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Tetrachlorodlbenzodloxm ina -
Trichlorophend Process Accident

*Judith A. Zack, M.P.H., and Raymond R. Suskind, M.D.:

A standardized monality aralysis was conducied on
workers exposed to 1etrachlorodibenzodiosin in a vichlo-
ropbmo! process accident at the Monsanto Company
plant in Nitro, West Virginia. One hundred and twenty-one
workers who developed chloracne resuliing from this acci

1 on March 8, 1949, were selected for study. Followwp

7.7 o1 this proup was 100% complete The standardized mor-

wlity ratio for all causes of death was shown 1o be 0.65,
with 32 deaths observed and 4541 expected. Fox the
Q;Egones of maligramt neoplasms  and _cicculatory
cﬁ-;uscs the standardized monaliy ratios were 1.00 and

.08 respectively. Because of the small size of the cohor
md the relatively small aumber of deaths observed. the
esuls of this study cannot bée considered conclusive,
However, it is imponrant that no apparent excess in total
morality or in deaths from malignant neoplasms of
dreases of the circulatory systemn was observed in a2 group
ol workers with a high peak exposure 1o tetrachlorodiben
zodorin who-were followed over 2 period of nearly 30
years. The resuits of this study will be incorporated with
ihose of a larger study which will include plant workers &x-
posed in the course of Z4.5-(nchlorophenoxyacmc acid
prbducnon during the period 1948 10 7568.

—_—— - -

A wide varety of acute and sub-acute health effects
tas been reponted in workers involved in the manufacture
of 2.4.5-Inchlorophencayacetic acid (2,4.5-T) from
245-richlorophensl (TCPL The most consistent clinical
Tinding is chioracne, a skin d:suse characterized by comr
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edonss, cysts, pustules, and abscesses. Hepatic dysfunce’

tion, peripheral neuritis, disorders of fat metabolism, and
porphyria cutanea tarda are other frequently reported
findings in thece workers® Chloracne has been showmn to
be essentially due 1o 2.3,7.8-tetrachiorodibenzedicxin
(TCDD)*a byproduct in the synthesis of 2,4.5-T. The sub-
iect of this paper is the chronic health effects of exposure
to TCDD, as reflacted in the mortality experience of a
cohort of Monsanto Company wotkers who developed

. . symptoms of-chioraent Jollewing 4. trichlorbphenot pro- . .

cess accident at the Nitro,"West Virginia, plant in 1948,
Prcduchon ol trichlorophenc! began in the fall of 1948
at the Nitro plant In this process, the reactant
1.2.4, 5.tetrachlorobenzene, sodium hydrozide, and
methano! were all added to the auteclave, Hext was ap-
plied and, when the pressure reached the desired point. the
autoclave was vented. On March 8, 1949, about siz months
after production start-up, a violent reaction and decom
position occurred when temperature and pressure within
the autoclave became excesstve. The relief valve opened
and the fumes and Ly residues from the decomposed
contents of the autoclave were discharged into the ab
mesphere and into the interior of the building.
tmployees who worked in the area of TCP produCDon

or were involved in the clearup began 1o develop symp” -

toms immediately following exposure to the material
which was dncharged from the autoclave. Sympitoms i
cluded eye and respiratory tract imtation, headache, diz-
ziness and nausea, and a severe irant reaction of the ex-
posed skin. Afrer these initial symptoms subsidad, the
chloracne and other symptoms became evident Ashe and
Suskind™ examined a total of 12 more severely afiected
workers on three occasions during the period of 1949 o
1953. Another 26 persons with chlocacne. apparently not
telated to the accident, were also examined in 1953, The
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of relative frequency,’ included
achefonm lesions: severe pains in muscies of upper and
lower exicamities, shoulders and thoraz on exertion
tatigue nervousaess and irritability; decrease in lib!dc;
dyspaez: verigo and intolerance to cold. On examination,
all of the cases had chioracne. Several were severely byper
pigmented, especially on the face. Of the six workers ex
amired in 1948 and 1950, four had liver enlargement and
one had sensory loss in one foot Liver impairment as -
dicated by bepatomegaly, tenderness and soreness in the
right upper quadrant and epigastrium and a delayed pro-
thrombin time, was observed.??? .

