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INTRODUCT ION

This report presents the results of a health study of
empioyees of the D.E.C. Hudson L.S.!. facility conducted by the
University of Massachusetts School of Public Health (E. Calabrese
and H. Pastides, Co-Princlipal Investigators). This summary
presents, in abbreviated form, the major study findings. A
comprehensive report Including further background information,
methodologic details and compiete results follows this summary.
All tables presented iIn this summary are also found In the
complete report.

This Investigation was Initiated by management in response
to concern raised by two employees about the possibility of an
elevated risk for spontaneous abortion among manufacturing
eamp loyees. While this adverse health outcome was the study’s
main focus, a wide varlety of reproductive outcomes as well as
the prevalence of general health measures were examined.

All current employees at the time of the study, as well as
all former L.S.I. Hudson manufacturing workers (not terminated
for cause) were eligible for study. During two phases of
interviewing, useable data were collected from a total of 744
emp lcyees. Spouses of currently married male emplovyees were
interviewed by telephone to Identify thelr history of pregnancy
outcomes.

Three groups of employees were compared with respect to the
occurrence of reported health outcomes: Photo employees refer to
manufacturing and other workers exposed to a wide array of
chemicals including glycol ethers used Iin a photosensitive
process of semiconductor manufacture. Diffusion employees refer
to manufacturing and other workers exposed to chemlcals not

including glycol ethers and involving other activities in
semlconductor manufacture. Non-exposed employees refer to

workers with a wide variety of occupational responsibilities at
the Hudson facility exclusive of jJjobs involving chemical
exposures. This group Included clerical staff, engineers,
administrative employees, and others.

Reproduct ive Outcomes

For the purposes of this report "abortion" refers to induced
abortions reported by respondents; “miscarriage”" refers to
reported spontaneous abortions prior to 29 weeks of gestation;
and “stillbirth" refers to spontaneous abortions after 28 weeks
of gestation or a fetus pronounced dead at time of birth. For
workers In the Photo and Diffusion groups, only pregnancies
occurring after date of first employment at Hudson were
considered In the folliowing presentation of results since prior
pregnancy outcomes could not be attributable to Hudson
occupational exposures. For the Non-exposed group, however, all
pregnancies were considered. This was done to enhance the
precision with which quantitative comparisons could be made.



Table 1 presents tiie reported pregnancy outcomes in the
three groups. The miscarriage ratio among females In the
Diffusion group, defined as the proportion of total pregnancies
resulting in a miscarriage, was found to be siightly more than
twice the rate found among Non-exposed females (38.9% vs. 17.8%).
This translates into a Relative Risk of 2.18 (the ratlo of
Diffusion mliscarriages to Non-exposed miscarriages); this risk
was significantly greater than a difference likely to have been

due to chance alone. The miscarriage rate among Photo females
was found to be 31.3%, translating to a Relative Risk of 1.75
when compared to the Non-exposed females. This ratio, while

elevated, was not found to be significantly different in a
statistical sense from the miscarriage ratio In the Non-exposed
females.

TABLE 1

PREGNANCY OUTCOME AMONG FEMALE EMPLOYEES BY EXPOSURE GROUP

EXPOSURE ABORT IONS STILLBIRTHS MISCARRIAGES LIVEBIRTHS
GROUP N RATIO N RATIO N RATIO N RATIO
PHOTO 2 (12.5) 0 ( 0.0) § (31.3) 9 (56.3)
DIFFUSION 1 (5.6) 0 ( 0.0) 7 (38.9) 10 (55.8)
NONEXPOSED 35 ( 8.8) 2 ( 0.5 71 (17.8) 290 (72.9)

Ratio expressed as a number of events per 100 pregnancies.

Relative risk of miscarriage comparing Photo to Nonexposed
women = 1.75; 95% CIE = (0.82, 3.73).

Relative .risk of miscarriage comparing Diffusion to Nonexposed
women = 2.18; 95% CIE = (1.18, 4.04).

Relative risk of miscarriage comparing combined exposure
groups (Photo + Diffusion) to Nonexposed women = 1.98;
95% CIE = (1.20, 3.27).

Miscarrlages In the Diffusion group females were reported to
occur at an earller time, on average, than those In females in
the Photo and Non-exposed groups (6.3 weeks vs. 10.2 and 11.6
weeks, respectively). These results are reported in Table 2.




. TABLE 2 :
DISTRIBUTION OF GESTATIONAL AGE (WEEKS) FOR MISCARRIAGES
OCCURRING AMONG FEMALE DEC EMPLOYEES

PARAMETER PHOTO DIFFUSION NONEXPOSED ANOVA
MEAN 10.2 6.3 11.6 F = 2.630
STD. DEV. 2.49 1.38 6.31 p = 0.079

95% CIE (7.1, 13.3) (5.0, 7.8) (10.1, 13.1)

RANGE 6.0, 12.0 4.0, 18.0 1.0, 28.0
MED | AN 11.0 6.3 11.6
NUMBER 5 7 71

In order to determine whether the reported dlifferences in
miscarriage ratios could be attributed to any other factors
potentially reiated to the risk of miscarrlage and to exposure

group, muitivariate statistical procedures were emp loyed.
Factors which were taken Into account through muitiple logistic
regression analysls Included: age at pregnancy, number of

previous pregnancles, presence of prior Induced abortions,
smokIng during pregnancy, alcohol consumption during pregnancy,

caffeine consumption during pregnancy, and others. No
substantial deviations from the reiative risks reported above
were identifled In these analyses. In no case did the risk of

miscarriage among DIiffusion females become Iower than that
reported Iin Table 1; In multivarliate analyses the risk was In the
range of 2.8 to 3.4.

Similarly, In no analysis did the risk for Photo females
become Ilower than that reported in Table 1: the risk of
miscarriage ranged from 2.3 to 2.9.

To expiore whether the relative risk identified couid have
been due to differences In miscarriage risk present prior to
Hudson employment, pregnancy outcomes before first Hudson
emp loyment were compared. As seen in Table 3, no meaningful
differences In risk were [dentified; miscarriage rates In all
three groups were based on small numbers and were between 12.5%
and 16.8%.

With respect to other reproductlive outcomes, no differences
were identifled In the reported occurrence of congenital
anomalies, mean birth weight of live blirths, infertility, or
spotting or bleeding during pregnancy (apart from miscarriage).

When pregnancy outcomes of spouses of male Hudson empioyees
were compared, no significant differences in the ratios of
reported miscarriage were identifled (Table 4). The ratios were
between 5.3% and 12.5%; given the relatively small numbers of




events, these differer:'ss could have bsen attributable tc ghance,
but conclusions about risk must be cautious.

TABLE 3

PREGNANCIES OCCURRING PRIOR TO DEC EMPLOYMENT AMONG
FEMALE EMPLOYEES

EXPOSURE ABORTIONS  STILLBIRTHS MISCARRIAGES L IVEBIRTHS
GROUP N RATIO N RATIO N RATIO N RATIO
PHOTO 4 (50.0) 0 (0.0) 1 (12.5) 3 (37.5)
DIFFUSION 3 (50.0) 0 (0.0 1 (16.7) 2 (33.3)
NONEXPOSED 30 ( 8.5) 2 ( 0.6) $9 (16.8) 261 (74.1)

Ratlo expressed as a number of events per 100 pregnancies.

Relative risk of miscarriage compar ing Photo to Nonexposed
women = 0.75; 95% CIE = (0.12, 4.73).

Relative risv nf miscarriage comparing Diffusion to Nonexposed
women = 0.99; 95% CIE = (0.16, 6.04).

Relative risk of miscarriage comparing combined exposure
groups (Photo + Diffusion) to Nonexposed women = 0.85;
95X CIE = (0.23, 3.14).

TABLE 4
PREGNANCY OUTCOME AMONG SPOUSES OF MALE EMPLOYEES,
BY EXPOSURE GROUP

EXPOSURE ABORT IONS STILLBIRTHS MISCARRIAGES LIVEBIRTHS
GROUP N RATIO N RATIO N RATIO N RATI0
PHOTO 0 (0.0) 0 (0.0) 2 (12.5) 14 (87.5)
DIFFUSION 0 (0.0) 0 (0.0) 1 (7.7) 12 (92.3)
NONEXPOSED 1 ( 5.3) 0 (0.0) 1 (6.3) 17 (89.5)

Ratios expressed as a number of events per 100 pregnancies.

Relatlive risk of miscarriage comparing Photo to Nonexposed
women = 2.38; 95% CIE = (0.24, 23.84).

Relative risk of miscarriage comparing Diffusion to Nonexposed
women = 1.46; 95% CIE = (0.10, 21.33).

Relative risk of miscarriage compar ing combined exposure
groups (Photo + Diffusion) to Nonexposed women = 1.97;
95% CIE = (0.22, 17.53).




General Hea!th Outcomes

The examination of differences in the prevailence of reported
symptoms and |linesses between Photo, Diffusion, and Non-Exposed
groups for males and females was conducted to identify general
associations with occupational group; symptoms occuring any time
during the most recent five years (the approximate history of the
Hudson faclillity) were inquired about first. Table 5 presents a
summary of the significant assocliations found. When compared to
females in the Non-exposed group, females in the Photo group were
more ilkely to report frequent or severe nausea, sore throats or
rash, arthritis and diabetes. Females In the Diffusion group
were significantly more 1lkely than thelr Non-exposed
counterparts to report frequent or severe sore throats or
headaches and significantly less likely to report back problems
other than s!ipped disk. Males In the Diffusion group were more
Ilkely than Non-exposed males to report frequent or severe

nausea. Some of the assoclations were based on small numbers of
persons reporting the symptom or |llness and should not be taken
as indlcative of risk. This was most notable for reporting of
diabetes. :

TABLE §

SUMMARY TABLE FOR SYMPTOMS SIGNIFICANTLY ASSOCIATED *
WITH EXPOSURE, BY SEX GROUP

REPORTING _SYMPTOMS

EXPOSURE REPORTED EXPOSED NONEXPOSED PREVALENCE 95% CIE
GROUP SYMPTOM N % N X RATIO (LL, ubL)
FEMALES
DIFFUSION  HEADACHE 31 47.0 73 21.7 2.16 1.56, 3.00
DIFFUSION  OTHER BACK
PROBLEMS 6 9.1 72 21.4 0.42 0.19, 0.94
DIFFUSION  SORE THROAT 8 11.9 13 3.9 3.07 1.32, 7.1
PHOTO ARTHRITIS 10 15.9 23 6.8 2.32 1.16, 4.63
PHOTO DIABETES*=* 3 4.5 2 0.6 7.55 1.29, 44.29
PHOTO NAUSEA 7 10.6 12 3.6 2.94 1.20, 7.20
PHOTO RASH 9 13.4 19 5.7 2.38 1.12, 5.02
PHOTO SORE THROAT 7 10.6 13 3.9 2.73 1.13, 6.57
MALES
DIFFUSION  NAUSEA 7 7.9 1 0.9 8.73 1.09, 69.65

* A symptom with a prevaience ratio whose confidence interval
estimate does not include 1.0.

** Numbers too smail to be reillable.




In a second analysis, the temporal relati»ship between
employment at Hudson and first occurrence of the symptoms or
IlIness was examined. While etiologic inference is not much
stronger based on this analysis, It does Indicate that some of
the associations of the previous analysis incliuded symptoms whose
first onset preceded empioyment at Hudson. Table 6 depicts the
associatlions between occupational group and symptoms whose onsets
were not Identified as preceding Hudson employment. Since
Incidence s difficult to study due to the periodic or recurrent

nature of some of these symptoms, etiologic inferences should be
guarded.

TABLE 6
SUMMARY TABLE FOR SYMPTOMS SIGNIFICANTLY ASSOCIATED TEMPORALLY
WITH EXPOSURE, BY SEX GROUP*

REPORTING SYMPTOMS

EXPOSURE  REPORTED EXPOSED NONEXPOSED PREVALENCE 95% CIE
GROUP SYMPTOM N % N % RATI0 (LL, UL)
FEMALES S T
DIFFUSION  HEADACHE 31 47.0 73 21.7 2.16 1.56, 3.00

PHOTO ARTHRITIS 5 7.9 7 2.1 3.81  1.25, 11.63
PHOTO NAUSEA 7 10.6 12 3.6 2.94 1.20, 7.20
PHOTO RASH 9 13.4 19 5.7 2.38  1.12, 5.02
PHOTO SORE THROAT 6 9.1 11 3.3 2.76 1.06, 7.20
MALES
DIFFUSION  NAUSEA 7 7.9 1 0.9 8.73 1.09, 69.65

* A symptom with a prevalence ratio whose confidence Interval
estimate does not include 1.0.
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Discussion

The finding of a significantly increased risk of miscarriage
among female Diffuslon employees, and a non~significantly higher
risk among female Photo employees, at the DEC Hudson facility
when compared to an Internal Non-exposed group needs to be
considered in 1Ilight of general medical knowiedge about this
reproductive outcome and also In Ilght of the limitations of the
present study.

The data reported here Indicate a positive assoclation
between occupation In the DIffusion area and risk for spontaneous
abortion among females, beyond that which would be expected by
chance. The observed rate of mlscarriage of this group was
higher than in the compar ison group and also higher than the
level observed among these women prior to employment at the
Hudson faclility. This relation persisted even after controlling
for a variety of risk factors for which data were avallable.
Certainly, this finding was not related to the original study
hypothesis concerning risks assoclated with glycot ether
exposures. Nevertheless, it would be imprudent to neglect it
based on this lack of hypothesis. The elevated risk among
females in the Photo group, while not statistically significant,
corresponds to a 31.3% occurrence of spontaneous abortion; this
Is higher than that observed in most population surveys.

The relatively small number of pregnancies used as the basis
for caiculating the miscarriage ratio In both exposure groups

should be borne In mind. This was a function of the number of
production workers employed and also of the relatively short
history of the facility. Specifically, the miscarriage ratios

were based on only 34 pregnancies In both manufacturing groups.
Regardiess of the levels of statistical significance, ratios
based on small numbers of events are more |Iikely to change
substantively when further observations are included; this
underscores the need to replicate and extend these results.

Retrospective surveys of past pregnancies have contributed
the largest amount of information Known about population rates of
spontaneous abortion. The miscarriage ratio (total number of
miscarriages divided by total number of pregnancles) Is the usual
index used to examine population risk (1). General popuiation
surveys, as well as specific research studies, have generally
found miscarriage ratios In the 10-20% range (5-21). The
completeness of such research depends on the willingness and
ability of respondents to report past events of this type.
Reasons for underreporting could Include: fear that it might be

thought of as having been elective; lack of knowledge that such
an event occurred, especially if very early In pregnancy: and
incomplete recall. Reasons for overreporting can include a

perceived health threat resulting from an occupational exposure,
desire to somehow damage management or corporate Image, and
others. Recall bias !Is not believed to be a prime explanation




for the findings of this study; a detailed discussion of this
Issue Is Inciuded in the report.

The fact that women who continue working are sometimes at
higher risk for miscarriage than those who terminate employment
(to care for the infant) has been ldentified by Axelsson (22).
This study attempted to address this Issue by identifying former
employees, not terminated for Cause, and coliecting Information
on health outcomes by telephone interview, The number of such
employees was small, however, and did not affect the results.

Known and purported causes of miscarriage include
malformation, chromosomal abnormalities, gynecoliogic pathology,
Immunoicglical factors, progesterone deficlency, Infectious
disease, 1UD use, smoking and alcohol dur ing pregnancy, maternal
age and birth order, and chemicals and other environmental
exposures. While this study co!lected and analyzed Information
on many of these risk factors In light of occupational group, it
would be impossible to completely examine all possible risks in
detail. The attribution of the observed increased risk in this

study cannot, therefore, be causally linked with occupation. The
Inherent weakness of working with self-reported data from human
populations often prelcudes a “proven" or "cause and effect"
appraisal.

Studies to date have Identified the testicular toxicity of
acute glycol ether exposure in mice, rats, and rabbits (27-34).
Observed toxic effects Include atrophy in size and weight of
testes, and degeneration of germinal eplithelium. Reversible
fertility loss has also been identified in these male species
(30,35), as has teratogenicity (36-39). The nature and severity
of events has varied depending on dose and route of
administration. The fact that animal experiments indicate that a
biological effect of glycol ether was to cause spontaneous
abortion through its action on male gametes should not be viewed
as an argument against a potential effect on the human female,
since sufficient studies of females have not been conducted.

Finally, one needs in the future to better account for
actual exposure levels encountered in the Hudson occupational

setting. Only with better monitoring will detailed exposure
information be valuable enough to include In an analysis of the
data. With respect to gliycol ethers, for examplé, previous

Hudson Industrial hyglene monitoring data indicated very low or
non-dliscernable exposure levels among persons in the Photo area.
Again, this should not be used to discount the present
assoclation, but should, instead, underscore the need to conduct
more complete monitoring. Furthermore, the present study had to
rely on respondent information to help categorize historical
occupational exposure since company employment records were not
adequate for this purpose. The results of this study should bear
replication and validation in future investigations, using
comparably exposed groups of workers.
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INTRODUCT ION

This report presents the results of a study conducted by
researchers at the University of Massachusetts Schoo! of Health
Sciences, Division of Public Health, under a contract from the
Digital Equipment Corporation (DEC).

This study was conducted to evaluate specific health
exper iences of employees working in manufacturing positions which
Involve exposure to certain chemicals at the DEC Hudson facillity.
The investigation was Initiated by management in response to
concern raised by two employees about the possibliliity of elevated
risk for spontaneous abortlion among manufacturing empioyees
work ing In the photolithographic area of semiconductor
manufacturing.

The primary health outcome of interest was a person’'s

reproductive history in relationship to emp loyment in
manufacturing at the Hudson facliity. This Included any adverse
outcome of pregnancy as well as reported infertility, birth
weight, and pre-term delivery. A secondary outcome of Interest
was to determine the prevalence of various symptoms and illinesses
as related to workplace exposure. The following general health
outcomes were consldered: occurrence within the past five years

of arthritis, siipped disk, other back problems, diabetes, high
blood pressure, cancer, thyroid problems, galibladder probiems,
respiratory problems, kidney problems, seizure disorders, and
anemia; and the reporting of frequent or severe sore throats,
headaches, dizziness, nausea, rash, and eye strain.

Both for reproductive and general heaith prevalence
outcomes, the study was Intended to gather valid observational
data so that management could better determine whether healith
problems in relation to work exposures were indicated and, If so,
to later examine potential causes and mechanisms which could
eventually lead to protective intervention.

METHODS

It was expected that the total number of pregnancles
experienced by manufacturing workers since the opening of the
Hudson facliity would be small. A total sampie of current
manufacturing workers was, therefore, recrulted. Additionally, a
st of all former manufacturing workers from this facility was
requested. Current non-manufacturing workers with previous fab
exposure were identified and recruited, as was a smal!l number of
former fab employees no longer working for DEC. Former emp loyees
were not contacted If they had been terminated “for cause"; the
remainder had information collected by telephone Interview.

