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Chemical Industry Institute of Toxicology

P O Bax 12137

?fesidem. Robert A Neal. PhD. Research Triangle Park.
Vice President. Director of Research. James E. Gibson, Ph.D. North Caroima 27709
Vice Presdent. Administration and Secretary. Donald A. Hant. Ed.D. 919 341.2070

Februarv 24, 1983

Dr. John Helm

U.S. Environmental Protection Agency
401 M Street, S.W.

ailstop TS-778

Washington, D.C. 20460

Dear Dr. Helm:

In accord with vour request for information regarding possible rulemaking
related to toluene diamine I have enclosed the fcllowing itams for vour consi-
deration:

1. "Fertility cf Workers Exposed to Dinitrotoluene and Toluene Diamine at
Three Chemical Plants” by Richard J. Levire, R. Daniel DalCorso, and Patricia
8. Blunden. In The Toxicity of Nitroaromatic Compounds ed. Douglas E. Rickert,
Hemisphere Pub. Inc. (in press).

2. "The Fertility of Workers Exposed to Dinitrotoluene and Toluene Diamine at
Olin Corporation, Lake Charles, Louisiana" by Richard J. Levine

3. ""The Reproductive Experience of Workers Exposed to Dinitrotoluene and Toluene
Diamine at BASF Wyandotte Corporation, Geismar, Louisiana" bv Richard J. Levine

4. '"The Reproductive Experience of Workers Exposed to Dinitrotoluene and Toluene
T

Diamine at Rubicon Chemicals Incorporated, Geismar, Louisiana” bv Richard J. levine
5. Letters to Dr. James Hathawayv, Medical Director: Chemicals. Allied Corrporation
August 17, 1981 and August 25, 1981.

6. Letters to Dr. Lloyd Tepper, Corporate Medical Director, Air Products & Chemi-
cals Inc., July 9, 1981 and March 16, 1982.

I hope that these will be of value to you in your deliberations.

Yours trulvw,

N MR -:-' .
Richard J. Levine, M.D.
4R 2 GRS Chief, Epidemiclogy

ce: Dr. Robert A. Neal TEST RULES DEVE! SPMENT BOANA
Dr. James E. Gibson > LSYS.CPMENT BRANCH
Dr. Donald A. Hart



FERTILITY OF WORKERS EXPOSED TO DINITROTOLUENE

AND TCOLUENE DIAMINE AT THREZ CHEMICAL PLANTS
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Department of Epidemioicgy
Chemical Industry Institute of Toxicology
P. O. Box 12137
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INTRODUCTIO. .

Exposure to dinitrotcluene (DNT) and toluene diamine (TDA) in the
waorkplace nas been suspected to impair spermatogenesis and to increase the
risk that workers' wives may undergo spontaneous abor‘tion.1 While little is
known about the potentiai for TDA to affect reproduction in laboratory ani-
mals, DNT administered in doses far exceeding occupational exposures has
been shown to impair s.ermatogenesis and cause testicular atrophy and reduced
2-6

fertility. On the other hand, d iant lethal mutations, increases in the

proportion of non-viable conceptions which result from exposure of male
animals. have not been observed.s’6 Because of concern that chemical expoc-
sures might be affecting reproduction, the managements of three U. S. chemi-

cal plants producing DNT and TDA requested CliT to evaiuate the reproduc-

tive experience of exposed employees.

BACKGROUND AaND METHODS

Plant A manufactures only DNT and TDA. Since job titles did not
distinguish between these manufacturing processes, identification of exposures
was made as follows: Employees were assumed to have had no exposure 1o
either chemical at the plant prior to May 1973, when DNT was first produced.
After that date, the reproductive experience of persons working at jobs with
little or no potential for exposure was considered te be unexposed. Between
May 1973 and April 1976, when TDA production began, there was potential for
axposure to DNT, but not to TDA. From April 1976 on there.was the possi-

bility for exposure to both DNT and TDA.

A faw employees of Plant A had previously worked at another plant -

Plant X - where they may have been exposed 1o DNT. In view of the fact



that those who had worked at Plant X were not a representative sample of

Plant X employees, little shouid be inferred from their experience about the
effects of Piant X exposures. In assessing the effects of exposure on fertility,

therefore. experience related to exposure at Plant X has been excluded.

A variety of chemicals are produced at Plant B. These include toluene
diisocyanate for whicn the plant makes the intermediates DONT and TDA.
Production jobs are assigned by manufacturing process, which can be denti-
fied from job titles. The DNT and TDA processes are housed in separate
buildings. In the DNT process there is no possibility for exposure to TDA.

Opportunity for exposure to DNT in the TDA process is considered slight.

Plant C is organized by production areas and not by individual products
or manufacturing processes. Employees are assigned to an area and rotate
through all activities in the ar2a according to a two-week or a one-month
rotation schedule. The only significant exposures to DNT occur in the nitra-
tions area ("DNT+"), which includes offsites (loading methylene dipheny!l
diisocyanate; receiving benzene, toluene, ammonia, and other raw materials),
sulfuric acid concentration, and the manufacture of ritric acid, DNT, and
nitrobenzene. Significant exposures to TDA occur only in the reductions area

("TDA+"), where TDA, aniline, and diphenylamine are produced.

Fertility during first and last marriages of female employees or the wives
of male employees was analyzed according to the method of Levine et al.7
Unmarried experience and married experience following permanent sep.. ation

(i.e. observed or expected births occurring within nine months of marriage or




more ‘han nine months after permanent separation) was excluded from

analysis.

At Plant A dates of hire were obtained from personnel records, but job
titles and dates of job changes were provided by the employees. Mast em-
ployees did not change jobs; and when a job change was made, it usually was
from one exposed (or unexposed) job to another. Inaccuracies of dates of job
changes, therefore, are likely to influence oniy slightly the overatl .assessment
of the effects of exposure on fertility. Job titles and dates comprising in-plant
occupational histories at Plants B and C were provided by the plant persaonnel

offices and verified with employees. At each plant a corporate industrial

hygienist assessed the potential for exposure of all jobs.

Interviews at Plant A were obtained in two rounds. During 1979 ques-
tionnaires were administered to 137 of 152 permanent* employees (30 percent).
The following year 91 employees were interviewed, 84 of whom were inter-
viewed for the second time using foliow-up questionnaires. Data from both
sets of interviews were pooled. In 1981 all permanent* employees of Plants B
and C whose jobs had ever taken them into the production areas of the plants
on a regular basis were invited to participate in questicnnaire surveys. Of
221 eligible persons at Plant B, 207 (94 percent) were interviewed; at Plant C
235 were interviewed from among 268 eligible (88> percent). Most persons not
interviewed were unavailable due to vacation or medical absence rather thar

refusal to participate.

*Since adequate job histories were not available for persons employed by
contractors, such individuals were not inciuded in the study.

- ==



RESULTS

Results of the fertility analyses are presente~ in Tables 1-4. Observed
and xpected births and the resulting ratio or standardized rertility ratio
(SFR) are recorded for different portions of group reproductive experience.
Pre-employment fertility is set forth in the pair of numerical columns at
farthest left. Other pairs of columns dvispiay post-empleyment fertility accord-
ing to whether there were 1) little or no opportunity for exposure ('"No" or
"None') -- e.g. layoff cr other absence, administrative and certasn technical
jobs, or any job prior to the start of chemicals prcduction; 2) opportunity for
exposures to DNT or TDA cr both; 3) for multiple exposures not iimited to
one production area, as with various maintenance, laboratory, and tecnnical
pesitions; or 4) "Other" expuosures, referring to the experience of individuals
assigned to work in discrete production areas without potential for exposure

to DNT or TDA.

tn order to check for the possible influence of socioeconomic status on
fertility, persons who had ever been hourly employees were designated "hour-
ly"; similarly, those who had ever been salaried were "salaried". Persons
who had been both hourly and salaried were denoted "hourly/salaried" and
were also included in "hourly" and “salaried" categories. Pre-employment
fertility ard weighted mean age of wives before plarit employment were similar
for hourly and salaried persons. Since these designations of themselves did
not appear to affect fertility prior to employment at the plants, they were not

considered in evaluating the effects of exposure.

The change in fertility with exposure (Table 5) is denoted by theta (8)

and computed as the ratio of SFRs during and in the absence of exposure
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(SFR exposed/SFR unexposed). SFRs based upon fewer than five expected

births sre unstable and have been disregarded.

Exposure-related fertility among non-white male employees, those with

Spanish surnames, and femaie employees was insufficient to analyze.

Plant A

The relationship of fertility to exposure at Plant A s described in Tables
1 and 5. Since it was not possible to devalop stable estimates of fertility at
risk from DNT eéxposure alone, DNT-related fertility of all male employees was
combined with fertility associated with DNT or TDA éxposures. This results
in 8 = 1.05 (22/11.0 / 126/66.3) with 90% confidence limits 0.69 and 1.56. A
60% reduction in fertility (8 = 0.40) could have been detected at the p = 0.05

level of significance with a power of 0.9,

Plant B

Fertility ot Plant R employees is described in Tables 2, 3, and 5. Table
2 presents fertility at all parity levels ("aggregate fertility") by exposure;
Tabie 3, parity-specific fertility. In analyzing the effects of exposure on
fertility, fertility related to the pre-employment period and to post-employment
exposures "None" and "Other" has been used as the baseline. For all men,
estimates of theta for DNT, TDA, and muitiple exposure, which may include
eéxposure to DNT and TDA, are 0.97 (Mmse.2 / 410/225.3), 0.80
(11/7.6 / 410/225.3), and 0.87 (90/56.8 / 410/225.3), respectively.

Changes in fertility during DNT and TDA manufacturing can also be

estimated by considering only the baseline experience of persons who have




worked in thase areas. For DNT-exposed men, theta related to the DNT

manufacturing process is 1.02 (11/6.2 / 52/29.8); for TDA-exposed men,
theta related to TDA manufacturing is 0.87 (11/7.6 / 55/33.1). Using only
fertility at parities 1 or higher (cf. parity 1+ fertility in Table 3) among all
men, theta is 1.41 (11,/58.1 / 252/196.7) fc  ONT, 0.89 (8/7.0 / 252/196.7) for
TDA, and 1.06 (74/54.4 / 252/196.7) for multiple exposures; among TDA-
exposed men, theta related to TDA exposure is 1.17 (8/7.0 / 27/27.7). The

baseline fertility of exposed ana unexposed persens did not differ significantly.

None of the estimates of theta is significantly different from unity.
Among ail men a 70% reduction in fertility during either DNT or TDA exposure
and a 30% reduction during multipie exposure could have been detected at the

o = 0.05 level of significance with a power of 0.9.

Pilant C

The fertility of Plant C employees by exposure is presented in Tabies 4
and 5. Using fertility related to the pre-employment period and to post-
empioyment exposures "None" and "Other" as the baseline, estimates of theta
for all men at risk from DNT+, TDA+, and multiple exposure are (.94
(17/8.5 7 294/738.4), 0.95 (32/15.9 / 294/133.4), and 0.94 (30/15.0 / 294/138.4),
respectively. Among men who had ever been exposed, respective estimates
for DNT+ exposure and TDA+ exposure are 1.04 (17/8.5 / 85/44.0) and 0.99
(32/15.9 / 66/32.4). Values of theta would have changed little if experience
a. risk from "other" post-employment exposures had been' deleted from the

baseline.



None of these estimates of theta is significantly different from unity.

Among all men, a 50% reduction in fertility during TDA+ or multiple exposure
and a 60% reduction during DNT+ exposure could have been detected at the

p = 0.05 level of significance with a power of 0.9.



DISCUSSION

Estimates of the change in fertility with exposure have been determined
from the exgerience of aill men employed at the plants or from that o7 persons
who had ever been exposed, at all parities or at parities one and greater.
Use of the non-exposed experience of ever-expcsed men as a baseline mini-
mizes the concern that differences associated with exposure might have re-
sulted from innerent differences in the fertility of exposed persons. No
significant differences, however, between the fertility of exposed and un-

expeosed persons were noted.

The analysis of aggregate fertility assumes that SFRs do not vary with
female age, birth cohort, or parity, or that the distribution of these param-

eters is similar across exposure periods. With respect to the relationship of

parity and married fertility, s assumption is false.

The relationship of parity to fertility among employees of DPlant B is
presented in Table 3. It can be readily discerned that the magnitude of
SFRs is not constant across parity levels and declines with increasing parity.
This is evident from a scrutiny of parity-specific SFRs during the pre-
employment period, when fertility is unlikely to be confounded by differences
in environmental exposures. The greatest decrement in fertility occurs be-
tween parities 0 and 1 and may be attributed to the preponderance of nulli-
parcus single women at parity O in the general poputation from whom birth
nrobabilities ar: determined. This depresses the expected number of births
at parity 0 and, since the reproductive experience of the group under study
is married experience, it increases the SFR. According to the 1970 U.s.

census an estimated 74 percent of never married, c<-parated, widowed, and



%

divorced women between the ages of 15 - 49 were chi!dless.8 At higher

parities, therefore, the proportion of single women in the general population -

and hence the discrepancy from married experience - is greatly reJjuced.

Because workers are older after employment at the plant than before,
their post-employment fertility is likely to contain less parity 0 experience.
The corresponding U.S. general population is aiso older and usually includes
a greater proportion of married women since the proportion married increases
with age until the early thir'ties.9 For these reasons SFRs at parity 0 tend
to contribute less to aggregate fertility and to be smaller after employment at
the plant than during the pre-employment period. This resuits in artifactual
reduction of post-employment aggregate SFRs when compared to pre-employment
fertility, a phenomenon which may be termed the "marital status artifact." A
good example of the marital status artifact can be observed in Tabie 3.
Aggregate pre-employment SFRs for all men and TDA-exposed men are greater
than SFRs during TDA exposure, whereas parity-specific SFRs are almost

always less.

The marital status artifact may be minimized by discarding parity 0
experience an< examining only fertility at higher sarities. Parity 1+ experi-
ence has been examined whenever aggregate fertility during exposure is
reduced, but not otherwise. This is because, after deleting parity 0 ex-
perience, estimates of theta based upon aggregate fertility would be expected

to increase.

Values of theta for the three plants have been listed by exposure in

Table 5 with 90% confidence limits. None is significantly less than unity; and
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all are greater than or approx mately equal to unity with the possible excep-
tion of TDA exposur= at Plant B. In this instance parity 1+ fertility appears
somewhat diminished or enhanced, according to whether the non-exposed

experience of all men or of TDA-exposec men is used as the baseline.

Power analyses estimate the probability that significant fertility reduc-

tions wculd have been detected. The actuai probability depends greatly on

Should the derinition of exnosure be broadened to include more than one
chemical or clant, the probability of detecting a significant reduction in
fertility, given a certain level of true association, weculd be enhanced. In
general for the situations described here, 2 true reduction in fertility of S0

percent or more would have been detected 90 percent of the time.

Tc summarize, the fertility of me mployed at three U.S. chemical
plants nas not been reduced significantly by exposure tc DNT or TDA.
Actual estimates suggest that fertility may not have been reduced at ail. |if
in fact these chemical exposuies are associated with large reductions in male
fertility, it is likelv that fertility would have been found to be significantly

recduced.

ACKNCWLEDGEMENT
The advice of Dr. Thomas B. Starr and Dr. Dragana A. Andjelkovich is

gratefully acknowledged.



REFERENCES

Ahrenholz SH, Meyer CR: Health hazard evaluation determination report

HE 79-113-728: Olin Chemical Company, Brandenburg, Kentucky. U.S.
Department of Health and Human Services, Center for Disease Control,
Nationa! Institute for Occupational Safety and Health, Cincinnati, Ohio
45226. August 1980.

Reno FE, Ulland BM, Alsaker RD, Kundzins W, Dawkins BG, Wentz KL:
104-week chronic toxicity study in rats: dinitrotoluene. Final report.
Hazleton Laboratories, Vienna, Virginia 22180. April 1982.

Lee CC, Ellis HV, Kowalski JJ, Hodgson JR, Hwang SW, Short RD,
Bhandari JC, Sanyer JL, Reddig Tw, Minor JL: Mammalian toxicity of
munitions compounds; Phase !I: Effects of multiple doses; Part 11:
2,4-dinitrotoluene. Progress Report No. 3. Midwest Research Institute,
Kansas City, Missouri 64110. November 1978.

Lee CC, Ellis HV, Kowalski JJ, Hodgson JR, Short RD, Bhandari JC,

Reddig TW, Minor JL: Mammalian toxicity of munitions compounds; Phase

tl: Effects of multiple doses; Part 1il: 2,6-dinitrotoluene. Progress
Report No. 4. Midwest Research Instit Kansas City, Missouri 64110.
July 1976,

Dougherty RW, Simon GS, Campbell K!, Borzelleca JF: Failure of 2,4~
dinitrotoluene to induce dominant iethal mutations in the rat. The Pharma-
cologist 20: 155, 1978.

Soares ER, Lock LF: Lack of an indication of mutagenic effects of
dinitrotoluenes and diaminotoluenes in mice. Environ Mutagenesis 2:
111-124, 1980.

Levine RJ, Symons MJ, Balogh SA, Arndt DM, Saswandik NT. Gentiie
JW: A method for mcnitoring the fertility of workers: 1. Method and

pilot studies. J Occup Med 22: 781-791, 1980.




U.S. Bureau of the Census: Women by number of children ever born.

Final Report PC{2)-3A. Census of Population: 1970.

{1

Subject Reports.

Tabies 1, 22, 65.

J.&. Bureau of the Census: United States Summary - Detailed Charac-

U.

teristics. Census of Popuiation: 1970. Table 203.



"Y1Ud] 1S3JL3U Y] 03 PIPUNOJ BJaM SYJLq pajdadxl,

‘padnidoejnuel 94sm

duilwelp 3uaN{0} pue 3UaN(03043LULD YOG UBYM ‘4d31je3UdY} pue g/6T |tady - yOi/INQ ‘Padnpoad Sem 3uanjojoujLutp ALUO YoLym
butanp potuad ay1 ‘971 |tady ybnouayl g/6T Ael - INQ ‘Otled A3L|13494 pazipaepuels - Y45 ‘Syi4iq pajdadxa/pansasqo - 3/0

00°0 0°0/0 -m-- mee-- 00°0 €°0/0 ---- —=--- seme emee- 10°¢ 6°11/42 uswom ||y
00’0 T°0/0 00°0 <Z°0/0 0000 0°0/0 ¢’ 6°1/9 10°'T 0°1/1 ¢6°'T 68 /L1 posodxa-y jueld
9e'T  L70/1 000 9°0/0 00°0 0°0/0 't 0'e/y 0°T 0'1/1 86°T 97, /21 patueies/A{4noy
e’ 80/t 00°0 9°0/0 't v1/e L0°T  Lt/h Lo v/t S6°T Z2°62/LS patJeies
€°¢ 0°6/0¢ 660 0°¢/¢ 000 <¢70/0 13 2 SN 74°) 0°T 0'1/1 (8°T (L'Tv/8L ALanoy
v’ 8°0/¢ ———- m---- 06°0 T1°0/0 e eeee ——=-  ee-e- v2'¢ 0°'v /6 awruans ystueds
)
287 1°1/¢ 0000 t°0/0 00°0 T°0/0 mm—- mmee- ———— eeee- ¢S°¢ C't /8 9LYM-UON
p1°¢ 0°8/L1 v¢’1 9'1/¢ tEE'T §'1/¢ ¢¢’t 6°%/9 L0 v/t 16°T T1709/S1T ILYM
¢¢’Z 0°6/0¢ 660 0°¢/¢ 6°'T 9°1/¢ 2T 6°%/9 Lo vi/t ¥6'T €°€9/¢€C1 uaw |y
445 3/0 L EN 3/0 44s_ . 3/0 44s 3/0 LB 3/0 44S 3/0 dnou9
Val+ING 1NG ON S9A ON
dunsodx3y y jue(d asnsodx3 X ue{d
JuawAo | dw3-q1504 JuadwAo | dw3z-a4d
xY INVId  34NSOdX3 TYNOILVANII0 A ALITILY34 QI THHVW

