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INHALATION TOXICOLOGY: VII. TIMES TO INCAPACITATION AND DEATH 
FOR RATS EXPOSEP CONTINUOUSLY TC! ATMOSPHERIC ACROLEIN VAPOR 

--" I>NTRODUCT I ON 

A c r o l e i n ,  a n  u n s a t u r a t e d  a l i p h a t i c  a l d e h y d e  ICH,=CH-CHO) ~ is 
a 1::nown p r o d u c t  o f  t h e  t h e r m a l  d e c o m p o s i t i o n  o f  c e r t a i n  materials 
u s e d  i n  a i r c r a f t  c a b i n  i n t e r i o r s ,  a n d  a s u s p e c t e d  c o m p o n e n t  o f  
t h e  c o m b u s t i o n  p r o d u c t s  o f  o t h e r s " ' .  S i n c e  l a c h r y m a t i o n  a n d  t h e  
i r r i t a t i o n  o f  e x p o s e d  m u c o u s  m e m b r a n e s  h a v e  b e e n  r e p o r t e d  f o r  
h u m a n s  e x p o s e d  t o  a c r o l e i n  c o n c e n t r a t i o n s  o f  less t h a n  1 p a r t  p e r  
m i l l i o n  i p p m ) ,  t h e  p r e s e n c e  o f  e v e n  small q u a n t i t i e s  of  t h i s  
compound  in smo1::e f r o m  a n  i n f l i g h t .  or  p o s t c r a s h  f i r e  c o u l d  b e  
p o s t u l a t e d  t o  at. leas t  i m p e d e  p a s s e n g e r  e s c a p e z z ' .  . 

I n  a 1978 s t u d y  c o n d u c t e d  b y  t h e  H a r v a r d  S c h o o l  of P u b l i c  
H e a l t h ,  a n d  r e p o r t e d  b y  B u r g e s s 4 . ,  a c r o l e i n  was i d e n t i f i e d  i n  91 
p e r c e n t  of t h e  120 b u i l d i n g  f i r e s  t h a t  were m o n i t o r e d ,  a n d  
r e a c h e d  c o n c e n t r a t i o n s  98 times g r e a t e r  t h a n  t h e  " t o l e r a b l e "  
l e v e l  i n  o v e r  h a l f  o f  t h e s e .  J a c o b s 1 z ; :  r e p o r t e d .  t h a t  a c , r o ! e i n  was 
u s e d  a s  a war g a s  i n  W o r l d  War I. Cases o f  a c c i d e n t a l  p o i s o n i n g  
h a v e  a l s o  b e e n  r e p o r t e d 1 " ?  b u t  t h e  p o s s i b i l i t y  t h a t  more t h a n  o n e  
tox ic  g a s  was i n v o l v e d  h a s  p r e c l u d e d  t h e  e s t i m a t i o n  o f  time- 
c o n c e n t r a t i o n  e f f e c t s  f r o m  s u c h  d a t a .  

I n h a l a t i o n  s t u d i e s  h a v e  b e e n  c o n d u c t e d  w i t h  s e v e r a l  a n i m a l  
s p e c i e s .  E a r l y  s t u d i e s  were L e w i n 7 s 3 . "  t u t - n - o f - t h e - c e n t u r y  
e x p e r i m e n t s  w i t h  r a b b i t s  a n d  g u i n e a  p i g s ,  a n d  I w a n o f f 7 s J . 1  ca t  
. s t u d i e s  i n  1710. More r e c e n t  work h a s  u t i l i z e d  ra ts ,  mice, rab- 
b i  t s p  and g u i n e a  p i g s .  SC::ogz2 e x p o s e d  r a t s  f o r  3 : )- minu te  ;ser i o d s  
t o  a c r o l e i n  c o n c e n t r a t i o n s  of 0.1 t o  (3.7 mg/L (45 t o  310 ppm) 
e s t a b l i s h i n g  a 3Ct-min LCml:, of 0.3 mg/L 1135 p p m ) .  Salem a n d  
C ~ l l u m b i n e ~ . ~  e x p o s e d  mice, g u i n e a  p i g s ,  a n d  r a b b i t s  ko a c r o l e i n  
c o n c e n t r a t i o n s  o f  5,225 mg/m:" (2,330 ppm) a n d  f o u n d  t h e  l e t h a l  
d o s e s  r a n g e d  f r o m  70, (:)(X) t o  140, OOC) mg =min/m" (31 , 250 t o  6 2 ,  50(5 
p p m = m i n ) .  F o r  t h e  same t h r e e  s p e c i e s ,  P a t t l e  a n d  C u l l u m b i n e l "  
r e p o r t e d  t h e  LC:!5tL, t o  b e  24.4 mg/m" (10. 5 ppm) f o r  a 6- h o u r  e x p o-  
s u r e .  O t h e r  w ~ r k e r s ~ . ~ .  ':!' h a v e  e x p l o r e d  t h e  b i o c h e m i c a l  e f f e c t s  
o n ,  a n d  t h e  a d a p t a t i o n  o f ,  r a t s  e x p o s e d  t o  e x t r e m e l y  low levels  
o f  acrol  ei n .  

Our p r i m a r y  i n t e r e s t  was i n  a c r o l e i n  . l eve l s  t h a t  c a u s e  i r r i-  
t a t i o n  s u f f i c i e n t  t o  i n c a p a c i t a t e  w i t h i n  SO m i n  a n d  t h a t  c o u l d  b e  
p o t e n t i a l l y  l e t h a l  f o r  p e r s o n s  a t t e m p t i n g  t o  e s c a p e  f r o m  a f i r e  
s i t u a t i o n .  O u r  ear l ie r  workh w i t h  c a r b o n  m o n o x i d e  (CO) a n d  
h y d r o g e n  c y a n i d e  (HCN) h a s  shown t h a t  t i m e - t o - i n c a p a c i t a t i o n  
( t i  1 ,  as measured w i t h  r a t s  i n  a r o t a t i n g  c a g e  a s s e m b l y ,  is a 
u s e f u l  tool  f o r  c o m p a r i n g  t h e  r e l a t i v e  t o x i c i t y  o f  c o m b u s t i o n  
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MATERIALS AND METHODS 

Animals. A lb ino  ra t s .  a+ Sprague-Dawley o r i g i n  were obta ined 
+ram Charles River  Breeding Labo ra to r i es?  Wilmington, MA. They 
were ordered i n  a weight: range o f  1OC) t o  120 g and were he ld  i n  
i s o l a t i o n  f o r  8 days p r i o r  ta use. A l i  were mainta ined on d r i n k -  
i n g  water containing 1.5 g / L  o f  s u l f a t h i a z o l e  f o r  t h e  f i r s t  4 
days, then normal tap  water f o r  the remain ing 4 days' i s o l a t i o n .  

Rats were fas ted avern ight  be fo re  t e s t i n g  i n  order  t o  estab-  
l i s h  equ iva lent  metabol ic  s t a tes ;  just be fo re  use, each animal 
was weighed and marked w i t h  an i d e n t i f y i n g  c o l o r  code. 

