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A B S T R A C T  

A m o n i t o r i n g   s u r v e y  w a s  c o n d u c t e d   f r o m  1985 t o  

1987 t o  d e t e r m i n e  t h e  l e v e l s   o f   a g r i c u l t u r a l   p e s t i c i d e s  

a z i n p h o s m e t h y l  , d i  a z i n o n ,  d i  noseb , e n d o s u l   f a n ,  a n d  f e n -  

s u l f o t h i o n   i n   s e l e c t e d  f a r m  d i t c h e s   l e a d i n g   t o   t h e   L o w e r  

F r a s e r ,   N i c o m e k l ,   a n d  Sumas r i v e r s  i n  B r i t i s h   C o l u m b i a ,  

Canada. I n   d i t c h   w a t e r ,   a z i n p h o s m e t h y l ,   d i a r i n o n ,   e n -  

d d o s u l f a n ,   a n d   f e n s u l f o t h i o n   w e r e   n o t   d e t e c t e d  (limit o f  

d e t e c t i o n ,  1 # g / L ) .   H o w e v e r .   d i n o s e b   w a s   c o n s f s t e n t l y  

f o u n d   i n   d i t c h   w a t e r   f o r   o n e   y e a r   a f t e r   t h e   s p r a y  season 

a t   l e v e l s   v a r y i n g  f r o m  0 . 3  - 18.6 y g / l ,   a v e r a g i n g  4.9  

yg/L. The e n d o s u l f a n   l e v e l   i n   d i t c h   w a t e r   o f   o n e   f a r a  
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r e a c h e d  1530  y g / L  s h o r t l y  a f t e r  a s p r a y   a p p l i c a t i o n ,  

e v e n   t h o u g h  i t  v a s   n o t   f o u n d  a t  o t h e r  t i n e s  o f  t h e  y e a r .  

I n  d i t c h  s e d i m e n t s ,   l o w  l e v e l s ,  i .e . ,  2 . 7 ,  4.0,  22.9 a n d  

10.3 y g / k g   r e s p e c t i v e l y  o f  a z i n p h o s m e t h y l ,   d t a z i n o n ,  d i -  

n o s e b ,   a n d   f e n s u l f o t h i o n  were s p o r a d i c a l l y   f o u n d .   E n d o -  

s u l f a n   w a s ,   h o w e v e r ,   c o n s i s t e n t l y   f o u n d   i n  sed iments  a t  

a l l   s t u d y  s i t e s  a t  l eve l s  v a r y i n g   f r o m  2 - 150 ) r g / k g ,  

a v e r a g i n g  18.8 y g / k g .  

INTRODUCTION 

P e s t i c i d e s  may e n t e r  t h e  a q u a t i c   e n v i r o n m e n t   v i a  

d i r e c t   a n d   i n d i r e c t   d e p o s i t i o n s ,   r u n o f f ,   a n d   l e a c h i n g  

( F r a n k   a n d  Si r o n s ,   1 9 7 9 ;   G r o v e r  e t  a l . ,   1 9 8 5 b ) .  A l -  

t h o u g h  s tud ie s  on t h e  m o v e m e n t   o f   p e s t i c i d e s  from a g r i -  

c u l t u r a l   l a n d   t o   s t r e a m s   h a v e   b e e n   c o n d u c t e d   e x t e n s i v e l y  

i n  o t h e r  p a r t s  o f  C a n a d a ,   e . g . ,   O n t a r i o   ( H a r r i s   a n d  

Mi le s ,  1 9 7 5 ;   F r a n k  e t  a 1  ., 1 9 8 2 1 ,   Q u e b e c  (Muir e t  a1  ., 
1 9 7 8 )   a n d   M a n i t o b a  (Muir a n d  G r i f t ,  1 9 8 7 ) .  t h i s  p r o b l e m  

r e c e i v e d  l i t t l e  a t t e n t i o n   i n  B r i t i sh  C o l u m b i a  u n t i l  

r e c e n t l y .  

I n  1 9 8 5 ,  E n v i r o n m e n t  Canada  I n i t i a t e d  a 3-year  sur -  

v e y  t o  d e t e r m i n e   t h e   - . r e s i d u e   l e v e l s  of t h e  more commonly  

u s e d   a g r i c u l t u r a l   p e s t i c i d e s   i n  s e l e c t e d  f a r m  d i t c h e s  

l e a d i n g  t o  t h e  f i s h e r y  s e n s i t i v e   F r a s t r ,   N i c o m e k l ,   a n d  

S u m a s   r i v e r s .  The m a i n   o b j e c t i v e  of t h i s  s t u d y  i s  t o  

e v a l u a t e  t h e  p o t e n t i a l   i m p a c t  t o  a q u a t i c   i n v e r t e b r a t e s  

- .  . ;  
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And P a c i f i c   s a l m o n i d s   o f   p e s t i c i d e   r e s f d u e s   i n   d i t c h e s  

w h i c h   p r o v i d e   n u r s e r y   a r e a s   i m p o r t a n t   i n   f i s h   f o o d   p r o -  

d u c t i o n   a n d  a s  s e a s o n a l   f i s h   h a b i t a t   a r e a s .  

