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P e s t i c i d e s  a r e  o f t e n  a p p l i e d  i n  homes and b u i l d i n g s  on 
a r e g u l a r l y  s c h e d u l e d  b a s i s .  Thus ,  i t  m i g h t  be 
e x p e c t e d  t h a t  r e s i d u e s  o f  p e s t i c i d a ]  c h e m i c a l s  wou ld  be 
f ound  i n  i n d o o r  a i r .  S t u d i e s  o f  p e s t i c i d e s  i n  i n d o o r  
a i r  have e i t h e r  been s u r v e y s  o f  homes t h a t  showed 
b a c k g r o u n d  p e s t i c i d e  c o n c e n t r a t i o n s  f o r  many compounds 
(Hsu e t  a l .  t 9 8 8 ) ,  o r  e x a m i n a t i o n s  o f  t h e  p o s t -  
a p p l i c a t i o n  c o n c e n t r a t i o n  f o r  a p a r t i c u l a r  p e s t i c i d e  
( W r i g h t  and L e i d y  1978; W r i g h t  e t  a l .  1981; J a c k s o n  and 
Lew is  1981; W r i g h t  and L e i d y  1982; L e i d y  e t  a l .  1982; 
W i l l i a m s  e t  a l .  1987; L o u i s  and K i s s e l b a c h  1987; Lew is  
e t  a l .  1988; W r i g h t  e t  a l .  1988 ) .  D e s p i t e  t h e s e  
s t u d i e s ,  many p e s t i c i d e s  have y e t  t o  be s t u d i e d  p o s t -  
a p p l i c a t i o n  i n  i n d o o r  a i r .  A l s o ,  t h o s e  s t u d i e s  were  
made unde r  i d e a l  c o n d i t i o n s  i . e .  t h e  rooms were n o t  i n  
use .  

S a m p l i n g  o f  p e s t i c i d a l  c h e m i c a l s  i n  i n d o o r  a i r  i s  
g e n e r a l l y  p e r f o r m e d  by p a s s i n g  t h e  a i r  t h r o u g h  an 
a d s o r b e n t  w h i c h  removes t h e  c h e m i c a l s  f r o m  t h e  a i r .  
The s o r b a n t  i s  s u b s e q u e n t l y  e x t r a c t e d  t o  remove t h e  
p e s t i c i d a ]  c h e m i c a l s .  One s c r e e n i n g  s t u d y  used h i g h  
vo lume a i r  s a m p i i n g  w i t h  p o l y u r e t h a n e  foam as an 
a d s o r b e n t  (Hsu e t  a l .  1988 ) ,  S m a l l e r  vo lume s a m p l e s  
a r e  used f o r  p o s t  a p p l i c a t i o n  s t u d i e s .  One s o r b a n t  
c o m m e r c i a l l y  a v a i l a b l e  w h i c h  has been shown t o  be 
e f f e c t i v e  f o r  p e s t i c i d a i  c h e m i c a l s  i s  Ch romosorb  102 
(Thomas and S e i b e r ,  1974; Thomas and N i s h i o k a ,  1985 ) .  

T h i s  pape r  r e p o r t s  on ~he c y c l i n g  o f  i n d o o r  a i r  
c o n c e n t r a t i o n s  o f  d - t r a n s - a ] l e t h r i n  and p y r e t h r i n  
f o l l o w i n g  h i - m o n t h l y  a p p l i c a t i o n s  o f  W h i t m i r e  PT565+ i n  
a p u b l i c  commun i t y  c o l l e g e  c a f e t e r i a .  The p r o j e c t  was 
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designed to examine a real rather than idealized 
situation. Thus, sampling was worked around the normal 
operations of the commercial applicator and the school. 