In addition to the photollthographic group, two compar |son
groups of workers employed in the same facility were also




selected for participation. The first was a group of employees
involved Iin aspects of semiconductor production where Photo-
resist chemicals were not In use. These workers were employed In
the diffusion area, ion implant, and epitaxi. These workers were
all exposed to a variety of solvents, aclds and metals, but had
little wusual exposure to glycol ethers and related chemicals.
The second comparison group was composed of workers not exposed
to Industrial chemicals at Hudson and Iincluded clerical and
administrative staff, engineers, and other employees not involved
in semiconductor production. Using a company supplied computer
list, a random sample of non-exposed workers was selected on a
group matched.basis to approximate the age and sex distribution

of the workers In the photolithographic group. Data were
collected during two phases: November and Dacember of 1984, and
April and May 1986. The second phase was initlated since the

number of pregnanclies occurring after empioyment In this facility
among females In the non-exposed group was too small to derive a
stable estimate of the miscarriage ratio to be used as a
comparison. This was |lkely caused as a result of the lower mean
duration of employment at the facility within this group. For
the same reason, It was decided to include pregnancies occeurr ing
prior to employment in this facility for this group. Before the
second phase of study, a small number of production workers not

previously included on the personne! [ist were Iidentified by
management; they were also Invited to participate. After the
first phase workers were notifled that additional Interviews were
needed to conclude the study. Included in the final study
analyses were: 67 female and 69 male, photolithographic
emp ioyees; 67 female and 91 male, non-photo! ithographic,

manufacturing employees; and 337 female and 113 male non-exposed
employees. The term "Diffusion Worker" is used in this report to
denote production workers who were classified as not having

routine exposures to the photo-resist chemicals used In
photo!lithography. They Included primarlly diffusion operators,
but also workers In ion implant and epitaxi. The participation

rate was 85X overall and did not differ significantiy by exposure
status, sex, or study phase.

Potentia! participants were Informed of a “general health
survelllance" effort being conducted by the University and
invited to participate 1In a personal Interview with trained
female interviewers during work hours. The Interviewers, who had
no relatives or friends working at the facllility, were carefully
trained and were kept blind to specific hypotheses of Interest.
Interviews were conducted In private rooms at the facility at
scheduled times.

After recelving signed, Iinformed consent, interviewers used
company maps of room layouts and work stations to elicit complete
work histories of all participants. Final <classification of

photo!ithographic or non-photollthigraphic status was made on the
basls of detailed occupational history Information collected
during the perscnal interview; this classification was not made
by the Interviewers. For each position held at the facllity,
respondents were asked to report the work stations ' where they




were occupied, Including the approximate proportion of thelr work
day at each station identifled. Maps of the work stations were

used as aids for the respondents during the interview. A
chemical list was also shown to production workers to help
ldentify products generally used by the respondents. Final

determination as to exposure to photol ithographic chemicals was
made by the investigators.

Workers' exposure and health outcome histories were also
Inciuded In the current analysis if they were working as a DEC
fab worker during the perlod immediately preceding the opening of
the Hudson facility. During this period, the fab process was
conducted at a site leased by DEC. The fabrication processes,
including materlals used, were the same as those found at the
Hudson locatlon. As used In this report, the term "Hudson
facility” will refer to this exposure as well.

In addition to cost centers, job titles, work stations, and
chemicals used, empioyees provided Information about thelr safety
practices including the habit of wear ing gloves and respirators
1f recommended or required, and their involvement in cleaning up
chemical spilis.

Other Information collected through the standardized,
structured questionnaire Iinciuded soclodemographic
characteristics; prior heaith history; current health status
including varlous symptoms of |llness; contraceptive and
menstrual histories of female participants; complete reproductive
experience; current and past use of alcohol, tobacco, and
prescription medications; and participation in hobbles Involving
significant exposures to soivents and other chemicals. The
reproductive history inciuded questions about: infertility; use

of prenatal care; complications during pregnancy; pregnancy
outcomes including Induced abortion, miscarriage, and stillbirth;
malformations among live births; birth welght; pre-term dellvery;
and use of tobacco, alcohol, and caffeine contalining products
dur ing each pregnancy.

When relevant information about pregnancy outcome coul!d not
be recalled by respondents, permission was sought to contact

physiclans or hospitals in order to obtalin this data. Uncertain
information which could not be verifled In this way was coded as
missing. The decision not to follow-up all reported pregnancy

information with attempts to document the event through medical
records, but to follow-up only when Information was reported as
"uncertain" or "don‘'t know", was based on several factors.
Firstiy, there was no central company heaith record or other
uniform source for accessing such informatlon accurately and

consistently for all respondents. The only alternative was,
therefore, to rely on communication with community physiclans and
hospitais to access such documentation. Such cooperation was
llkely to be oniy partially successful. Furthermore, there Is a

known under-reporting of potential miscarriages, especlally those
occurring eariy, to health care providers.(1) Finally, the group
under study was generally well educated, therefore representing




women less likely to be unaware, and le;s |lkely to forget

significant 1ife svents suczh as miscarriages. Also Important to
consider was the |ikelihood of over-reporting of adverse events
by a group perceived to be threatened by exposure. While two
employees had expressed a concern to company officials, it was

ciear that there was no generallized or vocal empl!oyee concern
about potential problems at the time of data collection for this
study. A discussion of the Iikelihood of recall bias in this
study Is Included In this report.

Currently married male participants were asked permission to
have their spouses contacted for participation in a structured
telephone interview to ellicit their complete reproductive
exper lence. Of the 127 married male respondents, 121 (95%)
spouse Iinterviews were successfully completed.

METHODS OF ANALYSIS

The Relative Risk (RR) was used as the measure of
association between exposure and reproductive health outcome in
this study. For general health symptoms, the prevalence ratlo
was calculated. The relative risk provides a comparison of the
occurrence of a health outcome In an exposed group and in a
referent group. The interpretation of a relative risk greater
than 1.0 1Is that the group with the exposure of Interest |Is
considered to be at an Increased risk of developing the
assoclated condition In comparison to the group not having this
exposure. The relative Increase In risk is given by the
magnitude of the relative risk, so that a group exposed to some
particular factor with a relative risk of 2.0 has a risk of
disease that is approximately twice that of a non-exposed group.
A relative risk of 1.0 indicates that there Is no Increase or
decrease In risk associated with the exposure. Relatlive risks
less than 1.0 are Indicative of exposures that are associated
with a reduction In risk for a particular condition. A relative
risk Is considered to differ significantiy from unity If the 95%
confldence interval estimate (CIE) constructed about the point
estimate of this risk measure does not Include the value of
1.0 (e.g. RR = 3.0; 95% CIE = 1.5, 5.0 or RR = 0.6; 95% CIE =
0.2, 0.9).

The upper and lower Ilimits of the conflidence intervals for
the relative risk were obtained by exponentiating the endpoints
of the confidence interval for In(RR). The variance estimate for
In(RR) was derived using the delta-method, first order Taylor
ser les expansion.

A hypothetical example is presented below. In this example,
the significantly elevated relative risk Is noted with an
asterisk.




RELATIVE RISK (RR) AND 95% CONFIDENCE INTERVAL ESTIMATE (CIE) FOR
HYPOTHET ICAL DATA

TOTAL TOTAL
WITH WITHOUT
SYMPTOMS SYMPTOMS 95% CIE CHI
N X N X RR (LL, UL) SQUARE
GROUP 1 19 28.4 48 71.6 1.31 (0.85, 2.01) 1.39
GROUP 2 31 47.0 365 53.0 2.16=* (1.586, 3.00) 18.33

NONEXPOSED 73 21.7 263 78.3 -

* Indlcates significant!ly elevated relative risk.

In the example, a comparison of individuails in hypothetical
GROUP 2 to the Non-exposed group produced a significantly
Increased relative risk while comparing GROUP 1 to those Non-
exposed yielded a relative risk which did not differ
significantly from one. In the presence of a relative risk and
fts confidence Interval, the examination of a chi-square
statistic does not offer any additlional useful information.

For muitivarlate analyses of exposures, heaith outcomes, and
control variables, multiple logistic regression was performed,
utiiizing the BMDPLR program. O0dds ratios and 95% CIE’'s were
calculated from the estimated regression coefficients and
standard errors provided in these analyses. Endpoints for
confldence intervals for the coefficients were exponentiated to
obtain the Iimits for the odds ratio.

In the reproductive analyses, every pregnancy for each woman
was considered separately. For example, a woman having three
pregnancies could contribute two livebirths and one miscarriage
to the investigation. Pregnancies which ocurred for women In the
Non-exposed group prior to employment at the Hudson facility were
Included aiong with those occurring after DEC employment. This
analysis resulted In a comparison more cliosely matched on age at
time of pregnancy, a variable known to be associated with the
occurrence of miscarriages, and ylielded a larger sampie for
increasing the power of the study to detect a difference if one
did indeed exist. Analyses examining the potential of a
differential recall for exposed and non-exposed individuals were
also conducted and are presented in the discussion section.

The analysis of the reproductive data began with examination
of a wide range of demographic varliables and potential
confounding factors by exposure grouping. Miscarrlage ratios
were then calculated by group, followed by additional univariate
analyses of related variables (e.g. gravidity). Multiple




logistic regression analyses were then performed to obtain
exposure odds ratios adjusted for potential confounders.

Analyses of data obtained from male and female employees were
conducted separately. As will be noted later, the number of
pregnancies contributed by spouses of male workers to this
Investigation was relatively small and multivariate analyses
were, therefore, not pursued with these pregnancies.

RESULTS

Study Population

In the first phase of data collectlion, 460 subjects were
invited to participate and 438 (95.2%) were entered into the
study. In the second phase, an additional 414 were invited and
306 (74.0%) participated, for a total of 744 subjects. The
number entered and studied by phase, exposure group and sex s
shown In Table 1.

TABLE 1

SUBJECTS ENTERED INTO THE STUDY AND INCLUDED IN THE ANALYSIS

PHASE GROUP MALE FEMALE TOTAL
| ‘ PHOTO 62 47 © 109
DIFFUSION 90 55 145
NONEXPOSED 109 75 184
I PHOTO 7 20 27
DIFFUSION 1 12 13
NONEXPOSED 4 362 266
TOTAL 273 471 744

Reproductive Qutcomes: Females

For the purpose of this report "abortion" refers to an
Induced abortion reported by a respondent; “miscarriage" refers
to a reported spontaneous abortion prior to 28 weeks gestation;
and “stllIbirth" refers to a spontaneous abortion after 29 weeks
of gestation or a fetus pronounced dead at time of birth. For
workers In the Photo and Diffusion groups, only pregnancies



occurring after date of first employment a: Hudson were
considered In the following presentation of results since prior
pregnancy outcomes would not be attributable to Hudson
occupational exposures. For the Non-exposed group, however, al]
pregnancies were considersd. This was done to enhance the
precision with which quantitative comparisons could be made and
to make the age distribution more comparable between the groups.
Prior work historlies were reviewed to ensure that these non-
exposed emplioyees did not have former occupations which involved
substantial chemical exposures.

Miscarriage ratios were cailculated as the number of fetal
losses prior to 28 weeks gestation divided by the number of total
pregnancies. The miscarriage ratios identifled for females in
the Photolithographic, Diffusion, and Non-exposed group are glven
in Table 2 and are 31.3%, 38.9%, and 17.8%, respectively. While
neither comparison Involving the Photo group was statistically
significant, the relative risks indicated that the occurrence of
miscarriage in the Photo!lthographic group was elevated relative
to the Non-exposed pregnancies but ifower than that In the
Diffusion pregnancies. Since a hypothesized true risk of
miscarriage among women exposed to chemicals In the diffusion
areas could not be discarded, and DEC management was also
Interested In Diffusion group potential risks, the miscarriage
ratic In the Diffusion group was compared to that in the Non-
exposed group with the result being a significant Iincrease In
risk (RR = 2.18; 95% confidence interval 1.18, 4.04).

The mean lengths of gestation for the miscarriages by group
are presented Iin Table 3. The Diffusion group miscarrlages
occurred earlier than those in the other two groups. The
differences between the groups were found to be of border!ine
statistical significance (F = 2.630; p = 0.079).

Because of the Importance of age at time of pregnancy and
gravidity to the potential of adverse pregnancy outcomes, these
variables were next investigated. Mother's age at time of
pregnancy was qulite similar between the exposure groups.
Nevertheless, due to its Importance as a potential confounding
variable It was included as a control variable In multivariate
procedures whlch folliowed. The specific nature of the
distribution of mother’'s age at time of pregnancy by group is
shown In Table 4. B .

When the distribution of miscarriages was examined by
exposure grouping across levels of gravidity the numbers arising
in the different strata were too small to be conclusive.
Nevertheless, the Non-exposed group was observed to have the
lowest miscarriage ratio In each strata. Also, a general trend of
Increasing risk with Iincreased gravidity, uncontrolied for age,
was noted for each group (Table 5). For this reason gravidity
was also included In subsequent multivariate analyses.




TABLE 2

PREGNANCY OUTCOME AMONG FEMALE EMPLOYEES BY EXPOSURE GROUP

EXPOSURE ABORTIONS  STILLBIRTHS MISCARRIAGES L IVEBIRTHS
GROUP N RATIO N RATIO N RATIO N  RATIO
PHOTO 2 (12.5) 0 (0.0) 5 251.3) 9 (56.3)
DIFFUSION 1 (5.6) 0 (0.0) 7 (38.9) 10 (55.6)
NONEXPOSED 35 ( 8.8) 2 ( 0.5) 71 (17.8) 290 (72.9)

Ratio expressed as a number of events per 100 pregnancies.

Relative risk of miscarriage comparing Photo to Nonexposed
women = 1.75; 98% CIE = (0.82, 3.73).

Relative risk of miscarriage comparing Diffusion to Nonexposed
women = 2.18; 95% CIE = (1.18, 4.04).

Relative risk of miscarriage comparing combined exposure

groups (Photo + Diffusion) to Nonexposed women = 1.98;
95% CIE = (1.20, 3.27).

TABLE 3

DISTRIBUTION OF GESTATIONAL AGE (WEEKS) FOR MISCARRIAGES
OCCURRING AMONG FEMALE DEC EMPLOYEES

PARAMETER PHOTO DIFFUSION NONEXPOSED 'ANOVA
MEAN 10.2 6.3 11.6 F = 2.630
STD. DEV. 2.49 1.38 6.31 p = 0.079
95% CIE (7.1, 13.3) ( 5.0, 7.6) (10.1, 13.1)

RANGE 6.0, 12.0 4.0, 18.0 1.0, 28.0

MED | AN 11.0 6.3 11.5

NUMBER 5 7 71

To determine whether the observed relative risks could have
been due to a pre-existing difference in miscarriage risk between
groups, pregnancies occurring prior to occupational exposure at
the DEC facility were examined. In Table 6 the miscarriage ratio
for each of the exposure groups is presented. In general, the
miscarriage ratio was quite similar between the groups, with the
highest rate found In Non-exposed women (16.8 per 100
pregnancies). However, as demonstrated in Table 7, these women
were oider, on average, at time of pregnancy.




TABLE 4

DISTRIBUTION OF AGE AT TIME OF PREGNANCY
FOR FEMALE EMPLOYEES

PARAMETER PHOTO DIFFUSION NONEXPOSED ANOVA
MEAN 25.5 26.0 25.5 F=0.112
STD. DEV. 3.28 4.10 4.50 p = 0.895
95% CIE (23.8, 27.3) (23.9, 28.1) (25.1, 25.9)
RANGE 19.8, 30.1 18.4, 33.3 16.1, 39.9
MED I AN '25.7 25.7 25.1
NUMBER 16 18 398

TABLE &

MISCARRIAGES EXAMINED BY GRAVIDITY AND EXPOSURE GROUP

GRAVIDITY = 1 GRAVIDITY=2 OR 3 GRAVIDITY > 3
EXPOSURE MIS.* TOTAL MIS. TOTAL MiS. TOTAL
GROUP N RATIO PREGS N RATIO PREGS N RATIO PREGS
PHOTO 2 (33.3) 6 3 (30.0) 10 - - - )
DIFFUSION 1 (16.7) 6 3 (33.3) 9 3 (100.0) 3
NQNEXPOSED 21 (14.0) 180 33 (19.1) 173 17 ( 22.7) 75

N represents the total number of miscarriages.
* represents the number of miscarriages per 100 pregnancles.

While the observations are based on smalil numbers and may be
unreifiable, the relatively high reported frequency of Induced
abortion among the Photo and Diffusion females deserves mention,

especially In |light of its potential as a risk factor for
subsequent miscarriage. Analyses specific to the women reporting
mlscarrijages, however, found no Indication for this as a

substantial confounder ( 1 prior induced abortion among the Photo
women who reported five miscarriages and 2 prior Induced
abortlons among the Diffusion women who reported 7 miscarriages).

The use of prenatal care by the women reporting miscarrliages
was not found to differ meaningfully from women not reporting
them.




TABLE 6

PREGNANCIES OCCURRING PRIOR TO DEC EMPLOYMENT AMONG
FEMALE EMPLOYEES

EXPOSURE ABORTIONS  STILLBIRTHS MISCARRIAGES LIVEBIRTHS
GROUP N RATIO N RAT!O N RATIO N  RATIO
PHOTO 4 (50.0) 0 (C0.0) 1 (12.5) 3 (37.5)
DIFFUSION 3 (50.0) 0 (0.0) 1 (16.7) 2 (33.3)
NONEXPOSED 30 ( 8.%5) 2 ( 0.6) 59 (16.8) 261 (74.1)

Ratlo expressed as a number of events per 100 pregnancies.

Relatlive risk of miscarriage comparing Photo to Nonexposed
women = 0.75; 95% CIE = (0.12, 4.73).

Relative risk of miscarriage comparing Diffusion to Nonexposed
women = 0.99; 95% CIE = (0.16, 6.04).

Relative risk of miscarriage comparing combined exposure

groups (Photo + Diffusion) to Nonexposed women = 0.85;
956% C!E = (0.23, 3.14).

TABLE 7

DISTRIBUTION OF AGE AT TIME OF PREGNANCY FOR PREGNANCIES
OCCURRING PRIOR TO DEC EMPLOYMENT

PARAMETER PHOTO DIFFUSION' NONEXPOSED ANOVA
MEAN 20.9 20.7 25.0 F = 6.330
STD. DEV. 2.79 4.08 4.38 p = 0.002
958X CIE (18.5, 23.2) (16.5, 25.0) (24.6, 25.5)

RANGE 18.3, 26.7 16.1, 25.4 16.1, 398.9

MED I AN 19.3 18.3 24.4

NUMBER 8 6 352

A three stage approach was used to examine the potential

effect of other risk factors. In the first stage a model was
used which estimated the odds ratio for the other potentiai rlisk
factors. The risk factors examined were: (1) mother’'s age at

pregnancy, (2) gravidity, (3) consumption of caffeine containing
beverages (coffee, hot or cold tea, cotas), (4) amount of

caffeine containing beverages consumed, (5) smoking during
pregnancy and (6) consumption of alcohollc beverages dur ing
pregnancy. The results of this stage of the analysis are

presented in Table 8.
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In the second stage of this analysls, logistic regression
models were fit which ylelided estimates of the odds ratio for
occupationa! exposure controliing for various combinations of the
six potential risk factors examined In the first stage. The
results of the second stage are presented In Table 9. In the
third stage, the two exposed groups were combined and the same
analyses repeated. These resuits are in Table 10.

The estimated odds ratios for the six models In Table 8 show
that none is significantly assocliated with the outcome,

miscarriage. In this table two odds ratlos have been provided
for mother ‘s age, one for a one year Increase and a second for a
five year Increase In age. The varlable gravidity was

categorized Into three groups and analyzed via two deslign
variables which were set up to yleld the comparisons stated in
Table 8. Based on these estimated odds ratios, there Is no
strong evidence for potential confounding, except for mother's
age. However, to be certain, models addressing this issue were
fit.