The s e l e c t i o n   o f   p e s t i c i d e s   f o r   t h i s   s t u d y  was 

based   on  a 1983/1984 p o s t - r e g i s t r a t i o n   u s e   p a t t e r n  

s u r v e y   o f   d o m e s t i c   a n d   c o m m e r c i a l   p e s t i c i d e s   i n   B r i t i s h  

C o l u m b i a   ( Y i l s o n ,  1 9 8 5 ) .  The f i v e  commonly u s e d  f a r m  

p e s t i c i d e s   a d j a c e n t   t h e   L o w e r   F r a s e r ,   W i c o m e k l  , and  

Sumas r i v e r s  w e r e :   a z i n p h o s m e t h y l  , d i a z i n o n ,   d i n o s e b ,  

e n d o s u l   f a n ,   a n d   f e n s u l   f o t h i o n .   T h e s e   p e s t i c i d e s   w e r e  

used a n n u a l l y   t o   p r o t e c t  a number o f  c r o p s   f r o m   p e s t  

i n f e s t a t i o n s   a n d  weeds. 

M A T E R I A L S  AND M E T H O D S  

Sampl i ng s i t e s  

The f o l l o w i n g   c r i t e r i a   w e r e   u s e d   f o r  t h e   s e l e c t i o n  

o f   s a m p l i n g   s i t e s ,   i . e . ,   a r e a s   w h e r e :  

( 1 )  a s i m i l a r   m i x t u r e  of c r o p s  was grown,  e.g., 

b e a n s ,   b r o c c o l i ,   c a b b a g e ,   c o r n .   o n i o n s ,   p e a s ,   p o t a t o e s ,  

s t r a w b e r r y ;  

( 2 )  d i n o s e b  was u s e d  a s  a t o p   k i l l e r   i n   e a r l y  Uay 

a n d   a i d   J u n e ,   a n d   a r i n p h o s n e t h y l  , d i a z i n o n ,   e n d o s u l f a n ,  

a n d   f e n s u l f o t h i o n  as- i n s e c t i c i d e s   i n  o n e   p a r t   o f   t h e  

f a r m   o r   a n o t h e r   i n   J u l y / A u g u s t ;  

( 3 )  f a r m   d i t c h e s   w e r e   l e a d i n g   e i t h e r   s i n g l y   o r   c o l -  

t e c t f v e l y   t o   t h e   F r a s e r .   N i c o m e k l ,   a n d  Sumas r i v e r s ;  
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( 4 1  c r o p   s e t b a c k s   f r o m   d i t c h e s   w e r e  3 I o r  l e s s ;  

( 5 )  d i t c h e s  w i t h  w a t e r   a v e r a g i n g   a b o u t  1.5 8 f n  

w i d t h ,   a n d  0.5 m i n  d e p t h .  

B a s e d   o n   t h e   a b o v e   c o n s i d e r a t i o n s .   d i t c h e s   f r o m  7 

s a m p l i n g   s i t e s   w e r e   s e l e c t e d   f o r   t h i s   s t u d y   ( F i g u r e  1): 

(1) Farm A ,  ( 2 )  Pump s t a t i o n s  B ( 2  s i t e s ) ,  ( 3 )  Farm C ,  

( 4 )  1 6 8 t h   S t r e e t ,  ( 5 )  Farm 0, ( 6 )  D i x o n   S t r e e t ,   a n d  ( 7 )  

Sumas Lake  Canal .  

Farm A ,  a 100-ha  fa rm,  is l o c a t e d  on t h e  SE c o r n e r  . 

o f  Y e s t h a m   I s l a n d ,   a b o u t  32 km s o u t h   o f   V a n c o u v e r ,  B.C. 

( F i g u r e  I ) .  Pump s t a t i o n s  6 and  Farm C ( 1 1 0   h a )   a r e  

s i t u a t e d   a b o u t  20 km s o u t h   o f   V a n c o u v e r .  Pump s t a t i o n s  

6 r e g u l a t e   t h e   w a t e r   l e v e l s  of  C r e s c e n t   S l o u g h  by d i t -  

c h a r g i n g   e x c e s s   w a t e r  t o  t h e   F r a s e r   R i v e r .   C r e s c e n t  

S l o u g h   r e c e i v e s   d i t c h   r u n o f f   f r o m  12,000 ha o f   f a r m l a n d .  

Farm D, O i x o n  S t r e e t ,   a n d   d i t c h e s   d r a i n i n g  t o  Sumas 

L a k e   C a n a l   a r e   l o c a t e d   a b o u t   6 5  km e a s t  o f  Vancouver .  

Sumas L a k e   C a n a l   r e c e i v e s   d r a i n a g e  from 10,000 ha o f  

f a r m l a n d .   Y a t e r   f l o w s   v i a   t h e   c a n a l   t o   t h e  Sumas R i v e r ,  

a t r i b u t a r y  o f  t h e   F r a s e r   R i v e r .  

