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The c l o t h i n g  worn by p e s t i c i d e  a p p l i c a t o r s  i s  s u b j e c t e d  t o  
c o n t a m i n a t i o n  by bo th  c o n c e n t r a t e d  and d i l u t e  p e s t i c i d e  s o l u t i o n s  
du r ing  r o u t i n e  mixing  and a p p l i c a t i o n  a c t i v i t i e s .  S i g n i f i c a n t  
l e v e l s  of  p e s t i c i d e  r e s i d u e s  i n  worker  c l o t h i n g  have been r e p o r t e d  
(FINLEY & ROGILLIO 1969; WARE e t  a l .  1973) .  L i t t l e  work has  been 
done i n  comparing the  r e s i s t a n c e  of  d i f f e r e n t  f a b r i c s  t o  p e n e t r a -  
t i o n  by i n s e c t i c i d e  s o l u t i o n s  or  in  e v a l u a t i n g  d e c o n t a m i n a t i o n  
p r o c e d u r e s .  

WARE e t  a l .  (1973) conc luded  t h a t  even though l a r g e  amounts 
of  p a r a t h i o n  r e s i d u e  were d e p o s i t e d  on c o t t o n  denim j e a n s ,  l i t t l e  
p e n e t r a t i o n  was a c h i e v e d .  FINLEY e t  a l .  (1977) found t h a t  100~ 
c o t t o n  c l o t h i n g  r e t a i n e d  l e s s  me thy l  p a r a t h i o n  t h a n  50/50 c o t t o n  
p o l y e s t e r  b l e n d  c l o t h i n g .  They a l s o  f o u n d t h a t  one washing 
removed most me thy l  p a r a t h i o n  r e s i d u e s  and two washings  were even 
more e f f e c t i v e .  

P e s t i c i d e  r e s i d u e  in  c o n t a m i n a t e d  c l o t h i n g  can be r educed  
w i t h  home l a u n d e r i n g  t e c h n i q u e s  (FINLEY e t  a l .  1974; SATOH 1979) ;  
however ,  i t  i s  no t  a d v i s a b l e  to  wash such m a t e r i a l  w i th  the  f a m i l y  
wash (KARCHES e t  a l .  1977) .  FINLEY e t  a l .  (1974) have shown t h a t  
DDT, t oxaphene ,  and me thy l  p a r a t h i o n  r e s i d u e s  i n  c o n t a m i n a t e d  
c l o t h i n g  remain  t o x i c  to  l i v i n g  o r g a n i s m s ,  even a f t e r  the  c l o t h i n g  
has  been s u b j e c t e d  to  r e p e a t e d  w a s h i n g s .  S p e c i f i c  p r o c e d u r e s  f o r  
d e c o n t a m i n a t i n g  the  c l o t h i n g  o f  workers  exposed  t o  me thy l  
p a r a t h i o n  have been  p u b l i s h e d .  Under such p r o c e d u r e s ,  the  , 
recommended washwatez t e m p e r a t u r e  i s  60oC or  h i g h e r  (FINLEY e t  
a l .  1977) ,  bu t  no j u s t i f i c a t i o n  was p r o v i d e d  f o r  t h a t  t e m p e r a -  
t u r e .  The Depar tment  of  Energy has recommended a maximum 
t e m p e r a t u r e  s e t t i n g  of  40oC to  conse rve  ene rgy  f o r  g e n e r a l  pu rpose  
ho t  w a t e r  l i n e s  ( F e d e r a l  R e g i s t e r  1979) .  

We e v a l u a t e d  the  a b s o r p t i o n  and p e n e t r a t i o n  q u a l i t i e s  and the  
w a s h a b i l i t y  of  100~ c o t t o n  f a b r i c  and 100% p o l y e s t e r  f a b r i c .  

XThe o p i n i o n s  and a s s e r t i o n s  c o n t a i n e d  h e r e i n  a r e  those  of  the  
a u t h o r s  and a r e  no t  to  be c o n s t r u e d  as v i e w s ,  e i t h e r  o f f i c i a l  or  
u n o f f i c i a l ,  o f  the  U n i t e d  S t a t e s  A i r  Force  or  the  Depar tment  of  
De fense .  