13l

qe}



,.587 153uki Y 9Y) 0] PAaprnod 34aM sYldaLq pazvadxl,

‘Buippiag voryedaftayas ayy pue ‘@snaiuamod ayy ‘aduasge ;0 9AFEL JO JjoAe] - (43UoN,) aunsodxa oN :3jeuekD0SLLp
duanioy pue ‘ausdbsoyd ‘spixouow rgics L urpiue ‘3UAZUBQOUILL NLTE Siew ‘proe Drdewnl ‘apldpAyue pioe J1ajew ‘apLapAy
-UB pLloe dLitxul  :s3ssadoud durhyorynuew B oriol S41 pur “juawypau; ajsem 21uchaoul pue dpuebuo  su0LIRAIUIIUOD pLoe
EANLINS - <aan udXS 4oyl f9LULSLAd © 23TucgR| pue ‘suapeo| ‘sudyusM dvueusjures apimiveld se yons ‘saunsodxa jo AyioLyid
L3N B d9quredun AW puR pact gy, ‘ed B 0y coufitsse a0 jcuue; oym suosdad - sadihsodxa a|dLyny ¢ssadcoad Buruaniydejnuew
YOL 3Y3 - ya] .csedoad Burtamineirivg (ng 941 - (NG 0iaed ApLiledoy 1o aspueys - Y45 SSYIALG paldadxa/pandasqo - 3/0

v

(VIR U VAV AY S U AAL T 07°0/0 060  0tpre 66°¢ 0'1/¢ ¢ S'6 /02 uswom ||y

£9-

ST 98 s v¢e ¢ 97,1 Co T o/ e’ G6°0/¢ uée'0 L70/0 L't 8€C /Ty pasodxs-yqL
69°1T 1T/ 72 o'l Tt /% Hutd o v0/0 G0°Y 279/11 92°'¢  L7°0/¢ €L°T 0°¢c /8¢ pasodxa-jNg
06°C  0°0/01 R vor/ss T 97°¢/4 06 ¢TT/T £8°0 t°e/e 123 S S WANAS patue|es/K|anoy
9C°¢  I01/12 £ O 6t ' T 9°¢€/y ¥8°0  <'1/1 ST 0°v/8 $8°T €7/t /69 patue|eg
6l 'l 9728/t6 £6°T  97¢S/ 0% Sy 1T 97//11 9.1 279/T1 ('t t£7L/01 ¥8°'T  9'6v1/SL¢ A 4noy
T4 B U AR AN 997w N 000 Ze/o e e 060 T°0/0 ¢9'¢ 61T /& aweUUNS ysiueds
M3 40 a1 /G 06701 To/T7 e 00°0 0°0/0 ¢ee 0t /L S3LYM-UON
8L g 27 37535/95 e’ sr//0n 9.°T ¢ '9/11 YT 0°6/¢1 €8°T  9°091/v6¢ 97 LYM

T 7

oy

89 1 579¢/Ch Gt'T 97411 9.°T  2'9/11 vl 07°6/¢1 ¥8°'T  9°¢€91/10¢ usuw iy

45 3 s T30 Wi 370 Wi, 370 B 3/C ¥ 370 dnouy
194130 SIGIEEE .01 ING auoN

53.1S00X ]

Jaw 0| dwy-1564 Juawhodwi-auy

¥ AN ld HENSOAXT TYNOTIVANDID0 A9 ALTTTI434 QI THHYW

¢ 3tqe]




-ue pLIB DL1| X0}

‘Yy30a) 7534B3U Y] 03 P3PUN0J UM SYIALG Pajdadxy,

‘Buipling uoryeadbiragad ayy pue ‘asnoyuamod 3yl ‘aduasqe Jo anea| Jo jjoAe| - (,UO0N,) auansodxa oN ‘ajeueklosLLp
auan|oy pue ‘auabsoyd ‘ap(xouow uoqued ‘Bul|iue ‘3IUIZU3QOJILU ‘pLOe Si|BW ‘pLdoe JlJewny ‘IpiLapAyue piLie diajew ‘apLapAy
:53353204d Butanioeynuew Buimo| oy ay3 pue ‘juawieaaj 81SEm dtuebdour pue dtuefuo ‘uoL}BJUIDIUVOI pLIE
14Ny IS - Saunsodxa 4aylQ ‘|auuosuad Auojedsoge| pue ‘suapeo| ‘saaj4om ddueudjuiew apimiueid se yons ‘saunsodxad jo A31ot(d
-L3rw e 433unoduad Aew pue eade Je(ndtjsed e 03 paubisse aq jouued oym suossad - saunsodxad |dLyny ‘ssadoud Buisnyoeinuew
vaL "3 - ygl ‘ssadoud Butanyoeynuew NG dy3 - INQ ‘OLIB4 AQL(1343) PAzZIpJEpURYS - YIS ‘SYjulq pajdadxa/pantasqo - 3790

Y01 L°L /8 1wz 1L /8T vT'T 0°L/8 0S°'L v'0/¢ 0000 9°0/0 86°0 t'61 /61 +1 Aytaeg
00T 0T /1 00°0 8°0 /0 00°¢ 6°0/1 00°0 0°0/0 00°0 0°0/0 00°0 00 /0 + Altueyd
9°0 ST /1 006 0°T /S 00°0 9°T/0 00°0T T°0/1 000 2°0/0 000 #1T /0 £ Artaeg
ve'o L2 /2 9T 2°2 /¢ EV'T 8°2/v (99 €°0/2 0000 0°0/0 ST'T 26 /9 Z ftaeq
09°'T GZ/¢ 92z 1°¢t /L €T 1°2/¢ 00°0 0°0/0 00°0 t°0/0 20°T 8721 /¢t T A3taeq
(S8 L°0/9 0S¢ t0/2 009 S°0/¢ 00°0 T1°0/0 000 0°0/0 00°s ¥¥v /22 0 Aytaeq
£€9°T 9°8 /¥l vZ2'z 9L /L1 Sv'T 9°L/TT 1€°9 §°0/¢ 00°0 £°0/0 LT 8°€Z /¥ usaw pasodxa-yQi
8T 9°05/G/ 9T v ¥S/bL vU'T 0°L/8 08°'T T1°9/11 €T ¢'8/11 12T L'LE1/991 +T ALaey
0T S°L /8 ¥8°0 G'6 /8 002 S°0/T €9°0 9°1/1 GZ'T  €°0/1 01T 69 /L + A1taed
LT'T  g€01/21 G8°'T 8°0T/0¢ 00°0 9°1/0 00t 0T/t 50T 6°1/2 ¥8°0 S°ST /€1 € fytaed
ST 8'GI/ve  ST'T  +'L1/02 tb'1 8°2/v 62’1 ¥°2/¢ 88T 9°1/¢ 22'T Z°6E /8% 2 Ataeq
28°T 0°/1/1¢ 96T [£'91/92 EV'T 12/t €7 T1°1/¢ 22'T  1°v/S 62'T 1°9L /86 T A3tueg
666 7 /tz €€°S 0°¢t /91 00'9 S°0/¢ 0000 T1°0/0 £EE°E  9°0/2 61°S 0°9¢ /SET 0 Ataeg
¢8°'T £7°25/96 8S'T 6°95/06 Gv'T 97 //11 9.°T 2°9/I1T  tvv'T 0°'6/€T  #8°'T  9°€9T/10€ usw |y
445 4,0 _HdS 3/0 445 /0 445 3/6 Y4 3/0 y4S 3/0 dnoup
43410 aldLy |y ING auop
saJansodx3
judwhojdwi-ysog JUAWAO | dwJ -3 g
xMIW 8 INVId  ALTHVA ONV 3¥NSOdXI TYNOILYANIIO AS ALITIL¥I4 QITHYVKW

t 9iqey




"YIud] 1S94EAU Y] 0} PIPUNOJ 3U3M SYuaLq paydadxI,

"satuobaled qol {es31uys3] ULRIUBD pue JALIBAISLULWPE

‘8Juasqe u8yl0 4o jjohke| - (,auoN,) aunsodxa oN ‘jue(d pLIe ILAYLU PlO BY} pue ‘3Ui|Lue ‘JIUIZUBGOUILU *SIUBRLUBA pue 3}RURAD

-0sLip (Auaydip aua|Ayjaw ‘ajeuehd0siLip duaniol  :sassadodd Bulanydejnuew Buimo| o) a8yl - sauansodxa uayip ‘sqol [ed1uydd)y

pue ‘A40jed0qe| ‘3IUPUIIULRW SNOLJBA Y}LM S 4INS ‘saunsodxa 4o Ayotpdiane e 423unodud Aew pue eade Jejndijsed e 03

paubisse qou aue oym suosaad - sauansodxa &|di7|ny ‘3utweAuaydip pue ‘sui|ilue ‘auiweip auanioy jo Burunyoeinuew ayjz sapnioul
- +7(QL 3U3Zu3QOJ]LU puUR ‘3UBN|0JO4TLULP 'DLIE ILULU  :$3ssadodd Butanyoegnuew Buimo| oy 8y} pue ‘s|etrdajew med Buipeoiun

‘ajeuehdosiip |Auaydip aua|Aylaw Buipec| sapn|dut - +INQ ‘orred A31{1343) pazipaepuels - Y45 ‘syiaLg paydadxa/pandasqo - 3/0

009 ' ' ¢'0 /0 ‘0 ¢°0/0 00°0 170 /0 1/t _ ¢'6 /¢ uswom |y

912 TG/ T 7€ /8 . 6°G1/2¢ 2012 0 2°0/0 ‘T T°LZ /S5 pasodxa-+yQL
ES°L 6 T €T /S 7 e /L G'8/L1 ¥°0/T L€ /SL pasodxa-+|NQ

L) ’ 9 /91 ) 9°'G /01 LE/L 5°0/¢ T1°'1¢ /¢t pataejes/Aanoy
9.9 ' ) "11/9¢ 09 /1t ) 8¢/t S 1/L 81y /16 patuejes
SLI ) ) ' v8/L1 ’ Z°1/¢ 1°96 /861 Aranoy

2°0/0 0°0/0 G0 /€ aweuJsns ystueds

9L°¢ ‘ ) ) 6°¢/L ---- 0°0/0 €91 /gt 97 LYM-UON
0°91/8¢ 00°¢ S1/0¢€ ¢ 9°er/0e 9°6/01 18'¢ 1°¢2/8 G°001/61¢ 93 LUM

S 61/bE ¢l e L1/8¢ ¢ 6°G1/¢¢ . G'8/L1 18°¢€ 1°¢/8 ‘ 8 911/26¢ usu |y

y4S 3/0 TR 3/0 3/0 ‘ 3/0 ¥4 3/0 3/0 dnouy
43410 ardiyny +Y0I BUON

saansodx]

1uawho [ duj-ysog juawiodwl-auay

JNVId  S3YNS0dXT TYNOTLYANIJ0 A9 ALIVILYIS (1ITHYYW

b ajqej




—_

Table 5
ESTIMATES OF THETA*

Theta (90% Confidence Limits)

A1l Parities

Parities 1+

Plant : Exposure A1l Men Exposed Men

All Men Fxposed Men

A :  DNT/TDA 1.05 (0.69,1.56)  =========cceceon

B : DNT 0.97 (0.54,1.63) 1.02 (0.54,1.80)
TDA 0.80 (0.44,1.33) 0.87 (0.46,1.54)
Multiple 0.87 (0.71,1.06)  ----=----=------

C: DNT+ 0.94 (0.59,1.43) 1.04 (0.63,1.63)
TDA+ 0.95 (0.68,1.30) 0.99 (0.67,1.43)
Multiple 0.94 (0.67,1.30)  =-===mcc-mmoo--

*Theta - the change in fertility with exposure (SFR exposed/SFR unexposed)

1.41 (0.78,2.36)  ===m=m==em=mmaa-
0.89 (0.44,1.63)  1.17 (0.54,2.37)
1.06 (0.84,1.33)  =-===;mm-eeoana-

- - - - - - m - .- ----

- - L N L e
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CHEMICAL INDUSTRY INSTITUTE OF TOXICOLOGY

e, BOXNX 12037
RESEARCH TRIANGLE PARRK,

PRENDUNT. LEON GO RG, ML, Dac., D, . URIC. FROEP .

) e ! S DPrarL PRIC SR T NORTH CAROLINA 27700
MICE PRENIDENT. DIRECTOR O RESEARCH, DAMES B GIBSON, 180,
SECRETARY AND ADMINISTRATIVE MANVAGER. DOS VLD W HEARTE, DU, {919) 5341-20%70

August 17, 1981

~CElvgy,
James Hathaway, M.D., M.P.H.
Medical Director: Chemicals EETom

Allied Chemical Corporation 1565
P.0. Box 1057-R “eor
Morristown, NJ 07960 > RULES D2vr gpyye - —_—

Dear Dr. Hathaway:

The analysis of fertility at Allied's Moundsville, WV plant has been completed.
I expect to mail you under separate cover within the next ten days the results of
the miscarriage, stillbirth, and birth defect data.

There is no evidence of a decrease in fertility related to exposure to dinitro-
toluene or other agents in Building 55. Nor is there convincing evidence of a
decrease 1v fertility related to exposure to toluene diamine or other agents in
Building 52. -

The study has proceeded according to the method I have presented in my recent
articles and letter in the Journal of Occupational Medicine. It is based on inter-
views conducted by my staff towards the end of April 1981. Job titles and dates
comprising in-plant occupational history were provided by the plant personnel and
safecy offices and were reviewed 7 - accuracy with employees. Where there were con-
flicting opinions, the dates ani jub titles given by the employees were used in
preference to those provided by plant management; however, in general, there was
good agreement between management and employees about these matters.

I am grateful for the excellent response of your employeess toward this study
and to Mr. Higgins and Mr. Callow in particular--without their willing and
knowledgeable assistance the study could not have been completed. A total of 268
persons--everyone whose job had ever taken him into the exposure areas of the plant
on a regular basis--were invited to participate in the study. This included all
nourly employees and 48 of 76 salaried staff. Persons who had worked only in the
administrative offices were excluded from the study as were temporary or contract
personnel. Interviews were obtained from 235 individuals, including five h?urly
employees who had worked in Buildings 52 or 55, but who had been absent during the
April interviews. These were interviewed in May by telephone. All hourly employees
who had ever worked in Buildings 52 (TDA) or 55 (DNT) were given the opportunity to
participate. In sum 35 eligibles were not interviewed: 7 refused and 26 were
absent as the result of vacation, sickness, accident, or long~term disability. Only
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two persons (refused) were not interviewed from among 45 male employees who had ever
worked in Building 52 (TDA); likewise, of 32 males who had ever worked in Building
55 (DNT), only one person (refused) was not interviewed. Ten participants had never
been married and thus did not contribute to the analysis. The preponderance (213)
of ever-married participants were white males. There were 3 non-white males and 9
females.

Pertinent results are displayed in the appended tables. The table entitled
"Married Fertility: P-100" describes fertility during periods in which employees
were married and not permanently separated. Observed and expected births and the
resulting ratio or standardized fertility ratio (SFR) are recorded for different
slices of group reproductive experience. Pre-employment fertility is set forth in
the pair of numerical columns at farthest left. Five other pairs of columns displav
post-employment fertility according to whether there was little or no opportunity
for exposure ("None')--e.g. layoff, leave of absence, Buildings 44 (power house) or
61 (refrigeration); opportunity for exposures in Buildings 55 (DNT) or 52 (TDA); for
plantwide or multiple exposures (the "Multiple" column) such as might be encountered
by maintenance or laboratory personnel and loaders; or "Other" exposures, referring
’to the experience of individuals assigned to work in discrete areas of the plant
besides Buildings 55 or 52.

As I have discussed especially in my recent letter to the editor of the Journal
of Occupational Medicine, there is a small artifactual tendency for married fertility
after employment to be reduced in comparison with pre-employment fertility (or for
no-exposure fertility, consisting of the sum of pre-employment and post-employment
"None" experience, to exceed post-employment exposed fertility). This is because
the U.S. general population from which expected births for the plant population are
derived will contain a greater proportion of married women at older ages: and workers
are indeed older after employment (exposure) than before. Plant observed fertility,
on the other hand, is based only on married years. For example, the weighted average
age of the wives of all males in the pre-employment category is 26 (or 27 for the
total period of no exposure as defined above). Corresponding weighted average ages
- for post-employment exposure categories range from 32-37, thereby resulting in a six
(eight) percent increase in the proportion married among the general population
compared to no-exposure (pre-employment) periods. Post-employment standardized fer-
tility ratios, therefore, would be expected to be approximately six (eight) percent
lower than corresponding rates during the period of no exposure (pre-employment).

Keeping this in mind, the pattern of fertility for male employees can be inter-
preted. DNT or "Other" exposure-related fertility, if anything, is probably slightly
higher than no-exposure or pre-employment fertility. Fertility for the post-
employment exposure categories 'None," "TDA," and "Multiple" is somewhat lower than
expected. Within TDA-exposed males, TDA-exposure related fertility remains less than
corresponding fertility during no-exposure periods. The analysis of fertility based
on the table entitled '"Married Fertility: P-100," however, deals with aggregate
fertility during different exposure periods. It assumes that the underlying fertility
of the group does not vary with female age, birth cohort, or parity or that the
distribution of these parameters is similar across exposure periods. The parameter
with greatest impact on fertility is parity.
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The relationship of parity to fertility among P-100 males is set forth in the
tables entitled "Married Fertility by Parity: P-100 Males" and 'Married Fertility
by Parity: P-100 TDA-Exuosed Males by Degree of Exposure." From the first of these
tables 1t can be readily iscern ! that fertility is not constant across parity
levels and declines as parity rises. This is evident from a scrutinv of parity-
specific SFRs for all males during the pre-employment period, when fertility is
unlikely to be counfounded by differ2nces in environmental exposures. The greatest
decrement in fertility occurs between Parity 0 and 1 and may be attributed to the
preponderance of nulliparous single women in the general population depressing the
expectad number of births at Parity 0. At higher parities SFRs continue to decline,
although at a much slower rate.

For all parities except Parity 3 parit--specific SFRs are greater during the
period of TDA exposure than prior to employment at the plant. This is true whether
examining the ferctility of all males or only that of male employees who have been
exposed to TDA. The fact that aggregate fertility prior to employment seems to ex-

ceed fartility during exposure to TDA is accounted for by the much greater contri-
bution of Parity 0 to pre-employment fertility. Sixteen percent of all male expected
birchs for the pre-employment period occurred at Parity 0 compared to seven percent

.of expected births during TDA exposure. Since Parity O SFRs are characteristically
large, the greater contribution -t this parity level to aggregate fertility during
the pre-employment period increases the overall pre-em-loyment SFR.

In order to account for differences in the contributions of various parities
to aggregate fertility during exposure periods, parity-specific expected births were
adjusted as follows: Post-employment fertility at no risk from exposure to DNT or
TDA (exposures "None'" or "Other") was used as a baseline. At each parity level the
number of expected births was adjusted by multiplying by the baseline parity-specific
SFR divided by the baseline SFR at Parity 2. 1In this way baseline SFRs at other pa-
rities were converted to the baseline SFR at Parity 2. Assuming that the factors
governing the divergence of parity-specific SFRs of the baseline are the same as those
operating during other exposure periods, sich an adjustment would produce aggregate
SIs unencumbered by differences in the contributions of various parity levels,

ihe table entitled "Parity-Adjusted Married Fertility: P-100 Males" displays the
results of adjusting aggregate SFRs as described. The standard against which to com-
pare adjusted SFRs is the adjusted SFR for "No Exp. - Other Exp." (baseline). The
change in fertility with exposure is denoted by & and is simply the ratio of adjusted
SFRs cf a given exposure period with baseline. In all cases post-employment adjusted
SFRs exceed pre-employment values, and DNT-related SFRs exceed baseline. For all males,
fertility during the post-employment periods '"No Exposure", "TDA Exposure", and "Mul=-
tiple Exposure” is less than baseline, but differences are not statistically signifi-
cant and may result from random variation. Restricting the analysis to TDA-exposed
males has the advantage of examining the same persons under different conditions of
exposure, but the disadvantage of smaller numbers with greater attendant instability.
Adjusted fertility related to TDA exposure of TDA-exposed males is virtually identical
to baseline. The 90% confidence limits on 6 indicate that the data available from the
plant for exposure areas of concern - DNT, TDA, and Multiple Exposure - would have been
sutficient at least to detect with 90% certainty a reduction in fertility of 60 - 80
percent (6 = 0.40 - 0.20) as occurred among workers exposed to dibromochloropropane
(DBCP) at a California pesticide plant.
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Degree of exposure to TDA was estimated by duration of exposure and by exposure
intensity designations assigned to each job title by Mr. Higgins, Manager of Safety
and Environment, according to his estimation of exposure potential. Computer capa-
bility was developed to subdivide the reproductive experience of an individual, if
necessary, and assign ore portion to one exposure group (e.g. the first 1.5 years of
TDA exposure or TDA exposure as a helper) and another portion to another exposure
group (e.g. TDA exposure subsequent to the first 1.5 years or TDA exposure as a fore-
man). Duration of exposure categories of less than 1.5 years or greater than/equal to
1.5 years were constructed in otder to subdivide TDA~related expected births equally.
The following job titles were linked to exposures of lesser intensity: laborer-
janitor, operator prior to November 15, 1972, unit foreman, shift foreman, acting/
temporary assistant foreman. Greater intensity exposures were assigned to helper,
Building 52 designated laborer, and operator on/after November 15, 1972. (Operator
and helper classifications were merged into a single operator category in November
1972.)

Greater degree of exposure to TDA was associated with reduced fertility with or
without parity adjustment. The reductions observed in fertility cannot be explained
by differences in weighted average age of wives between exposure groups (weighted
>average ages 28 and 33 for less than or greater than/equal to 1.5 years exposure,
respectively; 32 for both intensity of exposure groups).

Of 42 male employees who had ever worked in Building 52, only one admitted to
trying for a year or more to achieve a pregnancy without success beginning during the
period of TDA exposure. This compares to une of 47 male employees producing the food
additives malic and fumaric acids who reported a lack of success which began during
the period of exposure to these acids. Both exposure periods are of comparable size
in terms of numbers of births expectad: 7.6 and 7.5, for TDA and malic/fumaric acids,
respectively,.

