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ABSTRACT 

The effect of exposure to 1,2-dibromochloropropane (OBCP) on 
the fertility of male workers formulating or applying OBCP-containing 
pesticides was the subject of a conference held in Cincinnati, Ohio, 
in October 1977. Authorities in their respective fields presented 
15 discussions on: the experiences of companies involved in OBCP 
production (the Dow Chemica1 Company, Shell Chemical Company, and 
Occidental Chemical Company); the attempts to define normal sperm 
count, to standardize counting techniques, to conduct epidemio­
logical studies, to monitor exposed persons, and to select control 
groups; the monitoring, analyzing, and respiratory protection needed 
for OBCP; and the involvement of the National Institute for Occupa­
tional Safety and Health (NIOSH), the Occupational Safety and Health 
Administration (OSHA), the U.S. Environmental Protection Agency (EPA), 
the Oil, Chemical and Atomic Workers International Union. 

Appendices provide additional information concerning the hazards 
involved in DSCP exposure: an annotated bibliography of recent DBCP 
literature related to male fertility; the EPA notice to suspend 
DBCP; and the background for and the OSHA regulation (29 eFR Part 
1910.1044) concerning OBCP. 
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OPENING REMARKS 

Bobby Craft* and Channing Meyer+ 

BOBBY CRAFT 

This encouraging turnout reflects an increasing interest not 
only in occupational safety and health in general but in the effects 
on reproduction of a variety of chemical agents in the workplace. 

Some of you have shared this kind of experience before when we 
discussed problems of vinyl chloride and styrene, butadiene, and 
other chemicals. One wonders what will be next. When will we be 
able to move out of this reactive mode of trying to catch up with 
problems that keep cropping up, rather than moving on to a proactive 
phase when we can prevent these kinds of occurrences from happening? 

The cooperative and rapid fashion that the various groups and 
organizations involved in this have moved together to attack this 
question of male fertility and exposure to DBCP is encouraging. In 
the matter of a few weeks, production of the chemical was 
voluntarily stopped by the principal producers, Dow and Shell, after 
they had documented problems among their workers similar to those 
reported by the Occidental Chemical Company and by the Oil Chemical 
Atomic Workers Union. The Occupational Safety and Health 
Administration (OSHA) moved very quickly to promulgate an emergency 
temporary standard. Even earlier, the State of California banned 
production of the chemical in their state. EPA and FDA have both 
moved very quickly to take action to protect their constituencies. 

The cooperative flavor of these investigations is, as far as I 
know, unprecedented. When the workers became concerned about the 
problem, they and their union asked Dr. Donald Whorton if he would 
assist in trying to find out what was going on. Later, the 
Occidental Chemical Company also asked Dr. Whorton if he would help 

*Ph.D., Rocky Mountain Center for Occupational and Environmental 
Health, Salt Lake City, Utah (formerly, National Institute for 
Occupational Safety and Health, Cincinnati, Ohio). 

+M.D., University of Cincinnati Medical Center, Cincinnati, Ohio 
(formerly, National Institute for Occupational Safety and Health, 
Cincinnati, Ohio). 
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them in the investigation. After the National Institute for 
Occupational Health and Safety (NIOSH) received requests for 
assistance from both the company and from the Oil Chemical Atomic 
Workers Union, we also contracted for Dr. Whorton's services. This 
speaks for Dr. Whorton's universal acceptance as an objective 
scientist. 

The discouraging side to this story is that some time ago, we 
had enough information to have prevented the problem from 
occurring. Why did we let it happen? More importantly, how can we 
prevent similar occurrences from happening in the future, given the 
information that we have right now on a large number of similar 
kinds of chemical substances that are being used in the workplace? 

Our purpose here today is not to answer these questions; 
however, by sharing information that various groups have acquired, 
we can gain some new insight as to how we might possibly prevent 
such occurrences from happening in the future. 

I would like to introduce Dr. Channing Meyer, your chairman for 
this conference. 

DR. CHANNING MEYER 

I would like to welcome all of you to a session marked, I 
believe, by unprecedented cooperation between management, labor, 
governmental agencies, and all the other parties involved in this 
effort. It is encouraging to work for the ultimate goal that Dr. 
Craft suggested--how do we avoid things like this in the future. By 
investigating, through cooperative efforts, the things that have and 
are happening, I am hoping we can accomplish that goal. 

What we want to happen here is an exchange of good scientific 
information that has been gathered by government, management, and 
labor--information that will help us set up programs to avoid 
similar occurrences in the future. Let us share information. We 
want your ideas and your participation in setting up surveillance 
programs for the people who have been exposed to OBCP and who are 
known to be affected, and we need your help to work on ways to 
discover other similar agents. 
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THE OCCIDENTAL CHEMICAL COMPANY EXPERIENCE 

M. Donald Whorton* and Ronald M. Krauss+ 

DR. WHORTON 

BACKGROUND 

The Occidental Chemical Company is located in the Central Valley 
of California. Ammonia and ferilizer are produced, and pesticides 
are formulated. Among Occidental Chemical's Agricultural-Chemical 
Division (Ag-Chem) workers, there was a rumor that if you worked in 
the Ag-Chem division you were infertile--unable to have children. 
(The term "infertility" is used rather than "sterility" because 
sterility generally implies a permanence, usually with surgical 
i nterventi on. ) 

Initial Study of Five Workers 

After considerable discussion, the Union (OCAW Local 1-5) 
decided to have the men provide semen samples for analysis. Semen 
samples from seven volunteers were sent to a central California 
laboratory for sperm analysis. Because the laboratory gives results 
only to doctors and because I had previously been a consultant to 
the Union, the Union had them sent to me. The laboratory 
examination slips indicated "azoospermia," "sperm counts less than 5 
million," "l ess than 8 million." Although this was a single 
laboratory test with no controls, the results indicated a problem of 
considerable magnitude. After meeting with both Company and Union 
representatives, I was retained by both to examine these seven 
volunteers (and later, to examine a larger group). 

Of the original seven men, one had been vasectomized and another 
failed to appear. The five men completed a medical history 
questionnaire--a special questionnaire concerning the reproductive 
aspects of the genital-urinary (GU) system--and they provided a 
semen sample, which was immediately sent for analysis. 

*M.D., University of California, Berkeley, California. 
+M.D., Alta Bates Hospital, Berkeley, California. 
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I reviewed each man1s medical history questionnaire with him and 
gave each a complete physical examination. The following laboratory 
tests were made: 

a complete blood count (CBC) with a differential (if the 
exposure is affecting sperm, maybe it is affecting other 
rapidly producing systems, mainly the hematopoietic system); 
a urinalysis (looking for any kidney or renal or bladder 
effect); 
an SMA 12 (looking for liver and renal effects); 
a thyroid screen (T-4 and T-3 resin uptake); 
and follicle-stimulating hormone (FSH), luteinizing hormone 
(LH), and testosterone assays. 

The sperm count results were the same as they had been; all five 
were either severely oligospermic (low sperm counts) or they were 
azoospermic (no sperm in the ejaculate). 

Second Preliminary Study 

After these results were given to the men, the Union, and the 
Company, I agreed to see additional employees--all the people who 
were then working in the Ag-Chem.division (including all the 
supervisory personnel, mechanics, and clerical people) and the 
people in the quality control laboratory who handled the chemicals 
that came from the Ag-Chem section. 

Among these workers (a total of 39 people, 36 males and 3 
females), there was no loss of libido, no loss of erectile ability, 
no problems with ejaculation. In other words, there was no evidence 
of impotence at all. We were not dealing with impotence, we were 
dealing with another problem. There was no loss of facial hair, no 
alteration of body hair, no evidence of gynecomastia, no testicular 
atrophy. There were really no group abnormal physical findings or 
laboratory results other than sperm counts, FSH, and LH. 

From these 39 workers, 22 nonvasectomized dibromochloropropane 
(DBCP) formulators were divided into two groups (Table 1). In group 
A are 11 people who were severely affected; their mean sperm count 
was 0.2 million/ml; 9 workers had sperm counts of zero, and 2 had 
sperm counts of 1 million/ml. In group Bare Ag-Chem workers or 
laboratory people, all with normal sperm counts (mean 93+18 
million/ml). Each had a sperm count ~40 million/ml. -

There are significant differences. The mean exposure time of 
group A was 8 years; in group B, the exposure time was 0.08 years. 
Although there is a difference in age, a still later study of a 
larger group showed this not to be a significant factor. The mean 
FSH level of group A (11.3) compared with that of group B (2.6) is 
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Table 1. Mean and standard error for age, years of exposure, sperm 
counts, and serum FSH, LH, and testosterone levels 
of 22 nonvasectomized formulators. 

Group Exposure, Sperm count, FSH, LH, 
Age, yr year X 106/ml mI u* /ml mI u/ml 

No. Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM 

A 11 32.7 1.6+ S.O 1.2t 0.2 O.lt- 11.3 1. St 2S.4 3.3+ 
B 11 26.7 1.2+ O.OS 0.02t 93 1St 2.6 0.4t 14.0 2.S+ 

* milli International units. 
+ Difference between groups A and B significant at p<O.Ol. 
t Difference between groups A and B significant at p<O.OOl. 
- Nine workers with zero sperm/ml; two with 1 X 106/ml. 

significant at the 0.001 level. The same held for LH. For 
testosterone, there was no real difference at all. 

SPERM PRODUCTION 

Testos-
terone, 
ng/dl 

Mean 

459 
463 

SEM 

35 
31 

Sperm generation takes 72 days to go from the primary 
spermatogonia development at the inner portion of seminiferous 
tubules out toward the lumen of the tubule, until it is stored in 
the epididymis. It then takes anotner 2 to 3 weeks of maturing in 
the epididymis before the sperm are ejaculated. So there is about a 
3-month lag time. 

What are some of the factors affecting sperm production (Figure 
l)? One factor is heat. Scrotal temperature is about 2 to 2.50C 
lower than body temperature. If the testes were to be placed within 
the body, they would cease to make sperm. With certain types of work, 
the scrotum becomes heated. Some people avoid hot baths. Although 
there is debate, there is some question about tight fitting shorts. 

HEAT Baths; shorts; work; role of scrotum 

ANATOMICAL Varicocele; undescended testes, torsion 

INFECT ION Post - pubertal mumps 

DRUGS Antimetabolites, lead, arsenic, colchicines, 
amoebic ides, nitrofurantoin, hormones, 
pesticides. 

ENDOCRINE FSH, LH, testosterone 

RADIATION 

Figure 1. Factors affecting sperm production. 
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Anatomical difficulties that can cause infertility include 
varicoceles (even a unilateral vericocele); undescended testes; 
torsion or twisting of the testes; or actual trauma. 

Many drugs affect sperm production: antimetabolite-type drugs 
given to cancer patients; lead; arsenic; colchicine given to people 
with gout; nitrofurantoin (which should never be used by males 
concerned about not having children); various sorts of hormones, 
estrogen, et cetera; and pesticides. 

Then there are the endocrines. Dr. Krauss will address his 
comments to hormonal endocrinology. 

DR. KRAUSS 

I want to review some of the hormonal events involved in 
testicular function and spermatogenesis and the significance of 
some of these hormonal measurements. A number of exogenous 
factors can affect testicular function, e.g., infection, trauma, 
genetic causes, and toxins. (Later, the actual mechanical and 
numerical factors involved in sperm production will be 
discussed.) There is a hormonal control mechanism that is also 
susceptible to various influences, and here, I am concentrating on 
the hormonal events. 

One of the two anatomical components we are interested in is the 
seminiferous tubule, which is involved in the production of sperma­
tozoa (Figure 2). This tubule occupies about 90 percent of the 
testicle. In the testicle, the important hormone, known as testos­
terone, is produced by the second component, the Leydig cells. 
The hormone itself is responsible for all the features we commonly 
associate with "maleness." This involves hair growth, general body 
features, secondary sexual development, genitalia, performance, 
erection, et cetera. All of these functions are influenced by 
testosterone levels. 

FOLLICLE STIMULATING HORMONE (FSH); LUTEINIZING HORMONE; 
TESTOSTERONE 

In terms of sperm production, the major responsible hormone is 
known as follicle stimulating hormone (FSH). This comes from the 
pituitary gland that is under the control of other hormones originat­
ing from higher in the central nervous system. The pituitary gland 
is connected to the brain through the hypothalamus, which controls 
the release of FSH hormone from the pituitary. FSH then acts on the 
testicle and is critical for the production of sperm. 

6 
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Figure 2. Schematic of development of male 
spermatozoa. 

The same is true for the second hormone, the luteinizing hormone 
(LH). It is named for its function in females, but in men, we might 
call it the Leydig cell stimulating hormone. This also originates in 
the pituitary under the control of a hypothalamic releasing factor. 
Perhaps it is the same one that releases ·the FSH. LH is critical 
for the function of Leydig cells and testosterone production. 

NEGATIVE FEEDBACK LOOP 

We have, then, a system that produces sperm (seminiferous tubules) 
under FSH influence; and we have some cells (Leydig cells) that make 
testosterone under LH influence. How is this regulated? There is a 
negative feedback loop. (This is really one of the critical elements 
in the data that we are going to be showing.) All good hormonal 
systems have a negative feedback loop, and in this case, we have a 
fair amount of information indicating that the products of Leydig 
cells turn off pituitary LH production. 

It may either be testosterone or, possibly, an estrogen produced 
by these Leydig cells that is responsible for turning off the 
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pituitary gland when the testosterone level reaches what is 
considered to be normal. 

Where Leydig cell function is impaired (and this has been 
documented experimentally), the testosterone level falls just enough 
to turn on the pituitary gland. In the case of the seminiferous 
tubules, it is more obscure. A negative feedback chemical, which 
has been named inhibin, has been identified recently. Much remains 
to be learned about inhibin; it appears, however, that anything that 
affects the function of the seminiferous tubules can result in a 
loss of the negative-feedback effect of this chemical, and FSH 
levels will increase. When there is a primary damage to the 
testicle involving seminiferous tubules, the negative feedback 
response is blunted and FSH is increased, just as LH would be 
increased in the absence of testosterone. 

Another way in which the testicle can be affected is directly 
through damage to the pituitary or to the brain; this results in the 
absence of gonadotropic hormones and is, in fact, one cause of 
infertility and testicular dysfunction. 

So there are two, almost opposite, situations concerning the 
hormonal control system: one, where there is a disruption at the end 
organ resulting in increases in the pituitary hormone; the other is 
some sort of damage that results in decreased pituitary hormones-­
what is called secondary end organ failure. 

HORMONAL MEASUREMENT 

The three hormones (FSH, LH, and testosterone) can be measured 
in the laboratory. All are susceptible to serum assays. All are 
susceptible to radioimmunoassay, a very precise, specific assay. 
Given the proper anti-sera, and there are very specific anti-sera 
against FSH, LH, and testosterone, the procedure is extremely useful 
and very precise. 

The serum is sampled, and the hormones are measured. Although 
there are some problems related to hour-to-hour variation in hormone 
levels (which does occur with LH and to a much lesser extent with 
FSH), we believe such variations would average out given the numbers 
of subjects that were sampled here. 

What did we find? We found the hormone levels, particularly the 
FSH level, to be markedly increased, which is consistent with a 
primary testicular damage. These hormonal measurements are of 
interest in several ways. They allow us to: 

identify the site of action of the suspected toxin; 
-- use the hormonal system to gain insight into the whole 
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mechanism for pituitary-testicular regulation, an area rife 
with scientific uncertainties; and 
use one or more of these hormones as the marker for 
testicular damage when sperm counts, which would probably be 
the best parameter, are unavailable--either because subjects 
wouldn't volunteer or because of their having had vasectomies. 

There is one other hormone that I want to mention briefly--human 
chorionic gonadotropin (HCG) produced by the testicle in very small 
amounts under normal situations. In cases of carcinogenesis or 
tumors involving the testicle or involving other organs in the body 
as well, levels of HCG have been used as a tumor marker. This is 
yet another way to use hormonal measurments. Other hormones, such 
as ACTH or adrenocorticotropic hormone, have also been shown to be 
useful as tumor markers. From this hormonal milieu, we can perhaps 
assess several major aspects having to do with DBCP. 

With this background, Dr. Whorton will now present the results. 

DR. WHORTON 

After we did the health hazard evaluation of the 39 workers, we 
found there were four questions that needed answering: 

"Did the infertility problem extend beyond the Ag-Chem 
division to involve other male employees?" 
"What was the extent of the infertility problem in employees 
outside of the Ag-Chem division?" 
"Was there a hormonal assay available, one that was as 
effective as a sperm count, for identifying affected 
individuals?" (Because a blood specimen is easier to get than 
is a sperm specimen.) . 
"Although DBCP was thought to be the most likely causal 
agent, could one or more other chemicals also be involved?" 

SAMPLING PROGRAM 

Although we wanted to sample all those people presently or in 
the past employed in the Ag-Chem division and those present 
employees who had never been employed in the Ag-Chem division 
(Figure 3), this was unsucessful. Since the employment data needed 
for epidemiological predictors or evaluation were not available, we 
decided to offer examinations to any employee of Occidental Chemical 
that wanted to be examined. 

The examination included an abbreviated medical history limited 
to the GU tract and a reproductive history; a physical examination, 
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Figure 3. Sampling strategy for the Occidental Chemical 
Company. More than 3 month's employment needed 
to be considered "employed." 

limited to GU tract, testicular size, body habit (e.g., gyne­
comastia), and blood pressure; and for laboratory purposes, a sperm 
count. The sperm sample was collected at home after at least a 2-
or, preferably, 3-day period of abstinence (by masturbation, 
although-coitus-interruptus was allowed if masturbation was 
unacceptable). 

After the sperm samples were brought to the workplace on the day 
of collection, they were sent immediately to a laboratory and all 
were counted during that day. Only sperm counts were made at this 
point; morphology evaluations were not done because we believed a 
count alone was a reasonable screen. The blood samples were all 
drawn at the same time during the day to lessen the possibilities of 
diurnal variations. They were then sent to a laboratory where they 
were spun down, separated, frozen, and later run in batches. 

We were doing more than just a pure health hazard survey--we 
were seeking the problem. We looked at FSH, LH, and testosterone 
trying to find a marker that would be useful. 

Dr. Tom Wilcox, a NIOSH physician, or I then sawall the 
employees who participated. In Table 2 are listed the 196 people in 
the sample group, by exposure group and vasectomy status. Of this 
group, there were nine nonvasectomized-exposed persons who didn't 
want to give a sperm sample or who, for some other reason, were 
unable to present a sample. In addition to the 196 men, a group of 5 
women with very minimal exposure were checked; all were clerical 
employees except one. We did FSH's and LH's on them. The three 
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Table 2. Sample groups exposed to DBCP, by exposure 
group and vasectomy status. 

Number 

35 
107 
9 

7 
38 

Vasectomy status 

Nonvasectomized 
Nonvasectomi zed 
Nonvasectomized 
(no sample) 
Vasectomized 
Vasectomized 

Exposure group 

Not exposed 
Exposed 
Exposed 

Not exposed 
Exposed 

that were not on the oral contraceptive pill had normal FSH and LH and 
also had normal menstrual cycles. The FSH and LH of the two who were 
on the pill were altered abnormally because of the pill. Two farmers 
from a neighboring dairy farm were also seen; they were normal. 

About 261 hourly employees worked for Occidental Chemical. The 
response of these hourly employees to the medical examination and to 
a later questionnaire concerning nonparticipation has been broken 
down into the areas of the plant in which they worked (Table 3). 

Table 3. Number and percent of Occidental Chemi ca 1 Company 
hourly employees (by work area) participating in 
medi cal or questionnaire phase of the study. 

Percent of 
total em-

No. respon- No. not exam- ployees not 
Total No. Percent ding to i ned or not examined or 
employ- exam- exam- question- responding to not respond-

Work area ees ined ined naire questionnaire ing 

Ag Chem 24 24 100 n.a. 0 0 
Best 
Products 12 11 91 1 0 0 

Mainten-
ance 135 82 61 25 28 21 

Anmonia 
pl ant 28 14 50 11 3 11 

Ware-
house 28 7 25 13 8 29 

Fertil izer 
pl ant 14 5 35 9 0 0 

Acid 
pl ant 20 4 20 3 13 65 

Total 261 147 56 62 52 20 
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Because we knew the people who had not participated in the 
medical examination, we asked them to tell us why (Table 4). (These 
questionnaires were returned anonymously.) Of the nonmedical 
participants, 62 responded and 52 did not. Of the 62 responding to 
this questionnaire, 36 of them had never worked at the Ag-Chem 
division, 19 had worked for a year or less, 5 for a year or more, 
and 2 did not state. 

Plant Operation 

Table 4. Reason for nonparticipation 
in the medical examination. 

Reason Number 

Sterile employee (vasectomy) 20 
Sterile wife 6 
Did not wish to give specimen 3 
"Not i nterested" 22 
Re 1 i gi ous 1 
Other 10 

Total 62 

In the Ag-Chem division, about 100 products are made and 200 
technical grade chemicals are used, although they are not used all 
the time. This is where DBCP was used. 

Best Products is where products for the home are made, mainly 
insecticides. Because DBCP is not used, this and the Ag-Chem area 
are, in a sense, comparable. 

Maintenance employees keep the plant working and running; they 
vary from working allover the plant to working in specific shops. 
Sometimes it is difficult to determine how many hours each of these 
workers spend where. 

Ammonia is made in the ammonia plant. 

There is a generalized warehouse, with the Ag-Chem division 
having its own separate warehouse. Very few things from Ag-Chem get 
stored in the general warehouse. 

Fertilizer is made in the fertilizer plant. During the 
evaluation, we learned that for about 3 years, in the early 1960's, 
DBCP was impregnated into fertilizer pellets. This changed some of 
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our thoughts about never worked in Ag-Chemn to never been exposed to 
DBCP. n 

Sulfuric acid and some other things are made in the acid plant. 

Chemicals Used in Plant Operation 

To obtain a concept of the amount and types of chemicals used in 
the Ag-Chem division, the Company supplied the number of pounds per 
month for the years 1968 through 1977. These data, combined by 
quarters, are given here for DBCP, ethylene dibromide, 
epichlorohydrin, and toxaphene (Table 5). 

Epichlorohydrin is similar to and related to alphachlorohydrin, 
which produces sterility in animals, mainly by acting on the 
epididymis. The Ag-Chem division also processed ethylene dibromide 
(which is closely related to DBCP) three or four times a year. It 
would arrive in a tank car, and three workers would repackage it in 
a day and a half. 

When the total exposure is considered, the exposure to DBCP far 
exceeded that of other compounds. Thus, when considering the 
etiological agent, DBCP was most probable. The other compounds with 
animal evidence of testicular effects are encountered to a markedly 
lesser degree, either in amount or time. 

FINDINGS FROM EXAMINATIONS 

One of the things we wanted to know was did the infertility 
problem extend beyond the Ag-Chem division? Was there an association 
between those who were exposed and those who were not exposed? 

Sperm Count and Age 

When we looked at sperm count and age, we found there was no 
association--not for the entire group nor for the group exposed or 
the group not exposed. In Figure 4 are cumulative percentage distri­
butions of sperm counts for two groups: a. workers who are now or 
who once worked in Ag-Chem (N = 51) and b. workers who never worked 
in Ag-Chem (N = 91). The median sperm count was 45.0 million/ml for 
the Ag-Chem workers and 73.3 for those never in Ag-Chem. 

Sperm Count and Exposure 

Because DBCP was once impregnated in pellets in the fertilizer 
plant, some people who never worked in Ag-Chem were really exposed 

13 



Table 5. Four chemicals formulated by the Agricultural Chemical 
Division, by quarters, from 1968 to 1977 (in pounds). 

Year Compound Jan-Mar Apr-June July-Sept Oct-Oec 

1968 OBCP 59499 327520 
Ethylene dibromide 0 0 
Epichlorohydrin 1098 3846 
Toxaphene 41902 5123 

1969 OBCP 503450 727554 136916 162815 
Ethylene dibromide 80620 36785 0 3610 
Epichlorohydrin 5915 10196 3532 1856 
Toxaphene 6993 192018 167107 817 

1970 OBCP 488076 441971 212798 335275 
Ethylene dibromide 45087 44401 0 0 
Epichlorohydrin 5986 6032 3620 3873 
Toxaphene 224 96174 113767 1360 

1971 OBCP 418602 355978 138865 315800 
Ethylene dibromide 0 47542 0 0 
Epichlorohydrin 4900 5562 2558 3670 
Toxaphene 428 157144 174365 0 

1972 OBCP 429755 241890 406146 428480 
Ethylene dibromide 0 0 0 0 
Epichlorohydrin 549 1561 463 83 
Toxaphene· 8696 190845 42669 522 

1973 OBCP 395910 464980 193211 832214 
Ethylene dibromide 39708 0 0 12033 
Epichlorohydrin 4635 5676 2444 9666 
Toxaphene 0 21976 53997 3199 

1974 OBCP 622673 678446 422868 1159824 
Ethylene dibromide 414889 0 37543 0 
Epichlorohydrin 7311 8764 4850 12334 
Toxaphene 17427 42130 43933 0 

1975 OBCP 852882 602052 553775 503530 
Ethylene dibromide 0 0 0 41166 
Epichlorohydrin 6413 2314 5894 5069 
Toxaphene 240 16709 85457 453 

1976 OBCP 620786 445723 961584 266734 
Ethylene dibromide 37543 54869 0 39708 
Epichlorohydrin 4540 4463 11468 3261 
Toxaphene 0 47474 88421 694 

1977 OBCP 728790 362341 255401 
Ethylene dibromide 80860 0 0 
Epichlorohydrin 8450 4435 3132 
Toxaphene 0 34135 33092 
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Figure 4. Cumulative percentage distribution for sperm 
count for two groups: a. once worked or now 
works in Ag-Chem; b. never worked in Ag-Chem. 

to DSCP. There were also 15 applicators who worked out in the 
fields for the Company who had been exposed but who hadn't worked in 
Ag-Chem. Determining the applicator's exposure was difficult; gross 
time was used. In Figure 5, then, are the cumulative percent 
distributions based on a. DSCP exposure (N = 107) or b. no DSCP 
exposure (N = 35). The median sperm count was 45.6 million/ml for 
workers exposed to DSCP and 78.7 for those not exposed. There is a 
difference between Figures 4 and 5 because some azoospermic and 
oligospermic men who had never worked in Ag-Chem had exposure to 
DSCP in the pellet plant or as applicators. 
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Figure 5. Cumulative percentage distributions for sperm 
count for two groups: a. exposed to DBCP; b. 
Never exposed to DBCP. 
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The mean, the standard error, and range sperm counts for 107 
employees with a history of exposure to OBCP are given in Table 6. 
Median was used in Figures 4 and 5 because, with this type of 
population, it only takes one 358 and a number of zeros to obtain a 
mean of 80 mi11ion/m1. Here the total mean is 63.8 for those 
exposed. 

Table 6. Mean, standard error, and range of sperm counts 
(in mi11ions/m1) for 107 employees exposed to 
OBCP. 

Age Standard Range 
group Count Mean error Minimum Maximum 

20 34 65.4 10.3 1.0 244.0 
30 46 58.5 9.4 0 263.0 
40 18 80.8 26.5 0 358.0 
50 9 51.2 16.0 0 153.0 

Total 107 Avg. 63.8 0 358.0 

Sperm Count and Nonexposure 

The mean, standard error, and range sperm counts for the 35 
who were never exposed to OBCP are given in Table 7. There is a 
difference: for the exposed, the average mean is 63.8; for the 
never exposed, the average mean is 106. In this population, 
however, the use of the median is better than the use of the 
mean. 

Table 7. Mean, standard error, and range of sperm counts 
(in millions/ml) for 35 employees never exposed 
to OBCP. 

Age Standard Range 
group Count Mean error Mi nimum Maximum 

20 16 89.7 12.0 30.0 184.0 
30 8 137.1 38.4 42.0 372.0 
40 9 99.0 27.3 25.0 281.0 
50 2 147.5 147.5 0 295.0 

Total 35 Avg. 106.2 0 372.0 
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The distribution of sperm count (in millions per milliliter) 
among the exposed and nonexposed is illustrated in a bar graph 
(Figure 6). For most of the exposed workers, the count is below 40 
million/ml, whereas for the nonexposed, the count is above 40 
mi 11 i on/ml . 

These tables and figures illustrate that we were finding very 
different types of sperm counts for the exposed as compared with the 
nonexposed populations. 
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Figure 6. Percent distribution of sperm counts among the 
sample of 142 Occidental Chemical Company 
emp 1 oyees, 1977. 

Sperm Count and Exposure Time 

In Table 8, we have attempted to relate the sperm counts to 
exposure times. Obtaining good data for OBCP exposure time was 
difficult. The Company had very good data from the mechanics for 
the number of hours they spent in the Ag-Chem area in 1976 and 
1977. Unfortunately, they didn't have data for earlier exposure 
times. People's recollections varied about the time they worked in 
the Ag-Chem area and the time they didn't; the applicators had a 
very difficult time saying how many months, or how many weeks, or 
how often they worked with OBCP. When we could not quantitate some 
people's exposure in any rational fashion, they were dropped from 
this comparison. 
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Table 8. Relationship of sperm count to DBCP exposure time in 126 
nonvasectomized men. 

Sperm count EXEosure time, months 
None 1-6 6-24 24-42 43 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 number 35 48 14 12 17 126 

Total percent 27.8 38.1 11.1 9.5 13.5 100 

Although there is debate about what is a normal sperm count, 
here we used two large groups: those with sperm counts less than 40 
million/ml and those with sperm counts greater than 40 mi11ion/m1. 
Of the 35 persons never exposed, 31 had counts greater than 40 
mi11ion/ml. For the exposed population, as exposure time increased, 
the sperm count decreased. 

Figure 7 is a graphic representation of the effect of time on 
sperm counts. Those exposed under 3 months had normal sperm counts; 
those exposed for about a year had reduced sperm counts; those 
exposed for more than 3 years 'had a few or no sperm. 

UNDER 3 MONTHS 1 YEAR OVER 3 YEARS 

Figure 7. Effect of exposure time on sperm count. 
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Hormonal Levels of Exposed and Nonexposed Groups 

In addition to the infertility problem, we considered the 
hormonal levels of the exposed and nonexposed groups (Tables 9-12). 
Although there were 107 nonvasectomized exposed people who gave 
sperm samples, the 114 considered for hormone levels includes the 7 
exposed workers who didn't give sperm samples. For these 114 
employees (Table 9), there is some variation of FSH with age. If 
statistical methods are used, there is a significant rise of FSH 
with age. 

Table 9. Mean, standard error, and range of FSH levels 
(in mIu/ml) for 114 nonvasectomized employees 
exposed to DBCP. 

Age Standard Range 
group No. Mean error Mi nimum Maximum 

20 36 3.5 0.2 1.3 8.5 
30 48 5.5 0.6 1.1 24.3 
40 19 7.7 1.4 2.0 28. 1 
50 11 5. 1 1.2 2.4 15.9 

Total 114 5.2 1.1 28.1 

For 35 nonexposed, nonvasectomized workers (Table 10), 
statistical methods indicate FSH increases with age. In the age 
group over 50, one azoospermic man had a very high FSH level. If 
his level is taken out, there may be no change with age. 

Table 10. Mean, standard error, and range of FSH levels 
(in mIu/ml) for 35 nonvasectomized employees 
never exposed to DBCP. 

Age Standard Range 
group No. Mean error Minimum Maximum 

20 16 2.9 0.2 1.6 4.4 
30 8 3.5 0.5 1.8 6.9 
40 9 3.7 0.2 2.7 4.8 
50 2 6.7 4.0 2.7 10.8 

Total 35 3.4 1.6 10.8 
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When LH values were measured for the 35 nonexposed, nonvasecto­
mized men, the results were the same, i.e., not significant with age 
(Table 11). In the group of 114 exposed, nonvasectomized workers, 
however, there is a significant rise above age 40 (Table 12). 

Table 11. Mean, standard error, and range of LH levels 
(in mIu/ml) for 35 nonvasectomized employees 
never exposed to OBCP. 

Age Standard Range 
group No. Mean error Minimum Maximum 

20 16 13 .2 1.5 4.6 21.8 
30 8 14.5 3.2 3.5 29.2 
40 9 14.1 2.5 5.5 28.0 
50 2 18.4 7.7 10.7 26.1 

Total 35 14.0 3.5 29.2 

Table 12. Mean, standard error, and range of LH levels 
(in mIu/ml) for 114 nonvasectomized employees 
exposed to OBCP. 

Age Standard Range 
group No. Mean error Minimum Maximum 

20 36. 14.4 1.3 1.5 37.8 
30 48 14.5 1.2 1.0 37.4 
40 19 18.8 3.3 6.0 56.0 
50 11 20.2 3.9 3.1 53.2 

Total 114 15.7 1.0 56.0 

For serum testosterone, there was a significant decrease with age 
for the exposed. There is no decrease with age for the nonexposed. 
Normally, some decrease in testosterone might be expected with age. 

When mean sperm counts are compared by groups, those who were 
azoospermic who were exposed had a mean FSH of 13.9. For workers 
with sperm counts from 1 to 9 million/ml, the mean was only 4.4 
mIu. Because the FSH level doesn't rise very much until the sperm 
count gets to zero, it would appear that a man would have to be 
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almost azoospermic to have a predictable, significant rise in FSH. 
The same thing, though not to quite the same extreme, occurred for 
LH. We did not see any change for testosterone. 

In Table 13 are correlation coefficients for age, sperm count, 
FSH, LH, and testosterone in 35 nonexposed individuals. There is a 
significant correlation at the 0.01 level for FSH and age and for 
testosterone and LH (asterisked items). At the 0.05 level, there 
was a significant correlation for FSH and sperm count--as sperm 
count decreases, FSH increases. (There was one azoospermic in the 
group and his FSH was quite high.) 

Table 13. Correlation coefficients for age, sperm 
count, FSH, LH, and testosterone for 35 
nonexposed individuals. 

Coefficient Age Sperm count LH Testosterone 

Sperm count 0.17 
LH 0.10 0.16 
Testosterone -0.23 -0.16 0.51* 
FSH 0.40* -0.33+ 0.25 0.10 

*Significant correlation at 0.01. 
+Significant at 0.05. 

Most of the correlation coefficients (for age, sperm counts, 
known exposure, FSH, LH, and testosterone) in 91 individuals with 
quantifiable exposure are significant at the 0.01 level--the sperm 
count decreases with increased exposure (Table 14). Sperm count 
decreases with a rise in FSH. Sperm count decreases with a rise in 
LH. LH increases with exposure. LH increases with rise in FSH. 
FSH increases with a rise in exposure. 

Hormones as Predictors 

Another question needing an answer is, is there a predictor? 
Can a hormonal assay (a FSH or LH or testosterone or some com­
bination thereof) be used to predict a sperm count without doing a 
sperm count? 

Tables 15 and 16 show prediction analyses for all men with both 
sperm count and hormone results. In Table 15 there are two groups: 
people who have sperm counts between zero and 19 million/ml and 
those greater than 19 mi11ion/m1. 
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Table 14. Correlation coefficients for age, sperm count, known 
exposure, FSH, LH, and testosterone in 91 exposed 
individuals with quantifiable exposure. 

Coefficient Age 

Sperm count 0.09 

LH 

Testosterone 

FSH 

Exposure 

0.16 

-0.14 

0.18 

0.23 

*Significant at 0.01. 

Sperm count LH Testosterone FSH 

-0.36 

-0.22 -0.04 

-0.35* 0.63* -0.02 

-0.38* 0.52* -0.02 0.60* 

Table 15. Prediction results of sperm counts by discriminant 
analysis of FSH, LH, and testosterone levels for 140 men 
(two groups). 

Predicted 
Actual group grout membershiE 

Group Sperm count membership Group Group II 

I 1-19 X 106/ml 32 17 (53.1%) 15 (46.9%) 

II >19 X 106/ml 108 6 (5.6%) 102 (94.4%) 

In Table 16 there are three groups: from one to 19 million/ml, 
greater than 19 million/ml, and azoospermics. For groups I and II 
(1 to 19 and >19 million/ml, respectively), the results are the 
same--inconclusive. The azoospermics, however, were the most 
predictive. This only corroborates some of the other data that have 
been discussed. 

The two-group breakdown was used for FSH (Table 17) and for LH 
(Table 18). The results, again, were not sensitive, with LH not 
being as good a predictor as was FSH. 
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Table 16. Prediction results of sperm counts by discriminant 
analysis of FSH, LH, and testosterone levels for 140 men 
(three groups). 

Predicted 
Actual group grout membershie 

Group Sperm count membership Group Group II 

I 1-19 X 106/ml 17 8 (47.1%) 9 (52.9%) 

II >19 X 106/ml 108 27 (25.0%) 81 (75.0%) 

III Azoospermia 15 14 (93.3%) 1 ( 6.7%) 

Table 17. Prediction results of sperm counts by discriminant 
analysis of FSH for 140 men. 

Predicted 
Actual group groue membershie 

Group Sperm count membership Group I Group II 

I 1-19 X 106/ml 32 16 (50.0%) 16 (50.0%) 

II >19 X 106/ml 108 3 ( 2.8%) 105 (75.0%) 

Table 18. Prediction results of sperm counts by discriminant 
analysis of LH for 140 men. 

Predicted 
Actual group grout membershie 

Group Sperm count membership Group Group II 

I 1-19 X 106/ml 32 17 (53.1%) 15 (46.9%) 

II >19 X 106/ml 108 20 (18.5%) 88 (81.5%) 
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BIOPSIES 

In an attempt to determine why people were azoospermic or 
oligospermic, we performed biopsies (Figure 8). A testicular biopsy 
is done under general anesthesia so the tissue will not be 
distorted. The procedure is: take the testicle; palpate it to make 
sure you have the testicle and not the epididymis; incise though the 
scrotum; and then make a small incision in the tunica. The 
testicular tissue oozes out. With a scissors, snip the tissue. 
Oversew it and repair the scrotum. It is not a major procedure. 

Figure 8. Technique for performing a FSH biopsy. 
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Figure 9. Tissue from normal testis 
(100X). 

Figure 9 illustrates tissue from a normal appearing testes. The 
various sorts of cells, large and small, evidence of spermatids, and 
primary spermatogonia on the side are apparent. This man had been 
exposed for 3 years and away from exposure for 3-1/2 years. 
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Figure 10. Tissue from a normal testis, seminiferous 
tubules (400X). 

Figure 10 (a higher power of the same patient seen in Figure 9) 
illustrates seminiferous tubule tissue from a normal appearing 
testis--the larger cells on the periphery and the little, small 
spermatids in the middle. There is no thickening of the membrane; 
the interstititium looks fine. There is no inflammation et cetera. 
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Figure 11. Tissue from a severely affected worker, 
Sertoli cells (250X). 

Figure 11 illustrates tissue taken from a more severely affected 
individual. Where are all the spermatogonia? Where are the 
spermatids? Basically, they are not there. What is shown in Figure 
11 are Sertoli cells, which are normally present. They act as Iinurse 
cells." There probably is an increase in peritubular fibrosis. 
Again, however, looking at the the interstitium presents no informa­
tion. There is no increase in scarring, fibrosis, et cetera. 
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Figure 12. Tissue from a worker exposed for 1 year 
(250X). 

Figure 12 illustrates tissue from an individual who has been 
exposed for 1 year. When this Figure is compared with Figure 9, the 
relative decrease in the number of spermatogonia and the number of 
active spermatogenesis can be seen. Again, there is no inflammatory 
process going on. 
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CONCLUSIONS 

What was the extent of the problem? We found that 13 percent of 
those who were exposed were azoospermic; 16.8 percent were severely 
oligospermic, with sperm counts of between 1 to 19 million/ml; and 
15.8 percent were low normal (if you are willing to agree that that is 
20 to 39 million/ml). 

DBCP is most likely the causal factor. This finding could not be 
based on data from this one plant alone. Data from studies by Dow and 
Shell (see The Dow Experience, p. 30, and The Shell Experience, p. 43 ) 
lead us to believe that it most likely is DBCP. 

In a population in which there is reluctance to producing a semen 
sample, FSH could be used as a screening tool, a predictor. However, 
that population would have to have a large number of azoospermics to be 
meaningful plus there would be a large number of false negatives. FSH 
and LH together don't add much information. There is no reason, based 
on our data, to include -testosterone at all. If something abnormal is 
found, the only way to confirm it is with sperm count or a biopsy. 

Collecting sperm samples on a large scale basis can't be done 
unless there is tremendous cooperation. Even in our situation where 
the Company and the Union, at all levels, were pushing very hard for 
everybody to participate, we still had a considerable number of people 
who didn't want to talk to us and another group of people who wouldn't 
even fill out an anonymous questionnaire. 

-.~ 

Our data, which indicate that DBCP is a selective sperm cell or 
spermatogonia toxin, do not really provide an answer to 
reversibility. From the antimetabolite data, one would assume that 
there should be reversibility. Based on some of the people I have 
seen, however, I would imagine there is a point of no return. At a 
certain end stage, there will not be recovery; however, before he gets 
there, I think a recovery is reasonable. We don't know, however, 
whether those who are going to recover will have genetically normal 
sperm. It may be that the spermatogonia that survive are really super 
spermatogonia; there may be super sperm cells or very severly damaged 
sperm cells. I don't know. 

From the data in this study, we cannot comment on the carcino­
genicity of DBCP, other than to say we haven't seen any. There was no 
evidence nor anything that would indicate it in any of the biopsies. 

The only way to answer some of these questions is a long-term 
follow-up of all the exposed population. For statistical purposes, 
the population at Oxy-Chem isn't large enough. We need a long term 
follow-up on some sort of a nation-wide basis that would include all 
the people who have been exposed. Otherwise, I don't think these 
questions can be answered. 
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THE DOW EXPERIENCE 

H. Charles Scharnweber* 

I would like to begin with a chronology of Dowis actions 
concerning dibromochloropropane (DBCP). We became aware that there 
was a problem on July 18, 1977, when Dr. Whorton, acting as 
Occidental Chemical Companyls medical consultant, telephoned us to 
ask for information about DBCP and to express his concerns and 
findings about a sterility problem. On August 1, 1977, I asked the 
supervisor of our Magnolia, Arkansas, plant (where DBCP was being 
manufactured) for sperm counts on employees and arranged for Dr. 
Jack Walker to do the testing. 

On August 8, Dr. Walker reported that he had indeed found low 
sperm counts in our Magnolia population. On August 12, 1977, both 
Dow and Shell (see The Shell Experience by Joyner, Kusnetz, and 
Lipshultz, p. 43) suspended production of this material. 

BACKGROUND 

Some evidence of the effects of DBCP were revealed in a 1961 
joint report 1 of two toxicologic investigations conducted 
concurrently and independent1y--one by the Dow Chemical Company and 
the other (which was supported in part by the Shell Development 
Company) by the University of California School of Medicine in San 
Francisco. 

Based on single and repeated exposure of laboratory animals, Dr. 
Torkelson et al., concluded that DBCP was: 

II ••• highly toxic on repeated exposure, producing damage 
even at 5 ppm, the lowest level studied. Excessive 
exposure to the vapors resulted in damage to the liver, 
kidneys, and various tissues including sperm cells and 
seminiferous tubules, dermis, bronchioles, renal collecting 
tubules, lens and cornea, and alimentary canal. Injury 
caused by this compound was noted to be particularly slow 
in healing. Precautions for safe handling of this compound 
are discussed. 1I 

*M.D., Dow Chemical Company, Midland, Michigan. 
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As shown in Table 1 (Laboratory A data from the University of 
California laboratory, which did the studies for Shell), increased 
liver and kidney weight was apparent in male rats exposed to various 
concentrations of DBCP. In addition, there was an obvious decrease 
in testicular weight. Severe injury to these organs as well as the 
lungs was seen microscopically and described by the authors. 

Similar effects were observed in studies in the Dow laboratory. 
(See Table 1, Laboratory B.) Decreased testicular weight and 
increased lung and kidney weight were reported. The animals exposed 
to 12 ppm were made quite ill; deaths due to pneumonia were common 
in rats. These were probably secondary to liver and kidney injury 
in this species as well as in the two female monkeys, which had to 
be sacrificed after becoming so ill exposure could not be continued. 

Histological examination confirmed the injury to the testes, 
liver, kidney, and lungs. The University of Ca1ifornia 1 s data for 
rats indicated a significant atrophy of the testes, with a less 

c significant atrophy for the rabbits. The Dow results also showed 
testicular atrophy, although the correlation between exposure and 
atrophy does not appear to be great. Although the decreased testes 
weight in the exposed rats doesnlt appear significant, it was 
because of the extreme debility of the animals. 

This same publication reported that the material penetrated the 
skin of rabbits and cautioned against skin contact. Because of 
their concern about skin absorption and the potential damage 
resulting from the material entering the body in that manner, the 
following recommendations were made (Reference 1, pages 557-558): 

"Since minimal effects were still apparent in animals 
exposed repeatedly to 5 ppm in air, it is suggested that 
the concentration of 1,2-dibromo-3-chloropropane be kept 
below 1 ppm if repeated, prolonged exposure is likely. If 
this precaution is observed, there would seem to be little 
likelihood of injury. Until further experience is 
obtained, close observation of the health of people exposed 
to this compound should be maintained. 1I 

"Protective clothing impermeable to the material should be 
worn if the likelihood of skin contact exists. Standard 
rubber or neoprene gloves do not offer adequate protection 
and should not be relied upon for keeping the material off 
the skin. Compar rubber and polyethylene appear to offer 
the most practical protection. 1,2-Dibromo-3-cloropropane 
should never be allowed to remain on the skin. Clothing 
and shoes should not be allowed to become contaminated with 
the material, and if they do, they should be promptly 
removed and not worn again until completely free of the 
materi ale II 
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THE MAGNOLIA PLANT 

At the Magnolia plant, we tried to categorize the people's 
exposures. They were exposed not only to DBCP but to other 
materials as well, including ethylenedibromide (EDB). The five 
categories of potential exposure and the results of each group's 
sperm counts are given in Table 2. The results fit the same 
patterns evident in Dr. Wharton's work. In the low potential 
group, there was only one zero sperm count. There were 13 people 
with counts less than 50 million, our breakpoint in the 
beginning. Since then, our breakpoint has been closer to 20 or 30 
million, although we haven't determined what our final breakpoint 
should be. 

Table 2. Sperm counts of five groups of Magnolia employees exposed 
to DBCP (using a 50 million/ml breakpoint). 

Exposure potential o 

Office help 
(no exposure anticipated) 1 

In plant occasionally, but 
not in Fumazone* area (e.g., 
brinefield workers) 2 

Occasional proximity to 
Fumazone (e.g., contract 
peopl e) 2 

In plant continuously or in­
volved in startup and re­
search (e.g., control room 
workers) 2 

Involved in production of 
Fumazone (e.g., packa~ing 
and warehouse workers) 14 

Total 21 
(24%) 

Sperm count 

<50 mil- >50 mil­
lion/ml lion/ml 

13 

7 

9 

7 

4 

40 
(46%) 

11 

9 

2 

3 

o 
25 

(29%) 

Total 

25 

18 

13 

12 

18 

86 
(99%) 

*Trademark for a soil fumigant produced by Dow Chemical Company. 
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The alarming figure is in the high exposure group--14 of these 
men had a sperm count of zero. In all, 21 men had sperm counts of 
zero (24 percent), 46 percent had a sperm count less than 50 
million/ml, and the other 29 percent had a count above 50 
million/ml. Thus, 70 percent of the men are considered subfertile 
if 50 million is used as a breakpoint. When a breakpoint of 20 
million/ml is used, the results look somewhat different: 41 men have 
a count of 0 to 10 million/ml and another 6 men have a count of 10 
to 20 million/ml, totalling only 55 percent subfertile (Table 3). 
The remainder had counts above 20 to 30 million/ml and consequently 
were not affected. 

Table 3. Sperm counts of Magnolia employees 
exposed to DBCP (using a 20 million/ 
ml breakpoint). 

Sperm count, No. of %<20 mil- %>20 mil-
million/ml men lion/ml lion/ml 

0-10 41 48 

10-20 6 7 

20-30 5 6 

30-40 4 5 . 
40-50 5 6 

>50 25 29 

Total 86 55 46* 

*Percentages have been rounded off. 

Dr. John M. Lanham, my associate in the Corporate Medical 
Department, has given me some idea of his preliminary clinical 
impressions of the Magnolia population. He has examined all of them 
personally, much along the lines Dr. Whorton outlined (including a 
reproductive history and tests for gynecomastia). He also employed 
two methods to measure testicle size: using a caliper to estimate 
testicle size, since it is impossible to measure it exactly, and 
using one of the tools we found more accurate than calipers, i.e., 
the Dow-Corning artificial testicles. The artificial testicles are 
made in a range of sizes (one through four) out of silastic, a soft 
material that has the approximate consistency of the human 
testicle. By actually holding one of the various sizes of the 
prostheses in one's hands and comparing that with the size of the 
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testicles one is examlnlng, a clinical estimate can be made of the 
size of the testicles on that individual. 

To clarify some of Dr. Lanham's clinical impressions, he used 
the normal range and mean sizes of the adult human male testicle 
given by Paulsen of the University of Washington4: 

Range: 

Mean: 

3.6 cm - 5.5 cm, length 
2.1 cm - 3.2 cm, width 

4.6 cm, length 
2.6 cm, width 

We also measured luteinizing hormone (LH), follicle-stimulating 
hormone (FSH), and testosterone levels. We used the normal ranges 
from the Bio-Science Laboratory for our guidelines: 

Testosterone, 300 to 1200 ng/l00 ml 
Follicle stiumlating hormone (FSH), 4 to 25 Iu/ml 
Luteinizing hormone (LH), up to 11 mlu/ml 

On the basis of preliminary impressions (at the time of this 
presentation, these data were still being analyzed), the 
testosterone levels apparently are all normal, substantiating Dr. 
Whorton's study. FSH levels appear to be elevated in the exposure 
group most severely affected, which again correlates with Dr. 
Whorton's findings. We may have some figures that indicate FSH 
levels are elevated about two -and a half times above normal, perhaps 
higher than some of Occidental's were. LH levels appear to be 
normal; a preliminary review of the results does not reveal them to 
be elevated. 

Dr. Lanham's opinion is that testicular size is decreased in the 
high exposure/low sperm count group, in contrast to the low exposure 
or normal sperm count groups (i.e., any count over 20 million/ml). 
The reason for the apparent reduction in testicular size is not 
evident, but Dr. Lanham points out that the turgor of these 
testicles is not normal. Turgor, in this sense, refers to the 
physical consistency of the testicle. A good illustration of turgor 
would be to fill a plastic bag or balloon with silicone fluid, and 
then note the difference in the way it feels before and after 
removing some of that silicone. Dr. Lanham's clinical impression is 
that there is evidence of reduction in testicular size, but he 
believes that it may not actually be smaller but simply without 
turgor. 

Assuming reversibility of this process, as the testicle fills up 
again with functioning spermatogonia, spermatids, and sperm cells, 
the turgor may return. Again, our findings support those that Dr. 
Whorton outlined: we do not see any significant loss of potency or 
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libido in this population, and perhaps if the process is 
reversible, we hope these people will be restored to normal 
function levels. 

We are very concerned about our employees in Magnolia. 
Originally, we did only sperm counts to try to verify Dr. Whorton's 
findings quickly. The sperm counts exposed the basic problem, and 
the rest of the tests simply confirmed and embellished the 
problem. Since sperm generation takes about 70 days and perhaps 
another 20 or 30 days to get the sperm into the ejaculate, we are 
rather arbitrarily saying that in 90 days we are returning to 
Magnolia to repeat the sperm counts. We have already repeated the 
counts for people who requested them, and we have done some to 
confirm the laboratory's reports, but we will return and take those 
counts again also. 

WESTERN DIVISION 

After discontinuing production in Magnolia, we looked at our 
Western Division plant in Pittsburg, California, which had, in the 
past, produced DBCP and stored it in warehouses. Workers at the 
plant had not had any exposure for more than 2 years before our 
investigation. The investigation of this plant was in line with 
our efforts to find some answer to the question "ls this process 
reversible?" Unfortunately, the circumstances did not allow us to 
answer that question since we did not know what these people's 
sperm counts were before or whtle they were working with the 
material. Table 4 shows the results of our tests on the 30 men 
exposed 2 years ago. 

Table 4. 1978 sperm counts of 30 men ex­
posed to DBCP in 1976 at the 
Western Division plant. 

Sperm counts, 
million/ml 

o - 10 
10 - 40 
40 - 120 

>120 

No. of men 

7* 
4 

15 
4 

*Four men had had vasectomies; two had 
known medical cause of oligospermia; 
one man had a very low count. 
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We were surprised at the high incidence of vasectomy. Of the 
seven men with sperm counts of 0 to 10, further investigation 
revealed that four of them had had vasectomies; two of the others 
had medical reasons for oligospermia (one of these had had fertility 
problems for many years because of trauma to testicles and the other 
man had many episodes of severe bilateral epididymitis and was known 
to have azoospermia as a result of that infection); and the last of 
the seven men had a very low count with no clinical evidence to 
explain it. 

MICHIGAN DIVISION 

Dow has another population exposed to DBCP, the Michigan 
Division, at Midland. Production of DBCP was stopped at the 
Michigan Division in January 1976. We are in the process of 
studying that population with as unbiased an approach as possible, 
hoping to shed a little light on the reversibility question. We 

c are, however, doing it hlind as far as the sperm counts are 
concerned since we do not know what the workers I sperm counts were 
when they were working with DBCP almost 2 years ago. 

We are trying to match the people in the exposed population with 
an unexposed population of similar ages. It is relatively easy to 
get the people who are at risk to submit to this procedure, but it 
becomes much more difficult to get controls to volunteer to provide 
a specimen. The motivation is obviously not the same. We are 
getting excellent cooperation -from the men, however, and fortunately 
the union has been completely cooperative in our testing. 

Approximately 520 people have been identified as having had 
potential exposure in the Michigan Division. We started reviewing 
their health histories in September 1977; these include a complete 
reproductive history and a genetic history. We also examined their 
habitus and testicular size and looked for gynecomastia. We also 
obtained blood specimens for the three hormone assays previously 
mentioned while simultaneously doing SMA-12 I s. Although the previous 
studies (Dr. Whorton's and ours) did not find any correlation with 
the use of these parameters, these tests are included to ensure that 
we don't miss anything since they are relatively simple to perform. 
We are trying to do the study blind. The examining physician's lack 
of knowledge of the man's sperm count will obviously make a 
difference in his interpretation of the estimates of turgor and 
testicular size. 

Because we have only one opportunity to do this type of study, 
we are doing it as carefully as we can. We have examined 270 people 
to date. Examination appointments are being made until October 21, 
although the appointments will go on after that date if requested. 
A cut-off date was selected because we have had about as much 
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cooperation as we are going to get. A number of older men say "I 
don't care what my sperm count is. I don't want to know." Or we 
hear liMy wife just had a baby last year. I know I have no problems, 
and I am not arguing with you, for obvious reasons." So, there is a 
problem from people not wanting to know. I think physicians and 
occupational physicians must be aware that we may have a social 
problem on our hands in this situation. If there were a correlation 
between the FSH levels and testicular involvement, it would be a 
godsend, since it would be much easier to get people to submit to a 
blood specimen than it presently is to get them to submit to a semen 
analysis. 

When the results of this study are available to us, each of the 
men examined will receive his results in writing, and we will 
attempt to keep the findings as confidential as we can. I think 
confidentiality is important. I can't overemphasize how much mental 
anguish some of the people at our Arkansas plant have had, partly 
because we are dealing with male machismo and pride. If decreased 
sperm counts becomes a continuing problem, some people will have 
great psychological difficulty dealing with their lack of 
"maleness." I am sure all of my fellow physicians share my concerns 
for these subtle problems that we have yet to encounter in further 
studies. 
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DISCUSSION 

Question (Dr. Zavon, Hooker Chemical and Plastics Corporation): 
Did you have any subjects in the Magnolia population that had had 
vasectomies? 

Answer (Dr. Scharnweber): We did not have the same percentage 
of vasectomies in Magnolia as we had in the Western Division. 

Question (Dr. Buncher, University of Cincinnati): To pursue the 
vasectomy question, is there any indication of self-selection of the 
workers into this work group? Dr. Whorton mentioned that there were 
rumors about the Ag-Chem area at Occidental Chemical Company before 
his investigation. How do workers get into this particular 
production rather than something else? Is there any selection? 

Comment (Dr. Whorton, University of California at Berkeley): 
The only selection I know of in the Ag-Chem area at Oxy-Chem 
resulted from one long-time worker's recruitment for his baseball 
team. If anything, the Ag-Chem area was a little more sports~minded 
than the rest of the plant and had some employees that were large, 
athletic men. Also it seemed 1hat there were more men in the 
California plant that had had vasectomies. 

Question (Dr. Buncher): Is there any indication that the 
vasectomy rate is actually higher in California? Are there any 
comparative figures for California? 

Answer (Dr. Whorton): I don't know. 

Question (Dr. Buncher): So that is a perfectly usual rate? 

Answer (Dr. Whorton): It seemed like an unusually high rate for 
a rural area. 

Question (Dr. Infante, NIOSH): Would you comment on the 
testicular cancer that I believe has been identified in one of your 
employees from your facility in Arkansas? What are you planning to 
do to assess the carcinogenic risks in your population? 

Answer (Dr. Scharnweber): We are going to continue to monitor 
that population in every way we can until we answer the question 
sufficiently. We do have a testicular tumor in one of the people at 
the Magnolia location. This tumor was found by Dr. Lanham in his 
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examinations. I am not at liberty because of confidentiality to go 
into any further detail. While in the hospital, this man has 
already been somewhat harassed with numerous calls from the media. 
I think this is inappropriate. This man is suffering enough. I do 
not wish to go into this in any more detail at this time. 

Comment (Dr. Whorton): Let me add to that answer. At a recent 
meeting in San Francisco, Dr. Ed Schmuckler, who is head of 
pathology at University of California, San Francisco, and very 
involved in chlorinated hydrocarbons, stated that he knows of no 
chemically induced cancer in the testes of animals or people. He 
was surprised at finding and skeptical of this one case. The 
testicular cancer rate is three in one hundred thousand. One 
incident of cancer in the small number of people we've studied is 
way out of proportion, and the only way to discover whether it has 
any significance is to follow all the populations with long-term 
DBCP exposure. 

Question (Dr. Infante): In other words, there is just a 
question mark about whether or not that cancer is related to 
exposure? I wonder, then, how that one incident is being 
interpreted, given the selectivity of DBCP for the germinal cells 
and the fact that the cell type here is the embryonal cell 
carcinoma. That is the cell type, isn't it? What type would you 
expect on an epidemiological basis? What is the dominant cell type? 

Answer (Dr. Whorton): The predominant 'cancer in the testes is 
seminoma. Probably the second:'most common type is embryonal 
carcinoma. Testicular cancer is diagnosed by the predominant cell 
type, but there is a wide variation that depends on which piece of 
the testes you are looking at. Consequently, making an absolute 
diagnosis of testicular cancer is not always easy. However, 
seminoma is the most common type, and this subject is in the right 
age group for having testicular cancer. 

Question (Dr. Infante): But it was an unusual cell type, wasn't 
it, and not the dominant cell type? Was it an embryonal cell 
carcimona? 

Answer (Dr. Whorton): When you consider three in one hundred 
thousand, you are not talking about common tumors. Since semi nona 
is the most common tumor (about 50%) and embryonal is the second 
most common, an embryonal tumor is not an unusual cancer. But, 
again, this type of cancer of the testes is not a common cancer. 

Question (Mr. Kusnetz, Shell Chemical Company): Dr. 
Scharnweber, I sympathize with the intent to keep this man's life 
private, but after the San Francisco hearings last week, Mr. 
Brubaker, President of your Western Division, did make public some 
details that I think should be added here. 
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First, the individual was exposed to other materials, with his 
exposure to DBCP short-term in comparison with the rest. Second, 
there was trauma to the the man's genitalia early in life, a fact 
that caused some speculation in the hearings. At least that much 
more information has been made public and perhaps should be 
cornnented on. 

Answer (Dr. Scharnweber): Because Mr. Brubaker is not a 
physician, he doesn't operate under the same restraints I do. Yes, 
there was a history of testicular trauma. I think most physicians 
would say that, in general, it is very difficult to find a normal 
adult male who hasn't had trauma to his testicles at one time or 
another in his lifetime. To ascribe this tumor to trauma any more 
than to ascribe it to a very short-term exposure to DBCP is, at 
least, premature and maybe fallacious. 

The usual latency period for the most malignant materials known 
is anywhere from 15 to 20 or 30 years. If DBCP is that potent, we 
should be seeing many people with testicular tumors, and I have not 
noticed in any literature an increased incidence of testicular 
tumors in any population of the United States. If there are figures 
to refute that, I would certainly welcome them. 

Question (Dr. Macleod, Cornell Medical College): Were you using 
the figures of Nelson and Bunge as reference points for the sperm 
count data in your populations of DBCP-exposed subjects in Magnolia 
and elsewhere? 

Answer (Dr. Scharnweber): I was using them primarily to show 
that there is an apparent change, a shifting to the left, in the 
normal sperm count of the adult male in the United States, and then 
to show that our Magnolia data skews it even further to the left. 

Comment (Dr. Macleod): To emphasize a point that you are 
already aware of, it would be rather precarious to use the Nelson 
and Bunge count frequency distribution curve as a "norm" to be met 
by your DBCP-exposed population. Of all the modern (1970-1977; see 
references 5-7, 9, p. 61) pre-vasectomy populations (known 
fertility) studied and published, the Nelson and Bunge curve lies in 
the most extreme "left" position, i.e., the poorest "fertile" 
population on record in terms of sperm count distribution. As you 
have shown in Table 2 (see p. 33), and as you have just stated, your 
Magnolia population is skewed to the left of the Nelson and Bunge 
curve. On that table, the fact that 14 of the 18 subjects (77%) 
with the greatest and perhaps longest possible exposure to DBCP were 
azoospermic is an extraordinary indictment of the sterilizing 
potentials of the compound. 

It would be very risky to use that population as a reference 
point. You only have to look at one figure in their frequency 
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distribution (greater than 100 million/ml) to see that there is 
something wrong with that population. I think that we will find 
pre-vasectomy populations used as reference points to be rather 
suspect for measuring semen quality. 

Answer (Dr. Scharnweber): Channing Meyer and I were hoping that 
this symposium could help us understand the complex problem of 
defining a normal sperm count and the normal means, modes, and 
ranges. Perhaps this meeting can help us pinpoint what we should 
use as comparison figures. 

Comment (Dr. Whorton): At the recent San Francisco meeting, a 
urologist discussed the various sperm count levels and suggested 
that one hazard in vasectomy findings is that often, because men 
know they are going to be sore after a vasectomy, they ejaculate a 
lot before being tested. He also believes that the percentage of 
men that have sperm counts of less than 10 million but have fathered 
children is suspect. 

The data are questionable; sperm counts are probably no 
different from other data in this respect. The data we call normal 
are taken from unrepresentative populations: hospital populations, 
pre-vasectomy populations, or infertility populations. 