The  168th S t r e e t   d i t c h e s   a r e   l o c a t e d  i n  C l o v e r d a l e ,  

45 km e a s t   o f   V a n c o u v e r .   T h e   d i t c h e s   o n   b o t h   s i d e s   o f  

t h i s   h i g h w a y   ( s o u t h   o f   N i c o m e k l   R i v e r )   r e c e i v e   r u n o f f  

f r o m  200 h a   o f   f a r m l a n d   a n d   d i s c h a r g e   i n t o   t h e   U i c o m e k l  

R i v e r .  
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V Sarnpl i n g  procedure 

Sample b o t t l e s  and j a r s  were  prewashed i n  p e s t i c i d e  

g rade   ace tone  a n d  p e t r o l e u m   e t h e r  a n d  p r e h e a t e d   t o  300°C 

f o r  12 hours before   use.   Solvent   washed  and  heated  r lu-  

m i n i u m  f o i l s  were used f o r  t h e  l i n i n g  o f   a l l   w a t e r  b o t -  

t l e s  and g l a s s   J a r s   t o   p r e v e n t   c o n t a m i n a t i o n .  Yater and 

sediment  samples  were  taken f r o m  d i t c h e s  a t  random w i t h -  

i n  t he  same gene ra l   a r ea  o f  e a c h   s t u d y   s i t e .  

! 

Yate r   s amples   were   co l l ec t ed  i n  4.5 L amber b o t t l e s  

by hot d i n g  the  b o t t l e  j u s t  below the  wa te r   su r f ace .  Ten 

400-ml composf te   samples  were pooled  t o  make up a 4-L 
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s a m p l e   p e r   s i t e   d u r i n g   e a c h   s a w p l f n g   o c c a s f o n .  Ten  45-9 * 

c o m p o s i t e   s e d i m e n t   s a m p l e s   w e r e   c o l   l e c t t d   a t   e a c h   s i t e  

a n d   w e r e   s t o r e d   i n  500 g w i d e m o u t h   a m b e r   g l a s s   j a r s .  

The  samples w e r e  o b t a i n e d  wf t h  a c i r c u l a r  ( 1 5  CUI d i a -  

m e t e r )   s t e e l   t r o w e l   f i t t e d   t o  a 3.5 n wooden  handle.  

A n o t h e r   s t e e l   t r o w e l  was u s e d   t o   t r a n s f e r   t h e   r e q u i r e d  

p o r t i o n  o f  s e d i m e n t   t o   t h e   s t o r a g e   j a r s .  

B o t h   t h e   s e d i m e n t   a n d   w a t e r   s a m p l e s   w e r e   s t o r e d   a t  

4oC a n d   s h i p p e d   t o   t h e   l a b o r a t o r y   t h e  same d a y .   Y a t e r  

s a m p l e s   w e r e   e x t r a c t e d   w i t h   s o l v e n t s   b e f o r e   s t o r a g e   i n  

t h e   l a b o r a t o r y ,   w h i l e   t h e   s e d i m e n t   s a m p l e s   w e r e   f r o z e n  

i m m e d i a t e l y   f o r   s u b s e q u e n t   a n a l y s i s .  

S a m p l i n g   r e g i m e  

T h e   s a m p l i n g   r e g i m e   w a s   d e s i g n e d   t o   f u l f i l l   t h e  

f o l l o w i n g   s u r v e y   o b j e c t i v e s :  

( 1 )  1 9 8 5  - t o  d e t e r m i n e   t h e   o c c u r r e n c e   a n d   l e v e l s  

o f  a z i  nphosmethy l  , d i   a z i n o n  , d i   n o s e b ,   e n d o s u i   f a n ,   f e n -  

s u l f o t h i o n   i n   d i t c h   w a t e r   a n d   s e d i m e n t s   o f   F a r m  A ,  Pump 

s t a t i o n s  E .  F a r m  C,  Farm D, a n d   d i t c h e s   l e a d i n g   t o   t h e  

Sumas Lake  Canal .  

( 2 )   1 9 8 6  - t o   m o n i t o r   m o r e   i n t e n s i v e l y   t h e   r e t l d u e  

l e v e l s   o f   d i n o s t b   a n d .   e n d o s u l f a n  i n  d i t c h   s e d i m e n t s   o f  

f a rm A ,  i n c l u d i n g   a n   a s s e s s m e n t   o f   e n d o s u l f a n   r e s i  due 

l e v e l s   i n  s o i l  w i t h   c r o p s   b e f o r e   a n d   a f t e r   i n s e c t i c i d e  

a p p l i c a t i o n .  

( 3 )  1987 - t o   d e t e r m i n e   t h e   o c c u r r e n c e   a n d   l e v e l s  

O f  d i n o s t b   a n d   e n d o s u l f a n  i n  t h e   d i t c h   s e d i m e n t s   o f   t u o  

! 

I 

V 
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W o t h e r  f a r m  a r e a s ,   i . e . ,   1 6 8 t h   S t r e e t   ( C l o v e r d a l e )   a n d  

D i x o n   S t r e e t   ( S u m a s ) .  

W a t e r   a n d   d i t c h   s e d i m e n t   s a m p l e s   w e r e   t a k e n   f n   e a r -  

l y  s p r i n g   i n   t h e   f i r s t  week o f  May e a c h   y e a r   s t a r t f n g   I n  

1985 ,  p r i o r   t o   a n y   p e s t i c i d e   a p p l f c a t i o n .   S u b s e q u e n t  

s a m p l e s   w e r e   t a k e n   I n   J u l y ,   s h o r t l y   a f t e r   t r e a t m e n t .  

