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ABSTRACT 

Y 

Y 

.rc 

The  impact o f   i n s e c t   g r o w t h   r e g u l a t o r s   A l t o s i d  and Dimil i n  on 

selected  non-target  organisms was determined  dur ing  exper imenta l  

a p p l i c a t i o n s   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  Columbia.  Residues i n  

water ,   pers is tence i n   t h e   e n v i r o n m e n t ,  and e f f e c t s  on aquat ic  crustaceans 

and i n s e c t s   o f   t h e   t w o   y r o w t h   i n h i b i t o r s  were  monitored. 

A l t o s i d  was e f fec t i ve   aga ins t   mosqu i toes  and appeared  harmless 

t o  marsh  carbs,  crustaceans, and f i s h   a t   t h e  Tsawwassen s a l t  marshes. 
Dimil i n  t rea tments   a t   For t   Lang ley ,  B.C. , suppressed  mosquito  populat ions 

and  reduced  the  populat ion  o f   zooplankton and ce r ta in   non - ta rge t   i nsec ts .  

Residues o f   t h e s e   g r o w t h   r e g u l a t o r s   w e r e   r e l a t i v e l y   p e r s i s t e n t   i n   t h e  

env i  ronment. 

The i m p l i c a t i o n s   o f   t h e s e   f i n d i n g s ,  and t h e   e f f e c t i v e n e s s   o f  

i nsec t   g rowth   regu la to rs  as mosqui to   cont ro l   agents  and t h e i r  

envi  ronlnental  consequences  are  discussed. 



RESUME 

I 

. . 
Des app l ica t ions   exper imenta les  , ef fectuees  en  Colombie-Br i tannique , 

pour l u t t e r   c o n t r e   l e s   m o u s t i q u e s ,   a v a i e n t   p o u r   b u t  de d e t e r m i n e r   l ' i m p a c t  
des r e g u l a t e u r s  de c r o i s s a n c e ,   1 ' A l t o s i d e   e t  l a  D imi l ine ,   sur   les   o rgan ismes 

non v i s& .  On a i g a l e m e n t   m e s u r i   l e s   r i s i d u s  dans 1 'eau, l a  rgmanance  dans 

l ' e n v i r o n n e m e n t   a i n s i  que l e s   e f f e t s  de ces  deux i n h i b i t e u r s  de c ro issance 

su r   l es   c rus taces   e t   i nsec tes   aqua t iques .  

. 

. 
.., 

D ' A l t o s i d e   s ' e s t   r e v e l e e   e f f i c a c e   c o n t r e   l e s   m o u s t i q u e s   e t ,   p a r  
* 

a i l l e u r s ,   i n o f f e n s i v e   p o u r   l e s   c r a b e s ,   c r u s t a c e s   e t   p o i s s o n s  des s a l a n t s  de 

Tsawwassen. D im i l i ne   Fo r t   Lang ley   (C . -B . )   n ' a  pas  qu'enray; l a  p o p u l a t i o n  

de  moust iques  mais   auss i   r6dui t   les   populat ions de zooplancton e t   d ' i n s e c t e s  
non v ises .  On a t rouve  que l e s   r e s i d u s  de ces  deux regu la teu rs  de c ro issance 

e t a i e n t   r e l a t i v e m e n t  remanants  dans 1 'environnement. 

. . . . 
. , 

. . 
On commente l e s   i m p l i c a t i o n s  des r e s u l t a t s ,  1 ' e f f i c a c i t e  de ces . 

regu la teu rs  de c r o i s s a n c e   p o u r   l u t t e r   c o n t r e   l e s   i n s e c t e s   a i n s i  que l e s  

consequences  environnementales q u ' i l s   e n t r a i n e n t .  
. A 
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CONCLUSIONS 

Insect growth regulators ( IGRs)  can  be used as  effective 
mosquito control  agents i n  British Columbia. Their  effects on non-target 
organisms depend on the  type of inhibitors. 

IGR such as  Altosid can be effect ive aga ins t  mosquitoes w i t h  
l i t t l e  o r  no harmful effects   to   crabs,  zooplanktonic  crustaceans, and 
fish i n  l en t ic  waters. IGR h a v i n g  moderately  long residual  action such 
as certain  formulations of Dimilin not  only arrested mosquito development 
b u t  a1 so appeared t o  reduce the  population of zooplankton and suppress 
the emergence  of non-target  insects belonging t o  the same Order as 
mosquitoes. 

IGRs are  generally much less  toxic t o  birds, fish and small 
mammals t h a n  organophosphorus insecticides  presently used for mosquito 
control i n  British Columbia. Their  role i n  mosquito control programs 
should be actively  investigated. 

Efforts should a1 so be undertaken to  determine and understand 
more fully  the  persistence,  sublethal  effects and bioaccumulation of IGRs 
and their  metabolites on f i sh  and f ish food organisms i n  the  aquatic 
environment o f  British Columbia before  being  advocated for general use i n  
mosquito larviciding programs. 
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1 INTRODUCTION 

I n   t h e   p o p u l a t e d   a r e a s   o f   B r i t i s h  Columbia,  chemical  mosquito 

abatement i s  conducted  because o f . t h e   b i t i n g   n u i s a n c e  and t h e   p o t e n t i a l  

problem o f  mosquitos  becoming  vectors  of human disease. 

Many organochlor ine and organophosphorus compounds have  been 

used t o   c o n t r o l  mosqui toes.   Severa l   o f   these  mater ia ls   are now 
env i ronmen ta l l y   unaccep tab le   because   o f   t he i r   ha rmfu l   e f fec ts   t o   b i rds ,  

f i s h  and other  non-target  organisms. A g roup   o f  new compounds, t he  

Insect   Growth  Regulators  ( IGRs)  have recently  appeared  and may be more 

environmental  l y  acceptable. 
IGRs are  mimics  o f   insect  hormones wh ich   a re   respons ib le   fo r  

the  cont ro l   o f   var ious  growth  processes.  When app l   ied   to   immature  

stages, IGRs produce  morphogenet ic   e f fec ts   de t r imenta l   to   insec t  

development. IGRs a r e   s e l e c t i v e  and o n l y   v e r y   m i n u t e   q u a n t i t i e s   o f   t h e  

ma te r ia l   a re   requ i red   t o   p roduce   t he   des i red   e f fec ts .  Because o f   t hese  

q u a l i t i e s ,  IGRs may be more env i ronmen ta l l y   accep tab le   f o r   t he   con t ro l   o f  

insect   pests .  

I n  1976  and  1978 f i e l d   a p p l i c a t i o n s  were  conducted  by  the 
B r i t i s h  Columbia  Department o f   A g r i c u l t u r e  and Simon F r a s e r   H e a l t h   U n i t  

t o  assess   the   e f fec t i veness   o f   two IGRs - A l t o s i d  and D i m i l i n  (TH 6040) 

f o r   t h e   c o n t r o l   o f  mosquitoes. The Env i ronmenta l   Pro tec t ion   Serv ice  

i n v e s t i g a t e d   t h e   i m p a c t  o f  these  two compounds  on se lec ted   non- ta rge t  
o rgan isms   co -ex i s t i ng   w i th   mosqu i to   l a rvae ,   pa r t i cu la r l y   t he   c rus taceans  

and aquat ic   insects .  The pe rs i s tence  o f  A l t o s i d  and D i m i l i n   i n   t h e  

aquatic  envi  ronment was  a1 so moni tored.  
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2  LITERATURE REVIEW 

2.1 A1 t o s i d l  
" 

A1 t o s i d   i s   t h e   t r a d e  name o f   t he   g rowth   regu la to r ,  

methoprene2,  which i s   a l s o  known  as Entocon TM3, and Zoecon 

ZR-5154. It i s  a j u v e n i l e  hormone analogue  synthesized  from 

2 ,4 -d ieno ic   es te rs ,   w i th   t he   f o l l ow ing   s t ruc tu ra l   f o rmu l  a (Durham " e t   a l .  , 
1975).: 

( I sop ropy l  (2E,  4E)-11  methoxy-3, 7,  ll-trimethyl-2,4-dodecadienoate) 

A1 t o s i d   i s   v e r y   s u s p e c t i b l e  t o  m i c r o b i a l  and p h o t o l y t i c  

degradat ion  under   most   natura l   env i ronmenta l   condi t ions  (Schooley  e t  a l ,  
1975;  Swern,  1970).  Under f i e l d   c o n d i t i o n s ,   t e c h n i c a l  and emulsion 

c o n c e n t r a t i o n   f o r m u l a t i o n   o f  ZR-515 have a h a l f   l i f e   o f   a p p r o x i m a t e l y   t w o  

hours ,   bu t   res idues   o f  a "s low  re1  ease"   formul   a t   ion can  be d e t e c t e d   i n  

water  up t o  24 h o u r s   a f t e r   a p p l i c a t i o n  (Pawson e t  a1 , 1972, Schaefer and 
Dupras,  1973). 

