
This article was downloaded by: [CDC Public Health Library & Information Center]
On: 19 February 2013, At: 13:09
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House,
37-41 Mortimer Street, London W1T 3JH, UK

American Industrial Hygiene Association Journal
Publication details, including instructions for authors and subscription information:
http://www.tandfonline.com/loi/aiha20

Worker Exposures to Nitrosamines in a Rubber Vehicle
Sealing Plant
Beth Donovan Reh a & John M. Fajen a
a Division of Surveillance, Hazard Evaluations and Field Studies, National Institute for
Occupational Safety and Health, 4676 Columbia Parkway, R-11, Cincinnati, OH 45226
Version of record first published: 04 Jun 2010.

To cite this article: Beth Donovan Reh & John M. Fajen (1996): Worker Exposures to Nitrosamines in a Rubber Vehicle Sealing
Plant, American Industrial Hygiene Association Journal, 57:10, 918-923

To link to this article:  http://dx.doi.org/10.1080/15428119691014431

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any substantial or systematic
reproduction, redistribution, reselling, loan, sub-licensing, systematic supply, or distribution in any form to
anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae, and drug doses should
be independently verified with primary sources. The publisher shall not be liable for any loss, actions, claims,
proceedings, demand, or costs or damages whatsoever or howsoever caused arising directly or indirectly in
connection with or arising out of the use of this material.

http://www.tandfonline.com/loi/aiha20
http://dx.doi.org/10.1080/15428119691014431
http://www.tandfonline.com/page/terms-and-conditions


D
ow

nl
oa

de
d 

by
 [

C
D

C
 P

ub
lic

 H
ea

lth
 L

ib
ra

ry
 &

 I
nf

or
m

at
io

n 
C

en
te

r]
 a

t 1
3:

09
 1

9 
Fe

br
ua

ry
 2

01
3 

AMERICAN INDUSTRIAL HYGIENE ASSOCIATION JOURNAL 57:918-923 (1996) 
543 

AUTHORS 
Beth Donovan Reh 
John M. Fajen 

Division of Surveillance, 
Hazard Evaluations and Field 
Studies, National Institute for 
Occupational Safety and Health, 
4676 Columbia Parkway, R- 11, 
Cincinnati, OH 45226 

Worker Exposures to Nitrosamines 
in a Rubber Vehide Sealing Plant 

Occupational nitrosamine exposures were measured during a National Institute for Occupational 

Safety and Health (NIOSH) health hazard evaluation at a rubber vehicle sealing plant. All of the 

28 personal breathing zone samples had detectable concentrations of nitrosodimethylamine (NDMA), 

nitrosodiethylamine, nitrosopiperidine (NPIP), and nitrosomorpholine; and 27 of the 28 samples had 

detectable concentrations of nitrosopyrrolidine. The NDMA exposures were the highest, ranging from 

0.47 to 11.44 µg/m 3
. The next highest exposures were to NPIP, ranging from 0.20 to 4.39 µg/ml. 

Several general area air samples were also collected, which revealed concentrations of NDMA ranging 

from 2.29 to 88.47 µg/m3 at the drills along the salt bath lines. The salt bath curing process appears 

to be the primary source of nitrosamine formation, and personal exposures were highest for the salt 

bath line operators and assistant operators. Although there are no numerical occupational nitrosamine 

standards in the United States to reference, the exposures in this plant were much higher than the 

German standard of 1 µg/m 3 total nitrosamines for general industry and 2.5 µg/m 3 total nitrosamines 

for certain processes such as vulcanization. NJOSH investigators recommended that the ventilation 

systems be improved to reduce the exposures to the lowest feasible concentrations until the process 

can be redesigned so that nitrosamines are not formed. 