0007-4861/81/0027-0716 $01.60 
�9 1981 Springer-Verlag New York Inc. 



P h y s i c a l  p r o p e r t i e s  of  the two f a b r i c s  are  g iven  in  Table 1.  
a l so  conducted  t e s t s  to  de termine  the e f f e c t s  of  washwater 
t empera tu re  on decon t amina t i on  of  the 100~ c o t t o n  f a b r i c .  

TABLE 1 

PHYSICAL PROPERTIES FOR POLYESTER AND COTTON FABRICS 

We 

Fabr i c  

Breaking 
Weight Y a r n s / i n  S t r e n g t h  ( l b s )  
(minimum) (minimum) (minimum) 
( o z / s q  yd) Warp F i l l i n g  Warp F i l l i n g  

P o l y e s t e r  2 .8 74 62 155 135 

Cot ton  9 .0  85 48 115 100 

MATERIALS AND METHODS 

Washing P rocedures  
The a b s o r p t i o n ,  p e n e t r a t i o n  and w a s h a b i l i t y  of  both  the 100~ 

c o t t o n  and 100~ p o l y e s t e r  f a b r i c s  were t e s t e d  wi th  the i n s e c t i -  
c ide s  d i a z i n o n  ( 0 , 0 - d i e t h y l  0 - [ 6 - m e t h y l - 2 - ( 1 - m e t h y l e t h y l ) - 4 -  
p y r i m i d i n y l ]  P h o s p h o r o t h i o i c  a c i d ) ,  ch lordane  ( 1 , 2 , 4 , 5 , 6 , 7 , 8 , 8 -  
o e t a c h l o r o - 2 , 3 , 3 a , 4 , 7 , T a - h e x a h y d r o - 4 , 7 - M e t h a n o - l H - i n d e n e ;  and 
r e l a t e d  compounds),  and c a r b a r y l  (1 -Naph tha leno l ,  methylcarbamate)  

a n d  the h e r b i c i d e  prometon ( 6 - m e t h o x y - N , N P - b i s ( l - m e t h y l e t h y l )  - 
1 , 3 , 5 - T r i a z i n e - 2 , 4 - d i a m i n e ) .  I n s e c t i c i d e  p r e p a r a t i o n s  of  0.5% 
d l a z i n o n  were p repared  from 47.5% commerc ia l ly  fo rmula ted  emu l s i -  
f i a b l e  c o n c e n t r a t e  (EC), 1 .0~ ch lordane  from 71.$% EC; and 0.25% 
c a r b a r y l  from a 50% w e t t a b l e  powder f o r m u l a t i o n .  A 25% EC 
prometon f o r m u l a t i o n  was used to  p repa re  a 2.5% c o n c e n t r a t i o n .  

The e f f e c t s  of  washwater t empera tu re  on the removal of  
p e s t i c i d e  r e s idue  from c l o t h i n g  was e v a l u a t e d  f o r  the 100~ c o t t o n  
f a b r i c  o n l y .  The t e c h n i c a l  grade p e s t i c i d e s  m a l a t h i o n  
( [ ( d i m e t h o x y p h o s p h i n o t h i o y l ) t h i o ] - B u t a n e d i o i c  ac id )  (91.5%), 
b romaci l  ( 5 - b r o m o - 6 - m e t h y l - 3 - ( 1 - m e t h y l p r o p y l ) - 2 , 4 ( 1 H , 3 H ) -  
Py r imtd ined ione )  (21.9%), d i a z i n o n  (47.5%), ch lordane  
(71.5%), and propoxur  ( 2 ( 1 - m e t h y ! e t h o x y ) - p h e n o l m e t h y l -  
ca rbamate ) (13 .9~)  were t e s t e d .  The ma la th ion  and bromaci l  were 
o i l  f o r m u l a t i o n s  while  a l l  o t h e r s  were EC ' s .  D i l u t e  s o l u t i o n s  o f  
d i a z i n o n  (0.5%), ch lordane  (1.0%), and propoxur  (1.1%) were a l so  
p repared  f o r  t e s t i n g .  
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For  a l l  t e s t s ,  the  f a b r i c s  were c u t  i n t o  5x5 cm samples  and 1 
ml of  a g i v e n  p e s t i c i d e  was p i p e t t e d ,  u s i n g  a 10 ml d i s p o s a b l e  
g l a s s  p i p e t ,  d i r e c t l y  o n t o  each  c l o t h  sample i n  a manner  which  
p r e v e n t e d  r u n o f f  from the  c l o t h  e d g e s .  T h i s  method of  a p p l i c a t i o n  
was i n t e n d e d  to  s i m u l a t e  a s p l a s h  or  s p i l l  on t he  m a t e r i a l .  The 
c l o t h  samples  were p l a c e d  on f i l t e r  p a p e r  f o r  the  p e n e t r a t i o n  
t e s t s  and t h e s e  and a l l  o t h e r  samples  were backed  by aluminum 
f o i l .  The t r e a t e d  samples  were a l l o w e d  to  a i r  d r y  f o r  24 h 
f o l l o w i n g  t r e a t m e n t .  Four  samples  of  each  p e s t i c i d e  and f o u r  
b l a n k s  ( u n t r e a t e d  c l o t h  s a m p l e s )  were p r e p a r e d  f o r  each t e s t .  