TABLE 8

ESTIMATED ODDS RATIOS AND CONFIDENCE INTERVAL ESTIMATES
FOR CONTROL VARIABLES

PREGNANCY (yes, no) 0.74 (0.42, 1.31)

MODEL | CONTROL VARI!ABLE OR 95% CIE FOR OR

; bt -

1 i AGE AT PREGNANCY: 1 YEAR 1.03 (0.98, 1.09)
! 5 YEARS 1.17 (0.8, 1.55)
]
! i

2 ! GRAVIDITY:
t
t
! 2nd or 3rd vs 1st 1.29 (0.73, 2.28)
! 4th or more vs 1st 1.74 (0.89, 3.43)
X .
[}

3 | CAFFEINE USE DURING
i PREGNANCY (yes, no) 0.80 (0.42, 1.55)
]
]

4 i AMOUNT OF CAFFEINE USE
i DURING PREGNANCY
i (2 cup increase) 1.03 (0.79, 1.34)
[}
1

5 i  SMOKING DURING PREGNANCY 1.02 (0.61, 1.72)
! (yes, no)
]
[}

6 i ALCOHOL CONSUMPTION DURING
I
1]
i
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The resuits of fitting seven different logistic regression

modeis are presented in Table 9. The odds ratlios presented are
based on the estimated coefficients for two design variables used
to represent the three categories of occupational exposure. The

design variables were formed to yleld the stated comparisons of
Photo vs Nonexposed and Diffusion vs Nonexposed.

Thus, the estimated logistic regression coefficients when
exponentiated, provide an estimate of the odds ratios of Photo vs
Nonexposed and Diffusion vs Non-exposed controlling for any other

variables in the model. The information In Table 9 is presented
in 7 rows and '8 columns. Each row denotes a particular model!
whose number is given In column 1. Column 2 contains the
control variables being examined. The estimated odds ratio for
Photo vs Nonexposed Is In column 3 and the endpoints of the 95%
confidence Interval are gliven In columns 4 and 5. Column 6

contains the estimated odds ratlo for the Diffusion vs Nonexposed
comparison while columns 7 and 8 contain the endpoints of the 95%
confidence Interval estimate.

The results presented In Table 9 show that for the
compar ison between Photo and Nonexposed the estimated odds ratlios
(column 3) range from 2.27 to (model 1) to 2.89 (modei 5).
Although each of these is elevated above 2.0, the lower Iimit of
the confidence interval (co!umn 4) is less than 1.0 indicating
that each is not statistically significantly different from 1.0.
The consistency of these estimates is noteworthy and supports the
previous observation that none of these control variables Iis a
strong confounder of the occupational exposure.

The odds ratios for the Diffusion vs Nonexposed (column 6)
range from 2.80 to 3.42. Each is not only greater than 2.0 but
each s statistically significantly different from 1.0. Thus,
the previous!y noted significant association between miscarriage
and Diffusion exposure remains in the presence of controlling
variables. The consistency of both the individua! estimates and
the confidence Intervals shows that the control variables are not
confounding the assoclation.

Table 10 presents the results of the third stage of the
multivariate analyslis. The estimated odds ratios In Table 10
were obtained by exponentiating the cocefficient for the design
variable for exposure when Photo and Diffusion were combined.
The same control variables (model!s) used in Table 9 are
represented. The estimated odds ratlios range from 2.58 (model 1)
to 3.17 (model 5) and lie, as one would expect, between the
values In columns 3 and 6 of Table 9. In each case, they are
statistically significantiy different from 1.0. This analysis
was not done to achieve an Increase In analytic power but rather
to gain an estimate of the overall risk among the fab emp loyees
studled. Since there |s scant laboratory and animal evidence
regarding exposure to specific chemicals and risk of human
reproductive failure and since the direction of the risk
estimates for the two exposed groups was the same, it was felt
that an overall risk measure could be useful.
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TABLE 9

CRUDE AND ADJUSTED ODDS RATI0S FOR THE RISK OF MISCARRIAGE COMPARING PHOTO OR DIFFUSION
TO NONEXPOSED WOMEN

PHOTO VS NONEXPGSED DIFFUSION VS NONEXPOSED
MODEL | CONTROL VARIABLE OR  95% CIE FOR OR OR  95% CIE FOR OR
(m (2) 3 (4) &) (6) CINC:))
1 CRUDE UNADJUSTED ANALYSIS 2.27  (0.74, 6.98) 2.86  (1.05, 7.78)
2 EXPOSURE, CONTROLLING
FOR AGE AT PREGNANCY 2.32 (0.75, 7.18) 2.80 (1.08, 7.62)
3 EXPOSURE, CONTROLLING FOR
AGE AT PREGNANCY AND 2.51  (0.81, 7.82) 2.88 (1.06, 7.92)
GRAVIDITY (1, 2 0R 3, 4)
4 EXPOSURE, CONTROLLING FOR

1

i

H

]

1

)

1

1

]

d

I

5

|

]

5

3

1

1

5

i AGE AT PREG., GRAVIDITY AND 2.81 (0.80, 8.79) 3.25 (1.18, 8.95)
| CAFFEINE USE DURING

i PREGNANCY (yes, no)

|
]
i
[}
t
]
]
]
]
I
i
1
[}
1
]
1
]
]
H
H
H

EXPOSURE, CONTROLLING FOR

AGE AT PREG., GRAVIDITY AND

AMOUNT OF CAFFEINE USE 2.89  (0.82, 9.03) 3.42 (1.23, 9.53)
DUR ING PREGNANCY

(cups of beverage)

EXPOSURE, CONTROLLING FOR
AGE AT PREG., GRAVIDITY AND 2.81 (0.90, 8.79) 3.30 (1.20, 9.10)
SMOKING DURING PREGNANCY

(yes, no)

EXPOSURE, CONTROLLING FOR

AGE AT PREG., GRAVIDITY AND 2.76  (0.88, 8.61) 3.18  (1.16, 8.83)
ALCOHOL CONSUMPTION DURING

PREGNANCY (yes, no)
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TABLE 10
CRUDE AND ADJUSTED ODDS RATIOS FOR THE RISK OF MISCARRIAGE
COMPARING EXPOSED (PHOTO + DIFFUSION) TO NONEXPOSED WOMEN

MODEL
(1)

CONTROL VARIABLE OR 958% CIE FOR OR
(2) (3) (4) (5)

CRUDE UNADJUSTED ANALYSIS 2.58 (1.20, 5.56)

EXPOSURE, CONTROLL ING
FOR AGE AT PREGNANCY 2.58 (1.19, 5.56)

EXPOSURE, CONTROLLING FOR
AGE AT PREGNANCY AND 2.72 (1.25, §.91)
GRAVIDITY (1, 2 OR 3, 4+)

EXPOSURE, CONTROLLING FOR

AGE AT PREG., GRAVIDITY 3.05 (1.39, 6.67)
AND CAFFEINE USE DURING

PREGNANCY (yes, no)

EXPOSURE, CONTROLL ING FOR
AGE AT PREG., GRAVIDITY
AND AMOUNT OF CAFFEINE 3.17 (1.44, 6.96)
USE DURING PREGNANCY
(cups of beverage)

EXPOSURE, CONTROLLING FOR
AGE AT PREG., GRAVIDITY AND 3.07 (1.41, 86.72)
SMOK ING DURING PREGNANCY

(yes, no)

EXPOSURE, CONTROLLING FOR

AGE AT PREG., GRAVIDITY AND 2.99 (1.37, 6.58)
ALCOHOL CONSUMPTION DURING

PREGNANCY (yes, no)

Other Control varlables

in order to determine the need for further multivariate
analysis, a varlety of other potential control variables were
analyzed with respect to their relationship with exposure status
and pregnancy outcome. Demographic variables for which no
differences warranting further analysis were observed included
marital status, ethnicity, education, and religious preference.
Answers to questions concerning chemical exposures at home,
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though not restricted to time of pragnancy, were examined but
none were evidenced to vary significantiy between the groups.
These Included exposure to chemical lawn treatments; use of
pesticides or herbicides; use of home cleaning fluids such as
floor cleaners, wax strippers, and furniture refinishers; regutar
hobby use of paint, varnish, solvents, paint strippers,
degreasers, lead, adhesives and glues; use of artifictal
sweetners such as saccharin; and reporting of husband’s
exposure to Agent Orange while serving in the armed forces.

Simitarly, the use of contraceptive creams, foams or jelly
around the time of conception was examined by exposure group but

not found to differ meaningfuily. Compilcations during
pregnancy, Including high blood pressure, hematuria, nausea and
vomiting, toxemia, placental problems, exposure to rubeila, Rh
Incompatibllity, wurinary tract infections, Iincompetent cervix,

vaginal bleeding or spotting, premature rupture of the membranes,
premature labor, and exposure to influenza in the first trimester
were aiso Investigated but not found to differ between groups.

Other reproductive outcomes studied Iincluded reported
Infertility, birth weight and pre-term delivery. None of these
outcomes was found to differ significantly between the groups.
The number of female employees reporting difficulty becoming
pregnant was two (3.0%) In the Photo exposure group, one (1.5%)
In the Diffusion group, and three (0.9%) among Non-exposed women.
For spouses of male employees, two individuals In each
occupational group reported having such difflculties (2.9% Photo,
2.2% Diffusion and 1.8% Non-exposed. Theses differences were not
found to be statistically significant but are, of course, too
smail to be considered as truly reliable estimates of Infertility
risk. There was a striking degree of similarity In birth weights

for pregnancles occurring In the different exposure groups. The

mean and medlan birth welght and standard deviations are

displayed In Table 11 In pounds and grams. The occurrence of
TABLE 11

DISTRIBUTION OF INFANT'S BIRTH WEIGHT BY EXPOSURE GROUP FOR
FEMALE EMPLOYEES

PARAMETER PHOTO DIFFUSION NONEXPOSED ANOVA
MEAN (pounds) 7.56 7.38 7.24 F = 0.279
STD. DEV. 1.04 1.09 1.36 p = 0.756
MED | AN 7.44 7.22 7.37

MEAN (GRAMS) 3427.1 3348.1 3285.7

STD. DEV. 472.14 495.99 615.59

MED | AN 3373.6 3274 .4 3340.5

NUMBER 10 10 286
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pre-term delliver!es was reported In only a small aroportion of
pregnancles. No pre-term dellveries occurred among Photo
pregnancies and only one was Indicated in the Diffusion group.
For Non-exposed women, a total of 21 or 7.6X of thelr livebirths
were conslidered by themselves to be pre-term. These dlfferences
were not statistically signiflicant.

The reported prevalence of congenita! anomalies did not
Indicate any quantitative relationship with exposure group, but
the number of such reports was small. A list of the anomalies
reported Is found in Appendix |I.

The examinatlion of speclific exposure histories of the women
reporting miscarriages in the manufacturing groups is a useful
adjunct to the population based analysis of this study. This |Is

especially true 1in 1light of the small number of miscarriages
observed. Several considerations are important In reviewing the
information presented In Table 12. First, recall of specific
work stations was described to the best of the respondents
ablility. Second, workers usually had responsibilities which

brought them to a large number of stations during a typica! work
day and the quantification of their work station exposures as a
function of the proportion of a day spent there was wusually
imprecise. Third, information collected about chemical handling
ancg mixing, repairing or <cleaning machines, involvement in
cleaning-up chemical splils, use of protective devices, and other
practices In the fab area were collected In reference to each of
their Jobs but cannot be precisely linked to dates of
reproductlive of other health events. For each of these
actlvities, however, the proportion of time spent on each was
recorded.

Of the four Photo women experiencing five miscarrlages while
at Hudson, two were techniclans, one was a process engineer and
one was a work coordinator. The median duration of employment
prior to miscarrlage was 12 months. Of the five Diffusion women
experiencing seven miscarriages, four were operators and one was
an engineering assistant. In this group the median duration of
_employment prior to miscarriage was 15 months.
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TABLE 12
CASE REPORTS OF WORK HISTORY AND PREGNANCY INFORMATION FOR EXPOSED WOMEN WHO REPORTED HAVING A MISCARRIAGE
UNDER PHYSICIAN'S  JOB CATEGORY LENGTH EMP  PRIOR

EXPOSURE GROUP*  TOTAL DATE GESTATIONAL CARE AT TIME OF AT TIME OF PRIOR TO  FACILITY
SUBJECT CLASSIFICATION NO. PREGS. MISC. AGE (weeks)  MISCARRIAGE MISCARRIAGE PREGNANCY WP

1 PHOTO 2 (1 pre- 7719 + 6 No Work 5 months  None
facitlty Coordinator
1 post) 2/79-1/81

Involved in handling and mixing chemicals and cleaning of equipment - wore protective gear, but no
respirator; spent 8 hours/day in fab area.

2 PHOTO 3 (1 pre- 8/84 12 Yes Techniclan 14 months Operator
facitity 6/83-12/84 2/80-6/83
2 post) 28 months

1 year spent

outside fab

involved in chemical mixing and hand!ing - wore protective gear but not respirator; 6 hours/day spent in fab
area.

3 PHOTO 1 (1 post-  7/81 1" Yes Technician 12 months  None
facility) 7/80-11/84

Invoived In mixing and handl ing chemicals, and cisaning equipment, spill cleanuwp, and equipment repair - wore
protective gear (no respirator); on average 8 hours/day spent In fab area.

4 PHOTO 2 (2 post- 3/83 12 Yes Process 9 months None
facility) Engineer
6/82-7/84

Works with chemicals in fab area and also was involved In cleaning equipment and machines - wore protective
gear; sometimes Involved In spill cleanup; on average 5 hours/day spent in fab area.

4 PHOTO 2 (2 post-  8/83 10 Yes Process 14 months  None
facility) Engineer
6/82-7/84
Same as above.

* Job title and work station information, collected during the Interview, was usec; to classify exposure group.
All workers reporting involvement in equipment cleaning, chemical mixing, and chemical spill clean-up,
reported doing this for less than 20% of their work time.

+ Miscarriage occurred while working for the company In leased space prior to opening of the main facility. The
manufactur ing process and materials used during this period were identical to those at permanent location.
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TABLE 12 - contInued
UNDER PHYSICIAN’S  JOB CATEGORY LENGTH EMP  PRIOR
EXPOSURE GROUP*  TOTAL DATE GESTATIONAL CARE AT TIME OF AT TIME OF PRIOR TO FACILITY
SUBJECT CLASSIFICATION NO. PREGS. MISC. AGE (weeks) MISCARR | AGE MISCARRIAGE PREGNANCY EWP
5 DIFFUSION 3 (3 post 5/82 8 Yes Diffusion 27 months None
facility) Operator
2/80-5/82

Involved In mixing and hand!ing chemicals, and cleaning sinks - wore protective gear but not respirator.

6 DIFFUSION 4 (1 pre- 5/84 4 No Custom Fab 38 months  MOS Fab
facility Operator Operator
3 post) 3/81-12/84 1878-3/81
18 months
Except for respirator, wore protective gear; spends 7 hours/day In fab area.
6 DIFFUSION 4 (1 pre- 8/84 6 Yes Custom Fab 41 months  MOS Fab
facillty Operator Operator
3 post) 3/81-12/84 1879-3/81
18 months
Same as above.
7 DIFFUSION 3 (1 pre- 4/79 + 8 No Operator 1 month None
facility 3/79-12/84
2 post)

Involved mixing and handling chemicals and cleaning of equipment - wore protective gear while working with
chemicals, Including respirator; 8 hours/day spent In fab area.

8

DIFFUSION

5 (3 pre-
facllity
2 post)

1/84

6

Yes

Operator 12 months

1/83-12/84

None

Invoived In mixing chemicals and cleaning equipment - wears protective gear but not respirator; 8 hours/day
spent in fab; up to 2 hours over-time per week spent In fab area.

8 DIFFUSION 5 (3 pre- 10/84 8 Yes Operator 15 months None
facllity 7/83-12/84
2 post)
Same as above.
] DIFFUSION 2 (2 post 6/83 6 Yes Engineer § months None
facility) Assistant
1/83-6/83

Invoived In mixing and hand!ing chemicals and cleaning equipment - wore protective gear but not respirator;
spent an average of 4 hours/day in fab area.

* Job title and work station Information, collected during the Interview, was used to classify exposure group.

All workers reporting

involvement In equipment cleaning, chemical

reported doing this for iess than 20X of their work time.

mixing, and chemical spi!l clean-up,

+ Miscarriage occurred while working for the company in leased space prior to opening of the main facility. The
manufacturing process and materials used during this period were identical to those at permanent iocation.
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hcproductive Outcomes: Males

Among spouses of male employees, the miscarriage ratios
were based on relatively small numbers of events and were
generally low In all three groups (Table 13). They ranged from
5.3 per 100 pregnancies In the Non-exposed group to 12.5 per 100
pregnancies In the Photo exposure group; these differences were
not statistically significant. When age at time of pregnancy was
examined |t was found to be similar for the groups (Table 14).
Numbers being small, the miscarriage ratios by gravidity are not
stable but, are presented in Table 15.

TABLE 13
PREGNANCY OUTCOME AMONG SPOUSES OF MALE EMPLOYEES,
BY EXPOSURE GROUP

EXPOSURE ABORT IONS STILLBIRTHS MISCARRIAGES L IVEBIRTHS
GROUP N RATIO N RATIO N RATIO N RATIO
PHOTO 0 (C0.0) 0 (0.0) 2 (12.5) 14 (87.5)
DIFFUSION 0 (0.0 0 (0.0) 1(7.7) 12 (92.3)

NONEXPOSED 1 (5.3 0 (0.0) 1(56.3) 17 (89.5)

Ratio expressed as a number of events per 100 pregnancies.

Relative risk of miscarrlage comparing Photo to Nonexposed
women = 2.38; 95% CIE = (0.24, 23.84).

Relative risk of miscarriage comparing Diffusion to Nonexposed
women = 1.46; 95% CIE = (0.10, 21.33).

Relative risk of miscarriage comparing combined exposure
groups (Photo + Diffusion) to Nonexposed women = 1.97;
95% CIE = (0.22, 17.53).

TABLE 14
DISTRIBUTION OF AGE AT TIME OF PREGNANCY FOR SPOUSES OF
MALE EMPLOYEES

PARAMETER PHOTO DIFFUSION NONEXPOSED ANOVA
MEAN 26.1 29.2 28.5 F = 1.676
STD. DEV. 4.92 5.28 4.62 p=0.199
95% CIE (23.5, 28.8) (25.0, 32.4) (26.3, 30.7)

RANGE 19.5, 35.0 22.5, 41.6 21.6, 35.2

MED AN 24.1 29.0 28.9

NUMBER 16 13 19
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TABLE 15

M!SCARRIAGES EXAMINED BY GRAVIDITY FOR PREGNANCI!ES WHICH
OCCURRED AMONG SPOUSES OF MALE EMPLOYEES

GRAVIDITY = 1 GRAVIDI|TY=2 OR 3 GRAVIDITY > 3
EXPOSURE MIS.* TOTAL MIS. TOTAL MIS. TOTAL_
GROUP N RATIO PREGS N RATIO PREGS N RATIO  PREGS
PHOTO 0 (0.0) 6 1 (14.3) 7 1 ( 33.3) 3
DIFFUSION 0 (C0.0) 7 0 ( 0.0) 5 1 (100.0) 1
NONEXPOSED 0 (0.0) 10 1 (11.1) 9 - - -

N represents the total number of miscarriages.
* represents the number of miscarriages per 100 pregnancies.

Miscarriage ratios prilor to husband's employment at DEC
Hudson, were examined. Again, numbers are small, however, no
meaningful differences were observed.

