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S e v e r a l  r e p o r t s  have been p u b l i s h e d  d e s c r i b i n g  t he  
o c c u r r e n c e  o f  v o l a t i l e  N - n l t r o s a m l n e s  in  r u b b e r  
p r o d u c t s  ( F a j e n  e t  a l .  1979, R c g l o t h l i n  e t  a l .  1981 ) .  
The f i r s t  e v i d e n c e  o f  t he  p r e s e n c e  of  t h e s e  compounds 
In baby b o t t l e  n i p p l e s  was p u b l i s h e d  by I r e l a n d  s t  a l .  
( 1 9 8 0 ) .  T h e i r  s t u d y  showed the  p r e s e n c e  of  N- 
n l t r o s a m l n e s  in e l a s t o m e r s  compounded w i t h  d l a l k y l a m l n e  
a c c e l e r a t o r s  and s t a b i l i z e r s .  

N - n i t r o s a m i n e s  a re  fo rmed  by t he  I n t e r a c t i o n  between 
amines  and n l t r o s a t l n g  a g e n t s .  The amines  o r i g i n a t e  
f r o m  c h e m i c a l s  added d u r i n g  p r o c e s s i n g .  These a d d i t i v e s  
f u n c t i o n  as a c c e l e r a t o r s ,  r e t a r d e r s  or  s t a b i l i z e r s  o f  
t h e  v u l c a n i z a t i o n  p r o c e s s  and as a n t l o x l d a n t  or t e x t u r e  
m o d i f i e r  (E l  A s s a f  e t  a l .  1984, T r i c k e r  and Preussmann 
1988 ) .  The n i t r o s a t l n g  a g e n t s  c o u l d  be n i t r a t e s  or 
n i t r i t e s ,  used as a d d i t i v e s  (E l  A s s a f  s t  a l .  1984)  and 
n i t r o g e n  o x i d e s  or n i t r o u s  a n h y d r i d e  found  in  the  
i n d u s t r y  e n v i r o n m e n t  ( H a v e r  y and F a z l o  1982 ) .  N- 
n l t r o s a m i n e s  a re  a l s o  p r e s e n t  due to  the  use of  N- 
n i t r o s a m i n e s  t h e m s e l v e s  as a d d i t i v e s  (E l  Assa f  e t  a l .  
1984, Sen e t  a l .  1985) or to  t he  use of  a d d i t i v e s  
c o n t a i n i n g  up to  3 . 5  ppm of  N - n i t r o s a m i n e s  as 
c o n t a m i n a n t s  ( S p i e g e l h a l d e r  and Preussmann 1982, Sen e t  
a l .  1 9 8 7 ) .  

The t y p e s  of  N - n l t r o s a m t n e s  found  in  baby n i p p l e s  and 
p a c i f i e r s  depend on the  amine m o i e t y  o f  t he  a d d i t i v e s  
used d u r i n g  t h e i r  m a n u f a c t u r e  ( H a v e r y  and F a z i o  1982, 
Sen e t  a l .  1985 ) .  In g e n e r a l ,  t he  v o l a t i l e  N- 
n l t r o s a m l n e s  found  are  N - n l t r o s o d l m e t h y l a m l n e  (NDRA), 
N - n l t r o s o d l e t h y l a m l n e  (NDEA), N - n l t r o s o d l b u t y l a m l n e  
(NDBA), N - n l t r o s o p l p e r l d l n e  ( N P I P ) ,  N - n l t r o s o m o r p h o l l n e  
(NROR) and N - n l t r o s o p y r r o l l d l n e  (NPYR) ( H a v e r y  and 
F a z l o  1982, O s t e r d a h l  1983, El A s s a f  s t  a l .  1984, Sen 
s t  a l .  1985, 1987, T r i c k e r  and Preussmann 1 9 8 8 ) .  

Send r e p r i n t  r e q u e s t s  to  t he  a u t h o r  a t  a d d r e s s  above ,  
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Most  o f  t h e s e  N - n l t r o s a m l n e s  a re  p o t e n t  c a r c i n o g e n s  in  
l a b o r a t o r y  a n i m a l s  (Magee 1 9 7 6 ) ,  i n f a n t s  and c h i l d r e n  
b e i n g  more v u l n e r a b l e  t o  t h e  m a l i g n a n t  e f f e c t  o f  t h e s e  
compounds (Sen e t  a l .  1985,  W e s t l n  e t  a l .  1 9 8 7 ) .  