Question (Dr. Blum, University of California at Berkeley): Do 
you know the number of years that the man who had the testicular 
cancer had been exposed to EDB and DBCP? 

Answer (Dr. Scharnweber): He was not in a high exposure group, 
but he had some exposure to DBCP for less than 2 years. He had 
exposure to EDB for a longer period of time, but less than 10 
years. He had worked in the plant for 7 or 8 years. 

Question (Dr~ Troen, Montefiore Hospital): What was his sperm 
count, and what did the tissue show? 

Answer (Dr. Scharnweber): His sperm count was very low. It was 
an embryonal tumor. 

Question (Dr. Troen): But were the spermatogonia gone? 

Answer (Dr. Scharnweber): I don't know. 
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THE SHELL EXPERIENCE 

Roy Joyner,* Howard Kusnetz,+ and Larry Lipshultzt 

DR. ROY JOYNER 

Because the chronology of events concerning DBCP at Shell so 
closely parallels the events given by Dr. Scharnweber in his 
presentation of The Dow Experience (p. 30), I will omit these 
details. As background, however, Shell has manufactured DBCP at two 
plants--Denver and Mobile. Manufacturing operations began at the 
Denver Plant in 1955 and ended in February 1976, although there were 
limited reprocessing operations in April and November 1976 and 
limited repackaging operations in March 1977. Production for both 
the product and the raw material was stopped at Denver because of 
the location of the markets and the transportati·on costs. They were 
moved to our Mobile Plant, where operations began in April 1976 and 
ended early in July 1977. 

When we became aware of depressed sperm counts in Occidental 
Chemical Company's California DBCP workers in mid-July 1977, our 
first response was to immediately establish the fact that all 
manufacturing operations were in abeyance and that there was, 
therefore, no current employee exposure with respect to the 
manufacture of this product. 

Our next action was to attempt to determine the degree of past 
exposure among our employee group. Mr. Kusnetz, Manager of Safety 
and Industrial Hygiene for Shell, will present this information. 

HOWARD KUSNETZ 

Industrial hygiene, in its present form, started at Shell in 
1971. The DBCP environmental data that we have been able to measure 
and the records that we have been able to find at our two 
manufacturing plants (in Denver and Mobile) show that since 1971 

*M.D., Shell Chemical Company, Houston, TX. 
+Shell Chemical Company, Houston, TX. 
tM.D., University of Texas Medical School, Houston, TX. 
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levels have been consistently under 1 ppm, which was then the 
working level. A company morbidity and mortality study shows 
negative results for both our Denver and Mobile plants with respect 
to testicular disease, oligospermia, and other genito-urinary 
diseases. This report covered the period from 1973 to the present. 

Monitoring of air samples at the Denver plant in 1972, shortly 
after our industrial hygiene programs began, showed levels of approx­
imately 0.22 and 0.42 ppm; they have been consistently in that range 
since then. Air samples at Mobile, where production of DBCP did not 
begin until April 1976, showed no levels greater than 0.6 ppm. 

Although the production of DBCP had been effectively stopped by the 
State of California, we were still concerned with the exposure to field 
applicators, even though this was not in the OSHA Emergency Temporary 
Standard. On September 22, 1977, with permission of California author­
ities, we measured DBCP in field applications at our experimental farm 
in Modesto (Table 1). Some of our supervisory people, wearing full 
protective equipment (air supplied respirators and impermeable suits) 
so their actual exposure would be less, essentially mimicked what a 
tractor driver and helper would do. The concentrations in Table 1 
represent the environments around the operator and do not represent 
the operator's exposure. Because the application season for DBCP is 
generally in cool weather (September is much too warm) these concen­
trations, too, do not reflect actual working conditions. Within a 
single work cycle of approximately 1-1/2 hours on the 5-acre field, 
the concentration in the environment around a tractor driver was 8 
ppb, and the concentration arcr~nd a helper for the same period was 34 
ppb. Shorter activities within the cycle ranged up to 53 ppb. 

Table 1. DBCP field applications, September 22, 1977. 
Application rate, 2 gallons per acre. 

Sample Concen-
Sample time, tration, 

Operator Operation type min ppb 

NA Background A* <1 
A Tractor driver(overall) p+ 96 8 
A Tank filler P 24 9 
A Driver-applicator P 74 10 
B Helper (overall) P 96 34 
B Helper, filling tank P 18 53 
B Helper, sealing P 40 17 
B Cleaning up spill P 21 1340 

*Area sample. 
+Personal sample. 
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The major tasks involve the filling of the tank on the tractor, 
the application itself, and the sealing by the helper in a second 
tractor that follows the first. Standard farm practices were used 
for handling the chisels on the tractors. Basically, these chisels 
are a series of hollow points that are inserted into the ground 
behind the tractor. The OBCP is injected underground through these 
points. A second machine, following, then seals the furrows. We 
had two samplers on each employee: one to do the full work cycle for 
Employee A and Employee B, and the other to try to estimate separate 
work practice operations within that complete work cycle. 

Background in the field was less than 1 ppb, our low limit of 
analytic capability. The helper's exposure was higher--both in the 
overall full cycle and in the subactivities. Working behind the 
chisels and points while sealing, he may have been getting what was 
blown back from the lead tractor. Part of this problem results 
because the chisels are raised from the ground to enable the tractor 
to make a turn in the field. Although we tried to have the tractor 
driver make sure that the chisels were shut off so that there was no 
liquid coming out during the turns, we were not totally successful. 
We are continuing to work on this as a mechanical problem. 

An accidental spill occurred during our field study. While the 
helper was filling the tank, he became so interested in watching the 
sampler being put on the driver that he forgot to watch what he was 
doing, and the tank ran over. This happened during clean up and is 
certainly typical of what could happen in the field. 

~ 

These are not meant to be definitive numbers; they are the 
results of a single test run under test conditions. They do, 
however, give an estimate of the exposures. 

OR. JOYNER 

MOBILE (ALABAMA) PLANT 

OBCP manufacturing operations began at the Mobile plant in April 
1976, and ended in early July 1977. At the Mobile plant, we tested 
76 employees with histories of exposure to OBCP and 18 volunteers 
presumably unexposed. These volunteers were drawn from both office 
personnel and from production personnel who had no history of 
exposure to OBCP. 

The results of that first test are shown in Table 2. Analysis 
of these findings varies greatly depending upon which authority we 
choose as a reference point. The mean sperm count of 53.7 
million/ml is higher than that found in the Nelson-Bunge1 study 
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and lower than that described in the Macleod and Gold2 study. 
Fourteen of the 76 employees tested were found to have sperm counts 
below 20 million/ml. This figure represents 18% of the group and is 
comparable to the Nelson-Bunge findings of about 20% below 20 
million/ml. The motilities are observed to be essentially normal 
with even the lower count groups showing a motility in the 60 to 70% 
range. 

Table 2. Sperm count results from first test of 
72 exposed employees at the Mobile Plant. 

Range, 
million/ 

ml 

Zero 
0- 9 

10-19 
20-29 
30-39 
40-49 
50-59 
60-69 
70-79 
80-89 
90-99 
100+ 

No. of 
employees 

2 
6 
6 
9 

13 
8 
3 
6 
2 
fr 
5 
7 

Mean motility 
of range group, 

% 

68% 
63% 
65% 
70% 
77% 
80% 
76% 
85% 
83% 
72% 
87% 

When a cumulative percentage distribution by sperm density was 
plotted for the Mobile employees, the plot for the Mobile employees 
fell between the Nelson-Bunge cumulative percentage distribution and 
the Macleod-Gold distribution (Figure 1.) 

Table 3 shows our data for the nonexposed volunteer group. 
These data could be interpreted as being somewhat better than the 
exposed group, with a mean of 112.2 million/ml, although the smaller 
number of individuals in this group makes the significance of any 
difference somewhat questionable. At Mobile, for both the exposed 
and nonexposed groups, motility appears to be within normal limits. 

Based on our consultant's opinion that at least three semen 
specimens should be examined before making a conclusion about an 
individual, a series of repeat tests has begun in Mobile. Twenty 
employees have had their second test; there is little or no 
variation in count from the first test. 
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Table 3. Sperm count results from first test of 18 
control-group individuals at Mobile Plant. 

Range, 
mi 11 i onl 

ml 

Zero 
0-9 
10-19 
20-29 
30-39 
40-49 
50-59 
60-69 
70-79 
80-89 
90-99 
100+ 

, , 
. ..... 0' o 0" 

'" , 0' 

No. of 
employees 

o 
o 
1 
1 
2 
1 
2 
4 
o 
2 
1 
4 

Mean motility 
of range group, 

% 

90 
75 
62 
90 
90 
74 

87 
85 
85 
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Figure 1. Cumulative percent distribution by sperm density of 92% 
of Mobile employees exposed to DBCP, Nelson and Bunge 
data, and Macleod and Gold data. 
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Seven field salesmen previously engaged in the sale and demonstra­
tion of DBCP (with exposure levels somewhat comparable to those of the 
applicators) were also tested by urologists. The results of the tests 
on this very small group included one individual with a sperm count of 
27 million and 6 with sperm counts of 50 million or more. All the 
motilities in the group were also found to be 50 percent or better. 

DENVER (COLORADO) PLANT 

The plant in Denver operated from 1955 until February 1967. The 
testing program was similar to the one at Mobile. Thirty-nine employ­
ees with a history of possible exposure to DBCP and 28 unexposed vol­
unteers were examined. The approximate percentage of office versus 
unexposed production people was the same as that in Mobile. 

Included in the Denver results (Table 4) are six individuals (actu­
ally nine including three that had had vasectomies) in the zero range. 
One who had had a vasectomy did have a count between 10 and 19 million. 

Table 4. Sperm count results from first test of 
39 exposed employees at the Denver Plant. 

Range, 
million! 

ml 

Zero 
0-10 

10-19 
20-29 
30-39 
40-49 
50-59 
60-69 
70-79 
80-89 
90-99 
100+ 

*plus 3 
+Plus 1 

No. of 
employees 

6* 
3 
5+ 

10 
5 

10 
0 
0 
0 
0 
0 
0 

vasectomles. 
vasectomy. 

Mean motility 
of range group, 

% 

49% 
28% 
26% 
28% 
43% 

The data are quite different from the data from Mobile. Not 
only were these counts apparently depressed (the highest was less 
than 50 million/ml, and the mean was 25.2 million/ml), but there was 
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also a pronounced decrease in motility. This occurred not only in 
the exposed group, but in the nonexposed volunteer group as well 
(Table 5). In fact, the two groups were fairly similar in terms of 
mean counts and motility (Figure 2). 

Table 5. Sperm count results from first test of 28 
unexposed employees at the Denver Plant. 

Range, 
mi 11 i onl 

ml 

Zero 
0- 9 

10-19 
20-29 
30-39 
40-49 
50-59 
60-69 
70-79 
80-89 
90-99 
100+ 

No. of 
employees 

3* 
3 
7 
4 
4 
7 
o 
o 
o 
o 
o 

-,'0 

*Plus 1 vasectomy. 

Mean motility 
of range group, 

% 

25% 
11% 
15% 
26% 
46% 

Because these findings were a source of considerable concern, we 
arranged for Dr. Ross from the Shell Oil Corporate Medical Department 
and our consultant, Dr. Larry Lipshultz, to visit the plant and 
evaluate the program. 

Another major concern must be mentioned: the lack of scientific 
consensus surrounding the issue of normal sperm counts. So many 
discrepancies exist in the literature that until this conflict is 
resolved and a fairly firm consensus on what actually constitutes 
impaired fertility is arrived at, we are going to have an extremely 
difficult time determining whether DBCP has affected a given 
individual. Shell believes that some further study is certainly 
necessary to solve this problem. Industry should sponsor a study in 
this field, and our company is prepared to lend our support to that 
study. 

Dr. Lipshultz will give his comments on the Denver problem. 
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Figure 2. Cumulative percent distrib~tion by sperm count of Denver 
employees exposed to DBCP and Denver employees not 
exposed to DBCP. (Sperm analyses were conducted in the 
Pathology Clinic.) 

DR. LIPSHULTZ 

DENVER STUDY RESULTS 

The results from this test on the Denver population were 
frightening, especially considering that the results from the 
control population with no exposure were very similar to those of 
the exposed group. Because these results were so similar (Figure 2), 
we went to Denver where we reviewed the semen analyses with the 
technicians of the laboratory doing these tests. They assured us 
that they had done the tests the same way they had always done 
them. They were aware that the results were different, but they 
didn't know any cause for the change. 

After further questioning, we discovered that the only 
difference between the evaluation of the study population and the 
laboratory's routine fertility evaluations was that the routine 
patients brought their specimens from home. About 90% of the 
specimens of the Shell study patients were collected in the office 
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during office hours, and the technician examlnlng the office­
collected specimens did the studies during office hours, admittedly 
not waiting until they liquified. 

Semen is ejaculated as a coagulant. It takes about 20 to 30 
mintues before an accurate analysis of not only motility, but also 
sperm density, can be made. This technician was sampling the 
immediate liquified portion, which is the material located between 
the coagulum of sperm, and finding a very low count and very low 
motility. This created a predominance of patients with all 
parameters of their semen quality impaired. The difference between 
the office-collected specimens and those taken at home led us to the 
clue that there may have been differences in the counting technique. 

In Figure 3 the cumulative percent distribution by sperm density 
of 21% of the Denver employees exposed to DBCP can be compared with 
the Nelson and Bunge data and the Macleod and Gold data. It is 
similar to Figure 1 for the Mobile employees. 
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Figure 3. Cumulative percent distribution by sperm density of 21% 
of Denver employees exposed to DBCP, Nelson and Bunge 
data, and Macleod and Gold data. (Sperm analyses con­
ducted at the Pathology Clinic.) 
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Forty employees have been retested so far. I went to the 
laboratory (a new laboratory in Denver) to instruct the technicians 
in a proper method of doing semen analysis (incidentally, the same 
way that Dr. Macleod does it). It is essential that the people 
doing these tests are well trained and consistent in their 
analyses. Table 6 shows the more reasonable figures from this 
second set of studies. The mean of the first set of tests was 18 
million/ml; the second tests, with higher counts, had a mean of 65 
million/ml. There are also more people in the normal motility 
range, with an increase from 19% motility in the original tests to 
62% motility in the second tests. 

Table 6. Comparison of sperm counts in first and second 
tests at the Denver plant. 

Fi rst test, Second test, 
Case No. million/ml mi 11 i on/ml Difference 

1 22 31 +9 
2 13 15 +2 
3 15 78 +63 
4 0 0 0 
5 0 20 +20 
6 16 29 +13 
7 47 ., 45 -2 
8 5 23 +18 
9 19 54 +35 

10 30 194 +164 
11 31 56 +25 
12 48 144 +96 
13 9 47 +38 
14 0 0 0 
15 0 0 0 
16 13 45 +32 
17 11 73 +62 
18 12 5 -7 
19 28 143 +115 
20 33 288 +255 

ASSESSING TESTICULAR FUNCTION 

We need to ask ourselves what we are trying to do. This is 
difficult to determine because we are not assessing fertility. 
Fertility implies a couple trying to have a child. We are 

52 



assessing testicular function. Dr. Macleod stated many years ago 
that the germinal epithelium is exquisitely sensitive to a lot of 
the changes that take place in the environment. By going into 
these plants and speaking to the workers, we are trying to 
introduce them to the concept of "testicular function 
monitoring." This monitoring could serve as a sensitive 
indicator of the effects of exposures in their environment. The 
present testing has nothing to do with fertility since many of 
the people with low results in our evaluation may already have 
several children and may go on to have several more. This 
emphasizes the issue of what we are going to call "normal." 

Semen Quality 

Depending on the patient population that is selected to make 
up a study, data from reputable sources can be found to prove 
almost any point regarding semen quality. Unfortunately, most of 
the studies available today are prevasectomy studies, and it is 
very difficult to equate a group from Denver to a prevasectomy 
study in Iowa since they are different places with different 
socio-economic groups. lack of knowledge about the abstinence 
periods in some of the reported studies creates a need for a 
group of controls from that area to enable us to make an accurate 
statement about testicular function in any given unit. The 
source of controls is another major problem. How do we determine 
whether a given group of men is different from another group of 
men? The control groups shoula be drawn from the same area as 
the study groups. 

During emission, the sperm-containing fraction comes out 
first. If the specimen is collected improperly, an inaccurate 
assessment of testicular function is made pertaining to sperm 
production. If we rechecked these initial tests, we are bound to 
find some specimens collected improperly. 

Sperm Motil ity 

The lack of an accurate marker for testicular function is an 
intricate problem. We can look at sperm production, negative 
feedback from the testis on the pituitary, and testicular size, 
and then, taking all three factors into consideration, make an 
estimate of the semen quality. But we cannot base our opinion on 
one semen analysis; sperm density is only one part of a good 
semen analysis. Sperm movement, i.e., sperm motility, is just 
as, if not more, important as the sperm count. The information 
presented here concerning the Mobile and Denver workers is simply 
a preliminary evaluation of the problem since we have not yet 
considered sperm motility. The available data are very straight-
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forward and demonstrate that we most likely have a problem, but 
the data, based merely on sperm density, is not complete enough 
to make a decision about the magnitude of the problem. I think 
that we have made a good start, but there are a lot of factors 
still to be considered. 

Follicle-Stimulating Hormone (FSH) 

I agree with Dr. Whorton that FSH can be an indicator of 
overwhelming testicular disease, but we have no guarantee that it 
will be foolproof. To test the effectiveness of FSH in 
indicating ranges, we tested a group of 26 oligospermic men. The 
results of this test (Figure 4) revealed that the oligospermic 
men had normal FSH levels. We then gave 13 men a pituitary 
extract, i.e., a gonadotrophic-releasing hormone (a synthetic 
deca-peptide). These 13 oligospermic men had a super-normal 
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Figure 4. FSH levels for 26 oligospermic men and a control group 
of 30 normal men. 
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response--one that was statistically significant when compared 
with that of normal men. This does not give us any conclusive 
evidence. It could mean that we have unmasked a heretofore 
undefined abnormality of some part of the testis. It certainly 
reveals that a normal FSH level does not overrule the possiblilty 
of severe testicular disease. Persons severely oligospermic or 
azoospermic because of a primary testicular insult have a hyper 
response to gonadotropin releasing factor. 

We now have fairly good laboratory evidence that the 
feedback product for FSH secretion is something that comes from 
the Sertoli cell, which Dr. Whorton (see The Occidental Chemical 
Company Experience, p. 3) referred to as the IInurse cell II in the 
testis. Physiologically, this may be the most important cell in 
the testis. In animals, it also produces a transport protein, 
II androgen bi ndi ngll protei n, that carri es testosterone from the 
Leydig cells to the seminiferous tubules. Perhaps what we are 
seeing in our severly affected patients is a disease of the 
Sertoli cells. This seems possible looking at the increased or 
magnified FSH responses. This problem could result, perhaps, if 
there was not enough inhibin. I only show this now to emphasize 
that not only is there not a single marker for testicular 
function, but that the ones we have are not foolproof. The 
available tests can give some indication of testicular function 
as it relates to the pituitary gland and the hypothalamus, but 
they can't give the answer. The FSH tests do, however, serve as 
a good concomitant study with semen analyses and physical 
examination of the testis. -

Testicular Size 

The Dow experience showed that people who had severely 
impaired sperm production also had atrophy of the testis with an 
associated decrease in testicular consistency. This is logical 
because as cells are lost in the germinal layer of the semiferous 
tubule, the testis gets smaller. The question then arises, why 
did we not see testicular atrophy in the Occidental findings 
presented by Dr. Whorton? Did the testis appear normal? This is 
a very important question. 

We do have some idea of normal testicular size (Table 7). 
Paulsen3 demonstrated the normal length of the testes to be 4.6 
cm. In a group of normal subjects that we looked at in 1975, we 
found the normal average to be 4.7 cm, a figure that is certainly 
very close to Paulsen's. When Dr. Charny4 and Dr. Lubs5 
studied normal patients and those with Klinefelter syndrome, they 
found a similar figure of 5 cm in the normal population. So, if 
the length of a patient's testis is 4.5 em, or certainly below 
4 em, there is very good presumptive evidence of some problem in 
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terms of intrinsic testicular function. Again, I want to 
emphasize that each of these tests is additive in terms of the 
information that they can supply. 

Table 7. Testicular size in the unilaterally 
cryptorchid patient. 

Normal testicular length (in cm): 
Charny4 (1960) 5.0 
lubs5 (1962) 5.0 
lipshultz and Snyder6 (1975) 4.7 

Percent normal testicular size of cryptorchid 
patients 

CANCER MARKERS 

Guillon7 (1966) 11 
Nicole8 (1966) 24 
lipshultz and Snyder6 (1975) 21 
Hand9 (1956) 14 

Markers for cancer of the testis also need further development. 
Initially, human chorionic gonadotropin (HCG) was a fairly good 
marker for testicular tumors, but we have progressed beyond that. 
We can now consider beta chains of HCG and alpha-feto-proteins; 
these are good markers for metastatic disease, i.e., microscopic 
metastatic disease from testicular tumors. Someday they may be used 
as routine screening tests, but right now they can only be used in a 
research capacitiy. 

RECOMMENDATION 

Now, we must assess the situation to determine where we go from 
here. The problem has been identified, but it must be defined more 
clearly. One of the basic issues is the need for good control 
groups at each location. The ideal situation would occur if we had 
semen samples on each individual before he began working. We could 
then come back and demonstrate a change. This would supply very 
clearcut information that some catastrophic event had happened to 
that individual that affected his testes. What we have now are men 
whose semen quality does not fall within the range that we would 
like to see. But, considering Dr. Macleod's and other people's 
data, we can expect that 13 to 16 percent of persons in a normal 
control group have a sperm density of, at least, under 20 million. 
Can we then subtract this percentage from our patients and only look 
at those above this limit? This is a possibility; it could be 
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started by establishing control groups in several locations. The 
people in charge of these control groups could then pool their 
information. With the span of plants that we now have--California, 
Arkansas, Denver, and Mobile--we would have national data. If these 
data agreed, we could have a range of normal testicular function, 
although, again, not a range of fertility. This would be a very 
important step, but it has to begin at the local level so that it 
has meaning to the people in the plants that are being investigated. 
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STANDARDS FOR HUMAN SEMEN QUALITY 

John MacLeod* 

Assuming the duct system (efferent, epididymal, and vasa 
deferentia, etc.) between the testes and the urethra to be intact 
and patent and the ejaculatory mechanism to be normal, the total 
number and quality of spermatozoa present in any given ejaculate 
should be a reasonable measure of the capacity of the germinal 
epithelium to deliver spermatozoa to the ejaculate following a known 
period of sexual continence (e.g., 3 days). 

Until the late 1940's, in terms of the sperm count per se and 
the chance of a pregnancy occurring, there was considerable 
confusion as to what the sperm count figure should be. Until my 
laboratory published a series of papers in the early 1950's,1-4 
the generally accepted minimal figure was set at 60 mi11ion/m1. In 
our later and rather intensive analysiS of large fertile and 
infertile populations, we were forced to conclude that a figure of 
20 mi11ion/m1 was more realistic and that the quality of sperm 
motility rather than the sperm~count was the dominating factor in 
effecting conception. 

I realize, however, that this audience is not as concerned about 
human semen quality in terms of potential fertility as in what they 
might expect concerning possible toxicity in the populations they 
are presently studying. Put another way, you wish to know which 
semen standards to use as a measure of possible toxic effects upon 
spermatogenesis. 

As further background, the Macleod and Gold (hereafter, MG) 
figures remained unchallenged until the 1970's when Nelson and 
Bunge5 (NB) in a study of semen quality in 386 individuals in Iowa 
(presumably of known fertility) concluded from their sperm count 
data of this population that: 

the standards of fertility established by MG in 1951 no 
longer held true, and 
something had altered the fertile male population to 
depress the semen quality remarkably. 

*Ph.D., Cornell Medical College, New York, New York. 
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These statements were based principally on the facts that their mean 
sperm count (48 million/ml) was less than half that of MG (107 
million/ml) and that they found only 7% of the individual sperm 
counts >100 million/ml as compared with the 44% of the 1951 
population. Several months l"ater, in a similar study from New York 
on 1,300 pre-vasectomy patients6, Rehan et al. (RSF) provided 
sperm count data that were radically different from those of NB and 
closer to those of 1951. Their mean sperm count was 79 million/ml, 
and the distribution was greater than 100 million/ml for 25% of the 
patients. They considered that their results generally agreed with 
those of MG. 

More recently, Smith and Steinberger7 (SS) furnished data on 
another large (N = 2,000) pre-vasectomy population derived from 
Philadelphia and Houston. Their conclusions led them to agree with 
NB that the MG standards of 1951 were too high in spite of the facts 
that their mean sperm "count (70 million/ml) and their percent of 
counts above 100 million/ml were considerable higher than those of 
NB and closer to those of RSF. They suggested further that the 
obvious divergencies in the modern pre-vasectomy values derived from 
different locales in the United States may be explained by 
geographic factors, a point to be considered later in this 
discussion. But at this time, evidence accumulated in my laboratory 
over the years since our original data were published in 1951 does 
not support the contention that any substantial change in the 
numerical aspect of human spermatogenesis has occurred in the 
intervening years.8 More specifically, the data supplied in the 
1951-1956 series of MG on this~subject probably are applicable 
today. Support for this statement is supplied to you now in tabular 
form as it will appear for publication in the near future.*8 The 
data in it are derived from patients referred to my laboratory 
because of "infertile" (primary or secondary) marriage. They were 
appearing for their first semen examination. As a particular 
population, it can be considered at the present time as analogous to 
the "infertile" marriage group (N = 1,000) of MG in 1951--the one 
that demonstrated, in terms of sperm count per milliliter and the 
count frequency distribution, that the difference between the 
"fertile" and "infertile" groups were, with certain exceptions, not 
of great magnitude. 

The patients were instructed to submit semen specimens obtained 
by masturbation after 3 days of continence. In Table 1, I have 
selected the years between 1966 and 1977 for analysis if only 

*This manuscript has been rewritten and reedited by me (in August 
1979) from the transcribed extemporaneous talks given nearly 2 years 
ago at the meeting on OBCP held at National Institute for 
Occupational Safety and Health in Cincinnati (October 1977). In 
doing so, it is inevitable that interim data appearing in the 
literature from any source must be discussed. 
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Tab1 e 1. Infertil e marri age consultation, primary and secondary 
i nf ertil ity, first semen examination anywhere--patients 
seen sequentially in groups of 1000 (1966- 1977) 
(total, 9000). * 

Total 
Mean Mean Medi an Highest % of counts 

volume, count, count, count/ <20 Azoo-% of counts, mil/ml 
Peri ad Date ml mil/ml mil/ml <Io Hl.l-ilo 20.l-ilD ilD.l-oO oO.l-IOo >100 ml mTl /ml spermi a+ 

1 1/4/66-4/12/67 3.32 90.8 77 10.5 5.6 8.7 13.5 26.0 35.7 455 15.3 3.8 
2 4/12/67-9/4/68 3.23 95.0 74 9.3 7.9 12.4 12.9 21.8 35.7 580 17.2 4.9 
3 9/4/68-12/9/69 3.17 93.4 74 9.6 6.9 13.6 11.0 23.3 35.6 580 16.5 3.7 
4 12/9/69-2/15/71 3.24 91.7 74 8.1 5.2 11.6 12.4 26.0 36.7 480 13.3 3.8 
5 2/15/71-4/26/72 3.10 82.3 72 6.3 7.0 12.5 13.8 30.0 30.3 485 13.3 3.8 
6 4/26/72-8/3/73 3.18 86.0 74 9.4 5.6 9.6 11.2 30.4 33.8 450 15.3 3.1 
7 8/3173-12/30/74 3.15 112.0 85 9.6 4.6 10.0 10.0 23.5 42.3 570 14.2 3.6 
8 12/30/74-3/6/76 3.26 114.0 88 9.9 4.8 8.9 8.2 23.7 44.5 880 14.7 3.7 
9 3/6/76-6/20/77 3.27 97.5 71 8.2 7.1 15.4 13.1 22.5 33.7 680 15.3 3.3 

Overa 11 values 3.21 95.7 76.5 9.0 6.1 11.4 11.8 25.2 36.5 15.0 3.7 

*Reprlnted wlth permlSS10n, Fertl1lty and Sterl1lty, 31:100, 1979. 
+AzQOspermia not included in sperm means or in frequency distributions. 

because the modern studies referred to above are based on subjects 
evaluated for semen quality between 1969 and 1976. Intensive 
examination of the data therein is not required to determine: 

that the means of ejaculate volume in each group of 1,000 men 
are constant, 

that although the mean sperm counts for each group show minor 
variations over the years, the overall mean for 9,000 men is 
similar to the value for the 1,000 men in 1951, and 

that the frequency distributions of the sperm counts not only 
are remarkably constant, but, too, are similar to those 
published in 1951. 

An in-depth analysis of these modern data in relation to the 
findings of other modern observers is being performed by us for 
publication in Fertility and Sterility. A major conclusion will be, 
as already suggested, that there does not appear to have been a 
change, numerically, of any consequence in the capacity of the human 
testes to deliver spermatozoa to the ejaculate over a period of 
about 30 years. Does this statement mean that the modern figures in 
Table 1 can be accepted as standards to be met by any population you 
may wish to study? Not necessarily! I can only say at this time 
that they represent the best "infertile" population, in terms of 
semen quality, available for study in my laboratory over a 10-year 
period; that they probably are close to the standards to be expected 
of men of known fertility (the latter will be Significantly higher 
but not to a major extent) at the present time; and barring an 
atomic calamity, that they are not likely to change in the 
forseeable future. 
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lastly, in regard to the possibility that geographic factors 
within and without the United States may influence standards for 
semen quality remains highly debatable. At the time of this re­
writing (nearly 2 years after the original meeting in 1977), a paper 
from Paris, France,9 supplies data derived between 1973 and 1977 
from a pre-vasectomy population in that area. Their sperm count 
data coincide almost exactly with the fertile population of MG in 
1951 and, needless to say, differ considerably from and are much 
better than NB and SS's pre-vasectomy populations in the United 
States. 
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DETERMINING INFERTILITY 

Philip Troen* and Howard Nankin+ 

DR. PHILIP TROEN 

In this very brief discussion of some aspects of seminal fluid, 
three fundamental points should be made in relation to the current 
discussion. The first concerns the techniques and the technology 
that are being used and should be used to study seminal 
fluid--techniques and technology that will give a representation of 
how the testis functions. The second is what seminal quality is 
adequate for fertility. The third question, which seems to bedevil 
most of the people present at this symposium, is what is normal. 
The three aspects, of course, overlap but each can be addressed 
separately. 

TECHNIQUES AND TECHNOLOGY 

Some very important aspects of technology should be stressed 
again, i.e., the collection of specimens and the period of 
abstinence. Data in terms of what represents a normal sperm count 
can vary significantly depending on the period of abstinence. The 
curve can shift one way or another by the period of continence or 
abstinence that may be present. Published studies report a wide 
range of abstinence periods ranging from 24 hours to more than 5 
days. Standardization of the period is important for comparison. 
We use 48 to 72 hours for out patients. 

By the same token, the number of specimens collected and 
analyzed becomes very important in trying to establish a baseline or 
a background for a person's normal seminal fluid. It has been 
clearly shown that, depending upon which indication of testicular 
function is used, one seminal fluid examination alone may not be 
adequate. If motility is being assessed, up to six counts may be 
needed to get a true indication of motility. To find the sperm 

*M.D., Montefiore Hospital, University of Pittsburgh Scool of 
Medicine, Pittsburgh, Pennsylvania. 
+M.D., University of South Carolina, School of Medicine, Columbia, 
South Carolina. 
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density, as few as three counts may suffice. These are only broad, 
general remarks about technology and its importance; Dr. lipshultz 
has pointed out some of the specifics in terms of the timing, 
training of the technicians, use of automated machinery for counting 
(particularly on specimens that have higher sperm density), etc. 

Cytology studies provide one of the more stable indexes of 
seminal fluid analysis. I can only reemphasize what Dr. Macleod has 
already stressed concerning this important predictor and the value 
of cytological determinations. 

FERTILITY lEVEL 

Establishing a fertility level for sperm count and seminal 
fluid content is the second problem. During the last decade, there 
has been an increased awareness that counts below 40 million/ml or 
even under 20 million can result in pregnancy, depending upon the 
statistical time period of exposure. 

Indeed, in tests on some series of infertile couples, pregnancy 
rates as high as 18% to 35% have occurred with sperm density values 
under 20 million/ml. So this apparent inconsistency becomes a very 
important point and must be taken into consideration as the status 
of either patients or, in this case, subjects exposed to potential 
toxins is evaluated. 

NORMALITY 

The question of what is normal may be the most vital point being 
discussed. Clearly, what is normal depends on how the patients are 
selected, the demographic constituents of the population, various 
technological factors, etc. The most important point for the moment 
is that the range of sperm density is so great that it encompasses 
areas that would not otherwise have been considered normal. When 
trying to identify infertility, the word normal should be put within 
quotation marks. 

Table 1, from an article by R. J. Sherins et al.,l indicates 
that there are a number of indices that should be used, including 
cytology (referred to here as the number or percentage of oval 
forms); motility; seminal fluid volume; and sperm density (listed 
here as sperm concentration). 

These arbitrary designations demonstrate the diffi~ulties of 
trying to assign titles to these groupings; good, equivocal, and 
poor are perhaps just as useful as normal/abnormal or fertile/ 
infertile. These kinds of indexes can be used to group patients in 
terms of concentration (over 20, 10 to 20, or under 10 million/ml) 
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Table 1. Boundaries of semen parameters constructed from fre­
quency distributions and fraction of all men in each 
category.*+ 

Total Sperm Quality 
sperm conc. , of 

category, mi 11 i ons/ Vo 1 ume, Motility, mot i 1 ity, Oval, 
Category millions ml ml % 0-4 % 

Good >60 >20 >2.0 >60 >3.0 >60 
42/119 45/119 77/119 11/93 22/93 44/95 

Equivocal 40-59.9 10-19.9 1-1. 9 40-59.9 2.5-2.9 40-59.9 
10/119 22/119 37/119 40/93 36/93 21/95 

Poor 0-39.9 0-9.9 0-0.9 0-39.9 0-2.4 0-39.9 
67/119 52/119 5/119 42/93 35/93 30/95 

*Classification based on mean of all visits. 
+Reprinted with permission of Raven Press, New York; reference 1 

p. 475. 

to try to determine what the incidence might be of pregnancy or 
failure to become pregnant in a given population of patients. Table 
2 shows the tremendous amount of overlap in these groups. 

Table 2 demonstrates that when a sperm count of 40 million per 
total ejaculate or 10 mil 1 ion/ml is used as the upper limit of the 
"poor" category, only 58% of men who have been shown to be infertile 
over a long period of time fall into this category. Conversely, 
only 76% of men demonstrated to be fertile fall into a category 
having a sperm density over 20 million/ml. These figures alone, 
discounting all the other very important observations on cytology, 
motility, etc., show the enormous difficulty of extrapolating 
fertility in a given patient, as well as establishing norms for a 
wider population. 

HOWARD NANKIN 

I would like to review our experience over 8 years at the 
University of Pittsburgh using the endocrine evaluation of infertile 
men. We began doing detailed endocrine evaluations in 1969, 
including Circulating levels of luteinizing hormone (LH), follicle 
stimulating hormone (FSH), testosterone, estrogens, and more 
recently, prolactin. 
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Table 2. Comparison of percent fertile and infertile men who fall 
within a specified boundary.* 

Percent Percent 
i nf ert il e fertil e 

Seminal Lower men falling Upper men falling 
fluid, boundary, below lower boundary, above upper 
parameter poor boundary good boundary 

Density 
Total/ejacul ate <40 mi 11 ion 75% >60 mi 11 ion 80% 
Count/ml <10 mi 11 ion 58 >20 mi 11 ion 76 

Vol ume/ml <1.0 5 >2.0 73 
Motil e, % <40 58 >60 20 

Quality, 0-4 <2.5 53 >3 43 
Oval, % <40 44 >60 80 

*Reprinted with permission of Raven Press, New York; ref. 1, p. 481. 

Infertility is quite common in the American population and around 
the world. Perhaps 10% to 15% of all married couples are infertile. 
About 85% of all couples conceive after 12 months, and within the 

next 12 months, perhaps another 4% or 5% will conceive without any 
medical intervention. The usual criterion for determining infer­
tility is that a couple, without any medical advice, does not 
conceive after 24 months of trying. Practically speaking, if the 
couple is infertile after 1 year of trying, they probably will not 
conceive. The husband or the wife is about equally responsible for 
infertility, and in one-third of couples, both are responsible. 

PHYSICAL EXAMINATION 

Men are given a very detailed physical examination to determine 
reproductive status. Measuring the testicular size is quite impor­
tant. Palpating for the epididymis is also important. Some men with 
azoospermia have either congenital absence of the epididymides or 
the vasa deferentia, which connect the testicles to the ejaculatory 
ducts. Some men have fibrosis or thickening of the epididymides. 

A rectal examination should be performed, looking for 
prostatitis and inflammation of the seminal vesicles. Transient and 
almost complete interference with ejaculation of sperm can occur if 
there is inflammation of the seminal vesicles. 

For evaluation, our patients were divided into several groups. 
One group consisted of men with structural defects, i.e., men who 
had something wrong with the apparatus connecting the testes to the 
ejaculatory ducts. The second group included subjects with various 
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atypical abnormalities of lymphocyte chromosomes. These men 
appeared to be normal in the physical examination parameters. 

Another group was divided by the presence of varicoceles. The 
patients in whom we could find no abnormalities were put into an idio­
pathic group and subseparated into groups of men with sperm counts 
betweem 5 to 40 million/ml; with counts less than 5 million/ml; and 
totally azoospermic, i.e., men with idiopathic azoospermia. 

RELATIONSHIP OF ENDOCRINE EVALUATORS TO SPERM LEVELS 

Our data are not based on a single blood specimen. From each 
individual, we used three or four specimens, drawn at a particular 
time of day, that were then averaged. We tested normals throughout 
the control study to try to prevent minor differences in the 
technique that might occur from year to year. 

Follicle Stimulating Hormone 

I can only compliment earlier speakers who talked about the dif­
ficulty of using FSH as an indicator. We found that the average FSH 
in normal men {i.e., a sperm count over 40 million/ml) was about 178 
nanograms/ml; in men who had counts between 5 and 40 million, there 
was only about a 35% increase in FSH levels. Between the normal and 
the men with less than 5 million sperm, there was a doubling of mean 
FSH with some overlap of the normal range of FSH levels. In men with 
a total absence of sperm, the average FSH level was three times the 
average found in normal men. Men with varicoceles in the scrotum had 
high FSH values (mean = 324 ng/ml, p <0.001), and men with chromo­
somal abnormalities also had increased FSH (259 ng/ml, p <0.05).2 

Luteinizing Hormone 

Luteinizing hormone (LH) was a difficult problem in that there 
was a tremendous overlap between the normal and the low sperm count 
population, except for the men with idiopathic azoospermia and men 
with varicoceles. With idiopathic azoospermia, the LH levels were 
significantly elevated (64 vs. 87 ng/ml, p <0.025). Men with 
varicoceles also had high LH concentrations (79 ng/ml, p <0.05). 

Testosterone 

Testosterone was even more complicated because although we could 
show a progressive decrease of mean testosterone corresponding to a 
reduction in sperm count, neither the men who had the mild lowering 
of sperm count, nor the men who had a moderate lowering of sperm 
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count, nor the men who had total absence of sperm were statistically 
lower than normal. In each of these groups, however, we could find 
men who were definitely subnormal in regard to testosterone, and 
there were probably more subgroups than these. 

Prolactin 

On screening frozen serum specimens from some 60 infertile men, 
three had elevated prolactin. One man who returned for a workup had 
a pituitary tumor, and surgery is planned. Treatment of high 
prolactin has resulted in conception in previously infertile couples. 

Other Indicators 

If you are in the process of planning this type of workup and are 
considering how to approach these patients, it is important that you try 
to identify other kinds of problems these patients might have. Exclude 
men with chromosome disorders, varicoceles, structural problems, and in­
flamed prostates or seminal vesicles and try to come up with a group 
that would only be related to the chemical in question. If you are 
going to screen for sperm count alone and not do these other evalua­
tions, you may be skewing the pattern one way or the other. The best 
estimate of reproduction function would then include semen analysis and 
gonadotropin production. Perhaps a more sensitive indicator of gonado­
tropin production would be measuring excretions in the urine rather 
than a level in blood. Since 24-hour urine samples are complicated 
and tedious to collect, perhaps a first-morning specimen, where the ex­
cretion of gonadotropin can be related to the secretion of creatinine, 
may be a way to get around the tedious task of collecting 24-hour urine 
samples. This has been found to be helpful in evaluating youngsters 
who have delayed or abnormal sexual development. In boys and girls who 
have very low titers of gonadotropin before puberty, it is difficult to 
distinguish those who are abnormally low from those who are low normal. 
This problem was solved by collecting urine specimens; the discrimina­
tion is much easier and much better. You may find taking a urine 
specimen is a better screening technique than taking a blood sample. 
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MUTAGENICITY OF DBCP 

Arlene Blum* 

BACKGROUND 

Before addressing the mutagenicity of DBCP, I would like to 
tell you about the Ames test--a simple bacterial screening test 
for chemicals that cause mutations and are likely to cause cancer. 

The Ames test ascertains whether a chemical causes mutations 
in bacterial DNA. If it does, the hypothesis is that it would 
also interact with DNA from other species--from animals and 
humans. There is a theory that chemicals that cause mutations 
also cause cancer. This theory has not been proven, but there is 
a fair amount of evidence and one of the convincing pieces is the 
Ames test itself. If 200 chemicals known to cause cancer in 
animals and humans are tested, about 90% of these will cause 
mutations in bacteria and about 10% wonlt. About 10% are false 
negatives. These 10% are in certain classes of compounds, like 
chlorinated organic molecules, that donlt seem to work in the Ames 
test. 

If, using the Ames test, several hundred chemicals that do not 
cause cancer are tested to see whether they cause mutations in 
bacteria, about 10% of these chemicals will be shown to cause 
mutations--or about 10% false positives. In several cases, this 
false positive result has turned out not to be a false positive 
because somebody did the cancer tests more carefully and 
determined that the chemical was, indeed, a carcinogen in animals. 

The Ames test has been used to identify chemicals on which 
cancer tests were not done that should have been done--chemicals 
that were later found to cause cancer in animals. Examples of 
this are tris ((2,3-dibromo-propyl)phosphate)) and hair dyes. 
Tris, the flame retardant used in children1s sleepwear, was shown 
first to be a mutagen in the Ames test and then, to be a 
carcinogen in animals. Hair dyes were shown to be mutagenic 
several years ago; recent results are showing that hair dye 
components are carcinogenic in animals. 

*Ph.D., University of California at Berkeley, Berkeley, 
California. 
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THE AMES TEST 

An animal cancer test requires several years and several hundred 
thousand dollars. The Ames test requires about 2 days and several 
hundred dollars. It is a rapid, inexpensive way to get a 
preliminary answer. 

The tests are done with a strain of salmonella bacteria that 
requires histidine to grow. In the absence of added histidine, they 
will not grow; a mutation in the gene of these bacteria requires 
histidine for their growth. If these bacteria are plated in a 
medium that does not contain histidine, a very few (perhaps 20 or 
30) bacteria out of the many millions that are on the plate will 
have a spontaneous reversion--a spontaneous mutation--to the normal 
state so that these few bacteria can grow without added histidine in 
the medium. 

If a mutagenic agent is added to the bacteria, there will be a 
great many more mutations that will allow the bacteria to grow 
without added histidine. Each bacterium that can grow will 
eventually form a colony. This colony can be seen on the plate, and 
by counting the number of colonies, you can estimate whether this 
particular chemical has caused an increase in revertants--whether it 
is a mutagen. Just adding a chemical to the bacteria gives a 
measure of the extent to which the chemical causes mutations. 

For example, strain TA 100 will have about 120 spontaneous 
revertants. If a few micrograms of tris, the children's sleepwear 
additive, are added to the plate, there are at least a thousand 
revertant colonies. Based on this increase, tris can be considered 
a mutagen. • 

When I was studying tris, I became interested in DBCP because 
DBCP is an impurity in tris. They are fairly similar in that both 
chemicals are mutagens, both are animal carcinogens, and, at similar 
doses, both cause testicular atrophy in animals. 

Figure 1 illustrates the dose response of the mutagenicity of 
tris and four impurities of tris, including DBCP. Tris can be seen 
to be a more potent mutagen than is DBCP. Along the abscissa is the 
number of micrograms of compound per plate; along the ordinant is 
the number of revertants per plate. When more chemical is added, 
there are more colonies of bacteria. 

CARCINOGENIC POTENCY 

In Bruce Ames' laboratory (where I work), scales of carcinogenic 
and mutagenic potency are being established. There is a very large 
range, a million-fold range, of carcinogenic potency. Aflatoxin 
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Dose response curves for mutagenicity of 
five compounds. (Reprinted by permission 
of Science, 195(4273):19, January 7, 1977.) 

B-1, found in moldy peanuts, is one of the most potent known 
carcinogens. Saccharin and trichloroethylene are low on the potency 
scale. The relative carcinogenic potency of DBCP can be compared 
with some other chemicals. 

For DBCP, a daily dose of about 1 mg will give half the animals 
cancer when administered over a lifetime. 1 This number was 
calculated based on extrapolation from the 1973 NCI study.2 

COMPARATIVE CARCINOGENICITY 

The life-time dose of DBCP that will give cancer to one half the 
animals can be roughly compared with the dose to which workers at 
the Occidental Chemical Company were being exposed. These workers 
were exposed to between 0.3 and 0.6 ppm in the air; it doesn't 
include skin exposure. Using 0.3 as the exposure level, it can be 
calculated that workers were exposed to about 0.4 mg/kg per working 
day. 
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Because they probably did not retain that amount, the dose they 
actually received was less than that. It is also possible that 
there was some additional exposure through skin absorption. Even 
with these very rough estimates, the amount workers were exposed to 
is in the same range as the dose that gave the animals cancer. I 
don't think, however, that more than that can be said. 

RELATED CHEMICALS 

The structure of a few, very closely related brominated 
chemicals should be of concern to us (Figure 2). The structure of 
tris(2,3-dibromopropyl)phosphate is similar to that of DBCP. Tris, 
the flame retardant that until recently was something like 5% to 10% 
of the actual weight of most children's sleepwear, was padded onto 
the fabric. It could be absorbed through the skin. The tris 
metabolite 2,3-dibromo proponal was found in the urine of children 
wearing tris-treated sleepwear--even wearing sleepwear that had been 
well washed. Tris and DBCP is now known to cause testicular atrophy 
in animals at similar doses. 

Tris(2,3- dibromopropyl )phosphate 

CH2 Br 
I 

CH 2 Br 

Ethylene dibromide 

CH 2 Br 
I 

CHBr 
I 

CH20H 

2,3-Dibromo­
proponol 

CH2 Br 
I 

CHBr 
I 

CH 2 CI 

1,2-Dibromo-3-
ch loropropane 

Methyl bromide 

Figure 2. Chemical structure of some related brominated chemicals. 
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Ethylene dibromide, a fumigant, is another chemical (Figure 2) 
known to cause reproductive abnormalities. Brominated vegetable 
oils (vegetable oils where the double bonds have been brominated) 
are used as food additives in soft drinks. Brominated vegetable 
oils are also known to cause testicular atrophy in animals. 

Methyl bromide, a widely used fumigant that has not been studied 
very much, is a mutagen. A cancer test has not yet been done on it, 
but one should be carried out. 
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OBCP ENVIRONMENTAL MONITORING 

Stephen Rappaport* 

In January 1977, one of my colleagues at the University of 
California, Dr. Spear, and I were asked by a pesticide formulating 
company (Occidental Chemical Company) to help them establish an 
industrial hygiene program. As part of our consulting activities, 
we looked through their product line and picked several technical 
ingredients that we wanted to sample to determine exposure levels. 
Fortuitously, OBCP happened to be one of the ingredients we chose. 
Before the recent discoveries about OBCP were made, we had taken two 
samplings of the air concentrations in and around the area where the 
ingredients were being formulated. 

The objective of a pesticide formulating operation is to take a 
chemical ingredient (in this case, OBCP) that is purchased from a 
manufacturer and mix it with other ingredients, such as 
emulsifiers, solvents, diluents, etc., to give the ultimate product 
the desired qualities. At the Occidental Chemical Company, the 
formulating occurred in a batch-type operation in a building that 
is actually semi-outdoors--open on all sides creating natural 
ventilation. OBCP was piped into a large tank, mostly in closed 
systems, the other ingredients were added, mixed, sampled for 
quality control, and then piped into a small adjacent area where 
the final product was metered into cans or drums. This was a 
relatively simple operation and only three or four people were 
involved: one actually did the formulating, that is, added the 
material to the big tank; and the others handled the drums, cans, 
or containers for the final product. 

Because it was a batch-type operation with workers constantly 
moving in and around the area, it was difficult to get a true 
picture of what an integrated exposure, per se, would be in this 
facility. We used the method recommended by NIOSH for sampling 
solvent vapors in air, i.e., samples were drawn through small glass 
tubes containing 150 mg of activated charcoal, which absorbed the 
vapor from the air. The samples were then taken to the laboratory 
and placed in small glass vials and to which 2 ml portions of 
benzene were added. The benzene eluted the OBCP from the charcoal, 

*Ph.D., University of California, Berkeley, California. 
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and an aliquot of that was injected into a gas chromatograph 
equipped with an electron-capture detector. 

Table 1 shows the results from the first day of sampling. On 
this day, three people were involved with the operation: a 
formulator and two people piping the material into the cans. The 
formulator was employed through most of the 8-hour shift in some 
capacity around the area. The other two people spent only a 
relatively short time in the area, and the exposure data on these 
two individuals reflect only that time. 

Tab1 e 1. Air concentrations of OBCP in pesticide formulating plant 
facility on first date of testing (May 5, 1977). 

Sample Sampl e Amount Air 
duration, volume, found, * concentration TWA, 

Operator hour 1 iter llg {mg7m3) (ppm~ ppm 

Formul ator 1.08 6.62 16.2 2.4 0.25 0.35 
0.50 3.08 10.5 3.4 0.35 
1. 98 12.3 23.3 1.9 0.20 
1. 83 11.1 61.2 5.5 0.57 

Canner #1 1. 50 9.27 23.6 2.5 0.26 0.38 
0.60 3.70 .23.6 6.4 0.66 
0.70 6.74 26.8 4.0 0.41 

Canner #2 1. 42 11.4 14.0 1.2 0.13 0.43 
0.75 3.66 35.4 9.7 1.0 

*Incorporates desorption efficiency factors of 74% (0.4 to 20 119) or 
85% (>20 119). 

On this first sampling day, May 5, 1977, the time-weighted average 
(TWA) air concentrations were in the neighborhood of 0.3 to 0.4 ppm. 
The environmental conditions were relatively cool and windy; the temper­
ature was 65 F at noon; and the wind velocity greater that 400 ft/min. 

On the second sampling day, July 26, 1977, the atmospheric condi­
tions were completely different: the temperature was 95 F at noon and 
the wind velocity was less than 100 ft/min. We suspected that because 
of the relatively low vapor pressure of OBCP we would find higher air 
concentrations on the second sampling date since both temperature and 
wind velocity would tend to favor more volatilization and residence of 
the vapor in the immediate area. The TWA concentrations for the three 
people employed on this date were, however, very similar to those on 
the the first date: about 0.3 to 0.4 ppm (Table 2). Because the 
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workers were wearing respiratory protection on this second day, concen­
trations are an indication of what the exposures would have been with­
out respiratory protection and not what the individual was breathing. 

Table 2. Air concentrations in pesticide formulating plant on the 
second day of testing ( May 5, 1977). 

Sampl e Sampl e Amount Air 
Operator, duration, volume, found, * concentration TWA, 
1 ocati on hour 1 iter ].1g (mg/m3) (ppm) ppm 

Formul ator 3.33 12.2 58.4 4.8 0.50 0.38 
1. 20 4.45 7.83 1.8 0.18 
2.38 4.99 14.3 2.9 0.30 

Canner #1 3.35 12.0 59.1 4.9 0.51 0.42 
1.45 5.40 12.1 2.2 0.23 
2.33 4.65 19.2 4.1 0.43 

Canner #2 3.38 11.8 43.2 3.7 0.38 0.29 
1. 52 5.28 6.70 1.3 0.13 
2.33 4.38 10.5 2.4 0.25 

*Incorporates desorption efficiency factors of 74% (0.4 to 20 ].1g) or 
85% (>20 ].1g). 

We also collected several short-term (5-minute) samples around 
the area to get some idea of what the excursions above and below the 
TWA concentrations would be (Table 3). The highest concentration 
found at a 5-minute averaging time was about 3 ppm in samples 
collected in the breathing zone of the person at the console where 
the final product was being fed into cans. 

The numbers in these tables incorporate desorption efficiency 
factors; this is explained more fully in "Evaluation of a Coconut­
Shell--Charcoal Tube Method for 1,2-dibromochloropropane (OBCP) in 
Air" p. 77. Briefly, however, the OBCP is absorbed very strongly on 
the activated charcoal, and benzene does not completely elute the mat­
erial. We, therefore, ran several static tests to determine how effi­
ciently we could remove the material from the charcoal in our tubes 
and found efficiencies to be 74% to 85%, depending upon how much mate­
rial was absorbed. These desorption efficiencies are higher than 
those measured by NIOSH, indicating that each batch of charcoal must 
be tested. 

An electron-capture detector, which is specifically for use with 
electro-negative substances like halogens, provides a very sensitive 
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Table 3. Air concentrations of OBCP with a sample dura-
tion of 5 minutes and a sample volume of 4.75 
1 iters. 

Operator, Amount found,* Air concentration 
location 119 mg7m3 ppm 

Cann i ng 142 30 3.1 
146 31 3.2 
16.9 3.6 0.37 
19.5 4.1 0.42 

Formul at i ng 32.5 6.8 0.71 
pl atform 15.5 3.3 0.34 

26.9 5.7 0.59 

Across room 2.52 0.53 0.05 
from canning 1.45 0.30 0.03 

At door 13.9 2.9 0.30 
3.14 0.66 0.07 

*Incorporates desorption efficiency factors of 74% (0.4 to 
20 119) or 85% (>20 119). 

procedure for monitoring OBCP and related compounds in the 
workplace. We found that we could routinely quantitate as little as 
10 picograms (pg) of OBCP (1 pg = 10-12 gram, or a thousandth of a 
nanogram (ng)), which was well above the detection limit. If we had 
a sampler capable of efficiently collecting very small amounts of 
OBCP, we could, with a 5-liter air sample (about the smallest amount 
one would ever collect in practice), have a quantitation limit for 
an air concentration of about 1/200 ppb. 
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EVALUATION OF A COCONUT-SHELL CHARCOAL TUBE METHOD FOR 

1,2-DIBROMO-3-CHLOROPROPANE (DBCP) IN AIR* 

Samuel P. Tucker+ 

INTRODUCTION 

The purpose of the work was to develop a solid sorbent method 
for sampling and analyzing 1,2-dibromo-3-chloropropane (DBCP) in air 
at the OSHA standard. 

The emergency temporary OSHA standard for DBCP was set at 10 ppb 
(0.097 mg/m3) as an 8-hour time-wejghted average with a ceiling 
concentration of 50 ppb (0.48 mg/m3 ) during any 15-minute period. 
(See Federal Register, Vol. 42, No. 175, September 9, 1977, pp. 
45536-45549.) 

The proposed permanent OSHA standard was set at 1 ppb (0.0097 
mg/m3) as an 8-hour time-weighted ayerage with a ceiling 
concentration of 10 ppb (0.097 mg/m3 ) during any 15-minute 
period. (See Federal Register, Vol. 42, No. 210, November 1, 1977, 
pp. 57266-57283.) 

The principle of the method evaluated was that air is sampled 
with a tube containing coconut-shell charcoal; the DBCP collected is 
desorbed with benzene or toluene; the sample is analyzed by gas 
chromatography using an electron-capture detector. 

A solid sorbent tube for taking air samples was selected because 
it is convenient to handle and ship. Coconut-shell charcoal was 
selected as the first solid sorbent to be investigated in the 
laboratory because: 

-- Various laboratories had been using coconut-shell charcoal as 
a solid sorbent for DBCP in air. 

*Shortly after Dr. Tucker's original remarks were presented at the 
Conference, the results of the completed methodology study indicated 
poor recoveries of DBCP. This paper, therefore, updates his 
original presentation. 
+Ph.D., National Institute for Occupational Safety and Health, 
Cincinnati, Ohio. 
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Coconut-shell charcoal tubes are commercially available for 
wide distribution. 
Coconut-shell charcoal is the most widely used charcoal for 
the collection of a variety of organic vapors. The vast 
majority of NIOSH methods involving charcoal tubes specify 
coconut-shell charcoal. 

EXPERIMENTAL 

Reagents and Equipment 

1,2-Dibromo-3-chloropropane (ca. 97% pure by GC analysis) was 
obtained from Pfaltz and Bauer, Inc., and from Dow Chemical Company 
under a different name, Fumazone F. Benzene and toluene, IIDistilled 
in Glass,1I were obtained from Burdick and Jackson Laboratories, Inc. 

The 100-mg/SO-mg, two-section charcoal tubes were Lot 106 
organic vapor tubes obtained from SKC, Inc., Eighty Four, 
Pennsylvania. The charcoal used in the desorption efficiency 
experiments was taken from tubes of this type. 

. The gas chromatograph was a Hewlett-Packard Model S710A equipped 
wlth a 63Ni electron-capture detector. The 1.8-meter X 2-mm i.d. 
glass column was packed with 20% SP-2100/0.1% Carbowax lSOO on 
100/120 Supelcoport. The analyses were run isothermally at l300C 
with the nitrogen carrier gas flow set at 30 mL/min. 

The controlled atmospheres of DBCP were based on the vapor 
pressure of DBCP and were generated by passing air over neat DBCP 
maintained at ca. 30oC. Excess DBCP condensing from the air 
stream inside a condenser indicated the effluent air was saturated 
with DBCP vapor. Dilution with additional air at this stage 
produced concentrations in the low parts-per-million range. An 
additional dilution stage produced concentrations in the low 
parts-per-billion range. Water vapor was introduced during the 
final dilution stage. The sampling manifold was a glass cylinder 
bearing five sampling ports in a row on the side and a sixth port at 
one end of the cylinder. The pressure of the atmospheres was 
maintained at 0.2 to O.S inch of water above atmospheric pressure. 

Procedure 

Analytical procedure tested--

The DBCP is desorbed from the charcoal samples by treatment 
of the samples with 10-mL quantities of either benzene or 
toluene in volumetric flasks for at least 1 hour with 
occasional agitation. 
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The solutions are analyzed by injecting 5-~L aliquots into 
the gas chromatograph to determine whether the concentrations 
are within the calibration range. 
Those solutions with concentrations above the calibration 
range of the gas chromatograph are diluted to concentrations 
near 50 pg/5 ~L. 
The sample solutions are analyzed with external standards. 
The quantities of OSCP per injection are measured by com­
paring peak heights of samples with those of the standards. 

Oetermination of calibration curve--

The calibration curve was determined by using both benzene and 
toluene standards at concentrations ranging from less than 1 pg OSCP 
per 5-~L of solution to 200 pg OSCP per 5-~L of solution. 

Oesorption efficiency study--

Various quantities (48, 24, 5, 0.5, and 0.05 ~g) of OSCP in 
hexane solution were added to 100-mg portions of charcoal. 
Six portions of charcoal were treated in this manner at each 
1 eve 1. 
Corresponding standards were prepared by adding the same 
quantities of OSCP to 10 mL of benzene. 
The samples were stored for ca. 17 hours at room temperature 
in airtight vials to ensure complete adsorption onto the 
charcoa 1. 
The OSCP was desorbed with 10-mL quantities of benzene. The 
contact time with the solvent was at least 1 hour. 
The samples were analyzed with the standards in pairs. All 
solutions except those involving the 0.05-~g quantities 
required dilution to the calibration range of the gas 
chromatograph. 
The desorption efficiency was calculated by dividing the 
quantity of OSCP in the sample solution by that quantity in 
the standard. 
The study was repeated with toluene as the desorbing solvent 
at the 5- and 0.5-~g levels. 

Storage study--

The storage study was similar to the desorption efficiency study 
except that additional storage time was allowed. Once the samples 
had been stored for ca. 17 hours at room temperature to ensure 
complete adsorption onto the charcoal, storage was continued for an 
additional 7 days at room temperature and also at -28oC. Only the 
5- and 24-~g levels were examined in the storage study. 
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Breakthrough study--

The breakthrough study was performed to determine the capacity 
of the front section of the charcoal tube for OBCP at ca. 6 ppm at 
80% relative humidity. The atmosphere of OBCP entered the charcoal 
tubes from which the back sections had been removed. The effluents 
from the charcoal tubes were monitored by a total hydrocarbon 
analyzer using flame ionization detection. 

Air sampling experiments--

Air samples were taken with 2 to 6 charcoal tubes connected to 
the manifold. In most sets of experiments, a check on the air 
concentrations was made by taking samples with bubblers of toluene 
linked in series and analyzing the resulting solutions. 

The limited number of sampling ports on the manifold precluded 
sampling with bubblers while six charcoal tubes were engaged. Thus, 
in earlier experiments, the sampling with bubblers was begun 
generally within 10 minutes after completion of sampling by charcoal 
tubes. In later experiments, fewer charcoal tubes were used at a 
time and bubbler and charcoal tube samples were taken simultaneously 
as a closer check on the air concentrations. The relative humidity 
was 28% to 30% in one set of experiments and was 80% in all other 
experiments. Two sampling rates were employed: 1 and 0.2 L/min; 
critical orifices were placed in line behind the charcoal tubes and 
trains of bubblers to control the flow. 

For each of two storage studies, the limited number of sampling 
ports on the manifold required the design of experiments in which 
randomly selected charcoal samples stored at -280 for 7 days could 
be compared with replicate samples analyzed immediately. In each 
experiment, 18 samples were taken during these sampling periods with 
6 samples in a set per period. Two samples were selected randomly 
from each set and analyzed immediately. Other charcoal samples were 
stored at -280C for later analysis. These experiments were 
performed in this manner to eliminate the possibility of apparent 
losses of OSCP during storage due to slight variations in air 
concentrations from period to period. The two experiments were 
performed at different concentrations. 

RESULTS 

Oetermination of Calibration Curve 

Figure 1 presents a calibration curve for a series of toluene 
solutions in the range of 5 to 200 pg of OSCP per 5 ~L of 
solution. Under the gas chromatographic conditions employed, the 
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Figure 1. Calibration curve for toluene 
so 1 uti on. 

retention time of DBCP was ca. 3.8 minutes. The detection limit for 
DBCP was ca. 0.25 pg. The relative standard deviation of measure­
ment of DBCP was 0.054, 0.038, and 0.01 at the 1-, 5-, and 10-pg 
levels, respectively. 

Desorption Efficiency Study 

The desorption efficiency (DE) study results are given in Table 
1. Each DE value is a mean of six values. The relative standard 
deviation of measurement ranged from 0.030 to 0.067 at these levels. 

