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I) 

T h i s   r e p o r t  summarizes t h e   r e s u l t s   o f   c h e m i c a l   r e s i d u e  and 

b i o l o g i c a l  measurements i n  a se lec ted  number o f   o p e r a t i o n a l  and 

e x p e r i m e n t a l   p e s t i c i d e   s p r a y   a p p l i c a t i o n s   i n   B r i t i s h   C o l u m b i a .  The 

chemica l   measurement   da ta   ob ta ined  dur ing   herb ic ide   app l i ca t ions   were   used 

f o r   t h e  development o f   b u f f e r  zone g u i d e l i n e s   t o   p r o t e c t  salmon  and t r o u t  

f i s h e r y   h a b i t a t   a r e a s .   S p r a y   d r i f t   p a t t e r n s ,   a i r ,   s e d i m e n t  and water  

contaminat ion ,  and p e r s i s t e n c e   o f   h e r b i c i d e s   i n   t h e   a q u a t i c  and t e r r e s t r i a l  

environments  were  studied. The i m p a c t   o f   c e r t a i n   i n s e c t i c i d e s  on a q u a t i c  

and t e r r e s t r i a l   i n v e r t e b r a t e s  was i n v e s t i g a t e d   t o   e v a l u a t e   t h e   e f f e c t s   o f  

sp ray   ope ra t i ons  on these  organi  sms. 

Twenty-e ight   d i f ferent   s tud ies  are  summar ized  in   seven  appendices 

c o v e r i n g   t h e   f o l l o w i n g   p e s t i c i d e   p r o g r a m s :   f o r e s t r y   c o n i f e r   r e l e a s e ,  

r i g h t s - o f - w a y   v e g e t a t i o n   c o n t r o l ,   f o r e s t r y   i n s e c t   p e s t   c o n t r o l ,   m o s q u i t o  

c o n t r o l  , a g r i c u l t u r a l   - u r b a n   p e s t   c o n t r o l  , a q u a t i c   p e s t   c o n t r o l  and 

i n d u s t r i a l  /commerci a1 v e g e t a t i o n  and p e s t   c o n t r o l  . The body o f   t h e   r e p o r t  

summarizes t h e   r e s u l t s   o f   t h e s e   i n v e s t i g a t i o n s ,  and prov ides  a general  

assessment o f   t h e   f i n d i n g s   o f   t h e   m o n i t o r i n g   s t u d i e s .  



RESUME 

L e   p r 6 s e n t   r a p p o r t   c o n t i e n t   l e   r e s u l  t a t  des  e tudes  v isant  5 
m e s u r e r   l e s   r e s i d u s   c h i m i q u e s   e t   l e s   e f f e t s   b i o l o g i q u e s   p r o d u i t s   p a r  une 

s g l e c t i o n  de p u l v g r i s a t i o n s   o p 6 r a t i o n n e l l e s   e t  de p e s t i c i d e s  

e x p 6 r i m e n t a l e s ,   f a i t e s  en Colombie-Br i tannique. On s ' e s t   s e r v i  des 

r 6 s u l t a t s   r e c u e i l l i s   s u r   l e s   r e s i d u s   c h i m i q u e s   l a i s s 6 s   p a r   l e s   a p p l i c a t i o n s  

d ' h e r b i c i d e s   p o u r   6 l a b o r e r  un ensemble de d i r e c t i v e s   v i s a n t  i 
l ' g t a b l i s s e m e n t   d ' u n e  zone  tampon des t inee ii p r o t e g e r   l e s   s e c t e u r s  

d ' h a b i t a t   d u  saumon e t  de l a   t r u i t e .  On a proced6 ii une 6tude  du mode de 

dissemination des h e r b i c i d e s ,  de l a  con taminat ion  de l 'air, des  siidiments 

e t  de l ' e a u ,   a i n s i  que  de l a  p e r s i s t a n c e  des h e r b i c i d e s  dans l e s   m i l i e u x  

a q u a t i q u e   e t   t e r r e s t r e .  On a 6 g a l e m e n t   e t u d i e   l ' e f f e t  de c e r t a i n s  

i n s e c t i c i d e s   s u r   l e s   i n v e r t e b r e s   v i v a n t  en m i l i e u x   a q u a t i q u e   e t   t e r r e s t r e ,  

a f i n  de d 6 t e r m i n e r   l e   r e s u l t a t  des pulver isat ions  sur   ces  organismes.  

V i n g t - h u i t   e t u d e s   d i f f g r e n t e s   o n t  6 t 6  condens6es  sous l a  forme de 

sept   append ices   couvrant   les   app l i ca t ions   su ivantes  de p e s t i c i d e :  

d6gagement  des c o n i f i i r e s ,   e l i m i n a t i o n  de l a  v 6 g 6 t a t i o n   l e   l o n g  de c e r t a i n e s  

v o i e s  de passage,  r6pression des i n s e c t e s   f o r e s t i e r s   n u i s i b l e s ,   d e s t r u c t i o n  

des  moustiques, l u t t e   c o n t r e   l e s   i n s e c t e s   n u i s i b l e s  en zones a g r i c o l e s ,  

u r b a i n e s   e t   a q u a t i q u e s ,   g l i m i n a t i o n  de l a  v 6 g e t a t i o n   e t  des i n s e c t e s  
n u i  s i  b l e s  dans l e s   q u a r t i e r s   i n d u s t   r i e l  s/commerciaux.  Le  compte  rendu  des 

r e s u l t a t s  de ces   d i f fg ren tes   e tudes   fo rme 1 ' e s s e n t i e l  du rappor t   qu i  

f o u r n i  t une  6val  uat i on  d'ensembl e des  donnges recue i  11 i es. 
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CONCLUSIONS 

1 

YI 

w 

The fo l low ing   conc lus ions   were   d rawn  f rom  the   rev iew  o f   the  

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

f o r  t h e   p r o t e c t i o n  o f  t h e   f i s h e r y   r e s o u r c e ,  and t h e   a q u a t i c   e n v i r o n m e n t   i n  

B r i t i s h  Co lumbia   f rom  cont ro l led   pes t ic ide   use .  

1. 

w 

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

equipment and nozzle  design  used.  Apart from t h e   p r e v a i l   i n g   e n v i -  

ronmen ta l   cond i t i ons ,   chemica l   f o rmu la t i ons   o f   he rb i c ides   a l so   p lay  

a n   i m p o r t a n t   r o l e   i n   d e t e r m i n i n g   t h e   d r i f t   p a t t e r n .   F o r   t h e   p r o t e c -  

t i o n   o f   f i s h  and f i s h   h a b i t a t   f r o m   p e s t i c i d e   c o n t a m i n a t i o n ,  a minimum 

10 m e t e r   p e s t i c i d e   f r e e  zone i s  recommended a r o u n d   f i s h e r y   s e n s i t i v e  

w e t l a n d   a r e a s .   I n   o r d e r   t o   a c h i e v e   t h i s   p e s t i c i d e   f r e e  zone, t h e  

f o l l o w i n g  minimum b u f f e r  zones a r e   s u g g e s t e d   f o r   t h e   d i f f e r e n t   s p r a y  

equipment and chemical   formulat ions,   (a1 so see Tab1 e 1 ) :  

SPRAY  EQUIPMENT H E R B I C I D E  SUGGESTED MINIMUM BUFFER 
FORMULATION ZONE FROM WETLAND AREAS* 

(meters)  

Boom Sprayer 

F i x e d  Wing A i  r c r a f t  . L i   q u i d  

F i x e d  Wing A i  r c r a f t  Sol i d  

He1 i c o p t e r   L i q u i d  

He1 i copter   Sol  i d  

T r u c k   L i   q u i d  

200 

50 

100 

50 

15 

M i  s t b l  ower 

T ruck   L iqu id  15 

Backpack L i q u i d  15 

Cont i nued.. . 
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GUIDELINE (cont  .) 

SPRAY EQUIPMENT HERBICIDE SUGGESTED MINIMUM BUFFER 
FORMULATION ZONE FROM WETLAND AREAS* 

(meters) 

Power  Hose 

Truck 

Ind i v idua l   T ree   T rea tmen t  

Hack/Squi r t  , F r i  11 i ng 

N o t c h i n g ,   D r i l l i n g ,  

I n j e c t i o n ,   e t c .  

