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I.. TOXICITY DE.TERMINATION 

Based on a series of medical evaluations conducted at Occidental Chemical 

Compamy 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 coun than controls. 

C) Testicular biopsies done in ten indi duals as well as cumulative 

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

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

or zero sperm counts. 

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

res~lt of numerous medical and biological tests. Data obtained from DOW 

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

instrumental in indentifying DBCP as the causative agent. 
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II. 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 Columbia Parkway; Cincinnati, Ohio 45226. After 90 days 

the report.will be available through the National Technical Information 

Service (NTIS); Springfield, 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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III. INTRODUCTION 

In late June and early July 1977 the 011, Chemical, and Atomic 

Workers Union (OCAW), Local l 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 laboratory 

would only release the results to a physician). By 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 

1oca1 of the abnorma1. resu·1 ts 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 men to re-test 

them. This was agreed upon. Later in the afternoon 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•a office in 

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

given a medical history questionnaire to complete prior to the 

examination. On arrival at the office each was given a specimen 

container and each provided a semen specimen. The 

were inunediately taken to the laboratory at Alta Hos-

pit.al for analysis. Also while at the hospital blood samples. 

were taken for complete blood count with differential, SMA 12, 

T3 resin uptake, '1'4, serum testosterone, follicle stimulating 

hormone (FSH), and luteinizing hormone (LH). A ur specimen 

for routine urinalysis was also obtained. The men returned 

to Dr. Wharton'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 severe 1 y o l i gospermic. 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 th~ laboratory personnel who work with various ACD 

products was assembled. In addition, several former ACD em­

ployees who'still worked for Occidental were included. In 

total, 36 individuals in addition to the original five were 

examined du~ing the next two weeks. Each received a similar 

medical ex·amination and underwent similar laboratory testing 

as the original five. The only exceptions were the vasectom­

ized males who, of course, were not requested to gfve 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 

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 v~ricoceles, 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 wh,n formulating some organophosphorous pesticides. 

Symptoms due to irritation of the upper respiratory tract 

were, also mentioned by some as being associated with their 

work in the'manufacture of certain thiocarbamate compounds. 
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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 major 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. Equa1ly 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/ml). 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 signifi~antly higher in Group A (severely affected), a finding 

consistent with the presence of oligospermia in these individuals. 

The FSH 1evels in Group B ( the normal sperm group) are in a range1

comparable with those in a larger unexposed population from other studies. 
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ves 

Group A also had a higher mean LH level. It is possi e 

that this also represents a response to testicular damage, although 

serum testosterone levels are similar in the two groups, thus the 

mulus for the increase in LH is not known. 

The two women workers not currently using oral 

have norma·1 FSH and LH results. 

A most striking aspect of the data was the between group 

ationship 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 yeiar. 

IV. HAZARD EVALUATION 

In late July of 1977 both the Union and the Company requested 

NIOSH perform a Health Hazard Evaluation on the remaining workers 

in the plant. NIOSH contracted with . 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 

Af analysis of the results of the first forty-one 

examinations, the need to address four major questions in 

the subsequent Health Hazard tion became apparent: 

1) Did the infertility problem extend beyond the ACD 

to involve other male employees; 

2) What was the extent of the infertili prob 

former male employees of the 

3) Is there a hormonal assay available is equal 

effective as a sperm count for identifying fected 

individuals; and 

4) Although DBCP was considered to be the most likely 

causal agent, could one or more other chemic agents 

also be involved. 

order to answer se questions a rationale 

approach to the medical eva of the remaining employee.s 

was formulated. Two major decisions were lved. rst, 

to which employees should the examination be fe Some 

consideration was given to examining only a sample of the 

Occiden Chemical Company plant population, a diagraf(\ 

(Figure 1) was prepared to aid in the sample selection process. 

However, this notion was abandoned in favor of of the 

'i 

examina to the entire·employee population. This approach 

was chosen because it was felt that any employee who wished 

to be examined should be given the opportuni 

The second decision addressed the content of the Health 

Hazard Evaluation Medical Examination. Careful assessment of 
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A NIOSH trailer was brought to 

the data from the first forty""'.one examinations made it clear 

that there would be 1ittle n,ed QY exhaustive medi workup on each 

the subsequent participants. Accordingly, an abbreviated 

medical history form and physical examination strategy were 

devised. The questionnaire focused on reproductive 

system, especially reproductive his Medical evaluation 

was lafgely confined to the genitourinary tern and 1 

oratory work was limited to sperm ion of 

certain hormonal leve that appeared to ho seas in-

dicators of feet. 

B. 

plant site and all 

examinations were conducted there The employees were 

formed by both the Union and the the study 

and were urged to cipate. The transmi information 

was accomplished by both the Un s and the Plant 

Foreman. Patients were scheduled and co 

sperm and blood samples by company nurse. She 

distributed specimen s along wi semen col 

instruction sheets written by the l spec-

imens were obtained home immediately 

work. Employees were ted to utilize mas 

so ac 

The blood for determination of the endocrine levels was 

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

specimens were sent to the clini and endocr laboratories 

collection, however coi interruptus was 
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at Alta Bates Hospi ley, California, within two 

hours of collection. Sperm counts were done daily. serum 

for determination ls was promptly 

laboratory and zen later batch Em·­

ployees of certain work areas ( st ld 

, and distributors) also b 

12 is at the request expense of 

All patients were seen either by Dr. Donald ton or 

Dr. Tom Wilcox (the participa ng N physician). Bo 

physic completed the history fore l by 

the patient's verbal res e to oral questions. 

ic examinations were also done ng to as 

dardi format. 

A or, never we reso was est of 

1 exposure to DBCP. For is es ex-

was coded two waysu first of 

itative exposure was bas s 

participant had ever worked the ACD. A some-

more refined, yet qualitative es of ure 

was sed in study it was realiz ex-

posure to the ·chemical DBCP. could have occurred in the past 

in several areas in the plant in addition to the ACD, notably 

the pellet plant where DBCP was formulated for a brief period 

with fertilizers. ,Applicators, set-up men, and demonstrators 

constituted another group not driginally classified as exposed. 

Late in the study, a semi-quantitative 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 

worked in A<;:D, pellet plant, application, etc. This infor·­

mation was ihen coded and reduced. The data were grouped 

according to the time of exposure in groups large enough to 

be statisiically useful. In some individuals in whom the 

fact of exposure was known, no reasonable quantification could 

be determined. These employees were placed into a group of 

unquantifiable exposure. 

The various biostatistical strategies applied to the 

analys 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' muitiple regression, and discriminant function anal­

ysis. 

Production records of formulated products by the ACD 

from 1968 tq July 1977 were combined with the composition 

information:for each product (in terms of technical materials 

by weight)· to determine monthly,, amounts of technical materials 

procEissed by the ACD. 

Finally, in an effort 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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'rl. Results 

1. The Study Population 

The entire population at risk was 310 individuals. Two-

hundred sixty-one were hour plant employees; fif 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 request. Thus a total of 203 individuals were examined 

and evaluated. This report will focus on the 196 male workers, 

since no fects of exposure were found in the five women 

employees. One-hundred twelve workers were not seen; however, 

62 them were reached by questionnaire. The nonparticipants 

will be discussed later in this report. 
'rable 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 

,~xamination nor completed the questionnaire. Table 3 shows the 

number of nonvanectomizea n.na v:.1::icct'.'or:11.:z.ed. men by exposure group. 

2. The Work Areas 

The various work areas within the plant were the ware­

house, the ammonia plant, the fertilizer plant, the 

http:v:.1::icct'.'or:11.:z.ed
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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 

to work 1 over the plant. 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 

that they made ammonia-phosphate-type fertilizers. The 

ACD plant produced agricultural chemicals for use by com-

mercial farms. The t products produced ins cides and 

chemicals for household or consumer use. The maintenance 

employees, sub-divided many smaller or trades, 

were employed throughout the plant, frequently rotat in and 
out icular areas. Some maintenance employees were 

assigned to specific areas. was true the ACD plant. 

Other maintenance workers were assigned to specific repair 

shops and only infrequently visited the plant area. The 

C 1 workers included study were those primarily 

ACD plant or adjacent areas. 

The applicators were employees who worked idental 

Chemical Company but were responsible for tration, set-

up operations, or actual application chemicals for farmers. 

'Tab 4 is the dis ibution of the participants work 

area and age group. 

3. Production Records 
. -

'Tables 5 A through F summarize the amount of technical 
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material used per quarter from 1969 to 1977 for selected chemicals. 

DBCP, epichlorohydrin, ethylene dibromide, and carbaryl were 

included because of the possibility that exposure may be associated 

with adverse reproductive effects. Toxaphene and methyl parathion 

were added as examples of commonly used chemicals. Other heavily 

used chemicals included Diazinon, Dinoseb, Endosulfan, Malathion, 

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

used during the time period or were used infrequently. 

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 

the early 1960 1 s DBCP was used in the pellet plant for impregnation 

into pellet fertilizers. is process operated for two or three 

years and has not been utilized since. No production were 

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

4. Estimation of Ex osure 

Initially, the assumption was made that anyone who worked in 

the ACD plant was exposed to DBCP. Based on this assumption, there 

were 135 ACO or former ACD workers and 61 individuals who never 

worked .in the ACD pl ant. 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 

and they were thus placed in the category of unquantifiable 

exposure. 

Personal communications from Dr. Stephen Rappaport and 

Dr. Robert Spear, i ndustr"ia1 hygiene consultants from University of 

California, Berkeley have shown t_hat in Aoril and July of 1977 eight-hour 

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

5. ~rm Counts 

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. SpE~rm Count vs. E:x:;eosure 

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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group's (less than 3 months and more than 3 years). In 

these data, a wide gap containing only three data points 

existed between the two groups. Table h is an attempt 

to show the relationship between azoo3permi a and o1i gospermi a 

(less than 40 million), and normospermia (40 million or 

greater) by exposure duration utilizing add ional 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. 

