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Epidemiological s t u d i e s  support an assoc ia t ion  between elevated l e v e l s  of s u l f a t e s  and acute  I -  !i. ,.r 

resp i ra tory  disease.  To determine i f  these po l lu tan ts  produce airway hyperreact ivi ty ,  16 normal i?- . z -  a 3  < * '+-:=it 
! < : c v  

and 17 asthmatic s u b j e c t s  inhaled a con t ro l  NaCl aerosol  and the  following s u l f a t e s :  ammonium ., . c - . -A 
s u l f a t e ,  sodium b i s u l f a t e ,  ammonium b i s u l f a t e ,  and s u l f u r i c  acid. A Lovelace,generator produced 

- 
p a r t i c l e s  with an average MHkD of - 1.0 urn (ag r 2.01 and concentrations of 0.1 and 1.0 mg/m3. 
By double-blind randomization, a l l  subjects  breathed these  ae roso ls  f o r  a 16-minute period. To 
determine i f  s u l f a t e  inha la t ion  caused increased r e a c t i v i t y  t o  a known b r o n ~ h o c o n s t r i c t o r ,  a l l  
sub jec t s  inhaled carbachol following each 16-minute exposure. Before, during, and a f t e r  expo- 
sure ,  we performed pulmonary funct ion s tud ies .  When compared t o  NaCl, s u l f a t e  ( 1  mg/p3) pro- 
duced s i m i f i c a n t  reduct ions i n  airway conductance and flow r a t e s  i n  asthmatics. The two most 
s e n s i t i v e  asthmatics demonstrated changee even a t  0.1 mg/rn3 s u l f a t e .  To a f a r  more s i g n i f i c a n t  
degree, t h e  bronchoconstrictor ac t ion  of carbachol was po ten t ia ted  by s u l f a t e s  more o r  l e s s  i n  
r e l a t i o n  t o  t h e i r  a c i d i t y  i n  normals and asthmatics. 

. . 
INTRODUCTION 

Recent epidemiologic s tud ies  have emphasized the  re la t ionsh ip  between elevated l e v e l s  of a i r  
po l lu tan ts  and symptoms i n  asthmatic sub jec t s  (FINKLEA e t  a l . ,  1974). The i d e n t i f i c a t i o n  of the 
harmful agent o r  agents responsible f o r  provoking such symptoms remains incomplete. Cohen and 
co-workers (1972) reported t h a t  acute  asthmatic episodes cor re la ted  with e leva t ions  i n  the l e v e l s  
of a number of atmaspheric po l lu tan ts  including s u l f u r  dioxide, suspended s u l f a t e s ,  and n i t r a t e s ,  
while i n  a second study the r i s k  of asthmatic a t t a c k  cor re la ted  with the  combined s u l f a t e - n i t r a t e  
l e v e l s  (FRENCH, 1975). Experimentally, short-duration exposures t o  r e l a t i v e l y  high concentra- 
t i o n s  of s u l f u r i c  acid aerosols  have been e f f e c t i v e  i n  increasing airway res i s tance  i n  h ~ ~ t t a n s  " 
(AMDUR, SSLVF,RMAN AM) DRINKER, 1952') and slowing mucociliary clearance i n  donkeys (SCHLESINGER, 
LIPPMANN, ALBERT, 1978) but o ther  inves t iga tors  have f a i l e d  t o  de tec t  airway changes a t  compara- 
b l e  exposure l eve l s  (AVOL e t  a l . ,  1975 ; SACKNER e t  a l .  , 1978) These incons i s ten t  f indings and 
the lack of d e f i n i t i v e  s t u d i e s  i n  l a r g e  groups of suscep t ib le  individuals  ind ica te  a g r e a t  d e a l s  
more da ta  a r e  needed before the s ign i f icance  of the po l lu tan t  s u l f a t e s  can be establ ished.  