L i q u i d  15 

L i   q u i   d / S o l   i d  10 

~~~ ~~~ 

* Th i s   gu ide l i ne  was developed and u t i l i z e d  by EPS P a c i f i c   R e g i o n   s t a f f  and 

does no t   represent   Nat iona l  EPS, DOE or   federa l   government   po l   icy .  

2. The e x t e n t   o f   p e s t i c i d e   c o n t a m i n a t i o n   o f   t h e   e n v i r o n m e n t   v a r i e s  

a c c o r d i n g   t o   t h e   m a t e r i a l  used,  method o f  t rea tment ,  and t h e  

p reva i l i ng   env i ronmen ta l   cond i t i ons ,   ( see   Tab le  2). The use o f  some 

m o d e r a t e l y   p e r s i s t e n t   m a t e r i a l s  (eg., p i c l o r a m ,   t r i a z i n e   h e r b i c i d e s )  

can r e s u l t   i n   t h e   c o n t a m i n a t i o n   o f   t h e   t r e a t e d   a r e a   f o r  up t o  one 

y e a r   a f t e r   t r e a t m e n t .   P e s t i c i d e s   t h a t   a r e   l e s s   p e r s i s t e n t ,  (eg., 
ma la th ion ,   aba te ,   a l t os id ,  phenoxy he rb i c ides )   genera l l y   d i sappear  

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

were  phased  out 5-10 yea rs  ago, s m a l l   q u a n t i t i e s  o f  t h e i r   r e s i d u e s  

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

Col  umbi a. 

3. It i s  apparen t   t ha t   sho r t   t e rm  impac t  o f  p e s t i c i d e s  on non- ta rge t  

i n v e r t e b r a t e s   o c c u r s   a f t e r  each  spray  operat ion  (see  Table 3) .  The 

d u r a t i o n   o f   e f f e c t s  depends on t h e   t y p e   o f   p e s t i c i d e  used  and t h e  

p reva i l i ng   env i ronmen ta l   cond i t i ons .   P ro longed   reduc t i on  o f  
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Y 

I 

non-target  organisms  can  occur i f  he rb i c ides   a re   used   t o   change   the  

h a b i t a t  (e.g., r i gh ts -o f -way ,   vege ta t i on   con t ro l ,   b rown  and b u r n   i n  

f o r e s t  management). I n   f o r e s t r y   i n s e c t i c i d e   s p r a y   o p e r a t i o n s ,   t h e  

e f f e c t  on non- ta rge t   insec ts   i s   temporary   because  re -popu la t ion   v ia  

m i g r a t i o n  and reproduc t ion   f rom  ne ighbor ing   un t rea ted   a reas ,   re -  

es tab l i shes   t he   e l im ina ted   non - ta rge t   spec ies   i n   t he   t rea ted   a rea .  

Genera l l y ,   t he   l ong - te rm  impac t   o f  many p e s t i c i d e s  commonly used i n  

B r i t i s h  Columbia i s   n o t  known s ince  few  s tud ies  have been conducted 

t o   i n v e s t i g a t e   t h i s  problem. 

4. S ince  a lmost  a1 1 m o n i t o r i n g   s t u d i e s  have  been  conducted on  pub1 i c  

l a n d   i n   B r i t i s h  Co lumb ia ,   t he   above   conc lus ions   essen t ia l l y   app ly   t o  

p e s t i c i d e   i m p a c t  on Crown land ,   bu t   no t  on p r i v a t e   l a n d ,   o r  

a g r i c u l t u r a l   l a n d  where l a r g e   q u a n t i t i e s  o f  pes t i c ides   a re   a l so   used  

annua l ly .  

5. No m a j o r   f i s h   k i l l s  have   occu r red   f o r   t en   yea rs  and the   p resen t  B.C. 

Pest ic ide  Contro l   Commit tee  permi t   rev iew  system  appears  to  be 

adequate i n   p r e v e n t i n g   s h o r t   t e r m   i m p a c t s  on non-target  organisms. 

A d d i t i o n a l   m o n i t o r i n g   s t u d i e s   a r e   r e q u i r e d   t o   b e t t e r   d e l i n e a t e  

pest ic ide  pathways  through  Br i t ish  Columbia  env i ronments.  
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1 INTRODUCTION 

Since  1973,  the  Environmental   Protect ion  Service (EPS) o f  

Environment Canada, P a c i f i c  Region,  has  monitored a number o f   p e s t i c i d e  

p r o j e c t s  on  Crown l a n d s   i n   t h e   p r o v i n c e   o f   B r i t i s h   C o l u m b i a .  A p e r m i t  

must be o b t a i n e d   f r o m   t h e   B r i t i s h   C o l u m b i a   P e s t i c i d e   C o n t r o l   B r a n c h   p r i o r  

t o  any  use o f  p e s t i c i d e s  on Crown lands .   Th i s   pe rm i t   spec i f i es   t he  

c o n d i t i o n s   o f   p e s t i c i d e  use on these  lands. 

EPS r e v i e w s   p r o v i n c i a l   p e r m i t   a p p l i c a t i o n s   w i t h   a s s i s t a n c e   f r o m   t h e  

Department o f   F i s h e r i e s  and Oceans and prov ides   adv ice  on t h e   p r o t e c t i o n  

o f   t h e  anadromous f i s h e r y  and t h e   g e n e r a l   e n v i r o n m e n t   t o   t h e   B r i t i s h  

Columbia  Pest ic ide  Control   Branch,  Af ter   the  permits  have  been  issued, 

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

i n   t h e   p e r m i t s   a r e  met. The s t u d i e s   d e s c r i b e d   i n   t h i s   r e p o r t   w e r e  

u n d e r t a k e n   t o   o b t a i n   i n f o r m a t i o n   t o   a s s i s t   i n   t h e   d e v e l o p m e n t   o f   v i a b l e  

g u i d e l i n e s   t o   p r o t e c t   t h e   f i s h e r y   r e s o u r c e   f r o m   p e s t i c i d e s .   E f f o r t s  were 

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

Bri t i  sh Col umbi a : 

a )   s p r a y   d r i f t   p a t t e r n s   g e n e r a t e d   b y   d i f f e r e n t   a p p l i c a t i o n   t e c h n i q u e s  

u n d e r   c o n d i t i o n s   p r e v a i l i n g   i n   B r i t i s h   C o l u m b i a   c o a s t a l   a r e a s ;  

b )   pes t ic ide   con taminat ion   o f   aquat ic   ecosys tems  under   var ious  
a p p l i c a t i o n   c o n d i t i o n s  and p e s t i c i d e   f o r m u l a t i o n s ,  and 

c )   i m p a c t   o f   s e l e c t e d   p e s t i c i d e s  on non- ta rge t   o rgan isms ,   pa r t i cu la r l y ,  

i n v e r t e b r a t e s  and f i s h .  

T h i s   p u b l i c a t i o n  was produced t o   c o l l a t e   b r i e f  summaries o f   a l l  

i n fo rma t ion   ob ta ined   by  EPS between  1973  and  1982 i n t o  a s i n g l e  volume f o r  

q u i c k   i n f o r m a t i o n  and  easy  reference. To enhance t h e   i n f o r m a t i o n   i n   t h i s  

r e p o r t ,   s e l e c t e d   i n v e s t i g a t i o n s   u n d e r t a k e n   b y   t h e   F i s h  and Wi 1 d l  i f e  Branch 

a n d   A q u a t i c   S t u d i e s   B r a n c h   o f   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  
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Environment,  and The Nat iona l  Water  Research I n s t i t u t e   o f   t h e   I n l a n d  

Waters  Directorate,   Environment Canada, a r e  a1 so i n c l u d e d .   D e t a i l s  

s p e c i f i c   t o  each  study  are  presented i n  a c o n s i s t e n t   f o r m a t   p r o v i d i n g  

i n f o r m a t i o n  on p r o j e c t   d e t a i l s ,   p e s t i c i d e  use, m o n i t o r i n g   o b j e c t i v e s ,  

s tudy  des ign,  summary and conclus ions,  and repo r t   re fe rences .  A general  

d i s c u s s i o n  o f  t h e   f i n d i n g s   o f   t h e s e   m o n i t o r i n g   s t u d i e s   f o l l o w s .  
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The p r i m a r y   p u r p o s e   o f   t h e   m o n i t o r i n g   s t u d i e s  was t o   o b t a i n  

f i e l d   i n f o r m a t i o n   t o   a s s e s s   t h e  adequacy  and  compl iance  wi th  permit   re-  

quirements,  and t o   a s s i s t   i n   t h e  development o f  a p r a c t i c a l   b u f f e r  zone 

g u i d e 1   i n e   t o   p r o t e c t   f i s h e r y  and wi I d 1   i f e   r e s o u r c e s  and h a b i t a t s   f r o m   t h e  

adverse   impact   o f   herb ic ides .   Desp i te  some l i m i t a t i o n s ,   u s e f u l   d a t a  

r e l a t i n g   t o   h e r b i c i d e   d r i f t   p a t t e r n s ,   p e r s i s t e n c e ,  and  impact on 

non- target   organisms  were  obta ined.   Most   impor tant   o f  a l l ,  these  data  were 

generated  under   phys ica l ,  and c l i m a t i c   c o n d i t i o n s   c h a r a c t e r i s t i c   t o  

B r i t i s h  Columbia  coastal   regions. 

2.1 Herb i c ide   App l i ca t i on   Techn iques  and B u f f e r  Zone Requirements t o  

P r o t e c t   F i s h e r y   S e n s i t i v e   H a b i t a t  

Appendices 1 and 2 summarize t h i r t e e n   h e r b i c i d e   m o n i t o r i n g  

s t u d i e s   c a r r i e d   o u t   d u r i n g   c o n i f e r   r e l e a s e  and r i gh ts -o f -way   vege ta t i on  

control   programs. The b u f f e r  zone  requirements  out l ined  below  were 

determined  f rom  these  s tud ies,  and the  reader   should  rev iew  each  s tudy i n  

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

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

depends on a number o f   f ac to rs ,   no tab ly ,   t he   me thod   o f   app l i ca t i on ,  

c h e m i c a l   f o r m u l a t i o n ,   c l i m a t i c   c o n d i t i o n s ,  and  topography.  Although 
c l i m a t i c   c o n d i t i o n s  and   t opography   con t r i bu te   t o  a v a r y i n g   d e g r e e   t o   t h e  

d i s p e r s a l   o f   h e r b i c i d e s ,   t h e   m e t h o d   o f   a p p l i c a t i o n  and the  chemical  

f o r m u l a t i o n   l a r g e l y   d e t e r m i n e   t h e   e x t e n t   o f   d r i f t .  

A e r i a l   a p p l i c a t i o n   i s   u s u a l l y   r e q u i r e d  when l a r g e   s c a l e   h e r b i -  

c ide   t rea tmen ts   a re   conduc ted   i n   remote  and i n a c c e s s i b l e   t e r r a i n s ,  e.g., 

f o r e s t r y   c o n i f e r   r e 1  ease  programmes over   large  mounta inous  areas,   or  

v e g e t a t i o n  management  programmes a long   s t re t ches   o f   power - l i ne  

t ransmiss ion   r i gh t -o f -way .  When a c c e s s i b l e  and  more l o c a l i z e d   a r e a s  

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

normal ly  used, (e.g., spot   t reatment  o f  spec i f i c   p rob lem  a reas ) .  
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O f  these  two  methods   o f   herb ic ide   t rea tment ,   aer ia l   spray  

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

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

a r e   f e a t u r e s   c h a r a c t e r i s t i c   t o   t h e   B r i t i s h  Columbia  coastal  areas. Drift 

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

h e r b i c i d e   r e l e a s e ,   h i g h  speed o f   t h e  a i  r c r a f t ,  and e x t e n s i v e  air t u r b u -  

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

and v o l a t i l i t y  o f  t h e   h e r b i c i d e .   T h i s   p r o b l e m   i s   l e s s   e x t e n s i v e  and  more 

c o n t r o l l a b l e   i n  g round  opera t ions ,   wh ich   a re   o f ten   the  more d e s i r a b l e  

method o f   h e r b i c i d e   a p p l i c a t i o n   f r o m  an env i ronmenta l   perspect ive.  

I n   B r i t i s h  Columbia a e r i a l   h e r b i c i d e   o p e r a t i o n s   a r e   c a r r i e d   o u t  

e i t h e r  by f i x e d   w i n g   a i r c r a f t   o r   b y   h e l i c o p t e r   a p p l i c a t i o n .  Our mon i to r -  

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

l a b l e   t h a n   p a t t e r n s   g e n e r a t e d   b y   f i x e d   w i n g   a i r c r a f t .  He1 i c o p t e r s   t r a v e l  

a t  a much slower  speed  ( ie.,  50+ kmph versus 160+ kmph) than   f i xed   w ing  

a i r c r a f t ,  and  do no t   genera te  a d i s r u p t i n g   p r o p e l l o r  wake. 

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

t h a t   d e t e r m i n e s   o r  limits t h e   e x t e n t   o f   d r i f t .   H e r b i c i d e s   a r e   p r i m a r i l y  

used i n   t h e   l i q u i d   o r   s o l i d  form.   For   bet ter   coverage,   ease  o f   appl ica-  

t i o n ,  and  more r a p i d   a b s o r p t i o n ,  a l i q u i d   f o r m u l a t i o n   i s   g e n e r a l l y  more 

o f ten   used  than a s o l i d   f o r m u l a t i o n .   L i q u i d   f o r m u l a t i o n s   a r e   u s u a l l y  much 

more v o l a t i l e   t h a n   s o l i d   f o r m u l a t i o n s ,  and w i t h   t h e   c o m b i n a t i o n   o f   f a c t o r s  
such as h e i g h t  o f  a p p l   i c a t i o n ,  speed o f   t h e   a i r c r a f t ,  and air tu rbu lance,  

a r e  more  conducive t o  d r i f t .  

As shown i n  Table 1, our   s tud ies  have shown t h a t   d r i f t   o f   a e r i a l  

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

more  than 150+ met res   ou ts ide   the   t rea tment   a rea .   For  an  adequate  protec- 

t i o n   o f   f i s h e r y   s e n s i t i v e   h a b i t a t   o r  streambank  vegetation, a buffer  zone 

o f   a t  1 e a s t  200 metres i s  requ i red .  On t h e   o t h e r  hand, i f  t h e  same formu- 

1 a t i o n   i s   a p p l   i e d   b y  he1 i c o p t e r ,  d r i f t  res idues   a re   found 75+ metres 

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

a p p l i c a t i o n   i s   o n l y   a b o u t   h a l f  as e x t e n s i v e  as t h a t   f r o m   f i x e d   w i n g  
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a i r c r a f t  and t h e r e f o r e   o n l y   r e q u i r e s  a minimum b u f f e r  zone o f  100 metres 

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

It i s   v i r t u a l l y   i m p o s s i b l e   t o   e l i m i n a t e   d r i f t   i n   a e r i a l   s p r a y i n g  

o f   l i q u i d   h e r b i c i d e s .  However, o ther   s tud ies   have shown t h a t   t h i s   p r o b l e m  

can  be   min imized  cons iderab ly  i f  t h e   f o l l o w i n g   p r e c a u t i o n a r y  measures a r e  

undertaken: 

1. 

2. 

3. 

4 .  
5. 

6. 

P r o p e r   v i s u a l   i d e n t i f i c a t i o n   o f   s p r a y   p l o t s  and des ignated  non- target  

a reas. 

Ae r ia l   su rvey  and  ground  review  of   spray  p lots,   spray  swathes  and 

p a t t e r n s .  

C h o i c e   o f   t h e   a p p r o p r i a t e   h e r b i c i d e   f o r m u l a t i o n .  

I n c l u s i o n   o f  a d r i f t   c o n t r o l   a g e n t  where  appl icable.  

The u s e   o f   p r o p e r l y   s e l e c t e d ,   c a l  i bra ted ,  and f i e l d   t e s t e d  equipment. 

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

t h e   a e r i  a1 o p e r a t i  on. 

W i t h   t h e   e x c e p t i o n   o f   v e r y   w i n d y   c o n d i t i o n s ,   a e r i a l   s p r a y  

a p p l i c a t i o n  o f  t h e   s o l i d   f o r m u l a t i o n   o f   h e r b i c i d e s   ( e g .   p e l l e t s )   g e n e r a l l y  

r e s u l t s   i n  much l e s s   d r i f t   t h a n   w i t h  a l i q u i d   f o r m u l a t i o n .   A p p l i c a t i o n   o f  

s o l i d   f o r m u l a t i o n s   t h e r e f o r e   r e q u i r e  a much s m a l l e r   b u f f e r  zone f o r   t h e  

p r o t e c t i o n   o f   s t r e a m s i d e   v e g e t a t i o n .  As i n d i c a t e d   i n   T a b l e  1, a 50  metre 
b u f f e r   z o n e  i s  c o n s i d e r e d   a d e q u a t e   f o r   s t r e a m b a n k   p r o t e c t i o n .  

Ground  operat ions  us ing  t ruck  mounted  spray booms, mistblowers,   backpack 

sprayers ,   and  power   hoses   a re   the   most   des i rab le   method  o f   l i qu id   herb i -  

c i d e   a p p l i c a t i o n .  As shown i n  Table 1, d r i f t  generated  by  these  methods  of  

a p p l i c a t i o n   u n d e r   n o r m a l   c o n d i t i o n s   o f   s p r a y   o p e r a t i o n   i s   a p p r o x i m a t e l y  5+ 

metres. A b u f f e r  zone o f   o n l y  15 metres i s   r e q u i r e d   f o r   t h e   p r o t e c t i o n  of 
f i s h e r y   s e n s i t i v e   a r e a s .  The h e i g h t   o f   t h e   s p r a y   n o z z l e   o r  boom above t h e  

g r o u n d   l e v e l  was f o u n d   t o   d e t e r m i n e   t h e   e x t e n t   o f   d r i f t   i n   g r o u n d   s p r a y -  

i ng. Nozzles  set  a t  0.15 metres or less  produced 1 ittl e o r  no d r i f t  , 
w h i l e   t h o s e   s e t  a t  0.45111 t o  4m g e n e r a t e   d r i f t  up t o  5+ metres away from 
t h e   p o i n t   o f   r e 1  ease. 
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From  an env i ronmenta l   perspec t ive ,   the  most d e s i r a b l e  methods o f  

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

n o t c h i n g ,   d r i l l i n g  and t r e e   i n j e c t i o n  method. Wh i le   t he re  may be some 

he rb i c ide   re1   ease   t o   t he   env i ronmen t  , t h e r e  i s  n o   s p r a y   d r i f t .   I n   t h e  

t r e e   i n j e c t i o n  me thod   bo th   he rb i c ide   re lease   t o   t he   env i ronmen t   and   d r i f t  

a r e   e l i m i n a t e d .  A good  example o f  a t r e e   i n j e c t i o n  method i s   t h e  "Wee 

DOO" l a n c e   i n j e c t o r   d e v e l o p e d   b y  Mr. B. D i l l i s t o n e   o f  Simon Fraser  

U n i v e r s i t y   ( F i g u r e  1). Th is   t echn ique   i nvo l ves   t he   use   o f  a 22 c a l i b r e  

metal  casing  where a known q u a n t i t y   o f   p e s t i c i d e   i s   s t o r e d .  The cas ing  

can be i m p l a n t e d   i n   t o  a t r e e   t r u n k  by   push ing   t he   i n jec to r  head o f   t h e  

l a n c e   a g a i n s t   s e l e c t e d   a r e a s   o f   t h e   t r e e   t r u n k   ( F i g u r e s  2-4). The cas ing  

i s  pe rmanen t l y   a t tached   to   t he   s tem  o f   t he   t ree .   Herb i c ide   t hen   en te rs  

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

p a r t s   o f   t h e   t r e e .  

A l t h o u g h   t h e   u s e   o f   t h e   t r e e   i n j e c t i o n   t e c h n i q u e  may e l i m i n a t e  

t h e   p r o b l e m   o f   d r i f t  and chemical  release t o   t h e   e n v i r o n m e n t ,  it i s  

i m p o r t a n t   t h a t  a 10 m e t r e   p e s t i c i d e   f r e e  zone  be  observed  around  f ishery 

s e n s i t i v e   a r e a s ,  e.g., on bo th   s ides   o f   water   courses  and  around  lakes. 

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

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

h a b i t a t  and w a t e r   q u a l i t y   o f   f i s h e r y   s e n s i t i v e   a r e a s .   U n d e r   s p e c i a l  

circumstances,  however, i t  may be p o s s i b l e   t o  remove c e r t a i n   p r o b l e m   t r e e s  
or t o   k i l l   t o p   g r o w t h   o f   s p e c i f i c   t r e e s   w i t h i n   t h e  10 m e t r e   p e s t i c i d e   f r e e  

zone.  Such a procedure  would be s u b j e c t   t o   t h e   s i t e   s p e c i f i c  

recommendations o f   r e p r e s e n t a t i v e s   o f   e i t h e r   t h e   F e d e r a l   E n v i r o n m e n t a l  

P ro tec t i on   Se rv i ce ,   Federa l   Depar tmen t   o f   F i she r ies  and  Oceans, o r   F i s h  

and W i l d l i f e  Branch o f   t h e   B r i t i s h  Columbia M i n i s t r y   o f   E n v i r o n m e n t ,  

usual  l y  f o l  1 owing an o n - s i   t e   i n s p e c t i  on. 

It should be no ted   t ha t   f rom  the   vege ta t i on   manager ' s   po in t  o f  
view, i t  i s  sometimes i m p r a c t i c a l   t o  use  ground  equipment  for  herbicide 

a p p l i c a t i o n ,   p a r t i c u l a r l y  when la rge   sca le   chemica l   t rea tmen ts   a re  

requ i red   ove r   l a rge   i naccess ib le   a reas .   Under   such   c i r cums tances   ae r ia l  



- a -  

J 

I 

I 

a 

I 

W E E -  DO LANCE' 

A known quantity 
of  Pert ic ide in 
Casing 

22 Cal i  bra Caring 
Smm dia. x l b m m  long 

.......... 

Stalniesr Steel 
tnjector H e a d  

ment 

FIGURE 1 THE 'WEE-00"   LANCE INJECTOR AND 
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s p r a y   a p p l i c a t i o n   i s   r e q u i r e d .  It i s   o u r   v i e w   t h a t   h e l i c o p t e r   a p p l i c a t i o n  

i s   t h e   p r e f e r r e d .  method  over   f i xed   w ing   app l i ca t ion   fo r   the   reasons  

o u t l i n e d   e a r l i e r .   F o r  example t h e  much lower   con taminat ion  o f  stream 

b u f f e r  zones  and creek  water  observed i n  Study No. 2 (Toba I n l e t )   v e r s u s  