F u r t h e r   s a m p l e s   w e r e   o b t a i n e d   d u r i n g   t h e   r a i n y   a n d   w e t  

season,   i .e . ,  i n  O c t o b e r ,   D e c e m b e r ,   a n d   F e b r u a r y   o f   t h e  

f o l l o w i n g   y e a r .  

R e s i d u e   a n a l y s i s  

R e s i d u e   a n a l y s e s   w e r e   c o n d u c t e d   b y   t h e   B r i t i s h  

C o l u m b i a   M i n i s t r y   o f   E n v i r o n m e n t  8 P a r k s   L a b o r a t o r y ,  

V a n c o u v e r ,   B r i t i s h   C o l u m b i a .  A 1,800-mL sample  was 

t r a n s f e r r e d   t o  a 2 L s c p a r a t o r y   f l a s k   a n d   e x t r a c t e d  3 x 

50  n L   w i t h   d i c h l o r o m e t h a n e   ( C H z C 1 2 ) .   T h e  CH2C12 e x -  

t r a c t  w a s  d r a i n e d   t h r o u g h  a p l u g   o f   h e a t   t r e a t e d   s o d i u m  

s u l f a t e  (Na2SOq)  and  combined i n  a 250 m L  r o u n d   b o t t o m  

e v a p o r a t i n g   f l a s k .  The e x t r a c t  w a s  r o t a r y   e v a p o r a t e d  

a n d   t r a n s f e r r e d   t o  5 nL f s o - o c t a n e .  The e x t r a c t  was 

: t h e n   a n a l y z e d   o n  a H e w l e t t   P a c k a r d  5880 g a s   l l q u f d   c h r o -  

i lDd tOgrdph   (GLC)   equ lpped   w l th  b o t h  a n  e l e c t r o n   c a p t u r e  

d e t e c t o r  (ECD)  and a n f t r o g e n   p h o s p h o r u s   s p e c i f i c   d e -  

t e c t o r  ( N P D )  U s i n g  a s p l i t l e s s   i n j e c t i o n   s y s t e m   a n d  B D - 5  

30 01 x 0.32 am I d .  c a p i l l a r y   c o l u m n .  The e n d o s u l f a n s  

w e r e   d e t e c t e d   o n   t h e  GLC-ECD a n d   d i a z i n o n ,   f e n s u l f o t h i o n  

a n d   a t f n p h o s s e t h y l   w e r e   d e t e c t e d   o n   t h e  CLC-NPD. The 
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e x t r a c t  was c leaned  u p  on a c a r b o n / c e l l u l o s e  column i f  

needed. 

To ana lyze  f o r  d inoseb ,  a second 1.800 QL a l i q u o t  

o f  the  sample was t r a n s f e r r e d  t o  a 2 L s e p a r a t o r y   f l a s k  

and a c i d i f i e d  w i t h  H2SO4 p r i o r  t o  e x t r a c t i n g  3 x 50 nL 

CHzC12.  The C H z C l Z  e x t r a c t  was dra ined   th rough a p l u g  

o f  a c i d i f i e d  a n d  hea ted  Na2SO4. The e x t r a c t  was then 

ro t a ry   evapora t ed  t o  1 5  - 20 mL a n d  methyla ted  w i t h  

diazomethane. The d e r i v a t i z e d   e x t r a c t  wds  t h e n   t r a n s -  

f e r r e d  t o  S m L  o f  i so -oc tane  a n d  ana lyzed  on the  C L C - E C D  

sys tem  prev ious ly   descr ibed .  The e x t r a c t  was c l eaned  u p  

o n  a F l o r i s f l R  column i f  needed. 

A q u a l f t y  c o n t r o l  programme was implemented t o  

check   t he   r ecove ry   r a t e s  o f  t h e   f i v e   p c s t l c i d e s .  Fot- 

t i f i e d   w a t e r  a n d  sediment   samples   were  submit ted t o  t h e  

l a b o r a t o r y  a l o n g  w i t h  the   regular   samples  a t  l e a s t   t w i c e  

a y e a r .  

R E S U L T S  A N D  D I S C U S S I O N  

Q u a l  I t y  c o n t r o l  programme 

R e c o v e r i e s   o f   t h e   f i v e   p e s t i c i d e s  i n  f o r t i f i e d  

water  and sediment   samples   a re   p resented  i n  Table  1. The 

r e c o v e r y   r a t e s   f o r   w a t e r   w e r e   g e n e r a l l y   s a t i s f a c t o r y .  

However, the   recovery  from sediment was u n s a t i s f a c t o r y  

f o r  d i a z i n o n ,  d inoseb  and f e n s u l f o t h f o n .  The cause  of 

l o w  recovery  f o r  t h e s e   p e s t i c i d e s  i s  p r e s e n t l y  n o t  
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TABLE 1 

R e c o v e r i e s   o f   P e s t i c i d e s   f r o m   S e d i m e n t   a n d   M a t e r  

P e s t i c i d e   L e v e l  of  W P e r c e n t   D e t e c t t o n  
f o r t i f i -   R e c o v e r y  ( 5 )  L I a i  t 
c a t i o n  Mean + S.E. 

