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1-Bromopropane (1-BP) has been marketed as an alternative for ozone depleting solvents and
suspect carcinogens and is in aerosol products, adhesives and solvents used for metal, precision
and electronics cleaning. Toxicity of 1-BP is poorly understood, but it may be a neurologic,
reproductive and hematologic toxin. Sparse exposure information prompted this exposure
assessment study using air sampling, and measurement of urinary metabolites. Mercapturic
acid conjugates are excreted in urine from 1-BP metabolism involving removal of bromide (Br)
from the propyl group. One research objective was to evaluate the utility of urinary Br analysis
for assessing 1-BP exposure using a relatively inexpensive, commercially available method.
Complete 48 h urine specimens were obtained from 30 workers on two consecutive days at two
facilities using 1-BP adhesives to construct polyurethane foam seat cushions and from seven
unexposed control subjects. All of the workers’ urine was collected into composite samples
representing three daily time intervals (at work; after work but before bedtime; and upon wake-
up) and analyzed for Br ion by inductively coupled plasma-mass spectrometry. Full-shift
breathing zone samples were collected for 1-BP on Anasorb carbon molecular sieve sorbent
tubes and analyzed by gas chromatography-flame ionization detection via NIOSH method 1025.
Geometric mean (GM) breathing zone concentrations of 1-BP were 92 parts per million (p.p.m.)
for adhesive sprayers and 11 p.p.m. for other jobs. For sprayers, urinary Br concentrations
ranged from 77 to 542 milligrams per gram of creatinine [mg (g-cr)fl] at work; from 58 to
308 mg (g-cr)~! after work; and from 46 to 672 mg (g-cr) ' in wake-up samples. Pre-week
urinary Br concentrations for sprayers were substantially higher than for the non-sprayers and
controls, with GMs of 102, 31 and 3.8 mg (g-cr)_l, respectively. An association of 48 h urinary
Br concentration with 1-BP exposure was statistically significant (+* = 0.89) for all jobs
combined. This study demonstrates that urinary elimination is an important excretion pathway
for 1-BP metabolism, and Br may be a useful biomarker of exposure.
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bromide; urine

INTRODUCTION pharmaceuticals, pesticides and other chemicals in
well-controlled closed processes. Now, products con-
taining 1-BP have been marketed for emissive appli-
cations as a replacement for 1,1,1-trichloroethane,
freons®, and suspect carcinogens trichloroethylene
and methylene chloride. The principal applications
for 1-BP are for vapor degreasing and liquid cleaning
agents as well as spray adhesive solvents. However,
the need to find alternative solvents in both industrial
and commercial products could expand market
applications for 1-BP, and could potentially expose

In 1998, an industry consortium petitioned the
Environmental Protection Agency (EPA) to list 1-
bromopropane (1-BP), also named n-propyl bromide,
as an alternative for ozone-depleting solvents for gen-
eral metals, precision and electronics cleaning, aero-
sol products, and adhesives (EPA, 1999, 2000). Prior
to 1998, 1-BP was primarily used to manufacture
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The toxicity of 1-BP in humans is poorly under-
stood because there is limited research available in
the published literature. There is concern that 1-BP
may produce neurotoxic, reproductive and hemato-
poetic health effects because its chemical structure
is similar to that of other brominated-propane
compounds with reported health effects, based
upon animal studies with 1- and 2-BP (Takeuchi
et al., 1997, 2001; Ichihara et al., 2000a,b; Yu
etal.,2001). Yu et al. (2001) demonstrated peripheral
and possibly central neurotoxicity in rats but did not
show reproductive or hematologic effects. Several
additional rat toxicity reports concluded that 1-BP
produced dose-dependent estrous cycle irregularities
(Takeuchi et al., 2001; Yamada et al., 2003), disrup-
tion of spermatogenesis [e.g. impaired ovarian foll-
icle maturation at 400 parts per million (p.p.m.)]
(Ichihara et al., 2000a; Takeuchi et al., 2001), repro-
ductive and developmental toxicity (NTP, 2002,
2004), and peripheral and central neurotoxicity
(Ichihara et al., 2000b; Yu et al., 2001). Moreover,
two case studies in US workers described peripheral
nerve impairment in three foam-cushion workers
using spray adhesives containing over 50% 1-BP
(Ichihara et al. 2002) and in one worker using a
degreasing solvent with ~95% 1-BP (Sclar, 1999).

