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<G> DOW CHEMICAL USA.

/1803 Building MIDLAND, MICHIGAN 48640

4 December 1981

MEMORANDUM

TO: M. F. CURRIER
&-P+1. POSTON,
W. E. LEDFORD

FROM: G. L. CARLO

cc: R. R. Cook

Sorry about this, but there are a couple of modifications which should
be added to the copy of "A Cross-Sectional Study of Employees With Po-
tential Workplace Exposure to Ethylene Oxide," which you should have
recently received. These are the result of conversations between Ralph
Cook and I regarding the draft which was previously sent to you.

On page 2 of Abstract (lines 14 and 15): strike out "...and no spe-

cific future studies were suggested."

On page 13 of paper (line 17): strike "Both urine protein and urinary"
and also strike lines 18, 19 and 20. .

On page 15 of paper (line 8): strike "As noted above", and also strike
lines 9, 10 and 11. At the beginning of line 12, insert "Elevated...".
Also strike linme 15 through the end of the pfge.

On page 15, also, after linme 14, insert: "little importance relative

to potential EO exposures. Each individual with abnormal urine findings
was evaluated clinically. Two of the potentially exposed had sperm in
their urine, while one other had acute urethritis. Imn all others, the
findings were transitory in nature and no disease was diagnosed."

On: page 16 {(lines 7 and 8): strike "...and no specific future studies
were suggested."
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1803 Building : MIDLAND, MICHIGAN 48640
2 December 1981

MEMORANDUM ' .-
T0: M. F. CURRIER

P. L. POSTON

W. E. LEDFO

FROM: G. L. CARLO

CC: R. R. COOK

Attached please find a draft of our report, "A Cross~Sectional Study

of Employees with Potential Workplace Exposure to Ethylene Oxide."

This. draft reflects the iunput of the Epidemiology Group whose comments
were incorporated after their review of an earlier draft. Please note
that Table 3 is only partially complete, since Perry is working on pre-
paring the missing data. That table, however, has no bearing on our re-
sults and review without the missing data presents no real problem.

If you have no major criticisms, please sign the approval sheet and
send it back to me so that I might initiate the CRI review process

% here. (We need the original signatures here.) If you do have major

' concerns, please call me and we can discuss them.

My feeling is that, after CRI approval, the paper should be submitted
to the Journal of Occupational Medicine for publication.

Att.
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Abstract

A Cross-Sectional Study of
Employees with Potential Workplace
Exposure to Ethylene Oxide

Currier MF, Carlo GL, Poston PL, lLedford WE

This paper-describes the results of an epidemiological inquiry_con—
ducted among a cohort of employees of a large chemical manufacturing
complex. The first objective of this inquiry was to identify, for future
reference, the group of workers with potential exposure to ethylene oxide
(E0), and the group of workers who have never had potential EO exposure.

The second objective was to determine whether the group of current workers
with potential EQ exposure had a higher prevalence of abnormalities of the
hematopoietic, hepatic, renal and reproductive systems, as measured by data
collected through periodic health examinations, than did an appropriately
matched control group.

Ninety-six full time employees with potential workplace eprSure to EQ
were identified through personnel records. One thousand three hundred and
forty three full time employees not involved in the EO processes or in Research
and Development or Instrumentation were identified and classified as not
exposed.

In the cross-sectional portion of the inquiry, eighty-four male employees
who had been working for at least 6 months in processes involving EO exposure,
prior to the time of their 1980 health examination, were matched to individuals
not involved in those processes, on age, hire datg, race, smoking history,

alcohol intake and date of health examination. Results of hematology (Hgb, Hct,

Do 095082
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RBC, WBC, percent lymphocytes) and blood chemistry (total bibirubin,
alkaliné phosphatase, LDH, SGPT, SGOT and GGTP) tests yielded no statist-
ically significant differences between-the two groups. Results of kidney
function (BUN, serum creatinine, urine protein, RBC and WBC) tests tevealed
a statistically significant excess of individuals in the potentiallf
exposed group with urine protein levels above the reference range; however,
because of other medical conditions present among some of those repofted as
abnormal, this finding was not considered clinically significant. Cursory
review of responses to-the reproductive and medical history portioms o£

the health inventory questionﬁaire, from a clinical perspective, suggested
that these data were noncontributory.

Within the limitations of this cross-sectional study design, there

were no indications of significant problem areas and no specific future

studies were suggested.
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Ethylene oxide (EO) is an important industrial chemical used in the

manufacéure of such products as ethylene glycol, polyesters, nonionic
surface-active agents, heavy duty home.laundry detergents, and glycol
ethers (e.g;, solvents fér surface coatings).l It 1s also used as ;",
pesticide fumigant and a cold sterilant for medical equipment. At room
temperature and-normal atmospheric pressure it is a colorless gas; at
higher pressures it may be a volatile liquid. In the United States,
where 43 percent of the world production capacity is held, production
of EO has increased from 1.3 billion pounds in 1960 to 5.3 billion
pounds in 1979,

Acute intoxication with EO at high concentrations has been recog-
nized as a cause of eye, respiratory tract and skin irritation, and of
central nervous system depression.2 Suspected delayed effects include
headache, nausea, vomiting, incoordination, and electrocardiograph ab-
normalities. Levels responsible for acute effects have been estimated
at above 2000 ppm for very short single exposures and above 200 ppm for
continuous 8 hour exposures.3 The American Conference of Govermmental
Industrial Hygilenists lists an 8-hour time~weighted-average (TWA) con-
centration of 10 ppm for the EO threshold limit value (TLV) in its
Notice of Intended Changes for 1980. The current OSHA permissible ex-
posure limit (PEL) is 50 ppm TWA.

The first epidemiological inquiry into the possibility of adverse

4

chronic effects resulting from EO exposure was reported in 1964.  This

cross-sectional study involved 37 EO operators engaged in manufacturing

operations, and age-matched control operators working with chemicals other
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than EO, The highest air level of EO recorded was 127 ppm; however,

the average levels were less than 10 ppm for the working day. In their
study, the EO group reported fewer symptoms and less absenteeisms than

the controls. In addition, the frequency of "abnormal" laboratory findings
in the stud§ and control groups was equivalent. -

In more recent years, however, there have been epidemiological sgﬁdies
conducted which have suggesfed positive associations between EO exposure and
human illness. For example, a cross~sectional study of employees iu?olved
in cold sterilization using EQ, revealed varying frequencies of symptoms such
as sore throat among 12Aexposed employees, versus no symptoms of any kind im
a control group.5 Cytogenetié studies by these same investigators reportediy
showed more frequent sister chromatid exchanges (SCE's) among the 12 employees
than among the 11 contrels (average SCE's 8.65 versus 6.37). In addition,
another investigation reported peripheral neuropathy with decreased nerve
conduction velocity among 4 men after overexposure to EO.6

Concern also has been expressed regarding the possible carcinogenicity
of EO. Results of an industry-sponsored inhalation study showed an in-
creased, dose~related incidence of mononuclear cell leukemia in male and
female Fischer 344 rats.7 Effects were noted at exposure levels of 100,

33, and 10 ppm. Because of.the chemical's alkylating agent properties,8

and because it is mutagenic in several test systems including Neurosgora,g

plants,lo and the Salmonella typhimurium strain TA 1535 bacterial assay,}l

carcinogenicity is blologically plausible,

Ethylene Oxide/Currier et al 2.
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Recently, there have been two reports from Sweden regarding human
malignanciee allegedly associated with EQ exposure. The first was of a
case eagh of acute myelogenous leukemia, chronic myelogenous leukemia, and
Waldenstrom's macroglobulinemia, diagnosed between 1972 and 1977, among
12

In a

employees of a small factory which used EO for sterilizationm.
subsequent retrospective mortality study of employees in an EO production
facility, the same author reported more deaths from leukemia than would
have been expected (3 observed versus less than 0.5 expected) using .
Swedish national death rates as a st:and.sxrd.l3 Two of the leukemia deafhs
were caused by chronic lymphatic leukemia and one was caused bylacute
myeloid leukemia. The significance of these epidemiologic findings are
limited, however, by the small number of observed deaths and the uncertain-

ty of worker exposure information. In addition, a more recent cohort mortal-

ity study by Morgan et a1.14 revealed no deaths from leukemia among EO workers.

Because the results of previously reported epidemioclogical studies of
EQ exposure were conflicting, the development of an additional occupational
epidemiology data base was seen as an important contribution to the under-
standing of the relationship between EO exposure and possible adverse health
effects. This paper describes an inquiry conducted among a cohort of
employees in a large U.S. chemical manufacturing complex.

The first objective was to identify the group of workers with potential
exposure to EO, and a group of workers who have never had potential EO ex-
posure., The a priori definition of these groups was seen as important iﬁ

expediting any future EQ studies. The second objective was to determine

whether current workers with potential EO exposure had a higher preval-

Ethylene Oxide/Currier et al
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ence of abnormalities of the hematopoiefic, hepatic, renal, and repro-
ductive systems, as measured by data collected through periodic health
examinationé, than did approprigtely m;tched current workers who never
had potential exposure to E0. The results of this prevalance study Qé%e
seen as valuable in penerating hypotheses regarding specific questions

in need of further investigation.
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" MATERIALS AND METHODS

A. Cohort ldentification

Process description and exposure information, Within the chemical

manufacturing complex, there aré two groups of employees who may have .
exposure to EO._ The first group is comprised of those individuals in-
volved in the production of EO and ethylene glycol. The second group,
considered mainly as users of EO, is comprised of those employees in- -
volved in the production of the DOWANOLS* and ethanolamines. Personnel
sampling for EOQ exposure has been donme at various times for both groups

of workers by collecting breathing air zone samples on activated charcoal.
Samples are desorbed with carbon disulfide and analyzed by flame ioniza-
tion gas chromatography. Ail measured eight-hour TWA EO exposures for

those employees involved in EQ and ethylene glycol production have been
well below the TLV. The loading operating technicians have had the

highest exposures with a range of yearly average TWA exposures from <1.0 ppm
in 1977 to 1.7 ppm in 1980. Among this group the range of 1ndi§idual
measurements has been <.l ppm to 5.7 ppm. All other jobs have had yearly
average TWA exposures below 1.0 ppm. Grab-samples taken since 1973 to
determine peak exposure levels have indicated excursions for the loading

Job as high as 235 ppm (in 1976), while all other jobs had peak exposures
below 100 ppm, with most being below 20 ppﬁ. Since the loading job rgquires
wearing a supplied air respiratdr, the exposure measurements for this job

represent only potential exposures. Other chemicals to which EO and

DO Q095088
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ethylene glycol production employees miéht be exposed include ethylene
dichloride (EDC), DOWTHERM* A (biphenyl and biphenyl oxide), and ethylene
glycol. Eﬁposure levels for al} of th;se have been well below their
respective TLVs. The only one of any substantial toxicity, EDC, is'used

in very small quantities (less than one 55-gallon drum per month), and is
usually handled by only one job classification for approximately one minute
every other day.

The highest recorded EQ exposure among personnel involved in the
production of the DOWANOLS* and ethanolamines was 0.1 ppm during the bleeding
down of some EO containing equipment in 1980. Other chemicals to which
these employees might be exposed include propylene oxide, methanol, butanol,

ammonia, the mono-, di- and tri- ethanolamines, and the DOWANOQOLS* EB, DB,

g e

! TBH, PM, DPM and TPM. For the most part, B-hour TWA exposures to these
chemicals are generally below 1.0 ppm.

Definition of the populations potentially exposed and mot exposed to EO.

Figure 1 outlines the procedure through which the potentiaily exposed and
unexposed populations were identified.** The potentially exposed group was
comprised of the full—time'employees ever involved in the production of EO,
ethylene glycol, the DOWANOLS* or ethanolamines as identified through per-
sonnel lists. The group of individuals who did not meet the work histoﬁy
requirement were considered as candidates for the unexposed group. Elimi-~

nated from this group because their overall exposures would likely be ill-

**Throughout this report, reference is made to the "potentially exposed"
population. Exposure measurements were not carried out on every individual
included in this study; therefore, actual exposure could not technically be

documented.
. DO 095089
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defined, were those who were not full-time employees, and those who
were involved in either Research and Development or Instrumentation.

Thus, the total mumber of employees considered unexposed was 1343.
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B. Cross-Sectional Health Inventory Study

The maior analyticallportidn of this research involved the asse;;f
ment of whether a differential prevalance of certain abnormalities of the
hematopoietic, hépatic, renal and reproductive systems existed between
the workers potentially exposed and the group of appropriately matched
unexposed workers. A readily accessible data base suited for this
cross—sectional analysis was ghat maintained as part of the health
inventory program, which is a voluntary apnual health examination offered
ro all production employees of the manufacturing complex, It includes
both a medical history and a laboratory work-up.

Potentially exposed and Unexposed groups. Extracted from the over-

all list of potentially exposed (as defined previously), were all em-
ployees who had been working for at least 6 months in the processes
involving EO exposure prior to the time of their 1980 health examination.
Employees with previous service in these areas were not incluwded in the
potentially exposed study group, but neither were they eligible to become
matched unexposed controls. Females were not included because there were
so few, and it was also necessary to exclude those for whom complete 1980
health examinations data were mot available., Thus, from the 96 individwals
in the original pool of potentially exposed, six females and six males with
insufficient health inventory data were eliminated. The 84 employees

remaining represented 93.3 percent of the total potentially exposed group.

DO 095094
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Eliminated from the list of unexposed were 127 females, 75 individuals
with less than 6 months employment within the chemical complex, and 87
individuals judged to have potential exposure to benzene (benzene is sus-
pected of having hematoppietic effects' and thus might be considered a
competing exposure). Another 93 individuals were eliminated becaus;.ghey
did not participate in the 1980 health inventory. The remaining 939 indiv-
iduals eligible for control matching represented 91.1 percent of the original
unexposed pool.

A single unexposed control was then matched to each member of the. po-

tentially exposed group. For each employee in the potentially exposed group,

a search of the entire group of controls was initiated to determine matching
candidates. If a control candidate was previously selected as a control
match, he was excluded from the process for any subsequent matching. The
matching criteria were, in order, as follows: age (within 5 year intervals),
hire date (+ 5 years), race, smoking history (non-smoker, current cigarette
smoker, ex-smokers and cigar or pipe smokers combined), and alecohol intake
(light, moderate, heavy). The entire list of control candidates for a partic-
ular potentially exposed individual was thus compiled. As a final matching
step, the date of the 1980 health inventory exam was utilized to control for
common seasonal occurrences such as influenza, common colds, etec., which might
impact on the outcome variables to be studied. In two cases, appropriate
matches could not be found. In one instance, the date of hire criterion was

~ relaxed from + 5 to + 6 years for the control, and in another instance, the
age group criterion was relaxed to match a 19 year old in the 15-19 year age

group with a 20 year old in the 20~24 year age group.

- Ethylene Oxide/Currier et al 9.




