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A s i g n i f i c a n t  amount of p e s t i c i d e  r e s i d u e  can be removed 
from c o n t a m i n a t e d  c l o t h i n g  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 .  1 9 7 4 ) .  The m a j o r i t y  of wash ing  s t u d i e s  have been  
c o n d u c t e d  w i t h  m e t h y l  p a r a t h i o n .  Two w a s h i n g s  i n  60~ washwate r  
w i t h  h i g h  a l k a l i n e  d e t e r g e n t  and b l e a c h  have been  recommended 
f o r  r emov ing  m e t h y l  p a r a t h i o n  r e s i d u e s  (FINLEY e t  a l .  1977) .  
The d e g r e e  of  m e t h y l  p a r a t h i o n  removed can  be i n c r e a s e d  by p r e -  
r i n s i n g  the  c o n t a m i n a t e d  f a b r i c  f o r  2 min p r i o r  to  wash ing  
(EASLEY e t  a l .  1 9 8 1 ) .  A t r e n d  toward  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  washwate r  t e m p e r a t u r e  has  been  shown w i t h  o t h e r  
p e s t i c i d e s  (LILLIE e t  a l .  1 9 8 1 ) .  

I n  t h i s  s t u d y ,  we compared the  remova l  of v a r i o u s  p e s t i c i d e s  
from 100% c o t t o n  f a b r i c  i n  3 washwate r  t e m p e r a t u r e s  w i t h  
d e t e r g e n t ,  d e t e r g e n t  and b l e a c h ,  or  n o t h i n g  added to  the  wash.  
P h y s i c a l  p r o p e r t i e s  of  the  f a b r i c  a r e  r e p o r t e d  e l s e w h e r e  (LILLIE 
e t  a l .  1 9 8 1 ) .  

MATERIALS AND METHODS 

F a b r i c  T r p a t m e n t  and Waw P r o c e d u r e s  
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 i a z i n o n  were p r e p a r e d  from 

47.5% c o m m e r c i a l l y  f o r m u l a t e d  e m u l s i f i a b l e  c o n c e n t r a t e  (EC), 
0.5% c h l o r p y r i f o s  from 22.4% EC, 1.0% c h l o r d a n e  from 71.5% EC, 
and 10 mg/ml G u t h i o n  R from 99.8% w e t t a b l e  powder .  A 21.9% o i l  
f o r m u l a t i o n  of  b r o m a c i l  was used  to  p r e p a r e  a 5.0% s o l u t i o n .  
D e i o n i z e d  w a t e r  was u sed  as t he  d i l u e n t  f o r  a l l  p r e p a r a t i o n s .  
The p r e p a r a t i o n s  were a p p l i e d  to  5 x 5 cm c l o t h  swa tches  i n  a 
manner  p r e v i o u s l y  d e s c r i b e d  (LILLIE e t  a l .  1981)o 

Xl~ne 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  t hose  of  the  
a u t h o r s  and a r e  n o 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 ,  of  the  U.S .  A i r  Force  or  the  D e p a r t m e n t  of  D e f e n s e .  

2Ment ion  of a p r o p r i e t a r y  p r o d u c t  i n  t h i s  p a p e r  does n o t  c o n s t i -  
t u t e  an e n d o r s e m e n t  of the  p r o d u c t  by the  U.S .  A i r  Force  or  the  
D e p a r t m e n t  of  D e f e n s e .  
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The t r e a t e d  c l o t h  swa tches  were a l l o w e d  to  a i r  d ry  f o r  24 h 
b e f o r e  w a s h i n g .  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  a o n e - s p e e d  G e n e r a l  E l e c t r i c  R wash ing  machine  (model 
no .  WWA5600VBLWH) w i t h  d e t e r g e n t  (50 g) (Tab le  1 ) ,  d e t e r g e n t  
(50 g) p l u s  b l e a c h  (5.25% sodium h y p o c h l o r i t e )  (120 ml) or  n o t h i n g  
added to  the  w a s h w a t e r .  The w a t e r  t e m p e r a t u r e  was 30 ( c o l d ) ,  
43 (warm) or  60~ ( h o t ) .  A f t e r  a 14 min wash i n  30 l i t e r s  of  
w a t e r  f o l l o w e d  by 2 r i n s e s  (35 min t o t a l  t i m e ) ,  the  swa tches  were 
d r i e d  f o r  30 min i n  a G e n e r a l  E l e c t r i c  gas d r y e r  (model no .  
DDG5380VALWH). The swa tches  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  (5~ p r i o r  to  
a n a l y s i s .  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 a l s o  p r e p a r e d  
and a n a l y z e d  w i t h o u t  wash ing  to  e s t a b l i s h  a b a s e l i n e  f o r  
c o m p a r i s o n .  

