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ecutive Summary

A cancer incidence study was undertaken on workers employed at a chemical plant where
arylamines had been produced since the plant's inception in the mid-1940s. Benzidine was
produced at the plant prior to mid-1965, but use and production of other mono- and di-arylamines
occurred until 1989. In 1985, the company became aware of three cases of bladder cancer in-non-
benzidine workers. An epidemiologic study of 704 workers first employed at the site between July
1, 1965, and December 31, 1989, was undertaken to assess cancer incidence during the study
period.

in this cohort, 27 confirmed cancer cases were ascertained through the Connecticut Tumor
Registry, a worker survey, death certificates, and a company health surveillance program. A
statistically significant incraase in the standardized incidence ratio (SIR) was observed for cancer
of the bladder (males only) and testis. An elevated, but not statistically significant, SiR was found
for breast cancer. The elevated risk for cancers of the testis and breast was based on three or
fewer observed cases and was not ass~:iated with arylamine exposure. As a result, the
association between arylamine exposure and these cancers was not evaluated further. The SIR
for bladder cancer among males was 8.3 (95% confidence interval (Cl) = 3.3 - 17.0) in which seven
cases were observed and 0.85 were expected. Another bladder cancer case was recently
identified, after the study cut-off date, and is discussed in Section 6, Epilogue.

An exposure classification system was developed by a panel of former and current employees who
were knowledgeable about historical operations at the plant. This system focused on arylamine
exposures, but could not segregate workers by type of arylamine exposure because production of
all arylaminee occurred in the same facilities at various times. Bladder cancer risks among males
demonstrated an exposure-effect relationship (SIRs = 0.0, 5.5, 16.4, for none, low, or moderate
levels of exposure, respectively).

All bladder cancer cases were known to be current or former ciparette smokers. Consequently,
' smoking appears to be directly associated with the increase in cancer risks. An occupational

etiology for the observed association with biadder cancer was supported by the substantive level
of risk (>800%), the exposure-effect trend, the relatively young age of the easesatthetimeof
diagnosis (52 years), and biological plausibility.

Themotocdanddmﬂmpoﬂforﬂmstudympeer—mvnmdbyapmelofmhmaﬂy-m
epldemeolomstswhowerenotmvolvedincanymgoutthestudy o
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Section 1

Introduction and Background

The North Haven Fine Chemical (NHFC) plant was a specialty chemicals manufacturing facility that
started operations in North Haven, Connecticut, in the mid-1940s as the Carwin Company.
Arylamine chemicals were produced at the facility for over 40 years. Among its first products were
3,3' dichlorobenzidine (DCB), benzidine, o-dianisidine, and o-tolidine (Griffeth 1989). DCB was
aiways the largest volume arylamine &t the plant, followed by benzidine, o-dianisidine, and o-
tolidine. The approximate production volume ratios from start-up until mid-1965, when benzidine
production was discontinued, were 10:5:4:1, respectively. After 1965, DCB and other arylamine
production continued at the plant until 1989, when the DCB process was sold to another firm. The
approximate production volume ratics between 1965 and 1989 were 9:4:1 for DCB, o-dianisidine,
and o-tolidine, respectively. All production operations at the NHFC plant ceased in 1993.

Operations at the plant have never required a large work force. There were three employees plus
the principals when operations began. By 1962 when the plant was acquired by Upjohn, there were
approximately 135 production and administrative workers. From 1975 to the time that operations
wound down in 1993, there were no more than 202 employees at the plant at any given time. All
told, there have been approximately 1,710 individuals employed at the plant since it started.

A permanent biological monitoring program was instituted in 1949 that continued up to the time that
arylamine Jperations terminated. In 1851, investigators from nearby Yale University published a
method to monitor worker exposures using chioramine-T for measuring arylamine compounds in
the urine (Glassman and Meigs 1951). Throughout the plant's history, the urinary amine program
involved a portion of the work force and was used for monitoring the effectiveness of exposure
control strategies. At the time of the program's inception, Meige and his colleagues (1951) reported
on the biological monitoring program in which urine samples were collected during June and
Demmber1950.TMimstigatomhmdmatuMammebvdsm:sedduﬁngmnmms
and that personal hygiene and the use of clean clothes were factors affecting levels. Meigs et al.
(1954) later published another report on plant workers confirming the importance of skin as an
exposure route.

Omefmoasuresweremplementedoverhmebyﬂ\eplantmanagemennoassesswkerhm |
status. In 1956, acystoscopyprogramwammedf | ,, ‘
tumors. M&nyamploympﬂcnpﬁodhﬁnmn" F
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employees who had bsen exposed to benzidine and invite them to participate in the cytology
surveillance program. The company was able to trace 94% of 581 employees. The surveillance
continues to this day. In 1994, the company initiated a bladder tumor surveillance program for post-
1965 workers. All current and former workers were invited for an aniiual screening to ‘dentify
potential malignant changes in bladder ceils. In addition to the bladder cancer surveillance
programs for benzidine- and non-benzidine-era employees, the company has maintained a routine
medical surveillance program for all active workers. )

In 1986, Meigs et al. published a study of the cancer incidence experience of workers at the NHFC
plant employed during the period 1945 to mid-1965, with foliowup to the end of 1978. An elevated
SIR was reported for stomach (1.9), lung (1.5), prostate (1.7}, colon (1.5), and bladder cancer (3.4).
Only the excess of bladder cancer among workers first employed prior to the end of benzidine
production in mid-1965 was statistically significant (SIR = 3.4; 95% confidence interva! (Cl) = 1.5-
6.8). Bladdcr cancer cases were concentrated among men with high exposure to benzidine as
determined quaiitatively by an exposure assessment committee; no statistically significant elevation
in risk was noted for other cancer sites. Risks for biadder cancer appeared to be higher for men
employed during the earliest years of plant operation (1945-1949) compared to those employed
later. The SIR for the earlier period was 9.8 (95% CIl = 2.6 - 25.0), compared to 2.1 {95% Ci = 0.0 -
11.8) for those first employed during the period 1950—-1954. Meigs et al. (1986) attributed the risk
to benzidine exposure, notwithstanding that men were probably exposed to other arylamines.

