks and
survival was nonitored. At the five highest dose levels, all animals
di ed before the study was conpleted. The first deaths in these treated
groups occurred by weeks 31, 31, 3, 2, and 2 of treatnent,
respectively. G oups receiving 50, 500, or 1000 ng TCDD/ kg in the diet
died fromacute toxic effects including severe liver necrosis, bile
duct hyperpl asi a and oedena, atrophy of spleen and thynus, and
gastroi ntestinal haenorrhages.

G oups of 50 male and 50 fenmal e Sprague Daw ey rats were fed
diets providing daily doses of 0.001, 0.01, and 0.1 pg TCDD/ kg body
wei ght for 2 years (Kociba et al., 1978, 1979a,b). Control rats, 86
mal es and 86 femal es, received diets to which the vehicle acetone had
been added. The dose | evels corresponded to a dietary content of 22,
208, and 2193 ng TCDD/ kg feed. Increased nortality was observed in
femal es given 0.1 pg/ kg per day, while no increased nortality was
observed in male rats at this dose or in aninmals receiving doses of

0.01 or 0.001 pg/ kg per day. Fromnmonth 6 to the end of the study the
nmean body wei ghts of males and femnl es decreased at the highest dose
and to a | esser degree in fenales given 0.01 pg/ kg per day. During the
course of the study, subnormal body wei ghts were occasionally also
recorded in the | owdose group, although during the |ast quarter of
the study the body weights were sinilar to those of the controls.

I ncreased urinary coproporphyrin and uroporphyrin were noted in
fermal es, but not in males, given TCDD at a dose rate of 0.01 and 0.1
png/ kg per day. Anal yses of blood serumcollected at terninal necropsy
reveal ed i ncreased enzyne activities related to inpaired liver
function in female rats given 0.1 pg TCDD/ kg per day. Necropsy
exam nation of the rats surviving TCDD exposure to the end of the
study revealed that liver effects constituted the nost consistent
alteration in both nales and femal es. Hi stopathol ogi cal exam nation
reveal ed nultiple degenerative inflammtory and necrotic changes in
the Iiver that were nore extensive in fermales. Miltinucl eated
hepat ocytes and bil e duct hyperplasia were also noted. Liver damage
was dose-related and no effect was observable at the | owest dose
st udi ed.

7.3.2 Studies on nce

Weekly oral doses of 0, 0.007, 0.7, and 7.0 pg TCDD/ kg body
wei ght for 1 year resulted in anyloidosis and dermatitis in male Sw ss
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mce (Toth et al., 1979). The incidence of these |esions was 0/ 38,
5/ 44, 10/44, and 17/43 in the control, low, nedium, and high-dose
groups, respectively.

7.3.3 Studies on nonkeys

In a study by Allen & Carstens (1967) groups of four to five
rhesus nonkeys were fed diets containing 0, 0.125, 0.25, 0.5, 1.0, and
10. 0% of fat (which had been shown to be toxic to chickens) unti
death. The "toxic fat" was |later denonstrated to contain various
PCDDs, of which 65% by nass of the total PCDDs present was TCDD
(Norback & Al'len, 1973). The survival time became shorter with
i ncreasi ng doses of "toxic fat". Mean time to death was 445 days for
the | ow dose and 91 days for the high dose. Decreased food consunption
and progressive body weight | oss, conpared with controls, were noted.
Both clinical and histological changes near the tine of death appeared
simlar regardl ess of dose. The nobnkeys devel oped subcut aneous oedems,
progressing fromthe eyelids and face, ascites, and hydropericardi um
Characteristic skin changes were observed as well as anaem a
| eukopeni a, and hypoprotei naeni a. The bone nmarrow was hypopl asti c.
Centril obul ar necrosis, bile duct hyperplasia, and nultinucl eated
hepat ocytes were found in the liver. In nore than half of the
ani mal s, there was marked hypertrophy of the gastric nucosa, with
crypts and nuci n-contai ning cysts penetrating into the subnucosa.

U cerations in the fundic and pyloric regions were observed.

Allen et al. (1977) fed eight adult fenmal e rhesus nonkeys a diet
contai ning 500 ng TCDD/ kg for 9 nonths. There after, surviving aninmals
were renmoved fromthe TCDD di et and were observed for another 4
nont hs. No control aninmals were included, and so data were conpared
with pre-exposure val ues where possible. During the first 3 nmonths of
exposure ani mal s devel oped periorbital oedena, acne, and | oss of
facial hair and eyel ashes. By 6 nonths these changes were quite
prom nent in six out of eight nonkeys, and a decrease in haenogl obin
haematocrit was noticed. The aninals | ost weight even though their
food intake was unaltered. Two aninals died within the 9-nonth
exposure period and three nonkeys continued to devel op toxic synptons
and died after 3 nonths on a TCDD-free diet. The three surviving
animal s continued to experience periorbital oedema and | oss of hair.
The total intake of TCDD over the 9-nobnth period was calculated to be
2-3 ug/ kg body weight. Death was preceded by severe anaem a, a
decreased white bl ood cell count, and severe thrombocytopeni a. Autopsy
fi ndi ngs included haenorrhage into a variety of organs, ascites, and
subcut aneous oedema. Hypertrophy, dilatation, oedema, and hydropic
degeneration of the myocardiumwere noted in all animals. The biliary
ducts showed narked dil atation. Modderate hyperkeratosis of the skin,
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with cystic keratosis of the hair follicles, was noted, and

hypocel lularity of the |ynmphoid tissue and the bone narrow were
observed. The hyperplastic nmucous-secreting cells of the gastric
epi thelium had i nvaded the subnucosa, and ul cerati on and nuci nous
cysts were conmon in the nodified gastric nucosa. Hypertrophy and
hyperpl asia of the epithelial lining of the biliary systemwere
present. The bronchial epithelium salivary glands, bile ducts, and
pancreatic ducts showed netapl astic changes. Death was attributed to
conplications fromthe severe pancytopeni a. The sane pattern of

nor phol ogi cal changes were reported to occur in a simlar study
performed by Barsotti et al. (1979).

Simlar, though | ess severe, effects were observed in four adult
femal e rhesus nonkeys fed a diet of 50 ng TCDD' kg for 20 nonths
(Schantz et al., 1978).

7.4 Effects Detected By Special Studies
7.4.1 Wasting syndrone

TCDD causes a starvation-like or wasting syndrome in severa
ani nal species. In young aninmals, or followi ng a sublethal dose in
adults, this response is manifested as a cessation of weight gain.
Early studi es suggested that acute or chronic treatnment with TCDD
decreased food consunption, but insufficiently to account for the
wei ght loss (Allen et al., 1975, 1977; Geig et al., 1973; Harris et
al ., 1973; Kociba et al., 1976; MConnell et al., 1978a,b). To
el uci dat e whet her nal absorption coul d explain the wasti ng syndroneg,
the transfer of a nunber of nutrients has been studied with everted
intestinal sacs from TCDD-treated rats. A transient increase in the

serosal transfer of 59Fe in Sprague Dawl ey rats was reported by

Manis & Kim (1979). Absorption of glucose (Ball & Chabra, 1981; WMadge,
1977) and lipids (Shoaf & Shiller, 1981) was decreased by TCDD
treatnment. The absorption of cobalt, gal actose, and proline (Manis &
Kim 1977) as well as of D-gal actose, L-arginine, L-histidine (Mudge,
1977), and penicillin (Manis & Apap, 1979) was reported to be

unaf fected by TCDD treatnent. Leucine transport was depressed in
Sprague Dawl ey rats 4 h after a single oral dose of 100 pg TCDD/ kg
body wei ght (Ball & Chabra, 1981), whereas no effect was observed in
Fi sher rats 7 days after exposure to 80 pug TCDD/ kg body wei ght
(Schiller et al., 1982). Neal et al. (1979) found normal absorption
and internedi ary netabolismof glucose, L-alanine, and oleate in

gui nea-pigs treated with a single oral dose of 2 pug TCDD/ kg body

wei ght. Apparently there was no generalized inpairnent of intestina
absorption. The effects reported nmay well be secondary to decreased
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food consunption which by itself causes structural changes in the
intestine (Steiner et al., 1968) as well as inpaired absorption of
nutrients (Esposito et al., 1967).

The connection between the wasting syndronme and the |ethal effect
of TCDD has been investigated in pair-feeding and forced nutrition
studies. Courtney et al. (1978) fed TCDD treated fermale Wstar rats
a normal pelleted diet ad |ibitum Supplenentation with water,
el ectrolyte solution, or liquid diet, adm nistered by gavage, could
not reverse or change the pattern or extent of TCDD-induced wei ght
loss or nortality.

To bypass gastrointestinal absorption, Gasiewicz et al. (1980)
fed rats intravenously with total parenteral nutrition (TPN). Rats
that had received a single ip dose of 100 pg TCDD/ kg body wei ght
gai ned weight sinmilarly to their TPN-fed controls, yet still died at
days 13 to 17 following treatnment. TCDD-treated rats fed a chow di et
ad libitumlost weight progressively (as compared to pair-fed
controls that maintained their starting weight) and died at days 11 to
20. In TPN-fed TCDD-treated rats, |iver damage was nore severe and fat
depots were increased as conpared to chowfed TCDD-treated ani nals.
Simlar results were obtained with TPN-fed nmal e Hartl ey gui nea-pi gs
treated with a single ip dose of 2 ug TCDD kg body wei ght in olive
oil, when conpared to TPN-fed control guinea-pigs (Lu et al., 1986).
Simlar signs of toxicity were present in TPN and ad libitumfed
TCDD-treated guinea-pigs. In contrast to TPN-fed rats (Gasiew cz et
al., 1980), TCDD- treatnment in TPN-fed gui nea-pigs only produced mld
hepati ¢ changes, including increased liver |ipid and cytochrone P 450
content, but no norphol ogi cal changes (Lu et al., 1986).

Seefeld et al. (1984a) suggested that TPN-fed TCDD- treated rats
m ght have suffered fromovernutrition and, secondary to that,
enhanced hepatotoxicity, as conpared to chowfed, TCDD-treated rats.
These same investigators have presented a heuristic nodel for the

TCDD-i nduced wasting syndrone based on the assunption that body wei ght
inrats is regulated around an internal standard or set point (Keesey
et al., 1976). Prevailing weight at a given age is constantly being
conpared to this set point value and if differences occur, feed
consunption is adjusted so as to raise or |ower body weight to match
the set point level. If TCDD | owers this setpoint, reduction in food
consunption would result, as the rat attenpts to reduce its weight to
a new |l ower |evel of regulation determ ned by the dose of TCDD
admi ni stered. This hypothesis has been tested in several experinents
under carefully controll ed feeding procedures.
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Repeat ed studi es have denonstrated that reduction of feed intake,
due to increased food spillage, is sufficient to account for the |oss
of body weight in TCDD-treated Sprague- Daw ey rats (Seefeld &

Pet erson, 1983, 1984; Seefeld et al., 1984a,b). TCDD-treated rats

mai ntai n and defend their reduced weight [evel with the sane precision
as control rats (fed ad libitun) defend their nornal weight |eve
(Seefeld et al., 1984b). The percentage of the daily feed intake that
i s absorbed by the gastrointestinal tract of TCDD-treated and contro
rats is simlar (Potter et al., 1986a; Seefeld & Peterson, 1984).
Water intake, resting and total oxygen consunption, carbon dioxide
production, respiratory quotient, and spontaneous notoractivity were
decreased in a dose-dependent manner by TCDD-treatnment (Potter et al.
1986a; Seefeld & Peterson, 1983; Seefeld et al., 1984a). Ui ne out put
was unaffected by TCDD-treat ment, despite decreased water intake,
whereas urinary excretion of energy and urea were decreased and
urinary amonia was increased (Potter et al., 1986a).

Hypophagi a was the najor cause of the | oss of adipose and | ean
tissue in male Fisher F-344 rats, C57Bl/6 m ce, and al bi no gui nea-pi gs
when exposed to a cal culated LD80 dose of TCDD (Kelling et al., 1985).
Body weight loss followed a simlar tine course in TCDD-treated and
pair-fed control animals of all three species. Lethalities for
TCDD- exposed rats, mce, and gui nea-pigs were 95% 69% and 81%
respectively, conpared to lethalities in the appropriate pair-fed
controls of 48, 14, and 64% respectively (Kelling et al., 1985).

Lethality and body weight |oss followed al nost identica
ti me-course-curves in Sprague Dawl ey rats that received a single ora
dose of 75 pug TCDD/ kg body weight and in pair-fed controls (Christian
et al., 1986a). Thus the contribution to lethality nade by body wei ght
| oss seens to depend on the species and strain. \Wight |oss appears to
play a greater role in causing death in Sprague Dawl ey rats and
gui nea-pigs than in Fisher F-344 rats and C57Bl/6 mice. Christian et
al . (1986a) denonstrated differences in organ weights and
hi st opat hol ogy in TCDD-treated and pair-fed animls, despite simlar
ti me-courses and nagni tude of body weight loss and lethality. Pair-fed
animal s exhibited lesions in the gastro-intestinal tract, which were
absent in TCDD-treated rats, that may have contributed to death. The
hepati c carbohydrate, protein, and |ipid netabolismwas affected

differently in TCDD-treated and pair-fed Sprague Dawl ey rats
(Christian et al., 1986b). To distinguish direct effects of TCDD from
ef fects secondary to hypophagia, the studies by Christian et al
(1986a,b) and Potter et al. (1986a) were performed with schedul e-fed
ani mal s. The reason for this was the finding that the 24-h feeding
pattern for TCDD-treated rats was different fromthe feeding pattern
for pair-fed controls, although it was simlar to that of control rats
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fed ad Iibitum Decreased feed consunption did not contribute to
wei ght loss in C57BL/6 mice exposed to TCDD until the animals were
nori bund (Chapman & Schiller, 1985).

Besi des being typical signs of TCDD toxicity, |oss of body weight
and appetite are also prominent signs of thyroid dysfunction (see
section 8.4.9). Serum glucose |evels were al so decreased by TCDD
i ndependent|y of hypophagi a, whereas the decrease in seruminsulin
appeared to result from hypophagia, since it was seen in both
TCDD-treated and pair-fed controls. These results indicate that the
ef fect of TCDD on thyroid hornones cannot explain the TCDD i nduced
decrease in body wei ght gain.

An interesting biochem cal effect in TCDD-induced wasting is the
ability of TCDD to decrease hepatic vitamin A storage in rats (see
section 8.4.10). It has long been known that vitanin A is necessary
for growh and that vitanmin A deficiency will result in depressed body
wei ght gain as well as in reduced food intake. However, the ani nal
continues to eat and grow t hough body weight gain is |ess than nornma
(Brown & Morgan, 1948; Coward, 1947; Hayes, 1971; Or & Richards,

1934; Patterson et al., 1942).

The effect of chem cal structure on the ability of several PCDDs
to cause body weight loss in rats has been investigated (Mason et al.
1986). O the congeners studied, 2,3,7,8-TCDD was the npbst active.
Those congeners fully substituted in the 2,3,7, and 8 positions but
cont ai ni ng addi tional chlorosubstituents in the non-lateral 1,4,6, and
9 positions were |ess active.

7.4.2 Hepatotoxicity

TCDD produces hepatonegaly, due to hyperplasia and hypertrophy of
parenchymal cells, in all species that have been investigated, even at
subl et hal doses. However, there is considerable variation between
species in the extent of this lesion. Qher liver |lesions are nore
speci es specific.

Li ver | esions al one cannot explain lethality followi ng TCDD
admi ni stration, though it may be a contributing factor at least in the
rat and rabbit.

The norphol ogi cal changes in the |iver are acconpani ed by
impaired liver function, characterized by |liver enzyne | eakage,
i ncreased m crosomal nonooxygenase activities, porphyria, inpaired
pl asma menbrane function, hyperlipidaenia, and increased regenerative
DNA synt hesi s.
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7.4.2.1 Morphol ogical alterations

In Charles River rats given single oral sublethal doses of TCDD
(5 or 25 pg/ kg body weight) a dose-related increase was observed 3
days after dosing in the anount of hepatic snmooth endopl asmatic
reticulum (SER) around the periphery of cells, particularly in the
areas around bile canaliculi. The effect progressed by days 6 and 9,
when an increased amount of rough endopl asmatic reticulum (RER) was
al so present. By day 28 these changes had returned essentially to
nornmal levels (Fower et al., 1973).

The livers of CD rats given high sublethal doses of TCDD (5.0
ng/ kg body wei ght per week) for six weeks showed transient
degenerative changes, followed by negal ocytosis, regeneration, and the
occurrence of multinucleated giant hepatocytes (CGupta et al., 1973).
They al so showed that the hepatotoxic reaction in rats given |letha
doses of TCDD (10 pg/ kg body wei ght per day for 16-31 days) was
characterized by degenerative and necrotic changes, with the
appear ance of nononuclear cell infiltration, nultinucleated giant
hepat ocytes, increased nunbers of mitotic figures, and pl eonorphi sm of
cord cells. These | esions were consi dered severe enough to be a
contributing factor to death.

Parenchymal cell necrosis was observed by Greig et al. (1973) in
Porton rats 3 weeks after exposure to an LDsy dose of TCDD. The

necrosis, which was located in the centril obular zone close to the
central vein, becane nore severe with tine.

Jones & Butler (1974) further investigated the tine course of the
TCDD-i nduced liver |esions appearing in the centrilobular zone. They
confirmed the transient degenerative and inflammtory | esions
previously reported (Geig et al., 1973; CGupta et al., 1973). At the
ultrastructural |evel, consistent changes occurred in the cytoplasm
wher eas normal nucl ear norphol ogy and division were found throughout
the study. Two weeks after a single oral dose of 200 pg TCDD kg body
wei ght to Porton rats, extensive fusion of parenchymal cell plasma
nmenbranes in the centril obul ar zone was replaced by a diffuse zone
with islands of normal nmenbrane occurring at intervals. Normal tight
and gap junctions were present in control aninmals and in periporta
areas of the test animals. These findings suggest that the
mul ti nucl eated cells occurring in TCDD-treated rats m ght form by
coal escence of parenchymal cells. The effect of TCDD on pl asma

menbr anes denonstrates a specific subcellular site of action, which
m ght be involved in the toxic action of TCDD. This | esion was,
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however, not observed until 2 weeks after treatnent and thus coul d not
explain the inmedi ate effects on, for instance, food intake, body
wei ght gain, and general health.

The time course for liver lesions in male Sprague Daw ey rats
(200 g) given a single ip dose of 20 pg TCDD/ kg body wei ght was
foll owed for up to 32 weeks by Wber et al. (1983). The | esions becane
progressively worse up to the 16th week after injection, and
thereafter appeared to regress slowy. The | esions were al npst
identical to those reported previously (Fower et al., 1973; Jones &
Butler, 1974). The histol ogical findings were acconpani ed by
hyper bi | i rubi naeni a, hyperchol est erol aeni a, hyperprotei naem a, and
i ncreased serum gl ut am coxal oaceti c transamnm nase and serum
gl utam c- pyruvi c transam nase activities, further indicating decreased
liver function (Geig et al., 1973; Zinkl et al., 1973).

