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1982). Essentially, epidermal hyperplasia ac-
companied by involution of sebaceous glands,
hyperkeratinization of the epidermis, and ke-
ratinization of dermal cysts are the hallmarks
of hairless mouse “chloracne.”

These gross morphologic changes were ac-
companied by significant elevations in epi-
dermal transglutaminase activity. By the end
of the second week of treatment, the epidermal
transglutaminasc (ETG) levels were more than

sixfold the baseline levels, or the levels in the |

skin of acetone-treated mice (Fig. 1). By the
end of the third week of treatment, ETG levels
had decreased from the initial peak but still
remained at more than twice the baseline levels
at the termination of the experiment at 4
weeks.

To test for the possibility that TCDD pres-
ent in the treated mouse skins was carried into

k1l
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FiG. |. Epidermal transglutaminase activity in skin of
hairiess mice treated with TCDD (8 —— @) and in con-
trols (O —— O}, expressed as cpm incorporated during
30 min of incubation/mg of epidermal cytosol protein.
Sec Methods for details.

the ETG assay and exerted a direct activating
effect on the enzyme in the epidermal cytosol
preparation, 0.2 ng of TCDD was added di-
rectly to the ETG assay mixture and the effect
monitored. No changes in radioactivity of the
resulting precipitates was observed.

In Vitro.Sludies = I

The ionic concentration of calcium in th ot
medium has been well established as a regu-
lator of mouse epidermal cell terminal differ-__
entiation in in vitro tissues cultures (Hennings oy
et al., 1980) and our results were in line withey
this finding. In low calcium medium, mouse 2
keratinocytes did not undergo terminal dif- &
ferentiation but continued to proliferate as € '
basal cells in monolayers (Fig. 2A). Addition
of 107? M TCDD did not change this pattern
of growth at least in so far as could be deter-
mined by light microscopy (Fig. 2B). Nor did
addition of TCDD have any effect on the rate
of cell proliferation as measured by compar-
ison of total cell counts of culwres, 24, 48,
72, 2nd 96 hr after the addition of TCDD or
DMSO 10 the low calcium medium. Total
protein content (measured to the twelfth day)
was similar in cultures grown with or without
TCDD. Cells grown in high calcium medium
started to stratify and differentiate 72 hr after
plating (Fig. 2C).

ETG activity in the TCDD-treated cells in
low calcium medium gradually increased over
the 12-day period of growth, so that on the
twelfth day ETG levels in the TCDD-treated,
undifferentiated cells were almost identical to
levels in the fully differentiating cells grown
in high calcium medium (Fig. 3). ETG levels
in the undifferentiating cells grown in low cal-
cium medium without the addition of TCDD
also increased slightly over the 12-day incu-
bation period, but remained at about half the
level of activity in the previously described
cultures.

That this was a genuine increase of ETG
production by the cells, rather than an acti-
vation of ETG activity already present in the
cells, was shown by the fact that 10°° M TCDD
added directly 1o the transglutaminase assay
did not have any effect on the resuits.
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F1G. 2. Neonatal mouse epidermal cell cultures (A) in
0.07 mm Ca?* medium: (B) in 0.07 mm Ca** and 10~°
M TCDD; and (C) in 1.2 mm Ca’* medium at 7 days
aRer plating. Note that TCDD did not affect cell culture
morphology in the low calcium medium.

Changing keratinocyte cultures from low
calcium to high calcium medium on Day 7,
at a ume when it had been established that
ETG activity was high in the TCDD-treated,
undifferentiated cells, indicated that terminal
differentiation was not the same in TCDD-
treated cells as in control cells grown in low
calcium medium without the presence of
TCDD. The cornified envelope count was
consistently slightly higher in the TCDD-

treated cells (0.7%) than in the control cells
{0.3%), but it remained much lower than the
counts of cornified envelopes in cells grown
in high Ca?* medium from the beginning (12
to 14%). Morphologically, terminal differen-
tiation and cell death were delayed in the
TCDD-treated cultures, in a manner similar
to what has been reported for retinoic acid-
treated cultures by Yuspa er al. (1981)
(Fig. 4).

DISCUSSION

The changes induced in human skin by
TCDD exposure are among the more observ-
able and well-defined biological effects of this
potent man-made toxin. In the hairless mouse
model, topical 2pplication of minute amounts
of TCDD irduces a distinct hyperproliferative,
hyperkeratinizing response (Puhvet er a/. 1982;
Knutson and Poland, 1982). Epidermal trans-
glutaminase is considered a marker enzyme
for terminal epidermal differentiation (Gold-
smith and Martin, 1975; Buxman and Wuep-
per, 1976). This soluble, calcium-dependent
enzyme which catalyses the formation of co~
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FiG. 3. Epidermal transglutaminase activity in cultures
grown in 1.2 mm Ca?* (@ —— @), in cullures grown in
0.07 mm Ca** plus 10™* M TCDD (O 0), and in
0.07 mm Ca?* without TCDD (A —— A).
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FiG. 4. Mustration of the delay in teyminal differentiation
of mouse epidermal cell cultures following treatment with
10~? M TCDD. Paralle! cuitures were first grown in 0.07
mm Ca?* for 7 days in the presence (A) and without the
presence of 1077 M TCDD (B). Cultures were then switched
10 1.2 mm Ca?* (without TCDD). Terminal differentiation
and ccll death were delayed in the TCDD-treated cultures
{A) compared 10 conirols (B). The photograph was taken
5 days adter transfer 10 1.2 mm Ca’* medium.

valent crosslinks, involving ¢ (y-gluytamyl-ly-
sine) dipeptide bonds, is thought to be involved
in the conversion of soluble stcuctural protein
beneath the plasma membranes of epidermal
cells, to insoluble, high-molecular-weight pro-
teins which form the comified cell envelopes
of differentiated keratinocytes.

Levels of transglutaminase activity in vivo
in mouse ear epidermis are 2ffected by agents
which alter epidermal differentiation, such as
anthralin, retinoic acid, and fluocinolone ace-
tonide (DeYoung and Ballaron, 1982). In the
present in vivo studies, a significant increase
of this enzyme activity was demonstrated fol-
lowing changes in cutaneous differentiation
after TCDD application. One possible com-
plication in interpreting results of in vivo ex-
periments which involve analyses of crude

epidermal extracts is that during the dermal-
epidermal separation procedure, dermal
transglutaminases may theoretically contam-
inate the epidermal preparations. Substances
applied topically to the skin, particularly those
which induce an inflammatory cutaneous re-
sponse, may affect the dermal as well as epi-
dermal transglutaminase levels. Previous
studiesby DeYoungand Ballaron (1982) which
investigated this problem suggested that their
results were not affected by inflammatory
changes. In the present paper, in vitro tissue
culture studies were used to confirm the in

vivo observations in a system which was frcca

of dermal components.

1 P o
The observation that mouse epidermal ker- =
atinocytes in low Ca?* medium have lower po

levels of transglutaminase activity than dif-

——

ferentiating keratinocytes in high Ca?* me- o
dium has been established previously by Hen- &
nings ef al. (1981). Our finding that TCDD 9

increases unexpressed transglutarmninase activ-
ity in the nondifferentiating cells in low Ca?*

"medium confirms our in vive observations
about the increase of this enzyme by TCDD
in epidermal cells.

Very similar effects on transglutaminase in-
duction by epidermal basal cells in vitro have
been demonstrated by the addition of retinoic
acid (Yuspa &1 al, 1981) or 12-O-tetradeca-
noylphorbol-13-acetate and other tumor pro-
motors {Yuspa et al., 1980) to low calcium
mouse epidermal tissue cultures. In those
studies as in the present experiments, it ap-
peared that the effect was one of induction
rather than activation of enzyme activity, since
addition of the chemical (in this case 107 M
TCDD) directly to the enzyme assay had no
effect on the results. In the studies by Yuspa
et al. (1980, 1981) retinoic acid had a different
cffect on terminal differentiation of the cell
cultures after transfer to high calcium (1.2 mMm)
medium. Normally, when epidermal basal
cells are transferred 1o high calcium medium
after being cuitured in low calcium medium
for S to 7 days, terminal differcntiation ac-
companied by ceil death occurs within 2 10 5
days after transfer. In cells grown in the pres-
ence of retinoic acid (at 10™° M concentration),

o
<
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this pattern of terminal differentiation was
significantly delayed. Phorbol esters did not
affect the rate of terminal differentiation. In
the present study, TCDD also defayed ter-
minal differentiation of the cuitures, despite
the fact that insoluble cell envelope counts
appeared to be higher in the TCDD-treated
transferred cultures than in the uatreated con-
trols.

Knutson and Poland (1982) have suggested -

that cutancous sensitivity to TCDD in mice
is associated with the gene for hairlessness,
and that hr/hr (hairless) animals have & more
acute cutaneous response to TCDD than do
the hr/+ (haired) counterparts. In the present
studies, epidermal cell cultures were estab-
lished with BALB/c hr/+ (haired) neonatal
rice as tissue donors. Interestingly, such cells
in culture responded 10 TCDD exposure. It
could be that the effects of TCDD on epider-
. mal cell cultures would be even more striking
in epidermal cultures from hr/hr (hairiess) skin
*  donors.
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FRAGMENTOGRAPHY/ PLANTS, analysin/
SOIL POLLUTANTS. analysis#/ SUPPORT,
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ENVIRONMENTAL POLLUTANTS,

poisoning/ ITALY/ MILK. analysis/ RABBITS/
SOIL LLUTANTS, analysis/ SUPPORT,
NON-U.5. GOV'T/
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G

Garsttial S: TCDD toxicology Wwith particular reference
10 Seveso: introductory remarks. Drug Metab Rev 1932
13(3):345-53 (36 ref.)
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ANIMAL/ *DIOXINS, toxicity/ HAMSTERS/
HISTIDINE, metabolim/ MALE/
MESOCRICETUS/ MUTAGENICITY TESTS/ )
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*TETRACHLORODIBENZODIOXIN, analysis/
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AR/ *2,4-DICHLOROPHENOXYACETIC

ACID, poisonin
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Medical and morbidity surveillance findings among
employees potentially exposed to TCDD

G G BOND,' M G OTT,' FE BRENNER,? AND R R COOK!

Fr;m US Area Medical* and Michigan Division Medical,® Dow Chemical USA, Midland, Michigan 48640,
USA

ABSTRACT Available medical and morbidity surveillance findings from 1976 to 1978 for two
employee cohorts potentially exposed to 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) were
compared with those of matched unexposed empioyees. The medical surveillance findings were
derived from a screening programme offered to all active employees and included an analysis of
various medical history questions and blood chemistry results. Group medical insurance claims
served as the source of morbidity surveillance data and the period prevalence of selected diseases
was analysed. Few significant differences between the exposed and unexposed were detected.
Among the cohort of employees potentially exposed during the manufacture of 2,4,5-
trichlorophenoxyacetic acid (2,4,5,-T), a significantly greater frequency of x-ray proved ulcer was
reported and siguificantly more members of this group had diseases of the digestive system
diagnosed. Such findings were absent in the more highly TCDD-exposed cohort engaged in

2,4,5-trichlorophenol production, making it unlikely that dioxin was a cause.

The trace impurity 2.3,7,8-tetrachlorodibenzo-p-
dioxin (TCDD) is formed as a byproduct during the
manufacture of 2,4,5-trichlorophenol (TCP) uader
alkaline conditions at raised temperatures and high
pressures. Siace TCP is a precursor for the produc-
ton of the herbicide 2,4,5-trichlorophenuxy acetic
add (2,4,5-7), low level conamination of the herbi-
cide by TCDD is expected. Thus the poteatal for
occupational exposure to TCDD may arise among
employees making either TCP or 2,4,5-T.

Recent evidence suggests that TCDD may also be
formed during the routine combustion of car-
bonaceous fuels.! Chiorinated dioxins have beea
found in trace amouats in samples gathered rom
incinerstor stacks as well as from chemicat tar bur-
ners and a fossil fuelled power plant, vehicle
silencers, fireplaces, chimneys, cigarette smoke, and
portions of charcoal broiled steaks.

Mortality studies and case summaries of occupa-
tional cohorts presumably exposed to high levels of
TCDD during the production of TCP, or exposed to
lower levels during the synthesis of 2.4,5-T, have
been published®™® (I A Zack, unpublished observa-
dons). Reports have appeared of soft tissue sarcoma
among employees with exposure severe enough to

Received 11 Auguet 1982
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cause chioracne’~’; however, no consistent unique
mortality patterns have been noted among those
with lower level exposure’ (J A Zack). A survey of
reproductive outcomes amony wives of employees
exposed to dioxins was also recently completed and
indicated no biologically important associations.'
Available evidence suggests that occupational
cohorts exposed to lower levels of TCDD in the
manufacture of 2,4,5-T experience no important
long term heaith risks.

Investigations, including the evaluation of health
examination findings and morbidity data for
TCDD-exposed individuals with long latency, have
only recently been suarted.!! Clinicai follow up 10
years later of 41 out of 79 individuals who
deveioped chioracne in a 1968 TCP production
accident, showed that other than minor persistent
chioracne, there was no evidence of adverse heaith
effects.’? While relatively little data arc available
from sound epidemiological follow up of other
expased cohorts, reported systemic health effects
after exposure to large amounts of TCDD include
impaired liver function, nephropathy, gastrointesti-
nal irritation, myopathy, and neuropathy, including
depression and irritation of the central nervous sys-
tem. These symptoms have not been progressive and
have been reported to disappear with time. Vietham
war veterans, presumably exposed to lower levels of
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TCDD and for shorter periods than industrial
cohorts, have alleged a number of medical
complaints—for instance, weight [oss, liver damage,
recurrent rashes, deformed offspring, stillbirths,
cancer, sterility, personality changes, and “other”
illnesses—which they attribute to their exposure to
Agent Orange.'* To date. there have been no well
controlled epidemiological studies to substantiate
the allegations that these compiaints are attributable
to exposure to the trace amounts of TCDD in Agent
Orange.