Analytical variables. The analytical outcome variables were extracted

from records of results of the 1980 heal;h inventory examinations., The
laboratory test variables, their reference ranges, and the suspected direc-
tions of the change in value if an effect is present, are listed in Table 1.
These tests.were consideréd those most likely to be influenced if EO"was,
in fact, causing health problems based on a review of the EO related.litera-
ture. Table 2 lists other non-laboratory test variables, available from
the questionnaire portion of the health inventory, which might be exﬁecﬁed
to be influenced by EO. Unlike the laboratory amalyses, where the results
are at least applicable to the day on which the samples were collected,.
and thus temporally associated.with the potential exposure, it was not pos-—
gible to determine whether these historical data had any temporal relevance
at all to the potential exposure. Because of the historical nature of these
data and their quality (based on subjective recall), no rigorous statistical
analyses were applied to them.

The exposure variable, or independent variable, was current involvement
in the production of EO, ethylene glycol, the DOWANOLS* or the ethanolamines
as described above.

The matching criteria described above made it possible to control for

the potential confounding variables age, hire date, race, smoking and alcohol

consumption history, and date of health inventory.

Statistical analysis. Because using matched controls made the overall

study population appear as "pre~dose" (unexposed) and “post-dose" (poten-

tially exposed) populations, and because normal distribution was not neces-

.Ethylene Oxide/Currier et al
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sarily assured, the non-parametric Wilcoxon Signed Rank Testls was utilized
as the analytic statistic for the continuous data. The value for the un-
exposed'subject was subtracted from the value for the potentially exposed
subject and both the positive rank sum.statistic (T+) and the large sample
approximatian (T*) to the.normal distribution were calculated. A p;;alue
was then calculated based on T* to test the hypothesis of a zero median
difference betweén the two populations. The continuous variables anglyzed
in'this manner were: Hbg, Het, RBC, WBC, percent lymphocytes, total
bibirubin, alkaline phosphatase, LDH, SGPT, SGOT, GGTP, BUN and serum
creatinine. In addition, becguse of the clinical jmplications of values
outside of a given reference range, these data were also analyzed as
dichotomous or multichotomous variables. For those variables where the im-
plications were important for values either above or below the reference
rénge, (i.e. Hgb, Hct, RBC, blood chemistries and kidney functions), each
value was categorized as being normal (within the reference range) or abnormal.

A p-value was then calculated, based on the number of discordant pairs

("potentially exposed" versus "unexposed") which indicated more abnormals

among the potentially exposed, to test the hypothesis that the values were the
same in both groups (Exact Probability Testls). Urine protein, urine WBC, and
urine RBC, were also analyzed in this manner. Because the implications of values
both below and above the reference range for WBC and percent lymphocytes were
thought to be important, the Maxwell-Stuart extension of McNemar's test16 was
utilized to produce a chi-square statistic from which a p-value could be

derived pertinent to a multi-chotomous stratification.

DO 095094
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Results

A. Cohort Identification for Future Follow~up. Table 3 gives the frequency

distributiop by race, sex, and age for-both the group of employees ever in-
volved in the production of EO, ethylene glycol, the DOWANOLS* and éhe.ethanol-
_amines, and the group never involved in such production. For the purpose of
reference for future studies, the first group can be considered as those
potentially exposed to EO, and the second group as those probably unexﬁosed.
These descriptive statistics are important in determining the proper method-
ological approach in future studies regarding EO exposure. Both the lists of
potentially exposed and unexposed were maintained for future access as necess-
ary.

B. Cross-sectional Health Inventory Study. As Tables 4 and 5 indicate, the

process of matching the selected potentially exposed and unexposed individ-
uals was very efficient. There were no striking differences between the
potentially exposed and unexposed groups chosen for analysis, for either the
matched variables or selected unmatched variables.

In Tables 6, 7 and 8 are the results of the hematology, kidney function
and blood chemistry analyses. For interpretive purposes, it should be noted
that the higher values for the large sample approximation in the Wilcoxon
test (T) indicate that the median value of the potentially exposed group was
larger then that in the unexposed. For Hgb, Hct and RBC, the critical test
area was at the lower end of the probability curve; therefore, the lower
values were of interest. For WBC and Z lymphocytes, both low and high values
were of interest; therefore, two-tailed significance tests were applied. For
all other variables where the Wilcoxon test was utilized, a one~tailed test

considering the higher values as critical was applied.

" Ethylene Oxide/Currier et al 12.
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Also, the Wilcoxon's test applied to the continuous data was interpreted
as indicative of physiologically significant effects, while the exact
probability and the Maxwell-Stuart tests, applied to the categorical
data, were interpreted as indicative of clinically significant effects.
Table 6 shows that none of the differences in hematdlogy between-
the potentially exposed and unexposed groups approaches statistical
significance. Similarly, the results of the blood chemistry analyses
(Table 8) show no statistically significant differences between the
potentially exposed and unexposed, }rom either a physiological or a
clinical perspective. In Table 7, however, it can be seen that a
statistiéally significant excess of individuals within the potentially
exposed group had abnormally high urine protein levels. Of éight in-
stances where the values for a potentially exposed individual and his
! matched control were discordant, seven had the abnormal value reported
for the potentially exposed individual. Approaching statistical signif-
icance was the excess of individuals within the potentially exposed group
with urine WBC above the reference range. Both urine protein and urinary
WBC were reported and analyzed as nonparametric data; therefore, nothing
can be said regarding the physiological significance of these findings.
The clinical implications, however, will be addressed in the next section.
Cursory review of the responses to the reproductive and medical

history portions of the health inventory questionnaire, from a clinical

perspective, suggested that these data were noncontributory.

Ethylene Oxide/Currier et al 13.
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Discussion

Cross~sectional or prevalence studies are traditionally utilized
as hypothesis generating instruments. Because disease incidence is not
the outcome parameter, (l.e., not possible to determine whether expé;ure
preceeded effect) the cross-sectional study is not appropriate for defini-
tively investigating cause and effect. This type of study is, however,
generally believed to be capable of suggesting the presence of profound
cause-effect relationships, given a sound study design.

In this investigation, the methodological rigor was enhanced by the
incorporation of the one-for-one matching of potentially exposed with un-
exposed individuals. However, with the inclusion of the date of health

inventory as the last matching step, an additional potential bias was

encountered. Because entire plants within the chemical complex were

generally scheduled for the examinations each month, the matched control
group could have potentially included a disproportionately large number

of individuals from a particular plant or plants. If that were the case,
the comparison studied might be of potential exposure to ethylene oxide

and potential exposure to another chemical. To address this possible
problem, the distribution of plant-spécific job titles for the entire
chemical complex was ascertained, and compared'to the similar distribution
among the matched controls. The only discrepancy between the distributions
for the two groups was a disproportionably large number of workers from a
cellulose production area among the matched controls (17.8 percent versus

6.6 percent of the totals).
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However, the chemicals utilized in the pellulose production area were
not considered to be of significance; thus, this slight discrepancy was
judged to be unimportant in terms of affecting the results of the in-
vestigation.

The only positive findings of this inquiry were the statistically
significant excess in the number of potentially exposed with uriné pro-
tein values above the reference range, and the borderline of significance
excess of potentially exposed with high uriné WBC levels. As mnoted above,
it was not possible to assess the physiological significance of these
excesses. However, neither an increase in urine protein or urine WBC is
considered to be indicative of specific clinical conditions. Excess of

urine proéein and urine WBC might be considered of medical importance

when found in conjunction with other abnormal laboratory or clinical find-
ings; however, within the context of this study, they were judged to be of
little importance. The finding of clinical proteinuria on routine examina-
tion could be the result of many conditions including medically inconsequen~
tial sperm in the urine, acute febrile disorders, central nervous system
lesions and genito-urinary infections. In this study, two of the potentially
exposed individuals had sperm in their urine while one other had acute
urethritis{ The presence of excessive numbers of white blood cells in the
urine is commonly associated with inflammatory processes and infections, and

is also not considered alone to be a discriminator of specific disease.

Ethyl 0 Currier et al 15.°
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This study, then, has found no major differences in the prevalence
of various conditions between individuals potentially exposed to EO and
unexposed individuals. This finding is consistent with earlier work
reported by Joyner4 who found the frequencf of abnormal laboratory fInd-
ings to be the same among 37 EO operators and matched coﬁtrols. Withiﬁ
the limitations of this cross-sectional study design, there were no in-
dications of significant problem areas and no specific future studies

were suggested.
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Figure 1

Identification of Potentially Exposed and Unexposed Populations

Chemical Complex
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Taﬂle 1

Laboratory Test Qutcome Variables,

Reference Ranges and Suspected Direction of

Value Change If An Effect is Present

Direction of Suspected

Group Test Reference Range Change if Effect Present
Hematology¥*

Hgb 14-18 Gm% low

Het 40-54% 3 low

RBC 4.6-~6.2 million/mm 3 low

WBC 4.5+11.0 thousand/mm low or high

Percent Lymphocytes  25-33% low or high
Kidney** BUN 8-26 mg/dl high

Serum Creatinine 0.9 - 1.4 mg/dl high

Urine Protein

(1+ or greater) negative high

RBC 2 high

WBC 0-3 high
Liver** Total Bilirubin <1l.6 mg/dl high

Alkaline Phosphatase 35-148 units high

LDH 63-155 I1U/L high

SGPT 12-53 units high

5GOT 15-55 units high

GGTP <38 U/L high

18
*reference range based on Conn

**reference range according to Bio-Science Laboratory, Van Nuys, California
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Table 2
Non-Laboratory Test Outcome

Variables Available Through
The Health Inventory Questionnaire

Questionnaire Item Type of Response .-

Has your family had any of the following:

Birth Abnormality Yes or No for self; actual number
) among children

Miscarriages Actual Number

Stillbirths Actual Number

Death under 6 months Actual Number

Do you have or have you had any of
the following:

Liver Trouble Yes or No
Kidney Trouble Yes or No
Anemia or Blood Problems Yes or No
History of Blood dyscrasias Yes or No
Abnormal function of Blood Elements Yes or No
Liver or renal dysfunction Yes or No
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Frequency Distribution by Race, Sex and
Age for Employees Classified as Potentially
Exposed to Ethylene Oxide and Unexposed

Table 3

Potentially Exposed - Unexposed
Race Sex Age N % of Total N % of Total
White  Males <20 1 1.0 13 1.0
' 20-29 38 39.6 333 24.8
30-39 28 29.2 312 23.2
40-49 9 9.4 294 21.9
50-59 0 0.0 22 1.6
60+ "0 0.0 8 ~ 1.0
All ages 76 79.2 982 73.1
White Females <20 0 0.0 2 0.0
20-29 3 3.1 67 5.0
30-39 1 1.0 24 1.8
40-49 0 0.0 10 1.0
50-59 0 0.0 1 0.0
60+ 0 0.0 0 0.0
All ages 4 4.2 104 7.7
Non~— Males <20 ) 0.0 2 0.0
white 20-29 8 8.3 137 10.2
30-39 6 6.3 81 6.0
40-49 0 0.0 13 1.0
50-59 0 0.0 1 0.0
60+ 0 0.0 0 0.0
All ages 14 14.6 234 17.4
Non~ Females <20 0 0.0 15 1.1
white 20-29 1 1.0 8 1.0
30-39 1 1.0 0 0.0
40-49 0 0.0 0 0.0
50-59 0 0.0 0 0.0
60+ 0 0.0 0 0.0
All ages 2 2.0 23 1.7
Overall Total 96 100.0 1343 100.0




Table 4

Results of Matching Individuals Potentially
Exposed to EQ and Individuals Unexposed,
Absolute Frequencies in Age and Race Groups

Potentially Exposed Unexposed
Race Race
Age White Non-white White  Non-white '
<20 1 0 0 0
20-24 18 2 19 2
25-29 19 4 19 4
30~-34 12 4 ‘ 12 4
35-39 14 2 - 14 2
40 + 8 0 8 0
All Ages. - 72 12 72 12
Median Age
(in years) 29.0 29.0
Mean Age
(in years) 30.0 30.2
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Results of Matching Individuals Potentially
Exposed to EQ and Individuals Unexposed,
Selected Matched and Un-matched variables

Extracted from Health Inventory Questionnaire

Table 5

Unexposed

Variable Potentially Exposed
Mean length of service 7.52 7.48
Total non-smokers 30 30
Total former smokers 17 17
Total current smokers 37 37
Family histories of leukemia . 3 3
Family histories of cancer 33 28
Family histories of blood

disorders 1
History of diabetes 0 3
History of asthma 3 10
History of arthritis 4 5
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Table 6

Results of Hematology Analyses,
Individuals Potentially Exposed to
Ethylene Oxide versus Individuals

Unexposed

Wilcoxon's Exact Maxwell-Stuart
Outcome Signed Rank Probability Extension Test
Variable T** p DEA/TD#*#%* p x4 P
Hgb 1.02 >.500 3/7 >.500 - -
Het 1.18 >.500' 2/3 .500 - o
RBC -0.56 .288 5/9 .500 - -
WBC* -0.69 .490 - - 1.14 >.500
% lymphocytes* 1.06 .390 - - - 2.06 .357

* two-tailed test
** large sample approximation to normal distribution

*#**% ratio of the number of discordant pairs where potentially exposed
vas classified as abnormal to the total number of discordant

pairs.
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Table 7

Results of Kidney Function Analyses,
Individuals Potentially Exposed to
Ethylene Oxide versus Individuals

Unexposed

Test Statistic

Qutcome
Variable Wilcoxon's Signed Rank Exact Probability
T* > **DEA/TD P
BUN ~2.02 >.500 0/0 -
Serum Creatinine ~0.40 »>.500 0/0 -
Urine Prﬁtein - - 7/8 .035
RBC - - 4/3 >.500
WBC - - 8/10 .055

* large sample approximation

%% ratio of the number of discordant pairs where potentially exposed was classified

as abnormal to the total number of discordant pairs
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Table 8

Results of Blood Chemistry
Analyses, Individuals Potentially
Exposed to Ethylene Oxide versus
Individuals Unexposed

Test Statistic

Outcome
Variable Wilcoxon's Signed Rank Exact Probability
T* P **DEA /TD** P

Total bibirubin -0.32 . >.500 2/2 .250
alkaline phosphase 0.90 184 0/1 -
LDH -0.45 >.500 0/1 -
SGPT : 0.52 .302 8/14 .395
SGOT : -0.82 >.500 . 3/9 >.500
GGTP 0.42 .337 5/11 >.500

% Jlarge sample approximation to normal distribution

** ratio of the number of discordant pairs where potentially exposed was

classified as abnormal to the total number of discordant pairs.
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PARTICIPATION DATA

GROUP NUMBER *PARTICIPATION RATIO

I. Population Universe.

A. All employees eligible for Periodic

Health Examinations (PHE) in 1980 =
(Total in plant except

certain management): otk oy T e

f R w oo e -“‘“:

B. Total for whom 1980 PHE data available.

C. Temale employees.

Gl

D. ,Population universe used as source for
?ﬁt S"SC’}_‘E?‘E sexptal in population =

IT. Exposed population, selected from source

population (el Mt() .
A. No. males in Glycol II at time of 1980
exam,

«

B. “Nec. males who worked in GlycolAII on or
before 31 Dec. 1980.

C. No. males in Dowanols at time of 1980
eXam.

D. No. males in Dowanols on or before
31 Dec. 1980,

E. Subtotal in exposed population = IIA + er 9%‘ = ‘13:‘{2

W TIC gt
I11. Control populationcﬂ-u w\'-h-'h\

A. Potential control population, selected
from solrce population (ID )
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c. £ur'-w Nha- Ve e M(J
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T A, who/hgd eyRT ¥ J“ !
\\ W BT /
— - v

i& subtotal in control population 5m 3 b . -

for whom a 1980?““‘
eligible for 1980

(WT\II Amim T Bard T d”ﬂrt',:' BEELTWPEL(t L)

*Pzrricipation Ratio = No. employees in the group
available divided by no. employees in the group

PHI.

