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PREFACE 

Prior to 1975, the prirrary interest in the environrrental occurrence of the 
carcino,renic N-nitroso. ccrrpounds (N-nitrosamines) centered around nitrite 
preserved rreats, foodstuffs, cheese products, fish, fish meal and biological 
samples. This emphasis began to shift when N-nitrosodimethylamine (NI:MA), one 
of the rrore potent of these carcinogens, was found in the atrrosphere near a 
facility producing rocket fuel in Ba.ltim:>re,. Maryland and in the atrrospheres 
near dimethylarnine plants in West Virginia and West Genrany. Further 
discoveries of N-nitroso ccrrpound contamination in consl.lma!r and industrial 
products loo to the speculation that \\Orkers in industries, that either 
ll'al1ufacture or use these products, may be exposoo to significant arrounts of 
these carcinogenic agents. For exarrple, the discovery of percent levels of 
N-nitrosdiethanolamine in sane synthetic rrachine cutting fluids clearly pointoo 
to the possibility of a significant exposure to this C'CllpOund by sare metal 
\\Orkers. These discoveries of N-nitroso carpound contamination plus the 
increasoo understanding of the mechanisrrs by which these chemicals can be 
formed fran their widely available precursors (amines and nitrogen oxides), has 
resultoo in this study of worker exposure to N-nitroso C'CllpOunds sponsore:1 by 
the National Institute for Occupational Safety and Health (NIOSH). 

When this study was initiatoo, adequate instnurental methods were 
available for detecting and quantifying N-nitroso ccrrpounds; ho,,,rever, 
environmental sampling and pre-analytical techniques were still being developed 
and validated. Until the develcpnent of the ThernoSorb/N nitrosamine air 
sampling cartridges, any discovery of N-nitro carpounds in different industrial 
atrrospheres had to be extensively examined for the possibility cif artifact 
formation fran co-samploo precursors. The artifact free ThernoSorb/N 
cartridges greatly rooucoo the neoo for this extra effort. These solid sorbent 
cartridges were also used to collect personal sanples, a nore accurate 
measurement of worker exposure, and to collect point source sanples. Inpinger 
traps containing aqueous potassium hydroxide (KOH) were not practical for this 
type of sanpling. The real neoo for these artifact-free air samp],ing 
cartridges becarre apparent when nitrosarnines were discoveroo in the rubber and 
leather industries. The atmosphere in these industries also contained the 
precursors to the discoveroo nitrosarnines. The rrobile on-site laboratory, 
constructoo for use in this study, was initially requiroo in order that sarrples 
could be examined as soon after collecticn as possible. This was necessary in 
order to both reduce the potential loss of the N-nitroso·a:rnpounas, due to 
their chemical instability, and to minimize artifact formation by reducing the 
time between sanpling and analysis. As the ThernoSorb/N cartridges becarre 
available they were used in this study along with the lN potassium hydroxide 
(KOH) impinger air sanpling rrethod. When sufficient laboratory and field data 
validatoo the use of the ThernoSorb/N cartridges both the cumbersare 1N KOO 
inpingers and the need for the on-site rrobile laboratory were eliminated. As 
can be seen in the text of the study, the ThenroSorb/N cartridges were not used 
in the first part of this study and, tc,,.iards the end of the study, 1N Kt:E 
irrpinger traps were phasoo out. 

Tc7wards the end of the study, methods were being developed for detennining 
precursor amines in both air and bulk samples, and the nitrosating capacity of 
the samploo air. As these methods became rrore reliable they were includoo in 
this study in an effort to develcp an understanding of the mechanisn of 
N-nitroso canpound fonration in sane of the plant environments. Unfortunately, 
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these rrethods were not fully developed before this study ended. Hot/ever, the 
data that were obtained an the amine and nitrosatin;J capacity of the sarrpled 
air within tanneries has helped to explain ha,; these atrrospheres were 
contaminated with N-nitrosodirrethylamine. 

M::>re research still needs to be done in order to understand the rrechanism 
and circumstances that could give rise to worker exposure in those industries 
which use p:,tential N-nitroso precursors. Those industries that use 
nitrosatable amines should be examined not only for N-nitroso carpounds but 
also for precursors such as ·atrrospheric OOx and mnvolatile nitrosating 
agents. The researchers hope the results of this study and the methods which 
were developed will aid future investigations in understanding the 
circurrstances of he:,..; workers are exposed to N-nitroso compounds and hew to 
reduce or eliminate this exposure. · 
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ABSTRACT 

Under the NIOSH sp::msored contract, a total of 55 on-site plant surveys 
were conducted in 40 separate United States rranufacturing facilities. The 
industries surveyed were the azo dye, fish processing, cutting fluid 
rranufacturers and users, nibber, tanning, detergent and surfactant and 
foundries. Airborne concentrations of Thennal Energy Analyzer (TEA'") resp:msive 
carpounds were found in 25 of the 40 plants surveyed. The dye industry had 
airborne TEA responsive irBterial -'\S high as 40 µg/m3, but they were not 
identified. A fish meal factory was found to contain N-nitrosodimethylamine 
(NI:t-1A) at 0,06 µ g/m3. A plant that manufactured anionic,. cationic, non-ionic 
and special surface active agents contained air levels of NUv1A of 0.8 µg/m3. 
In a chrane tannery NIMA was identified at 47 µg/m3. The nibber industry 
contained levels of N-nitrosarorpholine as high as 248 µg/m3. 
N-nitrosodiphenylamine (NDPhA), N-nitrosopyrolidine (NPYR) and NI:MA were also 
detected in the \o.Ork environment of tire plants. 

Efforts to improve the \o.Orker environment in the tire plants through 
engineering controls and chemical substitution proved effective. Biological 
samples (blood, urine and feces) of the exposed fX)pulation were obtained from 
the "'°rkers during two of the NIOSH surveys. 

This study has resulted in an increased understanding of rran's exposure to 
prefonned nitrosamines, It is conceivable, fran the infonnation that has been 
generated in this study, that nitrosarnine exposure as large as that in the tire 
and rubber industry may ~xist in other industries not yet surveyed. 
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INTRODUCTION 

AUTHORITY 

The Williams-Steiger "Occupational Safety and Health Act of 1970" was 
passed into law "to assure safe and healthful working conditions for working rren -
and wanen, •• " This Act established the National Institute for Occupational 
Safety and Health (NIOSH) in the Departrrent of Health, Education, and Welfare 
(presently the Department of Health and Human Services) and the Occupational 
Safety and Health Administration (OSHA) in the Department of Labor. The Act 
provides for research, infonnational programs, education, and training in the 
field of occupational safety and health and authorizes the enforcerrent of 
standards. 

NIOSH has been given the authority and responsibility under the Act to 
conduct field research studies in industry, evaluate findings, and report on 
these findings. Section 20(a)(l) of the Act rrandates NIOSH to "conduct 
(directly or by grants or contracts) research, experimmts, and denonstrations 
relating to occupational safety and health,,," Section 20(c) provides the 
authority to enter into contracts, agreerrents, or other arrangerrents with 
apprc:priate public agencies or private organizations for the purpose of 
conducting studies relating to responsibilities under the Act. For this 
purpose, NIOSH with the financial support of the National Cancer Institute 
established a contractual agreement with the Ne..r England Institute for Life 
Sciences to study v.orker exposures to N-nitroso o::::rnpounds in industries where 
these cc:rnpounds or their precursor chemicals are used. 
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BACKGROUND 

Interest in the p:,ssible hlm'a!l health hazard that nitrosamines may _pose 
began follo.v.ing the observation in animals of the toxic and carcinogenic effects 
of N-nitrosodiroethylamine (Nll'vlA.) (1), The toxic effect of ,these carpounds on 
humans was first rep:,rtoo. by Freund in 1937 (2) 'Who describa:1 the hepatotoxic 
effects of NIJ.1A on n-.o chemists that had been accidentally p:,isoned by this 
carpound. Since these first findings, N-nitroso car1p0unds have been studied 
extensively in experiments with lal::x:>ratory animals. More than 100 of the 130 
different N-nitroso corrpounds tested in animals have been sham. to be 
carcinogenic ( 1, 3-5) • N-ni trosodiethylamine, for exanple; has been tested for 
carcinogenic activity in the rat, African \'lnllte-tailed rat, m:JUSe, S.G. hamster, 

·Chinese hamster, European hamster, guinea pig, rabbit, dog, pig~ trout, grass 
parakeet and rronkey, and has been shc,;..,n to be car:cinogenic in all these 
species. 

The sites where tunors develop seems to depend up:>n the dlemical structure 
of the N-nitroso carpound, the animal being teste:'l. and on the route of · 

administration. N-nitroso ccrrpounds have been shawn to affect the bladder, 
bronchi, central nervous system, earduct, esophagus, eyelid, duodenum, 
forestanach, glandular stanach, hematopoietic system, intestine, jaw, kidney, 
larynx, lung, nasal cavity, oral cavity, ovary, liver, :mamrra.ry glands, paricreas, 
pelvis, peripheral nervous system, :r:narynx, respiratory tract, skin, testes, 
tongue, trachea, uterus and vagina (4). 

Many N-nitroso COTJX)Ul'lds are extraordinarily p:::,tent carcinogens, Three 
N-nitrosamines have been testoo. in dose resp:,nse studies with rats. The 
apparent 'no effect level' at which no statistical difference between the test 
animals arrl the controls could be observed, was found to corres_pond to dietary 
levels of 1000 µg/kg (1 ppn) of N-nitrosodimethylamine (6), 1000 µg/kg (1 ppn) 
of N-ni trosodiethylamine ( 7), and 5000 µg/kg ( 5 ppn) of N-ni trosopyrrolidine 
(8). Thus, in a rat p:::>pUlation of under 100 animals, between 1 and 5 wn of 
these nitrosamines in the diet is marginally carcinogenic. 

The cc:rrparative in vitro rretabolism of N-nitrosodimethylamine is similar in 
l::x:>th the hunan and ratliver (9). Furthemore, the rate of rretabolism in hurran 
liver slices is cxnparable to that in the rat liver, with the levels of rrucleic 
acid rrethylation being similar in the t\twO species ( 10). In acute toxicity 
e:xperiments with high doses, nitrosamines generally produce centrilorular 
necrosis in rrost animal species. 

vmile rrany of these cc:mpounds have been deronstrated to be p::>t.ent animal 
carcinogens, their carcinogenic risk to man (the probability that defined 
e,qx:,sures to these cheuicals will lead to cancer) has not yet been detennined. 
In order to assess this risk it is first necessary to·locate sufficient 
populations of expose:i people. 

Until as recently as 1975 the primary interest in human exp::>sure to these 
carcinogenic carpounds centered arourrl their occurrence in nitrite preserved 
foods, cheese products, fish, fish meal, biological sanples, tobacco, alcoholic 
beverages arrl in vivo forrration from precursor chenicals, With the finding of 
NrMA in the atnospheres near rranufacturing facilities producing and/or using 
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dimethylamine (11-13) the rnphasis on hl.lITlaO exposure to these carp::lunds cegan to 
shift to the workplace where it has been speculated that hurran exposure to these 
c:arpounds may be the highest (11). 

Further discoveries of N-nitroso catp:)Unds in cosmetics (14), tobacco srroke 
(15), indoor atrrospheres under conditions of excessive tobacco SITDking (16), in 
synthetic cutting fluids (17), and in sane widely used herbicides (18), have 
further shifted the rnphasis of the environmental search for human exposure to 
these c:arpounds. It is IlOlv apparent that any situation where the precursors of 
these c:arpounds (amines and nitrosating agents) may exist together, that there 
is a high likelihood of finding N-nitroso carpounds. 

Many secondary amines such as d.irrethylamine, diethylamine and rrorpholine 
are produced in large quantities for l:x>th industrial and consumer use. Products 
manufactured fran these amines are used in agricultural chemicals, detergents, 
rust inhibitors, rubber additives, solvents, drugs, plastics, leather tanning, 
textiles, cosmetics and in synthetic cutting and grinding fluids (19). Given 
the widespread use of secondary amines and the ever present nitrogen oxides of 
an industrial society, the likelihood of N-nitrosamines being found in sorre 
products or in an industrial situation where these carp::lunds may occur together, 
is high. 

Until this study the human population groups that were identified as being 
potentially exposed to large arrounts of carcinogenic N-nitroso catp0und 
included; chemical workers at a factory making unsyrnnetrical climethylhydrazine 
fran N-nitrosod.irrethylamine (12, 20), agricultural workers handling pesticides 
contaminated with nitrosamines · ( 18), machinists using synthetic cutting and 
grinding fluids contaminated with N-ni trosodiethanolamine ( 17), and persons 
using facial cosmetics contaminated with N-nitrosodiethanolamine (14). During 
this present study three other gro.ips: rubber chemical workers exposed to 
N-nitrosarorpholine and N-nitrosodiphenylamine (21); leather tanners exposed to 
N-nitrosodimethylamine in tannery air; and, workers in tire manufacturing 
exposed to N-nitrosodi.methylarnine and N-nitrosarorpholine (22) have also been 
discovered. 

The discovery that sane industrial workers are being exposed to relatively 
large quantities of N-nitroso cori:pounds is a recent developtent which may have 
important implications in carcinogenesis. Minimizing exposure to these 
canpounds could be a significant milestone in cancer prevention. Although 
direct evidence for the carcinogenicity of N-nitroso ccrrpounds in humans is 
lacking, the substantial arrount of cirCU!T5tantial evidence which does exist 
indicates that it is unlikely that humq.ns will be the only species resistant to 
their carcinogenic assault. Recent advances in epidemiology and improvements in 
the environmental analysis of N-nitroso ccnpounds may make it possible to 
deternri.ne what if any part, N-nitroso carpJunds contribute to cancer in man. 

Until these epidemiological assessments can be rrade it rrust be assumed, on 
the basis of the many animal studies, that man will not be uniquely resistant to 
the carcinogenic action of N-nitrosarnines. Since cancer produced fran 
carcinogenic carpounds is a delayed toxic effect, and since animal studies sho,,r 
dose related responses to.these agents, it =uld be prudent to assume that any 
exposure to the carcinogenic N-nitrosamines constitute a risk. This study by 
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the National Institute for Occupational Safety and Health (NIOSH) is the first 
atterpt to detennine workers' exposure to N-nitroso ccmpounds in a variety of 
industrial facilities. The goal of this study is to assess·the extent of w:>rker 
exposure to these agents, hew they are exposed and hew to eliminate or reduce 
their risk. 

SCOPE OF STUDY 

The sccpe of this study was to determine, in selected industries, the 
extent of w:>rker exposure to N-nitroso CCJYpOUnds in their place of enployment. 
This study was limited to examining the \l,10rkplace environment for those 
N-nitroso carpounds for which analytical rrethods had been developed. This study 
was further limited in that only a fe,; representative factories within an 
industry could be included in the survey. The N-ni troso ccrnpounds that were 
rootinely searched for included those that \-Jere amenable to gas chraratography 
(GC) and a few nonvolatile N-nitroso canpounds that were kru:J.vn or suspected to 
be present in a s:pecific factory. Generally 7 volatile nitrosamines were 
included in the GC-TF.A. (Thennal Energy Analyzer) standard: 
N-nitrosodimethylamine (NIMA), N-nitrosodiethylamine (NDEA), 
N-nitrosodipropylamine (NDPA), N-nitrosodibutylamine (NDBA), . 
N-nitrbsopyrrolidine (NPYR) and N-nitroscrcorpholine (NMJR). Other volatile 
nitrosarnine standards were available in the event a volatile unknown carp:>und 
was detected by GC-TFA. The oonvolatile o::mp:>unds searched for were 
N-nitrosodiethan.olarnine (NDElA) and N-nitrosodiphenylamine (NDPhA). 
Unidentified TEA resp:>nsive cxrrpounds :were not quantitated nor was any effort 
made to identify them. The industries selected for study were those which were 
kno.-m to use either N-nitroso o::mp:>unds or to use chenicals which COJld serve as 
a precursor to these crnp:>Unds. Again the scope of this study was limited to 
selecting only a feM industries which co.lld have N-nitroso crnpounds in their 
factory environrrents, The factory site visits consisted of on-site collection 
of area air sanples and hllk sanples. In nest instances a rrobile laboratory 
specifically designed aria equippe:i for N-nitroso caTJ)OUl1d analysis was used 
on-site for the sarrple analysis. When warranted by the findings, re-visits were 
ma.de to factories and an effort was rna.de to determine why or how N-nitroso 
ccrnpounds ~re contaminating its environment. To a limited extent precursor 
amines· and nitrosati~ agents were also examined. 

CHEMISTRY OF N-NITROSO a:MPaJNDS 

The preparation of N-nitroso a:::npounds in the laooratory has traditionally 
invo.l,ved reactions between secondaJ:y amines an:i sodium nitrite under acidic 
conditions ( 23, 24) • These reaction con.di tions are the optimum for synthesizing 
N-nitroso a:::npounds, however, they are not the only conditioo which give rise to 
these catp)1.lllds. To the synthetic organic chemist, a yield of belc,,,.r 1% in a 
chemical reaction is generally of mi.n:i.rre.l interest. However, in assessing the 
i.rrg;x)rtance of chanical carcinogens in the environment, any mechanism 1'mi.ch can 
give rise to these carpounds, even those reactions ~ch proceed very slowly to 
give only a mininal yield, rray be significant'¥. Thus, the chemist concerned with 
the environmental distril:ution and occurrence of N-nitroso ccmpounds rrust ce 
equally familiar with the reactions which have high as well as lcw yields. This 
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Figure 1. Structures of Representative N-Nitroso Compounds. 
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All of the compounds shown are known to be carcinogenic in animal experiments. 
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Tertiary 
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Figure 2. Diagramatic Representation of N-nitrosation of Primary. 
Secondary and Tertiary Amine Type Compounds. The 
yield and relative amounts of each product depend upon 
the ·reaction conditions, the nature of the R group, and· 
other factors. · 
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section discusses the chemistry and fonration of N-nitroso carpounds fran this 
viewp::iint. 

N-nitroso canp:,unds have the general formula: 

~N-NO 

R2/ 
where R1 and R2 can be virtually any organic group. Fbr exarrple, if R1 and 
R2 are alkyl groups, it is a dialkyl N-nitrosamine; if R1 and R2 oontains 
a carboxylic acid group, it is an N-nitrosourea. The structures ot sane 
representative N-nitroso carpounds are sho.vn in Figure 1. N-nitroso carpounds 
can be formed by the reaction of various precursor entities. The amino 
fragrrent, (R1R2N) can cane fran a primary, seoondary or tertiary amine (see 
Figure 2). The nitrosyl group, NO, can be derived fran nitrogen oxides (NO, 
N02, N204, or N203) or nitrite (nitrite salts of nitrous acid). 
N-nitrosation of the amine fragment can also occur via transnitrosation by 
other, TIDre labile N-nitroso carpounds. Depending on the reactants and the 
catalysts which are present, N-nitrosation can occur at either acidic, neutral 
or alkaline conditions. Sane kna..m N-nitrosation catalysts include formaldehyde 
chloral, ozone, and metal ions (25,26). 

PRIMARY AMINES 

Chemistry 

The reaction of primary amine 1:ype carpounds with nitrous acid principally 
yield CCIITlfX)unds,other than N-nitrosamines, ha,,rever, it has been derronstrated 
that N-ni trosamines can 1::.e fanned in la,,, yields fran primary amines ( 25-32) . 
The yields of nitrosarni.nes frdn sare of the catp:>unds investigated (30) were: 

rutylamine 
putrescine 
lysine 

N-nitrosodibutylamine 
N-nitrosopyrrolidine 
N-nitrosopipecolic acid 

0-1% yield 
9.2% yield 
0.5% yield 

The reaction of primary amines with nitrous acid has been reviewed ( 33), 
and although the react.ion mechanism is not .....ell understo:d., tentative reaction 
pathways have been proposed (31). 
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Sources 

Prirrary amines such as rnethylamine, ethylamine, n-butylamine and 
ethanolamine are widely use::l. in industry (19). While pri.mal:y amines can be 
found in nany foodstuffs (34-36) and in nany products, a cxnpilation of kna,,,n 
primary amines in different ma.trices is not available. 

Chemistry 

The kinetics of N-nitrosation of secondary amines have been recently 
revie.,,,,eci (33, 37-39). The kinetics of nitrosation of secondary amines are very 
briefly surrmarized here: a reader wanting rrore depth sha.ild refer to references 
33, 37-39. In a system containing nitro.is acid (HO•NO) as the nitrosating 
agent, the p::>asible nitrosyl carriers are (H20·NO+), (N~·OO) and 
NO+). The nitrous acidium ion (H20·NO+) plays a sigriificant role in 
acidic conditions. Therefore, it seems likely that at the dilute acidic 
conditions that are encountered in the envirorrrent, nitrous anhydride (N203 
= ~02·NO) nitrosates secondary amines according to equations (1) and (2): 

2HNOi fast> N02 t,JJ + HiO. • • • • • • • (1) 

NOit'10 + RiNH sla.-.r Rit'1 - NO+ HN02 ••••• (2) 

For nost secondary amines, equation (2) is rate limiting. The kinetic 
expression is thus: 

(3) 

. The reaction rate is pH dependent arrl has a maxirnLlm value at pi 3-4 ( 40) • The 
rate constants for 14 secondary amines have been tarulated ( 39) fran which it is 
observed that the ease of nitrosation increases as the ba.sicity of the amine 
decreases. 

In the presence of anions (x-), XNO fo:rrns and these are efficient 
nitrosating agents (37). The.effectiveness of the nitrosating species is in the 
folloong order ( 39) : 

NCS"NO = I 0 NO > Br•NO > Cl•NO > NOi"NO • • • • • • • • • (4) 

'Ihi.ocyanate, iodide am branide ions have all been denonstratoo. to increase the 
nitrosation rate for secondary amines (40-42). 

The nitrosation of amides, such as methylurea arrl nethyluret.hane, follc:ws. 
the kinetic expression: · 

Rate= k2 (amide) (HN02) (tt+) ••••••• (5) 
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The main nitrosating agent is probably the nitrous acidium ion (NO·oH2+). 
The k2 value of 21 amides has 1::een tabulated (39). There is no simple rule, 
as there is for secondary amines, relating the ease of nitrosation to the 
properties of the amide. 

Reaction by nitrites is usually very sl°"' at neutral or alkaline pH due to 
the lcw equilibrium concentration of nitrous anhydride, hcwever, in the presence 
of forrraldehyde or chloral as a catalyst (25), an appreciable nitrosation rate 
for secondary amines is seen even at pH 6 to 11. Metal ions have also been· 
derronstrated to catalyze the reaction under basic conditions (26). 

Sources 

Like primary amines, secondary amine type ocrnpoW1ds are ubiquitous in the 
environment. Dimethylamine and diethylamine, for example, are also found in 
foodstuffs. Pyrrolidine is foW1d in unburned tobacco, coffee extracts, defatted 
cocoa and several varieties of cheese (34-36). Diethanolamine, ITDrpholine, 
dimethylamine, di-n-propylamine, di-n-b.Jtylarnine are used widely in industry 
(19). A ccrnprehensive canpilation of the uses and occurrence of secondary 
amines is not available. 

TERTIARY AMINES 

Chemistry 

One of the rrost rerrarkable myths in chemistry today is the notion that 
tertiary amines do not yield N-ni troso canpounds ( 43) • This ltl'_{th has persisted 
for over 100 years since the \\Ork of Geuther (44) and has continued despite 
nurrerous studies derronstratin;J that tertiary amines readily fonn N-nitroso 
canpounds. The subject and its history has 1::een reviE!"llled in the Journal of 
Chemical Education (45). It is this sarre fallacy that still all°"'8 the 
unrestricted "°rld-wide use of synthetic cutting fluids, ..mich contain up to 40% 
triethanolamine and 18% sodium nitrite; fluids ..mich have been found to contain 
up to 3% of the corresponding N-nitroso canpound, N-nitrosodiethanolamine (17). 
Aminopyrine, a widely used analgesic (not used in the U.K. or U.S.) has also 
been s~ to form N-nitrosodimethylamine in yields as high as 30% (46-48). 

Mechanisms for the N-nitrosation of tertiary amines have been proposed 
( 49-51) • The latter v.orkers consolidated the rrechanism, and proposed that the 
unshared electron pair on the W1protonated amine reacts with a nitrosating 
species to fonn a ni trosarmonium ion ( see Figure 3) . The nitrosamronium ion then 
undergoes cis elimination of nitrosyl to fonn an irmonium ion. At 100°C and l°"' 
pH (pH-3), the imroniun ion is hydrolyzed to give a carl:::onyl o:::r.p:,und and a 
protonated secondary amine; the protonated secondary amine is then nitrosated to 
the corresponding N-nitrosamine, At 100°c and higher pH (pH-6) the imronium ion 
undergoes nucleophilic attack by free nitrites to fonn an unstable adduct which 
collapses to form a carl:::onyl a::mpound and the nitrosarnine. 

The reaction of tertiary amine oxides with nitrous acid has also been sho,.m 
to produce N-nitroso ocrnpounds. The rrechanism for the amine oxides is similar 
to that for the tertiary amines ( 51) • 

9 



Sources 

Many tertiary amine type carpounds which have been nitrosated and shc,..m to 
proouce an N-nitroso conp:,und are used in industry (50). 

OXIDES OF NITRCGEN 

Nitric Oxide (NO) 

The reaction of nitric oxide (NO) with secondary amines in organic 
solvents, such as acetonitrile or ethanol has been sho.vn to be slo.v, with a 
half-life of aro.it 8 days (52). The reaction rate \\RS sho.<m. to be independent 
of th~ amine basicity suggesting that sare process, independent of the amine, is 
rate limiting. The presence of a small anount of air in the systen resulted in 
canplete conversion to the nitrosamine within a few minutes. It was concluded 
that nitrosation probably occurs via nitrogen dioxide (No2). Nitric oxide 
itself seert5 to be a JXX>r nitrosating agent, probably because it is unable to 
abstract an amino-H atan to generate the dialkyl-arnino radical, which might then 
carbine with further nitric oxide { 52). 

Relatively small amounts of metal salts catalyze nitrosation of pip::ridine, 
piperazine and rrorpholine cy nitrite (25,26) in organic solvents. Catalytic 
effects have also ceen dem::>nstrated with ZnI2, ZnBr2, with the nost 
effective catalyst being I2, In these cases nitrosyl iodide (NO!) is the rrost 
likely nitrosating agent. The metal salt catalyzed reactions in organic 
solvents are substantially faster than N-nitrosamine fonnation by acidified 
nitrite. 

Nitrogen Dioxide (N02, Nitrous Anhydride (N203) and Dinitrogen Tetraoxide 
(N704) 

A camonly used technique for synthesizing N-nitrosamides in organic 
solvents involves the use of N203 and N704 (53). N-nitrosamines are also 
fanned rapidly under these conditions (54). The possibility of these reactions 
being important in aqueous media (other than for nitrosation at [II 2-4) was not 
considered until recently (55). The anission rcay have arisen because N203 
and N20 'WOuld be expected to undergo rapid hydrolysis atp-I >5 to innocuous 
N02-, 

(6) 

It has been shown that primary and secondary amines of widely different 
reactivity COTipete effectively with v.eter and HO- for b:>th gaseous N203 
and N204 ( 55) . The amines ....tlich have been studied. and sho.vn to fonn 
N-nitroso ccxnpounds or the diazonilDTI ion under these conditions include 
piperidine, rrorpholine, N-methylpiperazine, aniline, N-methyl-4-nitroaniline, 
p-nitroaniline, diphenylami.ne, 3,5 dinitroaniline, o-nitroaniline and 
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Figure 3. Proposed Mechanism of N-nitrosation of Tertiary Amines 
[after Smith and Loeppky ( 49) and Ohshima and 
Kawabata (.51)]. 
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2-chlonr4-nitroaniline. 'Two ccmpow1ds did not react; 2,4 dinitroaniline (pK.A 
- 4.53) and N-rrethylacetamide (pKA - 1.0). 

N-nitrosation by oxides of nitrogen at neutral and alkaline pH has an 
irrportant bearing on assessing human exposure to N-nitroso a::rrpounds, 
particularly as this route has been alrrost totally disregarded in the past. 
Those analytical techniques which have relied on basic .I:i'{ to 'inhibit' 
nitrosation need' further study to,-ensure the validity of the findings (56-59). 

Sources 

Nitrogen oxides, generally referred to as NOx, are generated during high 
terrperature canbus~ion of fossil fuels. Approxinately half the urban load of 
NOx arises fran rrobile sources, primarily autarobiles, with the remainder 
caning frcm.stationary sources, pri.rrarily electric po.ver utilities. 

At terrperatures al::ove 1800°C, nitrogen fixation fran nitr~en in the air 
becomes .irrportant. This route predcmi.nates in gas and oil fired systems, 
including NOx emissions £ran gasoline and diesel engines. For thermodynamic 
reasons, nitric oxide {NO) is the predaninant nitr~en oxide fanned during high 
terrperature canbustion. As the exhaust terrperature falls bela,,r 600°C, oxidation 
to N02 occurs. The chemistry of nitr~en oxides, and their occurrence in the 
envirorurent has been reviewed (60). 

Nitrite and Nitrate, Source 

The availability of nitrite in the enviromient is an .inp::>rtant factor in 
the occurrence of N-nitroso carpounds. Sodium nitrite is pro::luced industrially 
and is used in rrany industrial and c::rmnercial processes and products, including 
extensive application as an anti-corrosion agent. Nitrite is also widely used 
in the curing of meat, poultry and fish.products to inhibit the gro.-.rt.h of C 
b::>tulinum, thereby preventing forrration of its toxin. -

Transnitrosation 

The tenn transnitrosation generally refers to reaction of the type: 

·NO+HX • • • • • ( 8) 

For exanple: 

Q " === N-H + NO-N\..../0 

~ N-nitrosomorpholine 

N-nitrosodiphenylamine 
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Transnitrosation by araratic nitrosamines has been reported to occur in 
both polar ard non-polar solvents. Most ccmronly, the transnitrosating 
nitrosamine (for example, N-nitrosodiphen:ylamine (61) or N-nitrosocarbazole 
( 62) ) is heated with the amine substrate in the sol vent ( 63, 64) , 
Transnitrosation in acid, in the presence of various catalysts, is also well 
kna.in (65,66), This rrechanism rray be prina.rly resp:,nsible for the finding of 
high levels of N-nitrosarorph.oline in Rubber Plant H (see Text), 

ANA.LYTICAL METHODS 

Introduction 

'Ib successfully determine the extent of environment.ally occurring 
N-nitrosamines at the part-per""'.million (ppm) or the part-per-billion (ppb) 
level, it is essential that the analytical techniques that are chosen be 
sensitive, selective, free of false results an:1 capable of dealing with a wide 
variety of sample types. Without such techniques, screening the envirornnent for 
N-nitrosamines would be both costly and tirre consuming. The instnnrent systen 
used in this study consisted of gas chromatography (GC) and high pressure liquid 
chromatography (HPU::) with sample detection by a TEA'" Analyzer, The TEA has 
been specifically designed for the detection of sUD-nanogram arrounts of 
N-nitroso canpounds. The sample preparation ard collection techniques were all 
designed to take advantage of the TEA detector. 

In choosing the rretho::ls for screeni!'B the environment for N-nitrosamines we 
were also mindful of those factors Mlich nay adversely effect the analysis. 
False results, (i.e.) false positive or false negative findings of 
N-nitrosamines, can arise fran either the creation or loss of these ccrcpounds 
due to the rrethods employed in sampling, sanple preparation or detection. False 
results can be a problen in the analytical determination of any COlpOl.l!ld. 
Havever, in the case of N-nitroso canpounds this problen is further aggravated 
by the rrultitude of reactants and reaction conditions that can give rise to 
these canpounds. N-nitrosamines are relativ~ly easy to make and are also fairly 
labile. They are sensitive to prolonged themal treatment, as well as 
photochemical irradiation (67). In addition, certain N-nltroso derivatives are 
not stable to excessive conditions of ff! (68). Most, if not all, N-nitroso 
canpounds are decarp:,sed 'by inorganic acids such as HCl, HBr, and HI (69). 

TEA'" Analyzer 

One of the rrost significant physical properties of N-nitroso ccnpounds is 
the relative ease of the dissociation of the N-NO bond. For exanple, with 
N-nitroscrliphenylamine, the energy required to break the C-N bond is 105 
kcal/rrole, whereas the borrl dissociation energy for the N-NO bond is only 11 
kcal/rrole, For other s.iJTiple dial.kylnitrosamines, the energy required for the 
N-NO bond dissociation is on the order of 40-60 kcal/rrole, The relatively lo,,,r 
energy requirement for the release of nitric oxide fran N-nitroso canpounds 
resulted in the successful developnent of the TEA Analyzer (70-74) as a 
N-nitroso canpound detector for both gas and liquid chranatography. 

Gas Chromatography-TEA 

This system operates 'by catalytically pyrolyzing any N-nitroso a::rnpounds in 
the GC carrier gas. Figure 4 is the TEA Analyzer's operating schematic. All 
N-nitroso canpounds present in the sarrple entering the pyrolyzer are cleaved at 
the N-NO bond, thereby releasing the nitrosyl radical (NO). The yield of NO is 
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approximately stoichianetric for rrost N-nitroso ccrnpounds. Solvent vapor, 
pyrolysis products, and NO p:i.ss through an adsorbent vmich rerroves all :rra.terials 
other than the NO and permanent gases. The NO and carrier gas are then swept 
into a lo.v pressure reaction chamber where ozone reacts with the NO to generate 
electronically excited nitrogen dioxide (No2*). The key reactions occurring 
in the pyrolysis and reaction chambers are: 

RR'-N-NO 
NO+ 03 
N02* 

pyrolysis.., 
3S0-550°c 

R R'-N·+ NO 

The excited No2* rapidly decays to the ground state with the concamnitant 
emission of light near the infra-red region of the spectn.Jlll. The intensity of 
this emitted light is proportional to the amount of N-nitroso cx::xnpound present 
in the sa.rrple. The TEA's selectivity for N-nitroso carqxiunds is dependent up:>n 
pyrolysis o:::curing within a fraction of a second, NO passing through an 
adsorbant which rerroves other pyrolysis products fran the gas stream and the NO 
reacting with ozone to produce a chemiluminescent reaction in the near infra-red 
region of the spectrum. Because of the TEA's selectivity and sensitivity, it is 
p::>ssible to chranatcgraph and quantitate N-nitroso carp::,Lmds even in the 
presence of many other co-elutil1'9 CCITlp)unds thus reducing, and in sare 
instances eliminating, the need for sample clean-up procedures prior to 
chraratography. Detection limits, using the GC-TEA apparatus, are routinely 
less than 50 M" (50 x 10-129) for CX111f0unds such as ~1J',1A or NPYR. 

It should "be rrentione:i that the TEA is not totally specific for N-nitroso 
ccrnp:iunds (75,76). Several other classes of organic o:::rrpoW1ds can also be 
detected using the TFA. These classes of COTifX)lll1ds include, organic nitrites 
(O-NO), ~-nitramines (N-N02), C-nitroso (C-NO}, p:,ly c-nitro (C-No2), 
nitrates (O-N02) and inorganic nitrites. It is also probable that other 
classes of organic comp:)Ul"lds, e.g., S-nitroso and S-nitro, may also be detected 
by the TEA. Thus, the presence of a resp::>nse ~ GC-TEA for a new sarrple cannot 
necessarily be taken as proof that the sarrple is an N-nitroso CClrrlpOund. 
Additional confirmation of p:>sitive results can be by either the use of specific 
chemical tests (77,78) or the use of high resolution rrass spectraretry or 1::y 
HPI.C-TFA. High resolution mass spectraretry with continuous peak matching has 
been used as a confinnatory technique for the identification of N-nitroso 
canp:mnds ( 7 3, 79 ) • 

High Pressure Liquid Chroniatography-TEA 

The TEA in the HPLC rrcde cperates on the same ba.sic principle as previously 
discussed with regard to GC-TEA. Ho.,.rever, here a liquid sarrple is swept through 
the catalytic pyrolyzer by argon carrier gas, with all organic rre.terials being 
vap:)rized and/or pyrolyzed. FollONing the pyrolyzer, the I..C solvents are 
condensed out of the gas stream in 300 ml vacuum cold traps. 

At the 10,,1 tenperatures used in the cold traps, typically -80 to -120°C, 
only the carrier gas, the nitrosyl radical (NO), and a ve:cy few la,,, molecular 
weight organic species pass through ooth cold traps and enter the 
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chem.luminescent reaction chamber. The rsnaining TEA operations are identical 
to those already describe:I. for the GC-TEA rrode. With HPI.C-TEA, the limits of 
detection for 110St N-nitrosarnines are in the range of 0.1 - 1.0 ng per 
injection. 

CHRCMA'IOORAPHY CCNDITIONS 

GC-TFA 

The GC-TEA conditions used for the detection of volatile nitrosamine have 
been described by Fine and Rounbehler (72). A typical GC colurm consisted of a 
14' x l/8 11 stainless steel column packed with 10% Carb::Max 20M containing 0.5% 
KOH on Chrarosorb HP (80-100 mesh). The Ge was usually operated at 1S0°C with 
argon gas as the ca-rrier at a fl<M rate of 15 ml/min. 

HPLC-TFA 

HPIC--TFA ......as constructed by sequentially connecting a high pressure p..m:p 
(Altex rrodel 110), an injector (waters), a Lichrosorb Si60 column (E. Merck 
Labs. , Inc. , 4 mm x 39 . an) , and a TEA. The operation of an HPI.C-TEA has been 
described (104). The sanples -were usually screened by using acetone as the 
elution solvent at 2 mL/min. If a TEA-responsive peak was detected at the 
non-retention volume (t1), a less pJlar elution solvent v.0t1ld then be used 
until the peak was eluted to a capacity factor between 2-5. capacity factor is 
definro as (tR-ta)/t1, \\here tR is the retention of the peak. The · 
fella.ring varieties of solvent system; at 2 ml/min have been used in this study: 
(i) 100% acetone; (ii) 50% acetone, 50% hexane; (iii) 15% acetone, 85% 
hexane; (iv) 5% acetone, 95% hexane. 

CCMPOUND IDENI'IFICATION 

Use of N-nitroso Standards 

Methc:rls for the detection and analysis of kno..ll1. N-nitroso carpounds using 
the TF.A are relatively straight forward. As a general procedure, a mixture of 
volatile nitrosami.nes are used to calibrate an integrating recorder 
(Hewlett/Packard, Model 3380A) attached to the out-put signal of the TFA. The 
nitrosamines used for calibration usually include N-nitrosod:imethylamine (Nll1A), 
N-nitrosodiethylarnine (NDFA), N-nitrosodipropylarnine (NDPA), 
N-nitrosodibutylamine (NIBA), N-nitrosopiperidine (NPiP), N-nitrosopyrrolidine 
(NPYRR) and N-nitrosarorpholine (NM:>R), hc:,...rever, rrany other nitrosamine 
standards were available. Most environmental sarrples examined by the TF.A 
usually have, if any, only one or tw::> chrara.tographic signals and as it often 
hag_:>ens these signals corresp::>nd to \<.ell kno.,m ni trosamines such as NrMA or 
NDFA. Chraratographic carparisons· of retention times and quantitation by 1:oth 
the GC-TEA and the HPLC-TFA using kno.,m standards, were generally used to 
confinn the presence of a N-nitroso carpound. GC-rrass spectral analysis was 
also used for additional a:mfinna.tion when needed. 
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TEA-Responsive Unkno..m Ccmpounds 

As pointed out earlier, the TEA is not absolutely specific for N-nitroso 
canp::>unds. When a TEA chramtographic signal is detected which does not !Tl3.tch a 
kno,m standard, the canpound is labeled unkno,m until it can be structurally 
identified and an authentic standard obtained. Typically the methods used to 
identify unkno,m ccrnpounds consist of isolating a sufficient amount of the p.ire 
ccrrqx,und for rrass spectral analysis (17). This does not constitute a 
particularly difficult problem if the unkno,m in the environmental sample is in 
high concentration and if sare inforrration is available which helps to identify 
it. An exa!1l)le of this was the finding of the nonvolatile nitrosamine 
N-nitrosodiphenylarnine (NDPhA) in a chemical plant =ufacturing this compound 
( 21) • Hc,..;ever, if the quantity ( estimated by assuming a rrolecular weight and 
canparing its rrolar response on the TEA to a kno,.,n standard) of the unkno..m is 
in the le,..; ng range, and the sarrple contains large amounts of co-eluting 
ccrrqx,unds, then the problem, of identification can be fonnidable. This 
situation is further aggravated if the unkno..m o::rT1pOunds are nonvolatile and 
thus cannot be examined by GC-rrass spectroscopy. While these identification 
problans are not insunnountable, they can be toth costly and time consuming. 

In order to avoid expending tine and effort atterrpting to identify all 
unkno..m o::r!!pOunds which produced a TEA signal, si.rtple screening methods were 
developed to help eliminate rrost of those unkno,.,ns which were not N-nitroso 
o::r!!pOunds (78). These methods can effectively distinguish N-nitroso o::r!!pOunds 
fran all other TEA-responsive ccrnpounds with the only exceptions being a f6N 
C-nitro ccrnpounds. This greatly reduced the effort needed to examine. 
environmental Sa!1l)les for N-nitroso carp:,unds. 

ARTIFACTS 

False Negatives 

The problems created by false negative results are generally more lT\3.nagable 
and of less concern than are the problem, of false positive results. False 
negatives can arise fran Sa!1l)le exposure to UV, sunlight or by acid degradation 
of the collected N-nitrosamine. Analytical controls, with N-nitrosamines added 
as internal standards, can be used to reveal any tendency of the sampling or 
analytical methods to degrade N-nitrosamines. As yet there is no evidence 
indicating that false negatives v.ere a rrajor problem with the metho::ls used in 
this study. Photodegradation was minimized by either protecting the sample by 
light exclusion or by avoiding strong light sources when the samples were taken. 

False Positives 

The rrajor sources of false positives are cross contamination and artifact 
formation of the N-nitrosarnines. Another source of false positives is the TEA 
detection of unknc,..;n canpounds, i.e. , crnpounds which do not ITE.tch a kna..m 
standard. The o::xrpourrl is labeled unknown until it can be structually 
identified and authentic standards obtained. The problans due to artifacts in 
the analysis for N-nitrosamines have been revieved recently (77). Control of 
contamination has been extensively discussed (80). 
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Because the techniques used in this study are highly specific for only 
corrpormds which can release the nitrosyl rroiety, the overall problen of · 
contamination is limited to those corpounds. HONever, when perfonning routine 
analysis in the ppn-ppb range, the problems of contamination are still ,relevant, 
and for this reason, negative blanks are regularly used. False'p:,sitives are 
generally caused. cy the inadvertant forma.tion, during the sarrple collection, 
work:...up or analysis, of precisely those nitroso rraterial~ for-which one is 
sarrpling. If a N-nitroso coop::>und is found in an entirely new sarrple situation, 
serious consideration llllst be given to the p:>5sibility that it may be a false 
positive. For example, Angeles, et al. (1978) have recently described the 
artifact fonnation of various N-nitrosarnines during extraction of environmental 
samples (81). They have sho.-,n that inorganj.c nitrite in the solid phase can 
serve as an effective nitrosating agent for solutions of organic amines in 
non-aqueous sol vents ( CH2Cl2, O!C1Br, Cl1.2Br2, etc. ) • A si.rrple 
precaution to minimize the p:,ssibility of artifact f~rrration is·to use the bare 
minimum of analytical steps. This approach is feasible with. the. GC-TF.A and 
HPI.C-TFA irethods of N-nitroso analysis, provided. that the. sarrple is in a fonn 
suitable for direct introd.uction into the apparatus. For exarrple, aqueous 
·pesticide fonnulations were directly introducerl into both GC-TFA and HPLC-TEA 
in order to sho.v that the NIMA present in the fornulation was not an artifact of 
the sample preparation (18). In this case any :possible artifact fonnatian was 
limited to the chranatogra:p1 or detector conditions enployed. 

Possible sources of nitrosating agents which could be responsible for a 
positive artifact include: nitrite rontamination·of the sanple· itself (82,83), 
open colunn chrorratography an nitrite contaminated packing rraterials for GC and 
IC columns (84), use of too high an injection p:,rt t.errperature in GC analysis of 
a corrplex sarrple (85), absorption of nitrogen oxides fran ambient.air (86), 
N-ni trosarnine contamined deionized water ( 87) and organic sol vents ( 88) • The 
rrost frequent source of the amine precursors is the sanple itself. 