General Health Outcomes

The objective of calculating the prevalence of various self-

reported Illness symptoms was to Identify any potentlal work-
reiated problems for future follow-up rather than to attempt
analytlic assessment of potential causal relationships.
Respondents were asked about a large number of iliness symptoms

which might have been experienced during the last five years, the
period roughly corresponding to the existence of the Hudson

facillity. The first analysis examined, In a cross-sectional
fashion, the reported prevalence as it related to occupationa!l
group. A subsequent analysis examined prevalence In |ight of
symptoms’ temporal refationships to employment. It should be

noted, however, that this type of coupling of work history to
retrospectively reported symptoms, most of which are episodic in
nature, 1is not able to provide the type of information required
to distinguish a cause from a correlation. Prevalence is rarely
the measure of choice when etiologic research about chronic
disease is the objectlve. It Is a function of survivorship as
well as disease incidence. For non-lethal symptoms with no clear
moment of onset, prevalence iIs a convenient measure with which to
descr |be an exposure/symptom relationship.

Before calculating prevalence ratios by exposure, the
occupationa! groups (Photo, Diffuslion, and Non-exposed) were
examined for dlfferences in a varlety of variables in order to
determine whether any differences wouid need to be controlled for
in subsequent analyses. There were few meaningful differences
between the groups, although a significant difference was found
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In level of education f<r toth men and women, with the leveis
being highest Iin the Non-exposed group. Education was,
therefore, further considered as a potential confounding
variable. Among females, weight In pounds, and weight divided by
height In Inches (as a simple measure of obesity) was also found
to differ modestly. Specifically, DIffusion group females had a
higher mean value for both varlables than did the Non-exposed
subjects; this was also further considered in subsequent
analyses.

The results of the first data analysis, presented In the
form of prevalence ratlios are given In Appendix |II. The
Individual tables for each symptom report the prevalence ratlos
by exposure (Photo vs Non-exposed, Diffusion vs Non-exposed, and
Photo + Diffusion vs Non-exposed). They are presented for both
sexes comblined and stratifled by sex.

There were no signficant assoclations found between exposure
and reported symptom prevalence overall or for elther sex, for
slipped disk, high blood pressure, cancer, thyrold problems, gail
bladder problems, respiratory problems, kidney probems, seizure

disorders, anemia, dizziness or eyestrain. It should be
acknowledged that the |[lkellhood of Identifying one or more
elevated risks Is increased when searching among a large number
of outcomes, as this study did. Furthermore, the numbers o<
individuals who reported symptoms Is sometimes too small to be
followed by detailed analysis, or to lead to scilentific
inference. A simple statistical approach to reporting this

prevalence bellies this fact.

A summary of the significant associations |s presented in
Table 19. Symptoms which were reported more frequently among an
exposure group than among the Non-exposed Included: frequent or
severe headache (Diffusion females), frequent or severe sore
throat (Photo and Diffusion females), frequent or severe nausea
(Photo females and Diffusion males), frequent or severe rash
(Photo females), and arthritis (Photo females). Additionally,
Diffusion females reported back problems (other than sl ipped
disc) less frequently than Non-exposed females but numbers were

rather smal! In this anaiysis. The reports of diabetes are far
too few to be evaluated more formall!y or to Infer any association
with occupational exposure. Also, as seen beiow, diabetes was

not temporally related with emplioyment at Hudson.

The relationship between each of these reported symptoms and
other variables that could have potentlially confounded the
results was examined. Associations of potential confounders with
symptoms or exposure group were further controlled for using
multipie logistic regression. These variables Included age,
education, weight, and a variety of other variables including
current use of caffeine, alcohol, cigarettes, and sugar
substitutes; number of pregnanciles and history of oral
contraceptive use (females only); chemical lawn treatment; use of
floor cleaners and pesticides; home termite treatment; and hobby
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exposura to palint, varnish. solvent, pzin: stripper, degreasers,
and leaa.

The results of these multivariate analyses are presented In
Table 20 and variables used In the adjustment are Identiflied In

the tabie footnotes. Multivariate resuits are not presented for
diabetes since the numbers were considered too small to yield
reliable estimates. Potential confounding variables were
fdentified by examining their relationship with reported symptom
and exposure group. variables found to require further analysis
were Included In multiple logistic regression modsels. it s

apparent that after adjusting for potentially confounding
varlables, there continued to exist statistically significant
associations between occupational exposure groups and the
reporting of certain general heaith symptoms.

Since respondents were asked about the duration of most
repor ted symptoms, an analysis examining the temporal
relationship between symptoms and occupation at Hudson was also

performed. The analysis Including (iIness symptoms only If they
did not report having them prior to first Hudson employment is
presented In Table 21. This summary table reports the symptoms,

reported by exposure group and sex, whose onset was after first
Hudson employment.

While some modest changes were observed, the same caution
about relativeiy small numbers of events and an arguable lack of
blologlcal plausiblllity for an association (e.g. arthritis) must
be raised. The possibility that one or more of the assoclations
Is artifactual should also be further considered.
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TABLE 16

DISTRIBUTION OF SELECTED DEMOGRAPHIC VARIABLES BY EXPOSURE GROUP

VAR |ABLE PHOTO DIFFUSION NONEXPOSED
SEX

% male 50.7 §7.6 25.1

% female 49.3 42 .4 74.9
RELIGION

% Cathollc 56.7 58.9 54.6

% Protestant 27.6 30.5 27.9

% other 15.7 10.7 17.5

Chi square=4.04, d.f.=4, p=, 3947
ETHNIC GROUP
% white 94.0 S4.8 92.1
% other 6.0 5.2 7.9
Chl square=1.59, d.f.=2, p=.4529

MARITAL STATUS

% never 30.1 34.4 29.6
married

% currently 57.4 56.7 54.0
married

% formerly 12.56 8.8 16.5
married

Chl square=6.18, d.f.=4, p=.1862
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TABLE 17

DESCRIPTIVE STATISTICS FOR SELECTED DEMOGRAPHIC VARIABLES
B8Y EXPOSURE GROUP FOR MALE SUBJECTS ONLY

F
VAR | ABLE PHOTO DIFFUSION NONEXPOSED RATIO  P-VALUE
AGE
mean 29.3 30.0 31.2 1.67 0.1909
SD 6.3 7.5 7.3
EDUCATION .
mean 14.1% 13.8%* 15.2 13.08 0.0000
sD 2.0 2.0 2.4
median 13.9 13.6 15.6
SPOUSE'S TOTAL
PREGNANCIES (1)
mean 2.3 1.6 1.7 2.23 0.1119
sD 1.9 1.5 1.4
median 2.4 1.5 1.7
WE IGHT (LBS)
mean 181.0 178.0 176.0 0.55 0.5772
SD 31.9 24.2 29.6
WE IGHT/HE IGHT
mean 2.5 2.5 2.5 0.53 0.5893
sD 0.40 0.31 0.38
* Signiflicant difference (0.05 level) in means between exposed

and nonexposed groups.

(1) Only for those men who were married at some time.
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TABLE

18

DESCRIPTIVE STATISTICS FOR SELECTED DEMOGRAPHIC VARIABLES
BY EXPOSURE GROUP FOR FEMALE SUBJECTS ONLY

F

VAR I1ABLE PHOTO DIFFUSION NONEXPOSED RATIO P-VALUE

AGE
mean 33.9 33.2 34.2 0.29 0.7510
sD 11.1 11.4 9.0

EDUCATION
mean 12.8% 12.5% 14.4 27.46 0.0000
SD 1.8 1.9 2.4
median 12.2 12.1 14.1

TOTAL

PREGNANCIES (1)
mean 2.2 2.6 2.0 2.32 0.1000
sD 1.9 1.9 1.9
median 1.9 2.3 1.7

WE IGHT (LBS) )
mean 135.0 146.0% 137.0 3.74 0.0245
sD 25.0 30.9 24.4

WEIGHT/HE IGHT
mean 2.1 2.3* 2.1 3.82 0.02256
sD 0.38 0.44 0.36

* Significant difference (0.05 level) In means between exposed

and nonexposed groups.

(1) Only for those women who were married
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TABLE

19

SUMMARY TABLE FOR SYMPTOMS SIGNIFICANTLY ASSOCIATED *

WITH EXPOSURE, BY SEX GROUP

REPORTED

REPORTING SYMPTOMS

EXPOSURE EXPOSED NONEXPOSED PREVALENCE 95% CIE
GROUP SYMPTOM N % N RATIO (LL, UL)
FEMALES
DIFFUSION HEADACHE 31 47.0 73 21.7 2.16 1.56, 3.00
DIFFUSION OTHER BACK
PROBLEMS 6 9.1 72 21.4 0.42 0.19, 0.94
DiFFUSION SORE THROAT 8 11.9 13 3.9 3.07 1.32, 7.11
PHOTO ARTHRITIS 10 156.9 23 6.8 2.32 1.16, 4.63
PHOTO DIABETES‘*‘ 3 4.5 2 0.6 7.55 1.29, 44.29
PHbTO NAUSEA 7 10.86 12 3.6 2.94 1.20, 7.20
PHOTO RASH 9 13.4 19 5.7 2.38 1.12, §.02
PHOTO SORE THROAT 7 10.6 13 3.9 2.73 1.13, 6.57
MALES
DIFFUSION NAUSEA 7 7.9 1 0.9 8.73 1.09, 69.65

* A symptom with a prevalence
estimate does not

** Numbers too small

to be rellable.
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TABLE 20

ESTIMATED ODDS RATIOS ADJUSTED FOR POTENTIAL CONFOUND NG

VARIABLES =*
EXPOSURE REPORTED SEX oDDs 95X CIE
GROUP SYMPTOM GROUP RATIO (LL, ubL) METHOD

PHOTO ARTHRITIS FEMALES

[ ]

.57 (1.16, 5.70) CRUDE
2.64 (1.10, 6.31) ADJUSTED+ (1)

PHOTO DIABETES FEMALES 7.85 (1.29, 49.93) CRUDE
5.48 (2.06, 14.59) ADJUSTED (2)
PHOTO RASH FEMALES 2.59 (1.12, 6.00) CRUDE

2.80 (1.19, 6.60) ADJUSTED (3)

DIFFUSION OTHER BACK FEMALES 0.37 (0.18, 0.88) CRUDE

PROBLEMS 0.43 (0.18, 1.05) ADJUSTED (4)

DIFFUSION HEADACHE FEMALES 3.19 (1.84, 5.52) CRUDE
3.27 (1.86, 5.74) ADJUSTED (5)

DIFFUSION NAUSEA MALES 9.39 (1.13, 77.82) CRUDE
9.56 (1.13, 80.96) ADJUSTED (6)

* (Odds ratios adjusted for the distribution of other

+

(1)

(2)
(3

(4)

(s

(6)

variables by the use of multiple logistic regression.

Potential confounding variabies included in the model.

Adusted for age, use of sugar substitutes, and number of
pregnancies.

Adjusted for age and oral contraceptive use.
Adjusted for pesticlide use and exposure to varnish and paint.

Adjusted for pesticide use and having home treated for
termites.

Adjusted for use of oral contraceptives.

Adjusted for exposure to lead.
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TABLE 21

SUMMARY TABLE FOR SYMPTOMS SIGNIFICANTLY ASSOCIATED TEMPORALLY
WITH EXPOSURE, BY SEX GROUP*

EXPOSURE  REPORTED

REPORT ING SYMPTOMS

EXPOSED NONEXPOSED PREVALENCE 95% CIE

GROUP SYMPTOM N X N % RAT IO (LL, UL)
FEMALES
DIFFUSION HEADACHE 31 47.0 73 21.7 2.16 1.56, 3.00
PHOTO ARTHRIT!S 5 7.9 7 2.1 3.81 1.25, 11.83
PHOTO NAUSEA 7 10.6 12 3.6 2.94 1.20, 7.20
PHOTO RASH g 13.4 19 5.7 2.38 1.12, §.02
PHOTO SORE THROAT 6 9.1 11 3.3 2.76 1.06, 7.20
MALES
DIFFUSION NAUSEA 7 7.9 1 0.9 8.73 1.09, 69.65

* A symptom with a prevalence ratio whose
estimate does not incliude 1.0. ‘
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DISCUSSION

As with any study, the research findings of this
investigation need to be interpreted in terms of the research
objectives, methodologles employed, and the context in which it
was conducted. Each of these considerations will be addressed.

Research ObjJectlives

Epidemiologlc studlies are conducted in order to Increase
knowledge about the risk factor/disease reiationships they are
Intended to investigate. Studies which are subsequent to other
carefully conducted works are generally more refined with respect
to hypotheses and more specific with respect to data collection.
This was not the case Iin the present study. Virtually no human
data concerning exposures to chemicals of interest at the Hudson
faclliity with respect to miscarriage are availlable. This effort
was an Important first step to actively research a health concern
In a systematic way. In the absence of extensive qualitative or
quantitative data on the potential!l mechanism or, Indeed, the
potentlial chemical or physical agent(s) Involved, Interpretation
should be cautious.

The finding of the more elevated risk among the non-
photolithographic group, was unexpected. However, given the lack
of epidemiologic evidence for a relationship with miscarriage
among either exposure group, and occupational histories for
manufacturing workers which are self-reported and may be somewhat
imprecise with respect to exposure, the findings can only lead to
the conclusion that research follow-up is required.

Methodologles Employed

As a first step, 1t was feit that what was needed was a
careful observational study which would systematically count
numerators and denominators, that Is, the occurrence of health
related events among the defined population at risk. In this
light, response rates were reasonably high, and an attempt was
made to Iidentify and contact all former manufacturing workers.
As expressed to the company this was Important because workers
who left employment might have had a higher adverse health
experience (left because of illiness or threatened iliness) or a
more favorable experience (left to care for young, healthy
children), than those still in employment. Given the short
history of the Hudson manufacturing faciltity, there were very few
former workers to add to the current emp loyees. Former
production workers empioyed In other positions (non-exposed) at
time of interview were, however, classifled as to their exposure
group at time of pregnancy outcome. Sampiing was therefore,
relatively complete, with the great majority of production
workers and non-exposed females avallable at the facility,
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inciuded in the study. The anly fab workers not interviewed were
thoss with less than one month work history before the initiation

of Interviews. With respect to collecting accurate information
on reproductive histories, all methods available (interview,
medical records, vital statistics, Iinsurance records) may have

some ascertainment blas, nevertheless, Interview data has been
cited as perhaps the singie most usefu! source.(2)

Criteria for classification of exposure group were
determined prior to data analysis from information supplied by
DEC. Workers were allocated to Photo or Diffusion categories for
analysis, based on objective criteria about predominant work
stations and chemical exposures. Nevertheless, some workers
reported work histories in a variety of production areas. If the
harmful effect of some chemical agent could be realized at some
time after first ( or cumulative) exposure, then categorization
of exposure group based on work history at time of pregnancy
outcome may not be the most suitable criteria; future research
should bear this in mind.

One of the most critical methodologic issues which bears on
the Interpretation of the results is the modest sample size.
This was a function of the number of production workers employed
and also of the relatively short history of the facitity.
Specifically, the miscarrlage ratios were based on only 34
pregnancies in the manufacturing groups. Regardiess of levels of
statistical significance, ratlios based on small numbers of events
are more |likely to change substantively when further observations
are included. Two ways to increase the observations would be to
1) add workers who are now employed but were not at the time of
data collection and/or 2) continue observing the reproductive
experience of workers included in this study beyond the date of
their interview.

A second issue influencing the Interpretation of the results
is the potential of recall bias. This Issue was examined In two
ways. The first was the potential for some over-reporting of
adverse outcome by employees who felt threatened as a result of
discussions concerning the potential for reproductive problems In
an exposed group. If this were true, one might expect the over-
reporting primarily In the photollthographic group where some
concern had been expressed prior to the study and which was the
focus of attention of management, not In the group with the
highest proportion of reported miscarriages. in addition,
there were no differences in the proportion of women in any group
who reported spotting or bleeding during pregnancy (other than
the miscarriage), or any other adverse reproductive event,
Indicating that any selective reporting would have to have been

specific for this one single cutcome. Finally, If the perceived
risk had caused events such as spotting, bieeding, or other
menstrual lrregularities prior to a conflirmed diagnosis of

pregnancy to have been reported as miscarriages, the Iower
gestational age at pregnancy might have again been expected for
the photoilthographic rather than the diffusion group. tn any
event, the Investigators, interviewers, and DEC management agreed
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that there had been no widespread alarm about work related health
effects prior te this study. Neverthesiess, If some level of
alarm was unrecognized, the potential for over-reporting of
miscarrlages and other health outcomes would remain a real
concern. Similarly, If management/empioyes relations were deemed
to be stralned as a result of financlal or other disputes the
potential of such prevarication or exaggeration would have been
of heightened concern; this was definitely not the case, however.

With respect to a potential bias due to including the Non-
exposed reproductive experience prior to Hudson employment,
studies in the published |iterature and our own quantitative
analyses lead us to conciude against this as a factor which would
alter the basic conclusions of this report.

In one study comparing questionnaire data to records of
menstrual histories, Wilcox and Horney (3) found that 82% of
documented miscarriages were recalled within 10 years, about 80%
between 10-20 years, and about 73X prior to 20 years. The

retrospective recall data were collected iIn a one page
questionnaire with instructions to record pregnancies "as well as
they could recall them", rather than by tralned interviewers.

Our Interviewers, who were unaware of the central research
question, were alerted to identify uncertainty in responses.
Uncertain responses were then reported so that medical fo!low-up
could be attempted. Furthermore, In the Wlicox study some
miscarriages were recalled which had not been included in the
recorded menstrual history. These authors acknowledge that a
"false positive" report is a less plausibie expianation than
imperfection of the menstrual record. Such errors of omission in
the recording system used by the authors suggest that other
errors may have prevailed as well, and that recall might have
been higher than estimated.

Another study examining recall! of miscarriage, compared
questionnaire reports with obstetrical records from the Mayo and
Gunderson Clinics as well as from several physicians’ practices
In Boston, Houston, and Los Angeles.(4) As expected there were
large amounts of missing data from medical records, therefore
only pregnancies for which complete information was present were
used in the comparison. Mail and telephone surveys were used to
assess recall (again not as good as personal interview).
Agreement was found to be "good to excelient" for reporting prior
pregnancies, and "excellent" for reporting number of prior
miscarriages as judged by the kappa statistic. Under-reporting
was estimated as being at a maximum of ten percent. No
differences were found in recall abiility between a DES exposed
group (presumably with heightened awareness) and all comparison
groups.

One way to examine ths potential that miscarriage recall was
a function of the time since It occurred, In our data, was to
analyze the miscarriage ratios occurring in the non-exposed group
over time, while stratifying by age at conception. For reported
pregnancy ovutcomes occurring within 20 years of the time of
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Interview, there Is little evidence for a trend of miscarriage
reporting with time perlod (Tacie 22). in fact, in neiis where
the ratios are more stable, the reporting of a miscarriage was
silightly more frequent flive to ten years ago (1975-79) than in
the most recent five year perlod (women age 20 or older at time
of conception). Additionally, in the largest group, ages 20 to
30 at conception, the ratio reported ten to twenty years ago
(1963-74) was nearly identical to that reported during the flve
years before the interview. On the other hand, for the reporting
period more than 20 years ago, there is a Ilower reported
occurrence of miscarriage.

