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PRETACE

Increasing internacional concern is being expressed regardinc
the contazination of the environment vith polychlerinated dibenzo-p-
dioxins (PCDDs} and polychlerinaced dibenzofurans because cerzzin of
these chenicals have been shewn te be highly toxic to aaizals and
are ubiguirous in the ervirenzentc. They ate known to be discribured
as contacinancs of com=ercial products and as by-producrs {roa coo-
bustion processas. ’

A considerable volume of information has accu=—ilaced on these
chemicals in the past rvo decades, particelarly far the mast toxic
of them, 2,3,7,8-tetracklorodibenzo-p-dioxin (2,3,7,B8-TCDD).
Bowever, this body of knowledge has not succeeded in resolving
genuine judgmental differences azung experts in the field as to che
degree of hazard to husan nealth and the environment. In lizhc of
the widespread public cozcern, 1t is clearly imperarive to coze ta
grips victh the coatinuing sciencific conrroversy, to review the data,
assess the issues, o see vhere areas oi agrae=eant exist, aad vhere
further research is needed to resolve rezmaining areas of disazree-
131 .

This volume represents an efforc to contribute to these goals.,
The volu=s contzins.the Proceedings from an Inrernational Symposium
on €ilcvimate: Diexius .nd- Fzlited Compounds vwhich was held Cevobar
25 to 29, 1981, in Arlington, Virgicia. The objectives of the meec-
ing were to bring together scientists £rom a wide range of disci-
plines, all of vhom were directly coacerned with one aspsct or
another of the dioxin problem., rto review the existing inforzacion,
evaluate controversial data, present nev datz, identify areas of
‘agreement, and {ndicate directions for future research. The 56
papers and panel reports thac cozprise this volume taesgify te the
success of the Symposiunm,

The »eeting wvas divided inzo nice sections:

Definition of the Problenm
Analycical Chezistry
Environmental Chemiscry
Anizal Toxicology

. )
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A HORTALITY STUDY OF, WORKEIRS EMPLOYED AT T:Z

HONSANTO COMPANY PLANT IN NITRO, WEST VIRGINIA

Judith A. Zack and Williaz R. Caffey

Yonsanto Company :
St. Louis, Missouri TUSA -

" T 'RACKGROUND

The compound 2,3,7,8-terrachlerodibenzo—p—dioxin (TCDD} is a
highly texic impuricy that is formed in trace quantities during-the
production of 2,4,5-trichlorophenoxyaceric acid (2,4,5~-T). ctxposure
to TCDD can cause chloracne, ‘a skin . disorder characterized by
cozedones, cysts, and abscesses.! Outbreaks of chloracane have been
repoerted among workers assaclated with the production of 2,4.5-T amd
2,4,5-T based products. Such incidencs resulting froa bech accidencal
and routine occuparional exposures have beea reported from several
countries.? i

¢
.

i The first reported industrial accident involving exposure to
L TCDD occurred in 1949 2t the Mansanco Company plant in Nitro, west
. . tirsinia. 2 roral of:122 eiployees develeped sycprous of caloracne
: following a trichlorophenol (TICP) process accident. An undeterwined
nunber of other employees devaloped.symproms of chleracne resulcing
from exposure to the regular operations concerned with 2,4,5-1 pro-
ducticn over the period 1948-1969.

- . : Betveren 1949 and 1953, Ashe and Suskind?'® cxamined thircy-~
. . i - eighe Nicro planc employues with chloracne. Twelve of these had
daveloped syantoss of thloracne direccly follcwing the 1949 TCF acci-
-dent; twenty-six other chloracne =ases had resulted from exposure to
. - the regular 2,4,3~T producrion operations. In addicion teo chleoracne.
other signs and syoptocs-were observed in this group. These included
severe aches in the lowver extremities, farigue. nervousaess and
- irrieabilicy, loss or decrease of libido, dyspnia, and vertigo.
i These findings are consistent wvith those that have been reported in
: other induscrial incidents.®
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To examine cthe chrenic health effects of exposure te TCDD, a
morczlity study of the Nitro plant eoployees who had developed
sy=pto=s of chleotacne folloving ‘the 1549 TCP accident was coanduczed.
The study cohort was cooprised of 121 of the 122 chioracne cases;
one fecale vho was living as of the eadpoint of rhe study was exclus
fro= analysis. Ac the tize cf the incident, {t vas assumad thac the
syoptoms vere caused by exposure £o unkaovn produccs of decoopesitic
Frec= today's vantage point, these symptoms suggest exposure to 1C3D.
The 1Zl~ze=ber scudy cohort, with a presu=ptive high-peak exposure
to ICDD, wvas follcwed for mortalicy through 1978. The entire cchor:
was traced: thirty-cuo deaths were observed and eighry-nine perscns
wvere confirped as living. Analysis indicated no excess in total
sortality or in deaths from malignact neoplasms,