Fewer studies of liver |esions produced by TCDD have been made in
ot her species than in the rat.

In C57BL/6 mce given single oral doses of 100, 150, or 200 ug
TCDD kg body weight (Vos et al., 1974) and 250 pg TCDD/ kg body wei ght
(Jones & Greig, 1975), centril obul ar degenerative and necrotic changes
were present but nultinucl eated parenchymal cells were not seen
Proliferation of the bile ducts and bile duct epithelial cells, as
well as lipid accunul ati on, have been observed, with a substantia
increase in the hepatic levels of esterified fatty aci ds and
chol esterol. Only slight damage, hepatocellular swelling, was reported
in CD-1 mce 21 days after a single dose of 50 pg TCDD kg body wei ght,
and no histol ogi cal changes were detected 7 or 35 days after
adm nistration (Gupta et al., 1973).

The gui nea-pig, while being very sensitive to TCDD, as indicated
by LDgy data, shows | ess severe norphol ogical alterations in the

liver than do other species. No nanifest liver lesions at the |ight
m croscopical or ultrastructural |evels has been found (Gupta et al.
1973; McConnell et al., 1978b; Moore et al., 1979; Turner & Collins,
1983).

The hanster is very resistant to TCDD toxicity (Table 47) and
exhibits no mani fest |iver damage even after a fatal dose (Henck et
al., 1981; dson et al., 1980b). However, Gasiewicz et al. (1986)
found bile duct hyperplasia, nunerous inflammatory cells, and
i ncreased nunber of nultinucleated cells in the livers of male Gol den
Syrian hansters 35 days after they received a single ip dose of 500 pug
TCDD/ kg body weight in olive oil
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7.4.2.2 Hepatic plasma nmenbrane function

The nor phol ogi cal inpairnment of hepatic plasm nenbranes in the
centril obul ar parenchynmal cells of TCDD-treated Porton rats was
denonstrated histochemically to be preceeded by a | oss of ATPase
activity (Jones, 1975). The effect occurred 3 days after treatment in
an area five to six cells deep around the central vein along the
canal i cul ar borders, and becane nore severe with tinme. At the end of
the study (day 42 posttreatnent) the ATPase activity was conpletely
abol i shed around the central vein, including the m d-zonal region, and
encroached on the periportal area in noribund animals. The | oss of
ATPase activity was related to the clinical state of the animal. Thus
ani mal s di spl ayi ng m ni mal signs of intoxication retained the nornal
distribution of ATPase in the periportal zone. In aninmals killed 9
nont hs after treatment, partial restoration of the normal I|iver
architecture and the ATPase activity were evident.

Bi ochem cal studies of isolated heptatic plasma nenbranes from
Holtzman rats treated with 10 or 25 pg TCDD kg body wei ght reveal ed
depressed ATPase activities (Peterson et al., 1979a). The activity of
Na/ K- ATPase was depressed to the sane extent for both doses from day
2 to 40 after treatnment, while a sinilar depression of M- ATPase
activity was observed only in the high-dose group. The M- ATPase
activity tended to recover by day 40, whereas Na/ K- ATPase activities
did not. A pair-feeding experinent denonstrated that these effects
wer e i ndependent of the TCDD i nduced decrease in food consunption. In
vitro incubation of plasnma nenbranes indicated that ATPase inhibition
did not occur by direct interaction with TCDD. Geig & OGsborne (1981)
denonstrated a decrease in K/ M- ATPase activity, but not in the
Na/ K- ATPase or 5'-nucl eotidase activities of hepatic plasma nenbranes
prepared fromfemale Porton rats 6 and 11 days after a dose of 200 pg
TCDD kg body wei ght.

Many physi ol ogi cal honeostatic mechani snms are dependent on proper
pl asma nmenbrane function and conposition. Matsumura et al. (1984)
reported that a single ip dose of 25 pug TCDD kg body weight to nale
Sprague Dawl ey rats had reduced hepatic plasma nmenbrane
ATPase-activities by 40% 10 days after treatnent. The marker enzyne
for putative preneopl astic hepatocytes, glutamyl transpeptidase, was
reduced, while protein kinase (both c-AMP-stinul ated and
c- AMP-nonsti mul at ed) was increased (Matsumura et al., 1984). Both
c- AMP- dependent and c- AMP-i ndependent protein kinase, in hepatic
pl asma menbranes from mal e Sprague Dawl ey rats treated with an ip dose
of 25 pg TCDD/ kg body wei ght, were maximally increased on day 20 after
treatment (4.5- and 12-fold, respectively). The induction was
neasurable within 2 days after the adm nistration and was stil
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persistent after 40 days (Bonbick et al 1985). Protein kinase C was
significantly increased in hepatic plasm nenbranes from Sprague

Dawl ey rats but not from guinea-pigs 10 days after single ip doses of
25 and 1 pg TCDD/ kg body weight, respectively (Bonbick et al., 1985).
TCDD treatnment in vivo also affected the in vitro binding of

concanavalin A, epidermal growmh factor, and insulin to their cell
surface nmenbrane receptors.

The bi ndi ng of glucagon and prostagl andin E were not affected by
a dose of 25 ug TCDD/ kg body wei ght (Matsunura et al., 1984). Studies
with Sprague Dawl ey rats denonstrated that the TCDD-i nduced decrease
in epidermal growth factor binding (EGF) was observable within 2 days
after dosing, reached its maxi mum by day 20, and was still significant
40 days after dosing. The decrease was observable after a single ip
dose of 0.1 pg TCDD kg body wei ght (Madhukar et al., 1984). The
relative doses of TCDD needed to suppress EGF binding to 50% of the
control level were 1, 14, and 32 g/ kg body wei ght for the guinea-pig,
the Sprague Dawl ey rat, and the Gol den Syrian hamster, respectively
(Madhukar et al., 1984). A single ip dose of 115 pg TCDD/ kg body
wei ght had decreased the EGF binding 10 days after treatnment by 93.1,
97.8, and 46.0%in C57BI/6, CBA, and AKR mice, respectively (Mudhukar
et al., 1984). The effect of daily sc injections of 2 ng EG-/ kg body
wei ght to newborn Bal b/c-m ce was conpared with the effect of a single
i p dose of 10 ng TCDD/ kg body wei ght given to the dam of newborn
Bal b/ c-mice within 3 h of delivery (Madhukar et al., 1984). The
paranmeters studied, all well known in vivo effects of EG-, were:
time for eyelid opening and tooth eruption; hair length and di aneter
on day 14; and body wei ght and thynus wei ght on day 22. Al paraneters
were significantly reduced both by TCDD treatnment and EGF treatnent,
as conmpared to controls.

Bonbick et al. (1984) found that, 10 days after treatnment, in
vitro binding of 125 -1ow density |lipoprotein (LDL) to its receptor
on hepatic plasma nenbranes was decreased by 73%in TCDD-treated
gui nea-pigs (1 pg TCDD/ kg body wei ght) as conpared to pair-fed
controls. Primary hepatocytes from gui nea-pigs treated in the sane way
had a reduced ability to internalize 125 -LDL. The reduction of LDL
receptors on hepatic plasma nmenbranes m ght be responsible for the
increase in plasma of very |low density |ipoproteins (VLDL) and LDL
noted in TCDD-treated ani mal s.

Quantitative changes in the protein conposition of plasm
menbranes foll owi ng TCDD treatment have been reported (Brewster et
al ., 1982; Matsunmara et al., 1984). The nenbranes were isolated from
mal e Sprague Dawl ey rats 10 days after an ip injection of 25 pug
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TCDD/ kg body wei ght and anal yzed by SDS-pol yacryl am de ge

el ectrophoresis. Sonme small proteins (14 000-30 000 daltons) were
conpletely abolished by TCDD treatnent. The effect was nost pronounced
10 to 20 days after treatnent.

7.4.2.3 Biliary excretion

The early proliferation of liver cells around bile canaliculi
seen after TCDD treatnent (Fow er et al., 1973) was suggestive of an
effect on biliary excretion

The cunmul ative biliary excretion of indocyanine green (1CG, an
organi ¢ ani on, was decreased in a dose-dependent nmanner by treatnent
with 5 or 25 pg TCDD/ kg body weight in CDrats (Hwang, 1973). On the
contrary, biliary excretion of the organic anions sulfobronophthal ein
and phenol - 3, 6-di br onopht hal ei n was unaffected by treatnent with 10 or
25 pug TCDD/ kg body weight in Holtzman rats (Yang et al., 1977).

Biliary excretion of ouabain, a nodel conpound for neutra
non- met abol i zed substrates such as estradiol, progesterone, and
cortisol, was depressed in male Holtzman rats in a dose-rel ated manner
by a single oral dose of 10 or 25 pg TCDD kg body wei ght (Yang et al.
1977). The effect was detectable two days after treatment, reached a
peak between 10 and 20 days, and recovery was only slight by day 40.
I ncreased pl asma concentration and decreased bilary excretion of
ouabain was al so nmeasured in nmale Sprague Dawl ey rats 10 days after a
single oral dose (25 upg/ kg body weight) of TCDD, or
1,2,3,7,8,9-hexaCDD (Yang et al., 1983b). Two ot her congeners,
1,2,4,6,7,9-hexaCDD and 1, 3,6, 8-tetraCDD had no effect on these
par anet er s.

When hepat ocytes from TCDD-treated (10 pg/ kg body weight) male
Sprague Dawl ey rats were incubated with |abelled ouabain or procaine
ani de et hobrom de (PAEB) 10 days post-treatnent, both the rate of
upt ake and the steady-state concentration of ouabain were decreased,
wher eas the uptake of PAEB was unaffected by TCDD (Eaton & Kl aassen,
1979). The dose of TCDD was very small relative to ouabain
(approximately 150 pnol/litre), so it is not likely that TCDD exerted
its effect by conpeting with the drug for transport into bile. These
data suggest that the hepatic nenbrane transport process for ouabain
may be sel ectively damaged by TCDD

Peterson et al. (1979a) observed a positive correl ation between
the levels of hepatic plasma nmenbrane ATPase activities, biliary
excretion of ouabain, and bile flowin vivo after TCDD treatnent.
However, in a further experinment, using perfused rat |liver, Peterson
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et al. (1979b) denonstrated that biliary excretion of ouabain and
i ver nmenbrane ATPase activities could be decreased i ndependently.
Therefore, ATPase activities cannot be directly responsible for the
reduced ouabain excretion

7.4.3 Porphyria

Chroni c subl ethal exposure to TCDD produces an accumnul ati on of
porphyrins in the liver and an increase in urinary porphyrin
excretion. In stages of mani fest porphyria, accunul ation of porphyrins
occurs not only in the liver but also in the kidney and spl een
(CGoldstein et al., 1982). It was denonstrated that mce respond to
four weekly doses of 25 pg TCDD kg body wei ght with hepatic porphyria,
acconpani ed by an increase in am nol evulinic acid (ALA) synthetase
activity, and liver lesions (Coldstein et al., 1973), whereas a single

dose of 5, 25, or 100 pg TCDD/ kg body wei ght did not induce porphyria
nor ALA synthetase activity in the rat (Wods, 1973). The suggested
species difference was later ruled out by Cantoni et al. (1981) and
CGol dstein et al. (1976, 1982). Chronic adm nistration of 1 pg TCDD kg
body wei ght per week to rats for 16 weeks resulted in hepatic
porphyria (Gol dstein, 1976a,b, 1982). In contrast, single oral doses
as high as 30 pg TCDD kg did not produce porphyria either acutely or
16 weeks later. A 6-nonth recovery period follow ng the final dose was
not |ong enough to reverse the porphyria. Uinary porphyrins and
hepatic ALA synthetase activity remained maxinmally el evated, while
hepati c porphyrin | evels decreased during this period. Failure to
denonstrate porphyria in rats after chronic admnistration of TCDD for
13 weeks (Kociba et al., 1976) or 2 years (Kociba et al., 1978) was
suggested to be the result of unsatisfactory porphyrin analysis

(CGol dstein et al., 1982).

To further characterize TCDD- i nduced porphyria, Cantoni et al.
(1981) performed a 45-week study to follow the pattern of porphyrin
excretion in rats exposed orally to 0.01, 0.1, or 1.0 pg TCDD kg body
wei ght/ week. They found an increase in the coproporphyrin level in the
initial phase of exposure, which remained the only sign of exposure in
the | owest-dose group. A marked porphyric state appeared only in the
1.0 pg/ kg dose group, comencing 8 nonths after dosing started. At
that time urinary porphyrin excretion was 70 tinmes higher than in
control rats. The excretion pattern was characterized by increased
| evel s of carboxyl ated porphyrins.

In attenpts to elucidate the nechani sm of TCDD-i nduced porphyri a,
the effects of TCDD on the enzynes involved in the synthesis and
cat abol i sm of porphyrins have been studied. TCDD was found to be a

http://www.inchem.org/documents/ehc/ehc/ehc88.htm (167 of 419) [16/11/2009 3:00:16 AM]



Polychlorinated dibenzo-p-dioxins and dibenzofurans (EHC 88, 1989)

potent inducer of ALA synthetase, the initial and rate-limting enzyne
in haene synthesis in the liver of chicken enbryos (Poland & G over
1973b). Elevated ALA synthetase activity has since been denonstrated
also in mce and rats (CGoldstein et al., 1973, 1982; Kociba et al.
1976, 1978). However, the TCDD-i nduced increase does not appear after
acute exposure and only after several weeks of chronic exposure to
TCDD. Jones & Sweeny (1980) failed to denobnstrate increased ALA
activity in mce exposed to 25 pg TCDD kg body wei ght per week for 11
weeks, al though porphyria was evident. Thus, induction of ALA

synt het ase does not seemto be the primary event in TCDD-i nduced
porphyria. Elder et al. (1976, 1978) suggested that decreased hepatic
por phyri nogen decarboxylase is the primary event in porphyria induced
by hal ogenated aronmatics. TCDD depresses this enzynme activity in
vivo in the liver of mce (Jones & Sweeny, 1980; Elder & Sheppard,
1982; Cantoni et al., 1984a,b) but not in vitro (Cantoni et al.
1984b) .

A decrease in porphyrinogen decarboxyl ase activity was present
one week after a single dose of 75 pg/kg body weight and continued to
decrease with tine, thus preceding the increase in hepatic porphyrins,
which started to rise during the first 2 weeks after treatnment (Smith
et al., 1981). TCDD- induced depression of hepatic uroporphyrinogen
decar boxyl ase activity occurs also in the newly regenerating liver, as
denonstrated by Smith et al. (1985) in C57BI/10 mice 10 days after
partial (2/3) hepatectony. The mce were treated with 75 ug TCDD/ kg
body weight orally 4 weeks before hepatectony. Greig et al. (1984)
denonstrated that pretreatnent of five different strains of mice with
12.5 ng Fe2* one week before the administration of 75 pg TCDD kg
body wei ght had a synergistic effect on porphyria assessed 5 weeks
after dosing, expressed as increased hepatic porphyrin and decreased
por phyri nogen decarboxyl ase activity. lIron alone did not increase
hepati c porphyrin levels, nor did it affect hepatic porphyrinogen
decar boxyl ase activity.

7.4.4 Epidermal effects

Chl oracne and associ at ed pat hol ogi cal changes in the skin are
anong the nost sensitive and w despread responses to TCDD i n humans.
Simlar skin toxicity is expressed only in a limted nunber of anina
speci es, nanely rabbits, nonkeys, and hairless mce. To characterize
the epidermal response and to el ucidate the nechanisn(s) of toxicity
to epidermal cells, nunerous studi es have been performed both in
vivo and in vitro.

7.4.4.1 1In vivo studies
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The acnegenic activity of TCDD and rel ated conpounds has been
tested in the rabbit ear bioassay, first devel oped by Adans et al
(1941) for industrial applications. The test substance is applied to
the inner surface of one of the ears, while pure vehicle is applied to
the other. Responses indicative of acnegenic activity include conedo
formati on, increased ear thickness, and hyperkeratosis. MId
irritation, increased ear thickness, slight enlargenment of follicular
aperture, slight exfoliation and slight crust formation al one are not
consi dered indicative of acnegenic activity. Mcroscopically there is
conversion of sebaceous cells in the hair follicles into
keratin-formng cells. A dose-dependent, positive response was found
in this assay when a total dose of 1, 3, or 10 pg TCDD was applied on
three successive days (Jones & Krizek, 1962). Also Schwetz et al
(1973) found a dose-dependent acnegenic response in the rabbit-ear
bi oassay after repeated applications of 4-40 ug TCDD/ ear, five days
per week for four weeks, corresponding to total doses of 80-800 pg. No
response was obtai ned when the total application was 8 ng. Poiger &
Schl atter (1980) applied a single dose of TCDD in various vehicles on
the inner surface of the rabbit ear and foll owed the appearance of
i nfl ammati on, hyperkeratosis, and chloracne. The m ni mum dose t hat
i nduced skin lesions was around 1 pug TCDD/ ear when the vehicle was

acetone, vaseline, or polyethylene glycol 1500 with 15% water. Wen
TCDD was m xed with soil-water (2:1), or activated carbon-water (1:8)
before application, 2-3 and 160 pg TCDD ear, respectively, were needed
to induce | esions. Even 160 pg TCDD/ ear produced very small changes on
the skin surface when applied as an activated carbon-wat er paste.

Hairl ess mice constitute another in vivo nodel for studies of
epi dermal effects of TCDD. Puhvel et al. (1982) studi ed cutaneous
changes i nduced by topical application of 0.1 pg TCDD, three tines per
week for four weeks, in two strains of hairless mce (Skh:HR-1 and
HRS/ J) . Epidermal hyperpl asi a, hyperkeratinization, |oss of sebaceous
glands and follicles, and keratin build-up in the dermal cysts were
noted in both strains of mice. Follicular keratosis, considered the
pat hognononi ¢ I esion in human chl oracne, did not appear within 4 weeks
of application. In the same study, follicular keratosis did devel op
after topical application of 2 ng 3,4,3" ,4'- tetrachl orobi phenyl, five
times per week for 8 weeks, suggesting that follicular keratosis is an
extension of the epidermal response and, thus, not related to
net abol i ¢ changes in sebaceous gl ands. The authors consi dered hairl ess
mce a |l ess sensitive nodel for the chloracnegenic response than the
rabbit ear bioassay. Sinilar findings were obtained when HRS/J mice
were exposed to TCDD topically applied two to three tinmes per week for
four weeks (Knutson & Pol and, 1982; Pol and & Knutson, 1982). They
found, with a total applied dose of 1.2 pg TCDD, a npbderate to severe
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response, including hyperplasia, hyperkeratosis of the interfollicular
epi dermi s, squanmpous netapl asia of the sebaceous gl ands, and
hyperkeratosis within the dermal cysts, but no keratosis in the
sebaceous follicles.