Exposure chamber desiqn. The animal exposure chamber uti- 
l i z e d  i n  t h i s  study d i - f f e r s  somewhat Qrom t h a t  used i n  p rev ious  
s tud ies ;  i t s  design is d e t a i l e d  i n  F i gu re  1. It was const ruc ted 
of 1/2- in  polymethylmethacry late (PMMA) w i t h  i n t e r n a l  dimensions 
5i11.8 cm long by 26.2 c:m wide b y  50.6 cm h igh.  The two- 
compartment c y l i n d r i c a l  r o t a t i n y  cage assembly, 40.6 c m  i n  diam- 
e t e r  by 25.0 cm wide, had a p l a s t i c  mesh floor (per imeter )  w i t h  a 
pe r fo ra ted  i n t e r n a l  d i v i d e r .  T h e  cage w a s  suspended across t h e  
w id th  o f  t h e  chamber by  a c e n t r a l  a x l e  a t tached t o  t h e  pe r f o ra ted  
d i v i d e r ;  t he  outer  chamber w a l l s  f u n c t i o n  a5 t h e  end w a l l s  o f  t h e  
cage. A door ( 1 0  by 1 0  cm), equipped w i t h  gaskets, was i n s t a l l e d  
i n  each s i d e  of  t h e  chamber a t  t h e  l e v e l  o f  t h e  r o t a t i n g  cage 
f l o o r ,  t o  a l l ow  r a p i d  i n s e r t i o n  or  removal o f  t e s t  animals. The 
r o t a t i n g  cage was d r i ven  b y  a 4-rpm geared motor (Dayton model 
3M098) p rov id ing  a l i n e a r  ( c i r c u m f e r e n t i a l )  v e l o c i t y  o f  8 . 5  cm/s. 
Two p las t ic -b laded +an5 mounted on oppos i te  s i des  o f  t h e  chamber 
prov ided un i fo rm mix ing o f  t h e  chamber- atmosphere. 

Test atmosphere qenerat ion. The amount o f  a c r o l e i n  r e q u i r e d  
f o r  a g iven experiment was c a l c u l a t e d  f rom t h e  des i red atmos- 
phe r i c  concent ra t ion  and t h e  enclosed chamber volume, 67.3.5 L. 
A s i d e  door was removed from t h e  dry ,  empty chamber, and the  c a l -  
culated amount  of  f r e s h l y  redistilled liquid acrolein w a s  intro- 
duced by p i p e t  i n t o  a 10-cm g l a s s  P e t r i  d i s h  centered on t h e  
chamber f l o o r .  The door was rep laced and t h e  fans  tu rned  on t o  
hasten evaporat ion and atmospheric mix ing;  e q u i l i b r a t i o n  was 
considered t o  be complete when a1 1 1 i q u i d  a c r o l e i n  had evapo- 
ra ted ,  a pe r i od  o f  15 t o  45 min depending on t h e  q u a n t i t y  
added. A sample o f  t h i s  preexposure atmosphere was then taken 
f o r  ana lys is .  
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Mixing f a n  assembly ,  c o n s i s t i n g  of DiaytQP model 221033 
motor, 1/15 hp, 5,000 rpm, 120 VQC, ( 5 0  Ha, f i t t e d  w j  t h  a 
4-bladed, 7- c m  d i d  n y l o n  f a n .  
V e n t i l a t i o n  holes, 1 2- m m  d i d ,  C U ~  t h r o u g h  em$.er d i v i d t a r  
of r o t a t i n g  cage. 
P e t r i  d i s h ,  9 - c m  d i d .  
Exposure chamber walls c o n s t r u & M  of %-in ( 1 2 - m m )  t h i c k  
p o l y m e t h y l m e t h a c r y l a t e  (PMMA) . 
R o t a t i n g  cage assembly ,  cen te r :  d iv idap  and outer r i m  
c o n s t r u c t e d  from %-in (6-mm) P " A .  
Gas sampl ing  p o r t s  s e a l e d  w i t h  serum v i a l  s t o p p e r s .  
Chamber access port  for animal  i n s e r t i s m  and removgJ. 
Thumbscrew f a s t e n e r s .  
P o l y e t h y l e n e  mesh cover for rqtati n g  c a p ;  mesh o p e n i n g s  
are a p p r o x i m a t e l y  7-mm s q u a r e .  
Cen te r  d i v i d e r  and s u p p o r t  for  r o k a t i n g  cgge ,  
c o n s t r u c t e d  from %-in (6-mm) thick IPMMA. 
Cage d r i v e  motor; Dayton mq#@.L 3 m ) C , ? 8 ,  4 rpm, 120 VAG, 
60 Hz. 
Cross s u p p o r t s  f o r  chambw- r i m s  and' p l a s t i c  mesh 
perimeter. 
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~ c r o l e i n  a n a l y s i s .  T h e  r o u t i n e  m e a s u r e m e n t  o f  d C f O l e i n  
c o n c e n t r a t i o n  i n  t h e  c h a m b e r  w a s  a c c o m p l i s h e d  g a s  c h r o m a t o g r a p h-  
i c a l l y  (GC). T h e  a c c u r a c y  of t h i s  GC t e c h n i q u e  was v e r i f i e d  
o r i g i n a l l y ,  a n d  rechecked p e r i o d i c a l l y ,  b y  a n a l y s i s  o f  d u p l i c a t e  
s t a n d a r d  a n d  tes t  g a s  s a m p l e s  u s i n g  a s e c o n d ,  i n d e p e n d e n t  s p e c -  
t r o p h o t o m e t r i c  a n a l y t i c a l  t e c h n i q u e .  T h e  d i f f e r e n c e s  i n  r e s u l t s  
o b t a i n e d  b y  t h e  t w o  m e t h o d s  n e v e r  e x c e e d e d  S p e r c e n t .  

T h e  GC m e t h o d  c t e i l i z e d  a 12- f t  b y  1 / 8 - i n  c o l u m n  o f  F 'o rapak  
Q, a n i t r o g e n  g a s  carr ier  f l o w  of 3:) mL/min, a n  o v e n  t e m p e r a t u r e  
of 2i(2 OC, a n d  a h y d r o g e n  flame i o n i z a t i o n  d e t e c t o r .  T h e  r e t e n -  
t i o n  time f o r  a c r o l e . i n  c tnder  t h e s e  c o n d i t i o n s  w a s  4.95 min. 

S a m p l e s  af c h a m t , e r  a t m o s p h e r e  were ta1::en f o r  t h i s  a n a l y s i s  
i n  a g l a s s  syv- i  n g e  a r id  u s e d  i m m e d i  ate1 y t o  f 1 ussh a n d  f i  11 a 2OcS- 
microli ter  (pL) gas c .ample  l o o p  o n  t h e  GC. T h e  areas of  t h e  
r e s u l t i n g  a c ' r o l e i n  peaks were m e a s u r e d  w i t h  a n  e l e c t r o n i c  i n t e -  
g r a t o r  a n d  c o n v e r t e d  ta e q u i v a l e n t  p a r t s - p e r - m i l l i o n  i n  t h e  5am- 
p l e d  a t m o s p h e r e  b y  m e a n s  o f  a s t a n d a r d  c u r v e .  