At present, occupational exposure limits (OELSs)
for 1-BP are not available from either the National
Institute for Occupational Safety and Health (NIOSH,
1992) or the Occupational Safety and Health
Administration (OSHA, 2005), and suggested manu-
facturers’ guidelines range from 10 to 100 p.p.m.
(Enviro-Tech International, Inc., 2005; Great Lakes
Chemicals, 2005). After reviewing industry studies
and published literature, Rozman and Doull (2002)
concluded that neurotoxicity is the most sensitive
adverse health effect, and an OEL for 1-BP, in the
range of 60-90 p.p.m. as an 8 h time-weighted
average (TWA), should provide an adequate margin
of safety. Using a benchmark dose method, Stelljes
and Wood (2004) proposed an OEL for 1-BP of
156 p.p.m. In a proposed rulemaking to accept
1-BP as a replacement for ozone depleting solvents,
the EPA (2003) recommended an industrial exposure
guideline for 1-BP of 25 p.p.m. over an 8 h work
shift. Albemarle Corp. (2003), one of the domestic
suppliers of 1-BP solvents, concurs with this recom-
mendation. In 2005, the American Conference of
Governmental Industrial Hygienists (ACGIH) pub-
lished a Threshold Limit Value® for 1-BP as a 10
p.p-m., 8 h TWA based on suspected neurological
toxicity (ACGIH, 2005).

Based on the uncertainty regarding the toxicity
of 1-BP, OSHA and NIOSH requested the National
Toxicology Program (NTP) to evaluate the toxicity
of this chemical (NTP, 2004). This study was con-
ducted to provide additional information regarding
industrial exposures to 1-BP and to evaluate the

utility of urinary concentrations of bromide (Br)
ion (Br) as a biomarker of exposure to 1-BP.

BACKGROUND

Methods for biological monitoring of occupational
exposure to 1- and 2-BP have not been widely
reported in the literature. Some absorbed 1-BP is
metabolized through conjugation with glutathione,
which releases free Br ion (Jones and Walsh, 1979;
Stelljes and Wood, 2004). Bromides are not meta-
bolized further and are eliminated mainly in urine
(Ryan and Baumann, 1999). Kawai et al. (1997) pro-
posed that 1-BP would behave analogously to other
low molecular weight brominated-hydrocarbons and
suggested that measurement of urinary Br ion would
be a useful biomarker of exposure. Kawai et al.
(2001) also evaluated whether Br ion or 1-BP in
urine could be effective biomarkers of 1-BP exposure
for 33 men at a cleaning and painting work shop.
Urine specimens were collected and head space air
was immediately analyzed for 1-BP via gas chro-
matography-flame ionization detection (GC-FID),
whereas Br ion in urine was analyzed by GC with
an electron capture detector after it was converted to
methyl bromide. Correlations were observed for 1-BP
in urine and breathing zone air (r > 0.9). Br ion con-
centration in urine was also statistically correlated
with 1-BP in breathing zone air but the association
was weaker (r = 0.7). Ichihara er al. (2004) studied
37 workers synthesizing 1-BP at a chemical manu-
facturing plant and found significant correlations
between 1-BP in urine with measured 1-BP in air;
enzyme activity and serum creatine kinase levels
were not associated with exposure levels.

Although urinary 1-BP has been proven in these
studies to be a useful biomarker of 1-BP exposure, it
requires immediate analysis upon collection of the
specimen. This greatly diminishes the utility of urin-
ary 1-BP for evaluations of exposure in industrial
settings.

METHODS

This study reports worker exposures at two foam
fabricating plants manufacturing polyurethane seat
cushions. A total of 30 workers were evaluated—
13 adhesive sprayers and 17 non-sprayers. Adhesive
‘sprayers’ constructed polyurethane foam furniture
cushions using spray adhesives. The ‘non-sprayers’
included glue line leads, sewing machine operators,
wrappers, pillow stuffers, and foam and cloth cutters.
l-Bromoproane exposure among non-sprayers
occurred as a result of over-spray and solvent drift
from spraying operations.