Medical follow up of inhabitants of Seveso
exposed to TCDD as a resuit of an explosion of a
trichiorophenol reactor has coatinued to document
a lack of severe lasting heaith effects. While the
findings are still regarded as preliminary, no organs
or body functions, except the skin, have been found

to be impaired; no excessive derangement of gesta- -

tion, fetal lethality and loss, gross malformations,
growth retardation at term or cytogenetic abnor-
malities have yet occurred.”

The present study reports the cross sectional
medical and morbidity surveillance findings from
1976 to 1978 among employees at Dow Chemical,
Michigan, who ware considered potentially exposed
to TCDD and for whom mortality surveys have beea
reported.?® The objective of the present investiga-
tion was to determine whether patterns of selected
bealth examination findings from the roudneiy
administered medical surveillance examination, and
indices of morbidity as reflected in medical insur-
ance claims for empioyees potentially exposed to
TCDD, differed from those of employees rot
exposed.

Methods and materials

The study population was assembled from two pre-
viously identified cohorts: (1) a group of employees
who had been engaged in the manufacture of
2,4,5-T for at least one month between 1950 and
1971 and (2) a cohort of employees involved in a
1964 chloracne incdent in the area of TCP produc-
don.

The methods for the selection of theze cohorts
have been described previously.’® Briefly, the 204
white men comprising the 2,4,5-T cohort were
identified from annual department census lists and
work history records as having worked one month or
longer between 1950 and 1971 on one of four job
assignments (reactor operator, sait wheel operator,
acid wheel operator, or dryer operator) in the
2,4,5-T process. The TCP cohort of 61 white male
empioyees was identified from monthly departmeat
census lists and lists of maintenance personnel who
were known to have worked in the process area dur-
ing a 1964 chioracne incident. The two cohorts have

been considered separately in the analysis to allow
for differences in their potental for TCDD expos-
ure, and for differences in their exposures to other
agents.

Data of interest were derived from two separate
sources: heaith examination findings from the
routinely sdministered medical surveillance pro-
gramme and morbidity surveillance as reficcted in
diagnoses from exiernal medical service providers
reported for payment of fee to the group insurance
department.

The medical surveillance examination has been
offered to all employees since 1967. The tdme
required for the programme 1o cycle through the
entire manufacturing complex is about two years.
Only cohort members who had participated in a
medical surveillance examination between 1976 and
1978 were eligible for consideration for this portion
of the study.

Controls for the medical surveillance analyses
were selected from among other white men em-
ployed at this location who bad also participated in
such an examination between 1976 and 1978. Em-
ployees considered at high risk because of a history
of a job assignment as a pipe coverer, in the produc-
tion or packaging of arsenical pesticides, considered
a3 potentially exposed to high levels of vinyl
chloride, or potentially exposed to dioxins were
excluded from consideration as potential controls.
Four controls were then matched from those eligible
to cach exposed on year of birth = five years,
whether hourly or salaried, smoking habit (never
smoker, ex-smoker, current smoker) and. when
possibie, month and year of the most recent medical
surveillance examination taken. When more than
four controls were cligible for matching, the four
with the date of hire nearest that of the exposed
were selected.

Based on a review of relevant reports on animal
2nd human exposure to TCDD, seiected medical
history questioas and blood chemistry resuits were
considered for analyscs. The matching was retained
throughout. For the dichotomous gquesdonnaire
responses (yes or no), the analysis was that which
has been proposed for a fixed R:1 matching ratio
with R = 4.'4 Exact confidence iimits were calcu-
lated with @ = 0-10 using a packaged set of pro-
grammes for a programmable calculator.’* Blood
chemistry values for each exposed subject were con-
trasted with the mean for the four matched controls,
and a paired ¢-test was used to test the hypothesis
that the mean difference between the exposed and
matched controls was zero. Linear regression was
done to test the correlation between log,, (days of
employment in 2,4,5-T production) and the differ-
ence in blood chemistry vaiues.
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Group medical insurance claims filed by em-
ployees for medical nses incurred between 1
January 1976 and 31 December 1978 served as the
source of morbidity data. Members of the original
study cohorts who were cligible for benefits on 31
December 1978 from the Medical Care Programme
administered by the group insurance department
were included for study. This tme restiction
ensured that morbid events reported were indepen-
dent of mortality as reported in earlier studies of
these coborts.?* Controls for morbidity comparisons
were selected from among ail white male employees
cligible for Medical Care Programme benefits as of
31 December 1978. Employees with a history of
certain job assignments were excluded from con-
sideration as controls, as has been described above.
From among the pool of eligible controls, four were
matched to each exposed on the basis of year of
birth * five years, and whether hourly or salaried.
When more than four controis were eligible, the
four with the date of hire nearest that of the exposed
were selected.

Diagnoses and expense dates were abstracted
from Medical Care Programme claims by a regis-

. tered nurse, who was unaware of the exposure smmus

of the subjects. Only diagnoses for claims for hospi-
tal inpatient care, hospital outpatient care, surgery,
disgnostic expenses, or emergency first aid were
considered. This excluded diagnoses from physician
office visits, unless diagnostic expenses were incur-
red or surgery was done, and information from drug
prescriptions. No validation of diagnoses with any
exiernal source was attempted.

Coding of diagnoses to the international
classification of diseases—uninth revision—dlinical
modification (1ICD-9-CM) was doune by trained cod-
ers without knowledge of the exposure staius of sub-
jects. Diagnostic categories of interest were derived
based on the relevant animal and huunan toxicology
data:

An individual couid contribute, at most, only one
observation to each diagnostic category. Period pre-
valence of all cancer, various site specific malignan-
cies, diseases of porphyrin mctabolism, digestive
system discases, hepatic disorders, renal disorders,
and diseases of skin and subcutanenus tissue was
compared, uging an analysis that maintained the
matching. '

Resuits

DEMOGRAPHIC CHARACTERISTICS

Table 1 presents the vital and employment status
distributions for the two cohorts, together with
cligibility for the medical surveillance and morbidity
surveillance portions of the study. Two years of

Bond, O, Brenner, and Cook

Table | Vital and enploymen: stanus of expased cohores
as of 31 December 1978. (Perceniage of original cohorts in
parensheses)
Scmuy TCP cohort  2,4,.5-T cohont
Original 61 204
mﬁ 40 116
11 21
P s § B
fetrmmant:
Decwased 0 2
Kaowa alive 6 2
Usksown o 52
Participssed in medical sarveillance
cxam 27(44) B7(43
Eligibis for -:?l are “ “a
wrveitiance 48(79) 135(66)

additdonal follow up with company records of the
2,4,5-T cohort identified two deaths not previously
reported—one from cerebrovascular disesse and the
other from cardiovascular disease. Some 44% of the
original 61 members of the TCP cohort and 43% of
the 204 members of the 2,4,5-T cohort participated
in medical surveillance examination between 1976
and 1978, Of those who were actively employed and
thus eligible to participate, 68% of the TCP cobornt
and 72% of the 2,4,5-T cohort did so. These partici-
pation rates are significantly lower than the partig-
pation mate of 80% among all other white men em-
ployed at this location (p = 0-04 and p = 0-02,
respectively). Of the 49 individuals in the original
TCP cohort who had evidence of acne like lesions in
1964, 22 participated in a medical surveillance.
examination. Nearly ail members of both cohorts
(94% of TCP and 97% of 2,4,5-T), who were active
or retired, were cligible for medical care programme
benefits and tius could be surveyed for morbidity in
this study.

Table 2 presents a comparison of demographic
data for the sub:ets of each original cohort eligible
for the medical surveillance examination and for
morbidity survediance and their matched controls.
The exposed cohorts and their matched controls
compared w~ell with respect to all variables consi-
dered. In the analysis, potential confounding by
cgarette smoking, age, year of hire, and
socioeconomic stztu:z was controlled by matching
and suradficstica on these variables or correlates.

MEDICAL SURVEILLANCE FINDINGS

Table 3 presents a comparison of the frequency of

positive screens with selected questions from the

medical surveillance examination for the two .
exposed cohorts and their matched controis. The

frequency of positive screens was low for nearly all

the qucstons, and the exposed and controls

responded comparably. -The only suosdcally
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Demog-aphic verighic TCP cohont Conorols 2,4,5-T cohort Cormtrols
Medical surveillance:
No eligibis for snudy 27 108 87 48
hhﬂm J 454 = 7-6 454 = 7.8 42-8 = 82 428z 83
Yenr 19536 ¢ 79 19533 = 92 19571 = 85 19566 = 100
Salaried 20 14 6
Paid by the hour 2 11 7 292
Current smokasr 6 4 25 100
Exremoker {? 40 i‘; 148
44 100
Marbidity surveiBlance:
No eligible for study 43 192 138 540
Munm D 492 = 9§ 492 = 96 45-3 = 10-2 453 = 10-2
}::'-‘ IgSl-4 t 80 1;31-7 = 105 19567 z 19 1235-0 = 106
Paid by the bour 43 172 lll 472
Tabie 3 WomemMWm«WmmmTCPmd24J T
coRorts and matched controls, most recens exam 19768
Quession TCP cohort 2,4.5-T cohort
Ng (n = 27) Nc(r = [08) Ng (n = 387) N (n = 148)
Since your last Dow F::." exam or heaith
invenntysm , bave you amy of the following? 2 s P "
Yellow jaundics 0 0 0 0 -
with grination 0 0 1 s
Albumia o sugar in urine 0 0 0 3
gbod in wrine g 1 0 13
requent indigsstion or heartburn s 3
s, oo 9 ] I 2
T o ; : ; :
i 0 i
u“b%-d habits 0 [ 1] 0
in stools 0 1 0 2
Tarry stools 0 1 0 1
Do have or have you bad any of the fodowing?
Pﬁ: biood pressure 1 7 6 b1y
Liver trouble (Iupumﬂ % ; § 1;
Kidney or - !
Cancer or nli m 0 Q 0 3
z-ray proved 2 7 9 18
"Ryg = 211 -178 90% CI = 1-06—4-20.
Ng = Nmbcf exposad respouding - Yes.”
NE = Numb ponding * Yes "

significant difference was the greater frequency of
positive screens for x-ray proved uicer among mem-
bers of the 2.4,5-T cohort (Ryg = 2-11,90% CI =
1-06—4:20), based on nine of those exposed having
reported such a history. As asked, the question of
x-ray proved ulcer does not discriminate between
incidence or prevalencs, so the temporai relation
between exposure and disease is not known.

Table 4 presents a comparison of resuits for nine
selected blood chemistry tests performed as a part of
the medical surveillance examinaton. Mean touwl
bilirubin was slightly lower in both exposed cohorts
and mean serum aspartate transaminasz was lower
in the 2,4,5-T cohort than in their respccrive con-
trols; and while these diiferences were stanstcally
significant at a = 0-10, two tailed, they were not

regarded as clinicaily significant. Given the number
of comparisons done and the level of accepdng a
type 1 error, some statistically significant differences
were to be expectad.

When the mean difference between blood chemis-
try vaiues for the exposed and their matched con-
trols was regressed against log,, (days of empioy-
ment in 2,4,5-T), there was a lack of significant
associztion for all laboratory tests except for a
significant positive slope for blood urea nitrogen
(p (-022); however, the independent varable
explained only 6% of the variability in the depen-
dent variable, suggesting that duration of employ-
ment ir 2,4,5-T was not an important deternsinant.

Analyses of medical surveillance findings among
only those members of the TCP cohort who had
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Table 4 Campauonofapoudcohammdamadwdcouwhﬁwmnudcaedlabomory tests, most recert medical

surveillance examinagons |
Teax procedure Trichiorophenol Trichlorophenol 2,4.3-T cohort 2,4.5-T cohorn
g™ Tohm Gy M= PR
Total bilicubin (mg/100 i) (no-sgs? 017 -8 = 007 (.0;5&7 021 ~006 =004
Total protein (/100 i) ® tl;ls)z 043 004 = 016 @ 1_!2‘): 033 -0-0t =z 007
Protein slbumin (/100 mi) (ltI&T 043 0002 = 012 (.tlhf 035 -005 =006
Blood ures mitrogen (.16_056:): 379 37 =134 (116_01“7 364 061 = 0465
Lactic delrydrogsnass (mi-wrail) (lnl:726$ 304 408 =675 (;“;332? 239 ~367 = 449
Scram aspactats tanssmingse (wral) I‘Z‘Lég‘)z 84 S-VJI =z 639 .29-9:; *n -2:53 =18
Serum alagine Tenmuninese (Wmil) 32-2237 13-34 1-21 = 520 83;2;97 14-66 G359 =295
Alkaline phosphatase (“70_8?6)2 21-52 -036 =613 (:1:1:‘7 2413 021 = 454
Alumin-giobulin ratio 1-38 = 023 -0-008 = 0-08 140z 032 -0-003 = 0-06
(o = 23) (o = 78)

(n = Number of msiched quintupiets)

Table § Comparison of number of prevalent cases of selzcsed disease conditions by exposure group: diagnoses from

Medical Care Progremme, 1976-3

Diseme caegory No of prevelex comes
TCP cohort 2,4,5-T cohort
NE {n = 48) Ne(n= 192} Nz {n = |39) Ncin= 340)
Maligmot (140-209) 1 4 4 9
Ma of iver (155 a 0 1] 1
Mndm&on:h-.nndlun;(lsz) 1" . 0 1 1
Mn of cosnactive aad other 308t tesus (177) 0 1 0 0
Mn of stia (172-173) 0 1 0 2
i lymptioma (200~-202 1* ] 4 0
Din-udpwpﬁyriancubohn (277-1) 0 0 0 0
Disesses of g liver
dinsase (530-5 3. 535— 58, So4-1) 3 10 17t 27
of the tiver ! 70-573) [} 5 2 s
Gl itis ( 383) c 0 0 1]
Renal failare (584 0 0 0 1
Intections of kidacy (590) 0 0 0 o}
Dinsases of skin and tinsuce
(680-686, 692, 699) 0 3 2 11
*Refers 10 8 &
TRy ™ 2:51 = 2:957, 90% CI = 1-50-4-18.
Ng = Num| prevalent cases amcag cxpossd cobort
N¢ = Numb. prevaisnt cades g b

exhibited acne like iesions in 1964 produced similar
resuits to the analysis of the totai eligible cohort.

