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1. Introduction

1-Bromopropane (1-BP) has been prioritised for Annex XIV listing due to its
harmonised classification for reproductive toxicity (fertility and development) in
category 1B (H360FD). The purpose of this review is to evaluate the available
information relevant to deriving DNELSs for the reproductive toxicity of 1-

bromopropane.

The contractor has been unable to identify a document that describes the specific data
driving the classification, but a number of reproductive and developmental effects
have been described in the reviews and literature summarised in this report.

The contractor has identified 3 detailed reviews of the toxicity of 1-Bromopropane,
from internet searches and requests to other regulatory agencies, these form the basis
of much of this first report (Section 5). The contractor has performed an extensive
literature search for 1-bromopropane (see section 13) and identified 13 additional,
relevant publications, which have been reviewed and summarised. The contractor has
also reviewed registration dossiers for 1-bromopropane; some of these have provided
more detailed summaries of information in the main reviews but no copies of the
critical study reports. There was no new information in the registration reports that
was considered relevant to the derivation of reproductive DNELSs for 1-BP.

2. Chemical properties of 1-bromopropane
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Chemical structure of 1-bromopropane
Property

CAS Registry number
Molecular formula
Synonyms

Molecular weight

Melting point

Boiling point

Vapor pressure (mm Hg)

Vapor density

Specific gravity

Solubility in water (20°C)
Octanol/water partition coefficient (log
Kow)

Conversion factors (1-bromopropane in
air)

parts per million (ppm) to mg/m3
mg/m3 to parts per million (ppm)

Information

106-94-5

C3H7Br

1-BP; Propyl bromide; n-Propyl bromide;
Propane, 1-bromo; normal propyl bromide; nPB
123.0

-110C

64.7C

110.8 at 20C

4.25

1.353 at 20C

2.45g/L

2.10

mg/m3 =5.03 x (ppm)
ppm = 0.2 X (mg/m3)



1-Bromopropane is a pale yellow, volatile liquid with a strong odour. It has uses in
cleaning and degreasing and as an intermediate. The registration dossiers indicate it is
used mainly in closed systems.

3. Absorption, distribution, metabolism and excretion of 1-
Bromopropane.

This section is based primarily on the review by the US National Toxicology Program
(NTP, 2011; 2013), supplemented by information in the registration dossiers. A recent
published paper provides information on dermal absorption.

Studies in humans and laboratory animals indicate that 1-bromopropane can be
absorbed following inhalation, ingestion, or dermal exposure. Occupational exposure
occurs primarily by inhalation and dermal contact and studies of workers show a good
correlation between urinary concentrations of 1-bromopropane, bromide ion, and N-
acetyl-S-(n-propyl)-L-cysteine (AcPrCys) with their 1-bromopropane breathing zone
air concentrations. Several studies have monitored urine and blood samples in
workers to establish biomarkers of exposure. These studies also indicate that
unmetabolized 1-bromopropane is excreted in the urine in humans but has not been
reported in animal studies. The four urinary mercapturic conjugates identified from 1-
bromopropane-exposed workers have also been reported as urinary metabolites from
studies in rodents, including AcPrCys, N-acetyl-S-(n-propyl)-L-cysteine-S-oxide, N-
acetyl-S-(2-carboxyethyl)-L-cysteine, and N-acetyl-S-(3-hydroxy-n-propyl)-L-
cysteine. The oxidative metabolites that likely lead to the conjugates have not been
reported in human studies; however, no publications were identified that actually
tested for them.

Experimental animal studies have shown that at relatively high concentrations 1-
bromopropane is absorbed, rapidly distributed, and predominantly eliminated by
exhalation (approximately 40% to 70%), but is also excreted in the urine and faeces.
In rats and mice, most of the 1-bromopropane administered by i.v. injection was
exhaled unchanged or as CO2 within 4 hours of exposure. Urinary metabolites
accounted for 13% to 23% of the administered dose after 48 hours. The available
studies on 1-bromopropane metabolism show that CYP catalyzed oxidation (primarily
via CYP2EL) reactions and glutathione conjugation are the primary metabolic
pathways. At least 16 urinary metabolites have been identified in rodent studies
(either rats or mice), including several reactive intermediate metabolites
(bromoacetone, glycidol, and -bromohydrin).

Although there are differences in results between rodents and humans the database is
limited for humans and some differences appear to be related to the extent of
investigation. The contractor considers there is no reason to assume humans are
markedly different from animals in the kinetics of 1-bromopropane.

There are no reliable data on the relative absorption via oral, dermal and inhalation
routes, particularly at levels relevant to likely human exposures. The contractor
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proposes to use the default assumptions in guidance document R8 for inhalation and
oral absorption. A published study on the in vitro dermal absorption of 1-BP is
summarised below.

Dermal absorption

Frasch et al (2011) studied the dermal absorption of 1-BP using finite and infinite
dose exposures of rat and human skin samples. The human data are considered most
appropriate and are summarised below. There was also an investigation of the
evaporation rate of 1-BP from a petri dish to simulate evaporation following splashes
on the skin. The investigations used non-radiolabelled material with analyses
performed by GC-FID.

e The evaporation flux at 23°C was determined to be 470 mg/cm?h, with a half
time for evaporation of <100 seconds. Extrapolating to 32°C to match the
temperature of the in vitro dermal data gave a flux of approximately 600
mg/cm?/h.

e The dermal absorption investigations are summarised in Table 1 below.
Human epidermis samples from female cosmetic surgery procedures were
prepared by heat separation. Each element of the study used 9 replicates with
samples from 3 donors. The receptor fluid in the static (Franz) cells was
HEPES buffered Hanks balanced salt solution. 1-BP is moderately water
soluble (ca 2g/L) and solubility in the receptor fluid is not seen as a rate
limiting factor. Infinite dose tests had the wells covered with Para film, the
finite dose test was left unoccluded resulting in extensive evaporation. Results
were presented for 3 hours even though total exposures were for 24 hours in
most tests.

e For the infinite dose experiments the absorption: time profile was almost
linear. For the finite dose test the absorption was complete within 10 - 15
minutes, presumably due to evaporation of 1-BP. For the 10 minute exposure,
absorption stopped a few minutes after the swabbing procedure.

e These data show that due to evaporation, dermal exposures to 1-BP should
result in minimal systemic exposure (the evaporation flux is approximately
500 times that of the dermal absorption flux). In the event that the dermal
exposures result in occluded conditions (e.g. under protective gloves) or are
repeated (e.g. handling wet items) a conservative dermal absorption value has
been calculated based on the finite dose data. Absorption under unoccluded,
finite dose conditions was 0.16% of the applied dose all within approximately
10 minutes. Extrapolating this to a 10h exposure to represent a long shift gives
a value of 10%.



Table 1: in vitro dermal absorption data for 1-BP (mean +/- SD)

Test material | Dose Duration Flux (pug/cm®/h)* | % absorbed

Pure 1-BP Infinite 24 hours 625+ 176

Saturated Infinite 24 hours 585 + 320

aqueous

solution of 1-

BP

Pure 1-BP Finite 24 hours Approximately 1 0.16
(10ul/cm?)

Pure 1-BP Infinite 10 minutes Approximately 750

Pure Drysolv* Infinite 24 hours 441 + 116

Saturated infinite 24 hours 644 + 255

aqueous

solution of

Drysolv

* Drysolv is a commercial dry-cleaning solution (95% 1-BP) .
# Flux is 0-3 hours except for the 10 minute exposure where it is the peak flux over 15 minutes corrected to 1 hour

It is proposed to use 10% as a conservative value for the dermal absorption of 1-
BP.

Transfer across placenta and blood:testis barrier

There are no data on the potential for 1-bromopropane or its metabolites to cross the
placenta or blood:testis barrier. Effects on the fetus have been reported but it is not
clear if these are due to direct exposure or external factors such as reductions in blood
supply or nutrient levels. Effects on sperm are consistent findings with 1-BP but there
is no information on whether 1-BP itself, or a metabolite such as bromide, acts
directly on the testicular cells / sperm or whether there is an indirect mode of action.



4, Summary of the non-reproductive toxicity on 1-Bromopropane

A more extensive description is presented in Annex 1.

Acute toxicity

The acute oral and dermal LD50s for 1-bromopropane are reported in the registration

dossier as >2000 mg/kg bw in rats. The acute inhalation LC50 (4h exposure) in rats is
7000 ppm (35,000 mg/m®), with no deaths at 6000 ppm. 1-Bromopropane is classified
for narcotic effects (H336).

1-Bromopropane has a harmonised classification as a skin irritant (H315), as a severe
eye irritant (H317) and a respiratory irritant (H335). The skin sensitisation is
equivocal, in a maximization test in guinea pigs positive reactions in above 30% of
animals are reported but the interpretation in the registration dossier is that 1-
bromopropane is not a skin sensitiser.

Repeat dose toxicity

The target organs for 1-BP following inhalation exposures are the central nervous
system and liver. The lowest NOAECs are in the region of 250 — 500 ppm (8h/day).
Repeat dose oral and dermal studies have not been identified.

Carcinogenicity

Two year inhalation toxicity studies in F344 rats (125, 250 or 500 ppm) and B6C3F1
mice (62.5, 125 or 250 ppm) found that 1-bromopropane caused increases in the
incidence of malignant or benign tumors of the skin (keratoacanthoma;
keratoacanthoma or squamous-cell carcinoma combined; and keratoacanthoma,
squamous-cell carcinoma, basal-cell adenoma, or basal-cell carcinoma combined) in
male rats. Increases in benign large intestine tumors (adenoma of the colon and
rectum) were seen in female and male rats, and benign or malignant lung tumors
(alveolar/bronchiolar adenoma and carcinoma combined) in female mice. Increases in
skin tumors in male rats, intestinal tumors in female rats, and lung tumors in female
mice were statistically significant and dose related. The tumors in the large intestine
of male rats, although not statistically significant, were considered to be of biological
significance due to their rarity (less than 0.2% incidence in historical controls).
Additionally, tumors observed that may have been related to 1-bromopropane
exposure included malignant mesothelioma of the abdominal cavity and pancreatic
islet tumors (adenoma) in male rats and skin tumors (keratoacanthoma, basal-cell
adenoma, or basal-cell carcinoma combined) in female rats (NTP 2011; 2013).

Although clear dose response relationships were not seen for all the tumours,
significant increases in one or more tumours were seen at all tested concentrations.

No studies were found evaluating modes of action for the tumor sites found in
experimental animals: skin, large intestine, and lung. However, 1-bromopropane,
either directly or via reactive metabolites, causes molecular alterations that have been
associated with carcinogenesis, including adduct formation, oxidative stress,
glutathione depletion, immunosuppression, and inflammation.
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The cancer NOAEC is <62.5 ppm in mice.

Genotoxicity

Studies in vivo show that 1-bromopropane can covalently bind to protein in exposed
rats and occupationally exposed workers. The available data provide some indication
that 1-bromopropane has genotoxic potential as it has been reported to induced
mutations in bacterial and mammalian cells and produce DNA damage in human
cells. However, the NTP reported that 1-BP was not genotoxic in an Ames test at
concentrations up to 5000 pg/plate, with or without metabolic activation. There is
limited evidence that DNA damage was induced in leukocytes from 1-bromopropane
workers. 1-Bromopropane did not induce chromosomal damage in mice
(micronucleus induction assay) following 3 month’s exposure at up to 500 ppm and
did not induce gene-cell mutations (dominant lethal mutation assay) in rats exposed to
400mg/kg bwi/d for 5 days (oral gavage).

