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MARCH 1978

TOXICITY DETERMINATION

Based on a series of medical evaluations conducted at Occidental Chemical

Company in July 1977 the following conclusions are reported:

A) Employees in the Ag-Chem area at the time of the study were judged to

be exposed to toxic concentrations of dibromo chloropropane (DPCP),

B) Workers who had an occupational history that included exposure to

DBCP were more likely to have abnormalities of sperm counts than controls,

C) Testicular biopsies done in ten individuals as well as cumulative

DBCP exposure histary indicate a dose-response type situation. Those

workers who were exposed the longest were more likely to have reduced

Oor zero sperm counts.

These conclusions as well as other results contained in the report are a

result of numerous medical and biological tests.
and S

Data obtained from DOW

hell Companies served to substantiate results at Oxy-Chem and were

instrumental in indentifying DBCP as the caysative agent.
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DISTRIBUTION AND AVAILABILITY OF DETERMINATION REPORT

Copies of this determination report are currently available upon request
from NIOSH, Division of Technical Services; Information and Dissemination
Section; 4676<Co1umbia Parkway; Cincinnati, Ohio 45226. After 90 days
the report.will be available through the National Technical Information
Service (NTIS); Sph’ngfie]ds Virginia. Information regarding its
availability through NTIS can be obtained from NIOSH Publications Office

at the Cincinnati address. Copies of this report have been sent to:

a) Occidental Chemical Company

b) Authorized representative of employees
c) U.S. Department of Labor, Region IX

d) NIOSH Region IX.

For the purpose of informing the approximately 200-300 employees, the
employer shall promptly post for a period of 30 calendar days the
determination report in a prominent place(s) near where exposed

employees work.
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ITI. INTRODUCTION

In Tate June and early July 1977 the 0itl, Chemica],_and Atomic
Workers Union (OCAW), Local 1-5 asked seven male employees of the
Occidental Chemical Company's Agricultural Chemical Division (ACD) to
volunteer for sperm analysis. The reason for such an unprecedented
action was the persistence of an unfounded suspicion that the men in this
area of the plant were infertile. The results of these sperm counts
were sent to Dr. Donald Whorton, University of California, who had
functioned as a consultant to the Union in the past (the 1ab0ratory
would only release the results to a physician). By the middle of July,
Dr. Whorton had received seven sperm count reports, all of which were
abnormal. Dr. Whorton informed the Secretary-Treasurer of the OCAW
local of the abnormal results and requested an opportunity to meet with
the men. On July 19 Dr. Whorton participated in a joint meeting with
the management of Occidental Chemical and the Union. At that meeting
Dr. Whorton stated that he wished to talk with the men and to re-test
them. This was agreed upon. Later in the afterncon Dr. Whorton met with
six of the seven men, five of whom were requested to submit to re-testing.
The sixth man was omitted because of a prior vasectomy. Arrangements were
made for the men to be re-examined on July 22, 1977 in Berkeley, California.
Each man was requested to refrain from further ejaculations until after the
examination. Dr. Whorton had a later meeting with both the Union and the

management on the evening of the 19th to reconfirm the procedures,
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On July 22 the five men came to Dr, Whorton's office in

Berkeley, California for the re-examination. Each had been

given a medical history questionnaire to complete prior to the
i examination. On arrival at the office each was given a specimen
container and each provided a semen specimen. The specimens

were immediately taken to the laboratory at Alta Bates Hos-

pital for analysis. Also while at the hospitaltﬂomjgamﬂés
? were taken for complete blood count with differential, SMA 12,
2 T3 resin uptake, T4, serum testosterone, follicle stimulating
hormone (FSH), and luteinizing hormone (LH). A urine specimen
for routine urinalysis was also obtained. The men returned
to Dr. Whorton's office and each reviewed his medical ques-—
tionnaire with Dr. Whorton. Dr. Whorton also asked a series
of specific questions relating to the genitourinary system.
He then performed a complete physical on each individual.
Late in the afternoon of the 22nd Dr. Whorton received the
results of the semen analyses from the laboratory. Again,
all results were decidedly abnormal: most men were azoospermic,
the remainder severely oligospermic. Each man was informed of the results
of his sperm count.

Dr. Whorton then informed the Union and the Company of
the results. On July 23, 1977 he met again with the Union
and Company representatiVes to determine other individuals

to be tested. A list of all current ACD workers, mechanics

]
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assigned to the ACD area, clerical personnel assigned to the
ACD, and the laboratory personnel who work with various ACD
products was assembled. In addition, several former ACD em-
plbyees who still worked for Occidental were included. 1In
total, 36 individuals in addition to the original five were
examined during the next two weeks. Each received a similar
medical examination and underwent similar laboratory testing
as the original five. The only exceptions were the vasectom-
ized males who, of course, were not requested to give a sperm sample.
The females were not tested for serum testosterone,

Of the 41 workers examined three were women, eleven were
men with previous vasectomies, and twenty-seven were men who

were able to provide a semen specimen.

None of the three women experienced abnormal menstrual

REC PR

cycles and all had previously borne children. None of the

%

men had loss of libido, difficulty with erection or ejacu-
lation, loss or altered distribution of facial or body hair,
evidence of testicular atrophy or epididymal abnormalities,

evidence of gynecomastia, or abnormalities of the prostrate,

§ Three had varicoceles, but all three had previously fathered

| children. Seven of the 36 had never fathered children. Some
of the production workers complained of experiencing occasional
symptoms such as mild headaches, nausea, light headedness, and

weakness when formulating some organophosphorous pesticides.

Symptoms due to irritation of the upper respiratory tract

were also mentioned by some as being associated with their

o

work in the manufacture of certain thiocarbamate compounds.,

ETCHES S O e
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No other important information was brought to light by the
history of the physical examination of any of the workers.
Laboratory studies revealed no hepatic, renal, hematopoietic,
or thyroid abnormalities, other than a few which were con-
sistent with previous medical problems.

Of maﬁor note, however, was the relationship between
duration of exposure to dibromochloropropane (DBCP) and sperm
counts and levels of LH and FSH. Early in the investigation
it became apparent that men who had worked in the ACD for three
or more years were likely to have decidedly depressed sperm
count. Equally apparent was the suggestion that men who had
been employed in the ACD for only a very few months appeared
to have relatively normal sperm counts. In order +to examine
the relationship between exposure duration and sperm counts,
three women, eleven men with vasectomies, two former employees
of ACD, and three men with sperm counts greater than ten
million but less than 40 million were excluded from the orig-
inal group of 41. Remaining were eleven men with indisputably
depressed sperm counts (one million or less) and 11 men with

sperm counts many consider to be within the normal range.

(greater than 40 million/m1). These two groups were then compared

by age, time worked in ACD, and serum LH, FSH, and testosterone levels.
Table 1 shows this comparison. Here it can be seen clearly that the
mean is significantly higher in Group A (severely affected), a finding
consistent with the presence of oligospermia in these individuals.

The FSH levels in Group B (the normal sperm group) are in a range

comparable with those in a larger unexposed population from other studies.
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Group A also had a higher mean LH level. It is possible
that this also represents a response to testicular damage, although
serum testosterone levels are similar in the two groups, thus the
stimulus for the increase in LH is not known.

The fwo women workers not currently using oral contraceptives
have normal FSH and LH results.

A most striking aspect of the data was the between group
relationship of exposure time and response. In group B, mean exposure
time was only a few months while mean exposure time in group A was
3 years. Although the paucity of intermediate data points is regrettable,
it is worthy to note that the three men with sperm counts greater than
10 million but less than 40 million had exposure times approximating

one year,

IV. HEALTH HAZARD EVALUATION

In late July of 1977 both the Union and the Company requested
NIOSH to pehform a Health Hazard Evaluation on the remaining workers
in the plant. NIOSH contracted with Dr. Whorton for this study.
Dr. Whorton sub-contracted with Dr. Thomas H. Milby of Environmental
Health Associates, Berkeley, and Dr. Ronald Krauss of Alta Bates Hospital.

Berkeley, for assistance in this study.
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A. Rationale

After analysis of the results of the first forty-one

PR

s

examinations, the need to address four major gquestions in

SRR

the subsequent Health Hazard Evaluation became apparent:

FE

e

s

i

1) Did the infertility problem extend beyond the‘ACD

i

sy

L

to involve other male employees;

2) What was the extent of the infertility problem in

former male employees of the ACD;

3) Is there a hormonal assay available that is equally

e

effective as a sperm count for identifying affected
individuals; and
4) Although DBCP was considered to be the most likely

causal agent, could one or more other chemical agents

also be involved.

In order to answer these questions a rationale for the
approach to the medical evaluations of the remaining employees
was formulated. Two major decisions were involved., First,
to which employees should the examination be‘offered. Some
consideration was given to examining only a sample of the
Occidental Chemical Company plant population, and a diagram
(Figure 1) was prepared to aid in the sample selection process.

However, this notion was abandoned in favor of offering the

examination to the entire -employee populationu This approach
was chosen because it was felt that any employee who wished
to be examined should be given the opportunity,

The second decision addressed the content of the Health

Hazard Evaluation Medical Examination. Careful assessment of
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the data from the first forty-one examinations made it clear
that there would be 1ittle gained by exhaustive medical workup on each
of the subsequent participants. Accordingly, an abbreviated

medical history form and physical examination strategy were

devised. The questionnaire focused on the reproductive

system, especially reproductive history. Medical evaluation

S— P e
SN e e e L e S S e 2 e R . oty
e L e 2 = %

was largely confined to the genitourinary system and lab-

oratory work was limited to sperm counts and evaluation of

s

certain hormonal levels that appeared to hold promise as in-

i

e

b

dicators of effect.

e

e

B. Methods ;

A NIOSH trailer was brought to the plant site and all %
examinations were conducted therein. The employees were in-~ §
formed by both the Union and the Management about the study %
and were urged to participate. The transmittal of information .

S

was accomplished by both the Union shop stewards and the Plant i
Foreman. Patients were scheduled for the examination and col- @
lection of sperm and blood samples by the company nurse. She -

s

e e

distributed specimen containers along with semen collection

instruction sheets written by the authors. All sperm spec-

imens were obtained at home immediately prior to coming to

1

|

work. Employees were requested to utilize masturbation for %
| -

collection, however coitus interruptus was also acceptable. &
0

The blood for determination of the endocrine levels was ob-

I
il

BT
i

tained in the early morning hours prior to 9:00 a.m. All

TR

specimens were sent to the clinical and endocrine laboratories
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at Alta Bates Hospital, Berkeley, California, within two

hours of collection, Sperm counts were done daily. The serum
for determination of endocrine levels was promptly prepared

by the laboratory and frozen for later batch running. Em=~
ployees of certain work areas (Best products, ACD, field
applicators, and distributors) also had blood drawn for SMA

12 analysis at the request and expense of the company.

All patients were seen either by Dr. Donald Whorton or
Dr. Tom Wilcox (the participating NIOSH physician). Both
physicians completed the history form for each individual by
recording the patient's verbal response to oral questions.
Physical examinations were also done according to a stan-
dardized format.

A major, never well-resolved problem was estimation of
individual exposure to DBCP. For data analysis purposes ex-
posure was coded two ways, both qualitative, The first of
these qualitative exposure estimates was based upon simply
whether the participant had ever worked in the ACD. A some-
what more refined, though yetqualitative estimate of exposure
was devised later in the study when it was realized that ex-
posure to the chemical DBCP could have occurred in the past
in several areas in the plant in addition to the ACD, mnotably
the pellet plant where DBCP was formulated for a brief period
with fertilizers. Applicators, set-up men, and demonstrators
constituted another group not originally classified as exposed

@

Late in the study, a semi~guantitative estimate of ex-
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posure was devised. Each employee was questioned about his
exposure to DBCP. Time in ACD was considered de facto ex~
posure. The total time of exposure was estimated by months
wérked in ACD, pellet plant, application, etc. This infor-
mation was then coded and reduced. The data were grouped
according to the time of exposure in groups large enough to
be statistically useful. In some individuals in whom the

fact of exposure was known, no reasonable gquantification could
be determined. These employees were placed into a group of

unquantifiable exposure.