The study presented here exa=ines the wortality of Nirrs plan:
vorkers who were assigned to an area of TCP or 2,4,5-T producticn,
vith potential for exposure to TCDD. The mortality of these vorkers
is exazined in the context of che mortality experience of the toral
Nitro plant vorker populacien. )

The Monsanto Nitro plant began aperations ip 1922, wvhen che
Rubber Service Laboratories purchased the plane as war surplus and
began production of chemicals and additives for the growing Tubbarx
industry. In 1929, Monsanto Co=gpany purchased the Nitro plant frex
the Rubber Service Laboratories znd entered the rubber chemicals
business. Over the years, the Nitro plant has diversified to where
it now produces agricultural chemicals, paper chemicals, plasticize:
fine chemicals, and intermediates, in addition to rubber cheamicals.
The plant is- sicvated in the Kanawha River Valley, aa area containi:
one of the largest coacentrations of chemical production facilities
in the Uniced Scaces. :

Qf. the many chexicals used over the years at the Kitro planc,
one has an established association with the occurrence of cancer im
man. Para-aminobiphenyl (PAR), used from 1941 through 1952 for use
as a rubber antioxidant and dye intermadiate, vas showa in 1954 by
Walpole et al.’ to induce hladder cancer in dogs. In 1955, Melick
et al.? confirmed the carcinogenicity of para-aminobiphenyl to can
with the reporcing of bladder tu=ors among workers exposed to this
chenical at two Honsanto plants. Para-aminabiphenyl wvas produced a-
one plant-zand then rransferred by tack car to the Nitre plant waere
addicional processing-was carried out. The minizmu=m duration of
exposure reported to have produced a-bladder tumor is 133 days; the
lateat period has ranged from 15 to 35 years.9 An intensive screen
ing program was inscitured at Monsante Company about 1955 te exazin
on a continuing basis, all wvorkers exposed to this chemical. Seven
deaths from bladder cancer have occurred among Nitre plant exzployee
enrolled in this program. These seven deaths are included ia the
preseat study. :

Al
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Other chezmicals with known health effects prediced at the Nirro

I . plant include mechylparachicn and carben disulfide. Tne acu;e effeccs
of exposure to each of these chemicals have been descrihed?r-+ vhile
the chronic effects are less wvell -understood. Besides p-azinobiphenyl,
several other vubber che=izals are of potential healch cencermn. Tor
21) of these, there is insufficienc evidence to evaluvace their caccia-
ogenicity to man. Tecrazethyl cthiurao disulfide is considered an
aniwmal carcinogen11 arnd there is some evidence, although not suffi-
clent, that N-pethyl-N,4-dinicrrosaniline is also an anizmal carcim-
ogen.I For several other rubber chemicals, there is insufficient
evidence to evaluate tne carcinogenicity te animals, Novever, thess
chenicals have the potenctial for fecrziag nicrosazines, cercain of
vhich are known animal carcincgens.'!® Zinc dimechyl dichioccarbamate,
tetrazethyl chiuvam disulfide and cetrazechyl thiuram conosulfide
have the porencial to form N-nitrosodizethvlamine. N-Nictrosesorphe—
line has been found in product samples of 2- (morphn inochio) ben-
zothiazole and 4,4'-dithiodizorpholine (Friscue, G.J., The General
Tire and Rubber Company, unpublished daza). | - . .

Although several of the chemical coopounds produced or used at

. -—-- -the Nitro plant over the years have been 2ssociated wich adverse
health effects, no attempt has been zade to relate chemical exposure
to zortality vith cthe exception of decedents exposed to the TCP or
2,4,5-T operations and potentially exposed to TCDD. As a resule, the
only specific hypothesis that can be tested is whether a relation-
ship exists betveen potential TCDD exposure and proporrional morral-
ity, especially for malignant neoplasm=s. The cortality for this
group is exazined in addition to that of the toral Nitro plant worker
popularion.

POTULATION AND HMETHODS ' . .

. b e e — ey e e . W ¥

. A study cohort was developed from the Nitro piann consisting of
- o ecployess active on or z2fter Januazy 1, 1755 with one :. pore vearss
of employment on the hourly toll prior to Decemper 31, 1977. Salaried
. personnel vho had never worked on the hourly rell were excluded from
. study because many of thesé exployees had no appreciable exposure to
the plant environment and, for, the most part, their exposure cannot
be determined from plant records. Females and non-white males vere
also excluded because of their small numbers.

