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ABSTRACT

The Illinois Department of Public Health (IDPH) in conjunction with the University of Illinois at
Chicago, School of Public Health, conducted a multi-year exposure/health study of former
workers of the La Salle Electrical Utilities Company (EUC) Superfund site in La Salle, Lllinois.
This study was conducted with funding from the Agency for Toxic Substances and Disease
Registry (ATSDR). The two-part study consisted of a retrospective cohort mortality study of the
entire EUC cohort and a cross-sectional morbidity study of 191 former employees and 26
community controls. The cohort mortality study is addressed in a separate report.

The morbidity study related measures of exposure with medical history, as well as serum lipids,
liver enzymes, immune function, and endogenous hormone levels. This study included 191
former employees and 26 community residents who were not former employees. Measures of
exposure included polychlorinated biphenyl (PCB) levels, lipid-adjusted PCB levels, total
quarters (1/4 year) employed at the plant and a job hazard score which weighted quarters of
employment by job-specific exposure level. PCB levels were significantly correlated with both
total quarters worked (r=0.71) and hazard score (r=0.70). History of diabetes was significantly
associated with selected measures of exposure in men and women after control for age and body
mass index. Measurements of biologic effects were examined after control for confounders.
Overall, this study found that exposure at the plant was significantly associated with increased
triglycerides, decreased HDL-cholesterol, decreased sex-hormone binding globulin (SHBG) and
decreased follicle-stimulating hormone (FSH) in women; as well as increased percent natural
killer (NK) cells and decreased thyroid-stimulating hormone (TSH) in men. Associations with
liver enzyme abnormalities and with most parameters of lipids, endocrine and immune function
were inconsistent. Pregnancy outcomes were also compared for 115 pregnancies occurring during
or after employment at the plant vs 248 pregnancies occurring without prior exposure at the
plant. Results are based upon self-report and small numbers and therefore should be viewed with
caution. No differences were observed in birth weight, gender, or miscarriage, but those women
who worked at the plant before or during pregnancy had a higher percentage of children with
learning difficulties, chronic respiratory illnesses, and ear infections than women without prior
exposure. The findings in children should be viewed as preliminary and awaiting more thorough
exploration in future studies.



SITE BACKGROUND

The La Salle Electrical Utilities Company (EUC) manufactured electrical equipment in the city
of La Salle, La Salle County, Illinois (106,913 population), on a 9.6-acre tract of land. The EUC
manufactured electrical capacitors at the plant from July 1943 until May 28, 1981. By the early
1950s, EUC had begun utilizing polychlorinated biphenyls (PCBs) and various volatile organic
compounds (VOCs), including trichloroethylene (T CE), in manufacturing processes. PCBs were
used as a dielectric material and TCE as a degreasing/cleaning agent. In addition, chlorinated
naphthalenes were used as dielectrics prior to the use of PCBs, as well as in the manufacture of
smaller capacitors after PCBs were introduced in 1952-1953. QOils containing PCBs were
reportedly used for dust control on and off the site property until 1969. PCBs and VOCs were
also spilled at various on-site locations, roadways, and in nearby residential areas. Although over
3,000 persons were employed at the plant between 1944 and the time of its closing in 1981, at
any given time, no more than 410 persons worked at the plant.

The original facility was comprised of a two-story brick building used for offices and employee
lockers and a one story production area extending west from the two-story structure. The
production area had a cat-walk running the length of the building with areas used for document
storage. The production area housed a separate room used for making the internal components of
the capacitors or windings. The winding room needed to be separated to reduce dust
contamination of the windings (layers of foil and paper) in order to prevent short circuiting of the
capacitors. This room was located in the northeast corner of the original production building. The
southeast corner of the production building was comprised of offices and laboratory space used
for engineering, production planning, purchasing, and quality assurance/quality control (QA/QC)
laboratories. The main portion of the production area was used for the assembly of the capacitors
and the southwest corner of the production area was used for adding the Halowax (chlorinated
naphthalenes), a dielectric material which was used at the plant from its inception.

In 1950, a Quonset hut building was added to the southwest corner of the production building.
The Halowax and maintenance operations were moved into this new building. In 1952-1953,
PCB use as a dielectric began in addition to the Halowax. This was determined through
interviews with a former purchasing agent and the former foreman of the Cook department, the
department where the PCBs and Halowax were used. In the cooking process, the assembled
capacitors were placed into heated ovens where a vacuum was drawn to remove air from the
capacitors and the oil or wax was impregnated into them. This area of the plant is thought to have
the highest exposures to PCBs and Halowax. Soldering of the capacitors was performed in this
area to seal the lids to the cans of the capacitors. Lead exposures were also prominent in this area
according to an interview with an OSHA Compliance Officer who performed investigations at
EUC.

In 1962 or 1963, a metal building was added to the north side of the brick production building.
This new building housed an assembly area, the larger kilovolt capacitor manufacturing area, a
stock room, and a loading dock. In addition, there was a second story to the metal building in the
dock area which housed offices for industrial engineering, computing, shipping and stocking, and
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quality control. In 1971, an addition was made to the metal building to accommodate
manufacturing needs. North and west of the new metal building was the metalizing shed where a
zinc coating was applied to the metal cans of the capacitors to prevent rusting. Production
continued at the facility until 1981, when plant operations were relocated to North Carolina. The
United States Environmental Protection Agency (USEPA) declared EUC a Superfund site in
1982 and the buildings were subsequently dismantled and destroyed. Most company records were
lost in the move or destroyed. All information regarding process flow and chemical use were
obtained from interviews with former employees of the company, both labor and management.

EUC used Halowax as a dielectric in the manufacturing of capacitors from its inception at La
Salle in 1943 until the plant closed in 1981. In 1952-1953, the use of PCB oil began with Aroclor
1254 used until 1956. Aroclor 1242 use began in 1954 and continued until 1970. At that time,
EUC began using Aroclor 1016. PCB oil was delivered to the plant in a tank car and
consumption was estimated at 45,000 pounds per month. This continued until 1979 when EUC
switched to di-(2)-ethylhexyl phthalate (DEHP) as the dielectric to replace PCBs. In addition, the
facility used TCE as a degreasing solvent to clean the outside of the capacitors after filling with
dielectric, or after fabricating the cans to remove any oil. Another VOC, 1,1,1-trichloroethane,
was used for only a short period of time at the facility (the exact dates, unknown). Mineral oil,
lacquer paint, paint thinner and epoxies were also used throughout the plant’s history. Methyl
ethyl ketone was used for limited cleaning purposes and was ordered as one fifty-five gallon
drum when needed.

Through interviews with project personnel from USEPA, it was established that there was PCB
contamination throughout the facility. In addition, employee interviews stated that all employees
of the company entered into production areas of the plant and at times of a strike or high
production, office staff often worked in the production areas. For these reasons, it was assumed
that there was no un-exposed population within the plant. Since there are no records of exposure,
or any other records to indicate potential exposure, areas of the plant were delineated based on
job title and activity performed in those areas (Figure 1). These areas were then ranked 1-4 based
on the likelihood of airborne or dermal contact with PCB oil (Figure 2); 1 indicating areas of low
potential exposure 4 indicating areas of high potential exposure.

Measurements of on-site contamination were made during a 1985 remedial investigation. On-site
PCB contamination of the top 12 inches of soil ranged from 0.22 to 17,000 micrograms per gram
(ug/g). Below the 12 inch level, PCB concentrations dropped off below the 0.2 ug/g detection
limit. Immediate off-site residential soil PCB concentrations ranged from 0.2 to 2,600 ug/g.
Polychlorinated dioxins and furans were also detected in both on- and off-site soil samples. On-
site total soil dioxin concentrations based on toxicity equivalency factors (TEFs) ranged from
0.001 to 3.4 micrograms toxicity equivalency quotient (TEQ) per kilogram (ug TEQ/kg) and total
furan concentrations ranged from 3.80 to 31.70 ug TEQ/kg. Dioxin concentrations in off-site
residential soil samples ranged from 0.0002 to 0.0033 ug TEQ/kg with furan concentrations
ranging from 0.0095 to 0.1138 ug TEQ/kg. No 2,3,7,8-tetrachlorodibenzo-p-dioxin was detected
in any on- or off-site soil samples. PCB contamination was detected in 18 of 20 monitoring wells
on-site, with levels ranging from 0.13 to 440,000 micrograms per liter (ug/l). Groundwater
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contamination with VOCs was less wide spread but also detected in both on- and off-site
monitoring wells.

The EUC became a National Priorities List site (NPL or Superfund) in 1982. Since then, more
than $50 million has been spent remediating the site. The entire complex of EUC offices and
various storage and industrial buildings occupied approximately 67,000 square feet of floor
space. All on-site buildings have been destroyed, and PCB contaminated soils from both on- and
off-site were incinerated on-site from 1988-1992 under supervision of USEPA and the 1llinois
Environmental Protection Agency (JEPA). All remedial activities are now complete with the
exception of an on-site groundwater treatment facility.



COMMUNITY HEALTH CONCERNS AND HEALTH ASSESSMENTS

Former employees of the EUC have voiced concern about possible adverse health effects
resulting from their exposure to PCBs and other toxic substances while employed by EUC. In
addition, area residents have expressed similar concerns about possible adverse health effects
resulting from exposure to PCBs, dioxins, and other toxic substances present in contaminated
residential soils, well water, and from the clean-up incineration activities.

The Nlinois Department of Public Health (IDPH), in cooperation with the Division of Health
Assessment and Consultation, Agency for Toxic Substances and Disease Registry (ATSDR),
completed a Public Health Assessment of the EUC Superfund Site (CERCLIS NO.
ILD98074333) in October 1993 '. This document reviews data pertaining to the extent and
toxicity of the environmental contamination caused by EUC, as well as a summary and
interpretation of results of three preliminary health outcome studies conducted by IDPH.

1. In 19835, the IDPH conducted a questionnaire survey of 262 former EUC employees'.
PCB exposure for each participant was estimated based on self-reported job activities and
duration and job exposure ratings derived from interviews with workers and a review of the
literature. Health outcome data were based upon study participant self-reporting.

Non-specific health conditions of persistent or severe headache, cough, and runny nose were
significantly associated with high exposure to PCBs. Among women, high levels of exposure
were significantly associated with elevated risk of gallbladder disease/stones compared with low
levels of exposure. Uncertainty about the dates of these self-reported conditions in relation to the
dates of exposure limits interpretation of these associations. Other similar non-specific
conditions were not significantly associated with exposure in this study.

2.In 1985, the IDPH also examined cancer mortality data for La Salle County residents
during 1969-1983%, La Salle County cancer site-specific mortality rates for each year were
compared with rates obtained from other non-metropolitan counties. Malignant melanoma,
pancreatic cancer, liver cancer, and soft tissue sarcoma were studied. The rate of pancreatic
cancer in white males, but not females, was found to be significantly elevated.

3.1In 1991, the IDPH used Illinois State Cancer Registry data to assess the incidence of
site-specific cancer in La Salle (defined by zip code) from 1985 through 1988 2. Cases of cancer
diagnosed in the study period were identified. This included cases diagnosed or treated in the
neighboring states of Missouri, Iowa, Michigan, and Wisconsin. Ascertainment of cancer cases
for the Illinois Cancer Registry is estimated to be 94 percent complete. Overall, there were fewer
combined cancers reported for La Salle residents than would have been expected based upon
registry rates for all cancers. The only statistically significant difference observed was for
prostate cancer. Twenty-five cases of prostate cancer were expected in La Salle for the period,
but only ten cases were observed.



In 1994, a pilot study was conducted to determine serum PCB concentrations in former workers
and residents who lived near the site. In addition, exposure and health information was collected
to identify other sources of PCB exposure and potential health implications that should be
investigated during future study activities. Serum samples were collected from 60 former EUC
workers and 32 area residents. PCB serum concentrations in former EUC workers (mean=14.3
ppb) were significantly elevated compared with area residents (mean=3.6 ppb). Lipid-adjusted
PCB concentrations maintained the same statistically significant relationship with former EUC
workers' levels significantly elevated (mean=1,883 ppb) compared with those of residents (mean
= 491 ppb). Self-reported length of employment was significantly correlated with PCB serum
concentrations (r=0.53 p<0.001, n=60). Because the majority of workers at this facility routinely
rotated between jobs, and recall regarding length of time at each position was low, the
researchers were unable to relate job classification with PCB exposure. T he average length of
employment in pilot study participants was 12.25 years and total years worked ranged from 0.5t0
36.3 years. There was a positive correlation between length of residence near the site and serum
PCB concentrations (r=0.54, p<0.05, n=32). The average length of residence near the site was
19.8 years. Serum PCBs were also significantly correlated with triglycerides and age. Lipid-
adjusted PCBs were significantly correlated with age, length of employment, and length of
residence.

While these studies provide a mixed picture of possible health effects in former EUC workers
and La Salle residents, the interpretation of these data is far from certain. Reliance on self
selection of study subjects and a lack of objective exposure and outcome data in the survey study
raise the possibility that observed associations may be due to selection and recall bias. While the
cancer mortality study is not subject to these possible influences, neither is it able to relate
specific exposures to health outcomes. Many former EUC workers no longer live in La Salle
County and almost 1/3 of the cohort is deceased. The observation of an increased risk for one of
the main study endpoints, pancreatic cancer, is a concern. However, this increase is not directly
linked to PCB exposure and could be entirely unrelated to exposure to EUC contaminants. The
observation that cancer incidence rates were not found to be elevated in La Salle residents for the
period 1985-1988 is not very persuasive either. This is a rather short time period, with relatively
few cancers expected in the small population of La Salle (population = 9,087 in the 1980 census -
- 9,717 in the 1990 census). Overall exposure in residents was considerably lower than exposure
in workers. Except for the pilot study, these studies also lack objective PCB exposure data, and
consequently they do not provide a strong test of possible exposure related health effects. The
current study was undertaken in response to community concerns. It included a retrospective
cohort mortality study as well as a cross-sectional morbidity study examining the relationship of
EUC exposure and PCB levels with history of selected diseases, reproductive factors, serum
lipids, liver enzyme tests, hormonal balance and immune function. The cohort mortality study
has been submitted under separate cover. This report includes the findings from the morbidity
study.



LITERATURE REVIEW
Health Effects of PCBs

Liver

PCBs and related compounds are hepatotoxic in animal studies, with abnormalities seen for
hepatic enzymes, microsomal induction, and liver pathology in a wide variety of models®. Human
studies have been less consistent, with acute hepatotoxic effects® as well as less severe changes in
liver™!! enzymes noted. Several reports have noted positive associations of serum PCBs with
serum GGT*!° and serum SGOT 7#'%!! and negative associations with serum bilirubin * levels
after occupational and environmental exposures. Most of these reports are in cohorts exammed
either during or shortly after exposure, with few reports including long term follow- -up”®

Urinary porphyrins have also been shown to be elevated in persons exposed to PCBs and to
combinations of PCBs and related compounds™'*3, although results have not always been
consistent. Effects of PCBs on porphyrins vary by type of congener'®, with the relative effects of
mono-ortho congeners compared to dioxin like congeners on increases in porphyrins greater than
the relative effects of mono-ortho congeners on cytochrome 1A1 and 1A2 induction. Two
mechanisms of action have been postulated: increase in hepatic cytochrome 1A2 (mediated by
the AH receptor) and increase in aminolevulonic acid synthetase (phenobarbital-type effect), with
mono-ortho PCBs having both mechanisms of action'®. Interactive effects have also been found
in animals'” and humans® with greater effects seen in rats exposed to dioxins and PCBs than in
those exposed to either alone!” and greater effects seen in persons with chloracne and _
occupational exposure to both pentachlorophenols and PCBs than in persons with chloracne and
exposed to pentachlorophenols alone®.