Study No. 10 ( S e c h e l t )   c l e a r l y   d e m o n s t r a t e s   t h e   s u p e r i o r i t y  o f  t h e  

h e l i c o p t e r   s y s t e m   v e r s u s   t h e   f i x e d   w i n g   f o r   a e r i a l   a p p l i c a t i o n .  
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2.2 P e s t i c i d e   P e r s i s t e n c e  and  Environmental   Contaminat ion 

I 

Y 

II 

I 

m 

rl 
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The s t u d i e s   o u t l i n e d   i n  Appendices I t o  VI1 were  conducted t o  

mon i to r   the   p resence,  absence,  and r e s i d u a l   l e v e l   o f  each p e s t i c i d e   a t  

p re-de termined  per iods   fo l low ing   t rea tment .   I r respec t ive   o f   the   methods  

o f   a p p l i c a t i o n ,   t h e   p e r s i s t e n c e   o f   p e s t i c i d e s  i n  the  environment  depends 

on v a r i o u s   f a c t o r s .  The most c r i t i c a l   f a c t o r s   a r e   t h e   c h a r a c t e r i s t i c s   o f  

the   p roduc t   ( i .e . ,   i t s   chemica l   s t ruc tu re ,   bond ing ,   fo rmula t ions)  and t h e  

p r e v a i l i n g   e n v i r o n m e n t a l   c o n d i t i o n s  (i.e., n a t u r e   o f   s u b s t r a t e ,  

temperature, pH, b i o l o g i c a l   a c t i v i t y )   w h i c h   i n f l u e n c e   t h e   p e s t i c i d e  

f o l l o w i n g   i t s   r e l e a s e   i n t o   t h e   e n v i r o n m e n t .  

A summary o f   p e s t i c i d e   p e r s i s t e n c e   i n   t h e   B r i t i s h   C o l u m b i a  

environment i s  presented i n  Table 2. O lder  DDT-type p e s t i c i d e s  have very  

s t a b l e   c h e m i c a l   b o n d i n g s   w h i c h   a r e   h i g h l y   r e s i s t a n t   t o   d e g r a d a t i o n  by 

phys i ca l  and b io log i ca l   p rocesses .  These  compounds were  the panacea o f  

p e s t   c o n t r o l   i n   t h e  1950's and 1960's. As shown i n  Table 2 under   the 

ca tegory   o f   Ag r i cu l tu ra l -U rban   Pes t   Con t ro l  Programmes (see  a lso   s tud ies  

19 and 20, Appendix V ) ,  l o w   l e v e l s   o f   o r g a n o c h l o r i n e   p e s t i c i d e   r e s i d u e s  

were  found i n   t h e   s e d i m e n t s   o f  Sumas P r a i r i e  and  Richmond d i t ches ,   desp i te  

t h e   f a c t   t h a t   t h e s e   m a t e r i a l s  have n o t  been  used f o r  more than  ten   years .  

S i n c e   t h e   h a l f - l i f e   o f   t h e s e   p r o d u c t s   v a r i e s   c o n s i d e r a b l y   ( i . e .  3-5 

y e a r s   f o r   c h l o r d a n e  and 10-15 y e a r s   f o r   d i e l d r i n  and DDT), it i s  expected 
t h a t   s m a l l   q u a n t i t i e s   o f  some o f   t h e s e  compounds will remain i n   t h e  B.C. 
env i ronmen t   f o r   a t   l eas t   ano the r  10-20 years.  

Copper s u l p h a t e   i s   a n o t h e r   p e r s i s t e n t  compound t h a t  has  been 

used f o r   t h e   c o n t r o l   o f   t h e   h o s t s   o f  Swimmer's I t c h   p a r a s i t e   i n   C u l t u s  

Lake fo r   severa l   years   (see   S tudy  No. 23, Appendix VI). Since  elemental  

copper i s   i n d e s t r u c t i b l e ,  it i s  expec ted   t ha t   t he   res idues   o f   copper  will 

remain i n   t h e  sed iments   o f   Cu l tus   Lake  fo r  an i n d e f i n i t e   p e r i o d   o f   t i m e  

and will be a v a i l a b l e   f o r   b i o a c c u m u l a t i o n  i n  c e r t a i n   l a k e   b o t t o m   d w e l l i n g  

organisms. 



- 13 - 

Y 

I 

I 

I 

The phenoxy, t r i a z i n e ,  and p i c l o r a m   h e r b i c i d e s   a r e   t h e   l e s s  

p e r s i s t e n t  compounds t h a t   a r e   c u r r e n t l y  used i n   l a r g e   q u a n t i t i e s   o v e r  

ex tens ive   a reas   fo r   con i   fe r   re1  ease  programmes i n   f o r e s t r y  and vege ta t i on  

c o n t r o l ,  and f o r   s o i l   s t e r i l i z a t i o n   p r o j e c t s  on r i g h t s - o f - w a y   i n   B r i t i s h  

Columbia. The h a l f - l i f e   o f   t h e s e   m a t e r i a l s  as r e p o r t e d   i n   t h e   l i t e r a t u r e  

var ies   f rom  1 -2   months   fo r  2,4-D t o  4-5 months f o r  t r i a z i n e  and p i c l o r a m  

he rb i c ides .  Our r i gh ts -o f -way   mon i to r i ng   s tud ies   f ound   tha t   t hese  

m a t e r i a l s   p e r s i s t e d   i n   t h e   s o i l   o f   t h e   t r e a t e d   a r e a s   f o r  more than one 

year   (Tab le  2, see a l s o   S t u d i e s  6, 7, 8, 9, Appendix 11). 

V a r i o u s   r e s i d u a l   l e v e l s  (e.g., a t r a z i n e ,  54.8 ppm; 2,4-D/2,4, 

5-T, 0.33  ppm; p i c lo ram,  0.11 ppm) o f  some o f   these  mater ia ls  were 

d e t e c t e d   i n   c e r t a i n   r a i  1 way b a l   l a s t  and  road  shoulders. Some p l a n t  

spec ies   have  deve loped  vary ing   degrees   o f   to le rance  to   these  herb ic ides ,  

and r e c o g n i z i n g .   t h i s   p r o b l e m  many users  were  encouraged t o  change t o  newer 

h e r b i c i d e s ,  (e.g., Sp ike   ( tebuth iu ron) ,   g lyphosate) .   A l though  the  

t r i a z i n e   h e r b i c i d e s   a r e  still e f f e c t i v e ,   t h e y  have  been  used f o r   s o i l  

s t e r i l i z a t i o n  programmes fo r   abou t  3 t o  5 years,  and a l t e r n a t i v e   m a t e r i a l s  

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

Mosqu i to   con t ro l   chemica ls   (aba te ,   a l t os id ,   d im i l   i n ,   ma la th ion )  

a r e   t h e   l e a s t   p e r s i s t e n t   g r o u p   o f   p e s t i c i d e s  used i n   B r i t i s h  Columbia. 

Very   low  concent ra t ions   o f   these  chemica ls  were  found i n   t h e   n o n - t a r g e t  

aquat ic   env i ronment .  Our m o n i t o r i n g   s t u d i e s  show t h a t   t h e y  do not  appear 
t o   p e r s i s t  beyond 7 d a y s ,   e x c e p t   f o r   d i m i l i n ,   w h i c h   i s   p r e s e n t l y  no l onger  

recommended f o r   m o s q u i t o   c o n t r o l   i n   B r i t i s h   C o l u m b i a   ( T a b l e  2 ,  see a1 so 
Stud ies  17, 18, Appendix  IV).  

Our mon i to r ing   s tud ies   have shown more r a p i d   d i s s i p a t i o n  of res-  

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

contaminated   w i th  a p e s t i c i d e   s p r a y .   T h i s   d i f f e r e n c e  was p a r t i c u l a r l y  

e v i d e n t   i n   r u n n i n g   w a t e r  where p e s t i c i d e s  may no t  be degraded,   bu t   d i lu ted  

below  the limit o f   d e t e c t i o n .  Even w i th   t he   use   o f   bu f fe r  zones some con- 

tam ina t ion   o f   t he   aqua t i c   env i ronmen t  v i a  s p r a y   d r i f t  can  occur.  However, 

r e s i d u e s   a r e   u s u a l l y   d i l u t e d   t o   c o n c e n t r a t i o n s   b e l o w   d e t e c t i o n   l i m i t s  

w i t h i n  one  day. 
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P e s t i c i d e   r e s i d u e s   t r a n s p o r t e d   f r o m   t r e a t e d   a r e a s   t o   c r e e k s  and 

s t reams   v ia   runo f f   a l so   p resen t  a p o t e n t i a l   h a z a r d   t o   f i s h  and aqua t i c  

i nve r teb ra tes .  A recen t   i nves t i ga t i on   (S tudy  No. 5, Appendix I )  i n d i c a t e d  

t h a t   t h e   l e v e l s   o f   h e r b i c i d e   r e s i d u e s   i n   c r e e k   w a t e r  and bottom  sediment 

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

was completed. M o b i l i t y   o f   p e s t i c i d e s ,  however,  depends t o  a g r e a t   e x t e n t  

on t h e   c h a r a c t e r i s t i c s  o f  t h e   p e s t i c i d e  (i.e., i t s  chemical  bonding 

p r o p e r t y ,   p e r s i s t e n c e ,   s o l u b i l i t y   i n   w a t e r ,  and r a t e   o f   a p p l i c a t i o n ) .  

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

cou ld  be  minimized  considerably i f  t h e   w a t e r c o u r s e s   i n s i d e   t h e   t r e a t m e n t  

a reas   were   p ro tec ted   by   app rop r ia te   bu f fe r  zones. 

When a p e s t i c i d e   i s   a p p l i e d   d i r e c t l y   t o  an aquat ic   env i ronment  

f o r  a s p e c i f i c  purpose, it u s u a l l y   t a k e s  a much l o n g e r   t i m e   f o r   t h e  con- 

c e n t r a t i o n s   t o  f a l l  t o   l e v e l s  be low  the limit o f   d e t e c t i o n .  A case i n  

p o i n t   i s   t h e  use o f  2,4-D butoxyethano l   es te r  (Aqua k l e e n )   f o r   t h e   c o n t r o l  

o f  E u r a s i a n   W a t e r m i l f o i l   i n   t h e  Okanagan lakes.  Studies  have shown t h a t  

i n  some a r e a s   o f  Wood and  Kalamalka  Lakes, it took more than  30-50 days 

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

d e t e c t i o n   i n   w a t e r .   T h e r e  was evidence t o  sugges t   t ha t  2,4-D p e r s i s t s   i n  

the   l ake   sed imen ts  up t o  182 days f o l l o w i n g   t r e a t m e n t .   T h i s   i s   t o  be 

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

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

d e f i c i e n c y ,   a n d   l i m i t e d   b i o l o g i c a l   a c t i v i t y   ( T a b l e  2, see a l s o   S t u d i e s  24, 
25, 26, Appendix V I ) .  

a 

m . 
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2.3 Impact   o f   Operat ional   and  Exper imenta l  Use o f  Some P e s t i c i d e s  on 

Selected  Non-target  Organisms i n  Bri ti sh  Col umbi a Envi  ronments 

It should be emphasized t h a t   t h i s   d i s c u s s i o n   e v a l u a t e s   t h e   s h o r t  

t e rm  impac t   o f   se lec ted   ope ra t i ons  and exper imenta l   use   o f  some p e s t i c i d e s  

on non-target  organisms  such as f i s h ,  and a q u a t i c  and t e r r e s t r i a l  

i n v e r t e b r a t e s   i n h a b i t i n g   c e r t a i n   B r i t i s h  Columbia  environments. No 

at tempt  was made t o  conduct   long   te rm  impact   s tud ies   o r   s tud ies  on h i g h e r  

animals. 

L i k e   t h e   p e r s i s t e n c e   o f   p e s t i c i d e s   i n   t h e   e n v i r o n m e n t ,   t h e  

i m p a c t   o f   p e s t i c i d e s  on non-target  organisms  also  depends on a number o f  

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

how and  where it i s   a p p l i e d   t o   t h e   e n v i r o n m e n t ,  and t h e   t y p e   o f   n o n - t a r g e t  

organi  sms i nvo l  ved. 

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

chemica l   s t ruc tu re ,   bond ing ,  and f o r m u l a t i o n   d e t e r m i n e   t h e   t o x i c i t y   o f  a 

m a t e r i a l   t o  an  organism.  For  example,  organochlorine,  organophosphorus, 

carbamate   type   pes t ic ides   a re   des igned  to  be f a s t   a c t i n g   n e r v e   p o i s o n s  

aga ins t   insec t   pes ts ,   wh i le   o ther   hormona l   - t ype   mater ia l  s a c t  more s l o w l y  

t o   d i s r u p t   t h e   g r o w t h / m e t a b o l i c   p r o c e s s e s   o f   d e v e l o p i n g   j u v e n i l e   i n s e c t s .  

Each t y p e   o f   p e s t i c i d e  will there fo re   have  a d i f f e r e n t   i m p a c t  on 
non-target  organisms. 

The method o f   p e s t i c i d e   r e l e a s e   t o  an environment 1 i kewi  se  p lays 

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

non- ta rge t   o rgan isms.   Se lec t ive   t rea tment   such  as   g round  cont ro l led  

sp ray ing ,   o r   spo t   t rea tmen t   o f   p rob lem  a reas   wou ld   impac t   l ess  on 

non- target   organisms  than a l a r g e   s c a l e   a e r i a l  programme. 

As we1 1 , the   t ype   o f   non - ta rge t   o rgan ism a1 so has a b e a r i n g  on 

t h e   p e s t i c i d e   i m p a c t .   I n   g e n e r a l ,   a q u a t i c  and t e r r e s t r i a l   i n v e r t e b r a t e s  

a r e  much more s e n s i t i v e   t o   p e s t i c i d e s   t h a n   l a r g e r   a n i m a l s  such as mammals. 

I n v e r t e b r a t e s   a r e   t h e r e f o r e   o f t e n   u s e d  as b i o l o g i c a l   i n d i c a t o r s  of t h e  

e n v i r o n m e n t a l   q u a l i t y   o f  a t rea ted   a rea  and i t s   v i c i n i t y .  
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A summary o f   t h e   i m p a c t   o f   o p e r a t i o n a l  and  experimental  use  of 

some  common p e s t i c i d e s   i n   B r i t i s h  Columbia on se lec ted   non - ta rge t  

organisms i s  p r e s e n t e d   i n   T a b l e  3. The use o f  phenoxy h e r b i c i d e s   d u r i n g  

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

p o p u l a t i o n s   o f   t e r r e s t r i a l   i n v e r t e b r a t e s   ( s e e   a l s o   S t u d y  No. 6, Appendix 

11). As t h e   v e g e t a t i o n  succumbs t o   t h e   e f f e c t s   o f   t h e   h e r b i c i d e ,  a l o s s  

o f   i n v e r t e b r a t e s   o c c u r r e d  as a r e s u l t   o f   t h e   d i s i n t e g r a t i o n   o f   t h e  

h a b i t a t .  Similarly, t h e  use o f   i n s e c t i c i d e s ,  e.g., f e n i t r o t h i o n  and 

or thene i n   f o r e s t   p e s t   c o n t r o l ,   a l s o   r e s u l t e d   i n  a p o p u l a t i o n   r e d u c t i o n   o f  

non - ta rge t   i nsec ts .   I n   t h i s   case   however ,   t he   e f fec t  was on ly   temporary  

because t h e   s p r a y   d i d   n o t   d e s t r o y   t h e   h a b i t a t   o f   t h e s e   o r g a n i s m s .  

Regenera t i on   and /o r   repopu la t i on   occu r red   f rom  m ig ra t i on   f rom  ne ighbor ing  

un t rea ted   a reas   (S tud ies  14, 16, Appendix  I11 ). The grea tes t   recorded 

i m p a c t   o f  a p e s t i c i d e   s p r a y  on non- target   organisms  occurred  dur ing an 

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

a q u a t i c   e n v i r o n m e n t   r e s u l t e d   i n  a f i s h   k i l l   ( S t u d y  No. 17, Appendix 

A1 though   the   use   o f   o rganoch lo r ine   pes t i c ides  has v i r t u a l l y  

ceased  approximately  12  years ago, m i n u t e   q u a n t i t i e s  and r e s i d u e s   o f  

t h e s e   m a t e r i a l s   a r e   s t i l l   f o u n d   i n   t h e   a q u a t i c   e n v i r o n m e n t .  The long   t e rm 

e f f e c t s   o f   l o w   c o n c e n t r a t i o n s   o f   t h e s e   m a t e r i a l s  on f i s h  and o t h e r   a q u a t i c  
organisms i n   B r i t i s h   C o l u m b i a  i s  n o t  known.  Based on s t u d i e s   c o n d u c t e d  

elsewhere,   these  minute  res idues may be a v a i l a b l e   f o r   l o n g - t e r m  

b ioaccumu la t i on   i n   t he   aqua t i c   o rgan isms .  

The use o f   c h e m i c a l s   t o   c o n t r o l   a q u a t i c   p e s t s   i s  one t h a t  has 

caused some concern .   A l though   the   p resen t   con t ro l l ed   use   o f   he rb i c ides  

such  as 2,4-0 shows no  ev idence  o f   hazardous   e f fec ts  on f i s h  and w i l d l i f e ,  

t h e   p o t e n t i a l   f o r  p e r m a n e n t   i m p a i r m e n t   o f   f i s h e r y   h a b i t a t   a r e a s   i s   g r e a t  

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

It should be n o t e d   t h a t ,   e x c e p t   f o r   t h e   f i s h   k i l l   i n   t h e   a d u l t i -  

c i d i n g   o f   m o s q u i t o s ,   t h e r e  have  been  no o t h e r   m a j o r   p e s t i c i d e   f i s h   k i l l s  
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recorded i n   B r i t i s h  Columbia  since 1973. No d o u b t   t h e   c u r r e n t   p e s t i c i d e  

a p p l i c a t i o n   r e v i e w  and permi t   issu ing  procedures  employed i n   B r i t i s h  

Co lumbia   a re   p lay ing  an i m p o r t a n t   r o l e   i n   p r e v e n t i n g   s u c h   m i s h a p s .  As 

wel l ,   the   deve lopment  and  acceptance  o f   appropr ia te   bu f fe r   zones   ass is ted  

g r e a t l y   i n   t h i s   r e s p e c t .  The data  presented i n   t h i s   r e p o r t   a l s o   i n d i c a t e  

m i n i m a l   s h o r t   t e r m   e f f e c t s  on non- target   organisms,   whi le   the  long  term 

b i o l o g i c a l   i m p a c t s   o f   p e s t i c i d e s   a r e  unknown. 
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Moni to r ing   S tudy  No. : l  
M o n i t o r i n g  Agency : Env i ronmenta l   Pro tec t ion   Serv ice  
P roponen t   o f   P ro jec t  : Weldwood Canada L i m i t e d  

PROJECT DETAILS 
Locat  i on : 55 km N o r t h   o f  Squamish 
Purpose : Con i fe r   re lease  
Target   spec i  es : Alder,  Salmonberry,  Coenothus sp., e t c .  
Treatment  area : 12 ha 

PESTIC IDE USE INFORMATION 
Name o f   P e s t i c i d e  : 2,4-D/2,4,5-T (IOE) 
A c t i v e   I n g r e d i e n t  : (4s above 
R a t e   o f   A p p l i c a t i o n  : 2.25 kg/ha ( i e  2 l b s   a i / a c )  
Carri e r / d i  1 uent : Water 
Drift Control  Agent : Norbak 
A p p l i c a t i o n  Method : , 4 e r i a l   f o l i a r   s p r a y   v i a  he1 i c o p t e r  
Treatment  Date : J u l y  5, 1974  (0710  hours) 

MONITORING OBJECTIVES 
1. To i n v e s t i g a t e   d r i f t   o f   w a t e r / d r i f t   c o n t r o l   h e r b i c i d e   m i x t u r e   f r o m  a 

h e l i c o p t e r   s p r a y   i n   r u g g 2 d   t e r r a i n   t o   d e t e r m i n e   t h e   e f f e c t i v e n e s s   o f   b u f f e r  
zones i n   reduc ing   con tamina t ion   o f   wa te r   cou rses .  

2. To i n v e s t i g a t e   t h e   p e r s i s t e n c e   o f   h e r b i c i d e   r e s i d u e s   i n   w a t e r  and s o i l .  

STUDY DESIGN, LAYOUT, & RESULTS 
R e f e r   t o   F i g u r e s  1-1 and  1-2. 

SUMMARY & CONCLUSIONS 
D e s p i t e   t h e   u s e   o f  a d r i f t   c o n t r o l   a g e n t   s u b s t a n t i a l   h e r b i c i d e   r e s i d u e s  

were  detected  on d r i f t   p l a t e s  a t  d i s tances   g rea te r   t han  54 meters   f rom  the  
b o r d e r   o f   t h e   t r e a t m e n t   p l o t .   T h i s   r e s u l t e d   i n   t h e   r e d u c t i o n   o f   s t r e a m b a n k  
v e g e t a t i o n  and h e r b i c i d e   c o n t a m i n a t i o n   o f  a creek. The 30 meter   s t reamside 
b u f f e r  zone s p e c i f i e d   i n   t h e   p e s t i c i d e   p e r m i t   a p p e a r e d   i n a d e q u a t e   f o r   t h e  
p r o t e c t i o n   o f  streambank  vegetation  and  aquatic  environment.  However, i n   t h i s  
case,. t h e   p i 1  o t  m i s d i   r e c t e d  some o f   h i s   s p r a y   a p p l   i c a t i o n s  because  of  poor 
v i s i b i l i t y  and  placement o f   b u f f e r  zone  markers. To ma in ta in   s t reams ide  
v e g e t a t i o n  and a q u a t i c   i n t e g r i t y ,   t h e   b u f f e r  zone  should  have  been  increased t o  
a t  l e a s t  100 meters.  

I 
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Al though  res idues  in   s t ream  water   d isappeared 0.5 h o u r s   f o l l o w i n g   h e r b i c i d e  

B u f f e r  zone markers  should be deployed i n  a manner t h a t   i s   e a s i l y   r e c o g -  
a p p l i c a t i o n ,   t h o s e   f o u n d   i n   t h e   s o i l   p e r s i s t e d   f o r   1 2  weeks. 

n i zed  by  and v i s i b l e   t o   t h e   p i l o t .  I 

w 
REFERENCE 
Wilson, D.M. & M.T. Wan (1975) .   E f fec t i veness  o f  s t ream  bu f fe r  zones d u r i n g  

P ro tec t i on   Se rv i ce .  E.P.S. 5-PR-75-3. 
r a e r i a l   a p p l i c a t i o n s   o f   c h l o r o p h e n o x y  and p ic loram  herb ic ides.   Env i ronmenta l  
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FIGURE 1-1 D I A G R A M  OF S P R A Y  PLOT, SQUAMISH, 8 . C .  
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Moni t o r i  ng Study No. : 2  
M o n i t o r i n g  Agency : Env i ronmen ta l   P ro tec t i on   Se rv i ce  
P r o p o n e n t   a f   P r o j e c t  : Weldwood Canada L i m i t e d  

PROJECT DETAILS 
L o c a t i o n  : Toba I n l e t ,  160 km N o r t h   o f  Vancouver 
Purpose : Con i fe r   re lease  
Target  speci   es : A1 der,  Salmonberry 