Keywords: nitrosamines, nitrosdimethylamine (NOMA), rubber vehicle sealing, salt 

bath curing process 

M
any nitrosamincs arc suspected of being 
human carcinogens, but direct causal 
associations have not yet been proven. 
The suspected mechanism of carcino­

genesis is that nitrosamines from exogenous or 
endogenous sources arc metabolized into reac­
tive intermediates that can then covalently bind 
to macromolecules, including DNA. Although a 
causal association between nitrosamine exposure 
and human cancer has not yet been firmly estab­
lished, there is circumstantial evidence that 
nitrosamines could cause cancer in humans. In 
1956 Magee and Barnes demonstrated the car­
cinogenic potential of nitrosodimethylamine 
(NDMA) in rats.(!) Since then nitrosamines have 
been studied extensively in laboratory animals. 
Approximately 90% of the 300 tested nitro­
samines have shown carcinogenic cfkcts in bioas­
says and laboratory animals.(2) The animals that 
have been studied include mammals, birds, fish, 
and amphibia. Of the approximately 40 animal 
species tested, none has been resistant.<3) 

Nitrosamine eftects have been demonstrated in 
29 organs;(4) the tumor sites depend on the spe­
cific nitrosamine, the species tested, and the 

route of administration. Dose-response studies 
with rats have shown "no effect levels" corre­
sponding to dietary concentrations of 1 ppm 
NDMA, 1 ppm nitrosodicthylamine (NDEA), 
and 5 ppm nitrosopyrrolidinc (NPYR).(4) 

All of the published biochemical, pathological, 
and experimental data provides little evidence 
that humans might be resistant to the carcino­
genic potential of nitrosamincs. (3) Human tissues 
from the trachea, bronchus (lung), esophagus, 
colon, pancreatic duct, bladder, and buccal mucosa 
have been shown to metabolize nitrosamines into 
DNA-binding compounds.(3) Human liver tissue 
appears to metabolize nitrosamines with a similar 
activity to rodent liver tissue, and rodents have 
acute symptoms of liver necrosis and cirrhosis 
similar to those observed in humans.(3) Human 
DNA adduct studies have revealed higher levels 
of nitrosaminc-rclatcd DNA adducts in cancer 
cases than in controls. (5,6l Studies in experimental 
animals have shown similar DNA adduct forma­
tion to those detected in the human studies.(7-91 

The International Agency for Research on 
Cancer (IARC) has classified both NDMA and 
NDEA as group 2A carcinogens (probable 
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human carcinogens), and nitrosodibutylamine (NDBA), nitrosodi­
propylamine (NDPA), nitrosomorpholine (NMOR), nitrosopiper­
idine (NPIP), and NPYRas group 2B carcinogens (possible human 
carcinogens).(lO) The National Toxicology Program lists all seven 
of these nitrosamines as substances that may be reasonably anti­
cipated to be human carcinogens.( 11 ) Only one nitrosamine, 
NDMA, is regulated occupationally in the United States. Both the 
Occupational Safety and Health Administration (OSHA)(12

) and 
the National Institute for Occupational Safety and Health 
(NI0SH)(13) consider NDMA to be an occupational carcinogen, 
and NIOSH recommends that its exposure be reduced to the low­
est feasible concentration.(13) The American Conference of 
Government Industrial Hygienists also classifies NDMA as a sus­
pected human carcinogen.(14) There are no established numerical 
exposure limits in the United States. 

Germany, under the authority of the Ausschuss fur Gefahren­
stoffe, has regulations for occupational exposures to nitrosamines. 
In general industry the total exposure to all nitrosamines present 
may not exceed 1 µg/m 3. In certain specific operations, such as 
vulcanization, exposures to all nitrosamines present may not exceed 
2.5 µg/m:l_(lS) 

Nitrosamines can be formed in the laboratory; in various food, 
household, or industrial products; in industrial processes; and in 
vivo. Because of the variety of amines and reaction conditions 
possible, there are hundreds of nitrosamines; and because of the 
large number of exposure sources, including formation in vivo, 
there is a complicated matrix of total nitrosamine exposure. 
Occupational exogenous exposures have been reported in rubber 
industries, leather tanning industries, metal working industries, 
chemical industries, mining, pesticide production, detergent pro­
duction, and fish factories.( 4) 

This article presents the occupational nitrosamine exposures 
measured during a NIOSH health hazard evaluation at a rubber 
vehicle sealing plant. Two site visits-an initial one on February 
16, 1994, and a follow-up on May 3-5, 1994-were performed to 
characterize the inhalation exposures to nitrosamines. 