MORBIDITY SURVEILLANCE FINDINGS

Of the 915 members of ths exposed cohorts and the
matched control groups cligibie for Medical Care
Programme benefits, 656 (71-7%) filed at least one
claim for medicul services during the study period
1976-8. A total of 6539 separatz diagnostc entries
were abstracted and coded and constituted the total
morbidity data base from which the analyses of con-
ditions of interest were carried out. The disgnostic

entries were distibuted fairly evenly across the
study years with 2126 eantries in 1976, 2245 in 1977,
and 2168 in 1978. Most of the diagnoses were on
claims for physican’s services (58:4%) and claims
for hospital services (35-3%), with few diagnoses
provided solely from laboratories (4:7%) or other
sources (1-5%). About one quarter of all diagnases
provided were precoded to some discase categorisa-
tion scheme by the service provider.

Table 5 preseats a comparison of the number of
prevalent cases of disease conditions of interest for
each of the exposed cohorts and their matched con-
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Tabls 6 Detailed breakdown of diseases of digestive
system among 2,4,5-T cohort and mached controls.
Diagnases from Medical Care Programme, 1976-8

Divesse camgory No of prevalent cases
NE MNe
Dineases of (330) 2 1
e T 2 3
Peptic uicer, s e (533) ; ;
Gaetrojejunal uker 1434 0 0
Gmndn:nd(n?s; 53%) g 4
- Regionsl entetitia 1

Otber i i

sod colitis (338) 6 10
Irritable coloa (564-1) 4 5
Nou An individual have more than one condition.
e = Number of ot cases among 2.4.5-T cobors.

Nc-Numdmvnhunmmmudud controis.

trol groups. The period prevalence of most condi-
tions was low and was comparable between the
exposed and their controls. An excepton was the
significantly greater prevalence of diseases of the
digestive system excluding liver disease among the
2,4,5-T cohort (Ryg, = 2-51, 90% CI = 1-50— 4-18)
based on 17 prevalent cases among the exposed.
Tabie 6 gives a denailed breakdown of the distribu-
tion of prevalent cases among the 2,4,5-T cohort
and their controls by disease within this category.
The difference in prevalence cannot be expigined on
the basis of a preponderance of any one specific dis-
case entity; instead, the 2,4,5-T cohort had rela-
tively more cases of each coadition.

Discussion

Results from this cross sectional examination of
medical and morbidity surveillance findings among
two cohorts who were potentally exposed to TCDD
at some point in the past and their matched unex-
posed controls showed few differences. Those em-
ployees who were engaged in 2,4,5-T production at
some point, between 1950 and 1971, reported the
prevalence of x-ray proved uicer significandy more
often than their matched controis, and recorded
significantly more diagnoses of diseases of the diges-
tive system. The lack of a similar finding among the
more highly TCDD-exposed in the TCP cohort
makes it unlikely that the dioxin is associated with
this finding. The departmental unit under which the
2.4,5-T process was first organised was also respons-
ible for manufacturing various otiier products. Thus
many of the individuals in the 2,4,5-T cohort were
potentaily exposed to numerous other substances
during their employment with this unit.

The 2,4,5-T dust concentrations found in the
plant were often high enough to be noticeably

323

irritating, and were believed to have resulted
primarily from finishing operations where the end
product was dried and fed through a hammer miil.
One could postulate that ingested dust could lead to
a greater frequency of diseases of the digestive sys-
tem. The 2,4,5-T exposures, however, were incurred
by subjects in this study a minmimum of five years
before the indication of disease prevalence, thus
making latency an important issue.

A limitation of cross sectional studies is the uncer-
tainty surrounding the temporal sequence in the
exposure disease relatiouship. As was the case in
this study, it is usually sot possible to discriminate
between disease incidence and prevalence, so that
one is uncertain whether or not the exposure pre-
ceded the disease and could possibly be a cause.

Data on health outcome from medicai and mor-
bidity surveillance of the two coborts in the present
study were limited to the active or recently redred
workforce. Members of the two cohorts who left the
company for reasons other than retirement could
not be studied. Inferences from the preseat study
concerning the heaith status of former employees
must be drawn carefuily owing to possibie retire-
ment of former employees on the basis of health.

The study was further limited to medical and
morbidity surveillance for a three year period
(1976-8). Owing to the large amount of time
required to locate and code archived medical claims,
a larger sampie was deemed unfzasible.

With the completion of this study, these em-
ployees have now been surveyed for morbidity, mor-
tality, and reproductive outcomes. To date, the
available data do not indicate serious long term
heaith risks associated with exposures to TCDD at
the levels encountered by these two industrial
cohorts. Consideration is being given to continued
medical and morbidity surveillance of these cohorts,
and we recommend that other cohorts with similar
exposures also be surveyed.

We gratefully acknowledge the contributions of Mr
Bernard Lasich, Mr Stewart Gudmundsen, Mrs
Janice Cartmill, Mrs Jean Townsend, Mrs Elsie
McLaren, Dr Robert Kolesar, and Mrs Angie
Grzegorczyk of Dow Chemical, USA, and of Mr
Larry Silverstein, formerly of Dow Chemical, USA,
and now with the Dow Comning Corporation.
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tivily of S days. The prolonged durs-
tion of induction i a reflection of the
long hiological half-life of TCDD (15).
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ever. it seerm moxt likely that the out-
break of PCT m workers in the factory
peoducing 2.4.5-T i attributable 1o 1.
duction of hepatic ALA wathetase by
TCDD While mber chlorinatad com-
pounds present in the factory were
found to simulate ALA synthetase ac-
uvty in our syvem, TCDD i by far
the mod poteat inducer, and the re-
versal of the porphyria occurred when
TCDD contamination was reduced. We
suggest routincly monitoring the urinacy
porphytins in worken in factonces pro-
Ju.mg 2457 10 assess their exponure
“1o TCDO.
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To aﬁempt-m proceedings
of a meeting sucn as oneé In any rigor-
ous sense is clearly an unreasonably ambiti-
ous tasic [t is made more challenging bhe-
cause of the tentative character of much
of the work commented upon here.

This meeting, one of a series (and [ hope
1 growing secies) for the Nartional [astitute
of Eavironmental Heaith Sciences, repre-
sents an extracrdinarily userful concepe. It
is designed to bring together a variety of
.zcientific hedfellows who have contempiated
(and indeed investigated) a subject for its
academic interest and for its very timely
'topical interest. These same scientists would
have learned about each other eventually
but, in the best traditicn of science, it would
have taken a long time.

By design. we are witnessing ths cutting
sdge of icientific research for this aren.
This meeting has, as its avewed and very
virtuous purpose. the calling out of the walls
3 good deef ¢f unmatured and not totally
interpretedior confirmed research. It is im-
portant ter kbep this tentative and uncon-
firmed characterin mind. -

One is struck. too, hv the character of the
research which has bheen reported at this

_ meeting. There are still many gaps in our
knowiedge about dibenzofurans and dioxins.

L2 e -
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e e 2
—CL{// : |/“£03{'ﬁ -’-—:
: 115 327
A [ RS ’Dglo. ’ ‘re
- i
;/.JJ r_-( L IP s -

Yet, the thought that has gone into the
design of the research reported here re-
presents a striking degree of sophistication
in many cases for which the participants
should be very proud. As lats as 1970 or
1971, there existed only the crudest hint of
a ranking of biological activity of members »
ot the tamily of chiorinated dioxins. (1. 2) !

L e T

~

3

ARSI am struck by the
tact that the early observations (from the
ocvupational environment) and the eariy
approximations of rankings have been sus-
tained and esszentially confirmed by the
data reviewed at this meeting.

et
o1,
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1Summary:

Conference on Dibenzodioxins and ...
Dibenzofurans, National Institute of i
Environmental Health Services,

April 2-3, 1973
by Edward |. Burger, Ir.°

To attempt to summarize the proceedings
of a meeting such as this one in any rigor-
ous sense is clearly an unreasonably ambiti-
ous task. It is made more challenging be-
cause of the tentative character of much
of the work commented upon here.

This meeting, one of a series (and [ hope
a growing series) for the National Institute
of Environmental Health Sciences, repre-
sents an extraordinarily useful concept. It
is designed to bring together a variety of
scientific bedfeilows who have contemplated
(and indeed investigated) a subject for its
academic interest and for its very timely
topical interest. These same scientists would
nave learned about each other eventually
but, in the best tradition of science, it would
have taken a long time.

By design, we are witnessing the cutting
edge of scientific research for this area.
This meeting has, as its avowed and very
virtuous purpose, the calling out of the walls
2 good deal of unmatured and not totally
interpreted or confirmed research. It is im-
portant to keep this tentative and uncon-
firmed character in mind.

One is struck, too, by the character of the
research which has been reported at this

_ meeting. There are still many gaps in our

knowledge about dibenzofurans and dioxins.

*Office of Science and Technology, Exscutiva Qiflce
of the President, Washington D.C. 20508.

September 1973

Yet, the thought that has gone into the
design of the research reported here re-
presents a striking degree of sophistication
in many cases for which the participants
should be very proud. As late as 1970 or
1971, there existed only the crudest hint of
a ranking of biological activity of members
of the family of chlorinated dioxins. (1. 2)
The reports at this conference contained
descriptions of dose~response information,
some beginning insight into mechanisms,
and the first probings toward structure-
activity relationships. I am struck by the
fact that the early ohservations (from the
occupational environment) and the early
approximations of rankings have been sus-
tained and essentiaily confirmed by the

- data reviewed at this meeting.

Chemistry, Analysis, and Chemical
and Physical Properties

Dr. Langer’s paper on the focrmation of
dioxins from precursors through condensa-
tion reactions represents a good example of
what we should do more of. I speak here
of the attempt to predict probable and im-
probable behavior in the environment from
knowledge of physical and chemical pro-
perties. Dr. Langer’'s nuptial analogy is apt
in more than one way. He reminded us that
chemical courtship leading to marriage (in
this cas=, condensation) was family-specific
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and adhered to some orthodox rules. Family
character, and how this is perceived by the
other party to the arrangement, seems to
be important. It seems to me that Dr. Langer
has thrown down the challenge of confirm-
. ation for dioxin formation, reported on by
some as feasible in the environment. I am
sure that this challenge will be taken up.

One other point was raised by Dr. Langer
and was echoed independently by others
was the spurious formation of condensation
products within the chambers of the very
instruments used to detect them (e.g., the
gas chromatograph).

What is the evidence of “weathering”’—
the formation in nature of dioxins or furans
from chlorinated materials through the add-
ition of energy from somewhere? Crosby
et al. and Hutzinger et al. suggested that
condensation reactions to form dioxins. or
dibenzofurans might be promoted by expos-
ure to sunlight and presented the resuits of
a few preliminary experiments to examine
this subject. What they properly reminded
us of, however, was the fact that the story
does not end there. The presence of detect-
able condensation products depends on the
dynamics of both production and ensu-
ing decomposition. Decomposition, they re-
minded us. occurs typically through reduc-
tion and here depends on an available
hydrogen source. (They demonstrated the
point in their laboratory experiments by us-
ing a hydrocarbon medium.) Tetrachlor-
odibenzo-p-dioxin was found to be more la-
bile than the octochlorinated member of
the family. It was speculated that there
was sufficient organic material in most en-
vironmental situations to assure hydrogen
donors. In brief. environmental persistence
seems unlikely. The evidence seems to sug-
gest that those impurities which are found
are of the less toxic varietics. However, we
need more samples because of the large va-
riety of commercial products.

A. E. Pohland et al. revaaled some of the
potential and the limitations of two analytic
methods, electron spin resonance and visible
light spectroscopy. As [ heard this paper,
these sounded particularly usefui as con-
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firmatory techniques. The authors cited the
need for pure standards to realize the po-
tential of their methods.

Dr. Crummett’s paper is perhaps the latest
in a growing series of examples of how the
power of analytic methods tends to ‘“‘drive”
manufacturing procedures to be more rigo-
rous and produce greater degrees of purity.
His point is well made. We are all better
off as a result. '

It is heartening to note the similarity in
degrees of resolution reported both by
Crummett, et al. and by Drs. Baughmar
and Meselson for measurement of dioxin
through mass spectroscopy. Understandably
these results rested, apparently, on an exten
sive clean-up procedure. (I think some may
still be bothered by what I understand is :
wide intrasample variability among some
of the measurements.) Since they are '‘push-
ing” their art to a point near its limits
perhaps these results deserve as much con
firmation as possible. Nevertheless, the power
of seasitivity and resolution are indeed im-
pressive. -

Blolegical Effects

I think that it is extremely important tc
acknowledge the fact that the original bio-
logical insight into dioxins came from :
series of observations made by Dr. Suskinc
of accidental occupational exposures in the
late 1940’s. The exposure was the resuit of
accidental release of chemical intermediates
in a 2.4.3-T plant in 1949 resulting in ex-
posure of a number of workers to manifest
chloracne. In 1957, Kimmig and Schulz re-
ported chloracne among workers in 2,4.3-T
plant in Germany. A third occupational in-
cident occurred in a 2.4.3-T plant in the
United States in 1964. In a way, it is some
what disappointing that there is not more
human experience reported at this meeting
[ think that there is still a clouded issue
an unclear distinction between the effect
of PCB. 2.4.5-T and of dioxins and furass
For example, we should somehow ascertain
whether Yusho disease in Japan was a re
flection of exposure to polychlorinated'bl-
phenyls or to furan impurities. Dr. Fire
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stone reviewed the history of the contribu-
tion of the 0 our under-
,tandmg of dioxins. The sleuthmg' done hy
the FDA pieced together the story of the
Jarge-scale loss of poultry (which happened
drst in 1957), related it to the use of
rallow in poultry feed. and, eventually. to
the presence of dioxin impurities. Higgin-
botham et al. first offered a rough approxi-
mation of ranking of biological activity of
dioxins which has turned out to be strikingly
accurate, What has emerged from this meet.

v ing is the very wide range of toxicity for

. the several members of the dioxin family
(perhaps as much as 10')

- 1pgicy nfﬁiﬁf"ssfm Pﬁﬁﬁﬁé”r

(séent: 28. a..ua:utr.ot.cha.nm_m_l_l__er

fanction); the hepmatapafetis Syyrem{pla
let depression;-attered-platelet function, leu—-

“coeytosis and. hemoconcentratiom)~ and:the

lympBitc Systens spleen. 'thv'mu;.a.n.ﬂan - o

nodes).-THe atrophy of the thymus. and the
general ly‘mphoxd depletion reported at this
meeting wéte very striking:

As for monphologlcal alterations, the
changes in the uitrastructure under the elec-
tron microscope are of course most interest-
ing. Perhaps the most significant point is
that the morphological alterations tend to
follow and confirm the functional changes
which were described independently. /Ther®

y, seems to be a delay ( perhap& on- the ar order

ure. ang: mam“reit
S magnitade Br - fhe
chzrrmr fivse-related and the changes are
reversibie with time. A particulariy fascinat-

W" naloges ing finding was that of multinucleated hep-
’ tf@'-‘ - OLh8 atic cells. Do these reptresent a stag-e ot
teﬁs:ﬂ"g attempted regeneration and vepair? Alter-

Iﬂ—sav xerv httle about teratogenesis. It
:eems to me that a strong case can he made
‘or clearing the air about the mechanism
of teratogenesis. [s this an example of acute
fembhrvo) toxicity with a steep dose-re-
spnnse curve and a demonstrable threshold?
~'5 not clear that everyone who reports birth
lerects is talking about the same pheno-
menon. Dr. Moore. at this meeting. descrihed
;ome fascinating. postnatal effects of ma-
ernal exposure to TCDD through a series
f cross-fostering and veciprocal cross-fost-
aring stucdies of mice. These deserve further
attempts at interpretation.