__exposed population 4, ('E. A’*I‘ +J e+ \) . L —
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CHARACTERISTICS OF EXPOSED AND MATCHED (1;1)

CONTROL POPULATIONS

CHARACTERISTIC VALUE
EXPOSED - CONTROL

I. MATCHED CHARACTERISTICS.
Number . s
Mean Age
Median Age
No. non whites

—% Yrgin Plant %

Current Smokers %
Non Smokers
Ex Smokers & Pipe Smokers
II. O?HER 6HARACTERISTICS.

% with Hx. of diabetes

% with Hx. of asthma

' Mean height ' ‘ e

Mean weight

Mean diastolic blood pressure . f“
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OBJECTIVES: To determine whether Dow employees who are exposed to

ethylene oxide (EO) have more abnormalities of the hematopoietic,
hepatic, renal and reproductive systems, z2s measured by data collected
for periodic health examinations, than do employees without such ex-

-

posure.

IMPORTANCE OF THE CHEMICAL: Ethylene oxide (EO0) is an important

industrial chemical, produced from feedstock ethylene, which is used
primarily for making ethylene glycol or polyesters (Anon, 1979a)2 It
is significant from a heazlth viewpoint that EO is also used for ;old
sterilization of medical equipment, although this usage is minimal
from a commercial viewpoint. U.S. production of EO increzsed from 1.3
billion pounds in 1960 to 5.3 billion pounds in 1979 (Anon, 1979a).
Dow has produced EO since 1941 at the Texas Division and since
1959 at the Louisiana Division. At these locations, McClimans et al,

(unpublished manuscript) estimated that at least 550 employees ex-

perienced some workplace exposures to EO in the past, while Moore et

al, (1979%) estimated that 300 employees had worked in EO production

for one year or more. At the present time, there are 88 employees
with potential exposure to EO at the Louisiana facility (44 each in

Glycol II and DowanolsR).

DRAFT PROTOCOL Ethylene Oxide Study/VanPeenen, et 2l 1.

—_—

Do 095164
t CONF TDENTTAL




The American Conference of Governmental Industrial Hygienists

_ (AGGIH) 1lists an 8 hour timg—weighted-average concentration (TWA)

_of 10 ppm for EO in its Notice of Intended Changes for 1980; an 8

hour 10 ppm TWA was also the Dow IHG, but this has very recently (1980)
changed to 3 ppm with excursion limit of 50 ppm. The current OSHA

permissible exposure limit (PEL) is 50 ppm TWA.

REVIEW OF LITERATURE: Acute intoxication with EO at high concentra-
tions has long been recognize@ as a cause of irritation of eyes;
respiratory tract and skin, and central nervous system (CNS) depres-
sion. Delayed effects include headache, nausea, vomiting, inco-
ordination, and electrocardiograph abnormalities (Proctor & Hughes,
1978). . Peripheral neuropathy with decreased nerve conduction velocity
has recently been reported in 4 men after overexposure to EO (Gross
et al, 1979); whether cause and effect can be ass;med in these cases
is debatable. Levels responsible for acute effects have been esti-
mated at above 2000 ppm for very short single expo;ures and:above 200
ppm for continuous 8 hour exposures (Hine and Rowe, 1963). According
to Dr. Ray Flake of the Texas Division, acute overexposure of humans
to EO may cause an increase in seyum SGOT and SGPT levels (Fishbeck,

personal communication).
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The experimental toxicity of EO was reported by Dow toxicolo~
gists more than 20 years ago (Hollingsworth et al, 1956). There
were no effects at 49 ppm, but histologic changes in liver, kidney,
and testes were observed in some animal species at repeated seven-
hour vapor exposures at levels of 204 and 357 ppm. Reversible impaif-
ment of nervous function and muscular paralysis were observed in rats,
rabbits and monkeys at the 204 ppm level dose. Interestingly, laboratory
results, including blood urea nitrogen and blood counts, were norqal
in the species studied even at the higher (357 ppm) exposure levels
{(Hollingsworth gé_gl, 1956).

Recently, there has been renewed concern about possible chromic
.toxicity of EO. Results of an industry-sponsored 24-month experimental
inhalation study showed an increased, dose-related incidence of mono-
nuclear cell leukemia in male and female Fischer 344 rats (Smelling et
al, 1981). Effects were voted at all level of exposures: 100, 33, and
10 ppm. Past literature in these regards included a 1964 report of
tumorigenicity in female mice (Reyniers, 1964), alkylating agent pro-
perties (Ehrenberg et al, 1974), and demonstrations of mutagenicity
in several test systems (Anon, 1979b), including Neurospora (Watson,

1966), plants (Ehrenberg and GustafSSOn, 1957), and the Salmonella

typhimurium strain TA 1535 bacterial assay (Embree, 1975).
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As regards human disease, there are two recent published reports
from Sweden of malignancies purportedly linked to EOQ exposure. The
first report wa; of a case each of acute mylégenous leukemia, chronic
myelogenous leukemia, and Waldenstrom's macroglobulinemia diagnosed
between 1972 and 1977 in employees of a small factory which us&d EO
for éterilization (Hogstedt et al, 1979a). These cancers may, of
course, be unrelated; but in a subsequent retrospective mortality
study of employees of an EO production facility, the same senior
author reported more observed deaths from leukemia (3) than would
have been expected (less than 0.5) using Swedish national death }ates
(Hogstedt et al, 1979b). Two of the leukemia deaths were caused by
chroniec lymphatic leukemia, one by acute myeloid leukemia. It is
difficult to interpret results from this paper bécause of the finding
of an elevated overall standard mortality ratio (SMR) with 47 deaths
vs. 27 expected., Such a finding would be extremely unusual in the U.S.
where most U.S. employed populations reflect the “healthy worker
effect", and experience overall SMRs less than 160%. Anqther unusual
finding was an increased SMR for diseases of the circulatory system
(20 observed vs. 13 expected), which is reported only in office employees
in the U.S. Finally, chroniec lymphatic leukemia has not, to this
author's knowledge, been linked to envirommental factors.

A retrospective cohort mortality study of employees with work-
place exposure to EO iS planned by British colleagues at Imperial
Chemiczl Industries Limited (ICI). Results of the ICI study will be

helpful in interpretating the Hogstedt reports.

-
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The Russian literature includes two reports of a variety of
health problems associated with workplace exposures to EO. Yabukova
et al (1976) reported an increased gynecological sick rate, increased
complications of pregnancy, and increased incidence of interruptions”
of pregnancy among employees of an EO manufacturing plant compared
to pregnancies in management persomnel and from outside the factory.
However, if I read a translation of the paper correctly, although
spontaneous abortion occurred in 10.5% of pregnancies of the expésed
group of instrument controllers compared to about 8% of laboratory
workers (also e%posed) and about 87 of management controls, there were
more stillbirths among management employees (4/65) than in instrument

controllers (1/57). According to Yabukova et al (1976) the "overall

corresponding contamination of the.factory air did not exceed 1 mg/m
(= about 0.6 ppm).

Ostravskaya et al (1%971) reported a variety of subjective com-
plaints from 76 individuals with 3-6 years work experience, presumably
in EO manufacturing. In addition, they reported "bradycardia", "vegeta-
tive shifts'" and "EKG changes" in some; the significance, if any, of
the quoted abnormalities is difficult to assess from the translation.
Ostravskaya et al (1971) reported a leukopenia (4000-4400 WBC/mmB) in 9

of the 76 employees.
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There was only one U.S. epidemiology study of EO prior to the

recent interest in carcinogenesis. A cross-sectional study of 37

" EO operators engaged in manufacturing operations and of age-matched

controls (operators working with chemicals other than E0) was reported
by Joyher in 1964. The highest air level of EO recorded was 127 ppm
but average exposures were less than 10 ppm for the working day (Joyner,
1964). The EO group actually had fewer symptoms and less absenteeism
than the controls; and there were no more "abnormal' laboratory findings
in the study group than among the controls (Joyner, 1964).

More recently, in a Dow Chemical U.S5.A. response document (Moore
et al, 1978), it is stated (page 7) that he;lth surveillance data from
129 Dow employees "revealed no unusual medical eff;cts, i.e., no effects
were observed in employees potentially exposed to EO within the TLV",
Tests apparently included blood counts and a battery of clinical labora-
tory tests. A cross-sectional study of individuals involved in cold
sterilization using EO was recently published by Gérry et al, 1979,
who found various frequencies of symptoms (up to 9 with histories of
sore throat) among 12 EO-exposed employees versus no symptoms of any
kind in a control group. Similarly, cytogenetic studies by these
authors reportedly showed more frequent sister chromatid exchanges

(SCE) (average 8.65) among the 12 émployees than among 11 controls

(average 6.37). -
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A cross-sectional study was also sponsored by the American
Hospital Suppiy Corporation (AHSC). As yet unpublished, the AHSC
study was of employees of 9 U.S. manufacturing facilities which
utilize EQ as a sterilant gas. According to data kindly provided
by Ronald H. Abrahams, Ph,D., director of Regulatory Compliance of --
the AHSC, 6 of 75 exposed* employees had slight anemia and one had ‘
a slight increase in lymphocytes (there were apparently no controls
for this phase of the study). Sperm counts were obtained from some
of the employees: 8 of 46 exposed and 1 of 9 controls had sperm céunts
less than 20 million/cc. The AHSC study also included cytogenetic data:
except for stable forms (Cs), all modalities of chro;osome aberration
including number of breaks, unstable forms (CV), and SCEs, were statis-
tically increased in the exposed group when compared to control groups

of office workers.

RATIONALE FOR RESEARCH: There is a growing volume of experimental

toxicological data indicating that EO, at chronic fapor exposure
levels much higher than experienced in the Dow workplace, can cause
detectable health effects. Whether measurzble effects might also
occur at lower levels of exposure is unknown, but, if so, they

might include those listed in Tables I and II. A major concern about
long~term effects of workplace exposures to EO is carcinogenesis, so

*
Industrial Hygiene data were not given, but vapor levels were
stated to be less than the OSHA 8 hour TWA limit of 50 ppm.
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it would seem reasonable that any epidemioclogical study be designed
not only to detect the phenomena listed in Table I over the short
term, but to detect excess cancers over the long term. In fact, a
draft proposal for a retréspective cohort mortality study of EO pro-
duction personnel at the Texas Division, with leukemia as a primary
conce%n, was prepared by McClimans and colleagues in July 1979 (un-
published data). Very recently, Bond and colleagues have preparéd the
protocol for a case~control study of leukemias at Texas Division. Our
proposal is for a cross—-sectional study of Louisiana Division employees
involved in jobs with potenfial EO exposure, to be followed by continuous
surveillance of the same group of employees., Since cross-sectional studies
are preliminary and do not usually yield definitive results, it will be
necessary to plan for appropriate follow-on research depending on these
preliminary findings. Alternatives for follow-on research are detailed
on page 11.

Abnormalities which might be expected if workplace exposures to
EO were exerting a chronic toxic effect include héﬁatological, hepatic,
reproductive, renal, cytogenetic, and carcinogenic (Glaser, 1977). As
propesed at the present time, however, our project will be limited to
analysis of results from existing medical surveillance data. Hemato-
logical abnormalities reportedly associated with exposure to EO include
anemia and absolute lymphocytosis (Ehrenberg and Halstrom, 1967),
leucopenia (Ostravskaya et al, 1971) or, simply "changes in peripheral g

blood" (Spasovsky et al, 1978). Because of the reported dose-related
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alkylation of‘hemoglobin by EO (Osterman-Golkar et al, 1976; Calleman
et al, 1978) it would not be unreasonable to expect increases in’
laboratory tests associatea with hemolysis, including total serum biliru-
bin and lactie acid dehydrogenase (LDH), as well as anemia and reticulo-
cytosis. Similarly, direct hepatic and renal tubular damage, causipg
abnormal results in simple measures of liver and kidney function, might
be expected from any alkylating agent and, in fact, have been reported
experimentally at high levels of EO vapor exposure (Hollingsworth et al,
1956) .
Questionnaire data from the periodic health examinations are
available and can be used. We recognize the weaknesses and biases of
. using questionnaire data as evidence for disease or for adverse repro-
ductive funetion, but by judicious and a priori designation of which
questions will be analyzed it shouid be possible to compare the pre-
valences of symptoms relating to diseases'of the blood and of adverse
pregnancy outcomes.
The list of effects which can be studied using existing data is
in Table I. Table II is a more comprehensive list, including tests
which cannot, and, in certain cases, probably should not, be studied
Vg
at the present time. As more reliable techniques become available,
however, it may become aPpropriate to exanmine for additional effects
in the future. Table III lists data elements which are presently

available for extraction and analysis.
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- APPROACH:

Exposed PopulationL The exposed population will consist of active

AL
‘Louisiana Divisiggnemployees who were assigned to Glycol II or

Dowanols for at least 6 months prior to participating in the Health.
Inventéry examination during 1980. Since intensity of exposure cate-
gories by job cannot be estimated because detailed historical industrial
hygiene data are lacking, length of employment in the 2 plants will be
used to divide the exposed group into subsets of longer and shorter dura-

tions of exposure.

Control Population. There are 88 persons eligible; but since it is

anticipated that.mren—whites-ond females will be fe&, only data from

whiee males will be included in the study. The control group will

consist of an equal number of males matched by age (within 5 years or
better), race, date of hire, and smoking and alcohol use history. The

job category will be as of the date of health inventory and, of course,
results of the 1980 health inventory examination must be av;ilable. ,
Finally, to be eligible as a control, the employee must have no history

of EO exposure. It is recommended that the initial pool for controls con-
sist of all Louisiana Division employees, and that eliminations be made

by matching criteria, the best age match being the final decision step.
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Dependent Variables. Dependent variables are listed in Table III,

and consist of answers to questions regarding reproductive history

and past medical history, complete blood count values, and results

of the liver and #idney function tests. Test results will be considered
abnormal if outside the reference ranges shown; a summary of some re-

cently published ranges is in Appendix i.

Covariables. Covariables or potential confounding variables other

than those used in matching include family history of illness, use

of medications, exposure to chemicals other than EO, radiation exposure,
and substance abuse, The effects of some of these covariables cannot

be analysed, and others, such as known substance abuse or use of certain
medications might best be handled by elimination from both control and
exposed groups. Those with a family history of blood disorders meed not

be eliminated, but the frequencies of such histories in the 2 groups should
be checked. Obviously, affirmative answers to questiong such as '"Did you
have a birth abnormality?" should be considered if the abnormality were

considered hereditary.