Personal breathing zone exposure samples were
collected over two consecutive workdays with
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Anasorb carbon molecular sieve sorbent tubes. The
sorbent was desorbed with 1 ml of carbon disulfide,
and analyzed for 1-BP by GC-FID via NIOSH
method 1025 (NIOSH, 2003). The limit of detection
for this method is 1 pug which equates to a minimum
detectable concentration of 0.016 p.p.m. using the
maximum recommended air sampling volume of 12
1. Effective quantitative methods are not available to
measure skin exposures for compounds, such as 1-BP,
that are volatile and readily penetrate the skin. For
this reason, qualitative evaluation of skin contact was
conducted by visual observation of job tasks.

To obtain data on 1-BP metabolites excreted by
humans, all of the workers’ urine voids over a 48 h
period were collected. The specimens were collected
as composite samples over sequential time intervals:
(i) at work, (ii) after work but before bedtime and
(iii) upon awakening. Each sampling survey occurred
over a 48 h period and started at the beginning of
the work week (Monday, pre-shift, following nearly 3
days of no exposure) and ended before the work shift
began on Wednesday. The urine collection protocol
was applied consistently for the high-exposed group
(sprayers) and low-exposed group (non-sprayers) to
allow for statistical analysis. For additional reference,
single ‘spot’ control samples were collected from
seven unexposed office workers who were not
employed by this company. Air sampling was not
conducted for the control subjects since there was
no source of exposure to 1-BP.

Participants were instructed to collect urine speci-
mens in nitric acid rinsed Nalgene® bottles [high
density polyethylene (HDPE)] and immediately
chilled in with gel ice. At the end of the collection
period, a 25 ml aliquot was dispensed into nitric acid
rinsed HDPE bottles and immediately frozen on dry
ice. The total urine volume for this collection period
was also measured with a graduated cylinder. The
specimens were analyzed for Br and creatinine. Br
ion was measured using inductively coupled plasma/
mass spectrometry (Varion Ultra-mass 700) operated
at radiofrequency power of 1300 W yielding a limit
of detection of 100 pg 17" (Allain ef al., 1990). Ion
optics included a stack of six metal lenses with
applied DC voltage to alter ion paths. Recoveries
for Br using this method were reported to be near
100%, the coefficient of variation was 3%, and
between-day reproducibility ~5%. One ml of each
sample was diluted to 10 ml using 1% nitric acid and
mixed prior to analysis. Analytical standards and
quality control samples were prepared using Uri-sub,
a synthetic urine solution and yttrium was used as an
internal standard. This was necessary since back-
ground concentrations of Br may be present in pooled
urine from the general population. Calibration graphs
were linear over a range of 0-40 mg 17'; additional
2- or 5-fold dilutions were prepared for samples
exceeding the standard -calibration range. Five

replicates, with 20 scans per replicate, were analyzed
for each sample.

The data were analyzed for all jobs grouped
together and by sprayers and non-sprayers separately.
However, after examining residuals from models
regressing urinary Br on 1-BP TWA, day, and the
TWA by day interaction, it was decided to only do
statistical testing for sprayers and non-sprayers
separately. The non-sprayers’ urinary Br residuals
were approximately log-normally distributed, and
the sprayers’ urinary Br residuals were approximately
normally distributed. For consistency, however, geo-
metric means (GMs) are presented for both groups.
Because of the distribution types, however, hypo-
thesis testing was based on logged values for the
non-sprayers and on untransformed values for the
sprayers. Simple relationships between urinary Br
and 1-BP TWA are presented in terms of the propor-
tion of variability of urinary Br explained by 1-BP
TWA (denoted as 7). For most models, the distribu-
tional assumptions were more closely met when
logarithms of the 1-BP TWA were used as the inde-
pendent variable. Thus, these were used for all models
for which urine Br was regressed on 1-BP TWA, and
hypotheses were tested. These models, regressing 24
h Br on the logarithm of 1-BP TWA, also included
terms for day, the interaction of day and the logarithm
of 1-BP TWA, which were removed when not signi-
ficant. Employee was treated as a random effect, and
restricted maximum likelihood was used to estimate
the covariance parameters using PROC MIXED in
SAS (SAS Institute, Cary, NC).

RESULTS

Table 1 presents the demographic data for the
workers in this study. The work force was predom-
inately female; 12 out of 13 (92.3%) of the sprayers,
and 13 out of 17 (76.5%) of the non-sprayers. Ages
were also similar between job categories and the aver-
age age for both groups was ~36. Nearly half (46.2%)
of the sprayers were black while the non-sprayers
were mostly white (82.4%). However, there are no
reports in the literature that suggest different Br
excretion rates between races. Based on this demo-
graphic information, it is unlikely that the results
would be confounded by the characteristics of the
study population.