The effects on experimental animals are
dificult *o summarize compietely. However.
‘here are some underiving currents showing
“irough:

{1) there is a variation in susceptibility
mong species—

W
Tiricer- ¢35 there are amﬁ'riﬁ'ﬂ"?ex dx’ﬂ"ereucem ]

{3)" detayed etfects mven prominent (liver_

‘hanges- 2 weeks after.exposureli Ar.the Y
major-sites of toxie action. appeag jgnjuthacF and in the adipose tissues (127
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:zéheoplastic change?

natively., are they possible precursors of
This conference pre-
sented little evidence that dioxins would
induce or promote neoplastic changes in
tissues.

Patterns of absovption into the organism
and of distribution among orzans once ab-
sorhed are heginnine to emerge. Not unex-
nectedlv. water arnd linid solubility seems to

emete a3 a major mﬁllence 1ltbmwh cle.trl"

not the onlv nne.

p-dioxin (fuzb. doses. in__male—rats), jm

o

__Aniount a,‘:?_'mu&—ﬁha_mteshne from an
ifizested dose appears to_be about T&& The ~ ¥

ma;onfv ~6f the absorhed dose appears in

_the Teces at a rate.nf.l=alc dav and in the e

unne at.a rateof 0.3 dax';&amLam01:nt

éarr he detected in.the axpired: air (<0.17

d—_i meﬂm- Lemlent: in. the argan- s

ism -8 chmctenstxcmly found

jposa Tissue- and--the lived) [t is notaﬂ\ aﬁ-

sent from certain other fatty tissues such

M} as those of the central nervous svstem.

By _contrast. for ‘aetdeRiorodibenzo-p-dt: ¥

utm. -~ onle- 5357 -achieves ahsorpnod Again.
a large share is found in the lue1 (307)
. Once in
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This meetmg 'served- to bring together a
remarkable amount of work on the effect
of dioxins on cellular enzymes. This was all
the more remarkable, as none of this work
hdd even been conceived of two vears ago.
A number of hepatic enzymes were found
to be induced and a few depressed as a
result of dioxin exposure. (A general caveat
was voiced over what appeared to be unu-
sually high doses of dioxin used in some of

very little. It seems to me that we stj|] Mug,
.determine whether Yusho disease wag
reflection of PCB exposure or a resujt of
exposure to dibenzofuran or other lmpu”q.
For dioxins, we now are better eQuUippeq.
.However, we must now reconcile 2 numb,,
of ‘somewhat paradoxxcal obaervaﬂens,,q)_
“ExfTaordinarily high_degree of biologj gical
actwlty, especially Tor —certam —?mmuc
‘forma__ (tetrachlorodibenzo-p-aioxin v .
pGTT&T oiit to be the mosi' pot?f.’ ST

the experiments.) The degree of induction _=

was at times striking. The experiments re-
vealed a dose-response relationship. Again,
there was an unequivocal sex diiference and
a characteristic latent period hetween ex-
posure and induction. Effects were often
long-lasting (for example, 2 persistent
threefold increase 38 days after exposure
in one experiment). Again, lipid solubility
may play a large role.

The meaning of enzyme changes is as
vet unclear. There are some striking dif-
ferences among snecies. ALA svathetase,
whose activity is related to the disease. por-
phyria. can be induced by dioxin adminis-
tration in the chick embryvo but apparently
not in mammals. One has the impression
of being very close to some insight into
mechanisms yet not close snough. The com-
bination of enzyme induction studies and
changes in cellular ultrastructure could
prove very helpful.

Where do we stand on our knowledge of
biological activity? For furans, we know
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Effects on Wildlife

Understandably there is less work hers
than one would like. The preliminary wor
reported by Bowes concerning survey g
wildlife is a good model and should be cop.
tinued. Preliminary results seemed to sug.
gest a very wide variety of chemical species
found in the animals examined with an 1n.
certain role for dioxins and furans.
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- umm ation wa wwerat ghobuli
i . Ferrous chionide |rm.u-a| mluu-d anly .n.m
s i bronght about a8 s L in after 3
rorrhs o X peeure, Sern analyzed alter 3 -ouh of ingestion of
sav o pvtalx appeared cssantisily identical to controls,

Caoesing thal anpuvo processes been dlicited which
enabled the animais o tnl const. to high levels of
the resp. metals incuding He which is u-nnv considered toxic.

131435y Subacute oval texicity of um aitrilotriacetate
(NajgNTA) in dogs. Buday, John A.: Niewenhuis. R. J;
Buehler. E. V.; Goldenthal, E. I. (Miami Val. Lab.. Procter
and Gamble Co.. Cincinnati, Ohio). Taxicol. Appl. Ph-mecol
1973,  26(1). 146~53 (Eng). nitrilotriscetas
{706{-31-3| raﬁmmtwooay-nom.ou.udoadzh.
wiet produced no significant changes in APpPearance,
wurvival. hematol.. serum chem., facsl cation
excreuon, .n ! mmped-nﬂnn. itrilotriscetic acid
was depevt.) 10 _bone (12342 ppm at the' 0.5% level), but this
was witar o o.dverse eifeet.

1334802 Cam- and
mammals. (iramo, P. Shamratt, M.; C
Gangolli. 3 D. (I3¢. Ind. Bwl Hes. Assce,,
Engl.). Fra Cosmet. Taticol. (973,
Adminizrmmuon of cerrageenan [3000-13-8] ia
degraded furm producea acute or chrow uh-tnna\nthlhm
intestine of xuin-a pigs and rabbits. Preulcsrative changes
consisted primanly of accumulations of macropbages in the
lamina pripria and were assocd. with the presence of carrageenan
in the sinepithetia! tissues. None of these changws occurred in
the rat. hamster. squirrel mecokev, or ferret. Limited tests
indicated that numans were nlwo renincant to the matarial.

133137 Intestinal cflects of carragoenans in the rhesus
monkey (Masaca mulatta). Beuits,- K. F.; Golberg, L.;
Cuulston, F. {lamt. F.xp. Pachol. Tosicol.. Albsay Med. Call..
Albany. Y.). Fuud Coammet, de.. I3, 11(4), 565-15
(Eng). Maleund('cm.llerhuul
A [2000-13-9; (from Chondrus aunni 3 IJ |‘/§/dty in th‘lr
drinking water for "-14 weeks all guined wt. remained in
good conditicn, and micrvecopic sxama. of t.hru:-unl tract

revealed litt.e ¢ no changs. M ven
carrageenan f{(rom . .ha:mc Spimosum) "/Ih/m
intsstinal tract and i

bodaali

considerabie wt. iueses. anemia,
Pathoicg. chauges = the colen from mucasal
erosions to ulcerat:on assocd. with {nfil granuia=
tion tissus in (he lamioa propria, and formatica dnult.iphe!vpt
These ch e d animais

recoversd on ta,) waie? 1or 14 weeks.

334386 Texic efiocts of 2.3.7,
; Jones, Gleays; Butier, W. H.; Barnem, J. M.
rit, Med. Res. Counc. Carshalton/Sarrey,
Food Cosmet, Taa-’ l’ﬂ. 11(4), 385-36 (Eng).

0
a

chl (I)-- {1746-01-4] caused

the formation of multinucieate

and metabelism of
aflatoxin B, by rhesus . Dalexica, J. Hsieh, D. P.
H.; Wogan, G. N i Taxdeol., California,
Davis, Calit.). Food Cosmet. Toxicol. 1973, 11(4), 80G-18
{Eng). Rhesus moukm given "C. B, (I

9
o

1
- {1162-685-8| craily at 0.015 or 0.4 mg/kg axcreted 40% of the
racinactivity in the urine and 42% in the (sces in 7 days. The

suad and e p. the liver retained radicsctivity for > 5 wesks, The
..ae urin. v metaholita sepd. from a CHC, extn. was aflatoxin
16793-23-9], which sccounted for 1#-20% of the administered
radiacuivity during days l-4.  Four umidentified metabolites
were abwo lound in the CHCL. fraction. Aflatoxin P, (322i5-83-|
.4 tne unne reprenented 5% of Lthe administered udwnmmy
.ud was cxzereted as the glucuroocide snd the 50.2° coajugats.
Oniy 15% uf the ({ecal radicactivity was solveat

NO1I3uUsy T d

Vel 7Y, 1933 Paugre 72
Page
Afiatinite My and B, in the leces accnunted -
‘hrl ke, renp.
133410w Patheloxy of liver necrosis and rereneratioa ates
administration of a-uhvlnl!ruu:mn ™
Kuster, Gustavo G. R: Woads, J
{Mave Clin. and Mayo Found.. Rnche-ur.
Uncol. 193, 31 9-16 (Enp).
and in the liver- of - “tiver o,

occurred
l.thn dose of am«hvbuummuu {u-u-! (Sl ks
ilary liver aaved the snumals . S fuanes
lhompnu:duua bmht-adth-hv'd;cul e uf e

l:&ulx Ph oxical and ultrastructural efTecta o .nn ide
on tissoes of Rubus cultivated im vitro. Pile, Pau' E.. ard
Jean C. {Inst. Biol. Plly-d Vez.. Univ. Lausanae. ...auu
Switz.). Ber. Schweiz. Bot, Ges. 1972, S$22I), M-
At high leveis (10-' and 10°M of NaF), fluuide : 15%nd=~tr-»

inhibited growth (expressed in m-adchuw 8 irear. wt. ana

Ol R I W TERN

lm,
Minr.,.
Centrilohular rad midz ra

total prntein) of R. The ma.
wptake of Quarida. phise (abuut 10
days) of the tisswes, . geasty of ire:
ribosomes And altared e ndnig and the
;" ‘
-4 1. Effects on
axygen consuzm Moahammaa
G.;: Delucia, A .’Yd.'ﬂ-nl.. ARh Christor.er;
Cr_. Carrolt E. . Med., Univ. California. Davis. auif,.

J. Lab. Clin Ald. llﬂ. 83(3), 15755 iBng). A ure vipownre
of rats to the enviroamental pollutant azone |1LI2M ii-h. 12 ppm
tnrlht)dmu-dth()m.‘mu(nun‘ a0on of...e8 and
lutnehond.na. - d.ld in vitro osone Lreatmaent of the hon ngeuate

drial fi In contrusi. suidecute expimures 10.8
pm for 10 or 20 days) increased O: utilization. An n.u ]

g

mot

he specific activity of mitochondrial respirutory ez, LT Hek

I.lmr snimais was _not nﬁamz to accvunt for
stimulation of AWWONE IGITVLEU LB
abundance of Type Il alveolar ccll.n. howeve: ard these colla
contain many mitochondris, An incresssd no. of ....trwi:ondria
may therefors sccount for the enhancement of O c‘!r.lu.mpuon
Hlmun te OzoNne EXposurs.
133443z Elevated circulating reain activity iar. .. ':...wdrz :
deses of cadmium knewn to induce hypercmsion. . v
Mitcheil, Jr.; Eranger, Margeret W, (Sch. MMed.. W-
Ugiv., St. Louis, Mo.} Lad. Clin. e’ .
39905 (Eng). Blood renin {99.5-34-.1] activivy Wi 2k cate . i
rats administared cadmium ecerate [543-90-4, in a- :c -umcum
wind:-:r.pctumn but not overt toXicity uf TEm. A8
The ani recieved 1.8 xmoies of Cd ip o 5 - -nn.nou-
drinking wuter. The Cd-injectsd rats hea muluntom
dwl:.mua(bat.hbh:im nndlnun acuv:dt-y ‘e 1ncTeascs
in the two parametars being significaatiy corraiate

33“4. Detarmination of carbos and carbon

]g e,

can
s

mor.oxids
im cigarst smeke. Reif, H.. Kuhn n. tluwria T
TdnkwknA-G Vienna, Austris). Fachiiche Iut Oeuz—r -9
Tabakregic 1973, 14, m—sx (Gcr) An app. i uescnibed ¢
the compieta and direct detn. munoxic. :WI.
cerbon dioxide [124-38-8|, oxynn {T132-44-7;, nitrogen
(7:.!147-" and methane ([74-82-8| in ligaret u:knk- Thcmon-
channel app. contains, 1n sequence. a .m 1; nac nn.
smoke-collection bailoon, electromagnetic and
chmumph vnth l 1 m column ﬁllcd -un a3A tnol
tobacco burned more slowly. and
gndud slightly lms CO thn.n inia. Burlev. or cigar tobacco. .
wvdn was wich putfed or sdsec B
tobacco, but unn.heud ‘dd.mn with synthetic tobacco.
Increased Jl per porosity, ct inclusion of s ventilaiion zone or
selective filter in the also reduced CO prod... Thus, CO
in cigaret smoke may controlled better by mmu cigaret ‘l.
prepn. (paper. filter atc). than the tobacco However,
syothetic tobecco zan be used to lower tre ur and nicotine
contant of cigarets without mcnm‘ln‘CO pmun .
n 5 . 1
study during the wnluuu of the action o( some deurganu
ander tions. Vddn ln( OIE
Saliev. V. (USSR). Gw T'r Pref. .38 mz. ‘(o 3
115~19 (Russ). Pats given oral dm.l of v.ho detargents sulfonol ‘s
(12683-83-7] and tipol (3“50-[1-.] at 20% LD-n/day for 30 days "
shuwed no abnormal changes in sppesrance .r behavior.
Radioisoto hepetography -showed that sulfonol <ughtly
dacressed the al of the iiver. Neiiher '
deterzent alfected skin mi oral levels or tie phagneiic -
activity of blood asutrephils. Tipol inaccad 3 temporary -
in enthrocyts no. and itcreass in neutrophil count. \Wte. -
min hy the exptl. animals slightly agged hehind tha.t ui control«. v
Theretore, these d arg of low taxicicy foe animais.
133446¢ - Efloct e the st-wcture. sag physicochenical
qnuu- of some on their icui activity. Veldre.

