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My name i s  Edward B a i e r ,  D eputy  D i r e c t o r  o f  th e  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 io n a l  S a f e t y  and H e a l th  (NIOSH). I  welcome t h i s  o p p o r t u n i t y  to  a p p e a r  
h e r e  to d ay  to  d i s c u s s  t h e  e f f e c t s  o f  o c c u p a t i o n a l  e x p o s u re  to  s u l f u r  d io x id e  
upon human h e a l t h ,  i n c l u d i n g  th e  r e s u l t s  o f  r e c e n t  NIOSH sp o n s o re d  s t u d i e s .  
W ith  me today  a r e :  Dr. V i c t o r  A rc h e r ,  D iv i s io n  o f  S u r v e i l l a n c e ,  Hazard.
E v a lu a t i o n s  and F i e l d  S t u d i e s ;  D r .  K enneth  B n d b o r d ,  O f f i c e  o f  E x tr a m u ra l  
C o o r d in a t io n  and S p e c i a l  P r o j e c t s ;  D r. David  G ro th ,  D i v i s i o n  o f  B io m ed ica l  and 
B e h a v io r a l  S c i e n c e s ;  D r .  D ouglas  S m ith ,  D iv i s i o n  o f  C r i t e r i a  D ocu m en ta tio n  and 
S ta n d a r d s  D evelopm ent; W il l ia m  W agner, E n v iro n m e n ta l  I n v e s t i g a t i o n s  B ran ch ;  
P a t r i c i a  G ussey , T e s t i n g  and C e r t i f i c a t i o n  B ranch ; and D r .  J a n e t  H a a r t z ,  
D i v i s i o n  o f  P h y s i c a l  S c ie n c e s  and E n g in e e r in g .

R e co rd s  o f  w orker c o m p la in t s  o f  t h e  i r r i t a n t  e f f e c t s  o f  s u l f u r  d io x id e  
(SO2 ) d a t e  from 1 8 2 1 .  SO2 i s  an  i r r i t a n t  g a s  w h ich  h a s  w ide  i n d u s t r i a l  
u s e .  I t  i s  commonly t r a n s p o r t e d  and s t o r e d  a s  a l i q u i d  u n d e r  p r e s s u r e  b u t  i s  
a  g a s  a t  a tm o s p h e r ic  p r e s s u r e  and room t e m p e r a t u r e .  E x po su res  o f  l e s s  t h a n  an 
h o u r  to  SO2  a t  l e v e l s  above  t e n  p a r t s  p e r  m i l l i o n  p a r t s  o f  a i r  (10  ppm o r  26 
mg/m3 ) a r e  i r r i t a t i n g  to  th e  n o se  and t h r o a t ,  som etim es c a u s in g  a  cho k in g  
s e n s a t i o n  fo l lo w e d  by n a s a l  d i s c h a r g e ,  s n e e z i n g ,  cough and i n c r e a s e d  mucus 
s e c r e t i o n .  A cu te  e f f e c t s  h av e  been  th o r o u g h ly  s t u d i e d  i n  b o th  man and 
a n im a l s .  The NIOSH C r i t e r i a  Document h a s  n o te d  t h a t  some a c u t e  e x p o s u re s  h av e  
r e s u l t e d  i n  d e a t h ,  and o t h e r s  h av e  b een  fo l lo w e d  by c h r o n ic  d i s e a s e ,  su ch  a s  
c h r o n i c  b r o n c h i t i s ,  emphysema, and s h o r t n e s s  o f  b r e a t h .  S t u d i e s  r e p o r t e d  i n  
th e  l a s t  t h r e e  y e a r s  h av e  shown some c h r o n ic  e f f e c t s  su c h  a s  c h r o n ic  
b r o n c h i t i s  and l o s s  o f  pu lm onary  f u n c t i o n  a t  c h r o n i c  e x p o s u re s  below  t h e  
c u r r e n t  F e d e r a l  o c c u p a t i o n a l  s t a n d a r d  o f  5 ppm (13 mg/m3) a s  a t im e  w e ig h te d  
a v e r a g e  (TWA) c o n c e n t r a t i o n .

I t  h a s  b een  e s t im a t e d  by t h e  D epartm en t o f  L abor t h a t  a p p ro x im a te ly
6 00 ,00 0  A m erican w o rk e rs  may be o c c u p a t i o n a l l y  exposed  to  SO2 . Some o f  t h e  
h i g h e s t  e x p o s u re s  o cc u r  when i t  i s  a  b y - p r o d u c t ,  as  i n  t h e  m e ta l  s m e l t in g  
i n d u s t r y ,  and m  th e  p r o c e s s i n g  o r  c o m b u s t io n  o f h ig h  s u l f u r  c o a l  o r  o i l .
O th e r  e x p o s u re s  o cc u r  i n  m a n u fa c tu re  o f  s u l f u r i c  a c i d ,  f u m i g a t i n g ,  fo o d  
p r e s e r v a t i o n ,  wine making and b l e a c h in g  o f  many s u b s t a n c e s .