The various biostatistical strategies applied to the
analysis of data gathered from medical histories, physical
examinations, laboratory testing, and job classification in-
cluded simple descriptive presentation of distributions of
results by age and exposure categories, calculation of
Pearson correlation coefficients, one-way analysis of variance,
stepwise multiple regression, and discriminant function anal-

ysisg.,

e

i

Production records of formulated products by the ACD

from 1968 to July 1977 were combined with the composition

e

&

information for each product (in terms of technical materials
- by weight) to determine monthly amounts of technical materials
processed by the ACD,
- Finally, in an effort to reach employees who chose not
to participate in the study, a questionnaire was prepared
and distributed by a foreman. The unsigned questionnaires

were then returned to a collection box in sealed envelopes.
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V. Results

l. The Study Population

The entire population at risk was 310 individuals. Two-
hundred sixty-one were hourly plant employees; fifteen indiv-
iduals were employed as applicators, set-up men, or tractor‘
drivers, and the remainder were salaried employees. One-
hundred ninety-six male workers were examined, including the
38 who were originally examined prior to HHE-supported inves-
tigation. Five women workers were examined; three prior to
the HHE and two included‘in the HHE-supported evaluation.

In addition, two neighboring dairy farmers were examined at
their reguest. Thus a total of 203 individuals were examined
and evaluated. This report will focus on the 196 male workers,
since no effects of exposure were found in the five women
employees. One-hundred twelve workers were not seen; however,
62 of them were reached by questionnaire. The nonparticipants

will be discussed later in this report.

Table 2 provides the number and percentage of hourly

employees by work area who participated in the examination,

the number who responded to the questionnaire, plus the number
and percentage of nonparticipants who neither appeared for

examination nor completed the questionnaire. Table 3 shows the

number of nonvasectomizea anda vasectomized men by CXpOSUre group.

2. The Work Arcas

The various work areas within the plant were the ware-

house, the ammonia plant, the fertilizer plant, the
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Agricultural Chemical Division plant, Best products, pellet
plant, and the phosphate plant. Another large group of em-
ployees was comprised of maintenance men who generally tended
t§ work all over the plant. The remaining workers were
classified as clerical.

The warehouse was a general operation that usually did
not involve handling of products from the ACD plant. The
ammonia, fertilizer, pellet, and phosphate plants were related
in that they made ammonia-phosphate-type fertilizers. The
ACD plant produced agricultural chemicals for use by com-
mercial farms. The Best products produced insecticides and
chemicals for household or consumer use. The maintenance
employees, sub-divided into many smaller crafts or trades,
were employed throughout the pilant, frequently rotating in and
out of particular areas. Some maintenance employees were
assigned to specific areas. This was true in the ACD plant.
Other maintenance workers were assigned to specific repair
shops and only infrequently visited the plant area. The
clerical workers included in the study were those primarily

from the ACD plant or adjacent areas.

S S

T

The applicators were employees who worked for Occidental
0
Chemical Company but were responsible for demonstration, set-

2

up operations, or actual application of chemicals for farmers.

Table 4 is the distribution of the participants by work

area and age group.

3. Production Records

&

L

1
.

Tables S5A through F summarize the amount of technical
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5

material used per quarter from 1969 to 1977 for selected chemicals.

T

DBCP, epichlorohydrin, ethylene dibromide, and carbaryl were

included because of the possibility that exposure may be associated

Sl

with adverse reproductive effects. Toxaphene and methyl parathion

L

were added as examples of commonly used chemicals. Other heavily

used chemicals included Diazinon, Dinoseb, Endosulfan, Malathion,

e

ey
e

Maneb. Parathion, and Zineb. Other chemicals were not consistently

b

used during the time period or were used infrequently.

—
L

N

e

The Table 5A shows that 1, 2-dibromo-3-chloropropane was
extensively used throughout the entire period. Information from

both individual workers and company officials indicated that in

N

e

the early 1960's DBCP was used in the pellet plant for impregnation

s e e e e e

into pellet fertilizers. This process operated for two or three

e

years and has not been utilized since. No production data were

2 ‘*1@}@"

available on the amount of DBCP used prior to mid-1968,

4. Estimation of Exposure

Initially, the assumption was made that anyone who worked in
the ACD plant was exposed to DBCP. Based on this assumption, there
were 135 ACD or former ACD workers and 61 individuals who never
worked .in the ACD plant. However, further refinement of this exposure
index was necessary since DBCP had been used in the pellet plant and
was also used-by the applicators. By this refinement, 154 individuals

were exposed to DBCP; 42 were not. For individuals who were
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'currently‘working in ACD, exposure duration could be cal-
culated. However, for most individuals~--for example mechanics
--who were periodically in and out of ACD, this exposure tab-
ulation was more difficult. Because of the paucity of reliable
records prior to 1976, the investigators were forced to rely
upon individual memories to estimate length of exposure. The
exposures were added in a cumulative manner in order to

provide a sum by months or years. Finally, there were some

exposed workers for whom no measure of time could be determined

s

and they were thus placed in the category of unquantifiable

T

exposure.

A
i

R

Personal communications from Dr. Stephen Rappaport and

ey

Dr. Robert Spear, industrial hygiene consultants from University of

California, Berkeley have shown that in'Apri1 and July of 1977 eight-hour

|
l

time-weighted exposure to DBCP in the ACD-plant was less than 0.4 ppm.

I

o. Sperm Counts

S e

As discussed earlier in this report, it appears that the
best indicator of response to DBCP exposure in our population
is the sperm count. Accordingly, a number of statistical
manipulations, both descriptive and analytical, were carried
out on our sperm count data. Of special interest, of course,

are the relationships, if any, between Sperm counts, exposure,

age, work area, and hormone levels.

a. Sperm Count vs. Exposure

The original study, discussed earlier in this
report found a clear relationship between exposure

time and sperm count, at least in two exposure
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groups (less than 3 months and more than 3 years). 1In

e

these data, a wide gap containing only three data points

existed between the two groups. Table & is an attempt

to show the relationship between azeospermia and oligospermia

(less than 40 million), and normospermia (40 million or
greater) by exposure duration utilizing additional data
obtained in the HHE. In this comparison, vasectomized men
are excluded. A clear increase in the prevalence of oligo-
spermia with increasing exposure is evident from this table.
This association is especially striking after 43 months of
exposure. Other ways of looking at sperm count and exposure
are seen in Tables 7 , 8 , and 9 and Figures 2, 3,
and 4.

Figures 2 and 3 show éumulative distribution of Sperm
count by exposure. Figure 2 ig cumulative distribution of
sperm counts for two groups: once employed in ACD and never
employed in ACD. The median Sperm count for once in ACD
was 45 x lOG/ml, while the median sperm count for never in
ACD was 73.3 x 106/m10 Figure 3 is cumulative.percentage
distribution for sperm count for two groups; exposed to DBCP
Or never exposed to DBCP. The median sperm count for those

with history of exposure to DBCP was 45.6 x 106/ml while for

the non-exposed group the median sperm count was 78.7 x 106/ml

s Rt
e s

The exposure category in Figure 3 is considered by us to be

Pl s
e

more accurate than that in Figure 2 since the category "never

been employed in ACD" includes some individuals exposed to-

=

DBCP elsewhere. The reason for use of the median sperm count
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.
in Figures 2 and 3 is that the median is a better stat- 0
istical tool in this situation because of the extremes in

the data. These extremes are best shown in Tables 8 and

e

9. In Table 9 for example, in the age group of 30-39,

the mean sperm count is 57.6 x 106/ml, the standard deviation

o

is 59.2 x 106/ml, the minimum sperm count is 0, ahd the max-~

BT

. . ' 6 .
imum is 232 x 10 /ml. An even more extreme example is seen

i

=

in the 40-49 age group: a minimum of zero and a maximum of

ey

Tl

i

358 x 106/ml, a mean of 90.1 x 106/ml, and a standard devi-

pr
o

oz
2

ation of 126.2 x lOG/ml.‘ This problem is also seen in Table

8'

o
o

=

e
B

Table 7 is the cross~tabulation by grouping of sperm
counts by 10 million in the exposed and nonexposed groups.
This data is represented in Figqre 4, a bar graph. There
is a marked difference in distribution as the exposed group
has a marked predominance of sperm count below 40 million,
while the nonexposed group the predominance is above 40
million.

Although analysis of sperm count by place of work pro-

vided little useful information, worthy of note is the fact

that 9 of 14 applicators had sperm counts less than 490

million.

b. Sperm Count by Age

Because of the possibility that age and.sperm count
are associated, we examined age vs. sperm ccunt in both ex-
posed and nonexposed employees. Table 10 is a comparison of

sperm count by age. The sperm counts are divided into croups
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of ten million. All above 120 million are grouped together.

The zero sperm counts were also grouped together in a single
categoryf The reason for selecting these group-intervals
will be discussed later in this report. Figure 5 is a scat-
tergram which demonstrates that there is no significant
relationship between Sperm count and age. Fiqgures 6 and

7 are scéttergrams for the 35 nonexposed and 107 exposed

employees by sperm count and age. Again, there appears to

be no significant ‘association between sperm count and age.

6. Serum Hormone Levels

The initial study of 38 male ACD employees suggested
that serum levels of FSH, LH, and/or testosterone might hold

promise as valid dindicators  of DBCP: induced sperm count

depression. Because. of the nontrivial problems involved with
collection of semen and interpretation of sperm counts, and
also because of surprisingly large and probably increasing
prevalence of men with vasectomies, the value of a reliable
serum indicator of testicular function would be considerable.
Accordingly, we spent a good deal of effort in examining the .
relationship between levels of these three hormones and age,
exposure, and sperm count.

Sefum hormone assays for FSH, LH, and testosterone were
done on all medically examined participants. The results
were categorized into four groups, vasectomized and nonvas-
ectomized by nonexposed and exposed status. The data were -

analyzed for age rélationship. In the nonvasectomized ..
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exposed group, nine individuals who had not provided sperm

samples were included. In the case of two individuals with

o

R

sperm counts, the results of the hormone assays were excluded

=

for technical reasons.

e

-
i

a. FSH Values

Tables 11 and 12 show the mean, standard error,

and range of FSH levels by l0-year age groups in 35 men

e

e

never exposed to DBCP and 114 men exposed at one time or

another to DBCP. Figures 8 and 9 are scattergrams of the

same data. There is a significant increase in FSH with age

in both groups.

el .

Tables 13 and 14 show the mean, standard errcr,

and range of LH levels by 10-year age group in 35 men never

exposed to DBCP and 114 men exposed to DBCP. Figures 10

and 1l are scattergrams of the same data, There i1s signif-

icant increase in LH with age in the eXposed group but not

in the unexposed group.

Tables 15 and 16 show the mean, standard error, and

I
= 0 o

testosterone levels by l0-year age group in 35 men never ex-

=

e

e

posed to DBCP and 114 men exposed to DBCP. Figures 12 and 13.

are scattergrams of the same data. There is a significant .

L
oy

|

decrease in testosterone with age in the exposed group, but
not in the unexposed group.