Use of Nitrosation Inhibitors 

Analysts routinely add nitrosation inhibitors such as ascorbate (89), or 
sulfarnic acid (14} to all samples prior to analysis. Nitrosation inhibitors are 
effective, because at the proper I=i-I they crnpete with amines for available 
nitrite (90,91). care is required to ensure that the inhibitor is added. in 
excess so as to account for the available nitrite. If addition of an inhibitor 
decreases the arrount of N-nitroso carpound which is observed, it is :possible 
that sane or all of the N-nitroso material originally detennined was due to 
artifact forrration. 

. . ' 
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M'.JBILE IAOORA'IDRY 

Because of the rrany problems associated with artifacts in the environmental 
analysis of N-nitroso canpounds, it is essential that these determinations be 
carrried out as soon as p::>ssible follo.ving collection of the sarnple. For this 
and other reasons, a fully equipped nobile laboratory designed for the on-site 
analysis of N-nitroso ccrrp:,unds was constructed and used in this study (92). 
The nobile laboratory is self-contained with po,ver generators, a flll1E hocx:1, two 
TEA Analyzers, gas chrcrratographs, high perfomance liquid chranatographs, lab 
benches and essential laboratory equiprent. All of the analytical procedures 
used in this study with the exception of GC-FID and GC-MS were incorpxated in 
the rrobile laboratory. Use of the nobile laboratory for on-site analysis not 
only rrade'it p::>ssible to nodify the survey protocols when needed tut sarrples 
could be repeated or, re-checke::1 on the sane day or while the laboratory was 
still within the vicinity of the factory being visited. The nobile laboratory 
greatly aide::1 this study by providing on-site analysis, which allo.ve::1 us to 
direct our sarnpling strategy and reduce the need for repeat visits to the same 
facility. This on-site laboratory and all of the analytical procedures were 
open to the personnel of the plants being visited giving them an opp::>rtunity to 
understand and participate in the study. 

AIR SAMPLING METHODS AND ANALYSIS 

The sampling strategy and rrethods evolved as ne.v sampling techniques became 
available. Initially all air samples consisted of only area and process air 
samples collected by the use of diluted alkali (lN KOH) bubble traps (93) and 
Tenax"'-GC cartridges (13). In later tests of these techniques it was discovered 
that artifact fonnation of N-nitrosamines could occur on Tenax"'-GC and that the 
1N KOH traps (also pH 4.5 phosphate-citrate/20 nM ascorbic acid traps) were 
temperature dependent and ccrrp:,und selective in trapping N-nitrosamines (160). 
While the problems with the wet traps were not catastrophic we felt that the 
fonnation of artifacts on the Tenax'"-GC sorbent rendered it useless as a 
rraterial for air sampling N-nitroso canpounds. (94,95). 

In a catparison study of other p::>ssible N-nitrosamine air trapping sorbents 
it was discovere::1 that the problem of artifact forrration was canrron to all of 
the dry solid sorbents currently in use (95). For this reason, Therrro Electron, 
(Waltham, MA) independently developed an artifact resistant solid sorbent air 
trapping system for N-ni trosamines, ThennoSorb'" /N ( 94) • The ThernoSorb/N air 
sampling cartridges were designed specifically for the artifact resistant 
collection of airborne N-nitrosamines in atm:>spheres where their precursors are 
likely to co-exist. The ThernoSorb/N air sampling cartridges were further 
designed to minimize sarrple preparation, to collect sarrples close to specific 
processes along with area air samples, and for use as breathing zone air 
collectors. 

Dilute Alkali (lN KOH) Traps 

The use of (lN KOH) as a liquid scrubber for airborne N-nitrosodiJrethyl­
amine was introduced after theoretical and practical problems had been raised 
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concerning the .previous methcx:l of cryogenic trapping (93). The wet air traps 
consist of vacui..un traps ( 190 x 24 rrrn) containing 45 ml of a L', KOH solution. 
Air is· b.Jbbled thra.igh these traps with a Bendix CHS air punp at a rate of 
approxirrately 2 L/min for alx)ut 3 hours, care being taken to avoid direct 
sunlight. The air flaw rates were determined by reading the Bendix Cll5 
rotarreter which had been previously calibrated by use of Hasting lOL rrass flow 

.meter. 

At the end of the sampling time the contents of the vacuum traps were 
extracted using 3 x 10 mL dichlororrethane (r:x:M), dried over sodium sulfate and 
concentrated to a volurre of approximately 1 ni.,, using a Kuderri.a-Danish 
evaporator at 52°C. The concentrates were then analyzed by GC-TEA and/or by 
HPI.C/TEA, Analytical controls consisted of blank 1N KOH solvent controls and 
spiked N-nitrosamine recovery controls. 

This trapping and analytical systan works well for NrMA, with an efficiency 
of 80-90% (depending upon air temperature). Ho.,,,ever, N-nitroscx:liethylarnine 
(NDEA) is not trapped as well (40-50%) and for N-nitroscdipropylamine (NDPA) and 
N-nitroscdibutylamine (NDBA) less than 5% is trapped. N-nitrosorrorpholine 
(NMOR) is trapped at close to 100% efficiency but unlike dimethylamine, 
rrorpholine (the amine precursor to NMJR) is also trapped with a high efficiency. 
The trapping of m:::,rpholine raises the p:>ssibility of artifact fonra.tion during 
the sampling via airtorne nitrcx:ren oxides of co-trapped transnitrosating agents. 
Despite the rntential for artifact forrna.tion of ~"MOR there is no evidence that 
it has occurred in any of the sanples taken in this study· (21). 

· Tenax"'~ Cartridges 

Sarrpling techniques for N-nitrosamines using Tenax were developed~ 
· Pellizzari et al., (96-98). Air is drawn through a 1 an o.d. glass tube, 6 cm 
long, packea:-with pre-cleaned Tenax <X (35/60 mesh). careful attention must be 
paid to the terrperature of the air and the anount of air passed through the tube 
so as to ensure that breakthrough does not occur. The Tenax tubes are desorbed 
by heating in a stream of helit.m arrl cryogenically trapping the contents in a 
srrall volurre gold lined trap held at -192"C, The cold trap is then flash 
heated, driving the contents directly into a capillary column (<X-MS) system. 
There are several drawbacks to this methcd. First, the Tenax rray trap precursor 
amines and N-nitro ca:npounds, which could fonn N-nitrosamines during the 
desorption and/or flash heating steps. Second, Tenax has a relatively ena.11 
breakthrough volurre for N])v!A, often the N-nitrosarnine of ma.ximum interest. 
Third, Tenax has been dE!TIOnstrated to be artifact prone in laroratory 
experi.nents (95) • 

. ThenroSorbM/N Air Sarrpling cartridges 

These air sampling cartridges, rranufactured ~ Thenro Electron Corp::>ration, 
Waltham, MA, have been designed specifically for air sanpling N-nitroso 
COiqX)unds ( Figure 5) , The cartridges, which are a:>nstructed of an opaque 
rraterial, contain about 2 gr am;; of sorbent in a 1. 3 x 2. 2 an sarrple bed, The 
cartridges have a built on clip for personal sarrpling and nave standard Luer 
fittings on both ends so that a second. cartridge can be attached as a ba.ckup to 
ched<: for sample break through during sanpling. The standard Luer fittings also 
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facilitate sample desorption by a solvent backflushing tecrmique using standard 
syringes. The sorbent bed of these cartridges consist of an amine trapping 
agent follo.ved by a rragnesium silicate sorbent treated with an artifact 
inhibitor. Air, at flo.v rates of less than 100 mL/min. to 4 L/min, can be drawn 
through the cartridges using standard battery operated air sampling purrps. For 
analysis, a polar solvent is backflushed through the cartridge with the first 2 
ml collected. An aliquot (typically 5 µl) of the eluate is then examined by 
GC-TEA or HPI.C-TEA for N-nitroso compound content. Solvents that have been used 
for backflushing these cartridges include acetone, methanol and a 25/75 mix of 
methanol in dichlororrethane. 

With this sarrpling and analytical system, N-nitrosodimethylamine (NL'MA) can 
be detected at the 0.1 µg/m3 concentration in air with a 200 L sarnple. 
Because of this sensitivity, concentration of the sample is not necessary, 
thereby further reducing any _FOssibility of artifact fonnation by eliminating 
this step. 

In canparison tests (see Figure 6) with other p.lblished methods for air 
sarnpling N-nitroso compounds, the ThenroSorb/N air sarnpling cartridge was found 
to be the only one that was both artifact free and accurate (94,95). These 
cartridges have been used in a variety of factory environments for the detection 
of the N-nitroso derivatives of dimethylamine, diethylamine, dipropylamine, 
dibutylamine, piperidine, pyrrolidine and l!Drpholine. 

Air Sampling For Amines and Airborne Nitrosating Potential 

The apparatus used for the sampling are similar to that used for N-nitroso 
CCJTIPOunds except the sorbent in the ThenroSorb/A air sarrpling cartridge 
(Flouracil) was coated with either thiarorpholine or rrorpholine without added 
artifact inhibitors. Air was drawn through these cartridges at exactly 1 L/min 
for a total of 30 minutes. These cartridges were then backflushed with 4 ml of 
1N KOH and aliquots of this eluate v.ere then analyzed. Any 
N-nitrosothicnorpholine or N7nitrosarorpholine foun:l on these cartridges and not 
found on the ThenroSorb/r cartridges v.0uld have been formed as a result of 
drawing a nitrosating agent, such as oxides of nitrogen, through the cartridge. 
Experiments at the Th~rrro Electron laboratories indicate that the fonnation of 
nitrosamines on surfaces coated with precursor amines by gas phase nitrogen 
dioxide can be a measure of the nitrogen dioxide concentration (See Figure 7). 
Analysis for N-nitrosothiarorpholine is similar to that for all other volatile 
N-nitroso catlX)unds. The results of this analysis are, ho.v'ever, rel_X)rted in 
equivalent nitrogen dioxide levels. These equivalent nitrogen dioxide levels 
are those concentrations which w::,uld produce an equivalent arrount of 
N-nitrosothicnorpholine or N-nitroscnorpholine under experirrental conditions. 

Amine Analysis 

The apparatus used for volatile amine analysis consisted of a gas 
chratatograph interfaced to a TEA Analyzer equipped with an oxidative catalytic 
pyrolyzer (See Figure 8). With this apparatus, all nitrogen containing 
compounds are quantitatively oxidized to produce stoichi~tric arrounts of 
nitric oxide radicals 'which are then detected via chemiluminescence. The gas 
chratatographic cplumns used with this system are similar to those used for 
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nitric oxide radical which are then detected via chemiluminescence. The gas 
chrorratographic collll1lnS used with this systan are similar to those used for 
N-nitroso carpound analysis. This system (TEA'" M::Jdel 610 nitrogen detector, 
'To.emo Electron Corporation) is an absolute nitrogen detector which has no 
resp::>nse for other than nitrogen containing o:::xrpounds and its response for 
ccrnpounded nitrogen is nolar. The detection limit for this systan is better 
than 1 pio:,gram of nitrogen per second (Figure 9). 

ANALYSIS OF BULK SAMPLES FOR N-NITROSAMINES 

The analysis of N-nitrosamines in solid or liquid rra.trices has 'been 
reviewed recently (99-101). Several rrethods are available, both for volatile 
and nonvolatile N-nitroso ca-rpounds. For volatile N-nitrosarnines, the nost 
sensitive is distillation fran mineral oil, follo.ved by analysis on GC-TEA 
{105). This technique was selected as the rrethod of choice in the FDA's meat 
screening program. Confirnetion is by GC-MS or HPLC-TEA. 

Distillation from Mineral Oil 

The mineral oil distillation technique for the determination of volatile 
N-nitrosamines involves the use of readily available USP mineral oil, and can be 
used with samples as diverse as fish, meat, oil, bread, cheese, v.ihole blcod, 
laboratory anirra.ls, biological samples, and soil. A necessary condition far the 
successful application of the procedure is that the volatile N-nitroso o:npounds 
can be transferred, under vacuum, fran the original sample to a receiving flask 
maintained at liquid nitrogen tenperatures. The mineral oil procedure cannot be 
used for the analysis of nonvolatile N-nitroso carpounds. A nitrosation 
inhibitor, such as ascorbic acid, sulfamic acid, or tocopherol (103) is 
typically added to the sample at the outset. Ideally, a canbination of ascorbic 
acid (or sulfamic acid) should be used together with tocopherol, in 
order to ensure a lack of artifactual N-nitrosamine· fonnation during the actual 
distillation step (104). If 10-30 grams of a sample is to be distilled, then 
approximately 0.5 grarrs of each of the nitrosation inhibitors would be added to 
the sample before harogenization. The hcm:,genized sample plus inhibitors are 
added to a t1AO-necked rourrl lx>ttan flask ( 500 ml), and abJut 60:... 70 ml of USP 
mineral oil is added to the sample so as to cover it a:npletely. If the sanple 
is· dry, then 5-10 ml of water is added to the flask. The flask. is attached to a 
vacuum distillation.apparatus through the liquid nitrogen ~ld trap. A single 
cold trap, rraintained at liquid nitrogen tenperature, is sufficient to trap all 
volatile N-nitrosamines. The pressure is reduced to about 1.5 - 2.0 llll1. Hg 
throughout the systan. The terrperature of the distilling flask is then raised 
slo.dy over a perioo. of OV('.!r 40-50 minutes to a rra.xinu:m of llO"c. This can be 
maintained for'another lP-15 minutes, if less volatile N-nitrosamines are being 
detennined. · · · · · 

At the end of the distillation, the distillate in the trap is thawed, and 
ma.de up to a constant volume (usually 15 ml) with water. It is then extracted 
with 3 x 25 ml of dichloranethane {DCM), dried over 25 g of sodium sulfate, and 
the filter cake washed with CCM. A much rrore rapid extraction am drying 
procedure is to p::,ur the 15 ml of water onto a Preptube"' (Therm::, Electron), and 
then to flush the .tube with 4-6 x 10 ml of JXM. The Preptube technique, not 
only solvent-solvent extracts·the N-nitrosamines, but also dries the JXlJ.I. 
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the .TE;A™ Model 610 Nitrogen Detector. . . 
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Whichever extraction technique is arployed, the ICM is concentrated on a 
Kuderna-Danish evap::irator fitted w'ith a Snyder column, with 0.2 - 0.3 ml 
iscoctane being added as a "keeper". The water ba.th temperature is set at 
52-53°C. The concentration is stopped when the final volurre is about 0.5-1.0 
ml. Aliquots of the final concentrate are injected directly into either GC-TEA 
or HPLC-TEA. 

Solvent Extraction for Non-volatile N-nitrosamines 

In this rretho:1 ( 105) , a 25 gram sanple is blended to a LIDiform slurry in a 
stainless steel blender (Waring) containing liquid nitrogen. Acetonitrile (100 
ml) is added in srrall p:::>rtions ( 10 mls each) with additional liquid nitrogen. 
Pcwdered anhydrous sodium sulfate (5 grams) is then added, with additional 
harogenization, an:1 the residual mixture allo.,,red to v.>arm to ambient temperature 
without stirring. The resultant acetonitrile slurry is gravity filtered through 
granular anhydrous sodium sulfate. The filter cake is washed sequentially with 
2 x 15 ml P?rtions of isooctane. If r:nase separation does not occur, it is 
facilitated by cooling to -20°c. The isooctane washings are discardoo arrl the 
acetonitrile extract is taken to dryness l.Il1der vacuum at 35"C. The residue is 
taken up in a fev mls of-a suitable solvent, such as r:x:::M, transferred to a srra.11 
concentration tube, and reduced to a final volume of arout 0.5 ml with a stream 
of dry nitrogen in the cold. The solution is then use::3. for 1::oth GC-TEA and 
HPLC-TEA analyses. 

Analysis of Water Sarrples 

Several studies have been re_r::orted with regard to the nitrosamine content 
of various water systems (106-111). The sensitivity obtained for ITDst water 
analyses is less than 10 parts per billion. In the case of water sarrples, the 
extracts were routinely analyzed by" both GC-TEA and HPLC-TEA in order to 
determine tcth volatile and nonvolatile N-nitroso CCl'Tp:)unds ( 112) • There are 
basically tv.0 rrethoos that can be used for the analysis of N-nitroso ccxrpounds 
in water samples. These are: 1) liquid-liquid extraction with an organic 
solvent, using either a sepa.rating funnel or a Preptube, and 2) adsorption on a 
sorbent rreterial such as an XAD resin (113). In the liquid-liquid extraction 
rretho:l., water (50-100 rnls) is re_peatedly extracted with 3 x 10 ml of OCM. The 
canbined extracts are dried over anhydrous scdium sulfate {5 grams), 
filtered arrl the so:lium sulfate cake extracted further with 2 x 5 ml of 
additional, fresh IXM. The canbined, dried extracts plus washings are 
concentrated on Kuderna-Danish apparatus, as decribed previously, using 
isooctane as a keeper, to a final volume of approximately 0.5-1.0 ml, Aliquots 
of the final concentrate are analyzed by" both GC-TEA and HPI.C-TEA. 

A simpler and rrore rapid procedure \.\Ollld be to p:>ur 15 ml of water on a 
Preptube, and wa.sh the Preptube with 3 x 15 ml of CCM, The CCM can be 
concentrated for analysis. A single Preptube 1n0Uld provide enough sarrple to 
obtain a sensitivity of 0.08 :,..19/l. The sensitivity can be i.rrproved ~ canbining 
the extracts fran m..iltiple Preptubes. 
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Analysis· of Soil Sample 

The analysis of soil for N-nitroso ccrnpounds has been rep:,rted (110). The 
mineral oil distillation procedure can be used to extract volatile 
N-nitrosarnines fran soils v.hich are not amenable to solvent extraction. For 
solvent extraction the soil, together with suitable nitrosation inhibitors, such 
as ascorbic acid and tocopherol, is haoclgenized with a suitable extraction 
solvent. The solvent is then filtered and concentrated prior to analysis. An 
example is the extraction of NDPA frcrn 50 grams of soil with 60 ml of DCM (113). 
The IXM is then poured through a Preptube, concentrated and analyzed according 
to standard procedures. Recovery of NDPA was 80% at the 4 ppb level, and 45% at 
the 1 pfb levels. 

Sa1E SPECIFIC ANALYTICAL MEI'HOIB 

Analysis of N-nitrosodiethanolarnine 

Analytical rrethods for N-nitrosodiethanolarnine (NDElA), a relatively 
nonvolatile very polar N-nitrosamine, found in rretal working fluids, have been 
described ( 14) • The sample ( 5 grams) is weighed into a flask to v.hich 250 mg of 
armonium sulfamate is added. The mixture is stirred with a magnetic stirrer for 
1 minute until all the arnronium sulfamate crystals are dissolved. Ethyl acetate 
(100 ml) is added, an:! the mixture is filtered through 40 g of anhydrous sodium 
sulfate, and this is further washed with 50 ml of ethyl acetate. Alternatively, 
the ethyl acetate solution can be filtered arrl dried simultaneously by pouring 
it through a Preptube, This crude ethyl acetate extract after concentration on 
a roto-evaporator can be directly analyzoo by HPLC-TEA. Recoveries of NDElA 
have been found to vary frcrn 7-110% depending on the nature of the particular 
sample, h0\1,/ever, for one given sample, the recovery is consistent fran analysis 
to analysis. 

A recent developnent is to analyze the final extract by GC-TEA (114). In 
order for this to work, it is essential that the TEA furnace be attached to the 
outlet of the glass GC colurm without the effluent caning in oontact with 
stainless steel. It is also essential that there be rv cold spots between the 
column and the TEA furnace. This is critical to the GC analysis of NDElA, since 
even a small cold spot will tend to concentrate NDElA at that point. A glass 
lined injection port is also required. 

Analysis of Silica Gel cartridge for N-nitrosatable Amines (Method Used Onl in 
Leather Plant E 

The sorbent used in the ThemoSorb cartridges ....as replaced by silica gel 
for the collection of volatile amines. After use the sample was eluted by back 
flushing the cartridge with 1. 7 ml of µ'I 3 potassium biphthalate-HCl O. 02M 
ruffer. The eluate was then nitrosated by the addition of 0,2 ml of a 10% 
solution of NaNOz in ....ater and 0.1 ml of a 10% solution of sodium thiocyanate 
(NaCNS) in water. The NaCNS was added as a nitrosation catalyst. The sample 
was then incubated in a closed reaction flask at 50°C for 2 hours after ....nich 
sulfamic acid was added to react with an excess NaN02. The contents of the 
reaction flask were then extracted with IXM and the 0CM layer analyzoo for 
N-nitrosarnines by GC-TFA and HPLC-TEA. 
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Nitrosation of Bulk Liquid Sanples for the Analysis of N-nitrosatable Amines 

· · · 0.20 ml of the sanple is added to 1.5 ml of pH 3 :i;:otass_ium biphthalate HCl 
0.02M buffer. The reaction conditions, s~le extraction and analysis is the 
sane as described in the analysis of silica gei cartridges. 

Analysis of Liquid Air Traps for N-nitrosatable Amines 

The procedure is the sarre as that used for the nitrosation of bulk liquid 
samples, with the exception of the 1N KOH solution which is first neutralized by 
the addition of 1N HCl. 

SITE VISIT PROI'CCOL 

The prime criteria for the selection of an industry to be surveyed were: 
1) the possibility of forrration of N-nitroso CCl!J?Ounds fran their precursors 
and 2) the use of products suspected of being contaminated with these canpounds. 
A literature search was conducted on each industry selected. The literature 
search defined the process description and provided infonnation on production 
records for the corrpounds of interest. The search also provided a "background of 
epideniolo;;ical sttrlies. In selecting a rranufacturing facility within an 
industry, the contractor and the NIOSH project officer attetpted to identify 
those rranufacturing sites whose speci~ic processes had the highest probability 
of worker exposure to N-nitroso catpJUI1ds. The protccol of all site visits 
included the follo.17ing: 

Prior notification by NIO.SH to the plant rnanagsnent and labor 
unions of the purpose of the visit, am the date when the survey 
~ld be conducted. 

pre-survey briefing of b:>th the plant management and lalx>r repre­
sentatives at the plant site. 

A plant tour to familiarize the sw:vey team with the specific 
manufacturing processes and scope of the facility. 

selection of air sarrpling sites and identification of b.Jlk sarrples 
to be collected. 

After the plant tour, area air sarrpling equipnent was placed in 
the selecte::1 areas and bulk sanples collected. 

During the three hours that the area air sanplers were q,erating, 
10-15 min high volune area air samples were taken in close proximity 
to specific processes. 

using the rrobile la'boratory, on-site analyses were begun on the 
high volune process air sanples as soon as they were collected. 

vllen the area air sarrpling was ccrcplete, on site analysis of the 
collected sanples was started. 
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After all sampling q:,erations were canplete, the survey crew dis~ 
cussed the preliminary findings with the plant rranagerrent and. laror 
representatives and, if needed, additional inforrration about the 
plant or its processes was requested. 

After re-analysis and examination of the data at the latoratories 
of New England Institute for Life Sciences, a report of the 
results was sul::rni.tted to NIOSH. 

If necessary, rriass spectral <X)nfirmations were carried out in the 
lal:oratory of Dr. Klaus Biemann at the Massachusetts Institute of 
Technology in Cambridge, Massachusetts. 

The Final Report was sent to the plant, local and international 
union, NIOSH regional consultant, OSHA national headquarters and 
to NIOSHTIC (NIOSH canputer information system). 
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FISH PRo::ESSING INDUSTRY 

Tv.o fish processing facilities were surveyed: a fish rneal rranufacturer and 
a frozen fish processing plant. 

GENERAL DESCRIPI'ICN 

Several studies have indicated that N-nitroso cx:rrpounds may be present in a 
variety of rcM fish and fish meal. products (115-119). N-nitrosooimethylamine 
(NIMA.) has been found in fish meal with levels up to O. 5 µg/g and in other fish 
products with lc:Mer levels. Possible sources of amine precursors for NJ::MA and 
N-nitrosodiethylamine (NDEA), are: dirnethylamine, triethylamine and 
trimethylamine oxide which have been found in fish. Levels as high as 400 µg/g 
of dimethylarnine have been rep:>rted in Pacific Hake ( 119) • It has also been 
fourrl that the concentrations of these amines can increase in fish that have 
been stored under refrigeration. The source of the nitrosating agent needed to 
produce these N-nitroso ccrrpounds is unclear, however, fish meal is sorretirres 
presei:ved with added nitrite and atrrospheric nitrogen oxide could also be a 
source for this agent. There are no epidemiological studies indicating a worker 
exposure to a \\Orkplace related carcinogen in the fish processing industry. 
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FISH PI.ANT A 

This plant, employing al:out 30 people, produces a fish meal and fish oil. 
The plant is located on a fishing pier in a single old building. The pr:i.mary 
function of the ernployees are operation and maintenance of the plants equipnent 
and machinery. There was little, if any, direct worker contact with either the 
r1:M fish or the fish meal product except when the fish meal was being loaded 
into trucks. 

'The plant receives raw fish and fish parts fran other fresh fish processing 
plants and during the sumrrer l!Dnths large catches of whole menhaden are received 
for processing as well. The processing consists of grinding the raw fish and 
fish parts into finely divided pieces which are then dried to a course p:,,,rjer by 
tumbling the ground fish parts in steam heated drums. The dried fish meal is 
then !lDVed by a conveyer belt to a separate storage building. The fish meal 
products are sold as feed for chickens, pigs, fur bearing animals and other 
livestock. At the time of the survey, the plant air had a heavy odor of fish, 
presumably amines. 

SAMPLIN3 STRAT&N 

Air Samples 

A total of six area air samples were collected using 200 ml vacul.Ul1 traps 
containing 45 ml of 1N KOH. Air v.ras sarnpled using Bendix Cll5 pUI!ps at about 2 
L/min for 3 hours. 

Bulk Sarnples 

'Iwo b.Jlk sarnples, one consisting of whole CXJd and pollack and the other 
consisting of dried fish meal product, were collected. 

RESULTS AND DISCUSSIOO 

The results of the analysis of the fish sarrples are indicated in Table 1. 
Small levels of Nr.MA were foun:I in the ri:M fish sample No. 1, as well as in the 
dried fish meal sarrple No. 2. In addition, _several of the air samples .~ntained 
NIMA, as indicated in Table 2. No other N-mtroso a::xnpoun:ls .-...,ere 1.dentif1.ed. 
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Table 1 

Results of Bulk Sartples Fish Plant A . 

Sample No. Type of Sample 

1 Whole fish 
2 Fish meal 

Method of Analysis 

OC-TEA (mineral oil) 
GC-TFA (mineral oil) 

NIJvlA* ng/g 

0.2 
2.7 

* NJl'v1A. = N-nitrosodimethylamine. No other N-nitroso canpounds were identified. 

* 

Sanple No. 

3 
4 
5 
6 
7 
8 

Table 2 

Results of Air Sanples Fish Plant A_ 

location 

Near presses 
Receiving area 
Near fish grinder 
By furnace 
Outside plant 
By furnace 

NIMA*µg/m3 

0.03 
0.01 
0.01 
0.06 
N.D. 
0.05 

NJ:MA = N-nitrosodimethylamine, no other N-nitroso carpounds were identified. 

** N.D. = None Detected - detection limit 0 •. 01 µg/m3 
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FISH PI.ANT B 

This plant is one of the largest frozen fish processing plants in the 
United States. It is a ne,.r plant with m::idern loading .and unloading facilities 
adjoining the plant itself. There are three floors iri the processing and 
packaging plant, arrl there are approximately 1000.people employed w'hen the plant 
is in full operation. 

Frozen fish is received fran a yariety of foreign so~ces, such as Canada, 
Argentina, Japan, etc., as well as fran fish processing factory ships. The fish 
is received frozen and is then cut into various sizes on the production lines. 
There were several productiori lines processing a variety of fish on the .day of 
the site visit; The cut fish p)rtions were dipped into a batter mix, dusted 
with a dry mix, and then deep fried at 390°C for approximately 30 seconds. 
After this step, the fish pieces are frozen in a liquid nitrogen operated 
freezer, and eventually packaged. 

SAMPLING·STRATEnY 

Air Sarrples 

A total of 16 area air 
containing 45 ml of 1N KOH. 
L/min for three hours. -The 

Bulk Sarrples 

samples were collected using 200 ml vacuum traps 
Air was sampled using Bendix Cll5 air pumps at 2 

locations and results are contained·in Table 3. 

Six 
content. 
4. 

samples of fish and fish products were examined for ni trosamine 
The sample descriptic:n and analytical results are contained in Table 

RESULTS AND DISOJSSIOO 

There were no detectable volatile nitrosamines above the level of 0.05 
JJg/rn3 in any. of the air samples (Table 3). All of the fish products contained 
contained low levels of N-nitrosodi.rrethylamine (N™A), ranging fran 10 ppt to 
200 ppt (par:ts.per trillion). _ These results are indicated in Table 4. 

SlM1ARY AND CXlNCLUSIOOS 

\mile only tv.D fish processing plants were visited in this study, the 
results indicate that there is no appreciable worker eXJX)Sure to N-nitroso 
catp0unds. F\.Irther study of this industry does not seE!'ll warranted. 
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Table 3 

Results of Analysis of Air Sarrples 
Fish Plant B 

Sanple No. Sanple Location N-nitroso Ccmpounds 

1 Second floor 1:y No. 3 fish frier 
2 Sane location as sarcple No. 1 
3 First floor near fish cutting 

arrl breadin; operation 
4 Third floor near line 4 next to 

fish frier 
5 Third floor near line 4 
6 Control sarrple taken outside of 

plant on carpany property 

* N. D. - None Detected - detection limit for NIJ.1A O. 05 µg/m3. 

Table 4 

Results of Bulle Sanples 
Fish Plant B 

Sanple No. Sanple Description 

7 Raw scallops. 
9 Raw scallops, plus batter, and all a::ddng 

processes are cacpleted, 'but before final 
freezing. . 

10 Raw, frozen IX)llack, after cutting. 
12 Pollack, batter, and final frying processes, 

rut before final freezir¥J step. 
13 Raw cod, after cutting 
15 Cod, pl~ batter, an:i all frying processes, 

rut before final freezing step. 

N.D.* 
N.D. 

N.D. 

N.D. 
N.D. 

N.D. 

NIMA* ng/g 

0.05 

0.1 
0.1 

0.2 
0.1 

0.1 

* NIMA - N-nitrosod.imethylamine. No other N-nitroso catp:)l11lds were identified. 
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MANUFACTURERS AND USERS OF SYNTHETIC METAL W:>RKING FLUICG 

Several large and srrall machine shops that use rretalworking fluids and two 
of the rranufacturers of these fluids were included in this study. 

GENERAL DESCRIPI'IOO' 

Interest in possible worker exposure to N-nitroso carpounds in association 
with rretalworking fluids stemnErl fran a report stating that several brands of 
metalworking fluids, randanly selected fran the local suppliers in the Boston 
area, contained N-nitrosodiethanolamine (NDEIA). The reported concentration of 
NDEIA in these products ranged fran O. 02% to 3% ( 17) • These findings are of 
concern because NDElA has been foum to be an animal carcinogen. When it was 
fed to laboratory rats at ·an average daily dose of 600 mg/kg for 240 days, liver 
carcinarras were observed in 15 out of 16 rats and adenaras of the kidneys were 
found in four of these rats (120). Neoplasms of the nasal cavity and tracheal 
tUJTOrs were also observed in 39 out of 56 golden hamsters that were injected 
subcutaneously with a total dose of 15 rrg of NDElA per kg b:x1y weight in either 
7 or 27 sul:rloses over 78 weeks ( 121 ) . Besides metalworking fluids, NDElA has 
been found in popular consumer cosmetics (14), and unburned processed tobacco 
( 122). 

l).rring the p:1st 30 years, cutting fluids or oils have been cited frequently in 
relation to cancer of the scrotum arrong rrachine operators arrl several cuttin:J 
oils were found to be carcinogenic to laboratory animals ( 123) • Cruickshank and 
Squire (124) first derronstrated the connection between cutting oils and cancer 
by noting that, of 34 cases of cancer of the scrotum seen in the previous 10 
years, 12 cases have been occupationally exposed to cutting oils. Five years 
later, Mastraratteo (125) observed.six cases of squanous-cell carcinara of the 
skin at one rretal machinery plant in canada. In all cases, the tirre of exp:>5ure 
had been in excess of 20 years. The problem was first recognized in France by 
Tourenc (1964), who observed 21 cases of cancer of the scrotum in machine tool 
operators ( 126) • Carteaud ( 127) observed eight cases of cancer· of the scrotum 
in a region of Paris, arrl again all the cases were associated with employment as 
machine tool operators. 

Many synthetic and semisynthetic rretalworking fluids are fonrulated with 
sodium nitrite and triethanolamine as their major ingredients. The 
concentrations of these ingredients can be as high as 18% sodium nitrite to 45% 
triethanolamine. Crnmercial grade triethanolamine may also contain as llU.lch as 
15% of diethanolamine as inpurity. Thus the essential precursors for the 
forna.tion of NDElA are present in these types of synthetic arrl semisynthetic 
metalworking fluids. During rrenufacture, heat is usually applied as an aid in 
dissolving the ingredients and after manufacture the rretalworking fluids are 
frequently stored on the shelf for long periods. Under these conditions anple 
opportunity exists for NDEIA to fo:cm fran the precursors present in these 
rretalworking fluids. 
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In the \\Orkplace where metalworking fluids are used, \\Orker exposure is by 
toth denral contact arrl inhalation. Skin penetration studies with NDElA are 
currently under investigation by researchers associated with the Food and Drug 
Administration (FDA) and the National Institute of Occupational Safety and 
Health (NIOSH). NDElA is a relatively nonvolatile o:::np:,und and it is not kno.vn 
whether the NDElA in the metalworking fluids will' be vaporized or present as an 
aerosol in the air. It was the aim of this study to detennine if NDElA 
constitutes a risk to workers either by dermal exposure or by inhalation. It 
was a further aim of this study to determine what effect dilution and use of 
these fluids nay have on their NDElA content. 

It is the opinion of the IARC working group on the Evaluation of the 
Carcinogenic Risk of Chemicals to Hurrans which met in Lyon, France, 10-15 
October 1977 that "although no epidemiological data were available, 
N-nitrosodiethanolamine should be regarded for practical purposes as if it were 
carcinogenic to hurrans" ( 128) • 
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METALWJRKING PIANI' A 

This o:rnpany is a nultinational rranufacturer with 112 plants located in 27 
countries. It is the world's largest abrasives manufacturer producing raw 
materials and finished products such as grinding wheels, diarrond products and 
sandpaper. It is also the world's leading producer of diarrorrl drilling arrl 
coring bits for petroleum exploration, and mining. other products include 
industrial ceramics, insulating sealants, chemical process products, medical and 
scientific tubing and safety products. In addition this manufacturer also 
produces synthetic metal vi:>rking fluids, sare of which are ;ormulated using 
sodium nitrite and triethanoiamine. This manufacturer's facilities for 
producing metalworking flµids are located in the New Englarrl area. The areas 
within this plant where the metal'M'.:lrking fluids are rranufactured, and a machine 
shop located in a separate building were selected for this study. 

Metal'M'.:lrking Fluids Facility 

The plant, housed in one b..lilding, manufactures 18 different metalworking 
fluids. Current~y, the plant produces 11 nitrite-free metalworking fluids and 7 
regular metalworking fluids., 

The metalworking fluids are formulated by mixing the ingredients in a blending 
tank. For the formulation of nitrite containing fluids, the po,.tlered sodium 
nitrite fa sla,,ly dissolved in water and when the nitrite is ccnpletely 
dissolved, the remaining ingredients including triethanolamine ar~ then added to 
the blending tank. The same blending tanks ·are used for the formulation of 
nitrite containing metalworking fluids and nitrite-free metal"'°rking fluids. 

Machine Shop 

This facility performs many rrachine shop functions which include surface 
and finish grinding. The surface and grinding operation use coolants such as 
the synthetic metalw::)rking fluids fonm.ilated with nitrite and amines. 

SAMPLIN3 STRATEGY 

Air Sarrpling 

A total of four area air samples were oollected at this plant. Three of 
these were taken in the rrachine shcp area arrl one was taken in the coolant 
(metal grinding fluid) rranufacturing area. These sarrples were all oollected 
using 1N KOO with an air flo,; of about 2 L/rnin with sarrple times of one hour. 

Bulk Sarrpling 

Twenty-three b..llk samples were oollected for N-nitroso ccnpound analysis. 
Thirteen sarrples were fran the coolant plant where the metalworking fluids are 
rranufactured and ten were fran the rrachine shop where these fluids are used. 
The sarrples fran the coolant plant consisted of eight sarrples of rretalw::)rking 
fluid products and five samples of the raw rraterials used to rranufacture these 
products. The product· sarrples consisted of six different kinds of metalworking 
fluids, three. of which were nitrite free and three that had been formulated with 
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nitrite and amines. 'Ihree of the product sarrples oonsisted of different 
manufacturing batches of the sarre nitrite containing fonnulation. The raw 
ingredients sampled consisted of triethanolamine, diethanolamine, oleic acid 
amide, 1,3,5-trihydroxytriethyltriazine am process water. 

The ten samples oollected in the nachine shop oonsisted of three 
JtEtal~rking fluid concentrates, five sanples of in use (dilute::i in the 
metal~rking rrachines) fluids and two nrl.scella.n.eous samples consisting of a 
sample of steam condensate fran the plant's heating systan and a sarrple of waste 
grinding fluid fran an outside dl.Utp site. 

RESULTS AND DISCUSSICN 

. At a .detection limit of O .1 J.Jg/m3, none of the air sanples were. found to 
contain any N-nitroso carpounds (Table 5). 'nle N-nitroso carpounds rrost likely 
to be found in the air at this plant was N-nitrosodiethariolamine (NDEIA), 
hawever, pure NDEIA is a p:>lar viscous oil ccrtp:>Und which is not vecy volatile 
and unless it is present in a mist it probably will rx:>t vaporize out·of aqueous 
grinding fluid solutions. Nine of the 13 bulk sarrples collected in the C<X>lant 
plant contained NDElA with concentrations ranging :Eran O. 2 µ g/ml to 140 µ g/ml 
(Table 6). '1w::> of the five raw materials were foun:i to contain NDEIA, 0.8 µg/ml 
in the triethanolamine and O. 2 µg/ml in the diethanolamine. Two of the three 
nitrite-free fluids contained 4 1-lg/ml each of NDEIA and all of the five sanples 
of fluids.fonnulated with.nitrite and amines oontained NDElA with levels ranging 
fran 20 µg/ml to 14o µg/ml. Sarrples No. 9, 10 and 11 are all saroples of 
different manufacturing 1::atches of the same type of metal fluid, Fluid-203, 
these samples had the highest levels of NDElA. The variability of the NDEIA 
C'Oncentration within the same fornula of metalworking fluid rray be due to 
proouct age, ho,rever this data was not obtained. The raw ingredients cb not 
appear to be a rrajor source for the NDElA contamination~ the grinding fluids 
because the concentration of ND;ElA in these saroples was less than 1 µg/ml. The 
evidence seems to indicate that the NDElA fonned in the metal~rking fluids 
after they were fonnulated. 

Four of the 10 ~les collected in the rrachine shop area were found to 
contain NDElA with levels ranging fran 1. 5 µ g/ml to 470 µg/m (Table7). In the 
unused concentrated metalworking fluid sarcples only one was found contaminated 
with NDElA and its concentration was 470 µg/f[\l. Th.is fluid contained nitrites 
and amines and is the same brand as the Fluid-203 sanpled in the exx>lant plant. 
When Fluid-203 was diluted 20 to 1 and used in the grinding nachine its level of 
NDElA was found to be nondetectable in one sanple ( Sanple No. 6) and 11 µ g/ml in 
sample No. S. The concentration after dilution should have been about 25 JJg/ml · 
assuming a 20 to 1 dilution and ro loss of the NDEIA - Sanple No. 8 is a sanple 
of used grinding fluid, Fluid-ESS, collected fran a grinding machine. The 
sanple contained 2 µg/ml of NDElA. The Fluid-E55 concentrate was oot available 
for analysis an::1 the concentration of this fluid in the grinder was not known. 
The ootside water grinding fluids contained 1.5 µg/ml. It is ai:parent that 
NDElA is not fonned in the dilute fluids during use in the machines. In fact, 
it appears that the original oontamination decreases. Why the NDElA level in 
the use:i fluids should decrease is at present unknown. However, the grinding 
operation involves high tenperatures '\l.hich may deca,p:,se the fragile N-nitroso 
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linkage of the NDElA and rretal particles may be adsorbing surfaces thus 
decreasing the NDElA concentrations. 

CONCLUSIONS 

There were no N-nitroso ccrrpounds detected in the air, therefore, the 
N-nitroso canp::,urrl contamination was limiterl to the grinding fluid. The 
exposure of the w:>rkers to N-nitroso carpounds is mainly through skin contact 
with the~e fluids, 

The nitrite-free grinding fluids contained la,, levels of NDElA, which might 
be due to cross contamination by sharing the sarre blending tank with 
nitrite-containing grinding fluids or through the slo,,r absorption of nitrogen 
dioxide fran the air. The regular grinding fluids which were formulated with 
sodium nitrite contained substantial arrounts of NDElA, . The grinding fluids used 
in the nachines are normally diluted 20 tirres with water. The concentration of 
N-nitroso carpounds is drastically rerluced by dilution. Consequently, the 
concentrations of NDElA in the diluted fluids did not exceed 11 µg/rnl. 
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Table 5 

The Concentration of N-nitrosodiethanolamine (~DElA) in the Air Samples 

of Metalworking Plant A 

Sample 

1 

2 

3 

4 

Location 

14-inch o.d. grinder 

Bryant Internal Grinder 

Entrance to Machine Shop 

Near top of blending tank in the 

coolant manufacturing plant 

Nitrosamines in µg/m3 

N.D.* 

N.D. 

N.D. 

N.D. 

* N.D. - Not detectable - detection limit 0.1 µg/m3 (NDElA} 
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Sample No. 

Raw Materials 

1 

2 

3 

4 

5 

_Table_ 6 

N-nitrosodiethanolamine (NDElA) Analysis of Bulk Samples 

Collected in Coolant Plant 

Metalworking Plant A 

Sample De~cription 

Triethanolamine 99% 

Di~thanolamine 85% 

Oleic Acid Amide 

1,3,5-trihyd~oxytriethyltriazine 
_. ' t 

Process Water 

Use 

Nitrite-free Products 

6 

7 

8 

Fluid-419 Semi-synthetic 

Fluid-658 Synthetic 

Fluid-810 Soluble Oil 

Nitrite Containing Products 

9 Fluid-405 Synthetic Lot 792 

10 Fluid-405 Syn_thetic Lot 781 

11 Fluid-405 Synthetic Lot 7826 

12 Fluid-203 Synthetic 

13 Fluid-603 SeJlli-synthetic. 

General Purpose 

High Performance 

Heavy Duty 

General Purpose 

General Purpose 

General Purpose 

Rust Inhibitor 

High Performance 

* N.D. - None detected. detection l~mit .0.1 µg/ml (NDElA) 
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NDElA µ g/ml 

0.8 

0.2 

* N.D. 

N.D. 

N.D. 

N.D. 

4.0 

4.0 

140 

110 

47 

20 

52 



Table 7 

N-nitrosodiethanolamine (NDElA) Analysis of Bulk Samples 

Collected in Machine Shop of Metalworking Plant A 

Sample No. Sample Description Use 

Unused Concentrate Fluids 

1 

2 

Nitrite free fluid 
concentrate 

Fluid-203 Synthetic 
rust inhibitor 

Turret Lathe Machine 

Grinding Machine 

3 Fluid-607 Nitrite-free 
Soluble Oil 

Unknown 

Used Metalworking Fluids 

4 Fluid-203 diluted 20' to l in use for 2 weeks in grinding machine 

5 Fluid-203 diluted 20 to l in use for undetermined time in grinding 

6 Fluid-607 diluted 20 to 1 in use for undetermined time in grinding 

7 Nitrite-free fluid concentrate in use for uncle te rniine d time in 
turret lathe 

8 Fluid-E-55 unknown composition in use in a 14' grinder 

9 Grinding fluid waste from outside dumping site 

10 Steam condensate from heating plant 

* N.D. - None detected - Detection limit 0.1 µg/ml (NDElA) 
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NDElA µ g/ml 

N.D. 

470 

* N.D. 

N.D. 

11 

N.D. 

N.D. 

2 

1.5 

N.D. 