A f t e r  the  p e s t i c i d e  p r e p a r a t i o n  had d r i e d ,  the  p e s t i c i d e  
r e s i d u e  was e x t r a c t e d  from the  c l o t h  samples  and f i l t e r  p a p e r  and 
a n a l y z e d  to  comple t e  the  a b s o r p t i o n  and p e n e t r a t i o n  t e s t s .  
Samples f o r  the  w a s h a b i l i t y  t e s t  f o r  a s i n g l e  p e s t i c i d e  were 
washed t o g e t h e r  i n  a no rma l  warm (43~ w a t e r  wash c y c l e .  A o n e -  
speed W h i r l p o o l  R wash ing  mach ine  o p e r a t i n g  a t  68 a g i t a t i o n s  p e r  
min  was u s e d .  F i f t y  g ( 1 / 2  cup)  of  l a u n d r y  d e t e r g e n t  was added to  
each  wash.  The d e t e r g e n t  was a n o n p h o s p h o r u s  p r o d u c t  which  
c o n t a i n e d  sodium c a r b o n a t e ,  sodium s u l f a t e ,  s i l i c a ,  and a t r a c e  of  
a l k y l  a r y l  s u l f o n a t e .  The pH of  a 1% s o l u t i o n  of  the  d e t e r g e n t  
was a p p r o x i m a t e l y  11 .  A f t e r  a 14 -min  wash f o l l o w e d  by two r i n s e s  
(35 -min  t o t a l  t i m e ) ,  t he  samples  were d r i e d  f o r  30 min i n  a 
W h i r l p o o l  R gas  d r y e r .  The samples  were t h e n  i n d i v i d u a l l y  wrapped 
i n  a luminum f o i l  and p l a c e d  i n  r e f r i g e r a t e d  s t o r a g e  (S~ p r i o r  to  
a n a l y s i s .  

T h i s  wash ing  p r o c e d u r e  was a l s o  f o l l o w e d  f o r  e v a l u a t i n g  t he  
e f f e c t s  o f  washwator  t e m p e r a t u r e  on t he  r emova l  o f  p e s t i c i d e  
r e s i d u e  from the  100~ c o t t o n  f a b r i c .  Four  r e p l i c a t e s  f o r  each  
p e s t i c i d e  were washed t o g e t h e r  i n  c o l d  (30~  warm ( 43~  or  h o t  
(60~ w a t e r .  These samples  were a l s o  d r i e d  f o r  30 min i n  a gas  
d r y e r ,  wrapped i n  a luminum f o i l ,  and s t o r e d  a t  5~ 

A n a l y t i c a l  P r o c e d u r e s  
The b r o m a c i l  samples  were soaked f o r  30 min i n  100 ml of  

m e t h a n o l  w h i l e  a l l  o t h e r  p e s t i c i d e  samples  were soaked f o r  the  
same d u r a t i o n  i n  100 ml of  p e s t i c i d e  g rade  h e x a n e .  The s o l u t i o n  
was t h e n  a n a l y z e d  by e i t h e r  gas  ch roma tog raphy  or  u l t r a v i o l e t  
a b s o r p t i o n .  