TABLE 22

MISCARRIAGE RATI0S BY AGE AT CONCEPTION AND YEAR OF CONCEPTION FOR NON-EXPOSED

DEC FEMALE EMPLOYEES

Year of Conception

1980-1986
SC PREGS RATIO

‘ AEECTEEREEBTTT=RTIE

1 2 50.0

0 48 20.8

6 24 25.0

AGE AT ! BEFORE 19€5 : 1965-1974 H 1975-1979 i
CONCEPTION EMISC PREGS RATIOEMISC PREGS RATIOEMISC PREGS RATIO(MI
< 20 E 1 13 7.7 E 3 16 18.8 g 2 6 33.3 |

]

20-30 : 8 101 7.9 ; 23 114 20.2 ; 8 29 27.6 ; 1
] 1 ] |
> 30 E 1 6 16.7 E 4 26 15.4 ; 4 13 30.8 ;
' i i :

Ratio = (MISC/PREGS) x 100 = ( No. Miscarriages/Total No. Pregn

In order to determine how this potential reporting declline
could have affected the miscarriage ratio used for the non-
exposed group, two strategies were empioyed. The first was to
use only pregnanclies reported after 1965 to estimate the non-

exposed group miscarriage ratio (Table 23). The second approach
involved calculating a "corrected" miscarriage ratio by adjusting
the number of miscarriages in the period prior to 1965. Within

each age stratum the total number of pregnanclies prior to 1965
was Inflated to maintain the post-1965 miscarriage ratio for that
stratum. For example, among women less than 20 years of age at
conception, there were 12 pregnancies prior to- 1965 which
resulted in either an induced abortion, stiilibirth or livebirth.
The algebraic expression of the miscarriage ratio with the number
of pre-1965 miscarriages unknown {x/(x + 12)} was set equal to
the post-1965 age-speciflic miscarriage ratio of 0.25 and the
solution to x determined. The quantity x represents an estimate
of the number of pre-1965 miscarriages If the post-1965 ratio |Is

correct and is determined to be 4. Similariy, the estimate of
the expected number of miscarriages in the other two age strata
were calculated. The number of expected miscarriages prior to

1965 was estimated to be 32 which when combined with the 61
observed after 1965 yielded a total of 93 miscarriages for the
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non-exposed group. The details of the derivation of these
estimates are presented In Table 24, and an adjusted anaiysis is
given In Table 25.

TABLE 23

RECALCULATION OF RELATIVE RISKS BASED ON POST-1965 CONCEPTIONS
FOR THE NON-EXPOSED GROUP

OTHER THAN
EXPOSURE MISCARR | AGE MISCARR | AGE
GROUP N  RATIO N RATIO
PHOTO 5 31.3 11 68.7
DIFFUSION 7 38.9 11 61.1
NON-EXPOSED 61 21.9 217 78.1

Relative risk of miscarriage comparing Photo to
Non-exposed women = 1.34; 95% CIE = 0.62, 2.89.

Relative risk of miscarriage comparing Diffusion
to Non-exposed women = 1.78; 95X CIE = 0.95, 3.30.

Relative risk of miscarriage comparing combined

exposure groups (Photo + DIiffusion) to Nonexposed
women = 1.61; 95% CIE = (0.97, 2.67).

TABLE 24

ESTIMATED EXPECTED NUMBER OF MISCARRIAGES FOR NON-EXPOSED FEMALES
IN THE PRE-1965 TIME PER!IOD

POST 1966 EXPECTED
AGE MISCARRIAGE PRE 1965 PRE 1965
CATEGORY RATIO PREGNANCIES* MISCARRIAGES
< 20 25.0 12 4
20-30 21.5 93 26
> 31 22.2 5 ' 2

* Total number of Induced abortions, stilibirths,
and liveblirths.
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TABLE 25

RECALCULATION OF MISCARRIAGE RAT!O AND RELATIVE RISKS BASED ON
ESTIMATED PRE~1965 MISCARRIAGES AND OBSERVED
POST-1965 MISCARRIAGES

OTHER THAN
EXPOSURE M|SCARR | AGE M1SCARR | AGE
GROUP N RATIO N RATI0
PHOTO 5 31.3 11 68.7
DIFFUSION 7 38.9 11 61.1
NON-EXPOSED 93 22.1 327 77.9

Relative risk of miscarriage comparing Photo to
Non-exposed women = 1.41; 95% CIE = 0.67, 2.98.

Relative risk of miscarriage comparing Diffusion
to Non-exposed women = 1.76; 95% CIE = 0.96, 3.22.

Relative risk of miscarrliage comparing combined
exposure groups (Photo + Diffusion) to Nonexposed
women = 1.59; 95% CIE = (0.98, 2.60).

Using both Inflated estimates of the Non-exposed miscarriage
ratlio resuited In the same general conclusion (Tables 23 and 25).
The Photo and Diffusion group miscarriage ratios were still
higher than In the Non-exposed group; the Diffusion comparison
was of oniy borderline statistical significance, however. It
should be <clearly stated that the above analyses are not
considered to be substitutes for the original results; they were
conducted to help shed tight on the potentia!l recall bilas.

One shouild also keep Iin mind the possiblility that the
lower reporting of miscarriage in the past reflects a truly lower
incidence of this event. Glven the Iincreasing leve!l of
occupational and environmental exposures to new chemical and
physical agents, one should not overiook the possibility that
miscarriage has been an increasing phenomenon during the recent
past.

With respect to external comparison populations, an attempt
was made to gather data from the Massachusetts Department of
Public Health about pregnancy outcomes in the region around
Hudson. It was the investigators’ opinion after reviewing the
data, that these data were not sultable based on the collection
and reporting mechanisms used.

Genaeral population surveys have usually reported miscarriage
ratios in the 10-20% range (Table 26).(5-21) Cohort, cross-

sectional, and case-control methodologies are included among
these reports. Certainly, differences in selection criteria,
populations studied, and methods of calculation will lead to
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differing estimates. Furthermore, something analogous to the
"Infertiie worker effect” may be operating for
miscarriage.(2,22,23) 1f so, one would expect to find a higher
proportion of women at risk of an adverse outcome In the
workplace since these women are less |lkely to be absent from the
workforce as a resuit of the birth of a child. These and other
factors make the use of an internal comparison group preferabie,
in occupational studies.

TABLE 26

ESTIMATES OF THE SPONTANEOUS ABORTION (MISCARRIAGE) RATIO REPORTED
IN THE LITERATURE

MISCARR IAGE GESTATIONAL AGE
STUDY RAT | O* CUTOFF (Weeks)

Cohort Study Design:

French and Bierman (1962) 7.8 28

Erhardt (1883) 8.0 28

Pettersson (1968) 9.7 28

Taylor (1969) 3.6 28

Harlap et al. (1980) 4.8 28
Cross—-sectionai Study Design:

Stevenson et al. (1959) 11.8 28

Shapliro et al. (1970) 14.3 28

Leridon (1976) “11.5 Not Given
Case-Contro! Study Design:

Yerushalimy et al. (1956) 5.7 20

Stevenson et al. (1959) 16.8 28

Warburton and Fraser (1964) 14.7 26

Jain (1969) 7.5 Term

Naylor (1974) 12.6 20

Leridon (1976) [Cretelil] 15.3 Not Given

Leridon (1976) [Martinique] 12.1 Not Given

This table was taken from Bracken, M., Perinatal Epidemiology,
Oxford University Press, 1984.(20)

* The miscarriage ratio Is also referred to as the fetal death ratio or
spontanecus abortion ratio.
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Another Issue which should be addressed Is the earlier
gestational age at time of miscarriage among the Diffusion group.

One potential explanation is that there was selective recall
of earlier adverse events within this group. Again, there Is no
explanation for why It would be manifest In this particular
group, however. Another explanation is that some toxic effect
may be acting early in pregnancy to cause fetal death. While
such a blologic rationale needs to be tested in future studles,
it should be noted that a recall bias In this case could,
ingtead, resuit In an under-estimate of miscarriage risk.
Specifically, "since eariy miscarriages might be more subject to
under-reporting, a risk measure assoclating some agent to early
loss might result in a lower risk than actually exists If the
risk Is present.

The finding of a significantly Increased risk of miscarriage
among female Diffusion employees, and a non-significantiy higher
risk among female Photo employees, at the DEC Hudson facllity
when compared to an internal Non-exposed group hnheeds to be
considered in light of general medical knowledge about this
reproductive outcome and also in iight of the limitations of the
present study.

Retrospective surveys of past pregnancies have contributed
the largest amount of Information known about population rates of

spontaneous abortion. Known and purported causes of miscarriage
inciude malformation, chromosomal abnormalities, gynecologic
pathology, - Iimmuncliogical factors, progesterone deficiency,
infect ious dlisease, IUD use, smoking and alcohol during

pregnancy, maternal age and birth order, and chemicals and other
environmental exposures.(1,24,25) While this study collected and
analyzed Information on most of these risk factors, It |Is
difficult for any epldemlioliogic study to completely examine all
possible risks In detaill.

Miscarriage has been stated to be among the most usefu!
outcomes for assessing occupational reproductive hazards.(26)
The data reported here indicate a positive association between
occupation in the fab area and risk for spontaneous abortion
among females, beyond that which would be expected by chance.
The observed rate of miscarriage of the Diffusion group was
higher than (n the comparison group and also higher than the
level observed among these women prior to employment at the
Hudson faclility. This relation persisted even after controlling
for a variety of risk factors for which data were avaiiabie. The
elevated risk among females In the Photo group, while not
statistically significant, corresponds to a 31.3% occurrence of
spontaneous abortion; this is higher than that which has been
generally reported using comparable methodologles.

Studles to date have identified the testicular toxicity of
acute glycol ether exposure in mice, rats, and rabbits.(27-34)
Observed toxic effects include atrophy In size and weight of
testes, and degeneration of germinal eplithelium. Reversible
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fortillty loss has also been identifled In these male species
(30,35), as has teratogenicity (36-39). The nature and severity
of events has varied depending on dose and route of
administration. The fact that animal experiments Indicate that a
blological effect of glycol ether was to cause spontaneous
abortion through its action on male gametes should not be viewed
as an argument against a potentlal effect on the human femaie,
since sufficient studies of females have not been conducted.

One study which examined male occupational exposure to
ethylene glycol monomethyl ether at a Dow Chemical tfacility found
a suggestion ‘of smaller testicular size but no other gross or
clinical differences in fertllity indices. (40)

Finally, one needs in the future to better account for
actual exposure levels encountered in the occupational setting.
Only with more precise monitoring and data collectlion will
exposure Information be valuable enough to analyze In detall.
With respect to giycol ethers, for example, Hudson industrial
hyglene monitoring data indlcated levels well below industriai
standards, or non-discernabie levels, among persons in the fab
areas. This should not be used to discount the present
assoclatlon, but should, instead, underscore the need to conduct
more complete monitoring.

Most Important, the resuits of this study should bear
replication In future investigations using comparably exposed
groups of workers. Glven the context of this study, prompt
attention to replication and validation of the findings should be
Initiated.
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APPENDIX 1I:

Congenital Anomalies
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CONGENITAL ANOMAL IES AMONG INFANTS OF DEC EMPLOYEES

EXPOSURE GROUP REPORTED ANOMALY

Photo Cranlosynstosis

Photo Hydrocele

Diffusion Calcium deposits on skutll

Nonexposed High blood sugar; fluids In lungs
Nonexposed Jaundice

Nonexposed *Narrowing of aorta

Nonexposed *Cerebral palsy

Nonexposed *Cystic fibrosis

Nonexposed *Situs Inversus; immotil celcela syndrome
Nonexposed *Down'’'s syndrome

Nonexposed *Slight mental retardation (birth trauma)
Nonexposed *Pyloric stenoslis

Nonexposed *Hydrocephalus

* Occurred prior to DEC employment.
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APPENDIX I1:

Tables Of Indlvidual Health Symptoms

SYMPTOM:

FREQUENT OR SEVERE SORE THROAT
ARTHRITIS

SLIPPED DisK

OTHER BACK PROBLEMS

FREQUENT OR SEVERE HEADACHES
FREQUENT OR SEVERE DIZZINESS
FREQUENT OR SEVERE NAUSEA
DIABETES

HIGH BLOOD PRESSURE

CANCER

THYROID D!SORDERS

GALL BLADDER PROBLEMS

RESP IRATORY PROBLEMS

KIDNEY DISORDERS

SEIZURE DISORDERS

ANEMIA

FREQUENT OR SEVERE RASH
FREQUENT OR SEVERE EYESTRAIN

VO VOZXrXe—-—IOOMMOO®>

43



PREVALENCE RATIOS, CONFIDENCE INTERVAL ESTIMATES (95 X CIE), AND
PROBABILITIES ASSOCIATED WITH CHI SQUARE STATISTIC FOR GENERAL
HEALTH SYMPTOMS BY EXPOSURE GROUP AND SEX

SYMPTOM: FREQUENT OR SEVERE SORE THROATS

TOTAL TOTAL
WITH WITHOUT  PREVALENCE 95 X CIE

SYMPTOMS  SYMPTOMS RATIO (LL, UL) P-VALUE
BOTH SEXES:
PHOTO 12 123 2.64* (1.27, §.51) 0.011
DIFFUSION 14 144 2.64x* (1.30, 5.33) 0.008
COMBINED 26 267 2.64* (1.42, 4.90) 0.002
NONEXPOSED ** 15 431
MALES :
PHOTO 5 64 4.06 (0.81, 20.35) 0.146
DIFFUSION 6 85 3.69 (0.76, 17.86) 0.165
COMB INED 11 149 '3.85 (0.87, 17.04) 0.099
NONEXPOSED 2 110
FEMALES :
PHOTO . 7 59 2.73* (1.13, 6.57) 0.029
DIFFUSION 8 59 3.07%* (1.32, 7.11) 0.010
COMB INED 15 118 2.90%* (1.42, 5.92) 0.004
NONEXPOSED 13 321

* Prevalence ratio significantly different from 1.0.
** Referent group for calculating prevalence ratios for exposed
groups.
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SYMPTOM: ARTHRITIS

TOTAL TOTAL

WITH WITHOUT PREVALENCE 95 ¥ CIE

SYMPTOMS SYMPTOMS RATIO (LL, UL) P-VALUE
BOTH SEXES:
PHOTO 11 118 1.37 (0.70, 2.67) 0.262
DIFFUSION 9 148 0.92 (0.44, 1.91) 0.379
COMB INED 20 266 1.12 (0.64, 1.95) 0.368
NONEXPOSED 28 421
MALES :
PHOTO 1 65 0.34 (0.04, 2.87) 0.231
DIFFUSION 3 88 0.75 (0.18, 3.04) 0.366
COMB INED 4 1583 0.58 (0.16, 2.10) 0.278
NONEXPOSED 5 108
FEMALES:
PHOTO 10 53 2.32% (1.16, 4.63) 0.023
DIFFUSION 6 60 1.33 (0.56, 3.14) 0.323
COMB INED 16 113 1.81 (0.99, 3.32) 0.053
NONEXPOSED 23 313
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SYMPTOM: SLIPPED DISK

TOTAL TOTAL

WITH WITHOUT  PREVALENCE 95 % CIE

SYMPTOMS ~ SYMPTOMS  RATIO (LL, UL)  P-VALUE
BOTH SEXES:
PHOTO 1 134 0.42 (0.05, 3.29) 0.274
DIFFUSION 3 154 1.07 (0.29, 3.98) 0.397
COMB INED 4 288 0.77 (0.23, 2.53) 0.363
NONEXPOSED 8 440
MALES:
PHOTO 0 68 1.64 (0.03, 81.60) 0.387
DIFFUSION 3 88 8.60 (0.45, 164.34) 0.089
COMB | NED 3 156 4.94 (0.26, 94.78) 0.198
NONEXPOSED 0 112
FEMALES :
PHOTO 1 66 0.63 (0.08, 4.93) 0.361
DIFFUSION 0 66 0.30 (0.02, 5.07) 0.266
COMB | NED 1 132 0.32 (0.04, 2.50) 0.204
NONEXPOSED 8 328
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SYMPTOM:

OTHER BACK PROBLEMS

TOTAL TOTAL
WITH WITHOUT  PREVALENCE 95 X CIE

SYMPTOMS SYMPTOMS RATIO (LL, UL P-VALUE
BOTH SEXES:
PHOTO 23 112 0.91 (0.59, 1.37) 0.350
DIFFUSION 21 136 0.71 (0.45, 1.10) 0.113
COMB [NED 44 248 0.79 (0.57, 1.11) 0.157
NONEXPOSED 88 363
MALES:
PHOTO 12 56 1.52 (0.74, 3.14) 0.209
DIFFUSION 15 76 1.42 (0.71, 2.83) 0.242
COMB INED 27 132 1.46 (0.79, 2.71) 0.188
NONEXPOSED 13 99
FEMALES:
PHOTO 11 56 0.77 (0.43, 1.37) 0.250
DIFFUSION 6 60 0.42%* (0.19, 0.94) 0.027
COMB INED 17 116 0.60* (0.37, 0.97) 0.039
NONEXPOSED 72 264
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SYMPTOM: FREQUENT OR SEVERE HEADACHES

TOTAL TOTAL
WITH WITHOUT  PREVALENCE 95 X CIE
SYMPTOMS SYMPTOMS RATIO (LL, uL) P-VALUE

BOTH SEXES:
PHOTO 30 106 1.05 (0.73, 1.52) 0.383
DIFFUSION 48 109 1.46%* (1.09, 1.96) 0.020
COMB INED 78 215 1.27 (0.98, 1.65) 0.073
NONEXPOSED 94 3558
MALES:
PHOTO 11 58 0.86 (0.44, 1.67) 0.359
DIFFUSION 17 74 1.01 (0.57, 1.79) 0.389
COMB INED 28 132 0.94 (0.56, 1.57) 0.389
NONEXPOSED 21 92
FEMALES:
PHOTO 19 48 1.31 (0.85, 2.01) 1 0.199
DIFFUSION 31 35 2.16* (1.56, 3.00) <0.001
COMB INED 50 83 1.73* (1.28, 2.33) <0.001
NONEXPOSED 73 263
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SYMPTOM: FREQUENT OR SEVERE DIZZINESS

TOTAL TOTAL
WITH WITHOUT  PREVALENCE 95 X CIE

SYMPTOMS SYMPTOMS RATIO (LL, UL) P-VALUE
BOTH SEXES:
PHOTO 9 127 2.12 (0.94, 4.80) 0.074
DIFFUSION <] 1582 1.22 (0.48, 3.12) 0.366
COMB INED 15 279 1.64 (0.80, 3.34) 0.048
NONEXPOSED 14 435
MALES:
PHOTO 3 66 11.40 (0.60, 217.43) 0.102
DIFFUSION 4 87 11.18 (0.61, 204.48) 0.081
COMB I NED 7 153 10.62 (0.61, 184.11) 0.062
NONEXPOSED 0 113
FEMALES:
PHOTO 6 61 2.15 (0.86, 5.39) c.180
DIFFUSION 2 65 0.72 (0.17, 3.08) 0.361
COMB INED 8 126 1.43 (0.62, 3.34) 0.281
NONEXPOSED 14 322
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SYMPTOM: FREQUENT OR SEVERE NAUSEA