Lipids

PCBs and related compounds are associated with increased serum lipids in experimental animal
models®. Human studies have also found consistent associations of serum PCBs with serum
triglyceride levels®®'®?!, Less consistent associations have been seen with serum cholesterol®’
and HDL cholesterol®. In these observational studies, however, the causal pathway is not well
delineated. Thus, the relationships, rather than being due to hepatotoxic effects of PCBs could be
secondary to partitioning of PCBs within fatty compartments of the blood®.

Cancer

Despite a large amount of animal data suggesting that PCBs and related compounds are
carcinogens, effects in humans are not as clear, in part because the relatively small numbers of
exposed individuals often are not followed for an adequate latency penod Animal studies of
PCBs have shown effects which differ by gender and Aroclor mixture?’. Liver cancer has been
noted more frequently in female than male rats and thyroid cancer was noted more in males®.
Most human studies of exposure to PCBs have been cohort studies of persons exposed in
transformer and capacitor manufacturing plants. These exposures have been to mixtures: not only
to mixtures of dioxin and non-dioxin like PCBs, but also to other chemicals such as chlorinated
solvents which are also thought to be carcinogens. Previous studies include six cohort studies of
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workers exposed to PCBs in capacitor or transformer manufacturing plants. Brown? reported on
cancer mortality among 2,588 workers at two capacitor manufacturing plants and noted increased
risk of liver, gallbladder and biliary cancer, with most of the excess in women at one of the
plants. In a recent study of two cohorts, including those originally analyzed by Brown,
Kimbrough et al*, in general, did not find elevated risks of cancer. The cohort was young,
however, and numbers of workers in the highly exposed group was small. There was a significant
increase in intestinal cancer among women with more than 20 years latency. Sinks?, however,
also reporting cancer mortality among 3,588 persons (2,742 men and 846 women), noted
increased risk of melanoma with a suggestion of increased risk of brain cancer and no increased
risk of liver/biliary cancer. Gustavsson®® in a much smaller study of capacitor manufacturing
workers, also found a suggested increase in risk of cancer of the liver/bile ducts. Bertazzi et 1 el
studied 544 males and 1,556 females in a capacitor manufacturing plant and found significantly
increased deaths from total cancers and GI cancers among male workers and significantly
increased deaths from total cancers and hematologic cancers in women. Yassi et al”® also found a
significant increase in pancreatic cancer deaths in a cohort of 2,222 men working in a capacitor
manufacturing plant. In probably the largest cohort study to date of 138,905 electric utility
workers, Loomis et al’® noted a statistically significant association of PCB exposure with
melanoma after control for solvent exposure. The association was particularly pronounced in
those with high exposure after a 20 year lag. An association with liver cancer was no longer
significant after control for solvents, while associations with brain cancer were inconsistent. Two
studies have followed the Yu-Cheng and Yusho cohorts which had mixed PCB/furan exposure.
Hsieh, in a study of acute mixed PCB/furan exposure in Taiwan found an increased risk of death
from liver disease®’. Kuratsune et al** followed the Yusho cohort and noted significant increased
risks for total cancer and liver cancer in males. There have been several case control studies of
breast cancer and PCB exposure in normal populations. Results were mixed, with only two®>** of
five®?” studies suggesting a possible association between PCB exposure and risk of breast
cancer. In a nested case-control study in Maryland, Rothman et al’*® found a strong dose-response
relation between quartiles of total lipid-corrected PCB levels and risk of non-Hodgkins
lymphoma, with evidence suggesting an interactive effect with seropositivity for Epstein-Barr
virus.

Endocrine System

Animal data also suggest that PCBs affect thyroid function. The effects, however, may be
congener and dose specific. In general, animals appear to be more sensitive to effects of PCBs on
thyroid function than on steroid hormones. Aroclor 1254 reduced serum T, at doses 250 fold
lower than the dose which altered testicular function®. PCBs act, in part, on testosterone through
changes in its metabolism®, although effects are not consistent*’. Desauliniers et al* noted a
paradoxical increase in T, at lower doses and decrease in T, at higher doses of PCBs, with the
effect primarily present with the dioxin like congener PCB 77 and only in female animals. At
these doses there was no effect on testosterone, gonadotropins, or TSH. The effect of individual
congeners on thyroid is related to the laterality of chlorine substitution and the relation of the
chlorines to hydroxylated metabolites”. The mechanisms by which PCBs are thought to reduce
T, levels include increased glucuronidation, decreased binding to transthryretin, and increased
conversion of T, to T, by 5'diodinases***. Human studies have, in general, found associations of
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PCB exposure with alterations in thyroid function. Murai et al® found elevated T, and T,, but not
Free Thyroxine Index (FTI) or TSH, after exposure to PCBs and furans in the Yusho outbreak.
Two recent studies of pregnant women and their infants with low level exposure to PCBs and
dioxins showed associations of maternal PCB exposure with infant thyroid levels®*?. One of the
studies®’, however, showed lower T, levels at 2 weeks, with higher TSH levels at 2 weeks and 3
months, while the other study” found higher, not lower, T, levels at 1 week and 11 weeks, with
higher TSH at 11 weeks. Nagayama et al® also found inverse associations of T, and positive
associations of TSH with levels of breast milk dioxins and dioxin-like PCBs in breast fed babies.
The concern over in utero effects of low level PCB exposure relates to known neurotoxic effects
of hypothyroidism on developing organisms™, with potential effects being delayed
neurodevelopment, decreased intelligence, and hearing deficits.

There also appears to be congener specificity for PCBs estrogenic activity. In general, the dioxin
Jike congeners are thought to be more antiestrogenic and the ortho-substituted, non-dioxin like
congeners more estrogens®> >, although there is now some evidence that coplanar PCBs may
also act as estrogens through increased binding to ER receptors’ and that metabolites of selected
ortho-substituted PCBs may act as antiestrogens™. Increased estrogenicity may be related to
shortened menstrual cycles in women eating PCB-contaminated fish®.

Immune System

Several studies have examined the effects of PCB mixtures on immune function in animals, with
conflicting results. Exposure to doses varying from 5-80 ug/kg body weight Aroclor

1254 was associated with increases in serum hemolytic complement activity, thymosin alpha 1
levels and natural killer cell activity in rhesus monkeys®. Subsequent examination of the infants
of these monkeys revealed reductions in titres to sheep red blood cells as well as a decreased
lymphocyte proliferation response to concavalin A%, However, exposure to PCB levels of 4-500
mg/kg twice a week for 5 weeks (a dose which was sufficient to cause changes in the thyroid
gland and liver) of Aroclor 1254 in mallards failed to have any effect on antibody titres to sheep
erythrocytes, natural killer cell activity, or lymphocyte mitogenesis®. In vitro studies, in addition,
have failed to find effects of individual PCB congeners® or mixtures of PCBs with dioxins and
furans® on various parameters of immune function. Human studies of immunotoxicity of PCB
exposure are sparse. Two of the most severe acute exposures were in Yu-Cheng and Yusho after
accidental ingestion of PCB and furan contaminated rice 0il®>®. In both of those studies,
decreased concentrations of IgM and IgA, but not IgG were seen 1-2 years after exposure. These
changes reversed after 3-4 years®. In Yu-Cheng transient decreases were also seen in the
percentages of total T cells, active T cells and helper T cells, as well as in delayed respond to
skin testing for allergens®. Nagayama et al”’ noted significant inverse associations of breast milk
dioxins and dioxin-like PCBs with CD8 cells and non-significant positive associations with
CD4/CDS8 cells among 69 breast fed babies. A study of fish eaters from the Baltic Sea noted
lower proportions and numbers of natural killer (NK) cells, identified by the CD 56 marker, in
peripheral blood than in the non-fish consumers. Significant negative associations were seen with
non-ortho and mono-ortho congeners®.



Overall results in animal, in vitro and human studies of PCBs are inconclusive. More functional
measures, such as primary immune response to vaccines, which have not in general, been applied
to epidemiologic studies, may yield results more consistent with animal studies of sheep red
blood cells®. Tryphonas, in a comprehensive review” of the field suggested that some of the
differences among studies could also be due to differential effects among species and gender.
Variations among studies could reflect the complexity of PCB mixtures, the short term nature of
the studies, and the possibility of interactions with other contaminants limiting precise
determination of specific immune effects. Harper et al’' found that TEFs calculated from
mixtures of lower chlorinated congeners, such as Aroclors 1254, 1248, and 1242, may somewhat
overestimate immune effects, in part, they postulate, due to antagonistic effects with other
halogenated hydrocarbons. Others’ have noted that competitive effects of dioxins and non-
dioxin like PCBs may be due to functional antagonism rather than competitive binding to the Ah
receptor or to dispositional antagonism. In addition, there is evidence that lower doses may be
more toxic than higher doses®, effects consistent with inverted u shaped responses seen in other
models.

Reproductive and Developmental

Although animal studies have shown a wide variety of reproductive effects of PCB and dioxin
exposure’, again, human data are lacking. Rylander et al” in an ecologic study of persons
exposed to varying levels of PCBs in Sweden, noted lower birthweight and proportionately more
girls with higher PCB exposure. Similarly, after the Seveso explosion relatively more girls were
born’™. A wide variety of growth and developmental abnormalities have been seen in children
born after high exposure to PCBs and furans in Yu-Cheng’®. Those children had lower birth
weights, hyperpigmentation, deformed nails, acne, swollen gums, delayed cognitive
development, increased respiratory infections, increased middle ear disease, increased porphyrin
excretion, and, as they enter puberty, decreased penile length. Lower level in utero PCB
exposure, however, has not produced consistent effects on neurodevelopment. The Jacobsons
found reduced birth weight and reduced visual recognition memory’’ at seven months with
relatively low level of in utero PCB exposure. At four years’, these children had poorer short
term memory function and, at 11 years, lower IQs". A similar North Carolina cohort® showed
developmental delays in motor function during infancy, but no difference in visual recognition.

In a recent study from the Netherlands®! higher levels of PCBs, PCDDs and PCDFs in breast
milk were related with reduced neonatal neurological optimality and higher levels of planar
PCBs were associated with higher incidence of hypotonia. Another study in the Netherlands®,
however, showed no neurological differences in the first half year of life. A recent study of Lake
Ontario fish eaters® showed poorer scores on reflex, autonomic and habituation clusters of the
Neonatal Behavioral Assessment Scale, but no difference in orientation, range of state, regulation
of state, motor clusters, birth weight or head circumference in children of mothers who were high
vs low fish eaters.

Nervous System
There is an increasing amount of data suggesting that depletion of brain dopamine may be an
additional effect of PCBs which could have large ramifications, not only in young, but also aging
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populations. Older people may be at particular risk of neurological dysfunction from exposure to
PCBs, because many aspects of nervous system function decline with advancing age®. Age-
related loss of the dopaminergic cells which project from the substantia nigra to the caudate-
putamen is especially dramatic. As many as 60-70% of these cells are lost during the normal
aging process®. Neurological deficits are not usually observed unless there is additional cell loss
as the result of a disease process or toxic exposure®. Individuals who suffer a greater than normal
loss of substantia nigra dopamine cells develop the neurological syndrome known as Parkinson’s
disease and suffer a characteristic pattern of motor deficits. The etiology of Parkinson’s disease is
unknown, but there is evidence to suggest that environmental and occupational exposures may
play a role®.

Laboratory studies in both rodents and primates have shown that exposure to PCBs during
adulthood produces long-term reductions in brain dopamine content®. The findings in primates
are particularly striking. Six months after PCB exposure ended serum and brain PCB
concentrations had declined by 50-60%, but brain dopamine concentrations were still depressed
to the same extent as they were immediately following exposure. This suggests that occupational
PCB exposure could produce long-term reductions in brain dopamine levels in humans. If so,
capacitor workers may be at increased risk for developing Parkinson-like motor symptoms as
they grow older.

Health Effects of Trichloroethylene

Occupational exposures to TCE can affect some of the same target organs as PCBs and must be
considered as an exposure which could interact with PCBs on health outcomes. Since TCE is
rapidly metabolized there is no biomarker which can measure it 15 years or more after exposure.
There is some, but not consistent, evidence, however, that it may affect endpoints which require a
long lag period before clinical manifestation.

Cancer

High levels of TCE exposure have been associated with liver and lung tumors in mice and renal
and testicular tumors in rats®, Historical cohort mortality studies of TCE exposed-workers,
however, have yielded inconsistent results. One cohort study of 2,117 workers with a latency of
only 6-13 years showed no increase in cancer deaths®. The only cancer associated with low TCE
exposure in another cohort of 1,670 persons was nonmelanotic skin cancer”. A larger cohort of
2,050 male and 1,924 female workers in Finland exposed to TCE and other solvents, showed
significant increases in stomach, liver, prostate and lymphohematopoietic cancers in persons
followed more than 20 years®’. An additional study of 4,733 aerospace workers found a
significantly elevated risk for ovarian cancer in women with high cumulative exposure
(RR=7.09, 95% ClI=2.14-23.54)". Slightly elevated risks were noted for kidney, bladder and
prostate cancers. Another cohort of 14,457 aircraft maintenance workers found increased risk for
multiple myeloma in white women (SMR 236, 95% CI=87-514), non-Hodgkin's lymphoma in
white women (SMR 212, 95% CI=102-390), and cancer of the biliary tract and liver in white
men (SMR 358, 95% CI=116-836)**. Reanalysis of the cohort with extended follow-up, however,
showed non-significantly increased risk for non-Hodgkin's lymphoma, esophagus, colon, liver,

11



breast, cervix, kidney and bone cancers, with no dose response relationship found”. There were
no elevated risks for respiratory cancer, liver cancer or leukemia. A recent study™ of capacitor
manufacturing workers found that the association of liver cancer with PCBs was no longer
significant after control for exposure to solvents. Examination of rates of renal cell cancer in the
Danish Cancer Registry found a significantly increased risk for exposure to TCE (OR 10.80, 95%
CI=3.36-34.75), while environmental exposure to TCE-contaminated drinking water has been
associated with leukemia in two other studies®®”’.

Other Health Effects

Additional effects which have been noted include neurobehavioral disturbances, trigeminal
neuralgia, and increased blink reflex latency®, systemic lupus erythematosus®, and cardiac
malformations in children of mother exposed in utero'®'%. The one study of hormonal effects of
TCE exposure in 85 male workers exposed to TCE in an electronics factory found that years of
exposure was significantly associated with dehydroepiandrosterone sulfate and negatively
associated with SHBG, insulin and testosterone'®*'®. Insulin levels showed a triphasic response
with level of exposure. Initial exposure was associated with a rise in insulin followed by a fall to
normal levels 2-4 years after exposure and then a rise after 6 years. In their papers the authors
postulate that the decreased SHBG is secondary to the hepatotoxic effects of TCE.