.The cnhcr: vas assecbled using govemzent eatnings reports,
. indepandent 0f rhe planc vork hiscory records. Annual eztnings
' - . reports vere. available on a compucer file froix 1951 through 1%77.
Nazmes and social securicy nuzbers were fdentified from this source.
. . Work history récords were used to supplement ‘the earnings records.-
. Inforzation on race, sex, date of birth, date of hire, dace of sepa-
ration, and, if deceased, 2,4,5~T exposure was abstracted from these
Tecords. Ascertainment of 2.4.5—T exposure was confined to decedents
only because it was too tediocus to do for the entire conort. The
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{nformation from the work history records vas used to determine which
naces identified [rom the annual earnings recotds met the cohort
entrance criteria. Eoployees idencified from the earnings records
wvho terminated prier te 1953 were 'not included in this scudv because
vork hiscory records for all such eoployees were not retained prier

~ to this date.

Exposure to 2,4,5-T was decerzined by assignmenc te a 2,4,3-T
operation based on the vork history recovds. 2,4,5-T exposure vas
decter=ined for all bur one decedent. Exployees holding a jedb having
plant-wide responsibilities with the porential for exposure te
2,4,5-T vere, for the purposes cf this scudy, considered to be non-
l expesed.

The vital status of each mezber of the study cohort was deter-
nined using standard followv-up techniques and ascertained as of
Decezber 31, 1977. Deach certificates were coded by an independent
gosologist for the underlying cause of deach, according to the rules
of the Eighth Revision of the Internacional Classificacien aof
Diseases, Adapred.l" ’ .

- aemm aemm P s aE s e e ——— ———

Data for ch= total Nitro plant study popula:ion wera analyzed
by the modified life-table method using the U.S. populaticn as.the
standard. With this method of analysis, the age-, race=-. time-, and
cause-specific mortalicy rates for the U.S. general populatioa are
applied to the person-years lived classified by age, race, and-time.
A scandardized mortalicy racie (SMR) was calculated for 23 selected
cause of deach cacegories. Cause—-specific SMR's for 15 selected
cancer sites were calculated for subgroups of the total Xicro planc
study population defined by date of dearh, age at death, and year of
hire.- The stratiscical signxficarce of the deviation in a SMR from
100 uas tested using the formula:

- —— T — a————} W &

- 5t; emd ewsor ofJSMR = IQUT “'no. cobserves deaths
no. expected deaths

If the observed SMR differed from 100 by 1.96 standard errors,
it vas regarded as significant ar the 5I level, A SMR was tested
for significance only when the observed nuczber of deaths was five
Or greater.

Data far those decezsad vers also znalyzed according to 2,4,5-T
exposure using-the proportional worctalicy method. - In =his <ase, the
expected nuzber of deaths i{s calculated on the basis of proportions
of deaths observed in the U.S. general population. A proporrional
mortality vatio (PMR) was calculated for 23 selected cause-of-death
categories. FMR's were calculated separately for those exposed te
2,4,5-T and for those not exposed. The stzatistical significance of
the deviation of a PMR from 100 was tesced by calculating the 952
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confidence interval Eor the ?‘B.for a given cause K according to che
formula:

confidence interval _ N({confidence linits for % of observed dea:hs)
for PﬁRk expk

vhere H = nucher of observed deaths for all causes

Both the standardized and propecticnal mcr:ali:y analyses were
conducted using the cotcputer progra= developed by Honson. 13 The
observed cortality was cocpared to that of the Uniczed Stazes uhlte
tale populaticn for the tize peried of sctucdy.

RESULTS

A total of B84 men wvere identified for study and traced for
deaths through 1l977. The entire cohort was successfully traced.
Death certificates were obtained for all deaths. Seven hundred
tvency-one (82X) vere verified as liviang and 153 -(18%) were ccnfir-ed

. dead by deach certificates. - te e e e =

Tables 1-1 characterize the total Nitro plant study population
by age at hire, year of hire, and lengch of employmenz. The dis-
triburion of the study population by age at hire indicates that the
workers vere fairly young ac first hire (Table 1}. Sevency-tve
percent of the scudy cohorc were hired by age 30. lNone were hired
at age 50 or above.

Table 2 shows the discribucion of the study population by year
of hire. The majority of workers (75.3%Z) were hired during the !

period 1940-1959, while smaller percentages of werkers were hired
prior to 1940 (10.8Z) and afrer 1960 (13.3%). : '

2~ .An exazimation eF the study populatica by ‘<ngth of emsle,ver:

indicares a fairly even distributicn over the intervals less than
10 years, 10-19 years, 20-29 years, and greater than 30 years
(Table 3).