TOTAL TOTAL

WITH WiTHOUT PREVALENCE 95 X CIE

SYMPTOMS SYMPTOMS RATIO (LL, uL) P-VALUE
BOTH SEXES:
PHOTO 10 124 2.55%* (1.14, 5.68) 0.025
DIFFUSION 13 142 2.87* (1.36, 6.04) 0.006
COMB INED 23 266 2.72% (1.40, 5.28) 0.003
NONEXPOSED 13 431
MALES :
PHOTO 3 65 4.90 (0.52, 46.14) 0.121
DIFFUSION 7 82 8.73* (1.09, 69.65) 0.018
COMB INED 10 147 7.07 (0.92, 54.44) 0.056
NONEXPOSED 1 110
FEMALES :
PHOTO 7 59 2.94%* (1.20, 7.20) 0.033
DIFFUSION | 6 60 2.52 (0.98, 6.48) 0.102
COMB INED 13 119 2.73* (1.28, 5.83) 0.011
NONEXPOSED 12 321 A
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SYMPTOM: DI!ABETES
TOTAL TOTAL
WITH WITHOUT PREVALENCE 95 X CIE

SYMPTOMS SYMPTOMS RATIO (LL, UL) P-VALUE
BOTH SEXES:
PHOTO 3 133 4.96 (0.84, 29.40) 0.154
DIFFUSION 1 156 1.43 (0.13, 15.70) 0.257
COMB INED 4 289 3.07 (0.57, 16.66) 0.156
NONEXPOSED 2 448
MALES:
PHOTO 0 69 DUE TO SMALL NUMBER OF CASES,

NO ANALYSES DONE

DIFFUSION 1 90
COMB INED 1 159
NONEXPQSED 0 113
FEMALES:
PHOTO 3 64 7.55% (1.29, 44.29) 0.013
DIFFUSION 0 66 1.01 (0.05, 20.78) 0.398
COMB I NED 3 130 3.80 (0.64, 22.49) 0.114
NONEXPOSED 2 335




SYMPTOM: HIGH BLOOD PRESSURE

TOTAL TOTAL

WITH WITHOUT PREVALENCE 98 ¥ CIE

SYMPTOMS SYMPTOMS RATI0 (LL, UL) P-VALUE
BOTH SEXES:
PHOTO 12 124 1.17 (0.62, 2.19) 0.356
DIFFUSION 14 142 1.19 (0.865, 2.15) 0.342
COMB INED 26 266 1.18 (0.72, 1.92) 0.323
NONEXPOQSED 34 415
MALES :
PHOTO 4 65 0.73 (0.23, 2.27) 0.343
DIFFUSION 7 82 0.99 (0.38, 2.55) 0.399
COMB INED 11 147 0.87 (0.38, 2.04) 0.379
NCNEXPOSED 9 104
FEMALES :
PHOTO 8 59 1.61 (0.76, 3.40) Q.188
DIFFUSION 7 60 1.40 (0.63, 3.11) 0.283
COMB | NED 15 119 1.50 (0.82, 2.76) 0.168
NONEXPOSED 25 311
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SYMPTOM: CANCER
TOTAL TOTAL
WITH WITHOUT  PREVALENCE 95 % CIE

SYMPTOMS  SYMPTOMS  RATIO (LL, UL) P-VALUE
BOTH SEXES:
PHOTO 0 135 0.26 (0.01, 4.49) 0.238
DIFFUSION 2 156 0.95 (0.19, 4.65) -0.399
COMB INED 2 291 0.51 (0.10, 2.51) 0.280
NONEXPOSED 6 443
MALES : .
PHOTO 0 69 DUE TO SMALL NUMBER OF CASES,

NO ANALYES DONE

DIFFUSION 1 90
COMB INED 1 159
NONEXPOSED 0 113
FEMALES :
PHOTO 0 66 0.39 (0.02, 6.79) 0.317
DIFFUSION 1 66 0.84 (0.10, 6.83) 0.393
COMB | NED 1 132 0.42 (0.05, 3.46) 0.283
NONEXPOSED 6 330
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SYMPTOM: THYROID DISORDERS

TOTAL TOTAL

WITH WITHOUT PREVALENCE 95 X CIE

SYMPTOMS SYMPTOMS RATIO (LL, UL) P-VALUE
BOTH SEXES:
PHOTO 4 132 2.20 (0.63, 7.67) 0.180
DIFFUSION 1 156 0.48 (0.06, 3.92) 0.311
COMB INED 5 288 1.27 (0.32, 4.14) 0.368
NONEXPOSED 6 442
MALES:
PHOTO 0 69 DUE TO SMALL NUMBER OF CASES,

NO ANALYSES DONE

DIFFUSION 1 90
COMB INED 1 159
NONEXPOSED 0] 112
FEMALES:
PHOTO 4 63 3.34 (0.97, 11.53) 0.114
DIFFUSION 0 66 0.3¢9 (0.02, 6.79) 0.317
COMB INED 4 129 1.68 (0.48, 5.87) 0.284
NONEXPOSED 6 330
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SYMPTOM: GALL BLADDER PROBLEMS

TOTAL

TOTAL
WITH WITHOUT  PREVALENCE 95 X CIE

SYMPTOMS SYMPTOMS RATIO (LL, uUL) P-VALUE
BOTH SEXES:
PHOTO 2 134 1.09 (0.22, 5.35) 0.397
DIFFUSION 2 156 0.94 (0.19, 4.61) 0.3¢8
COMB INED 4 280 1.01 (0.29, 3.55) 0.398
NONEXPOSED 6 440
MALES:
PHOTO 0 69 DUE TO THE LACK OF CASES,

NO ANALYSES DONE

DIFFUSION 0 91
COMB INED 0 160
NONEXPOSED 0] 111
FEMALES:
PHOTO 2 65 1.67 (0.34, 8.08) 0.325
DIFFUSION 2 65 1.67 (0.34, 8.08) 0.325
COMB I NED 4 130 1.67 (0.48, 5.81) 0.288
NONEXPOSED 6 329 -
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SYMPTOM: RESPIRATORY PROBLEMS

TOTAL TOTAL
WITH WITHOUT PREVALENCE 9§ X CIE

SYMPTOMS SYMPTOMS RATIO (LL, UL P-VALUE
BOTH SEXES:
PHOTO 17 11§ 1.356 (0.79, 2.28) 0.219
DIFFUSION 14 142 0.94 (0.53, 1.67) 0.389
CCMBINED 313 257 1.13 (0.73, 1.75) 0.347
NONEXPOSED 42 397
MALES: -
PHOTO 6 60 1.21 (0.44, 3.32) 0.374
DIFFUSION 6 84 0.88 (0.32, 2.45) 0.387
COMB INED 12 144 1.02 (0.43, 2.41) 0.399
NONEXPOSED 8 98
FEMALES:
PHOTO 11 55 1.63 (0.87, 3.05) 0.127
DIFFUSION 8 58 1.19 (0.58, 2.45) 0.359
COMB INED 19 113 1.41 (0.84, 2.38) 0.177
NONEXPOSED 34 299
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SYMPTOM: KIDNEY DISORDERS

TOTAL TOTAL

WITH WITHOUT  PREVALENCE 95 X CIE

SYMPTOMS  SYMPTOMS RAT IO (LL, UL) P-VALUE
BOTH SEXES:
PHOTO 2 133 0.44 (0.10, 1.91) 0.210
D!FFUSION 2 185 0.38 (0.09, 1.85) 0.160
COMB INED 4 288 0.41 (0.14, 1.22) 0.099
NONEXPOSED 15 433
MALES:
PHOTO 1 67 0.82 (0.08, 8.91) 0.393
DIFFUSION 0 80 0.25 (0.01, 5.11)  0.247
COMB |NED 1 157 0.35 (0.03, 3.86) 0.269
NONEXPOSED 2 110
FEMALES :
PHOTO 1 66 0.39 (0.05, 2.90) 0.249
DIFFUSION 2 65 0.77 (0.18, 3.34) 0.376
COMB INED 3 131 0.58 (0.17, 2.00) 0.271
NONEXPOSED 13 323
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SYMPTOM: SEIZURE DISORDERS

TOTAL TOTAL
WITH WITHOUT  PREVALENCE 95 X CIE

SYMPTOMS SYMPTOMS RATI0 (LL, uL) P-VALUE
BOTH SEXES:
PHOTO 1 134 1.66 (0.15, 18.16) 0.374
DIFFUSION 1 156 1.43 (0.13, 15.863) 0.381
COMB INED 2 290 1.383 (0.22, 10.83) 0.363
NONEXPOSED 2 448
MALES :
PHOTO 0 68 DUE TO LACK OF CASES,

NO ANALYSES DONE

DIFFUSION 0 91
COMB INED 0 159
NONEXPOSED 0 112
FEMALES:
PHOTO 1 66 2.51 (0.23, 27.26) 0.294
DIFFUSION 1 65 2.55 (0.23, 27.87) 0.291
COMB INED 2 131 2.53 (0.36, 17.75) 0.251
NONEXPOSED 2 334
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SYMPTOM: ANEMIA

TOTAL TOTAL
WITH WiTHOUT PREVALENCE 95 ¥ CIE

SYMPTOMS SYMPTOMS RATIO (LL, UL) P-VALUE
BOTH SEXES:
PHOTO 10 125 0.92 (0.45, 1.80) 0.387
DIFFUSION 8 148 0.64 (0.30, 1.34) 0.190
COMB INED 18 273 0.77 (0.44, 1.32) 0.252
NONEXPOSED 36 410
MALES:
PHOTO 2 66 8.26 (0.40, 169.56) 0.103
DIFFUSION 2 88 6.26 (0.30, 128.85) 0.155
COMB INED 4 154 6.45 (0.35, 118.88) 0.139
NONEXPOSED 0 113
FEMALES:
PHOTO 8 59 1.10 (0.54, 2.27) 0.385
DIFFUSION 6 60 0.84 (0.37, 1.92) 0.3686
COMB | NED 14 119 0.97 (0.54, 1.75) 0.397
NONEXPOQOSED 36 297
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SYMPTOM: FREQUENT OR SEVERE RASH

TOTAL TOTAL
WITH WITHOUT PREVALENCE 95 X CIE

SYMPTOMS SYMPTOMS RATIO (LL, UL) P-VALUE
BOTH SEXES:
PHOTO 11 ° 125 1.58 (0.79, 3.16) 0.172
DIFFUSION 13 144 1.62 (0.84, 3.11) 0.141
COMB INED 24 269 1.60 (0.92, 2.78) 0.098
NONEXPOSED 23 426
MALES:
PHOTO 2 67 0.82 (0.15, 4.35) 0.387
DIFFUSION 9 82 2.79 (0.89, 8.78) 0.073
COMB | NED 11 149 1.94 (0.83, 5.95) 0.186
NONEXPOSED 4 109
FEMALES:
PHOTO 9 58 2.38* (1.12, 5.02) 0.029
DIFFUSION 4 62 1.07 (0.38, 3.05) 0.385
COMB I NED 13 120 1.73 (0.88, 3.40) 0.112
NONEXPOSED 19 317
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SYMPTOM: FREQUENT OR SEVERE EYESTRAIN

TOTAL TOTAL
WITH WITHOUT PREVALENCE 95 ¥ CIE
SYMPTOMS SYMPTOMS RATI0 (LL, UL) P-VALUE

BOTH SEXES:
PHOTO 30 106 1.02 (0.71, 1.47) 0.397
DIFFUSION 33 12§ 0.97 (0.68, 1.38) 0.393
COMB INED 63 231 0.99 (0.75, 1.32) 0.399
NONEXPOSED 96 349
MALES:
PHOTO 12 57 0.72 (0.39, 1.33) 0.226
DIFFUSION 16 756 0.73 (0.42, 1.27) 0.210
COMB INED 28 132 0.73 (0.45, 1.16) 0.164
NONEXPOSED 27 85
FEMALES:
PHOTO 18 49 1.30 (0.83, 2.03) 0.2158
DIFFUSION 17 50 - 1.23 (0.77, 1.84) 0.278
COMB INED 35 99 1.26 (0.89, 1.80) 0.178
NONEXPOSED 69 264
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APPENDIX |1H1:

A,

Informed Consent Form

Main interview Form

Female Reproductive Questionnaire

Male Reproductive Questionnaire
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UNIVERSITY OF MASSAC HUSETTS Schoot of Health Sciences
AT AMHERST Division of Public Health

Arnold House — Morrill Science Center
Amherst. MA 01003

I give my permission to the University of Massachusetts Division
of Public Health (UMDPH) study team to contact my spouse/doctor/hospital
for further specific health information, if necessary. I understand the
contact with my spouse would be a brief one-time, telephone interview
involving questions about general health and pregnancy histories. I
also understand contact with my doctor or hospital will involve the
verification of specific medical questions which I responded to during
the interview, for example, the specific name of an illness or
medication.

Signature of Participant

Date
Name of Participant: :
(Tast) (first)
Study ID Number:
Spouse's Name:
Spouse's Telephone Number: -
Convenient time to call: C o a.m./p.m.
- Doctor: L Hospital: e o
Address: _ _ Address: }
boctor: Hospital: =~
Address: Address:

The University of Massachusetts is an Affirmative Action/Equal Opportunmity Institution




Yy AVAILAD LE

BES' cor
UI\J[\ERSITY OF L\AASSACH USETTS School ot Health Sciences
AT AMHERST Otvision ot Public Healtk

Arnold House — Morrill Science Center
Amherst. MA 01003

Your cooperation is being requested for a general health study of
manufacturing and non-manufacturing personnel at the Hudson facility.
The study is being sponsored by D.E.C. and being conducted by the
University of Massachusetts Division of Public Health (UMDPH) .

We would like to interview you for about 30 minutes to ask
about basic oacayruund information such as age, height, weight, a
general health and reproductive history, a general life style history,
and present and past occupational history. Based on your responses
during the questionnaire, we may also ask your permission to contact
your spouse., doctor or hospital for further specific health information.
At the conclusion of this interview, you will be given the opportunity
to provide this permission on a separate form.

You have the option to participate, not participate or to
participate but not answer certain questions in the interview. The
time you spend during the interview will be treated as part of your
normal workday and will be paid as such.

Any responses you give will be held in strict confidence and
will be seen and used only by the UMDPH study team. Information will
be released to D.E.C. in the form of summary statistics which will not
include the names or badge numbers of individuals or other identifying
information. A summary of results will be made available to you by
D.E.C. at the conclusion of the study.

._---—-—--_-----—---------------—----------—----_---—--------—---—-_.

I have been told that my participation is voluntary and will in
no way affect my job or my relationship with D.E.C. The interviewer
has answered all of my questions and I may refer any future questions
about the study to:

Dr. Edward Calabrese at (413) 545-2797 or
Or. Harris Pastides at (413) 545-0432

Date Signature of Participant
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BEST COPY AVAILABLE

MAIN INTERVIEW
{Completed by each
participant)



Study ID Number: Date of Interview: —a
Interviewer Code: _ Starting Time: I
Ending Time: —
TOTAL TIME: :
Sex: __ I=male 2=female (do not ask)

First I would like to ask you some background questions. . .
What is your date of birth? _ s/ /

Are you currently married, divorced, separated, widowed, or have
you never been married? l=currentiy married

2=currently divorced

3=currently separated

4=currently widowed

5=never married

What is your current height? __ feet __ inches
What is your current weight? pounds

What was the highest grade of school you completed?

College or Professional or
Grade school High School Vocat ional Graduate School
1 23 456 78 9 10 11 12 1 2 3 4 1 2 3 4 +

(13,14,15,16) (17,18,19,20)

What is your ethnice group?

What is your religion?




BEST COPY AVAILABLE

[

Poow. I owould l.ke to ashk you about your employment history. . .

wneEn ann yacr dio you begin wark 2+ tihe Hodson
Moy
i
Tovaw w2l ome the firstieacond. 2teo. cost centar e the cost
ok e voemn el oyou wiEre located
G d
' A i Nt cotitiae and Jdob oocoosh
.=
Lol i Ul Eange Qive me o QEg10nLng 20 Snding dates ot

VLT emplovmert o thig positionT

1st position 2nd position 3rd position 4th position
held held held held
T T CENTER o e e Lt e e

JOE CODE L L L o ‘

from from _ S from _ /__ Firom B
to to  __/ to __/__ to

IF MORE ROOM NECESSARY, INSERT EXTRA SHEET

IF CDST CENTER IS Custom or Interim THEN FOLLOW JOB TITLE TO ANALOGOUS FAGE
(4FM, 4PS, 4PV, 4FX, 4QL, 400, 4GR)

—= Mmanager/supervisor ==> page I
—-— engineer == page 4
—— technician == page S
—— operator/work coordinator/inspector ==: page 7
-~ cther non-clerical, non-secretarial positions ==> page S ‘c

—— clerical, secretarial positions skip to page 13

ALL OTHER COST CENTERS SKIP TO PAGE 13



BEST COPY AVAILABLE

MANAGER/SUPERVISOR

On average, how many hours
per weehk do/did vou spend e e e e
in the fab area™

Do/Did vou ever spend any time
in the fab area instructing
workers on chemical handlinag
techniques. repairing or
cleanina machines, or other
prrocegures UshNG l=res

If ves: DaosDid vou
personally use chemicals
while instructing workers:
v=No l=ves _ -

I+ ves: What 1s/was the

most rniumber of

howurs per dav vou

would spend usinag

chemicals’ . e e —

Would vou sav vou

would do this at

least once a weelk?
O=HNo l1=ves

GO TO PAGE 8 FOR GENERAL WORK FPRACTICE QUESTIONS



e - BEST CUFY AVAILABLE =

ENGINEER

LR EAE. POW manv Mowr s
des dorsrdlid vou spend 1n the

I LS R - . .- o . .. - .

Sirrroag o to the map. could vouw tell me
18l use stationg where vou
oW s @ and the gpercentage ol time
vou sperndsepent there per dav. listing
them 1 the order ot most—-time soert ©n
femnt o ok BpREnt s
1=y ot doe W

to 40 %
te &0 W
to wge

to L0l

station witn most—-time

ot time

st atilon o —_— - -
» 0Ot time e — —_ e
station o . — _—
7. of time . —_ — ——
station R et - -
e of time —_— .

station

W of time . . e ——
station with least-time - —_ . -
woof tilme . _—




BEST COPY AVAILABLE

rFRGE S

F3/bid vou use anv chemicals
while 1n the +ah area? O=No l=ves

I+ ves: What 1s/was the most
number ot houre per dav you
would spend usinag chemicals’? e e e e

Would you sav vou would do
this at least ocrnce a week?
u=No l=ves . . . —

GO TO FPAGE 8 FOR GENERAL WORK FRACTICE QUESTIONS

TECHNICIAN
1st pos. Znd pos. 3rd pos. 4th pos.
held held held held

Do/Did vou perform the duties of
a manufacturing. a repair and
maintenance (R % M,, a production
or other type of technician?

l=manufacturing

2=F & M

S=production

4=pther

On average., how many hours
per day dosdid vou spend
in the tab area? e e R RTI




BEST COPY AVAILABLE

@t mrrraa o the maon. could wvou tell me
Lae ChamioAal wzse stations where vou
ok s worked and the percentage of time
woaw spend/sepent there per day. listino
eemoam the order or most-time spent to
lezut-time scent™
Tk )

2=2] to 40 %

Tl o to el Y

dmg it 8O lst pos. 2nd pos. 3rd pos. 4th pos.