METALWORKING PI.J\NI' B 

This plant has been rranufacturing grinding fluids and lubricants for over 
90 years in t\\O adjacent b.lildings. One of these buildings, containing a number 
of 5000 gallon storage tanks, is used for raw material receiving and storage. 
The other building is use:l for fonnulating the rretal \\Orking fluids. As needed, 
the stored aqueous soditnn nitrite (40% solution) and aqueous triethanolamine 
(80% solution) are pumped fran storage to an enclosed 5000 gallon blending tank 
in the formulation 1:uilding. The facility also rranufactures nitrite-free 
products and the ID3.terial handling systems are independent of each other, thus 
preventing any possible cross contamination. 

SAMPLING STRATmY 

Air Samples 

No air samples ....ere collected at this site. 

Bulk Samples 

A total of 9 b.ilk samples were collected for analysis, four of these 
samples were packaged products. 'J\,,Q were samples fran the blending tanks, two 
were samples of raw materials and one was a small batch of grinding fluid 
prepared in the laboratory. 

RESULTS AND Disa.JSSION 

The results of the NDElA analyses are surrrrarized in Table 8. 
N-nitrosodiethanolamine was detected in every sample except the 40% sodium 
nitrite (Sample No. 6). The NDElA concentration ranged fran 20 to 500 J.Jg/ml. 

The presence of N-nitrcx:liethanolamine (NDElA) in the sample rnetal\\Orking 
fluid represents a potential health hazard fran dermal CJntact. The occurrence 
of NDElA in the 80% triethanolamine is one obvious source of product 
contamination. Ha..rever, the laboratory batch of Fluid-1500 Grinding Concentrate 
contained 7 times as much NDElA as \\OUld care fran the triethanolamine alone, 
and the packaged product cx:mtained alrrost 90 times the level of NDElA expected 
assuming triethanolamine were the only source of contamination. 
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Table 8 

Concentration of N-nitrosodiethanolamine in Grinding Fluids and Other. Bulk 

Samples from. Metalworking Plant B 

Sample 

Packaged Product 
1 
2 
7 
8 

Blending Tanks 
3 
4 

Raw Materials 
5 
6 

Laboratory Batch 
9 

Description 

Fluld-E-55 Grinding Coolant 
Fluid-1500 Grinaine Concentrate 
Flui~-2906 Grinding Coolant 
Fluid-3100 Grinding Concentrate 

Flui<l-E-55 Grinding Coolant 
Fluid-2527 Grinding Coolant 

80% Triethanolamine 
40% Sodium Nitrite 

Fluid-1500 Grinding Concentrate 

*ND - None Detected - detection limit 1 µg/ml. 
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Concentration JJ g/ml 

27 
500 

90 
63 

33 
90 

22 
tm* 
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ME'I'ALW)RKING PLANT C 

This plant has been in operation for 25 years (19 years at its present 
location). It perfonrs precision grinding on metals and plastics. The building 
has 5000 square feet of space. The shop is e:_iuipped with 9 Centerless grinders, 
one Blanchard grinder, and two Hyprolap grinders. They have 9 employees; six of 
them are full time. 

At the time of the site visit, rrost of the shop machines were in operation. 
It .....as also noted that the w::>rkers rerroved parts that were being ground fran the 
machines using bare hands. This resulted in their hands being exposed to the 
grinding fluids. 

SAMPLIN3 STRATEGY 

Air Sarrpling 

Two area air samples, using 1N KOH and Bendix C115 p..unps at a flo,,, rate of 
2 L/rnin, were set up on Cincinnati machines numbered 2M2HlY-435 and 
2M2Hl.L-1569. 

Bulk Sarrples 

The stock grinding fluids were shipped frcm the manufacturers in 55 gallon 
drums. Five drum, of different grinding fluids were stored in the shop. The 
stock fluids were diluted 50 to 140 times to be used in the grinding machines. 
Five samples of the concentrated fluids were collected and five samples of the 
diluted in-use fluids were collected (see Table 9). 

RESULTS AND DISCUSSION 

The results of the grinding fluid analysis are presented in Table 9. At a 
detection limit of 0.3 µg/ml no NDElA .....as found in any of these grinding fluid 
samples. None of the air sal)_Tples contained any N-nitroso ccrnpounds at a 
detection limit of 0.05 µg/m3 for NDElA. The nondetection of any N-nitroso 
ccrnpounds in the air at this facility is not surprising since NDElA, the 
expected nitrosarnine, is not very volatile. The rnndetection of NDElA in the 
metalworking fluids is, ho,,.,ever, surprising since rrost synthetic grinding fluids 
fonnulated with nitrite and amines have been found to contain this ccrnpound. 
Since the ccrnposition of the sampled metalworking fluids are unkno,m, the best 
explanation of cur negative findings is that this facility did not use the 
nitrite-amine fonnulated metalworking fluids. 

47 



Tabte 9 

Results of Analysis for N-nitrosodiethanolamine in Grinding Fluids 
from Metalworking Plant C 

Sample No. 

Concentrated Fresh Fluids 
1 

2 

3 
4 

5 

Used Diluted Fluids 
6 
7 
8 
9 

10 

Sample Description 

Exxon Rust Ban 392 
Batch No. E4-18-77 

Cutzol WS-15 
Rust-Lich Inc. 

Teraco Spindura oil 22 
Cincinnati Milicron, Cimcool AL 

Batch No. 424 
White and Bagley RP Soluble 1999 

RP Soluble 1999 diluted 40 to 1 
Cutzol WS-15 diluted 50 to 1 
Cimcool AL diluted 50 to 1 
Cutzol WS-15 diluted 50 to 1 
Cutzol WS-15 diluted 50 to 1 

*N.D. - None Detected - detection limit 0.3 µg/ml. 
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NDElA in µg/ml 

' * N. D. 

N. D. 
N.D. 

N.D. 
N. D. 

N. D. 
N.D. 
N.D. 
N.D. 
N. D. 



MEIT~RKING PI.ANT D 

This facility is a small family o.vned business which regrinds industrial 
ma.chine knives. The carpany has been at its present location for 3-1/2 years. 
Total anployment is five. The rra.jority of i;.ork is perfonned on 3 Gockel 
longitudinal precision grinding rra.chines. The blade to be reground is 
electranagnetically attached to the spindle of the rrachine. These Gockel 
rra.chines are the only ones operating in the United States. 

At the time of the visit, one Gockel rrachine was i;.orking on surface 
grinding of a steel blade. The grinding fluid used was White & Bagley E-55 
which was diluted 100 to l. The ma.chine was e:Jl,lipped with an experimental 
Fishpin 1000 particulate separation device ma.nufactured by Fisons Separator 
Products which trapped particles do,m to 3µM by centrifugation. The diluted 
grinding fluid was recycled arrl the particles renoved by the Fishpin 1000 
Separator. The fluid was never changed. New fluid was added to replace, the 
fluid which was lost through evaporation or spilling. Because of the type of 
ma.chine used, the fluid was rot splashed into the air. The grinding fluid level 
was belON the rra.terial being ground. As a result, the workers' skin contact 
with the grinding fluid was minimal. 

SAMPLIN3 STRATEGY 

Air Samples 

No air samples were rollected at this site. 

Bulk Samples 

'lwo bJlk samples were rollected. 

RESULTS AND DISCUSSIOO 

N-nitrosodiethanolarnine (NDElA) was detected in Sarrple 1 at a ooncentration 
of 20 µg/rnl (Table 10). No detectable concentration of NDElA was found in the 
diluted fluid (detection limit O. 5 ug/ml). 

The concentrated fluid rontairis 20 µg/rnl of NDElA, However, the diluted 
grinding fluid did not contain detectable nitrosamines. Furthernore, the 
grinding fluid in the ma.chine did rot splash into the air. There is little 
chance nitrosamines v.ould be detected in the atnosphere of this shop. 
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Sample No. 

1 

2 

Table 10 

Results of the Analysis of Bulk Samples for NDElA' 

Metalworking Plant·D· 

Sampie Description NDElA in µg/ml 

White and Bagley E-55 20 

Diluted Grinding Fluid used in machine 

(100/1 dilution of White & Bagely E755) N.D. 

N.D. - None Detected - detection limit'0.5 J.Jg/ml 
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METAI.W)RKING PI.ANTE 

The facility is a gear and axle assembly plant. The total area of the 
plant is rrore than one million square feet. The plant operates three shifts 
with approximately 1200 employees on each shift. 

Only tv.o kinds of metalworking fluids were used in the plant with soluble 
oil type fluid, NP6058 being the rrost o::rnron one used. Synthetic fluids were 
required for a few rrachine operations. Cirrcool Five Star B was used in these 
operations. Since sane synthetic fluids are knc,.,,n to contain N-nitroso 
carq:ounds, rrost of the effort of this study was concentrated on those rrachines 
which used this fluid. 

SAMPLING AND STFATEGY 

Stock Bulk Fluid 

Three stock bulk fluids were sanpled. 'Tu.D were. metalworking fluids and the 
other was a bactericide. The bactericide (Grotan) was added to the fluid when 
an odor developed in the metalv.orking fluid in the rrachine. 

Stock Metalworking Fluid 

The description of the diluted fluid samples·collected fran the riachines is 
presented in Table 11. In total, six samples were collected. · Five samples were 
fran the rrachines using Cimcool Five Star B, while one sanple was fran the 
rrachine using the soluble oil type fluid NP6058. 

Air Samples 

In total, 5 area air sarrples .~re collected at this plant using i.N l<OH and 
Bendix Cll5 ptmpS at a flo.-, .rate of 2 t/min. Four of the air samples were 
obtained around the rrachines which used Ci.mcodl, Five Star B. One of the air 
samples was collected in the Safety Office which was outside the machine 
operation area. 

RESULTS AND DISCUSSION 

Bulk Sarrples 

The results of the analyses of the metalworking fluids are presented in 
Table 11. The synthetic metalworking fluid, Cirrcool Five Star B, contained 
N-nitrosodiethanolamihe (NDElA) at a level of 620 µg/ml.. The soluble oil type 
metalworking fluid (NP6058) and the bactericide (Grotan) did not contain NDElA 
at a concentration above 1 µg/ml · 

The metalworking fluids were diluted fran 10 to 35 times before being used 
in the rrachines. Generally, the concentrations of NDElA in diluted metalworking 
fluids collected fran tli.e rrachines were less than 5 µg/ml. This was la.rer than 
what was expected. For example, the stock Cirrcool Five Star B (Sample No. 6) 
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contained 620 µg/ml of NDELA... Up::m dilution (10/1), the concentration of NDElA 
in Sample No. 6 should be 60 µg/ml. Instead, only 5 µg/ml of NDElA was found. 
The same :pattern'was observed in the other samples diluted fran stock Cimccol 
Five Star B. These results indicated that additional NDEJA was not formed from 
its precursors during :rrachine cperation. Furthenrore, no other TEA resp:,nsive 
rraterial ..,.;as found in these diluted fluids, which also indicated that NDElA was 
not transfonned to other N-nitroso cary::ounds. 

Air Sarrples 

The results of air sarrples are presented in Table 12. A trace arrount of 
NDElA was detected in one air sample (No. 3) • This sample was collected in an 
area where diluted Cimco::il Five Star B 'Was being used. The concentration of 
NDElA in the fluid being used in the machines was 2 µg/ml. The negative 
findings in tv.D air samples (Nos. 8 and 11), both of which vvere collected on 
machines using diluted Cirncool Five Star B, indicated that NDElA was not a 
general contaminant in the air of this facility. 
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Table 11 

The Concentration of N-nitrosodiethanolam.ine (NDElA) in Ma-chining. 
Fluid froM Metalworking Plant E 

Sample No. Sample Description Dilution NDElA µ g/ml 

l'sed Diluted Fluid 
2 Cimc.ool 5 Star B 10/1 2 
6 Cimc.ool 5 Star B 10/1 5 
7 Cimc.ool 5 Star B 35/1 3 
9 Cfr1cool 5 Star B 26/1 ND"' 

10 Cincool 5 Star B 24/1 ND 
12 NP6058 1 

L'ndiluted Fluids 
s Cimcool 5 Star B 620 

13 NP 605B Trac.e 
14 Grotan ND 

*ND - None Detected - detection limit 1 µg/ml. 

Table 12 

Results for the Air Samples Collected in 
Metalworking Plant E 

Sample No. Sample Location 

1 Safety Office 
3 Landis Grinder - 2959 

BB13 
4 Landis Grinder - 2959 

BB13 
8 Ex-cello 900 

Hl:{7 
11 Barne No. 1 Unit 6 

F2 

ND - None Detected - detection limit 0.1. µg/m3. 
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ND 
Trace 

ND 

ND 

ND 



MEI'AUIDRKING PI.AN!' F 

The.facility has ,been operated~ its present ONner since 1960. The plant 
is house::l ·in one building \\hi.ch ~ies ~ million square feet •. CUrrently, the 
facility has an_ arployment of 4300 with 4000 in the_ production area and 300 in 
the aroninistration area. .The piant is operated on a three shift basis with 
2100, 1700 and 200 workers on each shift. The major prcrlucts of the facility 
are autarotive catp:>nents, rear axles and control arms. 

cnly ~- kinds of metalworking fluids were used in the facility, both are 
soluble oil type fluids, Norton vi1eelnate 810 ~ GC C-60. The metalworking 
fluids use:1 in the rrachines ....ere· supplied 1::¥ 11.central fluid reservoir systems. 
These reservoirs have a storage capacity of fran 400 to .27,000 gallons each. 
Generally, the fluids in the central system are prepared as 3-5% emulsion by 
diluting t:he stock metalworking fluids with water. Once a ""9ek a bactericide, 
sodium h}'p)chlorite, is added at 3 ounces/gallon to prevent odor. 

SAMPLlt,X; STRATOOY 

Bulk Samples 

Only three sanples were collected.at the plant: two stock metalworking 
fluids arrl one fluid £ran the central .system. 

Air SartJ?les 

No air sanples \\ere collected at this plant. 

RESULTS AND DISCUSSICN 

NDEJA was not detected in any of the three sarrples at concentrations al:ove 
1 iig/ml (Table 13). The rretalworking fluids use:9. in this plant were nitrite­
free soluble oil types, con~equently, N-nitroso COtpJunds were IDt. likely to be 
found in this type of netal"90rkin3 fluid. 

Table 13 

The Concentration of N-nitrosodiethanolamine in Metalworking Fluids 
from Metalworking Plant F 

Sample No. 

1 
2 
3 

Sample Description 

Wheelmate'810 
General Motors C-60 
Used Diluted General 
Motors C-60 
Diluted 25/1 

N.D. - None Detected - detection limit l µg/ml. 
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Results 
NDElA µg/ml 

N. D. 
N.D. 

N.D. 



ME1'AIIDRKING Pr.ANT G 

The facility is an engine assembly plant, employing.about 1700 hourly and 
305 salaried \\Qrkers. Only one rretalv.0rking fluid, Ford 3C66A, was used in the 
plant. 

SAMPLING STRA'I'illY 

Air Sarrples 

No air samples were collected at this facility. 

Bulk·Sarrples 

'Iwo samples were collected in the plant. Sample one was obtained fran the 
tank located in bay B-20, this fluid was diluted 24 to 1 fran metal\\Qrking fluid 
Ford 3C66A, The other sample was a floor cleaning fluid, M'lich was used for 
cleaning rretal floor. Sa-re floor cleaning fluids contain sodium nitrite as a 
rust inhibitor. 

RESULTS AND DISCUSSION. 

No TEA-resp:msive peaks were detected in Sample No, 2, a floor cleaning 
liquid, The detection limit of the analytical rrethod was 1 wg/rnl. 

I • 

The diluted Ford 3C66A, obtained fran the filter tank, ho.o,ever, contained 
10 wg/ml of N-nitrosodiethanolamine (NDElA). The stock 'fluid of Ford 3C66A was 
not sarrq::,led; it is not kno.m M1ether NDElA1 was also present in the stock fluid. 
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The llB.jor products of this plant are autambile front and rear end 
suspensions. The facility was constructed in 1933 with the entire carplex being 
carpleted in 1942. The plant consisted of 8 major h.Jildings, occupying a total 
area of ~.5 million square feet. CUrrently, the facility has .an enployment of 
7100 with 6300 employees in the production area and 800 erployees in the 
administrative area~ '1ll.e plant .....as operated on three shifts with 3500, 3000 and 
400 \oJOrkers, respectively on"the first, second and third shifts. 

SAM1?LDl3 STRATEGY 

Air.Sanples 

No air sarrples were a:,llected at this facility. 

Bulk Sanples 

A total of seven h.Jlk sanples were a:>llected for NDElA analysis. Three of 
the saJll>les (Sanples 2,4 and 6) were unused~ undiluted rretalworking fluids, 
three samples (SaJ'l!)les 1,3 and 5) were diluted, used metalworking fluids and one 
sanq:,le (Sanple 7) was an ultrasonic testing fluid of unknown catp:>sition. 

RESULTS AND DISCUSSION 

The results of the analyses of stock and diluted rulk fluids are presented 
in Table 14, ·NDElA .was present in only one sanple, the stock ultrasonic testing 
fluid. No·TFA-resix>nsive ~terial was detected in either stock or diluted 
Yantrol 710-W.·fluids., · · ' 

Table +4 

Concentration of N-nitrosodiethanolamine in Bulk Samples 
from Metalworking Plant H 

Sample No, Sample Description NDElA µg/ml 
Unused, Concentrated 
Metalworking Fluids 

2 

4 

6 

7 

Used, Diluted fluids 
1 
3 
5 

N.D. - None Detected -

Masolene DML 
PeMille Chem. Corp. 
Stuart HL-D5844. 
D.A. Stuart Chem. Co. 
Vantrol 710-W 
Van Stratten Ch.em. Co. 
Ultrasonic Tes.ting Fluid 
Park ·Chem. Co. 

Masolene l>ML (diluted 100/1) 
Stuart lll.. (diluted 5/1) 
Vantrol 710-W (~!luted 15/1) 

detection l~mit 1 µg/ml. 
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METAIIDRKING PI.ANI' I . ' .. 
'' I' 

The facility was t:uilt in 1939, and is currently housed in one ·ooilding, 
occupying a total area of 400,000 square .feet. The major products of the plant 
were tools for metal stamping and die oonstruction. 

The metalv.orking fluids were supplie.1 to the machines fran tw:> central .. · 
cooling systens with capacities of 6000 and 1500 gallons, respectively. The 
fluid use.1 in these central system; was Ford M589B. In addition, nine machines 
had their o.vt1 fluid supply system, with a capacity of 20 gallons each. The 
fluid used was Ford M3Cl4AE. 

Ford M97Bl4A, [fonnulated with tris...:(hydroxymethyl)-nitranethane] was used 
as a bactericide in the metalworking fluid with 1-6 gallons adde.1 to each 1000 
gallons of metalworking fluid. 

SAMPLING STFATEGY 

Air Samples 

No air samples were CX>llected at this facility. 

Bulk Sarnples 

In total, four bJ.lk samples were oollected for N-nitroso OJmpOund analysis. 
One sarrple was fran a 6000 gallon central systern. It consiste.1 of a 24 to 1 
dilution of Ford M589B. The second sample (Sarrple 2) was oollected fran a 
working machine (Pratt and Whitney Nuneric Keller) which was supplie.1 fran the 
6000 gallon central system. The third sample was Ford M3Cl4AEwhich is used 
without dilution in the band saws at this facility. The fourth sarrple consisted· 
of a quench oil. 

RESULTS AND DISCUSSION 

N-nitrosodiethanolarnine (NDElA) was detected in only one of the four 
sarrples collecte.1 (Table 15) • This sarrple was collecte.1 fran the Pratt and 
Whitney Nurreric Keller and the fluid used in the rrachine · was supplied fran the 
central system. Ha,,.,ever, no TEA-responsive peaks were detected for Sarrple No. 
1 oollected fran the central system. Samples 1 and 2 were roth fran the same 
metalworking fluid, M589B. Due to the lirnite.1 number of sarrples collecte.1 and 
analyzed, no attenpt has been made to explain the disparity between the results 
of Sarrples l and 2. Ho,,ever, it should be note.1 that the bactericide (M97Bl4A) 
does contain a C-nitro functional group, and that sane C-nitro OJmpOunds are 
nitrosating agents. The method of the bactericide application might be 
imp)rtant for the N-nitroso a:rnpound fonnation. For exarrple, if the bactericide 
is adde.1 only to the rrachine fluid, then it is possible that N-nitroso cx:rnpounds 
could be found in the sample oollected fran the rrachine rut not fran the central 
system. 
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Sample No. 

1 

2 

3 

4 

Table 15 

Results of the Bulk Samples Collected in 

Metalworking Plant I 

Sample.Description 

Ford M589B 
·bu uted 24 to 1 

Ford r,,JS89:& 
Diluted 24 to 1 

Ford ~13Cl4AE 
Used. without dilution 

Quenc. h · Oil 

N.D. - None Detected - detection limit 1 µg/ml (NDElA). 

0 
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METAI.k,DRKING PLANT J 

The facility is an engine assembling plant that has been in operation since 
1955. The total area of the facility is 800,000 square feet. Total enployment 
force in the plant was 3000 operators on three shifts with 1000 enployees on 
each shift. A wide variety of metalworking fluids were used in the plant, which 
included synthetic Il\3.terial such as Cimcool Five Star, semisynthetics such as 
Texaco 2736 and Vantrol 510, an:! soluble oil types such as Cycleweld NP6058and 
NP6059. The metalworking fluids in these Il\3.chines were supplied fran 31 
separate central systems. Each 'systan contained rretalworking fluids of 
different varieties, dilution and age. Because of wide varieties of fluids and 
large-numbers of supply systems used, the facility was considered a suitable 
place to study the effect'of dilution and age on nitrosamine content in the 
metalworking fluids during the rrachining operation. 

SAMPLING STRATEGY 

Air Samples 

en December 13, 1977 six area air sanples were collected in the production 
area of this plant. Because one of these sanples was found to contain trace 
levels (less than 0.1 µg/m3) N'.""nitrosodiethanolamine, a second visit was rrade 
to this plant on December 16, 1977 to re-check these findings and to detennine 
if higher levels existed in this plants atmosphere. During the second visit 
five rrore air sanples were collected in the sarre general area where the airborne 
NDElA was first found. 

Bulk Samples 

D.rring the t.'NO visits a total of 14 hllk sanples were collected. The 
sanples collected on December 13, 1977 consisted of three unused undiluted 
metalworking fluids, one sample of a rust inhibitor (Alk-Ice NP6056) and eight 
sanples of used diluted metalworking fluids, 'I\..o rrore used diluted metalworking 
fluids were collected on December 16, 1977. 

RESULTS AND DISOJSSIOO 

Bulk Sarnples 

Four stock bulk fluids ....ere sanpled. Three of these samples were 
metalworking fluids, which covered three different types of formulations, i.e., 
soluble oil (Cycleweld, NP6058), semisynthetic (Vantrol 510), and synthetic 
(Cimcool Five Star) .The other was a fluid (Alk-Ice NP6056), which was added to 
the water as a rust inhibitor for engine leak testing. The results of the 
analysis are presented in 'l'able 16. Nitrite is not generally used in the 
soluble oil type metalworking fluids such as Cycleweld NP5068, hoNever, a small 
arrount of. NDElA (6 µg/ml) was found in this sartple. Higher concentrations of 
NDElAwere detected in the semisynthetic and synthetic metalworking fluids at a 
level of .about 100 \lg/ml. The rust-inhibiting fluid (Alk-Ice NP6056) contained 
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4900 µg/ml NDElA as 'well as an e::rually large unidentified, TEA-responsive 
ffi3.teriaL 

The metalworking fluids are usually diluted 10 to 35 times when actually 
used on the rrachines. Since NDElA is detected in the stock rretalworking fluid, 
the i.rnp;)rtant question regarding the \.\Orkers' exposure to NDElA concerns the 
fate of NDElA after it is diluted an:i used on the machines. Several 
p:,ssibilities exist. First, NDElA is chemically converted to other N-nitroso 
ccrnp::>lll1ds. Second, NDElA is vap:>rized to the air. Third, NDElA decomr:oses to 
non-N-nitroso carp:,unds. Furtherm::>re, the precursors for NDElA fonnation are 
present in the rretah.orking fluid. It is possible that the machine operation 
environment could praTOte an additional formation of NDElA. One of the 
objectives of the present study is to assess all these p:;,ssibilities. 

NDElA was the only N-nitroso carp:,und found in the fluids sarrpled. fran the 
rrachines (Table 16). The concentrations of NDElA in the used fluids were 
generally belcw 5 µg/rnl. These lON' concentrations rrake it difficult to 
accurately detennine what effects the length of usage has on the concentration 
of NDElA in these fluids. It does appear, ho.,.,ever, that the NDElA levels in the 
fluids that have 1::-een used in rrachine operations decline. For exarrple, Sarrple 
No. 2 (Vantrol 510) contained 98 µg/rnl of NDElA and a 10 to 1 dilution of the 
measured concentration of NDElA (Sarrple No. 9) was only 2 µg/rnl rather than the 
expected 10 µg/ml. Frcrn this result, it seems unlikely that NDElA is being 
fanned. fran its precursors during machine operation. The fact that mother 
TEA-resp:msive cc:rrp:lunds were detected indicates that the NDElA is not being 
converte:3. to other N-nitroso compounds, The decrease in concentration of NDEIA 
in the use:3. rretalw:xking fluids may be due to decanposi tion. 

Air Sanples 

Air samples were collected in an effort to determine whether the loss of 
NDElA fran the usoo rretal\<.Grking fluid during machine operation was due to its 
vap::,rization to the air. The results of these air sarrples are presented in 
Table 17. Except for trace quantities detecte::i in Sarrple No. 5, NDEJA was not 
found in the plant's atmosphere. The detection limit of the rrethod was 0.01 
ug/m3. In order to confirm the result of Sarrple No. 5, five rrore air samples 
were collected near the machine where this sarrple was collected. During the air 
sampling it was noted that metahvorking fluids were ooing splashed into the air 
when the machines were in operation. The air inlet of Sample No. 22 was covered 
with a device that ',1,0Uld prevent the liquid mist of metalworking fluid in the 
air fran entering the i.npingers, but wOUld, hc,,.rever, allOtJ air to be pl.Jl1P€(1 
through the holes under the cover. The air inlets of the other air sarrples ~re 
not covered. Because Samples No. 21 and No. 22 were fX)sitioned next to each 
other, a cxnrparison of analytical results could detennine \.\.hether the 
rretalworking fluid droplets in the air were contaminating the air sarrples. 

Samples No. 20, No. 21 and No. 22 were all located near the same rrachine, a 
La Salle #66. NDElA concentrations in these air sarrples were all less than O. 1 

JJ g/rr(>. The fact that the quantities of NDElA found in Sanple No. 22 were 
SJTB.ller than those found in Barcple 21, indicate that contamination by' . 
metalworking fluid droplets in the air is _possible if the air inlet of the 
impingers were not covered. NDElA was not detected in air sarrples collected 
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about 20 ft <May fran the machine (Sample No, 23) thus indicating that the trace 
levels of NDElA present in the air near the operating machine did not constitute 
a general contaminant in the atmosphere of this engine plant. 

NDElA was fourrl in the stock metalworking fluids with levels ranging from 6 
µg/ml to 5 mg/ml. The NDElA contamination in semisynthetic and synthetic fluids 
were much higher than in soluble oil type fluid. 

Metalworking fluids used in the machine viere diluted 10 to 35 times frcm 
the stock fluids. The concentration of NDElA was diluted accordingly. 
Furthenrore, NDElA deccmposed -when rretalworking fluids were used in the machines. 
Consequently, concentrations of NDEI.A in the diluted fluids were qenerally less 
than s ug/ml. · 

NDElA was not fourrl in the general air envirorunent of the plant. Ha,,,ever, 
about O. 08 JJ g/m3 of NDElA was present near the rrachine where NDElA 
concentration in the metalworking fluid was atcut 2 µg/ml. 
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Table 16 

Results of Analysis for N-nitrosodiethanolamine in Metalworking 

Fluid Samples from Metalworking Plant J 

Sample No. Sample Description Time of Use NDElA in 

December 13, Unused Fluids 

1 Chrysler Cycleweld Unused 6 
:m>6058 

2 Vantrol 510 Unused 98 

3 Cifficool Five Stars Unused 140 

4 Alk-ice NP6056 Unused 4900 

Diluted Fluids 

12 T-exaco 2 7 36 '"" 20 to 1 3 weeks 2 

13 Vantrol 510 - 35 to 1 unknown 4 

14 NP6059 - 15 to 1 unknown 2 

µg/ml 

15 NP6058 - 15 to 1 5 months N.D.* 

16 Cimcool Five Stars - 25 to 1 5 weeks N.D. 

17 Texaco 2736 - 20 to 1 5 months 1 

18 - NP6058 - 15 to 1 2 weeks 1 

19 Van trol 510 - 10 to 1 1 week 2 

December 16, 

26 Texaco 2736 - 20 to 1 3 weeks 2 

27 Texaco 2736 - 20 to 1 3 weeks N.D. 

* N .D. - None detected - detection limit 1 µ g/ml 
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Sal!lple No. 

December 13 
5 
6 
7 
8 
9 

10 

December :1.6 J 

20 
21 
22 
23 
24 

Table 1 7 

Results of Air Samples Collected in 

Metalworking Plant J 

Concentration of 
Machine Location . in µg/ml3 

LaSalle #66 18S Trace 
Kruger 1/540 1sn N.D.* 
Landis Grinder f/035 7C N. D. 
Loswing 7B N.D. 
Bullard ff 3117 7 30P N.D. 

Personnel Office N.D. 

LaSalle tl66 18S Trace 
LaSalle #66 18S Q.08** 
LaSalle 1166 18S Trace 
30' from LaSalle 1166 18S N.D. 
Pump Stand 18S 0.04 

* N~D •. - None Detected - detection limit 0.01 µg/m3 (NDElA). 

NDElA 

** Sample may be contaminated from splashing metalworking fluid. See text. 
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SUMMARY OF MEI'AL IDRKING FLUIDS MANUFACI'URERS AND USERS 

Representative plants of the industries that produce and use synthetic or 
semisynthetic nitrite-amine type rretalworking fluids were included in this study 
of worker exr;osure to N-ni troso ccrcpounds. Because of the disoovery of 
N-nitrosodiethanolamine (NDElA) in sane of these matalworking fluids, it was 
postulated that airl::orne levels of NDElA in metalworking plants that use these 
products could be high if this contaminant were appreciably volatized during 
use. It was also postulated that increased arrounts of NDElA or other N-nitroso 
conpounds, could result fran the use of these fluids during hot rrachining 
operations. Worker exposure ~ skin contact. with these NDElA contaminated 
products was considered to be a virtual certainty. 

The result of this study reaffinned the presence of NDElA in sore of these 
synthetic nitrite-amine type rretalworking fluids (Table 18). However, the 
concern that NDEIA, or other N-nitroso carp::mnds in these fluids, could becane 
airlx>rne and thus constitute a respiratory hazard to workers seems unfounded. 
Contrary to the speculation that further anounts of NDElA rray be formed during 
the use of these products, less (than can be explained 1::¥ sirrple dilution) was 
found in the '1.0rking fluids sarrpled fran operating machines. Several 
TEA-resp:>nsive o:::rrpounds 'were discovered in sane of the concentrated 
metalworking products. Again, due to the limitation of this study, none of 
these unknown CXl'llpOUI1ds have been identified. It was observed that rrachine 
Y,JOrkers do have contact with metalworking fluids, rot, until a NIOSH-sp::,nsored 
study of skin absorption of NDElA is a:::rnpleted., assessment of this hazard is not 
possible. HlllTBI1 exposure to the NDElA in metalworking fluids could be limited 
by either re-formulating these products to re!1'0ve the potential hazard or~ 
providing greater \\Orker protection during their use. Identification of the 
unknON11 TEA responsive CDrp:Jun.ds that have been discovered in sane of these 
fluids should be undertaken in order to assess this p:)tential hazard to workers 
in the event that they are identified as N-nitroso cxmpounds. 
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TABLE 18 

. Surmary of Bulk Metal Working Fluids Sarrpled · , - = ' · · 

During Survey of Metal Working Fluid Manufacturers and Users 

Sarrple of Fluid 

Fluid - 419 
Fluid - 658 
Fluid - 810 
Fluid - 405 Synthetic I.ot 792 
Fluid - 405 Synthetic I.ot 781 
Fluid - 405 Synthetic lot 7826 
Fluid - 203 
Fluid - 603 
Fluid - 607 

Fluid - E - 55 
Fluid - 1500 
Fluid - 2906 
Fluid - 3100 
Fluid - 2527 

Exxon Rust Ban 392 
c..'utzol WS-15 
TeraCD Spindura Oil 22 
C:iroccxJl AL 
RP Soluble 1999 

Cimo:x:>l 5 Star B 
NP6058 

WheelJllate 810 
General Motor C-60 

Ford 3C66A (diluted 24:1) 

Ma.solene J:l.1L 
Stuart HL-D5844 
Vantrol 710-W 
Ultrasonic Testing Fluid 

Ford M589B (diluted 24:1) 
Ford M3Cl4AE 

Chrysler Cycleweld NP6058 
Vantrol 510 
Cimoool Five Star 
Alk-ice NP6056 
Texaco 2736 (diluted 20:1) 
* NDELlA - N-nitrosodiethanolarnine 

** N .D. - None Detected 
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NDElA * ug/rnl 

N.D.** 
4.0 
4.0 
140 
110 

47 
20 
52 

N.D. 

27 
500 
90 
63 
90 

N.D. 
N.D. 
N.D. 
N.D. 
N.D. 

620 
Trace 

N.D. · 
N,D. 

10 

N.D. 
N.D. 
N.D. 

1500 

0-16 
N.D. 

6.0 
98 

140 
4900 

2 

(<lug/ml) 



DYE MANUFACI'URING INIXJSI'RY 

Three dye rranufacturing facilities were surveyed for the presence of 
N-nitroso COTpOUilds, 

GENERAL DESCRIPI'ION OF THE DYE MANUFACI'URING INIXJSTRY 

N-nitroso carpound precursors are used in the manufacture of dyes. Sodium 
nitrite, a well established nitrosating agent, and various amines are used in 
the synthesis of a large number of dyes. AZD dyes are synthesized by the 
coupling of an arana.tic ·catpOUnd to a diazonium salt, which, in turn,· is .formed 
fran the reaction between scxlil..lTI nitrite and a primary arorratic amine such as 
aniline. To prarote the coupling reaction, the coupling cx:xrponeht usually 
carries either a hydroxyl or an amino functional gra.tp to activate the coupling 
site. The phenolic or anilinic canpounds are rornally used as the coupling 
agents in the synthesis of the water-soluble direct dyes. On the other.hand, 
N-alkyl substituted anilines are used as the coupling agents to rmke the 
water-insoluble disperse dyes. 

'!he rrost'likely source of nitrosamine contamination in the azo dye. 
synthesis is the reaction between sodium nitrite arrl secondary or tertiary 
amines. Sodium nitrite is an essential ingredient.for the formation of 
diazonium salts,·and is usErl iri the production of every type of azo dye. The 
nitrosatable amines can be introduced during any stage of azo dye nanufacturing 
in the follocing ways: 

1. Secondary or tertiary amines may ~ present as an :inJ,urity in the 
primary amines. 

2. Secondary or tertiary amines are used as the a::>upling agent, e.g. in 
the synthesis of the disperse dye. 
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DYE Pl.ANT A 

Plant A was constructed in 1965 and presently has two major buildings which 
occupy a site of about 137 acres. The plant enploys 145 with 95 \.\'Orkers in the 
production area and the ra-nainder in administration. At the time of this survey 
the plant was operating on three shifts with equal numbers of workers on each 
shift. The survey of this plant focused on its azo dye (disperse dye) 
production process. 

Typically the production of azo dyes consists of diazotization and 
coupling. The first step, diazotization, is accomplished by reacting sodium 
nitrite with aranatic amine (usually aniline) at acid i:H in cold aqueous 
solution. The resulting diazonium salt is drained to a coupling tub, where a 
coupling agent such as resorcinol or p:Jlyfunctional phenols had been added. 
After coupling, the dye is filtered in a press and dried as the finished 
product. Besides the basic diazotization and coupling reactions, additional 
diazotization-coupling cycles and phosphogenation reactions, which couples two 
dye CC1nfOnents through a carbonyl bridge, are carried out to provide the dyes 
with the desired color and functional properties. 

SAMPLING STRATEGY 

'I\..Q separate site visits 'M::!re nade to this facility during which l:oth air 
samples and bulk sarrples were collected for N-nitroso canpounds. 

Air Sarrples 

Seven area air sarrples were collected on February 21, 1978. Three samples 
were taken near the diazotization tub, tw::i near the ca.1pling tub, and tw::i near 
the filter press. The chemical intermediate being diazotized during the 
sampling tine was 6-nitro-2-arninobenzothiazole. The air sarrples were collected 
during the time that the tubs and filter press were in operation. 
The air sarrpling apparatus consisted of either midget :inpingers containing 15 ml 
of 1N KOH or 200 ml vacuum traps containing 45 ml of 1N KOH. Air was drawn 
through these traps at 1.5 L/min to 2 L/min using Bendix Cll5 air sarrpling 
pumps. On February 24, 1978, four nore air sarrples were collected near the same 
diazotization tub and the intermediate being diazotized during this second 
sarrpling visit was the same as on February 21, These air sarrple locations and 
results are also presented in Table 19. 

Bulk Sarrples 

A total of 26 b..ilk sarrples 'M::!re collected during the two visits. They 
consisted of 14 sarrples of raw materials used in the manufacture of dyes and 12 
dye products. The sarrple descriptions and analytical results are presented in 
Table 20. 
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RESULTS AND DISCUSSION 

Air Sanples 

A to,tal of 11 area air san;>les were collected and examined for N-ni troso 
catlFOunds. At a detection limit of 0.05 µg/m3 for N-nitrosodiirethylamine no 
volatile ( GC~ am:ma.ble) N-ni troso carpounds were detected. A nonvolatile TFA 
resp:msive cc:rcp:>und was rot further characterized and there is no other evidence 
indicating that it is an N-nitroso catpJUI1.d. The TEA can resp::md to arry 
crnp:,und which releases NO u.ron pyrolysis and sate of the dye chemical 
intermediate, sudl as 6-nitro-2-arni.nobenzothiazole, nay shON a response an the 
TEA.. During the second visit to this plant air sanp;I.es were oollected in the 
sarre area where the unkno.vn TEA resfX)l1sive ccnpound was formed. These sarcples, 
numbers 8-11, were free of any TFA responsive CCl'!p)Unds. The air sarrple 
location and results are containErl in Table 19. 

Bulk Sanples 

No N-nitroso carp::)l1Ilds were detected in any of the b.Jlk sarrples. 

Table 19 

The Results of the Air Sanples Collected. on February 21 and 24 
Dye Plant A 

Sarrple No. Process Location 
N-nitroso Canpounds 
GC-TFA HPLC-TF.A 

February 21 
1 
2 

3 

4 
5 

6 

7 

February 24 
8 

9 
10 

11 

Diazotization 
Diazotizatian 

Diazotizatian 

Coupling 
Coupling 

Filter-press 

Filter-press 

Diazotization 

Diazotization 
Diazotization 

Diazotizatioo 

01 Tub K 314, 3rd floor 
6 ft. in front of Tub K 314, 

3rd floor 
6 ft. in front of Tub K 314, 

3rd floor 
On Tub K 314, 2nd floor 
4 ft. in front of Tub K 314, 

2nd floor 
6 ft. fran Filter Press# 11 

in Press Rocrn 
On Filter Press #11 in Press 

Rcx:m 

a ft. in front of Tub K 312, 
3rd floor 

On Tub K 312, 3rd floor 
8 ft. in front of Tub K 312, 

3rd floor 
On Tub K 312, 3rd floor 

* None Detected - detection limit for NIMA O. 05 µg/rn3. 

N.D.* 

N.D. 

N.D. 
N.D. 

N.D. 

N.D. 

N.D. 

N.D. 
N.D. 

N.D. 
N.D. 

+** 

+ 

N.D. 
N.D. 

N.D. 

N.D. 

N.D. 

N.D. 
N.D. 

N.D. 
N.D. 

** + A nonvolatile TEA resp:>nsive catp'.)l.Uld was detecte:i rut not identifie:i in 
these air samples. This a:::rrp:>Und was detected. 1:¥ HPLC-TF.A. only. 
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Table 20 

Results of Bulk Sample Analysis for N-nitroso Compounds 
Dye Plant A 

Sample No. 

Raw Materials 
lB 
3B 
4B 
SB 

7B 

9B 

lOB 

llB 
l2B 
l3B 
_14B 
15B. 
l6B 
17B 

Press Cake 
2B 
6B 

Sample Description 

N-(Cyanoethyl)-N-ethylaniline 
6-Nitro-2-aminobenzothiazole, 100% 
2,4-Dinitro-6-bromoaniline 
3-(Dihydroxyethyl)-amino-4-ethyl-

acetanil ide 
N-Acetoxyethyl-N-cyanoethylaniline 

Fairlawn, NJ 
3-(N,N-Dihydroxyethyl)aminobenz­

anilide, 97% 
3-(N,N-Dihydroxyethyl)amino-4-

methoxyacetanilide, 90.7% 
N-(Chloroethyl)-N-ethyl-m toluidine 
N-(Hydroxyethyl)-N-ethyl-m-toluidine 
N-(Cyanoethyl)-N-methylaniline, 99% 
N-(Chloroethyl)-N-ethylaniline 
Dichloro-p-nitroaniline 
p-Nitroaniline 
9-Chloro-p-nitroaniline 

Intrasil Rubine HBRS 
Intrasil Navy Blue HGS 

Finished Product 
18B lntrasil Navy Blue HGS 
19B Intrasil Red FTS 
20B Intrasil Scarlet HGF 
21B lntrasil Orange 2RA 
22B Intrasil Red MG 
23B Intrasil Navy B 1 ue HRs 
24B Intrasil Brown 3RF 
25B Intrasil Rubine HBRS 
26B Intrasil Red 2 GH 

N-nitroso 
Compounds 

N.D.** 
N.D. 
N.D. 

N.D. 

N.D. 

N.D. 

N.D. 
N.D. 
N.D. 
N.D. 
N.D. 
N.D. 
N.D. 
N.D. 

N.D. 
N.D. 
N.D. 

N.D. 
N.D. 
N.D 

. N .D. 
N.D. 
N.D. 
N.D. 

. N.D. 
N.D. 

Unknown TEA 
Responsive 

Compounds 

+ 

+ . 

+· 

+ 
+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

** N.D. - No known N-nitroso compounds detected - detection limit for NDMA 
0.5 µ g/g. 

Unknown TEA responsive compounds: +=a TEA response 
- m no TEA response 
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DYE PLANT B 

The facility wash.lilt al::out 1915. The plant site o:::cupies al::out 600 acres 
and has 20 major tuildings with a total area of tv.0 million square feet. .The 
plant employs 700 people in the production area, 700 people in the 
administrative area, and 500 people for rraintenance duty. The production 
employees \\Ork on three shifts, with approximtely 200 w:::>rkers on each shift. 
The :rriajor products of· the plant a:re dyes, pigments, pharmaceuticals, nmber and 
chanical intermediates. The present study focused only on azo dye production.· 

The production of the azo dye consisted of tw;:, rrajor processes: 
diazotization and coupling. Scd.illlII nitrite and aniline canp:)unds 'Were mixed in 
a diazotization tub with acid and ice added to provide the suitable pH and 
temperature. The resulting diazonium salt was drained. into a coupling tub, 
where a coupling agent had been added earlier. After coupling, the dye was 
filter-pressed a~d spray-dried as the finished product. Besides the 1::asic 
diazotization and coupling reactions, additional diazotization-coupling cycles 
might be carried out to provide the dyes with the desired rolor and functional 
properties. 

SAMPLING STRATffiY 

Air Sarrples 

Four area air sarrples were oollected in the dye plant (building 42); two 
near the diazotization tub, and t\\O near the coupling tub. The dye being 
produced was calcofast Bro.vn MF. The sampling was done during the ]?'2riod the 
tuh<; were in operation. The air sample data are presented in Table 21. Air was 
sarrpled using midget irnpingers containing 15 ml of lN KOH and 200 ml vacuum 
traps containing 45 ml of ll\T KOH in series at ambient terrperatures. Bendix Cll5 
air sarrpling pumps v.ere used to draw air at fran 1. 4 L/min to 1. 8 L/min tJ1rough 
the inpingers for al:out three hours. 