Observed and expected deaths occurring during 1955-1577 among
the total Nitro plant study populacion are shovm by cause in Table 4.
The SMR for all causes of death wag 103 with 163 deachs observed and
158.10 expecced. There were 315 deachs from malignawt reoplasms
with 30.92 expected, ylelding a SMR of 113. Singificaucly elevated
SHR's vera seex £or the racegories of walignant neoplascs of the
genltourinaty organs and of the bladder. The SMR for bladder cancer
was 989 with 9 deaths observed and 0.91 expe::ed. This excess in
bladder cancer deaths is reflecred in the elevared 5MR for malignant
nioplas=s of the genitourinary organs. A significancly elevated
SMR is also seen for arteriosclerocic hearc disease. There were 79
deaths from this cause with 59.40 expected (5MR = 133). The SHR for
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L,’_-.:;;_ . : . Table 1. Distribuzion of Toral Nitro Plant Study Populatien

e s I by Age ac Hire
{ Age atr Hlre Nuzber Percent

\ . <20 122 13.8

20-2% 518 58.6

30-39% 151 21.6

40-49 53 6.0

S0+ ) 0 0.0

©  Total ' 884 S 100.0

___Table 2. Distriburion of Total Nitro Plant Study Popula:"cn
o " " by Year of Hire ~°~° " TTTTT ST - -

-
— . -

Year of Hire Nuxber Percentc
Prior to 1930 21 2.4

: 1930-1939 74 8.4
; 1940-1949 361 i 40.8
b 1950-1959 305 S O
N 1960-1976 123 ] 13.9,
Total 884 100.0

, - mam——— coamm —— 0 . — e -

Table 3. Distribution of Total Nitro Flant Study Populatian
by Length of Eoployment

’ Length af Esployment (yrs.) Nuzber Percent
- €10 225 . 25.5
10-~-1%9 213 24.1
20-29 204 . 23.1
. 30+ 282 - 27.4
Total 884 100.1

L
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Table 4. Obletved and Expe: ted Number of Deathna Durlns 1955-1977 by Cause Showing
Standardized Mortullty Ratios (SHR'S) for Total Nltro Plant Study Fopulation
) ICDA Codes
Cause of Death > 8th_Rev. Observed Expected SHR
All causes of death, . 16] 158,10 103
All malignant neoplasme 140-209 35 30.92 113
Buccs] cavity and pharynx 140~-149 0 1.0) 0
Digeastive organs nnd peritoneun 150-159 4 8.65 46
Stomach 151 1 1.6] 61
Liver 155-156 0 0.60 0
All other digestive orguna _— S | 6.42 41
Reapiratory sysfem 160-161 14 10.5) 13)
Lung 162-161 14 - 9.9%1 141
All other trespiratory organa. - 0 0.60 0
Skin 172-173 0 0.58 0
Cenftourinatry orgens 185-1869 12 1.25 J20%
Blodder 104 9 0.91 9894
All other genitourinary crgsne -~ l 2,84 106
Lymphatic and hematopoietic tisaue 200-209 1 3.15 32
Other sites '~ ~ -—- 4 3.25 123
Discascs of the harvous ayatem and senso organs J20-389 0 1,208 ° 0
Disenses of the civculatory system 390~-458 91 82,59 111
Arteclosclerotic heart disease, including CHD 430-413 ~ 19 59.40 1334
All other dlseawes of the clrculnto‘y system - ' 1] 23.19 S64.
Discaoes of the \eqplrutory syatem 460519 6 9.1] 66
Discancs of the dlgestive aystem - 520-577 5 8.0 62
All other discasna - ) 5 10,46 484
Exturnal causes of_death 800-994 20 ___ 15.69 _ 127

‘Humher at riak: 804

Peraon-ycarg at rlak: 13958.7
fp o< 05 '
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other circulacory diseases vas significancly lov at 56. A sigalfican:
deficit was also seen for the category of all other diseases where the
SHR was 4B with 5 deaths observed and 10.46 expected.

Trends for malignant neoplasm deaths with calendar time are shewm
in Table 5. S¥R's vhich increased consisteantly over the paricd 1$53-
1977 are seen for the categories of all-zalignant neeplasms and ralig-
nant neoplasms of the respiratory system. The SHR for all malignan:
neoplasms rcse from 32 to 131, The SMX for malignant neoplasms of che
respiracory system rose from 0 to 172 refleccing a SMR far lung cancer
vhich increased froz 0 co 18l., Alchough based on very scall nuzbers,
the SR for malignanct necpiasma of the digestive organs and peritoneux
consistently decreased over tice from 99 to 24. The SMR for malignan:
nesoplasms of the genitourinary eorgans peaked during the period 1960-
1569. This is reflected io the SMR for bladder cancer which increased
from O {n 1955-195% to a peak of 1471 in 1960-1969 and decreased to
833 in 1970-1977.