I m p o r t a n t  c h r o n i c  r e s p i r a t o r y  d i s e a s e s  a r e  emphysema, c h r o n i c  b r o n c h i t i s  
and pu lm onary  f i b r o s i s .  These a r e  i m p o r ta n t  c a u s e s  o f  d i s a b i l i t y  and d e a th  i n  
t h e  U n i te d  S t a t e s .  T hese  lu n g  d i s e a s e s  c a u s e  o v e r  1 4 ,0 0 0  d i s a b i l i t y  
r e t i r e m e n t s  o f  p e r s o n s  u n d e r  age  65 e a c h  y e a r .  They d i r e c t l y  c a u se  30 ,000 
d e a th s  e ach  y e a r  and c o n t r i b u t e  to  an  a d d i t i o n a l  32 ,000  d e a th s  each  y e a r .  The 
q u a l i t y  o f  l i f e  i s  m ark ed ly  re d u c e d  f o r  many th o u s a n d s  o f  p e r s o n s  by s h o r tn e s s  
o f  b r e a t h  a s s o c i a t e d  w i th  c h r o n i c  r e s p i r a t o r y  d i s e a s e .  B ecau se  o f  t h e  
m a g n i tu d e  o f  t h e  p rob lem  o f  c h r o n ic  r e s p i r a t o r y  d i s e a s e ,  a s m a l l  p e r c e n ta g e  
i n c r e a s e  r e s u l t i n g  from SO2 e x p o s u re  may have  a  p ro fo u n d  e f f e c t  on  t h e  t o t a l  
number o f  p e o p le  b e in g  a f f e c t e d .

O c c u p a t io n a l  e x p o s u r e  to  s u l f u r  d io x id e  was h ig h  on t h e  o r i g i n a l  NIOSH 
p r i o r i t y  l i s t .  A c r i t e r i a  document on SO2  was t r a n s m i t t e d  to  t h e  
O c c u p a t io n a l  S a f e t y  and H e a l th  A d m i n i s t r a t i o n  (OSHA) on F e b ru a ry  11, 1 974 .
T h is  document recommended, among o t h e r  t h i n g s ,  t h a t  th e  F e d e r a l  e n v i ro n m e n ta l  
l i m i t  f o r  o c c u p a t i o n a l  e x p o s u r e  to  SO2 be s e t  a t  2 ppm ( 5 .2  mg/m3 ) as  a



TWA e x p o su re  f o r  a 40 h o u r  work w eek , w i t h  d a i l y  e x p o s u re s  up to  10 h o u r s .
T h is  p ro p o se d  s t a n d a r d  was b ased  on i n f o r m a t i o n  a v a i l a b l e  a t  t h a t  t im e .  The 
s t a n d a r d  th e n  was 5 ppm (13 mg/m3 ) .  B ecause o f  r e c e n t  d a t a ,  NIOSH now 
b e l i e v e s  t h a t  Che s t a n d a r d  o f  2 ppm (5 .2  mg/m3 ) recommended i n  1974 would 
n o t  p r o v id e  a d e q u a te  p r o t e c t i o n  f o r  t h e  h e a l t h  o f  w o rk e rs .

C h ron ic  r e s p i r a t o r y  d i s e a s e  a s s o c i a t e d  w i t h  SO2 e x p o su re  h a s  been  
r e p o r t e d  m  s e v e r a l  d i f f e r e n t  e p i d e m io l o g i c a l  s t u d i e s .  Most o f  them have  had  
s e v e r e  l i m i t a t i o n s  f o r  u se  i n  s t a n d a r d  s e t t i n g ,  how ever.  In  s p i t e  o f  t h e  
p rob lem s e n c o u n te r e d  i n  e p id e m io lo g ic  s t u d i e s  o f  SO2 e f f e c t s ,  NIOSH i s  
c o n v in c ed  t h a t  a l l  a v a i l a b l e  s t u d i e s  must be u sed  to  p r o v id e  d a t a  f o r  s t a n d a r d  
s e t t i n g .  F o r t u n a t e l y ,  t h e  d e s ig n  and t e c h n i q u e s  u sed  in  e p id e m io lo g y  s t u d i e s  
a r e  im p ro v in g .