T h e  a c ro l e in  s t a n d a r d  curve, c o n s i s t i n g  of t h r e e  t o  f i v e  
c o n c e n t r a t i o n  p o i n t s ,  w a s  c o n s t r u c t e d  d a i l y  u s i n g  t h e  f o l l o w i n g  
p r o c e d u r e .  A 30- t o  5;(:)-pL a1 iquot o f  f r e s h l y  r e d i s t i l l e d  acro- 
l e i n  w a s  cirawn int-.cl a H a m i l t o n  GC s y r i n g e  a n d  t h e  n e e d l e  t i p  
i n s e r t e d  i n t , ; ~  a s m a l l  cork:: d i s k  t o  p r e v e n t  e v a p o r a t i o n .  T h e  
corked s y r i n q e  was ke(;ighed t o  t h e  n e a r e s t  0 . 0 1  mg, t h e  cork:: d i s k  
r e m o v e d ,  a n d  t h e  a c r - o l e i n  s a m p l e  i m m e d i a t e l y  i n j e c t e d  i n t o  a 
p l a s t i c  h9.g ( s a r a n  f i l m )  t h a t  h a d  b e e n  p r e v i o u s l y  e v a c u a t e d  a n d  
f i 1 l e d  w 1  t h  a known volume o f  a i r .  T h e  s y r i n g e - c o r k  a s s e m b l y  was 
t h e n  r 2 w e i g h e d ,  a n d  t h e  q u a n t i t y  o f  a c r o l e i n  t h a t  h a d  b e e n  a d d e d  
t o  t k l e  b a g  was c a l c u  L a t e d  b y  d i f f e r e n c e ,  t h e  c o n c e n t r a t i o n  b e i n g  
e X p r e s s e d  as  ppm (voE~..!me/volume) a t  a m b i e n t  t e m p e r a t u r e  a n d  
P r . e s s ; u r e .  

A s e p a r a t e  g a s  s ; t m p l e  b a g  was p r e p a r e d  b y  t h i s  p r o c e d u r e  fo r  
e a c h  p o i n t  o n  t h e  s t a r l d a r d  c u r v e .  E a c h  bag w a s  t h e n  1::neaded 
g e n t l y  t o  mi:.: t h e  c o n t e n t s ,  a n d  a s y r i n g e  s a m p l e  was r e m o v e d  a n d  
u s e d  t o  f i l l  t h e  'Zlc:)C)-pL GC g a s  s a m p l e  l o o p .  T h e  areas 04 t h e  
r e s u l t i n g  a c r o l e i n  p e a k s  were q u a n t i f i e d  b y  a n  e l e c t r o n i c  i n t e -  
g r a t o r  a n d  p l o t t e d  a g a i n s t  c o n c e n t r a t i o n .  T h e  e q u a t i o n  f o r  t h e  
r e s u l t i n g  s t a n d a r d  C L \ ; r V E ?  w a s  c a l c u l a t e d  b y  a l i n e a r  l e a s t - s q u a r e s  
r e g r e s s i o n ,  a n d  t h e  c , o n c e n t r a t i o n s  o f  unknown s a m p l e s  were t h e n  
ca lcula ted u s i n g  t h a t  e q L ! a t i o n .  

T h e  p r o c e d u r e  t h a ' c  w a s  used t o  c o n f i r m  the p e r f o r m a n c e  of 
t h e  GC method is  b a s e d  o n  t h e  q u a n t i t a t i v e  c o n v e r s i o n  o f  a c r o l e i n  
t o  i ts 2 , 4 - d i n i t r o p h e n y l h y d r a r o n e  (2,4-DNP) f o l l o w e d  b y  s p e c t r o -  
p h o t o m e t r i c  assay o f '  t h i s  h i g h l y  c o l o r e d  d e r i v a t i v e " .  One  p r o b-  
lem associated w i t h  t P t e  q u a n t i t a t i v e  C o n v e r s i o n  o f  t r ace  a m o u n t s  
(micromolar) o f  l o v ~  m c l l e c u l a r  w e i g h t  a l d e h y d e s  t o  t h e i f  corre-  
s p o n d i n g  2,4-DNP d E ! r i \ l a t i v e s  is t h a t  t h e  s o l u b i l i t y  o f  t h e  2,4- 
DNP i n  a n  a q u e o u s  m e d i  u m  is s u f f i c i e n t  t o  p r e v e n t  t h e  r e a c t i o n  

4 



.from proceeding t o  complet ion. To f o r c e  t h e  r e a c t i o n  t o  comple- 
t i o n ,  we employed a m o d i f i c a t i o n  of  t h e  procedure suggested by 

d e r i v a t i v e  i s  con t inuous ly  ex t rac ted  i n t o  a nonaqueous ( i s o-  
octane) layer .  The d e t a i l s  o f  t h i s  a n a l y t i c a l  procedure a re  
presented i n  t h e  Appendix. 

Sel i m2r-s , which u t i l i z e d  a two-phase r e a c t i o n  medium i n  which t h e  

The concen t ra t ion  o f  a c r o l e i n  i n  t h e  chamber atmosphere was 
p l o t t e d  as a f u n c t i o n  o f  exposure t ime f o r  each experiment. The 
areas under t h i s  curve, f rom time=(:) t o  t, and t o  td, were i n t e -  
grated t o  o b t a i n  C = t  p roduc ts  (concen t ra t ion  X exposure t ime )  f o r  
both  i n c a p a c i t a t i o n  and death, C = t i  and C . t a .  An average concen- 
t r a t i o n  f o r  each exposure was then ca l cu la ted  as t h e  q u o t i e n t  o f  
C = t  d i v i ded  by t h e  app rop r i a te  response time; e.g., t h e  average 
concen t ra t ion  f o r  i n c a p a c i t a t i o n  equals C = t ,  d i v i d e d  by ti. 

Animal exposure procedure. Once the  t e s t  atmosphere had 
reached e q u i l i b r i u m ,  a chamber a i r  sample was c o l l e c t e d  and ana- 
lyzed  gas chromatograph ica l ly  f o r  a c r o l e i n  concent ra t ion.  The 
cage r o t a t i o n  and f a n  motors were turned o f f  , and a fas ted,  
weighed r a t  was i n s e r t e d  i n t o  t h e  cage. The chamber door was 
immediately sealed, t h e  exposure t imer  ac t i va ted ,  and t h e  cage 
and fan  motors r e s t a r t e d .  

A f t e r  an elapsed t ime  o f  1 min, a second chamber a i r  sample 
was withdrawn f o r  GC a n a l y s i s  t o  determine t h e  new e q u i l i b r i u m  
concent ra t ion.  A d d i t i o n a l  samples were c o l l e c t e d  f o r  a n a l y s i s  a t  
9- t o  10-min i n t e r v a l s  throughout  the  exposure, t h i s  be ing t h e  
t ime  requ i red  f o r  a l l  major peaks from t h e  p rev ious  i n j e c t i o n  t o  
c l ea r  t he  EC column. 