Treatment  area : 104  ha 

PESTIC IDE USE INFORMATION 
Name o f   P e s t i c i d e  : 2,4-D/2,4,5-T (IOE) 
A c t i v e   I n g r e d i e n t  : As above 
R a t e   o f   A p p l i c a t i o n  : 3.4 kg/ha ( i e  3 l b s   a i / a c )  
C a r r i   e r / d i  1 uent : Diese l  Oil 
Drift Control  Agent : NA 
A p p l i c a t i o n  Method : A e r i  a1 dormant  spray v i a  he1 i c o p t e r  
Treatment  Date : A p r i l  14,  1975  (0630 hours)  

MONITORING OBJECTIVES 
1. To i n v e s t i g a t e   d r i f t  of  o i l   h e r b i c i d e   m i x t u r e   f r o m  a h e l i c o p t e r   s p r a y   i n  

mountainous  areas t o   d e t e r m i n e   t h e   e f f e c t i v e n e s s   o f   b u f f e r  zones i n  
reduc ing   con taminat ion   o f   water   courses .  

2. To d e t e r m i n e   t h e   p e r s i s t e n c e   o f  2, 4-D/2, 4, 5-T r e s i d u e s   i n   a i r  and  water. 

STUDY DESIGN, LAYOUT, & RESULTS 
R e f e r   t o   f i g u r e s   1 - 3  and  1-4. 

SUMMARY & CONCLUSIONS 

mete rs   f rom  the   bo rde r   o f   t he   t rea tmen t   p lo t .  As t h e   s p r a y   s i t e  was l o c a t e d   i n  
a remote  area,   access ib le   by  p lane  on ly ,  no at tempt  was  made t o  conduct a pos t  
t r e a t m e n t   i n s p e c t i o n  and t h e r e f o r e  it was n o t   p o s s i b l e   t o   d e t e r m i n e   t h e   e x t e n t  
o f   s t reams ide   vege ta t i on  damage. A l t h o u g h   h e r b i c i d e   d r i f t   o c c u r r e d  no stream 
contaminat ion  was ev ident .  The ch lo rophenoxy   res idues   in   the   water   samples  
were  below  the limit o f   d e t e c t i o n   ( i e ,   L 1  ppb f o r  2,4,D, & 2,4,5-T). 

sampl ers  were  depl  oyed. 

Herb ic ide  res idues  were  detected on d r i f t   p l a t e s  up t o  a d i s t a n c e   o f  45 

Ch lorophenoxy   res idues   were   no t   de tec ted   a t   the   two  loca t ions   where  air 

REFERENCE 
Wil son, D.M. & M.T. Wan (1975) .   E f fec t i veness   o f   s t ream  bu f fe r  zones d u r i n g  
a e r i a l   a p p l   i c a t i  ons o f   c h l  orophenoxy, and p i   c l  oram herb ic ides.   Env i ronmenta l  
P r o t e c t i o n   S e r v i c e .  E.P.S. 5-PR-75-3. 
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Moni t o r i  ng  Study No. : 3  
M o n i t o r i n g  Agency : B r i t i s h  Columbia  Fish and Wild1 i f e  Branch 
Proponen t   o f   P ro jec t  : Rayonier Canada  (B.C.) L i m i t e d  

PROJECT DETAILS 
Locat  i on : Holberg  area 
Purpose : Coni f e r   r e l e a s e  
Target  speci   es : Alder   spec ies 
Treatment  area : 109 ha 

P E S T I C I D E  USE INFORMATION 
Name o f   P e s t i c i d e  : 2,4-D/2,4,5-T (IOE) 
A c t i v e   I n g r e d i e n t  : As above 
R a t e   o f   A p p l i c a t i o n  : 3.4 k g   a i / h a   ( i e  3 l b s   a i / a c )  
Carri e r / d i  1 uent : Diese l  Oil 
Drift Control  Agent : NA 
A p p l i c a t i o n  Method : A e r i  a1 f o l  i ar/dormant  sprays v i a  he1 i c o p t e r  
Treatment  Date : June, 1974; A p r i  1 , 1975 

MONITORING OBJECTIVES 
1. To i n v e s t i g a t e   d r i f t   o f   h e r b i c i d e - o i l   m i x t u r e   f r o m   h e l i c o p t e r   s p r a y s .  
2.  To d e t e r m i n e   t h e   e f f e c t i v e n e s s   o f   b u f f e r  zones i n  r e d u c i n g   p e s t i c i d e  

contaminat ion   o f   water   courses .  

STUDY DESIGN, LAYOUT, & RESULTS 
R e f e r   t o   F i g u r e s  1-5,1-6, and 1-7. 

SUMMARY & CONCLUSIONS 

meters from t h e   b o r d e r   o f   t h e   t r e a t m e n t   p l o t .   A l t h o u g h   t h i s   b u f f e r  zone 
reduced   the   amoun ts   o f   ae r ia l l y   app l i ed   he rb i c ides   nea r   wa te rbod ies ,  i t  was 
inadequate t o   c o m p l e t e l y   e l   i m i n a t e   s t r e a m   c o n t a m i n a t i o n ,   p a r t i c u l a r l y  when t h e  
f l i g h t   p a t h  was a t   r i g h t   a n g l e s   t o   t h e   w a t e r   c o u r s e s .  As s m a l l   q u a n t i t i e s   o f  
res idues  were  detected i n   t h e   w a t e r  up t o  4 h o u r s   f o l l o w i n g   s p r a y   a p p l i c a t i o n ,  
i t  was recommended t h a t   t h e   b u f f e r  zone  should  be  increased. 

A p o s t - t r e a t m e n t   i n s p e c t i o n   f o u n d   t h a t   a e r i a l   h e r b i c i d i n g  was i n e f f e c t i v e  
a g a i n s t   o l   d e r   p l a n t s   h i g h e r   t h a n  4 meters. 

Herb ic ide   res idues   were   de tec ted  on d r i f t   p l a t e s  up t o  a d i s t a n c e   o f  90 

REFERENCE 
Ried, D.S., M u l l e t t ,  R.G., Mor ley,  R.C. (1977). Mon i to r i ng   o f  an a e r i a l  
h e r b i c i d e   t r e a t m e n t  a t  Holberg,  B.C.  B.C. M i n i s t r y  of  Recreation  and 
Conserva t ion .   F isher ies  Tech. C i r c u l a r  No. 33. 
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Mon i to r ing   S tudy  No. : 4  
Moni t o r i  ng Agency : B r i t i s h  Columbia  Fish  and  Wild1 i f e  Branch 
Proponen t   o f   P ro jec t  : Timber1  and  Devel opment Company 

PROJECT DETAILS 
Locat  i on : Toba I n l e t   a r e a  
Purpose : Con i fe r   re lease  
Target  species : A1 der   spec ies 
Treatment  area : 100 ha 

PESTICIDE USE INFORMATION 
Name o f   P e s t i c i d e  : 2,4-D amine 
A c t i v e   I n g r e d i e n t  : As above 
R a t e   o f  Appl i c a t i  on : 2.8 k g   a i / h a   ( i e  2.5 l b s   a i / a c )  
C a r r i e r / d i  1 uent : Water 
Drift Control  Agent : NA 
Appl ica t ion   Method : A e r i a l   f o l  iar sp ray   v ia  he1 i c o p t e r  
Treatment  Date : June, 24,  1974 

MONITORING OBJECTIVES 
1. To i n v e s t i g a t e   s p r a y   d r i f t   o f   h e r b i c i d e - w a t e r   m i x t u r e  beyond  treatment 

2 .  To d e t e r m i n e   t h e   e f f e c t i v e n e s s   o f   s t r e a m   b u f f e r  zones i n   r e d u c i n g  
boundar ies.  

con taminat ion   o f   water   courses .  

STUDY DESIGN, LAYOUT, & RESULTS 
Refer t o   F i g u r e s  1-8,l-9,l-10,l-11 and 1-12. 

SUMMARY & CONCLUSIONS 

when designated  buffer  zones  were  not  adhered t o  (up t o  1.77 ppm o f  2,4-D). 
S m a l l   q u a n t i t i e s   o f   h e r b i c i d e   r e s i d u e s  (0.061 pprn) were  detected i n   t h e   s t r e a m  
water  beyond 96 h o u r s   f o l l o w i n g   t h e   s p r a y   a p p l i c a t i o n .   T h i s   s t u d y   i n d i c a t e d  
t h a t  adherence o f   s t r e a m   b u f f e r  zones  can  reduce  the  presence  o f   aer ia l ly  
a p p l i e d   h e r b i c i d e s   n e a r  a s t r e a m .   H e r b i c i d e   d r i f t  beyond  treatment  boundaries 
was minimal.  

H e r b i c i d e   c o n t a m i n a t i o n   o f   s t r e a m   w a t e r   b y   a e r i a l l y   a p p l i e d  2,4-D occur red  

REFERENCE 
Morley,  R.L. and D.S. Reid (1975). M o n i t o r i n g   o f  an ae r ia l   He rb i c ide   T rea tmen t  
a t  Toba I n l e t ,  B.C. B.C. M i n i s t r y   o f   R e c r e a t i o n  and  Conservat ion.   Moni tor ing 
Study No. 1. 
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Figure 1-9 Herbicide Treatment Areas a t  Toba Inlet ,  B.C.  
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ZONE 

SCALE I": 40' 

Figure  1-10 Diagtnm of petri d i s h  layout for monitoring stream buffer- 
zone. (stations 1 and 2). 
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Moni t o r i  ng  Study No. : 5  
M o n i t o r i n g  Agency : Env i ronmenta l   Protect  i on  Service,  Department  of 

P roponen t   o f   P ro jec t  : ( 1 )   U n i v e r s i t y   o f   B r i t i s h  Columbia 
F i s h e r i e s  and  Oceans, B.C. F i s h  and W i l d l i f e  Branch 

(2 )   Cat te rmol  e Timber Company 

PROJECT DETAILS 
L o c a t i o n  : ( 1 )  UBC Research  Forest,  Maple  Ridge 

Purpose : Brown  and  Burn 
Target  species : Alder,  Maple 
Treatment  area : ( 1 )  14.5 ha ( 2 )  110  ha 

( 2 )  Bench Road R e h a b i l i t a t i o n   a r e a ,   C h i 1  1 iwack 

PESTICIDE USE INFORMATION 
Name o f   P e s t i c i d e  : Roundup 
A c t i v e   I n g r e d i e n t  : Glyphosate 
R a t e   o f   A p p l i c a t i o n  : ( 1 )  3 kg/ha  (2) 0-3 kg/ha 
Carri e r / d i  1 uent  : Water 
Drift Control  Agent : NA 
A p p l i c a t i o n  Method : F o l i a r   a p p l i c a t i o n  v i a  h e l i c o p t e r  
Treatment  Date : (1) June  18/1982 ( 2 )  June  25/1982 

MONITORING OBJECTIVES 
1. To i n v e s t i g a t e   g l y p h o s a t e   c o n t a m i n a t i o n   i n  a c reek   p ro tec ted  and  one t h a t  

2.  To c o m p a r e   g l y p h o s a t e   c o n c e n t r a t i o n s   i n   r u n o f f   w a t e r   i n  a c reek   p ro tec ted  

3.  To m o n i t o r   g l y p h o s a t e   c o n c e n t r a t i o n s   i n   s e d i m e n t   d e p o s i t e d   v i a   r e c e n t  

i s  unprotected  by a b u f f e r  zone d u r i n g   a e r i a l   f o r e s t r y   o p e r a t i o n s .  

and one t h a t  i s  n o t   p r o t e c t e d  by a b u f f e r  zone. 

r u n o f f   i n  a c reek   p ro tec ted  and  one t h a t   i s   n o t   p r o t e c t e d   b y  a b u f f e r  zone, 
and 

water  on f i s h .  
4.  To o b s e r v e   t h e   i m p a c t   o f   s u b l e t h a l   c o n c e n t r a t i o n s   o f   g l y p h o s a t e   i n   r u n o f f  

I STUDY DESIGN, LAYOUT, & RESULTS 
Refer  to  Figures  1-13  and  1-14  and  Tables 1-1, 1-2,  1-3  and  1-4. 

I 

SUMMARY & CONCLUSIONS 
I These s t u d i e s  showed t h a t   g l y p h o s a t e   c o n t a m i n a t i o n   i n  a c reek   p ro tec ted   by  

a b u f f e r  zone i s  much lower   than one t h a t   i s   n o t   p r o t e c t e d  by a b u f f e r  zone 
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d u r i n g   a e r i a l   f o r e s t r y   s p r a y   o p e r a t i o n s .  These o b s e r v a t i o n s   a p p l i e d   t o   b o t h  
d i r e c t   s p r a y   d r i f t  and c o n t a m i n a t i o n   v i a   r u n o f f .  As w e l l  , these   s tud ies  showed 
t h a t   r u n o f f   t r a n s p o r t e d   g l y p h o s a t e   r e s i d u e s   t o   c r e e k s   w i t h i n   t h e   t r e a t e d   a r e a s .  
Creeks  protected by a b u f f e r  zone (50-110111) conta ined much lower   concen t ra t i ons  
o f  g lyphosate   than  c reeks   tha t   were   no t   p ro tec ted   by  a b u f f e r  zone. I n  
add i t i on ,   g l yphosa te  and i t s   p r i n c i p a l   m e t a b o l i t e ,  amino  methylphosphonic  acid 
were  found in   t he   new ly   depos i ted   sed imen ts   i n   t he   mon i to red   c reeks .  

No s i g n s   o f   d i s t r e s s   w e r e   n o t e d   i n  caged  rainbow  trout  exposed t o  
s u b l e t h a l   c o n c e n t r a t i o n s  o f  glyphosate  ( i .e.  5 t o  100  ppb) f o r  a p e r i o d   o f  
60-70 days. 

REFERENCE 
Wan,  M.T. (1982). Stream  Contamination and Impact o f  Glyphosate on F i sh   Dur ing  
and  Fo l low ing   Aer ia l   Opera t ions   in   Coasta l   Fores t   Areas   o f   Br i t i sh   Co lumbia .  
EPS Memo Report.  October, 1982. 
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TABLE 1-1 CONCENTRATION OF GLYPHOSATE I N  CREEK WATER (no   bu f fe r   zone)  
UBC FOREST, MAPLE RIDGE 

T IME GLYPHOSATE AMPA 
(days)   (ppb)   (ppb)  

P resp ray   ( con t ro l   c reek )  
P resp ray   ( t rea ted   c reek )  
0.04 ( 1 h r   p o s t   s p r a y )  
0.12 (2-3 h r )  
1 
2 
3 
8 ( r a i n ,   r u n o f f )  

14 
18   ( ra in ,   runo f f )  
20 
28 
56 
56 ( c o n t r o l   c r e e k )  
90 

< 5  
< 5  

20 
23 

5 
< 5  
< 5  
100 (c reek)  
63 (pond) 
6 
5 

< 5  
< 5  
< 5  
< 5  
< 5  

L i m i t   o f   d e t e c t i o n :  5 ppb i n  water 
100  ppb i n  sediment 

AMPA - Aminomethy l   phosphonic   ac id ,   the  main  metabol i te   o f   g lyphosate 

rl TABLE 1-2 CONCENTRATION OF GLYPHOSATE I N  CREEK  SEDIMENT (no b u f f e r  zone) 
UBC FOREST, MAPLE RIDGE 

T I M E  GLYPHOSATE AMPA 
(day)  p pm (ppm) 

Prespray 
1 (post   spray)  
8 ( r a i n ,   r u n o f f )  
10 
1 4   ( r a i n ,   r u n o f f )  
20 
40 
57 

< 0.1 
< 0.1 

0.1 
0.3 
0.1 
0.4 
0.2 

< 0.1 

< 0.1 
< 0.1 
< 0.1 

0.1 
< 0.1 

0.2 
0.2 

< 0.1 
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TABLE 1-3 CONCENTRATION OF GLYPHOSATE I N  CREEK WATER (50-100 m b u f f e r   z o n e ) ,  
C H I L L I W A C K  

TIME  GLYPHOSATE AMPA 
(days)  (ppb)  (ppb) 

P resp ray   ( con t ro l   c reek )  
P r e s p r a y   ( t r e a t e d   p l o t )  
0.2 (post   spray)  
1 
3 
7 ( r a i n ,   r u n o f f )  
21 ( r a i n ,   r u n o f f )  
36 
80 

TABLE 1-4 CONCENTRATION OF GLYPHOSATE I N  CREEK  SEDIMENT 
(50-100 m b u f f e r   z o n e ) ,  C H I L L I W A C K  

TIME  GLYPHOSATE AMPA 
(days) (ppm) ( PPm) 

P resp ray   ( con t ro l   c reek )  < 0.1 < 0.1 

P r e s p r a y   ( t r e a t e d   p l o t )  < 0.1 < 0.1 
1 (post   spray)  < 0.1 < 0.1 
7 ( r a i n ,   r u n o f f )  0.2 < 0.1 
1 5   ( r a i n ,   r u n o f f )  0.1 0.1 
28 < 0.1 < 0.1 
75 < 0.1 < 0.1 
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FIGURE 1-13 AERIAL GLYPHOSATE TREATMENT  AREA- 
UBC  RESEARCH  FOREST,  MAPLE RIDGE 
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CREEK (50-100m BUFFER ZONE) 

F I G U R E  1-14 A E R I A L   G L Y P H O S A T E   T R E A T M E N T   A R E A ,  
BENCH R O A D   A R E A  - C H I L L I W A C K ,  8. C .  
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Mon i to r ing   S tudy  No. : 6  
Moni t o r i  ng  Agency : Env i ronmen ta l   P ro tec t i on   Se rv i ce  
Proponent o f   P r o j e c t  : B r i t i s h  Columbia  Forest   Products  Ltd.  

PROJECT DETAILS 
L o c a t i o n  : S.W. c o r n e r   o f  Vancouver I s land   nea r  Caycuse 
Purpose : Right -of -way  Brush  Contro l  
Target  species : A lder  
Treatment  area : 2 ha 

PESTICIDE USE INFORMATION 
Name o f   P e s t i c i d e  : 2,4-D/2,4,5-T amine  and e s t e r   f o r m u l a t i o n s  
Ac t  i ve I n g r e d i e n t  : As above 
Rate o f  Appl i c a t  i on : 0 t o  4.5 k g   a i / h a   ( i e  0 t o  4 l b s   a i / a c )  
Carri e r / d i  1 uent : Water 
Drift Control  Agent : NA 
A p p l i c a t i o n  Method : Truck  mounted  mist   b lower 
Treatment  Date : 1/ August; 1973, 2/ A p r i  1 ; 1974  3/  June;  1974 

MONITORING OBJECTIVES 
1. To de te rm ine   t he   e f fec t i veness   o f   ch lo rophenoxy   f o rmu la t i ons  a t  d i f f e r e n t  

2 .  To e v a l u a t e   t h e   d r i f t   o f   h e r b i c i d e / w a t e r   m i x t u r e s   f r o m  a t r u c k  mounted m i s t  

3. To a s s e s s   t h e   p e r s i s t e n c e   o f   h e r b i c i d e   r e s i d u e s   i n   s o i l  and  water,  and 
4. To i nves t i ga te   t he   impac t   o f   ch lo rophenoxy   he rb i c ides  on non- ta rge t  

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

blower. 

o rgan isms   such   as   b i rds ,   f i sh ,   t e r res t r i a l   a r th ropods ,  and w i l d l i f e .  

STUDY DESIGN, LAYOUT, & RESULTS 
R e f e r   t o   F i g u r e s  2-1, 2-2, 2-3,  2-4, and  2-5. 

SUMMARY & CONCLUSIONS 
These s tud ies   demons t ra ted   t ha t  amine  and e s t e r   f o r m u l a t i o n s   o f  2,4-D and 

2,4,5-T were e q u a l l y   e f f e c t i v e   f o r   r o a d s i d e   a l d e r   c o n t r o l .  The minimum  amount 
o f   e f f e c t i v e   c h e m i c a l   f o r  summer f o l i a r   t r e a t m e n t  was 1.1-1.3 kg .   ac t i ve  
ma te r ia l   pe r   hec ta re .  Two t o   f o u r  weeks were   requ i red   f o r   t he   ch lo rophenoxy  
compounds t o  p r o d u c e   t h e i r   t o x i c   e f f e c t s  on a l d e r .  

S m a l l  q u a n t i   t i e s   o f   c h l   o r o p h e n o x y   r e s i d u e s   w e r e   f o u n d   i n   t h e   a i  r a t  a 
d i s t a n c e   o f  6 me t res   f rom  the   po in t   o f   app l i ca t i on .   A l though  99 p e r c e n t   o f   t h e  
r e s i d u e s   i n   t h e   f o r e s t   l i t t e r   d i s a p p e a r e d   w i t h i n  one week f o l l o w i n g  

)*E? 

EL 

W b  
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a p p l i c a t i o n ,   r e s i d u e s   i n   t h e   t r e a t e d   v e g e t a t i o n   w e r e   d e t e c t e d   a f t e r   l e a f  
e x c i s i o n   f o r  more than  50 weeks a f te r   t rea tmen t .   The re  was i n d i c a t i o n   t h a t  
some o f   t h e s e   r e s i d u e s   w e r e   r e l e a s e d   t o   t h e   s o i l .   O n l y   t r a c e  amounts o f  
chlorophenoxy  residues  were  detected i n   d i t c h   w a t e r  1-2 h o u r s   a f t e r   s p r a y  
a p p l i c a t i o n .  

was observed i n   f o l i a r   t r e a t m e n t   p l o t s  soon a f t e r   s p r a y   a p p l i c a t i o n .  No 
decrease i n  number o f   b i r d s   n e a r   t h e   e x p e r i m e n t a l   p l o t s  was n o t e d   a f t e r  
h e r b i c i d e   a p p l i c a t i o n .  

t o x i c   t o   f i s h   t h a n   t h e   e s t e r   f o r m u l a t i o n s .  Long cha in   mo lecu les   appeared  to  be 
more t o x i c   t o  coho f i n g e r l i n g s   t h a n   s h o r t   c h a i n   m o l e c u l e s .  

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

Labora to ry   b ioassay   t es ts   i nd i ca ted   t ha t   ch lo rophenoxy   am ines  were l e s s  

REFERENCE 
Wan, M.T.K. (1975).   Impacts  of   Chlorophenoxy  Herbic ides on a Coasta l   Forest  
Env i ronment   o f   Br i t i sh   Co lumbia .   Env i ronmenta l   Pro tec t ion   Serv ice .  
E.P.S. 5-PR-75-4. 
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" 
PLOT tJc. fF!CAT?.!EtIT 

1- A 4 
e- € 3  
3 -  E'o*  
4- E 2  
5 -  G 
6 - A; 
7 -  '3 
8 -  €4  
9- E'I 
I O  - A3 

E l  

I I  - E ' z e  
12 - 
13 - AI 
14 - A'I 
15 - A b  
16 - Ab 
I7 - A 2  * 
IO - A '0 

2 0  - E? 

2 2  - A'3 
23  - Ab 

19- Eo  

21 - E 4  

2 4  - A 4  
25 - A 3  
2 6  - E3 
27 - EO 
28 - E'2 
2 9  - A'0 
30 - E'I 
31 - E '3 
32 - A'I 
33 - E2*  
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FIGURE 2-3 DIAGRAMMATIC SKETCH OF WATER STATIONS 
W I  AND W 2  ( S o @  Figuro 8 for meaning o f  
P I  o t  Numbors) 
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FIGURE 2-4 DIAGRAMMATIC  SKETCH OF WATER STATIONS 
W 3  AND W 4  ( S o 0  Figuro 8 for meaning of 
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Mon i to r ing   S tudy  No. : 7  
M o n i t o r i n g  Agency : Envi  ronmenta 

- 

1 P r o t e c t  i on  Serv i ce 
Proponent o f  P r o j e c t  : M i n i s t r y  o f  Highways 

PROJECT DETAILS 
Locat  i on 
Purpose 
Target  speci   es 
Treatment  area 

: Se lec ted   sec t i ons  o f  Highway No. 1, 3 ,  5. 
: Soi 1 s t e r i  1 i z a t i  on o f  Highway  shoulders 
: Canada Thi   s t1  e, Knapweed 
: Spot  t reatment as r e q u i r e d  

P E S T I C I D E  USE INFORMATION 
Name o f  P e s t i c i d e  : (1) Pic loram, ( 2 )  Simazine 
A c t i v e   I n g r e d i   e n t  : As above 
R a t e   o f  Appl i c a t i o n  : (1) 0.56 kg/ha,   (2)  18 kg/ha 
C a r r i e r / d i l u e n t  : Water 
Drift Control  Agent : NA 
A p p l i c a t i o n  Method : Handgun/boom sprayers 
Treatment  Date : March - September  as r e q u i r e d  on an annual   basis 

MONITORING OBJECTIVES 
1. To d e t e r m i n e   h e r b i c i d e   c o n c e n t r a t i o n s   i n   h i g h w a y   s h o u l d e r s   i n   c e n t r a l  

i n t e r i o r   B r i t i s h  Columbia 

SUMMARY & CONCLUSIONS 
Both p i c l o r a m  and s imaz ine  were appl  i e d  on a se lec ted   spo t   t rea tmen t  

bas i s .   Va ry ing   concen t ra t i ons   o f   t hese   he rb i c ides   were   f ound   i n   t he   so i l  
(depth 0-10 cm) throughout   the  h ighway  shoulders o f  c e n t r a l   i n t e r i o r   B r i t i s h  
Columbia.  Residues o f   p i c l o r a m   v a r i e d   f r o m  0.0025 t o  0.54 ppm (averaging, 0.11 
ppm) , and o f  s imazine, 0.04 t o  0.20 ppm (averaging, 0.12 ppm). 

REFERENCE 
Wan, M.T. ( 1977)   Env i ronmen ta l   P ro tec t i on   Se rv i ce   I nspec t i on   Repor t  Nos: 23, 
25. 
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Moni to r ing   S tudy  No. : 8  
M o n i t o r i n g  Agency : Env i ronmenta l   Pro tec t ion   Serv ice  
Proponent o f   P r o j e c t  : Canadian  National R a i l w a y  

PROJECT DETAILS 