P r i o r  spidsmfnln$fr repor t s  have al$e noted a cor re la t ion  between acute  resp i ra tory  i l l n e s s  
and elevated l e v e l s  of po l lu tan ts  (LEVY, CENT AND NEWHOUSE, 1977). U t e l l  and co-workers (LY79j 
recen t ly  demonstrated t h a t  p a r t i c u l a t e  n i t r a t e  produced no e f f e c t  e i t h e r  i n  normals o r  asthmatics 
a f t e r  short-term inhalat ion.  However, when sub jec t s  with uncomplicated inf luenza 4nfection were - 
exposed t o  an i d e n t i c a l  n i t r a t e  concentration, they uniformly demonstrated t r a n s i e d t  reduction i n  
airway conductance and diminution i n  forced expi ra tory  flow r a t e s  l a s t i n g  up t o  3 weeks following :- 
in fec t ion  (UTELL, e t  a l . ,  1980). . They concluded t h a t  a heal thy population n3rmally unresponsive ":? 
t o  a eownon a i r  po l lu tan t ,  when beset  with even a nonpneumonic r e s p i r a t o r y  i n f e c t i o n ,  developed F8 t r ans ien t  airway dysfunction a f t e r  inha la t ion  of a po l lu tan t .  

Following these i n i t i a l  s t u d i e s  with n i t r a t e s ,  we began a s e r i e s  of acu te  inha la t ion  s tud ies  
i n  normal and asthmatic sub jec t s  with a c i d i c  s u l f a t e  aerosols .  I n  add i t ion ,  we have examined 
airway r e a c t i v i t y  following inha la t ion  of the parasympathomimetic agent carbachol t o  i d e n t i f y ' a n y  
po ten t ia t ion  of airway r e a c t i v i t y  a f t e r  &.fate  exposure. These s t u d i e s  form the  b a s i s  of t h i s  
report .  

t . 
EXPERXMENTAL APPROACH 

For the  acu te  s tud ies ,  we evaluated airway responses t o  inhaled s u l f a t e  aeroso\ls in a popu- 
l a t i o n  of 16 healthy laboratory workers of mean age 27 years  and 17 asymptomatic asthmatics  of  
mean age 26 years .  A l l  sub jec t s  were nonsmokers. Although the asthmatics  u t i l i z e d  e i t h e r  i n t e r -  
mi t ten t  o r  d a i l y  bronchodilators, t h i s  therapy was discontinued 24 hours p r i o r  t o  t e s t i n g  and none 
raquired chronic rn+ricnrraroid therapy, As p prerequisite co che dlaynvsis  o f  asthma and inalu- 
s ion  i n  t h i s  study, the asthmatics  demonstrated an abnormal increase i n  airway res i s tance  a f t e r  
inha l ing  carbachol. A l l  p a r t i c i p a n t s  completed a self-administered, modified r e s p i r a t o r y  ques- 
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t i o n n a i r e  and gave infornied"consent.  
For a l l  exposures ,  t h e  appa ra tus  i l l u s t r a t e d  i n  Figure  1  was used. The a e r o s o l s  were d i s -  , 

. . 

persed by a  Lovelace n e b u l i z e r  us ing approximate ly  1% (w/v) s o l u t e  concen t r a t ion .  The a e r o s o l s  
inc luded sodium b i s u l f a t e  (NaHS04), ammonium s u l f a t e  ( (W6)2S05) ,  ammonium b i s u l f a t e  (NHqHS04), 
. s u l f u r i c  a c i d  (H2S04). and sodium c h l o r i d e  (NaC1). S l i g h t  s o l u t e  ad jus tmen t s  were made t o  keep 
SO4 l e v e l s  cons t an t  but  t hese  produced no s i g n i f i c a n t  change i n  o p e r a t i n g  c o n d i t i o n s  o r  a e r o s o l  
c h a r a c t e r i s t i c s .  The a e r o s o l s  produced .had a  range of M s  of between 0 ,5  - 1  p y  (og 1 . 5  - 2 .2 ) .  ' . . 
The a e r o s o l s  were d i  u ted  wi th  anhydrous a i r  s o  t h a t . t h e  c o n c e n t r a t i o n  was 1  mg/m f o r  t he  h igh , 