The contractor considers that whilst 1-BP binds to macromolecules the genotoxicity
database is inconsistent with no convincing evidence of genotoxicity in vivo. The
effects of 1-BP on parameters related to reproduction show dose response
relationships with thresholds identified in all but one study (Liu et al). The overall
weight of evidence is considered to support a conclusion that the effects of 1-BP on
fertility are unlikely to be produced by a genotoxic mode of action.

Neurotoxicity

Neurotoxicity has been seen in both experimental animals and occupationally exposed
humans. Although the molecular mechanisms of the neurotoxicity are not completely
understood, recent studies show that the hippocampus is especially susceptible to 1-
bromopropane-induced effects and involves oxidative stress, loss of ATP production,
altered GABA metabolism and reduced GABAergic feedback inhibition, inhibition of
the ubiquitination-proteosome system, changes in neurotransmitter receptor
expression, and modifications of intracellular signaling cascades.

The CERHR review (NTP, 2003) concluded that the NOAEC for neurotoxicity was
200 ppm.



5. Reviews of the reproductive toxicity data on 1-Bromopropane

The contractor has identified 3 major reviews with significant information on
reproductive and developmental effects:

e US NTP CERHR (2003);

e Toxicology Excellence for Risk Assessment (TERA; 2004) and

e US NTP Carcinogenicity evaluations (2011, 2013).

Colleagues in the US, Canada, Australia, Germany and Japan have been contacted to
determine if any additional national reviews are available. One of the authors of the
TERA report has been contacted to ascertain if there has been any subsequent work
by this group.

e The Australian review contains limited information.

e No Canadian review has been found.

e No additional, unpublished US reviews have been identified.

e The Japanese summary database contains surprisingly little information, given

the amount of investigative work on 1-BP performed by Japanese scientists.
e TERA have no updated evaluations available.

These reviews are summarised in Table 2.



Table 2: Reviews of the reproductive toxicity of 1-bromopropane

Review Conclusions on reproductive toxicity Reference
purpose
Specific and Concluded that there was serious concern for adverse effects on development and CERHR, 2003
comprehensive reproduction for exposures at the upper end of the reported occupational exposure range (18
review of — 381 ppm). For intermittent and well controlled exposures (0.04 — 0.63 ppm) there was
reproductive minimal concern for reproductive effects.
toxicity.

Available human data are insufficient to draw conclusions on the potential for reproductive

or developmental toxicity. Available data are sufficient to conclude that 1-BP exposure can

induce developmental and reproductive toxicity in rats. In evaluating the potential effects on

human reproduction, the rat data are assumed to be relevant for humans. Accordingly, dose

levels were identified from animal studies to use in this evaluation.

* A benchmark concentration 95th percentile lower confidence limit of 305 ppm (1,534

mg/ m®) was identified from a rat inhalation developmental toxicity.

« A LOAEC of 250 ppm (1,257 mg/ m®) for female reproduction (NOAEC=100 ppm

[503 mg/ m®] was identified from an inhalation, two-generation reproductive toxicity

study.

« A LOAEC of 200 ppm (1,006 mg/ m°) for male reproduction (NOAEC=100 ppm [503

mg/ m*] was identified from the Ichihara et al. study and WIL Research Laboratories

study.
Main focus was No changes in reproductive organs or tissues in 2, 14 or 104 week segments. NTP, 2011
investigation of NTP, 2013

carcinogenicity.
Included review of
available toxicity
data including
reproductive
toxicity. Reports of

Reduced sperm counts and motility, and altered oestrous cycling seen in rats after 14 week
exposures at 250 ppm (lowest dose investigated) and above.

In mice, reduced sperm counts and motility were seen at 250 ppm and above (NOAEL =
125 ppm), with altered oestrous cycling at 500 ppm and above.
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studies included
non-neoplastic end-
points including
reproductive organs
and sperm
investigations.

Review of toxicity
for setting
inhalation OELs.
Main focus was
reproductive
toxicity. Included
derivation of a
number of BMDs
and NOAEC:s for
reproductive and
developmental
toxicity endpoints.

Conclusions based
on BMDL ¢ for
continuous data or
BMDL, for
dichotomous data.

Reviewed neurotoxicity, hepatotoxicity and reproductive / developmental toxicity end

points. A number of BMD analyses were performed:-

Table 2
BMD and BMDL Estimates*

Endpoint Stelljes and Wood TERA

BMD BMDL BMD BMDL

(ppm)  (ppm) | BMR  (ppm) (ppm)
Hindlimb strength 286 214 1sd 290 210
Minimal centrilobular
vacuolization males 345 226 10% 290 200
Fetal body weight 1sd 510 310
Fg sperm motility 343 263 1sd 380 270
F1 sperm motility 261 156 1sd 260 150
Fg prostate weight 1sd 740 190
Fg Estrous Cycle Length 1sd 290 210
F1 Estrous Cycle Length 1sd 810 400
Fo No Estrous Cycle Incidence 10% 670 480
F; No Estrous Cycle Incidence 10% 360 180
Maternal GD20 body weight 1sd 1000 690
F, litter viability index No dose-response
F1 pup weight gain PND 21 to 28 1sd 240 180
F1 decreased live litter size 280 188 1sd 280 190
F. decreased live litter size 238 169 1sd 240 170

*¥Qaa tavt far additianal dataile

Model

Linear

Multistage-2
Poly-2

Linear

Power

Power

Power

Linear
Multistage-2
Quantal Linear
Linear

Linear
Linear
Linear

Variance

Homogeneous

Non-homogeneou
Homogeneous
Non-homogeneou
Homogeneous
Non-homogeneou
Non-homogeneou

Homogeneous

Homogeneous
Non-homogeneo
Non-homogeneou

The conclusion was for an OEL to be based on the BMDL of 190 ppm for reduced litter size
in the F1 generation. This was considered to be more relevant than the slightly lower

BMDL of 170 ppm from the F2 generation.

TERA 2004
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General review

No specific mention of reproductive toxicity hazards

Finland , National Board
of Labour Protection,
1989

General review

Identified effects on reproduction and development. No specific recommendations for

NOAECs or exposure limits.

Australian NICNAS,
(2013).

General review

Summarises the reproductive studies covered by the reviews presented above. No specific

conclusions on reproduction NOAECs.

HSE, 2002
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51 Main aspects of the CERHR (2003) review.

The text below is taken from the CERHR report, the contractor has performed only
minor editorial changes.

Reproduction / Fertility

In 1998, NIOSH conducted a health hazard evaluation at a plant where a 1-BP-
containing spray adhesive was used in the manufacture of seat cushions. Forty-three
employees (34 females and 9 males), whose exposure levels were classified as ‘low’
(117 ppm [585 mg/m3]), ‘medium’ (170 ppm [850 mg/m3]), or ‘high’ (197 ppm [985
mg/m3]), were asked about reproductive problems. One employee (sex not specified)
in the low exposure group reported seeing a doctor for reproductive/fertility problems
and two males and one female in the low or mid exposure groups said they could not
have a child after attempting to conceive for 1 year. NIOSH noted that their ability to
detect reproductive or fertility problems was limited by the small sample size and
personal nature of the questions asked.

Strength/Weaknesses: The NIOSH case report is very limited in content. The survey
analysis was based on only 43 of 70 workers. According to the National Center for
Health Statistics, about 10% of couples in the US seek medical attention for
infertility. Therefore, 3 of 42 workers reporting possible fertility problems is not
unexpected.

Utility (adequacy) for CERHR Evaluation Process: The study is not useful except to
point out the need for a well-designed human study with adequate exposure
information and adequate power to detect an effect, i.e., one that monitors menstrual
cycles and examines semen quality and serum hormones.

Reproductive toxicity study in rats

In a study sponsored by the BSOC, WIL Research Laboratories evaluated the
potential adverse effects of 1-BP whole-body inhalation exposure in FO and F1
parental rats; reproductive capabilities were examined in the FO and F1 generations
and neonatal survival, growth and development were evaluated in F1 and F2
offspring.

In this two-generation reproductive toxicity study, groups of 25 male and female
Crl:CD(SD)IGS BR rats were exposed to filtered air or 100, 250, 500, or 750 ppm][O0,
503, 1,257, 2,514, 3,771 mg/m3] 1-BP vapors (99.8% purity) for 6 hours/day, 7
days/week. Exposure concentrations within each chamber were measured 9-10 times
during each exposure period by a validated GC method. Exposure of FO rats
commenced at 7 weeks of age and F1 rats began direct exposure at weaning.
Exposures were conducted for at least 70 days prior to mating. Females were not
exposed on post-natal day ( pnd) 04 and only they, not their litters, were exposed
during pnd 5-21. Therefore, offspring (litters) were indirectly exposed to the test
chemical in utero and through nursing. In addition, the F1 pups selected randomly for
propagation of F2 litters were directly exposed from pnd 22 forward. Results in
treated animals were compared to both air control and historical control data from
WIL Research Laboratories. The study was stated to have been conducted in
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compliance with GLP.

The main reproductive findings are summarised in Table 3

Table 3: Reproductive findings in Sprague Dawley rats exposed to 1-BP

Dose in \ g ;
Number® | ppm Effects in F, Parents® Effe ;“5' ’j’ oo g
(mg/mj) / 2 ff‘l’”"&'/
25 0
25 100 (503) | NOAEC NOAEC
25 250 (1,257) | | Prostate weight | Fy weight gain on pnd 21-28 (M)
1 Estrous cycle length (49 vs 45 days)¢
25 500 (2,514) | 1Precoital interval (43 vs 34 days)© | F; weight gain through pnd 28 (M)
1 Estrous cycle length (55 vs 42 days )¢ and pnd 21-28 (F)
| Fertility (52 vs 92%) 1 Estrous cycle length (51 vs 45 days)®
| Implantation sites (90 vs 153) | Implantation sites (98 vs 155)
| Litter size (n=83 vs 144) | Litter size (86 vs 145)
| Normal sperm (982 vs 997%) | Normal sperm (953 vs 995%)
| Sperm motility (72 vs 87%) | Sperm motility (74 vs 89%)
| Cauda epididymis and prostate weights | | F, cauda epididymis and pituitary weight
No effects on gestation length or parturi- | [} F> postnatal weight gain on pnd 4-21]
tion, testicular weight or sperm counts, | No effect on F, or F, postnatal survival, F, age
ovarian weight at vaginal patency, F, age at balanopreputial
separation, mating indices, gestation length,
parturition, or testicular lesions
25 750 (3,771) | | Weight gain (M) No F, rats available due to complete infertility
1 Estrous cycle length (56 vs 42 days)®  |in Frats
| Mating (68 vs 96%)
| Pre-coital interval (48 vs 34 days)©
No conceptions
| Ovary weight
| Corpora lutea
{ Ovarian cysts
| Normal sperm (906 vs 997%)
1 Sperm motility (53 vs 87%)
| Epididymal sperm count
(370 vs 472x10%gram tissue)
| Epididymis, prostate, seminal vesicle,
and pituitary weight
Protocol: Inhalation exposure to 1-BP from 70 days prior to mating, during gestation and most of lactation in Fj and F).