The analysis of observed and expected deaths from malignant nec—
plas=s by age at death revealed lirrle in terms of consistent trends
vith age (Table £). Tor mosr of the cause-~of-death categories, the

" SMR peaked ac age 45-64 rTather than continuing to tvise with increasing

age. Bladder cancer is one category where the SMR remained high at
age 65 and over.:

The discribution of deaths from malignant neoplascs by year of
hire is showvn in Table 7. No deaths fro=m malignant neoplasms were
observed among workers hired afrer 1960. The SMR for all zmalignant
ceoplas=s was similar for chose hired prior to 1945 and for those
hired in the period 1945-1359. The grearest difference in SHR's be-
tween those hired prior to 1945 and those hired from 1945-1939 occurs
wich bladder cancer. The SHR for bladder cancer is highesc for chcse
kired prior to 1945 wich a SMR of 1111,

A subsei of dsaths identified from the toval Nitro plantc study
population was studied separately. Table 8 characcterizes the deced-
ents according to 2,4,5-T exposure.: Of the 163 decedents, 58 (35.62)
vere conslidared to be exposed to 2,4,5-T based on rtheir work history
records, vhile 104 (63.8%) vere considerad to be non-expesed. The

_ exposure of one decedeat was unkown.

The resules of the preportivnal. wmartzlity analysis by 2,4,5-T
exposure classificarion are presented in Table 9. The proportion of
cancer deaths atang 2,4 ,5-T workers is lower than in che non-exposad
group (FMR: B2 vs. 122). The PMR for lung cancer dexcths is slighzly
higher in the exposed group (PMR: 159 vs. 117). The proporcicn of
deaths due to bladder cancer is higher aoong the decedents not ex—=
posed te 2,4,5-T. There were 7 deachs from bladder cancer among -these
vorkers with 0.85 expected (PMR = 1077). The PR for bladder cancel
acong decedents exposed to 2,4,5-T was 909 with 2 deaths observed and
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Table 5. Observed and Expected Deatha from Halignant Neoplaoms During 1955-1977 by Calendar Time
’ Showipg Standsrdized Mortality Ratioa (SMR’S) for Total Nltro Plant Study Population

¢ Calendar Time

1955-1959 i 1960-1969 1970-1977

Cause of Death Dbserved Expected SMR Observed Fxpected SHR Observed Expccted SMR
All malignsnt neoplasms 1 3.13 ]2 1] 11.81 110 21 . 15.98 131
Buccal cavi:y and pharynx 0 0.11 o .0 “0.41 0 0 0.50 0
. Digestive organs and peritoneum 1 1.01 99 -2 31.48 57 1 4.16 24
Stomach ~ 0 0,25 0 ‘0 0.70 0 1 0.69 145
Liver ) 0 0.09 0 1 0 0.28 0 0 0.2) 0
.All other dlgecstive organs 1 0.67 149 2 2.50 80 0 3.2 - 0
Reaplratory aystem 0 0.07 0 4 .03 104 10 5.81 172
Lung . 0 0.80 0 ) 359 11 10 5.52 161
All other resplratory organs 0O 0.07 0 0 0.24 0 0 0.29 0
Skin 0 0.07 0 0 0.2] 0 0 0.28 0
Cenitourknary organs 0 0.1} 0 5 1.37, 365 7 2.05 341
Bladder 0 0.09 0 b 0.4 14714 4 0.40 833}
All other genltourinary ovrgans O 0.24 0 - @ .. 1.00 0 i 1.57 191
Lymphatic and hematopoietic 0 0.40 )] ' 0 - 1.24 0 1 1.50 67
tiasue i . '
Other sites 0 0,34 0 * 2 1.25 160 2 1.08 119
fp < ,05
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Table 6, Obeerved and Erxpected Deathe from Malignant Ne

4

I
oplapma During 1955-1977 by

Age at Death
Showing Standardized Mortallty Ratles (SMR'S) for Total Mitro Plant Study Population

