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Until as recently as 1975, the primary interest in the en­
vironmental occurrence of the carcinogenic N-nitroso compounds 
(nitrosamines) centered around nitrite preserved meats, foodstuffs, 
cheese products, fish, fish meal and biological samples. This 
emphasis began to change when N-nitrosodimethylamine (NDMA), one 
of the more potent of these carcinogens (1), was found in the 
atmosphere near a Baltimore, Maryland facility producing 1,1-
dimethylhydrazine (a rocket fuel) (2,3) and in the atmospheres 
near West Virginia (4) and West Germany (5) facilities producing 
dimethylamine. 

It has been demonstrated that NDMA is produced from the mix­
ing of gas phase dimethylamine (DMA) and oxides of nitrogen, even 
when the concentration of the initial substances are at the ppm 
level (6,7,8) . These reactions have also been shown to occur in 
either organic solvents or basic aqueous solutions when gas con­
taining oxides of nitrogen are passed through the solvent con­
taining secondary amines (9). In a test of air sampling sorbents, 
it was shown that surface bound secondary amines form nitrosamines 
when gas containing mixtures of NO and NO2 are passed over them 
(10). It is apparent from these studies that nitrosamines can be 
formed in environments that have the needed precursors either in 
the air, in solution, or bound on surfaces. 

The r e a c t i o n s f o r the f o r m a t i o n o f n i t r o s a m i n e s f rom s e c o n d ­
ary amines i s as f o l l o w s : 

R 2 N - H + NOX + R 2 N-NO + HX (X = C l , I , NO3, N 0 2 , e t c . ) 

F u r t h e r d i s c o v e r i e s o f consumer and i n d u s t r i a l p r o d u c t s c o n t a m i n ­
a t e d w i t h N - n i t r o s o compounds (11) l e d to the s p e c u l a t i o n t h a t 
i n d u s t r i a l workers t h a t e i t h e r use o r manufac ture these p r o d u c t s 
may be exposed to s i g n i f i c a n t amounts o f these c a r c i n o g e n i c agents . 
These d i s c o v e r i e s o f e n v i r o n m e n t a l l y o c c u r r i n g N - n i t r o s o compounds 
p l u s i n c r e a s e d u n d e r s t a n d i n g o f the mechanism by which they can be 
formed from t h e i r w i d e l y a v a i l a b l e p r e c u r s o r amines (12) and ox ­
i d e s o f n i t r o g e n (13) , has r e s u l t e d i n t h i s s t u d y o f worker 
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344 CHEMICAL HAZARDS IN THE WORKPLACE 

exposure to N - n i t r o s o compounds s p o n s o r e d by the N a t i o n a l 
I n s t i t u t e f o r O c c u p a t i o n a l S a f e t y and H e a l t h (NIOSH). 

D u r i n g P a r t I o f t h i s s t u d y a t o t a l o f 40 s i t e v i s i t s were 
made to 28 s e p a r a t e m a n u f a c t u r i n g f a c i l i t i e s r e p r e s e n t i n g f i v e 
c a t e g o r i e s o f i n d u s t r i a l a c t i v i t y . The i n d u s t r i e s i n c l u d e d i n 
t h i s s t u d y w e r e : 

L e a t h e r m a n u f a c t u r i n g 
Rubber m a n u f a c t u r i n g 
Use and m a n u f a c t u r e o f s y n t h e t i c m e t a l 

w o r k i n g f l u i d s 
Azo dye m a n u f a c t u r e 
F i s h p r o c e s s i n g p l a n t 

The b a s i s f o r s e l e c t i n g the i n d u s t r i e s i n c l u d e d i n t h i s s t u d y 
w e r e : the known o r s u s p e c t e d use o f N - n i t r o s o compounds, the use 
o f p r o d u c t s o r m a n u f a c t u r e o f p r o d u c t s shown to be c o n t a m i n a t e d 
w i t h N - n i t r o s o compounds, the use o f c h e m i c a l o r m a n u f a c t u r i n g 
p r o c e s s e s w h i c h c o u l d g i v e r i s e to these compounds, the c o n s i d e r ­
a t i o n o f e p i d e m i o l o g i c a l d a t a w h i c h s u g g e s t e d w o r k e r exposure to 
a c h e m i c a l c a r c i n o g e n and the r e s u l t s o f t h i s s t u d y as i t p r o ­
ceeded . F o r example , the l e a t h e r t a n n i n g i n d u s t r y , was i n c l u d e d 
i n t h i s s t u d y because d i m e t h y l a m i n e s u l f a t e (a p r e c u r s o r to NDMA) 
i s u s e d i n some l e a t h e r t a n n e r i e s as a d e p i l a t o r y agent i n the u n -
h a i r i n g p r o c e s s (12) and some l e a t h e r w o r k e r s have b e e n r e p o r t e d 
to have an i n c r e a s e d r i s k o f c a n c e r (14 ) . 