Table 1. Desorption efficiency study. 

Leve 1, DE DE 
119 Benzene Toluene 

48 0.908 
24 0.929 
5 0.843 0.878 
0.5 0.788 0.789 
0.05 0.591 
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Storage Study 

Storage study results at the 5- and 24-~g levels are given in 
Figure 2. Each value is a mean of six values, and 95% confidence 
limits are indicated for each level. 
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Figure 2. Results of storage study. 

Breakthrough Study 

8 

Breakthrough (Table 2) occurred only after more than 359 liters 
of air had passed through the tube. Thus, the capacity of the 
100-mg section of charcoal at ca. 6 ppm of OBCP at 80% relative 
humidity was greater than 21 mg. 

Table 2. Breakthrough study. 

Flow Sampl e Break-
Tube rates, volumes, through 
no. mL/min 1 iters detected 

1 208 62.4 No 
2 909 359 No 
3 909 975 Yes 
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Air Sampling Experiments 

Results of air sampling experiments are given in Table 3. The 
sampling rate in most experiments was 1 Llmin, but in later 
experiments it was reduced to 0.2 L/min. The reduction in the rate 
decreased the amount of turbulence in the bubblers of toluene and 
substantially reduced the possibility of washover from one bubbler 
to another in a series. Even with the reduction in sampling rate, 
however, OBCP generally was found in each bubbler in a series. The 
back sections of more than 25 charcoal tubes were analyzed. 
Generally, the OBCP found, if any, was less than 0.02 ~g. In one 
case in which a large interfering peak obscured a possible peak due 
to OBCP, reanalysis was not attempted. This interfering peak was a 
late eluter from a previous injection. 

Table 3. Air Sampling Experiments. a 

Sam- Sampl e Mean quan- Mean concen-
Experi - pling vo 1 ume, tity of OBCP tration of 
ment method 1 i ters found, ~gb OBCP, ppbb nC RSOd 

lAe charcoal 220 6.27 2.95 6 0.401 
lBe charcoal 220 4. 15 1. 95 6 0.431 

2Ae charcoal 220 47.4 22.3 6 0.0885 
2Bf bubb 1 ers 5 4.84 100 1 
2ce charcoa 1 220 46. 1 21.6 6 0.0834 

3A charcoal 200 l. 76 0.91 6 0.316 
389 bubblers 8 l. 98 25.7 3 1.05 

4A charcoa 1 200 l. 25 0.65 6 o. 172 
4B9 bubblers 8 l.27 16.5 3 o. 188 

5A charcoa 1 25 1. 12 4.65 6 o. 141 
5B9 bubblers 8 1. 10 14.2 3 0.408 

6Ah charcoal 78 0.42 0.56 2 l. 21 
6Bh charcoal 20 <0. 14 <0.71 3 >0.955 
6Ch charcoa 1 20 0.90 4.67 3 0.243 
60h bubblers 12 2.09 18. 1 3 0.364 

7A i ,j charcoa 1 0.6 4. 10 707 2 0.0340 
7Bi ,j bubblers 0.6 o. 15 25.7 1 

8Ai charcoal 25 5.30 22.0 2 0.0419 
8Bi bubb 1 ers 25 4.25 17.6 2 0.297 
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a. The sampling rate in experiments 1 through 5 and 6C was 
L/min;in all other experiments, it was 0.2 L/min. The 
relative humidity in all experiments was 80% except in 
experiments 3A and 3B when it was 28% to 30%. 

b. The quantities and concentrations of DBCP determined by the 
charcoal tube method are uncorrected for desorption 
efficiency. 

c. The symbol n refers to the number of air samples taken 
simultaneously within an experiment. In the case of the 
bubblers of toluene, n refers to the number of trains of 
bubblers, each train consisting of three bubblers. 

d. RSD is the relative standard deviation of the mean 
concentration of DBCP. 

e. These experiments were the storage experiments described in 
the Air Sampling Experiment section of Procedure. The 
charcoal samples in experiments lB and 2C were stored at 
-28oc for 7 days before analysis. 

f. Sampling with bubblers in experiment 2B began before 
sampling by all of the charcoal tubes was completed. 
(Because of slightly different sampling rates, sampling times 
for different charcoal tubes varied slightly, and one of the 
first sampling ports that became available was connected to 
the train of bubblers.) 

g. The initial times of sampling by these bubblers were within 
10 minutes after sampling periods with charcoal tubes were 
complete. 

h. Sampling with charcoal tubes in experiment 6A took place 
over a 6.5-hour period. Within this period, sampling for 
experiments 68, 6C, and 60 was performed in separate 
intervals. 

i. Bubbler and charcoal tube samples were taken simultaneously 
in these experiments. The bubbler trains and the charcoal 
tubes were connected to alternate sampling ports on the 
manifold. 

j. The actual concentration of DBCP was intended to be near 
1000 ppb as the additional dilution stage had been omitted 
from the generation system. 

DISCUSSION 

The results of all experiments before the air sampling 
experiments suggested the feasibility of a method for determining 
DBCP in air in the low parts-per-billion range using the 
coconut-shell charcoal tube. These results indicated that such a 
method would have two limitations: 

storage times greater than 1 day would require refrig­
eration of the samples, and 
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rather long sampling times would be required. The quantity 
of OBCP collected must be large enough to permit a 
satisfactory desorption efficiency, i.e., at least 80%. 
Based on the desorption efficiency study alone, this quantity 
would be ca. 1 ~g or more. At the l-ppb level, for 
example, sampling for 4 hours at 1 L/min would mean the 
collection of 2.3 ~g of OBCP. 

On the basis of generally poor precision and low recoveries, 
however, the results of the air sampling experiments indicated that 
the charcoal tube method involving coconut-shell charcoal is 
unreliable for determining OBCP at low parts-per-billion levels, at 
least when toluene is the solvent used for desorbing the charcoal 
samples. 

In most charcoal tube experiments listed in Table 3, the 
precision of measurement was poor; the relative standard deviation 
in most cases was greater than 0.14. Comparison of the mean 
concentrations found in experiments lA and lB suggested a loss of 
OBCP during storage. Application of the pooled t test at the 95% 
confidence level indicated, however, the two concentrations were not 
significantly different. 

The concentrations of OBCP determined by the charcoal tube 
method usually were much lower than the concentrations determined by 
the method involving bubblers of toluene. Since OBCP was generally 
found in all three bubblers in a series, it is assumed that some 
OBCP passing into the third bubbler was not trapped and the 
calculated concentrations based on the bubbler method were lower 
than the true concentrations. Thus, the generally low results based 
on the charcoal tube method appear to be real. The reasonable 
agreement between the calculated concentrations based on the 
charcoal tube and bubbler methods in experiments 8A and 8B (22.0 and 
17.6 ppb, respectively) is not representative of the majority of the 
results of air sampling. No explanation is offered for the 
anomalously low result of 25.7 ppb from the bubbler method in 
experiment 7B. 

Three experiments involving air samples failed to improve 
noticeably the total recovery of OBCP from charcoal. In one 
experiment, most of the 10 mL of toluene used for desorption of OBCP 
from one charcoal sample in experiment 2C was decanted and replaced 
with acetone for a second desorption attempt. 

In a similar experiment, isopropanol was used. Although there 
was no evidence that either acetone or isopropanol would be superior 
to toluene in desorbing OBCP, desorption attempts with these sol­
vents appeared worthwhile because these solvents are miscible with 
water. Air sampling in the humid atmosphere caused many of the char­
coal particles to cling to the glass surfaces of the volumetric 
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flasks when toluene was present. In a third experiment, two 
charcoal samples were treated with toluene in an ultrasonic bath. 

In spite of the poor precision frequently encountered in 
measurements involving both charcoal tubes and bubblers, the 
generally poor recoveries of DBCP from the charcoal in the air 
sampling experiments reflect two possibilities: 

reaction of a portion of the DBCP with one or more agents 
such as oxygen and the charcoal surface, and 
low desorption efficiencies when toluene is used as the 
desorbing solvent. 

In any case, it appears that the recoveries of DBCP from air 
samples involving coconut-shell charcoal were generally lower than 
those recoveries determined as a result of applying the same or 
similar quantities of DBCP in solutions of hexane to the charcoal. 

CONCLUSION 

The results of all work done before the extensive air sampling 
experiments suggested the feasibility of a method for DBCP in air in 
the low parts-per-billion range using the coconut-shell charcoal 
tube. The results of air sampling experiments with controlled 
atmospheres, however, showed that: 

the precision of measurement at low concentrations was 
generally poor, and 
the concentrations of DBCP determined by the charcoal tube 
method usually were much lower than the concentrations 
determined by the method involving bubblers of toluene. 

The results indicate that the coconut-shell--charcoal-tube 
method for determining DBCP at low levels is unreliable, at least 
when toluene is the solvent used for desorbing the charcoal samples. 
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DBCP RESPIRATORY PROTECTION 

Gene Kennedy* 

One of the main responsibilities of the Protective Equipment 
Section of NIOSH is to evaluate respiratory protection equipment and 
to present recommendations for standards to the Department of 
Labor. In this case, the use of respirators will probably be one of 
the major control measures for worker protection against DBCP since 
its production is being phased out in the United States. 

Warning properties are one of the major considerations when 
evaluating protection for DBCP and a number of other compounds. The 
joint NIOSH/OSHA Standards Completion Program Respirator Decision 
Logic1 summarizes this problem as follows: 

Warning properties relying upon human senses are not fool­
proof. However, they provide some indication to the employee of 
possible sorbent exhaustion or of poor facepiece fit or other 
respirator malfunction. Warning properties include odor, eye 
irritation and respiratory irritation. 

Adequate warning properties can be assumed when the substance 
odor, taste or irritation effects are detectable and persistent 
at concentrations latl or 'below ' the permissible exposure limit. 

If the odor or irritation threshold of a substance is many 
times greater than the permissible exposure, this sub­
stance should be considered to have poor warning properties. 

If the substance odor or irritation threshold is somewhat above 
the permissible exposure limit (not in excess of three times the 
limit) and there is no ceiling limit, consideration is given as 
to whether or not undetected exposure in this concentration range 
could cause serious or irreversible health effects. If not, the 
substance is considered to have adequate warning properties. 

I emphasize that the effects must be "persistent" because some 
compounds, such as hydrogen sulfide, generate olfactory fatigue and 
are not detectable after a certain exposure. 

*Ph.D., National Institute for Occupational Safety and Health, 
Cincinnati, Ohio. 
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Table 1 shows the procedure for deciding on respiratory 
protection for DBCP. First, you must assemble all the information 
that is available. The permissible exposure limit is 10 parts per 
billion (ppb). The warning properties must be considered poor 
because the odor, taste, and irritation effects occur at much 
greater levels than 10 ppb. The odor level is about 1.7 ppm; 
therefore, DBCP is not detectable by human senses below the 
permissible exposure limit. 

Table 1. Respirator decision logic for exposure to DBCP. 

Property/hazard 

Property: 

Permissible exposure 
limit 

Vapor press ure 
Vapor concentration 
Physical state 

Hazard: 

Warning properties 

Eye irritation 

Fl ammabl e 1 imit 

IDLHt 

Sorbent efficiency 

Skin absorption 

Measure­
ment 

10 ppb 
1 mm @ 21 C* 
1 ppm 
vapor 

*About 1000 ppm in saturated vapor. 
+Not available. 

Effect 

Poor 

Yes 

NA 

Good 

Yes 

tImmediately dangerous to life and health. 
-Self-contained breathing apparatus. 
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Use of respirators 

Do not recommend use 
of air purifying type. 

Use full facepiece 
only. 

If IDLH established, 
use positive-pressure 
SCBA- and combin­
ation positive-pres­
sure SCBA and suppli­
ed air respirator 
above this level. 

Use supplied-air suit. 



Next, we wanted to determine the allowed respirators by their 
use and type and the necessary protection factor. Protection factor 
refers to the multiple of the permissible exposure limit that the 
respirator is recommended for, with 10,000+ being considered the 
maximum protection factor available from many of the respiratory 
protectors on the market today. 

For entry and escape at unknown concentrations, a maximum 
protection factor is required. The only respirators that can be 
recommended for this use are (a) positive-pressure, self-contained 
breathing apparatuses (SCBA) and (b) combination positive-pressure, 
supplied-air respirators (SAR). This second type, referred to as 
airline respirators, requires the user to carry an egress bottle 
that permits breathing for approximately 5 to 10 minutes after 
disconnecting the normal air line. 

For fire-fighting, the necessary maximum protection factor, 
again 10,000+, is only afforded by positive-pressure SCBA. For 
escape, any SCBA or gas mask is sufficient. The use of the gas mask 
is dependent on sorbent efficiency, and in this case, the sorbent 
efficiency is quite good. Nevertheless, gas masks should only be 
used for escape purposes. 

The half-mask chemical cartridge respirators must be eliminated 
from consideration because of poor warning properties, the 
possibility of eye irritation, and the fact that effectiveness would 
depend upon administrative control, i.e., requirements to change 
respirators at set times. Full-facepiece chemical cartridge 
respirators would be eliminated for the same reasons. 

Combining all these data creates the recommended respirator 
table (Table 2). Respirators that are allowed in higher 
concentrations can be used at lower concentrations. 

We also conducted research on respirator cartridges, using those 
approved by NIOSH for pesticide use. Figure 1 is a schematic 
drawing of the apparatus for these tests. The air is brought in 
through a regulator (1), metered (3,4), and then sent through a 
humidification system kept at 50% or 80% humidity (5-11). Next, the 
air is metered by a valve (12) and bubbled through a flask (using a 
fritted gas bubbler) containing OBCP (13). The vapor-carrying air 
is then taken out of the flask and passed through a trap filled with 
glass-wool to remove any large droplets. The trap and flask are 
contained within a constant temperature bath. The vapor saturated 
air is then taken down to a three-way valve (14) where the flow can 
be diverted to a bypass line and up to the hood or downstream to the 
cartridge and then exhausted into the hood. The relative 
concentration was monitored by a flame ionization detector (21). We 
can monitor the relative concentration of either by-pass line, 
upstream or downstream from the cartridge. 
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Table 2. Respirator recommendations for DBCP. 

Concentration 

Up to 50 times 
the TLV* 

50-2000 times 
the TLV 

50-10,000 times 
the TLV 

Escape 

Permissible respiratory protection 

Any supplied-air respirator (SAR) with 
a full facepiece, helmet, or hood (30 
CFR 11.110(A)); or any self-contained 
breathing apparatus (SCBA) with a full 
facepiece (30 CFR 11.70 (A)). 

A Type-C SAR with a full facepiece 
operated in pressure-demand or other 
positive-pressure mode with a full 
facepiece, hood, or helmet operated in 
continuous-flow mode (30 CFR 11.110 (A). 

SCBA with a full facepiece operated in 
pressure demand or other positive­
pressure mode (30 CFR 11.70 (A)); or 
a combination respirator which includes 
a Type-C SAR with a full facepiece 
operated in pressure-demand or other 
positive-pressure or continuous-flow 
mode and an auxiliary SCBA operated in 
pressure-demand or positive-pressure 
mode (30 CFR 11.70 (B)). 

Any SCBA(30 CFR 11.70 (A)); or any gas 
mask providing protection "against or­
ganic vapors (30 CFR 11.90 (B)). 

*Threshold limit value; used here interchangably with 
permissible exposure limit. 

Table 3 presents the results of the work to date. These data 
are very sketchy now since it is not a complete study. We did not 
have all the duplication that we would have preferred for these 
cases, but the concentrations were very, very high--much higher than 
normally used. This occurred because we couldn't see breakthrough 
at lower concentrations. Also, because the workday is 8 hours, we 
ran fairly close to the end of the working day. 

We were interested in a 10% breakthrough area. This is the area 
where the respirator cartridge should be thrown away and respirator 
use ceased. In the first case, the test was ended at 290 minutes 
and a 1% breakthrough had not occured. 
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Table 3. Test results of studies on respirator cartridges, using a 
flow rate of 32 l/min. 

Cartri dge Charcoal Relative Concen- Breakthrough, Wheeler 
weights, humidity, tration, minutes prediction 

gram % ppm 1% 5% 10% minutes 

Willson 46.5 80 360 290* 473 
MSA 40.5 80 360 243 259 272 
412 
American 

Optical 39.0 80 370 237 257 266 385 
Ameri can 

Opti cal 39.0 80 380 278 296 309 375 
Wi 11 son 46.5 80 440 257 287 300 384 
MSA 40.5 80 550 198 215 225 265 

Norton 32.5 50 600 187 206+ 195 
Ameri can 

Optical 39.0 50 500 215 232 242 282 
Wi 11 son 46.5 50 400 290 315 325 424 
MSA 40.5 50 343 262 276 287 433 
Will son 46.5 50 320 220t 535 
Norton 32.5 50 60 133- 2244 

*Test terminated at 290 minutes. 
+Test termi nated at 5% breakthrough. 
tTest terminated at 220 mi nutes. 
-Test terminated at 133 mi nutes. 

The respirator sorbent efficiency was quite good for this compound. 
If the data were extrapolated down towards the permissible exposure 
limit, the life of the cartridge could possibly be extended weeks or 
even months. This is not recommended, however, because changes may 
occur within the cartridge, e.g., over a period of time while not in 
use, the vapor can distribute itself throughout the entire cartridge 
and establish an equilibrium situation. When the cartridge is used 
the second time, the respirator wearer could be exposed to OBCP on 
the first breath. There is some correlation between the weight of 
the charcoal and the breakthrough time, but all the cartridges 
apparently worked well. Two more cartridges are going to be tested: 
a Pulmosan cartridge and an MSA canister. 

REFERENCE 

1. Pritchard, J.A. 1976. A guide to industrial respiratory pro­
tection. OHEW (NIOSH) Publication No. 76-189. National Institute 
for Occupational Safety and Health, Cincinnati, Ohio. pp. 137-148. 
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DISCUSSION 

Question (Dr. Meyer, NIOSH): We have heard that we can measure 
DBCP in the environment and can protect workers with relatively 
good removal efficiency in terms of respiratory protection against 
DBCP, even with very substantial air concentrations. Many 
problems, however, still exist with the medical monitoring. 
Obviously, there are varied opinions. Our situation in the field 
is often a great deal different than that experienced in a 
laboratory setting. 

The first question is addressed to Dr. Macleod. What do you 
suggest we do in a situation where semen needs to be analyzed for 
motility, but because of logistical problems such as transport 
delays and time involved, a motility study cannot be done? How do 
we get the best possible data in these circumstances? 

Answer (Dr. Macleod, Cornell Medical College): I faced that 
problem about 15 years ago when studying the effects of certain 
antispermatogenic compounds upon semen quality, and eventually 
upon the testes, in volunteer prison populations located in widely 
separated regions of the United States.* The motility readings 
preferably should be made within 90 minutes after ejaculation but 
can be reasonably reliable for up to 3 hours. The problem was 
solved in part during the control phase of the experiments (the 
examination of three semen specimens before the first ingestion or 
injection of the drug to be tested) by my personal examination of 
the motility at the respective prisons for a period of about 10 
days. This phase also involved the screening of the volunteers in 
terms of semen quality before admittance to the various studies. 
In certain studies, up to 60 prisoners actually were used. Their 
semen quality had to be good in all important parameters (volume, 
count, motility, and morphology). Simultaneously during this 
control phase, I trained the prison hospital technicians, most 
of whom were long-term prisoners themselves and already competent 
workers (mostly in hematology), to perform sperm counts and 
adequate motility readings. They also were instructed in the 
preparation of seminal smears for later study by me in New York. 
During the course of several of these studies, each of which 

*Macleod, J. 1965. Human seminal cytology following the 
administration of certain antispermatogenic compounds. In: 
Biological Council Symposium on Agents Affecting Fertility. J. & 
A. Churchill ltd., london. pp. 93-122. 
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extended perhaps over the period of 1 year or more, I made periodic 
visits to the prisons to assess the progress in person, particularly 
when the reports on motility and my own observations of the 
morphology indicated a critical phase of the study. In this 
fashion, I was able to check on the accuracy of the technicians. 

I realize that these controlled procedures will be difficult to 
follow in the present and future assessment of the effects of OBCP 
on the ejaculate and particularly on sperm motility. The only 
suggestion I can make is that in any present studies of OBCP in 
widely scattered parts of the United States rough estimates of 
sperm motility always should be made and, however crude, be 
accepted. 

A real problem does not exist in regard to the sperm 
morphology. Seminal smears made at the time of the semen 
examination can be stored, unfixed and unstained, for extended 
periods and can be shipped thereafter to central laboratories for 
the appropriate staining procedures and experienced analysis of the 
sperm morphology. The latter stage actually is the most sensitive 
in terms of the possible effect of OBCP on spermatogenesis. 

lastly, in terms of sperm morphology, the entire semen specimen 
can be stored indefinitely in the freezer compartments of regular 
refrigerators without disturbing the sperm morphology pattern. 

Question (Dr. Troen, Montefiore Hospital): Perhaps today1s 
discussion can be summarized by four questions: 

What does one do to evaluate testicular function, including 
fertility or infertility, for a given patient? The answer is very 
clear; the literature is replete with techniques to follow, the 
standards are available, and the medical-biological knowledge is 
available. This is not a problem for the doctors who are seeing and 
assessing these patients. 

The second, more difficult, question is, How does one follow a 
group of patients? One has to use the standard epidemiologic 
techniques and statistical methodologies and be aware of the 
limitations. In answer to Dr. Meyer1s question about field studies, 
I think Dr. Macleod pOinted out that since you can preserve a 
specimen for cytology and since the epidemiologic information you 
would want is more important initially than the detailed information 
on a specific patient, you would be very well advised not to worry 
at that point about the absence of motility studies but to make 
certain all the other factors that are available are also present. 

The third question is, How do you assess the cause and effect 
relationship of a given toxin in a given patient? I don1t believe 
that anyone can answer that question categorically; one can only 
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make a presumption on the basis of both the animal and clinical data 
that are available. 

The fourth question is, What does society plan to do about these 
agents in terms of allowing their use to be continued, and how are 
standards to be set, given the information on the obvious toxicity 
of these agents that has been presented today and previously? 

Comment (Dr. Howards, University of Virginia in 
Charlottesville): I am a urologist and reproductive physiologist and 
have had a long interest in male infertility and male reproductive 
biology. I would like to reinforce some of the points Dr. Troen 
made. 

First, semen analysis does not test fertility. To test 
fertility, animal scientists and veterinarians take a bull and put 
him with 10 cows, or take his semen and inseminate 10 cows, to see 
how many get pregnant. Obviously, we can't do that in men so we do 
not have a test for fertility in man. I think this is a very 
important concept that all of the people concerned with this problem 
should take away from this meeting. 

Second, the only way statistically valid conclusions can be 
drawn when comparing two populations or groups (e.g., men who have 
been exposed to a certain chemical, or men who have a varicocele, or 
the men who live in Texas) with other groups is to have the semen 
tested in the same laboratory by the same people in a blind 
fashion. If one population tested by one group with one set of 
methods is compared with a population tested with another set of 
methods, accurate conclusions cannot be drawn, except in the extreme 
case of men with azoospermia; that is abnormal, as we all agree. 

As far as evaluating the individual, I would like to reemphasize 
what Dr. Troen has pointed out. The only way to know for sure that 
any given thing has caused a change in testicular function in that 
individual is to have pre- and post-exposure evaluations of that 
individual. If there are going to be continued exposures, the 
people will have to be monitored before and after exposure, with 
more than one semen analysis. 

There is a social or philosophical problem associated with 
monitoring single, unmarried men. If we find that a single man has 
a low sperm count, which mayor may not imply infertility, what are 
we going to tell him? Because there are differences of opinion-­
many people believe it is not appropriate to inform a young 
unmarried man that he may be infertile--this is something we will 
have to think about. 

Someone alluded to studying patients 90 days after exposure to a 
toxin because studies show that it takes approximately 74 days for 
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spermatogenesis to be complete and 10 days to 2 weeks for the sperm 
to move from the seminiferous tubule out, through the epididymis, 
vas deferens, and urethra. I will add a word of caution that I am 
sure almost everybody is aware of, i.e., if there is an injury by 
any toxin to the Sertoli cell, which is the most likely site of 
injury, it might take a month or a week or a year for the Sertoli 
cell to recover. It would have to be 60, 70, 80, or 90 days after 
recovery from the injury, not after the insult. 

A final word about semen analysis is that, as Dr. Macleod has 
emphasized, motility is probably the most important single 
parameter, although many parameters are important. Unfortunately, 
it is also the most variable parameter, as demonstrated by Dick 
Sherins in his longitudinal studies. It is very difficult (tricky) 
to evaluate motility on one or even two analyses. Motility is 
definitely affected dramatically by the abstinence period. 

Concerning reversibility, the data are not complete. 
Fortunately, however, if one looks at other things, such as 
radiation and various known drugs, that affect the seminiferous 
epithelium in many of the patients, the lesions are reversible-­
although not in all. At some point you reach the point of no 
return. If this is analogous to other lesions seen in infertile 
men, some of these should be reversible. Dr. Whorton's biopsy 
specimen is most encouraging because at least that man had no 
fibrosis or permanent changes; hopefully, his lesion is reversible. 

We can also be encouraged that up to now there are no documented 
reports of abnormal children as offspring of men who had various 
insults to their seminiferous epithelium. There is worry and 
concern but no documentation that incidence of congenital 
abnormalities in their children is any greater than that in the 
children of men who have not had a insult. 

Finally, if I could be presumptuous enough to try to answer Dr. 
Macleod's question about bone marrow. I suspect DBCP does affect 
the bone marrow, but the reason we don't see it is that the bone 
marrow has much more reserve than the testis. Thus, if the testis 
of an average man is impaired 50%, signs of that will be seen in the 
semen. If the bone marrow is impaired 50%, it has tremendous reserve 
and can still keep the circulating blood count normal. 

Comment (Dr. Whorton, University of California at Berkeley): I 
would like to make one comment about the biopsies. Because we put 
some in glutaraldehyde and are going to look at them under the 
electron microscope, those 20 biopsies are going to be looked at and 
discussed further. In the original group of 27, we looked at 
motility and morphology. We didn't have to worry about those with 
sperm counts of zero. We found that those with sperm counts of 1 
million/ml had both a decrease in motility and increased altered 
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morphology. The two individuals with counts between 10 and 30 
million varied: one had a decrease in motility and the other showed 
an increase in abnormal morphology pattern. All those above 40 
million had both motility and normal morphology. 

One of the reasons that Dr. Meyers asked Dr. Macleod about the 
practicality of such testing is because we had a logistical problem 
of trying to collect the semen in central California and then take 
it to the laboratory 80 miles away (making sure to collect it early 
enough to get it to the laboratory), plus all the problems inherent 
in using large numbers. Studying the individual patient is easy; 
when you start taking 20 to 30 specimens a day, it becomes more 
difficult. It was not feasible to take the laboratory technicians 
with us. In the future, I think we will try to do the morphology or 
cytology assays and sperm counts; we will also save our smears. 

Question (Dr. Zavon, Hooker Chemical and Plastics Corporation): 
I am concerned that there is some confusion in purpose. OBCP has 
been in production for some 20 years as a pesticide, and as a 
pesticide, it was evaluated for possible dangers along with all 
other pesticides with which we were concerned. We had no trouble 
with OBCP; it was not a material that caused acute poisonings or 
resulted in problems among users. 

Now we are looking at it from a different point of view, and I 
am curious as to what the logic was in making the decisions 
concerning respiratory protectioIT. I wonder how many other 
compounds are pursued in the same way and with the same logic and 
what their biological impact is that causes this logic to be used. 
A series of logical steps were given to determine what should be 
allowed or what type of respiratory protection should be recommended 
or required and the degree of protection that was ultimately 
available. Can you give me examples of two or three other compounds 
where you are requiring or recommending that degree of respiratory 
protection? What are the biological determinants for the level of 
protection? You said that other changes can occur if the cartridge 
is set aside. In terms of the country as a whole, this becomes a 
very expensive process. Do we really know the life expectancy of 
the cartridge under these circumstances, with OBCP at the present 
permissible levels? I am not sure I know where we stand at this 
point. 

Secondly, we have an immediate concern as doctors for the people 
affected. How can we maintain surveillance? What is a reasonable 
method of surveillance? I am very skeptical about the ability to 
determine if the testes diminish in size or not by palpating, unless 
it is really atrophied. In view of blind studies that have been 
done on reading chest films and on other sorts of things, I could be 
even more skeptical about our ability to judge testicular size on 
the basis of palpation. 
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Answer (Dr. Kennedy, NIOSH): The whole basis for the 
respiratory decision logic utilizes the permissible exposure limit. 
All respiratory protection is based on multiples of the permissible 
exposure limit to which the worker will be exposed. In the case of 
escape or entry into unknown concentrations, you want the maximum 
protection that is available. 

In this case, the self-contained breathing apparatus (SCBA) or 
combination supplied-air respirator (SAR) and SCBA offer the maximum 
protection. The projection factors are based on studies that have 
been done over the years and are based mainly on face-piece leakage. 

Question (Dr. lavon): I accept that explanation, but are these 
recommendations based on the presumption that 10 ppb or 1 ppb is the 
threshold limit value (TLV), when this limit has been proposed 
without any knowledge as to what is a reasonably safe level? 

Answer (Dr. Kennedy): The TLV or the permissible exposure has 
not been decided by the respiratory protective people, but is based 
on epidemiological studies and the data that have been presented 
from animal studies and studies of that order. 

Comment (Dr. lavon): No, not in this case. What 
epidemiological studies could support 1 ppb or 10 ppb? We have no 
data to support it; it is an ex cathedra statement by EPA, OSHA, or 
NIOSH. It has no data to support it. 

Comment (Dr. Meyer): Perhaps it was determined the same way as 
1 ppm was decided on originally. 

Comment (Dr. lavon): The TLV was decided on a reasonable 
basis. The slope of the pharmacological curve in the Torkelson and 
Hines studies between the effect of 12 ppm and the effects of 5 ppm 
is a very steep slope. They extrapolated these data, and 
recommended, using normal, acceptable pharmacological reasoning, 
that with that kind of slope, it is likely that there will be no 
problem at 1 ppm. This is the basis we have had to use in the 
absence of specific data for many years, and we have used them 
mainly with good results. 

Now we run into an instance in which the exception proves the 
rule. Perhaps there are other chemicals that we aren't aware of 
yet. But the point is, don't ignore that the slope shown in that 
work is a very steep slope and that there was a reason that 
Torkelson recommended 1 ppm. Perry Gehring, in California last 
week, said he still felt safe with 1 ppm inhalation. Whether he is 
right or wrong, I can't say; but the point remains that there are no 
data to substantiate the parts per billion limit that has been 
proposed by OSHA, EPA, and others. We are talking about a dataless 
base. 

98 



Comment (Dr. Meyer): There are no data except those from 
Occidental Chemical Company and from elsewhere that the 
environmental levels are indeed less than 1 ppm. I don't think 
there is any argument that there are effects. Is that not correct? 

Question (Dr. lavon): That is correct, but skin absorption and 
one other factor must be considered: the possibility that surges 
well over 1 ppm have occurred and that these may be critical in this 
particular situation. I understand that the data from Pittsburg, 
California, indicated that they had levels showing 0.02 ppm in the 
air, and supposedly this had no effect on sperm in the people they 
have monitored to date. Dr. Whorton, do you have any specifics on 
this? 

Answer (Dr. Whorton): I don't have specifics on air levels 
except that I was told by Dr. Gerlack, the physician for Dowis 
Pittsburg, California, plant, that he didn't know the levels. He 
did say that they used DBCP very sparingly. I am uncertain how to 
evaluate these data if the amount of exposure was really very 
insignificant. 

Comment (Dr. lavon): I think, though, that we really don't have 
the data on which to base any sound decision. We have a very 
intriguing problem, and· I would like to urge this group not to 
foreclose on it. We don't even know that it is DBCP without 
epichlorohydrin that causes these problems. As far as I am aware, 
all the material we are talking about contained 1% epichlorohydrin. 

Comment (Mr. Davido, EPA): I want to clarify the fact that EPA 
has no responsibility in the area of setting standards--that is the 
responsibility of NIOSH and OSHA. 

Comment (Mr. Moure, Oil, Chemical and Atomic Workers Inter­
national Union): I am an industrial hygienist for OCAW and would 
like to address the comments Dr. lavon made about the limit of 10 
ppb being proposed by OSHA. It is known that we asked OSHA for an 
Emergency Temporary Standard on August 23, 1977, after we received 
information about the exposures of people at the Occidental Chemical 
Company and their vendors. We requested a level, a time-weighted 
average, of 1 ppb. I can explain the rationale for our requesting 
that level although I cannot talk about the rationale for OSHA's 
choosing 10 ppb. Our rationale was that the toxicological 
information that we were aware of--specifically, animal experiments 
run by the National Cancer Institute (NCI) and DBCP experiments that 
were sponsored by Dow Chemical Company concerning ingestion--showed 
definite evidence of induction of cancer. Since our obligation is 
to represent workers that handle these chemicals, we believe weld be 
remiss if we allowed workers to be exposed in any way, at any level, 
to carcinogens. So we proposed that the lowest possible limit that 
could be measured in air should be the standard because the 
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toxicological evidence shows that a carcinogen, on any level, could 
produce some effects. Because NCr has stated that there is no way 
to determine a safe level for a carcinogen, we decided to request 
the least possible measurable level. 

Dr. Gary, from Dow Chemical Company, recognized that fact during 
the inquiry in California. r am quoting from his testimony: IIEven 
though the NCr studies are of little value for assessing the rates 
of cancer from low-level exposure to DBCP, the high incidence in the 
case, indicates to me, that cancer, in particular stomach cancer, 
may be induced by ingestion of DBCP. This conclusion has been 
rendered more valid by interim results of a study being conducted by 
Hazelton Laboratories, as sponsored by Dow. II 

r am sure that tomorrow we will hear about the rationale from 
OSHA for establishing the level of 10 ppb. 

Question (Dr. Lucier, National Institute for Environmental 
Health Sciences): Is it possible that toxicological symptoms aren't 
really related to the inhalation exposure or the levels in the air, 
but to spillage on the hands and so forth because of the inability 
or failure to wear protective clothing? 

Answer (Dr. Meyer): I think everybody will agree that it is 
possible. Dr. Whorton? 

Answer (Dr. Whorton): If you talk with the exposed workers, 
especially the applicators, they will tell you that they try very 
hard not to get DBCP on the skin because it burns. I have heard 
some people claim that they have literally worked up to their elbows 
in DBCP, splashing it allover themselves, etc. I doubt if the 
latter has been true in the past few years. r think that there may 
be some skin absorption, but certainly DSCP is not being splashed on 
except for infrequent occurrences. My understanding for the past 3 
years at Occidental Chemical Company is that, for the most part, 
people have been very careful about not getting it allover 
themselves. The work situation and environment at Occidental 
Chemical in the last 3 years has been relatively good in that 
respect. I think the levels that Dr. Rappaport reported have 
probably been true for the last few years. 

Comment (Dr. Tanaka, NIOSH): I have an impression that 
palpation of testes is going to be very important, at least in 
industrial screening examinations. Because no one has proposed any 
standardized method, we would be dealing with inconsistent 
evaluations. In this respect, I think ophthalmologist are much 
ahead of urologists in this technology. I suggest that urologists 
develop a tonometer (e.g., Schiotz ' tonometer) or some modification 
thereof for practical use for standardized testing. They could 
establish some numerical value on the consistency of the testicle 
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that may be helpful in preemployment examinations. A sperm 
examination or biopsy wouldn't be necessary. 

Comment (Dr. Nankin, University of South Carolina): I am 
intrigued with that approach, and perhaps somebody can develop such 
a system. For about 10 years, there have been ovoid models, called 
orchidometers, that are quite precise and give volume in the 
nearest milliliter or cubic centimeter. The only way to get 
experience in determining normal and abnormal consistency is to get 
experience by palpating testicles. I don't know any standards for 
consistency. 

One pOint I do want to make about Dr. Whorton's data on 
gonadotropin titers is that where there is testicular damage, the 
hypothalamus and pituitary sense that there is something missing and 
put out more signals for the testicles--for both sperm production 
and testosterone production. The magnitude of the elevations that 
he found in his patients was severalfold greater than we saw in our 
infertility studies, even in men who had total lack of sperm, 
apparently on an idiopathic basis. We can infer from his data that 
we are dealing with a more devastating problem. The kind of defect 
that the hypothalamus and pituitary sense in that population is much 
greater than we see in our population of infertile men. 

Comment (Dr. Whorton): Dr. Lanham told me of his belief that he 
felt a different turgor of the testes. He then talked with Dr. 
Marshall, a urologist, who also examined 10 of the people, some of 
them very severely affected. Dr. Wilcox examined a fair number of 
the people we examined. We would all agree that we did not find 
abnormality in the testes themselves, as far as consistency is 
concerned, whether normal or not. Usually, we didn't know sperm 
counts before we started checking. So maybe we were unobservant. 

Comment (Dr. Lamm, Tabershaw Occupational Association): I think 
a system for measuring testicles does exist. When I was a pediatric 
resident, working in clinics, we used the silastic models from Dow. 
The usual procedure was to measure both the size and consistency of 
the testicles using a pocket test, i.e., we would hold the silastic 
models in a pocket with one hand while the other hand would be on 
the gonad being examined. We would compare what we felt with the 
two hands, and when we determined that both hands were feeling the 
same size and consistency, we had found the appropriate grading. We 
found that these models worked very consistently from examiner to 
examiner. Earlier discussion indicated measurement of testicular 
size based on measuring the size of the normal testicle in people 
with a cryptorchid testes. I would suggest, though I have no basis 
in fact, that if there is a question that one of the testicles is 
abnormal (hidden and small) that there might be a compensatory 
hypertrophy of the descended testicle, and this might not be the 
appropriate standard for a comparison. 
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Question (Dr. Whorton): I would like to ask Dr. Krauss two 
questions. The FSH levels that we consider abnormal are very 
different from the levels that Bioscience uses. Can you talk about 
specificity of androgens? Could you also discuss testosterone 
production by OBCP in in vitro sections of rats at the levels found 
in your laboratory? 

Answer (Dr. Krauss, Alta Bates Hospital): The FSH anti-sera we 
used was highly specific. Our normal range, which is based on our 
unexposed workers, corresponds well with published results for 
normal ranges in the past and with those of a number of other 
institutions using highly specific anti-sera. The range is about 3 
to 5 mIu/ml of serum. It is important that the most specific 
anti-sera be used and that this sort of procedure be standardized as 
much as possible. 

I am not familiar with the source of the Bioscience anti-sera. 
I wonder whether it came from the National Institute of Health's 
National Pituitary Agency (NPA). I would urge anyone doing studies 
on exposed workers to make sure that the anti-sera involved is 
standardized against that of NPA or that of other reputable 
laboratories using monospecific anti-sera. 

Testosterone production has been of interest because we would 
like to know the specificity of OBCP toxicity. Everything we have 
seen to date indicates that OBCP is a primary spermatogonia toxin, 
or a primary spermatocyte toxin, and possibly causes some effect on 
the Sertoli cell (although we weren't able to document that 
morphologically). The question is, particularly in view of our 
results indicating an increase in LH, could there also be some 
influence on testosterone production? We are still looking at our 
clinical data in this regard. Dr. Gerry Connell, one of my 
colleagues at the University of California at Berkeley, has 
developed a very simple screening test using a system of isolated 
slices of rat testes in an incubation medium. He has found that 
adding OBCP in femtogram concentrations was sufficient to supress 
production of testosterone in in vitro situations. This is, of 
course, entirely nonphysiological, but it does give some indication 
that, at least in the rat, there may be more effects than those 
involving seminiferous tubules. His studies also use concentrations 
for possible toxicity that are incredibly small and make us wonder 
whether some of the criteria established for low-exposure monitoring 
might even be of too high an order of magnitude. I strongly urge 
people conducting experiments in animal systems to take their low 
dose exposure down to the lowest possible exposure. 

Question (Mr. Phillips, JRB Associates): I am an industrial 
hygienist and my question is addressed to Dr. Rappaport. Was there 
local exhaust ventilation or other engineering controls in the areas 
that you sampled? In doing the survey, did you make measurements in 
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areas outside the formulating area to determine background concentra­
tion? Do you have information that could answer the question of risk 
to clerical employees in adjacent buildings? If the background con­
centrations were on the order of 10 ppb and risk were defined as the 
exposure limit finally adopted in the permanent standard, would 
clerical employees in adjacent buildings be at risk? 

Answer (Dr. Rappaport, University of California at Berkeley): 
To answer the first question, there was no exhaust ventilation 
system in the facility at Occidental Chemical where the material was 
being formulated. The building was semi-enclosed and I think the 
original design intent was to make the building as much out-of-doors 
as possible to use natural dilution ventilation to the fullest 
extent possible. This is not unusual in similar facilities. They 
are currently installing an exhaust ventilation system in that 
facility and have had plans to do so for quite some time. 

Concerning the second question, we were only able to make 
measurements on two different occasions. Had we known the obvious 
importance of the work, I am sure that these would have been made 
more thoroughly and more quickly. The only short-term exposure data 
we had were from the immediate formulating area. The measurements 
varied from about 3 ppm at the highest exposure point--an open part 
of an essentially closed system where they pour DBCP into the 
drums--to the lowest concentration in an area across the room in the 
middle of an open doorway where the concentration was about 50 ppb. 
I would suspect, just on the basis of those data, that we would 
probably find a gradient down to 10 ppb in areas immediately 
surrounding the entire formulating area, depending on what the end 
conditions were, how many spills of material there had been, etc. 

Question (Dr. Blum, University of California at Berkeley): I 
have several questions that I hope might generate discussion about 
the action mechanism of DBCP. We have shown that chemicals that 
cause mutation also cause cancer in many cases. The case of DBCP 
suggests that some chemicals that cause mutations also cause 
sterility. Possibly they might also cause genetic birth defects at 
lower exposure levels. 

With the use of an animal test for mutagenicity, called the 
sperm abnormality test, it as been found that a large percentage of 
chemicals that cause cancer also cause a high incidence of abnormal 
sperm. I am interested in knowing if anybody is doing experiments 
looking at the Fl generation in animals that have been fed a low 
level of DBCP. For example, if you feed male rats a low level of 
DBCP, would their offspring have a higher level of genetic birth 
defects? Have careful epidemiological studies been done on the 
families of workers exposed to DBCP to see if there are higher 
levels of miscarriages and other problems? Someone said there were 
no known birth defects; 11m not sure how well documented that was. 
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Answer (Dr. Meyer): Is anyone doing or does anyone know of 
experimentation being done along these lines? I am not aware of any. 

Answer (a speaker): I think there are some teratology studies 
planned at NIEHS. 

Comment (Dr. Blum): Teratology is really a different thing from 
genetic birth defects. 

Comment (Dr. Meyer): In terms of specific epidemiological 
studies, we have not become involved. Considering that we dis­
covered this OBCP situation the first part of July, that in about 3 
months we have been able to put this amount of data together, and 
that we have enlisted the cooperation of all the people who have 
contributed to this conference, as well as other sharing of data, 
much has been accomplished. Unfortunately, there is only a certain 
amount of manpower and resources that can be devoted to this kind of 
research, but I think that it will be provided soon. I hope to dis­
cuss our current and future plans tommorow, and Dr. Blair Smith, 
from NIOSH's industry-wide studies, can give us some detail as to 
the scope of things that we are planning as follow-up studies. 

Comment (Dr. Blum): I think the potential insult to the human 
genetics--the chronic effect in addition to the acute effect--is 
something that should be considered. 

Question (Dr. Meyer): I am going to pose a question that may be 
very difficult for our panel of semen analysis experts to answer. If 
you were screening a population of workers under the most adverse 
circumstance, with data collection less than optimal, at whqt sperm 
count level do we begin to become concerned that a toxic substance 
is interfering with testicular function? 

Answer (Dr. Macleod): The sperm count per se, unless it is very 
low (less than 20 million/ml), need not be the answer. If, however, 
you are examining a population with a substantial N value (more than 
50) exposed to OBCP and you find 40% to 50% of your group has sperm 
counts per milliliter under 30 million, you would have reason to 
suspect that the quantitative aspect of spermatogenesis had been 
diminished in the group under study as a result of OBCP exposure. 
Thus, the frequency distribution of sperm counts per milliliter does 
have considerable value (see Table 1, p. 60). 

But, as I have answered in a previous reply to a question of Dr. 
Meyer's, if the men under study were still being exposed to OBCP, 
the seminal cytology (sperm morphology) almost certainly would be 
the most sensitive indicator. Unfortunately, most of the studies 
reported at this conference are retrospective, i.e., the semen is 
being examined many months, or perhaps years, after the last 
exposure to DBCP. In these cases, unless spermatogenesis had been 
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wiped out completely (no spermatogonia remaining for regeneration), 
enough recovery in sperm count and sperm morphology could have 
occurred to mask the earlier effects of the OBCP exposure. I have 
published evidence along these lines in regard to the recovery of 
spermatogenesis following almost complete suppression by 
X-irradiation or by certain drugs.* Such recoveries certainly 
require many months or even years, but when they do occur, the sperm 
morphology pattern is restored to the original control level. 

I should emphasize that these experiments were performed under 
conditions that were as carefully controlled as we could make them. 
The subjects were all long-term prisoners, adapted to their 
environment, living under the same dietary and ambient conditions, 
and subject to essentially the same emotional pressures. Their 
health was carefully supervised. They were willing to supply semen 
specimens at regular intervals and testicular biopsies when 
necessary. In most cases, at least six control semen specimens were 
analyzed before any experimental procedure and at least weekly 
thereafter. 

Or. Meyer has asked me to suggest a protocol for OBCP 
experimentation in man. I already have done so in the previous 
paragraphs but I am reasonably certain, in terms of OBCP or any 
drug, all experimental work of this sort, particularly in prison 
populations, has been banned. 

However, in all my experience of determining the effects in the 
ejaculate of a variety of drugs under the controlled conditions 
described by me earlier in this conference, I believe I can state 
with reasonable certainty that if a drug is toxic to the testes, the 
initial effects will be seen in the sperm morphology and not 
necessarily in the sperm count. Or to put it another way, subtle 
changes will appear in the sperm morphology and other cellular 
contents of the ejaculate considerably before an obvious reduction 
in the sperm count. These damages and the irk i net i cs already have 
been described by me in the literature and are readily detected by 
the experienced eye, particularly if control semen analyses on the 
individual are available. Unfortunately, they are not available in 
the OBCP studies under discussion. Unless high doses of X or other 
irradiation (above 200 r) applied directly to the testes comprise 
the IItoxic element,1I the initial effect on spermatogenesis as seen 
in the ejaculate will be found at the late spermatid (precaudal) 
level of spermiogenesis. These cells, prematurely exfoliated, may 
be seen as early as 21 days after the intial ingestion or injection 
of the drugs I have studied. We should emphasize, however, that if 

*MacLeod, J. 1965. Human seminal cytology following the 
administration of certain antispermatogenic compounds. In: 
Biological Council Symposium on Agents Affecting Fertility. J. & A. 
Churchill Ltd., London. pp. 93-122. 
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any compound does affect the testis in this manner immediately after 
the first ingestion or other application, the cellular effect in the 
ejaculate cannot be seen for at least 15 days if only because it may 
take that long for the "normal" cells already present in the entire 
duct system distal to the testes (epididymis, vasa deferentia, etc.) 
to have been eliminated by ejaculation. 

Answer (Dr. Troen): Let me try to answer your question in a 
different fashion, Dr. Meyer. Unless one accepts the premise that 
the agent is capable of damaging the testis, a clear answer can't be 
given to your question. We must start from the premise that this 
particular substance is known to damage the seminiferous tubule. 
You use different end points for what you are trying to do. If you 
are trying to determine whether a material is indeed toxic, you use 
one end point; if you are trying to find out for a given patient 
whether he will become fertile or infertile, you use a different end 
point. The answer depends on what you are concerned with. 

Your question reflects the concern: Do clinicians really know 
how to evaluate someone for testicular function and infertility? 
The answer is yes, we know how to do it, but you must tell us what 
you are looking for. 

Comment (Dr. Meyers): You still didn't give me the count. 

Answer (Dr. Troen): If it is zero, one is always concerned. 

Question (Dr. Tucker, NIOSH): Today I presented the feasibility 
for a charcoal tube method for OBCP at 10 ppb. The charcoal tube 
samples must be refrigerated for a fairly long storage. I wonder 
how practical this method is for the worker in the field who takes 
air samples? How convenient is it for the worker in the field to 
obtain dry ice for low-temperature storage? Perhaps OBCP would be 
more stable on another solid adsorbent at room temperature. An 
attractive feature of a charcoal tube method is that the charcoal 
tube is commercially available. (Dr. Tucker's original paper has 
been replaced by a newer paper that indicates the charcoal tube 
method is unreliable for the determination of OBCP in air at low 
parts-per-billion levels, at least when toluene is the solvent used 
for desorption.) 

Answer (Mr. Kusnetz, Shell Chemical Company): As a working 
industrial hygienist, I, too, am concerned with trying to transport 
samples at -28°C once I have taken them. I would be happy to make 
available the Shell method for sampling OBCP in which we use 
Florosil, a known sorbent in GLC techniques. We use hexane to elute 
the material. For example, spiking at 20 nanograms with 10 
observations gave us a mean recovery of 20 nanograms with a standard 
deviation of 1 nanogram. Storage tests both at -20°C and 25°C 
up to 15 days gave the worst recovery, but still left 88% of the 

106 



DBCP remalnlng on the tubes. This is fairly good, particularly when 
talking about field applications. 

We have a fair amount of data on other kinds of sampling 
conditions. The use of hexane as the eluent and the ability to 
handle, store, and ship at ambient temperatures speaks well for the 
method. Although it is not commercially available, the technique 
for preparing the tubes is available and we would like to see it 
commercialized. 
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ETHYLENE DIBROMIDE 

J. Gordon Burdick* and Jonathan Jacoby+ 

DR. BURDICK 

Ethylene dibromide (EDB) has been used since 1925 as an anti­
knock additive in gasoline. In addition to its use in gasoline, EDB 
has important uses as a soil fumigant and as a fumigant in milling 
machinery. It has been used extensively in federal, state, and 
international quarantine treatments since the early 1950 1s. EDB 
serves as a basis of treatment to allow the import and export of 
many fruits and vegetables between the United States and foreign 
countries. In particular, some of our citrus fruits exported to 
Japan are fumigated with EDB. 

EDB STUDIES 

Problems associated with exposure to DBCP in the work environ­
ment have caused many of us to wonder about other brominated hydro­
carbons--especially EDB since it is a product that is manufactured 
in substantial volume. Support for this questioning lies in other 
studies that indicate EDB can affect reproduction in certain animals. 

Two recent epidemiological reports~ one from Dow Chemical 
Company1 and one from Associated OCTELL in England, are being 
prepared for submission to OSHA and EPA. These reports don1t 
pertain primarily to spermatogenesis; rather they concern about 450 
workers with EDB exposures, some dating back to the 1920's. The 
cancer rate for those employees thought to have only EDB-type 
exposures is less than the cancer rate for the population at large. 
This establishes a basis for confidence that EDB does not cause 
cancer in humans at the levels encountered in a workplace. 

In other studies previously reported,3,4 it was noted that in 
hens EDB was found to cause a decrease in egg size and egg fertility 
and cessation of egg laying. In male chicks, the sperm counts were 
not affected and body and testes weights remained normal. 

*M.D., Ethyl Corporation, Baton Rouge, Louisiana. 
+Ethyl Corporation, Baton Rouge, Louisiana. 
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In large doses, a reversible effect on spermatogenesis has been 
demonstrated in rats and bulls. 5,6 We believe there is an 
adequate safety factor between the exposures producing these 
reversible effects in bulls and the exposures experienced by most, 
if not all, workers. 

EDB PLANT, MAGNOLIA, ARKANSAS 

Although EDB has been used as a major ingredient of anti-knock 
compounds since 1925, the Ethyl Corporation did not actually 
manufacture EDB until the last few years. From 1925 until about 
1970, Ethyl purchased EDB from a plant at Freeport, Texas. Our 
manufacturing facility, near Magnolia, Arkansas, has been in 
operation since 1969. In the early years, another company operated 
the Magnolia plant for us; we have, however, retained a substantial 
number of employees who have been with that plant since 1969. 

At first, in addition to the manufacture of EDB, this plant 
also stripped bromine from brine pumped from wells located beneath 
the plant and beneath adjacent properties. Through time, other 
processes have been added including the production of vinyl bromide 
and, more recently, production of some other chemicals. Other 
brominated hydrocarbons are also involved in the workplace, so that 
today an individual employee receives mixed exposures--not just 
exposure to EDB. 

We believe that all employees at the plant have had some 
exposure to EDB. To help clarify our situation, Jonathan Jacoby, 
who has been surveying the plant for us, will describe the 
processes carried out at the plant and the types of exposures 
encountered there. 

MR. JACOBY 

Ethylene is reacted with bromine to form EDB, which is used 
primarily as a lead scavenger in lead anti-knock fuels. The 
production of EDB at the Magnolia Plant has been monitored since 
1975. During this time, ninety-five, 8-hour, time-weighted average 
samples have been collected with levels ranging from nondetectable 
to 4.5 ppm. 

Samples obtained at other locations that blend the EDB into 
tetraethyllead indicate average EDB exposures of nondetectable to 
1.5 ppm. Since the inception of personnel monitoring, exposure 
levels have decreased by installing engineering controls and 
improving housekeeping. 
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Exposures found during blending were less than those found 
during production of EDB. It should be noted that ambient air 
levels at gasoline stations near busy roads and at their 
refineries are approximately 100,000 times less than the levels 
to which workers are safely exposed during the production of EDB. 

DBCP and trimethylene chlorobromide (TMCB, which is also 
called 1-bromo-3-chloropropane) is made when hydrogen bromide is 
added across a double bond of allyl chloride. The TMCB serves as 
an intermediate in the prodcution of chlorobutyronitrile (CBN). 

DBCP, in concentrations up to 0.6 percent, is formed as a 
trace impurity in the intermediate. It is worth noting that this 
is a completely enclosed system. The only opportunity for 
exposure is during maintenance or process sampling. 

We calculated OBCP work exposure from the following data: 
the mole fraction of the OBCP in TMCB with the use of Raoult1s 
law and the highest TMCB exposures found from monitoring our 
employees. The results indicated nondetectable levels. Our 
highest exposure to TMCB (3 ppm) would result in an exposure to 
OBCP of approximately 1 ppb, one-tenth of the present emergency 
temporary standard. 

In the past, our average TMCB exposure would result in a OBCP 
exposure of 0.4 ppb, which is one twenty-fifth of the present 
temporary OBCP standard. Based on'analysis of five, 8-hour, 
time-weighted, personnel monitoring samples per job 
classification, for the back-end operator of the CBN process, 
TMCB exposure averaged 0.75 ppm; for the front end operator, 1.4 
ppm. 

To provide additional safety, protective clothing, i.e., 
impervious clothing, is being used to prevent skin contact; 
sources of exposure, including quality control sampling points 
and sewers, are being closed or covered to further reduce 
employee exposure; and an internal Ethyl standard of 0.5 ppm has 
been recommended to control TMCB. This standard is based on 
animal testing in the USSR, which indicated a statistically 
significant reduction in sperm count in chronically exposed 
rats. 7 In general, recommended standards in the USSR are more 
conservative than in the United States. We belive that a 
conservative level of 0.5 ppm will ensure the health of our 
employees. 

After well over a month of additional animal toxicity studies 
to define the effects of exposure to TMCB, our preliminary 
information is very encouraging--we have found no reduction in 
sperm counts in animals exposed to TMCB. 
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DR. BURDICK 

FERTILITY STUDY OF EDB WORKERS 

When we first heard of the problems at the Occidental Chemical 
Company and the problems thought to be related to DBCP, we 
attempted to assess the fertility of our male employees at the 
Magnolia Plant, all of whom have had some EDB exposure. The men 
selected for the study were married, were under age 50 (assuming 
that beyond age 50 they might have little desire for children), had 
wives under age 40, and had worked at the plant 12 months before 
the birth of a child. Of the approximately 106 men, 52 met these 
criteria. Of these 52, 15 had presumably fathered children; of 
these 15, 4 had fathered 2 children. 

These data were easier to gather than were the semen analysis 
data. Magnolia, Arkanas, is a small, rural town--the home town of 
many of our supervisory people. We first talked with Dr. Joe 
Rushton, a local general practioner, and with the plant manager 
describing our need for sperm counts on these men. Dr. Rushton 
agreed to examine all 59 men, obtain medical histories, check 
prostates, measure testicle size on a subjective basis, and obtain 
sperm counts and testosterone levels. (Measuring testosterone 
levels was later dropped.) Tests were not made for follicle­
stimulating hormone (FSH) or luteinizing hormone (LH). Of these 
men, Dr. Rushton believed that five had slightly enlarged 
prostates, two had sets of testicles adjudged small, and two had 
testicles adjudged large. The two men with small testicles had 
sperm counts of 79 and 104 million. The two with large testicles 
had sperm counts of 12 and 80 million. The five men with enlarged 
prostates had counts ranging from 31 to 122 million. Except for 
the noted difference from testicle normality, no correlation could 
be made among these nine men. 

For the semen examination, Dr. Rushton provided each man with a 
nonspermocidal condom to be used at home, generally in the 
morning. The condom was to be tied at the top, kept warm, and be 
brought to the hospital within 2 hours. At the hospital, it was to 
be examined immediately upon receipt. Because Magnolia is a small 
town, the sample was probably presented to the hospital for 
analysis within an hour of collection. Enzymatic action had 
probably liquified the specimen so it was reasonably homogeneous. 

Fifty-nine sperm samples were received, and the count 
distribution ranged from over 200 million/ml to zero; the median 
count was 61.4. I, too, found that different literature references 
indicated different distributions of count normality; I chose the 
breakdown used in Tables 1, 2, and 3. 
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Tab 1 e 1. Sperm counts of 59 employees. 

Sperm 
Number count, Percent 
of men mi 11 i on/ml of total 

14 > 100 23.7 
29 40 - 100 49.1 
9 20 - 40 15.3 
7 o - 20 11. 9 

Table 2. Sperm count of 59 men by ex­
pos ure. 

Sperm 
group/number 
of men 

<0.5 ppm/ 
40 men 

0.5 to 5.0 
ppm/19 men 

Sperm 
count, 

mi 11 i on/ml 

> 100 
40 - 100 
20 - 40 
o - 20 

> 100 
40 - 100 
20 - 40 
o - 20 

Percent 
of total 

26 
54 
10 
10 

21 
37 
26 
16 

Included in these figures is one man whose sperm count was 
zero. He, his wife (to whom he had been married for 4 years), and 
his ex-wife agreed that he had been sterile for as long as they 
had been aware. We don't, of course, have previous sperm counts for 
him. 

Because this is a small group of workers, it is difficult to 
draw any conclusions. Overall, however, the maintenance workers had 
a little lower distribution than did the laboratory workers, who we 
believe had somewhat equal exposures. The workers in the CBN area 
of the plant are the ones most likely to have exposure to TMCB. 

When I asked the plant manager to identiy those people who he 
thought had had only bromine and EDB exposures, he could identify 
only five such people. Forty percent of those had sperm counts of 
over 100 million; the others had counts between 60 and 100 million. 
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Table 3. Sperm count of 43 workers by work area. 

Work 
group 

Maintenance 

Laboratory 

CBN 

EDB (princi-
pa lly) 

Number 
of men 

5 
5 
5 
4 

1 
5 
1 
1 

3 
5 
1 
2 

2 
3 

Sperm 
count, 

million/ml 

> 100 
40 - 100 
20 - 40 
o - 20 

> 100 
40 - 100 
20 - 40 
o - 20 

> 100 
40 - 100 
20 - 40 
o - 20 

> 100 
60 - 100 

Percent 
of total 

26.3 
26.3 
26.3 
21.0 

12.5 
62.5 
12.5 
12.5 

27.3 
45.5 
9.0 

18.2 

40.0 
60.0 

We then asked Mr. Jacoby to try to identify, using work 
histories without looking at sperm counts, those men exposed to 
less than 0.5 ppm EDB and a second (smaller) group of men thought 
to have had exposures to between 0.5 and 5 ppm. We found a 
higher percentage of people in the low than in the high exposure 
group, but I am not sure that that is really a significant 
difference. 

CONCLUSIONS 

What does all this mean? First, I think it tells us that the 
problem of these EDB workers is not anything like that seen in 
some of the DBCP workers. For one thing, this plant is 
currently, continuously operating. Everyone has had continuous 
exposures and, for a variety of reasons, have had an 
exceptionally high amount of overtime. Many of these men, 
particularly maintenance workers, have worked much longer than 40 
hours a week. The sperm count findings for this group, despite 
the continuous exposure, are not much different from that of the 
general population. 
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Second, since this plant has not been in operation long, I 
believe that we must continue to check our people and check them 
better next time. Because we learn from meetings such as this, we 
will want to check hormone levels and we may change our semen 
collecting protocol. 

Third, and almost immediately, we will again instruct our people 
and management to reduce worker exposure to EDB to an absolute 
minimum. In every way possible, our management is doing what they 
can to provide less exposure and additional safety. 
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DISCUSSION 

Comment (Dr. Lanham, Dow Chemical Company): After doing the 
analysis and reviewing the fertility data of a plant that had been 
manufacturing TMCB for a number of years, I found that the fertility 
of the men was at least as great as would be predicted, based on 
U.S. male fertility rates. 

For several reasons, I question your type of analysis. Because 
the birth rates have been falling quite markedly over the last 15 
years, the exposure years you are talking about makes a difference, 
and obviously, the expected fertility of a married couple depends on 
the age of the couple at that time. With these two factors, you can 
quite well ferret out what your predicted and expected fertility 
would be for comparison. 

Reply (Dr. Burdick): I believe that at least some of the other 
manufacturers of EDB have, primarily, taken this approach. We have 
been pressing them to do some semen analysis. We don't have those 
data, but we appreciate your help. 

Question (Dr. Nankin, University of South Carolina): Since you 
are now screening all of these couples, are any of the couples 
experiencing difficulty in conception? To me, this would be as (if 
not more) important as doing just sperm counts. 

Answer (Dr. Burdick): I don't believe so. I haven't 
specifically asked Dr. Rushton if he has asked that question of 
anybody. Our plant is very close to the Dow plant where they have 
had substantial problems, and I believe we would be aware if they 
had problems. We haven't, however, specifically questioned that. 
It is a good point. 

115 



EFFECT OF ETHYLENE DIBROMIDE ON 

WORKERS PRODUCING FUEL ADDITIVES 

Jeffery A. Lybarger* 

The National Institute for Occupational Safety and Health 
(NIOSH) conducted this evaluation at the request of the Oil, 
Chemical and Atomic Workers International Union (OCAW) as a health 
hazard evaluation. The request to evaluate worker exposure to 
ethylene dibromide (EDB) was prompted by the toxic effect resulting 
in infertility that was brought to attention by the DBCP problem, 
the close similarities between the chemical structure of DBCP and 
EDB, and some past work indicating possible sterility in bulls 
caused by EDB. 