Analysis of Data. Data will be collated and analysed using the com-~

puter system available to the Louisiana Division Medical Department
and capably programmed by Perry Poston. The SAS statistical software
system will be used for analyses. The null hypothesis of no statis-
tically significant difference in values from the exposed and control

samples will be by the Wilcoxon signed rank_Eést for continuous data

and McNemar's test in the case of dichotomous data. t Continuous data
'will also be analyzed by McNemar's test using the categories of .within

or without the normal range as defined in Table III. 0o 095174
CONF TDENTTAL

DRAFT PROTOCOL Ethylene Oxide Study/VanPeenen, et a} 11




RESULTS, WEAKNESSES, AND FOLLOW-ON STUDIES: This proposed cross-

sectional gtudy should indicate whether or not employees potentially
exposed ta EO have relatively depressed red cell indices or depressed
or elévateq white cell counts compared to their non-EO-exposed col-
leagues; whether results of their laboratory tests of renal and hepatic
function are comparable; and whether their reported prevalences of
adverse Pregnancy outcomes are similar. Identification of potentially
exposed groups will also permit continued future surveillance and such
groups would also be available for testing as new techniques become
available. Concern has been expressed about’ability of this study to
detect leukemia. By definition, leukemia would, in fact, be detected
by the combimation of anmemia associated with increased number of white
cells in peripheral blood, and the diagnosis is easily confirmed by
microscopic examination of bone marrow.

Cross-sectional studies have many weaknessess‘which need not be
detailed here, The propesed study, however, additionally suifers from

the following:
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l. Pregnancy outcome data from fathers are less reliable than

from mothers.

2. The questionnaires permit bias towards "socially-acceptable

answers, -

3. The "power" or ability to detect subtle differences between
exposed and control populations may be low.

4. It is difficult to separate out age and work-ethic effects
when exposure categories are defined by duration rather than
intensity.

For these reasons, we suggest that a negative result (i.e., mno
significant difference in dependent variables between exposed and con-
trol groups) not be considered the final word. Thus, it will be appro-
priate to continue to meonitor employees with potential EQ exposures.

Populations to be included in continuing surveillance (pros-
pective morbidity) studies will be those identified for this cross-
sectional study, with addition of those entering ér leaving jobs with
potential EO exposures. Controls who enter such jobs will join the
exposed group and will be replaced as controls using the original match-
ing criteria. Personnel new to EO exposure jobs, and staying there for
6 months, will be added to the study along with new matched controls.
Personnel leaving EO exbosure jobs will continue in the study, but, of
course, in a different category.
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Similarily # positivg result (i.e., statistically significant
difference in dependent variables between exposed and control groups)
cannot be considered definitive either. 1In order to aveid decisions
based on chance due to multiple comparisons, it is suggested that future
studies at this time be stimulated only if a positive result is found
for more than 2 laboratory tests (of the 15 to be analysed) or for more
than 2 questionnaire responses (of the 11 analysed). 1In such an event,
a retrospective morbidity study of a cohort of all EQ-exposed employees
at some point in the past (I'd recommend a period prior to the first

Health Inventory) should be designed. Such a study might permit evalua-

tion of the question of "which came first, exposure or morbidity?"

DRATT PROTOCOL Ethylene Oxide Study/VanPeenen, et al 14,
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People. Estimated personnel needs are as follows:

Individual Time (Hours)

VanPeenen ~ Epidemiologist, Midland 120

Currier - Medical Director, Louisiana 80

Cook - Director of Epidemiology, U.S5. Area 20 Aﬁmﬂ

: . ; 20

P - Computer Specialist, Louisiana 60 r/

oston omputer Specialist, Louisian (ii:;2~:%;§' e
Ledford - Industrial Hygienist, louisiana 40 éimncmb» N

Y
TOTAL ' 320 Hours S fomr= e 7
dirtos M
Dollars: For personnel, 320 x $55.00/hr = $17,600.00
For computer time, estimate about 4,000.00

The computer estimate is for analyses only and does not include '
gathering and storing health data; It is based on a one month's !
cost incurred in our department during a period of heavy computer

usage.

For travel and miscellaneous 3,000.00

TOTAL ..vevesevivvoans Crerseeraans soee $24,600.00

TIME TO COMPLETION: Approximately 3 months from approval of |

protocol to final report.

DRAFT PROTOCOL Ethylene Oxide Study/VanPeenen,

t al 15.




TABLE I.

EFFECTS WHICH CAN BE MEASURED o
USING EXISTING DATA

Expected Effect

{Dependent Variable) How Measured Why

1. Hematopoietic
Anemia Red and white blood Direct toxic effects on
lymphocytosis or cell counts red and white cell pre-
lymphocytopenia cursors: stimulation of

the lymphocytic system

2. Hepatotoxicity Liver function tests, Direct toxic effect
liver enzymes

3. Mutagenesis "Adverse pregnancy Alteration of germinal
outcomes' according - stem cells
to questionnaire ‘ :

4. Renal tubule Kidney function tests Direct toxic effect
toxicity
095179
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TABLYE II

EFFECTS WHICH MIGHT OCCUR IF EO EXPOSURE WERE
TO CAUSE ADVERSE LONG TERM EFFECTS ON HUMAN HEALTH,
BUT WHICH CANNOT BE MEASURED USING EXISTING DATA
AND WILL NOT BE ANALYSED IN THIS STUDY

Expected Effect ,
(Dependent Variable) How Measured Why

1. Hematopoietic

Anemia Reticulocyte count Hemolysis
: *
2. Cytogenetic (Chromosome aberrations, Direct effect on DNA
sister chromatid ex- in dividing cells
changes)

3. Spermatocidal

Depression of Sperm counts Toxicity to germinal
spermatogenesis FSH levels tissue
i o
4, Immunotoxicity Counts of T&B cells DNA effect; direct toxic
Mitogen stimulation effect on bone marrow and
Depressed antiboedy blood
formation ‘
5. Neurotoxicity Measures of nerve Reports of neurological
conduction effects

Tests for tremor

*
Abbreviations: DNA = deoxynucleic acid;
FSH = follicle stimulaf&ng hormene;

T&B cells = thymus and bursa derived cells.
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TABLE I11 "\

DATA ELEMENTS WHICH CAN BE EXTRACTEb
FROM HEALTH INVENTORY EXAMS
LOUISIANA DIVISION

A. Dependent Variables.
1. Prevalence of Positive Answers on Questionnaire Items.
a. '"Has your family had any of the following:
(1) Birth Abnormality. "Analysis will be by those who
checked child only as well as by those who checked
child and self,

(2) "Any Miscarriages?" Analyze by "Yes" or '"No" and
by numbers per 100 respondents.

(3) "Any children with abnormality -at birth?" As above.
(4) "Any children stillborn?' As above.
(5) "Any death under 6 months?" As above.

*
b. "Do you have or have you had any of the following?"
Analyses will be by prevalences of 'Yes'" answers.

(1) "Liver trouble."

(2) '"Kidney trouble."

(3) "Anemia or blood problems."
(4) ‘'History of blood dyscrasias."
(5) '"Abnormal function of blood elements.™

(6) 'Liver or renal-dysfunction."

-

*Analyzed with and without an additional ves answer to "Exposure to
drugs or chemicals that injure the liver"; "Exposure to benzene or

other bone marrow depressants" and/or "Outside exposure to possible
marrow toxins." ;
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TABLE III
(continued)

_ *%
2. Results of Laboratory Tests — Hematology

a. Hgb Reference range (RR) :14-18 Gm%Z

b. Het RR  :40-54%
c. RBC RR :4.6-6.2 million/rum3
d. WBC RR :4.5-—11,000/1111113

e. Percent lymphocytes RR :25-33%
3. Results of Laboratory Tests - Kidney

k%
a. Blood Urea Nitrogem RR  :8-26 mg/dl

b. Serum Creatinine RR :0.9-1.4 mg/dl
c. Urine Protein
1+ or greater RR :neg
{
d. RBC; WBC RR :2; 0-3

4. Results of Laboratory Tests - Liver

a. Total Bilirubin RR : Less than 1.6 mg/dl

b. Alkaline Phosphatase RR :35-148 units

¢. LDH RR :63-155 IU/L
d. SGPT RR :12~55 units
e. SGOT . RR :15~55 units
f.  GGIP RR :under 38 U/L

%
Reference ranges for blood tests according to Conn (1971), which are
the most conmservative of those reviewed - See Appendix 1i.

EE '
Normal ranges for liver and kidney tests according to Bio-Science

Laboratories, 7600 Tyrone Ave., Van Nuys, Calif.

no 095182
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TABLE 111
(continued) .

B. Characteristics (Potential confounding variables).

1. Prevalence of routine answers on questionnaire items.
E{:}L{ j<) //‘ a. Past history of birth abnormality, leukemia, blood
j': f17V4\ disorder or cancer in any family member.
. ¢ b. "Yes" on "Exposures other than at work"
c. Diabetes '

d. Asthma

e. Arthritis

2. Physical Exam

a. Height
b. Weight

c. Diastolic blood pressure —

a
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\ ! A DISTRIBUTION-FREE SIGNED RANK TEST 27

\ 1§
Paired Replicates: Analyses by Way of Signed Ranks i

DATA. Weobtain 2n observations, two observations on each of n subjects

' / /7( / (blocks, patients, etc.). i |
A N /
/ /7

Subject i X, Y, , |
b “ veo ’
1 Xy Y, . - ;. s
2 X, Y, i
n X, Y,
Assumptions
lyses in Al. Welet Z, = Y, — X, and take as our model
ulation. Z,=04c, i=1l...,n, (1
portant.
pairs of where the e’s are unobservable random variables and the parameter of interest
ncerned 0 is the unknown “treatment’ effect.
* second ’ : A2. The ¢'s are mutually independent.
» from a A3. Each e comes from a continuous population (not necessarily the same
one) that is symmetric about zero.
plicates
1on-free ' 1. A DISTRIBUTION-FREE SIGNED RANK TEST (WILCOXON)
vd rank Procedure. To test
nierval. Hy:0 =0, VA]
+ data,
lerl;ng 1. Form the absolute differences |Z,], ... ,|Z,]. Let R, denote the rank
ered in } of |Z,} in the joint ranking from least to greatest of |Z,|, ..., |Z,|.
' 2. Define indicator variables w;,i = 1, ..., n, where
- ~cussed ! i if Z,>0,
© lion 4, Y = L
- related . 0 if g; <o
ires are 3. Form the n products Ryy,, ..., Ry, and set
of the S 3)
e sign
ammple The product R,y, is known as the positive signed rank of Z,. It takes on the
isymp- value zero if Z, is negative and is equal to the rank of |Z,| when Z, is positive.
The statistic T is the sum of the positive signed ranks.
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28 THE ONE-SAMPLE LOCATION PROBLEM

4. For a onc-sided test of H, (2) versus the alternative {0 > 0, at the
level of significance,
reject H, if TF 2> t(«, n), @
accept H, if TH < t(a, n),
where the constant («, ), which satisfies the equation Po{T™ > 1(a, 1)} = o,
is obtained from Table A.4. (Also see Comment 8.)
For a one-sided test of H, (2) versus the aiternative ¢ < 0, at the o level
of significance, -

n(n + 1)

reject H, if T* < - " (e, n),
(3)
. 1
accept H, if T > "("2___i_2 — t(x, n).

For a two-sided test of H, (2) versus the alternative 0 £ 0, at the « level

of significance, Exar

| .
reject Hy if T 2 t(ay, n)or T < nn + 1) — {wy, n), data, t

2 (6) a dout
n(n + 1) N was thq
-——2'——-— — t(ml, n) < T < ’(“z’ n)’ the X
where o = «; + o,. the ¥

Large Sample Approximation. When H, is true, the statistic be;:gl

SRR D) C 1o low

accept H, if

=D\ WA

it S
TS 5 %)
w*nﬂa!nim%%ﬁﬂf. E: : A :;l;at_ t;
has an asymptotic (n tending to infinity) N(O 1) distribution. The normal
theory approximation to procedure (4) is
reject H, if T% >z,
, : ®)
accept Hy, if T* <z,,.
Ties, If there are zero values among the Z’s, discard the zero values and
redefine » to be the number of nonzero Z’s. If there are ties among the
(nonzero) [Z|'s, use average ranks to compute T+, and carry on as in (4)
to (6). For the large sample approximation, compute 7+ using average ranks,
and replace vary(7") in (7) by
var, (T*) = (24) [n(n + @0+ 1) — % S, — 00, + 1)}, ©
i=1
where g = number of tied groups and ¢, is the size of tied group j.* We ¢

* In (9) an unticd observation is considered to be a tied group of size 1. Hence, if there
arenotiesatall,g = n, t; = lforj=1,...,n, and the right-hand side of (9) reduces to
Q4) Ya(n + 1)(2n + 1)),
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4)

Nt = a,
> alevel
)]

: o« level

(6)

(M

{ ¢ normal

®

lues and
mong the
as in (4)
1ge ranks,

l)], ©

nce, if there
J) reduces to

Jactor IV values

A DISTRIBUTION-FREE SIGNED RANK TEST

" Table 1. Hamilton depression scale

=

Patient ¢ Xy

Y,

i

1.83

0.50
1.62
248
1.68
1.88
1.55
3.06
1.30

WO 0o S] O L B R

0.878
0.647
0.598
2.05
1.06
1.29
1.06
3.14
1.29

.-

Source. D. 5. Salsburg (1970).

Example 1. The data in Table 1 were obtained by Salsburg (1970). The
data, based on nine patients who received tranquilizer T, were taken from
a double-blind clinical trial involving two tranquilizers. The measure used
was the Hamilton (1960) depression scale factor IV (the “sujcidal” factor;)
the X value was taken at the first patient visit after initiation of therapy,
the Y value at the second visit after initiation of therapy. The patients had
been diagnosed as having mixed anxiety and depression.

In this example involving tranquilizers, an improvement would correspond
to lower factor values. We will perform test (5). From Table A4 we find
that the critical value at the « = .049 level is (9(10)/2) — 1(.049,9) =
45 — 37 = 8. We illustrate the computations leading to (3) in tabular form.

i ,Zn‘ |Z¢| R: Y, R,'IP.'
1 —.952 952 g 0 0
2 147 147 3 ] 3
3 —~1.022 1.022 9 0 0
4 -.430 430 4 0 0
5 —.620 .620 1 0 0
6 —~.590 .590 6 0 0
7 —.490 .490 5 0 ¢
8 080 .080 2 ] 2
9 ~.010 010 ] 0 0

We then have
1
TH =2 Ry, =5,

1]




30 THE ONE-SAMPLE LOCATION PROBLEM

and, since T+ =5 < (9(10)/2) — 1(.049, 9) = 8, we reject H, in favor of 7. Let

0 << 0 at the & = .049 level. Note that the lowest level at which we could the rank

reject H, using this one-sided test is .020, since (9(10)/2) — 1(.020,9) = tend to |

45 — 40 = 5. observat

For the large sample approximation we find, using (7), ‘ 0 1? 0 f
i=1 Tl

e S-OUOM =173, 0, 28. The

[9(10)(19)/24)*  8.44 SE

Thus we see from Table A.1 that the lowest level at which we reject H, with- possible

the normal approximation is .0192. Hence both the exact test and the large &) Fo

sample approximation indicate that there is strong evidence that the tran- - (resie. s

quilizer does lead to an improvement as measured by the Hamilton scale
factor IV values.