MATERIALS AND METHODS 

Samp les  w e r e  t a k e n  i n  t h e  c a f e t e r i a  o f  a l o c a l  
c o m m u n i t y  c o l l e g e .  The c a f e t e r i a  i s  28 y a r d s  t o n g  by 
15 y a r d s  w i d e  w i t h  15 f o o t  h i g h  c e i l i n g s .  T h e r e  was a 
g r o u p  o f  5 v e n d i n g  m a c h i n e s  l o c a t e d  a l o n g  t h e  w a l l  i n  
one  c o r n e r  o f  t h e  room. W h i t m i r e  PT 565+ ( W h i t m i r e  
R e s e a r c h  L a b s . ,  I n c .  S t .  L o u i s )  a f o r m u l a t i o n  
c o n t a i n i n g  0 .25% p y r e t h r i n s  and 0 .25% d - t r a n s  a l l e t h r i n  
was a p p l i e d  t o  t h i s  room b i - m o n t h l y  on F r i d a y  
a f t e r n o o n s .  The p e s t i c i d e s  w e r e  a p p l i e d  by a 
commercial appl icator  in accordance with t h e i r  normal 
operating procedures (ACME Pest Control Co. Inc. ,  New 
Haven). The to ta l  appl icat ion time for  the ca fe ter ia  
took approximately f i ve  minutes with the largest 
proport ion of the time spent at the back of the vending 
machines. 

A i r  s a m p l e s  w e r e  t a k e n  s i m u l t a n e o u s l y  u s i n g  t w o  
s a m p l e r s .  The f i r s t  f i v e  s e r i e s  o f  s a m p l e s  w e r e  f r o m  
two  d i f f e r e n t  s i t e s  i n  t h e  room, one  by t h e  v e n d i n g  
m a c h i n e s  and t h e  o t h e r  i n  t h e  o p p o s i t e  c o r n e r .  The 
l as t  two series were of dupl icate samples from the 
vending machine area. Samples were taken both before 
and a f te r  appl icat ion of pest ic ide and at d i f f e r e n t  
dates ranging from one to th i r teen  days a f te r  
appl icat ion.  

A i r  was s a m p l e d  u s i n g  a MSA p o r t a b l e  pump model  S (MSA, 
P i t t . ,  PA) t o  d raw  a i r  t h r o u g h  SKC C h r o m o s o r b  102 a i r  
s a m p l i n g  t u b e  (SKC I n c . ,  E i g h t y - f o u r ,  PA) a t  a f l o w  
r a t e  o f  a p p r o x i m a t e l y  100 l i t e r s  p e r  h o u r .  The t u b e s  
had been p r e v i o u s l y  o p e n e d  and c l e a n e d  u s i n g  a 16 h r  
S o x h l e t  e x t r a c t i o n  w i t h  h e x a n e .  The t u b e s  w e r e  s e a l e d  
w i t h  p u s h - o n  c a p s .  A i r  was s a m p l e d  o v e r  t i m e  p e r i o d s  
v a r y i n g  f r o m  one t o  s i x  h o u r s .  A f t e r  s a m p l i n g  t h e  
t u b e s  w e r e  r e s e a l e d  u n t i l  a n a l y z e d .  The pump f l o w  r a t e  
was c a l i b r a t e d  u s i n g  a G i l i a n  G i l a b r a t o r  p r i m a r y  
s t a n d a r d  a i r f l o w  c a l i b r a t o r  ( G i l i a n  I n s t .  C o r p . ,  Wayne, 
N J ) .  

Fo r  a n a l y s i s  t h e  C h r o m o s o r b  102 r e s i n  was t r a n s f e r e d  
f r o m  t h e  t u b e  t o  a b rown  g l a s s  v i a l .  S t a n d a r d  
s o l u t i o n s  o f  d - t r a n s  a l l e t h r i n ,  p y r e t h r i n s  (EPA, 
R e s e a r c h  T r i a n g l e  P a r k )  and 4 , 4 - d i c h l o r o b e n z o p h e n o n e  
( E a s t m a n  K o d a k ,  R o c h e s t e r )  w e r e  made. A 25 u l  a l i q u o t  
o f  t h e  4 , 4 - d i c h l o r o b e n z o p h e n o n e  s o l u t i o n  was added  as 
an i n t e r n a l  s t a n d a r d .  Then one  ml o f  h e x a n e  was added  
and t h e  v i a l  was s o n i c a t e d  f o r  30 m i n u t e s  i n  a w a t e r  
b a t h .  Two u l  o f  t h e  h e x a n e  e x t r a c t  was a n a l y z e d  on a 
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H e w l e t t - P a c k a r d  5890 gas  c h r o m a t o g r a p h  (GC) w i t h  
e l e c t r o n  c a p t u r e  d e t e c t i o n  (GC/ECD) .  The GC c o l u m n  was 
a 3 0  m SPB-5 ( S u p e l c o ,  I n c . )  and t h e  GC was t e m p e r a t u r e  
p rog rammed as f o l l o w s :  160 ~ C f o r  1 m i n . ;  5 ~ C / m i n  t o  
280 v C; f i n a l  h o l d  f o r  5 m in .  Q u a n t i t a t i o n  was 
performed using response factors for d-trans allethrin 
and pyrethrin as compared to 4,4'-dichlorobenzophenone 
developed with the standard solutions of these 
compounds. 