An e x t e r n a l  r e f e r e n c e  s o l u t i o n  of  each  p e s t i c i d e  was u sed  as 
a s t a n d a r d  f o r  a l l  a n a l y s e s .  The type  of  d e t e c t o r  was d e p e n d e n t  
upon t he  a n a l y s t ' s  p r e f e r e n c e  and the  c h e m i c a l  s t r u c t u r e  of  a 
g i v e n  p e s t i c i d e .  T h i s  r e s u l t e d  i n  the  use  of  d i f f e r e n t  d e t e c t o r s  
and d i f f e r e n t  co lumns f o r  a n a l y z i n g  the  same p e s t i c i d e  d u r i n g  
d i f f e r e n t  p h a s e s  of  the  s t u d y  ( T a b l e  2 ) .  A l l  p r o c e d u r e s  were i n  
a c c o r d a n c e  w i t h  EPA g u i d e l i n e s  (BONTOYAN 1 9 7 6 ) .  A 5 ~1 i n j e c t i o n  
volume was u sed  on the  gas c h r o m a t o g r a p h i c  i n s t r u m e n t s .  
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RESULTS AND DISCUSSION 

D i f f e r e n c e s  i n  p e n e t r a t i o n  b e t w e e n  c l o t h  m a t e r i a l s  and 
p e s t i c i d e s  a r e  a p p a r e n t  ( T a b l e  3 ) .  The r e s u l t s  were  compared  
u s i n g  an a n a l y s i s  o f  v a r i a n c e  (ANOVA). A s i g n i f i c a n t l y  g r e a t e r  
amount o f  p e s t i c i d e  (p = 0 . 0 1 )  p e n e t r a t e d  t h e  100% p o l y e s t e r  
f a b r i c  t h a n  t h e  100% c o t t o n  f a b r i c .  F u r t h e r  a n a l y s i s  o f  t h e s e  
d a t a  f o r  e ach  p e s t i c i d e  was p e r f o r m e d  u s i n g  D u n c a n ' s  m u l t i p l e  
r a n g e  t e s t  (STEEL and TORRIE 1 9 6 0 ) .  The d i f f e r e n c e  was 
s i g n i f i c a n t  (p = 0 . 0 5 )  f o r  a l l  p e s t i c i d e s  e x c e p t  c a r b a r y l .  Wi th  
c h l o r d a n e ,  o v e r  2 . 8  t i m e s  more i n s e c t i c i d e  p e n e t r a t e d  t h e  
p o l y e s t e r  t h a n  t h e  c o t t o n ,  and w i t h  d i a z i n o n  o v e r  5 . 2  t i m e s  more 
i n s e c t i c i d e  p e n e t r a t e d  t h e  p o l y e s t e r  t h a n  t h e  c o t t o n .  The same 
g e n e r a l  p a t t e r n  was o b s e r v e d  w i t h  p r o m e t o n .  The l a c k  o f  
d i f f e r e n c e  i n  p e n e t r a t i o n  o f  c a r b a z y l  was p r o b a b l y  due t o  i t s  
f o r m u l a t i o n  a s  a w e t t a b l e  p o w d e r .  The p a r t i c l e s  were  l a r g e  enough 
t o  be t r a p p e d  on t h e  s u r f a c e  o f  t h e  p o l y e s t e r ,  t h e r e f o r e ,  l i t t l e  
p e n e t r a t i o n  was a c h i e v e d .  

TABLE 3 

MEAN ABSORPTION AND PENETRATION (mg) • STANDARD ERROR AND LRI~IOVAL 
OF PESTICIDES IN 100~ COTTON AND 100% POLYESTER FABRICS 