PROCESS DESCRIPTION 

There were eight production lines that made continuous strands 
of automotive rubber vehicle sealing (VS), which were then cut 

and molded to fit the specific order. The process began with a 
strand of wire mesh being formed into a channel while dense 
rubber was extruded on top of it. Sponge rubber was extruded 
with the dense rubber to form the bulb portion of the vehicle 
sealing material. 

The strand of rubber sealing was cured in a salt bath, an 
enclosed tunnel through which the rubber was mechanically 
pulled (Figure 1 ). A trough with slits in its bottom carried a 
combination of molten nitrate and nitrite salts along the inside 
of the top portion of the tunnel so that the molten salt show­
ered the rubber as it was pulled through the tunnel. The entire 
salt bath was lined with access doors that remained open during 
start-up for 10 to 20 minutes (Figure 2 ). Throughout most 
of the workday these doors remained closed, except when each 
door was repeatedly opened and slammed shut to knock off 
the accumulated salt. This procedure occurred about twice a 
day, depending on the individual operator. Each salt bath 
had four ducted exhausts that exited the building through 
rooftop stacks. 

As the rubber sealing exited the salt baths, it was cleaned with 
steam and high-pressure air and then cooled on a water drum. 

FIGURE 1. Salt bath with access doors closed, as during normal operations 

Next, small holes were drilled into the bulb portion at specified 
intervals. Also, the date, time, and specification number were print­
ed on the rubber by a video ink jet marking process. The remain­
der of the process was varied depending on the specific order; the 
operations could include a preheating oven, a ventilated silicone 
spray booth, an infrared curing oven, or mastic injection, a process 
in which a starch and clay mixture was injected into the groove of 
some parts. 

FIGURE 2. Salt bath with access doors open during start-up procedures 

At the end of the line, the rubber was cut into the specified 
lengths and either boxed for shipping to the customer or fur­
ther processed at this facility. Approximately 60% of the rubber 
sealing was shipped to customers as it came off the lines, and 
40% was further processed before shipping. The rubber Jines 
operated 24 hours a day with three 8-hour shifts, but the finishing 
procedures were usually performed only during the first shift. 

Since different rubber stocks were used for different customer 
orders, depending on the current orders the salt bath lines could 
all be running different stocks. Likewise, one line could run one 
stock for a time, ranging from several hours to several days, and 
then be cleaned and set up to run a different stock. 

The finishing processes included three types of joining pro­
cedures as well as adding tape and double-sided adhesive strips, 
cutting notches in the rubber, and spraying the new joints and 
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notches with silicone. The three joining procedures were: ( 1) 
transfer molding, where small rubber pellets and a press were used 
to form a joint or molded details; (2) cold splicing, where glue and 
an accelerator were used to join two ends of the VS in a press; and 
(3) hot splicing, where glue and heat were used to join two ends 
of the VS in a press. The new notches and joints were then sprayed 
with silicone in a ventilated spray booth. Any exposed wire ends 
were then covered with a black adhesive and an accelerator to pre­
vent rusting. 

Some of the finishing processes, such as the hot presses, had 
local exhaust ventilation (LEV). The entire VS department was 
supplied by 11 make-up air units, three of which were added after 
1989 when a test and balance ventilation survey revealed an imbal­
ance of only 90,000 fi:3/min of make-up air compared to over 
300,000 ft:3/min of exhausted air. The fourth new make-up air 
unit was added in 1992. 

EVALUATION METHODS 

During the first site visit general area (GA) nitrosamine samples 
were collected along Lines 5 and 6 on Thcrmosorb/N® air 

samplers over a 4-hour period using Gilian® high-flow air 
pumps at a flow rate of 2 L/ min. During the second site visit 
the nitrosaminc samples were collected in the same manner as 
during the first visit except that the flow rate was 1 L/min. Over 
three consecutive days, 28 personal breathing zone (PBZ) air 
samples and 8 GA air samples were collected throughout the 
entire area. In addition, two bulk water samples were collected 
for nitrosaminc analysis-one from the steam bath and one from 
the cooling drum. 

All of the samples were analyzed by gas chromatography 
using a Hewlett Packard Innowax capillary column ( 30 m, 
0.25 i.d., 0.25 µm film thickness). Also, a high-resolution mass 
spectrometer operated in the selected-ion-monitoring mode was 
used to confirm the identity of any compound that eluted at 
the same retention time as the nitrosamine standards by monitor­
ing its molecular ion. In this way the chromatographic peak 
was confirmed as the nitrosamine compound of interest. The 
limit of detection for this method was 0.01 micrograms (µg) 
per sample. 

