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ABSTRACT 

rll 

I 

a 

I n  March, 1978, s tud ies  were  conducted a t   C u l t u s  Lake, B.C., by 

t h e  Department o f   F i s h e r i e s  and Oceans  (DFO) and the  Environmental  

P ro tec t i on   Se rv i ce  (EPS) o f  Environment Canada. The o b j e c t i v e   o f   t h e  

s t u d i e s  was t o  determine  the  environmental   impact  of   copper  sulphate 

(CuSO4) treatments  used t o   k i l l   t h e   i n t e r m e d i a t e   s n a i l   h o s t s   o f   t h e  

Swimmer's I t c h   p a r a s i t e   ( T r i c h o b i l h a r z i a  sp.). I n   a d d i t i o n ,   s u r v e y s   o f  

t h e   i n c i d e n c e   o f  Swimmer's I t c h  were  conducted  by DFO t o  assess t h e  

e x t e n t  o f  t h e   i t c h   p r o b l e m   i n   t h e   r e g i o n .  

Water,  sediment,  and f i s h  samples  were co l lected  f rom  copper  

s u l p h a t e   t r e a t e d  and non- t reated  cont ro l   areas.  The post - t reatment   water  

column was contaminated  wi th   copper   for  a s h o r t   t i m e   a t   l e v e l s   c l o s e   t o  

t h e  LC50 o f   f i s h  (0.13  mg/l max. f o r   d i sso l ved   copper ) .  However, 

w i t h i n  24 hours  copper  concentrat ions  dropped t o  background l e v e l s   ( l e s s  

than  0.01 mg/ l ) .  Copper residues i n  sediments  peaked a t  2830  mg/kg i n  

t reatment  areas, and then   dec l i ned   t o   va lues   ave rag ing  839 mg/kg. 

Background  sediment  levels i n  non-treated  areas  averaged  19 mg/kg. 

R e s i d e n t   f i s h   n e t t e d   i n   t r e a t m e n t   a r e a s   d i d   n o t   c o n t a i n   s i g n i f i c a n t l y  

h igher   copper   concent ra t ions   than  f i sh  sampled i n  non- t rea ted   con t ro l  

a reas. 
A ques t ionna i re   su rvey   o f   rec rea t i ona l   use rs   o f   Cu l tus  Lake 

i n d i c a t e d  no s i g n i f i c a n t   d i f f e r e n c e   i n   t h e   i n c i d e n c e   o f  Swimmer's I t c h  

between one CuSO4 t reatment  and three  non-treatment  years.   Incidence 

o f   i t c h   v a r i e d  a t  d i f f e r e n t   l o c a t i o n s   i n   C u l t u s  Lake, was more p reva len t  

i n  young  than  old  people, and some people  appeared t o  show a g rea te r  

s u s c e p t i b i l i t y   t o   t h e   p a r a s i t e .  The s t u d y   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. 



En mars 1978, l e   m i n i s t s r e  des  Psches e t  des OcGans ( P  e t  0)  e t  

l e  Serv ice de l a   p r o t e c t i o n  de  l 'environnement ( S P E )  du m i n i s t e r e  de 

1 ' e n v i  ronnement  (Canada) ont  proced6 2 des  6tudes 2 Cu l tus  Lake (C.-B.) . 
I 1   s ' a g i s s a i t  de   d6 te rm ine r   l ' i nc idence   su r   l ' env i ronnement   des   t ra i t -  

ements  au s u l f a t e  de c u i v r e  (CuSO4) pour   t ue r   l es   hg l i ces   aqua t iques ,  

h6 tes   in te rmgd ia i res  de l a  dermat i te  2 sch i s tomoses   ( t r i chob i l ha rz ia  sp.). 

En o u t r e ,   l e s  P e t  0 o n t   e f f e c t u e  des  e tudes  sur   l ' inc idence de l a  

de rmat i t e  2 schistomoses  pour en 6va luer   l ' ampleur  dans l a  r6gion. 

On a p r i s  des k h a n t i l l o n s  d'eau,  de  siidiments et   de  po issons 2 
l a   f o i  s dans  des s e c t e u r s   t r a i t 6 s   e t  des secteurs non t r a i t &  au s u l f a t e  

de cu iv re .  On a constat6  que l a   c o l l o n e   d ' e a u   t r a i t 6 e   r e s t a i t  eontaminge 

p a r   l e   c u i v r e  pendant peu de temps, 5 des  niveaux se rapprochant  du  niveau 

D.L. 50 des  poissons (0.13 mg/l max de cu i v re   d i ssous ) .  Cependant, en 

moins de v ingtquatre  heures on a cons ta t6  que l a  concent ra t ion  de c u i v r e  

6 t a i t  redescendue au niveau  normal  (moins  de 0.01 mg/l ). La concen t ra t i on  

de   cu i v re   re levee  dans l e s  sediments a a t t e i n t   j u s q u ' i  2830 mg/kg dans l e s  

sec teurs   t ra i t& ,   pour   redescendre   ensu i te  5 des  niveaux  avoisinant  839 

mg/kg.  La concent ra t ion  de c u i v r e  dans l e s  sediments  des  zones  non 

t r a i t 6 e s   s ' 6 l e v a i t  2 19 mg/kg en moyenne. On a cons ta t6  que les   po issons  
cap tu r6s   dans   l es   sec teu rs   t ra i t gs  ne contenaient  pas  un  pourcentage  de 

cu iv re   no tab lement   p lus   6 lev6   que  pour   ceux   qu i   6 ta ien t   p r is   dans   les  

secteurs  non t r a i  ti%. 

Un enqulete f a i t e   s u r   l e s   u s a g e r s  du lac   Cu l tus   n 'a   rev616 aucune 

d i  f f 6 rence   no tab le  en ce  qui  concerne l a  frequence  des  cas  de  dermati t e  

e n t r e  une  ann6e  avec  traitement au s u l f a t e   d e   c u i v r e   e t   t r o i s  annges  sans 

t r a i  tement. On a cons ta t6  que 1  a f rgquence  des  cas  var ia i t   se l   on 1 es 

e n d r o i   t s  du l a c  Cul t u s ,   6 t a i  t plus  6levGe  dans 1  a populat ion  jeune  que 
chez l e s   p l u s  Zg6s e t  que cer ta ines   personnes  6 ta ien t   p lus   su je t tes   que 

d 'au t res  Z c e t t e   a f f e c t i o n .   L ' 6 t u d e  a en outre  rev616  que l a  de rmat i t e  

a v a i t  peu d ' e f f e t s   s u r   l e   t a u x  de f r g q u e n t a t i o n   d u   l a c   p a r   l e s   t o u r i s t e s .  
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Elevated  post- t reatment  d issolved  copper  levels  were  found i n  

Cultus  Lake  surface and bottom  waters (0.02-0.04 mg/l and  0.02- 

0.13 mg / l   respec t i ve l y )   f o r   seve ra l   hou rs   f o l l ow ing   t he   app 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  2 lbs/1000 f t 2  

(96.5 kg/ha). 

Dissolved  copper  concentrat ions  approached  the known LC50 o f  

f i s h  (0.02-0.516 m g / l ) ,   b u t   t h e i r   l e t h a l  or s u b - l e t h a l   e f f e c t s  on 

f i s h  were  not  determined i n   t h i s  study.  Resul ts  f rom 

I n t e r n a t i o n a l   P a c i f i c  Salmon F i s h e r i e s  Commission m o n i t o r i n g   o f  

Cu l tus  Lake i n d i c a t e   t h a t  salmon s m o l t   m o r t a l i t i e s  have  occurred 

from CuSO4 a p p l i c a t i o n s   i n   t h i s   l a k e .  

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  wi th  copper t o   l e v e l s  we1 1 above  background  levels. 

Consequent ly  studies on t h e   d i v e r s i t y   o f   b e n t h i c   c o m m u n i t i e s  

would  be  desirable i n  b o t h   t r e a t e d  and non- t reated  cont ro l   areas.  