RESULTS AND DISCUSSION 

The s a m p l i n g  e f f i c i e n c y  was t e s t e d  by s p i k i n g  a p a i r  o f  
s a m p l i n g  t u b e s  w i t h  25 ng d - t r a n s - a l l e t h r i n  t h e n  
d r a w i n g  a i r  t h r o u g h  one o f  t h e  t u b e s  f o r  f o u r  h o u r s .  
B o t h  t u b e s  w e r e  t h e n  a n a l y z e d  u s i n g  t h e  e x p e r i m e n t a l  
p r o t o c o l .  T h i s  e x p e r i m e n t  was r e p e a t e d  t w i c e ,  w i t h  
b o t h  t e s t s  s h o w i n g  e q u a l  amoun ts  o f  d - t r a n s - a l l e t h r i n  
r e m a i n i n g  on t h e  r e s i n .  T h i s  i n d i c a t e d  t h a t  
b r e a k t h r o u g h  w o u l d  n o t  be a p r o b l e m  a t  t h e  s a m p l e  
v o l u m e s  ( b r e a k t h r o u g h  w o u l d  have  been i n d i c a t e d  by l e s s  
compound on t h e  s a m p l e d  r e s i n ) .  H o w e v e r ,  b o t h  showed a 
r e c o v e r y  o f  130~ as compared  t o  two  s a m p | e s  o f  one ml 
h e x a n e  s p i k e d  w i t h  t h e  s t a n d a r d s  t o  w h i c h  po  C h r o m o s o r b  
r e s i n  was a d d e d .  The r e p o r t e d  r e s u l t s  w e r e  n o t  
c o r r e c t e d  f o r  t h e  a p p a r e n t  e x c e s s  r e c o v e r y .  

T a b l e  1. C o n c e n t r a t i o n s  ( n g / m  3)  d e t e r m i n e d  i n  
d u p l i c a t e  s a m p l e s .  

T ime S e r i e s  A S e r i e s  B 
( d a y s )  #1 #2 #1 #2 

- 0 . 1  n . d .  n . d .  n . d .  n . d .  
O. 1 71 49 104 95 
1 �9 * 22 19 
3 7 . 9  6 . 7  6 . 7  8 . 4  
6 3 .1  4 .1  �9 

10 2 . 9  n . d .  3 . 4  n . d .  

