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Executive Summary

The adverse health effects indicative of systemi¢ toxicity of ethylene
dibromide (EDB), and reproductive effects, occur at levels thoﬁsands of
. times higher than the general ambient Jevels in California urban
environments. Therefore, the a:ﬁbient 1eve1s-found in these environments

are not expected to result in any of these effect_s.

EDB, however, is a potent carcinogen in more than one animal species, and
could thus be of concern at low levels in ambient air. When administered
to animals, EDB caused malignancies both at the site of first contact
(skin, forestomach, and nasal cavity), as well as .at remote sites

(circulatory system, lung, and pituitary, among others).

The one published epidemiological study of 161 workers faiied to show a
statistically significant increase in cancer ra.tes, but staff of the
California Department of Health Services (DHS) agrees with its authors
that it an nefther rule out nor establish EDB a§ a human carcinogen

because of the small size of the population studied. DHS staff agrees

with the International Agency for Research on Cancer (IARC) in considering

that there is sufficient evidence in animals for carcinogenicity. DHS

staff recommends that it be considered potentially carcinogenic in humans.

EDB and its metabolites are genotoxic. There is no evidence to suggest

that the carcinogenicity of‘ EDB would have a threshold (a 'Ie\re1 below

which there would be no effect). There is not Sufficieﬁt information:



about human and animal metabolism of EDB to allow pharmacokinetic modeling

in risk assessment.

The Federal Occupational Safety and Health Administration (QSHA) has
recently discussed risk assessments on EDB based on animl bioassays.
QSHA staff accepted Brown's risk assessment (Appendix A) in which the
multistage model and the one-hit model were applied to combined nasal
tumors and combined hemangiosarcomas occurring in fats in two inhalation
biocassays carried out by the Natio_na1 Toxicology Program/National Cancer
Institute (NTP/NCI) and the Midwest Research Institute/National Institute

for Occupational Safety and Health (MRI/NIQSH).

DHS staff performed an independent risk assesément based on nasal
malignancies (adenocarcinomas, carcinomas, and squamous cell carcw‘nomas)
in mle rats and hemangiosarcomas in female mice in the NCI study. Table
A shows the risk estimates for occupational exposure at 20 parts per
mﬂh’pﬁ (ppm) and community exposure at 10 parts per trillion {ppt) using
the probit model, the multistage model, and the Weibull-multistage model.

The risks estimated using these models are not grossly incompatible with

the results from the one published epidemiological study. DHS recommends

the use of an excess lifetime risk value between 1.02 and 5.53 per million

for each 10 ppt of EDB exposure. {This recommendation is based on the

maximum Tikelihood estimate [MLE] from the simple multistage model for
hemangiosarcomas in female mice and on the 95% upper confidence limit

[UCL] estimates from the Weibull-multistage model for nasal malignancies

in mle rats). The values represent the theoretical risks of cancer




accumulated over a 70-year lifetime with a continuous average daily

exposure for all 70 years.

It should be noted that the range between the maximum likelihood estimate
and the 95% upper confidence 1imit represents only the statistical
uncertainty introduced by the typically small size of the animal studies
of carcinogenic effect. Other perhaps more important uncertainties are
introduced by the choice of scaling factor between humans and animals, the
choice of extrapolation models, and the additive, svnergi‘stic, or
antagonistic effects of other chemicals. It should be noted that
synergism was demonstrated between EDB and disulfiram (Wong et al., 1982),
a substance which interferes with EDB's metabol‘ism. On the other hand,
DNA repair mechanisms, detoxifying enzymes, and other factors might lower
the risk below what has been calculated. These uncertainties are
particularly to be noted in a case such as that of EDB whér‘e the ambient
exposures are at the low parts per trillion level while the animat

experiments occurred at exposure levels more than a million times higher,

A lifetime risk of 1.02~5.53 per million population from a 10 ppt exposure
must be viewed in the context of the overall prbbabih‘ty of deveTo'ping
cancer, which is on the order of 250,000 cases per million population

{25%2) over a 70-year lifetime.



Table A

Risk Assessment Estimates for EDB
Showing Number of Excess Cancer Cases

from Lifetime Exposurel

20 ppm 10 ppt
o Occupational Communi ty
Species/Tumor Mode1 ~ UCL*/MLE**  Exposure Exposure
(PEL )***
Male Rats
Nasal Malignancies Weibull- 95% UCL 985/1000 5.53/mi1lion
Multistage MLE 916/1000 2.85/million
Multistage 95% WCL 708/1000 3.15/mi1lion
MLE 627/1000 2.53/mi11tion
Probit 953 LCL  721/1000 0¥ /mi1Tion
| MLE 638/1000 0% /mi111on
Female Mice
Hemangiosarcomas Weibull- 95% " UCL 732/1000 3.23/mi1tion
Multistage MLE 549/1000 2.03/million
Multistage 95% UCL 406 /1000 1.34/mi1lion
MLE 328/1000 1.02/miilion
Probit 95% UCL  438/1000 0% /mi1140n
MLE 357/1000 Oslnn' T11ion

* UCL - Upper confidence limit

** MLE - Maximum 1ikelihood estimate

**%PEL - Permissible Exposure Limit (Proposed for revision by OSHA, 1983.
See Appendix A.)

§= Predictions for probit model ranged from O - 10'31

lﬁiven that Section 39650 of the Health and Safety Code stipulates that DHS
"shall utilize scientific criteria which are protective of public health
consistent with current scientific data", DHS staff does not propose to
routinely present the 95% lower confidence limit which has a 95% theoretical
probability of being an underestimate under the assumptions of the model used.
In reality, the true risk may be considerably below even the 95% lower
confidence level but there is no scientific basis for locating where this 1is.
For this reason we present the mximum likelihood and 95% upper confidence
limit estimates and explain that these lifetime risk values represent a range
of conservative estimates and are unlikely to be exceeded by the actual risk.
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Introduction

This document provides a health assessment for exposure to ethylene
dibromide (EDB) in ambient air. ODue to the time limitations on
preparing this document and the existence of a recent, excellent
document by the Federal Occupational Safety and Health Administration
(OSHA, 1983; Appendix A), frequent reference is made to that review.
The Department of Health Services (DHS) staff has, however, carried out
its own evaluation and assessments in the areas of pharmacokinetics,
reprodu.ctive effects, cancer risk assessment, and the compatibility
between risk assessment and epidemiological evidence. The rea.der' can
obtain the essential information about ambient exposure to airborne EDB
by reviewing the DHS document. More detail can be found in the

appendices, particularly Appendix A, the OSHA review.

Chemical Properties

Data on the physical and chemical properties of EDB have been
summa'r'ized by OSHA and can be found in Appendix A, P.45957 under II
(A), Chemical Identification.

Health Effects
Animal

The acute toxicity of EDB has been reviewed and summarized by OSHA as

provided in Appendix A, P.45960 under III (A}, Acute Toxié¢ity.
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EDB is very toxic when applied in single doses. The median lethal dose

(LDSO) for EDB in several animal species ranges from 55 milligrams per '

kilogram (mg/kg) in rabbits to 420 mg/kg in mice. Pathological changes
were seen in the respiratory system, liver, and kidneys following EDB

exposures of varying duration. EDB vapor in excess of 200 ppm resulted

~in ceath of rats from respiratory or cardiac failure within 24 hours of

exposure along with liver and kidney damage. In subchronic studies,
histopathological effects on the nasal cavity were reported in rats and
mice exposed to EODB at 10 ppm and above but not at 3 ppm. Effects on

relative kidney weights were seen at all exposed levels,

In rats, rabbits, guinea pigs, and monkeys, exposure to EDB was
tolerated without édverse effects at a concentration of 25 ppm for six
months, but a concentration of 50 ppm produced lung irritations and

damage to the liver and kidneys.

Human

EDB causes skin irritation, inflammation, and blistering following
dermal exposure. Exposure to the vapor can cause respiratory tract
inflammation, anorexia, headache, and throat and eye irritation as
reported in a worker from occupational exposure to unknown
concentrations., Respiratory irritation was reported in workers in a
chemical plant at about 75 ppm, and gastrointestinal discomfort and
vomiting were probably induced by short exposures at 100-200 ppm for up

to 1 hour, or by lower exposures'over longer periods of time (NIOSH,

1977).




Pharmacokinétics

Studies on the pharmacokinetics of EDB have been reviewed by Rannug
(1980) and those studies which contain the results used for discussion
in this section are cited there. Tissue distribution in mice showed

that 24 hours after an intraperitoneal (ip) injection of 40 mg/kg of

[14C]-EDB, all tissues showed less than 1% retention of radioactivity
except for the whole blood (6.2%). The intestines and kidneys had most
of the radicactivity at one and three hours after the injection. 1In

the guinea pigs, tissue samples collected 4-72 hours after an ip

injection of 30 mg/kg of [L4c71-E0B showed that the highest
concentration of radiocactivity was in the kidneys, liver, and adrena.l
glands, with the former two showing the highest percentage of the
administered dose. About 66% of the injected dose was excreted in the
ur‘ine of the quinea pigs over the 72-hour period, and 40% was excreted
as metabolites in the urine of the mice. After oral administration, S-
(2-hydroxyethyl)cysteine and N-acetyl-S-(2-hydroxyethyl)cysteine and
the corresponding S-oxides were jdentified as urinary metabolites in
rats. Bromoacetaldehyde was identified as the metabolite formed by the
phenobarbital-induced microsomal enzymes in the presence of
nicotinamide adeninel. dinucleotide phosphate (reduced) (NADPH}. The
identification of S~{2-hydroxyethyl}glutathione and S,S'-ethylene -bis-
g'l'utathione as metabolites suggested an activation of EDB through .

conjugation with glutathione, producing the S-{2-haloethyl)glutathione
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conjugate and/or the corresponding cysteine conjugate as the mutagenic

metabolite (See Section 7. Mutagenicity).

There is no available evidence that would demonstrate differences
in pharmacokinetics of EDB between the experimental animals and humans
and that could be used for corresponding adjustments in extrapolating
from animals to humans., For the purpose of the present health
asséssment, abservations made in éxperimental animals are considered
not to be significantly different from those expected in humans, unless

otherwise specified.

Reproductive Effects/Teratogenicity

Animal

Studies with buils, rams, chickens, and rodents have shown that EDB may
cause adverse reproductive'effects_. Most of the re'levant.studies in’
publication have been reviewed by OSHA (P.45966 under III [c¢] [2].
Animal Studies, Appendix A). This section provides a brief overview of
the findings summarized by OSHA, and summarizes two new studies not

covered by them.

In bulls given oral doses of 2 mg/kg/day, the effects seen were reduced
sperm density and motility, abnormal sperm morphology, and changes in
the histology of the testes (Amir and Volcani, 1965). Other effects

were seen in the sperm of rams, litter size of rats and mice, and

reproductive system of female chickens. Other studies with EDB given




at 10 to 150 mg/kg to rats or mice all did not show effects on

fertility or dominant lethal effects.

In two teratology studies (Short et al., 1976; 1978) in which rats and
mice were exposed to EDB at a concentration ranging from 0 to 80 ppm,
the findings suggest that the effects seen could be secondary to
maternal toxicity. Barlow and Sullivan {1982) concluded from the above
studies that EDB does not appear to cause any increase in the incidence
of mjor m1formations in rats, but they pointed out that there was an
overall increase in the types of anomalies seen at 32 ppm and that the
possibility of a direct effect of EDB on anomalies seen remains

equivocal.

Prena.i:a'l exposure, to EDB has also been reported to produce alterations
in the behavior in the offspring of rats (Smith and Goldman, 1983;
Fanini et al., 1984). In the study of Smith and Goldman (1983),. .
pregnant rats were exposed to EDB for 4 hrs/day, 3 days/week, from day
3 to day 20 of gestation at an inhalation concentration of 0, 0.43,
6.67, or 66.67 pom. At the two higher levels of exposure, there was an
increase in defecation during exposure, decreased gestational weight
gain, and enhanced rotorod performance and T-maze brightness
dis¢crimination acquisition in the offspring, with a greater effect seen
in the highest treatment group. The authors suggested that behavioral

effects my be secondary to stress reactions in the mothers.

Fanini et al. (1984) studied the effects of EDB on the male rats

through the behavioral assessment of their F1 progeny. Gr?oups of 6 or



more mle rats were treated ip with a daily dose of 1.25, 2.5, 5.0, or
10.0 mg/kg. After the last injection, the males were mated to
untreated virgin females at four and nine weeks., The behavioral
development was assessed using a test battery including the assessment
of simple reflexes, motor coordination, and locomotor activity.
Results obtajned showed significant impairment in swimming performance
(direction, head angle, limb movement) of the offspring from paternal
EDB exposure, and the manifestation of the impairment was dependen‘t
upon the time of breeding following exposure and the particular
component of swimming behavior analyzed. The significant effects did
not always follow a linear dose-response function, an observation
frequently encountered in behavioral teratology. The most consistent
behavior_‘a'l abnormalities were observed in the open field activity test
in which the amount of ambulation in the open field was significantly
suppressed in the offspring of EDB-treated males at dosages as Tow as

1.25 mg/kg/day.

The most sensitive study for which reproductive toxicity of EDB has
been observed is that of Fanini et al. (1984). The lowest level at
which adverse behavioral effects were observed in the offspring of
treated mle rats was 1.25 mg/kg/day. Similar effect levels were
reported for bulls for sperm abnormalities (2 mg/kg/day). Other
studies showed effects occurring at levels ranging from 5.2 to 133.2

mg/kg/day.

For the purpose of this assessment, effects observed following exposure

to EDB via the intraperitoneal or oral route are not considered to

- 10 -




6.2

differ significantly from those which might occur after. exposure via
the respi,ratory'routé, particularly at the relatively low Tevels used

in the studies. Since ambient tevels of around 7 ppt are equivalent to

dajly doses of 1.8 x 10"5mg/kg (60-kg person), ambient levels provide
doses about 70 thousand times less than the_Towest—obser‘ved-effect
Tevel (LOEL) of Fanini et al. (1984) and one hundred thousand times
below the LOEL of Amir and Volcani (1965). Since reproductive effects
are likely to have threshdws, the safety factor obtained should be
sufficient to protect against reproductive effects occurring. from

amhient exposures to EDB,

Human

Human epidemiological studies do not show aﬁ ef'fect on reproduction
resulting from exposure to EDB. The find'ings- and 1imitations of the
studies have been discussed {P.45963 under III [c] [1). Reproductive
Effects, Appendix A). At the same time, these studies, because of
their limitations, do not rule out the possibility that EDB may have an
adverse effect on the humans. Suggestions of a potential toxic effect
of EDB came from two studies. The study of EDB-production workers at
the Houston Chemical Company by NIOSH (1977) révea1ed a significant
increase in luteinizing hormone. There was, however, no overall
significant effect in sperm count or testicular toxicity. Wong et al.
(1979), who reported a significant decrease in standardized birth ratio
in one (Houston Chemical) of the four -plants studied, indfcated that

the observations made could not be attributed to differences in

- 11 -



axposure Jevels because the aver‘age'exposure Jevel to EDB was not

higher at this plant compared with other plants. No exposure data were

"available on an individual basifs for this plant, and a higher

percentage (33%) of the couples from the Houston Chemical plant had a

sterilized partner when compared to the national survey (30%).
Due to the lack of adequate human data, the quantitative assessment for

the potential human reproductive effects of EDB will rely on the use of
animal data.

Genotoxicity

Studies on the mutagenic potential of EDB have been reviewed by OSHA
{P.45967 under II1 [D]. Mutagenic and Cytogenic Effects, Appendix A),
TARC (1977, 1982}, and Rannug (1980). Specific references can be

obtained from these reviews.

EDB was shown to have genotoxic activity in in vitro and in vivo

systems. It can induce gene mutation in bacteria, fungi, plants,
insects, and mammalian c¢ell systems. Chromosomal effects were found in
plants and ONA damage in mammaljan cell systems treated with EDB.
Interactions with nutlei acids and/or proteins of virus and mammals
were observed. EDB"is a direct-acting mutagen in microbial test
systems, but it can’'also be bioactivated in the presence of a

metabolizing system (Rannug, 1980). The corresponding monohaloaldehyde

and haloethyl giutathione conjugate derived from EDB are believed to be
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involved in the genotoxic effect and macromolecular binding of this
chem’ica].; Bromoaceta1deﬁyde is a mutagen and binds to a greater extent
to DNA and protein than EDB in \n'-tro. The EDB-glutathione conjugate is
more mutagenic¢ than EDB itself in the Ames test, The conjugates may
also play a role in the "direct" mutagenic effect of EDB on Salmonelia
because the bacteria exhibit g1utath1'one-$-transfer;ase activity but no

mixed-function oxygenase activity.

The ability of EDB to induce gene mutation and demonstrate genotoxicity
in test systems is suggestive of its potenti-ai to induce mutations in
human populations, but there is no available evidence to provide an
adequate quantitative assessment of the relative risks to humans.,
Staff of DHS agrees with the IARC (1982b) that the evidence for the

genotoxicity of EDB is sufficient.

Carcincgenicity

8.1 Animal

EDB is an animal carc¢inogen producing cancer in rats and/or mice by
inhalation, oral, and dermal routes (P.45960 under III [B] [1]. Animal
-Studies, Appendix A)}. It produced tumors at the site of contact and
also at sites remote from the inital site of application. Contact-site
tumors included forestomach tumors in the gavage study, nasal tumors in

the inhalation studies, and skin tumors in the dermal study. Other

-13 -
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systemic tumors, notably the hemangiosarcomas in both the gavage and
inhalation studies, were also seen. There is no evidence to suggest
that EDB has a threshold for its carcinogenic activity, and it should

be treated as having no threshold for its carcinogenic effect.

Human

The studies on the potential carcinogenicity of EDB in humans are

discussed in Section 9.

Epidemiology

Only one peer-reviewed epidemiological study of EDB-exposed humans' has
been published (0tt et al., 1973). The staff of the DHS agrees with
thé ‘authors of this study of 161 workers when they say, "Findings of
this investigation neither rule out nor establish EDB to be a human
carcinogen." As mentioned by the staff who prepared the OSHA document,
the statistical power of this study and several non-peer-reviewed
studies is inadequate. (See Appendix B for more details.) We must

therefore rely on animal bioassays for identification of EDB as a

potential human carcinogen and for quantitative risk assessment.




10.

Thresholds

For toxicologic purposes, a threshold dose is one below which a
specified outcome does not occur. The self-propagating, clonal nature
of tumor growth and development from a single damaged cell however
suggests that the effective dose for carcinogenesis may be so low as to
be 1ndistingui.§hab1e from zero. While threshold models (based on
detoxification enzyme saturation, the existence of DNA repair
mechanisms, recurrent cytotoxicity) have been proposed, none has been

convincingly demonstrated.

An "epigenetic mechanism" that could theoretically embody threshold
doses has been invoked to explain the carcinogenic action of substances
that do not directly produce genetic damage in. short-term tests.
However, neither ,_short-term test§ nor non-linearities in dose-response
curves from animal biocassay can reliably distinguish between "genetic¢"
versus "epigenetic" carcinogenesis primarily because of the limited
sensitivities ‘of the experimental methodologies. OHS staff agrees with
the conclusion of the IARC (1983) that there {s insufficient evidence
at present to justify creating separate classes of carcinogens (based
on mechanism) for which different risk assessment methods would be
used. In any case, in view of the strong evidence for EDB's
genotoxicity, it would be {inappropriate to suggest that this

substance's carcinogenicity is due to an epigenetic mechanism.

- 15 -
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Thus, in the absence of compelling evidence to the contrary, DHS treats

carcinogenesis as a non-threshold phencmenon.

Cancer Risk Assassment

OSHA provided the results of eight risk assessments performed on EDB
based on a series ;3f different rrbde'ls and estfmates for worker exposure
{P.45%69 under I¥, Juantitative Risk Assessment for EDB, Appendix A).
OSHA's conclusion was that in spite of variafions in the models and
methods used for analyzing the data (combining studies, different tumor
sites, and scaling factors), all results indicate an extremely high
excess risk at the permissible level of 20 ppm in the workplace

(Appendix A, P.45973, Table 4).

At 20 ppm, the excess cancer risk (the rate at which cancer would occur

over the normal background level of 25%) is estimated to range from 70

to 999 cases per 1000 people exposed. The estimated risk depends

heavily on the model used and the choice of tumor data upon which the
quantitative risk assessment is based. OSHA endorsed Brown's épproach
to the quantitative assessment of the risk from exposure to EDB. This
assessment suggested an estimate of 725 excess deaths per 1000 based on
the nasal tumors. "“OSHA believes that the multistage model (and one-
hit model as a special cse) is the most appropriate model for the
prediction of excess cancer risk from EDB." OSHA also concluded that
"...expressing dose in parts per million (ppm) or a scaling factor of

one was the 'best choice' for nasal tumors". OSHA also stated, "The

- 16 -




choice of hemangiosarcoma data for the assessment was particularly

prudent” .

Although the staff of DHS believes that Brown's approach and document
| is well thought out, a critical point that DHS disagrees with is
Brown's use of combined tumor data from several different studies.
This approach dilutes the calculated risk and is not the most health
conservative one. The use of the most sensitive ..site. sex, and species
for purposes of risk assessment is based on the concept of the greater
genetic diversity of humans as compared with that of inbred laboratory
animals. DHS did not use the other risk assessments presented in the
OSHA document but performed an independent one because the others
differ from the_DHS risk assessment in the choice of tumor type (OSHA
in-house), scaling factor (Cal1-OSHA, SRI, EPA-CAG), data set from one
or two studies (SI, Brown), animal bioassay (EPA-CAG, 1980) and data
base (bioaséay vs. epidemiology; EPA-CAG, 1978). 1In addition, these
rislsk assessments did not use the Weibullized-Multistage model that DHS

used.

The staff df DHS performed its own risk assessment consistent with
_prior DHS procedures incorporating many of the recommended points in
the OSHA review of prior risk assessments. Risks were calculated for
ambient concentrations of 10 ppt and for occupational exposures of 20
ppm (3.9 bpm as a lifetime time-weighted average) for comparison with
those prbvided in the OSHA document. Three. Tow-dose extrapolation
models were used: the mu]tistage; the Weibull-multistage (time-

dependent multistage which was not utilized in any prior risk

- 17 _



assessment on EDB), and the probit model. The Crump Global 79 program
was used for the multistage model., The Howe and Crump Weibull 82
program was uséd for the time-dependent multistage model in which risk
is considered a function of both time and dose. This model corrects
for intercurrent mortality by incorporating survival times and
calculates latency periods. Data input for Weibull 82 uses the time of
death of each animal and considers whether the animal had the tumor of
concern at necropsy. The Kovar and Krewski program Risk 81 is used for
the Probit model. This dichotomous response model assumes that the
dose-response relationship is a cumulative normal distribution and thus
that the log of the dose wversus the probit (normal equivalent deviate

+ 5) is linear,

Considerations included in the choice of low-dose extrapolation models
are: simplicity, interpretability, biological plausibility,
sensitiv'ity to differences in the observable range, and ability to take
info account timing of exposure, latency periods, and competing risks.
The ‘under"ly'ing principle behind the use of the multistage model is the
biolagi¢ plausibi ity of the theory that carc¢inogenesis is a2 muitistage
process. Additionally the direct interpretabiiity of its coefficients
and the fact that it is linear at low doses make it a reasonable
choice. The Weibull-multistage model has these same properties as the
simple multistage mdel and, in addition, it incorporates a latency
period and utilizes fully the data on survival times which are

available on the NCI carcinogenesis bioassays.

- 18 -




DHS staff examined risk estimates for all three models for nasal
malignancies (a site of first contact in the NCI inhalation study of
male rats) and for hemangiosarcomas iﬁ the NCI study of female mice (a
remote-site cancer which appeared in both gavage and inhalation
studies). The original bioassay cancer attack rates are shown in Table
1. Appendix D provides calculations for interspecies scaling and dose

using time-weighted concentrations,

-19 -



Table 1

Cancer Attack Rate in Two EDB Inhalation

Biocassays Carried Out for the National Cancer Institute

Experimental Groups

{50 animals in each)

Control 10 ppm 40 ppm
Tumor/Species
Nasal Malignancies*
Male Rat 0% 46% 763
Hemangiosarcdmas
Female Mice 0z 24% 46%

* Adenocarcinomas, carcinomas, and squamous cell carcinomas

The results of the risk assessments are shown in Tablie 2. The
theoretical excess lifetime risks for the 1983 permissible exposure
limit (PEL) of 20 ppm are listed to allow comparison with the risk
assessments presented in the OSHA document. The theoretical risks in
the DHS risk assessment are similar to those of the other risk

assessments (Appendix A, P.45973, Table 4) which are in the range of

- 20 -




hundreds of cases per thousand. 'dne exception is Brown‘s‘risk‘
‘estimates based on hemangiosarcomas showing less than 200 cases per-
million. It should be noted that none of the workers studied have
ever tad consistent exﬁoSu-re as high as this so thalt, to our knowledge,
there has been mo opportunity to observe the human effect of such high
exposures. The same models extended downward to ambient Tevels of 10
ppt provide lifetime risk estimates ranging from O (zero) to 5.53 cases

per million.

- 21 -



Table 2
Risk Estimates for Cancer Death Rates
* Due to EDB Exposures

20 ppm 10 ppt
: Occupational Communi ty
Species/Tumor Mode UCL*/MLE**  Exposure Exposure
- (PEL Yhwt
Male Rats
Nasal Malignancies Weibull- 95% UWCL 98571000 5.83/mil1lion
Multistage MLE 916/1000 2.85/million
Multistage 95% UCL 708/1000 - 3.15/mi1lion
- MLE 627/1000 2.53/milldion
Probit 95% WL  721/1000 05/million
MLE 63871000 Oslmi11ion
Female Mice
Hemangiosarcomas Weibull- 95% UCL 732/1000 3.23/mi1ldion
Multistage MLE 549/1000 - 2703/mi11i0n
Multistage 95% WL 406/ 1000 1.34/mi1190n
. MLE 32871000 1.02/mi1lion
Probit 95% UCL  438/1000 -  oS/mittion
MLE 357/1000 0¥/mi110n

* UCL - Upper confidence limit

** ME ~ Maximum likelihood estimate

**%PElL - Permissible Exposure Limit (Proposed for revision by OSHA, 1983, See
Appendix A.)

§= Predictions for probit model ranged from 0-10 o1




12,

CompatibiTity of Animal Risk Assessments and Epidemiological Results

EDB is a potent carcinogen in animals, causing contact carcinogenesis

for skin, forgstomach, and nasal cavity in dermal, gavage, and
inhalation studies, respectively. Cancers were found in sites remote
from the initial site of contact in all three kinds of studies. As ms
been seen above, extrapolations from the animal cancers, both of first
contact and remote sites, suggested high theoretical lifetime risks for
occupational exposures to EDB at the PEL of 20 ppm.(PEL used for risk
assessments as presented by OSHA and proposed for revision in 1983, See
Appendix A)}. These extrapolations prompted Ramsey et al. (1978) to see
whether the one-hit model used by the EPA provided estimates which were
compatible with the negative results from Ott's study of 161 workers.
They concluded that the risk assessment was not compatible since the
risk assessment indicated that 85 of the workers instead of 'the 8
observed would have been expected to develop cancer during the period

of observation.

In Appendices C and D DHS staff reviewed the study by Ott et al. and
applied the multistage model estimates based on the forestomach cancer
(gavage) and masal tumors (inhalation). This is done to make sure that
the DHS risk assessments are not incompatible with the e'pidemio1og1'ca'l
data. The results show that the same multistage model which predicts
3.2 cases per million from a lifetime exposure to 10 ppt predicts only
a few extra cases of cancer in this small cohort of 161 workers whose

effective time-weighted lifetime exposure was in the parts per billion

- 23 - -
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range. The predicted added risk as well as the relative risk is very

‘close to what was in fact observed and is certainly within the 95%

confidence interval of this small study.

Furthermore, the Weibull-multistage model or probit model applied to
nasal mlignancies, or any of these three models applied to the
hemangiosarcoma data, would also yield predictions which are not

discrepant with the observed worker mortality.

The risk estimates in Table 2 that are extrapolated from animal data
using three models can therefore be considered reasonable in that they
are not incompatible with the human epidemiologic results, and DHS
staff thus concludes that they can all be used with scientific
justification. The theoretical bases for the multistage model and
Weibull-multistage model, however, are sounder than for the probit

model, and the DHS recommends using the estimates from both these

. for'mgr' two models,

Conclusions

On the basis of the findings discussed in the preceding sections, the

following c@an be concluded:

1. No systemic toxicity or reproductive effects would be expected to

result from exposure to EDB at an ambient air cgncentration of 7

ppt or less,




2.

The DHS staff agrees with the IARC that there 'iS sufficient evidence
to show that EDB is carcinogenic in animals and that in the absence
of adequate data in humans, it is reasonable, for practical
purposes, to regard the chemical as if it presented a carcinogenic

risk to humans.

EDB and its metabolites are genotoxic.

There is no evidence to demonstrate that the carcinogenicity of EDB

has a threshold and EDB's carc¢inogenic activity should be treated

as mving no threshoid.

An excess lifetime risk value between 1.02 and 5.53 per million for

exposure to an air concentration of 10 ppt £DB is recommended. The

’

. corresponding theoretical lifetime risk values at the present

ambient levels of about 7 parts per trillion are estimated as being.

between 1 and 4 per million.

- 25 -
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APPENDIX A

Friday
October 7, 1683

Part Vi

Department of Labor

Occupational Safety and Health
Adminlstration

Occupational Exposure to Ethylene
Dibromide; Notice of Propcsed
Rulemaking
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DEPARTMENT OF LABOR C.Present Standard . . © .. physical agent is harmful. /2. at 643, n.
. : D. Background - 48. A significant risk finding, however,
29 CFR Part 1910 B P's‘:::‘;":d“ &2 Emergency Temporary ~does not require mathematical precision
[Docket Ho. H-111) _ Ef;'tj:hrﬁ?: ::mmymuuy' éng;sﬁﬁﬁ:f;ﬁﬂ:
; 3 B. Carcinogeaicity: evidence™ does not warrant that degree
Dibromide L Pore to Etytene . el Sradie of proot. /d, at 655-856;: 23 US.C.
. .- 8. Inhalution Bioassays - 655(b}(5]. Rather. the Agency may base
AGENCY: Occupational Safety and b. Oral Administration Studies its finding largely on policy
Health Administration [OSHA), Labor, & Skin Painting Studfes . considerations and has considerable * -
AcTion: Notice of proposed rulemaking, é_ﬂ:ﬁmf El'g,::s'u"“' _ leevﬁay ;tg the kinds &f a;:umptions it
. e terpre ta
SUMMARY: By this notice, the .. :msgu:l& T e :uppp::ﬂng it Ig" Thﬁgscb:rt‘a opinion
Occupational Safety and Heslth . . b lngicatu that risk assessments, which

Administration, (OSHA] is proposing to

revise the present occupational health
standard regulating employee exposure
to ethyiene dibromide [EDB), 29 CFR
-1910.1000, Table Z-2. .
The proposed standard mandates a
reduction in the premissiabie exposure .

+ ltenit from 20 parts per million parts of *

air to 0.1 parts per million, restricts
dermal exposurs and sets requirements
for exposure nonitoring, methods of
" control, personal protective equipment,
hygiene practices, medical surveillance
sud employes training and education.
The proposed revision is based on

OSHA's determinstion that the present ~
premisaible exposure limit (PEL) for EBD- -

* of 20 parts per million (ppm) as an 8-
bour time waighted average (TWA) .
" exposure does not provide adeguats

protection against cancer and other '

- adverse health effects.” -

 DATES: Written comments on these-rules
" must be postmarked by November 21,

1883, Objections and requests fora .. -
bearing must be postmarked by :
November 21,1933, - :
ADDREsSSES: All camments, objections

and hearing requests should be sentto *
the Docket Officer, Docket H-111, US,

Department of Labor, Occupational
Safety and Health Administration, 200
Constitution Avenue, N.W., Room S-
6212, Washington, D.C. 20210; (202) 523~
7884. ‘ .

“:ldtg]anfcomment: received will be
available for inapection and copying-in
the Docket Office, Rm 5-8212 at the
abovs address, :
FOR FURTHER INFORMATION CONTACT:
Mr. J[ames F, Foster, Office of Public
Affairs, U.S. Department of Labor.
Occupational Safety and Health
‘Administration, 200 Constitution
Avenue, N.W. Room N3718,
Washington, D.C. 20210 (202) 523-815t.
SUPPLEMENTARY INFORMATION: As an .
aid to the reader, the following is an
outline of the contents of this Federal
Register Notice. :

L Pertinent Legal Authori
1. Geum-ll:l',8 v
A. Chemical Identification
B. Production and Use

'VL Summary of Regulatory lmpl.ct and

. standards dealing ..
or harmful physical agents. Section 3(8) -
of the Act, 29 U.S.C. 852(8), defines an . :

D. Mutagenic and Cytofa'uﬁc Effects
E. Conclusions

- IV, Quantitative Risk Asssssment for EDB: .

A. Introduction : N
B. Terminalogy and Definitions .
C. Summary of Risk Assessments
D. Discussion and Conciusions

V. Significance of Risk

Regulatory Flexibility Analysis B

- 'VL Eavironmental {mpact .
- VIIL Clearanca of Information Collecton

- - Requirements . .
IX. Summary and Explanation of the "
sed Standard .

X Coaclusions .
XL Public Participation -

XIL Propased Standard and Appendices - ; -

. -

L Pertliient Logal Authority * =
" Authority for fasuance of this -~ <~ ..

" standard is found primarily in sections -

8(b}..8(c). and 3(g)(2) of the Occupational

. Safety and Health Act of 1970 (the Act),

29 US.C. 855(b), 857(c), and 857(g}{2).
Section 6(b](5) governs the issuance of .
octupational safety and heaith .
with toxic materials

occupational safety and health standard

. e

{A) lux;dird which requires conditons, or

_the adoption or use of one or more practices,

means. methods, operations. or processes,
reasonably cecessary or approprisie o
provide s safe or beaithful employment and
places of employment. .
The Supreme Court has said that section
3(8) applies to all permanent standards

the-Secratary, before issuing any -
standard, to determine that itis
reasonably necessary and appropriate -
to remedy a significant risk of material
health impairmeat. Industrial Union
Department v. American Petroleum
Institute, 448 U.S, 807 (1980).

The “significant risk” datermination
constitutes a Anding that, absent the
change in practices mandated by the
standard. the workplaces in quastion
wauld be “unsafe” int the aense that
waorkers would be threatened witha .
significant risk of harm, /d. at 842 This
finding is not unlike the threshold
finding that a substance is toxic or a

1 ey dmam

"~ Aftar OSHA has determined that a

- may iovolve mathematical estimates - -

- with some inherent uncertainties, are a -

means of demonstrating the existenca of
significant risk. - -

: significant risk exists and that such risk
can be raduced or eliminated by the
proposed standard, it.must set the

. standard “which most adequately -

. .--assures, to the extent faasible on the -
- . basis of the best available evidence, .

that no emplayees will suffer material -
impaizmeant of health * * .*.” (Section

-l = 8{b)(5) of the Act). The Supreme Court

. has intarpreted this section to mean that

> OSHA must enact the mast protective .
. == <. standard possible to eliminate a " _
" .. significant risk of material health " " - .
- {mpairment, subject to the constraints of .

- technological and economic feasibility.
American Text(le Manufacturers

. Ingtituts, Ine. v, Donovan, 452 U.S. 490 - -
{1981). The Court heid that “cost-benefit

. analysis is not required by the statute

because feasibility analysis is.” /d. at '

Authority to issue this standard is
also found in section 8(c) of the Act. In -
general, this section empowers the
Secretary to require employers to make.
keep, and preserve records regarding
activities related to the Act. In
particular, section 8{c}(3) gives the-
Secratary authority to tequire employers .
to “maintain accurate records of
employes exposures to poteatially taxic

. materials or harmful physical agents
promulgated under the Act and requires

which are required to be monitored or
measured under section 8.” Provisions of

" OSHA standards which require the

making and maintenance of records of
medical examinations. exposure
manitoring, and the like are issued
pursuant to section 8{c) of the Act.
. Tha Secretary's authority to issue this
" proposed standard ia further supported
by the general rulemaking authority
granted in section 8(g)(2) of the Act. This
section empowers the Secretary “to
cribe such ruies and regulations as
e may deem necessary ta carry out
(his) responsibilities under the Act"-~in
this casae as part of or ancillary to, a
section 6(b] standard. The Secretary's
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responsibilities under ¢ he Act are

defined largely by'its effumeratet

purposes, which include: T
* ¢ ¢ [E]lncouraging employers and

'employeas in their ¢fforts to reduce the

number of occupational safety ind health
bazards at their places of employment, and to
stimulate emplayers and employees to -
institute new and to perfect existing "
programs for providing safe and healthful
working conditions {29 U.S.C. 851(b){1});

* * * (Aluthorizing the Sacretary of Labor
to st mandatory occupational safety and
health standards applicable to busineas .
affecting inierstate commerce. and by
creating an Occupational Safety and Health
Review Commission for carrying out
adjudicatory functions under the Act
U.S.C e51(b)(3)); . : =

* * * [Bluilding upon sdvances already:
made through employer and employee | .
initiative for providing safe and healthful .
warking conditions [29 U.8.C. 851(b)(4)):

* * *{Piroviding for the development and

promuigation of occupationsl safety and
health standards (29 U.S.C. 851(b}9)}; -

© * * * [Plroviding'for appropriste reporting
procedures with respect to occupational -
safety and health which procedures will help
achieve the objectives of this [Act] and
accurstely described the nature of the .
occupational salety and heaith problems (29
US.C, s51{b)(12)) ‘ .

* * * {E]xploring ways to discover latent
diseases, establishing caussl connections
betwesn diseases and work In .
envoronmental conditions * * ¢ [29 US.C.
e51{bi(8)): - : :

* * * [Elncouraging joint labor -
management efforts 10 reducs injuries and -
diseases arising out of employment (29 U.S.C.

85100113 .

* * *[Alnd developing innovative
methods, techniques. snd approaches for
dealing with occupational saféty and heaith
problems (20 US.C 882 (b)(S)L. - * °

Because the ethylene dibromidé ..~

standard is reasonably related to these

statutory goals, the Secretary finds that

this standard is necessary 1o carry out .

his responsibilities under the Act. In
addition to its status as a section 6(b)
standard, it also falls within the broader
class of section 8 regulations.

L. Geperal
A. Chemical Idantification

Ethylene dibremide (Chemical
Abstract Services Registry Number 108-
93-4} is a colorless, non-flammable
liquid at room temperature with a
distinctive, mildly swest odor detectable
in air at levels ranging from 10-25 parts
per million. It turns brown on exposure
to light and reacts as an-alkylating
agent, liberating bromine. Synonyms for
ethylene dibromide include EDB, 1.2- -

dibromoethana. ethylene bramide, sym-~

dibromoethane and glycol bromide. It
has a chemcial formuia of Br-CHz-CHy-
Br, with a molecular weight of 187.9,

8. Production and Use

Ethylene dibromide (EDB) is a clear
and coloriess liquid that has a number
of applications. EDB is produced
commercially by reacting gaseous
ethylene with liquid bromine, Iis
primary use is as g scavengerin leaded
gasoline to pravent the buildup of lead

.oxides from tetraethyl lead in -

automobile engines. EDB is also used as
a pesticide, as an intermediate inthe
synthesis of dyes and pharmaceuticals,
and as a solvent for resins, gums, and
waxes. Most potentially significant
exposures to EDB occur in the industries
or industry sectors where itis
mﬁactumd. uszdbi? uc‘:ng ;
manufacturing and blending o '
antiknock compounds, formulated for
use as a pesticide, or used as a fumigant
on citrus {primarily California, Florida,
and Texas), grain and papayas. EDB is
also used in the fumigation of flour .
milling equipment., Some EDB is used in
the fumigation of mangoes, etc. [See
Preliminary Regulatory Impact . . ..
Assessment]. :

The four frms that currently produce
EDB in the United States ate PPG
Industries (PPG) * Ethyl Corporation -
(Ethyl), Great Lakes Chemicals ' :
Corporation (GLCC), and the Dow .

- Chemical Corporation (Dow). As a resuh
. of the declining use of leaded gasoline, it

is probable that one or two firms will
cease prodyction of EDB by 1990. .

The availdble information indicates
that a total of 90 production workers at
all four piants are expased to EDB on
daily basis continuously, and that up to
400 industrial production workers are
exposed to ED)B on a periodic basis in
manufacturing. These employees also
include maintenance personnel | '
providing maintenance services for
plant operations as well as other
personnel who occasionally may be
.exposed for short periods of time, but
not on a daily basis.

Empioyees in the EDB manufacturing

. industry generally perform one of five

different functions. At the Ethyl
Corporation, the functions are divided
into four job categories which include a -
ctew leader, a control room operator, a
loader, and surveillance technician. The
crew leader is responsible for the :
manufacturing anad o ersees the -

roduction of EDB, vin-.i bromide,

romine. and sulfur. T

EDB is used in the manufacturing of -

antiknock additives for gasoline, These

" additives vary in composition with more

than 100 different blends being produced
[Ex. 7=2 p.7), A typical gasoline blend,
however, contains ethylene dibromide

' PPC Industries is no fonger menufecturing EDB.

(17.86 percent), ethylene dichloride
(18.81 percent), and various tetralkyl
{methyl and ethyl) leads in a ratic of
about 1:1:3. Aviation antiknock mixes
contain 35.88 percent weight EDB and no
EDC. In addition. some blends may
contain benzene and toluene. The -
plending process doas not involve the
chemical reaction of sthylene dibromide
with the other compounds of the mix,

~ but is a physical blending of the

constituents.

Employees exposed to EDB in the
manufacturing of antiknock compounds
and their blending, generally are
exposed to EDB in the control room.
production {oading and peripheral

_operations. As of January 1, 1982, the

following four frms supplied antiknock
packages: E L. Dupont de Nemours and |
Compaxnty Ine., (Dupont), Ethyl
Corporation (Ethyl), Nalco Chemical
Company (Nalco), and PPG Industries
(PPG). At Nalco, for example, some of
the jobs where employees may be
exposed to EDB include shift
superintandent, a blend operator, a
material handler, and a laboratory -
technician. The follawing are some of
the jobs and operations that can resuit
in exposure to EDB: - ] :

a. Blend operator—~unioading all
liquid raw materials, takes gquality’
control samples. blends products and
loads tank cars. ~ ST

b. Material handler—assists the blend
cperator in all duties. - _

¢. Laboratory technician—conducts
quality control tests on raw materials
and finished products. L

" EDB is used witt other chemicals in

the formulation of pesticides. The
consumption of EDB for usein = .
pesticides bas increased from about §
miilion pounds in 1976 to an estimated
13-18 million pounds in recent years. A
total of 18 firms with 20 piants formulate
pesticides containing EDB, including
three of the four EDB manufacturers

- -identified earlier, These frms sither

formulate pesticides containing EDB or

. repackage EDB-containing pesticides

that have been blended previously, The
EDB pesticide formulation process
invoives a batch operation in which
liquid EDB s blended with other liquid
active or inert ingredients and then
packaged into containers. In most
planta, this is a partially closed system,
with completely closed blending
operations and open packaging (or
filling) cperations. in addition to the
EDB blending and filling operations
sdescribed above, plant production -

- workers may be exposed to EDB during

maintenance, labaratery sampling and
analysis, and warehouse activities.
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To be more specific EDB is obtained
in 30-gallon or 55-gailon drums, io rail -
cars or tank trucks. It is mixed with
other sctive or inert ingredients and the
formulated pesticides are then _
repackaged. In about 50 percent of all
EDB pesticide formulation plants,
including both small and large plants,
EDB is pumped from the container in
which it was received to a blending or
mixing tank. Other ingredients are also
pumped into the blending tank The
ingredients are sometimes agitated or
blended with a mixer, but in most cases,
the forcs of the pumping action biends
the ingredients sufficiently. The final
product is then packaged into ane-gallon
or five gallon pails, 30-galloas ot 55-
gallon drums, cylindar tanks ranging in
size from eight pounds to 144 pounds. or
tank trucks, There ars many. _
opportunities for EDB expasure during
formlation. Whils exposures vary from
plant to plant, the following formulation
operations frequently resuit in exposurs
to EDB: .

a. Pumping EDE to storage tanks;

b. Pumping EDB from tanka or drums
ta blending tanks or drums: '

¢ Filling EDB pesticide containers
(pails and drumy);

d. Loading tank trucks:

e. Capping EDB pesticide containers
(pails and drums); ’ Co.

£ Maintaining, repairing, cleaning,
and/or disposing or drums, tanks,
pumps. and equipment;

g. Taking and analyzing quality
control sampies; and ‘

h. Working iz warshouse operations.

The Animal, Plant, and Health
Inspection Service [APHIS) of the U.S,
Department of Agriculture {USDA)
requires citrus and other fruits to be
fumigating if the citrus is transported
{nterstate from a regulated area to
prevent the spread of the fruit fly.

The handling process for fresh citrus
includes packing the citrus, fumigated
and hauling the fumigated producs
either to nearby export warehouses or to
distant warehouses in other citrus-
growing regions. The initial operations
preceding the packing of the citrus are
comparable in Texas and Florida, but
packed Florida fruit is loaded into trailer
trucks and hauled to central. state-
operated fumigation chambers, whereas
Texas citrus is fumigated in privately
operated chambers at the packinghouse.

Employee exposure to EDB following
fumnigation is related to the rate at which
the adsorbed EDB offgasses from citrus.
Offgasaing begins immediately following

fumigation and will continue forup to .

14-21 days. Another source of exposure
is the citrus cartons which also adsorh
EDB and continue tg offgass for

sppreciable periods following
completion of the fumigation cycle.

The proposaed standard directly
affects truckers who haul fumigated
fresh citrus, and longshoramen and
warehousemen who are exposed to EDB
at the port faclities. In addition the
agency has found residual EDB on the
surface of citrus after fumigation. This
residual may be an additional source of

osure.

quid grain fumigants containing EDR
are ased o prevent insect infestation in
stored grain. Unfortunately, little
published data are available on the
amount of grain fumigated with EDB, on
the quantity of E)B formulations used in
the facilities using those fumigants, or
on the oumber of worker exposed. Grain
storage facilities are either “on-farm™
sites or “off-farm” sites. The lattsr
include country elevators, subterminatl
and terminal elevators, port elevators,
and grain stored by flour mills and feed
processors. Co -

As expleined In the Reguiatory Impact
Assessment, EDB is a favored fumigant
in small grain storage facilities because
these small facilities usuaily are not
well sealed. EDB ia retained by the grain
Ionger than other carbon tetrachloride
based fumigants and the grain in these

.opan facilities can remain uninfested

longer.