R e s i d e n t   f i s h   n e t t e d   i n   t r e a t m e n t   a r e a s   d i d   n o t   c o n t a i n  
s i g n i f i c a n t l y   h i g h e r   c o p p e r   c o n c e n t r a t i o n s   t h a n   f i s h  sampled i n  

non- t reated  cont ro l   areas.  

A quest ionnai re  survey  o f   recreat ional   users  o f   Cul tus  Lake 

i n d i c a t e d  no s i g n i f i c a n t   d i f f e r e n c e  i n  t h e   i n c i d e n c e   o f  Swimmer's 

I t c h  between one CuSO4 t reatment  and three  non-treatment 

years . 
The  same quest ionnai re  survey 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 i n   t h e   C u l t u s  Lake  area. 
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INTRODUCTION 
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Y 

For more than  two decades,  copper  sulphate (CuSO4) has  been  used 

a n n u a l l y   i n   C u l t u s  Lake, B.C. t o   c o n t r o l   s n a i l   h o s t s   o f   T r i c h o b i l h a r z i a  

sp., t he   causa t i ve   agen t   o f  Swimmer's I t c h ,  Schistosome dermat i t i s   (Re id ,  

1975  and  Boyd,  1976). It i s  es t imated   tha t  an annual  copper  sulphate 

app l   i ca t i on   o f   app rox ima te l y  4000 1 bs has r e s u l t e d   i n  a t o t a l   d e p o s i t   o f  

20 tons  o f   e lementa l   copper  in   the   lake .   Consequent ly ,   bo th   federa l  and 

p r o v i   n c i  a1 envi  ronmental  agenci es were  concerned  about  possible  el  evated 

l a k e  and  sediment  copper. l e v e l s  and d e l e t e r i o u s   e f f e c t s  on aqua t i c  

b i o t a .  

From  1977 through 1980, a  number o f   s t u d i e s  were  conducted t o  

determine  the  impacts   o f   these  annual   mol lusc ic ide  appl icat ions.  The 

Envi ronmenta l   Protect ion  Serv ice (EPS)  of  Environment Canada determined 

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  Cul t u s  Lake  sediment and wa te r ,   f o l l   ow ing  

copper   su lpha te   app l i ca t i ons   t o   spec i f i c   a reas .  The Hab i ta t  

P r o t e c t i o n   D i v i s i o n  (HPD) o f   F i s h e r i e s  and Oceans  Canada examined t h e  

e f f e c t s   o f   l a k e   t r e a t m e n t s  on f i s h  and the   i nc idence   o f   t he  Swimmer's 

I t c h   p r o b l e m   i n   t h e   r e g i o n .  

1.1 Causal  Agent o f  Swimmer's I t c h  

Schis tosome  dermat i t is  i s  a hypersensi t ive  response  by human 

s k i n   t o   t h e   . p e n e t r a t i o n   o f   t h e   l a r v a l   s t a g e   o f  an a q u a t i c   p a r a s i t e ,  

T r i c h o b i l   h a r z i a  sp. (Shkurhan,  1971).  This  organism i s  a trematode worm 

w h i c h   a l t e r n a t i v e l y   l i v e s   o n l y  i n  s n a i l  and waterfowl  hosts.   Adul t   male 

and  female worms i n h a b i t   t h e   b l o o d   v e s s e l s   o f  ducks. The trematode  eggs, 

which  have  sharp  spines,  pass  through  the  duck  blood  vessel   wal ls  into 

the   b ladder  or i n t e s t i n e s  and are  d ischarged i n   u r i n e  or feces. The eggs 

h a t c h   i n t o   f r e e  swimming c i l i a t e d   l a r v a l   f o r m s   c a l l e d   m i r a c i d i a ,  

( H i  ckman, 1961). Mi r a c i d i a   a r e   v i a b l e   f o r   a b o u t  12  hours,  during  which 

t ime   they  must f i n d  a s n a i l   t o   p e n e t r a t e   i n   o r d e r   t o   s u r v i v e .  When they  
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f i n d  a s n a i l   s u s c e p t i b l e   t o   h i s t o l y s i s ,   t h e y   b u r r o w   i n t o   t h e   s o f t   f l e s h  

and t rans fo rm  i n to   spo rocys ts ,  each o f   w h i c h   i n   t u r n   p r o d u c e s  many 

daughter   sporocysts   that  become cercar iae.  Each c e r c a r i a  has  suckers and 

a tail which  prov ide it w i t h   m o b i l i t y   t o  escape  f rom  the  snai l  and  seek 

t h e   s k i n   o f   w a t e r f o w l   t o   p e n e t r a t e  and enter .  The c e r c a r i a e   a r e   v i a b l e   i n  

open water   for   about  24 hours. I f  a human i s  encountered  instead  o f  

water fowl ,   they will ind iscr im ina te ly   invade  the   sk in ,   bu t   a re   a lways  

des t royed   be fo re   f u r the r   pa ras i t i za t i on   i s   accomp l i shed .  

I f  an a l le rg ic   response  occurs ,  i t  i s   d e t e c t e d  as a p r i c k l i n g  

sensat ion soon a f t e r   t h e   b a t h e r   l e a v e s   t h e   w a t e r .   A f t e r  an hour  or  so 

t h e   i r r i t a t i o n   s u b s i d e s ,   o n l y   t o   r e t u r n   l a t e r  as seve re   i t ch ing ,   poss ib l y  

w i t h  edema and pustules.  The r e a c t i o n   r e a c h e s   i t s   c l i m a x  by t h e  second 

o r   t h i r d  day bu t  on occasion will l a s t   l o n g e r .   I n f e c t i o n   i s  most common 
i n   J u l y  and  August when people  f requent  the  aquat ic  environment.  

1.2 Attempts t o   C o n t r o l  Swimmer's I t c h  

A t  Cul t u s  Lake a c o n t r o l  program f o r  Schis tosome  dermat i t is  

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

agent. From the   ear ly   1950 's   th rough 1974, s n a i l  - in fes ted   a reas  were 

t r e a t e d   a n n u a l l y ,   p r i o r   t o   A p r i l  1, w i th   t he   mo l l usc i c ide   copper  

su lphate .   App l ica t ions  were discont inued  f rom 1975 through 1977, b u t  

were  resumed i n  1978 f o r  one  more summer (Harrison,  1979a). 

This  method o f   c o n t r o l  has cer ta in   env i ronmenta l   imp l ica t ions .  

F i r s t ,   t h e r e  was concern  that   repeated  copper  sulphate  t reatments  would 

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

in the  water  column.  Secondly,  concerns  existed  over  the  possible 

concen t ra t i on   o f   copper  and i t s   s a l t s   i n   l a k e  sediments and concomitant 

negat ive  impacts  on t h e   b e n t h i c   i n v e r t e b r a t e  and f i s h  communities. 
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1.3 Water  Chemistry o f  Copper Sulphate 

Copper su lphate  (CuSO4 and CuS04.5H20) i s   h i g h l y   s o l u b l e   i n  

water  ( i .e. i t  d i s s o c i a t e s   i n t o   i t s   i o n i c   s t a t e s   v e r y   r e a d i l y ) :  

C U S O ~  CU++ +  SO^= 
I n   n a t u r a l   w a t e r s   w i t h  pH o f  7.0 o r  above, c u p r i c   i o n s  (Cu++) will 

q u i c k l y   p r e c i p i t a t e  as hydroxides  or  basic  copper  carbonate (McKee and 

Wol f, 1963) : 

Hz0 + CU++ + 2 0 H - s  CU( OH)2*2H20 

Hz0 + CU++ + C03 v" CUCO~.CU(OH)~*~H~O A 

These compounds a re  removed f rom  the  water   co lumn  by  adsorpt ion  to   bot tom 

mud or   by  sedimentat ion;   as a r e s u l t ,   t h e   s u b s t r a t e  becomes a r e s e r v o i r  

o f  copper   sa l ts   wh ich ,   th rough  s low  d isso lu t ion ,  can release  copper  ions 

i n t o   t h e   w a t e r .  

