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Phosph ine  gas  g e n e r a t e d  from aluminium p h o s p h i d e  
p r e p a r a t i o n s  ( P h o s t o x i n ,  D e l i c l a ,  C e l p h o s ,  Phos -  
fume,  Q u i c k p h o s ,  e t c . )  i s  b e i n g  e x t e n s i v e l y  
employed  as a g e n e r a l  f u m i g a n t  to  c o n t r o l  s t o r e d  
p r o d u c t  i n s e c t s  and r o d e n t s  a l l  o v e r  the  w o r l d .  

R e g i s t r a t i o n  o f  aluminium phosph ide  p r e p a r a t i o n s  
e n t a i l s  s u b m i s s i o n  o f  r e l e v a n t  t o x i c o l o g i c a l  d a t a  
to  t he  Government  b o d i e s  with a view to  e n s u r i n g  
c u s t o m e r / c o n s u m e r  s a f e t y  in  p r a c t i c a l  u s e .  The 
p r e s e n t  i n v e s t i g a t i o n  was u n d e r t a k e n  to  p r o v i d e  
i n h a l a t i o n  t o x i c i t y  d a t a  f o r  two such a lumlntum 
p h o s p h i d e  p r e p a r a t i o n s  r e q u i r i n g  r e g i s t r a t i o n .  
L i t t l e  p u b l i s h e d  i n f o r m a t i o n  i s  a v a i l a b l e  on a c u t e  
i n h a l a t i o n  t o x i c i t y  p a r a m e t e r s  l i k e  the  median 
l e t h a l  dose  and the L D95 o f  phosphlne  t o  r a t s .  
A c c o r d i n g  to  the  FAO/MHO E x p e r t  Committee on 
P e s t i c i d e s  in  A g r i c u l t u r e  and P e s t i c i d e  R e s i d u e s  
(1965)  t h e r e  a re  no d a t a  a v a i l a b l e  on the  a c u t e  
LDSo o f  a luminium P h o s p h i d e .  An LCSO o f  O.&~/uM 
p e r  l t  t r e  a t  an e x p o s u r e  o f  ~ h r  has  been  - -  
d e t e r m i n e d  f o r  the  male  r a t  i n  i n h a l a t i o n  t o x i c l t y  
tests (WARITZ and BROWN 1975). 

MATERIALS AND METHODS 

A n i m a l s :  A d u l t  f emale  a l b i n o  r a t s  ( R a t t u s  n o r v e -  
g i cue a ! b i n i c u S )  o f  the  CFT-Wistar  s t r a i n  ~175 to  
225 g) were used  f o r  the  t e s t s .  The an imals  were  
f e d  on b a s a l  d i e t  and had  f r e e  a c c e s s  to  w a t e r .  

I n h a l a t i o n  E x p o s u r e :  An i n s u l a t e d  a lumtnlum 
p a n e l l e d  g a s - t i g h t  a t m o s p h e r i c  v a u l t  which main-  
t a i n e d  w h a t e v e r  t e m p e r a t u r e  was t h e r e  b e f o r e  
c l o s i n g  the doo r ,  w i t h i n  c l o s e  l i m i t s ,  was the  
t e s t  chamber .  The volume was 5,9&3 l i t r e s .  I t  
was p r o v i d e d  w i th  a p u s h - f i t  g l a s s - p a n e l l e d  door  
which was s e a l e d  t o  the r u b b e r  g a s k e t e d  door  
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f r a m e  w i t h  c e l l o p h a n e  t a p e .  CLARKE ( 1 9 7 7 )  h a s  
a d v o c a t e d  c h a m b e r s  a s  l a r g e  a s  500 l i t r e s  p e r  e v e r y  
Kg b o d y  w e i g h t  o f  e x p o s e d  a n i m a l  p e r  h o u r  o f  e x p o -  
s u r e ,  t o  o v e r c o m e  t h e  p r o b l e m  o f  c a r b o n  d i o x i d e  
a c c u m u l a t i o n .  B a s e d  on t h e  a b o v e  c r i t e r i o n  I t  was  
f o u n d  t h a t  t h e  chamber  u s e d  b y  us  w o u l d  s u f f i c e  
a p p r o x i m a t e l y  f o r  an e x p o s u r e  p e r i o d  o f  9 - 1 i  h o u r s .  
I n  o u r  s t u d i e s  r a t s  k e p t  i n s i d e  f o r  2~ h o u r s  i n  t h e  
c l o s e d  chamber  r e m a i n e d  h e a l t h y  and n o r m a l .  

