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A
bstract

T
he N

ational Institute for O
ccupational Safety and H

ealth (N
IO

SH
) conducted a field study at a

prism
 and optical assem

bly m
anufactung plant w

here n-propyl brom
ide (nPB

) w
as used as a

v
a
p
o
r
 
d
e
 

greasing solvent. W
orkers' breathing zone, and exhaled breath concentrations of nPB

a
n
d
 
i
s
o
p
r
o
p
y
l
 
b
r
o
m
i
d
e
 
(
i
P
B
)
 
w
e
r
e
 
m
e
a
s
u
r
e
d
 
o
n
 
t
w
o
 
c
o
n
s
e
c
u
t
i
v
e
 
d
a
y
s
,
 
a
s
 
w
e
r
e
 

u
r
n
a
r
 
m
e
t
a
b
o
l
i
t
e

c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
o
f
 

brom
ide (B

r) and propyl m
ercaptuc acid (P

M
A

).

n-Propyl brom
ide has been m

arketed to replace ozone depleting solvents i, 1, I-trchloroethane
and freons(I, as w

ell as suspect carcinogens trichloroethylene and m
ethylene chloride; chem

icals
c
o
m
m
o
n
l
y
 
u
s
e
d
 
i
n
 
i
n
d
u
s
t
r
y
.
 
S
p
a
r
s
e
 
d
a
t
a
 
a
r
e
 

curently available to evaluate hum
an exposure to

nPB
. H

ow
ever, there is concern that nPB

 m
ay be a hem

atological, reproductive, or neurological
toxin, based on analogy to other B

r-propanes, anim
al studies, and a few

 case studies.

Full-shift tim
e w

eighted average (T
W

A
) exposure to nPB

 collected in w
orkers' breathng zone

air sam
ples ranged from

 0.52 to 9.8 parts per m
ilion (ppm

) and from
 0.12 to 11 ppm

,
respectively, for day 1 and day 2. A

ll of the w
orkers w

ere exposed to nPB
 at levels below

 the
industrial guideline of 25 ppm

 published by the E
P A

 in their proposed rulem
aking to accept nPB

under the C
lean A

ir A
ct. H

ow
ever, five (out of i 4) T

W
 A

 nPB
 m

easurem
ents exceeded or

a
p
p
r
o
a
c
h
e
d
 
(
:
;
 
7
5
%
)
 
t
h
e
 
A
m
e
r
i
c
a
n
 
C
o
n
f
e
r
e
n
c
e
 
o
f
 

G
overnental Industral H

ygienist (A
C

G
IH

)
T
h
r
e
s
h
o
l
d
 
L
i
m
i
t
 
V
a
l
u
e
(
I
 
o
f
 
1
0
 
p
p
m
.
 
T
h
e
 
a
v
e
r
a
g
e
 
T
W
 
A
 
e
x
p
o
s
u
r
e
 
f
o
r
 

all w
orkers on both days

com
bined w

as 4.9 ppm
. E

xhaled breath concentrations ofnP
B

 rangçd from
 0.035 to 0.59 ppm

and 0.067 to 2.5 ppm
, respectively, for pre- and post-shift sam

ples. Isopropyl brom
ide (iPB

), a
low

 level contam
inant in nPB

 solvents, w
as only detected in three air sam

ples in very low
quantities; iPB

 w
as not detected in any of the breath sam

ples.

A
verage urinar brom

ide (B
r) concentrations m

easured before the w
ork w

eek began and during
both w

orkdays, as m
easured by 24 hour com

posite sam
ples, w

ere approxim
ately three tim

es
higher for all w

orkers com
bined than for unexposed controls w

ho w
ere not em

ployed by this
c
o
m
p
a
n
y
.
 
M
i
l
 
t
e
c
h
n
i
c
i
a
n
s
 
h
a
d
 
t
h
e
 
h
i
g
h
e
s
t
 
w
o
r
k
d
a
y
.
 

urinar B
r levels (range: 7.5 - 26

m
iligram

s per liter; average =
 15 m

g/l). B
rom

ide in urne.can be influenced in general and
w
o
r
k
i
n
g
 
p
o
p
u
l
a
t
i
o
n
s
 

by non-occupational factors such as diet and m
edications, including over

the 
counter m

edications. P
ropyl m

ercaptuc acid (P
M

A
) is a m

ore specific m
etabolite for

m
easuring exposure to nP

B
. T

he 24-hour average P
M

A
 concentrations determ

ined for both
w

orkdays com
bined w

as fift tim
es higher than the averagePM

A
 concentration in controls. T

he
m
i
l
 
t
e
c
h
n
c
i
a
n
s
,
 
w
h
o
 
s
p
e
n
t
 
t
h
e
 
m
o
s
t
 
t
i
m
e
 
u
s
i
n
g
 
t
h
e
 
d
e
 

greaser or w
ho w

ere in closest proxim
ity

t
o
 
t
h
e
 
d
e
 

greaser, had urinary PM
A

 concentrations approxim
ately 66 and 95 tim

es higher than the
average control concentrations for day 1 and day 2, respectively. W

orkers w
ere observed to

periodically contact nPB
 solvent w

ith unprotected hands; derm
al absorption, in addition to

i
n
h
a
l
a
t
i
o
n
 
e
x
p
o
s
u
r
e
,
 
m
a
y
 
c
o
n
t
r
i
b
u
t
e
 
t
o
 
t
h
e
 
o
b
s
e
r
v
e
d
 

u
r
i
n
a
r
 
m
e
t
a
b
o
l
i
t
e
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
.

R
ecom

m
endations provided in ths report include substitution of nP

B
 solvents w

ith a less toxic
solvent, periodic exposure m

onitoring, local exhaust ventilation, degreaser m
odifications,

im
plem

entation of a respiratory protection program
, im

perm
eable gloves to nPB

, and routine
m
e
d
i
c
a
l
 
e
x
a
m
i
n
a
t
i
o
n
s
.
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Introductioim

T
h
e
 
I
n
d
u
s
t
r
d
e
 
S
t
u
d
i
e
s
 
B
r
a
n
c
h
 
o
f
 

the N
ationalInstitute for O

ccupational Safety and H
ealth

(N
IO

SH
) conducted a field study at Precision O

ptical, a optical prism
 and assem

bly
m

anufactung plant in C
osta M

esa, C
aliforna on A

ugust 16-18,2004. A
t ths facility, n-propyl

brom
ide (nP

B
) w

as used as a cleanng solvent to rem
ove paint, w

ax and other protective coatings
from

 polished glass aricles durng processing. In this research study, w
e m

easured w
orkers'

breathing zone concentrations to nPB
 and isopropyl brom

ide (iPB
), an im

purity, w
ith stadard

air sam
pling m

ethods in conjunction w
ith new

 m
ethods for m

easuring exhaled breath and urinar
m

etabolites.

B
ased on the uncertinty regarding the toxicity of nP

B
, the O

ccupational S
afety and H

ealth
A

dm
inistration (O

SH
A

) and N
IO

SH
 requested the N

ational T
oxicology Program

 (N
T

P) to
e
v
a
l
u
a
t
e
 
t
h
e
 
t
o
x
i
c
i
t
y
 
o
f
 

this chem
ical (O

SH
A

, 1999; N
T

P, 2004). T
he absence ofnPB

 exposure
a
s
s
e
s
s
m
e
n
t
 
i
n
f
o
r
m
a
t
i
o
n
 
h
a
s
 
p
r
o
m
p
t
e
d
 
N
I
O
S
H
 
t
o
 
c
o
n
d
u
c
t
 

a
 
m
u
l
t
-
i
n
d
u
s
t
r
 
o
c
c
u
p
a
t
i
o
n
a
l
 
e
x
p
o
s
u
r
e

study to evaluate w
orkers' industral exposures to nPB

. O
ne objective is to evaluate a variety of

industries listed by the E
nvironm

ental Protection A
gency (E

P A
) for review

 of nPB
 approval

under the C
lean A

ir A
ct. T

his study is an exposure assessm
ent study, not a health study; as such

it did not provide m
edical determ

inations. T
his site report describes the m

onitoring perform
ed at

o
n
e
 
o
f
 

these facilties w
hich w

ill be com
piled into the larger N

IO
SH

-IW
SB

 study regarding
occupational exposure to nPB

 in m
ultiple industries.

B
ackground

T
he toxicity of nPB

, also nam
ed 1 -brom

opropane (C
A

S no. 106-94-5), is not fully understood as
t
h
e
r
e
 
i
s
 
l
i
m
i
t
e
d
 
i
n
f
o
r
m
a
t
i
o
n
 
i
n
 
t
h
e
 
p
u
b
l
i
s
h
e
d
 
l
i
t
e
r
a
t
u
e
.
 