TABLE 1 

DETERGENT INGREDIENTS REPORTED ON CONTAINER LABEL 

COSPONENT % 

Sodium Ca rbona t e  (washing soda)  

Sodium C h l o r i d e  

E t h o x y l a t e d  N o n i o n i c  S u r f a c t a n t  

Sodium ~ e t a s i l i c a t e  

Sodium P e r b o r a t e  

M o i s t u r e  

Sodium C a r b o x y m e t h y l c e l l u l o s e  

Borax 

O p t i c a l  B r i g h t e n e r s  

Perfume 

No c h l o r i n e ,  enzymes ,  or  p h o s p h a t e  

3 8 . 0  / 

3 0 . 0  

1 0 . 0  / 

6 . 1  

6 .1  

5 .4  

2 .7  

2 .0  

0 .5  

0 .2  

A n a l y t i c a l  P r o c e d u r e s  
Each washed or  unwashed swatch  t h a t  was t r e a t e d  w i t h  G u t h i o n  

was soaked  f o r  30 min i n  I00  ml of  b e n z e n e .  A l l  o t h e r  swa tches  
were soaked  i n d i v i d u a l l y  f o r  the  same d u r a t i o n  i n  100 mI of p e s t i -  
c i d e  grade  h e x a n e .  The e x t r a c t  was t h e n  a n a l y z e d  by gas chroma-  
t o g r a p h y .  An e x t e r n a l  r e f e r e n c e  s t a n d a r d  of  each  p e s t i c i d e  was 
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used  f o r  a l l  a n a l y s e s .  The t ype  of d e t e c t o r  was d e p e n d e n t  upon 
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  (Tab le  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  (EONTOYAN 
1976) .  A 5 ~1 i n j e c t i o n  volume was used  on the  gas c h r o m a t o -  
g r a p h i c  instruments. 

TABLE 2 

SUMMARY 01~ ANALYTICAL APPARATUS 

D e t e c t i o n  
P e s t i c i d e  D e t e c t o r  L i m i t  (~g) Column 

Diazinon Flame Photometric 10 

Ch lo rdane  Electron Cap tu re  0 .2  

Chlorpyrifos E l e c t r o n  Cap tu re  0.02 

Bromacil 

G u t h i o n  

Nitrogen/Phosphorus 200 

Nitrogen/Phosphorus 5 

3% OV-210 on 
80/100 Gas Chrom Q 

3% 0V-101 on 
80/100 Gas Chtom Q 

4~0 SE-30 and 6% 
SP-2401 on 100/120 
Supelco AW 

0.5% Carbo Wax 20M 
on 100/120 Gas 
Chrom Q 

0.5% Carbo Wax 20M 
on 100 /120  Gas 
Chrom Q 

S t a t i s t i c a l  T e s t s  
The amount of  p e s t i c i d e  r e s i d u e  e x t r a c t e d  from the  c l o t h  

swa tches  a f t e r  wash ing  was compared w i t h  the  amount e x t r a c t e d  
from the  unwashed swa tches  to  d e t e r m i n e  the  e f f e c t i v e n e s s  of  the  
wash ing  p r o c e d u r e s ,  The d a t a  were a n a l y z e d  u s i n g  an a n a l y s i s  of  
v a r i a n c e  (ANOVA) and Duncan Ps m u l t i p l e  r a nge  t e s t  (STEEL and 
TORRIE 1960) .  The ANOVA t e s t  i n c l u d e d  an a n a l y s i s  f o r  
t e m p e r a t u r e / a d d i t i v e  i n t e r a c t i o n .  S t a t i s t i c a l  s i g n i f i c a n c e  f o r  
the  ANOVA t e s t  was p <0.01 and f o r  the  D u n c a n ' s  t e s t  p <0 .05 .  

RESULTS AND DISCUSSION 

A s i g n i f i c a n t  amount of  p e s t i c i d e  r e s i d u e  was removed from 
the  c l o t h  swa tches  (Tab le  3) i n  a l l  wash ing  t e s t s .  The ANOVA 
t e s t  f o r  t e m p e r a t u r e / a d d i t i v e  i n t e r a c t i o n  was s i g n i f i c a n t .  
There  was 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  

91 



T
A

B
L

E
 

3 
A

M
O

U
N

T 
O

F 
P

E
S

T
IC

ID
E

 
R

E
SI

D
U

E
 

(m
g 

~ 
st

a
n

d
a

rd
 

er
ro

r)
 