�9 - s a m p l e  n o t  t a k e n  
n . d . -  n o t  d e t e c t e d  

Each o f  t h e  s i x  t e s t  s a m p l e s  r e p o r t e d  a b o v e  w e r e  
i n j e c t e d  i n t o  t h e  GC f i v e  t i m e s  t o  d e t e r m i n e  t h e  
p r e c i s i o n  o f  t h e  i n s t r u m e n t a l  m e t h o d ,  The r e s u l t s  
showed an a v e r a g e  r e l a t i v e  s t a n d a r d  d e v i a t i o n  o f  •  
A l l  f i e l d  s a m p l e s  w e r e  a n a l y z e d  t w i c e  by GC w i t h  t h e  
a v e r a g e  r e s u l t s  r e p o r t e d .  The p r e c i s i o n  o f  t h e  e n t i r e  
a n a l y t i c a l  me thod  was t e s t e d  w i t h  s i d e  by s i d e  s a m p l e r s  
s e t  up a t  t h e  v e n d i n g  m a c h i n e  s i t e  f o r  two  a p p l i c a t i o n  
c y c l e s .  T h e s e  r e s u l t s  a r e  r e p o r t e d  i n  T a b l e  1. The 
good a g r e e m e n t  b e t w e e n  t h e s e  p a i r e d  s a m p l e s  i s  
a p p a r e n t .  
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The average c o n c e n t r a t i o n  o f  a l l e t h r i n  a t  each s a m p l i n g  
s i t e  a t  a g i v e n  t ime  i n t e r v a l  f rom t h e  a p p l i c a t i o n  i s  
shown in  Tab le  2. Seve ra l  p o i n t s  shou ld  be no ted .  
F i r s t ,  even the  h i g h e s t  d e t e c t e d  c o n c e n t r a t i o n  i s  w e l l  
below the  OSHA s p e r m i s s i b l e  exposu re  l i m i t  (PEL) 
which i s  5 mg/m ~ f o r  p r y r e t h r u m  (a m i x t u r e  o f  the  
n a t u r a l  p y r e t h r i n s ) .  A l t h o u g h  no v a l u e  i s  l i s t e d  f o r  
a l l e t h r i n .  LD50 's  f o r  p y r e t h r i n  and d - t r a n s - a l l e t h r i n  
a re  q u i t e  s i m i l a r  (Merck Index  10th e d . ) ,  and t h e r e f o r e  
would l i k e l y  have a s i m i l a r  PEL ( t h e  m a t e r i a l  da ta  
s a f e t y  s h e e t s  s u p p l i e d ^ w i t h  the  f o r m u l a t i o n  l i s t s  an 
ACGIH TLV/TWA o f  5mg/m~). 

Tab le  2. Average d - t r a n s - a l l e t h r i n  c o n c e n t r a t i o n  a t  
s e l e c t e d  t i m e s  a f t e r  a p p l i c a t i o n  o f  p e s t i c i d e .  

Time S i t e  A 1 S i t e  B 2 

( days )  (ng/m 3 ) (ng/m 3) 
b e f o r e  0 .6  n . d .  

0.1 48 15 
1 11 n . d .  
3 5 .5  n . d .  
6 0 .9  n .d  

10 1 .0 n . d .  
13 0 .2  n . d .  

n . d -  n o t  d e t e c t e d  
1. Average o f  seven d i f f e r e n t  a p p l i c a t i o n  da tes  w i t h  
samp le r  l o c a t e d  by t he  back o f  t he  vend ing  mach ines .  
A l l  t i m e s  were no t  sampled f o r  each a p p l i c a t i o n .  
2. Average o f  f i v e  d i f f e r e n t  a p p l i c a t i o n  da tes  w i t h  
samp le r  in  o p p o s i t e  c o r n e r  o f  vend ing  mach ines.  A l l  
t i m e s  no t  sampled f o r  each a p p l i c a t i o n .  

A i r  samples were t aken  f o l l o w i n g  seven d i f f e r e n t  
p e s t i c i d e  a p p l i c a t i o n s .  A l t h o u g h  the  a p p l i e d  chemica l  
f o r m u l a t i o n  c o n t a i n e d  p y r e t h r i n  as w e l l  as d - t r a n s  
a l l e t h r i n ,  no p y r e t h r i n  was d e t e c t e d  in  any a i r  sample .  
Chromosorb 102 had p r e v i o u s l y  been shown t o  be an 
e f f e c t i v e  s a m p l i n g  r e s i n  f o r  p y r e t h r i n  (Thomas and 
N i s h i o k a ,  1985) .  The n o n - d e t e c t i o n  may be due t o  
p y r e t h r i n s  i n s t a b i l i t y  i n  the  p resence  o f  l i g h t  and a i r  
( E l l i o t  and Jane8, 1973; Ho lmstead e t  a l .  1977) .  