T
h
e
 
E
n
v
i
r
o
n
m
e
n
t
a
l
 

Protection A
gency

(E
P A

, 1999; 2003) is evaluating nPB
 as an alternative to ozone-depleting solvents for vapor-

degreasing and liquid cleaning of m
etal, precision, and electronic com

ponents as w
ell as for use

as a solvent in aerosol products and adhesives. n-Propyl brom
ide has been m

arketed to replace
1,1,1 -trichloroethane, freons(I, and suspect carcinogens trichloroethylene and m

ethylene
chloride, chem

icals that w
ere com

m
only used in industry. V

,ery little data are currently available
to evaluate hum

an exposure to nPB
. H

ow
ever, based on analogy to other brom

inated-propanes,
a
n
i
m
a
l
 
t
o
x
i
c
i
t
y
 

studies, and a lim
ited nunber of case studies, there is concern that nPB

 m
ay be a

hem
atological (blood), reproductive, or neurological toxin. (R

efer to A
ttchm

ent I for m
ore

detailed inform
ation regarding the toxicity ofnPB

 and iPB
.)

P
rocess D

escriptioim

Precision optical m
anufactues laser quality prism

s and optical assem
blies prim

arly for the
defense, aerospace, biom

edical and lithography industres. T
hese com

ponents include a large
variety of prism

s, corner cubes, alignent cubes, laser optical w
idow

s and beam
 splitters. T

he
m

anufactuing process stas w
ith rough cutting qua and other glass raw

 m
aterials to obtain the
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basic shape. T
he glass is then m

ounted on plaster blocks and w
ax, pitch, paint and other

protective coatings are applied on som
e surfaces. T

he blocked par is subsequently ground in
m

ils to rem
ove one to five thousandths of an inch. Follow

ing grinding, the glass is polished to
get the final finish and coatings m

ay be applied for som
e product lines.

A
 nPB

-based solvent containng over 94%
 nPB

 (Solvon PB
(I,PolySystem

s U
SA

, Inc.) is used
a
s
 
t
h
e
 
v
a
p
o
r
 
d
e
g
r
e
a
s
i
n
g
 
s
o
l
v
e
n
t
 
p
r
i
m
a
r
l
y
 
b
y
 
t
w
o
 
d
e
p
a
r
e
n
t
s
.
 
O
n
e
 
v
a
p
o
r
 
d
e
g
r
e
a
s
e
r
 
i
s
 

shared by
approxim

ately a half dozen w
orkers in the M

illng deparent. A
 second degreaser is located in

t
h
e
 
B
l
o
c
k
i
n
g
 
d
e
p
a
r
m
e
n
t
 
b
u
t
 
w
a
s
 
o
u
t
 
f
o
r
 

repairs during ths surey. T
he actual 'nuiber of

t
e
c
h
n
c
i
a
n
s
 
w
h
o
 
n
e
e
d
 
t
o
 
u
s
e
 
t
h
e
 
d
e
 

greaser on a given day depends on the product line and w
ork

p
r
o
d
u
c
t
i
o
n
 
s
c
h
e
d
u
l
e
.
 
T
h
e
 
p
r
o
d
u
c
t
i
o
n
 
s
c
h
e
d
u
l
e
 
f
o
r
 
t
h
i
s
 

com
pany is dictated by custom

er orders.
A
s
 
s
u
c
h
,
 
t
h
e
 
v
a
p
o
r
 
d
e
 

greaser is not continuously operated, rather pars are cleaned in batches on
an "as-needed" basis to rem

ove plaster, w
ax, pitch, paint and other protective coating prior to,

and after grinding and polishing.

A
 m

edium
 capacity (14 gallon), open-top vapor degreaser is located in the M

il room
. T

his
d
e
g
r
e
a
s
e
r
 
u
t
i
l
z
e
d
 
a
 
3
"
 
r
e
f
r
i
g
e
r
a
t
e
d
 
c
o
o
l
i
n
g
 
c
o
i
l
s
 
a
r
o
u
n
d
 
t
h
e
 
t
o
p
 
o
f
 

the perim
eter (18" x 28") of

t
h
e
 
v
a
p
o
r
 
c
h
a
m
b
e
r
 
w
i
t
h
 
1
0
"
 
o
f
 
f
r
e
e
b
o
a
r
d
 
h
e
i
g
h
t
,
 
a
n
d
 
a
 

sim
ilar 

cooling coil around the center of
the cham

ber. T
he cooling coil condenses nPB

 vapor into liquid droplets on the cool surface of
pars to rem

ove surface containation. E
xcess solvent drips back into the solvent sum

p and is
r
e
c
y
c
l
e
d
 
a
s
 
t
h
e
 
p
a
r
s
 
a
s
c
e
n
d
 
f
r
o
m
 
t
h
e
 
v
a
p
o
r
 
t
o
 
c
o
n
d
e
n
s
i
n
g
 
z
o
n
e
s
.
 
A
 
s
e
c
o
n
d
a
r
 
f
u
c
t
i
o
n
 
o
f
 

the
cooling coil is to control solvent vapor em

issions by "capping" the heated vapor zone w
ith a

refrgerated air space, typically six to tw
elve inches in height. A

 hand actuated spray w
and and

nozzle w
as also used w

ith this degreaser to supplem
ent the vapor cleanng.

T
he room

 that contains the vapor degreaser also contains m
ils, grinders, and saw

s. L
ocal

exhaust ventilation w
as not provided for the vapor degreaser but the room

 w
as serviced w

ith
general dilution ventilation and doors w

ere frequently left open. T
he only personal protective

equipm
ent em

ployees w
ere observed to use w

ere safety glasses and safety shoes. R
espirators

a
n
d
 
c
h
e
m
i
c
a
l
 
r
e
s
i
s
t
a
n
t
 
g
l
o
v
e
s
 
w
e
r
e
 
n
o
t
 
u
s
e
d
 
w
h
e
n
 
u
s
i
n
g
 
t
h
e
 
v
a
p
o
r
 
d
e
 

greaser.

E
valuation C

riteria

A
t present, occupational exposure lim

its (O
E

L
s) for nPB

 are not available from
 either O

SH
A

(
2
0
0
6
)
 
o
r
 
N
I
O
S
H
 
(
1
9
9
2
)
,
 
a
n
d
 

suggested m
anufacturers' guidelines are inconsistent, ranging

from
 5 to 100 pars per m

illon (ppm
) (G

reat L
akes C

hem
icals, 2005; E

nviro-T
ech International,

2005). T
he E

P A
 initially review

ed industry-sponsored anim
al studies and suggested that 50 to

1
0
0
 
p
p
m
 
s
h
o
u
l
d
 
p
r
o
v
i
d
e
 
a
d
e
q
u
a
t
e
 
p
r
o
t
e
c
t
i
o
n
,
 
b
u
t
 
c
a
u
t
i
o
n
e
d
 
t
h
a
t
 
t
h
s
 
w
a
s
 
a
 
p
r
e
l
i
m
i
n
a
r
 
d
e
c
i
s
i
o
n

since it w
as based on lim

ited data w
ith considerable uncertinty (E

P A
, 2000). T

his proposal w
as

largely based on hepatic toxicity observed in-rats, not on reproductive, hem
atopoietic, or

neurologic effects. A
fter review

ing industr studies (C
lintrials B

iorecherches1997a, 1997b; W
IL

R
esearch L

aboratories, 2000) and published literatue, R
ozm

an and D
oull (2002) concluded that

neurotoxicity is the m
ost sensitive end point and an O

E
L

 for nPB
 in the range of 60 to 90 ppm

should provide an adequate m
argin of safety.

4



O
n June 03, 2003, the E

P A
 published a proposed rulem

aking to accept nPB
 as a replacem

ent
solvent for ozone depleting substances for general m

etals, precision, and electronics cleang,
a
e
r
o
s
o
l
 
p
r
o
d
u
c
t
s
,
 
a
n
d
 
a
d
h
e
s
i
v
e
s
 
(
E
P
 
A
,
 
2
0
0
3
)
.
 
I
n
 
t
h
i
s
 
p
r
o
p
o
s
e
d
 
r
u
l
e
,
 
t
h
e
 
E
P
 
A
 

recom
m

ends an
industrial exposure guideline for nPB

 of 25 ppm
 over an 8-hr w

ork shift. T
he proposed

rulem
aking is curently being re-assessed by the E

P A
. A

lbem
arle C

o. (2003), one of the
d
o
m
e
s
t
i
c
 
s
u
p
p
l
i
e
r
s
 
o
f
 
n
P
B
 
s
o
l
v
e
n
t
s
,
 

also recom
m

ends an exposure guideline for nPB
 equal to 25

p
p
m
 
a
s
 

an 8-hour tim
e w

eighted average (T
W

 A
) concentration. In 2005, A

C
G

rn published a
recom

m
ended T

hreshold L
im

it V
alue(ß (T

L
V

) for nPB
 as a 10 ppm

,8-hr T
W

 A
 based on

suspected neurological toxicity (A
C

G
IH

, 2006). A
s one can see from

 these exposure guidelines,
the O

E
Ls for nP

B
 recom

m
ended by different organizations var by an order of m

agntude.