i 1953, four of the s workers examined in 1449 and
1950 were ra-ezamined and six additional workers involved

clinical symptoms, in ardef

. in the accident weie also examined. The findings in this

later exarmination indicated a general regression of both
the cutaneous and noncutaneoys symptams which had

been present earlier. All of the wekers showed a3 marked’

imprevement in theirskin lesions — there were residuz of
the acne and a (ew active lesions. In a few cases, workers

"continued te complain of aches and paing of the lower ex-
tremities and back, nervousness, excessive fatigue, and’
- dyspnea. No clinical explanation for thesa complaing

could be made based on the results of the physical ex-
amination’ .

The findings of the examinations by Ashe and Suskind
are consitent with those which have been reponed in
other industral epicodes which occurrad subsequently.’
The acute bealth efiects of TCDD exposure are described
in the literature” but little & known of the chronic eFects

Several repons desctibe the occurrence of cancer and
other deaths in workers exposed to TCDD which suggess
an association between exposure and the subsequent
development of a variety ol neoplaum.® ' These reports,
howuver, are generally of small groups of workers with
relatively shor periods of follow-up and are considered to
be preliminary in_nature. ln a 25-year follow-up study,.17

- "-deaths weré observed among a “cohot of 75 Cerman
.sworkers who had been involved in a 1953 TCP process

accident' Of the 17 deaths observed (13-25 expected

_ depending on the choice of a control population) six )

were from cancer [four or fewer expected) five from car-
diovascular disease (as expected] two from suicide [fewer
than one expected), one from liver cirrhosis, one from a
urogenital tract disease, and two from external causes. Of
the six cancer deaths, three were from stomach cancer in

. the age group 60-69, a number significantly higher than

expected. Two other cancer deaths were from cat<cell
carcinoma of the lung and cne was from' adenocar
cinoma of the colon .

A sinilar accident occurred in the Netherlands in 1963
in z factory producing 2.4,5-T.' Eight deaths have been

- observed among 93 exposed workers. Five or six of thess

deaths were from cardiovascular disease. The proportion
ﬁf ;ileaths due to myocardial infarction was noted to be
)4 -

Jirasek et al* ** and Pazderova® {ollowed 55 of the 78
Czechoslovakian workers who were affected by chlor-
acne resulling from occupational exposure to 2.4.5-T and
pemachloraphenol. In this study, five deaths were ob-
served. These included twe deaths from bronchiogenic
carcinoma (less than one expected). one from cardiovas
cular disease, one from liver cirrhosis, and one from an
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1n 1976, a TCP process accident in Meda, ltaly, resuliee
in the contamination of a large and densely populatec
area’ A preliminary monality study has been conductes
in twa of the 11 towns affected. The overall moniality rate
did not differ from that expected, but increases in deaths
from liver cirrhosis and leckemia were suggesied.

The chronic toxicity of TCDD exposure to animals hae
been more extensively studied. TCDD toxicity has bern
tharoughly reviewed! Chronic toxicity to TCDD
manilesied by liver necrosis, thymic atrophy. and deplhe
tion of the lymphoid organs. Two studies indicate that
chroniec adminisiration of low levels of TCDD to rats
associated with an increased incidence of neoplasia in
one study, the oral administration of TCDD produced an
increase in hepatocellular carcinomas and squamous cell
carcinomas of the lung hard palate/nasal turbinates, or
tongue.'’ In another study, TCDD {ed to raws produced
tumnors in 383% of the test animals.”’ Negplastic nodules
and cholangiocarcinomas of the liver were observed.