Soot or a benzene extract of soot, containing PCDDs and PCDFs
froma PCB-containing transforner fire (Binghanton, New York, USA),
were applied to 64.5 cn? of the shaved, unabraded dorsal surface of
(3 +3) and (1 + 1) male and fenal e New Zeal and white rabbits (3.5
kg), respectively (Silkwrth et al., 1982). The dose applied was 500
ng soot or benzene extract corresponding to 500 ng soot/kg body
wei ght. Controls, one male plus one fenale, were exposed to activated
carbon or benzene in correspondi ng anmbunts. Exposure |lasted for 24 h
and the observation period was 67 days. The soot produced no overt
toxicity, no weight |loss, and no histological findings in thynus,
ki dney, or skin, but hepatic centrilobular hypertrophy was found in
both sexes. The soot extract gave rise to a reversible skin
i nflamation and hepatic centrilobular hypertrophy in the female only.
No wei ght | oss was recorded and the kidney, thymus, and skin were
hi stol ogi cally normal at necropsy.

7.4.4.2 In vitro studies

Keratinocytes, the principal cell type of epiderms, forman in
vitro nodel for studies of TCDD i nduced hyperkeratosis both in human
and ani nmal -derived cell cultures. The response is anal ogous to
hyperkeratinization in vivo. Newy confluent epidermal cell cultures

exhibit proliferative properties, while the nunber of basal cells
tends to decrease with increasing time of post-confluency grow h.
Thus, with the appropriate selection of culture nediumand tinme of
treatment, different aspects of TCDD toxicity in vivo can be
nodelled in vitro.

A TCDD-i nduced response of in vitro keratinization was first
denonstrated in XB cell cultures, an established keratinocyte cel
line derived froma nouse teratoma, plated at high density to avoid
spont aneous keratinization (Knutson & Pol and, 1980b). Keratinization
was dose-related and histologically simlar to that which occurs
spont aneously when XB cells are plated at | ow density. The epidernma
proliferation in XB cells produced by TCDD coul d not be biochem cally
related to the response produced by cholera toxin, epidermal growh
factor, or 12-Otetradecanoyl phorbol -13-acetate, other conpounds
known to affect cell proliferation in XB cells (Knutson & Pol and,
1984). Late passage XB cells, i.e. XBF cells, show increased cel
density at saturation and a fusiform norphol ogy at high density.
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Addi tionally, they have lost their ability to respond with
keratinizati on upon TCDD treatnent. Exposing XBF cells to TCDD
concentrations in the range 10 to 11 X 108 nol/litre resulted in
normal grow h until confluency was reached by day 7. Thereafter
TCDD-treated cultures showed a persistent decrease in cell growh and
cell proliferation as well as changed norphol ogy, whereas viability
was unaffected (Gerthy & Crane, 1984). Reseedi ng these qui escent XBF
cells, previously exposed to 10-9 nol/litre TCDD for 14 days,

resulted in normal growh and proliferation until confluency. These
TCDD- pretreated cells naintained their susceptibility to TCDD i nduced
changes in cell growth and norphol ogy. Both XB cells (keratinization
assay) and XBF cells (flat-cell-assay) have proved to be useful in
vitro bioassays to nmeasure "dioxin-like" activity of both
environnental sanples and of pure isomers (Gerthy et al., 1984;
Gerthy & Crane, 1985a,b). Although XBF cells, a highly transforned
variant of XB cells, seemto be | ess appropriate as a nodel for TCDD
action on normal manmalian epithelial cell proliferation and
differentiation, they seemto be nore stable and easier to maintain
than XB cells. Several continuous |lines of human keratinocytes derived
fromneonatal foreskin (MIstone & Lavigne, 1984; Gsborne et al.

1984) or squanpous cell carcinomas (SCC) (Rice & Cline, 1984; WIlley et
al ., 1984; Hudson et al., 1985, 1986) have been shown to respond to
TCDD i n nanonol ar concentrations with a variety of signs that indicate
alterations in the nornal differentiation process. Stinulation of

3H-t hymi di ne incorporation was seen in post-confluent human

epidermal cells derived fromneonatal foreskin after exposure to TCDD
(M1 stone & Lavigne, 1984). Newly confluent human epi dernmal cells,
derived from foreskin, responded to exposure for 4 days to 10 nnp
TCDD/litre with decreased DNA synthesis, a decrease in the nunmber of
proliferating basal cells, decreased binding of epidernal growh
factor (EGF), an increase in the nunber of differentiated cells, and

i ncreased envel ope formation, i.e., a decrease in the proliferative

capacity and an increase in the state of differentiation (Gsborne &
Greenl ee, 1985). The decreases in snall (basal) cell nunber and EGF
bi ndi ng were dose dependent, with EC50 values for TCDD of 2 and 1
nmol /litre, respectively. The responses were al so obtained with TCDF
but not with 2, 4-di CDD.

The proliferation and differentiation of epidermal cells is
normal Iy regul ated by several growh factors and hornones, e.g., EGF
vitam n A and hydrocorti sone. Muse hepatona cells exposed to TCDD for
24 h showed 20% i nhi biti on of EGF binding (Karenlanmpi et al., 1983).

Hudson et al. (1985, 1986) denonstrated that TCDD decreases, in
a dose-dependent manner, the specific binding as well as the cellular
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upt ake of EGF in cultures of human epidernal cells. The ECgy dose

for inhibition was 1.8 nnol/litre. A simlar inhibitory effect was
obtai ned by TCDF, while 2,7-di CDD was inactive even at doses 100-fold
greater. Maximal inhibition, alnmst 60% of EG- binding in confluent
SCC- 12F cells exposed to 100 nmol TCDD/litre was obtained after a
pretreatnment period of 72 h. No effect was obtai ned when TCDD was
added at the same tinme as EG-;, thus TCDD did not conpete for

EGF-bi nding sites, neither did TCDD affect the process of
internalizing the EGF. Further studies of the SCC 12F cell line
reveal ed data suggesting that TCDD specifically reduces the high
affinity EG--binding sites in the basal cell population of this cel
line (Hudson et al., 1986).

The addition of 10-6 nol hydrocortisone/litre to the medi um
ant agoni zed the growth inhibition of SCC cells grown in 10-10 np
TCOD/litre (Rice & Cine, 1984). Hydrocortisone stinulated severa
aspects of keratinocyte differentiation. These stinmulatory effects
were abolished in the presence of 10-8 nol TCDD/litre, although TCDD
al one had no effect on these paraneters. The hydrocortisone level in
the medi um was unaffected by TCDD. TCDD, and even nore so
hydrocortisone, were able to stinulate stratification in SCC cultures
hel d at confluence for extended periods. This effect was opposed by
vitamin A (Rice & dine, 1984).

Li ke TCDD, vitam n A suppressed the stinulation of keratinocyte
differentiation by hydrocortisone. However, vitamin A had no effect on
TCDD-i nduced growth inhibition or its reversal by hydrocorti sone (Rice
et al., 1983; Rice & Uine, 1984).

Epi dermal transgl utam nase (ETG activity, the marker enzyne for
terminal differentiation, was increased by treatnent of basa
keratinocyte cultures fromneonatal BALB mice with 10-9 nol
TCOD/litre for 5 to 12 days, although norphol ogically no signs of
termnal differentiation were present. A parallel increase in ETG
activity was present when these cells were grown in mediumrich in
Ca2*, although these cells did stratify and differentiate (Puhvel et
al ., 1984).

7.4.5 Effects on the i Mmune system

TCDD produces a pronounced atrophy of the thynus, spleen, and, to
a |l esser, extent the peripheral |ynph nodes of npst experinmental
aninals. Since Buu-Hoi et al. (1972a) reported on TCDD-i nduced thynic
atrophy, nmany studies in rats, mice, guinea-pigs, and nonkeys have
shown that the thynmus is one of the organs nost severely affected by
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TCDD. Lesions in the thynus appear at exposure levels well bel ow those
i nduci ng lesions in other organs. Although there is species variation
in the degree and severity of other organ effects, the effects of TCDD
on lymphoid tissues is consistent in all species. Further

i nvestigations of the effect of TCDD on the i mmune system which is a
rapidly proliferating and differentiating organ system contai ni ng many
cellular conponents in a highly organi zed and regul ated network, have
reveal ed that TCDD affects both the hunoral -nedi ated (section 7.4.5.2)
and the cell-nediated i nmune response (section 7.4.5.3). Also the
conpl emrent system a key conponent of the innate imunity, is affected
by TCDD treatnment (Wiite et al., 1986). Damage to the thyrmus and to
the cell-nediated i mune system seens to be rather specific in that it
occurs at doses considerably |ower than those affecting other inmmne
functions (Faith & Luster, 1979). Thymic involution is believed to be
a direct effect on the gland, and not secondary to factors such as

undernutrition (van Logten et al., 1980), altered | evels of hornones
i ncluding corticosteroids (Vos et al., 1973; van Logten et al., 1980),
pituitary hormones (Vos et al., 1973), and thynosin (Vos et al.

1978a, b), or zinc deficiency (Vos et al., 1978a,b), or to a direct
cytotoxic effect on |Iynphocytes (Vos et al., 1978a,b). A direct effect
of TCDD on mouse fetal thymus organ cells grown in vitro was
denonstrated at concentrations as low as 10-10 nol/litre (Dencker et
al., 1985). Wthin the thynus, |ynphocytes in the cortex, i.e., the
immature T-cells, are nore severely affected in TCDD-treated ani nal s

than are | ynphocytes in the nmedulla, i.e., the mature T-cells. Thus,
it seens that TCDD inpairs the differentiation of thynmocytes into
i mmunoconpetent T cells. Greenlee et al., (1985) obtained results

denonstrating a direct effect of TCDD on thynmus epithelial (TE) cells.

H gh |l evel s of Ah receptors (section 7.8.1) have been found in
the thymus (Carl stedt-Duke, 1979; Mason & Ckey, 1982; Gasiewicz &
Rucci, 1984). Studies with C57BlI/6 mce (responsive to TCDD), DBA/ 2
nice (less responsive to TCDD), and B6D2F1 mice, hybrid mce from
crosses between these strains, suggest that TCDD i nduced thymc
involution, as well as immunosuppression, segregates with the Ah | ocus
in these strains of mce (Poland & A over, 1980; Cark et al., 1983;
Vecchi et al., 1983; Nagarkatti et al., 1984; Dencker et al., 1985).
The nost profound and persistent effect of TCDD on the i mmune system
is found when TCDD i s admi nistered during pre- and/or imedi ate
postnatal life. Contrary to other experinental aninmals investigated,
rai nbow trout (Salnp gairdneri) are relatively resistant to the
i mmunosuppressive effects of TCDD (Spitzbergen et al., 1986). No
hunor al - nedi ated effects, and only mnor cell-nediated effects, were
present at doses which caused clinical toxicity.

7.4.5.1 Hi stopathol ogy
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Lynphoi d organs, primarily thymus but al so spleen and | ynmph
nodes, have been found to be affected by TCDD over a w de spectrum of
dose ranges in adult rats, guinea-pigs, and mice (Qupta et al., 1973;
Vos et al., 1973; Vos and Moore, 1974; MConnell et al., 1978b). The
mar ked reduction in the size of thynus has been referred to as atrophy
(GQupta et al., 1973; Vos & Moore, 1974), regression (Allen et al.
1975), or involution (Kociba et al., 1976), though these terns do not
clearly represent the pathogenesis of this |lesion but are nore a
description of the final event. Toxic effects on thynus appeared in
adult gui nea-pigs, rats, and mice exposed to eight weekly doses of 0.2
Mg TCDD kg body weight, six weekly doses of 5 pg TCDD/ kg body wei ght
and four weekly doses of 5 pg TCDD kg body wei ght respectively (Vos et
al ., 1973). The thynus from nori bund ani mals, or from ani nals that
di ed from TCDD exposure, showed a dose-dependent decrease in the
nunber of cortical |ynphocytes, markedly smaller thynic |obules, and
| oss of demarcati on between the cortex and nedulla. Guinea-pigs, the
speci es nost severely affected by TCDD, showed | arge cystic Hassal
bodies, filled w th pol ynorphonucl ear | eukocytes (Gupta et al., 1973;
Vos et al., 1973). Guinea-pigs that received | ethal doses of TCDD
showed scattered necrosis of |lynphocytes in the cortical region with
conconi tant phagocytosis by nmacrophages as early as 5 days
post - exposure (MConnell et al., 1978b). The effect was nore apparent
at day 14, and by day 20 it was difficult to differentiate the cortex
fromthe nedulla. At day 20 little evidence of necrosis renmained,

t hough karyorrhectic debris and prom nent phagocytosis indicated that
this had occurred. Since the thynus from gui nea-pigs surviving the
TCDD dose for 30 days was usually normal microscopically (Vos et al.
1973; McConnell et al., 1978b), it seens that thymic necrosis nust be
an early event in the course of the toxic syndrone. Furthernore, in
ani mal s which survive, thym c regeneration seenmed to be rapid.
Decreased wei ght of thynus, |oss of cortical cells, and cell necrosis
have al so been found in hansters exposed to TCDD (Gasiewicz et al.
1986) .

Depl etion of lynphoid cells in the spleen, intestinal tract, and
various |ynmph nodes observed in guinea-pigs, rats, and mce (CGupta et
al ., 1973; MConnell et al., 1978b) was | ess extensive than in the
thymus. The major effect in the spleen of rats is the |l oss of the
T-cel | -dependent areas, nanely the periarterial |ynphoid sheet and the
paracortical areas (Vos & Moore, 1974).

Depressed i mmunogl obulin | evels were reported for 1- and
4-mont h-ol d C57BI/ 6 nice exposed to four and six weekly doses,
respectively, of 25 pug TCDD/ kg body wei ght (Vos & Moore, 1974).
Feedi ng 10, 20, 50, or 100 pg TCDDY kg in the diet depressed
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dose-dependently the Y-globulin level in 7-week-old Sw ss-Wbster mnice
(H nsdill et al., 1980).

Vos & Moore (1974) denonstrated a dose-rel ated | ynphocyte
depletion of thynus cortex, spleen, and intestinal |ynph nodes in
mat ernal | y exposed pups of rats and mice. However, no effect on
i mmunogl obulin I evels was observed in 25-day-old rats maternal ly
exposed (5 pg TCDD/ kg body weight) on days 0, 7, and 14. The
devel oping | ynphoid tissues were found to be nore sensitive to TCDD
than were the |ynmphoid tissues of adults or young.

7.4.5.2 Hunoral -nmediated i munity

The hunoral -nediated i mmunity (Tables 51 and 52) operates through
ant i body-producing cells and is transferable by serum This system
i ncludes cl assical antibody-nediated protective imunity and i mredi ate
hypersensitivity reactions. Vos et al. (1974) reported a significant
decrease in the al pha-, B-, and ganma-gl obulin levels in C57BL/6 m ce
gi ven non-toxi c doses of TCDD. The effects of TCDD on specific hunora
immunity responses in adult aninmals are sumari zed in Table 51
Feeding |l evel s of 10 pg TCDD/ kg body wei ght or nore reduced the
pri mary and secondary anti body response to both sheep red bl ood cells
(sRBC) and tetanus toxin in male Swi ss-Wbster mce (Hinsdill et al.
1980). Weekly oral doses of 1 or 10 pg TCDD/ kg body wei ght reduced
both the primary and secondary serumantitetanus titres in male New
Zeal and rabbits (Sharma et al., 1984). The secondary, but not the
primary, serumtetanus antitoxin |level was decreased in Hartley
gui nea-pi gs given ei ght weekly doses of 0.2 pug TCDD kg body wei ght
(Vos et al., 1973). Results presented by Vecchi et al. (1980, 1983)
show that single doses as low as 1.2 pg TCDD/ kg body weight to C57BL/6
m ce decreased the nunber of plaque-formng spleen cells in response
to an injection of the thynus-dependent antigen sRBC. The response was
dose dependent and lasted for at |east 42 days. Luster et al. (1985)
found a decrease in anti-sRBC plaque-formnming spleen cell production in
B6C3F1 and DBA/2 mice 5 days after single oral doses of 2 and 10 pg
TCDD kg body wei ght, respectively. A dose of 30 pg TCDD/ kg body wei ght
was needed to produce a significant antibody response to the
t hymus-i ndependent antigen type |11 pneunococcal polysaccharide (slll)
in C57BlI /6 mce (Vecchi et al., 1980). Wth sRBC and the
thynmus-i ndependent antigen trinitrophenylated Brucella abortus,
Clark et al. (1981) found a depressed nunber of spleen plaque-formng
cells in C57BL/6 mice only with a total dose of 40 pg/ kg body wei ght
given as four equal weekly doses. Chastain & Pazderni k (1985)
denonstrated decreased nunbers of plaque-formng spleen and bone
marrow cells in response to the thynmus-independent antigen
trinitrophenyl ated |ipopol ysaccharide (LPS). Spleen and bone narrow
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cells were collected fromnmale C57BL/6 mice 7 days after a single ip
dose of 30, 60, 90, or 120 pg TCDD kg body wei ght. The decrease
occurred at | ower doses in the spleen cell assay but was nore
pronounced at hi gher doses in the bone marrow cell assay. The nunber
of anti body-produci ng cells, nmeasured aspl ague-form ng cells,

foll owi ng i munization with either sRBC or LPS was reduced in B6C3F1
mce treated with 1 and 5 pg TCDD/ kg body wei ght (Tucker et al.
1986) .

Table 51. Effects of TCDD on hunoral - medi at ed i mmune responses in adult aninals

Speci es/ strain Sex/ age/ wei ght TCDD exposure
Par amet er measur ed®
(reference) Frequency/ rout e/ dose
M ce
Swi ss- Webst er F/ 4-7 weeks/ NR fed 10, 20, 50, 100, or
primary and secondary sRBC? anti body
500 pg/ kg conti nuously | evel,
(Hnsdill et al., in the diet for 5 weeks
primary and secondary serum tetanus
1980)
antitoxin |evel
C57BL/ 6J M 6- 8 weeks/ NR single ip dose of anti -
sRBC2 pl aque-form ng spleen cells
1.2, 6, or 30 pg/ kg body anti -
SII1P plaque-formng spleen cells
(Vecchi et al., wei ght
1980)
C57BL/ 6J M 6- 8 weeks/ NR four weekly ip doses of anti -
sRBC2 pl aque-fornm ng spleen cells
0.1, 1, or 10 pg/ kg body anti -
TNP- BA® pl aque-formi ng spleen cells
(dark et al., wei ght
1981)
C57BL/ 6 M 8-10 weeks/ NR single ip dose of anti -
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SRBC2 pl aque-form ng spleen cells
C3H HeN
DBA/ 2
AKR
B6D2F1

(Vecchi et al.