S=81 to 100% held held held held

—— e e o ——— —— e o o — —— o—————— — e St o it e

statinmn with most—-time

. ot time e -
statiaon e —_—— -
oot time - - — -
station _ — — _
“W of time -

station

. ot time L — —_— —_—

station . — —_ —_

W of time e —_— — —_—

station with least-time e —_— —_—
% of time s — " —_

¢

GO TO PAGE 8 FOR GENERAL WORK PRACTICE QUESTIONS




ses COFY AVAILABLE ™

Fred5k

OFERATOR/ INSFECTOR/WORK COORDINATOR

How manv hours per davy do/did
vou spend 1n the fab area’’ T e ——

Reterring to the map. could vou show me the station(s!
at which vouw haverhad ever work/worked. the number ot months vou
work/worked at the station (this includes training time:. and “he
rercentage time you spend/spant there per da- o

1=0 to 20 %

=21 to 40 %

=41 to eu =
4=461 to 80 %

95=81 to 100% station _
# months ~ _ S
. Fime B
station I
‘ # months _ _
% time
___;;;;:;;__..__"":"w_m"-__Au_Am_w_.h“, e e L
# months - _ _
time - -
_m_;;;;:;;_______"__-_______“i __________________________________
# monthe - -
% time
___;;;;;;;____n_“-“__mw___w"_m__m-_""__mm_m__m_-___m____
# months R
% time -
-m_;;;;:;;______-_:_____nm_«-_«_M___w“”m_ - S
. # months —_— .- -
7% time




BESt wwr ¢ MVAELABLE

GENERAL WUORE PRACTICE

ist pos. 2nd pos. Ird pos. 4th
held held held he

P el oW e guL A L wmse any
i Ema VIR IR AN
=

R E L Wit o @t bnoe
Allowing ocsara won
Wk L w th

= . . Dosbd

i
By
it

Whioh types L.
CHTEiQe . VL L0W LAl o) . ’ ) _

spluetsal vert) N

? comb L e (e L o ) R

clear (Pl i _ )

e

Aarm auards’ N .
Face shielod™

foooron -

rgnirator CSURe - B

matetv alasses

U

Heotective surt?(Tvvei) B N B
Lhem. resicstant poots ) _ i

. . oamslld ovouw do anv chiemacal
= § SN & B T S ¢ (R S T

DRI LETED

'

KX Lowid ou tell
T Mow muon 9Ot wvowr time

per dav LE/wWAas snent

e e rmiea this acti vt

T B B B
! "_,/-
LRI A

FRRLEYA




BEST COPY AVAILABLE

Faise 5
~ lst pos. 2nd pos. 3rd pos. 4th pos.
held held held held

Flease tell me the number of all
the folliowing substances that vou
handle/hamdled or mix/mived? (show card)

Are there any other chemicals nct
listed here. which vou bBalieve wvon
Mead contac Wit

« - « Do/Did vou deo anv cleaminc
- of equipment or machimes”?
v=ho l=rves
If ves: Could vou tell
me how much of vour t me
Per dav i1s/was spent
pertorming this activitw
1=0 to 20 %
2=21 to 30 %
T=4 o &0 %
4=61 to BO %
S=81 to 1007 -
Do/did you wear
ANy protective equipment?
U=No l=yes
If ves: What dosdid
v vou use’?v, L, .,
Gloves -
I+ vez: Hhioh
tvpes. . .
orangesvellow.acid) v
areen/blue(zol vernt
ivorv/white(nvlion) 7 ]
- clear (PVC) 7 _

Arm quards




clealsn

Tt

L

W

L oment o
-

I

BEST COPY AVAI LABLE

mace shhaela?

=T

1st pos.
held

~perarator (SLEAT

Sa+mty nlas=es

Frotect e =alt

Lhism, resletant

UL G w Y T ERaL T NG

s

machines

VES . Louwld vouw telil

n2 how much o+ vour nime

Haw 15/ WAaE SNenT

40y
v
i W
1%

Do/ /did vou wear
ar v protective egquiomernt

A

s T =

o=

SETERAY,

T+ ves: What dorsdad

VO use f. . .

Lloves

I+ ves: B el
tvoes . -

crance s yel lowiacta:

areen/nlue solvent) ™

1wary wnltevrvion .

Clear (FVC)

Mmoo suarde T

Face shield

[EEIEE S i

reasrtrator DA

Sately GLas3es

Frotoactive suwilth @

{

'

Tyrek

2nd pos.
held

Zrd pos.
held

4th r
he!l
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Here/dre yvoy ever

I

Involi ved

Themical sm | cles—nap

It ves: (Could vou tel]

me heow much of wvaur time

beEr d&a. 1z was EPEMT

Pertormimag this acrtivity
l=0) to 20 %

How manv times
COo Cc1d woa
sprll=ss

per
CL3Em o &as

Losdid yvouw weszr an.

protectl.e « qulrment

during ths zopill Zlear-un

Ve e ee 3
It ves: Wwhazt da.-dyd
you use. . . .
loves .
v vex: Which t.nex.
orangesvellowtacid: @ - -

aresn/clue(solvent)
Loy whiteinyvlor)
clear (FU)

Arm auards v

Face zhieid™

Aorom 7

Hessirator (SCFw

Satetyv alaszoe T

T ve s

Frotective suit

it}
Py

Yl
N

How mansy t1mes Lo=r
Ao d1 g yvras ey
ivent =iz

T

Jrd pos.
held

4th pos.
held
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Byt

1st pos. Znd pos. Srd pos. 4th
held held held he

MO A VU WEAF anv
protective equipment durinao
the 2noi.l clean—up -

i=ves

I+ ves: What dosdid
yOW Lme .

Uloves?

i+ ves: Which

tunes,
roenge, vellowiacra) l
greensblue(solvent)?
1verv/whitermv]l ol
clear PV T

Arm auards®

Face srleld
oy

Fespirator (SCRAY ™
sariety glasses.

Have vou neen

Cetiresoo1n oroper o)l

cliean—up technigues '’
O=No 1=ves

Jri average. how manv hours of
Crertime gi1d vou put in
cer o week while 1n this position?™

I+ ves: What percentaaoe
a4 overtime 1 spent i the +ab
area”™  1=0 to 20 %
=21 v 40 %
IZ=41 tpo &0 %
4=61 to B8O %
S==31 to 100%

DID YOU HOLD ANY OTHER POSITIONS WITHIN THIS COST CENTER?
IF YES == RETURN TO @.2. PAGE 2

IF NO ==> DID YOU HOLD ANY OTHER FOSITIONS IN OTHER COST CENTERS?
IF YES ==> RETURN TO @.1, PAGE 2

TE AN == (2N TM KAEYT QECTTMAN
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The next question

o

I+ ves:

AVAILABLE

s I would like to asi

years have you had any

=N l1=Yves I=Urnsyure

How long have wvou har
O=hlcn Isves

YOou

rRgk

are about vour general health.

of the following medical conditions

VE&AITE

dlabetes?

Z=lmsure

High blood pressure?

If ves: How lorg have vou had h
What medication do =N

Cancer? _  O=No I=yves “=Unsure
I+ ves: What tvpe of cancer did

When was vour Cancer first di

*¥*D1d vou rece: vis
chemotherapy ?

any ¢

Thyroid Problems? U=NG T=vyes eln

I+ ves: *%] =
an wnder-active one’

Gallbladder problems? O=No 1=ves

Respiratory problems such as asthma,

or pneumonia’ U=t~ t=¥es D=lnsure
If ves: Lid vou have astkma™

Did vou have chronic br

Did vou have pneumoni &’

Kidney disorders? O=No l=ves Z=(jn

It ves: How lona have vou had a

Convulsive disorders or seizures”?

If vez: How lona did vou have =2

Arthritis? O=No l=ves I=lUnsure

s How long have WO &l &

VEess

Anemia or low blood count? O=pNg 1

I+ ves: How lorna were vou anemi

Slipped disc? O=No I=Yes l=Unsure

O=No l=ves

it an over—-active thvrorc rroslem

19 mlogd

e spr et
take +or ’

(AW
VO heve™

acnoseg ™

adiation “reatment
Z=Un=ore

S
e
1=0Uver—actyvi
d=Unoer—act oo

2=Unsure

chronic bronchitis,

e g - R
onchitisg™ Mo 3o

sure

kidnev disorcor - Y
LU=NO l=ves =iz e

CORVL LT i roe ey B
roenrrcre - VR

=vyex Irblinsore

oY . nonthe



Other back problems”™

I+

yes.

Frequentr sore throats?

YES.

Frequent or

Frequent or

i
il
n

Frequent or

rr

If yes:

Frequent or

v -

Li s,

Frequent or

[ ¥
=] =

ot

a=kMo l=vesg 2=Unsure

What kind of back problem do/did you have?

e — (Y = _—= = T . oo B4 TS W Fm S A i ot o S

How long have you had this back problem?

{(freguent means more than Z per montihy
How long have you had these? __.__ years

On average, how many times per month?

severe headaches? O=No l=Yes (frequent means mor:

2=Unsure than I per mo
In toctal, how many mornths did these headachesz occur ?
On average, how many did you have per month?
severe rashes? O=Ng 1l=Yes {fregquent means more Lhe
2=Unsure 2 per month!
In total, how mary months did these rashes ocour™
On average, bow many did you have per month?
severe dizziness”? 0O=No 1=Yes 2Z=Unsure

How many months did this condition last? __ months
How many times per month did you have dizziness™

severe eye strain? O=No 1=Yes 2=Unsure

)
T

How marny mornth: did this conditicoa 1 __ months
How many times per month did you have eve strain®?

severe nausea? D=No l=Yes Z=Unsure

I+ yas: How many months did this condition last™ montis
How many times per month did you feel nauseous?
I+ male: GO TO TOP OF NEXT PAGE
If female: CONTINUE BELOW
Have you ever beer vaccinated for rubella (German measles)? O=Na 1=VYe
I+ vas: In what vear did vou have a vaccination®™ 19__
Favie yow o osver had mammography., or 2-ravs of the breast? D=Nec 1=Veg
2=Uns
f ves: How many times? __
Prave vy 2var had Cysts or lunmps of the breast’ J=Na 1=ves J=slunsurs
IV ves: Was & bippsy or surgicsl removal performed”™ O=No 1=Ya:
D=l
Uow mary times did you have such & condition? i
Hava you ever had any gynecological problems such as
s ! B kR R it O=Nm 1=Yes 22=Unsure
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Did vou have any birth derects when vou waire bLorp? ) NG LmYey
Z=ilnsura
(., If yes: What were they? e e e
Did anyone 1n your immediate family (this= . u=tn i=Yes
includes parents, brothare ard sistor: LEINESUCE
have any birth defects”
If ves: Which .family member had a birth Hde:iecs" _ l=Fathar 2aMotoae
SEBroTher S om oy
Whet was the bhirthk defe=-t? e e
Have you ever taken any of the following medications?
Insulin? _ O=No 1=Yes Z=lUnsure
it yes: Far how long have you taken insu.-n7 L YirE s
Medication for high BP? _ O=Ng l=ves 2=nsure
I+ yes: What are the medicatiorns? e e e e

O How long did you take

How long did you *abe ___ . S L

Did your mother take DES? . U=No 1=Yes I=linsL-=

#*1+ yes: Did she take DES Juring ths mee
whor =he had voaT eEhed PE ew DUw e e

Vitamins? _ O=No l=Yes IZ=iinsure

I+ yes: How long dic you take vitaminsy L Y EETE
Aspirin? _  O=Ng i=Yes 2=sinsure

T+ ves: How many aspirin pills do yau heaks mar wo o4 RT
If female:
DES? _ =Moo | +Yew T=insora

I¥ yes! How long did you take DES? - monthe

&u/Now, I would like to ask some questions about your home, your
diet and certain activities. . .
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FAGE 14

QT cx)}TY ﬁ&Vﬁ\“-ﬁ“Ble

I¥ ves: How many times a vear do vou have
vour lawn spraved?

0 vou use any of the +ollowing cleaning
fluids 1 vour home.

. . tloor cleaner<s?

About how many times per month do vou use this?

. ~wax strippers?

Ancat how manv times per month do vou use this?

e -« turniture re+inishers?

fAhout how manv times per vear do you use this?

Do vou use pesticides/herbicides on vyour

Qe . ENruse ©F Do

Hag

If ves: About how many times per year”

amte™

vour house ever bheen treated
protessional with a chemical for

I1f ves: When was this done™

Do vou have hobbies in which vou
anv of the following:

wid
and

Do

Do

paint?
varnish®

bv v
term

regu

)

ou or a
1tes?

larly use

adhesives or glues?
solvents™?
paint stripper?

degrease
lead™

re?

vou/vour husband serve in the armed forces
have any exposure to the chemical agent orange?

vouw use artifical sweeteners.

such

If ves: How manv times per week d

use them?

vou drink sott drinks

sweetenesrs”™

l+ ves,

how manv

as saccharin?

o vou

containing artificial

do vou

drink

per weehk?

a=No

O=No

O=No
O=Np
W=NO
O=No
u=No
O=No
O=No

l=ves

I=vyes

1=Yes

i=Yes

1=Yes

i=Yes
l=Yes
l1=vYes
1=Yes
l=Yeg
i=Yes
i=Yes

i=Yes

1=Yes

i=Yes

i=Yes

“=Uns.

Z=UnsL

2=Uns.

2=Unst

2=Unsui

2=Uns.
2=Unst
Z=Unst
2=UnsL.
2=Urs.
2=Uns.
Z2=UnsL

2=UnsL

2=UnsL

2=Unst

2=lnst
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HFAGE i
Do you now or dig vyou ever drink coffee. tea
or soft drinks containing cafteine an
oa reqular basigy - O=No 1=Yes I=Unsure
If ves: On averaage. how many cups or glasses
do vou drink per dav of. . .
o0ttt drairmks
Caffeinated Caffeinated Caffeinated containing
Coftee Hot tea Cold tea catteine
Is vour present overall cat+feine
consumption greater. less or
about the same as 5 vears ago’™ . l=agreater
: Z=less
! “TSaAme
Have vou ever smoked at least 1 Cicarette o dav ) O=Ng I=vyes D=tlrz - --
TOr o as much as i months7?
I¥ ves:
At what age did vou beain smoking? -
In total, for how manv vears have vou smoked _
On average. how many packs per davy .
O do/did you smoke?
Do/did yvou usuallv smoke low-tar cigarettes, - i=tow-tar
another type of filtered cigarette or 2=Another tvpne o+
unfiltered cigarettes? tilrered cicarstto

SEURTLlTared L1 ger oo

Do/did vou usuallv inhale into the chest. ) 1=Che:zt
1nto the throat or do not inhale at ail? Z={hrost
: I=Not at &l
Do vou mow or did yvou ever drine anv kind of
alcoholic beverage (this includes wine, beer,
or distilled spirits)? DEND L=vyes C=Unsore

If ves: Which of the following do wvou
tccasi1onally or regularly consume’
Spirits 1e.
bourbon., gin, rve,

Wine HBeear scotch. vodka. etc.)
O=No l=Yves
2=Unsure - » _
Amount ... gQlasses ... bottles,cans _._ drinks

per week per week per week

IF FEMALE EMPLOYEE, GO TO REPRODUCTIVE SECTION, PAGE 25
IF MALE EMPLOYEE IS MARRIED/DIVORCED/SEPARATED/WIDOWED,

GO TO SPOUSE SECTION, PAGE 18
TE NFUFR MARRTEN MAl F RN TA FANSENT ENRM
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FEMALE REPRODUCTIVE HISTORY
(completed Ly female employees
and spouses of male employees)
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PAGE =5

Now I would like to ask vou questions about your past

pregnancies and reproductive history. . .

oW many times have vou been pregnant,
including pregnancies that miscarried,
were aborted. or resulted i1n still-

birth or livebirth? Fill in pregnancy

history chart for the total number of
pregnancies.

(14

-
<

ero. skip tc

page 35)

##* Pregnancy History Chart ##%

IF NO PREGNANCIES~-SKIP TO PAGE 35

In what month and year did
vou become pregnant tor the (first/
second/third.etc.’ time?

were you under a phvsician’s
care during this pregnancy™

How long were you pregnant?

Did tnhis pregnancy result in an abortion,
a miscarriange., a stillbirth or a
lLivebirtn

l=Abortion
“Z=Miscarriagqe
Z=Sti1llbirth
4= ivebirth

Was this & single birth? O=No 1=Yes

1+ no. how manv babies were there™
(use & separate column for each child)

4E ae 28 §E x¢ SR we WS a3 EW E2 2

mo vr

weeks

ax sw 3 98 c
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. Fregmancy 7 . Freamamoyw o . Freamancw S . Freanancw &

: A, . e e . -t : ot :
: mo yr : mo yr : mo yr : mo vr H
: weeks 1 . weelks @ . weeks @ weeks o

IF ANY LIVEBIRTHS, CONTINUE TO NEXT PAGE
--0THERWISE IF ABORTION, MISCARRIAGE OR STILLEIRTH CHOSEN
SKIP TO PAGE 31
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FAGE o/ -
ASK. ONLY FOR
LIVEBIRTH FREGNANCIES Child 1 Child

Ask the following for each pregnancy : :
What was the date of bhirth o+ vour : :
tirst/second. etc. child? : et : Y
What was the sex ot the babv? : _ : _
Was this babv premature? O=No l=rves : - . "
2=tUnsure : :
I+ ves! How premature was this : :
babw? : weeks ! . We
How much did the babv weigh s P __lbs __ oz : __ lbs
s tor gms) ¢ (or ¢
How manv inches long was the babwv? : . in : . ir
Was laopocr dwing this preanancvy natural : . :
or 1nduced? (l=natural 2=induced) : :
How long did labor last®™ : _. hrs : __ hr
Were vou given anesthesia during deliverv?™ @ _ H
U=No l=ves Z=Unsure : :
I+ ves., what kind® The choices are- : _ : _
i=local : :
Z=pudendal : H
A=gpinal H :
4=wnldural : :
wEgeneral : .
b=otiher : :
viad vouw have cesarean delivervy O=MNo l=Yes H -
' S=lUnsure : :
Was it & breech delivervy? O=Ng l=ves : _ : _
Z=Unsure : :
How nld is this child currentlyv? . L p s
I+ died: How old was the child : —.s_ months ! __._ mont
when he/she died? : :
** Uhat was the child's cause - R
of death? : :
Was an autopsyv pertormed’ : _ : _
O=hNo 1=Yes J=iinsure : .
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IF ANY CHILD SURVIVED TO ITS 1st BIRTHDAY, CONTINUE TO PAGE 29
——0THERWISE SKIF TO PAGE 3t

b,
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FRGE 29

CHILD SURVIVED TO 1st BIRTHDAY

TELEPHONE INTERVIEW: Did vour child (or

1yl

18.

anv of wvour children) have anv birth
detect. congenital anomaly. or serious
health problem within 1 vear of birth®™
vour child (or any of vour children)
have any ot the +following conditions
o illnesses within 1 year of birth™
(show card)
pPowns Svndrome (trisomy or mongolism)?

prercenhaly (absence ot a brain)?
Hudrocephaly (Fluid collection in the
brain)?

Severe mental retardation™

Meural Tube Detects such as
mvelomeningocele or spina bitfida?

Hypoplastic (left: heart?

Fatent Ductus #Arteriosus?
Transposition of Great Arteries?
Ventricular Sental Defect (VsD)7™
Fvloric stenosis (a stomach disorder)’™
Urethral obstructiony

Ciett gum?

Cleft lip'’

Clubfoot?

Congenital dislocation of hip?

ANV anomalv or detect
of the respiratory svstem?