Ingaborg {USSR). Gix. Tr. Prof. Patol. Ext. SSR 1972, No. 3. “w
146-64 (Rusa). J.4-Disssshulpligned (1) (35-u5-8], 2.o-dimeran ;= I
ﬁ 1614 F W >

18422
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ol ([} [576-36-1;, and other phencls found in shale
wasts Whter showed little mmm when tested
on exptl. animals. S survey of the li showed that there
was no clear relation between the biol. :ydth-tphomh
and their chem. umcwnnndphn.c
-ﬂmuu Combined effoct of erslly % and

-ns a warm-blesded Ingsbory
(US3R). ('q Tr Prof. Patol, Bst. SSR 1972, “No. 8, 185-84

(Rusa). Rats recsiving orally p-cresel (I) [106-4iné] at 0.0001
RN

o
: on
? O,
my ke day o n-uphthol(ll) {133-193] at o mg/kg/day for B
months showed m.hu- in narvous

Val, 79, 1973

(Rune).  badited by Yaanws. - UM, Doouchl e
Epidemiol.. Mi . Gig: Tallu., LSS, . - mon oo
(a yndnm like drlnh. locre aic 18-S,

(11441}, andpyridosine [GB-23-6{ Ocoremicd the | W
methemogiohin and sulfhemogiobin .. mu mduf-v .
nitrate  (14797-33-8], when given alony witn (), S
this procective effect when its lactic acid v ppra. o ¢
sait.  Sour milk made from unpasteirize. mitk s
methemoglobin and sulfhemogiobin iormatic-
humans eating foud contg. NO+-. Thereitr:
prciuct shouid never ha cormumed toguiiw.
fouds. e.g. bies.

13453¢  Tetratagonic and embrrotoxic actlon of 5 .
nitrites nnd aitrutes added la fosd prod Subt.-dir
Volkova. N. V. (Leningr. Sanit. -\ug Med. inat.. 1o -
. 88, Dokl, anb. S'etda Epidemir ., Milerti ¢, -
Gix., 2nd (Ru-) Eaited by Yarr: . -
Vlh-l'ml Gig.. %.. -

“n
-

NO. L

h-ﬂdn. 1.‘-1.. *:.
{ax- u--'ru

Gqf 7 (Rues). :
Yannus, A. E allis. Nm:h.-l.hd. (=S d .
Mikrobiol. Gig.: Tellin. USSR, The toxicuv of a pyvmeate - - -
~phemol mizt, |39458-18-3] varied directiv with the pr..;«.r .
techol {120-88-9] and was highet in {amsle 1318

iadicarcd by ch di d reflex formatios ia taulty

reguiation of Nood pnuun sftar sdrengline  [51-43-4|

administration. At 0% of these doses the compds. had no tasic

effect. The 2 compds. upon combined administration were

. additive in their effects on tha snimals.
133448¢ Effwct of enlmm ezheyogonsais. Ssl’'nikove,

L. S.;: Fomenko. N. (Inst. Gig. Tr. Profssiol., Mascow,

USSR). Gig. Tr ‘Prof. Zabol. ‘1973, (8), 14 (Russ).

Female rats inhaling calaroprene (m-n-q o 34 n;/-‘ (La..

the max. permissible concns. in industrial etablishment) four brs

daily throughout their preguancy shewed

mortality. reduced (ecal wt., and sbuoczaslities im fstal vascular
n-ncnbnhxy The neonats showed deficikcat wt. gia m
nctioning of the pareachymatous organs.

" admunistered at 10 times lmmdﬂhdumﬂm

oa the h‘:ﬂud‘tm rats, and at 100 times lower comcn.(0.58
mg/m) atfect on em| <r on the offsrping.
13344  Substantiadea of the maximum ble
i “Th:[ vuk.%l PK A:n‘:nth lld:! lLn-t.. Gi
. on! . K. . Y. | i
]Fdniknl. Pestits., Polim. Plast. Mass.. Kiev, USSR). Gig.
Prof, Zabel. 1973, (8). 28-3 (Russ). Amal. of guses given o
[ ¥ 1]
Co38e T

during heating of polytviayi chloride) resterisls plasticized with
phtnalates showed that the majoc component was dioutyl
phthalate (I} [84- -74-3]. Toxzicol. mudies of the effects of I on
mice, rats, sod nbblqmanudmndmpnhmmm
the human organism that the air inside
establishmnents should not contain manl.huo Smgl/m3,

133430z Aatsimmmune bennene-inde

preceuses in
uced hemopathy. Tikhachek, E. S.; Frnh. V. N. (Med. [nst.,
Sverdlovsk, USSR). Gig. Tr. Pm/ 1973, (B), 20-3

(Russ). Rabbits poisoned with densene m-43-¢| (0.5 oul/kg/day
s.c. for 2 weeks) showed a raticulopiasmocytic m in their
bone marrow increased u\ubody titres to spleen and bone
marrow ani and to leikacytes and erythrocytem. C.Hs alco
had a no. of hematol. effects, i.e. u-yzhn:yu.nmulocyu.ud
thrombocyts nos. decressed. During tbe recovery period.
normalization of biood cell compn. lislod the d in
auttymmune antibe

1334312 Genersl lexic of¥sct of p.c.hhde
Koltunova. [. G.: Vorob'eva, B. N.
Te. Prof. Zabal, 1971. (8). 3-1-5 {Russ).
|oﬁlll 90-3|, given aaily of a.c. to ra, mice. a
audn. o ats irritnting efiect @ specific anuu\ymd action, lnd nlm

uulu The clin. pattern of gyroemteche! pois maing 22~

by gastric pavage) in rais was wmevhn different {:.
phenol uu-u-n itself and was’ charasterizad b
plnod increased motor sctivicy {esr. ruaning - ¢ .
ng 3-5 rnm dministration, "lea domic :ivesia.

ﬂn‘ll du within the lst {aw i1,

'lrhlcnul toxicalog.ead study of some
) . 1-Nitropropass. Drg.ide, J.o Voeeur. P
Potencier, J (I.Ab Toxival. Hyx, Atmw. Fr).  bull. Soc
Pharm. \\nnalr acmuniscared 1.p.

Lille 1972, (4), 131-8 (F7).
ar by inbalation, Mﬂe [188-67-2! induesd lovrer ivvels
of methemogiobin than those previousiy oosc afer l-unopmpan-
¢ trestment of ras. l-Nitrootapane, nt'-e\tr. .35 —ore to°

Dequiat,
(Lab. Toxscnl. Hys. Atmos., Fr.).
(4), 13741 (Fr). Whether u{mmu:au. o rau g
inhalation, nitroethane 34-3| was cons darably o< -2 . L
the previously studied 1- and Pmmmnn Even .. ..
scute intoxication. only low levels « aethemuy. .t... *

induced by nitr=hane.

133457¢ Exyeriziental t-uicdodal Au.ny of aenotng .
rats. 1. Annu intraperit das, LCo5ier
Haguenoer. J {Lab. Taxicol. H Iu.mm., Fr... Bus. -

Pharm. Liile 1!12. (4), 149-54 (Fr). [n rac waick hed neva
pm . nn‘g i.p. injectiva of uaommlc {73-08.3: 0780 2 0,
Mmuﬂumnﬂmmu AT

m;/xoo §). concns. of free hvdrocyanic scid  (74-sd-b. were
negligible, and levels of dissimilated HCN ranguz frex a4 o
359 »g/100 g in the liver to highs of 1327, 1757 2ad YOS La -
somach, and skin. resp.

1334382 Order desmiag osrtaia weay adhuwsives w v

banned du @ finding of immire &

hazard ts the public heaith. (Cons.m. Prod. s.°

Comm.. Washi D. C.. Fed Regist 22 Aug 1373,

58(182), 225& ( . Thu: is a causel connecnur heun.-
fiad 3 sdh und chr

Isading o pmuc birth defecis. Distribution of these pr- KU

for housshold. use is banned under the Federad Haz ~cuw

Substances Act W. Horw.:z
133459} Quadndn determination of lead in :he h;n- n

Thai children. italugsana. Sompool; Sommayara. 8
Pringsuiaka, Prapa (Sinrj Hosp.. ngkok, Thailanci.
Hosp. Gas. 1 25(5), T43-50 (Thai). Levels uf 2-3¢

{7433-02-1)/g wars detd. in hair sam from &
children, compersd to lavels of 139-2358 ug Pb/g in hair -
from 4 cases of cheonic Ph i Hair are
to collect from children than bleod or “&-hr urine sampler.
the detn. of Pb in hair samples may be used o duar.: e

hitd

induved abnormalities in hepatic. renal,
semupeacte anctivet, Thess effecis should be considered vkﬂ
¢ iz the usiustrial Waicity of HCI0,.

1123300 Effcet of same food compsnents oo the mec-and
swilicmoglobia-(ormiag actiss of nilratos amd pitrites.
{tuna, M.; Luwsoya, Kh. . (Tallin. Nauchno-imied. lnst.
Epuemial., Mikrobial. Gig., Tallin, UsSSR). 5b. Daki. Repub.
Seada Epn.durud Mikrobiol., Infek. Gig., 3nd 1872, 301-5

T1a3d6ie Ac:zuonl texicity of 2-alkyi- and 2.6-dialky Inm i
5. Correiation wiih lipophilicity. -Durden, Jolw A, Iz,
Plast. Div.. Uniom Carbide Corp.. South Charivmion, '\‘
J. Med. Chem. 1973, 16411), 1316 (Kag). Acute -
mudnmddkyhmhn-llll.l( - Hor

i ily on the lipophilicity ol :ho denns.
hwph’ln compds. being the leas wuc The hee

eaalstzutq




 Fpree ;,.,295MK77/ <3635 -66

a lavel orf 0-25 prm to less thanm i ppm about 6 months befors the survey
wvas undeztaxan, tut in addition an increased awarsnsss among workers of
toa nacessizy for safety precautions may also have played a part.

4 2230. TETRACELORCDIZZYZUDIOXIN-—INTIMATIONS OF CARCTIOGENICITY?

3uu-goi, ¥.2., Eten, D.-If.. Sa.{.nt-M. G. & Servoin-Sideins, Jacqueline
(1971). Propridtés canciramimétiquas de la tétrachloro-2,3,7,8 dibenzo-p-
dioxine ("dioxine"). C.r. bebd. Séaume, icad. Sei., Paxis 272, 1447.

The taratogenicity of 2,3,7,8-tetrachlorodibenzo-p~dioxin ('diaxint)
FTesent as a contamirant in scme commerclal samples of 2,4,5-trichloro-
phenoxyacetic acid (2,4,5-7) is well established (BIERA Bull. 1971, 10,
xiv), though the situation regarding 2,4,5-T itaelf ia less claar. Ths
above authors Lhave now dagcribed cextain bepatic effects of dloxin linking
its activiiy with that of known carcinogens.

Dioxin injected intraperitoneally into rats at dose lavels of 0.005-
10 =g/sg veduced the dumation of paralysis induced by zoxazolaaina by 33-
9%, baing fax zoxe potent in this respect than benzo(y‘py':ano. Jo such
activity was shown by unsubstituted dibenzo-p-dioxin or its 2-nitre, 2,6- or
2,7~dichloro o octachloxo derivatives, by 2,4,5-trichlorophansl or by
2,4,5-7. Mics injectsd intraperitcnsslly with 20 mg dioxin/kz alac showed
a signiflzant shortering of phenobarbitons-induced slasep. In addition %o
thia induction of microscmal nydroxylating enzymss, dloxin injected into
1233 iz a dose of 20 xg/kg followed by a second dose of 100 ug/xg 7 days
133> caused & gradual decresss in the level of hepatic argirase during
the snsuing 3 wk. 4 rarked reduction in liver arginsse kas also been

reportad in =ats fad with the » D-dizethylamincazobenzens (Sato,
Toboku zed. J. 1963, 67, 557).

Tilthough such effacts may be produced by carcinogens, the relaticn~
3nip is by oo ceans exclusive. In particular, the stimmlaticn of hydroxyl-
ating enzymas can ve induced by mary compounds, including HHP wvhose fieedom
fzem careinogenicity has been demcnstzated in cozventicnal long-term
feeding studiag. Tests such as thoss described above bkave littlae or no
yredictive valus and canngt be used as a substitute for present nethoda
of lapg-tem toxicity tasting. | ' -

PROCESSING AND PACKAGING CONTAMINANTS

2231, PETHALLTE PLASTICIZERS AND PYC BLOCD PACKS

Yarcel, Y.L. & Joel, S.P. (1970). Coatamimation of blocd stored ia plastio
Facks. lLancet i, 35.

Jasger, R.J, & Rubin, B.J. (1970). Plasticizers from jlastic devices:
Zxtmction, cetabolisy, and accuzulstion by blological systeus. Solence,
¥.Y. 10, 369.