Health Effects of Chlorinated Naphthalenes

Chlorinated naphthalenes have been associated with acute and chronic liver disease. These
effects have been well recognized since 1937 when the first of several case reports describing
deaths from acute liver toxicity was presented®. A recent retrospective mortality study of workers
exposed to chlorinated naphthalenes, as well as asbestos, manufacturing cables during World
War I documented an excess of deaths from cirrhosis (both alcoholic and non-alcoholic)
(SMR=1.84; 95% CI =1.56-2.16)'®. They noted an increase in deaths from all cancers, which
was statistically significant for men SMR=1.18 (95% CI=1.10-1.26). An excess of cancer of the
connective tissue was suggested for workers with over 1 year of exposure and 25 years of latency
(SMR=3.54 (95% CI=0.97-9.07)'%. Among other cancer sites increased risks were seen in both
men and women for stomach, rectum and lung cancers, with associations diminished by the use
of county, rather than the US population, as reference.

Summary

Overall, previous studies have suggested a wide variety of health effects of PCBs and related
compounds. There remain a number of inconsistencies in human studies, including the variety of
effects seen on the hormonal effects, immunologic effects and neurodevelopment of children
exposed in utero. The La Salle cohort offered a unique opportunity to explore long term
hormonal and immunologic effects not previously explored of exposure to PCBs and related
compounds years prior to examination. This group is unusual in the high percentage of women
employees, the long lag period between exposure and examination and the existence, not only of
solvents such as trichloroethylene, but also of chlorinated naphthalenes, which may have
interacted with PCBs on health parameters in ways that have not been previously examined.
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SPECIFIC AIMS
1. To examine the relationship between PCB exposure as estimated by serum PCB levels and
work history, and biochemical markers of PCB effects on lipids, liver enzymes, thyroid function,

immune function and steroid hormones. Specific hypotheses are that exposure to PCBs will be:

- Positively associated with triglycerides and cholesterol and negatively associated with
HDL-cholesterol

- Positively associated with GGT, alkaline phosphatase, SGOT and SGPT and inversely
assoctated with bilirubin

- Positively associated with TSH, LH, insulin and glucose and inversely associated with
T,, T, testosterone, free testosterone, SHBG and FSH

- Inversely associated with IgM, IgA, total T cells, and CD4 cells.
2. To examine the relationship between estimated PCB exposure and reproductive outcomes
among female employees of EUC, including miscarriage, birth weight, and gestational age.
It is hypothesized that PCB exposure will be associated with lower birth weight and increasing

risks of miscarriage and premature births.

3. To more accurately characterize worker exposure to PCBs and other compounds at EUC.
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MORBIDITY STUDY

This study is a cross-sectional examination of a sample of the cohort of workers previously
employed at EUC. It included an in-depth survey of previous exposures, life style factors, and
medical history, as well as blood and urine measurements of PCBs, hormones, lipids, immune
function, liver enzymes and hormonal status.

A total of 217 persons (191 former employees and 26 local residents not employed at the plant) -
were included in the morbidity study. The study included an extensive interview concerning
work exposures, medical and reproductive outcomes, and potential confounders, such as
medication use, smoking and alcohol intake. Fasting blood for PCB levels, lipids, liver enzyme
tests, endogenous hormones and immune function and spot urines for porphyrins were also
collected. In addition, measurements of serum glucose, BUN, creatinine, electrolytes,
phosphorus, total protein, albumin, globulin, uric acid, iron and CBC counts were made.

Recruitment

Study participants were recruited from persons previously employed at the plant and still living
in the area. At the beginning of the morbidity study, the overall cohort had not been identified.
Several lists of employees were used to identify 1,030 persons, including a list provided by the
United Steelworkers of American (USW) in the early 1980s, previous employees who had
attended community meetings during the late 1980s and 1990s, a list of persons who had
participated in the pilot study, and a list derived from 400 payroll cards available to IDPH. A
total of 251 persons were identified, located and approached for recruitment into the study and,
of these, 191 agreed to participate in both the survey and collection of blood and urine
specimens. Unexposed persons were recruited through random digit dialing from the Illinois
Valley area and included persons who had never worked at the plant, were age 35 years and
older, and had lived in the area for more than 15 years. If both persons from the household had
worked at the plant only one was eligible to participate. A total of 26 of 146 eligible of the
unexposed participated in both the survey and collection of blood and urine specimens.

Exposure Assessment

In the analyses for this study, exposure was assessed through four methods. The first was total
number of years worked at the plant as determined from the social security records. The second
was from the more detailed exposure and work history of the individuals evaluated by an
industrial hygienist. The time of employment at each job in the plant, along with location of the
job at the plant was determined for each individual. A hazard score was applied to each job
category based upon location (1 to 4 based upon proximity to the "cook” department, 1 farthest
and 4 closest). The hazard score was then calculated for each job worked by multiplying the
hazard rank for that job by the number of months worked at that job and summed for an overall
exposure score. The third exposure assessment was determined from total PCB concentration in
serum received from the CDC. The fourth method was with the lipid-adjusted PCB concentration
in serum. Lipid-adjusted PCB in ppb was assumed to be PCB levels in parts per billion
(ppb)/(2.27xtotal cholesterol+triglycerides+62.3)x100,000. This formula has been used by the
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CDC in the past and shown to correct for lipid differences due to variations in collection
methods'?. Overall, there was high agreement among the scores with a Spearman correlation of
0.71 between quarters worked and PCB level and a correlation of 0.70 between total hazard score
and PCB level.

Collection and Processing of Data

Data collection for the biomarker study occurred in two phases, often, but not always on the same
day during the summer of 1996. Heights and weights were taken at the time of the blood and
urine collections. Participants were asked to donate blood and spot urine samples after fasting for
12 hours. Urines were first morning specimens collected at home the day of the examination.
Each participant was sent a packet prior to the examination with instruction sheets about fasting,
the importance of bringing current medication to the examination, and the urine collection. In the
packet was a urine specimen cup containing a 100 mg vitamin C tablet to preserve the specimen
for measurement of urine estrogen metabolites. A total of 8 tubes of blood were collected from
each person (4 10 cc red stopper tubes, one 10 cc tiger stopper, two 5 ml EDTA lavender stopper,
and one heparinized green stopper). Serum was separated from the red stopper. A total of 10 cc
of serum was frozen and sent to Dr. Chatterton's laboratory for the steroid hormone analyses, one
5 cc EDTA lavender stopper tube and 10 cc of whole blood was refrigerated and sent to
Smithkline Beecham daily for thyroid, chemistries and complete blood count (CBC) analyses, 15
cc of urine was frozen and sent Leon Bradlow's laboratory in New York for urine estrogens, and
10 cc of serum, one 5 cc EDTA lavender stopper and one 10 cc green stopper heparinized tube
were sent to CDC for PCB and immune measurements. In addition, Angelique van Birgelen at
USEPA analyzed total urine porphyrins from a separate aliquot of the urine samples. Split
samples were also submitted blind to each laboratory for additional quality control.

Participants also answered questions concerning their exposures to PCBs and other chemicals at
EUC, exposures to other sources of PCBs such as fish, previous incidence of selected medical
conditions, reproductive history, history of congenital, developmental and endocrine problems in
their children, medication use, and lifestyle factors which could serve as potential confounders,
such as smoking and alcohol use. Questions were constructed to focus on those areas in which
outcomes were predicted in the literature. The questionnaire was divided into two separate
sections, exposure and medical history, and was administered at the study site by two separate
surveyors trained by the University of Illinois Survey Research Laboratory and blinded as to the
answers on the other half of the survey.

Following the survey, questionnaires were checked on site and participants were queried on site
concerning any missing answers. After the field work was completed, questionnaires were again
checked by study staff and participants were telephoned concerning any missing or unclear
answers. Data was then coded and entered into the computer for data analysis. In addition, 10%
of the surveys were re-entered as an additional quality control. Particular attention was given to
the medication history, which was obtained in four separate places. Current medication use was
determined at the time of the survey and blood drawing separately. In addition, survey
participants were queried concerning medication use in the last 12 months, as well as within the
last two weeks. A Microsoft Excel spreadsheet containing the reported medications used by each
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study participant was reviewed by a registered pharmacist for drug name clarification. The data
was then imported into an Microsoft Access database of drug information created by MediSource
Lexicon. Using this database allowed for matching of drug names to specific identification codes
that then allowed the joining of data sets. The drug names were linked to drug class information
as well as active ingredient. Where gaps existed, due to differences in drug names (generic versus
over the counter versus prescription name), a Registered Pharmacist reviewed the data set and
indicated missing drug classification information or active ingredient information. A final
spreadsheet was then exported from the joined data in the database containing ID number of the
participant, all drugs reported by that participant and each drug's associated active ingredient and
classification. For analyses in this report, medication was assumed to be that used within the two
weeks prior to the blood draw.

Dioxin and Chlorinated Naphthalene Levels

Because of the possibility of multiple chemical exposures, a sub-study was performed to examine
levels of polychlorinated dibenzo-p-dioxins (dioxins), dioxin-like PCBs, and polychlorinated
naphthalenes in a subgroup of 10 former workers selected by their PCB level and years of
exposure. Among those participating were three women who worked > 10 quarters only before
1952, 3 men and one woman who worked both before and after 1952, and 2 men and one woman
with PCB levels >20 ppb who worked only after 1952. Results are still pending from CDC.

Notification of Participants

Participants were notified by first-class mail of all standard laboratory results as soon as they
became available. Reports from Smithkline Beecham of CBC, chemistries, and thyroid results
were available within a week. All results were reviewed by project physicians for abnormal
results. Three individuals were subsequently called by the staff for discussion of results requiring
more urgent attention. All results were sent within a few weeks to the participants and physicians
if requested by the participant. The immune results were available about nine months later. These
results were handled in a similar fashion. They were reviewed by Dr. Persky prior to being sent
to participants and their physicians and the few results requiring more urgent attention
communicated by telephone calls with Dr. Persky. PCB results were not available until April,
1998 and were sent within a few weeks to participants, as well as to physicians when requested.

PCB and Biomarker Analyses

Analyses of PCBs by CDC

Two separate methods were used by CDC to analyze for PCBs. A packed column gas
chromatographic method using technical Aroclors 1242 and/or 1260 as standards and reported as
total PCBs (as Aroclor 1242 and/or Aroclor 1260) and total PCBs (the sum of Aroclor 1242 and
Aroclor 1260). A capillary gas chromatographic method provided concentration levels for 38
individual PCB congeners, the sum of which was reported as total PCBs. We compared the two
analytical approaches using a subset of samples (n=45) in an attempt to determine the
comparability of the two methods and found a Spearman correlation coefficient of 0.925
(p<0.001). This is indicative of a highly significant correlation between the two methods.
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Subsequently, all remaining samples were analyzed for specific PCB congeners using the
capillary gas chromatographic method described below. All total PCB levels presented in this
report are the sum of the congeners: PCB #s 028, 052, 060, 066, 074, 099, 101, 105, 110, 118,
130, 137, 138, 146, 149, 153, 156, 157, 167, 170, 171, 172, 177, 178, 180, 183, 187, 189, 191,
193, 194, 195, 201, 203, 205, 206, 208, 209. Limits of detection for individual congeners are
given in Table 1 of Appendix A. Values below the limits of detection were assumed to be zero.

All samples first underwent extraction and clean up. Serum was denatured with methanol and
extracted with hexane:ethyl ether (1:1). The extracts were eluted through adsorption silica gel
(deactivated to 3% with water) with hexane. Surrogates used to monitor the capillary analytical
process were Ballschmiter and Zell (BZ)'® #30 (2,4,6-trichlorobiphenyl), PCB congener BZ
#204 (2,2',3,4,4',5,6,6'-octachlorobiphenyl) and hexabromobiphenyl! (2,2'4,4',5,5'-
hexabromobiphenyl). The recovery of surrogates was not used to correct analytical results
reported for unknowns.

All specimens were analyzed by the capillary method using a 60mx0.25mm i.d. x 0.25um film
thickness DB-5 and 60 m x 0.25 mm i.d. x 0.25 um film thickness DB-1701 (J&W Scientific,
Folsom, CA). A Hewlett/Packard 5890 GC equipped with a HP7673 autosampler was used
(Hewlett-Packard, Wilmington, DE). Individual congeners (38) (Ultra Scientific , North
Kingston, RI) were used as standards with response factors being generated relative to the
internal standard (1,2-dichloronaphthalene; Ultra Scientific, North Kingston, RI). Data were
handled by a P-E Nelson Turbochrom Chromatography Data Station (The Perkin-Elmer
Corporation, San Jose, CA). Serum pools, made from bovine serum that contained in vivo PCBs
as Aroclor 1242 or Aroclor 1260 derived from goats fed these technical materials, were used as
quality control materials'®. These pools were characterized through repetitive analysis (n=20) for
individual congeners setting mean, 95 and 99%, control limits. Pools analyzed with unknowns
had to meet quality control limits before data were reported.

Analyses of CBCs and Chemistries by Smithkline Beecham

a. Complete Blood Counts (CBC) were determined by the Coulter Principle with employs
electronic counting and sizing of particles. WBC differential analysis was based on simultaneous
measurements of cell volume, high frequency conductivity and Laser Light Scatter. Hemoglobin,
released by hemolysis to a stable cyanide-containing pigment, was measured by photometric
absorbance.

Lipids and Liver Chemistries were determined on an Olympus AU 5200 by Smithkline Beecham.
Methods for specific tests are described below:

b. Cholesterol: For this analysis, cholesterol esters present in the serum are hydrolyzed to free
cholesterol and fatty acids by cholesterol esterase. The cholesterol is then oxidized by cholesterol
oxidase to cholest-4-en-3-one with the simultaneous production of hydrogen peroxide, which in
turn reacts with 4-aminoantipyrine to produce a chromophore. The resulting absorbance of the
reaction mixture is measured bichomatically at 540/600 nm and is proportional to the cholesterol
concentration in the serum.