Reproductive function evaluated in F and F; postnatal mortality and growth evaluated in F; and F; litters.

Notes: M=Male; F=Female; 1, |=Statistically significant increase, decrease.

*Number of Fy and F; male and female pairs, except that no F; offspring were available at 750 ppm.
bSee synopses for details about systemic effects.

“Not statistically significant but above historical control value.

4No statistical analyses conducted, but considered test article related (see text).

Prior to mating, the Fo female rats exhibited increased estrous cycle length. While this
effect appeared to be dose-related, statistical analysis of the data was not conducted,
in part because several animals in each of the high dose groups did not cycle at all.
However, the study authors considered values for the 500 and 750 ppm groups to be
test agent related since they exceed the range of their historic control data for this end
point (4.1-5.1 days). Reproductive performance was impaired in the higher dosage Fo
groups as evidenced by significant decreases in male/female mating index in the 750
ppm group, and in the male/female fertility index in the 500 and 750 ppm groups. An
increased time to coitus in the Fo 500 and 750 ppm groups was not statistically
significant but was considered test agent related since it exceeded historical control
values. None of the females in the Fo 750 ppm group became pregnant. In contrast, 1-
BP treatment had no effect on gestation length or complications during delivery at
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500 ppm. However, numbers of implantation sites and pups born to Fo females were
significantly reduced in the 500 ppm group.

At necropsy, significant reductions in Fo absolute reproductive organ weights were
observed for ovary (750 ppm), cauda epididymis (500 and 750 ppm), prostate (>250
ppm, but did not decrease with increasing dose), seminal vesicles (750 ppm), and
pituitary (750 ppm). Significant decreases in relative weights of these organs were
only observed in the 750 ppm group for caudae epididymides and ovaries. Ovarian
histologic analysis in Fo rats in the 750 ppm group revealed a significant increase in
the incidence of ovaries with reduced numbers of corpora lutea and with follicular
luteinized cysts.

In males, a slightly increased incidence of seminiferous tubule degeneration was not
considered treatment related by the study authors since lesions in 4 of 6 affected rats
were of minimal severity. Also, testicular sperm counts (absolute or per gram testis)
were not significantly altered by treatment. An analysis of cauda epididymis
spermatozoa from Fo rats revealed significant reductions in morphologically normal
sperm at > 250 ppm. However the decrease from 99.7% normal sperm in controls to
99.3% at 250 ppm was not considered by the authors to be treatment related because
this value is above historical control value of 99.0%. Cauda epididymis sperm
numbers were significantly reduced at 750 ppm and the percentage of motile sperm
was significantly reduced at 500 and 750 ppm.

A statistically significant decrease in implantation sites and in the number of offspring
at birth was seen at the 500 ppm dose in both generations. The F1 rats were evaluated
for postnatal growth, development, and survival. A slight, but significant, reduction in
pup viability on pnd 14-21 in the F1 500 ppm group (97.7% vs. 100% in controls) was
not considered of sufficient magnitude to be treatment related, especially because
postnatal survival calculated from pnd 4 to pnd 21 was not different by treatment.
Therefore, the authors concluded that there were no effects on pup survival.

Mean offspring weights (litter as experimental unit) were lower at the 500 ppm dose
in both generations. Significant reductions in Fz1 litter weight gain were found in males
of the 250 ppm group (pnd 21-28) and 500 ppm group (pnd 4-7, 7-14, and 21-28). A
significant reduction in F1 female weight gain was only noted in the 500 ppm group
on pnd 21-28. The age of balanopreputial separation was significantly increased in
the F1 500 ppm group but authors attributed that effect as secondary to reduced weight
gain in that group. The age at which female offspring attained of vaginal patency was
not significantly different in treated F1 offspring.

1-BP exposure in the F1 animals was initiated on pnd 22. Twenty-five rats/sex/group
in control and 100-500 ppm treatment groups were selected for mating. The mating
experiment was conducted as described for the Fo rats. Increased estrous cycle lengths
in the 250 and 500 ppm F1 groups (4.9 and 5.1 days) were within ranges of historical
controls (4.1-5.1) but were nevertheless attributed by the authors to be related to 1-BP
treatment. This judgement was based on the fact that 3 and 4 animals, in the 250 and
500 ppm groups, respectively, had no complete estrous cycles (versus only 1 each in
the control and 100 ppm groups). Again, no statistical analysis was performed for this
endpoint. No significant effects were noted for F1 fertility or mating indices, days to
mating, gestation length, or birthing complications. However, authors noted that non-
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significant and non-dose-related reductions in fertility indices in the F1 100, 250, and
500 ppm groups (68, 64, 72%, respectively) were below fertility indices of historical
controls (~90%). Mean numbers of implantation sites were reduced in the F1 dams in
the 250 and 500 ppm groups with statistical significance achieved at the higher dose
level. Live litter size was significantly decreased at 500 ppm. Apparent increases in
the incidence of ovarian follicular cysts and interstitial cell hyperplasia (mild) in F1
females in the 500 ppm group were not statistically significant. Absolute (but not
relative) epididymis and pituitary weights were significantly reduced in the F1 500
ppm males. Lesions observed in testes were considered minimal and their incidence
was not altered significantly by treatment, although there appeared to be a trend.
Other male reproductive organs were histologically normal. The percentage of motile
sperm was slightly, but significantly, reduced in the F1 males (from 89% in controls to
85%) at 250 ppm. The study authors did not consider this treatment-related since this
value exceeds that of historic controls. However, the percentage of motile sperm was
further (and significantly) reduced to 74% in the 500 ppm group. The percentages of
morphologically normal sperm were significantly reduced at 500 ppm. A slight but
statistically significant reduction from 99.5% normal sperm in controls to 98.9% in
the 100 ppm group was not considered by the study authors to be test article related
because the difference was very small, and no significant changes were seen in the
250 ppm group. [The CERHR ExpertPanel agreed with this interpretation.]

F2 rats were only evaluated for postnatal growth and survival to pnd 21. Postnatal
weight gain in males and females was significantly reduced in the F2 500 ppm group.
Survival was unaffected.

[The CERHR Expert Panel identified 100 ppm as a NOAEC in this study, and 250
ppm as a LOAEC, based on decreased prostate weight in the Fo males and increased
estrous cycle length in the F1 female offspring. From the perspective of the LOAECs
observed, both sexes are equally sensitive to 1-BP. Alterations in male and female
reproductive outcomes at 500 ppm may contribute to the altered fertility and reduced
litter size seen at this concentration, and the infertility seen at 750 ppm.]

Strength/Weaknesses: This is a comprehensive study conducted under GLP and it
meets specifications of EPA’s harmonized reproductive test guidelines. It includes
indices of puberty as measures for reproductive development, and sperm measures as
indices of testicular and epididymal function. This allows effects on reproductive
organ function to be detected in the absence of an effect on reproductive performance
at lower doses. Results provide convincing evidence that 1-BP is a reproductive
toxicant in both male and female rats, with neither sex being obviously more sensitive
than the other. Adverse effects on litter size and sperm measures at 500 and 750 ppm
were consistent across generations, suggesting a lack of a transgenerational effect, or
increased susceptibility during perinatal or pubertal stages. Apparent increase in age
at balanopreputial separation appears to be related to reduced bodyweights in
offspring in the highest dosage group rather than to direct effects of the test agent on
puberty. Despite significant (though not dramatic) reductions in epididymis weight,
sperm morphology, sperm motility, and epididymal sperm counts, there were no
effects on testicular histology or testicular sperm counts. Likewise, in the Fo females,
alterations in estrous cyclicity and litter size were found in the absence of significant
decreases in ovarian weight or significantly abnormal ovarian histology at 500 ppm.
Criteria for scoring histology were not provided (p. 55 of study). Some animals at 500
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and 750 ppm were apparently more than “minimally” affected, especially as the testes
contained at least some tubules with “Sertoli cell only.” One might expect to see
histologic evidence of abnormal spermatogenesis based on significant reduction of
epididymal sperm counts in the 750 ppm group. The Panel suggested that study
authors may want to reconsider the statistical analyses for testicular pathology.

Utility (adequacy) for CERHR Evaluation Process: This is an excellent study for
hazard identification and is adequate for the CERHR evaluation process. The wide
array of endpoints provides a comprehensive picture of alterations in both the male
and female reproductive system that together appear to account for the subfertility at
500 ppm and infertility at 750 ppm. Effects on many endpoints at 500 ppm, in the
absence of significantly decreased bodyweight or other pathology, provide strong
evidence for specificity of the reproductive toxicity.

Investigation of testicular toxicity

A study by Ichihara et al. examined the dose response of 1-BP-induced testicular
toxicity including sperm measures (motility/morphology) and detailed testicular
histology (testes fixed in Bouin’s and stained with period acid Schiff’s reagent). In the
examination of testicular histology, subtle changes in seminiferous tubule cell
associations, similar to those recommended by Creasy (71), were evaluated. These
included enumeration of spermatogenic cells in stage VII tubules and elongated
spermatids retained in stage [X—XI tubules (normally released at stage VIII). The
rationale for this study included the increased use of 1-BP in industry and the
previously reported reproductive toxicity induced by its isomer, 2-BP. Eight-to-nine,
10-week-old male Wistar rats (from the Shizuoka Laboratory Animal Center) were
exposed to air or 200, 400, or 800 ppm [1,006, 2,012, or 4,025 mg/m3] 1-BP vapors
(99.81% purity) for 8 hours/day for 12 weeks. The maximum dose in this study was
selected based on observations in previous studies that exposure to 1,000 ppm
resulted in debilitation. Chamber concentrations of 1-BP were measured by GC and
reported. At the end of the exposure period the rats were sacrificed and necropsied.
Data were evaluated by one-way ANOVA followed by Dunnett’s method. Table 4
lists findings of this study.

Significant reductions in absolute organ weights were observed for seminal vesicles
(>200 ppm), epididymides and pituitary (>400 ppm), and prostate (800 ppm).
Significant reductions in relative organ weights were noted in seminal vesicles (=200
ppm) and epididymides (800 ppm). Bodyweight gain was reduced in the 400 and 800
ppm groups. Histopathological changes were observed in the epididymides, prostate,
and seminal vesicles of the 800 ppm group. Epididymides had reduced duct cavity
diameter, wider interstitial space, increased epithelial cell height and contained
neutrophils or degenerated epithelial cells. Prostate and seminal vesicles had reduced
alveoli size and degenerated cells were observed in the seminal vesicle cavity.
Histological evaluation of testes revealed vacuolated seminiferous epithelium in 2 of
9 rats of the 800 ppm group. The numbers of retained elongated spermatids in stages
IX, X, and XI were significantly increased in 400 and 800 ppm groups and a
significant increase in degenerating spermatocytes in stage VIl was seen in the 800
ppm group. Sperm quality was also affected as observed by significant reductions in
sperm count and motility and increases in tailless sperm at >400 ppm. At 800 ppm a
significant increase in sperm with abnormal heads (banana-like or straight) was
observed. Table 4 includes values for sperm parameters. Plasma testosterone level
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was significantly reduced in the 800 ppm group, but there were no changes in follicle
stimulating hormone (FSH) or luteinizing hormone (LH) levels. The presence of
retained elongated spermatid during the post-spermiation periods (stages IX—XI) led
authors to conclude that the likely mode of 1-BP toxicity results in failure of
spermiation. Authors stated that this pattern of toxicity differs from that of 2-BP
which has been reported to target spermatogonia.