N - n i t r o s o compounds were f o u n d i n 21 o f 28 p l a n t s s u r v e y e d . 
The h i g h e s t l e v e l s o f a i r b o r n e n i t r o s a m i n e was the f i n d i n g o f 47 
yg/m3 o f NDMA i n a l e a t h e r t a n n e r y (15) and 27 yg/m3 o f N - n i t r o s o -
m o r p h o l i n e (NMOR) i n a r u b b e r t i r e p l a n t (16) . The r e s u l t s o f the 
o v e r a l l s t u d y have a l s o been p r e s e n t e d (17 ) . I n t h i s r e p o r t we 
d i s c u s s o u r f i n d i n g s o f N - n i t r o s o compounds i n f i v e l e a t h e r manu­
f a c t u r i n g f a c i l i t i e s ( T a b l e I ) . W h i l e the f i n d i n g s o f the f i r s t 
t a n n e r y have been r e p o r t e d , t h e r e s u l t s f r o m the o t h e r f o u r t a n ­
n e r i e s s u r v e y e d i n t h i s s t u d y have n o t been p r e v i o u s l y d i s c u s s e d . 
I n o r d e r to p r e s e n t a more complete r e p o r t o f o u r s u r v e y f o r N -
n i t r o s o compounds i n the l e a t h e r i n d u s t r y and to examine why t h e s e 
compounds are p r e s e n t as c o n t a m i n a n t s , we i n c l u d e the f i n d i n g s 
f r o m a l l f i v e t a n n e r i e s i n t h i s p a p e r . Because NDMA had been p r e ­
v i o u s l y f o u n d i n more than one t a n n e r y we s e l e c t e d t a n n e r i e s w i t h 
l i m i t e d o r s p e c i f i c o p e r a t i o n s ( F i g . 1) i n an e f f o r t to d e t e r m i n e 
the s o u r c e o f t h i s d i s c o v e r e d NDMA o r to d e t e r m i n e the mechanism 
by w h i c h i t was p r o d u c e d . I f the mechanisms w h i c h p r o d u c e d NDMA 
i n the atmosphere o f l e a t h e r t a n n e r i e s a re f o u n d n o t to be u n i q u e 
to t h i s i n d u s t r y , then o t h e r p l a n t s and i n d u s t r i e s w h i c h use 
n i t r o s a t a b l e amines may a l s o be c o n t a m i n a t e d w i t h N - n i t r o s o com­
p o u n d s . W i t h the e x c e p t i o n o f the use o f the a r t i f a c t - f r e e 
ThermoSorb / N a i r c a r t r i d g e s (10 ) , the e x p e r i m e n t a l method and 
a p p a r a t u s used to conduct t h e s e s u r v e y s and to a n a l y z e the samples 
are e s s e n t i a l l y the same as p r e v i o u s l y r e p o r t e d (15) . 
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2 1 . ROUNBEHLER ET AL. Nitrosamines in Industrial Atmospheres 345 

Table I. Summary of AZ-Nitrosodimethylamine in Each Tannery 

Tannery 

A i r b o r n e 

Maximum 

(yg/m 3 ) 

Average Waste Water 

Bu lk Samples 

P roces s Water 

(ppb) 

Chemica l s O t h e r 1 

A2 33 13 6 - - -
A 3 47 18 - 1.5 500 A N.D. 6 

A 5 3.4 2.4 - N.D. - -
Β 8 1.5 N.D. - - N.D. 

C 2.0 1.6 N.D. N.D. N.D. 

D t r a c e - - - -
Ε N.D. - - - -

1. O ther samples i n c l u d e raw h i d e , tanned l e a t h e r , condensed s team, e t c . 

2. Tannery A was the o n l y tannery v i s i t e d tha t was u s i n g D imethy lamine s u l f a t e 
i n the h i d e d e h a i r i n g p r o c e s s . 

3. R e - v i s i t to Tannery A two days a f t e r the f i r s t 

4. 500 ng/ml o f NDMA was found i n a 36% s o l u t i o n o f Dimethylamine s u l f a t e 

5. T h i r d v i s i t to Tannery A 50 days a f t e r the f i r s t s i t e v i s i t . At t h i s 
t ime they had ceased u s i n g Dimethylamine s u l f a t e . 