Wash 
A b s o r p t i o n  P e n e t r a t i o n  Removal  

M a t e r i a l  mg % mg % % 

c h l o r d a n e  
c o t t o n  9 . 2  • 0 . 6  76 3 . 0  • 0 . 2  25 91 
p o l y e s t e r  3 . 0  • 0 . 4  32 6 . 2  • 0 . 5  68 89 

d i a z i n o n  
c o t t o n  3 . 3  • 0 .3  87 0 . 5 0  • 0 .03  13 95 
p o l y e s t e r  1 . 2  • 0 .1  30 2 . 6  • 0 . 2  70 99+ 

c a r b a r y l  
c o t t o n  2 . 4  • 0 . 2  99 T r a c e  T r a c e  99+ 
p o l y e s t e r  2 . 6  • 0 .3  93 0 .21  • 0 .03  7 99+ 

p r o m e t o n  
c o t t o n  18.3 • 0.3 98 1.22 • 0.02 2 99+ 
p o l y e s t e r  2 . 2  • 0 . 2  13 14 .6  • 0 . 6  87 99+ 
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The a b s o r p t i o n  of  p e s t i c i d e  by each f a b r i c  was i n v e r s e l y  
p r o p o r t i o n a l  to  the  p e n e t r a t i o n  (Tab le  3 ) .  The amount of  
c h l o r d a n e ,  d i a z i n o n ,  and p r o m e t o n  a b s o r b e d  by the  p o l y e s t e r  f a b r i c  
was s i g n i f i c a n t l y  (p = 0 . 0 5 )  l e s s  t h a n  t h a t  a b s o r b e d  by the  c o t t o n  
( D u n c a n ' s  M u l t i p l e  r ange  t e s t ) .  Our d a t a  d i f f e r  from FINLEY e t  
a l .  (1977) i n  t h a t  the  c o t t o n  a b s o r b e d  much more t h a n  d i d  t he  
p o l y e s t e r .  

There  was no s i g n i f i c a n t  d i f f e r e n c e  (p = 0 .05 )  i n  the  amount 
of  p e s t i c i d e  r e s i d u e  r e m a i n i n g  i n  the  two f a b r i c s  a f t e r  wash ing  
when t he  r e s u l t s  were compared u s i n g  D u n c a n ' s  m u l t i p l e  r ange  t e s t  
( T a b l e  3 ) .  Ch lo rdane  remova l  was abou t  the  same f o r  b o t h  
m a t e r i a l s  w h i l e  p o l y e s t e r  washed c l e a n e r  t h a n  c o t t o n  a f t e r  
d i a z i n o n  a p p l i c a t i o n .  C a r b a r y l  and p r o m e t o n  were r e a d i l y  removed 
from b o t h  m a t e r i a l s .  

A significant amount (p = 0.01; ANOVA) of pesticide residue 
was removed from the 100~ cotton fabric regardless of washwater 
t e m p e r a t u r e  (Tab le  4 ) .  There  was a t e n d e n c y  f o r  i n c r e a s e d  r e s i d u e  
remova l  w i t h  i n c r e a s e d  t e m p e r a t u r e  b u t  the  d i f f e r e n c e  was n o t  
s i g n i f i c a n t  (p = 0 .05 )  f o r  a l l  p e s t i c i d e s  when t h e s e  d a t a  were 
compared u s i n g  D u n c a n ' s  m u l t i p l e  r ange  t e s t .  

TABLE 4 

PERCENTAGE OF PESTICIDE RESIDUE REMOVED FROM CLOTH SAMPLES BY 
WASHING IN COLD (30~  WARM (43~  AND HOT (60oC) WASH WATER 

% Removed by Wash 

P e s t i c i d e  (%) Cold Warm Hot 

Diazinon (47.5) 85 a 96 

(0.5) 68 79 99 

Propoxur (13.9) 82 99+ ND 
( 1 . 1 )  ND ND ND 

Chlordane (71.5) 99+ 96 98 
(1.0) 63 52 56 

Bromacil (21.9) 90 97 99+ 

Malathion (91.5) 93 95 97 

ND = No r e s i d u e  d e t e c t e d  
a = a n a l y t i c a l  e r r o r  
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D i a z i n o n  remova l  was t he  most  s e n s i t i v e  to  changes  i n  w a t e r  
t e m p e r a t u r e  (Tab le  4 ) .  For  t he  c o n c e n t r a t e d  m a t e r i a l ,  85% of  the  
r e s i d u e  was removed i n  t he  c o l d  t r e a t m e n t  whereas  96% was removed 
i n  t he  h o t  t r e a t m e n t .  The e f f e c t  of  w a t e r  t e m p e r a t u r e  was more 
n o t i c e a b l e  f o r  the  d i l u t e  s o l u t i o n .  The amount of  r e s i d u e  removed 
by the  h o t  w a t e r  wash (99~) was s i g n i f i c a n t l y  g r e a t e r  (p = 0 .05 )  
t h a n  t he  amount removed by the  c o l d  (68%) or  warm ( 7 ~ )  w a t e r  
t r e a t m e n t s .  