EDB has been used over 20 years as o
“spot fumigant” for the control of insect
populations that invade flour milling
equipment. Flour and cereal grains tend
to collact the many ledges and.—
obstructions within mill machinery and
represent the primary areas of insect ~
infestation. EDB is considered an
essential ingredient in spot fumigation.
When applying EDB “spot fumigants.”
the flour milling and cereal handling
equipment is run until it is as empty as
possible, leaving only small quantities of
grain trapped in the machinery. The EGB
fumigent is then applied with a gun that
relasses the fumigant into specially
designated holey in the grain mill -
equipment. The facility is then shut
down for about 24 hours, after which the

‘equipment is either aired out or placed

back in operation without aeration.
Using this procedure, worker exposure
in the mill is reduced considerably, but
is not totally eliminated. o

EDB is a fumigant usad to control
Mediterranean Fruit Flies in and on
Papaya leaving Hawaii. Papaya s
fumigated in large containers and then is
removed from the containers, culled,
waghad and treated with a fungicide
and then is packed in boxes for
shipment. Generaily, the boxes are
loaded into refrigerated shipping
containers and transported to California
by sea. Five of the seven fumigation

sites are located in Hilo. on the Island of
Hawaii. The production aperations
consist of fumigating, packing, and
shipping the harvestad papaya.
Exposure is of course related directly
and indirectly to fumigation operations

" with the frequency and intensity of

fumigation directly affecting worker
exXposure.

Employee exposures to EDB occur
during the furzigation process and the

_ resulting offgasting of fruit during

sorting/packing, storing and
transportation. Many of the same
exposure possibilities mentioned in
coanection with the fumigation of citrus
also occur with fumigated papaya..

C. Present Standard

The premissible exposure limit (PEL)
for occupational exposure to ethylene
dibromide i* found in Table Z-2 of 29
CFR 1910.1000. The standard provides
that an employea's airborne exposure to
ethylene dibromide, in any 8-hour
waorkshift of 8 40-hour workweek shall
not exceed an 8-hour time weighted
average [TWA) limit of 20 paris per
million (ppm]. Further, an emplaoyee’s
expasure to ethylens dibromide shall
not exceed a ceiling concentration of 30
Ppm at any time during an 8-hour shift,
except for a maximum durafonof 5 -
minutes, when the “acceptable
maximum peak”™ concentration shall not
exceed 50 ppm.

The standard provides that .
administrative or engineering confrols
must be implemented to reduce
exposure to within the PEL, whenever
feasible. When such controls are not
feasible to achieve full compliancs,
protective equipment or any other
protective msasura shall be used to keep
the exposure of employess to EDB
within the {imits prescribed.

The current standard for EDB was
adopted in 1571 as a national consensus
standard. under Section §(a) of the
Occupational Safety and Health Act of

. 1970. (84 Stat. 15%2: 29 U,5.C. 655), The

source of the standard was the
American National Standards Institute

"(ANSI Z 37.31-1970). The ANSI exposure

limits were intended to protect workers
from injury to the langs, liver, and
kidneys which had been obsetved from -
excessive acute, or chronic exposures la
EDB in humans and sxperimental
animals. The potential for EDB to cause
cancer or reproductive damage was not
a basis for the establishment of the
current permiseible exposure limit.

D. Background

On December 14, 1977, EPA issued a
notice of Rebuttable Presumption
Against Registration and Continued
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Registration (RPAR) of pesticide
products coktdining"EDB (42 FR 83134),
under the Federal Insecticide, Fungicide
and Rodenticide Act (FIFRA), as
amended {7 U.S.C. 136 e¢ s29.). EPA
subsequently proposed immediate
cancellation of the EDB registration for
stared grain and cancellation of the EDB
registration for post-harvest fumigation
of citrus, tropical fruits and vegetables
as of July 1, 1983 (see 43 FR 81516,
December 10, 1980). EPA has, thus far,
taken no final action on these proposed
cancellations.

In 1977, The National Institute for
Occupational Safaty and Health
(N1IOSH) recommended that the PEL for
EDB be reduced to a ceiling limit of 0.13
ppm [or 130 parts per billion {pph)] (Ex.
4-4). NIOSH recommended revising the

standard and included requirements for

environmental manitoring, medical.
surveillance, labelling, personal
protective equipment and clothing,
employee training, work practices,
sanitation practices, and recordkesping
requirements. This determination was
based bn several scientific reports _
which indicated that chronic exposure
to EDB may lead to cancer, birth defects,
sterility, damage to genetic material, and
a numbet of other systemic 2ffects,
Following receipt of the NIOSH
recommendations {or a revised
standard, QSHA published a request for
comments and information in the
Federal Register on March 17, 1978 (43
.FR 11227). The request asked for
comments on several general and
* specific issues concerning the NIOSH
recommendations for a revised standard
for ocoupational exposure to EDB.
OSHA received 34 comments from
" individuals and companies representing
a broad range of interests. These
submitted comments remain part of the
permanent record for EDB and will be
considered in all regulatory decisions.
In addition, EDB has baen the subject
of three NIOSH Current Inteiligence
Bulletins, The first, published in 1975,
_alerted workers, employers and others
of the preliminary results of 4 National
Cancer Institute study indicating that
EDD is carcinogenic in laboratory
rodents (Ex. 4=5). The second, published
in 1978, reported that a NIQSH study
had found a serious toxic interaction
between inhaled ethylens dibromide
" and ingested disulfiram in laboratory
rats and recommended that no worker
be exposed to both EDB and disulfiram,
(Ex. 4~8) The third, dated Qctober 28,
1981, provides recent information on
EDB's potential carcinogenic risk and
reaffirms the NIOSH 1977 recommended
workplace exposure limit of 0.13 ppm
{Ex 4-7).

. .+In 1977, the International Agency for
Research on Cancer (LARC)concluded
that sufficient evidence exists that EDB"
is an animal carcinogen and that it

robably is a carcinogen fc humans
gased on its evidence as an animai
carcinogen, IARC placed EDB is group

2B. In general, the group 2 designation -

signifies that the chemical, group of
chemicals, industrial process or

" octupational exposure is probably

carcinogenic ta humans. The letter B
added ta the numerical designation is
meant to indicate inadequate data is
available in bumans but sufficient
evidence is available for animals.

In 1978, the Améarican Conference of
Governmental Industrial Hygienists
(ACGIH) added ethylene dibromide to
its list of industrial substances
recognized to have carcinogenic

tential for humans. The 1881 ACGIH

ist of threshold limi? values [TLV]

- assigns no TLV for EDB exposure. but

- gtates that “no exposure or contact by
any route—respiratory, skin or oral, as
delected by the most sensitive
methods—shall be permitted” (Ex. 4~8).

The Public Health Services Act =~ -
amended in 1978 (Section 301{b){4}))
requires the Secretary of the Department
of Health and Hurman Services to
publish a list anaunally of “all substances
which are either known to be .
carcinogens or which may reasonably be
anticipated to be carcinggens sad tq -
which a'significant number of persons
residing in the United States ars .
exposed * * " In December 1981 the
Secretary of Health and Human Services
through the department of Public Health
Services, made a determination that
EDB met this criteria and included this
substance in its Second Annual Report
on Carcinogens. Tha report was
prepared by the National Toxicology
Program and its member agencies,

In July 1961, the potential health risks
of EDB drew national attention as a
result of thé State of California,
Department of Industrial Relations,
Division of Occupational Safety and
Health (Cal/OSHA) proposing an
emergency temporary standards (ETS)
for EDB of 130 ppb. (Ex. 4=3) California
was concerned that the use of EDB to
treat harvested fruit to prevent the
spread of the Maditerranean Euit fly
world resul? in an increased number of
workers exposed to EDB.

The California Emergency standard
became effective Septembar 23, 1981
{Ex. 4-9). California based its decision
to issue an ETS on the potential
widspread use of EDB as a post-harvest
fumigant, the large number of workers
who could be exposed and the fact that
the present QSHA standard does not

take into account recent data concerning
the carcinogenicity of EDB. The ETS
was gdopted as a permanent standard
on January 14,1982 and became
effsctive on March 22, 1932, The final
California standard (General Industry)
Safety Order 5219 (Ex. 7-8)) for EDB
received Federal approval on March 1.
1843 {48 FR 8610}, The California

. standard requires that worker exposure

to EDB shall not exceed 130 based on an
8-hour TWA and shall not exceed a 130
ppb ceiling limit based on a 15-minute
sample. It also requires reporting of EDB
use, emergencies, exposure monitoring,
methods of compliance, personal
protective equipment, training and
recordkeeping,

E Petitions for an Emergency

. Temparary Standard

~ On September 2. 1961, the
{nternational Brotherhood of Teamsters

" (IBT) petitioned OSHA for an

emergency temporary standard for EDB
which would reduce the PEL to 15 ppb
as an &-hour TWA. (Ex. 411} IBT
members represent a large number of
workers in the fruit indusiry, where EDB
may be used to control infestation by
Mediterranean fruit fly. The IBT petition
was later joined by the Food and :
Beverage Trades Department, AFL-CIO, -
in a letter to OSHA dated October §,
1981, (Ex. 4-12) and by the American
Federation of Labor and Congress of
Industrial Organizations [AF1~CIO] in &
letter dated October 20, 1981. (Ex. 4-13}
The International Longshoremen's and
Warehousemen's Union (ILWU] alse
requested that OSHA issue an
emergency tesuporary standard for EDB,
In a letter dated October 16, 1981, the
WU recommiended 2n exposure limit, -
both as an 8-hour TWA and a ceiling
concentration of 15 ppb (Ex. 4-14). In
response to these petitions. OSHA
reviewed the avaiiable EDB exposure -
information and recent scientific
evidence. After careful consideration,
OSHA conclude that although the
available information indicated a
potential health risk, it did not meet the
statutory criteria necessary for issuance
of an ETS within the meaning of section.

- 8{c) of the OSH Act, Therefore it was

not possible, based on the information
then at hand, to establish the feasibility
of. or necessity for an ETS.

OSHA acknowledged that the present
PEL for EDB may not be sufficiently
protective, and therefore decided to
proceed with rulemaking under section
8{b) of the Occupational Safety and

Heaith Act of 1970. An advance Natice

of Proposed Rulemaking (ANPR) was

_published on December 18, 1981 {46 FR

1671). ‘I_'he notice asked interested
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parties to submit comments on a number
of issaes whick would be critical to the
development of a revised standard.
QSHA also initiated a series of special
industrial hygiens surveys to determine
the nature and axtent of EDB exposure
at agricultural worksiles in Texas,
Florida and California.

IL Health Effects
A. Acute Toxicity

. EDB is a savere skin irritant which
can produce biistering. Occupational
exposare to EDB in air has been fonnd
to producs severe aye irritation. throat
irritation, headacha. depression and loss
of appetits (Clin. Tox. 1573). Nasal
irrltationEi:pt.?ported &eo::rmel e:q:osureshlghof
50 ppm. sures to y hi
levef: through inhalation. ingestion or
skin contact have been shown to
produce systemic damage to several
organs, e.g., kidney, pancreas, spleen,
heart, liver, adrenal glands and testes.
Although extremely high doses prodoca
immediate central nervous system
[CNS] depression the anzat of other .
signs and symptoms may be delayed for
severa] hours aven at lethal doses. After
the signs occur, the onset of respiratory
failure and death is very rapid, usaally -
in terms of bours. Chronic exposures to

lavels abave the carrent OSHA standard .

of 20 ppm produce scute paisoning
which indicate that either the compound
or its effects are cumulative.

Eye irritation from EDB has been
evajuated in rabbits (Rowe et al. 1952}
Acute exposure produced painend -
conjunctival irritaticn which lasted for
about 24 hours, There was slight
necrosis of the cornea but kealing was
rapid and compiete. Dilute E)B
solutions in propylene glycol were more
toxic than the pure material, but healing-
was still complete. . |

EDB is rapidly ahsorbed through the
. skin in toxic amomnts (Thomas and Yant
1927). Human studies show severs toxic
injury due to direct contact. EDB
penelrates protactive clothing such as
neoprene rubber and plastic gioves
{Rowe ei al. 1952). Seriaus injory bas
resulted when clothing. particularly
shoes, which have been coataminated
with EDB are worn for short periods of

time (bours). The immediaie signs occur
in the central nervous system and at the
site of exposure. In humans wha survive
the CNS depression, signs of systemic
‘toxicity are delayed for up to 12 t0 24
‘hours, The liver and kidney are major
target argans in severe poisoning.
Effects in humans at various doses have
been reported. Por example: {1} Death
from oral exposurs in the 150 mg/kg
range: (2) systemic as well asa local signs
within 3 to 30 minutes of dermal

expasures at 15 mg/kg but no fatalitiess
or permanent sequelae from exposure to
this level: and (3) death from inhalation
doses of roughly 1000 mg/kg. Recurrent
exposures at lower doses induced
toxicity in a worker (Kockmann 1928).
These reparts characterize the toxidty
of EDB to humans but they are
insufficient to estabiisk a fatal dosa far
dermal exposure ar a no-effect dose for
inhalation or oral exposure. Ths delay in
appearance of tha most severs

toxic effects occurs with all thres dasing
routes.

It may be concludsad that EDB is
acutely toxic. In humang doses from 215 |
to 150 mg/kg. EDB will produca toxic
effects and death regardless of the
exposure routs~—dermal, inhalation or
oral. Absorptian through the skin is
rapid, on the arder of minutes, The
toxicity reparted in the acute animal
studies Iz congistent with these
conclusions. .

B. Carcinogenicity o
The potential for EDB to indnca
cancer in mice and rats has been

measured in four different bioassay
studies. : .o

1. Animal Studies -

. a.Inhalation Bicassays. In respoase
to the Advance Notice of Proposed
Rulemaking, the Dow Chemjcal
Company submittad ths results of &
study of rats exposed to 0. 3, 10. and 40
ppx of EDB for 13 weeks {Exhibit 5-31).
Epithelial hyperplasia of the nasul
turbinates was observed in rats exposed
to EDB at 10 ppm. After a post-exposure

. period of 88 days. reversion to the

normal state had occnrred. At 40 ppm,
hyperplasia and noo-keratizing .
squamous metaplasia of the nasal
turbinates, decreased weight gain, and
increased kidney and Hver weights -
occurred. Most of these eifects regressed
after an 83 day post-exposure period. No
animal was exposed to EDB for mora
than 13 weeks, and no animal was
followed for more than 8 months. This
study was not designed to evaluate the
potential carcinogenic effects of chronic
exposure ta EIJB and thus, can neither
confirm or deny its carcinogenicity. The
investigators, Nitschie et al., conciuded
that because of “the lack of any lesion
subsequent to repeated exposure to 3
ppm EDB, short-term repeated exposure
to these concentrations of EDB would
not ba expected to resuit in any long.
term irreversibla effects upon the nasal
turbinates or other tissues of the body™”
{Ex. 531, p. 2). Bacause this was nota
scientifically sound bicassay QSHA
does not feel that such a conclusion is
supporied by this data.

The National Toxicology Program
[NTP] of the National Cancer Instituie
{NCT] conducted an inhalation
carcinogenesis bioassay for EDB (Ex 4=
15). Male and {emais Fisher-344 rats
and B5(3F1 mice were exposed to 10
and 40 ppm of EDB for periods from 78
to 103 weeks. Each tregtment group
consisted of 50 male and 50 famale
animals, The durations of exposure wers
90 weeks for 40 ppm. 103 weeks for 10
ppm and 104 weeks for coatrols. The

- dose evels were selected based oz a

90-day test in which 40 ppm was found
to ba the maximum tolerated dese.
Mica were killed by interperitoneal
injection of sodivm pentabarbital and
examined according to standard :
histopathological techpiques, Three
cross sections were taken through ihe
nasal cavities in grder to define nasal
tumors. The lengths of exposure for each
species, sex and dosa Jeve! ware 103
weeks for low dose male rats (10 ppm),
88 weeks for high dose male rats (40
ppmy}, 103 weeks for low dose female
rats (10 ppm), 91 weeks for high dose
female rats (40 ppm), 78 weeks far loge
dose male mice (10 ppm), 78 weeks for
high dosa male mics {40 ppm} , 103
weeks for low dose [emale mica (10
ppm) and 90 weeks for high dase female
mice (40ppm}. . = = - :
Survival rates in the high dosa male .
and high doae femaie rats were
significantly less than in the control or
low doge groups. This could have
decrsased the tumor rate by shortening

. bath the axposure tima and the time

availabls for the tumors to appear.

Survival rates in both the low dose
male and female mica wers significantly
shortaned compared to the controls.
Similary this couid lead to a decrease in
the tumor rates by shortening the ~
exposure time and Hme available for
turmors to appear. The patholegy reports
for rats and mica describe a variety of -
necplasms which were increased over
the controi groups.

" The national Toxicology Program and
NCI concluded that EDB was
carcinogenic ta rats, causing increased
incidences of carcinomas,
adenccarcinomas, snd adznomas of the
nasal cavity, hemangiosarcomas of ths
circulatory system (spleen),
mesctheliomas of the tunica veginalia
{males oaly}, adencmatous polyps of the
nasal cavity {malea only),
fibroadencmas of the mammary gland

{females only}, and alveadlar/bronchiolar

sdenomas and carcinomas (females
only). EDB was alsa considered to be
carcinogenic for mice, causing increased
incidences of alveclar/bronchiolar
adenomas and carsinomas.
hemangiosarcomas of the circulatory

.
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" system {females only), Sbrosarcomas in

" the subcutanecus tissus:(females only),

carcincmas of the nasal cavity (females
only), and adenocarcinomas of the
mamunary giand (females oniy).
Nonmalignant toxic effects of EDB
inhalation included damage (o the
respiratory system, liver, kidney, testis,
eye. and adrenal cortex. A dose- .
response was apparent for hepatic
necrosis. toxic nephropathy. and
testicular degenaration and atrophy.

" Testicular segeneration and atrophy

wers found in 2 out of 50 of the male
controls, 12 out of the 50 low dose

.. males, and 23 out of the 48 high dose

males. Some of the cases of testicular -

2 . atrophy may have been associated with

testicular tumors and mesotheliomas

rather than directly resulting from EDB

exposure. The increase in numbers of
testicular tumoars was not statistically
siggfﬂcancumbemfnrabmi
and 2. T T .
A chronic inhalation bioassay was
conducted by NIOSH to evalirate the
__ effect of disulfiram on carcinogenic and
" other toxic effects of EDB. (Ex 4-18} The
findings have been reported in several
publications (Ex, 4=18) Plotnick et al,
1979; Wong et al., 1982 £x. £~7). The
study exposed four groups of 48 male
and four groups of 48 female Sprague-
Dawiey rats to room air or 23 ppm EDB
. for 7 hours per day for 5 days per week
over an 18 month pericd. Diets which
contained 0.05% disulfiram were given
to one set of controls and EDB exposed

© rats. - .

Rats were observed for clinical signs.
Body weights were recorded weekiy for
the first 14 weeks and monthly
thereafter. Bath the ED'B and disuifiram
exposures reduced survival rates. A
hematological examination was

. performed and a complete necropsy was

performed on all rats, including gross
and micsoscopic examination. Findings
were statistically evaluated and are
discussed in the Final Report (Ex. 4-18).
The qumbers of rats with tumors were
as follows: 15 out of 96 controls on the
diet. 13 out of 96 controis on the
_disulfiram diet. 54 out of 96 EDB
exposed rats on the control diet. and 90
out of 96 EDB exposed rats on the
disulfiram diet.

The repoct states its findings as
follows: “Male rate receiving EDB
exposure has significantly higher tumaor
incidences in spleen, adrenals and
subcutaneous tissues than either the
coatrol or disulfiram tested rates. Also a
significant finding was the high -
incidence of hemangiosarcoma in the

. spleen of male rate exposed to EDB.

Tumors were also found in the liver,
kidneys, and lungs in these enimals
* * Female rats exposed o 20 ppra

=
EDB also showed significantly high
tumor incidences in the splesn
(hemangiosarcoma), adrenals and
.mammary glands. Tumors were alse
found in the liver” (Ex. 4-18. p. 31).
In rats, the previous NCI/NTP study

reparted nasal tumor incidences af 0 out

of 50, 39 out of 50 and 41 out of 50 for 0,
10 and 40 ppm in males and 1 out of 50,
34 out of 50 and 43 out of 50 for 0. 10,

and 40 ppm in females. The presencsof -

nasal tumors was not published in the
original NIOSH publications. However.
pasal tumor data from the study were

made available to the reviewers for usa

- in the EDB risk assessments. (SRI 1922,

Ex11) - . ]
When disulfiram was incloded in the
diet, the toxicity of EDB was
by every measurement in the study. Rats
inhaling 20 ppm of EDB did not have
increased incidence of testicular -
changes compared to controls; however,
90% of the male rats inhaling 20 ppm of
EDB combined with 0.05% disulfiram in
the diet developed testicular atrophy.
These.findings are summarized in the-
.NIOSH report. {Ex. 4~18, Table 7}
In the NIOSH and NCI/NTP studies.
four doses—0, 10, 20 and 40 ppo—wers

. used for relatively long perious of time.

The expesure duration for the 20 ppm
groups. (NIOSH) was 18 months (78
weeks). For the NCI/NTP study at 10
ppm and 40 ppm the expesure duration

ranged from 78 weeks to 103 weeks. The
* strain of rats in the two studies differed.

Thus, two well-conducted inhalation

. studies demonstrated that EDBisa

poient carcinogen not oaly in two ,
strains of the same animal, but also in-
two different spacies at three diferent
doses. -

b. Oral Administration Studies NC1
published this study in March 1978 as a

final technical report ectitled “Bioassay -

of 1.2-dibromoethane [or possible.
carcinogenicity”. {Ex. 4-17) The
information had been released in
prefiminary reports (Olsen et al. 1973
Powers et al, 1975; NIOSH Criteria
Document, 1977 and a Current
Intelligence Bulletin on EDB, 1975).
QOsbome-Mendet rats and B6D3F1 mice
were administered either of the does
fevels of EDB in corn oil by stomach
tube 5 days per week and the responses
were compared with two control groups,
of which one reczived com oil and the
other had no treatment. Concentrations
of 4% were used in the rat bioassay and
1-2% in the mouse bioassay. T
Groups included 50 males and 50
females for each does and species, In
addition, for each species, 20 animals of
each sex were vehicle controls and 29
animals of each sex were untreated
controls. Time weighted averages for the
high and the low does groups were 41

and 38 mg/kg/day for male rats. 39 and
37 mg/kg/day for female rats, and 107
and 82 mg/kg/day for male and female -

. mice, respactively.

Animal were weighed weekly for the
first 10 weeks and monthly thereaiter.
Doses were gdministered five days per
week according to most current body

- weight. All animals fo one sex received

the same dose. -

Survival rates and body weight-
changes in the rats indicaled toxicity at
‘both the high and low doese. These
effacts were apparent in males and

" females after 10 weeks. The toxic:

responses in the high does male and
female rats led to the suspension of the
dosing at week 17 for 13 weeks, and a
reduction of the does to 40 mp/kg/day
for the remainder of the study. The last’
weeks of the study used cyclic
administration {four weeks of EDB.
alternated with ane week of no dosing).
The bidassay clearly utilized doses
which exceedad the maximum tolerated
does [MTD] and one-half MTD.

The resuits of this bicassay are '
tabulated in Exhibit 11, Table 11 C-4 p

A staﬁ:stica.lly significant increase in -

squamous ¢ell carcinomas of the . .
forestomach were observed in male and
{emale rats and in male and famale mice

" dosed with EDB. The female rats also

bag statistically significant increases in
bepatocellular carcinomas, while the
male rats had nonsignificant increases

-in hepatic lesions. Hemangiosarcomas

were dound in male and female rats and

‘the incidences were statisticaily

significant in the meles. Male and
femals mice had statistically significant
incidencaes of alveolar/bronchiolar
adenomas. -

Based on these findings, NCI
concluded that EDB is an animal
carcinogen. In addition, the
International Agency for Research on
Cancer (IARC) concluded in 1977 that
EDB was carcinogenic to rats and mice,
based solely on the NCI orzl gavage
study. _ :
. & Skin Painting Studies. Van Duuren
et al. (Ex. 4-19) included EDB in a
chroaic skin painting study in Ha:ICR
Swiss mice. In the first experiment EDB

. 'was dissolved in acetone and 75 mg of it

were painted once on the shaved backs
of 30 mice. Slarting 14 days later, 0.005
mg of a cancer promoting substance
(phorbol myristate acetate) dissolved in .
acetone was painted on the same site 3
days per week. Two mice developed
papillomas. These findings were not
statistically significant when compared
to-controls. .

. In a second experiment two dose
levels of EDB (50 mg and 25 mg} were
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upplied to the shaved backs of mice 3
days per week. There were 30 mice
treated at each dose level. The increase
in skin-papillomas, carcinomas and lung
tumors was statistically significant in
the 50 mg group. Lung tumors were aiso
significantly increased in the 25 mg
group. The doges wern estimated by SRI
{1982) to be 1875 mg/kg in the 75mg/
mouse; 1250 mg/kg in the 50 mg/mouss;
and 625 mg/kg in the 25 mg/mouse. The
“distant” tumors found in the lung
indicate that EDB penetrates the skin
and can produca tumors away from the
site of application. :
OSHA beliaves that the studies
described above unequivocally
demonstrate that EDB is a potent animat
_carcinogen. EDB when administered by
either inhalation, dermal skin painting
or oral gavage induces carcinogenic
fesponses at multiple sites. Tumors were
found at the site of exposure, i.e.. the

site at which the highest concentration’ ~

would be expected. The "contact-site”
tumors were specific for the dose route
and tumars were not seen at that site
witen the route of exposurs was
changed. For axample, the forestomach
tumors found in gavage studies were not
observed in the inhalation studies; nor
ware the nasal tumors that were found
in the inhalation studies observed in the
oral administration or the skin painting
studies. Tumors were also found in
Iemate sites in each of the four studies.
Moreover, certain primary cell timors
wer# common to the inhalatiomn, oral
gavage and skin painting studies.

2 Epidemiological Investigations.
Few epidemioclogical reports are .
available concerning the heaith status of
persons exposed to EDB. Those that are
available are considered inadequate for
assessing the potential carcinogenic tisk
of EDB to humans due to a number of
limitations in study design and analysis,
such as: The number of workers studied
was smail; the data on EDB exposure
was missing or incomplete: and oftan

the time since first exposure to EDB was

too short to observe possible long-term
health effeits. e

In response to an OSHA Request for
Information on EDB in 1978 (43 FR
11227-11229), both the Dow Chemical
Company and Ethy! Corporation .
submitted reports of three studies which
examined the frequency of death due to
cancer among persons occupationally
exposed to EDB (Ex. 2-23, 2-11). In
addition, a study of 53 Ethyl workers
was later submitted (Ex, 7-6}, OSHA is
not aware of any other studies which
attempt to assass the risk of cancer
* among persons exposed to EDB.

In the first study, Ott and his
colleagues investigated the mortality
experience of workers employed in twa

Dow EDB manufacturing plants, The
report of this study was published {n
1980 (Ex. 4-20}, Workers at one plant

- {Unit 1), located in Texas, were exposed

primarily to EDB, bromine, sthylene,
sulphur dioxide, and chlorine. Workers
at the second plant (Unit 2), located in
Michigan, were expased to EDB, as well
as a variety of other chemicals,
including several recognized human
carcinogens such as arsenic and
benzens and several substances which
are carcinogenic in animals such as
vinyl bromide, carbon tetrachloride, and
chloroform. The number of workers who
died kom specific causes of death was
compared to the expacted numbers of
deaths from those causes. Expected
gumbers of deaths ware derived from
sge-specific and calendar pariod-
apecific mortality rates for U.S. whits
males, .

In Unit 1, « tota! of 99 employees were
identified who had been employed at
any time between 1942 and 1989, As of
January 1. 1578, 21 of these workers had
died. This number did nat diffar .

substantiaily from the number of deaths -

that would have been expected, 19.5, but
neither did it indicate the “healthy ’
worker effect” commonly observed in
industrial populations. The “healthy
worker effact” is the effect observed
when comparing mortality rates ia the
general population, which includes both
employad and unemployed persons, to
those of an employed population. who
by virtue of their ability to work would
be healthier. Consequently, occupatignal
cohorts typically have substantally less
mortality compared to the general
population, '

Examination of deaths due to cancer
revealed that two warkers died from
cancer comparad to the 3.8 expectad.
Howaever, the small number of warkery
included in this cohort limited the
study's power to detect relatively
moderzte exceases in cancer martality.
Statisticai power ia the ability of a study
to datect an excass risk of mortality if
such a risk is truly presant. Generally it
is considered dasirabie for srudies to
have at least 30% powaer to detect the
riak of & specific magnitude. QSHA
calculated that the statisticai power of
this study to detect a 1.5-fold increase in
all cancar deaths was 17.8%. A 1.5-{cld
increase would correspond lo an excess
risk.of 50%. Thus, this study's power of
17.8% was highly inadequate for
detection of an excess cancer risk of
$0%. Since cancer is such a common
cause of death in the U5, OSHA
calculates the power to detect increases
in risk of 50% or greater. {Ses OSHA
Technical Submission #1 and #2 fora
description of how statistical power was
calculated). .

In Unit 2, 82 workers were identified
who had besn employed between 1940
and 1975, Seven malignancies wers
obsarved versus 2.8 deaths expected (p
less than 0.05). Five warkers fram this
cohort had also been exposed to
arsenicals: two subsequently died from
lung cnacer. These two individuals had
been expased to arsenicals for 1.5 and
20 months respectively and to EDB for
102 and 111 months raapectively. When

“the five workers exposed to arsanicals

are included in the analysis, the lack of
& “healthy worker effect” is noticeable.
By January 1, 1678, the total aumber of
workers who had died from all causes,
18, was slightly but not significantly
greater than the 13.8 expacted number of
deaths. Of the seven deaths from
malignancies, two were dua to cancer af
the digestive system, two wers due to
cancer of the ragpiratory system, and
three were due to cancer of other sites.
Both lung cancer deaths occurred in
workers expased to arsenicals as well
as EDB, . . ‘

When the five individuals who were
alsg exposed to arsenicals wers
excluded from the analysis, a total of 15
deaths were obsarved compared to 13.0
expected. Five deaths from cancer were
observed and 2.2 were expected {p less
than 0.07). Excass numbers of deaths
from non-malignant respiratary disease
were observed in Unit 2 (3 observed
versus 0.5 expeciad, p less than 0.05}.
This could indicate that EDB is
associated with lung disease: however,
the number of deaths from lung disease
is too smail to permit conclusions to be
drawn.

Although the number of deaths due 10
cancar in Unit 2 appesrs to be
somewhat elavated, a larger number of
observations as well a3 a more detailed
presentation by site and level of
exposure would be needed before
conclusions could be drawn about the
cancer risk at this plant. This study had
11.7% statistical power to detect & 1.5
fold increase in cancer risk in Unit 2. For
Units 1 and 2 combined. the statistical
power was 25.0% to detect a 1.5-fold
cancer risk. ‘

Ott ot al. {Ex. 4-20, p. 167) concluded:
“The findings of this observational study
need 19 be interpreted cautiously owing
to tha limitations in the size of the study
population and the variaty of taxic
agents to which individuals in Unit 2
may have been exposed”* * * Findings
of this investigation neither rule out nor
establish EDB to be a human -
carcinogen. .

The second and third studies were
investigations of workers at two
Associated Octel plants in Great Britain.
by Turner and Barry. The results of
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o

} these tws stidies'were published in_ .,
1973 (Ex. 7=10). In addition, Turner has

furnished tables to OSHA which
complete the follow-up of the workers at
both plants through 1979 (Ex. 7=11}. No
information concerning exposure levels
to EDB or other chemicals in either plant
is available.

In the first plant (Factory B), located
in Almweh, the vital status was
determined for 273 workers with
gotential exposurs to EDB who had

een employed at any time between
1952 and 1975. Of these 273 workers, 36
were known to have died by the end of
1979, Eleven of these 36 workers had
died from cancer. Turner and Barry
concluded: “No evidence of any
increase in the death rates from can
could be detectad.” :
., The technique used to analyzs the
mortality experiencs at the Almwch
plant is considered crude becauss it
inadequately controlled for differences
in cancer mortality by age and calendar
time period. For example, the study
cohort's mortality during 1954-1979 was
compared to local martality rates during
1975, Because cancer mortality rates
have risen over time, this comparison
would result in an underestimation of
risk. In addition, this study is so small
that it bad low statistical power to
detect excess cancer rigsk. Hence, this
study's finding can be, at most,
inconciusive.

In the secoad plant (Factory A),
located in Hayle, an initial list was
complied of 242 workers who had been
employed during 1947 or later: some of
these workers had been employed since
1840. Of these 242 workers, 84 waere
eliminated from the analysis due to
insufficient information, and an -
additional 41 were dropped because
they had been employed for {ewer than
4 years. Of the remaining 177 workers,
39 had died betwesn 1547 and 1979. Five
of these deaths were due to cancer,
including two deaths from cancer of the
bronchus. The mortality of the study
cohort during 1940-1979 as conpared to
lacal population mortality rated during
1951 and 1970. The authors concluded
that no excess cancer risk was observed
at this plant. :

As in the Almwch plant, the analysis
of the Hayle plant inadequatsly
controlled for differences in cancer
mertality by age and calendar time
period. Because of the methodologic
limitations and the small number of
workers included in this study, no
conciusions can be drawn concerning
the cancer risk at this piant.

The mortality of fifty-three Ethyl EDB

production workers was studied in 1978
{Ex. 7-8). Their length of exposure to
EDB ranged from 3 months to 10 years.

ﬁyl fdﬁ.ﬁd EDB levelsin various plants

‘which ranged from “nondetected”™ to 4.5
ppo Of 95 samples taken. 65 were
below 0.15 ppm. 8 were between 0.5 and

-1 ppm and 231 fell between 1.0 and 45

ppm. The one death'in this group was
from cancer of the kidney. This study is
too small to contribute useful
informaton on the buman
carcinogenicity of EDB.

In summary, OSHA believes that the
currently avajlable epidemiologic
studies of workers exposed to EDB
cannot uneguivocally indict EDBasa-
human carsiviogen. These studies are
{nadequate for this prupsoe due to smail
study popuiations, resulting in low
statistical power to detect excess cancer
risk. ln addition, the studies by Turner
and Barry failed to use standard
epidemiologic techniques to control for
changes in ags-specific cancer mortality
rates overtime. . " . P

C. Reproductive Eﬂ'écb

The effect of EDB on male _
reproduction has been investigated in
animals and humans, The o
studies ciearly establish the potential for
human reproductiva toxicity. Although
the human epidemiologic studies do not
show an effect on reproduction. due ta

the methodologic limitations they do not

rule qut the possibility of EDB liaving an
sdverae effect on the human .
reproductive system. '

1. Human Studies. In 1977, NIOSH -

- (Ex. 7=7c) evaluated the reproductive

heslth of EDB production workers at the
Houston Chemical Company. Most the
EDB production systems at this plant
were entirely enclosed. The plant
instalied a new EDB unit in 1977 to
replace a deteriorating unit. Of25
personal breathing samples and 8
general area samples, EDB was ,
detectable only in a single general area
sample (0.88 mg/m ? =0.115 ppm).
Ethylene dichioride, another animal
carcinogen, was detectable only in a

. single personal breathing sample(1 mg/

m ? =0.247 ppm), Company sampling

- data indicated that EDB exposures

ranged from less that 1 to $3 mg/m ?
(less than 0.130 to 6.897 ppm) when the
old EDB unit was in use, -

According to the NIOSH Criteria
Document for EDB published in 1977, the
lower limit of detection for the
described sampling and anaiytical
method 0.0002 pprm. Hence, the levels of
EDB exposure in the Houston Chemical
Plant must have been extramely low in
order to have escaped detection. In the
one ares where EDB was detected by -
the NIOSH survey. supplied-air
respirators and gloves were required for
workers,

 Exr-7ep10L - -

NIOSH medical personnel evalﬁated '
22 workers potentially exposed to EDB

" at the tme of the survey, 2 workers with
. past exposure to the old EDB unit, and 9

nor.-exposed workers at the plant. No
sigrficant differances in testosterone

" laveis, follicle stimulating hormone

levels, and sperm density were observed
in the exposed workars compared to the
non-exposed workers. However,
lutenizing harmene (LH) levels were
significantly increased in EDB exposed
workers compared to non-exposed
workers (p lass than 0.02), .

LH is a pituitary gonadotropin that
regulates testosterone praduction by
Leydig cells in the testis. The elevated
LH levels in the EDB workers may
indicate that the Laydig cells require
abnormal stimulation to produce the
normal amount of testosterons, The data
also indicated a difference in median -
sperm count between the exposed -
workers {5¢ million cells/mi} and the

. ;cin-ex'posed workers (73 million cells/

) _
NIOSH concluded: *The available

-data indicates that there is a potential

toxic effact of ethylene dibromide. as
indicated by the LH levels; but there is,

" no overall statisticaily significant effect

on sperm count or evidence of testicular
toxicity * * * It should be strongly
emphasized * * * that this study on
ethylene dibromide does show some

" signs of potential testicuiar toxdcity and

it should be treated as a toxic agent."

Dibremochioropropane (DBCP) isa
chemical that is very similar in structure -

.. to EDB, DBCP caused a dramatic
- {pcrease in sterility amung exposed

male workers, OSHA promulgated a
stendard for DBCP in 1978 based on its .,
adverse reproductive effects. NIOSH
suggested that the difference in findings.
between reproductive studies of
workers exypioged to :
dibromochloraprapane {DBCP) and this -
study of EDB workers might be due to
EDB acting by a different mechanism on
the testis, or being a weaker toxic agent,
The difference may be due to non- ;
epidemiological reasans such as the i
very low axpasures to EDB, or the small |
number of exposed workers studied,

OSHA, calculated that this study had
sboul 17% statistical power to detect a-
1.5-fold rigk of having a sperm count
below 25 million cells/ml. This was
based on the 11.1% of the non-exposed
workera (1 of 9) that had a sperm count
below 25 million cells/ml. = |

Dr. Richard Levine suiveyed the
reproductive experience of 102 EDB

e mbam wee

-exposed workers employed in

fumigating papaya or packing fumigated
fruit (Ex. 5-36). The survey took place in
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Hawaii in March 1981, and consisted of
interviews to sacertain live births,
miscarriages, stilbirths, and early infant
" deaths. Saventeen males and seven
femalas had never been married and
thersfore were ot included in the
analysis. Levine also excluded the
remaining-16 male employess because -
he deamad the small aumber of

preemploytment birtha for wives of male -

employees to be insufficient for
analytis. About 94% of the 62 female
employees included in the analysis kad
been packers: hence, their exposures to
EDB were quite low. '

Expectad numbaers of births were
derived ffom natiopal birth probabilities
specific for maternal birth cohort, for
2ge, parity, and race {white, all other).
Standardized Fertility Ratios (SFR's)
were computad by dlvidin& the observed
numbers of ive births by the expected
numbers of live births. Levine compared
the SFR's for the preempioyment and
employment pariods in order to
detarmine whether EDB exposurs had
reduced fertility. . C s

Levins et al. [1961) bad previously
tested this method by surveying fertility
among DBCP workers, a high proportion
of whom has severly depressed sperm
counts (12 of 30 male workers). They
concluded that the impaired fertility of
the DBCP workers could have been
detected by surveying live births,’
However, they characterized this study

- method as “not a sensitive indicator” for
risk of infartility. Their survey indicated
that fertility was reduced by 60% to 80%
among workers exposad to DBCP, )
Statistical power to detact decreased
fertility would have been greatly
reduced if DECP had been a l2ss severe

" testicular toxin. ' )

For married female workers with EDB
exposure, the SFR was 1.71 conipared to
the combined SFR of 2.38 for married
female workers prior to employment and
marriad femals workers with no EDB
exposure. This difference between the
two SFR's (equal ta a 28 percent
reduction in fertility) was not
statistically significant. Unmarried
female workers did not exhibit any
- reduction in fertility; however, the
expected number of births for this group
was smail (0.5) and thus unstable,
Because of the effect of employment
status on female workers' fertility, it
would have baen preferable to compare
the exposure empioyed group solely
with the non-exposed employed group.
Unfortunately, the expected number of
births was small (2) and unstable among
the non-exposed group of femals -
workers. -

Levine calculated the statistical power
of his method to detect significant (p
less than 0.05) decreases in fertility

among married female workers,
Agcording to his calculations, this study
had roughly 40% power to detect a 50%
decrease in fertility. Tha study had
roughly 80X power to detect a 70R
decrease in fertility. Generally, a power
of 80% or higher is considered desirable
in order to lessen the probability of a
failure to observe a true risk, Hence,
EDE wouid have {0 exert an effect
comparable to DBCP in order for this
study to have sufficient statistical
power. Commenting on his statistical
power calculations, Lavine stated: “Due
to the small number of births expected

during exposure, howevar, the analysis

lacked the power to detect a mild or
moderate effect"{Ex. 5-38,p.8).

Levine compared the incidences of
miscartiages, stillbirths, and early infant
deaths per reported pregnancies during
the preemployment period with the
incidencas during the employment .
period of the exposed and non-axposed
workers. No clustering of these events
wag apparent in relationship to EDB
exposure. This analysis had such a
small number of pregnancias that the
power to detact an increase in risk of
these avents-was low,

Lavine concluded that thia study “has -

revealed no evidence of a severe °~ -
decrease in fertility related ta low-level
exposure” and that “there was no
indication of an abnormal & ation of
miscarriages, stillbirths, and early infant
g'!l!hl with EDB exposure” (Ex. $-31, p.
Lavine also surveyed the reproductive
experience of amployees of Ethy|
Corporation at the EDB production plant
in Magnolia, Arkansas (Exhibits 5-31D, -
5-38]. This survey took place in April
1881 and initially included 184
employees who ware interviewed
conceming their reproductiva history.
Subsequently, Lavine excluded from the
analysis 6 female employees, 10 never-
married male emplayees, and 12 male
employees who kad previously worked
at other chemical plants. Levine used
the same method of analysis for this
study as for his study of the Hawailan
papaya workers. Standardized Fertility
Ratios (SFR's) were calculated for
praesmployment and employment
periods for all males. Exposures were
estimated by duration of exposure and .
intansity aasigned to each job title.
Fertility of male employeas exposed
to EDB waa nat reduced relative o male
employees not exposed to EDB. The
ratio af SFR's for exposed workers to
non-exposed workers was 1.25, with 90%
confidence limits of 0.85-1.79. Hence,
there is a 90% chanca that the true
fertility of EDB exposed workars in this
study is not reduced by more than 15%
compared o non-exposed workers.

However, the ncnexposed category
includad preemployment fertility which
may have besn reduced becausa of
marital status. Thus. if the exposed
smployees' fertility were reduced it may
not have bean gbaerved in this analysis.
Whan the married male werkers were

classified by intensity of exposure, no . .

gradient of reduced fertility with
{ncraasing exposure was apparent,

" axcept in the greater than 3 year -

exposure categary. Levine falt that
becauss this reduction was not
statistically significaat and was
uniformly distributed betwesn low and
high intenasity jobs, it couid not be
related to exposure duration. However,
Levine had aiready stated that small
numbers of expected births precluded
valid inferencas about the possible .
effects of chemical exposure for the

categories “none,” “EDB/VB,” and "area-

“uwedinthestudy. . . - ..
Lavine concluded that this study . .

" “revealed no evidence for 2 decrease in

fertility related to exposure to ethylene
multiplicity of chemicals which may
include ethylene dibromide and vinyl
bromide” (Ex. 5-31D, p. 7}, Also, Levine

found o evidence for an association ° -

between chemical expaosure and .
miscarriages, stillbirths, neonatal deaths
or birth defects. ‘ .

Dr. James Dobbins of the University of
Tesas critiqued the studias of Dr.
Richard Lavine (Ex. 3-55). He disagreed
with Lavine's conclusion that EDB does
not lead to a savere decrease in fertility,
stating that “occupational exposura to -
EDB sould have a strong effect on

fertility and atlil produce the results . -

obtained by Levine” (Ex. 5-55, p.1).
Dobbins enumerated the following - -

disadvantages of Lavine's usa of SFR's: -

+ (1) The cted fertility rates for
women are dependent on their observed
fertllity (parity}. If a woman's fertility -

has been reduced by chemical exposure,

har expacted fertility also will have
basn held artificially low. Hence, the
expacted {artility “will depand on and
always be close to observed
fertility”(Ex. 5-58, p.5). This would result
in underestimaltion of risk of reduced
fartility. i ’ o

(2) Differences between high fertility
and low fertility populations are greater
at oider ages, Bacause workers are
younger during the period preceding
smployment, a high fartility
oceupational cshort would have a pre-
exposure {eriility close to expectation.
For a high lertility occupational cohort
an employment period SFR would be
based on an underestimate of expected
fastility and hence comparing
preampioyment and employment period




iy

- unemployed women. Comparisons -~
"between preemployment periods and . .

- statistical power because few women -
.. . (ormen] have been exposed exclusive to.

" underestimate expected fertility, <~ °
" Dobbins also did not agree with Lw!nel

-workers were married during the -

-fertility.
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SFR's wouid result tn' an underestimate
ofrisk. : : :

(3) The SER's of wilried feibale . . '+

workers are derived from the national
birth probabilities for both married and ..
unmarried women. Because women who

‘are married have higher birth rates,

expected festility is underestimated by -
this procedure. Also, fawer women - -

preemployment period and employed .
women tend to have lower fertility t.h_'an

employment periods are problamatic
because of undarestimates expected. ..

(4) The SFR methodology has low - -

any singie chemical and becayse totai .
fertility in'the U.S. is now less than 2
children l]jnr woman. Dobbins stated
that fertility impairments of the - . |

agnitude of that reiated to DBCP ru-ely
B = | A B A T
. Regarding the study of Hawailan
* papaya packers.'Dobbins commented

‘that most of the studied women were
- Asian and that Hawaiian Asians have -

higher fertility than U.S. whited. Hence,. "
using U.S. birth probabilites would_ -

" basis for excluding males from the

study: insufficient numbers of births for

- analysis among males, Dobbins pointed

out that the smail number of births for
male empioyees may have beea due to -
ED§ exposure. In additioh, Dobbins was
concerned that including women who

‘'were only potentially exposad to EDB°

would result in underestimation of risk. -
Another probiem mentioned by
Dobbins was the low statistical power *
of the study, which was exacerbated by
use of a two-tatled test of significance,
Dobbins stated that the smployment

. BFR would have to decline 89% in order

to detect a statistically significant
decrease in fertility. Dobbins also
believed that it was inconaistent of
Levine to draw conclusions about
unmarried employment periad SFR's
which were dervied from very ow
expected values (0.54), after stating that
SFR's with expected values less than 3.0
were “Insufficient for analysis.” Dobbins
aiso criticized Levina for combining fetal
losses, stillbirths, and infant deaths in
one measurs of adverse reproductive
outcome, uncoatroiled for maternal age
and other pertinent variables. Dobbiny
described Levine's findings for the
Hawaiian papa7a packers: - ‘
There is evidence of a decline in lestility
sssociated with potential jow-level exposure
to EDB. but this decline is not statistically
significant because of small sampis size. low

. . -studies which limit the extent to which
' th ' findings can be generalized to EDB-

." notbe appropriate for purposes of
* comparison with small oo
-populations. Another problem when

- wives. This could lead tounder - :

p;u-expomn fertility; and conservative
mathodology (Ex. $-52. p. 14). .