<w- -The study reported here will examine the morality ex

“perience of a-cobont of 121 employees involved in the
1949 trichlorophanol process accident, with special em-
phasis on cardiovascular disease and on necplasms, par-
ticularly of he stomach, liver, lung and skin B

Population and Methods

I~ this study, the development of chloracne, a hallmark
of TCOD exposure, was used to identify employees for
study. The study population consists of 2il persoms with
chloracne which ceuld be anributed to the 1949 TCP pro
cess accident One hundred and twenty-two employees
who developed chloracne following this incident wen:
identificd from plant salety records datng 1o the time ui
the accident, and from workmen's compensation anc
plant_mpedical records. One husdred and bventy-ome

" white males were included-in this study — ore femnale

whé was living as of the endpoint of the study was notin |
cluded in this mortality analysis. It is assumed that all of
‘the skin disorders recorded in the plant records represent
true cases of chioracee and not other types of occuper
tional or nonoccupational dermatitis, An analysis of the
chloracne cases and exposures not associated with this
accident but rather with the normal TCP2,4,5-T produc -
tion processes will be the subject of a future paper.

The data were analyzed by the modified life-table
method using the updited Monsoa program.'* ln this
method of analysis, the age, race-, time- and cause-
specific monality rates for a standard population {in this
case, the population of the United States) are applied to
the person-years lived classified by age. race, and time: A
standardized mortality ratio was calculated as the ratio of
the observed deaths to the expected deaths for 22
selected causes of death. The staustical significance of
ditferences between obsarved and expected numbers was
based .on the Poisson distribution and statistical signifi
cance was determined at the 5% level of signilicance.

For the purpose of analysis, each member of the study
cchort was assumed to have emered the study on March
8. 1949, the date of the accident. The vital status of cach
member was determined using standard {oHlow-up tech
niques and ascertained as of December 3%, 1975, Foreach
person found to be deceased, a death cenificate was ob-
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vl IC0 Na.
4. . (Sightd Rrrisicn) Obsarved Expecied Sut
'
r_;_,_ii:‘— ’ 32 46 41 . 0.8
- AR causes of oea 140-209. 9 9.04 1.00
. All mahgrant neosEms 140-149 ) 0.30 1
~7 Buccal cavity and pharp 150-153 -9 2.9 t
Digesinve organg 3nd perioneul 181 0 0.58 t
Dhomac - = 155-156 0 0.18 t
- - 0 1.91 t
AR gihver dhgesine arpm
150-163 5 1,02 1.65
Fef::;ln iR 162,163 ] 85 .75
; - - 0 0.17 1
31 orpIng .
si: pinet (espiey &9 172,17 1 0.15 1
Gerutounpary organs 185-129 0 1.16 t
Lymphaatic 3nd hermaioporelic lissue 200-209 3 0.23 1
Otner sies ’ - 8 0.54 1
Diseases of he nesvous sysiem 2nd sense organs 320-229 0. 0.35 t
Diseases of the crculaiory sysSiem 190-¢58 1} %o 063 .
AllgtrasCIEIoNC heart disedse, incuding s 410-41] 1 17.74 on
coronary hean enseldst . .

T T AD gmner Srsease of The wrculaiony sysiem . - 4 1.7 H
Drseases of the respualony sysiem 460-519 1 a.m 1
Disexses of the digesive sysiem 520-877 0 2.26 t
All piver giseases - o2 3.3 t

(- Exterrat causes o destn 820-958 - 3 - 3.7 1

~p<0.05 -

- jLess than 5 observes deaiig

tainad. The underlying cause of death was coded to the
sth Revision of the Iniernational Classification of
Diseases, Adapted® by an experienced nosologist

Results
s of the 121 members of the study cohort were
Eighty-nine were verified living and 32 were
vod deceased by death certificate. :
" The results of the standardized morality analysis of
the 121-member study cobort are shown in Table 7. The

wm_o for all deaths is shown to be,
0.09,wan 32 observed deaths and 46.41 exoettﬂu ‘6 "