Comparison of sperm counts and FSH assays were done
for both. the exposed and nonexposed groups. Table 17
shows the mean FSH value by grouped sperm count values for

the nonexposed workers. Table 18 is a different grouping -
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of the data in Table 17. Group 1 includes from zero to 29
million sperm per ml. Mean FSH values in Group 1 are much
higher than the means of the other thrée groups, Table 19

ié a comparison of group sperm count and FSH values for ex-
posed workers. Table 20 is a condensation.of Table 19 in
that Group 6 now encompasses sperm counts from 50~-99 million,
and Group‘7, 100 million and above. The most striking ob-

servation is the difference in Group 0 from all other groups.

b. LH Values

LH values and group sperm count data were compared
for both the nonexposed and exposed populations. Table 21
shows the mean LH values by sperm count group among nonexposed
individuals. Table 22 is a condensation of Table 21 sSim-
ilar to that described above for the FSH values. There are
no apparent differences in LH among these groups. Table 23
shows the mean LH values by sperm count group for the exposed
individuals. Table 24 * is a condensation of Table 23.
There is a very striking difference between Group 0 (azoo-

spermic) and the other groups.

¢. Testosterone

Serum testosterone values were compared: to grouéed :
sperm counts for both the nonexposed and exposed populations.
Table 25 is a comparisen of the mean testosterone levels
by grouped sperm counts for the nonexposed population.  Table.
26 is a condensation of Table 25. There appear to be.

no important differences ameng any of the groups. Table 27

TR
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is the mean testosterone level by sperm group for the exposed
population. Table 28 is a condensation of Table 27. Again,

there appear to be no important differences among the groups.

d. Comment on Statistical Interrelationships Between
Observed Sperm Counts and Hormone Levels

One of the variables of principal interest in thié
investigation was sperm count. It is illuminating to examine
how sperm count is related to the many physiological measures
for which data were collected. The mode of statistical anal-
ysis known as multiple regression provides a means of examining

and understanding the complex dependency of a response, or

dependent variable (i.e. sperm count) on a set of stimulous

variables (i.e. endocrine levels and SMA 12 measures) .

Specifically, it is important to know if sperm count can

B S O R e i

7

be predicted on the basis of knowledge of a set of one or ;
more physiological measures.

| Thirty~five men who had provided both semen and blood
samples had never been exposed to DBCP. There were 116 non-

vasectomized men who had been exposed to DBCP but this group

was reduced to 90 for this analysis because of missing data

=

or unquantifiable levels of exposure to DBCP. Number of months

e
AL

exposed to DBCP was ascertained by the examining physicians

%

o
-

=
=

and this variable was included in the analysis of this group.
Stepwise multiple regressions were performed separately
for both exposed and nonexposed groups. The endocrine var-
iables LH, testosterone, and FSH were considered together with
age as independent variables for the unexposed group, and the

effects of these variables on sperm count were examined.
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None of the variables were found to be individually signif-

i

icantly related to sperm count at p = .05. Not surprisingly,

the summary table of the stepwise regression demonstrates that

no linear combination of these variables was found to be sig-

nificantly related to sperm count at p = .01,

s

The matrix of correlation coefficients for the exposed

N————
R

group is provided in Table 29. Some unusually large observed

Gear

associations are noteworthy; sperm count is inversely related %

to exposure, LH and FSH at p = .0l. Exposure is the likely %

causal factor in the observed associations between sperm and %

LH and FSH since it is also highly correlated with these var- %

iables at p = .0l. LH and FSH are themselves highly correlated %

and account for the largest observed association, r = .63376. E

Table 30 is the same correlation for the~nonexposed. %
Indeed, the summary table of the stepwise regression of ﬁ

all of the independent variables on sperm count indicates that %

exposure is the overwhelmingly best predictor of sperm count. §

-

"The variables LH and FSH contribute very little to the pre- %
diction of sperm count once exposure is included in the §

L

regression eqguation. The exposure variable itself accounts %

“for 14.7 percent of the total variation. Including all the 3
variables :in the regression equation acgounts for 27.2 perc- %

=

cerit of the total variation. The overall F statistics at

o

each step of the regression are significant at p = .01,

5
o
i
|
o

The advantages of using blood samples as opposed to
semen samples for screening exposed populations for affected

individuals are well recognized. Various discriminant anal-

yses were performed to evaluate the predictive values of the
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various hormone tests. Tables 31-35 provide the ultimate

classifications of the sample arising from the application of

e e e T )

s

the derived discriminant functions to the sample data. Olig-

ospermia was defined differently in each of these tables. §
Classification by individual discriminant functions was best %
when oligospermia was defined as less than 20 x 106 5perm/mi. Q
(This result is perhaps attributable to the relative contrib- %
ution of azoospermics being greater when Qligospermia is thusly 2
defined). %

Tables 36-39 shiow the results of the predictive :

values of LH and FSH individually. FSH is the single most

sensitive predictor for having the fewest false positives,

e ) e

but use of either FSH or LH results in a large percent of

2

false negatives. Approximately one-half of the true positives

are identified by either FSH or LH, but use of LH results in

a large number of false positives.

In summary, the FSH either alone or with LH could be

e

used as a screening tool for populations in which sperm zam-

0
b

\
\

pPles are unobtainable. However, according to the data of

this study, a large percentage of false negatives would occur

TS

using either of these indicators. Use of FSH is preferable

on the basis of indications that fewer false positives will cccur.

7. SMA 12 Results

Complete Serum Multiphasic Analysis (SMA)-12 data was collected on

SRy a0

64 men, 138 of whom were vasectomized. Semen sampfes were obtained and
sperm counts were done on the remaining 46 men. A stepwise multiple

regression was performed to ascertain if a linear combination of SMA 12

values and age could be useful in predicting an individual's sperm count.



Page 24 - Health Hazard Evaluation Determination Report HE 77-103

Prior to the actual regression calculations a matrix

consisting of pairwise Pearson correlation coefficients is
calculated for all the regression variables and this matrix
is given in Table 40. All pairwise correlations presented
in this table are based on 46 men. One may observe that al-
though many of the SMA 12 variables are inter-correlated,
only calcium is significantly related to sperm count and this
association is significant only at p=.05 and not at p=.01.
The largest observed correlation exists between calcium and
albumin, r=.65712. Cholesterol is highly related to glucose,
total protein and LDH, x=.64719, r=.57802 and r=.55185 res-
pectively. Age is not significantly related to any of the
variables at p=.01 for this data.

‘Table 41 provides.a summary of the stepwise regression
for assessing the dependency of sperm count on the SMA 12
veriables and age. One can see from this table that only
calcium contributes significantly {(at p = .05} to the pre-
diction of sperm count in the presence of all variables. The
percent of the total variation in sperm counts explained by
calcium alone is 2.375%. Including the seven most important
variables in the regression equation raises this percent of
variation explained to 31.391%. (see R square column of
Table 41). However, although the overall regression re-
mains statistically significant the inclusion of additionai

variables into the regression equation after calcium does not
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is a summary of the SMA 12 means by area of

42

contribute significantly in reducing the unexplained variation.
Table
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8. Questionnaire to Nonparticipants

i s

An assessment of nonparticipants was done by questionnaires.

B e

Each worker who had not appeared for a medical examination

TR

received a multiple~choice questionnaire and an envelope

to ensure anonymity. Sixty-two of the original 112 nonpartic-

ipants responded to the questionnaire. Table 43 shows the

S e e

distribution of the reasons for nonparticipation for those

e

reporting. Table 44 shows the amount of work experience in

T

S

BT

ACD. It is interesting to note that the majority of the em-

ployees were either not interested, had vasectomies, or had

sterile wives, Only a small minority did not want to give a

semen specimen. Only one individual cited religious reasons

for nonparticipation. The majority either had not worked in .

e

ACD or had worked there for less than one year. Table 2 shows

%
the total production workers, the number of participants, the §
number of respondents to the questionnaire, and the number %
who did not respond to the questionnaire by area of the plant. i

Eighty percent of all production workers were either examined

or responded to the gquestionnaire. Response by the acid plant
workers was very poor; however, the response was much better
in the other sections of the plant. During the medical ex-

amination, each worker was questioned about current birth

3
)

f
|

control measures. Table 45 shows the results of the responses,

ﬁ{
o
L
0
&
ES"
o

The largest two groups either used no birth control. measures

E

=

or the husband had previously had a vasectomy.

of the

Thirteen percent

respondents reported that oral contraceptives were used by their

spouse.

T

T

=



than ACD were found to have been exposed at one time or an-
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-VI. Summary and Discussion é
The extent of the infertility problem at the Occidental ;
Chemical Company's Lathrop plant can be summarized as follows: g
13.1 percent of the exposed, nonvasectomized group were azoo- %
spermic, 16.8 percent were definitely oligospermic, and 15.8 %
percent were mildly oligospermic (20-39 million sperm per ml %
of seminal f£luid). Of the 142 men examined who %
provided semen specimens, 75.4 percent were eventually clas- ;
sified as exposed. One can assume from the responses of the §
nonparticipating group that the majority of the exposed in- §
dividuals were seen. %
During the investigation, individuals from areas other g

.

other to DBCP. In the early 1960's the company impregnated

P 2

fertilizer pellets with DBCP. Some of the individuals who
worked in this area were found to be severely affected. Also,

a high percentage of the applicators, demonstrators, or set-

up men were found to be affected.

The likelihood of a causal relationship between DBCP . |

exposure and the observed infertility is great,

i

especially

|
if one considers the other studies reported from Dow and Shell. g
Examination of Occidental Chemical- Company's production rec- ?
ords alone would not have allowed the authors to conclude %
that DBCP was the sole etiological agent. %

T

¥SH, LH, and testoéterone-assays were done in an attempt

SR

to find a hormonal indicator that would predict alterations

i s

in sperm count, thus obviating the need to obtain a semen
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|

|

| 4
specimen in a population of employees exposed to a chemical a
suspected of possessing infertility-inducing properties. Our @
observations suggest that either FSH or LH (but not testos- %
terone) could be useful in this role if a study population, g
. . . . . L
like ours, contains a high percentage of azocospermics. The :
predictive value of both FSH and LH decrease to vanishing if %
one removes the azoospermics from the study population, as we %

did by statistical manipulation. In short, in a population

of men severely damaged to the point of widespread azoosper-

s

mia, FSH or LH serum values would likely predict the existence

¢
.
of a problem which would then require the collection of sperm %
samples for clarification. (Attention is called to Tables g
:

31-39 which indicate a high false negative rate where either

hormone assay is used as a case finding). In a population of

oligospermic men, neither hormone assay could be counted upon
to detect a problem. Thus the sperm count remains the single

best indicator of DBCP induced infertility.

In the initial study of the 41 ACD employees prior to
the ipipiation.of the HHE, there was 100 percent cooperation
‘among the workers. In the later study the nonparticipation
rate among workers was. considerable, despite the full cooper-
ation and assurance of:both the Union and the Company. A
number of those who only responded to the questionnaire but
were not interested in participating inthis type of a study
gave the reason that either they had vasectomies, their wives

were sterile or beyond the child-bearing age, or were not in-

L
e
-
!

terested for unstated reasons. Only a few individuals stated

e
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that they did not wish to give a sperm sample; however, the
authors feel that the nature of the examination was inhibiting
to many potential participants.

The data we have been able to collect do not provide a
clear answer to the question of reversibility of DBCP
induced infertility, nor to the issue of carcinogenicity;
long-term follow-up will be required to answer both questions.
There are also no data about mutagenicity of human germ cells
and potential fetal mutogenic effects.