“"Conceéming the study of Ethyl -
Corporation smployees in Magnolia,
Arkansas, Dobbins stated that the study
kid the following problems: smali

sample size; poor measures of exposure, .
inclusion of minimally exposed persons

in the sample. and use of a two-tailed

- “test of significancs. Dobbins stated:

fn apite of & number of conservative bisses ,

- in this study, sspecially small sample size - -’

and slight or unimown levels of exposure,
there was soms evidence of reproductive " -
impairment dus to exposure to EDB. Many of

the resulty ware equivocal and the study is
- clearly not an indictment of EDB. On the:

other hand, thess results cannot be used in

mywaygn.exmmtaEDB{Ex.Hs.p.m

_ OSHA believes that there area
number of difftculties with the Levine -

exposed populations. Choosingan™™ - -
appropriate comparison group that:  °
closely regembies the study groupis
crucial. National birth probabilities may

local

studying male workers is that they are, -
in a sense, proxy respandents for their * -

reporting of miscarriages. and stillhirths, -

‘Yet another problem is that studies of
“hirtns need quite a large cohort to detect

toxac effects on the reproductive system, -

* if those toxic effects are notas

catastrophic as those of DBCP, Poorly
defined exposure histories add further to
the difficulties n the study's -
interpretation. * " - ’ : :
A reproductive study was conducted
by Ter Haar {1580} amang Ethyl
Corporation workers. Fifty-nine sperm
samples were collected in 1977, and 24

~'in a follow-up study in 1978. The author

reported that the srerm counts
compared [avorably with published
leveis in the general population. The
counts in workers with exposures below
0.5 ppm were compared with counts in
workers with exposures between 0.5, -
and § ppm. Forty workers had exposures
af less than 0.5 ppm and 19 had .
exposures in the higher range. The
apparent trend towards lowe- sperm
counts in the 0.5 to $ ppm rar.z= was not
considered significant by the a-.thors.

- Ter Haar did not specify the r+otocol

followed in obtaining and processing the
specimens. Furthermore, no concurrent
comparison group was sampled. which
precludes discovery of any artifacts

" from laboratory practices. Because of its

methodological limitations, this study - -
should be considered only asan - -
observational report. '

" "Wong et al. characterized

. Wong etal. 1979 conducted a
retrospective study of fertility among

- ey exposed to EDB at four U.S,

production piants (Ethyl. Dow, Great
Lakes and Houston Chemical}, The .
authors used repro“uctive histories of -
the workers' wives as a surrogate . -
measure of male fertility. The numbers
of live births to the wives of exposed |
workers were compared to expected
numbers derived from national fertility:
rates for women adjusted for maternal -

.age, parity. race, and calendar year, '

Standardized birth ratios were

calculated dividing the observed sumber S
of births for the married male workers =~~~ -
by the expected pumber of live births. A

totai of 297 couples with 1092 person-
yoars of observation were included in - .
the study. . ST

For three of the plants (Ethyl. Dow, .

 Great Lakes), the plant-specific .

were closs.to unity (i.e. werenot ",
significantly higher or lower than.-"."

standardized birth ratios of the workers

'+ national fertility rates). One plant's

{Houston Chemical) standardizsd birth '

- ratio was significantly decreased. .. |
" " . compared to the national fertility rates . -
<", (12 births observed, 22.2 births expected, -

p less than 0.05), No exposure data

ere
available for thia plant.. . - .

reproductive performance of wives a; al
measure that could provide “oniya -

- limited assesament of the exposed .

warker's fertility,” (p. 99) meationing .. - -
that “reproduction performance is
determined by a complex interaction of _
volitional and biclogiéal variables ,
* * *"(p. 101) The authors reported that
the average exposura level to EDB was
not higher at the plant with decreased
live births (Houston Chemical) -

.- compared to the other plants, so that the

decreased births could not be attributed -
to differences in exposure levels. The
authors pointed out that about 33% of

the couples from the Houston Chemical -
plant had a sterilized partner compared
to 30R of couples in a national survey
conducted in1978. - - - :

For all four plants combined, the

_statistical power to detect g 20%

decrease in fertility was reported by
Wong et al. to be 90%. This power
calculation might not be correct. OSHA
calculated a power of 60% to detect a
decrease of this magnitude. Moreover,
the power of the study as determined by
the authors did not exclude person years
of exposure during pregnancy or
aurgically sterilized workars. Other
factors which limit interpretation of
Wong et al.'s study findings include lack
of consideration of other reproductive
indicators (miscarriages and stillbirths).
potential differences in birth rates
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between the regions in which the plants
were located and the U.S. a3 a whole,
ethnic differences in plant populations
which could affect the rates, and

difficulty in deriving expected numbers

from both married and unmarried
persons for comparison with married
persona. Finally, the axposure categories
chosen seem unbalanced, with no -
intermediate {avel, and no explanatien
by the authors of their reasons far
choosing theas categories. -

Equitable Environmental Health
{1977}, Inc. studied a British EDH :
Eroducﬁon plant. The authors compared

ve births for 41 married workers with _
either occasional, regular or irregular
exposures o EDB in the workplace to
the live births for 41 married workers
who were not exposed to EDB. EDB
sxposure Jevels were not reported. Tha
birth rates ware sdjusted for parity and
age of the father, EDB exposad workers
did not have lowaer birth rates than nod-
EDE workers. Interpratation of this
study is hampered by the very small
sample size, incompiets exposure
determinations. general limitations of
using live hirths to assess fertility, and
the unexplained and unusual adjustment
far paternal! rather than maternal age.

2. Animal Studjes. Reproductive
taxicity of EDB has been studied in rats,
mice, chickens, rams and bovine bulls.
Thase studies were summarized by
NIOSH In 1877 and reviewed by Rannug
in 1380. Those studies which are
appropriate for quantitative analysis of
dose response relationships will be
discussed. An gverview of the research
en reproduction is also provided for .
reference.. . . '

in 1585, Bondi et al. showed that in
hans fed grain which had been .
fumigated with EDB the weight of eggs
and egg production rates wers reducad.
EDB concentrations on the grain ranged
between 50-60 and 270-320 ppm. Whan
hens wera given EDB in total fead
ranging from 10 to 30 ppm. EDB levels of
10 ppo. in total feed produced egg-
weight reductions by the eighth wesk.
The effects were reversible for hens that
laid smaller eggs and did not cease
laying eggs. Alumot et al. {1968) reported
that fesding of EDB fumigated mash to
chicks reduced egyg size and number of
eggs but did nat affect onset of egg
production. The chicks were exposed
from 1 day of age, fed diets with 40 ppm
EDB or control feed, and growth .
paramelers wers measursd.

In another experiment, 1 year old
laying hens were exposad to 100 ppm
EDB in feed and the fertilization rates
messured. EDB reduced the aumber of
egge and the fertilization rates. Male
chicks, 3-days old, were fed 0, 80 and
180 ppm EDB in the diet and growth

parameters and reproduction
parameters were meagured at 3 months.
Sexual development was not affactad by
EDB in thoss male chicks. Fertility was
also measured iz mature cockerels fed

130 and 300 ppm EDB in diats for 2. 4,8 -

or 10 weeks. These malas’ fertility was
not affected by EDB.- © "
Based on this serias of studies, it was
concluded that EDB in diets would
reduce growth rate and egg production
but would oot alter the onset of egg
laying in hens or sperm praduction in
male chickens. Other studies (Rannug,
1830) demonstratad that EDB did nat
alter foilicls stimulating hormonas (FSH)
production and that the EDB affects
were not altered by injection of pituitary
exivact. These studies show thai EDB -
has effects on reproduction in female -
chickens and that the sffscts are specific
to the raproductive system rather than
the result of generalized systamic
morbidity, A differsgce in uptake of
radio-labelled albumin and globulina
into the =gg yolk and ovarian foilicles
was shown in EBB treated hens. Due to
the biologic diffarences between human

. reproduction and fowl reproduction,

these studies hava a somewhat-limited
uﬁgty, for analyzing buman reprodustive
ris ; ;

A series of male reproductive studies
were carried out in bulls (Amir and
Volcani, 1965; 1987; Amir, 1973, 1875;
Amir and Lavon, 1978; Antir et al., 1977;
NIOSH, 1977; Rannug, 1980). These
studies damonstratad toxic affects of
EDB on spermatogenesis. Reproductive

impairment, a3 measured by decreased

szem density and motility and sperm
abnormalities, was fqund after two or
more weeks of exposure to 2 or ¢ mg/kg
EDB in the diet. Studies in 1973 and 1977
by Amir and colleagues investigated the
made of reproductive toxicity in bulls
given EDB. The authors conciuded that
the actians of EDB cccur in the teates
affecting the spermetogenesis and sperm
maturation. Spermatozoa with deformed
heads and tails were produced.
Deoxyribonucleic acid (DNA), amino
acid and lipoprotein changss wers also
reportad in spermatozoa.

Eljack and Hrudka (1979} reported
doss responsa data on the effects of
EDB on the sperm of 18 Columbia rams.
Four controls ware studied. =
Subcutanesus dosas in dlive oil 0f 7.8, -
9.8 and 13.5 mg/kg/day of EDB were
administered for 12 days so only the
preceding lower doses were used.
Systomic reactions were seen at 169
mg/kg/day therefors only the three’
lower doses were used Sperm
marphology and motility wers =~ ¢
determined. Normal findings were seen
aver the two exposure weeks and for
three weeks thereafter. Declines in

sperm motility began to be observed at
five waeks and were greatest between 9 |
10 12 weeks. Sperm had returned to-
normal by week 13, o

A mitochondrial “mtarkes” enzyme .
was alsc altered, Mitochondrial sheaths
ware altered, ncrosomes wars abnormal,
and extensive auclear abnormalities
were seen. The affects were dose related
and significant at the 7.8 mg/kg/day
dosa. The {our weeks dalay in onset of |
effects suggest that EDB's actions at .
thase dose leveis occur primarily in the
meiosis and multiplication stage rather
than scting directly on the .
differentiating sperm organelles. These
findings ara consistant with an action on
DNA synthesis and syggest that EDB is
a chemical mutagen, according to the
authors, | . L

Edwards, Jackson and Jones, (1970}
studied reproductive affacts in male
Wistar rats and male RF/Hirak mice.
Five daily doses of 50 mg/kg of EDB
injected intraperitonsal (IP) reducad.
average litter sizes from matings which
occurred 3 to 4 weeks after doging. This :
suggests an action on spermatids. The -
{solsted metabolite S-(2-Bydroxyethyl)- -
cysteine has no effact oo mouse fartility.
Thus. EDB or an alkylating matabolita is
responaible for the diminished fertility
effecta Tiasue distribution of the '
labeiled molecule of EDB was measured
in mice. At one hour and 24 hours there
was 3.1 and 0.88 per cant and 1.1 and
0.23 percent of the administered dose in
the cauda apididymis and testas
respectively. The highest concentratians
of EDB wera found in the small intestine’
at 1 hour (34%}, in the large intestine at 3
hours (15%) and in whole blood at 24
houry (8.2%). [P administration at a dose
lavel of 40 mg/kg was used in this - -
experiment. Only 5% of the dosa was
excretad in the bile. If in fact EDB
conjugates to glutathione in the liver, a
kighar percentage of EDB should be seen
in the bile. Since only 34% was excreted
this may mean either the EDB
conjugates farmed in the liver are not

- axcreted in the bile or that they are

formed in non hepatic tissue and are not
available for biliary excretion.

Short et al. (1979) studied the effect of
inhalation of EDB on reproduction in
Charles River (CD) rats. Majes were
exposed by inhalation to 0, 19, 39 or 89
ppm EDB 7 hours per day, 5 days per

‘ week for 10 weeka. Tha rate of

reproduction, fertility, mortality and
morbidity wers measured. The effects of
EDB were dose related; Rats exposed to
0 and 19 ppra had normal weight gain
and food consumption. At 39 ppm body
weight gains were reducted.(443 grams
vs. 434 grams st exposure week 10}
while decreases in both body weight
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and food consutption octurred at'the
ppm level. A high mortality rate (7 out of
32) was also cbserved in male rats
exposed to 89 ppm. . - .

- In a female reproduction study, groups
of 20 females were exposed for 21 days
to 0, 20. 39 or 80 ppm EDB for 7 hours per
day 7 days a week. Rats at the 80 ppm
group did not cycle normally for 3 or 4
dcys after exposure. The rats were

period. All females became pregnaat
with normel appearing
based on total implants, viable implants
and rescrptions. For females. body

weight was reducted at 80 ppm but not .

at 20 and 39 ppor-A high mortality rate
(10 out of 50) was seen at 80 ppm.

Maie reproductive performance was
completely biocked at the 89 ppm dose.
but all males exposed to lower doses {0.
19 and 39 ppm) did impregnate at least
" one female rat Estrus of the high dose

female rats were adversely affected. The

females had normal aumbaes of viable
implants and resorptions. Severs
teticular atrophy and reduced serum
testostarone concentrations wers
cbserved at the highest dose (38 ppm)
but not at 19 cr 39 ppm. Atrophy of the
epididymis, prostate and seminal -
. wesicles was aiso found in the 29 ppm
group on histopathology. In addition.
prostatities and sperm granuloma .
occurred in high dose males. Some
prostatitis also occurred in the lower
exposure groups. g i
Biochemicai paramenters were
meagtred in the serum, liver and testes
in male rats administered 0,10 or 100
mg/kg EDB orally. No differences were '
fund in SGPT, SGOT. or BUN, twa, four,
or 24 hours after dosing. Non-protein
sulfhydryl (NPS) activity was depressed
(67% of the control value) in the liver at
2 hours, but was not changed in the
téstis. The four and 24 hour values are
the same as coutrol. The tissue
distribution was measured after oral
administration of 10 or 100 mg/kg EDB
whick contained C' Four hours after
administration, the concentration in
tissues from 3 rats were highest in the
stomach and kidney, and lowest in the
testis at both dose [evels. The . -
deoxyribonucleic acid (DNA) and
ribonucieic acid (RINA) and protein
varied in relative content of labelled C*4
but DNA was highly labeled in the
testis. . -
This study (Short, 1979] show that
inkalation of 80 ppm EDB in the air for
extensive periods (7 hours per day for §
or 7 days per week) produces severe
toxicity in male and female rats,
iscluding adverse effects on survival,
body weight. food consumption. and
reproduction. The test is is a target .
organ. The effects are dose related with

uterine contents -

littla change in reproductive function at
20 or 29 ppm concentrations. For maies
or females, C'labelled EDB is clearly
bound at 4 hours to DNA, RNA protein
in the liver, kidney, testes {lowestin -
testes}, and stomach which suggests
potential for an action ou the organs.
The previous findings in the male
reproduction study (Skort. 1879) indicate

. that19 and 39 ppm exposures did not
- placed with proven males for 10 day . -

produce dominant lethal mutations.

- Taramoto et al. {1980} conducted a

dominant lethal study for EDB and -.. .
DBCP in rats and mice. No effect was . -

‘produced by 10 or 30 mg/kg of ENB

orally for rats or 100 or 150 mg/kg EDB '

. for mies. DBCP and a control mutagen

were positiva in the same study. This is
2 well conducted study which shows
tkst EDB may be weakly mutagenic in
vivo. Edw and Jackson (1970}
investigated several metabolic and -
toxicologic aspects of EDB in mice and
rats, The fertility studies used serial
mating. EDB (50 mg/kg given to make
rats and mics as a cumulative dose over
S sucgessive days by IP) produced a
significant decrease in litter size in rats

_ mated the third and fourth week sfter
dosing but no differences were found in -

weeks one and two or weeks fve:
through 10. In a comparable experiment,

" oral administration of 1 mg/kg of the

EDB metabolite produced no effect on
male mouse fectility. =~ . =~ . ..
Short et al (1978} studies teratogenic
and embryotoxic effects of EDB
inbalation during gestation in mice and
rats. Charles River {CD] rats and CD~1
mice were used. Groups consisted of 15
to 17 rats and wers divided into feed
restricted and free access food groups.
Starting at day 6, animals were exposed
for 10 days to 20. 38 and 80 ppm EDB for
23 hours a day. Body weights, foed
consumption and survival were
measured. Rats or mice wers sacrificed
on day 20 or 18 respectively. Fetuses
were examined for skeletal and soft
tissue anomalies by standard -
techniques.

One control group with food intake

' restricted to levels comparabie to the

food consumption of the 80 ppm groups
was examined. Maternal food .
consumpticn and maternal and fetal
body weights were reduced at 38 and 20
ppm. Reproductive changes were seen
caly at 20 pm. Deaths only accurred at
80 ppm. Dams exposed to 80 ppm had a
reduced number of implants andno
viable fetuses. The high percentage of
regorptions in the 80 ppm group was

- evideace of considerable

embryotoxicity. . -
The findings in treated mice were
comparable to those of the rats. Groups
of 18 to 20 were exposed t0 0, 20. 38 and
80 ppro. Matarnal food consumplion and

‘maternal and fetal body weights were

reduced at 20 and 38 ppm dose levels.
All animals in the 80 ppm group died. In
the 38 ppm group, resorptions were

. increased and viable [etuses were

decreased. The 20 ppm group also had
an increased number of resocptions.
These effects were embryotoxic but not
necessarily teratogenic since changes

occurred in food consumption and

_ weight gains in the mothers. The

increase in frequency of low body o
weight pups (runts) at 38 ppm in mice -

" would not be considered a teratogenic

response. The findings suggest a delay.
in fetal dsvelopment with EDB -
treatment which would alsobe -~ -
secondary to maternal effects.

While there are co reliable humaa

" data available to help assess the human

reproductive effects of EDB, the
available animal data clearly indicate
that EDB causes adverse reproductive
effects in the bull, rat and hen. In the
absence of adequate human data OSHA
feels it prudent and reasonabie to

" gssume that man is at }2ast as yensitive

as.the most sensitive species for which
data are available. Therefore, OSHA
believes that several studies ’

~ demonstrate that EDB could adve_é-sely
" affect mammalian reproductive

development by interfering with the
production of male gametes and thg

- development of embryos.

D. Mu;qgenesis and Gyfafgex;qt'z'c: Effects |
Mutzation studies utilize techniques

" which measure specific aspects of the

interaction between chemical
compounds and cellular DNA. The five
techniques defined belows are utilized to
measure mutagenic potential which is
considered by some to be an indicator of
carcinogenic potential. they are
considered indicators because they

" demonstrate the test chemical’s effect

onDNA. :
‘1. Ames Assey--The acticn of a -
chemical on cellular DNA (genetic code)

" is measured in & bacteria (Saimonella

typhimurum). Mutagenesis is show.
when the chemical alters the DNA sych
that the strain of becteria is transforined

- and acquires the ability to growona

histidine deficient media. The acumber of

_colonies which grow is proportional to

the potency of the chemical's interaction
with DNA. . -
" 2 Host-Mediated Assqy—Certain

. chemicals do not themselves acton

DNA but are changed (metabolized) in

- the body to chemicals (metabolites)
- which can act on DNA. The host-

mediated assay measures the fermation
of metabolites in rats or mice that act on
DNA. In this assay the chemical and the
indicator bacteria are injected together
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into the peritoneum of the animal (host);
After a pericd of time the bacteria are
removed and its growth measured on
the appropriate media, Transformed
cells grow to form colonies; non-affected
cells do not grow.

3. Polymernse Assay~-This Ia a direct
measure of damage to nuclear DNA
from chemical exposure. When the DNA
is damaged due to chemical interactions
the injury is repaired by an enzyme
lmown as DNA polymerase. The more
chemical damage to the DNA, the -
greater the increase in activity. This test
is more of a general meanure of the test
chemical's sffects on DNA than the
bacterial tests because it will measure
nonspecific damage to the DNA.

4. Dominant Lethal Mutation Assay—
When the damage to DNA Is sufficient
to produce a change in & gena's
expression, a mutstion occurs. Changes
In genas critical to survival are lethal.
When dominant genaes are mutated by a
chemical, the changs may be lethal to
the organism. This is a highly significant
‘biological event and it is non-
ambiguous. In the dominant lethal tast
maie rats are exposed to the test
chamical and then mated with normal
females. Live births are counted and
compared to the numbar of corporea
lutea (measure of eggs released from
ovary). The diffarenca betwean live
births and corporea lutes is related to °
lethel mutations.

5. Deletion Mutation Assay—Twao
types of mutations (changes in DNA are
poasible: A change in chemical
components of DNA which alters the
genetic code, and the deletion of parts of
DNA which alsa aiters the code. A
deletion mutation assay is only a
measure of the loss of parts of the
genetic code. :

The mutagenic eifects of EDB have
been reviewed in detail by NIOSH
(1877}, Rannug (1880) and 1ARC (1877).
Mutagenic actions have been datected
in & variety of in vitro and in viva
systems. A direct mutagenic action has
been found using Sa/monefla
typhimurium by Ames in 1971,
Buselmair in 1972 and 1973, Brem in
1974, and McCann in 1975, EDB was also
pasitive in the host-mediated assay in
mice, with S. typhimurium G48. Using

the polymerase assay unschedujed DNA

repair was increased In ppossum
lymphocytes: and DNA demage was
shown in mouse lymphoma cells at the
thymidine Kinase Locus. Drosophiia
melanogaster studies showed an
increuse in x-chromosomal recassive
lethal mutations for two consecutive
breedings, Thas, EDB is a direct-acting
mutagen based on a wide varisty of .
tests.

Chamicals can produce deletion
mutations without direct slkylation of
the DNA resulting in mutagenic
responses that are unlikaly to predict
cancer. In contrast, EDB was shown to
produce mutations but not to produce
deletion mutations. This suggests that
the mutagenic responses of EDB could
be predictive of carcinogenic
interaction.

A specificity for EDH's mutagenic
action is suggested by those tests which
ware naot positive. They include the
absance of deietion mutationsin 5.
typhimuriam shown by Alper and Ames
in 1875 the absence of mutation with
Serrctia marcascens absenca of
chromosomal breaks in Al/fum roots or
cultured human lymphocytes, and
absence of dominant lethal mutation in
mice after IP or oral administration.
Further, thete is evidencs that EDB -

"alkylates DNA bat does not produce -

cross linking of DNA. This s consistent
with the conclusion of relative -
specificity in the action of EDB on DNA.
In other words, EDB tested positively in
teats which weigh changes in DNA, not
in tests which evaluate cross linking in
the DNA, This suggests & metabolite of

.EDB Is acting on the DNA rather than

the EDB moleculs itseif,
Direct acting mutagens may also be
metabolized /n vivo to chemical species

of grester mutagenic action. EDB is sych

a compound. Activation of metabolites
is tested by adding liver enzyme :
praparation (referrad to as “S8™} to the
Ames test system. A slight increase in
the pumber of reversions was produced
in the Ames system with TA1535, but
the action ways not dependant ont the
presence of the nucleotide energy
source, NADPH., and was subsequently
shown to be produced by saluble rather
than membrane-bound enzymes.
(Rannug, 1980) This observation sets
EDB apert from other mutagens which
are activated by 58, EDB was also
“activated” to highar mutagenic activity
by extracts of cartain plants and by liver
perfusion procacdures which yielded
highly mutagenic bile when EDB was
added to the perfusion fluid. Thus the
genctoxicity of EDB {s complex. It is a
direct acting mutagen and it{s °
metabolized to ane or mare highly
mutagenic compounds.

Van Bladeren et al. (1981} determined
the relative effects of glutathions
conjugation on the mutagenicity of a
series of vicinal dihalogen compounds,
They found that rat liver glutathion

_ transferase activity towards EDB was

relatively high compared lo the other
vicinal dihalogen strates tested, Thus,
the giutathione conjugate is a
predominant metabolite. The EDB-

glutathione conjugate was highly
niutagenic in the Ames tast and in fact is
much more mutagenic than EDB itself.
This study shows that at [east one of the
metabolites of EDB, the giutathione
conjugate, can increase the genotoxic
potential of EDB. Further, sinca the
distribution of EDB and GSH
(glutathione] conjugats may differ in
vivo it is possible that the target argans
for the two mutagenic species may differ
with one responsibie for contact tumors
and the otherresponsibla for tumors it
remote organa. :

Elliott and Ashby (1980) used 2

. mutagenic approach to show the

synergistic response of EDB and
diyulfiram. Their observation is
consistent with the increase in
carcinogemic responae seen in the rat
study with disuifiram. This may suggest
that specific pracautions should be
taken in cases where EDB exposures
oceur concurrently with other ¢hemicals
{e.g. pesticidas] which act in the sama
manneér as disalfiram.

Pradicting the patential ¢f &
compound to induce mutagenic effects
in humans is more difficult than
pradicting ather types of toxicities, but
the logic can still be founded on
establishing the mechaniam in
appropriate non-human species, Valid
studies demonstrating mutagenic sifects
in experimental animals, the
mechanisms of thase coupled with
serious consideration of pharmacelogic
Eru:clplu and biodistribution in

umans, do establish the framework for
Enmming a mutagenic hazard to

umans. OSHA therefore balieves that
the evidence of EDB's mutagenic
potential in non-human species can be
used to predict mutagenic potential for
bumans. .
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E. Conclusions .

Based on the discussion of the
scientific evidencs presented here
. OSHA beileves that EDH is & potent
animal carcinogen. EDB produces
twnors at the gite of direct contact and
at sites remote from the site of
administration. EDB and two of the
principle metabolites
(bromoacetaldebyde and N-acetyl
cysteine) are positive in the Ames
Salmonella assay. They are also positive
in other in vitro systems with and
withoyt activating enzymes.

Pharmacokinetic studies discussed in
Brown's risk asseasment show that EDB
is rapidly absorbed, metabolized by
liver mixed-function oxidase enzymes
and excreted in the faces and/or urine.
The biotogical hali.life of EDB in
animals is'about 1 day.

Target site of “direct”™ tumors are
dependent on routs of exposures. Oral
doses of 20 and 40 mg/kg/day produced
forestomach tumars, Inhalation doses of
10 and 40 ppm ¢ hours per day produced
nasal cavity tumors. Doses of 15 mg/
mouse/day produced nasal cavity |
tumors. Doaes of 25 mg/mouse/day
apyplied to the skin of mice produces
skin papillomas and carcinomas.

Tumars are produced at tiasue sites
remote from the site of coatact in each
bioassay. These included respiratory
tract {lung) tumors in mice in the skin
painting study: hemangiosarcomas of
the circulatory system in rats in the
inhalation studies. and alveolar/
bronchiolar carcinomas in the mice in
the inhalation studies. In the orsl gavage
study, hemarigiosarcomas were also
produced in the circulatory sysatem.

The tissues remote from the site of
direct contact in which tumors were

—

produced would have had relatively low
exposures to EDB. They presumably .
responded because of uniqua
pharmacokinetic, metabolic or other
biochemical characteristics. These sites
are tharefore of concern with chronic
low lavel exposures. Mode of action
studies have demonstrated the presence
of EDB or a metabolite covalently bound
in tiasues.
. Increased incidences of cancer have
not been demonstrated by epidemiology
. studies on workers exposed to EDB in
the chemical industry. The studies are of
limited value because small numbers of

waorkers were studied, limitad exposure .

informaton relstive to EDB was
available and exposures to a variety of
other possibly taxic chemicals occurred.
While the absence of tumors in the
studias is noteable, the studies do not
rule cut the possibility of low level
indices of cancer in the wockers. -
Reproductive effects of EDB in several
snimal species have been clearly
established, EDB's action, specifically in
early stages of sperm development, has
been shown, Doses as low as 80 ppmt -
produced reproductive toxicity in male
rats. The teratology studies showed
malformations at doses which produced

materpal toxicity. Malformations and ..

anomalies were produced in rats and .
mice. These included: Runts, skeletal
anomalies such as an erlarged occipital,
fontartel asd ossiGsation effacts which
are consistant with delayed
development. Based on this, it was
conclused the EDB is not a poteat
teralogen.

Epidemiology studies on the
reproductive effects of EDB ure
squivocal. Only one of the groups -
showed a decrease in fawnily size but the
effects were not doserelated. Further,
the reduction in sperm counts with ENB
were not statistically significant This
study shows that EDE's effects on male
reproduction were marginal, if present

- at all, at the levels of exposures in these

waorkers. .
OSHA believes that the total risk te

the heaith of employees exposed to EDB

is the resujt of the compounded risks
from carcinogenicity. mutagenicity,
spermatotoxicity, teratogenicity, and
darzuge o the kidneys, hver, spleen,
resp ~atory tract, central servous
sysiem, circulatory system, skin and
eyes, ' .

Therelore, the totality of the adverse
health effects asgsociated with exposure

to EDB warrant the reduction in the PEL
to 0.30 parts per million,

IV. Quantitatative Risk Assessment for
EDB
A Introduction

Brown [Ex. 11) provided a succinct
explanation of the rationale and basis
for quantitative risk assessment. It is

_ presented here =s introduction. -

Thers are several spproaches to the
astimation of risk to low exposures to airbone
compounds. Mathematical modeis attempt to
fit cuxrves to data points abmerved at different

levels and from these corves o

exposure
. predict the riak at other, nsually lower,

exposures. These curves range from linear
axtrapolstions to tero exposure and zero nisk
to curves which may deviatd far from
linesrity at extreme dosas. The use of 2 .
particuiar model or curve can be justified in

" part by statistical measure of “8t” o

availabie data points, These considerztions
bave been reviewed from the statistical
standpoint. (Krewski gnd Van Ryzia, 1981).
In all cases it is assumed that the
mathematical curves ars reflective of
biclogical processes that control the .
biological fats and action of the toxic ‘
compound. To date, these factors have not
been quantitatively linkad to the
mathematical modela Biclogical factors
which may piay important rolss in the dak

. assesament are (1) dose of the material at the

seasitive tisgue: (2) the sensitive tissue(s)
{tself: (2) the naturs of the responsa(s); (4}
rales and siies of ivotrensiormation: [5)
toxdcity of metabolites: (€} chronicity of the

{camulative nature of the material
or its actions}: {7) Kinetic

phantaco
. distribution of the materisl {sspeciajly effects

of dose on the distribution}; (8] the eifect of
biological variables such as age, sex, species
and strain of test animal: [9) and the manner
azd mathod of dosing the test animals.

it is clear thut all of these factors camot be
essily incorporated ints a single . :
mathematical model, Therefare, selection of
the data (o evalaation in the model is an
important factor in the risk assessment. In
cases where severzl data sets are svailable, *
such as EDB, and the ageat has a variety of
sctiops, aiso true of EDA, the results of
differsnt approaches should provids & guide
as to the optimal approack to risk '
assexamaent, end they should compare
logically with each other {pg. 33-99).

In order to quantify the poteatial risk
of cancer to workers exposed to
ethylene dibromide, OSHA has
reviewed several quantitative risk
assessments submitted in response to
the ANPR. Predictions based on both
human dats and extrapolations from
other species. and several differeat
mathematical approsches were
cousidered -

OSHA and others examinad several
possible exposire scenarios for lifetime
occupational exposure including TWA
exposures rangiog from 20 to 0.05 ppm.
The following discussioq gives a brief
description of each of the risk .
assassments, summarizes the results
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and offers QSHA's preliminary model 'miy fit d‘ata observed at higher scaling factor of one (i.a., ppm' was an
determination of the level of risk posed ~ doses better than the onehit model (Ex.  equivalent dose exprassion for rats and
by axposure to EDB, 11, p. 100=102}. ' man) for twa reasons: (1)

B. Terminology and Definitions

Several statistical/technical terms are
defined hers for reference in reading this
section. -

(1) Mathematical model: A well-
defined mathematical equation
describing the relationship between
dose {e.g. parts per million of EDB} and
response (e.g, cumber of tumor-bearing
animals). The experimentai data are
used to define the relationship; that i{s. &
curve is “fit" to the data. )

{2} Mathematical fit: A term used to
describe haw close a predicted dose-
reaponse curve s to tha actual obasrved
points. Fit is often measured by a Chi-
squared goodness-of-fit statistic and its
corresponding P value. The closer the P
value is ta cne, the better the'fit.

{3) Several differeat mathematical
madeis are discussed in this preamble.
Most of the models ars based on
theories of cancer development. such as
the onehit, the multistage, and the
gamma multihit. The other models ara
usually appiied to cancer studies but
have also been used to predict risk for
other actions of toxins. . o

a. Onehit model: This mode! assumes
that the expected oumber of chemical-
ceil interactions is directly related to
dose. The curve produced is linear in the
low dose range, It can not take into
account regair, detoxication reactions
and metabolic activation. )

b. Multistage modek: This madel
assumay that the toxic response is the
result of an ordered serias of biological
events and that the octurrence of each

‘event ia {inearly related to the dose.
[Note: The onehit model may be
considered a special case of the
multistage model. where there is simply
one stagbe.]

¢ Probit model: This is & typical
sigmaid-shaped curve: strongest in the 5
to 95% response area. Zero responses
are approached very rapidly as the dose
decreases, s

d. Logit modei: This is aiso a sigmoid
curve symmetric about the 50% response
point. It approaches zero response more
slowly than the probit medel.

e, Weibull model: This is a
generalization of the onehit model which
allows for non-linear responses in the
low dosa region. The responae may ba
concave or convex-depending on ‘
estimates from the ohserved data sets.

- {. Gamma Muitihit model: This also
assumes that an expected number of
chemical-cell interactions is related to
dose, but it further assumes that a
number of responses is needed to
produce the celluiar response. Thus the

(4) Extrapolation/interpolaticn: Once
¢ mathematical model is fit to a set of
deta points, one may wish to predict the
risk at gther points along the curve.
Extrapolation is the prediction of risk
outside the range of the obsarved data:
{nterpolation is the pradiction of risk
within the range of the observed data.
The term interspecies extrapolation
refers {o the prediction of risk in one
spacies (e.g. man) based on observations
fn another spacies {e.z. rats}.

C Summary of Risk Assessments

OSHA preparad an in-kouse risk
sccessment (OSHA, 1981) based on the
incidence of nasal cavity
adenccarcinoma in the 1981 NCI

‘tnhalation bioassay in rats (Ex. 4-15}. In

the atudy, rats and mice wers exposed
to eitker 10 ppm or 40 ppm of EDB for 6
hours per day, S days per week for78 to
103 weeaks. In rats of both sexes, EDB
induced capcer at both exposure levels,
causing highly significant increases of
nasal cavity adenccarcinomas as wall
as capcer at gther sites, It mica of both

"' sexas, EDB induced highly significant -

increases in lung cancer 43 well as -

- cancer a1 other sites at the 40 ppm leval.
.The incidencs data used for this risk

assassments givan in Table 3. Though
EDB has baen shown to induce cancer in
rats by several different routss of _
exposurs (gavage, skin application. and
Inhelation} the NCI inhalation biosssay
was chosen for the risk assessment
since inhalation is the primary route of
occupational axposurs. This eliminates
a potential source of uncertainty, the
need to extrapolate from differing routes

" of exposure,

" The OSHA in-house risk assessmant
alsg included a discussion of thé impact
of the choice of a scaling factor for dase.
Doses are often scaled as a means of
interspeciss “standardization” in an
attempt to account for interspecies
variability in pharmacokinetic
parameters {such as metabolism,
absorption, disttibution, as well as other
factors that can affect the extrapolation

‘process} (Hogan and Hoel, 1982).

In & table of dose equivalencies
(OSHA. 1981, Table 4), convarsion of
animal deses to equivalent human
exposure lavels by adjusting for body
sutface area (mg/m’) would increase the
estimates of lifetime risk in humans by
three to five fold (for a onehit model);
adjusting for body weight (mg/kg) would
decrease estimates of risk two to four
lold at low exposures (Tor a onehit
madel). These effects would be more
substantial with models of higher degree
(quadratic, cubic, etc.). OSHA chose a

Mathematicaily, the use of ppm as an
expression of dose would produca
median estimates of risk and (2} In a risk
assessment basad on aasal tumors, a
contact tumor, dose axpressed as afr
concentration (ppm) can reasonably be
coheidéred the effective dosa (the dose
actually causing an sffect). OSHA's

- choice of ppm (i.¢, a scaling factor of

one} for nasal tumor risk extrapolation
Is supported by Busch of NIOSH
{(Memorandum to Director. 1982} and
Brown (Ex. 11).

Data for each spacies were fit to two
different mathematical models: the
onehit model and the multistage model.
These models wers chosen because of
their biological plausibility in describing
chemical carcinogenesis. Both models

© sésume no threshaid, that is, that there

ls a0 demanstrated safe leve] of
exposure, For the prediction of risk, it is
further assumed that workers are
exposed to a given level of EDB for 8
hours per day. § days per week, 48
weeks par year, for 45 years during a 34
year working lifespan. .

Using the nasal tumor data, the in-
house OSHA quantitative risk
assessment predicted a range of 160 to
437 sxcess cancar deaths per 1000 .
workers at 20 ppm and 0,08 to 3 excess
deaths per 1000 at 0.1 ppm (100 ppb).*
These sstimates wers maximum
likeithood estimates. 95% upper
confidence limits on thse estimates
range from 251 to 516 excess deaths per
1000 at 20 ppm and 1.4 to 3.8 excess
deaths per 1000 at 0.1 ppm (100 ppb)
{Addendum, OSHA, 1881},

The EPA Carcinogen Assessment
Group (CAG) reported an “Updated
Quantitative Risk Assessment for
Ethylene Dibromide” in 1973 which was
updated in May 1880. The analysis -
predicts risk for dietary exposure from
consumption of fumigated foods and - -
crops grown in fumigated sail and
occupational inhalation expasure.

For the latter risk assessmant, the
group employed preliminary data from
the MRI/NIOSH inhalation study of
ethylene dibromide and disulfiram (a
note in the risk assassment states the
pathological data wasg final; therefore
the data would be the same as that
found in Ex. 4=18). When Sprague-
Dawley rats were exposed to EDB alone.
statistically significant increases in
spleen hemangiosarcomas and adrenal
tumors were observed in male and
female rats and a significant increase in

A range of estimates aver both species aad both
the onshit and muitistage models,
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mammary tumors was.observed in the
female mt.s.'l'pu“‘ tumor incidence data
fof the three types of tumors in thé"
femaele rat and dose (expressed as mg/
kg/day) were used to eatimate the
lifetime probability of cancer in humans,
Tables of the incidence data employed
in the risk assessment were not
provided.
The CAC employed a one-hit model,
adjusting for & 40 year work history and
« 713 year lifespan. This exposure
scenario is slightly differant from that
usually empioyed by OSHA: 230 days
per year for 45 years ia a 54 year
working lifespan in a 74 year lifespan,
Using the CAG potency parameter {the
_unit risk per unit does, or slops of the
curve) determined from the model. the
excess probability of death from lifetime
inhalation exposure to EDB at 20 ppm
(795 mg/kg/day] is 969 deaths per 1000
workers, and 45 per 1000 workers at 0.1
ppm {100 ppb). In addition. the CAG risk
assessment also included upper bounds
risks due to ingestion of crops grown in
soil fumigated with EDB, and foodstuffs

fumigated with EDB. Though it is aot the

major source of occupational exposure,
Ingestion of fumigated foodstuff does
- pose some ocsupational risk, .

The GAG commented cn the
suitability of the data for risk
assegsment, Jt endorsed these estimates
of risk over previously derived estimates
since “This [MRI/NIOSH] report allows.
us [CAG] to make a direct estimate of
the carcinogenic effect of inhaled EDB"

. 5). .

Lastly, the CAG risk assessment also
observed that the MRI/NIOSH repoct
demonstrated that the carcinogenic
affects of EDB were “considerably
enhanced” when rats wera exposed to
disuifiram in addition to the EDB. The
group estimated the potency of the
combined exposurs to be approximately
85 times that with EDB alone. indicating
the potental for a highly synergistic
effect with EDB. This concern for the
potentiation of the toxic effects of drugs
. and chemcials like disulfiram is echoed
in the NIOSH CIB (Ex, 4=8).

-1 an earlier (1978) risk assessment
{Carcinogen Assessment Group 1978),
CAG estimated riska due to *
occupational inhalation based on the
negative epidemiclogy study reparted by
Ott et al. (1977). As was noted sarlier,
the resuits of the study must ba .
examined carefully due to small sample

size (and thus low statistical power) and-

mixed exposures. Using the
methodology recommended by CAG in
this risk asseasment, OSHA estimated a
95% upper bound for the lifetime risk ..
from exposure to EDB at 20 ppm to be
999 deaths per 1000 workers and 67 .
deaths per 1000 at 0.1 ppm (100 ppb),

Despite the limitations in the study
results, the striking similarity of risk
estimites produced from analysis of this
human data extrapolation to the
estimstes based on the rodent inhalation
study should be noted.

An even earlier CAG risk assessment
{Memorandum to Edwin Johnson,

September, 1977) was based on the NCI

intubation study {Ex. 4-17). The risk
assessment predicted a potency
coefTicient (slope) 16 times greater than
that from the rat inhalation study. This
risk assessment is reviewed in the 1979
CAG risk assessment.

SRI International (1982} performed a
quantitative risk assessment (for
NIOSH) based on the nasal tumors
found in two inhalation studies in male
rats, and males and female rats (NCI-
NTP, 1961, Ex. 7-8, MRI/NIOSH, 1560,
Ex. 7—4), By combining study results,
there were data points for a control and
three non-zero dose levels (10, 20 and 40
ppm)} which were used for the risk
assesgment. Dose in ppm were scaled to
mg/kg/day for the risk assessmexnt and
the data were fit to the gamma mul.ihit
and the multistage models, Predictions
wers made for workers both at rest and
under working conditions. ,

SRI estimated the lifetime human
cancer risk from exposure (working
conditions) to EDB at 20 ppm to be 1.00
by the multistage model and .59 by the
gamima multihit model {virtuaily 1000 ..
cancer deaths per 1000 workers). Using
the slopes and scaling factors provided
in the risk-assessment the risk 2t 0.10
ppm (100 ppb) as 117 excess deaths per
1000 (multistage modei). Calculations

based on other combinations of the data
produced similar results,

TABLE 3.—SPECIMC CANCER INCIDENCE ¢ -
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In an interagency review of OSHA's
in-house risk assessment, Busch of

NIOSH outlined the major issues and
uncertainties involved in all quantitative
risk assessment (Memorandum to
Director, 1982). In particular, be
addressed the two main sources of srroc
in such predictions: intraspecies
extrapolation and interspecies .
exfrapolations.

Busch criticized the OSHA risk
assessment for not including confidanca
limits to account for variability in the .

. test animals {Intraspecies -

exirapolation). In response to this,
©OSHA has included and addendum to
its in-house risk assessment which
provides the 95% upper confidence limits
on its estimates (OSHA, 1981). .
Busch aiso included an analysis of the
scaling of the dose parameter
{interspecies extrapolation). He
coacluded (as had OSHA) that
expressing dose in paris per million
(ppm) or a scaling factor of one was the

" “best choica™ for the nasal tumor data.

In addition. Busch discussed the use
of the onehit and multistage models in
providing “conservative™ estimates of
risk. {A conservative estimate is defined
as an estinate which will tend not to
underestimate the risk.) Busch pointed
out that while the onehit and multistage
models produced conservative {too high)
sstimates of risk at low doses, they . .
actally undereséimate the risk posed at
levels which fall within the range of
doses of the experimental animais, such
as 20 ppm. Busch used a probit model to
perform an alternative interpolation’at
20 ppm EDB because he felt the convex-
upwards shape of the probit model’
would probably be more accurate in the
midrange than the linear or concave-
upward multistage model. He added:
*“The onehit model {s obviously not

- credible for use in the midrange” (p. 10}.

The risk estimates derived from the
probit model excaed the OSHA in-house
risk estimates at 20 ppm by 12% to 28%.
Busch concluded: '

Based on a 45-year period of intermitteat
axposute {during 8-bour workshifts) to 20
ppm EDB, the risk (probability] that & worker
will devalop the most common form of cancer
is estimated to be between 38% and 58%. This
range is obtained from 95% two-sided
confidence limits for risks o male and femala
ruts, [Theru are indications] * * * that the fisk
estimates for rats exposed to 20 ppm EDB are

" probably undersstimates of risks to humans

st the same exposure concentration.

" A detailed and informative risk
assessment was performed by Brown
under contract to OSHA {Ex. 11). He
examined the mode of toxicity of EDB as
a preiude to quantitatively estimating
the cancer risk associated with
occupational exposure,
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Brown noted two types of tumors
associated with EDB exposure—site of
contact tumors and remote tumors. The
targe! site of “direct™tumors was
dependent on route of exposure, Oral
dozes of 20 and 40 mg/kg/day produced
forestomach tumors (Ex. 4-17).
Inhalation doses of 10 and 40 ppm 8
hours per day produced nasal cavity
tumors (Ex. 4-15). Doses of 25 mg/ )
mousa/day applied to the siin of mice -
produced skin papillomas and
carcinomas {Ex. 4=19).

In sddition, tumors were produced at
tissue sites remote from the site of
contact in each bioassay. These
included respiratory tract (lung) tumars
in mice in the skin painting study (Ex. 4-
19); hemangicsarcomas of the
circulatory system in rats in the
inhalation studies (Ex, 4-18, £-18}, and
alveolar/bronchiclar carcinomas in the
inhaistion studies in the mice (Ex. 4=15).
In the oral gavage study, .-

hemangiosarcomas were aiso produced

in the circuiatary system (Ex. 4=17).

The tssues remote from the site of
direct contact in which tumors were
produced would have had relatively low
expoaures to EDB (that is, the effective
dose may be diffarent than the
administered dose). They presumably
responded becausa of uniqua- -
pharmacokinetic, metabolic or other
biochemical factars. Since these remate
site tumors may be of particular concern
with chronic low level exposures (due to
metabolite-EDB interaction), Brown .
recommended that risk to workers be
based on the incidencs of
hemangiosarcomas in male rats; he
suggested that a risk assessment based
on nasal tumors may provide a “more
conservative” altemative.

In making his quantitative estimates
of risk, Brown relied on the following
assumptions: = -

(1) Rata and mice can be used to
predict the quantitative risk of buman
cancer, male reproductive injury and
acuts toxicity resulting in man from
exposure to EDB. [Note: The -
quantitative risk assessment was hased
solely an cancer. Though there were
doge-response relationships
demonstrated for severz! reproductive
effects in a variety of species. many of
the endpoints {reduced egg production in
hens, reduced average litter size in rats)
maybe inappropriate for quantitative
risk assessment for humans). o

(2) Cancer and other health risks at
low doses are proportionaily lower than
risks at high doses. The low-dose
extrapolation can be accomplished by
fitting a mathematical dose-response
mode! to the experimental data.