The full-shift TWA personal breathing zone con-
centrations for 1-BP exposure measured for both
sprayers and non-sprayers are provided in Table 2.
It is evident from this table along with workplace
observations, that the sprayers’ exposures were sub-
stantially greater than those for non-spraying jobs
due to their immediate proximity to the contaminant
emission. The sprayers’ exposures to 1-BP ranged
from 45 to 200 p.p.m. with a GM of 92 p.p.m.,
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Table 1. Demographic information for sprayers and
non-sprayers

Parameter® Job
Sprayers Non-sprayers
(n=13) (n=17)
Gender
Male 1(7.7) 4 (23.5)
Female 12 (92.3) 13 (76.5)
Age
Minimum 18 24
Maximum 57 54
Average (SD)° 35.5 (11.9) 36.1 (8.8)
Race
White 5 (38.5) 14 (82.4)
Black 6 (46.2) 3 (17.6)
Hispanic 2 (15.4) 0 (0.0)

“For gender and race data is presented as number and
(percentage). Percentage refers to job stratified data,
not overall study subjects.

SD = Standard deviation.

Table 2. Full-shift time-weighted average breathing zone
concentrations for 1-bromopropane (p.p.m.)

Job Day Minimum Maximum Average GM (GSD)
+ SD
Sprayers First 45 106 76 £ 19 73 (1.32)
(n=13)
Second 85 200 121 £ 37 116 (1.32)
Overall 45 200 98 £ 37 92 (1.43)
Non- First 0.6 32 13+ 10 8.4 (3.43)
sprayers
(n=17)
Second 1.6 60 19+ 15 13 (2.66)
Overall 0.6 60 16 £13 11 (3.07)

while the non-sprayers’ exposures ranged from 0.6
to 60 p.p.m. with a GM of 11 p.p.m. Higher exposures
occurred on the second day of monitoring as shown
by the GMs for both job classes, which increased
by more than 50%. Overall, the sprayers’ GM expos-
ure for both days combined was more than 8§ times
greater than the GM for non-sprayers. Moreover,
20 out of 26 TWA measurements for sprayers
exceeded 75 p.p.m. while all of the non-sprayers’
exposures were <75 p.p.m. (not shown). Greater
variability was observed for non-spraying jobs as
demonstrated by the geometric standard deviations
(GSDs) of 3.07 and 1.43, respectively, for non-
sprayers and sprayers (Table 2).

All breathing zone concentrations of 1-BP meas-
ured for adhesive sprayers in this study exceeded
the proposed EPA industrial exposure guideline of
25 p.p.m. The highest exposure guideline recommen-
ded by some solvent distributors (100 p.p.m.) was
exceeded in 10 out of 26 measurements of workers
spraying 1-BP adhesives; their overall GM (92 p.p.m.)
also approached this criterion. Exposure to 1-BP

among employees performing non-spraying jobs
was due to ineffective general exhaust ventilation
and solvent drift from spraying stations. None of
the non-sprayers’ exposure concentrations were
observed to exceed the highest exposure guideline
of 100 p.p.m., but 8 out of 34 non-sprayers’ exposures
to 1-BP exceeded 25 p.p.m., the exposure criterion
proposed by the EPA (2003). The most heavily
exposed non-spraying jobs (e.g. lead glue operators,
wrappers, and pillow stuffers) were found to be at
work locations closest to the glue lines where 1-BP
vapors and mists were generated.

GM concentrations calculated from the composite
urine specimens collected over the seven sequential
time periods are plotted in Fig. 1, for the creatinine-
adjusted urinary Br (Brygj..r) concentrations. The
excretion pattern is quite similar for both sprayers
and non-sprayers, although the sprayers’ levels
were ~4 times higher for most time intervals. The
data show an increase in the excreted concentration
on the second exposure day. However, the signific-
ance of this is unclear since breathing zone exposures
were also ~50% higher on the second day.