T ime- to- incapac i ta t ion was recorded as t h e  elapsed t ime  a t  
which t he  r a t  cou ld  no longer  perform t h e  coordin,ated a c t  of 
wall.::iny i n  t he  r o t a t i n g  cage--the animal would beg in  stumbl ing,  
s l i d i n g ,  o r  tumbl ing.  Cage r o t a t i o n  was stopped a t  ti, and t h e  
r a t  was observed u n t i l  v i s i b l e  s igns  of  b rea th ing  ceased; t h i s  
t ime i n t e r v a l  ( f rom i n i t i a t i o n  o f  exposure) was c a l l e d  t,. A 
f i n a l  chamber atmosphere sample wa5 c o l l e c t e d  f .o l low ing  t h e  r a t ' s  
death t o  p rov ide  a complete t ime- concent ra t ion reco rd  f o r  t h e  
e:.: posure per i od. 



RESULTS AND DISCUSSION 

A t o t a l  o f  22 r a t s  were e x p o s e d ,  o n e  a t  a time, t o  s e l e c t e d  
c o n c e n t r a t l o n s  o f  a c r o l e i n  i n  a i r .  T h e  o b s e r v e d  r e s p o n s e  times, 
t ,  a n d  t a ,  are  l i s t e d  i n  T a b l e  1 a l o n g  w i t h  t h e  C t - p r o d u c t  c a l c u -  
l a t e d  f o r  e a c h  r e s p o n s e  time, a n d  t h e  a v e r a g e  c o n c e n t r a t i o n  c a l-  
c u l a t e d  a s  t h e  a rea  u n d e r  t h e  C t - c u r v e  d i v i d e d  b y  t h e  r e s p o n s e  
time. 

V i s u a l  l y  o b s e r v e d  b e h a v i o r a l  r e s p o n s e s ,  i n  a d d i t i o n  t o  t ,  
a n d  t,.:., c a n  b e  s u m m a r i z e d  b e s t  a s  g e n e r a l  o b s e r v a t i o n s  made a t  
d i f f e r e n t  a c r o l e i n  l e v e l s .  

A t  c o n c , e n t r a t i o n s  b e t w e e n  500 a n d  750 ppm, t h e  r a t s  e x h i b -  
i t e d  i m m e d i a t e  a g i t a t i o n  a n d  r u b b i n g  o f  t h e  n o s e  ( w i t h  f o r e p a w s )  
when i n s e r t e d  i n t o  t h e  c h a m b e r ,  f o l l o w e d  b y  n o r m a l  wa1k:ing i n  t h e  
r o t a t i n g  c a g e .  G a s p i n g  w a s  n o t e d  a t  a b o u t  15 m i n ,  a n d  a b n o r m a l  
w a l k i n g  ( c r a w l i n g ,  s l i d i n g ,  e t c . )  b e g a n  a t  about 30 min .  T h e  
t., ‘ 5  r a n g e d  +ram 27 t o  36 min.  C o n v u l s i o n s  p r e c e d e d  d e a t h  b y  1 
t o  2 m i n ;  n o  c y a n o s i s  o f  t h e  extremities was o b s e r v e d ,  

A t  c o n c e n t r a t i  o n 5  a r o u n d  1 , (:)(X) ppm, g a s p i n g  b e g a n  a t  3 t o  6 
m i n ,  b e c o m i n g  s e v e r e  b y  6 t o  11 min .  Wa1C::ing a p p e a r e d  normal f o r  
t h e  f i r s t  6 t o  1 0  m i n ,  a f t e r  w h i c h  t h e r e  w o u l d  b e  a l t e r n a t i n g  
p e r i o d s  of c r a w l i n g  a n d  w a 1 l : : i n g - - t h i s  c r a w l i n g  was a s u f f i c i e n t l y  
c o o r d i n a t e d  t y p e  o f  l o c o m o t i o n  t h a t  i t  w a s  n o t  s c o r e d  a s  i n c a p a c -  
i t a t i o n .  T h e  t 3 . ’S  o c c u r r e d  i n  t h e  r a n g e  14 t o  20 m i n ,  a n d  s e v e r e  
c o n v u l s i o n s  b e g a n  a b o u t  1 min b e f o r e  d e a t h .  

A t  t h e  10: 000-ppm l e v e l  , y a s p i  n g  b e g a n  b y  I .  5 t o  2 .5  m i  n .  
B e t w e e n  4 a n d  5 min t h e  a n i m a l s  became h y p e r a c t i v e  ( r u n n i n g ,  
c l i m b i n g ,  f r a n t i c  g r o o m i n g ,  e t c . )  a n d  o c c a s i o n a l  tremors or m i l d  
c o n v u l s i o n s  were n o t e d  d u r i n g  t h i s  p e r i o d  o f  h e i g h t e n e d .  a c t i v i t y .  
One or more severe c o n v u l s i o n s  f ol l o w e d  s o o n  a f t e r  t h e  5- t o  6- 
min t , ,  w i t h  c y a m o s i r ;  o c c ~ u - r i n g  i n  a f e w  a n i m a l s  i n  t h e  i n t e r v a l  
b e t w e e n  t, a n d  t.:. D e a t h  o c c u r r e d  a t  7 t o  1 0  min .  

I n  t h e  2C),60(:)-ppm r a n g e ,  t h e  ra t s  b e c a m e  h y p e r a c t i v e  immedi-  
a t e l y  on b e i n g  p l a c e d  i n  the c h a m b e r ;  t h e y  were g a s p i n g  b y  1.5 
min a n d  c y a n o t i c  b y  2.C) t o  2.5 min.  M u s c l e  tremors e i t h e r  p r e -  
c e d e d  or c o i n c i d e d  w i t h  t ,  , w h i c h  o c c u r r e d  a t  3 t o  4 m i n u t e s .  
F o l l o w i n g  i n c a p a c i t a t i o n  t h e  c y a n o s i s  b e c a m e  more p r o n o u n c e d ,  
m u s c u l a r  f a s c i c u l a t i o n  b e c a m e  g e n e r a l i z e d ,  a n d  s p o r a d i c  w h o l e -  
b o d y  c o n v u l s i o n s  p r e c e d e d  d e a t h ,  w h i c h  o c c u r r e d  a t  6 t o  7 min .  

A t  t h e  h i g h e s t  c o n c e n t r a t i o n s ,  35,OC)O t o  4C),C)(X) ppm, g a s p i n g  
w a s  severe b y  I t o  2 m i n ,  a n d  e v e n  a n  o c c a s i o n a l  s h o r t  c o n v u l -  
s i o n ,  w i t h  r e c o v e r y ,  w a s  n o t e d  p r i o r  t o  i n c a p a c i t a t i o n .  A l t h o u g h  
t, , 2.8 min ,  w a s  shorter t h a n  f o r  t h e  20,000- ppm e x p o s u r e s ,  
b e h a v i o r  was n o t  a p p r e c i a b l y  d i f f e r e n t .  C y a n o s i s  and f a i r l y  
c o n t i n u o u s  c o n v u l s i v e  a c t i v i t y  occurred from t, u n t i l  d e a t h- -  
w h i c h  w a s  a t  4.7 t o  4.9 min .  