1.2, 6, or 30 pg/ kg body
wei ght

1983)
C57BL/ 6 M 6- 8 weeks/ NR single ip dose of 30, 60, anti -
TNP- LPSY pl aque-form ng spleen cells
90, or 120 pg/ kg body wei ght anti-
TNP- LPSY pl aque-form ng bone marrow
(Chastain & cells
Pazder ni k, 1985)
Table 51. (contd - 2)
Speci es/strain Sex/ age/ wei ght f TCDD exposure
Par amet er measur ed®
(reference) Frequency/ r out e/ dose
Mce (contd).
DBA/ 2N F/ 6- 8 weeks/ single oral doses of 5, anti -
sRBC2 pl aque-fornm ng spleen cells
18-21 g 10, or 50 pg/ kg body wei ght
(Luster et al.
1985)
B6C3F; F/ 6-8 weeks/ single oral doses of 0.2, anti -
sRBCa pl aque-form ng spleen cells
18-21 ¢ 1, 2, 5, or 10 pg/ kg body
(Luster et al., wei ght
1985)
QUi nea- pi gs
Hartl ey F/ NR/ 256 ¢ ei ght weekly oral doses of

primary serumtetanus antitoxin |evel

secondary serumtetanus antitoxin |eve
(Vos et al., 1973)
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Rabbi t
New Zeal and M Adul t/ 3 kg ei ght weekly oral doses of
primary and secondary serumtetanus
0, 0.01, 0.1, 1.0, or 10.0
antitoxin | evel

(Sharma et al., png/ kg body wei ght
1984)

a sRBC = sheep red bl ood cell

b SIIl = type Il pneunoccal polysaccharide.

c TNP-BA = trinitrophenyl ated Brucella abortus.

d TNP-LPS = trinitrophenyl ated |ipol ysacchari de.

e = all paranmeters neasured were decreased except for primry serum
tetanus antitoxin |l evel in guinea-pigs
(Vosal ., 1973).

f M= male; F = female; NR = not reported.

Tabl e 52. Effects of TCDD on hunoral - medi at ed i nrune responses in
mat ernal | y exposed ani nal s

Speci es/strain Ti me of TCDD exposure Rout e/
dose Par anet er neasur ed-r esponse
(reference)

Rat s
Fi sher-344 N Prenatal day 18 and/or oral /5 pg/ kg body
wei ght primary and secondary BG&
postnatal days 0O, 7, and
14 anti body | evel - no effect
(Faith & Mbore,
1977)
Fi sher/ W st ar Prenatal day 18 and/or oral /5 pg/ kg body
wei ght primary and secondary BGZ
postnatal days 0O, 7, and
14 anti body level - no effect
(Faith & Luster,
1979)
M ce
Swi ss- Webst er four weeks before nmating, in the
di et/ pri mary and secondary sRBCP
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t hr oughout gestation and 1, 2.5, 5, 10, or 20 W
kg anti body | evel - no effect;
(Thomas &
| actation primary anti SRBCP pl aque
Hinsdill,
1979) form ng

spleen cells - decreased

BGG - bovi ne ganma- gl obul i ne.
b = sRBC - sheep red bl ood cell.

Only mnor effects on antibody responses have been reported in
rodents maternally exposed to TCDD (Table 52). Single oral doses of 5
pg TCDD to pregnant Fisher-344 N (poor imunol ogi cal responder) and
Fi sher-Wstar rats (good i mmunol ogi cal responder) on gestation day 18
and/ or postnatal days 0, 7, and 14 did not affect the antibody reponse
to bovi ne gammagl obulin (BGG in the offspring (Faith & Myore 1977;
Faith & Luster, 1979).

Dietary exposure of fermale Sw ss-Whbster mce to 2.5 or 5 ug
TCDD' kg for 4 weeks before mating and throughout gestation and
lactation resulted in normal antibody production in the offspring but
in a decrease in anti-sRBC pl aque-forning spleen cells.

In vitro exposure of B6C3F1 spleen cells to 10-9 no
TCDD/litre decreased the production of anti-sRBC plaqueformng cells
(Luster et al., 1984). The EDysg for this effect was found to be 7

nmol /litre when TCDD was present fromthe first day of culture (Tucker
et al., 1986). Simlar activity to that of TCDD was found wth
2,3,7-tri CDD and 1, 2, 3,7, 8-pent aCDD, whereas 2, 8-di CDD and oct aCDD
were wthout effect at concentrations up to 5 x 10°8 nol/litre

(Tucker et al., 1986).

The doses produci ng 50% suppression of splenic IgMresponse to
SRBC in C57BlI /6 nmice were 7.1 and 85 pg/ kg body wei ght, respectively,
for 1,2,3,6,7,8-hexaCDD and 1, 2, 3, 4, 6,7, 8-heptaCDD gi ven as single
oral doses 2 days prior to sRBC challenge (Kerkvliet et al., 1985).
Cct aCDD had no effect even at doses of 100 and 500 pg/ kg body wei ght.

Hurmor al i nmune responses of the rai nbow trout (Salnp
http://www.inchem.org/documents/ehc/ehc/ehc88.htm (179 of 419) [16/11/2009 3:00:16 AM]



Polychlorinated dibenzo-p-dioxins and dibenzofurans (EHC 88, 1989)

gairdneri) were not significantly inpaired even at doses of TCDD
that caused clinical toxicity (Spitsbergen et al., 1986).

7.4.5.3 Cell-nediated i munity

Cell-nediated imunity (CM) operates through specifically
sensitized | ynphocytes and is transferred by these cells. Processes
included in this systemare classical cell-nediated protective
imunity (which protects against fungi, bacteria, and viruses),
del ayed type hypersensitivity, rejection of tunors and foreign tissues
such as transplants, and graft versus host response. Many assays, both
in vivo and in vitro, have been devel oped to test CM functi ons.

Besi des a reduction in the nunber of inmmunologically conpetent cells
after TCDD exposure (CGupta et al., 1973; Vos et al., 1973; Zi nkl et
al ., 1973) TCDD has been denpbnstrated to i nduce a decreased CM
response in adults (Table 53) and even nore in maternally exposed
aninals (Tabl e 54). Del ayed hypersensitivity response, correlatingwth
decreased host resistance to infectious agents in man, was depressed
in rodents exposed to low levels of TCDD (Vos et al., 1973; Faith &
Moore, 1977; Sharma et al., 1978; Faith & Luster, 1979; Thomas &

Hinsdill, 1979; Hinsdill et al., 1980; Cark et al., 1981).

TCDD- exposure al so adversely affects host susceptibility to bacteria,
viruses, tunor cells and endotoxins (Thigpen et al., 1975; Thomas &

H nsdill, 1979; Hinsdill et al., 1980; Luster et al., 1980; Cark et

al ., 1983).

Depressed graft versus host response was reported in 2-nmonth-old
C57BL/ 6 mice exposed to 4 weekly oral doses of 5 pug TCDD/ kg body
wei ght (Vos et al., 1973), whereas no effect was seen in a subsequent
study on 1- and 4-nmonths old C57BL/6Sch mice (Vos & Moore, 1974). In
the sane study, Fisher-344 rats maternally exposed to TCDD showed
decreased graft versus host response and prolonged allograft-rejection
time. The latter effect was al so denonstrated in maternally
TCDD- exposed C57BL/6Sch mice (Vos et al., 1973). Proliferative
responses of spleen and/or thymus | ynmphocytes, stinulated by mtogens
specific for the generation of B-|ynphocytes and/or T-Iynphocytes from
TCDD- exposed ani mal s, were depressed both in adults (Vos & More,
1974; Sharma et al., 1978) and nmaternally exposed rodents (Vos &
Moore, 1974; Faith & Moore, 1977; Vos et al., 1978; Faith & Luster,
1979; Luster et al., 1980). However, Thomas & Hinsdill (1979) found no
effect on the |ynphoproliferative response in offspring from
Swi ss-Webster nmice fed with up to 5 pug TCDD/ kg di et 4 weeks before
mat i ng and t hroughout gestation and | actation. Depressed
| ymphoproliferative response is regarded as an extremly sensitive
i ndi cator of imrunotoxicity, rather than as a predictor of immne
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dysfunction. Cytotoxic T-cell generation in response to allogeneic
antigens has been denmpnstrated in male DBA/ 2, C57Bl/6, and B6D2F1 nice
given four weekly ip injections of 1 ng/kg body weight (Cark et al.
1981, 1983). At this dose no effects were seen on del ayed
hypersensitivity, antibody response, thynus cellularity, or enzyne

i nduction. The adverse effect of TCDD on CM function seens to be an
age-rel ated phenonenon in rodents. In order to obtain a conplete and
persi stent inmune suppression, TCDD exposure nust occur during
ontogenesis of the imune system In the initial experinments on the
devel opi ng i mune system Vos & Moore (1974) exposed Fisher-344 rats
to 1 ng TCDD kg body wei ght on gestation days 11 and 18 and on
postnatal days 4, 11, and 18, or to 5 pg TCDD kg body wei ght on
postnatal days O, 7, and 14. CM functions adversely affected included
in vitro i nmmune conpetence of spleen and thynus |ynphoid cells,

del ayed hypersensitivity reaction, prolonged allograft-rejection tines
and reduced graft versus host activity. The imrune suppression
denonstrated persisted throughout the study, i.e., for 145 days. The
depression of T-cell-dependent inmune functions appeared to occur

wi t hout hel per-cell function being affected (Faith & Moore 1977).

Attenpts to study direct effects of TCDD on | ynphocytes in
vitro were previously hanpered by the low solubility of TCDD in
physi ol ogi cal buffers (Matsunura & Benezet, 1973). Vos & More
(1974) obt ai ned no | ynphoproliferative response in unstinulated or PHA-
or concanavalin-A-stinulated rat thynus organ cells and nouse spl een
cells when cultured in the presence of up to 20 ng TCDD/ M. Dencker et

al. (1985) denonstrated that nouse fetal thynmus cells cultured in
vitro in the presence of TCDD gave a simlar response simlarly to
that occurring in vivo, i.e., with a dose-dependent inhibition of
the tine-dependent increase in the nunber of |ynphoid cells
(EC50=10-10 nol TCDD/litre). It could not be determined with

certainty whether the decreased cell nunber caused by TCDD was due to
reduced cell proliferation or to increased cell death. The
TCDD- i nduced suppression of nitogen-stimulated | ynphoproliferation has
recently been denonstrated to be nediated by thynus epithelial cells
(Geenlee et al., 1985).

7.4.5.4 Macrophage function

The primary pathway of endotoxin detoxification is thought to be
nmacr ophage- dependent. Thus the increased sensitivity to endotoxin
following TCDD treatnment (Vos et al., 1978; Thomas & Hinsdill, 1979)
was suggestive of nmacrophage dysfunction. However, the nunber of
peri toneal nacrophages, as well as their capacity to nediate cytolytic
and cytostatic effects, was not adversely affected by single ip doses
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of 1.2, 6 or 30 pg TCDD/ kg body weight to male C57BlI/6J mice
(Mantovani et al., 1980), nor was the ability of macrophages to reduce
nitroblue tetrazoliumaffected by four to five weekly oral doses of 50
Mg TCDDY kg body weight in Swi ss-Whbster nmce (Vos et al., 1978a).

Macr ophage function does not appear to be altered by TCDD.

7.4.6 Melotoxicity

TCDD treatnent inhibits the bone nmarrow haenat opoiesis in mce,
both in vivo and in vitro, by directly altering col ony growth of
stemcells (Luster et al., 1980, 1985; Chastain & Pazdernik, 1985).
The bone nmarrow granul ocyt e- nacr ophage progenitor cell (CFU-GV
production was reduced in B6C3Fl nice, receiving 1 pg TCDD/ kg body
wei ght, but was unaffected in DBA/2 nice, even at a dose of 50 ug
TCDD kg body wei ght (Luster et al., 1985). Chastain & Pazderni k (1985)
used the B-1ynphocyte colony-formng unit assay to denpnstrate
reductions in spleen and bone marrow B-cell function of C57BL/6 mce
exposed to single ip doses of TCDD in the range 30 to 120 pg TCDD kg
body wei ght. Bone marrow B-cells tended to be nore suseptible to TCDD
than spleen B-cells. A maternal oral dose of 5 ug TCDD/ kg body wei ght
on the 14th day of gestation and postnatal days 1, 7, and 14 resulted
in a weak nornocytic anaenia indicative of depressed erythrogenesis,
decreased bone marrow cellularity, and decreased stem cel
proliferation in B6C3F1 offspring, assessed 7 days after weaning
(Luster et al., 1980). In vitro exposure of B6C3Fl bone marrow cells
to 109 nol TCDD/litre resulted in decreased CFU-GM devel opment and
decreased nunber of erythrocyte colony-form ng units. The decrease in
CFU-GM occurred 1 day post-treatnment and renmai ned bel ow control val ues
until 10 days post-treatnment (Luster et al., 1985).

Table 53. Effects of TCDD on cell-nediated i munity responses in adult animals

Speci es/strain Sex/ age/ wei ght d TCDD
exposur e Par amet er neasur ed- r esponsed
(reference) Frequency/ rout e/ dose
Rat s
CD F/ NR/ 185 ¢ si x weekly oral doses of

del ayed hypersensitivity to tuberculin - NE
0.2, 1.0, or 5.0 pg/kg
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(Vos et al., 1973) body wei ght
M ce
C57BL/ 6 M 6- 8 weeks/ NR four weekly ip doses of

del ayed hypersensitivity to sRBC® - Dec;
0.1, 1.0, or 10.0 pg/kg
del ayed hypersensitivity to oxazal one - Dec;

(Cark et al., body
wei ght generation of alloantigen-specific cytotoxic
1981)
cells - Dec
C57BL/ 6 M NR/ NR four weekly ip doses
of resi stance to Herpes virus chall enge - Dec;
0. 001, 0.01, 1.0,
or generation of alloantigen-specific cytotoxic
(dark et al., 10. 0 pg/ kg body wei ght
cells - Dec
1983)
DBA/ 2 M NR/ NR four weekly ip doses
of generation of alloantigen-specific cytotoxic

0.001, 0.01, 0.1, 1.0, or
cells - Dec

(Cark et al., 10. 0 pg/ kg body wei ght
1983)
Swi ss- Webst er F/ 4-7 weeks/ NR five weeks feeding of

diets resistance to Sal nonella typhinurium chall enge - Dec;
contai ning 10, 50,

or resi stance to Listeria nobnocytogenes chall enge - Dec;
(H nsdill et al., 100 pg/ kg body wei ght
contact sensitivity to 2,4-dinitro-1-fluoro-
1980)

benzene - Dec

Table 53 (contd - 2)

Speci es/ strain Sex/ age/ wei ght d TCDD
exposure Par amet er neasur ed- r esponsed
(reference) Frequency/ r out e/ dose

M ce (continued)
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C57BL/ 6J M 6- 8 weeks/ NR single ip doses of 1.2
nunber of peritoneal macrophages - Dec;
6 or 30 pg/ kg body wei ght
nunber of splenic natural killer cells - Dec;

( Mant ovani
macr ophage nedi ated cytolysis - NE
et al.,
1980) macr ophage
nedi at ed cytostasis - NE
C57BL/ 6 M NR/ NR four weekly ip doses
of generation of allospecific cytotoxic T-cells - Dec
DBA 0.001 pg/ kg body wei ght
B6D2F,
(Nagar kat t
et al., 1984)
Ch-1 M NR/ 28 two, four, or eight
weekl y | ynphoproliferative response of PHAP- and PWw-

doses of 0.01, 0.1, 1.0,
or stimul ated splenic cells - Dec
(Sharma & 10. 0 pg/ kg body wei ght
Gehring, 1979)

C57BL/ 6Jf h M 4 weeks/ NR four weekly oral doses
of resistance to Sal nonella bern challenge - Dec;
0.5, 1.0, 5.0, 10.0,
or resi stance to Herpes virus challenge - NE
(Thi gpen et al ., 20. 0 pg/ kg body wei ght
1975)
C57BL/ 6 M 2 nont hs/ four weekly oral doses of
graft versus host activity - Dec
24.4 ¢ 0.2, 1.0, 5.0, or 25.0
(Vos et al., pg/ kg body wei ght
1973)
C57BL/ 6Sch M 1 nont h/ NR four weekly oral doses
of | ynphoproliferative response of PHAP-stinul ated

1.0, 5.0, or 25.0 pg/kg
spl een cells - Dec;
(Vos & Mbore, body wei ght
graft versus host activity - NE
1974)
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Table 53 (contd - 3)

Speci es/ strain Sex/ age/ wei ghtd TCDD
exposure Par anet er neasur ed- responsed
(reference) Frequency/ r out e/ dose

M ce (continued)
C57BL/ 6Sch M 4 nont hs/ NR si x weekly oral doses
of | ynphoproliferative response PHA-stimul at ed
1.0, 5.0, or 25.0 pug/kg
spleen cells - NE

(Vos & Mbore, body wei ght
graft versus host activity - NE
1974
Swi ss M 3-4 weeks/ NR four or five weekly
or al resi stance of Listeria nonocytogenes - NE

doses of 50 pg/ kg body
nunber of peritoneal macrophages - NE

(Vos et al.
wei ght macr ophage reduction of nitroblue tetrazodium- NE
1978a)
Qui nea- pi gs
Hartl ey F/ NR/ 256 ¢ ei ght weekly oral doses

del ayed hypersensitivity to tuberculin - Dec
of 0.008, 0.04, 0.2, or

(Vos et al, 1973) 1.0 pg/ kg body wei ght
Rabbi t s
New Zeal and M adul t/3 kg ei ght weekly oral doses

del ayed hypersensitivity to tuberculin - Dec
of 0.01, 0.1, 1.0, or

(Sharma et al., 10. 0 pg/ kg body wei ght
1984)
a sRBC = sheep red bl ood cells.
b PHA = phyt ohaenmaggl uti nin.
c PWM = poke weed.
d NR = not reported; NE = no effect; Dec = decreased; M= nale; F

= femal e.
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Table 54. Effects of TCDD on cell-nmediated i nmunity responses in
mat ernal | y exposed ani nal s

Speci es/ strain TCDD exposure Age
when Par anet er neasured - responsef
(reference) Frequency/ rout e/ dose t est ed9
Rat s
Fi sher/ W st ar 5 pg/ kg body wei ght on gestation day 18 25
days | ynphoproliferative response of
and on postnatal days, 0, 7, and 14,
or PHA2- and ConAb-stinul ated spl een
(Faith & Luster, 5 pg/ kg body wei ght on postnatal
days and thynus cells - Dec;
1979) 0, 7, and
14 del ayed hypersensitivity to
tuberculin
- Dec
Fi sher-344 5 ug/ kg body wei ght on gestation day 18 25
days | ynphoproliferative response of
and on postnatal days 0, 7, and 14,
or PHA2- and ConP-stinul ated spl een
(Faith & Mbore, 5 ug/ kg body wei ght postnatal days O,
7, and thynus cells - Dec;
1977) and
14 del ayed hypersensitivity to
oxazol one
- Dec
Fi sher 344 1 pg/ kg body wei ght on gestation days 11 25
days | ynphoproliferative response of
and 18 and on postnatal days 4, 11 and 18
or PHA2- st i nmul at ed spl een cells and of
(Vos & Mbore, 5 ug/ kg body wei ght on postnatal days
0, PHA2- and ConAb-stinul ated thynus-
1974) 7 and
14 cells - Dec
M ce
B6C3F; ¢ 1, 5, or 15 pg/ kg body weight on
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NR | ynphoproliferative response of
gestation day 14 and on postnatal days
1, m t ogen-stinmul ated spl een cells:
(Luster et al., 7, and

14 PHA2 - Dec;

1980)
ConAP - Dec;
- NE;

proliferation - NE
ability - NE

to Listeria npnocyto-

- Dec;

to PYB6 tunor cells - Dec

LPSd

Macr ophage
Phagocyti zi ng
Resi st ance

genes

Resi st ance

Tabl e 54 (contd).