During the past year it has becane apparent tiat aignificant quant-
itles of di-(2-ethylhexyl) phthalats (IEEP) can be datscted in blood that

CN‘é;Q? fo/

nas been sicred in FVC <
cited azove) skat a FRsic
51,5 and 11,3 wg/10C al :
sTashy in dlood stored .
Plastica transfusion pac.
thougas <o be dihaxyl phk-
ks zanmufacTurera (Gesla.
in fact, 2ZZ?, which is -
spectrophotozetTic aad za
cass f{or itg identificasi
418) subsequently agTeed

valuas for [ZZP in roden-
of tcs lower figure, Cus.
ccmplete exchangs tTars:

ng/100 al, a 7C-kg adul:

less tzan thba LDSQ.

Howsver concern ia
vatients eceiving Tepea
Jaager & Xubin (laccet !,
dhilic and is thexefore
anozcar ccc=unication (s«
axpaTizental evidsnce o
apoaratus Was get up usi: .
abgence of a liver, Tri.
the pesfusion Iluid in a
column chromazogmapky, o™
a0 circulating IERP coul:
sone 90% of thae total Te:
trace of a de-esterifisd
so it would appear that -
netabolized foxm. 4s JR<
ad recsntly recaived bl:
Significant quantities c:
weighs) in spleen to 0.2°
not stated how many tIanc

THE

2232, IROY IEXTRAY 4GATST

Fexm, V.3. (:570). Proma
pathic action of iediwm.

2=z 15 powm 39 4T
of cadmium in sa=sters (T
while selenii= protects -
and arsenic {Sol=terg & T
axample is cow siven of <
action of anostar. et
its abllity 3 suppIess ~
by indium, whoss teTatcge
demongtzated (3T Zull.

p10p612N00
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Tabie I. Numbers of CDU iATTOF Isomers 33 » Funciion of the

';"'!k (V. Acute Taricities uf Chlaendibeneadiocine |1}
LDy (ug/te)’

Number of Chlarine Substituents r and Positi v : .
wine Substituents Guineu Pigs Mice 0 L
Nuymber of Number of Number of 9. .‘ }
Chiotine Atoms CDD Isomers Isomers AT
' ’ i hu RN RN
{ 2 4 fi- ).
2 10 16 letias 06 20 4 'i‘
) 28 % Penta- 14 Vig "
3 14 , "
4 2 i K -Pentn- 1128 Ny :
5 ): 28 I8 leaa 123 RS}
. & Y 1& 1% -Hexn- Tty finy f.h
7 2 4 $9 ffexa- [/t IR
¥ ! 1 WK Iepa NFUT R )

Table 11. Physical Properdes of Two Chlorinsied Dioxins

60,7489 Oy

1 X"

e foe acal doses; sl peraend s W dave

13,78-TCDD OCDD*
Empiric Formula CaHiC1,0, CizChO; mmary of Toxie Effects of 23, 78-TCIHY un Severad Aol Spevien® |10
Percent by Waght L - ] - Mok evs
g 4;975 J;; Mive Guinea igs (Female) .
H 1.28 us fuvolunon rer e ' ':
a 4.1 6§1.7 + Reduction (white pulp) : . .
. marrow Hypoplasia = it
Mualeeulae Weight 32 1598 Mugutocywsiy Duegenertion ": : ”:
Mol uist (*C) 3as t3u :ﬁ(‘&:‘::e‘::on — e NcA
I Erecoapaition Temperabne (*() Tt - fiKl ~pelvis Hyperplasia - :: : s
} i (ol ry-bladder Hyperplasa - . :
Soludslidns {g/ 1) wal-cortical Atrophy \
: o+ hlotabenzene b4 Ll na Glomerulys) - hd )
Chlorobenseae 72 norhage . . B \
Anv.ale .14 sstinal , i e _
Xyleae 5K renal " i .
Beasene 0.57 3 esions . . e
Chioroform 0.37 .56 1c0us iesion . - vercly aitevied g .
n-Octanot 0.04% cffects; » mildly aflected; = moderately aftected: e+~ reverely aifeviced. c_
Methanol o.m -
Acctone 0.1 ~a
Dioxane 0.38 .
Water 2=-10° -
(& -]
Qetachiorodibenzo-p-dioxin. oy
i [~ -]
Tahi .., — P RN
thle 1. Tosicities of Setecied Poisans® A3 720-7¢ O~ ¢ A, 2,47 g- /{:ru Sols Py
v -
Substance . Minimum ! gl i oS T o
Molecuiay Weighe ™ Lethal Dose )10 0.4 /Kl f"' -
Botwliaun: Toxin 4 5 ; (mol/kg) LD¢ / .
Tetsnus 9.0 « 10 R N
Dings Toun 10 ~ 103 310 Dtrm Gpe”
tphther;, Tawun N . 1.0 « pg-17
LIT8 T 72 s e 42 eqg 2
?J\l(\l\m ;:; .o f/ (/5:)/2_;0?.‘:0576
ciroduin g ! 24 . 10 % éé/ -
Y Burotonn- 39 25 « g /(-30‘7—(/“1} . / )
Curare 57 5.2 ) /¢
- % ]0 - -
1 Suvehnae 696 720 K~3766~(199) 00,525’ )
} -\lmcanm 334 13« qp f’ _(/4 4
Du\uprnp\.muor . 2i0 53« s [/qf)] R-qqc 6‘2
" h ophasphyre 184 <« 10
Sodium ¢ ynde 16 393 ¥-(100)
A (i 19 , 10 . n /09) - /fr - ‘)‘74
Source: Plany 24 = 1 DR.NS-9424-(" DR

nd Kende 4] Th
. ey dy o,
values tadivage onaly relatine tuxieyy 20 were co

(23} : : t
LIS, togey of .xdmmnuucmn. SIVIVA limey ap

nan muacmyg
™m fethal do
VU 0 mige, s Except where noreq. ad

Ouyon ocul 34
u(l\k'ﬂ\)us nee

mpiled by Mo

d.' ' one case, meyy Jeth,
ntnistration wys by the «
ministrstion in t

) he guiney
Gon an the cyr. Mg

> : sher et al [5),
¥ 1 shoulg be noted chat tpe values dea| wgllz d??[?r;::

2l dgae father
fAfrapetitonea|

~/]8u
qulio.wo;-(/m)pa_/ff_5_25'.2 (189
OR - /¢ - H AR -1 'D.“’S'—(/"al
D §2 -§aeeed - s
v DR-184-F1a1-10:%
02-53-36680 o _g4953-012
DR-y7i=4737 =i
K-5742-(3) .,

—

184%5



Table V1. Actidents in Chemical Plants Munufacturing TCP (7]
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Date Manufacturer Country Personnel Injured Cause of Accident
134?, 9 ' Mnns,mo LS. 17 Qverheating leading to cxplosion
1452 1953 Bo-.-l.mnger N W. Germany 37 Expesure dunng manuiacturing process
1953 Badische Anilin und Soda W. Germany 55 . Orverheating leading 10 explosion
Fibnk AG (BASF) SoE s
1953.1971 Rhone Poulenc France - 97 Exposure during manufacturing proces:
1956 Hooker u.s. Stalf emplovees Overhaating
R 1960 Dumand Shamrock L.s. Figure unknown Overheating
i 1983 Philips Duphur Hoiland 30 Overheating leading to explosion
! :‘9?64 Spelana _ Czechoslovakia n Exposure dunng manulacturing process
p 1964 Dow. Chemical L.S. 30 Exposure dunng manutacturing process
1968 Coalite and Chemical Products U.K. 79 Overhzating leading (0 explosion
-rgey ’
1970(7) . Bagcr' _ W. Germany 5 Exposure duning manulacturing process
1972, 1973 Chemie; Lx'nz Austna 50 Expoure dunng manutactunng process
1976 lemesa (Givaudan) lhaty 106 children Overheating
Bufore 1976 Thampson Hayward U.s. Overhicating leading 1o explosion
? Including l'.f injured in a i9§6 explosion and 2! in 1966. Source: A. Hay. "Accidents in Trichlorophonol Plaris: A Need For Reabistic Surveys to
Ascertain Risks (o Health™, in "Health Eftects of Halogenated Aromatic Hydrocarbons™ W. J. Nichoison and J. A. Moore. Eds. Ann N. Y. Acad.
Sei, 320:1-730 (1979).
Tuble VI, Higher Chlorodibenzodivxins CDD and Chlorodibenzofurans ('DF Dctected in Chlorophennls und Ketag 1
RLITHES i ITTPIS N
CDD Detected onr [)clccl\"!'—- -
Product Tetra-  Penta-  Hexa-  Heptae  Octa- Tetrs- Pertne Mo g L0 DT
, e " . . . ) . N i e
: Tetruchlorophienol - . . . . . . .- .. i
pCre _ - . N - . . . B
gy 35T - ND - - - ND D NP T N 2
Milves . ND - - D D ND NE D !
24D - ND . - . :
Crbon - ND - - .. ND \ND ND ND \ND
Sesone - ND . - - ND ND \ND ND ND
*Concentration ranges: »+ 3 >10 ppm: » = 0.5 10 ppm: - = <U.5 ppm: ND = nut Jeternuned.
PRecent analyses by Wrght State Univeraty.
. . is Wipe S te from Arexz
Table VIII. Levels of TCDD in Yarious Eavironmental an Table X. Ruulu. of :R:C]{Lgin::lg::‘:’ 'r:,:. ;:::“‘h
Biological Ssmpies Analyzed by the Brehm Laboratory vl CU':“':'“"‘ "D'::m ormes <ins and Dihenzofurans
Wright State University Octac i P
- Quantity of Minimum Detectable
Sample Description Nadve TCDD D CDD/CDF Detected Quuntity
Hazardous waste landfill >oilssludge. CDG/CDF*  Apparent lsomers® (ng/ wipe) (ng per i,omu)_!
. New York suate J00-199.000 —~ ND ND U 10 i
‘:Trichlorophenol manufacturing wasie, TCOD ;1 2378 ;
1 still bottom, Arkansas 22,000 C13-2.3.%. {
‘Blood sample from workers involved in PeDD ND ND 0.0
cleanup of ortho<hlorophenol spill in tank car ! ND 00
derailment, missouri 7-28 pp  {1aCDD ND ’ .
filoed sample from Vietnam veweran 41 HpCDD 12.346.78- 0.65 0 :n
Bovine 10 1234619~ 0.5 020
Mumapal refuse-fired incinerator, Total 1.1 0.2v
New York state : 7Cl, 1,234,678
{on particulatc cmissions) 15 mg br Lo 020
B - - 1 . R
Sout frum wood-burning lircplace 0.65 pph OCDD :720 4(;\‘:71)809
Agent Orange 0.1-60 pprr H
2.4-D (several manufacturers) 0.2 L3 ppt qepf 1.2.4.38- 20 0.10
23.64- 31 v '?)
23.78- 9.6 o
Other isomers (8) 58 3:0
Total 504 ’
Table IX. TCDD Levels in Wildlife in Seveso, ltaly, Area Following TC pepe 11.4.78- [ g Ilg
Other isomers (13) 1.8 i
No. of TCDD | Total 17.0 0.10
Samples — ' - s
Animal Analyzed Tissue Positive Average 4 cDF 1.2.4.6,7.9~ 1.6 8 :g
: 43.6 -
Field Mouse 4 Whole body 14/ 14 3.5 Other isomers (12) 452 0.0
s Hare 5 Liver 35 7.7 Touwl " ] !
Toud I Whole body Ir! 0.2 HpCDF 1334689~ 2.7 0;(; .
Snake ; Liver 11 2.7 Other isomers (3) 36 0 :0
Adipose tissue ) 16.0 Total 13 0.2 s
Earth 3 2 Whoje bady 12 12.0 ! . hl
arthwoem 10je ¥ OCDE 1.2.3.4.6.7.8.9- 153 020
Source: Fanclli et al. (9]. referenced 1n Esposito et al. (1] N - ] = h CDF. OCDF = octa
®Each sample represents a S-¢ pool of carthworms. “PCDD = penta-CDO: HxCDF = hexa-CDF: HpCDF = hepa

CDF.
®Sce text for discussion.
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Table XI. HRGC/LRMC Analytical Resuits for CDD/CDF in Ash Sample from

9 I
Incineration of Wastes Containing PCP* 8 0 2
' -— Minimum Detectable ) '
. Total Number of Totzl Detecrd Concentrated i 7 0 3
CDD/CDF Apparent [suniers (ng/g) {ng/g) & 4

MCDF 3 15 0.1 Ciy Cly
DCHi R 25 0.3, - ie e .= .-
1Dl » 15 0 T DS L
e 7 7 o3 Chlorinated Dibenzo-p-dioxin L B
1 5 X i - =]
Het I N > . 1 =
Hpd 1t 2 fs 1
QU | 2 | 9 | ; ':
S 1 i ol o
DCPD 3 5 0. 8 - | : : poid
DD s 2 0.6 7 W3 @
TCHD 4 4 0.2 0 ot
PCDD 5 32 i 6 1 on
HpCDD 2 17 1
ocbp ! 19 | Chlorinated Dibenzofurans
*Revent analyses by Waght Syuc Unisersity.
- Z,a,51 - . - . e
%2,4,5 TETRA- COOH (PCP) PENTA- PCP, Na Salt
CHLOROBENZENE CHa CHLOROPHENOL
ci OH 0 \ i
Q E f
\ @c’w‘ ﬁm T Q}ly OH OH _ONa
| +R
P CICHaCO,H Ny o] (o I
1 cl e cl T3 A P cl c NaOH
cl cl S -—-————OAlm
3 cl cl ci o
2,4,5-TRI- PHENOL cl ct
CHLOROPHENOL ° @ONe’
C|¢ cu@ . 0 0
. : cl ct ci .
! Cl Ct Ct Ci
Na
: ClI@:[O Cf:[c C CNG
¢l 0 ¢ i
| ct O !
Ct Cl Cl 0 Cl Cl
reaction | o1 @ @ ci
Cl 0 Cl
0 : cl cl
2,3,7,8-tetra- COF
. ¢ ¢l Ci Ct
. Cl Ci ! ¢l Cl
Figt AT R 0 ?
Cl@)—-@-m reaction 2 ClCl
"'- %2 | 0 cl
¢l ocl o] 0 (o]
2,3,4,7,8- penta- COF Cl Cl
“QCDD
cl ci 0
_______reachon 3 Cl @ @ Cl  ictions involred in )y;‘llhc\ib of PCPand derivatves showing formation of
ibenzodioun as a by-pruduct.
cl o~
" 1,3,4,7,8-penta- COF
{proposed)