The data do indicate

that DBCP is a selective germ cell or spermatogonia toxin.
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VII. RECOMMENDAT IONS

Y R e

T

A) If DBCP is produced or formulated in the future, all effort must

e el

be made to keep the environmental concentration below the currently

il

e

proposed OSHA Standard for DBCP of 1 part per billion (PPb).

S

B) In an effort to determine the reversibility of injury, repeat

semen analysis should be performed at least at yearly intervals for 2
the first five years following the identification of the problem. ;
C) Workers with significant DBCP exposure should be followed and é
records be kept on these individuals for at least 30 years. This ?
measure would Tikely discover any Tong term effects caused. by é
DBCP exposure. %
D) Company and Workers cooperaticn and participation in the NIOSH :

DBCP Registry is encouraged.

E) The employer follow the recommendation for medical surveillance

of workers outlined in the OSHA proposed standard for DBCP.
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The following Tables were prepared from data collected
during the months of July and August 1977, at Oxy-Chem, Lathrop,
California. These data were collected and analyzed as a part of

Health Hazard Evaluation 77-103.




Table I

Mean -Age, Years of. Exposure, Sperm Counts, and Serum FSH, LH

and Testosterone Levels in 22 Nonvasectomized DBCP Formulators

Group N x ‘Age - ¥Yrs Exposure Yrs Sperm Count FSH LH Testosterone
X lOG/ml mIu/ml mIu/ml ng/dl
Mean SEM ‘ Mean SEM lean SEM Mean SEM Mean SEM Mean SEM
A 11 32.7  1.67Y 3.0 1.2% 0.2 0.1°7  11.3  1.8% 28.4 3.37" 459 35
B 11 26.7 1.2%% 0.08 0.02%7 92 18* 2.6 0.47 14.0 2.8 463 31

*
Nine workers with O‘sperm/m14 two with 1 x 106/ml.

KN
'Difference between groups A and B significant at p {0.001.

++Difference between groups A and B significant at p<£0.01.

SEM = Standard error of mean.




NUMBER AND PERCENT OF OCCIDENTAL CHEMICAL COMPANY
HOURLY EMPLOYEES BY WORK AREA WHO PARTICIPATED
IN MEDICAL OR QUESTIONNAIRE PHASE OF THE STUDY

WORK TOTAL # % # RESPONSES #NO EXAM OR % NO EXAM

EMPLOYEES EXAM EXAM TO QUEST. RESPONSE OR RESPONSE
Ag Chem 24 24 100 N.A. 0 0
Best 12 11 91 1 0 0
Maint. 135 82 61 25 28 21
Ammonia Plant 28 14 50 11 3 11
Warehouse 28 7 25 13 8 29
Fertilizer Plant 14 5 35 9 0 0
Acid Plant 20 4 26 3 13 65
TOTAL 261 147 56 162 52 20
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TABLE 3

%
g
%

it
il

RNUMBER EXPOSED TO DBCP BY EXPOSURE GROUP AND VASECTOMY STATUS

Number Vasectomy Status Exposure Group
35 Nonvasectomized Not exposed
107 Nonvasectomized Exposed
9 Nonvagectomized Exposed

{no sample)
7 Vasectomized Not exposed

38 Vasectomized Exposed




WORK AREA

Warehouse

Ammonia Plant

Fertilizer
Plant

AG Chem Plant

Best Products

Applicators

Pellet Planc

Clerical

All Over
Plant

Phosphoric Ac
Plant

COLUMN
TOTAL

TOTAL PLAN
NUMBER SEE
NUMBER NOT
REACHED BY

TABLE 4

Work Area by 10 Year Age Group, Number
And
Percent of Total Workforce

AGE GROUP
20 =29 30 -39 40 -49 56 -59

8 3 1 2
(57.1) (21.4) 7.1 (14.3)

6 7 1 2
(37.5) (43.8) (6.3) (12.5)

2 2 0 0
(40.0) - (40.0) (0) (0)

17 14 5 2
(44.7) (36.8) (13.2) (5.3)
1 8 4 i
(7.7) . (53.8) (30.8) 7.7
1 3 4 2
6.7) (53.3) ' (26,73 (13.3)
3 1 6 0

(30.0) {10.0) (60.0) (0)

3 3 2 1
(33.3) (33.3) (22.2) {11.1) .
16 42 15 7
(22.2) (44.4) (20.8) (9.7)

id

2 1 1 1
(40,0} (20.0) (20.0) (20.0)
59 78 39 ) ig
(29.9) (39.6) (19,8 (9.1)

Numbers in parentheses are percent of row or column

T POPULATION 310
N 197
SEEN 112

QUESTIONNAIRE 62

60 -69

(0)

(0)

{20.0)

(0)
()
)

G
0)

(0)
(2.8)

0)

(1.5)

ROW
TOTAL

14
7.0

16
(8.1)

5

(2.5)

38
(19.3)
13
{(6.6)
15
(7.6)
10
(5.1)

9
(4.6}

72
(36.5)

5
(2.5)

197
£100.¢)

T

I

&é
%‘\‘
|

b
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Table 5A

Pounds of DBCP Formulated
By The
Agricultural Chemical Division
By
Quarter From 1968 To 1977

Jear, Cmpd, ID# ‘ Jan-Mar Apr~June July-Sept Oct-Dec
1968 - - 59499. 327520.
1969 503450. 727554, 136916. 162815,
1570 488076, 441971. 212798, 335275,
1971 ‘ 418602, 355978, 138865, 315800.
1972 429755, 241890. 406146, 428480.
1973 395910, 464980, 193211. . 832214,
1974 , 622673, 678446, 422868, 1159824,
1975 852882. . 602052, 553775. 503530.
14976 620786, 445723, 961584, 266734,

1977 728790. 362341, 255401,

sx‘ i
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Table 5B

Pounds of Ethylene Dibromide Formulated
By The
Agricultural Chemical Division
By
Quarter From 1968 To 1977

Year, Cmpd, ID# Jan-Mar Apr-June - July-Sept Oct-Dec
1968 - - 0 0
1969 80620. 36785.. 0 3610.
1970 45087. 44401, 0 0
1971 0 47542, 0 0
1872 0 0 0 0
1973 39708, 0o . Q 12033.
1974 414889, 0 : 37543, 0
1975 0 0 0 41166,
1976 37543, 54869, 0 39708,
1977 80860. 0 0




Table 5C

Pounds of Epichlorohydrin Formulated
By The
Agricultural Chemical Division
By
Quarter From 1968 To 1977

Year, Cmpd, ID# Jan-Mar _Apr-June July—Sept‘ Oct~Dec
1968 - - 1098. 3846,
1969 5915. 10196, 3532, 1856.
1970 5986. 6032, 3620. 3873.
1971 4900. 5562, 2558. 3670.
1572 549, 1561, 463. » 83.
1973 4635, 5676. 2444, 9666.
1974 7311. 8764, 4850, 12334.
1975 6413, 2314, : 5894, ‘ 5069.
1976 4540, 4463, 11468, 3261.
1977 8450, 4435, 3132, -
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Table 5D

Pounds Of Carbaryl Formulated
By The
Agricultural Chemical Division
By
Quarter From 1968 To 1977

Year, Cmpd, ID#

Jan-Mar Apr-June July-~-Sept Oct~Dec

1968 - - 10665. 3541,
1969 2482, 19556, | 176768. 2775,
1976 6428, 19240, 66948, 1087.
1971 1345, 17433, 33320. 0
1972 790, 76037, 47545 106.
1973 0 2663, 9490. 0
1974 0 240. 187. 8239,
1975 4161. 2660, 5938. 436,
1976 545. 1691. 2832, 197.
1977 860. 0 158, -




Table 5E

Pounds of MethylParathion Formulated
By The
Agricultural Chemical Division
By
Quarter From 1968 To 1977

Year, Cmpd, ID# Jan~Mar Apr~June July-Sept Oct~Dec ':
#148 ;j
1968 - - 24287. 503. .
1969 100. 38228, 11850. 15, .
1970 5006. 38441, 13167, 2372. _E
1971 5918, 6173, 17118. 7329. 'i
1972 27701, 33477. 27213. 15087. §
1973 36483. 39690, 39747, 18692, %E
1974 12111, 24408, 16089, 21764, ﬁ%
1975 20803, 17248, 20160. 11650, :%
1976 17712, 57424, 38408. 23630. '

1977 22565, 22120. 13482,




Table 5F

Pounds of Toxaphene Formulated
By The
Agricultural Chemical Division
By
Quarter From 1968 To 1977

Year, Cmpd, ID# Jan-Mar

Apr-June July-Sept Oct~Dec
#211
1968 - - : 41902, 5123.
1969 ' 6993, 192018, 167107, 817,
1970 224, - 96174, 113767, 1360,
1971 428, 157144, 174365, 0
1972 8696, 130845, 42669, 522.
1973 0 21976, 53997, 3199.
1974 17427. 42130, 43933, 0
1975 240, 16709, - 85457, 453,
1576 0 47474, 88421, 694.

1977 0 34135, © 33092, -
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TABLE ©

RELATIONSHIP OF OLIGOSFERMIA AND NORMOSPERMIA WITH EXPOSURE

IN MONTHS TO DBCP IN 126 NONVASECTOMIZED MEN

EXPOSURE TO DBCP

Sperm Count None 1-6 Months 6-24 Months 24-42 Months 43 Months Total

<40 x 10%m1 4 11 7 8 14 44
©.1) (25) (15.5) (18.2) (31.8) (34.5)

>40 x 106/ml 31 37 7 4 3 82
(37.8) (45.1) (8.5) - (4.9) (3.7) (65.1)

TOTAL # 35 48 14 12 17 126

% 27.8 38.1 11.1 9.5 13.5 1007

Percentage in parentheses




SPERM COUNTS OF 142 EMPLOYEES OF OCCIDENTAL
CHEMICAL COMPANY BY CATEGORY OF EXPOSURE TO DBCP

Xposure
Category

SPERM COUNT IN MILLIONS

40-49 | 50-59 90-9% 100-110 110-119

ever Exposed

nce or Currently

Exposed

COLUMN

TOTAL

(13.1) (8.4) (8.4)

(10.6) (6.3)

ROW
120+ TOTAL
10 35

(28.6) (24.6)

15 107
(14.0)(75.4)

25 142
(17.6) (100.0)

{parentheses show percentages)




Table 8

Mean, Standard Error & Range
0f
Sperm Counts* by 10 Year Age Groups
In
35 Employees Never Exposed to DBCP

AGE STANDARD

GROUP COUNT MEAN ERROR . MINTMUM MAXIMUM
20-29 16 89.7 12.0 30.0 184.0
30-~-39 8 137.1 38.4 42.0 372.0
40-49 9 99.0 . 27.3 25.0 281.0
50-5¢ y 147.5 L4705 g 295.0
TOTAL 35 106.2 0 372.0

* in millions per milliliter




Table 9

Mean, Standard Error & Range

of

Sperm Counts¥ by 10 Year Age Groups

In

107 Emplovees With History of Exposure To DBCP

AGE STANDARD
GROUP COUNT MEAN ERROR MINIMUM MAXTMUM
20 ~29 24 65.4 10.3 1.0 244.0
30 -39 46 57.6 59.2 0 232.0
40 ~49 18 90.1 126.2 0 358.0
50 ~59 a 51.2 16.0 0 153.0