F
o
l
l
o
w
i
n
g
 
a
 
c
a
s
e
 
s
t
u
d
y
 
o
f
 

reproductive and hem
atological health effects in w

orkers exposed to
iPB

 in an electronics plant (K
im

 et aI., 1996; Park et aI., 1997), the R
epublic of South K

orea and
Japan prom

ulgated an O
E

L
 for iPB

 of 1 ppm
, m

easured as an 8-hour T
W

 A
. N

o other O
E

L
s are

p
r
e
s
e
n
t
l
y
 
p
u
b
l
i
s
h
e
d
 
f
o
r
 
i
P
B
.
 
O
c
c
u
p
a
t
i
o
n
a
l
 
e
x
p
o
s
u
r
e
 
c
r
i
t
e
r
i
a
 
f
o
r
 
t
w
o
 
o
f
 

t
h
e
 
u
r
i
n
a
r
 
m
e
t
a
b
o
l
i
t
e
s
 
o
f

nPB
 w

hich w
ere analyzed at these facilties (e.g., brom

ide and propyl m
ercaptuc acid) are

c
u
r
e
n
t
l
y
 
u
n
a
v
a
i
l
a
b
l
e
.

M
ethods

In this research study, nPB
 exposures w

ere determ
ined w

ith stadard air sam
pling m

ethods in
conjunction w

ith new
 m

ethods for exhaled breath and urinar m
etabolites. E

m
ployees

voluntarly participating in the study w
ere inform

ed of the study requirem
ents and provided their

w
ritten consent in accordance w

ith H
um

an S
ubjects R

eview
 B

oard protocoL.

A
t this facilty, w

orkers' exposures to nPB
 and isopropyl brom

ide (iPB
) w

ere m
easured over tw

o
consecutive w

orkdays using three types of m
onitoring: 1) air sam

pling in their personal
breathing zones; 2) exhaled breath; and 3) urinary m

etabolites. Seven w
orkers voluntarily

consented to participate, each of w
hom

 w
orked w

ith nPB
 or w

as expected to be in the vicinity of
v
a
p
o
r
 
d
e
 

g
r
e
a
s
e
r
s
 
u
s
i
n
g
 
n
P
B
.
 
T
h
e
s
e
 
w
o
r
k
e
r
s
 
i
n
c
l
u
d
e
d
 

five techncians (three m
il operators, an

edger, and a blocker) as w
ell as tw

o m
aintenance w

orkers. T
he w

orkers w
ore light-w

eight air
sam

pling pum
ps on 2 consecutive days; provided exhaled breath sam

ples before and after their
w
o
r
k
 
s
h
i
f
t
s
;
 
a
n
d
 
p
r
o
v
i
d
e
d
 
a
l
l
 
o
f
 

their urne collected over a 48-hour period, both w
hile at and

aw
ay from

 w
ork. T

he air and breath sam
ples w

ere analyzed for nPB
 as w

ell as iPB
, a low

 level
contam

inant in nPB
 solvents. T

he urine sam
ples w

ere analyzed for brom
ide (B

r) ion and propyl
m

ercaptuic acid (PM
A

), also called N
-acetyl-S-(n-propyl)-L

-cysteine.

Personal breathing zone and exhaled breath sam
ples w

ere collected w
ith A

nasorb carbon
m
o
l
e
c
u
l
a
r
 
s
i
e
v
e
 
(
C
M
S
)
 
s
o
r
b
e
n
t
 
t
u
b
e
s
.
 
T
h
e
 
s
o
r
b
e
n
t
t
u
b
e
s
 
w
e
r
e
 
d
e
s
o
r
b
e
d
 
w
i
t
h
 
1
 
m
i
l
i
l
t
e
r
 
(
m
l
)
 
o
f

carbon disulfide, and analyzed for nPB
 and iPB

 by gas chrom
atography w

ith flam
e ionization

detection (G
C

-FID
) via N

IO
SH

 m
ethod 1025 (N

IO
SH

, 2003a). T
he lim

it of detection (L
O

D
) for

this m
ethod is 0.5 J,g w

hich equates to a m
inim

um
 detectable concentration (M

C
) of 0.0083

ppm
 in air using the m

axim
um

 recom
m

ended air sam
pling volum

e of 12 liters and a M
D

C
 of

0.033 ppm
 in an exhaled breath volum

e of 3 liters. Q
ualitative evaluation of skin contact
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p
o
t
e
n
t
i
a
l
 
w
a
s
 
c
o
n
d
u
c
t
e
d
 
b
y
 
v
i
s
u
a
l
 
o
b
s
e
r
v
a
t
i
o
n
 
o
f
 

job tasks since effective quatitative skin
exposure m

easurem
ent m

ethods do not exist for com
pounds, such as nPB

, w
hich are volatile and

readily penetrate intact skin. T
he w

orkers w
ere interview

ed to determ
ine the am

ount oftim
e tht

t
h
e
y
 
u
s
e
d
 
t
h
e
 
d
e
 

g
r
e
a
s
e
r
 
w
h
i
c
h
 
r
a
n
g
e
d
 
f
r
o
m
 
n
o
t
 
u
s
i
n
g
 
i
t
 
a
t
 
a
l
l
 
t
o
.
a
 
c
o
u
p
l
e
 
o
f
 

hours.

T
o
 
o
b
t
a
i
n
 
d
a
t
a
 
o
n
 
n
P
B
 
m
e
t
a
b
o
l
i
t
e
s
 
e
x
c
r
e
t
e
d
 
b
y
 
h
u
m
a
n
s
,
 
a
l
l
 
o
f
 

the w
orkers'ure voids over a

48-hour period w
ere collected, including the am

ount excreted w
hile aw

ay from
 w

ork. T
he

specim
ens w

ere collected as com
posite sam

ples over sequential tim
e intervals: 1) at w

ork,
2) after w

ork but before bedtim
e, and 3) upon aw

akening. E
ach sam

pling surey w
as intended to

o
c
c
u
r
 
o
v
e
r
 
a
 
4
8
-
h
o
u
r
 
p
e
r
i
o
d
 
t
h
a
t
 
s
t
a
r
t
e
d
 
a
t
 
t
h
e
 
b
e
g
i
n
n
i
n
g
 
o
f
 

the w
ork w

eek (M
onday, pre-shift),

f
o
l
l
o
w
i
n
g
 
a
 
w
e
e
k
e
n
d
 
o
f
 

no exposure and end before the w
ork shift on W

ednesday. For
com

parison, single "spot" control sam
ples w

ere collected from
 tw

enty-one unexposed offce
w

orkers w
ho w

ere not em
ployed by this com

pany.

U
rine specim

ens w
ere collected in nitric acid rinsed N

algene~ bottles (high density polyethylene
(H

D
PE

)) and im
m

ediately chiled in 1 0 quar coolers w
ith gel ice w

hich w
ere individually

s
u
p
p
l
i
e
d
 
t
o
 
e
a
c
h
 
p
a
r
i
c
i
p
a
n
t
.
 
U
p
o
n
 
t
h
e
 

end ofthe collection period, thee-25 m
l sam

ple aliquots
w

ere dispensed into nitric acid rinsed H
D

PE
 bottles and im

m
ediately frozen on carbonic acid

(
d
r
-
i
c
e
)
.
 
T
h
e
 
t
o
t
a
l
 
u
r
n
e
 
v
o
l
u
m
e
 
f
o
r
 
t
h
i
s
 
c
o
l
l
e
c
t
i
o
n
 
p
e
r
i
o
d
 
w
a
s
 
a
l
s
o
 
m
e
a
s
u
r
e
d
 
w
i
t
h
 
a
 
g
r
a
d
u
a
t
e
d

cyclinder. In addition to B
r and PM

A
, the specim

ens w
ere also analyzed for creatinine (cr).

B
rom

ine

B
rom

ide (B
r) ion w

as m
easured w

ith inductively coupled plasm
a/m

ass spectrom
etr (IC

PIM
S;

V
arion U

ltra-m
ass 700) using ytium

 as an internal standard (A
llain et aI., 1990; Ichihara et aI.,

2004; K
aw

ai et aI., 2001). T
he L

O
D

 for brom
ine w

as 90 m
icrogram

s per liter (f.g/l). O
ne m

l of
each sam

ple w
as diluted to 10 m

l w
ith 1 %

 nitric acid prior to analysis. A
nalytical standards and

quality control sam
ples w

ere prepared using U
ri-sub, a synthetic urine solution. T

his w
as

necessary because background concentrations of B
r m

ay be present in pooled urne from
 the

general population.

P
ropyl m

ercaptuic acid

T
h
e
 
u
r
n
e
 
s
p
e
c
i
m
e
n
s
 
w
e
r
e
 
a
n
a
l
y
z
e
d
 
f
o
r
 
P
M
A
,
 
o
n
e
 
o
f
 

the m
ajor m

ercaptuc acid m
etabolites of

n
P
B
 
(
G
r
e
n
b
y
 
a
n
d
 
Y
o
u
n
g
,
 
1
9
6
0
;
 
J
o
n
e
s
 
a
n
d
 
W
a
l
s
h
,
 
1
9
7
9
)
.
 