(3) Since the primary routs of -
exposurey in workers is inhalation, data

from inhalation studies may be mord -

" applicable to hazard assessment for

workers than data from oral or dermal
routes of exposure. although significant
actions are produced by skin contact.
(4) Both EDB and its major
matabolites contribute to the human
carcinogenic risk. The relationship
between dose level of the exposure, the
dose absorbed. and the risk of specific
tumors differs for direct contact tumors
and tumors remote from the site of -

" contéct.

(5) The exposure level and dose ona

mg/kg body weight basis will possibly,
ect the relative amount of sach

metabolite(s} formed and the sits of

action of EDB. :

{6) The buman epidemiology studies
available are insufficient for
quantitative risk assumptions but are
useful for verifying predictions
developed from modals based on the
animal dats. . o

Justification for these assumptions is
detailed in Brown's repart. Assumptions
1-3 and 8 were alsd made by OSHA In
jta in-houss risk assessment: sinca the
OSHA in-house risk assessment waa
based on nasal {site of contact) tumors
howaever, assumptions: (4} and (5] were
not applicable.

In an effort to make maximal
utilization of the available information,
Brown chase ta combine the results of
twao inhalation studies in rats in order to
estimate the risk to workers, as was
done in the SRI risk assessment. Data on
specific tumors {l.e., nasal tumors or-
hemangiosarcomas) from different
sutdies wers combined when it was felt
that they resulted from similar biclogical
mechanisms, The integrity of this
procedure was borne out by the -
comparison of predictions using -
mmzi.ned data with those from risk
assessments based on other data sets,
particularly estimates based on single
data sets from single experiments,
Brown's preferred estimates were based
on the combined data from the NCI/NTP
and MR!/NIOSH inhalation bioassays.

Brown scaled the dose for risk
asgesament based on the remota tumors
(hemangicsarcomas) in mg/kg/body
weight. However Lhe risk sstimatas
based on nasal tumors used doss in
terms of ppm (a scaling factor of one}
since he believed that when “tumors are
to a high degrea the resuit of a direct
action (Alkylation) by EDB, then the
absolute concentration reaching the
issue would be s more important .

. parameter than the dose to the animal

on a bady weight basis.” (p. 108),
Where posgible, Brown fit six
diffsrent modeis (onehit, multistage,
probit. logit, gamma multihit and
Weibul) to the data. His preferred

estimates were those from the onehit
model using nasal tumor data and the
onehit and multistage models when
using hemangiosarcoma data.

Based on the hamangiosarcoms data

- {Ex. 4=185, 4=18), Brown predicted a risk
- of 70 t0 10 excess cancer desths per 1000

workers at 20 ppm with 95% upper
confidence limits of 134 to 148 excess
deaths per 1000; at the proposed OSHA
PEL of 0.1 ppm (100 ppb), he predicted

" an excess risk of 0.2 to 0.8 excass deaths

per 1000 (95% confidence limits are .7
and .8 excess deaths per 1000). Again,
using the inhalation studies, estimates of
risk based on nasal tumor incidence )
(and air concentration of EDB—ppm] ' -
were 725 excess deaths per 1000
workers at 20 ppm and 6 excess deaths
per 1000 at 0.1 ppm. with 95% upper
confidence limits of 785 (2t 20 ppm) and :
8§ (at 0.1 ppm) excass deaths per 1000, !
Another risk assessment )
demonstrating the rigk associated with
EDB was given in the “Praposad
Emergency Standard for Ethylene
Dibromide" for the Stats of California- -
(Ex. 4-9, Appendix G). This quantitative '
asseesment of risk utilized data from tha:
NCI inhalation bioassay. Though data
from the NCI gavage bioassay are
discussed in tha submission, the :
estimates of lifatime cancer risk were -
based an data from the inhalation '

"bioassay “since this route of exposure is

similar to what may be the major sourcs
of human exposure” (pg. 93). The data
used in the CAL/OSHA risk estimates is
the nasal tumor data employed in the
OSHA in-house risk assessment (OSHA.
1981) given in Table 3. This risk . =
assessment usad a my/kg/day dose-
equivalency with a daily lifetima
occupational exposure of 1 ppm
equivalent to 0.32 mg/kg/day. Usinga -
simple linear model, the CAL/OSHA
risk assessment predicts a lifetime risk
of cancer from accupational exposure to
EDB as 400 per 1000 at 20 ppm and 2 per
1000 at 0.1 ppm (100 ppb}; using the
onehit modet the risk is greater than 998
per 1000 from exposure at 20 ppm and
Q.5 per 1000 at 0.1 ppm (100 ppb).

D. Discussion and Concilusions

A summary of resuits from each of
these quantitative risk assessments is
given in Table 4. Taken together, they

. establish that there is a large excess risk:

of cancer death from exposure to EDB at
20 ppm and that lowering the PEL to 0.1
ppm will greatly reduce that risk.

Estimates of the excess risk at 20 ppm
renges from 70 to 999 per 1000 and
depend heavily on the model used and
the choise of tumor data upon which the
quantitative risk assessment is based.
Aller examining thesa (eight) risk




) -
o LMER e o, .

Federal Register / Vol. 48, No. 198 / Friday, October 7,71983 / Pmpt;sed Rules

- assessments, OSHA endorses Brown's
‘appcoach to the quantitative essessment -

: TAM&—EsnuAmb!LﬁnuExcsssmmnmgFm%EmsuaeroEmm '

of risk from exposure to EDB, OSHA
concludes that

occupational exposure to EDB at 20 ppmi

is 70 to 110 excess deaths per 1000 (85% .

upper confidencs limits of 134 to 148.

6 per 10,000 with 95% upper confidence .
limits of 7 and 8 per 10,000. The estimate
-of 725 excess deaths per 1000 based on.
the nasal tumors is considered a valid .
but conservative estimate of risk. The

rationale for these eonc.!usion.l il glven -

below. " .

.OSHA believes that the multlstagu
model (and the onehit model as &
special case) is the most appropriate
modei for the prediction of excess risk
from exposure to EDB. The curve shows
good fit to the abserved data and was -
employed In almost all the quantitative

_ risk asseysments lubm.ittad to the

record.

nonsigmoid curves tend to- .
underestimate the risk in midrange s
not borne out by Brown's data. -
Estimates from the sigmoid curves at 20
and 10 ppm ere aimost identical to those
‘calculated for the onehit and multistage
models {71 per 1000 for the probit -
model). This could be a result of the
different tumor dats used by Brown
(hemangiosarcomas) or the increase in
degrees of freedom gained in the *
combination of data sets. The

“conservatism” of onehit and multistage
models at low doses is still evident with
this data {probit estimate is 5.0 10 ¢
per 1000 at 0.1 ppm).

The choice of the hemnngmsarcoma

data for the risk assessment was
perticularly prudent,

-which tumors were

Busch's fN'l'OSH] contentlan d}at ﬂm

Oeromoz ._ .
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: 20 PPM 0.1 ped “ -
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Guach 190400(293-500) ook - s
.'-n;u-u - T0-1100134=148) | 02-0.600.7-0.80 | Orveht, masiotage.”
Masd Yumors, Lo T 0 s [Omew - T
Brown s nsk utlmatas which ...... Hemangiasamomau wers ohserved in all
incorporate the combined, of the bicessays. The bioassays indicate
hemangiosarcoma data.and the oo that, regardless of route of exposurs |
combined nasal tumordataaretobe . . (inhalation, oral gavage, skin painting), *
- relied upon in making its preliminary .. .  the spleen and the circulatory system
- determination of risk. Thus, at this tine,  are specific target organs for the action
~ OSHA concludes that the lifetime . .- of E B and jts metabolites. EDB is
estimate of risk from (lifetime} - .. . absorbed across biological membran=s

and found in circulating blood as EDB,

.. This, EDB is availablie to all petfused

.. - tissues (essentially. all tissues).

- excess deaths per 1000}; the predicted - :
risk at 0.1 ppm (100 ppb) is therefore 210 -

[T, 2,"

" . As Brown pointed out, “The tissues

remota from the site of direct contact in
roduced would
have had relatively low exposures to
EDB. They presumably responded _
because of unique pharmacokinetic,
metabolic or other biochemical - '
factors . . . These remote site tumots

may be of particular concern with cropic "
. low level expasures jdua to metabolite.- -
- EDB interaction]” (Ex. 11, p. 84).

. In addition, OSHA recognizes the "
adveantage of combining data sets of
similar tumors for risk assessment as
was doae by SRI (1982) and Brown {Ex.
11). Not only do similar results from
different studies strengthen the weight

.of evidence of carcinogenicity. but the .

combination of these data into a single
prediction of risk is resonable and
provides a wider data base (more -
degrees of freedom) from which to make
the prediction of risic

The choice of a dose scaling factor for
calculating equivalent doses was mixed
among the submissions. The CAG, SRIL,
and CAL/OSHA assessments employed
& factor to convert to mg/kg/day for risk
assessment based on the inhalation
bioassays and nasal tumor data. QSHA,
Buach {(NIOSH) and Brown employed

ppm (scaling factors of 1) for these

analyses, Brown recommending use of
mg/kg/day only for the systemic (non-
contact) tumors. OSHA concurs with
this approach. The use of a mg/body
weight scaling {actor adjusts in some
way for differences in biclogical

mechanisms between species and seems

. to be a more accurate characterization

of dose for remote site tumors. As
Brown notes, use of actual concentra tion
seems reasonable in a risk assessment
based on contact tumors.

The excess cancer risk to workers
exposed to EDB with high intermittency
has not been quantified in this risk
gssessment. The models employed by
OSHA and others assumed a cumulative
dose-risk relationship. Moreover, risk - -
estimates were based on resulis of -
cronic exposure bicassays. :

-. In most industrial settings and other

- - ‘work environments, employes. . . .
© axposurss to harmful substances are

regular and long term in nature. Based -
upon the' limited data presendy . .- -
available, OHSA beheves that the
exposure pattern for many EDB-exposed
employees may follow a different .

" pattern and that a substantial numberof -
employees may bs exposed toEDBona = -

somewhat irregular or intermittent

" basis. The models relied upon by OSi-iA

and others to estimate the risk from

_occupational exposure to EDB assume. . |
regular long-term exposure. Similarly,. ... ... .
the risk estimates were basedon the. . :

results of chronic exposure btoassays.

. Therefors, the risk estimates discussed -

berein may only be imprecisely related.
to the portion of the population which is
exposed to EDB on a less than regular
basis and may not offer a fully . .

‘representative descnplion of these: .

workers' risk. .
A wide variety of factora xna.kas il~

- difficult to account for these highly-

intermittent exposure patternsina -

quantitative manner. There is no widely -
. accapted risk model presently in use

which provides the opportunity to
consider the effects of intermittent

. exposures or periods of non-dosing.

While it is possible to adjust the
mathematical models to reflect a

. decrease in total exposure time {which )

by definition is always present with

‘highly intermittent exposures), the
-mathematicai models cannot evaluate or

predict the range of boiological
interference which may take place. -
between exposures. On the one hand, °

thers may be elimination or deactiva_;mn _

of EDB to some extent when it is
introduced into the system in small

‘quantities at infrequent intervals. Such a

highly intermittent exposure pattern
may, at least theoretically, allow for the
repair of damaged systems or cells, Both
of the factors then may resultina
greater reduction of risk than a model
simply adjusted for decreased exposure
time might reflect. On the other hand,
very little deactivation or repair may

45973 -
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occur in apite of relately sporadic
exposures, Lo

The impact of intermittent or sporadic
exposures to EDE is particularly difficult
to weigh because of the lack of precise
knowledge of the biological mechanism
of carcinogenesis EDB has besn shown
to causa cancer in test animals by every
route of exposure: tumors have besn -
produced at the site of contzct a3 well-
as remote sites. Experimental evidence
shows that EDB forms various
metabolitas once it is introduced into
the systeny sonte of these metabolites
are active mutagens. Morsover, EDB and
its metabalites are patent aikylating
agents; alkylation of macromoiscules
has been identified &3 the primary step
. in toxic injury to the cell in the case of .
reactive molecules. Consequently it may
be inappropriate to assume that repair
or detoixification play a significant role
- in spite of intermittent exposure. . .

Moregver, the only scientific evidence
specific to EDB which is presently .
available suggests that the risk of cancer
" is nat significantly reduced in spite of an
intermittant dosing pattern. In the NCI
oral gavage study test animals were
subjected to 13 wesks at high doses
followed by approximately 71 weeks at
a lower dose on a cyclic basis (the
animals wers exposed for 4 waeks and’
rested for 1 week). Although the animal
exposures in this study could be
described as intermittent, the test
animals developad cancers in the same
order of magnitude as in other studies
whiers the animals were subjected to
. regular exposures. Cansaquently, any
repair or desctivation that does occur
may be extremely dependent on the
spacing of the doses and thare ls no
reason to bslieve that in the case of EDB
exposure there is a linear relationship -
getwean the repair mechanism and

ose, ' ¢ :

Anather factor to be considerad is
that EDB i# & proven synergistic agent.
In view of the fact that EDB may actin a
synarzistic manner with ather |
substances to which the worker is
exposed, the potantial effect that :
intermittent exposures to EDB may have
on the bidlogical system must be taken
into account. This lactor iy especially
important since warkers are often
exposed 1o other carcinogens in the
work environment as well (For
example, grain elevator workars who
may be intermittendy exposed o EDB
are sometimes also exposed tq carban
tetrachloride. a well-dacumentad
carcinogen). Consequently there may be
no reduction of the risks or there may be
an sctual increase in risk even though
the EDB exposures are intermittant.

Based ypon its present knowledge,.
OSHA {esls that its ability to quantify

' V. Significance of Risk .- _°

the risks of intermittent exposurs to EDB
is limited. That i3. limitationa in ths
available data and scienics are such that
a quantifiable extrapolation of risk for
intermitient exposure to EDB isnot -
possible at this time. OSHA requests
information and data specifically
addressing the question of intermittency;
in particular, information is needed on
the appropriate modeling and the

" prediction of risks dua to intermittant

exposurs at high and low exposure
levels. )
QOSHA predicts that the increase in
lifstime cancer risks attributable to
exposurs to EDB at the current PEL is 7
to 11%, with possible upper limits as
high as 78%. OSHA believes that such-
risks warrant and compel a naw  *
standard (and lowes PEL) for
accupational exposure to EDB. The
impact of thesa astimates of risk and

- their role in setting the new PEL is -

discussed in the followling section.

OSHA's overall analytic approach for
setting worker health standards is a four
step process consistent with recent court
interpretations of the OSH Act and
rational, objective policy formulation. In
the first step, quantitative risk )
assessments are performed where
poasible and considered with other
relevant factors to determine whether
the substance to be regulated poses a

‘significant risk to workers. In the second

step, OSHA considers which, if any, of
the proposed standards being
considered for tha substance will .
substantially reduce the risk. In the third
step, OSHA looks at the best available
data to set the most protective exposure
limit that is both technologically and
economically feasible, In the fourth and
final step. OSHA considers the most
cost-effective way to achieve the
objective. .. . .

In the Benzene decision, the Supreme
Court indicated when a reasonable
person might consider the risk
significant and take steps to decrease it.
The Court stated: ] ,

It is the Agency's responsibility to
determine in the first instance what it
considers to be a “significant” risk. Some
risks are plainly aceaptable and athers are
plainly unacceptable. [f. for example. the
odds are one in a billion that & person will.
die from cancer by taking a drink of .
chlorinated water. the risk clearly could not
be considered aignificant. On the qther hand,
if the odds arw one in a thousand that regular
inhalation of gasoline vapory that are 2%
benzene will be [atal « reasonable person
might well consider the risk significant and
take the approprinte steps to decTease or

eliminate it. (LU.D. v. ALPL, 448 US. at 855). .

The Court indicated, however, that the
significant risk determination required by the

OSH Act ia “not & mathematical
straightjacket.” and that “OSH Is not required
1o support ila findings with anything -
approaching scientific certzinty.” The Court
ruled that “a reviewing court [is] to give .
QSHA some lstway whers its findings must
be made on the frantiers of scientific
knowledge [and that] ® * * the Agency is
fres to use conservative sysumptions in
intetpreting the dats with reapect o T
carcinogens, risking erroe on the side of
overprotaction rather than underprotection,”
448 U.S, at 653, 858,

As indicated in the health efects
section above. EDB is ap extremely
potent carcinogen in animals, causing
cancer by all routes of exposure, both at
the sita of contact and at remote sites. -

In the preambla to this proposed
standard, OSHA has presented data * .
establishing a dose response T
relationship with regard to cancerin
experimental animals-as well a3 hepatic
necrosis, toxic nephropathyand =~ =
reproductive toxicity including embryo
toxicity. Mutagenic effacts have also -
heen astablished. In arder to detepmine
whether the risk from exposure to EDB-
is “significant™ tha agency examined.the
risk from cancer from such exposure. No
quantification of risks based on the - -
numerous other adverse health effects
aszociated with EDB exposure waa
attemped, Virtually all of the risk.
assessments performed (see discussion.
below) demonstrate that the risk of
cancer from EDB is so high at such low
levels of expasurs that any further
quantitative inquiry is rendered .
superfluous. Hawever, OSHA believes
that experimental data yields sufficient
qualitative svidence to support the | .
conclusion that EDB is a direct acting
mutagen which also metabolizes tg one
or more highly mutagenic compounds. In
addition, labaratory evidence suggests
thet EDB or an alkylating metabolits of
EDB is responsible for the adverse
teproductive eifects observed. . |

As discussed in detail earlier, OSHA
bas based its risk estimateson a
quantitative risk assessment for EDB
performed by David Brawn of ,
Northeastern University (Ex. 11}, Brown
based hia risk assessment on the
inhalation studies conducted by the
National cancer Institute/National
Toxizology Program (NCI/NTP) and
NIOSH/Midwest Rasearch [nstitute
{NIOSH/MRI). Brown's risk assessment
predicted a risk of 70 to 110 excess
cancer deaths per 1000 workers exposed
at the current permissible exposure level
(20 ppm) based on the hemangiosarcoma
data combined from both studies.
Estimates of risk based on nasal tumor
incidence ware 725 axcess deaths per
1000 workers exposed at 20 ppm. Thess
risk estimates assume employees have
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fegular exgosure to the EDB over their
7 working lifetime (45 years).

These estirates of risk for exposure .

to EDB at the current exposure limit
greatly exceed the one per thousand
guideline which the Supreme Court has
characterized in the benzene case as -
presenting a significant risk. If workers

are exposed for less thana working - -

lifetime, as may be the case for citurs
workers, the risk might be somewhat-
reducad. However, at this point. QSHA
does not know how to quantify any
possibie reduction of risk (ses - |,
‘discussion below). Public inputis + -
requested oa this issue. [t should be ~
noted. however, that the laboratory
evidencs indicates that the risk to
workers exposed at the present
permissible exposure level of 20 ppm is .
so great that even if a scientifically valid
methodology could be developed to
account for intermittency, which might
result in reducing the lifetime risk
estimates for certain segments of the
population, perbaps even by a factor of
2 or 3. risk would nevertheless still
-greatly exceed the one per thousand
which the Supreme Court gave as an
_ example of a significant risk (Z.U.D. v.
APL 443085 atess). A
- Moreover, at laast in the case of nasal
tumor, the risks from EDB exposure
appear to be far greater (725 per 1000)
than for any other hazard that QSHA,
bas reguiated in the past, where the
risks have beea quantified. In the
arsenic regulation, for example, the risk
of cancer at the former permissible
exposure level was estimated to be 400
per 1000, (see supplemental statement of
" resasons, 48 FR 1901), which was found
to be significant. In addition. OSHA's
prelimingry risk assessment (which
concurs with Brown's} indicates that the
risk of cancer from EDB exposure at the
permissible exposure level {using the
combined bemangiosarcoma data) Is at
least as high {70 to 110 per 1000) as risks
from other hazards to whick QSHA has
responded in those cases where .

quantification has been attempted. For :

example, the risk of cancer (using the

combined hemangiosarcoma data) from

ETIB exposurs is comaparable to the risk
of cancer from ethylene oxide exposure,
estimated at 63 to 109 per 1000, which
OSHA preliminarily found to be
aignificant in its recently proposed -
ehtylene oxide standard (48 FR 17295)
and to the risk of byssinosis from cotton
dust exposure of approximately 83 per
1009. Further. the risk from exposure to
the current permissible exposure limit
far EDB ts much greater than the risk to
coke aven workers (approximately 10
per 1000) which the Agency determined

was sufficient to justify lowering the

- permissible exposure limit.

OSHA also evaluated the extent to
which the risk would be reduced by
adopting the proposed permissibie

exposure limit 01 0.1 ppm. Assuming

exposure over a working lifetime, the
risk estimates made from the combined
hemangiosarcoma data indicate risk -
would ba reduced from 70 to 110 excess
deaths par 1000 at the crrent premissible
exposure limit to 2 10 8 excess deaths
per 10.000 at the e Lmit -
contemplated in the proposed stan
approximately a2 94.5% reduction in risk.
If the risk estimates predicted from the ~
nasal tumor data are used, the risk
would be reduced from 725 excess
deaths per 1000 at the current
permissibie exposure limit to 8 per
thousand at the proposed permissible '
exposure level, indicating a 99% .
reduction in rigsk. Therefore, it ippears
that the excess deaths from cancer will
be substantally reduced if the proposed
permissible exposure level is adopted..
OSHA used the onebit and mulistage
models to determine risk at both the
current and proposed EDB permissible
exposure limits and concluded that the -

¢ multistags model was the most S
‘appropriate in this instance. It should be. . of a determinatign that gcocupational |

noted that estimates calculated using ; ° safety.and haalth risks were too high.-

the onehit model were either the same.

. or higher than those generated by the .~

multistage model primarily relied upon
by OSHA. Brown also calculated risk
using ather models. including the probit,
logit, Weibuil and gamma models whers
thers were data points for these
models to be used. Using the combinded
inhalation study data. these various
models estimatad excess risks at the
current permissible exposure limit -
which were essentially consistent with
those generated by the multistage .
model; excess risk eatimates generated
by the other models {probit. logit.
Weibull and gamma} at the proposed
permissible exposure limit were

_ somewhat lower that'thase calculated -
by the multistage model (Ex. 11, pp. 111-

120)..In any event, a// models indicate
an extremely high excess risk at the -

dramatically reduced risk atthe -~
proposed permissible exposure limit,
This corroborates OSHA's finding that
there is a significant risk from exposure
to EDB at the permissible exposure limit
which will be significantly reduced by
adopting the proposed permissible - -
exposure imit and other proposed
provisions designed to reduce workey
exposure to EDB. ) ‘

OSHA's risk assessment projects that
a maximum likehood estiznate of risk of
2 to 6 cancer cases per 10,000 workers

will occur from regular occupational

* exposure at 0.1 ppm over @ working .

lifetime. The upper confidence limit of
this assessment is 7 to 8 cases per 10,000
workers. A more conservative estimate
based upon the nasal tunor data
indicates that at the proposed

* permissible expasure limit there will be

6 cancer cases per 1000 workers (with
an upper confidence limit of 8 per 1000).

OSHA's preliminary conclusion is that
risk is not eliminated at 0.1 gpm PEL. .
While the risk at this level ranges from
approximately 2 to 8 cancers per =
thousand workers dapending upon -
which laboratory results [tamor types} -
are relied upon, it is not necessary to

" determine which is the best estimate.

Neither estimate reduces the risk to the
point of insignificance. The proposed
permissible exposure limit is based upon
feasibility considerations. In other
words, after evaluating all of the

- information which is presently available

to it, the agency believes that it is
feasible for employers to reduce
employee exposures to EDB to 0.1 ppx
and it may not be feasible to reduce
exposure below 0.1 ppm. , .

. Congress passed the Degupational
Safety and Health Act of 1970 because

Based on this, it is clear that Congress ..
gave OSHA authority to reduce risks of
average or above average magnitude
when feasible. OSHA believes that the
propased standard for EDB will reduce -
the very significant risk from exposure
to EDB to between .2 to & per 1000,
Therefore, the Agency is carring out the
congressinnal mandate within the limits
of feasibility and is not attempting to
reduce insignificant risks.

. Under both the Congressional intent
and ths Supreme Court rationale, OSHA
must, if it is feasible, seek to reduce
riske below those estimated by the risk
asgsesament to persist-at a PEL of 0.1
ppm. The proposed rule as drafted may
be expected to reduce the risks of EDB -
exposure below thoge estimated using- .
the mathematical modeis because the

- estimates of risk only consider the PEL
current permissible exposure limit and a-

and do not take into account other

. protective clothing and work practices.

As OSHA's assessment of the risk
incorporated only the estimates from the
inhalation of EDB, OSHA believes that
these other protective provisions may
lead to further reductions in risk by

.controlling exposures by other routes,

namely dermal exposure and ingestion.
OSHA believes that exposures by these
other routes may contribute substantial
additional risk to workers. However, the
decrease in risk that may be achieved
by these additional worker protection
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rovisions has not been quantifiad
eyond a detarmination that they will
add to the protection provided by a
lower PEL. OSHA believes that -
employers who fulfill the provisions of .
the standard as propased will provide
Emtecion for their employees from the
azards prasented by occupational
exposute to EDB well beyond those
which would be indicated solely by the
reduction of the PEL. .
In determining the level to which the-
ermissible exposure limit should be
owered, several elternative 8-hour
TWA's (L 0.5, 0.1 ppm} were considered
by the Agency, OSHA currently belisves
that compiiance with a 0.1 ppm TWA is
technologically and economically
feasible based on data discussed
eisewhere in this document and the
Regulatory Analysis, S
As discussed above, there may be a
large segment of the exposed population
that is exposed to EDB only -
intermittently. This pattern of expasure
appears to be most likely for citrus -
. workers us well as those in flour milla
and grain elevators. In such cases, the
risk of exposure to EDB may be
somewhat lower than that predicted by
the various risk assessment which .
assume regular exposure over a working
lifetime. At this point, however, OSHA
is unable to quantify with any degree of
confidencs any possible reduction of
risk as & result of intermittant
exposures.: ce
The Agency beliaves that it may be
possible to describe the risk posed by
intermittent exposures in a more '
quantitative mannar. Therefore, the risk
estimating methodology employed as
well as the rationale for the reliance
. upon specific data and assumptions is
described in some detail (see :
Quantitative Rlsk Assessment
discussion of the praamble) and advice
is solicited from the scientific
community on how to refina the
technique to account for highly sporadic
a8 well as seasonal exposure patterns.
As poted above in the quantitative
risk assessment discussion, the Agency
is mindful of the fact that there may be
considerably more involved in ‘
accounting for intermittency than merly
adjusting the total doss considered in
the various risk assessment models.
Therefore, OSHA Invites comments
addressing the issue of whether thers
are scientifically valid and and well-
accepted techniques for accounting for
intermittency in tha extrapolation from
laboratory data to man when the
laboratory studies themseives are based
upon chronic and not intermittent
axposure.
In spite of these considerations, the
Agency believes that the risk

assessment relied upon in this proposal
represents the best quantification of risk
availabls at this time, Moceover a

"number of nonquantitative factors lead
OSHA to belleve that in spite of the
intermittent axposure patterns of certain
segroents of the exposed population, the
risk from thesa exposures may be close
to that described in the risk asssssment.

It should be noted that the NCI oral
gavage study, the oniy laboratory study
which may ba analogous to intermittant
sxposures, showed cancars in the same
arder of magnitude as other studies that
spproximated regular exposures. In
addition, dermal exposure may meke a
significant but unquantifiable
contribution ta the total EDB axposurs
of soms industry segmentis such as citrus
handling. where the exposure to
airborne EDB may be charactarized as
seasanal. Although thess dermal
exposures are not taken into account in
any of the risk assessments, the
possibility of dermal exposure even
when there are no spashes or spills of
EDB cannot be discounted. For example.
tests of fumigated citrus in Texas
revealed a residual laysr of EDB on the
surfacs of the fruit of approximataly 4.5
ug 14 hours after fumigation: this lavel
wes substantially reduced to 0.8 ug 0
hours after fumigation (QSHA Technical
Submission #3}, .

— The extreme toxicity of EDB is
underscored by the laboratory resuits.
EDB and two of its principal metabolites
have baen shown to be pasitive
mutagens. Various types of tumors were
producad at tissue sites remote from the
site of contact in each bioassay. These
included respiratory tract tumors,
hemangiosarcomas of the circulatory
system and alveolar/bronchiolar
carcinomas. In addition. contact site *
tumors were induced in the forestomach
and nasal areas. Adverse reproductive
effects of EDB in sevaral animai species
have been clearly established. These
adverse effects include interferencs in

- the early stages of sperm development
and reduction of sperm count:
malformation and anomalies tn offspring
were also produced. Moreovey, there is
an Indication that some reproductive
effects may be based on short term
peaks, totally unrelated to length of
exposure (Ex. 11). R

QSHA believes that the Latal risk to
employees exposed to EDB is the resuit
of the compounded risks from
carcinogenicity, mutagenicity,

. spermatotoxicity and damage to the

kidneys, liver. spleen, respiratory tract,
central nervoua system, skin and eyes
described in labaratory studias. Al of
these things together lend qualitive
support to OSHA's quantitative rigk
assessment for those exposed

‘canﬁnuuusiy ona r:lnily' basia as wall as

for those exposed on an intermittent or
saasonal basis. -

The Agency believes that while the
proposed PEL may be conservative for

'some industry segments who are not

exposed to EDB on a regular basis, . .
OSHA concludes that based upon

- current knowledge there is support for

the proposal which applies the proposed
PEL of 0.1 ppm to all coversd employees
regardless of their exposure pattern.

This is especially true in view of tha fact

 that the Agency has limited inowledge

a8 to the precise expasure profile within
varigus segments of the industry. In

" other works, while the average range of

exposures ars known for various groups,
{t is difficult to say with any degres of

.cartainty exactly what the exposure

duration and patter is (that is, number
of day, weeks and months, and
frequency] for all members of these |
exposed groups. Fertharmore, tha

* Supreme Court in the Banzena decizion

indicated that the Agency was free to
use consarvative assumptions in
intarpreting the data with regpest to
carcinogens, risking error on the side of
averprotection, rather than
underprotection {448 U.5. 858) and did
not have te support its findings with
anything approaching scientific
certainty. This is of course consistent
with the statutory mandate to protect -~
avery working man end woman insofar
as possible from material impairment.
The Agency will continue to sesk a
more acientifically precise method for
accounting for intermittency of
exposure. If such a method can be found
and if seientific evidence supports the
propasition that the risk from
intermittent exposure decreases

" significantly, then OSHA may consider

some adjustment in the proposed PEL
for various industry segments.

VLS of Regulatory Impact and
Regulation Flaxibility Analysis

A. Introduction '
Executive Order 12291 (48 FR 13197,

February 19, 1081) requires that a

regulatory analyais be conducted for
any rule having major economic
consequences on the national economy,
individual industries, geographical
regions, or levels of government. The
Regulatory Flexibility Act (S U.S.C. 601
et. s8q.) similarly requires the
Occupationai Safety and Health
Administration {OSHA) to consider the
impact of the propased reguiation on
amail entities.

In accordance with these
tequiremnents, OSHA has prepared a

Preliminary Regulatory Impact and
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Regulatory Flexibility Assessment for
the ethylene-dibromide {EDE) standard.
This asieviment describes the industries
affected by the standard, the regulatory
alternatives, the effacts of non- -
regulation, the costs of compliance with
the proposed standards, the
technological fersibility of the proposed
provisions, and some of the potential
benefits that will occur to employees
exposed to EDB at their places of work.
The Secretary has determined that
this action would not be major as
_ defined by Section 1(bj of Executive
Order 12291, The Secretary also certifies
that this action would not have a
significant impact on a substantial
number of smail entities as defined by
the Regulatory Flexibility Aet. The
Preliminary Regulatory Impact and
Regulatory Flexibility document is
available in the docket office fur
inspection and copying. -

B. Summary of Industry apd Exposure -
B RN

Profiles : .

OSHA estimates that ths proposed
EDB standard would cover: ’
gpproximately 600 continuously exposed
employees and about 56.400 .
intermittently expossd waorkers in sevén
industry sectors. Continuously exposed

employees are defined as those expasad .

on a daily basis such as in the
manufacturing of EDB. In termittently
exposed employees are defined a3 those
exposed gn & seasonal or pariodic basis
such as those in the citrus industry.

The employees sovered by the
proposed standard work in seven
industry sectors: EDB manufacturing:
pesticide formulating: manufacturing of
gasoline antiknock compounds and their
blending: handling of fumiguted citrus,
grain, and papaya: and flour mill
equipment fumigation. The EDB
manufacturing industry is comprised of
4 largs firms (one firm recently ceased
manufacturing EDB), oaly 1 of which has
annual sales under $1 billion. OSHA has
identified 18 firms with 20 plants that

blend and repackage EDB for pesticides.

No firm had annuai sales less than $0.5
million. Four firms manufacture -
antiknock tompounds that contain EDB,
These firms all had annual sales of more
than $£500 million. Six Hawaiian
packinghouses handle fumigated
papaya. Five out of six of these firms are
reiatively small, averaging 24 processing
employess each. The average value of
fresh utilized production for the 1980-
1982 growing season was sbout $11
million.

QOSHA has determined that
approximately 2500 employees are
axposed seasonally in the hendling of
fumigated citrus. Qutside of Califomnia,
workers that are exposed to EDBin this

Tn g :

industry include Flarida and Texas
truckers, Texas pa ouse
employees.’and Florida and Texas

longhoremen and warshousemen. Those

jurisdictions covered by the State of
California's EDB standard (CAL/OSHA)
are sxcluded from this analysis because
they ate presumably n compliance with
the State plan standard and therefore
they would incur no additional
coempliance cost. ' .
Florida orange production was valued
&t over S1 hillion in the 1880-81 crop -
season and Texas grapefruit production
was valued at aimost $250 million in the
game time period. One industry uses
EDB in the fumigation of Bour mill
equipment. Approximately 275 firms
with about 4000 employess are exposed
to EDB periodicaily in this industry.
Firma with less than 20 empioyees bad
anmal sales averaging nearly $500,000
(in 1972 dollars) and firms with 200r -
more empioywes had anrmual sales
averaging over $i0 million. Geain
¢levators use EDB to fumigate grain in -
storage. About 7,550 country elevators
employing aboat 45.000 employees are
expoged to EDB oa the average less

frequenty than emplayees in these other

industries:
C. Summary of Benefits

In its evaluation af the cancer :
potential of EDB exposure, OSHA finds -
that for e:dary 1.000 zurkers "
continuously axposed over a working
lifetime, EDB would cause betweea 70
and 725 cancars at exposures of 20 ppm.
between 1.7 and 82 cases at 1 ppm. and
from 0.2 to 8 cancers at 0.1 ppm. Qn the
basis of current axpogure estimates for
the roughly 800 wutkers who are
continuously exposed to EDB on a daily
basis, these risks indicste that EDB
would cause between 1 and 8 cancers in
this group. Compliance with the . .
proposed standard would reduce this
number to 0 {0 3 cancers. :

OSHA hag pot yet estimated the
pumber of cancers that EDB would
cause among the epproximately 56.000
waorkers exposed on & less than daily
basis and is saliciting information from
the sciectific communityon the -
appropriate means to quantily tha risks
to these workers. A number of factors,
however, lead OSHA to believe that the
risks resulting from these intermittent
exposures are significant. For example,
the NCI oral gavage study, which is the
oniy laboratory study that may be
analogous o intermittent exposares,
showed cancers in the same order of
magnitude as studies based on
cantinucus exposures, In addition,
dermai and oral exposure may make a
significan! but unquentifiable .
contribution to the total EDB exposure

" respiratory act, ceatral

of some industry segments, such as
citrus handling. where the exposure to
airborne EDB may be characterized as
seasonal, Although these dermal
exposures are not aken into account in
any of the risk assessments, there is a
rezl possibility that dermal exposure
contributes to futal exposurs even when
there are oo splashes ar spills of EDS.
Moreover, OSHA believes that the
hazeard to employees exyprosed to EDB is
not limited to caacer but reflects the
compounded risks from carcinogenicity,
mutagenicity, spermatotoxicity and -
damage to the kidneys. liver, splean,
nervous
system, skin, and eyes. While data are

“not available to permit tha frequency of

these effects to be precisely predicted,
together they support OSHA's

- determination to promulgate a

regulation that protects all employees
exposed to EDB,

D. Technologicel Feasibility
OSHA has examined the

' _technolngica] feasibility of the propasal

and concluded that, based on availabie
data, the propasal is techralogically
feasible across all of the affected
industries examined However, OSHA
has not yet obtained complete data to -
determine the technological feasibility
of engineering coatrols for those firms
that are engaged in the manufecture of
antiknock compounds and thair
blending. OSHA has hired Centaur
Associatas to complete this assessment *
and their findings will be available

 during the public participation period.

E. Summary of Costs :

Based on'th? data currently available,
OSHA estimates tha} the annual cost of
complying with the proposed standard
wouid not exceed $3.9 miilion. :
Consequently, this regulation is not a
*major rule” as defined by the criteria of
Executive Order 12291. These annuai

. costs include £51,500 for EDB

manufacturers, $96.100 for EDB pesticide
formulators. and $875.200 for those firms
that handie fumigated cirtrus. The
annual costs aiso include $3.05 million
for flour mills and $39.400 for firms that
bandle fumigated papaya. Grain
elevators are likely to incur few costy
because they shouid be abia to
discontinue the use of fumigants that
conlain EDB and to substitute other
fumigants. To supplement these findings.

‘OSHA has contracted with Centaur

Associates to gather additional data to

-charagterize the proposal's impact on
“the compiiance costs, technology, and

economic status of these industry
sectors. In addition, Cantaur is gathering

similar data _for firms engaged in the
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manufacturing and blending of
antiknock compounds, These findings
will be made available during the public
comment Feriod. :

Medicai surveillance and respiratory
protaction account for mpre than two-
thirds of the annual compiiance costs
estimated to be incurred by firms in
these affected industries. Medical
surveillanca Is expected to cost
approximately §1.8 million, or 41 percent
of the annual compiiance costs, and
respiratory protection is estimated to
.cost about $839.000 or 24 percent of the.
annuel compliance costs. The costs to
install engineering controls accounts for
less than 13 percent of the annual costs.
F. Economic Impacts and Regulatory
Flexibility Analysis - -

This regulatory assessment also
considers whether the industries
affected by the standard would remain
economically viable after compliance
with the provisions of the proposal. The
assessment concludes that complianca
with the proposed EDB standard would
have no significant economic impasts on
EDB manufacturers and users. Available
data indicate that compliance costs
wouid be no more than 0.1 percent of
total sales in any of the affected

- |ndustries, In view of the relatively
small megnitude of these costs, any
effect on prices and output would be
almost negligible. While data on the
profitability of individual firms are not -
yet availabie for all the affected

industries, information regerding the - -

magnitude and distribution of
compliance costs among the affected
firma indicates that the proposal should
not adversely affect these firms’
competitive abilities. .

Pursuant to the Regulatory Flexibility
Act of 1980 {Puby. L. 96353, 94 Stat. 1164
+ (5 U.S.C. 601 et seq.]) OSHA has given
special consideration to the mitigation
of the economic impacts of the propdsed
standard on small entities. OSHA does
not anticipate that the proposed '
standard would adversely aifect small
entities. Nevertheiess, OSHA seeks :
additional data on this subject as few
responses to OSHA's Advance Notice of
Proposed Rulemaking concerned - .
economic impacts. Further attempts o
design a standard to minimize the
relative impact on small entities, while -

ensuring safety and healthinthe ' -

workplace, will depand upon the
information obtained during the
forthcoming public participation period.

VIL Enviroamental Impact .
On December 18, 1881, OSHA

- published an Advance Notice of

Propased Rulemaking (ANPR) (46 FR
81871-78) for occupational exposure to
ethylene dibromide (EDB). Information.

_has determined that the proposed.rule

. was sclicited from the public on a

variety of issues including
environmental impacts of a proposed
revised standard. The comment period
for this ANPR ended on May 31, 1382,
The information and commaents
submitted in response to the ANFR have
been reviewed in acccordance with the
requirements of the National
Environmental Policy Act (NEPA) of
1963 (42 U.5.C. 4321, et aeq.) the
Guidelines of the Council en
Environmental Quality (40 CFR Part
1500), and OSHA's DOL NEPA
Procedures (29 CFR Part 11). As a result
of this review, the Assistant Secratary

will not bave a significant irnpact on the
environment exiarnal to the warkplace.
Impacts onthe workpiace environment
are discussed in other portions of this
preambie. )
ED)B is used in the manufacture of
antiknock additives for gasoline, as a -
spot fumigant on cereal and grain
handling equipment, as a soil fumigant,
&s 4 source of bromine in organic -
synthesis procesases, in the menufacture
of vinyl bromide, as a catalytic agent,
and as a specialty solvent for resins,
gums, and waxes.
. The Environmental Protection Agency
(EPA) has the authority to regulate the
use and application of EDB asa -
fumigant under the Federal Insecticide,

‘Fungicide and Rodenticide Act (FIFRA)

as amended (7 U.5.C. 135 et 52q.). EPA -
regulations on the enforcament of FIFRA
are found in 40 CFR Part 162. As a
fumigant, the formulations of EDB
pesticides are registered with EPA and
are required to be labelled properly-as
to theit toxicity to humans, their
particular hazardas, their routes (s) of
exposure, and the precautions to be
taken to avoid accident, injury, or
damage. Application of these pesticides
may only be performed in-accordance
with the precautions set forth on the

label. Also. under the Clean Air Act (41 «

US.C. 1857 et seq,) and the National
Ambient Air Quality Standards for Total
Suspended Particulates, EPA is

- responsible for maintaining ambient air

quality by preventing or controlling air
pollution, : :
Under the proposed OSHA standard,
the current permissible exposure limit
(PEL) of 20 ppm would be reduced to
.100 ppm 23 an 8-hour, time-weighted
average (TWAJ, with a ceiling of 0.5
rpm. This reduction in the exposura
imit is not anticipated to impact
significantly on the extemnal

. environment because (1} any resultant

emisaions to the external atmosphers
would not represent a significant
increase, (2) no solid waste is directly -

associated with EDB fumigation, and (3)
the standard is not likely to impact upon
the use of leaded gasoline. the largest
outlet for EDB and related emissions. In
addition. provisiona of the propesal such
as medical surveillance, employee
information and trzining, hygiene
faciiities and practices, warning
information, recordkeeping, and
protective equipment and clothing are
net anticipated to have a significant

.~ /impact beyond the workplace.

Although the removal of increased
amounts of EDB from the workplacs air
might seem to contribute to tha pollution
of ambient air surrounding EDB -

. operations and applications, this is not

anticipated because the amount of EDB

. that migrates to the external

environment is not Lkely to increase.
Many operations occur outdoors and
controls that might be implemented
under the proprosal probably would not
chinge the amount of emissians te the
atmosphere. In cases where worker
exposure is reduced by the use of
improved control methods. such ay
negative-pressure ventilation and purge
systems in fumigation chambers.
atmospheric emissions of EDB would
remain constant, having an
insignificant impact on the external -
environment. To further fllustrate, In
cases where exhaust amissions from
fumigation chambers are controlled by
axtending the height of the stacks, the
ground level concentrations, rather than

~ the quantity of EDB wouid be reduced.

- In cases where liquid EDBis .
tranaported or stored, thers may be
some potential for spills or leaks, -
Because of the nature of EDB, however.
such occurrences would notbe as a
direct result of the propasal and would
continue to come under the jurisdiction
of EPA and DOT regulations. Although
instances of waste disposal have not
been presented to the record, such
disposal wouid aisc be covered by EPA
Resource Conservation and Recovery
Act regulations (PL 84-580, 90 Stat 2795.
Sec. 2001 of seq.) and transportation
would be regulated by the Department.

-of Transportation. The requirements of

the proposed standard will not aiter
present methods for waate disposal,
transportation, or cleznup of EDB.

" "Although the largest outlet for EDB is

a8 a scavenger in leaded gesoline, the
amount present is less than 0.1 percent
by weight. Exposute levels are aiso low
during secvice station operations and
during the distribution. storage, or bulk
handling of ieaded motor fuel, Por this
teasan, these sctivities are exempted
from the proposal, Any impacts oa the
use of EDB in leaded gasoline are most
likely to occur as a rasult of the
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continued use and demand for lead-free
gasoline.gnd the low growth of overall
gasoline consumption, not as 4 direct
result af the proposal, - -
.Based an discussion and ather
information presentad in this Notice, -
- OSHA conciudes that thers will beno
significant impact ag the general quality
of the buman enviranmant external to
the workplaca. particularly in terms of
ambient air qu ty, water qua.lity.
- solid waste osal. OSHA, of course,
reserves thcngil to perform additional
environmental analyses based on the
information and comumnents received in
response to this Nolice.

VIIL Clearancs of Information
Coliection Requirementsy -

The collection of mformation
requirements contained in the proposed

rule have been sobmitted to the Offics |

of Management ‘and Butiget {OME) for
review under section 3504 () of the
Paperwork Reduction Act of 1980, These
collection requirenments are not effective
until OMB approval has been obtained
and the public notified to that effect
through a technical amendment to this
regulation. Comments on this matter sre
invited and should be directed to: Office
of Information and Regulatory Affairs,
Office of Management and Budget,
Attention: Desk Officer for Labor, Room
3208, New Executive Office Building, -
Washington, D.C. 26308,

IX. Surnmacy and El:pllml:ion of?ho
Proposed Staadard

The proposed requirezrents set forth
in thias proposal are those which, based
upon all curently available datw, the
agency believes are necessaryand
appropriate to provide adequate
protection to empioyees exgosed to- -
EDB. OSHA has considered ail
recommendations received in response
to the AMPR as well as qumerous -
reference works, joammal articles and
other data sccurmulated by OSHA sincs
the initiation of thiy rulemaking. The
following sections discuss the individual
requirements of the proposed standard,

1. Section 1910.1048. Paragraph (aj..
Scope and Application -

This proposed standard for ethylene
dibromide (EDB] is applicabie to all
places of employment where EDB is
produced, rercted. released, mixed,
blended, packaged, repacked, stored,
transpocted, hendled or distribated. -

This proposed regulation does not -, -
appty ta the.application of EDB as a
pesticide. Section 4(b)(2) of the
Occupational Safety and Heaith Act .
states “nothing in this Act shell apply to
working conditions of employees with -
respect ta which other federai

-

ageacies . . . exercise statutory

» guthority to prescribe ar enforce -
" standarcs or regulations aifecting -
occupational safuty ar health.” 'I'he
Enviranmental Protection Agency (EPA)

curraatly regulates the use of EJBasa - -

esticide and the epplication process for
tion of agricuitural products.
EPA's jurisdiction arises under the
Federal Insacticide. Fungicide and
Rodenticide Act FIFRA) {7 U.S.C. 136 &¢
aeq.]. EPA's actions indirectly affect the
working conditions of emplayees who
apply EDB as & fumigant, thus GSHA is
preempted from exercising jurisdiction
over thase applicatars as provided by
section 4(b)(1} of the OSH Act. OSHA
however, exercise jurisdiction over
occupational exposures which octur
subsequent to or “downstreem” from the
application of EDB a3 a pesticide.
SHA hes reviewsd EDB exposure
sampling data for manufa

_ cturing,
biending, farmulation aad fumgaunn

-gperations and data submitted in

- responee to the Advance Notice for

Proposed Rulemaidng {ANPR} for EDB..
Responses to the ANPR have provided
additional information about these. . -

. operations and worker

exposures.
QOSHA bas decided that this smdard

. shouid apply to atl woarkplaces in

maritime acd generai industry. This -
decision is besed upon available

" exposure information as well as the .

general toxicity of this matariel
The proposed standard also applies to

" those pinces of employment which

handle materizls or commeodities which
have been fumigated with EDB ar
products containing EDIB since airborne
mvaing of femigaved comumedit
offgs ated commodities.
Wholesale and xg'etui food stores,
sutomotive service stations and the
distibution, storage or buik handling of
leaded fuel are oot subject to the
requirements of this proposed
regulation. The proposai do=s aot cover
these places of empioyment because
QSHA's evaluation of the exposare data
in these industries indicates that the

_ potential bazards addressed by the

standard probably do not exist in these’
industries. In addition. no hazard of
dermal exposure exists whea handimg

. fumigated citrus in food stores,

1t shouid be noted that aithough
OSHA is propesing tg exempt the above
discussed operations from the standard,
these operations would still bave to
comply with the new PEL. This is
consistent with good indusirial hygiene
practice. The agency does not
contemplate that this will piace any
burden whatsoever an employm mt
covered by this proposed -
comprehensive standard hecausc all el
available information indicates that -

these workpiaces have exposures weil
beiow the proposed action fevel.