RESULTS AND DISCUSSION 

Nitrosamine Air Sampling 
On February 16, 1994, three GA samples were collected and ana­
lyzed for nitrosamincs, one by the drill press on Line 5, one just 
past the infrared oven on Linc 6, and one midway along the salt 
bath on Line 6. All three samples had detectable amounts of 
NDMA, NPIP, and NMOR. The NDMA concentrations ranged 
from 6.3 µg/m 3 to 37.7 µg/m3; the NPIP concentrations ranged 
from 3.9 pg/1113 to 7.6 µg/m3; and the NMOR concentrations 
ranged from 0.2 µg/m 3 and 0.37 ~1g/m3. NDEA was also detect­
ed on two of the samplcs-0.16 µg/m 3 and 0.38 pg/m3. All of 
these sample results are time-weighted averages and each sample 
was collected over approximately 4 hours. 

These GA air sampling results suggested that volatile 
nitrosamincs were present in this department and that further eval­
uation was warranted. Thus, a follow-up site visit was conducted 
on May 3-5, 1994. PBZ and GA samples were collected for 
nitrosamincs on all three days of the site visit, and the sampling 
results are displayed in Tables I to IV. The highest PBZ exposures 
were to NDMA, ranging from 0.47 pg/m3 to 11.44 ~1g/m3; the 
next highest was to NPIP, ranging from 0.20 pg/m3 to 4.39 
~tg/m3

• An amine-like odor was noticeable near the drill presses, 
and nitrosamine concentrations from the GA samples collected at 
various drill presses ranged from 2.29 pg/m3 NDMA at Linc 6 on 
May 5, 1994, to 88.47 ~tg/m3 NDMA at Linc 3 on May 5, 1994. 
The higher nitrosamine concentrations appeared to occur on the 
lines that were processing a rubber stock that contained dini­
trosopentamethylene tctramine. 

The highest PBZ exposures were collected on salt bath line 
operators and assistant operators. This would be expected, because 
these employees worked closest to the source. The operators were 
responsible for maintaining the extrusion and salt bath curing 
processes; they spent most of their shifts along the extrusion lines. 
The assistants performed other jobs along the extrusion line, such 
as packing the rubber stripping at the end of the lines and main­
taining the silicone spray booths. 

To estimate average exposure by job category, the results of 
NDMA concentrations were averaged. The exposures ranged 
from 1.2±0.4 pg/m3 NDMA for the molding/finishing operators 

TABLE I. Personal Breathing Zone Air Sampling Results for Salt Bath Line Operators 

Job/Location Date 

Line 6 operator 5/3/94 
Line 5 operator 5/3/94 
Line 8 operator 5/3/94 
Line 2 operator 5/3/94 
Line 3 operator 5/4/94 
Line 2 operator 5/4/94 
Line 5 operator 5/5/94 
Line 8 operator 5/5/94 

ANDMA = nitrosodimethylamine 
8NDEA = nitrosodiethylamine 
cNDPA = nitrosodipropylamine 
0NDBA = nitrosodibutylamine 
ENPIP = nitrosopiperidine 
FNPYR = nitrosopyrrolidine 
GNMOR::: nitrosomorpholine 

Volume(L) NDMAA 

676 5.17 

870 5.69 
672 1.68 

566 6.48 
844 4.35 
854 3.90 

846 5.58 

822 1.40 

HND = none detected; minimal detectable concentration is 0.01 µg/m3 
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NDEA8 

0.64 
0.25 

0.19 

0.28 
0.10 

0.07 

0.20 

0.81 

Nitrosamine Concentration (~g/m3) 

NDPA' NDBA0 NPIPE NPYRF NMOR6 

NDH ND 2.57 0.06 0.1 
ND ND 2.44 0.08 0.09 

ND ND 1.1 0.04 0.04 
ND ND 2.54 0.05 0.09 
ND ND 1.88 0.06 0.18 

ND ND 1.59 0.04 0.16 

ND ND 3.25 0.08 0.16 

ND ND 1.03 0.04 0.08 
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TABLE II. Personal Breathing Zone Air Sampling Results for Salt Bath Line Feeders and Assistants 
Nitrosamine Concentration (µg/m3) 