F i g u r e  I shows how the  i n d o o r  a i r  c o n c e n t r a t i o n  v a r i e d  
ove r  t ime  f o r  a s e r i e s  o f  f o u r  p e s t i c i d e  a p p l i c a t i o n s  
a t  t he  vend ing  machlne s i t e .  Note how each a p p l i c a t i o n  
shows the  same p r o f i l e ,  a r a p i d  r i s e  in  the  i n d o o r  a i r  
c o n c e n t r a t i o n  i m m e d i a t e l y  a f t e r  a p p l i c a t i o n  f o l l o w e d  by 
a g radua l  f a l l .  F i g u r e  I a l s o  shows t h a t  F r i d a y  
a f t e r n o o n  a p p l i c a t i o n s  m i n i m i z e s  p o p u l a t i o n  exposu re  
s i n c e ,  by the  t ime  c l a s s e s  a re  in  s e s s i o n  Monday 
morn ing ,  i n d o o r  a i r  c o n c e n t r a t i o n s  have a l m o s t  r e t u r n e d  
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t o  p r e - a p p l i c a t i o n  c o n d i t i o n s .  Some o f  t h e  v a r i a b i l i t y  
is  l i k e l y  t h e  resu l t  of di f ferences in the amount of 
p e s t i c i d e  a p p l i e d ,  s i n c e  t h i s  was a c o m m e r c i a l  
a p p l i c a t i o n .  

S e c o n d ,  t h e r e  i 8  an o b v i o u s  d i f f e r e n c e  b e t w e e n  t h e  t w o  
s i t e s .  S i t e  A i s  by t h e  v e n d i n g  m a c h i n e s ,  a l i k e l y  p e s t  
p r o b l e m  a r e a  and has  a g r e a t e r  amoun t  o f  p e s t i c i d e  
a p p l i e d .  The f a c t  t h a t  t h e  two s i t e s  with in  a s i n g l e  
room show d i f f e r e n t  c o n c e n t r a t i o n  l e v e l s  o v e r  a l o n g  
p e r i o d  o f  t i m e  i n d i c a t e s  t h a t  t h e  m e a s u r e d  a i r  
c o n c e n t r a t i o n s  a r e  a d i r e c t  i n d i c a t i o n  o f  t h e  
v o l a t i l i t y  o f  a l l e t h r i n  a t  t h e  a p p l i e d  s i t e .  The d e c a y  
o f  t h e  a i r b o r n e  a l l e t h r i n  mus t  be a t  a r a t e  g r e a t e r  
t h a n  t h a t  f o r  t h e  m i x i n g  o f  t h e  i n d o o r  a i r .  

One me thod  o f  g a u g i n g  t h e  d e c a y  r a t e  i s  t o  p l o t  t h e  
n a t u r a l  l o g  o f  t h e  c o n c e n t r a t i o n  o v e r  t i m e .  T h i s  i s  
i l l u s t r a t e d  i n  F i g u r e  2 t c o r r e l a t i o n  c o e f f i c i e n t  
R = 0 . 9 4 ) .  The s l o p e  o f  t h e  r e g r e s s i o n  l i n e  was t h e n  
used  t o  d e t e r m i n e  t h a t  t h e  d - t r a n s - a l l e t h r i n  had a 
h a l f - l i f e  o f  1 . 9  d a y s .  A l t h o u g h  i t  was n o t  m e a s u r e d ,  
i t  i s  l i k e l y  t h a t  t h e  a i r  c h a n g e o v e r  i n  t h e  room i s  
more  r a p i d .  The d i f f e r e n c e s  b e t w e e n  t h e  t w o  s i t e s  
s u g g e s t s  t h a t  t h e r e  a r e  two  d i f f e r e n t  d e c a y  r a t e s ;  a 
s l o w  r a t e  b e f o r e  t h e  d - t r a n s - a l l e t h r i n  v o l a t i l i z e s  and 
a more r a p i d  r a t e  a f t e r  i t  i s  a i r b o r n e .  

T h i s  r e p o r t  shows  t h e  c o n c e n t r a t i o n  o f  d - t r a n s -  
a l l e t h r i n  in indoor a i r  fo l lowing i t s  appl icat ion,  
concentrations measured, and rapid aecay of the 
airborne mater ia l ,  however, suggests that  in these 
tes ts  human exposure through a resp i ra tory  pathway 
would be a low, 

The 

A c k n o w l e d g m e n t .  The a u t h o r  w o u l d  l i k e  t o  t h a n k  t h e  
ACME P e s t  C o n t r o l  Co. I n c .  o f  New Haven C o n n e c t i c u t  f o r  
t h e i r  c o o p e r a t i o n  i n  t h i s  s t u d y .  
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