A. Wholesale or Retoil Food Stores
_ Under certain circumstances fresh

¢itrus shipped from one citrus growing

region to another must be fumigated
with EDB to prevent the propagation of
certa:n pests. The pests and larvae are
kiiied by exposing the citrus to very high
airborne concsntrations of EDB fora. .
specified peciod of ima. During this time
tha citrus and its cardboard packaging
material absorb EDB. After fumigation
the fruit beginy descrbing (offgassirg)
EDB into the surrounding environment.
This offgassing continues for the next
severzi days, diminishing over time,

Most of the fumigated cittus comes.
from Flarida and Texas and is sold in
California. OSHA conducted
environmental moaitoring of fumigated
citus shipments from Texas to :
Califortiia and from Florida to
Califormia. Florida and Texas must aiso
fumigate cilrus skipped to Japen.

Alir samples were taken during

furnigation operations and during the

transpaort, unioading and warehousing of
the fumigated citrus in California 3 The
resuits of OSHA's environmental
sampling indicate that by the time -
fumigated citrus has been transported to

" the warehouses or retail food stores for

marketing, very little potential for
exposure to EDB remains. Sempling .
results indicate that sirborne levels of

. EDB in the warshouses before shipment

to food stores are below 15 ppb. While
OSHA did not continue to monitor
downstremm exposures in wholesale
and retail food stores, the reduction in
the levels during shipping indicate that

- epvironmental levels must be extremely

low at these destinatiorms.

The data therefore indicates that
exposures in wholesale and retai food "
stores are well below the proposed

" action level, For this reason. OSHA has

decided o exclude these mdustnes frorn
tlns proposed standard.

E.Sen::c&cum

EDB is used as an additive in leaded
gasoline. After blending the additive
into the gasoline, the amount of EDB
prasent is less than 0.1% by weight (Ex.
$-53". According to the American
Perr ‘zum Institute {API), 506,000 service
sta. >~ workers have potential for

YFrom November 1981 to Macch 1582 QSHA
participsied in 3 control wctmology wrsersment
study conducted by Arthur D Little, Ine. for the U.S.
Department of Agrcaiture’s Animal and Plant
Health Inspection Servica. OSHA conducted the
snwvironmaental menitoring of sirborne EDB lor this
study, Samples were taken ot the fumigation station’
and in the treiler &s tha citras wae offgaaring wnd
mmpumd n&lnforuu.
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exposure to EDB from leaded gasoline
(Ex. $-84). The results from full shift air
sampling show that levels are very low.
ranging from 0.03 ppb to 0.30.ppb. The
highest individual sample reported was
1.8 ppb. Standard Oil stated that the
average EDB concentrations measured
at certain Amoco service stations were
less than 0.005 mg/m? (0.85 ppb} (Ex. 5~
30). NIOH sampling results corroborate
these figures. Samples collected at
.Cincinnat area service stations (which
ranged in times between 71 to 210
minutes) ware sll below the 0.003 mg
(0.0004 ppm) gnalytical limitof - ... .
detection. Acfbal axposures may.have
been lower, however, limitations in the
sampling and analytical tiethods.used
did not aliow & more quantitative.
assessment. (NIOSH Memo, October 4..
1977). All of NIOSH's results were
beiow OSHA's proposed PEL of 100 ppb.
Operations associdted with !endecf
gasoline currently require stringent
worker protaction because of the toxic
ingredient tetraethyl lead {TEL). These
operations require the use of dermal -
protection from TEL under the general
industry standard 29 CFR 1910.133 and.
1910.1000. L _—
California’s Final General Statement
and Summary of Opposition Testimony
Concerning the EDB Standard (Ex. 7-8,

Page C2) also indicates that exposure” -

levels from servica station operations
are low, typically less than 7 ppb. The
California standard exempts exposures
from leaded gasoline from all provisions

except the permissible.axposure limit, -

All the available data indicates that -
Airborne exposure levals are balow the
action level for service station .. .
attendants. The agency has therefore
decided 1o exclude gasoline service
stations from coverage under this.
proposed standard. . o

C. Distribution, Storoge. orBulk.
Handling of Leaded Gasoline
The agency decided to exclude from

coverage that portion of the leaded fuel
industry involved in the distribution,

storage or bulk handling of leaded motor.

fuels aa the available data demonatrate
negligible exposure in this industry.
These operations invalve closed -
systems where the percenlage of EDB by
weight is 0.1%. After bending the ENB.
into the fuel, the need 10 control. -
exposure lo another loxic ingredient,
tetraethyl lead (TEL) adequately keeps
EDB exposure well below 120 ppb (Ex.
5-38), Examination of the data
submitted indicates all sampling resuits
were below OSHA's proposed action
level. The AP! submitted sampling data
for employees from one company
engaged in lerminal operations including
loading and unloading of truck tankers.

All-air sample results were well below
the proposed action level and in fact
were less than 10 ppb (Ex. 5-54). While
there may ba a possibility of spills or
accidental release of leaded gasoline
vapors containing EDB in air due to the
volume of material transported,

cancentrations of EDB in such instances -

would vary in proportion to the amount
spilled. Since leaded gasoline also
contains TEL, which has a greater acute -
toxicity, precautions must be taken to

. protect workers dusing clean up
- operations or emergency situations. The

precautions required for TEL &lso would
provide protection against any potential
exposure to EDB. S -

2 Parograph (). Definitions

. 'This section contains a listof - -

definitions applicable to this section.

An “action lsvel” of 0.05 parts per |
million (ppm) {50 parta per billion (ppb))
as an 8-hour time weighted average is
provided in the froposal. The action
levei is the point.at which certain

. provisions of the proposed standard

must be instituted, such as medical
surveillance. It provides a way of

maximizing employee protection in

. those ingtances where exposures are "

possibly significant and minimizing
employer obligations by defining the
point below which no actionis -
necessary. The broad scope of the

. Pproposal necessarily encompasses many

employers whose employees ace

exposed to levels of EDB below the PEI. )

OSHA expects that this sction level ..

. mechanism will greatly limit the number

of workplaces covered by this proposed
standard. For example, medical :
surveillance only has to be implemented
for employees exposed to EDB ator -
above the action leve! for a total of 30 or
more days per year, If an employer can
demonstrate that an employee has not
been exposed to this lavel for the _
required duration, the employer does not
bave to place that employes in a
medical surveillance program. Thus, the

" action level concept provides an

objective means of tailoring different
‘sections of the standard for those
employees who are at the greatest risk
of developing an illness from exposure

-to EDB. .

The statistical baais for determining
the action leve] hay been discussed in
connection with several ather OSHA
health standards. In brief, although all
measurements on a giver day may fall
below the permissible exposure limit, -
some possibility exists that on
unmeasured days the employee's actual
exposure may exceed the permissible
lUimit. Where exposure measurements
are above one-half the PEL {.a. above
the action level, the employer cannot

reasonably be confident that the
employee may not be overexposed on
days when messurements are not taken
(Leidel. N.S. st al. 1975). Therefore,
requiring periodic empioyes exposure
measurements to at the sction
level provides the smployer with a
reasonable degree of confidence in the
tesults of the measurement program.

* " This proposed standard incorporates

4 more appropriate term for establishing

- a Short Term Exposure Limit (STEL).
While OSHA has in many instances
used the word “ceiling” to define 2 15
minute average measursment, the

* ACGIH defines ceiling as “a.

~ concentration that should not be
exceeded even instantanaously.” Since
most of the agency’s airborne exposure -
limits were adopted from ACGIH's - .
Threshold Limit Values, less confusion
may exist if the definitions are similar.
So, like the ACGIH, OSHA believes that
a STEL is not a separate independent
expesurs limit, rather it supplements the
time-weighted average [TWA) limit
whers there are recognized acute effects
from a substance whose toxic effects are
primarily of a chranic nature. STEL; are
recommended only where toxic effects
have been reported from high short term
exposures in either humans or animals,

A definition of the term “emargency”
is included in the proposed standard. -

.For the purpose of the standard,
amergencies are occurrences such as,
but not limiled to squipment failure,
rupture of containers, or failure of
control equipment which may result in
an unexpected release of EDB. The
standard imposes requirements to -
protect employees during emergency
situations, such as pre-arranged
emergency planning and medical
surveillance. .

Every spiil or leak does not -
automatically constitute an emergency
situation. The exposure lo employees
must be high and unexpected. . S
Emergency situations include dermal
exposures from a spilask or leak.

3. Porograph (c). Parmissible Exposure
Limit -

OSHA is proposing to reduce the -
permissible exposure limit (PEL) to 0.1
- ppm as a TWA with a shortterm .
exposure limit (STEL) of 0.5 ppm. This
.praposed PEL is based on the findings
by OSHA that expasure to EDB al the
current PEL presents a significant risk to
employees and that the proposed
lta:dard will substantially reduce that
In making a determination of
significant risk, it is appropriate for
QSHA to consider a number of diffzrent
factors. The Supreme Court in the

.
.
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Benzene decision provided some general
Suidanca as to the process, stating that
“while the agency must support its
finding that a certain lavel of risk exists
with substantial evidencs, we recognize
that its determination that a particular
level of risk is ‘significant’ will be based
largely oa policy considerations” (448
U.S. at 655, 658 n.12). Consistent with
rational policy judgment, OSHA has
recently identified tha following factors
as being among those which should he
considered: (1) The quality of the
underlying data; (2) the reasonableness
of the risk assessment; {3) the statistical
significance of the findings: (4} the type
of risk presented, and (3) the
significance of the numerical risk-
relative to other risk factors (47 FR
15358, 15385, April 9, 1882). These
factors have besn evaluated with
respect to the EDB risk assessment °
performed (see Section V1 of this . -
preamble).. ..:. .. . . .

OSHA has determined that expasure
to EDB at the present standard of 20 -
ppm clearly poses a significant risk of
materia] impairmant to employees.
Material impairment means empioyees
contracting cancer, suffering adverse
reproductive effects and other adverse
effects such as liver and kidney damage
due to exposure from EDB, The
significance of this risk has already
been informally acknowisdged by some
indusiries, whao have reacted to the
developing informafion regarding the
potential health effacts of EDB by
‘voluntarily reducing the exposure of its
employees. '.

Data received in responss to the
ANPR indicate that all the major
producers maintain worker exposure’
levels at 0.5 ppm {TWA) or less. Section
6(b}(5) of the OSHA Act states "The
Secretary . . .shall set the standard
which must adequately assures on the
basis of the best available evidence,
that no employes will suffer material
impairment of health or functional
capacity even if such employes has
regular expasure to the hazard dealt
with by such standard for the period of
his working life”. The agency does not
feel that the 0.5 ppm level will
adequately protect employees and
therefore proposes to establish a PEL at
the 0.1 ppm level. Ethyl Corporation.
which bas the largest EDB production
facility in the world, stated that its
current internal exposure guideline is 0.1
ppm averaged over 8-hours. Under

. normal operations, enginesring controls

maintain the exposure of the EDB
operator at less than 0.1 ppin. (Ex. 547)
Conversely, formulation operations,
while having exposures below the

mem 2!11 ppm &hour TWA, still have
igh employee exposures. .
A short term exposure limit (STZL)
may be necessary to pravide adequate’
protection against possible reproductive
effects from acute exposure for EDB
exposed workers, OSHA recognizes that
in some operations, relatively high
excursions may be encountered by
employees for short periods of time. The
Brown risk assessment (Ex. 11} -
recommends that a short term exposure
level of 0.5 ppm be established. OSHA -
supports this recommendation and has
consequently propased a STEL limit of
0.5 ppm. OSHA solicits comments an the
establishment of a STEL limit for EDB.
" QOSHA has considered the economic
and technological {easibility of the
proposed PEL. Based on data provided
OSHA contractors and data -
submitted to the record in response to

the ANPR OSHA believes that achieving

compliance with a PEL of 0.1 ppm as an

* eight hour time-weighted average STEL

and a of 0.5 ppm as averaged over a 15-
minute period during the workday is
both economically and technoiogically .
feasible. (See sedtion VI and the
Regulatory Analysis for further
discussion of this issue.)

4. Paragraph (d). Regulated Area -

The proposal requires employers to
establish a regulated area where
airborne exposures to EDB are at or
above the action level. Access to the
regulated ares is to be restricted to
those persons required by their job
duties to be present in the area;
specifically, to those authorized entry by
Ee employer, this proposal or the OSH

ct. .

The purpose of a regulated area is to
ensure that employers make employees
aware of the presence of EDB at levels
approaching the PEL in the work place.
Thiis may be accomplished by posting a
sign. The establishment of such a
regulated area is an effective means of

limiting the risk of exposurs {0 as faw - -

smployeés as possible. This is
consistent with good industrial hygiene
practice when expogure tg 3 toxic
substance can cause serious chronic
health effects. This requirement has
other benefits in that where personal
protective equipment (FPE) may be
required in these areas, the additional
obligations imposed by the proposal
when PPE is used is aiso restricted to as
few personas as possible. _
Additional protettive measures are
necessary to restrict possible ingestion
and absorption of EDB for workers
within a regulated area. EDB is readily
absorbed through the skin and can
produce systemic toxicity, Therefore the
agency propesal requires employers to

prohibit workers from eating, smoking,

drinking or applying cosmetics in ’

regualted areas. This is designed to”

reduce the risk of inadvartent exposure

to EDB via contaminated materials.
This secton also requires that

“whenever an employer at a mu-

employer worksite establishes a
regulated area, that employer must..
communicate to other employers at the
worksite the location of the regulated

area and its sccess restrictions. Such
“extended communication would legsen

the possibility of prohibited work

_practices and is intended to preciude

inadvertent exposure of persons not
inveived in EDB related gperations.

‘OSHA believes that employers who .

hava employee expasures to EDB at or
above the 2ction ievel have the
responsibility 1% coordinate their work
with all other employers whose -
employees may be exposed because of

‘their proximity to the worksite. A - -

specific method of communication is not
required; this allows the employer the
necessary flexibility to communicate the

-information to other employers at the

work site in the most effective way
possible. LT .
QSHA is aware that under some
circumstarices regulated areas may need
to be established in situations involving
non-permanent worksites. For example
the shipboard loading of fumigated
commodities may result in airborne

- concentrations of EDB in the cargo holds

in excess of the action level, In such
instances the ship's hold would become
& regulated area and access to and from
it must be linited until such time as tke-
EDB levlas are reduced below the action
level A similar sitaation may arise at
warehouse facilities during the time they
house EDB fumigated commodities.
OSHA is cognizant of the preblems
presented by these temporary worksites
end seeks comments regarding the
‘establishment of such regulated areas.

.3 Pd.mgmph {e.}) Exposure Maonitoring

The monitoring requirements of the
standard are proposed pursuant to
section 8{b}{7} of the Act which

‘mandates that standards dealing with

toxic materials promulgated under

* section 6(b) shall, where appropriate,

“provide for monitoring or measuring
emplaoyes exposure at such lacations
and intervals, and in such manner as
may be necessary for the protection of
employees.” The primary purpose of
monitoring is to identify the sources of
EDM emission and to determine the.
extent of employee exposure to EDB. It
Is particularly important with EDB since
it is & colorless, odorless substance and

- has been shown to cause adverse health
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aifects at low doses. Oncaa -
determination is mada that control of
‘employee exposure to EDB is required,
monitoring will enable the empioyer to
select proper conizol methods and
evaluate the effectiveness of the
methods selected. Additionaily,
monitoring enables employers to notify
employees when their exposure levels
exceed permissible lirnils, as required
by seetion 8{c)(3) of the Act. Such -
information is also necessary for the
examining physician in order to
effectively implement a medical
surveillance program. For purposes of
the monitoring requirements, as well as
other provisions of the proposal,
“exposurs™ means that which would
result if respiratory protection were not
used. - . ‘

Tha proposed standard requires that
exposure mogitoring be conducted by
taking air samples that are- :
representative of each amployee's full
shift and short term exposure to EDB.
The standard requires that forall ..
operations, except those which are -
seasonal or intermitient, employars must
conduct an initial monitoring within 60
days of the Brst Introduction of EDB into
the work area. however, if the intial -
monitoring or any subsequent -
monitoring indicates employee exposure
to EDB abave ths action level but below
the PEL. the-employer than incurs an
obligation to continue to perform .
monitoring. The employsr must establish
a cycle to repeat the maonitoring of each
such employee's exposure at least
anoually. A more frequent obligation
occurs if amployee exposure is found to
be above the PEL. Tha proposed
standard establishes a remonitoring
cycle of at least every 8 moaths when
exposure ia found to be abave the PEL,

In addition to the periods specified for
remonitoring cycles, an employer must
remonitor and make a new
detetmination of employes exposure
within 15 days {for other than seasonal
exposures) if there has been a change in
production. process or control measures
which may result in new or additional
employee exposure to EDB It is
contemplated that the employer may use
the periodic maaitaring results to fulfiil
this additional monitoring requirement
provided the periodic monitoring is done
within 15 days of the changa in ‘
preduction, process or control measures.

Employers can !erminate tha
menitoring if employee exposure is
found to be below the action Javel.
Howaever, if there is a reason to suspect

-that new or additiona! exposure may
occur because of a change in production,
process or control. the emplayer must
reinstituta the monitoring program.

OSHA believes that it is necessary in
those workplaces whers EDB is present
that each employer measure employes
exposure to EDB using a reliable and
accurate sampling method. Moaitoring
tust at least be representative of each
employee’s full shift and short term
exposurs, Each employee's individual :
expasure ceed not be rasasured to fulfill
the monitoring requirement. as long as
sufficlent sampling is done to aliow the
employer 10 determine each employee's
exposure. This provides some the
flexibility In complying with the intent
of the initisl monitoring requirement
without incarring unnecassary costs
from repetitive monitoring procedures.

The employer has the latitude of
selecting the number of semples taken
io represent full shift exposurs for each
job classification on each shift. For
those job classifications with similar
exposure on all shifts, only one sat of
representative measurements per job
classification is nacessary. This will -
migimize duplicative efforts and costs in
complying with the monitoring . - E
requirements. - : ) :

Although individual measurement
may be the ultimate indicator of an *
employee’s exposure, OSHA believes
the requirement for individual = -
meszsurement may be too burdensome.
Moreover, representative measurements
will adequately reflect expasure

.provided that represantative samples

Include worst cass exposure scenarios.
Measurement of exposurs need only he
made oncs, assuming exposures are
below the action level for continuous
exposures. The determination need only
be repeated if there is a change in
operation such that it may create new or
additional EDB exposure. The
termination of the monitoring provision
is only applicable to contimious
operations below the action level 30
long as there is no change in production.
process or control which could result it
new ot additiona] exposure. .
Employers are not preciuded from
taking individuai exposure
measurements for sach employee:
individual measurements are certainly
considersd to be rapresentative: -
however, reptesentative monitoring
requirements merely estnblish the
minimuns that the employer must mest.
In estabiishments having more than one
work operation involving the use of
EDB, for monitoring to be
representative, such monijtoring must be
performed for each type of employes
exposurs within each aperation.
Employets who have taken exposure
measurements within six mounths of the
effective date of the final reguiation may
use the resuita of thosa measurements,

provided that they meet the accuracy
and confidence levels delineated in
paragraph (e})(5). to satisfy the
requirements for conducting initial
monitoring. - _

Cettain uses of EDB are seasonal in
pature as opposed to contintuous, year-
long operations. One such major
noncontinuous use is the fomigation of
citrus which is conducted after barvest
but before the dalivery of fruit to the
warehouse. Other uses of EDB are
intermittent in nature. An example of

‘{ntermittent uss would be the fumigation -

of grain in grain elevators or the arrival
at elavators of freshly fumigated grain
that may ocour many times during the
calendar year, albeit spocadically. A
spectal definition of intermittent
exposure is described in the methods of

. compliancs section of this preambie, .

Employers who bave operations

“whats employees are exposed to EDB on

& seasonal or intermittent basis are
required to conduct exposure monitaring’
while EDB is present in the workplace.
Seasonal or intecmittent operations may
be extremely sporadic and variabie:
therefors, the proposal requires -
menitoring at laast annually regardless
of the results of the last monitoring
evant. The agency believes this is

_ necessary ta assure employes protection

in view of the fact that {t will be difficuit
to ascertain whather conditions and -,
exposures remain the same from year to
year: Accurate exposure measurements
in these situatibns ars further
complicated becausa ENB is a coiorless,
odoriess substance at the PEL.

Employers with seasonal operations
are further required o conduct the
monitoring within 30 days of start up or
within 30 days of the frst introduction
of EDB into the workplace, The proposal
does not allow a termineton of -
moaitaring for operations which are
seasonal or intermittent for the reasons
that it will be difficult to ascertain
without remonitoring whether exposures
are the same from year to year. No :
specific period of time {s given for
remonitoring after a change in operation
under these circumstances because the
exposures may be very short or sporadic
and remonitoring may have to be done
quickly to afford adequate protection to
workers, OSHA is aware that seasonal
and intermittent operations may have
greater fluctuations in exposure than
continuous operations. Due ta EDB’y
exiremely toxic properties and in view
of these fluctuations, remonitoring must
be conducted as soon as possibis after
the {luctuation. o

OSHA believes employees have a
fundamental right to be apprised of the
resuits of monitoring whether or not
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they are above the PEL. Thisfs
consistent with the mandate of section

" B{c)(3) of the Act which not only

requires that accurate employes
exposure records be kept when
monitoring {s required but that
employees be given access to such
monitoring records. '

Although 29 CFR 1910.20 requires that
employees have access to exposure
records utgon request, the proposal
requires that the employer notify all
employees of the exposure ’
measurements which are representative
of their exposure. This explicit
requirement to inform employees has
educational value and will encourage

more effective and enlightensd warker

participation in occupational health
programs. Recognizing that for
notification to be an sifective
informational process it must occur in a
timely manner, the proposed standard
requires an employer to notify each ,
employes of his or her exposure within
fifteen (15) days of obtaining the results
of meagurement. OSHA beiieves that 15 .
days is a reasonable period of time to
implement this requirement,” -+ .
The employer is given the flexibility to
communicate monitoring results in a
manner that is judged to be most
reasonable. Only in those instances

~ where an employee’s exposurs is above

the PEL is the employer required to
notify the employee of the results of
monitoring in writing—stating that the
PEL was exceeded and providea -
description of any appropriate -
corrective action ;

QOSHA is aware that in some
circumstancss, particularly in those
involving stevednring operations,
employees who are monitored for EDB
exposurs may not always work for the
same employer or report to the same
work location each day. Under these
circumstances, |t may be difficuit to
directly notify employees of their
monitoring results, While OSHA fully
expects the employer to make every
reasonable attempt to notify thosa
affectad employees, the proposed
regulation allows the empioyer to notify
the empioyee’s authorizad
reprasentative of the monitoring results,

" The available methodology for
sampling and analysis of EDB
demonstrates that it is possible to
monitor employes exposures down to
0.001 parts per million. At these
concentrations umplinF and analytical
methodologies are available which have
an accuracy 1o a confidencs level of 95
per cent. of not less than plus or minus
25 percent.

Samples may be collected by
absurption of EDB on charcoal
contained in glass tubing through which

- - the worksite,
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& volume of air is drawn. Passive
dosimeters may also be as effective in
evaluating 8-hours exposures. The use of
a portable gas chromatograph may be of
special use in evaluating peak or short
term exposure on site. The NIOSH
analytical method (P&CAM 260}
cantained an Appandix D will detect
EDH in parts per billion with the
accuracy deiineated in the proposal
using gas chromatography and electron-
capture detection. Although these
techniques require care, they are readily
available and should pose no special
difficulties for employers covered by
this propesal. S

The proposed standard allows

personal sampling using charccal tubes -

or other absorbent typs measurement.
methads for monitoring, This type of
sampling must be followed by a
quantitative chemical analysis that -
.usualily occurs offsite some days latar.
Traditionally, OSHA has used this

method ta manitor employer complimce-

with its health reguiations. However,
this approach may be completely -
inappropriate for monitoring intermittent
operations under changing conditicns.
For example, the resuits from monitoring
stevedores Joading holds in & ship, using
charcoal tubes as a collection media,
later followed by formal analysisin a
chemical laboratory, probably would . -

not be available until after the ship has . .

left the dock and the workers have left
A more appropriate and a&vaittageoué
monitoring technique would be to
require that only direct reading - .
instruments be used in these situations.

- By direct reading, OSHA means some

method of immediately being able to
determine employes exposure levels. In
this manner an employer would

immediately know if the exposure levels .

are above the PEL and the employer
could initiate action to reduce those
levels. In addition, direct reading
instruments would indicate when the
level was exceeded so that other =
protective measures might be instituted.
Another advantage of direct reading
monitoring capability would be the ease.
of informing employess of their

monitoring results while they are stiil at .
the warksite. An apperent disadvantage .

is the lack of readily available testing
equipment. The only device OSHA is
aware of that will conform to the
precision and accuracy requirements of
the proposed standard and selectively
screen out other chemiczls, is a gas
chromatograph (GC). Portable GC's cost
more money initially than pumps and
charcoal tubes and require experiencad
professional operators to use.

The Florida Department of Citrus has
had some experience in the use of 2 GC

- for monitoring exposure levels. OSHA

requests comments and suggestions for
monitoring seasonal and interrnittent
exposures and specifically requests
comments on whether monitoring with

. direct reading instruments should be

required. '
& Paragroph (f). Observation of

Meonitoring

Section 8(c)(3) of the Act requires that
emplayers provide employees and their
representatives with the opportunity to
observe monitoring of employee

. exposures o toxic substances or
" harmiul physical agents. [n accordance

with this section, the praposal contains
provisions for such observation of
monitoring for EDB exposures.

The cbserver, whether an employee or
a designated representative, must be
provided with, and required to wear,
any persanal protegtive equipment that
is required to be worn by those working
in the area that is being monitorad. The
observer must also comply with all other |
applicable safety and health procedures.

7. Parograph (g). Methads of = -
Compliance _ :

- The proposed standard requires that -
except for & narrowly defined exception-
discussed below, the smployer must
tnstitute feasible engineering and work
precice controls to reduce employee
EDB exposures to or below the
permissible exposurs limit. Whers
engineering controls or work practices
cannot be instituted to reduce exposure
to or below the permissible lavel, these .

" controls must nonthelass be

implemunted to reduce exposures to the

“lowest feasible levei. Where angineering
‘controls do not reduce exposure below

the PEL, they must be supplemented by
the use of respirators to provida th
necessary protection. C-
The proposed ruie's reliance on
engineering controis as the primary -
means of compliance i, in part. an

acknowledgment that & particularly

effective method of controlling employee -
exposure is to contral the emission of
toxic substances at their source through
mechanical means combined with tha
use of work practices. Good engineering
and work practice controls also
minimize splashes and spills. An added
benefit of these controls is reducing

. dermal exposure to emplovees.

However, OSHA also recognizes that
respirators may provide acceptable
protection when an employer
establishes stringent procedures and
then carefully supervises their
implementation on a continuous basis.
The agency recently published an ANPR

- (48 FR 7473} requesting comments on all
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relevant issues related to the
circumatances in which it might be

appropriats for OSHA to allow greater-~

reliance on respirators to protect
workers from the various airborme -
contaminants regulated by OSHA. The
agency is particularly interested, in -
‘conjunction with that regulatory
Initiative. in receiving commaents,
information and data concerning the
extent to which respirators may provide

_ effective protection against EDB

exposure and may be refied upon as a.
substitute for engineering controls -~
beyond those citcumstancas described
in this proposal. . .

The enginesring control requirements
cogtained in this proposal may not be
technologically or economically feasible

in some operations. In recognizing these -

circumstances the proposai allows an
employer to demonstrate the . 1. . -
infeasibility of engineering and work' .-

practice controis in a particular --.- -7 . -

operation and allows the useof - - .
respirators as supplementary protection
in these circumstances. The burden of
proof Is appropriately placed vn tha

. employer to show that engineering and

waork practice controls are not feasible.
The employar is familiar with the
warkplace operation and is therefore in -
the best position to evaluate various -
types of contiols as thay apply to that
particular workplaca environment.
There ate many types of engineering -
and work practice controls available to -
reduce exposure. For example, in &
warehousa the use of specially equipped
forklift trucks employing'such . :
technology aa the use of a downdraft -
purified air low may provide the
protection necessary. Similarly, OSHA
believes that the use of partable blowers
on the decks of ships being loaded with
EDB fumigated commadities may be
extramely effective in reducing
exposures. The potential technological
problems and economic ramifications of
installing various controls and
implementing various practicas may
vary substantially from workplace to
waorkplace, .

In additicn to permitting alternative
compliance methods upon a showing
that engineering and work practics
controls are not {easible.or have not
been installed. this proposal aliows the
employer a measure of discretion in' - ~
selecting the method of complying with
the PEL in certain limited situations.
Thus where an employer has a
workplace where expasures to EDB sre
not only intermittent but are limited to a
few days per year (30). the employer
may select among altemaltive methods
of compliance: angineering controls. . -
work practice controls, respirator

protection or any combination of thess
controls to comply with the PEL. OSHA
is proposing to allow the use of these *

.compliance alternatives whers

extremely sporadic and intermittent
exposure patterns may make effective -
engineering controls and work practice
controls impractical, disruptive and-
Inconvenient. For the purpose of this
proposal, intermittent operations are
defined as thoss which result in '
exposures occurring for 1 or 2 days at
any one time. A total of 30 days per year
of workpiace exposure is meantto
describe days of operation involving the
use of EDB in the workplace and not the
aumber of days an empioyes i3 exposed.
The agency has chosen to articulate this
exposure as workplace sure and
not employee exposure to better
characterize its intended application, .
The 30 day exemption provision is rot
intended to permit the use of employee -
rotation or short tenure employees in -
lieu of compliance with the general -
requirements of the standard. L
The proposal also includes a provision
requiring an employer who either - -
creates or has contral over abatings .-
hazard to institute work practice .-,

_ controls to reduce EDB exposuresto .-

downstream employees of other
employers. The requirement was added
because in some situations the previous
employer {La. a trucker or shipper) may
be in the best situation to take action
because that employer has both the
knowiedge of the hazard and ability to
aid {n the control of employee exposure.
The provision Is not intended to be .
difficult or burdensome to the employer
who could affect potential exposures of
downstream personael to EDB. For
example, a ttucker may be able to
reduce significantly exposures to -
employees unloading fumigated citrus
by opening the rear doars of the trailer
and serating the load before unloading.

Administrativa controis which
distributs exposures over a large
aumber of warkers for less time are not
permitted in lleu of engineering controis
or limited respirator usage. The use of
this control practice increases the
popuiation.of amployees at risk from
exposure to EDB. Tharefore. its use as a
control strategy before the use of
respiratory protection is not contained
in this proposal. '

QOSHA requests comments on all
aspects of the compliance approach.
taken in this proposal.

8 Parograph (h). Respiratory Protaction

The proposed standard requires that
whenever respirators ars necessary to
reduce employes exposure to or below
the PEL the employer must provide the
respirators at no cost to the employee

and asaure their use. The use or
respirators may be necessary to reducs
employee exposure where the use of
engineering controls or work practics -
controls are not feasible,as. - - -
supplementary protection if such .
reduction conirols will notachieve the
necessary reduction while controls are
being implemented and during -
smerpency sihiations. In'addition, the
proposal gives the employer the aption

" of using raspiratory protection to control

workplacs exposures to EDB which are
Intermittent and less than 30 days per
yesr. Foo e e T
The proposal contains specific |
requiremenis for the use, selection,” )
maintenance, and fitting of raspirators. *
The proposal contains a table listing the
types of respiratary protection to be .
provided based on airborme . . ... |
concentrations of EDB in the workplacs.
The respirator salection tabla is - .
consistent with the American National
Standard Institute's Z-88.2—1980 - -
practices for respirators protection .
factor table. The table is also similar to
that recommended in the NIOSH -~ = .
Criteria Document, except that OSHA
proposes to allow the-use of negative - -
pressure respirators under certain -

conditions. Historically, NIOSH has not - L.

recommended the use of negative-
pressure air-purifying respirators when
the regulatad substance has poot
warning properties and cannot be
detected by smell at concentrations

" which ars half the PEL. EDBis. -

considered to have poor warning - - -
properties; the odor threshold of EDB in
50% of the population tested is 10 ppm,

. which is one hundred times greater than

the propased PEL of 0.1 ppm. OSHA
understands NIOSH's concern and their
failure to approve negative pressure air- .
purifying respirators for materials which
have poor warning properties, Sinca it is
not possible for the respirator wearer to
detect leakage or hreakthrough within
the [acepiece until clearly nverexposed.
QSHA is propesing to allow the use of -
air-purifying negative pressure
respirators under certain circumnstances.
Generally, where negative pressure
respirator use is allowed, OSHA
requires that the respirator be approved
by NIOSH/MSHA under the provisions
of 30 CFR Part 11 for use with a
particuler substance or a classof
substances. As noted above, NIOSH will
nol approve & negative pressure air- -
purifying respirator for use with _
substances with poor waming properties
such as EDB. This propasal would allow
their use at low concentrations where
specified fit testing is done. In this
instance whare negative pressure gir-. .
purifying respirators are used, the -~ -
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proposal requires that they must have
NIOSH approval for use with organic
vapors, a more general designation,
- rather than foregoing the approval
requirernents altogether, The NIOSH
approval system helps assure the
necessary quality cantrol in the
manufacturing of respirators and
minimizes the manufacture and sale of
poorly designed or inefcient
respirators. . .
OSHA has determined that organic
vapor cartridges can adequately absorh’
airbomne concentrations of EDBup tal.
ppm. Crganic vapor canisters can
adequately absorb airborne EDB up to
10 ppm. OSHA has conducted limited
tests of the collection efficiency of haif-
mask caridge and full face organic
wapor canistars for a faw respirators
produced by several manofacturers at

concentrations above the proposed PEL

{(Nelsan, 1983). The study tested
cartridge and canister breakthrough of
EDB under 85% relative humidity and
demonstrated that the collection media
was adequate to provide protection if.
the EDB concentration was maintained
at or below the fimits described iz Table
1. As a result of this testing QSHA
believes that cartridge charcoal filters
can provide at least eight hours of .

protection form airbome concentrations '

of EDB up to 1 ppm and that canisters
can provide protection for at least 16
hours without breakthrough for
exposures of EDB up to 10 ppm. OSHA
is pr;::;ms-iniI to allow the usf: of hall
mask cartridge reypirators forup to 8-
bours during a work shift (where the
airborne EDB concantrution is not
greater than 1 ppm) and the wwe of full
face canister respirators (where the
airborne EDB concentration is not
greater than 5 ppm) for two 8-hour work
shifts within one 48 hour period on two
consecutive days. The 48 hour limitation
is necessary to protect the integrity of
the absorbent material gnd to assure
that the collection efficiency is not
compromised by watet, vapor or solvent
migration.

Since EDB has poor warning .
properties and no end of service life
indicators are available, cartridges and
capisters must be properly tagged with
information concerning whean their use
began. A label which indicates the date
and time of a canister's inatallation in:
the respirator is required to assure it is
not used beyond the period allowed by
the proposal. Additional testing may
reveai that the collection media counid
provide protection for a1 longer period of
time, [T additionz] canister or cartridge
testing demonstrates that the sbsorption
media can last longer, these data may -
support less frequent replacement of the

urq-fdgés or canisters. Additional test
data concerning the propased use of air-
purifying respirators is requested. .

Numerous other factors may affect the -

performance of air-purifying respirators.
Proper fit of the respirator is eritical,. In-
this type of respirator negative pressure-
is created within the facepiece when the
wegrer hreathes. This may resuitin -
workplaca air entering the facepiece
through gaps and leaks in the facepiece
seal, ingtead of passing through the '
abscrbent material. Obtaining a proper
respicaior it may requim the Gt testing
of & veriety of different mask sized from
several manufacturers to select the
facepiece with the best fit (lesst leakage
around the faceseal) for each employee.
Because of the exposure hazards that
may oceur if a proper facesesal is not
abtained while usging 8 negative
pressure respirator and becanse of
EDB's poor warning properties, the
proposal requires qualitative or
quanttative fit tests be conducted when
negative pressure respirators are used.
Either qualitative or quamtitative fit tests
are required at the time of initial fitting
and at least annually thereafter.
Therefare, procedures for conducti
qualitative fit tests are contained in the
mandatory Appendix A of this praposal.
Quantitative fit testing is & progedure
whereby the ievel of penetration ofa.
test agent of a lmown concentration is
measured inside the facapiece of the -
respirator. Quantitative respirator fit

" testing is generally recognized as the

ideal method for determining how well
es repirator fits any one indtvidoal, in
that it allows the employer to continue
testing tntil the vptimam or best ftting
respirator is identified and selected for
the employee. Quanitative fit testing
requires the nse of a sophisticated
monitoring device and is more
expensive than qualitative [it testing to
perform. Morsover, quantitative fit
programs have limited availability
which minmizes their usefulness for
many worksites. OSHA believes that

. while quantitative 5t testing may be

preferred, qualitative testing which is

. . conducted in accordance with the

protocols described in Appendix A
accomplishes the intent of the standard
to assure that each employes recaives.
and wears the respirator which provides
the greatest level of protection. .
Qualitative fit testing is a technique
whereby a person wearing a respirator

 is tested t0 see whether a test agent

with a low odor threshold ¢an be
detected inside the respirator,
Qualitative fit testing is a more
subjective test than quantitative testing
because it depends on the individuals
ability to detect the test agent. The 1AA

test was not designed to determine
protection factors greater than 10.
Therefore, there is some question as to
the adequacy of using the 1AA
qualitative fit test when employees are
to be assigned 10 work in atmospheres
of up to 100 times the PEL. OSHA
solicis romments on whether this -

* procedure, which has beex proposed in

Appendix A, is adequate to zssure
wotker protection. Submissions
recomumending ‘alternative fit test
procedures are requested.

While OSHA has proposed that -
respirators may be used to reduce
employee exposure, negative pressure

-air-purifying respirators may oanly be

used in concentrations of EDB below §
ppm. These respirators are more
practical than those recommended by
NIOSH, they are generally lighter than

* self-contained breathing apparatus

{SCUBA} and allow greatsr employee:
mobility than airline respirators: both of
these factors may lead to greater
employee aceptance. In addition,
negative pressure air purifying .,
respirators are less expensive than the
other respiraiors permitted for use with
EDB. OSHA helieves that with
additional safeguards, such as careful
qualitative [it testing. sir purifying
negative pressure respirators ¢ao be

. used as safely as ather types of

respiratars and can provide adequate
protection against EDB in the 1-5 ppm
range even though EDB has poor

~ 'warning properties, - -

Whers employees are exposed to
levels of EDB grealer than 5 ppm and
respirator usage is permitted, airlioe or
positive pressure respirators must be
used. Airline and similar positive
pressure respirators use uncoataminated
air and do not bave the problems
associated with exceeding the
absarption media’s capacity {which is
the case with cariridges and canisters).
QSHA is only allowing airline or .
SCBA’s which operate io the positive
pressure mode. Facepiece leakage is
minimized with positive pressure
respirators. Therefore they can be used
in both high and low airbarme
concentrations of EDB. Employers can
always use a respiratar with a higher
protection facior in lower
concantrations of EDB. i
~ All employees who are required to
wear a respirator must be included in a
medical surveillance program. This
provision insures those individuals who

‘will be exposed to EDB above the PEL

regardless of the duration of exposure to

‘be included in the medical sucveillance

program. In addition. respirator usage
presents an excess burden to the
pulmonary system of the employee. This
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burden may result in symptoms such as
shortness of breath, chest pain,
dizziness or fatigue. All of these
symptoms will be greatly exacerbated
by pre-existing lung disease such as

chronic bronchitis. emphysema, asthma’ -

or pneumoconiosis. It is. therefore,
Imperative that all employees whao wiil
be wearing respirators be medically
screened to detenmnine filness for
respirator usage. OSHA believes that
the physician can best accomplish this
through utilization of a physical
- examination. including a pulmonary
function test and a chest x-ray.

The employee must ba properly
trained to wear the respirator, to know
. why the respiratar is needed, and to

. understand the Uimitations of the
respirator. An understanding of the
hazard invoived is necussary to enable
employees to take steps for their own
prolection. The respiratory protaction
program Implemented by the employer
must conform to that sat forth in 20 CFR
1910.134 which contzing basic N
requirements {or proper selection, use,

cleaning and maintenance of respirators.

OSHA has determined that air-
purifying respirators may be used in a
rigidly controlled program of proper
fitting and sorbent replacement. Whea
the protection factors in the respirator
tabie are followed, organic vapor
cartridges and canistery may provide
adequate protection for émployees.

. OSHA bas, in two other heaith - -
regulations {vinyl chioride and
acrylonitrile), allowed the use of -
negative pressura respirators for - -
substances which exhibit poor warning

' properties. S :

The agency seeks comments on the
use of respirators, the frequency of
cartridge and canister replacament and
the it testing procedures. -

- 8. Paragroph [i). Personal Protective
Clothing ond Equipment . . -
The proposed standard requires that
the employer provide and assure that
employees wha are subject to sany
possibility of skin contact with liquid
EDB use all the appropriate resistant
- protective clothing and equipment
necessary to prevent dermal exposure.
Resistant clothing and equipment is that
which does not allow EDB to penetrate

through the material being wom for 480 -

minutes. - : )

The agency does not cantemplate Lhat
the protective clothing and equipment
provisions of the proposed regulation
would apply to thase workplaces whete
the potential for dermal exposure to -
EDB results solely from the handling of
materials or commodities fumigated

with EDB, OSHA believes that the
potential for dermal exposure to ENIB
while handling matarials subsequent to
fuimigation is minimal and that speciul
protective clothing would not be
Decassary. . -
The employer is to provide protective
clothing, such as gloves, boots and neck
coverings as necessary and appropriate
to protect whatever portion of the body

" may coms in contact with Jguid EDB,

The empiloyer must also provide eye
protection such as face shields, vented
gogales or other protective equipment

- when necessary to protect againat eye
contact. Tha purpose of this provision is -

to protect the eyes against the'burning
and blistering efects of EDB liquid |
exposure, For those operations where

employess enter sonfined spacas such

as reactor.vassels or storage tanks, EDB .

resistant full-body suits with suppliad -
air hoods are required. AR
The proposal is sufficlently .
petformance-oriented to allow the
employer sufficiant flexdbility to provide
only the protective equipment necessary
to protect employees in each particular
work operation from EDB exposure,
Therefore, compliance can be tailored to
fit the hazards posed on a day to day
basis. Many operations may not require
full body protective clothing, especiaily
if very small amounts of EDB are being

.handied. Howaver, the selection of the

amount of protective clothing and
equipmant must be adequate to prevent
any exposure to liguid EDB whers skin .
or eye contact may ocour. _
The toxicity associated with dermal
absocption of liguid EDB supports the
required immediate remaval of any
nonresistant protective clothing or
equipment and immediate drenching
with water of all parts of the body
which become wet with EDB or liquids
containing EDB, Serious tisasue
degeneration can quickly occur from
skin contact or dermal absorption,
Suitsbla facilities for quick drenching or
flushing of the eyes and bady are

required in all work areas for immediata

emergsacy use. Emergency showers or
quick drenching devices are needed in
the immadiate work area because EDB
can cause burns or blistering of the skin
within minutes after contact, .

The regulation requires the employee

to remave any clathing immediately
after it becomes wet or damp with liquid
EDBE. In this context “immediately”
means as soon &s it is noticed by the
employee; in other words an employee
should nat wait or take the time to
proceed to the change room. This
provision is necessary because of the
extremely caustic nature of EDB and the

acute absorption hazard it poses. The
proposed standard also provides that
EDB contaminated clothing and
equipment must not be rewom until the
EDB has been removed-from the clothing
or equipment. Protective clothing and
equipment should not be wormn or taken
home after use becsuse it could increasse
the number of people exposed o EDB.
The proposed standard requires
employers to replace protective clothing
and equipment as necessary to assure
its efectiveness but does not specify a
given raplacement intervel. Employers
should make frequent inspections of |
clothing to assure that it retains its
effectiveness. A visual inspection means
8 systematic examination of the

" equipment to ensure such equipment is
not leaking or developing leaks. This
requirement is necessary to minimize
exposure-to employees. It is particularly
necessary where, as hare, the substance
{s a coloriess, odorless and extremely
toxic. Clothing and equipment
contaminated with EDB ar liquids
containing EDB should aot be worn into
lunchrooms to prevent the '
contamination of eating areas and to
minimize the potential exposure hazard
to other workers.