Sediment  ( w l k g )  ( i r g l k g )  

Az tnphos  50 4 118.8 2 9.5 2 

D inoseb  100 4 39.0 2 7 .2  1 

Oi a r i   n o n  100 4 68.3 2 32.9 2 

E n d o s u l   f a n f  50 5 104.4 2 5.8 1 

f e n s u l f o t h i o n  200 3 47 .7  - + 13.2 2 

Y a t e r  ( A J g I L )  ( y g I L )  

Az i   nphos  25 5 92.6 + 11.4 1 

m e t h y l  

- 
m e t h y l  

- 
Oinoseb  20 6 70.0 2 10.2 0.1 

D i  a z i   n o n  10 5 105.0 + 5.8 

E n d o s u l f a n *  10 6 84.0 2 7 .3  1 

F e n s u l   f o t h i o n  25 5 87.0 2 6.0 1 

- 1. 

( e n d o s u l f a n  I + e n d o s u l f a n  I 1  + e n d o s u l f a n   s u l   f a t e )  

known. A c o r r e c t i o n  f a c t o r  based on t h e  mean r e c o v e r y  

e f f i c i e n c y  was a p p l i e d   I n   t h e   c a l c u l a t i o n  of  c o n c e n t r a -  

t i o n s   o f   t h e s e   p e s t i c i d e s .  

P e s t i c i d e   r e s i d u e s  I n  d i t c h   w a t e r  

I n  1985, a r i n p h o s m c t h y l ,   d i a t i n o n ,   e n d o s u l f a n ,   a n d  

f e n s u l f o t h i o n ,  were n o t   f o u n d   a t  a d c t e c t f o n  limit o f  1 
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F i g u r e  2. D i n o s e b   r e s i d u e   l e v e l s   I n   d i t c h   w a t e r  
l e a d i n g   t o  t h e  F r a s e r   a n d  Sumas r i v e r s  

86 

y g / L   i n  t h e  d i t c h   w a t e r  a t  any o f  t h e   s t u d y   s i t e s .  

D inoseb  w a s .  h o w e v e r ,   c o n s i s t e n t l y   f o u n d   i n   d i t c h   w a t e r  

o f  Farm A ,  pump s t a t i o n  B (Pumps B ) ,  Farm C,  Farm D and 

a l s o  i n  d i t c h e s   l e a d i n g   t o  Sumas L a k e   C a n a l   ( F i g u r e  2 ) .  

A l t h o u g h   d i n o s e b  was n o t  d e t e c t e d   i n   t h e  Hay  sample 

( b e f o r e   t h e   s p r a y i n g  s e a s o n ) ,  low l e v e l s  o f  t h l s  h e r b i -  

c i d e   w e r e   d e t e c t e d   a t   a l l   s t u d y   s i t e s   a f t e r   t h e  Hay 

s p r a y   a p p l l c a t l o n .  The  mean l e v e l   f o u n d   I n   d i t c h   w a t e r  

a v e r a g e d  4;9 y g / L  ( r a n g e ,  0 . 3  - 18.6 y g / L ) .  As shown i n  

F I g u r e  2. e l e v a t e d   l e v e l s   o f  dfnoreb o c c u r r e d  i n  d i t c h e s  

from O c t o b e r  1985  t o   F e b r u a r y  1986 a t   t h r e e   s a m p l i n g  

l o c a t f o n t :   F a r m  A ,  Pumps s t a t i o n  8 ,  and  Farm C. I n  
. -  

." . _. 
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Farm E, however,  dinoseb was found Only  once a t  0.6 

p g / L  i n  December 1985,  whl le  I n  d i t c h e s   l e a d i n g   t o  t he  

Sumas Lake Canal ,  th is  h e r b i c i d e  w a s  d e t e c t e d   t w l c e ,  i n  

J u l y  1985 a n d  October 1985 a t  0.4 a n d  0 . 3  y g / L  

r e s p e c t i v e l y .  

Dinoseb was detec ted   on ly   once  a t  5.0 J g / L  ( r ange ,  

5 - 7 p g / L )  a t  Farm A i n  October 1986,  d e s p i t e  a more 

i n t e n s i v e   s a m p l i n g   e f f o r t  ( l . e . ,  n = 5 ;  each  sample  con- 

t a i n e d  1 0  p o o l e d  subsamples) .  The h ighe r  t h a n  normal 

r a i n f a l l  s h o r t l y   a f t e r   t r e a t m e n t  In May a n d  J u l y  1986 

when compared t o  t h e  same  months i n  1985 ( f i g u r e  3 )  aay 

have  removed  the  dinoseb  res idues i n  w a t e r   b e f o r e   t h e  

f i r s t   p o s t - s p r a y   s a m p l e  was taken .  

Whi le   endosul fan   res idues   were   no t   de tec ted  i n  

water  i n  1985,  t h i s  i n s e c t i c i d e  w a s  detec ted   once  i n  

J u l y  1986,  when the   wa te r   s amples   were   co l l ec t ed   sho r t ly  

( i . e . ,  0 .5  h )  a f t e r   t r e a t m e n t  i n  t h e   d i t c h e s  o f  Farm A.  

The l e v e l  w a s  1 5 3 0  - + 476 ) r g / k g  (mean - + S . E . ,  n = 5). 