I n  t h e  l a s t  t h r e e  y e a r s , f o u r  e p i d e m io l o g i c a l  s t u d i e s  h av e  been  r e p o r t e d  
which  u sed  b e t t e r  t e c h n iq u e s  and r e p o r t e d  a c t u a l  p e r s o n n e l  e x p o s u r e s .  The 
NIOSH s tu d y  o f  A rc h e r  and G il lam  was a c r o s s - s e c t i o n a l  s tu d y  o f  903 w o rk e rs  i n  
w h ich  s t a t i s t i c a l l y  s i g n i f i c a n t  r e d u c t i o n s  i n  FVC and FEV^ w ere  found  a s  
w e l l  a s  an  i n c r e a s e  i n  symptoms o f  r e s p i r a t o r y  d i s e a s e  w hich c o r r e l a t e d  w e l l  
w i t h  d ay s  o f f  f o r  i l l n e s s .  The e f f e c t s  o f  SO2 w ere  s e e n  m  b o th  smokers and  
n o n -s m o k e rs .  When w o rk e rs  smoked and w ere  exposed  to  S02> th e  e f f e c t s  o f  
t h e  two a g e n t s  w ere d i r e c t l y  a d d i t i v e .  Among s m e l t e r  w ork e rs  18% compared to  
6% o f  c o n t r o l s  r e p o r t e d  a s e n s a t i o n  o f  c h e s t  t i g h t n e s s  on t h e i r  f i r s t  day  b ack  
on t h e  job  a f t e r  s e v e r a l  days o f f .  “ A c o n c o m ita n t  e n v i ro n m e n ta l  s tu d y  by 
S m ith ,  W agner, e t  a l .  p ro v id e d  e v id e n c e  t h a t  TWA e x p o su re s  had been  i n  t h e  
ra n g e  o f  0 .4  t o  4 ppm (1 -1 0  mg/m3 ) w i th  a mean o f  a b o u t  2 ppm f o r  many 
y e a r s .  S u l f a t e ,  m anganese and t o t a l  d u s t  w ere a p p r o x im a te ly  t h e  same i n  t h e  
b r e a t h i n g  zon es  o f  w ork e rs  u sed  a s  c o n t r o l s .  Of t h e s e  s u b s t a n c e s ,  o n ly  t h e  
s u l f a t e  was c o n s i d e r e d  s u f f i c i e n t l y  ab u n d an t  to  h ave  an e f f e c t  on pulm onary  
f u n c t i o n .  C o n c e n t r a t io n s  o f  t h e  o t h e r  c o n ta m in a n ts  w ere  much below  t h a t  w h ich  
i s  known to  h av e  any p h y s i o l o g i c a l  e f f e c t ,  w i th  t h e  p o s s i b l e  e x c e p t io n  o f  
a r s e n i c ,  a  c a r g i n o g e n .  A lth o u g h  t h e  s u l f a t e  m ig h t  have  had some e f f e c t  on 
pu lm onary  f u n c t i o n ,  i t  was n o t  c o n s id e r e d  to  have  i n f l u e n c e d  t h e  s i g n i f i c a n c e  
o f  t h e  s tu d y  c o n c l u s i o n s ,  b ecau se  th e  c o n t r o l s  m  t h i s  s tu d y  w ere  exposed  to  
an  a v e ra g e  o f  0 .0 9  mg/m3 (a  s l i g h t l y  h i g h e r  l e v e l ) .

The second  r e p o r t  was t h e  NIOSH s p o n s o re d  s t u d y  o f  S m ith ,  P e t e r s ,  e t  a l .  
i n  a  l o n g i t u d i n a l  i n v e s t i g a t i o n  o f  113 w o rk e rs  u s in g  p e r s o n a l  SO2 

d o s i m e t e r s .  They fo u nd  a  s t a t i s t i c a l l y  s i g n i f i c a n t  i n c r e a s e  i n  t h e  a n n u a l  
FEVj_ and FVC mean d e c re m e n ts  among w o rk e rs  whose SO2 TWA e x p o s u re s  were 
be tw een  1 and 4 ppm ( 2 . 6 —10 mg/m3) -when compared to  th o s e  whose mean 
e x p o s u re  was l e s s  th a n  I  ppm ( 2 .6  mg/m3 ) .  From an  a n a l y s i s  o f  v a r i a n c e ,  
u s in g  c r o s s  t a b u l a t i o n s  o f  FEV^ d e c r e m e n t s ,  r e s p i r a b l e  d u s t  and SO2 

e x p o s u r e s ,  i t  was found  t h a t  t h e  i n c r e a s e d  a n n u a l  dec rem en t was a s s o c i a t e d  
o n ly  w i t h  SO2 , n o t  w i th  th e  d u s t .  T h is  i n d i c a t e d  t h a t  c o p p e r ,  s u l f a t e s ,  
s u l f i t e s  and o th e r  e le m e n ts  i n  t h e  d u s t  -were n o t  in v o lv e d  i n  t h e  i n c r e a s e d  
d e c re m e n t .  A com pariso n  o f  FEVjl v a l u e s  betw een  p r e - s h i f t  and p o s t - s h i f t  
t e s t s  on t h e  s m e l t e r  w ork e rs  found  t h a t  30% had a  d e c l i n e  o f  100 ml o r  m ore . 
T h is  s u g g e s t s  t h a t  30% o f  w ork e rs  may have  had an a c u t e  r e a c t i o n  to  SO2 a t  
a b o u t  t h e  2 ppm (7 .2  mg/m3 ) TWA ra n g e  e n c o u n te re d  m  th e  s m e l t e r .



The t h i r d  e p i d e m i o l o g i c a l  s tu d y  by t h e  M i n i s t r y  o f  H e a l th  i n  T o ro n to ,
Canada i n  1974 , r e p o r t e d  s t a t i s t i c a l l y  s i g n i f i c a n t  i n c r e a s e s  i n  r e s p i r a t o r y  
d i s e a s e  and d e c r e a s e s  i n  FVC and FEV^ among c o p p e r  s m e l t e r  w o rk e rs  exposed 
f o r  t e n  y e a r s  o r  m o re .  A verage e x p o su re  t o  SO2  was r e p o r t e d  a s  2 .5  ppm (6 .5  
mg/m^). Smoking was c o n t r o l l e d  i n  t h e  a n a l y s i s .  However, p o s s i b l e  
pu lm o nary  e f f e c t s  c o n t r i b u t e d  by  o t h e r  a i r  c o n ta m in a n t s  c o u ld  n o t  be r u l e d  o u t .