Pigures 2 and 3 show cumulative distribution of sperm 

count by exposure. Figure 2 is cumulative distribution of 

sperm counts for two groups: once employed in ACD and never 

c~mployed in ACD. The median sperm count for once ACD 

was 45 x 10 6/ml, whi the median sperm count for never in 

ACD was 73.3 x 
6 

10 /ml. 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 10 6/ml whi for 

the non-exposed group the median sperm count was 78.7 x 10 6/ml. 

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

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-

istical tool in this situation because of the extremes in 

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

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

the mean sperm count is 57.6 x 10 6/ml, the standard deviation 

is 59.2 x 106/ml, the minimum sperm count is 0, and the max­

imum is 232 x 106/ml. An even more extreme example is seen 

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

358 x 10
6
/ml, a mean of 90.1 x 10 6/ml, and a standard devi-

ation of 126.2 x 10 6/ml. This problem is also seen in Table 

8. 

'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 Figure 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 40 

million. 

b. ~erm C9.unt l?,y_ Ac;z~ 

Because of the possibility that age and sperm count 

are associated, we examined aqe vs. sperm count in both ex­

posed and nonexposed employees. Table 10 is a comparison of 

sperm count by age. The sperm counts are divid~d into groups 
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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 

category. The reason for selecting these group-intervals 

will be discussed later this report. Figure 5 is a scat-

tergram which demonstrates that there is no significant 

relationship between sperm count and age. Figures 6 and 

7 are scattergrams 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 indicators· of DBCP induced sperm count 

depression. Because. of the nontrivial problems involved with 

collection ,of semen and interpretation sperm counts, and 

also because of surprisingly large and probably increasing 

preva of men with vasectomies, the va 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. 

Serum hormone assays for FSH, LH, and testos 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 relationship. In the nonvasectomiz 
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exposed group, nine individuals who had not provided sperm 

samples were included. In the case of two individuals with 

sperm counts, the results of the hormone assays were excluded 

technical reasons. 

a. FSH Values 

Tables 11 and 12 show the mean, standard error, 

and ·of FSH levels by 10-year age groups 35 men 

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. 

Tables 13 and 14 show the mean, standard error, 

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

exposed to DBCP and 114 men exposed to DBCP. F s 10 

and 11 are scattergrams of the same data. There is signif­

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

in the unexposed group. 

Tab s 15 and 16 show the mean, standard error, and 

testosterone levels by 10-year age group in 35 men never ex­

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

are scattergrams of the same data. There is a significant 

decrease in testosterone with age the expos group, but 

not in unexposed group. 

ison of sperm counts and FSH assays were done 

for . the exposed and nonexposed groups. Table 17 

shows the mean FSH value by grouped sperm count values fer 

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. Group l are much 

higher than the means of the other three groups. Table 19 

is a comparison of group sperm count and FSH values 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 mosts iking ob,.. 

servation is the difference in Group O 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 sim­

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 Tab 23. 

There is a very striking difference between Group O (azoo­

spermic) and the other groups. 

c. stosterone 

Serum testosterone values were compared· to grouped 

sperm counts for both the nonexposed and exposed popul 

Table 25 is a comparison of the mean stosterone levels 

by grduped sperm counts for the nonexposed population. Table 

26 is a condensation of Table 25. There appear to bS· 

no important differences among any of the groups. Tabl~ 27 
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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. Comn;ient on Statistical Interrelationships Between 
Observed Sperm Counts and Hormone Levels 

On.e of the variables of principal interest in this 

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 ,s multiple regression provides a means of examining 

and understca,nding 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 

be predicteq on t~e basis of knowledge of a set of one or 

more physio~ogical measures. 

Thirty-five men who had provided both semen and blood 

samples had nev~r 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 

exposed to DBCP was ascertained by the examining physicians 

and this variable was included in the analysis of this group. 

Stepwis,.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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''i.' 

None of the.variables were found to be individually _signif­

icantly rel~ted 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. 

The matrix of correlation coefficients for the exposed 

group is provided in Table 29. Some unusually large observed 

associations are noteworthy; sperm count is inversely related 

to exposure, LH and FSH at p = .01. Exposure is the likely 

causal factpr in the observed associations between sperm and 

LH and FSH ~ince it is also highly correlated with these var­

iables at p= .01. LH and FSH are themselves highly correlated 

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

Table 30 is the same correlation for the nonexposed. 

Indeed, the summary table of the stepwise regression of 

all of the ~ndependent 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 

regression equation~ The exposure variable itself accounts 

for 14.7 pe~cent of the total variation. Including all the 

variables :in the regression equation accounts for 27.2 perc­

certt of·the· total variation. The overall F statistics at 

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

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 

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 10 6 sperm/ml. 

(This res~lt is perhaps attributable to the relative contrib­

ution of azoospermics being greater when oligospermia is thusly 

defined). 

Tables 36-39 show the results of the predictive 

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

sensitive predictor for having the fewest false positives, 

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

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 

used as a screening tool for populations in which sperm 3am·­

ples are unobtainable. However, according to the data of 

this study 0 a large percentage of false negatives would occur 

using either of these indicators. Use of FSH is preferable 

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

7.. S:MA 12 Results . 

Comp·lete Serum Multiphask Analysis (SMA)-12 data was collected on 

64 men, 13 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 1 inear combination of St,tn. l2 

values and age could be useful in predicting an individual's sperm count. 
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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. 1 pairwise correlations presented 

in this t~ble 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 prot~in and LOH, r=.64719, r=.57802 and r=.55185 res-

pective.ly. Age is not significantly rel to of the 

variab sat p=.01 for this data. 

Tab.le 41 provides. a sumrn.ary of the s tepw:Lse regression 

£qr assessing the dependency of sperm count on the SMA 12 

v2.. riables and age. One can see from this table only 

calcium contributes significantly (at p = .05) to the 

diction of sperm count in the presence of all variables. The 

percent of the total variation in sperm counts explained by 

calcium alone is 9.375%. Including the seven most important 

variables in the regression equation raises this percent of 

variation exp1.~ined to 31.391%. (see R square column of 

Table 41). However, although the overall regression re­

mains stati$tically significant the inclusion of additional 

va.riables into the regression equation after calcitim does not 

http:pective.ly


Page 25 ··· Health Hazard Evaluation Determination Report HE 77-103 

contribute significantly in reducing the unexplained variation. 

Table 42 is a summary of the SMA 12 means by area of 

work .. 
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8. Questionnaire to Nonparticipants 

An assessment of nonparticipants was done by questionnaires. 

Each worker who had not appeared for a medical examination 

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 

distribution of the reasons for nonparticipation for those 

reporting. Table 44 shows the amount of work experience in 

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 cit~d religious reasons 

for nonparticipation. The majority either had not worked in 

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

the total production workers, the number of participants, the 

' nmnber of re.spondents to the questionnaire, and t'.he number 

who did. not. respond to the questionnaire by .area of the plant. 

Eighty percent of all production workers were either examined 

or responded to the qµ~stionnaire. 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 

contr:ol measures. Table 45 shows the results of the responses. 

The largest two groups either used no birth control-measures 

or the husband had previously had a vasectomy. Thirteen percent 

of the respondents reported that oral :ontraceptives were used by their 

spouse!. 
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. VI. Summary and Discussion 

The extent of the infertility problem at the Occidental 

Chemical Company's Lathrop plant can be summarized as follows: 

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 fluid). 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 

than ACD were found to have been exposed at one time or an­

other to DBCP. In the early 1960 1 s the company impregnated 

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, especially 

if one considers the other studi~s reported from Dow and Shell. 

Examination of Occidental Che~ical-Company'~ production re~­

ords alone would not have allowed the authors to conclude 

that DBCP was the sole etiological agent. 

FSH, LH, and testosterone assays were done in ari atte~pt 

to find a hormonal indicator that would predict alterations 

in sperm count, thus obviating the need to obtain a semen 
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specimen in a population of employees exposed to a chemical 

suspected of possessing infertility-inducing properties. Our 

observations suggest that either FSH or LH (but not testos­

terone) couid be useful in this role if a study population, 

like ours, contains a high percentage of azoospermics. The 

predictive value of both FSH and LH decrease to vanishing if 

one removes the azoospermics from the study population, as we 

did by stattstical manipulation. In short, in a population 

of men severely damaged to the point of widespread azoosper­

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 oalled to Tables 

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

hormone_ assay is.used as.a case findin~. In a population of 

oligospermic men,..neither. hormone assay cou·1d be: cou·nted upon 

to detect a _problem. Thus the sperm count re-mains the sing1e 

best indicator of DBCP induced infertility. 

In the initial-study of the 41 ACD employees prior to 

the initiation 
I l . : 

of the HHE, there was 100 percent cooperation 

_among_ ~he ~orker!;:i. In the later study the nonparticipation 

rate ,amo11g work~rs was. considerable, despite the full cooper­

ation and assur,a11c::e of; both the Union and the Company. A
·' 

nUfUb~r of _tho~e \\Tho.only responded to the questionnaire·but 

were ..not . . . ainterested in participating inthis type of study' 

gave the rE;!ason that either they had vasectomies, their.wives 

were sterile or beyond the child-bearing age, or were not iri~ 

terested for unstated reasons. Only a few individuals stated 
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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. RECOMMENDATIONS 

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

be made to keep the environmental concentration below the currently 

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

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

semen analysis should be performed at least at yearly intervals for 

the first five years following the identification of the problem. 

C) Workers with significant DBCP exposure should be followed and 

records be kept on these individual~ for at least 30 years. This 

measure wou1 d likely discover any long term effects caused, by 

DBCP exposure. 