3 
6. N.D. - None d e t e c t e d , d e t e c t i o n l i m i t o f 0.05 yg/m f o r NDMA i n a i r and 

0.5 ng/g f o r NDMA i n bu lk samples. 
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Tannery D e s c r i p t i o n and R e s u l t s 

Tannery A . The f i r s t t a n n e r y s u r v e y e d was l o c a t e d i n New 
E n g l a n d . A p p r o x i m a t e l y 300 w o r k e r s were p r o c e s s i n g about 2000 
h i d e s p e r day i n t o f i n i s h e d l e a t h e r . T h i s t a n n e r y u s e d methods 
o f t a n n i n g t h a t a re c h a r a c t e r i s t i c o f the i n d u s t r y (New E n g l a n d 
Tanners C l u b , 1977) . I n a d d i t i o n , they u s e d d i m e t h y l a m i n e s u l ­
f a t e i n the u n h a i r i n g p r o c e s s . A l l o f the 300 o r so t a n n i n g o p ­
e r a t i o n s were p e r f o r m e d i n a o n e - s t o r y b u i l d i n g d i v i d e d i n t o wet 
and d r y o p e r a t i o n s areas ( F i g u r e 2 ) . Three v i s i t s were made to 
the f a c t o r y and the e n t i r e l e a t h e r t a n n i n g and f i n i s h i n g p r o c e s s ­
es were examined f o r the p r e s e n c e o f N - n i t r o s o compounds. D u r i n g 
the f i r s t v i s i t ( A p r i l 1 1 , 1978) s i x a r e a a i r samples r e p r e s e n t i n g 
a c r o s s s e c t i o n o f the a i r i n the t a n n e r y were c o l l e c t e d and d u r ­
i n g the f o l l o w i n g v i s i t ( A p r i l 13 , 1978) 20 a i r samples were 
t a k e n a l o n g w i t h s e v e r a l b u l k s a m p l e s . The t h i r d v i s i t was made 
on June 1 , 1978 when 10 a i r samples and numerous b u l k samples o f 
p r o c e s s w a t e r were c o l l e c t e d . A t o t a l o f 27 b u l k samples were 
examined f o r N - n i t r o s o compounds. These samples c o n s i s t e d o f 11 
c h e m i c a l s o r c h e m i c a l m i x e s , two f r o m the h i d e and l e a t h e r , two 
o f the waste w a t e r , and 12 o f the p r o c e s s w a t e r f r o m the wet o p e r ­
a t i o n o f the t a n n e r y . 

R e s u l t s . D u r i n g the f i r s t v i s i t to t h i s f a c i l i t y , NDMA was 
f o u n d i n a l l s i x a i r samples a t l e v e l s r a n g i n g f r o m 6 yg/m-* i n 
the s p r a y f i n i s h i n g a r e a to 33 y g/m3 n e a r the chrome t a n n i n g o p ­
e r a t i o n . A l l o f the i n s i d e a i r samples t a k e n on the s e c o n d v i s i t , 
two days f o l l o w i n g the f i r s t , c o n t a i n e d NDMA w i t h l e v e l s r a n g i n g 
f r o m 0 . 1 yg/nr* i n the l u n c h room, 1 .4 yg/m3 i n the s h i p p i n g room 
to 47 yg/nr* i n the r e - t a n n i n g a r e a . The average amount o f a i r ­
b o r n e NDMA f o u n d on these two v i s i t s was 19 y g / m ^ . T h i s f i g u r e 
i s b a s e d on the a r e a a i r v o l u m e s . On the s e c o n d v i s i t , i n a d d i ­
t i o n to NDMA, N - n i t r o s o m o r p h o l i n e was f o u n d a t a l e v e l o f 2 .0 
yg/nr* i n t h r e e a i r samples t a k e n i n the l e a t h e r f i n i s h i n g a r e a . 
D u r i n g the t h i r d v i s i t , 50 days a f t e r the f i r s t , NDMA was a g a i n 
f o u n d i n the atmosphere a t a l l the sampled s i t e s . However , t h e s e 
l e v e l s were c o n s i d e r a b l y r e d u c e d , r a n g i n g f r o m 1 . 1 to 3.4 yg/m^ 
i n the r e - t a n n i n g a r e a . The h i g h e s t l e v e l s o f a i r b o r n e NDMA and 
t h e i r l o c a t i o n s w i t h r e s p e c t to the t a n n i n g p r o c e s s a r e shown i n 
F i g u r e 3. 