Table 4: Major reproductive findings in the study of Ichihara et al.

Number/ | Dose in ppm
Dose (mg/m3)

8 0

9 200 (1,006) | | Absolute seminal vesicle weight
| Relative seminal vesicle weight

Effects

9 400 (2.012) | | Absolute seminal vesicle, epididymides, and pituitary weight
| Relative seminal vesicle weight

| Retained elongated spermatids (13 vs 049/tubule)

| Sperm count (588 vs 792x10%/g cauda)

} Motile sperm (67 vs 83%)

| Tailless sperm (18 vs 4%)

| Bodyweight gain

1 Relative liver weight

| Mean corpuscular hemoglobin concentration

9 800 (4,025) | | Absolute seminal vesicle, epididymides, pituitary, and prostate weight
| Relative seminal vesicle and epididymides weight

! Histological changes in epididymides, prostate, and seminal vesicles
! Retained elongated spermatids (48 vs 049/tubule)

| Degenerating spermatocytes (06 vs 004/tubule)

| Sperm count (240 vs 792x10%/g cauda)

| Motile sperm (25 vs 83%)

! Tailless sperm (36 vs 4%)

1 Abnormal sperm (100 vs 1%)

Vacuolated seminiferous epithelium in 2/9 rats

| Plasma testosterone (29 vs 45 ng/mL) with no change in LH or FSH
| Bodyweight gain

! Relative and absolute liver weight; | absolute spleen weight

| Histological changes in liver

| Mean corpuscular volume

| Mean corpuscular hemoglobin concentration

Protocol: 10-week-old male rats exposed to 1-BP vapors for 8 hours/day for 12 weeks.
Notes: 1,|: Statistically significant increase, decrease.

Strength/Weaknesses: A strength of this study is the thorough evaluation of testicular
effects of 1-BP including detailed histology, sperm measures, and serum hormones.
The exposure period is sufficiently long to see effects on all spermatogenic stages,
and the range of doses is sufficiently wide to determine a no effect level and begin to
see systemic effects on bodyweight. Enumeration of spermatogenic cell types in
seminiferous tubule cross sections allowed conclusions about sensitive cell types
and/or stages. The conclusion that the main effect in testis is spermatid retention
beyond Stage VIII is consistent with a possible effect on Sertoli cell function and/or
possible effect on the endocrine support of spermatogenesis. Decreased testosterone
levels in the high-dose group coupled with decreased weights of testosterone-
dependent organs (most consistently the seminal vesicles) are consistent with the
latter hypothesis, as is observed decrease in sperm quality (motility/morphology).
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Retained spermatids may account for the decreased numbers of sperm in the
epididymides. A weakness of the study is that relatively low numbers of animals per
group (9-10) limits the power of the study to detect an effect. For example, lower and
more variable serum testosterone level might obtain statistical significance if more
animals were assessed. Also, the significance of the adverse effects on testicular and
sperm measures is hard to interpret without fertility data.

Utility (adequacy) for CERHR Evaluation Process: This study is particularly useful
for characterizing effects of 1-BP in males since it includes detailed histology with
quantification of germ cells and serum hormones. It has limited usefulness for hazard
identification since it does not include a fertility assessment, but is a valuable adjunct
to 1-BP weight of evidence considerations.

Testicular effects in rats

Kim et al. and Yu et al. examined testes microscopically and no adverse effects were
reported. In the Kim et al. study, Sprague-Dawley rats inhaled 1,800 ppm 1-BP for 6
hours/day, 5 days/week, for 8 weeks. Testes were fixed in 10% neutral buffered
formalin, embedded in paraffin, sectioned and stained with hematoxylin-Eosin and/or
PAS hematoxylin. In the Yu et al. (51) study, male Wistar rats were exposed to 1,000
ppm 1-BP vapors (99.4% purity) for 8/hours/day for 5 or 7 weeks. Kim et al. reported
an increase in relative weight of ovaries, but no ovarian lesions were observed.

Strength/Weaknesses: The experimental designs of the Kim et al. and Yu et al. studies
could allow comparison of relative effects on gonads and blood. However, since there
is no indication that testes (or ovaries) were examined for subtle effects such as
retained spermatids or vacuolated Sertoli cells, it is doubtful that testes were evaluated
in sufficient detail to detect changes seen in the other studies. Lack of effect could
also be due to the shorter duration of exposure, but 7-8 weeks should be sufficient to
detect changes in spermiation and sperm counts. Increased relative weights of testes
and ovaries could simply be due to bodyweight depression without change in absolute
gonad weights.

Utility (adequacy) for CERHR Evaluation Process: These studies by Kim et al. and
Yu et al. are not useful for evaluating reproductive effects. They may be useful for
comparing blood measures with other studies.

Two unpublished general toxicity studies also included evaluation of the testes. In a
28-day inhalation study, testicular hypo/aspermatogenesis was seen in two surviving
Sprague-Dawley rats after exposure to 8,000 mg/m3 or about 1,600 ppm, but this
effect could not be specifically related to the exposure due to systemic toxicity at this
concentration. On the other hand, no testicular or ovarian lesions were observed in
Sprague-Dawley rats exposed to up to 3,000 mg/ms3 (~700 ppm) 1-BP vapors for 13
weeks. This finding is consistent with the results of the multigeneration study
described above.

Dominant lethal test in rats

Saito-Suzuki et al. conducted dominant lethal studies in rats to determine the
structure-activity relationships of 5 halogenated propanes. In addition to 1-BP (>98%
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purity) the following compounds were examined: 1,2,3-tribromopropane, 1,2-
dibromopropane, 1,2,3-trichloropropane, and 1-chloropropane.

Eleven-week-old male Crl: Sprague Dawley rats (n=15/group) were gavaged with
10% of the acute lethal dose of each compound in olive oil for 5 days. 1-BP was
administered at a dose of 400 mg/kg bw. Olive oil was the negative control and 1,2-
dibromo-3-chloropropane was the positive control (n=15/group). At 1-8 weeks after
treatment, the males were mated weekly with untreated females. 1-BP treatment had
no effect on male fertility. Females (n=15/time period) were sacrificed 1314 days
after mating and examined for corpora lutea, implants, live embryos, and early and
late embryonic deaths. 1-BP treatment increased the number of mean dead implants at
the 8-week mating but had no effect on the dominant lethal mutation index (live
embryos per test female/live embryos per control females). The authors concluded
that dominant lethal mutations were induced by propanes containing a bromine or
chlorine atom on each carbon with bromine comprising two of the atoms.

Strength/Weaknesses: This is a classic dominant lethal protocol showing that a
relatively high oral dose of 1-BP (~maximum tolerated dose) does not induce
dominant lethality. Other halogenated propanes serve as controls in that they are
effective at lower dosages.

Utility (adequacy) for CERHR Evaluation Process: This paper is important since it
eliminates 1-BP as a germ cell mutagen, and thereby rules out a mechanism of action
exhibited by related halogenated propanes. The study also shows that short-term (5
day) exposure at high levels failed to produce adverse effects sufficient to affect
fertility. The protocol neglected specific changes in testis/epididymis function.

OECD 422 screening study

An abstract is available that describes a reproductive study conducted in rats
according to OECD Guideline 422. While the abstract reported results similar to those
observed by WIL Research Laboratories, the full study report was not available to the
Expert Panel during the present review of 1-BP.

Summary of the reproductive toxicity studies reviewed by CERHR

Reproductive studies, including a two-generation study, were conducted in rats. Major
findings of these studies are included in Table 5 below.

The two-generation study provides sufficient data to indicate that repeated chronic
inhalation exposure of female Sprague-Dawley rats to 1-BP at doses of 250 ppm
(1,257 mg/m3) and higher results in reproductive toxicity (58). Effects included a
dose-related increase in estrous cycle length in F1 females exposed to > 250 ppm
(1,257 mg/m3) and FO females exposed to > 500 ppm. Follicular cysts were seen in
ovaries of FO females exposed to 750 ppm (3,771 mg/m3) and were accompanied by
decreased ovarian size and decreased numbers of corpora lutea (58). Reduced fertility
and litter size were observed in the FO and F1 generations at >500 ppm (2,514
mg/m3), but the experimental design did not permit differentiation as to whether these
effects were due to reduced female or male fertility, or both. There are sufficient data
to indicate that repeated inhalation exposure of male rats to 1-BP results in
reproductive toxicity at doses of 200 ppm (1,006 mg/m3) and higher. Effects in a two-
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generation study included decreased prostate weight in FO males at 250 ppm (1,257
mg/m3), and dose-related decreases in percentages of normal sperm and motile sperm
in FO and F1 generations at >500 ppm (2,514 mg/m3) (58). Decreased epididymal
sperm count, epididymal weight, and seminal vesicle weight were observed at the 750
ppm (3,771 mg/m3) dose. Reduced fertility and litter size were observed in the FO and
F1 generations but the experimental design did not permit differentiation as to
whether these effects were due to reduced female or male fertility, or both. Testicular
toxicity consistent with the above study was also characterized in a subchronic
inhalation study (57). Decreased absolute and relative seminal vesicle weights were
observed at 200 ppm (1,006 mg/m3). Histopathological changes were observed in
epididymides, prostate, and seminal vesicles at a dose of 800 ppm (4,025 mg/m3).
The presence of retained elongated spermatids was increased at doses of 400 and 800
ppm (2,012 and 4,025 mg/m3), and reductions in sperm count and motility were
observed. Plasma testosterone levels were reduced at 800 ppm (4,025 mg/m3) (57).
The Expert Panel noted a conclusion by Ichihara et al. (57) that the main effect in
testis is spermatid retention beyond Stage VIII. The Panel concludes that such effects
are consistent with altered Sertoli cell function or impaired endocrine support of
spermatogenesis.

The Expert Panel selected a NOAEC of 100 ppm (503 mg/m3) for the two-generation
reproductive toxicity study (58), and opined that reduced fertility in the two-
generation study was due to reproductive toxicity in both males and females. This was
based on the observation that exposure to 2,514 mg/m3 (500 ppm) increased estrous
cycle length and compromised sperm quality (as discussed above in separate
summaries for male and female rats). Further, the Panel noted that the male and
female reproductive systems may be equally sensitive since decreased prostate weight
at 250 ppm (58) and decreased seminal vesicle weight at 200 ppm (57), as well as
extended estrous cycles in F1 females at 250 ppm occurred at similar concentrations.
However, difficulties in analyzing the length of the estrous cycle when some of the
animals were not cycling precluded a definitive statistical analysis on this last point.
Lastly, the Expert Panel noted consistency of effects across the two generations and
stated there was no evidence of increased sensitivity in developing rats exposed in
utero and indirectly through mother’s milk, or during pubertal development.