B
Comments
1. Assumption Al does not require that X; and Y, be independent, and 0
indeed in most applications they are dependent. 1
2. For paired replicates data, the symmetry part of Assumption A3 is 1
often inherently satisfied. In particular, if X, and Y, arise from populations 1
differing only in location (i.e., the only treatment “effect” is a change in 2
location), then e, = Z, — 0 comes from a population that is symmetric 2
about zero. This is also true under more general conditions. 2
i 3. To test the hypothesis 0 = 0,, where 0, is a specified nonzero number, 3
; obtain the modified observations Z} =2~ 0, for i=1,...,n, and
: compute T+ using the Z”s (instead of the Z’s). Procedures (4) to (6) may Thus. for
! then be applied as described. ). (’Cf. .
f 4. When H, (2) is true, the distribution of T* (3) is symmetric about its The de
mean n(n 4+ 1)/4; this implies that lying e p
i nin an r
i Po{T" 2 o} = Py T < (:l)""‘" disc:r:zixnti
: fora =0,..., (n(n + 1)/2). From this it follows that the lower a percentile ::3:;?'
for the null distribution of T+ is [n(n 4 1)/2] — t(, n). This explains the N
.; use of [n(n + 1)/2] — t(a, n) as the critical value in procedure (5). Zub_]ec; to
i 5. Whereas in order to perform the sign test (Section 4) for paired replicates egex}x{ ol
1 we need only the signs of the Z; differences, in the case of the signed rank - Rep
1; test we need to know both the signs of the Z’s and the ranks of the |Z|’s. comes fro
: 6. The statistic T+ (3) is the sum of the ranks (of the absolute values) independ
; corresponding to the positive Z observations. Define T+ to be the sum of ranks
! (of the absolute values) corresponding to the nepative Z observations. Note
} that 7 can be defined by (3) with vy, replaced by 1 — y,, fori=1,...,n. where Z,
i Test procedures (4) to (6) could equivalently be based on 7, since T- = independc
[a(n 4 1)/2] — T+, (See Problem 3.) ' alternativ:

HoO 095192
CONF IDENTTAL




{1, in favor of
vhich we could
— 1(.020,9) =

reject Hy with
¢t and the large
that the tran-
1amilton scale

-ependent, and

imption A3 is
m populations
15 a change in

is symmetric

1zero number,
Tye..,n, and
1) to (6) may

ctric about its

or o percentile
s explains the
(5).

ired replicates
¢ signed rank
f the |Z]'s.
solute values)
:sum ofranks
vations. Note
i=1,...,n
, since T— =

A DISTRIBUTION-FREE SIGNED RANK TEST 31

7. Let B be the number of positive Z's and let r, < ¢, < - -+ < rg denote
the ranks of the absolute values of these positive Z's. For 0 > 0, these ranks
tend to be larger than the corresponding ranks of the absolute values of the
observations that are negative. This suggests rejecting H, (2) in favor of
0 > 0 for large values of >/, r,. As mentioned in Comment 6, T+ =
3£, r.. This is partial motivation for the procedure defined by (4).

8. The null distribution of T+ can be obtained using the equation T+ =

Z . r; (see Comment 7), recognizing that, under H, (2), each of the 2»
possible outcomes for the configuration (r,, . . . , rp) occurs with probability
(3)". For example, in the case n = 3, the 23 = 8 possible outcomes for

(ry, ..., rp) and associated values of T+ are given in the following table.
1
B (rasros ooy rpy) Po{(ri,ra,...,rg)y Tt= ‘zl r;
0 3 0
1 rp=1 3 1
1 ry=2 ) 2
1 =3 3 3
2 n=lp=2 3 3
2 rn=14r,=13 b 4
2 rn=2,r,=13 % 5
3 =1, =2,r,=3 3 6

Thus, forinstance, Po{T* > 5} = Py{T+ =5} + P{Tt =6} =} + }) =
(1). (Cf. Table A 4.)

The derivation of the null distribution of T+ does not depend on the under-
lying e populations beyond the point of requiring them to be continuous
and symmetric about zero. This is why the procedures based on T+ are called
distribution-free procedures. For example, when we choose the critical
constant {(a, n) of procedure (4) so that the equation Po[T+ > t(a, n)] = a is
satisfied, we control the probability of (falsely) rejecting H, when H, is true;
subject to Assumptions Al to A3, moreover, this error probability does not
depend on the underlying populations of the e’s.

9. Replace Assumptions Al to A3 by the Assumptions Al’; each Z

comes from the same continuous population and A2’: the nZ’s are mutually
independent. Then letting

0*=P(21+Zz>0)_(i)’

where Z, and Z, are random members from the Z population and Z,, Z, are
independent, the test procedures (4), (5), and (6) are consistent against
alternatives for which 0* >, <, and 0, respectively [see Pratt (1959)].
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For the special situation covered by Assumptions Al and A2 and the stronger
version of A3 used in Property 1, this consistency statement implies the
consistency statement given in Property I.

Properties

1. Consistency: For our consistency statement we strengthen Assumption
A3 s0 that each e comes from the same continuous population that is sym-
metric about O, Then the tests defined by (4), (5), and (6) will be consistent
against the alternatives 0 >, <, and 0, respectively. See Pitman (1948),
van Eeden and Benard (1957b), Pratt (1959), and Comment 9.

2. Efficiency: See Pitman (1948), Hodges and Lehmann (1956), and
Section 10.

REFERENCES. The T statistic was introduced by Wilcoxon (1945). Fraser
{1957b) proposed a normal scores analog of the signed rank test that has
desirable efficiency properties, Pratt (1959) presented a detailed discussion
of methods for handling zero observations and tied ranks in the signed rank
procedure {see also Cureton (1967)]. Hollander (1971) considered a procedure
for testing the absence of a treatment effect under a more general model than
that of (1) (see Section 10.3).

Other competitors of the T+ test include a binary test due to Savage (1959),
a generalization of the binary test considered by Doksum and Thompson
(1971), and various classes of tests considered by Hemelrijk (1950a, 1950b),
van Eeden and Benard (1957a, 1957b, 1957c), Govindarajulu (1960),
Gross (1966), and Doksum and Thompson (1971). See also References of
Section 4,

PROBLEMS
\'{. The data in Table 2 are a subset of the data obtained by Kaneto, Kosaka, and Nakao

Table 2. Data on blood levels of
immunoreactive insulin (1U/ml)

Dog i X; Y,
1 350 480
2 200 130
3 240 250
4 290 310
5 90 280
6 370 1450
7 240 280

Source. A. Kaneto, K, Kosaka, and K,
Nakao (1967).
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A - CHAPTER 3

The One—SampIc Location Problem

The procedures of this chapter are designed for statistical analyses in
which primary interest is centered on the location (median) of a population.
We encounter two types of data for which such analyses are important.
§ The first of these, referred to as paired replicates data, represents pairs of

' “pretreatment” and “posttreatment” observations; here we are concerned
with a shift in location due to the application of the “treatment.” The second
type of data, referred to as one-sample data, consists of observations from a
- single population about whose location we wish to make inferences.

In Sections | to 3, procedures are considered for analyzing paired replicates
data using signed ranks. In particular, Section 1 presents a distribution-free
signed rank test, Section 2 a point estimator associated with the signed rank
4 statistic, and Section 3 a related distribution-free confidence interval.

: In Section 7 these procedures are applied to some one-sample data.
An asvmptotically distribution-free test for symmetry of the underlying
( pepulation (one of the assumptions in Sections 1 to 3 and 7) is considered in
Sxtien Y

Procedures for anaivzing paired raplicates data using signs are discused
in Sections 4 10 6. A distribution-free sign test is considered in Scction 4,
a point estimator associated with the sign statistic in Section 5, and a related
distribution-free confidence interval in Section 6. These sign procedures are
applied to some one-sample data in Section 8. '
. The asymptotic relative efficiencies for translation alternatives of ic
Sl . procedures based on the signed rank statistic and those based on the sign
X . - statistic with respect to their normal theory counterparts based on the sample
' mean are discussed in Section 10. In this section we also deal with the asymp-
1 totic relative efficiency of the test for symmetry covered in Section 9.
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APPENDIX i

SUMMARY OF REFERENCE VALUES FOR -
ADULT MALES BLOOD COUNTS

Hemoglobin Hematocrit Erythrocyte Leukocytes

Author (Gm %) (%) (Million/mm~) (Thousand/mm3)
Coulter 14-18 42-52 4.7-6.1 4.8-10.8
Todd & Sanford 13.5-18 40-54 4,.6-6.2 4.5-10
Merck 13-16 42-50 4,2-5.9 4.8-10.8
Conn 14-18 40-54 4.6-6.2 4.5-11
Jandl 13.5-17.5 41-49 4.4-6.0
SKF 14-18 38-54 4.5-6.0 5-10
NIOSH 14-18 - 4.4-6.3 _ 4.2-10
Bio Science 13-18 40-54 4.5-6.0 N/A




TABLE I.

EFFECTS WHICH CAN BE MEASURED
USING EXISTING DATA

Expected Effect
(Dependent Variable) How Measured

Hematopeietic

Anemia Red and white blood Direct toxic effects on

lymphocytosis or cell counts red and white cell pre~

lymphocytopenia cursors: stimulation of
the lymphocytic system

Hepatotoxicity Liver function tests, Direct toxic effect
liver enzymes

Mutagenesis "Adverse pregnancy Alteration of germinal
outcomes' according stem cells
to questionnaire .

Renal tubule Kidney function tests Direct toxic effect
toxicity




TABLE I1

EFFECTS WHICH MIGHT OCCUR IF EO EXPOSURE WERE
TO CAUSE ADVERSE LONG TERM EFFECTS ON HUMAN HEALTH,
BUT WHICH CANNOT BE MEASURED USING EXISTING DATA

AND WILL NOT BE ANALYSED IN THIS STUDY

Expected Effect
(Dependent Variable)

How Measured

1. Hematopoietic
Anemia

2. Cytogenetic

3. Spermatocidal

Depression of

spermatogenesis
4, Immunotoxicity
5. Neurotoxicity

Reticulocyte count

(Chromosome aberrations,
sister chromatid ex-
changes)

Sperm counts
FSH levels

Counts of T&B cells
Mitogen stimulation
Depressed antibody
formation

Measures of nerve
conduction
Tests for tremor

o

"Abbreviations: DNA = deoxynucleic acid;

FSH = follicle stimulating hormone;

T&B cells = thymus and bursa derived cells.

Hemolysis

*
Direct effect on DNA
in dividing cells

Toxicity to germinal
tissue

DNA effect; direct toxic

effect on bone marrow and
blood

Reports of neurological
effects
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TABLE 1. PARTICIPATION DATA

GROUP NUMBER

I. Population Universe

A,

C.
D.

Al]l employees eligible for
Periodic Health Examinations
(PHE) in 1980 (Total in plant
except administrative and some
management) .

Total for whom 1980 PHE data
avallable..

Female employees.
Population universe used as source

for exposed and control populations
(= IB minus IC).

II. Exposed population, selected from source
population (all males).

A.

B.

DVP:d41l1
ky/21/81

No. males in Glycol II at time of

. 1980 exam.

No. males who worked in Glycol I &
IT on or before 31 Dec. 1980.

No. males in Dowanol/Ethanolamine
at time of 1980 exam.

No. males in Dowanol/Ethanolamine
on or before 31 Dec. 1980.

Subtotal in exposed population =
I1A + IIC. 85

;gw;z L o

¥PARTICIPATION
RATIO

09s199

o
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III.
A.

DVP:d411
4/21/81

TABLE 1 (Con't)
Page 2

GROUP

Control population (all males).

Source population (ID) minus
exposed population (IIA + IIB +
IIC + IID).

Employees with potential exposure
to benzene in 1980.

Employeees with unknown chemical
exposures due to assignment in
Research and Development or in
Instrumentation.

Subtotal from whom matched
controls selected = III A

minus IIIB and IIIC.

NUMBER

*PARTICIPATION

RATIO

976

¥Participation Ratio = No. employees in the group for
whom a 1980 PHE available divided by no. employees in

the group eligible for 1980 PHE.

¢




TABLE II.

CHARACTERISTICS QOF POPULATIONS FROM LOUISIANA DIVISION: EO

EXPOSED, EO MATCHED CONTROLS (1:1), AND ALL PHE PARTICIPANTS.

CHARACTERISTIC

VALUE

Exposed

Control ALL

I. MATCHING CHARACTERISTICS.

::,Number
Mean Age
v Median Age
+" Number non whites
v Yrs. in Plant (mean)
v % Current Smokers
% Non Smokers
~~ % Ex Smokers & Pipe Smokers
v~ % Non Drinkers

ITI.0THER CHARACTERISTICS.

v, % with Hx. of diabetes
’/% with Hx. of asthma
Mean Height
Mean Weight

Mean diastolic blood pressure

*From whom a 1980 PHE available

DVP:d411
4/21/81
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TABLE I. PARTICIPATION DATA

¥*PARTICIPATION
GROUP NUMBER RATIO

I. Population Universe

A, All employees eligible for
Periodic Health Examinations
(PHE) in 1980 (Total in plant
except administrative and some
management).

B. Total for whom 1980 PHE data
available.

C. Female employees.
D. Population universe used as source
for exposed and control populations
i (= IB minus IC).

IT. Exposed population, selected from source
population (all males).

A. No. males in Glycol II at time of
. 1980 exam.

B. No. males who worked in Glycol T &
II on or before 31 Dec. 1980.

C. No. males in Dowanol/Ethanolamine
at time of 1980 exam.

D. No. males in Dowanol/Ethanolamine
on or before 31 Dec. 1980.

E. Subtotal in exposed population =
IIA + IIC. 85

DVP:d1l1
L/21/81
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TABLE 1 (Con't)
Page 2

GROUP NUMBER

*PARTICIPATION

RATIO

III. Control population (all males).

A.

DVP:dll
b/21/81

Source population (ID) minus
exposed population (IIA + IIB +
IIC + IID).

Employees with potential exposure
to benzene in 1980.

Employeees with unknown chemical
exposures due to assignment in
Research and Development or in
Instrumentation.

Subtotal from whom matched
controls selected = III A
minus IIIB and IIIC.

*Participation Ratio = No. employees in the group for
whom a 1980 PHE available divided by no. employees in

the group eligible for 1980 PHE.




TABLE II.

CHARACTERISTICS OF POPULATIONS FROM LOUISIANA DIVISION: EO B
EXPOSED, EO MATCHED CONTROLS (1:1), AND ALL PHE PARTICIPANTS.

CHARACTERISTIC VALUE

Exposed Control

I. MATCHING CHARACTERISTICS.

v’ Number
v//Mean Age
Median Age
v* Number non whites
¥rs. in Plant (mean)
v % Current Smokers
% Non Smokers
v % Ex Smokers & Pipe Smokers
v~ % Non Drinkers

II.O0OTHER CHARACTERISTICS.

v>% with Hx. of diabetes
V/% with Hx. of asthma
Mean Height
Mean Weight
Mean dlastolic bloocd pressure

¥*From whom & 1980 PHE available

DVP:d411
4/21/81
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People. Estimated personnel needs are as follows:

Individual

Time (Hours)

VanPeenen — Epidemiologist, Midland
Currier - Medical Director, Louisiana

Cook — Director of Epidemiology, U.S. Area
Poston - Computer Specialist, Louisiana
Ledford - Industrial Hygienist, Louisiana

TOTAL

Dollars: For personnel, 320 x $55.00/hr =

For computer time, estimate about

120
80
20
60
40

320 Hours

$17,600.00

4,000.00

The computer estimate is for analyses only and does not include

gathering and storing health data; It is based on a one month's

cost incurred in our department during a period of heavy computer

usage.