TOTAL 107 63.8 0 358.0

* Sperm Counts in millions per milliliter




Table 10

SPERM COUNTS OF 142 EMPLUYEES OF OCCIDENTAL
CHEMICAL COMPANY BY 10 YEAR ACGE GROUP

GE ROW
'ROUP 0 1-9  10-19  20-29  30-39  40-49  50-59  60-69 _ 70-79__ 80-89  90-99 100-110 110-119 120+ TOTAL

20~ 0 4 4 4 1 9 5 3 2 1 4 3 0 10 50
29 ©) (8.0) (8.0) (e.05 {2.0) (18.0) <(10.6) (6.0) (4.0) (2.0) (8.0) (6.0)  (0) (20.0)(35.2)

30 - 9 3 3 3 6 3 ] 4 4 1 5 1 3 7 54
39 (16.73  (5.6) (5.5) (5.6} (11.1) {(5.6) (3.7) (7.4) (7.4) (1.9) (9.3) (1.9)  (5.6)  (13.0)(38.0)

40~ 4 1 2 4 0 o 2 2 4 0 0 1 1 6 27
49 (14.8) (3.7) (7.4) (146.8) (0} 0) (7.4)  (7.4)  (14£.8) (0) 0) (3.7)  (3.7)  (22.2)(19.0)

50~ 2 1 0 2 0 1 1 1 0 0 1 0 0 2 1
(18.2) (9.1) (0)  (18.2) (0) 9.1) (9.1} (9.1) (0) (0) (9.1) (0 0) (18.2) (7.7)

TOTAL 15 9 5 13 7 13 10 10 10 2 10 5 4 25 142
(10.6) (6.3) (6.3) (9.2)  (4.9) (9.2) (7.0) (7.0) (7.0) (L.4) (7.0) (3.5)  (2.8)  (17.6)(100.0

(parentheses show percentages)

R




Table 11

Mean, Standard Error & Range
of
FSH Levels* by 10 Year Age Groups
In
35 Employees Never Exposed to DBCP
(Nonvasectomized Males)

%

AGE STANDARD

GROUP WORKERS ME AN ERROR MINTMUM MAXTMUM

20-29 16 2.9 .2 1.6 bb

30-39 8 3.5 .5 1.8 6.9

4049 9 3.7 .2 2.7 4.8

50-59 2 6.7 4.0 2.7 10.8
TOTAL 35 3.4 1.6 10.8

* in mIu/ml
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Table 12

Mean, Standard Error & Range
of
FSH Levels* by 10 Year Age Groups
In
114 Nonvasectomized Male Employees
With
History of Exposure to DECP

AGE | STANDARD

GROUP WORKERS MEAN ERROR MINIMUM MAXTMUM

2029 36 3.5 .2 1.3 8.5

3039 48 5.5 .6 1.1 24,3

40~49 19 7.7 1.4 2.0 28.1

50 ~59 11 5.1 1.2 2.4 - 15.9
TOTAL 114 5.2 1.1 28.1

* in mIu/ml




Table 13

Mean, Standard Error & Range
Of
LH Values* by 10 Year Age Groups
In
35 Employees Never Exposed to DBCP
(Nonvasectimized Males)

AGE STANDARD

GROUP WORKERS MEAN ERROR MINIMUM MAXIMUM
20 -29 16 13.2 1.5 4.6 21.8
30 -39 8 14.5 3.2 3.5 29.2
40 ~49 9 14.1 2.5 5.5 28.0
50 ~59 2 18.4 7.7 10.7 26.1
TOTAL 35 4.0 3.5 29.2

% in mIu/ml
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Table 14

Mean, Standard Error & Range
of
LH* Levels by 10 Year Age Groups
In
114 Nonvasectomized Male Employees
With
History of Exposure to DECP

AGE STANDARD

GROUP WORKERS MEAN ERROR MINTMUM MAXTMUM

26 -29 36 14.4 1.3 1.5 37.8

30-39 48 14.5 1.2 1.0 37.4

40-49 19 18.8 3.3 6.0 56.0

50-59 11 20,2 3.9 3.1 53.2
TOTAL 114 15.7 1.0 56.0

* in mIu/ml




Table 15

Mean, Standard Error & Range
of
Testosterone Levelg#
In
35 Employees Never Exposed to DBCP
(Nouvasectomized Males)

by 10 Year Age Groups

AGE STANDARD

§ROUP WORKERS MEAN ERROR MINIMUM MAXIMUM
20 -29 16 605.3 30.5 443.0 906.0
30 -39 8 574.0 29.0 409.0 661.0
40 ~49 9 545.1 46.4. 383.0 760.0
50 ~59 2 531.0 186.0 345.0 717.0
TOTAL 35 578.4 345.0 906.0

* in ng/dl

2
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Table 16

Mean, Standard Error & Range
of
Testosterone* Levels by 10 Year Age Groups
In
114 Nonvasectomized Male Employees
With
History of Exposure to DECP

AGE STANDARD

GROUP WORKERS MEAN ERROR MINTIMUM MAXTMUM

20 ~29 36 576.1 32.4 125.0 998.0

30 -39 48 524.4 21.7 275.0 821.0

40 ~49 19 ' 447.5 37.5 219.0 775.0

50 -59 11 492.2 42,0 353.0 770.0
TOTAL 114 524.8 125.0 998.0

* in ng/dl




TABLE 17

R A N e e L

ANALYSIS OF VARIANCE FOR FSH BY SPERM COUNT GROUPS FOR 35 NONEXPOSED EMPLOYEES

:

s e S

YARIABLE FSH
BY SPERW
ANALYSIS OF VARIANCE
SOURCE DuFa SUR CF SCUARES MEAN SCUARES F RATIO F PROB. 0
E
bﬁ
BETWEEN GRCURS 10 68.3360 6.8336 6.247 .000 %
WETHIN GRCUPRS 24 2642537 1.0939 %
TCTAL 34 94.58%7 g
o
STANCARD SYANDARD
GROUP CCUNT HEAN CEVIATION ERROR PINIMUN MAX IMUM 95 PCT CONF INT FOR MEAN
6RP @ )3 1e.ecca
GRP 3 2 4.5CC0 l4l4 .1000 4.4000 4.5000 3.2294 YO 5.7706
GRP 4 1 3.16¢0C .
cRPp 5§ 5 2.72¢C 1.6C1¢ 4477 1.6000 " 3.7000 L.4774 10 3.9629
GAP & 2 4.2C000 .8485 «6000 3.6000 4.8000 ~3.4237 710 11.82137
GAP 7 3 4.4113 2.1455 1.2387 31.0000 6.9000 ~. 8965 TO 9.7632
GAP @ 4 2.55¢0 .8851 4425 2.0000 3.8000 1.5417 730 4.3583
GRP 10 2 2.55€0 <6364 «4500 2.1000 3.0000 -3.1678 10 8.2678
GRP 11 3 3.6CC0O «9165 «5292 2.6000 4.4000 1.3232 71O 5.8768
GRP 12 2 2.7CC0 %243 »3000 2.4000 3.0000 -1.1119 7TO 6.5119
GRP 13 10 3.06C0 .9240 %2922 1.8000 4.8000 2.3990 710 3. 7210
IC¥aL 35 3.4829 1.4000 10.8000
LNGRCUPED CaYA 1.66179 L2819 2.909% T1Q 4.0558
FIXED EFFECTS PCCEL 1.0459 1768 3. 1180 710 31.8477
RANCCH EFFECTS WCLEL 3.083¢ 9297 1.411s 10 5.5543

TESYS FCR HCWOGENEITY OF VARTANCES

CCCHRARS € = pax, VARTANCE/SUMIVARTANCES) = «4893, P = ,C37 {aPPROX. )
OARYLEYT-BCX F = <887, P = ,528

MARIMUM VARIAMCE / BIN{MUPE VARIANCE = 230.167

Group 0 = Azoospermia

Group 3 = 30-39 x 106/m1

-, 6
Group 12 = 110-119 x 10 /ml
Group 13 = > 119 x 106/ml




TABLE 18

ANALYSTS OF VARIANCE FOR FSH BY SPERM COUNT GROUPS FOR 35 NOREXPOSED EMPLOYEES

VARIABLE FSH

8Y SPERP
ANALYSIS OF VAR{ANCE
SCURCE U.F. SUK CF SQUARES MEAN SQUARES F RATIO F PROB.
BETWEEN GRCYPS 3 34.0683 11.3561 . 5.817 003
WITHIN GRCULPS 3t : 60.5284 1.9523
YOvay 34 94.5897
STANDARD STANDARD
GRCUP CCUNY BEAN DEVIATICN ERROR BINIMUM MAXIRUM 95 PCT CONF INT FOR MEAN
GRP | 3 8.8CCO 3.6387 2.1008 . 4.4000 10.8000 ~2.4391 Y0 15.639}
GRP 2 & 2.7823 «9081¢ -3710 1.6000 3.7000 1.8298 ¥o 3.738%9
crp 3 1t 3.5091 1.3289 -4188 2.40000 6.9000 2.5760 Y0 4.4421
GAP 4 %5 3.12C0 <8711 «2249 1.8000 4.8000 2.6376 YO 3.6024
TCvacL 35 31.4829 1.6000 10.8000
UNGRCUPEL Cava 1.6879 -2089 2.9099 710 4.0558
FINED EFFECTS MCOEL 1.3672 «2362 3.o012 yo 3.9645
RANDCM EFFECTS MCLCEL 6.6242 3.3121 ~7.0576 %0 14.0233

TESTS FCR WOMOGENEITY Qf VARIANCES

CCCHRARS C = max, VARTANCE/SUM{VARIANCES) = -7903, P = ,Qco {APPRCX.)
BARFLEVT~BOX F 3 4a288y P m ,(CCH

MAXEFUR VARIANCE ¢ FINIMUM YARIANCE = Li.487

Group 1 = 0-29 x 106/m1

Group 2 = 30-39 x lOb/ml
Group 3 = 50-99 x 10%/m1
Group 4 = » 99 x 10%/m1




TABLE 19

ANALYSIS OF VARIANCE FOR FSH BY SPERM COUNT GROUPS OF 105 EXPOSED EMPLOYEES

VARIABLE Fsu

BY SPERM
AMALYSIS OF VARIANCE

SCURCE B.F, SUM GF SQUARES HEAN SQUARES F RavIO ¥ PROS8,

BETWEEN GRCuPS i3 1253.3356 96.4258 10.641 ¢

WITHIN GROLPS 91 824.,6%28 9.0620

YOV AL 104 2078.1785

STANDARD STANDARD

GROyp COUNTY PEAN DEVIAYION ERROR MINIMUN MAX IMUM 95 PLY CONF INT FOR MEaN
GrRP @ i4 13.5429 6.6898 1.7879 4.8000 28.1000 10.0803 19 17.8054
6RpP ) 4 4.4CC0 2.7867 9852 2.2000 9.8000 2.0703 7yo 6.7297
GrRp 2 9 5.51718 2.203¢ <1346 2.8000 9-1000 3.8838 71y 7.2718
Cap 3 10 4.C4C0 2.0716 26551 l.6000 8.5000 2.5581 710 5.5219
CRP 4 & 44167 «9368 «3825 2.9000 5.1000 3.433% 7o 5.3993
GRP g 8 4.7150 2.3487 »8304 L.7000 8.5000 2.8114 71g 8.7386
GRP g 8 4.L5C0 1.1%540 »4222 .2.0000 6.3000 3.0518 7o 5.0482
GRP 7 7 3. 2CC0 2.262¢ «8550 1.1000 7.9000 l.1080 71p 5.2920
Gap g ] 4.0233)3 6772 «2765 3. 1000 5.0000 3.3226 10 hoT441
crp g 2 2.35C0 6364 4500 1-9000 2.8000 ~3.38618 ¥g 8.0678
GRP 190 8 3.35¢C0 <7838 « 2771 2.3000 48000 2.6948 7@ 4.0052
GRP 11 2 3.15¢CC 1.4849 L.0500 241000 4.2000 ~10.1915 g 16,4915
GrRP 12 2 4.65C0 1.3435 »95C0 3. 7000 3.6000 ~1.4209 rg 16.7209
GRP 13 15 JolEe? L.C796 <2788 1.5000 5.0000 2.5888 g 3.7845
¥Cyay 105 53259 1.1000 28.1000