TABLE 1 

RESFONSE TIMES AND ACROLEIN CONCENTRATIONS* 

Along w i t h  t h e  expected decreases i n  t,, and td t h a t  were 
observed wi th  exposure t o  inc reas ing  concen t ra t ions  o f  ac ro le i n ,  
c e r t a i n  o ther  response pa t t e rns  became apparent. A t  concentra-  
t i o n s  o f  1,000 ppm o r  less ,  convu ls ions were noted on ly  just  
p r i o r  to death, w h i l e  a t  h igher concent ra t ions,  tremor and con- 
vu l s i ons  appeared be fo re  i ncapac i t a t i on .  A sur face muscle tremor 
o r  f a s c i c u l a t i o n ,  which d i f f e r e d  from t h e  whole-body convulsions, 
was noted a t  t he  lC),(:)c:)(:)-pprn l e v e l  f o l l o w i n g  per iods  o f  extreme 
phys i ca l  a c t i v i t y  and was a common observat ion a t  t he  h igher  
concent ra t ions,  independent of  phys i ca l  exe r t i on .  One unexpected 
r e s u l t  was t h e  absence o f  any evidence o f  severe eye i r r i t a t i o n .  
While "grooming" motions about t h e  nose were common on a l l  exper- 
iments, on l y  a t  t he  X),c:)(:10-ppm l e v e l  d i d  any abnormal ly r a p i d  eye 
b1inl::ing occur, and then on ly  i n  a s i n g l e  experimental animal. 
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A l l  r a t s '  e y e s  r e m a l n e d  o p e n  d u r i n g  t h e  e x p o s u r e  p e r i o d s ,  and w e  
o b s e r v e d  n o n e  of t h e  p r o f u s e  l a c h r y m a t i o n  t h a t  w e  h a v e  n o t e d  
p r e v i o u s l y  i n  r a t s  e x p o s e d  t o  o ther  i r r i t a n t  g a s e s ,  s u c h  as 
h y d r o g e n  c h l o r i d e ,  or smoke f r o m  h a l o g e n - c o n t a i n i n g  p o l y m e r s .  

F i g u r e  2 is a c o m b i n a t i o n  s c a t t e r g r a p h  of t h e  twa m e a s u r e d  
response times, t ,  a n d  ta a s  a f u n c t i o n  o f  a c t - o l e i n  c o n c e n t r a -  
t i o n .  I n  t h i s  a n d  a11 s u b s e q u e n t  f i g u r e s ?  r e s p o n s e  times are i n  
m i n u t e s  a n d  a c r o l e i n  c a n c e n t r a t i o n s  are  i n  p a r t s  p e r  t h o u s a n d  
( p p t ) .  T h e  r e l a t i o n s h i p  b e t w e e n  t i m e - t o - e f f e c t  a n d  m a g n i t u d e  o f  
t h e  n o x i o u s  a g e n t  is, once a g a i n ,  t h e  f a m i l i a r  r e c t a n g u l a r  h y p e r -  
b o l a  t h a t .  w e  h a v e  o b t a i n e d  f o r  a l l  tox ic  g a s e s  s t u d i e d  t o  date 
a n d  a l .  so f o r  t h e  m e a s u r e  o f  t i m e - t o - c u l l  a p s e  a s  t h e  r e s u l t  of 
e x p o s u r e  t o  h y p e r t h e r m i c  a t m o s p h e r e s .  

An e q u a t i o n  w a s  d e r i v e d ,  f o r  e a c h  r e s p o n s e ,  t h a t  re lates  - 
t i m e - t u - e f f e c t  a n d  c o n c e n t r a t i o n ;  t h i s  c u r v e  f i t t i n g  was accom- 
p l i s h e d  w i t h  t h e  a i d  of a n o n l i n e a r  least  s q u a r e s  r e g r e s s i o n  
a l g o r i t h m  p r o p o s e d  b y  M a r q ~ t a r d t " ~ .  When t h e  mode l  e q u a t i o n  f o r  
t h e  r e g r e s s i o n  was o f  t h e  f o r m ,  

w h e r e  y r e p r e s e n t s  r e s p o n s e  time a n d  :.; r e p r e s e n t s  a c r o l e i n  c o n-  
c e n t r a t i o n ,  t h e  r e s u l t i n g  c u r v e s  f i t  t h e  d a t a  a c c e p t a b l y  well, as  
c a n  b e  s e e n  i n  F i g u r e s  3 a n d  4. T h e  l o g - l o g ,  l i n e a r i z e d  v e r s i o n s  
o f  t h e s e  same e q u a t i o n s  a r e  p r e s e n t e d  as F i g u r e s ;  5 and  6. For 
t h e s e  t w o  e q u a t i o n s ,  t h e  v a l u e s  f o r  t h e  p a r a m e t e r s ,  a ,  k, a n d  b ,  
are a5 f o l l o w s ,  

f i l t h o u g h  t h e s e  e q u a t i o n s  are a c c e p t a b l y  d e s c r i p t i v e  of  t h e  
e x p e r i m e n t a l  d a t a  a n d  o b v i o u s l y  u s e f u l  i n  p r e d i c t i n g  t h e  c o n-  
t i n u u m  of  r e s p o n s e - t i m e  v e r s u s  c o n c e n t r a t i o n  r e l a t i o n s h i p s ,  a n d  
d e s p i t e  t h e  f a c t  t h a t  t h e  form o f  t h e  e q u a t i o n  is t h e  toxico- 
l o g i c a l l y  m e a n i n g f u l  o n e  o f  a r e c t a n g u l a r  h y p e r b o l a  w i t h  n o n z e r o  
a s y m p t o t e s ,  t h e  n e g a t i v e  s i g n  o f  t h e  d e r i v e d  v a l u e s  f o r  t h e  
p a r a m e t e r ,  b ,  does p r e s e n t  a m o d e l i n g  p r o b l e m .  