Locat  i on 
Purpose 
Target  speci   es 
Treatment  area 

: Kamloops t o   C l e a r w a t e r  
: S o i l   s t e r i l i z a t i o n   o f   b a l l a s t  
: Horse ta i  1 s ,  general  weeds 
: R a i l - l i n e  between  Kamloops  and  Clearwater 

PESTIC IDE USE INFORMATION 
Name o f   P e s t i c i d e  : A t r a z i n e  
A c t i v e   I n g r e d i e n t  : As above 
R a t e   o f   A p p l i c a t i o n  : 18  kg/ha ( i  .e. 40 1 bs/ac)   formulated compound 
C a r r i e r / d i  1 uent : Water 
Drift Control  Agent : NA 
A p p l i c a t i o n  Method : R a i l  mounted boom sprayer  
Treatment  Date : June /Ju l y   (annua l   l y )  

MONITORING OBJECTIVES 
1. To e v a l u a t e   t h e   e f f e c t i v e n e s s   o f   h e r b i c i d a l   s o i l   s t e r i l i z a t i o n   o f   b a l l a s t ,  

2. To d e t e r m i n e   t h e   r e s i d u e   l e v e i s   o f   a t r a z i n e   i n   b a l l a s t ,  exchange c l e a r i n g s .  
and 

SUMMARY & CONCLUSIONS 
D e s p i t e   t h e   a n n u a l   h e r b i c i d e   a p p l i c a t i o n   t o   t h e   b a l l a s t ,  weed r e g e n e r a t i o n  

i n  many p a r t s   o f   t h e   r a i l - l i n e   o c c u r r e d  soon a f t e r   t r e a t m e n t .  The res idue 
l e v e l s   v a r i e d   c o n s i d e r a b l y ,   ( i e .  0.68 t o  85.53  ppm), averaging 54.8 ppm. Such 
a v a r i a t i o n   i n   r e s i d u e   c o n c e n t r a t i o n s   a t   d i f f e r e n t   s e c t i o n s   o f   t h e   l i n e  
appeared t o   i n d i c a t e   t h a t   t h e   s p r a y   a p p l i c a t i o n  was not  conducted i n  a 
c o n s i s t e n t  manner. It appeared  tha t   par t   o f   the   p rob lem was r e l a t e d   t o   t h e  
t i g h t   t r a i n   s c h e d u l e s  and   sp ray   con t rac to rs   o f ten  had t o  meet t h e  commitment o f  
f i n i s h i n g  a s e c t i o n   o f   t h e   l i n e   w i t h i n  a l i m i t e d   t i m e  frame.  This  probably 
r e s u l t e d   i n   t h e   i n c o n s i s t e n t   c o v e r a g e   o f  some s e c t i o n s   o f   t h e  rail l i n e .  

REFERENCE 
Wan, M.T. (1976)   Env i ronmenta l   Pro tec t ion   Serv ice   Inspec t ion   Repor t  
F i  1 e 4428-4-1  (1976). 
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Moni to r ing   S tudy  No. : 9  
M o n i t o r i n g  Agency : Env i ronmen ta l   P ro tec t i on   Se rv i ce  
P roponen t   o f   P ro jec t  : B u r l   i n g t o n   N o r t h e r n   R a i l  

PROJECT DETAILS 
L o c a t i o n  : Vancouver t o  B1 a i n e  
Purpose : S o i l   s t e r i l i z a t i o n   o f   b a l l a s t  
Target  speci   es : H o r s e t a i l s ,  weeds 
Treatment  area : 40 ha 

PESTICIDE USE INFORMATION 
Name o f   P e s t i c i d e  : Elanco 's   Spike 
A c t i v e   I n g r e d i e n t  : Tebuth iuron 
R a t e   o f   A p p l i c a t i o n  : 45 kg/ha ( i e  4 l b s   a i / a c )  
C a r r i e r / d i  1 uent  : Water 
Drift Control  Agent : None 
A p p l i c a t i o n  Method : R a i l / t r u c k  mounted boom sprayer  
Treatment  Date : A p r i l  5 t o   A p r i  1 16,  1976 

MONITORING OBJECTIVES 
1. To d e t e r m i n e   d r i f t   o f  a w a t e r / h e r b i c i d e   m i x t u r e  when a p p l i e d   v i a  a r a i l /  

2. To d e t e r m i n e   t h e   p e r s i s t e n c e   o f   t e b u t h i u r o n   i n   s o i  1 , a i  r and water. 
t ruck  mounted boom sprayer .  

STUDY DESIGN, LAYOUT, & RESULTS 
R e f e r   t o   F i g u r e s  2-6 and  2-7. 

SUMMARY & CONCLUSIONS 

p l a t e s   p l a c e d   a t  a p e r p e n d i c u l a r   d i s t a n c e  o f  up t o  16   me te rs   f rom  the   ba l l as t .  
A1 t h o u g h   c a l m   w i n d   c o n d i t i o n s   p r e v a i l e d   a t   t h e   t i m e   o f   t h e   s p r a y   t r e a t m e n t  , it 
was p o s s i b l e   t h a t   t h e   a i r   t u r b u l a n c e   c a u s e d   b y   t h e  movement o f   t h e   r a i l  mounted 
equipment was r e s p o n s i b l e   f o r   t h e   h e r b i c i d e   d r i f t .  

No he rb i c ide   res idues   were   de tec ted   i n   t he   wa te r   o f   d i t ches   t ha t   were  
p a r a l l e l   t o   t h e   r a i l   t r a c k  even  though  tebuthiuron  residues  were  found i n   t h e  
air f o r  up t o  0.75 hours.  However, i t  appeared   conce ivab le   t ha t   l ow   l eve l s   o f  
t e b u t h i u r o n  may have  occurred i n   t he   wa te r ,   bu t   rema ined   unde tec ted   s ince   t he  
limit o f  d e t e c t i o n   o f   t h i s   h e r b i c i d e   a t   t h a t   t i m e  was 1.0 ppm. 

Herb i c ide   res idues   f rom a rail mounted boom sprayer  were  detected on d r i f t  

T e b u t h i u r o n   p e r s i s t e d   i n   t h e   s o i l   o f   t h e   b a l l a s t   f o r  more than 16 days. 

REFERENCES 

Bur l i ng ton   Nor the rn   Ra i lway .  
m Wan, M.T. (1978).   Progress  Report  on Vegeta t ion   Cont ro l   w i th   Tebuth iu ron  - 
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Mon i to r ing   S tudy  No. : 10 
Moni t o r i  ng  Agency : Env i ronmenta l   Pro tec t ion   Serv ice  
Proponent o f   P r o j e c t  : B r i t i s h  Columbia  Hydro and  Power A u t h o r i t y  

PROJECT DETAILS 
Locat  i on : Sechel t   Peninsula 
Purpose : Power l i ne   r i gh t -o f -way   b rush   con t ro l  
Target  speci   es : Alder,   salmonberry 
Treatment  area : 18 ha 

PESTICIDE USE INFORMATION 
Name o f   P e s t i c i d e  : 2,4-D/2,4,5-T ( I s o - o c t y l e s t e r   f o r m u l a t i o n )  
A c t i v e   I n g r e d i e n t  : As above 
R a t e   o f   A p p l i c a t i o n  : 4.5 kg/ha 
C a r r i e r / d i l   u e n t  : Water 
Drift Control  Agent : None 
A p p l i c a t i o n  Method : A e r i a l   d o r m a n t   s p r a y   ( f i x e d   w i n g   a i r c r a f t )  
Treatment  Date : A p r i l  4, 1975 (0700  hours) 

MONITORING OBJECTIVES 
1. To determine d r i f t   o f   l i q u i d   h e r b i c i d e   a p p l i c a t i o n   f r o m  a f i xed   w ing  

a i   r c r a f t  a1 ong  power1 i n e   r i g h t - o f - w a y ;  
2. To e v a l u a t e   t h e  minimum b u f f e r  zone r e q u i r e d   f o r   t h e   p r o t e c t i o n   o f  

streambank  vegetat ion  and  water  f rom  herbic ide  contaminat ion;  
3. To m o n i t o r   t h e   p e r s i s t e n c e   o f  2,4-D/2,4,5-T res idues   i n   con tamina ted  

s t  reams. 

STUDY DESIGN, LAYOUT, & RESULTS 
Refer  t o   F i g u r e s  2-8  and 2-9. 

SUMMARY OF RESULTS 
Herb ic ide  res idues  were  detected on d r i f t   p l a t e s   p l a c e d   a t  a d i s t a n c e   o f  

up t o  45 meters away f r o m   t h e   b o r d e r   o f   t h e   t r e a t m e n t   a r e a   a l o n g   t h e   f l i g h t  
p a t h   t h e   o f   t h e   a i r c r a f t .   R e g r e s s i o n   d a t a  on d r i f t   c o n c e n t r a t i o n s   v e r s u s  
d i s t a n c e s  away f r o m   t h e   s p r a y   a r e a   i n d i c a t e d   t h a t   h e r b i c i d e   r e s i d u e s   c o u l d  
p o t e n t i a l l y   d r i f t   f o r  more   than  150  meters   under   the   p reva i l ing   w ind   cond i t ion  
o f   t h i s   s p r a y   t r e a t m e n t   ( i e ,   l e s s   t h a n  5 km/h). 
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T h i s   f i x e d   w i n g   a p p l i c a t i o n   c o n t a m i n a t e d   s t r e a m s   t h a t   f l o w e d   t h r o u g h   t h e  
t reatment  area  even  though a 45 m e t e r   b u f f e r  zone was observed on bo th   s ides  o f  
t he   wa te r   cou rses   ( see   F igu re  2 - 8 ) .  H i g h   c o n c e n t r a t i o n s   o f   h e r b i c i d e   ( u p   t o  
5.76 ppm 2,4-D, 6.05 ppm 2,4,5-T)  were found i n   t h e   s t r e a m   w a t e r  soon a f t e r   t h e  
a e r i a l   t r e a t m e n t .  A1 though   the   concen t ra t i on   o f   he rb i c ides   dec reased  
s u b s t a n t i a l l y  (i.e., t o  0.06 ppm 2,4-D, 0.09 ppm 2,4,5-T) 2 h o u r s   f o l l o w i n g   t h e  
sp ray   app l i ca t i on ,   res idues   were   de tec ted   i n   t he   s t ream  wa te r   f o r  up t o  5 hours 
a f t e r   t r e a t m e n t .  

CONCLUSIONS 
1. F i x e d   w i n g   a p p l i c a t i o n   o f   l i q u i d   h e r b i c i d e   a l o n g   t h e   p o w e r l i n e   r i g h t - o f - w a y  

n o t   o n l y   p r o d u c e d   e x t e n s i v e   d r i f t   b u t  a1 so had a p o t e n t i a l   f o r  
con taminat ing   a reas   up   to  a d i s t a n c e   o f  more than 150 meters away f rom  the  
spray  boundary. 

vege ta t i on   and   wa te r   f rom  he rb i c ide   con tamina t ion   shou ld   no t  be l e s s   t h a n  
150  meters  f rom  the  t reatment  boundary.  

cou rses   f o r  a l o n g   p e r i o d   o f   t i m e  

2. The minimum b u f f e r  zone r e q u i r e d   f o r   t h e   p r o t e c t i o n   o f   s t r e a m b a n k  

3. F i x e d   w i n g   a e r i a l   a p p l i c a t i o n  has t h e   p o t e n t i a l   t o   c o n t a m i n a t e   w a t e r  

REFERENCE 
Wilson, D.M. and Wan, M.T.K. (1975) .   E f fec t i veness   o f   S t ream  Bu f fe r  Zones 
du r ing   Ae r ia l   App l i ca t i ons   o f   Ch lo rophenoxy  and P ic lo ram  Herb ic ides .   Repor t  
Number E.P.S. 5-PR-75-3. 
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FIGURE 2-8 DIAGRAM OF SPRAY PLOT - SECHELT, B. C. 
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Mon i to r ing   S tudy  No. : 11 
M o n i t o r i n g  Agency : E n v i r o n m e n t a l   P r o t e c t i o n   S e r v i c e / B r i t i s h  Col  umbia 

P roponen t   o f   P ro jec t  : B r i t i s h  Col  umbia  Hydro  and Power A u t h o r i t y  
F i s h  and Wi 1 d l  i f e  Branch 

PROJECT DETAILS 
L o c a t i  on 
Purpose 
Target  species 
Treatment  area 

: McLeese Lake  area 
: Power1 i n e   r i g h t - o f - w a y   b r u s h   c o n t r o l  
: Alder ,   P ine,   Poplar ,   B i rch 
: 92 ha 

PESTIC IDE USE INFORMATION 
Name o f   P e s t i c i d e  : Tordon 10K p e l   l e t s  
A c t i v e   I n g r e d i e n t  : Pic lo ram 
R a t e   o f  Appl i c a t i  on : 67.5 kg/ha 
C a r r i e r / d i  1 uent : None 
Drift Control  Agent : None 
A p p l i c a t i o n  Method : A e r i a l   d o r m a n t   s p r a y   ( f i x e d   w i n g   a i r c r a f t )  
Treatment  Date : May 1, 1976 (0530 - 1130 hours)  

MONITORING  OBJECTIVES 
1. To d e t e r m i n e   t h e   d r i f t   o f  a h e r b i c i d e   p e l l e t   a p p l i c a t i o n   f r o m  a f i x e d   w i n g  

2. To e v a l u a t e   t h e  minimum b u f f e r  zone r e q u i r e d   f o r   t h e   p r o t e c t i o n   o f  
a i   r c r a f t  a1 ong a power1 i ne  r ight -of -way ; 

wet land  a reas   f rom  herb ic ide   con taminat ion ;  

STUDY DESIGN, LAYOUT, & RESULTS 
R e f e r   t o   F i g u r e s  2-10,  2-11,  and  2-12. 

SUMMARY OF RESULTS 
P i c l o r a m   p e l   l e t s  were  found on d r i f t   p a n e l s  and p l a t e s   p l a c e d   a t  a 

d i s t a n c e   o f  up t o  20 meters away f rom  the   boundary   o f   t he   t rea tmen t   a rea   ( see  
F i g u r e  2-11, 2-12).  Regression  data on t h e  number o f   p e l l e t s   c o l l e c t e d   p e r  
pane l /p la te   ve rsus   d i s tances  away f r o m   t h e   s p r a y   a r e a   i n d i c a t e d   t h a t   h e r b i c i d e  
p e l l e t s  have t h e   p o t e n t i a l   t o   d r i f t   t o  a d i s t a n c e   o f  more  than 25 meters  under 
v a r i a b l e   p r e v a i  1 i n g   w i n d   c o n d i t i o n s   o f  3-24 kmph. A1 t h o u g h   t h e   d r i f t   p r o b l e m  
o f   f i x e d   w i n g   a p p l i c a t i o n   o f   h e r b i c i d e   p e l l e t s  was no t  as e x t e n s i v e  as t h e  
l i q u i d  form,   there was a need t o   o b s e r v e  an a p p r o p r i a t e   a d d i t i o n a l   b u f f e r   f o r  
t h e   p r o t e c t i o n   o f  streambank  vegetation  and  water  because  picloram i s   h i g h l y  
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m o b i l e   i n   s o i l .   P i c l o r a m  was de tec ted  a t  0.20 ppm i n   t h e   w a t e r   o f  a pond t h a t  
was loca ted   app rox ima te l y  30 meters away f rom  the  boundary  o f   t reatment   area.  

Accord ing ly ,  an a d d i t i o n a l  25 t o  75 meters  should  have been  added t o   t h e  
25 m e t e r   b u f f e r  zone,  depending on the   ma te r ia l   used  and the   topography  o f  t h e  
t reatment  area. 

CONCLUSIONS 
1. F i x e d   w i n g   a p p l i c a t i o n  o f  h e r b i c i d e   p e l l e t s   a l o n g  a power l i ne   r i gh t -o f -way  

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

v e g e t a t i o n   a n d   w a t e r   f r o m   h e r b i c i d e   c o n t a m i n a t i o n   f o r   a e r i a l   p e l l e t  
a p p l i c a t i o n   s h o u l d   n o t   b e   l e s s   t h a n  50 meters. 

shou ld   no t  be conducted   a t  a w ind   ve loc i t y   g rea te r   t han  5 kmph. 

2. The  minimum b u f f e r  zone r e q u i r e d   f o r   t h e   p r o t e c t i o n  o f  streambank 

3. To r e d u c e   t h e   p r o b l e m   o f   d r i f t ,   f i x e d   w i n g   a p p l i c a t i o n   o f   h e r b i c i d e   p e l l e t s  

REFERENCE 
Reid, D.S. and Wan, M.T. ( 1976) .   Mon i to r i ng   o f  a f i xed   w ing   ae r ia l   b roadcas t  
o f   p i c l o r a m   p e l l e t s   f o r   B r i t i s h  Columbia  Hydro  Transmission  r ight-of-way 
main tenance  a t  McLeese  Lake. J o i n t  memo r e p o r t  E.P.S./Fish and W i l d l i f e .  

I 

4 



- 67 - 

LATERAL  DRIFTS I 
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FIGURE -2-10 LAYOUT OF DRIFT  PANELS AND PLATES TO DETERMINE 
THE LATERAL AND TAIL  DRIFT OF HERBICIDE PELLETS. 
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FIGURE 2-11  LATERAL  DRIFT OF PICLORAM PELLETS FROM A 
F IXED WING  AIRCRAFT 
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FIGURE 2-12 DRIFT OF PICLORAM  PELLETS  INTO  BUFFER  ZONE 
AREA FROM A FIXED WING AIRCRAFT 
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Mon i to r ing   S tudy  No. : 12 
M o n i t o r i n g  Agency : Env i ronmenta l   Pro tec t ion   Serv ice  
P roponen t   o f   P ro jec t  : B r i t i s h  Col  umbia  Hydro  and Power A u t h o r i t y  

PROJECT DETAILS 
Locat  i on : Pemberton - Mount Cur r i e   a rea  
Purpose : Power1 i n e   r i g h t - o f - w a y   b r u s h   c o n t r o l  
Target   spec ies : Alder ,   Pop lar ,   B i rch  
Treatment  area : 110.4 ha 

P E S T I C I D E  USE INFORMATION 
Name o f   P e s t i c i d e  : Picloram/2,4-D  amine  mixture 
A c t i v e   I n g r e d i e n t  : As above 
R a t e   o f   A p p l i c a t i o n  : 10.5 kg/ha  (Pic loram: 2,4-D = 1:4) 
C a r r i e r / d i l u e n t  : Water 
Drift Control  Agent : Norbak 
A p p l i c a t i o n  Method : A e r i a l   f o l i a r   a p p l i c a t i o n   ( H e l i c o p t e r )  
Treatment  Date : J u l y  25, 1975 (0730  hours) 

MONITORING OBJECTIVES 
1. To d e t e r m i n e   t h e   d r i f t   p a t t e r n   o f   l i q u i d   h e r b i c i d e   a p p l i c a t i o n   f r o m  a 

h e l i c o p t e r   a l o n g   t h e   f l i g h t   p a t h   o r   a t   r i g h t   a n g l e s   t o   t h e   f l i g h t   p a t h   i n  a 
power l ine   r igh t -o f -way  b rush   con t ro l   p rogram;  

2 .  To assess   the   min imum  bu f fe r   zone  requ i red   fo r   the   p ro tec t ion   o f   s t reambank 
vegeta t ion   and  wet   a reas   f rom  herb ic ide   con taminat ion ;  

3. To m o n i t o r   t h e   p e r s i s t e n c e   o f   2 , 4 - D / p i c l o r a m   r e s i d u e s   i n   t h e  air and 
contaminated  streams. 

STUDY DESIGN, LAYOUT, & RESULTS 
R e f e r   t o   F i g u r e s  2-13, 2-14, and  2-15. 

SUMMARY OF RESULTS 
Herb ic ide  res idues  were  detected on d r i f t   p l a t e s   p l a c e d  a t  a d i s t a n c e   o f  

up t o  45 meters away f r o m   t h e   b o r d e r   o f   t h e   t r e a t m e n t   a r e a   a t   r i g h t   a n g l e s   t o  
t h e   f l i g h t   p a t h s .   R e g r e s s i o n   d a t a  on d r i f t   l e v e l s   v e r s u s   d i s t a n c e s  away from 
t h e   s p r a y   p l o t   i n d i c a t e d   t h a t   h e r b i c i d e   d r o p l e t s  have a p o t e n t i a l   t o   d r i f t   t o  a 
d i s t a n c e   o f  more  than 80 meters  under a p r e v a i l i n g   w i n d   c o n d i t i o n   o f   l e s s   t h a n  
5 kmph. S m a l l  q u a n t i t i e s  o f  2,4-D and p i c lo ram  were   de tec ted   i n  a stream 0-2 

Y 

I 

I 
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h o u r s   f o l l o w i n g   t h e   s p r a y   a p p l i c a t i o n   ( i . e . ,   t o t a l l i n g  0.50  ppm). Th is  
decreased t o  0.023 ppm, 2-4 h o u r s   l a t e r  because o f   t h e   h i g h   r a t e   o f   s t r e a m  
d ischarge ( i  .e., 10 c f s ) .  Pic loram/2,4-D  residues  persisted i n   t h e  air f o r  up 
t o   f o u r   h o u r s   a f t e r   t h e   b e g i n n i n g   o f   t h e   s p r a y .  

CONCLUSIONS 
1. H e l i c o p t e r   a p p l i c a t i o n   o f   l i q u i d   h e r b i c i d e   m i x t u r e   d u r i n g  a r igh t -o f -way 

brush  con t ro l   p rogram has a h i g h   p o t e n t i a l   o f   c o n t a m i n a t i n g  wet  areas up t o  
a d i s t a n c e   o f  more  than 80 meters away from  the  spray  boundary. 

vegeta t ion   and  water   f rom  herb ic ide   con taminat ion   shou ld   no t   be   less   than 
100 meters  f rom  the  t reatment  boundary.  

d i s c h a r g e   r a t e   ( i  .e., 10 c f s ) .  

2. The  minimum b u f f e r  zone r e q u i   r e d   f o r   t h e   p r o t e c t i o n   o f   s t r e a m b a n k  

3. P e s t i c i d e   r e s i d u e s   d i d   n o t   p e r s i s t   i n   t h e   c r e e k  because o f   t h e   h i g h   s t r e a m  

REFERENCE 
Wilson, D.M. & M.T. Wan (1975) .   E f fec t i veness   o f   S t ream  Bu f fe r  Zones d u r i n g  
Aer ia l   App l i ca t i ons   o f   Ch lo rophenoxy  and Pic loram  Herb ic ides.   Env i ronmenta l  
P r o t e c t i o n   S e r v i c e .  E.P.S. 5-PR-75-3. 
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Mon i to r ing   S tudy  No. 
M o n i t o r i n g  Agency 
P roponen t   o f   P ro jec t  

PROJECT DETAILS 
L o c a t i o n  
Purpose 
Target   spec ies 
Treatment  area 

P E S T I C I D E  USE INFORMATION 
Name o f   P e s t i c i d e  
A c t i v e   I n g r e d i e n t  
R a t e   o f   A p p l i c a t i o n  
C a r r i e r / d i  1 uent 
Drift Control  Agent 
App l ica t ion   Method 
Treatment  Date 

MONITORING OBJECTIVE 
1. To m o n i t o r   t h e   r e s i d u e  

13 
Env i ronmenta l   Pro tec t ion   Serv ice  
Transpor t  Canada 

Boundary Bay A i r p o r t ,   D e l t a  
Weed Contro l  
Canada  and B u l l   T h i s t l e  
38 ha 

D i  camba 
As above 
1.26 kg   a i / ha  
Water 
NA 
T r a c t o r  Mounted boom sprayer  
June 6, 1981 

and movement o f  dicamba f o l  1 owi  ng  one  appl i c a t   i o n   o f  
t h i s   h e r b i c i d e   t o   c o n t r o l   t h i s t l e s   a l o n g   t h e  runway o f  Boundary Bay 
A i  r p o r t .  

STUDY DESIGN, LAYOUT, & RESULTS 
R e f e r   t o   F i g u r e  2-16. 

SUMMARY OF RESULTS 
Minute   concent ra t ions   o f   d icamba  ( ie . ,  2.2 ppb)  were  recovered  f rom  the 

d i t c h   w a t e r   a l o n g   t h e  runway t h r e e  days f o l l o w i n g   h e r b i c i d e   t r e a t m e n t .  No 
residues,  however,  were  found i n   w a t e r   l e a d i n g   t o   t h e  dyke  canal. 

REFERENCE 
Wan, M.T. (1981).  Dicamba  Residues i n   R u n o f f  Water a t  Boundary Bay A i r p o r t ,  
D e l t a ,  B.C. Env i ronmen ta l   P ro tec t i on   Se rv i ce  Memo Repor t ,   Ju l y  13,  1981. 
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Mon i to r ing   S tudy  No. 
M o n i t o r i n g  Agency 
Proponent o f   P r o j e c t  

PROJECT DETAILS 
Locat  i on 
Purpose 
Target  speci   es 
Treatment  area 

PESTICIDE USE INFORMATION 
Name o f   P e s t i c i d e  
A c t i v e   I n g r e d i e n t  
R a t e   o f  Appl i c a t i o n  
C a r r i e r / d i l   u e n t  
Drift Control  Agent 
Appl i c a t  i on Method 
Treatment  Date 