In Table 3, descriptive statistics were tabulated for
U-Br,gj.cr from both days combined, grouped accord-
ing to collection period. Again, the sprayers’ GM
and arithmetic mean values were substantially greater
than those for non-sprayers, ranging from 3.3 to
5.5 times higher, depending on the collection period.
For both job categories, the highest mean excretion
concentrations were observed while at work, and the
second highest occurred after the work shift. Urinary
Br concentrations for seven control subjects, without
exposure to 1-BP, are also included in Table 3. The
control’s Br,g;..; ranged from 2.6 to 5.9 mg (g-cr)’l,
with a GM of 3.8 (GSD = 1.32). The GMs of pre-week
Brygj.cr for sprayers and non-sprayers were ~27 and
8 times higher than that for the control subjects,
respectively.

Composite urinary Br excretion rates of 24 and
48 h were calculated to reduce the impact that indi-
vidual variability of excretion rates and urination pat-
terns may have on the time specified data (Table 4).
Consistent with previous data, sprayers’ GM Brgj.cr
concentrations were ~4 times higher than those
for non-sprayers, and the non-sprayers’ Brugjcr
were more variable [e.g. GM concentrations for
both days were 195 (GSD = 1.23) versus 43 mg
(g-cr)~' (GSD = 2.19), respectively, for sprayers
and non-sprayers]. Table 5 lists the descriptive
statistics for the total Br excreted by each worker
as determined by summing the product of the
Brynadj-cr concentrations by the total urine volume
from each composite sample collected over the spe-
cified time periods. Again, for nearly every time
interval, the mean values for total Br excreted by
sprayers’ was ~3—4 times higher than that of the
non-sprayers. The pre-week GM value of total Br
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Fig. 1. Composite urinary Br GM concentration over time.

Table 3. Composite urinary bromide concentrations by job for both days combined, adjusted for creatinine [mg (g-cr) ']

Job Period Minimum Maximum Average = SD GM (GSD)
Sprayers (n = 13) Pre-week 43 382 125 £ 95 102 (1.89)
Work-shift 71 542 226 £ 110 201 (1.66)
After work 58 308 199 £ 71 184 (1.56)
Wake-up 46 672 176 £ 118 154 (1.67)
All samples 43 672 190 £ 105 165 (1.73)
Non-sprayers (n = 17) Pre-week 52 90 39 +25 31 (2.03)
Work-shift 5.8 231 72 £55 53 (2.38)
After work 6.3 135 5134 40 (2.17)
Wake-up 3.1 123 39 £ 31 28 (2.43)
All samples 3.1 231 52 + 41 38 (2.33)
Controls (n =7) n.a. 2.6 5.9 39+ 1.1 3.8 (1.32)

Table 4. Twenty-four and forty-eight hour composite urinary bromide concentrations by job, adjusted for creatinine [mg (g-cr) ']

Job Day® Minimum Maximum Average + SD GM (GSD)
Sprayers (n = 12) First 108 242 183 £ 40 179 (1.27)
Second 74 309 215+ 74 198 (1.60)
Overall® 119 250 199 + 37 195 (1.23)
Non-sprayers (n = 17) First 5.1 149 51.8 +£36.3 39.8 (2.27)
Second 5.8 150 58.3 + 38.8 46.2 (2.16)
Overall 5.5 149 54.7+ 375 42.9 (2.19)

““First’ and ‘second’ day results represent 24 h composite results separately for each day starting after the beginning of the workshift.
Overall’ results represent 48 h composite results for both days combined starting after the beginning of the workshift on the
first day.

excreted (after an extended weekend) by non- Figure 2 presents the linear regressions for the 24 h
sprayers was nearly twice that of control subjects, urinary Br concentrations versus the 1-BP TWA
while that of sprayers was more than four times concentrations for ‘all jobs combined’ using the
that of controls (data not shown). unadjusted and creatinine adjusted concentrations.
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Table 5. Urinary bromide mass® by job, unadjusted for creatinine (mg)

Job Period® Minimum Maximum Average = SD GM (GSD)
Sprayers (n = 13) Pre-week 1.8 78 29 +23 18 (3.25)
First day 92 348 195 £ 84 179 (1.52)
Second day 30 340 216 £ 96 184 (2.05)
Overall® 121 658 411 + 156 378 (1.58)
Non-sprayers (n = 17) Pre-week 1.5 32 10.0 £ 94 6.5 (2.68)
First day 6.5 190 60 + 42 48 (2.10)
Second day 9.0 173 59 £ 41 49 (1.92)
Overall 15 363 120 £ 81 98 (1.98)

“Bromide mass excreted was calculated by summing the product of each composite sample concentration by the specimen volume

for that time period.