The plant is involved with EDB in the production of fuel 
additives. To my knowledge, the plant is not involved in pesticide 
formulation or production, and no chemicals, other than EDB, known 
to affect sterility of animals are used. 

The protocol involved in the study was to try to evaluate 
employees working in the EDB area of the plant for at least 3 months 
within the last 12 months. This time was choosen from Dr. Whorton's 
study, which indicated that workers in his group that had had less 
than 3 months ' contact with the DBCP seemed to be little affected. 
We immediately eliminated all people with vasectomies and all people 
that had known causes of sterility before working in the EDB area. 

There was some concern about men who had worked around an old 
EDB distillation column. The company constructed a new distillation 
column approximately 1 year ago. Five men who had worked in the old 
area, but not in the new, wanted to be studied. Three of these five 
men had had vasectomies or a known reason for sterility before 
working in that area, so only two were studied. (They are not 
included, however, on Table 1.) 

The medical protocol, again, came from Dr. Whorton. The 
preliminary data from his first 41 workers (already available to us 

*M.D., University of Cincinnati, Cincinnati, Ohio, (formerly, 
National Institute for Occupational Safety and Health, Cincinnati, 
Ohio.) 
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at the time of our evaluation) showed that there was no need to 
perform complete blood counts or general biochemical-clinical 
screens (SMA 12); therefore, the workup consisted of luteninizing 
hormone (LH), follicle-stimulating hormone (FSH) and testosterone 
assays, and a sperm count. The laboratory data were processed 
through National Diagnostic Laboratories, which has a branch 
laboratory in the town. The delay between the time the workers 
brought the sperm specimens to the company and the time they were 
received by the laboratory was very short. I used sperm count, not 
sperm motilities, because I was working with an unfamiliar 
laboratory in a different part of the country and didn't know how 
good their technicians were; the sperm count was something I could 
do and could rely on the accuracy of the results. 

The physical examination consisted of measuring testicular size 
and consistency. I palpated the testes of all the workers myself by 
grasping the testes on the longitudinal and vertical axis between my 
fingers and measuring them with a centimeter ruler. Gynecomastia 
was measured by palpation, and an indication of the male hair 
distribution was noted. The history form not only had demographic 
data but included, as far as medical history was concerned, possible 
causes of reduced sperm count, e.g., prostatitis, mumps, forms of 
orchitis, forms of veneral disease, or other major illnesses. 

When the workers came to see me during their shift, I spent some 
time describing the study and explained to them what we wanted. I 
gave them a urine cup to take home with them, asking them to abstain 
from any ejaculation until they produced a specimen the next day 
before they returned to work. I asked for masturbatory samples. 
For those who indicated a dislike for that method, I allowed coitus 
interruptus. The shortest time period for return of samples was 
about 24 hours; it depended on whether the worker came to work the 
next day or waited several days. 

On physical examination, I found no worker with gynecomastia, no 
worker with an abnormal hair distribution, and no worker with any 
testicular atrophy or abnormal consistency. The history of 
illnesses detected some illness of varying effect on reproductive 
potential. 

The company was requested to search through their staff for 
office workers who had had no exposure to EDB; on my first trip to 
the plant, however, we had only three volunteers. On our second 
trip, we would like to expand greatly the number of controls. 

On Table 1, those workers with a sperm count of <30 million/ml 
that might be explained by their medical history are indicated with 
a +. Five people who initially indicated they would participate 
and produce a sperm sample did not supply one; these are indicated 
on the table by NA. Two workers with reduced sperm counts had other 
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Tabl e 1. Hormonal assay and sperm count 
EDB and for three controls. 

data for workers exposed to 

Sperm Testo-
Worker Years Last count, FSH, LH, sterone, 
number exposed Age chi 1 d X 106/ml mI u/ml mI u/ml ng/dl 

1 5-10 1973 NA* 11.5 31 485 
2 >10 1966 40 7.2 15.9 608 
3 >10 1964 1. 2+ 37 47 765 
4 5-10 1971 217 17.5 9 648 
5 >10 1964 33 22 27 465 
6 >10 1962 60 31 52 300 
7 <5 1976 56 12 165 400 
8 <5 1959 23+ 13.8 26 600 
9 <5 1972 NA 18 39 613 
10 <5 1972 107 21 31 300 
11 >10 NA 60 13.5 20 335 
12 <5 1962 NA 8.4 19 195 
13 5-10 1969 98 7.7 200 t 495 
14 5-10 1974 6.8 7.3 20 380 
15 <5 1976 77 17 21 543 
16 5-10 1975 NA 10 15 500 
17 <5 1976 52 9.5 23 1035 
18 <5 1976 61 8.3 13 753 
19 5-10 1966 40 13 19 rerun 
20 5-10 1975 64 8.6 15 583 
21 5-10 1975 NA 10 18 340 
22 <5 1966 8.8 13 16 QNS-

Range 0.75-16 26-46 1.2-217 7.2-37 9-52 195-1035 
Mean 6.31 35.32 59.11 14.42 23.50 517.15 
S.D. 4.72 6.54 50.30 7.72 11.10 169.20 

CONTROLS 

23 0 1956 79 20 16 600 
24 0 1958 102 8 11.2 420 
25 0 1969 79 13 11. 2 520 

Range 0 35-49 779-102 8-20 11. 2-16 420-600 
Mean 0 42.3 86.67 13.67 12.8 513.33 
S.D. 0 7.02 13.27 6.03 2.77 90.18 

* Not available. 
+ Sperm count might be explained by past med i ca 1 history. 
t Questionable. 
- Insufficient quantity of serum. 
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explanations in their medical histories that could account for the 
reduced count. One LH value is questionable, one worker's 
testosterone assay is being repeated, and one worker had an 
insufficient quantity of serum. 

Because there were only three controls, any comparison between 
the two groups should be interpreted with caution. The mean ages of 
the two groups were similar, 35 and 42. The sperm count values were 
60 million/ml as compared with 86 million/ml; this simply indicates 
that the control group must be significantly expanded. If there 
were an adequate number of controls, these figures would be more 
meaningful. The FSH results were not very different, although the 
LH results were--23 mIu/ml as compared with 12. The testosterone 
results showed no difference (517 ng/dl as compared with 513). 

The major conclusion that I have drawn from these figures is 
that we are not seeing the great reductions in sperm count that the 
people working with DBCP displayed. No one had a zero count, and 
only four people had reduced sperm counts. 
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DISCUSSION 

Question (Mr. Davido, EPA): Did you record the abstaining times? 

Answer (Dr. Lybarger, NIOSH): No. 

Question (Dr. Lipschultz, University of Texas Medical School): 
When a patient brings in a specimen, is the jar labelled with his name? 

Answer (Dr. Lybarger): Each worker was assigned a number. 

Comment (Dr. Lipschultz): 
blank label for the worker to 
the date of last ejaculation. 
the records. 

We have found it helpful to put a 
write in the time of collection and 
The information is then available for 

Comment (Dr. Lybarger): I am going to recontact the workers. 
Letters have already been written to those who had counts under 30 
million/ml asking their further. cooperation in the study and asking 
them to estimate the amount of time between their last ejaculation 
and production of the specimen. I would like to see as many of that 
group as I can again. In the letter, I indicated I wanted a second 
specimen from them, with a more controlled abstience period, 
preferably 72 hours. 

Comment (Dr. Lipschultz): Although people have been saying, 
"Well, the testosteronea are usually normal, II I bel i eve testosterone 
is important in terms of its effect on LH. A high LH with a normal 
testosterone level could be very important because it is telling you 
that for the Leydig cells to produce a good level of testosterone, 
you have to have more LH. Testosterone level alone is not nearly as 
important as how it reflects the LH level; these two things have to 
be viewed as one system and taken into account that way rather than 
as isolated values. 

Question (Dr. Lybarger): Can LH and testosterone be run into a 
simple correlation? 

Answer (Dr. Lipschultz): Yes, as far as LH and testosterone are 
concerned the system is pretty reliable. FSH, however, is much less 
well understood. 

Comment (Dr. Lybarger): I was somewhat concerned with the 
difference in LH between the controls and the workers. This wasn't 
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what had been found in other studies. I was surprised that the LH 
and not the FSH was elevated. 

Comment (Dr. Krauss, University of California at Berkeley): I 
want to remind us again that interpreting the FSH and the LH levels 
in different studies depends heavily on getting comparable 
antisera. Again, I think the interpretation of the results has to 
be suspended until we get some comparable data. 

Question (Dr. Zavon, Hooker Chemical Company): Dr. Lybarger, 
were any other brominated compounds, other than EDB, produced in the 
plant? My understanding is that a tri-brominated compound is 
produced in that plant. One reason we were interested in the matrix 
being developed is because a mono-brominated compound is produced in 
the plant that Dr. Burdick reported on. 

Answer: The industrial hygienist (Gary White) that took the 
environmental samples at Occidential Chemical Company didn1t 
indicate any other brominated compounds there. 

Answer (Dr. Lybarger): I can only say that the workers I asked 
to participate in the study were those specifically involved with 
EDB production or use. Whether they had another exposure, I canlt 
say. 

Answer (Dr. Calandra, Northwestern University): The exposures 
in question started back in 1962, 'and the new plant started up a 
year ago. The EDB levels that I have been told about are in the 
low parts-per-billion range. To my knowledge there have been no 
tribromo compounds prepared there. 

Question (Dr. Meyer, NIOSH): Dr. Troen, in light of the data 
presented yesterday, can you comment on the data presented this 
morning and give us some indication about differences between DBCP 
and EDB, if, indeed, you can draw any? 

Answer (Dr. Troen, Montefiore Hospital): If I adequately 
understood the data, it appears that there is not the same kind of 
clear-cut time-dose relationship demonstrated this morning as we 
were shown so very nicely yesterday. If that is the case, then the 
question of degree of toxicity and degree of pathogenicity remains 
to be established. I am not certain I could say much more than that 
considering the limited numbers and limited information concerning 
time-weighted exposure that we were given today. 

Question (Dr. Meyer): But you do agree that there was not the 
same obvious problem in today1s data as in that presented yesterday? 

Answer (Dr. Troen): Yes, assuming there was the same degree of 
exposure. When the exposure information (which was not as complete 
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as yesterday's) and the fewer numbers of workers are considered, 
there seems to be less general toxicity. 

Indeed, my initial impression of the material presented today is 
that the distribution, as Dr. Burdick pointed out, is very close to 
what might be expected from a population that had not been at risk 
to a known amount of toxins. 

Comment (Dr. Burdick, Ethyl Corporation): I believe these EDB 
exposures were for as long as the DBCP exposures. This is not well 
quantitated, but certainly a large number of our workers have been 
there since 1969. I don't believe there are many whose DBCP 
exposure is like that. 

Comment (Dr. Troen): I wasn't certain that the quantitation of 
the sperm counts in relation to the exposure of individuals had the 
same kind of correlation that was shown to us yesterday. 

Question (Dr. Meyer): Dr. Whorton, would you be willing to 
discuss the graded pathology from the testicular biopsy specimens 
taken in California? 

Answer (Dr. Whorton, University of California at Berkeley): The 
first slide (see Figure 9, p. 25) illustrated normal appearing 
testicular tissue from a man exposed for 3 months. Figure 11 (p. 27) 
showed tissue containing almost only Sertoli cells within the tubules 
with a minimal amount of fibrosis around the tubules and no other 
information. This man had been exposed for about 10 years. Figure 
12 (p. 28) showed tissue from a person (exposed for 1 year) who had a 
moderate loss of spermatogonia and spermatogenesis in general. There 
were a few spermatogonia in some of the tubules from the tissue of 
some azoospermic men. Some, who had been exposed for a couple of 
years, had foci of apparently normal spermatogonia and then huge 
areas lacking any spermatogonia. From this, the pathologists were 
actually able to grade the tissue they saw: this person appeared 
best, second best, third best, etc. I was able to say, this man was 
exposed this long--this man was exposed that long. It was a fairly 
good gradation with time so that the histology we saw was confirmed. 

Question (Dr. Troen): Were all these slides of the same type of 
toxicity? When histology specimens from infertile men, or 
oligospermic men, are reviewed, arrest at different levels of 
development may be seen, or some may have sloughing in the tubular 
lumen. Were none of these things present? Was there only a single 
type of defect, just quantitatively different? 

Answer (Dr. Whorton): A few biopsy specimens indicated arrest at 
different levels of development, but the main thing was the 
quantitative type. Dr. Macleod reviewed all the slides and can 
comment on this. 
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Answer (Dr. Macleod, Cornell University Medical College): 
First, I must express my gratitude to Dr. Whorton for the privilege 
of viewing his testicular biopsy material obtained from 10 subjects 
exposed to DBCP for varying and, in most cases, extended periods. 
At the time of my review, it was my understanding that these 
subjects either had very low sperm counts in their ejaculates or 
were azoospermic. 

With the exception of the last three subjects in Dr. Whorton's 
table, my overall impression of the germinal epithelium was one of 
marked denudation or devastation back to the level of the 
spermatogonium and, in an occasional case, even the spermatogonia 
were absent or when present, appeared abnormal. I will add at this 
point that I found little evidence of peritubular fibrosis in any of 
the biopsies, which suggested to me that the effects of DBCP were 
imposed directly upon the germinal epithelium or upon the hormonal 
support necessary for normal maintainence of spermatogenesis. 

Earlier in these proceedings (p. 93), I described, in my 
experiences in prison populations, the effects of certain 
antispermatogenic drugs on the testes and on the cellular aspects of 
the ejaculate. These observations are pertinent to the present 
discussion of DBCP and the possible kinetics of the action of the 
compound on the testes; as such, I believe they deserve reemphasis 
at this point. Perhaps the most illustrative experiments are those 
that concerned a compound (N, n'-bis dichloroacetyl-1,8-octane 
diamine),* one of a class synthesized at the Sterling-Winthrop 
Research Institute as a highly effective amoebicide, given orally in 
lower animals (rats, rabbits, etc.). In toxicologic studies over 
extended periods in these species, it.was found to be nontoxic with 
an important exception--namely, that it was highly antisperma­
togenic. 

When these studies were transferred to the human in the form of 
volunteer prison populations, I was invited to participate by 
performing all the semen analyses, before and following the daily 
oral ingestion of this compound at various dose levels. Several 
semen specimens from each participant in the study (selected for 
good semen quality--high sperm count, usually above 80 million/ml; 
good motility; and excellent sperm morphology, more than 70% normal 
oval form--were seen over a period of 30 days before the first 
ingestion and twice weekly thereafter. Control testicular biopsies 
were obtained and repeated at obvious critical periods in the 
ensuing sperm count depression. Obvious effects on the sperm 
morphology were apparent. The participants were under careful 

*Macleod, J. 1965. Human seminal cytology following the 
administration of certain antispermatogenic compounds. In: 
Biological Council Symposium on Agents Affecting Fertility. J. & A. 
Churchill ltd., london. pp. 93-122. 
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medical supervlslon including CBCl s , liver function tests, etc., 
throughout. Obvious effects, other than those of the testes and the 
ejaculate, were not found. A summary of the principal effects in 
terms of the ejaculate and the testes are as follows: 

1. The first effect of the drug may be seen in the seminal 
cytology within 30 days after the first ingestion and may 
precede a depression in the sperm count or obvious effect 
upon the sperm motility. 

2. These changes in the seminal cytology normally are manifest 
in the appearance in the ejaculate of immature germinal cells 
(late spermatids in the precaudal stage). 

3. During the stages in the sperm count depression that may not 
be seen until 40-50 days, the cephalic sperm morphology may 
degenerate (appearance in the ej acul ate of IItaperi ngll and 
emorphous forms) and be accompanied by an increased 
exfoliation of the immature form (spermatids). 

4. The above cytologic damage becomes more obvious as 
azoospermia is approached; the latter stages, in terms of the 
drug under study, may be reached about 80 days after the 
first ingestion. 

5. At or close to azoospermia, a testicular biopsy usually shows 
the germinal epithelium damage to be composed of the middle 
and late stages of spermiogenesis with only minor, if any~ 
disturbances in the premBiotic phases of spermatogenesis. 
These biopsies show obvious premature exfoliation of 
spermatids into the lumen of the seminiferous tubules. 

6. All of the above effects were completely reversible within 
100 to 150 days after cessation of the drug intake, with 
spermatozoa first reappearing in the ejaculate within 50 to 
60 days. 

The points in the above summary are applicable to the effects of 
other drugs (e.g., certain of the synthetic sex steroids, certain 
acute allergic reactions, and viral diseases) on the human testis, 
both in terms of the rapidity of testicular response and the kinetics 
of testicular depression and recovery as seen in the ejaculate. 

Before proceeding to an analysis of the above results and their 
relationship to Dr. Whorton1s observations on the effects of DBCP, I 
should cite the effects of direct and measured doses of 
X-irradiation on the testes and on seminal cytology in a limited 
number of subjects.* I was invited to examine only the seminal 
cytologies of these men before and following the irradiation (the 
sperm counts and testicular biopsy readings were performed by the 

*MacLeod, J. 1974. Effects of environmental factors and of 
antispermatogenic compounds on the human testis as reflected in the 
seminal cytology. In: Male Fertility and Sterility. Edited by H.E. 
Mancini and L. Martini. Academic Press, New York. pp. 123-148. 
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experimenters and the results transmitted to me). Two of these 
cases receiving different doses of radiation deserve brief mention 
because their seminal sperm morphologies reflect the levels of 
spermatogenesis affected by radiation in terms of dose and because 
they are examples that recovery of normal spermatogenesis is 
possible after sterility is produced by radiation. 

The first case received 235 r directly upon the testes. His 
control sperm count (a mean total of 715 million in 10 specimens) 
was high but, fortunately, in an experiment of this type, his 
control sperm morphology was anomalous in that between 40% to 50% of 
the spermatozoa present were of the microcephalic variety, and most 
of the remainder were the normal oval forms. No immature forms 
(spermatids) were present. Thirteen days after irradiation, the 
sperm count and sperm morphology remained unchanged or higher, as 
would be expected since these cells were already in the duct system 
before the radiation. However, on post-irradiation day 40, a sharp 
reduction in the total sperm count was obvious without a hint of any 
disturbance in the sperm morphology patterns. At day 96, only a 
very occasional spermatozoon remained in the ejaculate but enough, 
after intensive coverage of the stained smear, to allow a reading of 
the sperm morphology pattern. It was unchanged! 

Thereafter, and for a period of 13 months, regular semen 
examinations showed the ejaculate was devoid of spermatozoa except 
for the inexplicable and very sporadic identification of an 
occasional mature spermatozoon in the stained smear. I use the term 
II i nexp 1 i cab 1 ell because I had been assured by my co 11 eagues that at 
least two testicular biopsies obtained from this subject during the 
13-month period of apparent azoospermia showed inhibition of 
spermatogenesis back to the early spermatogonium level. Thus, the 
new generation of spermatozoa (low in total number) appearing in the 
ejaculate after the 13-month span of sterility had to be derived 
from the spermatogonia surviving the effects of the radiation. My 
morphology readings on these cells showed the original control 
morphology pattern (high percentage of microcephalic) spermatozoa to 
be reproduced in precisely the same ratios as those found before the 
irradiation. The latter finding was most significant to me because 
it appeared to confirm for the first time, and in experimental 
fashion, the thought long held by me--namely, that anomalous 
patterns of sperm morphology so consistently found as a IIsteady 
state ll in certain individuals are genetic in origin, imprinted in 
the spermatogonia, and not acquired in the later stages of 
spermatogenes is. 

A further footnote to this case, and again in relation to Dr. 
Whorton's testicular biopsy findings, is that although obvious 
recovery of IInorma'" spermatogenesis did not occur for at least 13 
months after irradiation, a return to the control total sperm count 
production in the ejaculate was reached slowly and not attained for 
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nearly 3 years. Thus, one can offer a modicum of hope for eventual 
recovery to those subjects of Dr. Whorton and Dr. Scharnweber who 
apparently were either sterilized or brought close to that level by 
prolonged exposure to DBCP, provided that enough spermatogonia 
remain for regeneration. Further evidence for this assurance has 
been provided in a paper by us in a long-term study of subjects 
exposed to atomic radiation.* For further details on the 
X-irradiation case discussed here and in another case exposed to 600 
r directly to the testes, the original data should be consulted.*+ 

Comment (Dr. Whorton): To amplify on the 10 men we biopsied: 

No. of men 
3 
1 
1 
1 
1 
1 
1 
1 

Sperm count, 
million/ml 
azoospermict 

1 
10 

vasectomy 
vasectomy 

50 
23 

100 

fSertoli cell only. 

Exposure 
~4 years 
3 years 
1 year 
3-1/2 years 
1-1/2 years 
3 months 
1 hour/day, 7 years 
3 years exposed/ 
3 years not exposed 

The last three were the most normal appearing. The man who had 
3 exposed and 3 nonexposed years still had an overall appearance of 
decrease in absolute number of spermatogonia and of functioning 
spermatogenesis, but he obviously had enough to make a reasonable 
sperm count. With the two vasectomized men, we saw what you often 
see in a vasectomy--granulomas. We could even pick that up on the 
pathology. 

Question (Dr. Krauss): Do you have any information from 
long-term followup with your radiation subjects? Can you follow up 
for possible carcinogenesis.? 

Answer (Dr. MacLeod): The subjects were not mine. I saw only 
the seminal smears for reading the sperm morphology and am not aware 

*MacLeod, J. 1974. Effects of environmental factors and of 
antispermatogenic compounds on the human testis as reflected in the 
seminal cytology. In: Male Fertility and Sterility. Edited by H.E. 
Mancini and L. Martini. Academic Press, New York. pp. 123-148. 
+MacLeod, J., R.S. Hotchkiss, and B.W. Sitterson. 1964. Recovery 
of male fertility after sterilization by nuclear radiation. J. Am. 
Med. Assoc. 187:637-641. 
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at this time (1979) of any long-term followup on their general 
physical condition, particularly possible carcinogenic effects. 

Question (Dr. Whorton): I think the question is: We have seen 
people who have been irradiated develop, among other things, thyroid 
cancer many years later (this has been shown especially in the 
Hiroshima-Nagasaki followup). If DBCP acts like radiation, are we 
going to see something in 30 years? 

Answer (Dr. Macleod): I am afraid that none of us is in a 
positon to speculate unduly on the long-term effects of DBCP in 
terms of carcinogenicity or in the possible similarity of the 
effects of DBCP and irradiation of any sort. 

Comment (Dr. Vernon, Colorado State Health Department): There 
are at least two areas about which I am greatly concerned: one is 
standardization of techniques, the other is controls. We have had 
many different studies with many different collection methods. Dr. 
Krauss expressed concern about the way in which the FSH studies were 
done, which laboratory was used, and which agents were used. 

The Denver example of the first round of sperm counts was 
unhappy not only from the point of view of the company and from 
those epidemiologists who are looking at this, but certainly for 
those particular individuals who happened to be screened by an 
inadequate technique in that first round. So we must talk more 
specifically about techniques; we must be doing them well, and they 
must be reproducible and reliable. 

Perhaps the issue of controls is even more important. Adequate 
studies cannot be done without adequate control groups. I don1t 
believe the individual is an adequate control for himself; certainly 
not in the situation we are dealing with here. The vagaries of 
geography, time, socio-economic background, ethnic group, etc., are 
most important. 

Answer (Dr. Meyer): Your comments are well taken. When we 
began planning this symposium, we had no hope that we would solve 
all the problems and answer all the questions that would be 
generated in this 2-day session. My primary objective was to make 
those questions made known to everybody, so that during an 
appropriate followup period, we can solve these particular problems 
that you address, as well as some other concerns that other members 
of the audience have expressed. 
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PRELIMINARY EPIDEMIOLOGY STUDIES OF COHORTS OF 

DBCP- AND EDB-EXPOSED WORKERS1 

Frank L. Davido,* S. Hope Sandifer,+ and Roger Glasst 

FRANK DAVIDO 

The Human Effects Monitoring Branch of the Environmental 
Protection Agency's (EPA) Office of Pesticide Programs was given the 
responsibility of developing a cohort of workers and applicators who 
used and/or were exposed to DBCP and EDB in the field. 

Based on a pesticide usage survey conducted by the Human Effects 
Monitoring Branch, five projects from our Epidemiologic Studies 
Program (ESP) (in California, South Carolina, Texas, Mississippi, and 
New Jersey) were assigned this work in appropriate areas of the 
country where these chemicals have been most widely used. The ESP 
projects are EPA contracts with State health departments or university 
medical schools. These contractors have worked jointly on previous 
studies and maintain a laboratory quality control program. All 
projects utilized the same protocol for this study. Our studies are 
still on-going, and to date, approximately 165 people have been 
examined. Of this number, nine have been exposed only to EDB; the 
others have been exposed primarily to DBCP. 

The information Dr. S. Hope Sandifer, the Center Director of EPA's 
South Carolina project, will present is only our most preliminary data. 

S. HOPE SANDIFER 

THE EVALUATION 

Our evaluation of workers using DBCP and EDB includes sperm counts 
and motility; morphology; FSH, LH, and testosterone; exposure history; 

*U.S. Environmental Protection Agency, Washington, D.C. 
+M.D., Medical University of South Carolina, Charleston, South Carolina. 
tM.D., International Centre for Diarrhoeal Disease Research, Dacca, 
Bangladesh (Center for Disease Control, Atlanta, Georgia). 
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complete physical examination; and SMA-12. The eight-page form used 
to collect background data on these people reports on such 
information as the hours since they last ejaculated; their exposure 
to these compounds (in the last 3 months, 6 months, year, lifetime); 
how many and the birth dates of the children they have; whether or 
not they want to have more children (we found only one person who 
wanted to have more children), etc. 

At the present time, sperm counts are being done (one technician 
is doing them all); motility checks were done at the time of the 
physical examination; for the morphology data, Dr. Macleod is going 
to examine the smears that were made); FSH and lH are being done 
(some of the first 14 FSHls look high by our standards); 
testosterones are within the normal range although no correlations 
have been done; and SMA-12 I s were done because we wanted to make 
sure that we didn1t have diabetics or people with liver disease that 
we didn1t know about. 

RESULTS 

The use survey that we did in 1974 indicated that in that year 
about 10 million pounds of DBCP were used: about 5 million pounds in 
California, 3 million in South Carolina, and the rest was split up, 
mainly in the Southeast. 

A preliminary listing of 54 workers using DBCP is given in Table 
1. We arbitrarily divided the sperm count at 20 million/ml. We 
found four custom applicators; these men probably use the compound 
as much as 5 days a week, 15 weeks a year, mainly building new golf 
courses. One of these men has had no exposure for 2 years; his 
count was low. (Incidentally, in the South Carolina phase, we found 
nobody with zero sperm.) In the group of farmers, mainly from 
Arkansas and Tennessee, three had low counts. Of these, one had a 
moderate varicocele; one had an enlarged liver (but his liver 

Table 1. Preliminary sperm counts of 54 workers using DBCP. 

No S~erm count 
Exposure No. Vascetomy sample >20M <20M 

Mixers 10 0 1 3 6 
Custom applicators 4 2 0 0 2 
Farmers 19 2 2 12 3 
Sales 9 3 0 6 0 
Research 12 0 1 11 0 

Total 54 7 4 32 11 
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function studies by SMA-12 were normal); and the third one, age 58, 
gave a small volume, about 0.5 cc. This last man is probably not an 
adequate person to study. The research people came from 
agricultural colleges in South Carolina and Arkansas; they were all 
within the normal range. 

The sperm counts of 44 of these 54 workers are given in Table 
2. The count (million/ml) for the mixers ranged from 162 to 0.6; 
for the custom applicators, from 4.8 to 2.2; for the farmers, from 
222 to 1.8; for sales, from 162 to 54; and for research workers, 
from 179 to 34 million/ml. Some of the workers were, for various 
reasons, unable to produce specimens. All of these men said they 
would have a count done by their doctors, but because the quality 
control wouldn't be the same, they will not be included in our 
group. 

Table 2. Sperm counts from 44 of 54 workers using OBCP. 

Mean Seerm, mi 11 i ons/ml 
Exposure No. age Mean S.D. Highest Lowest <20M 

\ 

Mixers 9 28.9 32.0 51.0 162.0 0.6 6 
Custom applicators 2 34.5 3.5 4.8 2.2 2 
Farmers 15 38.9 51.2 55.7 222.0 1.8 3 
Sales 7 35.7 97.5 42.1 162.0 54.0 0 
Research 11 43.4 87.2 59.0 179.0 34.1 0 

Total 44 11 

Figure 1 illustrates the cumulative frequency distribution of 56 
workers using OBCP in South Carolina. The count is from less than 
10 to over 100 million/ml. The frequency distribution of these 56 
workers is about that of the 9,000 people included in MacLeod's 
data. 2 

The preliminary data gathered by the other EPA projects are 
summarized in Table 3. In the California study, two applicators and 
one farm worker had zero counts. One, however, was a coding 
error--the man had had a vasectomy. Another man had a history of 
infertility. 

We have not uncovered any fertility problem in the people we 
have seen. The motivation of these people who work with OBCP is to 
save a chemical compound that they believe is valuable to 
agriculture; it is not because of any concern about their health. 
These people think this compound is safe; they have no concern about 
their health; they are not scared by the publicity that has come out. 
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Figure 1. Cumulative frequency distribution of 56 
workers using DBCP in South Carolina 
( ---- ) compared with that from MacLeod 
( - - - ) (Reference 2). 

Ta.ble 3. Prelminary data of workers using DBCP and 
EDB in Texas,_New Jersey, and California. 

Exposure 

Texas 
Farmer 
Irrigation worker 

New Jersey 
Farmer 

No. 

8 
4 

4 

Sperm count, millionslml 
Mean High Low 

DBep 

53.1 
53.7 

66.2 

110.3 
53.0 

105.0 

16.6 
12.6 

38.0 

101+ 

California 
Applicator 
Farm worker 

60 
13 

57.3 
98.9 

239 
465 

0(2)* 
0(1) 

Texas 
Inspectors 

Florida 

8 

Fruit fumigators 16 

EDB 

77 .1 153.3 8.7 

*The zero count represents one person who had had a 
vasectomy and one with a history of infertility. 
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Is there a health problem from the use of this compound by the 
people who use it? My current thinking (and it may change because 
these findings are, admittedly, preliminary) is that I don't think 
so. For the people who manufacture and mix DBCP, I am personally 
convinced that there is a problem. 

FRANK DAVIDa 

As Dr. Sandifer has mentioned, EPA has other studies going on. 
In Michigan, Texas, and California, we have a good possibility of 
developing a cohort of EDB-exposed people. We will be continuing 
the one in Florida. 

EPA is also looking into DBCP and EDB soil and air exposures. 
In Maryland, plots in strawberry fields have been treated with DBCP, 
and soil and air samples have been collected. In Mississippi, soil 
samples have been taken from DBCP-treated soybean fields, and in 
Florida, air and soil samples have been taken after turf application 
of DBCP. 

In Maryland, soil and air samples have been taken on EDB-treated 
plots, and in Florida, air samples around EDB citrus fumigation 
chambers will be taken. 

At this time, the EPA has taken the following regulatory 
action. On September 8, 1977, the Administrator issued a notice of 
intent to suspend DBCP. This is an interim action. DBCP is 
described as an imminent hazard, and its distribution, sale, and use 
are prohibited. Shortly after the notice for suspension, or notice 
of intent, the Office of Special Pesticides Review issued what is 
called an "RPAR," a Rebuttable Presumption Against Registration. 
The animal test data developed by the National Cancer Institute 
indicated that DBCP in animals is carcinogenic and triggered this 
issuance. The next process, if the Agency finds it necessary, would 
be a suspension order and then an intent to cancel registration. 

Dr. Roger Glass, who has worked with the California project in 
collecting information, is with us. Would you comment on that 
project, Dr. Glass? 

ROGER GLASS 

The California study,3 which was done by the California 
Department of Health with help from the California Department of 
Food and Agriculture, had several distinguishing features. First, 
we felt that it was critical to have an appropriate control group. 
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There are no normal values for the distribution of sperm counts in a 
healthy population and no acceptable cutoff point below which a man 
is uniformly infertile. Dr. Macleod's data are based on his 
experience with men being evaluated for infertility, and other 
studies have examined men prior to vasectomy--neither of these can be 
considered a normal population. Men in our control group were chosen 
in the same fashion as men in the exposed group except for their 
history of work with DBCP. Many men worked in hot temperatures, 
which we know will affect the sperm count, and some were subjected to 
the vibration of tractors 10 hours a day. Furthermore, great 
variability in sperm count can be introduced in the field work (e.g., 
days of abstinence before giving a specimen), handling of specimens 
(e.g., time and temperatures maintained between collection and 
analysis), and counting (e.g., adequacy of mixing prior to counting). 

Secondly, in California, we have tried to use pesticide-use 
reports as an objective way to select the pesticide users and 
applicators to be included in this study. This prevents the bias of 
having men who are worried about their fertility selecting themselves 
into or out of their designated group. 

Finally, because we are looking at smaller, possibly subclinical 
effects on sperm-count depression, the problems of sperm-count 
variability will be much more important since we had no one with a 
zero sperm count from their exposure. 

ADDENDUM 

The final report on DBCP is contained in "Spermatogenesis in Agri­
cultural Workers Potentially Exposed to 1,2-Dibromo-3-chloropropane 
(DBCP)" by the Epidemiologic Studies Program, Human Effects Monitoring 
Branch, Technical Services Division, OPP, OTS, EPA, March 10, 1978. 
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THE PROPOSED PERMANENT STANDARD 

Eula Bingham* and William Demery+ 

EULA BINGHAM 

The proposed final standard for DBCP is near completion.t 
Because we have worked in close cooperation with at least two of the 
industries involved in the manufacture of this pesticide, it has 
been possible for us to get out the emergency temporary standard 
(ETS) in 3 weeks, a record for the Agency. 

With this particular standard" there was intensive 
collaboration with the Environmental Protection Agency (EPA) and 
communication with the Food and Drug Administration (FDA). As some 
of you are aware, there is a question of jurisdiction of workers in 
the area of pesticides between OSHA and EPA. For this particular 
material, there was total cooperation--cooperation that will make us 
more effective, as well as efficient, in con.trolling substances such 
as this one. 

Mr. Demery will comment on some points in the emergency 
temporary standard. 

WILLIAM DEMERY 

I would like to comment on our future plans with respect to the 
change from the ETS to the proposed permanent standard and also on 
the problems that a regulatory agency such as OSHA has because it is 
not involved directly in the scientific research that serves as the 
background for these standards. 

*Ph.D., Assistant Secretary, Occupational Safety and Health 
Administration, Washington, D.C. 
+OSHA Regional Office, Dallas, Texas. 
tThe final standard on occupational exposure to DBCP was published 
in the Federal Register March 17, 1978. This standard limits worker 
exposure to 1 ppb averaged over an 8-hour workday and prohibits eye 
and skin contact. Reprints of this Federal Register notice are 
available from the OSHA publications office. 
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As an agency, we are interested in ranking the potency of 
carcinogens and other chemical substances (as presented by Dr. Blum 
yesterday). Eventually, we hope to be able to rank-order chemical 
and carcinogenic substances in a system that could be used to set 
priorities for inspections. One of the difficulties of this task is 
exemplified by the fact that there is a list of approximately 25,000 
substances listed in the Registry of Toxic Effects of Chemical 
Substances (published by NIOSH1), including about 40,000 
substances listed by chemical trade names. Trying to find all of 
the information on all these chemicals is very difficult. OSHA has 
standards for about 420 of these substances right now. For those 
substances that we know we should be aware of, we would like to 
establish priorities and use a systematic approach to their control, 
or to the inspection for their control. Approximately 10,000 
substances are used in industry in the United States in excess of a 
ton per year. We hope to concern ourselves with those substances 
that are used in large quantities, have a large number of workers 
exposed, and have a high toxic rating. 

Dr. Bingham has made the decision that OSHA will eliminate those 
standards that do not directly affect safety and health.* We will 
try to simplify the standards so they are more easily understood. 

The ETS for DBCP was published on September 9, 1977, and the 
permanent standard will be pubtished shortly in the Federal 
Register. Before I discuss some of the differences in the proposed 
standard from the temporary standard, I would like to discuss some 
of the problems facing us when determining standards. 

DETERMINING STANDARDS 

Some of the evidence considered for establishing the ETS is 
included in the preamble of the standard, including that sterility 
had been found in employees in several plants where exposure to DBCP 
was in some cases brief and, in most cases, low level. When this 
was coupled with the evidence of animal carcinogenicity, the Agency 

*On October 24, 1978, OSHA published a final rule in the Federal 
Register revoking 928 provisions of its general industry safety 
standards deemed unrelated or no longer necessary to job safety or 
health. 
+A new permanent lead standard was published by OSHA in the 
Federal Register November 14, 1978, with the main provisions of that 
standard going into effect March 1, 1979. Engineering controls and 
work practice provisions of the standard have been stayed pending 
judicial review. The standard lowers permissible worker exposure 
levels to 50 ~g lead/m3 of air averaged over an 8-hour workday. 
A review of the hearing records on the noise standard still is under 
way. 
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was faced with the question of what to do when a regulatory agency 
must translate scientific knowledge concerning health effects of 
chemicals into regulatory action for protection of workers. 

We go through some very vigorous work to try to find the proper 
approach and the proper standard. As evidence of the difficulty 
that we have in the standards promulgation process, consider the 
records on lead and noise.+ We have over 15,000 typewritten pages 
of testimony on the lead standard and over 10,000 pages of testimony 
on the noise standard. Standard promulgation shouldn't be an easy 
task; it has to be a difficult task to determine standards. If it 
were easy, I think that government agencies, which have a reputation 
of over-regulating, would do just that; and we are attempting not to 
over-regulate. 

The problem is not whether you should regulate, but how much and 
where you should regulate. We operate on the frontiers of the 
scientific, technological society, and it is not unusual, in the 
standards hearing, to hear strident pleas concerning 
over-regulation. OSHA is working hard to get rid of the stigma that 
we are creating regulations for industry that are unfair. 

CHANGES IN THE STANDARD 

The temporary standard is for an 8-hour time-weighted average of 
10 parts per billion (ppb), and the proposed standard is for 1 ppb. 
This change is due, in part, to the fact that there is two-specie, 
two-target-organ evidence of carcinogenicity for DBCP and known 
human gonadotoxic effects. It is also because we have demonstrated 
achievable levels in the area of bis-chloromethyl ether of 1 ppb and 
less. 

The section on methods of compliance has also been changed. 
There was not time to develop engineering controls to the point 
where they could be applied in the temporary standard, but the 
permanent standard will address the issue and will require that 
engineering controls be implemented. 

The decision logic for the respirator table has not changed a 
great deal, but it has changed slightly because we are considering a 
lower standard. 

There will be a section on what should be done in cases of 
emergency and what is required of a company in case of emergency 
spills. 

The section on medical surveillance has also been changed. We 
anticipate that the requirement concerning testosterone will be 
deleted; that the requirement for the SMA-12 will be changed to 
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include a complete blood analysis as well as a differential count; 
and that a complete urinalysis, including a microscopic analysis, 
will be required. 

The recordkeeping requirements will be, of course, for 20 
years.* The present requirement was only for the duration of the 
ETS. These are the major changes that I am aware of. 

REFERENCE 

1. National Institute for Occupational Safety and Health. Registry 
of toxic effects of chemical substances. NIOSH, Cincinnati, Ohio. 
1978. 

DISCUSSION 

Question (Mr. Estep, OSHA): Do we have some information on the 
ceiling? 

Answer (Mr. Demery): The ceiling has been changed from 50 ppb 
to 10 ppb for a 15-minute sampling period.+ The due date for 
written statements and comments is December 1, and at that time, you 
should also let us know about your intention to appear at the 
hearing. 

Question (Dr. Lipschlutz, University of Texas Medical School): 
I would like to know the rationale for dropping the testosterone and 
retaining the T-3 and the T-4, the thyroid studies. 

Answer (Mr. Demery): As stated in the preamble to the final 
standard, the requirement for serum testosterone has been eliminated 

'on the basis of evidence that serum testosterone levels do not 
correlate with DBCP-induced toxicity. Thyroid studies are also not 
required in the final standard. 

*Under the new standard's recordkeeping requirements, an employee's 
exposure and medical records must be kept for 40 years or the 
duration of employment plus 20 years, whichever is longer. 
+The new permanent standard for worker exposure to DBCP has no 
ceiling limit. 

137 



OCAW INVOLVEMENT IN THE DBCP INVESTIGATIONS 

Rafael Moure,* Tom Neel,+ and Jeffrey Chapman+ 

RAFAEL MOURE 

The interest of NIOSH, as I understand, is to evaluate 
scientific information in order to make scientific judgments in two 
specific fields: the need for medical surveillance to prevent 
potential delayed health effects of DBCP exposure and the steps 
necessary to prevent a future tragedy of similar proportions. 

MEDICAL SURVEILLANCE 

In addressing the first point, I understand that the possibility 
of putting together a future registry of DBCP workers is seriously 
being considered by the federal government. We endorse this idea 
and propose that such a registry be expanded from a simple 
record-keeping of future disease experience in this group of workers 
to a continuing preventive medicine program that will monitor the 
health effects of DBCP for their lifetime. 

Such a program should include routine screening tests in this 
population to identify any precancerous condition in these workers. 
I believe that the in-vitro evidence of mutagenic effects of DBCP, 
as well as the in-vivo animal evidence of carcinogenic effects of 
DBCP, defines this worker population as a high-risk group for the 
future development of cancer. 

Yesterday we heard that Dow Chemical Company has reported one 
case of embryonal testicular cancer in a DBCP formulator at Magnolia, 
Arkansas. Although there is no proven cause-and-effect relation 
between the worker's DBCP exposure and the testicular cancer, the 
fact that very low DBCP air concentrations have produced a very high 
gonadotoxic effect points to the need for considering DBCP, by itself 
or in conjunction with EDB (the other exposure that this worker had), 
a potential causative agent of this worker's condition. 

*Oil, Chemical and Atomic Workers International Union. 
+Members of Oil, Chemical and Atomic Workers International Union 
and Shell Chemical Company employees. 
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OCAW would like to suggest as part of our proposed IIlifetime 
preventive medicine program ll for DBCP workers that appropriate 
medical screening tests, especially tumor marker tests, be performed 
twice a year, in addition to the medical tests suggested in OSHA's 
emergency temporary standard. 

In my literature search of tests that are tumor markers, with 
emphasis on the sites that we could expect cancers to appear through 
the animal experiments, I found four that I would like to present to 
you for discussion. 

The first is the measure of estradiol levels, i.e., HCG hormone 
in serum of workers exposed to DBCP. This is, of course, in conjunc­
tion with the other hormone tests that have been proposed before. 

The second are the tests that measure the level of specific 
modified purines and pyrimidines that are end products of RNA 
catabolism in urine of people. This type of test could provide good 
information about cancer for the purpose of prevention. 

For the third, we could consider periodic examinations of the 
feces of workers involved with DBCP, and the fourth would be studies 
on blood cell cultures for chromosome damage, cystochromatid 
exchange, and DNA repair. 

These suggested screening tests, are not invasive and could be 
performed in conjunction with the biological samples to be collected 
as the result of the proposed medical surveillance section in the 
OSHA emergency temporary standard. 

We recognize that some of these tests are new, experimental, and 
not fully developed as screening tools. We believe, however, that 
their experimental use in this case is justified by the urgent need 
to address the problem of early cancer detection in populations 
exposed to DBCP. 

OCAW also suggests that whatever costs are involved in this 
preventive medicine program should be covered by the corporations 
involved in DBCP production and formulation. 

The success of any medical surveillance program depends on 
employee participation. Such participation has been hampered by 
worker fear that the results of medical examinations could be used 
to impair his or her ability to make a living. Future OSHA 
regulations must provide two guarantees to the worker to obtain 
their participation: first, a guarantee of full confidentiality of 
medical results from all sources, including the employer; and 
second, a guarantee that any change in the worker's classification 
as a result of a medical examination will maintain the worker's rate 
of pay, seniority, and rights for future promotion. 
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PREVENTION 

The second and most important scientific task for federal 
research and for the regulatory agencies is to take steps to prevent 
further occupational tragedies of this magnitude. A gap exists 
between the content of toxicological studies and the information 
about these substances supplied to the chemical operators and 
formulators at the point of production. Warnings of the need for 
medical followup recommended in the Torkelson paper,l in the Shell 
preliminary paper 2, and in those from the years before (1957 and 
1958) were not heeded. The medical surveillance recommended in 
light of the specific toxic effect in the reproductive systems of 
exposed animals (i.e., testicular atrophy and abnormal sperm 
production) is the reason to recommend the tests mentioned above. 

The only toxicological information available to managers of the 
Occidental Chemical Company in California and the Shell Chemical 
Company at Denver were the general warnings on product labels--"use 
protective clothing"--"avoid breathing the vapor and fumes"--"keep 
out of the reach of children." Because this type of information 
does not inform anybody of the risks involved, OCAW suggests that 
the federal government regulate and monitor this process of 
transmitting toxicological information. 

With respect to workers, we suggest that a fact sheet, 
summarizing the known toxic effects in lay language, be given to 
every operator handling the substance. 

OCAW INVOLVEMENT 

Direct worker involvement, applying the art of "workers' health 
screening" uncovered the infertility cases of employees involved in 
manufacturing and formulating DBCP in California. OCAW's direct 
intervention in June 1977 uncovered the relationship between 
handling DBCP and infertility. The decision to medically document 
workers' complaints of infertility through medically supervised 
sperm counts was conceived, planned, and carried out by OCAW workers 
at the Occidental Chemical Company plant. One worker collected the 
sperm samples from the first seven operators examined. These seven 
sperm tests submitted to Dr. Whorton were the first medical evidence 
of this problem. On July 21, 1977, OCAW requested the NIOSH health 
hazard evaluation that involved Dr. Meyer and Dr. Whorton. On 
August 23, we requested the emergency temporary standard from OSHA. 
This was followed by a similar health hazard evaluation request to 
NIOSH for our Denver plant as well as a request for involvement from 
the Colorado Department of Health. 

Dow Chemical Company (in testimony presented October 13th in the 
California inquiry on DBCP and expressed through Dr. Perry Gehring, 
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their Director of Toxicological Research) recommended in 1961 that 
exposure levels for DBCP be below 1 ppm in the work environment. 
Dr. Gehring expressed his belief that those levels are unlikely to 
produce adverse effects if skin contamination is avoided. Today we 
know that those 1961 recommendations did not protect Dow Chemical 
workers. 

Shell Chemical company declared in the California hearings that 
Shell observed adequate operating procedures recommended by the 1961 
report. The reports of 95 infertile and possibly permanently 
sterile workers, to date, point out the deficiencies of these work 
practices. Accounts of workers at the Shell Denver plant as well as 
that from the Shell plant manager point out the unavailability of 
toxicological information. The reason that more than 3,000 DBCP 
workers in the United States are not exposed today is the diligence 
of an OCAW local union leader. 

CONCLUS IONS 

A proper scientific question we should objectively examine is where 
traditional toxicology, traditional epidemiology, as well as 
traditional medicine have failed the American worker. We should 
criti cally study the IhOW'S" and the "why's" corporati ons have 
failed in their responsibility to provide a workplace free of 
hazards to DBCP workers. 

The OCAW hopes for meaningful and substantial changes in 
governmental regulations in three areas: 

The transmission of meaningful toxicological information to 
workers from employers; 

The assurance of worker participation in medical screening 
tests through rate retention guarantees; 

The establishment of corporate responsibility (by at least 
a medical program to be provided for the worker's lifetime) 
for the actual and future health effects of DBCP-exposed 
workers. 

TOM NEEL 

I am the chairman for the Workmen's Committee at Shell's Denver 
plant. We no longer manufacture DBCP, but we urge a standard to 
help others still involved. We urge evaluation of all other 
chemicals we work with for we want a safe workplace. 
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OSHA began in 1970. In March 1971, we formed a voluntary safety 
committee; in 1973, the "health and safety" clause came into our 
contract. Although we have a cleaner, better-smelling plant since 
OSHA and our health and safety clause, there is still room for 
improvement. We believe a permanent standard is needed to upgrade 
past mistakes. Please help us improve our conditions so that 
another group of people down the road will not suffer the problems 
faced by the alleged victims of DBCP. 

JEFF CHAPMAN 

I work at Shell IS Denver plant, and I was a DBCP operator in 
1974 and 1975. We who worked with DBCP were given no information on 
the possible effects as far as sterility. We were told lithe stuff 
is poisonous; don't breathe it too much. Avoid it. If you get it 
spilled on you, wash it off." We weren't given impervious clothing 
for everyday wear. Rubber suits were availabile, but no emphasis 
was given us to wear this clothing. 

There are lots of protective devices at the plant. I think, 
since I have been there, that they have provided us very well with 
respiratory equipment and protective clothing. 

Because it is very annoying to work in hot heavy equipment, men 
generally wear their safety equipment when they know there is an 
immediate danger such as working with caustics. The long-term 
eff ects are not poi nted out to us very we 11, if at a 11, and men 
don't consider what they are taking home in their tissues. If I had 
been informed I would become sterile with high exposures to DBCP, I 
would have worn more respiratory equipment. For example, whenever I 
had to open the bottom of the reactor because it was pl ugged, to 1 et 
DSCP pour allover the floor, and be down there with my wrenches in 
a puddle of it, I would have had something on. I didn't. I did my 
work as quickly as I could. I let my eyes tear, and I got out. If 
I got it on my body or on my coveralls, I washed up. But I had no 
idea what this stuff could do to me. Another standard procedure 
used at the Shell plant (it is gone now) after the finished product 
was filtered and packaged was to change the dirty filters. The 
worker put on rubber gloves, opened the canister, took the used 
filters from the canister, and put them into an open drum that was 
not under a hood. There were heavy fumes--enough so that you 
couldn't wait to get out of there. 

The standards, which you people have been studying, are all well 
and good, but they don't relate very well to plant reality--not 
unless people are put into pressurized rubber suits and complete 
protective equipment whenever they have to be at the workplace. Men 
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don't want to do that; it is just too much trouble. Management 
might get more cooperation, however, if we knew what these things 
could ao to us. 

Although DBCP is now gone from the Denver plant, we have many 
other chemicals there. A lot of men suspect trimethyl phosphate, 
which is in widespread use at our plant, is causing sterility 
problems. We don't know; we haven't been given information on it. 
If this material has any effect like DBCP, the men don't use the 
necessary protection. We need studies done on every material that 
is used in the chemical industry; and we need the information. If 
we get straight information, if we know how dangerous these 
materials are, what they can do in the short- and long-range, I 
think the men will be much more cooperative with management about 
wearing the safety equipment. 
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THE FOLLOWUP 

Donald Whorton,* Robert Spirtas,+ 
Channing Meyer,t and Alexander B. Smith-

DONALD WHORTON 

EXTENT OF THE PROBLEM 

Where does our medical surveillance go from here? I don't think 
we know the extent of the problem. Examinations are going on or have 
been completed at five plants (one each in Arkansas, Alabama, Mich­
igan, Colorado, and California). Many people still haven't been ex­
amined although we intend to try to examine some of these exposed 
people, e.g., at least five or six DBCP formulators in California. 

The presented data have been mainly from manufacturing or 
formulating companies. Some, as yet inconclusive; data concern the 
applicators. So, at this point, we really have no idea how many 
patients we are talking about. 

At the Occidental Chemical Company plant, 15 men--applicators, 
set-up men, and truck drivers--were examined. Fourteen of the 
fifteen gave sperm samples. Of these 14, 2 were azoospermic; 1 had 
a count of between 1 and 9 million; 2 between 10 and 19 million; 2 
between 20 and 29 million; 2 between 30 and 39 million; and 5 above 
40 million/ml (actually they were above 70). I think these are very 
different from the data that some of you have been seeing. It 
indicates that there is a problem among applicators, at least in 
California where we have examined the most workers. 

It was difficult to assess how much these men were really 
exposed, for it depended on where they lived in California and how 
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much OBCP they used. In some parts of California, OBCP was used the 
year around; in other parts, 2 or 3 months a year. One of the 
azoospermic men was a tractor driver who apparently specialized in 
OBCP; with the other men, the exposure varied. This does show that 
there is an effect and that the effect extends beyond the plant. 

REVERSIBILITY 

The question of reversibility versus permanence of testicular 
injury needs answering. This can be done by following people over 
time. 

What kinds of tests ought we to use: cytologies, motilities, 
etc.? Whatever kinds, they must be relatively uniform so we can 
establish comparable figures. We don't, however, have enough data 
to answer that question yet. 

A second question is, For those who are reversible, i.e., those 
who father children, what is the best sign of reversibility? Will 
their children be normal? Pregnancies must be followed--families 
must be considered and involved--it is more than just the workers. 

A third question concerns the relative risk for cancer in these 
individuals. Again, the only way to answer that is to find and 
follow the people over time. Of the people we have talked about, 
one individual has testicular cancer. Now, if the incidence of 
testicular cancer is 3 in 100,000 and seminomas are half of them 
(this particular one is not a seminoma), we already have a bias. We 
must also ask, Are we going to see cancer not only of the testes, 
but cancer of the thyroid, or of some other organ, 10 to 15 years 
from now? We don't know; the only way to know is through a 
followup. If we are going to talk about followup, these questions 
need to be addressed. Unfortunately, we can't give people answers 
right away. 

ROBERT SPIRTAS 

A case registry, as we1re considering the term here, is a 
listing of people exposed to a work hazard. The list is used to 
measure the magnitude of the problem and to keep track of the people 
as efficiently 
as possible. To develop a registry for a particular exposure, we 
try to collect baseline information: name and address, social 
security number, date of birth, race, sex if it is appropriate, and 
some measure of exposure, which is most easily obtained from work 
histories. 
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NIOSH has started to maintain registries--an angiosarcoma case 
registry and a registry for Kepone and Mirex workers. Now we have 
the question, Should there be a registry of workers exposed to DBCP? 

Because NIOSH began its work on Kepone/Mirex after several other 
groups had been working on the problem, it has been very difficult 
for us to get all the data we need. We were able to get the work 
histories for our registry from most of the manufacturers, 
especially from the large manufacturers, of these chemicals. 
Because the formulating companies are smaller, often not as well 
organized with varying degrees of expertise in matters of health, 
with varying degrees of interest in cooperation, and with fewer 
employees, it's been more difficult to get the information we need. 
It is an even more difficult story when we get to the applicators. 

Several people have expressed the need to have more 
information--on fetal outcome, on repeated measurements, on other 
types of health outcomes. Where do we draw the line on how much 
information to collect? I suggest that an economic principle is 
involved. We need a baseline of information on all workers. After 
that, certain tests could be given to or records collected for 
certain workers. The greater degree of testing or record collection 
would be done on the workers at highest risk; a smaller sample would 
be taken of the other workers so that we have an estimate of the 
overall problem. For the purposes of estimating the dose-response 
relationship, we have techniques available 
that will allow us to stratify the population and to spend a certain 
amount of money in a way that will give us the maximum amount of 
information. This is for the purposes of scientific information. 
The consideration of the social consequences and the fact that the 
workers have asked for a certain procedure are additional issues. 

Beyond the need to standardize protocol, the laboratory 
procedures, and the testing procedures, we also need a standard 
baseline of information on each worker so that we have some idea of 
the total population of exposed workers and their exposure history. 
We need this information as quickly as possible before we begin any 
program of medical testing or medical surveillance. 

To collect this baseline of information, we need the cooperation 
of industry and labor so that we can measure the magnitude of the 
problem and keep track of it as efficiently as possible. 

CHANNING MEYER 

I think it is important to look at two parameters: potential 
reversibility of testicular malfunction resulting from exposure to 
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OSCP and the possibility that OSCP may be a human carcinogen in 
addition to being an animal carcinogen. 

A OBCP case regsitry would allow us to keep track of these 
exposed workers, especially those with the greatest amount of 
dysfunction as a result of exposure. Although it would be good to 
evaluate everybody and every chemical, it is not feasible with our 
resources. By operating in a stratified manner, we will be able to 
watch most closely those people who have been severely affected and, 
then, to enlarge the study as the results of that surveillance may 
dictate. 

We know that OBCP is a problem, and we know that there are many 
other chemicals in the environment. What are we going to do about 
some of the other ones? 

There are a number of theories at this point about the actual 
mechanism of the toxicity of OBCP. When that mechanism is worked 
out, we can take other chemicals, similar in structure to OBCP, to 
see if it is the chemical itself, or a metabolic byproduct, or 
whatever, that is toxic. Until then, we will look at a variety of 
exposures in an industry-wide study that is currently being approved. 

BLAIR SMITH 

Our interest in certain types of pesticides stems from work that 
we have been doing on certain chlorinated hydrocarbon compounds as 
determinants for cardiovascular disease. In planning those studies, 
it became apparent with the emergence of the OBCP problem that, as 
one part of the study, we would be looking at basically the same 
types of populations that would be examined to study the problem of 
sterility caused by certain halogenated hydrocarbons. 

We need to obtain certain information in a standardized, uniform 
way, so that we can make comparisons between compounds, between 
geographical areas, and between sites. We are searching for some 
epidemiologic leads to this and other problems. 

We plan to look at those chemicals that we, from our review of 
the literature, have reason to suspect might cause these problems to 
occur. At the outset, we are going to concentrate on chlorinated 
hydrocarbon pesticides. 

Our medical protocol concerning the infertility problem will 
follow, in large part, Dr. Whorton's recommendations. We will also 
do some other medical examinations. 
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DISCUSSION 

Question (Dr. Zavon, Hooker Chemical Company): Mr. Chapman, I 
think you have made some of us realize again that there are 
concerned workers in the plant and that this isn't an academic 
situation. My question is: If we have not been able to get people 
to stop smoking cigarettes, where the data are reasonably good 
concerning the potential for lung cancer and other diseases, can you 
make any specific suggestions as to how we can be more persuasive in 
getting workers who are exposed to chemicals, with either known or 
unknown potential hazard, to observe precautions in the workplace? 

Answer (Mr. Chapman, Oil, Chemical, and Atomic Workers): A man 
has a choice with cigarettes; a man has a choice with chemicals if 
he knows the danger of the chemical. We didn't know the danger of 
the chemical other than it would irritate the skin. Employees knew 
nothing of sterility problems, nothing of carcinogenic problems. 
Knowing these things, a man can protect himself. You can't 
guarantee the man will use his safety equipment, you can't supervise 
him 8 hours a day, but you can at least tell him what he is up 
against. 

Question (Dr. Zavon): Recognizing the validity of what you are 
saying about informing him, how can we motivate him--any more than 
we can motivate him to stop smoking? 

Answer (Mr. Chapman): Perhaps if OSHA came out with very strict 
control rules on letting a man be exposed, management and 
supervision could tell him "We are going to be coming in and out of 
here, and we are going to be watching how you work. If you are not 
using your equipment, you will lose your job." Management also 
needs to be monitored to make sure they are requiring people to use 
their safety equipment. In our plant, a foreman might tell a worker 
to put on an airline mask. The man might put on an airline mask 
until the foreman walks away, or he might keep it on, caring enough 
about his body to not want to absorb these things. But between 
labor and management, I don't think you can do it--you have to have 
government in there making sure that both sides are obeying the 
rules that need to be made. 

Comment (Dr. Craft, NIOSH): The best way to solve the problem 
is with engineering control. It eliminates the problem of trying to 
convince the man to do something. I believe we surely have the 
technology to do that now. 
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Question (Mr. Mike Wright, United Steelworkers of America): Dr. 
Zavon, one of the problems we have is to motivate management to put 
in the engineering controls. We would appreciate hearing any 
suggestions you might make along those lines. 

Answer (Dr. Zavon): As federal laws are enacted, whether by 
OSHA or other regulatory agencies, that all industry must comply 
with, industry won't be moving from a state that has strict rules to 
a state that has less strict rules. But if these federal rules are 
much stricter than rules elsewhere in the world so that our industry 
cannot compete with industry elsewhere, we have to face the fact 
that we are going to lose jobs here and be prepared to accept and in 
some way cushion it. I think management can be motivated--I haven't 
run into anyone in management who deliberately wants to hurt anyone. 

Comment (Mr. Kusnetz, Shell Oil Company): I want to thank Jeff 
Chapman and Tom Neel for saying what I think really had to be said. 
If there is one message that we take away from here--and certainly 
we at Shell are more sensitive to their comments because they are 
our fellow employees--it is that the avenues of communication have 
to be broadened, made two-way, and be very open. I would also like 
to set the record straight concerning the hearings in San Francisco 
last week that Mr. Moure referred to. I was the only Shell 
spokesman at .those hearings. The Shell Denver Manager was not at 
the hearings and, consequently, made no statement concerning what 
information had or had not been passed to him. 

Comment (Mr. Moure, Oil, Chemical, and Atomic Workers): The 
statement of Mr. Knaus, Manager of the Denver plant, about this 
information came out of the meetings Mr. Knaus had on September 20 
in Denver with the Colorado Department of Health and representatives 
of OCAW and the Shell managers at Denver. In that meeting, Mr. Knaus 
stated that he didn't know about this information until July 1977. 

Question (Dr. Troen, Montefiore Hospital): My question relates 
to standards that are to be set. I gather they represent a level of 
DBCP in the air above which exposure is unacceptable. Is there to 
be a time limit put on this exposure? We have been told and given 
evidence that this material is gonadotoxic--that it probably acts on 
the spermatogonia. This means there is a very long lead-time between 
the time toxicity takes place and the time that any usual monitoring 
methods, such as sperm counts, will show any change. It may not be 
enough to look for a level below so many parts per billion; we also 
need to know how long an exposure. What methods should be used to 
minimize exposure? Has any thought been given to rotating workers or 
giving a "cooling-off" period for whatever toxicity may be present? 

Answer (Dr. Bingham, OSHA): First, I want to comment on 
rotating workers. When you have a material such as this (for which 
we have some very good animal data in two species that say it is a 

149 



carcinogen), I get very nervous because I donlt want to spread that 
risk around too far. We will, of course, be talking about exposure 
limits in terms of what will be allowed in hours. 

1 would like to make a plea to NIOSH, to the people who are plan­
ning these studies, and to you in the audience. When you do these 
studies (and 11m not just talking about DBCP) , talk with people in the 
regulatory agencies (not just OSHA, but with EPA, and others, depend­
ing on the material) and get their perspective as to what is required 
to come up with the regulation that will protect workers, the ambient 
environment, or the general population. This might help you have a 
better insight as to how useful the data you collect are going to be. 

How are we going to translate these data you collect into 
standards? You should start thinking about this at the very begin­
ning of your studies, not when we are at the public hearings and 
people say, IIWell, this is wrong with the study, and that is wrong 
with the study, and why didnlt you take this into account?1I It might 
even be good to talk about what constitutes evidence because even­
tually we do come to that basic question. 

I appreciated the remarks of Mr. Chapman and Mr. Moure and would 
like to direct questions to them. How much do you know about the 
substances with which you work? What kind of labels do you have? 
What do you think you should have? And to Mr. Moure--When you talk 
of confidentiality of records, do you mean so confidential that the 
worker is not told of the results? Or confidential as far as the 
rest of the--

Answer (Mr. Moure): The world. 