Persons who had held both salaried and hourly jobs were assigned both to salaried
and hourly categories and separztely to the hourly/salaried group. Pre-employment
fertility and weighted average ages of wives during the pre-employment period are
- almost identical for hourly and salaried employees. There is, therefore, no diffi-
culty in disregarding these categories in relation to fertility.

Exposure-related fertility among female employees was insufficient for analysis.

In summary, there is no evidence of a decrease in fertility related to exposure
to dinitrotoluene or other agents in Building 55; nor is there convincing evidence
of a decrease in fertility related to exposure to toluene diamine or other agents in
Building 52. Fertility related to TDA exposure of TDA-exposed males is virtually
identical to the post-employment fertility of these individuals during periods which
preclude exposure to DNT or TDA (''No Exposure" and "Other Exposure"). Post-employment
fertility of all male employees during such periods exceeds TDA-related fertility;
but whether this is due to random variation or reflects a biological effect of occupa-
tional exposure cannot be determined with assurance. Indeed, the poesibility for
variation unrelated to occupational exposure to have influenced the ocutcome is more
likely here since the exposure groups being compared include different individuéls.
It should be noted that the post-employment fertility of all male employees during
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periods which preclude exposure to DNT or TDA exceeds to the same extent post-
employment fertility during periods lacking anv chemical exposure. Moreocver, the
incidence of noticeable fertilitv problenms beginning during the period of TDA exposure
seems not to differ from the incidence of such problems during exposure to chemicals

of no concern. Nevertheless, the suggestio- of a dose~response relationship between
fertility and degree of exposure in Building 52, although not statistically significant,
holds open the possibility that a mild reduction in fercility related to occupational
exposures in this area may have taken piace.

Please let me know if you require additional information or 2xplanation. With
many thanks for your generous assistance.

Yours truly,

Richard J. Levine, M.D.
Chief of Epidemiology

cc Dr. Robert A. Neal, President
Dr. James E. Gibson, Director of Research
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Exposure to dinitrotoluene (DNT) and toluene diamine (TDA) in the
workplace has been suspected to impair spermatogenesis and to increase the
risk that workers' wives may undergo spontaneous abor‘tion.1 Since DNT is
used to produce TDA at their plant in Lake Charles, Louisiana, the manage-
ment of Olin Corporation requested Dr. Peter Hamill, a consulting epidemialo-
gist and adjunct professor at the University of Maryland, to evaluate the
reproductive capacity of plant employees. As part of his study, Dr. Hamill
invited CIIT to assess the effects of occupational exposure to DNT and TDA

on fertility. That analysis is the subject of the following report.

All male employees were solicited to participate in the study of reproduc-
tive capacity, which included a detailed questionnaire, a urogenital examina-
tion, and laboratory analysis of blood hormones and semen. Of 94 men identi-
fied by management as having ever been exposed to DNT or TDA at the
ptant, 78 (83 percent) were enlisted to participate. An additional 125, repre-

senting a minority of other plant employees, agreed to serve as controls.

N

s
et al -4 as modified “by Star‘r‘.5 it is based upon information obtained from

fertility and occupational history portions of the study questionnaire. An
example of these has been included in the appendices along with related code
sheets. Job titles and dates comprising in-plant occupational histories were
provided by the employees at interview. Uncertainty or inconsistency of
dates was minimized by cross-checking with seniority lists and with know-

ledgeable persons.
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Questionnaires were administered by the plant medical department during
the first six months of 1981. Among the 203 persons interviewed, 20 had
never married and, therefore, did not contribute to the fertility analysis.
Six other persons were excluded because of possible exposure to DNT or TDA

at another chemical plant; and one, on account of tncomplete information.

Job titles were characterized by extent of possible exposure to DNT or
TDA, according to the plant senior industrial hygienist. Persons working at
jobs defined as having the potential for "high" exposure may experience
measureable quantities of DNT or TDA daiiy. These levels are usually below
consensus criteria for a safe working environment. Jobs defined as having
the potential for "medium" exposure either involve daily exposure at low
levels since the chemicals of concerr are enclosed and measured air concentra-
tions are extremely low or have the potential for exposure in concentrations
equal to a "high'" exposure job, but on an intermittent basis (as, for example,
with a maintenance worker wha works on a TDA pump once a month). "Low"
exXposure represents trace exposure. No exposure indicates that exposure to
ONT or TDA is beiow the limits of detection and that the jobs do not require

these chemicais to be handled.

Table 1 preserts the intensity of possible exposure to DNT and TDA by
job title and work area. It can be observed that opportunity for exposure
seems greatest in TDA and TDA/TDI! maintenance, followed by TDI, then west
zone maintenance. Exposure to DNT is iimited to the TDA area and to assis-
tant operators in nitric acid, who may be exposed while unloading DNT from
tank trucks and loading the emptfied trucks with nitric acid. Maintenance
personnel assigned to TDA/TD! or west zone may work in the TDA area and,
therefcre, have potential for DNT exposure. TDA exposure is more widespread

-3-
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and can occur in TDA, TDI, TDA/TDI, and west zone: moreover there is

potential for exposure in utilities and in central zone maintenance from waste
TDA used as a powerhouse fuel. TDA operators have a variable opportunity
for exposure, according to whether they work in the boardroom or outside
and whether they unload DNT or are involved with TDA production or the
production of carbon monoxide and hydrogen gases. Similar considerations
apply to operator jobs in other areas. Since operator letter designations were

not given at interview, all operator jobs were designated "medium" exposure

in TDA and TDI, and low exposure, in nitric acid and utilities.

The resuits of the fertility analysis are given in Tables 2 and 3. These
tables describe fertility during first and last marriages of the current or last
wives of employees, but exclude married experience after permanent separa-
tion. Observed and expected births and the resulting ratio or standardized
fertility ratio (SFR) are recorded for different siices of group reproductive
experience. Table 2 divides post-empioyment fertility by work area. Pre-
employment fertility is set forth in the pair of numerical columns at farthest
left. Five other pairs of columns display post-employment fertility, according
to whether reproductive experience was related to work in toluene diamine
(TDA), toluen.e diisocyanate (TD!), toluene diamine and toluene diisocyanate
maintenance (TDA/TDI), west zone maintenance (TDA, TDi, hydrazine,
ketazine, RF=-230, T-101), or all other post-employment experience, including
experience on medical leave or while terminaied or on layoff, or during work
in the utility pool, the medical or safety departments, or the following areas
of the plant: hydrazine, ketazine, RF-230 (chlorinated polyol), T-101 (chlori-
nated poiyol), PACE (chlorinated cyanuric acid), nitric acid, sodium nitrate,

urea, ammonia, soda asn, lime, east zone maintenance, central zone main-




v

tenance, laboratory, utilities, stores, warehouse, and administration/tech

center.

The pre-employment fertility of non-whites with less than 16 years of
education was considerably lower than that of other groups, although this
difference was not statistically significant (SFR = 1.01, as compired to 1.49,
1.47, and 1.56 for whites with or without a college education and non-whites
with a coillege education, respectively). Since ore-employment fertility and
mean age of wives were .similar for college-educated whites and non-whites
and for whites without a coliege education, it was decided to examine their

fertility together, but to anaiyze the fertility of non-whites with less than 16

years of education separately.

Two cohorts were established in order to minimize error in assigning the
possibility of exposure to DNT or TDA by work area. This could be due to

faulty recollection of Jetes, exposure in areas other than TDA and TDI (nitric

acid, utilities) or on jobs not assigned to a2 particular werk area {(lab anaiyst,
industrial hygienist, safety technician), - vecause of actual work performed

in TDA or TD! whiie administratively assigned to other areas - as, for
example, might occur during turnarourds. The '"Yes" cohort consisted of ail
persons who had ever worked at a job with potential for exposure to DNT or
TDA as determined by the plant industrial hygienist or had answered "yes" to
the question, "Do you think you have had any exposure to TDA or DNT?"
The “No" cohort included all others. While for the "Yes" cohort, post-
employment experience related to activities other than in TDA, TDI, TDA/TDI,
or the west zone, therefore, might occasionally have involved exposure to

DNT or TDA, this was uni.ikeliy for the “No" cohort; nevertheless, the "“all



other" fertility of the "VYes" cohort exceeded that of the "No" cohort for both

race-education groups.

Fertility related to TDA, TDI, TDA/TDI, and west zone for non-whites
with less than 16 years of education exceeded fertility during the pre-
employment period and during all other post-employment experi.nce. The
ratio of SFRs for "Yes" and "No" cohorts combined is 2.29 (8/3.5 / 32/32.1).
For college-educated whites and non-whites and for whites without four years
of college, fertility related to TDA and TDA/TDI exceeded that prior to
employment at the plant and during "all other" post-employment experience,
while fertility related to TDIl and west zone was less. None of the differences
observed for individual areas was statistically significant; moreover, the
pctential for exposure to the chemicals of concern in TD! and the west zone,
where fertility was lower, was not so great as in TDA and TDA/TD!. The
SFR of TDA, TDI, TDA/TDI, and west zone combined was 1.39 (17/12.2),
almost identical to SFRs of the "Yes" cohort related to pre-employment ex-
perience (SFR = 1.43) or to all other post-employment experience (SFR = 1,38).

This SFR exceeded the combined SFR related to pre-employment and "all

other" post-employment experience of "yes" and "no" cohorts (205/154.3 = 1.33)

by a ratio of 1.05.

A more accurate reflection of the effects of exposure to DNT and TDA is

presented in Table 3. Here, rather than examining the fertility of all par-

ticipants and identifying fertility related to selected work areas where exposure

was highest, only the fertility of persons who had ever held a job with poten-
tial for exposure is analyzed. In so doing, exposure-related fertility is more

accurately depicted because the experience of persons exposed te DNT or




TDA outside the four areas selected in Table 2 is included; moreover, pre-

employment and unexposed post-employment experience provide a better
comparison since the same persons are compared in the presence and absence
of exposure. The average period of time spent uninterrupted in a job with

potential for exposure to DNT or TDA was 3.6 years.

Exposure-retated fertility (low + medium intensity ) for non-whites with
less than 16 years of education exceeded fertility during the pre-employment
pericd and during ail other post-employment experience. The ratio of SFRs
is 2.60 (10/3.9 / 20/20.3). For college-educated whites and non-whites and
whites without a coliege education, there was no significant difference between
exposed and unexposed fertility. The ratio of exposed to unexposed SFRs is
0.94 (19/14.3 / 81/57.2), with 90% confidence interval 0.59 - 1.45. Exposure
te DNT and TDA at this plant, therefore, is associated with a non-significant
increase of 160 percent in the fertility of non-whites with less than 16 years

of education and a non-significant decrease of 6 percent among others.

Since experienced employees may be promoted to jobs of greater res-
ponsibility and less intense exposure, employees with the greatest duration of
exposure in a particular department often will have jobs which involve the
least intensity of exposure. In order to assess the effects of degree of
exposure properly, therefore, it is necessary to stratify exposure intensity
by duration. This was accomplished by creating duration of exposure strata
which divided expected births within and between exposure intensity categories
of the larger race-education group so as to maximize the value of the cell
with the least number of expected births. In this way strata were selected of

greater than/equal to or iess than 2.0 years.




Non-significant differences may be observed among the various strata.

Fertility of non-whites with less than 16 years of education increases across

strata with greater duration of exposure and increases or remains unchanged
with greater intensity. No -onsistent pattern is observed for college educated

persons and whitus without < college education.

Due to small numbers, the discriminating power of the stratified analysis
is not great. Even had no births been observed within the greater intensity
or duratio cells of non-whites with less than 16 years of education, dif-
ferences still would 1ot have attained statistical significance. For the larger
race-education group, however, statistically significant differences would have
been noted. For increased duration of exposure, significance would have
been achieved with 0 observed births in the > 2.0 years cell of either low or
medium intensity strata; and for increased intensity of exposure, with 0 or 1
observed births in the medium intensity cell of the < 2.0 year stratum. Tha
fact that statistically significant differences were not observed in these data
argues against the possibility of large reductions in the fertility of heavily

exposed subgroups going undetected.

The power of the study to have detected a decrzase in fertility with
exposure to DNT and TDA is depicted in Figure 1. The figure describes
power for college-educated persons and whites with less than a college educa-
tion who have ever held a job with exposure potential. Theta represents the
ratio of exposed to unexposed SFRs. it will be noted that theta of 0.5,
indicating a reduction in fertility of 50 percent, would have been detected at
the p = 0.05 level of significance with a power of 0.8. This means that

equivalent exposure to DNT-and TDA at another chemical plant, if it were to

-8-
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have any affect at all, would not be expected to reduce fertility by 50 percent

Cr more.

The fertility experierce of employees at the Lake Charles plant can be
summarized as follcws: For non-whites with less than 16 years of education,
fertility related to work in any of the four plant areas with greatest potential
for exoosure to DNT and TDA exceeded fertility prior to employment at the
plant and that related to work in other plant departments or areas. Among
other employees, the combined fertility associated with work in these four
areas exceeded that of their remaining experience. Total exposure-related
fertility of exposed non-whites with less than 16 years of’ education was
substantialiy greater than fertility unreiated to exposure; while the total
exposure-related fertility of cther exposed employees was slightly less, a
difference which lacked statistical significance. Statistically significant reduc-
tions in the fertility of exposed employees, moreover, were not observed

among subgroups with greater exposure.
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Nitric Acid

Utilities

Miscellany

any job prior to the

start of use of waste

TOA as a power source 1n

July 1978

Prod. Superintendent
Prod. Engineer
Foreman

Operator

any job prior to the
start of TDA produc-
tion on 06-23-73

Prod. Superintendent
Prod. Engineer

Day Supervisor

B Operator

any job prior to the

start of use of waste
TUA as a power source

in July 1978

all other job titles
any job prior to the
start of TDA produc-
tion on 06-23-73

Assistant Operator

Shift Supervisor

Industrial Hygienist
Safety Supervisor
Safety Technician

-11-

Table 1
EXPGSURE INTENSITY BY JOB TITLE ANDO WORK AREA
Exposure Intensity
Area None Low Hedium High
TDA any job orior to the Prod. Superintendent Foreman C Qperater
start of TDA produc- Prod. Engineer Laborer J Operator
tion on 06-23-73 Project Engineer A Qperator £ Operator
8 Gperator
TDI Shipper Packer Prod. Suzerintercent 3 Cperator
T0I Orummer Prod. Engineer C Operator
any job prior to the Process Engineer
start of TDA produc- Supervisor
tion on 06-23-73 Foreman
A Operator
D Operater
£ Qperator
T0A/TDI any job prior .o the Process tngineer Pipefritter
start of TDA produc- lone Controller Electrician
tion on 06-23-73 Foreman Millwright
Supervisors welder
Boilermaker
Carpenter
Instrumentmen
Insulator
West Zone any job prior to the all job titnles  eesmeesecaooo-
start of YDA produc-
tion on 06-23-73
Central Zone  all other job titles  ====s---=vw--a- Pipefitter

Boilermaker

Assistant Operator
(truck loader)

A Operator
C Operator

Lab Analyst



labie 2

MARRIED FERTILITY BY WORK AREA*

Pre-tmployment Post-Employment
o Work Area
DA 101 10A/101 Viest Zone AT Giher
Group ot __SIR 0/t SiR (3 STR 0/t TR 0/E 5TR 078 TTRER.
All participants 167/122.1 1.36 6/3.7 1.62 7/4.9 1.43 8/ 3.4 2.35 4/ 3.5 1.14 70/64. 1 1.09
Whites 140/ 98.1 1.43 5/2.5 2.00 4/3.1 1.29 4/ 2.5 1.60 2/ 2.6 0.77 568/51.3  1.13
> 16 yrs education 37/ 24.8 1.49 1700  2.60  e--- - 2/ 0.5 4.00 2/ 2.6 0.77 11/16.3  1.07
< 16 yrs education 103/ 73.3 1.4 /2.0 2.00 4/3.1 1.2% 2/ 2.0 1.00 2/ 2.6 0n.77 47/41.0 1.15
Non-whites 27/ 24.3 1.11 1/1.2  0.83 3/1.8 1.67 4/ 0.9 4.44 2/ 0.9 2.22 12/12.8  0.94
> 16 yrs education 7/ 4.5 1.56 /0.8 0.60  ----- - 2/ 6.5 4.00 me———— mee- 0/ 0.5 0.90
< 16 yrs ecucation 20/ 19.8 1.01 170.4  2.50 3/1.8 1.67 2/ 0.4 5.00 2/ 0.9 2.22 12/12.3 0.98
All whites & non-whites
w > 16 yrs education 147/102.5 1.43 5/3.3  1.%2 4/3.1 1.29 6/ 3.2 1.88 2/ 2.6 0.77 58/51.8  1.12
Tyes" Cohort 89/ 62.2 1.43 5/3.3  1.%2 4/3.1 1.29 6/ 3.2 1.88 2/ 2.6 0.77 32/23.7  1.35
"No" Cohort 58/ 40.3 L T e ---- mmeme- m--- mmm--- - 26/28.1  0.93
Non-whites w < 16 yrs
education 20/ 19.8 1.01 1/0.4  2.50 3/1.8 1.67 2/ 0.4 5.00 2/ 0.9 2.22 12/12.3  0.98¢
"Yes" Cohort 16/ 15.4 1.04 170.4 250 3/1.8 1.67 2/ 0.4 5.00 2/ 0.9 2.22 11/10.6 i.04
"No" Cohort 4/ 1.4 091  ----- e - e e ke - 1/ 1.7 0.5

0/C - observed/expected births; SFR-- standardized fertility ratio; TDA - includes unloading dinitrotoiuene and the manufacture of toluene diamine, carbon
monoxide, and hydrogen; 1Dl - includes the manufacture of phosgene and toluene diisocyanate; TDA/TDI - maintenance of the TOA and T0I areas; West Zone -
maintenance of the following areas: (DA, 101, hydrazine, ketazine, RF-230, and T-101; A)) Other - includes experience on medical leave or while terminated
or on layoff, or during work in the utility pool or the medical and safety departments or in the following areas oi the plant: hydrazine, ketazine, RF-230,
T-101, PACE, nitric acid, sodium nitrate, urea, ammonia, soda ash, lime, east zone maintenance, central zome maintenance, laboratory, utilities, stores,
warehouse, and administration/tech center. The "All Other" category also includes experience in TDA, TDI, TOA/IDI, and West Zone prior Lo the start of 1DA
production on 06-23-73

* Expected births were rounded to the nearest tenth. .
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APPENDIX T

LIST OF EXPCSURE CODES FOR WHICH INDIVIDUAL FERTILITY ANALYSES

ARE AVAILABLE




! OLIN LAKE CHARLES
Exposure Code Area of Expcsure
001 Pre-emplovment
002 TDA
003 TDI
004 TDA-TDI (Maintenance)
003 Hydrazine
006 West Zome--Maintenance (R230, T10l, TDa-TDI, Hvco)
007 Ketazine
008 R-230
009 T-101
010 At plant, no exposure (Administrative, Medical)
011 PACE (Chlorine)--Maintenance & Others
012 Nitric Acid
. 013 Lime
014 Soda Ash
015 Nitrate
016 Urea
017 Ammonia
018 Utilities (Power House)
¢19 Miltiple exposure (Industrial lvgienist, Lab, Plantwide,
Safetv).

020 ' Central Zouc--Maintenance (Utility pool, warchouse, repair work)
021 Hyco plant
022 Not used
023 TDI after TDA exposure
024 TDA-TDI--Maintenance after TDA exposure
025 Hydrazine after TDA exposure
026 West Zone--Maintenance after TDA exposure
027 Retazine after TDA exposure
023 R-230 after TDA exposure
029 T-101 after TDA exposure
030 At plant no exposure after TDA exposure
031 PACE after TDA exposure
032 Nitric Acid after TDA exposure
033 Lime after TDA exposure
034 Soda ash after TDA exposure
035 Nitrate after TDA exposure
036 Urea after DA exposure
037 Ammonia after TDA exposure
038 ) Utilities after TDA exposure
039 Multiple exposure after TDA exposure
040 East zone--Maintenance {(Ammonia, Urea)

' 041 : Not used
042 TDA exposure after TDA-TDI Maintenance
0(‘3 TDI " " " 13] 1
044 Not used
045 Hydrazine exposure after TDA-TDI Maintenance
046 West zone Maintenance after TDA-TDI Maintenance
047 Kotazine exposure after TDA-TDI Maintenance
048 R-230 exposure after " "
0&9 T_.101 " 12} LA 1
050 At plant no.exposure after TDA-TDI Maintenance
051 PACE exposure " " v
0s2 Nitric Acid " " o h
053 Lime expcsure " " "
054 Soda Ash " " " "
055 .‘:itrate " n 1" "



0lin Lake Charles

Exrosure Code
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Area of Exoosure

Urea exposure after TDA-TDI Maintenance
Ammonia " " " "
Utilities
Multiple exposure after TDA-TDI Maintenance
Hvdrazine/Ketazine (Maintenance)

Not used

TDA exposure after West Zone Maintenance

D1 " " " " "

TBA-TDI Maintenance after West Zone Maintenance
Hydrazine after West Zone Maintenance

Not used
Ketazine
R-230 " Y " "

T-101 " " " "

At plant no exposure after West Zone Malntenance
PACE exposure " " " "

R e
~1iric acird

e it " "

L
-

" " Pt v

Urea

Ammenia

Utilities

Multiple

Not at plant after having worked at plant (terminated
or on medical leave

TDA, TDI, TDA-TDI Maintenance, or West Zone Maintenance
assignment prior to 6/23/73

Central zone after TDA exposure
Central zone after TDA-TDI Maintenance exposure
Central zone after West zone exposure

Hvco plant after TDA exposure
Hyco plant after TDA-TDI mail._2nance exposure
Hyco plant after west zone exposure

East zone after TDA expos' ‘e
East zone after TDA-TDI maintenance exposure
East zone after west zone exposure

Hydrazine/Ketazine maintenance after TDA exposure
Hydrazine/Xetazine maintenance after TDA-TDI exposure

Hydrazine/Ketazine maintenance after west zone exposure

Terminated or medical leave after TDA exposure

Terminated or medical leave after TDA-TDI maintenance exposure
Terminated or medical lecave after west zone maintenance exposure
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SUMMARY

Aralysis of the reproductive experience of men employed at the BASF
Wyandotte Geismar wcrks has revealed little to suggest that occupational
eXposure to dinitrotoluene or toluene diamine may have affected reproduction
adverseiy. Miscarriages, stillbirths, neonatal deaths, and birth defects cid
10l aggregate with exposure to these chemicals. The fertility of non-whites
facking 16 vyears of education increased with exposure, whije the fertility of
others decreased slightly (15 percent). This reduction, while associated with

exposure, is likaly to have resulted from chance alone.



i
Exposure to dinitrotoluene (DNT) and toluene diamine (TDA) in the
workplace has been suspected to impair spermatogenesis and to increase the
risk that workers' wives may undergo spontaneous abortion.1 Since DNT s
used to produce TDA in the toluene diisocyanate (TDI) plant of their Geismar
works, the management of BASF Wyandotte Corporation requested CIIT to
evaluate the reproductive experience of TDI plant employees.