17



c. Triglyceride: For this analysis triglyceride is hydrolyzed to free fatty acids and glycerol by
lipase. The glycerol is then enzymatically phosphorylated and then oxidized with glycerol
phosphate oxidase. The resultant hydrogen peroxide produced reacts with the chromogen 4-
aminoantipyrine to give a chromophore which is measured bichromatically at 520/660 nm. The
increase in absorbance of the reaction mixture is directly proportional to the triglyceride
concentration in the serum.

d. HDL-Cholesterol: The automated methods for direct determination of HDL-cholesterol in
serum uses (PEG)-modified enzymes, sulfated alpha-cyclodextrin, and dextrin sulfate. When
cholesterol esterase and cholesterol oxidase enzymes are modified by PEG, they show selective
catalytic activities toward lipoprotein fractions, with the reactivity increasing in the order
LDL<VLDL=chylomicrons<HDL. In the presence of magnesium ions, sulfated alpha-
cyclodextrin reduces the reactivity of cholesterol, especially in chylomicrons and very low
density lipoprotein (VLDL) without the need for precipitation of lipoprotein aggregates. T he
results of this direct homogeneous enzymatic method correlate with those obtained by
precipitation-based methods and also by an ultracentrifugation method.

e. GGT: This method is based on a modification of the method developed by Szaz'° utilizing the
water soluble substrate L-gamma—g]utamyl-3—carboxy1-4nitroanilide. In the reaction, GGT
catalyzes the transfer of the L-glutamyl group from the substrate to glycylglycine yielding 5-
amino-2-nitrobenzoate. The resulting change in absorbance of 410/480 nm is directly
proportional to the GGT activity in the sample.

f. SGOT: This method is based upon the reference method of the International Federation of
Clinical Chemistry (IFCC) '*!. In this method SGOT catalyzes the transamination of aspartate
and 2-oxoglutarate, forming L-glutamate and oxalacetate. The oxalacetate is then reduced to L-
malate by malate dehydrogenase, while NADH is simultaneously converted to NAD*. The
decrease in absorbance due to the consumption of NADH is biochromatically measured at
340/380 nm and is directly proportional to the SGOT activity in the sample.

g. SGPT: SGPT is based upon the reference method recommended by IFCC"2, SGPT transfers
the amino group from L-alanine to 2-oxoglutarate to form pyruvate and glutamate. The pyruvate
enters into a lactate dehydrogenase catalyzed reaction to produce lactate and NAD*. The decrease
in absorbance due to the consumption of NADH is biochromatically measured at 340/380 nm
and is directly proportional to the SGPT activity in the sample.

h. Alkaline Phosphatase: This method is based on the method developed by Bowers and
McComb'® and has been formulated as recommended by the IFCC''* Alkaline phosphatase
activity is determined by measuring the rate of conversion of p-nitro-phenylphosphate (PNPP) in
the presence of 2-amino-2-methyl-1-propanol at pH 10.4. The rate of change in absorbance due
to the formation of pNP is measured bichromatically at 410/480 nm and is directly proportional
to the alkaline phosphatase activity in the sample.
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i. Lactate Dehydrogenase: This method employs a modification of the method originally
described by Wacker''*. L-lactate is catalyze to pyruvate by lactate dehydrogenase with the
simultaneous reduction of NAD* to NADH. The resulting increase in the absorbance is measured
bichromatically at 340/520 nm and is directly proportional to the lactate dehydrogenase activity
in the sample.

j. Total Bilirubin: A stabilized diazonium salt, 3,5-dichlorophenyldiazonium terafluoroborate,
reacts with bilirubin to form azobilirubin which absorbs maximally at 540/600 nm. Caffeine and
a surfactant are used as reaction accelerators. The absorbance at 540/600 nm is proportional to
the bilirubin concentration in the sample.

Analyses of Thyroid Hormones by Smithkline-Beecham

a. Total T, and Free Thyroxine Index (FTI): T, was determined through immunoassay, in
which the control is combined with an enzyme-acceptor solution containing thyroxine antibody
with a releasing agent, and an enzyme-donor solution containing enzyme substrate. The reagents
are mixed and incubated at 37° C, and the rate of hydrolysis is measured at 450nm. The
concentration of total T, in the patient specimens and controls are determined using a linear
calibration curve!', FTI is calculated from T, uptake assay, in which '“I-labeled T, is used as the
tracer in the T, uptake assay to fill the unbound thyroxine binding globulin (TBG) sites. The
remaining tracer is bound by albumin covalently immobilized to para-magnetic particles.
Separation of bound from unbound tracer is by magnetic separation and decantation of the
supernatant. The amount of T, radioactivity bound to the immobilized albumin binder varies
inversely with the level of unbound TBG in the sample.

b. Total T;: T, was determined by the Chiron Diagnostics ACS Chemiluminometric assay''”"*.
The Chiron Diagnostics ACS: 180 T assay is a competitive immunoassay using direct
chemiluminescent technology. T, in the patient sample competes with a T, analog, which is
covalently coupled to paramagnetic particles in the Solid Phase for a limited amount of
acridinium ester-labeled monoclonal mouse anti-T, antibody in the Lite Reagent. An inverse
relationship exists between the amount of T, present in the patient sample and the amount of
relative light units (RLUs) detected by the system.

¢. TSH: TSH is based upon a double antibody immunochemiluminescent procedure. The lower
limit of sensitivity of this third-generation assay is 0.003 mcIU/ml. The solid phase, a polystyrene
bead enclosed within an Immulite test unit, is coated with a monoclonal antibody specific for
TSH. While the participant serum sample and alkaline phosphatase-conjugated polyclonal
antibody are incubated for approximately 60 minutes at 37° C with intermittent agitation, TSH in
the sample is bound to an antibody sandwich complex. Unbound conjugate is then removed by a
centrifugal wash, after which substrate is added and the test is incubated for a further 10 minutes,
and read by chemiluminescence.
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Analyses of Serum Hormones by Dr. Chatterton's Laboratory:

a. Sex hormone binding globulin (SHBG): The Delphia system was used for the assay of
SHBG in serum. Materials were obtained from Wallac, Inc (Gaithersburg, MD). This is a solid
phase two-site time-resolved fluoroimmunometric assay utilizing a sandwich technique. The
intraassay and interassay coefficients of variation in recent assays'?’ have been 6% and 8%
respectively.

b. Dehydroepiandrosterone sulfate (DHEAS): DHEAS was measured in unextracted serum by
radioimmunoassay as described previously'?!. Titrated tracers were obtained from Nuclear Corp,
Boston, MA. Antiserum was obtained from ICN Biochemicals, Inc., Costa Mesa, CA: cross-
reactions: 36% androsterone, 12% So-androstane-3,17-dione, 3% androst-4-ene-3,17-dione.
Antibody-bound ligand was separated from unbound ligand by the addition of dextran-coated
charcoal (DCC). The intraassay and interassay coefficients of variation were 4.6% and 10.9%.

c. Cortisol: Plasma cortisol was measured by a direct assay described previously'#*. Antiserum
produced in this laboratory cross-reacts 17.4% with 11-deoxycortisol, 0.2% with cortisol
phosphate, and <0.1% with dexamethasone, progesterone, estradiol, and testosterone. *H-cortisol
for the assay was obtained from New England Nuclear Div., Boston, MA. Serum was diluted
1/100 in 0.1 M citrate buffer, pH 4.0, before assay. Antibody-bound ligand was separated by
dextran-coated charcoal. The intraassay and interassay coefficients of variation for cortisol in
recent assays were 8 and 11% respectively.

d. Follicle stimulating hormone (FF'SH): Antiserum and standards were obtained from the
National Hormone and Pituitary Program of the NIH at Georgetown University Medical center.
Iodinated FSH was obtained from Incstar Corp., Stillwater, MN. This is a double antibody
method for measuring FSH in serum as described previously'?!?*, The intraassay and interassay
coefficients of variation in recent assays were 2.55 and 3.5% respectively.

e. LH: LH was measured by a coated tube radioimmunoassay. Materials were obtained from
Diagnostics Products Corporation, Los Angeles. In this assay LH is captured between
monoclonal anti-LH antibodies immobilized on the inside surface of the polystyrene tube and the
1>]abeled polyclonal anti-LH tracer. Results are expressed in mIU/ml in terms of the World
Health Organization's First International Reference preparation of LH for immunoassay, 68/40
(1st IRP 68/40). The sensitivity is approximately 0.15 mIU/ml. Intra- and interassay coefficients
of variation (CVs) average 3.0 and 7.1% respectively.

f. Testosterone: Testosterone was measured in serum by a coated tube assay obtained from
Diagnostic Systems Laboratories, Webster, Texas. This assay employs *’I-testosterone as the
tracer. The antiserum cross-reacts <0.9% with androstenedione and androstenediol, and 5.8%
with dihydrotestosterone. Intra- and interassay coefficients of variation in recent assays were
4.9% and 7.5%.

20



g. SHBG-Bound Testosterone: SHBG-bound testosterone was determined as described by
Bonfrer et al'® A 0.2 ml volume of serum diluted 1/8 with buffer is equilibrated with *H-
estradiol overnight at 4°C. A 0.10 ml suspension of a concavalin-A Sepharose conjugate
(Pharmacia) is added to the serum. SHBG binds to the Con-A during a 30 min incubation period
at room temperature. Testosterone in the serum maintains its equilibrium concentration with
SHBG in the presence of endogenous factors such as other androgens, estrogens, and free fatty
acids'**'?7, Separation of unbound *H testosterone from that bound to the Sepharose Con-A is
achieved by centrifugation at 0°C in order to minimize dissociation of bound estradiol. A pool of
human serum is used as an internal control. The intra- and interassay CVs of recent assays were
8.2 and 10.4% respectively.

h. Estrogens:

Estradiol: The Delphia procedure was used for measurement of serum estradiol. Kits
were obtained from Wallac, Inc., Gaithersburg, MD. This is a sold-phase competitive
immunoassay that employs an europium labeled estradiol and time-resolved fluorescence
measurement for quantification. The antiserum provided is highly specific for estradiol; only
estrone (0.75%), 16-ketoestradiol (0.9%), estriol (0.4%), and estradiol 3-glucuronide (0.55%)
compete significantly for estradiol. Intra- and interassay CVs for premenopausal women average
5.8% and 8.2% respectively.

SHBG-bound estradiol: SHBG-bound estradiol was determined as described by Bonfrer
et al'’>. A 0.2 ml volume of serum diluted 1/8 with buffer is equilibrated with *H-estradiol
overnight at 4°C. A 0.10 ml suspension of a Conconavalin-A Sepharose conjugate (Pharmacia) is
added to the serum. SHBG binds to the Con-A during a 30 min incubation period at room
temperature. Estradiol in the serum maintains its equilibrium concentration with SHBG in the
presence of endogenous factors such as other androgens, estrogens and free fatty acids'>>'?’.
Separation of unbound *H-estradiol from that bound to the Sepharose Con-A is achieved by
centrifugation at 0°C in order to minimize dissociation of bound estradiol. A pool of human
serum is used as an internal control. The intra- and interassay CVs of the last 11 assays were 4.53
and 8.60%, respectively

i. Insulin: Plasma insulin was measured by an immunoradiometric assay (Diagnostic Products
Corporation Los Angeles, CA) utilizing (**°) insulin. The antiserum cross-reacts 40% with
proinsulin; no cross reactivity is detected with c-peptide or glucagon. The sensitivity of the assay
is 1.2 ulU/ml. All samples were measured in one assay; the intraassay CV was 5.1%.

Quality control: External quality control standards were obtained from the American College of
Pathologists. For internal quality control, a single batch of each of the quality control materials,
antisera, and tracers for the assay of these analyses were prepared and reserved for all assays
during the study. Blood specimens were analyzed by technicians unaware of the participants’
exposure group and 5% of the samples were submitted as blind duplicates to the laboratory as an
additional quality control. Serum was stored at -70°C in 3-4 ml aliquots for measurement of
additional hormones if subsequent literature indicates that they may be affected by PCB
exposure.
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Urine Analysis for 2-OHE, and 160-OHE, by Dr. Bradlow's Laboratery

The assay was carried out by first aliquoting 10 microliters of urine, standards, or controls into
microtubes. The standards contained both 2-OH estrone (E,) and 16a-OHE, in concentrations of
1.25, 2.5, 5.0, 10, 20 and 40 ng/ml. 190 pl of glysulase in buffer (pH 4.1) was added to both
samples, standards, and controls and incubated at room temperature for 2 hours. The samples
were then neutralized with 200 pl of Tris buffer (0.1 M, pH 8.3). 2-OHE, and 16a-OHE, coupled
to alkaline phosphatase were appropriately diluted with buffer and set aside. Two 96 well
microtiter plates (with either 2-OHE, or 16a-OHE, antibody immobilized on the plate) were
washed 5 times with PBS/0.05% Tween-20 buffer in order to hydrate the antibody. With a
multichannel pipettor, 75 pl of sample or standards was aliquoted to the corresponding wells of
the washed microtiter plates using the same set of pipette tips for the same sample on both plates.
2-OHE, or 16a-OHE, alkaline phosphatase conjugates (75 pl) was then aliquoted to the
appropriate plate and each plate was incubated for three hours at room temperature. The plates
were then washed 5 times with PBS/0.05% Tween 20 buffer. The color reagent (100 pl of
paranitrophenyl phosphate in 1 M diethanolamine, 1 mg/ml) was added to each well. The assay
plates were then read kinetically at 405nm.

The assay has been validated independently by gas chromatography-mass spectrometry. Using 16
urine samples from healthy premenopausal women, a correlation coefficient between the two
methods of 2 =0.8 was obtained for both 2-OHE, and 16a-OHE,. Over the last few years Dr.
Bradlow validated the ELISA in his laboratory. The monoclonal antibodies used for this assay
were developed by Immuna Care and titer plates coated with the antibody were supplied by them
for the assay. These antibodies proved to be highly specific. Cross reactivity of 16a-OHE,
monoclonal antibody was 5.0% to 16a-OH DHEA, 0.05% to 16a-OH androstenedione, 0.08% to
4-OHE;, 0.05% to 2-OHE;, 0.1% to Es, 0.01% to E,, 0.12% to E,, 0.01% to 2-OHE,, and 0.15%
to E,. Cross reactivity of 2-OHE, monoclonal antibody was 100% to 2-OHE,, 74% to 2-OHE;,
0.5% to E,, 0.5% to E,, 0.15% to Es, 0.1% to E,, 0.5% to 16a-OHE,, an 0.5% to 4-OHE,. Within
assay coefficients of variation (CVs) for women were 6.5% for 2-OHE,, 9.1% for 16-OHE,, and
7.8% for the ratio 2/16 OHE,. Between assay CVs for women were 7.4% for 2-OHE,, 12.8% for
16-OHE,, and 8.1% for the ratio of 2/16-OHE,. A series of stripped urine samples containing
known concentrations of 2 and 16 «-OHE, were assayed to determined assay accuracy.
Coefficients of variation ranged from 4.2% for 40ng/ml to 12.7% for 2.5 ng/ml for 2-OHE, and
from 4.4% for 40 ng/ml to 12.8% for 2.5 ng/ml. Uniformity of antibody application to 96 well
microtiter plates was determined by aliquoting female control urine using an 8-tip pipettor.
Coefficients of variation among columns and rows varied from 5.7% to 11.1%.

Analyses of Inmune Parameters by CDC

a. Inmunoglobulins and C Reactive Protein (CRP): Immunoglobulins and CRP were
measured by laser turbidometry, calibrated to the U.S. National Reference Preparation

maintained at the Centers for Disease Control and Prevention'®,
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b. ANA: Antinuclear antibodies (ANA) were measured by indirect immunofluorescence using
HEP-2 cells (ImmunoConcepts, San Diego, CA). A test was positive if it was strongly positive at
a dilution of 1/80 and possibly positive if it was weakly positive at a dilution of 1/80.

¢. Lymphocyte Immunophenotyping: Lymphocyte phenotypes (LPT) were determined by
methods generally consistent with established guidelines for clinical analysis and in compliance
with regulations of the Clinical Laboratory Improvement Act (CLIA). Whole blood samples were
prepared for analysis by a stain-and-lyse method using one FITC-labeled and one PE-labeled
monoclonal antibody conjugate in each tube (Table 1). All samples were analyzed with a
minimum of the first six tubes. In a subset of participants, additional tubes were included to
measure lymphocytes bearing CD5 or HLA-DR.

Stained samples were analyzed on either an EPICS 741 or EPICS Elite flow cytometer (Coulter
Corporation, Hialeah, FL) using the 4Cyte independent 8-bit 4-parameter acquisition system and
Acmecyte customized software'?’. Both cytometers were calibrated using consistent target
conditions for light scatter, fluorescence intensity, and spectral compensation parameters'*. Data
were acquired and archived in listmode files containing all information recorded during

analysis'*’.