- .As noted above under certain
circumstances the proposed standard
requires the use of EDB resistant .
‘tlothing and equipment where there is a
possibility of skin sontact with liquid -
EDB. Culy a few materials are capable
of resisting the penetration.of EDB .
through the material and subsequently
i the skin, Viton @ glastomer and.
polyvinyl alcohol (PVA) are two such -
materials (NIOSH 81~110, Stampfer,
1883). Polyviny! alcohol can be used
only in situations whetre EDB is nét in
solution with water. Water attacks the
PVA and substantially decreases its
effectiveness. In this situation, it must
also be used in conjunction with another
material ta prevent contact with
moisture {from the skin. To assure
adequate protection, the protective
‘equipment provided must give 480
minutes or more of protection before
breakthrough, Thus, when such EDB-
resistant clothing becomes wet with

« EDB, there is no need for the employee

to remove the clothing immediately
because there is no likelihood of skin
exposure,

The employer Is required by the
proposal to store all EDB contaminated
protective clothing and equipment in
containers bearing tha following
wamning .
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DANGER ‘
(TRADE NAME)

- CONTAINS ETHYLENE DIEROMIDE (EDE)
"CANCER AND R_.E_PRPDUC‘IIW_HAZARD :

HARMFUL IF ABSORBED THROUGH SKIN

AVOID INHALATION AND SKIN
CONTACT
- These containers must be closed to
prevent sirborne exposure because .
liquid EDB can vaporize, increasing -
airborne exposure, OSHA believes that
the regular cleaning, maintenance and
replacement of protective clothing and
equipment is negessary in order to
pratect aguinst the harneds of dermal
exposure. The proposal requires that the
employer assures that employees -
remove protective clothing and
equipment in the change room and that
only those employess autharized to do
50 may remove contaminated clothing

-and eqaipment from the change room for

the purpose of laundering, meintenance
or disposal. This practice lmits - -

potental sxposure to thoee specifically .

trained to hanclle contaminated
mateciale, .. .. L. o

Finally, the proposal requires that
employers inform those who kandle the
contaminated protective clothing and.
equipment of the potentially harmful
effects of EDRB, This provision is
designed to smphasize the need to use
proper care in bandling EDB =~
contaminated protective clothing and
equipment.

10. Paragraph (. Hygiene Facifities and
Practices '

Al employers coversd by the -
proposal are required to assure that
employees wash hands and face with
soap and water prior to eating, drinking,
smolkdng or applying cosmetics. The .
proposal specifies the hvgisne facilitfes

" and practices required for employee

protection in all other workplaces where
employees are required 1o wear
pratective clothing to prevent skin or
eye contact with EDB. The requirements
of the rest of this paragraph do not
apply to those workplaces whers the
potential for exposure to EDB results
solely from the bandling of materials or
commodities fumigated with EDB. As .

_ noted above, OSHA believes that there

is little potental for dermal exposure -
with Bquid EDB while handling
materials subsequent to the fumigation.
Therefore, OSHA does not contemplate
that this provision will provide any
comgpliznce burden where employen
exposure results solely from the
bandling of materials or comnodities
fumigated with EDB, . -
The proposed standard requires that
for all workplaces where employees are

required to wear persopal protective
clothing, the employer provide shower
and change room facilities for.
emplayees. Employees are required to
take showers at the end of the werkshift
to minimize the potentizl for skin
absorption as a result of EDB
cantamination of clothing.

1% Porugroph (k). Housekesping

The proposed stzadard requires that
where there are opsarations involving
liquid EDB or liquids containing EDB,
employers institute a program to detact
leaks and spills which includes visual
inspections. When leaks or spills of EDB
are detected the proposal requires the -
employer to prompily repair ali leaks
and clean up all spills. These work
practices aid in minimizing the number
of employees exposed, as well as the
extent of any potential for EDB -
exposure, : o

Prevention and removal of . -
accumulations of liquid EDB on all .
surfaces are critically important aspects

-of minimizing employee expusure. The -

liquid if allowed to remain on-the flocr
or work surfaces will slowly evaporate
and contribute to a possible sirborne

- hazard or it may become a dermal

hazard through inadvertent skin contact.
EDT’s low vapor pressure which results
n slow evaporation will contribute to -
and prolong the hazard, The
requirement to clean up spills and drips
refers to the prevention and removal of
visible accumulations of liquid EDB on
all surfaces. , '

. Although this proposal does aot
contain a provision for lunchrooms, the
agency has addressed the potential -
hazard of inadvertent ingestion of EDB
contaminated materials. To minimize
possible ingestion hazards, good hygiene
is even more critical for empioyess who'
do not have lunchroom faciiities. - .
Therefore, employees are reguired to
wash hands and face prior to eatifig and
are probibited from eating in regulated
areas, : : '

12, Paragraph (1) Emergency
Procedures .

OSHA believes that because of the
chemical's highiy reactive and
destructive properties on major organs
of the body, provisions addressing
emergency situations are necsssary to
prevent harmful employee exposure to
EDB. In the event of skin or eye contact
with liquid EDB, the employer is -
required to assure that affected
employees immediately wash or shower
to reduce the danger of chemical burns
and skin absorption. Emergencies are -
occurrences such as, but not limited to,

- equipment failure, rupture of containers
or failure of control equipment which is -

iikely to or do result in unexpected high
exposures. The serious toxic effects of
an acute EDB exposure hazard may not
be irrmediately apparent to employees.
Therelore, providing immediate medical
attention to those employees exposed .
during &n emergsncy is of paramount
concers, -

The appropriate procadures for
dealing with emergency situations will
vary among workplaces and operations.
Employers must have a pre-arranged
emergency plarm these pre-established
plans are necessary because quick
efficient actionts during an EDB releass
are important to insure that 2 minimom
aumber.of employees are injured during
emergency situations. Likewise such
procedures may effectively reduce the

- extent to which any empioyes may be

injured. The proposed standard
therefore requires that at least the
following be included: prearranged

+ plans for immediate evacuation,

transportation, and medical assistance

for affected empioyees, designation of
medical receiving facilities and names

of physicians to contact, procedures for
reentry, for clean up, decontamination
and maintenance of areas when thete is -
an EDB leak or spiit and selection of
appropriate clothing and squipment for
persoannel. This provision is necessary 1o

- assure that rescne and treatment is

achieved in a timely and efficiemt
manner. The proposed standard requires
that any employees uot necessary to -
correct the emergency situation, leave
the area of the emergency. This ‘
restriction keeps the number of
employees potentially exposed to EDB
at a minimum. The follow-op-procedures
such as the requirement that PPE be
furnished to employees for reentry and
clean up, and that the collection of EDB
waste be with an absotbent nomeactive
material also decrease the potential for
exposure. Because of EDB’s properties
and its offgessing potential, EDB

-contaminated waste, debris. containers

or equipment are required to be'

7 disposed of in sealed labeled containers

ta prevent dispersion of EDB outside the

- container and protect those who

subsequently handle this waste material
during disposal. - .

. 12 Paragraoh [m). Med;cu! Surveillance

The proposed standard requires.that
each employer institute a medical
surveillance program for all employees
who are exposed at or above the level
for 30 or more days peryearorany
employee who must wear a respirator
regardless of the exposure duration. The
medical surveillance program must be
instituted prior to the employee’sinitial
assignment to an area where the
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exposurs level will be at or above the
action level for 30 or more days per
year, or prior to the employee’s wearing
of a respirator regardless of the duration
of the respirator usage and anaually
thereafter, Providing medical
surveillance for empioyees who will be
exposed at or above the action level for
a total 30 days per year is consistent
with other haalth standards promulgated
by OSHA. Since some employess may-
be assigned to work areas where thay
will be.exposed to EDB at or above the
action level on a temporary or a short~
term basis, OSHA bas instituted a cut .
off period for the duration of exposure
which triggers the medical surveillance
_program. As g result of the experience
gained by OSHA's in the inorganic’ - -
arsenic and coke oven proceeding, the |
agency has determined that this.cut off
period shouid be 30 exposure days per
year. . . . R
In addition, OSHA is triggering the
medical surveillance pmgr?:}:f all
employaes who will ba required to wear
a respirator, The program must be
instituted prior to the employee’s actual
wearing of a respirator and annuaily
thereafter. The purpose of this provision
is twofold. First, it allows those -~
individuals who will be exposed above
the PEL regardless.of the duration of .
exposure lo be included in the medical
surveillance program. Second. respirator
usage presents an excess burden to the
pulmonary system of the employee. This
burdes may result in symptoms such as
shortness of breath, chest pain, |
dizziness or {atigue. All of these _ -
symptoms will be greatly exacerbated
by pre-existing lung disease such as
" chronic bronchitis, emphysema. asthima
" or pneumoconiosis. It is, therefore.
imperative that all smployees who will
ba wearing respirators be medically
.screened to determine fitness for
Jespirator usage. OSHA believes that
the physician can best accomplish this
through udltzad:ln of physical .
examination, including a puimonary.
function test and a chest X-ray.

EDB is a potential human carcinogen
causing a variety of neoplasms including
stomach, nasal. and lung cancers in
experimental animals. EDB is also a
potential human reproductive hazard
causing pathological changes in sperm
and testes as well as aitering the fertility
status in a variety of animal models.
Additionally in humans. EDB has been
shown to be a potent toxin affecting the
liver, kidney, skin. and nervous system.
Therefore, it is extremely important to
incorporate a detailed medical .
surveillancs program in the standard.
This will aliow the physician to identify
any adverse health effects. or biclogical

- expertise and may be conducted by
another person under the supervision of -

» 'chmges which Imay ocaur in workers

exposed to EDB.
All examinations and procedures are

" required to be performed by or uader the

supervision of a licansed physician, .
without cost to the employee. While the
physician will usually be selected by the
employer, the proposad standard does
act so mandate, leaving the smployer
fres to institute alternative procadures
such as joint selection with the
employee or selection by the employee.
Clearly, the appropriate persan to
conduct the medical examination is &
licensed physician; however, certain
parts of the required examiration do not
necessarily requirs a physician's

the physician. =~ .
The proposed standard requires that
the employer provide the examining .

. phvaician with certain information. This
- includes: (1) A copy of the regulation

and appendixes Band C, (2} a
description of the employee’s dubies as
related to exposure, (3) information
regarding the use of personal protective
equipment and (4) axamination from
previous work related medical exams
not otherwise available {o the physician.
The purpase of making this information

“available to the physician is to aid in the

evaluation of the employes"s.health in
relation to assigned duties and™ . | .
(determine fimess to wear personal

protective equipment when required.” . - -

The medical surveillance program in

" the proposed standard includesa ..

detailed work and medicai history,
complete physical examination
including pertinent laboratory .
svaluation and assessmcnt of

" pulmonary status (when requu'ed]

A complete work history including
any past.occupational exposure to
chemicais or toxic substances is .
necessary in implementing an effective
medical surveillance program. -
Information regarding such past
occupational exposures may alert the
physician to potential adverse hezlth
affects. - -

In condutting the medical history, the
physician must inquire as to any

" medication that an employee is taking.

Such information is important because
studies have shown that some .
medication. specifically disulfiram
{Antabuse®). may potentiate the
carcinogenic effects of EDB. OSHA
recognizes the sensitivity of such.
information and believes that if
carefully written the examining
physician's wrilten opinion will

. saleguard physigian-patient
_ confidentiality, OSHA solicits comments

and aiso seeks information regarding the

o~
possible adverse health effects of any
other medication in conjunction with
EDB axposure. The agency also solicits
information as to whether the '
potentizting effects of Antabuse® with
EDB are sesn only with concurrent
axposurs, . ‘

The content of the physical
examination is consistent with the
identification of the adverse health
effects that bave been associated with
exposure ta EDB. It should emphasize
the pulmonary, neurological, .
gastrointestinal, genito-urinary and

. dermal systems. In addition. a camp!eté

assessment of pulmonary status is

' mandatory when a respirator is

required. This assessment is
accomplished through a complete
examination of the head, eyes, ears,
nose, throat, thorax and lungs, in

* addition to a pulmonary function test

and a chest x-ray (initially and at 5 year
intervals). The frequency of chest X-rays
was determined to avoid any potential
heaith hazards associated with frequent
radiographs and at the same time
provide a sufficient time interval to .
identify any pathological changeés which
may have occurred. The purpose of the
pulmonary function test which include a
forced vital capacity (FVC), and forced
axpiratory voiuma at one second {FEV,)
is to assist the physician in making a
determination as to whether the -
employee is capable of wearing a
respirator. . . .. .- -
The laboratory studies required by the

'proposal specifically address the

biological changes that may occur with
EDB exposure. These include a battery

"of blood tests performed to measure  ’

liver.function {protein. albumin. alkaline

- phosphatase LDH, SGOT, SGPT, GGTP.

and cholesteroi) and kidney function
calcium, phasphorus, BUN, uric acid.
creatinine) and urinalysis. . . ‘
The emergency medical surveillance
provisionas reflect OSHA's concem for
those empioyees who, because of
equipment breakdown. container
rupture or other causes, may be exposed
to higher doses of EDB. These workers
may be at a relatively high risk of
developing delayed systemic or dermal
effects and are to reczive immediate
medical examination foltowed by a
medical observation pericd of at least 72
hours. This medical observation period
is eritical in that the severe and
sometimes fatal toxic ellects of EDB
often ars not manifested at the time of
exposure. Such observation should take
place in a medical facility..preferably a
hospital, where a licensed physician will
be responaible for the personal -
supervision of all medical care delivery.
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For sach examination required under
this section, the employer shall abtain a
written opinion from the examining °
physician which shall include: (1) The
physician's opinion as to whether the ~ -
employee Las any detected medicai
conditions or is taking any medication
which would placs the employes at -
increased risk of material impairment
from exposure to EDB. (2) any
recommended limitations on the
employee's exposure to EDB or upon the
usé of personal protection equipment,
This will include an opinion as to the
employee’s gbility to wear a respirator-
when it is required, and (3) a statement
that the employes has been informed by
the physician of the results of the -
medical examination and any medical
conditions resulting from EDB exposure
which require further explanation or

_h'eghnent. ‘ Y ..-'.':. ..,.“'...'.,... .

The employer shall instruct the ~ .
physician not to reveal in the written’ -
opinion given o the employer specific
findings or diagnosis ynrelated to
occupational exposure to EDB. The
employer shail provide a copy of the
physician written opinion to the affected
smployes within 15 days of its receipt.

~ The requirement that the empleyee be
* provided with a copy of the physician’s
written opinion will assure lﬁat the
employee {8 informed of the results of
the medical examination and may
permit empioyees to take appropriate
action. The purpose for requiring that
specific findings or diagnosis unrelated
to occupational exposure be excluded
from the written opinion is to encourage-
employees to submit to medical :
examinations by removing the fear that
employers may find out adverse or
embarrassing information about their
physical condition that may be
unrelated to ocgupationat exposures.

14, Paragroph (n). Employee [nformation
and Training '
The proposed standard requires the
 employer to provide a fraining program

for employe=es who are exposed to EDB
regardless of the lavel of expasurs. The
agency has decided it is necessary to

train all exposed employees for the .

following reasons. OSHA believes that
an information and training program is
essential for the protection of
employees, because employees can do
much ta protect themselves if informed
of the nature of the hazards in the
wotkplace. Data from the risk
assessment indicates that there is still a
risk of cancer, albeit & reduced risk, at
the proposed PEL In addition, EDB is
highly absorptive through the skin. Skin
contact with liquid EDB may increase an
employee's exposure in an unquantified
manner and may lead to serious heaith

problems. Moregver, adverse
reproductive effects may be linked to
short term peaks. EDB is a corrosive
material that may leak out of unsuitable

‘containers. In view of the fact that the

substance is colorless and odaorless at
levels that are many times greater than -
the PEL and the substance is harmful at
extremely low exposure levels,
employees should be trained in :
emergency procedures for handling EDB
and should lnow what to’look for
because under some circumstancas
there may be unexpected and annoticed
ures. Moreaver, employees nead to
ba informed about potentiaily increased
risk of exposure to EDB that can result
from the use of synergistic drugs, such
#s Antabuse?®, even if exposures to EDB
are low. To be effective, an employes
education program must, at the - -
minimum, apprise the employes of the
specific hazards associated with the -

work environment. For this reason, the -

employer is raquired by the proposed
standard to inform empiovyees of the
nature of EDB's potential health effects,
the necasasity for exposure control, safe
work practices, emergency procedures;
and the medical and industriai hygiene
menitoring programs. Additionally, the
training should be conducted relative to
the employee's language and
educationai capability. The content of
the training program is intended to
apprise the employees of (1) the hazards
to which they are exposed. (2) the
necessary steps to protect themseives,
including avoiding exposures, using
respiraiory protection and availing
themselves of the opportunity for :
medical examinations, (3) their role in
reducing exposure and (4) the contents
of the standard.

The employer ia required ta provide to

* the Secyetary and the Director, upon |

request, ail materials relating to the
training program. This is intended as an
objective check of compliance with the
training requirements a3 well as an
indicator as to the adegquacy of the
contents of the program. :

Training requirements imposed upon
an employer with a constant workforca
should not be too difficult to perform.
Training a mobile or ever changing
warkforee such as truck drivers and

stevedores may be very difficult, OSHA '

solicits comments concerning how and

by whom this training can best be

performed,

15. Paragraph (o). Warning Statements.
Section 6(b}(7} of the Act mandates

" that appropriate forms of waming be

used to asaure that employees are
apprised of the hazards to which they
are exposed in the course of their
employment. OSHA believes that the

control of safety and health problezs
involve the cooperation of employees,
and the success of a safety and heaith
program is highly dependent upon the
empioyee’s understanding of the
bazards involved in the job. .
OSHA believes, as a matter of policy,
that employees should be given the
opportunity to maka informed decisions
as to whether to work at a job under a.
particular set of working conditions.
Before employees can make an informed
decision to work in an area with
potential hazards, the employees must
be informed of any unsafe conditions.
This is especially important for & mabile
or temporary woskforce, In addition.
labels on materials or containers which
leave the work area must be labeled to
alert those who come in contact with |, -
such contaminated objects of the . .
hazards of EDB. In light of the serious -
nature of the hazard of exposure to EDB,
QSHA does not believe that periodic .
training alone will adequately apprise
employees of the health hazards of EDB.
However, OSHA believas that the
requirement to post warning signs and
affix warning labels when coupled with
the training requirements discussed .
above will adegquately inform - ‘
employees. The use of warning signs -
and labels accomplishes both of these

~ purposes as it alerts the employees ta-.

hazards and promotes safer work
practices, . .
The proposed standard inclydes a
requirement that warnings be affixed to
all containers containing EDBor .
products containing EDB. The waming
provisions of the proposed-standard also
require the employer to assure that '
warning signs, labels or stamps are -
affixed {o any product containing EDB -~
which leaves the employer's workplace.
This requirement is desighed to protect
those employees outside the initial
workplace who handle, transport or use
this product. When an emplayer
manufactures, formulates ar sellsa

* product containing a toxic substance,
- that employer’s own employees and also

the employees of other employers”
involved in handling, transparting, gr-
using the product are exposed to that
substance. This is especially true where
the manufacturer, formulator or seller
will, in many cases, be the only '
employer capable, through unique
knowledge of the substance, of .
providing the information needed for
protection of other employees. However,
OSHA recognizes that other labels
required by other regulatory bodies may
satisfy the intent of this provision.
Therefore, this proposal allows such
labels to be used as substitutes if they
contain the requisite information. .
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Due to the hazardous nature of EDB representatives. OSHA. retains . issua & final standard based oo the
expasure, OSHA beliaves that emphasis  unrestricted access to beth Xinds af entirs conteat of that recard .
should ba placed on warning employees  records as well aa respirator fit testns Comments and data are hereby
_and other persans about the dangers of . records. but its access Lo person requested In response to the specific
exposure. The proposed standerd - identifiable records is made subject to questions posed in the discussion above.
requires that warning signs bereadable  rules of agency practice aod procedure [n addition, interested persons are

and not be obstrud.ed. ar diminished in
any way.

18. Parograph (p). Baaor:ﬂceep&rg

Section 8{c} of the Act requires that
each employer shall keep and make
evailable such records as the Secretary
.may prescribe as necessary or
appropriate for the enforcement of this
Act, or for devaioping information
regarding occupational accidents and
{llnesses. The proposal would require |
employers to maintain written records '
of all exposure messurements, -
respirator fit test and medical
surveillance, - et

The proposal requiresthatar
exposure maonitoring record be
established for each employee arlob
classification. Such records are -
necessary (o assist the efective T
evaluation and contro! of EDB, Tha
record must contain a brief description:
of the wark operation being sampled, -
the methods, datey and doratior of  °
sampling: and use ofpenona[ protecﬁvc
equipment. ~ - .

Because symptoms of disease that
may be related to exposure to EDB may
notappear for years following an initial
exposure, the proposal requires that
records of amplayee exposure
measurements be retained for at least 30
years. Medical records must be kept for
at lenst the duration of employment pius

30 years which is consistent with 23 CFR:

1910.20 access tp medical records.

The propoaal’s recordkeeping
provisions also require thatthe - .
employee records be made availabls for
examinsation and copying to the. - - .
Secretary, the Director of NIOSH.
employees, former employees or their
deﬂgna!ed representatives. -

In addition, the proposai specifies that
accass (g exposure and madical recotds
by employees, designated
represantatives, and OSHA shall be
accordance with 29 CFR 1910.29, Section
1910.20 is QSHA's recently promulgated
generic standard for access to employes:
exposure and medical records (45 FR
35212). By its terms, it applies to records
required by specific standards, such as
this EDB standard, as well as to records
which are voluntarily created by
employers, In general, it provides for
unrestricted smployee and designated
represenlative access to exposurs
records. Accass lo medical records is
also provided for employees and, il the .
employes has given specific written -
consent, [or the employea's designated

concerning OSHA acemssg to employee
ntedical records, which havs besn
published at 29 CFR 191310 An
extensive disqussion of the icns
and ratorale for § 191020 may be fuund.
at 45 FR 35312 the dscgssion of

§ 1s1mo,myhefcmdst4smssau It

is nited that revisions to the aceess to - -

records standard are being daveloped in
an ongging ralemaking proceeding (45
FR 35212}, The proposed EDB standard
may be affected by any changes which
result from that rolemaking effort. - -

17. ngmpb (q} ﬁi’mm Dats.

Asprnpoaed. all sectfons of the: = * :-

standard except paragraph (g} would
becams effective sixty (60) days - -
following publication of the final rule in
the Federal Register. This will give
affected employers and employees time
to familiarize themselves with the
refulation and {ts content. - -

The engineering and work practice
controls required by paragraph (g} shall
be implemented as soon as possible but
no later than 2 years from the date of the
final standard’s publicatfon. This is to
allow effected employers sufficient time

to design and install necessary control

equipment. The Agency also solicits
informatior and supporting dats ont

“start-up periods™ and delayed -
implamentation dates which may be
necessary for other pmvisions of the
standard.

. _X- Condmion

OSHA recoguizes that some gaps
exist in the available scientific evidence
concerning chronic effacts on workers |
expaosed to EDB. OSHA believes,
however, that in this case we are
dealing with a chemical thatis a
potential human carcinogen. The
exiatencs of unanswered questiona
cannot be permitted ta delay the
regulatory process of establishing a
standard for protecting workers exposed
to EDB. OSHA hopes that the public

participation which is invited will help

to fill whatever gaps may exist.
Therefore, based upon the available
evidencs and in viaw of the above
considerations, OSHA believes that
employes exposures to EDB must be
reduced to the lavel of 0.1 ppm and that
the other requirements to regulata
exposure to EDB must be imposed as set
forth in the propasal. OSHA will
evaluate all the evidence recaived and
entered it into the pablic record and

invited to submit any other relevant
conupents and data on any of the
provisions contaired in the proposal.

X1. Public Participation

Interested persons are {vited to
cotmment an the proposed standacd on
or before November 21, 1982, Written
datz, views and arguments concerning
the proposal must be submitted in
quadruplicate to the Docket Officer,
Docket H-111, U.S. Department of
Labor, Room N-3820, 200 Caonstitution
Averue, NW,, Washington, D.C. 20210
(Telephone 202/523-8078), Writden
submissions must clearly identify the
provisions of the proposal addressed

. and the position taken with respect to

each such provision. The data, views
and argument will be available for
public inspection and copying at the
sbave address. All written submissions
recewedmll be ma.de -3 par'. of the
record. - -

Pu.:suant to 29 CFR 1911_11 (b) and {c),
interested persons may in addition ta
filing writtan comments as provided
abaova, fils objections ta the proposal
and request an informal hearing with
respect therato, in accordancs vnth the
following conditions

1. The objections must ba pastm_arked

- on.ot before November 21, 1983;

3. The abjectives must specify with
particuiarity the provision of the
proposed rule to which objecton is
taken and must state the grounds

. therefor;

4. Each objection must be leparately
stated and oumbersd: and

& The cbjections must be
accompanied by a detail summary of the
evidenca propased to be adduced af the
requestad hearing.
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Amhority . . Loe

This notice was mpmd tmder the
direction of Thorne G. Auchter.
Assistant Secretary of Labor for .
Occupational Safety and Heslth, U.S,
Department of Labar, 200 Constitution
Avenue, NW., Washington, D.C. 20210.

Pursuant to sectinns (b} aad 8of the
Qccupational Safety and Health Act (29
U.S.C. 655, 657), is hereby proposed to
amend Part 1910 of 29 CFR by adding
new § 1910.1048 as set forth balow and
daieﬁng the entry “20 ppm™ TWA, “30
ppm” acceptable ceiling concentration
and "50 ppm” acceptable maximum
peak and “5 minute™ msximum duration
from the athylene dibromide listingin -
Table Z-2 of ae’;tltm 19101000, and
Inserting “0.1 ppm fn the TWA column
and “0.5 ppm” In the acceptable ceiling

column {or the ethyfene dibromids entry
.in Table Z-2 of § 19702000.. - ...

'In addition, pursaant to section @](2)

_ of the Act, OSHA has determined that

this riew standard would be more
effective than the corresponding
standards now in Subpart B of Part 1910,
and in Parts 1915 and 1918, of Title 29,
Code of Federal Regulations. Therefore,
thess corresponding standards would be
pre-empted by this new § 1910.1048.

“This determination, and the application

of new standard to the maritime-
industry, would be finplemented by
adding a new paragraph {i} to § 1910.19.

LhtofSuh;ecu inZSCFRPartlsm

Elhylene dibromide, Cbe:mcals.
Cancer, Health, Heaith recards, -
Occupational safety and heaith, -
Respiratory protection, Risk asgessment,
Signa and symbaols. .

{Seca. 4, 6 and &, of the Occopationaf Safety
and Health Act of 1970 (25 U.S.C. 650, 855,
857); Secretary of Labor's Order No. 9-83 (48
FR 35738} (29 CFR Part 1911}

Stgmed at Washington, D.C.. this 3rd day of
October 1587,

" Thoma G. Auchter,

A.m‘nan:&mmaf Labor:
XI1. Propased Slandards and
Appendices .

Part 1910 of Titla 29 of the Code of
Federal Regulations ia praposed to be

- amended as {ollows:

1. By adding & new paragraph (h) to
§ 1910.12 to read as {oilows: .

§ 191019 Special provisions for air
contaminants. )
L] L} - . .

th) Ethylena dibromide. Section
1910.1048 shall apply to the exposure of
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everyone employee to ethylene :
dibromiide in every empidyment and
piace of employment covered by. .- . .
§§ 1510,13, 1910.14. 1510.15, or 1910.16, in
lieu of any different standardon .
exposure to ethyiene dibromide which.
would otherwiss be applicah!e by vu.-tun
of those sections... .

§ 1910.1000 [Amndadl 2

2. By temoving the entry “20 ppm”
TWA, “30 ppm” m:eeplablc ceiling
concentration and “50 ppm acceplnble
maxifmum peak and “S minute™ - .
maximum duration from the sthylene
dibromide listing in Tahla Z-2 of .
$ 1910.1000 and inserting “0.1 ppm in
the TWA column and “0.5 ppm” in the
acceptable ceiling concentration column

'.'-/-c RS

for the ethylene dibromide entryin __ ..

Table Z-Z of § 19101000 - -= & -

3, By ddding a new § 1910.1048 to rend.

- -—-—-. .

as fqllows."

§1910.1048 1.2 Ditomoet s 'm'm
* dibromide). - vk . ,-f PR
(a) Scope and Applf:utlon. (1} Th:s
* section appiies to each placs of '

employment which is involved in the - -

production., reaction, release, mixing. * -

blending, packaging, repackaging, .

storage, transportation., handling,

distribution and use of sthylene

gmmde [EDB} ot products cuntammg
B

(2) This section. a.lso applfes to each
place of employment where exposure to
EDB may result from: (i} Off-gassing of
fruit, vegetables. grain or packaging

) mate}ri;hls funﬁmﬁ‘g with EIiJB L and

(ii} The spot fumigation of milling
machinery and fmmgation of grain
products. .

(3) This section does not apply to (i)
The application of F B asa peshmde
under tha regulations of the .
Envirommertal Protectfon Agency {40
CFR Partisz), -

(ii) Wholesale crmtni.l foed stores;

(iil) Automotive sexvice stations; or

{iv) The distribution, storage. urhu.lk
handling of leaded foel.

(b) Definstions. (1} “Action level”
mezns empioyes exposure to an
airborne concentration of (.08 parts EDB
per million parts of air (ppm) (50 parts
per billion (ppb)} averaged over an 8-
hour period (TWA}. .

{2} "Assistant Secretary,” means the
Aassistant Secretary of Labor for
Occupational Safety and Health, or
designee.

{3} “Authorized = mesos any
persan required by work duties to be
present int regulated areas and
authorized to do sa by the employer, by
this section, or by the OSH Act of 1970,

{4) “Clean change roam,” means an
uncantaminated roam separate from the

" work environment where employees put

on clean ciothmg or protecﬁvc
equipment, . - -

[E]] "Cantamer. means any
receptacle, excluding pipes and piping
sustams, in which EDB ora liquid -
containing EDB is placed or kept,
including reaction vessels, storage tania
and blending tanks. -

{8} “Decontamination,” means

" -treatmeat of EDB contaminated -

materials by water washdown,
ventilation, or other meaas, to-assure .
that the contaminated materials will not

expose employees lu lHn contnct with .'
EDR. -

(=} "Directar. means the Director.
National Institute for Occupational

Safety and Health. U.S. Departmient of . _

Heaith and Humar Services, or_ 2
de(s:’gneg.,..- _.-;:‘., PR

8) “Emergency, "means any -7 - .
occlmeuauuchu.butnotlimnedto

equipmeat failure, rupture of containers, "

or fzilure of contrul equipment which -

" may result in an unexpected telease ot'
" EDB or liquid contaiming EDB. ™

" (9} “Employee exposore,” means tbe
exposure to EDB which would occnrff
‘the employes were not using a’
mpl.rator A Ch

PRNPT R

(10} “Ethylene dibromide (GE.Br}
[(CAS Registry Number 106-93-4), me:ms -

1.2 dibromoethane (EDE} or 2 nnxture of
liquids containing EDB." - -

(11} “Intermittent operatitn.”™ meam
those operations which result i -
exposures om'tng furt arzdays at
any one time, - .

(12) "Oﬁ'gauing. meam the re!eue
of EDB vapars from matetials or.
commoditiu pmo\uty in eumact vnﬁl
EDB. - -.

{13} "Regu!ami area.” mesns an aren
where entry and exit is restnded to
authorized persons. -

{14} 'Resisiant clothing and '
equipment,” means clothing, mdudmg
gloves, aprons or boots made of
materials whicly exhibit EDB
breakthough ﬂmes of greater than 480
minutes, - -

(15) s*Short Term Expom Limit
(STEL),” means an airborne
concentration to which workers exposed
continagusiy for a short period of time
cannot be exceeded. A STEL i defined
43 2 1S-minute time-weighted average
exposare which shall not be exceeded at
any one time during » work day even if
the 8-hour time wexshled averageis
within the PEL

(16) “Work practice mcedures.
means a written standard operating -
procedure by which an employee is
trained to perform a task in a specific
Jmanrer in order to minimize exposure.

(c) Permissibie Exposure Limit (PEL).
(1) Inhalation. {i) Time Weighted

. air {(ppm} {100 parts per billion (ppb)] as _

.Average (TWA), The employer shall

assure that no emp!oyee is exposed to
an airborne concentration of EDB in
excess of 0.1 parts per million parts of

an 8-hout time-weighted average;

(ii) Short Term Exposure Limit (S‘I'EL]
The employer sball assura that no.
employee is exposed to an airborne
concentration of EDB in excess gf 0.5
parts per million parts of air (ppm} {500
perts per billion (ppb]] as average over
a;sgs-minu!e peziod dmg the work
s

insurs that no empioyee is exposed to

- skin or eye contact with EDB. -

{d) Regulated Areas. (1) The. e.mployer
shall establish a regulated-area
whenever the aithorne concentration of
EDB is at or above the actiom level. |

(2) Actess to regulated areas sball be

~ limited 10 authorizad persons.”

-(3) The empioyer shall assure that
empioyees do not eat, smoke. drink or
apply cosmetics in a regulated area,

(4) The employershall post regulated
areas with signs containing the- S
following information: - "~ -
DANGER, [TRADE NAME] CON‘TAINS
ETHYLENE DIBROMIDE (EDB]

CANCER AND REPRODUCTIVE

HAZARD, AUTHORIZED FERSONNEL
ONLY. RESPIRATOR MA.Y EBE :

. REQUIRED. . ]
_{5) Whenever an employe: at a multi-

employer warksite establishes a .

- regulated ares, that employer shall-

commaunicate to other employers at that
worksite the location and access

« restrictions to the reguiated area.
{e} Exposuore Monitoring. (1) General. -
- Each exmployer who has a workplace
- tovared by this standard. shall measnre
- - and scourately determine employee -
' exposure ta EDB. Determingtion of

airborne exposuyre levels shall be made
from air samples that are representative
of eack employes's full shift and short
term expasure to sirborne EDB.

{2) Seasonal and Intermittent
Exposures. (i) At least annuaily, each
empioyer who has a work operation
covered by this standard shal) monitor
employee exposure to accurately
determine the airborne concentration of
EDB to which employees may be
exposed.

(A) For exposuares durmg seasonal
operations, initiaf monitoring shall be
performed within 30 days of the startup

" or the fest :ntroduction of EDBintoa

work ared.

" (B} For Intermxttent exposures, the
initita! monitoring shall be performed
within 30 dnys of the introduction of

. {2) Dermal e.xposuu. The em.pfnyu R
shall take adequats precauhons o .
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EDB into the wotk ares even if
exposures are not daily. )

(ii) If the monitoring required by this
section reveals employee exposures to
be in excess of the PEL, the employer
shall repeat measurements of samples
representative of each such employee's
exposure at [east every six months.

(iii) The employer shall promptly
monitor and redetermine employea
exposure whenever there has been a
production, process or control change
which may resuit in new or additional
exposure to EDB or whenever the

employer has any reason to suspect new

or additional EDB exposure.
" {3) Other Exposures. ({} Initial
Monitoring, - - - :

(A} Each employer who las a work
operation covared by this standard shall
monitor employes exposures to EDB to
determine whather any employees are
]exptiud to EDB at or above the action
ave ESCE e e o

{b) Initial exposure monitoring shall -

be done within 80 days of an amployer’s ‘

first introduction of EDB into the work
grea. : N

(ii) Frequency of monito

{A) If any monitoring revea
employee exposure to ba above the
action level but below the PEL, the
employer shall repeat mesasurements of.
samples representative of each such
employee’'s exposure 4t least annually.

{B) If any monitoring reveals
employes exposures to be in excess of
. the PEL, the employers shall repeat
measurements of samples represantative
of each such employes's exposure at
least every six months, ;7. -

(C) The employer shall remonitor and
redetermine employee exposure within
15 days of any change in production,
process, or control measures which may
result in new or additional emplayee
axposure to EDB. '

{il{} Termination of monitoring. If the

monitoring reveals employes exposure: -

to be below the action level, the
measurements need not be repeated
except whers thers has been a
production, process ar control changs -
which may result in naw or additional
exposure to EDB., -

{4) Employee Motification. {{} Within
15 working days after the receipt of
exposure monitoring results, the
enmployer shall notify each employes of
the manitaring results which represent
that employee's exposure ta EDB.

{ii} Whenever monitaring results
indicate that employes exposure
exceeds the PEL, the emplayer shall .
assure that each such employee receives
a wrilten notice informing the employee
of the monitoring resuits along with a
statement that the PEL was exceeded
and a description of any corrective

action being taken to reduce exposure to
or below the PEL,

{1ii) Whers employees do nat alwognl
report to the same work location, su
as in stevedoring, and the amployer is
unabls to notify the employee directly of
the monitaring results, the employer
shall provide the results of the exposure
monitering to the employee's authorized
representative {or distribution to
affectad emplayens.

(S) Accuracy of Measurement: The
empioyer shall use a method of
measurement which has an accuracy
(with a confidance lavel of 95 percant) of
not less than plus or minus 25 percent
Ifm' efncantnﬂons of EDB at the action
eve K -

(f) Observetion of menitoring. (1) The

_ employer shall provide affacted

employees or their designated
representatives an opportunity to
observe any monitoring of emplayes .
exposure to EDB required by this
standard. - - -

(2] When obsarvation of the

monitoring of employee exposure to EDB

requires entry into an area where the
use of protective clothing or ecLuipment
is required, the ohserver shall ba
provided with and be required to use
such clothing and equipment and shalfl

comply with all other applicable safety .

and heaith procedures. .

(g) Mathods of Compiiance. (1)
General, (i) The employer sball institute
engineering end work practice controls
{0 reduce and maintain employes
exposures to EDB at or helow the PEL,
axcept to the extent that the employer

°  asstabiishes that such controis are not

feasibie, Where wark practics controls
are sufficient to accomplish this goal
elone, engineering controls need not be
implemented,

(ii) Where engineering and work
practice controls are not sufficient to
reducs exposures to or below the PEL,
they shall nonethelesas be used to reduce

osures to the lowest levels _
achievable by thess controls and shall
be supplementad by the usa of
respirators in acdordance with
paragraph (h) of this section,
Respiratory protsction may be instituted
prior to ths imposition of employes
ratation a3 a control strategy.

{iti) Exception: Where exposure to
EDB in a workplace {s intermittent and
occurs [ess than a total of 30 days per
year the employer may use engineering
controls, work practice controls or
respiratory protection to reduce
employes exposure to EDB in the
waorkplace to or below the PEL.

(2) Specific. Employera shall institute,
work practice controls (such as eerating
or venting of truck trailers or chimney
stacking cartona] whenever feasible to

reduce exposure to EDB of the first line
receivers of fumigated commodities to or
below the PEL. _

(b} Respiratory Protection. {1)
General. Where respiratory protection is
required, the employer shall provide at
no cost to the employes and essure the
use of respirators which comply with the
requirements of this paragraph to reduce
;ng:};foyen axposures to or below the

{2) Respirators shall be used in the
following circumstances: {i) In work
rituations in which engineering and
work practica controls are not feasible
to :leduu exposures to or below the PEL;
an

TaRls 1~RESPIRATORY PROTECTION FOR EDB

Cancarwrataone of ’ . .
artorre EC8 or condtiion PAenpiraicy type* -
ol yss
A Mot greassr wut 1.0 9. A haf mumk of Rl teos aire
PR, (1000 ppb). purifyrn]  respraid  ecEsoowd
L
iy CHrrioge or cansier
2 A%y wppied eif resDEEOn oOf
3. Ay sef-comuned bresthing
f . LT
(B) Not gresier wwn £0 | 1. A Kl (a0 air-puiiying respine-
PR (5000 pob, o suicoed weh e arganis
Yapor of pasticaiy CRnis
L AW sookacar meewior
with & facepsece, heitwsl, or
oot or
3. Any sel-contained Dresthing
- »0 wen ol
) Not gremier thant 100 | A Type C suppbed-air reapray
o, (13,003 g with ful facapact DoeMad N

|

pobitve premue  mody, of
wih A (ncepeecs, hesmet, or
oot cpewed N cOMIWUS
: fow Mmade,
D) Growe un 100 1. A cOmMDIMSON  MMEDIEIr
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e o unknoen plid-ar meagwztor  win Al
cortanEaiong. oupeecy opersied N prese

i
i

T
|

) PN e} A selt-cOrtainedt breathing mam-

_:.w wowcshedt for mm an be

(if) During the time period necessary
to install or implement feasible
engineering and work practice controls;
and-

(iii) Where workplace exposures to
EDB ars intlermittent and EDB is used
within the workplaca less than a totel of
30 days per year and engineering and
work practice controls are not used to
reduce exposure; and

(iv) In emergencies; :

(2) Respiratar Selection. (I} Where.
respiratory protection is required or
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- (4) Respirator U’H.ga. @l The e.m.ploéer. )

sha.ll perfomm, and recosd the resulls

either quantitative or qualitative £f tests -

at the ime of [nit{al Stting and &t least
ancually thereafler for each employee
wearing a negati
The test shall be used ta selecta
respirator facepisce which exhibits
minimum leakage and pravides the.
required protection as p.tesc:fbed
Tablel, |
() Memp[oyeuhaﬂfnllnwthn test
. procedures cutlined in Appendix A of ‘
- this regulation when pecforming. ¢ ’
qualitative fit tests,

{iif} Where air-purifying cham.cal
cartridge respirators are used. the afe
purifying cartridges shall be replaced at

‘the completion of each shift, .

{iv} Where air-purifying canister type
tespirators are used, the air-purifying
canister shall be replaced at the
completion of two work shifts within
one 43-hour period. A label shail be
attached to the canister to indicate the
date and time at which it was first
installed on the respirator. |

(v) Empioyees who wear respu:ntun
shail be permitted ta leave work areas
to wash their facs and respirator
facepieca whenever necessary ta
prevent skin irritatfon associated with
respirator usage,

(i) Protective Clothing and pment.
(1) Provision and Use. Whereztg:’m ix
the possibility of eye or skin contact
with EDB or liquids contaiming EDB: {1}
The employer shall provide at no cost to
the employes and assure that the
employee uses appropriate resistant
clothing and equipment to protect the
ares of the body which may come into
contact with liqu.id EDB such as:

(A) Full body protective clothing:

(B) Gloves, boota, head and neck
covmngnn ‘.

{C) Face shields, vented goggles, ar
other protectiva equipments

(li} Resistant clothing (suits) and
supplied-air hoods shall be womn when

vcprmmrupi:gm :

containers bearing & warning whick
contains the following information:

DANGER: {TRADE NAME) cnr:rams )

ETHYLENE DIBROMIDE (EDEL
CANCER AN} REPROOUCTIVE™ -
HAZARLD: AVOID INHALAIIO'T AND

. SKINCONTACT -
(xii]'!'heemgbye:shanasunthatm

employee takes home EDB - .
contmmatedwud:dothingor -

(3} Chanmg and Replammant. 13 The
employer shail clean, [sundes, repair, o2
replace all required protactive dothmg
and equipment for each affected
employee as necessary to assure xts

effectiveness.

{ii} The employer sh.all assure that '
only trained persons temove protective
clothing and equipmient from the storage
containers for the purpose of lanndgnng,
maintenance, or. disposal.

(iii) The employer shall inform any .

. person who launders ar cleans EDB- -

contaminated protective clotking or -
equipment of the pomnaﬂy
effects of EDB. -

(i} Aygiena Facilities and P‘um
(1) The employer shall aasure that - - -
exfosed employees wash hands and
face with soap and water prios to exting,
drinking, mohng orspplymgof
m[.u;m pl reqmd

2 empioyees are to
wear protective clothing oy prevent siin
or eye contact with EBD. clean dm:gu
rooms and shower facilittes, as
described in 28 CFR 1910.141 shall be
furnished by the employer for use by
affected employees, The claan change
room shall be contigucus to and h:vem

entry from a showerroom. -

{3) The employer shall assure that
employees wearing pm!emve clothing -
or =quipment to protect against skin
contact with liquid EDB shower at the
end of the work shift,

(k) Housekeeping. (1) All surfaces »
shal] be maintained free of drips or
spills of EDB.

45995
used to camply with this section. the entering confined spaces, sach as {2} The employer shall mstitute 2
employershal select and assure thal storage tanks or reactor vessels, : program for detecting leaks and spilis
employees usa the appropsiate . {iii} All personal protective equipmml. including regular visual inspections of -
- respirator in aceordance with Ta.b}e 1. .provided shall comply with tha- operztions invelving liquid EDB.. - -
[ﬂgheﬁwﬁﬁm md . pgg!;;g'mofzs Cmm-’-zm “.- " (3] All lesks shrall be repaired and
respirators from among those ap 1 - -' spills cleaned
for use with organic va:parsorpeshudu (iv) de:drmd:mandeye Pmﬂusxgen:y?ﬁw':cfﬁa& (1) nall
by the National Instituts for - ‘ wash fountains shall be provided within work areas whare EDB is present. the
Occupational Safety and Health l.he work areafor!mmediate energenq employer shall take all necessary steps
{NIOSH] onder 30 CFR Part 11.. ' to:nlxrethat loyees are instructed
{3} Respirator Program. The employer (2] Removal and Storage (i) Where - . o How ;gé written emergency
shall institute a respiratory protection resistant protective clothing is required rocadures priate for each
program in accordance with 28 CFR it shall be removed at the end of eech P sion appro ich ha :
1910.134 (b}, (d). (e}. and (f). Coc wark shift and shai] not be rewom until - 3"“; fpﬁﬂm ve been
with 1910.134(h}(10} sha]l eonsist of it has been decontaminated. sveloped by the employer.
those specifications outlined in the (if} EDB-contaminstad clothiny snd (2} The written emergency procedures
medical surveillanca section of this protective devices shall be stored. until shall inchude: (f) Prearranged pians for
standard they are decontaminated, in closed immediate svacuation, transportation.

and mediczl assistance for aﬁ'ected
employees;

(17} Designation of medical receiving
facilities and aamves of physicfans ta -

’ conta:tinthesmtofanEDB e
 emergency:

(ifi] Reentry p.roceduras for cléanup.
0L maintenarnics inta areas where EDB

leaks or spills have occunted: and

*  {iv] Selectica of the appropriata  *

personal protective equipment and.
clothing wirich shall be ased by tnmed

: 'pe:sonnel during an emergency. -

(3) In the event of skin or eye contact
w:th liquid EDD the employershall .

T assure that affected empioyees
. immediately wash or showerto . :
. minimize the danger of skin absorption.

{(4) The employer shall require that
employeas immediately remave any,
nonresistant clothing which becomes .
wet with EDB ar liquids containing EDB. -~

. Such clothing shall be stored in closed
- gontainers and shall not ba reworn until
it has been decontaminated. ,

(5) All employees, except those
desigmatad to correct tha situation, shall
be evacuated froor the ares where the -
emergency occurred until cleanup has

_been campleted.

(6] Personne! reentering the spill or
leak srea shall be furnisired with ’
appropriate personal protective
equipment,

{71 Any apllled or leaked EDB shall be
collected by using vermiculite, dry sand,
earth or other nonreactive material

(8) EDB contaminated wasts and
debris shall be disposed of in sealed

. coatainers which prevent dispersian of ..