The concen t ra t i on   o f   copper   i ons   i n   na tu ra l   wa te rs  depends on 

such  fac to rs  as water  hardness,  temperature,  dissolved  oxygen, and pH 

(Pagenkopf e t  a1 . , 1974; O'Shea and Mancy, 1978). O f  these,  hardness i s  

considered t o  be of   pr imary  impor tance  in   complex ing  o f   ions  such as 

Cu++ and CuOH'. Howard e t  a1 . (1963)   found  that   concentrat ions 

of   ion ic   copper   var ied  inverse ly   wi th   hardness.   Pagenkopf   e t   a l .   (1974)  

exp la ined   t ha t   i nc reas ing   wa te r   ha rdness   i s  accompanied  by an i n c r e a s e   i n  
a1 k a l  i n i t y   p rov id ing   ca rbona te   i ons   f o r   copper   comp lexa t ion ,  and t h i s   i n  

t u r n   a f f e c t s   t h e   c o n c e n t r a t i o n   o f   f r e e  Cut+ and CuOH'. To i l l u s t r a t e  

t h i s ,   r e l e v a n t   c h e m i c a l   e q u i l i b r i a  a1  1 o f  which  are  dependent on pH and 

tempera ture ,   a re   ou t l ined   be low;   th is  assumes no c o n t r i b u t i o n s   t o   s y s t e m  

chemistry  from  sodium  or  potassium: 

H+ + OH' e Hz0 
H+ + CO3' e HCO3- 

2H+ + CO3' - H2CO3 

Mg++ + CO3' e MgC03 

A 

Cat+ -+ C O ~ '  - C ~ C O ~  A 

Ca++ + CO3' + H+ -- CaHC03' 2 
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cu++ + C O ~ '  C U C O ~  

CU++ + 2 ~ 0 3 '  CU( ~ 0 3 ) ~ '  

CU++ + CO3' + H+ 7 CuHC03' 

Cu++ + Hz0 - CuOH' 5. + H+ A 

2cU++ + 2H20 C U ~  (OH)z++ 1. + 2 ~ +  

cu++ + c1- - cuc1+ 

CU++ +  SO^' - C U S O ~  

L 

4 

From these  equat ions it i s  obv ious   t ha t  Cu++ i o n s   i n   w a t e r  can  form a 

number o f  complexes wi th   carbonate and hyd rox ide   i ons .   I n   ce r ta in  cases, 

however,  organic compounds such as humic  and f l u v i c   a c i d s  can a l s o  

complex  copper  ions  and a f f e c t   t h e i r   t o x i c i t y  (Wi l d i  sh, 1971 ; Carson  and 

Carson,  1972; Syl va, 1976). 

1.4  Mode o f   A c t i o n   o f  Copper Sulphate on Aquat ic   Sna i ls  

The biochemical mechanism o f   c o p p e r   s u l p h a t e   t o x i c i t y   t o  aqua- 

t i c  organisms i s   n o t   c l e a r l y   u n d e r s t o o d ;  however,  Jones  (1938) l a r g e l y  

i m p l i c a t e s   d i s s o l v e d   c o p p e r   i n   i t s   i o n i c   f o r m  (Cu++) as the   t ox i c   agen t .  

Copper s a l t s   k i l l   a q u a t i c   s n a i l s  because t h e   m e t a l   p r e c i p i t a t e s  as b i c a r -  

bonate on t h e   l a k e  bottom,  forming a r e s e r v o i r   o f   g r a d u a l l y   r e d i s s o l v i n g  

c u p r i c   i o n s  (Pagenkopf " e t  a1 . , 1974  and Howard " e t  a1 . , 1963).  Therefore, 

water  hardness,  measured as mg/l o f   c a r b o n a t e ,   i s  a ma jor   de terminant   o f  

copper  sulphate  mol luscic idal   ef fect iveness;  because it regu la tes  how 

much f r e e  Cu++ i s   i n   s o l u t i o n .   I n   v e r y   h a r d   w a t e r s ,   g r a n u l a r   c u p r i c  

carbonate  d isso l  ves t o o   s l o w l y   t o   r e l e a s e   l e v e l  s o f  Cu++ t o x i c  t o  snai  1 s. 
I n   n a t u r a l   w a t e r s  where  hardness  can  vary  from  10 t o  50 mg/l, 

f r ee   i on i c   copper   concen t ra t i ons  can  range  from 6.8 t o  0.3 mg/l, 

respec t i ve l y .  These l e v e l s   a r e   h i g h l y   t o x i c   t o  a va r ie t y   o f   o rgan isms  

(U.S. EPA, 1972, p. 453).  Excess  copper  ions  can a1 so form  bicarbonate 

which i s  capable  o f   remain ing suspended i n   t h e   w a t e r  column,  re1  easing 

f r e e  Cu++ i o n s  as e q u i l   i b r i u m   c o n d i t i o n s   s h i f t .  

I 

I 
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1.5 Impact  of Copper Sulphate  on  Non-Target  Invertebrates 

Very 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   c o n c e r n i n g   t h e   e f f e c t s   o f  

copper  sulphate on aquatic  invertebrates.  Small   crustacea  such  as  Daphnia 

sp. seem t o  be e x t r e m e l y   s e n s i t i v e   t o   t h i s   s u b s t a n c e ;   t h e y  succumb t o  cop- 

per   concentrat ions  vary ing  f rom 0.01 t o  0.08 mg/l  (Jones, 1938; Anderson, 

1950) .   Most   aquat ic   a lgae  and  protozoa  are  a lso  qu i te   sens i t ive,   dy ing 

from  dosages o f  1.0 mg/ l   or  1 ess  (Hal e, 1930). However, insec ta  , such  as 

Chironomus  sp. and Simulium sp. la rvae,   a re   no t  harmed by  concentrat ions 

o f  5.0 t o  100 mg/l (Buchmann, 1933;  Brown,  1932,  Turner,  1959). T o x i c i t y  

i n  these  cases  undoubtedly i s   a l s o   i n f l u e n c e d   b y  pH, temperature  and 

hardness. 

1.6 Impact o f  Copper  Sulphate on F i s h  

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

accord ing   to   the   chemica l   charac ter is t i cs   o f   the   env i ronment .   Unfor tun-  

a t e l y ,   m o s t   o f   t h e   l i t e r a t u r e   c o n c e r n i n g   e f f e c t s   o f   c o p p e r  on f i s h  does 

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

,The r e s u l t s   o f  a number o f   f i s h   b i o a s s a y   s t u d i e s  shown i n  Table 

1 i n d i c a t e   t h a t   t h e   s p e c i e s   t e s t e d  were q u i t e   s e n s i t i v e   t o  copper. 

Laboratory   s tud ies  have  demonstrated  that   ion ic   copper  (Cu ++) 

and t o  a l esse r   ex ten t   t he   i on i zed   hyd rox ides ,  CuOH+ and Cu2 OHz++, 

a re   the   copper   spec ies   most   tox ic   to   f i sh   (Pagenkopf   e t  a1 ., 1974;  Howarth 

and  Sprague,  1978).  Furthermore,  concentrations of   these  spec ies  are 

1 a rge l  y determined  by  water pH,  a1 k a l  i n i  ty, and hardness. Copper i s  more 

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

a l k a l i n e   w a t e r  where i t s   i o n i c   f o r m   i s  complexed  and p r e c i p i t a t e d   b y  

carbonates and hydroxides.  Further,  complexes o f  copper   ions  wi th   organic  

compounds can  reduce  copper t o x i c i t y   t o   f i s h   ( W i l d i s h ,  1971; Carson  and 

Carson, 1972; Sylva,  1976).  Therefore  assessments o f  copper t o x i c i t y  must 

t a k e   i n t o   c o n s i d e r a t i o n   t h e   e f f e c t s   o f   c o p p e r  complexes  (Sylva, 1976; 

Howarth  and  Sprague,  1978). 
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2 STUDY AREAS 

Cul tus  Lake i s   l o c a t e d   i n   t h e   F r a s e r   V a l l e y   n e a r   C h i l l i w a c k ,  

B.C, ( F i g u r e s  1 and  2). I t s   o u t l e t ,   S w e l t z e r  Creek,  discharges t o   t h e  

C h i l l i w a c k   R i v e r ,   w h i c h   i s  a t r i b u t a r y  o f  t he   F rase r   R ive r .  The Lake i s  

ob long i n  shape, approx imate ly  4.8 km long,  1.3  km wide  and 6.3 km2 

i n  area. 