Job/Location Date Volume(L) NDMAA NDEA8 NDPAC NDBAD NPIPE NPYRF NMOR6 

Feeder 5/3/94 872 1.40 
Feeder 5/4/94 908 0.47 
Feeder 5/5/94 898 2.89 
Line 5 coil packer 5/3/94 694 11.44 
Line 2 coil packer 5/3/94 728 5.40 
Line 8 coil packer 5/3/94 822 1.82 
Line 2 coil packer 5/4/94 846 5.67 
Line 8 assistant 5/4/94 814 2.96 
Line 3 assistant 5/4/94 706 4.67 
Line 7 assistant 5/5/94 768 1.10 
Silicone booth operator 5/4/94 830 2.84 
Silicone booth operator 5/5/94 818 3.80 

ANDMA = nitrosodimethylamine 
8NDEA = nitrosodiethylamine 
cNDPA = nitrosodipropylamine 
0 NDBA = nitrosobutylamine 
ENPIP = nitrosopiperidine 
fNPYR = nitrosopyrrolidine 
GNMOR = nitrosomorpholine 
HND = none detected; minimal detectable concentration is 0.01 µg/m3 

to 4.4±3.1 ~1g/m3 NDMA for the salt bath operator assistants 
(Figure 3). These arc only estimates of average exposure, because 
different workers in each job title were sampled on the different 
days, and also the rubber stock processed by each line varied from 
day to day. This also explains the high standard deviations. 

A GA sample was collected inside the smoking break room on 
May 4, 1994, and in the nonsmoking break room on May 5, 1994. 
These samples both had detectable concentrations of NDMA, 
NDEA, NPIP, NPYR, and NMOR. A concentration of 4.17 
pg/m3ofNDMA was detected in the smoking break room; and a 
concentration ofl0.37 pg/m3 of ND MA was detected in the non­
smoking break room. Since cigarette smoke contains nitrosamines, 
their presence was expected in the smoking room. The probable 
cause of the high amount in the nonsmoking room was that on 
May 5, 1994, the wind was out of the west/southwest. This wind 
direction blew the exhaust from the salt bath lines in the direction 
of the rooftop air handling units (AHUs) that served the offices 

0.14 NOH ND 0.64 0.01 0.07 
O.D3 ND ND 0.27 0.0, 0.03 
0.32 ND ND 1.18 ND 0.12 
0.16 ND ND 4.39 0.09 0.26 
0.04 ND ND 2.22 0.01 0.16 
0.13 ND ND 1.40 0.06 0.06 
0.11 ND ND 2.35 0.08 0.15 
0.07 ND ND 1.72 0.12 0.18 
0.13 ND ND 1.91 0.06 0.20 
0.04 ND ND 0.64 O.Q3 0.06 
0.07 ND ND 1.79 0.06 0.13 
0.21 ND ND 2.61 0.06 0.15 

and break rooms in the VS area. Specifically, the exhaust from Linc 
8, zone D was visually observed flowing directly into the AHUs. 
Also, the nonsmoking break room is located near the salt baths, 
across from the drill press of Line 1. 

Two bulk samples were collected and analyzed for 
nitrosamines. One was a sample of the water in the bottom of the 
steam bath that cleans the rubber as it exits the salt bath. The other 
was a sample of water from the cooling drum. Neither bulk sam­
ple contained detectable amounts of nitrosamines-lcss than O .02 
~lg per gram of water. 

Ventilation Observations 
Re-entrainment of exhaust appeared to be a problem in the offices 
and break areas in the VS department, and also in the entire work 
area. As previously mentioned, when the winds were from the 
west/southwest as was observed on May 5, 1994, salt bath exhaust 
flowed into the AHUs that supply the offices and break areas. 