O n l y f o u r o f the 27 b u l k samples c o n t a i n e d NDMA ( T a b l e 2 ) . 
The h i g h e s t l e v e l o f NDMA (0 .5 yg/ml) was f o u n d i n a sample f r o m 
a 36.5% aqueous s o l u t i o n o f d i m e t h y l a m i n e s u l f a t e (DMAS). A c c o r d ­
i n g to p l a n t p e r s o n n e l , 117 l i t e r s o f DMAS a r e u s e d each day i n 
the h i d e u n h a i r i n g p r o c e s s . T h i s w o u l d amount to l e s s than 60 mg 
NDMA/day p o t e n t i a l e x p o s u r e f r o m the c o n t a m i n a t e d DMAS. NDMA 
(0.0015 y g / m l ) was a l s o f o u n d i n the r e - l i m e p i t ( u n h a i r i n g v a t ) 
p r o c e s s w a t e r . T h i s p r o c e s s w a t e r c o n t a i n e d 5 .7 l i t e r s o f DMAS 
i n 8000 L o f l i m e - s a t u r a t e d w a t e r . The o t h e r samples w h i c h c o n ­
t a i n e d NDMA (0.004 yg /ml and 0 .006 yg/ml) were w a s t e - w a t e r f r o m 
the t a n n e r y o u t l e t p i p e c o l l e c t e d a t the l o c a l m u n i c i p a l w a s t e -
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Wet Process Dry Process 

Tannery Chrome Tanning - Re - tann ing D ry ing mechan ica l and chemica l s u r f a c e f i n i s h i n g 

γ / / / / / / / / A/ / 71 

ÏZYJ, Extent o f the tann ing p roces s performed at each f a c i l i t y 

1. New England Tanners C lub 

2. Tannery A i s a f u l l y tannery which produces f i n i s h e d l e a t h e r from raw h ides 

Figure 1. Leather tanning operations1 of the five tanneries surveyed for N-nitroso 
compounds 
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Figure 3. The highest levels of NDMA in the atmosphere at various stages of the 
tanning process (combined data from the first two visits to Tannery A): ND = not 

detected; Ν S = not sampled 
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Table II. NDMA Levels in Liquid and Solid Bulk Samples 

NDMA 
Sample Description (yg/g) 

Chemicals 

Azo Rubine Dye ND 
Penetrator L-219 ND 
Nigrosine Blue L ND 
Polar Sol 5 ND 
Betζ Formula ΝΑ-6 ND 
Boiler rush i n h i b i t o r mix ND 
Ammonia paste wash ND 
p-Nitrophenol ND 
KITO-40 (fungicide) ND 
Fresh brine ND 
Aqueous dimethylamine sulphate (36.5%) 0-5 

Leather Samples 

Chrome-tanned leather 
Raw-salted cowhide ND 

Waste Water 

Beam-house waste water 0-004 
Tanning-house waste water 0-006 

Process Water 

Re-lime p i t 0-0014 
Bating solution (two samples) ND 
Pi c k l i n g solution (two samples) ND 
Chrome-tanning solution (two samples) ND 
Final rinse from chrome tanning (two samples) ND 
Wash out of colouring ND 
F i r s t rinse from f a t - l i q u o r i n g ND 
Final rinse from f a t - l i q u o r i n g ND 

ND = Not detected 
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water t r e a t m e n t p l a n t . I t waw r e p o r t e d t h a t the w a s t e - w a t e r f r o m 
the t a n n e r y amounted to about 4 χ 106 l i t e r s / d a y . A p p r o x i m a t e l y 
20 g o f NDMA. w o u l d be r e q u i r e d to produce 0.006 y g / m l NDMA i n t h i s 
volume o f w a t e r . A sample o f the s a l t e d cowhide was a l s o examined 
f o r NDMA, b u t none was d e t e c t e d ( d e t e c t i o n l i m i t 0 .05 P g / g ) - I n 
o r d e r to t e s t the s a l t e d cowhide f o r any m a t e r i a l w h i c h c o u l d p o s ­
s i b l y n i t r o s a t e d i m e t h y l a m i n e , a 1 g p i e c e o f cowhide was p l a c e d 
i n 5 ml s u l f u r i c a c i d pH (3) c o n t a i n i n g 50 mg o f d i m e t h y l a m i n e 
h y d r o c h l o r i d e f o r 4 h r s a t 2 5 e C . A t a d e t e c t i o n l i m i t o f 0 .05 
y g / g n e i t h e r NDMA, n o r any o t h e r T E A - r e s p o n s i v e compounds were 
f o u n d . F i n a l l y , p r o c e s s w a t e r was sampled f r o m a l l phases o f 
the wet t a n n i n g o p e r a t i o n s a n d , e x c e p t f o r the r e - l i m e p i t , none 
o f t h e s e c o n t a i n e d NDMA a t a d e t e c t i o n l i m i t o f 0 .005 y g / m l . 