14 
Env i ronmenta l   Pro tec t ion   Serv ice  
MacMi 11  an B1 oedel  /Rayoni  er Canada 

N o r t h   o f  Vancouver I s 1  and, Nerou tsos   I n le t   a rea  
C o n t r o l   o f   i n s e c t   p e s t s  
Black  headed budworm 
29,000 acres 

Sumi t h i  on 
F e n i t r o t h i o n  
0.14 kg   a i / ha  x2 
Water 
NA 
F i x e d  wi ng a i  r c r a f t  (Cessna  Skymaster) 
Jljlne 22, 1973/June 26, 1973 

MONITORING OBJECTIVE 
1. To d e t e r m i n e   t h e   i m p a c t   o f   f e n i t r o t h i o n  on non- target   Ar thropods.  

STUDY DESIGN, LAYOUT, & RESULTS 
R e f e r   t o   F i g u r e   3 - 1  and  Table 3-1. 

SUMMARY OF RESULTS 
There was a s i g n i f i c a n t   r e d u c t  

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

i o n   i n   t h e  numbers o f  some o r d e r s   o f  
the   a rachn ida  and d i p t e r a ,   i n   t h e   t r e a t e d  

CONCLUSION 

i n s e c t s   f o l l o w i n g   t h e   i n s e c t i c i d e   t r e a t m e n t .  
There was cons ide rab le   mor ta l  i t y  o f   s e v e r a l  famil i e s   o f   t e r r e s t r i a l  

REFERENCE 
1. Aer ia l   Spray ing  Operat ions  Against   B lackheaded Budworm on Vancouver   Is land - 1973. Ed i ted   by  J.R. Carrow Pac i f i c   Fores t   Research   Cent re ,  506 West 

Burns ide Road, V i c t o r i a ,  B.C. 

2. Wan,  M.T. (1974). The E f f e c t s   o f   F e n i t r o t h i o n  on non- target   Ar thropods.  
E.P.S. Manuscr ipt   Report   74-3,   Paci f ic   Region. 
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Moni to r ing   S tudy  No. : 15 
M o n i t o r i n g  Agency : Env i ronmenta l   Pro tec t ion   Serv ice  
P roponen t   o f   P ro jec t  : Canadian  Forest ry   Serv ice 

PROJECT DETAILS 
L o c a t i o n  : Revelstoke  area 
Purpose : Fores t r y   ' I nsec t   pes ts   con t ro l  
Target  speci   es : Western Hemlock Looper 
Treatment  area : 28 ha 

P E S T I C I D E  USE INFORMATION 
Name o f   P e s t i c i d e  : A l t o s i d   i n s e c t   j u v e n i l e  hormone 
A c t i v e   I n g r e d i e n t  : Methoprene 
R a t e   o f   A p p l i c a t i o n  : 0.145 1 a i /ha  
C a r r i e r / d i  1 uent : Water/Rhodomine  dye 
Drift Control  Agent : NA 
A p p l i c a t i o n  Method : Fixed  wing a i  r c r a f t  
Treatment  Date : J u l y  30, 1974 

MONITORING OBJECTIVE 
1. To m o n i t o r   t h e   e f f e c t s   o f   t h i s   j u v e n i l e  hormone  on a q u a t i c  and t e r r e s t r i a l  

i nver tebra tes .  

STUDY DESIGN, LAYOUT, AND RESULTS 
R e f e r   t o   F i g u r e s  3-2,  3-3,  and  3-4. 

SUMMARY OF RESULTS 

were  recorded on t h e   6 t h  and  31s t   day   fo l l   ow ing   the  hormone a p p l   i c a t i o n  
i n   t h e   a l t o s i d   t r e a t e d  ponds  bu t   no t   the   t rea ted   c reek .  

t rea tment  was observed  a l though  there was n o   e v i d e n c e   o f   h a r m f u l   e f f e c t s   o f  
A1 t o s i d .  

S i g n i f i c a n t l y   l o w e r   r a t e s   o f   i n s e c t  emergence  f rom  aquat ic  insect  cages 

Some r e d u c t i o n   i n  emergence  and m o u l t i n g   o f   o r g a n i s m s   a f t e r  hormone 

CONCLUSION 
A1 t o s  

non- ta rge t  
i d  juven 

aquat i c 
i l e  hormone appears t o  have  minimal  short   term  impact on 

and t e r r e s t  r i  a1 i n v e r t e b r a t e s .  

REFERENCE 
Wan, M.T.K. and D.M. W i l son   (1975) .   Impac ts   o f   A l tos id   Juven i l e  Hormone on 
Non-target  Organisms i n  an Aquat ic   Env i ronment   o f   Br i t i sh   Co lumbia .  
Su rve i l l ance   Repor t .  E.P.S. 5-PR-75-9, P a c i f i c  Region. 
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Moni to r ing   S tudy  No. : 16 
M o n i t o r i n g  Agency : Env i ronmenta l   Pro tec t ion   Serv ice  
P roponen t   o f   P ro jec t  : Canad ian   Fores t ry   Serv ice /Br i t i sh   Co lumbia /Un i ted  

S ta tes   Depar tmen ts   o f   Ag r i cu l tu re  

PROJECT DETAILS 
Locat  i on : Kamloops  area 
Purpose : C o n t r o l   o f   f o r e s t   i n s e c t   p e s t  
Target  speci   es : Doug las- f i r   tussock   moth  
Treatment  area : 12,140  ha 

P E S T I C I D E  USE INFORMATION 
Name o f   P e s t i c i d e  : ( i )  Orthene, ( i i )   D i m i l i n  
A c t i v e   I n g r e d i e n t  : As above 
R a t e   o f  Appl i c a t i o n  : ( i )  1.12 k g   a i / h a   ( i i )  0.14 kg   a i / ha  
Carri e r / d i  1 uent : Water 
Drift Control  Agent : NA 
A p p l i c a t i o n  Method : F ixed   w ing   a i r c ra f t   (Cessna)  
Treatment  Date : June,  1975 

MONITORING OBJECTIVE 
1. To mon i to r   t he   impac ts   o f   o r thene  and d i m i l i n  on n o n - t a r g e t   a r t h r o p o d s   i n  a 

Doug1 a s - f i  r f o r e s t  env i ronment 

STUDY  DESIGN, LAYOUT, & RESULTS 
R e f e r   t o   F i g u r e s  3-5 and  3-6. 

SUMMARY OF RESULTS 

p o p u l a t i o n   o f   a r b o r e a l  , grass-dwel 1 i ng , s o i  1 -dwel l  i ng , and f l y i n g   i n s e c t s   f o r  
v a r y i n g   p e r i o d s   o f   t i m e   f o l l o w i n g   i n s e c t i c i d e   t r e a t m e n t .  

O p e r a t i o n a l   a e r i a l   a p p l i c a t i o n   o f   o r t h e n e  and d i m i l i n   r e d u c e d   t h e  

CONCLUSIONS 

non- target   ar thropod  groups i n   t h e   f o r e s t  ecosystem.  Orthene  had an 
a d u l t i c i d a l   e f f e c t  on i n s e c t s ,   w h i l e   d i m i l i n   i n h i b i t e d   t h e  emergence o f  a d u l t  
i n s e c t s .  The e f f e c t   o f   o r t h e n e  was s h o r t - l i v e d   b u t  Dimil i n  appeared t o   s u s t a i n  
i t s   e f f e c t  on a d u l t  emergence d u r i n g   t h e   p e r i o d   o f   i n v e s t i g a t i o n .   R e s i d u e s   o f  
Orthene  and i t s   p r i n c i p a l   m e t a b o l i t e ,   m o n i t o r ,   c o n t a m i n a t e d   t h e   f o r e s t   f l o o r  
f o r  more than one week. 

A e r i a l   a p p l i c a t i o n   o f   o r t h e n e  and d i m i l i n  was i n j u r o u s   t o  a number o f  

REFERENCE 
1. Canad ian   Fores t ry   Serv ice   (1980) .   Opera t iona l   F ie ld   T r ia ls   Aga ins t   the  

D o u g l a s - f i r  Tussock  Moth w i t h  Chemical  and B i o l o g i c a l   I n s e c t i c i d e s .  
Paci  f i c   F o r e s t  Research  Cent  re,  Victoria.  Report BC-X-201. 

2. Wilson, D.M. and M.T.K. Wan (1977) .   E f fec ts   o f   Or thene  and D i m i l i n  
I n s e c t i c i d e s  on s e l e c t e d   n o n - t a r g e t   A r t h r o p o d s   i n  a D o u g l a s - f i r   F o r e s t  
Envi ronment .   Surve i l lance  Repor t ,  E.P.S.-5-PR-76-4, ( F i n a l   d r a f t ) .  
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APPENDIX IV 

MOSQUITO  CONTROL PROGRAMMES 
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Moni to r ing   S tudy  No. : 17 
M o n i t o r i n g  Agency : Env i ronmenta l   Pro tec t ion   Serv ice  
Proponent o f   P r o j e c t  : Local  Governments 

PROJECT DETAILS 
Locat  i on 

Purpose 
Target  species 
Treatment  area 

: Delta,   Matsqui  , Port  Coquitlam,  Kamploops, 

: Cont ro l   o f   mosqu i toes  
: Mosqu i to   adu l ts  and l a r v a e  
: 570 ha ( t o t a l   a r e a )  

Tsawwassen 

PESTICIDE USE INFORMATION 
Name o f   P e s t i c i d e  : Abate,   Malathion 
A c t i v e   I n g r e d i e n t  : As above 
R a t e   o f   A p p l i c a t i o n  : 0.03 1 abate/ha 0.3 1 malath ion/ha 
C a r r i e r / d i l u e n t  : Water, ULV 
Drift Control  Agent : NA 
A p p l i c a t i o n  Method : Back packs   sp raye rs ,   f ogger ,   f i xed   w ing   a i r c ra f t  
Treatment  Date : May, June, J u l y  1975-1976 

MONITORING OBJECTIVE 
1. To mon i to r   t he   impac t   o f   mosqu i to   con t ro l   chemica ls   t o   de te rm ine   (a )   t he  

p e r s i s t e n c e   o f   r e s i d u e s   i n   a i r  and w a t e r ;   a n d   ( b )   t h e   e f f e c t s   o f   t h e  
res idues  on f i sh ,   f i sh   f ood   o rgan isms ,  and t e r r e s t r i a l   a r t h r o p o d s .  

STUDY DESIGN, LAYOUT, AND RESULTS 
R e f e r   t o   F i g u r e s  4-1,  4-2, 4-3 and  4-4. 

SUMMARY OF RESULTS 
M a l a t h i o n   p e r s i s t e d   i n   t h e   a i r   f o r  up t o   t h r e e   h o u r s   f o l l   o w i n g   t r e a t m e n t  

by a t ruck-mounted  fogger   but  was not  detected  beyond one hour when t h e  
a p p l i c a t i o n  was conducted  by a f i x e d   w i n g   a i r c r a f t .  

was no t   de tec ted   two   hou rs   a f te r   sp ray ing .   Aba te   res idues   i n   wa te r   f e l l   be low  
t h e  limit o f   d e t e c t i o n   ( i  .e., 1 ppb) i n  a ve ry   sho r t   t ime .  

A b a t e   d i d   a d v e r s e l y   a f f e c t   t h e   p o p u l a t i o n   o f  some non- ta rge t   aqua t i c  
i n v e r t e b r a t e s ,   p a r t i c u l a r l y   a c a r i ,   c o l l e m b o l a ,   t e n d i p e d i d a e ,   d i p t e r a ,  
ephemeroptera  and  odonata. 

M a l a t h i o n   p e r s i s t e d   f o r   t h r e e  days i n  ponds, w h i l e   i n   r u n n i n g   c r e e k s  i t  

w 

M 
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Ma la th ion   no t   on l y   reduced   the   popu la t i ons   o f   bo th   non - ta rge t   aqua t i c   and  
t e r r e s t r i a l   i n v e r t e b r a t e s   b u t  a1 so caused a f i s h   k i l l .  

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

t r e a t m e n t   a r e a s   a n d   t h e   r e s i d u e s   p e r s i s t e d   i n   t h e   a i r   f o r   s e v e r a l   h o u r s  
f o l l o w i n g   t h e   a p p l i c a t i o n s .   M a l a t h i o n   c o n t a m i n a t i o n   o f  pond  water  caused a 
f i s h   k i l l .   A l t h o u g h   t h i s   c h e m i c a l   r e d u c e d   t h e  bee p o p u l a t i o n   t e m p o r a r i l y ,  i t 
had   m in ima l   impac t   on   o the r   non - ta rge t   t e r res t r i a l   a r th ropods .  

o f  s e v e r a l   n o n - t a r g e t   i n v e r t e b r a t e s  and a l t e r e d   t h e   c o m p o s i t i o n   o f   t h e   a q u a t i c  
f a u n a   d u r i n g   t h e   p e r i o d   o f   s t u d y .  

D i r e c t   a p p l i c a t i o n   o f   a b a t e   t o   t h e   a q u a t i c   e n v i r o n m e n t   r e d u c e d   t h e  numbers 

REFERENCE 
Wan, M.T.K. and D.M. Wi lson (1976). The impact   o f   Mosqui to   Contro l   Chemicals  
on  Selected  Non-target  Organi sms i n   B r i t i s h  Col  umbia. Surve i  1 1 ance  Report, 
E.P.S. 5-PR-76-3. 
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Mon i to r ing   S tudy  No. : 18 
M o n i t o r i n g  Agency : Env i ronmenta l   Pro tec t ion   Serv ice  
Proponent o f   P r o j e c t  : B r i t i s h  Columbia M i n i s t r y   o f   A g r i c u l t u r e  

PROJECT DETAILS 
L o c a t i o n  
Purpose 

Target  speci   es 
Treatment  area 

: Tsawwassen, For t   Langley,   Por t   Coqui t lam 
: To i n v e s t i g a t e   e f f i c a c y   o f   A l t o s i d  & D i m i l i n   i n  

: Mosqu i to   la rvae 
: 40.1 ha 

Mosqui to  control   programs 

PESTICIDE USE INFORMATION 
Name o f   P e s t i c i d e  : A l t o s i d ,   D i m i l i n  
A c t i v e   I n g r e d i e n t  : As above 
R a t e   o f   A p p l i c a t i o n  : 0.03 k g   a l t o s i d / h a  0.05 k g   d i m i l i n / h a  
C a r r i e r j d i  1 uent  : Water 
Drift Control  Agent : NA 
A p p l i c a t i o n  Method : Backpack   sp raye r ,   f i xed   w ing   a i r c ra f t  
Treatment  Date : May, June, 1976 

MONITORING OBJECTIVE 
1. To mon i to r   t he   impac t  o f  i n s e c t   g r o w t h   r e g u l a t o r s   f o r   m o s q u i t o   c o n t r o l   t o  

de te rm ine   (a )   t he   pe rs i s tence  o f  d i m i l i n   r e s i d u e s   i n   w a t e r  and  sediments 
( b )   t h e   e f f e c t s   o f   t h e   d i m i l i n   r e s i d u e s  on f i s h  and f i sh   food  o rgan isms.  

STUDY DESIGN, LAYOUT, & RESULTS 
R e f e r   t o   F i g u r e s  4-5, 4-6, 4-7, and 4-8. 

SUMMARY OF RESULTS 
A l t o s i d  was d e t e c t e d   i n   t h e   w a t e r   o f  Tsawwassen s a l t  marshes up t o  4 days 

a f t e r   a p p l i c a t i o n .   D i m i l i n   p e r s i s t e d   i n   w a t e r   f o r  more t h a n   t e n  weeks, w h i l e  
i n  sediment i t  was d e t e c t e d   f o r  more than  four  months.  

The a p p l i c a t i o n   o f   a l t o s i d   t o   s a l t  marshes d i d   n o t  seem t o  produce  harmful  
e f f e c t s   t o   z o o p l a n k t o n i c   c r u s t a c e a n s ,   f i s h ,  and  marsh  crabs  dur ing  the  per iod 
o f   t h e   s t u d y .  Dimil i n   n o t   o n l y   i n h i b i t e d   t h e  emergence o f   m o s q u i t o   a d u l t s   b u t  
a l s o   d e p r e s s e d   t h e   r a t e   o f  emergence o f   severa l   g roups   o f   o ther   aquat ic  
i nsects.  
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CONCLUSION 

appeared t o  be harmless t o  marsh  crabs,  crustaceans, and f i s h  a t  t h e  Tsawwassen 
s a l t  marshes. The a e r i a l   t r e a t m e n t   o f   d i m i l i n  a t  For t   Lang ley ,  B.C., n o t   o n l y  
suppressed  mosqui to   populat ion  but  a1 so reduced  the   popu la t ion  o f  zooplankton 
and  non-target  insects.   Residues o f  i n s e c t   g r o w t h   r e g u l a t o r   c a n   p e r s i s t   f o r  a 
v a r i a b l e   p e r i o d  o f  t i m e   i n   t h e   a q u a t i c   e n v i r o m e n t .  

u Ground a p p l i c a t i o n   o f   a l t o s i d  was e f f e c t i v e   a g a i n s t   m o s q u i t o e s  and 

y. 

II 

rl REFERENCE 
Wan, M.T.K. and D.M. Wilson  (1979).  Impact o f  Insect  Growth  Regulators on 
Selected  Non- target   Organisms  Co-ex is t ing  wi th   Mosqui to   Larvae.   Env i ronmenta l  

a Protect ion  Serv ice,   Regional   Program  Repor t :  79-27. 
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L E G E N D  

Control   Plot  

A l t o r l d   P l o t  

F IGURE 4-5 L O C A T I O N  OF A L T O S I D  S T U D Y  P L O T S  
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Moni to r ing   S tudy  No. : 19 
M o n i t o r i n g  Agency : Env i ronmenta l   Pro tec t ion   Serv ice  
P r o p o n e n t   o f   P r o j e c t  : I n d u s t r i e s ,   f a r m e r s ,   p r i v a t e   i n d i v i d u a l s  

PROJECT DETAILS 
L o c a t i o n  : Sumas P r a i  r i e  
Purpose : Weeds/pest c o n t r o l  
Target  species : A g r i c u l t u r a l / I n d u s t r i a l  Weeds 
Treatment  area : 100 sq. km 

PESTICIDE USE INFORMATION 
Name o f   P e s t i c i d e  : A g r i c u l t u r a l / I n d u s t r i a l   P e s t i c i d e s  
A c t i v e   I n g r e d i e n t  : Organo-chl o r i  ne  and o t h e r   p e s t i c i d e s  
R a t e   o f  Appl i c a t i o n  : Manufac turer ' s  recommended r a t e  
C a r r i e r / d i l u e n t  : Water 
Drift Control  Agent : NA 
Appl i c a t  i on  Met  hod : T r a c t o r  mounted boom sprays,  power  hose 
Treatment  Date : NA 

MONITORING  OBJECTIVES 
1. To d e t e r m i n e   t h e   l e v e l s   o f   s e l e c t e d   p e s t i c i d e   r e s i d u e s   ( o r g a n o - c h l o r i n e s ,  

2.  To o b t a i n   p r e l i m i n a r y   d a t a  on t h e   p e s t i c i d e   r e s i d u e s   f o u n d   i n   c o a r s e   f i s h  
t r i a z i n e s ,   u r a c i l  , u r e a )   i n   t h e   s e d i m e n t   o f   t h e  Sumas River  system: 

i n   t h e  Sumas R i v e r .  

STUDY DESIGN, LAYOUT, & RESULTS 
R e f e r   t o   F i g u r e s  5-1 and 5-2. 

SUMMARY OF RESULTS 

found i n  l o w   l e v e l s   a t   v a r i o u s   c o n c e n t r a t i o n s  (i.e.,  2-94,000 ppb) i n   t h e  
s e d i m e n t s   o f   t h e  Sumas R i v e r  system.  Apar t   f rom  the  organo-chlor ine 
p e s t i c i d e s ,   r e s i d u e   l e v e l s   o f   o t h e r   p e s t i c i d e s   a p p e a r e d   t o  be r e l a t e d   t o  
seasonal  use o f   t h e   v a r i o u s   m a t e r i a l s .  

t i s s u e s   o f   c o a r s e   f i s h   i n   t h e  Sumas Lake  Drainage  Canal. 

DDT, DDD, th iodan,   a t raz ine ,   s imaz ine ,  and tebu th iu ron   were   occas iona l l y  

Organo-ch lo r ine   and  o ther   pes t ic ide   res idues   were   found  in   the   musc le  
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CONCLUSIONS 
Low l e v e l s   o f   o r g a n o - c h l o r i n e  and o t h e r   p e s t i c i d e s  were  found i n   t h e  

sed imen ts   o f   t he  Sumas River.   There was evidence t o  s u g g e s t   t h a t   t h e  
occurrence o f  p e s t i c i d e   r e s i d u e s   i n   t h e   s e d i m e n t  was r e l a t e d   t o   t h e   t i m i n g   o f  
s p r a y   a p p l i c a t i o n   b y   t h e   a g r i c u l t u r a l  and i n d u s t r i a l   c o m m u n i t i e s   i n   t h e  Sumas 
P r a i r i e .  As w e l l ,   t h e r e  was i n d i c a t i o n   o f   p e s t i c i d e   r e s i d u e s   o c c u r r i n g   i n  
f i s h .  

REFERENCE 
Wan, M.T.K. (1980). E f f e c t   o f   U r b a n - a g r i c u l t u r a l   P e s t i c i d e  Use on Residue 
1 eve1 s i n   t h e  Sediments o f   t h e   D r a i n a g e  Systems o f   L u l  u Is1  and  and t h e  Sumas 
P r a i r i e   i n   t h e  Lower  Fraser   Val ley,   Br i t ish  Columbia,  Canada. E.P.S. Memo 
Report  1980. 
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Moni to r ing   S tudy  No. 
M o n i t o r i n g  Agency 
Proponent o f   P r o j e c t  

PROJECT DETAILS 
L o c a t i o n  
Purpose 
Target  species 
Treatment  area 

PESTIC IDE USE INFORMATION 
Name o f   P e s t i c i d e  
A c t i v e   I n g r e d i e n t  
R a t e   o f  Appl i c a t i o n  
C a r r i e r / d i l u e n t  
Drift Control  Agent 
A p p l i c a t i o n  Method 
Treatment  Date 

20 
Env i ronmen ta l   P ro tec t i on   Se rv i ce  
I n d u s t r i e s ,   f a r m e r s ,   p r i v a t e   i n d i v i d u a l s  

Lu l  u I s l a n d  (Richmond  areas) 
Weeds/pest c o n t r o l  
Weeds i n  agricultural/industrial/residential areas 
150 sq. km 

A g r i c u l t u r a l / I n d u s t r i a l   P e s t i c i d e s  
Organo-ch lo r ine   and  o ther   pes t ic ides  
Manufac turer ' s  recommended r a t e  
Water 
NA 
Backpack  sprayer, boom sprayers,  power  hose 
NA 

MONITORING OBJECTIVE 
1. To d e t e r m i n e   t h e   l e v e l s  o f  s e l e c t e d   p e s t i c i d e   r e s i d u e s   ( o r g a n o - c h l o r i n e s ,  

t r i a z i n e s ,   u r a c i l ,   u r e a )   i n   t h e   s e d i m e n t   o f  a con t ro l l ed   d ra inage   sys tem 
( L u l  u Is1  and)  

STUDY DESIGN, LAYOUT, & RESULTS 
Refer  t o  F igures  5-3  and 5-4. 

SUMMARY OF RESULTS 

the   sed imen ts   o f  Richmond pumphouses  and r e s i d e n t i a l   d i t c h e s .   I n c r e a s i n g  
l e v e l s   o f  residues o f  DDT,  DDD,  DDE ( i e . ,  30-106,000 p p b )  were found i n  the 
s e d i m e n t s   o f   t h e   r e s i d e n t i a l   d i t c h e s  as t h e  season  progressed. 

DDT, DDD, t h i o d a n ,   a t r a z i n e ,  and bromac i l   were   occas iona l l y   de tec ted  i n  

CONCLUSION 

were   t ranspor ted   v ia   t he   d ra inage   d i t ches  t o  t h e  pumphouses and  discharged t o  
the   Fraser   R iver .  

There was no  evidence t o  s u g g e s t   t h a t   l o w   l e v e l s   o f   p e s t i c i d e   r e s i d u e s  

REFERENCE 
Wan,  M.T.K. ( 1 9 8 0 ) .   E f f e c t   o f   U r b a n - a g r i c u l t u r a l   P e s t i c i d e  Use on Residue 
L e v e l s   i n   t h e  Sediments o f   t h e   D r a i n a g e  Systems o f   L u l  u I s l a n d  and t h e  Sumas 
P r a i r i e   i n   t h e  Lower  Fraser   Val ley,   Br i t ish  Columbia,  Canada. Environmental  
P r o t e c t i o n   S e r v i c e ,  Memo Report ,  1980. 
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Mon i to r ing   S tudy  No. : 21 
M o n i t o r i n g  Agency : Env i ronmenta l   Pro tec t ion   Serv ice  
P roponen t   o f   P ro jec t  : A g r i c u l t u r a l   C h e m i c a l   h d u s t r i e s ,   F a r m e r s  

PROJECT DETAILS 
Loca t ion  : Peace R i v e r   r e g i o n   o f   B r i t i s h   C o l u m b i a  
Purpose : Cereal   seed  protect ion  (wheat ,   bar ley,   oats)  
Target   spec ies : Fungal r o t  