Benzidine has been recognized by several organizations, including the U.S. Environmental
Protection Agency (EPA), the National Toxicology Program (NTP), and the World Health
Organization (WHO), as a known human carcinogen (U.S. EPA 1995a; NTP 1991; the Intemational
Agency for Research on Cancer (IARC) 1987, 1982a). Among the epidemiologic studies that IARC
cites as supportive of an etiologic relationship between benzidine and biadder cancer is the study
by Meigs et al. (1986) on NHFC plant workers. On the other hand, other arylamines such DCB, o-
dianisidine, or o-tolidine have not been adequately studied in epidemiologic in-estigations, in part,
because cohorts exposed to these substances alone, and not benzidine, are difficult to find in
sufficiently large numbers. Three epidemiologic studies (discussed in Section 5) have been
conducted on DCB and each reported a lack of association between exposure and health effects.
There are no studies in the literature on workers uniquely exposed to o-dianisidine or o-tolidine.

Thus, ﬂwstudyreponedhemlsrebvammmequeshmofmemramnmyofaryhmmesomer
than benzidine.
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ction 2

Study Rationale and Objectives

In 1985, the Upjohn medical department reccived information indicating that three workers first
employed at the NHFC plant after benzidine operations were discontinued in mid-1965 had
developed bladder tumors. A preliminary assessment of the cases indicated that an epidemiologic
study was appropriate (Rench and Unger 1989). Based on this assessment, Upjohn initiated the
study reported here. The primary objective of this study was to determine whether the incidence
of cancer was higher than expected among non-benzidine workers first employed at the NHFC
piant after mid-1965. Another purpose of the study was to identify workers and types of cancers
that should be considered in a preventive medical recali program, if one was needed. The study
was undertaken with the knowiedge thati the worker cohort would be very small and that a limited
period of followup would exist, because only those workers starting employmrient after June 1965
would be enrolled.
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Section 3

Methods

3.1 Cohort identification

The study cohort consisted of 704 NHFC workers, 585 males and 119 femiales, first employed at
the NHFC plant between June 15, 1965, and December 31, 1989. Only workers never exposed to
benzidine at the NHFC plant were selected. Work histories and demographic information were
identified using the corporate database at Upjohn headquarters and the personnel records at the
p'ant. Because the corporate database was computerized only in 1974, active employees with work
histories prior to 1974 had their records updated manually. Work histories for employees who
terminated prior to 1974 also had their work histories reconstructed manually from the records at
the plant. All records were matched against the Meigs data tapes (workers first employed prior to
mid-1965) to identify any worker first employed prior to the cessation of benzidine production.

To make sure that no worker had been missed, the assembled database was verified against the
listings appearing on the Internal Revenue Service (IRS) 941 Forms. The forms have been used
in other studies as a reliable means of validating the completeness of an occupational study cohort
(Marsh and Enterline 1979). Two random samples of workers were generated from the IRS forms
and were compared to the list of workers in the assembled database. Twenty-seven names from
the 941 forms were missing from the cohort database. The missing workers were identified either
as employees of Dor:ald S. Gillmore Laboratories, located in a separate facility in the NHFC plant
complex, or as staff who, aithough not NHFC plant employees, were administratively assigned to
the plant but were actually working at a facility in Texas. Texas workers were excluded from the
study cohort. Donald S. Gilimore Laboratories’ workers were considered members of the study
cohort only if they had also act.ally worked at the NHFC plant after mid-1965 and were included
only for the actual time spent in the plant.

3.2 Cancer ldentification

Three sources were used to identify cancer cases for the incidence study in addition to the ongomg
surveillance by Upjohn. These methods included matchmg the cohort roster with the cancer cases
registered at the Connecticut Tumor Registry (CTR) revuewmg the death certificate:  of dec
workers, and |dent|fymg and confirming reported cancers through a maﬂ survey ] aﬂ

by the treating physmian.

SRA Technologies, Inc.
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3.2.1 Connecticut Tumor Registry

A list of all the NHFC workers in the cohort was submitted to the CTR in November 1992. The
name, date of birth, and Social Security number of the cohort members were matched against the
CTR database. Although CTR is a reliable scurce of cancer identification, only the cancers
diagnosed and raported in Connecticut prior to and during 1990 were available through this source.
No information was available for cancers diagnosed among former workers who had moved out
of state, or cancers diagnosed after 1990 in Connecticut. To obtain cancer information on workers
living outside the State of Connecticut, and to obtain information on more current cancers, a mail
survey was initiated in 1993. If the worker reported a cancer, the worker was again contacted to
obtain the name and address of the diagnosing physician. Attempts were made to confirm all the
reported cancers giiagnosed after NHFC employment.

3.2.2 Death Certificates

As ar.other potential souirce ¢f identifying cancer cases, death certificates were reviewed to identify
any cancer cases that were missed by the other two sources. Death certificates were requested
from the vital statistics office in the state of death for each worker identified as deceased through
the tracing activities undertaken by the Equifax company, the corporate retirement records, or the
worker survey. Death certificates were obtained for all but one worker. if a cancer was recorded
as a cause of death, as contributing to the cause of death, or as an additional condition on the
death certificate, the worker was classified as a cancer case in the incidence study. The date of
death was used for the date of diagnosis when the date of diagnosis was unavaiiable from other
cancer sources.