D u r i n g the f i r s t and s e c o n d v i s i t to the t a n n e r y , a s t r o n g 
o d o r ( a m m o n i a - l i k e ) was n o t e d and the a i r appeared s a t u r a t e d w i t h 
m o i s t u r e . In a d d i t i o n , s e v e r a l propane f o r k - l i f t t r u c k s were 
e x h a u s t i n g t h e i r gases to the atmosphere . A l s o d u r i n g t h e s e 
v i s i t s DMAS was b e i n g used i n the r e - l i m e p i t s . By the t h i r d 
v i s i t , the o u t s i d e weather was warmer and the t a n n e r y was b e i n g 
b e t t e r v e n t i l a t e d . D u r i n g t h i s v i s i t t h e r e were no s t r o n g o d o r s 
i n the a i r and the t a n n e r y had d i s c o n t i n u e d u s i n g DMAS. However , 
the propane d r i v e n f o r k - l i f t t r u c k s were s t i l l o p e r a t i n g w i t h i n 
the h i d e r e c e i v i n g and wet p r o c e s s a r e a . 

U s i n g the p l a n t d i m e n s i o n s s u p p l i e d by the p l a n t p e r s o n n e l , 
the c a l c u l a t e d a i r volume w i t h i n the p l a n t i s about 1 χ 10^m3. 
I n o r d e r to p r o d u c e the a i r b o r n e c o n c e n t r a t i o n o f NDMA o b s e r v e d 
d u r i n g the f i r s t two v i s i t s t h e r e w o u l d have to be about 2 grams 
o f NDMA i n the a i r a t any g i v e n t i m e . I f one assumes an a i r 
change each 30 m i n , t h e n on a d a i l y b a s i s t h e r e i s about 100 
grams o f NDMA i n the a i r . The waste w a t e r c o n t e n t o f 20 grams/ 
day b r i n g s the t o t a l amount o f NDMA needed to e x p l a i n o u r f i n d i n g s 
to 120 g / d a y . The NDMA i m p u r i t y f o u n d i n the DMAS w o u l d amount 
to o n l y 60 mg/day w h i c h i s i n s u f f i c i e n t to account f o r the o b ­
s e r v e d NDMA. We have f a i l e d to f i n d a s o u r c e f o r the NDMA i n t h i s 
p l a n t e x c e p t f o r the p o s s i b i l i t y f o r a i r b o r n e o r s u r f a c e f o r m a ­
t i o n f r o m the d i m e t h y l a m i n e m o i e t y o f the DMAS and a i r b o r n e N 0 X 

f r o m e x h a u s t o f the propane d r i v e n f o r k - l i f t t r u c k s . We d i d n o t 
measure the d i m e t h y l a m i n e o r n i t r o g e n o x i d e l e v e l s i n the a i r 
d u r i n g t h i s s u r v e y . A crude measurement o f the n i t r o s a t i o n c a p a c ­
i t y o f the a i r i n the t a n n e r y was made a t a l a t e r da te by d r a w i n g 
a i r t h r o u g h c a r t r i d g e s c o n t a i n i n g magnesium s i l i c a t e c o a t e d w i t h 
m o r p h o l i n e (10 ) . We d i d f i n d t h a t N - n i t r o s o m o r p h o l i n e was i n d e e d 
formed on t h e s e c a r t r i d g e s , thus i n d i c a t i n g an a i r b o r n e n i t r o s a t -
i n g agent was p r e s e n t i n the t a n n e r y . The g r e a t e s t amount o f t h i s 
a i r b o r n e n i t r o s a t i n g a g e n t was f o u n d i n the wet p r o c e s s a r e a where 
the p r e v i o u s h i g h l e v e l s o f NDMA were f o u n d . I t s h o u l d be n o t e d 
t h a t t h i s i s the same a r e a where the propane d r i v e n f o r k - l i f t 
t r u c k o p e r a t e d and where DMAS i s u s e d . As p r e v i o u s l y m e n t i o n e d , 
the f o r m a t i o n o f NDMA i n the gas phase and on s u r f a c e s f r o m 
d i m e t h y l a m i n e and n i t r o g e n o x i d e s has been d e m o n s t r a t e d . 
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Tannery Β . T h i s t a n n e r y , a l s o l o c a t e d i n New E n g l a n d , em­
p l o y s 80 workers who p r o c e s s about 700 h i d e s p e r day p r o d u c i n g 
f u l l y tanned and c o l o r e d l e a t h e r w h i c h a r e s h i p p e d to a s e p a r a t e 
f a c i l i t y , Tannery E , f o r s u r f a c e and m e c h a n i c a l f i n i s h e s . D u r i n g 
the s i t e v i s i t on O c t o b e r 12 , 1978, 19 a i r samples and 4 b u l k 
samples were c o l l e c t e d . The a i r samples were c o l l e c t e d a t a l l 
s t a g e s o f the t a n n i n g o p e r a t i o n . The b u l k samples c o n s i s t e d o f 
two waste w a t e r s p e c i m e n s , one steam s y s t e m condensate and one 
f l o o r s c r a p i n g f r o m the dye room. 