Figure 4. Reactions leading to formation of CDF from pyralyis of 2.2°.4,4°.5,5"-hexa-

chlorohipnenyl. , . e - 1 Q.%!____—-— ——
e e - R - ' "R S
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CHAPTER 15

CHLORODIBENZODIOXINS AND
CHLORODIBENZOFURANS: AN OVERVIEW

Thommee . Tlirman

Brehm Labotatory and Depariment of Chemisiry
Wright State University
Dayton, Ohio 45459

Chlorodibenzodioxirs (CDD) and chlorodibenzolurans (CDF) are two
series of fricyclic aromatic compounds that exhibit similar physical and
chemical propsriies and that apparenily induce similar biological effccts.
Genernlized steuctures of the CDD and CDF and the numbering accord-
ing to the position of chlorine substituents on the rings are shown in
Figure 1. The numbes of chlorine atoms in the molccuie con range from
ane 10 cight; thereforc, 3 lnrge number of positional isomers are passible.
T he total number of CDD is 75, and there are 135 CDF. The numbers of
CDD and CDF jsomers as s function of the number of chlorine atom
subsiituents are indicated in Table ).

n the past few years, widespread concern has ariscn with respect to
contamination of the cnvitonment by CIM) and CDI-. This concern his
been prompted in part by observations, principally based on animal
studies, that indicate that certain of the CDD and CDF exhibit potent
tonicity. In addition, it has been secognized that, since the CDD and CDF
are present as ¢ i in ous tcial chemicals that have
been or are being produced and used in large quantities { 1), the potential
for cxtensive environmental contamination by these compounds it very
greal. Mareover, CDD and CDF generally are quite stable chemically
and thermalily, and are reasonably soluble in several common organic
solvents (sclected physical properties of two representative chlorinated

.
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9 ] ,
8 0 2
14 0 3

8 4

cly cly

Chioringted Dibenzo-p- dioxin

9 [}
G I,
L4 s 0 % 3
Cly * cly

Chlorinaled Dibenzofurans

Figwre 1. Generslired siructures of COD and CDF.

Tabls ). Nusmirers of CDD snd COF lsowre 31 # Funcilon of the
Nussher of Chiorine Swbsiituents

Nomber of Nwmber of Number of
Chlorine Atowa CDO lsomens feomers
! 2 4
1 10 [0
) " b
4 n n
3 " n
L] 10 1
7 2 4
s 1 1

dioxins are shown in Table I1). There is some evidence to suggest that the
CDD and CDF are accumulating in the environment, and that thes2
compounds Rni:l for considerable periods.

The purpose of this chapter is to give a concise overview of the present
status of knowledge of the CDD and CDF, »1 a prelude to discussions of




CHLORODIRENZONDIOXINS AND CIHLORODINFNI.OFURANS

Table 11. Physical inpertien of Two Chlocimated [Hoving

148

1.18-TCOD oCchD®

Empirc Tormuls
Percent by Weight

Cpi 0, G,

C “r )

[¢] 93 10

] .23

a 441 18]
Mokuular Weight m T2} !
Mching Point (*C) 305 1)
Necomposition Temperstwre (°C) >0 >ne
Solubilities (g/N

o-DicMorobenrene 14 18y

Chiorobenrene 0.n

Amisale [ R

Xyhene 39

Penrene 0.57

Chiorolorm oy 0.3

> tanol oo04ar

Methanol 301

Acctone on

Dioxane on

Water 1-10°

* Ociachinrndibenro.p-dioxin.

various methods of destroying 1hese compounds or detoxifying wastes in
which they are coatasined, which are presented in other chapters in this
book. More comprehensive reviews of this subject can be consulted for
additinnsl details {1-3). '

TOXICITY AND HEALTH EFFECTS
OF CDD AND CDF

The toxicity of chemical comy ds is usually d vn the basis of
tests with animals. Frequently, in these tests, lnrge doses of the matesial
Yeing tested are admini d in an pt to press the time scale lor

respanse. This testing may result in misleading conclusions, becsuse such
massive doses are usually unrealistic in tesms of the doses that would he
encountered in typical real-world exposures. Moreover, since toxic
response is a function of the phar kinetics and the adaptive chasac-

18420
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teristics of each particular animal system, the response of diffcrent animal
species to a given chemical may, and {requently does, varymarkedly. AR
of these considerations lead one (0 conclude that it is extremely difficult,
il not impossible, to extrapolste toxicologic data from one animal specics
to another, particularly to humans. Still, animal tests are one measure of
the 1oxicity of chemicals, and same CDD and CDF have been tested in
this manner. On this basis, as shown by the comparison in Tablke 111{4,5),
the acute toxicities of at feast some CDD [in particular, 2.3,7.8-tetra-
chlorodibenro-p-dioxin (2,3,7,8-TCDD)] are comparable to or exceed the
toxicities of several well known poisons, and these rank smong the most
tethal chemical compounds known 1o man. It has also been observed that
the 1.Dyqy doscs for vatious CDD isomers, based on tests with guines pigs
and mice, dilfer substantiafly, depending on the number and location
within the molecule of the chiorine atom substituenis (Table 1V). Of the
CDD isomers tested, the 2,3,78-TCDD is recognized to be the most
toxic. The scute toxicities of CDF have been less extensively investigated,
but the LDsyq values for 2,3,7,8-tetrachlorodibenzofuran (2,3,7.8-TCDF)
and 2,347 8-pentschiorodibenzofuran (2.3.4,7.8-PCDF) appesr to be
similar to those for the more toxic CDD, that is, 1-100 ug/kg for the
most scnsilive animal species.

Table 111, Tenkiler of Selecird Tobond
Minkmemn Letbet Dose

Suintance Moleculer Weight {mol/kg)
Botwtinum Toxin A 20 - 10} S RN A
Yetanws Toxin 1o« 100 1os10"
Diphtheria Toxin 12 10 2.0 "
13.78-TCHD® n ERICNT B
Sexitoxin m 24-10°
Tetrodmonin Ne 25=10"
Bulatonin® 1 s1-140’
Cware [, ] 12=10"
Sirychnine )] [E XN R
Muscarin® o 52+-10°
Ditsopropyiluorophinphate L] 16-10°
Sodivm Cysnide o 20-10"

'Smr: Pland and Kende (4] These datn were compiled by Mouther et al. {S). and the
values indicate only relative toxicily. b should be moted that the values deal with differemt
specics. towies of administration, survival limes and, in one case, mesn lethat dose rather
than uhlm- lethat dose. Except where noted, sdminisisation was by the inraperitoncal

owle in mice.

1Dy on oral adminisiration in the guines pig.

¢ Intrevemows injection in the cat.
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Toble 1V. Acule Toekhiles of ( Movodenradioning (1)

Number snd Fodtiom _
of (hiorine Swhalernts Culmes Figy

28-th- > 00,000

137 Vil .44 > 10

2378 leira. 0620 me

1.2.3.78 Peate- 3t 18

1.24.78 Fenta- 1,128 >$.00n 1
120479 texn- 78 s

1,2.0.6.78 Nexa- 0 100 1.250

1.23,7.0.9 Hexa- 60 100 > 1,440
1.2.0.4.6.7.0 Hepia- >e00. 7,180

12,146,209 Octa- >4 -

* AN values are for oral doses: test period iv 30 days.

Teble V. Swnmary of Tosbe Fffrets of 2.1,78-TCDU on Several Animal Sprefea” {164

AMowmheys
Mice Gulnes Pigy (Female)
Thymue Involation e .o ves
Sepkea Reduction (white puip) . . .
Porc-marrow Hypoplasia t [ .
Liver, Mcgalocytosis! Dcgeneration (T .
Wile duct Myperplasia + + "o
Testicuter Uegenerstion . sen N/A
Renal-peivis Ilyperplasia ve .
Urinary-biadder Hyperplasis . .
Adreralconical Atrophy
Zoma Glomerulys) .
Hemmorhage
Intestinat . .
Adrenal ' . .
Ascites v .
Cutancous levions ees

‘Key: no eficcts;  mildly aficcted: ** moderately aftecied: v severely altecicd.

A summary of the observed binlogical effects of 2,3.78-1CDD on
mice, guinea pigs and monkeys is presented in Table V {1,6]. While the
effects and their severily vary to some exient smong these species, as
already noted, in general the major organs affected are the thymus, liver
and spken, along with the reticuloendothelial system. Reproductive
functions are aiso affecied in some animals, and pronounced develop-
mental effccts in offspring have been observed. In some animal species,

)
L4 B
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2,),7.8-TCDD is fetotasic (or embryotoxic), leralqgenic and even car-
cinogenic [1]. A particulsrly spparent resy to this compound ob-
terved in rabbits, monkeys and man is an acnegenic eruption (termed
chioracne in man).

TCDD causes marked alteration of normal enzyme activity in certain
laboratory animals. It is a highly potent inducer of aryl hydrocarhon
hydroxylase (AHH), as well a3 the mixed-funclion oxidases snd the
cytochrome P,-450 (P-448) enzymes of the liver, lung, placenta and
kidncy, in mice and rats [1). It also appears that TCI) may potentiate
he adverse action of other toxic materials, or even cause another seem-
ingly agent to exhibit toxicity {1]

There are relatively few data concerning the distribution of CDD and
CDF within animal tissves and organs or excretion of these compounds
following administration. Some studics with TCDD Indicate that in rats,
excretion is largely via the feces, and that accumulation occurs principally
in the fat and fiver, with smaller ts in the bone, heart, lungs,
testes and kidney {1]. Most TCDD is apparently not metabolized by the
ral, or at least metabolism of this compound occurs very slowly, and the
metabolites have not been identified reliably.

Inlommlon on the effects ol human exposure to CDD has been

d principsily from epid | studies of persons exposed asa
result of necldenu in chemical phn(l or by exposure lo contaminated
foods, materials or areas. A summary of the major accidents occurring in
trichlorophenol (TCP) plants in the past scveral years {s given in Table V1
{7]. The most notable episade Involving CDD contamination in recent
years was the explosion that occurred at the lemesa trichlorophenol plant
located in Seveso, Haly, where TCP and 2,3,7.8-TCDD were dispersed
over a wide arca. Approximately S000 persons were exposed in this
accident {1,2). Shortly after the accident, chloracne (» well-known symp-
tom of acute CDI) toxicity) was obscrved in some 134 persons. Other
disorders reporied included hepatic and coronary insufficiency, chronic
bronchitis, muscular weakness, irritability and nervousness, urinary and
pancreatic disorders, porphyria cutanca tarda, hyperpigmentation and
Wirsutism and chromosomal damage. A Iater lollowup study detected
peripheral nerve damage and polyncuropathy in some of the expoted
individuals [2).

TCDD is also known tn be en inducer of delta-aminolevulinic acid (d-
ALA) and AHH in man. Probably thix accounts for stimulation of
pmdumon of certain porphyrins, which ate ultimately excreted in the
urine. The distribution of CDD and CDF within the humsn body and the
modes of climination have not been established, nor are the metabolic
pathways ar metabolites (if any) known. Reproductive effects of CDD

l
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and CDF in humans also have not been determined, in part because of the
complicating factors caused by the many othct hazardous organic
compounds 10 which man is expased.

The most notable reported episode invalving human expasure lo CDF:
occurred in Japan in 1968 as a conscquence of the accidental contamina-
tion of rice oil used for cooking with polychtorinated biphenyls (PCB);
subsequently, CDF were shown to be present in small quantitics in the
PCBD {3]. This Incident, which has come to be known as the “yusho™
mﬂdenl Involved more than 1200 persons. There were several near-term
sympi Including chl Many of these symptoms were similar to
those clled sbove for CDD (2]. By the end of 1977, some $1 of the
exposed populstion had died; 11 of these were identified os resulling from
m-hmnl neoplasms of the stomach, lung, Hver, breast or lymphatic
sys binations of these [2]. Tissues (principally from the livers)
of the V\dh'm of this accident were analyzed for CDF, as were samples of
the PCB contaminant in the rice oil. A comparison of the results showed
that many cf the same CDF isomers were present in both the PCB
conteminant and the liver tissues, and lurther indicated that certain CDF
isomers, particularly those having l“ the lnlenl (2-, 3-, 7- and 8-)
positions chlorinated, were pref i dinh tissues (8]
Tlm is one of the few instances in wluclv such compounds have been

I bly in severe human health effects.

In several animal studies, PCB have been implicated as inducing toxic
effects in animals, but in some of these investigations, it has not been clear
to :'hal extent PCB were contaminated with CDF, and the causative
agent or agents arc therefore unccrtain.

SOURCES AND ACCUMULATION OF CDD AND CDF
IN THE ENVIRONMENT

x- mentioned carlier, major sources of CPDD and CDF detected in the
environment are industrisl chemicals. More recently, however, it has been
m:ogmml that these cnmpounds are present in the cfftuents from various

pr ﬂn '. i cnv" i 0‘ CDDI
CDF thus far identified mcludc {1

I. chemical producis for which (he normal o g process p
These compounds us by-products, snd which are Indtly mtd in lhe environ-
ment (pesticides, wood-ireating products, cic.);

1. wncontroied manufaciwring processes, which reswht in relesses of CDD and
CDF {explotions of rescion):
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) improper disposal of chemiral manufrcturing wastes or products comaining
CHD end CDT (landlily, waterways):

4 incineration of municipsl, commercinl and indusirial wastes;

3 mdinecy combustion pracesses (wond-h g and others); and

6 eccidents {firer, pith, eie ),

Perhaps most important among the mass-produced chemicals which
are knowa to be contaminated with CDD and CDF »re the ortho-

chlorophenols, particulatly TCI® and pentachlorophcnol (PCP). TCP has :

been used widely as a presecvative, bactericide, fungicide and algicide in
many industrial products, and is the starting material used in the manu-
acture of a series of industrial and agricullural chemicals, notably the
herbicide 2,4,5-T, and the related producta, silvex, ronnel and hexa-
chlorophene, a bactericide. PCP is extensively utilized in wood-preserv-
ing processes. CDD and CDF that have been detected in various chloro-
phenols and retated petticide products are listed in Table VII. The
prahable mechanism by which chlorodioxins are formed in the synthesis
of artha-chlorophenols is a thermally induced condensation reaction of
two molccules of the sodivm or potassium chlorophenate, such as that
excmplified in Figure 2 for the production of 2.),7.8-TCDI) in the manu-
facture of 2,4.5-TCP. A so-calied "predioxin,” a phenoxyphenate ar
substitmed diphcnyl ether, may be sn intermediate in this reaction.
Similar condensation reactions can account for the formation of hexa-
(HxCDD), hepta- (HpCDD) and ociachlorndibenzo-p-dioxing (OCID)
n the manufacture of PCP (Figure J).