S i x  a d u l t  r a t s  w e r e  e x p o s e d  p e r  d o s e  i n  a 2 2 . 9  cm X 
30.5 cm X 38.1 cm w i r e  mesh c a g e  and  p r o v i d e d  w i t h  
w a t e r .  Aluminium p h o s p h i d e  (ALP) p e l l e t s  ( a p p r o x .  
0 . 6  g y i e l d i n g  0 . 2  g 1~.~) w e r e  d r o p p e d  I n t o  a ( 2 5 0  
e l )  b e a k e r  c o n t a i n i n g  d i s t i l l e d  w a t e r  l o c a t e d  on a 
wooden  s t o o l  i n  t h e  c e n t r e  o f  t h e  chamber  and t h e  
d o o r  s e a l e d  i m m e d i a t e l y .  T h e r e  was  a q u i c k  e v o l u -  
t i o n  o f  p h o s p h i u e  a s  c o u l d  b e  s e e n  f rom t he  b u b b l e s  
a r i s i n g  i n  t h e  b e a k e r .  The w a t e r  r e t a i n s  ammonia 
and  c a r b o n  d i o x i d e  e v o l v e d  a l o n g  w i t h  p h o s p h i n e  and 
h e n c e  w t l l  no t i n t e r f e r e  w i t h  t h e  t o x i c i t y  t e s t  f o r  
p h o s p h i n e .  H o w e v e r ,  one o f  t he  a l u m i n i u m  p h o s p h i d e  
p r e p a r a t i o n s  t e s t e d  d i d  n o t  c o n t a i n  ammonium c a r b a -  
ma te  r e s p o n s i b l e  f o r  g e n e r a t i n g  ammonia and c a r b o n  
d i o x i d e .  

By v a r y i n g  t h e  number  o f  AlP  p e l l e t s  and e x p o s u r e  
t i m e s  d i f f e r e n t  c o n c e n t r a t i o n - t i m e  p r o d u c t s  w e r e  
o b t a t n e d .  

A n a l y s i s  o f  A t m o s p h e r e :  A g a s  s a m p l i n g  p o l y e t h y l e n e  
t u b e  45 mm 1 . d , )  was  p r o v i d e d  w i t h  one end  l o c a t e d  
n e a r  the  a n i m a l  cage  and t h e  o t h e r  t e r m i n a t i n g  
o u t s i d e  t he  chamber  f o r  e s t i m a t i n g  t h e  ga s  c o n c e n -  
t r a t l o u s .  The HPhoaph ine  D e t e c t o r  Tube n d e v e l o p e d  
b y  MUTHU and  HAJUHDER ( 1 9 7 3 )  was  e m p l o y e d  f o r  t h e  
a n a l y s i s .  C o n c e n t r a t i o n s  w e r e  d e t e r m i n e d  a t  t h e  
e n d  o f  0 . 5  h r s .  and  e v e r y  h o u r  t h e r e a f t e r  d u r i n g  
t h e  e x p o s u r e  p e r i o d .  The c o n c e n t r a t i o n s  ( r a g / L ) w e r e  
p l o t t e d  a g a i n s t  e x p o s u r e  ( h r s )  and t h e  c o n c e n t r a t i o n -  
t ime  c u r v e s  d r a w n .  The i n t e g r a t e d  c o n c e n t r a t i o n -  
t i m e  p r o d u c t s  (CT) w e r e  o a m p u t e d  b y  m e a s u r i n g  t he  
a r e a  u n d e r  t h e  c u r v e  (BROWN 1 9 5 9 ) .  

O b s . e . r v a t i o n s t  A f t e r  e x p o s u r e  t h e  a n i m a l s  w e r e  
r e t r i e v e d  f r o m  t h e  chambe r  and t he  symptoms and 
m o r t a l i t y  r e c o r d e d .  S u r v i v o r s  w e r e  t r a n s f e r r e d  
t o  i n d i v i d u a l  c a g e s  and o b s e r v e d  f o r  f o u r  w e e k s .  
The b a s a l  d i e t  and w a t e r  w e r e  p r o v i d e d  to  t h e  
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a n i m a l s  d u r i n g  t h i s  p e r i o d ,  ad  l i b i t u m .  De layed  
m o r t a l i t y  was r e c o r d e d  b e f o r ~ - a r r i v i n g  a t  t he  f i n a l  
m o r t a l i t y  f i g u r e s .  Weekly body w e i g h t s  were  a l s o  
r e c o r d e d .  The s u r v i v o r s  were  a u t o p s i e d  a t  the  end  
o f  t h e  f o u r t h  week.  The w e i g h t s  o f  l i v e r ,  l ung ,  
k i d n e y ,  h e a r t ,  s p l e e n ,  o v a r y  and a d r e n a l  were  
r e c o r d e d  and the  t i s s u e s  p r o c e s s e d  f o r  h t s t o p a t h o -  
l o g i c a l  e x a m i n a t i o n .  