A1 t o s i d  , i n   v e r y   l o w   c o n c e n t   r a t i o n s  , prevents   the emergence o f  

adu l t s   f rom pupae (Robins,  1972,  Schneiderman,  1972,  Staal , 1975). The 

e f f e c t s  may be expressed  by   the   occur rence  o f   la rva l -pupa l   o r   pupa l -adu l t  

i n te rmed ia tes ,   de fec t i ve   rep roduc t i ve   o rgans ,   o r  abnormal  embryogenesis. 

(Henr ick  " e t  a l ,  1973). 

Few f i e l d   s t u d i e s  have  been  conducted  on  the  impact o f   A l t o s i d  

on  non-target  organisms. One simulated  study,  using  normal  dosages f o r  

mosqu i to   la rvae  cont ro l   de tec ted  no   adverse   e f fec t  on zooplankton and 

aqua t i c   i nsec ts ,  a1 though  the emergence of   Chironomidae  (midges) , 
E p h y d r i d a e   ( s h o r e f l i e s ,   b r i n e f l i e s )  , and Psychodidae  (mothf l ies)  , was 

reduced  (Grandoni " e t  a1 , 1976, Mui r and Takahashi , 1973 , 1974). 

1,2,3,4 - Zoecon Corpora t ion ,  1975 C a l i f o r n i a  Avenue, P a l o   A l t o ,  

C a l i f o r n i a  94304. 
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Another  work,  however,  reported  that  repeated  treatments  of 

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

( C a l l  i b a e t i s   p a c i f i c u s  Seman) , and a1 so reduced  84  percent  of   the 1 a rva l  

d y t i s c i d   b e e t 1  e (Laccopi 1 us sp)  biomass d u r i  ng  one season  (Nor1  and  and 
Mulla,  1975). L i t t l e   o r  no e f f e c t  on non- target   aquat ic   organisms was 

d e t e c t e d   a f t e r  an a e r i a l   t r e a t m e n t   o f  a pond w i t h   A l t o s i d  a t  t h e   r a t e   o f  

2.34 oz. a c t i v e   i n g r e d i e n t   ( a . i ) / a c r e  (Wan and  Wilson,  1975). 

A l t o s i d   i s   r e l a t i v e l y   n o n - t o x i c   t o   b i r d s  and Inammals, (Anon., 

1973).  The o r a l  and acute  LD50 f o r  Mal l a r d  duck  and Bobwhite  quai 1 

a r e   g r e a t e r   t h a n  10,000  mg/kg. I n   r a t  and r a b b i t   t h e   o r a l  and  dermal 

LD50 are 34,600  mg/kg  and 3,500 mg/kg respec t i ve l y .  

A l t o s i d   t o x i c i t y   t o   f i s h   v a r i e s   a c c o r d i n g   t o   s p e c i e s .   B l u e  
g i l l  , t r o u t  and c a t f i s h ,  and largemouth  bass  have LC50 va lues   o f  

4.62,  3.30, and  100 ppm respec t i ve l y .  However, i n  a r e c e n t   s t a t i c  

b ioassay   s tudy   w i th   j uven i l e   f i sh ,  FlcKague and Pr idmore  (1978)  reported 

t h e  96 hr. LC50 f o r  Rainbow t r o u t  as 106 ppm and f o r  Coho salmon  as 
86 ppm. 

L i t t l e   i s  known o f   t h e   s u b l e t h a l   e f f e c t s   o f   A l t o s i d   t o   f i s h .  
One 1 a b o r a t o r y   s t u d y   r e p o r t e d   t h a t   f i s h  exposed t o   t h i s  I G R  become 

1 e t h a r g i c  (Madder  and Lockhar t  , 1978). 
Recen t   s tud ies   i nd i ca te   t ha t   i nsec ts  can  deve lop   res is tance  to  

A l t o s i d ,  (Schneiderman,  1972;  Vinson  an  Plapp, Jr., 1974). One r e p o r t  

s ta ted  that   organophosphate and ca rbamate   res i s tan t   s t ra ins   o f   t he  common 
h o u s e f l y  (Musca  doniest ica)  exhibi ted  cross  resistance t o   A l t o s i d   ( C e r f  

and  Georgh i ou , 1 974a). 

2.2 D i m i l i n 5  
Dimil i n   i s  a1 so known as ENT-290546 , OMS 18047, PH 

60408  and TH 60409. It i s  an i nsec t   g rowth   regu la to r   wh ich  
i n t e r f e r e s   w i t h   t h e   f o r m a t i o n   o f   t h e   i n s e c t s   c u t i c u l e   d u r i n g   m o u l t i n g  

5,6,7,8,9 - Thompson-Hayward  Chemical Company, 5200 Speaker Road, 
Kansas City, Kansas 66110. 
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and i s  a pheny lu rea   subs t i t u te   w i th   t he   f o l l ow ing   s t ruc tu ra l   f o rmu la ,  

(Thompson-Hayward  Chemical Company, 1974) : 

M e t c a l f   e t  a1 , (1975)   repo r ted   t ha t  Dimil i n  does not  appear t o  

b e   s u s c e p t i b l e   t o   m i c r o b i a l  and photo ly t ic   degradat ion.   Other   s tud ies,  

however ,   found  that   the  breakdown  of   th is  I G R  depends 
on m i  c r o b i  a1 ac t  i v i  ty. 

D i m i l i n   i n   s o i l  has a " h a l f - l i f e "   o f   a p p r o x i  
(Nimmo and  Wilde,  1975). T h e  s i z e  o f  D i m i l i n  c a r r i e r  

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

p e r s i s t   l o n g e r   t h a n  sma1.l ones. S t u d i e s   f o u n d   t h a t   r e  

t o  a l a r g e   e x t e n t  

mate ly   two months 
p a r t i c l e s  

on l a r g e   p a r t i c l e s  

s idues on p a r t i c l e s  

l a rge r   t han   t en   m ic rons  were d e t e c t a b l e  more than 40 weeks wh i l e   t hose  
res idues  on p a r t i c l e s   i n   t h e  two  micron  range  d isappeared  wi th in   two 

weeks  (Anon. , 1976). 

Schaef fe r  and Dupras  (1973) showed t h a t   t h e   h a l f - l i f e   o f  
D i m i l i n   i n   w a t e r   i s   l e s s   t h a n   t w e n t y - f o u r   h o u r s  and t o  be r e l a t e d   t o  pH, 
temperature, and  suspended organic   mat ter .  As i n   s o i l  , p a r t i c l e   s i z e  

a f f e c t s   t h e   t i m e  o f  degradat ion  o f  D i m i l i n   i n   w a t e r  (Anon., 1976). 
D i r n i l i n ,   i n   v e r y   l o w   c o n c e n t r a t i o n s ,   i n h i b i t s   c h i t i n   s y n t h e s i s ,  

and   p reven ts   t he   f o rmu la t i on   o f   cu t i c le   (Cer f  and Georghiou, 197 

i nduces  abnormal  endocut i c u l   a r   d e p o s i t i o n  and a b o r t i v e  rnoul t i  ng 

j u v e n i l e   i n s e c t s   i n   c o n t r a s t   t o   t h e   d i r e c t   t o x i c   e f f e c t s  on t h e  

nervous  systeln o f   c o n v e n t i o n a l   i n s e c t i c i d e s   ( P o s t  and V incent ,  1 

J u v e n i l e   i n s e c t s   a r e  most s u s c e p t i b l e   t o   D i m i l i n .  

4a). It 

i n  

i n s e c t  

973). 