s u l f a t e  and 0 .1  mg/m3 f d r  t h e  low s u l f a t e  exposures .  T h e  r e l a t i v e  humidity of t he  a e r o s o l  was 
kep t  between 20 and 25% t o  a s s u r e  a l l  a e r o s o l s  c o n s i s t e d  of d ry  p a r t i c l e s  (CHARLSON, e t  a l . ,  1978; 
AHLBERG AND WINCHESTER, 1978).  The d i l u t e d  a e r o s o l  was bkought t o  Boltzmann equ i l i b r ium .be fo re  

. .  . 
e n t e r i n g  the  "bag-in-box" exposure chamber by pas s ing  i t t h r o u g h  a  d e i o n i z e r .  

For each exposure t h e  s u b j e c t  i nha l ed  t h e  a e r o s o l  through a  one-way r e s p i r a t o r y  valve  by 
which the  exp i r ed  ae roso l .was  d i v e r t e d  t o  an  a b s o l u t e  f i l t e r  (Fluorpore)  sampling a t  50 l /min  
through a  l oose  coupl ing.  Th i s  sampling arrangement provided no r e s p i r a t o r y  r e s i s t a n c e  t o  t h e  .' 
i n d i v i d u a l .  It is  des igned n o t  t o  unseat  t he  r e s p i r a t o r y  v a l v e ,  y e t  provide  s u f f i c i e n t  c a p a c i t y  

. t o  sample each e x p i r a t i o n .  For t h e  16 minute exposure ,  t h e  chamber was r e f i l l e d  a f t e r  about  8  
minutes;  t h i s  r e f i l l i n g  r e q u i r e d  approximate ly  1  - 2  minutes .  

Before and a f t e r  each exposure ,  t he  s u b j e c t ' s  pulmonary f u n c t i o n  was a s se s sed  i n  an a i r -con-  
d i t i o n e d ,  i n t e r g r a t e d  flow, p re s su re -co r r ec t ed  body plethysmograph. Flow a t  t h e  mouth was mea- 

. sured wi th  a  F l e i s c h  (No. 7322) pneumotachograph and lung volume changes were de r ived  from the  
box p re s su re  s i g n a l .  Flow-volume curves  were d i sp l ayed  on a  Tek t ron ix  s t o r a g e  o s c i l l o s c o p e  (Flodel' 
5103N) and photographed. Airway r e s i s t a n c e  and t h o r a c i c  gas  volume were measured du r ing  p a n t i n g .  
(DuBOIS, BOTELHO ND COPIROE, 1956). Airway r e s i s t a n c e  was . co r r ec t ed  f o r  lung volume and ex- 
pressed a s  i t s  r e c i p r o c a l ,  s p e c i f i c  airway conductance (SGaw). 

Two types  of e x p i r a t o r y  flow-volume curves  were ob ta ined .  The s u b j e c t  f i r s t  i n s p i r e d  t o  
a p p r o x i m a t e l y  60% of v i t a l  c a p a c i t y  and then exp i r ed  f o r c e f u l l y  t o  r e s i d u a l  volume (RV), whi le  

e x p i r a t o r y  flow ve r sus  lung volume was- recorded t o  o b t a i n  a  p a r t i a l  e x p i r a t o r y  flow-volume (PEFV) , 

curve.' Then the  s u b j e c t  i n s p i r e d  maximally t o  t o t a l  lung c a p a c i t y  (TLC) and aga in  f o r c e f u l l y  
exp i r ed  t o  RV i n  o rde r  t o  record  the  maximum exp i r a to ry '  flow-volume.,(XEFV) curve .  .From FEFV and , 

PEFV cu rves ,  t he  maximum flow r a t e  a t  40% and 60% of TLC were .measured.  Forced v i t a l  c a p a c i t y '  
(FVC) was determined d i r e ' c t l y  from the  MEFV.curve and an  e l e c t r o n i c  t imer  pe rmi t t ed  c a l c u l a t i o n  
of FVC i n  one second (FEV1) .. 