Speci es/ strain TCDD exposure Age
when Par anet er neasured - responsef
(reference) Frequency/ rout e/ dose t est ed9

M ce (continued)

Swi ss- Webst er Feeding 1, 2.5, or 5 pg TCDD kg 5-6
weeks Contact sensitivity to 2,4-dinitro-
4 weeks before mating,
t hr oughout 1-fl uorobenzene - Dec;
(Thomas & gestation, and 3 weeks
post natal |y | ynphoproliferative response of
Hi nsdill,
1979) PHA2-  and

ConAP-stinmul at ed spl een
thymus cells - NE

to Sal nonel | a typhi nuri um

- Dec; Resistance
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Li steri a nonocyt ogenes - NE

C57BL/ 6Sch 2 or 5 pg/ kg body wei ght on gestation days 23
days Skin graft assay - prolonged skin
14 and 17 and on postnatal days 1, 8, and
15 graft rejection tine

(Vos et al., 1974)

Swi ss 10 pg/ kg body wei ght on postnatal days 22
days | ynphoproliferative response of
1, 4, 8, 11, 15, and
18 PHA2-, ConAb- &
(Vos et
al .,
PWWE-stimul ated thynmus cells - Dec
1978a)
a PHA = phyt ohaenaggl uti ni n.
b ConA = concanavalin A
c B6C3F; = progeny to fenale C57BL/6N and nmal e C3H nice
d LPS = |i popol ysacchari de.
e PWM = poke weed.
f Dec = decreased, NE = no effect.
9 NR = not recorded.

7.4.7 Effects on the internmedi ary netabolism

Changes in internediary nmetabolismhave been denonstrated in
TCDD-treated experinental animals. The circul ating concentration of
glucose in TCDD-treated rats was decreased relative to ad
libitumfed (Zinkl et al., 1973; Schiller et al., 1985) and pair-fed
(Gasiewicz et al., 1980; Potter et al., 1983) control rats.
TCDD-treated and pair-fed controls (both groups were schedul e fed) had
sim | ar concentrations of serumglucose (Christian et al., 1986b). The
TCDD- i nduced hypogl ycaem a was not caused by altered pancreatic
function, as judged by insulin and glucagon |evels (Potter et al.
1983).

Reduced hepatic gl ycogen content, conpared to the value in
control rats, was reported in Sprague Dawl ey rats 16 days after a
single ip dose of 20 yug TCDD/ kg body wei ght (Weber et al., 1983).
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However, in studies by Christian et al. (1986b), conpared to pair-and
schedul e-fed control rats, TCDD-treated (75 pg/ kg body wei ght daily)
Sprague Dawl ey rats had significantly increased hepatic glycogen

| evel s but unaffected cardiac and nuscle (gastrocnem us) |evels of

gl ycogen 2-8 days post-treatnent.

TCDD-treated rats nai ntai ned a nornal overall nitrogen bal ance,
as judged by urinary urea, creatinine, and amonia | evel s, but
exhi bited changes in certain plasnma protein levels (Christian et al.
1986b) .

El evated circulating chol esterol |levels were found in
TCDD-treated rats (Albro et al., 1978; Poli et al., 1980; Schiller et

al ., 1985), whereas circulating free fatty acids and triacyl gl ycerols
were decreased in TCDD-treated rats, when conpared to pair-and
schedul e-fed control rats (Christian et al., 1986b).

A marked accumnul ati on of hepatic lipid has been found in rats
after single doses of TCDD (Cunni ngham & Wl lians, 1972; CGupta et al.
1973; Albro et al., 1978; Schiller et al., 1985). At a sublethal dose
of TCDD, hepatic triglyceride and free fatty acid levels were el evated
al ready one day after dosing. Abnormal |ipid deposition patterns
persisted for at least 2 nonths (Albro et al., 1978). The increased
| evel of triglycerides in the liver (Schiller et al., 1985; Christian
et al., 1986b) of TCDD-treated rats was not acconpani ed by increases
in cardiac or nuscle (gastrocnemus) triacylglycerol levels (Christian
et al., 1986b). Hepatic lipid synthesis in Wstar rats, nmeasured as
the 1-h incorporation of 3H acetate, was not affected by TCDD
treatment when studied 7 days after exposure to 10 pg TCDD/ kg body
wei ght (Cunni ngham & Wl lians, 1972).

M ce (both C57BL/6 and DBA/2 strains) responded to TCDD treat nment
wi th dose-dependent decreases in serumlevels of glucose, chol esterol
and triglycerides, and increases in hepatic triglycerides, whereas
serum gl ycerol and free fatty acid levels were unaffected (Chapman &
Schiller, 1985).

Hartl ey gui nea-pigs given a lethal ip dose of 2 ug TCDD/ kg body
wei ght had significantly increased circulating | evels of cholestero
esters, triglycerides, and phospholipids but a normal free fatty acid
| evel 7 days post-treatnent. The increase in serumlipids was
acconpani ed by a pronounced increase in |low density |ipoproteins,
particularly the very low density lipoprotein fraction (Swift et al.
1981). The plasma chol esterol and triglyceride |evels were el evated
al so when TCDD-treated gui nea-pigs were conpared to pair-fed controls
(Gasiewicz & Neal, 1979).

http://www.inchem.org/documents/ehc/ehc/ehc88.htm (189 of 419) [16/11/2009 3:00:16 AM]



Polychlorinated dibenzo-p-dioxins and dibenzofurans (EHC 88, 1989)

A TCDD-i nduced increase in plasma triglyceride |l evels was al so
noted in New Zeal and rabbits, fed 20 pg TCDD/ kg body wei ght, whereas
pl asma chol esterol was unaffected 12 weeks after dosing (Lovati et
al., 1984). TCDD treatnent did not alter the liver lipid levels (free
and esterified cholesterol, triglycerides, and phospholipids), but the
triglyceride | evel was significantly increased. These results were
valid both for rabbits fed normal chow and those fed a
chol esterol-rich (0.5% diet. Golden Syrian hansters exposed to 1000
pg TCDDY kg body weight, orally or ip, had el evated plasnma chol estero
| evel s until 20 days after exposure but normal |evels on day 50,
whereas serumtriglyceride levels were normal until day 20 and then
became significantly | ower than those of controls (O son et al.
1980b) .

7.4.8 Enzyne induction

Primarily, TCDD has been found to increase enzyne activities
al t hough observati ons on enzyne inhibition have al so been made. Since
the first reports of enzynme systens as targets for TCDD (Buu-Hoi et
al ., 1971a, 1972b; Geig, 1972; Poland & dover, 1973b,c), enzyne
i nduction has becone the nost extensively studied bi ochen cal response
produced by TCDD. The m xed function oxi dase system (MFO), capabl e of
net abol i zi ng bot h endogenous and foreign |ipophilic conpounds to nore
pol ar products, has been the npbst thoroughly investigated one, and
aryl hydrocar bon hydroxyl ase (AHH) and 7-et hoxy-resorufin O-deethyl ase
(EROD) are the nost frequently assayed enzyne activities in this
system TCDD has al so been reported to affect UDP-gl ucuronosyl
transferases (UDPGT) (Thunberg et al., 1980, 1984) and
gl ut at hi one-S-transferases (GI) (Manis & Apap, 1979), which are
mul tifunctional enzyne systems involved in conjugating a wide variety
of conpounds.

Most studies have been perforned with m crosomal enzynes, but
TCDD has al so been found to have effects on enzynmes in the cytosolic
fraction. It seens that TCDD produces organ-specific effects, and
al t hough, quantitatively, hepatic enzyme induction is of nore concern
than extrahepatic enzyne effects, the latter may qualitatively be as
important. Studies in different species have reveal ed that enzyne
i nduction due to TCDD exposure also is a species-specific phenonenon.

Ti me course studies have shown that naximal increases in enzyne
activities are reached within 3 to 4 days post-treatnent. After a |l ag
period of about 2 to 3 weeks, enzyne activities begin to return to
normal levels (Hook et al., 1975a,b; Lee & Suzuki, 1980; Lucier et
al ., 1973; Poland & 3 over, 1973a).
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According to Kitchin & Waods (1979), TCDD-i nduced AHH activity
did not reach the normal level until 6 nonths after rats were exposed
to a single daily dose of 2 pg/kg body weight.

Hook et al. (1975a) found no apparent dependence on age when
studyi ng AHH i nduction in CD rats which were 10 to 335 days old at the
time of exposure to 25 pug TCDD/ kg body wei ght.

Several investigators have studied the relative potency of various
PCDDs and PCDFs to induce AHH and/or EROD activities (Bradlaw et al.,
1980; Poland et al., 1976; Bandiera et al., 1984a,b; Sawer & Safe,
1985; Mason et al., 1986). They found an apparent structure-activity
rel ationship between the |ocation of the hal ogen atons on the
di benzo-p-di oxin nolecule and the ability to induce AHH activity
both in vivo and in vitro. |Isomers with hal ogens at the four
lateral ring positions produced a greater biological response than
those with hal ogens at three lateral ring positions, while two
| at eral hal ogen atons seened to be insufficient to produce a
bi ol ogi cal response. TCDD was the npbst potent enzyne inducer of the
conpounds tested.

On a nol ecul ar basis TCDD is the nost potent MO i nducing
conmpound known and MFO i nduction seens to be the nbst sensitive
bi ochem cal response produced by this chem cal. According to Kitchin
& Wbods (1979), induction in the rat takes place after a single daily
dose of only 0.002 pg TCDD/ kg body weight. In the guinea-pig (the
ani nal nost sensitive to TCDD toxicity), MO induction has been
observed, but the induced activities were | ow even at | ethal doses
(Hook et al., 1975a). Neither is there a correlation in cell cultures
bet ween induction of MFO and toxicity. Furthernore, it is known that
net abol ites of TCDD are less toxic and nore readily excreted than the
parent compound (see section 8.1.5). Thus, TCDD- i nduced MFO activities
represent a detoxification process rather than one leading to toxic
effects.

However, induction of MFO activities mght potentiate the
toxicity of other foreign conpounds requiring netabolic transformation
by the MFO system before they can exert their toxic effect. A nunber
of studi es have shown that induction of MFO activities alters the

net abol i sm of the nobdel xenobiotic, benzo(a)pyrene by increasing the
rate of mcrosomal netabolism changing the netabolic profile to nore
toxi c nmetabolites, and increasing the extent of covalent binding to
liver microsones (Berry et al., 1976, 1977; Uotila et al., 1978).
TCDD, applied topically or subcutaneously increased the
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carcinogenicity of 3-nethyl cholanthrene (MC) in DBA/2 m ce (Kuori,
1978), but decreased the carcinogenicity of

7, 12-di et hyl benz(a)ant hracene (DVBA) in CD-1 mce (D Govanni et al.
1979a). These authors suggested that TCDD i nduces the MFO system and
thus increases activation of MCto the ultimate carcinogen, as well as
i nactivation of DVBA, which would explain these effects.

Furthernore, increased MFO activities nmight adversely affect
i nportant netabolic pathways of endogenous conpounds. The effects of
TCDD on enzyne activities, both MFO and others, involved in such
bi ol ogi cal pathways as keratinization, steroid nmetabolism lipid
net abol i sm pl asma nenbrane function and porphyrin nmetabolism are
di scussed under separate sections. The minute quantities of TCDD
required for maxi mal enzyne induction or suppression, the |ong
duration of the effect, and the stereospecific requirenments suggest a
specific interaction of TCDD with a cellul ar species, possibly at the
gene |l evel. Accordingly considerable research has been directed toward
the study of the genetic regulation of AHH i nduction by TCDD. A
hepatic cytosolic species that bound TCDD has been suggested as the
receptor for the hepatic AHH activity. Nunerous studies of this
cytosolic receptor in several species and tissues have been perfornmed
and it seens that there is a structural gene, the Ah locus, for this
receptor, which is responsible for the expression of various enzyme
activities (see sections 7.8 and 7.8.1).

7.4.8.1 Studies on rats

The effect of TCDD on enzynme activities has been nost extensively
investigated in the rat. In the liver, TCDD has been shown to increase
both the content of cytochrone P-450 (Lucier et al., 1973, 1986;

Pol and & d over, 1974a,b; Hook et al., 1975a; Aitio & Parkki, 1978,
Kitchin & Whods, 1979; Mdhukar & Matsumura, 1981; Col dstein & Linko,
1984) and cytochrome b5 (Lucier et al., 1973; Hook et al., 1975a), as
wel |l as the mcrosonal enzyne activities involved in the oxidative
transformati on and conjugati on of xenobiotics, e.g., aniline

hydroxyl ase, aryl hydrocarbon hydroxyl ase (AHH), bi phenyl hydroxyl ase,
7- et hoxycounari n- 0- deet hyl ase (ECOD), EROD, and UDPGI. These enzyne
activities have been investigated in a vast nunber of studies, sone of
them quoted in Table 55. Goldstein & Linko (1984) denobnstrated that
TCDD i nduced two i sozynes of cytochrome P-450 (P-448) in the liver but
only one of these in extrahepatic tissues of young Sprague Dawl ey rats
2 days after a single oral dose of 25 pg/ kg body wei ght.

Tabl e 55. Studies denonstrating in vivo induction of nixed function
oxi dases and UDP- gl ucuronosyl transferases in TCDD-exposed strains of rats
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Rat
Enzyme activity strain Ref er ence
Ani | i ne hydroxyl ase SD Beatty et al. (1978)
CD Lucier et al. (1973); Hook et al. (1975a)
Aryl hydrocarbon SD Pol and & d over (1973a, 1974a); Beatty et
hydr oxyl ase al. (1978); Manis & Apap (1979);
Haaparanta et al. (1983); Thunberg et al.
(1984); Lucier et al. (1986); Ahlborg et
al . (1987)
CD Lucier et al. (1973); Hook et al
(1975a); Kitchin & Wods (1979)
W st ar Nagayana et al. (1983); Keys et al
(1985); Bannister et al. (1986); Farrel
& Safe (1986); Mason et al. (1986);
Tsyrlov et al. (1986)
Bi phenyl hydroxyl ase CD Hook et al. (1975a,b,); Kitchin & Wods
(1979)
7- Et hoxycoumari n- O W st ar Aitio & Parkki (1978)
deet hyl ase
7- Et hoxyresurofin-O SD Haaparanta et al. (1983)
deet hyl ase
CD Kitchin & Wods (1979)
W st ar Keys et al. (1985); Bannister et al
(1986); Farrell & Safe (1986); Mason et
al . (1986)
UDP- gl ucur onosyl -
transferase:
p- ni trophenol SD Thunberg et al. (1980, 1984); Ahl borg et
al. (1987)
CD Lucier et al. (1973, 1975a, 1986); Hook
et al. (1975a)

Table 55 (Cont.)

St udi es denpnstrating in vivo induction of nixed
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functi on oxi dases and UDP- gl ucuronosyltransferases in TCDD exposed
strains of rats

Rat
Enzyne activity strain Ref er ence
UDP- gl ucur onosyl -
transf erase:
p- ni t rophenol W st ar Aitio et al. (1979); Thunberg & Hi kansson
(cont'd.) (1983)
o- am nophenol W st ar Aitio et al. (1979)
4- met hyl unbel I -
ferone W st ar Aitio & Parkki (1978)

M crosomal gl utathion-s-transferase (GI) did not respond to
TCDD (Aitio & Parkki, 1978; Mukitari et al., 1981; Baars et al.
1982), but cytosolic GI was induced both by a single dose of 17 ug
TCDD kg body wei ght 2 days post-treatnment (Manis & Apap, 1979), and by
near lethal or lethal doses 1 and 6 days after dosing (Mukitari et
al ., 1981; Baars et al., 1982; Hassan et al., 1983). d utathione
reduct ase was al so increased, while glutathione peroxidase, both total
and Se-dependent, and the content of reduced gl utathione were reduced
by TCDD treatnent (Hassan et al., 1983, 1985a,b,c).

The foll owi ng hepatic enzyne activities involved in drug
met abol i sm have been reported to be unaffected by TCDD treatnent in
the rat: N-and O denethylation (Lucier et al., 1973; Poland &
A over, 1973a; Hook et al., 1975a; Beatty et al., 1978; Kitchin &
Whods, 1979; Madhukar & Matsunura, 1981), epoxi de hydratase (EH)
(Aitio & Parkki, 1978), R-glucuronidase (Lucier et al., 1973, 1975)
and NADPH cyt ochrone c¢ reductase (Poland & dover, 1974; Aitio &
Par kki, 1978; Kitchin & Wods, 1979; Mdhukar & Matsumura, 1981). The
gl ucuroni de conjugation of bilirubin (Aitio et al., 1979), estrone,
and testosterone (Lucier et al., 1975a) by liver mcrosonmes from
TCDD-treated rats was not different when conpared to control rats.

Sone hepatic enzyme activities not belonging to the MO system
which are affected by TCDD treatnent include al dehyde dehydrogenase
(Deitrich et al., 1978; Lindahl et al., 1978), delta-am nolevulinic
acid synthetase (see section 7.4.3), DT-di aphorase (Beatty & Neal
1977), transglutam nase (see section 7.4.4), ornithine decarboxyl ase
(Nebert et al., 1980; Potter et al., 1982; Farrell & Safe, 1986),
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pl asma nenbrane ATPases (see section 7.4.2.2), porphyrinogen

carboxyl ase (see section 8.4.3), prostaglandin synthetase (see section
7.4.9), enzynes involved in testosterone netabolism (see section
7.4.9), and RNA polynerase (Kurl et al., 1982).

Prenatal and postnatal exposure via mlk to TCDD, at doses of 3
pHg/ kg body wei ght to pregnant rats on days 5, 10 and 16 of gestation
i nduced hepatic AHH and UDPGT activities in the offspring. The effect
was seen 8 days post-partum and persisted for at |east 2 weeks. The
i nductive effect was due both to exposure to TCDD via mlk and to the

activation of an inducing nmechanismafter birth. Fetal |iver AHH was
slightly increased during |ate gestation, although the UDPGT activity
and the cytochrone P-450 content were not (Lucier et al., 1975b).

Adm nistration of 2.5 pug TCDD/ kg body weight to pregnant rats on
day 17 of gestation increased the AHH and N hydroxyl ation activities
and cytochrome P-450 content in the fetal liver on day 20 of gestation
(Berry et al., 1976).