UNGRCUPEL CaTa 4.4702 «4362 kakhb44 YQ 6.1948

FIXEC EFFECTS MCLEL 3.01C3 2938 4.7460 TQ 5.9131
RANOCPE EFFECTS MCCEL 2.88713 <7707 3.662% T1Q 6.9966

VESTS FCR HGPCGEMEITY CF VARTANCES

COCHRANS ¢ = RAX, VARI!NCE/SUN(VA“IANCES) * .5508, P =
EARTLETT~BCX F = 6,176, P = ¢

G (APPRCX.)
o]
MEX TR Y VARTANCE / PINIM M VARIANCE = 110,502

it

Group 0 = Azoospermia

Group 1 = 1-9 x 106/m1

[

6
Group 12 = 110-119 x 10°/m1

It

Group 13 2119 x 10%/m1




TABLE 20

ANALYSIS OF VARIANCE FOR FSH BY SPERM COUNT GROUPS FOR 105 EXPOSED EMPLOYEES

VARIABLE FSH

BY SPERm
ANALYSIS OF VARLANCE
SOURCE D.F. SUH OF SQUARES PEAN SQUARES £ RATIO F PROB.
BETWEEN GRCUPS 7 1262.2261 177.4609 20.592 ]
WITHIN GRCUPS 97 835.9524 8.6181
YGraL 104 2078.1785
STAND2RD STANDARD
GROUP COUNT REAN DEVIATICN ERROR WINIMUR MAXIMUN 95 PCT CONF INT FOR MEAN
GRP 0 14 13.5429 6.6858 1.7879 4.8000 28.1000 . 10,0803 T 17,8054
GRP 1 ) 4.4€C0 2.7867 .9852 2.2000 9.8000 2.0703 To 6.7297
Gre 2 9 5.5178 2.2038 .7348 2.8000 9.1000 3.8838  TO 7.2718
GRP 3 10 4.C4C0 2.0716 a6551 1.6000 8.5000 2.5581 10 5.52193
GRP 4 6 hah167 .9368 .3825 2.9c00 5.1000 3.4335 10 5.3994a
o T 8 4.1750 2.3487 .8304 1.7000 8.5000 2.8116 10 6,738
~GRP & 3 1.%645 1.3556 L2435 1.1000 . 7.9000 3.0673 10 4.0618
NGRP Y 19 3.33¢8 1.1591 «2659 1.5000 5.6000 2.1782 10 3.8955
YoTaL 10§ 503255 1.1000 28.1000
UNGRCUPET CATA 5.4702 w4362 4.4644  TQ 6.1946
FIXED EFFECTS pCCEL 2.9157 .2865 4.7609 1@ 5.8981
RANDCH EFFECTS MCDEL 6.C407 2.1357 .2794 70 10.3796

TESYS #CR MCPOGEMEITY CF VARIANCES

CCCHRARS C = Max, VAR[ANCE/SUMI{VARIARCES) = 28282, P = ,0C0 (APPROX.)
BARTLETT-BCX F =« i1.761, P = .QCO

PAXIRMUNM VARIANCE / MINIMURM YARTANCE = 50.991

Group 0 = Azoospermia

Group 1 = 1-9 x 106/ml

6
Group 6 = 50-99 x 10 /ml
Group 7 = >99 x 106/ml




i

TABLE 21

HED

T

L

R

e

ANALYSIS OF VARIANCE FOR LH BY SPERM COUNT GROUPS FOR 35 NONEXPOSED EMPLOYEES

VARLABLE LK

8Y SPERM
ANALYSIS OF VARIAKCE
SOURCE DoFa SLM OF SQUARES HEAN SCUARES F RaATIOQ ¥ PROAB.
QETWEEN GrCUPS i 373.2a08 37.32a61 «638 -771
METHIN GRCUPS 24 1403.1747 568.68823
TaT AL 34 L786.4354
STANDARD STANDARD
GRCUP COUNT PEAN DEVIATION ERROR PINIEUM KAX {MUR 95 PCT CONF INT FOR MEAN
GRP 0 i 26.1CC0
GAP 3 2 16.75C0 2.4749 1.7%00 9.0000 12.5000 ~11.4858 71O 32.9858
GRP 4 i 21.1CCQ
GRP 5 5 1l.82CC 4.86808 2.1828 5.0000 L6.4000 5.5598 T0 17.6802
GRP & 2 13.65C0 11.5258 8.1500 5.5000 21.8000 -89.9055 TO L17.205s
GRE 7 i 10.8CC0 3.61373 2.1000 7.5000 L4.7000 1.7643 71O 19.8357
GRP 8 L 17.CCCO 8.9818 4.490% 8.4000 28.0000 2.7081 71O 31.2919
GRP 1C 2 11.Ccco 10.6C64 7.5000 3.5000 18.5000 —-84.2965 1O 106.2965
GRP 1% 3 13.7867 £.95174 4.0399 5.7000 18.2000 -3.6160 TO 31.1493
GRP 12 2 10.55C0 8.27131 5.,8500 4.1000 16.4000 ~63.7813 1O 84,8813
GRP 13 19 15.34C0 8.3710 2.6%90 4.6000 29.2000 9.3575 YO 21.3425
fCTAL 35 14.C686 3.5000 29.2000
UNGRCUPED CATA T.2480 1.2252 11.5786 70 L6.5586
FIKED EFFECTS MCCEL 7.613% le2971 11.3916 7O 16,7456
RAKCCH EFFECTS MCLEL 9.2C8% 2.77465 7.8822 10 20.2549

TESTS FCR HCPCGENEITY OF VARIANCES

CCCHRANS € = MAX., VARLANCE/SUMIVARIANCES) = +23869 P = ,904 {APPRUX.)
BARVLETT-8CX F = 2530, P = ,834

HAXIMUM YVARTANCE / MINIMUM VARIANCE = 21.689

H

Group 0 = Azoospermia

Group 3 = 20~-29 x 106/ml

it

Group 12 110-119 x 106/m1

il

Group 13 >119 x 106/ml



TABLE 22

ANALYSIS OF VARIANCE FOR LH WITH SPERM COUNT GROUPS

FOR 35 NON-EXPOSED EMPLOYEES

VARIABRE i

BY SPERHM
ANALYSIS OF VARIAMCE
SOURCE G.Fa SUR CF SQUARES MEAM SCUARES F Ravia F PROB.
BETHEEN GRCLPS 3 18.1303 6.0434 - 106 <956
HWITHEIN GRCLPS 3 1768.305% 5T.0421
TOTAL 34 L786.46354
STAMDARD STANDARD
GRCLP CCUMTY HEAN DEVIAYION ERROR HINTMUR MAX | MUK 95 PCT CONF INV FOR MEAN
Gae 1 3 15.8667 9.0335 5.2155 9.0000 26,1000 -6.5739 7vQ 38.3013
GRP 2 & 13.2CC0 5.8340 2.3817 5.0000 21.1000 7.0776 71O 19.3224
GRP 3 i1 13.€091 T.7273 2.3299 3.5000 28.0000 8.4178 71O 18.8003
GRP 4 1% 14,2933 1.7359 1.9974 4.600Q0 29.2000 10.1094 YO £8.6773
VCvag 35 l4.0&86 3.5000 29.2000
UNGRCUPED CaTa T.2484 L.2252 11.5786 70 16.5586 L
By
FIXED EFFECTYS PMCOEL 7.5526 1.2766 11.4649 70 16.6723 g
?@?
B
RANODCH EFFECTS WCDEL 25.7135 12.8567 -26.846T7 YO 54.9839 -

VESVS FCR HOMOGENELTY OF VARTANCES

CCCHRANMS C » KAX, VARIANCE/SUM{VARIANCES) = «3470, P = ,537 (APPROX.)
BARTLETT~BCX F = «2249 P = 880
MAXIMUAN YARTANCE / BININUR VARJANCE = 2.3%8

GROUP 1 = (0-29 x 106/m1
GROUP 2 = 30-49 x 106/ml
GROUP 3 = 50-99 x 10°/m1
GROUP 4 = 99 x.106/ml




TABLE 23

ANALYSIS OF VARIANCE FOR LH WITH SPERM COUNT GROUPS

e

FOR 105 EXPOSED EMPLOYEES

=

e

e T

YARLABLE W

TESTS FCR HCHUGEMERITY CF VARIANCES

8Y SPERM
ANALYSIS OF VARIANCE
SCURCE G.Fa SUK OF SQUARES MEAN SQUARES F RAYI0 F PRUB.
BETWEEN GRCLPS 13 316680.1250 283.0865 3.213 001
WEITHIN GRCUPS 91 8016.9242 88,0981
T0TaL 1C4 118697.0491
STANDARD STANDARD
GROUP CCUNT EEdk DEVIATION ERROR FINIMUM MAXTMUMK 95 PCY CONF INT FOR HMEAN
GRP O bs 29.9643 15. 1109 4.0386 12.¢C00 56.0000 21.2395 1O 3g.6891
[ L 8 17,1375 10.0739 3.5616 §.2000 33.0000 8.7156 1O 25.5594
GRP 2 9 17.4596 8.5C55 2.8352 10.1000 3t.8000 10.9117 TG 23.993%
AP 3 10 13.28C0 6.0157 1.3023 1.5000 20.3000 8.9764 T0 17.5834 -
GRP & & 12.7233 Z.36172 -9787 10.0000 16.7000 10.217& 71O 15.2490 -
GRP & 8 16.9875 11.02¢6 3.8964% 2.1000 31.0000 T.7741 TO 26.2009 o
GRP 8 8 11.5645 B.&66217 3.0627 2.9000 29.7000 4.7203 TO 19.2047 L
GRP ¥ 7 11.8571 4.T7634 1.8004 6.4000 13.0000 7.4518 TO 16.2625 Al
GRyp 8 & 13.8667 6.6722 2.,17239 6.0000 23.2000 6.8647 T0 20.B6H6 Q
cRP 9 2 11.8CC0 11.1723 T.9000 4.0000 19.8000 ~88.4790 TO i12.2790 %
GRP 1C 8 16,5275 11.1182 3.9309 4.8C00 371.4000 T.2425 10 25.81329% §
GRP 11 2 16.CCCO «9859 - 71000 9.3000 10.7000 1.1057 10 18.8943 -
CRP 12 2 8.%5C0 3.04086 2.1500 6.8000 11.1000 -18.3683 70 36.26483 ;
GRP 13 15 11.6CCC 6.5201 i.7868 5.0000 28,2000 1.7678 10 15.4322 %
JEvaL 105 16.0829 1.5000 56.0000
UNGRCUPEL CATA 10.4C53 1.0350 14.0305 710 18.13%2 §
FIXED EFFECTS MCCEL 9.38¢81 +91860 14.2634 710 17.9023 L
i
i
RANOCH EFFECTS MLCEEL 5.4137 1.4469 12.9571 TG 19.2086 %

z

SR

CCCHRANS € = Pax., VARIANCE/SUMIVARIANCESY = ,2251, P = .0lé6 (APPROX.)