A t  t he  beginning of each s t u d y , .  a  dose-response curve  t o  i n h a l e d  ca rbacho l  was cons t ruc t ed  
f o r  a l l  s u b j e c t s .  A D-31 n e b u l i z e r  was used t o  gene ra t e  0 .025- l .O%~carbachol  solutions i n  807 , 

. aqueous propylene g l y c o l .  The carbachol.  a e r o s o l  had an  average  MMAD of 0 . 8  (ag = 2 . 2 ) .  Five  
maximal i n h a l a t i o n s ,  .each wi th  5 second b r e a t h  ho lds ,  c o n s t i t u t e d  a . t e s t  exposure .  Carbachol 
concen t r a t ions  of 0.00,  0.025, 0.05,  0.10,  0 .25 ,  0.50,  and 1.0% were used s e q u e n t i a l l y  u n t i l  SGaw 
decreased by more than 40% of t he  c o n t r o l  va lue .  Exposures were r epea t ed  a t  approximate ly  10 

. minute i n t e r v a l s .  .With a  p o s i t i v e  response ,  HEFV and PEFV cu rves  were recorded and t h e  t e s t i n g  
s topped.  

On day 2 ,  t h e  a s thma t i c s  were r ea s ses sed  a t  t h e  c o n c e n t r a t i o n s  previous ly  determined t o  pro-. 
duce a  20-30% dec rease  in.SGaw i . e . ,  when the  dec rease  i n  s p e c i f i c  a i w a y  conductance was equi-  . . 
vocal .  Normal s u b j e c t s  were uniformly unrespons.ive t o  ca rbacho l  i n  concen t r a t ion  l e s s  than I%,  
consequent ly  they were r o u t i n e l y  examined a t  t h e  1% c o n c e n t r a t i o n  and a l l  pa rame te r s . r eco rded  

' b e f o r e  and a f t e r  carbachol  exposure .  
Dur ing . the  next  two days ,  i n . a  double-bl ind ,  randomized f a sh ion ,  t he  s u b j e c t s  were exposed 

t o  t he  NaCl and s e v e r a l  s u l f a t e  a e r o s o l s ,  w i th  a t  l e a s t  a  .3-hour s e p a r a t i o n  between exposures .  
The t echn ic i an  conducting the  exposures  was provided coded conta iners : .&,  t h e  t e s t  m a t e r i a l s  and 
d i r e c t i o n s  a s  t o  the' sequence o f  a d m i n i s t r a t i o n .  Fol lowing.each a e r o s o l  e v a l u a t i o n ,  the  sub- 
j e c t s  were aga in  exposed t o  carbachol  a t  t he  day 2  l e v e l  t o  de termine  i f  ' t he  a e r o s o l  had a , p o t e n -  
t i a t i n g  e f f e c t  on the  b ronchocons t r i c to t .  A d d i t i o r ~ a l  d e t a i l s  of t he  p h y s i o l o g i c a l  t e s t i n g  
methods and p ro toco l  have been publ ished e lsewhere  (UTELL, e t  a l . ,  1'379). 

Deposi t ion  was determined from ana lyses  of a e r o s o l  c o n c e n t r a t i o n s  i n  t h e  chamber ( i n s p i r e d )  
. a i r  and the  exp i r ed  a e r o s o l  c o l l e c t e d ' o n  f i l t e r  samples.  The f i l t e r s  were immersed i n  d i s t i l l e d '  . 
water  and d u p l i c a t e  a l i q u o t s  analyzed f o r  'Na us ing  a  flame photometer ( l ~  Model L43). For s u l -  
f a t e  a n a l y s i s ,  d u p l i c a t e  5  m l  a l i q u o t s  were analyzed by a  f l a s h - v o l a t i l i z a t i o n  technique  (HUNT-. 