For travel and miscellaneous

3,000.00

... $24,600.00

TIME TO COMPLETION: Approximately 3 months from approval of

protocol to final report.

-

an
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OBJECTIVES: To determine whether Dow employees who are exposed to
ethylene oxide (EO) have more abnormalities of the hematopoietie,
hepatic, renal and reproductive systems, as measured by data collected
for periodic health examinations, than do employees without: such ex-

posure.

IMPORTANCE OF THE CHEMICAL: Ethylene oxide (EO) is an important

industrial chemical, produced from feedstock ethylene, which is used
primarily for makiné ethylene glycol or polyesters (Amon, 1979a). It
is significant from a health viewpoint that EQ is also used for cold
sterilization of medical equipment, although this usage is minimal
from a commercial viewpoint. U.S. production of EQ increased from 1.3
billion pounds in 1960 to 5.3 billion pounds in 1979 (Anon, 1979a).
Dow has produced EO since 1941 at the Texas Division and since
1959 at the Louisiana Division. At these 1ocations, McClimans et al,
(unpublished manuscript) estimated that at least 550 employees ex-~
perienced some workplace exposures to EO in the p;st, while Moore et
al, (1979) estimated that 300 employees had worked in EO production
for one year or more. _At the present time, there are 88 employees
with potential exposure to EO at the Louisiana facility (44 each in

Glyecol II and DowanolsR).

DRAFT PROTOCQL Ethylene Oxide Study/VanPeenen, et al 1.
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The American Conference of Governmental Industrial Hygienists
(AGGIH) lists an 8 hour time-weighted-average concentration (TWA)
of 10 ppm for EO in its Notice of Intended Changes for 1980; an 8
hour 10 ppm TWA was also the Dow IHG, but this has very recently i1980)

changed to 3 ppm with excursion limit of 50 ppm. The current QSHA

permissible exposure limit (PEL) is 50 ppm TWA.

REVIEW OF LITERATURE;: Acute intoxication with EO at high concentra-

tions has long been fecognized as a cause of irritation of eyes,
respiratory tract and skin, and central nervous system (CNS) depres-
sion. Delayed effects include headache, nausea, vomiting, inco-
ordination, and electrocardiograph abnormalities (Proctor & Hughes,
1978). Peripheral neuropathy with decreased nerve conduction velocity
has recently been reported in 4 men after overexposure to EQ (Gross

@ et al, 1979); whether cause and effect can be assumed in these cases
is debatable. Levels responsible for acute effects have been esti-
mated at above 2000 ppm for very short single exposures and'above 200
ppm for continuous 8 hour exposures (Hine and Rowe, 1963). According
to Dr. Ray Flake of the Texas Division, acute overexposure of humans
to EO may cause an increase in serum SGOT and SGPT levels (Fishbeck,

personal communication).
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The experimental toxicity of EO was reported by Dow toxicolo-
gists more than 20 years ago (Hollingsworth et al, 1956). There
were no effects at 49 ppm, but histologic changes in liver, kidney,
and testes were observed in some animal species at repeated seven-
hour vapor exposures at levels of 204 and 357 ppm. Reversible impair-
ment of nervous function and muscular paralysis were observed in rats,
rabbits and monkeys at the 204 ppm level dose. Interestingly, laboratory
results, including biood urea nitrogen and blood counts, were normal
in the species studied even at the higher (357 ppm) exposure levels
(Hollingsworth et al, 1956).

Recently, there has been renewed concern about possible chronic
toxicity of E0Q. Results of an industry-sponsored 24-month experimental
inhalation study showed an increased, dose-related incidence of mono-
nuclear cell leukemia in male and female Fischer 344 rats (Snelling et

gﬁg al, 1981). Effects were voted at all level of exposures: 100, 33, and
10 ppm. Past literature in these regards included a 1964 report of
tumorigenicity in female mice (Reyniers, 1964), alkylating agent pro-
perties (Ehrenberg et al, 1974), and demonstrations of mutagenicity
in several test systems (Anon, 1979b), including Neurospora (Watson,
1966), plants (Ehrenberg and Gustafsson, 1957), and the Salmonella

typhimurium strain TA 1535 bacterial assay (Embree, 1975).
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As regards human disease, there are two recent published reports
from Sweden of malignancies purportedly linked to EO exposure. The
first report was of a case each of acute mylegenous leukemia, chronic
myelogenous leukemia, and Waldenstrom's macroglobulinemia diagnosed
between 1972 and 1977 in employees of a small factory which-used EO
for sterilization (Hogstedt et al, 1979a). These cancers may, of
course, be unrelated; but in a subsequent retrospective mortality
study of employees of an EQO production facility, the same senior
author reported mofe observed deaths from leukemia (3) than would
have been expected (less than 0.5) using Swedish national death rates
(Hogstedt et al, 1979b). Two of the leukemia deaths were caused by
chronic lymphatic leukemia, one by acute myeloid leukemia. It is
difficult to interpret results from this paper because of the finding
of an elevated overall standard mortality ratio (SMR) with 47 deaths
vs. 27 expected. Such a finding would be extremely unusual in the U.S.
where most U.S. employed populations reflect the “healthy worker
effect", and experience overall SMRs less than 100%. Another unusual
finding was an increased SMR for diseases of the circulatory system
(20 observed vs. 13 expected), which is reported only in office employees
in the U.S. Finally, chronic lymphatic leukemia has not, to this
author's knowledge, been linked to environmental factors.

A retrospective cohort mortality study of employees with work-
place exposure to EO is planned by British colleagues at Imperial
Chemical Industries Limited (ICI). Results of the ICI study will be

helpful in interpretating the Hogstedt reports.

-

-
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The Russian literature includes two reports of a variety of
health problems associated with workplace exposures to EO, Yabukova
et al (1976) reported an increased gynecological sick rate, increased
complications of pregnancy, and increased incidence of interruptions
of pregnancy among employees of an EO manufacturing plant compared
to pregnancies in management personnel and from outside the factory.
However, if I read a translation of the paper correctly, although
spontaneous abortion occurred in 10.5% of pregnancies of the exposed
group of instrument controllers compared to about 8% of laboratory
workers (also exposed) and about 8% of management controls, there were
more stillbirths among management employees (4/65) than in instrument
controllers (1/57). According to Yabukova et al (1976) the "overall
corresponding contamination of the factory air did not exceed 1 mg/m3"
(= about 0.6 ppm).

Ostravskaya et al (1971) reported a variety of subjective com-
plaints from 76 individuals with 3-6 years work experience, presumably
in EO manufacturing. In addition, they reported "bradycardia", “vegeta-
tive shifts" and "EKG changes" in some; the significance, if any, of
the quoted abnormalities is difficult to assess from the translation.

Ostravskaya et al (1971) reported a leukopenia (4000-4400 WBC/mmB) in 9

of the 76 employees.
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There was only one U.S. epidemiology study of EO prior to the
recent interest in carcinogenesis. A cross-sectional study of 37
EO operators engaged in manufacturing operations and of age-matched
controls (operators working with chemicals other than E0) was reperted
by Joyner in 1964. The highest air level of EO recorded was 127 ppm
but average exposures were less than 10 ppm for the working day (Joyner,
1964). The EO group actually had fewer symptoms and less absenteeism
than the controls; ;nd there were no more "abnormal" laboratory findings
in the study group than among the controls (Joyner, 1964).

More recently, in a Dow Chemical U.S.A. response document (Moore

et al, 1978), it is stated (page 7) that health surveillance data from

129 Dow employees "revealed no unusual medical effects, i.e., no effects

were observed in employees potentially exposed to EO within the TLV".
Tests apparently included blood counts and a battery of clinical labora-
tory tests. A cross—sectional study of individuals involved in cold
sterilization using EQ was recently published by Garry et al, 1979,

who found various frequencies of symptoms (up to 9 with histories of
sore throat) among 12 EO-exposed employees versus no symptoms of any
kind in a control group. Similarly, cytogenetic studies by these
authors reportedly showed more frequent sister chromatid exchanges

(SCE) (average 8.65) among the 12 employees 'than among 11 controls

(average 6.37).
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A cross—-sectional study was also sponsored by the American
Hospital Supply Corporation (AHSC). As yet unpublished, the AHSC
study was of employees of 9 U.S., manufacturing facilities which
utilize EQ as a sterilant gas. According to data kindly provided
by Ronald H. Abrahams, Ph.D., director of Regulatory Complianca-of
the AHSC, 6 of 75 exposed* employees had slight anemia and one had
a slight increase in lymphocytes (there were apparently no controls
for this phase of the study). Sperm counts were obtained from some
of the employees: é,of 46 exposed and 1 of 9 controls had sperm counts
less than 20 million/cc. The AHSC study also included cytogenetic data:
except for stable forms (Cs), all modalities of chromosome aberration
including number of breaks, unstable forms (CV), and SCEs, were statis-
tically increased in the exposed group when compared to control groups

of office workers.

RATIONALE FOR RESEARCH: There is a growing volume of experimental

toxicological data indicating that EO, at chromnic &apor exposure
levels much higher than experienced in the Dow workplace, can cause
detectable health effects. Whether measurable effects might also
occur at lower levels of exposure is unknown, but, if so, they

might include those listed in Tables I and I1. A major concern about

long-term effects of workplace exposures to EQ is carcinogenesis, so

*
Industrial Hygiene data were not given, but vapor levels were
stated to be less than the OSHA 8 hour TWA limit of 50 ppm.
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it would seem reasonable that any epidemiological study be designed
not only to detect the phenbmena listed in Table I over the short
term, but to detect excess cancers over the long term. In fact, a
draft proposal for a retrospective cohort mortality study of EO pro-
duction personnel at the Texas Division, with leukemia as a primary
concern, was prepared by McClimans and colleagues in July 1979 (un-
published data). Very recently, Bond and colleagues have prepared the
protocol for a case-control study of leukemias at Texas Division. Our
proposal is for a c}oss—sectional study of Louisiana Division employees
involved in jobs with potential EO exposure, to be followed by continuous
surveillance of the same group of employees. Since cross—-sectional studies
are preliminary and do not usually yield definitive results, it will be
necessary to plan for appropriate follow-on research depending on these'
preliminary findings. Alternatives for follow-on research are detailed
on page 11.

Abnormalities which might be expected if workplace exposures to
EO were exerting a chronic toxic effect include hematologiéal, hepatic,
reproductive, renal, cytogenetic, and carcinogenic (Glaser, 1977). As
proposed at the present time, however, our project will be limited to
analysis of results from existing medical surveillance data. Hemato-
logical abnormalities reportedly associated with exposure to EQ include
anemia and absolute lymphocytosis (Ehrenberg and Halstrom, 1967),
leucopenia (Ostravskaya et al, 1971) or,‘simply "changes in peripheral
blood" (Spasovsky et al, 1978). Because of the reported dose-related

DRAFT PROTOCOL Ethylene Oxide Study/VanPeenen, et al 8.

no 095216
CONF T DENTTAL




alkylation of hemoglobin by EO (Osterman-Golkar et al, 1976; Calleman

et al, 1978) it would not be unreasonable to expect increases in
laboratory tests associateﬁ with hemolysis, including total serum biliru-
bin and lactic acid dehydrogenase (LDH), as well as anemia and reticulo-
cytosis., Similarly, direct hepatic and remal tubular damage, causing
abnormal results in simple measures of liver and kidney function, might
be expected from any alkylating agent and, in fact, have been reported
experimentally at high levels of EO vapor exposure (Hollingsworth et al,
1956).

Questionnaire data from the periodic health examinations are
available and can be used. We recognize the weaknesses and biases of
using questionnaire data as evidence for disease or for adverse repro-
ductive functiom, but by judicious and a priori designation of which
questions‘will be analyzed it should be possible to compare the pre-
valences of symptoms relating to diseases of the blood and of adverse
pregnancy outcomes.

The list of effects which can be studied using existing data is
in Table I. Table I1 is a more comprehensive list, including tests
which cannot, and, in certain cases, probably should not, be studied
at the present time. As more reliable techniques become available,
however, it may become appropriate to examine for additional effects
in the future. Table III lists data elements which are presently

available for extraction and analysis.

DRAFT PROTOCOL Ehtylene Oxide Study/VanPeenen, et al 9.

521 i




APPROACH ;

Exposed Population., The exposed population will consist of active

Louisiana Division employees who were assigned to Glycol II or

Dowanols for at least 6 months prior to participating in the Heale
Inventory examination during 1980. Since intensity of exposure cate-
gories by job cannot be estimated because detailed historical industrial
hygiene data are lacking, length of employment in the 2 plants will be
used to divide the e%posed group into subsets of longer and shorter dura~

tions of exposure,

Control Population. There are 88 persons eligible; but since it is

anticipated that non-whjtes and females will be few, only data from

white males will be included in the study. The control group will
consist of an equal number of males matched by age (within 5 years or
better), race, date of hire, and smoking and alcohol use history. The

job category will be as of the date of health inventory and, of course,
results of the 1980 health inventory examination must be available.
Finally, to be eligiblé as a control, the employee must have no history

of EO exposure. It is recommended that the initial pool for controls con-
sist of a2ll Louisiana Division employees, and that eliminations be made

by matching criteria, the best age match being the final decision step.
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EEEERQEEEgXQEEEEAEEL Dependent variables are listed in Table III,

and consist of answers to questions regarding reproductive history

and past medical history, complete blood count values, and results

of the liver and kidney function tests. Test ¥esults will be considered
abnormal if outside the reference ranges shown; a summary of some re-
cently published ranges is in Appendix i.

.-

Covariables. Covariables or potential confounding variables other

than those used in matching include family history of illness, use

of medications, exposure to chemicals other than EO, radiation exposure,
and substance abuse; The effects of some of these covariables cammot

be analysed, and others, such as known substance abuse or use of certain
medications might best be handled by elimination from both contrel and
exposed groups. Those with a family history of blood disorders need not.
be eliminated, but the frequencies of such histories in the 2 groups should
be checked. Obviously, affirmative answers to questions such as '"Did you
have a birth abnormality?" should be considered if the abnormality were

considered hereditary.

Analysis of Data. Data will be collated and analysed using the com-

puter system available to the louisiana Division Medical Department
and capably programmed by Perry Poston. The SAS statistical software
system will be used for analyses. The null hypothesis of no statis-
tically significant difference in values from the exposed and control
samples will be by the Wilcoxon signed rank test for continuous data
and McNemar's test in the case of dichotomous data. Continuous data
will also be analyzed .by McNemar's test using the categories of within

or without the normal range as defined in Table III. a0 O

DRAFT PROTOCOL Ethylene Oxide Study/VanPeenen, et al 1.