D) Compcny and Workers cooperation 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, Spe-rm Counts, and Serum FSH, LH 

and Testosterone Levels in 22 Nonvasectomized DBCP Formulators 

Group 

A 

B 

N 

11 

11 

. Age 

.Mean 

32.7 

26.7 

- Yrs Exposure Yrs Sperm Count FSH LH 

X 10 6/ml miu/ml miu/rnl 

SEM Mean SEM Mean SEM Mean SEr-1 Mean SEM 

*+1. 6++ 1 2+ 
..L • 0.2 0.1 11. 3 1. 8+ 3.3++8.0 28.4 

1.2++ - 8++ 0.08 0.02+ 93 18+ 2.6 0.4+ 14.0 L • 

Testosterone 

ng/dl 

Mean SEM 

459 35

463 31 

*Nine workers with o· sperm/ 1.; two with 1 x 10 6/ml.
m 

+'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. 



TABLE 2 

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

WORK TOTAL ti % # RESPONSES IINO EXAM OR % NO EXAM 
_____]!,fPLOYEES EXAM EXAM: TO QUEST. RESPONSE OR RESPONSE 

Ag Chem 24 24 100 N.A. 0 0 

Best 12 11 91 1 0 0 

~~aint. 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 20 3 13 65 

TOTAL 261 147 56 162 52 20 



TABLE 3 

Nl/MBER EXPOSED TO DBCP BY EXPOSURE GROUP AND VASECTOMY STATUS 

35 

107 

9 

7 

38 

Vasect~mz S,tatus 

Noµvasectomized 

Nonvasectomized 

Nonvasectomized 
(no sample) 

Vasectomized 

Vasectomized 

Exposure Group 

Not exposed 

Exposed 

Exposed 

Not exposed 

Exposed 



TABLE 4 

Work 1\rea by 10 Year Age Group, Number 
And 

Percent of Total Workforce 

AGE GROUP 

WORK AREA 20 -29 30 -39 40 -49 50 -59 60 -69 
ROW 

TOTAL 

Warehouse 8 3 1 2 
(57.1) (21.4) (7 .1) (14.3) 

0 
(0) 

14 
(7 .1) 

Ammonia Plant 6 7 1 2 
(37.5) (43 .8) (6.:)) (12.5) 

0 
(0) 

16 
(8 .1) 

FertiliZEff 
Plant 2 2 0 0 

(40.0) {40.0) (0) (0) 
1 

(20.0) 
5 

. (2. 5) 
AG Chem Plant 17 14 5 2 

(/+4.7) (36.8) (13. 2) (5.3) 
0 

(0) 
38 

(19.3) 
Best Products 1 8 4 1 

(7. 7) (53.8) (30. 8) (7' 7) 
0 

(0) 
13 

(6.6) 
Applicators 1 8 4 2 

(6. 7) (53. 3) (26. 71 (13.3) 
0 

(0) 
15 

(7. 6) 
Pellet _Plant 3 1 6 0 

(30. 0) (10.0) (60. O) (O) 
0 

(0) 
10 

(5.1) 
Clerica:.'.. 3 3 2 1 

(33.3) (33.3) (22. 2) (11.1) 
0 

(0) 
9 

(4.6) 
All Ove:r 

Plant 16 32 15 7 
(22.2) (44.4) (20. 8) (9. 7) 

2 
(2.8) 

72 
(36. 5) 

Phosphoric. Ac:ld 
Plant 2 1 1 1 

(4C'.O) (20.0) (20.0) (20. O) 
0 

(0) 
5 

(2e5) 

COLUMN 59 7f, 39 18 
TOTAL (29.9) (39.6) . (19.8; (9 .1) 

3 
(1.5) 

197 
(100 .o J 

Numbers in parentheses are. percent o[ row .or column 

TOTAL PLANT I>OPULATION 310 

NU!1BER SEEN 197 
NUMBER NOT SEEN 112 

REACHED BY QUES'UONNAIRE 62 



Table 51\ 

Pounds of DBCP Formulated 
By The 

Agricultural Chemical Division 
By 

Quarter From 1968 To 1977 

----
Year..1....._Cmpd, IDII Jan-Mar Apr-June July-Se_Et Oct-Dec 

1968 
59499. 327520. 

1969 503450. 727554. 136916. 162815. 
1970 488076. 441971. 212798. 335275. 
1971 418602, 355978. 138865. 315800. 
1972 429755, 241890. 406146. 428480. 
1973 395910, 464980. 193211. . 832214. 
1974 62267J. 678446. 422868. 1159824. 
1975 852882, 602052. 553775. 503530, 
1976 620786. 445723. 961584. 266734. 
1977 728790. 3623!;1. 255401. 

-------· 



Table SB 

Pounds of Ethylene Dibromide Formulated 
By The 

Agricultural Chemical Division 
By 

Quarter From 1968 To 1977 

Yea~nEd, 

1968 

IDll Jan-Mar ~r-June July-Sept 

0 

Oct-Dec 

0 

1969 80620. 36785. 0 3610. 

1970 45087 .. 44401. 0 0 

1971 0 47542. 0 0 

1.-9 7 2 0 0 0 0 

J.9 7 3 39708 .. 0 0 120 33. 

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-L.Cmpd ,..ID# Jan-Mar Apr-J.une July-Sept Oct-Dec 
1968 

1098. 3846. 
1969 5915. 10196. 3532. 1856. 

1970 5986. 6032. 3620. 3873. 

1971 4900. 5562. 2558. 3670, 
1972 549. 1561. 463. 83. 
1973 4635. 5676. 2444. 9666. 

1974 73ll. 876Li. 4850. 12334. 
1975 6413. 2314. 5894. 5069. 
1976 4540. 4463. 11468, 3261. 
1977 8450. 4435. 3132. 

---·------· 



Table SD 

Pounds Of Carbaryl Formulated 
By The 

Agricultural Chemical Division 
By 

Quarter From 1968 To 1977 

Yea~_Cpipd • ID/I Jan-Mar Apr-June July-Sept Oct-Dec 

1968 10665. 3541. 

1969 2482. 19556. 176768. 2775. 

1970 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 SE 

Pounds of Methyl Parathion Formulated 
By The 

Agricultural Chemical Division 
By 

Quarter From 1968 To 1977 

Year, Cmpd, ID{I Jan-Mar Apr-June July-Sept Oct-Dec 
11148 

1968 
24287. 503. 

1969 100. 38228. 11850. 15. 
1970 5006. 38441. .1316 7. 2372. 
1971 5918. ·6173, 17118. 7329. 
1972 . 27701. 334 77 • 27213. 1508 7. 
1973 36483. 39690. 39747. 18692. 
1974 12111. 24408. 16089. 21764. 
1975 20803. 17248. 20160. 11650. 
1976 17712. 57424. 38408. 23630. 
1977 

-----
22565. 22120. 13482. 

·------.. 