AHH i nduction due to TCDD has been reported to occur also in the
brain (Hook et al., 1975a), kidney (Poland & d over, 1973a; Hook et
al., 1975a; Aitio & Parkki, 1978; Potter et al., 1982; Nagayama et
al., 1983), lung (Poland & G over, 1973a; Hook et al., 1975a; Aitio &
Par kki, 1978; Nagayana et al., 1983), prostate (Lee & Suzuki, 1980;
Haaparanta et al., 1983; Nagayama et al., 1983), thynus (Nagayama et
al ., 1983), and intestine (Poland & d over, 1973a; Hook et al.
1975a), but intestinal AHH activity was found to be unaffected by 17
and 20 pg TCDD/ kg body weight (Aitio & Parkki, 1978; Mnis & Apap,
1979). Testicular (Poland & dover, 1973a; Hook et al., 1975a; Aitio
& Parkki, 1978) and adrenal (Quenthner et al., 1979) AHH activities
were not induced by subl ethal doses of TCDD. The O deethyl ation
activity in kidney, lung, and prostate was increased, but no effect
was seen on the activity in testes or intestine (Aitio & Parkki, 1978;
Haaparanta et al., 1983). UDPGT activities in kidney, lung, intestine,
and brain were increased, while no effect was seen on testicular UDPGT
(Hook et al., 1975a). Similar results were reported by Aitio & Parkki
(1978), though in their study intestinal UDPGI was not affected.

Renal bi phenyl hydroxylation activity has been found to increase
after TCDD treatnent, but no effect on this enzyne activity was seen
in lung, intestine, brain, or testes (Hook et al., 1975a). Elevated
| evel s of cytochrome P-450 were found in prostate (Lee & Suzuki, 1980)
and mammary gl and (Ri kans et al., 1979), but not in adrenals
(Guenthner et al., 1979). Less testicular cytochrone P-450 was found
after a single dose of 25 pg TCDD/ kg body wei ght (Tofilon & Piper
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1982). The GSH tranferase activity was increased in the |lung but not
in kidney, intestine, testes (Aitio & Parkki, 1978), or prostate (Lee
& Suzuki, 1980).

Nei t her EH nor NADPH cytochrone c reductase were inducible by
TCDD in kidney, lung, intestine, testes (Aitio & Parkki, 1978),
manmary gl and (Ri kans et al, 1979), or prostate (Lee & Suzuki, 1980).
The EDgg val ues for hepatic AHH and EROD i nduction were determ ned

ininmture male Wstar rats 13 days after a single ip dose of

2,3, 7-tri CDD, TCDD, 1,3,7,8-tetraCbD, 1, 2, 3,7, 8-pentaCDD,
1,2,4,7,8-pentaCbD or 1,2,3,4,7,8-hexaCDD (Mason et al., 1986). The
order of enzyne-inducing capacity was TCDD > 1, 2, 3, 7, 8-pentaCDD >
1,2,3,4,7,8-hexaCDD > 1,2,4,7,8-pentaCDD > 2,3,7-tri CDD >
1,3,7,8-tetraCDD (Tabl e 56).

7.4.8.2 Studies on mce

Enzyme i nduction studies in mce have been perfornmed mainly with
two strains genetically separated at the Ah | ocus, thus naking them
responsive (C57Bl/6 (B6)) or non-responsive (DBA/2 (D2)) to induction
of hepatic cytochrone P-450-rel ated enzyme activities by aromatic
hydr ocarbons, e.g., 3-nethyl-chol anthrene (3-MC). However, the
extraordi nary potency of TCDD for enzyne induction reveal ed increased
hepatic cytochronme P-450 content as well as AHH and O deet hyl ase
activities both in B6 and D2 mice after subl ethal exposure to TCDD
(Pol and & d over, 1974a,b,c; Jones & Sweeney, 1977, G eenl ee & Pol and,
1978). Studies of MFO induction in five responsive and five
non-responsi ve strains of mce by Poland & d over (1974a,b,c) reveal ed
that there were no consistent differences between the strains when
considering the extent to which TCDD i nduced AHH, O deethyl ase,

N- denet hyl ase and O denet hyl ase activities in the liver, kidney,
| ung, skin, or bowel. The EDgy for hepatic AHH i nduction was

determ ned to be 10-9 nol/kg body weight in the responsive strain

and > 10-8 nol/kg body weight in the non-responsive strain (Poland &
A over, 1975). Fully induced hepatic AHH activity was obtai ned both in
responsive (C57Bl/6 and AKR/ Qdj ) and non-responsive (DBA/2 and DDD)
strains of mce 3 days after an ip dose of 30 pg TCDD kg body wei ght
(Nagayama et al., 1985a). Both AHH and EROD were induced in C57BlI/6
nmce 7 days after an ip dose of 0.32 ug/ kg body wei ght (Bannister et
al ., 1986). Both hepatic AHH and ornithine decarboxyl ase activities
were simlarly induced in C57BI/6 and DBA/2 mice after a single ip
dose of 100 pg TCDD/ kg body wei ght, but at 2 pg TCDD kg body wei ght
these enzynmes were induced only in the C57BlI/6 strain (Nebert et al.
1980). Two daily doses of 0.1 upug TCDD, topically applied, increased
the epidermal AHH activity in two strains of hairless mce (Puhvel et
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al ., 1982).

Contrary to observations in rats,
AHH activity both in B6 and D2 mice 40h after an ip dose of 50 pg/kg

body wei ght (Mattison & Thorgeirsson, 1978).

Table 56. Structure activity relationships for some PCDDs

TCDD i nduces testicular

PCDD In vitro ECyg values (M2 In vivo
ED5y val ues (mmol /kg)PLDsq ©
Congener
Recept or AHH ERCD
AHH ERCD Body Thymi c Gui nea- pi g
bi ndi ng
wei ght at r ophy ug/ kg
body
wei ght
1- > 1.0x10-4 > 1.0x10-4 > 1.0x10°4
2, 8- .2x10-6 > 1.0x10°4 >
1.0x10-4 > 300 000
1,2, 4- . 3x10-° 4.8x10°° 2.2x10°6
2,3, 6- . 2x10°7
2,3,7- .1x10-8 3.6x10°7 1.4x10-7
19.6 19.6 98.1 29 400
1,2, 3, 4- . 3x10-6 3.7x10°6 2.4x10-6
1, 2,3, 8- 6. 1x10°7
1, 3,7, 8- . 9x10-7 5.9x10°7 3.2x10°7
31.2 77.6 132 100
2,3,6,7- . 6x10°7 6. 1x10°8 1.1x10-8
2,3,7,8- . 0x10-8 7.2x10-11 1.9x10-10
0. 004 0. 003 0.05 0. 09 2
1,2,3,4,7- . 4x10-6 6. 6x10°7 8.2x10°7
1,2,3,7, 8- . 9x10-8 1.1x10-8 1.7x10-8
0. 031 0. 056 0. 62 0.17 3.1
1,2,4,7, 8- .1x10-6 2.1x10°8 1.1x10°8
2.82 0. 56 34 11.2 1125
1,2,3,4,7, 8- . 8x107 2.1x10°° 4.1x10°9
0.03 0. 130 1.63 1.07 72.5
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1,2,3,6,7,8-¢ 5. 7x10-10
3. 1x10-
8 70- 100
1,2,3,7,8,9-¢ 1.4x10-9
4. 6x10-
8 60- 100
1,2,3,4,6,7, 8¢
1.3x10°7
> 600
1,2,3,4,6,7,9-¢ 3.7x10°6
1,2,3,4,6,7,8,9- > 1.0x10-5 > 1.0x10-4 > 1.0x10-4
a Esti mated concentrations needed to displace 50% of 3H TCDD bound to
liver cytosol receptor from Wstar
rats and to produce 50% nmaxi mum enzyne induction in the rat hepatoma 11-
4-11 E cell line (Bradlaw & Casterline,
1979; Mason et al., 1986).
b Studies in imuature male Wstar rats (Mason et al., 1986).
c McConnel | et al., 1978b

7.4.8.3 Studies on guinea-pigs

The gui nea-pig, the species nost sensitive to the toxic effects
of TCDD, does not respond with liver toxicity or with extensive
enzyme induction

Hook et al. (1975a) investigated the effect of a single oral dose
of 0.175 pg TCDD/ kg body wei ght on Hartley gui nea-pig MO and UDPGT
activities in liver, kidney, and lung. AHH i nduction was found only in
the kidney. In none of the tissues was there an effect on UDPGT
activity. The bi phenyl 4-hydroxylase activity was increased in all
ti ssues, whereas hepatic bi phenyl 2-hydroxylase was decreased. Wth
three daily doses of 1 ug TCDD/ kg body wei ght, Hassan et al. (1983)
found an increase in hepatic AHH 6 days post-treatnment. They al so
found slightly increased in vitro |ipid peroxidation but no effect
on glutathione content or on the enzynme activities facilitating
peroxi dati on, reduction, or transfer of glutathione. The DT-di aphorase
activity was not affected by a single oral dose of 0.6, 3.0, or 6.0 ng
TCDDY kg body weight (Beatty & Neal, 1977). The naxi nal increases were
4.4 and 22 tinmes for AHH and ERCD activities, respectively. The
testicular cytochrone P-450 content in Hartley guinea-pigs was
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decreased by 50% one day after a single dose of 1 ng TCDD/ kg body
wei ght. The effect persisted for at |east 9 days (Tofilon, 1980). No
effect was seen on m crosonal haeme content or on the activities of
NADPH- cyt ochrone C reductase and sorbitol dehydrogenase, the marker
enzyne for testicular protein synthesis. Thus, the decrease in
cytochrome P-450 induced by TCDD does not seemto be a nonspecific

i nhibition of protein synthesis.

7.4.8.4 Studies on rabbits

Studi es on enzynmes in rabbits have been performed in the New
Zeal and al bino strain exposed to single doses of 10 to 30 ng TCDD kg
body weight for 1 to 5 days. Both in adults (Johnson &
Mul | er- Eberhard, 1977a,b) and in neonates exposed in utero (Norman
et al., 1978; Kohli & Goldstein, 1981), TCDD increased the content of
cytochrome P-450. It also induced the formation of inmunol ogically
di stinct cytochromes P-450 in adult and neonatal l|iver (Norman et al.
1978). Increased cytochrome P-450 was observed in the kidney but not
inthe lung (Liemet al., 1980; Kohli & Goldstein, 1981). Renal and
pul monary cytochrome P-450 reductase, investigated by Liemet al.
(1980), were not affected by TCDD treatnent. Data on MFO i nduction and
suppression are conflicting. Liemet al. (1980) reported increased AHH
and O deethyl ase activities in lung and ki dney, whereas Hook et al.
(1975a) saw no effect on the AHH activity in the lung and reported a
decrease in hepatic AHH activity after a single oral dose of 0.5 pug
TCDD kg body wei ght. Bi phenyl 4-hydroxyl ase induction was seen in the
liver by Johnson et al. (1979). Hook et al. (1975a) detected such
i nduction in lung, but no effect in the Iiver and kidney (Hook et al

1975a). Furthernore, Hook et al. (1975a) reported no effects on

bi phenyl - 2- hydroxyl ati on and UDPGT activities in liver, kidney, or
| ung. A decrease in hepatic, but not in renal or pul nonary
N-denet hyl ati on, was found by these authors.

7.4.8.5 Studi es on hansters

Col den Syrian hansters are anpbng the aninmals npst resistant to
acute lethal effects induced by TCDD. Al though the liver is a target
ti ssue, hepatic enzyme induction has barely been studied in this
speci es. Wen given an oral dose of 200 pg/ TCDD/ kg body wei ght for a
peri od of 3 days, increased hepatic glutathione-S-transferase and
gl ut at hi one reductase activities were found, but no effects were seen
on AHH or gl ut at hi one peroxi dase activities. Neither the hepatic |evel
of glutathione nor the in vitro lipid peroxidation were affected
(Hassan et al., 1983). The EDgsy val ues for induction of hepatic ECOD

and reduced NAD(P), nenadi one oxi doreductase activities, and
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cytochronme P-450 content in nale Golden Syrian hansters were 1.0, 2.0,
and 0.5 pg TCDD/ kg body weight, i.e. extrenely | ow doses as conpared
to doses that produce tissue damage and lethality in this species
(CGasiewicz et al., 1986).

7.4.8.6 Studies on cows

Three dairy Hol stein cows (500-600 kg) received a single ora
dose of 0.05 (two cows) or 7.5 pg TCDD kg body wei ght (Jones et al.
1986). The cow receiving the high dose was killed on day 7 and those
receiving the | ow dose on day 14. AHH and EROD activities were
mar kedl y i nduced in the high-dose but not in the | ow dose ani nal s.

7.4.8.7 Studies on chick enbryos

AHH and del ta-am nol evulinic acid synthetase in the chick enbryo
have been reported to be extremely sensitive to the inductive effects
of TCDD (Pol and & G over, 1973b,c). Mximal induction occurred with
155 pnol TCDD/ egg. The induction was relatively long lasting, with 70%
of the maxi muminduced activity present 5 days follow ng a single dose
of TCDD. Structure-activity studies denonstrated a good correspondence
between the toxicity and i nduction potency of a series of
di benzo- p-di oxi n congeners (Poland & G over, 1973c).

ED50 val ues for the induction of hepatic microsomal EROD, AHH
and 4-di et hyl am noanti pyri ne- N-denet hyl ase in 2-week-old white
Leghorn cockerels on day 5 after TCDD exposure were 778, 302, and 561
ng/ kg body wei ght, respectively, and aldrin epoxi dase was inhibited by
TCDD treatnment (Sawyer et al., 1986). Hepatic and cardi ac EROD
activities were increased in white Leghorn chicken enbryos exposed to
TCDD in ovo at doses between 1000 and 10 000 pnol/egg (Quilley &
Ri f ki nd, 1986).

7.4.8.8 Studies on cell cultures

TCDD has a very low toxicity in cell cultures, yet it is a very
potent inducer of AHH activity in these systens, including |ynphocytes
and primary hepatocytes, as well as established and transformed cell
li nes.

The inducibility of |ynmphocyte AHH has been investigated in
m t ogen-stinul ated human | ynphocytes fromthe venous bl ood of healthy
vol unteers. Kouri et al. (1974) found a dose-dependent increase in AHH
activity (0, 0.1, 1.0, 10, or 100 ng TCODD/'mM nediumfor 24 h). The
opti mal dose was about 10 ng/m, and the maxi mal induction was by a
factor of 2 to 3. On the contrary, Qurtoo et al. (1979) found no
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dose-response correlation, in the dose range 1.7 to 20 ng TCDD/ i,
when neasuring | ynphocyte AHH i nduction. To circunvent the limtation
of prior mtogen activation when studying AHH i nduction in

| ymphocytes, Freedman et al. (1979) used the human B-1ynphocyte

RPM -1788 cell line, which does not require prior activation for the

i nduction of AHH activity. The optinmal concentration to stimulate AHH
activity was deternmined to be 10 ng/m medium Highly variable

i nduction of AHH (between 3- and 28- fold) was obtai ned by Nagayana et
al . (1985b) in human | ynpho-blastoid cell lines derived fromthe

peri pheral bl ood of healthy volunteers of both sexes and of variable
ages. The cells were exposed to 7.5 ng TCDD/m nedium for 48 h

In a study by Nwa et al. (1975), the estinated ED50 val ues for
AHH i nduction by TCDD in 11 established cell lines, in fetal prinmary
cultures fromfive ani mal species and cul tured human | ynphocytes,
ranged from0.04 ng/m nediumin C57Bl/6 nmouse cultures and 0.08 ng/m
in the rat hepatoma H4-11E cell line to nore than 66 ng/m in the HTIC
rat hepatoma cell line. TCDD was denonstrated to be the npbst potent
AHH i nducer out of 24 chlorinated di benzo-p-di oxi n anal ogues
(Bradlaw et al., 1980) tested in a rat hepatoma cell culture extrenely
sensitive to AHH i nduction, the ED50 being about 0.5 pg/ 106 cells.
A 165-fold increase in AHH activity and a 54-fold increase in EROD
activity were obtained in rat hepatoma H4-11E cells when exposed to
2 x 10-10 npl TCDD/litre for 3 days (Keys et al., 1986). In this
system co- exposure of TCDD with 1, 3,6,8-tetraCbhF and 2, 4, 6, 8-t etraCDF
reduced the TCDD-i nduced enzyne induction, whereas co-exposure of TCDD
and TCDF resulted in an additive effect on enzyne induction (Keys et
al., 1986). The EGs;y values for AHH and EROD induction in the sane

cell systemvaried over 7 orders of nagnitude for 14 different PCDDs
(Tabl e 56), the nost potent being TCDD and the | east potent being
2,3,6-tri CDD (Mason et al., 1986). A 2-to 650-fold AHH i nducti on was
observable in 8 of 22 different cell cultures exposed to 10-9 nol
TCOD/litre for 24 h (Knutson & Pol and, 1980a). The cells were derived
fromtissues and/ or species susceptible to TCDD toxicity in vivo.
Nanonol ar concentrations of TCDD i nduced AHH activity in keratinocyte
cultures of human (Wlley et al., 1984) and aninal origin (Knutson &
Pol and, 1980a).

Fi ve human squanous carci noma cell |ines derived fromtumours of
the epiderm s and tongue responded to TCDD with increased
O deet hyl ase activity, the ECyy being 10-10 to 10°9 nol/litre

(Hudson et al., 1983a).
Steward & Byard (1981) treated primary hepatocytes isolated from
Sprague Dawl ey rats, for 48 h with various concentrati ons of TCDD.
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They found a 2-fold induction of the AHH activity with 3 pg TCDD 106
cells. Maximal induction occurred with 2.4 ng TCDD/ 106 cells. Primary
hepat ocytes, isolated fromadult male Wstar rats, exhibited a |inear
increase (from2-to 4-fold) in AHH activity when exposed to TCDD in
the range 10-11 to 10-8 nol/litre for 72 h (Jansing & Shain,

1985). Primary hepatocytes from TCDD-treated (5, 10, or 25 pg TCDD kg
body weight) rats, isolated 2 to 30 days post-treatnent, showed
decreased ouabai n and al pha-am noi sobutyric acid uptake as well as
tyrosi ne am notransferase activity (Yang et al., 1983a). Treatnent of
rats with 25 ng 1, 3,6, 8-tetraCbDD/ kg body weight did not affect these
parameters. Neither could these effects be denonstrated in primary
hepat ocytes fromcontrol rats that were treated with TCDD (50, 100, or
200 nnol /litre nmediun) in vitro for 48 h.

The induction of AHH and EROD activities of a conpl ex PCDD/ PCDF
mxture froma fly ash extract has been reported (Safe et al., 1987).

7.4.9 Endocrine effects

Hurman exposure to TCDD has resulted in hirsutismand chl oracne
(Tabl e 64), synptons that suggest an alteration in endocrine
regul ati on. Furthernore, chronic exposure to TCDD i npaired
reproduction in experinmental animals, possibly by interfering with the
estrous cycle (Kociba et al., 1976; Allen et al., 1977, Barsotti et
al ., 1979; Murray et al., 1979). The ability of TCDD to mimc natura
steroids with steroid-like actions has pronpted studi es on the binding
of TCDD to steroid hornone receptors.