RTINS
GROUP 0 = AZOOSPERMIA

GROUP 1 = 1-9 x 106/ml

GROUP 12 = 110-119 x 106/ml

GROUP 13 = 119 x 106/ml

e

v

o




TABLE 24

ANALYSIS OF VARIANCE FOR LH WITH SPERM
COUNT GROUPS FOR 105 EXPOSED EMPLOYEELS

VARIABLE LKW

8Y 3JPERKM
ANALYSIS OF VAR[ANCE

SCURCE GoFo SUKW OF SQUARES HEAN SCUARES F RATIO F PROB.

BETWEEN GRCUPS 7 3547.2288 50h.T469 6.031 .000

wETHEN GRCUPS 27 8189.8205 84.0188

YT AL 104 12697.0491

STANDARD STANDARD

GRUUP CCUNT MEAN DEVEIATION ERROR BINIHUM MAXTMUM 95 PCT CONF INT FOR MEAN
GRP O 1% 29.9643 15.1109 4.0386 12.0000 56.0000 21.2395 1O 38.6891
gap 1 8 17.1375 10.0739 3.5616 6.,2000 33.0000 8.7156 Y0 25.5594
GrRP 2 9 L7.4556 8.505% 2.8352 10.1000 37.8000 10.9L77 10 23.9934%
cae 3 10 13.2800 6.0157 1.9023 1.5000 20.3000 8.97466 TO 17.5834%
GRP & & 12.33123 2.357%2 -9787 10.0000 16.7000 10.2176 YO 15.2490
GRP 5 ] 16,9815 11,0206 3.8964 2.71000 3t.0000 71.7741 10 26.2009
GRP & 31 13,4829 8.1480 1.463% 2.5000 37.4000 10.4952 10 Lb.4726
GCRP 7 19 1i.1526 6.2183 1.4266 5.0000 28.2000 8.1555 710 14,1497
TCTAL 10% 16.C829 1.5000 56.0000

UNGRCUPEL Cara 10.405) 1.0350 14.0305 70 18.1352

FEXED EFFECTS WODEL 9.1862 « 8945 14.3075 T4 17.8582
RANDCM EFFECTS MCCEL 16.0294 5.6673 2.6820 IO 29.4838

TESTS FOR HCECGEMELITY OF VARIAMCES

CCCHRANS € = BAX, VARIANCE/SUM{VARTANCES) = .3405, P = ,(QC2

(APPRCX.)
BARVLEYT~BCX F = 3.623, P = .COL

MAXLMUM VYARIANCE / MINI{PUM VAR[ANCE = 39.73%
GROUP 0 = AZOOSPERMIA
GROUP 1 = 1- 9 x 106/ml

GROUP 12

i

110-119 x 106/ml

i

GROUP 13 = >119 X 106/m1




TABLE 25

ANALYSIS OF VARIANCE FOR TESTOSTERONE WITH

SPERM COUNT GROUPS FOR 105 EXPOSED EMPLOYEES

VARIABLE YEST

BY SPERK
ANALYSES OF VARIAACE
SOURCE 0.F. S5UM CF SGQUARES HEAN SCUARES F RATIO F PROB.
BETWEEN GRCUPS o7 233905.9947 33415.1421 1.120 «357
WITHIN GRCUPS 97 2892717.5672 29821.8306
TOTAL 104 3126623.5619
STANDARD STANDARD
GROUP COUNY PEBN DEVIATIOh ERROR BINTMUM HAXHUM 95 PLT CONF INT FOR MEAN
GAP O 14 412.25171 125.6850 33.5907 264.0000 115.0000 399.7888 VO 544.9255
[1: LY 8 597.25CC 159.£252 56,4360 353.0000 801.0000 463.8003 TO 730.69917
GRP 2 9 618.EE89 201.4215 67.1405 386.0000 857.0000 464.0628 TO 773.7150
GRP 3 i0 551.5CCC 2C6.61517 65,3376 219.0000 821.,0000 403.6%961 TO 699.3039
GRP 4 L] 600, 1667 103.5469 42.4362 416.0000 7150.0000 491.0827 710 709.2506
CRP 5 8 $13.,25CC S9.5E88 35.2100 380.0000 707.0000 429.9919 10 596.5081
GAp & 31 509.9032 200.017%2 35.9242 125.0000 998.0000 436.5363 10 5683.21701
GRP 7 19 488.€316 162.7142 37.3292 211.000D 806.0000 410.,2058 TO 567.05173
1CYalL 105 526.4190 125.0000 998.0000
UNGRCUPED LaTa 113.3888 16.9210 492.8640 10 559.9741
FIXED EFFECTS MCUOEL 172.69C0 16.8528 492.9309 10 559.86172
RAKDCHM EFFECTS PCLEL 490.9371 173.5725% 115.9863 710 936.8518
TESYS FUR HWOMOGEMEYTY OF VARIANCES
COCHRANS € = MAX, VARIANCE/SUMIVARLANCES) = .20l6, P = ,469 (APPROX.}
DARTLEYT-BCX F =3 1342 P = 221
MAXEIMUM VARIANCE / MINIMUKM VARLANCE = 4,304

GROUP 0 = AZOOSPERMIA
GROUP 1 = 1-9 x 106/ml
GROUP 6 = 50-99 x 106/m1
GROUP 7 = 99 106/ml




TABLE 26

ANALYSIS OF VARIANCE FOR TESTOSTERONE WITH
SPERM COUNT GROUPS FOR 35 NON~EXPOSED EMPLOYEES

VARLABLE TESY
a¥ SPEam
AMALYSIS OF VARIANCE
SCURCE C.Fa SURM CF SQuaRes MEAN SQUARES F RATIQ F PROB.
BETWEEN GRCUPS 10 149278.5881 14927.8588 «961 -500
WITHIN GRCLPS 24 37264:.9833 15526.7493
TOTAL 34 S21920.5714
STAKDARD STANDARD
GRCUP CCUnTY HEAN DEVIAVICN ERROR BINIBUN HAX I MUM 9% PCT CONF INT FOR MEAN
GRP i 717.CCCO
GRP 3 2 502.CCC0O 63.6396 45,0000 457.0000 547.0000 -69.7790 7¥0 1073.7%790
GRE 4 i 906.CLCO
i GRP 5 8 S5i.2CC0Q 36,1927 16.4542 501.0000 $99.0000 505.5166 710 596.80834
GRP & 2 607.5CC0 317.49C9 224.,5000 383.0000 832.0000 ~2245.0419 JO 3460.0419
GRP ¥ 3 579.6867 101.9G35 58.8340 462.0000 $39.0000 32645214 TO 832.8119
GRP g 4 5864,25C0 126.Q010 63.C005 446.C000 694.,0000 363.7572 TO T64.7428
GRP 10 2 584.5CC0 21.9203 15.5000 569.CC00 600.0000 387.5539 TO 781.4461
GRP 11 3 §76,3223 42.8525 24,7409 5371.0C00 622.0000 469.8808 1O 682.7859
GRP 12 2 935.Ccco 178.19¢C9 12&6.0000 4C9.0000 661.0000 —-1065.9812 71O 2135.9812
GRP 13 10 368.3CCC 132.5284 45.9092 345.0000 ¥60.0000 473.4949 O 663,1051
TCTan 35 S78.4288 345.0000 906.0000
UNGRCUPEDR CaTA 123.8%57¢ 20.9425 535.8683 71O 620.9889
i FIXEG EFFECTS MCLEL 124.86C64 21.0623 534.9581 710 421.8991
RANDCK EFFECTS MCLEL 237.6247 101.797%7 351.6093 yg 805.2479
TESTS FCR HCHCGERELTY GF VAR[4NCES
COCHRANS € = mayx, VBRTANCE/SUM(VARIANCES) = +3475, P = ,014 (APPROX.)
BARVLEYY-BCX F = 1.70%, P = ,cq7
FAXIHUPN VARIANCE / PINIMLY VARJANCE = 209.783

GROUP

GROUP

GROUP

GROUP

0

12

13

H]

it

20- 29
110-119

119

= AZOOSPERMIA

x lOG/ML
X 106/ML

X 106/ML




TABLE 27

ANALYSTS OF VARIANCE FOR TESTOSTERONE WITH SPERM
COUNT GROUPS FOR 35 NON-EXPOSED EMPLOYEES

VARLABLE TEST

8¥ SPERM
ANALYSIS OF VARIARCE
SOURCE DoF. SLR CF SQUARES HEAN SCUARES F RATIO F PROS.
BETHEEN GRCUPS 3 8722.8381 2907.6127 «176 «912
WiTHIN GRCUPS 31 S13197.7333 186554, 7656
10YvAL 34 521920.5714
STARDARD STANDARD
GROUP COUNTY PEAN DEVIATION ERAOR HINEMUN RAXTHUK 95 PCY CONF INT FOR HEAN
GRP 1 3 5T3.6667 132.0353 16,2306 457.0000 T17.0000 245.6691 IG 90L.6643
GRAP 2 & 610.2223 148.5378 60,6403 501.C000 906.0000 454.4549 [0 T66.2118
GRP 3 it 580.CCCO 131.234] 39.5686 383.0000 832.0000 491.8357 TO 66B.1643
GRP 4 15 569.46617 118.2581 30.5341 345.0000 T60.0000 499.9775 YO 630.,9558
TCTAL 35 578.6286 345.0000 906.0000
UNGRCUPED CaATa 123.8976 20,9425 535.8683 VO 620.9889
FIXED EFFECTS MCCEL 128.6¢53 21.7484 534.0724 YO 622.,7847
RanDCr EFFECTS MLCEL 1C56.2524 528.1262 ~1102.2802 (G 2259.1373

VESTS FCR WCKOGENEITY OF VARIANCES

CCLHRANS € = MAA., VARISNCE/SUM(VARIANCES) = .3121, P = 789 (APPROX.)
BARVLEYF-BCX F =» 2130, P = 943
MANIMUM VARIANCE / PUINIEUB VARLIANCE = 1.578

GROUP 1 = 0-29 x 106/ml
GROUP 2 = 30-49 x 10%/m1
Group 3 = 50-99 x 10%,,,;
Group 4 = 99 x 106/m1




ANALYSIS

VARIABLE VESY

TABLE 28

OF VARIANCE FOR TESTOSTERONE WITH SPERM COUNT GROUPS

FOR 105 EXPOSED EMPLOYEES

8Y SPERW
ANALYSIS OF VARIAWCE
SOURCE CaF. SUM OF SQUARES PEAN SCUARES F RATLIO F PROb.
BETHEEN GRCUPS 13 329053.8468 25311.8344 «823 <634
WITHIN GRCUPS 91 2797569.715% 30742.5243
Tevag 104 I126623.5619
STANDARD STANDARD
GRCUP COUNT FEAN DEVIATION ERRDR PINIRUM HAXTHUM
[ L] 14 “72.3571 125.6850 . 33.5%07 264.,0000 775.0000 399.7888
GRP ) 8 597.25C0 159.6252 56.4380 353.,0000 801.0000 463.8003
srp 3 9 618.,E889 201.4215 67.1405 386.6G000 857.0000 464.0628
GHP 3 19 551.5CCC 206.6157 65,3376 219.0000 821.,0000 403,6961
ERP 4 [ 600.1667 103.9469 LR2.%362 476.0000 150.0000 491.0827
Gup 5 a 312.25CC 99.5E88 35,2100 380.0000 ¥07.0000 429.9919
GRP & 8 $46.1250 303,639 167.3528 125.C000 $98.0000 292.2765
Gap 7 7 438.,2857 105.683C 39.9444 275.0000 602.0000 340.5457
ERP @ & $1%5.CCCO i57.315¢C 64,2236 298.C000 6£70.0000 349.9106
GRP 9 2 479.5CC0 §2.6310 65,5000 414.C000 545.0000 -352.7561
GRP 10 8 540.129%¢C 206.5447 T3.1660 312.0000 924.0000 367.1153
GRP 11 2 612.0CCC 67.68823 48.0000 564 .,0000 660.0000 2.1024
GRP 12 2 523.CLCC 4B.0633 34.6000 489.0000 557.0000 30.9692
GRP 13 15 46T.6CCC 17%.257¢ 45,2017 2771.0000 806.0000 370.5234
¥CvaL 105 526.4150 125.c000 998.0000
UNGRCUPEL CAYA 173.3¢e88 16.9210 492.8640
FIXED EFFECTYS PCDEL 175.3355 17.1110 492.4302
RANDOM EFFECTS RODEL 5843112 15.5843 492.7512
VESTS FCR HOMGGEMELTY OF YARIANCES
CCOCHRANS € = Max. VARTANCE/SUMIVARIANCES) = .2544, P = -00s (APPROX.)
BARYLEYT-BCX F = lobse, P = 132
FARIMUKR VARIANCE / MINEMUM VARJANCE = 39.6878