Interviews were conducted at the plant in October 1981. Twenty persons
who were not available for the October interviews were reached by telephone
during November. All permanent employees who had ever been assigned to
the TD! plant and were currently working at the Geismar facility were included
in the study. TDI assignments were generally identified from notations on
personnel cards which indicated experience in TDI, urethanes, or isocyanates.
TDI maintenance jobs, however, were culled from rosters of semiannual main-
tenance assignments kept since February 1971; and department memoranda and

telephone listings were used to establish the assignments of instrument tech-

nicians.

Several persons interviewed were not included in the analysis because
they did not meet the selection criteria given above. Two individuals were
deleted for other reasons: one had only been assigned to the TD! plant for
three days and insisted he had never actuaily worked there; the other report-
ed having previously been exposed to DNT at another chemical plant. in ail,
244 persons qualified for the study. Inierviews were obtained from 2386 (97
percent). Six persons were unable to be interviewed on account of sickness
or disability; and two refused. Eighteen persons interviewed had never

married, and therefore, did not contribute to the analysis. Among ever
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. married employees inciuded in the study there were 208 males (166 white, 42

nenwhite) and 10 females.

The analysis of fertility was performed according to the method of Levine
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as modified by Starr‘5. Job titles and dates comprising in-plant
occupational histories for all employees were taken from personnel cards,
maintenance rosters, department memoranda, and telephone listings, as noted
dpcove. It was not possible to distinguish assignments to the TDA manufactur--
ing process area from other locations in the TDi plant; moreove~, operations
personnel assigned to the TDI plant would rotate through all process areas
during the course of a year. All TD!I plant jobs which afford potential for
exposure, therefore, must be assumed to convey the possibility of exposure

to 77T and TDA.

The results of the fertility analysis are given in Tables 1, 3, 4, and 5.
These tables describe fertility during first and last marriages of female employ-
ges or the wives of male employees, but exclude married experience after
/ . permanent separation. Observed and expected births and the resulting ratio

or standardized fertility ratio (SFR) are recorded for differet slices of group

reproductive experience.

(n Tables 1, 4, and 5 pre-employment fertility is set forth in the pair of
numericai columns at farthest left. Six other pairs of columns display post-

employment fertility according to whether reproductive experience were related




to work in TDI*, glycol+, Basagran (a soybean herbicide)#, or 62 chiorine
(mercury cell process) - areas where concern has been expressed about the
possibility that exposure might affect reproductive health; to potential for
muitiple exposures not iimited to a single production area, as with various
maintenance, laboratory, and salaried positions: or related to all other post-
employment experience, including experience with little or no opportunity for
exposure, as in the case of administrative and certain technical jobs and
during layoff or other absences, and experience in the following areas of the
plant: caustic, brine, polyols, butanediol, methylene bisphenyl isacyanate,
utilities, offsites, and chlorine production areas without potential for mercury

exposure.

Exposure-related fer:ility among female employees was insufficient to
aralyze. The following fertility analysis, therefore, refers only to male

employees.

Pre-empioyment fertility of non-whites with less than 16 years of educa-
tion was significantly lower than that of other groups (SFR = 0.96, as com-
pared to 1.47, 1.48, and 1.67 for whites with or without a college education
and non-whites with a college education, respectively). Since pre-empioyment
fertility and mean age of wives were similar for college-educated whites and
non-whites and for whites without a college education, it was decided to
examine their fertility together, but to assess the fertility of non-whites with

less than 16 years of education separately.

* DNT-TDA; TDA + phosgene»TDI
+ ethylene + oxygen-=ethylene o><ide-+(ethylene)1_4 glycol

# anthranilic acid, isopropy! sulfonamide, diisopropy! urea, 503, phosgene -
all are included in the manufacturing process
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A more accurate reflection of the effects of exposure can be observed in
the experience of TDl-exposed or glycol-exposed individuals since only the
fertility of persons who had ever held a job with potential for expostre (low,
mecium, or high) is analyzed. All job titles within each process area were
characterized by relative extent of exposure according to the regional corpor-
ate industrial hygienist. The classification of TD! jobs is presented in Tabie
2. The average duration of married experience while assigned to jobs in TDI

or glycol with potential for exposurs was 3.7 and 2.6 years, respectively.

Fertility related to exposure in TDI or glyco! for TDl-exposed or glycol-
expased non-whites with less than 16 years of education, respectively, exceed-
ed that during the pre-employment period and during "other' post-employment
experience. The ratics of SFRs are 1.55 and 3.26, for TDI exposure among
TDl-exposed men and glycol exposure among glycol-exposed men, respectively
(7/4.4 / 46/44.7 and 5/1.7 / 12/13.3). There were no significant differences
between exposed fertility and fertility during pre-employment ana “othepr"
post-employment experience for college-educated whites and non-whites and
whites without a college education. The ratio of SFRs is 0.84 for TDI expo-
sure among TDl-exposed men (38/32.4 / 309/222.4), with 90% confidence
interval 0.62 - 1.13; and 0.82 (23/19.2 / 122/83.5), with 99% confidence
interval 0.54 - 1.21 for glycal exposure among glycol-exposed men. Exposure
in TDI and glycol, therefore, is associated with increases of 155 and 326
percent in the fertility of non-whites with less than 16 years of education and
non-significant decreases of 18 and 18 percent among others, raspectlively.
Aithough reproductive experience availablz for analysis in Basagran and G

2
chlorine is limited, there is mo evidence in these areas of exposure-related




P —

—
&

maximize the value of the cell with the least number of expected births. In
this manner strata were selected of greater than / equal to or less than 1.5

years (Table 3).

Non-significant differences may be observed among the various strata,
but there is no consistent pattern. Fertility tends to increase with increasing
intensity of exposure in the < 1.5 years exposure stratum. With increasing
duration of exposure fertility increases slightly at low intensities, but declines
at medium and high intensities. SFRs are virtually identical in the two cells
affording the greatest contrast in exposure: the low intensity < 1.5 vyears

exposure cell and the high intensity > 1.5 years exposure ceil.

Due to small numbers, the discriminating power of the stratified analysis
is not great. Statistically significant differences, however, would have been
noted for increased duration of exposure with 0, 0, or 4 observed births in

the > 1.5 years cells of low, medium, or high intensity strata, respectively;
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fér‘tlllty decrements; similarly, there is no decrease in fertility related to
"multiple. exposure, which may include exposure to chemicals used in the
TDI, glycol, Basagran, or G2 chlorine manufacturing processes.

Since experienced employees may be promoted to jobs of greater responsi-
bility and less intense exposure, employees with the greatest duration of
exposure in a particular department often will have jobs which involve the
least intensity of exposure. In order to assess the effects of degree of
exposure properly, therefore, it is necessary to stratify exposure intensity
by duration. This was accomplished for TDIl-exposed men by creating dura-
tion of exposure strata which divided expected births within and between
exposure intensity categories of the larger race-education group so as to
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and for exposures of medium or high intensity as compared to iow intensity,
with 0 observed births in medium or high intensity cells of 2 5.1 expected
airths. The fact that statistically significant differences were not observed
‘~ these data argues against the possibility of large reductions in the fertility

of teav'iv exposed Sulqaroups going undected.

The preceding analysis of fertility assumes that the underlying fertility
of the group does not vary with female age, Dbirth cohort, or parity or that
the distribution of these parameters is similar across exposure periods. The
parameter with greatest impact on fertility is parity. The relationship of
parity o fertility among TDI-exposed men is presented in Table 4. It can be
readily discerned that fertility is not constant across parity levels and declines
with increasing parity. This is evident from a scrutiny of parity-speciﬂc
SFRs during the pre-employment period, when fertility is unlikely to be
confounded by diffarences in environmental exposures. The greatest decre-
ment in fertility occurs between Parities 0 and 1 and may be attributed to the
preponderance of nulliparous single women at Parity 0 in the general poputa-
tion from whom birth probabilities are drawn. This depresses the expected
number of births at Parity 0 and increases the SFR, since the reproductive
experience of the group under study is married experience. At higher pari-
ties the proportion of single women in the general popuiation is greatly re-
duced. (According to the 1970 U.S. census an estimated 74 percent of never
married, separated, widowed, and divorced women between the ages of 15 -

43 were childiess) .6

Since workers are older after employment at the plant than before,

post-employment fertility is likely 10 contain proportionately tess Parity O
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éxperience; moreover, the corresponding U.S. general population at Parity 0
will be older and contain more married women since the proportion of married
women increases with age until the early thirties. For these reasons Parity 0
SFRs tend to be smaller and to contribute less to aggregate fertility after
employment at the plant than during the pre-employment period. This would

result in artifactual depression of post-employment aggregate SFRs.

The "mari£a| status artifact", as it is called, may be minimized by discard-
ing Parity 0 fertility and examining only fertility at higher parities. Parity-
specific fertility is presented in Tables 4 and 5. Among non-whites with less
than 16 years of education Parity 1+ fertility related to exposure in TD! or
glycol for TDl-exposed or glycol-exposed men, respectively, exceeded that
during the pre-employment period and during "other" post-employment experi-
ence. The ratios of exposed to non-exposed SFRs are 1.79 and 3.93 for TDI
exposure ameng TDl-exposed men and glycol exposure among glycol-exposed
men, respectively (6/3.6 / 37/39.7 and 4/1.2 / 9/11.5). Among ccllege-edu-
cated whites and non-whites and whites without a college education the ratio
of exposed to non-exposed SFRs for TD! exposure among TDl-exposed men is
0.85 (24/27.4 / 199/192.8), with 90% confidence interval 0.57 - 1.22; and for
glycol exposure among glycol-exposed men, 0.92 (18/17.8 / 79/72.2) with 90%
confidence interval 0.57 - 1.44. The best estimates of exposure-reiated
fertility, therefore, indicate increases in TD! and glyco! of 179 and 393 per-
cent, respectively, for non-whites with less than 16 years of education and

non-significant decreases of 15 and 8 percent among others.

The power of the study to have detected a decrease in fertility related

to exposures in TDI is depicted in Figure 1. The figure describes power for




college-educated persons and whites with less than a college education who
have ever held a TDI job with exposure potential. Theta represents the ratio
of exposed to unexposed (pre-employment + post-employment "other") SFRs.
It wiil be noted that theta of 0.5, indicating a reduction in fertility of 50
percent, would have been detected at the p = 0.05 level of significance with a
oower of 0.3. This means that equivalent exposures at another chemical plant
or at this plant in the future would not be expected to reduce fertility by 50
percent or more, if indeed there were to be any effect on fertility at all.

information about abnormalities or birth defects was elicited from the
questicns "Did any of your wife's children have an abnormality or defect?”
and "What was the abnormality or defect?" The questions did not require the
informant to decide if abnormalities or defects had been present at birth since

problems first noted years later might not have been identified as resulting

from birth defects. Neonatal deaths were detected from responses to the
questions: "Are all of your wife's children living?" and "When did he/she
die?" The queries "Has your wife ever had a miscarriage or a stiliborn

child?" followed by "When was the (miscarriage or stillbirth)?" and "How many
months pregnant was she at the time?" were used to establish and describe

tF ese events.

Inquiries were specifically directed at pregnancies terminated by medical
or surgical means which .4 not result in a live birth - e.g. tubal pregnan-
cies, elective induced abortions, and intrauterine fetai deaths where labor was
induced by a physician. Such pregnancy outcomes may or may not have been
inc uded in responses to questions on miscarriages and stillbirths; however,

the frequency of these events is not expected to differ with chemicai exposure.




Four pregnancies were reported to have been terminated by medical or surgical
means. Three were conceived out of wediock (before emplcyment at the
piant) and, therefore, do not contribute to the analysis of married experience.

Marital and exposure status of the other such pregnancy was not indicated.

Data on abnormalities and defects in liveborn offspring of the wives of
male employees have been summarized in Tabie 6 There are no significant
aggregations of abnormalities or defects with chemical exposure; nor are there
two or more cases of a single well-defined birth defect occurring within any

one exposure category.

The distribution by exposure of miscarriages, stillbirths, neonatal deaths
and live births conceived in wedlock by the wives of male employees has been

enumerated in Table 7. The number of reported pregnancies at risk is proba-

bly somewhat less than the true figure. This is because pregnancies conceived

within nine months of the date of interview that result in miscarriages, still-
births, or neonatal deaths (the majority of whom nave been prematurely born)
are more likely to conciude prior to interview than those which result in the

birth of living infants.

For purposes of analysis miscarriages, stilibirths, and neonatal deaths
have been grouped together. This arrangement makes good sense if one
considers that the most likely hypothesit to explain an effect on the male
leading - to an adverse reproductive outcome besides diminished capacit, to
achieve conception would involve chromosomal damage or a genetic mutation.
Such an event could lead to a defect of the fetus or placenta, which if severe

enough might result in a spontai eous abortion, a stillbirth, or a neonatal




death. One can easily discern in Table 4 that for all males there is no signif-

icant clustering of adverse reproductive outcomes with TD! or giycol exposure.
This becomes even more evident after excluding the reproductive experience
of habituai aborters, defined as women for whom three consecutive pregnancies
Nave resulted in miscarriage, stillbirth, or neonatal death due to prematurity.

These women are riore likely to have constitutional abnormalities, whizh can

account for their adverse reproductive outcomes.

The foilowing summarizes the reproductive experience of men whao may
nave been exposed to DNT or TDA during work at the TD! plant of the BASF
Wyandetie Geismar works: There was no evidence of an abrormal aggregation
of miscarriages, stillbirths, neonatal ceaths, or birth defects with exposure to
these chemicals. Among whites and ccllege-educated non-whites, exposure-
related fertility did decrease to a small extent (15 percent). The reductior,
while associated with exposure, is unlikely to have resulted from it because of

these reasons: 1. The difference was not statisticaliy significant; moreover,
statistically significant reductions were ngt ghserved
greater exposure. 2. The fertility of non-whites with less than 16 years of
education increased with exposure, and it would be difficult to conceive of a
toxicant which affected oriy the fertility of whites and college-educated non-
whites. 3. Studies recently completed at four other chemical plants (includ-
ing three where exposure areas could be defined more precisely) lend no
support for the notion that occupational exposure to DNT or TDA has reduced

-

: e /
maie fertility.
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Table 2

TDI MANUFACTURING: EXPOSURE INTENSITY BY JOB TITLE

Exposure Intensity

None

Low

Medium

High

materials control clerk

stenographer

secretary

gen. office cler

preduction shipping
clerk

Sr. process improvement
engineer

eng. associate

director of manufacturing
isocyanates

general utility laborer
maintenance engineering
technician
planner & scheduler
instrument technician
sr. instr. technician
instr. tech. trainee
operator, operator A
sr. staff engineer
foreman
maintenance foreman
relief foreman
instrument foreman
training foreman
operations supervisor
operations engineer
jr. engineer
process engineer
assistant manager
plant manager
production manager
superintendent, TDI

supervisor - instruments

engineering assistant
superintendent, works
engineering
isocyanates specialist
gen. services operatcr

lab technician
sr. lab technician
aux. operator,
operator C
relief operator
detail relief
foreman
shift foreman
day foreman
shift supervisor
chem. engr. 11

mechanic

maint. mechanic
chem. maint. mech
apprentice

mech. apprentice
maint. trainee
asst. operator,
operator B
maint. helper



Exposure Duration

nT
I

Table 3

EXPOSED MALES: ATl Whites & Non-Whites w > 16 Yrs Education

MARRIED FERTILITY BY DURATION AND INTENSITY OF EXPOSIIRE

Exposure Intensity

~
—

v
[

.5 years

.5 yea-s

Low
0/E SFR
5/5.3 0.95
7/6.3 1.12

Medium High
Q/E SFR 0/E SFR
5/4.0 1.2¢8 14/6.6 2.13
2/5.1 0.39 5/5.2 0.96
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ABNORMALITIES OR DEFECTS REPORTED IN LIVEBORN OFFSPRING

MALES, MARRIED EXPERIENCE

Number with
Group Abnormalities/Defects

A1l males
Fre-employment
Post-employment

TDI Exposure

Glycol Exposure
Basagran Exposure

G, Chlorine Exposure
a]t1p1e Exposure

Other Exposure

OO OHWL,m

Live Births Ratio
306 0.10

154 0.06

46 0.11

28 0.04

5 0.00

5 0.00

15 0.00

55 0.07

LIST OF ABNORMALITIES AND DEFECTS: MALES

LIVEBORN OFFSPRING OF POST-EMPLOYMENT MARRIED EXPERIENCE

muscle in neck short

*feet turn in

*enlarged lymph node on neck
ulcer, lazy eye

+no contro] over head and neck
muscles

*broken collar bone
*oxygen deficiency-slow learner
*hard of hearing
heart murmur - hole in
ventricular side of heart

epilepsy

S T e e R o e - - e e e = " e = 0 " e o = o e o o = = = L e - . - —

+child conceived during glycol exposure
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PARITY 1+, PLANT E

. ALPHA = B8.85, P = 0. 1244
1

2.9

2.8
223

2 A

POWER

a i N A N L a " s " a
a0 81 82 8.3 44 085 046 L7 B8 89 1.2

THETA

Figure 1 - Power of detecting exposure-related decreases in fertility among the
parity 1+ experience of TDI-exposed men with a college education and white men
with less than four years of college. N = 223 is the total number of observed
births; p = 0.1244 is the proportion of "births expected to occur during the period
at risk from exposure; alpha = 0.05 is the level of significance (cne-sided test):
and theta is the proportional change in fertility with exposure.
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APPENDIN I: EXPOSURE CODES FOR WHICH IVDIVIDUAL FERTILITY ANALYSES ARE AVAILABLE




002
603
004
005
006
007
008
009
010
011
012
013
014
015
016
C17
018
019

020
021
022
023
024
025
026
027
028
029

030
031

Ve

032
033
034
035
036
037
038
039
040
041
042
043
044
045
046
047
048
049
050

--P115
JOB EXPCSURE CODES

TDI

Chlorine, General,; Cell Repair, general

Chlorine, Cp (Mercury

Chlorine, Cy or Cq

Basagran

Caustic, Brine

Glycol

Polyols

At plant--no exposure

Butanediol

MDI

Utilities

Organics (mostly EO/EG)

Plant-wide Strike

Offsites (bugpond, dock, repairing pipes)
Electrolytics, general

Not used

Plant-wide, shift (with TDI possibility), multiple exposure such as
Lab (non-TDI), docks shipping, shop

Medical leave after TDI

TDI--multiple (simultaneous assignmnent to TDI and other area)
Not used

Chlorine, general, Cell Repair, general after TDI
Chlorine, Cy (mercury) after TDI

Chlorine, C; or Cj3

Basagran after TDI

Caustic, Brine after TDI

Glycol after TDI

Polyols after TDI

At plant--no exposure after TDI exposure
Rutanadigl afrer TDT

SLuLTgrTaIvA Gl vex

MECTI aftor TDI

Utilities after TDI

Organics (mostly EO/EG) after TDI

Plant-wide Strike after TDI

Offsites after TDI

Electrolytics, general after TDI

Not used

Plant-wide, shift, multiple, etc. after TDI

Medical leave after Gy Chlorine

Chlorine G,-multiple (simultanecus assignment to G2 Chlorine and other area)
TDI after G2 Chlorine

Chlorine, general, Cell Repair, general after Chlorine G2
Plant-wide strike after G2 Chlorine