R e s u l t s . NDMA was f o u n d i n the atmosphere o f t h i s p l a n t a t 
a l l s t a g e s o f p r o d u c t i o n e x c e p t the new beam h o u s e . The h i g h e s t 
l e v e l o f 8 yg/m^ was f o u n d i n an unused l o f t above the u n h a i r i n g 
p r o c e s s . I n the p r o d u c t i o n a r e a , 3 yg/m^ was f o u n d i n the dye 
s t o r a g e room w i t h the r e m a i n i n g samples r a n g i n g f r o m 1 . 2 yg/nP 
n e a r the the u n h a i r i n g p r o c e s s to 0 .03 yg/m^ i n the h i d e d r y i n g 
a r e a . The sample l o c a t i o n s and NDMA c o n c e n t r a t i o n s a r e shown 
i n F i g u r e 4. The f a r t h e r away f r o m the u n h a i r i n g p r o c e s s t h a t 
the a i r samples were t a k e n the l o w e r the l e v e l s o f NDMA. The 
f i n d i n g o f n e a r l y 3 yg/m^ o f NDMA i n the s m a l l dye room n e a r the 
r e - t a n n i n g a r e a w i t h l e v e l s o f 0 .1 - 0 .2 yg/m^ j u s t o u t s i d e (a 15 
to 3 0 - f o l d d i f f e r e n c e ) s u g g e s t s t h a t t h e r e may be a s o u r c e ( c o n ­
t a m i n a t i o n ) f o r the NDMA w i t h i n the dye room. The h i g h e s t l e v e l 
o f 8 yg/m3 i n the l o f t above the u n h a i r i n g p r o c e s s i s h a r d to 
e x p l a i n u n l e s s the l e v e l s o f NDMA i n the p l a n t were h i g h e r i n the 
p a s t . None o f the b u l k samples examined c o n t a i n e d any N - n i t r o s o 
compounds. 

T h i s p l a n t does n o t p r e s e n t l y use d i m e t h y l a m i n e s u l f a t e , b u t 
i t has used t h i s compound i n the r e c e n t p a s t . A n o t h e r p o s s i b l e 
s o u r c e f o r the d i m e t h y l a m i n e p r e c u r s o r s may be the h i d e s o r i t 
may b e formed d u r i n g the u n h a i r i n g s t e p . The o n l y p o t e n t i a l 
n i t r o s a t i n g agent i d e n t i f i e d i n any o f the p r o c e s s e s (except 
d y e i n g ) was the a n t i f u n g a l agent P a r a n i t r o - p h e n o l . Some o f the 
dyes u s e d by t h i s p l a n t c o n t a i n e d C - n i t r o groups w h i c h c o u l d 
t r a n s n i t r o s a t e d i m e t h y l a m i n e to f o r m NDMA. However , an a i r sample 
t a k e n i n s i d e one o f the c o l o r i n g drums was no h i g h e r i n NDMA l e v ­
e l s t h a n the a i r o u t s i d e o f i t . We d i d o b s e r v e propane o p e r a t e d 
f o r k - l i f t t r u c k s b e i n g used w i t h i n the t a n n e r y and t h e s e w i l l 
c o n t r i b u t e n i t r o g e n o x i d e s to the p l a n t a tmosphere . 