TABLE Ill. Personal Breathing Zone Air Sampling Results for Molding/Finishing Operators 

Job/Location Date 

Injection press operator 5/3/94 
Press operator 5/3/94 
Press operator 5/4/94 
Press operator 5/4/94 
Press operator 5/5/94 
Punch press operator 5/5/94 
C-pillar press operator 5/5/94 
A-pillar press operator 5/5/94 

ANDMA = nitrosodimethylamine 
8NDEA = nitrosodiethylamine 
cNDPA = nitrosodipropylamine 
0 NDBA = nitrosobutylamine 
ENPIP = nitrosopiperidine 
FNPYR = nitrosopyrrolidine 
GNMOR = nitrosomorpholine 

Volume(L) NDMAA 

808 0.53 
670 1.07 
810 1.35 
776 1.47 
724 1.18 
780 1.12 
768 1.94 
766 1.19 

HND = none detected; minimal detectable concentration is 0.01 µg/m3 

NDEA8 

0.01 
0.03 
0.03 
0.12 
0.40 
0.05 
0.08 
0.05 

Nitrosamine Concentration (µg/m3) 

NDPAC NDBAD NPIPE NPYRF NMOR6 

NOH ND 0.20 0.01 O.Dl 
ND ND 1.02 0.03 0.09 

ND ND 1.62 0.04 0.06 

ND ND 0.98 0.06 0.17 

ND ND 1.31 0.05 0.10 

ND ND 1.35 0.03 0.07 

ND ND 1.71 0.03 2.42 

ND ND 1.12 0.03 0.10 
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AGS (German) total nitrosamine standards 

Salt Bath 
Operators 

Salt Bath 
Assistant Operators 

Salt Bath 
Feeders 

Molding/Finishing 
Operators 

~ 

ug/m3 NOMA 

4.3 ! 1.9 ug/m3 
Range 1.40 - 6.48 ug/m3 

4.4 ! 3.1 ug/m3 
Range 1.1 O - 11.44 ug/m3 

1.6 ! 1.2 ug/m3 
Range 0.47 - 2.89 ug/m3 

1.2 ! 0.4 ug/m3 
Range 0.53 - 1.94 ug/m3 

FIGURE 3.Average nitrosodimethylamine (NOMA) exposure by job title. Averages 
are estimates because different workers were sampled on different days and 
the rubber stocks processed by each line varied from day to day. These variations 
explain the high standard deviations. 

When the winds were from the north, the exhaust was blown into 
the courtyard between the VS building and the empty warehouse. 
There arc two AHUs in this courtyard that supply make-up air to 
the VS area. Also, there is a large garage door on the side of the 
VS building that opens to this courtyard. Exhaust was visually 
observed flowing into the AHUs and into the garage door open­
ing on May 4, 1994. Similarly, when the wind was from the south, 
exhaust was blown to the other side of the VS building. A large 
water tank was located approximately 20 feet from this side of the 
building, and exhaust became trapped in eddies between the water 
tank and the building. There is another make-up air AHU in this 
area, and exhaust was seen flowing into it on February 16, 1994. 

Inside the VS building some of the local exhaust ventilation 
(LEV) was not working properly. In some cases the exhaust was 
overpowered by floor fans or make-up air currents, such as along 
Line 8 at the ink spray jct. The LEV along the salt bath lines 
was working in some areas, but not others. Some local exhaust 
fans that were not working included Line 7, zone D on May 3, 
1994; and Line 3, zone A, Line 7, zone D, and Line 8, zone D 
on May 4, 1994. In zones where the LEV fans were not work­
ing, emissions could be seen flowing out of the salt baths into 
the work area. 

TABLE IV. General Area Air Sampling Results 

Job/Location Date 

Line 5 drill 5/4/94 
Line 3 drill 5/5/94 
Line 5 drill 5/5/94 
Line 6 drill 5/5/94 
Line 7 drill 5/5/94 
Line 8 drill 5/5/94 
Smoking break room 5/4/94 
Nonsmoking break room 5/5/94 

ANDMA = nitrosodimethylamine 
8NDEA = nitrosodiethylamine 
cNDPA = nitrosodipropylamine 
0 NDBA = nitrosobutylamine 
ENPIP = nitrosopiperidine 
FNPYR = nitrosopyrrolidine 
GNMOR = nitrosomorpholine 

Volume(L) 

766 
718 

814 
368 
804 
428 
738 
708 

NDMAA 

9.99 

88.47 
13.08 
2.29 

20.50 
4.84 
4.17 

10.37 

HND = none detected; minimal detectable concentration is 0.01 µg/m3 
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CONCLUSIONS AND RECOMMENDATIONS 

Occupational exposure to nitrosamines appears to have been 
occurring in this rubber VS plant, and the primary source of 

exposure was the salt bath lines. A combination of insufficient LEV 
and salt bath exhaust re-entering the work area resulted in expo­
sures to volatile nitrosamines in this workplace. 