R
E

M
A

IN
IN

G
 I

N
 

C
L

O
T

H
 S

W
A

T
C

H
E

S 
A

F
T

E
R

 W
A

SH
IN

G
 

A
N

D
 T

H
E

 
PE

R
C

E
N

T
A

G
E

 O
F 

R
E

SI
D

U
E

 
R

E
M

O
V

E
D

 B
Y

 W
A

SH
IN

G
 

C
O

L
D

 W
A

T
E

R
 (

3
0

~
 

W
A

RM
 W

A
T

E
R

 (
4

3
~

 
H

O
T 

W
A

T
E

R
 (

6
0

o
C

) 

P
e

st
ic

id
e

 
R

e
si

d
u

e
 

R
em

o
v

ed
 

R
e

si
d

u
e

 
R

em
o

v
ed

 
R

e
si

d
u

e
 

R
em

o
v

ed
 

(B
as

el
in

e*
) 

T
re

a
tm

e
n

t 
m

g 
%

 
m

g 
%

 
m

g 
%

 

~o
 

C
h

lo
rp

y
ri

fo
s 

(
1
.
7
6
 
•
 
0
.
1
2
)
 

D
e

te
rg

e
n

t 
0

.8
5

 
Z

 
0

.0
3

 
52

 
0

.5
5

 
~ 

0
.1

1
 

69
 

0
.4

2
 

~ 
0

.0
2

 
77

 

D
e

te
rg

e
n

t 
0

.7
2

 
~ 

0
.0

8
 

59
 

0
.6

5
 

~ 
0

.0
5

 
63

 
0

.5
7

 
+

 
0

.0
4

 
68

 
an

d
 

B
le

a
c

h
 

N
o
 

D
e

te
rg

e
n

t 
0
.
6
9
 
~
 
0
.
i
i
 

6
1
 

0
.
7
3
 
~
 
0
.
1
5
 

5
8
 

0
.
8
1
 
~
 
0
.
2
0
 

5
4
 

o
r
 

B
le

a
c

h
 

D
ia

z
in

o
n

 
(2

.6
1

 
• 

0
.3

8
) 

D
e
t
e
r
g
e
n
t
 

0
.
5
3
 
~
 
0
.
0
4
 

8
0
 

0
.
4
1
 
•
 
0
.
0
3
 

8
4
 

0
.
1
7
 
•
 
0
.
0
3
 

9
3
 

D
e
t
e
r
g
e
n
t
 

0
.
5
7
 
•
 
0
.
0
2
 

7
8
 

0
.
1
3
 
•
 
0
.
0
1
 

9
5
 

0
.
I
I
 
~
 
0
.
0
2
 

9
6
 

an
d

 
B

le
a

c
h

 

N
o 

D
e

te
rg

e
n

t 
0

.4
1

 
~ 

0
.0

2
 

84
 

0
.2

4
 

• 
0

.0
4

 
91

 
0

.2
4

 
• 

0
.0

5
 

91
 

o
r 

B
le

a
c

h
 

C
h

lo
rd

an
e 

(9
.3

7
 

• 
0

.6
5

) 

D
e

te
rg

e
n

t 
1

.6
9

 
~ 

0
.2

7
 

82
 

1
.5

1
 

• 
0

.1
9

 
84

 
1

.4
7

 
• 

0
.5

7
 

84
 

D
e

te
rg

e
n

t 
2

.9
8

 
• 

0
.2

4
 

68
 

2
.2

7
 

~ 
0

.4
5

 
76

 
2

.7
6

 
• 

0
.0

7
 

71
 

an
d

 
B

le
a

c
h

 

N
o 

D
e

te
rg

e
n

t 
3

.3
4

 
~ 

0
.3

0
 

64
 

6
.5

6
 

• 
1

.3
1

 
30

 
5

.1
8

 
• 

0
.3

9
 

45
 

o
r 

B
le

a
c

h
 

*A
m

ou
nt

 o
f 

p
e

st
ic

id
e

 
re

si
d

u
e

 
(m

g 
~ 

st
a

n
d

a
rd

 
e

~
ro

r)
 

o
n

 
u

n
w

as
h

ed
 

c
lo

th
 

sw
a

tc
h

e
s.

 



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  when d e t e r g e n t  or  d e t e r g e n t  
and b l e a c h  were added to  the  wash .  When no wash a d d i t i v e s  were 
u s e d ,  p e s t i c i d e  r e s i d u e  remova l  d id  n o t  i n c r e a s e  as the  w a t e r  
t e m p e r a t u r e  i n c r e a s e d .  