GROUP O - AZOOSPERMIA

GROUP 1 -~ 1-9 x 106/ml

GROUP 12 - 110-119 x 106/ml

GROUP 13 - 119 x 106/ml

95 PCT CONF INT
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773.7150
699.3039
709.2506
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199.9735%
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564.6766

559.9741
560.4079

560.0869

i

Ui

T

T

i

G

il

g

i
.
e
|
"
i
§

i

B

|

R e R R

SR

e B e

e

il

AT

TR



TABLE 29

CORRELATION COEFFICIENTS FOR AGE, SPERM COUNT, KNOWN EXPOSURE,
FSH, LH AND TESTOSTERONE IN 90 EXPOSED INDIVIDUALS

Sperm Count .09 s - . ——
LH ‘ .18 ~.36% — —_— —
Testosterone ~.20 -,22 ~.04 —— —
FSH .18 ~-.35% L63% -.02 -———
Exposure .23 -, 38% .52% -.02 .60%

Age Sperm Count LH Testosterone FSH

*Significant at 0.01




TABLE 30

CORRELATION COEFFICIENTS FOR AGE, SPERM COUNT, FSH, LH

AND TESTOSTERONE FOR 35 NONEXPOSED INDIVIDUALS é

%

&

.

|

Sperm Count .17 e —— —— |
LH .10 .16 —— -
Testosterone ~.23 ~,16 .51% ——
FSH L40% -.33%% .25 .10

Age Sperm Count LH Testosterone

[

*Significant correlation at 0.01

¥¥3ignificant at 0.05

RS

[
.

i A N S




TABLE 31

PREDICTION RESULTS OF SPERM COUNTS BY DISCRIMINANT ANALYSIS

OF FSH, LH AND TESTOSTERONE LEVELS FOR 140 MEN

Predicted Group Membership

Group N Group 1 Group 2
1 32 17 15
(53.1) (46.9)
2 108 6 102
(5.6) (94.4)

Group 1: Sperm counts 0 -19 x 106/ml
Group 2: Sperm counts 219 x 106/ml

Percentage in parentheses




e

i

i TABLE 32

PREDICTION RESULTS OF SPERM COUNTS BY DISCRIMINANT ANALYSIS

OF FSH, LH AND TESTOSTERONE LEVELS FOR 140 MEN

Predicted Group Membership

Group N Group 1 Group 2

1 17 8 9
(47.1) (52.9)

2 108 27 81
(25.0) (75.0)

3 15 14 1
(93.3) (6.7)

Group 1: Sperm counts 1 -19 x 106/ml
Group 2: Sperm counts ;>19 X 106/m1
Group 3: Azoospermia

Percentage in parentheses

e

-

iR

-

o

s



TABLE 33

e

PREDICTION RESULTS OF SPERM COUNTS BY DISCRIMINANT ANALYSIS

OF FSH, LH AND TESTOSTERONE LEVELS FOR 140 MEN

Predicted Group Membership

Group N Group 1 Group 2
1 64 31 33
(48.4) (51.6)
2 76 11 65
(14.5) (85.5)

Group 1: Sperm count 0 -49 x 106/m1

T e

Group 2: Sperm count >49 x 106/m1

Percentage in parentheses

i

i

T
7




TABLE 34

s

o
o

e

PREDICTION RESULTS OF SPERM COUNTS BY DISCRIMINANT ANALYSIS

o

il

o

OF FSH, LH AND TESTOSTERONE LEVELS FOR 140 MEN

e

Predicted Group Membership

T

i

Group N Group 1 Group 2

S Al

1 49 25 24
(51.0) (49.0)

T

B

DR

2 76 20 56
(26.3) (73.7)

3 15 15 0
(100)

%
.
%
P

Group 1: Sperm counts 1 ~49 x 106/ml

Group 2: Sperm count :)49 X 106/ml

e e e e

Group 3: Azoospermia

Percentages are in parentheses

e

e
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TABLE 35

PREDICTION RESULTS OF SPERM COUNTS BY DISCRIMINANT ANALYSIS

OF FSH, LH AND

Group N
1 34
2 77
3 29

TESTOSTERONE LEVELS FOR 140 MEN

Predicted Group Membership

Group 1

19
(55.9)

23
(29.9)

(72.4)

Group 1: Sperm counts 20 =49 x 106/m1

Group 2: Sperm counts

>49 x 106/ml

Group 3: Sperm counts 0 -19 x 106/ml

Percentages are in parentheses

Group 2

15
(44.1)

54
(70.1)

(27.6)
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e

e

il

e

E

-

T

e

e
s

Z

=

.
.
.




Table 36
PREDICTION RESULTS FOR SPERM COUNTS BY DISCRIMINAT

ANALYSIS OF FSH FOR 140 MEN

Predicted Group Membership

Group N Group 1 Group 2
1 32 16 ' 16
(50.0) (50.0)
2 108 3 105
(2.8) (97.2)

Group l: Sperm counts 0-19 x 106/ml
Group 2: Sperm counts >19 x 106/m1

Percentages in Parentheses
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Table 37

Prediction Results for Sperm Counts by Discriminant

Analysis of LH for 140 Men

e

‘

Predicted Group Membership

Group N Group 1 Group 2
1 32 17 15
(53.1) (46.9)
2 108 20 88
(18.5) (81.5)
Group l: Sperm counts 0-19 x 106/ml é
‘ Group 2: Sperm counts )19 x 106/ml %
Percentages in parentheses %

e

e

D
e

=

.

e

T




TABLE 38

PREDICTION RESULTS FOR SPERM COUNTS BY

DISCRIMINANT ANALYSIS OF FSH FOR 140 MEN

Predicted Group Membership

Group N Group 1 Group 2
1 64 23 41
(35.9) (64.1)
2 76 3 73
(3.9) (96.1)

Group l: Sperm counts 0-49 x 106/ml
Group 2: Sperm counts >49 X 106/ml

Percentages in Parentheses




TABLE 39

PREDICTION RESULTS FOR SPERM COUNTS BY
DISCRIMINANT ANALYSIS OF LH FOR 140 MEN

Predicted Group Membership

Group N Group 1 Group 2
1 64 26 38
{40.6) (59.4)
2 76 20 56
(26.3) (73.7)

Group 1l: Sperm counts 0-49 x lOG/ml
Group 2: Sperm counts )49 x 106/ml

Percentages in Parentheses
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TABLE 40

CORRELATION COEFFICIENTS OF SMA-12 DATA
FROM 46 SELECTED OCCID. CHEM. CO. EMPLOYEES - 1977

VALK TATLE 4T AN STAMIARD 3FV CASES
AGT S8 AL 10.07%¢0 46
SR BTy €1e2¢{C a'E
T 74D 237873 46
AL T By FPR L2PLE 46
[0 QLN 370 PREE T 46 .
j el S ES ST e 354 46
CHCL 19069217 £5,.,273¢81 4 €
Giu FTL AT 39 69142 46
U=1c Aol a f.25484 46 ————————
CwEAT Te0217 TSt 46
15 {U! 7701 «40E 46
ALBPHDS Tl 304 19.82¢€6€ 4€
D 19334709 40,0273 4E .
$G43 270,0%715 15.8C2% 4 &
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SUMMARY OF

SMA-12 MULTIPLE REGRESSION ANALYSIS

ON 46 SELECTED OCCID. CHEMICAL CO. EMPLOYEES - 1977

Ve ITANTT O VATRL AT e e SR
o S LM M AR Y Y A8 L E = .
STHD VARTABLE FoYC SIGNEFICANCE  WMULTIPLE R SGUARE R SQUARE  SIMALT PR QVERALL F SIGNIF LCANCE
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1 CALC 4. 55906 Loal <30618 2033175 209375 7 L30518 T 4.84R0E LCat
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3 [SETeN 1.96179 e 167 e%245G « 18335 203922 «0A0G3 3.CC7P42 004l
4 AST £.17772 . 14R s471139 s 22268 . 04232 -e23625 2.RE6478 035
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TABLE 42

MEAN SMA 12 MEASURES DATA BY AREA OF PLANT WORKED AMONG 64 DBCP EXPOSED MALE EMPLOYEES

V a r i1 a b 1 e

Area Age TP JALBU|CALC!INPHOS CHOL GLU URIC|{CREAT|BILI |ALPHOS | LDH SGOT

Ag. Chem. {32.82!7.1814.62{9.60| 2.92 183.64 | 92.51{5.92}1.00 .82 78.64} 178.85}126.97
N = 38

BEST 36.891{7.3214.59{9.51{ 2.78 198.321 87.8916.10{1.09 717 79.67%F 202.78127.67
N = 12

Applicator |(42.50{7.6114.5019.36| 2.88 239.70 {120.301}6.51] .96 .64 88.00] 233.50¢31.10
N = 14




TABLE 43

REASON FOR NONPARTICIPATION TN MEDICAL EXAMINATION ASPECT

OF STUDY BY 63 WORKERS, BUT WHO ANSWERED QUESTIONNAIRE

e
Y
s)
E
=}
=4

Reason

20

Sterile (Employee) [vasectomized]

Sterile (Wife)

Did not wish to give specimen

23

"Not interested"

Religious
Other

63

TOTAL




TABLE 44

WORK EXPERIENCE IN THE AG CHEM PLANT OF 63 NONPARTICIPANTS
IN THE MEDICAL EXAMINATION, BUT WHO ANSWERED QUESTIONNAIRE

Work Experience in Ag Chem

None 37
1 year or less 19
More than 1 year 5
Not stated 2

TOTAL 63




TABLE 45

PERCENTAGE USE OF VARIOUS BIRTH CONTROL METHODS

Type of Method

% Used
None 26.9
Vas ectomy 22.8
Wife Sterile 19.3
(surgical or menopause)
Pill 13.2
Condom/Diaphragm 3.6
IUD 2.5
Wife Pregnant 2.0

Other 9.6
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Cumulative Percentage Distributions for
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Figure 3

Cumulative Percentage Distributions for

Sperm Count for Two Groups:

a. Exposed to DBCP b. Never Exposed to DBCP
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Figure 4

Percent Distribution of Sperm Counts Among

142 Gccidental Chemical Company Employees - 1877
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FIGURE 5

SCATTERGRAM BY AGE AND SPERM COUNT OF 142 FMPLOYEES
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FIGURE 6

SCATTERGRAM BY AGE AND SPERM COUNT OF 35 NONEXPOSED EMPLOYEES
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FIGURE 7

SCATTERGRAM BY AGE & SPERM COUNT OF
107 EXPOSED EMPLOYEES
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FIGURE 8
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FIGURE 9
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FIGURE 10
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FIGURE 13
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