F
o
u
r
m
l
 
a
l
i
q
u
o
t
s
 
o
f
 

the urine
specim

ens w
ere loaded onto a solid phase extraction caridge, rinsed w

ith three m
l of a

m
ethanol-acidified w

ater m
ixtue (pH

 =
 3); PM

A
 w

as then extracted in four m
l of acetone, dried

under nitrogen, and reconstituted in one m
l of m

ethaoL
. A

nalysis w
as perform

ed using high
p
e
r
f
o
r
m
a
n
c
e
 
l
i
q
u
i
d
 
c
h
r
o
m
a
t
o
g
r
a
p
h
y
 
(
H
L
C
)
 
w
i
t
h
 
e
l
e
c
t
r
o
 

spray ionization-tardem
 m

ass
spectrom

etr (E
S

I-M
S

IM
S

) for im
proved sensitivity and specificity (e.g., confirm

ation of
chem

ical identity).
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C
reatinine

C
reatinine w

as .analyzed using S
igm

a diagnostics test kit, procedure #555. R
oom

 tem
peratue

urine specim
ens w

ere diluted by a factor of 20 (or 40 if very concentrated) and m
ixed w

ith six m
l

of 
alkaline picrate. A

fter 10- 15 m
inutes, color anlysis of the creatinie-picrate com

plex w
as

p
e
r
f
o
r
m
e
d
 
w
i
t
h
 
a
 
s
p
e
c
t
r
o
p
h
o
t
o
m
e
t
e
r
 
(
M
i
l
t
o
n
 
R
o
y
 
S
p
e
c
t
r
o
n
i
c
 
2
0
 
D
)
.
 
A
 
0
.
2
 
m
l
a
l
i
q
u
o
t
 
o
f
 
a
c
i
d

r
e
a
g
e
n
t
 
w
a
s
 
t
h
e
n
 
a
d
d
e
d
 

and the specim
en w

as re-analyzed after five m
inutes; positive results

f
r
o
m
 
t
h
e
 
s
e
c
o
n
d
 
a
n
a
l
y
s
i
s
 
w
e
r
e
 
s
u
b
t
r
a
c
t
e
d
 

from
 the first m

easurem
ents as it is due to interfering

com
pounds.

C
r
e
a
t
i
n
i
n
e
 
i
s
 
a
 
p
r
o
t
e
i
n
 
b
y
-
p
r
o
d
u
c
t
 
e
x
c
r
e
t
e
d
 
i
n
 

urine due to the m
etabolism

 of creatine from
m

uscle exertion. It is often used to adjust urne data due to different levels of physical activity,
hydration, and urne concentrations betw

een different individuals or tim
e periods. T

he urne data
i
n
 
t
h
i
s
 
r
e
p
o
r
t
,
 

how
ever, are only presented as unadjusted concentrations, either m

g/l or i-g/l for
B

r and PM
A

, respectively. O
nce the data are com

piled from
 m

ultiple sites in this study, the
urine data w

ill be adjusted ("norm
alized") for creatinine (m

g B
r/gm

 creatinine or i-g PM
A

gm
creatinine) for publication in scientific jourals.

R
esults

T
able 1 presents the tim

e w
eighted average (T

W
A

) air sam
pling results collected in w

orkers'
breathing zones over 2 full w

ork shifts. Full-shift exposure to nPB
 ranged from

 0.52 to 9.8 pars
per m

ilion (ppm
) and from

 0.12 to 11 ppm
, for the first and second m

onitoring days,
respectively. D

aily averages for all w
orkers com

bined w
ere 5.1 ppm

 on day 1, and 4.6 ppm
 on

day 2. A
ll of the w

orkers w
ere exposed to nPB

 at levels below
 the industrial guideline of 25

p
p
m
 
p
ú
b
l
i
s
h
e
d
 
b
y
 
t
h
e
 
E
P
 
A
 
i
n
 
t
h
e
i
r
 
p
r
o
p
o
s
e
d
 
r
u
l
e
m
a
k
i
n
g
 
t
o
 
a
c
c
e
p
t
 
i
l
B
 
u
n
d
e
r
 
t
h
e
 
C
l
e
a
n
 
A
i
r
 
A
c
t

and recom
m

ended by several solvent distributors. H
ow

ever, five (out of 14) T
W

 A
m

easurem
ents exceeded or approached (:; 75%

) the A
m

erican C
onference of G

overnental
Industrial H

ygienist (A
C

G
IH

) T
hreshold L

im
it V

alue (T
L

 V
lI) of 10 ppm

, m
easured over an 8-

h
o
u
r
 
w
o
r
k
s
h
i
f
t
.
 
I
s
o
-
p
r
o
p
y
l
 
b
r
o
m
i
d
e
 
w
a
s
 
n
o
t
 
d
e
t
e
c
t
e
d
 
i
n
 
a
n
y
 
o
f
 

the air sam
ples w

ith a m
inim

um
d
e
t
e
c
t
a
b
l
e
 
c
o
n
c
e
n
t
r
a
t
i
o
n
 
a
b
o
v
e
 
0
.
0
0
8
3
 
p
p
m
 
(
f
o
r
 
a
 
1
2
 

liter sam
ple); w

ell below
 1 ppm

, the only
published occupational exposure lim

it for iPB
. Interview

s of the w
orkers w

ere conducted to
determ

ine the am
ount of tim

e they used the degreaser w
hich ranged from

 not using it .at all to a
c
o
u
p
l
e
 
o
f
 

h
o
u
r
s
.
 
W
o
r
k
e
r
s
 
w
h
o
 
u
s
e
d
 
t
h
e
 
d
e
 

greaser m
ost often or w

ere in closest proxim
ity to it

had the highest exposure levels.

T
a
b
l
e
 
2
 
p
r
o
v
i
d
e
s
 
a
 
s
u
m
m
a
r
 
o
f
 

the exhaled breath concentrations for nPB
. T

he nPB
concentrations m

easured in the pre-shift breath sam
ples ranged from

 0.059 to 0.59 ppm
, and

from
 0.067 to 2.5 in the post-shift sam

ples. T
he average pre-shift breath concentrations of nPB

w
ere less than the respective post-shift average for both m

onitoring days (L
e., average pre-shift

and post-shift concentration pairs w
ere 0.12 and 0.9 for day 1, and 0.26 and 0.51 for day 2). Iso-

p
r
o
p
y
l
 
b
r
o
m
i
d
e
 
w
a
s
 
n
o
t
 
d
e
t
e
c
t
e
d
.
i
n
a
n
y
 
o
f
 

the breath sam
ples w

ith a m
inium

 detectable
c
o
n
c
e
n
t
r
a
t
i
o
n
 
a
b
o
v
e
 

0.033 ppm
 for a 3 liter sam

ple. T
here are no criteria to com

pare breath
concentrations because this is a new

 experim
ental m

ethod.

7



T
he average B

r concentration from
 urne sam

ples collected before the w
ork-w

eek began w
as 13

m
iligram

s per liter (m
gll) for all seven w

orkers (T
able 3). M

oreover, the 24-hour average
c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
o
f
 
u
r
n
a
r
 
B
r
 
r
a
n
g
e
d
 
f
r
o
m
 
1
.
3
 
t
o
 
2
6
 
m
g
/
l
,
 
a
n
d
 
t
h
e
 
d
a
i
l
y
 
a
v
e
r
a
g
e
s
 
w
e
r
e
 
1
 
3
 

a
n
d
 
1
2

m
g/1. For com

parison, the average B
r concentration w

as 4.0 m
gll in spot sam

ples from
 control

s
u
b
j
e
c
t
s
 
w
h
o
 
w
e
r
e
 
n
o
t
 
e
m
p
l
o
y
e
d
 
b
y
 
t
h
i
s
 
c
o
m
p
a
n
y
.
 
H
e
n
c
e
,
 
w
o
r
k
e
r
s
 

average urnar B
r levels

w
ere about three tim

es greater than the control average.

B
rom

ide in urine can be infuenced by non-occupational factors such as diet and m
edications,

including over the counter m
edications. Propyl m

ercapturic acid (PM
A

) is a m
ore specific

m
etabolite for m

easuring exposure to nPB
. T

he data for PM
A

 are provided in T
able 4. T

he
PM

A
 concentrations before the w

ork w
eek for w

orkers ranged from
 63 to 902 m

icrogram
 per

l
i
t
e
r
 
(
i
-
g
l
l
)
,
 
a
n
d
 
t
h
e
 
a
v
e
r
a
g
e
 
w
a
s
 
o
v
e
r
 
f
i
v
e
 
t
i
m
e
s
 
h
i
g
h
e
r
 
t
h
a
n
 
t
h
e
 
a
v
e
r
a
g
e
 
c
a
l
c
u
l
a
t
e
d
 
f
r
o
m
 

control
specim

ens. 
Furherm

ore, the average 24-hour concentrations of PM
A

 from
 all w

orkers over both
w

orkdays w
ere about fort to fifty tim

es higher than the control average. M
ore specifically,

average 24 hour PM
A

 concentrations for m
il technicians and the blocker w

ere .approxim
ately 54

and 78 tim
es greater the control subjects' average, for day 1 and day 2, respectively.