Bulk Sarrples 

In total, six samples of finished dye products were collected for N-nitroso 
CCJT!fOund analysis. None of these dyes were produced using secondary or tertiary 
amines, ha..Jever, sodium nitrite was used to fonn an intermediate diazonium salt. 
The sarrple results are containe.1 in Table 22. 

RESULTS AND DISUJSSION 

Air Sanples 

The results of the air sarrple analysis are a:mtained in Table 20. At a 
detection limit of 0.05 µg/m3 for N-nitrosodimethylarnine (NJlvlA) no N-nitroso 
canp:>unds were detected. An unidentified TEA.-responsive carpound was detected 
in the air samples collected near the diazotization tub, h&ever, there is no 
other evidence indicating that it is an N-nitroso carp::,und. Other ooop::>unds 
that can liberate NO upon pyrolysis will be detected by the TEA. 
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Bulk Sarrples 

At a deted:ion limit for NIMA of l µg/g no TEA-responsive canpounds were 
eluted in any of the bulk samples when examined by either HPI.C-TEA or G<>-TFA. 

1t>'N-nitroso carpounds were found in either air or rulk sanples collected 
in this plant. 

Sarcple No. 

1A 
2A 
3A 
4A 

Table 21 

Results of Air Sarrples in Dye Plant B 

Sanple I.ocation 

12 ft. fran Diazotization tube in 20D 
en the Diazotization tube in 20D 
On the COlpling tube in 23B 
20 ft. frcm the coupling tube in 23B 

N-nitroso Compounds 

N.D.* 
N.D. 
N.D. 
N.D. 

* N.D. - None Detected - detection limit for NrMA O.OS,µg/m3. 

Sanple No. 

1 
2 
3 
4 
6 
7 

Table 22 

Results of Bulk Sarrple Analysis for N-nitroso Ccrni:ounds 
Dye Plant B 

Sanple Description 

Calcofast Orange YF 
Calcofast Olive Brc,,.m G · 
Orange II-3 
Oil Scarlet 2BL 
Calcofast Bro,m MF 
Calco Bro.,m MF 

N-nitroso Ccrrpounds 

N.D.* 
N.D. 
N.D. 
N.D. 
N.D. 
N.D. 

*·N.D. - No N-nitroso a::.t!JX)unds detected - detect.ion limit for NrMA 1 µg/g 
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DYE PIAN!' C 

The subsidiary of a large nultinational cuug and chemical manufactJ.ll'ing 
corp:::>ration produces a variety of dyes that are used in coloring textile 
materials. During this survey no data was obtained on the size of this facility 
or the nunber of employees involved in its dye manufacturing operations. Dy'es 
are synthesized at this plant in large reaction kettles by first forming a 
diazonium salt which is later coupled to various amine containing coupling 
agents to produce the final product~ 'lhe diazotization reaction involved 
reacting araratic amines such as aniline with sodium nitrite at acid pH in cold 
aquecos solution. This area where the diazotization and coupling reaction 
reactions take place was selected for area air sampling for N-nitroso catqX>ilnds • 

. It \\e.S noted that this plant was free of any odors and that the nanufacturing 
area was kept clean. 

SAMPLING SI'RATIDY 

Air Samples 

A total of six area air sarrples were oollected at this site. Four of these 
samples w"ere located in the dye products areas, one in the quality control 
lalx>ratory and one located ootside about 250 feet fran the production l:uilding. 
'l\ro of the four air samples collected within the production area were located on 
the third floor adjacent to the diazotization reaction kettles and the other~ 
were located on the second floor next to the coupling reaction kettles. The air 
sampling system oonsisted of 200 ml vacu\.l't'l traps containing 45 ml of 1N KOH 
equipped with Bendix Cll5 air pumps. Air was sanpled at 1. 7 L/min for 2-2.5 
hours. · 

Bulk Sarrples 

Six b.llk sanples a:>nsisting of dye products were aollected for N-nitroso 
ccrtpJUJrl analysis. The narres of these products are contained in Table 23. No 
infomation about the structure, chemical cxnposition or synthesis of these 
products was obtained. 

RESULTS AND DISOJSSION 

At a detection limit of 0.03 'l,Jg/m3 by GC-TFA four of the six air samples 
.were found to contain N-ni troso ccrtpJUJrls. The carp:>unds detected were 
N-nitrosod.iroethylamine (NINA) and N-ni trosodiethylanti.ne (NDFA) • The 
concentration of these carpounds ranged fran 0:03· '1Jg/m3 to 0.06 '1Jg/m3 for· 
NDEA and 0.1 µg/m3 of N!MA in sanple No. l (Table 24). These aroounts of 
nitrosamines in the plant's atnosphere are near the detection limit of the 
sampling and analytical net.hods and represent quite lo.v concentrations of these 
carq:x,unds. 

NJ N-nitroso o::rrpounds Wl:!!re detected in any of the b.llk sanples. Three 
'b.Jlk sanples were found to oontain TFA-res:r;::,onsi ve carpounds, ha.irever, these 
unidentified TFA-res?)nsive carpounds were not further characterized. 
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Table 23 

Results of Bulk Samples From Dye Plant·C 

Sample No. Sample Description N-nitroso Compounds 

7 
8· 
9 

10 
11 
12 

Ac id. yellow 4R 
Metanilic acid 
Acid yellow 4R 
Acid yellow 4R 
0-anisidine omege 
Chlor yellow 5GL 

* N.D. - None Detected - detection limit for NOMA 1 Ug/g. 

Table 24 

Results of Air Samples From Dye Plant C 

N.D.* 
N.D. 
N.D .. · 
N.D. 
N.D. 
N.D. 

Sample No. Sample Location 
N-nitroso COlJ!pOunds ii:t Ug/m3 
NDMA NDEA 

1 

2 

3 

4 

5 
6 

Diazotization kettle on 
third floor 

Diazotization kettle on 
third floor 

Coupling reaction kettle 
on second floor 

Coupling reaction kettle 
on second floor 

Quality Control Laboratory 
Outside - 250' from main 

building 

0.1 

N.D.* 

N.D. 

N.D. 
N.D. 

N.D. 

* N.D. - None Detected-- 'det~ction limit for NDMA 0.03 1Jg/m3. 

** N.D. - None Detected - detection limit for NDEA 0.03 µg/m3, 

NDMA - N-nitrosodimethylamine 
NDEA - N-nitrosodiethylamine 
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CON2LUSIONS AND ~TIOO"S OF THE DYE INIXJSTRY 

Worker eXp::>Sure to kno.,.,n N-nitroso compounds via inhalation in the azo dye 
industry does not appear to be a serious problem in the three plant sites 
visited. It should be p::>inted out, h0n1ever, that not all dye rranufacturing 
processes involving all of the reaction conditions and raw material o:rru::iinations 
have been examined. Reactions with prima.ry amines such as aniline and sooiurn 
nitrite at aci<l pH produce diazonium salts, but if secondary or tertiary amines 
are also present, N-nitroso corrp:iunds can also be formed. SOire of the samples 
collected in this study of the industry were found to contain TEA-resp:msi ve 
canpounds. Estirrates of the arrounts of these canpounds can be made assuming a 
molecular weight and assuming a nolar arrount of NO is released during the TEA­
pyrolysis. While N-nitroso CO"f!X)W1ds will produce a TFA-resp::inse that is 
prq::ortional to their rrolecular weight other o:::rrg:oW1ds such as organic nitrites 
usually produce a TEA-resi;:onse that is less than the theoretical arrount of NO, 
thus making an estimate of their arrounts irrpossible by this technique. Further 
characterization of these unidentifie:T o::>rrgX>unds using procedures such as mass 
spectranetrv \.\C>uld be needed. 

Because the reaction conditions used in producing diazonium salts can also 
result in N-nitroso caTlfX)unds, if nitrosatable amines are present, and because 
most industrial grade amines are o:>ntaninated with other amines, this industry 
should be further studia:l. for the possibility that other dye TIE.king operations 
will result in w::>rker exposure to N-nitroso ccrnpounds. A further study should 
also include the identification of unidentifie:3 canp:)unds that are found which 
produce TEA resp:,nse. 
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RUBBER INIXJSTRY 

Products rranufactured 1::y the Plants chosen for this survey included: 
passenger car tires, aircraft tires, truck tires, industrial rubber products, 
rubber latex, consumer products and industrial chemicals used in the production 
of rubber products. 

GENERAL DESCRIPI'ION OF THE RUBBER INDUSTRY 

Rubber products such as tires and conveyor belts are made by processes that 
are analogous to baking pastries. Where flour is the main ingredient in 
pastries, natural and synthetic rubber are the main ingredients in rubber 
products. As wi.th pastries, rubber is blended with whatever ingredients are 
needed to produce the desired product. The process starts with a recipe of 
ingredients which are then blended in a Banbury mixer follo,,,.ed by kneading the 
mix on a roller mill. The· kneaded rubber is then either fed into an extruder, 
which is analogous to a ireat grinder, equipped with a die to shape the ribbon of 
extruded rubber onto calender mills which press the rubber onto thin sheets of 
fabric. The tire is then constructed using the tread rubber fran the extruder 
and the sidewall coated fabric fran the calender mill, The raw tire is then 
baked (cured) in a press which imparts the tread design, shape and other fine 
detals to the tire. The curing step crosslinks the rubber p:Jlymer and to sane 
extent exhausts certain of the additive ingredients. Other process steps also 
exhaust scrne of the additive ingredients into the Plants' atnosphere. The 
processes llDSt likely to produce off-gasing of the rubber additive v.Duld be the 
extruder, calender and tire curing. 

Rubber nanufacturing facilities were surveyed for the presence of N-nitroso 
canpounds because of their use of various amines, nitrosami.nes and other nitroso 
or nitro canpounds in sane of their rubber recipes, Many of these canpounds are 
listed in the book, Materials and Ccrnpounding Ingredients for.Rubber and 
Plastics (1965) (138). Examples of these canpounds include: dibenzylami.ne, 
diethanolamine, N-ni trosodipheriy lamine, N-rrethyl-N, 4-dini troS03.ni line, 
tetrairethylthiuram disulfide, rrorpholine disulfide, and substituted 
p-phenylenediami.nes. 

The basic ingredients used in the manufacture of rubber products are 
natural and synthetic latex. Natural Hevea rubber is a haropolymer of 
cis-1,4-polyisoprene and is obtained fran several species of rubber yielding 
trees. · Synthetic latex is produced fran the polyrrerization of a variety of 
rronaners. The rrost camon of these rronaners include: 1,3-butadiene, 2-chloro-l, 
3-1:utadiene (chloroprene), 2-rrethyl-l, 3-1:utadiene (isoprene), etc. A synthetic 
rubber that is virtually identical with natural rubber is rrade fran isoprene: 
the product forned is alrrost exclusively cis-1,4-polyisoprene. Formulations of 
natural rubber or synthetic latex usually include sulfur, accelerators, 
peptizers, antioxidants, carbon black and various fillers. Examples of products 
rranufactured fran rubber include: autarotive tires, rain gear, footwear, 
adhesives, conveyor belts, autcmotive parts, seals and gaskets. 
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A further reason for including the rubber industry in this study was that 
epidemiological studies have indicated an excess rrortality of the workers £ran 
certain specific cancers (139). The specific chemical or physical agents that 
may be causing the excess cancer deaths have not yet been identified, 
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RUBBER PI.ANT A 

This facility produces synthetic latexes as its major product. The 
follo..ring latex cc:rrpounds were being =ufact.ured by this Plant: styrene 
ootadiene copolymer, polyootadiene, butadiene-styrene-vinylpyridine copolymer, 
and ootadiene-styrene-carboxylic acid copolymer. 

The basic ingredients of latex are the rronaners; styrene, butadiene, 
vinylpyridine, and carboxylic acids. other ingredients are also used to control 
the polymerization of the nonaners. Catalysts (peroxides or persulfate) are 
added to initiate the chain react.ion. Emulsifier (sulfate or fatty acid) are 
added to pranote the miscibility of water and oil soluble materials. Modifiers 
such as rrercaptans, are added to control the chain length of the p::>lymer. 
Inhibitors, nitrosophenylhydroxylamine or diethylhydroxylamine, are used to stop 
the polymerization. 

The latex ingredients at this Plant were prepared in the solution area and 
pumped through pipes into the react.or. When the p::>lyrrerization was crnpleted, 
the contents of the react.or were pumped to a stripper where any unreacted 
nonarers were rerroved by vacuum, The latex was then pl.l!Tped to a storage tank. 

At the time of this survey, this plant atployed 240 workers, divided 
equally anong three shifts. 

SAMPLI:N3 STRATIDY 

Air Samples 

Five samples were collected using vacuum traps containing 45 ml of 1N KOH 
solution. Air flo,,, rates were between 1,5 to 2 L/min using Bendix CHS air 
purrps with sampling times of approximately 3 hours (Table 25). 

Bulk Sa,Ttples 

A total of 5 oolk samples ,;,,.,ere collected, see Table 26 for a description. 

RESULTS AND DISOJSSION 

No N-nitroso crrnpounds were detected in any of the rulk materials examined 
or in the air in the area air samples. 
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Table 25 

Air Samples Collected in Rubber Plant A 

:·sample No. Location 

2 
3 

4 
5 

Solution area, on operating de·sk, near. 
tank 105 and 113 

AO room, ls, column F420 
Latex building, 1S, at the water meter 

near tank 303 
Control room, 2S, desk area 
Stripper house, 3S, on desk about 5 

feet fr.om No. 12 stripper 

*rm - None Detected, detection lim1t a.as µg/m3 (NDMA). 

Table 26 

· Bulk Samples Collected in Rubber Plant A 

Sample N·o. Monomer* Catalyst Emulsion Inhibitor*** 

1 B/S/COOH Persulfate Sulfate 
2 B/S SFS** Fa tty ac.id DEHA/NPH 
3 B/S SFS** Fatty ac.id SDD/NPH 
4 B/S Pe:rsulfate Rosin add 
5 B P·ersulfate Rosin acid 

* B -=butadiene; S = styrene, COOH = carboxylic acid, 

** Sodium formaldehyde sulfoxalate 

N-nitroso 
Compounds 

Found 

ND 
ND 

ND 
ND 

ND 

N-nitroso · 
Compounds 
Found 

ND**** 
ND· 
ND 
ND 
ND 

*** DEHA =diethylhydroxylamine; NPH = nitrosophenylhydroxylamine; SDD = sodium 
dimethyldithiocarbamate 

**** ND - None Detected, detection limit 0.2 µg/g. 
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RUBBER PLANT B 

This Plant has a production area of 800,000 square feet and an erployment 
of 1000 with approxirrately 270 of these in the administrative area. The pri.rrary 
products of this facility, at the time of this survey, were rubber a::mveyor 
belts, rubber tubing, rubber hose, and rubber air shocks. The ingredients for 
all of these products were prepared in the chemical mixing roan and batch fed 
into a Baribury nachine for further mixing and .milling. The batch stock fran the 
mills was then fabricated into the various products via calendering, extrusion 
and fabric layer l:::uilding operation. These products were then cured at elevated 
temperatures in various presses and rrolds, The survey for N-nitroso c:arpounds 
conducted at this facility was focused prinarily in the ingredient carpound 
area. 

SAMPLING STRATmY 

Air Samples 

Four area air samples were collected using 1N KOH traps equipped with 
Bendix Cll5 air pumps operating at 2 L/min for about three hours. Three of 
these samples were collected in the rranufacturing area and one sample, No, 4A, 
in the administrative area (Table 27). 

Bulk Samples 

Four l:::ulk samples consisting of various amine type rubber ingredients were 
collected (Table 28). 

RESULTS 

Air Samples 

Low levels, 0.07 to 0.14 µg/rn3, of N-nitrosodimethylamine (NIMA) were 
found in all four of the area air samples collected in this Plant (Table 27). 
These levels of NI:MA are quite lo.,; and are carparable to levels reported to be 
present in the ambient air of do.vnto..Jrl Baltirrore (12,20). No attenpt was rrade 
to determine the source of this Nll'1A, ho.,;ever, it is apparent fran the data that 
its occurrence within the Plant's atrrosphere is fairly uniform fran area to 
area. 

Bulk Samples 

No N-nitroso a:rrpJunds were detected in any of the l:::ulk samples. 
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Table 2 7 

Air Samples Collected.in Rubber Plant B 

Collection NOMA* 
Samele No·. Method Location Concentration (µg/m3) 

1 lN KOH Mill weighing area 
2 lN KOH Banbury, loading area 
3 lN KOH Batch off mill area 
4 lN KOH Safety office 

* NOMA - N-nitrosodimethylamine 

Sample No. 

1 
2 
3 
4. 

Table 28 

·Bulk Samples Collected in Rubber Plant B 

Description 

Mixed aryl-p-phenylene diamines 
Mixed diaryl-p-phenylene diamines 
Alkylated diphenylamines 
N-(1-3-dimethylbutyl)-N-phenyl-p-

phenylendiamine 

* ·N.D. - None Detected - Detection limit 0.1 ~g/g. 
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RUBBER PIANT C 

This facility manufactures chemicals which are used as COlp)unding 
ingredients in the manufacture of rubber products. Three separate buildings 
were sampled at this facility and three sampling visits were rrade - March 28, 
April 3, and May 24, 1978. 

Building No. 1 p:i;oduced N-nitrosodiphenylarnine (NDPhA) and bisrrorpholine 
carbamylsulfenamide (:et,,!CS) • Building No. 2 was prirrarily used for the 
production of polymerized 2,2,4-trimethyldhydrcquinoline (PIM!)J). Building No, 
3 houses an et1ployee lunch roan, a rraintenance and machine shcp and the Plant's 
Safety Office, Building No. 3 is located adjacent to and between Building Nos, 
1 and 2. 

N-nitroscxliphenylamine is used in rubber COlp)UJlding as a polymerization 
retarder, BMCS is on the other hand an accelerator and 2,2,4-trimethyl 
dihydrcquinoline P1'MDQ is used as an antioxidant. The possible nitrosarnines 
that could be found in this plant include NDPhA, N-nitrosorrorpholine (Nr-OR) and 
N-nitrosodirrethylarnine (m:MA). The nitrosarnine, NDPhA will certainly be found 
since it is manufactured in the areas surveyed. 

The floor plan of Building No. 1 is presented in Figure 10. The NDPhA 
production area is located in the east side of the building (rightside) arrl the 
BMCS production area is located about 100 feet cMa.Y in the west side of the 
b..lilding. 

NDPhA is produced fran the reaction of diphenylarnine and sodium nitrite in 
water that has been acidified with sulfuric acid. The reaction is carried out 
in a large ( 6'x8') reactor vessel, The·starting chemicals for this product are 
located on the east third floor of Building No. 1 just above the reactor vessel 
on the second floor. These chemicals including water and sulfuric acid are fed 
by pipes to the reactor. When the NDPhA reaction is finished, it is errpt.ied 
into a decanter located on the first floor. The NDPhA, being a water insoluble 
COlp)und, is then separated fran the aqueous layer, drained, dried on a hot 
roller and packed as the final product into drums. It was reported that 30,000 
pounds of NDPHA were produced in this plant each nonth. 

The equipnent and starting chemicals for the BMCS production were also 
located in Building No. l; h01Jever, they were located on the west side of the 
building. The amine precursors, norpholine and a 40% aqueous solution of 
dirrethylarnine, were stored on the third floor and fed to.e,r,.cs reactor on the 
secorrl floor. After a BMCS production run, the reactor contents were 
centrifuged, transferred to the first floor and transported to the east side of 
the building for further drying. The BMCS drying station was in the same area 
and within a fe.1 feet of the NDPhA decanter and packaging area. 

In its production area, this plant has approxirrately 120 employees 
operating three shifts of 40 ercployees each •.. 

SAMPLING STRATB::;Y 
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Figure 10. The Locations of Air Samples and Concentrations of 
N-nitrosomorpholine (µg/m 3 ) in the Air Samples Collected 
on April 3, 1978, in Chemical Plant Building #1 of 
Rubber Plant C. 
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Air Samples 

During the first visit to this Plant on March 28, 1978, five area air 
samples were collected in three separate areas; one in the employees lunch roan, 
one in b..lilding No. 2 and three in wilding No, 1. In this initial air sampling 
no N-nitroso canpc:)lmds were detected in building No. 2 where PTMDQ was being 
produced, ho,.,ever, three N-ni troso a:npounds were found in the air in Building 
No, 1 and two were found in the air of the lunch roan. NDPhA and BMCS were 
being produced in Building No. 1 during the time that the air samples were 
collected. The nitrosarnines found in these air samples were: 
N-nitrosodimethylamine (NIMA), N-nitrosarorpholine (NMOR) and NDPhA. The 
presence of NDPhA in these air samples was not unexpected since this caupound is 
produced and packaged in Building No. 1. Smaller arrounts of NDPhA and NMOR were 
also found in the €11!)loyees lunch roan. 

In order to confinn these findings, ten rrore air samples were collected on 
April 3, 1978. One sample was taken in the safety office in the administrative 
building as a control. Another control was provided by sampling air a.itside the 
south side of Building No. 1. The other eight samples were obtained inside 
Building No. l; three each on the first and second floors, and two on the third 
floor. · During this sampling visit, the equipnent for the NDPhA production was 
not in operation because it was being cleaned, While nitrosarnines were not 
detected in either of the control samples (sample No. 6 and No. 7), NMOR, NIMA 
and NDPhA were again found in the other eight air samples collected inside 
Building No, 1. 

The third visit to this Plant on May 24, 1978 was to obtain further air 
samples in the N-nitrosodiphenylamine production area. The prirrary purpose of 
this visit was to obtain air samples for GC-MS analysis for N-nitrosarorpholine 
and to determine if artifact forrration of the discovered N-nitrosorrorpholine 
could have oca.1rred during sample collection or subsequent sample preparation. 
The sample for rrass spectral analysis was obtained by canbining the air samples 
collected in the 1N KOH traps. The artifact studies consisted of secondary 
amines spiking experirrents and varying sample preparation techniques. One of 
these artifact experiments was the direct analysis of a dichloranethane 
extraction solution of a 1N KOH trap without further sample preparation or 
concentration. 

Bulk Sanples 

On March 28, and April 3, 1978 a total of 15 bulk samples were collected 
along with the area air samples. Seven of these samples consisted of tv.e> 
chenical intennediates (raw materials) and five finished chenical products. The 
two raw rraterial samples were rrorpholine and a 40% aqueous solution of 
dirrethylarnine. The five chenicals consisted of four samples of BMCS and one of 
PI'MIX)-D, Five aqueous samples and three other miscellaneous samples consisting 
of two floor scrapings and a soil sample were also examined. 

RESULTS ANDDISCUSSICN 

Air Sanples 
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Air samples were collected on three separate occasions in Building No. 1. 
On all three occasions NMJR was found in the air with levels ranging fran 0.7 
µ g/m3 to 6. 8 11:3/m3 (Table 29) • NI:MA was also found in rrost of the area air 
samples with levels ·Of fran O. 05 µg/m3 to O. 5 µg/m3. Airoorne NDPhA, with 
levels ran:Jing £ran O. 2 µg/m3 to 4 7 µg/m3, was also found. This finding is 
not surprising since NDPhA is rranufactured at this facility. Air Sample No. 11 
indicated a level of 1230 µg/m3 of NDPhA, ha,.,ever, this ma.y be due to a spill 
of wash water containing ND~ onto the air sanpler. 

Raw Materials 

N-nitroscxlimethylamine (NIMA), at a concentration of 1.3 µg/g, was found in 
the 40% d:i.nethylami.ne sample, No. 2 and N-nitrosooorpholine (NMJR), at a 
concentration of 0.8 µg/g, was detected in the rrorpholine sarrple No. 12. These 
nitrosamine levels may be typical of nitrosamine contaminations found in 
industrial grade secondary amines ( 140, 141) • The results of all the bulk 
samples are sumra.rized in Table 30. 

Products 

.ISb N-nitroso canpound.s were detected in the sample of ~D. lo,/ levels 
of NMJR .were found in both the wet cake eMCS (Samples No. 13 and 15) and dry 
cake BMCS (Samples No. 14 and 16). The dry cake BMCS sarrples oontained alrrost 
twice as much NMJR as the wet cake, these samples were obtained. fran another 
plant. Arcong the four samples analyzed, the highest concentration_ of NMOR 
oh3,erved was only 1.0 µg/g (Table 30). 

water Sanples 

No N-nitroso canpounds were detected in the samples of city water, sample 
No. 10, and service water, sample No,11. Traces of NM:::>R were found in the 
samples of steam oondensate and waste water, these ooncentrations were 0.002 and 
0.003 i.g/g, respectively, NDPhA was, as expected, found in the aqueous phase of 
the decanter, and the level of NDPhA (732 ppn) observed was not surprising, 

Miscellaneous Samples 

'Ihe soil sarrple obtained a.itside Building No. 1 was found to oontain 4.4 
µg/g of NM:>R and 47 µg/g· of NDPhA. A scraping £ran the surface of the NDPhA 
reactor· contained. 5% of NDPhA.. A very high ooncentration of NM'.)R {731 µg/g) was 
found in a floor scraping sarrple that had been obtaine::l fran the staircases 
between the first and second floors of Building,No. 1. The Massachusetts 
Institute of Technology confirmed the presence of liMJR in this sarrple by GC-MS. 

J:M)R, ND1A and NDPhA were . all found in the air sanples collected inside 
Build.in; No. 1. Since NDPhA was one of the major products nanufactured in this 
Building, the finding of NDPhA was not unexpected. However, :NMJR and NCMA 
constitute contaminants in the factory air. The precursors for these 
nitrosamines are presurred to be either the rro:rpholine and dirnethylamine 
intenrediate or the final products made fran these amines. 'l\..o p:[i:> of NM:::>R was 
fa.ind in the steam condensate and frcm O. 4 · - 1. O ppn of NM'.)R was found in the 
product BM:S, 
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Table 29 

The Concentrations of N-nitrosomorphline (l~10R) N-nitrosodimethylamine 
(NDMA), and N-nitrosodiphenylamine (NDPhA) in the Air Samples Collected in 

Rubber Chemical Plant C 

Sample No. 

March 28, 1978 
4 

5 

1 
2 
3 

April 3, 1978 
6 
7 

8 
9 
10 

11 
12 
13 

14 
15 

May 24 1 1978 
3 

10 
11 

Location 

Lunch room 

Building 112 
PTMDQ washing area 

Building #1 
NDPhA reactor 
NDPhA decanter 
Dimethylamine crystalized meter 

Safety office 
Outside building #1, south 

First Floor, Building #1 
BMCS drier 
NDPhA decanter 
BMCS centrifuge discharge 

Second Floor, Building #1 
NDPhA reactor 
BMCS centrifuge 
BMCS reactor 

Third Floor, Building #1 
East wing of third floor 
Dimethylamine crystalized meter 

NDPhA reactor area 
NDPhA reactor area 
NDPhA reactor area 

Concentration in µg/m3 
NMOR NDMA NDPhA 

0.07 

ND ND 

4.1 0.2 
4.6 0.05 
0.9 0.2 

ND*.** ND 
ND ND 

O. 7 ND 
3.9 0.07 
1. 6 0.1 

6.8 ?* 
3. 4 o. 3 
3. 0 0. 3 

1.5 0.08 
4. 6 o. 5 

5.8 
4.0 
4.3 

ND 
ND 
ND 

0.7 

ND 

47 
12 
0.8 

ND 
ND 

0.3 
25 

ND 

1230** 
o. 2 
0.9 

17 
0.6 

ND 
ND 
ND 

* The presence of high concentration of NDPhA masked NOMA peak on GC-TEA. 
** Possibly contaminated with fluid containing NDPhA. 
*** ND - not detected 
Detection Limit = O. 05 1,1g/m3 
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·Table 30 

The Concentrations of N-n~trosodimethylamine (NDMA), N-nitr.osomorpholine 
(NMOR) and N-nitrosodiphenylamine (NDPhA) found in Various Bulk Samples 

Rubber Chemical Plant C 

Concentration in 1-1g/g 
Sample No. Sample Description NMOR NDMA NDPhA 

(1) Star.ting Chemicals 
2 40% dimethylamine 1.3 
12 Morpholine 0.8 

(2) Products 
5 PTMDQ D ND* ND ND 
13 BMCS, wet cake 0.4 
14 BMCS, dry cake 0.7 
15 BMCS, wet cake 

other producer 0.5 
16 BMCS, dr.y cake 

other producer 1.0 

(3) Water. Samples 
3 . Aqueous phase, 

NDPhA decanter 732 
7 Waste water 0.003 
8 Steam condensate 0.002 
10 City water ND ND 
11 Ser vice water ND ND 

(4) Miscellaneous Samples 
4 S.craping from surface 

of NDPhA reactor 50,000 
6 Soil, outside Bldg. #1 4.4 47 
9 Scraping from stair-

cases of Bldg. #1 731 15,000 

*ND= not detected 
Detection limit= 0.001 1-1g/g 
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Higher concentrations of NDPhA were generally observed in the east side of 
the building, where NDPhA was produced. Considering the concentration of NM:>R 
found in the dirt on the staircase of Building No. 1, very little of this v.ould 
be needed to produce the lunch rCX111 air level of 0.07 µg/m3. The results of 
the artifact control experi.nents indicate no evidence that N-nitroscrrorpholine 
was being produced as an artifact of either the air sarrple trapping techniques 
or the subsequent analytical procedures (21), 

Airborne NIMA concentrations were highest in the area where dirnethylamine 
was being stored. Morpholine was also stored in the vicinity of the 
dimethylamine tank, and, interestingly the concentration of NM'.)R in the air 
follo.,ed the distrib.ltion pattern of NIMA very closely, with NMJR levels being 
approxima.tely 10 times higher than NIMA levels in rrost air samples. The further 
away fran the dirrethylamine and rrorpholine storage areas that the air sarrples 
were collected, the lONer the airborne NIMA and NM:>R levels. The only exception 
to this was a sample collected near the NDPhA decanter, Sample No. 9. The 
distribution of NMOR in Building No. 1 has been Slllm\3.rized in Figure 10. The 
presence of airborne NMJR and NrMA in this Plant could be explained by the 
reaction of rrorpholine or dimethylamine with a nitrosating agent present in the 
air. The fonration of nitrosamines in air due to the nitrosation of secondary 
and tertiary amines by nitrogen oxides has been deronstrated (134-137,142). The 
r:ossibility of nitrosating a secondary amine by a transnitrosation reaction with 
NDPhA in the air has not been studied and, therefore, it is not i;:ossible to 
determine whether this route might be a contributing factor to the nitrosamine 
contamination in this Plant's atmosphere. 

A rrore likely site for the fonnation of NMOR and NIMA v.ould be on the floor 
of the building. Morpholine and NDPhA present together on the floor could, by 
transnitrosation (61), produce NMOR. High levels of NM'.)R were indeed found in 
floor scraping fran a staircase in this plant. The NM:>R found the soil sample 
outside the east side of the ruilding nay have also been formed fran the 
interactions of rrorpholine and NDPhA in the soil, 

The finding of airborne NM:>R in the lunch roan of Building No. 3 oould be 
due to workers transr:orting NMJR contaminated dirt fran the floor of Building 
No. 1. 

The scope of the present study did not generate sufficient info:i:mation to 
alla,,; the investigators to determine exactly ho,,r NMJR and NIMA were being fanned 
in this plant. We can, ha,,;ever, speculate that these nitrosamines were rrost 
likely being forrred fran a reaction between their respective secondary amines 
with airborne nitrogen dioxides fran the NDPhA reactor and by transnitrosation 
on the floor with NDPhA. NMJR contamination in the steam system and on the 
floor, might also be partly resi;:onsible for its presence in the air. Based on 
these assumptions, the follo.,ing recam1endations are rrade to reduce and 
hcpefully eliminate the NMJR contamination in the air of Building No. 1. 

87 



* Discontinue the nanufacture of NDPhA in b.Jildings YA1ere secondary or 
tertiary amines are used or stored. 'lb avoid transnitrosation, the floor should 
be cleaned frequently. 

* If rrorpholine is used in the steam system as a rust inhibitor, its use 
should be discontinued, especially in areas where high nitrogen dioxide levels 
can 'be expected. 

* Examine the :possibilities that the amines are being nitrated in the air 
by the nitrogen dioxide being generated durin;J the production of NDPhA. 

* Regular sanpling program to evaluate airtorne ooncentrations of moR. 

* This study was conducted prior to the NCI cancer-screening study of 
NDPhA W'lich found the ca:rp:>Und carcinogenic in rats at high doses. 
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RUBBER PLANT D 

The part of this Plant that was surveyed proo.uced aircraft and·farm 
equi~t tires. Due to the size of this Plant (b.Jilding with 8 to 10 floors 
covering several acres) and the limitations of time, -only th·e extrusion arid the 
curing operations of one of the product lines was surveyed for the presence of 
N-nitroso carpounds. The extrusion operations were located in Building 9A v.here 
approx:iJrately 20 =rkers were involved. At the tine of this survey there was 
only one shift \\Orking fran 6 A.M. to 2 P.M. The ext:r:usion process starts with 
rubber batchstock fran the storage area. This is first placed in a roller mill 
for warming and mixing, then it is milled to the proper size and noved to the 
extruder via a conveyor system. After extrusion the r_iboon of uncured tire 
tread rubber is CX)Qled in a water bath, cut to the desired length and then 
placed in trays (carding) to be later used for wilding tires. 

The curing cperations were located in Building 4A (Figure 11). These 
operations were divided into t"'° separate areas, one for the curing of srrall 
tires, the other for the curing of large tires. In each of these areas there 
were many tire curing machines. The tires are cured individually in nolds which 
force the crude tire to conform to the desired tire pattern while steam heat is 
used to accelerate the process. Tv.o to three hours at tenperatures of up to 
300°F are required to a:r!plete the curing process. 

SAMPLTIK} STAATEGY 

Air Sarrples 

Area air samples were collected at this Plant on four separate·visits. 'I\.Jo 
samples were collected on ooth March 27 arrl 29, 1978, 10 samples were collected 
on April 4, 1978 and 13 nore on May 23, 1978. The four visits to this Plant 
were made to re-confirm the finding of N-nitrosarorpholine (Nr-OR) in the air 
samples and to obtain samples for GC-MS analysis. Sane of the samples collected 
on May 23, 1978 were to determine if the discovered Nr-OR could have been forrred 
as an artifact of the sampling or analytical rrethoo.s. These artifact tests 
consisted of adding nitrosatable amines to the 1N KOH iIYpinger traps and 
altering the analytical procedures to minimize the p::,ssibility of inadvertent 
forrration of nitrosamines. 

Bulk Sarrples 

On March 27, 1978, tw:, b..llk sarrples were collected along with the area air 
samples. The tw:, samples consisted of a rubber tread batchstock before it is 
milled and extruded and after is is extruded. 

RESULTS AND DISCUSSION 

This study focused on the manufacture of aircraft tires because, at this 
plant, a nitrosamine, N-nitrosodiphenylamine (NDPhA), is included in the 
carq:ounding of sane of the batchstock rubber used for ITEking the tire treads. 
The process areas selected for air sampling included, batchstock rubber milling, 
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Figure 11. Location and Concentration (µ /m 3 ) of N-nitrosomorpholine in 
Rubber Plant D. 
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tire tread extrusion, rubber warm-up and mixing mills and the tire curing TIDlds. 
During the first visit to this Plant one air sample was collected close to the 
tire tread extruder and a second sample was collected near the rubber batchstock 
wann-up mill in Building 9A. Tuo days later on March 29, 1978, tv.0 air samples 

· were obtained near the tire curing presses in Building 4A. Airborne 
N-nitrosomorpholine (NMJR), at concentrations ranging fran 1.7 to 4.9 µg/rn3, 
was found in these plant areas (Table 31). In order to confirm these findings 
and to sample other areas, 10 nore air sarrples were collected during the 
follo..Jing week, April 4, 1978. One of these samples was collected outside the 
factory as a control. A second control sample was placed in the administration 
wilding. This area, hONever, was connected to the process area being sampled 
by a 200' corridor. No nitrosamines were detected in the outside control sample 
but 1. 0 i.g/rn3 of airborne NM:lR was found in the air in the administration 
area. The other samples collected during this visit were collected in the same 
areas of the previous visits. Five air sanples were collected at various 
locations along the extrusion process and three were obtained in the curing 
area. While these samples were being collected a batchstock tire tread 
formulation containing NDPhA was being extruded and tires containing this rubber 
were being processed in the srrall tire curing TIDlds. NMOR was again detected in 
every air sample with levels in the extruder area ranging fran 1. 3 µg/rn3 to 
·3.3 ug/rn3 and levels in the tire curing area ranged fran 0.6 \Jg/m3 to 7.1 
µg/m3. 

The distribution of the airborne NK>R in the extrusion area was fairly 
uniform, hc,,.,1ever, this was not the case in the tire curing area (Figure 11), 
While the NM:lR levels ·in the OJring area were higher than in the extruder area, 
a level of only 0.6 µg/m3 was detected in the tire finishing and inspection 
area. This area is located in close proximity to the curing area, b..lt, it was 
noted that the windo,.,s in this area were cpen and that a windON fan was drawing 
in outside air at the tine that the sample was being collected. 

Neither of the 1:ulk samples of the batchstock rubber contained measurable 
levels of either NM)R or NDPhA. The detection limit for the analytical 
procedure used was 0.2 µg/g. Since NDPhA and a 11Drpholine containing 
accelerator were CCJ1l)Ounde::l: in this rubber sample we conclude that the 
analytical procedure used for this analysis either was inappropriate or that the 
NDPhA was not, as reported, ccmpounded into this rubber mix. 

Within the limited scope of this study, the source of the airborne NMOR was 
not ascertained. HONever, several posibilities can be r:ostulated, The NMJR rray 
be forrred within the rubber by transnitrosation reactions involving NDPhA and 
either the TIDrpholine accelerator or free rrorpholine. It is also possible that 
preforrred NM:)R rray be present in the accelerator a:rnpound and this is being 
released during the mixing, extruding, and heating of the rubber. Sane of the 
free rrorpholine outgasing from the rubber as the accelerator deccmposes, may be 
reacting with airborne nitrogen oxides to fonn NMJR, 

A fourth visit to this Plant on May 23, 1978 reconfirmed the earlier 
findings of airborne NMJR. During this sampling visit levels·as high as 27 
µ9/rn3 of NM:JR were found in close proximity to the tire tread extruder in 
Building 4A. A total of six area air samples were collected - four in the tire 
curing area and tv.o in the extruder area. The levels of airborne NM)R in the 
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Table 31 

The Concentration of N-nitrosomorpholine in the Air of Rubber Plant D 

Sample No. 

Mar.ch 27 
1 

2 

March 29 
3 
4 

April 4 
6 
14 

10 
9 
8 
7 
5 

13 
11 
12 

May 23 
3 
5 
6 

7 

12 
13 

Location 

Nor.th side of 
cu1'."ing press H6 

South side of 
curing press H6 

Extruder 
Warm-up and mixei:-

0 utside the plant 
A dministi:-a tive office 

Building 9A 
B atchstock storage area 
Warm-up and mixing 
Extrusion 
Cooling 
Cutting 

Building 4A 
Large tire curing 
Small tire curing 
Inspection and finishing 

Large tire curing 
Large tire curing 
Extruder in building 4A 

7:00 am to 9:32 am 
Extruder in building 4A 

9:40 am to 11:15 am 
Large tire curing room 
Large tire curing room 

N.D. - None Detected - detection limit 0.05 µg/m3. 
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NMOR 
Concentration 

(µg/m3) 

4.9 

2,2 

1. 7 
2. 2 

ND* 
LO 

2. 5 
1.3 
2.4 
3.3 
2.2 

7.1 
4.6 
0.6 

2. 3 
3.0 

27. 0 

12.0 
2.5 
2. 8 



extruder area were 12 and 27 JJ g/m3 and in the curing area the levels ranged 
fran 2.3 to 3.0 JJg/m3. The results of the artifact test air samples indicated 
that the sampling and analytical procedures used in this study were artifact 
free. A portion of these samples were examined by GC-MS and the presence of 
NMJR was confinred. 
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RUBBER PI.ANT E 

Th.is Plant produces about 12,000 passenger and tnick tires daily. The 
plant '\Aas 1:::uilt about 1935 and was later acquired by its present nianagerrent. 
The plant has about 900,000 square feet of i,..ork space with 1350 people on its 
payroll, 1150 in produetioo and 200 in administration. The Plant's eJll'loyees 
..«::1rk 3 shifts with al:out 450 on 83.ch shift. 

SA.~ING STRATEGY 

The principal areas surveyed for N-nitroso ccrrpounds were extruding and 
curing. In addition, an air sarrple was taken inside a srrall tire just as it 
came rut of the curing press. In this survey an attempt was made to determine 
roth the anount of N-nitroso C'OITpOLll"rl in the areas sampled, and the process that 
may be resp:::insible for this presence. To this end we located air sanplers as 
close to suspected prcx:::esses as possible and collected area air san:ples in the 
same general ·area. All of the area air sarrples w"ere collected using b:>th 
'llterno.5orb/N air samplers and side-by-side 1N KOH inpinger. The prcx:::ess air 
sarrples w"ere a::>llected using ThernoSorb/N air sarrplers alone. See Table 32 for 
sample location. 

Air Samples 

On September 19, 1978, a total of 20 air samples were collected at this 
Plant. Sixteen of these sanples were area air sarrples collected by the use of 
l:oth solid sorbents and 1N KOH solution. 'I\..u.of these sartJ?les were collected by 
the use of Tenax"'-GC solid sorbent, 11 were collected using ThernoSorb/N air 
sampling cartridges and seven were OJllected using 1N KOH i.npingers. 

ThernoSorb/N air sample cartridges were used with roth Bendix Cll5 air 
pumps and a 10 L/min metal bellCJ.\1S p..lITp equipped with a Hastings mass flo.v 
mater~ The air flON rates ranged fran 2 L/m:in to 7 L/min depending UfX)l'l the 
purrp used. 

The Tenax-GC tubes were also nounted on Bendix Cll5 pumps q,erating at 
abc>ut 3 L/min for al:out 3 hours. The Tenax:-GC tubes consisted of glass tubes 20 
nm x 80 mm packed with Tenax"'-GC sorbent. The Tenax sarrples were collected in 
the sma.11 tire curing are:i next to samples No. 1A and No. lB. 

Fourteen of the air sanples consisted of side-by-side sets of ThernoSorb/N 
air sarrpling cartridges arrl 1N KOH traps. These sets of pllJTPS were used as area 
air sarrplers and were operated at 2-3 L/min for about 3 hours. The rsnaining 
four air samples were specific process sanples taken using TheI1TOSorb/N 
cartridges and an air flew rate of about 7 L/min with sampling times of fran 10 
to 15 min. 

RESULTS AND DISOJSSIOO 

With the exception of sample 7B, all of the samples collected in this Plant 
contained N-nitrosarorpholine (NM::>R) and three of then contained measurable 
anounts of N-nitrosodimethylamine (Table 32). The ~R arrount in the area air 
samples ranged fran O. 25 µ g/..;J to a.l.m:Jst 3 µg/m3. The JSK)R levels found in 
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Table 32 

The Air Concentration of Nitrosamines in theAir of Rubber Plant Eon 
September 18, 1978 

Sample No. 

lA 

lB 

2A 
2B 

3A 

3B 

4A 

4B 

SA 
5B 

6A 

6B 

7A 
7B 

8 

9 

10 

11 

Sample Type 

ThermoSot"b/N 

lN KOH 

ThermoSorb/N 
lN KOH 

ThermoSorb/N 

lN KOH 

ThermoSorb/N 

lN KOH 

ThermoSorb/N 
lN KOH 

ThermoSorb/N 

lN KOH 

ThermoSorb/N 
lN KOH 

ThermoSorb/N 

ThermoSorb/N 

ThermoSorb/N 

ThermoSorb/N 

Tenax-GC 

Tenax-GC 

Location 

Center of north curing' 
r.oom 

Z - calendar 

center of truck tir.e 
curing 

East side of truck curing 
r.oom near ceiling 

Truck tread extruder 

Warm up mill for truck 
tread extruder 

Outside near gate house 

Small tire curing in 
hot tire out of 

curing mold 
rnside ·a large air duct 

at north end of truck 
tire curing area 

Tire tread extruder 
where mill rubber 

enters the extruder 
Exit of large tire .tread 

extruder 
Center of small tire 

curing 

N.D. - None Detected - Detection limit 0.1 µg/m3 NDMA 

N.A. - Not Analyzed 
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Nitrosamines in µg/m3 
NOMA NMOR 

0.24 o. 52 
N. D. 0,24 

N.D. 0,34 
N. D. 0,64 

N. D. 1.1 
N. D. 1,3 

N.D. 1.1 
N.D. 1.1 

N.D. 2.4 
N. D. 2.0 

N.D. 2, 8 
N.D. 1,9 

N. D. 0,08 
N. D. N,D. 

N.D. 6. 6 

N. D. o. 24 

1.7 7.2 

1.7 8,5 

N.A. N.i\. 
N.A. N.A. 



the air in close proximity to specific processes ranged fran 6.6 µg/m3 to 8. 5 
·µ g/m3. A steel traction sno.v tire was rem::ived £ran one of the C'Uring rrolds 
and an air sample (Sarrple No. 8) was taken inside the body of this hot tire 
where Nr-DR was found at the .6. 5 µ g/m3 level, 

Sanq:,les No. 10 and No. 11 were both collected at the sa.roo tuber (tire tread 
extrnder) • Sanq:,le No. 10 was taken inside the hopper where the rubber fran the 
mill enters the extruder. The levels found in the sanple were 7. 2 µ g/m3 for 
NM.)R and 1, 7 µg/m3 for NrMA. Sanple No. 11 was taken near the head of the 
tuber (exit of the large tire tread extruder) where the ribl::on of rubber for 
tire treads is extruded. The levels found in this sanq:,le were 8, 5 µg/m3 of 
NY-OR and 1. 7 µg/m3 for NCMA. An area air sample taken at this location 
contained 2,0 to 2,4 µg/m3 NMOR, while NI:MA was not detected. 