C h i l l i w a c k  Lake (F igu re   3 )  was used as a c o n t r o l   i n   t h i s   s t u d y .  
It i s   l o c a t e d   o n l y   1 9  km eas t  o f  Cultus  Lake,  and i s   s l i g h t l y   l a r g e r   i n  

s i z e .  

Y 
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Sweltzer Creek 

Sunnyride Beach No. I 

CULTUS LAKE 
BRITISH COLUMBIA 
lsoboths in Metres 
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FIGURE 2 CULTUS LAKE SEDIMENT AND WATER 
SAMPLl NG STATIONS 
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FIGURE 3 CHlLLlWACK  LAKE  SEDIMENT  AND  WATER 
SAMPLING  STATIONS 
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3 METHODS AND MATERIALS 

3.1 Appl i c a t i  on o f  Copper Sul  phate 

Personnel o f   t h e  Cul t u s  Lake Park Board,  under d i r e c t i o n   o f  Dr. 

T.E. Howard o f  B.C. Research,  were responsib le   for   the  lake  t reatments.  

They appl ied  hydrated  crysta l   copper   su l fa te (CuS04.5H20) w i t h  a manual 

scoop a t  a ra te   o f   approx imate ly  2 1 bs  per  1000 f t2 from a powered 

r a f t .  The areas  t reated were Sunnyside Beach, Snail  Bay, Entrance Bay, 

Jade Bay, Need1 e Point ,  and the  Army School o f  Watermanship. Dispersa l  

began on 20 March, 1978, and proceeded f o r  5 days; a d i f f e r e n t  beach area 

was covered each day. 

3.2 Water Sampl i n9  

Water  samples f o r   t o t a l  and dissolved  copper were c o l l e c t e d  a t  

f o u r   s t a t i o n s  on Cultus Lake (F igure  2)  and a t  two  s ta t ions on Ch i l l iwack  

Lake  (Figure  3). A t  each s t a t i o n  a t h r e e - l i t e r  Van Dorne  sampler was used 

t o   c o l l e c t  dupl   icate  water samples from 1 meter  bel ow the   sur face  and a1 so 

1 meter above the  sediment. Water depths  varied between 4 and 5 meters a t  

each loca t i on .  Samples were taken a t  d i f f e r e n t   t i m e s   r e l a t i v e   t o   t h e  cop- 
p e r  su l  phate t reatments.  The fol  1 owing sampl i n g  regime was used: pre- 

t reatment  and post-treatment a t  2,  3, 8, 22, 26 hours, and 3, 8, 30, and 

98  days. Dissolved  copper samples  were f i l t e r e d   t h r o u g h  0.45 micron  cel-  
l u l   o s e   n i t r a t e  membrame f i l t e r s   i n   t h e   f i e l d   p r i o r   t o   p r e s e r v a t i o n .  Each 

sample was preserved  wi th 0.5 ml c o n c e n t r a t e d   n i t r i c   a c i d   i n  a 100 m l  

acid-washed p l a s t i c   b o t t l e .   B o t t l e s  were then  shipped  wi th  ice  packs  to 

t h e  EPS-DFO l abo ra to ry  where ana lyses   f o r   t o ta l  and dissolved  copper were 

performed. 

Ch i l l iwack  Lake s ta t i ons  were on ly  sampled  once t o  check  back- 

ground  copper  level s i n  nearby  natural  waters.  Temperature,  dissolved 

oxygen and pH were a l so  measured a t  t he   t ime  o f  a l l  wa te r   co l l ec t i ons ;   f o r  

these  data, a Y S I  telethermometer, YSI  d isso lved oxygen meter and Radio- 

meter model 29 pH meter were  used, respec t ive ly .  
I 
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3.3 Sediment Sampl i n$ 

Dup l i ca te   sed imen t   samp les   were   co l l ec ted   concu r ren t l y   w i th  

water   samples   a t   the   water   chemis t ry   s ta t ions   (F igures  2 and 3).  Except 

f o r   t h e   S w e l t z e r   C r e e k   s t a t i o n ,   a l l   s e d i m e n t s   w e r e   c o l l e c t e d   u s i n g  SCUBA 

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

pak TM p l a s t i c  bag. Care was taken  to   ensure   tha t   each  sample  was taken 

f rom a new spot on t h e  bottom. The samples  were  t ransported  wi th  ice  packs 

t o   t h e  EPS-DFO West Vancouver l a b o r a t o r y  where to ta l   copper   ana lyses   were  

performed. 

3.4 F i  sh Sampl i ng 

3.4.1 I n - S i t u   J u v e n i l e  Sockeye  Salmon  Experiments. Ten j u v e n i l e   s o c k -  
eye  salmon  (Oncorhynchus  nerka)  were  placed i n  each o f  two  cages a t  sev- 

e r a l   i n - s i t u   b i o a s s a y   s i t e s   ( F i g u r e   4 ) .  These f i s h  ranged i n  weight   f rom 

0.9 t o  4.6 g (mean= 2.69) and f o r k   l e n g t h   f r o m  47 t o  76 mm (mean= 61.4mm). 

The cages   (30x30~45 cm) were  const ructed  o f   expanded a1 umi num mesh and 

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

The cages a t   s i t e s  1 t o  5 were  suspended i n   t h e   w a t e r  column  by 

f l o a t s :  one a t  a d e p t h   o f  1.0 m and t h e   o t h e r   a t  2.5 m. A t  t h e   S w e l t z e r  

Creek s i t e s   ( 6  and  7 )   they   were   p laced  a long  the   eas t  bank on t h e   b o t t o m  

a t  a dep th   o f   abou t  30 cm and h e l d   b y   r o p e s   t i e d   t o   t r e e s  on t h e  bank. 

The f i s h  w e r e   o b s e r v e d   j u s t   p r i o r   t o   t h e   c o p p e r   s u l p h a t e   t r e a t -  

ments  and d a i l y   t h e r e a f t e r   u n t i  1 t e r m i n a t i o n   o f   t h e   e x p e r i m e n t   ( 1 9 2  

hours) .  A t  t h e   t e r m i n a t i o n  o f  the   exper iment  10 f i s h  were removed f rom 

each 2.5 m dep th   cage ,   f i ve   f i sh   f rom  each   o f   t he  Swel t z e r  Creek  cages, 

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

The r e t a i n e d   f i s h  were k i  1 l e d  and t h e i r   v e n t r a l   s u r f a c e s   i n c i s e d  

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

p l  aced  (Boui n Hol 1 ande Sub1 imate)  . 
A f t e r   s o a k i n g   i n   t h e   f i x a t i v e   s o l u t i o n   f o r  24 h o u r s ,   t h e   f i s h  

were  removed  and  kidney, l i v e r ,  pancreas, gonad,  and a l i m e n t a r y   t r a c t  

t i s s u e  samples  excised;  these  t issues  were embedded i n   p a r a p l a s t  and 
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s e c t i o n e d   t o   t h i c k n e s s e s   o f  5 mic romete rs .   Seve ra l   o f   t he   sma l le r   f i sh  

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

ana lys is .   Sec t ions   were   s ta ined  w i th   Mayers l   hematoxy l in  and eos in  as 

w e l l  as us ing  Massons '   t r ichrome  method  (Cul l ing,  1975) and then  examined 

m i c r o s c o p i c a l l y .  