Answer (Mr. Chapman): We know the materials we work with at the 
Shell Plant (and there are a lot of them) are dangerous. We know, of 
course, they are chemicals. We know that there are acids--caustics 
that will cause immediate harm. If you get them in your eyes, you 
will go blind; if you get them on your skin, you will be scarred for 
life. We know that the end-products--such as the DBCP that was being 
made there and, now, other products--are poisons. We donlt want to 
eat them for lunch; we donlt want them absorbed through our skin. We 
are not chemists. We know poisons to a certain extent, so we are 
careful. But we donlt know with any assurance that a material is a 
carcinogen or that it can cause sterility. We donlt have the 
information on these materials. 

We know the short-term effects of some things that are immediate­
ly dangerous. We know very little about long-term effects, especially 
of the end-products of the things that the plant actually manufactures. 

Comment (Dr. Meyer, NIOSH): I have participated, either in terms 
of directly conducting the study or assisting in conducting the study, 
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in approximately 40 or 50 health hazard evaluations. My 
conservative estimate of the people who have not the faintest idea 
of what they are working with or its potential dangers is in the 
range of 75 percent. Worker education really must have a high 
priority--not only for government agencies, but certainly for 
corporations and unions. It is time that labor begins to ask these 
questions and begins to insist that labor and management know about 
these hazards, because in a few cases management has not even known. 

Comment (Mr. Moure): In my research in different plants and in 
finding different ways to pass on information, I have found that in 
a great number of plants there is a material safety data sheet for 
every substance. Normally, there is a copy of this in an office. 
The type of warning given to workers is IIDon't breathe the fumes. 1I 

My suggestion is that the specific effects should be provided to 
these workers--a leaflet, written in lay terms, giving the results 
of toxicological experiments and what could be expected. 

In the production of any chemical, the operator making the 
chemical is given the standard operating procedures. This type of 
information could be included in this standard operating procedure 
so that the operator and the people handling the chemical could 
read it while they work with the chemical. 

Question (Dr. Vernon, Colorado Department of Health): We have 
found that the results of conveying information to vaccine 
recipients with the so-called informed consent forms are dismal. 
But that in no way relieves us of the responsibility for such 
conveyance. It reminds me of a comment made yesterday concerning 
whether or not a young man who happened to have a low sperm count 
might not be told of the situation. I think we are well beyond the 
era when a physician should fail to communicate results of that 
sort. 

Dr. Smith, could you tell us about the studies that are 
underway? Who is involved? Will you study reversibility? 
Carcinogenicity? 

Answer (Dr. Smith, NIOSH): At this time, the study is 
envisioned as being primarily cross-sectional. We are working with 
the University of Illinois School of Public Health, which will be 
dOing a retrospective mortality study of the pesticide 
formulators. The provision to do some work prospectively is in the 
planning stages. Input is needed from concerned parties to help us 
define what people outside our organization believe is necessary in 
these areas. The studies could very well be used as the basis for 
a prospective followup of the people involved. 

Comment (Dr. Glass, CDC): The questions of variability brought 
up throughout this meeting all point in the same direction--there 
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is a lot to be done to standardize some of the studies and, as Dr. 
Whorton said, to determine the extent of the problem. 

Future studies should be done in a well-controlled fashion with 
large numbers of exposed and unexposed workers or with multiple 
specimens taken from smaller numbers of workers. A control group is 
particularly important since there are no reliable data on the 
distribution of sperm counts in a normal (i.e., neither infertile or 
prevasectomy) population and because specimen handling and counting 
can lead to great variability of results as well. 

Comment (Mr. Eller, International Chemical Worker's Union): For 
the last 2 days, we have very microscopically examined what I 
believe may turn out to be only the tip of an iceberg. We have 
looked very closely at the events and the effects of one particular 
toxic substance and perhaps some of the effects of related 
compounds. We have also seen cooperation in terms of the federal 
government and industry trying to evaluate the events that led to 
what we are, perhaps, going to label the "DBCP disaster." I am 
somewhat hesitant in applauding this kind of cooperation because I 
think that the history that has been laid out here indicates that 
the producers of DBCP knew that workers exposed to the substance 
might suffer from the potential carcinogenic and gonadotoxic effects. 

I have to wonder how many additional reports, such as the Dow and 
Shell animal studies, exist in corporate medical files. Only history 
will indicate whether or not we have made any progress here or 
whether or not we are going to repeat the same events. One of the 
things set forth at the start of the conference was the possibility 
of determining how we might avert future disasters. I think one of 
the ways is through a complete disclosure of studies. There will 
have to be a different relationship to animal data. We will also 
have to make corporations financially responsible for the effects of 
their own production. One way this might be done is to have the 
federal government ask that producers be responsible for the finan­
cial burdens that are going to come out of the the exposure to DBCP. 

Comment (Mr. Wright): In discussing where to go from here, I 
want to raise two issues. One is an issue for OSHA. The 
Steelworkers I top priority for standard-setting is a comprehensive 
labelling standard--a standard that would include not only 
labelling, but posting and giving information to workers about the 
toxic substances to which they are exposed. I am sure that in 6 
months or a year, we1re going to be talking about some other 
chemical, and the sooner that people know what they are exposed to, 
the sooner we can begin to diminsh the frequency with which we have 
to meet about some other crisis. 

The other issue concerns NIOSH. We are in favor of a case 
registry for OBCP and for similar substances. Unfortunately, there 
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are some questions that have to be addressed about confidentiality of 
records. In the recently concluded beryllium hearings, we had an expe­
rience concerning death certificates. The certificates, supplied by the 
states to NIOSH under what I understood were signed agreements that 
they be kept confidential, were given to one of the companies involved. 
That company then used that information to hire a private detective 
agency to do what they called smoking histories on workers who had 
died--by visiting relatives and families. The potential for harassment 
in that kind of situation is very high. There is also a case registry 
for beryllium, and as far as we can tell, representatives of the compa­
nies had very open access to that case registry. Now, I don't think 
that information was misused, but again, the potential was certainly 
there. I think that until we can discuss in detail some procedures 
that will assure us that the information cannot be used against indi­
viduals, we would be hesitant to ask our members to supply personal 
information to NIOSH or any other agency. I think before a DBCP 
registry can be set up, we want to have that kind of discussion. 

Question (Dr. Meyer): NIOSH, to my knowledge, wasn't responsible 
primarily for the beryllium registry. Is that right? 

Answer (Mr. Wright): As far as I know, NIOSH supplied the funding. 

Comment (Dr. Meyer): In terms of release of information, that may 
well have happened elsewhere. The point about death certificates is 
irrelevant because a death certificate is a matter of public record. 

Comment (Mr. Wright): The fact remains that NIOSH signed 
agreements with states not to release the information and then 
disregarded them. So we are afraid that you will sign an agreement 
with somebody else and ignore it. 

Comment (Dr. Smith): I would like to address the point of 
confidentiality of information that we obtain in the course of our 
studies. Specifically, you are referring to the confidentiality of 
death certificate information. This is part of a broader issue, 
namely of medical information as it pertains the deceased. 
Regardless of any agreement that NIOSH may have signed with a state, 
it is the decision of the General Counsel Office of DHEW that 
deceased people do not have a right of privacy. This issue has come 
up a number of times with respect to data that we hold within our 
Branch. We have fought vigorously against the disclosure of medical 
data on deceased individuals, and we have been able to reach 
agreements with these people requesting such information. I don't 
believe we have released any medical data. 

The death certificates, however, are a public record, and as 
such, we cannot withhold them if someone requests them. As for 
medical information on living people, this is subject to the Privacy 
Act. We cannot release this information, and legally, we are on very 
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firm ground here. Generally, we cannot, will not, and will never 
release confidential information on living people without their 
signed consent. 

Comment (Mr. Demery, OSHA): To return to the issue of high 
priorities for labelling, I would like to comment that Dr. Bingham 
also has that under very high priority. 

Comment (Dr. Ligo, NIOSH): In light of informing the working 
man about what he is working with, I would like to tell you about 
the Standards Completion Program (a joint OSHA-NIOSH program) in 
which we have prepared this kind of material for all the federal 
standards. The material includes material safety data sheets for 
workers that tell all the toxic effects that workers might expect 
from a particular agent and tell them what to do about effects, 
first aid measures to use, etc. If this program is implemented, 
there are requirements that the company inform the workers and 
provide these materials to them. The company is also given other 
information about how to handle this material safely, what kind of 
medical examinations should be done and how often, etc. When these 
are released, they should handle the 400 or so items on which we 
have standards. 

Comment (Dr. Spirtas, NIOSH): I would also like to respond to 
the representatives of labor as well as management concerning 
confidentiality. Professional societies are coming up with 
standards and guidelines regarding confidentiality and privacy of 
information, e.g., the Office of Management and Budget has them. 
But these are not cast in concrete. We will provide whatever 
safeguard we can think of and whatever safeguards you can suggest to 
us. To the extent possible that we can guarantee this 
confidentiality, we will do so. 

Question (Dr. Lamm, Tabershaw Occupational Association): With 
what frequency do you expect to recontact people to know what their 
health status is once they are in the case registry? Or is the 
intent to wait and eventually collect the death certificates? 

Answer (Dr. Spirtas): We hope to do epidemiologic followup. 
There will be a national death registry--in 1979 or 1980--that will 
allow us to screen deaths annually. 

There are problems, however. We have a finite amount of money, 
and we have to worry about just keeping track of these people, 
divorcing ourselves completely from the question of medical 
screening and what tests to do. If our only purpose was to keep 
track of them, we probably would screen the people in California 
more frequently (because they tend to move around more) than we 
would the people in a small town in Arkansas. As a general rule, we 
will use the types of followup mechanisms that we have. We don't 
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know if we will get IRS followup information back; we still have SSA 
followup. This field keeps changing--as we lose one source or gain 
another. So I can't give you a complete answer to the question. I 
believe we will follow these people at least once a year to make sure 
that we haven't lost them. 

Comment (Mr. Kusnetz): I would like the record to show that the 
reports of both Dow and Shell were reported in the professional, 
technical, and open literature within a short time after those reports 
were developed by the researchers in the original proprietary manner. 

I would be remiss if I left the impression that Shell does not or 
did not inform its employees of long-term effects. Our material 
safety data sheet program comprises some 3,000 sheets, which are 
updated on a continuing basis. Our sheets do indicate effects, such 
as cancer and other esoteric effects, as the literature reports them 
and as quickly as we can get them into the sheet program. This does 
not guarantee that anyone sheet will be updated at the pOint when it 
is appropriate. Our continuing program of updating our operating 
manuals does include health and safety information, including the 
effects of the materials with which the employees work. 

A continuing program of two-way communication is needed by Shell 
and everyone else. We know that information is transmitted, but we 
may take for granted that it is immediately absorbed. It must be 
reinforced, and there must be feedback. 

Comment (Mr. Eller): I don't believe that because material about 
DBCP was published in a journal or because there is an ongoing 
material safety data sheet program the company is absolved of its 
responsibility to its workers. The record is fairly clear that the 
appropriate precautions were not taken in regard to DBCP exposure, 
nor were the workers informed as they should have been. 

Comment (Dr. Whorton, University of California at Berkeley): 
When this symposium began, I asked a series of questions. I assumed 
that none of them would be answered, and true, the questions are 
still there. We are not going to answer them today. If blame is to 
be laid for the reasons we are in this situation with DBCP, the blame 
is with society. Society has a very low interest in this area, 
occupational health. 

Comment (Dr. Meyer): To add one final comment. In a recent 
survey concerning physicians, people were asked to evaluate 
physicians' subspecialty occupations in terms of the most to the 
least respected. Preventive medicine people were last and 
occupational physicians were second last. That is where society is. 

This is only the beginning; we will move on from here. All of 
you have helped me understand the directions in which we need to go. 
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APPENDIX A 

EFFECTS OF DBCP ON FERTILITY: AN ANNOTATED BIBLIOGRAPHY 

Joyce Salg* 

Burek, J.D., F.J. Murray, K.S. Rao, A.A. Crawford, J.S. Beyer, R. R. 
Albee, and B. A. Schwetz. (1979). 
A report from the Toxicology Research Laboratory. Dow Chemical 
USA., Midland, MI 48640. 

The effects of DBCP on spermatogenesis were evaluated in rabbits 
and rats by inhalation exposure to 0.0, 0.1, 1.0 and 10.0 ppm of 
DBCP for up to 14 weeks. The onset, severity, and pathogenesis of 
testicular atrophy were studied by light and electron microscopy, by 
fertility breeding studies, and by correlating these findings with 
semen evaluation. Rabbits exposed to 10 ppm had nearly complete 
atrophy by 8 weeks: all stages of spermatogenesis were absent; 
seminiferous tubules were lined by relatively normal Sertoli cells; 
there were no germinal cells in the seminiferous tubules; and lipids 
within the Leydig cells were increased. Rabbits exposed to 1.0 ppm 
for 14 weeks had a 50% reduction in testicular size, decreased 
spermatogenesis, and increased abnormal spermatocytes within the 
seminiferous tubules. Rats exposed to 10 ppm showed approximately a 
50% decrease in testicular weights and a patchy decrease in 
spermatogenesis. Rabbits exposed to 0.1 ppm and rats exposed to 0.1 
and 1.0 ppm did not show any treatment-related testicular or 
reproductive alterations. 

Cohen, D. 1978. 
Guarding against cancer. EPA Journal, 4(3):12-13. 

The U.S. Environmental Protection Agency has cancelled some 
or all uses of certain pesticides and has temporarily suspended uses 
of others, including DBCP. The rationale for such action has, in 
part, rested on the premise that the pesticide in question could 
expose a segment of the population to an increased cancer risk. The 
manner in which EPA arrived at their decisions is reviewed. 

*Ph.D., National Institute for Occupational Safety and Health, 
Cincinnati, Ohio. 
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1978. 

The work of several investigators in the area of DBCP is briefly 
noted. 

suspend 

DBCP has been indicted as a carcinogen in animals and has been 
shown to cause sterility in male workers exposed to relatively low 
levels. The risk of continued use of DBCP on food crops outweighs 
the known benefits of its continued use. Registration of DBCP use 
on specified crops is suspended. Restricted use is permitted for 
other specified applications. 

Dow Chemical USA. 1977. 
Report on study of DBCP-exeosed employees in Midland, 
Michigan. Internal communlcation, Dow Chemical to EPA. 

Sperm count tests were conducted with a potentially exposed 
group of 249 men and a nonexposed control group of 77 men. The mean 
age of the group of employees formerly associated with the pro­
duction of DBCP in Midland was 40.4 years; for the control group, 
41.1 years. The sperm counts of the control and exposed men were: 

Control, 77 men, average age, 41.1 
25 = less than 40 million/ml 
11 = less than 10 million/ml 
14 = between 20 and 39.9 million/ml 

Exposed, 249 men, average age, 40.4 years 
80 = less than 40 million/ml 
39 = less than 10 million/ml 
42 = between 20 and 39.9 million/ml 

Dow Chemical USA. 1977. 
Dow study suggests workers recovering from over exposure to 
DBCP. News release, December 13, 1977. 

The recovery news involves Dow Chemical employees at their 
Magnolia, Arkansas, plant. August tests showed lowered or zero 
sperm counts in 47 of 86 workers examined. Using a sperm count 
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of 20 million/ml as the breakpoint of the 86 men originally tested 
in August, 61 were identified for further follow-up. Of the 61, a 
group of 35 men showed sperm counts increasing from below 20 
million to above 20 million sperm per cubic centimeter (cc) of 
semen. In addition, five of the group showing no sperm count in 
the August count did show a significant number of sperm in the new 
tests made in November. 

Sperm Count 
o 
1 to 2 mil/cc 
above 20 mil/cc 

August 
13 
14 
8 

November 
8 

12 
15 

A group of 112 professional applicators of pesticides were 
selected for study of the effects of exposure to OSCP. Of this 
group, 96 cooperated with the study. Nine of the 96 complained of 
clinical infertility. No relation was found between clinical 
infertility and exposure to OSCP. Extensive OSCP exposure in the 
current year (1977), but not in past years, was significantly 
correlated with sperm count depression (p less than 0.01) but 
accounted for only 7% (R2) of the total variablility. Elevation 
of serum follicle stimulating hormone was associated with degree of 
OSCP exposure in the current year. No such effect was found for 
the luteinizing hormone. The frequency distribution of sperm 
counts in a group was the clinical test most sensitive to the toxic 
effects of OSCP. Applicators involved with certian pesticide 
practices, i.e., irrigators and equipment calibrators, had an 
increased risk of depressed sperm count and were responsible for 
many of the lower sperm counts in this sudy. Ten semen specimens 
were found to have morphologic abnormalities that were not related 
to OSCP exposure or to sperm count. 

overnment 

A generalized explanation of some of the methods employed by 
scientists to provide data on the risks associated with exposure to 
multiple environmental factors. An EPA epidemiologic study of 
field workers exposed to OBCP is used as an example of an 
analytical study. 
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Handke, J. 1979. 
Neuropathy and pesticide workers. (From abstract.) 
Toxicology Research Projects Directory, 4(1):1-45, #1.0405. 

This study will monitor occupational exposure to pesticides 
(e.g., DBCP) and concurrently examine workers for adverse bio­
logical effects to determine if a dose-response relationship exists. 
Assessment of health effects will be made through the use of: 

--a questionnaire specially designed to elicit relevant 
symptoms and medical information; a physical/medical 
examination including documentation of neurological findings; 

--various quantitive neurological measures such as nerve 
conduction velocity (including sural nerve), sensory 
vibration assessment, tremor evaluation and visual field 
evaluation (e.g., eye saccade, perimetry); and 

--relevant biochemical measures. 

Multiple exposure of workers to more than one pesticide will be 
considered in the assessment of health effects and during analysis 
of the data. 

The authors report evidence of genetic toxicity (Y-chromosome 
nondisjunction) in the sperm of 18 workers exposed to DBCP. In the 
employed methodology, the identification of a fluorescent body 
within a human spermatozoon indicates the presence of a V-chromosome 
(the entity made fluorescent by the quinacrine-staining technique 
is referred to as the YF body). When the spermatozoon containing 
two V-chromosomes (YFF) is of normal size, one can assume Y-chromo­
somal nondisjunction. In this study, evaluation of 15 semen samples 
from individuals without any known exposure to DBCP showed an aver­
age YF frequency of 41.5% (range: 36.7% to 46.3%) and an average 
'YFF frequency of 1.2% (range 0.8% to 1.6%). The evaluation of 18 
semen samples from DBCP-exposed workers revealed an average YF 
frequency of 41.8% (range: 36.3% to 46.3 %), similar to that for 
nonexposed individuals. The DBCP-exposed workers, however, showed 
a higher average YFF frequency (3.8%; range: 2.0% to 5.3%) as com­
pared with that for nonexposed individuals. In the Hazleton 
Laboratories, the background frequencies for YFF sperm is 1.3% as 
determined from the analysis of 262 semen specimens. All non­
exposed individuals fell within the normal range whereas 16 of 18 
DBCP-exposed workers fell outside the normal range. These 
differences between exposed and nonexposed individuals are 
statistically significant (P is less than .001) as determined by 
Chi-square analysis with one degree of freedom. 
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Marshall, S., O. Whorton, R.M. Krauss, W.S. Palmer. 1978. 
Effect of pesticides on testicular function. Urology, 
119(3):257-259. 

Marked impairment of spermatogenesis in a group of men exposed 
to the pesticide OBCP was demonstrated by semen analyses, testicular 
biopsies, and hormone studies. 

J.M. Ward, and J.H. 

cancer in rats and 
J. Nat. Cancer Inst. 

Ethylene dibromide (EOB) and OBCP were administered to Osborne­
Mendel rats and (C57BL X C3H)F mice via chronic oral intubation five 
times per week at experimentally predetermined maximally tolerated 
doses and at half those doses. As early as 10 weeks after initiation 
of treatment, both compounds induced a high incidence of squamous 
cell carcinomas of the stomach in both species. In addition, OBCP 
induced mammary adeno-carcinomas in the female rats. The authors 
recommend anyone exposed to OBCP or EOB should use protective cloth­
ing, masks, and other means to avoid absorption of either material. 
The extent to which these materials exist as residues of the orig­
inal organic compounds should be determined, and long-term toxicity 
from inhalation exposure to these materials should be studied. 

Posner, H.S., H.L. Falk, and T. Oamstra. 1979. 
Preventive surveillance of environmental chemicals for toxic 
gotential. (From abstract.) Toxicology Research Projects 
irectory, 4(5):1-47, #5.0373. 

The project uses a variety of techniques for early awareness and 
attempted reduction of chemical- and physical-agent-mediated health 
hazards. One of the projects involved transmittal of reports on the 
effects of OBCP on the number of sperm and fertility in workmen at 
pesticide preparation facilities. Information was collected on 
permitted agricultural and home garden uses and the general 
availability of the compound. 

Prosser, P.R. 1979. 
Silent glands. Arch. Intern. Med. 139:143-144. 11 references. 

This letter to the editor notes two distinct clinically 
significant endocrine syndromes that are directly attributable to 
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exposure to commonly used pesticides. The second of the endocrine 
system changes results from exposure to DBCP, namely, infertility 
characterized by azoospermia or oligospermia, with elevated serum 
levels of follicle stimulating hormone and luteinizing hormone 
implying testicular failure. The degree of testicular response was 
related to the number of years the worker was exposed to DBCP. 

Rao, K.S., F.J. Murray, A.A. Crawford, J.A. John, W.J. Potts, B.A. 
Schwetz, J.D. Burek, and C.M. Parker. (1979). 

Effects of inhaled 1 2-dibromo-3-chloro ro ane (DBCP on the 
semen of rats and the ferti ity of male and female rats. Toxicol­
ogy Research Laboratory, Dow Chemical U.S.A., Midland, MI 48650. 

Exposure of male workers to DBCP has been associated with low sperm 
counts. The effects of inhaled DBCP on spermatogenesis and fertility 
and the possible reversibility of these effects was studied by exposing 
rabbits and rats to 0, 0.1, 1, or 10 ppm of DBCP. Exposure to DBCP was 
for 14 consecutive weeks with the exception of the 10-ppm rabbits, 
which were exposed for only 8 weeks. Results indicated a potential for 
inhaled DBCP to interfere with spermatogenesis in rats and rabbits. 
Rabbits had decreased sperm counts at 1 and 10 ppm between the 8th and 
14th weeks of the study. All of the 10-ppm rabbits appeared to be in­
fertile when mated during the 14th week. A significant dominant lethal 
effect was seen in rats at 10 ppm as evidenced by- an increased inci­
dence of resorptions among unexposed females mated with exposed males. 
Exposure has been completed, and surviving animals are being monitored 
for the reversibility of the effects of DBCP on sperm counts in rabbits 
and fetal resorptions in rats. 

DBCP has been found to adversely affect the reproductive system of 
male laboratory animals. A summary presents regulatory history, chem­
istry, tolerances, food residues, metabolism, and toxicity of DBCP. 

Rosenkranz, H.S. 1975. 
Genetic activit of 1 2-dibromo-3-chloro ro ane, a widel 
fumigant. Bull. Environ. Contam. 
references. 

DBCP tested positive in microbial assays designed to detect 
mutagens and agents capable of altering the cellular DNA. Results 
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indicate that DBCP induces mutations of the base-substitution but not 
of the frame-shift type, suggesting that DBCP acts as an alkylating 
agent. 

Scott, R. 1978. 
Reproductive hazards. Job Safety and Health, 6(5):7-13. 

A nontechnical presentation of reproductive hazards in the 
workplace including DBCP. 

Temporary emergency standard of 10 ppb set for pesticide DBCP. 1978. 
Occupational Health and Safety Letter, September 8. 

OSHA established a temporary emergency standard of 10 ppb as an 
8-hour time-weighted average for worker exposure to DBCP. In 
addition, a ceiling of 50 ppm for any 15-minute period during a 
workday was established by OSHA under the temporary emergency 
standard, which also issued detailed guidelines for the safe handling 
of the chemical soil fumigant. No Federal standard currently exists 
for DBCP. The standard exempts applicators, who may be the most 
exposed group. 

J. 

This is an early report on two independent toxicologic animal 
studies of DBCP. DBCP was slightly irritating to the skin upon 
single exposure, and repeated applications caused necrosis of the 
dermis with the epidermis remaining fairly well preserved. The 
compound can be absorbed through the skin in toxic amounts. 

The compound was found to have moderate to high toxicity from 
single respiratory exposure and high toxicity on repeated exposure, 
producing damage at 5 ppm, the lowest level studied. Excessive 
exposure to the vapors resulted in damage to the liver, kidneys and 
various tissues, dermis, bronchioles, renal collecting tubules, lens 
and cornea, and alimentary canal. Specific histologic alteration 
occurred in the testis of male rats receiving 50 repeated 7-hour 
exposures to 5 ppm. The effect upon testes resulting from exposure 
to higher concentrations was particularly severe, resulting in 
atrophy, degenerative changes, reduction of spermatogenesis, and the 
development of abnormal sperm. 
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A total of 207 men in 10 states were identified and examined 
because their occupations in agriculture or agriculture-related 
industry potentially exposed them to DBCP. All individuals studied, 
except controls, had either formulated or used DBCP or had been 
physically associated with its usages (e.g., sales personnel). The 
study was done to determine if a problem of low sperm counts 
occurred among them as it apparently did among workers who 
formulated the-compound. The collected and analyzed data showed 
significant differences among occupational groups in medium sperm 
counts (millions/ml of semen), and in medium serum levels of 
follicle stimulating hormone (FSH) and luteinizing hormone (LH). 

Comparison of sperm count data for several categories of 
estimated life-time use indicates lower median sperm densities 
(million/ml) and higher frequencies of counts below 20 million among 
the user groups compared to the Macleod data. High FSH and lH levels 
were associated with low sperm counts. Levels of both hormones 
showed a si9nificant negative correlation with sperm count (p is less 
than 0.0001) whereas testosterone levels did not correlate with sperm 
counts. Results are quite consistent with an occurrence of primary 
disruption of spermatogenesis at the testicular level. 

u.s. Environmental Protection Agency . 

. 
July 24, 1979. 

Action under section 6(c) of the Federal Insecticide, Fungicide 
and Rodenticide Act, as amended (FIFRA), to control on an interim 
basis the hazards from use of pesticide products containing DBCP. 
(See Appendix C of this Proceedings). 

1~ 



Wheater, R.H. 1978. 
Short-term DBCP and male sterilit. J. 

In reply to a reader's question: data are still inconclusive re­
garding the reversibility of chemically-induced male sterility 
resulting from short-term exposure to DBCP. Retest data of 35 
chemical production workers from one company indicated that in 21% 
the sperm count was returning to above the 20 million/cc mark, 
considered within the range of fertility; however, data from another 
cohort of workers, who were removed from OBCP exposure as much as 12 
years ago, indicate azoospermia. 

The most severely exposed OBCP workers showed the following five 
clinical signs and symptoms: 

--normal levels of testosterone, 
--normal levels of luteinizing hormone, 
--increased levels of follicle-stimulating hormone, 
--decrease in testicular size, 
--but no notable loss in sexual potency or libido. 

Whorton, 0, R.M. Krauss, S. Marshall, T.H. Milby. 1977. 
Infertility in male pesticide workers. Lancet, 2(8050): 
1259-1261. 10 references. 

A number of cases of infertility were found among workers in a 
pesticide factory. All 39 employees who worked in the Agricultural 
Chemical Division (ACO) that regularly formulated OBCP participated 
in the study. Of the 36 men in the group, 11 had had vasectomies. 
Only the length of the time they worked in the ACO could be used as 
a measure of exposure. 

The major effects, seen in 14 of 25 non-vasectomised men, were 
azoospermia or oligospermia and raised serum levels of 
follicle-stimulating hormone (FSH) and luteinizing hormone (LH). No 
other major abnormalities were detected, and testosterone levels 
were normal. 

The relationship of length of chemical exposure (time of 
employment) to sperm count was striking. Workers with sperm counts 
less than 1 million/ml had been exposed at least 3 years. None with 
sperm counts above 40 million/ml had been exposed for more than 3 
months. Preliminary evaluation of the testicular biopsy results of 
the severly affected men indicated loss of spermatogonia, with no 
evidence of inflammation or severe fibrosis. Three men who had 
sperm counts of 10 to 30 million/ml had exposures between 1 and 3 
years--an observation that supports the notion of a direct 
relationship between length of exposure and degree of oligospermia. 
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Whorton, D., T.H. Milby, R.L. Davis. 1978. 
Testicular function among Shell Denver plant em~lO{ees. A 
report to Shell Oil Company from Environmental ea th 
Associates, Inc., September 1978. 

This study involved 320 Shell Denver employees; 182 were classified 
as exposed to DBCP and 138 were classified as nonexposed. 
Ninety-one exposed workers and twenty-nine nonexposed workers 
(controls) participated in the medical evaluations. Only 64 of the 
exposed population and 20 of the control population provided 
technically satisfactory semen samples. Almost 22% of the exposed 
Denver population had sperm counts less than 20 mi11ion/ml, whereas 
only 10.0% of the nonexposed Denver population and 5.6% of 
Environmental Health Associate's composite groups had counts below 
this biologically important number. Four (6.3%) of the exposed 
Denver employees were azoospermic. 

Whorton, D., T.H. Milby, R.L. Davis. 1978. 
Testicular function among Shell Mobile plant employees. A 
Report to Shell Oil Company from Environmental Health 
Associates, Inc., November 2, 1978 •. 

Seventy-one individuals were categorized as exposed and 
thirty-four as controls. The cumulative percent distribution curves 
comparing Mobile-exposed, Mobile control, and Environmental Health 
Associate's composite control group clearly show that a 
substantially larger percentage (16.9%) of the Mobile DBCP-exposed 
group fall into lower sperm count categories (especially less than 
20 million/ml) than either the internal (Mobile, 8.3%) or external 
(EHA, 5.1%) control groups. A cumulative percent distribution of 
sperm counts, significantly different at p less than 0.01, is 
interpreted as a result of the difference between the medians of the 
distributions. A highly significant association was found between 
the log transformation of both weighted exposure hours and sperm 
count. 

In this recent, large clinical-epidemiological study of DBCP 
under workplace conditions, 142 non-vasectomized men provided semen 
samples. Of these men, 107 had been exposed to DBCP and 35 had not 
been exposed. Clear-cut differences in both the distribution of 
sperm counts and the median counts between the exposed and 
nonexposed men were found. Of the exposed, 13.1% were azoospermic, 
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16.8% were severely oligospermic, and 15.8% were mildly 
oligospermic. Among the controls, 2.9% were azoospermic, none were 
severly oligospermic, and 5.7% were mildly oligospermic. A clear 
relationship was identified between exposure duration and sperm 
count. The histological pattern resulting from 10 bilateral, open 
testicular biopsies shows the seminiferous tubules to be the site of 
damage with the most severely affected individuals having a Sertoli 
cell only pattern. The information suggests that reversibility does 
occur in some cases, although at some point along the dose-response 
curve, damage appears to be irreversible. 

Observations suggest that in a population of oligospermic men, 
the predictive abil ity of the hormone assay is greatly reduced. 
Thus, for OBCP exposure, a sperm count remains the best clinical 
laboratory test of testicular function. 
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Appendix B 

(From the Federal Register, 43(53):11514-11533, March 17, 1978) 

Title 29--Labor 

CHAPTER XVII--OCCUPATIONAL SAFETY AND HEALTH 
ADMINISTRATION, DEPARTMENT OF LABOR 

PART 1910--0CCUPATIONAL SAFETY AND HEALTH STANDARDS 

Occupational Exposure to 1,2-Dibromo-3-Chloropropane (DBep) 
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11514 

[4510-26] 

ntle 29-Labor 

CHAPTER XVll-OCCUPAnONAL 
SAfETY AND HEALTH ADMINIS­
TlAnON, DEPARTMENT OF LAlOR 

PART 1910-0CCUPATIONAL SAFETY 
AND HEALTH STANDARDS 

Occupational ExpolUre to 1,2-
Dlbromo-3-Chloropropane (DIeP) 

AGENCY: Occupational Safety ILIld 
Health Adm1nlstration. Department of 
Labor. 

ACTION: FInal rule. 

SUMMARY: This standard Is based on 
a determination by the Occupational 
Safety and Health Administration 
that the avallable scientific evidence 
establlshes that employee exPOSure to 
DBCP presents a hazard of ster1llty 
ILIld cancer. This standard replaces the 
emerpncy temporary standard (ETS) 
for exposure to DBCP (42 PR 45636 
September 9. 19'17). ILIld llm1ts employ· 
ee expoeure to DBCP to 1 part DBCP' 
per bW10n parts of air <1 ppb) as ILIl 8-
hour tlme-welshted averaae concen­
tration. The standard alIIo prohibits 
eye and akin contaci With DBCP. The 
standard provides for employee expo­
sure monitorln&.. engineering controls 
ILIld work practices. respirators. per­
solllol protective equipment ILIld cloth­
Ina. employee training. medical sur­
ve1ll&nce. regulated areas. hygiene 
practices ILIld facWties, ILIld record­
keeplna. The basis for this standard Is 
OSHA'II determ1nat1on that human 
and animal data demonstrate that 
DBCP caUllell ster1llty and that an1mal 
data 1nd1cates that expoeure to DBCP 
presents a _ hazard to workers. 

EPPJ!iCllVE DATE: This new perma­
nent standard is effective April 17. 
19'18. The prov1s1onll contained in the 
ETS are continued in effect unt1lau­
peraeded by the new permanent stan­
dard. 

FOR PURTHER INFORMATIO~ 
CONTACT: 
. Mr. David Welah, Office of Special 
Standarda Procrama. OSHA. Third 
Street and Conatltutton Avenue 
NW.. Room N3M3. WashtnIton. 

,D.C. 20210. 202-623-7174. 
SUPPLEMENTARY INFORMATION: 
This permanent occupational safety 
and health standard is 1sIIUed pursuant 
to aect10DI 6<b). 6<c) and 8(c) of the 
Occupational Safety ILIld Health Act 
of 19'10 (the Act) (84 Stat. 1593. 1596. 
1599; 29 U.s.C. 656. 657). the Secretary 
of Labor'1I Order No. 8-76 (41 PR 
25069) and Tltle 29. Code of Federal 
Rqulat10ns (CPR) Part 1911. It 
amends Part 1910 of 29 CPR by revis­
Ina 29 CPR 1910.1044. to provide a per-

RULES AND REGULAnONS 

mILIlent standard for the regulation of 
occupational exposure to DBCP. In 
order to assure that affected employ­
ers ILIld employees wUl be informed of 
the existence of these provisions ILIld 
that employers affected are given ILIl 
opportunity to fam1liar1ze themselves 
ILIld their employees With the exil!­
tence of the new requirements. the ef· 
fective date of the revision to 
§ 1910.1044 will be April 17. 1978, To 
provide continued protection for em­
ployees until that date. the provisions 
currently contained in § 1910.1044 are 
promulgated pursUlLIlt to sections 6(b). 
6( c) ILIld 8( c) of the Occupational 
Safety ILIld Health Act as an occupa­
tional safety ILIld health standard ef­
fective March 17, 1978. The revisions 
to § 1910.1044 wUl supersede the cur­
rent provisions as of April 17, 1978. 
This standard applies to all employ· 
ments in all industries covered by the 
Act, 1ncludlng "general industry", con­
struction and maritime, excludlnc only 
agriculture. As d1scussed more fully 
below. only the labeling. training ILIld 
emergency provisions of the standard 
apply to the handling of sealed, intact 
containers of DBCP. 

I. BACKGROmm 

DBCP has been used as an aaricul­
tural nematocide since 1955. It is a 
dense yellow or amber liquid With a 
puncent odor at high temperatures. It 
has a low vapor pressure (0.8 mm HII' 
at 20' C) and Is slightly soluble in 
water <1.000 ppm). 

DBCP. a halogenated tu'drocarbon, 
is produced primarily by the bromlDa­
tion of allyl chloride at room tempera­
ture. usually a vigorous reaction which 
requires cooling. DBCP is produced in 
the United States by Dow Chemical 
Company and Shell on Company. 
Mexico. Japan and Israel also manu­
facture DBCP and export DBCP to 
this country. About 12 mi1l1on pounds 
of DBCP were consumed in 19'12. 

Followtnc mILIlwacture, DBCP is 
IIhtpped to formulators who reprocess 
the chemical into products for con­
sumer use. DBCP has been formulated 
into emuJa1fiable concentrates. liquid 
concentrates. powder, granules. and 
solid material. Formulatln&' granular 
DBCP involves spraytna liquid DBCP 
onto inert cranules. The formulation 
of liquid and emuJa1fled DBCP prod-' 
ucts UIIUally involves the biendin&' of 
technical crade DBCP With an emu1ll1-
fler or solvent. The formulators may 
alIIo distribute the technical grade 
product. About 80 formulators have 
labels reststered With EPA for the ap. 
prox1matelY 160 products containlna 
DBCP (42 Fa 48026). The complete 
d1str1butlon chain generally includes 
the mILIlwacture of technical l\T&de 
DBCP. transportation to the formula­
tor. formulation of DBCP-contalning 
pesticides, distribution of DBCP-con­
tainIna pesticides. and the aaricultural 

consumption of DBCP pesticides. It Is 
estimated 'that about 1.600 to 2.900 
production employees in facWties 
mILIlwacturlng and formulating DBCP 
have been recently exposed to this 
chemical (exhibit 6. pp. 3-8). 

Additionally. through the Interna­
tional Labor Organization's health 
hazard alert system OSHA has learned 
that. in addition to Japan. Mexico and 
Israel. the Netherlands. Finland and 
Sweden have also used DBCP. None of 
these nations was previously aware of 
the possible ster1llty effects of DBC? 
All have suspended use of the sub­
stance. and Israel. Japan and the 
Netherlands have initiated further 
studies into the health effects of 
DBCP (exhibit 49). 

II. HISTORY or REGULATION 

(1) CHRONOLOGY or EVENTS 

In 1961. a research paper by Torkel­
son et al. recommended that occupa­
tional exposure to DBCP be controlled 
to less than 1 ppm in air (exhibit 4-
56). This recommendation was based 
on observed reproductive effects in 
animals exposed to atmospheric con­
centrations of DBCP as low as 5 
ppm. However. no national concenaus 
standard of Federal standard for expo­
sure to DBCP was developed prior to 
OSHA's emergency temporary stan­
dard d1scussed below. 

In late July. 1977. prel1m1nary re­
sults of semen analyses of 27 DBCP 
exposed employees at the AIrrlcultural 
Chemical Division (a formulator of 
DBCP) of the Occidental Chemical 
Co. iIr LathroP. Calif.. indicated se­
verely depressed sperm counts in 
eleven of these employees (exhibit 4-
63). Based on these results. the On. 
Chemical and Atomic Workers 
(OCAW) requested on AUII'UIIt 5, 1977. 
that the National Institute for Occu­
Pational Safety and Health (NIOSH) 
conduct: a health hazard evaluation at 
this Occidental Chemical Co. plant. 
NIOSH contracted With Environmen­
tal Health AIIsocIates of Berkeley. 
Calif. to perform this evaluation. 
which later confirmed a h1gh 1nci­
dence of ster1llty and infert1l1ty at this 
plant. 

Preliminary test results of employ­
ees at Dow Chemical Co.'s DBCP pro­
duetton fac1l1ty in Macnol1a. Ark., 
showed low sperm counts for several 
of these employees (exhibit 9, p. 54). 
On the basts of the results of these 
studies. Dow suspended produetton 
and sale of DBCP on Aull'Ullt 12, 1977 
(exhibit 9. p. 54). Shell on Co., the 
other major producer of DBCP in the 
United States. was not mILIlwacturtna 
DBCP at that time. Both Shell and 
Dow Immediately requested the return 
of outstandin&' stocks of the substance 
(exhibit 4-M, 4-61>. 

In a telegram dated,AUII'UIIt 12. 19'17. 
OSHA alerted approximately 80 mILIl-
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ufacturers and formulators to the p0-
tential hazard of worker exposure to 
DBCP (exhibit 4-56). On August 25. a 
guideline document detailing suggest­
ed work Practices was forwarded to 
thoae same affected companies (ex­
hibit 4-56). 

On August 23. 19'77. the OU. Chemi­
cal and Atomic Workers International 
Union President. A. F. Grospiron, for­
mally requested the Secretary of 
Labor to take immediate steps to pre­
vent worker exposure to DBCP. Spe­
cifically OCA W requested that worker 
exposure be limited to one part DBCP 
per billion parts of air. and that a 
broad testtne proll'&l11 to locate inci­
dences of cancer and sterility amone 
workers be established (exhibit 4-38). 

(2) _GIDICT TDIPOllARY STANDARD 

Based on a determination that the 
available data conclusively established 
that employee exposure to DBCP pre­
sented a grave danger of sterility as 
well as cancer. OSHA published an 
Emereency Temporary Standard 
(ETS) on September 9. 1977 (42 FR 
45536) reiUlatinK DBCP exposure in 
the workplace. A correction document 
was published on September 16. 1977 
(42 FR 46540). The emereency stan­
dard issued under sections 6(c) and 
8(c) of the Act as 29 CPR 1910.1044. 
established an 8-hour time-wetChted 
average (TWA) permissible exposure 
level of 10 parts DBCP per billion 
parts of air. with a permissible ceUinK 
exposure level of 50 ppb as averaged 
over any 15 minute period in the work­
day. The ETS also established other 
requirements. including. for example. 
mOnitorini. methods of compliance. 
respiratory protection. medical surveU­
lance and training. 

Interested persons were invited to 
submit Written data, views and 8J'l(U­
ments with respect to the issues raised 
by the ETS. 

(3) TJD: SAIl' PRAlI'CISCO INQtrIl\Y 

The California Department of In­
. dustrial Relations convened an inquiry 
to investipte the causes of the Occi­
dental Chemical Co. DBCP incident. 
and to propoae mechanisms to prevent 
any such occurrences in the future. 
The inquiry extended from October 12 
through October 19. 1977. PartiCipat­
ing were repre3entatives of Occidential 
Chemical Co.. Dow Chemical Co .• 
Shell OU Co" and the State of Califor­
nia as well as expert witnesae3 from 
the University of California at Berke­
ley. The transcripts of the inquiry and 
related exhibits were entered as exhib­
It 10 into the OSHA record for DBCP 
rulemaking. 

(4) no: CINCIJnI'ATI CONFElllDlCZ 

A conference concerning DBCP was 
sponsored by NIOSH in Cincinnati. 
Ohio .• on October 20 and 21. 1977. The 
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purpoae of the conference was to 
share information acquired by various 
groups concerning DBCP exposure. At 
this conference the findlnp of stern­
Ity at the Occidental Chemical Com­
pany were discussed. as well as the 
findlnp of Shell Oil Company and 
Dow Chemical Company at their 
DBCP manufacturing plants. Also. na­
tionally recognized experts made pre­
sentations concerning DBCP-related 
issues such as semen analysis. muta.: 
genicity. envtronmental monitorini 
and respiratory protection. The verba­
tim transcript of this conference was 
entered into the OSHA record as ex­
hibit 9. 

(5) TJD: PROPOSAL 

In the November 1. 1977. issue of the 
F'l:DEIlAI. REGISTER, OSHA published a 
comprehensive proposal for a perma­
nent standard for occupational expo­
sure to DBCP (42 FR 57266). The pro­
posal called for an a-hour TWA per­
miasible exposure level of 1 ppb. with 
a ceUinK of 10 ppb averaged over any 
15 minute period. In addition, the pro­
posal lncluded a prohibition on skin 
exposure to the substance. 

Unlike the ETS. the proposal re­
quired that the employer reduce em­
ployee' exposures to or below the per­
miasible exposure limit solely through 
engineering and work practice con­
trols. Where these controls were not 
able to reduce exposures to within the 
permissible exposure limit. the propos. 
al required that such controls be used 
to the greatest extent feasible and 
then be supplemented by the use of 
respirators. 

The proposal ailowed 30 daY' for in­
terested parties to submit Written com­
ments. views and arguments. and an­
nounced that an informal public hear­
inK for the submission of oral testimo­
ny would begin on December 13. 1977. 
Fourteen comments were received by 
OSHA. Twelve notices of intent to 
appear at the hearing were also re­
ceived. 

(6) TJD: HZAlIl1fG 

The OSHA rulemaking hearing 
(hereafter referred to as the hearing) 
was conducted from December 13 
through December 15. 1977. before an 
Administrative Law Judge. The parties 
which were represented and presented 
oral testimony at the hearing were the 
Pesticide and Pollution Action Com­
mittee of Clemson University; South 
Carolina Peach CouncU; South Caroli­
na Department of Agriculture; Indus­
trial Union Department. AFL-CIO; 
Shell Oil Company; OU. Chemical and 
Atomic Workers Union; California De­
partment of Food and Agriculture; 
and California Department of Indus­
trial Relations. All of these partici­
pants were given the opportunity to 
present testimony and to question 
other witnesses. Parties partlclpattne 
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in the hearing were given until Decem­
ber 30. 1977. for the submission of new 
evidence. and untU January 16. 1978. 
for the submiasion of post-heartng 
briefs and comments. Twenty-four 
post-heartng submissions were re­
ceived. 

(7) PIlI'AL DVIIlOlfMDTAL DlPACT 
STATlDIIDIT 

In conjunction with the develop­
ment of the proposed standard, OSHA 
prepared a draft environmental 
impact statement. The draft environ­
mental impact statement was pub­
lished in the F'l:DEIlAI. RmISTJDl (42 FR 
57266). On November 11. 1977. the 
Council on Environmental Quality 
published a notice of availabUity of 
the DBCP draft environmental impact 
statement (exhibit 7>. In addition to 
the 45 day comment period specified 
in 29 CPR 1999.4 (g). the environmen­
tal impact of the proposed standard 
was also an issue at the DBCP hearing 
as provided by 29 CPR 1999.4 (h) and 
the notice of propoaed rulemaking (42 
FR 57266). A notice of availabUity of 
the final environmental impact state­
ment for DBCP was published on 
March 3. 1978 by EPA (43 FR 6646). 

(8) TJD: 1lIICORD. 

This permanent DBCP standard ls 
based on a careful consideration of the 
entire record In this proceeding. in­
cluding materials relied on in the 
emergenci temporary standard, mate­
rials referenced in the proposal. and 
the record of the informal rulemaldni 
hearing including the transcript, ex­
hibl., and pre-hearinK and post-hear­
inK Written comments. Copies of the 
official list of hearinK exhibits, com­
ments. and notices of Intent to appear 
at the hearinK can be obtained from 
the Docket Office. Docket H-061. 
Room 86212. U.s. Department of 
Labor. 3rd Street and Constitution 
Avenue. NW .• Washington, D.C. 20210. 

m. PDTmIDIT LIxw. AtmlORITY 

The primary purpoae of the Act is to 
assure. so far as possible. safe and 
healthful working conditions for every 
workinK man and woman. One means 
prescribed by Concress to achieve this 
goal is the authority vested in the Sec­
retary of Labor to set mandatory 
safety and health standards. Occupa­
tional safety and health standards 
provide notice of the requlsite conduct 
or exposure level and provide a basis 
for ensuring the existence of safe and 
healthful workplaces. The Act pro­
vides that:' 