Fran this data it appears that the airoorne nitrosamines are being released 
into the air fran the rubber. Hew or why the nitrosamines are in the rubber is 
not known at this time. However, the precursor amines, rrorpholine and 
dimethylamine are used extensively in rubber a:rrpounding ingredients as tertiary 
amine accelerators. Nitrosating agents such as N-nitrosodiphenylarnine (NDPhA) 
and. even sodium nitrite are also used in rubber cxnpounding. The two Tenax-GC 
samples were sent to an independent lal::oratocy for analysis by GC-rrass 
·spectroscopy. This laboratory refX)rted that the sarrples were damaged in transit 
and as a result no dat4 were obtained fran these sarrples. 
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RUBBER PLANT F 

·This facility produces about 12,000 replacement passenger radial and bias 
belted tires per day. The Plant was built about 1929. The size of the Plant is 
ah::ut 1,300,000 square feet with 800 people on its payroll, 650 in production 
and 150 in administration. The Plant's errployees v.Drk three shifts with about 
250 on each shift. 

SAMPLING STRATEGY 

The principal processes surveyed for N-nitroso carpounds were the extruding 
area and tire curing area. In addition, an air sample was taken inside a srrall 
tire just as it came out of the curing press. During this survey, the purpose 
was to determine not only the amount of N~nitroso carp::,und in the area air 
samples 1:::.ut also where in the tire rranufacturing process they may be caning 
from. To this end, air samples were taken close to suspected processes and 
collected area air samples in the same general area. Two curing areas were 
selected for sampling; one was a radial passenger tire curing rcx::rn and the other 
curing area processed bias belted tires. 

Air Samples 

On .Septanber 20, 1978 a total of 20 air samples were collected at this 
plant, 14 were area air sarnples and six were specific process air sarnples. The 
air samples were collected by use of TherrroSorb/N air sampling cartridges, lN 
KOH inpinger traps and Tenaxffl-GC cartridges. Bendix Cll5 air pumps and a 10 
L/min rretal bella.vs pump e:ruipped with a Hasting 102 mass fla.v meter were used 
to draw air through the air samplers. Air fla.v rates ranged from 2 L/min to 7 
L/min depending on the pump used and the type of sample being collected. The 
Tenax-GC tubes were rrounted on Bendix Cll5 pumps and air was drawn·through them 
at about 2 L/min for about 3 hours. The Tenax tubes consisted of · 
glass tubes 20 mn x 80 mm packed with Tenax"'-GC sorbent. The Tenax-GC sarnples 
were collected near the 1010 extruder along with samples No. 13A and No. l3B. 

'I\.Jelve of the air sarnples consisted of side-1:¥ side-sets of TherrroSorb/N 
cartridges and 1N KOH traps. These sets of sarnples were collected using Bendix 
Cll5 pumps operated at 2 to 3 L/min for about 3 hours •. The remaining six air 
samples were taken using TherrroSorb/N air sampling cartridges and a high volume 
air pump. The air flo.v rate was about 7 L/min with sarnpling tirres of fran 10 to 
15 min. 

RESULTS AND DISCUSSION 

All of the air samples collected in this Plant contained 
N-nitrosorrorpholine (NMOR) and 11 of them contained measurable arrounts of 
N-nitrosodimethylamine. The NMOR arrount ranged from 0.10 vg/m3 to alrrost 4 
vg/m3 for the area air samples (Table 33). The NMOR levels found in the air 
in close proximity to specific processes ranged fran 0.4 vg/m3 to 9.2 vg/m3 
(Table 34). In the four process air sarnples, N-nitrosodirrethylamine was found 
as high as 2. 0 vg/m3. A bias belted tire was reroved fran the curing rrold and 
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an air sample taken inside the lx:tly of the hot tire, NMJR was 'found at the 1.5 
µg/m3 and NrMA at 0.6 µg/m3. · 

Samples No. 20 and No. 21 were both taken at the same tuber ( 1010 tire 
tread extruder). Sample No. 21 was taken inside the hc:pper where the rubber 
fran the wann up mill enters the extruder while san;ile No. 20 was taken at the 
exit of the extruder where the extrudoo tire tread emerges. The levels found in 
these samples ranged fran 1.5 to 9.2 µg/rn3 for NMJR and fran ND (Not Detected) 
to 2, 0 µg/m3 for NI:MA, · The air at the eni:.race of the hopper oontained less 
nitrosamines than did the air at the extruder exit. 

In all cases the highest levels of nitrosamines were assc:x.:iated with l::oth 
heating and increasing the surface area of the rubber stock. 
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Table 33 

Results of Area Air Samples Plant F 

Nitrosamines in µg/m3 
Sample No. Sample Type Location NDMA NMOR 

1 Tenax @n top .of 1010 extruder NA NA 
2 Tenax On top of 1010 extruder NA NA 

12A ThermoSorb/N 4 roll fabric calendar 
pull rod stand 0.16 0.17 

12B lN KOH .. 0.18 0.08 

13A ThermoSorb/N 1010 extruder 0.15 3. 9 
13B lN KOH 0.10 3.2 

14A IN KOH l!lianbury dump mill ND o. 65 
14B lN KOH 0.1 0.90 

15A ThermoSorb/N Center of small tire curing 0.03 1. 5 
15B 1N KOH .. o.os 0.55 

16A ThermoSorb/N Bet ween curing press RC & ·Qu ND. o. 62 
16B lN KOH UNK UNK 

17A ThermoSorb/N Roof of building E ND 0.02 
17B lN KOH ND ND 

NA - Not Analyzed (sample saved for GC-MS analysis) 

ND - None Detected 

UNK - lost sample 

detection limit 0.05 µg/m3 depending upon volume of air sampled. 
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Table 34 

Results· of Process Air Samples Plant F 
I. 

Ni trosamines in µg/m3 
Sample No. 

18 

19 

···20 

21 

22 

23 

Sample Type 

ThermoSorb/N 

ThemoSorb/N 

ThermoSorb/N 

ThermoSorb/N 

ThermoSorb/N 

· ThennoSorb/N 

Location 

4 t"oll gum calendat" stock 
F32/F72 in process probe 
is 6" fl."om rubber on t"olls 

No. 4 banbury drop chute 
from mezzanine level. 
Mixing T-26 snow tread 
stock at time of sample 

Probe located 18" from exit 
of 1010 extruder and 3-4" 
from rubber stock T26/T55 
being extruder (radial snow 
tread) 

1010 extruder where rubber 
stock enters the hopper 

4.5/4 •. _5 duplex extruder 
side wall tuber. At time 
of sampling T47/TSS radial 
side wall being extruded 

Sample taken inside a bias 
belted tire. The tire had 
just been removed from a 
curing pl'.'ess 

* ND - None Detected, detection limit 0.05 µg/m3 (NDMA). 

100 

NDMA NHOR 

0.16 

ND* 

2.0 

ND 

1.4 

0.6 

2. 9 

0.41 

9.2 

1.5 

1.1 

1.5 



RUBBER PI.ANT G 

The major products of this Plant are passenger tires, truck tires, 
recreational vehicle tires and mining tires. The original buildings were 
constructed in the 1890' s and additions were added to them in 1942. The total 
floor size of the Plant is 1,656,896 sq. ft. This Plant employs 1736 people, of 
these, 1450 people v.0rk in production and 286 in administration. The Plant 
operates three shifts, five days a week. 

SAMPLING SfRA'I'EGY 

The principle areas surveyed for N-nitroso ccrnpounds were extruding and 
curing, hc:wever, air samples were also collected near surfaces of hot tires as 
they were released fran the curing presses. This survey attempted to determine 
not only the arrount of N-nitroso canpounds in the area samples but also where in 
the process they may be caning fran. To accrnplish this air samples were 
collected close to suspected processes and area air samples near these 
proceses. 

Air Samples 

en September 22, 1978, a total of 21 air samples were collected at this 
Plant. Fourteen of these samples were area air samples collected by the use of 
TherrroSorb/N air sampling cartridges and 1N KOH solution. 'I\,;o of these samples 
were collected by the use of Tenax'"-GC solid sorbent. The other seven air 
samples were all collected close to specific processes. 

The ThenroSorb/N cartridges were used with both the Bendix Cll5 air pumps 
and a 10 L/min rretal bello,.rs p.mp equipped with a Hastings mass flCM meter. The 
air flew rates ranged fran 2 L/min to 7 L/min depending upon the purcps used. 

The Tenax-GC tubes were rrounted on Bendix Cll5 pumps and air was drawn 
through them at about 3 L/min for about 3 hours. The Tenax-GC tubes consisted 
of glass tubes 20 mn x 80 mm packed with Tenax-GC solid sorbent. The Tenax-GC 
samples were collected on the first floor of Building No. 27 next to the No. 8 
tuber, directly adjacent to samples No. 25A and No. 258. 

'I\o,'elve of the air samples consisted of side-by-side sets of TherrroSorb/N 
air sarrpling cartridges and 1N KOH traps. These sets of purrps were used as area 
air sarrplers and were operated at 2-3 L/min for about 3 hours. The rem:1.ining 7 
air sarrples were collected using ThenroSorb/N cartridges and a high volume air 
pl.Ullp. The average air £lo.,, rate was about 7 L/min with sampling tirres of fran 
10 to 15 min. 

RESULTS AND DISCUSSION 

Six of the 12 area air samples contained N-nitrosanorpholine (NM)R) ranging 
in arrount fran 0.03 µg/m3 to 0.60 µg/m3 (Table 35). 'I\,;o of the sarrples also 
contained measurable arrounts of N-nitrosodirrethylamine (NIMA). In sarrples Nos. 
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25A and 25B N-nitrosodiethylamine (NDF.A) was also found. The arrount of NDFA 
fcund in sample No. 25A was 1.4 µg/m3 carpared to 0.13 µg/m3 for No. 25B. 

Fcur of the seven process ail:' sanples contained NM)R with annunts ranging 
fran O. 73 J.g/m3 to 22.0 µg/m3 (Table 36). The highest levels of 22 µg/m3 
was fourrl near the No. 2 extrusico head. A sarrple taken directly on the surface 
of a hot recreational vehicle tire ex>ntained 1.4 µg/m3 NMJR (Table 36). In 
all cases, the highest levels of nitrosamines were associated with processes 
involving l:oth heating and increasing the surface area of the rubber stock. 
Analysis of sare of the. air sanples t¥ both GC-TEA and HPU:-TEA has detected 
several unkno,,m TFA resp:::msive carp:::,unds. 'Ihirteen of the 19 air sanples 
analyzed by GC-TFA, were found to contain tv.O unkno.vn peaks, one of which eluted 
fran the GC-colurm 'between NDPA (N-ni trosodipropylamine) and NDBA 
(N-nitrosodil:utylamine). When ccnpared to NDPA the concentration of this 
unknc,.,m ranged £ran O .1 µg/rn3 to 15 l,.lg/m3. The second unkno,,m peak eluted 
fran the ·GC after N-nitrosarorpholine, ha.-,ever, no attenpt. was made to 
quanti tate this carpound. · . A catp:)Si te of the air sanples was evaporated to 
dryness and the residue re-dissolved in r:cM and analyzed by GC-TFA - no peaks 
were ob:l.erved, i.e. the volatile carp:::,unds including the nitrosainines were lost 
during the eva.p:,rating. A fraction of this _residue was adjust~ to pH 3 and 
sodium nitrite added. Analysis of this reaction mixture revealed the presence 
of 4 peaks (N-nitrosodiethylamine) NDF.A, (N-nitrosarorpholine) NM)R and 2 other 
peaks corresponding. in retention time to the b,,o unkno,,m canpounds. This test 
indicated the presence of nonvolatile nitrosamine precursors in the sarrple and 
that the t,,.,io unkno..m TEA responsive carpounds are indeed nitrosation products. 
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Table 35 

Result's of Area Air Samples - Rubber Plant G 

Nitrosamines in µg/m3 
Sample No. Sample Type Location NMOR 

1 Tenax TM First floor,. bldg. #27 
near #8 tuber NA 

2 Tenax TM First floor, bldg. .1127 
near 118 tuber NA 

25A ThermoSor.b/N First floor, bldg. #27 
near #8 tuber 0.38 

258 1N KOH 0.18 

26A ThermoSorb/N D-unit near 1139, #40 N. D. 
26B lN KOH N. D. 

2/A ThermoSorb/N H2 extruder, bldg. #27 · o. 49 
27B lN KOH o .• 53 

28A ThermoSorb/N. 1!4 tuber extruder. Q.60 
288 lN KOH N. D. 

29A ThermoSorb/N A-unit bldg. 28 near 
bagamatic presses N.D. 

29B lN KOH .. N.D. 

30A ThermoSorb/N C-unit row 5 near 9 
and 10 heater room 0.03 

30B lN KOH N.D. 

NA - Not Analrzed (sample saved for GC-MS analysis). 

N.D. - None Detected, Detection Limit 0.01 µg/m3 (NDMA). 

* NDEA - N-nitrosodiethylamine 

A & B samples are side-by-side samples. 

103 

Other Nitrosamines 

NA 

NA 

1.41 NDEA* 
.13 NDEA 

N.D. 
N.D. 

N.D • 
. 0.03 NDMA 

N. D. 
N.D. 

N. D. 
N.D. 

N.D. 
N.D. 



Sample No. 

31 

32 

33 

34 

35 

36 

37 

Table 36 

Results of Process Air Samples-Rubber Plant G 

Sample Type 

ThermoSorb/N 

ThermoSorb/N 

ThermoSorb/N 

ThermoSorb/N 

ThermoSorb/N 

ThemoSorb/N 

ThermoSorb/N 

Location 

No. 8 extruder stock 
10566/12605 in process 

No. 7 extruder stock 
12766/13405 

No. 12 extruder head 
DTW extrusion stock 
14005/14126 

Building 33, No. 40 press 
mining tires, tire size 
15219-525 

No. 2 tuber warm up mill 
stock B20 14005/4 

0 n surface of hot RV tir.e 
tir.e code 6479-762-RV 

No. 4-T center stock feed 
mill stock 42066 

N.D~ - None Detected, detection limit 0.1 ·µg/m3 (NMOR). 

* HPLC-TEA analysis confirmed the presence of this compound. 

1,04 

NMOR µg/m3 

N.D. 

N. D. 

22.0* 

N.D. 

0.73 

1.37 

0.97 



RUBBER PI.ANT H 

This tire plant produces bias-ply passenger, truck, and off-road tires 24 
hours per day, 7 days per week. On the average, the Plant uses 6000 batches of 
rubber per rronth for passenger and off-road tires, and 2000-2, 500 batches per 
rronth for truck tires. Batch weights range between 400-500 pounds each. During 
the manufacture of truck tire tread and bias-ply rubber approxirrately two pounds 
of NDPhA, a retarding agent which controls the time of rubber cure, are added to 
each rubber batch. In August 1979, short tenn workplace air samples 
(approxirrately 2 to 3 hours) of truck tire rubber batches were collected. On 
subsequent visits v.0rkplace air sarrpling was longer (approxirrately 5 to 7 
hours), and included passenger tire rubber batches (65 to 75.percent of all 
batches sampled) which did not contain NDPhA. Nitrosamines found during these 
surveys were prirrarily in "hot process" areas where rubber is heated cy friction 
and canpression fran milling, extruding, and ruring cperations. The milling and 
calendering tercperatures range fran 200-230°F, while extruding and curing 
operations range fran 300-350°F. The tenn "process sampling" used in .this 
report, refers to \\Orkplace air sarrples collected approxirrately one foot away 
fran a tire rranufacturing process. The \\Ord "calendering" refers to the 
sandwiches rubber onto nylon fabric to rrake the plies for bias-ply tires. 

This study covers four separate survey visits made to this single tire 
plant. The results strongly suggest that NMJR may be generated by 
transnitrosation of rnorpholine by NDPhA when these two chemicals are used 
together. The chemical structure of four nitrosamine canpounds found in this 
tire plant and three typical vulcanization accelerators and stabilizers used in 
the tire industry are in Figure 12. 

Efforts to irrprove the \\Orker environment through engineering controls and 
chemical substitution, arrl the results of a brief survey of biological sarrples 
(blood, urine, and feces) obtained fran the v.0rkers during two of the NIOSH 
visits are also reported. 

SAMPLING STRATffiY 

Air Sanples 

Airborne nitrosamines \\ere collected with TherrroSorbm/N air samplers 
connected to battery-operated pumps (DuPont rrodel P4000) which had been 
calibrated using 500 ml 1:ubble b.rrettes. The fU!llPS \\ere operated between 1. 5 
and 3.0 1/min. Air sarrpling tirres ranged fran 1 to 8 hours. The air collectors 
were tightly capped and returned to the laboratory for analysis of nitrosamines. 
They were eluted with 2 ml of rrethanol:dichlorcrrethane (1:3, v/v) - and directly 
injected into a gas chranatogra:r:h (GC) and/or high performance liquid 
chraratograph (HPLC), each equipped with a TFAffl Analyzer. 

Biological Sanples 

Biological sarrpling was attE!lpted at this plant because it had the highest 
levels of nitrosamines. There were three types of biological sarrples obtained 
fran workers at the plant: urine, whole blood and feces. All urine and blood 
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NITROSAMINES 

°' /\ 
N-N = 0 0 N-N = 0 

OJ \__I 

N-Nitrosodiphenylamine N-Nitrosomorpholine 

0-N=O 
N-Nltrosodi meth ylam I ne N-Nitrosopyrrolidine 

VULCANIZATION ACCELERATORS 

4-Morpholino 2 Benzothiazole Disulfide 

s---

2(2,6-Dimethyl ,4 Morpholinethio) Benzothiazole 

Tetramethylthiuramdisulfide 

Figure 12. N-nitrosamines Found in the Air of Rubber Plant H and Some 
Typical Vulcanization Accelerators and Stabilizers Used in 
the Tire Industry 

106 



samples were internally "spiked" at the factory with 1 µg/ml of a 
nitrosopiperidine (NPiP) standard. NPiP was used for spiking because it has a 
similar stability and recovery characteristic to nitrosarorpholine, and to 
provide a means of gauging the accuracy of the analytical methods. Due to the 
inability to perfonn harogenous mixing on site, the feces samples were not 
spiked until they were thawed u.ron return to the laboratory. Ethyl acetate 
extracts of urine samples were examined for the presence of 
N-ni trosodiethanolamine (NDElA) , a metabolite of NM'.)R, by HPLC-TFA. All samples 
were irnrrediately frozen at the plant (-80°C) and kept at this temperature until 
analysis. 

Urine Samples 

Analysis for NM:JR. Ten ml of thawed urine were placed on a Preptube"' 
cartridge (Therrro Electron Corp.) and eluted with 60 ml of dichlororrethane 
(OCM). The Preptube was pre-wet with 0CM before receiving the sample. The 
resulting solution was concentrated to a volurre of 1 ml at 55°C using a 
Kuderna-Danish apparatus. The concentrate was analyzed for NMOR by GC-TEA. 
Recoveries of the internal standard (NPiP) were typically 80-100% 

Analysis of NDElA. Ten ml of the thawed urine were placed. on another 
Preptube, pre-wet with ethyl acetate. The saJ!l)le was washed with 60 additional 
milliliters of ethyl acetate and the effluent dried (rotary eva.rorator) to 1 
milliliter. It was then analyzed by HPLC-TEA using a HN2 column eluted with 
isooctane:dichlororrethane:methanol (60:30:7). Recoveries for NDElA using this 
method were approximately 70%. The i:ercent recovery was judged by an internal 
spike of N-nitrosodipropanolamine. · 

Blood Sa!1l)les 

Ten ml blood samples were analyzed for NM:JR, using the method described for 
urine samples. Recoveries of the NPiP standard were rrore variable, ranging fran 
32 to 87%. 

Fecal Sarrples 

'Iwenty to 45 grams of samples were weighed out and ground to a fine p:,,,,'der 
in a blender containing liquid nitrogen. The resulting harogenate was placed in 
a 500 ml distillation flask with 50 milliliters of mineral oil (containing 1 
mg/ml of -tochoperol (to prevent nitrosation during distillation) and allcwed 
to thaw. The contents of the flask were mixed with 500. ng of NPiP to determine 
the recovery of the rnethod, The feces sarnples were distilled under a vacuum of 
2.2 torr at up to 130°C for 1 hour. Recoveries of NPiP were lo.v, approximately 
20%. 

RESULTS AND DISaJSSION 

Air Sanples 

Airborne levels of NMOR, NI:MA, and NPYR were found during the first visit 
to this tire manufacturing plant. One process air sample, collected at a 
feedmill, contained 250 µg/m3 of NMOR. Maximum concentrations of NIMA and 
NPYR found in the hot process area were 4.4 µg/m3 and 3.4 µg/m3, 
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respectively. Over the follo.,.ling· 7 rronths, ventilation inprovements and changes 
in chemical fo:anulation of the rubber resulted in a 200-fold reduction in NMJR 
levels and elimination or reduction of other nitrosamines at most sites. 
Results are sho,,n in Figure 13 and Table 37. 

Personal (breathing zone) air samples obtained in October 1979, sh~ feed 
mill and calendering q;,erators to be rrost heavily eXJ.X>Sed to nitrosamines: one 
\o.Drker hc;d a time-weighted average Nl'OR exposure of 25 µg/m3. Workers in 
other hot processes such as wann-up mills, extruding machines, and curing 
processes were detennined to have substantial personal exposure to air1:orne 
nitrosamines (Table 38). Personal ex.EX)sures to' airoorne NM::>R and NrMA. were also 
detected in the truck tire blilding and tire shipping area. Although these 
ni trosami.ne levels are not very high ( 1. 9 µg/m3 ~ O .1 µg/m3 NI:MA) , they 
denonstrate the residual effect of nitrosarnines-still volatilizing off fran 
storage of freshly cured tires. When ccnpared to passenger tire ruilders, truck 
tire builders on the average had 3 times the NMOR exposure even though 4 to 5 
passenger tires could be b.Jilt to every truck tire. 

By November, 1979, there were strong indications that the source of the 
high levels of air1:orne NM'.JR was the thernal decarposi tion of the retarding 
agent NDPhA., and. the subsequent react.ion of its nitroso group with other rubber 
additives (preformed rrorpholine o:np:::)Unds). The results were rrost striking when 
t'iAO· short term air samples were collected fran the feedmill arrl calendering area 
- one rubber batch contained NDPhA, and the other did not. Nr-OR levels fran the 
NDPhA batch were 14 times higher (120.3 µg/m3) than the rubber batch without 
NDPhA.. In December 1979, ventilation irrproveJll9IltS (3-sided canopy enclosures 
and new fan notors) to the feed mills which process rubber for the calendering 
of bias-plies, and installation of local exhaust on the tap and oottan of the 
tire· tread extrusion rrachines, significantly reduced airoorne nitrosarnine 
exposure (Tables 37 ,38). By February 1980, a phthalirnide derivative was 
substituted for NDPhA. In the feed mill and ·calendering area, this resulted in 
a 99.5% NM)R reduction in process ·sarcple concentration If.hen carpared to the 
August 1979 results, and a 96% NMJR reduction in the highest personal exposure 
vm.en carpared to the October results. In the sarce·area, NPYR, which had 
measured 3.4 µg/m3 in August and 3.9 JJg/m3 in ·actober, was not detectable 
after rerroval of NDPhA. In general, the NPYR levels usually were detected when 
high levels of NMJR were found and were not detectable when NMOR levels 
diminished. The appearance arrl disappearance of NPYR seemed to be related to 
NDPhA, but the source of NPYR in these sanples is not yet kno,m. NrMA levels 
did not decrease substantially between August 1979 and February 1980. In fact, 
NIMA and NM)R levels increased slightly in the tire tread warm-up mill area. We 
suspect ~at the reason for the increase is due to a higher percentage of rubber 
stock containing NIMA additives on the day it.was sarrpled, and also due to the 
continued use of NDPhA in truck tire tread. 

NDPhA "w8.S detected in one process 9alll?le on the second survey and in 'bNo 
personal sa:rrples on the third survey. The fact that NDPhA was not detected nore 
trequently was probably due to its high nolecular weight and relatively law 
·volatility.· 

en the fourth survey, process and personal nitrosamine sarrples i,.,,,,ere 
collecte::1 fran rubber batches Jllade at a Banbury _ (rubber batch mixer), where only 
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* Local exhaust improved - canopy inclosed on three sides. 
**Rubber formulation change, N-Nltrosodlphenylamlne not used. 

Figur~ 13. Highest Reported Airborne N-Nitrosamine Levels in Feedmill 
and Calendering Area of .Plant H 
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Figure 111. Concentration in µg/m 3 of N-Nitrosamine Found in Area Air Samples at Various 
Tire Manufacturing Processes in Rubber Plant H 



Table 37 
Area and Air Process Samples in µ g/m3 

Location 

Banbury 

Feed Mill & 
Calender 

Warm-up Mills 

Extrude rs 

Curing Room 

Tire Storage 

Lunch Room 

Outside Plant 

Nitrosamines 

NMOR 
NDMA 
NPYR 
NDPhA 

NMOR 
NDMA 
NPYR 
NDPhA 

NMOR 
NDMA 
NPYR 
NDPhA 

NMOR 
NDMA 
NPYR 
NDPhA 

NMOR 
NDMA 
NPYR 
NDPhA 

NMOR 
NDMA 
NPYR 
NDPhA 

NMOR 
NDMA 
NPYR 
NDPhA 

NMOR 
NDMA 
NPYR 
NDPhA 

Rubber Plant H 

Aug. '79 Oct. '79 Dec. '79 Feb. 180 

Highest/Avg. Highest/Avg . Highest/Avg. Highest/Avg. 

2.1 1. 8 
0.1 

1 N.D. 
N.D. 

250 
1.9 
3.4 
N.D. 

5.2 
0.7 
N.D. 
N.D. 

32 
4.4 
N.D. 
N.D. 

6.4 
0.2 
N.D. 
N.D. 

N .S. 
N.S. 
N .S. 
N .S. 

N .S. 
N .S. 
N.S. 
N.S. 

N .S. 
N.S. 
N.S. 
N .S. 

160 
1.5 
2.3 

3.5 
0.4 

18 

5.3 
0.2 

N.S. 2 

N.S. 
N.S. 
N.S. 

120 
2.9 
3.9 
12 

N.S. 
N.S. 
N .S. 
N.S. 

N .S. 
N.S. 
N.S. 
N.S. 

2.0 
0 . 1 
N.D. 
N.D. 

0.6 
0.1 
N.D. 
N.D. 

Trace 
. 02 
N.D. 
N.S. 

N.D. 
N.D. 
N.D . . 
N.D. 

64 
1.6 
2.0 

. 07 

N .S. 
N . S. 
N .S. 
N.S. 

63 25 
1.1 0.4 
1.0 0.6 
N .S 

N .S. 
N.S. 
N.S. 
N.S. 

N .S. 
N .S. 
N .S. 
N .S. 

N .S. 
N .S. 
N . S. 
N.S. 

N .S. 
N.S. 
N .S. 
N .S. 

N .S. 
N.S. 
N .S. 
N .S. 

N .S. 
N .S. 
N.S. 
N .S. 

0.3 
0.1 
N.D. 
N.S. 

1.3 1.0 
0.8 0.3 
N.D. 
N.D. 

14 4.6 
5.5 2.7 
N.D. 
N.D. 

N .S. 
N.S. 
N.S. 
N.S. 

N.S. 
N.S. 
N.S. 
N .S. 

N.S. 
N .S. 
N. S. 
N .S. 

N.S. 
N. S • 
N.S. 
N.S. 

N.S. 
N .S. 
N.S. 
N.S. 

NMOR = N-nitrosomorpholine, NDMA = N-nitrosodimethylamine, NPYR = N-nitrosopyrrolidine, 
NDPhA = N-nitrosodiphenylamine 

1 N.D. = Not detected 
2 N.S. = Not sampled 

Trace <.002 µg/m3 

Detection limit: 1 part per billion 
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Table 38 
Personal Samples in µg/m3 

Rubber Plant H 

Location Nitrosamines Oct. '79 Dec. I 79 Feb. '80 

Highest/ Avg. Highest/ Avg. Highest/Avg. 

Banbury NMOR N.D. 1 N.S. 2 N .S. 
NDMA N.D. N.S. N.S. 
NPYR N.D. N.S. --- N .S. 
NDPhA N.D. N. S. N.S. 

Feed Mill & 

Calender NMOR 25 17 18 17 1.0 0.1 
NDMA 0.4 0.3 0.1 0.1 0.2 0.1 
NPYR 0.8 0.5 0.2 0.2 N.D. N.D. 
NDPhA N.D. N.D. 13 9.9 N .S. N.S. 

Warm-up Mills NMOR 0.8 0.8 N.S. 1. 3 1.0 
NDMA 0.2 0.1 N.S. 0.5 0.4 
NPYR N.D. N.S. N.D. 
NDPhA N.S. N.S. N.D. 

Extrude rs NMOR 1.0 N.S. N.S. 
NDMA 0.1 N.S. N.S. 
NPYR N.D. N.S. N .S. 
NDPhA N.D. N.S. N.S. 

Curing Room NMOR 1. 8 0.4 N .S. 
NDMA 0.1 0.3 N. S. 
NPYR N.D. N.D. N.S. 
NDPhA N.S. N. S, N.S. 

Tire Building NMOR 1.9 1.6 N.S. N.S. 
NDMA 0.1 0.1 N.S. N. S. 
NPYR N.D. N. S. N .S. 
NDPhA N. S. N.S. N.S. 

Shipping NIDR 0.6 1. 7 1. 3 N.S. 
NDMA .04 0.1 0.1 N.S. 
NPYR N.D. N.D. N.S. 
NDPhA N.S. N.S. N.S. 

Receiving NMOR N.D. 0.3 N.S. 
NDMA N.D. N.D. N.S. 
NPYR N.D. N.D. N.S. 
NDPhA N.S. N.S. N.S. 

Tire Storage NK>R N.S. 0.7 N.S. 
NDMA N.S. 0.1 N.S. 
NPYR N. S. N.D. N.S. 
NDPhA N. S. N.S. N.S. 

NMJR m N-nitrosomorpholine, NDMA • N-nitrosodimethylamine, NPYR = N-nitrosopyrrolidine, 
NDPhA = N-nitrosodiphenylamine 

~.D. = Not detected 
2 N. S. ""Not sampled 
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starting ingredients such as natural and synthetic rubber, and waxes, were 
mixed. No retarding, accelerating, or stabilizing .additives were added during 
this phase of mixing. The purpose of the envirorunental sampling was to 
determine if nitrosamines were being generated without rubber additives. Four 
samples were collected: three process, one personal. NMOR and NIMA were 
detected in t\\O of the four samples, but at very lo,; levels. The highest NM:JR 
process s§ITIPle was 0.27 J.!g/m3, and 0,09 for NIMA. The personal sample was 
0.24 µg/m3 and 0.12 )Jg/rn3 for NMOR and NIMA, respectively. Thus, it se6TIS 
that the majority, if not all of the nitrosamines are derived fran rubber 
additives, either as a raw chemical contaminant, and/or fran transnitrosation of 
various carpounds during the final mixing and tire manufacturing stage. 

In surmary, nitrosamines were detected in every area of the tire plant 
sampled. Only outside the plant, next to the guard house, nearly 400 yards 
away, were nitrosamines not detected, Generally, highest nitrosamine levels 
were in the hot process areas, in particular, the feedmill and calendering area. 
With the exception of the guard house, the lo,;est nitrosamine levels found were 
in the receiving area (0.3 ]Jg/m3 NMOR) and lunch roan (trace <.002 µg/m3 
NM:JR). Results fran the nitrosamine levels found throughout the plant, and over 
the past four surveys are in Figure 14, The tire b.lilding and tire storage 
areas were the only locations where appreciable Nl\OR levels were still 
off-gasing, after the tires had "been cured, Personal NMOR exrosures of truck 
tire builders were 3 times higher than personal NMOR exp:,sures of passenger tire 
builders. NIMA, ho..,ever, did not decrease in the tire tread warm-up mill area 
because there were no significant ventillation :inproverrents and NDPhA continued 
to be used for truck tire tread. Nitrosamine results fran rubber batches 
withoutadditives seems to indicate that natural and synthetic rubber, and other 
basic ingredients are not sources of significant levels of nitrosamines. 
Finally, over a 7-rronth period, process sample NMOR levels decreased 200-fold 
and personal sample NMOR exp:>sure in the feedrnill and calendering are decreased 
by 96%. NPYR was reduced to non-detectable levels. The reduction was due to 
:inproved ventilation and substitution of NDPhA with a phthalimide derivative. 

Biological Samples 

In December 1979, urine, and either blood, or stool specimens were 
collected fran 15 non-srroking =rkers at the end of their =rk shift. Based 
up:>n envirorunental results fran the previous two surveys, \\Orkers were selected 
according to high, medium and lcw nitrosamine exp:>sure. The high exrosure area 
was the feedmill and calendering area, The rredium exrosure areas were the truck 
tire tread wann-up mills, truck tire tread extrusion area, truck tire curing 
presses, and truck tire wilding area. The lo,; exrosure areas were receiving, 
shipping, passenger tire building, and Banbury area. Workers donating specimens 
for nitrosamine analysis were selected fran at least one of these varied 
exrosure areas. Results of analyses for nitrosamines were negative for all 
samples (detection limit= 1 ppb). Breathing zone nitrosamine rreasurements were 
taken sirrnlltaneously for all =rkers volunteering biological specimens. The 
time-weighted average ( 'IWA) exposure for these \\Orkers ranged fran 18, 2 µ g/m3 
to 0. 78 ]Jg/rn3 for NMOR; fran 0.180 JJg/rn3 to non-detectable for NIMA; and 
fran 0.228 JJg/m3 to non-detectable for NPYR. 
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In Febrnary 1980, urine sarriples 'i.vere obtained fran nine \,,Drkers for 
rrn.1tagenicity testing by tl-,e Ames Salmonella test. Four hundred milliliters from 
each specimen were put through an XAD-2 column and the adsorbed rraterial was 
eluted. rvlethylene chloride extracts of the post-coll.nm urine eluate were rrade 
and tested for mutagenicity with the Salnonella/MamrrBlian Microsane Mutagenicity 
test. The 'IWA breathing-zone o::incentrations for nitrosamines 
nitrosarnines taken fran six ""wOrkers donating urine specimens ranged fran 1.3 
1-1g/m3 to 0.64 µg/m3 for NMJR; and fran 0.49 to 0.16 µg/m3 for NU1A. NPYR 
was not detected in any environmental samples. The rerm.ining three urine 
specimens were taken fran truck tire tuilders for the p.irp::>se of rronitoring 
mutagenic activity resulting from i:ossible skin absorption (hands and forearms) 
of nitrosamines. None of the sarrples tested were rrutagenic. 

The negative findings for nitrosamines in these biol03ical sarrples rray 
reflect the fact that they were CXJllected only during the last tv.0 visits, at 
which tine the air1:ome nitrosarnine levels had been greatly reduced. For 
example, assuming a respiration rate of 10 liters per minute, even the nost 
exp:>sed workers during the third survey ( 18 µg/m3) would have breathed 
approxi.rrately l µg Nr-OR per kilc:x:,ram bcrly weight per shift. N1'-'DR is relatively 
lip:>philic, but even if all of this nitrosarnine had been absorbed and evenly 
distributed in all body catp:Jnents, and none rretal::olized or excreted during the 
shift, its cxmcentrations in blcod (a relatively aqueous medium) vJOuld be below 
our detection lbiit (1 ppb). 

These results are generally in agreenent with ~revious rep::>rts (21) that 
NMJR and NIMA are present in tire factories. NDPhA and NPYR are rep:>rte:i here 
for the first time as 'ceing also present in tire factory air. What is t.mique 
a1:out this factory is that NMOR was found at 250 µg/m3 - a level higher than 
any nitrosarnine ever reported, at that time, in any industrial site - and. that 
its fonna.tion depended up:,n the the:rrral decxnq:osition of NDPhA and the 
subsequent reaction of its nitroso group with preformed rrorpholine canpounds. 
Caq:ia.ny management resp::mse was effective in reducing ni trosarnine levels first 
through improved ventilation, then by reducing or eliminating the use of NDPhA, 
Ha.vever, NI:MA is still a problen since it has rerained a'cove 1 JJ g/m3 despite 
process changes that reduced NMJR levels. Laboratory testing or carnnercial 
grade amines has shewn NIMA to be present as a contaminant ( 141) • Most 
recently, NIMA has been shewn to be generate:i fran heated rubber stock 
containing a rubber accelerator tetra-methyl thiurarn disulfide (143). The 
precursor chemicals and bulk process sa.rrples fran this factory environment have 
not, as yet, been tested to cxmfinn that these are the sources of the NI:MA 
found. Transnitrosation of the nitroso group £ran NDPhA. is kna..;n to ~cur under 
a variety of conditions (65,66). The nitrosation of the accelerators and 
stabilizers used in vulcanization (which are designed to break apart at elevated 
temperatures yielding the amines) was expected. 

A second source of nitrosamine fonna.tion could be nitrosation of amines by 
NOx, v.hich has been clearly dE!rtOnstrated in lal:oratory experiments (54,94,95). 
In industrial processes, NOx was sha.,.m to be resp:msible for nitrosation of 
amines in fc:xxlstuf fs dried with gas-fired burners ( 144) , and also for the 
appearance of nitrosamines in diesel engine crank.case en.i.ssions {145). It is 
possible the NOx COJ.ld be nitrosating the amine rubber additives. It has been 
Spea.l.lated that the source of NOx is fran the ccmbustion of gasoline-pc,.,,ered 
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forklift trucks used to transport rubber fran one \\Ork station to another. 
Unfortt.mately, NOx levels were not rreasured during any of the surveys to test 
this hypothesis. 

A number of epidemiological studies conducted in the tire industry have 
sho,.,n workers to be at excess risk for cancer (146-148). In particular, excess 
cancer of the stanach and lung has been found in "hot process" areas in the tire 
plants ( 148). Although the majority of N-nitroso corrpounds have been sho,.,n to 
be anirral carcinogens, including all nitrosarnines found in this plant, they have 
not been directly associated with hurran cancer because no definable exposed 
population groups have been identified. Assessing the cancer risk for 
nitrosamine exposure arrong tire workers is confounded by past exposure to 
potential carcinogenic agents such as asbestos, benzene, beta-naphthalamine, and 
polynuclear aromatic hydrocarbons frcrn carbon black. 
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SUMMARY AND ffiNCLUSIONS OF THE RUBBER MANUFACI'URING INIXJSTRY 

Eight facilities rranufacturing rubber and related products were.surveyed 
for \\Orker exposure to N.:..nitroso cxrrpounds. Seven of these facilities \¥ere 
found to be contaminated with one or rrore of these carp:,undsr 
N-nitrqsodimethylam.ine (Nr:MA), N-nitroscxliethylarnine (NDEA), 
N-nitrosopyrrolidine (NPYR), N-nitrosarorpholine (NMJR), and 
N-nitrosod.iphenylam.ine (NDPhA.). All of these nitrosamines are kno.-m. animal 
carcinogens. Six plants were contaminated with N-nitrosarorpholine, three with 
N-nitrosodimethylamine, b.D with N-nitrosodiphenylamine, one with 
N-nitrosooiethylamine and one with N-nitrosopyrrolidine. The rrost wide spread 
N-ni troso contaminant found in these plants was NMOR. This carpound was found 
in air, soil, floor scraping, steam condensate and catlp)unding chemicals. 

Air sanples containing NMOR varied in arrount fran just detectable (0.02 
µg/m3) to as much as 250 µg/m3. The highest level discovered (751 µg/g) was 
found in a floor scraping taken inside a chenucal plant (Rubber Plant C) thi;it 
manufactured chenicals that are used in rubber prcrlucts. The level of NMOR 
found in air samples taken in the nlbber tire factories were highest near 
processes that heated the rubber stock. These oot processes include~ Banb..lry 
mixing, milling, extrusion,· calendering and tire curing, of these processes tire 
tread extrusion was consistently associated with the highest levels of airborne 
NM)R. 

The finding of N-nitrosodiphenylamine (NDPhA} in a chemical plant (Rubber 
Plant C) that manufactured this canpound was expected, ho.vever, the discovery of 
NM:JR and NIMA in this plant was unexpected. The exact reason why these other 
N-nitroso canpounds are in the air, soil, flCX)r scraping and products of this 
plant are not kno.m. It can be speculated that the rrorpholine and the 
dirrethylamine used in Plant C could be nitrosated via transnitrosation or 
airborne nitrogen oxides to produce these N-nitroso derivatives. It was 
observed that the bisrrorpholinecarba.mylsulfonarnide (BMCS) (a rrorpholine 
containing cxrnp:)und) wet cake was dried in close proximity to the NDPhA reactor, 
this reactor used scxliun nitrite arrl acid condition to make NDPhA. It was 
observed that nitrogen oxides fran this reaction are released into the air near 
the EMCS wet cake drying area. It is possible that nitrosation react.ion 
involving NOx and either the BCMS or unreacted norpholine rray result in the 
fo:rnation of NMJR. What ever speculated process is responsible for the 
nitrosarnine contamination, it is clear that the needed precursor amines are 
present in this plant along with nitrosating agents. 

sane of the canpounding ingredients used in ITEking rubber tires were found 
to contain NMJR as a contaminant. Analysis of 4 rrorpholinyl-2 benzothiazole 
disulfide (MBD), revealed the presence of 3 to 4 ll'g/kg of NM::iR. This cx::.npound 
is formulated as an accelerator for the tire curing process. Rubber Plant E 
which has NM)R in its air, uses a similar rrorpholine type accelerator in its 
tire canpounding. The annual use of this NMJR contaminated accelerator by 
Rubber Plant E was reported to be O. 25 x 106 kg. Vaporization of this NMJR 
contamination during heating or extrusion of n.lbber stock foITTnJlated with this 
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curing accelerator may in part explain the occurrence of NIDR in the air at this 
plant. The free amine rrorpholine was also discovered as an impurity in these 
accelerators (9 g/kg). This amine <,.hen volatized into the air during tire 
production may contril::ute to the airborne NMJR via N-nitrosation by atrrospheric 
nitrogen oxides. Rubber Plant G did not use rrorpholine type accelerators and, 
with fe,.; exceptions, was found to be relatively free of airborne contamination 
of NIDR. The rrost likely explanation for the high (250 :Jg/m3) levels of NIDR 
in the air of Rubber Plant His the transnitrosation of either rrorpholine or the 
canpounded rrorpholine based accelerator by NDPhA. In those Plants that use 
NDPhA, transnitrosation may be the daninant reason for the nitrosamine found in 
thel'\. A recent study of nitrosamine fomation in o:mpounded rubber conducted by 
the Rubber Manufacturers Association indicates that transnitrosation is a major 
factor. 