<45

i

‘ Age at Dleath

101

[~-2N]
oL OO0DOO0O

1774
12004

123

106

45-64 65+
Csvse of Death Oboerved Expected SMR Obperved Expected SHR Observed Expected SHR
All malignanx neoplasms 2 2.39 84 .21 16.85 123 12 . 11.69
Buccal cavity and pharynx 0 0.06 0 |0 0.67 0 0 0.11
Digestive organs and peritoneum 0 0.51 0 4 4.58 82 0 3.57
Stomach ‘' 0 0.10 0 1 0.85 118 0 0.60
Liver 0 0.03 0 ;o0 0.32 0 0 0.24
All other digeative organs 0 0.0 0 13 .41 88 0 2.65
Reaplratory ayitem 0 0.54 0 11 6.36 173 i 3.61
Lung ' 0 0.51 o, .11 5.99 164 J 1.462
All other respiratory organs 0 0,03 [ v 0 0.37 -0 0 0.19
Skin . 0 0.13 0 :0 0,31 o 0 0.14
Cenitourindty organs 1 0.20 300 ﬁ ] 1.43 210 0 2,12
Bladder 1 0.02 5000 12 0.39 513 6 0:50
All other genitourinary organs 0 0.18 0 01 1.04 96 2 1.62
Lymphatic and hematopolatic 0 0.55 0 R 1,60 6] 0 1.00
tinsue H
Other aites 1 0.40 250 |2 1.90 105 1 0.94
*p < .05

v€S
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Tabla 7. Obsetved and Expected Deaths from Halignant Hedpluams Dufing 1955-1977 by Year of ilire
Showing Standardized ﬂortality Ratios (SMR'S) for Total MWitro Plant Study Populatlon

Cause of Death

Obscrved Expected SHR Observed Expected SHR Observed Fxpected SHR

All malignant neoplosns 25 21.30 117 10 B.63 116 a 0.99 0
Buccal cavigy and pharynx 0 0.70 ¢ .0 0.1 0 0 0.0) 0
Digeative organs and peritoneum 2 6.27 32 2 2.19 91 -0 0.19 0

Stomach 0 1.21 0 i1 0. 3% 256 0 0.03 a
Liver 0 0.45 0 .0 0.14 0 0 0.01 0
All other digestlve organs 2 4.61 4] ol 1.66 60 0 0.15 0
Resplratary system ' 10 7.14 140 4 3.09 129 0 0.27 o
Lung 10 6.7) 149 ‘4 2.93 1M 0 0.26 0

_ All other respiratory organs 0 0.41 0 | 0 0.16 0 0 0.01 0
Skin 0 0.]31 0 . 0 0,22 0 0 0.05 0
Cenitourinary organs 9 2.90 310 ] 0.76 395 Q 0.09 0

Bladder 8 - 0.72 1111+ 1 0.18 556 0 0.01 0
All other genlrourinary organs 1 2,18 4o ¢ 2 0.50 243 1] 0.08 0
Lymphatic and hematopoletic 1 1,95 31 .0 1.00 a 0 0.20 0
tissue ' '
Other s{tes 3 2.0) 148 iR 1.06 94 0 0.16 0
p < ,05 . !
Table 0. 2,4,5-T Expoautre Classification fer Decendenta During
1955-1977 Among Total Nitro Plant. Study Population
2,4,5~T Exposure Clasafffcation Number of Deaths Percent
Expoged * 58 35.6
Non~expoaed 104 63.0
Unknown 1 . 0.6
Toral 161 100.0
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Table 9. Observed and Expected Number of Deaths During 1955-1977 by Cauase and
.. 2,4,5~T Exposure Category Shoving Proportional Hortality Ratf{oam (PHR'S)

2,4,5-T Exponure Category

Exposed Non-exposed
Couse of Death Observed Expected PHR Mbserved Expected PHR
. .

All wmalignant néoplasma 9 f 10.94 82 25 20.43 122
Buccal cavity and pharynx 0 | 0.30 0 0 0.64 0
Dlgestlve organs and peritoneunm 0 d 2,80 0 J 5.74 52

Stomach 0 . 0.52 (] 0 1.06 0
Liver 0 0.19 0 0 0.39 0
All other dlgeutive organs 0 i 2.09 0 ) 4.29 70
Respiratory aystem 6 | 3,18 139 8 6.81 117
Lung b 1 3.57 160 8 6.42 125
" All other respiratory orgnna 0o | 0.21° 0 0 - 0.39 0
Skin 0., 0,29 0 0 0.35 0
Cenltourinary organg 2 ! 0.96 200 10 2,70 )70+
Bladder 2 0.22 909 7 0.65 10774
All othet’ gonitourinary orgena 0" L 0.4 0 ] 2,05 146
Lymphatic bnd hematopofetic tissue 0 N 1,35 .0 1 2,07 48
Other siteo 1 1.38 72 ] 2.12 142