Tannery C. T h i s t a n n e r y , l o c a t e d i n the M i d w e s t e r n U n i t e d 
S t a t e s , employs 135 workers who p r o c e s s about 3000 h i d e s p e r 
day i n t o chrome tanned h i d e s . These " b l u e h i d e s " a r e t h e n s h i p p e d 
to Tannery D f o r r e - t a n n i n g , c o l o r i n g and f i n a l f i n i s h i n g . T h i s 
t a n n e r y has used d i m e t h y l a m i n e on an e x p e r i m e n t a l b a s i s b u t was 
n o t u s i n g i t d u r i n g t h i s s u r v e y . D u r i n g the s i t e v i s i t to t h i s 
f a c i l i t y on J a n u a r y 16, 1979, 10 a r e a a i r samples and 5 p r o c e s s 
a i r samples were c o l l e c t e d a l o n g w i t h 8 b u l k s a m p l e s . The b u l k 
samples c o n s i s t e d o f 6 p r o c e s s w a t e r s p e c i m e n s , one p l a n t w a s t e ­
w a t e r specimen and one steam s y s t e m c o n d e n s a t e . The p r o c e s s a i r 
samples were c o l l e c t e d i n s i d e the h i d e p r o c e s s i n g drum. These 
h i d e p r o c e s s i n g drums r e s e m b l e d l a r g e cement m i x e r s and were v e n -
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t i l a t e d to the o u t s i d e a i r . A l l o f the o p e r a t i o n s o f t h i s t a n ­
n e r y , e x c e p t the c h e m i c a l m i x i n g , were p e r f o r m e d i n a l a r g e 
40 ,000 s q . f t u n p a r t i t i o n e d b u i l d i n g . 

R e s u l t s . A g a i n NDMA was f o u n d i n a l l o f the a i r samples 
t a k e n i n t h i s t a n n e r y w i t h l e v e l s r a n g i n g f r o m 0.2 μ g / m 3 i n the 
c h e m i c a l p r o c e s s i n g room ( s u l f i d e s t r i p p i n g ) to o v e r 3 y g / m 3 i n 
the c e n t e r o f the p l a n t on a deck above the w a t e r t rea tment a r e a . 
A l l o t h e r NDMA l e v e l s ranged f r o m 1 to 2 y g / m 3 w i t h a mean o f 
1 .5 y g / m 3 . These r e s u l t s i n d i c a t e a f a i r l y u n i f o r m d i s t r i b u t i o n 
o f the NDMA i n the p l a n t a tmosphere . A i r samples c o l l e c t e d w i t h ­
i n the h i d e p r o c e s s drums had NDMA l e v e l s t h a t were a t o r below 
the mean l e v e l w i t h i n the p l a n t . None o f the b u l k samples c o n ­
t a i n e d NDMA a t a d e t e c t i o n l i m i t o f 0 .05 y g / m l . 

A s o u r c e f o r the NDMA was n o t f o u n d i n t h i s t a n n e r y . I t was 
r e p o r t e d t h a t they d i d use d i m e t h y l a m i n e s u l f a t e on an e x p e r i m e n t ­
a l b a s i s and n i t r o s a t i o n o f t h r e e o f the b u l k p r o c e s s w a t e r samp­
l e s d i d r e s u l t i n the f o r m a t i o n o f 0.0015 to 0.0025 y g / m l o f NDMA. 
We a l s o c o l l e c t e d t h r e e a i r samples u s i n g a c i d pH t r a p s and a f t e r 
n i t r o s a t i n g the c o n t e n t , f o u n d t w i c e the l e v e l o f NDMA, thus i n d i ­
c a t i n g the p r e s e n c e o f the NDMA p r e c u r s o r amine i n the a i r . I n a 
f u r t h e r e x p e r i m e n t we sampled a i r o v e r magnesium s i l i c a t e c o a t e d 
w i t h m o r p h o l i n e and f o u n d t h a t f rom 3-20% o f the 30 y g o f morpho­
l i n e had been c o n v e r t e d to N - n i t r o s o m o r p h o l i n e thus i n d i c a t i n g 
an a i r b o r n e n i t r o s a t i n g a g e n t . 

T h i s p l a n t a l s o uses propane d r i v e n f o r k - l i f t t r u c k s and a t 
the t ime o f the s u r v e y d i r e c t gas f i r e d h e a t e r s were b e i n g u s e d 
to warm the a i r i n the p l a n t s . B o t h o f t h e s e c o m b u s t i o n s o u r c e s 
w o u l d c o n t r i b u t e n i t r o g e n o x i d e s to the a i r . 