3.2.3 Worker Survey

Because the CTR was limited to identifying cancers diagnosed in Connecticut residents only and
for cancers reported during 1990 or earlier, a survey of all current and former NHFC employees
in the cohort was undertaken. Efforts to obtain a current mailing address and telephone number
for each worker were initiated before the guestionnaire was sent. Once a current address was
obtained for each worker, a questionnaire was mailed requesting information on the diagnosis of
any cancer, smoking, other possible risk factors for bladder cancer, and work hostones An
additional mailing and a telephone followup were‘initiated for nonrespondents;'

Tracing: Records of 654 workers weie m:tlally submitted to Equrfax for tracmg
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dates. Equifax was then given more latitude to find the difficult-to-iocate workers. When given
permission to speak to the individuals being sought, the success rate increased. Records of
workers who could not be traced directly by Equifax were compared to the IRS 941 Forms for
Sociai Security number accuracy, and were compared to NHFC plant records to identify potential
discrepancies. The records were resubmitted to Equifax for further foilowup. Addresses and
telephone numbers were not obtained for 21 workers.

Survey: The questionnaire (Appendix A) was mailed on July 27, 1993, to the 683 workers having
a current address. A second questionnaire was sent by registered mail with a signature requested
on September 22, 1993, to all nonrespondents. Finally, an abbreviated questionnaire was
administered by telephone to all remaining nonrespendents with active telephone numbers. Data
entry of the questionnaire information was completed during February 1994. Data verification
(100%) was compleied by mid-March. The error rate was less than 0.01%.

3.3 Exposure Classification

In addition to the work histcries available through the corporate database, two other sources of
information were used to assess potential exposures to arylamines at the plant: the urinary

arylamine database and the information developed by an exposure assessment committee

convened for this study. Job tiies, tenure, unit numbers, and work status information were obtained

from the computerized corporate database and supplemented with plant personnel records for the

704 study cohort members. More accurate job title information was available for jobs held after
1973. Information on the building where each cohort member worked could be derived for the
chemical operators from the unit number found in the corporate database. Unit numbers also were
used to assess exposure potential for the adminietrative staff and other workers in areas that were
very unlikely tc have had any arylamine exposur2. Mechanics and engineers, on the other hand,

worked in all buildings as needed, and were potentially exposed to nearly all chemicals
manufactured, processed, or used at the plant. Unit numbers were not as useful for these workers.

Urit numbers and corresponding job tities are listed in Appendix B.

3.3.1 Urinary Arylamine Data

Urinary arylamine measurements were initiated as a result of the Yale University monitoring study
published in 1951. The urinary arylamine records, dated between 1966 and 1976 were reviewad ;
to assess their usefuiness in determining job-speciﬁc arylamme exposure levels. Records 1 ‘t\he
years beyond 1977 were less useful for determlnmg job-specnﬁc exposure levels because i
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urinary amine data could only be associated with general job titles such as operators and would
not have provided information on other workers. Finally, false positives were common in the
program because the use of a number of over-the-counter medications provided a positive result.

3.3.2 Exposure Assessment Committee

An Exposure Assessment Committee (EAC), consisting of four senior NHFC staff knowledgeable
about NHFC work processes and potential exposures, was assembiled after identification of the
work histories but prior to th:2 analysis to review job-specific exposures and assign exposure
scores. Prior to their meeting, a matrix of arylamine production and use, by month for the years
between 1965 and 1989, was prepared by the staff at the plant and provided as a reference point
for the EAC assessment. The objective of the EAC was to develop an exposure score for cach job
title b2sed on the members’ knowledge of jobs, buildings, and production records for this time
period. The exposure scoring system took into consideration the exposure-control measures
introduced at the plant. The committee focused only on the arylamines listed in Table 1. The EAC
committee met once and clarified resulting issues by conference calls. The product of their
deliberations was the exposure assessment matrix appearing in Appendix C. ‘

The exposure scoring system deveioped by the EAC was based on two components: intensity of
exposure and frequency of contact. For lack of any monitoring data on exposure intensity to the
individual worker, the intensity score of exposure to arylamines consisted of a scale from 0 to 5
where G referred to no exposure and 5 to the greatest exposure. A linear scale was used for
exposure intensity; no information was available to suggest that a nonlinear scale would be more
appropriate.

Table 1. Arylamines Handled at the NHFC Plant

Other Names Used by NHFC Plant Personnel and

Chemical Name CAS Number Related CW

Dichlorobenzidine (DCB) 91-94-1 3, 3'-dichlofobenzidme dichlorobenzudine |
C-126 ;

o-dianisidine 91-03-0 3 3'-dm1eﬂ10xybenzidhe ortho-dnams

o-tolidine 119-93-7

o-toluidine 95-534

o-chioroaniline 85-51-2
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Frequency, on the other hand, reflected the time spent at the exposed location and was 100% if
the worker spent all his or her time in a location where arylamines were present and 0% if no time
was spent in an area where arylamines were used. When the exact dates of production or use
were unknown, but records showed that production or use did occur during a few months of that
year, the job was considered exposed at 100% for the whole year. The EAC committee preferred
erring in the direction of overestimating exposure.

The EAC first developed the exposure scoring system for chemical operators, the group believed
to be most heavily exposed. The EAC also reviewed all other jobs in-units with botential exposure
such as the mechanics, engineers, shipping clerks, and chemists. It was determined that some of
these workers were heavily exposed when in contact with the production systems, but the
frequency of contact was unpredictable. The assigned scores reflected the reduced frequency of
exposure. Because the same facilities were used to produce arylamine products, mechanics,
engineers, and laboratory workers were potentially exposed to muitiple arylamines, and their
exposure scores indicated overall arylamine exposure. For this reason, it was not possible for this
study to evaluate chemical-specific effects for each arylamine used at the plant. For workers
assigned to units in which the EAC determined that no exposure to arylamines had occurred, the
assigned intensity and frequ2ncy exposure scores were zero.