Treatment  area : Grain  growing  areas o f  t h e  Peace R i v e r   r e g i o n  

PESTIC IDE USE INFORMATION 
Name o f   P e s t i c i d e  : Hexachl  orobenzene (HCB) 
A c t i v e   I n g r e d i e n t  : As above 
R a t e   o f  Appl i c a t i o n  : 1-2 oz per  bushel  seed 
C a r r i e r / d i  1 uent : I n e r t   d u s t   p a r t i c l e s  
App l ica t ion   Method : Combine  seed spreaders 
Treatment  Date : NA 

MONITORING  OBJECTIVE 
1. To de te rm ine   t he   ex ten t  o f  HCB c o n t a m i n a t i o n   i n   t h e  Peace R i v e r   g r a i n  

g rowi   ng  reg i on 

STUDY DESIGN, LAYOUT, & RESULTS 
R e f e r   t o   F i g u r e  5-5. 

SUMMARY OF RESULTS 
O f  t h e   t w e n t y - f o u r   a r e a s   i n   t h e  Peace R i v e r   r e g i o n   m o n i t o r e d   f o r  HCB 

res idues  i n   t h e   s o i l  , s i x   a r e a s  had de tec tab le   res idues   rang ing   f rom 1.3 t o  2.2 
PPb 

HCB i s  no longer   used  fo r  seed t rea tment .  The l a s t   a p p l i c a t i o n   o c c u r r e d  
i n   t h e  Peace River  area  between  10  and 1 5  y e a r s  ago. 

CONCLUSION 

c o n s t i t u t e  a l a s t i n g   o r   c o n t i n u o u s   s o u r c e   o f  HCB i n   t h e  Peace R i v e r   a r e a   o f  
B r i t i s h  Columbia. 

A g r i c u l t u r a l   u s e   o f  HCB as a seed t r e a t m e n t   f u n g i c i d e  does not  appear t o  

REFERENCE 
Wilson, D.M. and M.T.K. Wan (1981).  Hexachlorobenzene - Sources o f  
Envronmental  Contamination i n   B r i t i s h  Columbia.   Environmental   Protect ion 
Service  Regional  Program  Report:  81-12. 
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FIGURE 5-5 HEXACHLOROBENZENE  SURVEY I N  THE  PEACE  RIVER  REGION, E *  C. 
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APPENDIX VI 

AQUATIC  PEST CONTROL PROGRAMMES 
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Mon i to r ing   S tudy  No. : 22 
M o n i t o r i n g  Agency : Env i ronmenta l   Pro tec t ion   Serv ice  
P r o p o n e n t   o f   P r o j e c t  : B r i t i s h  Columbia  Department o f  Lands, Fores ts ,  and 

Water  Resources  (Water  Invest igat ion  Branch) 

PROJECT DETAILS 
L o c a t i o n  : Vernon Arm o f  Okanagan Lake 
Purpose : Aquat ic  weed c o n t r o l  
Target   spec ies : Con t ro l   o f   wa te r  mil f o i  1 
Treatment  area : 0.1 ha 

PESTICIDE USE INFORMATION 
Name o f  P e s t i c i d e  : Paraqua t ,   d i ch loben i l  , d i q u a t  
A c t i v e   I n g r e d i e n t  : As above 
R a t e   o f   A p p l i c a t i o n  : Comb ina t ion   he rb i c ides   o f  up t o  18.7 kg/ha 
C a r r i e r / d i l   u e n t  : NA 
Drift Control Agent : NA 
A p p l i c a t i o n  Method : Backpack  hand pump sprayer  
Treatment  Date : May 28, 1974 

MONITORING OBJECTIVE 
1. To mon i to r   t he   impac t   o f   d iqua t ,   pa raqua t ,  and d i c h l o b e n i l  on non- ta rge t  

macro- inver tebra tes  and  plankton. 

STUDY DESIGN, LAYOUT, AND RESULTS 
R e f e r   t o   F i g u r e s   6 - 1   a n d  6-2. 

SUMMARY OF RESULTS 
Numbers o f  i n v e r t e b r a t e s   i n   t h e   t r e a t e d   p l o t s   r e m a i n e d   c o n s t a n t   w h i l e  

numbers i n   t h e   c o n t r o l   p l   o t   i n c r e a s e d   d u r i n g   t h e  49 day sampl i ng per iod .  
Cont inu ing  growth o f  a q u a t i c   p l a n t s   p r o v i d e d   s u i t a b l e   h a b i t a t   f o r   p o p u l a t i o n  
expansions o f  h e r b i v o r o u s   i n v e r t e b r a t e s   p r i m a r i l y   d i p t e r a   ( t e n d i p e d i d a e ) ,  
ephemeroptera,   and  t r ichoptera.  Changes i n   t h e  dominant   habi ta t   f rom weed kill 
i n   t r e a t e d   p l o t s  may have  prevented  populat ion  increases  dur ing  the 
pos t - t rea tment   per iod .  

i n d i v i d u a l  s were  demonstrated.  These  changes  were  considered t o  be t h e   r e s u l t  
o f  seasona l   va r ia t i ons   ra the r   t han  a d e l a y e d   e f f e c t   f r o m   h e r b i c i d e   t r e a t m e n t .  

P lanktonic   communi t ies  were  a lso  unaf fected  a l though  changes i n  numbers o f  



I - 110 - 

I) CONCLUSION 

A p p l i c a t i o n   o f   b i - p y r i d y l i u m  and n i t r i l e   h e r b i c i d e s   t o  10 x 15  meter 
enc losures i n  Vernon A r m  o f  Okanagan Lake d i d   n o t   a p p e a r   t o   h a v e  an  adverse 
e f f e c t  on e i t h e r   t h e  community d i v e r s i t y   o r   t o t a l  numbers o f   a q u a t i c  
i nver tebra tes .  

I 

0 

REFERENCE 
I Wilson, D.M. and M.T.K. Wan ( 1 9 7 5 ) .   E f f e c t s   o f  Some Aquat ic  Weed Cont ro l  

Chemicals on I n v e r t e b r a t e s  and  Plankton i n  Vernon A r m  o f  Okanagan Lake. 
Su rve i l l ance   Repor t  E.P.S. 5-PR-75-1. 
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Mon i to r ing   S tudy  No. 
Moni t o r i  ng  Agency 

P r o p o n e n t   o f   P r o j e c t  

PROJECT DETAILS 
L o c a t i o n  
Purpose 
Target   spec ies 
Treatment  area 

PESTIC IDE USE INFORMATION 
Name o f   P e s t i c i d e  
A c t i v e   I n g r e d i e n t  
R a t e   o f   A p p l i c a t i o n  
Ca rr i  e r / d i  1 uent 
Drift Contro l  Agent 
Appl i c a t  i on Met hod 
Treatment  Date 

23 
Envi ronmenta l   Protect ion  Serv ice/Depar tment  o f  
F i  s h e r i e s  and  Oceans 
Cultus  Lake  Park  Board 

Cultus  Lake, B.C. 
C o n t r o l   o f  Swimmer's I t c h  
Snai 1 h o s t s   o f   T r i c h a b i  1 h a r z i a  sp 
Selected  recreat ional   beaches 

Copper  Sul  phate (CuSO4 SH20) 
As above 
97.65 kg/ha 
NA 
NA 
Marmal  Scoop aboard a powered r a f t  
March 20, 1978 

MONITORING OBJECTIVES 
1. To m o n i t o r   t h e   e x t e n t  o f  c o n t a m i n a t i o n   i n   C u l t u s  Lake  sediment and water  

2. To m o n i t o r   t h e   e f f e c t   o f  CuSO4 lake   t rea tmen t  on f i s h ;  
3. To de termine  the   impact   o f  CuSO4 t rea tment  on t h e  Swimmer's I t c h  

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

p rob1 em. 

STUDY  DESIGN, LAYOUT, & RESULTS 
R e f e r   t o   F i g u r e s  6-3, 6-4, 6-5,  and 6-6. 

SUMMARY OF RESULTS 
E leva ted   d i sso l ved   copper   l eve l  s were  found i n  Cul t u s  Lake s u r f a c e  and 

bottom  waters (0.02-0.04 mg/l and  0.02-0.13 m g / l   r e s p e c t i v e l y )   f o r   s e v e r a l  
h o u r s   f o l l o w i n g   t h e   a p p l i c a t i o n   o f   c o p p e r   s u l p h a t e  a t  t h e   r a t e   o f  97.65 kg/ha. 
These leve ls   app roached   the  known LC50 o f   f i s h  (0.02-0.516 m g / l )  b u t   t h e i r  
m o r t a l i t y  and s u b - l e t h a l   e f f e c t s  was n e i t h e r   p r o v e n   n o r   d i s p r o v e n   b y   t h i s  
study. 

Sediments i n  a reas   h i s to r i ca l l y   t rea ted   w i th   copper   su lpha te   were  
contaminated   w i th   copper   to   leve ls   we l l   above  background  va lues .  
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No s i g n i f i c a n t   d i f f e r e n c e s   i n  Swimmer's I t c h   i n c i d e n c e   l e v e l s  were  noted 
between t h e   t r e a t m e n t  and non- t reatment   years,   and  therefore i t  was concluded 
tha t   copper   su lpha te   has   no t  been e f f e c t i v e   i n   r e d u c i n g  Swimmer's I t c h   a t  
Cul t u s  Lake. 

CONCLUSIONS 
A l though   f i sh   s tud ies   were   i nconc lus i ve ,   sed imen t   mon i to r i ng   i nd i ca ted  

t h a t   s e d i m e n t s   i n   t r e a t m e n t   a r e a s  had been  and w o u l d   c o n t i n u e   t o  be 
con tamina ted   w i th   copper   f o r  an i n d e f i n i t e   t i m e   p e r i o d .   I n   a d d i t i o n ,   t h e   p o s t -  
t reatment  water  column was con tamina ted   w i th   d i sso l ved   copper   f o r  a sho r t   t ime ,  
t o   l e v e l s   n e a r   t h e  LC50 o f   f i sh .  

Q u e s t i o n n a i r e   s t u d i e s   i n d i c a t e d  no s i g n i f i c a n t   r e d u c t i o n   i n   t h e   i n c i d e n c e  
o f  Swimmer's I t c h ,   d e s p i t e  (CuSO4) mol 1 usc i c ide   t rea tmen ts .  The s tudy 
f u r t h e r  showed t h a t   t h e   i t c h  had l i t t l e   e f f e c t   i n   d e c r e a s i n g   t o u r i s t  demand on 
t h e   l a k e  system,  and t h e   a p p l i c a t i o n   o f   c o p p e r   s u l p h a t e   t o   t h i s   l a k e  was 
recommended t o  be d iscont inued.  

REFERENCE 
Wan, M.T.K., B. Pearce, and J.  Truscot t   (1982) .   Impact   o f  Copper  Sulphate 
Mo l lusc i c ide   T rea tmen ts  on Cultus  Lake, B.C. Env i ronmen ta l   P ro tec t i on   Se rv i ce  
Regional  Program  Report:  No. 82-08, ( I n   P r e s s ) .  
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CULTUS LAKE 
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FIGURE 6-4 CULTUS LAKE  SEDIMENT  AND WATER 
S A M P L I N G   S T A T I O N S  
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Mon i to r ing   S tudy  No. : 24 
M o n i t o r i n g  Agency : Aqua t i c   S tud ies   B ranch   o f   t he   B r i t i sh   Co lumb ia  

P r o p o n e n t   o f   P r o j e c t  : As above 
M i n i s t r y   o f   E n v i  ronment 

PROJECT DETAILS 
L o c a t i o n  : Wood Lake  and  Kalamalka  Lake, B.C. 
Purpose : Con t ro l   o f   Aqua t i c  Weeds 
Target  species : Eurasian  Water Mil f o i l  
Treatment  area : 20 ha 

PESTICIDE USE INFORMATION 
Name o f   P e s t i c i d e  : Aqua-Kleen 20 
A c t i v e   I n g r e d i e n t  : 2,4-D butoxy   e thano l   es te r  and a c i d  
R a t e   o f   A p p l i c a t i o n  : 45 kg/ha 
C a r r i e r l d i l u e n t  : A t tac lay   g ranu les  
Drift Control  Agent : NA 
A p p l i c a t i o n  Method : Motor ized   sp in   spreader  
Treatment  Date : September,  1980 

MONITORING OBJECTIVE 
1. To m o n i t o r   t h e   p e r s i s t e n c e   o f  2,4-0 r e s i d u e s   i n   w a t e r  and  sediment. 

STUDY DESIGN, LAYOUT, & RESULTS 
R e f e r   t o   F i g u r e s  6-7,  6-8,  6-9,  6-10  and Tables  6-1  and 6-2. 

SUMMARY OF RESULTS 
I n  Wood Lake, 2,4-D r e s i d u e s   p e r s i s t e d   i n   w a t e r  up t o  50  days, w h i l e   i n  

Kalamalka  Lake  the  chemical was d e t e c t e d   i n   w a t e r  up t o  32  days f o l l o w i n g  an 
a p p l i c a t i o n  o f  4.5 kg/ha  of  Aqua-Kleen 20. 

REFERENCE: 
Rudolph, J.R. and C.E.W. Dyer  (1981).   Control   of   Myr iophylhum  spicatum i n  
Kalamalka  and Wood Lakes  Using 2,4-D b u t o x y e t h a n o l   e s t e r   i n  1980. Vol. 1. 
Da ta   Repor t ,   F i l e  No. 0316533. B r i t i s h  Col  umbia M i n i s t r y   o f   E n v i r o n m e n t .  
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STATION1 MY 0 WY 1 WY 4 MY 6 WY 7 WY 10 MY 11  MY 12 
DEPTH (m) PNlVYSIS M26 -27 JUE 33 r l u Y  2 J U Y  3 J U Y 6  J l L Y  7 J U Y  8 

1122360 

1122361 

1122352 

1122353 

1122364 

1122355 

BEE 
BEE 
ACID 
ACID 
DCP 
DCP 

BEE 
BEE 
ACID 
PC ID 
DCP 
DCP 

BEE 
BEE 
AC  ID 
PC ID 
OCP 
OCP 

BEE 
BEE 
ACID 
AC ID 
OCP 
OCP 

BEE 
BEE 
ACID 
ACID 
OCP 
DCP 

BEE 
BEE 
ACID 
ACID 
OCP 
m 

H) 
.a 
.m11 
.m 
H) 
H) 

N) 
.0155 
.m37 
,0057 
H) 
H) 

.a)% 

.w10 

.m 

.w10 
Nl 
HI 

H) 
.m 
.0150 
H) 
H) 

H) 

H) 
H) 
H) 
H) 
N) 

H) 

.mi7 

w 

rn 
w 

N) 
w 

.a048 

.010 

H) 

rn 
H) 

.m 

.ax4 
H) 
H) 

H) 

.m16 

H) 

* 

* 

H) 
.am 
.m7 
.0061 
H) 
H) 

H) 

H) 
H) 
H) 
H) 
Nl 

* 
* 
w 
w 
w 
w 

HI 

.ma 

H) 

H) 

.a74 
H) 
H) 

H) 

.a17 

H) 

H) 
.0013 
.0018 
.om 
H) 
HI 

HI 
H) 
H) 

.a18 
H) 
H) 

w 

w 

cc 

H) 
m 
m 

,0034 

H) 

H) 
H) 
H) 
.OD22 
H) 

H) 
H) 
H) 

MI 
H) 

MI 
H) 
H) 

.ma 
H) 
H) 

H) 

H) 
H) 
H) 
H) 
H) 

H) 

H) 

H) 

w 

* 

* 

H) 
H) . oO16 

.OD11 
** 

+* 

H) 
H) 

,0015 
.0062 
** 

w 

H) 
H) 

.m12 

.mi2 
* 
w 

H) 
H) 

.m22 

.m33 
*.* 

+* 

H) 

H) 
.m 
.a38 
c* 

w 

H) 

.a12 

H) 

w 

w 

w 

w 
w 

.m12 

.a)24 
w 
w 

w 
w 

.all1 

.OD13 
w 
w 

n 
w 

.m12 

.0145 
w 
w 

w 
w 

N) 
.OX6 

w 
n 

w 
w 

.a018 

.m15 
w 
w 

w 
w 

HI 
w 
cc 
w 

-Broken 
** - bt smpl€d 
1Last tno tubem refer to station mbers on Figure 2 
Note: Pretreatmnt sanpling ms carried out at stations 1122350, 1122361 and 1122362 on Jlne 18, 1980; station 

1122364 on June. 24,19KI an3 at station 1122363 on rlune 25,1980. All -ling vas fran just above the 
bottm; and all m l t s  shovled nacdetectable anants of 2.4-0. 
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(continued) 

 STATION^ W Y  13 W Y  14 M Y  17 W Y  18 W Y  19 W Y  a0 DAY Zl WY 24 
DEPTH (m) ANALYSIS JUE 9 JUY 10 JUY 13 JUY 14 JUY 15 JULY 16 A L Y  17 J U Y  20 

11223% 

1122351 

1122352 

1122353 

1122354 

1122355 

BEE 
BEE 
ACID 
ACID 
Dcp 
DCP 

BEE 
BEE 
ACID 
AC  ID 
DCP 
OCP 

BEE 
BEE 
AC  ID 
AC  ID 
DCP 
OCP 

BEE 
BEE 
ACID 
ACID 
Dcp 
OCP 

BEE 
BEE 
ACID 
ACID 
OCP 
CCP 

BEE 
BEE 
AC ID 
ACID 
OCP 
DCP 

w 
n 

H) 
H) 
n 
n 

n 
n 

H) 
.mu 
n 
n 

n 
n 

.a014 

.a016 
n 
n 

n 
n 

H) 
.m7 
n 
n 

n 
n 

MI 
H) 
n 
n 

n 
n 

H) 
n 
n 
n 

n 
n 

.0017 

.0021 
n 
n 

n 
n 

.am 

.m 
n 
n 

n 
n 
H) 
* 
n 
n 

n 
n 

H) 
H) 
n 
n 

n 
n 

H) 
H) 
n 
n 

n 
n 

H) 
n 
n 
n 

n 
n 

.0160 

.0012 
n 
n 

n 
n 

H) 
.018 
n 
n 

n 
n 
Nl 

.m 
n 
n 

n 
n 

.0033 

.am 
n 
n 

n 
n 

.m21 
H) 
n 
n 

n 
n 

SO13 
n 
n 
n 

n 
n 

H) 
.a014 
n 
n 

n 
n 
n 

.m7 
n 
n 

* 
n 

.0016 
H) 
n 
n 

n 
n 

.a319 

.@I13 
n 
n 

n 
n 

H) 
.0013 
n 
n 

n 
n 

.all0 
n 
n 
n 

n 
n 

.all2 

.OD11 
n 
n 

n 
n 

.0011 

.all1 
n 
n 

n 
n 

.OD11 
,0014 
n 
n 

n 
n 

H) 
n 
n 

n 
n 

H) 
H) 
cc 
n 

n 
n 

H) 
n 

n 
n 

n 
n 

H) 
H) 
n 
n 

n 
n 

.a012 

.a21 
w 
n 

n 
n 

.all0 
n 
n 
n 

n 
n 

.mu 

.0016 
n 
w 

n 
n 

.GO17 
H) 
n 
n 

n 
n 

H) 
n 
n 
n 

n 
n 

.OD13 

.a14 
n 
n 

n 
n 

.a317 
m 
n 
c* 

n 
n 

H) 

.OD11 
n 
n 

n 
n 

H) .Coal 
n 

n 

n 
n 

NJ 
H) 
n 
n 

n 
n 

MI 
n 
n 
n 

* -wen 
n - N a t S a r p 1 e d  
hast tw mtws refer to station Mlbers an Figure 2 
Note: Pretreabnent sapling has carried aut at statians 1122350,  1122351 and 1122362 on Jme 18, 1980; station 

1122364 on June, 24,1980 and at station 11223!j3 on June 25,1980. All sawling ms f m  just above the 
battan; and all results shwd non-detectable a n a n t s  of 2.4-0. 
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TABLE62 C O N C M T R A T I O M a F 2 , 4 - D ( m g h ) I N ~ ~ Y l E P L E D F R O M K A L A W U K A W [ E - a # u a B s Y ~ ~ ; ~ ~ J l R f a S 6 , 1 9 8 0  

(Continued) 

STATION1 WY 5 WY aS WY 27 WY 28 WY 31 WY 32 WY 33 DAY 34 WY 35 
DEPTH (m) ANLILYSIS l M Y  21 l M Y  22 J U Y  23 J U Y  24 l M Y  n J U Y  28 J U Y  29 l M Y 3  J U Y  31 

1122350 Top (0.1) BEE * * 
Battan (3.0) BEE * * 
TOP ACID HI H) H)  H) .a)17 H) H) H)  H) 
mon ACID H) H)  H)  H) H) H)  H) H) N) 

Top m 
Batton OCP w 

* * * * * * * 
* w * w * w * 

* * * * * * * w * 
* * * * * * * * 

1122351 Top (0.1) BEE * * 
Battan (3.0) BEE * * 
Top KID H) H) H) H) m H)  H) m m 
Batm ACID H) H) H) H) H) m H) H) H) 

TOP ocp 
Bottan m * 

* w * w * * * 
w w * w w * * 

w w * * * w * * * 
w * * w H * w w 

1122352 Top (0.1) BEE * * * 
Battan (3.0) BE€ * * 
Top PC IO H) H) H) H) H) H) m H) H) 
Botton ACID m .00ll H) H) H) ,0010 H) H) H) 

TOP DCP 
Ebttan DCP * 

* * * * * * 
* w * * * * * 

* * * w * * * * w 
w w * * w w H w 

1122253 Top (0.1) BEE * * * * * w w * * 
Battan (0.75) BE€ * w * w 

TOP ACID m MI H)  H) H) m M H) H) 
Batton ACID .OD10 HI m m .an1 H) H) H) m 
TOP DCP 
Battan DCP w * 

* * w w H 

* * * * * * w * w 
w * * w * w w 

1122354 Top (0.1) BEE w * * w * * * w * 
w * * w * * * man (0.75) BEE w * 

Top ACID H) m MI H) H) H) m H) H) 
Ebttan ACID H) m H) m Nl H) Nl H) ta 
Top DCP 
BOttan OCP * 

w w * * w * * w w 
w w w * * H w * 

1122355 Top (0.1) BEE * * * w * * w * * 
w w w ** * w * 

w * w w 
* * w w * H 

w * * * * * * w * 
* * w w w w * 

won Ba w w 

Top x10 H) H) H) MI H) 
Battan ACID * * * 
TOP OCP 
Bottan m * * 

** - bt ssnpled 
1Last tw tubers refer to s t a t i m  nwtws m Figure 3 
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Mon i to r ing   S tudy  No. 
M o n i t o r i n g  Agency 

P roponen t   o f   P ro jec t  

PROJECT DETAILS 
L o c a t i o n  
Purpose 
Target  species 
Treatment  area 

PESTICIDE USE INFORMATION 
Name o f   P e s t i c i d e  
A c t i v e   I n g r e d i e n t  
R a t e   o f   A p p l i c a t i o n  
C a r r i e r / d i l   u e n t  
Drift Control  Agent 
Appl i c a t  i on Method 
Treatment  Date 

25 
The Nat iona l  Water  Research I n s t i t u t e ,   I n l a n d  
Waters   D i rec to ra te  
A q u a t i c   s t u d i e s   B r a n c h   o f   t h e   B r i t i s h   C o l u m b i a  
M i  n i   s t  ry  of   Envi   ronment 

Wood Lake  and K a l a m a l  ka  Lake 
Cont ro l  o f  Aquat ic  Weeds 
Eurasian  Water Mi 1 f o i  1 

10 ha 

Aqua-K1 een 20 
2,4-D bu toxy   e thano l   es te r  
22 - 45 kg/ha 
A t t a c l  ay granu les  
NA 
Motor ized   sp in   spreader  
June,  1979 

MONITORING OBJECTIVE 
1. To m o n i t o r   t h e   p e r s i s t e n c e   o f  2,4-D r e s i d u e s   i n   t h e   s e d i m e n t   o f  Wood and 

K a l  amal ka  Lake 

STUDY DESIGN, LAYOUT, & RESULTS 
R e f e r   t o   F i g u r e s  6-11,  6-12  and  Tables  6-3  and 6-4. 

SUMMARY OF RESULTS 
Residues o f  2,4-D bu toxy   e thano l   es te r  (2,4-D BEE) and two o f   i t s  

breakdown  products, 2,4-D d i ch lo ro -   phenoxyace t i c   ac id  (2,4-D,  and  2,4- 
d ich lo ropheno l  [2,4-D]) p e r s i s t e d   i n   t h e   s e d i m e n t s   o f  Wood and Kalamalka  Lake 
f o r   p e r i o d s   v a r y i n g   f r o m  54 t o  182  days. I n   b o t h   l a k e s ,  2,4-D  was t h e  most 
p e r s i s t e n t   o f   t h e   t h r e e   f o r m s ;   n o n - d e t e c t a b l e   l e v e l s  were respec t i ve l y   reached  
i n  120  days  and  180  days a f t e r   t r e a t m e n t   i n  Wood and  Kalamalka  Lake. 2,4-D BEE 
and 2,4-D d ropped   be low  de tec t i on   a f te r  54-77  days,  except i n  Kalamalka  Lake 
where  the  ester   pers is ted  longer ,   about   72-125  days.   Very  low  concentrat ions 
o f   h e r b i c i d e s   i n   t h e   m i c r o l a y e r   i n   b o t h  Wood and Kalamalka  Lakes  were  found t o  
sp read   ove r   l a rge   un t rea ted   a reas   w i th in  24 h o u r s   o f   a p p l i c a t i o n .  

YI 

IIL 

Y 
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CONCLUSION 
D a t a   f r o m   t h i s   i n v e s t i g a t i o n   c o n f i r m e d   p r e v i o u s   s t u d i e s   t h a t  2,4-D, a 

p o l a r   h e r b i c i d e ,  does not   appear   to   pers is t   or   accumulate  beyond  the  season o f  
appl  i c a t  i on. 

REFERENCE: 
Bo thwe l l ,  M.L. and R.J. Daley (1981). Selected  Observat ions on t h e   P e r s i s t e n c e  
and  Transport  o f  Residues  from Aqua Kleen 20 (2,4-D)  Treatments i n  Wood and 
Kalamalka  Lakes, B.C. I n l a n d  Waters D i r e c t o r a t e ,   P a c i f i c  and  Yukon Region, 
Vancouver, B.C. 
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Figure 6-11 

WOOD LAKE 
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31 - 

44 

WOOD LAKE 
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met res 

Location of rtations for microlayer  and core  sampling of 
Wood Lake, 1979. Numbered stations  were used for. microlayer 

sampling. Lettered stations were coring sites. 
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Figure 6-12 Location of s ta t ions  for microlayer and core  sampling of 

Kalamalka Lake, 1979. Numbered s ta t ions  were used for 
microlayer  sampling.  Lettered  stations were cor ing   s i t e s .  
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TABLE 6-3 2,W RESIWES I N  WOOD w(E SEDIKNT (0-2 an depth) FOLLOWING  AQUA-KLEEN 20 
TREATMENT ON 8 JUNE 1979  (ug.g-1 dry wt.) . 

See Figure  6-11 for  station  location. 

CoFpouN) STATION  DAYS (post  treatment) 

1 11 19 n 41 54 77 120 

2,4-D BEE A 3.9  4.3  1.9 m N) 0.36 MI ND 

B 120 3.9 2.0 37 N) 0.08 Nl ND 
C 29 63  9.1 26 0.48 m Nl MI 

Mean 51 24 4.3  21  0.16  0.15 N) MI 

294-D A 25 4.5  0.41 0.052 0.023 0.03 MI N) 

B 68 5.1  2.1  3.54  0.11  0.045  0.053 m 
C 2.8  6.6  3.6  1.32 0.33 0.25  0.025 N) 

2,4-DP A 0.13 0.67  0.38 0.24 0.19  0.047 N) N) 

B 0.25 0.95 1.3 0.23 0.15 0.057 Nl N) 

C N) 0.24 0.39 0.069  0.024 0.023 FD MI  