NIOSH considers NDMA to be an occupational carcinogen 
and recommends that its exposure be reduced to the lowest feasi­
ble concentration. (1 3) Since most nitrosamines have similar proper­
ties to NDMA and are suspected of being human carcinogens, the 
exposures to all nitrosamines in the VS plant should be reduced as 
low as feasibly possible. The best solution is elimination of the 
source. A few of the rubber stocks contain dinitrosopentamethyl­
ene tetraminc, and those stocks appear to produce higher concen­
trations of nitrosamines. Also, the various rubber curatives and 
additives, such as alkyl carbamatcs, alkyl thiurams, and secondary 
amine derivatives, contain amines that can combine with the nitrite 
salts from the salt baths to form nitrosamines. Using a curing 
process other than salt baths and developing different rubber 
stocks that do not contain nitrosamines or secondary amines are 
two ways of eliminating the source. 

Until the source of nitrosamines can be eliminated, better engi­
neering controls are necessary. Better LEV along the salt baths and 
adding a LEV system at each drill press along the lines should 
reduce the volatile nitrosamine concentrations. Routine mainte­
nance is necessary to ensure that the LEV systems are always func­
tioning properly. 

During the start-up procedures and the cleaning procedures, 
the salt bath access doors remain open, which alters the ventilation 
system. Workers involved in the start-up or cleaning should be 
provided with adequate respirators to ensure protection. NIOSH 
recommends full-face supplied-air or self-contained breathing 
apparatus respirators for protection from chemicals considered by 
either OSHA or NIOSH to be potential occupational carcino­
gensY6) The required use of any respirators must be accompanied 
by an entire respiratory protection program.( 16,17) 

The ventilation system should be redesigned to ensure that 
no exhaust re-enters the workplace. Introducing contaminated 
outside air into the building negates the function of the exhaust 

Nitrosamine Concentration (119/m3) 

NDEA8 NDPAc NDBAD NPIPE NPVRF NMORG 

0.03 NDH ND 2.92 0.15 0.25 

0.19 ND ND 10.17 0.14 0.55 

ND ND ND 4.03 0.16 0.06 

ND ND ND 1.98 0.15 0.08 

0.04 ND ND 4.13 0.12 0.33 

ND ND ND 2.20 0.05 0.13 

0.71 ND ND 1.35 0.05 0.14 

1.03 ND ND 4.32 0.06 0.55 
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systems. Outside air intakes, such as the ones on the rooftop 
AHUs or on the outside of the VS building, should be located in 
areas where exhaust does not flow directly into them or where it is 
not likely tl1at exhaust will accumulate. 

Future Evaluation 
NIOSH investigated the nitrosamine exposure in the VS depart­
ment in more depth. The total exposure and body burden of 
nitrosamines cannot be ascertained solely by air monitoring. 
Hence, a second evaluation was conducted to perform biological 
monitoring techniques along with air monitoring. Blood and urine 
samples were collected to measure nitrosamine-specific DNA 
adducts in peripheral blood cells and urothclial cells, the activity 
of the DNA repair enzyme that repairs these adducts, and ilie 
excised DNA adducts in the urine. Also, to help explain the 
expected interindividual variations, the genetic variability of the 
enzyme that activates nitrosamines in the body was assessed by 
a restriction fragment length polymorphism technique. Specifically, 
this study will assess whether the amount of occupational 
nitrosamine exposure is related to an increase in DNA adducts and 
a decrease in the bodily enzyme that repairs these adducts in 
exposed employees, allowing an estimation of the biologically 
effective dose (the amount that has interacted with cellular 
macromolecules) of nitrosamines in the exposed workers. Also, 
since the question of the human carcinogenicity of nitrosamines 
is still unresolved, the association of exposure with genotoxic 
events such as formation of DNA adducts and interference with 
DNA repair activity will provide useful information on the subject. 
The results of this second evaluation will be presented when the 
data analyses are complete. 
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