The f o u r t h  s t u d y  was done i n  t h e  B r i t i s h  s t e e l  i n d u s t r y  by Lowe, e t  a l .  
A p p ro x im a te ly  1 0 ,0 0 0  w o rk e rs  were s t u d i e d  f o r  c h r o n i c  e f f e c t s .  Mean e x p o su re s  
t o  SO2  w ere  a b o u t  0 .3 5  ppm (0 .9  mg/m^). No d e f i n i t e  e f f e c t s  w ere found  a t  
t h i s  l e v e l .

I n  a d d i t i o n  t o  i n v e s t i g a t i o n s  on w o r k e r s ,  e p i d e m io l o g i c a l  s t u d i e s  have  
a l s o  i n d i c a t e d  c h r o n i c  r e s p i r a t o r y  d i s e a s e  i n  t h e  g e n e r a l  p o p u l a t i o n  to  be 
a s s o c i a t e d  w i t h  SO2 . T h is  i n c l u d e s  b o th  a s th m a t i c  a t t a c k s  and c h r o n ic  
b r o n c h i t i s .  D e c re a s e s  i n  pu lm onary  f u n c t i o n  were a s s o c i a t e d  w i th  o x id a n t  
p o l l u t a n t s  ( e . g . ,  o z o n e ) ,  r e d u c in g  p o l l u t a n t s  ( e . g . ,  SO2 ) and w i th  e l e v a t e d  
t e m p e r a t u r e s .  L a w th e r ,  B ro o k s ,  e t  a l .  m easured  v e n t i l a t o r y  f u n c t i o n  d a i l y  i n  
4 n o rm a l  s u b j e c t s  f o r  5 y e a r s  and c o r r e l a t e d  changes  w i t h  p o l l u t i o n  
m easu re m e n ts .  M u l t i p l e  c o r r e l a t i o n  r e g r e s s i o n  a n a l y s i s  i n d i c a t e d  lo w e s t  
v a l u e s  on c o ld  p o l l u t e d  w i n t e r  d ay s  i n  London. V a r i a t i o n s  i n  t h e  SO2 
c o n c e n t r a t i o n  e x p l a in e d  t h e  l a r g e s t  p r o p o r t i o n  o f  t h e  v a r i a n c e  o b s e r v e d .  
A l th o u g h  s u b s ta n c e s  o t h e r  t h a n  S02f su c h  a s  n i t r o g e n  o x id e s  and s u l f a t e s  
u n d o u b te d ly  have  had  some i n f l u e n c e  on t h e  r e s p i r a t o r y  e f f e c t s  o f  p o l l u t e d  
c i t y  a i r  i n  t h e s e  s t u d i e s ,  t h e  f a c t "  t h a t  SO2 h a s  b een  p i n - p o i n t e d  a s  an 
im p o r ta n t  f a c t o r  by  m u l t i p l e  c o r r e l a t i o n  t e c h n i q u e s  i n  a  number o f  d i f f e r e n t  
s t u d i e s  i s  i n d i c a t i v e  t h a t  24 h o u r  c o n t in u o u s  e x p o s u re  to  SO2 a t  TWA l e v e l s  
below  0 .5  ppm ( 1 .3  mg/m^) a r e  p ro b a b ly  i n j u r i o u s  t o  t h e  h e a l t h  o f  some 
i n d i v i d u a l s  i n  t h e  com m unity.

Many e x p e r im e n t a l  s t u d i e s  h av e  been  p e r fo rm ed  on humans to  i n v e s t i g a t e  t h e  
a c u t e  e f f e c t s  o f  SO2 . S in c e  t r a n s i e n t  pu lm onary  changes  r e s u l t i n g  from 
s h o r t - t e r m  SO2 e x p o s u r e s  may be r e l a t e d  to  c h r o n ic  r e s p i r a t o r y  d i s e a s e ,  
t h o s e  r e p o r t e d  i n  t h e  l a s t  t h r e e  y e a r s  w i l l  be r e v ie w e d .  L a w th e r ,  M acF a rlan e ,  
e t  a l .  t e s t e d  25 h e a l t h y  a d u l t s  and found i n c r e a s e d  a i rw a y  r e s i s t a n c e  
( d e te rm in e d  i n  a  body  p le th y sm o g ra p h )  a t  5 ppm (13 mg/m^) 0f  SO2 and a t  
h i g h e r  l e v e l s  when b r e a t h i n g  n o rm a l ly  f o r  10 m in u te s ,  b u t  n o t  a t  low er 
l e v e l s .  A f t e r  25 deep  b r e a t h s ,  a s  m ig h t  o c c u r  i n  l a b o r e r s  d o in g  h a rd  p h y s i c a l  
w ork , t h e  s u b j e c t s  had  a  s t a t i s t i c a l l y  s i g n i f i c a n t  i n c r e a s e  i n  a irw ay  
r e s i s t a n c e  a t  1 ppm and  a f t e r  8 deep  b r e a t h s  a t  3 ppm. A n d e rse n ,  e t  a l .  
r e p o r t e d  re d u c e d  n a s a l  mucus f lo w  r a t e s  i n  15 young men a f t e r  i n h a l i n g  5 ppm 
(13 mg/m3) 5 0 2  f o r  6 h o u r s .  I n c r e a s e d  n a s a l  c r o s s - s e c t i o n a l  a r e a  and 
re d u c e d  FEV^ w ere  n o te d  a t  1 and 5 ppm SO2 a f t e r  6 h o u r  e x p o s u r e s .  W o lf f ,  
e t  a l .  fo und  t h a t  a f t e r  b r e a t h i n g  5 ppm (13 mg/m^) SO2 n in e  h e a l t h y  
non -sm ok ing  a d u l t s  had a  r e d u c t i o n  i n  t r a c h e o b r o n c h i a l  c l e a r a n c e  a t  one hou r 
(p  = .0 5 )  fo l lo w e d  by a  r e t u r n  to  n o rm a l  a t  3 h o u rs  and  a r e d u c t i o n  in  th e  
maximal m i d - e x p i r a t o r y  f lo w  r a t e  (MMFR) (P -  .0 1 )  a t  t h r e e  h o u r s .  I n  e a r l i e r  
human e x p e r im e n t s ,  some r e s e a r c h e r s  r e p o r t e d  t r a n s i e n t  changes  m  pulm onary  
f u n c t i o n  betw een  0 .5  and 5 ppm ( 1 .3 - 1 3  mg/m3) o f  Sq 2 w h e rea s  o t h e r  w orkers  
f a i l e d  to  f i n d  any c h a n g e s  a t  t h o s e  l e v e l s .  When s u b j e c t s  b r e a th e d  th rou gh  
t h e  m outh g r e a t e r  e f f e c t s  w ere  n o t e d .