- . ZICKER AND HOFRWi, 1978) u s ing  -an S2* a n a l y s e r  (Weloy Model SA285E) and Hewlett-Packard Auto- 
mation System (Model 38%). P a r t i c l e  s i z e  ana lyses  of t h e  a e r o s o l s  were performed us ing  an 8- 
s t a g e  impactor (ERCER, TILLERY AiiD NEWTON, 1970.) 

Ca rd ina l  f e a t u r e s  of exper imenta l  des ign inc luded t h e  use o f :  ( a )  a  double-bl ind  t e s t i n g  
prdcedure  t o  minimize t h e  ro le .  of p sycho log ica l  f a c t o r s  and e l i m i n a t e  i n v e s t i g a t o r  b i a s ;  (b)  sbd- 
ium c h l o r i d e  c o n t r o l  a e r o s o l ' t o  de termine  the  s p e c i f i c  o r  noa - spec i f i c  n a t u r e  of the  r e sponses ;  
(c)  s t anda rd i zed  ca rbacho l  e v a l u a t i o n  f o r  a c q u i r i r , g , b a s e l i n e  informat ion on in t i e r en t  a i w a y  i r r i -  
t a b i l i t y  and f o r  r e v e a l i n g  p o s s i b l e  p o t e n t i a t i o n  e f f e c t s ;  and (d)  dose-response s t u d i e s  t o  de- 

. '  termine i.f t ime-concentra t ion  r e l a t i o n s h i p '  ex i s t . .  . 

RESULTS 

A .  Carbachol I n h a l a t i o n :  
By des ign ,  a l l  a s thma t i c s  s t u d i e d  demonstrated inc reased  a i rway r e a c t i v i t y  t o  ca rbacho l  a s  - - 

compared t o . n o m a . 1 ~ .  Breath ing 0.25% c a r h a ~ h n l ,  t h ~  a s thma t i c  group demonstrated a  54 2 2 .8  (SE) . 
pe rcen t  P a l l  i n  SGaw whereas normal s u b j e c t s  wit11 1% ca rbacho l  decreased 8  .+ 3.3%. (p  < .001) .  
A l l  a s thma t i c s  demonstrated a  f a l l  i n  SGaw of 40% o r  more wi th  0.25% o r  l e s s  ca rbacho l  inhala t ion; '  
approximate ly  1/16 the  dose n e c e s s a r y ' t o  produce t h e  same change i n  normals.  



. . 
B .  Normal Sub jec t s  Exposed t o  Acidic  ~ l l f a t e s :  (NaC1; NaHSO,, , NH,,HS04, (NH,.)fSO,, and H I S O &  

~t 1  mu/m' ( a s  H7S0&), non'e of t he  i nha l ed  s u l f a t e s  produced s i g n i f i c a n t  e c ~ e a s e s . l n  Scars - 
when compared t o  NaC1. However, a l l  s u l f a t e s ' p r o d u c e  sma l l  but s i g n i f i c a n t  changes i n  flow a t  
60% TLC on MEFV and a t  60% and 4 0 ~  TLC on PEFV curves  (p < 0 . 0 5 ) .  The e f f e c t  of s u l f a t e  a e r o s o l  
exposure on airway response  t o  1% carbachol  is shown i n  Figure  2. The b ronchocons t r i c to r  a c t i o n  
of ca rbacho l  was p o t e n t i a t e d  by t h e  s u l f a t e , a e r o s o l s  more o r  l e s s  i n  r e l a t i o n  t o  t h e i r  a c t i v i t y .  
C.  Asthmatic S u b i e c t s  Exposed t o  Acidic  S u l f a t e s :  ( ~ a ~ i ,  NaHS04, NH'HSO', and H?so4).'  . 