Summary Statements of the CERHR Panel

e There is insufficient evidence in humans that 1-BP causes reproductive
toxicity due to an absence of data.

e There is sufficient evidence in female rats that exposure to 1-BP causes
reproductive toxicity manifested as ovarian dysfunction following inhalation
at >250-500 ppm daily for 6 h/d for 10 weeks.

e Subfertility is observed following inhalation at > 500 ppm under the same
conditions. These data are assumed relevant to consideration of human risk.

e There is sufficient evidence in male rats that exposure to 1-BP causes
reproductive toxicity manifested as decreased secondary sex organ weights
following inhalation at >200-500 ppm daily for 6-8 h/day for 10-12 weeks.
The data are assumed relevant to consideration of human risk.
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Table 5: Summary of reproductive toxicity studies with 1-BP

Concentration
in ppm (mg/m3)

Exposure
Regimen

Species/
Strain

Concentration: Effect

Reference

100 (503)
250 (1,257)
500 (2,514)

750 (3,771)
[Fo only]

6h/7d/10 wk
prior to mating
and during ges-
tation and most

of lactation.

Whole body.

Male and
female
CD Rat

NOAEC= 100 ppm (503 mg/m?

250 ppm (1.257 mg/m’):
1 Estrous cycle length in F,
| Prostate weight (F)
500 ppm (2,514 mg/m?);
| Estrous cycle length
| Normal sperm and sperm motility
} Epididymis and prostate (Fy) weights
| Fertility, implantation sites, and litter size
| Precoital interval
750 ppm (3,771 mg/m>):
1 Estrous cycle length
1 Ovarian follicular cysts and | corpora lutea
| Sperm count, normal sperm and sperm motility
} Ovary weight and numbers of corpora lutea
| Epididymis, prostate, seminal vesicle and pituitary
weights
JMating
| Precoital interval, and complete infertility

WIL Research
Laboratories
(38)

200 (1,006)
400 (2,012)
800 (4,025)

8h/12 wk
Whole body.

Male
Wistar
Rats

200 ppm (1,006 mg/m?):
} Absolute and relative seminal vesicle weight
400 ppm (2,012 mg/m®):
| Retained elongated spermatids
1 Sperm count and motility and {tailless sperm
| Absolute seminal vesicle, epididymides, and pitu-
itary weight and relative seminal vesicle weight
800 ppm (4,025 mg/m?):
1 Retained elongated spermatids and degenerating
spermatocytes
}Sperm count and motility
{ Tailless sperm and abnormal sperm
Vacuolated seminiferous epithelium in 2/9 rats
Epididymis, prostate, and seminal vesicle lesions
| Testosterone
} Absolute seminal vesicle, epididymides, prostate,
and pituitary weight and relative seminal vesicle
and epididymides weight

Ichihara et al.
(57)

h = hours; d = days; wk = week

{=Increased Effect; |=Decreased Effect

Developmental toxicity

Human Data

Fy=Effects observed only in F;,
F=Effects observed only in F,.

No case report or epidemiological data were available for any aspect of potential
developmental toxicity induced by exposure to 1-BP.

Experimental Animal Data

Developmental toxicity study in rats (HLS)

The BSOC sponsored a standard developmental toxicity study using Crl: CD (SD)
IGS BR Sprague- Dawley rats. Pregnant animals (25/group) were exposed to actual
vapor concentrations of 0, 520, 2,530, or 5,060 mg/ms3 [0, 103, 503, or 1,005 ppm] 1-
BP (99.9% purity) for 6 hours/day from gd 6-19 (day of conception=day 0).
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Exposures were conducted in whole-body chambers under dynamic conditions.
Concentrations were monitored by infrared (IR) spectrometry. Nominal chamber
concentrations were selected to produce a gradation of effects from the lowest to the
highest dose. Pregnancy was terminated on gd 20 and the fetuses removed by
cesarean section. The uterine contents were weighed and one-half the fetuses
preserved in Bouin’s fluid for soft-tissue evaluation, while the other half were
eviscerated and processed for skeletal evaluation using Alizarin Red-S and Alcian
Blue.

The study was conducted according to GLP. Results of this study are summarised in
Table 6.

Table 6: Major effects observed in the pre-natal toxicity performed by HLS

Concentration

Exposure

Species/

in ppm (mg/m’)|  Regimen Strain ORIt Rapwiance
100 (503) 6h/7d/10 wk | Male and | NOAEC= 100 ppm (503 mg/m® WIL Research
250 (1,257) prior to mating female | ,44 ppm (1,257 mg/m’): Laboratories
500 (2.514) nd dmnl:]g ges-| CDRal | +gstrous cycle length in F, (38)
- o tation a .mo.st | Prostate weight (F)
750 (3,771) of lactation. 500 ppm (2,514 mg/n):
[Fo only) Whole body. I 1 Eslrous.é;cle length ;
1 Normal sperm and sperm motility
| Epididymis and prostate (Fg) weights
| Fertility, implantation sites, and litter size
1 Precoital interval
750 ppm (3,771 mg/m’):
1 Estrous cycle length
1 Ovarian follicular cysts and | corpora lutea
| Sperm count, normal sperm and sperm motility
}Ovary weight and numbers of corpora lutea
| Epididymis, prostate, seminal vesicle and pituitary
weights
| Mating
| Precoital interval, and complete infertility
200 (1,006) 8h/12 wk Male 200 ppm (1,006 mg/m?3): Ichihara et al.
400 (2,012) Whole body. Wistar | Absolute and relative seminal vesicle weight (57)
800 (4,025) Rats | 400 ppm (2,012 mg/m?):

| Retained elongated spermatids

| Sperm count and metility and {tailless sperm

| Absolute seminal vesicle, epididymides, and pitu-
itary weight and relative seminal vesicle weight

800 ppm (4,025 mg/m?):

1 Retained elongated spermatids and degenerating
spermatocytes

}Sperm count and metility

| Tailless sperm and abnormal sperm

Vacuolated seminiferous epithelium in 2/9 rats

Epididymis, prostate, and seminal vesicle lesions

| Testosterone

} Absolute seminal vesicle, epididymides, prostate,
and pituitary weight and relative seminal vesicle
and epididymides weight

Fy=Effects observed only in F;,
F =Effects observed only in F,.

h = hours; d = days; wk = week
t=Increased Effect: |=Decreased Effect

There was no effect on pregnancy rate. One animal from the 1,005 ppm (5,060
mg/m3) group was sacrificed moribund. Examination of this animal indicated
extramedullary hematopoiesis, hepatocellular necrosis, hepatocellular inflammation,
and lymphoid cell hyperplasia of the spleen. These findings were not considered to be
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treatment related. Lacrimation and salivation were observed in animals exposed to
1,005 ppm (5,060 mg/m3). Mean maternal bodyweight and bodyweight corrected for
gravid uterus weight in the 503 ppm (2,530 mg/m3) and 1,005 ppm (5,060 mg/m3)
groups were significantly reduced compared to the concurrent controls; maternal
bodyweight gain and food consumption were also significantly reduced in these two
groups. No signs of embryotoxicity were observed, and no treatment-related visceral
or skeletal anomalies were noted. Fetal bodyweight was significantly reduced in all
treated groups. A significant treatment-related increase in the litter incidence of bent
ribs was seen in the 1,005 ppm (5,060 mg/ma) group, but the authors considered this
condition reversible and frequently observed in untreated rats. [The CERHR Panel
noted that bent ribs (also referred to as undulating, angulated, bowed or wavy rib) is a
term applied to congenital undulations of several ribs and these changes are
considered a fetal aberration (deviation) as contrast to a frank malformation.]

A slight (but not significant) increase in the incidence of wavy ribs was observed in
litters exposed to 503 ppm (2,530 mg/m3) 1-BP. No fetuses with wavy ribs were
found in either control litters or in those recovered from dams inhaling 103 ppm (520
mg/m3). [The CERHR Panel noted that the incidence of ‘wavy’ ribs in control rat
fetuses is generally low (0 to 2.7%), is bilateral and the condition resolves without
sequelae. Bent or wavy ribs are associated with reduced local alkaline phosphatase
activity and reduced calcium deposition and are thought to be the result of opposing
cervical and abdominal muscular forces acting upon incompletely ossified ribs.]
Reduced skull ossification was observed at 503 and 1,005 ppm (2,530 and 5,060
mg/m3), and was associated with maternal toxicity and reduced fetal bodyweight by
authors. Thus, reduced ossification of the fetal rat skull occurred after 1-BP exposures
less than those required to retard ossification of the ribs (18). The authors identify 103
ppm (520 mg/m3) as a NOEC for maternal and fetal toxicity, and 1,005 ppm (5,060
mg/m3) for teratogenicity. The Expert Panel noted that Huntingdon Life Sciences (18)
did not consider reduced fetal weight at the lowest dose to be treatment-related.
Huntingdon Life Sciences (18) suggested that the practice of holding “1 or 2” control
dams “until the end of the daily cesarean section period” resulted in “many control
group fetuses weighing ~0.2 g heavier in bodyweight versus the laboratories’ usual
3.9 gram fetuses” (68). Huntingdon Life Sciences (18) speculated that this practice
resulted in apparent bodyweight reductions among treated as compared to concurrent
control groups when considered for individual male and female fetuses. There is no
question that normal fetal rodent bodyweights increase rapidly near term. However,
23-25 dams/group and their litters were examined (18). Therefore, the Panel
guestioned whether holding one dam/group (from 23-25 total litters) until the end of
the workday could result in a statistical distortion of the data that was not related to
exposure history.

The CERHR Expert Panel addressed the question of whether reduced fetal
bodyweights at the 103 ppm (520 mg/m3) concentration were due to 1-BP treatment
by calculating a benchmark dose (BMD). The EPA BMD Software program (BMDS
Version 1.3) was used. Initial attempts to model the data indicated that none of the
models fit the data adequately. Examination of the raw data suggested that a single
litter in the 103 ppm (520 mg/m3) group was aberrantly low (i.e., an outlier): the mean
for this litter was 3.2 grams, approximately three SD lower than the mean of 3.9
grams. Therefore, this litter was excluded from subsequent analyses. Doing this
changed the mean and SD for this group from 3.9 £ 0.23 to 4.0 £ 0.17 grams. More
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importantly, it made the data amenable to dose-response modeling using the BMDS
software. The polynomial model provided the best data fit (Figure 1). The BMD was
calculated as the concentration at which fetal weight was reduced 5% from the
concurrent control mean. This provided a central estimate for the BMD of 561 ppm,
and a 95th percentile lower confidence limit (BMDL) of 305 ppm. The CERHR
Expert Panel noted that the BMD is consistent with the LOAEC for skeletal
variations.

Figure 1

Benchmark Dose Analysis of Fetal CD Rat Bodyweight Following In Utero Exposure to 1-BP (18)

Polynomial Model with 0.95 Confidence Level
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Strength/Weaknesses: The Huntingdon Life Sciences (18) bioassay is a well-
conducted, GLP study performed in accord with current regulatory guidelines and
standard practices using appropriate numbers of animals. Chamber concentrations
were determined by weighing the 1-BP vapor generation apparatus prior to and
following cessation of exposure, then dividing by the duration and airflow. The purity
of the test material was determined “using a modified method provided by the
sponsor” and was stated as 99.87%. The chamber air concentrations were measured
using a Miran air analyzer, but specific details of that infrared method were not
provided. Fetuses were evaluated for signs of developmental toxicity using
appropriate methods.