1he cﬁfy stausvcally signibicant diiference shown in thes
uble: “There were nine deaths from malignant neoplasms
with 9.04 expecied There were no deaths from stomach
o liver cancer, There were five lung cancer deaths versus

hematopoietic tissue with 0.88 expected.
There were 17 _observed dexthe from circulatony
diseases with 25,01 expected. The standardized moruhty
ratio for circulatory diseases was Jow at 0.63. .
Case summaries for the cancer deaths are given in
Table 2

Discussion )

Because the study cohort was small and only 32 deaths
were observed, the results cannot be coasidered con
clusive. Nevertheless,—the amlysrs of the .momalny ex-
perience of these workers indicated no apparent excess of
total mortality or of deaths due to malignant neoplasms
or circulatory diseases.

The TCDD-expased workers in the present study repre-
sent the largest group ever investigated after long-term
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302 expected apd one skin cancer death with 0.15 ex  follow-up, The criteria for inclusion (presence of the el_{
ed. The ‘malignant tumor was a fibrous histiocytoma  workers at the 1949 accident and the subsequent occur ;\3
mably of' dermal origin, which is rare. There were  rence of chloracne) limit the group to those with a signif ’ E
tvee deaths from neoplasms of lymphatic and  cant exposure at that time. The latency period of 29 years i':g
vy
— — 3¢
. Tabla 2, — Cancar Deaths Among a Cohort of 121 Males Exposed b ! :
Trirgchisrodibenrodiexin ia 3 Trichiorophenal Process Accident i<
i Tard Tor o Yo ol I . Duam Cortifiaie Statement Smeuing "
. bk - — Heg ——+—-  Desth----- == - pl Cazss ol Deatd - Histary*~ “ - .:
— 1309 ’ 154 1862 Lung cancer {162,1) Cigaretres
190 1927 1970 Puimonary carzinomg {162.1) Ciarenes
1913 1929 1964 Brorchogent cartanoma (152.1) Cigvenes
1922 . 1945 9 BionCruogen caremama (162.1) Nomsmokar
. 1915 1939 1970 Lung cancer (152.1) Cgarenies
. 1520 1948 1978 ‘Magrant Iwrenss hestiocyroma ol Cigarenes
. soft tr3sue origen (173.9)
1919 1943 1573 Heoghw's Osese (201.0) Cxgarenes :
1807 1543 "N Lymohaic leviemag {204.9) Pt
1910 1919 1573 Acute mysiogenous evkema (205.0) Cgarenes -
“Smokmg Rrsiory wis cownEd by interviews with Joumer co-workers ot the Gecotenty | .
Journal of Occupationat Medicine/Vol. 22, No. 1/January 1980 . ' ' 13 i
N . i.
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is longer than that of any previous study, and t!“t 1oligw-
up is complete. Therefore, although the cohort is sm‘all, it
represents the best opportunity so far to study the long-
term: effects of TCDD on mortality. By augmenting these
data with the results of comparable mortality srudies, the
long-tesm effects of TCOD may be more definitely
evaluated : :

The suthort =nh 10 [henk ki Joret Yy M !arﬁv Puplet ard sim
Prelin Zonte Jor thew auawance wirh the daia eoslecton
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In the industrial countries.we have grown rich during the age of hierarchical business
corporations, in which each executive arranges what the man below him will do with
his hands, all the way down to the man tuming a screw on the assemnbly fine. Now, two
rather fundamental things have happened. First. we have begun to realize that workers

. - . in rich countries don't like working in such places. Secondly, the rich countries are
. . moving out of the postmanufacturing ape, but they still have great hierarchical cor
- . porations in which executives sit behind their desks trying to arrange what the man
o ' below will do with his imagination. This no longer works. New forms of business
- Y e, organization will have to be found. probably changing big corporations into confedera
- . .- . tions of entrepreneurs. The firms and countries that will go bust in these circumstances
T T are those that try 1o replace hierarchical corporations by even more ossified forms of
T e T hierarchy — say, by deciding that you mustn’t have a boss trying to arrange what free
n;e:lddo with. theif imaginations, but can have 3_trade union committes doing so in
ste. . . ST T e
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