Over - production of glucocorticoids mmnics sonme of the synptons of
TCDD toxicity, e.g., involution of |ynphoid tissues, oedema, and
nobi | i zation of fatty acids from adi pose tissues. Thus TCDD m ght
i ncrease glucocorticoid activity by binding to glucocorticoid
receptors. However, TCDD was unabl e to displace 3H dexanet hasone, a
potent synthetic glucocorticoid, fromthe normal rat cytoso
gl ucocorticoid receptor even when present in 200-fold nolar excess
(Neal et al., 1979). Poland et al. (1976) denonstrated that cortiso
and synthetic glucocorticoids did not bind to the TCDD receptor. An
increase in the plasma | evel of corticosterone was found in male
Sprague Dawl ey rats 7 and 14 days after a single oral dose of 50 pug
TCDD kg body weight (Neal et al., 1979). Wth the nethod used, a
vari ety of fluorescent adrenocortical steroid hornone derivatives was
nmeasured. I n contrast, Balk & Piper (1984), using a conpetitive
bi ndi ng radi oassay for corticosterone, reported decreased bl ood |evels

(29 and 26% of controls) of corticosterone in nale Sprague Daw ey rats
on days 14 and 21, respectively, after a single oral dose of 25 ug
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TCDD/ kg body wei ght. Accunul ati on of 11-B-hydroxy-progesterone in the
bl ood of TCDD-treated rats was noticed on day 14 (Bal k & Pi per, 1984).
Neal et al. (1979) reported 100% nortality within 6 days in

adrenal ectom zed rats given 10, 20, 40, or 80 pg TCDD kg body wei ght.
Adr enal ect ony and hypophysectony could not prevent liver |esions,
reduced growmh rate, or thynmic involution in female Fisher-344 rats
given a single oral dose of 10 or 20 pg TCDD kg body wei ght (van
Logten et al., 1980). Thynmic effects of TCDD became even nore severe
after hypophysectony. Daily sc injections of 0.25 ng growth hornone
had a positive influence on body weight gain but did not protect

agai nst thym c involution in hypophysectomn zed rats.

Single oral or interperitoneal doses of TCDD between 7 and 100
ug/ kg body wei ght decreased the serumthyroxine (T4) level in the rat
(Bast omsky, 1977; Potter et al., 1983, 1986b; MKinney et al., 1985;
Pazderni k & Rozman, 1985; Roznman et al., 1985b), but not in the
gui nea-pig, after a single oral dose of 2 ug/ kg body wei ght (MKi nney
et al., 1985). The serumtriiodothyronine (T3) level in TCDD-treated
rats was reported to be increased (Bastonsky, 1977; Potter et al.
1986b), unaffected (Potter et al., 1983), or decreased (Pazdernik &
Rozman, 1985; Rozman et al., 1985b). Increased serumthyrotropin (TSH)
(Bast omsky, 1977; Potter et al., 1986b), increased thyroid
131] -upt ake and increased biliary excretion of T4, but not of T3
(Bast onmsky, 1977) have been reported in TCDD-treated rats.

Rats treated with TCDD at doses up to about 30 ng TCDD kg body
wei ght and pair-fed controls had simlar serum T4, T3, and TSH | evel s
when conpared to ad libitumfed control rats (Potter et al., 1983,
1986b). Thus, it is unlikely that hypophagia is responsible for the
TCDD-i nduced changes in serumthyroid hornone | evels. When mature
TCDD-treated rats were conpared to pair-fed controls, there were no
functional alterations in thyroid status or thernogenesis, including
i ncreased serum |l evels of T3, T4, and TSH after acute cold

chal | enge, increased total oxygen consunption after noderate cold
exposure or decreased basal netabolic rate as conpared to ad
libitumfed control rats (Potter et al., 1986b). A significant
hypot herm a was, however, observed in young TCDD-exposed rats
recei ving 45 ug/ kg body weight as a single ip dose (Potter et al.
1983).

Avai | abl e data on serum T4, T3, and TSH [ evel s are not

sufficient to state whether TCDD-treated rats are functionally
hypot hyroi d, euthyroid, or hyperthyroid.

In ovo exposure of white Leghorn chicken enbryos to TCDD in
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the dose range 1 to 10 000 pnol/egg increased the cardiac rel ease of
prostaglandins (Quilley & Rifkind, 1986). Potter et al. (1983)
reported decreased levels of insulin in serumand pancreas and of

somatostatin in the gastric antrum of Sprague Dawl ey rats 7 days after
a single ip dose of 45 pug TCDD kg body wei ght, when conpared to
pair-fed control rats. The somatostatin levels in serum liver, and
pancreas were not affected, neither was the serum gl ucagon |evel.

The finding that steroids are an endogenous substrate for the
hepati c MFO system (Kuntznan et al., 1965) suggests that conpounds,
such as TCDD, that influence the activity of this enzyne system may
alter steroid nmetabolismin vivo, and consequently al so the
magni t ude of steroid-nmedi ated functions. As denobnstrated by Custafsson
& I ngel man- Sundberg (1979), the netabolic profiles of 4-androstene-3,
17-di one, 5 al pha-androstane-3 al pha, 17 R-diol and 4-pregnene-3,
20-dione in hepatic mcrosonmes fromSD rats, treated with 20 ug
TCDD kg body weight for 4 consecutive days, were changed when conpared
to control rats 1 day post-treatnent. The changes were nobst pronounced
in female rats. Wen five daily doses of 1 ug TCDD/ kg body wei ght were
given to pregnant rats for 12 or 13 days during gestation, hepatic
nm crosonmes showed decreased ability to form catechol estrogens and to
hydroxyl ate testosterone. However, this decrease did not relate to
altered circulating estradiol |evels (Shiverick & Miuther, 1983). TCDD
treatment did not affect the glucuronidation of testosterone and
estrogen (Lucier et al., 1975a) or prostaglandin synthesis (Kohli &
Gol dstein, 1981). TCDD decreased the hepatic and uterine estrogen
receptor levels in 25-day-old Long-Evans rats 2 to 10 days after
treatment with single ip doses of 20 or 80 pg/ kg body wei ght (Ronkes
et al., 1987). Decreased estrogen receptor levels in the liver and
uterus also occurred 2 days after treatnment with 1,2,7,8-tetraCbhD
1,2,3,7,8- pentaCDD, and 1,2, 4,7, 8-pentaCDD, but dose-response
rel ati onshi ps were present only for TCDD and 1, 2, 3,7, 8-pentaCDD. The
estradi ol -i nduced increases in hepatic and uterine estrogen receptor
| evel s were counteracted by simultaneous TCDD treatnent, although the
ef fect of TCDD was not dose dependent. Hepatic hydroxyl ation of
testosterone in 2 B-and 16 al pha- positions was not affected in nale
Sprague Dawl ey rats (190-200 g) 3 days prior to a single oral dose of
15 pg TCDD kg body wei ght (Hook et al., 1975b). Sonewhat younger nale
Wstar rats (100 g) treated with a single dose of 0.06 nmol TCDD/ kg
body wei ght exhibited increased | evels of 7 al pha-hydroxytestosterone
and decreased | evel s of 3al pha-, 16al pha- and 16 B- hydroxyl at ed
testosterone, as well as of androstenedione, in hepatic mcrosones
when conpared to control rats (Keys et al., 1985). Decreased
cytochrome P-450 content was found in guinea-pig (Tofilon, 1980) and
rat (Tofilon & Piper, 1982) testes for at |east one week after ora
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TCDD treatnent of 1 pg/ kg and 25 g/ kg body wei ght, respectively.
Testicular AHH activity was induced by TCDD in mice (Mttison &
Thorgeirsson, 1978), but not in rats after a single oral dose of 20 ug
TCDD kg body weight (Aitio & Parkki, 1978). Mttler et al. (1984)
studied the effect of single ip doses of 0.2, 1, or 5 pg TCDD kg body
wei ght on testicular 16-al pha-testosterone hydroxyl ase (16-TH)

6- B- hydr oxyt est osterone (6-HT), and 7-al pha- hydroxy testosterone
(7-HT) activities in young Sprague Dawl ey rats 90 h after exposure.

Sem niferus 16-TH activity was increased froma non-detectable |eve

to 0.07-0.14 pg/ng protein and interstitial 6-HT activity was
increased 4-fold in TCDD-treated animals. The 7-HT activity was not
affected by TCDD, neither in the semniferous tubules nor in the
interstitial fraction. Serumtestosterone and di hydrotestosterone were
depressed dose-dependently by TCDD treatment, the EDggs bei ng about

15 pg/ kg body weight in male Sprague Dawl ey rats, when conpared to
pair-fed and ad libitumfed controls (More et al., 1985). The

pl asma cl earance and biliary excretion of 3Htestosterone was not
affected in Sprague Dawl ey rats treated with 100 pg TCDD/ kg body

wei ght before an i.v. injection of 3Htestosterone, neither did
castrated rats with inplanted testosterone-|eaking capsules respond to
a dose of 15 or 100 pg TCDD/ kg body weight with decreased accessory
sex organ weights (Moore & Peterson, 1985). I|Increased AHH and

O deethyl ase activities and cytochrome P-450 content have been
reported in rat prostate after single ip and oral doses, respectively,
of 10 pg/ TCDD/ kg body wei ght (Haaparanta et al., 1983; Lee & Suzuki
1980) .

7.4.10 Vitam n A storage

Decreased hepatic vitam n A storage has been reported in aninmals
exposed to various chlorinated aromati c conpounds (Table 57). Conpared
to other chlorinated hydrocarbons for which this effect has been
evaluated, TCDD is nore potent inits ability to reduce the vitamn A
content of the liver.

A single oral dose of 10 pg TCDD/ kg body wei ght decreased both
the total anmpbunt and the concentration of vitamin Ain the liver of
adult mal e Sprague Dawl ey rats (Thunberg et al., 1979). The decrease
was evident 4 days after dosing and progressed with tinme. After 8
weeks the treated aninmals had a total liver vitami n A content
corresponding to 33% of that of controls. Decreased dietary intake of
vitamin A could not account for this difference. In a four-week study
TCDD was given as a single oral dose of 0, 0.1, 1.0, or 10 pg per kg
body weight to adult nmal e Sprague Daw ey rats fed ad libitumwth
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pelleted diets containing 1.2 (low), 3.0 (normal), or 6.0 (high) ng
vitamin A kg diet (Thunberg et al, 1980). Both the concentration and
the total ampbunt of vitamin A were decreased in a dose-dependent
manner in the animals receiving the high vitamn A diet. In the
aninals on the normal and low vitamn A diets, significant differences
were seen only at doses of 1.0 and 10 pg TCDD/ kg body wei ght. A
significant increase in the UDPGI activity was observed in all dietary
groups treated with 1.0 and 10 pg TCDD per kg body wei ght, suggestive
of an increased excretion of vitam n A conjugated with glucuronic acid
(Thunberg & Hakansson, 1983). However, no correlation between the
UDPGT activity and the reduction of hepatic vitamin A levels was seen
when honpbzygous Gunn rats |acking inducible UDPGT were treated with a
single oral dose of 20 pg/ kg body weight (Aitio et al., 1979) nor in
het erozygous Gunn rats with induci ble UDPGT after a single oral dose
of 10 pg/ kg body wei ght (Thunberg & Hakansson, 1983).

Tabl e 57. The potency of various chlorinated cyclic hydrocarbons to
reduce hepatic vitanmin A content in the rat

Conpound Strai n/ sex/ age Dose and
rout e of Durati on of % Reducti on
(Ref erence)
admi ni stration t he study of hepatic
vitamn A
Arochl or 1242 Rattus norvegi cus/ M Ff/ 21 days 100 ny/ kg
in dietad 2 nont hs 49

(Cecil et al., 1973)

p, p- DDT Ratt us norvegqi cus/M F/ 21 days 100 ny/ kg
in dieta 2 nont hs 38
(Cecil et al., 1973)

Met hoxychl or Sprague Dawl ey/ NRf/ 23 days 10 ng/ kg

in dieth 16 weeks 7
(Davi son & Cox, 1976) 100 ngy/ kg

in diet 12
1000 ng/ kg

in diet 37
10 000 ng/ kg

in diet 68
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PCB Sprague Dawl ey/ M 21 days 100 ny/ kg
in dietc¢ 8 weeks 82
(I'nnam et al., 1976)
TCDD Sprague Dawl ey/ M NR 10 pg/
kg bw 7 days 29
(Thunberg et al., 1979) (single
oral dose) 14 days 39
28
days 59
56
days 67
Tabl e 57 (contd).
Conpound St rai n/ sex/ age Dose and
route of Dur ati on of % Reducti on
(Ref erence)
adm ni stration t he study of hepatic
vitamn A
TCDD Sprague Dawl ey/ M NR 0.1 pg/
kg bwd 28 days 2
(Thunberg et al., 1.0 pg/
kg bwd 27
1980) 10.0 pg/
kg bwd 65
TCDD Sprague Dawl ey/ M 2 nont hs 15 pg/
kg bwd 44 days 59d g8ge
(Hakansson, 1988) 30 g/
kg bwd 78d 98e
60 ug/
kg bwd 81d 97e
120 g/
kg bwd 90d 99e
Toxaphene Sprague Dawl ey/ M NR 20 nmy/
kg bwh 4 weeks 0
(Thunberg et al .,
1984)
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a 9-12 ng vitamin A/kg diet ad libitum

b 33 000 IUvitamin AVkg diet ad libitum

€ 3000 IUvitamn A kg diet ad libitum

d 21 000 IUvitanmin A/kg diet ad libitum

€ 8000 IUvitamin Akg diet ad libitum

f M= mle, F =female; NR = not reported; bw = body weight.
9 Single oral doses.

h Orally twice weekly.

Mal e Sprague Dawl ey rats received a single oral dose of 10 ug
TCDD kg body weight 4 days prior to the oral administration of a
si ngl e physi ol ogi cal dose of l|abelled vitamn A
(11,12-3H)retinyl acetate (RA) (Hakansson & Ahl borg, 1985a). The
distribution and elinination of the radiolabel, and the vitamn A
content in various tissues were deternmined 1, 6, 12, 24, 72, and 192

h after the administration of 3Hvitamin A The body burden of

radi oactivity remai ned around 40% of the adnmi nistered dose in contro
rats throughout the study, whereas in TCDD pretreated rats the body
burden decreased continuously from21%at 12 h after administration to
11% at the end of the study. More of the radiol abel was recovered in
the kidney, testes, epididyms, and serum of TCDD-treated ani mals than
in controls, when cal cul ated as percentage of body burden, whereas

| ess was recovered in the liver. Forty percent of the dose was
elinmnated via faeces and urine in TCDD-treated rats, conpared to 23%
in controls. Mdrre radioactivity was elimnated in faeces than in urine
both in control and TCDD-pretreated ani nals, although urinary
elimnation was nore pronounced in TCDD-pretreated than in contro
rats. It was concluded that TCDD-treated rats handl ed the newly
admi ni stered dose of vitanmin Ain a simlar way to rats deficient in
Vitamin A (Huque, 1981; Bl onhoff et al., 1982). This finding is

remar kabl e since the TCDD-treated animals in this study still had
consi derabl e stores of hepatic vitamn A and did not show decreased
| evel s of serumvitamn A, i.e., they were not deficient in vitamn A

In a simlarly designed study the effect of a single oral dose of 10
pg TCDDY kg body wei ght on the endogenous pool of vitamin A
(radiol abel | ed 15-3H-retinol given 5 to 7 days prior to TCDD
treatment) was studied in Sprague Dawl ey rats with stores of low |iver
vitanm n A (Hakansson et al., 1986). It was denobnstrated that
endogenously stored vitamin A was rapidly depleted fromthe liver of
TCDD-treated rats and was elinminated both in faeces and in urine. An
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i ncreased distribution of the vitamn A stored in the liver to
extrahepatic tissues was also seen in the treated rats.

To elucidate whether dietary vitamn A would reduce TCDD
toxicity, Hakansson (1988) fed nmale Sprague Dawl ey rats ad libitum
from weani ng throughout the experinment with diets containing 2000 (1),
5000 (I1), 8000 (Ill1), or 21 000 (IV) IU of vitamin A'kg. A single
oral dose of TCDD (15, 30, 60, or 120 pg TCDD/ kg body wei ght) was
gi ven when the rats were 8 weeks old and the animals were killed 44
days post-treatment. Wth diet 1V, TCDD reduced in a dose-dependent
manner hepatic vitamin A by 59 to 90% Wth diets Il and |11
reduction of hepatic vitamin A was nore than 95% after dosing with 15
and 30 pg TCDD/ kg, respectively. In control aninmals fed diet |, total
hepatic vitamin A was less than 1 ug and TCDD had no further effect at
any dose. Serumvitam n A was dose-dependently decreased by TCDD
treatment in dietary groups I, Il, and IIl, whereas in dietary group
IV TCDD i ncreased serumvitanin A Only with the highest TCDD dose was
there a counteraction by dietary vitamin A on all of the above
par anet er s.

A single dose of 10 pg TCDD/ kg body wei ght to femal e Sprague
Dawl ey rats on the day of delivery affected the vitanin A content in
the liver and kidney of the offspring (Hakansson et al., 1987). The
effect becane clearly visible after weaning, i.e., when the dietary
intake of vitamin A was high enough to allow for storage. At the end
of the study (postnatal day 32), the vitamin A content in the liver
was 225 ug in control pups and 102 pg in TCDD exposed pups. The
correspondi ng values for the kidney vitamn A content were 1.4 and 8.4
Mg, respectively. The TCDD-i nduced effects on vitamin A levels in the
l'iver and kidneys followed a simlar tinme-course as the growh
reduction, i.e., a mnor effect throughout the lactation period, which
becanme nmore pronounced post-weaning. This was in contrast to the liver
enl argenent and thynus involution in TCDD exposed pups, which were
nost pronounced throughout |actation and tended to di m nish post-
weani ng.

Single oral doses of 0, 1, 5 and 10 pg TCDD/ kg body wei ght or a
nm xture of PCDDs and PCDFs, reconstituting the levels found in human
mlk, were given to male Sprague Dawl ey rats (80 g) in corn oi
(Ahl borg et al., 1987). The m xture was given at three dose |evels
resulting in 1, 5, or 10 pg TCDD kg body wei ght. Four weeks after
dosing there was a dose-dependent decrease in hepatic vitamn Ain
TCDD-treated rats; no further effect was seen in the animals treated
with PCDDY PCDF mi xtures. In contrast, mxture treatment had an
additive effect, as conpared to TCDD al one, on the increases in rena
vitamin A and hepatic cytochrome P-450 contents, AHH activity, and
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UDPGT activity.