Utility (adequacy) for CERHR Evaluation Process: The Huntingdon Life Sciences
(18) rat data are directly applicable to the evaluation process in that the protocol
conformed to that expected from a standard inhalation bioassay carried out under
GLP. It is noteworthy that only rats were included in the protocols available to date.
No data for other common laboratory species (e.g., mice, rabbits) as required for
standard developmental toxicity risk assessments were found. No pharmacokinetic,
disposition, or transplacental transfer data were collected that could be applied in
quantitative interspecies extrapolation of dose. Limited information about
developmental toxicity associated with exposure to 1-BP is also available from a two-
generation reproductive toxicity study in which Crl:CD(SD) IGS BR rats were
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exposed to 0, 100, 250, 500, or 750 ppm [0, 503, 1,257, 2,514, 3,771 mg/m3] 1-BP
vapors during premating, mating, gestation, and lactation (pnd 5-21) (58). Complete
details of the WIL Research Laboratories (58) study are included in Section 4.
Statistically significant reductions in live litter size were observed in Foand F1
females exposed to 500 ppm and no offspring were observed in Fo females exposed to
750 ppm. Given that there were proportionate decreases in implantation sites in the Fo
dams, the Panel noted the plausible explanation of an effect on fertility rather than
adverse effects on development. Significant reductions in neonatal weight gain during
nursing occurred in F1 males and F2 males and females of the 500 ppm group. There
were no treatment-related effects on postnatal survival in either F1 or F2 litters. The
authors stated that skeletal examinations would be conducted according to the
Dawson method if external abnormalities were observed. There were no reports of
external malformations in offspring. [The CERHR Expert Panel identified a
developmental NOEC of 250 ppm.]

Strength/Weaknesses: This is a well-conducted GLP study performed according to
standard practices and guidelines. Adequate numbers of animals were used in the
evaluation and all the appropriate endpoints for reproductive toxicity were examined.
One limitation is that developmental effects may have been missed because animals
were allowed to give birth, which may prevent detection of malformed or otherwise
abnormal fetuses.

Utility (adequacy) for CERHR Evaluation Process: This two generation study
provides convincing evidence that adverse effects on rat reproductive performance
associated with inhaled 1-BP were due to reduced fertility; no evidence of
developmental toxicity was found in pregnant females (through 500 ppm groups).
This study provides useful indirect evidence that inhaled 1-BP is not a developmental
toxicant in rats at up to 500 ppm.

HLS 2-generation reproductive toxicity study — developmental
segment

Limited information about potential developmental effects is available from a range-
finding one generation GLP study conducted by Huntingdon Life Sciences. Ten
individually housed groups of Crl: CD (SD) IGS BR rats were randomly assigned and
exposed (whole body) to HEPA-filtered air or 1-BP vapors (99.9% purity) in nitrogen
at concentrations of 100, 199, 598, or 996 ppm [503, 1,001, 3,008, 5,010 mg/m3] on
gd 6-19 for 6 hours/day. Dams delivered and were exposed to 1-BP together with
their litters on pnd 4-20. Concentrations in dynamic inhalation chambers were
verified using an unstated infrared method. At birth, pups from 7-9 litters/group were
sexed, weighed, and examined for viability and external abnormalities. Pup growth
and survival were monitored from birth through weaning. At weaning, 1 pup/sex/litter
was randomly selected for a post-weaning growth study and exposed to 1-BP on pnd
22-28. Hematology and clinical chemistry analyses and organ weight measurements
were conducted in dams at the end of the lactation period and offspring from the pnd
22-28 day post-weaning study on pnd 29. Data were analyzed by ANOVA, Dunnett’s
test, and/or the Kruskal-Wallis test. Results in this study are summarised in Table 7.
Dams in the 996 ppm group experienced lacrimation and increased salivation.
Maternal bodyweight gain was reduced during treatment in the 199, 598, and 996

26



ppm groups but did not reach statistical significance. Food intake was not affected by
treatment. Significant organ weight changes in dams included increases in relative
weights (to bodyweight) of the liver and kidneys in the 598 and 996 groups. The
authors did not consider any of the changes in maternal hematology or clinical
chemistry parameters to be toxicologically significant. No external abnormalities or
reduced birth weight were reported. During the period from birth to weaning, no
increased pup mortality was observed; pup bodyweights were slightly, but not
significantly, reduced in the 996 ppm group. Bodyweight gain during the post-
weaning period (pnd 22—-29) was significantly lower for males in the 598 and 996
groups and females in the 996 group. Significant organ weight changes in male
offspring included increased absolute adrenal (100 and 199 ppm) and reduced brain
weight (996 ppm) and increased relative adrenal weight (100, 199, and 996 ppm). In
female offspring, absolute brain weight was significantly reduced in the 996 ppm
group. The only hematological and biochemical effects in offspring that were
considered treatment-related by authors included statistically significant reductions in
platelet count in 598 and 996 ppm females and 996 ppm males, elevations in gamma-
glutamyl transferase levels in 996 ppm males and females, and reduced circulating
glucose levels in the 996 ppm females and in all treated males (significant only at
high dose for males). Authors identified a maternal NOEC of 100 ppm but did not
identify a developmental NOEC. The results are summarised in Table 7. [The
CERHR Expert Panel noted that exposure to 1-BP during the post-weaning period
reduced bodyweight gain and may have targeted adrenals, platelets and the liver.]

Table 7

Major Effects Observed in a Developmental Range-Finding Study by Huntingdon Life Sciences {69)

Dose in ppm

Number® (mg/m’) Maternal Effects Offspring Effects
10/8 0
10/9 100 (503) | NOEC I Relative adrenal weight (M)
10/8 199 (1,001) | | Bodyweight gain® I Relative adrenal weight (M)
10/7 508 (3,008) | |Bodyweight gain® | Bodyweight gain on pnd 22-25(M)
{ Relative liver and kidney weight | | Platelets (F)
10/10 996 (5,010) | | Bodyweight gain® | Bodyweight gain on pnd 22-29

(M) and 22-25 (F)
I Relative adrenal weight (M)

No toxicologically significant +Absolute brain weight
effects on hematology or blood | Platelets
chemistry

f Relative liver and kidney weight

Clinical signs

| Glucose levels
I Gamma-glutamyl transferase

No reduced birth weight, external
abnormalities or increased mortality

Protocol: CD rats were exposed to 1-BP on gd 6-19. Dams delivered and were then exposed to 1-BP with
litters on pnd 4-20. One offspring/sex/litter was exposed on pnd 22-28.

Notes: 1, |=significant increase, decrease.
M, F=Males, Females only.
ANumber of pregnant dams/litters evaluated.
b A lthough not statistically significant, bodyweight effects were considered by authors in selection
of NOEC.
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Strength/Weaknesses: One deficiency noted concerned 1-BP purity and stability in
that a “modified method provided by the study sponsor” was utilized in those
analyses. Chamber nominal concentrations were determined by weighing the 1-BP
vapor generation apparatus prior to and following cessation of exposure, then dividing
by the duration and airflow. Huntingdon Life Sciences (69) indicated that chamber air
was collected at four time points over the 6-hour exposures and evaluated using a
‘Miran air analyzer.” The report neither presented the details of chamber air sampling
and infrared quantification, provided references to published or standardized methods
for 1-BP measurement nor was it clear whether the calculated nominal concentrations
were confirmed using conventional GC techniques.

Utility (adequacy) for CERHR Evaluation Process: While the protocol is of little
utility in hazard identification for teratogens, the investigation is valuable inasmuch as
exposures were conducted throughout organogenesis, through neonatal life, and
infancy. A rat LOAEC for developmental toxicity of 100 ppm can be identified based
on the significant increase in absolute and relative adrenal weights for the F1 males.
After exposure to 598 or 996 ppm, adrenal to bodyweight ratios were also increased
for the males, but not for the female offspring. Huntingdon Life Sciences identified a
maternal NOEC of 100 ppm based on reduced maternal bodyweight gain after
exposure to 199, 598, and 996 ppm.

Conclusions of the CERHR panel

No data are available to evaluate potential developmental toxicity of 1-BP exposures
in humans.

In rats, appropriate methods were used to evaluate teratogenicity following exposure
on gd 6-19. Postnatal growth and survival were evaluated in a two-generation
reproductive toxicity assay and in a range-finding reproductive toxicity assay. Dams
in the two-generation study were exposed throughout the entire gestation period and
from pnd 5 to 21, while dams in the screening study were exposed on gd 6-19 and
pnd 4-20. All studies were conducted according to GLP. The data were adequate to
evaluate developmental toxicity in rats. No data were available for other common
laboratory species such as mice and rabbits. In addition, there are no pharmacokinetic,
disposition, or transplacental data that could be applied to quantitative interspecies
extrapolation.

CERHR Summary of Developmental Toxicity

There were no studies located that address potential developmental toxicity in humans
exposed to 1-BP.

The data are sufficient to indicate that inhalation exposure to 1-BP in rats can induce
signs of developmental toxicity.

A prenatal inhalation developmental toxicity study in rats observed reduced
ossification of the skull at >503 ppm (>2,530 mg/m3) and increased bent ribs at 1,005
ppm (5,060 mg/m3); decreased maternal bodyweight gain and food consumption also
occurred at these concentrations. Significant reductions in fetal bodyweight were
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observed at >103 ppm (520 mg/m3). No evidence of embryotoxicity (lethality/terata)
was seen at concentrations up to 1,005 ppm (5,060 mg/m3) 1-BP on gd 6-19.

There was no NOAEC for fetal weight decrease in the 1-BP developmental toxicity
study. The authors of the study speculated on non-treatment-related reasons for the
statistically significant effect at the lowest exposure concentration (103 ppm) and
suggested that the true LOAEC was the next higher concentration level, 503 ppm. The
Expert Panel addressed the question by calculating a BMD. The EPA BMD Software
program (BMDS Version 1.3) was used. The BMD was calculated as the
concentration at which fetal weight was decreased by 5% from the control mean. This
provided a central estimate for the BMD of 561 ppm, and a 95th percentile lower
confidence limit (BMDL) of 305 ppm. The CERHR Expert Panel noted that the BMD
is consistent with the LOAEC for skeletal variations.

Two studies examined postnatal growth in rat pups whose dams were exposed to 1-
BP during gd 6-19 and pnd 4-20 or throughout the entire gestation and majority of
the lactation period (pnd 5—21) (58). Whereas reduced fetal bodyweights were seen at
day 20 after dams inhaled 103 ppm 1-BP from days 6-19 (18), no such changes were
observed at birth (day 21) in male and female CD neonatal rats born to dams inhaling
100 ppm 1-BP from days 6-19 (69). Postnatal pup bodyweight gain was reduced in
litters from dams exposed to >598 ppm (3,008 mg/m?®) (69). F1 and F2 pup weight
gain was reduced during the nursing period at 500 ppm (2,514 mg/m°) in a two-
generation study in. Additional relevant effects are listed in Table 8.