Chlorine, Gl or G3 after G2 Chlorine

Basagran after G2 Chlorine

Caustic, Brine after G2 Chlorine

Glycol after G2 Chlorine

Polyols after G2 Chlorine

At plant-no exposure after G2 Chlorine

(Continued)




D115 Page 2 of 3
! ‘JOB EXPOSURE CODES - Continued

051 Butanediol after G2 Chlorine
Q32 MDI after G2 Chlorin
033 Utilities after G2 Chlorine
DRs Orzanics (mostly ZO/EG) after G2 Chlorine
J35 2lant-wide Strike after €2 Chlorine
e Offsites after G2 Chlorine
ST Tlectrolvtiss, general after G2 Chlorine
33 Not ured
229 Dlant-wide, shift, multiple, etc. after C2 Chlorine
ZeQ Medical leave after 3asagran
261 3asagran-multiple (simultaneous 2Xposure to Basagran and another area)
062 IDI after Basagran
363 Chlorine, general, Cell Repair, general after 3asagran
néa Chlorine, G2 (mercuryv) after Basagran
0R3 Chlorine, Gl or G2 atfter Basagran
Con Notr used
067 Caustic, Brine after Basazran
263 Glvcol after Basagran
Jee Polyols after Basagran
O At plant-no exposure after Basagran
0Tl Juranedisl after Basagran
a7 2 MDI after Basagran
573 Utilities after Basagran
074 Organics (mostly EC/EC) after Basagran
075 Plant-wide Strike after Basagran
7% Offsites after Basagran
077 Electrolytics, general after Basagran
073 Not used
079 Plant-wide, shift, multiple, etc. after Basagran
080 Medical Leave after Glvcol
031 Glvcol-multiple (simultaneous exposure to Glvcol and another area)
082 TDI after Glycol
083 Chlorine, general, Cell Repair, general after Glycol

. ; e Y ati clyeol
Bl fLemmlrmste

g y
087 Caustic, Brine after Glycol
0cge Not used
089 Polvols after Glvcol
0940 At plant-nc exposure ofter Glycol
091 Butanediol after Glycol
092 MDI after Glvcol
€93 Utilities after Glyccel
094 Organics (mostly EO/EG) after Glyeol
095 Plant-wide Strike after Glycol
096 Offsites after Glycol
097 Electrolvtics, general after Glveol
098 Not used
099 Plant-wide, shift, multiple, etc. after Glycol
100 Medical Leave (after other or no er posure)
101 Terminated or transferred frow Geismar plant; lavoff
201 Terminated or transferred from Geismar plant; layoff after TDI
22 TDI-multiple exporsure preceded by TDI
241 G2 Chlorine-multiple exposure preceded by DI
N 261 Basagran-multiple exposure preceded by TDI

281 Glvcol-multiple exposure preceded by TDI




421
441
461
481
601
621
641
661
681
801
821
841
861
881

Terminated or transferred from Geismar plant; layoff after G2 Chlorine
TDI-multiple preceded by G2 Chlorine
GZ Chlorine-multiple preceded by G2 Chlorine
Basagran-multiple preceded by G2 Chlorine
Glycol-multiple preceded by G2 Chlorine
Terminated or transferred from Geismar plant; layoff after Basagran
TDPI-multiple after Basagran
G2 Chlorine-multiple after Basagran
Basagran-multiple after Basagran
Glycol-multiple after Basagran
Terminated or transferred from Geismar plant; layoff after Glycol
TDI-~multiple after Glycol
2 Chlorine-multiple after Glvcol
Basagran-multiple after Glycol
Glycol-multiple after Glycol

X-multiple assigned by order of preference:

TDI > Chlorine (G2) > Basagran > Glycol




APPENDIX II: J0OB TITLES FOR WHICH

-

NDIVIDUAL FERTILITY ANALYSES ARE AVAILABLE



P

Job Title
Code

0cl1
002

003
004
005
006
007
008
009
010
011
012
013
0l4
015
016
017
018
019
020

a0

021
022
023
024
025
026
027
028
029
030
031
032
033
034
035
036
037
038
039
040
041
042
043
044
045
046

Page 1 of 3

P115--

JGB TITLE CODES

Job Title Dept.

Mechanic I, II, III, 3d cl, maint. mech.
(electrician), chem maint mech Maint.
Apprentice I, II, III, IV, mech apprentice,
maint trainee
Gen. Utility (laborer)
Maint engineering tech
Clerk "
Planner & scheduler
Instrument tech trainee
Instr tech
Sr. Instr. tech
Loader & General Helper, Marine Loader Docks Shipping
Lab Tech Lab
Sr. Lab Tech Lab

Brine Operator, Brine Purif. Operator, Caustic/Cls/Call Rer

Caustic operator, water treatment operator Elec. Mfg./
Loader & . en helper "
Cell repair helper

Cell repairman

Cell repair leader

Cell room cparator

Control room operator

Liquefaction operator

Relief operator

Laborer

Trainee-causti:

Trainee--Cell repair

Loader (chlorine)

Operator helper

Maint. helper

Auxiliary operator (caustic)

Caustic production clerk, cell room clerk
Trainee~--Gl or G3

Loader~~caustic

Isocyanates operator, isocvanate operator A D1
Asst. isocyanate operator, isocyanate operator B
Auxiliary operator, isocyanate operator C

Relief Operator

Materials Contrel Clerk

Stenographer

Secretary

(Continued)

—
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Job Title

General office clerk temporary clerk
Production shirp pi

ne
Detail Relijef Fo eman
AN

Glycol Operator (A

Glveol Operatar 5, asst glvcol operator
Auxiliary operator (2). aux. glvcol operator
Relief zlvcol operator, relief operator

fperator-heiper

Loader & general helper

Londe*

ycol compounder
it Foreman

veol Operator

Z)‘r
,.4

(glveo

1l onlv--antifreeze)

,.4

DO OO w
= sl
v
a1
[0}

-
@]}
[at
@]

-
O -
S
Q.
[§/]
rt

Cperator,

Operator 3

elief COperator
Maint. Mech.
Prodiction Clerk
Superintendent
Tach. Mgr.

Polvols Operato:
Coerator C
Relief QOperator
Tperator A
Operator B, Aux.
Util. of.
Qoerat.z C
Relief Cperator
Boiler Operato-
Water Treatmenr Operstor
Treatment plant operator
Waste treatment operator
Trainee
Cierk
Steuographer
Secretary
Accounting Clerk
or. Staff Eng.

Operator, Asst. Op., Asst.

Not at plant (terminated, strike, le offs)
“edreat-teave

(This-code-detered)

Asst. Butaned

iol

Dept.
— .

DI

2]

Glycol/Oxy=Clvcol
EO-EG

(2]

3asagran
"

1

[

Butanediol

1A

Pclyol

Utilities

teneral Siores
Aamiaistrative
it

1A

™I

No exposure
No-e<posure
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4 * 4
} Inb Tirls
Code Job Title Dept.
- 100
\ 101 Foreman, Maint. Foreman, Relief Foreman Maint.
102 Instr. Foreman "
103 Shift Foreman Elec. Mfg./Caustic/
104 Temporary Foreman Cly/Cell Repair
105 Operations Supervisor ‘ "
106 Shift Foreman D1
107 Day Foreman (TDI/Polycl) "
108 Training Fureman "
109 Shift Supervisor "
110 Operations Technical Supervisor, Operations Supv. "
111 Operations Engineer !
112 Jr. Engineer "
113 Process Engineer "
114 Sr. Process Improvement Lngr. "
115 Eng. Associate "
116 Asst. Mgr. "
117 Plant Mgr., Mg-. "
118 Cirector of Mfg. Isocyanates (TDI, MDI, Polyol) "
119 Production Manager "
120 Superintendent "
121 Shift Foreman Basagran
122 Tank Farm Day Supervisor "
123 Shift Supervisor "
124 Shift Foreman Butanediol
, 125 Shift Foreman Polyol
N 126 Tech. Supvr., Superintendent "
127 Process Engineer Utilities
128 Shift Supervisor Services
129 Jr. Engineer ) Works Eng'g
130 Tech. Supervisor "
131 Supervisor--Instruments "
132 Operations Supervisor "
133 Superintendent "
134 Maint. Foreman '
135 Eng. Assistant Process Eng'sg
136 Process Engineer "
137 Shift Foreman Utilities
138 Isocyanates Specialist DI
139 Chem Eng II Works Eng'g
140
141
142 !
143
144
145
146
147
14
149
150 Maint. Helper Works Eng'g
151 General Services Operator "
- 152 "A" Operator ) Butanediol
153 Trainee-Glycol Glycol/Oxy-Glycol/
EO-EG



APPENDIX III: AN EXAMPLE OF A CODED QUESTIONNAIRE




*Male Employee*

_ L
)
a .

For Uffice Use

---------_------BAEE@---Jen:ﬂhiﬁe_? ................... ,

1. Are you presently married, widowed, divorced,
separated, or have you never been married?

Yarried 1’ Widowed 2 Divorced 3 Separated 4 Never Married 5 1
A If never married: Skip to Q22
2. If presently married and not separated:
Is your wife currently employed full-time? Yes 1 in}) 2
3. How many times have you been married? N 1

Now I would like to ask you some questions about your
(present/last/ex-) wife:

4. Wh vas she born?
en w D o
Lo 11 2r 10 147 &1
Mo Day Year
5. When were you and she married?
lo /1 4 7 2 19 1% 72
Mo Day Year
If presently married and not separated: Skip to Q7
6. When did you become widowed/permanently separated from her?
SE 82 88
Mo Day Year
7. How many times has your (present/last/ex-) wife been married? _i_ I
1: Skip to Ql2.
2+: Go te @E.
8. When was she first married?
£t g2
Mo Year
9. When did she become widowed or permanently separated from
her first husband?
g8 £%

Mo Year

If married only twice: Skip to Q12.

10. When was she married for the second time?

o Year




.

permanrently separated

from her second husband?

Mo Year

wife ever had, not

2

No

- LI

Now [ would 1ike to know the birth dates and sex of all her
chiiuren, beginning with the oldest. (isk about as mary
children as were indicated in 312).

Was the first child a boy or a girl? Male 1

o &

0

2
-
Day

When was he/she born?

Was the second child a boy or a girl?

3 2o
Mo

3 o
Year

When was he/she born?

Day
Was the third child a boy or a girl? Male 1

Female
When was he/she born?

Mo Year
Male 1

Femaie

Day
Was the Tourth child a boy or a girl?

When was he/she born?

Mo Year
Male 1

Female 2

Day
Was the fifth child a boy or a girl?

When was he/she born?

Mo Year
Male 1

female 2

Day
Was the sixth child a boy or a girl?

When was he/she born?

Year
Male 1

remale ¢

Was the seventh child a boy or a 2irl?

When was he/she born?

Year
Male
Female

Mo Day

[y

Was the eighth child a boy or a girl?

™

When was he/she born?

Mo Day Year

If more than eight children, continue on Family listory

A : ..
\ 11. When did she become widowed or
12. How many babies nas your (present/last/ex-)
counting miscarriages, stillbirths, stepchildren or adopted
children?
13.
e ‘
M

For Office Use

2N

A

28 13 7¢

A

2 2¢ L2
ire Supplement




14,

Employee MNo. _QO_QQ_QQ_&/

At birth, did any of your (presen*/last/ex-) wife's children
remain in the hospital after she had gone home?

es No 2
I es:

How many of your (present/last/ex-) wife's children remained
in the hospital after she had gone home? L

Mle l _

Mo Day Year

"Was the first child a boy or giri?

When was he/she born? 8 13 70

For Office Use

Reason for longer hospital stay: \;Q.O(}md‘ (m.wﬁ-»«.
\) )
| -1 &4‘—3 o~ ‘V\(P}"

"Was the second child a boy or girl? Male |
Female 2
When was he/she born? —_— .
Mo Day  Year
Reason for longer hospital stay:
"Was the third child a boy or girl? Male 1
remaie ¢
When was he/she born? — e
Mo Day Year

Reason for longer hospital stay:




Did any of your (present/last/ex-) wife's children have an

abnormality or defect?
Yes 1 "ﬂl!ﬁ.....

How many children were involved?

"Was the (first) child a boy or a girl? Maie 1
Female 2
When was he/she born?
Mo T Day T Vear

What was the abnormality or defect?

For Office Use

"Was the second child a boy or a girl? Male 1

Femaie 2
When was he/she born?

— —— —

Mo Day Year

What was the abnormality or defect?

"Was the third child a boy or a girl? Male 1

Female 2
When was he/she born?

T Mo TThay . " Vear

What was the abnormality or defect?

"Wwas the fourth child a boy or a giri? Male 1

Female 2
When was he/she born?

Me Day Year

What was the abnormality or defect?

If more than four children, continue on Family History Questionaire Supplement

.




[ Employee No. L’C’_Q_&_é/#_!_ .
;
L

—
, For Office Use
16. Are all of your (present/last/ex-) wife's children living?
No 2 1
If no: 3
How many children have died? : .
"Was the (first) child a boy or a girl? Male 1
Fema'e 2 -
When was he/she born? ——
Mo Day Year T T T
When did he/she die? —_—
. Mo Day Year i T T T
What was the cause of his/her death?
"Was the second child a boy or a girl? Male 1 _
Female 2
When was he/she born? —— e _
' Mo Day Year
When did he/she die? —_— o _ _
Mo Day Year -
What was the cause of his/her death?

"Was the third child a boy or a girl? Male _
Femaie 2
When was he/she born? _——
Mo Day Year
When did he/she die? —_—— e
Mo Day Year

What was the cause of his/her death?




"Was the fourth child a boy or a girl? Male 1
Female 2 -
When was he/she born? .
Mo Bay  ~ Vear T Tt T
when did he/she die?
Mo T Day " Vear ST 0T T

What was the cause of his/her death?

-

LT omere thon Cour children, continue on Family Hiscory fuestionnaire Supplement,

17. Has your (present/?ast/ex—) wife ever had a miscar- 1age or a
stiliborn child?
EEVRLL ’
O =50 k
How many times did she miscarry or deliver a stillrern
child? / 1l
"When was the first? ——— _2_?_ - . _ 174
Mo Day Year
How many months pregnant was she at the time? 2-3 a.5
"When was the second? ——
Mo Day Year
How many months pregnant was she at the time? _
“dhen was the third? —— o _ _
Mo Day Year
How many months pregnant was she at the time? _ o _
“When was the fourth? . —_—— —— _
Mo Day Year
How many months pregnant was she at the time? . _
‘When was the fifth? ' —— e
Mo Day Year
How many months pregnant was she at the time? _
"When was the sixth? . —— o _
Mo Day Year
How many months pregnant was she at the time?

- If more than sir miscarriages/stillbirths continue on Family History Questionnaire I
. -



Employee No. /3() () YORViNI N

For Office Use

Has your (present/]ast/ex-) wife ever had a pregnancy terminated
by medical or surgical means which did not result in a live

birth?
Yes 1 G‘III!!_,,«
If yes:

How many such Pregnancies has she had terminated by medical
or surgical means?

o

‘When was the fir<t? —_—— e
Mo Day Year

How many months Pregnant was she at the time?

‘When was the second? - - _ — e
Mo Day Year h i

How many months pregnant was she at the time? _— _

"When was the third? o _——
Mo Cay Year

How many months pregnant was she at the time? _

‘When was the fourth? —_— e — _
Mo Lay Year

How many months pregnant was she at the time? - _

*When was the fifth? —— o —
Mo Day Year

How many months pregnant was she at the time? _

‘When was the sixth? —_—— -
Mo T Day Year

How many months pregnant was she at the time?

Has there ever been a time when you and your (present/last/ex-)
wife did not use contraception for at least a year and a

pregnancy did not result?
Yes 1 <§§> 2 =

I es:
when? to —_—— o m o —
Mo Year Mo Year
to —— e e
Mo Year Mo Year
to —— e

Mo “Vear— Mo Year— 1 '



2G. Has your (present/last/ex-...) wife had any operation,
such as a hysterectomy, or tubal Tigation, which
made hev unable to have children?
N
. Yes i No 2
. LLS
Which operations were performed and when?
Hysterectomy 2?2 e
Mo Year
Tubal Ligation 3
Mo Year
Other
Nature of Qperation Mo Year
21, Has your {present/?ast/ex—...) wife ever had a D&C (scraping of the
Tining of "¢ womb) or any.other fomale Operation not listed
above? Yes Ne
Which operations were performed and when?
1 D&C
Month Year
1 D&C
Month Year
1 D&C
Month Year
Other
(Describe) Month Year
Other
(Describe] Month Year
22. What is the highest grade of schoo! you completed? / ;Z_
Elem: 01-08 H.S.: 09-12 College: 13-16 Grad: 17-
{Interview ends for never married persons)
23. What is the highest grade of schoo] your (present/last/ex-...)

wife completed?

Elem: 01-08 E.S.: 09-12 College: 13-16 Grad: 17-
{Interview ends for persons married onece/ twice)

A4 2z

o

For Cffice Use
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LIST OF JOp rITLES FOR WHICH INDIVIDUAL FERTILITY ANALYSES ARE

AVAILABLE




> O O

4
0o o~y o

DO
o

[ )

O O ¢
os——t

BRI & LR WIS A

e ke e
s () (0

[89]

N SNV No N e) o

)
R
N O}

.

<
PN S B N
~b N e b~

[N eNoNe]
G ra r
O 0w -

OO0
> B VS Iy % Iy 30
(SIS

(oMo Ne
Ll Lo W W ¢
wro

OO O
\MOOCO ~ O

[ S AU
W Lo O

DOoO oo

D000 oD
R AT Sh S Y T
-t T e

% 00 oo

A, WY oun

0 U-‘U\bd P o OO [#9)
Ui~

k]
-

@}
ot
s

b

(8]

(8]

O

(o4

]

S s
fo

js]

e

w O
@]

o
[a]

W
¢

(o
dow
{L
r
N o

Buyer/Purchasi:g Azentc

a0
)
[Vt
gy

1]
w wn 3
ry

“ ¥

o

@]

a1

Oy
s

11

3]
Ao

010 o
o]
U9 w09 @
[{ 7))
3w
U9 e on
U
[
-

14
r
D
m

C e
o3
[
A
<L
'8}
—
o]
ad
L
o]

3
=]
(8]
L

jo]

3

(1201 Y
a}
LA I
s}
(o}
1
(g}
rr

[N

~t
o)

o JN(1]
[
o]
R )

1M
~
(1]
(&%
-
r
[STENS
La Y

m
SIS
3

I oref es
® O o
[oulia B
R
[ I A

[N

N

[a RIS

[
r{

H

it} .

pl

1

[y

23

D A e ]

w
-
£

.
7
[
v
o

zch/lab inalvse

Machin st

Maintenance Coordinator

Mechanics

Millwrights/nillwrights {training)
Oilers/Painters

Operator/Operator (relief)/Operator Trainee/Lead Operator

Packout—Loading

Process Control Snecialist
Production Manager/Superintendent
Registered Nurse

Safety Tech/First Aid an/Loss Prevention Tech/Lead

Superviscr {Specific area)
Supervisor, Engineering
Supervisor, I & £
Supervisor, I § E Field
Supervisor, Sr. Accounting

Surerintendent/General supertendent/Superintendent

& Scheduling
Truck Driver/Heavy Equipment
Welders
Work Coordinator (shift)

Zone Controller

Pilot (floating student)

Foreman, Lab/Temporary

Manager, Safetv/Mgr., Safety & Loss revention
Supervisor, Maintenance
Superintendent, Maintenance
Services § Euipment Cocrdinator
Supervisor, Safety

Planner

Process Tech

Finishing Operator/Relief Foreman
JA./;;ML-ZA—:}((G“J“‘ - /'{171'-67-“ —
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Medical leave or not at plant after working at plant




APPENDIX 1II

FERTILITY AND OCCUPATIONAL HISTORY PORTIONS OF THE QUESTIONNAIRE

AND RELATED CODE SHEETS




10.

¢ Tslander, te.) /(7

N T e e e m s A e e . —-———

Are you poese* Ty narrtay, 7idtwed, c*vorcad,.separa;ed,

o~ have you re: :r teep married: ‘
Harried(i) Widowed 2 Divorced 3 Separated 4 Never Married § /(8)

If never marrie. : Skip to Q13.

If present?y married —~4g not gerarated: .

. . ’ N,
Is your wite currzntly 2mployad? Yes 1 No(é) s " 2(9)
How many times hav= voy =zen married? Oressl © 7 (10)

L)

In what month and ear =37 your (pressnt/?asn/ex-; #ife born? vy (11-14)

T Ve
In what month and year were You ani your (Lfﬁ‘ﬁﬁ./!%St/EX~} wife .
marriedy ) ¢77/(15-18) -
-2 /i’_/' — ’..Z
Mo ,; Aar
If presently married w.d woe Aepariied:  GKip tc 97,
-~
In what month and year did /ou becore widewed/permineniiy S
separated from your (present/last/ex-} wifa? See 119-22)
Mo T Tear
Was this your (present/?ast/ex-) wife's first marrizue? 2 {23;
Yes 1 .Skip +9 Q0.
No@ Go to Q8.
In what year was your (present/last/ex-) wife 7irct narifced? 7 o(24-25)
- 7o
Year
In what year did your (present/]ast/ex-) wiie becom. wWicLwed _ ‘
Or permanently separated from her first husband? O 7 X26-27)

How many babies has your-(present/last/ex—) wite eva had, rot

- counting miscarriages or stillbirths? Include all <. :idren ever
-born to her (from ait %f her marriages), but not st2schildren cp

adopted children. ' Cox t28-239) -
No. - .