-------

11211 

Table 5F 

Pounds of Toxaphe.ne Formulated 
By The 

Agricultural Chemical Division 
By 

Quarter From 1968 To 1977 

~~~ 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

Jan-Mar AEr-June Jul:l!:-SeEt Oct-Dec 

6993. 

224. 

428. 

8696, 

0 

17427. 

240. 

0 

0 

192018. 

96174. 

157144. 

190845. 

21976. 

42130. 

16709. 

47474. 

34135. 

41902. 5123. 

167107. 817. 

113767. 1360. 

174365. 0 

42669. 522. 

53997. 3199. 

43933. 0 

85457. 453. 

88421. 694. 

33092. 

http:Toxaphe.ne


TABLE 6 

RELATIONSHIP OF OLIGOSPERMIA AND NORMOSPERMIA WITH EXPOSURE 

IN MONTHS TO DBCP IN 126 NONVASECTOMIZED MEN 

EXPOSURE TO DBCP 

.§.P.er_m Count~ None 1-6 Months 6-24 Months 24-42 Months 43 Mouths Total 

(40 X 106/ml 4 11 7 8 14 44(9 .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 If 35 48 14 12 17 126 
0/... 27.8 38.1 11.l 9.5 13.5 100% 

Percentage in parentheses 



Table 7 

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

:xposure 
Category 

SPERM 
0 1-9 10-19 

SPER'1 COUNT 

20-29 30-39 40-49 50-59 60-69 70-79 80-89 

IN MILLIONS 

90-99 100-110 110-119 12o+ 
ROW 

TOTAL 
ever Exposed 1 .r. 0

(2.9) (0) 
0 

(0) 
2· 

(5. 7) 

, 
.l. 

(2. 9) 
5 

(14.3) 
2 3 

(5. 7) (8.6) 
4 0 

(11. 4) (O) 
2 

(5. 7) 
3 

(8.6) 
2 

(5. 7) 
10 35 

(28.6) (24.6) 

nee or Currently 
Exposed 14 9 

(13.1) (8.4) 
9 

(8.4) 
11 

(10. 3) 
6 

(5. 6) 
8 

(7. 5) 
8 7 

(7.5) (6. 5) 
6 2 

(5. 6) (1. 9) 
8 

(7.5) 
2 

(1.9) 
2 

(1. 9) 
15 107 

(14.0) (75.4) 

COLUMN 
TOTAL 

15 9 
(10.6) (6.3) 

9 
(6. 3) 

13 
(9. 2) 

7 
(4.9) 

13 
(9.2) 

10 10 
(7 .O) (7 .0) 

10 2 
(7. 0) (1.4) 

10 
(7.0) 

5 
(3.5) 

4 
(2.8) 

25 142 
(17.6)(100.0) 

(parentheses show percentages) 



Table 8 

Mean, Standard Error & Range 
Of 

Sperm Counts* by 10 Year Age Groups 
In 

35 Employees Never Exposed to DBCP 

AGE 
Q.ROUR___ 

20-29 

]0-39 

40-49 

50-59 

TOTAL 

COUNT MEAN 

89. 7 

137.1 

99.0 

147.5 

106.2 

. 

STANDARD
ERROR 

12.0 

38.4 

27.3 

147.5 

~INI~M 

30.0 

42.0 

25.0 

0 

0 

MAXIMUM 

184.0

372.0

281.0

295.0

16 

8 

9 

2 

35 

* in millions per milliliter 

372.0 



Table 9 

Mean, Standard Error & Range 
Of 

Sperm Counts* by 10 Year Age Groups 
In 

107 Employees With History of Exposure To DBCP 

----· 
STANDARD 

MEAN ERROR MINIMUM -1'.fAXIMUM 

AGE 
GROUI'.______gQUNT 

20 -29 34 65,4 10.3 1.0 244.0 
30 -·39 46 57.6 59.2 0 232.0 
l10 -49 18 90.1 126.2 0 358.0 
50 -59 9 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 EMPLOYEES OF OCCIDENTAL 
CHEMICAL COMPANY BY 10 YEAR ACE GROUP 

---------
.GE ROW 
;ROUP 

20-

0 --------

0 

1-9 --

4 

10-19 -----
4 

20-29-
4 

30-39 40-49 __ so-5_L 60-69 70-79 80--89 

1 9 5 3 2 1 

90-99 100-110 110-119 120+ TOTAL 

4 3 0 10 50 
29 (0) (8 .0) (8.0) (8.0) (2.0) (18.0) (10.G) (6.0) (4.0) (2.0) (8.0) ( 6. 0) (O) (20.0)(35. 

30 - 9 3 3 3 6 3 ] 4 4 1 5 1 3 7 54 
39 (16. 7} (5~6) (5.6) (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 0 2 2 4 0 0 1 1 6 27 
L,9 (14.8) (3. 7) (7. 4) (14. 8) (0) (0) (7 .4) (7. 4) (14.8) (O) (0) (3. 7) (3. 7) (22.2) (19.0) 

50- 2 1 0 2 0 1 1 1 0 0 1 0 0 2 11 
(18.2) (9.1) (0) (18.2) (0) (9 .1) (9 .1) (9 .1) (O) (0) (9 .1) (0) (0) (18. 2)(7. 7) 

TOTAL 15 9 9 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 .o) (7 .O) (7.0) (1.4) _._._____.... 

(7. O) (3.5) (2.8) (17. 6) (100 .o 

(parentheses show percentages) 



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 

20-29 

WORKERS MEAN ERROR MINIMUM MAXIMUM 

16 2.9 .2 1.6 4.4 

30-39 8 3.5 . 5 1. 8 6.9 

40-49 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 

* in mlu/ml 

10. 8 



Table 12 

Mean, Standard Error & Range 
Of 

FSHLevels* by 10 Year Age Groups 
In 

114 Nonvasectomized Male Employees 
With 

AGE 
GROUP WO~ 

History of Exposure to DECP 

STANDARD 
MEAN ERROR MINIMUM MAXIMUM 

20 ·-29 36 3.5 .2 1. 3 8.5 

30 ·-39 48 5.5 .6 1.1 24.3 

40-L19 19 7.7 1.4 2,0 28.1 

50-59 11 5.1 1.2 2.4 15.9 

TOTAL 11/i 
--·----------

5.2 1.1 28.1 

* in mlu/ml 



Table 13 

Meah, Standard Error & Range 
Of 

LH Values* by 10 Year Age Groups 
In 

35 Employees Never Exposed to DBCP 
(Nonvasectimized Males) 

AGE 
GROUP 

20 -29 

30 -39 

40 -49 

50 -59 

TOTAL 

WORKERS-
16 

8 

9 

2 

35 

MEAN 

13.2 

14.5 

14.1 

18.4 

]_4, 0 

STANDARD 
ERROR 

1. 5 

3.2 

2.5 

7.7 

* in miu/ml 

MINIMUM 

4.6 

3.5 

5.5 

10.7 

3.5 

MAXIMUM 

21.8 

29.2 

28.0 

26.1 

29.2 



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 
GROUP WORKERS 

STANDARD 
MEAN ERROR MINIMUM MAXIMUM 

20-29 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 
--------,.~ 

ll& 15.7 LO 

* i.n miu/ml 

56.0 



Table 15 

Mean, Standard Error & Range 
Of 

Testosterone Levels>~ by 10 Year Age Groups 
In 

35 Employees Never Exposed to DBCP 
(Nonvasectomi.zed Males) 

AGE 
GROUP WORKERS MEAN 

STANDARD 
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 

TOTAL---. 
2 

35 

531.0 

578.4 
186.0 

* in ng/dl 

345.0 

345.0 
717 .o 
906.0 



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 

20 -29 

WORKERS 

36 

MEAN 

576.1 

ERROR 

32.4 

MINIMUM 

125.0 

MAXIMUM 

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 

,•, in ng/dl 

125.0 998.0 



TABLE 17 

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

lliRUOLE FSH 
BY SPER~ 

ANALYSIS OF VAii lANCE 

SOURCE O.F. SUM CF SCUARES ~HN s,uARES F RAT 10 F PROB. 
BETWEEN GRCUPS 10 68. 3360 l>.8])1) 6.2'\7 .ooo 
WIH<IN GRCIJPS 2'> 21,.2537 1.0939 

TOTAL H 11 ... 5891 

GRCliP 

GRP a 
GRP 3 
GRP 4 
tRP 5 
GRP 6 
GRP 1 
G~P 8 
GRP 10 
GRP II 
GllP 12 
~RP 13 

ICHl 

f.CUNT ~EAN 

!. 1c. ecco
2 ... ~cco 
l 3. IC CC
5 2. 72C C 
2 ... ,cco 
3 4,.. I\:! 3 3 

2.G5CO " 2 2.55CO 
3 3.Hco 
2 2.1cco 

10 J .C6CO 

35 3.4e2'l 

STANOARO SUNOARO 
DEV IA T JON ERROR ~INl~UM 

• i,, H .1000 ... ~ooo 
1.cc1c .4477 1.6000 

.8485 -6000 3.bOOO 
Z.1455 1.2397 3.0000 .eesi -~425 2.cooo 

;6%4 .4500 2.1000 .n6s .5292 2.6000 .4243 .3000 2.4000 
.qz40 .2922 1.eooo 

1.1,000 

HAXl'1UH 

~.6000 

3. 1000 
4.8000 
6.9000 
3.8000 
J.0000 
4.4000 
3.0000 
4.8000 

10.eooo 

q5 PCT CONF 

J. 2294 TO 

1.4711 TO 
-3.4231 ro 
-.8965 TO 
l. 5417 TO 

-3. !678 TO 
l. 3232 TO 

-1.111'1 ro 
2.3990 TO 

INT FOR NEAN 

5.7/0b 

3.9629 
l!.8237 
q. 7632 
4.3583 
8.261B 
5.8768 
6.511'1 
3. 7l!O 

Ll<GRCUPF.0 CA IA l.66 79 .2819 

FIXED EffEClS ~CCH l.0459 .1769 

2.909'} TO 4.0558 

RAhC(~ HHCTS ~CCEL 3.0834 .9297 

J. llBO ro J.8477 

l.4114 TO 5.5~4J 

HSTS fCR HC~OGENE !TV OF vrn1ANCES 

CCCNRAhS C . IIU. VARIA~CE/SU~IVARIA~CtSl
8ARTLEIT-BCX f . 
~AX!l'u~ VARIA~CE I I' I~ !~ll~ VARIANCE . 

. .4893, 
.ear, 

230.161 

p . 
p . .CH 

.528 
(APPROX.) 

Group O - Azoospermia 

Group 3 = 30-39 x 10 6/ml 

Group 12 = 110~119 x 106/ml 

Group 13 == >119 x 106/ml 



TABLE 18 

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

VAR uau F Sil 
11V SPERi' 

ANAlVSI S OF VARIANCE 

SCURCE O.F. SIJII CF SQUARES MEAN SQUARES f RATIO F PROB. 