The Secretary. in promulptlng standanla 
deaUnc With toxic matertaJa or hanntul 
physical apnta under thla subIectIon. Ih&Il 
set the standard which moat adequately ... 
sures, to the extent feu1ble. on the buIa ot 
the best available evidence. that no employ­
ee will sutter matert&llmp&lrment ot health 
or functional capadty even It such employ-
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.. 11M ncuJar apowre to the buard cIe&It 
wWl '" IUCb I&aDd&rd tor the period of hlII 
worIdDa 1Ue. Development of ataDdudB 
UDder thlII IUbIectioa abaIl be ~ UIIOIl 
~~~ta,&IId 
IIICb otber lDfarmaUcm u mar be 1PIII'OPri­
ate. lD addIttaII to the attaIDmeDt of the 
~ deIne of health &lid afetr protec­
ttoa for the eIIQIIo:ree. oUler CIIIIIIderatIaD 
abaIl be the Iac.t anllable eeIIIDI:UIc data 
III the field. the feulbOlt:r of the ItaIIdarda, 
&lid apez __ pID8d UDder thlII &lid 0Cber 
bealt.tl &lid afet:r laWL (SectlGD 8<b)(lI» 

Sect10na 2<b)(IU and (8). 20. 21. 22. 
and 24 of the Act reflect eonar-' rec­
.,.mtioo tbat. ccmcllllive med1eal or 1Ci­
entU1c e91dence iDclucliDc c:auaattve 
factor-. ep1dem1olotPeal atud1es or 
doee-NIPOIIIIe data IIIQ not exist for 
IIWlJ' toDc materiala or harmtul Plus­
leal acmtL Neverthel-. stU1darda 
C&DDOt be poatponed becauM defini­
tive medical or lCientU1c evideDce Ia 
not current.Jy available. Indeed, wbile 
tIDal ItaDd&rda are to be balled on the 
beIIt available evidence. the leI:Ialat1ve 
hIaton' makes It cleu- tbat. "It Ia not 
intended tbat. the Secretary be para.. 
l11IIICI bl debate surroundlna' dlvene 
medical opUdon." HOWIe CommIttee 
on Education and Labor. Report No. 
91-1281. 9l8t con.~ 3d s-taa. p. 18 
<19'f0). TbJa CODcrea1onal Jud8ment Ia 
supported bJ the courta wbleb have 
revtewed ataDdarda promuJcatecl under 
the Act. In ~ the standard for 
occupatlonal exposure to vinJ'1 cblo­
ride (28 CPR 1910.101'1). the U.s. 
Court of Appeala for the Sec:ond CIr­
cuit stated tbat. "It remaina the duty 
of the Secretary to act to protect the 
wortIDc maD, and to act even In CIr­
cumataDceII where emt1na methodolo­
U or ~ Ia def1c1ent. "Soc:1et:r of 
the PIutlcI Industr:r. Inc. v. Occupa. 
tlonal Safety and Health AdmInJatra.. 
tIon". 50t P. 3d 1301. 1308 (2nd CIr. 
19'f5). cert. den.. sub. nom.. "PIrestone 
PIutic Co. v. United States Depart. 
ment of Labor." 95 S. Ct. 1998. 4 1.. Ed. 
2d. 482 (19'15). 

A sImllar rationale wu applied by 
the U.s. Court of Appeala for the DIa­
tr1ct of Columbia In revI.ew1nc the 
standard for occupational eXl)OlU1'e to 
ubeatoII (28 CPR 1910.1001). The 
Court stated that: 

Some of the queatoaa 1II'fOlved III the pro­
muiptkm of tb.e sCaDdardI are OD the 
frIIDtien of lCleatlftc 1mOWled&e. &lid __ 
queatl:r u to th_ lmufflcleat data Is prea. 
eatl:r anllable to maIuI a tuIl:r lDformed f_ 
tural cIetenalDatlcm. Declalcm-1IIAkIDIJ must 
In that ~ depend to a sreater 
extent UIIOIl poJleJ JudlmeDtil &lid 1_ UPQD 
IIUJ'el:r fKtual JudimeatL 

;'Induatr1al Union Department. APlr 
CIO v. BodIIOD," 499 F. 2d 46'1. 4'14 
(D.C. CIr. 19'14). 

In aettlnlr standarda, the Secretary Ia 
expre.l;r requ1red to conaider the tea­
alblllty of the propoaed staDdardII. 
Senate Committee on Labor and 
Publlc Welfare. S. ReP. No. 91-1282, 
91at Cona~ 3d Seu.. p. 58 <19'10). Nev-
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erthel-. CODIlderatJona of tec:bnolol1-
cal feu1b1llt:r are not llmlted to de­
Vices alread:r developed and In uae. 
StandardI IIIQ require lmprovementa 
In ~ tec:bnolotPes or require the 
development of new tec:bnoloc:r. "Soc:1-
et:r of Plut1c Industr:r. Inc. v. Occupa. 
tlonal Safety and Health AdmInJatra.. 
tJon". supra at 1309_ 

Where appropriate. the stU1darda 
are requ1red to iDclude provla1ona tor 
labeIa or other torma of warnlna to ap. 
prIae employees of hazarda. suitable 
protective equipment. control proce­
dures. monltortna and m~ of 
employee expoeure. emplo:ree 8CCI!II8 
to the resulta of monltor1na. and aP­
propriate med1eal examlnatlona. Stan­
darda IIIQ aI80 prescr1be recordkeep. 
Ins requjrementa where n~ or 
appropriate for enforcement of the 
Act or for developina information reo 
IIU'dlna occupational accldenta and ill­
~ (aectJon 8(c». The permanent 
atmdard for DBCP wu developed on 
the buIa of the above lepl CODIlder­
&tiona. 

IV. Muo. IutJa 

OSHA hall concluded from the evi­
dence In the record tbat. DBCP pre. 
senta a haard of cancer and ater1llty 
to eltPOlfJd workers. The resulta of 
well-deallned mlmal atudies 1nd1cate 
DBCP to be a potent earc1nopn In 
two eexes of two mammalian spec1es at 
two dole levela. Furthermore. DBCP 
hall been found to cause poettJve reo 
sulta In microbial aaa:ra desi8Ded to 
detect chem1ca1.1 capable of mutaaene­
s1a. TbJa evidence, which hall not been 
aer1oUll:r challenaed by an:r of the par­
tlc1pmta In the p~ leads to 
the conclualon that DBCP must be 
reaulated u a human c:arc1nopn. 

AnImal studies have aI80 demon­
strated that oral doI!aces of DBCP 
induce detJeneratJon of teat1cular 
tlallUe. accompanled by a reduction of 
sperm count and abnormal sperm cell 
development. 

These teat1cular effects were con­
firmed In humana with the recent dIa­
cover)' of ater1llty and lnfertlllty In a 
larp number of male employees ex­
poaed to low levela of DBCP In the 
manufacture and tormulation of pesti­
cides. TbJa evidence wu aI80 uncontro­
verted by hearlna participmtl. 

AccordInal:r. OSHA hu concluded 
that the proven carc1no&enlc and ater1-
lmt potentJal of DBCP warranta llmlt­
Ins exposure to the lowest level feu1-
ble. OSHA h.U therefore establlahed 
an e1cht-hour tJme-wetahted averqe 
permIaslble expoeure llmJt of 1 part 
per bllllon (ppb). OSHA hu conclud­
ed. baaed on eVidence presented In the 
record. that tbIa llmJt representa the 
lowest exposure level achievable U8lna 
present technoloc:r. . 

AddItlonall:r. baaed on eVidence that 
DBCP can penetrate the skin, and 
that st1n exposure Ia a s18nlflcant rout 

of entn'. OSHA hu prohibited an:r 
st1n contact with the sublltance. . 

The followlnC dllcullion deala with 
the 1DIJ0r IaIIUea Involved In the pro­
ceed1na. 
(1) WBa'JDIl DBCP JIA8 .... &lIJ'DUDII­

TALLY PIlOVJ:II 1.'0 .. A CAIICDIOGar 

The carc1noaenlcity of DBCP In 
both eexes of two mammalian spec1ea 
(rata and mice) at two dose levela h.U 
been documented on the record with a 
studJ conducted by the NatJonal 
Cancer IDatltute <NCI) (exhibit 16). 
For tbIa atud:r. d1IcuIIed more fully In 
the preambles to the ETS and tile pro­
pou,l, NCI uaed 50 anlmaII of -.:h leX 
of two spec1ea at each of two dole 
level8 (400 total experimental anlmaII) 
In addition to controlL The two dole 
levelL admlnlatered oran:r. were select­
ed on the buIa of a prel1mina;rJ sub­
chronlc toxicit:r teat (exh1bit 18. p. '1). 
The duratJon of treatmenta rmaed 
from 4'1 to '18 weeb (exh1b1t 16. p.v). 

Dr. Ellzabeth Welaburler. ChIef of 
the carctnopn Metabollam and Toxl.­
coloc:r Branch of NCI. save the follow­
Ins teat1mon:r at the hear1n8: 

[The] 1IDIIl report lDdIaa&ed that UDIIIIIJ 
rata liVeD DBCP. 100 peramt III ..... &lid 
7'7 peramt In t.we. III the IIiIh cae bad 
IIUtriC _. Tbla Is .,..,. lI1Ibl:r .acmft.. 
C&DtI:r dlffenat tram the rUe III the __ 
trola. 

At the lOw cae. .. ~ of the __ 
&lid 'fa percent of the f ___ bad "*-II 
tumon. lD IddlUoa. n ~ of f __ 
GD the IIiIh cae &lid 41 percent lID the lOw 
cae bad IDAIIIIII&l7 caramoma CQIlIIU'8d to 
zero UDIIIIIJ the coatnlla. AI80 .,..,. IIiIhI:r 
IIcDIflC&DtI:r different. 
B~ went aI80 IDcreued III 

boU!. mal. and f.we. at the lower cae 
left). PIIrtbermore, there went mau:r zaetM. 
~ of tb.e IUt11c tumon wbicl1laftded 
the ItoIaKh wall Into the ~ CII9It:r 
and tbro\IchOUt the bodJ. (tr 110-81) 

Dr. Welaburpr went on to state tbat. 
amona mlce. 98 percent of the males 
and 98 percent of the temales on the 
hlsher dole developed patr1c cancer. 
On the low dose the percentaaes were 
93 and 100 respectJvel:r. AI In rata. me­
taatueI of these tumol'll were aI80 
noted (tr 81>. Dr. WeJlburaer conclud­
ed that "the data from tbIa blouIa:r 
thua show that DBCP Ia a carcIDoCen. 
In two spec1es and both eexl!ll of two 
species of anlmaII at two dose levela. 
Induc1na tumOl'll which were relatJvel;r 
rare in control or untreated animaIL" 
(tr 81> 

Dow Chemical suaeated that the 
hlch dose levela uaed In the NCI atud:r 
ma:r have Influenced the obIenecIlnci­
denc:ea of both stomach andlDMDlll&l'J 
tumors (exhibit 5-8). However. interim 
resulta of a recent DBCP dIetar7 studJ 
conducted by Hazelton Laboratories 
and sponsored by Dow Chemical dem­
onstrate that can:Inocenlc effects are 
apparent even at dose levela "unllkely 
to have c:auaed lrr1tatlon suff1c1ent to 
Increue the Induction of cancer" (ex­
hibit 5-8. p. 22). 
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In the Dow experiment, DBCP was 
adm1nlatered to the rats In their food 
In quantities sufficient to provide dose 
levels of 0, 0.3, 1 and 3 IQfkg/day. 
The study period lasted for UM weeks. 
The preliminary IJ'OSS autopsy results 
revealed "tumor-like" lesions In 6 per­
cent (3/54), 31 percent <17/55), and 64 
percent (24/37) of the rats at dose 
levels of 0.3, I, and 3 IQ/kg/day re­
spectively. Three percent (2/83) of the 
controls developed such lesions (exhib­
It 5-8, p. 22). These data further con­
firm the NCI conclusion that DBCP Is 
carclnopnlc. 

OSHA concludes, therefore, that 
DBCP has been experimentally proven. 
to be carclnopnlc In animals. 

(I) WBImII:Il DIICP BAS _ UPICRIJDlII'­

TALLY DDlOKBTBATD TO JII: IlUTAGJlMC 

There are 11ldlcations from In vitro 
experiments that DBCP may caWle 
mutacen!c effects. Rosenkranz (1975) 
examined the effects of DBCP on two 
strains of E. colt and on two tester 
strains of SalfllOfWllla. tJlphimurium, 
strains of bacteria normally WIed for 
mutacentc research. He concluded 
that DBCP ca~ positive results In 
microbial ~ desllned to detect 
chemicals capable of mutaaenesla (ex­
hibit 4-46, p. 10). 

Dr. Arlene Blum, Research A8aoc:Iate 
In Biochemistry at the University of 
C&lIfornla, stated at the San PrancIsco 
inquiry (exhibit 10, p. 32) and CincIn­
nati conference (exhibit 9, p. 134) that 
DBCP aI80 pve positive results UIIInc 
the Ames test, a. ba.ctertal screenIDc 
test desilned to detect chemicals capa­
ble of mutscenesiL She noted that 
DBCP produced results s1InIlar to 
those of the subltance benzidine, a 
known human carclnocen (exhibit 9, 
p.I40). 

Furthermore, a ~ correlatiOn has 
been found between the reSults of In 
vitro mutacen1clty tests and lone-term 
animal carcInopnIcIty studies (exhibit 
9, pp. 1M, 135). OSBAfinds that based 
on the evidence In the record, which 
wu unchaI.lenced. DBCP has been ex­
perimentally demonstrated to be mu­
tacenlc. 

(3) WBImII:Il DIICP SBOtILD JII: Rm1JLATD 
AS P08DfG A CAJtCDfOGJlMC 1U8II: TO 
HUIIAlnI 

For all practical PIlJ1)Olles, the detec­
tion of carclnopnlc activity of chemi­
cals Is based on animal experimenta­
tian. BecaWle of the difficulties of epl­
demlolostc studies on humans exP08ed 
to potential carclnoPD8. there are 
usually no data which provide us de­
finitive evidence as to whether cancer 
In man Is due to a chemical that has 
been shown to be carclnoPIiic In 
animal studies. Moreover, ethical con­
siderations cannot allow human ex­
perimentation where cancer Is the ex­
pected response. However, nearly all 
chemical substances or mixtures that 
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have been proven carcinogenic by 
direct observation In man have &lao 
been shown to be carcinogeniC In ex­
perimental animals. OSHA maintains, 
therefore, that a substance which 
ca~ cancer In animals must be con­
sidered, as a policy matter, as poIIinc a 
carclnopnlc risk to workers. ThIs view 
has been extensively dIscusaed In 
other OSHA standards and forms the 
basis of this acency's and virtually 
every other acency's reaulatlon of car­
cinol(ens. Furthermore, this view wu 
not challenced durtnc the course of 
the proceeding. 

Based on the record, OSHA has con­
cluded that animal experiments have 
conclusively demonstrated DBCP to be 
a chemical carclnOl(8ll. and therefore 
to pose a carclnopnlc risk to workers. 
Accordlnl(ly In the ablence of a dem­
onstrated safe or no-effect level for 
human expollure to a carcinogen. 
OSHA beUeves that It must be as­
sumed as a prudentllOlicy matter, ~d 
In light of the scientific evidence avail­
able, that no safe level for eltJ)OllUre to 
DBCP exists (tr. 14-15). After a review 
of the complete record, OSHA has 
found no evidence which disputes this 
reasontnc and IICCOI'dIna'ly concludes 
that DBCP should be reaulated as 
PDIIinIr a carcInol(enic risk to humans. 

(.) WBImII:Il DIICP BAS .... UPICRIJDlII'-
TALLY SBOWK TO PBODUCI: TDTICULAB 
D'I'al'rII 

In 1961, Torkelaon, et al. (exhibit 4-
56) conducted experiments In which 
four animal species (rats, l(Ulnea pip, 
rabbits and monteJl) were exposed to 
DBCP by Inhalation. The test animals 
were subjected to 50-68 eltJ)Ollures of 
12 ppm DBCP over 70 to 92 daJI (7 
hours per day, 5 daJI per week). A 40 
to 50 percent mortality wu observed 
In the rat study crouPS which, In IDOIIt 
cases, wu attributed to lune infec­
tions. Exl.D!lnation at autopsy showed 
damap to the lUDIB. k1dneJl, dII(estlve 
sJItem, and "severe atrophY and de­
pneration of the testes of all species." 
In the rats this effect wu acc0mpa­
nied by a reduced sperm count, abnor-· 
mal cell development, and del(ener­
atlon of the seminiferous tubules. As 
part of the study 15 male rats were ex­
posed to 5 ppm 50 times In 70 days. At 
this eltJ)OllUre level the testicular 
weilrhts of one half the rats were 
found to be reduced by 50 percent. 
ThIs result wu not statIst1ca11y sll(nlfl­
cant due to the large Internal vari­
ation within the croup. However, 
these flndlnp did indicate a need for 
caution at low eltJ)Ollures to DBCP, 
and served as the basis for Torkelson's 
1 ppm recommendation as a Umlt for 
occupational DBCP eltpollure. 

A 1970 study by PaydJlh et aI. (ex­
hibit 4-22) showed that a 70 IQ/kg/ 
daydoseofDBCP,admlnlsteredorally 
for 45 days, produced a necrotic action 
on the testicles of white rats. 
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A report In 1971 by RakmatUllaev 
(exhibit 4-43) disclosed that chronic (8 
month) dletary/eltJ)Ollures to DBCP at" 
5 IQ/kIr/day produced a dlatInct de­
crease In sperm motlUty (the abwty of 
the sperm to move) for male rats and a 
decrease In the fertlUty rate of female 
rats mated to DBCP-exposed males. 

Also, ReznIk and SprIDchan reported 
In 1975 (exhibit 4-78) that acute 
(stncle dose, 100 IQ/Q). and chronic 
<10 IQ/Q/day for 4-5 months) doses 
of DBCP severely affected spermato. 
l(enes1s In male rates. 

Based on the above data which wu 
unchallenced on the record, OSHA 
concludes that DBCP has experimen­
tally produced testicular effects In ani­
mals. 

(II) WBti ..... DIICP BAS CAtJSD 
I1U'DTILI'1'Y m JIALI: WOllKD8 

As mentioned above, fertlllty studies 
were initiated In July 1977 as a result 
of Increastnc concem amone workers 
of the Alrrtcultural Chemical D1v18ion 
of OccIdental ChemIcal Co. In Lath­
rop, C&lIf., that their low birth rate 
ml.l(ht be related to pest1eIde potaon.. 
inc. PrelImInary studies performed by 
Dr. Donald Whorton. a specIaUat In in­
ternal medicine and occupatiOnal dI-. 
eases, indicated a SUl'PI'I8IDc preva­
lence of abnormal sperm counts (ex­
hibit 4-83) (tr. 223-226). As al'fJllult of 
these flndlnp, NIOSH contrleted 
with Environmental Health AeocINeI 
to perform a Health ~ Evalua­
tion (exhibit 28) In Aucust 1977. The 
l'fJIIults of this evaluation were that of· 
the 107 workers studied, 13.1 percent 
(14) &ad &8CIOIIP81'DlIa (no sperm) and 
an additional 18.8 percent (18) were 
olil(Ollpermic (havlnc an abnormally 
low number of sperm ~t In the 
ejaculate cauaInc lnfertlUty) (tr. 233)_ 
In a control croup of 35 workers. one 
individual (2.9 percent) was &IIOCI8per­
mlc and none were olil(olperm1c. Exp0-
sure levels at this plant bad been 
found to ranee from 0.29 to 0.43 ppm 
as an 8-hour TWA (exhibit 9. p. 1110 
Tables IV and V). DBCP bad been for­
mulated at OccIdental Chemical since 
1967 (exhibit 10, p. 118). 

Also of imPOrtance were Dr. Whor­
ton's flndlnp that reduced sperm 
counts correlated well with the 
number of months an employee wu 
eltPOMd to DBCP (tr. 232). He found 
that the loncer an elDPloyee bad been 
exposed to DBCP, the more likely the 
worker wu to have a reduced sperm 
count. ThIs evidence indicates a poat­
ble doIie-response relationship In 
DBCP's toxic effects. Equally imp0r­
tant were Dr. Whorton's flndlnp that 
the observed sperm counts were the 
result of ID88IIve damap to the cells 
of the spermatol(enic tubule. When 
viewed mlCl'OIICOplcally these tubules 
normally appear full with developinc 
sperm cella (tr. Appendix I, P. 6). In 
the case of DBCP-affected males, how-
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ever, the tubules appear empty (tr. 
Appendix I, p. 8). 

In September 1977, Dow Chemical 
Co. reported that of 88 employees ex· 
posed to DBCP at a production facillty 
In Malrnolla, Arlt.. 24.2 percent (21) 
were found to be azoospermic. and 30.2 
percent (28) were Ollg08permiC (exhib­
It 9, p. 87-J. 87-k). DurIng DBCP pro­
duction. 8-hour TWA exposures were -
measured to ranee between 0.04 and 
0.4 ppm (exhibit 4-77B). No local non· 
exposed group was studied as a con· 
trol, but these results do show strtktng 
sperm count reduction when compared 
to those of control groups at other 
plants. These results, l1ke those of Dr. 
Whorton, also Indicated a correlation 
between sperm count depression and 
the decree of DBCP exposure (exhibit 
9, p. 57). The duration of DBCP pro· 
duction at Malrnolia was from mid· 
January, 1978 through August ll, 1977 
(exhibit 10, p. 188). 

In November 1977, Shell Chemical 
Company announced the final results 
of fertility testa of employees exposed 
to DBCP at their Denver and Mobile 
plants (exhibit ll). At Mobile. of 80 
workers tested only 2.5 percent (2) 
were azoospermic while 13.8 percent 
(11) were oUgospermic. These rates reo 
portedly do not differ from control 
values. The duration of DBCP produc· 
tion at Mobile, however, WBl- only 
sUchtly In excess of one year (April 
1978 throl1l'h July 1977). 

At the Shell Denver plant. where 
DBCP production had begun In 1955 
and ended February 1978, the results 
Indicated abnormally low sperm 
counts. Of the 49 workers tested, 10.2 
percent (5) were azoospermic and 14.3 
percent (7) were oUcospermic (exhibit 
ll-averace of second and third semen 
analysts). Shell maintained that these 
data were similar to certain llterature 
values (exhibit 11). However, Dr. Mar· 
shall cautioned qainst such a com· 
parison at the OSHA hearing (tr. 237), 
Indicatinc that much of the data In 
the llterature may Itself reflect a bias 
toward low sperm counts. For In· 
stance, many of the studies did not 
consider a continence (sexual absti· 
nence) period before semen collectiOn. 
Dr. Marshall made the point that a 
standardized continence period for 
semen collection Is necessary In order 
to make valid comparisons of sperm 
counts (tr. 239). 

A control group of 31 non-exposed 
Denver employees contained no azoo. 
spermics. but a surprtstng Incidence of 
oUgospermia (22.8 percent) (exhibit 
ll). Attempts to correlate length of 
exposure with sperm count ustnc 
these data have not been successful. 
As a whole, the Denver results seem to 
Indicate a DBCP effect as reflected In 
the high Incidence of azoospermics 
among exposed employees, but such 
an analysts cannot be regarded as con· 
clusive. 

RULES AND REGULAnONS 

From the time Industrial hyg1ene 
measurements were initiated In 1972 
throl1l'h the cessation of DBCP pro· 
duction In 1978, 8-hour TWA expo. 
sures at Denver consistently were mea­
sured to be In the ranee of 0.2 to 0.4 
ppm (exhibit 9, p. 8ll. 

Dow Chemical also reported, howev· 
er, that studies on a DBCP·exposed 
population at their Midland, Mlch .. 
plant Indicated that the sperm counts 
of 249 "potenttally exposed" workers 
were comparable to those of 77 con· 
trols (exhibit 12). DBCP had been pro­
duced at the Midland plant from 1957 
to 1978. In 1975, employee 8-hour 
TWA exposures to DBCP were mea­
sured to be between "none detectable" 
and 0.17 ppm (ehxtbit 4-77B) Al· 
though these results are encourac1nc, 
they do not establish a safe or no 
effect level. The danger of DBCP ex· 
posure at very low levels (see Lathrop 
and Magnolia) are such as to discour· 
age reliance on a no effect level based 
on one study. 

In December 1977, OSHA was notl· 
fled by telegram that Initial testa had 
Indicated stertllty In five workers at 
Bromine Compounds, Ltd., Beersheva, 
Israel (exhibit 41kl.). No data on levels 
of exposure has been received. Bro­
mine Compounds, Ltd.. had manufac:­
tured 300 tons of DBCP annually until 
production was halted In August, 1977. 

A point of controversy on the record 
was the determination of what sperm 
count value would constitute oUco­
spermia (an abnormally low number of 
sperm present In the ejaculate causinC 
infertility). It Is, of course, necessary 
to have some agreed upon standard 
qainst which to compare the results 
of the various studies. Values. 1nd1cat­
inC an abnormally low sperm count, 
which were suggested by participants 
at the Clnctnnati conference ranged 
from ten million to 40 mUllon sperm 
per miWllter ejaculate (exhibit 9. p.39, 
57, 81, 125, 133-c). OSHA has selected 
for the purposes of this dtscusston a 
level of 20 million sperm per miWllter 
ejaculate below which a man Is to be­
considered OUc08permiC. ThIs selection 
was based on the testimony of Dr. 
Summer Marshall (a urologist In pri· 
vate practice In Berkeley, Callf., and 
an Associate Cllnlcal Professor of 
Urology, School of Medicine, Unlversi· 
ty of California at San Francisco) (tr. 
238) as well -as careful analysts of 
other expert testimony and Uterature 
sources. 

Based on the above evidence OSHA 
concludes that exposure to DBCP has 
been demonstrated to produce infertil· 
Ity (reduced sperm count) and stertllty 
In male workers at very low levels of 
exposure. 

(6) WlDTJID DBCP AL01fI: WAS TJD: 
CAUSAL AGDT OJ' TJD: O_VED IlQ'D. 

ITILlTY IN WORKJ:llS 

A problem encountered In assessinC 
DBcp·lnduced infertility was the PO&-

stbility that the observed eUects were 
due to exposure to other sullat.anees 
present In these workplaces. Por ex· 
ample, Dr. Whorton stated at the Cln­
cinnati conference that some 224 
chemicals were used in Occ1dental 
Chemical's Acrtcultural Chemical 01-
vlston (exhibit 9, p. 29). DBCP was, 
however, Immediately suspect at the 
Occidental plant due to: (ll The Jarp 
amounts of DBCP handled there, and 
(2) the Torkelson report which showed 
substantial effects on rat testicles 
when atmospheric concentrations of 
DBCP were as low as 5 ppm. These 
suspicions were confirmed when the 
results of semen analyses of employees 
at the Shell and Dow DBCP plants 
showed severely depressed spenn 
counts (exhibit 11) (exhibit 9. p. 87-1, 
8711:). Althol1l'h ethylene dIbromide 
(EDB), a chemical which has expert. 
mentally been shown to produce re­
productive effects In animals, was also 
beinC manufactured at Malrnol1a, this 
chemical was removed from suaptcton 
by the preliminary resulta of sperm 
counts of employees from other EDB­
productnc plants (exhibit 9. Po 219. 
235). These results Indicated that the 
sperm counts of the employees ex· 
posed to EDB alone were in the 
normal rance. 

Based on the aboVe evidence OSIIA 
concludes that DBCP was the _ 
tive agent of the observed stertllt:v and 
infertility effects In e~ workers.. 

(7) WDrHD DBCP-nmUCIID DIJi'D21I.lT!' 
IS lU:VI:RSIBLIi Olles D1'OIRJU ~ 
<3A8BD 

At the Clnctnnatt conference Dr. 
JOhn_MacLeod. a nationally recotI· 
nlzed fertility expert from Cornell 
University. dtscusIIed infertility studies 
concernlnc reversibility that were car· 
ried out with bts-d1chioro acetyl cia­
mine and X·rad1at1on ustnc prison v0l­
unteers. Bts-dichioro acetyl dlIImUle­
"has similar effects to that of DBCP" 
In that "you get profound depre.loD 
In testicular function to the pojnt of 
azoospermia". ThIs effect was found to 
be totally reversible. thol18'h tbe time 
period of recovery was not g1ven (ex­
hibit 9, p. ll4-ll5). Dr. MacLeod alIIo 
referred to "the extraordJDuy caPac­
Ity of the human testes to recover 
from devastation" followtng bombud­
ment with hich doses of X·rad1at1on 
(exhibit 9, p. 258). Recovery times 
were noted as ranging from 18 montba 
to 2 years. However, there i8 a paucity 
of data concernlnc the reversibility of 
the effects of DBCP. As Dr. Whorton 
stated at the OSHA hearing: 

We have IQDt data with wh1eh to ~ 
the question of reversibUlt1 of D~ 
preaed test1cuJar fuDct1on. The Infonnatton 
that. we do have auuestII that & revendllU1t7 
can occur In lIOIIle cues. but that at _ 
POint ~ the doH-~ curve. the 
damaae 111&1 be permanent (tr. 234). 

The question of the reversibility of 
DBcp·lnduced testicular effects there­
fore remains unanswered at this time. 
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Even If currentlY affected workers 
fully recover at some POint In the 
future. the la8Ue of reversibWty Is not 
determinative for reaulatory purposes. 
OSHA can not allow workplace condi­
tiona which result In severe physical 
Impairment such aa sterWty. reprd­
less of possible future reversibWty. 

(8) DOBII St1ITABLE ~OLOGY UIST IN 
oRDa TO COMPLY WITH THE 1lIIGULA­
now? 
The technological feaaibWty of the 

DBCP standard haa been assessed by 
JRB AIIIIoc1ates, Inc. In a report enti­
tled. "Economic Impact Assessment 'of 
the Occupational Safety and Health 
Administration's Standard on Occupa­
tional Exposure to I, 2-D1bromo-3-
chloropropane (DBCP)" (exhibit 6). 

This study haa concluded that com­
pliance With the permissible exPosure 
l1m1t of 1 ppb Is technologically feasi­
ble (exhibit 6, pp. 4-1). Furthermore. 
OSHA maintains that it Is feaaible to 
achieve ambient levels of 1 ppb solely 
through the Implementation of engi­
.neerlng and work practice controls. 
These controls coDlllst of totallY en­
cl08m.· the DBCP manufacturm. and 
formulatm. facWties, malntalnm. 
such enclosures under neptive air 
pressure. and removing the DBCP In 
the exhaust air via charcoal adsorp-
tion. • 

Evidence on the record Indicates 
that DBCP manufacturers now rou­
tinely control 8-hour TWA eXJ)08urell 
to levels rancine from 40 to 430 ppb In 
response to an Informal exposure l1m1t 
of 1 ppm (part per milllon) established 
prior to a full understandm. of the se­
riOUli nature of the DBCP hazard (ex­
hibit 4-7'1B; exhibit 9. p. 150 Tables IV 
and V). Furthermore. the record indi­
cates that these levew were main­
tained without the use of local ex­
haUlit ventilation (exhibit 10. p. 128. 
129) or other control techniques. This 
Indicates that there exists a I1'I!&t ca­
pacity for exposure reduction. 

Moreover •. exposure to b1schloro­
methylether, a chemical known to be a 
human carcinogen, Is currently con­
trolled to 1 ppb (exhibit 6. p. 42). 
Therefore it may be concluded that In 
certain operations the technology cur­
rently ezi8t8 to control airborne con-
tamtnanta to ppb levels. . 

In the fIndm. of feas1bWty OSHA 
baa considered the relative sophistica­
tion of the companies presently manu­
facturm. DBCP. Dow Chemical Co. 
and Shell on Co. are both lar&e orga­
nlzations with vaat experience In the 
area of exposure control to toxic sub­
stances. It Is not unreasonable to con­
clude therefore. that these companies 
are able to Implement state-of-the-art 
control technologies given sufflcient 
financial Incentive to do so. Due to the 
lack of sublltltutes for DBCP (exhibit 
15. p. 2) and the estimated m&IIIIitude 
of crop losses should DBCP not be 
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available (exhibit 39-2). OSHA finds 
that such Incentives should exist. The 
economic conaiderations appear even 
more favorable In light of the fact 
that up to the promulp,tion of the 
ETS. only two plants were active In 
the production of DBCP. Control tech­
nologies and resources can thUli be 
concentrated In the relatively few 
workplaces where eXJ)08urell exist. 

OSHA further recognizes that engi­
neering and work practice controls are 
expensive to Implement. and that 
many formulators may have to cease 
DBCP operations. 

Due to the extremely serious nature 
of the hazard of exposure to DBCP. 
the concentration of DBCP formulat­
Ing operationa In those companies ca­
pable of providing the necessary pro­
tection for their employees Is desirable 
and necessary. 

Post-hearing comments received 
from one DBCP manufacturer sug­
gested that achieving the permIssible 
exposure limit of 1 ppb Is -not feaaible 
(exhibit 53. p. 6). These comments 
raised some specific engineering qUe&­
tiOnB re~ the suggested eng1-
neerlng controls Includm. the lsaues 
of exPlosion potential. the amount of 
charcoal needed, and certain oper­
ational requirements for Incinerators 
which may have to be UIIed In the 
event that the charcoal method Is un­
satisfactory. 

The commenter baa aaserted that 
the technological feaalbWty assess­
ment haa falled to consider exPlosion 
potential (ExhIbit 53. pg. 7). OSHA be­
lieves that the potential for achieving 
concentrations In the exPlosive ra,nae 
haa always existed In chemical produc­
tion facWties and continues to exist. 
The addition of an enclosure sur­
roundm. the process equipment 
should not Increase the exPlosion risk 
durm. normal production, aasum1ng 
the process equipment Is well main­
tained and properly operated, and 
that the engineering controls function 
properly. Under emergency conditions. 
such aa rupture or leak, any In~ 
explosion risk attributable to the en­
closure would be counteracted with 
controls similar to those that would be 
needed to guard the process equip. 
ment If It were not totally enclosed. 
These controw wouid Include fixed ex­
plosion suppression systems trinered 
by the detection of potentiallY exPlo­
sive mixtures. or s1m1lar devices. 

In addition, to reduce explosion risk, 
enclosures shouid be designed with ex­
plosion-proof u.htm.. exhaust fana. 
and motors. This type of equipment Is 
routinelY UIIed In chemical production 
facilities and Its use Is commonlY con­
sidered gooc:\ engineering practice. Use 
of this type of equipment waa assumed 
by JRB In deriving the cost estimates 
for Instanm. engineering controls. 
(ExhIbit 6. pp. 4-6. 4-7. 4-10. 4-11.) 

As to the amount of charcoal re­
quired and the lack of avallable data 
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demonsg-a,ting the effectiveness of the 
charcoal adsorption method (ExhIbit 
53. p. 7). OSHA does not believe that 
actual demonstration of the feas1bWty 
of charcoal adsorption Is necessary. 
The charcoal adsorption method of air 
purification Is widelY UIIed In such ap­
plications aa air-purifym. respirators. 
laboratory clean rooms, and Industrial 
processes. Furthemore. that charcoal 
will absorb DBCP Is demonstrated by 
the fact that personal exposure air 
monitoring methods for DBCP relY on 
charcoal adsorption. The additional 
costs for more frequent replacement 
of the charcoal would be approximate­
ly $9,000 per facility per month of 01); 
eration, a sum which does not alter 
significantly the conclusions of the 
JRB report. This f~ Includes the 
cost of obtalnm. additional charcoal, 
additional labor costs for recharging 
the adsorber more frequently. and the 
cost of ~ of the additional UIIed 
charcoal. The calculations for these 
additional costs are based on the unit 
costs presented In the Economic 
Impact Assessment (exhibit 6. P. 4-6). 

The comment that operational re­
quirementa and effluent handlm. re­
quirements for an Incinerator to 
remove DBCP from exhaust air were 
not II8Ie8IIed In the technological feas1-
bWty &8lIe8IIIJlent Is not In POint. Incin­
eration waa identified aa an alternate 
control system In the technology feas1-
bWty &8lIe8IIIJlent. Operatm. require­
ments for fuel, which Is clearlY the 
major operatm. cost. were estimated 
at $36.000 per month per Incinerator. 
There Is no evidence In the record to 
support the claim that special equip. 
ment-wouid be required to handle ef­
fluent from the Incinerator. 

In u.ht of these anumenta. OSHA 
haa determined that the compliance 
with the standard Is technolog1calIy 
feasible by InstallInc engineering con­
trols and Implementm. work practices. 
It should be noted that no substantive 
evidence waa put In on the record by 
affected parties which refutes this 
conclusion. 

OSHA haa also found that the sam­
pling and analysis of DBCP airborne 
concentrations at and below the level 
of 1 ppb Is feasible. and baa provided 
one such method on the record (exhib­
it 28) and In Appendix B of the final 
standard. The feas1bWty of sampling 
waa not controverted on the record, al­
thouch one commenter Indicated that 
the sampling tubes may have to be re­
friprated durm. shipment to prevent 
the loss of DBCP from the charcoal 
adsorbant (exhibit 53, p. 4). 

(,) WHAT AlII: TBIi IIIITIIIATIID COSTS or 
COIll'LL\l'lCli WITH TBIi DIICP 1lIIGULA­
now? 

An economic Impact analysis of the 
DBCP reauIation waa conducted by 
JRB AsIIocIates, Inc. (exhibit 8). The 
study haa estimated the capital cost of 
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compliance for each pla.:'lt manufac· ed that the 1nsta.Ua.tlon of required en· 
turing DBCP to be approx1ma.tely gineerlng controls would result In a 
$1,100,000, Also, additional annual op· delay of 2-3 years before DBCP could 
eratlng costs for each plant manufac· be made avallable to the American 
turing DBCP have been estlma.ted to farmer, and the crop loss attributed to 
be approx1ma.tely $50,000, There are such delay would be on the order of 
currently two plants In the United $300 million per year (exhibit 39-2). 
States which manufacture technical OSHA finds that these assertions 
grade DBCP. are not valid. With respect to the 

For formulating plants, the averaee transportation and dIstr1bution of 
capital cost of compliance would be on DBCP, those establishments dealing 
the order of $610,000, and the averaee only with sealed containers of DBCP 
Increase In annual operating costs are required to comply with only the 
would be approx1ma.tely $12,500. emergency, labeling, and employee 

For employers Involved solely In the training provisions, This constitutes a 
transportation and dIstr1butlon of modification from the proposed stan· 
DBCP pesticides, there would be In· da.rd on which the above mentioned 
creased compliance costs attributable comments were based. Therefore, al· 
to labeling, employee training, and though there will be some additional 
emergency planning. These are the cost of compliance with the f1na.l stan· 
only requirements for workplaces deal· dard for distribution facilities, these 
Ing only with sealed. Intact containers costs would not likely Include the con· 
of DBCP. These costs would be on the structlon of separate facilities or the 
order of $1,400 per facility In one-time lnstal1a.tion of shower and change 
costs for such items as signa, training room facilities, as the commenter has 
packa.ges, and an emergency plan. asserted, except where DBCP expo· 

In addition, these workplaces would sures can be reasonably anticipated. 
Incur an additional $600 annually for OSHA estimates the capital cost of 
operating costs Including Instructor's complla.nce for DBCP dIstr1bution fa­
time, and employees lost time for c1l1t1es to be approx1ma.tely $1,400 per 
training, and labels, assuming no more facility. In addition, OSHA estimates 
than ten employees per distribution annual operating costs to be approx!· 
facility needed to be trained (exhibit mately $600 per facility. If these costs 
6, p. 5-11, 5-17, 5-18), These costs for' were added to the estimates provided 
c:Uatrlbution facilities do not appear In by JRB"to estimate the total cost to 
the JRB report, but are calcula.ted Industry of compliance with the stan· 
based on JRB's estimated costs for la- dard, the resultant total cost estimates 
belIng, employee training, and emer· still do. not approach the threshold 
gency planning In manufacturing and value used by the Department of 
formulating facilities. Although the Labor for definina "major" economic 
number of workpla.ces Involved In the Impacts. 
distribution of DBCP Is not known The commenter's assertion that 
with great certainty, it Is believed to there will be Increased compliance 
be less than 2,000 (exhibit 39-1>. costs for DBCP applicators Is Incor· 

In total. the capital costs of compli· recto Applicators are exempt from coy· 
ance are estimated as $12,300,000 and eraee by the DBCP standard. 
the estimated annual operating costs One commenter has asserted that 
are on the order of $1,650,000. When there will be crop losses caused by 
amortlzlna the capital costs and In· delay In instituting engineering and 
cluding the operating costs, the work practice controls (exhibit 53). 
annual cost of compliance Is estimated Tb1a assertion Is believed by the provi· 
as $3,650,000. The continued produc· slons of the standard, which permits 
tion of DBCP, therefore, appears eco- employers to provide respirators 
nomlcally feasible In light of the where engineering and work practice 
United States Department of Alricul· controls are not yet sufficient to 
ture estimate of $300 million In crop reduce employee exposure within the 
losses should DBCP not be ava.1la.ble. permissible exposure limit. OSHA rec· 
Based on all the evidence In the 0gn1zes that there will necessarily be 
record, OSHA concludes that compli· some lost time In DBCP produc:ln&' and 
&nee with the standard Is economically formulating facilities while engineer· 
feasible. Post-hearing comments have Ing controls are being Insta.lled. How· 
been received from one manufacturer ever, since DBCP production and for· 
of DBCP asserting that the cost of mulatlon Is generally performed on a 
complying would exceed the threshold seasonal ba8Is, rather than continual· 
value used by the Department of ly, it seems reasonable to conclude 
Labor for definina a "major" economic that the necessary engineering modifl· 
impact and therefore, additional eco- cations could be made while DBCP 
nomic ana.lysIa should be performed would not otherwise be formulated, 
(exhibit 53, pp. 6-8). This assertion Is and that DBCP pesticides could be 
based on additional costs of compll· made avallable for distribution during 
&nee projected for employers Involved the period when controls were being 
in the transportation, distribution, 1nsta.Ued. Also, the standard does not 
and appllcatlon of DBCP pesticides. In prohibit the use of DBCP presently 
addition, these comments have assert- stockpiled by manufacturers. There-

'fore, there Is no reason to bel1eve 
DBCP will be unava.1la.ble because of 
the OSHA standard. 

( 10) PZIIJIl8SJBLII: Ul'08tJD LDIlT 

On the basis of the obllerved can:tno­
genic and sterility effects of DBCP, 
OSHA has selected an 8-hoW' time­
weighted averaee (TWA) permIsIIble 
exposure level (PEL) of 1 part DBCP 
per billion parts a.1r (ppb). Also, based 
on uncontroverted evidence that· 
DBCP may be absorbed through the'.b 
skin (exhibit 4-66), (exhibit 2-3, p. 5), 
OSHA has concluded that allllkin con· 
tact with DBCP be prohibited. 

There is no disPute that DBCP has 
been shown to be a hlahlY potent CIIol" 
clnogen In an1maI experiments. How· 
ever, any dose-response extrapolations 
of these results to human expCJIIUJ'eB 
are not possible using current aclentlf· 
fc precepts, and the question of wbeth· 
er a "no effect" level exists with re­
spect to carclnoren1city has not been 
answered on the record, No data Is 
presently avallable to Indicate that 
any given level of exposure to DBCP 
would, In fact, be free of CII.l'CInoIIeIW 
risk to exposed Individuala. However, 
even if specific levels of ezpoaure 
could be demonstrated to be a.oc:Ia&ecI 
with the Incidence· of _, thIII 
could not, In and of Itself, establJIIb a 
safe level for e:ltPCl8llre to DBCP. 
WhIle specific thresholds to vwtoua 
carcinogens may theoretically eDt for 
some IndividuaJa, such thresholds may 
vary substantially within any rmm 
population at risk as well u with time. 
Furthermore, the long latency periods 
Involved In carclnogenesta make It dif· 
flcult to demonstrate that an ezpoaure 
level - which appears not to IDduce 
cancer in the short run ls In fact ate; 
5-40 years may be required before ex· 
posure to a c:arcInogen mtrbt produce 
detectable cancers. However, since 
nearly all chemicals that have been 
proven carcinogenic by direct obaena­
tlon In man have &lao been shown to 
be carcinogenic In experimental ani­
mala, OSHA maintains that a sub­
stance which cauaes caDCer In anim&Ia 
must be considered as posing a CIIol" 
c1nogenic risk to workers. 

The record also contains defJnittft 
evidence that DBCP has Induced ste­
rility and infertility In exposed work· 
ers. These effects were found to occur 
even at very low expCJIIUJ'eB r&n8Inc 
from 40 to 430 ppb DBCP. OSHA has 
found, however, that adequate epide­
mlolortc data does DOt esIIt whIcb 
provides sufficient information to ..,. 
curately predict a "safe" or ''no effect" 
level, 8IIII111D.Inc one emta. with respea&. 
to the sterllant effects of DBCP. 

Therefore, considering (1) the very 
low levels at which DBCP Induced ste­
rility has been found to occur: (2) the 
remarkable carc1nopnic poteucy of 
DBCP u demonstrated In aniDI&l ex· 
periments; (3) tbe nature of the ba. 
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ardI of DBCP expoaure. namely sterll· 
Ity and cancer. and (~) the InabWty to 
determlDe an expClllUl'e level thai will 
el1mlnate the rtaIt of cancer and sterIl· 
Ity. OSHA deema It necea&r'7 to set 
the permlaible expoaure limit for 
DBCP at the lowest level technolOli· 
call7 feutble. 

Within the conf1nes of feutbWty 
OSHA hall determJned thai a permlai. 
ble expoaure limit of 1 ppb u an 8-
hour TWA best mlnlmlzea the cancer 
and sterility haIIarda of DBCP. 

The record indicates that DBCP ex· 
J)OIIW'eII are now controlled In manu· 
facturtnc and formulatlna operatlOJl8 
to leveJa l'8DIiDc from 40 to 800 ppb. 
Furthermore. these levela have been 
achieved without prior knowledge of 
the severe haIIarda of DBCP eltJ)OllUre 
and, therefore. without the full utili· 
zatIon of h1ah17 sophlaticated enci· 
neerlnc controla. 

Evidence on the record aIao indicates 
that an economic incentive eldata tor 
the continued production of DBCP. 
Compl1allce COIItII have been eatImated 
to be on'the order of $1.100.000 capital 
and $60.000 annual costa for manUfac­
turtnc fadlltlea, and $810.000 capital 
and $12,&00 annual COIItII for formulat­
iDIr fadlltlea. These COIItII are well 
below the estImaie of $300.000.000 
annual crop loa should DBCP not be 
available. Furthermore. for the poet... 
plant control of nematodes, no suit­
able IUbatltutes for DBCP have been 
found to exIat. The unava.UabWty of 
sut.tltutes Ind1c&tea thai compliaDce 
COIItII for manUfacturera and the for· 
mulatora should be recoverable 
throUCh Increuea In the price of 
DBCP to the consumer. 

DBCP Ia aIao manUfactured on a rel· 
atIvel7 limited production ~e. Only 
two plant. were enaaced In DBCP pro­
duction UP to the time of the promUl· 
ptIon of the In'S. It hall aIao been es­
timated that with a 1 ppb permlaible 
expoaure limit, only Bix formulatora 
will continue to formUlate DBCP. The 
CODCeDtratIon of DBCP production 
and formUlaUon fadlltles further en· 
haDcea the economic feutbWty of 
compl1allce sIDce such a ma.rket struc­
ture woUld better allow the pus 
throUCh of compliance COIItII to con· 
IIUIIlerII benefitlnc from DBCP use. 

Shell Oil Co. and Dow Chemical Co •• 
the two COJDPUlies operatiu DBCP 
production facWtIea up until the pro­
mulption of the ETS. are larse 0 ..... 
nlzationI with cona1derable expertise 
In the control of eJtP(lIIU1'e& to toxic 
chemicala OSHA concludes thai these 
COIJII)IIIliea are In a poattlon to provide 
the control equipment n-..ry to 
reduce DBCP expClllUl'e to permlaible 
leveJa. 

In the analyBia of feutbWty OSHA 
hall conaidered (1) the levela of DBCP 
expoaure attainable uaInc exlatlnc con· 
trols; (2) the sopbiatlcation of eltlatlnc 
control methodolOlies; (3) the eco-
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nomic incentives for continuedDBCP 
production, including the COIItII of com· 
pllance. the lnelutlc1ty of demand, 
the limited seale of production. and 
the poa1ble chanaea In market struc­
ture with respect to DBCP; and (~) the 
relative sopbiatlcation of the compa­
nies produciDlr DBCP with respect to 
control technolol7. In liaht of these 
conaiderationa OSHA finds that. for 
employee eltJ)OllW'ell to DBCP. a per. 
mlIaIble expoaure limit of 1 ppb Ia 
both technoiOlicall7 and economicall7 
feutble. 

V. SUKKAaY AlQ) ExPLAlfATIOlf or TJD: 
STAlfDAIID 

The final standard for occupational 
expClllUl'e to DBCP subatant1ally re­
necta the provl8lona of the propoaal 
(~2 F'R 5'1'288) with two major excep­
tiona. 

The final standard, UD.lJke the pro­
poaal, containa a limited exemption for 
workpJacea where DBCP Ia present 
onlY In sealed, Intact. contalnera. 
OSHA hall determined thai the lIkeli· 
hood of expClllUl'e and potential health 
rtaIta to employees handliDIr DBCP In 
sealed, Intact contalnera does not JustI· 
fy the implementation of the more 
strInaent provl8l0Dl of the standard 
such u routine monitorlDlr and medi· 
cal surveillance. Moreover. such re­
quIrementa are not necea&r'7 for the 
protection of employees handllna 
sealed, Intact, contalnera of DBCP. Ac­
cordlnab'. onlY the labeliDIr. traIninc 
and emerpncy provla10Dl of the final 
standard apply to the storace. trans­
portation. dIatrIbution and sale of 
sealed, Intact contalnera of DBCP. 

AIao, OSHA hall decided to delete 
the ceIliDIr expClllUl'e requirement from 
the final standard. OSHA believes 
thai compliaDce with the expoaure 
limit of 1 ppb over an 8-hour day ef· 
fectlvely limit. the macnitude of short 
term eltPQllUl'e8. For iDItance. a 30-
minute expoaure to 16 ppb DBCP. 
with no further DBCP expClllUl'e thai 
day. represent. a dally dose equal to 
an 8-hour expoaure to 1 ppb. 

All other ~ c:h&n&ea In the 
final u compared to the propoeed 
standard are eaentlall:v nOlHUbatan· 
tlve and are Intended only to enhance 
the clartty of the particular require­
ment with respect to employer and 
employee underatandInc u well u en· 
forceabWty of the provlalon. 

Pew CODUlleDta or objectlona to the 
spec1ftc provl8lona of the standard 
were received. Where lasues were 
raIaed In the course of the proceediDlr. 
they are d.IIIc:uMed In the explanation 
of the major Provla1ona of the stan· 
dard which folloWL 

1. ParacraPh (a>-Scope elnd elpplt­
clUioft. The standard applies to ,all em· 
ployment. where DBCP Is present 
with the two exceptiona dIacussed 
below. The principal activities covered 
Include the manUfacture of DBCP. the 
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formulation of peatIc1dea contalDlnc 
DBCP. and related actIvitiea of pack. 
&I1n&'. repackacInc. storace. trampor. 
tatlon. and dIapoaJ of DBCP. 

OSHA hall determJned that the stor· 
&&e. tranaportatIon, dlatrlbutlon and 
sale of sealed, Intact contamara of 
DBCP shoUld be subject only to the 
labeliDlr. traiDiDc. and emeJ'IP!IIC7 pro­
vIaiOJI8 of the final standard. TbIa Ia a 
chanp from. the propoeed staDdanI 
and the In'8 which did not contain 
the limitation. Putlelpant. In the ru· 
lematma POinted out thai the propoa. 
al would requjre·employera to monitor 
expClllUl'e and requtre. medical surveil· 
lance of employees who have only 
casual or limited cootact and DO dJa.. 
cernlble expoaure to DBCP. Eumplea 
of such employees are ioarItime em· 
ployees occuIonally haDdliJIa .aled 
druma of DBCP (exhibit 5-5) or dJa.. 
tributor&, Jobbers and eIIIIIlo:veea of 
retail outleta (exhibit 5-'1'). TbIa limit­
ed exemption serves to ma;rin .... em.­
ployee protection wbDe mlnlmhdn& 
~burdeDL 

The final rUle ~ betwem 
"cloeed," and "-red. H cootamera. 
OSHA Ia CODCIII1led thai cootamera. 
after beID& opened. DIal' be cI..s In 
such a faah10n u to ~ empJoyeea 
to DBCP. For thIa reuon. the exemp­
tion appliea only to ".aled" CODtaiD­
era. Intendin& by the u. of that tenD 
to exempt only contaIJ!era of DBCP 
which are cI..s In such a _ u 
to contain the DBCP ftIIOr&. AddItioD­
ally. aInce .aled COIltamara DIaI'. 
durtnc banclJln&. dneIop leab, the ex­
emption Ia further limited to Iniact 
contamera. 

Therefore. where ~ of the 
container occura, ~ wII1 be re­
quired to 1DOIIItor. provide protecf;he 
equipment and medical SUIWIDaDce, 
and to CCIIDPI7 with ~ otber appl1ca. 
ble provIaiOJI8 of the staDdud. To 
aaure that all ~ are awve of 
the ~ nature of the cooteDta 
of the contaiDera, and are famfIIar 
with appropriate procecbuea for haD­
dlIna In cue of -aeoc:v flltDCI&Uft, 
and becauIIe at __ point In clown-
streanJ. occ:upatIonal aeUvitIea the con­
tamara will be opened. the traiIIJq, • 
beliDlr and emeJ'IP!IIC7 PI'OViIIIan8 apply 
to the haDdl1D& of aealed, Iniact coo­
taInera. 

PIDally. it should be noted thai the 
retrUlaUoo of .aled CODt.amera In thIa 
standard Ia conaIstent with tbat In 
other CIIlCiDotIm IIiandarda 
(H 1910.1003-1910.1016) and the re­
cently promuJcated beIIMDe atandard 
(UPR5918). 

The standard does not apply to ex· 
J)OIIW'eII which reault lIOlely from the 
application and u. of DBCP u a pes­
ticide. On September a. 11m. IlOIICIU'­
rent with OSHA's IssuaDce of the 
ETS. the Administrator of the Envi· 
ronmental Protection Aceoc:v an­
nounced hIa intention to take two sua-
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penaton actions with respect to pestI­
cide products contalnlna DBCP (42 FR 
48915), pursuant to his authority 
under section 6(c) of the Federal In­
secticide, Flln8lclde, and Rodenticide 
Act, as amended, (FIFRA). ThIs Act 
allows the AdmInIstrator to suspend 
the registrations of a pesticide product 
whenever he determines that such 
action Is necessary to prevent an "im­
minent hazard" during the time re­
quired for cancellation or change In 
clallslflcatlon proceedings. 

On October 2'7, 1977, EPA Issued a 
suspension order (42 FR 57543) which 
effected two suspension actions: A sus­
pension of all pesticide products reais­
tered for food crop uses with respect 
to which residues of DBCP have been 
found or are anticipated on the edible 
POrtions of the food crops; and a con­
ditional suspension with respect to all 
uses, baaed upon the AdmlniBtrator's 
finding that an Imminent hazard 
exlats for pesticide applicators If 
DBCP products are used In accordance 
with current label restrictions. 

The regulatory actions announced 
by EPA will have two ImPOrtant ef­
fecta leading to Increased protection of 
workers enpced In the application 
and use of DBCP as a pesticide. FIrst, 
the suspenaion of use of DBCP pesti­
cides for certain food crops will sub­
stantially reduce the number of appli­
cator personnel and field workers who 
would otherwise have been exposed to 
DBCP. 

Second, under the conditional sus­
penaton announced for all other uses, 
persons using DBCP for other uses 
will have to be certified applicators 
(and In some InstanceII certified com­
mercial applicators), or be working 
under the direct supervla10n of a certi­
fied applicator. Addltlonally, pe~ 
using DBCP for conditionally suspend­
ed uses will be required to wear protec­
tive clothlna and respirators.· 

OSHA believes that thIa atratecY of 
combined and cooperative replatory 
actions by both EPA and OSHA Is an 
effective approach to protectlns all 
workers ap.Inst the hazardI of exPO­
sure to DBCP. Accordinlfl1, thIa stan­
dard does Dot apPl1 to expoIIUI'eII to 
DBCP which result solel1 from Its ap­
plication and \lie as a pesticide. 

2_ ParacraPh (c)-PennUftble ezpo­
lUre ltmiL The standard establIahes a 
permla1ble elqlOSUl'e limit of 1 part 
DBCP per billion parts of air <1 ppb) 
as an 8-hour tlme-welchted aver&lfe, 

As cU.Ic:u..ed more full1 above, the 
reported elqIOSUl'e of emplOyees at 
concentrations sicDlflcantl1 lea than 
one part per million at several manu­
faeturiDlf and formulatinlf plants and 
the resultinlf sterility In a substantial 
proportion of the exposed employees 
even at that level clearly indicates 
that a substantial reduction In exPO­
sure muat be accompU.shed to mJtlp.te 
the rIsIt. There la, unfortunatel1, not 

RULES AND REGULAnoNS 

complete _ information on the exact 
level necessary to ellmJnate the rIsIt. 
Here, we cannot determine whether 
there Ia a safe level or threshold level 
below which reproductive effects 
would not occur. 

Evidence from several animal tests 
In mammauan species conclusively 
demonstrates the carcinogenicity of 
DBCP. 

OSHA policy, which Is baaed on the 
best avallable scientific evidence, and 
which Is consistent with the policies 
and recommendations of nearly all 
public bodies which have addressed 
the problem of exposure to cancer­
causin& substances, has been and Is 
that a substance which causes cancer 
In animals must be regulated as posIn& 
a carcinogenic risk to workers. In the 
absence of a demonstrated "safe" or 
"no effect" level for human exposure 
to a carcinogen, It muat be assumed, as 
a prudent policy matter, that no safe 
level exists. 

Accordlnrly, the settinl' of an exPO­
sure level for DBCP cannot be baaed 
on a determination of a "safe" level 
which will ellmJnate the cancer and 
sterility hazard, but rather on a deter­
mination of a level which will mJDi­
mIze these hazards to the greatest 
extent poaaible, within the confines of 
feasibility. 

Baaed on evidence that DBCP Ia ab­
sorbed through the skin. OSHA pro­
hibits all skin contact with DBCP. 

For the final standard, OSHA has 
not Included the proVision for a 15 
minute ceillnr exposure limit of 10 
ppb which appeared In the J)roposal. 
OSHA believes that compliance with 
the exposure limit of 1 ppb over an 
elcht-hour day effectivel1 limits the 
m&Ifn1tude of short term exposures. 

Our aaseament of technoloetcal fea­
sibility, di8cuaIed above, indicates that 
an exposure limit of 1 ppb Ia technical­
ly feasible for both DBCP manufac­
turing and formulation operations (see 
exhibit 6, p, 4-ll. 

OSHA believes that isolation of 
workers from the proeesa equipment 
may be necessary to minimize exPO­
sure to DBCP,. and that this can be IC­
compU.shed by totally encl~ the 
equipment In a bulldinlf or In a sepa­
rs,te room within a bulldinlf. Automat­
Ic or remote control of the different 
loadina, procell, and pllCkaclng oper­
ations would be n~, to ellmJnate 
any requirement for workers to enter 
the enclosure during the operation 
(exhibit 6, p. 4-4). 

3, ParacraPh (d)-NoMcaticHI 0/ 
1&1& The ETS required employers to 
notify the OSHA Area Director of the 
location of workplaces wbere DBCP Ia 
present, and to describe the conditions 
of use and exposure and tbe protective 
measures In effect. The standard does 
not require employers to report the 
same information apIn. Rather. any 
employer wbo has not yet notified the 

OSHA Area Office or who subsequent­
ly Introduces DBCP Into a workplace 
Is required to report to the Area Direc­
tor In the same manner as required by 
tbeETS. 

4. ParacraPh (e)-Regulated arecu. 
The standard requires the estabU.sh­
ment of regulated areas where air­
borne concentrations of DBCP are In 
excess of 1 ppb. The purpose of estab­
lIahIng regulated areas Is to limit 
DBCP exposures to as few employees 
as poaaible by barrIn& access to these 
areas to all but those specifically au­
thorized to be In the area. OSHA be­
Ueves that control of employee exPO­
sures. appropriate exposure monitor-
1nI'. medical surveillance. and limita­
tion of potential exposure to the 
smallest number of workers all require 
regulated areas. The employer muat 
desilfD&te as "authorized" any person 
wbose duties require his or ber pres­
ence In the area. 

5. Paragraph (f)-EZJH)IUre monttoT­
ing. Section 6(b)(7) of the Act (29 
U.S.C. 8655) mandates that any stan­
dard promulp,ted under 6(b) of the 
Act shall, where appropriate, "provide 
for monitor1nlf or meaaurInr of em­
ployee exposure at such locations and 
Intervala, and In such manner as may 
be necessary for the protection of em­
ployees." The P11l'POIIeII of monitor1nlf 
are to determine the extent of exPO­
sure, to Identify the source of exPO­
sure, to enable the employer to select 
proper control methods and to evalu­
ate the effectivenea of the selected 
methods. Thus. monitorinlf enables 
employers to meet the leral obllaa­
tions of the standard to assure that 
their - employees are not exposed to 
DBCP In excea of the prescribed 
levels. Addltlonally, monitor1nlf en­
ables employers to notify employees of 
their exposure level, as· required by 
section 6(c)(3) of the Act, and to pr0-

vide Information necesa.ry to the ex­
amJn1nIf phya1clan. 

The exposure monttortna provtsions 
Intend that the employer determine 
the elqlOSUl'e for each emPloyee ex­
poied to DBCP. Tbia does not require 
separate measurements for each em­
ployee. U a number of employees per­
form ~tIally the same Job under 
the same conditions, it may be suffi­
cient to monitor a sIcn1fIcant fnIctlon 
of such employees and obtaln results 
that are repreeentative of the exPO­
sures of the remaining employees. 

Where expoIIUI'eII are determined to . 
be above the permla1ble exposure 
limit, the employer ill required to m0n­
Itor monthl1. Othenr18e the emplOyer 
muat monitor quarterly. "ExlIosure" 
In this connection means the airborne 
concentrations In the workers' breath­
in& zone, without reprd to the use of 
respirators. 

The employer Is also required to re­
determine the exposure of affected 
employees by monitorinlf If any 
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changes In production, processes. con­
trol measures or personnel occur 
which might cause new or additional 
exposures to DBCP. 

One commenter stated that the re­
quired frequency of monitoring does 
not take Into account the stability of 
airborne concentrations, and that In 
closed-system operations such fre­
quent and repeated personal monitor­
Ing may be unnecessary (exhibit 4-8, 
p. 9). OSHA flnda, however, that fre­
quent monitoring is crucial consider­
Ing the.ven- low magnitude of the per­
misaible eltP()SUre llmit. Small leaks In 
control equipment. which may not be 
detectable dUring routine v1suaI. in­
spection, could lead to exposures well 
In excess of 1 ppb. The fact that 
DBCP has no detectable odor until 180 
ppb, 180 times the permisaible expo­
sure llmit, further supports the need 
for frequent monitoring. 

An assessment of available method­
ology for sampling and analysis of air- -
borne concentrations of DBCP indi­
cates that it is possible to monitor em­
ployee exposures of 1 part per billion 
and below (tr. 317). Furthermore, at 
these concentrations sampling and 
analytical methodoloctes are available 
which have an accuracy, to a confi­
dence level of 95 percent. of not less 
than plus or minus 25 percent. Using 
one method, for example, the samples 
may be collected by adsorption of 
DBCP on cha.rcoal Contained In a suit­
able holder such as glass tubing 
through which a volume of air is 
drawn. Analysis is then performed by 
gas chromatographY, using electron­
capture detection. These techniques, 
althouch they require care, are readily 
available and should pose no special 
difficulties for employers covered by 
this standard (tr. 319). 

6. ParacraPh (g)-lIIetIiDU of Com­
J!lwnce. The standard requires the em­
ployer to institute eng!neertna and 
work practice controis to reduce em­
ployee exposures to or below the per­
misaible llmit. This requirement is In 
accord with OSHA's policy that feasi­
ble eng!neertna and work practice con­
trols must be used as the primary 
methods of reducing employee expo­
sures to toxic substances.. This policy 
is based on the view that the mllllt ef­
fective means of controlling employee 
eltJ)OBUl'ell is to contain emisa10ns at 
their source throuch use of mechani­
cal means, combined with work prac­
tices.. rather than reliance on the vari­
ability of human behavior so critical 
to the II11CCeIIIIful use of respirators. 

In situations where engineering and 
work practice controls do not reduce 
exposures to the permisaible exposure 
llmit. these controls must nonetheless 
be used to reduce exposures to the 
lowest feasible level and be supple­
mented by the use of respirators. 
OSHA realizes that, under some par­
ticular c1rcwnstances, encineering and 

IULES AND IEGULAnONS 

work practice controls may not be 
technologically feasible In a particular 
work operation. Therefore, the stan­
dard exPlicitly recogniZes that an em­
ployer may demonstrate the infeasibi­
lity of encineering and work practice 
controls as to one or more operations 
In a particular process, and In these 
circumstances use respirators to pro­
vide the required protection. The 
question of whether an employer has 
met his burden of estab11sh1ng that 
engineering and work practice controls 
are infeasible In a particular work op­
eration Involves the consideration of 
many complex factors and a rational 
balancing process. Factors such as 
levels of exposure, useful rell1&lnlng 
life of the equipment and the effort 
made by the employer to implement 
such controls are relevant. 

Respirators are the least satlsfacton­
means of control because of certain 
difficulties Inherent In their use. Res­
pirators are capable of providing good 
protection onlY if they are properly se­
lected for the concentrations of air­
borne contaminants present, properly 
fitted to the employee, worn by the 
employee and replaced when they 
have ceased to provide protection. 
While it is theoretically possible for 
all of these conditions to be met, it is 
more often the case that they are not. 
As a consequence, the protection of 
employees by respirators is not always 
effective. 

IIi addition, a compliance program to 
reduce exposures to within the pennia­
sible exposure llmits solely by means 
of encineertna and work practice con­
trols must be developed and imple­
mented when the encineering and 
work practice controls presently being 
used do not reduce employee expo­
sures to within the permisaible expo­
sure llmit. Written plans for this pro­
gram must be developed and furnished 
upon request to representatives of the 
Secretary, representatives of the DI­
rector, and affected employees, These 
plans must be reviewed and updated 
perlod1cally to reflect the current 
status of the program. 

7. Paracraph (h)-Rarrirators. The 
final standard provides that, whenever 
the permisaible eltP()SUre llmit is ex­
ceeded, In spite of implementation of 
all feasible engineering and work prac­
tice controls, the employer must pro­
vide and assure that employees use 
respirators. The standard contains a 
respirator selection table (Table 1) so 
the employer will provide the type of 
respirator which affords the proper 
decree of protection based on airborne 
concentrations of DBCP to which the 
employee may be exposed. The respi­
rator selections In the final standard 
are Identical to those In the-proposal. 

The standard restricts the selection 
of respirators to atmosphere-supplYlng 
respirators. One participant comment­
ed that atmosphere-supplYlng respira-
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tors are cumbersome, restrict move­
ment. and, In the case of self-oon­
talned breathing apparatus, require 
frequent changing of air cylinders (Ex­
hibit 4-8, p. 10). OSHA does not deny 
the difficulties of use of atmosphere­
supplYing respirators. However, DBCP 
does not have any useful warning 
properties at concentrations where air­
purifying respirators may be safely 
used, and consequently, there is no 
warning of respirator leakap or 
breakthrough. The odor threshold of 
DBCP is estimated to be 180 ppb (ex­
hibit 4-8, p. 10), 180 times the pennia­
sible eltP()SUre llmit. Becauae of the 
extremely serious consequences to em­
ployee health which have been found 
In human exposures at 40 to 430 ppb 
(exhibit 9, p. 150 Tables IV and V) (ex­
hibit 4-778), we believe It imperative 
to minimize the risk of undetected ex­
posure, and accord1ng]y permit only 
atmosphere-supplylng respiratorS. 

The standard requires that the em­
ployee be properly trained to wear the 
respirator, to know whY the respirator 
Is needed and to und.erstaDd the lbn1-
tatlons of the respirator. An under­
stand1Da of the hazardII Involved is 
n~ to -l!nabI.e the employee to 
take stePB for his or her own protec­
tion. The resplraton- protection pr0-
gram implemented by the employer 
must conform with 29 CPR 1910.134 
(b), (d), (e), and (f). This section con­
tains the basic requirements for use, 
cleanin8, and maintenance of respira­
tors. 

To prevent skin irritation and to 
minimize the dl8comfort of respirator 
use, -the standard requires that em­
ployees must be allowed to per1od1cal­
ly wash their f&cell and respirator face­
pieces In order to remove any accumu­
lation of DBCP or to reduce the 
chance of irritation from the wearIna 
of the faceplece Itself, such as a heat 
rash. 

The standard requires that respira­
tors and other c:lot.btna and equipment 
required for protection from elQ)08Ul'e 
to DBCP shall be provided at no coat 
to the employee. OSHA baa allocated 
the costs of respirators and clothlnc 
and equipment required for protection 
from DBCP exposure to the employer 
In order to effectuate the ~ of 
the Act. This Iancua&e clar1flea 
OSHA'II position which baa.. J.onc been 
implicit In health standardII-lJroceed­
inIII under section 8(b) of the Act. 

8. ParacraPh (I)-~ "I'hIII 
provision requires employee _ 
tion and cleanup where spBla or leab 
occur. Only employees with appropri­
ate respirators and Impermeable pro­
tective clothlnc are allowed In the 
area until the situation is restored to 
normaL It is important to note that aU 
employees covered by the standard, In­
clud1Da thoee who handle only ~ed, 
Intact containers of DBCP, are 00'1-
ered by the emer&eIIC7 provlmoDL 
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The employer mUlt alIo provide the 
medical IIUI"f'eillaDc teIUDI u speci­
fled by ~b (m) (8) to aD1 em­
plOyee expoeed to an emeraeDC1 re­
leue 01 DBCP. 

9. Parqrapb (J)-Protectiw cloth'ftI1 
11M eqrdpment. The standard requJres 
that the emplOyer provide IDd aaure 
that employees who are subject to aD1 
PCIIIdbWty of at1n or eye contact use 
Imperme&ble protective clothlna or 
equipment In order to mlnlmltte these 
huardL OSHA II aware that sInee 
MaD1 formulatlD8 IDd produclna f. 
cIl1t1_ are located In warm cHmates, u 
a practtcal matter the Impermeable 
protective clothlna requirement may 
neceIIltate use of full bod1 air-condi­
tlonecl auit& 

ErideDce onthe record Ind1eateII that 
DBCP may be abIorbeci throQh the 
at1n (ab1bit 4-H),1Dd that even very 
small amounta of DBCP on the IIIdn 
are potentlall1 haIardouI (ab1bit 4-8, 
p. 5). Therefore the standard requires 
the prompt removal of protective 
clothlna and equipment whicb be­
co_ contaminated with DBCP-con­
t&lninlliqu1dl or IOlkIL The standard 
alIo prov1cles that thIa clothlna IDd 
equipment mUlt not be rewom until 
the DBCP baa been removed from the 
clOthlna IDd equipment. Under no c1r­
eumataDceiI may clothlnc and equip. 
ment CODtunlnated with DBCP-con­
t&lninlliqufda IDd IOl1da be wom Into 
luncbroomI or lavator1ea. 

The standard alIo requJres that the 
employer clean, launder, or c:IIapoae of 
the requ1recI protective clothlna to 