T h i s   i n s e c t i c i d e  was n o t  d e t e c t e d  i n  t h e   n e x t   t h r e e  

j p o s t - s p r a y  s a m p l i n g  occasions. 
! P e s t i c i d e   r e s i d u e s  f n  d i t ch   s ed imen t s  

Low l e v e l s  of a r inphosmethyl ,   d iaz inon .  d i n o s e b ,  

endosu l f an ,   and   f ensu l fo th ion   r e s idues   were  f o u n d  i n  

di tch  sediments .   Azinphosmethyl  was found a t  two s i t e s  

(Farm A and Pumps B )  i n  J u l y  1985 w i t h  a mean l e v e l   o f  

2.7 p g / k g .  B o t h  diazinon  and  fensulfothfon  were 

. .. 
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Figure  3.  H o n t h l y   p r e c i p i t a t i o n  and snow e q u l v a l e n t  
o f  D e l t a / L a d n e r   s t a t i o n   ( n e a r  Farm A L Pump 
s t a t i o n s  B) 

d e t e c t e d   o n c e   a t  t w o  s i t e s  ( P u m p s  B a n d  Farm 0 )  i n  t h e  

J u l y  1985 sample w i t h  a r e s p e c t i v e   a v e r a g e   l e v e l  o f  4 .0  

a n d  1 0 . 3  A g / k g .  Dinoseb was f o u n d  only  once a t  2 2 . 9  

> g / k g  i n  the  d i t c h  sediment  of Farm D i n  J u l y  1985 .  

However, i n  1 9 8 5  endosu l f an   r e s idues  w a s  more f r e -  

quent ly   found i n  t h e   d i t c h   s e d i m e n t s  of  Farm A. Pumps B, 

Farm C a n d  Farm D b u t  was only  detec ted   once  I n  t h e  

d i t c h e s   l e a d l n g  to Sumas d ra inage   cana l   (F igu re  4 ) .  The 

mean c o n c e n t r a t i o n  was 18.8 y g / k g  ( r a n g e ,  2 - 150 

y g / k g ) ,  w l t h  t h e   h i g h e s t   c o n c e n t r a t i o n   d e t e c t e d  i n  t h e  

December 1985 sample at Farm A.  

I n  1986. d e s p i t e  a more l n t e n s l v e   a o n i t o r i n g  tf- 

fort, dlnoseb w a s  n o t  d e t e c t e d  i n  t h e   d i t c h   s e d i m e n t s  o f  
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F i g u r e  4.  E n d o s u l f a n   r e s i d u e   l e v e l s  i n  s e d i m e n t s   o f  
f a r m   d i t c h e s   l e a d i n g   t o   t h e   F r a s e r   a n d  Sumas 
r i v e r s  

Farm A d u r i n g   t h e   f i v e   s a m p l i n g   o c c a s i o n s .  The h i g h e r  

t h a n   n o r m a l   r a i n f a l l   p o s t - t r e a t m e n t   i n  Hay   and   Ju l y  when 

compared t o '  same p e r i o d   i n  1 9 8 5  ( F i g u r e  3 1 ,  may have 

r e m o v e d   d i n o s e b   r e s i d u e s   i n   S e d i m e n t s .  

R e s i d u e s   o f   e n d o s u l f a n   w e r e   f o u n d   i n   t h e   c r o p p e d  

area o f  F a r m  A ,  2 m and  3 m ( i n s i d e   d i t c h )   o u t s i d e   t h e  

t r e a t e d   a r e a   a t   d i f f e r e n t   t i m e s   p o s t - t r e a t m e n t   i n  1986 

( F i g u r e  5 ) .  ? h e r e  i s   e v i d e n c e   t o   s u g g e s t   t h a t   e n d o s u l -  

f a n   r e s i d u e s   u e r e   c a r r i e d   o v e r  f r o m  p r e v i o u s   y e a r s   i n  

t h e   t o p  S o i l  ( t o  5 cm d e p t h )   a n d  i n  t h e   a d j a c e n t  d i t c h  

s e d i m e n t s  ( i . e . ,  t h e   p r c r p r a y  Hay 1986 samp les ) .   Wh i le  

- -  -- r . . . . . .  - . 
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F i g u r e  5 .  Endosulfan  residue  levels   in s o i l  a n d  d i tch  
sediments o f  farm A 

the mean l e v e l  i n  the t o p  s o i l  was 219 A g / t g ,  the 

COnCenttiitiOn in  ditch  sediments uas  a b o u t  20 times 

lower a t  11 y g / k g .  

Short ly   a f ter   the   July  1986 treatment ( i . e . ,  0 . 5  h ;  

t rac tor  mounted sprayer;  a t  0 .568  k g  a . i . / h a ) .   e n d o s u l -  

fan  level   in  the t o p  5 em o f  s o i l  i n  Farm A Increased t o  



W 

I 

SELECTED PESTICIDES I N  FARM DITCHES 197 

Figure  6.  Endosulfan  and d i n o s e b  r e s i d u e   l e v e l s  i n  
d i t ch   s ed imen t s  i n  1986/1987 

1712 J g / k g  w i t h i n  t he   sp rayed   a r ea .   Th i s   l eve l   dec rea -  

sed t o  6 7 4  >ug/kg 60 d a y s   p o s t - s p r a y ,  a n d  t o  7 3  p g / k g  

a f t e r  140 days  post-spray.  In c o n t r a s t .   e n d o s u l f a n   l e v -  

e l s  i n  d i tch  sediments   were 11.0 and 3.0 y g / k g  befo re  

a n d  s h o r t l y  a f t e r  s p r a y   a p p l i c a t i o n   r e s p e c t i v e l y .  T h i s  

l e v e l   i n c r e a s e d  t o  a mean o f  5 4  y g / k g  i n  t h e  December 

1986 srmpl es. 