Because  o f  t h e  p o t e n t i a l  h e a l t h  h a z a r d  to  i n f a n t s ,  
s e v e r a l  a n a l y t i c a l  me thods  h a v e  been d e v e l o p e d  f o r  
m o n i t o r i n g  t h e  l e v e l s  o f  N - n l t r o s a m l n e s  in  r u b b e r  
n i p p l e s .  V o l a t i l e  N - n l t r o s a m { n e s  can be e x t r a c t e d  f r o m  
c u t - u p  r u b b e r  n i p p l e s  w i t h  m e t h y l e n e  c h l o r i d e  by 
S o x h l e t  e x t r a c t i o n  ( G r a y  and S t a c h l w  1987,  T r i c k e r  and 
P reussmann  1 9 8 8 ) ,  or  by room t e m p e r a t u r e  co lumn 
e x t r a c t i o n  (Sen e t  a l .  1987)  f o l l o w e d  by d i s t i l l a t i o n  
f r o m  aqueous  a l k a l i ,  r e e x t r a c t i o n  i n t o  m e t h y l e n e  
c h l o r i d e ,  c o n c e n t r a t i o n  u s i n g  a K u d e r n a - D a n i s h  
c o n c e n t r a t o r ,  and d e t e r m i n a t i o n  by gas c h r o m a t o g r a p h y  
w i t h  t h e r m a l  e n e r g y  a n a l y s i s - T E A  ( G r a y  and S t a c h l w  
1987 ,  Sen e t  a l .  1987,  N e s t i n  e t  a l .  1987,  T r i c k e r  and 
P reussmann  1 9 8 8 ) .  

In t h e  method o f  S p i e g e l h a l d e r  and P reussmann  ( 1 9 8 2 ) ,  
t h e  c u t  p i e c e s  o f  t h e  r u b b e r  n i p p l e s  a re  e x t r a c t e d  w i t h  
a r t i f i c i a l  s a l i v a ,  and t h e  e x t r a c t  i s  a n a l y z e d  f o r  bo th  
N - n l t r o s a m l n e s  and n i t r o s a t a b l e  a m i n e s .  The p r o c e d u r e  
i s  a p p r o p r i a t e  as i t  i s  c a r r i e d  o u t  u n d e r  c o n d i t i o n s  
t h a t  r e s e m b l e  s a l i v a  c o n t a c t  i n  an I n f a n t ' s  m o u t h .  
F u r t h e r m o r e ,  i t  i s  a v a l u a b l e  i n f o r m a t i o n  o f  t h e  
p o t e n t i a l  f o r  " i n  v l v o "  f o r m a t i o n  o f  N - n l t r o s a m l n e s .  

S e v e r a l  c o u n t r i e s ,  t h r o u g h  a c t i v e  c o o p e r a t i o n  w i t h  
i n d u s t r y ,  have made c o n s i d e r a b l e  p r o g r e s s  in  
e l i m i n a t i n g  or s i g n i f i c a n t l y  r e d u c i n g  t h e  l e v e l s  o f  N- 
n l t r o s a m l n e s  in  baby b o t t l e  n i p p l e s  ( H a v e r y  and F a z l o  
1 9 8 5 ) .  Canada ,  USA, Germany and H o l l a n d  have 
e s t a b l i s h e d  l i m i t s  f o r  v o l a t i l e  N - n l t r o s a m i n e s  In baby 
b o t t l e  n i p p l e s  o f  30 ,  10, 10 and 1 ppb,  r e s p e c t i v e l y  
( H a v e r y  and F a z l o  1985 ,  Gray and S t a c h i w  1987,  T r i c k e r  
and P reussmann  1 9 8 8 ) .  Germany and H o l l a n d  have a l s o  s e t  
l i m i t s  f o r  n i t r o s a t a b l e  compounds ( T r i c k e r  and 
P reussmann  1 9 8 8 ) .  

The p u r p o s e  o f  t h e  p r e s e n t  s t u d y  was to  i n v e s t i g a t e  t h e  
o c c u r r e n c e  of  v o l a t i l e  N - n i t r o s a m l n e s  in  baby b o t t l e  
r u b b e r  n i p p l e s  in  t h e  m a r k e t  o f  B e l o  H o r l z o n t e ,  MG, 
B r a z i l .  