3.3.3 Average Daily Exposure Scores and Arnual Cumulative Exposure Score

The exposure scores assigned by the EAC were used to calculate an average daily exposure
(ADE) value for each work interval in the employee’s work history (Appendix D). The ADE
consisted of summing the product of the intensity of the exposure, the frequency with which the
arylamine was used, and the duration (in days) the worker spent in an exposed job; the sum was
then divided by the total number of days spent at that exposure. A master exposure time table
array was generated as a time line from the exposure matrix developed by the EAC which provided
the frequency and the intensity. A worker’s work interval was then divided into smaller intervals that
coincided with the master exposure time table and compared to the master array. The score for
each small interval was then summed over that work interval and divided by the number"df days
sperit in that job interval to obtain an average daily exposure score for each job. Theanalyttcal
program, descnbedeect:on34 1, then summedﬂnADEstoonnatotalmmmame ~ :
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imposed on the study cohort and the cases to minimize bias. These definitions and restrictions are
listed below.

e The person-vears of observation for a cancer case were accumulated until the
date of cancer diagnosis, if the case was still alive, or the date of death, if the
cancer case could only be identified from the death certificate. Because only two
car.cer cases were identified solely through the death certificate, ne adjustment
was ;nade to account for the lag between cancer diagnosis and death.

« The person-years of observation for a deceased worker who died of a cause
other than cancer was accumulated until the time of death.

* Workers with confirmed diagnosed cancers prior to the date of Upjohn
employment were eliminated from the analysis (n = 6, two males and four
females).

#

* Three workers diagnosed with ncn-melanoma skin cancer contributed person-
years of observation but were not considered as cancer cases in the analyses
of malignant cancers.

« Person-years of observation for all other workers were accumulated until the
date last worked, the date when the mail interview was completed, the date of
the last known activity identified during the tracing, o, if still working, the last
day of the followup period (August 31, 1994) whnchever was most moent

3.4.1 Survival Analyses

The survival analyses were carried out using Module 1 of the OCMAP/PC program developed by
the University of Pittsburgh (Marsh et al. 1:. ) and adapted for use wnth cancer incidence data.
Cancer incidence rates from the State of Connecticut were applned to the person-years of
observation in the study population to obtain the expected number of cancers in that population.
Five-year Connecticut cancer nncldenoe rates were used for the oompenson group through 1990
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3.4.2 Incidence Density Rates and Cox's Proportional Hazard Regression

The incidence density of bladder cancer (cases per 1,000 person-years of observation) was
examined for three exposure greups: no cumulative exposure, less than 2.5, and 2.5 or more. The
association between exposure and incidence density was evaluated with a chi-square test for linear
trend (Dean et al. 1990). This was done separately for all males and for male smokers only.

Cox’s proportional hazard regression model was used to account for confounders. The time
variable used was the length of followup in years. For this study, the hazard ratio reflected the
annual probability of @ ~h worker developing cancer per year of observation. The model considered
other factors (independent variables) that influence the occurrence of cancer. The independent
variables introduced into the model included the cumulative arylamine exposure score discussed
above, sex, smoking (never smoked, ever smoked, and smoking status unknown), and age at hire.
Both continuous and categorical values were used for the exposure scores.
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Section 4

Results

4.1 Survey Resuits

Of the 704 workers in the cohort study, an address was not available for 21 workers, some of
whom were deceased, leaving 683 (97%) workers available to participate in the mail survey. The
21, who were not sent a questionnaire, were included in the analysis because the corporate
database and the NHFC files provided sufficient data to include these workers. Accumulation of
the person-years of observation was terminated for the 21 employees at the time they ended
employment if they had a missing address, or at the time of death if they were deceased.

During the first mailing, 302 (44.2%) workers completed the questionnaires, three (0.4%) refused,
and 52 (7.6%) questionnaires wer2 undeliverable as addressed. The response rates of the survey
are summarized in Table 2. Additional mailings were made when updated address information
became available. Among the workers who could not be located, two workers appeared to have
moved out of the ccuntry. Dunngmeuoondmailing 291 (774%)s'9nedandretumedtheoert|ﬁed
receipt, 248 (66.0%) completed the questionnaire, and 18 (4.8%) workers refused to participate.
Nonrespondents were surveyed by telephone. To maximize cooperatlon only the questions on
cancer, smoking, and coffee use were asked. Ofthe 110 telephoned, 98 (89.1%) compleied the
interview. Information on coffee consumption, use of medications and sweeteners, and other job
and hobby exposures was collected in the survey. This information has not bgen included in the
analyses because of the small number of positive responses and the large number of instances
in which responses were not provided.

Table 2. Responses to the Mailed Survey

Activity Number Outcome
- e e




Cancer Incidence Study

4.2 Cohort Characteristics

Table 3 summarizes worker attributes included in the analysis. Of the original 704 members of the
worker cohort, six were eliminated from the analysis because they had developed cancer prior to
NHFC plant employment. Of the 698 remaining workers, 583 (83.5%) were males and 115 (16.5%)
were females. Information on race was available for only 69% of the cohort. The average age at
followup was 46 years. The males were employed on the average 4.5 years and the females for
3.1 years. The workers were followed for approximately 14 years, on average.