Tannery D. T h i s f a c i l i t y , l o c a t e d i n New E n g l a n d , c o n s i s t s 
o f a t w o - s t o r y b u i l d i n g w i t h 150,000 s q . f t o f f l o o r space em­
p l o y i n g 560 w o r k e r s who p r o c e s s about 8-10 ,000 h i d e s p e r d a y . 
T h i s f a c i l i t y i s a r e - t a n n i n g and f i n i s h i n g o p e r a t i o n t h a t r e ­
c e i v e s chrome tanned h i d e s f r o m o t h e r p l a n t s w h i c h i t r e - t a n s , 
r e - c o l o r s and s u r f a c e f i n i s h e s . T h i s f a c i l i t y was v i s i t e d on 
F e b r u a r y 5 , 1979 when 21 a i r samples were c o l l e c t e d a t a l l s t a g e s 
o f the o p e r a t i o n . There was no r e p o r t e d use o f d i m e t h y l a m i n e 
s u l f a t e o r any o t h e r amines i n t h i s f a c i l i t y . 

R e s u l t s . Two a i r samples were f o u n d to c o n t a i n N - n i t r o s o -
m o r p h o l i n e (NMOR) a t l e v e l s o f 0 .1 and 0 .25 y g / m 3 and i n a d d i ­
t i o n 0.05 yg/m3 NDMA was f o u n d i n the sample c o n t a i n i n g 0 . 1 y g / m 3 

o f NMOR. These l e v e l s o f N - n i t r o s o compounds a r e c o n s i d e r a b l y 
l o w e r than what has been f o u n d i n o t h e r t a n n i n g o p e r a t i o n s . 

Tannery E . T h i s t a n n e r y , l o c a t e d i n New E n g l a n d on the 
t h i r d f l o o r o f a t h r e e - s t o r y b r i c k b u i l d i n g , o c c u p i e s 40 ,000 s q . 
f t and employs 60 workers who a p p l y s u r f a c e f i n i s h e s to l e a t h e r 
t h a t has been f u l l y tanned and c o l o r e d a t Tannery B. On the day 
t h i s p l a n t was v i s i t e d ( O c t o b e r 13, 1978) 17 a i r samples were 
t a k e n a t a l l s t a g e s o f p r o d u c t i o n . W h i l e t h e r e were many c h e m i ­
c a l s and dyes b e i n g used a t t h i s p l a n t t h e r e were no known s o u r c e s 
f o r amines o r n i t r o s a t i n g a g e n t s . 
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R e s u l t s . No N - n i t r o s o compounds were found i n any o f the 
a i r samples c o l l e c t e d a t the f a c i l i t y . 

C o n c l u s i o n 

The t a n n e r y i n d u s t r y was s e l e c t e d to be s u r v e y e d f o r N -
n i t r o s o compounds i n t h e i r environment b e c a u s e o f i t s r e p o r t e d 
use o f d i m e t h y l a m i n e s u l f a t e i n the h i d e u n h a i r i n g p r o c e s s . Upon 
e x a m i n a t i o n o f a t a n n e r y u s i n g t h i s compound we d i d f i n d two 
N - n i t r o s o compounds i n i t s a i r , N - n i t r o s o d i m e t h y l a m i n e (NDMA) and 
N - n i t r o s o m o r p h o l i n e (NMOR). O t h e r t a n n i n g o p e r a t i o n s w h i c h 
e i t h e r d i d n o t use DMAS o r had ceased i t s use had g r e a t l y r e d u c e d 
l e v e l s o f t h e s e compounds i n t h e i r e n v i r o n m e n t . We were u n a b l e 
to i d e n t i f y any s p e c i f i c t a n n i n g p r o c e s s w i t h i n the i n d u s t r y 
w h i c h was r e s p o n s i b l e f o r the o b s e r v e d NDMA. However , the d a t a 
s t r o n g l y s u g g e s t s t h a t i t i s b e i n g formed i n the a i r o r on s u r ­
f a c e s . I f t h i s h y p o t h e s i s i s p r o v e n to be c o r r e c t t h e n any 
e n v i r o n m e n t where n i t r o s a t a b l e amines and n i t r o g e n o x i d e s a r e 
f o u n d i n a c o n f i n e d atmosphere (not j u s t t a n n e r i e s ) a r e l i k e l y 
to be c o n t a m i n a t e d w i t h N - n i t r o s o compounds. 
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