E x p e r im e n ta l  a n im a l  s t u d i e s  r e p o r t e d  m  th e  l a s t  3 y e a r s  h av e  e x te n d e d  o u r  
know ledge o f  t h e  b i o l o g i c a l  e f f e c t s  o f  SC>2 * H i r s c h ,  e t  a l ,  u s in g  8 dogs 
exposed  f o r  12 months a t  1 ppm o f  SO2 » m easured  T e f lo n  d i s k  movement i n  
b ro n c h i  by means o f  b r o n c h o f ib e r s c o p e , and found  s t a t i s t i c a l l y  s i g n i f i c a n t  
s lo w in g  o f  mucus t r a n s p o r t .  F e r in  and L each  u s in g  a  t i t a n i u m  o x id e  d u s t  
t e c h n iq u e ,  found  a s l i g h t l y  i n c r e a s e d  c l e a r a n c e  r a t e  when 0 .1  ppm ( . 3  mg/m^) 
SO2 was a d m in i s t e r e d  to  r a t s  f o r  10 and 23 d a y s ,  b u t  a d e f i n i t e l y  d e c re a s e d  
c l e a r a n c e  r a t e  w i t h  1 ppm ( 2 .6  mg/m^). I n c r e a s e d  a i rw a y  r e s i s t a n c e  was 
n o te d  m  g u in e a  p ig s  by  M c J i l t o n  and F rank  when t h e  a n im a ls  were exposed  a t  
1 ppm ( 2 .6  mg/m^) SO2  i n  t h e  p re s e n c e  o f  h ig h  h u m id i ty  and a  f i n e  sodium 
c h l o r i d e  a e r o s o l .

S u l f u r  d io x id e  i s  known t o  i n t e r a c t  w i th  commonly o c c u r r i n g  s u b s ta n c e s  i n  
t h e  a tm o sp h e re  such  a s  w a te r  v a p o r  and f i n e  p a r t i c u l a t e s .  Some o f  t h e s e  
i n t e r a c t i o n s  a r e  c h e m ic a l  and o t h e r s  a r e  p h y s i c a l  i n  t h a t  th e y  p e r m i t  a h i g h e r  
p e r c e n ta g e  o f  SO2 t o  r e a c h  t h e  lo w e r  p a r t s  o f  t h e  lu n g .

At r e l a t i v e l y  h ig h  l e v e l s  o f  a c u t e  o r  c h ro n ic  e x p o su re  to  SO2 , a number
o f  p a t h o l o g i c a l  c h a n g e s  h av e  been  o b se rv e d  i n  a n im a l s .  C h a k r in  and S aun ders  
n o te d  a n  i n c r e a s e  i n  g o b l e t  c e l l s  n e a r  t h e  end s o f  b r o n c h i  and b r o n c h i o l e s ,  
and h y p e r p l a s i a  o f  b r o n c h i a l  g l a n d s ,  w i th  an  e x c e s s  o f  m u co p u ru len t  e x u d a te  i n  
d o g s .  The a n im a ls  had been  exp osed  to  500-600 ppm (1300-1560 mg/rn^) f o r
tw o -h o u r  p e r i o d s  tw ic e  w eek ly  f o r  4 to  5 m on ths . The a u t h o r s  c o n s id e r e d  t h a t
th e y  had p ro d u ced  c h r o n ic  b r o n c h i t i s  ija. d o g s .  I n  f u r t h e r  s t u d i e s  on t h e  d o g s ,  
S p i c e r ,  e t  a l .  r e p o r t e d  e x t e n s i v e  h y p e r p l a s i a  and squamous m e ta p h a s ia  o f  
b r o n c h i a l  m ucosa , im p a i r e d  m u c o c i l i a r y  f l o w ,  p o ly p o id  p r o t r u s i o n s  i n t o  th e  
b r o n c h i  and a l v e o l a r  d i l a t a t i o n .  I d a  exposed  mice c o n t in u o u s ly  a t  0 .2 3  ppm 
( 0 .6  mt;/m ^) f o r  3 m o n th s ,  and found  e n la rg e m e n t  and i n c r e a s e  i n  t h e  number 
o f  v e s i c l e s  i n  b o th  c i l i a t e d  and n o n c i l i a t e d  c e l l s .  They c o n s id e r e d  t h i s  as 
e v id e n c e  o f  mucus h y p e r s e c r e t i o n .