There  was l i t t l e  d i f f e r e n c e  be tw e e n  the  r e s u l t s  for t he  3 
wash t ~ e a t m e n t s  i n  a g i v e n  w a t e r  t e m p e r a t u r e  when c h l o r p y r i f o s  
or  d i a z i n o n  t r e a t e d  swa tches  were washed (Tab le  3 ) .  For  
example ,  78-84% of  the  d i a z i n o n  r e s i d u e  was removed by wash ing  
i n  c o l d  w a t e r .  The d i f f e r e n c e  was s i g n i f i c a n t ,  however ,  when 
the  r e s u l t s  f o r  a g i v e n  t r e a t m e n t  i n  d i f f e r e n t  t e m p e r a t u r e s  were 
compared.  S i g n i f i c a n t l y  more c h l o r p y r i f o s  was removed i n  t he  
warm and ho t  w a t e r  washes  t h a n  i n  the  c o l d  w a t e r  wash when 
d e t e r g e n t  was u s e d .  

I n  c o n t r a s t ,  the  d i f f e r e n c e  i n  c h l o r d a n e  remova l  as a 
r e s u l t  of  washwate r  a d d i t i v e  i s  a p p a r e n t  f o r  a g i v e n  w a t e r  
t e m p e r a t u r e  (Tab le  3 ) .  The amount of  c h l o r d a n e  removed when 
d e t e r g e n t  was added to  the  wash was s i g n i f i c a n t l y  g r e a t e r  i n  a l l  
t e m p e r a t u r e s  when compared w i t h  the  amount removed when n o t h i n g  
was added .  More c h l o r d a n e  r e s i d u e  was removed when d e t e r g e n t  
a l o n e  was u sed  t h a n  when d e t e r g e n t  and b l e a c h  were u sed  b u t  the  
d i f f e r e n c e  be tween  t h e s e  t r e a t m e n t s  was n o t  s i g n i f i c a n t  i n  warm 
or ho t  w a t e r .  

The use  of  d e t e r g e n t  i n  washwate r  ~60~ i s  recommended f o r  
r emoving  c h l o r p y r i f o s  and d i a z i n o n  r e s i d u e s  from a p p l i c a t o r  
clothing. Diazinon removal may be improved slightly with the 
addition of bleach but the difference is not significant when 
compared with the use of detergent alone. Water temperature is 
l e s s  c r i t i c a l  f o r  c h l o r d a n e  r e m o v a l .  P e s t i c i d e  a p p l i c a t o r s  such 
as those involved with termite control which routinely apply 
c h l o r d a n e ,  may choose  to  lower  the  t e m p e r a t u r e  of t h e i r  h o t  
w a t e r  h e a t e r  to  43~ 

ACKNOWLEDGEMENTS 

We t h a n k  t he  p e r s o n n e l  of  t he  Brooks AFB p e s t  c o n t r o l  f a c i l i t y  
f o r  t h e i r  c o o p e r a t i o n  and a s s i s t a n c e  d u r i n g  t h i s  p r o j e c t .  Mr. 
Don Cosgrove a s s i s t e d  w i t h  the  s t a t i s t i c a l  a n a l y s i s .  

REFERENCES 

BONTOYAN, W., e d i t o r ,  Manual of c h e m i c a l  methods  f o r  p e s t i c i d e s  
and d e v i c e s .  A s s o c i a t i o n  of  O f f i c i a l  A n a l y t i c a l  C h e m i s t s ,  
A r l i n g t o n  VA ( 1 9 7 6 ) .  

EASLEY, C .B . ,  ~.M. LMJGHLIN, R.E.  GOLD, and D.R. TUPY: B u l l .  
E n v i r o n .  Contam. Tox. 27,  101 ( 1 9 8 1 ) .  

93 



FINLEY, E.L., G.I. METCALFE, F.G. McDERMOTT, J.B. GRAVES, P.E. 
SCHILLING, and F.L.  BONNER: Bu l l .  Envi ron .  Contam. Tox. 
12, 268 (1974).  

FINLEY, E.L., I.B. GRAVES, T.A. SUMmeRS, P.E. SCHILLING, and 
H.F. MORRIS: La. Agr i .  Expt .  S ta .  C i rc .  No. 104 (1977).  

LILLIE, T.H., I.M. LIVINGSTON, and M.A. HAMILTON: Bull. 
Environ. Contam. Tox. 27, 716 (1981). 

STEEL, R.G.D.,  and J .H.  TORRIE: P r i n c i p l e s  and p rocedures  of  
s t a t i s t i c s ,  with s p e c i a l  r e f e r e n c e  to the b i o l o g i c a l  
s c i e n c e s .  New York: McGraw-Hill (1960).  

Accepted April 16, 1982 

94 