MATERIALS AND METHODS 

S i x  t y p e s  o f  baby b o t t l e  n i p p l e s  were  p u r c h a s e d  in  B e l o  
H o r l z o n t e ,  MG, B r a z i l .  Four  a l e a t o r y  s a m p l e s  o f  each 
t y p e  were  c u t  i n t o  p i e c e s  o f  a p p r o x i m a t e l y  5mm each and 
m i x e d  t h o r o u g h l y .  T h r e e  s u b s a m p l e s  o f  each t y p e  were  
a n a l y z e d .  M e t h y l e n e  c h l o r i d e ,  f r o m  B u r d l c k  & J a c k s o n ,  
was d i s t i l l e d  i n  g l a s s  and t e s t e d  f o r  I t s  n l t r o s a t l o n  
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p o t e n t i a l  (Sen e t  a l .  1 9 8 7 ) .  Wa te r  was d i s t i l l e d  t w i c e .  
N - n i t r o s a m i n e s  we re  p u r c h a s e d  f r o m  S igma ( S t .  L o u i s )  
and a w o r k i n g  s t a n d a r d  s o l u t i o n  c o n t a i n i n g  0 , 1 ~ 9  o f  
each N - n l t r o s a m l n e / m l  o f  m e t h y l e n e  c h l o r i d e  was 
p r e p a r e d  ( G r a y  and S t a c h i w  1 9 8 7 ) .  N - n i t r o s o d i p r o p  
a m i n e  (NDPA) was used as an I n t e r n a l  s t a n d a r d  a t  a 
c o n c e n t r a t i o n  o f  0 . 1 ~ g / m l .  

A H e w l e t t - P a c k a r d  5710A gas c h r o m a t o g r a p h  (GC) 
I n t e r f a c e d  w i t h  t h e r m a l  e n e r g y  a n a l y z e r  (TEA)  model  
502L ( T h e r m e d l c s ,  I n c . )  was u s e d .  GC-TEA c o n d i t i o n s  
I n c l u d e d  a c o l u m n  o f  2 .7m x qmm I n t e r n a l  d i a m e t e r  g l a s s  
co lumn  packed  w i t h  1O~ Ca rbowax  1 5 q D / 5 ~  KOM on 1 0 0 - 1 2 0  
mesh C h r o m o s o r b  W(HP) ( S u p e l c o ) ;  n i t r o g e n  c a r r i e r  gas 
f l o w  a t  q O m l / m t n ;  co l umn  t e m p e r a t u r e  p rog rammed  f r o m  
9O'O to  180~ a t  q ~  I n j e c t i o n  p o r t  a t  2DO~ TEA 
f u r n a c e  a t  4 5 0 ~  and l i q u i d  n i t r o g e n  as TEA t r a p .  

The q u a n t i t a t i v e  d e t e r m i n a t i o n  o f  N - n i t r o s a m l n e s  i n  t h e  
baby b o t t l e  n i p p l e s  was p e r f o r m e d  a c c o r d i n g  t o  Gray  and 
S t a c h l w  41987 )  w i t h  a f e w  m o d i f i c a t i o n s .  The me thod  was 
based  on e x t r a c t i o n  o f  t h e  v o l a t i l e  N - n l t r o s a m l n e s  f r o m  
t h e  c u t  up n i p p l e s  w i t h  m e t h y l e n e  c h l o r i d e  by S o x h l e t  
e x t r a c t i o n ;  a l k a l l n l z a t l o n  o f  t h e  s o l u t i o n ;  
d i s t i l l a t i o n  o f  t h e  m e t h y l e n e  c h l o r i d e  and t h e n  o f  t h e  
w a t e r ;  p a r t i t i o n  o f  t h e  N - n l t r o s a m l n e s  In t h e  a q u e o u s  
phase  back I n t o  t h e  m e t h y l e n e  c h l o r i d e ;  and 
c o n c e n t r a t i o n  o f  t h e  e x t r a c t  In  a K u d e r n a - D a n l s h  
a p p a r a t u s  t o  l m l  f o r  d e t e r m i n a t i o n  by gas 
c h r o m a t o g r a p h y  w i t h  t h e r m a l  e n e r g y  a n a l y s i s .  NDPA was 
added  as I n t e r n a l  s t a n d a r d  b e f o r e  d i s t i l l a t i o n  In o r d e r  
t o  check  on t h e  p e r f o r m a n c e  o f  t h e  m e t h o d .  To e n s u r e  
t h e  a b s e n c e  o f  I n t e r f e r i n g  p e a k s ,  b l a n k  t e s t s  we re  run  
on m e t h y l e n e  c h l o r i d e  and w a t e r .  One ~ t  o f  t h e  
s t a n d a r d s  or  s a m p l e s  were  I n j e c t e d  In t h e  GC. The 
I d e n t i f i c a t i o n  o f  t h e  p e a k s  was p e r f o r m e d  by c o m p a r i n g  
t h e { r  r e t e n t i o n  t i m e  w i t h  t h a t  o f  s t a n d a r d s .  The 
q u a n t i f i c a t i o n  was done bY c o m p a r i n g  t h e  a r e a  o f  
I n d i v i d u a l  peak w i t h  t h a t  o f  s t a n d a r d  a t  t h e  same 
r e t e n t i o n  t i m e .  