8ETl<EEN GRCUPS 3 H.0683 11.JStll 5.817 .003 
WIH11N GRCLPS H 60.5214 1.9523 
HHAL H 94.58'17 

S TA1'0AROGRCUP CC!;NT STA NOA RO 
~E~N OEV IA T ICN ERROR ~IN(MUM 

GRP ! ] 6.6CCO 3.6387GRP 2 2.100a 6 2.78?) 4.4000 
.9081GRP 3 .HlO 11 1.6000 ,, 1.soq1 1.JeaqGAP .4188 \5 3.12co 2.0000 .a111 .zz4q 1.aooo 

ICTAL 35 1.~e29 
1.6000 

IIAX!~UM 

10.8000 
3.7000 
6.'1000 
't.8000 

10.8000 

95 PCT CONF 

-2.'iHl TO 
1.a2qa TO 
2.5760 TO 
2.6376 TO 

IN I FOR MEAN 

15. 63'ill. 
] .. 7]69 
,.H21 
3.602~. 

UNGRCUP EC OTA 1.6679 .28l9 

lflXEO EFFECTS l'CCEL l.3'i72 .2362 
RA~OCl4 EHECTS f'CCEL 6.62~2 3.3121 

l.90'1'1 TO 

J.0012 TO 

-7.0571, TO 

,.0558 

3.9645 

H.0233 
YESIS fCR 1-iO~OGENE In Of ~iRIANCES 

CCCHRM,S IC . ". )(. VAR!INCE/SUMIVAR!ANCESl . p • IEIARfLETT-1BOX • 7903, F .oco UPPRCX.1 • p . ~Ax1,u~ VIR!lhCE / 4.286, .CC5 1' lh ll'U~ VARIANCE . 11.,,,, 1 

Group 1 = 60-29 X 10 /ml 

Group 2 30-39 X 106/ml 

Group 3 650-99 X 10 /ml 

Group 4 >99 X 10 6/ml 



TABLE 19 

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

VAR IA8LE FSH 
av SPERN 

ANALYSIS OF IIAR IANCE 

SOURCE 

!IET"EEN CPCIJPS 

111TH IN GRCLP5 

TOTAL 

O.F. SUI< CF SQUARES 

u 1253.5356 

91 824.6428 

104 2078.1785 

IIEAN SQUARES 

116.4258

9.0620

F RATIO f PROB.

10.6H 0

GPCUI' 

GRP 0 
HP I 
GRP 2 
GRP 3 
GRP ~ 
GRP 5 
GRP 6 
GRP 7 
GRP 8 
GRP q 
GRP 10 
GRP 11 
GRP ll 
GRP 13 

lCJ $l 

CGUNT ~EM; 

h 13.~~29 
a ~.4CCO 
9 s.sna 

10 4.C4CO 
6 4.~lt7 
a .... nso 
8 ,. .csco 
7 3.2CCO 
6 4.C~B 
2 2.?5CO 
8 3 .3 SC 0 
2 3. I 5CC 
2 4.65CO 

15 3. IH1 

105 5 .3 2<; 5 

STANO ARO STANOARO 
DEVIATION ERROR 

6.6890 1. 76 79 
2. 7e6 7 .9852 
2.2038 • 7346 
2.07!6 .6551 

09368 .3825 
2.H87 .830', 
1.1,40 .. 4222 
2.2620 .asso 

.6772 .2765 

.6 364 .4500 
• 7e38 .2771 

l.4841 1.0500 
l.HJ5 .95CO 
1. C796 .:nea 

~INIMUM 

~.aooo 
2.2000 
2.aooo 
1.6000 
2.9000 
1.1000 

.2.0000 
1.1000 
).1000 
l.9000 
2.1000 
2.1000 
1.1000 
l.5000 

MAXIMUM 95 PCT CONF 
26.1000 10.0803 TO 'I.BODO 2.0703 ro 9.1000 3.8838 ro 8.5000 2.sse1 TO 5 .1000 3. ~335 TO 8.5000 2.0114 TO 6.3000 3.0518 TO 7.'1000 1. 1080 TO s.0000 3. 32 26 TO 2.aooo -3.3678 ro 4.8000 2.6948 TO ,.2000 -10. l'l 15 TO 5.6000 -1.,209 TO s.oaoo 2.5888 TO 

INJ FOR MEAN 

11. 8054 
6. 7297 
1.211a 
5.5219 
5. 39'18 
6.1386 
5.0'>82 
5.2920 
4. 7Hl 
8.0678 
... 0052 

16.Hl5 
16. 7209 
l.7845 

UNGRCUPEC CATA 'o.4702 ,'>362 

1.1000 za.1000 

FIX EC EFFECTS ~CCEL J.0103 .2'138 
4.4644 TO 6ol'l',6 

RA~OC~ HFEcrs ~CCEL 2.aen • 7711 "· 1460 TO 5.9131 

!ES TS FOi HG~CGHE ITV CF VIR IANCES 
3.6625 TO 6 .9966 

CCOtRA~S C . ~AX. VARIANCE/SU~(VARIA~CESleARILETr-acx . F . .5508, p . 0 eu l~L~ (APPRCX.) V4R!A~CE I p ~l~l•L~ 6 • 176, . 
VARIANCE .cco 

' ! 10 .• 502 

Group 0 Azoospermi.a 

Group 1 = 1-9 X 106/ml 

6Group 12 110-119 X 10 /ml 

6Group 13 = ,) 119 X 10 /ml 



TABLE 20 

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

VAIIIABLE FSl4 
ev SPERi' 

ANALYSIS OF VARIANCE 

SOURCE D.F. Slil'I OF SQUARES l'EAN SCUARES F RAT IO F PROB. 
eEH.1:EN GRCUPS 7 12,.2.uu lH.',609 20.592 0 
~!THIN GRCUPS 97 835.952'> 8.6181 
TCTAL 10', 2078.1785 

GROUP 

C~P 0 
GRP I 
GPP 2 
GRP 3 
GPP ,. 
GP? 5 

..-GRP I, 

GRP 1 ' 
H,T Al 

COUNT ~EAN 

14 13.~ .. 29 
8 4.4CCO 
9 5.5718 

10 4.C~CO 
I, ~ -416 7 
8 ,..nso 

3l 3.~645 
19 3.JHa 

105 5.}2~5 

5TANOARO STANDARD 
DEV IA TICN ERIIOR l"INIMUM 

1>.60qa 1.787'l 4.8000 
2.7061 .9852 z.2000 
2.2038 .7346 2.8000 
2.0 716 .655! 1.6000 

.9368 .3825 2.9COO 
2.3~87 .8304 l. 7000 
l. 35 56 • 2 ... 35 1.1000 
l.1591 .2659 1.5000 

1.1000 

MAXll'IUM 

28 .1000 
'1.8000 
'l.1000 
8.5000 
5. 1000 
8.5000 
1.qooo 
5.6000 

2a.1oou 

'l5 PCT ·CONF 

10.0803 TO 
2.0703 TO 
3.8838 ro 
2.5581 TO 
3.<,335 TO 
2.8114 TO 
J.0673 TO 
l. 1182 TO 

INT FOR MEAi~ 

17.805-1, 
6.7291 
7.27U 
5.521'~ 
5.399,S
6.ne,, 
.... 0611! 
3.895'5 

UNGRCUPEC CHA 

fUEO EFFECTS ~CCEL 

JUNOCM HHCTS ~CCEL 

4 ... 10 2 .4362 

z.g351 .2865 

6.C407 2 .1357 

4. 46,.,. TO 

... 7609 TO 

• 279 ... TO 

6.l'H<I 

5.8'l8L 

10. 37911 

JESTS l'CR HC~OGEH I TY CF VARIANCES 

(CCHRINS C w MAJ( .. VAR!INCE/5UM(VARIANCES1
BIRTLETT-80 F ,, 
l'&X!MUM VARIANCE I ~ IN ll'U~ VIR IANCE . 

. .6282, 
11.76!, 
50.991 

p 
p 
. . .oco 

.cca 
!APPROX.) 

Group 0 = Azoosperrnia 

Group 1 = 6l·-9 X 10 /ml 

Group 6 = 50-99 X 106/ml 

Group 7 -· 6>99 X 10 /ml 



TABLE 21 

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

\16RUBlE LH 
BY SPERi< 

ANALYSIS Of VARI.At.CE 

SOURCE D.F. SlM OF SQUARES l'E.111! SCUARES F RATIO F PROB. 

BETWEEN GRCUPS 10 37). 2608 H.1261 .6H .111 
l<ITHIN GRCUPS 2', HD.lH7 58. 8823 

TOUL 34 1786."35~ 

GRCUP COUIH ~EAN 
S TANDARO STANO ARD 

DEVIATION ERROR ~INl~UM MAXIMUM 95 PCT CONF INT FOR MEAN 
GRP 0 I 26.ICCO 
GRP 3 2 IC. 75CO 
GRP ~ l 21. ICCO 

2.4149 l.7500 9.0000 12.5000 -ll.4858 TO 32.9858 
GRP 5 5 ll.c2CC 
GRP 6 ,, 13.65CO 
GRP 7 3 10.ecco 
GRP 8 '~ 11.ccco 
GPP IC 2 11.ccco 
GRP II 3 13.7667 
GRP 12 2 10.s~co 
GRP 13 10 15.35CO 

4.eeoa 2 .11120 5.0000 
ll-5258 a.1soo 5.5000 
3.6373 2.1000 1.5000 
8.98!8 4.4909 8.4000 

10.6C66 7.5000 3.5000 
6.9574 4.0399 5.1000 
8.2131 s.·asoo '9. 1000 
8. 3 770 2.6 .. 90 "-6000 

16.~000 5.5598 TO 
21. 8000 -8'}.9055 TO 
14.7000 !.7643 TO 
28.0000 2.7081 TO 
18.5000 -64.2'lb5 TO 
10.2000 -3.6160 TO 
16.4000 -63.7813 TO 
2'1.2000 9.3575 TO 

17.6802 
111.205'5 

19.8357 
H.2919 

106.2965 
31.1493 
8".8613 
21.H25 

iCTAl 35 l~.C686 3.5000 29.2000 

UNGRCUPEO CAY A 7.2486 1.2252 11.5786 ro 16.5586 
FUEil EHECTS ~CCEL 7.6735 1.291! 11.3'1!6 TO 16. H56 

RAkCC~ HHCTS ~CCEL 9 .. 2C85 z. H65 7. 8822 ro 20.25H 

asrs f'CR HC~CGE~El TY OF VARIANCES 

l[;CC14RA~S C ;Ill 114 A)( .. VAR IANCE/SUl<(VARUNCESI 
BAPTLETT-6CX F . 
i~AX!~U~ VIIR!illNCf: f ~INl~U~ VAR UNCE . 

. .2306, p . .904 
.530, p $ .834 

21.689 

I APPROX.I 

Group 0 Azoospermia 

Group 3 620-29 X 10 /ml 

Group 12 • 110-119 x 106/ml 

Group 13 = '; 119 x 10 6/ml 



TABLE 22 

ANALYSIS OF VARIANCE FOR LH WITH SPERM COUNT GROUPS 

FOR 35 NON-EXPOSED EMPLOYEES 

VARIABLE ll< 
1111 SPERi< 

ANALYSIS OF VARIANCE 

SOURCE O.F. SUM CF SQUARES l<EAN SCUARE S F RAT 10 F PROB. 
BETWEEN G~CIJPS 3 18.1303 6.0',H .956 
WITI< IN GRCUPS 31 l168.305l 57 .Olt21 
TOTAL 3't l186.1t3S4 

STANDARD STANOARO GRCLP ccu,,r ~EiN DEVIATION ERROR l'INIMUl'I MAXIMUM 'l5 PCT CONF INT FOR NEAN GAP l 3 l5.e661 9.0335 
GAP 5.2155 2 'l.0000 6 IJ.2CCO 2b.l000 5.8HO -6. 5739 TO 38. 3073 
G~P .Z.3811 3 5.0000 II. 13 .rnq I 21.1000 1.1213 1.0176 TO l'l. 3224 GRP 2.32'l<;J 4 ].5000 15 14.39?3 20.0000 1. 7359 8.4178 TO 1.997,, 18.8003 ',.6000 2'l.2000 10.109,. ro 18.6173 
TC H l 315 H.Ct.06 3.5000 2'>.2000 

UNGRCUPEO CAU 7.2486 1.2252 11.5786 ro 16.5566 
f !XED EFFECTS l'COEL ·t.5526 1.2766 

11. 4b4'l TO 16.672) 
RAhOCl<l EFFECTS i"COEL 25.7135 12.8567 

-26.8467 TO 54.9839 

lES IS FCR hO~OGENE ITY OF VARIANCES 

CCCHRAl<S C . MAX. VARIANCE/SU~(VAR!ANCESI . •.3'.70, p • • 5]7 BARTLEIT-eo (APPROX.I F . • 224, p • 
~'AXIMUII .eao VARIANCE I ~INl~UM VARIANCE . l.3'18 