The NIOSH criteria document reviewed the evidence relating SO2 to 
cancer. There is now evidence that SO2 and bisulfites are mutagenic for 
viruses, plants and bacteria. Warshawsky, et al. have found that SO2 by 
promoting the metabolism of benzopyrene, increases its carcinogenicity. A 
cancer promoting action by SO2 is suggested by the data.

I n  t h e  d a t a  r e f e r r e d  to  a b o v e ,  i t  i s  a p p a r e n t  t h a t  b o th  a c u t e  and c h r o n i c  
e f f e c t s  o f  SO2 i n  man a r e  o b s e r v a b le  i n  t h e  I  to  5 ppm ( 2 .6 - 1 3  mg/m^)
r a n g e .  The a p p e a ra n c e  o f  b o th  t y p e s  o f  e f f e c t s  a t  a p p r o x im a te ly  t h e  same
l e v e l s  i s  n o t  l i k e l y  to  be c o i n c i d e n c e .  In d e e d ,  a c u t e  e f f e c t s  i n  w o rk e rs  
exposed  to  MDI and TDI ( i s o c y a n a t e s  u sed  i n  making p o ly u r e t h a n e  foam) have 
b een  found  to  be fo l lo w e d  by c h r o n ic  e f f e c t s  ( c h r o n ic  b r o n c h i t i s ,  e t c . )  
s i m i l a r  to  t h a t  o b se rv e d  f o r  SO2 » The mechanisms f o r  t h i s  tw in  e f f e c t  a r e  
n o t  c l e a r .  P e rh a p s  t h e  t r a n s i e n t  a c u t e  e f f e c t  i s  m e re ly  an o b s e r v a b le  symptom 
o f  more perm anen t  dam age, o r  p e r h a p s  f r e q u e n t  b r o n c h o c o n s t r i c t i o n  im p a i r s  th e
s e l f - c l e a n s i n g  a b i l i t y  o f  l u n g s  so t h a t  i n f e c t i o n s  r e s u l t i n g  i n  c h r o n i c
b r o n c h i t i s  a r e  more l i k e l y .

The d e la y e d  p a r t i c l e  c l e a r a n c e  t im e s  w hich  have been o b se rv e d  a t  low 
l e v e l s  o f  SO2 e x p o s u re  a l s o  i n d i c a t e  an  im p a irm en t  o f  t h e  l u n g s  to  c le a n s e  
t h e m s e l v e s .  T h is  e f f e c t  i s  more p ro m in e n t  w i th  p ro lo n g e d  e x p o su re  to  low 
c o n c e n t r a t i o n s  th a n  f o r  s h o r t  e x p o s u re s  to  h ig h  c o n c e n t r a t i o n s  a s  i n d i c a t e d  by



t h e  work o f  F e r in  and L e ac h .  The l i n k s  be tw een  a c u t e  and c h r o n ic  e f f e c t s  
a rg u e  t h a t  c h r o n i c  e f f e c t s  a r e  j u s t  a s  l i k e l y  to  be  due to  c h r o n i c  low l e v e l  
e x p o s u r e s  a s  t o  i n t e r m i t t e n t  peak e x p o s u r e s .

I n  c o n s i d e r i n g  an  a p p r o p r i a t e  l e v e l  f o r  an SO2 o c c u p a t i o n a l  s t a n d a r d ,  we 
must add to  o u r  c o n s i d e r a t i o n  t h a t  h e a l t h  e f f e c t s  have  b een  o b s e rv e d  among 
w ork e rs  and e x p e r im e n ta l  s u b j e c t s  i n  t h e  1 -2  ppm r a n g e ,  t h e  f a c t  t h a t  10 to  
20% o f  p e r s o n s  a r e  e s p e c i a l l y  s u s c e p t i b l e  t o  SO2 e f f e c t s ,  t h e  p o s s i b i l i t y  
t h a t  s y n e r g i s t i c  e f f e c t s  w i th  o t h e r  a e r o s o l s  o r  g a s e s  may o c c u r ,  t h e  
p o s s i b i l i t y  o f  i n c r e a s e d  f r a c t i o n s  o f  SO2 r e a c h i n g  t h e  lo w e r  l u n g s  th ro u g h  
mouth b r e a t h i n g  o r  b e c a u se  o f r a p i d  o r  deep  b r e a t h i n g ,  t h e  p o s s i b i l i t y  t h a t  
SO2 may a c t  a s  a c a n c e r  p ro m o tin g  a g e n t ,  t h e  p o s s i b l e  enhancem ent o f  e f f e c t s  
by h ig h  h u m id i ty ,  and t h e  l i k e l i h o o d  t h a t  d e g r a d a t i o n  p r o d u c t s  (SO2 ) .  
s u l f i t e s  and s u l f a t e s )  w i l l  accompany SC^. A f t e r  c o n s i d e r i n g  a l l  th e s e  
f a c t o r s ,  NIOSH recommends t h a t  t h e  SO 9 o c c u p a t i o n a l  e x p o su re  l i m i t  be a  t im e  
w e ig h te d  a v e ra g e  o f  0 .5  ppm ( 1 .3  mg/m’ ) f o r  up t o  a 1 0 -h o u r  w orkday , 4 0 -h o u r  
workweek. I t  i s  a n t i c i p a t e d  t h a t  a d h e re n c e  to  t h i s  l i m i t  w i l l  c o n f in e  
e x c u r s i o n s  t o  a b o u t  2 o r  3 ppm ( 3 . 2 - 7 . 8  mg/m^).