EDB outside the container. (i) Such
containers shall bear a warning
containing the following information:

- DANGER (TRADE NAME) CONTAINS

ETHYLENE DIBROMIDE (EDB)} °
CANCER AND REPRODUCTIVE .
HAZARD AVOID INHALATION AND
SKIN CONTACT
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(i) Spent or leaking containers shall {4) Information provided to the (iii) Instructions to immediately report
be pkrg?:ptly removed from the rg:y;ifl:linn. 'I'h:n;mployer sha& provide - to the employer the ?gglopmem of
workpiece. S . , . # followi ormation to o gignsor toms of EDB exposure;” .
(m) Medical Surveillancs. (1) General.  examining physician: . -~ ° s(?:} Thma waork practice]: L
(i) The employer shall make'availabie a (i) A copy of this regulation and ' appropriate to esch job with EDB
medical surveillance program for any appendices B and C; T . exposwre; ¢ Tttt e
employee required to wear a respirator (i) A description of the affacted - " (v} The purpose for, proper use and
or any employse exposed to EDB at or employes's duties as they relata to the limitations of personal protective
above the action level for a tatal of 30 or ' employee's axposure to EDB: clothing and equipthent:
more days per year. - (iii) The level of EDB to which the (vi) Instructions for the handling of
(i) All medicai examinations and employee is exposed; : spills, emergency and cleanug = -
procedures shall be performed by or (E,, A description of any personal proceduires; TR
under the supervision of a licensed - protective equipment nsed; and : (vi} The ose for and a descri ton
physician, and shall be provided without (v} Information from previous . of the me mg:ﬁumm anca nro mp '
cost to the employes, without loss of pay  employment-related medical ., uired by this standard; Pd e
and at a reasonable time and place. examinations of the affacted employes 3% A 1' 3 ; t‘;
(2) Frequency and content. Before an  which is not otherwise available to the im{“in "‘F anation of the 4 wark
employes can wear a respirator or at the ining physician. portance o ‘lfgf"“eﬂ'“s and wo
time of initial assignment to an area (5) Physician's written opinion: (i) For  Practice cootrols for employes
whare tha employee is likely to ba each examination required under this protection and any necessary !
exposed at or above the actiop level for  section, the employer shall obtain a instruction in the use of thesa controls.
30 days or more per year and at least written opinion from the e (4) Access ta training materials. (i)
annuaily thereaiter, the employer shail physicizn which shail include: | The ‘mrlol'“ shall make readily ,
provide that employee a medical (A) The physician's opinion as to available, without cast, to all affacted

examination. The medical examination
shall include the following: . :

" (i) A comprehensive work history with
inquiry directed toward previous work-
related exposure to toxic substances.

(ii) A comprehensive medical history -
with special emphasis directed to
disarders of the liver, kidney, lungs and
reproductive system. ‘ .

(iif) A comprehensive physical
examination, with particular emphasis
given to the cardiovascular, pulmonary,
neuroclogic, hepatic, renal and dermal
system. ~—- Do . '

(iv} Laboratory examinations: Blood
serum chemistry studies including, :

.calcium, phosphorus, glucose, blood
uraa nitrogen, serum craatinine, uric
acid, cholesterol, total protein, albumin,
alkaline phasphatase, LDH, SGQOT,
SGPT, and GGTP: urinalysis, :

{v) A chest X-ray, initlally and «t five
year intervals, unless indicated more
frequently by the examining physician, .
and s pulmonary function test, including
FVC and FEV,. if an employes is to -
wear a respirator; and ‘

(vi) Any other tast deemed
eppropriate by the examining physician
after review of the above medical . .
informatiorn. '

(3] Special Examinations. If an
employee ia exposed to EDB in an
emergency siluation or develops signs or
symptoms commonly associated with
EDB exposure, the employer shall
immediately provide the eraployee with -
a medical examination, This
examination shall include those
elements considered appropriate by the
examining physician. and a 72-hour
medical observation period to assurs

* that the unexpecied delayed systemic

effacta essoctated with acute exposure

are minimized. S

- ofits maif

whether the employee has any detacted
medical conditions or is taking any ~
medication which would place the -
employes at increased risk of material
impairment from exposure to EDB; .

(B) Any recommended limitation on
the employes's exposure to EDB or upon
the use of persenal protective
equipment. This shall include an opinion
as to the employee's ability to weara
respirator; and ’ .

{C) A statement that the employes has
been informed by the physician of the

results of the medical examination and

any medical conditions resulting from
EDB exposure which require further
explanation or treatment. ‘
[ii) The empioyar shall instruct the
physician not 1o reveal in the writtsn
opinion given to the empioyer specific
findings or diagnosis unrelated to *
occupational exposure. :
(iii) The employer shall provide 2
capy of the physician's written opinion
to the affected employee within 15 days

L
(n) Employee Informaotion and
Training, (1) The employer shall assure
that all employees who are assigned ta
workplacas covered by this standard
participate in a training p m.

at least annually thereafter, .

(3) The training program shall be -
conducted in a manner which the
employee ia able to understand and
shall include: (i) A copy of thia
regulation and discussion of its contants
and Appendix B; - :

(if) The potential hesith effacta
associated with exposure to ENB with
emphaasis on the patential for serious
internal injury before experiencing overt

" symptoms;

smployees all written materials relating
to the employee training program.

(ti) The employer shall provide upon
request, ail information and training
materiale relating to the amployee
information and training program to the
Assistant Secretary and the Director.

{o) Warning Statements. (1} The
employar shall assure that
precautionary warnings are affixad to
all containers of liquids containing EDB
within the workplace. =~

(2) The employer shall asgure that the
precactionary warnings are affixed i
when the materials are sold, distributed,
or otherwise leave the employer’s
workplace. o

{3} Substitute Warning Labels. (1) The
employer may use warning labels
required by other statutes, regulations,
or ordinances which impart the same
information as the warning statemeunts
required by this paragraph. -

(A) The semployer shall aasure that no
statement appears on or Bear any
warning information required by this
section which contradicts or detracts
from tha meaning of the raquired
warming. ‘ -
{B) The employer shall assure that

{2) Training shall be provided prior to - tequired wasning stataments are readily

or at the time of initial assignment and -

visible and legible
{ii) The warning statement shall
contain the following information:

DANGER (TRADE NAME] CONTAINS
ETHYLENE DIBROMIDE (EDB)
CANCER AND REPRODUCTIVE
HAZARD, AVOID INHALATION AND
SKIN CONTACT e

{p} Recordkeeping. (1) Exposure
monitoring. (I) The employer shall
establish an maintain an accurate
record of all monitoring required by
paragraph (#) of this section.
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, intended to represant:

'_. -l.,_'_:'ﬁ,: P

ii'I'hi.lrecord hallmc%p
{Ai The date(s duraﬁon. a

" location and resu.ll.s of uc.h of the

m"l’f':': e tion iovolving e '
(B) The operstion inve expooun
to EDB which is being monitored:

(C) Name. social security number and
fob classification of the employee
monitored and of all other emplayees
whose exposurs the musu_nment '

{D} Whers npmtntauw samples an
used to document employee exposure,

. an explanation ?:;:hy they are L
. mmﬂc o tat ﬂnploy“ s " the Director for examination

{E) The type of mnimtory protecﬂon
and other personal pmtecﬁve dmcas :

_worn, if any; and

(F) A description of the umpling nnd -
analytical mathods used and eﬁdenee
of their accuracy. />~ - -

{2} Medical Surveillance. (i) The * -
employer shall establish and maintain
accurate records for each employes
subject to medical survedlanca required
by this staddard. -

{ii) This record shail i.m:iude: 'L

'{A) The name. social security oumber *

‘and description of the duues of tha ,
- employees .-ci’ -

(B A copy of t.he phyutdan s wrltten
opinions -
m[dC] 'Results of employee 3 expoaurs

- (D) Any emplayu medical eomplaints

related to exposure to EDB.

(iif) The employer shall keep tha o
. following medical records: . T

(A)Aeopyofthemedic.al e
examination results including the -
medical and work hiltory requu-ed by
this section: -

(B] A copy of the test results. -

(3} Respirator Fit Testing. {i) The
employer shail establish and rmaintain
accurate records for each employee
subject to negative pressurs respirator

-fit testing required by this standard. -

{if) Thia record shall include: '

(A) A copy of the'protocol for either
the quantitative or quaiitative '
procedure(s} salected for mpirator fit
testing. ’

(B) A copy of the results of any
quantitative fit testing performed.

(C) The size and manufacturer
of respirators available for selection, -

(D) The type and facepiece selected
for the employee.

{E) The date of the' moat recent fit
testing. ’

-{F) The name, social security.aumber,

- and a description of the duhes of tested

employee.

{4) Record Retention. The amployer
shall retain records required by this
standard for at least the following -

Eeﬁods: M Exposure racords shall be
ept for 30 years.. ,
() Medical records shall be kept fur

tl:e duration of employment plus 30

(Hi] Respirator fit test records shall be
" kept for 1 year or until replaced with a

more recent record. .
{iv) Records required by this standard

shall be maintained in sccordance with -

29 CFR 19106.20.. .

{5} Availability. (i} The employer shall
agsurs that all records to be meintained
by this section be made available upon
request (o the Asgistant Secremry and

SRR

eopying. . :
[u) Emplcyee expomra momtoting
reco

rds required by this paragraph shall

be provided upon request for-
examination and copying to ‘employess,
empioyee representativas, and the

° Asgistant Secretary in accordance with

29 CFR 1910.20 {a)~{e) and il . .
{ill) Employee medical rec
required by this pragraph shall be
provided upon request for examination
and copying. to the subject employes. to
anyane baving the specific written
consent of the subject o-pluyee. and to
the Assistant Secretary.
(6) Transfer of records. (i) 'I‘he

" employer shall comply with the

requirements involving transfer of
records set forth in 29 CFR 1019.20(h).
(if) If the employer ceases to do
business and there is no successor
employer to receive-and retain the

_records for the prescribed period, the -

employer sheil transmit these records by

" mail to the Directoe,~ - -
{q) Effective Dates. {1) Paragraph lﬂl ‘

through (q) of this section shall become
effective sixty (60) days following
publication of the final rule unlus noted
belaw.

(2) Measuremenis representative of

" employee esposure to EDB taken in the '

precading six months may be used to. .
fulfill the initial monitoring requirement
provided the sampling and anaiytical
toethods used meet the accuracy and
conﬁdenca levels required by tlm
paragra

3 &yneermg and work practiu
controls required by paragraph (g) of.
this section shall be implemented as
soon as possible but no later than 2
years after the effective da\e of the final

‘rule

{r) Appendices. (1} The information

"and procedures contained in Appendix

A is macdatory.

(2) The information contained in the
subsequent appendices B.C.andDto
this section is nat intended by itself, to
create any additional obligations not
otherwise imposed by this standard ror
detract from any existing obligahons.

Appendix A-~To Section 1510.1088—s .
Qualitative Fit Test Protocois

This appendix specifies the only aliowabie
qualitative fit tes( protocols permissible for
compliance with 29 CFR 19'10.101801]{4]3!]
and must be used with negative pressire
respirators if guantitative fit testing is not  ~

- L Iscamyl Ae;hln?!uimol
_A. Odor Threshold Screening

L. Three 1-liter glass jars with metal lids
{s.g. Masox: or Ball jars} are required. ‘.-
2 Odor-free water (e.g. distilled or spring

* water) at approximately 25° C shall be used :

for the solutions. - ..

3. The isoamyl acetste (!AA) {also know'n
as isopentyl acatats) stock solution is
prepared by adding 1 cc of pure LAA to 800 cc
of odor free water it .4 1-liter jar and shaking
for 30 seconds, This solution shall be -
prepared new at least weekly, - -

4. The screening test shail be conducted in

" & toom separate from the room used for
- actual fit testing. The two rooms shall be well
ventilated but shall nat be connected to the

same recirculating ventilation system

5. The odor test solution is prepared in a
second jar by placing 0.4 cc of the stock
salution inte 500 cc of odor free water using a
clean dropper or pipette, Shake for 30
seconds and allow to stand for two to three
minutey so that the [AA concentration above
the liquid may reach equilibrium. This
solution may be used for only one day. -

6. A test blank is preparad in a third jar by

. - adding 500 cc: of odor free water.

7. The odor test and test blank jars shall be
lsbeiled 1 and 2 for jar identification. If the
labels are put on the lids they can be

- periodically peeled. drisd off and switehe;:i to

maintain the integrity of the test.

8. The {ollowing instructions shall be typed
on & card and placed on the tabie in front of
the two test jars (Le. 1 and 2); “The purpose
of this test is to determine if you can smell
banana oil at a low concantration. The two
botties in front of you contain-weter. One of
these bottles aiso containg & small amount of
banana oil Be sure the covers are on tight,
then shake each battle for two seconds.
Unscrew the lid of each bottle. one at a time.
and sniff at the mouth of the bottle. Indicate
to the test conductor which bottls contains

. banens oil.”

0. The mixtures used in the 1AA odor
detection teat shall be prepared in an aren
separate from whers the tast is performed. in
order lo prevent olfactory fatigue in the -
subject.

10, If the test sub;ect is unable to comrectly
identify the jar containing the odor test
solution, the 1AA quali!auvo fit test may not
be used.

1. Iif the test subject correctly identifies the
jar containing the odor test solution. the test
subject mey peoceed to mpimur selection

" and £t testing.

8. Respiraior Selection

1. The test subject shall ba allowed 10 p«:k
the most comfortable respirator from a
sslection including respirators of various
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sizes from different manufscturers. The .
selection shall-include st least threw sizes of
slastomeric half facepioces and units from at
least two manufacturers. -

2 _The selection procass shall be conducted
in & room separats from the ft-test chamber
to prevent odor fatigus. Prior to the selection
process, the test subject shall b shown how
to put on a respiraior, how it should be
positioned on the [ace. how to set strap
tenzion and how to determing a
“comfortable™ respirator. A mirror shail be
available to assist the subject in avaluating
the fit and positioning of the respirator. This
lnstruction may not constituts the subjects
formai training on respirator usa, as it is only:
areview.: . :

3. The tast subject should understand that
the employes is baing askad (o salect the
respirator which provides the most :
comfortable At Each respirstor represents a

different size and shape and, if Bt properly
and used properly provids adequate
protection. :

4. The test subject bolds each facapiece up
‘o the {ace and eliminates those which
chviously do aot give a comfortable At
Narmally, selectica will begin with & balf--
mask and if & good it cannot be faund, the
subject will ba agkad to tast the full facepiacs
respirators. (A xmall percagtage of users will
not be able to wear any haif-mask)

5. The more comfortable facepieces are . ..
noted; the most comfortable mask is donned
and worn at /aast five Minuias to aasess .

- comfort. Assistance io assessing comfort can
be given by discussing the pointa in %8 _ |
balow. If the test subject is not familiar with
using a particular respirator, the test subject
sball be directed to don the mask sevaral
times and to adjust the straps each time to
become adapt at satting proper tension on the
straps. oo

8, Assessmant of comfort shall include .
reviewing the following points with the test
subject and sllowing the test subject
adequate time to determine the comfort of the.
respirator: - ) L -

» Positioning of mask on nose.

* Room for ays protection,

* Reom to talk

* Positioning mask on face and cheaks.

7. The following cisteria shall be used to
:.lp detarmine the adequacy of the reapirator

* Chin properly placad.

* Strap teagion, .

* Fit acvoss nose bridige.

= Distance from noss to chin,

« Tendency ta alip.

*» Seif-observation in mirror.

8. The test subject aball conduct the
convaational negative and positive-pressure
it checks (0.3, see ANSI Z88.2-1980). Before
conducting the negative- or positive-pressure
test the subject shall be told {0 “seat” the

mask by repidly moving the head from side- .

to-side and up and down,
deep breaths, . - -

9. The test subject is
lesting. oL .. :

10. After passing the £t test, the tast subject
shall be questioned agein regarding the -
comfort of the respirator. If it has bacome .
uncomfortable, another model of respirator .
shall be tried. :

while taking a few

now ready for fit -

.

1L The employes shall be given the
opportunity to select a diferint facenisce
and b tetested if the chosen facepises
wmu increasingly mncomfortable at any
.. . .

G Fit Test L .

L The £it test chamber shall be similar to a,
clear 55 gal drum liner suspanded Invertad -
ovar a 2 foot diamater frame. ¢o that the top
of chamber is-about 8 inches abova the test
subject’s head Tha inside top ceater of the
chamber shall have & czall hook attached

Z Each respirator used [or the Stting and 6t
tasting shall be equipped with organic vaper
cartridges or offer protection against
vapors. The cartridges or matks shall be
changed at [aast wenkiy. =

3. Alter selecting, donning, and p
adjusting & respiratar, the test subject sball -
wear it to the fit testing room. This room chall
be separzie from the room used for crdar
threshold screening and respirator selection,
and shall be well ventilated. 23 by a exhaust
fan or lab heod. to prevent geaeral room
contamination. N -

‘4, A copy of the following test exercises
and rainbow puseage shall be taped tm the
inside of the test chamber L
Tast Exercises . .

L Breathe sormally.. : .

il Breathe deeply. Ba cartain breaths are
deep and regular. S ‘

{ii. Turn head all the way fram one side to
the other. Inhale on each side. Be certain
movement is complete. Da not bump the
respirator against the shonlders,

iv. Nod hesd upend-down. Inhaie when

" head is in the full op position (locking taward

cailing). Be cartain motons «re compiets and
made about every secand, Do oot bump the
respirator on the chest. . '

¥. Read the Rainbow passsge Be certain to

read aloud and slowly.

vi. Breathe normally.

Aginbow Passcge . :

When the sunlight strikes ruindrops in the
air. they act like 2 prism and form a rzinbow.
The rainbow is & division of whits light into
many beautiful colors, Thesa take the shape
of u leng round arch, with its path high T
above, and s two ends apparently beyond
the horizon. There is, secording to legend. a
botliag pot of gold at one end. People look, -
but ao one ever finds it. Whes a man looks
lor somethimg beyond reach, his &iends sdys
he ia looking [or the pot of goid at the end of
the rainbow,

8. Each test subjict shall wear the
respirator for at least 10 micutes before
starting the it test,

& Upon entering the st chamber, the test

sxarcises, of to demonatrate soma of the
exarcieet. )

4. Each axerciss described in =4 above
shall ba performed for at least one minuts.

9. If at any time during the test, the sabjact
detects the benans-like odor of 1AA. the test
bas failed. the subject shall quickly exit from
the test chamber and lexve the test area to .
svoid olfactory fatigue, Lo

10. If the test is failed, the subject shall
return 10 the selection room and remove the -
respirator, repeat the odor sensitivity test,
select gnd put oo another respirator. retura to
the test chamber. and again begin the
procadure described in the c{4) through c(8)
abave. The procass contimues until & :
respiraior that fits well has been found.
Should the odor sensitivity test be fatled. the

* subject shall wiit aboyt 5 mimites before

retesting. Odor senaitivity will usually have
returned by this time.

11. If & parson cannot pass the fit test
described abova wearing & heif-mask
respirator fom the zvailable selection, full
facapieca models must be used. .

12 Whan a respirator is found that passes
the test, the subject breaks the faceseal and
takes a breath before exiting the chamber.
This is to aasure that the reason the test  —
subject is naot smalling the LAA is the good fit
of the respiratar facepiece seal and not
alfaclary fatigue,

13. Whea the test subject [eavas the
chambuet. the subject shall remove the |
saturated towal aod return it to the person
conducting the test. To keep the area from
becoming contaminated, tbe used towels
shall be kept in a seif-sealing bag so there ia
no significant LAA concentration buildup in
the test chamber during subsequent testa,

14, Persons who have successfully passed
this fit test with & half-mask respirator may
be as the use of the test respirator in
atmosgheres with ap to 10 times the PEL of
sirborne EDB. In atmosphmres greater than 10

. times, and less thas 100 times the PEL {up to

subject shall be given a 8 inch by § inch piece °

of paper tawel or other parous sbsorbent
single ply material, foldad in half and wetted
with thres-quarters of one cs of pure IAA.
The test subject skall hang the wet towei on
the hook a1 the top of the chamber. |

7. Allow two minutes for the [AA test .
concentration to be reached befors starting
the fit-lest exercises. Thia would be an )
appropriate ime to talk with the test subject,
to explain the it test, the imporance of -

‘ cooperation. the purpose for the hesd

10 ppmi. the subject must pass the IAA tast
using a full face negutive pressure respirator.

1L Saccherin Solution Aerosol Protocol

A Respirator Seleciion - - -
Respirators chall be salectod ax described |

in section [B (respirator selection) above,

excapt that each respicetor shall be equipped
with e particulata {ilter cartridge.

8. Taste Threshoid Screening

An enclosure about head and shoulders
shall be used for threshoid screening {to
determine if the mdividual can taste
saccharin} and for it testing. The enclosure
shail be approximately 12 inches iz diametsr
by 14 inchas tall with at lsast the front clear to
allow free movement of the head when ¢
respirator is worn. .

2. The lest enclosure shall have a three-
quarter inch hole in front of the teat subject’s
nase and mouth ares to sccommodats the
oebulizer noxtle, | .

3. The entire screeni

g and !ulsling

procedurs shall be explained to the test

subject prior to conducting the screening test.
4. During the threshold screening test, the

test subiect shail don the test enclosure and
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breithe wi&l moulh w'lth t )
exteaded. - e i

S Using e DeVilbiss Model 40 Inhalaticn
Medication Nebulizer.or equivalent, the test
Conductor shall spray the threshold cheek
solution into the eaclosurs, This nebulizer
shail be claarly marked to distinguish it fom
the it test solution nebulizer,

4. Tha thresbold check solution consists of
083 of sodium saccharin. USPin .
water. It can be putting 1 ce of
the test solution (see C8 below) in 100 cc of
water. .

7. To produce the lmhthcmbulizar
bulb is Sxmiy nqnouadsothatlteolhpm
compleldy. then i is teleased and -.Ilo\nd to

v .m“ .
I.Teasquemcfthembu!imbulbm
repeated rapidly and then the test subject is
asked whether the saccharin can be tasted.

9 If the first response is negutive, ten more
squeczes of the nebulizer bulb are repeated
rapidly and the test subject is agein asked
whether the saccharin can be tasted.

10. If the second responses is negative ten -
more squeezes 4 repeatad rapidly and the
test subject is again asked whether the
saccharin can be tasted,

ILnetmwnducmrwmtnkeaou of the
numherohquawuquind In elicit a taste

respanae.
uﬂthoucduﬁnhnot mtedaﬂerao
squeezas (Step 10}, the saccharin Bt test
cannot be performed on the test subject.
13 If a taste response is slicited. the test

‘subject shall ba ssked to take note of the

tasta for reference in the fit test,
14. Correct use of the nehulizer means that
-ppromndylccofuqmdhuudauﬂmo

in the nsbuiizer body. .

15, The nebulizar zh.l.ll be thoruugh!y rhu-d
in water, shaken dry, and refilled at least .
every four hours. & Fit Test - -

1. The At test uses the same eaclosure
desaribed in [IB above. .

2, Each tesi subject shall wear the
respirator for a least 10 minutes before
starting the fit test. :

3. The test subject shall doa the enclosure
whils wearing the respirutor stlected in
section IB above, This respirator shail be *
properly adiusted and equipped with 4
particulate filter cartridge.

4. The test subject may not eat. drink
{axcept plain watar). or chew gurm for 1%
minutes before the test.

§. A second DeVilbiss Modet 40 Inhalation
Medication Nebulizer is used to spray the ft
test solution into the suclosure. This
nebulizer shall be clearly marked to  .° .
distinguish it from the u:-unlng test solution
nebulizer.

&Theﬂnu(wtndonhpreplndby
1ddh;lmmahodiumucdunnmim
cc of warm water, -

7. As before, the test subject shail brnlhu
with mouth open and tongue extended.

& The usbulizer is inserted into the hole in
the front of the enclosurs and the Gt test
solution is sprayed Into the enclosurs using: .
the samse tochnique as for the taste threshold
screening and the same aumber of squertes
required o ellcit & taste response in the
screening. {See B3 through B10 above).

8. After generation of the aercsol read the
following instructions to the test subject. The

st lub;ect shall per!nm the exercises for

one minute each.

i Rreathe normally,

il Breathe decply. Be certain bmths are
deep and regular.

il Tum head all the wey from one side {0
the other. Ba certain movement is complets,
Inhale on each side. Do not bump the :
respifstor against the shoulders. )

iv. Nod head up-and-down. Be certain -
motions are complete. Inhals when hsad is in
.the full up positica (when locking toward the
chunﬂlng). Da not to bump the repirztor on the

et

v. Read the Rninbowl’lmgo.soclmhm
read sloud and slowly,

vi. Breathe normally; - .

10. The Rainbow Passage as given bdow
Mbopmtedmnardwlhuntsub)ea
may read it R .

Rainbow Passage -
When the sunlight strikes rnmd.ropl in the

. air, they sct like & prism and form & rainbow,

The rainbow is a division of white light into
many beautiful colors, These take the shape -
_of & jotig round arch, with its path high
above, and its two eads apparently beyond
the horizon, Thers is, acconding to legend, &
buoiling pot of guid at nneend..l’eoplelook. ;
but no gne ever finds it. When 4 man looks
for something beyodd his reach, his friends
say he is looking for the pot of goid at the end
of the rainbow.

11. At the beginning of each exercise, the
aetoscl concentration shall be repienished
uingone-hsﬂthnnmberof:qmu .
initielly described in CB. ...+

lzmmtmh’ncuhllllndicuutoﬂu

test coaductor if at any time during the ft test
.the taste of saccharin is detacted. .
&m.ummwzwdﬂmcﬂm .
unsatisfactory and a t -
respiratoe shail be tried. o

14, Successful compietion of the test
pro.ocol shall allow the use of the tested -
respirator in contaminated stmospheres up to -
10 times the PEL. In other wards this protocol
way be used assign protection factors 2o~ -
higher than tsn. .

IL lrritant Fume Protocol .

A. Respirators Sholl Be Seiected c»
Described in Section I8 Above, Except That
Each Respirator Shall be Equipped With
Iﬁsh-gﬂ?abncy Acid-Gas Organic Vapoe

o a.mrm

1.1'&. test ﬁbm shall be allowed to ml!
& weak concentration of Lhe irritant smoka to
mﬂm the subiect wn.h the charactaristic

2 The mtmhiectmllpmpcdydoa\h

" respirator selected as above, and wesr it for

at least 10 minutes before starting the fit test,
3. The test coaductor shail review this.

protocol with the test subject before testing,
4 Tha tast subject shall parform the .

conventional positive pressure and negative

" pressure fit checks (see ANSI 288.2 1880).

Failure of either check shall be cause to
select an alternate respirator,

5. Break hath ends of & veatilation smoke
tube containiog stannic oxychloride. such as
the MSA part #5843, or equivalent. Attach a.

short length of tubing to one end of the smokeq
tube; Attach the other end of the smoks tubs

to a low pressurs air pump ¢at to deliver 200 .
milliliters per.minute.

8. Advise the test subject that the smoke
¢an be irritating to the eyes and instruct the
subject t6 keep the eyes closed while the test
is performed,

7. The test conductor shall direct the
stream of irritant smoke from the tubs
towards the faceseal ares of the test subject.
Tha person conducting the test shall begin
with the tube at least 12 inches from the
facepiece and gradually move ta within one
inch, moving mund the whola perimeter of
the mask .

8. The test :ubioct shnll be instructed to do
the following exercises while the respirator is
being challenged by the smoke, Bach exsarcise
shall be pecformed for one nunute.

L Bresths normally. -

ii. Breathe deeply. Be certain breaths are
deep end far. . -

iii.ﬁmhuddlthnwayﬁ-omonuidatﬁ
the other. Be cartain movement is complets.
Inhale on each side. Do not bump the
respirator ageinst the shoulders,

iv. Nod bead up-and-down, Be certain
motions are compiete and made evary
second. [nhale when head is in the full up
position (looldng toward ceiling). Do not
bump the respirator against the chest:

v. Slowly md distinetly, count backwards
from100. - -

‘wi, Breathe normall!. :

9. The teat subject shall indicate tn ‘the leot
conductor if the irritant smoke is datected. If
smokse is detected, the test conductor shall

‘stop the test. In this case, the tested

respirator is refected and anuther respirstor
shail be selected,

10. Each test subject puning the smoke test
(La. without detecting the smoke) shall be
given a sensitivity chack of smoke from the
same tube to determine if the test subject
reacts io the smoke. Failure to svoke a
responss shall void the fit test. - -

11. Steps B4, B, B10 of the fit test protocol
shall be pecformed in a location with exhaust
veatilation sufficient to prevent general
contamination of the iesting arex by the test
agents. . )

12, Respirators succasfully tested by the

*  protocol may be used in contaminated —

atmospheres up to texn times the PEL,

" Appeadix B-.To Section 1013.1048.—
Technical Data for Exhylece Dibmmdn

l.?hyuﬂ!lnd(}mnlnah

A Substance Idandficotion

1. Synonyms: Aadibroom. btmnohmu.
celmide, dibromethane, 1.2-dibromoethane,
sym-dibromoethane, Dowfume EDB.
Dowiume MC-2, Dowiume W-—4, Dowfume
W83, Dowfume 40. E-D-BEE. EDB. EDB~45,
ENT 15,349, ethylene dibromide. Fume-Gas.
slycol dibromide, {sobromo D. Kopfume.
Nefis, Pestrnaiter, Pestmaster EDB—85,
Sanhyuum, Soilbrum-40, Soilbcum-85.
Soitfume, Unifume,

2 Formula: ChBrCHBr.

Molmlnr Waeight: 187.9.
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2 Physical Dota
n't. Boiling Point (780 mm Hg): 131° C [288*

2 Meiting Point 9.8° C. (47.2* ).
-4 gpodﬁc GI'IVH{ A{;:um-ll 218, (
4. Vapor Dearity =1 at boiling point of.
EDB}): S.n P
s.v.wmmnm-ctsa'n:um

[ S-oluhility in water, % by weight 21 20°C
(e8° F: 0b
7. Appearance and odor Coloriess liquid or

solld with & mild, sweet odor st high - __

ooncentrations. . L -

‘& Odor Threshald: 10 parts per million.

'g..ﬂn.!xplﬁn.udludﬂtyl'hnnl
a . . .

A. Fire: Not Combusiible
B. Reactivity - .

1 Conditions contributing to instability:
High temperatuse: sthylens dibremide slowly
decomposes in the presence of light.

- z’a Hazard cusddmmposilign

oxic gases and vapors (such us hydrogen
bromids, bromine, and carbon monoxide]
may be released whem ethylene dibromide
decomposes. - L L.

3. Incompatibilities: Reacts with chamically
active metals, such as sodium, potassium,
calcium, powdared aluminum, magnesium
and rinc; strong aikalies, and oxidizing
agents: Reacts with certain metals, such as .

uminum end magnesiom to farm .
combustible and explosive organometallic
cornpounds and liquid ammenia. .

4. Special precautions: Liquid ethylene
dibromids will sttack some forms of plaste,
rubber, and costings. - ) .

[IL Spill, Leak, and Disposal Precodures
. A f sthylane dibromide lscks or iz spilled,
the following staps should be taken:

(1) Evacuate all non-essential personnel
from the ares. :

(2) Ventiiate the ares of the spill or leak to
prevent accumulation of the vapor.

(3) U in liquid form, collect spilled material
for reclamation er absorb in varmiculite, dry
sand. aarth, or similar nonreactive material

B. Personne! entaring the spill or leak grea
shall be furnished the oppropriate personci
protective equipment. All ather peopie sholl
be exciuded from the area. . ‘

G EDS contamingted wasta, debris,
containers. or equipment shall be dispesed of
in sealsd, labeled containars which prevent
dispersion of ED8 outside the container.

IV. Health Hazard Data .

A. Route of Entry

Inhalation is the most common souree of
occupational exposurs to ethylene dibromide.
EDB may also be absorbed through the skin
aitar direct contact with either the liquid or
vapor. It i3 also readily absorbed from the-
gostrointestinal tract after being ingested. It
is. therefore important to maintain good
persanal hygiene and housekeeping practices
when working with EDB,

8. Adverse Health Effects .
1. Acule Effects

Immediate.—EDB s an trritent 1o the eyes,
respiratory tract and mucous membranes;

inhalation exposure in humans has been
associnted with headache, decrwnsed
appetits, inabliity to slesp, nausen, and
dizzriness. Dermal contact may result in
intense bumning pain, swelling and blistering.
Repeated contact may cause skin
sensitization. .
Deloyed. —Althcugh the scute symptoms
may subside. loas of consciousaess and daath
due to liver and kidney failure have occurred
twalva to seventy-two hours after an acute
exposure to EDB. Therefore. it is very .

importagt in immediately report all acute .

exposurss to EDB.
2 Chronic Effects
EDB has the potential for cauring cancer

- snd adverse reproductive affects in humans,

These sffects have baen demonstrated in
various animal experiments which show EDB
toxib;‘l potent cancer agent and reproductive
te

V. Mouitodog and Measuremant Procedures

A Eight-hour expasure evaluation: The
averags &hour smployee exposurs may be
determined from two (2} 4-hour samples. Air
samples should be taken {n the empioyes's
breathing xone. . - .

& Short Term Expasure Limit (STEL)
Evoluation: Maasuremsats taken for the

purposs of determining empioyes exposure °

under this section must be taken during
periods of maxitium expected sirbome
concantrations of EDB in the employse's
breathing zone. The saumpling time for STEL
evaluation is Sfteen (15) minutes.

C. Manitoring tschniques: The employer
shall use & method of exposure messurement
which has an accurscy (with a confidence
lwvel of 95%) of not lass than plus or mims 25

. percent for concentrutions of EDB at the

action level of 0.05 ppm. -

D. Sampling and analysis under thiy
section may be performed by collecting EDB
on charcoal absorption tubes with
subsequent chemical analysis by gas
chromatograph. This Appendix D contains a
masthod for EDB analysis which has been
tasted by OSHA st concentzations balow Q.1
ppo. S
VL Madical Survaillance )

A Parfodic : .

A medical surveillance program shall be
provided by the employer xt no expense to ail
smployees who are exposed 10 EDB at or
above the action ievel for 30 or more dayw per
year or thoss employess required lo wear s
respirator regardiess of the duration of
exposure. The program shall be administered
at the time of initial assignment and ennually
thereafter. :

1t shall consist of; C-

{a] A detailed work and medical history.

{b) A complsta physical examination,

" {¢) Pertinent laboratory examination to
ascertain liver, kidney and other
abnermalities associated with EDB exposare.

In addition for thosa employees required to
weer a respirator. the medical surveillance
program shall include an assessment of .
pulmonary status which will include e chest
X-ray initisily and every 3 years {unless
indicated more frequently by the examining
physician) and a pulmonary function test.

Moedical surveillance can play ¢ very
important role in protecting employes’s
health. Al employees are encouraged
saongly to participate. The employer shall
pravide the lollowing information to the
physician; ) R

{1) a description of the employee's duties
as thay relate to ethylena dibromide
exposure -

(2) the exposure level

(3) & description of tha perscnal protactive
cq:ipm the employee is required to wear;
an ,

{4} the results of pricr medical
axaminations and apinions concarning the
amployst's health,

After a medical examination the physician
must prepare a written report contalning:

(1) the physician's opinion as to whether
the employes has any medical condition
which places that employes at an increased
risk of material inpairment 10 health from
exposure to ethylens dibromide: :

(2) any recommended special protective
measured to be provided: and o

(3} any recommendaed limitation on the nas
of respirators. : )

B. Additional -

Medical comguitetion must be made - -
available as soon as possibie if the employes
{s experiancing signs or symptoms of EDB
poisoning, . . .

L Emergency
In the svent that an employes is exposed ta
EDB in an emergency situation or develops
figns or symptoms associated with scute
toxicity from EDB exposure, the empioyer
shall immediately provide the employes with
a medical examination. This examination
shall include ail the steps necessary to
stabilize the bealth of the employes and a 72
hour medical observation perivd to assure
that the often unexpected, sericus, delayed
systomic effects rom scute exposure are

-

Appendix C—To Section 1019.1048—Medical
Surveillance Guidelines for Ethyiene .
Dibromide

L Introdacticn B o
The primary purpose of the Gcoupational

Safety and Health Act of 1970 is to assure, s0

far as possible. safe and heaithful working
conditions for every man and woman, The
occupational henlth standard for ethylene

. dibromide (EDB) was promulgated to protect

workers invoived in the production. reaction,
release, mixing, biending, packaging, :
repackaging, storage, transportation, -
handling, distribution, and use of EDB and
products cantaining EDB. Under the final
standard occypational exposure to EDB is to
be limited to 0.1 ppm based o6 8-hour time
weighted average (TWA) with a STEL of 0.5
ppo. Employes exposure must be controlled
to or beiow these lavels through a
combination of enginsering, work practices,
and other administrative controis.

The standurd aiso provides [or a meadical
wurveiilance program for all employees
required t& wear s respirator or empioyees
sxposed 1o levels of EDB at or above the
action level of 0.05 ppm sveraged over an 8-

B NP e i S
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hourpeﬁodﬂ'ﬂh)fm:ﬂwumdlyapn
yesi. Thie purpose’ of this document is to
outline the medical surveillanca provisioas of
the standard for EDB, and to provids further
information to the physician n@lrdhg the:

%mn%m duatpﬂonahho
a
medical surveillance aotification
and recordkeeping requirements for the
smployer and a discussion of the
requiresnents for respirator usa

Section 11 discusses the acute and chronic
affects associatad with EDB axposure in man

mwmﬂmtﬁ.mm :
mndiulwduﬂonforwod:mcxpcmdm :
EDBE Including details of the wark and .
medical history, physical exsmination, .
recommended laboratary tests and madical
pncodumformdmﬁou

EModredSmﬂlam

Under the ocnpnﬁunll hullh standard for
EDB., the employer must make availabls &
surveillance program for any, -
employ=s required %o wear & respirator or

. any employee exposed to EDB at o¢ sbove

thtw&nhvdfwumdoﬂowmmdayt
per year. s

- The medical smuillmc- pmsrm will .
include 4 medical and ogcupational history,
«dncluding = reproductive history, 2 = .
comprehensive medical examination and
laboratory evaluation {If indicated). :
Employees whbo are required to weara -
respirator must have an assesamentof - -

" pulmonary status in additica to the other

be at the time of initial assigrenent and.
annually thereaflter. The employer must -
provtde the examining physician with .
following specific informatior: a copy of the
EDB standard and appendices Band C, a
description of the employee's duties as
relatad to the exposure lnd to
EDB. a description of personal protacts
equipment vsed, and all priar written madiul
opinions, regarding the empioyee, in the
employer's possession or coatral

For each examingtiou required under this
section. the employer shall obtain & writtan
opinion from the examining phyndln which
shall include:

{I)T'hcphytidmnopmutn whether
the employee has any detected medical
conditions or is taking eny medicatioas
which would place the empioyes st incressed
risk of material impairment from exponoe 1o
ED8,

(2) Any recommended limitations on the
emp ‘s exposure to EDB or upoa the use
of personal protective equipment; this will
include an opinion as to the employee’s
ability to wear u respirator, .

(3) A statemant that the employer bas heent
informed by the physiciaa of the resuits of
the medical examinations and any medical
conditions rew.ltlng from EDB exposure

- which require fuﬂher uplmdun or -

trestment

tal animal models. Included in -

As part of the medical surveillance
program, the physician must assess the
pulmonary ststus of each employee who will
be wearing & respirator. This assessment will

. include a chest x-ray initially and additional

x-ruys at least every five years or more
frequently if indicxted by the examining
physiciast. and an aemuaj pn!mry function
test (detailed ia Section [V).

-The exrployer shall instruct the phys:dan

‘not to revedl in the written opinion given to

the employer specific findings or diagnosis
unrelatéd to occupational exposurs. The
smployer shail provide a copy of the .
physician's written opinion to the afscted
employee within 15 days from ib rmlpl.

II!.Toximhngﬂ:yln‘Bihmmdo
Bothaalemdchmmhnhhnﬂm ..

“associated with EDB exposure mustbe .
. considered. The acute health effects seen in

man include both immediate and delayed
responses which ere well documented. |
However, chronic toxicity in humans such as
um'uoganidly. mutagenicity and adverss .
reproductive effects have o be duiud fmu
lmnalmndels. s, e
>:‘P‘"- : "\o".'- :

Ethylese dibromide (EDB} is rapidly ™ -~ -
sbsorbed from the lungy when breathed s a
vaper, from the gastrointestinal tract whea -
taken by mouth, and through the skin on
direct contact with the liquid form.

EDR i» an irritant to the eyes, respiratory
tract and mucous membranes. Inhalation . .
exposure in humans has been sasociated
with beadache, decreased appetite, insbility
to sleep, “mr::ﬂ and dizziness. Dermal
contact may t in intense burning pain. .
swelling, blistering, and rapeated contact
may cause skin sensitization. Deaths have
occurred following the inadvertent ingestion
and inhalation of EDB. In ans reported
Incident, accidental ingastion of 4.5 m} of EDB.
produced vomiting, diarrbes. abdominal pain,
renal faifure and death within 54 hours with -
central lobular nacrasis of the liver and focal
proximal tubular epithelial damage in the

kidney found on sutopsy, -

Delayed. . e
Recently, while cleaning a storage tank.
two warkers at a Californis pesticide stocage
and fermulation facility were exposed ta an
air coacentration of EDB io excess of 28 ppm
and had skin contact with a 3% solution of
EDB. Both workers experienced intermittant
loss ol consciousness. agitation, nauses, and
diarrhen, ail of which appeared to be
tranaient symptoms. Howeves, at 12 and 72
hours respectively, post exposure, both
workers died: Autopeies reveaied dermal
burns, extensive heart, kidaey, liver and lung
damage. It is important to oots bere the time

sequence | l:pmun. symptoms and
death. S :
Chronic ﬂ!‘octl .-

"Chronic beaith effects tn humns ud

animals essociated with EDB exposuare can

be divided into carcinogenic, reproductive
and mutageaic effscts. :

Carcinogenic .

EDB kas been shown o cause cancer orzlly
or by inhalation iz 3 strains of zats and 2
strains of mica In rats and mice, cancar was
produced by inkalation exposurss as fow ss
10 ppm. These snimal data indicate that EDB
is a potential fuman carcinogen: An |
ep(d:::"ologic study of cancer mortality. -
provides suggestive-evidence of excess
cancer risk in warkars expased to EDS, but
because of methodological weaknesses. this
study is inconciusive. Studies in animals
dosed with disulfiram and EDB clearly '
indicate a synergistic carcinogenic sffect. -

. Therefors, workers taking disnlfiam -

(Antabuse®} may be at increasad risk of thess
beaith effects because the two pathways

" involved in EDB matabolmmalteredb:r

-

Reprvdumm:mgemc PRI

" EDB has been shown to be a mutagen md
terstogen as well 48 2 testicular toxin in .
several species of aniimals at leveis of :-'
inhalation exposure as low as 10 ppm. 77
Available human epidemiciogical data "', |

provide inconclusive #vidence that EDB may

' lﬂ'ect fertility In male workers axposed to

EDB due.tn methodological prablems with the

- studies. The animal data noted sbove implies

that EDB may potentisily edect human = -
reproductive capacity and tha offspring of .
mnlcorfmnhﬂlﬂm:ku: . s

IV. Madical Evalustion ..~ .

As discussed in Section IIL EDB is &'
potential human careinogen causing & variety.
of peopiasms including stomach. nasel. and
lung casacers in experimentai animals and &
potential human reproductive hazard causing
pathological changes in sperm. testes and '
fertility status in exparimental animals, EDB
is also & known buman tiver, kidney, skin and
central neryous Tystem toxin, It is therefore
extremely important for fie examining
physician to eveiuate the EDB-exposed
worker carsfally and completely and to focus
the examinetion on these potential heaith

The medical evaluation should inclode ¢
detailed work and medical history, a
pertinent review of systems, a complete -

. physicel examination and laboratory studies

to menitor potential biological changes.

‘A complete and detsiled work history is

immportant in the initial evaluation. A listing of
all previous empioyment with infarmation on
work protesses, exposure to DB or other
toxic substances, respiratory protective
equiproant used. and previous medical
surveillance should all be included ia the
:;‘n:ke; s recard. Information concerning oo

a-job persapal hygiene, smoking or eating
habits ia work areas. laundry procadures,
and use of any protective clothing oc -
nspeianr protective equxpmen' t should be
noted. -

The medical h.ntnry lhmdd include a listing
of all past and current medical conditions,
especially any nevrological. gastrointestinal, ¢
kidney, dermatological genetic or
reprodoctive problems. Also, a list of current
medication especially disuifiram (Antabuser},
previous surgeties. hospitalizations, silergies,
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story and dcnhol eonmmp&
thoukl{dnto o

A mplcu review of systems should bc
parformed to assess both recognizad:
compluints and subtle or slowly acquired
symptoms wkich the-worker might not
sppreciate as being significant. The review of
symptoms should include the following:

Gan t loss, fatigue, malaise.

Head, eyes, aars, nose, throat—~heedache,
dizriness, and visual disturbances, nesal
irritation.

Cardic-pulmonary=shortness of breath,
cough llehypau. tachycardia and chest -

puin.

Guuommﬂ.ul—uuu. wmuu.g.
decressed appatite, abdominal plln.
jaundice, diarthea. .

Genito-urinary—history of lnfarﬂlity.
impotence, loss of Ilb:do. abnormal menstrual
zicriodl. history of miscarringes, still births,

dney faiiure, oliguria, aud testicular
disesen. .

Skin—rashes, vesicles, and burns,

Neurological—insomnia, hﬂsul. dizziness,
confusion. and depression. °

The physical examination should
emphasize the pulmonary, cardiae, - -
neyralogical, gastreintestinal, senito-uﬂnw
and dermal systema. Included in this
examination should be a complete - -

assassment of the employee's ability to wear '

. arespiratar (if required). This should {nclude
a complete head. ayes, ears, nose, throat,* .
thorax and puimonary examination, -

A compists neurological examination.
should include an sdequate mental status
svaluation including a search for beluvionl
and psychalogical disturbances, memory
testing, evaluation for gritability, in-omnh.
hallucinaton, d.tpmsion. mtleunm nnd
nervousness. - -

The abdominal exsmination lhould includa
suscuitation for bowel sounds and abdominai
bruits and palpation for hepatomegaly, .
masses, and diffuse abdominal tenderness.

Genilg-urinary examinstion should include
examination of testicles in male smployees -
and pelvic examination in female employees.

The dermal examination should focus on
evidencs of jaundics, burns or blistering.

As part of the medical evaluations, the
standard requires that the follawing
laboratory studies be performed:

{1) Serum calcium, phosphorus, giucose,
blood uzas nitrogen, ures acid, crestinine,
chalssterol, tatal protein. albumin, alkaling
pbosphatase. LDH, SGOT, SGPT and GGTP.

-(2) Routine urinalysis with micrascapic
sxaminaton

Furthas, the phyician is authorized to
recommend any sdditional laboratory or
other test which is deemed necessary in
accordance with sound medical practice.