RESULTS AND DISCUSSION 

B l a n k  t e s t s  I n d i c a t e d  t h a t  t h e r e  was no a r t i f a c t u a l  
f o r m a t i o n  o f  N - n l t r o s a m l n e s  d u r i n g  t h e  d e t e r m i n a t i o n .  
The c o n c e n t r a t i o n  o f  t h e  N - n l t r o s a m l n e s  in  t h e  
s t a n d a r d s  and in  t h e  I n t e r n a l  s t a n d a r d  was o b s e r v e d  t o  
be a d e q u a t e  as I t  p e r m i t t e d  s t a n d a r d s  and s a m p l e  
e x t r a c t s  t o  be run  a t  t h e  same i n s t r u m e n t  a t t e n u a t i o n ,  
e l i m i n a t i n g  c o n c e r n s  o v e r  t h e  I l n e a r l t y  o f  d e t e c t o r  
r e s p o n s e .  

Seven  N - n l t r o s a m l n e s  - N - n i t r o s o d l m e t n y l a m l n e  (NDMA),  
N - n l t r o s o d l e t h y l a m l n e  (NDEA) ,  N - n l t r o s o d l p r o p y l a m l n e  
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(NDPA),  N - n l t r o s o d l b u t y l a m i n e  (NDBA),  N - n l t r o s o -  
p l p e r l d i n e  ( N P I P ) ,  N - n t t r o s o p y r r o l l d l n e  (NPYR) and N- 
n i t r o s o m o r p h o l l n e  (NMOR) - were p r e s e n t  In t he  s t a n d a r d  
m i x t u r e .  These N - n l t r o s a m l n e s ,  w i t h  t h e  e x c e p t i o n  of  
NDPA, a re  t he  t y p e s  g e n e r a l l y  f ound  in  n i p p l e s  ( H a v e r y  
and F a z l o  1 9 8 2 , 1 9 8 3 ,  O s t e r d a h l  1983,  El A s s a f  e t  a l .  
1984,  Sen e t  a l .  1995, 1987, T r i c k e r  and Preussmann 
1 9 8 8 ) .  Because NDPA has no t  been f ound  In r u b b e r  
p r o d u c t s ,  i t  was chosen as i n t e r n a l  s t a n d a r d .  D u r i n g  
s e p a r a t i o n  of  t he  s t a n d a r d s  a t  the  GC-TEA c o n d i t i o n s  
e s t a b l i s h e d ,  N - n l t r o s a m i n e s  e l u t e d  a t  2 . 6 5 ;  3 . 3 7 ;  4 . 6 8 ;  
7 . 0 4 ;  7 . 5 8 ;  7 . 9 2 ;  and 8 . 7 4  m i n u t e s  c o r r e s p o n d i n g  to  
NORA; NDEA; NDPA; NDBA; N P I P ;  NPYR and NROR 
respec t i ve ly ,  showing good reso lu t lon ,  

P e r c e n t  r e c o v e r i e s  v a r i e d  f r o m  75 t o  104% w i t h  the  
e x c e p t i o n  of  one samp le  t h a t  r e c o v e r e d  o n l y  67% of  the  
I n t e r n a l  s t a n d a r d .  S i n c e  r e c o v e r i e s  be low  75~ r e f l e c t  a 
bad p e r f o r m a n c e  o f  t he  method ( G r a y  and S t a c h l w  1987 ) ,  
t h i s  sample  was r e j e c t e d .  