P re p la c e m e n t  and a n n u a l  m e d ic a l  e x a m in a t io n s  sh o u ld  be done whenever TWA 
e x p o s u re s  exceed  0 .2 5  ppm (0 .6 5  mg/m^). These e x a m in a t io n s  sh o u ld  be 
d i r e c t e d  tow ard  c o m p la in t s  o f  mucus membrane i r r i t a t i o n ,  cough and s h o r t n e s s  
o f  b r e a t h .  They s h o u ld  a s c e r t a i n  t h a t  n a s a l  p a s s a g e s  a r e  o p e n .  P e r s o n s  w i t h  
a h i s t o r y  o f  a s thm a o r  w i th  subno rm al pu lm onary  f u n c t i o n  sh o u ld  be  w atched  
c l o s e l y .  S im ple  e x p i r a t o r y  f u n c t i o n  t e s t s  sh o u ld  be a  p a r t  o f  th e  
e x a m in a t io n .  They a r e  u s e f u l  f o r  s e v e r a l  p u r p o s e s :  ( a )  d e t e rm in in g  w he the r
o r  n o t  a  p e r s o n  i s  a  s u i t a b l e  c a n d id a t e  f o r  u s in g  r e s p i r a t o r s ;  (b )  i d e n t i f y i n g  
" r e a c t o r s , " ,  i . e . ,  p e r s o n s  who may be  m ost s u s c e p t i b l e  t o  t h e  e f f e c t s  o f  
S02* T h is  c an  be done by com paring  p r e s h i f t  and p o s t s h i f t  t e s t s ;  ( c )  when 
done p e r i o d i c a l l y ,  t h e y  can  be u se d  to  d e te rm in e  w h e th e r  o r  n o t  a  p e r s o n ' s  
e x p i r a t o r y  f u n c t i o n s  a r e  d e c l i n i n g  a t  a  f a s t e r  th a n  no rm al r a t e .  Such 
d e t e r m i n a t i o n s  a r e  much more s e n s i t i v e  when p o o le d  d a t a  from  a number o f  
i n d i v i d u a l s  a r e  u s e d .  The f o r c e d  e x p i r a t o r y  volume a t  1 secon d  and th e  
maximum m i d - e x p i r a to r y  f lo w  r a t e  a p p e a r  to  be t h e  most u s e f u l  o f  t h e  s im p le  
pu lm onary  f u n c t i o n  t e s t s .

NIOSH i s  i n  ag reem en t w i t h  t h e  OSHA p r o p o s a l s  f o r  em ployee i n f o r m a t i o n ,  
t r a i n i n g  and r e c o r d  k e e p in g ,  w i th  Lhe e x c e p t i o n  t h a t  m e d ic a l  r e c o r d s  sh o u ld  be 
m a in t a in e d  a t  l e a s t  30 y e a r s  a f t e r  a n  i n d i v i d u a l ' s  employment ^ends. M ed ica l  
r e p r e s e n t a t i v e s  o f  t h e  D ep a r tm en t o f  L abo r  and o f  t h e  D epartm en t  o f  H e a l t h ,  
E d u c a t io n  and W e l f a r e ,  o f  t h e  e m p lo y e r ,  and o f  t h e  em ployee o r  fo rm e r  employee 
s h a l l  h av e  a c c e s s  to  t h e  m e d ic a l  r e c o r d s .

NIOSH i s  a l s o  i n  a g ree m e n t  w i th  t h e  OSHA p r o p o s a l s  w i t h  r e s p e c t  t o  t h e  
e f f e c t s  o f  o v e r t im e  on e x p o s u r e ,  d e rm a l  and eye c o n t a c t  w i t h  l i q u i d  S0 2 » 
d e t e r m i n a t i o n  and m easurem ent o f  e x p o su re  and methods o f  c o m p l ia n c e .  NIOSH i s  
i n  f u l l  a g ree m e n t  w i t h  OSHA t h a t  p r im a ry  r e l i a n c e  f o r  c o n t r o l  sh o u ld  be on 
e n g i n e e r i n g  and work p r a c t i c e s .  When tem p o ra ry  s i t u a t i o n s  o ccu r  f o r  which 
c o n t r o l s  a r e  i n a d e q u a t e ,  su ch  a s  m a in te n a n c e  o r  p r o c e s s  c h a n g e s ,  r e s p i r a t o r s  
may be u s e d .  When r e s p i r a t o r s  a r e  u s e d ,  t h e y  must be  f i t t e d  p r o p e r l y ,  and an 
a p p r o p r i a t e  m a in te n a n c e  program  f o r  them sh o u ld  be c o n d u c te d .  I n  t h e  p a s t ,  i t  
h a s  been  a  g e n e r a l  p r a c t i c e  f o r  w o rk e rs  to  p u t  on r e s p i r a t o r s  o n ly  when th e y  
e n c o u n t e r e d ,  o r  e x p e c te d  to  e n c o u n t e r ,  l e v e l s  o f  SO2 w h ich  would be 
i r r i t a t i n g  to  t h e  e y e s ,  n ose  and t h r o a t .  T h is  p r a c t i c e  sh o u ld  be  d i s c o u r a g e d ,