RESULTS, WEAKNESSES, AND FOLLOW-ON STUDIES: This proposed cross-

sectional study should indicate whether or not employees potentially
exposed to EQO have relatively depressed red cell indices or depressed
or elevated white cell counts compared to their non-EO-exposed col-
leagues; whether results of their laboratory tests of remal and hepatic
function are comparable; and whether their reported prevalences of
adverse pregnancy ouécomes are similar. ITdentification of potentially
exposed groups will also permit continued future surveillance and such
groups would also be available for testing as new techniques become
available. Concern has been expressed about ability of this study to
detect leukemia. By definition, leukemia would, in fact, be detected
by the combination of anemia associated with increased number of white
cells in peripheral blood, and the diagnosis is easily confirmed by
microscopic examination of bone marrow.

Cross-sectional studies have many weaknessess which need not be
detailed here. The proposed study, however, additionally suffers from

the following:

DRAFT PROTOCOL Ethylene Oxide Study/VanPeenen, et al 12.
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1. Pregnancy outcome data from fathers are less reliable than

from mothers.

2. The questionnaires permit bias towards "socially-acceptable"
answers. .
3. The "power" or ability to detect subtle differences between

exposed and control populations may be low.

4, It is difficult to separate out age and work-ethic effects
when expésure categories are defined by duration rather than
intensity.

For these reasons, we suggest that a negative result (i.e., no
significant difference in dependent variables between exposed and con-
trol groups) not be considered the final word. Thus, it will be appro;
priate to continue to monitor employees with potential EO exposures.

Populations to be included in continuing surveillance (pros-
pective morbidity) studies will be those identified for this cross-
sectional study, with addition of those entering or leaving jobs with
potential EO exposures. Controls who enter such jobs will join the
exposed group and will be replaced as controls using the original match-
ing criteria. Persomnnel new to EO exposure jobs, and staying there for
6 months, will be added to the study along with new matched controls.
Personnel leaving EQ exposure jobs will continue in the study, but, of

course, in a different category.

DRAFT PROTOCOL Ethylene Oxide Study/VanPeenen, et al 13.
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Similarily a positive result (i.e., statistically significant
difference in dependent variables between exposed and control groups)
cannot be considered definitive either. 1In order to avoid decisions
based on chance due to multiple comparisons, it is suggested tha{"future
studies at this time be stimulated only if a positive result is found
for more than 2 laboratory tests (of the 15 to be analysed) or for more
than 2 questionnaire responses (of the 11 analysed). In such an event,
a retrospective morﬁidity study of a cohort of all EO-exposed employees
at some point in the past (1'd recommend a period prior to the first

Health Inventory) should be designed. Such a study might permit evalua-

tion of the question of "which came first, exposure or morbidity?"
q P y

DRAFT PROTOCOL Ethylene Oxide Study/VanPeenen, et al 14,
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PROCFNUIFE FOR ASTERTAINING NORMALITY DF POPUILATIONS Tl TUESDAY, JULY 28, 1931
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UNIVARTATE

VAR[ARLF=HGRDIF

MOMFNTS B . ___QUANTTLES(DEF=4) EXTREMFS

N 84 SUM WGTS 84 100% MAX 2.7 99% LOMEST HEGHEST
MEAN _ 0.115476  SUM 9T ____75% 03 1 95% -3.2 2.3

ST DEV 1.3096 VARTANCE  1.71506 50% MED 0.2 90% -3 2.4
SKEWNESS -0,303607 KURTOSTS ~D.18579% 251 Q1 -0.775 10% -2.5 2.4
usS 143,47 €ss 142,35 0% MIN -3.2 5% ~2.% 24
TV 113%.09 STD MEAN  0.142889 1% " g B SHREEE~ 5 Yacc ;
T:MEAN=0 0,808151 PROB>ITI  0.421314 RANGE 5.9 i
D:NORMAL  N.0548101 PROB>D >0.15 Q3-q1 1,775

MODE -0.9

MISSING VALUE
‘COUNT
% COUNT/NDBS

T H

B e

g

LEAF BOXPLOY NORMAL PROBABILEITY PLDT

57 4 2. T5+ + +

1344 wkkEE %

556Ta89 T RARE DA

0001222344 < e T

555666TT8999 il

111222334444 FrTTYs

4433332100 k&4 4

999999 BTTTTHS LT 2N

4320 BE TTYY T

AT65 +4+ee o

442 3 3 7 ® Ehk

> 5 i *

20 d —3,25+ %

B e T et 3 o e e e o e e e o e
-2 -1 0

T T

E 3% 5 &

e L5 - SYPNNHYRET WY TIRGEAT

I - A

ETE =

T ¥

T T EREY R o%

g L LNAQ L ANOD
Gees60 0d




-G

WL LNAUL ANOD
VCCEH0 0Q

PEACENYRE FOR ASCERTAINING NOPMALITY OF POPULATIONS T:13 TUESDAY, JULY 2R, 1981 2

. DIFFEPFNCE NF FACH YALUE TAKEN FOR ANALYSTS L .
T e e o rm o T m s e T Ia
- UNTVARTATE !
, o o 2
JVARTARLF=HCTNIF
4
o e ____MOMFNTS . _NUANTILESIDEF=4%) EXTREMES
"N 84 SUM WGTS 84 100% MAX 7.8 99% 7.8 LOWEST HIGHEST
*MEAN ___ 0.344048  _SUM __ _ __28.9 _ __ T5% Q3 3.15 _ ____95% 5.5749% ) 5.2
WSTD DEV 3.54004 VARTANCE 12.5319 S0% MED 0.6 0% 4,55 ~7.6 5.7
1SKEWNESS -0, 362317 KURTNSES -0,364152 25% ©1 -1.B75 10% ~4.4 -7.3 6.1
uss 1050.09 CSS 1040.15 0% MIN -T.9 5% ~T.025% =72 6.8
IC Y 1028.9% STD MEAN 0.38625 1z -T1.9 v —6.5 T.B
WTSMEAN=0  0.890738 PROB>IT] 0.375645 RANGE 15.7
Dt NORMAL  D,06B84682  PROR>D _>0.15 03-Q1 __5.025  _
" MODE 2
g MISSING VALUE
o COUNT i
o X COUNT/NOBS 1.18
R o _ e P N
e STEM LEAF TR 80XPLOT NORMAL PROBABILITY PLOT
Bl 7R 1 ! TS+ + + %
bt & 18 2 ! 1 _ ++ £ %
ol 5 27 2 1 | ) rex
o 4 02445689 8 | 4.5+ T
3 022347899 9 e & | R,
o ? 00023464588 10 ! | 1 ha bl
m 1 2255689 T | { 1.5+ ey
I 0 1134456678 10 [ [ LALl 4 - T
i =0 16642 s 1 t ! LS R >
b ~1 9887665411 10 ot -1.5¢+ X e
W -2 991 e 3 | [ L2 -
> -3 95542100 8 | 1 rhgE
s ~4 51 2 | -4.5+ e
) -5 §3 . 2 | i 4k .
b -5 5 i ] ! + = S .
i -7 9632 4 H ~Te5¢ * % % %
g U entontonds. At pinnds. omontuints, vttt & $m——— + + + + + + + + 3
el - -1 +0 +1 +2
N EhGas Ao = F i A At
= — I N —
l
N L At i L ad ety Mal T e Aae . xad . "/W' ..m/
5:'_~ _ - e e e e - i bl
B
»
f, dntti. i”m — s " ok s o e




02

£

ana

WA

PROCENYRE FORP ASTFRTAINING NORMALITY OF POPULATIONS T+13 TUESDAY, JULY 23, 1981
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. PROCFDURE FOR ASCFRTAINING NOPMALITY NF POPUL AT IONS 7113 TUESDAY, JULY 28, 1981 4
i
e - _ DIFFERENCE DF EACH VALUE TAKEN FOR ANALYSIS
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PROCEDURE FNR ASCERTATNING MNORFMALLITY OF POPULATEIONS T:13 TUESRAY, JULY 24, 1981

DIFFERENCE OF EACH VALUE TAKFN FOR ANALYSIS
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PROICFNIRE FOR ASCEPTAINING NORMALITY QOF POPULATIONS 7:30 TUESDAY, JULY 28, 1981 2
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. DIFFERFNCE OF FACH SEY DF VALUES TAKEN FOR ANALYSIS s
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~ STD NEV 22.344% TTRARTANCF T TERGRIITY T 10> 411 B I 1 S S | &&

| SKEWNESS  0.436539 KURTOSIS 1.53298 25% Q1 -13 10% -24.5 -37 49

| USS 41642 £ss 41439, 7 0T MIN -68 St -35.5 -37 65

o AN v 2.1 TV STD WEAN Z.53T98 Iz Y] =31 (3] 7

W T:MEAN=0 -0. 068362 PROB>{T]  0.945661 RANGE 137

[ DTNDRMAL  0.095467 PROB>D 0.057 Q3-Q1 24475

e T MODE 2z T
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\ PPOCTNURE FOR ASCFRTAENING NORMALITY DF POPULATIONS 7:30 TUGSDAY, JULY 28, 19R1 4
—*J‘ NIFFFRENCE OF FACH SET OF VALUES TAKEN FOR AMALYSIS L B _
UNTVARTATE
CVARTARL E=SGRTNIF T
} _ MDMENTS QUANTIL FS{DEF=41} B o __._EXTRFMES
Ll N B4 SUM WGTS 84 160% MAX 245 99% 245 LOWEST HIGHEST :
Y lmEaN 5.2619 SUM 442 75% Q3 13.75 95T  56.T49% .- " 53 .
|1 $TO NEV 35,3782 VAR EANCE 1251.62 SOX MED -1 0% i5.9999 “&1 58 .
-l SKEWNF 58 3.91778 KURTNS TS 25.2055 252 @1 -12.5 10% -22.5 -30 &0 N
[Lyuss 116210 €S5S 1030884 DT MIN  -71 5% -29.25 -30 a6 .
5 TV ET2.346 TID MEAN  3.B86008 - it =71 =ZT 245 :
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PROCENURE FOR ASCERTAINING NNPHMALITY OF POPULATEIDNS T:30 TUFSDAY, JULY 28, 1981

I
— DIFFFREMCF DF EACH SET OF VALUES TAKEN FOR ANALYS!S

fi
UNIVARTATE

LVFH‘I‘A‘.TI.‘F =GoTeRIF - T i - i : T

QUANTILES(DEF=4}

EETRFHES

MOMENTS

1
.
s
6
H
"

N B4 SUM WGTS R4 100% MAX T8 99% LOWEST HIGHEST
MEAN N.0238095 SUM 2 - 75% Q3 8 95% 33.4998 -79 23
C B R - 1 T TS 37

'y STH DEV T 7 20,8535 VARTANCE T T Te34,Be7T T T 50T Med T 0 T 90%

SKEWNLSS -0.536854 KURYOSTS 5.71657 25% Q1 -5 10% -18.5 -%4 &0
Uss 36094 €S5S 36094 0% MIN ~-719 5% -37 ~39 48
v gT5e5.5 STU MEAN 2.2753 1% =73 =31 TB
T:MEAN=0 0.0104643 PROB> 1T 0.991676 RANGE 157

« D:NORMAL  0.172058 PROB>O . <0.01 @3-01 13
" WODE 2
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_! PROCENDURE FNR ASCERTAINING NORMALITY OF POPULATIONS T:30 TUESDAY, JULY 28, 1981 &

. DIFFERFNCF OF £ACH SET OF VALUFS TAKEN FOR ANALYSIS .
d T T T o T =
i, - UNIVARTATE T
I-T!'ARLM!L F=SGOTOIF B o o T T T B T :
. MOMENTS QUANTIL ES (DEF=4) EXTREMES .
s e — ey T w - TR .
b SUM WGTS 84 100% MAX 294 99% 294 ;o . LOMEST ™ - - "HIGHEST "z "
i, SUM 36 75% Q3 7 _95% 25.75 e e dmlR3y 25 el
. : . 3/ =1 T 1] 7.5 3! 76 !
| SKEWNESS 5,23923 KURTDSIS 46,7611 25t a1 -9 1o% -25 -40 29 h
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PROCEDURE FOR ASCERTAINING NORMALITY OF PNPULATIONS 7:51 TUESDAY, JULY 28, 1981

DIFFERENCE OF EACH VALUE TAKFN FOR ANALYSIS

UNIVARIATE
VARTABLESRUNDIF

MOMENTS EXTREMES
- . - g T ol ,’:"u g i RS S FoL AR TR T = A
84 SUM WGTS fas “ .100% MAX 12

H P - < % - 3‘."‘_»4
! i - o . LOWEST =~ ,
»PMEAN, -, —1.1666T  SUM o -98 . . 75%-03 3 - R e T
=STD DEV 5.0224% VARTANCE 25,2249 50% MED -2
ISKEWNESS —0.0618393 KURTDSIS  0.054549 252 q1 -4
WSS .- 2208 (3 2093,67 0% MIN
s 1] e ~Kk30.495 D NEANERETO . 5419932 xR LT
D % 2. 12698 PROBS | T1 00362195 % 2 RANGE
MALL1 040777953 PROBDD 2. iy 4z 0clf, ; Q1
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PROCEDYRE FNR ASCFRTAINTNG NORMALITY OF POPULATIONS

7:51 TUESDAY, JULY 28,

1991
DIFFERENCE NF EACH VALUE TAKEN FOR ANALYSIS

UNTVARIATE

QUANTILES{DEF=4)

s *&?{y"'ﬂ;«";“" LA R T TR JET
: 7 SUMMBTSS -7 B&C T . 100% MAX 0.6 99t . - - . LOWEST
AN - . SUM ;- mea .2 o =0k - ; T5% Q3 . 0.1 95% - - : - D%
1STO DEV 0.192576 - VARIANCE 0.0370855 - SOY MED 4] S0% -0.%
SKEWNESS 02234997 KURTOSIS 0.137036 25% Q1 -0.175 10% ~0.3
-0.% 5% ~0,3

SRR T %5 ; o 0

EXTRFﬁES

G I
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STEM LEAF :

~CBoxPLOT

Lo .-

1 0000000000000 %

-2
J-3 0000000

LH

Nl £

NOD
od

G K e ¥ L, aBh

1£¢960




b s ——r———r we. o . L "

= ZUTEICANALANYL: A SO VBul/E FRE SUONODUR Ty
. L& DAENTE

STESC
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FRR VAVIT Sl - I Y

AT 21D JIr

UL LN L v

¥ARLADLED rRUM WULDTLUNALKLE D

FAbLL

1

DO 0952739
CONFTDENTTAL

VARIABLE ~ B1°TH ABNORMALITY

L mmmmm— e FXPUSED mm————— = w———=ac=CONTROL==~—memw-

e T T RESPONSE NUMBER/TOTAL RESPONSE NUNMBER/TOTAL .
7 . .