Raroving the NMJR and rrorpholine contamination fran the rubber curing 
accelerator chemicals could reduce the airborne levels of NM:JR. If further air 
sampling indicated that l(JM(JR is still present in the air, then serious 
consideration should be given to the possibility that the rrorpholine released 
during curing or heating processes is reacting with airborne nitrogen oxides, or 
sane, as yet, unidentified nitrosating agent. In Plant H, .it was derronstrated 
that reformulation of the stock rubber to rarove the NDPhA and better 
engineering controls substantially reduced the airborne nitrosamine levels. 
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TID.: LFATHER INDUSTRY 

The activities of the leather industry included in this survey consisted of 
leather tanning, leather finishing, and a hand sewn shoe operation. 

Several studies have indicated an increased risk of bladder and nasal 
cancer in the leather and leather products industries. The relative risk for 
bladder cancer for rren efl!)loyed in the leather industry was found to be 2.25 
carpared to a control p:>pulation (129). In this same study, an excess (2.65) 
was associated with leather finishing and associated processes. An increased 
risk of nasal cancer was found arrong finishing roan workers in the leather l::oot 
and shoe industry in England ( 130) • The agents responsible for these cancer 
excesses have not been identified rut it has been postulated (129) that a single 
adsorbable carcinogen nay cause the turrors at the site of contact, the upper 
respiratory tract, and the site of excretion. In addition, amines such as 
dirnethylamine sulfate are used in the nanufacture of leather (19). These amines 
could be contaminated with nitrosamines or could give rise to these carpounds. 
In the finishing operation of a tannery a great variety of chemicals including 
solvents and dye stuffs are used, sane of these could be either contaminated 
with N-nitroso carpounds or could serve as precursors, 

GENERAL DE.SCRIPI'ION" OF THE TANNING INOOSTRY 

It has been esti.nated that as many as 25 million hides were processed in 
the U.S. in 1976 (131), In 1972 approximately ·520 (132) tanneries were engaged 
in ooth the finishing,arrl tanning operations. The leather tanning a.rrl finishing 
industry ranges fran small one-man or family-cwned carpanies, to large 
operations that are subsidiaries of even larger corporations. M::>st of these 
tanning and finishing q,erations are located in New England, mid-Atlantic 

states, New York and the Chicago - Milwaukee area, over 35 states have one or 
roore leather producing facilities (132). The total rumber of \o.Orkers e,ployed 
in the tannery industry has been esti.neted to be 25,700 with over 200 tanneries 
enploying 20 or rrore v.0rkers ( 132). 

The processing of hides and skins into leather requires over 300 separate 
chemical and rrechanical operations (133). Sore leather-rraking operations can be 
described as preparatory; that is, putting the skin into the proper oonditions 
for a step in the process that is .to follo.,.r. Others, on the other hand, affect 
najor changes in the properties or appearance of the finished leather. All of 
these operations are interrelated in a step~ step process fran raw hides to 
the final product, Figure 15 outlines the typical process for tanning and 
finishirg leather. 
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LEATHER TANNERY PI.AN!' A 

The facility was built during 1955 on the same site as a previous 
tannery. The plant site occupies 10 acres arrl has tw::::> major buildings with a 
total of 160,000 square feet and an enclosed air volume of al:out 110,000 cubic 
rreters. The plant employs about 240 people in a three shift operation in the 
production area and 40 people in the administrative area. The only products of 
this plant are finished leather COtl hides with an annual production of 500,000 
hides. These hides are produced in a wide variety of oolors with many different 
finishes and special treatments. The tannery building is a U-shaped structure 
with the salted hide receiving facilities at one end and the final finishing 
facilities at the other (Fig. 16). The tanning process is similar to the 
general tanning process that has been previously oo.tlined. This study included 
the entire leather tanning am finishing production of this plant. Air·sarrples 
were taken at all stages of the process. Bulk sarrples included; waste water, 
process water, sare chemicals used in the process arrl sarrples of untanned and 
tanned co,Jhides. ' · 

The rrost likely source of nitrosamine contamination within this plant was 
the beam house where the secondary amine dimethylamine sulfate (™AS) was being 
used in the unhairing process. Chenical agents which ca.ild serve to nitrosate 
the dinethylamine sulfate to form N-nitrosod:i.rrethylamine have not been 
identified as a part of this tanning operation. HO#lever, since rrany of the 
pr6ducts used in the tanning process are carplex mixes of chemicals marketed 
under trade names, these agents may be present as cxnp:ments or contaminants, or 
they may be present in the hides or process \vater. 

SAMPLING STRATEX3Y 

Air Sarrples 

Six air sarrples were collected on April 11, 1978~ one near the re-liming 
second unhairing proces$; one at the border between tanning and. splitting and 
shaving~ one at the end of the hide drying oven: one in the center of the paste 
wash off area: one located in the midst of the open drum:; of chemicals use:i in 
the doping area and one located near the spray finishing area. The six air 
sarcples represent a limited cross section of the air in the tannery. 

N-nitrosodimethylamine (NJ:MA.) was found in all of the air sanples with 
anounts ranging £ran 6 µg/m3 to 33 µg/m3 (Table 39). The highest level of 
NrMA was found in sarcple No. 2 which was located at the border between tanning 
and splitting and shaving (Figure 16). The average arrount of NI:MA found in the 
plant air was . 13 lJ9/m3. The finding of this level of NI:MA in the plant air 
engendered a return visit to the site. The plant was re-visited on April 13, 
1978 at which time 20 air samples were taken. Sixteen air sanples were taken 
using vacuum traps containing 45 ml each of 1N KOH and 4 air sanples were taken 
using Tenax-GC cartridges~ Three of the air sarrples (lN KOH traps) were placed 
cutside oo the perimeter of the plant grounds.. The Tenax-GC cartridges were 
used to provide an alternative rreans of confirming the presence of ND1A in the 
plant air. 
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Analysis of the air samples taken on April 13, 1978 revealed the presence 
of Nll1A in all the areas sarrpled with the exception of sanples taken outside the 
plant. The Nil-1A levels ranged fran nondetectable, less than 0.05 µg/m3 
outside the plant, to 47 µg/m3 in the re-tanning area. The Tenax-GC 
cartridges were placed in tw::> locations: the border between tanning and 
splitting (the high area of April 11, 1978), and doping area. The 2 Tenax-GC 
sanples collected in the doping area contained 4 GC-TEA responsive peaks: NrMA 
and N-ni trosamrpholine (NM:IR) were identified by GC-TEA and HPI..C--TFA as two of 
the carp:,unds. Air sample No. 5, a 1N KOH trap collected in the doping area on 
April 11, 1978, also contained 4 GC-TEA. signals two of which were identified as 
NI:MA and NM::>R ( 2 ug/m3) by GC-TEA and 1-Il'I..C-TEA.. The other two Tenax-GC sarcple 
tubes were sent to Research Triangle Park Institute for GC-MS analysis. These 
samples were lost due to damage in transit. The pertinent data for the air 
sarrples are described in Table No. 39. The names given to the sample location 
were supplied by plant personnel. 

JUNE 1, 1978 SAMPLIN3 

On June 1, 1978, the tannery was re-visited to gather further air and l::::ulk 
sanples fran the tannery process. The purpose of this v,i.sit was: 1) to 
re-confinn the presence of N-nitrosodimethylamine (Nr:MA.) in the air: 2) to 
obtain a sample of NIMA for gas chraratography nass spectral (GC-MS) analysis; 
3) to attSlpt to determine if the air contained a nitrosating CCITlflOund which 
could nitrosate other secondary amines in 1N KOH; 4) ~ to determine, if 
pJSsible, the source of this a::rrpound. To this end, 14 area air samples and 14 
bulk sarrples were collected arrl analyzed. 

Samples were collected by drawing air at a rate of approximately 2 L/min 
through the follONi.ng trap arrangement: 

1. 45 ml of 1N KOH in glass irrpingers 

2. 45 ml of 1N KOH spiked with 2 mg each of piperidine and pyrrolidine 

3. 1N KOH traps with high volume air fUtl?S vklich operate at a rate of 
4 L/min. 

The air traps containing 45 ml of 1N KOH are similar to the traps used oo . 
previous sampling visits. The 1N KOH traps with the 2 added nitrosatable amines 
were examined for N-nitrosopiperidine and N-nitrosopyrrolidine as \,t,IE!!ll as Nil1A, 
and the high air volume 1N KOH traps were collected for GC-MS analysis. 
Bulk samples were obtained in plastic b::>ttles, securely capped and labeled. 

On April 11, 1978, 8 bulk sarrples were collected along with the area air 
sanples. Four of these b.Jlk sanples were chemical products used in the 
finishing (de.ping} area of the tannery. These sanples were randanly selected 
fran a list of products and were supplied by plant personnel (see Table 40). 
Sample No. 11 is a sarcple of chrare tanned leather scrapings. These scrapings 
are produced during the shaving process, a process v.hich adjusts the thickness 
of the chrate tanned leather. The actual sarrple cane fran a pile of dry 
scrapings at the bottan of~ conveyor belt. Sarcple No. 12 is waste anm:::>nia 
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detergent paste wash-off solution. This operation occurs at the end of the 
first drying step and is intended to rerrove the paste used to glue the hides on 
flat drying racks. Sarrples No. 13 and No. 14 were coth obtained fran the 
tannery waste water outlets at the municipal waste water treatment plant. The 
waste water fran the tannery enters the waste water treatment plant in two 
separate lines. One of the waste water lines is fran the beam house and the 
other is waste water fran the r€!1lainder of the tannery. According to plant 
personnel the total arrount of waste water fran the tannery entering the 
treatment plant averages 1 million gal/day with about 350,000 o::ming fran·the 
beam house. 

On April 13, 1978, five l:ulk samples were collected during a return visit 
to the tannery. Sarrples Nos. 25 and 26 are sanples of chenicals arrl chenical 
mixes used in the plant steam system ,to protect the system against scale l:uild 
up and rust. These sanples were taken because amines and nitrites are carrronly 
used as rust inhibitors and steam ITBY have been used to heat sane of the wet 
processes. 

The canposition of sarrple No. 25 is: 

1. 15 lbs of. Betz Fonrula 100 ( Pol y-Sperse) 
coiler water dispersant 

2. 15 lbs of Betz Fonrula CL-2 (Chelant) 
coiler -water conditioner 

3. 3,5 lbs of Betz FonrulaNA-6 (Neutramine) 
condensate neutralizing amine 

4. 4 lbs caustic scxia (Scxiium Hydroxide) 

5. 1,5 lbs Betz Corragen (Scxiium Sulfite) 

6. Water to a total volurre of 55 gal. 

Sarrple No. 26 is the amine used in the system, Betz Fonnula NA-6 
(Neutramine) . 

Sarrple No. 27 is the 36.5% dimethylamine sulfate solution (Rohm & Haas lot 
No. 2-1584) used in the unhairing process. This sanple was of interest because 
of the p:>ssibility of NIMA contamination. 

Sarrple No. 28 w.:is a piece of the raw salted co..ihide as it is received at 
the tannery. This sarrple -was examined for both NI:MA and the p::>ssibility that it 
contained a nitrosating agent which could form Nr:MA in the presence of 
dimethylamine under acid conditions. · 

Sarrple No. 29 is a sanple of the process water fran the re-lime pit where 
dimethylamine sulfate is used. It contained the follONing: 

1. 1.5 gal of,36.5% solution of dimethylamine sulfate 

2. 350 lbs of lime 

123 



Table 39 

The Concentration of N-nitrosodimethyamine (NDMA) in Tannery Air Plant A 

Collection 
Samele No. Method Sam:ele Location µ g/m3 NDMA 

Date:. A:eril 11. 1978 
l lN KOH 2nd step in unhairing 13. 2 
2 lN KOH Border between tanning, 

splitting and shaving 32.8 
3 lN KOH End of drying over 11.1 
4 lN KOH Paste washing off 8.2 
5 lN KOH Doping area 6.5* 
6 lN KOH Spray finishing 6.0 

Date: April 13, 1978 
15 lN KOH Hide house 5.6 
16 lN KOH Border between tanning, 

splitting and shaving 23. 7 
17 IN ~OH Bord.er between tanning, 

. splitting and shaving 35.8 
18 lN KOH Middle of beam house 27.3 
19 lN KOH Start of beam house 26.5 
20 lN KOH Wringing area 37.5 
21 lN KOH Coloring and fat-

liquoring 47.2 
22 lN KOH Color set-out 19.3 
30 lN KOH Buffing and_ sorting 

room 3.5 
31 lN KOH Seasoning room 3.5 
32 1N KOH Spray booth next to 

pill box 6.5 
33 lN KOH Shipping room l.4 
34 1N KOH Lunch room 0.1 
35 Outside, N.E. corner 

100 ft from building N.D. 
36 lN KOH Outside W. S .W. 

50 ft from building N.i1.** 
37 lN KOH Outside·W.N.W. 

50 ft from building N.D.*** 
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Table 39 (continued) 

Collection 
SamEle No. Method Sample Location µg/m3 

Date: June l ! 1978 
38 lN KOH Chemical room 
39 lN KOH Chemical room 
40 1N KOH Catwalk above 

retan 
41 lN KOH Catwalk above 

retan 
42 KOH and amine Catwalk above 

spike retan 
43 KOH and amine Catwalk above 

spike retan 
44 lN KOH Re tanning 
45 lN KOH Re tanning 
46 lN KOH Catwalk above 

chrome tanning 
47 lN KOH Catwalk above 

chrome tanning 

* 2.0 µg/m3 of N-nitrosomorpholine was found 1n this sample. 

** N.D. - None Detected, detection limit 0.05 µg/m3 (NOMA). 

*** Sample lost during analysis. 
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Table 40 

The Concentration of N-nitrosodimethylamine in T_annery Bulk Samples Plant A 

* 
** 

Sample No. 

Date: 
7 
8 
9 

10 
11 

12 
13 
14 

April 11, 1979 

Date: April 13, 1978 

Material Tested 

Azo rubine dye 
Penetrator L-219 
Nigrosine blue L 
Polar sol 5 
Chrome tanned leather 

scraping 
A.nunonia paste wash 
Beam house waste water 
Tanning house waste 

water 

.. 25 Boiler rust inhibitor 

26 
27 
28 
29 

Date: June 1, 1978 

48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
59 
60 

mix 
Betz formula NA-6 
Dimethylamine sulfate 
Salted cowhide trirmnings 
Process water re-line 

pit 

Chemicals 
P-nitrophenol 
KIT0-40 
Fresh brine 

Process Water 
Bating solution 
Bating solution 
Pickling solution 
Chrome tanning solution 
Chrome tanning solution 
Final rinse from chrome tanning 
Final rinse from chrome tanning 
Wash out of coloring (2nd) 
Final rinse fatliquoring 

ng/g NDMA 

N.D. 
N.D. 
N.D. 
N.D. 

N.D. 
N.D. 
4 

6 

N.D. 
N.D. 

500 
N.D. 

1.4 

N.D.* 
N.D. 
N.D. 

N.D.* 
N.D. 
N.D. 
N.D. 
N.D. 
N.D. 
N.D. 
N.D. 
N.D. 

N.D. - None Detected, detection limit for chemicals - 0.1 ng/g (NDMA). 

N.D. - None Detected, detection limit for process water - 0.1 ng/g (NDMA). 
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3. 1. 5 gal of Tek-wet surfactant 

4. 18,000 lbs of water 
*Note: the re-lime pit was in operation when the safll)le was taken 
and the solution was rep:,rte:'l to be aoout 20 hours old. Tek.-Wet 
is supplied by Hamblet & Hayes Co., Salem, MA.. 

'Ihe results of the analysis of the bulk sarrples are describe:'!. in Table 40. 

RESULTS AND DISaJSSION 

Bulk Chemical Sarrples 

At a detection limit of 0.2 µg/g, only one of the chemicals was found to 
contain a TFA-resp:,nsive CXJTipOLmd, N-nitrosodimethylamine (NIMA). 'Ihis was 
found in a sample of dimethylamine sulfate. 'Ihe amount of N™A found was 0. 5 
µg/g { 500 ppb) {Table 40). 

According to plant personnel 27 gallons of dimethylamine sulfate are used 
each day in the unhairing process. 

None of the rulk samles fran the June 1, 1978 survey contained measurable 
arrounts of NIMA (Table 40) • 

Process and Waste Water Samples 

At a detection limit of 0.04 µg/g the arrrrnnia paste wash solution (Sarrple 
No. 12) contained no TFA-resp:,nsive CXJTipOunds (Table 40). At a detection limit 
of 0.001 µg/g the unhairing process water sanple was found to contain 0.0014 
µg/g NIMA. This process water also containe:l the NIMA contaminate:l 
dimethylamine sulfate. 

Both of the waste water safll)les contained ND1A. 'Ihe beam house safll)le No. 
13 had 0.004 µg/g and the tanning house sarrple No. 14 had 0.006 µg/g. 'Ihe 
arrount of water used by the entire tannery was rep:,rted to be 1 million gal/day. 
20 grams of NCMA. v.Duld be require:'! to produce 0.006 µg/g in 1 million gallons of 
water. Three other TEA resp:>nsive CXJTipOunds were detected after separation on 
HPLC but not identified. 

Leather Sarrples 

At a detection limit of 0.015 µg/g for chrane tanned leather scrapings and 
a detection limit of 0.04 µg/g for salte:'l co.vhide trirrnnings no TEA-resp:,nsive 
canpJunds were found. 'Ihe salted crYwhide was further examined by placing a one 
gram piece in 5 ml of sulfuric acid (pH 3) containing 50 rrg dimethylamine 
hydrochloride for 4 hours at 25°C - this test was to determine if the crYwhide 
sample contained any m3.terial which could nitrosate dimethylamine under the 
chosen condition. At a detection limit of 0.04 µg/g no TEA resp:,nsive carpounds 
were formed. 

Air Sarrples 
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. 'IV.lo'·W-nitroso CXl'tpOunds, N-nitrosodimethylamine (NIMA) and 
N-nitroSCJ.lOrpnoline '(NM:>R) were fourrl in this plant's atnosphere. '!he Nilt1A was 
fa.ind in the atrrosphere at all stages of production with the highest level .of 4 7 
µg/P13. ~ing found in the wet process area in the center of the re-tanning, 
colod.ncj"and .fatliquori..ng process. The NM.OR at 2 µg/m3 was . found only in the 
air in. the leather surface finishing (doping) area. The source for the NI:.MA 
seemed to be within ·the beam house and·re-tanning area with other areas 
containing less NIMA depending upon their distance fran the beam house area. 
D.:i.rrethylamine sulfate (CM.AS) is used in the beam house area in the hide 
unhairing process. This process is carried out in large open vats at high pH 
and could, presumably, liberate free dimethylamine (I:MA) when these paddle vats 
are in operation, and/or when the hides are rerroved. A potential source for the 
NMJR was not identified; hcwever, rrorpholine is used in waxes that may be 
applied to the leather surfaces arrl this process nay result in releasing either 
prefonned NMOR or the rrorpholine precursor. 

Only NIM\ was fourxl in the bulk sanples. The highest level of 500 parts 
per billion (ppb) M:MA was found as a contaminant in the 36% solution of 
dinethylamine sulfate with only 1.4 pp:> bein; fourrl in the unhairing process 
water. '!he other b..llk sanple that contained NIMA (4-6 R;)b) were the waste water 
streart5 fran the tannery. At a detection limit of 0.5 wb, no N-nitroso 
cx:JtqX>unds -were found in any of the other rulk sanples of chemicals, leather and 
process water, thus the largest arrount of NI:.MA in this plant is airborne. 

'Ihe discovered airborne NIMA seems to have no other source except its 
fornation either in the air (134-136)or on·surfaces (137) with subsequent 
release to the atnosphere. The arrount of di.methylamine sulfate that is used on 
a daily basis in the unh.airing process could, if ccnpletely converted to NU1A, 
provide over 200 times the o::rnbined arrounts of NI:MA found in the waste water and 
air of this plant (approxi.nately 100 g of NJM?l. per day). The preformed NIM\ 
contaminant of NrMA and the 1. 4 ppb NIMA in the unhairing process water can 
account for only 1.0% of the estin'ated 20 g/day of NIMA in the waste water. 

In order to fo:an the NIMA fran the dimethylamine sulfate a nitrosating 
agent would be required am because ~ was fourrl primary in the plant's 
atrrosphere, this needed nitrosating agent w::>uld have to be airl:orne. The only 
obvious source for an airborne nitrosating agent was the exhaust gas frClTl the 
propane operated fork lift trucks in the beam house area. During cperation the 
canb.J.stion products in the exhaust of these vehicles will contain oxides of 
nitrogen. Secondary amines and sane oxides of nitrogen will fonn N-nitroso 
cai;x::,unds in both the gas phase arrl on surfaces ( 134-137} • This proposed 
explanation for the presence of the NIMA could account for b::>th the airl::orne 
levels arrl for its appearance in the waste water. . In this plant, process water 
fran several of the operations \\las all~ to drain on to the floor into run-off 
trenches. During the draining of this prcx::ess water, surface held NIMZ\ would be 
flushed into the waste water stream. 

During the first two visits in April, a strong arnin~like odor (presumably 
dinethylamine) was detected inside the beam hcuse area. This odor was absent 
during the June visit. The tannery had, h:::J.vever, by this tine discontinued its 
use of dimethylamine sulfate. The propane operated fork lifttrucks were still 
in use in the beam hcuse. The airl::orne levels of NI:MA at ·this time was only 10% 
of what had been fourrl during the April visits. 'Ihis drq, in airborne Nil1A. 
levels rray be due to 1) discontinuing the use of dimethylamine sulfate and 2) 
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better ventilation due to warmer outside terrperatures. The residual airborne 
NLMA nay be .due to its slo,,, release fran all of the contaminated .~urface ,within 
the plant. 

The arrount of NLMA found in the tannery air during the June L. 1978- visit 
ranged fran.1.1 µg/m3 to 3.7 µg/m3, this is about 10% of \'mat had been found 
on previous visits (Table 39). The 1N KOH traps with the added piperidine and 
pyrrolidine did not contain the N-nitroso derivatives of these ccrcpounds at 
detection limits of 0.001 µg/ml, GC-MS confirrration for Nr:MA. was obtained on 
samples collected using 1N KOH. 
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I.F.A'IHER TANNERY B 

This Plant has been operating at its present.site for about 50 years. A 
new beam house is being added ~ a new waste water treatment facility has been 
canpleted. The site occupies about 20 acres and has one najor b.Iilding with all 
tanning q:>erations taking place·on the ground level (Figure 17). The Tannery 
has an enpty lo~ and cafeteria above the unhairing cperation, otherwise it is 
essentially a single story structure •. The plant errploys 75 people in the 
production area and 7 i:,eople in administration. The only products of this plant 
are i.mfinished leather hides with an annual production of 25,000 hides. The 
hides produced at this facility are chrane tannoo. and dyed to a variety of 
colors. 'nle final finishes are applied to the hides at a separate facility. · 
The tanriing of leather at this plant is similar to the wet processes of Plant A, 
ho..rever, they have recently discontinued the use of dirrethylamine sulfate in 
their unhairing process. 

SAMPLING STRAT.mY 

Air Samples 

On October 11, 1978 a total of 20 air sarrples were collected and analyzed 
for N-nitroso ccrtp:)unds (Table 41). With the exception of one outside air 
sample, all of the samples were collected within the tannery. The air sanples 
were collected by drawing air through 1N KOH inpinger traps at a constant rate 
of 2 to 4 liters/min, depending upon the p.mp used, for 15 minutes to 3 hours. 
The voli.nre of air sarnpled for each site varie:l fran 40 to 600 liters. 

Bulk Sanples 

Along with the air sarnples, 4 b.Jlk sanples were collected and analyzed 
(Table 42). The sanples C011Sisted of 2 waste water sarnples, one sarnple of steam 
condensate and one sanple of floor scrapings fran the dye roan near the 
re-tanning area. At a detection limit of 0.2 ng/g, no NJ:Ml\. was fourrl in any of 
the aqueous samples and at a detection limit of 3 ng/g oo NrMA \'Jas found in the 
floor scraping sarrple. 

RESULTS AND DISOJSSIOO 

N-nitrosodimethylamine (NI:MA) was found in the atrrosphere of this plant at 
all stages of production except the new beam house area. 'Ihe highest level of 8 
µg/m3 was found in a loft above the i.mhairing process (Table 41). In the 
production area, 2 .8 µg/m3 was found in a sarrple taken iri the dye rcan with 
the remainder of the samples ranging in arrount fran O. 03 µ;/m3 to 1. 2 µ g/m3. 
The further away £ran the unhairing process that the air sanples were taken, the 
lower the levels of NIMA. found. NIMA. is either being rmde as an artifact in one 
or nore of the wet tanning operations, or it is present as a contaminant in the 
building. Past use of dimethylamine sulfate rray have resulted in surfaces being 
contaminated with Nil-1A whim is na,.., slc::Mly leaching out. The findin;J of 2.8 

µg/m3 of NI:MA in the small dye roan near the cnloring area with levels of 
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0.1 - 0.2 µg/rn3 just cutside this rcx:rn (a 15- to 30-fold difference) suggests 
that there may be a source (contamination) for the NIMA within the dye rcx:rn. 

The highest level of 8 µg/rn3 in the tmused loft above the tmhairing 
process is hard to explain unless the levels of NLMA ID the plant were higher in 
the past. This plant does not presently use dimethylamine sulfate in its 
unhairing process. The only potential nitrosating agent identified in any of 
the. processes (except dyeing) was the antifungal agent paranitrer-phenol. Sane 
of the dyes used by this plant contained C-nitro grcups which could 
transnitrosate dimethylarnine to fonn NIMA, ho,,,ever, an air sarrple taken inside 
one of the coloring drurrs was oo higher in Nil-1A than the air outside of it. 

Another possible source for either the dimethylarnine or a nitrosating agent 
was the steam used to heat sore of the process water. Ha...rever, at a detection 
limit of 0.2 ng/g oo NIMA was found in this steam condensate. The waste water 
fran both the beam house an::1 the tanning area when analyzed for NLMA also proved 
negative at a detection limit of 0.2 ng/g. As with Tannery A, this plant also 
used propane operated fork-lift vehicles which emit nitrogen oxides into the 
plant atmosphere. 

The source of the NIMA in this plant is rot obvious, and if it is being 
produced in the tanning process, then a source for the dimethylamine is needed 
to explain this. A sample of a v.cod beam taken fran the loft above the 
unhairing area was found, by United States Departrrent of Agriculture personnel, 
to contain up to 25 part per million of Nr.MA. This finding suggests that NLMA 
rre.y be slc,,vly leaching into the plants atmosphere fran the structure. This 
finding also suggests that NIMA levels rre.y have been higher in the plants 
atrrosphere in the past. 
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Sample No. 

lA 
1B 

2A 
2B 

3A 
3B 

4A 
4B 

5A 
5B 

6A 
6B 

8 
9 

10 
11 
12 
13 
14 

Table 41 

Results of Air Sampling in Leather Plant B 

Collection Method 

ThermoSorb/N 
lN KOH 

· ThermoSorb/N 
lN KOH 

ThermoSorb/N 
lN KOH 

ThermoSorb/N 
lN KOH 

ThermoSorb/N 
lN KOH 

ThermoSorb/N 
lN KOH 

ThermoSorb/N 
ThermoSorb/N 
ThermoSorb/N 
ThermoSorb/N 
ThermoSorb/N 
ThermoSorb/N 
ThermoSorb/N 

Sample Location 

Hide barn 

Unhairing 

Chrome tanning 

Re tanning 

Pasting 

Center of drying 

New beam house 
Outside tannery 
Dry room 
Loft above unhairing 
In retanning drum 
Loft above unhairing 
Loft above unhairing 

NDMA µg/m3 

0.4 
0.6 

0.7 
0.8 

0.3 
0.3 

0.1 
0.15 

0.03 
0.06 

_, ... M .. 

0.03 
0.05 

N.D.** 
Trace 
2.8 
6.6 
0.15 · 
6.0 
7.9 

** N.D. - None Detected, detection limit 0.02 µg/m3 (NDMA). 

A & B samples are duplicate except for the c.ollection sorbent. 

Table 42 

Results of Bulk Samples in Leather Plant B 

Sample No .. 

15 
16 
17 
18 

Material Tested 

Waste water from acid area 
Waste water from beam house 
Steam system condensate 
Floor scraping from dye room 

* N.D. - None Detected. Detection limit 0.2 ng/ml. 

** Detection limit 3 ng/g. 
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LEA'IHER TANNERY PI.AN!' C 

The primary function of this plant consists of surface finishing leather 
that had been previously chrOle tanne:l arrl re-colored (dyed) at Plant B. The 
process used at this plant included rrechanized sanding, texturing, surface 
chenical coa.ting arrl spray-dyeing of the leather. There were oo wet operations 
associated with this plant and neither dimethylamine sulfate oor fork lift 
trucks were being used. Because this plant's operations were geographically 
separated fran the wet tanning processes it was i:ossible to detennine whether or 
not the leather finishing part of tanning could have been contriruting to the 
NtMA previously found in the at.roosphere of Plant A - a full tannery. 

The plant's cperations were located in the tq, floor of a three-story brick 
building and occupied about 40,000 square feet. There "Were 55 atployees in the 
production area and five in administration. · 

SAMPLING STRATffiY 

On October 12, 1978, · after a brief plant tour, 1 7 air sarrples were 
collected arrl analyzed en site, using a rrobile laboratory, for N-nitroso 
ccnq;,ounds. These samples were collected using ooth ThernoSorb/N air sarcpling 
cartridges arrl i.npinger traps containing 1N KOH. The air sampling rates for the 
individual traps ranged fron 2 to 4 L/min wi. th sanple volume ranging fran 40 to 
300 L. Since, up:,n analysis, no N-nitroso carpounds were found in· the air 
samples (Table 43), no rulk sarrples \\lere collected. These air sarcples -were all 
collected within the production area am. at all of the leather finishing 
processes. 

RESULTS AND DISOJSSICN 

Because the wet (Beam House) and dry (leather finishing) processes of Plant 
A were located within the same one-story tuilding in close proximity to each 
other, it was not i:ossible, prior to this study of Plant C, to determine the 
relative contrirution of each separate process to the airborne NrMA levels found 
in Plant A. In spite of the fact that many of the chemicals and processes used 
at this Plant (Plant C) were similar to those used at Plant -A, oo airborne 
N-nitroso a::rrpounds \\ere found. It is apparent fran this study that other 
similar leather finishing q,erations nay not be a primary source for airborne 
N-nitroso carp::>Uilds. It is ooncluded fran this data that the wet cperations of 
Plant A were the major, if rx,t the only, contributor of the NJ::Mr\. foun:3 in that 
Plant's atnosphere. 
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Sample No. 

15A 
15B 

16A 
16B 

17A 

17B 

18A 

18B 

19A 

19B 

20A 
20B 

21 

22 
23 
24 

25 

Table 43 

Results of Air Sampling_ in Leather Plant C 

Collection Method 

ThermoSorb/N 
lN KOH 

ThermoSorb/N 
lN KOH 

ThermoSorb/N 

1N KOH 

TherrnoSorb/N 

1N KOH 

ThermoSorb/N 

lN KOH 

ThermoSorb/N 
lN KOH 

ThermoSorb/N 

ThermoSorb/N 
ThermoSorb/N 
ThermoSorb/N 

ThermoSorb/N 

Sample Location 

Spray booth area 

Dye storage area 

Entrance to dryer 
off sprayer 

Entrance to dryer 
off seasoning 

Exit of dryer 
from season1.ng 

Stick dryer 

6" above brush roller 

N-nitroso Compounds 
Detected 

N.D.* 
N.D. 

N.D. 
N.D. 

N.D. 
N.D. 

N.D. 
N.D. 

N.D. 
N.D. 

N.D. 
N.D. 

on seasoning process N.D. 
Dryer near sprayer N.D. 
Hanging inside buffer N.D. 
Inside exit of drying 

furnace off seasoning N.D. 
Exit of dryer for 

spray finish N.D. 

* N.D. - None Detected, detection limit 0.05 ~g/m3 (NOMA). 

A&. B samples are duplicate. 
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LEATHER ,'.l'ANNERY PIAN!' D 

This plant has been producing chrane tanned ·leather since 1971. 'Ihe 
manufacturing facility has 40,000 square feet of flcor space divided into 8 work 
areas, salted hide receiving and hide soaking, hide processing, wet hide 
wringing, storage, hide shii:ping, chemical laboratocy, chani.cal processing and 
hide process control area. With 134 errployees, the Plant produces al:out 22,000 
chrane tanned hides per week operating on 19 out. of a possible 21 shifts .• 

At this plant, unhairing, bating, pickling and chrane tanning are all done 
in the same hide processor - one after the other. The hide processors have the 
appearance of large cement mixers and operate by ronstantly tumbling the hides 
in the process solution. The hides are rrove::l to the hide processors by an 
overhead o::>nveyor system. The Plant does not use dimethylamine sulfate except 
on an experirrental basis. 

r--bst of the dlemical tanning operations in this plant are autarated so that 
there is little reliance on worker batchmixing of chemicals. The various 
process waters are heated directly by steam. The Plant's air heating systan 
consists of nine large gas heaters which heat the air by direct ccmbustion. The 
total air exchange was rep::>rted to be 20 - 30,000 ft3/hr, waste water fran 
the Plant was reported to be about 270,000 gal/qay. 

SAMPLING STRATEXW 

The sampling strategy used at this site was to collect area and process a.ir 
sarrples along with process water sarrples to be analyzed for the presence of 
N-nitroso ccnp:,unds and their precursors. The precursors analyzed for were 
nitrosatable amines and potential nitrosating agents. The process air sarrples 
were taken to determine if any specific process could be contriooting to the 
airborne N-n.itrosodi.nethylamin~ found in the area air.sarrples. The process 
water sanples were examined for both N-nitroso catpOlll'lds and amine precursors. 
These amine precursors were detennined ~ nitrosating a portion of .the sarrple 
and examining it for N-nitroso cc:rrp:>unds, Airborne nitrosating agents, such as 
nitrogen dioxide (No2 ) -were deterrni.ne::1 Co/ drawing the air sanple through a 
ThernoSorb/A air sarrpling cartridge that had rrorpholine added to the sorbent. 
The amount of N-nitroscin:::>rpholine fonned on these cartridges is proportional to 
the airborne levels of (N02). 

Wet Air Traps 

!Irpinger traps consisting of glass vacuum traps ( 190 x .24 rrm) equipped with 
a Bendix CllS air punp and 45 ml of a liquid sorbent were used to sarrple air 
with flo.v rates of about 2 I,/min for 3. hours. 

The various liquid sorbents used were: 

45 ml 1N KOH 

45 ml 1N .KOH with 30 rrg each of piperidine, pyrrolidine and 
norpholine added to the trap 
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45 ml of p::,tassium biphthalate-hydrochloric acid 0.02 M buffer 
solution 

45 ml of pi-4 phosphate-citrate 0.02 ruffer solution 

The 1N KOH traps were the standard traps used. throughout this study. 
HO,v"ever, for this survey, one of these (Sample NO, 7-K} had nitrosatable 
secondary amines added to determine if there were any airborne nitrosating 
agents which o::,uld produce an artifact in the trap. The pi-3 and i;:H-4 acid 
traps were used to trap airborne amines. 

Dry Solid Sorbent Traps 

. These traps o::>nsisted of 15 rrrn i . d. x 20 rrrn length cartridges o::>ntaining 
about 1.5 grarrs of a dry sorbent. The air samples were drawn through these 
cartridges using either a Bendix CllS air p..!ll1p or a 10 L/min rretal bell°""s air 
pump equipped with a 10 L/min Hastings ma.ss flow rreter. The air was sampled at 
a constant rate for each trap at 2 to 6 L/min for 5 to 200 minutes. 

The solid sorbent cartridge used were: 

TherrroSorb/N air sampling cartridge 

TherrroSorb/A air sarrpling cartridge 

TherrroSorb/A air sampling cartridge with 30 rrg of rrorpholine 
coated onto the sorbent. 

The TherrroSorb/N air sarrpling cartridges were used to sarrple both area and 
process air samples for N-nitroso compounds. The TherrroSorb/A air sample 
cartridge is an amine trap and was used to determine both the arrount of 
nitrosatable airborne amines and as an indicator of nitrosating agents in the 
sampled air. The nitrosating capacity of the sarrpled air can be estimated by 
measuring the anountof N-nitrosarorpholine (NM:>R) produced. in the rrorpholine 
ooated sorbent in the ThenroSorb/A air sample cartridge., M:::>rpholine, when 
coated. en a surface, can be directly nitrosated to form NMJR by atnospheric 
nitrogen dioxide. The arrount of NMJR formed is proportional to the square of 
the concentrations of the airborne nitrogen dioxide (No2)2, 

Bulk Sarrples 

Along with the air sarrples, 8 rulk samples were collected and examined for 
N-nitrosamines and nitrosatable amines. Samples were taken fran each of the wet 
processes: chrCJTie tanning, basification, pickling, bates, unhairing and hide 
soaking. Samples of o::,ndensed. steam and waste water fran the plants waste water 
treatment facility were also obtained. 
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RESULTS AND DISCUSSICN 

This Tannery 'Nels visited on January 16, 1979 and a total of 21 air sanples 
and 8 'bulk samples were coll~ed and. analyzed.for the presence .of N-nitroso 
CCJ11fX)Urlds and their precursors. N-nitroscxlimethylamine (ND-1A) was found in all 
air sarr;,les with the exception of the ba.ckgrouro. control:flaced ootside the 
Plant {Table 44). The arramt found ranged fran 0.2 ug/rn in the sulfide 
stri.['Ping roan to 2 .1 µg/m3 at the hide processing. A higher value of 3 
µg/nr' on the boiler 'Nater treatment deck is suspect due to a possible error in 
pump calibration. All other areas range in ann.mt fran 1 to 2 µg/m3 with a 
mean of 1. 5 µg/m3. These findings indicate a fairly unifonn distribution of 
NtMA in the plant atnosphere. The process air sarrples (Table 45) contained 
levels of NI:'MA that were at or bela,,, the rrean level in the Plant, indicating 
that these processes were not the pd.nary source for the airborne Nll1A.. Sanple 
No. 7-K, a 1N l<DH impinger with added nitrosatable secondary amine, contained 
N-nitrosodinethylamine but none of the added amines had been converted to their 
respective ca,p:,unds thus indicating that the traps were artifact free. 

None of the process water sarrples contained measurable anounts of NI:MA, 
hONever, after nitrosation, 1.4 to 2.5 ng/rnl of Nil-1A were found in three of the 
eight samples {Table 46). Assuming that the amine precursor was d.inethylamine, 
then these three processes ma.y have been a source for this a:np:,und. · The 
results of nitrosating three of the air samples indicates that there are NDo1A 
amine precursors in the air (Table 47). 

All of the rrorpholine spiked solid sorbent tubes, except the l.lllspiked 
control, 'were fomrl to contain N-nitrosarorpholine thus indicating that the 
sa.n;,led air did indeed contain a nitrosating agent (Table 48). The relative 
nitrosating ca:pa.city ranged :Eran 41 p:rrts per billion (ppb) of N02 ootside the 
plant to 4200 pp:, en the boiler water treatment deck. The nitrosating ca:pa.city 
of the air as rreasured 1:¥ this technique, reflects only the relative nitrogen 
dioxide levels in the plant air. 

In surmary, the reason for the NIMA found in the air of this tannery r:iay 
include the follo.ring: 

1. An unsarrpled product or process is responsible. 

2. The NIMA 'Nels fanned at sane other time in the pa.st and ~ are 
rreasurin; residual levels in the air. 

3. Sane of the processes are releasing dimethylamine into the air and 
it is beirg nitrosate.J. 1:¥ the detected airborne nitrosating agent. 

As far as the airborne nitrosating agent is concerned, if it is nitrogen 
oxides produced 1:¥ o:::rnl::ustion, at least 3 sources may be responsible for its 
presence: 

1. The gas fired direct air heaters. 

2. The propane operated fork-lift trucks. 

3. 'lhe a:JTiblstion system of the steam. 1x>iler tmder the boiler 'Nater 
treatrrent deck. 

'lhe level of 4200 pp> of ~ inside this Plant is quite high and may be the 
~sult of the gas fired direct a.ir heaters. 
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Table 44 

Results of Air Samples in Leather Plant.D 

Collection 
Sam2le 4> Method Sam:ele Location µg/m3 NDMA 

1-S ThermoSorb/N Outside of north end of 
building N.D. 

2-S ThermoSorb/N Middle of hide processing 2.1 
2-K lN KOH 2.0 

3-S .ThermoSorb/N Hide soaking 1.6 
3-K. lN KOH 1.4 

4-S ThermoSorb/N Center of Blue hide ~ringer 0.8 
4-K lN KOH o. 7 

5-S ThermoSorb/N Boiler water treatment deck 1.1 
5-K 1N KOH 3.3** 

1-U ThermoSorb/A Boiler water treatment deck 1.2 
7-K 1N KOH 2.0 

6-S ThermoSorb/N South end of hide processing N.D. 
6-K lN KOH 1. 7 

7-S ThermoSorb/N Control (no air sample) N.D. 
10-S ThermoSorb/N N.D. 

* N.D. - None Detected, detection limit 0.05 µg/m3, 
** · - Sample may be high due to incorrect pump calibration. 

139 



Table 45 

Results of Process Air Samples in Leather Plant D 

Sample No. 
Collection 

Method Sample Location 
NDMA 

llg/m3 NOMA 

8-S 

11-S 

12-S 

13-S 

14-S 

ThermoSorb/N 

ThermoSorb/N 

ThermoSorb/N 

Thermo Sorb /N 

ThermoSorb/N 

Inside hide processor #9 
chrome tanning in process 

Inside hide processor #17 
chrome tanning in process 

Inside hide processor #5 
pickling in process 

Inside hide processor #3 
unhairing in process 

Sulfide stripping room 

Table 46 

1.0 

1.3 

1.0 

1.2 
0.23 

NDMA 1n Leather Plant E Process Water Before and After Nitrosation 

Sample 

Chrome tanning 
Unhairing 
Soaking solution 
Basification 
Pickling solution 
Bates solution 
Plant waste water 
Steam condensation 

NDMA ng/ml 
Before Nitrosation 

N.D. 
N.D. 
N.D. 
N.D. 
N.D. 
N.D. 
N.D. 
N.D. 

NDMA ng/ml 
After nitrosation 

1.4 
2.3 
2.5 
N.D. 
N.D. 
N.D. 
N.D. 
N.D. 

N.D. - None Detected, detection limit 0.01 ng/ml. 
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Tabl'e 47 

NDMA Amine Precursors in the Air of Leather Plant D 

Sample No. Sample Type NDMA µg/m3 
µg/m3 of NDMA after 
sample nitrosation 

P-C 
A-P 

Silica-1 

pH-4 citrate· buffer 
pH-3 HCl buffer 
silica gel 

2.1 
2.2 
N.A.* 

* N.A. - Not Analyzed 

Sample No. 

1-S 
2-S 
4-S 
5-S 

6-S 
8-S 

1-U 

10-S 

11-S 

12-S 

13-S 
14-S 

Table 48 

Nitrosating Agent in the Air of Leather Plant D 

Sample Location 

Outside plant air 
Hide process area 
Blue hide wringer 
Boiler water treatment 

deck 
Hide process area 
Inside hide processor #9 

chrome tanning in process 
Control - unspiked (no 

morpholine)ThermoSorb 
Control - unused morpholine· 

spiked ThermoSorb 
Inside hide processor #8 

chrome tanning in process 
Inside hide processor #5 

pickling in process 
Inside hide processor #3 
Sulfide stripping room 

m3 of air sampled 

.49 

.52 

.48 

.33 

.30 

.07 

0.42 

0 

.03 

.03 

.03 

.06 

5.5 
5.1 
5.2 

ppb of 
in the 

41 
360 

1300 

4200 
710 

140 

0 

0 

410 

300 
250 

2200 

N02* 
air 

All air nitrosation measurements were made by measuring the amount of 
morpholine converted to N-nitrosomorpholine on morpholine spiked ThermoSorb air 
sampling cartridges. N-nitrosomorpholine was not detected in any of the 
morpholine spiked lN KOH traps, thus indicating that these traps are artifact 
free. 

*Concentration of N02 required to produce an equivalent level of 
N-nitrosombrpholine in laboratory experiments. 
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. LEATHER TANNERY E 

This tannery was started in 1935 as a full tannery producing finished 
leather fran rcM hides. The ccnpany was expanded in 1973 and its q,eratioo was 
changed fran a full tannery to a re-tanning and finishing q,eration. The plant 
wilding has t\\O stories with 150,000 sq ft of fleer space. The ~ 
receives chrane tanned hides fran other parts of the ccuntry \ohich it re-tans, 
re-colors, and finishes into leather which is th~ used for shoes arid belts. 
The plant processes abcut 8 - 10,000 hides/day errploying 560 people on three 
shifts. Dirrethylamine sulfate is not used in this plant. HCMever, they do have 
propane operated fork-lift trucks. 