3.4.2 Gill N e t t e d   F i s h   S t u d i e s .   F l o a t i n g  and s ink ing ,   mu l t i -mesh-s ize  

g i l l   n e t s  were  used t o   c a p t u r e  a v a r i e t y   o f   f i s h   f r o m   C u l t u s  and 

C h i l l i w a c k   l a k e s   ( F i g u r e s  3 and 4) .  The weight  and f o r k   l e n g t h   o f  each 

f i s h   c a u g h t  was recorded and scale  samples  were  taken  for   age  determi-  

n a t i o n .   I n   a d d i t i o n ,  a p o r t i o n   o f   d o r s a l   m u s c l e   j u s t   p o s t e r i o r   t o  each 

f i s h  head was exc ised,   f rozen on d r y   i c e  and l a t e r   a n a l y z e d   f o r   t o t a l  

c o p p e r   a t   t h e  EPS-DFO l a b o r a t o r y .  

3.5 Laboratory  Procedures. 

Water  samples  were  analyzed fo r   copper   us ing  a Ja r re l -Ash   a tomic  

absorp t ion   spec t rophotometer  (AAS). The sediment  samples  which had  been 

f r o z e n  upon a r r i v a l  a t  t h e   l a b o r a t o r y   w e r e   f r e e z e   d r i e d  and  passed th rough 
a 100 mesh s t a i n l e s s   s t e e l   s i e v e ;   t h e   f i n e   m a t e r i a l s  were  then  subjected 

t o  an ex t rac t i on   us ing   concen t ra ted  HC1 and HNO3 i n  a v o l u m e t r i c   r a t i o  

o f  3: l .  The c lear   supernatan t  was subsequen t l y   ana lyzed   f o r   t o ta l   copper  

u s i n g   t h e  AAS. 
The f i s h   m u s c l e  samples  were  macerated i n  a b l e n d e r ,   f r e e z e   d r i e d ,  

weighed t o   c a l c u l a t e   w e t : d r y   w e i g h t   r a t i o s ,  ashed i n  a low  temperature 

asher ,   and  d isso lved i n  a 1:50 s o l u t i o n   o f  0.1N  HNO3. A known volume 

o f   d i s t i l l e d   w a t e r  was then added t o  each  sample  which was next   analyzed 
f o r   t o t a l   c o p p e r   u s i n g  an induct ive  coupled  argon  p lasma  spect rometer .  

Dry and   we t   we igh ts   were   ca l cu la ted   f rom  i n i t i a l   d ry :we t   we igh t   ra t i os  and 

a n a l y s i s   r e s u l t s   w e r e   r e p o r t e d  as mg copper   per   kg  dry   weight .  

3.6 A n a l y s i s  o f  Swimmer's I t c h   I n c i d e n c e  

The Department o f   F i s h e r i e s  and Oceans conducted   ques t ionna i re  

su rveys   du r ing   t he  summers from 1976 th rough 1979 a t   C u l t u s  Lake t o  
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S I T E S  IN CULTUS LAKE ( 1978) 
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de te rm ine   i nc idence  o f  Swimmer's I t ch .   (Har r i son ,  1979a,  1979b).  Since 

t h e   s t u d i e s   a r e   p u b l i s h e d ,   t h e   r e a d e r   i s   r e f e r r e d   t o  them f o r  a 

d e s c r i p t i o n   o f   t h e   m e t h o d o l o g i e s  used.  The r e s u l t s ,  however, w i  11  be 

summarized  below as t h e y   a r e   p e r t i n e n t   t o   t h e   o v e r a l l   c o n c l u s i o n s  

concern ing  copper   su lphate  impacts .  
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4 RESULTS 

4.1 Copper  Contamination  of  Cultus  Lake  Water  and  Sediments 

4.1.1 Water  Col umn Copper   Levels .   E levated  copper   leve ls  i n  post -  

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

the   f ou r   hou rs   immed ia te l y   a f te r   t he   t rea tmen ts   a t   Swe l t ze r   C reek  and 

Sunnyside Beach, b o t t o m   w a t e r   l e v e l s   o f   b o t h   t o t a l  and d i sso l ved   copper  

inc reased  marked ly   f rom  less   than 0.01 mg/l t o  peaks o f  0.37 and 0.13 
mg/l , r e s p e c t i v e l y   ( F i g u r e s  5 and 6 )  However, w i t h i n  12  hours a t  Cul t u s  

Lake   s ta t i ons  and  24 hours   a t   t he   Swe l t ze r   C reek   s ta t i on ,   bo t tom  wa te r  

c o n c e n t r a t i o n s   d r o p p e d   t o   b a c k g r o u n d   l e v e l s   e q u i v a l e n t   t o   t h o s e   f o u n d   i n  
Chi 1 1  iwack  Lake  ( less  than 0.01 mg/l ) Dur ing   t he  same four   hours ,  

Sunnyside Beach s u r f a c e   w a t e r   c o p p e r   l e v e l s   a t   s t a t i o n  1 increased 

f o u r f o l d   t o  0.04 mg/l  from  background  values (0.01 mg/ l )  and Swel t z e r  

Creek  samples i n d i c a t e d  an e i g h t f o l d   i n c r e a s e   t o  0.08 mg/l  (Table  2). By 

t h e   e i g h t h   h o u r   t h e s e   s u r f a c e   w a t e r   c o n c e n t r a t i o n s  had a lso   reached 

background 1 eve1 s.  

4.1.2 Cul tus   Lake and Sweltzer  Creek  Sediment  Copper.  Like  the  water 

column  values,  sediment  copper  data showed inc reased   l eve l s   immed ia te l y  

a f t e r   t r e a t m e n t  , f o l l o w e d   b y  a sharp  decrease  (F igure 7 ) .  Copper 

res idues  peaked  a t  2830 mg/kg (ppm) a t   s t a t i o n  Sunnyside Beach #2 and 

t h e n   d e c l i n e d   t o   v a l u e s   a v e r a g i n g  839 mg/kg. A t  t h e   c o n t r o l  and Swel tzer  

Creek s t a t i o n s ,   c o n c e n t r a t i o n s   w e r e  much lower ,   averaging 46 and 59 mg/kg 

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

C h i l l i w a c k  Lake  which  averaged 19 mg/kg. 

4.2 Copper   Contaminat ion   o f   and  E f fec ts   on   F ish  

4.2.1 A c u t e   F i s h   T o x i c i t y   S t u d i e s .  No deaths,  abnormal  behaviour, 

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

t h e  cage  exper iments  af ter   192  hours.   This was n o t   s u r p r i s i n g   i n   t h e   c a s e  

o f   t h e   C u l t u s  Lake  studies,  because it was l e a r n e d   a f t e r   t h e   e x p e r i m e n t  

Y 

Y 

L 
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TABLE 2 TOTAL AND DISSOLVED COPPER I N  SURFACE WATER OF CULTUS  LAKE AND 

SWELTZER  CREEK^ 

Time o f  Sunnyside Sunnysi de Swel t z e r  Contro l  
Sampl i ng Beach #1 Beach #2 Creek Cul t u s  Lake 

Pre-treatment 
Post- t reatment 

2 (hours) 
4 

8 

22 

26 

3 (days) 
8 

30 
98 

LO.01 

0.02 

0.04 

0.01 

LO. 01 

LO.01 

L0.02 

0.01 

LO.01 

L0.01 

(LO.01) 

(LO.01) 

(LO.01) 
(LO.01) 

( 0.01) 

( 0.01) 

(LO.01) 

(LO.01) 