: PAIR 1 NO NO

T PAIR 7 TNOTTTT T NO

. PAIR 7 NO NO

0 PAIR & NOD NO

LTTTTPAIR b TONOT T NO

o PAIR ¢ NO NO

o PAIR NO NO

! FATR ¢ NQ T T T T TTTTTTTTTTND -

1] PAIR % NO NO

¢ PAIR 10 YOES* NO

WTTTURAIR 11 NO NO

e PAIR 12 NO NO

b PAIR 13 NO NO

n TTPRIRT 14 - YES* NO

7 PAIR 15 NO NO

" PAIR 16 NO NO

s PEIR TIT T NO NO T E R ;
N PAIR 18 NO NO e s
" PAIR 19 NO NO T T e e
» PRIRT 86T 7T NO NO

» PAIR 21 NO NO

. PAIR 22 YES** 1/2 NO

EH PALIR g NG . N ND” o * PR

x PAIR 24 YES## 172 NO L e

" PAIR 25 NO S LNOL

» PAIR ¢¢ NO NO

» PAIR 27 NO NO

» PAIR 28 YES*®* 1/2 NO

W T PEIR 29 NO “NO v T

“ PAIR 30 NO CNO TR

" PAIR 31 NO NO T

fas PEIR™ 37~ NG NO

! PAIR 33 NO YES*+

M PAIR 34 NO NO

o PRIR™ " 35 NO NO B

0 PAIR 26 NO NO ; .
s PAIR 37 NG NO

T PKIR 38 NO ND

u PAIR 39 NO NO

- PAIR 40 NO YES#w 1/2

o FERIR &1~ NO NG ) RSN A
» PAIR 42 NO NO. : . T
o PAIR 43 NO ND o e g L
W PRIR &4 YET++ 170 NO

o PAIR 45 NO

o PAIR 46 NO

[ PRIR™ 47 NO

“ PAIR 48 NO

o = -

70

n

n 7% e




. - - s D - e s i e ra P R e A LV SR B VNY ¥ 3 LW ) rAavE 4

VARIABLE - BRIRTH ABNORMALITY

m‘ =—=mmm==EXPOSED====== =~~~ —r-eeceeCONTROL==~-=---=
F RESPONSE NUMBER/TOTAL RESPONSE NUMBER/TOTAL
i PAIR 49 NO NO
sy PAIR &0 NO NO
'l PAIR 51 NO NO
PLIR 52 NO NO
WTTTTRATR B3 "~ TTNG NO
(3*;"] PAIR 54 NO NO
. i:f PA_!_B_ . 55 L NO Np...___..___._. e —
YLTTTTRRIR | NO NO -
Qi::. PAIR 57 NO NO
e PAIR 58 NO NO
PAIR B9~ NO NO
@ PAIR 60 YES#+ 172 ' NO
2! PAIR 61 NO NO
o PARIR &2 77T T WD NO
@ PAIR 63 NO NO
" PAIR 64 NO NO
s PAIR 66 NO L s NO ‘ ‘ AR
,. "PAIR €7 NO o ‘NO :
pori, PAIR 66 NO NO
G‘:’ PAIR &9 NO NO
! PAIR 70 NO NO
l PRIR 71 NO NO ' LR s By
sl PAIR 72 NO NO ‘
L PAIR 73 NO NO XA TEBT
© PAIR T4 ND NO _
P PAIR 175 NO NO St /733
w PAIR 7¢ NO NO
. PRIR 17 "~ NO NO
o PAIR 78 NO NO
w PAIR 79 NO NO
“ PAIR RO ~NO YES*
P PAIR 81 NO NO :
- PAIR 82 NO NO
. PAIR 83 T NO NG
o PAIR 84 YES#*» 174 . ¢ - “NO
52 — ———
; S
.ss _ N
. TOTAL POS RES B 6/12 3 2/4 -

[ PERCENTAGE POS REY 9.5% . R
TOTAL POPULATION SIZE -~ 84 L ,',;» A “;w :
R uni' ‘} I(*"V‘




Cas10G

1-JUN=~81

VARTABLE ~ MISCARRIAGES

ANALYSTS OF DEPENDENT VARIABLES FROM QUESTIONAIRES

—memmmualONTROL===eaeeee

-------- FXPOSED====—=—~-
. - " RESPONSE ™~  NUMBER/TOTAL RESPONSE NUMBER/TOTAL
,‘.: PAIR 1 NG __NO
Y2TTTTUPAIR 2 TTNe T LT
® PAIR 2 NO NO
. PATR & YES 172 _NC
T PAIR 5 ) NO . Lo
o PAIR 6 YES 171 NO w3
5 PAIR 7 NO . NO . .
T TPAIR A NOTTT T T T "NO o
® - PAIR 5 YES 272 NO
"l PAIR 10 NO NO
W TTTTTPRIR I B YES 170 *
- PAIR 12 NO NO ‘
t PAIR 13 NO NO
kT PATR 14T T T TYES 272 TNO
. PAIR 15 YES 171 NO
" PAIR 16 NO NO
] PEIR 17 RO NO i i
® PAIR 18 NO N NO U S
. PAIR 19 NO NO \ ’
n  PRIR 20 ' NO NO
. PAIR 21 NO NO
T PAIR 22 NO NO
n FAIR ?3_ NO NO R i -
[ A PAIR 24 NO YES 172
. PAIR 25 NO YES 272
5 PAIR 26 NO NO
® - PAIR 27 NO NO
. PAIR 28 NO KO
o[ PARIR 29 NG NO
. AN PAIR 30 NO NO
" PAIR 31 NO NO
Wl PAIR 32 TTNO YES 174
P PAIR 33 NO NO
M PAIR 24 YES 1/3 YES 1/2
WTTTTPAIR O35 NO NO
® PAIR 36 YES 1/4 NO
! R%%R 37 NO __NO
LT PAIRT 38 L) NO
® PAIR 39 NO NO
o PAIR 40 YES 172 NO
o o[ PRIR 41 i NU NO
) |o* PAIR 42 NO NO
):: PAIR 43 NO NO
o PAIR 4% NO NG o
' I PAIR 45 NO NO
- PAIR 46 NO NO
. PARIR &7~ T T ND NO
baial AIR 48 NO Ca e No LTS VR
i ' A

DO 095241
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1=-JduUh=81

ANALYSLS UF DEPENUL N

VARTABLE ~ MISCAKRIAGES

VAKLIABLEDS FEUM WULDTLUNAIRLD

rALL [

L 38
L eeeee——- EXPOSED-==~acmame —we ————— CONTROL~==rm—=wa
ﬁ{ % RESPONSE NUMBER/TOTAL RESPONSE NUMBER/TOTAL
11
¢ L PAIR 49 NO NO
‘) PAIR €£0 YES 173 NO
(3 PAIR 51 NO NO
- PAIR 52 NO N0
B PAIR 53 NO NO
N PAIR 54 NO NO
] PAIR 55 NO B _NO i
[ FAIR 56 - TTTNG NO -
¢ - PAIR &7 NO YET 172
o PAIR %8 NO YES 1/1 i
| FAIR 59 NO NO
RN PAIR 60 NO NO
! PAIR 61 NO NO
m PAIR 62 NG ND
(3 PAIR 63 NO NO O - st BY
w PAIR 64 NO NO
w  PRIK 65 YES 170 NO e : : .5
€* . PAIR 66 NO | NO g \l sxadr rEET + K
n PAIR &7 NO NO L
Lo, PAIR &8 NO NO
$ PAIR 69 NO NO
he PAIR  7C NO NO
i:n' PAIR 71 YES 171 NO
L 3 PAIR 72 NO NO
e PAIR 7% ND NO
! PAIR 74 NG NO
' N PAIR 75 NO NO
o PAIR 76 NO NO
o PAIR T 77 NO NO
e PAIR 78 NO YES -4
S PAIR 79 NO YES 1i/72 - —- T
s PEIR —2n - NO )
L PAIR 81 NO NO
: PAIR &2 NO NO
. PATR 8% ND NO
0 PAIR 84 NO NO
e
e TOTAL POS RES 11 13/21 9 11/1¢
lsl" PERCENTAGE POS RES 13.0% ) 10.7% ha Ry s
Ofﬁy TOTAL POPULATION SIZE - 8% R ”
“: [ N
oﬁln:

!
‘u.
L6

‘;u
‘n hh’
.,wn;

4
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' Z NN T O Lo L IS W W VO - S ) t LT R L L ek YT RIVLHLERLY RV WULD I JUNMLINL S [ +AGL 1

VARIABLE = CHILDREN STILLBORN
)
g mmmm—==mEXPOLED==mmmmmm=  mmmcece el ONTROL == = mw=mne
e — TTTTTTTRESPONSE NUFBEFR/TOTAL RESPONSE NUMBER/TOTAL 7y
‘| R L
. PAIR 1 NO NO L
s PAIR 2 NO NO
N PAIR 3 NO NO
., PAIR & Yee 1/2 NO
s PATR 5 i NO NO 1 NN
¢ PAIR & NO NO
. PAIR 7 NO NO
ha PEIR & - ®O T NO -
o' PAIR 9 NO NO
. PAIR 10 NO NO
W PAIR LI UUTRT NO
e PAIR 12 NO NO A
o’ PAIR 13 NO NO IR
! PAIR 14 77 '~ "NO NG
y 122 PAIR 15 NO NO
- PAIR 16 NO NO
= . PAIR 17 NO ‘ : . NO
1 PAIR 18 NO \ " NO
v PAIR 19 NO NO
2 PEIR 20 NG NG
y >l PAIR 21 MO NO
o PAIR 22 YES 172 NO
3 PAIR 23 - NO : N - NO ' \ s RS L e
I PAIR 24 NO L L 2 T S
. CPAIR 25 NO SRR NO o g
' PAIR 26 NO NO
y PAIR 27 NO NO
. PAIR 28 NO NO
41 FPALIR 29 NU ‘ “NO PR '
i PAIR 30 NO oo NO R
. PAIR 31 NO o NO :
gl PAIR 33 NO | NO
v PAIR 34 NOD NO
o PAIR 35 NO T T NO S T SRR
) PAIR 36 NO : A NO ‘
. PAIR 37 NO o \ ‘ NO :
A PATR 38 N NO
B PAIR 3 NO . NO
" PAIR 40 NO NO
o T PEIR &1 ND R o TN ~NO ..
gl PAIR 42 NO ' s : NO
"I PAIR 43 NO o ualgede e s NO
“ PETR 4% NG NO
b PAIR 45 NO NO
" PAIR 46 NO NO
LY ¢ ; . _NO
48 NO NO

g Ah 5%’%‘%@23&*’ r
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ARIABLE - CHILDREN STILLBORN

ANALEDSLS Wi

e LINE L v

VAR LADLLD rRuUmMm WUELD I AUNRIRKED

- PAIR

‘49 by

RESPONSE'

l

S

“NO

NUHBERITOTAL

ARESP

TOTAL POPULATION SI1ZF

: j 'NO.
PAIR &0 NO NO
PAIR 51 NO NO
PAIR' 52 NO NO
TPAIRTB3 ~NO -, < 22 °NO
PAIR .54 NO NO
PAIR _ 55 - NO NO
PAIR 56 NO NO
PAIR 57 NO NO
PAIR 58 NO NO
“ﬁxiﬁ“‘59\. < NO NO
"PAIR:60° . F NO NO .
Alggaaxéel o W NO . a
PAIR - 62 NO
PAIR 63 NO ;
PAIR -64 NO ‘
A B3 . st "NO ] > .
&%B?”gﬁ' ,  NO ‘ND ? S el &Y :
PATR 67 NO NO : - .
—PAIR &8 NG NO | EARe7T TEET : SO 2
PAIR 69 NO NO
PAIR 70 NO NO
PAIR 71 NO NO
PAIR 72 NO NO
PAIR 73 NO NO
PAIR 14 NO NO
PAIR 75 NO NO
PAIR 76 NO NO
“PAIR 77 NO NO
PAIR 78 NO NO
PAIR 179 NO NO
PAIR 80 NO NO
PAIR 81 NO NO
PAIR 82 NO NO
PAIR 83 —NO NG
PAIR 84 NO NO
TOTAL POS RES 2 0
PERCENTAGE POS RES 2.5% 0.0%

CONTROL ==

ons: \ ﬂUHBER/TOTAL




VI MLt olo WUl UEFLNLENI VARIABLES FROM QUESTIONAIRES PAGE 1
VARIABLE = DEATH UNDER & MONTHS
-------- EXPOSED=mmmmmwm—n ---—fff-coerOL----—--—-
— ~ RESPDNSE NUMBER/TOTAL RESPONSE -~  NUMBER/ZTOTAL .
PAIR 1 NO NO
—  PAIR 2 ~ NG “TNO
PAIR 3 NO NO
PAIR 4 NG NO
TTTTPAIR 5T NG NO
PAIR 3 NO NO
PAIR 7 NO NO
PAIR ~TH LN T o NO
PAIR S NO NO
PAIR 10 NO NO
PAIR 11 L) NO
PAIR 12 NO NO .
PAIR 13 NO { "NO
PEAIR 1% NG NO
PAIR 15 NO NO
PAIR 16 NO NO
PEIR 17 RO NO ; ks
PAIR 18 NO NO
PAIR 19 NO - NO
PAIR 20 NG NO
PAIR 21 NO NO
"PAIR 22 NO YES
PRIR 23 NO N KO el
PAIR" 24 NO ‘ FONO .
PAIR .25 NO C T NO
PAIR %6 NG NG
PAIR 27 NO NO
PAIR 28 YES 172 NO
PAIR 29" NO = NO I
PAIR 30 NO ; NO
PAIR 31 NO b NO
PAIR 37 NO NO
PAIR 33 YES 173 NO
PAIR 34 NO NO
" PKIR 3% NO A “NO T e
PAIR 36 NO NO I A T
PAIR 37 NO ‘ NO R
“PRIR 38 NO NO
PAIR 39 NO NO
PAIR 40 NO et " ..NO
PAIR &Y . NO = A &
PAIR 42 © NO o
PAIR- 43 s‘fi’iil o x NO - A,
PAIR ~ %3 e YES
PAIR 45
PAIR 46
,;,.fulx
DO 095245
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w LovvnTes AALTola v - - Sl LA A T —TROC
{
‘{ VARIABLE - DEATH UNDER & MONTHS
A eemmem———- EXPOSEQ=—=w=~=ns  c——ceaweCONTROL===~weo=-
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. PAIR 49 NO _ NO_
) PAIR 50 NO NO
‘l PAIR 51 NO NO
ol PAIR 52 ) _Ne _ __NO_
o] PAIR 53 ND NO
@ PAIR 54 NO NO
' PAIR 55 _NO - L “NO i
YT PATR™ 56 NO NO -
1) PAIR 57 NO NO
! PAIR 58 NO NO
w PAIR 59 NG NO
@' PAIR 60 NO NO
. "PAIR 61 NO NO
n PAIR 62 NO NO
& PAIR 63 NO NO
,, PAIR 64 NO NO
s PAIR 65 NO NO
" "PAIR 66 NO NO -
o PAIR 67 NO NO
s PAIR 68 i NO NO
:° PAIR 69 NO NO
. PAIR 70 NO NO
. PAIR 71 NG NO
s | PAIR 72 NO NO X
ol PAIR 73 NO NO
S v PAIR 74 NO NO
| PAIR 75 NO NO
. PAIR 76 NO NG
u PAIR 77 NO NO
- PAIR 78 NO YES 1/1 /
e PAIR 79 NO NO
ity PAIR B0 NO NO
- PAIR 81 NO NO
! PAIR 82 NO NO
o PAIR 83 NO NO
fj PAIR B84 NO NO
52 e _
. TOTAL POS RES 3 3/5 2 3/3
5 PERCENTAGE PGS RES 3.5% 2 e35X% o

TOTAL POPULATION SIZE - 84
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