SAMPLING STRATEGY 

'!he sampling strategy consisted of collecting both area and process air 
sanples along with process water samples, to be analyzed for the presence of 
N-nitroso caTf)OU11ds an<I their precursors. The precursors analyzed for \tlere 
nitrosatable amines and nitrosating agents. The process air sarnples were 
collected to detennine what, if any, specific processes v.ere contributing to the 
airborne nitrosamines found in the area air sanples. The process water samples 
were examined for roth N-nitroso ccnp:)unds and amine precursors. The amine 
precursors in both air and water sanples were detennined by nitrosating a 
portion of the sample and then examining it for the fo:mation of N-nitroso 
carpounds. Airoorne nitrosating agents, such as nitrogen oxides, were 
detennined by drawing the air through solid sorbents containing rrorpholine and 
rreasuring the anount of N-nitrosarorpholine produced per cubic meter of air and 
fran this, calculating the airborne No2 levels. 

In order to acccmplish the sanpling strategy objectives, the following 
types of air traps were used: 

1. 45 ml of 1N Ka-I 

2. 45 ml of 1N J<'DH with 30 nq each of piperidine, pyrrolidine and 
rrorpholine added 

3. 45 ml of J;ii-3 :potassiun biphthalate-hydrochl.oric acid O. 02 M buffer 

4. 45 ml of pH-4 phosphate-cit.rate O. 02 M ruff er 

Dry Solid Sorbent Traps 

These traps consisted of 15 nm i. d. x 20 length cartridges containing about 
1. 5 granE of dry sorbent. The air sarrples were drawn through these cartridges 
using either a Bendix CllS air :p.rnp or a 10 L/min rretal bell°"1 air p.If[I)· The 
air sanples were collected by drawing air through the traps at a constant rate 
for each trap of 2 to 6 L/rnin for 5 to 200 minutes. All air flCM rates v.ere 
caliprated. using a Hasting 10 L/min rra.ss flaw meter. The types of solid 
adsorbent traps used were: 

ThenroSorb/A amine air sarrpling cartridge 
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ThenroSorb/A air sarrpling cartridges with adde::1 norpholine 

ThenroSorb/N air.sarrpling cartridges with adde::1 dimethylamine 

ThernoSorb/N air sarrpling cartridges 

The 1N KOH trap is the standard trap use::1 throughout this NIOSH sponsored study. 
The pH-3 and pH-4 acid traps were used to trap ooth airoorne amines and 
N-nitroso canpounds. 

RESULTS AND DISCUSSION 

This plant was visited on Febru~ry 5, 1979 and a total of 21 area air 
sarrples were collected and analyzed for the presence of N-nitroso compounds 
(Table 49). Except for sarrple Numbers 2B and SB, no N-nitrosamines were 
detected. Sarrples 2B and SB were 1N KOH traps. Sarrple No. 2B was found to 
contain 0.25 µg/m3 of N-nitrosarorpholine (NM'.)R) while sarrple Number SB 
contained 0.05 µg/m3 of N-nitrosodimethylamine (NIMA) and 0.12 µg/m3 of 
NM:lR. These levels of N-nitrosamine are fran 1/10 to 1/100 of that found in 
other tanneries. The air nitrosation capacity was found to be lONer in this 
plant than the outside parking lot (Table 50), ho,;ever, during the tine the 
outside air sarrple was being o::>llected there was truck traffic in the parking 
lot. The highest level of nitrosating capacity within the plant, 480 parts per 
billion (ppb) N02, was found in the splitting department. It was observed 
that propane driven fork lifts were being operated within this area an::l these 
may have o::>ntributed to the higher levels of nitrogen oxides in the air. 
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Table 49 

Results of Air .Samples in Leather "Plant E 

Collection N-nitrosamine µg/m3 
Sample No. Method Location NDMA NMOR 

lA Thermosorb/N Dye weighing room. ND* 
lB lN KOH ND ND 

2A ThermoSorb/N Season area 1 ND 
2B lN KOH ND 0.25 

3A ThermoSorb/N Splitting department ND 
3B 1N KOH ND ND 

4A ThermoSorb/N Color house by sample mills ND 
4B lN KOH ND ND 

5 lN KOH Downstairs by dual spray 0.05 0.12 
6 ThermoSorb/N Bypasting unit ND 
7 

., 
·ThermoSorb/N Outside control ND 

8 pH-3 buffer Color house by sample mills ND ND 
9 pH-4 buffer Color house by sample mills ND ND 
10 ThermoSorb/N Color house by sample mills ND** ND 
11 ThermoSorb/A Color house by sample mills ND ND 

* N.D. - None Detected, detection limit 0.02 µg/m3, 

All ThermoSorb/N tubes except Sample No. 10 were spiked with 500 µg of morpholine to 
determine the nitrosating c~pacity of the air, 

** Sample 10 was spiked with 35 µg of dimethyalmine to determine if it could form NDMA as 
an artifact, 

NDMA - N-nitrosodimethylamine, NMOR - N-nitrosomorphoiine. 
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Tab.le 50 

Nitrosatiµg, Agent ,in the Air o.f Le.ather Plant E 

m3 of air ppb of N02* 
Sample No. Location sample agent in the air 

* 

1 Dye weighing room 0.576 270 
2 Season area 1 0.421 210 
3 Splitting department 0.432 480 
4 Color house by 

sampling mills 0.625 100 
6 B- pasting area 0.360 85 
7 Parking lot outside 

plant 0.065 850 

All air nitrosation measurements were made by determining the amount of 
morpholine converted to N-nitrosomorpholine on morphline spiked ThermoSorb/A 
air sampling cartridges. 

Concentration of airborne N02 required to produce an equivalent level of N­
nitrosomorpholine in laboratory experiments. 
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LEA'IHER TANNERY PLANT' F 

This leather tannery is located in the mid-west.· It produces fully tarmed 
and finished leather fran calf hides and pig skins. The Plant 1 s buildings 
occupy approxiroa.tely 8 acres and the rrain production b..Iilding has seven floors. 
The operations typically fourrl in leather tanneries are in use at this facility. 
The Plant employs approximately 300 v.0rkers and operates one shift. The area in 
this Plant where N-nitroso COTllX)Ul1ds are rrost likely to be found is the beam 
house area where dimethylamine sulfate (r:MAS) is used. I:MAS is used in the hide 
unhairing operation to gently loosen hairs fran the hides. These loosened hairs 
are later ranoved fran the skin by mechanical means during the unhairing 
operation. IJ1AS serves as a catalyst to loosen the hair and is added to 
the unhairing solution at 1 % of the v.1eight of tjle skins. The hide unhairing 
solution has a pH of aro.i.t 12 thus nost of the llv1AS ma.y te in the fonn of the 
free amine and not the sulfate salt. 

A further reason for suspecting the presence of N-nitroso ccnp:>Ullds in the 
beam house is the use of propane operated fork-lift trucks in this area. 
Exhausted gases frcm these vehicles can cnntain high levels of oxide of nitrogen 
and, as stated, these oxides of nitrogen can serve as nitrosating agents. If 
sufficient levels of b::>th.dimethylamine and oxides of nitrogen are present in 
the air, then N-nitrosoo.irrethylamine (ID'1A} can te fonned. The fonna.tion of 
NIMA may occur roth in the atroosphere and on surfaces, with its subsequent 
release to the air. In .order to test this hypothesis, air sanples were 
collected during July 22-24, 1980 to measure airborne dimethylamine, 
N-nitrosod.iJrethylamine arrl for the presence of an airborne nitrosating agent. 
During a prior sampling visit to this plant in January of 1980, as part of a 
NIOSH epidemiology study, six air samples were collected using ThemoSorb/N air 
sampling cartridges, NrMA was found in all the sampled areas with levels 
ranging fran 0.3 µg/m3 to 10.8 µg/m3 (see Table 51). 

After a brief plant tour, sample sites were selected within the beam house 
and wet cperations for area sampling for N-nitroso carp:)unds and their 
precursors. Six sites within the beam house were identified as sample stations. 
These sites were sampled for three consecutive days at approxi.rrately the sarre 
tirre of·day. Figure 18 is a floor plan of the v.et cperation area shONing the 
location of the sanple stations arrl the area where the fork-lift trucks 
operated. All sample stations were sampled for N-nitroso ccnpounds, amines and 
airborne nitrosating agents. 

· A total of 5 b..Ilk sarnples were also collected during the survey. These 
samples consisted of fresh hide unhairing process water containing added. 
diroethylamine sulfate (™AS), hide unhairing process water without added I:MAS, 
four-day old hide unhairing water containing J:MAS, a 40% aqueous., solution Qf the 
™AS used. in the unhairing process and a water sanple fran a floor ?Jddle near 
the unhairing rcachine. All of these sanples were analyzed for 1:x>th 
dimethylarnine (I:MA.) and N-nitroscxlimethylamine (NI:MA) content. These sariples 
-wrere to determine if NtMA was being fo:rned in the unhairing process, on the 
floor surface or if it was a significnt contaminant in the 40% aqueous CMAS. 
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Air Sampling for N-nitroso Carpounds 

All N-nitroso a:xnpound air samples were collected with the artifact free 
ThenroSorb/N air cartridges an:1 battery-driven air pumps. Typically, the air 
pumps were operated at fran 1.5 L/min to 2.0 L/min for 7-8 hours. 

Air Sampling for Amines and Airborne Nitrosating Potential 

The apparatus used for the sampling are similar to that used for amine 
canpounds except the sorbent in the TherrroSorb/A cartridges consisted of 
thianorpholine coating the sorbent. Air was drawn through these cartridges at 
exactly 1 L/min for a total of 30 minutes. These cartridges were then 
back.flushed with 4 ml of 1N KOH. Aliquots of this eluate were then analyzed for 
both volatile amines an:1 for N-nitrosothiarorpholine. Any N-nitrosothiarorpho­
line found on these cartridges w:iuld have ceen fonned as a result of drawing a 
nitrosating agent, such as oxides of nitrogen, through the cartridge. 

Amine Analysis 

The apparatus used for volatile amine analysis consisted of a gas 
chrorratograph interfaced to a TEA equipped with an oxidative catalytic 
pyrolyzer. With this apparatus, all nitrogen containing a:xnpounds are oxidized 
to produce nitric oxide radicals which are then detected via chemiluminescence. 
The gas chranatographic colL1ITU1s used in this system was a 4' x 1/4" 2 mm i.d. 
glass colunm pa.eked with Carbopack B/4% Carl:x:wax 20 M/0.8% KOH with 15 ml/min 
argon gas temperature prograrrmed fran 60°C to 180°C at 10°C/min (Supelco, 
Inc.). 

Analysis of Bulk Samples 

Aliquots of these samples were analyzed by GC-TEA in either the nitrosamine 
operating rrode or the total nitrogen rrode. The sample prepa.ration consisted of 
diluting the sample 100-fold with 1N KOH for amine analysis and 10-fold for 
N-nitroso canpound analysis. 

RESULTS AND CONCLUSIONS 

N-nitrosodimethylamine (NttvlA) was found in the air at all sample sites 
ranging in level fran 0,1 ug/m3 in the tan yard to 6.6 ug/m3 in the center 
of the unhairing area (Table 521. While the arrounts of Nr:MA found at each site 
varied fran as rrruch as 1. 2 ug/m in the bating area on the first day to 5. 5 
ug/m3 in the same area on the third da~ of sampling the daily mean of all 
sampling sites was 2.9 g/m3 + .5 µg/m. Dimethylamine (I."MA) was also found 
at all sample sites with air1:orne concentrate varying fran 33 µg/m3 near the 
fleshing nachine to 653 ).19/m3 in the center of the unhairing vats (Table 52). 
The variability of the airborne [MA nay ce attributable to the operation of the 
hide unhairing vat pa.ddles. On occasion the hides are tumbled in the unhairing 
solution by use of the pa.ddles, arrl during this operation it was noted that the 
amine-like odor increased. The rrean arrount of airborne I."MA was 291 µg/m3 + 
110 µg/m3. · -

147 



SAMPLE SITES 
WET PROCESS AREA FLOOR PLAN 

HIDE STORAGE 

P?2 2 2 2 2222 22 22 22222 2d 

D SP LITTI NG{c:::J 

BUFFING D 
D 

HIDE 
SORTING 

AREA 

SHAVING 

a 
0 

t?ZZZZJ 

© 

POWER 
ROOM 

STEAM a 
ELECTRICITY 

BAT .:-.ING AREA -
-

UNH 

~ 
UNUSED 

UNHAIRING 
VATS 

- UNUSED 

© D 
HIDE---­

PROCESSOR 

-
-
-

-
-

I I 

UNHAlRING VATS ® 

HIDE 
VATS 

~ 

~ 

I 
I 

~· 
(i 
ti 

@ 

TAN YARD 

I BUFFER I 
E'ZZZZZZ:.ZZZ2ZZzzl. OUTSIDE 

HIDE 
PROCESSORS 

FATS 
a 

HAIR 
FILLER 

Figure 18. Leather Tannery Plant F Sample Sites 
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Sample No. 

1 

2 

3 

4 

5 

6 

Table 51 

Air Sample Analysis for Nitrosamines 
January 1980 

Leather Tannery Plant - F 

Sample Location . 
Bating Pit 

Dehairing 

Dehairing 

Tan Yard 

Color Run 

Dehairing Line 

* NDMA - N-nitrosodimethylamine 

149 

3 µg/m NDMA 

5.3 

10.8 

7.8 

0.3 

1.0 

10.1 



1. 

2, 

3. 

4. 

5. 

6. 

Table 52 

Analysis of Air Samples Collected on July'22,' 23, 24, 1980 

for N-nitrosodimethylamine (NDMA) and Dimethylamine (DMA) 

Leather Tannery - F 

Results in µg/m3 

7/22 7/23 

Sample Location NDMA DMA NDMA DMA NDMA 

Unhairing Vats 4.6 510 3.8 290 5.4 

Center of Unhairing Area 4.3 228 4.1 132· 6.6 

Fleshing Machine 1.1 33 1.1 3,34 1. 3 

Head Splitting ·1.0 45 1.1 91 1. 2 

Bating Area L2 270 4.0 166 5.5 

Tan Yard N.S.* N .S. 0.2 64 0.1 

* N.S. - Not Sampled 
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7/24 

DMA 

663 

481 

183 

644 

405 

36 



1. 

2. 

3. 

4. 

5. 

6~ 

** 

· Table 53 

Results of Ai~ Nitrqsation Capacity in Equivalent. 

Levels of Airborne Nitrogen Dioxide (N02)* Samples 

Collected on July 22-24, 1980 

Leather Tannery - F 

Results in part per billion** 

Sample Location 7/22 7/23 7/24 

Unhairing Vat 97 35 42 

Center of Unhairing 34 44 33 

Fleshing Machine 41 97 64 

Head Splitting 97 106 63 

Bating Area· 36 97 106 

Tan Yard NS*** 64 71 

Equivalent to measured N0 2 levels that experimentally produce the ob­
served aioount of nitrosamine-formed on the nitrosation capacity car­
tridge. 

1 ppb of N~2 is approximately 2 x 10-9 g of NOz/liter of air 

*** N.S. = Not sampled 
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Table 54 

Results of Analysis of Bulk Samples for 

N-nitrosodimethylamine (NDMA) and Dimethylamine (DMA) 

Samples· Collected on July 23, 1980 

Leather Tannery - F 

Sample Description 

1. Floor· Water near unhairing 

2. Fresh hide unhairing solution 
containing dimethylamine sulfate 

3. Hide unhairing solution - no 
dimethylamine sulfate added 

4. 4-day old hide unhairing solution 
containing' dimethylamine sulfate 

5. 40% solution of dimethylamine sulfate 

NDMA (µ g/ml) 

N.D.* 

N.D. 

N.D. 

N.D. 

N.D. 

* N.D. - None detected - detection limit 0.5 µg/ml 
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DMA (i.tg/ml) 

12.0 

790 

8 

630 

120,000 



Airborne nitrosating agents ~re also found at all sample sites ranging 
fran equivalent N02 levels of 33 parts per billion (ppb) in the center of the 
unhairing vats to 106 ppb in the head splitting arrl bating area (Table 53). The 
mean amount of this nitrosating agent was 58 ppb + 16 ppb. The highest levels 
of 106 ppb are not unusual arrl do not represent a-particularly high level of 
N02· Sane of this detected nitrosating agent rray be due to outside ambient 
levels of N02, h°"ever, it was observed that on occasion one to tvJo propane 
driven fork-lift trucks were operating within the sample area. These samples, 
like the amine samples, v.rere collected for only 30 minutes, and as a result the 
mean levels do not represent a daily average. 

The results of the J::ulk samples are contained in Table 54. At a detection 
1 irni t of about O . 5 µ g/ ml no NL'MA was found, ho.vever, all of these samples 
contained IMA with levels ranging fran 8 µg/ml in the unhairing process water 
without added r:MAS to 120,000 ).l g/rnl in the 40% aqueous r:MAS solution. When 
calculated as a.1AS, the 120,000 µg/ml of CT>1A represents approximately a 40% 
solution. It is apparent fran these findings that the airborne NCT>1A is not a 
result of its being fanned in the unhairing process water. 

In stmmry, airborne levels of NI:t-1A were found in association with its 
precursor amines and an airborne nitrosating agent. Fran the evidence it 
appears that lo,., levels of airoorne oxides of nitrogen and dirrethylamine can 
result in the formation of N-nitroso dimethylarnine. Whether or not this 
reaction is taking place in the gas phase or on the building surface, or both, 
has not yet been detennined. Cited experimental evidence ( 134-13 7) , h°"ever, 
indicates that either of these p::,ssibilities could be resr;onsible for the 
formation of NCT>1A. 
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LEATHER TANNERY PI.ANT G 

This leather tannery located in the midwest near Plant G has l::::,een at its 
present location since 1931. The chrorre tanning operation of this plant is new 
and utilizes hide processors to process about 35,000 cattle hides per 1.11eek:. The 
carpany e!T!)la_ys between 325 - 350 v.0rkers. It does not use dirrethylamine 
sulfate (I:MAS) in its leather tanning process. A total of 6 air sanples were 
collected in the wet process area using battery operated air purrps and . 
TherrroSorb/N air sampling cartridges. Aoout 180 L + 10 of air was collected at 
each site giving a detection Limit of 0.1 µg/m3 for-N-nitrosodi.Jrethylamine 
Nll1A.. 

RESULTS AND DISCIJSSION 

No N-ni troso o:::npoun.ds were found on these air sarrple cartridges. See 
Table 55 for results and sarrple locations. 

Sample # 

1 

2 

3-

4 

5 

6 

Table 55 

Air Sample Analysis for Nitrosamines 

Samples Collected during January 1980 

Leather Tannery Plant - G 

Sample Location N-nitroso Compounds 
Detected 

Hide Processo.rs · N.D.* 

Beam House N.D. 

Tan Yatd N.D. 

Tan Yard N.D. 

Color & Fat Liquoring N.D. 

Color & Fat Liquoring N.D. 

* N.D. - None detected, detection limit for N-nitrosodimethylamine = 0.1 \l g/m3 
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LEATHER TANNERY PI.ANI' H 

This tanninq carpany , a side leather tannery, was established in 1872 in a 
small town located in the midw'est. In 1900 the Carpany rroved to its present 
location vm.ere the daily capacity was about 300 hides per day. over the years 
the Carpany has gro,m considerably and today the plant processes 6800 hides per 
day - enough leather each year to rroke uppers for millions of pairs of shoes. 
Due to the increase in production, in 1966, the catpany rroved the finishing 
operation to a ne,,r plant site, about 1/2 mile up the street. The plant site is 
made up of 68 acres with three major buildings containing 270,000 sq. ft. of 
production space. The Carpany moved a substantial portion of its operation to 
Texas in July of 1979. 

Presently there are 394 full-time aiployees at the Plant. Of the 394 
employees, 293 are in production. There are 3 shifts in operation. the first 
shi~, 6:00 a.m. - 2:00 p.m., has 165 errployees; second shi~, 2:00 p.m. - 10:00 
p.m. has 95 enployees7 third shift, 10:00 p.m. - 6:00 a.m. has 33 employees. 
With the exception of 4 white females, all production aiployees are rrale 
caucasians. Only during the war years was there a substantial nurril)er of ferrales 
hired. The turnover rate in the production area is very lo..v, with rre.ny 
employees "'°rking for the Carpany 10-15 years or longer. In addition, there 
have been rrany family members aiployed by the arpany. 

The tannery produces fully tanned and finished leather co..v hides. J'.bst of 
the operations typically found in leather tanneries are in use at this facility 
(Figure 15). Interest in surveying this plant for the presence of N-nitroso 
canpounds and the possibility that v.orkers rray be exposed to these agents is due 
to the non-use of dirrethylamine sulfate (LMAS). This tannery burns the hair off 
the hides in hide processors. This plant was included in this study in order to 
obtain a carparison between LMAS users an::1 a plant which does not use D1AS in 
its process. 

SAMPLING STAATB3Y 

Several sample sites were selected for area sampling for N-nitroso 
canpounds and the nitrosation capacity The general areas selected for sampling 
were the beam house, retan, color and fatliquoring and the tan yard. Six sites 
within the plant were identified as sample stations. These sites were sampled 
during the intial walk-through survey of April 24, 1979. All sample stations 
were sampled for N-nitroso compounds, and airborne nitrosating capacity. 

Air Sampling for N-nitroso Ccxnpounds. 

All N-nitroso a:irrpound air samples were collected with Therm::>.Sorb"'/N air 
cartridges and the DuPont 2500 purrp. Typically, the purrps were operated at fran 
1.5 to 2.0 Lpn for approximately 3 hours. After ai~ sampling, the adsorbed 
canpounds were quantitatively rern:ived by back-flushing the cartridge with a 2.0 
ml solution of 25% methanol in rrethylene chloride ( 7) • Aliquots of the 2. 0 ml. 
eluate were then examined for N-nitroso ccxnpound content by either gas or liquid 
chranatography. In either case the TEA"' Analyzer is used for analysis. 
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RESULTS AND DISCUSSION 

N-nitroso carpounds were not detected in the April 24, 1979 walk-through 
survey (Table 56). The Crnpany does not use dimethylamine sulfate in the 
dehairing process thus reducing the probability of nitrosamine formation. This 
plant was also selected for an epidemiological study. 

Airborne nitrosating agents were found at all the sarrpling sites during the 
April 24, 1979 survey. The e:JUivalent N02 levels of 26 ~ per billion 
(ppb) in the fatliquor weigh-up area to 370 pp:) in the beam house (Table 56) •. 
The average level of nitrosation capacity was 94 ppb. The highest level of 370 
ppb is not unusual and does not represent a particularly high level of No2• 
Sate of this detected nitrosating agent may be due to cutside ambient levels of 
N~. These samples represent short term events, and, as a result they do oot 
represent a daily average for this airborne nitrosating capacity. 

The·lack of diroethylamine sulfate (J:MAS) in the dehairing process supports 
the theory that the non-use of.this c01p)Lll"rl results m reduced levels of 
N-nitrosodimethylamine (NIMA). Fran the previous \o.Ork that has been oonducted 
in tanneries it can be sho,,in that those plants \thlich use Il-1AS have significantly 
increased levels of Nll1A. 

Table 56 

Analysis of Air Samples Collected April 24, 1979 
For Nitrosamine and Nitrosation Potential at Leather Plant H 

Sample Area Sample Nitrosamines Equivalent N02 
Number Location PPB 

1 Retan, Color, Fatliquor N.D.* 28 

2 Re tan, Color, Fatliquor N.D. 31 

3 Beam House N.D. 370 

4 Tan Yard N. D. 69 

5 Dye Room N.D. 38 

6 Fatliquor Weigh-up Area N.D. 26 

* N.D. - Nondetectable - detection limit 0. 05 µg/D'i 
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SHOE FACIDRY PIANT I 

This plant manufactures ,hand-sewn m:m' s shoes with 125 errployees in 
manufacturing and 5 in administration. The total floor space of the plant was 
aro.it 50,000 sq ft, with al:out one-half of it for manufacturing. The factory 
occupied part of the first floor of a large building where other undetermined 
activities were located. 

Hand se.ving is the SllJ!)lest fonn of shoe rnanufacturing, requiring few 
chemicals and glues. About 10% of all shoes made in this country are hand sewn. 
The largest percentage of shoes (60%) are rrade by cementing the leather. Welt 
construction accounts for 25% of all shoe manufacture (this is the oldest rrethod 
of rraking high grade shoes) and the r01aining 5% are rrade by other techniques 
including hot rrelting the sole to the uppers. 

The manufacturing operation at this plant can best be described as hand 
crafting with little reliance on machines. Fully tanned arrl finished leather is 
received at the plant v.here it is then cut into various shoe parts using press 
dies (clickers). The shoe parts are then hand sewn using shaped fonns (lasts) 
into finished shoes, Glue is occasionally used to terrporarily secure the 
leather parts to the lasts and water is use::1 to soften the leather, thus rraking 
it easier to stretch and shape the shoe over the last. There were no obvious 
sources of N-nitroso carpounds at this plant. 

SAMPLING STRATEXN 

Air Samples 

Five area air samples were collected at various locations along the shoe 
assenbly line. One air sample was taken in the office area and one air sample 
was taken in the rubber sole stock storage area. 

Bulk Samples 

Four 1:.ulk samples were taken of process water and rubber sole stock. The 
process water samples were taken fran a leather wetting tank, and a pail of 
water used to soak leather parts. The rubber sole stock sanples were taken £ran 
a pile of foam rubber use::1 to rrake rubber soles. The rubber sole stock was 
found to be free of TEA resp:msive caipounds. The detection limit for Nil-1A was 
0.5 µg/g. 

RESUL'IS AND DISCUSSION 

At a detection limit of 0.01 µg/m3 there i,,.,ere oo N-nitroso oompounds in 
any of the area air samples (Table 57). At a detection limit of :001 µg/g the 
tv.D samples of leather soak water oontained 9.6 ppb and 4 ppb of 
N-nitrosodirrethylamine. At a detection limit of 0.2 µg/g no N-nitroso catq:X)unds 
were detected in · the 1:.ulk rubber sole materials ( Table 58) . These lo,; levels of 
NIMA are probably of oo real concern, The source for the NIMA in the water 
sarnples was not determined, ha.vever, it may have been leached rut of the leather 
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during soaking. The results of this plant· survey, indicate.that only minor 
anounts of NIMA are associated with the ·manufacture of' hand-sa,,.n shoes. other 
shoe rre.nufacturing operations such as the hot'rrel't.or those that cast rubber 
parts to the ·shoe have not been surveyed. · · 

Sample 

2A 
3A 

4A 
5A 
6A 

7A 
lOA 

* N.D. 

Sample 

1 

8 

9 
11 

Table 57 

Results of Air Sampling 1n Leather Plant I 

Collection 
No. Method Location 

lN KOH Cutting room 
lN KOH Middle of hand 

sewing 
lN KOH Pre-fit area 
lN KOH Office area 
lN KOH End of fitting 

area (wetting 
tank area) 

lN·KOH Exit .. from dryer 
lN KOH Rubber sele stock 

storage. 

- None Detected, detection limit 0.05 µg/m3 (NDMA) 

Table· .5 8 

Results of Bulk Samples in Leather Plant I 

· Material· 

15 iron Red crepe sole 
American Built rite 

30 iron Black ~repe sole 
Castelnovo Bariano (RO) 

Leather soak water 
Wetting tank water 

* N.D. - None Detected, detection limit 0.2 µg/g (NDMA). 
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N-nitrciso 
Comp~unds 
Detected 

N.D.* 

N.D. 
N.D. 
N.D. 

N.D. 
N.D. 

N.D. 

N-nitroso 
Compounds 
Detected 

N.D.* 

N.D.* 
9. 6 ppb (NDMA) 
4.3 pp~ (NDMA) 



LEATHER INDUSTRY SUMMARY 

A total of nine separate faclities were surveyed for the presence of 
N-nitroso canpounds and t\\O of these were re-surveyed. Four of the nine plants 
were found to have airborne levels of N-nitroso carp:>unds greater than 0.5 
µg/m3• N'-nitrosodimethylamine (NIMA) was the primary nitrosamine found 
associated with the tanning industry with the highest levels being foun:l. in 
those tanneries which used dimethylamine sulfate in the hide unhairing process. 
Table 59 sumrarizes the operations of each plant and the highest level of NIMA 
found in that plant. It can be seen from Table 59 that the use of dimethylamine 
sulfate (r::MAS) is associated with the highest arrounts of airborne NIMA. Five of 
the nine plants were found to have rreasurable arrounts of airborne NIMA. 
However, the level of 0.05 µg/m3 in the atmosphere of Plant Fis insignificant 
c~red to the 47 µg/m3 found in the atmosphere of Plant A. This level of 47 
µg/m3 of airborne NIMA exceeds the previous high for any factory surveyed, the 
high of which was a finding of 36 µg/m3 in the air adjacent to a rocket fuel 
ID3.I1ufacturing facility (20). Plants Band F have NLMA in their atmosphere, 8 
µ g/m3 and 3 µg/m3 respectfully, and at the time each was surveyed they were 
not using dimethylamine sulfate in their unhairing operations. However, Plant B 
had used rMAS in the recent past and analysis of w:od samples of the plant's 
structure indicated a high level of NLMA in the structure itself (25 ppn, 
confirmed by USDA) • The airborne levels of NLMA found in Plant B may be the 
result of past use of J:MAS an:1 the observed m::MA may be leaching out of the 
structure \\Ood. In Plant F, tMAS hfid only been used on an experimental basis 
and perhaps residual arrounts of this are resp::,nsible for finding NIMA in its 
atmosphere. Plant Falso had a high level of an airborne nitrosating agent 
(assumed to be nitrogen dioxide) and srrall arrounts of an NIMA. precursor 
(presumably dimethylamine) were found in sarrples of process water. The .other 
four plants, C, G, H and I were free of any NIMA contamination. Plant I 
produces only hand-sewn shoes thus the negative NIMA finding is not surprising 
and Plant Conly finished leather that had been tanned elsewhere. It is 
significant that both Plants G and H, full tanneries, do not use di.methylamine 
sulfate and do not have measurable arrounts of NIMA in their atmospheres. 

The finding of N-nitrosodimethylamines in tanneries is directly associated 
with their use of dimethylamine sulfate and the evidence indicates that it is 
being produced as a result of dimethylamine being nitrosated by airborne 
nitrogen oxides. Dimethylamine was found, along with NIMA. and a nitrosating 
agent, in the atmosphere of Plant F. A precursor amine a::xnpound for NIMA was 
discovered upon nitrosating air sarrples fran Plant D - suggesting airborne 
dimethylamine. This same Plant D also had both NIMA and a high level of a 
nitrosating agent in its atmosphere, The concentration of nitrogen dioxide 
needed to experimentally produce the same arrount of N-nitrosarorpholine as 
produced on the rrorpholine-coated nitrosation capacity air sarrples used in Plant 
D, w:,uld have to be 4 to 5 parts per million. The use of open gas flame heaters 
to heat this Plant's atmosphere V10uld certainly result in high levels of 
airborne nitrogen oxides, Neither Plants A or B were examined for airborne 
amines or for the capacity of their air to form N-nitroso compounds. However, 
it 'w'as noted that these Plants, along with Plants D, E, F, G and Hall used 
propane driven fork lift trucks operating within their Plants. The exhaust from 
these vehicles can contribute to higher levels of nitrogen oxides within the 
Plant's atmosphere. Plant H had measurable levels of an airborne nitrosating 
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agent (NO) as determined by the formation of N-nitrosothiorrorpholine on an 
air nitro~tion capacity Ther:rmSorb/A cartridge. Plant H did not use DMAS and 
no NDMt\ was foW1d· in: its atmosphere. 

Because none of the process water samples or other bulk samples were found 
to contain significant amounts of any N-nitroso compounds, it cound be concluded 
that worker eXJX)sure will be via inhalation. We also conclude that the source 
·.for- the airborne NDMA in· these tanneries is due to nitrosation of dimethylamine, 
in-eit'h,er the gas phase-or on surfaces, by airborne oxides of nitrogen. 

Further studies involving N-nitroso compounds in tanneries should include: 

Nitrogen oxide measurement 

Airborne amine measurement 

· ··s:imuJ.ated atmosphere studies of the fonna.tion of N-nitroso 
compounds using prectrr1sor levels of amines and nitrogen oxides 
that approx.inate actual levels measured in tanneries. 

Identification of the sources of other N-nitroso compound 
precursors within the leather tann:ing industry 

Possible methods to eliminate or reduce the levels of N-nitroso 
compounds found in these aiJnospheres. 

Breathing zone measurement of N-nitroso compounds 

Biological sampling 
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Plant 

A** 

B 

C 

D 

E 

F 

G 

H 

I 

Table 59 

Summary of NDMA Findings and Plant Operation of the 
9 Leather Manufacturers 

Description of Operation 

A full tannery 

A partial tannery produc­
ing re-tanned leather for 
finishing at Plant C 

A leather surface finish­
ing operation - no tanning 

Produces chrome tanned 
leather for re-tanning and 
finishing at Plant F 

A re-tanning and finishing 
operation 

A full tatme ry 

A full tannery 

A full tannery 

A manufacturer of hand-sewn 
mens' shoes 

Uses DMAS* 
for unhairing 

Yes 

Has recently 
discontinued 
its use 

No 

Used only on an 
experimental basis 

No 

Yes 

No 

No 

No 

Highest Level of 
Airborne.NDMA 

47 µ g/m3 

8 µ g/m3 

0 

3 µ g/m3 

3 0. 05 µ g/m 

10.8 11 g/m 3 

0 

0 

0 

* DMAS - Dimethylamine sulfate 

** 2.0 µg/m3 of N-nitrosomorpholine was found in air samples collected in the 
finishing area of this plant. 
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SOAP, Dm'ERGENT AND SURFACTANT INIXJSTRY 

General Description of.the Soap, Detergent and Surfactant Industry 

Interest in surveying this industry for the presence of N-nitroso a::nipounds 
arrl the J:X)SSibility that 11.0rkers rray be exp:,sed to these agents is due to its 
production of amine cationic surface active agents (149). This industry also 
produces anionic detergents~ soap. The production of anionic detergents and 
soaps, fran arylalkylsulfonates, fats, waxes and oils of plants and animals, 
does ·not involve.the use of aminesan:i therefore seems an unlikely source for 
N-nitroso c:arp:)unds. Ho..rever, in the production of cationic surface active 
agents, prirrary, secondary and tertiary amines are used. These amines could, if 
a suitable N-nitrosating agent were present, give rise to N-nitroso carpounds. 
Sources for nitrosating agents include airborne oxides of nitrogen, drying 
tar.rers, a process where .cnmbustion gas rray be passed over products and gas 
driven lift trucks. As evidence that N-nitroso COTTfX)lU1ds may be associated with 
this industry, 0 .15 µ g/~ of N™A. was found in an outside air sample collected 
adjacent to a cationic detergent nanufacturing facility in Jersey City, New 
Jersey. This facility was rranufacturing cationic surfactants at the time that 
Thenro Electron Corporation, under contract to EPA, made this finding. Because 
of this finding and the kno.vn use of nitrosamine precurors, this industry was 
included in this study of .....orker exp::,sure to N-nitroso catp:>Ullds. 

W'lile this study has been limited to the rranufacture of surfactants, th~ 
use of the cationic surfactants l:!{ other industries could result in worker 
exposure to N-nitroso <Xltp)UOOs. Amine containing cationic surfactants have 
been use:i for: corrosion inhibitors, ore benefaction, solvent extraction of 
uranium ores, asphalt anulsifiers, bacteriocides, fabric so~eners, antistatic 
agents, acid washing of 'WOOl, dye leveling agents, dye fixatives for direct 
cotton dyes, dry cleaning additives,. hair rinses and sharrp::x:>s, pigment 
dispersion agents in paint, sanitizing, antiseptic lotions, rrouthwashes, 
additives to paper, motor oil additives, additives to rretal pickling b3.ths, 
textile finishing arrl textile softeners (149-150). 
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SURFACTANT PLANT A 

This plant, located in a residential area on the East Coast, was b.J.ilt in 
1910. At the present, the plant occupies 4.2 acres with 72,000 sq. ft. of 
production space and a separate 40,000 sq. ft. of warehouse space. A variety of 
chemical products including anionic, cationic, non-ionic and special surface 
active agents are rranufactured at this facility. The plant operates three 
shifts five days per week employing 104 in the production area and 25 in the 
administrative area. Of interest at this facility was the secondary amines. 
The type of cationic ~unds produced at this facility include: gennicidal 
quarternaries, germicidal specialties and non-germicidal quarternaries. 

The germicide quarternary con-pounds are of the alkyldi.rrethylbenzylarmroniurn 
chloride type. The synthesis of these carpounds includes the use of 
dirrethylamine (IMA), a precursor for N-nitrosodirrethylamine (NL.MA). The 
germicide specialty products include n-alkyliscquinolinium branides,. 
n-alkyldirrethyl benzyl amronium saccharinates and n-alkyl dirrethyl ethylbenzyl 
arnrronium cyclohexylsulfamates. The non-ionics .are of the n-alkyldimethylamine 
oxide type. The non-ionic amine oxides are used in cosrretics and househould and 
janitorial products. The specialty products of this plant include a variety of 
tertiary amines that are produced using di.rrethylamine, for example, n-alkyl 
di.rrethyl-amine. These ccrrpounds are intermediates for later use in the 
synthesis of quarternaries and amine oxide products. Other amine type 
sur.factants produced at this facility include alkanolamines and diethanol 
amides. These non-ionic conp::>unds are used in a variety of products including 
shampoos, bubble baths and dishwasher detergents. 

SAMPLING STRATEGY 

Air Samples 

After the plant tour, 11 area air sarrple sites were selected. Eight of the 
air sample sites were located within the product manufacturing area. The other 
sites included, the quality control laooratory, the warehouse, the plant 1:oiler 
roan and an outside control sample. TherrroSorb/N air sampler cartridges and 
battery driven air µmps (DuPont 2500 and Bendix Cll5) operating at 1.5 to 2 
L/rnin were used to collect the air samples. The volurre of air sampled at each 
site varied fran 273 to 370 liters. 

Bulk Samples 

N::> b.J.lk samples were examined at this facility. 

RESULTS AND DISaJSSION 

Nine of the 11 air samples were found to contain N-nitroso di.methylamine 
(NtMA) with levels ranging fran 0.07 µg/m3 to 0.8 JJ9/m3 (Table 60). The 
sample collected in the warehouse area and the sample collected outside the 
plant were both negative. The NJ:MA findings in this plant were not surprising 
since NJ:MA had been found outside the plant on a previous occasion and the amine 
precursor, di.rrethylamine, is used at this plant. A nitrosating source for the 
N01A was not observed within the plant, hc,,;ever, the plant is located in an 
urban area and local vehicular traffic rray account for airborne oxides of 
nitrogen at levels sufficient to act as the nitrosating agent. 
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Sample No. 

1 

2 

3 

4 

5 

6 

7 

B 

9 

10 

11 

Table 60 

Airborne N-nitroso Compounds 
Surfactant Plant A 

Sample Location 

Production area for amine containing 
compounds 

Dimethylamine distillation area 

Secondary sulfuric acid scrubber 
for dimethylamine removal 

Product Packaging Area 

Boiler Room 

Sulfation Area 

Chemical Mixing Tank 

Control Laboratory 

Feinc Area 

Warehouse Area 

Outside Air Control Sample 

* NDMA = ~-nitrosodimethylamine 

** N.D. = none detected - detection limit for NDMA = 0.03 ug/m3 
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N-nitroso ·compound 
l! g/m3 NDMA* 

o. 20. 

0.30 

0.26 

0.80 

0.15 

0.16 

0.10 

0.26 

0.07 

N.D.** 

N.D. 



SURFACTANT PIANI' B 

This plant 6!rploys 250 \>.Orkers in the production area, 50 in rrenagement and 
operates three shifts, five days per week, producing synthetic laundry 
detergents and soaps. It has been in operation since the 1940's and.does not 
produce cationic surfactants. The raw materials use::1 at this facility consist 
of linear alkyl benzenes, fatty alcohols, oleum, sulfuric acid, sodium hydroxide 
and a variety of additives and perf~s. The manufacturing process consists of 
sulfating the alkyl benzene or fatty alcohols follcwed by neutralization with 
sodium hydroxide. Dyes arrl other additives are then adde::1 and the product dried 
via hot air in a drying to,.,er. Perfumes, admixes and softening ingredients are 
then added to the dry product prior to packaging. The final product is 
warehouse::1 for later distribution to retail ootlets. The only amine used at 
this facility is the cationic surfactant Di-tallcw dirrethyl armonium chloride. 
This softening agent is added to scrre of the products. 

The drying taver use::1 to dry the products is he.ate::1 by direct oil heat. 
During oor intial plant tour we observed several propane driven fork lift 
trucks. These trucks \>.Ould exhaust oxides of nitrogen into the atrrosphere of 
this plant, 

SAMPLING STRATroY 

Air Sarrples 

At . this plant on March 19, 1980, eight area air samples were collected and 
analyze::1 for N-nitroso caq::ounds. The volume of air sampled at each site varie::1 
fran 100 to 358 liters. Therrro.Sorb/N air samplers were used in each case. 

RESULTS AND DISCUSSICN 

No N-ni troso cx::rrp::>unds were found in this plant's atnosphere (Table 61) , 
Hcwever, after inspecting the plant's manufacturing processes, these results are 
not surprising since the only amine used by the plant is the cationic surfactant 
Di-tallcw dirrethyl armonium chloride. This catpOUI1d is manufactured at a .. 
separate facility and is shipped to this plant for use as an additive to its 
final product. 
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Sample No. 

1 

2 

3 

4 

5 

6 

7 

8 

Table 61 

Airborne N-nitroso Compound 

Surfactant Plant - B 

Collection Method . Sample Location. 
' ,. 

ThernvSorb/N MSG Table Area 

TherIIDSorb/N 5th Floor Finished Products 

ThermoSorb/N . 4th Floor Finished Products 

ThermoSorb/N 3rd Floor Packing · Room Line 9 

ThenooSorb/N Soap Process Near Neut-ralizer 

ThermSorb/N 2nd Floor Soap Processing 

Thermo Serb /N Glueing operation on packing 
line 

ThermoSorb/N Warehouse Unit Load Former 

* N.D .. - None _detected, detection limit 0.03 µg/m3 
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N-nitroso Compound 
Detected 

N.D.* 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N •. D. 

N.D. 



SURFACTANT PI.ANT C 

This plant, located on the East Coast, is a o:xrplex of multi-storied 
buildings which occupy 22.9 acres and was constructed in 1820. The plant 
E!'llploys 1200 in production and 600 in administration and R&D. The plant 
operates three shifts, five days per \\.'eek, producing anionic detergent, and 
soaps, cleansers and personal care products. One of the shanpoos produced in 
the personal care products area of the plant contains an alkanolamiri.e in its 
formulation. The raw materials used at this facility include linear alkyl 
benzenes, fatty alcohols, oleum, sulfuric acid, sodium hydroxide and a variety 
of dry additives and perfumes. The manufacturing process consists of 
sulfonating the alkyl benzenes or fatty alcohols folla.ved by neutralization with 
sodium hydroxide and after the. addition of dyes and additives, the product is 
dried via hot air in a drying ta.ver. Perfumes, adrru.xes and softening 
ingredients are then added to the dry product prior to packaging it. The 
product.is then warehoused for later distribution to retail outlets. 

The drying ta.ver is heated by direct oil heat. During our initial plant 
tour we. observed several propane driven fork lift trucks which could contribute 
oxides of nitrogen to the plant's at:rrosphere. 

SAMPLING STPATEGY 

Air Samples 

Using battery-driven air pznps (Model DuPont 2500 and Bendix Cll5) 
operating at 1.5 to 2 L/min and TherrroSorb/N air cartridges, 11 area samples 
were collected at this facility. The sites chosen for sanpling (See Table 62 
for locations) \\.'ere selected during the initial tour. All of the sites sampled 
were, with the exception of an outside air control, within the manufacturing 
areas of this plant. The sample sites were typical of the operations within an 
anionic detergent producing facility. 

RESULTS AND DISCUSSICN 

No N-ni troso a::impounds \\!ere found in this plant' s at:rrosphere on the day 
that it was sampled. These findings were, ha.vever, expected since this facility 
did not use any volatile amines in its processes. 
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Sample No. 