The primary source of smoking information was the mail questionnaire and from those who chose
to complete the smoking history question. Of the 698 workers, 30.7% reported never having
smoked (Table 4) with females (38.3%) more likely than males (29.2%) to report never having
smoked. More males declined to report their smoking status (36.5%) than females (27.8%). Male
smokers were slightly older than nonsmokers at the time of hire (29.6 years compared to 27.3
years; p < 0.002), tended to have worked longer (6 years compared to 4 years; p < 0.007), and
tended to have a higher cumulative exposure score than nonsmokers (4.7 compared to 2.2; p <
0.0001). No such differences were observed among the females. Information on smoking was
available for 16 of the 24 confirmed cancer cases (66.7%) and all of the bladder and breast cancer
cases. Smoking histories from both the mail survey and the medical records were reviewed for the
bladder cancer cases. One bladder cancer case did not respond to the smoking question in the
survey; however, smoking history data were available on the medical record. A different bladder
cancer case had a missing medical record. Smoking histories for all other bladder cancer cases
were identical when medical records and survey resuits were compared.

Table 3. Worker Characteristics, NHFC Plant Epidemiology Study

Characteristics Males Females Total

Total Cohort 585 BT -
Cancer Diagnosis Prior to Employment 2 4 6
Number of Workers in Analysis . 583 115 698
Race (%) ‘
White
Nonwhite
Unknown
Average Age at Hire (yrs)
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Table 4. Smoking Status Among Workers, NHFC Plant Epidemioclogy Study

fMales Females Total
Smoking Status N % N % N %
Never Smoked 170 292 a4 38.3 214 30.7
Ever Smoked 200 34.3 a9 33.9 239 34.2
Status Unknown' 213 36.5 32 27.8 245 351
Total 583 100.0 115 100.0 698 100.0

‘Includes workers who did not receive a questionnaire because of missing address and telephone information.

4.3 Cancer Cases

As a result of the cancer identification activities by the CTR, the ma.. survey, and the review of the
death certificates, a total of 27 cancer cases were identified by all sources and confirmed, 23
among male workers and four among female workers. Three of the 23 male cancer cases were
non-melanoma skin cancers. They were not considered as cases for this study leaving 24
malignant cancer cases for the analysis. The source of identification for these cancers is described
below.

Fifteen cancer cases were identified by the CTR (Appendix E), six of which were uniquely reported
by this source. Twoofﬂwesuxumquelympoﬂedcaseswered;agnosedpnortoNHFCemploymeM
(cancer of the urethra in a male worker, and cancer of the colon in a female worker).

mﬂymmmmeanmmseﬁmponedasamunoﬂheworkersuwey. 25 of which were
uniquely reported by this source (Appendix E). Attemptsweremadetooonﬁrmmeself-reported
cancers with the diagnosing physicians for the cancers diagnosed after NHFC employment (n =
24). Workemwemtehphomdtoobhmhemmosandaddresmofﬂmdmgmsmgphysmms
ThemedmlpmvﬂerwashencoMadedtoomﬁmﬂnnpoﬂ‘Tmcanmmmﬁmmdas
reported, eight were not confirmed by a physician, andm'herem:mangcases physacmnsmdnot
mspmdortmmrmfusedwwuwnotpmvmmenamemaddmssoﬂhe‘m‘
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Twenty-one workers were identified as deceased. Six cancers were reported on the death
certificates. Two of the six cancers (multiple myeloma and cancer of the pancreas) were reported
only on the death certificate.

For the study, then, 20 cancers were reported among males and four among females (three non-
melanoma skin cancers were not considered in the analysis as malignant cancers but contributed
to person-years of observaticn). Details on the cancer cases are presented in Table 5. The avérage
age at diagnosis for ali cancers was 51 years for males and 43 years for females. The average age
at diagnosis for bladder cancer among males was 52 years compared to the average age of 68
years for Connecticut males (CTR 1986). For breast cancer among females, the average age at
diagnosis was 32 years compared to the average age at diagnosis of 59 for Connecticut females.

Smoking histories for the breast and bladder cancer cases were obtained from the questionnaire
and/or the medical records. Between the two sources, it was determined that all bladder cancer
cases smoked currently (n = 1) or in the past (n = 6). Two of the three breast cancer cases smoked

currently (n = 1) or in the past (n = 1), the other breast cancer case reported on the questionnaire
that she never smoked.

Two of the bladder cancers among males were diagnosed in workers first employed after 1972,
four were first employed at the age of 40 or older, and five worked at least five years or more. All
bladder cancers had a followup period of at least eight years or more.

44 Person-years of Observation

If all the workers had been followed to the end of the study, 8,890 person-years of observation
would have accrued for males and 1,704 person-years for females. Had the study relied solely on
*~e information available in the company records, the males would have contributed 5,744 person-
+s2ars of observation. As a result of the worker survey, the information on followup yielded 8,624
penon-yearsofobservatlon(6714amongﬂ1eexposadand1910amongthenonexpomd)forthe
males, anmcreaseof501%overmatgenemtedbyﬂneomnpanymoordsabneand970%ofthe
maximum. ThefemalemrkersmMnMed1660person-yearsofobscwaﬁmfmﬂusanalysisor
97.0% of the maximum.