The LPT percentages were determined by quadstat analysis of fluorescence distributions of
events defined as lymphocytes by forward and right angle light scatter. A rectangular light scatter
gate determined by the analyst during data acquisition was used to delineate lymphocytes.
Quadstat cursor positions, used to dichotomize events into "negative" and "positive" populations,
were determined by inspection for most phenotypes, which had clear separation between negative
and positive distributions. For two phenotypes (the CD5 B-cell and the HLA-DR T-cell) that
lacked a clear separation between positive and negative events, a non-specific fluorescence
(NSF) control for each sample was run separately and used to determine the quadstat cutoff
point.

Data from the quadstat analyses were imported into a relational database, where the final
percentages for the various LPT were determined. The result reported for T-cells was obtained by
discarding the minimum and maximum values of the individual CD3 results then averaging the
remaining values. The result reported for B-cells was determined by the percentage of
lymphocytes staining for CD20 but not for CD3 (or CD2 in samples analyzed in 1991).

Analyses of Porphyrins

Urinary porphyrin concentrations were determined according to the method of Schwartz et a
modified by Debets et al'** using an acid-ethanol solution and 10ul of urine. Porphyrins were
measured using a cytofluor multiwell plate reader (Milipore Co., Bedford, MA) as described
before'®. Urinary porphyrins were standardized to creatinine. Urinary creatinine concentrations
were analyzed using the colorimetric determination assay kit from Sigma Chemical Co. (St.
Louis, MO) and a 96-wells Thermomax ELISA plate reader (Molecular Devices Co., Menlo
Park, CA) ’

132
1,
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Power of the Study

The power of our study to detect significant differences varies according to the specific endpoint
measured. Below we present power calculations for several of our negative findings for one of
our exposure variables, total PCBs. For analysis of disease outcomes, the power to detect a given
odds ratio can be computed as a function of the sample size and the proportion with the disease
outcome, where the odds ratio is the effect of an increase of one standard deviation in the
continuous independent variable. For disease outcomes we coded total PCBs as an ordinal
variable with four categories and estimated its effect as a continuous independent variable.
Observed standard deviations of the ordinal score were used to transform effects of an increase of
one level on the ordinal score into effects of an increase of one standard deviation for the purpose
of power estimation. We have computed power to detect an odds ratio of 1.5 or more and 2.0 or
more for each increase of one level in the ordinal variable, which we would consider to be a
significant effect size in the population. Note that power is equivalent for odds ratios which go in
a protective direction (1/(1.5) = .67 or less, 1/(2.0) = .5 or less). Continuous outcomes were
analyzed using correlations. In the case of correlations, the power to detect a given correlation
can be computed as a function of the sample size. We have computed the power of our sample to
detect correlations of size .2 or more, .3 or more, and .4 or more (or equivalently -.2 or less, -.3 or
less, -.4 or less), again effect sizes which we would consider to be significant in the population.

Effects of Total PCBs on Disease OQutcomes:

Outcome Power to Detect:
N proportion OR>=1.5* OR>=2.0*

Women:

Cardiovascular Disease 148  .068 24% 55%
High blood pressure 144 389 62% 95%
High fat/cholesterol 147 333 46% 85%
Gallbladder disease 142  .190 46% 85%
Diabetes 149  .148 41% 81%
Hypothyroid 146  .116 34% 73%
Breast Cancer 149 .040 16% 37%
Men:

Cardiovascular Disease 68 .103 21% 43%
High blood pressure 65 385 43% 70%
High fat/cholesterol 68 265 37% 66%
Gallbladder disease 63 .095 19% 38%

*average effect of each one unit increase across four ordinal categories.
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Women:
GGT in v/l
ALT inu/l

Total cholesterol
LDL cholesterol

TSH Ultra Sens.
Triiodothyronine

Total T,

Free T, 82
Insulin

CD4-cells

NK-cells

Men:

Bilirubin

Alkaline Phosphatase
GGT in v/l

ALT in v/l

Triglycerides
Total cholesterol
HDL cholesterol
LDL cholesterol
Total chol / HDLC

Triiodothyronine

Total T,

Free T, 54
Testosterone

Conc T bound to SHBG
Insulin

CD4-cells

Correlations with Total PCBs:

Iz

146
146

79
78

82
79
82

81
144
144

[z

64
64
64
64

52
52
52
51
52

53
54

54
54
54

62

Power to Detect:

Corr>=.2 Corr >=.3 Corr>= 4
68% 96% 100%
43% 77% 96%

42% T7% 96%

44% 79% 97%

43% T77% 96%

44% 79% 97%

44% 79% 96%

68% 96% 100%
Power to Detect:

Corr >=.2 Corr>=.3 Corr>= 4
36% 68% 92%

30% 59% 85%

29% 58% 84%

30% 59% 85%

30% 60% 86%

31% 61% 86%

35% 67% 91%
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Statistical Analysis

Multiple regression models'* were used to test the significance of the effect of each exposure
measure, treated as an independent variable, on each morbidity outcome, treated as the dependent
variable, adjusting for confounders as additional independent variables. The type of outcome
determined choice of either multiple linear regression'”, for continuous biomarkers, or multiple
logistic regression'* for binary outcomes including diseases, indicators of biomarkers above or
below an established threshold value, and pregnancy outcomes. Relevant confounders were
determined separately for each outcome based on research literature. Details for each type of
outcome are described below.

History of Selected Diseases

The numbers of persons with a previous history of having selected diseases of interest are
presented in Table 2. Workers with disease beginning before the first date of employment were
excluded from the analyses. For diseases with at least five cases, relationships between exposure
and cumulative prevalence of the disease were analyzed using logistic regression for men and
women separately with control for age and body mass index, with age and body mass index
treated as continuous variables. Exposure variables were each grouped into four ordered
categories. Odds ratios reflect an increase in one group (eg group 2 vs group 1, group 3 vs group
2, or group 4 vs group 3) across the four exposure categories: PCB (<3, 3-4.99,5-9.99, 10+ ppb);
Lipid-adjusted PCB (<444, 444-730, 731-1499, 1500+ ppb); Quarters worked at EUC (0,1-4,5-
24, 25+); Job hazard score (0,1-71,72-294,295+). The grouping for PCBs were chosen so that the
Jowest group was comparable to a non-exposed population, and the other three groups contain
approximately equal numbers per group. Groupings for lipid PCBs were chosen to allow for
similar distributions among groups (40%,20%,20%, and 20%). Groupings for quarters worked
included non-EUC workers, those who worked less than one year and then the remaining
participants in two group with approximately equal numbers in the groups. Groupings for job
hazard score were defined as non-EUC workers, and then other participants in groups with
approximately equal numbers. Tests of trend performed across groups tested for linear effects
with significance levels set at p<0.05.

Biomarkers

A total of 220 persons participated in the study, of whom 217 (149 women and 68 men; 191
workers and 26 controls) completed both the blood drawing and questionnaire. Two different
models are presented. The first model (Model 1) does not control for any confounders; the
second controls for confounders previously associated with each selected endpoint. Correlations
of age with PCBs and other exposure variables were high (0.22-0.49). Correlations of age with
biomarkers were not high, and, in general, insignificant. Exceptions were SGOT in men (r=-0.27,
p=0.0331), SHBG-bound estradiol in women (r=0.21, p=0.0537) and alkaline phosphatase in
women (r=0.23, p=0.006).

For analyses of liver enzymes, persons taking glucocorticoid hormones, or oral contraceptives
(women only), or who were missing information on confounding variables were excluded (Table
3). Confounders controlled in Model 2 included age, BMI, presence of diabetes, alcoholic
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drinks/month, estrogen related medication (women only), and menopausal status (women only).
For analyses of lipids and hormones, premenopausal women, women on €strogens, persons with
diabetes, persons taking thyroid medication (men only) and persons on glucocorticoids, or anti-
lipidemics (lipid analyses only), as well as those with missing data, were excluded. Confounders
controlled in Model 2 for lipids and hormones included age, BMI, current smoking status,
alcoholic drinks/month, and thyroid medication (women only). Analyses were also performed
excluding women on thyroid medication. These results are not presented, however, since no
appreciable difference was detected. For analyses of immune function, persons taking
glucocorticoids or oral contraceptives (women only), as well as those with missing data, were
excluded. Confounders controlled in Model 2 included age, BMI, diabetes, current smoking
status, alcoholic drinks/month, estrogens (women only), and menopausal status (women only).
For these analyses smoking was coded as a dichotomous variable for current smoking (yes/no)
and alcohol was coded as none, < 8/month, > 8/month for women and none, 1-16/month, and >
16/month for men.

Demographics of the total cohort included in the mortality study and for persons included in the
morbidity study are given in Table 4. Participants in the morbidity study worked longer at EUC
than those in the overall surviving cohort (28.4 vs 13.1 quarters) and were somewhat younger
than those in the overall cohort (average age 60.7 vs 64.2 years).

Among those examined in the morbidity study, there were few differences between those
included in the final analyses and the overall sample (Table 5). There were somewhat lower PCB
and lipid PCB levels in those included in the lipid and hormone analyses. Women included in the
lipid and hormone analyses were also somewhat older than the overall sample. Men included in
the lipid and hormone analyses had somewhat higher ingestion of alcohol and cigarettes than the
overall sample. There were no differences in BMIL PCB levels were stron gly related to quarters
worked in all groups.

Continuous biomarkers were tested for associations with four different continuous measures of
exposure (current serum PCB level, lipid-adjusted PCB level, total number of quarters worked
and total job score) using Spearman rank correlations. This non-parametric statistic was used
because many of the observed distributions did not follow a normal or Gaussian distribution.
Unadjusted and adjusted correlations were calculated. For biomarkers with established cutoff
points defining normal ranges, and for whom there were sufficient numbers of defined as
abnormal (eg at least two greater than the number of independent variables in each model),
logistic regression was used to test for associations between exposure and abnormal biomarkers
as the outcome. Resulting odds ratios reflect an increase of one group across the four
experimental categories (ie group 2 vs group 1, group 3 vs group 2, or group 4 vs group 3). Crude
and adjusted odds ratios were calculated. The association between quarters worked and
continuous biomarkers was also examined by categorizing quarters worked into the non-EUC
workers (zero quarters worked) and three tertiles of exposure where each quarter was assumed to
be 3 months (1-4, 5-24, 25+). Hazard score was divided into four categories (0, 1-71, 72-294,
295+). Means of continuous biomarkers were computed within each of the four categories of
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quarters worked to provide a further description of trends. Spearman correlations were computed
using ranks of 1 through 4 corresponding to membership by category of quarters worked.

Reproductive Outcomes

A total of 149 women were surveyed, of whom 135 had been pregnant with a total of 440
pregnancies. The outcomes of the pregnancies, as well as the inclusion criteria for specific
analyses are given in Table 6. Differences in outcomes between pregnancies with exposure prior
to or during pregnancy vs pregnancies without exposure prior to or during the pregnancy were
analyzed using logistic regression after control for age of the mother, smoking during pregnancy
(yes/no), drinking during pregnancy (yes/no) and x-rays during pregnancy (yes/no). For outcomes
in children, the above confounders were controlled, as well as gender of the child and whether
the child was breast fed (yes/no).

RESULTS
Exposure

The relationships of PCB and lipid PCB with quarters worked and with job hazard score are
given in Table 7. There were very high correlations among the respective variables (r= 0.97
between total PCB and lipid-adjusted PCB, r= 0.95 between quarters worked and job hazard
score, 1=0.71 between quarters worked and PCB level and r=0.70 between job hazard score and
PCB level).

History of Selected Diseases

Relationships of exposure with history of selected diseases are presented in Tables 8-9. Each
association tested is presented as an odds ratio (OR), for the increase in odds of disease
associated with an increase in one group of exposure and corresponding p-value. The most
consistent association was with diabetes, which was significantly associated with lipid PCB
(OR=1.69, CI: 1.06-2.68), quarters worked (OR=3.03, CI: 1.37-6.67), and job hazard score
(OR=3.26, CI: 1.53-6.96) in women and with PCB (OR=2.72, CI: 1.02-7.25) in men after control
for confounders. The only other significant associations in women after control for age and BMI
were for job hazard score with ovariectomy and abnormal vaginal bleeding, and with quarters
worked and job hazard score for hypothyroidism. There were no other significant associations in
men. One man gave a history of diagnosis of porphyria in 1990, several years after the plant
closed. Levels of porphyrins in his urine from this study, however, were not elevated compared
with those of other participants.

Biomarker Results

The results of the biomarker analyses are given in Tables 10-20. Men and women are presented
separately. Biomarkers are treated as continuous variables and tested for associations with four
measures of exposure: current total PCB level, current lipid-adjusted PCB levels, total number of
quarters worked, total job hazard score as defined above. Each association tested is summarized
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by the Spearman rank correlation and corresponding p-value. In addition, Tables 2-17 in
Appendix A present mean values for each of the biomarkers by quarters worked at the plant and
by total job score categorized into four levels. In general, the results for the categorized exposure
are similar to those for continuous exposure measurements. Where slight differences existed they
are noted in footnotes at the end of the section. Tables 18-20 present associations for exposure
with clinically abnormal values. In these analyses, variables with the number of abnormal < 2
more than independent variables in the model are not presented because the small numbers did
not allow for adequate statistical testing.

Liver Enzyme Tests

Associations of total PCB levels with liver enzyme tests were examined after control for
confounders and are presented in Tables 10-11. In women, alkaline phosphatase was associated
with all exposure variables (Table 10), but only the association with PCB (r=0.18) remained
significant after control for confounders. Bilirubin was significantly and inversely associated
with quarters worked after control for confounders (r=-0.17). In men SGOT was associated with
PCB (r=0.28) and lipid PCB (r=0.26) levels (Table 11), but only after control for confounders.
There were no significant associations of any of the indices of exposure with GGT, LDH, SGPT
or urinary porphyrins in men or women.

Lipids

Associations of total PCB level with serum lipids are presented in Tables 12-13. PCB and lipid
PCB levels were significantly and positively associated with triglycerides after control for
confounders in women (r=0.45 for PCB and r=0.31 for lipid PCB) (Table 12), but not in men.
HDL cholesterol was inversely associated with PCB (r=-0.29) and lipid PCB level (r=-0.25) in
women, but not in men, after adjustment for confounders. When lipids were dichotomized into
normal and abnormal according to Smithkline Beecham normal values (Table 19), high
triglyceride was significantly associated in women with PCB (adjusted OR=3.11, CI:1.41-6.83),
but not with lipid PCB, years worked or job hazard score, after control for confounders. There
were no significant associations with total cholesterol or LDL cholesterol when analyzed
continuously®.