Feeding  experiments have shown t h a t  Dimil i n  can  act  as  a 

chemoster i lan t  when inges ted  by   f ema le   i nsec ts   p r i o r   t o   o r   du r ing  

o v i p o s i t i o n .  The v i a b l e  embryos apparent ly   develop  normal ly   but   the 

young 1 arvae f a i l   t o  emerge o r   d i e   s h o r t l y   f o l l   o w i n g  emergence (Muira - e t  

- a1 , 1975 , Thoalpson-Hayward Chemi c a l  Company, 1974). 
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U D i l n i l i n  has a w i d e   r a n g e   o f   b i o l o g i c a l   a c t i v i t y  and acts  
p r i m a r i l y  as  stomach poison  (Mulden and G i j s w i  jt, 1973).  Although  the 

m main mode o f   en t r y   i s   t h rough   i nges t i on ,   suck ing   o rgan isms  escape i t s  

1 I n v e s t i g a t i o n s   i n t o   t h e   i m p a c t   o f   D i m i l i n  on non- ta rge t  

e f f e c t  because i t  i s   n o t  a p lant   systemic.  

organisms  have  been  conducted i n   L a b o r a t o r y  and s m a l l   s c a l e   f i e l d  
exper iments.   These  s tud ies  ind icate  that  a r a t e  between 0.023 t o  0.056 

k g   a i / h a  (0.02 t o  0.05 l b   a i / a c ) ,   D i m i l i n   r e d u c e d   t h e   p o p u l a t i o n   o f   t h e  

fo l lowing  organisms,   (Mui ra and  Takahasi,  1975;  Mulla " e t   a l ,  1975; Anon., 

- 
m 1976) : 

C1 adocera  (Daphnia  sp) 
Copepoda (Cyclops  sp) 

Ephemereptera nymps ( C a l l i b a e t i s  spp.) 
Chironomid 1 arvae  (Goel d i   c h i  ronornus ho l   op ras i  nus  Goel d i  ) 

C o r i x i d  nymphs 

Notonec t i  d nymphs 

However, the   popu la t ion   o f   these  o rgan isms  recovered  w i th in  a p e r i o d   o f  
7-12  days af ter   chemical   t reatment .   Tadpole  shr imp  (Tr i  ops lony icaudatus  

LeConte),  clam  shriri lp  (Eul  imnadia spp. ) and c l  adocera  (Daphnia  and  Moina 
spp.) w e r e   s u s c e p t i b l e   t o   D i m i l i n  a t  l eve l s   be low 0.01 ppm under 

l a b o r a t o r y   c o n d i t i o n s   ( M u i r a  and Takahashi,  1974). 
Cunningham  (1976)  demonstrated t h a t  Dimil i n  reduced  the 

r e p r o d u c t i v e  1 i fespan   o f   adu l t   b r i ne   sh r imp   (A r tem ia   sa l  i n )   a t  1 eve1 s 
between 2 to  10 ppb. I n  the same study immature  shrimp exposed t o  

concen t ra t i ons   g rea te r   t han  10  ppb d i e d   w i t h i n  3 days. Mu i ra  and 

Takahashi  (1974) showed t h a t   a d u l t   a q u a t i c   b e e t l e s   ( L a c c o p h i l u s  spp., 

Hydrophi 1 us t r i a n g u l a r i s  Say,  and T rop i   s te rnus  1 a t e r a i  1 i s  Fab)  were a1 so 
s e n s i t i v e   t o   D i m i l i n .   S p i d e r s   ( P a r d o s  spp.  and Lycosa  spp.),  however, 

showed n o   a p p a r e n t   e f f e c t s   t o   t h i s  I G R ,  (Muira and Takahashi,  1974). 
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I n   a c u t e   t o x i c i t y   b i o a s s a y s ,   D i m i l i n   ( t e c h n i c a l )   o r  

(W-25)1 was found t o  be v e r y   t o x i c   t o   c e r t a i n   c r u s t a c e a n s , .   b u t   n o t   t o  

f i s h ,   b i r d s  and mammals, (Anon., 1976):  

Crustacean  48  hour LC50 

Water f l  eas 
C1 ass  shrimp 

Fish  96-hour  LC50 

B1 uegi  11  sunf i sh 

B l u e g i l l   s u n f i s h  

Rainbow t r o u t  
Rainbow t r o u t  

Av ian  Ora l  LD50 
Mal  1 a rd  duck 

Bobwhite  quai 1 

-0 

Mouse 
Rat 

Rat 

1 55 ppb  (W-25) 
45 ppb  (W-25) 

135 ppm ( t e c h n i c a l  ) 
660 ppm (W-25) 

140 ppm ( t e c h n i c a l )  

240 ppm (W-25) 

5000 mg/kg ( t e c h n i c a l  ) 
5000 mg/kg ( t e c h n i c a l  ) 

4  640 mg/kg ( t e c h n i c a l  ) 
4  640 mg/kg ( t e c h n i c a l  ) 

10 000 mg/kg ( t e c h n i c a l )  

L i t t l e   i n f o r m a t i o n   i s   a v a i l a b l e  on t h e   e f f e c t s   o f   D i m i l i n   d e g r a d a t i o n  

products  on f i s h .  One s tudy   repo r ted   t ha t  a m e t a b o l i t e   o f   t h i s  I G R  i s  

q u i t e   t o x i c   t o   f i s h .  O f  the  three  major  breakdown  products,  

4-chlorphenyl   urea,  3,6-di f lurobenzoic  acid,  and 4 -ch lo ran i l   i ne ,   t he  

l a t t e r  compound i s   t h e  most t o x i c   t o   f i s h   ( J u l i n  and  Sanders,  1978). 
J u l   i n  and Sanders  (1978) c i t e   t h e   f o l l o w i n g  examples o f   4 - c h l   o r o a n i l   i n e  

t o x i c i t y   t o   f i s h :  

1 - 25% we t tab le  powder 
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B1 uegi  11 

Fathead Minnow 

Rainbow  Trout 

Channel  Catf ish 

96  hour LC50 

2.4 ( 1.8 - 3.2) 

12 ( 7   - 1 8  ) 
14  (11 - 16 ) 
23 (18 - 29 ) 

Booth " e t  a l ,  (1975a,  1976)  demonstrated  that   under  s imulated  condi t ions 

D i m i l i n   u p t a k e   b u t   n o t   b i o a c c u m u l a t i o n   o c c u r r e d   i n   f i s h .  However,  two 

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

concent ra t ions   approx imate ly  80  t imes  those i n  sur round ing   water   w i th in  a 
p e r i o d   o f   t h r e e  weeks (Apperson " e t  a1 , 1978; Schaefer, " e t  a1 , 1979). To 

d a t e   t h e r e  has  been no p u b l i s h e d   i n v e s t i g a t i o n  on the   accumula t ion   o f  

D i m i l i n   m e t a b o l i t e s  on f i s h   t i s s u e s .  

L i t t l e   i s  known o f   t h e   s u b l e t h a l   e f f e c t s   o f   D i m i l i n  on f i s h .  

One study showed that  prolonged  exposure  (10  months)  of   Fathead Minnows 
t o   D i r n i l i n   ( 6   t o  100 ppb)  produced no phys io log i ca l  and rep roduc t i ve  

e f f e c t s  on t h e   f i s h   n o r   i t s   o f f s p r i n g  (Anon., 1976).  Other  study 

r e p o r t e d   t h a t   f i s h  will avoid  water   contaminated  wi th   subletha l  

c o n c e n t r a t i o n s   o f  Dimil in,   (Granet t ,   1978) .  

A recent   s tudy shows t h a t   i n s e c t i c i d e   r e s i s t a n t   s t r a i n s  of 

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

t h a t   t h i s  compound i s   a l s o   s u b j e c t   t o   t h e   r i s k   o f   r e s i s t a n c e  development, 

(Cer f  and  Georghiou, 1974a, 1974b). 
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3 MATERIALS AND METHODS 

3.1 Exper imental   Design 

A1 t o s i d  was a p p l   i e d   t o   e s t u a r i n e   s a l t  marshes o f  Tsawwassen, 

approx imate ly  30 km southwest o f  Vancouver, B r i t i s h  Columbia,  (Figure 

1). The p l o t s   c o n s i s t e d  o f  s i x   s t a g n a n t   t i d a l   p o o l s   t o t a l  1 i n g  

approx imate ly  225 m2 i n  area. The depth o f  water   var ied  f rom 15 cm 

t o  30 cm and t h e   r a t e  of  t rea tment  was approx imate ly  0.032 k g  a i /ha  

(0.028 lbs   a i /ac re) .   Impact  and res idue   s tud ies  were  conducted i n  these 

pools. 

Dimil i n  was app l ied   to   two  a reas   eas t   o f   Vancouver :   (1 )   For t  

Langley,  and (2 )  Port   Coqui t lam. The study  areas  at   Fort   Langley  were 

approx imate ly  5 km eas t   o f   t ha t   t own  on the   sou th  bank o f  the   Fraser  
R ive r ,   ad jacen t   t o   t he   Canad ian   Na t iona l   Ra i lway   (F igu re  2). Three 
separate plots  t o t a l l i n g  40 ha were a e r i a l l y  t r e a t e d   w i t h  Di rn i l in  a t  2 

ra tes ,  0.023 kg   a i /ha  (0.02 l b   a i / a c r e )  and 0.046 kg  a i /ha (0.04 l b  

a i / ac re ) .  The c o n t r o l   p l o t   ( a p p r o x i m a t e l y  2 ha) was s i t u a t e d  

approx imate ly  3 km west o f   t h e   t r e a t e d   p l o t s .  These p l o t s  were s i t u a t e d  

i n   t i d a l   f l o o d   p l a i n s   o f   t h e   F r a s e r   R i v e r ,  hence the   dep th   o f   wa te r  

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

were  conducted  only i n   t h e  0.046 k g   a i / h a   p l o t .  
The s t u d y   p l o t s   a t   P o r t  Coqui tl am were l o c a t e d   i n  an 01 d 

garbage dump s i t e  between  Kingsway Avenue and  Lougheed  Highway ( F i g u r e  

3).  The t r e a t e d  pond was approx imate ly  625 m2 i n  area  and D i m i l i n  

was app l ied   tw ice   by  hand t r e a t m e n t   a t   t h e   r a t e   o f  0.034 kg a i /ha  (0.03 
l b  a i /ac ) .  The c o n t r o l  pond  (100 m2 i n  area)  was nearby,  separated 

f rom  the  Dimi 1 i n  pond by a  dyke. Only Dimil i n   r e s i d u e   s t u d i e s  were 
c o n d u c t e d   a t   t h i s   s i t e .  