The d e g r e e  of  p r o p o x u r  remova l  was a l s o  i n f l u e n c e d  by w a t e r  
t e m p e r a t u r e  (Tab le  4 ) .  The amount removed v a r i e d  from 82% i n  the  
c o l d  w a t e r  to  over  99~ i n  t he  warm w a t e r .  T h i s  d i f f e r e n c e  was 
s t a t i s t i c a l l y  s i g n i f i c a n t  (p = 0 . 0 5 ) .  The amount of  p r o p o x u r  
r e s i d u e ,  i f  any ,  r e m a i n i n g  i n  the  h o t  w a t e r  samples  was below the  
d e t e c t i o n  l i m i t .  E s s e n t i a l l y  a l l  of  the  p r o p o x u r  r e s i d u e  was 
removed by the  wash ing  p r o c e s s  f o r  a l l  samples  t r e a t e d  w i t h  the  
d i l u t e  s o l u t i o n .  

The p e s t i c i d e s  b r o m a c i l  and m a l a t h i o n  f o l l o w e d  the  same t r e n d  
of  i n c r e a s e d  r e s i d u e  remova l  w i t h  i n c r e a s e d  t e m p e r a t u r e  (Tab le  4 ) .  
The r e s u l t s ,  however ,  were n o t  s i g n i f i c a n t l y  d i f f e r e n t  (p = 0 .05 )  
when t h e s e  d a t a  were compared u s i n g  D u n c a n ' s  m u l t i p l e  r a nge  t e s t .  
The p r i m a r y  f a c t o r  c o n t r i b u t i n g  to  a l a c k  of  s i g n i f i c a n t  
d i f f e r e n c e  was t h a t  ove r  90% of  the  r e s i d u e  from b o t h  p e s t i c i d e s  
was removed by a l l  wash t e m p e r a t u r e s .  

The e f f e c t s  of  washwate r  t e m p e r a t u r e  on c h l o r d a n e  remova l  d i d  
n o t  f o l l o w  the  t r e n d  o b s e r v e d  f o r  o t h e r  p e s t i c i d e s  (Tab le  4 ) .  
Ch lo rdane  was more s t a b l e  w i t h  r e g a r d s  to  w a t e r  t e m p e r a t u r e .  The 
p e r s i s t e n c e  of  c h l o r d a n e ,  as w e l l  as many o t h e r  o r g a n o c h l o r i n e  
i n s e c t i c i d e s ,  i s  w e l l  documen ted .  The b l a n k  ( u n t r e a t e d )  c l o t h  
samples  were even  found  to  be c o n t a m i n a t e d  w i t h  c h l o r d a n e .  The 
deg ree  of  c o n t a m i n a t i o n  r a n g e d  from 1 to  17 ~g of  c h l o r d a n e  when 
16 b l a n k  samples  were examined .  The mean c o n t a m i n a t i o n  r a t e  was 
7 .4  p g / b l a n k .  

We have found  t he  100~ c o t t o n  f a b r i c  s u p e r i o r  to  100~ 
p o l y e s t e r  i n  a f f o r d i n g  p r o t e c t i o n  to  p e s t i c i d e  a p p l i c a t o r s .  The 
c o t t o n  o f f e r s  g r e a t e r  r e s i s t a n c e  to  p e n e t r a t i o n  by p e s t i c i d e s .  We 
a l s o  found  t h a t  t h e r e  i s  a t r e n d  toward  i n c r e a s e d  p e s t i c i d e  
r e s i d u e  remova l  from 100% c o t t o n  w i t h  i n c r e a s e d  washwate r  
t e m p e r a t u r e .  We recommend t h a t  the  washwate r  t e m p e r a t u r e  be ~60~ 
to  a c h i e v e  maximum d e c o n t a m i n a t i o n  of  p e s t i c i d e  a p p l i c a t o r  
c l o t h i n g .  
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