Endogenous Hormones

Associations of total PCB levels with endogenous hormones were examined with partial
Spearman correlation analysis and are presented in Tables 14-15. Among women, SHBG was
significantly and inversely associated with all measures of exposure and after adjustment for
confounders (Table 14). Adjusted correlations varied from -0.34-0.46. Similarly, percent SHBG-
bound estradiol was inversely related to quarters worked and job hazard score after control for
confounders® (r=-0.32 and -0.29 respectively). FSH was inversely associated with PCB, lipid
PCB, and quarters worked after control for confounders, with adjusted correlations varying from
-0.25 to -0.29. Dehydroepiandrosterone (DHEA) sulfate was inversely associated with PCB,
lipid-adjusted PCB, and job hazard score but the association was not significant after adjustment
for age. T, uptake was inversely associated with PCB (r=-0.23) after control for confounders.
Urine 2-OH estrone was significantly and inversely related to PCB, lipid PCB, and hazard score
after control for confounders®, with adjusted correlations varying from -0.23 to -0.30. Since 16-
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OH was also inversely related to measures of exposure, although not significantly, there were no
associations of the ratio of 2-OH/16-OH with any of the exposure variables. There were no
significant associations of PCB with T,, FTI, T;, cortisol, insulin®, LH, or testosterone.

Among men, TSH was inversely and significantly associated with all measures of exposure
(Table 15). It remained significant after control for confounders for all measures of exposure.
Adjusted correlations varied from -0.35 to -0.37. The percent of testosterone bound to SHBG but
not the concentration of testosterone bound to SHBG, was positively associated with job hazard
score, but not with the other exposure variables. The relationship was not significant after control
for confounders. T, uptake was inversely associated with all exposure variables after control for
confounders (r=-0.29 to -0.43) There were no other associations of any exposure with any
endogenous hormone analyzed continuously in men®.

The only hormonally related variable for which there were clinically normal values was glucose,
which, in non-diabetics, was elevated in too few people to allow for adequate analysis. In
addition to the above variables the relationships of exposure with serum glucose were examined
both including and excluding diabetics and after control for potential confounders (not shown in
the Tables). Excluding diabetics there was no significant relationship of any of the exposure
variables with serum glucose after control for confounders. Including diabetics, there was no
relationship of any exposure with serum glucose in men. In women, there were significant and
borderline significant associations of glucose with PCB and lipid PCB levels, respectively, but
not with quarters worked or job hazard score, after control for confounders".

Immune Function

Associations of total PCB levels with parameters of immune function are given in Tables 16-17.
In women, IgA was significantly associated with PCBs and with lipid-adjusted PCBs, but only
the association with PCBs was significant after control for confounders (r=0.18) (Table 16). C
reactive protein (CRP) was significantly associated with all measures of exposure, but only the
association with PCBs remained significant after control for confounders (r=0.17). There were no
significant associations with WBC, IgM, NK cells, IgG, total T or B cells, or T cell subtypes. In
men, percent NK cells was significantly associated with all measures of exposure and after
control for confounders (Table 17). Adjusted correlations varied from 0.38 to 0.41. Percent T-
cells was significantly and inversely associated with PCBs and lipid-adjusted PCB levels before
and after control for confounders (adjusted r=-0.38 and -0.41, respectively), but not with quarters
worked or job hazard score. Percent monocytes was significantly associated with lipid PCB after
adjustment for confounders (r=0.29). Percent B cells and CD5 B cells were inversely associated
with quarters worked, but these were not significant after control for confounders. When analyses
were done dichotomizing biomarkers with defined normal values as > normal vs normal, high
CRP was significantly associated in women with PCBs (OR=2.16, CI:1.34-3.49) and with lipid-
adjusted PCBs (OR=1.94, CI: 1.22-3.07), but not with years worked or job hazard score after
control for confounders (Table 19).
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Other Measured Variables

In addition to the above biomarkers which were primary hypotheses of the study, several other
parameters were measured, including BUN, creatinine, sodium, potassium, chloride, magnesium,
inorganic phosphate, total protein, albumin, globulin, uric acid, total iron, iron binding capacity,
hemoglobin, hematocrit, and platelet count. These comprised a large number of analyses for
which several might be expected to yield associations by chance alone. Findings should therefore
be viewed as preliminary and hypothesis generating, rather than hypothesis testing. They are not
presented in tables in the text, but are included in Tables 18-19 in Appendix A and discussed
briefly below.

In women, there were significant inverse association for serum iron with quarters worked and job
hazard score after control for confounders. There were also positive associations of platelet count
with job hazard score after control for other variables. Serum albumin was significantly
associated with all measures of exposure in women, but the associations were no longer
significant after control for confounders. Chloride in women was also significantly and inversely
associated with PCBs and lipid PCBs after control for confounders. Sodium was significantly
and inversely associated and total protein and globulin were positively associated with PCB after
control for confounders. There were no significant associations between any of these biomarkers
with any measure of exposure in men after control for potential confounders.

a DL cholesterol in men was significantly associated with quarters worked after control for
confounders when the quarters worked was categorized, but not when it was analyzed
continuously.

b SHBG bound estradiol in women was significantly related to job hazard score when the hazard
score was analyzed continuously, but not when it was categorized.

¢, 2-OH estrone was significantly associated with quarters worked, when quarters worked was
treated as a categorized variable, but not when it was treated as a continuous variable.

¢ Insulin in women was significantly associated with quarters worked when quarters worked was
categorized, but not when it was analyzed continuously.

¢, Cortisol in men was significantly associated with quarters worked after control for confounders
when quarters worked was categorized, but not when it was analyzed continuously.

f. Glucose was significantly associated with quarters worked analyzed as a categorized, but not
when it was analyzed as a continuous variable, when diabetics were included.

Quality Control - Split Samples

Results of the analyses for split samples are given in Tables 21-23. Coefficients of Variation
(CVs), defined as 100 times the ratio of the standard deviation divided by the mean, were
performed on duplicate samples. The coefficients of variation for immune, lipid, and liver
enzymes were generally less < 10% (Tables 21,23). The only exceptions were percent and
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absolute number of basophils, for which the CV were 33.4% and 33.3%, CD5 B-cells for which
the CV was 11.5%, IgM for which the CV was 10.7% and CRP for which the CV was 10.5%.
CVs for endogenous hormones were more variable. CVs for thyroid function, % estradiol bound
to SHBG, and % testosterone bound to SHBG were < 10.4%. CVs for SHBG, DHEAS, cortisol,
estradiol, insulin, FSH, concentration of estradiol bound to SHBG, concentration of LH and
testosterone varied from 13.8 to 32.5%. ‘

Reproductive Outcomes

Results of the analyses of reproductive outcomes are presented in Tables 24-25. There was a
significantly higher percent of children born after or before their due dates (not on time delivery)
in women exposed before or during pregnancy, but no significant differences between the groups
in percent with low birth weight, spontaneous abortions, miscarriage, premature delivery or
having a male vs female child (Table 24). Women exposed prior to or during the pregnancy were
also significantly more likely to have children with chronic respiratory illnesses, frequent ear
infections, developmental problems, hyperactivity, reversal of letters, and learning problems
(Table 25). Timing of exposure was unrelated to the children having birth defects, hearing
problems, hormonal problems, cancer, thyroid problems, abnormal uterus, abnormal ovaries,
female infertility, endometriosis or undescended testes (Table 25). There were too few children
(<5) with the following problems to allow for analysis of diabetes, immune problems, abnormal
head size at birth, hyperthyroidism, hypothyroidism, abnormality of the vagina, abnormality of
the cervix, or two undescended testes.

DISCUSSION

Results from the morbidity study are consistent with previous work suggesting that PCBs may be
estrogenic. These effects have been seen with a variety of congeners®>*"**!’, although, in general
they have been more frequent with ortho-substituted congeners*>*. It has been hypothesized that
PCBs act either through increased numbers or sensitization of estrogen receptors at the tissue
level*>'¥”. PCBs have also been shown to increase in vitro hydroxylation to the more estrogenic
16-OH vs 2-OH estrone'®. In this study we found inverse associations of measures of exposure
with both 2-OH and 16-OH estrone metabolites, although only the association with 2-OH estrone
was significant. We did not find an altered ratio of 16/2 OH estrone in this group of
postmenopausal women, unlike the previous report'>*. This study does lend support to an
additional mechanism by which PCBs may be acting: through decreased SHBG and, therefore,
greater availability of estrogens for action at the tissue level. The hypothesis is supported by the
decreases in SHBG and percent bound estradiol in postmenopausal women, as well as the
decreases in FSH consistent with peripheral estrogenization. It is also consistent with the
elevations in triglycerides and biliary cancer'®, both of which are thought to be estrogen related.

Several of the findings in this study suggest an effect of PCB exposure in women on diabetes and
its associated hormonal alterations, including increased history of diabetes, as well as increased
triglycerides, decreased SHBG and decreased HDL. These associations are consistent and strong.
However, there were no consistent associations with serum glucose and insulin levels and the
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associations with HDL were not as striking as those with triglycerides and SHBG. In our cohort
mortality study (submitted under separate cover) we found decreased, not increased, mortality
from diabetes in men, and no association in women. Previous literature on the effects of PCBs on
diabetes is limited. An occupational study did not find significant associations of serum PCBs
with glucose®, although it did not examine specific hormone levels. Dioxin exposure has been
associated with increased prevalence of diabetes in the Ranch Hand Study”o, as well as
suggestions of increased diabetes mortality after the Seveso accident'! and in the IARC
International Cohort Study'*.

The multiple exposures at the plant preclude delineation of specific effects. There is no previous
data on endocrine effects of chlorinated naphthalenes. There is one study of TCE exposure'®**
in which exposure was associated with decreased SHBG as in this study. In that study insulin
levels were altered in those with increased TCE exposure, although there was no significant
difference in diagnosed diabetes. In that report workers were exposed at the time of data
collection. TCE is metabolized quickly, unlike PCBs, and it is difficult to postulate TCE induced
hormonal effects in this cohort >15 years after exposure. Previous studies have suggested that the
estrogenic effects of PCBs are specific to non-dioxin like congeners. Unfortunately, the number
of women from whom we will have dioxin and dioxin like PCB measurements will be too few to
examine this hypothesis. '

A wide variety of animal and human studies have shown effects of PCBs on the thyroid gland.
Animal studies, in general, have shown decreased T, and FTI secondary to decreased binding to
transthyretin and increased glucuronidation, with less consistent alterations in T, or TSH***14,
These changes have been most striking with dioxin-like congeners, in rodent models, and in
female animals*. Studies in humans have not been consistent, with increased T, seen after a
mixed furan and PCB exposure® and decreased T, in pregnant women’"* and their infants™
associated with ingestion of fish containing dioxins and PCBs. The failure of most animal studies
to find an increase in TSH in association with consistently decreased T, levels suggests that there
may be decreased sensitivity of the pituitary to changes in peripheral thyroid levels. Data from
this cohort, with strong inverse associations of TSH seen with all measures of exposure and no
difference in T, or FTI in men suggests that TSH may be appropriately compensating for a
tendency to increased peripheral hormone levels. The history of hypothyroidism in women,
however, suggests an opposite effect, although without changes in levels of T,, FTI or Tj, the
clinical significance of the finding is unclear.

This study does not provide support for an effect of PCBs on testosterone levels. Data on effects
of PCBs on serum androgens in animals has been inconclusive®* and studies of testosterone
levels in human studies are notably lacking. Studies of effects of dioxins in animals'**'* are
more consistent and suggest that the decreases seen in serum testosterone may be due to
increased metabolism through enzyme induction and/or increased synthesis of androgens.
Support for the animal dioxin data is found in at least one*® of two'**'*" studies in humans.

This study does show a strong association between PCB exposure and serum triglyceride levels.
This is consistent with previous literature®®'*!, which has found stronger associations with
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triglycerides than cholesterol or HDL-cholesterol. The fact that the relationship persisted after
lipid adjustment suggests that it is not completely secondary to partitioning of the PCBs in blood
fat particles.

Especially in light of the consistent effects on SHBG and triglycerides in this study, the lack of
consistent associations with most measures of liver enzymes is notable. Most of the previous
cohorts which have found a greater number of persons exposed to PCBs with abnormal tests for
liver enzymes have examined participants at the time of, or shortly after, exposure™''. Our failure
to see consistent associations in this cohort >15 years after exposure, therefore, may not be
inconsistent with previous findings. The inverse association between bilirubin and quarters
worked in women has been noted previously® and is thought to be secondary to induction of
glucuronyl transferases.

In general, this study fails to find associations of exposures with most measures of immune
function examined. In men there was a consistent association of percent natural killer cells with
all measures of exposure and in women there were associations of IgA and CRP levels with PCB,
but not with other exposure variables, after control for confounders. The significance of these
findings is not clear. Previous studies have shown increases®, decreases® and no change® in
natural killer cells with PCB exposure. Similarly, exposure to PCBs and furans have shown
transient decreases, not increases in IgA®>%. To the best of our knowledge CRP has not been
examined in relation to PCB exposure. It is considered a general measure of inflammation and
has been associated with acute illness, as well as coronary heart disease'*® and selected cancers'.
It has been suggested that measures of cell subtypes and antibodies may not be an adequate
measure of immune response and that more functional measures, such as primary immune
response, are more appropriate for investigations of immunotoxic effects™. In addition, it is
possible that complex mixtures of different PCB congeners and other exposures, such as
chlorinated naphthalenes, may have effects on the immune system which cannot be predicted
given the lack of previous immune data.

The significant inverse associations of serum iron and positive associations of platelet count, as
well as the inverse association of sodium and chloride in women should be viewed with caution.
These findings were not replicated in men, were inconsistent among different exposure
categories, and, in general, not supported by previous literature. Studies relating iron to PCBs,
TCE or chlorinated naphthalenes, however, are lacking. The results, while intriguing, must await
future investigations.

This study does not lend support to an effect of in utero exposure to PCBs on birth weight,
miscarriage or sex ratio. The data, unfortunately, were not sufficient to examine detailed effects
on gestational age. Previous literature has not been consistent, with some”">7%"” but not all'*
studies seeing decreases in birth weight after inutero PCB exposure. This study does suggest that
exposure may be associated with infections and learning deficits. These findings are consistent
with previous literature’”, but the results presented in this report are based on small numbers
and need to be replicated in other studies.
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Strengths and Limitations

The major strength of this study is the in-depth examination of the relationships of PCB exposure
with endocrine and immune biomarkers, many of which have not been previously explored in
human studies. Several of the findings, such as the consistent decrease in SHBG levels in highly
exposed postmenopausal women, are new and suggest intriguing explanations of the previously
noted estrogenic effects of PCBs.

An important limitation to the study, however, is the difficulty in measuring exposure and
potential confounders in a plant which has not only been closed, but destroyed many years prior
to the study. Exposure at the plant appears to have been widespread. Some jobs, such as cook,
were probably associated with greater exposure, but this is difficult to quantify. Serum PCB
levels allow for a very rough approximation of PCB exposure, but the lack of measurement of
dioxin-like PCBs and the variability in biologic half life renders characterization of individual
congener exposures a formidable undertaking. To date, we have no measure of chlorinated
naphthalene or TCE exposure, although our pilot study may suggest that measurements of serum
chlorinated naphthalenes might be feasible in the future.

This study also suffers from the limitation of any retrospective cohort morbidity study in which
only a relatively small sample of former employees are examined. Thus, the numbers of quarters
worked by participants in the biomarker study was higher than worked by the overall cohort. By
examining only the survivors, the study could miss those persons most affected by the exposure
and the results, therefore, could be biased towards the null hypothesis. Conversely, those
volunteering for the study might be former employees with medical problems which they relate
to their exposure, with resulting participant and recall biases towards positive associations. This
is more of a potential problem for self-reported medical and reproductive endpoints than for
objective measures of biomarkers.