—-— . . - —amee .o EPN C- N




S : Y-
L . : - .
e . For Office Use
‘ —

‘Vas tihe first child a boy or a gir1? Male L/l;) I {20) -
Female 2
.In What month and year was he/she born? éfﬁ _Z__ 0972 (31-34)
Year - o
"Was the second child a boy or a girl? : Ma]e 1 z (35)
In what month and year was he/she born? g‘z__ éé D75 (36-39)
Year = - - j R
"Was the third child a boy or a g1r1? Male 1 . o (40)
o Fema]e 2 i :
- In what month and year was he/she born’ - ' ~ (41-44)
_ Mo - Year - ,
“Was-the fourth child 5 boy or a girl? tale 1 . (45}
' . . : Female 2 "o
In what month and year was he/she born? . . , (46-49)
B ’ M T Year i N
"Nas the fifth child a boy or a gir]? Male 1 .. (50)
. Female 2 S
In what month and year was he/she born? ___ . (51-54)
Mo " Year L
‘Has the sixth child a boy or a girl? Hale 1 (55)
Female 2 ' ( )
In what month and year was he/she born? 56-59
' T M T Year— ,
. Ma"e 1 * ,\_.
Was the seventh child a boy or a gir1? o (60)
. Female 2 .
In what month and Year was he/she born? ) ' - (61-64)
Year
‘Was the eighth child a boy or a girl? - Hale 1 i {65}
_ .. . Female 2 R
In what month and year was he/she born?_ Co —— "~ (66-69)

12.

13.

Looking ahead, do you want.to have any (more) children? L
. . N

Yes 1 No, »Uncertain3 ‘ ‘_(37)

What is the highest grade of school you completed? _L; - % (38"39)
Elem: 01-08 H.s.: 09-12 College: 13-15 Grad: 17-

(Interview ends Sfor never marmed persona} R
What 1s the highest grade of schoo'l _your (presmt/‘lasti) ' ’
wife completed? ; i‘ (40 -41)
Elem: 01-08 H.S.: 09-12 CoZZeae' 13-16 Grad: 1?— )
‘ (Interview ends for ever married persons) - <. aeioae LTI e
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4.
S.
JC3
6.
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» nrr"'c—r-v "\\'\1 ATOT™

_ID /__Téé {-

&7

33

Age last bi{.ndav

: - codé //é:j;
2R ¢

Race: l}g i
HISTORY

Current work location:

/o7 TDA (1)

R-230 (5)
=131 (6)

l_/ Urea (1l1)

erator (1)
ack gut - loading (2)

Op
P

/ [/ Foreman (3)
Supervisor (4)
C
Ma

arpenters (8)
/ / Oilers and paintars (9)
/_/ Insulator (10)

BN vl &

Starticg date

te (1) / / Black (2) / / Other (3)

J / Utdlizies (13)
Maincenance
7 West (14)

/ _/ Centzral (l5)

/ / East (16)

/_/ Bydrazine, Retazize
3 TDI-TDA  (18)

/7 PacE  (19)

/=7 ocher (20)
Specify

(173

/7 ocher (21)
Specify

1:7 Laborers (1l1)
[7 Janirors (12)

/_7 Truck driver and Heavy Equipmeué (13)
/ / Boilermakers and pipefitters (14)

/ / Welders (15)
jg? Hi"wright (186)

How long.with present job? vyears 2, months g;

Her long have you worked at 0lin?

Starting dace:

)

|

LS ES

e e e e e o e+
\;|\

] -
w|N

. L A4
. 10 11

.-




10. ' List previous Jobs held at 01lin, (Start with the present and '
work back in time)
I

Y rp/- 7T hH 22

i. L.oca::.on (see list question 6) .,, s C ol
2223 (

Job title or craft (see list quescion 7) W AN

24 25

Leangth of tize in job: years ° 2‘ months é

Bo‘;' long ago? (years) fy///?;
2. Location: (see list question 6) /"’/ﬁ/

2l 8
1> onf o>
21y 2o,

& oWl Wl Wy N
Jo '-'!\ ml a\l _Q \:’“

Aol )
NN W (o]

Job title or craft (see lest question 1)) ﬁ/d

39
Length of tize in job: years - months /2 _° -
N 40 42 43
How long ago? (years) -— /= Vo - el
TAN 75 - Ter/ 75 75 26 47 38
l -
3. Location: (see list question 6) 7. Y A
/// R ’ S0 51
Job title or craft (see list question 1) Gz e < E o |
N -l Ll i 52 53
Length of tize in job: years / months & l________‘
: i34 55 56 37
How long ago? (years) _ l____n__;"
7 7( | R 59 60 61 62
» }
4. Location: (see list question 6) /M/m / b
64 65
Job title or craft (see lis~ question 7) ,Z//({”""L/ 4
66 67
Length of tige in job: years 2 months 33—"—.:
68 69 70 71
How long ago (years) ? 72 - ’)4/ L _3_'_.2:- A
T 73 74 75 76
L1, Iz the past § zoschs ha you worked for more than 3-4 days 4n arcd
around TDA or D¥T? Mts 1) /TN (2) : I
. : 78
2. Do you think you have had Any exposure to TDA or DNT? Ms/—7 No R
If yes, specify 22 » 79
2
80
CCUPATIONAL EXPOSURE » ; '
ID: 1~ - oo
i 2 3 4
3. Have you ever worked with any of the following:
a. weed killers:/ / yes (1) _/X No (2) /7 /Dcn t know (3) =
S
If yes, list subsctance(s) and dates work began and ended.
Substance Began Ended Substance Began Exnczed




* Male Employee *

FAMILY HISTORY QUESTIONNAIRE

For Office Use

Employee No. 2 = 2 - o = 5~ Col_22 T
Name:
last First Second & Third
Spanish Surname Yes 1 No 2 _
Plant Location Lloye — ) 7, £120
m, Female 2
Sex \l_- - _{_
Birth Date o« g3 &y cd Loy
Day Yr
Current Address
D eem g Street and Number
=
= 724 53 T2 Ls3
et Town — Zip 2 T —=
L e & ot -
Telephone: " (% ) -
,%;.i‘%,f;%i;g—:,,_id T T T T (
Date of Interview U 29 ¥ | 0r295 |
: HFa53 o Day T¥r
2
N J E .
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"Male tmpioyee*

For Office Use

__________________________ L

sently married, widowed, divorced,
Or have you never been married?

Are you Dre
separa cEd,

Married 1 Widowed 2 Divorced 3 Separated 4 Never Married s i
-

Is your wife currently employed full-time?

s D 2
3.  How many times have YOu besn married? /

—

—

Now I would like to ask you some questions about your
(present/?ast/ex-) wife:

4. When was she born?

£ 3 ¥ 7 N Y =3
Mo Day  ~ Year T Tt =
5. When were You and she marrijed?
27 _ 7/ /|
Mo Day Year

If presently married and not separated: Skip to Q7
™~

(=3

When did you become widowed/permanent]y Separated from her?

] Mo Day Year - i
7. How many times ‘has yjur (pﬁ;sent/last/ex-) wife been married? 2 ;l,
e "-/'.»‘:»k' Z;—‘;v-?/
me f I: Skip to g12.
2+: Go to ¢8.
8. When was she first married?
——— — . — —"
ar
. When did she become widowed or permanently separited from
her first husband?
? ) A
T TYear T T
If marrted only twice: Skip to Q12.
10. When was she married for the second time?

by
Je<d
Y
=)
AN

ks
’b

;;l%

[Ye)

slo




. When did she become widowed or permanently separated
from her second husband?

Mo Year
. How many babies has your (present/last/ex-) wife ever had, not

counting miscarriages, stillbirths, stepchildren or or adopted
children?

O R
No.

Irf none: Skip to 16

Now I would like to know the birth dates and sex of all her
children, beginning with the oldest. (dsk about as many
entldren as were indicated in Q12).

"Was the first child a boy or a girl? Quate 1

Female 2
When was he/she born? £ 7 7. = ar _
Mo Day Year
) . . Male 1
Was the second child a boy or a girl?
Female > \
When was he/she born? _p s 5 ;= ol _
Mo Day Year
Male 1

*Was the th1rd child a boy or a giri?
T Female 2
When was he/she born7

Mo Day Year
hAt: Am a2 ad.a19 * Male 1
Wuy vio a yirrizs
Female 2
; b Mo Day Year T
‘Was the flfth ch1ld a boy or a girl? Male 1
»-'wﬁ&géé g | Female 2
Year T T
Male 1
e kY Female 2
When was he/she born? _ -
X Mo Day Year
. o : Male 1
Was the seventh child a boy or a giri?
e Female 2
When was he/she born? -
S 'f Mo Day Year
‘Was the eighth child a boy or a girl? Mate 1
Co . Female 2
When was he/she born? —_— -
o Mo Day Year
If more than eight children, continue on Family History Questionnaire Swpplemen!



Employee No.

14.- Did any of your (present/iast/cx-) wite's children have an
abrormality or defect?

Yes | No 2

- =

fow many children were involved?

Male 1
Female 2

“was the (first) child a boy or a girl?

when was he/she born?

Mo Cay Year

Wha

ot

was the abnormality or defect?

For Office Use

R S

Male 1
Female 2

"Was the secend child a boy or a giri?

when was he/she born?

T Mo Day  ~ Year

#hat was the abnormality or defect?

“Was the third child a boy or a girl? _ Male 1
Female 2
When was he/she born? _ -
Mo Day Year
What was the abnormality or defect?
"Was the fourth child a boy or a girl? Male 1
Female 2
When was he/she born? —
Mo Day Year

what was the abnormaiity or defect?

If more than four children, continue on Family History Quest:

oruire Swpplement



15. Are all of your (present/1ast/ex-) wife's children Tiving?

For Office Use

Yes | No 2 3
If no:
How many children have died?
"Was the (first) child a boy or a girl? Male 1
Female 2 -
When was he/she born?
Mo Day Year - T ==
When did he/she die?
Mo Day Year - 0T -
What was the cause of his/her death?
"Was the second child a boy or a girl? Male 1
Female 2 -

When was he/she‘-‘born? —_—— _——
o 9 Mo Day Year

SR
When did he/she die?

Mo Day = Year T T =

Male )

Female 2

Year

Year




—
[# 2%

‘When was the sixth?

. Male 1

Was the fourth child a boy or a girl?

Female 2

dnen was he/she born?

Yo Day Year
when did he/she dis?

Mo Cay Tear
What was the cause of his/her death?
7 move than Tour 2nildren, concinue on Samily Eistory Questiorngire Supple
Has your (:resent/?ast/ex—) wife ever had a miscarriage or a
stiliborn chilad?

Yes 1 No 2

How many times did she aiscarry or deliver a stillborn

————

Mo Day Year -
How many months pregnant was she at the time?
“When was the second?
Mo Day . Year
How many months bragnant was she at the time?
-_
When was the third? _
‘ Mo Day Year
How many mon<hs pregnant was she at the time?
—_——
“Wnen was the fourth? . ‘ _

Mo Day Year

How many months pregnant was she at the time?

‘wWhen was the fiftp?

e T

Dey Year

How many months pregnant was she at the time?
T Mo " Day " Year

How many months preynint was she at the time?

R ——

T

Ij more than 3l miscarriages/stillbioths continue on lardiy Hetory
Supplement.




-

17.

D

18.

‘When was the foyrth?

“When was'the_fiffh?

-

For Office Use

Eas ygur foresent/] st/ex-) wife ever had a pregnancy terminated
= 2y medigal or surjical means which did not resuil in a Tive
b1rth’
Yes 1 No 2
If yes:

How many such pregrancies has she had terminated by medical
or surgical means?

‘Wlhen was the first?

Mo Day Year

How many months pregnant was she at the time?

‘When was the second?

Mo Day Year

How many months pregnant was she at the time?

‘When was the third?

Mo Day Year

How many months pregnant was she at the time?

Mo Day Year

How many months pregnant was she at the time?

N

Mo Day Year

How many months vozeront was she at the time?

T
..... ¥ ""5)‘

‘When was the S1ALH>

Mo Day Year

How many nbnfhs pregnant was she at the time?

Has there.ever_been a time when you and your (present/last/ex-)
wife did not use contraception for at least a year and a
pregnancy d1d not result?

Yes 1 No 2
to M
Year : Mo Year
.i¥= to —
Mo Year Mo Year
B to —— e
Mo Year Mo Year




Employee No. éié{___

For Office Use

ast/ex-} wife had any operaticn,
as & vasectemy, hysterectomy, or tubal Tigation, which
yCu unable to have children?

Yes 1 No

s
A .

Which operations were performed and when?

Vasectomy
terectomy

Tubal Ligation 3

Other

Nature of (Operation

What is the highest grade of schoo) you coempleted?
Elem: 01-08 A.5.: 09-12 College: 13-16 CGrad:
(inzerview ends jor never married persons)
s the highest grade of school your (present/last/ex-
completed?

09-12 College:~ 13-16 Grad:
.

sons married once)

re




GEISMAR, LOUISIANA

Richard J. Levine, M.D.*

*Department of Epidemiology
Chemical Industry Institute of Toxicology
P. O. Box 12137

Research Triangle Park, NC 27709
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THE REPRODUCTIVE EXPERIENCE OF WORKERS EXPOSED TO DINITROTOLUENE
AND TOLUENE DIAMINE AT RUBICON CHEMICALS INCORPORATED,



SUMMARY

AN analysis of repreoductive experience at Rubicon Chemijcals Incorpor-
ated's Geismar, Louisiana plant has revealed no evidence for a decrease in
feriility related to working in the nitrations or reductions area, where expos-
“res o dimnitrotoiuene and toluene diamine may occur. Moreover, there was
7C evidence 'n these areas of an abnormal aggregation of miscarriages, still-

Dirtrs, neona’ | deaths, or birth defecrs.




'

Exposure to dinitrotoluene and toluene diamine in the workplace has been
suspected to impair spermatogenesis and to increase the risk that workers'
wives may uhder‘go spontaneous abortion.1 Since dinitrotoluene and toluene
diamine are produced at their plant in Geismar, Louisiana, the management of
Rubicon Chemicals Inc. requested CIIT to evaluate the reproductive experience

of plant employees.

Interviews were conducted on location in July 1981. Al permanent
employees whose jobs had ever taken them into the production areas of the
plant on a regular basis were invited to participate. Reproductive history
questionnaires (appended) were administered to 207 persons, including 10 who
had worked in the nitrations or reductions areas of the plant, but were not
available for the July interviews. These were reached by telephone over the
next two months, thus ensuring that current empioyees who had ever worked
in nitrations or reductions (except one who was out of state for the summer)
were given the opportunity to be interviewed. In all, 14 eligible persons (six
percent) were not interviewed; 4 refused and 10 were absent due to vacation,
sickness, disability, or personal or company business. Among those inter-
viewed five male employees and one of fifteen female employees had never
married, and therefore, did not contribute to the analysis. Of 55 persons
who had ever worked in the reductions area, 53 were interviewed (36 percent);

similarty, 53 persons were interviewed of 55 who had ever worked in nitrations.

The five production areas of the plant are noed in Figure 1: (1) nitra-
tions - includes offsites (loading methylene bisphenyl isocyanate: receiving
benzene, toluene, ammonia, and other raw materials), sulfuric acid concentra-

tion, and the manufacture of nitric acid, dinitrotoiuene, and nitrobenzens;




(2) reductions - includes the manufacture of toluene diamine, aniline (the "old

aniline plant", which is currently used for reworking aniline), and diphenyi-
amine; (3) toluene diisocyanate (TD!) - includes the manufacture of phosgene
and TD!; (4) methylene bispheny! isocyanate (MDI1) - the manufacture of MDI
and variants; and (3) aniline/nitrcbenzere - the manutacture of nitrobenzene
and aniline. Except for MDI, which is handled by nitrations personnef, areas
foad their own products. Persons assigned to an area rotate through all
activities in the area according to a two week or a one month rotation schedule.
The only significant EXposures to dinitrotoluene occur in the nitrations area;

likewise, the only significant exposures to tofuene diamine occur in reductions.

The basic fertility analysis has used the method of Levine et al.2-4 Job
titles and dates comprising in-plant occupational histories for all employees

were provided by the plant personnel office.

Pertinent results are displayed in the appended tables. Tahle 1, entitled
"Married Fertility", describes fertifity during periods in which employees were
married and not perrmanently separated. Observed and expected births and
the resulting -atio or standardized fertility ratio (SFR) are recorded for
different slices of group reproductive experience. Pre-employment fertility is
set forth in the pair of numerical columns at farthest left. Five other pairs
of columns display pos -nployment fertility according te whether there were
fittle or ro opportunity for exposure ("None'') -- e.g. layoff or other absence,
administrative and certain technical jobs; opportunity for exposures in the
nitrations area: for exposures in reductions; for multiple exposures not
limited to one production area, as with wvarious maintenance, iaboratory, and

technical positions; or "Other" exposures, referring to the experience of



individuals assigned to work in discrete production areas of the plant besides
nitrations and reductions (including the nitric acid manufacturing facility,

when denoted as such, and the TDI, MDI, and aniline/nitrobenzene production

areas).

In the absence of plant chemical EXposure the fertility of male employees

their fertility during periods at risk from nitrations exposures: Pre-employ-
ment + None SFR = 1.99 (76/38.1) vs. Nitrations SFR = 2.00 (17/8.5). The
ratio of exposed to nonexposed SFRs (or 9) js 1.00, with 90% confidence limits
0.61 - 1.59, indicating that similar EXposures in another chemicai piant would
not be expected to educe fertility by more than 39 percent or to cause an
increase of more than 59 percent. Likewise, the fertility of employees who
have ever worked in reductions (reductions-exposed) remains unaffected
during periods at risk from reductions exposures: Pre-employment + None
SFR = 2.01 (55/27.3) wvs. Reductions SFR = 2.0 (32/15.9). The ratio of
reductions to non-exposed SFRs (or 6) js 1.00, with 90% confidence limits

0.67 - 1.47.

Degree of exposure in nitrations or reductions was estimated by duration
of employment in those areas and by exposure intensity designations assigned
to each job title according to estimation of éxposure potential by the plant
industrial hygienist. Computer capability was aevetoped to subdivide the
reproductive experience ¢ an individual, if necessary, and assign one portion
to one exposure category (e.g. the first 2.0 vyears of reductions-related
experience or reductions-related experience with high intensity exposure) and

another portion to another eXposure category (e.g. reductions-related experi-




I a
N

[N

e&nce subsequent to the first 2.0 years c- reductions-related experience with
low intensity e€xposure). Categories of duration of eXposure were constructed
SO0 as to subdivide nitrations-related and reductions-related births into groups

with at ieast 3.0 exXpected births, the minimum needed to confer sufficient

stability to SFRs.

The following jobs were designated to confer the potential for high

intensity exprsyre; productions technician, junior producticns technician,
temporary productions technician, laboratory technician, junior laboratory
technician, laboratory trainee, chemical analyst, and temporary trackman
{loader). Foreman, shif. foreman, production shift supervisor, chemist,

contrel  chemist, senior developmert chemist, instrument technician, junior
instrument technician 2230r instrument technician, and senicr development
weére considered to afford cpportunity for medium intensity
exposure. Several jobs were thought te be virtually without exposure:”
general production superintendent, production manager, isocyanate production
manager, chief chemist, maintenance manager, instrument supervisor, engineer-
iNg manager, chief project engineer, project engineering supervisor, process
engineering suservisor, technical manager, production statistician, industrial
refations supervisor, and secretary. The remaining positions were character-
ized by low intensity e€xposure. Threse inciuded a3l safety and inspection
jobs, all other engineering department titles, technical assistant, commission-
ing manager, maintenance engineer, general foreman (maintenance), laboratory

supervisor, senior productions technician, area superintendent, pure and

variants supervisor, and production day foreman.




bility and less intense expaosure, employees with the greatest duration of
exposure in 3 Particular aregs often will have jobs which involve the least
intensity of exposure. In order to assess the effects of degree of exposure
properly, therefore, it js necessary to stratify exposure intensity by duration.
(Computer Capability to permit stratification oY exposure duration by intensity
has not yet been developed). This was possible for high intensity exnosure
in nitrations or reductions, since categories of [ess th;n or equal to and more
than 2.0 Years exposure contain a8 minimum of 3.0 eéxpected birth,. The
results are presented in Table 2. Duration of employement in nitrations or
reductions had no significant effect on the fertility of men exposed at high

intensities; in fact, SFRs increased with greater duration of employment!

Exposure-related fertility among female employees was insufficient to

analyze.

Information abovt abnormalities or birth defects was elicited from the
questions "bid any of your wife's children have an abnormality aor defect>"
and "What was the abnormality or defect?" The questions did not require the
informant to decide if abnormalities or defects had been present at birth since

problems first noted years later might not have been identified as resuliting




—_

from birth defects. Neonatal deaths were detected from responses to the
questions: "Are ali of your wife's children fiving?" and "when did he/she
die?"  The queries "Has your wife ever had a2 miscarriage or a stiliborn

chiid?" followed by "When was the (miscarriage or stillbirth)?" and "How many

months pregnant was she at the time?" were L =d to establish and describe

these events.