P“First” and ‘second’ represent 24 h Br mass excreted separately for each day starting after the beginning of the workshift.
““Overall’ represents 48 h Br mass excreted for both days combined starting after the beginning of the workshift on the first day.

#+ Adj-cr = Unadj-cr

400

100 150 200
1-BP TWA Concentration (ppm)

Urinary Br Conc. (img/gm Cr) or (ing/liter)

Fig. 2. Twenty-four hour urinary Br concentration versus
full-shift 1-bromopropane TWA concentration for all jobs.

The strength of the linear relationships were not as
strong for the unadjusted data (r* = 0.53) than for the
adjusted data (* = 0.75). In Fig. 3, the 48 h Brygj.cr
excretion concentrations are compared with the 2-day
average TWA exposure to 1-BP, and the strength
of the association is much stronger than those for
the 24 h data (+* = 0.89).

The relationship between 24 h urinary Br (for both
Br,gj_cr concentration and total Br mass excreted) with
1-BP TWA and the effect of day on either the slope
or the intercept was examined for all models. Neither
the slope nor the intercept was modified by day for
any model. There was a strong positive relationship
between urinary Br and 1-BP TWA for non-sprayers
for both creatinine adjusted Br concentration and 24 h
Br excretion (P =< 0.01). For sprayers, there was a
relationship for creatinine adjusted Br concentration
(P = 0.05) but not for Br excreted over 24 h periods
(P > 0.05).

Differences in 1-BP TWA and urinary Br levels
between the two plants were examined in models
containing effects for plant, employee within plant
and day. Based on examining residuals, the natural
logarithm of TWA was used for both sprayers and

300

150 4 =

100 4+ - ----

Urinary Br Conc. (mg/gim Cr)

0 50 100 150 200
1-BP Average TWA Concentration (ppm)

Fig. 3. Forty-eight hour urinary Br concentration versus
average full-shift 1-bromopropane TWA concentration for
all jobs, adjusted for creatinine.

non-sprayers. There were no significant differences
between the plants.

DISCUSSION

One objective of this field study was to investigate
the utility of urinary Br analysis for evaluating
worker exposure to 1-BP. Br ion analysis in urine
is appealing because it is based on well-established
methodology, is relatively non-invasive and is com-
mercially available at ~$60 per sample. Urinary Br
levels in the general population are typically <10 mg
17!, well above the limit of quantification provided
by the contract laboratory (0.3 mg 1™"). Urinary Br
excretion, however, may be variable in the general
population because it can be influenced by diet, phar-
maceuticals, including over-the-counter medications,
or exposure to other bromine containing compounds.
Because of scant reports in the published literature, it
was difficult to predict whether urinary Br analysis
would be useful for evaluating occupational exposure
to 1-BP. This study demonstrates that urinary Br can
be an effective index to evaluate workers’ exposures
to 1-BP, providing care is exercised to identify non-
occupational exposure to brominated compounds.
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The main pathway for elimination of Br is first-
order urinary excretion, primarily as the mercapturic
acid conjugate and Br (Jones and Walsh, 1979; Ryan
and Baumann, 1999). The elimination half-life of Br
(in blood) is reported to range between 10.5 and 14
days (Woody, 1990). Elevated urinary Br concentra-
tions significantly above normal reflect an accumu-
lated exposure over 1-2 weeks because Br ion is
excreted at a relatively slow rate (Jones and Walsh,
1979; Rauws, 1983). In our study, elevated urinary Br
levels were observed in ‘pre-week’ urine specimens
collected from workers after an extended weekend.
This indicates that exposed workers were still excret-
ing substantial quantities of Br after nearly 3 days
absence from 1-BP exposure.

The urine specimens collected during the work
week showed the same pattern as the pre-week
specimens: sprayers’ mean urinary Br concentrations
were ~4 times greater than those for non-sprayers.
For both sprayers and non-sprayers, the highest
observed mean Br concentrations were excreted
while at work. Even though the elimination half-
life for Br is >10 days, this should not be surprising
because these workers were constantly exposed to
high concentrations of 1-BP throughout the entire
work shift.