3.2 App l i ca t i on   o f   I nsec t   Growth   Regu la to rs  

A l t o s i d  was fo rmula ted  as l i qu id   m ic ro -encapsu la ted   ( s low  
re lease)  emu1 s i o n  and was a p p l   i e d   w i t h  a hand  sprayer  between 1300  and 

1400 hours on May 17,  1976. 
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L E G E N D  

. 
A l t o s i d  Plot  

FIGURE I LOCATION  OF  ALTOSID  STUDY  PLOTS 
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Dimil i n  granules  were  appl   ied  wi th  an a g r i c u l t u r a l   s p r a y  

a i r c r a f t l o  between  0615  and  0645  hours on June 29, 1976 a t   F o r t  

Langley, and by hand treatment  between 1100  and  1200 hours on  June 29, 

1978 a t  P o r t   C o q u i t l  am. 

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

programs  are  given i n  Appendix 1. 

3.3 Observations  and Sampl i n g  

Water  chemistry and temperature measurements, and b i o l o g i c a l  

sanp l   i ng  were   conducted   dur ing   the   fo l low ing   per iods :  

A l t o s i d  
1. Pre-treatment,  May 12-17,  1976  (6  days) 

2. Post- t reatment,  May 18-24,  1976 (8  days) 

D i m i l i n  

For t   Lang ley   ( impact   and  res idue  s tud ies)  

1. Pre-treatment,  June  16-24 ( 9  days) 

2. Post-treatment,  June  29-August 10,  1976  (43  days) 

Port   Coqui  t l arn (Res idue  s tud ies   on ly )  

1. Pre-treatment,  June 29, 1978  (1  day) 
2. Post- t reatment,   February 14, 1979  (234  days) 

3.3.1 Water  Chemistry  and  Physical  Studies.  Water  temperatures  were 

recorded  once a day  between  1100 - 1300  hours.  Dissolved  oxygen (DO), 

pH, s u l f i d e   c o n c e n t r a t i o n s  and sa l  i n i  t y  o f  water were a1 so measured 

d a i l y .   A p p r o p r i a t e   H a c h l l   k i t s   a r e  used t o  measure t h e  pH and DO. 

I n   P o r t   C o q u i t l a m ,   o n l y  DO, pH and  water  temperatures  were  recorded. 

3.3.2 B i o l o g i c a l  Sampl i ng. S a l t  marsh i n v e r t e b r a t e s   i n   t h e  A1 t o s i d  

study  were  sampled  with 800 m l  dippers. I n   t h e   D i m i l i n   s t u d y ,   a q u a t i c  

organisms  were  co l lected  wi th  emergence  cases, an Ekman dredge  and 

d i ppers. 

10 - Cessna Agwagen 
11 - Hach  Chemical Company, Arnes, Iowa,  50010, U.S.A. 
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3.3.2.1 Emergence  cages. The  emergence cages  were  designed t o   t r a p  
newly emerged adu l t   aqua t i c   i nsec ts .  The py r im ida l  cages  were made o f  

p l   e x i   g l  ass w i t h  a1 umi num support ing  f rames , and designed t o   e n c l o s e  a 
water  surface  of 0.2 m2 as descr ibed by Wan and Wilson,  (1975). 

E i g h t  cages  were  placed i n each p l o t   ( c o n t r o l  vs. 

D i m i l i n - t r e a t e d ) .  They  were  spaced  approximately 10 t o  20 m apar t  and 

t h e  edge o f   a l l  cages was set  about 0.3-0.6 cm below  the  water   sur face  to  

p reven t   i nsec t  escape.  The he igh t  o f  these  cages i n   r e l a t i o n   t o   t h e  

v a r i a t i o n  o f  wa te r   l eve l  was ad jus ted  by us ing   ' c l ipped '   a lumin ium  rods .  

Newly  emerged i n s e c t s  were  trapped i n  a removable  p lexiglass 
cy1   inder  on t o p   o f  each cage. A short   stem  glass  funnel   (stem  diameter 

15 mn) was p laced   i ns ide   t he   cy1   i nde r   t o   p reven t   i nsec ts   f rom  f l y i ng   back  

i n t o   t h e  m a i n   p a r t   o f   t h e  cage.  The insec ts  were immobi  1 i z e d   w i t h  70% 

a lcoho l ,  and c o l l e c t e d  i n  l a b e l l e d   b o t t l e s   d a i l y .  The cages  were i n  

p lace  f rom  June 17,  1976 t o  August 10,  1976. 

3.3.2.2  Ekman dredge. An Ekman dredge (0.15m x 0.15m)  was used t o  
c o l l e c t   b o t t o m   i n v e r t e b r a t e  samples. Five  grab  samples  were  taken  at 

random i n  each  plot .  The samples  were  pooled i n t o  a 125 mesh s ieve  and 

c a r e f u l l y  washed t o  remove mud, s i 1  t, and organic  debr is.  The ben th i c  

and mud organisms  were  retained i n   l a b e l l e d   b o t t l e s  and preserved i n  70% 

alcohol .   Sediment  samples  at   the  Fort   Langley  study  areas  were a1 so 

c o l l e c t e d   b y   u s i n g   t h e  Ekman dredge. 

3.3.2.3 Dippers.   Aluminium  metal   pots  were  used  for   the  dai ly 

c o l l e c t i o n   o f   a q u a t i c   i n v e r t e b r a t e s   f r o m  submerged grasses and  sedges. 

The pots  were 12 cm d iamete r   w i th  a depth o f  7 cm and equipped  wi th a 2 m 
1 ong hand1 e. 

F i f ty  d ips  were taken a1 ong two  randomly  selected 25m 

t ransec ts .  All dips  were  pooled and s t ra ined   t h rough  a 125 mesh sieve. 

A f t e r   t h e   r e q u i r e d  number o f   d i p s  were  taken,  the  samples  were  retained 

i n  1 abel 1 ed b o t t l e s  and preserved i n  70% a lcoho l .  

12 - Hach  Chemical Company,  Ames, Iowa, 50010, U.S.A. 
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A1 1 b i o l o g i c a l  samples  were  taken d a i l y  between 1100 - 1400 

hours. 

3.3.3 Residue  Sampling.  Water  samples  were  collected i n  450 m l  (16 

f l u i d  oz.)  amber g lass   bo t t les .  All b o t t l e s  were r i n s e d  with r e d i s t i l l e d  
acetone and p e t r o l e u m   e t h e r   p r i o r   t o  use. Dupl i c a t e  samples  were  taken 

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

poss ib le   p resence   o f   na tu ra l l y   occu r r i ng  compounds t h a t  may i n t e r f e r e  

w i t h   A l t o s i d  and D imi l in   ana lyses .  The fol lowing  sampl ing  regimes  were 

used : 

1. A l t o s i d  - prespray,  0, 1 /2, 1 , 2 hours, and 1, 2, 3 ,  
and 4 days  post-spray. 

2. Dimilin 
A. F o r t   L a n g l e x  - pre-spray 0, 1 , 4 hours, 1 , 2, 4, 

8, 16, 31 and  71  days post- t reatment.  
6. Por t   Coqu i t lam - pre-spray 0, 4 hours, 1, 2, 4, 8, 

75 (second  appl icat ion) ,  77, 78, 80, 88, 9 5 ,  109, 
142,  170  and  234 days  post- t reatment.  

I n   t h e  A1 t o s i d  samples 60 m l  o f  acetone  sol  vent  were  added t o  

each 360 m l  o f  water  sample t o  prevent   res idue  degradat ion.  

Approximately 50 rnl of   d ich lo romethane  so lvent  were  added t o  each D i m i l i n  

water  sample. All samples  were  immediately  f rozen  wi th  dry  ice  en  route 

t o   t h e  1 aboratory.  

The D i m i l i n  sediment  sampling  regime was i d e n t i c a l   t o   t h e  

D imi l in   water   sampl ing  program.  The  sediment  samples  were  preserved  with 

10 m l  o f  d i c h l  oromethane and then   f rozen  on d ry   i ce .  
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3.4 Residue  Analyses 
All residue  analyses were done by t h e   P a c i f i c   R e g i o n  Water 

Qua l  i t y  Laboratory ,   In1  and  Waters  Di rectorate  o f   Env i ronment  Canada. 