45 Cumulative Exposure

Amualcumu!anveexposurescomswereoalcu%mdforeachwoﬂ(er Theswes ]

to 64.4. Among the NHFC workers, 20.4% of the males and 71 3%omm No exposL
to arylamines. Fony-sevenpefcentofﬂ'temahshad wila

andlasthanzs anure1showsme Jig
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Table 5. Male and Female Cancer Cases, NHFC Plant Epidemioclogy Study

Yearof Yearof Ageat Years Exposure Followup' Smoking

b\nlessthanZS)andmehaghexposuregmup(workerswuhwmulahveexposmgmupsofzs
or more). A score of 2.5 was used as a cut-off, pnortodatama!ysas becauseofthe
mthenumberofworkerswnhsooresaboveandbalow" is score a
stntperson—yearsofobservattonfor“‘ i

I D Type Code  Birth Hire Cancer Worked Score  (yesrs)  Status
Malos
3034  Testis 1869 1960 1986 331  <0.1 0.00 6.5 no
' 3068 Myeloma 2030 1923 1972 531 0.2 0.21 3.4 unk
3110 Stomach 1519 1958 1976 337 0.2 0.15 156 no
3185  Testis 1869 1035 1965 343 39 0.00 39 no
l 3176 Bladder 1884 1927 1970  51.1 8.7 3.07 8.7 yes
3275 Bladder 1882 1963 1984 312 23 2.23 058 yes
I 3283 Myeloma 2030 1897 1986  86.4 53 0.00 17.8 unk
3324 Bladder 1889 1939 1968 556 05 226 264 yes
3356 Soft Palate 1453 1925 1970 642  <0.1 0.05 187 yes
l 3410 Kidney 1880 1932 1960 571  <0.1 0.16 19.8 yes
t ' 3416 Lymphnodes 1968 1953 1871  37.1 0.1 0.68 189 yes
| 3450 Bladder 1889 1930 1973 552 100 4.03 120 yes
| ' 3459 Brain/CNS 192.1 1924 1971 510 041 0.10 4.1 unk
3475 Pancreas 1575 1931 1970 484 16 158 9.1 unk
' ' 3510 Prostate 1850 1944 1965 491 279 “11.45 279 yes
3571 Lip 1409 1919 1978 706 100 484 1.5 yes
3633 Bladder 1882 1942 1970 457 62 16.19 17.2 yes
I 3658 Bladder 1889 1922 1966 634 179 50.00 19.2 yes
3684 Bladder 1889 1927 1968 615 205 10.13 205 yes
3687 Melanoma 1725 1954 1979 349 92 16.78 9.2 unk
' Females
3344 Uterine 1820 1911 1972 7658 0.4 0.00 154 unk
l 3546 Breast 174.9 1949 1983 440 07 0.25 9.6 yes
, 3606 Breast 1749 1939 1970 494 52 0.00 18.2 no
3670 Breast 1744 1952 1985 332 07 0.00 07 yes
' 7 Number of years from date of empioyment to occurence of cancer.
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Figure 1. Annual Cumulative Exposure Scores Among NHFC Male Workers
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4.6 Survivai Analyses

Table 6 summarizes the observed SIRs for the survival analyses. Males had an elevated SIR for
all cancers, cancer of the buccal cavity, cancer of the bladder, cancer of the kidney, cancer of the
brain, and cancer of the testis. Only cancer of the bladder (SIR = 8.3; 95% Cl = 3.3 - 17.1) and
cancer of the testis (SIR = 11.4; 95% CI = 1.4 - 41.1) were statistically significant, however. The
confidence intervals were very wide for cancers of the mouth, brain, kidney, and testis due to the
small number of cases observed in each of those groups. For bladder cancer, the SIR remained
elevated even when the bladder case reported only by CTR is excluded (SIR = 7.1; 95% Cl = 2.6 -
15.4). Among females, only four cancers were reported: one cancer of the corpus uteri and three
breast cancers. The only elevated SIR among females was for breast cancer, but the increase was
not statistically significant (SIR = 1.9; 95% Cl = 0.4 - 5.6).

Among males, the two workers with diagnosed cancer of the testis had no exposure to arylamines
and one worked only 15 days. All bladder cancer cases were potentially exposed to arylamines.

All breast cancers among females occurred in the nonexposed group. As a result of the initial
analyses, the cancer among females and testicular cancer among males were not analyzed further.
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Table 6. Standardized Incidence Ratios by Selected Cancer Type (Males), NHFC

Plant Epidemiology Study
95% Confidence

Cancer Type (ICD Code) Observed Expected SIR Interval
All cancers' 20 14.1 14 09-22
Buccal cavity (140-149) 2 0.8 25 03-9.1
Digestive (150-159) 2 29 0.7 0.1-25
Melanoma (172) 1 1.0 1.0 0.0-55
Prostate gland (185) 1 1.0 1.0
Kidney (189 except 189.9) 1 19 0.5-10.7
Brain {191) z. 0.0-16.1
Hematopoietic (200-207)

To assess the influence of employment at the NHFC plant on the development of bladder cancer,
two groups of workers were considered: workers with less than five years of followup and workers
with five or more years of followup. No bladder cancer cases occurred in the group with less than
five years of followup. The SIR was greater among workers with cumulative exposure scores of 2.5
or greater and in the group with five or more years of followup (SIR = 17.3; 95% ClI = 5.6 - 40.5).