(LO.O1) 

( 0.04) 

LO. 01 

LO.01 

0.01 

L0.01 

L0.01 

LO.02 

0.02 

0.02 

0.01 

LO.O1 

(LO.01) 

(L0.01) 
(L0.01) 

(L0.01) 

(0.02) 
(0.01) 

( ~ 0 . 0 1 )  

(LO.01) 

(LO.01) 

( 0.03) 

LO.01 (LO.01) 

0.14 ( 0.12) 
0.08 ( 0.06) 
0.02 ( 0.02) 
0.01 (LO.01) 

LO.01 (LO.01) 
0.02 ( 0.02) 
0.01 (LO.01) 

LO.01 (LO.01) 
LO.01 (LO.01) 

L0.01 

LO.01 

0.01 

LO.01 

LO.01 

LO.01 

LO.O1 

LO.01 

L0.01 

LO.01 

(LO.01) 

(LO.01) 

(L0.01) 

(LO.01) 

(L0.01) 

(LO.01) 

(LO.01) 

(LO.01) 

(LO.01) 

(LO.O1) 

1Concentrat ions i n  ppm (mg/L).  Dissolved  copper  concentrat ions  are shown 
i n  brackets  

L = l ess   t han  
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I 

a 

1 

tha t   the   t rea tment   a reas   d id   no t   ex tend  ou tward   f rom  the   beach as f a r  as 

the  b ioassay  cages.   Therefore,  1 ittl e impor t  was a t t a c h e d   t o   t h e   i n - 1  ake 

experiments;  however,  the  Sweltzer  Creek  data  were  considered  more  val id 

because some contaminated  water   would  have  passed  through  th is   area  a f ter  

t h e   l a k e   t r e a t m e n t s  and c o u l d   h a v e   a f f e c t e d   f i s h   t h e r e .  However t h i s  was 

no t   subs tan t ia ted   by   the   exper iment .  

4.2.2 Net ted   F ish   T issue  Copper   Leve ls .   T issue  da ta   ind ica ted  

t h a t  no s ign i f i can t   copper   accumu la t i on  had o c c u r r e d   i n   t h e   r e s i d e n t   f i s h  

species  sampled  (Tables 3 and 4 ) .  Analys is   o f   var iance  demonst ra ted  no 

s i g n i f i c a n t   d i f f e r e n c e  between mean c o p p e r   l e v e l s   i n   d i f f e r e n t   C u l t u s  

Lake   f i sh   spec ies .   Fu r the r ,  a S t u d e n t ' s   t - t e s t   i n d i c a t e d  no d i f f e r e n c e  

between mean t i s s u e   c o p p e r   c o n c e n t r a t i o n s   i n   t h e  same species  found i n  

b o t h  Cul t u s  and  Chi  11  iwack  Lakes,  or  between  level s found i n  a1 1 Cul t u s  

Lake  species  compared t o  all C h i l l i w a c k  Lake  spec ies.   L inear   regress ion 

analys is   produced no s ign i f i can t   co r re la t i ons   be tween   t i ssue   copper   con -  

c e n t r a t i o n s  and f i s h   w e i g h t ,   l e n g t h   o r  age.  However, it may be 

i n a p p r o p r i a t e   t o  use   musc le   t i ssue   f rom  f i sh  as an i n d i c a t o r   o f   p o l l u t i o n  

by   t race   me ta l  s other  than  mercury.   For  example,   Phi l  1 ips   (1977)   repor -  
t e d   n o   s i g n i f i c a n t   d i f f e r e n c e   i n   m e t a l   c o n t e n t   o f   f i s h   m u s c l e   c o l l e c t e d  

f r o m   p o l l u t e d  and  non p o l l u t e d   w a t e r s  and fu r thermore  he s t a t e d   t h a t  no 
c l e a r   c o r r e l a t i o n  has been demonstrated between meta l  c o n c e n t r a t i o n s  i n  

t h e   s o f t - o r g a n s   o f   f i s h  and those of the  ambient  surroundings. 

4.3 T rend   S tud ies   o f  Swimmer's I t c h   I n c i d e n c e  

Hobbs (1980)   summar ized  tempora l ly   comparable  resul ts   f rom  her  

e a r l i e r   s t u d i e s   ( H a r r i s o n  1979a, b )  and i n c l u d e d  more recent  1979  unpub- 

l i s h e d   d a t a   t o  see i f  t h e r e  was any v a r i a t i o n   i n  Swimmer's I t c h   i n c i d e n c e  
between  study  years.   Presumably  i tch  incidence  would  have  been  lower i n  

the   t rea tment   year   (1978)   than  in   non- t rea tment   years   (1976,  77, 79). 

As shown i n  Table 5, 1978 i n c i d e n c e   l e v e l s   d i d   n o t   d i f f e r  

s i g n i f i c a n t l y   f r o m   t h o s e   o f   t h e   n o n - t r e a t m e n t   y e a r s .  However t h e r e  was a 

d i f f e rence   be tween   the  1979  and  1976  samples, b u t   t h i s  was i n c o n c l u s i v e  

because  both  were  non-treatment  years. 

a 
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TABLE 3 SUMMARY OF WEIGHT,  LENGTH, AGE AND COPPER CONTENT OF F I S H  COLLECTED 
FROM CHILL IWACK  LAKE^ 

Copper mg kg-1 
Wei g h t   L e n g t h  Ag e Wet Weight Dry Weight 

( 9 )  (cm)  (years) 

S tee l  head t r o u t  6500 
(n=1)  

Rainbow t r o u t  
(n=4) 

Kokanee 
(n=6) 

Coho 
(n=7) 

Dol 1 y Varden 
( n = l l )  

W h i t e f i s h  
(n=6) 

Largescal  e 

(n=4) 

Longnose 
sucker 

(n=2) 

sucker 

103.00174.91 
(11.70-29.0) 

108.8315.71 
(100-115) 

18.29f1.60 
(15-20) 

327.912473.40 
(121-1750) 

71.17f78.69 
(20-225) 

825.002306.19 
(500-1175) 

145f42.43 
(115-175) 

81.6 6 1.12 4.61 

20.50f7.07 2.5020.58 0.39f0.12  1.97f0.76 
(18-200)  (2-3) (0.284-0.564)  (1.43-3.07) 

22.220.51 3.71f0.41 0.37-1.0.113 1.41i0.343 
(21.3-22.9) (3-4)  (1.17-1.65)  (0.293-0.444) 

11.14f0.37 22 0.73f0.285 3.2421.21d5 
(10.6-11.7)  (0.401-1.19)  (2.16-5.28) 

30.85f8.15 4.5621.01  0.36f0.096  1.76f0.466 
(23.1-53.4) (3-6)  (0.234-0.497)  (1.29-2.35) 

17.58f5.16 3.0f1.26 0.55-10.38 2.72f2.01 
(13-26.4) (2 -5)  (0.313-1.31)  (1.6-6.78) 

40.50f4.88  7.67f1.15  0.36f0.104  2.02f0.71 
(34.9-45.8) (7-9) (0.283-0.475)  (1.6-2.84) 

24.4522.90 4.520.71 0.41f0.13 2.13f0.67 
(22.4-26.5) (4-5) (0.324-0.503)  (1.64-2.6) 

1Data   a re   repor ted  as a mean and  s tandard   dev ia t ion .  Ranges a r e  shown i n  
b rackets .   Data   repor ted   by   labora tory   as   ' ' l ess   than"  ( ) were   no t   inc luded i n  
t h e   c a l c u l a t i o n  o f  means. 