E q u a t i o n  1 c a n  b e  r e w r i t t e n  as f o l l o w s ,  

w h e r e  t... i s  r e s p o n s e  time i n  m i n u t e s ,  a n d  C is a c r o l e i n  c o n c e n-  
t r a t i o n  i n  p p t .  I n  t h e  b i o p h y s i c a l  i n t e r p r e t a t i o n  of t h i s  e q u a -  
t i o n  model,  t h e  p a r a m e t e r s ,  a a n d  b ,  r e p r e s e n t  t h e  a s y m p t o t i c  
v a l u e s  f o r  t h e  two e n d s  o f  t h e  h y p e r b o l a ;  i . e . ,  "a"  is t h e  s h o r t -  
est p o s s i b l e  r e s p o n s e  time t h a t  c a n  b e  a c h i e v e d  f r o m  e x p o s u r e  t o  
a n  o v e r w h e l m i n g  c o n c e n t r a t i o n  a n d  "b"  is t h e  lowest a c r o l e i n  
c o n c e n t r a t i o n  t h a t  c a n  i n c a p a c i t a t e  (or k : : i l l )  a s  t h e  result of  a n  
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Figure 2. Times-to-incapacitation ( 0 )  and times-to-death ( + I  
plotted against the average chamber concentration of acrolein. 
Each point represents one rat, exposed individually; N=22. 
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Figure 3, Time-to-incapacitation as a function of the average 
chamber concentration of acrolein. Fitted regression equation: 
ti = 1.5 + 40/(C+0.5)3 RSSQ = 238. 
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Figure 4. Time-to-death as a function of the average chamber 
concentration of acrolein. Fitted regression equation: 
td = 3.75 + 50/ ( C + 0 . 5 ) ,  RSSQ = 473- 
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Figure 5. Loq-log plot of (ts-l.5) versus (C+O.5), a linearized 
t rans format ion  of  Fig. 3. F i t t e d  r e g r e s s i o n  equat ion:  
ln(t-1.5) = ln (40)  - ln(C+0.5). 
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Figure 6. Log-log plot of (t,-3.75) versus ( C + 0 . 5 ) ,  a linearized 
transformation of Fig. 4. Fitted regression equation: 
ln(t,-3.75) = ln(50) - ln(C+0.5). 
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e x c e e d i n g l y  l o n g  e x p o s u r e  time. L o g i c a l l y ,  b o t h  of t h e s e  param-  
eters s h o u l d  h a v e  p o s i t i v e  v a l u e s ,  s i n c e  t h e r e  c o u l d  h a r d l y  b e  a 
p h y s i o l o g i c a l  e + f e c t  f r o m  a z e r o  c o n c e n t r a t i o n  a n d ,  c o r r e s p o n d -  
i n g l y ,  n o  e f f e c t :  c o u l d  r e s u l t  f r o m  a n  e x p o s u r e  o f  z e r o  m i n u t e s .  

T h e  f a . t t  t h a t  t h e  mode l  e q u a t . i  o n ,  [ Z I  c o u l d  n o t  b e  f i t  t o  
t h E  a c r o l e i n  d a t a  u s i n g  a p o s i t i v e  v a l u e  f o r  t h e  p a r a m e t e r ,  b ,  
s u g g e s t s  t ha t  t h e  s p e c i f i c  farm o f  t h a t  e q u a t i o n  may b e  i n a p p r o -  
p r i a t e ,  f o r  d e s c r i b i n g  t h e  t o x i c o k i n e t i c s  of  a c r o l e i n .  A 1 i l : : e l y  
p o s s i b i l i t y  is t h a t  a c r o l e i n  is e x e r t i n g  i ts  toxic  e f f e c t  d i f f e r -  
e n t i a l l y  a t  two or more s p e c i f i c  b i o l o g i c a l  s i tes a n d ,  a s  a c o n-  
s e q u e n c e ,  t h e  o v e r a l l  e f f e c t  on  r e s p o n s e  time is a f u n c t i o n  of  
s o m e t h i n g  o t h e r  t h a n  t h e  f i r s t  p o w e r  o f  t h e  e f f e c t i v e  c o n c e n t r a -  
t i o n ,  ( C - b ) .  I f  t h e  C o n c e n t r a t i o n  is f u n c t i o n i n g  a t  some power  
o t h e r  t h a n  o n e- - t h a t  is, i f  t h e  e f f e c t i v e  c o n c e n t r a t i o n  is (C-  
b )  r' w h e r e  n i 5. n o t  e q u a l  t o  o n e- - t h e n  n m u s t  h a v e  a v a l u e  t h a t  
l i e s  b e t w e e n  z e r o  a n d  o n e ;  o t h e r w i s e  t h e  f i t  w i t h  t h e  d a t a  g e t s  
worse r a t h e r  t h a n  better. 

I f  r e s p o n s e  time were r e l a t e d  t o  t h e  s q u a r e  root  o f  t h e  
e f f e c t i v e  a c r o l e i n  c o n c e n t r a t i o n ,  the v a l u e  of n w o u l d  b e  0 . 5 .  
T h e  model  e q u a t i o n  would t h e n  b e :  

F i t t i n g  t h i s  e q u a t i o n  t o  t h e  d a t a  r e s u l t e d  i n  r e a s o n a b l e  a n d  
p o s i t i v e  v a l u e s  f o r  t h e  three p a r a m e t e r s  (a ,  I::, a n d  b) a n d  a 
r e s i d u a l  5 u m  o f  s q u a r e s  (RSSQ) t h a t  w a s  smaller t h a n  w i t h  e q u a-  
t i o n  C27. ( T h e  R S S Q  is a m e a s u r e  o f  t h e  " g o o d n e ~ s  of f i t "  
b e t w e e n  t h e  da ta  a n d  t h e  model e q u a t i o n :  t h e  smaller RSSQ r e p r e -  
s e n t i n g  t h e  b e t t e r  fit.) T h e  v a l u e s  f o r  t h e  t h r e e  p a r a m e t e r s  i n  
e q u a t i o n  [SI are as  f o l l o w s ,  

F i g u r e  7 is t h e  p l o t ,  f o r  e q u a t i o n  C 3 3 ,  of t3. as a f u n c t i o n  of 
c o n c e n t r a t i o n ,  a n d  F i g u r e  8 is t h a t  fo r  ta. T h e  c o r r e s p o n d i n g  
l o g - l o g  t r a n s f o r m a t i o n s  are shown i n  F i g u r e s  9 a n d  10. 