In addition, the standard requires that the
following examinatiqns be performed if the
employes is going lo wear & reapirator:

(3) Chest X-ray (posterior-anterior and
Intaral views) to be performed initially xnd at
§ year intervals (unless indicated more
frequendy by the examining physician). -

{4) Pulmonary function testing; including
FVC and FEV; wilh interpratation.

Thia test allows those individuals who will
be exposed abeve the PEL regurdiess of the
duration of exposure to be included in the
medical surveillance program.

.

In addition, mpi.mor uug- presents an
excess burden to the pulmonary system of the
employes. This burden may result in
symptoms such a9 shertness of breath, chest
pain, dizziness or fatigus, All of these
symptoms will be greatly exacerbated by pre-
existing lung divease such as chronic
bronchitis, emphysema. asthma or
pneumoconiosis. It is, therelare, knpcrlﬁvn

_ thet all employees who will be wearing

respirators ba medically screeded to

determine Stness for fespirstor usage. OSHA

believas that the physician can best

accomplizh this through utilization ofa |

zllglir.ll axamination, includisg a pulmanry
ction test and a chest x-fey. )

Emnmncy Situations _

in the event thet an cmplayn ln cxpoud to
EDB in an emergency situation or develops
signs or symptoms associated with acute
texicity froms EDB exposure, the employer
shall immediately provids the employes with
a medical examination, This examination
shall include afl the steps necassuryto
stabilize the health of the employee and « 72
hour medical cbsarvation perind to assure
that the often unexpected, sericus delayed
systemi effects from acute exposure are
minimized. This observation perfod should
take place in a medical facility, preferably a
hospital, where a licensed physician will be
mnponsibh for mpervumg all medical carg
delivery. S 7 ey i

Appondlx D—Tu Sectioa 1018.1048—0SHA
Laboratory Modificatioa ol NIOSH M.ﬂmd

.‘..‘\,'.

PaCAM 260

Analyte: Ethylene dibromide
Matrbs Air .

- Procedure: Adsorption on charcoal,

desorption with 10% CSy in banzene, GC
1, Principle of method. - )
11 A known volume of air is drawn -
through & charcoal tube to trap the
" organic yapors present. v
12 The charcoal in the tube is transferrsd
to 2 small, stoppered sampie vial, and
thcmul‘yuhdmrbedwithwic& in
benzene. .

13 An lllqunt of the duorbed sample is
injected into a gas chromatograph.

1.4 The area of the msuliing peak is
determined and compared with arexs
obtained for standarda.

2. Advaniages and disadvantages of the
method.

21 The sample devica is emall, pombll.
and involves no liquids, Interferencas are
minimal, and most of those which do _
occur can be sliminated by eltering
chromategraphic conditions. The tubes
are analyzed by means of a quick,
[ostrumental method.

22 The amount of sample which can be
taken is limited by the numberof
milligrams that the tube will hoid before
overloading. When the sample value
abtained for the backup section of the
charcoal tube exceeds 25 percent of that
found on the front ssction. the possibility
of sample loss exists.

2-3 The precision of the method is limited
* by the reproducibility of the pressure
drop scrosa the tubes. This drop will

affect the flow rate and causs the volume -

to be imprecise, because the pump is
ssually calibrated for one tube only.
3. Apparatus. - :

3.1 A caiibrated parsoas! sampling pump
whose flow can be determined within
=35 percent at the recommended flow
rate. . '

32 Charcoal tubes: Glass tuba with both
ends flame segled, 7 cm long with a 6-
mm O.D. and a 4mm LI)., containing 2
sections of 20/40 mesh activated .
chatrcoal separated by a 2-mm portion of
urethane foam. The activated charcoal is
prapared from coconut shells and is fived
at 800°C prior to packing. The adsorbing
section containg 100 mg of charcoal, the
back-up section 50 mg. A 3~mm portion
of urethane foam is placed between the
outlet end of the tube and the back-up
section. A plug of silicated glass wool is
placed in front of the adsorbing section.
The pressure drop across the tube must
be less than one inch of mercury ata
" flow rete of 1 liter per minute.

"33 Gas chromatograph oqmppqd with an
electron capture detector.

34 Column (10-ft X ¥~in stainiess lteel)

. packed with *9% sq Supeicoport coated
with 10 percent SP 1000,

45 An electronic integrater of some other
suitable method for measuring peak area.

38 Two-milliliter sample vials with
Teflon-lined caps.

37 Microliter syringes: 10-microlitar. and
_ other convenient sizes for making

38 Pipeis: 1.0-ml da!!vnry pnpeu.

39 Volumetric flasks: convenient aizes for
making standard solutions,

4 Reageots. .
4.1 C:hromtognphlc qulﬂty €Sy and
benzans. -

42 Ethylene dlhmmidc. reagent grnda
43 Filtered campressed air.
44 Purified nitrogen. -

S, Procedura.

51 Cleaning of oquipmem. All glauwm
used for the laboratary analysis ahould
be proparly cleaned and free of organics
which couid interfere in the analysis.

82 Calibration of parsonal pumps. Each

pump must be calibrated with a
tative charcogl tube in the lins.

83 Collection and shipping of sampies.

5311 Immediateiy before sampling, break
the ends of the tabe to provide an

&t least one-half the internal
diameter of the tube {2 mm),

532 The smaller section of the charcoal
is used as the backup and should be
placed nearest the sampling pump.

© 833 The charcoal should be placed in a

vertical pasitian during sampling to
mlni.mhm.: channeling through l.hl

834 Air being sampled should not be

passed through any hose or tubing before

entering the charcoal tube. EDB is teadily
absorbed by tygon tubing. This will make
the sample results read low. The yse of
stainless steel tubing will avoid this
problem.

535 A sample size’of 10 liter is
recommended. Sample at a flow rate of
approximaiely 0.2 liters per minute. The

ke
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'Bow rate should be knrowa with an
accuracy of at least =5 percent.

538 The temperature and pressurs of the
atmosphare being sampled should be
recorded.

5237 The charcoal tubes shouid be
c;lpp::I wi:h thf: supplie&n%l.a;ug bcaps
irmmediately after sampli ubber ca
should not be used. i P

$38 Submit at least one blank tube (a
charcoal tube subjected 1o the same
handling procedures, without having any
air drawn through it) with exch sat of
samples, ' ,

539 Take necassary shipping and
packing precautions o minimize
breakage of samples.

8.4 Analysis of sampies.

54.1 Preparation of samples. In

preparaton for analysis, each charcoal -

tube is scored with a file in front of the
Brst section of charcoal and broken
open. The glass wool is removed and
discarded. The charcoal in the first
(farger) section is tansfarred tp a 2-mL
vial. The separating section of foam is
removed and discarded: the section is
transferred to another cappad vial. Thess
two sections are analyzed separately.

542 Desorption of sampies. Prior to
analysis, L0 ml, of 10% CS; in benzens is
pipstted into each sample container,
Desarption should ba done for 20 minutes
with occasional shaking. The sample
vials are recapped as soon as the solvent
is added. -

543 GCconditions, The typical operating
conditions for the gas chromatograph
ares:

1 naa mL/min (80 psig) nittogen carrisr gas

ow. .

2 250°C Injector temperature.

3. 300° C Detector temperature. -

4. 180° C Coiumn temperature, .

$44 Injection. Soivant flush techniqus or
equivalent, -

543 Meesurement of aren. The ares of
the sample peak is measured by an
slectronic integrutor or some other
suitabie form of urea measurement, and
prelimigary results are read from 2
standard curve prepared as discussed
below,

53 Determination of desorption
efficiency.

5.51 Importance of determination. The

desocption efficiescy of a particular

compound can vary from one laboratory
to another and also from one batch of
charcoal to another. Thus, it is necessary

1o detarmins, at least onica. the

percentage of the specific compound that

is removed in the tien process,
pmvi.d.dud the same batch of charcoal is
us

552 Procedum for detarmining
- desorption efficiency. The reference

portion-of the charcoal tube is removed.
To the remaining portion, amounts
representing 0.5X, 1X, end 2X (X
represeats PEL) based oo & 10 L air
sampls are injected onto several tubes at
each level. Dilution of athyiene

dibromide with benzene are made to
allow injection of measurable quantities,
These tubes are than silowed to
equilibrate at least overnight. Following
equilibration they are analyzed following
the same procedure as the samples. The
desorption efficiancy, amourit recovered/
amount added, is plotted versus the
amount of analyte found. This curve is
used to correct for adsarption losses.

8. Calibration and standards.

A series of standards, varying in
conceatration over the range of interest,
is prepared and analyzed under the sume
GC conditions and during the same time
period as the unknown samples, Curves
are prepared by plotting congentration
versus peak area.

Mote.~~Sincs no intsrnal standard is used
in the method, standard solutions must be
analyzed at the sama time that the sample
analysis is done. This will minimize the effect
of mown day-to-day variations and
variations during the same day of the

electran capture detector response, Multiple
-injections are necessary. .

7. Calculations.

Read the waight, corresponding to each
peak area fom the standard curve,
correct for the blank, cotrect for the
desorption efficiency, and make
necessary air volume corrections,

[FR Doc. £3-T729% Filad 10342 4208 p]

BLLING COOE 4510=28-38



APPENDIX B-

EPIDEMIOLOGIC EVIDENCE ON CANCER RISK AND
ETHYLENE DIBROMIDE (ED8) EXPOSURE -

Several animal studies have suggested a strong link between exposure to
ethylene dibromide (EDB)-and increased cancer ri;k (01son et al., 1973, NCI,
1978; NTP, 1980; Wong et al,, 1982). A bicassay in which both rats and mice
were exposed to EDB via inhalation indicated an association with increased
incidences of tumors in a wide range of sites, including the nasal cavity,
circulatory system, pituitary, and Jung (NTP, 1982). Female mice exhibited
higher rates of fibrosarcomas of‘ the subcutaneous tissue and adenocarcinomas
of the mammary gland, while mle rats developed mesotheliomas of the tunica
vaginalis. In a study conducted by Midwest Research Institute, (Wong et
al., 1982) rats receiving 20 ppm of EDB via inhalation showed excess tumors
of the spleen, liver, Kidney, mammary giand, and subcutaneous tissue. The
wide range of sites at which carcinogenesis was induced by inhalation of EDB
is similar to the gavage experiments in which ‘tumors of the forestomach
predomiﬁated, but aga'in in which a wide range of systemic tumors was induced

(NCI, 1978, Olson et al., 1973).

In the 1ight of the experimental evidence, three mortality studies of
workers occupationally exposed to EDB have been conducted_ {one pu'b'l'i_shed,
two unpublished). Ott et al. (1980} examined mortality of employees who
worked in two EDB manufacturing plants in Texas and in Miéhigan to assess
whether excess mortality due to malignancy or respiratory disease was
assbciated with EDB exposure., Turner did two sur'véys of the mortality

experi'ence of empioyees of EDB manufacturing plants in Wales and England in

1976 and 1977.

B-1



I. OCCUPATIONAL EXPOSURES IN THE U.S.

A total of 161 employees constituted the s.tudy population at the two
U.S. sites. Table 1l compares the two plants. The main differances are
1) that the Texas plant did not manufacture any other organic bromide
‘produc'ts while the Michigan planrt did, and 2) quantitative data on EDB

exposure was only available for the Michigan plant.

0tt et al., conducted a standardized mortality ratio (SMR) analysis of
the employees at both sites. No control group of workers unexposed to
EDB was studied. Instead, the investigators retrospectively looked at

the number of years in each age category contributed by each exposed

employee and calculated the expected numbers of deaths based on death
statistics for U.S. v;hi‘te mles of the same ages. This process of
standardizing was done for each five-year period beginning in 1940, and
the expected values were summed. Finaily, expected numbers of deaths
overall, and of 'neop1asm deaths, were compared with the observed
numbers. The differences were found to be not statistically
significant, though in one plant the difference for cancer deaths was

of borderline significance.

The following sections discuss the aspects of selection, mortality

ascertainment, exposure assessment, and statistical analysis.




SELECTION
_ The upper mlf of Figure 1 shows the selection process of workers whose
mortality was studied. The magnitude of loss from those whose
empioyment was less than 12 months is unknown. In the final cohort,
20% of the workers had less than one year exposure, and almost 75% had
less than five years, indicating a r‘n‘-gh turnover in the exposed job
categories. It is possible that reactor operators with greater
seniority had lower levels of exposure. Enterline and Marsh (1982)
found that copper smelter workers in high exposure jobs tended to
terminate their employment more quickly than those in low-exposure
categories. In such a case, duration of exposure is not an ideal
measure of exposure level. Thus any association between "level" of

exposure and risk would be underestimated.

_ A second loss was the group who left the company before 1940, Since
these employees were more likely to be older and therefore to have |
died, some loss of statist'ical power may have resulted from their
exclusion. However, there is no feasible means §f thorough follow-up.
The method of follow-up used was the Social Security Administration:
(SSA) records, but this could not be totally accurate because the SSA
was established in 1937. The change from batch reactors to continuous
reactors in the early 1960s was said to .have reduced exposure
concentrations. Among those employed since 1940, some may have been
exposed only or primarily to the lower levels, wh_1'1e for those employed
previously, higher exposure levels may have prgvai]ed. The observed
risk levels may therefore underestimate risk among those employed in

earlier years.



_FIGURE 1
Worker Gaaths in Two U.5. EDB Plants
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ASCERTAINMENT

A further source of potential bias is due to the method of ascertaining
deaths among those for whom the_ company had no record. As seen in
Figure 1, for the Michigan plaﬁt, the SSA identif'ied four deaths and
four persons who were still on the SSA rolls and presumed alive. For
the Texas plant, the SSA identi-fied eight deaths, 43 person still on
the rolls, and one person not traced. This method provides a minimum
number of deaths, but the actual number may be higher. Thus, firm data
exist for a higher pfoportion of the Michigan' cohort than of the Texas
group (53/57 vs. 55/99).

Another source of uncertainty stems from the truncated nature of the
data. Since some employees may yet die of cancer, additional years Vof
follow-up may increase the observed cancer deaths. This is not in
itself a bias, since the calculation for expected number of cancer
deaths is based on y'ears at risk, not future years at risk, and in
future years, both expected and observed deaths will increase,.
However, among the Michigan employees, 21 had less than 15 years since
their first exposure, an insufficient period of time for any
carcinogenic effect to be expressed. Interestingly, this plant is the

one which shows the largér mortality ratio of observed to expected.



EXPOSURE

As @an be seen in Table 1, one of the prominent differences between the
two plants is the much wider range of chemical exposures at the
Michigan plant. Among these chemicals are two which are known to
induce cancer and for which there is evidence of carcinogenicity in
humans as evaluated by the International Agency for Research on Cancer
1979} : benzene (IARC, 1982) and carbon tatrachloride (IARC, 1979). No
measurements were reported (it is not clear if any were taken) for
these exposures, leaving open the possibility that any observed excess
of cncers at the Michigan plant my be due to exposures other than
EDB. On the other hand, such an excess could be due to EDB acting

synergistically with other carcinogens to elevate risk.

Reactor and distillation operations were conducted at both sites. As
indicated above, no measurements relating to ED8 were made at the Texas
p'iar!t where EDB was the only bromide product to which workers were
potentially exposed. 1In the analyses (by 0tt et al., 1980 and by
Ramsey et al., 1978), the exposures were assumed to be the same at both
plants. It is difficult to assess the validity of this assumption, and

calculations on the Michigan cohort alone are in order.

At the Michigan plant, work area samples of EDB were taken in 1949,
1852, and 1971-72, but the actual cumulative exposures to the workers
~are unknown. If exposure levels were considerably lower for some of

these workers {and/or for workers at the Texas plant),

misclassification would result in a bias underestimating the risk. In




other words, the observed deaths would represent the mortality

experience of both exposed workers and those only minimally exposed.

Industrial hygiene measurements of the breathing zone at the Michigan
plant taken in 1949 showed a range of 1-7.4 ppm for reactor operators
and 2.2-10.6 ppm for still operators. A much wider range of
measurements was taken in subsequent years, though only one other
méasurement was specified to be of the breathing zone, with a range of
1.8-96 ppm for reactor operators in 1975. One question raised by these
measurements is whether a discrepancy exists between the ;1a1‘m of
reduced exposure since the reactor process change in the 1960s and the
seemingly wider range of industria.'l hygiene samples in more recent

years.

Another issue arises in the 1975 sampling where there appears to be a
five-fold reduction.in going from breathing zone to personhe1
morﬁtoring. If the personnel monitoring offers the best description of
dose received, exposure levels based on breathing zones are

overestimated.

Some workers did receive an occasional acute exposure bhetween 1954'-
1970. Ott et al., do not indicate if these employees were among the
cancer deaths. Serum bromide concentrations taken since 1957 on a
sm1]l number of men were considered too dependent on diet, medications, ‘

and drinking water bromide to be of value.



Industrial hygiene measurements were not utilized in the analysis: the
level of exposure was based purely on duration of employment in the job
categories of reactor operator and still operator in either plant, and
foreman and lead burner in the Texas plant. In a later analysis by
Ramsey et al., (1978), time-weighted averages from personnel monitoring

(0.9 ppm} and from br'eath‘lng' zone samples (3.0 ppm) were used.
ANALYSIS

The number of deaths from all causes and from malignant neoplasms is
shown in the lower half of Fighre 1. Those persons who were exposed to
both arsenicals and EDB were excluded from the analysis because
arsenical exposure and respiratory ‘cancer were found to be associated
in a previous study (Ott et al., 1974). The two cancer deaths in this
group ‘had 1 1/2- and 20-month exposures to arsenicals, and
| respectively, 102 and 111 months exposures to EDB. Given the much
longer expos'ur'e to EDB, one cannot rule out the possibility of an EDB
effe;:t. including a potential synergism of the two chemical exposures,

Thus, these deaths should be considered in the analysis.

The overall mortality experience of the remaining 156 employees 1is
close to expected rates (21 observed vs 19.5 expected for the Texas
plant, 15 observéd vs. 13.0 expected for the Michigan plant). Notably
missing is any obvious "healthy worker" effect. Even cardiovascular
deaths are not low, as they often are in wofki.ng populations. The

number of cancer deaths in the Texas plant was 2 where 3.6 were

expected, a statistically nonsignificant difference, and in the




Mic_hig_an plant 5 were observed (7, %ncTuqing the arsenic-exposed),
where 2.2 were expected. The value .of five differs from 2.2 with d
probability (p-value) of 0.06 meaning that under the assumption of no
EDB effect such a difference could occur by chance 6% of the time. The
other 94% of the time the assumption is false and the EDB-exposed
workers have a higher cancer risk. Since we are only interested in
differences where the risk is elevated (as seen in higher than usual
numbers of deaths), the one tailed probability is 0.03. For the value
of seven deaths, the (one tailed) p-value is 0.0006, meaning that the
chances are 9994 out of 10,000 that the EDB-exposed have an elevated

dancer mortality.

Confidence intervals have been calculated in three ways (see Table 2).
The incidence proportiﬁn is defined as the numher of deaths divided by
‘the rumber of persons, and. does not take into account years at risk,
which varies from one individual to the next depending on how many
yea.rs.!'ave passed since first exposure. The incidence rate is the
number of deaths divided by the person-years at risk and is, therefore,
a mre refined measurement. After obtaining confidence limits for the
rate or proportion, one multiplies by the persons or person-years at
risk to yield the confidence limits for the number of deaths. The SMR
confidence interval was derived by the method of Bailar and Ederer
(1964) and miltiplied by the expected number of deaths -to find the
confidence interval for the number of deaths. The three methods
provide very similar results, and in all cases the expected number of
deaths lies within the 95% confidence interval, except when the two

workers exposed to arsenic are include_d in the Michigan plant deaths.



II.

If one eliminates the 23 employees whose first exposure was less than

15 years before the study, the difference between the six observed

deaths and the 4.3 expected is also not statistically significant (p =
0.23). The data indicate some degree of dose-response when dose is
based purely on duration of exposure, though statistical significance
was not reached (see Table 3).  Given the probable inaccuracies
inherent in this measure of exposure and the small numbers, the lack of

statistical significance could have been anticipated.

OTHER STUDIES OF OCCUPATIONAL EXPOSURES

Mortality studies of two other cohorts of occupationally exposed
workers have been conducted but not published. These were submitted to
OSHA by Dow Chemical USA in 1978 (DOL. 1981). These studijes were
conducted by D. Turﬁer in Gnynedd, Wales (Amlwch plant) and Hayle,
England {(Associated Oct 4}. No data on exposure were available for

either plant.

The selection process for individuals at the Gwynedd plant is shown in
Figure 2a. In actuality only those employed prior to 1960 were used in
the analysis. The employees were medically examined prior to
employment and represented a healthier than usual group. All employees
were considered together: no distinction was made between those who

may have had no exposure {e.g., managerial or clerical) and those who

may have had heavy exposures.
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FIGURE 23
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Death rates were calculated for the years 1960-75, but the denominator
was calculated incorrectly: the author counted each individual for 16
years without subtracting for those who died during the interval. This
changes the rates slightly: Instead of the reported 2.7 cancer deaths
per 1000 males, there were 3.1. This is still lower than the rate
reported for the local region of Guynedd, Wales, where males aged 45-64
- experienced 3.7 cancer deaths per 1000 males. Howevar, this rate (3.7
per 1000 mles) is 1) larger than the comparable rate for England and
Wales according to the local medical officer, and 2) based on an older
age~grouping since the average age of the workers was 4.0-55 during
those 15 years. It seems notable that of the nine specified cancers,
six occurred in men aged 40-49. Arong all the deaths, duration of

employment averaged 13 year‘s.

The selection of employees for study at the Hayle EDB manufacturing
p_Tant is shown in Figure 2b. Records w_ei*e apparently poor for those '
who were employed during the war years only; however, for those
employed since 1347 information on enployment (not follow-up) and
potential exposure status was virtually complete. This investigation

excluded those for whom no EDB exposure could have occurred.

The overall death rate, and the rate for cancer deaths, were computed
for the age intervals 25-44, 45-64, 65-74, and 75+. These rates were
not statistically different from those of southwest England in either

1961 or 1970, for the same age intervals.
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I1I.

In summary, the results for these two plants cannot be mea_ningfuﬂy
evaluated since 1) no measurements of exposure levels were made, 2) the
numbers of workers involved in other jobs or production processes where
no exposure would have been incurred is unknown, especially at Amlwch,
3) no comparisons were made with the general British population of the

same age, ‘and 4) the loss to follow-up of 35% of the Hayle plant

_employees may have biased the results.

INTERPRETATION

The results of the three studies neither prove nor preclude a
carcinogenic effect from occupational EDB exposure. In support of a

carcinogenic effect:

1) the elevation of cancer mortality occurs where exposure data
. exists and where outcome data is the firmest, the one-tailed
| probabiiity being p=0.03 for the number of observed deaths, or p =

0.0006 if an effect of EDB is assumed for the two employees who

additionally were exposed to arsenic;

2) the evidence is suggestive of a dose response at the two U.S.

plants.

For many reasons, the lack of strong epidemioclogic evidence for

carcinogenesis does not carry much weight;
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1)

2)

3)

The quality and quantity of exposure data {s poor, even where it
exists. While area sampling was done in Michigan on & continuous
basis only duri'ng 1971-72, the range of measurements was wide, and

only two measurements involved personal monitoring.

_The degree of misclassification of emp]oyees‘ exposure is unknown,

since a) at the U.S. plants longer duration of employment may not
reflect greater exposures, and the turnover rate may have been
greatest for those with the highest acute exposure, and b) the
Gwyedd plant cohort may have included some employees with minimal

or no exposure.

The sensitivity (statistical power) of the studies is low due to
small sample size and the lack of sufficient follow-up for 23

employees at the Michigan plant.

- On the other hand, it is entirely possible that inhalation of EDB does

not have a carcinogenic effect on humans, or at least not at the doses

to which workers are occupationally exposed. Any apparent effect might

be explained by exposures to other known carcinogenic chemicals at the

Michigan plant, which included benzene and carbon tetrachloride, or

other unknown carcinogens.
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TABLE 1

COMPARISON OF TWO EDB MANUFACTURING PLANTS

Unit 1 - Texas
1942 - 1969
No quantitative data

Early 1960's change from batch to
continuous reactors

No other organic bromide products

Chemical exposures were:

EBB

bromine
ethylene
sulfur dioxide
chlorine

Reactor & distillation operations
in same building ‘

B-15
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Unit 2 - Michigan
1920's - 1976

‘Quantitative data included:

Area sampling (1950, '52, '71-
*72. '75) of breathing zone, and
after spills.

Personnel sampling (1975)

Blood bromide concentrations since
1957

Other organic halogens used/
manufactured

Documented exposures to arsenic for
some employees

Chemical exposures for reactor
operators were:

EDB ammonia
bromine silica
ethylene copper acetate
hydrogen nicke] acetate-
jodine vinyl bromide

Direct chemical exposures for still
operators were:
trimethylene chlorobromide
propylene chlorobromide
ethyl bromoacetate
isobutyl bromide
acetylene tetrabromide
Indirect exposures for still opera-
tors were:

aliyl chloride ethyl bromide

benzene hydrogen bromide
bromochloromethane me thylene chloride
carbon tetrachloride methylene dibromide
c¢hloroform tert-bromobutyl phen

vinyl bromide tert-butyl phenol

Reactor operation housed in a
different building from
distillation/drumming.



TABLE 2

95% CONFIDENCE INTERVALS FOR THE NUMBER OF CANCER DEATHS
AT THE TWO U.S. EDB PLANTS

95% Confidence Interval

Using . Using
Incidence . Incidence
Observed  Proportion ! Rate I Using S.M.RZ Expectedd

Texas (99) 2 (.35, 7.73) ( .35, 8.05) ( .24, 7.22) 3.6

33 ( .78, 9.15) ( .77, 9.54) { .62, 8.77)
Michigan (57) 5 (1.87, 11.42) (l1.84, 12.36) (1.63, 11,68} 2.2

74 (3.13, 13.85) (3.07, 15.07) (2.81, 14.43)
Total 7 (3.09, 14.65) (3.07, 15.10)  (2.81, 14.43) 5.9

10 (5.13, 18.42) (5.08, 19.03) (4.81, 18.38)

1 Confidence limits for small p (Fleiss 1981) multiplied by persons {incidence
proportion) or person-years {(incidence rate) at risk.

2 Confidence limits of an SMR (Bailar and Ederer 1964) multiplied by the expected number
of deaths.

3 Includes 1 arteriosclerotic heart disease death 1n which car'cinoma of 1ymph nodes was
reported. ‘

4 Includes 2 deaths of workers exposed to both EDB and arsenic.

5 Age-specific white mle cancer mortality rates.

B-16




TABLE 3

CANCER INCIDENCE IN TWO U.S. PLANTS
AND LENGTH OF EXPOSURE TO EDB

INCIDENCE PROPORTION 'INCIDENCE RATE
Cancer deaths Cancer deaths
DURATION QF EXPOSURE Persons at risk - Person-years at risk

<1 year (.5) 0/31 0/ 722
1- 5 years (3) 3/84 , 3/1993
6-16 years (10) 4/46 - 4/1346
2 3.49 2.29
(1) ‘ :
p .07 >.1

B-17



APPENDIX C
COMPATIBILITY OF ANIMAL-BASED RISK ASSESSMENTS
WITH EPIDEMIOLOGIC DATA

Ramsey et al, (1978) applied one of the first models used by the
Carcinogen Assessment Group (CAG) of the Environrﬁenta! Protection
Agency (EPA, 1978) based on the NCI gavage biocassay data to predict
risks for the cohort studied by Ott et al. Their resuT'ts suggested a
wide discrepancy between the model predictions from this model and the
workers' experience. The Department of Health Services (DHS) has re-
examined their figures and conducted fts own a‘na‘lysis in order to

determine the implications for human risk assessment.

The One-Hit Model

The model used by Ramsey et al. was a simple, one-hit, no threshold

model. The model assumptions were as follows:

1), "Simple" refers to the fact that the timing of exposure {s
fgnored; that is, the model utilizes total Tifetime dose
regardless of whether small exposures extended over a long

period or acute doses were experienced in shorter intervals.

2). The one-hit model is based on the assumption that for the
induction of carcinogenesis, an agent need cause only one

heritable mutation in the DNA of a single cell.



3).

4):

5)-

Risk was estimated by the equation:
P=1-exp (-Bd)

where B i{s a parameter for potency and d represents the total

1ifetime dose.

It is assumed that the dose-resporfse curve exhibits no
threshold, i.e., any exposure carries a non-zero probability

of initiating cancer.

This model gives an estimate of risk for a total 1ifetime;
therefore another factor was included to account for only
partial Tifetime observation of the workers. Since the
probabitity of an agent inducing cancer before time t is
influenced by age, another parameter "g" was estimated for
the age-dependency of cancer risk. Thus the adjusted equa-
tion for risk is:

P=1-exp [(-Bd){age/70)9]

The two parameters were calculated by CAG to be B = 31.73 and
g = 6.95,

Ramsey et al. described the‘ calculation of individual worker

risks. The exposure assumptions were:

a. Dose was calculated as mg/(kg x day).




b. Weight was assumed to be 70 kg.

¢. A work-year of 250/365 days.

d. Inspiratory volume of 14 m° per 8-hour working day.

e, Complete absorption via the lung. |

f. Two possible time-wefghted-average (TWA) exposure levels
based on industrial hygfene samples. {In 1971-72 and
1975, area samples in one of the plants had TWA's rang-
ing from 2.9 to 5.0 ppm while personal monitoring

- yfelded TWA's of 0.8 to 1.1 ppm.)

By calculating the risk of an EDB-induced cancer death for each worker,
and summing these, the application of this one hit model predicts for a
population of 161 workers, 85 excess cancer deaths from an exposure of ‘
3.0 ppm, or 54 excess deaths from 0.9 ppm exposure. A comparison of
observed deaths to expected deaths based on U,S. white male age-
specific rates, and deaths predicted by this model is shown in Table
la. ;The total predicted deaths would be obtained by adding the U.S.A.
expected background rate to the excess predicted from EDB exposure.
Figure 1 graphically represents the number of excess deaths above
U.S.A. expected levels. Predictions are shown for each plant for each

of the two assumed exposure levels,
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Figure 1,
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Observed cancer deaths compared to one-hit predictions.
The one-hit model as employed by Ramsey et al predicts
a number of cancer deaths so large that they 1ie above
the upper 95% confidence 1imit for each of the two
small populations of EDB workers studied.




It is clear from Table la and Figure 1 that the predictions are 4 to 19
tﬁnes the observed deaths, very much beyond the 95% confidence inter-
vals based on the observed deaths. Table 1lb places the same
information in the form of a standardized mortality ratio (SMR). The

usual SMR is defined as:

observed number of cancer deaths

SMR= expected number of cancer deaths

The "predicted SMR" {s analogously defined:
"Predicted” SMR =

model-predicted number of excess cancer deaths + U.S.A. expected number
U.S.A, expected number of cancer deaths

Also shown in thi's table is a calculation of minimum detectable SMR.
This measures of the statistical power of the study b& indicating how
h'i'gh the mortality would have to be elevated in order to have an 80%
chance of seeing that degree of excess risk with the actual sample size
of workers. The interpretation is as follows: if the model accurately
represents the true human cancer risk, and if the exposure levels are a
reasonable estimate of the actual doses received, then, since the
predicted SMR was greater than the minimum detectable SMR, the size of
the exposed work force was in fact large enough to detect the predicted
rise in cancer mortality. Since no such elevation in cancer mortality
-\.u'as' observed, this version of the one-hit model as used by Ramsey et

al, is therefore not compatible with the mortality experience of the

exposed workers.
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II.

Multistage and other models

DHS compared the observed deaths of workers in the Ott et al. study
with predictions from the multistage model. Model assumptions were as

follows:

1) Cancer induction is represented as a multi-stage process in
which a series of heritable changes occur in the DNA, each
change being a prerequisite for the mext. Each change occurs
as a linear function of dose and the result is a polynomial

with coefficients estimated from the animal data.

2) As in the amalysis by Ramsey et al., the total 1ifetime dose
determines the magnitude of risk, irrespective of the timing

of the dose.

-3}  No threshold is assumed (this need only be true for one

stage).

4) The equation for the model {s:

2

P = l-exp ['-(Bld +Byd + ..0))

The number of stages is mathematically limi ted to one less

than the number of treatment groups in the experimental data.
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8) In this case, a crude correction for partial lifetime obser-
vation was made, in which cancer mortality was assumed to be
uniform throughout 1ife and the mean age for the cohort was
applied to all the workers. Thus predicted risk was (55/70)
x P. (Results both with and without the correction are seen

in Appendix D).

Exposure assumptions were the same as those made by Ramsey et al,
except that (a) the inspiratory volume was estima-ted at 9.6 m3 per 8-
hour working day {instead of 14, (b) dose was calculated as average
daily lifetime ppm, and (c) exposure duration was based on the grouped
data taken from Table 4 in the report of 0tt et al. Subsequent
calculations (not shown) utilizing individual worker data yielded risks '
that were essentially identical to those obtained with the grouped

data.

Using the Global-79 software developed by K.S. Crump, risks were es-
timated based on nasal cavity malignancies in male rats in the NCI
inhalation bioassay. Calculations of total risk based on individual
risks estimated by the model are shown in Appéndix D. Table 2 shows
the predicted number of cancer deaths among the EDB-exposed workers in
the Ott et al. study for a partial lifetime of observation. Figure 2

presents these figures graphically.
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Several points can be made about these results.

As can be seen in Appendix D, the time-weighted average dafly lifetime
exposure of workers potentially ranged from an estimated 2 ppb for
workers exposed to 0.9 ppm for half a year, to an estimated 268 ppb for
workers exposed to 3 ppm for 16 years. This average daily exposure of
workers over thefr total lifetime is much lower than the work time
exposure. The multistage model uses the 'liﬂ'atime daily average ex-
posure in predicting risks. ‘

The multistage 95% UCL based on nasal malignancies predicts only a few
cases among these 161 workers. The prediction is not much different
from what was observed and falls well within the confidence intervals

‘around the observations in this small study.

The 95% UCL extrapolated from the NCI inhalation biocassay using the
multistage model and nasal malignancies in male rats is not incom-
patible with epidemiologic evidence and is, therefore, scientfically

defensible as an upper limit of risk for purposes of risk assessment.

'_I'h_e Weibull-multistage model predictions based on the nasal tumors are
also compatible with the epidemiologic results in that they too fall
well within the confidence Timits of the observed mortality, as would

be any predictions based on the hemangiosarcomas, regardless of the

three models we have used here.
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Figure 2. Observed cancer deaths compared to multistage model predictions.
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IIl. Factors responsible for the differences between DHS results for worker

cancer risks and those published by Ramsey et al.
1. Choice of model

The multistage model allows for up to 2 stages given 3 dose levels in
the animal bioassays, bdt the best fit was given by a Tinear function
of dose; thus the mu1tistagé model in fact reduced to a one-hit model
when nasal malignancies in rats or hemangiosarcomas in mice were used.
Hence the choice of model cannot explain the differences between

Ramsey's conclusion and that of DHS.
2. Exposure assumptions

The DHS assumed insp'fratory volume to be 9.6 m3/8-hr work1n§ day, while
Ramsey et al assumed it to be 14 m3/8-hr working day. The substitution
~of 14 m3 in the DHS model increases the predicted risks to workers by
aboutl 1.5 (Texas plant, 2.87 excess deaths; Michigan plant, 1.55 excess
deaths, at the higher exposure Tevel). These predictions are still

well within the confidence intervals.
3. Gavage vs. inhalation

At first sight it appears that the difference fs due to the use by
Ramsey et al. of gavage bioassay data while DHS used the inhalation

- data. However, if the data on stomach tumors from the gavage study are

used directly (without adjusting for the early mortality as was done by
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CAG), the coefficient (slope) fit by the multistage model is practi-
‘cally identical to the coefficient fit by using the data on nasal
malignancies from the inhalation study. Thus the predicted risks based
on the unadjusted gavage data would be essentially the same as those
based on the inhalation data. |

4, Adjustment for early mortality

The severe early mortality in the gavage study required adjusting the
data from the bioassay prior to estimating the model's parameters.
Since survival was reasonably good in the inhalation study, even for
the high dose group, this was not necessary for the amalysis performed
here. 1t appears, therefore, that the adjustment for early mortality
in the gavage study is responsible for the difference' between the
results obtained by Ramsey et al. and those of the ‘DHS. However, 1t is
difficult to separate the effects of this adjustment from the effects
of'the two different routes of exposure. It is possible that EDB is

less potent via inhalation than it is via gavage administration.

IV¥. Conclusion

DHS staff has confirmed the conclusion of Ramsey et al. that the use of
the one-hit model, with parameters estimated from gavage data adjusted
for early mortality, to predict cancer mortality in the study of Ott et
al. produces results which are not compatible with the epidemiology in

that they are too high by far.
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Staff of DHS applied the muitistage model (Crump Global 79) to the same
study of 0tt et al, using the nasal carcinoma data from the NCI
bioassay. The estimated excess risk using this model with a 1ifetime-
averaged exposure is only a few extra cases of cancer, well within the.
confidence limits of the observed results. Another way of saying this
is that the multistage model would predict an SMR close to that which
was observed and that the power of Ott et al. study was not great
enough to distinguish this from an SMR which indicated no effect of
EDB, namely an SMR of 1.00.

The MLE and UCL estimates of the other models presented in the body of

this document are also compatible with the study of Ott et al.

In pointing this out, DHS is not proposing that the Crump multistage
model is generally superior to other models but simply that, when
applied to epidemiological exposure data according to standard prac-
tice; 1t does not predict implausibly high numbers of cases from
workplace exposure. This is an important point because the results of
Ramsey et al. have at times been interpreted to mean that all EDB risk
assessments are incompatible with the epidemiological data and that the
Ott et al. study suggests that EDB poses no risk to humans even at
0c'cupa tional levels. The preceding analysis shows that the study of
Ott et al. cannot be used to rule out the Crump multistage or the
Weibull-multistage predictions, much less demonstrate the absence of an

effect.
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TABLE 1

One-Hit Model
Prediction of Worker Cancers
(Based on Gavage Study)

la. Comparison of number of neoplasm deaths

Number of neoﬁ1asm'deaths

Observed U.S.A. 1 Excess Predicted2

(95% CI) Expected 3.0 ppm .9 ppm
Texas Unit 1 . 3( .62-8.77)° 3.6 53 35
Michigan Unit 2 5{(1,63-11.68) 2.2 32 19

1b. Comparison of Standard Mortality Ratios (SMRs)

SMR
Observed U.S.A. Predicted Mi nimum
(9523C1) . Expected 3.0 ppm .9 pm Detectable
Texas Unit 1 .83(.17“2.44)3 1.0 15,72 10,72 4.5
Michigan Unit 2 2.27(.74-5.31) 1.0 15.55 9.64 6.6

From U.S. white male age-specific mortality rate
Predicted by CAG model due to EDB exposure

*

Sample S7ze has 80% power to detect an SMR this large (see text) (Schlesselman)

U0 W N =

Ramsey et al included one arteriosclerotic heart disease death with 1ymph node maltignancy

Predicted SMR = model predicted excess cases + USA expected cases = 53 + 3,6 = 15.72

USA expected cases 3.6
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Table 2

Multistage Model Prediction
. of Worker Cancer
(Based on nasal mlignancies in NTP inhalation study)

2a. Comparison of number of neoplasm deaths

Number neoplasm deaths

Observed U.S.A. 1 Excess Predicted2

(95% CI) Expected 3.00 ppm 0.9 ppm
Texas Unit 1 3(0.62-8.77°) 1.6 2.15 0.57
Michigan Unit 2 5(1.63-11.68) - 2.2 1.13 0.25

2b. Comparison of SMR

SMR
Observed U.S.A. 1 Predicted2 Minimum
- (95% CI) Expected 3.0 ppm 0.9 ppm Detectable
Texas Unit 1 0.83(0.17-2.44) 1.0 1.6 1.16 4.5

Michigan Unit 2 2,27(0,74-5.31) 1.0 1.51 1.11 6.6

. From U.S5. white male age-specific mortality rates

Crump Global 79 multistage model

Ramsey et al included one arteriosclerotic heart disease death with lymph node malignancy
Sample S7ze has 80% power to detect an SMR this large (see text) (Schlesselmen)

o LM =
- L)




APPENDIX D
Estimated Total Excess Cancer Risk To Workers
Based on Nasal Cavity
Malignancies using the Simple Multistage Model

I. Interspecies Scaling

The method of interspecies extrapolation for 1nha1atipn of lipid soTuble
substances has been described previously (Part B, "Health Effects of
Benzene") and 1s provided in the following paragraphs. Simple exposure
equivalency using a scaling factor of 1 {ppm) was used. This i§ possible
due to the assumption that surface area provides the best scaling factor
between species. Direct exposure equivalency is derived from this

assumption sfnce inhalation volume is a function of surface area.

"The dose in mg/kg of partially soluble vapors is proportfonal to oxygen

consumption, which in turn 1s proportional to H2/3

and is also proportional
to the §o1ubi1ity of the gas in body fluids, which in turn can be expressed

as an absorption coefficient, r, for the gas. Therefore, expressing the 02

2/3)

consumption as 02 = (k) (W » where k is a constant independent of

species, it follows that:

If:

m - the average dose/day in mg
during administration of the agent.

v = the average lifetime concentration of
benzene in the inhalation chambers,
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then:

/

me (k) X W3 X (mg/m) X v

dose = m =kvr
N2/3

In the absence of experimental information or a sound theoretical

argument to the contrary, the absorption fraction, r, is assumed to be

the same for all species. Therefore, for these substances a certain

' 3
concentration in pom or in mg/m in experimental animals is equivalent

to the same concentration in humans (Part B, "Heaith Effects of

Benzene")".




II. Calculations

Step 1: Conversion of worker exposure of 0.9 and 3.0 ppm for 1 year to

Tifetime time-weighted average (TWA) equivalent.

Assume: 9.6 m3 air breathed over 8 hours

20.0 m air breathed over 24 hours
5 work days per week

46 work weeks per year

55 as average age of worker

(9.6 m3 (5 days) (46 weeks) (1 yr)

)
G ppm) x (o) X 7 days) X 5T weeksT * ~{55 y7)
= (3 ppm) x (.00551)
.0165 ppm

3.0 ppm for 1 year

= 16.5 ppb time weighted exposure over a lifetime

{.9 ppm) (.00551)
= ,00496 ppm

0.9 ppm for 1 year

= 4,96 ppb time weighted exposure over a 1ifetime
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Step 2: Estimating Risk From Animal Data

The multistage model was used to estimate risk from a time-weighted lifetime

exposure from 1 ?pb. NCI inhalation data on male rats were used. Risk from
nasal cavity malignancies: adenocarcinomas, squamous cell carcinomas, and

carcinomas (NOS).

Though high and low dose rats were exposed to 40 ppm, and 10 ppm
respectively, this was only for 6 hours per day and 5 days per week. The
time-weighted average ppm for both groups was calculated as follows.

40 ppm x 2% X ;- = 7.14 ppm

10 ppm x Eg X ;-= 1.79 ppm

The multistage mode} was then provided the following data entry table.

Dose Animls Malignancies
Control 0 50 0
Low 1.79 ppm 50 23
High 7.14 ppm 50 38

The resulting best fit model was:
: -(0 + 0.253 dose)
r = 1-e
where dose was entered as ppm

-4
The 95% UCL for lifetime risk at 1 ppb was 3.15 x 10

The 95% UCL of 3.15 x 10 ~* was used to see 1f {t was incompatible with the
epidemiological data. This is the multiplier in column D of the next step.
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Step 3: Total Excess Risk for Workers at 0.9 ppm TWA Exposure Estimated from Simple Multistage d Model
and Nasal Cavity Malignancies in Mice and Rats

A B < 0 3 £t & [y
_ ppb 95% UCL for
Equivalent MLE of Risk UNIT 1* UNIT 2%
_ Lifetime for Life- Total Total Total Total
_ Assumed Exposure time Exposure Workers Excess Workers Excess
Worker Worker (3..15x10'4 Risk Risk
Years Years {Col. Bx4.96) x Col. C) ' (Col. D x E) {Col. D x 6)
0-1 0.5 ' 2.&8 7.82x10-4 24 1.88)(10"2 7 - 5.47&10-3
1-5 3.0 14.89 4,69x1073 a5 2.11x107} 39 1.82x1071
6-10 8.0 39.70 1.25x1072 10 1.25x1072 1 1.38x1072
11-15 13.0 64.52 2.03x1072 5 1.02x2071 3 6.09x10"1
16.0 16.0 79.42 2,5x1072 15 3.75x10”} 2 5.00x10”2
Total Excess Risk: 99 7.19x1071 62 3.12x10"1
| Total Risk to age 55: | 5.65x107 ] 2.45x107]
1; (Assumed worker years) x (Time-weighted average from Step 1. Exposure for 1 year).
2. (Equivalent Lifetime Exposure) x ({Upper 95% CL at 1 ppb) nasal cavity malignancies at 1 ppb. Simple Multistage
Program, NCI male rats.
3. Number of workers by exposure durations from Ott et. al., Table 4,
4. (Excess risk per worker at exposure} x (Number of exposure years).

* Unit

1 = Texas plant
Unit 2 = Mi

chigan Plant



Step 4: Total Excess Risk for Workers at 0.9 ppm THWA Exposure Estimated from Simple Multistage Model and Nasal Cavity

| =

Worker
Years

1-5

6-10

11-15

16.0

£t N et
L ]

* Unitl
Unit 2

(Excess

Malignancies

B

Assumed

Worker
Years

.5
3.0

8.0

13.0

16.0

(Assume worker years) x
. (Equivalent lifetime exposure)
NCI male rats.
Number of workers by exposure durations from Ott et. al., Table 4.

risk per worker at exposure) x (Number of exposure years).

Texas plant
Michigan plant

o o2
PPB 95% UCL for
Equivalent MLE of Risk
Lifetime for 1ife-
Exposure time Exposure
(3.15x19°%
(Col. Bx16.5) x Col. C)
8.27 2.61x10"3
49.63 1.54x10°2
132.35 4.11x1072
215.06 6.67x10"2
264.7 8.21x10™2

Total Excess Risk:

Risk to age 55:

(Time-weighted average from Step 1.

£’ £t
UNIT 1%
Total Total
Horkers Excess
Risk
{(Col. D x E)
24 6.26x102
a5 6.93x10"!
-1
10 4.11x10
5 3.34x1071
15 1.23
99 2.73
2.15

Exposure for 1 year).
x (Upper 95% CL at 1 ppb) cavity malignancies at 1 pph. Simple Multistage Program

11

e '
UNIT 2%
Total Total
Horkers Excess &
’ Risk
iCol. D x G)
7 1.83x10°2
39 6.01x10"1
-1
4.52x10
3 2.00x10"}
2 1.64x10
62 1.44
~ 1.13
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