3.4.1 E x t r a c t i o n  and  Clean-up. A l t o s i d   r e s i d u e s  were ex t rac ted   f rom 

the   wa te r  samples w i t h  hexane.  The c r u d e   e x t r a c t  was t h e n   d r i e d   o v e r  

anhydrous Na2S04, concent ra ted  and  cleaned--up  on a f l  o r i s i l  

c o l  umn. The c o l  umn eluates  were  concentrated i n  a ro ta ry   evapora to r   a t  

40°C, taken  up i n  25 ml o f   r e d i s t i l l e d  hexane  and the   c lean -up   ex t rac t  

analysed  by gas l i q u i d  chromatography. 

D i m i l i n   r e s i d u e s  were  extracted  from  water  samples i n  a s i m i l a r  

manner, b u t   t h e y  were d e r i v a t i z e d   i n   e t h y l   a c e t a t e   b e f o r e   c l e a n - u p  on 
f l o r i s i l .   D i m i l i n   r e s i d u e s  were  ext racted  f rom  sediments  wi th  a 1 : l  

acetone-hexane  v/v  mixture. 

3.4.2  Gas L i q u i d  Chromatography. GLC a n a l y s i s  was done  on a Mic ro tek  
MT-22013 equipped  wi th  a 63Ni   e lec t ron   cap ture   de tec tor .  A 180 

cm x 0.6 cm I.D. glass  colunln was used. Fo r   A l tos id   ana lyses   t he   co l  umn 

was packed w i t h  3% OV-101 on  Chromosorb W "H.P." 80/100 mesh. A m i x t u r e  

o f  2% OV-101 and 3% OV-210 on s i m i l a r  chrornosorb  and mesh s i z e  was used 

f o r  Dimil i n  analyses. 

N i t r o g e n  was used  as t h e   c a r r i e r  gas a t   t h e   r a t e   o f  82  ml/min 

ove r  an oven  temperature  of  200OC f o r   A l t o s i d  and a t   t h e   r a t e   o f  65 
ml/min a t  150°C for D i m i l i n .  Known amounts o f  A l t o s i d  and D i m i l i n  

s tandards   were   i n jec ted   i n to   t he  gas  chromatograph to   p repare   s tandard  

p e a k   h e i g h t   c u r v e s   f o r   t h e   q u a n t i f i c a t i o n  o f  residues. The limit of 

d e t e c t i o n   f o r   A l t o s i d  and D i m i l i n   i n   w a t e r  was 2 ppb  and 0.10 ppb 
respec t i ve l y .  The d e t e c t i o n  limit f o   D i m i l i n   i n  sediment was 1 ppb. 

13 - Texas Ins t rumen t   L im i ted ,   Aus t i n ,  Texas, U.S.A. 
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3.5 Sample and Data Analyses 
Invertebrate samples were counted and identified u s i n g  the 

following keys:  Borror and DeLong (1970), Pennak (1953) and Usinger, 
(1968). Genus and species  identification of Diptera specimens were 
conducted by the  Biosystematics Research Ins t i tu te ,  Central  Experimental 
Farm, Department of Agriculture, Ottawa. 

A Hewlett-Packard computer Model  9830A14 (with  automatic 
p lo t te r )  was used for a1 1 calculations. 

14 - Hewlett-Packard Calculator  Products  Div., Box 301, Loveland, 
Col., 80537, U.S.A. 
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4 RESULTS AND DISCUSSION 

4.1 Water  Chemistry  and  Physical  Parameters 

Appendices I1  - IV sunnlarize  measurements of   d isso lved  oxygen 

(DO), pH, s a l i n i t y ,   a i r  and water  temperatures,   depths  of   water,  
t u r b i d i t y  and s u l f i d e   c o n t e n t  o f  t h e   s t u d y   p l o t s   o f  Tsawwassen and F o r t  

Lany l  ey. 
A t  Tsawwassen, the   water   chemis t ry  and tempera tu res   o f   t he  

c o n t r o l  and A l t o s i d   p l o t s  were  comparable. DO i n  both  var ied  f rom  8-12 

ppm w i t h  a s a l   i n i t y   a v e r a g i n g  21 o/oo. The water   tempera ture   o f   bo th  

f l u c t u a t e d   f r o m  13-22.5 C, w i t h  pH vary ing   f rom 7.0 - 8.4. The s u l f i d e  

c o n t e n t   i n   b o t h  was 1 rng/l 

A t  For t   Langley,   the  water   chemist ry  and tempera tu re   o f   t he  
Con t ro l  and D i m i l i n   p l o t   v a r i e d   c o n s i d e r a b l y   ( T a b l e   1 ) .  The pH, DO and 

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

f l ood ing   f rom  F rase r   R ive r   (F igu re   4 ) .  
The s a l i n i t y   f o r   b o t h   D i m i l i n   t r e a t e d  and c o n t r o l   p l o t s  was 

be low  de tec t ion   be fore  and a f t e r   t r e a t m e n t .  Suspended s o l i d s   i n   t h e  
c o n t r o l   i n c r e a s e d   f o r  one day dur ing   f lood ing ,   bu t   o therw ise   remained 

s i m i l a r   t o   t h e   D i m i l i n   P l o t   ( 1 0  mg / l   non - f i l t e rab le   res idue ) .  

A t  Port   Coqui t lam,  a l though  the pH o f  water  remained  acidic  (pH 
5.5) d u r i n g   t h e   p e r i o d   o f   s t u d y ,   t h e r e  was a c o n s i d e r a b l e   v a r i a t i o n  of DO 
in t he  ponds (2.4 - 12 ppm). 

4.2 Residues i n  Water  and  Sediments 

A l t o s i d  and D i m i l i n   r e s i d u e s  measured i n  water and sediments 

are  presented i n  Tables 2, 3, and 4. 
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TABLE 1 WATER CHEMISTRY, TEMPERATURE AND DEPTH OF 
FORT  LANGLEY  PLOTS 

Parameters  Control  - " D i m i l i n   L e v e l  o f  
Mean - + S.E. ( range) Mean - + S.E. ( range)   S ign i f i cance 

PH 6.7 - + 0.1  (6.3-6.9) 5.7 - + 0.1 (5.5-6.1)  0.001 
DO (ppm) 6.2 - + 0.3  (4.0-8.0) 3.2  + 0.2 (1.4-5.0)  0.001 
T "C 16.3 - + 0.4 (12 - 20) 17.9 - + 0.4 (15 - 22) 0.020 

Depth (m) 1.23 - + 0.09 (0.45-1.74) 0.!54 - + 0.03  (0.45-0.72)  0.001 

- 

TABLE 2 ALTOSID RESIDUES IN TSWWASSEN  SALT MARSH WATER 

Sampl i ng Con t ro l  T rea t& 
Time (PPb)* (PPb)* 

P re-   spray 

0 Hours 
0.5 

1 
2 
24 
40 
72 
96 

L 2  
L 2  
L 2  

L 2  

'L 2 
L 2  

L 2  
L 2  

L 2  

L 2  
10 

7 
11 
13 
14 

L 2  
18 
1 7  

* L i m i t  o f  d e t e c t i o n  = 2 ppb. 

L = l ess   t han  
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TABLE 3  DIMILTN RESIDUES I N  SOIL AND WATER - FORT  LANGLEY 

FLOOD PLAIN 

Sampl i ny 

Time 

Con t ro l  ( ppb) * 
Sediment  Water 

Treated  (ppb)*  

Sediment  Water 

Pre-  spray 

0 Hours 

1 
4 
1 day 
2 

4 
8 

1 6  

3 1  

7 1  

L 1.0 L 0.10 
- - 

L 1.0 L 0.10 

L 1.0 0.50 

1.0 0.10 

5.6 0.10 
- 0.48 

3.2 0.36 
2.2 1.80 
- 1.80 

0.55 

3.5 0.34 
1.3 0.24 

* L i m i t  o f  detect ion:   sediment = 1 ppb 
water  = 0.10 ppb 

L = l e s s   t h a n  

I 
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DIMILIN RESIDUES I N  SOIL. AND WATER - PORT COQUITLAM PONDS 

Sampl i ng 

Time 

Control   (ppb)* - 
Sediment  Water 

Treated  (ppb)*  

Sediment  Water 

P re-   spray 

4 Hours 

1 (day) 
2 

4 

8 
75  (second  spray) 

75  (4  hours) 