The CERHR Panel concluded there is sufficient evidence in rats that inhalation
exposure to 1-BP causes developmental toxicity in the form of skeletal variations,
consistent with developmental delay, following inhalation at >503 ppm, 6 hours/day,
gd 6-19. There was also a concentration-related reduction in fetal bodyweight
consistent with developmental delay. The data are assumed relevant to consideration
of potential risk to human health.

CERHR Summary and Conclusions of Reproductive and Developmental Hazards

Developmental Toxicity

Prenatal developmental toxicity was assessed in Crl:CD rats. The data are sufficient to
conclude that 1-BP caused developmental toxicity, in the form of decreased fetal
weight and increased incidence of skeletal variations, in rats exposed to the compound
by inhalation on a daily basis during the period of in utero development. The skeletal
effects are typical of those associated with developmental delay and are believed to be
reversible. The skeletal effects occurred in pups whose dams were exposed 6
hours/day to concentrations of 503 ppm (2,530 mg/m?) and higher; a benchmark
analysis of the fetal weight data indicated a BMD that detected a 5% change was 561
ppm (central estimate) with a lower 95th percent confidence limit of 305 ppm. These
data are assumed relevant for assessing human hazard.

No information was available on developmental outcome after 1-BP exposure in
humans.
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Table 8: Summary of developmental toxicity studies with 1-BP

Hnahiicn Exposure | Species/
Concentration i'l'n'kim poi Strain Concentration: Effect Reference
in ppa (mg/m’) .
103 (520) 6hid CD(SD) | Dams: . Humtingdon
503 (2,530) gd 6-19 IG; BR | Maternal NOEC~103 ;:pm (520 mg/'m”) l.;‘l:: Sciences
- al 503 (2,530 mg/m'): (12)
1,003 (5,060) ,“PE',’Q'hn prcign. (-~ T
1.005 ppm (5,060 mg/m’):
| Weight gam and food intake
Lacnmation, Excessive salivation
Fetuses®:
103 ppm (520 mg/m’}:
| Bodyweight
503 ppm (2,530 mgm?)
| Bodyweight; | Skull ossification
1.005 ppm (5,060 mg/m”):
| Bodyweight; | Skull ossification; t Bent ribs
100 (503) 6h'd CD Rat | Dams: Humtingdon
199 (1,001) ad 6-19 and Maternal NOEC=100 ppm (503 mg'm®) Life Sciences
598 (3,008) pod 4-20 199 ppm (1,001 mg/m?) (69)

| Bodlyweight gain
598 ppm (3,008 mg/m*):

| Bodyweight gain

1 Relative hiver and kidney weight
996 ppm (5,010 mem’ )

| Bodyweight gain

{ Relative liver and kidney weight

Clinical signs

996 (5,010)

100 ppm (503 mg/m'):
| Relative adrenal weight (M)
199 ppm (1,001 mg/m?)
{ Relative adrenal weight (M)
598 ppm (3,008 mgm’)
| Bodyweight gain (M: pnd 22-25)
| Platelets (F)
996 ppm (5,010 mg/m?)
| Bodyweight gain (M: pnd 22-29, F: pnd 22-25)
| Absolute brain weight (M.F)
{ Relative adrenal weight (M)
| Platelets (M, F); | Glucase (M,F)
| Gamma-glutamy] trans ferase (M.F)

100 (503) ch7dwk for | CDRat | Dams: See Table 4-3 in Section 4 WIL
250 (1,257) gastation and 2 Research
TN most of lactaticn. R ——, 25 257 mef Laborstories
500 (2,514) o Developmental NOE e 0 ppm (1,237 mg/m’) i orie
Whole body 500 ppm (2,514 mg/m*): (35)
| Weight gain during lactation period

b = hours; d = days; wk = weck; M=Male, F~Female; $~Increased Effect; | ~Decreasad Effect
*[RMDs for fetal bodvweight: 361 ppm (central estimate): 305 ppm (95 percentile kower confidence limit).|
bReproductive effocts for this study are summarizad in Section 4

Reproductive Toxicity

Reproductive effects of 1-BP were observed in a two-generation inhalation study in
Crl:CD rats.

Decreased fertility, decreased numbers of implantation sites and litter size and
increased pre-coital interval were observed after exposure at concentrations of 500
ppm (2,514 mg/m?®) and higher. These effects could be attributable to effects on either
the male or female parent. Evaluation of other endpoints indicated adverse effects in
both sexes. In males, prostate weight was decreased at concentrations of 250 ppm
(1,257 mg/m®) and higher, and there were effects on seminal vesicle weight and
sperm quality at higher concentrations. Effects in females included an increase in
ovarian follicular cysts at 750 ppm (3,771 mg/m?). There was also an increase in
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estrous cycle length that was judged to be 1-BP-related at 250 ppm (1,257 mg/m?) and
higher. The NOAEC for this study was 100 ppm (503 mg/m?®).

A subchronic inhalation study in male Wistar rats confirms the effect on reproductive
organ weights (57). These effects were observed at the lowest concentration tested,
200 ppm (1,006 mg/m®). Histopathologic evidence of inhibited spermiation was also
observed in this study at concentrations of 400 ppm (2,012 mg/m®) and higher.

There is sufficient evidence to conclude that inhaled 1-BP causes reproductive
toxicity in male and female rats. The NOAEC for these effects was 100 ppm (503
mg/m®). These results are assumed relevant for human hazard assessment.

52  TERA (2004) Review

The review was initiated as existing occupational exposure limits (OELs ) in the USA
varied by approximately 16 fold, from 10 ppm to 156 ppm, due to the use of different
studies, end points and assessment factors. The review aimed to critically evaluate the
underlying basis of the OELs and determine a common approach to deriving the OEL.
The critical studies were identified as those chosen by CERHR (WIL Research; HLS;
Ichihara).

The approach was to identify the critical effect or effects; derive a benchmark dose
(BMD) and apply an appropriate uncertainty factor. The analyses were performed on
a number of end points, including neurotoxicity, hepatotoxicity and reproductive /
developmental toxicity.

The benchmark dose (BMD) approach was also used in conjunction with the more
standard NOAEL/LOAEL technique to analyze the data for 1-BP. The use of both
approaches necessitates expert judgment and adds value to the overall assessment.
U.S. EPA’s BMD software, version 1.3.2 (U.S. EPA, 2001) was used to reproduce
each critical benchmark dose (BMD) and lower bound benchmark dose (BMDL) for
1-BP calculated by Stelljes and Wood (2004) and to expand the analysis to additional
endpoints of interest for the 2-generation study (WIL Research, 2001). Benchmark
responses (BMRs) of 1.0 control standard deviation were used by TERA for all
continuous data and BMRs of 10% were used for all dichotomous data. These choices
reflect standard operating procedure. All the available models in the BMDS software
were run for each data set, and BMDs and BMDLs from the best fitting model were
selected.

Reproductive and Fetal Effects.

The ACGIH (2004) use of a LOAEL of 100 ppm for decreased fetal weight in the
Huntingdon Study (2001) as the critical basis for its OEL derivation is difficult to
justify. As a first consideration, BMDL estimates for this endpoint are greater than for
other effects. For example, both the NTP expert panel (NTP, 2002) and TERA (shown
later in this text and in Table 2) identified a BMDL of approximately 300 ppm.
Furthermore, questions about the conduct of the Huntingdon (2001) study, including
the change in procedure with control animals that lead to higher body weights, lack of
related findings of developmental delays in pups in multigeneration studies at similar
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concentrations (see WIL Research, 2001), minimal severity of the effect (a maximum
of 7% change from control), and potential relatedness to maternal effects (although
BMDL for pup fetal weight is lower than for maternal weight) decreases the selection
of this endpoint as the most relevant for deriving the OEL.

Stelljes and Wood (2004) argue that the effect level for sperm parameters in the WIL
Research (2001) study should be based on the FO generation results and not those for
Flor F2 animals, because the goal of an OEL is to develop a safe exposure level for
workers and the exposure patterns for the parental animals more closely resemble
occupational exposure scenarios. A counter to this argument is that in utero exposure
may cause effects manifested as these exposed animals become adult males.
However, it is not clear what mechanisms would generate changes in sperm
parameters based on the normal turnover in sperm through the cycle of
spermatogenesis, in the absence of findings on male reproductive organ
histopathology. The BMDL calculated by Stelljes and Wood (2004) for sperm
motility in FO animals was 263 ppm. TERA identified a BMDL of 270 ppm (see later
in this text). Based on data from Ichihara et al. (2000b), Stelljes and Wood (2004)
calculated a BMDL of 232 ppm for sperm count in FO adult males. Taken together,
the effects of 1-BP on male sperm parameters suggests that the male reproductive
effect in parental animals occur in the same general range, but are not more sensitive
than other relevant effects.

Benchmark dose modelling for several measures of male and female reproductive
parameters from the two-generation study correspond well with each other and
provide a consistent story indicating that 1-BP can affect reproductive parameters in
males (decreased sperm motility and prostate weight), females (increased oestrous
cycle length, no oestrous cycle incidence, and maternal body weight at gestation day
20), and functional reproductive performance (litter viability index, pup weight gain
at post-natal days 21 to 29, and live litter size). The BMDL values for these latter
effects are in the same range, but slightly lower, than for the liver effects, and
represent a more serious outcome (Table 2). The BMDL value of 188 ppm from
Stelljes and Wood (2004) or of 190 ppm from TERA for decreased live F1 litter size is
the most appropriate basis for deriving the OEL, since this is the lowest measure
related to exposure to FO animals that is clearly adverse.

The TERA review considers newer studies not in the original OEL evaluations. This
included the general toxicity findings in the 90 day studies performed by the NTP (see
below), but surprisingly does not mention the specific investigations of sperm
parameters and oestrous cycling.

The TERA review concluded: in summary, NOAEL/LOAEL and BMD and BMDL
boundaries for experimental animal male and female nervous system, liver toxicity
and reproductive and fetal effects are in the same range, suggesting that regardless of
endpoint selected the critical effect levels will not vary greatly. These boundaries are
generally similar to that seen in humans. This increases confidence the overall OEL
value derived will provide adequate coverage for the range of potential endpoints.

Benchmark Dose Modelling for 1-BP

The results of Benchmark Dose (BMD) modelling are summarised in Table 9.
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TERA'’s calculations were generally consistent with those reported by Stelljes and
Wood (2004). For example, the BMDL of 263 ppm for FO sperm motility from
Stelljes and Wood (2004) was similar to that of TERA of 270 ppm. The BMD and
BMDL computed by Stelljes and Wood (2004) for centrilobular vacuolization of 345
and 226 ppm are consistent with the results of using a multistage model of order 4.
However, the simpler multistage model of order 2, which is commonly used in BMD
modelling, was used to recalculate a BMDL because the 2nd order model has a
slightly lower Akaike's Information Criterion (AIC) (38 versus 39) indicating a
superior data fit (p = 0.9) with fewer parameters. Additional reproductive and
developmental effects not considered by Stelljes and Wood (2004) were also
evaluated by TERA. These endpoints include FO prostate weights, FO and F1 oestrous
cycle lengths, number of FO and F1 rats not having oestrous cycles, maternal body
weight at gestation day 20, F1 litter viability index, F1 pup weight gain data from
WIL Research (2001) as well as fetal weight data from Huntingdon Life Sciences
(2001), and F1 and F2 live litter size. BMDs and BMDLs are shown for all of these
endpoints except for the litter viability index, which exhibited no clear dose-response.
The number of rats not having oestrous cycles was analyzed because the cycle length
data analysis necessarily omitted these animals that were experiencing a more severe
cycle delay that could not be quantified in terms of days.