Diseasca of thé nervous system and sense organs 0 ] 0.6t 0 0 0.8} 0

Discascs of the circulatory system N} 26.48 117 61 55.34 110
Arterlosclerotic heart dlscase, including CIlD 27 | 19.72 1»7 52 39.68 1114
All other diseases of tha cfi:ilatory system 4 » 6,76 59 9 15.66 57

Discasaca of the respiratory system 2 2.67 75 4 6.49 62

Discases of the digestive systen-- 1 . 370 27 4 4,93 01

All other dlscases I 6.3 70 2 6.70 10

Externnl causes of death - 12 9.29 129 & 9.28___ 86

Total 1l _number of deaths: 58 i 58.00 104 104.00

p <, 05
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0.22 expected. PR's for both expesure groups are quite similar for
diseases of circulacory and respiratery svstem. Slight differences
appear in the PMR's betveen the two groups for diseases of the diges-
tive syscem and all ocher diseases. However, the PMR's fcr both .
groups are quite low. The PMR for external causes of death is slighely
higher in the exposed group {(PM=: 129 vs. BS).

A listing of the cancer deachs-acong the 2,4,5-T exposed 1is given
{n Table 10. Table 11 listed the cancer deaths azong cthe non-exposed

gTOUR.
DISCUSSION

The observation cads many years ago of an apparant excess in
bladdar cancer among Nitre plant workers was confirmed and quancifiad
in the morctalicy analysis of the tetal Nitro planc populacion presented
here. The SHMR for bladder cancer was 989 and was the only szatisci-
cally significant SMR among those for malignant neoplaswms. The excess
{n mwortalicy 'is noc seen until 1960. The SMR peaked in the 1960's
and declined somewhat in-the 1970’s. The axcess also appeared ro be
clustered in those decedents aged 65 years and older at death and in
those hired prior to 1545, This would suggest that we should see 2
further decline in the SMR for bladder cancer over time.

Although not statistically significant, the SMR for lung caccer
appears to be elsvated. The SHR increased with calendar tice and was
highest in those hired prior to 1945.- The elevation appears to be
clustered in those aged 45-64 years of age at death (SHR = 184) and
does not show a gradient with age. Further analyses to evaluate
trends in lung cancer deaths as they relates cto occupation cannot be
carried out due to limications in the data collecred in this scudy.

The SMR for diseases of the circulatory sSystea was elevated at

. 111l. This is most litelv a reflectica of the higher worrality frem

heazt 4iv.zse vhick has been observed for~§har1=s:on,.west Virginia
and Xanavha County, Wese Virginia (unpublished data, Neas LM, 1979 acd
Enterline PE, 1979). For the toctal Nitre plant scudy populacion,
there was a statisrically significant excess in deaths from arterioe-
sclerozic beart disease and a deficit in deaths fron ocher circulatory
diseages., This variation in the distribution of deaths from thac of
the U.S. may be due to risk factar or mediczl care differences in the
plant populartion and the local area. Thase.may include.differeaces

in smoking habits, the availabilicy and use of medical servizes and
the specificiry.of diagnoses. )

The proportiomal mortality analysis of decedents by 2,4,5~T
exposure classification indicated no unusual patterns of mortality .
in the 2,4,5-T exposed. The proportional morralicy ratio (PR for
malignant neoplasms wvas low (PMR = B2) in tbe expesed group. Lung
cancer was cthe only site acong the malignant necplasms which ‘vas
somewhat higher in the exposed group.
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Table i0. Deatha Due to Malignhnt Meoplasms Among ®
Nitro Plant Workers Expoaed ro 2,4,5-T o
i
Year of Year of Year:bf lat  Year of Year of Smoklng Cause of Death aa Civen on
Birth ., Hire Exposure Term, Death’ IlatoryA Death Cectificare
'
1917 1946 1951 1972 1972 | Clgavcttes Carclnoma left lung with
L ' ; metastases (162.1)
. . "l I .
1911 1948 1955 1972 1972 ° Cigarettes Metastatic carclnoma of the
: Iung (162.1)
1916 1946 1959 1968 1968 ; Cigarettes Bronchiogen{c carcinoma of
. 1 right upper lobe (i62.1)
1901 1944 1956 1963 1973 l Cigarettea Corcinoma lung with
: i metastases (162,1)
1911 1941 1943 1971 1975 | Cigarcttes Bronchiogenle carclinoma
- o . with cercbral metastanes
s ! (162.1)
1922 .1945 248 1872 197i'i Non-omoker - Bronchlogenic carcinoma o
- ' with metastases (162,1) »
) « .
192] 1946 1930 1972 1972 ¢ Cigarettes Generallzed liposarcoma N
} - i ' (171.9) A
. e ol . b3
1902 1922 1948. ‘1966 1966 I Non-smoker Metastatle carcinoma »
. ] urlnary bladder (188,0)4# 3
. | o
1910 1944 1948 1968 1968 ; Hon-amoker Carcinoma of the urlaary 2
N , | bladder (188.0)4+ o
% Obtained by interview with former cowvorkers of decedents. 2
*4 Included on the Nitro plant PAB rooter. i ,:':,:
:‘T_""" ~<
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Table 1i.