Jobs remote or up-wind from the glue lines (e.g.
foam and cloth cutters) experienced the lowest expos-
ures to 1-BP. There were three workers in these low
exposure jobs, and all six TWA daily measurements
were <5 p.p.m.; four were <2 p.p.m. Some of the
lowest daily Br,gj., concentrations were also from
these same jobs. The minimum excretion concentra-
tion detected from one of these workers [3.1 mg
(g-cr)”'] was comparable to those from controls
[2.6-5.9 mg (g-cr)”']. Interestingly, the pre-week
Brugjr concentration for another one of these
non-sprayers was 50 mg (g-cr)’l. We presume this
value is most likely due to non-occupational factors
such as ‘as needed’ medication or diet because the
48 h composite Br concentration during work days
[24.8 mg (g-cr) '] for this worker was approximately
half of her pre-week value.

Although this study does not fully test the sen-
sitivity of urinary Br to adequately measure 1-BP
exposure among workers with low level exposures,
it clearly shows that substantial quantities of Br are
excreted in urine of the most highly exposed workers.
Furthermore, the 1- and 2-day Br concentrations were
statistically associated with 1-BP in breathing zones.
The highest correlation (+* = 0.89) occurred for the
48 h composite Br and the 2-day average 1-BP TWA
for ‘all jobs combined’ because this represents
exposure levels ranging over two orders of magnitude
and is probably a better sample of the workers’ true
body burden.

Dermal exposure to 1-BP can potentially add
to a worker’s absorbed dose of this compound.
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Fig. 4. Forty-eight hour urinary Br concentration versus
average full-shift 1-bromopropane TWA concentration by
job, adjusted for creatinine.

In our study, sprayers constructed furniture cushions
by using compressed air spray guns to moisten pre-
cut materials and assemble polyurethane foam pieces,
springs and protective cloth. In some cases, sprayers
were observed to use their bare hands to smooth edges
and pinch corners of the foam pieces. Non-spraying
jobs, including sewing machine operators, cutters,
glue line leads, pillow stuffers and product wrappers,
were not observed to have skin contact with the wet
adhesive. When stratified by job, the lower observed
correlation of Br with 1-BP TWA for sprayers (Fig. 4)
may be due, in part, to the greater potential skin
contact with wet adhesive.

The purpose of the biological monitoring conduc-
ted in this study was to evaluate occupational expos-
ure to and excretion of 1-BP. It was not intended to
determine health and toxicological indices, and as
such, serum Br levels were not measured. However,
it is well known that Br is removed from the blood
through the renal system and excreted into urine.
Therefore, it is conceivable that workers spraying
adhesives in this industry experiencing high urinary
Br levels may also be at risk for elevated serum Br
from metabolism of 1-BP. Adverse effects of excess-
ive Br absorption can potentially be life threatening
and cause skin lesions, gastrointestinal effects
and central nervous system dysfunction (e.g. drowsi-
ness, headache, irritability, cognitive impairment,
delirium, dementia/hallucinations, loss of pupil and
gag reflexes, and diminished deep tendon reflexes)
(Ryan and Baumann, 1999). Furthermore, the case
study of foam cushion workers’ neurological impair-
ment described by Ichihara et al. (2002) presents
symptoms consistent with excessive Br absorption.

CONCLUSIONS

Workers at polyurethane foam fabricating plants
manufacturing furniture seat cushions using 1-BP
spray adhesives with poor ventilation are exposed to
excessive concentrations of 1-BP. Adhesive sprayers’
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breathing zone concentrations were much higher
than those for non-spraying jobs because they were
at the point of contaminant emission. Many workers’
TWA breathing zone concentrations exceeded
proposed OELs.

Urinary Br concentrations were substantially
higher for sprayers than for non-sprayers with GM
values for the daily Br excretion ~4 times higher. GM
Br concentrations were an order of magnitude greater
and forty times greater for the non-sprayers and
sprayers, respectively, than for non-exposed control
subjects. For non-sprayers, daily levels of urinary
Br, as well as total excreted Br, were significantly
correlated with the breathing zone concentration of
1-BP. For sprayers, the 1- and 2-day Br concentra-
tions were also significantly correlated with 1-BP
breathing zone concentrations. The potential for
dermal contact of sprayers with wet adhesives con-
taining 1-BP was also noted.

This study demonstrates that urinary elimination
of Br is an important excretion pathway for 1-BP
metabolism. Moreover, urinary Br appears to be a
useful index of 1-BP exposure, particularly in the
foam fabricating industry where exposures are
high. Thus, urinary Br should be considered as a
useful supplement to air monitoring of 1-BP.
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