Exposure-effect relationships were examined between exposure to arylamines and the
development of cancer. No association was observed between exposure and all cancers for all
workers. The SIR among exposed males for all cancers was 1.5 (95% Cl=0.8 - 2.7) and was 1.4
(95% Cl = 0.6 - 2.7) for nonexposed. The SIR for bladder cancer increased with increasing
exposure (Table 7). Workers with no exposure to arylamines had no observed excess bladder

. cancer risk. The SIR for bladder cancer among males with a cumulative exposure score greater

than 0 and less than 2.5 was 5.5 (5% CI = 0.7 - 19.8), and for workers with cumulative exposure
scores of 2.5 or more was ¢.4 (95% C! = 5.3 - 38.2). The experience was similar when the bladder
cancer case reported only by CTR was omitied from the analysis; the SIR was 0 for the no-
exposure group, 5.5 (95% Cl = 0.7 - 19.8) with exposure scores between 0 and 2.5, and 13.1 (85%
Ci=36- 335)foremumsmsaf250rm Theexmsbladdermw

arylammsandthewexposmoecumdomammnodofﬁme Mechames
mmmmmmmmwnﬁww =
been of short duration but intense.
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Table 7. Stancardized incidence Ratios for Bladder Cancer by Annuai
Cumulative Exposure Groups and by Years of Folliov.up (Males),
NHFC Piant Epidemiciogy Study

Annual Cumulative Exposure Score

Length of No Exposure <25 2.5+ :
Foliowup in SIR CI | n_ SIR Cl n_ SR Cl

<5 Years o 00 — 0 — —_ C — —_

5+ Years 0 00 — |2 64 (08-231) |5 173 (56-405)
Total 0 00 — |2 55 (07-198) |5 164 (5.3-382)

Because bladder cancer is strongly associated with smoking (American Cancer Society 1895), an
attamnt was made to assess the contribution of smoking among the exposed workers and to
determine the associated SIR. Despite the fact that nearly 37% of the male cotiort did not report
their smoking status on the questionnaire survey, smoking status was known for all the bladder
cases; one workar was a current smoker and six were former smokers.

All but one bladder cancer case reported smoking more than six cigarettes per day and most
reported smoking; at least one pack (20 cigarettes) per day. On the average, the cases smoked for
32 years. The smoking history provided in the medical records was similar to that reported in the
survey questionnaire. Table 8 shows the SIR for bladder cancer among smokers only. The SIRs
for the cumulative exposure groups of less than 2.5 (SIR = 11.6; 95% Cl = 1.4 -41.8) and 2.5 or
more (SIR = 23.6; 95% Cl| = 7.7 - 55.2) were much greater than for the total cohort. The confidence
intervals were wider, however, because the total number or the person-years of observation was
smaller.

4.7 Incidence Density Rates and Cox’s Proportional Hazard Model

Annual incidence density rates were calculated for this populatron When all males were

0.47 (per 1 OOOperson-years foliowup)for‘ i
and205per1000forthosewnhacumulatlvoexposumscomofzsof Jre
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Table 8. Standardized Incidence Ratios for Bladder Cancer by Annual
Cumulative Exposure Groups and by Years of Followup in
Smokers Only (Males), NHFC Plant Epidemiology Study

Arnuai Cumulative Exposure Score

Length of No Exposure <25 2.5+
Followup n SR Cl | n SR cl n SR cl

<§ Years 0 00 - 1.0 - - 0 - , -

5+ Years o 00 — | 2 137 (1.7-495) | 5 . 250 (8.1-58.4)
Total Y 0.0 - 2 116 (1.4-41.8) 5 236 (7.7 - 55.2)

additional analyses of any association between smoking, occupational exposure, and bladder
cancer.

The data were then submitted to Cox's proportional hazard regression. The results for total cancer
in the model were similai to those obtained using the survival analysis. For total cancers, no
association was observed between cumulative exposure and the development of cancer. A
confounder, age at hire, explained much of the variance in i:e data set. The model failed, however,
when bladder cancer was considered because there were no bladder cancer cases among
nonsmokers and the hazard ratio approached infinity among smokers.
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Section 5

Discussion

5.1 Technical Perspective

This study was undertaken to determine the incidence of bladder cancer among workers employed
after benzidirie operations terminated in mid-1965. It was not possible to evaluate cancer risks for
specific arylamines in this study. Workers were likely to have been exposed to more than one
arylamine during their tenure at the plant. Of the three principal arylamines produced at the facility
during the study period, DCB has been studied the most. DCB was the principal arviamine
produced at the facility. DCB has been designated by U.S. EPA as a probable human carcinogen
and by the NTP as a substance which "may reasonably be anticipated to be a carcinogen.” These
conclusions were based on studies in which tumors were found in rats, mice, hamsters, and dogs
following exposures by the oral route (U.S. EPA 1995b, NTP 1991, IARC 1987).

Three epidemiologic studies of workers have considered the carcinogenic potential of DCB
(Macintyre 1975; Gadian 1975; Gerarde and Gerarde 1974). None of these investigations reported
an association between exposure to DCB and cancer incidence; however, each of these siudies
had limitations such as small study cohorts, brief exposure periods, and limited cohort followup, and
therefore, have not been regarded as adequate evidence for demonstrating no increased risk
between DCB exposure and bladder cancer (IARC 1982b). In a letter to the editor by Leeser and
Cowan (1993), it was noted that additional followup of the cohort studied by Macintyre (1975)
indicated that four bladder cancer cases had occurred; however, an association of the cases with
DCB exposure was uncertain as the cohort had a more mixed exposure history than previcusly
thought. It was also found that some cohort members had more limited exposures than previously
reported and that some cohort members were missed in the original analysis.

Cohorts of workers that have been exposed only to o-dianisidine or o-tolidine, two other arylamine
compounds produced at the NHFC plant have not beon evaluated in any epwdemnolomc studies
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found that painters were over-represented among the cases. The authors noted that chemical
exposures in painters can be diverse, but they speculated on the possible role of azo dyes which
had been used extensively in German paints. Many of the azo dyes were developed from
benzidine, DCB, o-dianisidine, or o-tolidine.