6GROUP 1 0-29 X 10 /ml 

GROUP 2 30-49 X 106/ml 

GROUP 3 50-99 X 106/ml 

GROUP 4 = 99 X. 1061m1 



TABLE 23 

ANALYSIS OF VARIANCE FOR LH WITH SPERM COUNT GROUPS 

FOR 105 EXPOSED EMPLOYEES 

VAR UBLE lH 
BY SPERII 

ANALYSIS OF VARIAhCE 

SClJRCE IJ .F • SUM GF SQUARES ~ON SQUARES F RATIO f PROB. 

BETWEEN CRCt;PS 13 ]680.1250 283.0865 3.213 .OOL 

WITKIN GRCUPS 9l 80ll,.'l2't2 88.0981 

TOl Al lO<t U691.0't9l 

STA NO ARO STANDARD 
GRCUP CCUNT ~EJh OEV IAT ION ERROR ~INll<UM ~AXIMUM 95 PCT CONF INT FOR MEAN 

G~P 0 14 29.96~] 15.1109 ... 0386 12.ccoo 56.0000 21.23'15 TO 38.68'll 
G~P I 8 17.1375 10.0739 3.5616 6.2000 B.0000 a. 7156 TO 25.559" 
GRP 2 'l l 1.4556 a.5C55 2.6352 10 .1000 37. 8000 10.91H TO 23.99H 
GRI> ] 

GR? ,,, 10 
6 

u.;sco
12.nn 

1..0157 
2.3S12 

1.9023 
.978 7 

1. 5000 
10.0000 

20.)000 
lb. 1000 

8.Hh6 
10.2171> 

TO 
TO 

11.5834 
15.24qo 

GPP 5 8 11,.~875 ll .02C6 3.8q64 2.1000 H.0000 7. 7141 TO 26.2009 
GPP f, 

G~i' -, 
8 
7 

11.~6.15 
11.85H 

8.6621 
4. 7634 

3. Ob27 
1.8004 

Z.9000 
6.4000 

n. 1000 
18.0000 

4. 720 3 
7.4518 

TO 
TO 

1q.zo47 
16.2625 

GRP 8 6 13.8667 b.6122 2. 72H 6.0000 23.2000 6.8647 TO 20.8686 
GPP 'I 2 !l.9CCO ll. l723 7.9000 4.0000 19.8000 -eo.uqo TO 112.2190 
GRP lC 
GAP 11 

8 
2 

l6.SJ15 
1c.ccco 

ll. 110 2 
.n,q 

3.9309 
• 7000 

4.8000 
9.3000 

37.4000 
10.1000 

1.2425 
1. 105 7 

TO 
ra 

2S.83l'5 
18.8941) 

CRP 12 2 e.~sco 3.0406 2 .l 500 6.8000 11.1000 -18.3683 TO 36.26€13 
GRP 13 15 I I.HCC 6 .~20 I 1.7868 5.0000 28.2000 7. 7&78 TO l5.4lU 

lCUl !OS l6.C829 1.5000 56.0000 

UNGRCUPEC CHA I0.6C53 l.03SO 14.0)05 ro 18.13~;2 

f IXEO EFFECTS HCEL q.JH! .qlbO 14. 2634 TO 17 .'I0,!3 

RM,OCM EFFECTS ~(CEL 5.4137 l. 44 6'1 12.q571 TO 19.20116 

1ES TS HA HC,CGEhEITV CF vaR LANCES 

CCCHRANS C . ~AX. VAPIA~CE/Su~IVARIANCESl 
BARHEll-BCX F . •n !~U~ VAR IM,CE I • IN l•L• VAR !ANCE . 

. .2251, 
z .. ,2qq' 

nz.gqq 

p . 
p . .016 

.ccs
I APPROX.I 

GROUP 0 = AZOOSPERMIA 

GROUP 1 = 61-9 X 10 /ml 

GROUP 12 = 6110-119 X 10 /ml 

GROUP 13 = /l.19 x 106/ml 



TABLE 24 

ANALYSIS OF VARIANCE FOR LH WITH SPERM 

COUNT GROUPS FOR 105 EXPOSED EMPLOYEES 

VJIR !ABLE lH 
SY SPERM 

ANALYSIS OF VARIANCE 

SCURCE C.F. SUH Of SQUARES MEAN SCUARES F RATIO f PROB. 

SETWHN GRCUPS 7 ]5... 7.2286 ~06. 7469 6.031 .ooo 
wiTHIN GRCIJPS 'l7 81 ... 9.6205 84.0188 

TCUL 10 ... llb'l1.04'H 

SUNO~RO SUNOARO 
,~cu.P CC\JNT MEAN DEii I AT ION ERROR l'INl~UH MAXIMUH 95 PCT CONF llH FOR MEA,N 

GRI' I) !L~ 2',J.9U3 15.1109 4.0386 12.0000 51>.0000 21.2ns fO 38.6891 
GRP l 8 17.1375 10.0739 3.5616 6.2000 33.0000 a. 715& TO 25.5594 
GPP ;1 9 n .... 556 B.5C55 Z.8352 10.1000 37 .8000 l0.H77 TO 23.9931 .. 
G~P ·1 
GRP '•GRP '5 

:io 
6 
8 

13.2800 
12.1}B 
16.9815 

6.0157 
2.3S72 

11,0 206 

l.9023 
.91B1 

3.8964 

l.5000 
10.0000 

2.1000 

20.JOOO 
11,. 7000 
31. 0000 

8.9766 
10.2\76 

7. 774 l 

TO 
TO 
TO 

11.5831,. 
15.24110 
26.2009 

GRI' 11 
tRP 7 

ll 
19 

13 .~839 
H.1526 

8.1480 
6.2183 

1,4634 
l.4266 

2,9000 
5.0000 

37.4000 
28.2000 

l0,4952 
e.1555 

TO 
TO 

16 .4 7,!6 
14-14117 

TCI Al 105 u.cs,q 1,5000 56.0000 

lJNGRCUPEC CHA 10.6053 l,0350 H.0305 TO 18.13'>2 

FIXED EFFECTS ~COEl 9,IM2 .8'145 H.l075 ro u.as,12 

RAl,001 Hf[CTS HCEL 16,0294 5.6613 2,6820 ro 29.4038 

TESTS FCR HC~CGEt,EITY Of VS R IA~C ES 

CCCHRA~S C . ~u. VARIANCE/SU~lVARlANCESl 
BARrtETT-ecx f . . ,HOS, 

3.623, 
p . 
p • 

.ocz 
• COl 

(APPRCX,I 

l'IUll'IL" VARIANCE I ~IN!~U~ ~ARIANCE • 39,734 

GROUP 0 - AZOOSPERMIA 

GROUP 1 = 1- 9 X 106/ml 

GROUP 12 = 110-119 X 106/ml 

GROUP 13 = ,.,-""119 X 106/ml 



TABLE 25 

ANALYSIS OF VARIANCE FOR TESTOSTERONE WITH 

SPERM COUNT GROUPS FOR 105 EXPOSED EMPLOYEES 

V~~ IAlllE HST 
ev SPER~ 

ANALYSIS Of VARIAI\CE 

SOURCE O.F • SUM OF SCUARES ~E~N SCUARES F RATIO F PROS. 

BETWEEN GRCUPS 1 233905. 9947 33415.1421 1.120 .357 

~IITHIN GRCUPS 91 2892H 7.5672 29821.8306 

llJTAl 10~ 3126',23. 5619 

STANDARD S UNOARO 
G~OUP CGUNT ~0" DEV I AT !GI\ lRROR ~ I hi ~u~. MAXIMUM '15 PCT CONF !Nr FOR MEAN 

GRP 0 14 412.~511 125.6850 33.5907 264.0000 115.0000 39'1. 7888 TO SH.9255 
GRP l 0 sn.,scc 159.t252 56.4360 353.0000 801.0000 463.8003 TO 730.6997 
GRP 2 9 610.H89 201.4215 67.1405 386.0000 657.0000 464.0628 TO 773.7150 
GRP 3 10 55l.5CCC 2C6.6157 65.3376 219. 0000 821.0000 403.6961 TO b99.3039 
GAP 4 6 600, 1667 103.~469 42.H62 416.0000 750.0000 491.0827 TO 709.2506 
tRP 5 8 su.;;sco S9,5Ee8 35, 2100 Je0.0000 707. 0000 429.9919 TO 596.5081 
GRP 6 H 509,9032 200.0112 35.9242 125.0000 998.0000 436.5363 TO 583.2701 
GRP 7 19 408,016 lt2,7142 37.3292 211.0000 806.0000 410.2058 TO 567.0573 

lCUl 105 526,4190 125.0000 998.0000 

UNGRCIJPEO CAU 113. 3888 16.9210 492,8640 TO SS9,974l 

f IXEO EFFECTS ~.c OEL 112.6no 16.6528 4'l2. 9709 TO 559. 8672 

RAhD(M EHECTS HUL 490.9371 l B,5725 115.9863 TO 936.6518 

HSIS HR HO~OGH,E I TY Of \/ftRIANCES 

CGCHRA~S C . MAX, VAR!ANCE/SU~I\/ARIANCt~) .2016, p • .469 IAPPROX,I 
8,•RTLE H-BCX 
"ll!MU" 

F 
V~RIANCE ' I ~ lh IMU~ VARIANCE . 1. 342, 

4.304 
p .221 

GROUP 0 = AZOOSPERMIA 

GROUP 1 6= 1-9 X 10 /ml 

GROUP 6 == 50-99 X 106/1111 

GROUP 7 6= .>99 X 1D /ml 



TABLE 26 

ANALYSIS OF VARIANCE FOR TESTOSTERONE WITH 

SPERM COUNT GROUPS FOR 35 NON-EXPOSED EMPLOYEES 

IIAA tABLE TEST 
ev SPERi' 

ANALYSIS OF \/AR !At;CE 

SCURCE 

BETWEEN GRC~PS 

W Ill-< IN GRClPS 

C.F. 

10 

24 

SUM Cf SQUARES 

!4'11278. 5881 

372641.'1833 

~EAN SQUARES 

l't921.8588 

15526. 7,93 

F RATIO F PROB.

.96 l .500

TOTAL 34 521920.5714 

GR(UP 

G~P 0 
GRP 3 
GNP 4 
GRP 5 
CRP 6 
GAP 1 
GRP 8 
GPP IO 
GRP II 
GAP 12 
GRP 13 

ICT Al 

CCU~T ~E~N 

l 711.CCCO 
2 so2.ccco 
l 906.CCCO 
5 ssi.:;cco 
2 601.SCCO 
3 SH.H67 
4 %4.25CO 
2 ~i84 .scco 
] 576 .. 33?3 
2 !i35.CCCO 

IO 568.3CCC 

35 578.4286 

S TANOARO 
OEVIATICN 

63.6396 

36.7927 
317.49C9 
10l.9C,5 
126.0010 
21.920) 
U.8525 

178.!9C9 
132.5284 

S TANOARO 
ERROR 

45.0000 

!6.4542 
224.5000 

58.8)40 
63.COOS 
15.5000 
24. 7409 

126.0000 
41.9092 

~ll<l~UH 

457.0000 

501.0000 
3a3. 0000 
Hl.0000 
446.COOO 
569.CCOO 
537.0000 
409.0000 
HS .0000 

MAXIMUM 

541. 0000 

599.0000 
832.0000 
639.0000 
694.0000 
600.0000 
622. 0000 
661.0000 
760.0000 

95 PCT CONF 

-69.1790 TO 

505.5166 TO 
-2245.0H9 TO 

326. Sl\4 ro 
363.7572 TO 
387.5539 ro 
't69.8808 TO 

-1065.9812 ro 
473.4949 TO 

INT FOR MEAN 

1073. 7790 

596.8634 
3460.0419 
832.8119 
764.7428 
781.4461 
682.7859 

2135.9812 
663.1051 

345 .0000 906.0000 
IJNGRCUPEO CAI~ 123.8~76 20.9425 

F IXEO EFFECTS ~CCH 124.6C64 21.0623 
535.8683 TO 620.9889 

RA1'0C~ EFFECTS ~CCEl 337.6247 101. 7917 
SH.9581 TO 621.8991 

35l.6QqJ TO 805.2~79 
!ESB FCR HC~CGEhEI TV GF VAR IAHES 

CCCHRA~S C . ~AX. VAR!ANCE/SUMIVARIANCES!B11~nEn-ecx F ~ 

rffiXlMU~ VHI UNCE I ~!Ni~~~ VARIANCE . 
• 54 75, " 
1. 705, 

209.783 

p 
p 
. . .o 14 

,C97 
(APPROX.I 

GROUP 0 == AZOOSPERMIA 

GROUP 3 = 20- 29 X 10 6/ML 

GROUP 12 = 110-119 X 106/ML 