T
he potential for solvent splashing and derm

al contact exists w
ith vapor degreasing processes,

especially w
hen the shape of the parts or racks could car solvent out.of the degreaser vapor

zone. C
hem

ical resistant gloves w
ere not observed to be used in these deparm

ents and som
e

a
s
s
e
m
b
l
e
r
s
 
c
o
n
t
a
c
t
e
d
 
n
P
B
 
s
o
l
v
e
n
t
 

and recently cleaned pars w
ith unprotected skin.

S
t
a
t
i
s
t
i
c
a
l
 
a
n
a
l
y
s
e
s
 
w
e
r
e
 
n
o
t
 

conducted for the data collected at this single site since only seven
w

orkers paricipated in the m
onitoring. Statistical analyses w

ill be perform
ed after all of the data

collected at separate sites are pooled into larger data bases.

C
onclusions

.
 
A
l
l
 
o
f
 

the w
orkers' full-shift T

W
A

 exposures to nPB
 w

ere below
 the industrial guideline

of 25 ppm
 proposed by the E

P A
 and several solvent distributors, how

ever, several T
W

A
s

exceeded or approached (:; 75%
) the A

C
G

rn T
L

V
tI of 10 ppm

.

.
 
G
i
v
e
n
 
t
h
e
 
o
b
s
e
r
v
e
d
 
p
r
o
d
u
c
t
i
o
n
 
r
a
t
e
,
 
t
h
e
 
g
e
n
e
r
a
l
 
v
e
n
t
i
l
a
t
i
o
n
 
p
r
o
v
i
d
e
d
 
f
o
r
 
t
h
e
 
v
a
p
o
r

degreaser and door openings w
ere m

arginally controllng nPB
 air em

issions below
 10

p
p
m
.
 
I
n
c
r
e
a
s
e
d
 
w
o
r
k
 
l
o
a
d
 
f
o
r
 
d
e
 

greaser users m
ay cause w

orkers' nPB
 exposure to

exceed the A
C

G
IH

 T
L

V
 m

ore frequently.

.
 
W
o
r
k
e
r
s
'
 
e
x
p
o
s
u
r
e
s
 
t
o
 
i
P
B
 
w
e
r
e
 
n
o
t
 
d
e
t
e
c
t
e
d
 
w
i
t
h
 
a
 
m
i
n
i
m
a
l
 
d
e
t
e
c
t
e
d
 
c
o
n
c
e
n
t
r
a
t
i
.
o
n
 
w
e
l
l

below
 1 ppm

, the only occupational exposure lim
it available (published by South K

orea).

.
 
T
h
e
 
p
r
e
-
 
a
n
d
 
p
o
s
t
-
s
h
i
f
t
 
b
r
e
a
t
h
 
m
o
n
i
t
o
r
i
n
g
 
s
h
o
w
e
d
 
m
e
a
s
u
r
a
b
l
e
 
l
e
v
e
l
s
 
o
f
 
n
P
B
 
b
u
t
 
n
o
t
 
i
P
B
,

and the post-shift averages w
ere greater than the pre-shift averages on both w

ork days.
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T
h
e
 
t
e
c
h
n
c
i
a
n
s
 
w
i
t
h
 
t
h
e
 
f
u
l
l
-
s
h
i
f
t
-
 
T
W
A
s
 
t
o
 
n
P
B
 
t
h
a
t
 
a
p
p
r
o
a
c
h
e
d
 
t
h
e
 
T
L
 
V
 
a
l
s
o
 
h
a
d
 

the
highest post shift nPB

 breath concentrations.

· A
verage "pre-w

eek" concentrations of the urinar B
r w

ere thee tim
es higher for w

orkers
than for control subjects; w

orkers' average 24-hour B
r concentrations durng w

ork days
w

ere sim
ilar to the pre-w

eek average.

·
 
A
v
e
r
a
g
e
 
2
4
-
h
o
u
r
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
o
f
 
t
h
e
 
u
r
n
a
r
 
P
M
A
 
m
e
a
s
u
r
e
d
 
i
n
 
w
o
r
k
e
r
 
s
p
e
c
i
m
e
n
s

d
u
r
i
n
g
 
w
o
r
k
 
d
a
y
s
 
w
e
r
e
 
o
v
e
r
 
f
o
r
t
y
 
t
o
 
f
i
f
t
y
 
t
i
m
e
s
 

higher th the average PM
A

concentration m
easured in control specim

ens.

·
 
U
n
p
r
o
t
e
c
t
e
d
 
d
e
r
m
a
l
 
c
o
n
t
a
c
t
 
w
i
t
h
 
n
P
B
 
s
o
l
v
e
n
t
s
 
a
n
d
 
r
e
c
e
n
t
l
y
 
d
e
g
r
e
a
s
e
d
 
p
a
r
t
s
 
m
a
y

contribute to the w
orkers' exposures. nPB

 is appreciably absorbed though w
orkers'

intact skin, w
hich contributes to their overall absorbed dose.

.
 
T
h
e
 
c
o
n
c
l
u
s
i
o
n
s
 
d
r
a
w
n
 
a
r
e
 
b
a
s
e
d
 
o
n
 
t
h
e
 
d
a
t
a
 
f
r
o
m
 
t
h
e
 
g
r
o
u
p
e
d
 
p
o
p
u
l
a
t
i
o
n
 
o
f
 
w
o
r
k
e
.
r
s
.

T
h
e
s
e
 
d
a
t
a
 
d
e
m
o
n
s
t
r
a
t
e
 
t
h
a
t
 
w
o
r
k
e
r
s
 
u
s
i
n
g
 
d
e
g
r
e
a
s
e
r
s
 
a
r
e
 

exposed to and are excreting
n
P
B
 
m
e
t
a
b
o
l
i
t
e
s
.
 
H
o
w
e
v
e
r
,
 
t
h
e
 
h
e
a
l
t
h
 

significance of an individual's urine m
etabolite

level is uncertain.

R
ecom

m
endations

H
um

an health effects from
 exposure to nPB

 are not fully understood as there are only a few
reports in the published literatue. T

he occupational exposure criteria of 25 ppm
 suggested by

the E
P A

 and som
e solvent m

anufactuers are largely based on lim
ited data observed in anim

al
toxicity studies. T

he A
C

G
IH

 T
L

 V
 of 10 ppm

 for nPB
 is based on suspected neurological

toxicity. A
s additional scientific inform

ation becom
es available, the O

E
L

 curently proposed
m

ay, in fact, be low
ered. T

herefore, N
IO

SH
 scientists believe it is prudent to reduce

occupational exposure of nP
B

 to the low
est feasible levels.

T
o
 
r
e
d
u
c
e
 
t
h
e
 
r
i
s
k
 
o
f
 

hazardous exposures in the w
ork environm

ent, industrial hygiene principles
i
n
c
o
r
p
o
r
a
t
e
 
t
h
e
 
f
o
l
l
o
w
i
n
g
 
h
i
e
r
a
r
c
h
y
 
o
f
 
e
x
p
o
s
u
r
e
 
c
o
n
t
r
o
l
,
 
i
n
 
d
e
c
r
e
a
s
i
n
g
 
o
r
d
e
r
 
o
f
 
p
r
e
f
e
r
e
n
c
e
 

and
effectiveness:

a
)
 
E
l
i
m
i
n
a
t
e
 
a
 
t
o
x
i
c
 
s
u
b
s
t
a
c
e
 
b
y
 

substituting it w
ith a less toxic one or by process

changes,
b
)
 
I
n
s
t
a
l
l
 
e
n
g
i
n
e
e
r
i
n
g
 
c
o
n
t
r
o
l
s
 
t
o
 
r
e
m
o
v
e
 
o
r
 
r
e
d
u
c
e
 
t
h
e
 
a
i
r
b
o
r
n
e
 
c
o
n
t
a
i
n
a
n
t
s
,
 
p
r
e
f
e
r
a
b
l
y

at the point of em
ission using: local exhaust ventilation; isolation of contam

inant
em

issions aw
ay from

 w
orker positions; or by process changes,

c) U
se adm

inistrative controls to reduce individual exposures by altering or rotating job
tasks and w

ork schedules, thereby reducing high exposure durations, and
d
)
 
U
s
e
 
p
e
r
s
o
n
a
l
 
p
r
o
t
e
c
t
i
v
e
 
e
q
u
i
p
m
e
n
t
 
(
P
P
E
)
,
 
s
u
c
h
 
a
s
 
r
e
s
p
i
r
a
t
o
r
y
 
p
r
o
t
e
c
t
i
o
n
,
 
g
l
o
v
e
s
,

aprons, etc., to reduce the absorbed dose from
 potential exposure. A

lthough PPE
 is

frequently used because it is a cheaper and easier m
ethod of control, it is the least

desirable because it is not alw
ays effective. N

IO
SH

 policy is that PPE
 should only be

9



used w
hen engineering controls are infeasible; durng the interim

 period w
hen

engineering controls are being installed or repaired; or w
hen engieering controls .are

not effective in reducing exposure below
 hazardous levels.