R e a s o n a b l e  p r e d i c t i o n s  o f  r e s p o n s e  time f o r  a g i v e n  a c r o l e i n  
c o n c e n t r a t i o n  c a n  be made u s i n g  e i t h e r  e q u a t i o n  E 2 1  or e q u a t i o n  
C31, p r o v i d e d  o n e  d o e s  n o t  e x c e e d  t h e  c o n c e n t r a t i o n  l imi ts  uti- 
l i z e d  i n  t h e  s t u d y .  However, the v a l u e s  o b t a i n e d  f o r  t h e  c o e f f i -  
c i e n t s  i n  e q u a t i o n  E31 s h o u l d  be  more m e a n i n g f u l  i n  t h e  p h y s i o -  
l o g i c a l  s e n s e .  C o m p a r i s o n  o f  t h e  v a l u e s  f r o m  t h e  t w o  e q u a t i o n s  
s u g g e s t s ,  f o r  e x a m p l e ,  t h a t  the l i m i t i n g  ( a s y m p t o t i c )  r e s p o n s e  
times are more l i k e l y  t o  be 0.1 a n d  1.0 m i n u t e s  rather t h a n  1.50 
a n d  3.75 m i n u t e s  ( f o r  t, a n d  td r e s p e c t i v e l y ) ,  a n d  t h e  l i m i t i n g  
e f f e c t i v e  c o n c e n t r a t i o n  f o r  i n f i n i t e  e x p o s u r e s  is milch more 
1 i kel y t o  b e  300 ppm t h a n  a n e q a t i v e  50(3 ppm. 
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Figure 7. Time-to-incapacitation as a function of the square 
root of the effective acrolein concentration. Fitted regression 
equation: e ,  = 0 - 1  + 1 8 / J ( C - - 0 . 3 ) ,  RSSQ = 141. 
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F i g u r e  8. Time-to-death as a f u n c t i o n  of t h e  square  root of t h e  
effective a c r o l e i n  concentration. F i t t e d  r e g r e s s i o n  equat ion:  
td = 1 . O  + 25/J(C-0.3), RSSQ = 533. 
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Figure 9. Log-log plot of (t%-O=l) versus J(C-0.31, a linearized 
transformation of Fig. 7. Fitted regression equation: 
ln(t*-O,l) = ln(18) - %ln(C-0-3). 
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Figure 10. Log-log plot of {t--l.C)) versus -J(C-O.3), a linear- 
ized trans+ormation of Fig. 8. Fitted regression equation: 
l n ( t c r - l . O )  = ln(25) - Yln(C-0.3). 
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We have been unable  t o  l o c a t e  i n  t h e  s c i e n t i f i c  l i t e r a t u r e  
any o ther  s tud ies  o f  t h e  i n c a p a c i t a t i n g  e f f e c t s  of acute  expo- 
sures t o  a c r o l e i n  us ing  r a t s  as sub jec ts .  However, s i n c e  th i s  
study was completed ( i n  1981) t h e r e  has been a r e p o r t  by Kaplan 
e t  a1 . x of acute exposures using baboons as sub jec ts .  I n  t h i s  
study, baboons were exposed t o  known concent ra t ions of a c r o l e i n  
f a r  5 min and then g i ven  t h e  o p p o r t u n i t y  t o  p h y s i c a l l y  escape 
from the  exposure chamber. For a l l  a c r o l e i n  concen t ra t i ons  
tes ted,  up t o  a maximum o f  2 .78  ppt ,  t h e  sub jec ts  escaped 
success fu l l y ;  i .e., t h e r e  were no ins tances o f  p h y s i c a l  incapac i-  
t a t i o n .  If equat ion C31, de r i ved  f o r  r a t s ,  can be a p p l i e d  t o  
baboons, it would p red i c . t  a t ime- to- incapac i ta t ion  of 11.5 min 
f o r  baboons exposed t o  2.78 p p t  ac ro le i n .  

Salem and C u l l ~ t m b i n e ~ . ~  found t h a t  l e t h a l  exposure times 
ranged from 13 t o  27 min when mice, guinea p igs ,  and r a b b i t s  were 
exposed t o  an a c r o l e i n  concen t ra t i on  o f  5,225 mg/m", .whic'h ,would 
be equ iva lent  t o  approx imate ly  2,300 ppm a c r o l e i n  depending on 
t h e  ambient atmospheric pressure and temperature. T h i s  i s  rea-  
sonable agreement w i th  a t, o f  18.7 min p red i c ted  f rom equat ion 
C 3 3  f o r  a r a t  exposed t o  2.9 ppt .  

Since the  a c r o l e i n  concentrat ion- response t i m e  r e l a t i o n s h i p  
der ived from our exper imenta l  data  can p r e d i c t ,  wi thin an accept- 
ab le  margin, t h e  response t imes  f o r  t h r e e  other roden t  species, 
andr s ince it i s  no t  i n c o n s i s t e n t  w i th  data  obta ined f rom baboon 
exposures, it would seem reasonable tha t  it could  be used t o  
approximate human exposure responses. 

There are  no documented dosages f o r  l e t h a l  o r  t r u l y  incapac- 
i t a t i n g  human expos~tres; however , A l a r i e  e t  dl. J. have suggested 
t h a t  human exposure t o  20 ppm would be le tha l- - or  a t  l e a s t  would 
r e s u l t  i n  extremely severe i n j u r y  t o  t h e  r e s p i r a t o r y  t r a c t .  The 
most common statement i n  t h e  l i t e r a t u r e ,  however, seems t o  be 
t h a t  exposure t o  IC) ppm or more would prove l e t h a l  f o r  humans " i n  
a few minutes" o r  " i n  a s h o r t  t ime"x*r3e These p r e d i c t i o n s  
t h a t  1 0  t o  20 ppm cou ld  be i n c a p a c i t a t i n g  o r  l e t h a l  i n  a few 
minutes are  no t  r e c o n c i l e d  e a s i l y  wi th t he  repo r ted  animal exper- 
iments i n  which concen t ra t i ons  1CKI t imes greater  a r e  r e q u i r e d  t o  
achieve a response t i m e  o f  about 1 0  m i n .  4 p o s s i b l e  exp lana t i on  
i s  t h a t  t he  a c r o l e i n  t o x i c i t y  p r e v i o u e l y  p red i c ted  f o r  humans i s  
an o v e r l y  conservat ive  es t ima te  based on (d is )com+or t  i n d i c e s  as 
endpoints r a t h e r  than on a c t u a l  i n c a p a c i t a t i o n  o r  mor ta l i t y- - as  
w e  suspect is a l s o  t h e  case f o r  hydrogen c h l o r i d e  gas-/. 
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SUMMARY AND CONCLUSIONS 

Rats were exposed in the Civil Aeromedical Institute (CAM11 
Inhalation toxicity assay system to selected atmospheric concen- 
trations of acrolein vapor in air; these concentrations ranged 
from 53C) pp m  to over 40,(:)00 ppm. The CAM1 system uti1 ires an 
enclosed rotating wheel that allows the measurement of a physical 
incapacitation endpoint as well as the traditional one of mortal- 
ity. These t w o  endpoints were measured as time-to-incapacitation 
(t,') and time-to-death (tal; the measured response times ranged 
from. 2.8 to 56.2 min. Results were graphed as scatterplots 
(response time vcrsc~s acrolein concentration) and regression 
equations were fitted to each data set using a nonlinear least 
squares technique. The resulting response equations are: 

t, = 0. 1 c 18 / (C-0 .3 ) ' : . ' -m  + o r  incapacitation and 
t, = 1.0 + 25/ (C-C:).~)':: '-- +or lethality, 

where response times are in minutes and acrolein concentrations, 
C, are in parts per thousand. 