. . 

. High ( 1  mg/mJ) and low ( 0 . 1  mg/m3) dos'e response  s t u d i e s  were e r fo rmed . in  17 a s thma t i c s .  No 
a s thma t i c  developed symptoms a f t e r  any a e r o s o l  exposure .  A t  1  mg/m5, H2S04 exposu rep roduced  a  
s i g n i f i c a n t  dec rease  i n  mean SGaw (p < ..001) compared t o  pre-exposure o r  NaCl c o n t r o l  v a l u e s ;  NH4- . 
HS04 i n h a l a t i o n  caused a  s i g n i f i c a n t  dec rease  i n  mean SGaw (p < .001) compared t o  t h e  pre-exposure 
value .  The FEVl s i g n i f i c a n t l y  decreased a f t e r  H2SO4 and NHqHSO4. A l l  s u l f a t e s  produced a  de- 
c r e a s e  i n  f l o w r a t e s  on.maximum and p a r t i a l  e x p i r a t o r y  flow-volume curves .  In  t he  a s t h m a t i c  .group, 
p r i o r  i n h a l a t i o n  of H2S04 significantly enhanced t h e  e f f e c t  of ca rbacho l  on conductance and a l l  

, ' . . 
flow r a t e s  compared t o  NaCl and carbachol  o r . ca rbacho1  a l o n e  (F igu re  3 ) .  

I n  c o n t r a s t ,  low l e v e l  s u l f a t e  exposure (0 .1  mg/m3) produced no changes i n  SGaw. o r  f low r a t e s  
a t  60% and 40% TLC on maximum o r  p a r t i a l  f low volume curves  compared t o  NaCl c o n t r o l  v a l u e s .  How- . . 
e v e r ,  t h e  two a s thma t i c s  most r e spons ive  t o  t h e  high dose H2S04 i n h a l a t i o n  e x h i b i t e d  a  p o t e n t i a -  
t i o n  e f f e c t . o f  H2S04 on ca rbacho l  (SGaw and flow r a t e s )  but  s i g n i f i c a n t  changes' d i d  n o t  occu r  f o r  
the  a s thma t i c  group a s  a  whole. - .  
D .  Deposi t ion  Studies.: 

The n o r i a l  s u b j e c t s  showed a  mean s u l f a t e  d e p o s i t i o n  of 55 pe rcen t  w i th  t o t a l  d e p o s i t i o n , o f  
115-338 vg of s u l f a t e .  For t h e  a s thma t i c  group, d e p o s i t i o n  c h a r a c t e r i s t i c s  were s i m i l a r  f o r  both  
high and low su l fa te  aerosols .  (Figure 4) and resembled t h a t  of t h e  normals.  A t  1  m g / m 3 ,  asthma- 
t i c  s u b j e c t s  depos i t ed  between 75-325 vg o f  ~ u l f a t e ;  a t  t h e  lower dose ,  d e p o s i t i o n  ranged between 

' 6-63'ug of s u l f a t e .  

. . DISCUSSION 

The p re sen t  s tudy 'demons t r a t ed  s i g n i f i c a n t  responses  i n  normal and a s thma t i c  s u b j e c t s  t o  
shor t - term i n h a l a t i o n  of a c i d i c  s u l f a t e s  a t  1 mg/m3 f o r  16 minutes .  Although normals demonstra- 
ted  no r educ t ion  i n  airway conductance,  t h e  b ronchocons t r i c to r  a c t i o n  of ca rbacho l  was s i g n i f i -  
c a n t l y  p o t e n t i a t e d  by the  p r i o r  i n h a l a t i o n  o f  s u l f u r i c  a c i d  o r  ammonium b i s u l f a t e .  The dec rease  . . 