Self-reported data without verification from medical records could also potentially bias the
results towards the null hypothesis through poor precision of endpoint measurements.
Examination of associations of PCB levels with objective measurements of biomarkers, again,
should minimize these difficulties. PCBs have fairly long half lives, averaging 2-6 years'>"'%,
with substantial variation among individual congeners. Thus, precise estimation of original
exposure may be difficult, although serum measurements should give an approximation of
current exposure and should therefore be useful for a cross-sectional analysis of current exposure
with biomarkers.

The large number of analyses in this study could yield positive findings by chance alone. The
strength and consistency of several of the findings, such as associations of exposure with
triglycerides, SHBG, and FSH in women and association of exposure with NK cells and TSH in
men, as well as cohorence with animal data and biologic plausibility, suggest that they may
reflect real biologic differences.
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Despite the above limitations, this study is a unique opportunity to examine a wide variety of
health effects in a cohort which was exposed to an unusual mixture of contaminants. Our data
suggests that these exposures, either alone or in combination, may have been associated with
previously unreported effects on the endocrine system. Further studies should help in the
delineation of the specific exposure effects, as well as the influence of these exposures on the
long term development of the children of parents exposed at the plant.

CONCLUSIONS

1. There was a significant positive association of serum triglycerides with PCB and lipid-adjusted
PCB levels and an inverse association of HDL with PCB and lipid PCB levels in women, but not
men, after control for confounders. This finding is consistent with previous literature. There were no
other associations of exposure with serum lipids in women and no consistent associations in men.

2. Alkaline phosphatase was significantly associated with PCB level and bilirubin was inversely
associated with quarters worked in women. SGOT was significantly associated with PCB and lipid
PCB levels in men. These associations, while not consistent, are similar to those seen in previous
studies.

3. Analyses of endogenous hormones revealed significant inverse associations of TSH with all
measures of exposure after control for confounders in men, but not in women. SHBG was inversely
associated with all measures of exposure, and percent estradiol bound to SHBG was inversely
associated with quarters worked and hazard score, after adjustment for confounders among women,
but not men. FSH was inversely associated with PCB, lipid PCB and quarters worked in women
after control for confounders. There were significant associations of history of diabetes with selected
measures of exposure in men and in women. With diabetics included in the analysis there was a
significant association of serum glucose with PCBs after control for confounders in women, but not
in men. This is one of the first studies to examine the effects of occupational PCB exposure on
endogenous hormones. Previous studies have noted associations of PCB exposure with decreased
levels of thyroxine and variable effects on TSH. The inverse associations with SHBG, FSH and
percent SHBG-bound estradiol are new and consistent with other studies suggesting that non-
coplanar PCBs may be estrogenic.

4. Analyses of immune function revealed a variety of findings which were not necessarily supported
by previous literature. In women IgA and CRP were significantly associated with PCB after control
for confounders. In men, percent NK cells were significantly associated with all measures of
exposure, and percent T cells was inversely associated with PCB and lipid PCB, after control for
confounders. '

5. There were no significant associations between exposure and birth weight, gender of the child,
miscarriage or premature delivery. Women exposed before or during pregnancy, however, were
significantly more likely to have children with chronic respiratory infections, frequent ear infections,
developmental problems, hyperactivity, reversal of letters or learning problems. These findings,
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while consistent with previous literature, were based on self report and small numbers and must
therefore be viewed with caution.

RECOMMENDATIONS

1. Examine the association of specific PCB congeners and groups of congeners with measures
of lipids, liver enzymes, immune function, and endogenous hormones

2. Survey the entire surviving cohort with a more in-depth telephone interview targeting
specific health parameters in former workers as well as more detailed histories of their
children

3. Obtain more precise measures of exposure through measurement of serum PCBs and, if

possible, chlorinated naphthalenes in a larger number of former EUC workers.
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Table 1 - Summary of Reagents Used to Determine Lymphocyte Phenotypes

o
Gating Control for
1 CD45 CDl14 BDIS BDIS All Lymphocytes
5 oba DS Coulter Coulter CD4 and CD8
Lymphocytes
All T-cells;
3 CD8 CD3 Coulter BDIS Cytotoxic T-cells
All T-cells;
4 CD3 CD4 BDIS Coulter Helper T-cells
All T-cells;
5 CD3 CD20 BDIS Coulter All B-cells
D56/ All' T-cells;
6 CD3 CD16 BDIS BDIS Natural Killer (NK) Cells
k All B-cells;
7 CD19 - Sigma - NSB for CD5
8 CD19 CD5 Sigma BDIS é}l)lsBﬁc-zglsi;
All T-cells;
9 - CD3 - BDIS NSB for HLA-Dr
10 HLA-Dr ] All T-cells;
CD3 Sigma BDIS HLA-DR T-cells

Reagent Sources: Becton-Dickinson Immunocytometry Systems (BDIS), San Jose, CA;
Coulter Corporation, Hialeah, FL; Sigma Immunochemicals, St. Louis, MO.
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Table 2 - Number of Participants by Self-Reported Disease

Anemia 28/136 2167
Angina 5/149 5/68
Benign Thyroid Tumor 4/148 3/68
Blood in Urine 71147 6/68
Breast Cancer 6/149 na

Breast Fibroids 26/145 na

Cardiovascular Disease 10/148 7168
Chronic Bronchitis 14/141 5/67
Chronic Sinusitis 23/140 2/66
Cirrhosis 1/149 0/67
Collagen Disease 1/149 0/68
Diabetes 22/149 7/68
Eczema 12/145 2/68
Endometriosis 11/147 na

Gallbladder Disease 27/142 6/63
Goiter 3/147 0/68
Gout 6/148 11/68
Hashimotos 0/149 0/68
High Blood Pressure 56/144 25165
High Fat/Cholesterol 49/147 18/68
Hyperthyroidism 3/147 0/68
Hypothyroidism 17/146 2/68
Hysterectomy 58/137 na

Immune System Problem 6/149 2/68
Liver Cancer 0/149 0/68
Liver Disease/Hepatitis 3/149 1/65
Low White Blood Cell 4/148 1/68
Multiple Sclerosis 1/149 0/68
Neuritis 10/149 3/67
Osteoporosis 16/149 na

Ovarian Cysts/Fibroids 38/132 na

Ovary Removed 56/137 na

Parkinsons 3/149 0/68
Poor Leg Circulation 17/145 7167
Porphyria 0/149 1/68
Protein in Urine 3/149 2/68
Psoriasis : _ 6/147 4/67
Pulmonary/Respiratory 12/147 4/65
Raynaud’s Disease 0/149 0/68
Rheumatoid Arthritis 14/147 4/67
Scleroderma 1/149 0/68
Shingles 17/149 - 4/68
Thyroid Cancer 2/148 0/68
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Uterine Fibroids 35/144 na
Vaginal Bleeding 34/143 na
Vaginal Pain 12/143 na
Yellow Jaundice 5/142 2/65

*Excludes former workers who got disease/condition prior to working at EUC.
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Table 3 - Number of Participants and Exclusions in Each Biomarker-Specific Analysis

Liver & Immune Analysis
Women (n=146)
- 146 out of the 149 women interviewed were included in the final liver & immune analyses.
‘Women on steroid and oral contraceptive medications were excluded. The 3 exclusions were as
follows:
1 on steroids
2 on oral contraceptives

Men (n=64)
- 64 out of the 68 men who participated in both the blood draw and questionnaire were included
in the final liver & immune analyses. Men on steroid medications were excluded. The 4
exclusions were as follows:
3 on steroids
1 with missing alcohol information

Lipid Analysis
Post-Menopausal Women (n=79)
- Of the 149 women who participated in both the blood draw and questionnaire, 125 were post-
menopausal (only post-menopausal women included in this analysis).
- 79 out of the 125 post-menopausal women were included in the final lipid analysis. Post-
menopausal women who were diabetic or on estrogen-related, steroid, or anti-lipidemic
medications were excluded. The 46 exclusions were as follows:
23 on estrogens

1 on steroids

3 on anti-lipidemics

1 on estrogen & anti-lipidemics

9 medicated diabetics

4 non-medicated diabetics

3 medicated diabetic on anti-lipidemics

1 medicated diabetic on estrogen & anti-lipidemics

1 non-medicated diabetic on anti-lipidemics

Men (n=52)

- 52 out of the 68 men who participated in both the blood draw and questionnaire were included
in the final lipid analysis. Men who were diabetic or who were on steroid, thyroid, or anti-
lipidemic medications were excluded. The 16 exclusions were as follows:

3 on steroids

2 on anti-lipidemics

2 on thyroid medication

1 on thyroid & anti-lipidemic medications

1 on anti-lipidemics with missing alcoholic drink info.

4 medicated diabetics

3 non-medicated diabetics
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Hormone Analysis
Post-Menopausal Women (n=82)
- Of the 149 women who participated in both the blood draw and questionnaire, 125 were post-
menopausal. (only post-menopausal women included in this analysis).
- 82 out of the 125 post-menopausal women were included in the final hormone analysis. Post-
menopausal women who were diabetic or who were on steroid or estrogen-related medications
were excluded. The 43 exclusions were as follows:
24 on estrogens
1 on steroids
12 medicated diabetics
5 non-medicated diabetics
3 medicated diabetic on anti-lipidemics
1 medicated diabetic on estrogen

Men (n=54)

- 54 out of the 68 men who participated in both the blood draw and questionnaire were included
in the final hormone analysis. Men who were diabetic or who were on steroid or thyroid
medications were excluded. The 14 exclusions were as follows:

3 on steroids

3 on thyroid medication

4 medicated diabetics

3 non-medicated diabetics

1 with missing alcohol information
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Table 4 - Comparison of Mean Quarters Worked and Age in Total Cohort and Interviewed
Cohort

Quarters Worked
total 3305 13.1 (24.4) 188 28.4 (30.5)
women 1652 14.6 (25.6) 125 26.9 (27.3)
men 1216 14.5 (26.0) 63 31.2(35.7)
Age in 1996
total 1788 64.2 (12.3) 188 60.7 (12.3)
women 1038 68.0 (12.3) 125 62.3 (12.3)
men 750 59.0(10.1) 63 57.5(11.7)

*mean age includes only total cohort known to be alive in 1996.
excludes controls and workers first employed at EUC in 1978 or later.
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Table 6 - Female Reproductive - Number of Participants

Number of Participants
149 women were surveyed
135 reported having ever been pregnant
14 reported having never been pregnant
135 women had 440 pregnancies, with outcomes as follows:
398 live births
7 still births
1 induced abortion
16 spontaneous abortions
15 miscarriages
2 tubal or ectopic pregnancies
1 molar pregnancy

Outcomes of Pregnancy Analysis

363 (115 exposed/248 unexposed) out of the 398 live births were included in the
“Outcomes of Pregnancy” Analysis (except for miscarriage). The 35 exclusions were
as follows:

8 exposed to DES

2 exposed to German Measles or Rubella

16 with unknown DES exposure

2 with missing alcoholic exposure

3 with missing x-ray exposure

3 with unknown DES and unknown alcohol exposure

1 with unknown DES and unknown x-ray exposure

Adverse OQutcomes in Children Analysis
361 (115 exposed/246 unexposed) out of the 398 live births were mcluded in the
Adverse Outcomes in Children Analysis. The 37 exclusions were as follows:
35 exclusions listed above
2 with missing breast feeding exposure
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Spontaneous Abortion and Miscarriage Analysis

- spontaneous abortion analysis, n=379 (outcome: 16 spontaneous abortions/ 363 live
births. exposure: 117 exposed/262 unexposed). The 61 exclusions were as follows:
35 live birth exclusions listed above
24 pregnancies not resulting in either spontaneous abortion or live birth
- miscarriage analysis , n=376 (outcome: 13 miscarriages/363 live births; exposure:
118 exposed/258 unexposed). The 64 exclusions were as follows:
35 live birth exclusions listed above
27 pregnancies not resulting in either miscarriage or live birth
2 miscarriages with all confounding information missing
- spontaneous abortion/miscarriage analysis, n=392 (outcome: 29 outcome/ 363 live
births; exposure: 120 exposed/272 unexposed) The 48 exclusions were as follows:
35 live birth exclusions listed above
11 pregnancies not resulting in spontaneous abortion, miscarriage, or live birth
2 miscarriages with all confounding information missing
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Table 18 - Number of Participants with Low or High Biomarker Values

ormone-:

TSH Ultra Sensitive 82 7 12 54 1 2
T, 79 0 1 53 0 1
T,-Uptake 82 0 1 54 0 5
T, 82 0 2 54 1 1
Free T, Index 82 0 2 54 0 0
Lipid*:
Triglycerides 79| NA? 13 52 NA® 17
Total Cholesterol 79 NAS 68 52 NA® 31
HDL Cholesterol 79 7 NA’ 52 15 NA®
LDL Cholesterol 78 NA® 59 51 NA® 28
Chol/HDLC 79 NA® 45 52 NA® 33
Liver':
Bilirubin| 146 NAS’ 5 64 NA® 4
Alk. Phosphatase| 146 0 6 64 0 0
GGT| 146 NA’ 18 64 NA® 1
AST (SGOT)| 146 NA® 6 64 NA® 0
ALT (SGPT)| 146 NA® 7 64 NA® 3
LDH| 146 NA® 3 64 NA® 0
nmune*:
IgA| 143 2 10 64 5 0
IgG| 143 5 9 64 1 3
IgM| 143 14 14 64 5 1
CRP| 143 NA’ 28 64 NA’ 6
WBC| 146 4 6 64 0 2
Abs. Neutrophils| 146 1 3 64 0 1
Abs. Lymphocytes| 146 0 3 64 1 1
Abs. Monocytes| 146 0 0 64 0 0
Abs. Eosinophils] 146 5 3 64 2 3
Abs. Basophils|] 146 NA® 1 64| NA® 0
CD4-cells| 144 4 18 60 2 8
CD4/CD8| 144 7 6 62 7 1
Anti-Nuclear Antibody1?| 141] NA® 24 64 NAS 5
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Antl-Nuclear Antibody2*?

1 Exclusions for hormone analysis by gender are: 1YWomen-excludes pre-menopausal women, diabetics, and those
on steroid and estrogen-related medications. 2)Men-excludes diabetics and those on steroid and thyroid medications.
2 Exclusions for lipid analysis by gender are: 1)Women-excludes pre-menopausal women, diabetics, and those on
estrogen-related, steroid, and anti-lipidemic medications. 2)Men-excludes diabetics and those on steroid, thyroid and
anti-lipidemic medications.

3 Exclusions for liver analysis by gender are: 1)Women-excludes those on steroid and oral contraceptive
medications. 2)Men-excludes those on steroid medications.

4 Exclusions for immune analysis by gender are: 1)Women-excludes those on steroid and oral contraceptive
medications. 2)Men-excludes those on steroids.

5No low or high range defined.

sAnti-Nuclear Antibody was analyzed two different ways: 1) Weakly Positive classified as Positive and

2) Weakly Positive classified as Negative.