These results suggest that acrolein, an almost universal 
component of smol.::e, is not so incapacitating a5 had been previ- 
ously thought. Concentrations necessary to produce incapacita- 
tion in 1 0  m in are 1ik:ely to be 1 0  to 1 0 0  times greater than 
those suggested by the scientific literature. 
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AFF'END I X 

S p e c t r o p h o t o m e t r i c  A s s a y  04 A c r o l e i n  A s  I t s  
2 , 4 - - R i n i t r o p h e n y l h y d r a z o n e  

Acrolein t h a t  was t o  b e  u s e d  i n  t h e  p r e p a r a t i o n  of aqcreo~rs 
s t a n d a r d s  was p u r i f i e d  d a i l y  b y  d i s t i l l a t i o n .  Its s i g n i f i c a n t  
v o l a t i l i t y  r e q u i r e d  s p e c i a l  h a n d l i n g  d u r i n g  t h e  p r e p a r a t i o n  of 
l i q ~ i d  s t a n d a r d s ;  t h e r e f o r e ,  t h e  a p p r o x i m a . t e  r e q u i r e d  v o l u m e s  
(0 . i  t o  0.2 m l )  were t r a n s f e r r e d  b y  p i p e t  to tared,  g l a s s  w e i g h -  
i n g  b o t t l e s  ( w i t h  g r o u n d - g l a s s  s t o p p e r s )  a n d  r e w e i g h e d  t o  t h e  
n e a r e s t .  0 . 0 1  mg. T h e s e  small--diameter w e i g h i n g  bottle.; were of- a 
s i z e  t h a t  w o u l d  al. low t h e m  t o  d r o p  f r e e l  y dawn t h e  neck of a 500- 
mL volumetric 1: 1asC::. T h e  v o l c o n e t r i c  f l a sk  was f i 1 l e d  to t h e  
c a l i b r a t i o n  mark w i t h  d e i o n i z e d  water a n d  a v o l u m e  o f  water e q u a l  
t o  t h e  v o l u m e  of a c r o l e i n  ta b e  a d d e d  was w i t h d r -a w n  b y  p i p e t .  
T h e  w e i g h i n g  b o t t l e  w a s  h e l d  over t h e  41asl:: m o u t h ,  t h e  c o v e r  w a s  
l o o s e n e d ,  a n d  t h e  b o t t l e ,  c o n t e n t s ,  a n d  c o v e r  were d r o p p e d  i n t o  
t h e  water. T h e  41ask wa.5 s t r ~ p p e r e d  i m m e d i a t e l y  a n d  t h e  c o n t e n t s  
mixed by r e p e a t e d  i n v e r s i o n .  Wori::ing s t a n d a r d s  were p r e p a r e d  b y  
d i l u t i o n  f r o m  t h i s  s o l u t i o n  i n t o  a d d i t i o n a l  500 -mL Q lasks ;  t h i s  
a p p r o a c h  allowed r e l a t i v e l y  l a r g e  v o l u m e s  ( 1 0  t o  25 mL)  o f  stock::  
s t a n d a r d  t o  b e  t r a n s f e r r e d ,  w h i c h  m i n i m i z e d  t h e  r e l a t i v e  m a g n i-  
t u d e  of: p i p e t t i n g  errors.  T h e s e  t r a n s f e r s  a n d  s u b s e q u e n t  d i l u -  
t i o n s  t o  v o l u m e  were a c c o m p l i s h e d  q u i c k l y  t o  m i n i m i z e  a c r o l e i n  
loss d u e  t o  v a p o r i z a t i o n .  

T h e  2 , 4 - d i n i  t r o p h e n y l  h y d r a r  i n e  r e a g e n t .  was p r e p a r e d  d a i  1 y 3.5 
a s a t u r a t e d  s o l u t i o n  i n  2N aqueous h y d r o c h l o r i c  a c id  ( H C 1 ) ;  t h e  
s o l u t i o n  was f i l t e r e d  i m m e d i a t e l y  p r i o r  t o  u s e .  

IEjooctame (2 ,2 ,4- t r imethy lpentane)  u s e d  t o  e x t r a c t  t h e  2,4- 
DNF', was c h r o m a t a g r a p h i c  q u a l i t y  a n a l y t i c a l  r e a g e n t  g r a d e  (Mal-- 
1 i n c i : : r o d %  Chr-amARS = 

T h e  s p e c t r o p h o t o m e t r i c  a n a l y s i s  o f  aqueous a c r o l e i n  stand- 
ards  w a s  a c c o m p l  i s h e d  b y  m i x i n g ,  i n  a s c r e w - c a p  glass c e n t r i f u g e  
t u b e ,  3 mL o f  t h e  s t a n d a r d  w i t h  1 mL a4 s a t u r a t e d  2 , 4 - d i n i t . r 0 -  
p h e n y l h y d r a z i n e  ( i n  2N HC1) a n d  a d d i n g  10 m L  o f  i s o o c t a n e .  T h e  
r e a c t i o n  t u b e  w a s  c a p p e d  a n d  s h a k e n  v i g o r o u f ; l y  a t  S-min  i n t e r v a l s  
o v e r  a 20-min p e r i o d .  A+ter t h e  f i n a l  s h a \ : : i n g ,  the t u b e  was 
allowed t o  s t a n d  u n t i l  t he  t w o  l a y e r s  Rad s e p a r a t e d ,  t h e n  allowed 
t o  s t a n d  f o r  a n  a d d i t i o n a l  5 m i n .  The  i s o o c t a n e  layer  was t h e n  
r e m o v e d  f r o m  t h e  a q u e o u s  l a y e r  a n d  c e n t r i f u g e d  t o  remove t h e  l a s t  
trace o f  s u s p e n d e d  water d r o p l e t s , .  A b s o r b a n c e  of t h e  isooctane 
s o l u t i o n  was m e a s u r e d  i n  a q u a r t z  c u v e t t e  a t  350 nm a g a i n s t  a 
r e a g e n t  blank::. T h e  r e s u l t i n g  a b s o r b a n c e s  were u s e d  t o  c o n s t r u c t  
a s t a n d a r d  c u r v e  by p l o t t i n g  absorbance against acrolein concen- 
t r a t i o n .  



Gaseour; s a m p l e s ; ,  e i t h e r  of known c o n c e n t r a t i o n  f r o m  the  
S a r a n  b a g s  o r  of unk:nown c o n c e n t r a t i o n  from t h e  e: . :posctre c h a m b e r ,  
were o b t a i n e d  b y  w i t h d r a w i n g  a 15-mL a l i q u o t  of t h e  a p p r o p r i a t e  
a t m o s p h e r e  i n t o  a 3 0 - m L  g l a s s  s y r i n g e ,  f o l l o w e d  i m m e d i a t e l y  by 15 
mL of d e i o n i z e d  water. The s y r i n g e  n e e d l e  w a s  r e p l a c e d  w i t h  a 
c a p  a n d  the  s y r i n g e  s h a k e n  i n t e r m i t t e n t l y  f o r  30 m i n .  A l l  sam- 
p l e s ' w e r e  k e p t  i n  the  c a p p e d  s y r i n g e s  u n t i l  t h e y  could b e  a n a -  
l y z e d  f o r  a c r o l e i n  u s i n g  t h e  s p e c t r o p h o t o m e t r i c  p r o c e d u r e  
d e s c r i b e d  a b o v e  f o r  a q u e o u s  s t a n d a r d s .  A c r o l e i n  c o n c e n t r a t i o n s  
e q u i v a l e n t  t o  t h e  m e a s u r e d  a b s o r b a n c e s  were c a l c u l a t e d  u s i n g  t h e  
e q c t a t i  c3n d e r i v e d '  f r o m  t h e  a q u e o u s  s t a n d a r d  c u r v e .  
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