M
ore specific recom

m
endations to m

iniize w
orkers' exposures to nPB

 at ths facility are
provided below

:

1. E
lim

inate nPB
 based solvents if feasible by using a less toxic substitute. It is

advisable to consult w
ith technical experts and solvent distributors to evaluate if

there are any suitable alternative solvents that are less toxic w
hich perform

 in
a
c
c
o
r
d
a
n
c
e
 
w
i
t
h
 
e
n
g
i
n
e
e
r
i
n
g
 
s
p
e
c
i
f
i
c
a
t
i
o
n
s
.
 
I
f
 
a
l
t
e
r
n
a
t
i
v
e
 
s
o
l
v
e
n
t
s
 

are not
f
e
a
s
i
b
l
e
,
 
u
s
e
 
n
P
B
 
s
o
l
v
e
n
t
s
 
t
h
a
t
 

have the low
est iPB

 contam
ination as is possible.

B
ased on the non-detectable iPB

 results, it appears that nPB
 solvents used at your

facilties do not contain excessive iPB
 contam

ination. T
he A

ST
M

 (2001)
standard for iPB

 contam
ination in nPB

 solvents is 0.10%
. In the E

PA
 proposed

rulem
aking (2003) to acceptnPB

 solvents, a use restriction includes using nPB
solvents w

ith an iPB
 contam

ination not exceeding 0.05%
, before blending into

products. It is advisable to confirm
 that the nPB

 solvents used at Y
Q

ur facilty
m

eet, and continue to m
eet, this criterion.

2. E
m

ployee exposures to nP
B

 should be periodically re-evaluated. If m
onitoring

results exceed relevant criteria, install engineering controls (i.e., local exhaust
ventilation) for the degreaser and provide an adequate m

ake-up air ventiation
system

 to reduce airborne nPB
 concentrations. T

he ventilation system
 should

i
n
c
l
u
d
e
 
a
 
s
l
o
t
t
e
d
 
p
l
e
n
u
m
 
v
e
n
t
i
l
a
t
i
o
n
 
h
o
o
d
 
a
d
j
a
c
e
n
t
 
t
o
 
t
h
e
 
b
a
c
k
 
o
f
 

the degreaser so
t
h
a
t
 
i
t
 
r
e
m
o
v
e
s
 
s
o
l
v
e
n
t
 
v
a
p
o
r
 

aw
ay from

 w
orkers' breathing zones. F

urherm
ore,

the w
ork bench w

here parts are allow
ed to dr should also be provided w

ith
sim

ilar local exhaust ventilation. D
esign srecifications are available in the

A
C

G
IH

 Industrial V
entilation M

anual, 25t edition (2006) or sim
ilar industrial

ventilation textbook. In addition, a routine m
aintenance schedule for ventilation

system
s is necessar to ensure effective perform

ance of the equipm
ent.

3. W
orkers' exposure levels to nPB

 could be reduced fuher w
ith m

odifications to
the degreaser. T

hese include the use of a m
otorized hoist set at a pre-determ

ined
speed to prevent w

orkers from
 lifting parts baskets too quickly through the vapor

z
o
n
e
.
 
T
h
i
s
 
w
i
l
 
r
e
d
u
c
e
 
l
i
q
u
i
d
 
a
n
d
 
v
a
p
o
r
 
s
o
l
v
e
n
t
 
c
a
r
r
y
-
o
u
t
 
a
n
d
,
 
a
n
d
 
r
e
d
u
c
e
 
t
h
e

a
m
o
u
n
t
 
o
f
 
t
i
m
e
 
w
o
r
k
e
r
s
 
m
u
s
t
 
l
e
a
n
 
o
v
e
r
 
t
h
e
 
d
e
 

greaser opening. E
xpanding the

num
ber of loops and height of the top condensing coil m

ay also reduce solvent
carr-out because it w

ould provide a larger zone to cap the solvent vapors. T
he

degreaser cover should also rem
ain closed w

hen not in use.

4. n~
P

ropyl brom
ide readily penetrates intact skin and com

m
on glove m

aterials. T
he

o
b
s
e
r
v
e
d
 
w
o
r
k
 
p
r
a
c
t
i
c
e
s
 
c
o
u
p
l
e
d
 
w
i
t
h
 
h
i
g
h
 
n
P
B
 
m
e
t
a
b
o
l
i
t
e
s
 
(
u
r
i
n
a
r
 
B
r
 
a
n
d

PM
A

) suggests that derm
al contact and absorption ofnPB

 is substantial for som
e

w
orkers using the vapor degreasers. W

hen skin contact potential w
ithnPB

 or

10



parts recently rem
oved from

 the degreaser is high, appropriate gloves, ar
sleeves, aprons or other PPE

 should be used as appropriate. Solvent
m

anufactuers recom
m

end use of m
ultiple layer lam

inates for protection against
nP

B
. T

hese include, but are not lim
ited to, V

iton™
, 4H

 (P
E

Æ
V

 A
L)T

M
, and

Silver Shield™
. O

ther m
ore com

m
on glovelPPE

 m
aterials (e.g., latex, nitrle,

neoprene, butyl rubber, poly vinyl chloride (PV
C

), etc.) do not adequately prevent
nPB

 from
 penetrating the PPE

 m
aterial for m

ore than a few
 m

inutes to a few
hours. T

hs m
ay include tim

e afer the glove is containated even though it is no
longer w

orn by a w
orker.

5. R
espiratory protection should be provided for those w

orkers w
ho desire to use it

w
hen operating the vapor degreaser or if the controls are not effective in reducing

exposures suffciently. O
nly N

IO
SH

 approved air purfying respirators w
ith

organic vapor cartidges or N
IO

SH
 approved air supplied respirators should be

used. T
he use of respiratory protection requires the im

plem
entation of a

com
prehensive respiratory protection program

 in accordance w
ith O

SH
A

regulations (29 C
FR

 1910.134) andN
IO

SH
 recom

m
ended procedures (N

IO
SH

,
1987). A

 m
inim

al acceptable program
 m

ust be m
anaged by a com

petent person
and include: w

ritten procedures; proper selection; user training; routine cleanng
and inspection; proper storage; sureillance of w

ork conditions and w
orker

exposures; program
 audits; m

edical determ
ination of user fitness; and use of

approved respirators.

6. C
om

pany m
anagem

ent m
ust m

aintain an aw
areness of the latest scientific

inform
ation regarding occupational exposure guidelines for nPB

 as w
ell as

relevant health, safety, and environm
ental standards from

 regulatory agencies.

7. E
m

ployees potentially exposed to nP
B

 should be provided w
ith routine m

edical
e
x
a
m
i
n
a
t
i
o
n
s
.
 
R
e
p
o
r
t
s
 
o
f
 

h
e
a
l
t
h
 
e
f
f
e
c
t
s
 
s
h
o
u
l
d
 
b
e
 
r
e
f
e
r
r
e
d
 
t
o
 
a
 
h
e
a
l
t
h
 

care
provider w

ho specializes in occupational or environm
ental m

edicine.
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T
able 1.

S
u
m
m
a
r
y
 
o
f
 

w
orkers' T

W
 A

D
 air sam

ple concentrations of n-propyl brom
ide

a
n
d
 
i
s
o
p
r
o
p
y
l
 
b
r
o
m
i
d
e
 
f
o
r
 
t
h
e
 

m
i
l
l
n
g
 
a
n
d
 
m
a
i
n
t
e
n
a
n
c
e
 
w
o
r
k
e
r
s
.

P
recision O

ptical
C

osta M
esa, C

A

N
ational Institute for O

ccupational Safety and H
ealth

C
enters for D

isease C
ontrol and Prevention

IW
SB

 232.15

T
W

 A
 A

ir C
oncentration (ppm

l
C

hem
ical

M
easure

(
n
 
=
 
7
)

D
a
y
 
1

D
ay 

2 

A
verage

5.1
4.6

nPB
c

R
ange

0.52 - 9.8
0
.
1
2
~
 
1
1

A
verage

-
0.026e

¡PB
d

R
ange

N
D

t
0
.
0
2
4
 
-
 
0
.
0
2
8

Footnotes:
a)

T
W

 A
 =

 tim
e w

eighted average. It is used w
hen m

ultiple sam
ples are collected over the w

ork shift
to calculate the average exposure concentration "pro-rated" for tim

e.
E

xam
ple:

T
W
 
A
 
=
 
(
(
i
m
e
 
I
 
x
 
c
o
n
e
.
 
I
)
 
+
 
(
t
i
m
e
 
2
 
x
 
c
o
n
e
.
 
2
)
.
.
.
 
+
 
(
t
i
m
e
¡
 
x
 
c
o
n
e
.
 

i)) -; total tim
e for both sam

ple I and 2
plus all additional sam

ples (i)
U

nits are in parts per m
ilion by volum

e; the .am
ount of brom

opropane per 1 m
ilion part of air.

nPB
=

 n-propyl brom
ide (also called I -brom

opropane).
iPB

 =
 isopropyl brom

ide (also called 2-brom
opropane).