If male baby also ask:
LLimbh detects’™

Undescended testes™

After card returned:

Did the child have anv condition

not noted on the card? O=No 1=Yes
2=Unsure

I+ ves: What was thise condition™

a3 ma sz ws 6& gm ix 38 EE

Child 1
ENo 1=Yes

"N s s% ws S8R eB RN 3w 4% ws @GN RE S8 EE

Child 2

O=No l=Yes .
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b oL
Child 3 Child 4 Child s Child &

O=No 1=ves O=No 1l=ves O=Nc {=Yec o=No I=fexz

e e T e e e e - e e e o @ S e . s e s v s i e e e o @ —————— e o s e ”

(\ :' s- :, . f___ e e e ;

CONTINUE TO NEXT PAGE o
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PAGE M1
IF PREGNANCY WAS AN ABORTION, Fregnanecy | Fregnancy =
A MISCARRIABE, A STILLEIRTH OR LIVEBIRTH UmNp 1=vyes OmiNe 1Y
TELEPHONE INTERVIEW. Road auestion : H
below and list each condition, H .
i d vl have amy ofF the . :
tollowing complications : :

during anv o+ vour pragnanc.es’?

(show card) : :
l. HMigr blood pressure™ : - :
Blood 1n the urine? : - :

. Hospitalization +or H - : -
nausea’/vomiting : :
4. Toxemia? : - .
. Flacental Froblems : - .
6. Exposure to rubella H - :
7. Hhoand blood type incom~ : . :
patibilities”? : :
B. lLrinary tract intection’ : N :
9. Incompetent cervix'’ : :
: ]

10, Yaginal spotting oF | - 1 .
Lleeding” i :
1 H
11, Influenaa during 1st Yrimemaster i _ 1
L :
17. Fremature rupture o+ ! . :
nEemBr afea? } H
i §
t3, Premature {abpfp? { - 1
i 1

moroTmm T ~ "".‘_=’:===:=':""==::'3='2':="J=‘.====:‘_====7":==='T‘ ===="==‘T'=‘====3=—*t' mEITTERLLT T T T
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QuNg imves

Fragnancy ¢

Y

]
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1
[ N}
[ 2N
>> }
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C - |
. § ¥ k ¥ i ] i
caget
oOZ )
[
LS
'R ]
¥
"..".'.'..'.'I..'...'”'*I.'I'IIH...l'.ll.'.'ll...‘l""""‘..."’l"

UsNG I=ran

Pregnamey 4

b iy

e
-
Ex

ko

OFNo l=svYes

Fregnancy 3

BEST COUFY AVAILABLE
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e

PrbkE I3

Now I would like to ask you about certain dietary and smoking

durinag your pregnhancies. . .

i wDUu consume any cottee. not or colag
=a. soft drinks or other caffeine
sraqges during anv ot your pregnancies’
ekl Isyes Z=sUnsure

v ves: Or an average dav. how many
total cups of cottee, tea.
goft drinks or other caffeine
beverages did vou consume?

During which months ot your
pregnancy did vou consume

thpaeesT

(write 1n each month #)

Did vou consume anv alcoholic beverage
L maany 0t vour pregnanciles’?
w=ENO l=yes o=Unsure

Did vou consume wine’™
How manv glasses per week?

Did vou consume beer?
How many bottles or cans per
week”?

id vouw consume distilled
liguor such as bourbon, gin
scotch or vodka”™

How manv drinks per week?

buring which months ot vour
pregnancy did yvou consume
these™

(write in each month #)

Jrt o ovou smoke during any ot your
reoagnancles - o=ho 1=Yes Zstnsure

T+ ves: In total, how manvy months
di1d vou smoke™

buring the time vou smoked.
on average, how manv packs of

cigarettes per dav?

Divrinag which months of vour
pregnancy did vou smoke

(write in each month #)

B8 wa 8 a3 ¥V 38 v sa A% ws ¥V 32 SN 05 sa B8 w3 3m O 33 08 mm . a% O% ws S0 AF AF Re REZ wg @8 33 % gya BE BE 313 3G €8 ee 2% em 13 3y we 2% w8 AR g3 E@ ex

13

Fregnancy 1

cups

%8 gsu BS aw $3 I3 83 I3 N8 as "3 gy se % @@ 88 A8 4w SR M EN R X mp 8T sa RN RZ OB ax EW s &8 w&x €3 RE ER WN

habits

Freamnano:

Uy
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FARLE 3

i

Have vou ever used oral contraceptives?
I+ ves., what vear did vou start using them? 19
In total. how manv vears did vou use them? _—

Do vou know the names o+ them?

I+ ves. what were thev’

O=No 1=Yes Z=Uns!

vears

O=No l=Yes Z=Uns

Have vou ever used contracepltive creams, toams,
ar 1ellv with or without a diaphragm?

1+ ves: Did vou use anv around the time
that vou conceilved any of vour pregnancies?

I+ ves: Which pregnancies”

=]

On average, how regularly do/did vou have vour
period. . . was it every month without
fail, almost every month or sporadically?

On average, how many days is vour menstrual
cycle?

Did vou ever see a doctor tor menstrual problems
or irregularities?

Have vour menstrual periods totallv stopped?

1¥ ves. Did they stop naturally or
because of surgerv’”

How old were vou when they stopped?

Have vou ever tried for a vear or more to
become pregnant but were unable'r -

I+ ves. Lould vou give me the dates when
this occurred . . . from / to /

mo yr mo vr

frrom __/ to /

mo yr mo yr
Have vou ever had surgical sterilization?

Have vou ever been prescribed hormones, such as
estrogen, bv a doctor for any reason?

** 1f yes: Can you tell me the name ot the drug? __ ___ __ _____

1=Every month w:

2=Almost every m

I= Sporadically

O=Np 1=Yes 2=Uns

O=No l=Yes 2Z=Uns

i=Naturallyv
2=5urgical

O=No l1=Yes ZI=Unsc

O=No 1l=Yes 2=lns

u=No l=Yyes L=Un:

Can you tell me the reason the drug was prescribed?




Have you ever had surgery of the reproductive . G=ho l=ves Ixdneuse
system™
O If ves, what kind(s) of surgery? e e e e

IF TELEPHONE INTERVIEW OF WIFE, SKIP TO ENDING

IF FEMALE EMPLOYEE WITH PREVIOUS OR CURRENT HUSBAND, CONTINUE BELOW

Now I would like to ask you some questions about your husband’s
employment history, general health, and diet. First I would like
to ask you some background questions. . .

What is your husband’ s date of birth? ;

/

What was the highest grade of school your husband completed?

College or Frofessional or
Grade school High School Vocational Eraduate Schagl
123454578 ? 10 11 12 12324 1 224 +

(17,14,15,16) (17,18, 15, 20)

O

Could vou tell me the job titles your husband has he.d and for
about how long he worked at these jobs?

Jjob title from i
mo MO e
_____________________________________ A o
My Yy IS A
ma vyr mo r
/
————————————————————————————————— —_._/ —— — ——— ——
mo v ma vy

Could you tell me any chronic health prablems your hushangd has had during
the past five years? These may include diabetes. hypartiarecion o athe-g.

O T
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PAGE 7T

Could vou tell me about anvy serious acute health problems or conditions
requiring surgery, vour husband has had during the last five vears?

vour hushband ever smobed at least 1 cigarette a dav . OU=No i=Yes
+aor as much as & months?

GO TO CONSENT FORM
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PAGE 1&
MALE EMPLOYEE WITH PREVIOUS OR CURRENT SPOUSE
Now I would like to ask you some questions about your wife's
employment history, general health, diet and pregnancy history.
Many of these questions are similar to those I have already asked
of you. ’
Could vou tell me the Job titles vour wite has held =nd for abeour
how long she has worked at these jcbs?
Job title +om to
_________________________________________ et S
mo vr mo wr
———————————— REPRODUCTIVE HISTORY me )
{completed by male
_______________ emplovees) o
mo vr
____________________________________ — et
mo vr mo yr
Could vou tell me any chronic health problems vouir wife has had durinag

the past five years?

T T T T LD U s e I e iy . e o i i S i St D b v S S o S VS > S T 7033 2 S e o v e e s o

Could vou tell me about anv =ericus
surgery.,

S T T S a0 L 1 it 0 Sk s e e i o e it A e o . L e =1 e i S s S i S e . S . e i e o e o

Does your wife now, or did she ever, drink coffee.

or soft drinks containing caffeine on
a regular basis?

If yes: Which? . . .
Caffeinated Caffeinated Caffeinated
Coffee Hot tea Cold tea

—— " — o o 2 s

Has vour wife ever smoked at least 1 cigarette a dav

for as much as 2 months?

These may include diabetes. hypertension.

acivte problems
your wife has had during the last t+ive vears?

e e e, o s ot e ot o e o e

or cordit:ons

tea

d=iNo I=ves
Sott drimbs
containing
caf+eine

O=blo 1=Vex=z

ar otnheirs.

R o T TR o

Z=Nimsure
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Now I would like to ask you questions about your wife’s past
pregnancies and reproductive history.

How many times has vour wife been pregnant, (if zero, skip tg
including pregnancies that miscarried, T consent farm)
were aborted, or resulted in still-
birth or livebirth? Fill in pregnancy
history chart for the total number of
pregnancies. -

*+* Pregnancy History Chart =

Pregnancy 2

Did this pregnancy (these pregnancies)
result in an abortion, & miscarriage, &
stillbirth or a livebirth?

1=Abortion
2=Miscarriage
3=8tillbirth
4= ivebirth

Was this a single birth? O=No l=Yes

If no. how manv babies were there?
iuse a separate column for each child)

In what month and vear did this occur?

mo yr

no yr

What is the age of this child currently?

1§ died: How old was the child when
he or she died?

*¥What was the child’ s cause
of death?

Was an autopsy performed?
O=No 1=Yes 2=Unsure

If livebirth: What was the sex of this
child? 1=Male 2=Female 3=Unsure
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IF CHILD SURVIVED TO ist RIRTHDAY

nd vour child (or anv of vour children)

10,

11.

12,

18.

have any of the following conditions

or 1llnesses within one vear

of birth™ If so, please tell me the

numbers of these conditions. (show card)

Downs Svndrome (trisomv or mongolism)

Anencephalv (Abscence of & brain) ™

Hvdrocephalv (Fluid collection on the
brain)?

severe mental retardation?

Neural Tube Defects such as
myelomeningocele or spina bitida:

Huponlastic ([eft) heart?

Fatent Ductus Arteriosus’
Transposition of Great Arteries?
Yentricular Septal Detect (VSD) 7
Fyloric stenosis (a stomach disorder)?
Urethral obstruction?

Cleft gum?

Clett 1o

Club+oeot™

Congenital dislocation of hip~

ANy anomaly or defect
of the respiratorvy svstem?

If male baby also ask:
Limh defecte™

Undescended testes?

After card returned:

Did the child have anv condition

not noted on thke cara? U=No l=Yes
Z=Unsure

I+ ves: What was this condition:

CONTINUE TO NEXT PAGE

Child 1t
O=No l=vyes

A s e " — (s 7 . . —ror o ovrm

mE® A% 22 WA e E¥ 2y 3 2E B ww N x: AR e wm

Child =
O=No l=ves
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~(_Zhild = "Child 4 Child 5 Child &
O=No l=vYes O=No I=ves O=No I1=Yes O=No i=yves
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FREE &L
IF THIS PREGNANCY WAS AN ABORTION, Fregnancy 1 Pregnancy 7
A MISCARRIAGE, A STILLEIRTH OR LIVERIRTH U=No l=Yes U=hNo I=yes ;=
MR VOoU aware of anv of the : : .
rollowing complications : H :
during anv of these preananciess : - :
't 50, please tell me the mumber. : : .
'show card:; : H :
t. High blood pressure’™ : - . - :
£« Elood in the wine : _ : _ .
= Hoszspitalization +or : _ : _ .
hausea vomiting H : :
4. Tovemia’ : - : - :
S. FPlacental Froblems : _ : :
€. Exposure to rubella : - : - :
7. Rh and blood tvpe 1ncom- : : :
patibilities? : : :
8. Urinary tract intection’ . : :
7. Incompetent cervix? : _ : N
Lo, vaginal spottinag or : : B :
bleeding® : : :
Tiv Imfluenza during lst Trimester : : - :
12, Fremature rFupture o+ : _ : :
membranes . H :
LI0 Premature labor ™ : . : H
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Fregnancy I Fregnancy 4 Fregnancy 5 Fregnancv &
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Questionnaire
Section [

Could you tell me the job titles which
Digital in Hudson and when you worked a

you have held before worki
t these jobhs?

ng at

Job Title From To
/ /
mo. yr. mo. yr,
/ /
mo. yr. mo. yr.
/ /
mo. yr. mo. yr.
/ /
mo. yr. no. yr.
Section [1I
During the past 5 years, have you had any of the following medical
conditions? L
Diabetes? 0 =no, 1 =yes, 2 = unsure
If yes: How long have you had diabetes? . years
High Blood Pressure? 0=no, 1=yes, 2 = ynsure
If yes: How long have you had high blood pressure? years
During which years did you have high blood pressure? (Circle
all that apply.
1982 1983 1984 1985 1986
What medications have you taken for this?
Cancer? 0 =no, 1=yes, 2 = uynsure
Tf yes: What type of cancer did you have?
When was your cancer first diagnosed? /
mo.  vr.



**Did you receive any radiation treatment or chemotherapy?

0 = no, 1 yes, 2 unsure

Thyroid Problems? 0 =no, 1 =yes, 2 = unsure

If yes:**[s it an over-active thyroid problem or an under-active one?

1 = over-active 2 = under-active

During which years did you have a thyroid problem? Circle
all that apply.
1982 1983 1984 1985 1986

Gallbladder Problems? 0 =no, 1=yes, 2 = unsure
If yes: During which years did you have a galibladder.problem?

Circle all that apply.
1982 1983 1984 1985 1986

Respiratory Problems such as asthma, chronic bronchitis or pneumonia?
0=no, 1 =yes, 2 = unsure

If yes: Did you have asthma? 0 =no, 1=yes, 2 = unsure
During which years did you have asthma? Circle all that
s 1982 1983 1984 1985 1986
Did you have chronic bronchitis? 0 =no, 1 = yes,

2 unsure

Durina which yeérs did you have chronic bronchitis? Circle
all that apply.
1982 1983 1984 1985 1986

Did you have pneumonia? 0 =no, 1 =yes, 2 = unsure

During which years did you have pneumonia? Circle all that

apply.
1982 1983 1984 1985 1986
Kidney Disorders? 0 =no, 1=yes, 2 = unsure
If yes: How long have you had a kidney disorder? . years



Convulsive Disorders? 0 =no, 1 =yes, 2 = unsure

If yes: During which years did you have a convulsive disorder.
Circle all that apply.
1982 1983 1984 1985 1986

In total, how many months did this condition last?

————

Arthritis? ‘ 0 =no, 1=yes, 2 = unsure
If yes: How long have you had arthritis? . years
Anemia or Low Blood Count? 0 =no, 1=yes, 2 = unsure

If yes: How long were you anemic? . years
During which years were you anemic? Circle all that apply.
1982 1983 1984 1585 1986

In total, how many months did this condition last?

Slipped Disc? 0 =no, 1 =yes, 2 = unsure

If yes: What year did you have a slipped disc? 19

How was it diagnosed (x-rays, CAT scan, etc.)?

Other Back Problems? 0 =no, 1 =yes, 2 = unsure

[f yes: What kind of problem do/did you have?

How long have you had this back problem? . . years

Frequent or Severe Sore Throats? 0=no, 1 =yes, 2 = unsure
(frequent means more than 2 per month)

[f yes: Were they frequent, severe or both? 1 = frequent, 2 =
severe, 3 = hnoth

During which years did you have these sore throats? Circle
all that apply.
198¢ 1983 1984 1985 1986




In total, how many months did this condition last?
On average, how many times per month did you have these sore
throats?

Frequent or Severe Headaches? 0 =no, 1 =yes, 2 = unsure
(frequent means more than 3 per month)

If yes: Were they frequent, severe or both? 1 = frequent, 2 =
severe, 3 = both

During which years did you have these headaches? Circle al)
that apply.
1982 1983 1984 1985 1986

In total, how many months did this condition last?

————

On average, how many times per month did you have these
headaches?

Frequent or Severe Rashes? 0 =no, 1 =yes, 2 = unsure
(frequent means more than 2 per month)

If yes: Were they frequent, severe or both? 1 = frequent, 2 =
severe, 3 = both

During which years did you have these rashes? Circle all
that apply.
1982 1982 1984 1985 1986

In total, how many months did this condition last?

—————

On average, how many times per month did yOou have thece
rashes?

Cmsm——

Frequent or Severe Dizziness? 0 =no, 1=yes, 2 = ynsure

If yes: Were they frequent, severe or both? 1 = frequent, 2 =
- severe, 3 = bpoth

Ouring which years did you have dizziness? Circle all that

apply.
1982 1983 1984 1985 1986

In total, how many months did this condition last?

———

On average, how many times per montn dig YOu nave dizziness?

t————




Frequent or Severe Eyestrain? 0 =no, 1=yes, 2 = unsure

If yes: Was this frequent, severe or both? 1 = frequent, 2 =
severe, 3 = both

During which years did you have eyestrain? Circle all that
apply.
1982 1983 1984 1985 1986

In ‘total, how many months did this conditon last?

Cn average, how many times per month did you have eyestrain?

Frequent or Severe Nausea? 0 =no, 1 =yes, 2 - unsure

If yes: Was this frequent, severe or both? 1 = frequent, 2
severe, 3 = both

During which years did you have nausea? Circle all that
apply.
1982 1983 1984 1985 1986

In total, how many months did this condition last?

—————————

On average, how many times per months did you feel nauseous?

Section III

Do you use sugar substitutes, such as saccharin or nutrasweet?
0 =no, 1 =yes, 2 = unsure

If yes: How many tedspoons per week OT saccharin do you use?

How long have you been using saccharin?

How many teaspoons per week of nutrasweet do vou use?

How long have you been using nutrasweet?

Section IV

Have you ever smoked at least one cigarette a cay for a long as three
months? 0 =no, 1=yes, 2 = unsure

Have you ever smoked pipes Gr cigars for as long as three months?
0 =no, 1 =yes, 2= unsure



If yes to either of the last two questions:
Pipes
Cigarettes or Cigars

At what age did you beqin smoking?

In total, for how many years have you smoked?

Are you a current smoker?

0 =no, 1 =yes, 2= unsure
Have you been a regular smoker during the past
five years?
0 =no, 1 =yes, 2 = unsure

If no to the above: In which of the past five years were you
a smoker? Circle all that apply.
1982 1983 1984 1985 1986

On average, how many packs per dav have you smoker Aduring +he
past five years?

Do you smoke more, less or about the same as ten years ago?
1 = more, 2 =less, 3 = same

Do/did you usually smoke low-tar cigarettes, regular
filtered cigarettes, unfiltered cigarettes, pipes or cigars?
Circle all that apply.

low-tar cigarettes

reqular filtered cigarettes

unfiltered cicarettes

cigars

pipes
When you smoke/smoked, do/did you usually inhale into the
chest, into the throat or not inhale at all? :

1l = chest, 2 = throat,” 3 = not at all

Have you ever used snuff or chewing tobacco?
=no, 1 =yes, 2 = unsure




If yes:

Snuff Chewing Tobacco

At what age did you use snuff and/or
chewing tobacco?

In total, for how many years did you
use snuff and/or chewing tobacco?

On average, how many times per week did
you use snuff and/or chewing tobacco?

Are you a current user of snuff and/or
chewing tobacco?

——————

O0=mno, 1= jes, 2 = unsure
Section V. (Only if spouse of male emnlovee)

Could you tell me any chronic health problems which you have had during the
past five years? These may include diabetes, hypertension or others.

Could you tell me about any serious acute problems or conditions requiring
surgery which you have had during the past five years?