The ~xtensive occurrence of CDD and/or CDF in siuch widely used
commercial chemicals as chlorophenols, theit derivatives and PCB
provides a clear indication of the need for adequate methods for destruc-
tion of chemical wastes and related materials (hat result from manu-
facture of these chemicals. Obviously. improper disposal of such chemical
wastes can lead to extensivé envir I ination. Prominent
examples of this thut have received recent attention are the Love Canal
area in Niagama Falls, New York, where several major chemical dumps
arc located, and a 2,4,5-T/2,4-D manufacturing plant site lucated in
Arkansas. Levels of TCDD typically found in cnvironmental samples
from these sites are shown in Table VI, Applications of excessive
quantilies of herbicides contaminated with TCDD, as in South Vietnam
during the conflict there and at various military sites in the United States
during this period, or the contamination of the environment resulling
from such events as Ihe TCP reactor cxplosion st Seveso, ltaly, can also
result in clevated levels of TCDD in plants and animals (including
humans) present at such sites (Table 1X [9)).

As already noted. CDF are also p as contan# in some PCH
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2,457

1,2,4.5 TETRA- COOH
]
CHLOROBENZENE CHz
(4]

o o ao\‘ ESTERS

" NaOM " _MNaOH
o WCEEE Y “,“

SALTS

<

2,4,3-TRt-
_CHLUAOPHENOL

ONe*
S/ cl
o}

Q0o

Z.'I:t,l,rc(ii
cr ]
cuﬁz@cv

2,3,7,8-TCOD

Figere 1. Reactions involved in synvhesis of 2,4.3. trichlorophenol and related products
€243 T and derivatives) showing formation of 2,378 1C1I) 53 & by-produc

formulations (2]. in addition, it it known that pyrolysis of PCR at certain
temperatures (obviously lower than the temperatures required for com-
plele destruction) yields CDF as products [3). The reaction scheme for
formation of CDY: from pyrolysil of 2,2° 4 4°5,5 -hexachlorobiphenyl, for
cnmpk is as shown in Figure 4. An instance m which a PCB
formulation (also ining hiorod: ) was inci d under
conditions le-dm; to formation of sub il quant ities of COD and
CDF occurred in Binghamton. New York. This cpuode occurred as &

18434
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(PCP) PENTA- PCP, Na Salt
CHLOROPHENOL

QH OH ONa

Cl o« Ct
Ct V] Ct

L d in synthesit of PCP and & howing of
octschiorodibenrodioxin o1 8 by-product.

result of & transformer fire in the basement of a large office building. Soot
samples and wipes of surfaces in nearby arcas showed rather large
concentrations of CDD and CDF, as indicated by the data shown in
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Table VI Levels of TCHD ln Vetlows Favironmentst and
Blological Sempies Analyred by the Brehm Lahoratory of
Wright State University

Serple Descrigtion Native TCDD Delected
tarasdaws waste tandfill il sludge,
New York state 300 199000 ppt
Trichlorophenol manufsaciuring waste,
still betiom. Atkantas 22,000 ppt

Blood sample (rom workers involved in
cleanup of ortho-chlornphenol spill in tank car

deraibment, minsowrt 1.28 ppt
Mouvd wample from Victnam veteran 4t ppt
Bovine 10 ppt

Municipel refuse fisrd incinerator.
New York sate

{on partrculate embssinng) 1S mglhe
Soot (rom wood-bwning fireplare 065 rpbd
Agemt Orange 0.1 60 ppm
1,4-D (scversl manulacturers) 02.1.) ppb

Trble 1K, TCDD Leveh bn \WikdNfe b Seveso, Iisly, Aren Following TO'P Accldent®

Neo. of
Samples ‘!fl'l) I'ft'l_(:'./_“
Animat Anslyred Theme Poseiive Aversge Range
Tletd Mowse " Whale body tar14 LB} 0N 49
Hare 3 Livey s 1A 2101
Tond ! Whole body " nl
Snake i Liver "y 27
Adipose tissoc 160
Esrthworm® 2 Whoje pody 12 12.0

"Source: Fanclli ¢ al. (9], referenced in Fiposito et nl. (1}
YEach 1omple represents 8 3-g pool of carthworms.

Table X for a wipe sample [10]. In still another instance, incincration of
wood [. ining PCP, and probably rclated CDI);/
CDF or precursors of these, it an incincrator that apparently provided
less-than-optimum conditions for destruction, yiclded ash residucs con-
taining relatively Iarge quantities of CDD/CDF (see Table XI). Anather
chapter in this book [ 11] presents a more detailed discussion of the recent
assessment of destruction of PCB by incineration unddr conditions where

nor
r ~

§.
Q47
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o]

reaction ! c'l cn

2,3,7,8-tetra- COF

4} ct ]

chl ?): reaction 2 c'@_o_@c.
1t a

(]
2,3,4,7,8- penta- COF

reaction 3 o @ @ o

1,3,4,7,8-pento- COF
(proposed)

Figwe 4. Renctions keading to [ lon of CDF from pyrolysis of 2,77,4.4°3,5 - hexa-
chiosobipheny?,

high destruction efficiency was achieved and the level of CDU/CDF in
the combustion clfluents were within limits which the U.S. Environ-
mental Protection Agency (EPA) deemed acceptable.

ANALYSES OF CDD/CDF IN
ENVIRONMENTAL SAMPLES

The extmordinary toxicity of some CDD and CDF dictates the need
for analytical capabilities that can det:ct and quantify picogram quanti-
ties of CDD and CDF. At the same time, grest analytical methods

4 specilicity is required, because several other prominent contaminants that
persist in environmental samples (e.g.. PCB and DDE) can interfere with
the determination of CDD ard CD¥. The analytical capability described
haz only been realized within the past 3-4 years, and it is now possible to
veliably determine pasts-per-trillion levels of CDD and CDF in meny

Y]
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Toble X. Resuits of HIRGC/LRMS Awalyshh of Wipe Sample from Ares
Contaminsted by Transformer Flre for Tetrs- Theough
Oclachiorineted Dibenta-p-dioning snd Dienrolurans

p y ot M Doterreit
COO/CDF Detected Queniity

CDD/CDF*  Apparewt homers® (wg/ wipe) (g pes homer)

1CDhD ND ND 0.10
1,278

rcoo ND ND 010 !

HaCLD ND NO 0220

HpCDD 1234678 063 020
1234609 048 022
Tout € 0.0
I PARTR]E

ocoop 12346789 -0 0.20
PCy-0cDD b 4

1CDF > 1a 0.10

3 o

23.78- 2% 0.10
Other womers (R) 58 o
Tota! 0.4 (X0}

PCF 124.78- 3.2 oto
Other isomers {13) ns 0.10
Toul 170 are

HACDF 124,679 e 020
Other homens (12) LAR om
Toul ¥ 2.20

HpCDF 1,2.4.629. 17 220
Other fsomers (4) 46 v
Toul 13 020

’
OCDF 12346709 1) om

"PCDD = peata-CDI: HACDE = hexs COF: HpUDF = hepta CDE OCDF = octa

CDF.
SSee teat for discussion.

types of environmental srnd biological samples, hazardous chemical

, and chemical formulati The Brehm Laboratory, Wright State
Univessity, has been one of the major contributors to the development of
this highly sophisticated nmalytical methodology. In general, the ana-
Iytical procedures now applied for definitive determinations of CDD and
CDF isomers entail the following: '
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Table XI. lll(‘(‘lllM(‘ Analyticai Rewslts for C(DD/COF In Ash Sample from
bon of Wartes C ning’ FOCP*

Min Smrs Detecinble
Total Nowber of Tote) Netectd Conceatrated
CDD/CDF Apparest lsomen {»g/2) (ag/0)
MCDF J 1 [ 1}
DCDF L} 23 )
TeCDF ] 3 ae
TCOF 1 7 s
PCDF ] L} ]
HxCDF s H '
HpCDF ? ¢ 1
OCDF ] 2 ]
MCDD t [} [ 3]
DCho 4 ] e
T«COD b ? L 1)
TCOD 4 4 [ 3]
rcoD b} n [}
H:CDD L [ ]] ]
HpCOD 2 " 1
ocnD ! ton 1

*Recest analyses by Wright State Univereity.

. extractica of CDDN aw, CDF (rom the sample matrix wsiag otganic solvents,

2. preliminary separation of CDD and CDF from other constituvents of the
nmril, which sho have b.ren eatracted (including other chiorinated materiak)
wing acid-base snd fiquid ch graphy with atumine, sitics get
and/ot other yeitable cotumns:

J. I’nﬂhﬂ fractionstion of the CDI’) and CDF wting mormal and unm -phest

pesf hqmd s m"l CY; und
4 ', of the prep ng CDD and CUF wsing capiftery-
column gas ch grephy/ mets spr y {GC/MS). Both low- and
high-resolution mass spectrometry mey be used in this analysis, depending on
the ample.

The application of this complex analytical procedure is tedious and
costly, but such a procedure is necessary to obtain definitive data on the
CDD and CDF isomers at the extremely low (parts-per-trillion) concen-
tration levels at which these must e detected. The resuits of such an
analysis are well illustzated by data obtained from snalysis of the ash
sample resulting (rom incineration of PCP wood-preserving process
wastes, which are shown in Table X\. Interestingly, the TCDD isomers
detected in this sample were 1,3.68.- 1,1,7.9-, 1,3,7.8-and 1,2,).4-TCDD
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No 2,3,78-TCDID) was found. Similas analyses have recenily been
sccomplished by the Brehm Laboratary on stack cfMluents from incinera-
tion of municipa! refuse, and on effluents lrom incineration of wastes
containing PCB. The latter work is discussed more fully and the detsiled
analytical techniques are also described in enother chapter in this
boak [11].

ENVIRONMINTAL TRANSPORT AND NATURAL !
DEGRADATION OF CDD

Considerable work has been done in an effort to assess the extent of
degradation and transpost of CDD in the environment [ 1], although the
conclusions from these studies not entirely clear. Although bio-
degration of TCDD does not s particularly important process,
both T.DD and OCDD ape ectively photodegraded by both
natural sunlight and antificial dltraviolet (UV) radiation {1). Transport of
TCDD in soil, water and air has been investigated, but since the resulls
depend on 30 many environmental factors (e.g., type of soil and organic
contert, temperstures and organic content of water, snd method of
dispersal in air), the conciusions are not straightforward. It appears,
however, that TCDD can migiate to some extent in soils, especially
porous, sandy soils. Tronsport of CDID/CDF can occur in the air,
especially if these compounds ere sorbed on sirborne particulates. It is
aiso clear that transport of CDD/CDF can occur by runoff of surface
waters and or leaching into groundwaters, which ultimately may con-
taminate lakes, rivers and streams. I the tatter instance, TCDD aprears
to accumulate Isrgely in sediments, although the cuntent of other organic
compounds in natural waters also sffects the concentration of CDDY/
CDF therein. Finally, 23 discusted eatlier, CUOD/ CDF can bioaccumulate
in some plants, animals and fish cxposed to these compounds: abviously,
this may also result in transport and, uliimatcly, dispersion of these

T ds in lhe envir There sre few bascline data on con-
centrations of CDU/CDF in the eavironment, however, zxcept where
high levels of CDD/ CDF are anticipated because of massive contamina-
tiun episodes such as those described earlicr

DESTRUCTION OR DETOXICATION OF CHEMICAL
RRODUCTS AND WASTES CONTAINING CDD/CDF

Among the methods applicd in attempts to destroy or detoxicate wastes
containing CDD snd/or CDF are conventional incineration, photolysis,

o
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radiolysis, ozonolysis, catalytic dechlorination and biological treatment,
Several of (hesc |echniques and their applicatioh to such chlorinated

ds are d d in more detail in several other chapters in this
bool These chapters clearly d $ that considerable success has
been achieved in devising envir lly scceptable methods for de-
stroying or detoxilying h ining CDD and/or CDF.
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CUHAPTER 16

SELECTED LEGAL ASPECTS OF A
DIOXIN DETOXICATION PROJECT

Kent A. Stormer

Syatex (U.S.A)), Inc.
Palo Alo, Catifurnia 94304

On 2 summer alternoon in 1974, Godfrey Moll, Plant Managers of the
Syntex Agribusiness chemical production facility in Verana, Missouri,
rapped on the side of an old 20-foot-tall steet tank, which had been sitting
idle on the premiscs for many years. Syntex had purchased the piant,
inciuding the stecl tank, in 1969. Moll assumed that the tank was emply
because Syntex had never used it, but his knocking on the 1ank wall was
inconzlusive. Consequently, he carefully lowered a small Mlask into the
lank and, 1o his surprise, it came up filled with a dark sludge material.
Moll calculated from the size df the tank 1hat it contained approximately
4300 gallons of this material, which was the consistency of heavy motor
oil. Laborztory analysis of the :Indge increased his surprise considerably:

the 4300 gallons of siud ined approximately 343 ppm of dioxin.
It soon became ewdenl what had happened. In lhe Iate 1960s North
Eastern Phar ical and Chemical Company, Inc. (NEPACCO)

leased a portion of the Verona plant from the company that then owned
it. Under this lease, NEPACCO was entirely responsible for disposing of
its own wastes and trash, snd agreed to opernte ot all times in conformity
with spplicable laws and regulati NEPACCO's activities at the plant
included the production of hexachlorophene. One step of that manu-
facturing process, which involved the parification of trichtorophenot

(TCP), apparently produced dioxin as an unwanted by-product.

s
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