Inquiries were specifically directed at pregnancies terminated by medical

or surgical means which did not result in a live birth - e.g. tubal pregnan-
cies, elective induced abortions, and intrauterine fetal deaths where iabor was

induced by a physician. Such pregnancy outcomes may or may not have been

inciuded in responses to questions on miscarriages and stilibirths; however,

the frequency of these events is not expected to differ with chemical exposure.

Three pregnancies conceived in wedlock were reported to have been terminated
by medical or surgical means. One was conceived during nitrations exposure;
two. during exposures in production areas besides nitrations and reductions.

Marital and exposure status of two other such pregnancies was not indicated.

Data on :onormalities and defects in liveborn offspring of the wives of
mate employees have been summarized in Table 3. There are no significant
aggregations of abnormalities or defects with chemical exposure; nor are there
w3 or more cases of a single well-defined birth defect occurring within any
one exposure category. The two instances of abnermalities or defects ascribed

to prematurity, both conceived during reductions exposure, were neonatal

deaths.




The distribution by exposure of miscarriages, stillbirths, neonatal deaths,
and live births conceived in wedlock by the wives of male employees has been
enumerated in Table 4. The number of reported pPregnancies at risk is proba-
bly somewhat less than the true figure. This is because pregnancies conceived
within nine months of the date of interview that result in miscarriages, stili-
births, or neonatal deaths (the majority of whom have been prematurely born)
are more likely to conclude prior to interview than those which result in the

birth of living infants.

For purposes of analysis miscarriages, stillbirths, and neonatal deaths
have been .grouped together. This arrangement makes good sense if one
considers that the most likeiy hypothesis to explain an effect on the male
leading to an adverse reproductive outcome besides diminished capacity to
achieve conception would involve chromosomai damage or a genetic mutation.
Such an event could lead to a birth defect, which if severe enough might
result in a spontaneous abortion, a stillbirth, or a neonatal death. One can
easily discern in Table 4 that for all males there is no significant clustering
of adverse reproductive outcomes with nitrations or reductions exposure.
This becomes 2ven more evident after exciuding the reproductive experience
of habitual aborters, defined as women for whom three consecutive pregnan-
cies have resulted in miscarriage, stillbirth, or neonatal death due to prema-
turity. These women are more likely to have constitutional abnormalities,

which can account for their adverse reproductive outcomes.

In summary, the analysis of reproductive experience at Rubicon Chemicals'

Geismar, Louisiana plant has revealed no evidence for a decrease in fertility




related to working in the nitrations or reductions areas, where exposures to

dinitrotoluene and toluene diamine may occur. Moreover, there was no evi-
dence in these areas of an abnormal aggregation of miscarriages, stitibirths,

neonatal deaths, or wirth defects.
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Figure 1

RUBICON PRODUCTION AREAS

AMMONIA —> NITRIC ACID
I — TOLUENE —> DINITROTOLUENE
| BENZENE —> NITROBENZENE
SULFURIC ACID CONCENTRATION
OFFSITES

, DINITROTOLUENE —> TOLUENE DIAMINE
| REDUCTI:NS_—7 NITROBENZENE —> ANILINE
f | ANILINE  ———>  DIPHENYLAMINE

- 7 TOLUENE DIAMINE—> TDI
: | CARBON MONOXIDE + CHLORINE->PHOSGENE
MDI 7 ANILINE —> DADPM — MD]
MDI (POLY) —> PURE MDI —> VARIANTS
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Tabie 2
@ D ——
HIGH INTENSITY £XPOSED MALES:
MARRIED FERTILITY BY DURATION OF EXPOSURE
Nitrations Reductions

Group /8 SFR 0/E SFR

i.B.Q Y€ars exposure 8/4.2 1.89 14/6.2 2.27

> 2.0 years axposure 6/3.0 2.90 13/5.3 2.47
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Dear Dr. Hathaway:

The analysis of fertility at Allied's Moundsville, WV plant has been co
I expect to mail you under separate cover within the next ten d

'.\‘:('_.")
P.0. Box 1057-Rr
mpl
s
the miscarriage, stillbirth, and birth defect data,

.
Morristown, NJ 07960 =T RULE,
ays the result

eted,
of

There is no evidence of a decrease in fertility related to exposure to dinitro-
toluene or other agents in Building 55,
decrease in fertilicy related to e
Building 52,

Nor is there convincing evidence of a
Xposure to toluene diamine or other agents in

The study has proceeded according to the method I have presented in mvy recent
articles and letter in the Journal of Occupational Medicine.
views conducted by my staff towards the end of April 1981,

Job titles and dates
comprising in-plant occupational history were provided by the plant personnel and
safety offices and were

and were reviewed for accuracy with employees. Wiere there were con-
flicting opinions, the dates and job titles given by the emplo,ces were used in
preference to those provided by plant management; however, in general, there was
good agreement between management and employees about these matters.

It is based on inter-

I am grateful for the excellent response of your emplovees toward this study
and to Mr. Higgins and Mr. Callow in particular--without their willing
knowledgeable assistance the study could not h=ve been completed. A t
persons--eéveryone whose job had ever taken him into the exposure areas of
on a regular basis--were invited to participate in the studyv. This include
hourly emplovees and 48 of 76 salaried staff. Persons who had worked onl
administrative offices were excluded from the study as were temporary or co
personnel. Interviews were obtained from 235 individuals, including five hou
employces who had worked in Buildings 52 or 55, but who had been absent durin
April interviews. These were interviewed in May by telephone. All hourly em
who had ever worked in Buildings 52 (TDA) or 55 (DNT) were given the op

ag

s
nda
&

,..
o]
rh

<o

participate. In sum 33 eligibles were not interviewed: 7 refused and Q
absent as the result of vacation, sickness, accident, or long-term disability,

1
Nl

| 2 - 3] ]
CHEMICAL INDUSTRY INSTITUTE OF TOXICOLOGY R 7 Al e S OIS B
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August 17, 1981
—
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persens (refused) were not interviewed from among 45 male emplovees who had ever
<ed in Buildinag 52 {(ThA; Iikewise, of 32 males who had ever worked in Building
(ONTY, onl ne vson {ref ) T

rviewed. Ten participants had never
analySIS. The preponderance (213)
There were 3 non-white males and 9

Pertinent resu appended tables. The table entitled
"Married Fertilise lity durlno periods in which emplovees
were married and no bserved and expected births and the
resulting ratio or atio (SFR) are recorded for different
slices of re-emplovment fertility is set forth in
the o-air eft. Five other p“l s of columns displav
posI-en here wes little or no opportunity
fo bsence, Ru11d1p”s 44 (power house) or
61 i -u‘l ings 55 (DNT) or 52 (TDA); for
plantwide or = tip lumn) such as might be encountered
b or la s; or '""Cther"” exposures, referring
to noe of in discrete areas of the plant
be g5 3%

As T have discussed especially In my recent letter to the editor of the Journal
of Cccurariocnal Medicine, there is a small artifactral tendency for married fertilitcy
aiter exrl to be reduced in comparison with pre-emplovment fertility (or for
no-exposure fertility, coensisting of the sum of pre-employment and post- employment
"Nene' cxperience, to exceed post-emplovment exposed LerLlllt ). This is because
the U.S. general population from which expected births for ‘e plant population ar
derived will contain a greater proportion of married women at older ages; and workers
are indeed older a%tar emplorment (exposure) than before. Plant observed fertility,

on the other hand, is based only on married years. TFor example | the weishted sver age
age of the wives of all males in the pre-emplovment category is 26 (or 27 for the
total period of no exposure as defined above), Corrpsoondlno weighted average ages
for post-emplovment exposure categories range from 32-37 s, thereby resulting in a six
(eizhz) incresse in the proportion married among the general population
cempared exposure (pre-emplovment) periods. Post-emplovment standardized fer-
tilicv rat th fcre, would be expected to be approximately six (eight) percent
lover than rates during the period of no exposure (pre- employment) .

0 mind, the pattern of fertility for male emplovees can be inter-
"Other" exposure-related fe rtility, if anything, is probably slightly
hisher than no-exposure or prc- e*plOVﬁEQE fertliltv Fe rtlllty for the post-~

EMplorment exposurs categories "None "TDA," and "Multiple" is somewhat lower than
expected.  Within Tha-cxposed m°1e§ TD%— exposure related fertility remains less than
corresponding fertility during e\p sure periods. The analysis of fertility based
on the table entitied "Married fertLilty: pP-100," however deals with aggregate
fertilicy during different exposuro periocds. It assumes tnat the underlying fertility
of the group dees not va v with female age, birth cohort, or parity or that the
distribution of these parameters is similar across exposure periods. The parameter
with greatest impact on fnrt lity is parity.
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The relationship of parity to fertility among P-100 males is set forth in the
tables entitled "Married Fertility by Parity: P-100 Males" and "Married Fertility
by Parity: P-100 TDA-Exposed Males by Degree of Exposure." From the first of these
tables it can be readily discerned that fertility is not constant across parity
levels and declines as parity rices. This is evident from a scrutiny of parity-
specific SFRs for all males during the pre-employment period, when fertility is
unlikely to be confounded by differences in environmental exposures. The greatest
decrement in fertility occurs between Parity 0 and 1 and may be attributed to the
preponderance of nulliparous single women in the general population depressing the
expected number of births at Parity 0. At higher parities """- continue to decline,
although at a much slower rate.

For all parities except Parity 3 parity-specific STRs are greater during the
period of TDA exposure than prior to employment at the plant. This is true whether
examining the fertility of all males or only that of male emplovees who have been
exposed to TDA. The fact that aggregate fertility prior to emplovment seeams to ex-

ceed fertility during exposure to TDA is accounted for by the much greater contri-
bution of Parity 0 to pre-employment fertility. Sixteen percent of all male expected
births for the pre-employment period occurred at Parity O compared to sever percent
,of expected births during TDA exposure. Since Parity 0 SFRs are characteristically
large, the greater contribution of this parity level to aggregate fertility during
the pre-employment period increases the overall pre-enuplovment SFR.

In order to account for differences in the contributions of various parities
to aggregate fertility during exposure periods, parity-specific expected births were
adjusted as follows: Post-employment fertility at no risk from exposure to DNT or
TDA (exposures "Nome' or "Other") was used as a baseline. At each parity level the
number of expected births was adjusted by multiplying by the baseline parity-specific
SFR divided by the baseline SFR at Parity 2. In this way baseline SFRs at other pa-
rities were converted to the baseline SFR at Parity 2. Assuming that the factors
governing the divergence of parity-specific SFRs of the baseline are the same as thase
operating during other exposure periods, such an adjustment would produce aggregate
SFRs unencumbered by differences in the contribu i les

(g
[
t

s of various parity levels.

The table entitled "Parity-Adjusted Married Fertility: P-100 Males" displays the
results of adjusting aggregate SFRs as described. The standard against which to com-—
pare adjusted SFRs is the adjusted SFR for "No Exp. + Other Exp." (baseline). The
change in fertility with exposure is denoted by © and is simply the ratio of adjuste
SFRs of a given exposure period with baseline. 1In all cases post-emplovment adjuste
SFRs exceed pre-employment values, and DNT-related SFRs exceed baseline. For all wra
fertility during the post-employment periods "No Exposure', "TDA Exposure”, and "Mul
tiple Exposure” is less than baseline, but differences are not statistically signif
cant and may result from random variation. Restricting th2 analvsis to TDA-exposed
males has the advantage of :xamining the same persons under different conditions o
exposure, but the disadvantage of smaller numbers with greater attendant instability.
Adjusted fertility related to TDA exposure of TDA-exposed males 1s virtually identica
to baseline. The 90% confidence limits on 8 indicate that the data available from ch
plant for exposure areas of concern - DNT, TDA, and Multiple Exposure - would have
sufficient s+t least to detect with 90% certainty a reduction in fertility of 60 -
percent (8 = 0.40 - 0.20) as occurred among workers exposed to dibromochloropropane
(DBCP) at a California pesticide plant.
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osure to TDA was estimated bv duration of eXxposure and by exposure
ions assigned to each job title by Mr. Higgins, Manager of Safety
ccording to his estimation of exposure potential. Computer capa-

T N
dev ped to subdivide the reproductive experience of an individual, if

v, and $1gn one portion to one eéxposure group (e.g. the first 1.5 years of
TDA exposure or TDA exposure as a helper) and another portion to another exposure
group (e.g. TDA exposure subsequent to the first 1.5 vears or TDA exposure as a for.-
man). Duration of exposure categories of less than 1.5 years or greater than/equal to
1.5 years were constructed in order to subdivide TDA-related expected births equally,
The following job titles were linked to exposures of lesser intensity: laborer-
jaritor, operater Prior to November 15, 1972, unit foreman, shift foreman, acting/
temperary assistant foreman Greater intensity €Xposures were assigned to helper,
Buildinz 52 desig d o and operator on/after November 15, 1972, (Operator
and helpor olas-i rzed inis a single Op2rator category in November
1972.)

lated with reduced fertility with or
ed in fertility cannot be explained
efween exposure groups (weighted
han/equal to 1.5 years exposure,

a
th intensity of exposure groups).

0f -2 male emplovees who had ever whrked in Building 52, only one admitted to
trying for a year or more to achieve & pregnancy without success beginning during the
perviod of TDA exposure. This compares to one of 47 male emplovees producing the food
additives malic and fumaric acids who reported a lack of success which began during
the pericd of exposure to these acids. Both exposure periods are of comparable size
in terms of numbers of births expected: 7.6 and 7.5, for TDA and malic/fumaric acids,
respectively

boch salaried and hourly jobs were assigned both to salaried
a ur ger separately to the hourly/salaried group. Pre-emplovment
ferrilicy and weighted average ages of wives during the pre-employment period are
almost identical tor hourly and salaried emplovees. There is, therefore, no diffi-
culty in disregarding these categories in relation to fertility,

ted fertility among female emplovees was insufficient for analysis,

i
P
o}
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evidence of a decrease in fertility related to exposure
zents in Building 55; nor is there convincing evideuce
lated to exposure to toluene diamine or other agents in
ed to TDA exposure of TDA-exposed males is virtually

identical to the post-employment fertility f these individuals during periods which
preclude exposure to DNT or TDA (""No Exposure’ and "Other Exposure'), Post-employment
fertilicy of all male emplovees during such periods exceeds TDA~related fertility;

but whether this is dye to random variation or reflects a biological effect of occupa-
tioral exposure cannot he determined with assurance. Indeed, the possibility for
variation unrelated to occupational exposure to have influenced the outcome is more
Iikely since the exposure groups being compared include different individuals.

It should be noted that the post-employment fertility of all male employees during




bl

periods which preclude exposure to DNT or TDA exceeds to the same extent post-
employment fertility during periods lacking any chemizal éXposure. Moreover, the
incidence of noticeable fertility problems beginning during the period of TDA exposure
seems not to differ from the incidence of such problems during exposure to chemicals

of no concern. Nevertheless, the suggestion of a dose-response relationship between
fertility and degree of exposure in Building 52, although not statistically significant,
holds open the possibility that a mild reduction in fertility related to occupational
e€Xposures in this area may have taken place.

Please let me know if you require additional information or explanation. With
many thanks for your generous assistance.

Yours truly,

Richard J. Levine, M.D,
Chief of Epidemiology

€c: Dr. Robert A, Neal, President
Dr. James E. Gibson, Director of Research
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CHIMICAL INDUSTRY INSTITUTE Or TOXICOLOGY

.00 nOoX T
PRENIDENT. LEON GOI BERG. M1, 10 w DML R, 1R P, RESEARCH TIUA GLE ARk,
VICE PRENIDENT, Dicron o RESEARCHL JAMES 12 GIHSON, 10y, NORTH CAROLIN A 27700
SECRETARY AND ADMINSTR ATIVE MANAGEIL DONALD AL AR, Dok, 1919) 5412070

August 25, 1987
James Hathaway, M.D., M.p.H.
Medical Director: Chemicals
Allied Chemical Corporation
P.0. Box 1057-R
Morristown, NJ 07960

Dear Dr. nathaway:

The analysis of reported miscarriages,
birth defects .. Allied's Moundsville, WV plant has been completed. There is
no evidence of an abnormal aggregation of birth defects with chemical exposure.

However, a cluster of miscarriages, stillbirths, and neonatal deaths conceived

during the period of exposure to toluene diamine or other agents in Building 52
has been observed.

stillbirths, necnactal deaths. and

Many technical details of the study have been described in my letter of Au-
gust 17. Information about abnormalities or birth defects was elicited from the
questions "Did any of your wife's children have an abnormality or defect?" and
"What was the abnormality or defect?" The questions did not require the infor-

cts had been present at birth since prob-
have been identified as stemming from biith
defects. Neonatal deaths were detected from responses to the questions: "Are all

of your wife's children living?" and "When did he/she die?" The queries "Has your
wife ever had a miscarriage or a stillborn child?" followed by "When was the (mis-
carriage or stillbirth)?" and "How many months pregnant was she at the time?" wers
used to establish and describe these events. Reported third trimester miscarriages
or stillbirths were verified by askiug respondents if the infeznt had been born dead.
Inquiries were not specifically directed at pregnancies terminated by medical or
surgical means which did not result in a live birth - €.8., tubal pregnancies, elec-
tive induced abortions, and intrauterine fetal deaths where labor was induced bv a

=3
physician. Such pregnancy outcomes may or may not have been included ia the re=

sponses to questions on miscarriages and stillbirths. Nevertheless, the frequency
of these events is not expected to differ with chemical exposure,

Data on abnormalities and defects in liveborn offspring of the wives of male

employees have been summarized in the tables entitled, "Abnormalities or Defects

Reported in Liveborn Of fspring: P~100 Males, Married Experience” and "List of Ab-

normalities and Defects: P-100 Males, Married Experience”. It is evident that

there is no aggregation either of total or cardiovascular abuormalities/defects
with chemical exposure. (Cardiovascul

since there were several of them).
well defined birth defect cccurring

ar abnormalities were examined separately
Nor are there twe or more cases of a single
within any one exposure category.
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Dr. James Hathaway
August 23, 1981

The distribution by exposure of miscarriages, stillbirths, azonatal deaths,
and :lve births among the wives of male employees during married years has been
enumerated in the table entitled, "Miscarriages, Stillbirths, Neonatal Deaths:
P-180 Males, Married Ixperience". Two tubal pregnaancies were identified and re-
porced as miscarriages. The number of total pregnancies at risk recorded in the
tabie is probably somewhat less than the true figure. This is because pPregnancies
terminated by medical or surgical means may cr may not have been reported; and,
in coatrast to miscarriages and stillbirths, liveborn infants conceived within nine
zonths of the date of interview would nor have been born prior to interview.

One will readily observe that the number of miscarriages, stillbirths, and

ative to toral reporred pregnancies is in excess for the period

ecause this is true for males etvwer exposed to TDA as well as
vees, the cluster cannot be explained by a high rate of adverse

comes occurring among the wives of males ever exposed to TDA re-

al exposure. The six miscarriages, stillbirths, and neonatal

t were not due to the fortuitous presence of women who are

rs cince they were products of cenceptions from six different women.

2 se women had had an adverse pregnancy outcome on a prior occasion.

was the mother of the aconate who died. She previously had given birth to

child who died during the neonatal period:) Using chi square with one de-

freedom and the Yates correction for continuity, the number of adverse re-

lve events occurring during TDA exposure relative to pregnancies at risk is

nificantly greater than during the post-employment experience of all male em—

es under conditions of ''no exposure" or "other exposure': 6/16 vs. 10/118,

-003.  All but one of these events occurred after the first trimester of preg-

c¢v, whereas usually first trimester miscarriages would be expected to predomi-

te. During the all male multiple exposure category the frequency of adverse preg-

CCYy out-omes is also increased and skewed toward later trimesters. While this is

not statisgically significant, if isg compatible with the hypothesis that an exposure
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in the TDA area plavs a role in the production of miscarriages, stillbirths, and neo-
natal deaths since TDA area exposures would be included in the multiple exposure ca-
tegory.

Persons exposed for lornger durations or at greater intensities would bhe expec-
ted t> enhance their risk of adverse pregnancy outcomes if TDA area exposures of
male emplovees were indeed involved in producing miscarriages, stillbirths, and
neonatal deaths. Thus fathers of conceptions during the period of TDA exposure
which had unfavorable outcomes would be expected to have received greater exposure
by the time of concepticon than fathers of children conceived during TDA exposure
who survived the neonatal period. Howe-er, no substantial difference can be found.
The median duration of uninterrupt>d TDA exposure at conception of an adverse re-
productive event was 1.1 years compared to 0.9 years at conception of a child sur-
viving the neonatal period. Using a scale of intensity of exposure constructed by
dr. Higgins, job titles held by male employees at :he time of conception during TDA
exposure were ranked from low (1) to high (4) as follows: janitor-laborer and shift
foreman (1), operator (2), operator after November 1972 (3), and helper (4). The
intensity of exposure of fathers at the time of conception of children who survived
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Dr. James Hathaway
August 25, 1981

the neonatal period was similar to the intensity of exposure at conception of mis-
carriages, stillbirths, and neonatal deaths (mean score 2.9 vs. 2.5, respectively).
Taking into account exposure duration and intensity and using personal knowledge of
individuals to assist with the exposure rating, Mr. Higgins and his staff assigned

a qualitative level of exposure (low, medium, high) during work in the TDA area to
each man who had ever worked there. Again there was little difference betweer the
groups. Of fathers of children surviving the necnatal period, one was ranked high;
five were moderate; and four, low. Three fathers of adverse pregnancy outcomes * ra
considered low; and three, moderate.