~~~~ ~ 

Mean 0.13  0.62  0.69  0.18 0.12 0.042 N) MI 
~~ 

ND = "Detectable  
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I TABLE 6-4 2 , M  RESINS IN KALAM(vKA LAKE SEDIMM (0-2 on depth) FOLLOWING AQUAKLEEN 20 

TREAMM ON 14 JUNE 1979  (ug.g-1 dry w t  .) . 
See Figure 6-12 for station  location. 

C W N )  STATION DAYS (post treatment) 

1 7 15  22  32  53  72  125  182 

2 , M  BEE B 0.78  7.2  16  2.1  2.0  0.061 N)  N) Nl 
A 24  14 0.32 47 5.0 2.7  5.1 N> MI 

Mean 12 11 8.2 25  3.5 1.4 2.8 MI N) 

Contro l  M) Nl 0.036 Nl - - - - 
~~ 

C 
- 

2Y4-D B 1.6  16  1.6  2.7 1.7 0.17  0.24 N) 0.17 
A 16  3.4 0.2 5.7  2.2  1.3  0.12  0.015 Nl 

b a n  8.8 9.7 0.9 4.2 2.0 0.79 0.18 0.W3 0,009 
Control MI MI Nl 0.011 - - - - L 

C 

2 , M P  B Nl 0.031 FD 0.036 0.033 0.027 N) MI  N) 

A 0.081  0.047 M 0.028 0.046 0.068 N) MI N) 

Mean 0.041 0.039 FD 0.032 0.040 0.w N)  N) MI 

M) = Non-Detectable 
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Moni t o r i  ng  Study No. : 26 
M o n i t o r i n g  Agency : F i s h  and Wi I d 1   i f e  Branch o f   t h e   B r i t i s h  Columbia 

Proponent o f  P r o j e c t  : Aqua t i c   s tud ies   B ranch   o f   t he   B r i t i sh   Co lumb ia  
M i n i s t r y   o f   E n v i  ronment 

M i  n i   s t  ry o f  Env i ronment 

PROJECT DETAILS 
Locat  i on : Nor th  Arm and s e l e c t e d   l o c a t i o n s   o f  Okanagan Lake 
Purpose : Con t ro l   o f   Aqua t i c  Weeds 
Target  speci   es : Eurasian  Water Mil f o i  1 
Treatment  area : 6 ha 

PESTIC IDE USE INFORMATION 
Name o f   P e s t i c i d e  : Aqua-Kleen 20 
A c t i v e   I n g r e d i e n t  : 2,4-D butoxy   e thano l   es te r  and a c i d  
R a t e   o f   A p p l i c a t i o n  : 11 - 45 kg/ha 
C a r r i   e r / d i  1 uent : A t tac lay   g ranu les  
Drift Control  Agent : NA 
A p p l i c a t i o n  Method : Motor ized  sp in  spreader  
Treatment  Date 

MONITORING OBJECTIVES 
1. To m o n i t o r   t h e   d i r e c t  and i n d i r e c t   d e t r i m e n t a l   e f f e c t s  o f  2,4-D a p p l i c a t i o n  

on   f i sh ,   wa te r   f ow l ,  and B e n t h i c   i n v e r t e b r a t e s   o f   t h e  Okanagan V a l l e y   l a k e s  
system. 

2.  To m o n i t o r   t h e   p e r s i s t e n c e   o f  2,4-D res idues   in   water   sed iments .  

STUDY DESIGN, LAYOUT, & RESULTS 
R e f e r   t o   F i g u r e s  6-13,  6-14,  6-15  and Table  6-5. 

SUMMARY OF RESULTS 
I n   t h e   s m a l l   t r e a t m e n t   a r e a s   m o n i t o r e d   i n   t h i s   s t u d y ,   d e l e t e r i o u s   e f f e c t s  

o f  2,4-D BEE a p p l i c a t i o n s   t o   f i s h  and w i l d 1   i f e  appeared t o  be  minimal. 
However, t h e   p o t e n t i a l   e f f e c t s   o f   l a r g e   s c a l e   a p p l i c a t i o n s   r e m a i n  unknown. 

CONCLUSIONS 
1. Growth o f   g reen   f i l amen tous   a lgae  many have  been s t i m u l a t e d   i n   t r e a t e d  

areas a t  Westside Cays and i n   t h e   N o r t h  A r m  as a r e s u l t   o f   t r e a t m e n t ,   b u t  
no   a lga l   b looms  invo lv ing   tox ic   genera   occur red .  
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CONCLUSIONS (cont  . ) 
2. H e r b i c i d e  was d e t e c t e d   i n  an a l g a l  samp l e  taken  f rom  Westside Cays. 

3. A v a r i e t y   o f   n o n - t a r g e t   m a c r o p h y t e  spec 
s i t u a t i o n s .  

i e s   s u r v i v e d   t r e a t m e n t   i n  open water  

4. Non- target   macrophytes  co l lected  approx imate ly  3.5 months a f t e r   t r e a t m e n t  
i n   t h e   N o r t h  Arm d i d   n o t   c o n t a i n   d e t e c t a b l e   l e v e l s  o f  2,4-D. 

5. T o x i c   a n d / o r   s e c o n d a r y   e f f e c t s   o f   h e r b i c i d e   a p p l i c a t i o n  may have  been 
r e s p o n s i b l e   f o r   t h e   o b s e r v e d   d e c r e a s e   o f   z o o p l a n k t o n   d i v e r s i t y   i n   t h e   N o r t h  
A r m  and a t  Westside Cays. 

6. B e n t h i c   i n v e r t e b r a t e s   i n   t h e   N o r t h  A r m  t r e a t m e n t   s i t e   e x p e r i e n c e d  a 
s h o r t - t e r m   i n c r e a s e   i n  abundance  and a s i g n i f i c a n t   d e c r e a s e   i n   d i v e r s i t y  as 
a r e s u l t   o f   t r e a t m e n t .  

7. F i s h   m o r t a l i t y  caused  by t h e   t o x i c i t y   o f  BEE 2,4-D  was not  demonstrated i n  
t h e   f i e l d .  

8. Accumula t ion   o f  2,4-D o c c u r r e d   i n  some f i s h ,   b o t h  dead  and s a c r i f i c e d .  
However, a number o f   f i s h  exposed t o  2,4-D d i d   n o t   c o n t a i n   d e t e c t a b l e  
r e s  i dues. 

9. Water fowl   t i ssue  taken  f rom  coots  and g rebes ,   t he   on l y   spec ies   f requen t ing  
t r e a t e d   a r e a s   o f   t h e   N o r t h  A r m  i n   s i g n i f i c a n t  numbers i n  1977, d i d   n o t  
c o n t a i n  2,4-D. 

10. I n   t h e   s m a l l   t r e a t m e n t   a r e a s   m o n i t o r e d   i n   t h i s   s t u d y ,   a d v e r s e   e n v i r o n m e n t a l  
e f f e c t s   r e s u l t i n g   f r o m   t h e  use o f  BEE 2,4-D appear t o  have  been 
inconsequent ia l .  Howe.ver, t h e   p o s s i b l e   e f f e c t s   o f   l a r g e - s c a l e   a p p l i c a t i o n s  
on f i s h  a n d   w a t e r f o w l   a r e   s t i l l  unknown. 

REFERENCE 
Robinson, M.C. and R.L. Morley  (1980).  A M o n i t o r i n g   S t u d y   o f   t h e   E f f e c t s   o f  
2,4-0 on  Fish  and  Waterfowl as a p p l i e d   i n  Lakes o f   t h e  Okanagan V a l l e y ,  1977. 
Vol .  ii. I n v e n t o r y  and Eng ineer ing   B ranch ,   F i l e  No. 0316533. B r i t i s h  Columbia 
M i n i   s t  ry of   Env i   ronment  . 
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FIGURE 6-13 THE OKANAGAN  VALLEY LAKE SYSTEM 



- 138 - 

a 

Y 

m 

I 

0 I 2 3 4 5 

S c a l e  i n  K i l o m e t r e s  

FIGURE 6-14 COLLECTION  SITES FOR INVERTEBRATES 
A N D  F I S H  



- 139 - 

s 2 P In 0 



m - 140 - 

r. 

I 

I 

TABLE 6-5 2,4-D Residue  Levels i n  Water  and  Sediment 

Days A f t e r  2,4-D Level  
Sampl e  Type  Treatment  Locat i on  (ppm) 

Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sed iment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 
Sediment 

0 
1 
3 
4 
8 
9 
10 
11 
14 
16 
51 
51 
66 
66 
58 
58 
101 
101 
0 
1 
2 
4 
8 
9 
10 
11 
14 
16 
51 
51 
58 
58 
66 
66 
101 
101 
3 
9 
16 
23 
30 
30 
37 
44 

TM 45 
TM 45 
TM 45 
TM 45 
TM 45 
TM 45 
TM 45 
TM 45 
TM 45 
TM 45 
TM 45 
TM 45 
TM 34 
TM 34 
TM 45 
TM 45 
TM 45 
TM 45 
TM 45 
TM 45 
TM 45 
TM 45 
TM 45 
TM 45 
TM 45 
TM 45 
TM 45 
TM 45 
TM 45 
TM 45 
TM 45 
TM 45 
TM 34 
TM 34 
TM 45 
TM 45 
TM 45 
TM 45 
TM 45 
TM 45 
TM 45 
CM 1 
TM 45 
TM 45 

0.038 
0.01 

ND 
ND 
ND 

0.006 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

5.39 
3.98 
1.94 
0.97 
1.67 
5.30 
2.77 

ND 
19.56 
2.02 

ND 
ND 
ND 

3.57 
ND 

1.92 
ND 

5.26 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
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APPENDIX VI1 

INDUSTRIAL/COMMERCIAL  VEGETATION AND PEST CONTROL PROGRAMMES 
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Mon i to r ing   S tudy  No. : 27 
M o n i t o r i n g  Agency : Env i ronmenta l   Pro tec t ion   Serv ice  
P roponen t   o f   P ro jec t  : B.C. Hydro & Power A u t h o r i t y  

PROJECT DETAILS 
Locat  i on 
Purpose 
Target   spec ies 
Treatment  area 

: Surrey  area  ( Ing ledow  Substat ion)  
: S o i l   s t e r i l i z a t i o n  
: Grasses, weeds 
: 25  ha 

PESTIC IDE USE INFORMATION 
Name o f   P e s t i c i d e  : Spike 
A c t i v e   I n g r e d i e n t  : Tebuth iu ron  
R a t e   o f  Appl i c a t i  on : 4.5 kg/ha 
C a r r i e r / d i  1 uent  : Water 
Drift Control   Agent : NA 
App l ica t ion   Method : Powerhose  and t r a c t o r  mounted boom sprayer  
Treatment  Date : August 10, 1981 

MONITORING OBJECTIVES 
1. To de te rm ine   whe the r   sp i ke   l eaches   t o   t he   d i t ches   su r round ing   t he  

2. To i n v e s t i g a t e   w h e t h e r   t h i s   h e r b i c i d e   r e a c h e s  an unnamed t r i b u t a r y   c r e e k  of 
s u b s t a t i o n   w i r e   f e n c e   d u r i n g   t h e  wet  season 

t h e   f i s h e r y   s e n s i t i v e   B e a r  Creek. 

STUDY DESIGN, LAYOUT, AND RESULTS 
R e f e r   t o   F i g u r e  7-1. 

SUMMARY AND RESULTS 

the   Hydro   Subs ta t ion   a t   sampl ing   s i tes  A and B. A m i n o r   f i s h  kill ( o f  15-20 
j u v e n i l e   s a l m o n i d s  - Coho s p p )   o c c u r r e d   i n  a d i t ch   measur ing  1 x 5m at   sampl ing 
p o i n t  B. A n a l y s i s   o f   w a t e r  samples  and f i s h   t i s s u e s  showed t h a t   t h e   f i s h   k i l l  
was n o t   r e l a t e d   t o   t h e   h e r b i c i d e   t r e a t m e n t .  

Tebuth iu ron   res idues   were   no t   de tec ted   f rom  the   water   tha t   leached  ou t   o f  

REFERENCE 
Wan, M.T. (1981) .   Env i ronmenta l   Protect ion  Serv ice memorandum Report.  
(October,  1981 ). 
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FIGURE 7 - 1  DIAGRAMMATIC L A Y O U T  OF 6.C. HYDRO 
INGLEDOW  SUB-STATION,  SURREY, B.C. 
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Mon i to r ing   S tudy  No. : 28 
M o n i t o r i n g  Agency : Env i ronmen ta l   P ro tec t i on   Se rv i ce  & Transpor t  Canada 
P r o p o n e n t   o f   P r o j e c t  : Transpor t  Canada and Dow Chemical o f  Canada 

PROJECT DETAILS 
L o c a t i o n  : Vancouver I n t e r n a t i o n a l  A i  r p o r t  
Purpose : C o n t r o l   o f   C r a n e f l y  
Target  speci   es : As above 
Treatment  area 12 ha 

P E S T I C I D E  USE INFORMATION 
Name o f   P e s t i c i d e  : Dursban 
A c t i v e   I n g r e d i e n t  : Chl o r p y r i   f o s  
R a t e   o f  Appl i c a t i  on : 0.5-1.5 kg/ha 
C a r r i   e r / d i  1 uent : A t t a c l  ay granul   es/water  
Drift Control  Agent : NA 
A p p l i c a t i o n  Method : Cyclone  spreader, boom sprayer  
Treatment  Date 

MONITORING  OBJECTIVE 
1. To d e t e r m i n e   t h e   e f f e c t i v e n e s s   o f  a 10 m e t e r   p e s t i c i d e   f r e e  zone f o r   t h e  

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

STUDY DESIGN, LAYOUT, AND RESULTS 
R e f e r   t o   F i g u r e s  7-2, 7-3 and  Table 7-1. 

SUMMARY AND RESULTS 
Dursban  residues  were  not  detected i n   r u n o f f   w a t e r ,   n o r   i n   d i t c h e s ,  The 

n e g a t i v e   r e s u l t s   i n   s o i l  samples  taken  from  the 10 m e t e r   p e s t i c i d e   f r e e  zone 
i n d i c a t e d   t h a t   t h e r e  was no movement o r   t r a n s p o r t   o f   r e s i d u e s  v i a  r u n o f f   f r o m  
t r e a t e d   a r e a s   t o   t h e   a d j a c e n t   d i t c h e s .  

REFERENCE 
Wan, M.T. (1982) .   Res idue  o f   Dursban  a t   Vancouver   In te rna t iona l   A i rpor t .  
Env i ronmenta l   Pro tec t ion   Serv ice   Program  Repor t .  November,  1982. 
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I 
TABLE 7-1 DURSBAN  RESIDUES (10 days  post  spraying) AT  VARIOUS  SAMPLING 

POINTS  AT VANCOUVER INTERNATIONAL  A IRPORT 

SAMPLING  POINTS (See F i g u r e  7-3)  DURSBAN 

Water ( d i t c h )  0.001 

Water ( r u n o f f )  0.001 

S o i l  (10 me te r   pes t i c ide   f ree   zone)  0.020 

Soi 1 ( t r e a t e d   p l o t s )  0.110 
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