Deatha Due to Halignant Neoplapms Among
Nitro Plant Workera Not Exposed to 2,4,5-T

.Year of

L Includud on the Nitro plant I'All roster,

Year of Year of Year of Smoking Cause of Death as Clven on
Birth ilire Termin. " Death Ilintory* Death Certfficate
1911 1945 1966 1960 Clgarcttes Carcinoma of colon (153.8)
T 1904 . 1935 1957 1957 Clgarcttes Carcinoma of liver (157.9)
1899 1929 1959 1960 Plpe Intraperitoneal earcinoma {158.9)
19035 1944 1970 1972 Clgarettes Carcinoma of Jung (162.1) J
1909 - 194) 1962 19612 Clparcttes Carclnoma of lefr lung (162.1)
1910 1927 1966 1970 Cigarcttes Pulmonary carcinoma (162.1)
1912 1944 1965 1965 Cigarettes Carcinoma of apex of right lung (162.1) -
19135 1937 1977 1977, Clgarcttes Carcinoma of lung (162.1)
1915 19139 1969 1970 Clparcttes Carcinoma of lungs (162.1)
1894 1944 - 1960 1964  Non-smoker  Carclnoma of lung (162.1)
1912 1917 1973 1974 Clgarettesn Carclnoma of Yung {162.1)
1919 1946 196) 1964 Clgarcttes Carcinoma of urinary bladder (1808,0)#4
1901 1933 1962 1977 Clgarettca Carclnoma of bladder (100.0)#%4
1497 1941 1962 1965 Clgaruvttes Carclnuma of urlnary bladdec (10B,.0)an
1898 191) 1962 1965 Smoked yeavs ago Carclnoma of urlnary bladder (108,0)4s
1905 1941 1971 1975 Clpareties Carcinoma of bladder (108.0)
18948 . 1943 1963 1970  Clgareties Pladder tumor. (188.0)A4
1808 1944 1956 1970 Unknown Carclnoma of bladder (188.0)
1905 19 1969 1927 Clgnrs Prostatlec carcinoma (185,0)
1906 . ;1946 1968 1977 Clgarettes Carcluoma of prostate {105.0)
19235 19435 127] 1974 Smoked yeara ago Carcluema of prostate (185.0)
1413 194) 1972 197] Clgarettes tlodgkin's Msease (201.0)
1901 1941 1964 1965 Clgnrs Qutcosarcoma arislng from lefr arm (170.4)
1901 1943 1966 1977 Clgarettes Curclnoma of llver & pancreasn (197 8)
1922 1944 1964 1964 Clgarettes Adenacnrcinoma (199, u)

‘& gbtained by interview with former coworkers of decedenta,

" - - .
ar o g b o
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The PXB analysis {s limfted {a that an assessment of the tora]
force of mortality cannot be made. The cause-specific MR's anlv
approxizate what an SMR analysis would have produced.1 The PR
analysis presenced here estizaces the cause-specifxc risks associarc
wich 2,4,5-T exposure and perential TCDD exposure.

It i5 interesting to cozpare the results of this sctudy of Niecr
plant workers potentially exposed to TCDD wich the results of the
scudy of Nitro workers involved ia the 1949 TCP accident. The work

_involved in thar incident had presumed TCDD exposure as evidenced b

- ——— o —

chloracane. The resulets of the rtwo studies are si=ilar ia that nei:z
shows an excess in deaths from any site among maligranc neoplaszs.
1 -

A recent study of Ott et al.l? found no excess in total sorral
or in deaths from =malignant neoplasms among workers expased to 2.3J.
These wvorkers were probably exposed to very low levels of TCDD sinc
no cases of chloracne vera observed. Other scudies of vorkers wha
developed chloracne resulting from ICDD exposure have been conduccte
and have been reviewed.® Acr che present time, data from these vari
studies do not ceoasticute corroborative evidence of a cancer risk ¢
pan for any particular.cancer site, + —m-m — ——m mimme e

.. -
- - .
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