1 

2 

3 

4 

5 

6 

7. 

8 

9 

10 

11 

Table 62 

Air Sample Location and Analytical Results 
Surfactant Plant C 

Sample Location 

Liquid Detergent Manufacturing Area 

#4 Product Packing Line 

#2 Product Packing Line 

Soap Kettle House 

1110 Dryer 

Minor Ingredients Room 

#3 Product Packing Line 

Shampoo Production Area 

F-Tower Computer Area 

Under Premix Blower Pump 

Outside Air Control Sample 

N-nitroso Compounds 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

*N. D. - None detected - detection limit for NDMA = 0, 03 µ g/m3 
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SUMMARY OF SOAP, DITTERGENT AND SURFACTANr INIXJSTRY 

Three surfactant manufacturing plants were included in this survey, tw:> of 
which, Surfactant Plants Band C, produced anionic detergents and soaps and one 
of which, Surfactant Plant A, produced cationic surface active agents. 
N-nitrosodimethylamine was found in the atmosphere of plant A with levels 
ranging fran non-detectable in a separate warehouse to 0.8 µg/rn3 within the 
product packaging area. No N-ni troso corrpounds were found within plants B and 
c. 

The negative findings for N-nitroso o::rnpounds within plants Band Care not 
surprising since the needed amine precursors are not a part of anionic detergent 
manufacturing processes. In manufacturing cationic surface active agents, on 
the other hand, nitrosatable amines, such as, di.rtethylamine and secondary 
alkanolamines, are widely used. Since only one cationic detergent manufacturing 
facility was surveyed and N-nitroso corrpounds were fourrl in its environrrent, 
other such manufacturing facilities should be surveyed in order to determine the 
actual extent of p::issible worker exp:>sure to these corrpounds. 
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IRON AND STEEL CASTING INIXJSTRY 

General Description of the Iron and Steel casting Industry 

Metal castings are produced bf pouring nolten metal into refractory ITOlds 
where it solidifies into 'l:11e desired shape and contour. This industry has been 
in existence since 1845. The first steel castings were rrade using sand rrolds to 
produce horseshoes and loam rrolds to produce steel church bells ( 152) • In the 
United States there are new approximately three hundred foundries ranging in 
size, according to production, fran 10 to 100 tons of castings produced per 
month, to those which are capable of producing several thousand tons of castings 
per rronth. These foundries can re either highly specialized, producing specific 
types of castings, or easily adaptable to the production of a wide variety of 
castings. While foundries ma.y differ in product line or specific production 
methods,. they all use rrolds and nolten metal to produce the desired casting. 

The material ITOSt widely used to make rrolds and cores (cores are used to 
exclude rretal fran areas of the final casting) is silica sand. The refractory 
rrolds are fabricated using sarrl containing binders and patterns to inprint the 
desired shape of the casting in the sand. Binders are materials that are 
ccmpounded into the sarrl mix which act to hold the sand in the desired shape. 

Sane of the sand binding materials include the follo.ving: soo.ium 
bentoni te, cereals, water, clay, phenol forrraldehyde resins, isocyanates, oils 
and amine catalyzed resin systems. Interest in surveying this industry for the 
presence of N-nitroso conpounds centers around the sand core fabrication process 
that utilizes amines as a part of the sand binding system. These cores are made 
by injecting sand, containing amine catalyzed binding agents, into nolds 
follo.ved by injection of the amine catalyst. This interest stems fran an OSHA 
rep::>rt of November 15, 1978 stating that N-nitrosodimethylamine (Nr::MA) and 
N-nitrosodiethylamine (NDFA) were found in the atrrosphere of a foundry (see 
Foundry E in this re!X)rt ) • The rep:::>rted levels of NIM\ were fran O .1 - 0. 8 
µg/m3 and fran 0.1 - 1.4 µg/m3 for NDFA. These nitrosamines were found in 
air sanples collected in the sarrl core production area where amine catalysts 
were being used.. 'Ihe amine being used by this foundry was re!X)rted to be 
triethylamine {TEA) • 

Other amines that may be found in the sand core process include 
dirrethylamine (J:MA), trimethylami.ne ('IMA), N-ethyldirrethylamine (EI:MA), and 
diethylamine (DFA}. Sare of these amines may also be present as contaminants in 
the actual amine being used or they may be produced when hot netal is poured 
into the nolds. In any event, all of these amines can serve as nitrosamine 
precursors. CcalJ>Ounds sud!. as dirrethylamine arrl diethylarnine (secondary amines) 
have been daronstrated to fonn their o::,rresponding nitrosamines fran atnospheric 
oxides of nitrogen. Tertiary amines such as N-ethyldimethylamine and 
triethylamine are, on the other hand, less likely to form nitrosamines under the 
sane conditions. As for the oxides of nitrogen, these can re produced by the 
canbustion of natural gas used to heat hot shell rores to fuse sand grain 
together and by air contacting hot metal in the metal pouring area. 
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Five foundries were surveyed for the presence of N-ni troso carpounds, and 
three of these facilities (Foundries A, Band E) used the amine catalyzed sand 
binding process in their sand cnre q:,eration. The other u-.o foundries (C and D) 
did not use amines in their manufactu.ring operations. 
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FOUNDRY A 

This plant occupies several acres and has four separate b.lildings~ The 
largest of these l:uildings is the green rrold area where the casting are poured·.·. 
This area is approximately 60 x 80 ft. with a ceiling height of 20 ft. The core 
making wilding is separate fran the casting operation and oc;:cupies about 10,000 
sq. ft. The shel.l oore production is located in this area. The plant started 
operating in 1947 and presently has a work force of 200 with 25 in rranagE!Tlent. 
The plant produces about 6000 tons of castings per year. The Ashland processes 
( the core process that uses amines} has been in operation for 3 years producing 
cores for al:out 10-15% of their castings. This process was re!X)rted to us.e 
about five (200 lb)· tanks of di.rrethylamine per rronth. The reason the plant gave 
for using the Ashland process was that it is rrore econanical and faster than the 
core rraking processes that it replaces. 

SAMPLING STRA.TEGY 

After a brief plant tour, several sample sites were selected for area air 
sampling for N-nitroso ccmpounds and precursor amines. The t\\O general areas 
selected for sampling were the shell oore production b.lilding, where the Ashland 
process is also located, and the ma.in rretal casting building, where the iron and 
steel castings are fX)Ured, Within these areas a total of six ·sample sites were 
established. Tl/.0 ba.tte:ry operated punps, one equipped with a The:rnoSorb/A air 
sanpling cartridge for trapping amines, the other, a ThenmSorb/N cartridge for 
N-nitroso canpounds, \vere place:1 side 1:¥ side at each sarrpling site. These · 
punps were then cperated for approxi.rrately 2 to 3 hours with air sampling rates 
of 1.5 L/rnin to 2 L/mi.n. 

The three sites sampled in the shell <Dre area were the hot shell oore 
ma.chine, the Ashlan:'l amine core process, and the core storage area. It was 
requeste:1 that the srra.ller of the two Ashland oore rrachines be operated for 
approxirra.tely 45 min during the sanpling periods. During this tine we detected 
an armonia-like crlor within the wilding. The shell oore rrachines were fully 
operational using open flane natural gas to heat the cores to the proper 
temperature. While the air samples were being oollected we also obtained a 
canposi te · sarrl sample fran waste sand around the shell core machines. The three 
sarrple sites within the rretal casting area were selected such that a cross 
section of the atnosphere would be sarrpled. We did not detect. arry armonia-li.ke 
crlor in this area and were told th.at oone of the amine oontaining CX)res were 
being use:1 during the sampling time. We observe:1 several JX)tential sources of 
nitrog-en oxide within this area, these included the electric furnace and the hot 
casting. 

'!he amine samples were collected to determine if the sarrpled atm::>spheres 
contained air:f amines whicn could give rise to N-nitroso ccrrpounds. Amines that 
~ld give rise to these corcp:>urids w:>uld be secondary amines such as 
dilrethylamine, diethylamine, norpholine, etc. 
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RESULTS AND DISCUSSION 

·N-nitroso CXJYp)Unds 'Were not detected in this plant's atirosphere (Table 
6'3·). ·These negative findings were surprising since the plant reported using 
diroethylamine .in its cold o:::>re rraking q,eration - an operation which is abc:iut 6' 
£ran a hot shell operation. The hot shell operation, whidl uses multiple gas 
jets to heat the shell cores, should produce high levels of oxides of nitrogen. 
The canbination of oxides of nitrogen and dimethylamine in the atnosphere 
should, ·to sane extent, result in the fonnation of N-nitrosodimethylamine 
(NIMA). Ho,rever, we did not firrl any dimethylamine in the plant's atrrosphere 
(Table 64) and this per~ps explains why~ did not collect any Nil-1A. 

· The plant personnel reported that dimethylamine was used in its core making 
operation, and an arrm:>nia like ooor was detected in the air near this cperation 
- suggesting that an amine was being used, but we were unable to detect any 
diroethylamine. We also ~re unable to detect any N-nitroso <XItpOunds in the 
casting area. HO\lever, none of the amine fornulated sand. cores were being used 
on the day that we were sampling. 

We did find dimethylamine, trimethylarnine, and N-ethyldimethylamine in the 
bulk samples of sarrl collected in the shell core area (Table 65) • The presence 
of these. amines .in the sand. sanples and mt in the air sanples is hard to · · 
explain at this time. Ho,rever, this sarrple does suggest that either these 
amines were used in the past or that the amines .in the sand rore process can 
give rise to these carpounds. 

Sample No. 

l 

2 
3 
4 
5 
6 

Table el3 
Nitrosamine Results - Air Samples 

Foundry A 

Collection Method 

ThermoSorb/N 

ThermoSorb/N 
ThermoSorb/N 
ThermoSorb/N 
The rmoSor b /N 
ThermoSorb/N 

Sample Location 

Ainine Core Making 
Operation 

Shell Core Operation 
Core Storage Area 

Near Electric Furnace 
Sand Shakedown Area 
Green Sand Molding 

N-nitroso Compounds 
Detected 

N.D.* 

N.D. 
N.D. 
N.D. 
N.S.** 
N.D. 

* N.D. - None detected - detection limit= 0.1 µg/m3 for N-nitrosodimethyl­
amine. 

** N.S. No sample - air pump failed during sampling 
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Table 

Amine Results -

Foundry 

Sample No. Collection Method 

1 ThermoSorb/ A 

2 ThermoSorb/ A 

3 ThermoSorb/ A 

4 ThermoSorb/A 

5 ThermoSorb/ A 

*Amines 

DMA - Dimethylamine 

TMA - Trimethylamine 

DEA - Diethylamine 

TEA - Triethylamine 

64 

Air 

A 

Samples 

Sample Location Amines* 
DMA TMA 

Amine Core Making ND** ND 
Operation 

Shell Core Operation ND ND 

Core Storage Area ND ND 

Near Electric Furnace ND ND 

Green Sand Molding ND ND 

**ND - None detected - detection limit 0.5 µg/m3 for dimethylamine 

Table 65 

Bulk Sample Results 

Foundry A 

Sample Description 

Core Making Sand Collected from Sand 

Deposits on shell Core O~erations 
and Ashland Process Machine 

* µ g/ g = part per million 
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1,1 g/ g* of Amines Found 

Methylamine 

Dimethyl amine 

= 2.6 

Trimethylamine = 3.8 

N-Ethyldimethyl- = ·14.2 
amine 

Triethylamine 

Morpholine 

= 0.2 

- 0 .. 8 

Detected 
DEA TEA 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 



FOUNDRY B 

This Foundry was started in 1906 and presently has 143 employees producing 
cast iron and steel products. The rrain plant operations are housed in one 
building with the sand cote operation separated by about 100 ft frc:rn the metal 
casting area. The approxirrate size of the plant is 400 ft x 400 ft with the 
metal casting area occupying about 1/2 of this area. The rranagement of this 
plant reported using an amine sand core process. This process is not in 
operation on a daily basis and was not being operated while we were sanpling. 
This plant also produces metal casting llDlds using sand binder systems 
containing phenolic type resins called Pep-Set and a process called Isocure. 

SAMPLING STRATEGY 

Air Sarrpling 

Six sanple sites were selected for area air sarrpling for N-nitroso 
canpounds and their precursor amines. The tv.0 areas selected for sarrpling were, 
the sand core production area where the hot shell core, amine sand core, and the 
Pep-Set rrolding are located, and the metal pouring area where the castings are 
produced. Within the sand core area, air sampling pumps v..rere placed near the 
Isocure process (not in operation during sanpling), the amine sand core 
finishing area and the Pep-Set cperations. other sarrple sites were the center 
of the rrolding rcx:m and an outside air control sanple. 

At all sites, t;,,.o battery operated pumps, one Eqllipped with a TherrroSorb/N 
air sanpling cartridge and the other with a TherrroSorb/A air sarrpling cartridge 
were placed side by side. These sanple pumps were operated for approximately 3 
hours at air flo,.r rate of fran 1.5 to 2 L/min. While these pumps were 
operating, a canposite sarrple of waste sand was collected near the shell core 
process rrachinery. 

During the survey none of the amine sand cores were being used in the metal 
casting area and none of the sand core processes were in operation. 

The amine sarrples were collected to determine if the sarrpled atrrospheres 
contained any amines which could give rise to N-nitroso canpounds. The amines 
that could give rise to these canpounds include secondary amines such as 
dimethylarnine, diethylamine and rrorpholine. 

RESULTS AND DISaJSSION 

N-nitroso canpounds were not found in this plant's atrrosphere (Table 66). 
These findings were unexpected since the facility was reported to use 
dimethylamine in its sand core rm.king operations. HCJ.Never, this process was not 
in use while we were at this facility. The hot shell core operation, which 
v.0uld be a source of nitrogen oxides, was also not in cperation during our 
visit. We did not find any nitrosatable amines in the plant's atrrosphere 
(Table 67) and this rray explain the negative findings for N-nitroso canpounds. 
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We did rot find any N-nitroso catp)Unds or amines in the rretal casting 
c;rrea, h~ver, the amine fomtUlate:i sand cores were not being used on the day 
that we sampled.. 

Four amines, trimethylamine - 2 µg/g, N-ethyldimethylamine - 19 µg/g, 
triethylamine - 0.4 ~/g, an:1 rrorpholine - 0.04 µg/g were fou.rrl in the CCXIlX)Site 
sand sarrq::,le. With the exception of the rrorph(?line, the other amines are 
tertiary amines, these are less likely to give rise to any N-nitroso catq;X>llllds 
by direct reaction with oxides of nitrogen. 
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Sample No. 

16175 

16177 

16179 

16181 

16183 

16185 

Table 66 

Nitrosamine Air Sample Results 

Foundry B 

Collection Method Sample 
Location 

ThermoSorb/N Isocure Area 

ThermoSorb/N Amine Sand Core Process 

ThermoSorb/N Core Finish Area 

ThermoSorb/N Pep-set Mold Production 

ThermoSorb/N Center of Mold Room 

The rmoSo rb /N Outside Air Control 

N-nitroso Compound 
Detected 

N.D.* 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

*N.D. - None detected - detection limit for N-nitrosodimethylamine = 0.1 µg/m3 

Sample No. 

16176 

16178 

16180 

16182 

16184 

Table 67 

Amine Air Sample Results 

Foundry B 

Collection Method Sample 
Location 

ThermoSorb/A Isocure Area 

ThermoSorb/ A Amine Sand Core Process 

ThermoSorb/A Shell Core Finish Area 

ThermoSorb/A Pep-set Mold Production 

ThermoSorb/ A Center of Mold Room 

Amine 
DMA TMA 

N.D.* N.D. 

N.D. N.D. 

N.D. N.D. 

N.D. N.D. 

N.D. N.D. 

* N.D. - None detected - detection limit for dimethylamine = 0.5 µg/m3 
** DMA = Dimethylamine 

.!J.'MA = Tritl)=thylamine 
DEA= Diethylamine 
TEA= Triethylamine 

177 

Detected 
DEA TEA** 

N.D. N.D. 

N.D. N.D. 

N.D. N.D. 

N.D. N.D. 

N.D. N.D. 



FOUNDRY C 

This plant has been in operation since 1932, horlever, the original plant 
was built 20_years earlier. The facil'ity consists of six.separate structures 
located in the same general area rut· on separate sites. Newer facilities are 
presently under construction. · This plant enploys 273 workers who prcxiuce about 
600 tons of castings per rronth. This foundry is quite rrodern, using very 
sophisticated housekeeping arrl environmental controls. The amine sand core 
prcxiuction process is not used at this facility. other core rraking processes, 
such as.the hot shell core and Pep-Set process, are used, These processes are 
located in three separate sites. The tv.o netal casting areas are located in 
separate buildings, one of these areas was alrrost carpletely autanated and had 
an excellent ventilation system. 

SAMPLIN3 SI'RATEGY 

Air Samples 

Five sample sites \\ere selected for area air sampling for ooth N-nitroso 
canp:>Urlds and precursor amines. The areas selected were, the Pep-Set operation 
where no bake sand rrolds are produced. The hot shell rrold rcx:rn where high 
temperatures are used to fuse san:i into nolds, the green sand rrolding area, the 
metal J:X>uring deck where the castings are made and the sand· shake out area where 
the rretal is separated fran the rtol9,5. These areas were selected for sampling 
because they represent a cross section of the operations of this foundry, 'Iwo 
battery operated plll'[pS, one equipped with a ThernoSorb/N air sampling cartridge 
and the other with a ThenroSorb/A air sampling cartridge \-Jere placed side by 
side at each Sartl)ling site. These pmp; were then ciperatErl.for 3 hours with air 
sampling rates of fran 1.5 to 2 L/min. 

During o.ir initial plant tour ......e did rot observe any sources of either 
amines or N-nitroso CCll't1fXJUilds, We did, hOr1ever, observe several canlxlstion 
processes which could a:>ntril:::ute oxides of nitrogen to the plant's atmosphere. 

Air sarrples were examined to detennine if the atnosphere in the sampled 
area contained any amines which could give rise to N-nitroso ccrrpounds. 

RESULTS AND DISOJSSION 

With the exception of the rretal p:,uring deck area, wh~re.0.1 µg/m3 of 
N-nitrosodinethylamine was fomld, no other N-nitroso·C'OOpolll1as or amines were 
foond in this plant's atmosphere (Table 68). The ranainder of the negative 
findings are not surprising since this plant, does not use amines in any of its 
manufacturing areas.. We conclude fran these findings that there is no 
significant \\Orker exp:,sure to N-nitroso cc:aip)unds in this plant and that there 
are no amine precursors to these chemicals in the plant's atmosphere (Table 69). 
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Sample No. 

l· 

2 

3 

4 

5 

6 

Table 68 

Nitrosapu.ne Results - Air Samples 

Foundry C 

Collection Method Sample 
Location 

ThermoSorb /N Pep Set Operation 

ThermoSorb/N Hot Shell Mold Room 

Thermo Sorb /N Outside Control 

Th~rmoSorb/N Green Sand Molding 

Thermo ~orb/N Metµ Pouring Peck 

Th,I'Ul)sorb /N Sand Shake Out Area 

* N.D. - None detected - detection limit 0.1 ug/m3 NDMA. 

N-nitroso Compounds 
Detected 

N.D. 

N.D. 

N.D. 

N.D. 

o·.1 3** µg/m NOMA 

* N.D. 

** 3 . 0.1 µg/m NDMA (N-nitrosodimethylamine) this level is too low for other 
confirmation methods. 

Sample No. 

16187 

16189 

16191. 

16193 

16195 

Table 69 

Amine Results - Air Samples 

Foundry C 

Collection Method Sample 
Location 

ThermoSorb/ A Sand Shake Out Area 

Th.ermoSorb/ A Metal Pouring Deck 

ThenooSorb/ A Green .sand Molding 

ThermoSorb/ A Pep-set Operation 

Thern:>Sorb/ A Hot Shell Mold Room 

Amines Detected* 
DMA. TMA DEA TEA 

N.D.*'*N.D. N.D. N.D. 

N.D. N.D. N.D. N.D. 

N.D. N.D. - N.D. N.D. 

N.D. N.D. N.D. N.D. 

N.D. N.D. N.D. N.D. 

* Amines - DMA. - Dimethylamine 
TMA Trimethylamine 
DEA - Diethylamine 
TEA - Triethylamine 

** N.D. - none detected - detection limit 
0.5 ~~/m3 for dimethylamine 
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FOUNDRY D 

The plant was l::uilt i.J:11920 and presently has four separate b.Jildings 
occ:upying about three·acres. The largest of these buildings, the ll'ain 
production area, has about 100,000 square feet. This plant has 155 enployees, 
11 are in nanagenent arrl it proo.uces 300-500 tons of castings per rronth. The 
mold and a:,re pro:iuction facilities are located in separate areas within the 
ITBin production wilding. The plant proo.uces a large variety of castings using 
green sand rroldings, hot shell sand a:,res and the ro-bake Isocure cores. They . 

. · do not use amines to rranufacture their sarrl cores. 

SAMPLING STRATmY 

Air Sarrples 

Five sarrple sites were selected for area air sampling for both N-nitroso 
ccrnpounds and amines. The areas selected were the coremaking rcan, the no-bake 
core production, the green sand nold roan, the rretal casting area and the sand 
shake out area. These areas were selected because they represented a cross 
section of this foundry's general activities. 'Two MSA :M:xiel C battery operated 
punps, one equipped with a TherrroSorb/Nair sampling cartridge and the other with 
a Therm:JSorb/A air sampling cartridge -were placed side-by-side at each sarrpling 
site. These pumps were then operated for three hours with air sanpling rates of 
fran 1.5.to 2 L/mi.n. . · 

During the initial plant tour no sources for either amines or N-nitroso 
canpounds wrere observed. However, several canb.lstion processes were observed 
which w:mld oontrirute oxides of nitrogen to the plant's atnosphere. The amine 
air Sartl'les were collected to determine if the atnosphere in the sarrpled areas 
contained any amine precursors which could give rise to N-nitroso 
ccmpounds. Amines that can give rise to N-nitroso COOPJunds include sec:::mdary 
amines such as, d:i.methylamine, diethylamine and norpholine. · 

Bulk Sanples 

Calp:)site sand samples were also ex:>llected fran the waste sand within the 
core manufacturing area in order to determine'if amines were present in the 
sand-binder mix. 

RESUL'IS AND DISa.JSSION 

No N-nitroso CXlTpOU11ds or amines were found in this plant's atrcosphere 
(Table 70). The C'CITIX)Site san:i sarrple did not contain-~ amines at a detectipn 
limit of 0.5 µg/g for dimethylamine. These findings were oot unexpected since 
the plant does not use amines in its sand core production process. The amine 
air samples were examined for the presence of dirnethylamine (J:lv1A.), 
trinethylamine ('l'MA), dietj"lylamine (DEA) and triet.hylamine (TEA) (Table 71) •. 
Other amines such as N-ethyldimethylamine (EI:MA) and norpholine, had they been 
present in the Sartl'led. air, "-OUld also have been collected and detected by the 
sampling and analytical nethcxls. · 
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Sample # 

1 

2 

3 

4 

5 

Table 70 

Nitrosamine Results - Air Samples 

Foundry D 

Collection Method Sample Location 

Thermo So rb /N Core Making Room 

Th.ermoSorb/N No Bake C9re Production 

ThermoSorb/N Green Sand Mold Area 

Th.ermoSorb/N Sand Shake Out Area 

ThermoSorb/N Mold Pouring Area 

N-nitroso Compound 
Detected 

ND* 

ND 

ND 

.ND 

ND 

* ND - None detected, detection limit - 0.1 µg/m3 for N-nitrosodimethylamine 

Table 71 

Amine Results - Air Samples 

Foundry D 

Sample fl Collection Method Sample Location 

1 

2 

3 

4 

5 

* 

ntermoSorb/ A Core Room 

ThermoSorb/ A No Bake Core Production 

Tb.ermoSorb/A Green Sand Mold Area 

ThermoSorb / A Sa~d Shake Out Area 

Th.ermoSorb/A Mold Pouring Area 

Amines Detected - DMA - Dimethylamine 
TMA - TTimethylamine 
DEA - Diethylamine 
TEA - Triethylamine 

** 3 None Detected - detection limit 0.5 µg/m for dimethylamine 
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DMA IMA DEA TEA 

ND** ND ND·. ND 

ND ND ND ND 
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FDUNDRY E 

This plant was surveyed for N-nitroso o::rtp.:)unds during October 17, 1978 by 
NIOSH and OSHA personnel. The plant has 340 employees and it produces grey 
steel castings. Castings are rrade at this facility using sand shell cores, 
green sand rrolds and the Ashland amine sarrl cores. It is the Ashland sarrl core 
rraking process that is of interest in this plant. This process uses p::>tentialy 
nitrosatable amines, The areas surveyed in this plant include the core making 
roan,· a roan 60' x 100', and the arrployees lunch. roan. · 

SAMPLING STRATEX:;Y 

Air Samples 

A total of 25 air sarrples and 9 oolk sanples were oollected for N-nitroso 
canp::,und analysis. With the exception of the one sample collected in the lunch 
rOCITI, all of the sanples were collected within the core production area. Eleven 
of the air samples were personal sarrples while the remaining 14 sarrples were 
area air samples. The air sanples v.iere collected using l:e.ttery cperated Bendix 
C-115 pumps equi:pped with either a TherrroSorb/N air sarrpling or an irrpinger 
containing 20 ml of 1N KOH. The air sanples v.iere collected by drawing air 
through the traps at a constant rate of fran 1 to 4 L/min fran 25 minutes to 7, 5 
hcurs, The total volume of air sanples varied with each sanple fran 90 to 600 
liters. 

Bulk Samples 

Nine oolk sarrples, consisting of four solid and five liquid sanples, were 
collected for N-nitroso carp:,und analysis. The solid samples were sand and iron 
oxides whereas the liquid consisted of resins and other sand binders. All nine 
of these materials v.iere used in the sand core making processes, 

RESULTS AND Disa.JSSION 

N-nitrosodimethylamine (NrMA) was found throughout the sand core production 
area except near a stack of hot sand cores which had just been rerroved fran the 
to.ver oven (Table 72). The air in this area was found to OJntain O. 7 µg/m3 of 
N-nitrosodiethylarnine (NDFA), probably ·resulting fran the trirrethylamine gas 
used to help bind the sand cores. The highest level of NDFA, 1. 4 µg/rn3 was 
found near the exhaust p:::>rt of one of the thermal rrolds. All oot one of the 
personal samples shewed the presence of NDFA, with levels ranging fran 0.1 
µg/m3 to O. 6 µg/m3. Airborne NIMA concentration leveis ranged fran O .1 
µg/m3 to q.s µg/m3. The highest NI:MA. level, 0.8 µg/m3 was fo~d in the 
personal sample placed on the shell nold operator (Table 73) • All of the 
personal air sanplers v.iere operated for 7 to 7. 5 hours. The area air sarrpler 
using the ThenroSorb/N traps were operated 30 minutes, 'Whereas the KOH traps 
were cperated for 3 hours. NDFA appears in the KOH traps rut rot in the 
TherrroSorb/N air sanple cartridges. Ho.,,ever, Thenro.Sorb air sanplers were not 
operating during the time that, the triethyi.amine gas was being heavily used. 

182 



Sample· II 

1 
1' 

2 
2' 

3 
3' 

4 
4' 

5 
S' 

6 
6' 

7 
7' 

Table 72 

Area Air Samples 

Foundry E 

Collection Method Sample Location 

The rmoSo rb/N Back wall, behind molds 
KOH 

ThermoSorb/N Above conveyor belt carry-
KOH ing molds 

ThermoSorb/N Tower Oven 
KOH 

ThermoSorb/N Chemical Storage Area 
KOH 

The rm:, So rb /N On air/ga~ dryer, near 
KOH first Redford Mold 

KOH Lunch Room 
ThermoSorb/N Near stack of hot cores 

ThermoSorb/N Above MC1 
ThenooSorb/N Above MC3 

NDMA (µg/m3) NDEA (µ g/m3) 

0.3 ND* 
0.3 

0.3 ND 
0.4 

0.6 ND 
0.7 0.2 

Q .• 5 ND 
0.4 0.2 

0.5 ND 
0.6 0.2 

0.6 ND 
ND 0.7 

0.5 1.4 
0.5 ND 

*ND - None detected - detection limit. for N-nitrosodiethylamine (NDEA) = 0.2 µg/m3 
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Sample II Collection Method 

1 Therm:>SO'l'b/N 
1' KOH 

2 Therm::iSorb/N 
2' KOH 

3 ThermoSorb/N 
3' KOH 

4 Ther.m:>Sorb/N 
4' KOH 

5 ThermoSorb/N 
5' KOH 

Table 7 3 

Personal Air Samples 

Foundry E 

Worker Function 

Isocure Operato'l' 

Cleaning !so cu.re 

Shell Core Operator 

Stacking ·eores 

Finishing Cores 

NDMA (µ g/m3) 

0.3 
0.3· 

0.4 
0.3 

0.8 
0.1 

0.4 
0.2 

0.5 
0.2 

NDEA (µ g/-m3 ) . 

0.5 
0.2 

0.6 
0.1 

0.3 
ND* 

0.3 
0.1 

0.5 
0.1 

*ND - None detected - Detection limit for N-nitrosodiethylamine (NDEA) = 0.1 µg/m3 

Note: The higher levels of N-nitroso compounds were found in the ThertooSorb/N 
cat' tridges 
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Sample IJ 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Table 74 

Bulk Sample Analysis 

Foundry E 

Material Tested 

Raw Sand 

Mixed Sand 

Iron Oxide 

Zip slip-isocure 

Theme slik NF - shell 
mold process 

Triethylamine (TEA) 

Resin for Isocure 

Resi:q. for Isocure 

Shell Mold Sand 

Nitrosamines Found 

N.D.* 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

* ND - None detected- Detection limit for N-nitrosodiethylamine = 0.1 µg/g 
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SUMMARY OF IRON AND STEEL CASTING INOOSTRY 

In total five foundries were included in this survey of the Iron and Steel 
casting Industry for possible v.Drker eXfOsure to N-nitroso carpounds. The 
primary reasons for surveying this industry were the discovery of airoorne 
N-nitroso carpounds in Foundry E and the p::,ssibility that the amine using sand 
core process could result in N-nitroso a:::npounds in foundry environments. Three 
of these facilities (Foundries A, B, and E) use::'l the amine catalyzed sand 
binding process in their sand core operation. With the exception of the finding 
of 0.1 i.ig/m3 N-nitrosodimethylamine (Nt'MA) in one air sample collected in 
Foundry C, Foundry E was the only plant found to have N-nitroso carpounds in its 
envirorment. The levels found in Foundry E's core rraking roan and lunch roan 
(the only areas sampled within the plant) ranged fran 0.3 g/m3 to 0.7 
µg/m3 for Nll1A and fron <0.2 µg/m3 to 1.4 JJ9/m3 for N-nitrosodiethylarnine 
(NDEA). 

Amine rreasurements were also obtained within Foundries A, B, C and Din 
l:Joth air samples and bulk sarrples of core making sand. At a detection limit of 
0.5 g/m3 for d.irnethylamine (CMA) no amines were found in the area air sanples 
collected within these plants. In the bulk samples of sand, hc:Mever, we 
identified 6 amines in the sa:rrples ·collected in Foundry A and 4 amines in the 
same sample fran Foundry B (Table 75) • Both of these foundries used an amine 
catalyzed sand a:>re rranufacturing process, Hc,..,,ever, during this survey Fblll'ldry 
B was not producing any sand cores. Foundry A was producing hot shell cores 
during the survey and at our request they briefly operated the amine catalyzed 
sand core equiµrent. Foundries C and D did not use amines in their sarrl core 
production process. Bulk sanples frcm Foundry E were not examined for amines, 
hcwever, they reJX)rted using triethylamine in their amine catalyzed sarrl core 
operation. The amine catalyzed sand core process was in operation during the 
survey at this plant. 

The rrost likely source for the airoome N-nitroso carpounqs in Foundry.Eis 
the nitrosation of the amine catalyst by atnospheric oxides of nitrogen. The 
hot shell sand core process (located within the same rcnn as the amine catalyzed 
sand core equipnent in Foundries A, B, and E) uses high tE!Tperature gas burners 
to bind the sand. This process -...ould produce oxides of nitrogen which could 
then act as a nitrosating agent. 'Ihe hot shell sarrl core process was in 
operation in Foundry A during this survey. Ha,;ever, no N-nitroso o::rrpounds or 
amines were detected in the sand core roan air sample. Without the nitrosatable 
amines N-nitroso catp:JU11ds can oot be formed. 

The Arrerican Foundryrren's Society published in Control News, November 1, 
1980 data fran a "supplier" which sho,,Jed that N-nitrosodimethylamine and 
N-nitrosodiethylamine were detected in the range of one part per billion (ppb) 
or less. The tests were conducted at the coremaking areas utilizing phenolic 
shell resin, _phenolic hot oox resin, phenolic urethane cold-box resin, rrold 
curing and shakeout areas. 

Further studies of N-nitroso canpounds within this industry should focus on 
those plants that use the amine catalyzed sand core process and these studies 
should include the follc,..,dng: 
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1. 

2. 

3. 

4. 

5. 

6. 

Environmental rronitoring of N-nitroso cx:rnpounds \.vhile the amine 
catalyzErl sand core process is in nonnal operation. 

Measuranent of airborne amines 

Measurement of atmospheric nitrogen oxide levels 

Measurement of airborne N-nitroso carpounds within the rretal 
pouring area when amine containin; sand cores are being used. 

Table 7 5 

Summary of Amines Found in Foundry Sand 

Foundry 

µ,g amine/g sand A B C D E 

Methyl amine 2.6 N.D.* N.D. N.D. N.S. ** 

Dimethylamine 1.2 N.D. N.D. N.D. N.S. 

Trimethylamine 3.8 2.0 N.D. N.D. N. S. 

N-Ethyldimethylamine 14.2 19.0 N.D. N.D. N.S. 

Triethylamine 0.2 0.4 N.D. N.D. N. S. 

Morpholine · 0.8 0.04 N.D. N.D. N.S. 

* N.D. = None detected - 0.5 µg/g detection limit for dimethylamine 

** N.S. = Not sampled 
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SUMMARY 

The object of this study of "N-nitroso Compounds in the Factory 
Envirururient" was to determine if workers were being exposed to N-nitroso 
compounds within selected factories. To accomplish this goal~ 55 on-site 
surveys were ID3.de in 40 separate ffi3Ilufacturing facilities. The facilities 
included in this survey represent seven categories of industrial activity: 

The Fish Processing Industry 

Manufacturers and Users of Synthetic Metalworking Fluids 

Dye :t1mufactur:i.ng 

Rubber Manufacturing 

Leather M:mufacturing 

The Soap, Detergent and Surfactant Industry 

· rrhe Iron and Steel Casting Industry (Foundries) 

The industries, or industrial activities surveyed in this study were not 
examined in depth. For_example, only 8 of 1200 rubber rranufacturing facilities 
and only 9 of over 300 leather tanneries were include:i in this survey. Due to 
the limited scc,pe of the study, other industries which may have N-nitroso 
canp:)llnds within their enviror,np_nt.s were not included. Exal'T!)les of these other 
industries are: explosive manufacturers, ore smelters and amine 
nanufacturers. The specific rranufacturing facilities that were selected for 
on-site visits were chosen as representatives of the surveyed industry. '!he 
industries that were include::i in this survey were selected on the.basis of one 
or nore of the follcwing: 

Kno.vn or suspected use of N-nitroso carpounds 

J<no.,m use of products likely to be oontaminated with N-nitroso 
caTipOUllds. 

use of chemicals which could give rise to N-nitroso carpounds 

Epidemiological data indicating the p:>ssibility of ....orker 
exposure to an environn:ental carcinogen 

The results of this study as it proceeded 

In order to assess the p:>tential ....orker exp:,sure to N-nitroso caTifOUl'lds, 
enviromental samples consisting of air and hllk sanples_were collected and 
analyzed using a rrobile laboratory equipped for N-nitroso compound analysis. 
The on-site survey consisted of examining the facility for areas or processes 
where these canp:,unds could be present follo.ved 1:¥ sanpling those sus:pected 
areas. In nost instances, both air and l:ulk sarrples \'Jere collected for 
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analysis. The air samples were usually area samples, the results of which 
represented the atrrosphere within a specific area of the plant. Ho,;ever, 
process air samples were sanetimes collected to detennine if a specific process 
or p:,int source could be resp:,nsible for the presence of any N-nitroso compound. 
These two types of air samples differed in that the area air samples could not 
detennine the exact source for the N-nitroso compounds. The personal sarrpling 
method was·develq:ied by Thenno Electron and was phased into the study when the 
rubber and leather industries were found to have relatively high levels of 
nitrosamines. It was inp:)rtant at this stage to evaluate the actual p:,tential 
for worker exposure and this was not practical with KOH traps. 

N-nitroso compounds were found in 25 of the 40 plants surveyed. The 
N-nitroso canpounds found were: N-nitrosodirrethylarnine (NIMA), 
N-nitrosodiethylamine (NDEA), N-nitrosopyrrolidine (NPYR), N-nitrosarorpholine 
(NMJR), N-nitrosodiethanaolamine (NDElA) and N-nitrosodiphenylamine (NDPhA). 
All six of these ccrrp:mnds were found in air samples (only trace quantities of 
NDElA were found in one air S?fTPle) , all of these compounds except NDEA and NDPA 
were also found in sane of the b..tlk (NM'JR), N-nitrosodiethanaolamine (NDElA) and 
N-nitrosodiphenylamine (NDPhA). All six of these compounds were found in air 
samples (only trace quantities of NDElA were found in one air sample), all of 
these compounds except NDEA and NDPA were also found in sorre of the bulk 
samples. The highest levels of airborne nitrosamines was the finding of 250 
µg/rn3 of NM:>R in a rubber tire plant. The J:::ulk sample with the highest level 
of these canpounds was rretalworking fluid which contained NDElA in arrounts from 
non-d~tect.able up to alnost 5 mg/ml. NDPhA was found in rulk samples collected 
in a rubber chemical rranufacturing facility which was producing NDPhA at the 
time of the site visit, thus it is not surprising that percent arrounts of this 
canpound were found in flo::,r scrapings and process samples. The other N-nitroso 
compounds, NDEA and NDPA, were found in trace arrounts in air samples taken in 
two rranufacturing facilities. 

N-nitroso compounds were found in the 'AC>rking envirorurents in one or rrore 
of the plants surveyed fran all seven industries. The fella-Jing is a rationale 
of why each industry may have 'AC>rker exposure to N-nitroso compounds: 

Fish Processing Industry 

The small arrount of NI:MA found in the air and J:::ulk samples may be 
the result of naturally occurring dirrethylamine reacting with either 
nitrite or atmospheric nitrogen oxides. · 

Manufacuters and Users of Synthetic Metal Working Fluids 

NDElA is a kno..m contaminant in metalworking fluids formulated with 
nitrite and ethanolarnines. Therefore, those plants that use these 
products may have workers exposed to pre-fanned NDElA. 

Dye Industry 

In the rranufacturing of dyes, nitrite and amines are frequently used 
and·depending up:,n the dye being rranufactured and the plant's 
operation N-nitroso compounds may be.produced as unwanted by-products. 
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Leather Industry 

The predominant N-nitroso compound found in this industry was NDMA.. 
Its presence in tarmeries appears to be the result of airborne 
dirnethylamine, from the use of dirnethylarnine sulfate :in the hide 
unhairing process,. forming NDMA on surfaces or ih the gas phase with 
nitrogen oxides from combustion sources. 

Rubber Industry 

Except for NDPhA which is used and nanufactured by this industry, the 
N~nitroso qornpounds in the plant's environment seem to be associated 
with the heating and extrusion of formulated rubber. The major source 
for the predominant N-nitroso compound, NMOR, seems to be 
transnitrosatipn of rnorpholine via NDPhA. 

Soap, Detergent and Surfactant Industry 

The only N-nitroso compound fo1:f:d in this industry was·a low level of 
NDMA (highest level = 0. 8 ·µg/m ) . Airborne dimethylamine, used in 
the synthesis of some cationic surfactants, may have formed NDMA with 
ambient levels of nitrogen oxides. · 

Iron and Steel Casting Industry (Foundries) 

Only one of the five plants surveyed was found to be contaminated with 
N-nitrx:>so cOJTlfX)unds. Nll1A and NDFA were ooth found within this plant. 
An amine catalyzed sand core process was in operation at the time of 
the survey and triethylamine was reported being used. This amine, and 
dimethylam:ine from an unknown sourc~, may have reacted with the 
nitrogen oxides being generated by the rrany combustion solIT'Ces within 
the foundry to produce the discovered N-nitroso compounds. 

Table 76 is a si..rrnmary of air levels found in all the industries surveyed under 
the contract. The two industries of najor concern were the rubber and leather. The 
removal of dimethylamine sulfate (DMAS) from the deha.iring process in tann~ies 
greatly reduced the N-nitrosodimethylamine levels. Nitrosamines were not found 
in tanneries that did not use DMAS.. , 

The rubber industry required process substitution and engineering controls to 
reduce the airborne levels of nitrosarnines. A better understanding of the potential 
of industrial generation of N-nitroso compounds was derived from the extensive 1w0rk 
conducted in this industry. 

The Rubber t1anufacturers Association (RMA.) conducted a detailed controlled study 
of nitrosamine forrration under tire manufacturing conditions. The results of this 
study are available from the RMA in Washington, D.C. 

Another by-product of this study was a two year skin painting study conducted 
by NIOSH under contract of commericially available cutting fluids. The concentration 
of N-nitroso compounds in each cutting fluid was docl.IlJ1eI1ted throughout the study. 
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The results of this industry-wide study of nitrosamines in the industrial 
enviYDnment gives a clearer understanding of the mechanism and circumstances that 
could give rise to worker e;,qx::isure. The industries that use nitrosatable amines 
should be encourage to examine their pYDcesses for 1=0tential nitrosamine forrrBtion. 
The scope of this study was limited but the results have derronstrated the potential 
for nitrosamine fonration which should not be over looked by industries which 
utilize nitrosatable amines. 
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I-' 

Induetry 

fish Proceaaina 

Cuuing Pluida 

Dye* 

Leather 

Rubber 

Surfactant 

Poundry 

Number of 
Plante 
Surveyed 

2 

10 

] 

9 

8 

3 

5 

Plant• with 
N-n:ltroao 
Cotapounda 
(air and/or bulk) 

2 

1 

1 

6 

1 

l 

l 

Table 76 

SUHHARY OF AIR LEVELS IN INDUSTRIES 
SURVEYED POI. N-NITROS0 COMPOUNDS 

Primary 
ff-nitroso 
Compounds Found 

HDHA 

NDELA 

NDHA>NDEA 

NDHA>NKOB. 

NHOll>NDMA>NDPbA 
NDEA>NDPYR 

NDHA 

NDEA>NDMA. 

Number of Air 
Samples 

12 

22 

21 

156 

77 
11 
12 

2 
45 

30 

~ Total ltO 2S 499 

• Unldeat:lf:led TEA Reapoaa:lve coapoUIUla aa hiah aa 40 ~a/cu• vere found 

ND~ - N-nitroaodtmethylamioa 
K!-fOR - N-nitroaomorpholtoe 
NOEA - N-nttroaodiethylealne 
NOPhA - N-nltrosodiphlfllylamine 
HDPYa - N-o:ltroaopyrrol:ld:lne 
HDELA - N-nltroaodiathaoolaaloa 

0.01 - 0.06 NDMA. 

<0,01 - 0.08 NDELA 

<0.0l - 0.01 NDHA 
<0.03 - 0.06 NOE.\ 

<0,05 - 47 !fl}MA 
<0.05 - 2 NHOR 

0.02 - 250 NMOB. 
0,02 - 5.5 NOMA 
0.01 - 1230 NDPh/t. 
0.13 - 1.4 NDEA 
0.01 - 3.9 NDPYR 

0.03 - 0.8 NOMA. 

0,02 - 1.4 NDEA 

Hean for Air 1 
Sampl:lns 11g/• 
(area, proceaa and 
personal samplea)· 

0.0] 

0.01 

0.0] 
O.Olt 

].It 
0.2 

3.1 
0.6 

37.5 
0.11 
0.26 

0.2 

0.26 

].] 

Po11lbl• worker 
Expoaun bx, 

akin. 

lahalatioo 
Skin 

Inhalat:loo 

and 

akin 

Inhalation 

Inhalation 
Skin 
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