eliminate aD1 potential expowre that 
m1cbt result were the clothlna to be 
laundered by the employee at home. 
. The standard requires that protec­
tive clothlnc be provided In a clean 
IDd dry condition da1l1. SInce skin 
contact with DBCP createa a POtential 
for IIIdn abIorption. OSHA believes 
that the retrUlar cleanlnc of contami­
nated work clothlnc pla1l an impor­
tant role In tbe protection acaiDIt the 
haard. The standard alIo requires 
that protective clothlna and equip. 
ment be maintained and replaced u 
needed In order to ensure effective­n __ 

The standard provides that the em· 
ployer aaure that all protective cloth­
ina II removed at the end of each work 
shift, and that the clothtna that II to 
be laundered, cleaned. or dIapoBed of 
be placed In a clOllable container. The 
container mUlt be constructed so U to 
prevent the releue of DBCP vapors 
Into the atmosphere. The purpose of 
thIa requirement II to prevent the con· 
tamlnanta on the clothlna from beina 
releued Into the ambient air or from 
beina contacted by an individual han· 
dlIna the container. 

PInally, the standard requires em· 
ployers to inform those who handle 
the contaminated protective clpthtna 
of the POtentially harmful effecta of 

lULlS' AND IEGULATIONS 

expoeure to DBCP. ThIa proVl81on II 
destanecI to make clear the need to use 
proper care In bandlIna of the con· 
tam1natecI protective clothlna. 

10. ParalraPb (k)-H~ftI1. 
Removal and prevention of VI81ble ac­
cumulatlona of liquid deposita of 
DBCP. or dUIItI cont&lninl DBCP, on 
all surfaces are imPOrtant upect.I m 
mlnhnlzlnl employee e:lJ)OllUl'e. To 
aaure that DBCP II not reintroduced 
Into the workplace air, the standard 
prohibita dry sweePina or the use of 
compl'ellled air for cleanlnc floors IDd 
other surfaces wbere DBCP II found. 
The standard alIo requires that when 
DBCP II present In liquid form, or u a 
resultant vapor. that. all containers or 
v~ be enclosed to the maximum 
extent feutble and tIIhtly covered 
when not In use to prevent the re­
leue of DBCP vapor Into the work at­
mosphere. 

For dIapoeal of wute scrap. equip. 
ment or debrla cont&lninl DBCP. the 
standard requires that thIa matenal be 
collected and dIapoBed of In sealed or 
clOled containers whicb prevent the 
dIapera10n of DBCP out.l1de the con· 
talners. state environmental protec­
tion aaeuc1- dewtlP'at.e appropriate 
lIDdfDla for the dIapoeal of sucb 
wute. 

11. Parqrapb (l)-HwfeM facattWI 
11M practtca. The standard specifia 

. h:vliene facWtles and pract1cea re­
quired for employee protection. 

Chance rooms are required, with 
separate storace for street and work 
clothtna. OSHA believes that theIM! fa­
cIl1t11l11 are necellll&l'1 to minimize p0s­
sible contacta with contam1natecl 
clothlna, sInee DBCP II at1n abIIorba­
ble, and an irritant u well 

The standard requires the employer 
to provide shower facWtles for em· 
ployees, and that employees be re­
quired to take showers at the end of 
the worUh1ft to remove aD1 DBCP 
from their bodies. SectIon 1910.14l<d) 
(3). which would be trtaered by the 
standard, lIata requ1rementa for ade­
quate showers. 

The standard alIo requires that lava­
tory facWtles which comply with 
§ 1910.14l<d) (1) and (2) be provided In 
sufficient number to uaure that suffl· 
cient facWtles are available for em· 
ployees to wuh when leavtnc tbe rei· 
ulated area to eat or use tollet facW· 
ties. 

The .tali.dard prohibita eatln&. smok· 
ina. drInltIna. or the \teePina of food or 
smolttna mater1ala In rerulated &reM. 
Additionally, the standard prohibita 
tbe keepina of cosmet1ca In rerulated 
areas to avoid the J)OI8ibWty that 
DBCP contaminated COIIDletica would 
be Inadvertently applied to the bod1. 

The standard requires employers to 
provide lunchroolJlll free of DBCP con· 
tamlnatlon which are readily access1. 
ble to employees worktna In a rerulat­
ed area. The purpose of thla requJre.,: 

ment II to minImize the rtK 01 em· 
ployee e:IJ)OIIUI'e to DBCP by tnaestlon 
or lnbalatIon durInI eattna. 

13. Parqrapb (m)-Medtcal SU1'IIIril­
Zclnce. Pursuant to seetIon 8<b)(7) 01 
the Act. the standard requires that 
each employer 1DatIiUte a medical sur· 
ve1llaDce Pl'OII'UD for all employees 
who work In rerulated &reM. OSHA 
believes that a medical aurve1llaDce 
Pl'OI1'BID II DeceIIII&l'1 In clealInI with 
the problem of employee e:lJ)OllUl'e to 
DBCP. . 

The staDdUd requJres an ·opportuni· 
ty for a medicalexamlnation for each 
employee before the flrllt .... lDD'ent 
to work with DBCP and annually 
thereafter. Where employees have re­
ceived med1cal examination UDder the 
provl81ona of the ET8, the examiJIa­
tlon need not be repeated until one 
year from the date of that eumIna­
tlon. 

All naminatiollll and procedures are 
required to be performed by or under 
thesuperVl81ono1a~p~ 
and provided without coat to the em­
ployee. While the physician will UIIUal-
1)' be seleeted by the employer, the 
standard doIlII not 10 mandate. _viq 
the emplOyer free to iDltituie alien1&­
tlve proceduree IUCb u joint aeleetIaa 
with the employee or selection by the 
employee. ClearlY, a ~ pbyBl­
c1an II the appropriate pet'IOD to be 
col1duc:tlDa a medical ezanrimUon, 
and 8UCb a requirement 18 containeclln 
the standard. However, certain pWt.I 
of the requ1red examination (e." 
takInI 01 a htatory) do DOt ~ 
require a phys1ciaD's expert1ae and 
may.be COIIdw:ted by another person. 
under the superv1a1on of the pbyld-
clan. . 

The standard prov1cles that a work 
history, medical htatory and medical 
examInation be performed. The con· 
tent of the examinatioD II CODB1atent 
with identification of the am­
health effecta that have been UIOeiat­
ed with e:IJ)OIIUI'e to DBCP. 

A commenter suneated that a stan· 
dardized procedure be manctatecl for 
the collection of sperm and subse­
quent sperm count procedures (ab1bit 
53, p. 1). RecocmzInI that differtna 
procedures may produce equally valid 
results, OSHA chose not to require 
specific sperm count procedures In the 
standard. Rather. a suneated protocol 
baa been inclUded In Appendix C. 

Both the ETS and the proPOll&l re­
quired meaaurement of, serum testoe­
terone levela. ThIa requirement bu 
been eliminated In the flDal on the 
buill of ev1deDce that serumtest.oster. 
one levela do not correlate with DBCP· 
Induced toxicity (tr. 232-233). 

Thourh ev1deDce Indicates that 
sperm counta are the beet Indicators of 
DBCP toldcit)', the record IncIicateII 
that the determlnatloaa of serum 
levela of follcle stlmulatlna hormone 
(FSB). lutelnlz1na hormone (LH). and. 
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in the cue of females, estrogen. are 
aIao important in fertility UllelllllDent 
(tr. 232, 233) (exhibit 9, p. 41-45). 
These tests are especially important 
for females, vuec:tomlzed males, and 
other males unable to produce a 
semen specimen. 

The emeraency medic8J. surveillance 
provisions reflect OSHA's concern for 
thoae employees who, because of 
equipment breakdown. container rup­
ture or other causes, may be exPOSed 
to massive doses of DBCP. These 
workers' may be at a relatively high 
risk for developlna adverse fertility ef­
fects. 

If a worker is exPOSed to an unex­
pected release of DBCP, the employer 
must, as soon as practicable, provi~e 
the employee an opportunity for a 
sperm count, or, in Instances where an 
employee is unable to produce a iemen 
specimen. a determination of serum 
levels of PBH, LH and estrogen (fe­
males). The employer is aIao required 
to provide these procedures three 
months later. The purpose of the 
three month repeat is that evidence 
on the record. indicates that, since 
sperm take three months to mature, 
testiculaI' damaae would not be re­
flected in sperm count n!IIIllts until 
that time. The Initial n!IIIllts would 
then serve as a baseline ap,inst which 
the repeat n!IIIllt could be compared. 

The standard requires that the em­
ployer provide the ph;vIdcIUI. with cer­
tain Information. Tbia Includes: (1) A 
copy of the recuIatton; (2) a deac:rtp­
tion of the affected employee's duties 
as they relate to the employee's expo­
sure; (3) the n!IIIllts of the employee's 
exposure monitorlna; (4)' if any per­
sonal protective equipment is used or 
is to be used; and. (Ii) Information from 
previous medical enminatt01l8. of the 
affected employee to the extent that 
they are not readily available to the 
pbnIcIaD. The purpose of III&kina this 
Information available to the ph;vIdcIUI. 
is to aid in evaluation of the employ­
ee's health in relation to his assicned 
duties, and fitn_ to wear personal 
protective equipment when required. 

The employer would be required to 
obtain and provide the employee with 
a written opinion from the examining 
Ph:vBiCian containinl: (1) The n!IIIllts 
of the medical testa; (2) the ph:vld­
elan's opinion as to whether the em­
ployee has any detected medical condi­
tions which would place the employee 
at Increased risk of material impair­
ment of health from exposure to 
DBCP; and (3) any recommended limi­
tations upon the employee's exposure 
to DBCP and upon the use of protec­
tive clothlna and equipment such as 
respirators. Tbia written opinion must 
not reveal specific findinp or diac­
noses unrelated to occupational expo­
sure to DBCP. A copy of the opinion 
must be provided to the affected em­
ployee by the employer. 

RULES AND REGULATIONS 

The requirement that the employee 
be provided with a copy of the physi­
cian's written opinion will assure that 
the employee is Informed of the re­
sults of the medical examination and 
may take any appropriate action. The 
purpose in requirlna that speclfic find­
inp or dlainoses unrelated to occupa­
tional exposure be excluded from the 
written opinion is to encourage em­
ployees to submit to medical examina­
tions by removing the fear that em­
ployers may find out adVerse or em­
barrassing Information about their 
physical condition that has no relation 
to occupational exJ)OllllreS. 

.Among the issues in the DBCP rule­
makIna were whether OSHA should 
include a mandatory removal require­
ment-that is, a provision prohibiting 
the exposure of an employee to DBCP 
if the employee would be placed at in­
creased risk of material impairment to 
health because of such exposure, and 
whether OSHA should Include a rate 
retention provisioil-that is, a provi­
sion requirlna the transfer of such em­
ployee to another job or providing 
that removal for medical reasons 
should not n!IIIllt in loa of earn1np or 
seniority status to the affected em­
ployee. These issues, as OSHA has pre­
vioualy stated (41 FR 46'180), are relat­
ed and must be ~ together. 
Both employee and industry partid­
pants exp~ their views as to sev­
eral aspects of these issues in prehear­
ing comments, in testimony durIna the 
hearing and in post hearlna am­
menta. However, OSHA has conducted 
an Informal publ1c hearlna on manda­
tory removal and rate retention for 
workers exPOSed to lead as part of the 
rulemaklna proceed1ng on lead. Con­
sideration of the critical issue of medi­
cal removal protection is belna under­
taken for several pendfna standards 
topther. Once this consideration is 
completed, OSHA will determine the 
extent to which the conclusions on 
medical removal protection are appro­
priate for DBCP and whether to in­
clude thoae or s1milar provisions in the 
DBCP standard.. The final standard 
publlshed today, therefore, does not 
~ the issues of mandatory re­
moval and medical removal protection. 

13. ParacraPh (nl-EmploJfee i1U'or-
7IIIZtWft elM t1'Cliniftg. The standard. re-

. quires the employer to provide a train­
ing program for employees potentiall:v 
exposed to DBCP. OSHA believes that 
an Information and training J)J'OIraID 
is ~t1al for the protection of em­
ployees, because an employee can do 
much to protect himself if Informed of 
the nature of the hazards in the work­
place. To be effective, an employee 
education system must, at the mini­
mum, apprise the employee of the spe­
cific hazards associated with his work 
environment. For this reason, the em­
ployer would be required to Inform 
each employee potentially exposed to 

11525 

DBCP of the nature of the related 
health problems, the necess1ty for ex­
posure control, emergency procedures. 
and the medical and induatrial hy­
giene monitorina protp'&IDL 

The content of the training prolll'8Dl 
is intended to apprise the employees 
of: (1) The hazards to which they are 
exposed; (2) the necessa.r:v &tepa to 
protect themselves, including avoiding 
eXJ)OllllreS. us1ng respiratory protec­
tion and avalllng themselves of the op­
portunity for medical examinations; 
(3) their role in redudng exposures; 
and (4) the contents of the standard. 
Section 8<bJ(7) of the.Act makes it 
clear that these are appropriate Ioals 
of an employee training program, and 
the standard, therefore, Includes 
them. 

The employer is aIao required to pro­
vide to the Secretary and the Director, 
upon request, all materials relatina to 
the training Pl'Olr&Dl- Tbia is intended 
to provide an objective check of com­
pliance with the requirements of the 
standard. 

14. ParacraPh (o~fqu elM It&belI. 
OSHA believes that it is important, 
and section 8<b)(7) of the Act maD­
dates. that appropriate forma of warn­
Ina, InclUdlng labela, be used to usure 
that employees are apprised o( the 
hazards to which they are expoaed in 
the course of their employment. 
OSHA believes, as a matter of policy, 
that employ_ should be liVen the 
opportuDj.ty to make Informed deci­
sions .. to whether to work at a Job 
under a particlular • of workiDa con­
ditions. Purthermore, OSHA believes 
since - control of safety and health 
problema involnll the cooperation of 
employees. succe. of a safety and 
health ProtP'&IIl is h1P1:v dependent 
upon the employee's understand1ng of 
the hazards involved in the Job. 

In l1aht of the sertoua nature of the 
hazard of exposure to DBCP, OSHA 
does not believe that periodic training 
alone will adequate!)' apprise emplOy­
ees of the health hazards of DBCP. 
However, OSHA believes that the re­
quirement to post warn1ng IIiIDS and 
labels when coupled with the training 
requirements d1sou8ed above will ade­
quately do so. 

The standard. requires that nothlna 
which contradicta or detrIIets from the 
effect of any s1gn required by this 
paracraph shall appear on or near any 
such required s1gn. . 

Due to the hazardous nature of ex­
posure to DBCP, OSHA believes that 
emphasia should be placed on warn1ng 
employees and other persons about 
the danger of exposure. For this 
reason. the standard Includes a re­
quirement that warn1ng labels be af­
fixed to all containers contain1nc 
DBCP or producta contalnlna DBCP. 
The labelIna provisions of the stan­
dard. aIao require the employer to 
assure that warn1ng labeis are affixed 
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to any product conta1nln& DBCP when 
such product leaves the employer's 
workplace. Thls requirement Is de­
signed to protect any other employees 
who will be handling, transportln&', or 
using this product. When an employer 
manufactures, formulates or sells a 
product conta1nln& a toxic substance, 
that employer Is exposlna' not only his 
own employees but also the employees 
of other employers Involved In han­
dling, transportln&' or usln&' the prod­
uct. The extent ot the obligation to 
intorm should be commensurate with 
the extent ot the exposure. Thls Is es­
pecially true where the manufacturer, 
formulator or seller will In many cases 
be the onlY employer capable, through 
his unique knowledge of the sub­
stance, of providing the intormation 
needed for protection ot other employ­
ees. (See the discussion In the recently 
promulgated benzene standard, 43 FR 
591S, 5960.) However, where DBCP or 
products containing DBCP are sold, 
distributed or otherwise leave the em­
ployer's workplace bearlna' labels re­
quired by EPA under the regulations 
In 40 CFR Part 162, the labels re­
quired by this paragraph tor products 
leaving the workplace need not be af­
fixed. OSHA teels that the EPA labels 
adequatelY alert downstream employ­
ers and employees to the hazards ot 
DBCP. 

15. Paragraph (p}-RecordkeeJring. 
Section 8(c)(3) of the Act provides for 
the promulgation of regulations re­
quiring employers to maintain accu­
rate records ot employee exposure to 
POtentially toxic or harmful phYSical 
agents which are required to be moni­
tored or measured. Accordingly, the 
final standard requires that employers 
keep records of both monitoring ami 
medical surveillance. 

The standard provides that records 
must be kept to Identify the employee 
and to accura.tely reflect the employ­
ee's exposure. Specifically, it must in­
clude: (a) The names, social security 
numbers and Job classifications of the 
employees monitored, (b) the dates, 
number, duration and results of each 
of the samples taken. including a -de­
scription of the representative sam­
pllng procedure used to determine em­
ployee expoSure where applicable, (c) 
the type of respiratory protective de­
vices worn by the employee, if any, 
and (d) a description of the sampling 
and analytical methods used, and evi­
dence of their accuracy. 

The required retention time for 
medical surveillance records and expo­
sure monitoring records would be ex­
tended to 40 years or the duration of 
exposure plus 20 years, whichever Is 
longer. Carcinogenic Induction, If It 
occurs !n an exposed human popula­
tion, has usually been found by medi­
cal surveUlance 20 to 40 years after 
initial exposure. WhUe present medi­
cal knowledge does not permit the ell-

RULES AND REGULATIONS 

tabllshment ot exposure limits for car­
cinOgens based on scientific intorma.­
tion ot the mechanism ot carcinogenic 
Induction, It Is quite possible that such 
fundamental scientific knowledge will 
be developed within the next decade 
or two. At that point, knowledge ot ex­
posure levels ot employees will be sig­
nificant for both developln&' scientifi­
cally valid exposure limits, and tor 
more preciselY determining whether 
exposures may be safely continued for 
such employees, or perhaps safely 
raIsed. 

The standard also requires that the 
employer keep an accurate medical 
record tor each employee who Is sub­
Ject to medical surveillance. Section 
S(c)(l) ot the Act authorizes the pro­
mulgation ot regulations requiring an 
employer to keep such records regard­
In&' the employer's activities relatln&' 
to the Act as are necessary or appro­
priate for the enforcement ot the Act 
or for- developing intormatlon regard­
Ing the causes and prevention ot occu­
pational illnesses. OSHA believes that 
medical records (like exposure moni­
toring records) are both necessary and 
appropriate to both the enforcement 
of the standards and the development 
ot intormation regarding the causes 
and prevention ot illness. 

As explained above, It Is necessary to 
relate employees' medical conditions 
to their exposure In order to develop 
intormation regarding cause and pre­
vention. Medical records are necessary 
and appropriate for this purpose. 
Medical records are also necessary for 
the proper evaluation of an Individual 
employee's health as well as providing 
a baseline against which the results of 
subsequent examinations may be com­
pared. For all of these reasons, medi­
cal records are required. 

The standard requires that employ­
ees or their designated representatives 
be provided access to examine and 
copy records of required monitoring. 
The purpose of this provision Is to 
assure current employees that their 
exposure Is beln&' properly mOnitored 
and recorded, and that they are work­
Ing In a safe and healthful environ­
ment. ThIs Is conslstent with section 
8(c)(3) of the Act which directs the 
Secretary to promulgate regulations 
providing "employees or their repre­
sentatiVes with an opportunity to ob­
serve monitoring or measuring and to 
have access to the records thereof". 

Exposure monitoring records indi­
cating their own exposure must be 
made avaIlable to former employees or 
their designated representatives. Sec­
tion S(c)(3) of the Act explicitly pro­
vides, "former employees to have 
access to such records as will Indicate 
his own exposure to toxiC materials or 
harmful phYSical agents". Records are 
avallable to designated representatives 
to assure access to the intormatlon by 
the current or fOrp1er employee where 

he Is Incapacitated. unable to Inspect 
or understand the records, or simply 
desires that his representative Inspect 
them. The Act recognizes the legiti­
mate role of employee representatives 
In assuring occupational safety and 
health. 

The standard ls also clarified to pro­
vide that medical records be made 
available upon request for examina­
tion and copylna' to a physician or 
other IndiYidual designated by the af­
fected current employee or former em­
ployee. The purpose of the require­
ment Is to protect the current or 
former employee's health by providing 
physicians and Individuals designated 
by employees accesa"to_!Jledical records 
usetul In the diagnosls of J,llness. Re­
cords are available to desfgna.ted rep­
resentatives for the reasons noted 
above. 

One commenter questioned the fact 
that the standard enables OSHA and 
NIOSH to have accesa to medical re­
cords without specifylna' confidential­
Ity or otherwise limitln&' circulation of 
the intormatlon (exhibit 4-8, p. 14). 
OSHA recognizes that a phYsician's re­
cords may contain a wide range ot per­
sonal and medical intormatlon deemed 
to be confidential or private. For this 
reason. the standard limits the con­
tents ot the medical record to such in­
formation as Is related to DBCP exp0-
sure. Indeed, the standard requires In 
paragraph (m)(5)(li) that the employ­
er advise the physician that the physi­
cian's opinion. which becomes a part 
of the medical record, should not 
reveal flndlna's unrelated to occupa­
tional exposure. The need of OSHA 
and NIOSH to have accesa to this in­
formation has already been thorough­
lY d1scusaed. The privacy rights ot the 
Individuals would be appropriately 
protected by/the Privacy Act and im­
plementing regulatiOns. 

To assure that the records will be 
preserved for the required retention 
period, the standard requires an em­
ployer, who ceases to do business, to 
transfer his records to his successor 
and, In the event that there Is no suc­
cessor, to transfer the records to the 
DIrector of NIOSH. 

16. Paragraph (q}-Ob.m"l1ation of 
monitoring. Section S(c)(3) of the Act 
authorizes the Secretary to require 
that employers provide employees or 
their representatives with the oppor­
tunity to observe monitoring ot em­
ployee exposure to toxic substances or 
harmful physical agents. In accor­
dance with this section. the standard 
contains provisions for such observa­
tion of DBCP monitoring. To assure 
that the right to observe ls meaDlna'­
fuI, observers are entitled to receive an 
explanation of the measurement pro­
cedure, to observe all steps related to 
the measurement procedure, and 
record the results obtained. 

The observer. whether an employee 
or designated representative, must be 
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provided with, and Is required to uae, 
any personal protective devices re­
quired to be worn by employees wOrk­
Ine In the area that Is belne moni­
tored, and must comply with all other 
appl1cable safety and health proce­
dures. 

17. Paragraph (rl-Appmdtce& The 
standard Includes three appendices: 
Appendix A titled "Substance Safety 
Data Sheet", Appendix B titled "Sub­
stance Technical Guidelines", and Ap­
pendix C titled "Medical Surveillance 
Guidelines". It should be noted that 
appendices are for informational pur­
poses only. None of the statements 
contained therein should be construed 
as imposing a mandatory requirement 
not otherwise In the standard or ne­
gatlnc any requirement which Ia 1m. 
posed by the standard. 

The information In appendix A Is 
specifically written for the employee. 
Appendix B contains additional scien­
tific and technical information to aid 
the employer In complying with re­
quirements of the standard. Appendix 
C gives the employer a means of pro­
viding the examinlna' physician with 
an explanation of the potential health 
effects of exposure to DBCP and pro­
vides information needed by the physi­
cian to evaluate the results of the· 
medical examination. Appendix C also 
lists other types of examlnatloll8, not 
required by the Individual standard, 
which may help the physician In 
making an accurate determination of 
whether an employee should be ex­
posed or should continue to be ex­
poeed to DBCP. 

VI. AtmlORITY 

ThIs document was prepared under 
the d1rect1on of Eula Bingham. AlIBis­
tant Secretary of Labor for Occupa­
tional Safety and Health, U.s. Depart.. 
ment of Labor, 200 COnstitution 
Avenue NW., WashIncton, D.C. 20210. 

Accordingly, pursuant to sections 
6<b), 6<c), and 8(c) of the Occupational 
Safety and Health Act of 1970 (84 
Stat. 1593, 1596, 1599,·29 U.s.C. 653, 
655, 657), the Secretary of Labor's 
Order No. 8-76 (41 Fa 25059), and 29 
CPR Part 1911, Part· 1910 of Title 29, 
Code of Federal RecuIatloll8, Is hereby 
amended by revtsInc § 1910.1044 to 
provide a permanent occupational 
safety and health standard for expo­
sure to DBCP. 

In order to ensure that affected em­
ployers and employees will be in­
formed of the existence of the new 
provisions and that employers affected 
are given an opportunity to famll1arlze 
themselves and their employees with 
the existence of the new requirements, 
the effective date of the revision to 
f 1910.1044 will be April 17, 1978. To 
provide continued protection for em­
ployees until that date, the provisions 
currently contiJned In f 1910.1044 are 
promulpted pursuant to sections 6<b), 
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6(c), and 8(c) of the Occupational 
Safety and Health Act as an occupa­
tional safety and health standard ef­
fective March 17, 1978. The revision to 
§ 1910.1044 will supersede these provi­
sions as of April 10, 1978. 

Sl8ned at Washinaton. D.C., this 
10th day of March 1978. 

Etn.A BIl'IGlLUI, 
A,natant SecretaTII oj Labor. 

§ 1918.1044 l,2-d1bromo-3-c:hloropropane. 
(a) ScoPe and application. (1) ThIs 

section appl1es to occupational expo­
sure to l,2-d1bromo-3-chioropropane 
(DBCP). 

(2) ThIs section does not apply to: 
(l) Exposure to DBCP which results 

solely from the appl1catlon and uae of 
DBCP as a pesticide; or 

(Ill The storage, transportation. dis­
tribution or sale of DBCP In Intact 
containers sealed In such a manner as 
to prevent exposure to DBCP vapors 
or l1quid, except for the requirements 
of paragraphs (i), (n) and (0) of this 
section. 

(b) DCinitionl. "Authorized person" 
means any person required by his 
duties to be present In recuIated areas 
and authorized to do so by his employ­
er, by this section, or by the Act. "Au­
thorized person" also Includes any 
person enterinC such areas as a desig­
nated representative of employees ex­
ercls1ng an opportunity to observe em­
ployee exposure monitoring. 

"DBCP" means l,2-d1bromo-3-Chlor­
opropane, Chemical Abstracts Service 
Registry Number 98-12-8, and Includes 
all forms of DBCP. 

"DIrector" means the DIrector, Na­
tional Institute for Occupational 
Safety and Health, U.S. Department 
of Health, Education and Welfare, or 
desl8nee. 

"Emergency" means any occurrence 
such as, but not 11m1ted to equipment 
fallure, rupture of containers, or fall­
ure of control equipment which may, 
or does, result In an unexpected re­
lease of DBCP. 

"OSHA Area Office" means the 
Area Office of the Occupational 
Safety and Health Administration 
havlnc jurisdiction over the geolrr&ph­
Ie area where the affected workplace Is 
located. 

"Alllllstant Secretary" means the .As­
sistant Secretary of Labor for Occupa­
tional Safety and Health, U.s. Depart­
ment of Labor, or designee. 

(c) PennisribZe Q;J103Ure ztmiL-(1) 
Inlu&Za.ti01I. The employer shall assure 
that no employee Is exposed to an air­
borne concentration of DBCP In 
excea of 1 part DBCP per blll10n 
parts of air (ppb) as an 8-hour time­
weighted average. 

(2) lHr'm4l and eye Q;J103UTe. The 
employer shall assure that no employ­
ee III exposed to eye or skin contact 
withDBCP. 

• 
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(d) No«fiCation oj fUll. Within ten 
(10) days followlnc the introduction of 
DBCP Into the workplace, every em­
ployer who has & workplace where 
DBCP Is present, shall report the fol­
lowlnc information to the nearest 
OSHA Area Office for each such work­
place; 

(1) The address and location of the 
workplace: 

(2) A brief description of each pro­
cess or operation which may result In 
employee exposure to DBCP; 

(3) The number of employees en­
gaged In each process or operation 
who may be exposed to DBCP and an 
estimate of the frequency and degree 
of exposure that occurs; and 

(4) A brief description of the em­
ployer's safety and health program as 
It relates to 11m1tatlon of employee ex­
posure to DBCP. 

(e) Regu.la.ted area.a. (1) The employ­
er shall establish, within each place of 
employment, regulated areas wherever 
DBCP concentrations are In excess of 
the permissible exposure 11m1t. 

(2) The employer shall 11m1t access 
to regulated areas to authorized per­
sons. 

(f) EZfI03Ure monitoring.-(1) Gener­
aL (l) DeterminatiOM of airborne ex­
posure levels shall be made from. air 
samples that are representative of 
each employee's exposure to DBCP 
over an 8-hour period. 

(ill For the purposes of this para­
graph, employee exposure Is that ex­
posure which would occur If the em­
ployee were not U8Inc a respirator. 

(2) Initial. Each employer who has a 
place of employment In whlch DBCP 
III present, shall monitor each work­
place and work operation to accurately 
determine the airborne concentrations 
of DBCP to which employees may be 
exposed. 

(3) Fr8rltIencII. (i) If the monitoring 
required by this section reveals em­
ployee exP08ure8 to be below the per­
missible exposure 11m1t, the employer 
shall repeat these measurements at 
least quarterly. • 

(11) If the mOnitorlq required by 
this section reveals employee expo­
sures to be In excess of the permissible 
exposure 11m1t, the employer shall 
repeat these measurements for each 
such employee at least monthly. The 
employer shall continue monthly mon­
itoring untU Qt least two consecutive 
measurements, taken at least seven (7) 
days apart, are below the permissible 
exposure 11m1t. Thereafter the em­
ployer shall monitor at least quarterly. 

(4) Acfdttton4L Whenever there has 
been a production, process, control. or 
personnel ehanp which may result In 
any new or additional exposure to 
DBCP, or whenever the employer has 
any reason to suspect new or addition­
al exposures to DBCP, the employer 
shall monitor the employees potential­
ly affected by such chan&'e for the 
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purpose of redetermlnlng their expo­
sure. 

(5) EmplQyee no«ttcation. (1) Within 
five (5) working dayS after the receipt 
of monitoring results. the employer 
shall notify each employee In writing 
of the measurements which represent 
the employee's exposure. 

(il) Whenever the results lnd1cate 
that employee exposure exceeds the 
pennisslble exposure llmlt, the' em­
ployer shall Include In the written 
notice a statement that the pennissl­
ble exposure llmlt WlI8 exceeded and a 
description of the corrective action 
being taken to reduce exposure to or 
below the permissible exposure llmlt. 

(6) Accuracy 01 mea.wrement. The 
employer shall use a method of mea- . 
surement which has an accuracy. to a 
confidence level of 95 perc.ent. of not 
less than plus or minus 25 percent for 
concentrations of DBCP at or above 
the permissible exposure llmlt. 

(g) Meth.ocl8 of compliance.-{I) Pri­
orit1l of compltance methoct& The em­
ployer shall institute engineering and 
work practice controls to reduce and 
maintain employee exposures to 
DBCP at or below' the permissible ex­
posure llmlt. except to the extent that 
the employer establ1ahes that such 
controls are not feasible. Where feasi­
ble engineering and work practice con­
trols are not sufficient to reduce em­
ployee exposures to within the permis­
sible exposure llmlt. the employer 
shall nonetheless use them to reduce 
exposures to the lowest level achiev­
able by these controls. and shall sup. 
plement them by use of respiratory 
protection. 

(2) Compliance program. The em­
ployer shall establish and implement a 
written program to reduce employee 
exposures to DBCP to or below the 
permissible exposure llmlt solely by 
means of engineering and work prac­
tice controls as required by paragraph 
(g)(U of this section. 

<11> The written program shall in­
clude a detailed schedule for develop. 
ment and implementation of the engi­
neering and work practice controls. 
These plans shall be rev1Bed at least 
every six months to refiect the current 
status of the program. 

(111) Written plans for these compli­
ance programs shall be submitted 
upon request to the Assistant Secre­
tary and the Director. and shall be 
available at the workslte for examina­
tion and copying by the Assistant Sec­
retary, the Director. and any affected 
employee or deslmated representative 
of employees. 

(Iv) The employer shalllnst1tute and 
maintain at least the controls de­
scribed In his most recent written com­
pl1ance program. 

(h) RaJriratora.-{U GeneraL Where 
respiratory protection Is required 
under this section. the employer shall 
select, provide and IBlIIlre the proper 
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use of respirators. Respirators shall be 
used In the following circumstances: 

(1) Durlne the period necessary to in­
stall or implement feasible engineering 
and work practice controls; or 

(11) During maintenance and repair 
activities In which engineering and 
work practice controls are riot feasible; 
or 

(111) In work situations where feasi­
ble engineering and work practice con­
trols are not yet sufficient to reduce 
exposure to or below the permissible 
exposure llmlt; or 

(Iv) In emergencies. 
(2) RUfrira,wr lelection. m Where 

respirators are required under this sec­
tion. the employer shall select and 
provide. at no cost to the employee. 
the appropriate respirator from Table 
1 below and shall assure that the em­
ployee uses the respirator provided. 

(il) The employer shall select respi­
rators from among those approved by 
the National Institute for Occupation­
al Safety and Health (NIOSH) under 
the provisions of 30 CFR Part 11. 

TAIILIi 1.-Raptrcto1l/ protection lOT DBCP 

AIrbome COIICOIltratloD 
of DBCP or COIIdIUOa of 

(.1 x.. tIIIID or equal to <11 Any aupplled-aIr 
10 ppb. reopIrator. or (21 ...,. 181f __ 

breatIllDc apparatua. 
(bl x.. tIIIID or equal to (11 Any IIQIPIIecklr 

50 ppb. rsplra&or with tun 
facepleoo. helmet, or 
hood: or (21 ...,. 181f­
con_ breatIllDc 
~withtun 
f_leee. 

(el x.. tIIIID or equal to <11 A TJpe C IIQIPIIecklr 
1.000 J>Pb. .-Ira&or operated In 

~or 
other pooIU" p.-ue 
or .... tIn ....... flow -(dl x.. tIIIID or equal to <11 A TJpe C IUPPIl_ 

2.000 ppb. . ~ with tun 
facepleoo operated In 
~or 
other pooIUve __ 
_ orwithtun 

(01 a- tIIIID 2.000 
ppb or 0Iltr7 and __ 1lIIkDowD 

CODCOIltzsUoaa. 

facepleoo. helmM. or _ operated In 

contln ....... fJow_ 
<1IAoombfnaUoD 

.-pIrator which 
Incl'- • TJpe C 
IUPPllecl-alr ""PIra&or 
WIth tun facepleoo 
operated In p.-... 
demUldorother pooItift __ or 
.... tlnUDUI flow mode 
..... &II umJIar7 oeIf­
con_ breatIllDc __ operated In 

~or pooIU .. __ ~ 
or (21.oeIf ....... _ breatIllDc __ 

with full '-'­
operated In p.-... 
_or other 
pooItift _mode. m Plreflchu... •• ___ ••• <11 A oeIf __ 

breatIllDc'_ 
with tun fIIaepjeoo 
operatedlnp.-... 
_orothel' pooItIft __ 

(3) RaJrira,wr program. (1) The em­
ployer shall institute a respiratory 
protection program In accordance with 
29 CFR 1910.134 (b). (d). (e). and (f). 

(il) Employees who wear respirators 
shall be allowed to wash their faces 
and respirator facepleces as needed to 
prevent POtential skin irritation 8B8OCI­
ated with respirator use. 

(1) EmergencJI Ittuattom.-{l) Writ­
ten pla1l& (1) A written plan for emer­
gency situations shall be developed for 
each workplace in which DBCP Is pre­
sent. 

(11) Appropriate portions of the plan 
shall be implemented In the event of 
an emergency. 

(2) Employees eng&l(ed In correcting 
emergency cond1tlons shall be' 
equipped as required In paragraphs (h) 
and (j) of this section untll the emer­
gency Is abated. 

(3) E1IaCU4tion. Employees not en­
g&I(ed In correcting the emergency 
shall be removed and restricted from 
the area and normal operations In the 
affected area shall not be resumed 
untll the emergency Is abated. 

(4) Alerttnq empZosreea. Where there 
Is a pou1bility of emplOyee exposure 
to DBCP due to the occurrence of an 
emergency. a general alarm shall be 
Installed and maintained to promptly 
alert employees of such 0CCIirrences. 

(5) Medical nruetllance. For any 
employee eXJ)08ed to DBCP in an 
emergency situation. the employer 
shall provide med1cal surveillance In 
accordance with P&raIIl'&ph (m) (6) of 
this section. 

(6) Ezpon/,re moniWTinq_ m Follow­
Ing an emergency. the employer shall 
conduct monitoring which complies 
with P&raIIl'&Ph (f) of this section. 

(il) In workplaces not normally sub­
ject to periodic monitoring. the em­
ployer may terminate monitoring 
when two consecutive measurements 
lnd1cate exposures below the penniss1-
ble el[J)OlUre llmlt. 

(j) Proe.:tive cwthinq aM equip­
menta.-{U PT011Uion aM UK Where 
there Is any possibility of eye or 
dermal contact with lIquld or solid 
DBCP. the employer shall provide. at 
no cost to the employee. and 8BIIure 
that the employee wears impermeable 
protective clothing and equipment to 
protect the area of the body which 
may come In contact with DBCP. Eye 
and face protection shall meet the re­
quirements of 11910.133 of this Part. 

(2) Removal aM "tonzge. m The em­
ployer shall IBlIIlre that employees 
remove DBCP contaminated work 
clothing onlY In chanp rooms pro­
vided In accordance with P&raIIl'&Ph (}) 
(1) of this section. 

(U) The employer shall BBBure that 
employees promptly remove any pro­
tective clothing and equipment which 
becomes contaminated with DBCP­
containing liquids and SOlids. This 
clothing shall not be rewom until the 
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DBCP has been removed from the 
dothing or equipment. 

<liD The employer shall assure that 
no employee takes DBCP contaminat· 
ed protective devices and work cloth· 
ing out of the change room, except 
those employees authorized to do so 
for the purpose of laundering, mainte' 
nance. of disposal. 

(iv) DBCP·contaminated protective 
devices and work clothing shall be 
placed and stored in closed containers 
which prevent dispersion of the DBCP 
outside the container. 

(v) Containers of DBCP contamlnat· 
ed protective devices or work clothing 
Which are to be taken out of change 
rooms or the workplace for cleaning, 
maintenance or disposal, shall bear 
labels in accordance with paragraph 
(0)(3) of this section. 

(3) Cleantng and replacement. (j) 
The employer shall clean, launder, 
repair, or replace protective clothing 
and equipment required by thiB para­
graph to maintain their effectiveness. 
The employer shall provide clean pro­
tective clothing and equipment at 
least dally to each affected employee. 

(Ii) The employer shall inform any 
person who launders or clean DBcp· 
contaminated protective clothing or 
equipment of the potentially harmful 
effects of eXJ)OllUl'e to DBCP. 

(illl The employer shall prohibit the 
removal of DBCP from protective 
clothing and equipment by blowing or 
shaking. . 

(k) Howekeeping.-(ll Su.r/ace&. (j) 
All workplace surfaces shall be main· 
tained free of visible accumulatioDli of 
DBCP. 

(Ii) Dry sweeping and the use of 
compressed air for the cleaning of 
floors and other surfaces is prohibited 
where DBCP dusts or liquids are pre· 
sent. 

(lit> Where vacuuming methods are 
selected to clean floors and other sur· 
faces. either portable units or a perma· 
nent system may be used. 

(a) It a portable unit is selected, the 
exhaust shall be attached to the gen· 
eral workplace exhaust ventilation 
system or collected -within the vacuum 
unit, equipped with high efficiency tn· 
ters or other appropriate means of 
contaminant removal, so that DBCP is 
not reintroduced into the workplace 
air; and 

(b) Portable vacuum units used to 
collect DBCP may not be used for 
other cleaning purposes and shall be­
labeled as prescribed by paragraph 
(0)( 3) of this section. 

(iv) Cleaning of floors and other sur· 
faces contaminated with DBCP-con· 
~ dusts shall not be performed 
by washing down with a hOlle, uniess a 
fine spray has first been lald down. 

(2) Liquid&. Where DBCP is present 
In a liquid form. or as a resultant 
vapor, all containers or vessels con· 
taInins DBCP shall be enc1011ed to the 
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maximum extent feasible and tightly 
covered when not in use. 

(3) Wcute dt8posaL DBCP waste 
scrap, debris, contain~ or equipment, 
shall be disposed of In sealed bags or 
other closed containers which prevent 
dispersion of DBCP outside the con· 
tainer. 

(i) Hwtene jactltttea and pTaCtice&.­
(1) Change TOO?7U. The employer shall 
provide clean change rooms equipped 
with storage facilities for street 
clothes and separate storage facilities 
for protective clothing and equipment 
whenever employees are required to 
wear protective clothing and equip. 
ment In accordance with parag!-aphs 
(h) and (j) of this section. 

(2) Sho'/DeTJ. (I) The employer shall 
assure that employees working in the 
regulated area shower at the end of 
the work shift. 

(til The employer shall 88IIUJ'e that 
employees whose skin becomes con· 
tamlnated with DBCP-contalning liq­
uids or solids immediately wash or 
shower to remove any DBCP from the 
skin. 

(iii) The employer shall provide 
shower facilities In accordance with 29 
CPR 1910.141(d)(3). 

(3) Lu.nchrooma. The employer shall 
provide lunchroom facilities which 
have a temperature controlled, posI. 
tlve pressure, filtered air supply, and 
which are readily accesatble to employ· 
ees working In reguIated area&. 

(4) Lci.tlGtorie&. (j) The employer 
shall 88IIUJ'e that employees working In 
the regulated area remove protective 
clothing and wash their hands and 
face prior to eating. 

(iD The employer shall provide a 
sufficient number of lavatory facllitles 
which comply with 29 CPR 
1910.141<d) (1) and (2). 

(5) Prohilriticm 0/ activiti.ea in TeI1II­
lateet a11!G& The employer shall 88IIUJ'e 
that. In regulated areas. food or bever· 
ages are not present or consumed, 
smoking products and implements are 
not present or used, and COIIIDetics are 
not preaent or applied. 

(m) Medical lU1"I1eillc&nce.-(1) Gen­
eraL (i) The employer shall ma.lr.e 
available a medical surveillance pro­
gram for employees who work In regu­
lated areu and employees who are 
subjected to DBCP exP08UJ'e8 In an 
emergency situation. 

(II) All medical examlnati.,118 and 
procedures shall be performed by or 
under the supervision of a licen8ed 
physician, and shall be provided with· 
out cost to the employee. • 

(2) ~ and C07Ite7It. At the 
time of initial asaill!JDent. and annual­
ly thereafter, the employer shall pr0-

vide a medical examination for em­
ployees who work In regulated areas. 
which lnclude3 at least the followinc. 

(1) A medical and occupational hist0-
ry inc1udin&' reproductive hJIItory. 

(ll) A physical examination, Includ­
Ine examination of the gen!to-urIIuu:y 
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tract. testicle size and body habitus. 
including a determination of sperm 
count. 

(ill) A serum specimen shaD be ob­
tained and the following determlna­
tions made by radloimmUllOllEaY tech· 
nlques utlllz1ng National IDlltltutea of 
Health (NIH) spec1f1c antl&en or one 
of equivalent senaltlvitr. 

(a) Serum follele stlmulaUllg hor· 
mone(FSH); 

(b) Serum luteinizing hor:moIIe (LH); 
and 

(e) Serum total estrotPm (females). 
(iv) Any other teats deemed appro­

prlate by the t'xamlnlnw PiUlBldan. 
(3) AdditiotuJl ezamiftCltiolu.. It the 

employee for any reIIIIOD develops 
signs or symptoms COIIIIIlOIlly asaoc1at­
ed with eXJ)OllUl'e to DBCP. the em· 
ployer shall provide the employee 
with a medical examination which 
shall Include thOlle elements COIIIIid­
ered appropriate by the eumlnlnc 
physician. 

(4) 111,{orm4t1on JIT(JI1ided tD the pI&~ 
ftciatl. The employer shaD provide the 
following information to the eumm­
ing physician: 

(i) A copy of this recu1a&IaD and its 
appeod1ces; 

(ti) A deIIcrIptIon of the atfec&ed em­
ployee's duties as theJ' relate to the 
emplOyee'S exposure; 

(Ill) The level of DBCP to wbIch the 
employee Is expoeed; and 

<iv) A deIcrIption of ~ per'IIIIJDaI 
protective equipment 1-' or to be 
used. 

(5) Phpicia,,'" 1Dritta ~ (1) 
For each examlnatfon UIIder UUs sec­
tion, the employer sbal1 oI*ID and 
provide the employee wRh a written 
opinion from the "andn !,. JIIIQIdaIaD 
which shaD iDclude: 

(cd The results of the IIIIIdII:al teats 
performed; 

(b) The phJBleIan's opbdaa u to 
whether the employee 11M ~ detect­
ed medical conditklll wbich would 
place the employee at an iDl::reued 
risk of material lmpairmaat of health 
from expoeure to DBCP; and 

(e) Any recom.-.ded lImitatIcma 
upon the employee's GPQIWe to 
DBCP or upon the UIIe of protective 
clothlnc and equipmeut sach _ respl-
rators. 

(ll) The employer shaD Jm&ruct the 
ph7ldcWl not to reveal In the written 
opinion speeIflc fIndIDIIII or .,.."... 
unrelated to occupatlGaal eQIMUre. 

(6) ~ RtIICItfou. If the em­
ployee Is ezpcMed to DBCP In l1li eIDer­
genqr situation, the empIoJer sbal1 
provide the employee wRh a SDenD 
count test u soon u pnct!eehle, or, it 
the employee baa beeD. ft8N'*!ontad 
or Is UDable to PI'OduiCe a _ sped-
men, the hormoDe teats MDtaIned In 
Plll'&lr&Ph (mX2XW) of Ud8 aeetton.. 
The employer sbal1 prowIde these 
.me teats three months later. 

(n) Emfllolee i~ .. but,... 
ing.-(l) Trui"t,." JI"OfmAIL m The 
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employer shall institute a training 
program for all employees who may be 
exposed to DBCP and shall assure 
their participation In such training 
program. 

(il) The employer shall assure that 
each employee is informed of the fol­
loWIng: 

(a) The information contained In 
Appendix A; 

(b) The quantity. location, manner 
of use, release or storage of DBCP and 
the specific nature of operations 
which could result In exposure to 
DBCP as well as any necessary protec· 
tlve steps; 

(c) The purpose, proper use, and 
limitations of respirators; 

(d) The purpose and description of 
the medical surveillance program re­
quired by paragraph (m) of this sec· 
tlon;and 

(e) A review of this standard, includ­
Ing appendices. 

(2) Access to training materials. (j) 
The employer shall make a copy of 
this standard and Its appendices read­
ily available to all affected employees. 

(Ii) The employer shall prOvide, 
upon request, all materials relating to 
the employee information and train­
Ing program to the Assistant Secretary 
and the Director. 

(0) Signs and labels.-(1) GeneraL (i) 
The employer may use labels or signs 
required by other statutes, regula­
tions, or ordinances In addition to or 
In combination with, signs and labels 
required by this paragraph. 

(Ii) The employer shall assure that 
no statement appears on or near any 
sign or label required by this para­
graph which contradicts or detracts 
from the required sign or label. 

(2) Signs. (I) The employer shall post 
signs to clearly indicate all regulated 
areas. These signs shall bear the 
legend: 

DANGER 

1.2-D1bromo-3-chloropropane 

([",ert appropriate trade or common 
names) 

CANCER HAZARD 

AUTHORIZED PERSONNEL ONLY 

RESPIRATOR REQUIRED 

(3) Labels. (j) The employer shall 
assure that precautionary labels are 
affixed to all containers of DBCP and 
of products containing DBCP In the 
workplace, and that the labels remain 
affixed when the DBCP or products 
containing DBCP are sold, distributed, 
or otherwise leave the employer's 
workplace. Where DBCP or products 
containing DBCP are SOld, distributed 
or otherwi.<~ leave the employer's 
workplace bearing appropriate labels 
requirer: tly EPA under the ~egulatlons 
ill 40 CFR Part 162, the labels re­
quired by this paragraph need not be 
affixed. 
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(Ii) The employer shall assure that 
the precautionary labels required by 
this paragraph are readily visible and 
legible. The labels shall bear the fol­
lowing legend: 

DAlfGER 

l,2-Dlbromo-3-chloropropane 

CAlfCER HAZAlUl 

(p) Recorl1keeping.-{l> Exposure 
monitOring. (i) The employer shall es­
tablish and maintain an accurate 
record of all monitoring required by 
paragraph (f) of this section. 

(Ii) This record shall Include: 
(a) The dates, number, duration and 

results of each of the samples taken, 
including a description of the sam­
pling procedure used to determine rep­
resentative employee exposure; 

(b) A description of the sampling 
and analytical methods used; 

(c) Type of respiratory protective de­
vices worn, If any; and 

(d) Name, social security number, 
and job classification of the employee 
monitored and of all other employees 
whose exposure the measurement is 
Intended to represent. 

(Ill) The employer shall maintain 
this record for at least 40 years or the 
duration of employment plus 20 years, 
whichever Is longer. 

(2) Medical surveillance. (j) The em­
ployer shall establish and maintain an 
accurate record for each employee 
subject to medical surveillance re­
quired by paragraph (m) of this sec­
tion. 

(iI) This record shall Include: 
(a) The name and social security 

number of the employee; 
(b) A copy of the physician's written 

opinion; 
(c) Any employee medical com­

plaints related to exposure to DBeP: 
(d) A copy of the information pro­

vided the physician as required by 
paragraphs. (m)(4)(ii) through 
(m)(4)dv) of this section; and 

(e) A copy of the employee's medical 
and work history. 

(iiI) The employer shall maintain 
this record for at least 40 years or the 
duration of employment plus 20 years, 
whichever is longer. 

(3) Availability. (j) The employer 
shall assure that all records required 
to be maintained by this section b" 
made available upon requ"st to the As­
sistant Secretary. and the Director for 
examination and copying. 

(Ii) The employer shall assure that 
all employee exposure monitoring re­
cords required by this section be made 
available for examination and copying 
to affected employees or their desig­
nated representatives. 

(iii) The employer shall assure that 
former employees and former employ­
ee's designated represenrat!\'es have 
access to such records as Will indicate 
the former employec's own exposure 
to DBCP. 

(Iv) The employer shall assure that 
employee medical records required to 
be maintained by this section be made 
ava:Jable, upon request, for examina­
tion and copying to the employee or 
former employee and to a J,:hyslclan or 
other individual designated by the af­
fected employee or former employee. . 

(4) Transfer of recorl1s. (j) If the em­
ployer ceases to do business, the suc­
cessor employer shall receive and 
retain all records required to be main­
tained by paragraph (p) of this section 
for the prescribed period. 

(iI) If the employer ceases to do busl· 
ness and there Is no successor employ­
er to receive and retain the records for 
the prescribed period, the employer 
shall transmit these records by mall to 
the Director. 

(!Ii) At the expiration of the reten­
tion period for the records required to 
be maintained under paragraph (p) of 
this section, the employer shall trans­
mit these records by mail to the Direc­
tor. 

(q) Observation of monitoring-<l) 
Employee observation. The employer 
shall provide affected employees, or 
their designated representatives, with 
an opportunity to observe any moni­
toring of employee exposure to DBCP 
r'!!qulred by this section. 

(2) Observation procedures. (j) 
Whenever observation of the measur­
ing or monitoring of employee expo­
sure to DBCP requires entry Into an 
area where the use of protective cloth­
Ing or equipment is required, the em­
ployer shall provide the observer with 
personal protective clothing or equip­
ment requlred to be worn by employ­
ees working In the area, assure the use 
of such clothing and equipment, and 
require the observer to comply with 
all other applicable safety and health 
procedures, 

(ii) Without Interfering with the 
monitoring or measurement, observers 
shall be entitled to: 

(a) Receive an explanation of the 
measurement procedures; 

(b) Observe all steps related to thc 
measurement of airborne concentra­
tions of DBCP performed at the place 
of exposure; and 

(e) Record the results obtained. 
ir) Appendices. The Information con­

tained in the appendices is not intend­
ed, by itself. to create any additional 
obligations not otherwise imposed or 
to detract from ?ny cxistmg obliga­
tio/!. 

APP!:Nt)lX A~U1IST""CE SAFETY DATA SHEET 
FOR DBCP 

1. SUBSTANCE IDENTIFICATION 

A. Synonyms and trades names: DBC?: 
Dibromochloropropane; Fumazo". (Dow 
C!~t"mical Company TI.'1): Nematurne: Nema­
gon :Shell Chemical Co. TM): Nemaset: 
BBC 12: 'nd OS 1879. 

B. Permissible pxposur~: 
J. AIrborne. 1 part DBCP vapor per billion 

parts of air (1 ppb): time·welghted average 
,TWA) for an 8·hour workday. 
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2. Denna.l. Eye contact and sIdn contact 
with DBCP are prohibited. 

C. Appearance and odor: Technical grade 
DBCP la a dense yellow or amber Uquld 
with a pungent odor. It may aLso appear in 
cranular form. or blended in V8.1'YIn8 con· 
centrations with other Uqulds. 

D. Usea: DBCP Is I)8ed to control nema­
todes. very small worm·like plant parultes. 
on ClOPII lncludlna cotton, soybeans. frulta, 
nuta, vecetables and ornamentals. 

n. IlllALTH H&Z.UID DATA 

A. Routes of entry: Employees may be elt· 
posed: 

1. Throuah lnh&latlon (breathlna); 
2. Throuah lnaeItlon (swaIlowln8); 
3. Skin contact; and 
.. Eye contact. 
B. Effeeta of expoorure: 
1. AcuU ezpoftre. DBCP may C&WIII 

drowalnesa, lrrttation of the eyell, nOlle. 
throat and akln, Dawsea and vomitlna. In ad· 
dltlon, overelQlOllUJ'e may callie damace to 
the lUlllll. Uver or kidneys. 

2. C71ronw ezpoftre. Prolonpd or repeat. 
ed elQlOllUJ'e to DBCP has been shown to 
callie sterility in humans. It aLso has been 
shown to produoe cancer and sterility in lai). 
oratory anlm&Ia and has been detennlned to 
conatltute an ~ rIak of cancer in 
man. 

3. Reportiftg SilTM "M S_JltDma. U you 
develop any of the above aiIna or symptoms 
that you thlnk are caUled by elQlOllUJ'e to 
DBCP. you should inform your employer. 

m. ~ I'IU'r AID PROC:I:IIUllD 

A. EI/C ezpoftre. U DBCP Uquld or dust 
contalnlnc DBCP pta into your eyes. wash 
your eyes immediately with larp amounta 
of water. llttlnc the lo_r and upper Ucla oc­
caa!onally. Get medical attention Immedl· 
atelY. Contact I_ should not be worn 
when work1D&' with DBCP. 

B. srn" ezpoftre. U DBCP llqulcla or dU8ta 
contalnlnc DBCP set on your akln, Immedi· 
atelY wash U8ln8 soap or mild deteraeni and 
water. U DBCP Uqulda or dU8ta contalnlnc 
DBCP penetrate throuah your clothlnc. 
remove the clothlnc immediatelY and wash. 
U lrrttatlon Is present after washlns· set 
medical attention. 

Co BreGthi.ag. U you or any pel'llOn 
breathe in larp amounta of DBCP. move 
the expoaed peI'IIOD to treah air at once. U 
breathlna has stopped, perform a.rtlt1cIal 
respiration. Do not UIe mouth·to-mouth. 
Keep the affected peI'IIOn warm and at reat. 
aet medical attention .. soon .. poealble. 

D. SIIICUZotIn.ag. When DBCP has been 
swallowed and the peI'IIOD la COIIICIoua. live 
the peI'IIOD larp amounta of water Immedi· 
atelY. After the water has been swallowed, 
try to set the peI'IIOD to vomit bJ havlna 
him touch the '-cit of h1a throat with h1a 
flnpr. Do not lII&ke an IIIICOII8CIou8 peI'IIOD 

vomit. Get medical attention immediately. 
JIl. Racu& NotifY IIOIDIIOIl8. Put into effect 

the estabUshed em8J'I8DCY reacue pr0ce­
dure&. Know the locations of the emupney 
reacue equipment before the need an-. 

IV • ....uu.'l'O .. &lID PIlOZaJf, •• CLOftDJIO 

A. Rupiruton. You may be required to 
wear a respirator in emerpnctes and wbile 
your emploJer Is in the Prooel8 of redw:lDa 
DBCP eltJ)OllllJ'ell throuah enI1neerInc con· 
trolL U resplratora are worn. they muat 
have a Natlonal Inatltute for Occupatloll&! 
Safety and Health (NI08B) approval label 
(Older resplratora may have a Bureau of 
MInes Approval label). Por effective protec-
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tlon, a respirator muat tit JOur face and 
head snUllY. The respirator should not be 
loosened or removed in work situations 
where Ita UIIe la required, DBCP does not 
have a detectable odor except at 1.000 times 
or more above the permlIslble eltJ)OllUJ'e 
Umlt. U you can smell DBCP wbile wearIIIs 
a respirator. the respirator Is not work1D&' 
correctly; 10 immediatelY to treah air. U JOO 
experience dlttlculty breathlna wbile _. 
inIJ a respirator. tell your employer. 

B. ProUlctive clotAi.ag. When worl<lng with 
DBCP you must _ for your protectloD 
Impermeable work clothlnc provided by 
your employer. (StaDdard rubber and ne0-
prene protective clothlnc do not otter ad&­
quate protection). 

DBCP must never be IIIlowed to remain on 
the IIkln. Clothlnc and shoes muat not be al· 
w-d to become contamlnated with DBCP. 
and It they do. they muat be promptly re­
moved and not wom apln until completelJ 
free of DBCP. Turn in lmpermeable cloth· 
inIJ that, has developed leaD for repair or 
replacement. 

C. EI/C JI1'OUlctton.. You muat _ splub. 
proof safety lOUlea where there Ia any __ 
slbll1ty of DBCP Uquld or duat contactinIJ 
your eyes. 

v. PlmCAU'l'Ion lPO ...... vu. BAJlDLDIO. .um no __ 

A. DBCP muat be stored in tlahtlY clc.ed 
containera in a cooi. well·ventilated .,... 

B. U your work clothlnc may have beaIme 
contamlnated with DBCP. or llQulda or 
dU8ta contalnlnc DBCP. yOU muat c:baDIe 
into uneontamlnated clothlnc before leavlne 
theworkP~ 

C. You muat promptlY remove any protec­
tive clothlnc that becomes contaminated 
with DBCP. Th1a clothlnc muai not be 
reworn until the DBCP Is removed from the 
clothlnc. 

D. U your sIdn becomea contamlnated 
with DBCP. you muat ImmediatelY and 
thorouahlY wash or sh_ with soap or 
mild det;eraent U1CI water to remove any 
DBCP from your IIkln. 

E. You must not keep food, beYera&eB. ox. 
metlca. or IIDOkInc materIala, nor eat or 
BZDOte. in retrUIated --. 

P. U you work in a recuJated area. JOO 
muat wash your haDda ~ with 
soap or mild deteraent and water. before 
eatlnc. 8IIlCIklna or U8ln8 toUet facll1Ues. 

G. U you work in a recuJated area. you 
must remove any protective equlpment or 
clothlnc before leavlne the recuJated .,... 

B. Aa1t your I\Iper9I8or where DBCP Is 
U8ed in your work area and for any add!­
tioll&! safety and health rules. 

VL AOCaa TO IIOOUIADOJI 

A. Each year. your emplOyer Ia required to 
inform JQU of the information contained In 
th1a Su~ Safety Data Sbeet for 
DBCP. In addition, your emploJer muat in· 
struct yOU in the sate _ of DBCP. _ 
I8DCY procedures, and the correct UIe of 
protective equlpment. 

B. Your employer Is required to determlne 
whether JOU are belng expoaed to DBCP. 
You or JOur representattve have the rtaht 
to obeerve employee eltJ)OIIUJ'e m-=­
menta and to record the realt obtained. 
Your employer Is required to inform yOU of 
your elQlOllUJ'e. U your employer determines 
that you are belng over~ he Is re­
quired to inform yOU of the actlona wh1cll 
are belng talten to reduce your ~ 

C. Your employer Ia required to keep re­
com. of JOur eltJ)OIIUJ'e and medical eu.mi· 
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nations. Your employer Ia required to keep 
eltJ)OIIUJ'e and medk:al data far -' leut to 
yean or the duration of _ ~ 
plus 20 Year&. wbich_ III ........ 

D. Your employer III required m reIeue 
elQlOllUJ'e and medk:al r-* to JUII, your 
physIcIaD. or other IDdI9tduU ........ ..., by 
yOU upon your wrltteD reQIIIIIt. 

AIftIIDa~~ - GvDIa.IJID _ DBCP 
L PIIYIUC&L AIIIt __ 

A. 811'-'- Jden .......... 
1. 8J']1aaJmIC ~ 

pane; DBCP. ~ ~X­
I0Il: Nemuet; BBC 12: 08 18'IL DBCP III 
aIIIo Included In aptcal&anIl JIIIIII;IIaIdes and 
tumlpnta whJch iDI:IDde tile pm.. 
''N_w In theIr-. 

2. Formula: C3R5Br2 C1. 
3. MoleealR Welabt: 2M. 
B. Ph1IIIcal Data: 
1. BoIlIna point (T_DUIl KG>: 1.e (:IIIP) 
2. 8pecltIc 1P'&rit¥ (water-1>: u.. 
3. Vapor demIty (air-1 -' ~ potm of 

DBCPl: Data not available. 
.. Meltlnll point: 8C (411').. 
5. Vapor ~ at 3IIC (IIP):'" DUIlIIa 
8. 80lublllty In water. 1080_ 
7. ~ rate (BaQI MBIale-1>: 

very mucb .. thIID 1. 
8. ~ U1CI odar. n- JIIIlIow ar 

amber llQuid with a PI..-& odar -' hIP 
coacentratIma. AD7 de&xtnNe Ollar of 
DBCP lDdIaa&ea o'6i~e. 

n. nu: ~ AIIIt DM:IftIlr'I'_ -A. PIre 
1. l"lub point: 1 'fOP (TfC) 
2. AutoIpltlon ~ Data DIK 

available. 
3. PIammable lImiu In air. -' by 

volume: Data DOt available. 
.. ~ JMdIa: CUIIIIIl dkmIde, 

dry duBIcal. 
5. 8pec:jal &.tJaht;IDc Piooedaa_ Do DIK 

UIe a aoUd __ of water ..... a __ 
will .mter and ...... tile tire. u.. water 
_ tooool ~ ex....- matlre. 

8. UnuIIual tire and apIoIIaD ~ 
Nonetnown. 

T. For IJIII'IImeB of ~ wIUl the re­
QUIremeata of f 111o.tOl. liquid DBCP Ia 
cluRfted .. a 0.. m A awl ...... Uquid. 

1'. For the ~ of t&dIIIJIDIr wIUl 
f 1110.-. thecleelflraUm 0I~ »­
~ .. deIarlhed In artIde liOO 01 the Nao 
Uooal J:leetrtcal Code for DBCP mao be 
0.. I, Group O. 

I. For the II\HIIm8 of c ......... with 
f 11110. liT. DBCP III clIIIIIfted .. a 0.. B 
tlreh-.1. 

10. For the _ of ........ with 
f 111o.t., .. ~ clee!fted .. ~ 
loea&Ioaa due to the _ 01 DBCP mao 
be 0.. I, Oroup D. 

11. ~ of IcDItIaII are PI'IIbIIItted 
where DBCP present. a tire ar apIaBIaD 
h-.1. 

B. ReacttvIty 
1. COIIdlta. contrlllatlnc to tmabOItr. 

Nooetnown. 
2. JIMWWDPNlbUlUeI: Rada with ~ 

lY KtIve metaJa. mch .. aJamlDam. ~ 
ilium and tin allon. 

3. a-doua .....,....... IIIuducU: 
TozIc ..... aDd V1IIIOn (mcb .. BBr. HCI 
and carbao 1IIIIIIODIe) ~ be ~ In a 
tire InftlYtna OBCP. 

.. 8pec:jal PI'tICUItioaE OBCP wm attack 
- rubber materIala aDd ~ 
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In. SPILL, LIIAK .um DI8POSAL PIlOCJ:ll111tJi8 

A. If DBCP Is spWed or leaked. the follow· 
Ina steps should be taken: 

1. The area should be evacuated &t once 
&Dd re-entered only After thorouelrVentlJ&. 
tlon. 

2. Ventll&te area of spW or leak. 
3. If In liquid form, collect for recla.m&tlon 

or &beorb In paper. vermiculite, dry &&Dd. 
earth or stmIl&r ID&terl&l. 

4. If In solid form, collect spWed ID&terl&l 
In the most convenient &Dd sate ID&DDer for 
recla.m&t1on or for dIspoa&l. 

B. Persona not wearlna protective equip­
ment must be restricted from &re&I of spills 
or leW until cle&nup hu been completed. 

C. W&ste Dispo8&l Methods: 
1. Por SID&li qumtltles of liquid DBCP, 

&beorb on paper towels, remove to & sate 
pl&ce (such u & fume hooc!> &Dd bum the 
paper. L&rae qumtltles can be recl&Imed or 
colleeted &Dd &tomlzed In & suitable combus­
tion chamber equipped with &D APproprl&te 
effluent pa cle&nlna device. If liquid DBCP 
Is &beorbed In vermtcullte, dry &&Dd, earth 
or stmIl&r m&terl&l &Dd pl&ced In se&1ed con· 
t&lners It ID&Y be disposed of In & St&te-&P­
proved S&DIt&ry I&DdfW. 

2. If In solid form, for SID&li qumtltles. 
pl&ce on paper towels, remove to & sate 
pl&ce (SUch u & fume hood) ADd burn. L&rae 
qumtltles ID&Y be recl&Imed. However, If 
this Is not pr&Ct1c&l. dIaaolve In & fl&mm&ble 
solvent (SUch u &1cohol) ADd atomize In & 
suitable combustion chamber equipped with 
&D APproprl&te effluent pa cle&nina device. 
DBCP In solid form ID&Y &lao be disposed In 
& st&te-&pproved S&DIt&ry I&Ddfl1l. 

I9. JIOII1'1'OIIIlfO .um MKA8t7RDIDT 
PIlOCD111tJi8 

A. Exposure &bave the permIsaIble e:r;po. 
sure limit. 

1. Etght Hour Ezpoaure E17GlUAttoft; 114_ 
surementa taken for the purpose of deter· 
mInIntI employee exPQllUl'e under this sec:­
tion &re best taken so that the &venae II­
hour exPQIIUl'e ID&Y be determined from & 
sIn8le II-hour sample or two (2) "hour sam· 
pies. AIr IIIoIDPles should be taken In the em· 
ployee's breathlJIc zone (AIr that would 
most nearly represent that Inh&led by the 
employee). 

2. Monttorlng Techfttqua: The sampllnlr 
&Dd &D&I:vsIs under this section ID&Y be per· 
formed by collecttnc the DBCP V&POr on pe­
troleum bAsed c:h&reo&l &beorptlon tubes 
with subsequent chemlc&1 &n&l:vses. The 
method of measurement chosen should de­
termtne the concentrAtion of AIrborne 
DBCP &t the permissible exPQllUl'e limit to 
&D' 8CCU1'&C)' of plus or minus 26 percent. If 
c:h&reo&l tubes &re used. & tot&! volume of"10 
liters should be collected &t & flow rate of 110 
cc. per minute for each tube. An&l:vze the re­
sultant samples u you would samples of ha­
lopn&ted solvent. 

B. SInce many of the duties rel&ttns to 
employee protection &re dependent on the 
resulta of monltorlna ADd meuurlna proce­
dl:res. employers should usure that the 
evaluation of employee B%POeUreS Is per· 
formed by & competent Industrl&l hnlenlst 
or other technic&lly qU&llf1ed person. 

v. PIlODCTIVI: CI.O'nUlfG 

Employees should be required to wetLl' &P­
proprl&te proc.ectlve clothlnc to prevent &n:v 
poulbWty of skin contact with DBCP. Be­
C&USe DBCP Is &beorbed throuail the skin. It 
Is imPOrtant to prevent skin contact with 
both liquid ADd solid forms of DBCP. Pr0-
tective clothlnc should Include Impermeable 
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cover&Il8 or stmIl&r fullbod)' work clothlnc, 
(lOVes, he&dcoverinIIB. &Dd workahoes or 
shoe coverlnas. Standard rubber &Dd neo­
prene (loves do not offer Adequate protec. 
tlon &Dd should not be relied upon to keep 
DBCP off the skin. DBCP should never be 
&1lowed to rem&ln on the skin. Clothlnc ADd 
shoes should not be &1lowed to become con· 
t&mIn&ted with the ID&terI&l, &Dd If they do, 
they should be promptly removed &Dd not 
worn &(&In until completely free of the m&­
terI&1. An:v protective clothlnc which hu de­
veloped leW or Is otherwise found to be de­
fective should be rep&Ired or replaA:ed. Em· 
ployees should &lao be required to wear 
spl&sh·proof satety (onles where there Is 
&n:v pouIbWty of DBCP cont&ctlna the 
eyes. 

VI. BOtlSUDPIll'O .um BTGIDJ: I'ACII.ITmII 

1. The workpl&ce must be kept clean. or· 
derly &Dd In & s&nlt&ry condition: 

2. Dr:v sweeplna &Dd the use of com­
pressed AIr Is uns&fe for the cle&nlna of 
floors &Dd other surf&ce8 where DBCP dust 
or liquids &re found. To mInImlze the con· 
t&mIn&tlon of AIr with dust. V&CUumina with 
either portable or permanent systema must 
be used. If & portable unit Is selected. the 
exhaust must be &tt&ched to the rener&l 
workpl&ce exhaust vent1l&tlon system. or 
collected within the v&cuum unit equipped 
with hl(h efficiency tnters or other &ppro­
prl&te meana of cont&mln&tlon removAl ADd 
not used for other P1II'IIOIIIl8. Units used to 
collect DBCP must be l&beled. 

3. Adequate w&shlnc fllCll1t1es with hot 
ADd cold WAter must be provided. &Dd m&ln. 
t&lned In & S&DIt&ry condition. SuitAble 
cle&nsInr &rents Should &lao be provided to 
usure the effective removal of DBCP from 