In 1987,  b o t h  dinoseb  and  endosulfan  res idues  were 

found i n  t h e   d i t c h   s e d i m e n t s   o f   1 6 8 t h   S t r e e t   ( C l o v e r -  

d a l e )  and Dlxon Road (Sumas) (F igure  6 ) .  The  mean level 

of   dinoseb  In   168th  Street   and  Dixon Road was 81.2 and 

108.6 y g / k g  r e s p e c t i v e l y .  For endosu l f an ,  a much h ighe r  
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l e v e l  vas f o u n d   i n   1 6 a t h   S t r e e t   t h a n   i n   D i x o n  Road d i t -  

c h e s ,   W i t h  a r e s p e c t i v e  mean - + S.E.  o f  652 2 126   Ag /kg  

465. n 5 ) .  E l e v a t e d   l e v e l s  o f  b o t h   p e s t i c i d e s   i n  

d i t c h   s e d i m e n t s   w e r e   d e t e c t e d   d u r i n g   t h e  w e t  s e a s o n   o f  

t h e  y e a r  (December   1987  and  February   1988  ramp1  e t ) ,   an  

i n d i c a t i o n   t h a t   t h e y   w e r e   t r a n s p o r t e d   f r o m   t h e   t r e a t e d  

a r e a s   t o   t h e   d i t c h e s   v i a   s u r f a c e   r u n o f f .  

I m p l f c a t i o n s   o n   a q u a t i c   o r g a n i s m s  

The p o t e n t i a l   i m p a c t   o f   a g r i c u l t u r a l   p e s t i c l d e s   o n  

n o n   t a r g e t   a q u a t i c   i n v e r t e b r a t e s   a n d   f i s h  i n  f a r m  d i t -  

c h e s   a n d   s t r e a m s   c o u l d   b e   d e t e r m i n e d   o n   t h e   b a s i s   o f   t h e  

1 9 8 6   o b s e r v a t i o n s   o f  a t r a c t o r   m o u n t e d '   e n d o s u l f a n   s p r a y  

a p p l i c a t i o n   a t  0.568 k g   a . i . / h a   w i t h  a s e t b a c k   ( b u f f e r  

z o n e )   o f  3 m f r o m   d i t c h e s   i n   F a r m  A.  

A l t h o u g h   n o t   d e t e c t e d   i n   t h e   w a t e r   b e f o r e   t r e a t -  

m e n t ,   e n d o s u l f a n   r e s i d u e s   i n   d i t c h  w a t e r  r e a c h e d  a mean 

O f  1530  p g / L   ( r a n g e ,  500 - 2,700 y g / L ;  n = 5) one ha1 f 

h o u r   a f t e r   t r e a t m e n t .  T h i s  l e v e l  o f  e n d o s u l f a n   e x c e e d s  

t h e  96 h LC50 v a l u e   f o r   r a i n b o w   t r o u t ,   d a p h n i a ,   a n d  

s r o n e f l y   b y  about 1100, 6 ,  and 670  t i m e s   r e s p e c t i v e l y  

( T a b l e  2 ) .  M o r t a l i t y  o f  t h e s e   o r g a n i s m s   w o u l d  l i k e l y  

o c c u r  i f  t h e y   w e r e   p r e s e n t   i n   t h e   d i t c h   s o o n   a f t e r  

e n d o s u l   f a n   a p p l   i c a t i o n .   M o r e o v e r ,   t h i s   o b s e r v a t i o n  

i n d i c a t e s   t h a t   p e s t i c i d e   l e v e l s   i n   d i t c h   w a f e r   w i t h  a 

s e t b a c k   o f   l e s s   t h a n  3 m w e r e   m o r e   l i k e l y  t o  e x c e e d   t h e  
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T o x i c l t y   t o   A q u a t i c   I n v e r t e b r a t e s   a n d   S a l a o n i d s   o f  
Technical  Azfnphosmethyl.   Diazinon, D i n O S e b ,  Endosulfan.  
and  Fensul   fothion 

PeS t lC lde  - 
yb-n L C ~ O  ( u g / L )  
Mean v a l u e  

Rainbow t r o u t  Daphnia  Stonefly 

Azinphormcthyl  4.3  1.7 1.9 

Diazinon 90 0.9 25 

Dinoseb 67** 680 - 
Endosul  fan 1.4 240  2.3 

Fensul   fo th ion  8,600 0.9 - 

(Piaentel ,   1971;  Kenaga,  1979;  Johnson Flnley,  1980) 

** C u t t h r o a t   t r o u t  

w 96-h LC50 va lues  o f  a q u a t i c   i n v e r t e b r a t e s  and f i s h  

s h o r t l y   a f t e r   s p r a y   a p p l i c a t i o n   t h a n   a t   o t h e r  times. 