as t h e r e  i s  e v id e n c e  t h a t  c h r o n ic  lu n g  i n j u r y  o c c u r s  a t  l e v e l s  below  th o s e  
w hich  c a u s e  marked mucus membrane i r r i t a t i o n .  NIOSH recom m en d a tio ns  on 
r e s p i r a t o r s  to  be u se d  a t  v a r i o u s  SC>2 c o n c e n t r a t i o n s  i s  s u b m i t t e d  f o r  th e  
r e c o r d .

NIOSH a g r e e s  w i t h  t h e  OSHA p r o p o s a l  on t h e  hyd ro gen  p e r o x id e  method o f  
m e a su r in g  S02» However, one change m  t h e  d e s c r i p t i o n  i s  recommended f o r  
c l a r i f i c a t i o n  i n  i te m  ( j )  o f  t h e  A n a l y t i c a l  s e c t i o n  i n  A ppendix  D. T h is  
c l a r i f i e d  th e  s t a n d a r d i z a t i o n  o f  barium  p e r c h l o r a t e  s o l u t i o n ,  w i th  
i s o p r o p a n o l ,  s u l f u r i c  a c i d  s o l u t i o n  and e n d p o in t  t i t r a t i o n  w i th  T h o r in  as  t h e  
i n d i c a t o r .

S in c e  no i n d u s t r y  h a s  t r i e d  to  c o n t r o l  SO2 c o n c e n t r a t i o n s  t o  l e v e l s  a s  
low a s  0 .5  ppm ( 1 .3  mg/m^) t h e r e  i s  no d o c u m e n ta t io n  a s  t o  i t s  t e c h n i c a l  
f e a s i b i l i t y .

B e fo re  c l o s i n g ,  I  would l i k e  to l i s t  t h e  backup  m a t e r i a l  s u b m i t t e d  f o r  t h e  
r e c o r d .
1 .  NIOSH recom m end a tio ns  on r e s p i r a t o r s  to  be u sed  w i th  s u l f u r  d i o x i d e .
2 .  C op ies  o f  t h e  f o l lo w in g  s c i e n t i f i c  a r t i c l e s  to  w hich  I  have  r e f e r r e d :

A ndersen  I ,  L u n d q u is t  GR, J e n s e n  PL and P r o c t o r  DF: Human R esponse  to
C o n t r o l l e d  L e v e ls  o f  S02* A rch .  E n v i ro n .  H e a l th  2 8 :3 1 ,  1974 .
A rche r  VE and G il la m  JD: C h ro n ic  S u l f u r  D io x id e -E x p o s u re  i n  a
S m e l t e r ,  I :  I n d i c e s  o f  C hes t  D i s e a s e .  S u b m itted  to  J .  Occup. M ed., 1977 .
C hak rin  LW and S a u n d e rs  LZ: E x p e r im e n ta l  C h ro n ic  B r o n c h i t i s :  P a th o lo g y
i n  t h e  Dog. Lab I n v e s t .  3 0 :1 4 5 ,  1974 .
F e r in  J  and L each  L: The E f f e c t  o f  SO2 on Lung C le a ra n c e  o f  T i02 iti
P a r t i c l e s  m  R a t s .  Am. I n d .  Hyg. A ssn .  J .  3 4 :2 6 0 ,  1 973 .
H i r s c h  JA, Swenson EW and Wanner A: T r a c h e a l  Mucus T r a n s p o r t  i n  B e ag le s
a f t e r  Long Term E x po su re  t o  1 ppm o f  S02* A rc h .  E n v i ro n .  H e a l th  3 0 :2 4 9 ,
1 9 7 5 .
Id a  H: E f f e c t s  on Mouse R e s p i r a t o r y  O rgans w i t h  P ro lo n g e d  E xposu re  to  Low
C o n c e n t r a t io n s  o f  SO2 . I I .  E l e c t r o n  M ic ro sc o p ic  S t u d i e s .  J p n .  J .
T horac  D i s .  1 3 :4 4 3 ,  1975 .
L aw th er  P J ,  B rooks AGF, Lord  PW and W a l le r  RE: D ay-to-D ay  Changes i n
V e n t i l a t o r y  F u n c t i o n  m  R e l a t i o n  to  E n v iro n m e n t ,  P a r t  I I .  Peak  E x p i r a t o r y  
Flow V a lu e s .  E n v i r o n .  R e s .  7 :4 1 ,  1974 .
L aw ther PG, M acF a rlan e  A J , W a l le r  RE, e t  a l : Pulm onary F u n c t io n  and
SO2 , Some P r e l i m i n a r y  F i n d i n g s .  E n v i ro n .  R e s .  1 0 :3 3 5 ,  1975 .
Lowe CR, Cam pbell H and K ho sla  T: B r o n c h i t i s  i n  Two I n t e g r a t e d  S t e e l
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