A
verage w

as calculated only w
ith detectable results (n =

 3).
N

D
 =

 non-detectable.

b)c)d)e)f)

II



T
able 2.

S
u
m
m
a
r
y
 
o
f
 

w
orkers' breath concentrations of n-propyl brom

ide8 for m
illng and

m
a
i
n
t
e
n
a
n
c
e
 
w
o
r
k
e
r
s
.

Precision O
ptical

C
osta M

esa, C
A

N
ational Institute for O

ccupational Safety and H
ealth

C
e
n
t
e
r
s
 
f
o
r
 
D
i
s
e
a
s
e
 
C
o
n
t
r
o
l
 

a
n
d
 
P
r
e
v
e
n
t
i
o
n

IW
SB

 232.15

nPB
 B

reath concentration (ppm
l

D
ate

M
easure

(n =
 7)

Pre-shift
Post-Shift

A
verage

0.12c
0.90

D
a
y
 
1

R
ange

0
.
0
5
9
 
-
 
0
.
1
9

0
.
1
0
 
~
 
2
.
5

A
verage

0.26
0.51

D
ay 

2 

R
ange

0.059 - 0.59
0.067 - 1. 7

A
verage

0.10d
e

n.a.
D

ay 
3 

R
ange

0
.
0
3
5
 
-
 
0
.
3
4

n.a.

Footnotes:
a
)
 
i
P
B
 
w
a
s
 
n
o
t
 
d
e
t
e
c
t
e
d
 
i
n
 
a
n
y
 
o
f
 

the breath sam
ples.

b
)
 
U
n
i
t
s
 
a
r
e
 
i
n
 
p
a
r
t
s
 
p
e
r
 
m
i
l
i
o
n
 
b
y
 
v
o
l
u
m
e
;
 
t
h
e
 
a
m
o
u
n
t
 
o
f
 

brom
o 

p
r
o
p
a
n
e
 
i
n
 
1
 
m
i
l
i
o
n
 
p
a
r
s
 
o
f
 

breath.
c
)
 
A
v
e
r
a
g
e
 
w
a
s
 

calculated only w
ith detectable results (n =

=
 6).

d) A
verage w

as calculated only w
ith detectable results (n =

=
 5).

e
)
 
N
o
t
 
a
p
p
l
i
c
a
b
l
e
.
 
O
n
l
y
 
a
 
"
b
e
f
o
r
e
 
w
o
r
k
"
 
b
r
e
a
t
h
 
s
a
m
p
l
e
 
(
e
.
g
.
 
1
6
-
h
o
u
r
 
p
o
s
t
 
s
h
i
f
t
)
 
w
a
s
 
c
o
l
l
e
c
t
e
d
 
o
n
 
d
a
y
 
3
.

13



T
able 3.

S
u
m
n
i
a
r
y
 
o
f
 

w
orkers' brom

ide concentrations in nrine for m
iling and m

aintenance w
orkers.

Precision O
ptial

C
osta M

esa, C
A

N
ational Institute for O

ccupational Safety and H
ealth

C
enters for D

isease C
ontrol and Prevention

IW
SB

 232.15

C
hem

ical
Job

D
ay 1, B

efore W
orka

R
an!!e

A
vera!!e

W
orkers

2.9 - 22
13

B
rom

ide
(
n
 
=
 
7
)

(m
g/liter)b

C
ontrolsC

0.98 -16
4.0

C
hem

ical
Job

D
av 1, 24-H

r. C
oncentrationd

D
av 2, 24-H

r. C
oncentration

R
an!!e

A
vera!!e

R
an!!e

A
veral.e

B
rom

ide
W

orkers
3.7 - 23

13
1.3 - 26

12

(m
Il/liter)

(
n
 
=
 
7
)

Footnotes:
a
)
 
S
a
m
p
l
e
 
w
a
s
 
c
o
l
l
e
c
t
e
d
 
b
e
f
o
r
e
 
o
r
 
n
e
a
r
 
t
h
e
 
s
t
a
r
t
 
o
f
 

the w
ork shift, after the w

eekend aw
ay from

 w
ork.

b
)
 
U
n
i
t
s
 
a
r
e
 
i
n
 
m
i
l
i
g
r
a
m
s
 
o
f
 

b
r
o
m
i
d
e
 
p
e
r
 
l
i
t
e
r
 
o
f
 

urine.
c
)
 
C
o
n
t
r
o
l
 
s
a
m
p
l
e
s
 
w
e
r
e
 
c
o
l
l
e
c
t
e
d
 
f
r
o
m
 
2
1
0
f
f
c
e
 
w
o
r
k
e
r
s
 
u
n
e
x
p
o
s
e
d
 
t
o
 
n
P
B
,
 
n
o
t
 
e
m
p
l
o
y
e
d
 
b
y
 
t
h
i
s
 
c
o
m
p
a
n
y
.

d
)
 
2
4
-
H
o
u
r
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
w
e
r
e
,
 

calculated from
 3 com

bined sam
ples of all urine specim

ens collected at w
ork;

after w
ork before bedtim

e; and upon aw
akening.14



T
able 4.

S
u
m
m
a
r
y
 
o
f
 

w
orkers' propyl m

ercapturic acid concentrations in urine for m
illng

a
n
d
 
m
a
i
n
t
e
n
a
n
c
e
 
w
o
r
k
e
r
s
.

P
recision O

ptical
C

osta M
esa, C

A

N
ational Institute for O

ccupational Safety and H
ealth

C
enters for D

isease C
ontrol and Prevention

IW
SB

 232.15

C
hem

ical
Job

D
ay 1, B

efore W
ork

R
an!!e

A
vera!!e

W
orkers

63 - 902
321

PM
N

(n =
 7)

(,.g/lier)b
N

D
d_ 207

C
ontrolsc

59.7

C
hem

ical
Job

D
ay 1, 24-H

r. C
oncentratione

D
ay 2, 24-H

r. C
oncentration

R
ane:e

A
verae:e

R
an2e

A
 verae:e

PM
A

W
orkers

(,.g/liter)
(
n
 
=
 
7
)

289 - 5920
2520

129 -10300
3460

Footnotes:
a) P

M
A

 =
 propyl m

ercapturic acid.
b
)
 
U
n
i
t
s
 
a
r
e
 
i
n
 
m
i
c
r
o
g
r
a
m
s
 
o
f
 
p
r
o
p
y
l
 
m
e
r
c
a
p
t
u
r
i
c
 
a
c
i
d
 
p
e
r
 
l
i
t
e
r
 
o
f
 
u
r
i
n
e
.
 
(
O
n
e
 
m
i
c
r
o
g
r
a
m
 
i
s
 
o
n
e
 
t
h
o
u
s
a
n
d

tim
es less than a m

iligram
.)

c
)
 
C
o
n
t
r
o
l
 
s
a
m
p
l
e
s
 
w
e
r
e
 
c
o
l
l
e
c
t
e
d
 
f
r
o
m
 
2
 
i
 
o
f
f
c
e
 
w
o
r
k
e
r
s
 
u
n
e
x
p
o
s
e
d
 
t
o
 
n
P
B
,
 
n
o
t
 
e
m
p
l
o
y
e
d
 
b
y
 
t
h
i
s
 
c
o
m
p
a
n
y
.

d
)
 
N
D
 
=
 
n
o
n
-
d
e
t
e
c
t
a
b
l
e
.

e
)
 
2
4
-
H
o
u
r
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
w
e
r
e
 
c
a
l
c
u
l
a
t
e
d
 
f
r
o
m
 
3
 
c
o
m
b
i
n
e
d
 
s
a
m
p
l
e
s
 
o
f
 
a
l
l
 
u
r
i
n
e
 
s
p
e
c
i
m
e
n
s
 
c
o
l
l
e
c
t
e
d
 
a
t

w
ork;after w

ork before bedtim
e; and upon aw

akening.
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A
ttachm

ent I

T
oxicity of n-propyl brom

ide and isopropyl brom
ide

T
he m

olecular structue of brom
opropanes is a sim

ple thee carbon alkane chain containig a
s
i
n
g
l
e
 
b
r
o
m
i
n
e
 

substitution. T
here are tw

o brom
opropane isom

ers: n-propyl brom
ide l(nPB

)
also called 1-brom

opropane; C
A

S
 N

o. 106-94-5) and isopropyl brom
ide ((iP

B
) also called 2-

b
r
o
m
o
p
r
o
p
a
n
e
;
 
C
A
S
 
N
o
.
7
5
-
2
6
-
3
)
.
 
P
r
i
o
r
 
t
o
 
t
h
e
 
l
a
s
t
 

several years, nPB
 w

as prim
arly used to

m
anufacture pharaceuticals, pesticides, and other chem

icals typically in w
ell controlled closed

processes. A
n international agreem

ent betw
een a num

ber of industrial nations restrcts the
m

anufactue and use of ozone depleting substances including som
e com

pounds w
hich w

ere
w

idely used throughout general industr: 1,1, I-trichloroethane and chlorofluorocarbons

(freons(ß). In an effort to develop alternatives to replace these ozone depleting solvents, nPB
products have been m

arketed, or are being considered, for m
etal deaning/degreasing, autom

otive
degreasing, electronics cleaning, precision cleaning (e.g., plastics, optics, and m

edical
equipm

ent), aerosol products, adhesive solvents, paint and coating solvents, textile dry cleanng,
printing inks, and asphalt blending (E

PA
, 2003; D

ead Sea B
rom

ine, 1999; Petroferm
, 2000).