. i n  flow r a t e s  fo l lowing s u l f a t e  exposure was q u i t e  sma l l .  Indeed, s i n c e  sodium c h l o r i d e  inha- 
. l a t i o n  o f t e n  r e s u l t e d  i n  improvemeg i n  flow r a t e s ,  t h e  s t a t i s t i c a l  technique  o f .  comparing su l -  . 

f a t e  t o  c h l o r i d e  responses  r e s u l t e d  i n  s i g n i f i c a n c e  d e s p i t e  t h e  r e l a t i v e l y  sma l l  r e d u c t i o n  i n ,  
f low. 

On' t h e  o t h e r  hand, t h e  h igh l e v e l  s u l f a t e  exposure i n  a s thma t i c s  produced d e f i n i t e  but  asymp- 
tomat ic  airway o b s t r u c t i o n .  With p r i o r  s u l f u r i c  a c i d  i n h a l a t i o n ,  t h e  carbachol  response  was s i g -  
n i f i c a n t l y  p o t e n t i a t e d .  The absence of s i m i l a r  f i n d i n g s ' i n  o t h e r  shor t - term i n h a l a t i o n  s t u d i e s  

i n  a s thma t i c s  (AVOL, e t  a l . ,  1979; SACKNER, e t  a l . ,  1978) r e q u i r e s  exp lana t ion .  S e v e r a l  poss i -  
b i l i t i e s  e x i s t .  F i r s t ,  ou r  a s thma t i c s  were s e l e c t e d  b y  t h e  demonst ra t ion  of i nc reased  a i rway 
r e a c t i v i t y  to  t h e  non-speci f ic  agent  carbachol .  Perhaps  they r ep re sen t  a  group more l i k e l y  t o  
respond t o  s p e c i f i c  i nha l ed  p o l l u t a n t s .  Second, mouth b r e a t h i n g  compared t o  nose b r e a t h i n g  (AVOL, . 
e t  a l . ,  1979) may , r e s u l t  i n  g r e a t e r  s u l f a t e  exposure and d e p o s i t i o n  i n  t h e  b ronch ia l  a i rways .  
Th i rd ,  Sackner and a s s o c i a t e s  (1978) s t u d i e d  a group of a s t h m a t i c s  u t i l i z i n g  d a i l y  o r a l  c o r t i -  
c o s t e r o i d s  t o  c o n t r o l  bronchospasm. ' These s t e r o i d s  may have b lun ted  the  response  t o  t h e s e  in-  

' haled p o l l u t a n t s .  I n ' c o n t r a s t ,  none. of ou r ' a s . t hma t i c s  r e q u i r e d . t h i s  medicat ion .  F i n a l l y ,  ou r  
' s e l e c t i o n  o'f pulmonary parameters  t o  a s s e s s  response  inc luded a i rway conductance and p a r t i a l  
e x p i r a t o r y  flow r a t e s ;  t h e s e  appeared"very s e n s i t i v e  t o  sma l l  changes i n  airway f u n c t i o n  induced ' 

' by inha led  a g e n t s .  
These s t u d i e s  .suggest  t h e  e x i s t e n c e  o f  dose-response r e l a t i o n s h i p  f o r  i nha l ed  p o l l u t a n t s .  

A t  the lower s u l f a t e  l e v e l ,  t h e  a s thma t i c  group showed no enhancement of airway r e a c t i v i t y  t o  
carbachol  o r  airway responsiveness  to  s u l f a t e  per  s e .  However, t he  two a s thma t i c s  most respon- 
s i v e  t o  high dose s u l f a t e ,  were s e n s i t i v e  t o  t h e  lower dose and e x h i b i t e d  s t r i k i n g  p o t e n t i a t i o n  
of  t he  carbachol  response  wi th  p r i o r  s u l f u r i c  a c i d  i n h a l a t i o n .  The re fo re , : even  w i t h i n  a  non- . 
r e a c t i v e  group c e r t a i n  i n d i v i d u a l s .  may demonst ra te  b ronchocons t r i c to r  responses .  We b e l i e v e  t h a t  
f u t u r e  s t u d i e s ,  u s ing  o t h e r  t ime-concentra t ion  p r o t o c o l s  w i th  t h e  approach desc r ibed ,  w i l l  prove 
u s e f u l  i n  f u r t h e r . q u a l i f y i n g  t h e  d i f f e r e n c e s  i n  normal 'and s u s c e p t i b l e ~ p o p u l a t i o n s  toward a i . r  
p o l l u t a n t s .  