68



69

e1ee vre9’ 106€° iy 6LLS | onfea-d

€1 'l (4! 80 60 A0 | IPIAT |1 Apognuy TeaponN-nuy

0T6L° L208 8TS LESE" LL8S | onpea-d (9% +19)

' 60 71 80 01 O | vP1/8T | steo-4a@d

S0 | 7661 < L 00 | enead

L1 81 | v ST 61 | o 40 | ev1/8¢

£15¢ 0£pS’ 191 L69Y" 6556 $068" | onjea-d

vl 71 €1 71 01 01 A0 | vt | w8l

0780’ 6L6T 2008 $6£9° 0611 L6038 | onfea-d

LT vl €1 L1 €1 60 A0 | €v1/01 [ 081
s unuruy

$9T6° 7686 $0E6’ 0188’ pL8L 963" 6859’ 6618 | emea-d

01 01 01 01 'l 01 'l 01 - 40 | 9v1/81 jam +9t) 10D
"nhvz‘._

19L8° 8658 Te6L 81¢S opIr SLOY | | evv1 | onpead ,

0’1 0’1 'l 'l 1 z1 | 'l O | 6L/SY [ecpp)on

LL8Y" 6187 6821 wso 7629 185y 6859’ ¢SL6” | onpea-d (/3w +1€1)

71 €1 9’1 ST 60 80 ' 01 O | 6L/6S |1o1seroyd a1

140L° 1LY 0zES L9SE’ LT 97T 6£99' 08pL | onjea-d (/8w +007)

'l Tl Tl €1 9'0 L0 60 60 O | 6L/89 [1omssioy) oL

100t TEYS LY1E 98¢€¢" 3£80° 8900° | RYOO £9001 | onpead

€1 Tl 1 Tl 81 L1 | | MO | 6L/ET i
:Sprdry

Ly1v 01LE €185 6265 79CS $ST6° pESY’ 0078 | onrea-d (oMo +8°)

80 80 80 60 80 01 60 I'l MO | T8/21 |eanisuss-enin HSL
:[SOUOULIOH

DIH

i

USWO A\ -SaN[B A JoxIeworg mo] pue y3ry pue ainsodxg DA jo diysuone[ay - 61 dqe ],



0L

“pIO SIe2A +(9 USWOM 0] MO] ST p/3ut 9> (€ pue ‘plo SIeak 65-5¥

USWOM 10] MO] S1 [p/30r 99> (T ‘P10 SIEaL p-QE USWOM 10] MO St p/Swt £ /> (1 98¢ uo paseq USTIOM 10§ WS MO,

‘9aTIeSaN Se PIYIsSe[o

2ATISOJ ADTEoM (T PR SATIISO SB PIYISSE]Dd SANISOd ApTeap (T :sAem JuaIagyip om) pozATeue sem Apoquuy JEa[OnN-NuY,
"PI0 STeak +(9 uawom 10§ Y1y st [p/3W +01€ (€ Pue ‘Plo sreak 65-Cy

uswom 10§ YSTy St [p/3W +GST (T “PI0 STeaA pp-Q¢ USWIOM 10} ygny st p/Bw +£1€ (1 98e uo paseq USWIOM 10} W21 udiy,

P10 S12aK +09 usuom 10§ ySry ST [p/BW +p181 (€ PUe PO sTeak 65-S

wourom 107 ySty st p/8ux +76v1 (T ‘PIO S1804 pH-Of TotoMm 10 ySTy st [p/Sul +88S1 (1 :28e uo paseq usWOM 103 D3] ysiy,
“SUOIEIIPAt 9ANId20BNU0D [BI0 PUE PIOIS)S UO 350 318 SISA[eUR SUNUIW! 10} SUOISN[OXH,

-SUOTIRIIPaW dA1}d99BU0) [BI0 PUB PIOISIS UO 380U) AIe SIsAJeue I2AT] 10 SUOISTIXH

"SUOTEOIpaW

snuapidi-nue pue ‘pro1dls ‘paje[e1-uaSo1sa UO 350U} PUB ‘SONRqRIP ‘uomiom Tesnedousur-aid are siskeue pudij 107 suorsnoXd,
-SUOTIEOIPOW PSTR[2l-UdZ0NS PUE PIOIAIS UO ISOY) PUE ‘SONIGEIP ‘uowom Tesnedousur-a1d are SISATEUR QUOULIOY JOJ SUOIST[OXH,
“pateja1 usSons? ‘Yuoul/suLp

o1]0y00Te ‘Snjels SUD{OWS JUSLNO ‘$319qRIP TNE “aZe-sunwr[({ ‘esnedousul pue ‘SUOTIROIPIW paje[al ua8o1nsd
“YUOUy/SYULIP O1[OYODTe ‘SA1qRIP TING ‘a8e-10ATT(E "SUOLEOIPSW PIOIAY} PUE ‘YIUOW/SYULIP OI[OYOITE ‘snye)s SuR{ouIs JUSLIND
‘qNg ‘o8e-spidr(z ‘spaw PIOIAY) PUE “WIUOW/SYULIP DI[OYOOTE ‘SNyEIS Sunjowrs JuSLND ‘TINYG 93e-souctnIOH (] :SISPUNOJUOd
SuIMO[[0} 9Y) J0j SUT[[ONU0D JSYIEWOIq SROWOIOYIIP PUe a[qeireA 21ns0dxa [BUIPIO USSMIQ wo1ssa13a1 9181307 7 [2PON
-uorssa1a1 onst30] Ut S[qeLrea aInsodxe pue IYIEWIOIq AJuo :1 [9pOIN

-yotssarda onst30] ut (sdnois §) oJqRLIEA smsodxa TeurpIo 9y} Ul asearoul dnox8-euo ® Jo 10338 oy} Juasaider soney SppO AUL,

TEEL [%4Y Leey £eee L86L LYES TILY ce1L | enead
I'1 Al €1 €1 60 1’1 01 11 O | eyl | W81
A s ounuray
MOT
{313 44%4 698L 12re €018’ 878s | ompea-d
) 1 60 1’1 MO | 191/81 | 2 Apoquuy JES[ONN-DUY

i i s

§ G




1L

‘SUOT}EOIPOW PIOIS)S UO 2SOY) :9PN[OUI SISATeU. SunUIW] 10} SUOISN[OXH,

-suonesrpaw Sruapidij-nue pue proIky) ‘potals Uo SSOY} Pue SONIQEIP :pn[oul sisAreue prdr 10§ SUOISUIOXH,

*$919qRIp 10§ S[ORUOD

OS[e SISA[eUY SUNUIIY "YIUOW/SYULIP OTJOYOI[R PUE ‘STHE)S Supjows JueLmd ‘T ‘o8¢ : 10§ sjonuoo siskjeue pidry :Z 1PPON
*g]qeLiea 2insodxa pue Jareurolq ATuo 1 [SPON

-a]qeLreA a1nsodxa [EUIpIO 9y Ur seaIour dnoi3-auo v JO 390 AUl juaserdar soney sppO UL,

€919’ 8y1¢’ 8679 YETL €L16 €899’ 618L 8968 | onfea-d (1pBu G&>)
80 L0 T1 1 01 60 1 01 R:00) TS/ST | 1o1saroyD TAH
5, spudry
MO1
089%" €096’ 8ELL 997L’ 9THT 6191 0L6E" ysyr | onfea-d (% +19)
L0 80 1T 1 90 90 L0 L0 R:(0) 09/8 | SIPO-4AD
s uUnuIwIyp
LS 08%6’ 9¢8T’ 159%° 00v¢’ 0S¥y’ LYOT’ o6y | onpea-d (+$h'h)
1 01 v'1 A €1 I'1 ¢l €1 R: (o) TS/cE | oner OTTAH/IOND
€615 6€0L" 7601’ 6vv1° 6TLT v9ST’ L8ST’ L691° | enfea-d (Ip/8w +1€1)
€1 I'T LT 9’1 ST €1 Sl vl R:(0) 15787 | 1ommseroy) 1T
99LL LE6L 0€2¢ ¥00S" 18T 69V 68ST’ 6£87 | onrea-d (Ip/3w +007)
't 60 [ T1 vl T1 91 €1 4O TS/1E | 10189[0YD TRIOL
¥LST 0£60° LLEY 69T 0558 0895 LoTL 16v8" | onpea-d (Ip/8w +007)
L0 90 60 80 60 60 11 01 R:o) TS/LT | SopuedkSuL
:sprdry
HOIH

USTA-SON[B A IOIEWOIg MO'] pue YSIH ue amsodxg DA Jo drysuone[ay - 0T d1qeL



Table 21 - Technical Errors of Liver and Lipid Measurements with Coefficients of Variation
Calculated from Split Samples

Bilirubin in mgd ) 21 v 1%
Alkaline Phosphatase in w/l 21 72.8 1.7 2.4%
Total LDH in w/l 21 157.3 9.8 6.2%
GGT in w1 21 32.9 14 4.2%
AST (SGOT) in v/l 21 20.8 1.0 4.9%
ALT (SGPT) in v/l 21 25.0 1.0 4.1%
Triglycerides in mg/dl 21 172.4 34 1.9%
Total Cholesterol in mg/dl 21 230.2 3.7 1.6%
HDL Cholesterol in mg/dl 21 51.5 1.7 3.4%
LDL Cholesterol in mg/dl 21 141.6 3.0 2.1%
Chol/HDL ratio 21 4.9 0.1 2.7%

*Technical errors of measurements were computed as the square root of: Sd;/2n where d, is the
difference in value between the two identical samples and n is the number of pairs of split samples.
*The coefficient of variation was computed as the technical error/mean.
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Table 22 - Technical Errors of Hormone Measurements with Coefficients of Variation Calculated
from Split Samples

TSH, ultra-sens 21 . .
T in ng/dl 20 124.6 2.8
T;-Uptake in % 21 28.9 1.0
T, in mcg/dl 21 8.2 0.3
Free T, Index 21 23 0.1
SHBG in nmol/L 22 91.2 22.1
DHEA Sulfate in umol/L. 22 4.2 1.1
Cortisol in nmol/L 22 524.8 140.3
Estradiol (E2) in pmol/L 19 107.9 22.3
Insulin in ulU/mL 14 9.8 1.8
FSH in mIU/ml 11 47.5 154
%E?2 bound to SHBG 11 37.0 2.8
Conc. E2 bound to SHBG in pmol/L. 11 37.0 7.7
LH in mIU/ml 8 11.3 1.6
Testosterone (T) in nmol/L 8 23.3 5.2
% T bound to SHBG 8 334 3.5
Conc. T bound to SHBG in nmol/L 8 7.7 1.7 21.6%

3 Technical errors of measurements were computed as the square root of: Sd*/2n where d;is the difference in
value between the two identical samples and n was the number of pairs of split samples.
*The coefficient of variation was computed as the technical error/mean.
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Table 23 - Technical Errors of Immune Measurements with Coefficients of Variation Calculated
from Split Samples

T-cells as % of Lymphocytes 22 71.2 0.9 1.2%
CD4-cells as % of Lymphocytes 22 50.4 0.8 1.5%
CD8-cells in % of Lymphocytes 22 28.9 0.7 2.4%
B-cells as % of Lymphocytes 22 13.1 0.7 5.9%
NK-cells as % of Lymphocytes 22 11.7 0.5 4.6%
CD5b-cells 22 4.8 0.5 11.5%
1gG in mg/dl 22 1060.5 34.7 3.3%
IgA in mg/dl 22 233.0 7.9 3.4%
IgM in mg/di 22 129.6 13.9 10.7%
C-reactive protein in mg/dl 22 0.56 0.06 10.5%
White Blood Cell count in thous/pl 15 5.9 0.2 4.2%
Abs. Neutrophils in cells/pl 15 3666.9 132.2 3.6%
Neutrophils in % 15 61.2 0.9 1.5%
Abs. Lymphocytes in cells/pl 15 1615.6 102.8 6.4%
Lymphocytes in % 15 27.9 0.8 2.8%
Abs. Monocytes in cells/pl 15 409.2 31.9 7.8%
Monocytes in % 15 7.1 0.6 8.0%
Abs. Eosinophils in cells/pl 15 192.3 18.3 9.5%
Eosinophils in % 15 33 0.3 7.7%
Abs. Basophils in cells/pl 15 33.1 11.0 33.3%
Basophils in % 15 0.6 0.2 33.4%

“Technical errors of measurements were computed as the square root of: Sd*/2n where d, is the difference in
value between the two identical samples and n was the number of pairs of split samples.
®The coefficient of variation was computed as the technical error/mean.
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Table 25 - Relationship of EUC Exposure® with Adverse Outcomes in Children

birth defects 7.8% (9/115) 4.5% (11/246) 1.7

hearing problems 8.7%(10/115) 4.5% (11/244) 1.9

chronic respiratory problems 10.7% (12/112) 5.4% (13/242) 2.7

frequent ear infections 13.0% (15/115) 5.8% (14/242) 2.7 .
developmental problems 6.1% (7/115) 0.4% (1/244) 30.3 0112
hyperactivity 7.8% (9/115) 1.2% (3/244) 7.3 0051
reversal of letters 6.1% (7/115) 1.6% (4/244) 4.0 0350
learning problems 12.2% (14/115) 1.6% (4/244) 7.9 0007
hormonal problems 0.9% (1/114) 2.1% (5/238) 0.6 6744
any cancer 0.9% (1/115) 4.1% (10/244) 0.3 2132
slow thyroid 1.7% (2/115) 1.2% (3/241) 1.5 7046
any thyroid condition 3.5% (4/115) 3.7% (9/243) 1.2 8002
abnormal uterus 0.0% (0/41) 6.1% (7/115) 0.0 9472
abnormal ovaries 7.5% (3/40) 3.5% (4/113) 2.5 2629
female infertility 8.1% (3/37) 10.6% (12/113) | 0.6 4851
endometriosis 4.9% (2/41) 4.5% (5/111) 2.0 4755
one undescended testicle 5.9% (4/68) 5.7% (7/122) 1.0 9913

“Exposure to child defined as: Mother ever worked at EUC prior to birth.
®Other adverse outcomes with too few numbers (<5 total) could not be analyzed: diabetes,
immune problems, abnormal head size at birth, hypothyroidism, hyperthyroidism, abnormality
of vagina, abnormality of cervix, and two undescended testicles.
*Confounders controlled for in Logistic Regression: age of mother, smoking during pregnancy
(yes/no), drinking during pregnancy (yes/no), x-rays during pregnancy (yes/no), sex of child,

and breast feeding (yes/no).
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APPENDIX A - TABLES OF OTHER BIOMARKER RESULTS






Appendix Table 1 - PCB Congener Limits of Detection (all values in ng/ml or ppb)

PCB028 0.03
PCB052 0.02
PCB056+060 0.08
PCB066 0.05
PCB074 0.05
PCB099 0.05
PCB101 0.05
PCB105 0.05
PCB110 0.06
PCB118 0.05
PCB130 0.12
PCB137 0.10
PCB138 0.03
PCB146 0.04
PCB149 0.08
PCB153 0.04
PCB156 0.03
PCB157 0.07
PCB167 0.10
PCB170 0.03
PCB171 0.08
PCB172 0.06
PCB177 0.05
PCB178 0.05
PCB180 0.02
PCB183 0.05
PCB187 0.03
PCB189 0.04
PCB191 0.08
PCB193 0.06
PCB194 0.04
PCB195 0.04
PCB201 0.06
PCB203 0.04
PCB205 | 0.09
PCB206 0.02
PCB208 0.08
PCB209 0.06

A-1
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