2n=1 

4n=3 
5n=5 
6n=8 

3,=2 
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I TABLE 4 SUMMARY OF WEIGHT, LENGTH, AGE AND COPPER CONTENT OF F I S H  COLLECTED 
FROM CULTUS  LAKE^ 

I 

Copper mg kg-1 
Weight  Length Age Wet Weight Dry Weight 

I ( 9 )  (cm)  (years) 

Squawf i sh 288.79f155.64 28.23f5.02 7.0821.55 0.53f0,486 2.62f2.36 
I (n=19)  (10-500)  (12-35)  (4-9) (0.233-2.03)  (1.19-9.66) 

La rgescal  e  188.75k90.59 24.95f4.47 4.25f0.52 0.47f0.272  2.51f1.492 
sucker  (1  10-300) (20.6-30.3) (4-5) (0,241-0.861)  (1.27-4.66) 

(n=4) 

I 

II 
Rocky  Mountain 332.50f118.73 31.83f4.52 6.2k1.34 0.30f0.034 1.27f0.144 
w h i t e f i s h  (160-510) (25.4-37.8) (5-8) (0.277-0.341) (1.11-1.39) 

il (n=6) 

Peamouth  chub 128.55f104.39 20.16f6.34 6f03 0.44f0.173 2.21f0.843 
( n = l l )  (19-300) (12-28.1) (0.238-0.716) (1.19-3.71) I 

D o l l y  Varden  650 41.6 N.T. 0.296 1.37 
(n=1) 

7 
I 

r. Redside  sh iner  15.55f3.24 8.62f2.05 2.5f0.71  0.57f0.25d 3.04-11.37 
(n=ll) (10-20) (8.6-10.4) (2-3) (0.323-1.05)  (1.61-6.04) 

1 

1 D a t a  a r e   r e p o r t e d  as a mean and  s tandard  dev iat ion.  Ranges a r e  shown i n  
b racke ts .   Da ta   repo r ted   by   t he   l abo ra to ry   as   ' ' l ess   t han"  ( ) w e r e   n o t   i n c l u d e d   i n  
t h e   c a l c u l a t i o n   o f   t h e  means. I 

2n=1 
3n=4 

I 4n=5 
5n=13 
6n=15 

.I 7N.T. - no t   t aken  

a 
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TABLE 5 INCIDENCE OF SWIMMER'S ITCH 1976-1979 

WEEKENDS 
TOTAL INCIDENCE 

YEAR INTERVIEWEO LEVEL 

28-30 Ju ly ;  4-6 Aug. 1979  180 27.7% f 6.5% 

29-31 Ju l y ;  5-7 Aug. 1978  100 19.0% f 7.7% 

30 Ju l y -1  Aug; 6-8 Aug. 1977 88 17.0% f 7.8% 

23-25 Ju l y ;  30 Ju l y -1  Aug. 1976 84 16.6% f 8.0% 

These  data  were  tested  for  "signif icance o f  difference  between 

two  p ropor t ions"  and t h e   f o l l o w i n g   r e s u l t s   o b t a i n e d :  

SIGNIFICANT 
Z DIFFERENCE 

1979 da ta  v s  1978 data 1.63 NO 

1979  data v s  1977 data 1.93 NO 

1979 data v s  1976 data 1.96 YES 

1978  data v s  1977 data 0.356 NO 

1978 data v s  1976 da ta  0.410 NO 

1977 da ta  v s  1976 data 0.161 NO 

where Z = p 1  - p2 

P(1-P) + P( l -P)  

v N 1  N2 

P = N I P 1  + N2P2 = P ropor t i on   Con t rac t i ng   I t ch  

N 1  + N2 

N = Sample Popu la t ion  
0.05 S ign i f i cance :  1.96 " < Z < -1.96 
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Har r ison   (1979a,   b )  a1 so made a number o f  o ther   observa t ions .  

F i r s t ,  Main  and  Sunnyside Beaches  were s i t e s   o f   h i g h e r   i t c h   i n c i d e n c e  

than  o ther   a reas .   Second ly ,   h igher   p ropor t ions  of  young  than  o ld   people 

c o n t r a c t e d   t h e   c o n d i t i o n ,  and there  appeared t o  be a p o s i t i v e   c o r r e l a t i o n  

between  incidence  and  length o f  h o l i d a y   a t   t h e   l a k e .   T h i r d l y ,  some 

respondents  appeared t o  show a g r e a t e r   s u s c e p t i b i l i t y   t o   t h e   p a r a s i t e ;  

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

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

T r i c h o b i l h a r z i a  sp. F i n a l l y ,  and poss ib ly   most   impor tan t   f rom an 

economic  perspective,  92-100% o f  the  respondents who had exper ienced 

Swimmer's I t c h  were w i l l i n g   t o   r e - v i s i t   t h e   l a k e   d e s p i t e   t h e  Swimmer's 

I t c h   p r o b l  em. 
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5 DISCUSSION 

Y 

II 

n 

5.1 Cultus  Lake Water Contamination 

Ricker  (1937)  found  weakly  a lkal ine (pH = 7.4 i 0.02) and moder- 

a te l y   ha rd  ([MgC03] = 79.1 f 0.6 mg / l )   w in te r   cond i t i ons   i n   Cu l tus  Lake; 

these  data  combined  wi th  s imi lar   spr ing  data  f rom  th is  study  (Appendix I )  
suggest a re la t i ve l y   rap id   a t tenua t ion   o f   e leva ted   copper   concen t ra t i ons  

i n   t he   pos t - t rea tmen t   wa te r  column. C h e m i s t r y   r e s u l t s   v e r i f i e d   t h i s  

theory,  showing  less  than 0.01 mg/l t o t a l  copper i n  bottom  waters  eight 

hou rs   a f te r  a r e l a t i v e l y   h i g h   a p p l i c a t i o n   r a t e  o f  96.5 kg o f  copper 

sul   phate  per  hectare.  
The r a p i d  drop i n  dissolved  copper f o l l o w i n g  i n i t i a l  post -  

t reatment  peaks  could  possibly be expla ined  by  the  complexat ion  o f  Cu++ 

i n t o  forms  such as t e n o r i t e  (CuO), ma lach i te  (Cu2(0H)2C03) o r   a z u r i t e  

(Cu3(0H)2(C03)2)   which  are  re la t ive ly   inso lub le  a t  pH l e v e l s   f o u n d   i n  
t h i s   l a k e  (Wagemann and Barica,  1978). I n   a d d i t i o n ,   h i g h   d e n s i t i e s   o f  

the   roo ted  weed Eurasian  Watermil fo i l   (Myr iophy l lum  sp ica tum)  grow i n  

summer a t  a number o f   l o c a t i o n s  and cou ld   poss ib ly  have provided enough 

organ ic   f ragment   mater ia l   in   the   water   fo r   fu r ther   complexat ion  of  copper 

i ons . 
F i n a l l y ,   t h e   l a r g e  volume o f   lake   water ,  and constant   out f low 

through Swel t z e r  Creek,  probably d i  1 u ted   f ree   copper   i ons   p resen t   i n   t he  
water. A1 1 o f   t hese   f ac to rs   cou ld  have acted  together   to   reduce  f ree 

copper   o r   o the r   t ox i c   spec ies   o f   i ons   i n   so lu t i on .  

5.2 Cultus  Lake  Sediment  Contamination 
Unl ike  water ,  where elevated  copper  concentrat ions  are de- 

creased  by  complexation and di lut ion,   sediment  copper  residues  could 

p e r s i s t   f o r  a long  t ime. Some copper  can  redissolve i n  water as seasonal 

changes i n  temperature and pH  a1 t e r   t h e   s o l   u b i 1  i t y  produc ts   o f  complexes, 
o r  as chemical e q u i l i b r i a   s h i f t   t o   t h e   l e f t  when copper  gets  f lushed  from 

t h e  system.  However,  such re leases   a re   usua l l y   no t   ve ry   s ign i f i can t  

IC 

I 

Ir 

n 

Y 

Y 

.. 
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a 
as  compared t o   r e l e a s e s  when copper  sulphate i s   r e g u l a r l y   a p p l i e d   t o   t h e  

1 ake.  Annual  appl i c a t i  on o f   c o p p e r   s u l   p h a t e   w o u l d   i n v a r i a b l y   r e s u l t   i n  

t he   accumu la t i on   o f   copper   res idues   i n   t he   sed imen ts .  