The m o r t a l i t y  d a t a  were  s t a t i s t i c a l l y  a n a l y s e d  by 
the  method o f  LITCHFIELD and I~ILCOXON (1949) .  The 
a p p r o x i m a t e  mean c o n c e n t r a t i o n s  were  a r r i v e d  a t  by 
d i v i d i n g  the  I n t e g r a t e d  CT p r o d u c t s  by the  e x p o s u r e  
t i m e s  (TABLES I and 2) f o r  each t e s t  

Sample 

i i 

C o n t r o l  
(No 

A 

B 

TABLE I 

Range o f  c o n c e n t r a t i o n s  o f  phosph iue  and 
e x p o s u r e  t imes  t e s t e d  on a d u l t  f ema le  

a l b i n o  r a t s  

No. I n t e g r a -  C a l c u l a t e d  mean Expo-  Mor ta -  
o f  KIP t e d  c . t .  o o n c e n C r a t l o n  s u r e  l l t y  
p o l l -  p r o d u c t  . . . . . . . .  t ime 
ets mg/hlL mg/L ppm (hrs) (W) 

0 0 0 0 24  0 

2 0 .190  0.03 20 6 33.3  

0.2~2 0 .06  40 4 66 .6  

2 0.352 O.0~ 27 8 83.3 

4 0 .395 0 .06  40 6 100 
i i i , H ~  

2 O . 2 ~  0 .05 33 6 16 .6  

4 0 .366 0 .09  60 4 33.3 

2 O.410 0 .05  33 8 83.3 
i i i  i i , i i i 

RESULTS 

I n h a l a t i o n  E x p o s u r e s :  The r ange  of  dosages  t r i e d ,  I n t e -  
g r a t e d  c o n c e n t r a t i o n  t ime p r o d u c t s ,  mean c o n c e n t r a t i o n s  
and r e l a t e d  exposu re  hou r s  and m o r t a l i t y  a r e  shown i n  
TABLE 1. I n  g e n e r a l  symptoms o b s e r v e d  d u r i n g  e x p o s u r e  
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w e r e  p o l y u r i a  and d y s p n e a .  The a f f e c t e d  r a t s  a p p e a r e d  
l i s t l e s s  and gasped  h e a v i l y .  Some l o s t  m u s c u l a r  c o -  
o r d i n a t i o n  r e s u l t i n g  i n  l o s s  o f  b a l a n c e .  P a r a l y s i s  
was common and the  a n i ma l s  d i e d  s u d d e n l y .  I n  a few 
c a s e s  an ima l s  found  g a s p i n g ,  s u r v i v e d .  Most o f  t he  
m o r t a l i t y  (75%) o c c u r r e d  d u r i n g  e x p o s u r e .  Around 20~ 
d i e d  w i t h i n  1-2 h o u r s  d u r i n g  p o s t - e x p o s u r e .  La te  
m o r t a l i t y  was r a r e  (5%). 

Food I n t a k e :  S u r v i v o r s  d i d  not  consume food  f o r  a 
p e r i o d  o f  n e a r l y  48 h o u r s  though t h e y  d rank  w a t e r .  
The food  consumpt ion  among s u r v i v o r s  n o r m a l l s e d  a f t e r  
3-~ d a y s .  

Bod 7 Weigh t s  and 0 r~an  Weigh t s :  There  was a g e n e r a l  
d e c r e a s e  i n  body w e i g h t s  a t  the end o f  the f i r s t  week 
due p r o b a b l y  to  d e c r e a s e d  food  i n t a k e ,  w h e r e a f t e r  the 
w e i g h t s  r e v e r t e d  to  the  normal  r a n g e .  There  was no 
s i g n i f i c a n t  d i f f e r e n c e  i n  the  w e i g h t  g a i n  among the  
r a t s  exposed  to  d i f f e r e n t  dosages t e s t e d .  No marked 
m o r p h o l o g i c a l  changes  were  o b s e r v e d  i n  t h e  l i v e r ,  k i d -  
n e y ,  l ung ,  h e a r t  and s p l e e n ,  bu t  the  r e l a t i v e  w e i g h t s  
o f  the  l ungs  i n c r e a s e d  s l i g h t l y  w i t h  i n c r e m e n t s  i n  
the  d o s a g e .  

H l s t o p a t h o l o l y :  Lungs s u f f e r e d  the  most  d a m a g e .  The 
symptoms v a r i e d  from m i l d  to  s e v e r e  c e l l u l a r  i n f i l -  
t r a t i o n  a round  the  b r o n e h t o l e s .  Some lungs  were 
m i l d l y  edema tous .  