77  (day) 
78 

80 

88 
95 

109 
142 

1 70 

234 

L 1  

L 1  
L 1  

L 1  

L 1  

10 

L 0.10 

L 0.10 

L 0.10 

- 
L 0.10 

L 0.10 

0.5 

L 1  0.10 

110 5.9 
80 3.7 

2 20 2.8 

90 3.5 

80 8.5 
70 0.10 

L 1  4.8 
L 1  2.8 

90 0.7 

20 L 0.10 
20  L 0.10 

60 L 0.10 
11 L 0.10 
20 L 0.10 

32  L 0.10 

L  1 L 0.10 

* L i m i t  o f  detect ion:   sediment  = 1  ppb 

water-  = 0.10 ppb 

L = l ess   t han  
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4.2.1 A l t o s i d   r e s i d u e s .   A l t o s i d ,  a d e r i v a t i v e   o f   2 , 4 - d i e n o i c   e s t e r ,  

i s uns tab le   t o   hea t ,  1 i g h t ,  and m ic rob i  a1 a c t i v i t y  and should  degrade 

r a p i d l y   i n   t h e   f i e l d .  It i s  expected t o  have s h o r t   r e s i d u a l   a c t i o n  and 

cause minimum d is rup t i ons   i n   t he   env i ronmen t .   Schae fe r  and Dupras  (1973) 

ind ica ted   tha t   the   s low  re1   ease  fo rmula t ion   o f  A1 t o s i  d p e r s i s t e d   o n l y  one 

day i n  water.   Our  residue  studies  wi th a s im i  1 a r   m a t e r i a l   a t   t h e  

Tsawwassen s a l t  marshes i n d i c a t e d   t h a t   t h i s  

24  hours. A l t o s i d   r e s i d u e s  (SR-10 fo rmula t  

f o r  4 days a f t e r   a p p l i c a t i o n .   F o u r t e e n  ppb 

one day a f te r   t rea tmen t ,   bu t   dec reased   to  2 

d r o p   i n   c o n c e n t r a t   i o n  was probably  due t o  d 

t i d e  which  increased  the  volume  of   water i n  

hormone pe rs i s ted   l onger   t han  

on)  were  detected i n  water 

o f  t he  hormone was de tec ted  

ppb 24 hours   l a te r .   Th i s  

l u t i o n   f r o m   r a i n  and h igh  

t h e   s a l t  marsh t i d a l  poo 

A1 t o s i d   c o n c e n t r a t i o n  peaked a t  18 ppb  on t h e   t h i r d  day f o l l o w i n g  

treatment.  The del  ayed a t t   a i  nment of maximum concent   ra t ion   p robab ly  
r e s u l t e d  from t h e  on-going re lease  o f  thhe  micro-encapsulated 

fo rmu la t i on ,  and  a subsequent  low t i d e  and h igh   evapora t i on   ra te   t ha  

reduced  the volume o f   w a t e r   i n   t h e   p o o l s ,   t h e r e b y   c o n c e n t r a t i n g   t h e  

hormone. A l t h o u g h   A l t o s i d  was a p p l i e d   a t  a r a t e   o f  20 ppb i n  15 cm 
water,  an average  concentrat ion o f  12 ppb was found and t h i s  was 

e f f e c t i v e   i n   a r r e s t i n g   m o s q u i t o   p u p a t i o n .  

4.2.2 D i m i l i n   r e s i d u e s .   D i m i l i n   i s   s t a b l e   t o   h e a t ,   l i g h t  and 

depending on fo rmu la t i on  can p e r s i s t   i n  seditnents and w a t e r   f o r  an 

extended  per iod o f  t ime.  Our  studies  wi th a g ranu la r   f o rmu la t i on  of 

D i m i l i n   c o n c u r r e d   w i t h   t h e   f i n d i n g s   o f  Nimmo and de Wilde  (1975), i n  

S. 

t h a t  
t h i s   r n a t e r i a l   c a n   p e r s i s t   i n   s e d i m e n t - w a t e r  systems f o r   s e v e r a l  months. 

A t  F o r t   L a n g l e y ,   D i m i l i n  was f o u n d   i n   t h e   w a t e r   f o r  71  days 

f o l l o w i n g  an a e r i a l   a p p l i c a t i o n .  The c o n c e n t r a t i o n   o f   t h i s  I G R  increased 

s low ly  and reached a  peak o f  1.8 ppb e i g h t  days a f t e r   t r e a t m e n t .  

The rea f te r  it decreased  s lowly,   but  was s t i  11 detected a t  0.24 ppb two 
months l a t e r .   I n   t h e   s e d i m e n t s ,   D i m i l i n  was de tec ted   a t  5.66 ppb f o u r  

h o u r s   a f t e r   a p p l i c a t i o n ,   b u t   r e s i d u e s   d e c r e a s e d   t o   o n l y  1.3 ppb,  two 

months a f t e r   t r e a t m e n t .  
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A t  Po r t   Coqu i t l am,   D im i l i n  was d e t e c t e d   i n   w a t e r   f o r  8  days 

a f t e r   t h e   ' f i r s t   a p p l i c a t i o n  and  3  days f o l l o w i n g   t h e  second  treatment. 

I n   t h e  s e d i m e n t s ,   D i m i l i n   r e s i d u e s   p e r s i s t e d   f o r  a p e r i o d   o f  170  days. 
A presc r ibed  dosage o f  0.046 kg a i  /ha a t   For t   Lang ley   shou ld  

produce 15 ppb i n  30 cm water ,   but  an average  concent ra t ion   o f   on ly  0.90 
ppb was f o u n d   d u r i n g   t h e   f i r s t  month o f  app l i ca t i on .  A s i m i l a r  s i t u a t i o n  

o c c u r r e d   i n   P o r t   C o q u i t l a m   p l o t s ,  where t h e   a p p l i c a t i o n   r a t e  was  0.034 kg 
a i / a  which  should  general 11 ppb D i m i l i n   i n  water .   A l though  the  res idue 

1 eve ls   de tec ted   i n   wa te r  were h i g h e r   t h a n   F o r t   L a n g l e y   p l o t s   a t  4.1 ppb 

and 2.8 ppb f o l l o w i n g   t h e   f i r s t  and  second a p p l i c a t i o n   r e s p e c t i v e l y ,   t h e y  

were  a lso  lower   than  the  expected  concentrat ion.   Th is   low  concentrat ion 

was due i n   p a r t   t o   t h e   l o w   s o l u b i l i t y   o f   D i n i l i n   i n   w a t e r  - (220  ppb a t  
20°C, Anon., 1974), and t o   t h e   s l o w   r e l e a s e   a d h e s i v e  used i n   t h e  
exper imenta l   fo rmula t ion  (Thompson-Hayward  Chemical Co., 1977,  personal 

communication) . 
I n  sediments, an average  concent ra t ion   o f  2.6 ppb D i m i l i n  was 

o b t a i n e d   a f t e r   t h e   f i r s t  month  o f   t reatment   a t   For t   Langley.   Th is   leve l  

decreased t o  1.3 ppb i n   t h e  second  month. H ighe r   l eve l s  o f  D i m i l i n  

res idues,  however,  were detected i n   t h e  pond a t  P o r t   C o q u i t l  am. The 
average  concent ra t ion   o f   D immi l in   res idues   two months a f t e r   t h e   f i r s t  

a p p l i c a t i o n  was 108  ppb  and t h i s  decreased t o  34.3 ppb d u r i n g   t h e  l a s t  
t h r e e  months  even a f t e r  a second D i m i l i n   a p p l i c a t i o n .  

The h i g h e r   l e v e l s   o f   D i m i l i n   i n   s e d i m e n t s  a t  Por t   Coqu i t lam 
were   re la ted   to   the   f requency  and probab ly   the  method o f  a p p l i c a t i o n .  

T h i s   s t u d y   p l o t  was t r e a t e d   t w i c e  by  hand a p p l i c a t i o n ,   w h i l e   t h e   p l o t  a t  
For t   Lang ley  was a e r i a l l y   s p r a y e d  once. Some Dirllil i n  granules were 

expec ted   t o  have  missed  the  target   area v i a  d r i f t   d u r i n g   a e r i a l  

appl i c a t  i on. 
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4.3 B io log i ca l   Observa t i ons .   I nve r teb ra tes   co lec ted   i nc luded   the  
major   Orders  o f   zooplankton,   aquat ic   insects ,   mi tes,  and snai  1 s. All 

ar thropods  co l l   ec ted   f rom  the  emergence  cages  were adu l t s   wh i l e   t hose  
f rom  the  Ekman dredge  samples  were  mainly  immature  stages.  Dip  samples 

conta ined a m i x t u r e   o f   a d u l t  and la rva   s tages .  

4.3.1 Emergence o f   I n s e c t s   i n   t h e   D i m i l i n   s t u d y .  All insec ts   t rapped 

i n   t h e  emergence  cages  were f rom  the  Order   Diptera.  