Taken together these data indicate that TCDD interferes with the
storage mechanismfor vitamin A In the liver this nechani sm has been
thoroughly investigated (H rosawa & Yanada, 1973; Bl omhoff et al.
1982; dson & Gunning, 1983). As dietary vitamn A seens unable to
counteract all toxic effects, this would inply either that the effect
on vitamin A storage is secondary to TCDD toxicity or that the
cellular utilization of vitamin Ais affected by TCDD

7.5 Enbryotoxicity and Reproductive Effects

The teratogenic potential of TCDD was first denonstrated in rats
and m ce by Courtney & More (1971). This followed the finding that
2,4,5-trichl orophenoxyacetic acid contam nated with 30 ng TCDD/ kg was
teratogenic in two strains of mce and one strain of rat (Courtney et
al ., 1970), leading to an increased incidence of cleft palate and
cystic kidney in both strains of mce and cystic kidney in rats.
Further studies have revealed that TCDD is fetotoxic rather than
teratogenic in the rat, producing subcutaneous oedema, haenorrhages,
and slight kidney anonalies (see section 7.5.1). In contrast, TCDD
produces a specific teratogenic response, consisting of cleft palate
and ki dney mal formations, in several strains of nice (see section
7.5.2 and Table 58). Extra ribs, minor abnormalities in the pal ate,

and cardi ovascul ar nal formati ons have been denonstrated in rabbits,
nonkeys, and chi ckens, respectively, after exposure to TCDD in utero
(see sections 8.5.3-8.5.6). Inpaired reproductive perfornance due to
TCDD exposure has been denonstrated in rats and nonkeys (see sections
8.5.1 and 8.5.4).

7.5.1 Studies on rats

The initial studies on the enmbryotoxic effects of TCDD in the rat
were perfornmed with Charles River CD (Courtney & Moore, 1971), Sprague
Dawl ey (Sparschu et al., 1971), and Wstar rats (Khera & Ruddick
1973). In these studies maternal toxicity was noted at doses > 0.5
(Sparschu et al., 1971) or 1 pg/kg body wei ght per day (Khera &

Ruddi ck, 1973). Decreases in gestational survival, fetal weight, and
postnatal survival were reported at dose levels in the range 0.125-0.5
Mg TCDD kg body wei ght per day on gestation days 6-15 or 5-14.
Haenorrhages, mainly intestinal, and subcutaneous oedema were conmon
findings at simlar doses. The teratogenic findings were linted to

ki dney anonual i es, described as unilocul ar cystinephrotic kidney or as
hydronephrosis, in the CD rat at or above 0.5 pg TCDD/ kg per day
(Courtney & Moore, 1971). Slightly dilated renal pelvis was reported
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in the F1 generation at the 0.01 pg/ kg per day dose level in a
three-generation reproductive study of TCDD in Sprague Dawl ey rats
(Murray et al., 1979). Gavini et al. (1983) found an increased

i nci dence of renal anonmalies in Charles River CD offspring exposed to
2 pug TCDD/ kg body wei ght on gestation days O to 2, but not in Sprague
Dawl ey of fspring when the dam was given daily oral doses of 0, 0.125,
0.5, and 2 pug TCDD/ kg body wei ght for 2 weeks before nmating (G avin
et al., 1982a).

Sparschu et al. (1971) found an increased nunber of resorption
sites in Sprague Dawl ey rats at doses > 0.5 g TCDD/ kg per day, but
no effect on ovulation rate and preinplantation | oss was reported even
at 2 pg/ kg per day. TCDD exposure (0.1, 0.5, or 2.0 pg/ kg per day) on
gestation days 0 to 2 had no effect on the reproductive perfornmance of
Sprague Dawl ey rats (G avini et al., 1983). In contrast, inpaired
reproductive performance was found in Charles River CDrats after
receiving TCDD for two weeks before mating (Gavini et al., 1982a).
The nunber of resorption sites was el evated at doses of 0.5 pg TCDD kg
per day or nore, whereas the ovulation rate and preinplantation | oss
was affected only at 2 ug/ kg per day.

The mal e reproductive ability was affected by TCDD treatnent only
at toxic doses, as judged by studies of Khera & Ruddi ck (1973) and
Murray et al. (1979). Neverthel ess, decreased nating frequency was
noted in the groups, of the Fy generation that received 0.1 pg

TCDD/ kg per day in the diet (Murray et al., 1979). No effect on the
mati ng frequency was found by Gavini et al. (1982a, 1983).

In a three-generation reproduction study, Mirray et al. (1979)
mai nt ai ned Sprague Dawl ey rats on diets providing doses of 0, 0.001,

0.01, or 0.1 pg TCDD kg body wei ght per day. The Fg generation

received the diet for 90 days before mating. No toxic effects were
observed in the Fy generation but decreased body wei ght and reduced

food consunption were noted in the F; and F, generations at 0.01

ug/ kg per day. Fertility was greatly reduced at 0.1 pg/ kg per day in
the Fy generation. This group was discontinued because of the | ow

nunber of offspring. In the F; and F, generations fertility was

significantly reduced at 0.001 and 0.01 pg/ kg per day, respectively.
At 0.01 pg/ kg per day, litter sizes were reduced, and fetal and
neonat al survival were decreased as well as postnatal growth. Mirray
et al. (1979) concluded that doses of 0.1 and 0.01 pg/ kg per day
i mpai red reproduction in rats. A dose of 0.001 upg/ kg per day had no
effect on fertility, litter size, postnatal body weight, or neonata
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survival and was therefore suggested to be a no-effect dose for
reproductive | esions.

Reeval uation of these data by Murray et al. (1979) using another
statistical nodel, including pooling of the data fromthe four
generations, led to the conclusion that the 0.001 pg/ kg per day dose
| evel did affect reproduction and thus was not a no-effect |evel, but
a loweffect level (N sbet & Paxton, 1982). Kinbrough et al. (1984)
considered that the data by Murray et al. (1979) could not be used for
ri sk assessnent cal cul ations due to the great variation in fertility
i ndex both in controls and exposed rats.

No enbryot oxi ¢ and/ or reproductive effects were found when fenal e
Wstar rats were exposed to 1,2, 3,4-tetraCbD (50, 100, 200, 400, or
800 ug/ kg body wei ght per day), 2,7-di CDD (250, 500, 1000 or 2000
ug/ kg body wei ght per day); 2,3-di CDD (1000 or 2000 pg/ kg body wei ght
per day), or 2-nonoCDD (1000 or 2000 pg/ kg body wei ght per day) on
gestation days 6-15 (Khera & Ruddi ck, 1973). The naturation process of
the lung was not affected in Sherman rats exposed to 2, 7-di CDD (40
pug/ kg per day on gestation days 7-15) (Ki nbrough et al., 1974).

7.5.2 Studies on nice

TCDD- i nduced enbryo nortality in NVRI mce was significantly
i ncreased at doses of 4.5 and 9 pug TCDD/ kg body wei ght per day when
gi ven on gestation days 6-15, but no enbryotoxic effect was observed
when daily doses of 9 pg/ kg body wei ght were given on gestation days
9-13 (Neubert & Dillman, 1982). The number of resorptions on day 13 of
gestation in NVRI nice was increased, as conpared to controls, when 25
pg TCDDY kg body wei ght was given, divided into five daily doses on
days 7-11 of gestation, but no effect was observed when the sane dose
was given as single ip injections on days 7 or 10 of gestation (Nau &
Bass, 1981). A single ip dose of 30 pug TCDD kg body wei ght on
gestation day 11 had no effect on the fetal nortality in C57Bl/6 m ce
on days 12, 13, or 14 of gestation (Wber & Birnbaum 1985). Decreased
pre- and postnatal survival rates and retarded postnatal devel opnent
were observed in NVRI mice given four oral doses of 12.5 pg TCDD kg
body wei ght on gestation days 14-17 (Nau et al., 1986). The cunul ative

nortality was 45% 68.5% and 75% i n exposed offspring on postnata
days 1, 14, and 22, respectively, as conpared to 6%in controls on day
22.

Tabl e 58 sunmari zes the early studies on the teratogenic effects
of TCDD in various strains of mce. These studies (Courtney & Moore,
1971; Neubert & Dillnman, 1972; Courtney, 1976; Smith et al., 1976),
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revealed that TCDD is a specific teratogen in mce causing increased
frequenci es of kidney anomalies and cleft palate at doses well bel ow
those which result in fetal nortality and maternal toxicity.

The TCDD-i nduced ki dney anonaly is norphol ogically described as
a progressive hydronephrosis, preferentially occurring in the right
ki dney, and never acconpani ed by hydroureter or abnormal nephron
devel opnent (Courtney & Moore, 1971; Moore et al., 1973; Birnbaum et
al ., 1985; Weber et al., 1985).

The fetal kidney seens to be nore susceptible to TCDD exposure
than the devel oping pal ate (Courtney & Moore, 1971; Moore et al.
1973; Birnbaumet al., 1986; Wber et al.,1984). The incidence of
ki dney anonmlies after a single dose of 1 pug TCDD/ kg body wei ght on
gestation day 10 in C57BlI/6 nmice was 34.3% I|f the sane dose was
di vided and gi ven on gestation days 10-13, the incidence of kidney
anonal i es was 58.9% The incidences of cleft palate in the sane
studies were 0 and 1.9% respectively (More et al., 1973). In
contrast, in the CF1 strain of mce, cleft palate was a nore
sensitive paraneter than hydronephrosis, occurring at 1 and 3 pug
TCDD kg body wei ght per day on gestation days 6 to 15, respectively
(Smith et al., 1976). It would appear that 3 ug TCDD/ kg per day on
gestation days 10-13 is close to a threshold dose for cleft palate
i nduction in C57BI/6 nmice (More et al., 1973; Birnbaumet al., 1986).
The maxi mumincrease in cleft palate incidence is produced if TCDD is
admi ni stered on any individual day fromgestation day 8-10 in C57BI/6
mce (Pratt et al., 1984) or on gestation day 10-11 in NVRI mce (Nau
& Bass, 1981; Neubert & Dillnman, 1982; Krowke, 1986). The cleft palate
i ncidence in C57BI/6 nice was nore pronounced (36% when TCDD was
given as a single oral dose of 12 pg/ kg body wei ght on gestation day
11 than if 3 pg/ kg body wei ght per day was given on gestation days
10- 13 (Birnbaumet al., 1985). No difference was seen in the incidence
of kidney anonalies with the sanme treatnent. TCDD is not a potent
i nducer of cleft palate when given on day 13 of gestation or |ater
(Neubert & Dillman, 1982; Pratt et al., 1984). Exam nation of cryostat
sections taken from C57BlI/6 enbryos during the tinme of pal atal
el evation and fusion denonstrated that TCDD does not interfere with
growth, elevation, or initial contact of the palatal shelves but does
interfere with the firm adhesi on and/ or degeneration of the nedia
epithelial cells, i.e., progranmed epithelial cell death does not
appear to occur in the nedial epitheliumin enbryos exposed to TCDD
(Pratt et al., 1984). The cleft palates that were observed were
conplete clefts of the entire hard and soft palate and no clefts of
the primary pal ate were observed (Pratt et al., 1984).
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Table 58. Early studies on enbryotoxic effects of TCDD in mice

Strain/ sexb
Parental toxicity
(reference)

Rout e/ vehi cl e/ dose

Tr eat nment /

Enbryot oxic effects

(Hg/ kg body wei ght

observati on

day) (days)?
Ch-1/F subcut aneous/ 6-15 / 18
No effect I ncreased incidence of Kkidney
(Courtney &

DVsQ' 1.0, 3.0

anonmal i es at doses > 1 ug/ kg

Mbor e,
1971)
per day.

BDA/ 2J
I ncreased relative
(Courtney &
l'iver weight
Moore, 1971)

C56BL/ 6J
I ncreased rel ative
(Courtney &
liver weight
Moore, 1971)

NVRI / F
None reported
(Neubert &
3.0, 4.5,
per day. Increased
DIl man
1972)
9.0

subcut aneous/

6-15 / 17

I ncreased i nci dence of cleft

DVBQ 3.0

pal ate and ki dney anomali es.

subcut aneous/

6-15 / 17

I ncreased i ncidence of cleft

DVBQ 3.0

pal ate and ki dney anomali es.

oral /rape seed

6-15 / 18

I ncreased nunber of resorptions

oil/0.3,

i nci dence of cleft palate at

> 3 ug/ kg per day.

C56BL/ 6J
None reported

oral/corn oil:acetone

10-13 / 18

I ncreased i nci dence of cleft

http://www.inchem.org/documents/ehc/ehc/ehc88.htm (214 of 419) [16/11/2009 3:00:16 AM]

at 9 ug/ kg

doses



Polychlorinated dibenzo-p-dioxins and dibenzofurans (EHC 88, 1989)

(Neubert &

(9:1)/1.0, 3.0 pal at e
at doses > 3 ug/ kg
DIl man
1972)
per day increased incidence
of
ki dney anonualies at doses
>
1 pg/ kg per day.
Tabl e 58 (contd).
Strain/ sexb Rout e/ vehi cl e/ dose Tr eat ment /
Parental toxicity Enbryot oxic effects
(reference) (ug/ kg body wei ght observati on
day) (days) @
Ch-1/F oral/corn oil:anisole 7-16 / 18
I ncreased mat er nal Increased fetal nortality at all
(Courtney, 1976) (95:5)/25, 50, 100, relative
liver weight doses. Increased incidence of
200, 400 at 25 and 50
ug/ kg per ki dney anonalies and cleft pal ate
day.
Mar ked oedema and at doses > 25 ug/ kg per day
vagi nal
bl eedi ng at and 50 pg/ kg per day,
doses > 200
ung/ kg per respectively. Increased incidence
day.
of club foot was found in the
hi gh-
dose group. Hydrocephal us and
open
eyes were seen occasionally.
CF-1 oral /corn oil:acetone 6-15 / 18
I ncreased mat er nal I ncreased nunber of resorptions
(Smith et al., (98:2)/0.001, 0.01, relative
l'iver weight at 1 pg/ kg per day. Increased
1976) 0.1, 1.0, 3.0 at 3 pg/ kg
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per day. i ncidence of cleft palate at

> 1 ug/ kg per day.
renal pelvis occurred at

png/ kg per day.

doses

D | ated

First day of gestation designated day zero.
b F = female.

Pol and & d over (1980) reported that in nine out of ten inbred
strains of mce, the susceptibility to cleft palate formati on produced
by TCDD (30 pg TCDD kg body wei ght sc on day 10 of pregnancy) followed
the distribution of the Ah locus within that strain. The five strains
with a low affinity TCDD receptor in the liver (DBA/ 2, R, AKR SWR,
and 129) devel oped cleft palate at an incidence of 0 to 3% while four
of the five strains with a high affinity TCDD receptor in the liver
(C57BI /6, A BALB/cBy, and SEC) devel oped cleft palate at an incidence
of 54 to 95% The only strain with a high affinity hepatic TCDD
receptor that did not develop cleft palate was CBA. M d-gestationa
nm ce enbryos from C57Bl /6 exhibit high levels of the TCDD receptor in
the maxillary processes and secondary pal atal shel ves whereas no
speci fic binding of TCDD could be denobnstrated in the AKR strain
(Dencker & Pratt, 1981). Evidence that TCDD interferes in enbryonic
devel opnent by directly interacting with enbryonic cells rather than
bei ng secondary to maternal effects was presented by D Argy et al.
(1984) in a study where nouse bl astocysts were transpl anted between
NMRI (sensitive) and DBA (non-sensitive) dans on gestation day 3. TCDD
treatment (30 pg/ kg body weight) on gestation day 10 resulted in 75 to
100% i nci dence of cleft palate anong NVRI fetuses whether they
remained in their own dans or as aliens in DBA dans. Al so, none of the
DBA fetuses devel oped cl eft pal ate whether or not they renained in
their own danms or as aliens in NVRI dans.

Attenpts to nodify and further characterize the TCDD i nduced
cleft palate formati on have been perforned with several interacting
substances. The non-teratogeni c (- napht hofl avone (RN) enhanced the
TCDD-i nduced fetal nortality and the increase in the incidence of
cleft palate in C57BI/6 and NVMRI m ce when BN was adm ni stered
simul taneously or 8 h before TCDD, but not 24 h before or after
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(Hassoun & Dencker, 1982). TCDD was given as a single ip dose of 25 or
16 ng/ kg body weight to C57BI/6 and NVRI mice, respectively, on
gestation days 10, 11, 12, or 13. TCDD- i nduced cleft pal ate incidence
was enhanced by 2, 3,4,5, 3", 4" -hexachl orobi phenyl, but not
2,4,5,2",4" 5 -hexachl orobi phenyl, in C57Bl/6 nice, although none of
the isonmers alone were teratogenic at the doses used (Birnbaumet al.
1985). Neither of the hexachl orobi phenyls used affected the incidence
of renal anomalies, as conpared to TCDD al one.

A dose-rel ated enhancenment of the TCDD-induced inci dence of cleft
pal ate was found in C57BlI/6 m ce exposed to either triiodothyronine or
thyroxi ne, as conpared to TCDD al one (Lanb et al., 1986). The
hydrocorti sone-i nduced cleft pal ate response was enhanced by
si mul t aneous adm ni stration of TCDD in C57Bl/6 mce (Birnbaumet al.
1986). Co-adninistration of TCDD and TCDF to C57BlI/6 mice on gestation
day 10 resulted in a cleft palate incidence conpatible with an
additive toxicity nodel in which TCDF contributes to the toxicity of
TCDD in a weight ratio of 1:30 (Wber et al., 1985). Also 1,2,3,7, 8-
pentaCDD and 1, 2, 3,4, 7, 8-hexaCDD had additive effects on the
TCDD-i nduced cleft palate incidence in NVRI mce (Krowke, 1986). No

clearly dose-related teratogenic effects were observed in C57Bl/6 nice
exposed to oral doses of 1,2,3,4- tetraCbDD (100, 250, 500, or 1000
ng/ kg per day), octaCDD (5 or 20 ng/kg per day) or to a mxture of 40%
2,7-di CDD and 60% 2,3, 7-tri CDD (100 or 200 ng/ kg per day) on gestation
days 7-16 (Courtney, 1976).

7.5.3 Studies on rabbits

New Zeal and rabbits were adm ni stered TCDD by gavage in doses of
0, 0.1, 0.25, 0.5, and 1 pg/ kg per day on days 6-15 of gestation and
the fetuses were exami ned on day 28 of gestation (G avani et al.
1982b). Above 0.25 pg/ kg per day, decreased naternal weight gain and
unspecified signs of maternal toxicity were reported. At doses of 0.5
and 1 pg/ kg per day, there were 2/15 and 4/ 10 mat ernal deat hs,
respectively. An increase in abortion and resorption rates occurred at
doses above 0.25 pg/ kg per day, with no live fetuses detected in the
1 pg per kg per day dose group. There was a significant increase in
extra ribs, conmpared to a level of 33.3%in the controls to 82, 66.6
and 82% In the 0.1, 0.25, and 0.5 pg/ kg per day dose groups, 82,
66.6, and 82%extra ribs were noted. There were no increases in
specific soft tissue anonalies.

7.5.4 Studies on nonkeys

The effect of exposure to TCDD in the diet, before mating and
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t hroughout gestation, on the reproductive performance and production
of progeny of healthy, fertile rhesus nonkeys (Macaca nulatta) was
studied by Allen and co-workers (Allen et al., 1979a,b; Barsotti et
al ., 1979; Schantz et al., 1979). At a level of 500 ng TCDD kg di et
(11 ng/ kg body wei ght per day), there were 