Never the l e s s ,  any d e l e t e r i o u s   e f f e c t s   t o   s t r e a m   i n v e r t e -  

b r a t e s  and f i s h  occurring  downstream  would  depend on t h e  

volume  and f l o w  r a t e  of the  water   body,   and  the  type  and 

~ d e g r a d a t i o n   r a t e   o f  t h e  p c s t i c l d e .  

The  96-h LC50 . v a l u e s  i n  Table  2 r e p r e s e n t  t h e  

t o x i c i t y   v a l u e s   t o   a q u a t i c   o r g a n f s s s   o f   t h e   t e c h n i c a l  

m a t e r i a l s   o f  the  . f i v e   p e s t i c i d e s .   S t u d i e s   h a v e  shown 

t h a t  emulsifiers u s e d  i n  f o r m u l a t i n g   p c s t l c l d e  may i n -  

c r e a s e   o r   d e c r e a s e  the  t o x i c i t y   o f  t h e  p roduc t s  (Yan C t  
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a l .   1 9 8 7 a ,   1 9 8 7 b .   1 9 8 8 ) .   P r e s e n t l y ,  l l t t l e  I n f o r m a t i o n  

i s  a v a i l a b l e   o n  t h e  t o x l c l t y   t o   a q u a t i c   I n v e r t e b r a t e s  

a n d   s a l m o n i d  f i s h  o f  t h e  f o r m u l a t e d   p r o d u c t s   o f   a z i n -  

p h o s m e t h y l ,   d i a z l n o n ,   d i n o s e b ,   e n d o s u l f a n ,   a n d   f e n s u l f o -  

t h i  on. 

. T h e  p o t e n t i a l   i m p a c t   t o   a q u a t i c   I n v e r t e b r a t e s   a n d  

f i s h  o f  low l e v e l s  o f   a r i n p h o s m e t h y l ,   d i r z i n o n ,   d i n o -  

S e b ,  a n d   f e n s u l f o t h l o n   . t h a t  were s p o r a d i c a l l y   f o u n d   i n  

d i t c h  s e d i m e n t s  Is d i f f i c u l t   t o   a s s e s s ,   a s  l l t t l e  Is 

P r e s e n t l y  known  on t h e  e f f e c t s  o f   s u b l e t h a l  e f f e c t s  o f  

p e s t i c i d e s  t o  n o n - t a r g e t   o r g a n i s m s .   H o w e v e r ,   f o r  the 

G o r e   p e r s i s t e n t   p e s t i c i d e   s u c h   a s   e n d o s u l f a n   a n d  i t s  

t r a n s f o r m a t i o n   p r o d u c t s ,  w i t h  a h a l f  l l f e  I n   l a b o r a t o r y  

s o i l s   a t  2OoC v a r y i n g   f r o m  3 - 6 m o n t h s   o r   m o r e  

( M a r t e n s ,   1 9 7 7 ,  Miles a n d  Woy, 1 9 7 9 1 ,  t h e  p o t e n t i a l   f o r  

b i o c o n c e n t r a t i o n   a n d   s u b - l e t h a l   I m p a c t s   p r o b a b l y   e x i s t s .  

On m a n y   f a r m s  i n  t h e  F r a s e r   V a l l e y ,   e n d o s u l f a n  i s  used 

a n n u a l l y   a n d  t h e  c o n d i t i o n s  e x i s t  f o r   c o n t i n u a l  t ran-  

s p o r t   o f  t h i s  c h e m i c a l   t o  t h e  n o n - t a r g e t   a q u a t i c  envi- 

r o n m e n t   v i a   s u r f a c e   r u n o f f  d u r i n g  t h e  w e t  s e a s o n   o f  t he  

year .  

! -  
CONCLUSIONS 

A z i n p h o s a e t h y l ,   d i a z l n o n ,   d i n o s e b ,   e n d o s u l f a n ,  and 

f e n s u l f o t h i o n   r e s i d u e s  were de tec ted  In d i t c h e s  l e a d i n g  

t o  t h e  L o w e r   F r a s e r  , N i c o m e k l  , a n d   S u m a s  r lvcrs o f  Brl- 
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t i s h  Columbia. T h e  l eve ls  of these   pes t ic ides  In water 

a n d  sediments  varied b u t  appeared t o  be elevated  during 

the  h i g h  seasonal  rainfall  periods. There was evidence 

: t h a t  the   l eve ls  of pes t ic ides  i n  ditch  water  shortly 

a f t e r   app l i ca t ion  exceed,  (e.g.,  endosulfan)  the 96-h 

' LC50 val'ues o f  f i sh  a n d  aquat ic   invertebrates .  The  Imp- 

a c t  t o  salmonids a n d  aquat ic   fnvertebrates  o f  low levels  

o f  pes t ic ides  i n  sediments f s  present ly  n o t  known. A 

. setback  greater t h a n  3 from d i t ches   fo r   t r ac to r  mount -  

ed spray  operations may be necessary t o  miniate  the 

level  of  pesticide  contamination  In f a r m  ditches.  
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