the skin. 

4. Ch&nce or dres8in( rooms with individ­
uAl clothes stol'&((! f&elltles must be pro­
vided to prevent the cont&mln&tlon of street 
clothes with DBCP. BecAuse of the huard· 
ous DAture of DBCP, cont&mln&ted protec· 
tlve clothlnc must be stored In closed con· 
t&lners for cle&nlna or dIspoa&l. 

vn.. IOICa.L&IQOUB PIlXAlITIOIlS 

A. Store DBCP In tl(htly closed cont&ln· 
ers In & cool. well vent1l&ted area. 

B. Use of supplled·AIr sulta or other Imper. 
vlous c:Iothlnc (SUch u &cId suits) ID&Y be 
DeCe8II&I'Y to prevent skin contact with 
DBCP. SUpplied-AIr IIllta should be selected. 
used. &Dd m&lnt&lned under the supervision 
of persons knowle(eable In the limitAtions 
ADd potent1&1 llfe-<!nd&ncerlna ch&r&cterls­
tics of supplled·AIr suits. 

C. The use of AIr-conditioned sulta ID&Y be 
necess&ry In wanner cilm&tea. 

D. Advise employees of &11 &re&I ADd oper· 
&tIons where exPQllUl'e to" DBCP could occur. 

VIIL CO_Oil OPIIIIA'l'IOlfB 

Common operations In which exPQllUl'e to 
DBCP Is likely to occur &re: durlna Ita pro­
duction; ADd durlna Ita formul&tlon Into pes­
ticides ADd fUmlpnts. 

APnInIDI: C.-MDlCAL Su.VZILLAlICI: 
GtlIDJa.IlfD Poa DBCP 

I. aotlTli 01' DTIlY 

Inh&Iatlon: skin &beorptlon 

n. roDCOLOGY 

Recent datA collected on workers Involved 
In the manufACture ADd formul&tlon of 
DBCP hu shown that DBCP can C&USe ate-

rWty &t very low levels of exPQllUl'e. ThIs 
tlndlnc Is supported by studies showtnc that 
DBCP causes sterIllty In &DIm&ls. ChronIc 
exPQllUl'e to DBCP resulted In pronounced 
necrotic &etlon on the pa.rench:vm&tous 
orpna (Le., liver, kidney, spleen) &Dd on the 
testicles of rata &t concentrAtions u low u Ii 
ppm. RAta that were chronlc&1ly exposed. to 
DBCP &lao showed ch&nces In the composl· 
tlon of the blood. showtng low RBC, hemo­
globin, &Dd WBC, ADd hlrh reticulocyte 
levels u well u functlon&1 hepatic "dlstur· 
b&nce, ID&DIfeattnc Itself In & lone proth· 
rombln time. ReznIk et &L noted & slnale 
dose of 100 In( produced profound depres­
sion of the nervous system of rats. Their 
condition rradu&1ly Improved. .Acute expo­
sure &lao resulted In the destruction of the 
sex (i&Dd &CtIvity of m&1e rats u well u 
causln( ch&nces In the estrous cycle In 
female rats. An.Im.&l studies have &lao ILIIIOCI· 
&ted DBCP with &D Increued incidence of 
carcinOIDL Olson, et Ill.. or&lly &dmInIstered 
DBCP to r&ta &Dd mice Ii times per week &t 
experlmentall:v predetermtned m&Xlm&1ly 
tolerated doses &Dd &t h&lf those doses. As 
e&rly u ten weeka After ln1t1&tlon of treat,. 
ment, DBCP Induced & hl(h incidence of 
squamous cell carcinOID&l of the stomach 
with metaatues In both species. DBCP &lao 
Induced m&mm&r:v &denocarcInOID&l In the 
female r&ta &t both dose levels. 

m. lIon .um 8YJIP'1'01I8 
A. Inh&Iatlon: N&_ eye irritAtion. con· 

JunctlvIt1s, resplr&tory irritation. puJmonar:v 
COIlIIeatlon or edema, eNS depreuton with 
_thy, sl~ ADd &tula. 

B. Denn&I: Er:vthem& or Infl&mm&tiQll 
ADd derm&tltls on repeated exPQllUl'e. 

I9.~TDTS 

A. Semen aftCllf/d&' The followtng Inform&­
tlon excerpted from the document "Ev&lua.­
tion of TestIcul&r FUnctIon", subJD1tted by 
the Corporate Medlc&1 Department of the • 
Sheir OIl Company (exhibit 311-3), ID&Y be 
useful to Ph:vBlci&ns conductInc the medlc&l 
surveIll&Dce procram; 

In performtnc semen &D&l:vBes cert&ln 
mInIID&l but apecIflc crlterI& should be met: 

1. It Is recommended that & minimum of 
three v&1ld semen &Il&I:v- be obt&lned In 
order to ID&ke & determln&tion of &D individ­
uAl's &ver&(e sperm count. 

2. A period of seXU&! &bstInence Is n_ 
a&r:v prior to the collection of each mutur­
b&tory sample. It la recommended that In· 
tercourse or muturb&tlon be performed 48 
hours before the ACtuAl specimen collection. 
A period of 48 hours of &Il8tInence would 
folloW; then the muturb&tory sample would 
be collected. 

3. Each semen specimen should be collect­
ed In & clean. widemouthed. (lua Jar (not 
n-ny PI'HterIllzed) In & ID&DDer desIc­
DAted by the eumiDln( ph:vB\cI&n. An:v part 
of the seminal fluid exam should be ln1. 
tl&led Oftlfl a.tter Itqu(focttOft Is complete, 
Le., 30 to 411 minutes After collection. 

4. Semen volume should be meuured to 
the nearest 11.. of & cubic centimeter. 

5. Sperm den.tty should be determined 
usIn( routine tecIm1Ques Involvtnc the use 
of & white cell pipette ADd & hemoc:vtometer 
chamber. The Immoblllzlnc fluid most effec­
tive &Dd most euIly obt&lned for this pro­
cea Is dlstWed WAter. 

S. ThIn. dry IIIDe&I'II of the semen should 
be made for & morpholO(1c claaIflcation of 
the sperm forms ADd should be st&lned with 
either hem&tox&lIn or the more difficult, 
yet more precl8e, PapanIcolaou technique.. 
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Alao of Importance to record 11 obvious 
sperm aaluttnatton, pyoaperml&, delayed 11-
quifactlon (greater than 30 minutes), and 
hypervlacolllty_ In addition, PH. uatne nltra­
ztne paper, should be determined. 

7. A total morpholollY evaluation should 
InClude percenta&es of the following: 

a. Normal (oval) forma, 
b_ Tapered forma, 
e. Amorphous forma (inClude Iarse and 

small sperm shapes), 
d. Dupllcated (either heads or taila) forDlf, 

and 
e. Immature forms. 
8. ~ sample should be evaluated for 

sperm t>ialrility (percent viable sperm, 
movinIJ at the time of examlnatton) as well ' 
as sperm motility (subjective eharactertza.. I 

tlon of "purposeful forward sperm Pl'Oll"e&­
sion" of the majority of thOle vlable sperm : 
analyzed) within two hOUlS after collection, I 

Ideally by the same or equallJ. quallfled ex-
aminer. " . 

B. Serum deCenni1&4tunu: The followtna 
serum detenIdDatIona should be performed 
by radIoImmuno--:v techniques uainll Na­
tional Inatltutes of Health (NIH) specifiC 
ant1llen or ant1llen preparations of eqUiv. 
alent sensitivity: . 

1. Serum fo1llCle sttmulat\nll hormone 
(PSB); 

2. Serum lute1nlzlnll hormone (La): and 
3. Serum total estrotren (females only). 

V. TllDTIUIIT 

Remove from expoaure Immedlately, live 
oxypn or artIf\clal resuscitation If indicat­
ed. Contaminated Clothinlr and shoes should 
be removed Immedlately. Plush eyes and 
wash contaminated skID. U swallowed and 
the per'Ion 11 conactous, Induoe vomtt\nll. 

RULES AND REGULATIONS 

Recovery from mUd exposures 11 usually 
rapid and complete. 

VI. SURVl!ILLAlfCZ AlfD PIIfiDTIVJ: 
COlfSID .... TIOlfB 

A. OtMr con.ridemttom. DBCP can cause 
both acute and chronic effects. It la impor­
tant that the phYsiCIan become familiar 
with the operat\nll conditions In which ex­
posure to DBCP occurs. ThOle with respira­
tory disorders may not tolerate the wearIng 
of neptlve pressure respirators. 

B. Surwill4nce and .cnrening. Medical 
histories and laboratory examtnatlona are 
reqUIred for each employee subject to expo­
sure to DBCP. The employer should screen 
employees for history of certain medical 
condltlona (llsted below) which miIIht place 
the employee at Increaaed rIsIr. from expo-

~'Liver dileu& The prlm&ry site of blo­
tranaformatlon and detoxification of DBCP 
11 the liver. lJver dysfunctlona likely to in­
hibit the conjup,tlon react\ona will tend to 
promote the toxic act\ona of DBCP. These 
precautions should be conaldered before ex­
PCls1nII persona with impaired liver function 
toDBCP. 

2. Renal dileu& Because DBCP has been 
aasoclated with InJury to the kidney It la 1m. 
portant that speclal conaIderation be liven 
to thOle with poaIble impairment of renal 
function. 

3. Ski. ~ DBCP can penetrate the 
aIdn and can _ erythema on proloneed 
exposure. Persons with pre-exlat\nll aIdn ella­
Orders may be more susceptible to the ef-
fects of DBCP. ' 

"- Blood d~ DBCP has been 
shown to decraH the content of erythro­
cytes, heD1Olllobln. and leukocytes In the 
blood. as well as ~ the prothrombin 
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time. Persona with extstinll blood disorders 
may be more susceptible to the effects of 
DBCP. stud! 

5. Reproductive dilorden. An1mal es 
have associated DBCP with various effects 
on the reproductive organs. Amonc these ef­
fects are atrophy of the testicles and 
chan8es In the estrous cyCle. Persons with 
pre-exlatinll reproductive disorders may be 
at Increaaed rIsIr. to these effects of DBCP. 

1. ReznIk, Ya. B. and Spr\nchan, O. K..: 
Experimental Data on the OoDadotoxic 
effect of Nemaaon. (ltg. Sa.it., (8), 111'l5, PP-
101-102, (tranalated from RusaIan). 

2. Faydyah, E. V .. R&khmatullMv, N. N. 
and Vanhavsldl, V. A.: The Cytotoxte 
ActIon of Nem&IIOn In a SUbKute Elr:PerI­
ment, MetL ZIL UzbekUta_ (No. 1>, 111'l0" 
pp. 64-811, (tranalated from RusaIan). 

3. Rakhmatullaev, N. N.: H:vIIIenic Charac­
teristics of the NematoCIde Nemaaon In Re­
lation to Water Pollution Control. HlIlI_ 
Sa.iL, 38(3), Ill'll, Pp. 344-348, (tn.DIIated 
from RusaIan). 

4. Olaon, W. A. et a./.; Induction of stom­
ach Cancer In Rats and Mice by ~ 
ed AlIphatic Fumlilants. JoumcU 01 tIw! NQ,o 
tional Ca_ Imtitute, (51), 111'l3. pp. 1113-
1995. 

5. TOrkelson, T. R. at IlL; ToxteoloP: In­
vest\p.tlona of 1,2-D1bromo-3-ehloropro­
pane, ~ and Applflld ~ 
0111/, 3, 19/11 JIP- 545-559. 

(Sees. 8, 8, 64 stat. 1593, llil18, 11911, (29 
U.s.C. 665, 667); Secretary of Labor's Order 
3-78 (U PR 2S069); (29 CPR 1911) 

[PR Doc. 73-7083 PIled 3-111 ... 78; 8:d UIIJ 
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Appendix C 

(Federal Register, 44(143):43335-43341, July 24, 1979) 

Pesticide Programs; Intent to Suspend Registrations of 
Pesticide Products Containing Dibromochloropropane (DBCP) 

Federal Register / Vol. 44. No. 143 / Tuesday, July 24. 1979 / Notices 43335 

[FRL 1279-1; OPP-6800S Al 

Pesticide Programs; Intent To Suspend 
Registrations of Pesticide Products 
Containing Dlbromochloropropane 
(DBCP) 

I. Introduction 

This notice announces my intention to 
take expedited action under section 6(c) 
of the Federal Insecticide. Fungicide and 
Rodenticide Act. as amended [FIFRA). 
to control' on an interim basis the 
hazards from use of pesticide products 
containing dibromochloropropane 
(DBCP). since I have found that 
continued use of such products poses an 
"imminent hazard". As developed more 
fully below, this provision of FIFRA 
authorizes me to prohibit, on an interim 
basis. the distribution. sale and use of a 
pesticide in situations where the use of 
that pesticide appears likely to pose an 
unreasonable risk to man or the 
environment during the period 
necessary to conduct and complete more 
lengthy administrative proceedings in 
which the ultimate fate of the pesticide 
can be determined. 

This document is organized into five 
parts. Part I is this introduction. Part n is 
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a brief description of the provision of 
the statute under which this action is 
taken. Part m is a summary of the 
already lengthy and complex regulatory 
history of actions which the Agency has 
initiated within the last two years 
concerning DBCP. Part IV is a discussion 
of the interim remedy I have decided to 
impose together with my findings and 
conclusions that continued use of DBCP 
poses an imminent hazard. Part V is 
devoted to procedural matters 
concerning requests for an expedited 
hearing and the hearing itself if one is 
requested. 

II. Legal Authority 

In order to obtain a registration for a 
pesticide under FIFRA. a manufacturer 
must prove that the pesticide satisfies 
the statutory standard for registration. 
That standard requires (among other 
things) that the pesticide "perform its 
intended function without unreasonable 
adverse effects on the environment" 
section 3(c)[5)). "Unreasonable adverse 
effects on the environment" is defined to 
mean "any unreasonable risk to man or 
the environment, taking into account the 
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economic. social and environmental 
costs and benefits of the use of any 
pesticide" section 2(bbJ]. In effect. this 
standard requires a finding that the 
benefits of each use of the pesticide 
exceed the risks of the use. 

The burden of proving that a pesticide 
satisfies the registration standard 
continues for as long as the registration 
remains in effect and is on the 
proponent of registration at all times. 
Under section 6 of FIFRA, the 
Administrator is required to cancel the 
registration of a pesticide whenever he 
detemlines that the pesticide no longer 
satisfies the statutory standard for 
registration. The administrative 
procedures for making and 
implementing pesticide cancellation 
decisions may be very time-consuming. 
and the Agency's experience has been 
that as much as two years may be 
necessary in ordei' to reach a fmal 
decision in a contested case. 

The suspension provisions in section 
6(c) of the statute are designed to give 
the Administrator authority to take 
interim action pending the completion of 
the time-consuming procedures required 
for reaching final registration decisioDS. 
Pursuant to that section, the 
Adminstrator may suspend the 
registration of a product. and thereby 
preclude its distribution, sale or use, 
upon a finding that the pesticide pOles 
an· "imminent hazard" to man or the 
environemnt. "Imminent hazard" is 
defined in the statute to mean: 

"a situation which exists when the 
continued use of s pelticide during the time 
required for csnceUation proceeding would 
be likely to result in unreasonable advene 
effects on the environment or will involve 
unreasonable hazard to the survival of a 
species declared endangered by the 
Secretary of the Interior under Public Law 94-
135." 

As discussed above. "unreasonable 
adverse effects on the environment" is 
defined to mean a situation where the 
risks of the use of a pesticide outweigh 
the benefits of use. Thus, in order to find 
that an imminent hazard exists it is 
necessary to find that the risks of use 
during the period likely to be required 
for cancellation proceedings appear to 
outweigh the benefits. 

The courts have repeatedly 
"cautioned that the term 'imminent 
hazard' is not limited to a concept of 
crisis: 'it is enough if there is substantial 
likelihood that serious harm will be 
experienced during the year or two 
required in any realistic projection of 
the administrative [cancellation] 
process'" Environmental Defense Fund. 
Inc. ["EDF') v. Environmental 
Protection Agency ["EPA"). 510 F.2d 

1292. 1297 (D.C. Cir. 1975) (Emphasis in 
original). quoting from EDF v. EPA. 465 
F.2d 528. 540 (D.C. Cir. 1972). Accord. 
EDFv. EPA. 548 F.2d 998. 1005 (D.C. Cir. 
1976). Moreover, the registrant bears the 
burden of proof during a suspension 
proceeding. because. a. indicated 
above, the burden of proof under FIFRA 
always resides with the proponent of 
registration throughout the life of a 
registration. See. e.g .• EDFv. EPA. 510 
F.2d at 1297; EDFv. EPA. 465 F.2d at 540. 
Finally. the courts have repeatedly held 
that "the function of a suspension 
decision is to make a preliminary 
assessment of evidence, and 
probabilities. not an ultinlate resolution 

. of difficult issues." EDF v. EPA. 510 F. 
2d 1292. 1298 (1975). Accord, EDFv. 
EPA, 548 F. 2d 998. 1005 (D.C. Cir. 1976). 

Suspensions are not ordinarily 
effective inlmediately; instead. in most 
cases the Administrator il required to 
give registrants notice of his intention to 
suspend, and 5 day. in which to request 
a hearing. If no hearing il requested. a 
suspension order may be iSlued. thereby 
making the suspension effective. 
However. if a hearing is requested. the 
Administrator is required to convene 
expedited adminiltrative proceedings. in 
which the sole issue Is whether or not an 
imminent hazard exists. 

III. Regulatory History of DBCP 
Suspension and CanceUatioo 
Proceedinga 

On September 8. 1977. I issued a 
Notice of Intent to Suspend and 
Conditionally Suspend Registrations of 
Pesticide Products Containing 
Dibromochloropropane (DBCP) (42 FR 
48915. September 26. 1977). based on my 
finding that the continued use of DBCP 
products posed an imminent hazard to 
man. That finding wall based on my 
conclusion that expoaure to DBCP posed 
8 serious health risk since "it appears 
that not only is DBCP a powerful 
carcinogen in animala which provides 
strong evidence that it ia a human 
carcinogen. but that it may also damage 
human reproductive functions. and may 
cause sterility in malea." (42 FR at 
48917). That notice therefore propCJSed 
two separate but related suspension 
actions: the unconditional suspension of 
DBCP products for use in nineteen (19) 
specific food Cropl in which DBCP 
residues occurred. or appeared 
reasonably likely to occur, in the edible 
portions of treated crops; and the 
conditional suspension of DBCP 
products for all other uses. I With 

I The conditionally suspended uses are: Colton, 
soybeans. citrus. grapes. pineapples. peaches. 
nectarines. plums. almonds. commercial okra. 
commercial lima beans. commerciaJ snap bean&. 
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respect to the conditionally suspended 
uses. I found that the risks to applicators 
could be sufficiently reduced at least on 
an interim basis by the inlposition of 
appropriate restrictions (including 
limitation to certified applicators 
utilizing respirators and protective 
clothing) and accordingly indicated that 
relief from conditional suspension could 
be accomplished by obtaining an interim 
registration amendment to reflect those 
restrictions. I also indicated that such 
applications for interim registration 
amendments would be without prejudice 
to the registrant's right to challenge the 
unconditional suspension of the food 
crop uses, and without prejudice to the 
Agency's right to review the adequacy 
of the restrictions at a later date. 

Pursuant to Section 6{c) of FIFRA. 
each registrant of a DBCP product wal 
given an opportunity to request an 
expedited hearing before the Agency on 
the question of whether an imminent 
hazard existed. The Agency received 
only three timely requests for an 
expedited hearing. each of which was 
subsequently withdrawn. Consequently. 
on October 27,1977. I issued a 
Suspension Order effectuating the 
suspension and conditional suspenaion 
actions which I had announced my 
intention to inlplement on September 8, 
1977. (42 FR 57543, November 3. 1977." 

At the same tinle that I issued the 
Suspension Order. I also issued a Notice 
of Intent to Cancel the Registrations or 
Change the Classifications of Pesticide 
Products Containing DBCP, and 
Statement of Reasons (the "Original 
Section 8(b)(1) Notice") (42 FR 57545. 
November 3, 1977), in which I found that 
the continued use of pesticide products 
containing DBCP in accordance with 
then-current labeling restrictions 
appeared to pose unreasonable risks to 
man and the environment amounting to 
"unreasonable adverse effects on the 
environment", and I therefore announce 
my intention to cancel or change the 
classifications of all registerid uses of 
DBCP pursuant to Section 6{b) of FlFRA. 

In the Original Section 6{b)(l] Notice. 
I also acknowledged that the Agency's 
Office of Pesticide Programa (OPP) had 
issued a Notice of Rebuttable 
Presumption Against Registration and 
Continued Registration of Pesticide 

commercial southern peas. berrie. (blackberrie .. 
blueberries. loganberrie .. dewberries. 
boysenberries. raspberries). strawberry nursery 
stock. apneats. cherries. figs. walnuts. bananas. turf 
(commerc~aJ and residential) and omamentala 
(commerCial and residential). 

'I subsequently amended the SuspenSion Ord ... 
to clanry that I did not intend to unconditionally 
suspend the use of DBCP on strawberry plant. 
which are bei~8 grown 88 transplants or nursery 
stock and which are not allowed to fruit until after 
bomR transplanted (43 FR 23649. May 31. 19781. 
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Products Containing DBCP (the "RPAR 
Notice") (42 FR 48026. September 22. 
1977). and noted that the RPAR process 
was designed to gather information 
about a problem pesticide and to make a 
decision concerning it in an open 
manner allowing maximum participation 
by all interested groups.' Accordingly. I 
found it to be in the public interest to 
continue the RP AR review of DBCP and 
I specifically stated that the decisions 
reached as the result of that RPAR 
review could form the basis of an 
amendment to the Original Section 
6(b )(1) Notice. I therefore delegated to 
the Assistant Administrator for Toxic 
Substances the authority and 
responsibility: (1) For reviewing the 
evidence submitted in the RPAR 
process. Agency staff evaluations of that 
evidence. and Agency staff 
recommendations concerning possible 
amendments to the Original Section 
6(b)(1) Notica. and (2) for issuing. filing 
and serving. if appropriate. an amended 
notice under Section 6(b)(1) of FIFRA. 

On September 6. 1976, the Assistant 
Administrator for Toxic Substances 
issued at the conclusion of the RPAR 
review of DBCP an Amended Notice of 
Intent to Cancel Registrations of 
Pesticide Products Containing DBCP. 
and Statement of Reasons (the 
"Amended section 6(b)(l) Notice") (43 
FR 40911. September 13. 1976). The 
Amended section 6(b)(1) Notice adopted 
as its statement of reasons and 
underlying support document the final 
Position Document issued at the 
conclusion of the RPAR. Based on the 
conclusions in the final Position 
Document that "DBCP presents a 
significant risk of cancer to human 
beings who are exposed to the 
chemical" (p. 16) and that "DBCPposes 
a risk of testicular toxicity. as evidenced 
by an increased inc;idence of reduced 
sperm counts. to males who are exposed 
to the chemical" (p. 31). the Amended 
section 6(b)(1) Notice proposed to: (1) 
Unconditionally cancel 23 uses of DBCP 
(the 19 unconditionally suspended uses 
plus 4 other non-commercial vegetable 
uses); and (2) conditionally cancel all 
remaining uses of DBCP (i.e .• cancel 
them unless the terms and conditions of 
registration for those uses are modified 
to reflect the specific restrictions set 
forth In the Amended section 6(b)(1) 
Notice). With respect to the 
unconditionally cancelled uses. one 
registrant timely objected to and 
requested a hearing with respect to the 
tomato use and a section 6(b)(1) hearing 

• The RPAR proceel i. set out in 40 CFR 162.11. 

concerning the tomato use is currently in 
progress. • 

With respect to the conditionally 
cancelled uses. a coalition of 
farmworkers. migrant farmworker 
organizations. and public interest groups 
objected that the restrictions proposed 
in the Amended section 6(b)(1) Notice 
were inadequate to protect farm workers 
against various risks posed by those 
uses of DBCP. and contended that they 
should have been unconditionally 
cancelled. Because the Assistant 
Administrator for Toxic Substances 
determined after careful review that the 
farmworkers' objections were not 
frivolous and warranted serious 
consideration (especially since they 
relied in part on new data which were 
not available for review or analysis 
during the RPAR). he issued a Notice of 
Intent to Hold a Hearing to Determine 
Whether or Not the Registrations of 
Certain Uses of Pesticide Products 
should be cancelled. and Statement of 
Issues (the "section 6(b)(2) Notice") (44 
FR 11622. March 2. 1979).' In the section 
6(b)(2) Notice. he directed that a hearing 
be held under section 6(b )(2) of FIFRA to 
consider the matters raised by the 
farmworkers' objections and to 
determine whether or not to 
unconditionally cancel the uses which 
he previously proposed to conditionally 
cancel. or whether to conditionally 
cancel them subject to modifications to 
the terms and conditions of registration 
different (that is. more restrictive) than 
those which he proposed in the 
Amended section 6(b)(l) Notice. He also 
made it clear that at the conclusion of 
the section 6(b)(2) hearing. all uses 
covered by it (i.e. the uses proposed to 
be conditionally cancelled by the 
Amended section 6(b)(1) Notice) can be 
unconditionally cancelled. and a final 
order of unconditional cancellation can 
be issued for some or all of such uses. 

The Assistant Administrator referred 
the section 6(b)(2) Notice to the 
Secretary of the Department of 
Agriculture (USDA) and to the Agency'S 
Scientific Advisory Panel (SAP) for 

• On April 16. 1979. the Agency'. Judicial Officer 
il.ued an Accelerated Ded.ion in FIFRA Docket 
No •. 401 ., al. in which he afflmled in ill entirety an 
order of the preeidlllll Admini.trallve Law Judge 
which denied the registrant', motion to amend its 
objections to include the other 22 unconditionally 
cancelled use. of DBCP. Those 22 usel are now 
unconditionally cancelled 8, a matter of law 
because no hearing we. timely requeeted 8. to them 
within the statutory deadline. 

• On April 9. 1979. the Agency'. Judicial Officer 
rendered a Decision on Interlocutory Appeal in 
F1FRA Docket No •. 401 ., al. in which he ruled thaI 
the farmworken' objections to the conditional 
cancellation actions were improper under section 
6(b)(l) of FIFRA and could not be employed to 
expand the scope of relief which could be granted 01 
the conclusion of the .. clion 6(b)(l) hearing. 
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review and co~ent on the actions 
proposed in it. and later indicated that 
he would publish their comments. 
together with his responses to those 
comments. in the Federal Register and 
would make such changes in the section 
6(b)(2) Notice as he determined to be 
appropriate in light of those comments 
and his responses. The Assistant 
Administrator has recently received the 
comments of both USDA and SAP. but 
has not yet responded to them. 

IV. The Present Suspension Action 

As discussed above. the Suspension 
Order currently in effect reflects 
decisions based on information 
available to me at the time that I issued 
it concerning the likelihood of DBCP 
residues occurring in the edible portions 
of treated crops. and on "my preliminary 
conclusion that applicator exposure can 
be controlled at least on an interim 
basis by imposition of appropriate 
restrictions" (42 FR at 48916). With 
respect to the food residue issue. 
however. I specifically indicated: 

"From available data the Agency is 
presently unable to reach a conclusion that 
there is a likelihood of OBCP residues in or 
on the remaining (i.e .. conditionally 
suspended) food crops for which there are 
registered uses. However. further 
c.onsideration will be given to those crops as 
additional residue inionnation becomes 
available." (42 FR al 4lI917) 

'Moreover. with respect to the issue of 
applicator exposure from the use of 
DBCP on the conditionally suspended 
uses. I specifically stated tha t: 

" ••• I emphasize that my finding that 
thea. risk reduction methods (i.e .• the 
restrictions imposed by the conditional 
suspension) adequately reduce pesticide 
applicator exposure is a tentative finding. If 
as a result of further review of this problem it 
appears that these measures are not 
providing adequate protection to applicators. 
other remedies including suspension and 
cancellation of all uses are available and can 
be implemented." (42 FR at 4lI918) 

In other words. I made it clear at the 
time of suspension that if new or 
additional information were to become 
available and were to indicate that the 
use of DBCP even under the terms of the 
conditional suspension continued to 
pose risks to consumers or applicators. 
that I could and would take additional 
suspension actions in order to prevent 
any imminent hazard presented by such 
use . 

Unfortunately. the Agency has 
received information since the date of 
the Suspension Order which indicates 
that the conditional suspension action is 
not adequate to satisfactorily reduce the 
risks associated with continued use of 
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DBCP even on an interim basis. Briefly 
summarized. this new information 
shows that the Agency's previous 
assumptions concerning the manner in 
which treated crops may become 
contaminated with residues of DBCP are 
no longer valid. and that residues may 
occur even in crops which are not grown 
in contact with or in close proximity to 
treated soil; that treatment with DBCP 
may result in contamination of water 
supplies. including drinking water 
sources, with residues of DBCP; and that 
application of DBCP may result in 
ambient air levels of DBCP at sites 
outside the application area and may 
result in ambient air levels ofDBCP at 
the site of application several days after 
application. Because of this information, 
[ have undertaken a review of both the 
risks and benefits associated with the 
use of DBCP during the next year" in 
order to determine whether or not 
additonal regulatory actions are 
warranted. 

A. Risks. With respect to risks. my 
determination concerning the adverse 
human health effects associated with 
exposure to DBCP-namely. 
carcinogenicity and testicular toxicity­
has not changed since the time of the 
Suspension Order. However, my 
perception of the potential exposure to 
the population at large, and to 
farmworkers in particular. from 
continued use fo DBCP has changed 
dramatically. 

First, the Agency's earlier 
assumptions concerning the reasons 
why DBCP residues apparently occurred 
in some crops but not in others now 
appear to be faulty. Specifically. Agency 
chemists had earlier hypothesized that 
DBCP itself is not absorbed and 
translocated within growing plants; 
rather. they hypothesized that residues 
of DBCP in crops grown in DBCP-treated 
soil probably result from the crops' 
contact with the treated soil, from 
volatilization of DBCP from the treated 
soil and condensation or absorption on 
crop surfaces in close proximity to 
treated soil. or from deposition ofDBCP 
on the crop itself during applica tion. 
They further concluded that root crops. 
which bear the highest residues. may be 
exceptions to this hypothesis. especially 
in light of the demonstrated ability of 
carrots to absorb organochlorine 

'I hdve detennined that one year (rather than 
IWO) ie an 1Ippropriate estimate of the amount of 
lime np.cessary fot compietion of the cancellation 
procepdingL. since li8 8 result of the in-depth RPAR 
PV'\;Ua Itun of the risks and benefits or all uses of 
nUCp and the subsequent referral to the SAP. the 
.. sues involved in this case are fairly weil-defined. 

.nd the Agency is prepared to go forward with its 
case. In addition. a pre-hearing conference has 
already been held and the partie. have been 
directed to begin their pretriaJ preparations. 

pesticides from the soil. Based on actual 
da ta from supervised trials. or 
extrapolation of that data to other 
related crops or crops with similar 
growing characteristics. the chemists 
identified crops in which residues could 
be expected to occur and crops as to 
which they were unable to reach such II 
conclusion. 

Subsequently, the Agency received 
new residue- data developed by the 
California Department of Food and 
Agriculture (CDFA). using a new and 
more sensitive analytical methodology 
than was previously available. 
indicating that residues of DBCP in fact 
occurred in several tree and vine 
crops-crops which the Agency had not 
predicted would have DBCP residues 
because the fruit was not grown in 
proximity to the treated soil. and 
because it was unlikely that DBCP 
would be deposited on the fruit during 
application. Based on an evaluation of 
that data. the Agency chemists 
determined that their previous 
conclusion that DBCP residues did not 
occur in certain crops was no longer 
appropriate. and that It had to be 
assumed that DBCP residues could 
occur in all treated crops. In other 
words, I can no longer assume that 
crops treated with DBCP under the 
terms of the conditional suspension 
action will not be contaminated with 
DBCP residues. and I must assume that 
there is potential ingestion exposure to 
DBCP for the population at large from 
the consumption of any crop grown-in 
soil treated with DBCP. 

Second, I have received disturbing 
information which indicates that there 
may be exposure to DBCP for the 
population at large from the previously 
unsuspected source-contaminated 
drinking water. Recent investigations by 
California state officials have found 
DBCP in active groundwater wells at 
levels as high as 39 parts per billion 
(ppb), and preliminary results indicate 
that community water supply wells in 
counties where DBCP was previously 
used may be contaminated with levels 
of DBCP as high as 15 ppb-findings 
which are pai:ticulary troubling since the 
State of California has itself prohibitied 
all uses of DBCP since 1977. DBCP has 
also been found in wells in Arizona. and 
in at least one sample taken from wells 
in Hawaii. Although preliminary 
investigations by the Agency in the 
Southeast have not as yet revealed a 
similar pattern of DBCP water 
contamination. the possibility that a 
more thorough and complete sampling 
program (intergrating use history and 
other data) will find DBCP in drinking 
water in the Southeast cannot be 
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discounted. Accordingly, I believe that it 
is too early to hypothesize as to why 
DBCP has only been found to date in the 
Southwest. Rather. because of the 
uncertainty as to the size of the 
population at risk. and because of the 
grave consequences to the health of that 
segment of the population which is 
exposed to DBCP in drinking water. I 
believe that prudence dictates that I 
make regulatory decisions based on the 
assumption that continued use of DBCP 
in accordance with the conditional 
suspension action may result in 
contamination of drinking water 
supplies. 

Third. other data submitted by CDFA 
since the time of the Suspension Order 
indicates that the terms of the 
conditional suspension action may not 
adequately protect applicators. 
farm workers and bystanders from 
exposure to DBCP resulting from its 
continued use. In particular, the data 
show that there are ambient air levels of 
DBCP in or around treated fields for 
longer periods of time follOwing 
application than previously estimated 
(in some cases. several days); but under 
the conditional suspension action. there 
is no requirement that re-entry into a 
treated area (without protective clothing 
and respirators) be prohibited for any 
amount of time. The data also show that 
DBCP was detected in the air at some 
distance from the application site using 
both irrigation and chisel injection 
application techniques: but under the 
conditional suspension action, there is 
no requirment of a "buffer zone" for 
unprotected bystanders (i.e .. a 
prohibition on application within the 
specified distances of areas popula ted 
or frequented by unprotected 
bystanders). Finally. the data show that 
residues of DBCP may be expected to 
occur on the bark and leaves of trees 
and vines in treated areas. as well as on 
the fruit surface and in the soil; but 
under the conditional suspension action, 
no protective measures are required tQ 
minimize or eliminate any dermal 
exposure to farmworkers who work in 
or who harvest in treated areas. 

[n summary. I find that there 
continues to be potential exposure to 
DBCP as the result of its continued use 
under the conditional suspension 
action-potential ingestion exposure to 
the population at large through residues 
in treated crops and through 
contamination of drinking water. and 
potential dermal and inhalation 
exposure to applicators. farmworkers 
and others who live or work in the 
vicinity of treated areas. I also recognize 
that the extent of this potential 
exposure. although real. is at the present 
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unknown; and that more data and 
information are both desirable and 
necessary in order to make final 
regulatory decisions concerning the 
ultimate fate of the registrations of 
DBCP. In the absence of definitive 
information, however, and in light of the 
demonstrated potential for exposure, I 
must conclude that the continued use of 
DBCP under the terms of the conditional 
suspension poses a serious risk of 
adverse human health effects. 

B. Benefits. I have examined the 
benefits associated with the continued 
use of DBCP for the approximate one 
year required for completion of the 
DBCP cancellation proceedings in order 
to decide whether they outweigh the 
risks of continued use during this period. 
Based upon the analysis prepared by 
Agency staff as part of the RPAR review 
of DBCP, I conclude that the 
unavailability of DBCP for the 
conditionally suspended uses for the 
duration of cancellation proceedings 
will potentially result in a loss of 
approximately $42 million in production 
losses and increased costs of alternative 
chemicals. 

The uses of DBCP which were 
conditionally suspended fall into three 
major categories: uses where application 
is made before or at the time of planting; 
use. where application is made in 
established orchards or vineyards; and 
other miscellaneous or minor uses. 

With respect to the first group of uses, 
where application is made before or at 
the time of planting-which includes 
cotton, soybeans, pineapples, and 
certain commercial vegetables (lima 
beans, snap beans, okra and southern 
peas)-the economic impact of the 
unavailability of DBCP for one year 
would be approximately $33.7 millioIL 
For cotton and soybeans, increased 
control costs of alternative chemicals 
would be about $2.6 million and $23.5 
million respectively, but with only 
negligible impacts in terms of production 
losses. For pineapples, the increased 
control costs would be approximately 
$0.2 million and the production loss 
would be about $5.8 million (realized at 
the time of harvest in about two or three 
years). For the commercial vegetables, 
the increased control costs would be 
approximately $1.2 million and the 
production loss would be about $0.4 
million. 

WHh respect to the second group of 
uses. where application is made in 
etablished orchards or vineyards­
which includes citrus. grap,es, peaches 
and nectarines. almonds and plums-the 
economic impact of the unavailability of 
DBCP for one year would be 
approximately $8.5 million in production 

losses less saved chemical costs (which 
reflects the fact that there are no 
registered alternatives for these uses). 
Since application for use on these crops 
is made post-plant. and since the 
application cycle is generally on an 
every-third-or-fourth-year basis, the 
effect of unavailability of DBCP for one 
year would be to defer or stagger the 
application cycle. The approximate 
production losses (less saved chemical 
costs) attributable to that deferral are: 
peaches and nectarines-$6.9 million; 
citrus-$1.6 million; grapes-no impact: 
almonds-no impact; and plums-no 
impact. 7 

With respect to the remaining 
miscellaneous or minor uses, the 
economic impact of the unavailability of 
DBCP will not be significant. although 
based on available information it is not 
possible to quantify all of the impact. 
Very little if any DBCP is currently used 
domestically on apricots, cherries. figs, 
walnuts, bananas. vine berries, and 
strawberry nursey stock. although DBCP 
is registered for those uses. Data 
concerning the use of DBCP on 
ornamentals (including green house and 
nursery as well as residential uses) are 
not available. nor are they available for 
residential lawn use. The extent of 
usage of DBCP on commercial turf (such 
as golf courses) is similarly unknown, 
although it has been estimated that 
treatment costs with alternatives might 
be two to three times higher per acre 
than treat-costs with DBCP. 

C. Conclusion 

On balance. I find tha t the risks of 
continued use of DBCP during the 

'Thel8 benefit. figure. do not Include 101le. 
attributable to the unavailability of DBCP in 
California. whe", DBCPi. al",ady unavailable .. 
the ",.ult of Iction. talten at the State level. Since I 
am not aware of any inlonnation which indicat .. 
that California intend. to lift it. ban in the 
foraeeable future. analYli. of the impact. of the 
.hort·term unavailability or DBCP maya. a matter 
of fact prop"rly and jUltifiably exclude 
consideration of the impacts in California. I do note. 
however. that if ria1ta and benefitl from u .. of DBCP 
in California were to be included for purpole. of 
determinins whether or not there is an imminent 
hazard. my conclu.ion would be the same. On the 
risk .ide. the.populahon at rillt from potential 
expo.ure to DBCP would inerea .. lubltanticeUy (in 
proportion to the amount of DBCP used in 
California). while the concomitant benefit. from the 
UI8 of DBCP in California would be approximately 
$101 million. attributabl. to the .econd group of 
u ... (citrua-$8.6 million: grapea-444.4 million: 
peeche. and nectarine.-$Z5.3 million: almonds­
$15.1 million: plum..-47.S million.) In that regard. 
the benefit. figurel for California are for 10 .... 
estimeted for the third year following the 
unavailability of DBCP •• ince the 10 .... attributabla 
to the fint two yean of unavailability have 
presumably already accrued .. the result of State 
action. On belance. I would find that the ri.lta of 
conlinued DIe of DBCP (including Califomia) during 
the pendency of cencellelion proceeding. outweigh 
the benefit. of continued UI8 (including Califomia' 
during that period. 
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pendency of cancellation hearings 
outweigh the benefits of continued use 
during that period, and I therefore 
announce my intention to suspend all 
uses of all registrations of pesticide 
products containing DBCP. 

Finally. it is important to emphasis 
that I do not assume-nor do I intend to 
imply by my action today-that it will 
be impossible to develop tenns and 
conditions of registration which will 
adequately reduce or eliminate the 
potential exposures which I have 
discussed above. Those issues will be 
resolved in the cancellation proceedings, 
and will undoubtedly rely upon and 
utilize data yet to be developed. 
However, because of the uncertainty 
surrounding the safety of continued use 
of DBCP under the conditional 
suspension action. and because of the 
serious health consequences of exposure 
to DBCP, I believe that use of DBCP 
should be prohibited pending the 
resolution of those issues. 

V. Procedural MaHera 

Under section 6(CH2) of FIFRA. this 
IUS pension action cannot take effect· 
against any registration until the 
registrant has had an opportunity for an 
expedited hearing before the Agency on 
the question of whether an imminent 
hazard exists. This section explains how 
registrants may request an expedited 
hearing, the consequences of requesting 
ornot requesting an expedited hearing. 
and the procedures which govern an 
expedited hearing in the event one is 
requested. 

A. Procedures for Requesting Q Hearing 

(1) Who May Request a Hearing and 
When the Request Should Be Made. 
Any registrant of a DBCP product 
currently registered for any use which 
was conditionally suspended under 
paragraph 2 of the Suspension Order of 
October 27, 1977 may request a hearing 
on specific registered uses of its product 
within five (5 J days after receipt of this 
notice. No person other than the 
registrant may request a hearing with 
respect to any use of any registration. 

In order to be timely made. a request 
for a hearing from a registrant in writing 
or by telegram must be received by the 
Hearing Clerk within five (5) days after 
the registrant's receipt of this notice [40 
CFR 164.121(a)(2)). 

(2) How to Request Q Hearing. 
Registrants who request a hearing must 
follow the Agency's Rules of Practice 
Governing Hearings (40 CFR. Part 164). 
These procedures specify, among other 
things: (1) that all requests for a hearing 
must be accompanied by objections that 
are specific for each use for which a 
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hearing is requested (40 CFR 164.121(a) 
and 164.22) and (2) that all requests must 
be filed with the Office of the Hearing 
Clerk within the applicable five (5) day. 
[40 CFR 164.121(a)). Failure to comply 
with these requirements will 
automatically result in denial of the 
request for 0 hearing. 

Requests for hearings must be 
submitted to: Hearing Clerk (A-ltO). 
U.S. Environmental Protection Agency. 
401 M Street. S.W .. Washington. D.C. 
20460. 

B. Consequences of Filing a Hearing 
Request 

The statute provides that if a hearing 
is timely requested by a registrant 
within the five-day period. the hearing 
stage is to begin within five days after 
receipt of the request for the hearing. 
unles. the registrant and the Agency 
agree that it shall begin at a later time. 
Hearings are subject to the provisions of 
subchapter II of Title 5 of the United 
States Code. except that the presiding 
officer need not be a certified hearing 
examiner. The presiding officer has ten 
days from the conclusion of the 
presentation of evidence to submit 
recommended findings and conclusion. 
to the Administrator. who in turn has 
seven days to issue a final order on the 
issue of suspension. 

C. Consequences of Not Filing a Hearing 
Request 

Under the statutory scheme. if a 
registrant does not request a hearing as 
to its registration within the five-day 
period. a suspension order may be 
issued with respect to that registration. 
and such suspension order will not be 
reviewable by a court. 

It is important to emphasize that the 
suspension action initiated by this 
notice will be implemented on a 
registration·by-registration basis. In 
other words, unless the registrant timely 
requested a hearing with respect to its 
registration. that registration will be 
subject to the issuance of a suspension 
order-notwithstanding that other 
registrants may have timely requested 
hearings with respect to their 
registrations (and notwithstanding that 
those other registrations may have 
Identical registered uses). This 
reg;"tration-specific approach to the 
actions initiated by this notice will be 
strictly observed and no exceptions will 
be granted. 

D. Supplementary Procedures 

The Agency's rules of Procedure for 
expedited hearings are set forth at 40 
CFR Part 164, Subpart C. I do not know 
if a hearing will be requested on these 

suspensions. If a hearing is requested. 
however. I am establishing the following 
procedures to supplement the existing 
regulations in goveming its conduct. 

(1) A deadline is being established for 
the completion of all hearing procedures 
and the rendering of a recommended 
decision under 40 CFR 164.121Ul. That 
deadline is 60 calendar days from the 
first prehearing conference, which shall 
be helJ in accordance with the time 
requirements described below. 

DeRdlines for completing proceedings 
under FIFRA have been twice endorsed 
by the National Academy of Sciences 
(National Academy of Sciences, 
Decision Making in the Environmental 
Protection Agency, Vol. II. p.1I4 (1977); 
National Academy of Sciences. Decision 
Making for Regulating Chemicals in the 
Environment. p. 30 (1975»). In addition. 
Congress has demonstrated a concem 
for speedy action where suspensions 
based on a potential threat to humari 
health are concemed. It has required a 
hearing on such a 'suspension to begin 
five days after it is requested and has 
allowed ten and seven days respectively 
for preparation of the initial and final 
decisions once the hearing is over 
[FIFRA section 6{c)(2)]. FlFRA was 
amended in 1975 to require consultation 
by the Agency with the Department of 
Agriculture and a scientific advisory 
panel before taking action in many 
cases; suspensions based on human 
health grounds. however. were 
exempted from those requirements to 
allow speedy action where speedy 
action was desirable [121 Cong. Ree. H 
9895-96 (daily ed. Oct. 9. 1975); 121 
Congo Rec. Section 19820-21 (daily ed. 
Nov. 12. 1975)). 

Deadlines for completing the hearing 
have been imposed in prior suspensions. 
including the earlier suspension of 
DBCP. See. also. In re: Velsicol 
Chemical Co .• et 01 .. 41 FR 7552, 7553 
(Feb. 19. 1976) [Notice of Intent to 
Suspend Heptachlor and Chlordane). 
The requirements set forth in this order 
simply carry forward that practice. 

(2] I ani naming certain EPA 
employees to provide technical advice 
and assistance to the Administrative 
Law Judge who will preside at any 
hearing arising out of this notice. The 
Administrative Law Judge may consult 
these employees during the course of the 
hearing and in preparing his 
recommended decision. and he may 
allow these employees to question any 
witness who testifies at the hearing on 
behalf of any party. None of these 
employees is subject in the normal 
course of their duties to the supervision 
or direction of any employee or agent of 
the Agency who is a member of the 
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Agency trial staff named below. See i 
U.S.c. Section 554(d){2). These 
employees are identified in Appendix A. 

Since 5 U.s.C. Section S54(d)(l) 
provides that those presiding at 
adjudicatory hearings may not "consult 
a person or party on a fact in issue [in 
the course of preparing their decision) 
unless on notice and opportunity for all 
parties to participate," neither myself 
nor my appellate staff (See below) will 
consult with the Administrative Law 
Judge or thelie Agency employees on 
any matters involving this case from the 
date of this notice until a recommended 
decision is issued. 

(3) I am also designating an appellate 
staff to assist me in conducting an 
independent review of the questions 
presented on appeal of any 
recommended decision. and in preparing 
a fmal decision. Members of my 
appellate staff are also listed in 
Appendix A. 

(4) The following Agency bureaus or 
divisions. and their staffs. are 
designated to perform all investigative 
and pr08ecutorial functions in this case: 
Office of the Deputy Administrator.' 
Office of Toxic Substances. the Office of 
General CounseL and the Office of 
Enforcement. 

From the date of this notice until any 
final decision. neither the 
Admini.trative Law Judge. the 
employees appointed to assist him. my 
appellate staff. or myself. shall have any 
ex parte contact with any trial staff 
employees. or any other interested 
person not employed by EPA. on any of 
the issues involved in this proceeding. 
However. persons interested in this cBle 
should feel free to contact any other 
EPA employee. including both trial staff 
and persons not explicitly named as 
assistants or appellate staff. with any 

., questions they may have. ' 
(5) The statute itself Is silent on the 

question of intervention' in expedited 
suspension hearings. 

However. the Agency's Rules of 
Practice currently provide that "any 
penon adversely affected" by the notice 
of intent to suspend may move to 
int~rvene in any hearing requested by a 
registrant, and they set out criteria 
govern.ing the granting of such motions 
(40 CFR 164.121-{e»). Although the 

'The Deputy Administrator may properly be 
included in the trial staff since the prohibitions of 5 
U.S.C. Section. 554(d) do nolapply 10 "the agency", 
He~ mciuslOD ~ necessary if guidance on general 
pohcy matters 18 to be available to the trial staff 
and to lree a his" agency official to talk to outBid. 
inlerested per ...... about the queltioDB involved 
without the constraints otherwise imposed by the ex 
parte provisions of the APA and the Governmenl in 
the Sunshine Act. The Deputy Adminislrator will 
take no part in the detailed wtH'k of ...... paring and 
~1iIJ8 the ft.seo>cy •• ClOse. 
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limiting "advenely affected" language 
as used in that section of the Rules of 
Practice does not have a statutory origin 
or basis. the Rules as written could be 
Interpreted as precluding the 
intervention of penons who are not 
technically "advenely affectlld" by this 
notice but who have evidenced a high 
degree of interest and who have actively 
participated in the ongoing 
administrative proceedings on DBCP. 
Accordingly, I am directing that the 
opportunity to move to intervene in any 
hearing requested by a registrant be 
extended to "any intere8ted penon" as 
well as any penon "advenely affected" 
by this notice. Such motion8 shall be 
subject to the existing provisions of 40 
CFR 164.121-{e) concerning the time for 
their submission and the criteria for 
being granted. 

(6) The scheduling of any hearing. 
particularly in it8 earlier stages, involves 
a balancing between the need to 
conduct an expeditious bearing and a 
concern that the hearing not proceed too 
far before the identity of those 
registrants requesting a hearing Is 
established. I am therefore taking two 
steps in order to accommodate these 
concerns. First, I am hereby providing 
that service of this notice upon 
registrants may properly be made by 
mean8 of federal "expre8s mail," which 
guarantees delivery within 24 honn and 

- which involves acknowledgement of 
receipt by the addres8ee. In this regard. 
the statute Itself 18 8ilent on the question 
of how service of the notice upon 
registrants must be effected. although 
the Rules of Practice provide that it 
"shall either be penonally served on the 
registrant or be sent to the registrant by 
registered or certified mail. return 
receipt reque8ted" (40 CFR 164.120(bJ). 
However, the underlying purpose of that 
section is to provide the Agency with 
either lint-hand knowledge (after 
penonalservice) or documented 
evidence (by return receipt) of the date 
of receipt by the registrant-eo that the 
Agency can accurately determine when 
the time for reque8ting a hearing has 
expired and when e suspension order 
may be issued and take effect. Relying 
exclusively upon these methods of 
service in the past, however, has proved 
to be both inefficient and unnecessarily 
time-consuming. Moreover. no registrant 
will be prejudiced if it Is served by 
"expres8 maiL" since the statute 
meal.ures a registrant's time for 
requesting a hearing from its receipt of 
the notice by whatever means. 

Second. I am directing the 
Administrative Law Judge presiding at 
the hearing to convene the lint 
prehearing conference within live days 

after (1) receipt by the Hearing Clerk of 
the last timely request for a hearing by • 
registrant or (2) 15 days after the 
issuance of this notice. whichever comes 
earlier. The 15-day maximum should 
ensure that all registrants wishing to 
participate in the hearing have been 
given ample time to file a hearing 
request after receiving notification of my 
suspension actions. 

Dated: July 18. 1979. 
Douglas M. Coati., 
Administrator. 

AppeDdlxA 

Technical Support Stoff 

WiDert Smith. 
Dr. Dennis L Foere!. 
Dr. Robert Kavolock. 

Administrative Appellate S!aff 

Ronald L McCallum, 
Charles R. Ford. 
Dr. Edwin H. Clark. 
Ma. Mary Ann Massey, 
Dr. Richard M. Dowel. 
Dr. Stephen J. Gage. 

fFR Doc. 7II-Z2I42 FIIod '_1:45 ."1 
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Adrenocortical 
hormone--

Aflatoxin--

Albuginea--

Androgen--

Angiosarcoma--

APPENDIX D 

GLOSSARY 

One of the steroids produced by the adrenal cortex 
belonging, on the basis of biological activity and 
structure, to four main types: estrogen, androgens, 
progesterone, and corticoids. 

A toxic factor--molds contaminating ground nut 
seedlings. Responsible for deaths of fowl and 
other farm animals fed with infected ground nut 
meal. Experimentally, it is regularly able to 
produce hepatomas in ducklings and rats. 

A tough, whitish layer of fibrous tissue investing 
a part; especially a dense, white membrane forming 
the immediate covering of the testicle. 

A male sex hormone. 

A malignant tumor formed by proliferation of 
endothelial and fibroblastic tissue. 

Antimetabolite-- A substance that replaces or inhibits the 
utilization of a metabolite. 

Autistic tumor-- A tumor sufficient unto itself. 

Aspermia--

Azoospermia--

Benzene--

Bioassay--

Bromine (Br)--

Failure of formation or emission of semen. 

Lack of spermatozoa in the semen. 

A colorless, liquid, flammable aromatic 
hydrocarbon used to manufacture styrene and phenol. 

Determining the active power of a drug sample by 
comparing its effect on a live animal or on an 
isolated organ preparation with the effect of a 
standard preparation. 

A reddish-brown liquid element giving off 
suffocating vapors. 
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Butadiene--

Calipers--

Carbowax--

Carcinogen--

A flammable gaseous hydrocarbon used in making 
synthetic rubber. 

Compasses with bent or curved legs used for 
measuring the thickness or diameter of a solid. 

Trademark for a series of polyethelene glycols; 
used in compounding water-soluble ointment 
vehicles. 

A substance or agent producing or inciting cancer. 

Carcinoma-- A malignant tumor of epithelial origin. 

Chromatography-- A process of separating a solution of closely 
related compounds by allowing the solution to 
seep through an absorbent so that each compound 
becomes absorbed in a separate, often-colored 
1 ayer. 

Colchicine-- An alkaloid; used as a suppressant for gout. 

Creatinine-- A basic substance procurable from creatinine and 
from urine. 

Cytology-- The study of cells--their origin, structure, 
function, and pathology. 

Decapeptide-- A peptide containing 10 amino acids. 

Dysfunction-- Impaired or abnormal functioning. 

Endocrine-- Secreting internally; applied to organs and 
structures whose function is to secrete into the 
blood or lymph a substance (hormone) that has a 
specific effect on another organ or part. 

Epidemiology-- The study of the relationships of the various 
factors determining the frequency and distribution 
of diseases in a human community. 

Epididymis-- The elongated cordlike structure along the 
posterior border of the testis, in the ducts of 
which the spermatozoa are stored. 

Epididymitis-- Imflammation of the epididymis. 

Epithelium-- The covering of internal and external surfaces of 
the body, including the lining vessels and other 
small cavities. 
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Estradiol--

Estrogen--

Ethylene 
bromide--

Exogenous--

FSH--

Germinal 
epithelium--

Gonad--

Gonadotrophic--

Gonadotropin--

Gynecomastia--

Halogen--

Hematopoiesis--

Hepatitis--

Hep atom as--

Hexane--

The most potent, naturally occurring estrogen in 
humans; also made synthetically. 

Sex hormones stimulating the development of 
secondary sex characteristics of the female. 

Used in medicine as a solvent for oils, waxes, and 
other products. 

Growing by additions to the outside; developed or 
originating outside the organism. 

Follicle-stimulating hormone; it activates 
sperm-forming cells. 

A layer of epithelial cells between the primitive 
mesentery and each mesonephros. It becomes 
epithelial covering of the gonad and perhaps gives 
rise to the germ cells. 

A gamete-producing gland; an ovary or testis. 

Stimulating the gonads; applied to hormones of the 
anterior pituitary that influences the gonads. 

A substance having affinity for or a stiumalting 
effect on the gonads. 

Excessive development of the male mammary glands, 
even to the functional state. 

An element of a closely related chemical family, 
all of which form similar (saltlike) compounds in 
combination with sodium and most other metals. 
The halogens are bromine, chlorine, florine, and 
i odi ne. 

The formation of blood or of blood cells in the 
living body. 

Inflammation of the liver. 

A tumor of the liver; Sabourin's term for a 
transition stage between adenoma and carcinoma of 
the liver. 

Any of several isomeric volatile liquid paraffin 
hydrocarbons found in petroleum. 
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Histidine--

Histology--

Hormone--

Hypertrophy--

Hypothalamus--

Infertility--

Inhibin--

Interstitial--

In vitro--

In vivo--

Klinefelter's 
syndrome--

Latency--

Lesion--

An alpha-amino acid, beta 4-imidazolyl alanine, 
essential for optimal growth in infants. 

A branch of anatomy that deals with the minute 
structures of animal and plant tissues as 
discernible with the microscope. 

A product of living cells that circulates in body 
fluids or sap; produces a specific effect on the 
activity of cells remote from its point of origin. 

Excessive development of an organ or part; 
increase in bulk without multiplication of parts. 

The portion of the diencephalon (the posterior 
division of the forebrain) lying beneath the 
thalamus and forming the floor of the third 
ventricle; it is usually considered to include 
vital autonomic regulatory centers. 

Absence of the ability to conceive or to induce 
conception. 

A postulated water-soluble hormone secreted by the 
testicles that is supposed to restrain the 
stimulating effect of the pituitary on the tubules 
of the testes. 

Pertaining to or situated between parts or in the 
interspaces of a tissue. 

Observable in a test tube; within a glass; in an 
artificial environment. 

Within a living body. 

A condition characterized by the presence of small 
testes, with fibrosis and hyalinization of 
seminiferous tubules, impairment of function, and 
clumping of Leydig cells, and by increase in 
urinary gonadotropins; associated with an 
abnormality of the sex chromosomes. 

A state of seeming inactivity, as that occurring 
between the instant of stimulation and the 
beginning of response. 

An abnormal change in structure of an organ or 
part due to injury or disease. 
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Leydig cells-- The interstitial cells of the testes that furnish 
the internal secretion of the testicle; mucous 
cells that do not pour their secretion out over 
the surface of the epithelium. 

Lumen-- The cavity or channel within a tube or tubular organ. 

LH-- Luteinizing hormone; in the female, it stimulates 
the development of corpora lutea and in the male, 
the development of interstitial tissue. 

Malathion-- A thiophosphate insecticide less toxic than 
parathion. 

Malignant-- Tending to become progressively worse and to 
result in death. 

Meiosis-- A special method of cell division, occurring during 
maturation of the sex cells, by which each daughter 
nucleus receives half the number of chromosomes 
characteristic of the somatic cells of the species. 

Metabolite-- A substance essential to the metabolism of a 
particular organism. 

Metastasis-- The transfer of disease from one organ or part to 
another not directly connected with it. The 
capacity to metastasize is a characteristic of all 
malignant tumors. 

Miotic-- An agent that causes the pupil to contract. 

Mirex-- A chlorinated hydrocarbon insecticide used 
especially against ants. 

Morphology-- The science of forms and structure of organized 
beings. 

Motility-- The ability to move spontaneously. 

Mutagen-- A chemical or physical agent that induces genetic 
mutations. 

Nanogram-- One billionth of a gram. 

Nematocide-- An agent that destructs nematode worms. 

Nitrofurantoin-- Lemon-yellow, odorless crystals or powder with a 
bitter aftertaste; used as an antibacterial agent 
in infections of the urinary tract. 
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Oligospermia--

Orchidometer--

Palpate--

Parathion--

Peptide--

Picogram--

Deficiency in the number of spe~matozoa in the 
semen. 

An instrument for measuring the testis. 

To examin by the hand; to feel. 

An extremely toxic thiophosphate insecticide. 

Any member of a class of compounds of low 
molecular weight that yields two or more amino 
acids on hydrolysis. 

One trillionth of a gram. 

Pituitary gland-- A small, oval endocrine organ that produces 
various internal secretions directly or indirectly 
impinging on most basic body functions. 

Prolactin--

Prostatitis--

Prosthesis--

Radio-

A protein hormone of the anterior lobe of the 
pituitary that induces lactation in mammals. 

Inflammation of the prostate. 

An artificial substitute for a missing body part. 

immunoassy-- Determination of antigen or antibody concentration 
by means of a radioactive-labelled substance that 
reacts with the substance under test. 

Seminal fluid-- The part of the semen that is produced by various 
accessory glands; semen, excepting the spermatozoa. 

Seminal vesicle-- A pouch on either side of the male reproductive 
tract that serves for temporary storage of semen. 

Seminiferous 
tubules--

Sertoli cells--

Silastic--

Channels in the testis in which the spermatozoa 
develop and through which they leave the gland. 

Elongated cells in the tubules of the testes to 
which the spermatids become attached; they provide 
support, protection, and apparently, nutrition 
until the spermatids become transformed into 
mature spermatozoa. 

Trademark for polymeric silicone substances having 
the properties of rubber; it is biologically inert 
and used in surgical prostheses. 
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Sonometer--

Spermatid--

An apparatus for testing acuteness of hearing; an 
instrument for measuring ratios of sound 
vibrations in various bodies. 

A cell derived from a secondary spermatocyte by 
fission, and developing into a spermatazoon. 

Spermatogenesis-- The process of formation of spermatozoa. 

Spermatogonium-- A primitive male germ cell. 

Spermatozoon--

Sterility--

Styrene--

Testosterone--

Titer--

Toluene--

Torsion--

Toxaphene--

Toxicity--

Tubular 
fibrosis--

A mature male germ cell, the specific output of 
the testes. It is the generative element of the 
semen that serves to impregnate the ovum. 

The state of being free from microorganisms; the 
inability to produce offspring, i.e, the inability 
to conceive or to induce conception. 

A fragrant liquid or oil hydrocarbon, vinyl 
benzene, from storax. 

The hormone produced by the interstitial cells of 
the testes, which functions in the induction and 
maintenance of male secondary sex characters. Its 
production depends on stimulation by LH of the 
anterior pituitary gland. 

The quantity of a substance required to produce a 
reaction with a given volume of another substance, 
or the amount of one substance required to 
correspond with a given amount of another 
substance. 

A liquid, aromatic hydrocarbon resembling but less 
volatile, flammable, and toxic than benzene; used 
for a solvent, in organic synthesis, and as an 
antiknock agent for gasoline. 

The act of twisting; the condition of being 
twisted. 

A chlorinated camphene insecticide. 

The quality of being poisonous, especially the 
degree of virulence of a toxic microbe or of a 
pOison. 

A formation of fibrous tissue in tube-like shapes. 
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Tunica--

Turgor--

Urethra--

Varicoceles--

Vasectomy--

Vesicocele--

A general term for a membrane or other structure 
covering or lining a body part or organ. 

The condition of being turgid (swollen and 
congested); normal or other fullness. 

The membranous canal conveying urine from the 
bladder to the exterior of the body. 

A varicose condition of the veins of the 
pampiniform plexus; forms a swelling that feels 
like a "bag of worms" and appears bluish through 
the skin of the scrotum. 

Surgical removal of the ductus vas deferens, or a 
portion of it; done to induce infertility. 

Hernial protrusion of the bladder. 
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Roger Glass, M.D. 
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Ronald M. Krauss, M.D. 
Endocrinology Service 
Alta Bates Hospital 
Berkeley, California 94720 
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