This  paper i s  suppor ted  i n  p a r t  by a  g r a n t  from the  Biomedical Science  Department of  t he  
'Gene ra l  Elotors Technica l  Center  and is  based i n  p a r t  on work performed under c o n t r a c t  w i th  U.S. ' 

Environmental P r o t e c t i o n  Agency a t  the  Un ive r s i t y  o f  Roches ter ,  Department o f - R a d i a t i o n  Biology 
. . 

and Biophysics,  and has  been des igna ted  ~ e p o r t  No. .UR:&90-1886. 
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, I~LUSTRATIONS . . 
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' FIG., .l. Diagram. of appa ra tus  used t o  .genera te  a e r o s o l s .  

. . 

FIG. 2 .  changes i n  SGaw i n  normal s u b ; e c t s . a f t e r  s u l f a t e  a e r o s o l s .  Using the  N = C l  post-exposure 
v a 1 u e s . a ~  a  c o n t r o l ,  s u l f a t e  a e r o s o l s  produced a  decreased SGaw be fo re  and a f t e r  c a ~ b a c h o l  chal -  
l enge .  The most s i g n i f i c a n t  changes were s een  wi th 'H  2 SO 4 ( p . <  0.01) and NH 4 HS04 (p .  < 0.01)  aero- 

' s o l s  fo l lowing  ca rbacho l .  

FIG. 3. Xean changes i n  s & w , a f t e r  ca rbacho i ,  wi thout  p r i o r  ae roso l .  expoSure,  a f t e r  NaC1, and 
a f t e r  1  m g / m 3  H SO exposure .  P r i o r  i n h a l a t i o n  of H SO s i g n i f i c a n t l y  p o t e n t i a t e d  ( p  < 0.001) 

. . 2 4  2 4  t h e  e f f e c t  of ca rbacho l  on SGaw cornpiared t o  NaCl and carbachol  o r  ca rbacho l  a lone .  ~ a r s  repre-  
. . . . ,sent s t anda rd  e r r o r  of mean. .' * .  . . 

. . .  

F I G . 4 .  Deposi t ion  d a t a  i n  h igh and' . low'.dose . s u l f a t e  s t u d i e s .  Bars r e p r e s e n t  s t anda rd  e r r o r  of 
mean. 

. . 
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FIG., 1. ~ i a ~ r a m  of apparatus used to generate aerosols. . .  . 
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' FIG. 2. Changes in'sGaw in normal subj&cts after sulfate aerosols. Using the .NaCl. 
pusL-erpusui.e. ~ d l u a s  as a cuuL~u1, sulCaLa auLusuls p~uducud a ducreascld SCaw before 
and after c'arbachol challenge. The .most significant.changes were'seen with H2S04 

(p c 0.01) and W4HSO4 .(p C 0.Ol)~~aerosols following.carbachol. 
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FIG. 3 .  EIean changes in.SGaw a f t e r  carbachol., without prior  aeroso l  exposure,  a f t e r  
NiC1, and a f t e r  I mg/m3 H2S04 -exposure. pr ior  inha la t ion  o f  H2S04 s i g n i f i c a n t . 1 ~  ' 

pqtent iated ( p  < 0.001)  ' the  e r f e c t  o f  carbachol on SGaw compared t o  NaCl and carba- 
cho l  o r  carbachol . a lone .  Bars represenc,  scandard erroc  u E olean. 
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FTG. ' 4 .  Dep.osifion data  .in high and low dose s u l f a t e  s t u d i e s . .  Bars represent  standard 
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