Products containing potential carcinogens trichloroethylene and m
ethylene chloride are also

candidates for alternative solvents, especially since the O
SH

A
 m

ethylene chloride standard
im

poses m
ore stringent occupational exposure and m

edical sureilance criteria w
ith increased

c
o
m
p
l
i
a
n
c
e
 
c
o
s
t
s
.
 
C
u
r
e
n
t
l
y
,
 
t
h
e
 

principal application for nPB
, in term

s of quantities used, is for
a
 
v
a
p
o
r
 
d
e
 

g
r
e
a
s
i
n
g
 
a
n
d
 
l
i
q
u
i
d
 
c
l
e
a
n
i
n
g
 
a
g
e
n
t
 
a
s
 
w
e
l
l
 
a
s
 
s
p
r
a
y
 
a
d
h
e
s
i
v
e
 
s
o
l
v
e
n
t
 
(
E
P
 
A
,
 
2
0
0
3
)
.

H
ow

ever, the need to find suitable alternative solvents could expand nPB
 m

arket applications,
substantially increasing the quantities m

anufactued.

T
he first reports of health effects for brom

opropanes occured in 1996 in a K
orean electronics

plant w
here iPB

 w
as used as a cleaning solvent for electronic sw

itches (K
im

 et aI., 1996; Park et
aI., 1997). A

n epidem
iology case study of 33 w

orkers revealed that approxim
ately tw

o-thirds
w

ere experiencing reproductive disorders affecting both genders (e.g., low
 sperm

 concentrations,
low

 m
otilty or deform

ed sperm
 in m

en; and am
enorrhea and elevated follcle stim

ulating
horm

one in w
om

en) (K
im

 et aI., 1996). Furher, seven w
orkers had pancytopenia (e.g., reduced

blood cell counts), A
n exposure-health effect association w

as obscured in this study since
breathing zone m

onitoring w
as not perform

ed, and the significance of reported derm
al contact

and brief short-term
 exposure to very high air concentrations is unclear. Ichihara et al. (1997;

1999) conducted a sim
ilar study at a chem

ical plant m
anufactuing iPB

 in C
hina. A

lthough
s
e
v
e
r
e
 
r
e
p
r
o
d
u
c
t
i
v
e
 
d
i
s
o
r
d
e
r
s
 
w
e
r
e
 
n
o
t
 
o
b
s
e
r
v
e
d
,
 
r
e
d
u
c
e
d
 
s
p
e
r
m
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
a
n
d
 
m
o
t
i
l
t
y
 

as
w

ell as decreased hem
oglobin and hem

atocrit w
ere suspected by the authors to be related to iPB

exposure.

Subsequent to these occupational investigations, a series of rat studies w
ere conducted in Japan

w
ith iPB

 to evaluate m
ale reproductive and fem

ale reproductive or hem
atopoietic toxicity. In a

r
e
v
i
e
w
 
o
f
 

the literatue, T
akeuchi et al. (1997) concluded that iP

B
 im

pairs: (i) the testes,
especially sperm

atogonia, (ii) ovaran fuction by distubing the estrous cycle, dam
aging
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prim
ordial follcles and oocytes, (ii) bone m

arow
 causing pancytopenia. N

eurologic effects in
rats exposed to iPB

 w
ere also discovered by Y

u et al. (1999; 2001).

T
here has been incentive to use nPB

 in lieu of iPB
 because of the perception that nPB

 has low
er

t
o
x
i
c
i
t
y
.
 
T
h
e
r
e
 
a
r
e
 
s
e
v
e
r
a
l
 

report in the published literatue regarding epidem
iological and

toxicological studies of nPB
 w

hich are contrar to this supposition. In a 2001 report, Y
u et al.

(2001) dem
onstrated peripheral and possibly central neurotoxicity in rats but did not show

r
e
p
r
o
d
u
c
t
i
v
e
 
o
r
 
h
e
m
a
t
o
l
o
g
i
c
 
e
f
f
e
c
t
s
.
 
S
e
v
e
r
a
l
 
a
d
d
i
t
i
o
n
a
l
 
r
e
p
o
r
t
s
 
h
a
v
e
 

concluded that nP
B

p
r
o
d
u
c
e
s
 
d
o
s
e
 
d
e
p
e
n
d
a
n
t
 
e
s
t
r
o
u
s
 

cycle irregularities (Y
am

ada et aI., 2003; T
akeuchi et aI.,

2001); sperm
iation destrction (T

akeuchi et aI., 2001; Ichihara et aI., 2000a); reproductive and
developm

ental toxicity (N
T

P, 2002; 2004; Ichihara et aI., 2005); increased liver enzym
es (L

ee et
aI., 2005); and peripheral and central neurotoxicity (Y

u et aI., 2001; Ichihara et aI., 2000b) in rats
at sim

ilar dose levels that produced these effects by iPB
. Ichihara et al. (2000b) concluded that

nPB
 appeared to be a m

ore potent neurotoxin than iPB
. T

his conclusion is supported by several
rat studies w

hich have show
n ataxic gait and hyper-excitabilty of the central nervous system

,
particularly at higher doses (Fueta et aI., 2000, 2002a, 2002b, 2004; H

onm
a et aI., 2003; W

ang et
aI., 2003).

G
am

er et al. (2006) published a m
etabolism

 study w
hich investigated the disposition and

excretion of nPB
 follow

ing intravenous, inhalation and derm
al adm

inistration using m
ice and

rats of both genders, m
etabolic inhibitors, and genetically altered anm

als. T
he authors

concluded that m
etabolism

 and excretion w
ere independent of route of adm

inistration.
E
l
i
m
i
n
a
t
i
o
n
 
o
f
n
P
B
 
w
a
s
 
v
e
r
y
 
r
a
p
i
d
 
w
i
t
h
 
a
 
h
a
l
f
 

life under one hour, m
ostly via exhalation.

U
rinary excretion occured by tw

o principal m
echanism

s: dehalogenation by cytochrom
e P-450

and conjugation w
ith glutathione. M

inor m
etabolites w

ere also observed indicating several other
pathw

ays for elim
ination.

T
w

o case studies in the U
S have been published w

hich describe decreased peripheral nerve
fuctioning for three foam

 cushion w
orkers using spray adhesives containing over 50%

 nPB
(
I
c
h
i
h
a
r
a
,
 
e
t
 
a
i
.
 
2
0
0
2
)
 

and a w
orker w

ho perform
ed m

etal.strpping using a degreasing solvent
w

ith approxim
ately 95%

 nP
B

 (S
clar, 1999). P

resenting sym
ptom

s included num
bness, w

eakess
of low

er extrem
ities, staggering, and parasthesia or dysesthesia. T

he authors concluded that nPB
likely caused the peripheral and central nervous system

 defects in these w
orkers.

N
IO

SH
 has conducted H

ealth H
azard E

valuations(H
s) at tw

o foam
 cushion fabricators and

a
n
 
a
i
r
c
r
a
f
t
 

seat cushion m
anufactuer w

here nP
B

 w
as used as a spray adhesive solvent (N

IO
S

H
,

2003b; 2002a; 2002b). Full-shift nPB
 exposures at these plants identified num

erous excursions
exceeding 100 ppm

, one recom
m

ended exposure guideline by som
e solvent distributers. For

com
parison, the 2003 proposed E

P A
 industrial exposure guideline is 25 ppm

, and the A
C

G
IH

T
L V

(ß
 published in 2005 is 10 ppm

, m
easured as an eight-hour tim

e-w
eighted average (T

W
A

).
A

t the aircraft seat cushion plant, full-shift nPB
 exposures ranged from

 60 to 381 ppm
, and 67 of

69 m
easurem

ents exceeded 100 ppm
 (N

O
SH

, 2002a). A
nalysis of com

plete blood counts
obtained from

 43 (61 %
) ofthe aircraft cushion w

orkers did not establish nor exonerate
abnorm

alities associated w
ith nPB

 exposure. A
 reproductive health questionnaire w

as also
adm

inistered but the results w
ere also inconclusive.
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T
oraason et al. (2006) conducted genotoxic studies to assess D

N
A

 daage, in vitro, and from
 64

w
o
r
k
e
r
s
 
e
m
p
l
o
y
e
d
 
a
t
 
t
w
o
 
o
f
 

the above H
H

 foam
 fabricating plants N

IO
S

H
 investigated using

P
B
-
b
a
s
e
d
 
a
d
h
e
s
i
v
e
s
.
 
T
h
e
 

authors concluded that lim
ited evidence existed at these facilties to

show
 exposure to nPB

 w
as asaociated w

ith increased D
N

A
 daage.
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