T a b l e  1. L e v e l s  of  N - n l t r o s a m l n e s  ( p p b )  In s i x  t y p e s  of  
baby b o t t l e  n t p p l e s  c o m m e r c i a l i z e d  In Be lo  
H o r l z o n t e ,  MG, B r a z i l  

SAMPLE N-NITROSAMINE CONCENTRATION 
( p p b )  

1 NPIP 19.51 + 2 . 6 2  
2 NORA 6 . 9 0  + 0 .23  
3 NORA 2 . 4 3  • 0 .06  
4 NORA 11.86  • 3 . 4 0  
5 NPIP 16 .75  + 2 . 3 7  
6 NDMA 9 .93  • 0 .20  

Ave rage  o f  t r i p l i c a t e  • SO; NPIP: N - p l p e r l d l n e ;  NORA: 
N - n l t r o s o d l m e t h y l a m i n e  

T a b l e  1 I n d i c a t e s  t he  t y p e s  and l e v e l s  of  N- 
n l t r o s a m l n e s  In t he  baby b o t t l e  n i p p l e s .  These r e s u l t s  
a re  no t  c o r r e c t e d  f o r  I n t e r n a l  s t a n d a r d  r e c o v e r y  
because o f  d i f f e r e n c e s  in  t he  v o l a t i l i t y  o f  N- 
n l t r o s a m l n e s  ( G r a y  and S t a c h l w  1987 ) .  R e p r o d u c l b l l l l t y  
was o b s e r v e d  in  a l l  t r i p l i c a t e s  w i t h  t he  e x c e p t i o n  o f  
t y p e  4 t h a t  had a h i g h e r  s t a n d a r d  d e v i a t i o n .  Howeve r ,  
t h i s  can be due to  s a m p l i n g .  A c c o r d i n g  to  H a v e r y  and 
F a z l o  ( 1 9 8 2 )  N - n l t r o s a m l n e s  l e v e l s  v a r i e d  by as much as 
140% f r o m  n i p p l e  to  n i p p l e  w i t h i n  t he  same 
m a n u f a c t u r e r .  NORA or NPIP were f ound  in  a l l  samp les  a t  
l e v e l s  v a r y i n g  f r o m  2 . 4 3  to  19.51 ppb. NORA, c o n s i d e r e d  
to  be a s t r o n g e r  c a r c i n o g e n  (Shank 1975)  was p r e s e n t  in  
66~ of  the  s a m p l e s .  
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In B r a z i l  no r e g u l a t o r y  l i m i t  has been s e t  f o r  N- 
n l t r o s a m i n e s .  H o w e v e r ,  a c c o r d i n g  to  A m e r i c a n  and 
German; and D u t c h  l e g i s l a t i o n s ,  50 and 100~,  
r e s p e c t i v e l y ,  o f  t h e s e  samp les  w o u l d  n o t  be a l l o w e d  In  
t h e  m a r k e t .  

P a c i f i e r s  and o t h e r  t y p e s  of  baby b o t t l e  r u b b e r  n i p p l e s  
c o m m e r c i a l i z e d  in  B r a z i l  s h o u l d  be e v a l u a t e d  f o r  t h e i r  
N - n i t r o s a m t n e  c o n t e n t .  The l e v e l s  o f  n i t r o s a t a b l e  
am ines  e x t r a c t e d  f r o m  t h e  s a l i v a  s h o u l d  a l s o  be known,  
as i t  i s  w e l l  known t h a t  n i t r o s a t a b l e  am ines  f r o m  t h e  
n i p p l e  can be e x t r a c t e d  by t h e  s a l i v a  ( T r i c k e r  and 
P reussmann  1988)  and be n i t r o s a t e d  ' i n  v i v o ' ,  s p e c i a l l y  
a t  t h e  pH c o n d i t i o n s  o f  t he  s tomach  (Sen e t  a l .  1985,  
H i l l  1988,  C r a d d o c k  1 9 9 0 ) .  The e f f e c t  o f  s t e r i l i z a t i o n  
on N - n l t r o s a m l n e s  and n i t r o s a t a b l e  am ines  as w e l l  as 
t h e  m i g r a t i o n  o f  t h e s e  compounds i n t o  w a t e r ,  m i l k ,  
i n f a n t  f o r m u l a s ,  j u i c e s  and t e a  s h o u l d  a l s o  be 
i n v e s t i g a t e d  so t h a t  r e c o m m e n d a t i o n s  can be g i v e n  in  
o r d e r  to  m i n i m i z e  h e a l t h  h a z a r d .  

A c k n o w l e d g m e n t s .  
We t h a n k  Dr .  J.  l an  Gray f o r  t h e  use of  h i s  l a b o r a t o r y  
and GO-TEA f a c i l i t i e s  a t  M i c h i g a n  S t a t e  U n i v e r s i t y ,  
E a s t  L a n s i n g ,  M I ,  USA. 
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