An effect of TDA exposure on male reproductive capacity could persisc i-r ea
uncertain length of time after exposure has ceased. Under such circumstzn es, o-2
might expect to find abnormalities in the subsequent reproductive experience of TDA-
exposed workers. However, this seems not to be so. Following TDA area exposure, but
not including periods of multiple exposure since TDA area exposures are encountered
in the multiple exposure category, ten births and one miscarriage occurred to the
wives of workers ever exposed to TDA. The ratio of miscarriages, stillbirths, and
neonatal deaths to total reported pregnancies (1/11 = 0.09) is similar to the ratic
obtained from post-employment 'na exposure', "DNT exposure", and "other exposure"
categories of TDA-exposed males prior to TDA exposure (1/8 = 0.13). The single mis-
carriage after TDA exposure did not occur in one of the six women who had conceived
pregnancies with adverse outcomes during the period their husbands were emploved in
Building 52. Subsequent to TDA exposure, the fertility of these six women appears
to be normal, with 3 births, O miscarriages/stillbirths’/n- .natal deaths, and 2.3 2x-
pected births after adjustment by the method outlined in my letter of August 17.
This compares to O births, 1 miscarriage, and 1.4 expected tirths for women who had
conceived only live births during the period of TDA area exposure.

In summary, there is no evideice of an abnormal aggregation of birth defects
with chemical exposure. However, a cluster of miscarriages, stillbirths, and neo-
natal ceaths conceived during the pericd of exposure to toluene diamine or other
agents in Building 52 has been observed. Severity of exposure in Buiiding 52 does
not appear to be related to risk of an adverse pregnancy outcome; and the subsequen:
reproductive hiatory of TDA-exposed men and the subgroup with TDA area-related mis-
carriages, stillbirths, or neonatal deaths seems to be normal after leaving Building

52.

An excess of miscarriages among wives of workers exposed to dinitrotrluene and
toluene diamine at another chemical plant has been suspected in the repor: of a plant
health hazard evaluation undertaken by NIOSH (HE 79-113-728). f one, however, ex-
cludes the reproductive experience of the exposed irdividual whose wife appears to -
be a chronic aborter and who apparently requested the plant evaluatiou. the rate of
miscarriages among exposed employees seems no different from controls. Nevertheless,
with this background in mind, the finding of a cluster of adverse pregnancy outcomes

during TDA area exposure deserves further scrutiny.

CIIT would be interested to obtain medical records of hospitalizations and me-
dical visits related to the miscarriages, stiilbirths -d neonatal (--ths reported
in this study. An examination of such records would be extremely useful in deciding
whether the cluster of adverse pregnancy outcomes observed during TDA area exposure
were likely to be related to occupational or non-occupational causes. We would also
welcome participation in continued reproductive surveillance of men who have worked

in Building 52 or in any capacity that you suggest.
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Please let me know if you require

additional informauation or explanation.
With best wishes,

Yours truly,

éi | i b\a&» '@M\h¥
Richard J. Levine, M.D.
Chief of Epidemiology

¢c: Dr. Robert A. Neal, President
Dr. James . Gibson, Director of Research

_ 4

v .




10239p /[ AIT(RWIOUQE IBINISEBAOTPIED

950U uo MNaew pai

9111918

¥IUd3sp 1aedY Te3ITUa3U0D

Isea1q ur 31540 !{spooj o3 d13aarte
4311q e sjideaeIed YITM puIly

¥31B3Y JO S3dT1931® urPW JO UOT3ITSodsueil

plnuwinu Jaeay

?anjewaad

aanjewaad

331 3a0ys auo

danjewaad
60°0 96
80°0 06
00°0 11
60°0 11
80°0 £1
90°0 T10¢

o1ley sylatyg sarg

1T1eM YOBWOIS painidni

Jutod ® sey iea auo jo aqof
ajeTed 2139370

oT3aqerp

y1ewaoed papoau ‘jeaqiievay mols
3ui{1c1-949 JO UCIITPUOD Snoaisu
19423 Y31, 1933e 243 yeom

Lqeq uyy

aar3loeI8dAy

profo3uol ‘papaeiai Aftejusw
¥3ae3Y 2yl ur ajuy

$39£5 passois

JONITYIdXA GIINYVH STV 00T-d

15133490 ANV SATLITVWYONEY 40 ISIT

(1)
(@)
(0)
(D
(0)

=~ O~

M) it

$13939Qq / SoI3[eliioluqy
(1eTnoseaorpie)) yirm iaquny

JONITYAdXd QITHAVH ‘STTVW 00T~d

*ONINdSJ40 NYO9IALT NI QIIv0d3a¥ SIDIdEd ¥O

¥3282Y4 BY3 ul aToy ‘inwanm jipay
4311q 3e vruaey frurnug
£13AT713p 3E SoBQ 2%01q 10320p
aZeuep aal3u 1e? 18uuy

¥12432803 2wod 3,upIp uoriflaed Jaeay

paIaainb pue pasow aa9 auo
27913893 papusdsapun
¥3©3q1aesy aeindazag
Ylarq e waiqoad poojq
Y3arq e yrews

13A3] Ley ‘ewyise

19U1ea] MOTS

aansodxy asyag
2ansodxy s1d13Tny
aansodxyg vql
axnsodxy INQ
2ansodxg oN

Juauwloydug-1sog
Juvawlopdug-a1g

sajeu 1Y

dnoas

SALLITVWIONTY

s



S I R —S————————SSSSSSSSS

¢ *Adueufaad TeEqNy 2uU0 sapnioul 4
"MITAIB3UT Jo ajep 943 3O syjuow suju UTYITM paAge

QUOd YIIIQITFIS 10 aferaiedsju suo Sapniouj ¥

N et e e s 4t e i e e . o e o e s b s e e e

aansodxy 13Y41Q
sansodxry a1draTny
aansodxy val
aansodxy ING
aansodxg oN

Jusuwhotdug-3sogd
Jusufordug-a1g
saTed pasodxa-y(ql
%01/6 21nsodxy aayigQ
L0t1/L1 aansodxg a1dI3TnK
91 /9 sunsodxq yqi,
[ANVAY aansodxy ING
VARWAS . aansodxy oy
Juswiojduyg-3sog

9tL/6¢ : juswkordug-aig

satew 1y

1U30194 I3quny SuIITY syara(q T S 7 dnoay

AT Te3RUOBN 13]S3aUWT 1],
] saroueudaag (eioy Aq

§U185( 1PIeUOBNHSUIATTTT 1545901 TT858T] SYIATQITIIS

+
sa33eT11vOSTW

HONTIUFdXT QATWIVI “STIVH 00T~d ‘SHLYAA "IVLVNOAN ‘SHIMIATIILS *SAOVIVIVISIK

-
_ m ,



CHEMICAL INDUSTRY INSTITUTE OF TOXICOILOGY

PO, BOX 122117
PRENIDENT, LEON GOLBERG, MJL, DSC. DPW. FIIC, FRCP o, RESEAICH TRIANGLE P ARK.
S ICH PRESIDENT. DIECTOR OF RESEARCIL SAMES E. GIRSON, P, SORTH CAROLINA 27700
SECRETARY AND ADMINISTRATIVE MANAGER, DONALD A HLAIRCT, D0, 1219) 53412070
July 9, 1981
Lloyd B. Tepper, M.D. RECEIVED
Corporate Medical Director
Air Products & Chemicals, In:. -
Box 538 crap O A
IR 2 1580

Allentown, PA 18105

-ceT RULES DEVELOPMENT BRANCH
Dear Lloyd:

The analysis of fartility at Air Products' Pasadena jlant is c-iplete. There
is no convincing evidence of a decrease in ferrility related to oc. pational expo-
sure to Jinitrotoluene, toluene diamine, or other agents involved in these manu-
facturing processes.

The study has proceeded according to the method I have presented in recent
articles and a letter in the Journal of Occupational Medicine. It is based on in-
formation obtained in two rounds of interviews conducted by your staff toward the
end of October 1979 and 1980. All dates were provided by the employees at inter-
view, but dates of hire were verified from personnel files. Where the employee's
stated date of hire conflicted with that obtained from personnel files, the date
from personnel files was used since employee recollection is generally not as ac-
curate. Of 116 emplovees for whom dates of hire were obtained from plant records,
13 did not agree with stated dates or with information on dates of hire at Air
Products' Pensacola plant that had been provided previously. Most discrepancies
concerned dates of hire at the Pensacola plant.’ Dates of job changes came from the
employees, but errors in these dates are likely to have minimal effects on exposure-
related fertility since most employees did not change jobs and, if they did, it was
usually from one exposed job to another, rather than from a job with exposure to one
without (or vice versa).

In interviews conducted in 1979 137 employees participated out of 152 listed
(90%). 1In 1980 91 employees were interviewed including 84 who were interviewed for
the second time. The results of both rounds of interviews were pooled. Eighteen
participants had never been married and thus did not contribute to the analysis.
The preponderance (94) of ever-mariied participants were white males. There were
11 non-white males and 14 females.

Pertinent results are displayed in the table entitled "Married Fertility: AP-18Q'
{attached), This table describes fertility during periods in which employess were
married and not permanently separated. Observed and expected births and the resul
ratio or standardized fertility ratio (SFR) are recorded for different slices of g
reproductive experience. Pre-employment fertility is set Iurth in the pair of numeri-
cal columns at farthest left. This is followed by two pairs of columns describing
the fertility of Pasadena employees during periods of prior work or training at air
Products' Pensacola plant, according to whether or not there was potential risk of

exposure to DNT.
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The three pairs of columns oo the right represent Pasadena plant-related fer-
tility. Sipce DNT production began in May 1973 and TDA production in April 1976,
according to Mr. Pareja, technical manager of the Pasadena plant, persons are as-
sumed to have had no exposure tc either chemical prior to May 15, 1973. Reproduct-
ive experience related to Pasadena emplovment before that date, and afterwards, for
Persons working at jobs with little or no potential for exposure, is recorded in the
"No" exposure columns. The second pair of columns describes the reproductive exper-
lence related to the period May 15, 1973 through April 14, 1976 during which there
was potential for DNT, but not TDA exposure. From April 15, 1976 on there was a pos-
ibility for exposure to DNT or TDA: this reproductive experience is summarized in
ir of columns labeled "DNT/TDA".

As I have discussed especially in my recent letter to the editor of the Journal
of Occupational Medicine, there is a small artifactual tendency for married fertility
r emplovmenc to be reduced in comparison with pre-employment fertility (or for
re fertility, consisting of the sum of pre-employment and Pensacola and Pas-
exposure experience, to exceed post-employment Pasadena exposed fertility).
ecause the U.S. general population from which expected births for the plant

icn 3re derived will contain a greater proportion of married womea at older
rkers are indeed older after emplovment (exposure) than before. Plant
tilitv, on the other hand, is based only on married years. For example,

d average age of the wives of all males in the pre-employment category is
26 (or 27 for the total periocd of no exposure as defined above). Corresponding weight-
ed average ages for post-employment Pasadena exposure categories range from 31-34,
thereby resulting in a six to eight (four to six) percent inccease in the preportion
married amongy the general population compared to pre-employment (no exposure) periods.
Post-employment Pasadena standardized fertility ratios, therefore, would be expected
to be approximztely six to eight (four to six) percent lower than corresponding ratios
during the period of pre-employment {(no exposure).
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It was not possible to subdivide the reproductive 2xXperience of an individual
and assign one porficn t6 one group (e.g. hourly) and another portion to another
group (e.g. salaried). Computer capability to do this is being developed. Therefore,
only whole individuals could be assigned to greups. Thus on occasion there is dupli=-
cation between groups: some individuals held both salaried and hourly jobs and were
assigned both to salaried and hourly categories; some held both high and low exposure
jobs and were assigned to both categories. In order to sum to the correct total, one
must subtract the results of the hourly/salaried category from the sum of hourly and
salaried; likewise, the high/low exposure results must be subtracted from the sum of
high, low, and no exposure groups.

High and lc. exposure groups represent persons with different sets of job titles,
all with potential for exposure, but judged by Mr. Gentile, manager of industrial hy-
giene [ r the Chemicals Group, to have more or less potential. Job titles are listed

below by potential for exposure:

High £xposure Low Exposure No Exposure
control beard operator environ. control technician :lerk

mechanic instrument technician buyer
laboratory technician maintenance foreman chemist

loader production day supervisor accountant
operator safety engineer design engineer

- continued on next page -
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High Exposure Low Exposure N xXposuare

operator analyst safety supervisor distri»ution supervisor
quality control technician shift supervisor environmental hygienist
welder loading supe=visor maintenance engineer

maintenance superintendent
planner-scheduler

plant manager

secretary

process engineer

process group leader
production engineer
production superintendent
project engineer

project group leader
pProject manager

technical mauager
technical -uperintendent
warehousem:a

plant hygienist
purchasing supervisor
shift supervisor

The categories "mixed exposure", "pre.umina-t DNT exposure”, "predominant TDA
exposure', and "unknown exposure" were derived - @ irformation obtained from em-
ployees during the 1979 interviews. Employees we: e asked whether or not they were
exposed to DNT or TDA and about the degree to whi. . the chemical was related to their
jobs (1=high, 2=medium, 3=low). I have assigned to the mixed exposure grcup all per-
sons who indicated a potential for eéxposure to hoth chemicals except for tie following
combinations: DNT 1 plus TDA 2/3, which was 2ss”-ned to DRT; and TDA 1 plus DNT 2/3,
which was assigned to TDA. Predominant DNT exposure inciuded the followins: DNT 1;
DNT 2; DNT 3; DNT; and DNT 1 plus TDA 2/3. Predeminant TDA exposure included TDA 1;
TDA 2; TDA 3; TDA; and TDA 1 plus DNT 2/3. While thi; information may be of value
in characterizing exposure at the time of interview, its value in assessing exposure
over the entire work experience at Pasadena 8 unknown.

Pre-employnent fertility and weighted avirage ages of wives during that period
are similar for hourly and salaried employees, especially when one conziders that
at a mean age of 27 (vs. 25 for hourly employees) the gereral population counterparts
to salaried employees would contain five percent more married persons. This should
increase the pre-employment SFR for salaried employees five percent compared to hourly
workers. Since hourly and salaried designatiors do nor azpear to alfect fertility
in and of themselves, there is no difficulty d:-vegardiag thsse categories in relation
to fertility.

One will observe that hourly/salaried individuals comprise most of the pcat-
employment experience of salaried persons at Pensacola and Pasadena. Consequently,
most of the exposed experience of salaried persons may have been while working at
hourly jobs. Thus the contrast of salaried exposed ferrility with hourly exposed
fertility may have little value. Similarly, since high/iow exposed persons comprise
most of the exposed experience of the low exposur~ group, the comparison of post-
employment exposed experience of high with low exposure groups 's also without merit.
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and *he fs:t th " inul ¢ als novr working at P-s.icna who had pre ious’y worked at
Pensacola reprecen’. a © "t srcup of Pensicola empiovees, I would be hesitant to
infer anvthing abour the reproductive effects of Scasacola exposures.

In almost all Pasadena subgroup. 2xposure-related fertility is greater than
no exposu or pre-employment fertility. Fertility has surely not beea :=4duced by
exposure these persons. An exception is the category of males with pradominant
XD0s s dbut the reduction in fertility is not statistically signific nt.
le meaning can be ascribed to this result. The uncertain value of these expo-
nations has already been pointed out. If toluene diamine did in fact re-
1 at Basadena, why was this not observed in the high intensity exposure
ion eé@osure (seven or more vears) groups? Furthermore, the racio of
exposure 3FRs for those with four or more vears of predominant TDA
oser to unity (0.93) than for those with less than four years of :uch
) - the maximum duration of TDA exposure was 4.5 years.
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If duration of exposure is important, as it seemed to be at the OxyChem plaunt
where thosa with reduced sperm counts averaged 8.0 years of exposure to DBCP, per-
sons at Pasadena with 7.0 or more years of exposure (maximum possible 7.5) should
display greater reducticns in fertility. These should be most evident during the
later period "DNT/TDA", after iniury or chemicals have had the pportunity to accumu-—
late. The opposite result, however, is obtained: fertility during -he DNT/TDA period
is increased in comparison with DNT or no exposure periods.

The statistical calculations are summarized below. The ratio of exposure to
no exposure STRs or the change in fertility with exposure s derctad by 8. When
9 exceeds unity, fertility has increased during exposure; where 8 is less than unity,
fertility has decreased during exposure. The lower bound of the 90% confidence in-
terval indicates the maximum reduction in fertility possibla (with 90% confidence)
under similar exposure conditions in another group of _2rsons.

Group p-value 8 20% C.I. on &
All males:
No exposure vs. Pensacola "'Yes” 0.19 0.64 {0.28, 1.30)
vs. DNT 0.27 0.53 (0.09, 1.68)
vs. DNT/TDA 0.79 1.17 (0.75, 1.76)
vs. DNT + DNT/TDA 0.64 1.05 (0.69, 1.56)
vs. DNT + DNT/TDA + Pen "Yes"
0.40 0.93 (0.64, 1.32)
Predominant TDA exposed males:
Ne exposure vs. DNT/1DA 0.50 0.80 (0.20, 2.32)
vs. DNT + DNT/IDA 0.38 n.68 (0.17, 1.96)

vs. DNT + DNT/TDA + Pen 'Yes"
0.33 C.53 (0.16, 1.82)
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In summary, I tcel it is reasonable and proper to conclude that there has
been no effeczt of occupational exposures at the Pasadena plant on group fertility.

Please let me know if you would like additional infermation or explanation.

With many thanks for your generous assistance,

Yours truly,

-

Richard J. Levine, M.D.
Chief of Epidemiology

cc: Dr. James E. Gibson, Director of Research
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March 16, 1982

Lioyd B. Tepper, M.D.
Corporate Medical Director
Air Products & Chemicals Inc.
Box 538 -
Allentown, PA 18105

Dear Lloyd:

I am sorry you didn't have a chance to drop by the lab the day of CIIT's
annual meeting. I have enclosed copies of the slides relating to Air Product's
Pasadena plant, which I used in my talk on the reproductive experience of
Jorkers exposed to dinitrotoluene and toluene diamine at CIIT's recent confer-
ence on the toxicity of nitroaromatic compounds.

Data for the slides entitled "DNT: Plant A" and "TDA: Plant A" comes from
the table '"Married Fertility: AP-180" in my letter to you of July 9, 1981. This
table is based on information obtained in two rounds of interviews conducted by
your staff with employees of your Pasadena plant during October 1979 and 1980.
"Pre-Employment + Non-exposed™ on the slide is the sum of Pre~-Employment, Pensa-
cola No Exposure, and Pasad.na No Exposura from the table. Exposed for the
DNT slide is the sum of Pasadens DNT and DNT/TDA exposure from the table; ex-
posed for tha TiA slid. is merely DNT/TDA .xposure in the table. High intensity
and low inte- ~itv in the siides corresrunus to high «nd low exposure i- the table.

Data for the slides entitled "Abnormalirics or Defects iu [ veborn Offp juo:
Plant A" and "Miscarriages, Stillbirths, nNeonatal lDeaths: ™7 AU
from those employees of the rasaderc plant who had Lein autr o ryviaved Juotag Ocorober
1979 and/or 1980 and who were interviewed again in October 1981. irorrataov on
abnormalities or defects and miscarriages, stilibirths, and neor=:tal a:athe {ur
reproductive events which occurred prior to the previous rouna of interviews was
gathered in October 1981 and presented in the slides. It is evident that there
has been no increase in these adverse reproductive outcomes associated with DNT
or TDA exposure at the plant.

snt Y owas ol

An increased frequency of miscarriages, stillbirths, and neonatal deaths
was found to be associated with TDA expasure in a study I performed at a TDI
manufacturing plant. The risk of these adverse reproductive events, however,
did not appear to be related to duration or intensity of exposure; moreover, the
increased ris« disappeared once TDA exposure had ceased i.e. when exposed indi-
viduals were transferred fo another part of the plant. For these reasoms, with
a p~value of 0.03, I am not prone to make much of the association, which migit
have been due to chance alone, especially in view of the fact that this observa-
tion was not corroborated by data from two other plants I have studied. Data
from a third plant is being analyzed now.




Dr. Llovd B. Tepper

Air Products & Cleasicals Tne.
March 16, 1982

Page Two

[ hope this information is of some assistance to you. We plan to finish
t ertility ana’vsis at Pasadena incorporating data from the recent inter-
views once we have received clarification of some questions we asked Mr. El-
dri

[”)
[
rt

Yours truly,

S -
Richard J. Levine, M.D.
Chief of Epidemiology

cc:  Dr. Robert A. Neal
Dr. Ernest Blade
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