Daily i n s e c t  emergence t r e n d s   i n   t h e   c o n t r o l  and D i m i l i n  

t r e a t e d   p l o t   a r e   i l l u s t r a t e d   i n   F i g u r e  5. A l o w e r   r a t e   o f   i n s e c t  

emergence i s   e v i d e n t   i n   t h e   D i m i l i n   p l o t   a f t e r  hormone a p p l i c a t i o n ,  

(i.e.,  from  June 30 u n t i l   J u l y  21,  1976).  Lower d a i l y   i n s e c t  emergence 

( c a l c u l a t e d  on a 5-day  average) was a l s o   f o u n d   i n   t h e  Dimi 1 i n   p l o t   f r o m  
J u l y  22 t o  August 10, 1976. D u r i n g   t h a t   p e r i o d  a c o n s i s t e n t l y   h i g h e r  
r a t e  o f  i n s e c t  emergence occurred i n  t h e   c o n t r o l .  

The mean d a i l y   r a t e  o f  emergence o f  a l l   i n s e c t s   i n   t h e   c o n t r o l  

rema ined   bas i ca l l y  unchanged 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  (i.e., 

p re-spray   versus   pos t -spray   t ime  per iod   compar ison) .   In   the   D imi l in  

p l o t ,  however, 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  emergence  as  compared t o   t h e  

c o n t r o l  and p r e - s p r a y   l e v e l s   i n   t h e   t r e a t m e n t   p l o t  were  found f o r  a1 1 

i n s e c t s ,   b u t   p a r t i c u l a r l y   m u s c i d a e  and 6 genera   o f   tend iped idae,   a f te r  
hormone appl   icat   ions  (see  Appendix  VI 1 f o r   p r o b a b i l  i t y ) .  

4.3.2 D i p  Organisms.  The  groups of   aquat ic   organisms  caught   wi th  a 

d ippe r   a re  shown i n  Appendix VI. They  were main ly   zoop lank ton ic  
crustaceans,  insects,   mites,   f ish,   marsh  crabs,  c lams and sna i l s .  

4.3.2.1 A l t o s i d   t r e a t m e n t   a t  Tsawwassen. S a l t  marsh  organisms  from  dip 

samples  were ch ie f l y   p lank ton ic   c rus taceans ,   wh ich   accoun ted   f o r  
approximately 93% o f   t h e   t o t a l   p o p u l a t i o n .  The others  comprised  water 

mi tes ,  marsh  crabs, f i s h  and mosqui to   larvae and pupae. 
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p l i c a t i o n  L E G E N D  - C o n t r o l  
C- D i m i l i n  

F I G U R E  5 R A T E  OF E M E R G E N C E  OF I N S E C T S   I N  
C O N T R O L   A N D   D I M I L I N - T R E A T E D   S T A T I O N S  
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D a i l y  changes i n  number o f  amphi pods,  copepods,  and mosquito 

l a r v a e   a r e   i l l u s t r a t e d   i n   F i g u r e  6 .  The  changes i n  mean d a i l y  numbers 
caught   before and a f t e r   A l t o s i d   a p p l i c a t i o n   a r e   p r e s e n t e d   i n  Appendix 

V I I I .  
Harmfu l   e f fec ts   t o   c rus taceans ,   f i sh ,  and  marsh  crabs  were  not 

d e t e c t e d   a f t e r   t h e   a p p l i c a t i o n   o f  A1 t o s i d   t o   t h e   s a l t  marshes. No 
m o r t a l i t y   o r   v i s i b l e  changes i n  behaviour  were  observed i n   f i s h   ( m o s t l y  
s t i ck lebacks  , Gasterostea  sp) , and  marsh  crabs. 

S i g n i f i c a n t l y   l o w e r  numbers o f   mosqu i to   la rvae (P=O.lO, n= 12),  

however,  were  found i n   t h e   c o n t r o l  , b u t   n o t   i n   t h e  A1 t o s i d   p l o t   d u r i n g  

the   pos t   t rea tmen t   pe r iod  (May 18 t o  May 25, 1976). T h i s   r e d u c t i o n   i n  

number o f   mosqu i to   l a rvae  was a t t r i b u t e d  t o  pupation. I n   t h e   A l t o s i d  

p l o t ,   t h e  unchanged  numbers o f   t h e   l a r v a e   d u r i n g   t h e  same p e r i o d  may have 

r e s u l t e d   f r o m   t h e  hormone a r res t i ng   pupa t ion .  
A l though  the pupal popu la t i on  was comparable du r ing  t h e  

p r e - s p r a y   p e r i o d   f o r   b o t h   t h e   c o n t r o l  and A l t o s i d   p l o t s ,   t h e   c o n t r o l  had 

a s i g n i f i c a n t l y   h i g h e r   p u p a l   c o u n t  (P=0.05, n - 1 2 ) ,   t h a n   t h e   A l t o s i d  

p lo t   du r ing   t he   pos t   sp ray   pe r iod .  

4.3.2.2 D im i l i n   T rea tmen t   a t   Fo r t   Lang ley .  The organisms o f   t h e   F r a s e r  

R i v e r   f l o o d   p l a i n   c a u g h t   i n   d i p  samples  were  crustaceans,  insects,  water 

m i tes  , snai 1 s and clams.  The d a i l y  changes i n  numbers o f  Amphi pods, 

Cladocera, Copepoda, and O s t r a c o d a   a r e   i l l u s t r a t e d   i n   F i g u r e s  7 and 8. 
Changes i n  mean numbers be fo re  and a f t e r  Dimil i n   a p p l i c a t i o n   a r e  

presented i n  Appendix IX. 
Dimil i n  appeared t o  depress   popu la t ions   o f  C1 adocera f o r  about 

5 days, b u t   t h i s   c r u s t a c e a n   r e c o v e r e d   p a r t i a l  l y  two weeks a f t e r  

t reatment.  It d i d   n o t  seem t o  have  any e f f e c t  on  Copepoda and  Ostracoda. 

S ign i f i can t   reduc t i ons   ( see   Append ix  IX f o r   p r o b a b i l i t y ) ,  o f  

water   beet les  and zooplankton a1 so o c c u r r e d   i n   t h e   c o n t r o l   d u r i n g   t h e  

post -spray  per iod  (June 30 - Ju l y   16 ) .  However, t h i s   r e d u c t i o n  was 

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

w h i c h   c o n t i n u a l l y   f l o o d e d   t h e   a r e a   f o r   a b o u t  10 days. 
II 
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I n   t h e   D i m i l i n   p l o t ,   s i g n i f i c a n t   p o s t   t r e a t m e n t   i n c r e a s e s   i n  

number o f  organisms  l iere  recorded  for  most  groups, w i t h   t h e   e x c e p t i o n   o f  

the  mosqui to   larvae,   water   buys and mites. 

4.3.3 Dredge  Organisms - For t   Langley  Dimi l in   Treatment .   Organisms 

c o l l e c t e d   f r o m   t h e  Ekman dredge  samples  inc luded  larvae  o f   severa l  

Diptera,   snai ls ,   c lams,  and some crustaceans. The changes i n  numbers 
be fo re  and a f t e r   D i m i l i n   a p p l i c a t i o n   f o r   t h e   d i f f e r e n t  groups o f  

i nve r teb ra tes   a re   p resen ted   i n   Append ix  X.  

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

a f t e r  hormone a p p l i c a t i o n  was ev iden t ,   a l t hough  a s i m i l a r  change a l s o  

o c c u r r e d   i n   t h e   c o n t r o l   f o r   t h e  same per iod .   Th is   reduc t ion  was probab ly  

due t o   n a t u r a l  causes,  such as  pupat  ion. A s i g n i f i c a n t   d e c r e a s e   i n  

Cladocera  and  Ostracoda  were  also  found i n   t h e   D i m i l i n   p l o t   a f t e r  
t reatrnent. 