Even though the epidemiologic literature has not provided convincing evidence of a carcinogenic
hazard associated with benzidine-related compounds, occupational advisories have been issued
on the possibility of such a hazard. The Occupational Health and Safety Administration and the
National Institute for Occupational Safety and Health (OSHA/NIOSH 1981) published their health
hazard aiert or. benzidine-, o-tolidine-, and o-dianisidine-based dyes in 1981. In that alert,
OSHA/NIOSH warned the public about the potential cancer hazard of these substances and the
need to reduce worker exposures. In the United Kingdom, the British Association of Urological
Surgeons Subcommittee on Industrial Bladder Cancer has issued guidance to clinicians warning
about the possible cancer hazards of certain occupations and certain arylamines including DCB,
o-dianisidine, and o-tolidine (BAUS 1988). NTP (1991) regards o-dianisidine and o-tolidine as
substances which may be anticipated to be carcinogenic.

5.2 Significance of NHFC Plant Resuits

In this study we observed an association between jobs with arylamine exposure and bladder
cancer. The results are inconsistent with the other epidemiologic studies on DCB workers in which
an association with bladder cancer was not found. One possible difference between this and earlier
studies is that exposures in this study were to a variety of arylamines of which DCB was one; itis
not known if the association observed in this investigation was with a particular arylamine or a
mixture of substances. The positive results of this study are noteworthy from the perspective that
exposures to arylamines for the cohort were believed to be considerably greater in the late 1960s
for the first seven years of the 24-year employment period and dropped dramatically in the early
1970s when exposure control strategies were implemented. Exposures during the mid- to late
1970s were considerad to be at very iow levels. Thesechangesm exposure are supported by the
decreases seen in urinary amine levels over this time period. We observed that five of the seven
cancer cases started employment pnor to 1972 when arylamme operat:ons m mowd to a
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Table 9. Bladder Cancer Cases by Source of Identification, NHFC Plant

Epidemiology Study
Year of
D Diaghosis Company’s Initial identification Source Study Identification Source
3176 1978 Surveillance CTR, surveillance, questionnaire
3275 1994 Private MD, Workers' Compensation Claim Workers' Compensation Claim
3324 1994 Surveillance ~ Surveillance
3450 1985 Private MD, CTR CTR
3633 1987 Private MD, CTR prior to study CTR, questionnaire
3658 1985 Surveillance CTR, surveillance, questionnaire
3684 1988 Private MD, Seif-reported to company CTR, surveillance, questionnaire

Expected numbers of bladder cancer cases in this study were estimated from cancer incidence
rates in the State of Connecticut. It is possible that cancer risks were overestimated in the study,
because the company medical surveillance program identified cases diagnosed after 1990 that
would not have been reported to the CTR. There is also the possibility that the existence of the
company's medical surveillance program provided a level of surveillance that is not typical
throughout Connecticut and, therefore, may have influenced the magnitude of the observed risks.
A comparison of the average stage of disease in the cases from this study with that from the tumor
registry would have been useful but was not available. We do not believe that this possible source
of bias affects the overall conclusions of the study.

Strengths of this study include its focus on cancer incidence rather than mortality, complete
followup of a substantial portion of the cohort, and categonzatson of workers by exposure to
arylemines. The results argue in favor of a- relatlonshnp between bladder cancer and arylamme
exposure. First, the bladder cancer risk among all males in the cohort was substantial and
stat:shcaﬂysngmﬁcaMwnthnsksbemgover&OO%greatermanexpected(SIR 8.3,95% Cl=33-
17.1). Data from a biological monitoring program cou!d'not be used for quamifymg womer
exposures. However, analyses using a comm ‘ ) |
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found among those workers in which an adequate latency period (more than five years of
observation since initial exposure) had occurred.

There is biological plausibility that arylamine exposure at the plant, rather than exposures to other
substances, could be associated with the observed excess of bladder cancer. It is recognized that
some arylamines such as B-naphthylamine and benzidine are metabolized, probably by
N-hydroxylation, to an uitimate carcinogen (Shulte et al. 1990). N-hydroxyarylamines have been
found to be carcinogenic in several laboratory species. It has been postulated that N-hydroxylation
occurs in the liver and that this proximate carcinogen is conjugated with glucuronide before being
released into the systemic circulation. The kidneys collect the conjugate that is passed to the acidic
environment of the bladder where it is postulated that the N-hydroxylamine is released and an
electrophilic aryinitrenium ion is formed (Shulte et al. 1990). This ion is presumably the ultimate
carcinogen that reacts with nucleic acids. There is also reason to believe that N-acetylation of
arylamines is involved in occupational bladder cancer (Shulte et al. 1990). Several studies have
reported associations between slow acetylator phenotype and bladder cancer risks among workers
exposed to arylamines. With respect to this form of cancer, acetylation may be a detoxifying
process and those individuals who have reduced acetylation capacity and are exposed to
arylamines are at an increased risk. The acetylator phenotype of the cases and noncases at the
NHFC plant is unknown.

Elevated cancer risks were observed in this study for cancer of the testis and breast. However,
these risks were based on a limited number of observations (three or fewer cases for each type
of cancer). An analysis of these cancer types indicated that they occurred among employees with
no evidence of exposure to arylamines, and therefore, we conclude that they are probably not
associated with exposures to arylamine compounds.

5.3 Influence of Smoking Status

All of the bladder cancer cases were current or ex-smokers. Smokmg is known to be related to
bladder cancer and increases the risk by approxnmately a factor of two (Amencan Cancer Society
1995) itis unhkely that smoking alone explams the hnghly elevated bladder ‘cancer 1 nsks seen in

has developed among nonexposed mdwvdua!s




Epilogue

After the study cutoff date of August 31, 1994, the company surveillance program identified an
additional bladder cancer case in 1995. The worker, employed between November 1965 and
February 1966, was a male who worked at a job associated with arylamine exposure. Because
of his short work history, his exposure score would have been in the moderate range. Consistent
with the smoking histories of the other cases in this study, the worker had been a heavy smoker.
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