GROUP 13 = /119 X 106/ML 



TABLE 27 

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

VAR UBLE HST 
av SPERl'I 

ANALYSIS OF VARIANCE 

SOURCE O.f. SI.II CF SQUARES l'EAN S<:UARES F RATIO F PROB. 

BETWEEN GRCUPS 3 8722.8381 Z907.bl27 .176 .<;I 12 

1'iTHlh GRCUPS H su1•n. nB 16554. 7656 

HlTAl H 5H920.5H4 

STANO ARO STANOARO 
GROUP COUNT PHH DEV IA f ION ERROR ~INl~UM MAX IMUH 95 PCT CONF INT FOR MEAN 

GRP 3 573.6661 132.0353 16.2306 457.0000 n1.oooo 245.61,91 TO 'l01.6M3 
G~P 2 6 e,10 .. 3~~] 148.5318 60.6403 501.COOO 906.0000 4S4.45H ro 166.2118 
GRP 3 11 580.CCCO IH.2HI 39.5681, 383.0000 832.0000 1tn.0157 TO 668.1643 
GRP ~ 15 56S.H61 118.2581 30.5341 345.0000 71,0.0000 499.911S TO 630.9558 

TCTH 35 578.4286 3't5. 0000 90b.OOOO 

\JNGRCUPEO CHA 123.SHI> 20.9425 535.8683 TO 620.988'1 

f !XEO HFEC!S l'CCEL 128.H53 21.7484 SH.072', TO 622. 7847 

RA~OC~ EHECTS HCEL lCSl>.2524 528.1262 -1102.2802 TO 2259. l37J 

lESlS fCR kOOGf.~IE I TY OF VARIANCES 

CCCHRA~S C = ~u. VARIA~CE/SU~(VARIANCES) 
BAIHlEH-BO F ~ 

i<Ull<U~ VARIANCE I I' IN ll't;M VARIANCE . 
. • 3121, 

.130, 
1.578 

p 
p 
. . • 78'1 

.94] 
IAPPROX.l 

6GROUP 1 = 0-29 X 10 /ml 

GROUP 2 30-49 X 106/ml 

Group 3 .. 50-99 X 106 /ml 

Group 4 = >99 X 106/ml 



TABLE 28 

ANALYSIS OF VARIANCE FOR TESTOSTERONE WITH SPERM COUNT GROUPS 

FOR 105 EXPOSED EMPLOYEES 

V,&R !ABLE TEST 
av SPERi' 

ANALYSIS OF VARIA~CE 

SOURCE C.F. :SUM OF SQUARES HM, SCUARES F RAUO F PRO!l. 
EETWHN GRCUPS 13 329053. 8468 253ll.83~4 .823 .634 
~!Tl-' II\ GR CUPS 91 2791569. 7151 30 742. 5 24 3 

TCTAl 104 3126623.%lll 

~~CUP 

GPP 0 
GRP l 
tRP 2 
(;~? 3 
!;RP ,, 
G~P s 
GRP 6 
l,RP "/ 
GRP B 
GRP 9 
GRP 10 
GRP II 
GRP 12 
I.RP 13 

YCT Al 

COUNT l'E~N 

l4 472.3571 
8 597.25CO 
9 618,,€889 

lO 551.5CCC 
b 600. H67 
8 5B.25CC 
a 54b.l250 
7 438.2857 
6 515.CCCO 
2 479.SCCO 
8 540.1250 
2 612 .. CCCC 
2 523.CCCC 

IS 461.HCC 

105 526.4!~0 

STANDARD 
DE~ UT ION 

125.6f50 
159.6252 
201.4215 
206.6157 
103.9469 
99.5E8e 

303.1,396 
IOS.6e3G 
157.315C 
92.6310 

206.9447 
67.8823 
48.0633 

175.2~76 

S TANDARO 
ERROR 

33.5907 
56. 4 31,0 
67.1405 
65.3376 
~2.4362 
35.2100 

107.3528 
39.9<,H 
64.2236 
65.5000 
73.1660 
~0.0000 
34.GOOO 
45.2bl7 

~ lid MUN 

264.0000 
353.0000 
386.COOO 
219.0000 
416.0000 
380.0000 
125.COOO 
215.0000 
29B.COOO 
.. , •• cooo 
312.0000 
564.0000 
4ag.oooo 
277.0000 

125.COOO 

MAXIMUM 

71'5. 0000 
801.0000 
857.0000 
821. 0000 
750.0000 
101.0000 
998.0000 
602.0000 
670.0000 
545.0000 
924.0000 
61>0.0000 
557.0000 
806.0000 

998.0000 

95 PCT 

399.7888 
~63.8003 
41>4.0628 
't03.696l 
491.0827 
429.9919 
292. 2765 
HO.S45"/ 
3'.9.9106 

-352.7561 
361.1153 

2.1024 
'10. 9892 

370.5234 

CONF 

TO 
TO 
TO 
TO 
TO 
TO 
TO 
TO 
TO· 
TO 
TO 
TO 
TO 
TO 

INT FOR MEAN 

H'l.9255 
730. 6997 
773. 7150 
699.3039 
709.2506 
596.5081 
1n.9735 
536.0257 
6B0.08'l4 

1311.7561 
713.1347 

1221.6976 
955.0108 
564.6761, 

lJ~GRCUPH CATA JB.3eea l6.'l210 492.8640 TO 559.9741 
f IX Ell EFHCTS rcon 175.B55 n.1no 4'12. 4302 TO 560.4079 

RAJ\iDOM HHCTS MO!JH 58.3112 15.5843 
492.7512 TO 560.0869 

Hsn FCR HCMGGEI\Ell~ OF v,R l!'kCES 

(((><RANS C "' MAX,.. VIRIINCEl5UMIVIRIINCESl 
BARllFTT-BCX F 
~~Xll'U~ " VARIANCE I ~ IN i"UI< ~AR IANCE . 

. .2544, 
1.446, 

39.878 

p 
p ~ 

.oo .. 
-!32 

(APPROX.I 

GROUP 0 AZOOSPERMIA 

GROUP 1 ·- 1-9 x 106/ml 

GROUP 12 6110-·ll 9 x 10 /ml 

GROUP 13 - )119 X 106/ml 



TABLE 29 

GORRELA'11ION COEFFICIENTS FOR AGE, SPERM COUNT, KNOWN EXPOSURE, 

FSH, LH AND TESTOSTERONE IN 90 EXPOSED INDIVIDUALS 

Sperm Count .09 

LH .18 -.36* 

Testosterone -.20 -.22 -.04 

FSH .18 -.35* • 63>~ -.02 

Exposure • 23 -.38* .52* -.02 .60* 

Age Sperm Count LH Testosterone FSH 

*Significant at O.Ol 



TABLE 30 

CORRELATION COEFFICIENTS FOR AGE, SPERM COUNT, FSH, LH 

AND TESTOSTERONE FOR 35 NONEXPOSED INDIVIDUALS 

Sperm Count .17 

LH .10 .16 

Testosterone -.23 -.16 .51* 

FSH .40* -.33** .25 .10 

Age Sperm Count LH Testosterone 

*Significant correlation at O. 01 

**Significant at 0.05 



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: 6Sperm counts 0 -19 X 10 /ml 

Group 2: 6Sperm counts >19 X 10 /ml 

Percentage in parentheses 



TABLE 32 

PREDICTION RESULTS OF SPERM COUNTS BY DISCRIMINANT ANALYSIS 

OF FSH, LH AND TESTOSTERONE LEVELS FOR 140 MEN 

Predicted Group Membership 
Gr~ N Group l 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 l -~19 X 106/ml 

Group 2: Sperm counts 6
)19 X 10 /ml 

Group 3: Azoospermia 

Percentage in parentheses 



TABLE 33 

PREDICTION RESULTS OF SPERM COUNTS BY DISCRIMINANT ANALYSIS 

OF FSH, LH AND TESTOSTERONE LEVELS FOR 140 MEN 

Predicted Group Membership 
Gr9~u.E N Group 1 Group 2 

1 64 31 33 
(48.4) (51. 6) 

2 76 11 65 
(14.5) (85.5) 

Group 1: 6Sperm count 0 -49 X 10 /ml 

Group 2: 6Sperm count >49 X 10 /ml 
Percentage in parentheses 



TABLE 34 

PREDICTION RESULTS OF SPERM COUNTS BY DISCRIMINANT ANALYSIS 

OF FSH, LH AND TESTOSTERONE LEVELS FOR 140 MEN 

Predicted Grou12 MembershiJ2 
Grou12 N Group 1 Grou12 2 

1 49 25 24 
(51.0) (49.0) 

2 76 20 56 
(26.3) (73.7) 

3 15 15 0 
(100) 

Group 1: Sperm counts 1 -49 X 106/ml 

Group 2: Sperm count )49 X 106/ml 

Group 3: Azoospermia 

Percentages are in parentheses 



TABLE 35 

PREDICTION RESULTS OF SPERM COUNTS BY DISCRIMINANT ANALYSIS 

OF FSH, LH AND TESTOSTERONE LEVELS FOR 140 MEN 

Predicted Group Membershie 

Group N Group 1 Group 2 

1 34 19 15 
(55.9) (44.1) 

2 77 23 54 
(29. 9) (70.1) 

3 29 (72.4) (27.6) 

Group 1: Sperm counts 20 6 -49 X 10 /ml 

Group 2: Sperm counts 6 ) 49 X 10 /ml 

Group 3: Sperm counts 0 
6-19 X 10 /ml 

Percentages are i.n parentheses 



Table 36 

PREDICTION RESULTS FOR SPERM COUNTS BY DISCRIMINitJT 

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 1: Sperm counts 0-19 x 610 /ml 

Group 2: Sperm counts )19 x 10 6/ml 

Percentages in Parentheses 



Table 37 

Prediction Results for Sperm Counts by Discriminant 

Analysis of LH for 140 Men 

Predicted Group Members_hip 

g_roup N Group 1 Group 2 

l 32 17 15 
(53.1) (46.9) 

2 108 20 88 
(18.5) (81.5) 

Group 1: Sperm counts 0-19 x 10 6/ml 

Group 2: Sperm counts )19 x 10 6/ml 

Percentages in parentheses 



TABLE 38 

PREDICTION RESULTS FOR SPERM COUNTS BY 

DISCRIMINANT ANALYSIS OF FSH FOR 140 MEN 

Predicted Graue Membershie 

Qroue N Groue 1 Graue 2 

1 64 23 
(35.9) 

41 
{64.1) 

2 76 3 
( 3. 9) 

73 
(96.1) 

Group l: Sperm counts 0-49 x 10 6/ml 

Group 2 : Sperm count s /'49 X 10 6/ml 

Percentages in Parentheses 



TABLE 39 

PREDIC'l'ION RESULTS FOR SPERM COUNTS BY 

DISCRIMINANT ANALYSIS OF LH FOR 140 MEN 

Predicted Groue 

Group N Group 1 

Membershie 

Group 2 

1 64 26 38 
(40.6) (59.4) 

2 76 20 56 
(26.3) (73. 7) 

Group 1: Sperm counts 0-49 x 10 6/ml 

Group 2: Sperm counts )49 x 10 6/ml 

Percentages in Parentheses 



TABLE 40 

CORRELATION COEFFICIENTS OF SMA-12 DATA 

FROM 46 SELECTED OCCID. CHEM. CO. EMPLOYEES - 1977 

STAN')M,,) lFII CASES 