4.4 General I m D l  i c a t i o n s   o f  IGRs 

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

on  non-target  Organisms i n   t h e   a q u a t i c   e n v i r o n m e n t  depends on t h e   t y p e  

and c h a r a c t e r i s t i c s   o f   t h e   i n h i b i t o r .   D e s p i t e   t h e   a p p a r e n t   p e r s i s t e n c e  

o f   A l t o s i d   i n   w a t e r  beyond f o u r  days f o l l o w i n g  an a p p l i c a t i o n ,   t h e r e  

appeared t o  be  no  adverse e f f e c t s  on  amphipods,  copepods, f i s h  and  marsh 

crabs. 
I G R  such as D i m i l i n   t h a t   p e r s i s t   i n   t h e   s e d i m e n t s   f o r  an 

ex tended  per iod   o f   severa l  months i s  expec ted   t o  have l o n g e r   r e s i d u a l  
a c t i o n  and t h i s   c o u l d  have some e f f e c t s  on f i s h   f o o d  organisms. A 
c o n c e n t r a t i o n   o f  0.3 - 0.9 ppb i n  water and 1.3 - 1.6 ppb i n  sediments 

appeared t o  be e f f e c t i v e   i n   i n h i b i t i n g   t h e  emergence o f  mosquitoes  as 

w e l l  as s e v e r a l   n o n - t a r g e t   i n s e c t s   c o - e x i s t i n g   i n   t h e  same aqua t i c  

environment. I n   t h e   p r e s e n t   s t u d y  a sus ta ined  suppress ion   o f   adu l t  

emergence o f   s i x  genera o f   Tend iped idae was obse rved   f o r  more than  one 

month, and t h e   p o p u l a t i o n   d i d   n o t   r e c o v e r   f o r   t h e  season. 
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Tendipedidae  (chironomidae)  are  important  f ish  food  organisms, 

(Bo r ro r  and DeLong, 1971 ). Pro longed  reduct ion i n   t h e  emergence o f   t h i s  

i n s e c t   i n   f l o o d   p l a i n s ,  marshes, may have some e f f e c t  on f i s h  and o the r  
organisms  dependent on t h i s  group o f   i n s e c t s   f o r  food. It may r e s u l t   i n  

- t h e   r e d u c t i o n   i n  numbers o f   ma t ing  and b reed ing   adu l t   i nsec ts .   Th i s ,   i n  

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

t h e   f o l l o w i n g  season. Consequently, a food s h o r t a g e   f o r   f i s h  may be 
induced i n   t h e   f l o o d   p l a i n s  and marshes,  which  are  i lnportant  natural 

nu rse r ies  o f  many f i s h .  

Another   impor tant   cons iderat ion  regard ing  the use o f  IGR such 

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

arthropods  regard1  ess  of  age and stage  of  development. Many female 

crustaceans  must  complete a moult  before  mating  can  occur  (Barnes,  1968), 

and may be  as  vulnerable t o  c h i t i n   i n h i b i t o r s   i n   t h e   a d u l t  as t h e  

j u v e n i  1 e stage. 

Y 
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APPENDIX I APPLICATION  DETAILS 

A1 t o s i d   D i m i l i n  

Tsawwassen For t   Lang ley   Po r t   Coqu i t l an l  

Weather Sunny a f te rnoon C1 ear  morning C1 ear  morning 
Air temperature 20 "C 15°C 18°C 

Wi nd 8 km  p.h. 5 km  p.h. - 

A i r c r a f t / o t h e r   s p e c i f i c a t i o n s  

( a )   A i r c r a f t  - F ixed  wing,  Cessna - 
Agwagen 

( b )  F1 i g h t  speed - 160 km p.h. - 
( c )  Type of sprayer Hand  gun M o d i f i e d  combine Hand shaker 

( d )   C a p a c i t y  1 - 2 l i t r e s  450 kg   pe r   l oad  0.5 l i t r e s  

(e )   He igh t  - 18 m above  ground 1 m above  ground 

( f )  Rate 0.046 kg   a i / ha  4.6 k g  1% granu le lha  0.034 k g   a i / h a  

P l o t  d e t a i l s  

( a )   L o c a t i o n  

( b )  Dimension 

( c )   t o t a l   a r e a  

Tsawwassen 

- 

225 m 

5 km e a s t   o f   F o r t  15 km e a s t   o f  
Langley  Vancouver 

0.5 km long,  100 m - 
wide 

5  ha 625 m 

(YI 

F 

m 
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APPENDIX 1 1  

WATER  CHEMISTRY OF CONTROL AND ALTOSID  PLOTS 
- TSAWWASSEN, B. C. 
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APPENDIX I 1  WATER  CHEMISTRY OF CONTROL AND ALTOSID  PLOTS - 
TSAWWASSEN, B.C. 

Date DO Sal i n i  t y  Water S u l f i d e  
(1976) ( ppm) pH (O/OO ) T"C mg/l 

May 12 
13 

14 

15 
16 

17 

18 

19 
20 

21  

22 

23 

24 

25 

May 12 

13 

14 

15 

16 

17 

18 

19 

20 

21  

22 

23 

24 

25 

- 
- 
12 
- 
12 

11 

11 
- 
10 

9 
- 
8 

- 
- 

- 
- 
12 

12 

11 
11 
- 
10 
9 

L 

8 
.. 
- 

C o n t r o l   P l o t  
- - 
- - 

7.6 21 
- - 

7.6 21 

8.0 - 
8.1 - 
- 20.5 

8.4 - 
7.0 - 
- - 

7.2  20.5 
- 

- - 

A l tos id   T rea tment   Area  
- - 
- - 

7.7 21 
- - 

7.4 21 

8.0 - 
8.0 - 
- 20.5 

8.2 - 
7.3 - 
- - 

7.3 20.5 
- - 

- - 

- 
- 

19 

22.5 

18 

13 

18.5 

15 
20.5 

22.5 
- 

23 

18 
- 

- 
20 

20.5 

18 

13 

19.5 

15  
20.5 

22.5 

18.5 

23 

18 
- 

I 

' I I  
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APPENDIX I 1  I 

WATER CHEMISTRY OF CONTROL PLOT 

(FORT  LANGLEY) 
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APPENDIX IV 

WATER CHEMISTRY OF D I M I L I N  TREATED  PLOT 

(FORT LANGLEY) 
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APPENDIX V 

WATER CHEMISTRY OF D I M I L I N  STUDY PLOTS 

(PORT  COQUITLAM) 
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APPENDIX VI 

PRESENCE OF AQUATIC ORGANISMS AT TSAWWASSEN AND 

FORT LANGLEY, TREATMENT AND CONTROL PLOT 



- 50 - Y 

L 
APPENDIX VI PRESENCE OF AQUATIC  ORGANISMS AT  TSAWWASSEN AND 

FORT LANGLEY,  TREATMENT AND CONTROL  PLOT 

V 

II 

Y 

Tsawwassen For t   Lang ley  
Aqua t i c   Con t ro l  A1 t os i d Cont ro l  Dimil i n  

Organi sms (D ips ) (Emg  cg )   (D ips )  (Ekm) (Emg.cg)(Dips) Ekm) 

ANNEL I D A  
Order I - t 

ARACHNIDA 
Hydracar i  na t 

t 
t 
t 
t 

C 1 adocera 
Copepoda 
Ost  racoda 

GASTROPODA 
Order I 
Order I 1  

+ 
t 

t 
t 

- t t 
- t t 

INSECTA 
Coleoptera 
F. Dy t i sc idae  
F. Hydrophi 1 idae 
D i p t e r a  
- , Anthomyi i dae  

t 
- 

t 
t 

t 
+ 

I-. 
F. 
F. 
F. 
F. 
F. 
F. 
F. 
F. 

F. 
F. 

Cec i d o i y i  i dae 
Ceratopogonidae 
Chaobori  dae 
Cul i c i  dae 
Dol  ichopodidae 
Empididae 
Muscidae 
Tendipedidae 

- 
t 
t 
t 
t 
t 
t 
t 
t 
t 

Chi ronomus sp. 
Psectrotanypus sp. 
Tanytarsus sp. 
M ic ropsec t i a  sp. 
Corvnoneura SD. 
P s G t r e c l a d i u s  sp. 
Chaoborus sp. 
Unknown I 
Unknown I1  

t 
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APPENDIX VI PRESENCE OF AQUATIC ORGANISMS AT TSAWWASSEN AND 
FORT  LANGLEY, TREATMENT AND CONTROL  PLOT 
(cont inued)  

Tsawwassen For t   Lang ley  
Aquat ic  - C o n t r o l   D i m i l i n  

Organisms loip5) o i p s ) ( E r n g  c y )  (D ips)  (Ekm) (Emg.cg)(Dips) Ekm) 

EDhemeronoDtera 
F. Baet idae t 
Hemiptera 
F. G e r r i  dae - 

t 
+ 

- - 
+ 
+ t 

F. Notodontidae 
Odonata 

PELECYPODA 
Order I - t t + t 

P I S C E S  
Order I t t - t - - + - 

T o t a l  No. 
o rgan i  sms 9 9 12 18 13 12 18 14 

I 

+ present 
- absent, o r   no t   caugh t  

Y 
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APPENDIX V I 1  

CHANGES I N   D A I L Y  RATE OF INSECT EMERGENCE 

BEFORE AND AFTER O I M I L I N  TREATMENT 
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APPENDIX VI11 

CHANGES I N  INVERTEBRATE NUMBERS  OF D I P  SAMPLES 

BEFORE AND AFTER .ALTOSID  APPLICATION 
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APPENDIX IX 

CHANGES IN INVERTEBRATE  NUMBERS  BEFORE  AND  AFTER  DIMILIN 
APPLICATION  AS  DETERMINED  FROM  DIP  SAMPLES 
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APPENDIX X 

CHANGES  IN  INVERTEBRATE  NUMBERS  BEFORE  AND  AFTER  DIMILIN  APPLICATION 
AS  DETERMINED  FROM  EKMAN  DREDGE  SAMPLES 
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