Packman (1977)  found  that   sediments i n   u n t r e a t e d   a r e a s   o f  

Cul tus  Lake  conta ined 87.5 f 1.7 mg/kg o f   copper  - about   th ree  and  one- 

h a l f   t i m e s   t h e   l e v e l s   f o u n d   i n   C h i l l i w a c k   L a k e ,   w h i c h  has  never  been 

t r e a t e d   w i t h   c o p p e r   s u l p h a t e .   H i s t o r i c a l l y   t r e a t e d  Cul t u s  Lake  beach 

areas  had  an  average  sediment  copper  value  of 236 f 52 mg/kg. I n  1978, 

sed iment   leve ls   a t   Sunnys ide  Beach were  839 f 208  mg/kg, t h r e e  months 

f o l l o w i n g   t h e   l a s t   t r e a t m e n t ;   t h i s   i s   e i g h t   t i m e s   t h e   b a c k g r o u n d   l e v e l   o f  

100 mg/kg  as descr ibed  by Thompson (1978).  Therefore,  sediments i n  

t r e a t e d   a r e a s   o f   C u l t u s  Lake  a re   c lear ly   con taminated ,  whereas t h o s e   i n  

un t rea ted   a reas   a re   we l l   w i th in   acceptab le   background  leve ls .  

5.3 Impact o f  Copper   Su lphate   App l ica t ions   on   F ish  

There was no c o n c l u s i v e   e v i d e n c e   f r o m   t h i s   s t u d y   t h a t   m o l l u s c i -  
c i d e   t r e a t m e n t s  had a n e g a t i v e   e f f e c t  on Cu l tus   Lake   f i sh .  The absence 

o f   f i s h   m o r t a l i t y   o r  copper  accumulation i n   t i s s u e s  was probab ly  due t o  

t h e   f a c t   t h a t   t h e   f i s h   b i o a s s a y  cages  were ou ts ide   t he   t rea tmen t   a reas ,  

and res iden t   spec ies  were not  contaminated  because  dissolved  copper 

c o n c e n t r a t i o n s   d e c l i n e d   r a p i d l y   a f t e r   t h e   a p p l i c a t i o n .  
O t h e r   i n f o r m a t i o n  does i n d i c a t e ,  however, t h a t  a d d i t i o n s   o f  

copper  sul   phate t o   t h e   l a k e   c o u l d   r e s u l t   i n   l e t h a l  o r  s u b l e t h a l   e f f e c t s  

on   Cu l tus   Lake  f i sh .  Many o f   t h e  LC50 v a l u e s   r e p o r t e d   i n   T a b l e  1 a r e  

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

s tudy .   Res iden t   f i sh   m igh t  be a b l e   t o   a d j u s t   t o   s u b - l e t h a l   c o p p e r  

c o n c e n t r a t i o n s  (Drummond e t  a1 . , 1973; Dona1 dson  and Dye, 1975)  but 

seaward m i g r a t i n g  anadromous  species  could  be  af fected  (Lorz and 

McPherson, 1976). The l a t t e r   a u t h o r s ,   u s i n g   w a t e r   s i m i l a r   i n   q u a l i t y   t o  

t h a t   o f  Cul t u s  Lake  (pH 7.2-7.5 and  hardness  84-99  mg/l CaC03), found 
that   year1  ing  coho  sa lmon  (Oncorhynchus  k i   sutch)   exposed  to   sub- le tha l  

c o p p e r   c o n c e n t r a t i o n s   ( 5 - 2 0   u g / l )   w e r e   l e s s   s u c c e s s f u l   i n   m i g r a t i o n   t o  
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t h e  sea o r   i n   a d a p t i n g   t o   s a l t  water. The same e f f e c t s   c o u l d  be 

experienced  by  sockeye and chum stocks  which  migrate  through  the 

treatment  area i n   t h e   s p r i n g   o r  by  coho and s tee l  head t h a t   o v e r w i n t e r   i n  

Swel t z e r  Creek p r i o r   t o   m o l t i n g .  

The I n t e r n a t i o n a l   P a c i f i c  Salmon F ishe r ies  Commission 

(unpubl ished  data)   repor ted  that  dead sockeye  salmon  smolts  have  been 

found i n  Cultus  Lake when copper   su lphate  appl icat ions  occurred  wi th  

smolts i n   t rea tmen t   a reas .  Because o f   t h i s   m o r t a l i t y ,  CuSO4 

appl icat ions  have been r e s t r i c t e d   t o   t h e   p e r i o d   b e f o r e   A p r i l  1 t o  avoid 

k i l l i n g   m i g r a t i n g   f i s h .   U n f o r t u n a t e l y ,  some smolts  migrate as e a r l y  as 

l a t e  March  and t h e r e f o r e   c o u l d   s t i l l   b e   a f f e c t e d  i f  the   mo l l usc i c ide  

add i t i ons  

5.4 

occu r red   a t   t ha t   t ime .  

ImDl ica t ions  o f  Contaminated  Bottom  Sediments on Benthic 
Invertebrate.  Ecology. 

A l though  h igh  sediment   copper   res idues  are  not   acute ly   tox ic   to  

f i sh ,   t hey   cou ld   a f fec t   t he   compos i t i on   o f   t he   ben th i c   i nve r teb ra te  com- 

munity (McKee and Wol f , 1963).  Because these  benthos spend p a r t  o f  t h e i r  

l i f e   c y c l e  as f ish  food  organisms,  a change i n   t h e i r   c o m p o s i t i o n   o r  

numbers cou ld  be d e t r i m e n t a l   t o   f i s h .  

One- th i rd  o f  t h e   l i t t o r a l  area o f  Cultus  Lake had  been rece iv -  

i n g  annual   copper   su lphate  t reatment .   Therefore,   one- th i rd   o f   the most 

p roduc t i ve   ben th i c   i nve r teb ra te   hab i ta t  was under   p ressure   fo r   eco log ica l  

change from  sediment  copper  contaminat ion.   In  addi t ion,   the  Cul tus  Lake 

areas   most   heav i l y   in fes ted   w i th   sna i l s   a re   the  ones most heavi ly   grazed 

by   f i sh :   En t rance Bay, Hatchery Bay, Needle  Point, and t h e  Army School 

o f  Watermanship  (Howard,  1978). 

5.5 Swimmer's I t c h  as a Problem 

Schistosome  dermat i t is  i n   C u l t u s  Lake  has  been we l l  documented 

over  the  years.  However, o the r   sou rces   o f   i t ch  must a lso  ex is t ,   such as 
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mosqui tos o r  o t h e r   b l o o d   i n g e s t i n g   i n s e c t s ;   t h e   e x t e n t   o f   t h e s e  

c o n t r i b u t i o n s   u n f o r t u n a t e l y  has n o t  been  determined. 

- S .  d e r m a t i t i s   u s u a l l y   i s   r e l a t i v e l y   s h o r t - t e r m   i n   d u r a t i o n   b u t  

on   occas ions   causes   seve r   de rmat i t i s   and   pub l i c   hea l th   o f f i c i a l s  do 

cons ider  i t  a pub1 i c   h e a l t h  problem. The problem may also  have an 

economic   impac t   w i th   conce rn   exp ressed   abou t   l oss   o f   t ou r i s t   revenue   to  

the   a rea   because  o f   i t ch   induced  avo idance.  However, t h e   q u e s t i o n n a i r e  

s u r v e y   o f   r e c r e a t i o n a l   u s e r s   o f   C u l t u s   L a k e   i n d i c a t e d   t h a t   t o u r i s t s   a r e  

g e n e r a l l y  w i  11 i n g   t o  use  the  area  regard1 ess o f   t h e   i t c h  problem. 
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