The LC,~o and LCqs: The d a t a  a r e  shown i n  TABLE 2 .  
The LCso v a l u e s  o f  PH~ r a n g e d  from 0.22 a g . h r  /L  
(27~ t o  0 .26 mg.hr  ~ /L  (26 .1eC)  w i t h  r e l a t e d  e x p o -  
s u r e  p e r i o d s  o f  5.2 to  7 .4  hou r s  r e s p e c t i v e l y  f o r  
the  p r o d u c t s  A and B. The LCQ~ f o r  p r o d u c t s  & and B 
were  0.42 and 0 .49  mg.hr  ]L ~ i t h  e x p o s u r e  p e r i o d s  
of  6 .2  and 8 .8  h r  r e s p e c t i v e l y .  

DISCUSSION 

LOVENTIIkL (1949) has  s t a t e d  t h a t  sub&cute  p o i s o n i n g  
p r o d u c e d  d e g e n e r a t i v e  changes  o f  t h e  g a n g l i o n  c e l l s  
i n d i c a t i n g  t h a t  PH 3 must  be c o n s i d e r e d  as a c e n t r a l  
n e r v o u s  sys t em p o i s o n .  The b r a i n  and  l i v e r  l e s i o n s  
a p p e a r e d  to  be due to  c h e m i c a l  r e a c t i o n  be tween  PH 3 
and t h e  r e d  c e l l s ,  damage to  t he  v a s c u l a r  w a l l  
r e s u l t i n g  in  s p a s t i c  and p a r a l y t i c  c o n d i t i o n s  and 
o s m o t i c  d i s t u r b a n c e  o f  p e r m e a b i l i t y .  The p a r a l y t i c  
c o n d i t i o n  was a l s o  o b s e r v e d  in  our  i n v e s t i g a t i o n s .  
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A n o r e x i a  was n o t e d  i n  an a c c i d e n t a l  exposu re  o f  I t  men 
to  pH 3 (PHILLIPS 195~) .  A n o r e x i a  ~as  d e t e c t e d  i n  our  
t e s t  a n i m a l s  a l s o .  A c c o r d i n g  to  MULLER (19~0) c o n -  
g e s t i o n  o f  a l l  i m p o r t a n t  o r g a n s  a r e  p r o d u c e d .  H i s t o -  
p a t h o l o g i c a l  e x a m i n a t i o n  o f  the  t i s s u e s  showed i n  our  
e x p e r i m e n t s  c o n g e s t i o n  i n  l u n g s ,  b u t  no t  i n  o t h e r  
o r g a n s  i n  the  f e m a l e  a l b i n o  r a t s  u s e d .  WARITZ and 
BROWN 1975) found  no h i s t o p a t h o l o g i e a l  e f f e c t s  i n  any 
o f  the  t i s s u e s  examined .  

The LCso and LC95 e x p r e s s e d  as m g . h r s ,  p e r  l i t r e ,  t he  
CT p r o d u c t ,  g lv~b the  a c t u a l  gas  c o n c e n t r a t i o n s  and 
the  t ime i n v o l v e d  i n  the  t o x i c i t y  t e s t s  as the  a p p l i e d  
dosage  w i l l  n o t  p e r s i s t  as such due t o  s o r p t i o n  and 
l e a k a g e  l o s s e s .  Hence the  a m b i e n t  CT p r o d u c t  as a 
p a r a m e t e r  i s  more m e a n i n g f u l .  The mean c o n c e n t r a t i o n s  
can a l s o  be computed from t h e s e  d a t a  e a s i l y .  

There  was a v a r i a t i o n  i n  the  LC50 v a l u e s  be tween  the  
p r o d u c t s  A and B. This c o u l d  be due to  t e m p e r a t u r e  
e f f e c t s .  I t  i s  w e l l  known t h a t  t o x i c i t y  i n c r e a s e s  
w i t h  a r i s e  i n  t e m p e r a t u r e .  P r o d u c t  A was a s s o c i a t e d  
w i t h  a l ower  LCso ( 0 . 2 2  mg.hr  /L  a t  27eC) w h e r e a s  
p r o d u c t  B was a s s o c i a t e d  w i t h  a h i g h e r  LC50 (0 .36  rag. 
h r  /L  a t  2 6 . i e C ) .  At the  LCQ~ l e v e l ,  however ,  the  
d i f f e r e n c e  was no t  so g l a r i n ~ ' ( O . % 2  and O.~9 mg.hr  /L  
f o r  p r o d u c t s  A and B r e s p e c t i v e l y .  The LC50 o f  0.%% 

M/L/% h r  works  ou t  to  a c o n c e n t r a t i o n  of  IO pIm 
r male r a t s  which r e v e a l s  a lower  t o l e r a n c e  to  PH 3 

(WAHITZ and BROWN 1975). 
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