~~~ P. ~- ------'c-t{~ :-~·t-?~-'-------~~: ~: i ~--------:·~ -------------------------------------------
Tr> 7. ·1 ,,.,') • .J te] 46 
AL"lU 4.S)f~ e.2?lt 46 
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C rlr;L lf}oo'.:J~J 7 f:5e2~)!:1 4C: 
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u·--: r c .n-{;,r,<, ,-C2127 .-6:""::-!<:) .,)u·;,;~l .11~11 -.01'3~2 -.n~JOQ -.16130 
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TABLE 41 

SUMMARY OF SMA-12 MULTIPLE REGRESSION ANALYSIS 

ON 46 SELECTED OCCID. CHEMICAL CO. EMPLOYEES - 1977 

------~Se._..L M M A R Y ----- ------- --------
01/ERALL F SIGN!F !CA!',CE~ TC S!GhlFIC'"CF MULTIPLE R R s0u•nE R sa~•~E SIM?L[ P

STi," V-\~l.'\t1l C 
ENTE1' Oi< CC!:c'"IOVf: ntr11\Gr'cr,n r::q..-=r, t-lr=·.11Dv c...;1 

------,-_\Le 4.,,}~. 0 or. ..,,f41 o306l-8 .O'Jl75 .oq._175 e.iOG'l8------4.44PQC-----~C4l 
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·--~---~}~ \ l f-: ~ ~} j ~ ------: l-l6-----:!6 k .1}--; i~~~; ~--·!~ t~ ~~ --=-: ~ ;~:~ ~ :2 ~; ~~ ----- ag ;; 
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TABLE 42 

MEAN SMA 12 MEASURES DATA BY AREA OF PL.At\l'T WORKED AMONG 64 DBCP EXPOSED MALE EMPLOYEES 

V a r i a b 1 e 

Area Age TP ALBU CALC INPHOS CHOL GLU URIC CREAT BILI ALPHOS LDH SGOT 

Ag. Chern. 32.82 7.18 4.62 9.60 2.92 183.64 92.51 5.92 1. 00 .82 78.64 178.85 26.97 
N = 38 

BEST 36.89 7.32 4.59 9.51 2.78 198.32 87.89 6.10 1. 09 .71 79.67 202.78 27.67 
N = 12 

Applicator 42.50 7.61 4.50 9.36 2.88 239.70 120.30 6.51 .96 .64 88.00 233.50 31.10
N = 14 



TABLE 43 

REASON FOR NONPARTICIPATION IN MEDICAL EXAMINATION ASPECT 

OF STUDY BY 63 WORKERS, BUT WHO ANSWERED QUESTIONNAIRE 

Reason 
Number 

Sterile (Employee) [ vasectomi zed] 20 

Sterile (Wife) 
6 

Did not wish to give specimen 
3 

"Not interested" 23 

Religious 
1 

Other 
10 

TOTAL 63 



TABLE 44 

WORK EXPERIENCE IN THE AG CHEM PLANT OF 63 NONPARTICIPANTS 

IN THE MEDICAL EXAMINATION, BUT WHO ANSWERED QUESTIONNAIRE 

¥ork Experience in Ag Chem 
Number 

None 
37 

1 year or less 
19 

More than l year 
5 

Not stated 
2 

TOTAL 63 



TABLE 45 

PERCENTAGE USE OF VARIOUS BIRTH CONTROL METHODS 

Tyee of Method % Used 

None 26.9 

Vasectomy 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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SAMPLING STRATEGY 
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Note: To be considered "Emoloved," 3+ months reauired. 
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SCATTERGRAM BY AGE AND SPERM COUNT OF 35 NONEXPOSED EMPLOYEES 
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