A BMDL for fetal weight reduction was computed using the data collected by
Huntingdon Life Sciences (2001). Following the NTP-CERHR expert panel on
reproductive and developmental toxicity of 1-BP (NTP, 2002), one litter in the 100
ppm dose group was excluded because the average fetal weight was more than 3
standard deviations from the dose group mean. A BMDL of 310 ppm was estimated
using a BMR of 1.0 control standard deviation from the control mean (Huntingdon
Life Sciences, 2001). This estimate is similar to the BMDL of 305 ppm estimated by
the NTP-CERHR expert panel (NTP, 2002), and they are higher than the BMDLs for
reproductive endpoints; therefore, fetal weight reduction is unlikely to be the most
sensitive effect. This conclusion is consistent with the findings of the NTP expert
panel. To further evaluate whether developmental effects were the most sensitive
basis for deriving an OEL, a BMDL for maternal weight change was also computed
by TERA using the data collected by Huntingdon Life Sciences (2001). Note that the
maternal body weight was calculated as maternal weight on GD20 subtracted by the
litter weight at birth. A BMDL of 690 ppm was estimated using a BMR of 1.0 control
standard deviation from the control mean. This estimate is higher than the BMDL of
310 ppm estimated by TERA for fetal weight reduction, indicating that the change of
fetal weight might be due to direct fetal toxicity from exposure to the compound
rather than only a secondary effect from maternal toxicity. On the other hand, no
consistent dose-related effect on pup weights was observed in the two-generation
study, decreasing concern related to the decreased fetal weight finding.

Furthermore, since the BMDL for decreased fetal weight was greater than for other
reproductive parameters from the two generation study, this effect should be
adequately addressed by an OEL that protects against reproductive effects. Finally, F1
and F2 live litter size was assessed. BMD and BMDL values of 280 and 188 for the
F1 generation, were determined by Stelljes and Wood (2004). These values were
confirmed by TERA where values of 280 and 190 are shown (Table 9). Stelljes and
Wood (2004) and TERA also found similar BMD and BMDL values for the F2
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generation, although these values were lower than that for the F1. This effect,
decrease in live litter size, is of sufficient severity to warrant its choice as the critical
effect. Although other effects might occur at the same, or slightly lower exposures,
they are not as toxicologically significant. The choice of the BMD and BMDL values
of 280 and 190 for the F1 generation, rather than lower values from the F2 generation
reflects the desire to replicate the likely exposure in a worker population. Specifically,
it is not anticipated that any human will have the exposure pattern of an F2 animal. In
contrast, the occupational exposure pattern of an F1 animal might occur in humans.

Table 9: BMD and BMDL estimates from the TERA (2004) review

Endpoint Stelljes and Wood TERA

EMD EMDL EMD BMDL

{ppm) (ppm}) | BMR  (ppm) (ppm) Model Variance
Hindlimb strength 286 214 1sd 290 210  Linear Homogensous
Minimal centrilobular
vacuolization males 345 226 10% 2490 200 Multistage-2
Fetal body weight 1sd 510 310 Poly-2 Nen-homogeneous
Fp sperm motility 343 263 | sd 380 270  Linear Hemogenesous
Fy sperm motility 261 156 1sd 260 150 Power Mon-homogenegous
Fq prostate weight 1sd 740 190 Power Homogenegous
Fo Estrous Cycle Length 1sd 290 210 Power Nen-homogenaous
F1 Estrous Cycle Length 1sd 510 400  Linear Non-homaogensous
Fo No Estrous Cycle Incidence 10% 670 480  Mulbstage-2
Fy No Estrous Cycle Incidence 10% 360 180  Cuantal Linear
Matemal GD20 body weight 1sd 1000 690 Linear Hemogeneous
Fy litter viability index Mo dose-response
F1 pup weight gain PND 21 to 28 1sd 240 180 Linear Homogeneous
F; decreased live litter size 280 188 1 ad 280 190 Linear Non-homogeneous
Fo decreased live litter size 238 169 1sd 240 170 Linear Non-homaogeneous

Most organizations that establish OEL’s do not have documented approaches for
addressing areas of uncertainty, rather a professional judgment approach is used
(Haber and Maier, 2002). In order to evaluate potential OELs for 1-BP, TERA
structure a discussion around the U.S. EPA’s approach that describes five areas of
uncertainty. However, in keeping with the existing OEL approach, TERA were not
constrained to using EPA’s defaults.

Interspecies Variability (UFA). This area accounts for the differences that occur
between experimental animals and humans and is composed of sub-factors for
toxicokinetics (how the body distributes and metabolizes the chemical) and
toxicodynamics (how the body responds to the chemical). The use of these two
considerations is standard practice in the context of environmental risk assessment
(Dourson et al., 1996), and is gaining acceptance for assessing occupational risk
(Naumann and Weidman, 1995). Ideally, a quantitative comparison of the toxicant
concentrations (e.g. AUC or Cmax) in the target organ between animal species and
humans would allow interspecies variability in toxicokinetics to be calculated.
However, for 1-BP the information available is not adequate to allow such estimation.
An alternative is to calculate the human equivalent concentrations (HEC) from the
animal data based on the chemical’s properties and physiological differences between
the tested animal species and humans. This dosimetric adjustment generally provides
a better estimate of the target organ doses following inhalation exposure than simply
dividing the exposure assessment exposure by a default uncertainty factor of 10-fold.
If the HEC is used, a toxicokinetic sub factor for interspecies variability is generally
not needed because the expected toxicokinetic difference has been considered to some
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extent in the HEC calculation. If no information is available on the quantitative
differences in the organ response to the toxicant of interest between animals and
humans, then a default value of 3 for this toxicodynamic difference is used in
environmental assessments. If data are available to adequately describe this
variability, then actual data may be used to replace this default value as well (IPCS,
2001).

For 1-BP, dosimetric adjustment to the HEC per EPA’s methods (see for example
ICF,1998) support using a factor of 1 to account for species differences in
toxicokinetics. Toxicodynamic differences, however, also need to be addressed. There
appears to be general consistency in effect levels among species for various toxic
endpoints. For example, mild CNS effects in humans, as summarised by Rozman and
Doull (2002), were observed in a range generally similar to the BMDL for hind limb
grip strength in rats (see Table 2) and several of the clinical findings of Wang et al.
(2003). Nevertheless, because there is residual concern about relative sensitivity to
reproductive effects, and humans might be expected to be more sensitive to
reproductive parameters (based on less excess reproductive capacity) a factor to
account for toxicodynamic differences appears appropriate. For example, the in vivo
dose-response information in humans is scant, and therefore comparative sensitivities
of humans and animals are hard to define from the available data. Furthermore, in
vitro bioassays are available for both human and animal cell cultures, including
human hepatocytes, mouse lymphoma and bone marrow cells, but no data were
obtained from experiments on reproductive system tissues. Moreover, since the
critical effect is decreased live litter size, identifying a suite of relevant in vitro studies
that could be used to compare animal and human responsive sensitivities would be
difficult to obtain without a better understanding of the underlying mechanism of this
effect. Since the available data do not provide sufficient information for a quantitative
estimation of toxicodynamic variation, a default sub factor of 3 is appropriate for this
area of uncertainty. Additional studies investigating relative sensitivities to
reproductive effects of 1-BP would be helpful to address this area of uncertainty.

Intraspecies Variability (UFH). This factor accounts for the natural differences that
occur among human subpopulations and for the fact that some individuals are more
sensitive than the average population. This factor is also composed of two sub-factors
— one to account for toxicokinetic differences and one to account for toxicodynamic
differences.

If no information is available on human variability, then a default value of 10 is
generally used in the context of environmental exposures to the general population. If
adequate information is available on either toxicokinetic of toxicodynamics
variability, then this information is used to develop estimates of variability from the
data (IPCS, 2001; Meek et al., 2001). Unfortunately for 1-BP, no quantitative
information regarding human variability in terms of toxicokinetics and
toxicodynamics was identified, and therefore, data-derived estimates of human
variability cannot be calculated. However, for worker populations the degree of
variability in toxicokinetic or toxicodynamic variability is expected to be lower than
for the general population. Since some degree of variability in response would be
expected even among the worker population, a reduced factor of about 3-fold is
generally judged to be reasonable. This is similar to what Rozman and Doull (2002)
suggest.
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Extrapolation from an Effect Level (UFL). A BMDL was used with the critical effect.
Generally no additional factor is considered needed in these situations.

Extrapolation from Less than Lifetime to Lifetime Exposure (UES). This factor is not
generally used by groups that establish OELs (Haber and Maier, 2002). The database
forl-BP lacks a completed chronic study,3 and therefore the likelihood that effects
would progress with longer duration exposures needs further evaluation. However, the
critical effect appears to be on a reproduction parameter and the critical study
evaluated the period of interest. Moreover, workers have been exposed to 1-BP for
more than short term exposures and their results are considered in all of these OEL
estimations. Thus, it does not appear to us that a factor is needed for this area.
Adequacy of the Database (UFD). This factor is not overtly used by groups that
establish OELs (Haber and Maier, 2002). However, OEL decisions routinely consider
whether the overall body of literature determines that the most sensitive effects have
been evaluated.

For 1-BP in particular, reproductive toxicity and possibly neurotoxicity and liver
toxicity appear to be the most sensitive effects. A decrease in live litter size appears to
be the critical effect. TERA do not see the need for a factor for this area of
uncertainty.

TERA Determination of OEL

TERA conclude that the critical effect for the purpose of developing an OEL is
decreased live litter size in the F1 generation, with a BMDL of 190 ppm.

Dividing this BMDL with an uncertainty factor of 10-fold, which is composed of 3-
fold for extrapolation from an experimental animal study to humans for expected
toxicodynamic differences and 3-fold for expected human variability in toxicokinetics
and toxicodynamics within the worker population, results in an OEL of 20 ppm.

This OEL could be potentially lower if results in workers show definitive
reproductive or other toxicity at levels lower than about 100 ppm. This OEL could be
potentially higher if the expected reproductive response in experimental animals is
shown to be similar to humans and at similar levels

5.3 NTP report (2011; 2013)

Reproductive and developmental toxicity

Humans

The NTP Center for the Evaluation of Risks to Human Reproduction (CERHR)
evaluated the potential for 1-bromopropane to produce adverse reproductive and
developmental effects in humans (NTP, 2003). CERHR concluded that there was
convincing evidence for reproductive and developmental toxicity in experimental
animals. Evidence in humans was limited, but in the monograph, note was made of a
new case that was not available to the expert panel indicating positive findings in
women (altered menstruation) occupationally exposed to 1-bromopropane. The
overall NTP conclusion was that “there is serious concern for reproductive and
developmental effects of 1-bromopropane at the upper end of the human occupational
exposure range (18 to 381 ppm).” “Serious concern” is the highest level of NTP
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conclusion regarding the possibilities that human development and reproduction
might be adversely affected.

Experimental Animals

1-Bromopropane was shown to cause developmental toxicity in rat pups whose dams
were exposed during th