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ABSTRACT 

I 

Mercury, cadmtum, copper and z inc  content   o f   muscle and l i v e r  
t i ssue -  was measured from  rainbow  trout and mountain  whi tef ish  col lected  f rom 
the Thompson River system. Higher mean concentrat ions  of  mercury and copper 
were found i n  the  muscle  t issue  o f  South and Lower Thompson River  rainbow 
t r o u t  compared to   Nor th  Thompson R iver   ra inbow  t rou t .   A lbe i t   the   l i ve r  
t i ssue  sample s i ze  was small,  these  differences were n o t   r e f l e c t e d   b y   l i v e r  
t i ssue.   L iver   t i ssue samples are  cons idered  to   bet ter   re f lect   env i ronmenta l  
contamination o f  water  wi th heavy metals. The lower  level   of   mercury i n  the 
North Thompson River  ra inbow  t rout  may r e f l e c t   t h e   s m a l l e r   s i z e   o f   f i s h  
sampled. Muscle  t issue copper content was  a1 so higher i n  Lower Thompson 
River  mountain  whitef ish  than  North Thompson River  mountain  whitefish.  There 
were no apparent  dif ferences between r i v e r s   f o r   e i t h e r  muscle o r   l i v e r   t i s s u e  
z inc   leve ls .   L iver   t i ssue cadmium l e v e l s  were higher i n  North Thompson River 
ra inbow  t rout  and mountain  whi tef ish compared t o   e i t h e r   t h e  South o r  Lower 
Thompson R iver   f i sh .  Muscle t i ssue  cadmium l e v e l s  were below  detectable 
l e v e l s   i n   a l l  cases. 

The metal 
l e v e l  s repor ted   fo r  
could  re f lect   minera 

content   o f   muscle  t issue was  we1 1 below any reference 
f i s h   f o r  human consumption. The observed  differences 

logical   d i f ferences  of   the  drainages. 
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On a mesure l e  contenu en  mercure, cadmium, cu i v re  et z inc  des 
t issus  musculaires  et   hepat iques  d 'echant i l lons de t r u i t e s   a r c - e n - c i e l   e t  de 
coregones  provenant de l a  Thompson e t  de ses af f luents .  On a re lev6 de p lus 
grandes concentrat ions mayennes  de mercure e t  de cu i v re  dans l e s   t i s s u s  
muscul a i res  de l a   t r u i t e  arc-en-c ie l   pr i  se dans l a  Thompson sud e t   l e  cours 
i n f e r i e u r  de f leuve que dans l e s   t i s s u s  des echanti l lons  provenant de l a  
Thompson nord.  Les t issus  hepat iques ne rnontrent pas c e t t e   d i f f e r e n c e  
quoique l e   t i s s u  examine a f t   e t 6   r C d u i t  en t a i l l e .  Les echant i l lons de t i s s u  
hepat ique  sont  consideres  come  ref letant davantage l a  contamination de 1 'eau 
p a r   l e s   k t a u x   l o u r d s .  Le niveau  plus bas de mercure  note dans l e s   t i s s u s  de 
la   t ru i te   a rc -en-c ie l   p rovenant  de l a  Thompson nord  resul te  peut-Etre des 
dimensions  plus  reduites des echant i l lons examines. On a note  egalement que 
l a  concentrat ion en cu i v re  dans l e s  ti ssus musculaires du coregone e t a i  t p lus  
f o r t e  dans les  echant i l lons  provenant du cou rs   i n fe r i eu r  de l a  Thompson  que 
dans ceux qui  provenaient de l a  Thompson nord. On n 'a   re leve  aucune 
d i f fe rence  no tab le   en t re   les   par t ies  du f leuve en ce qui  concerne  les 
concentrat ions de z inc dans les  t issus  musculaires ou hepatiques.  Les  taux 
de concentrat ion de cadmium dans les  t issus  hepat iques  e ta ient   p lus  e leves 
pour 1 a t r u i  t e   a r c - e n - c i e l   e t   l e  coregone de 1 a Thompson nord que pour   les  
Cchantil  lons  provenant de l a  Thompson sud ou du cours  i  nferieur de l a  

Thompson. Le  taux de concentrat ion de  cadmium dans les  t issus  muscula i res 
n 'a t te igna ien t  pas l e  niveau  detectable,  cela dans tous  les cas examink. 

P o u r   l e s   p o i s s o n s   d e s t i n e s  3 l a  consommation l e  taux,  de 
concentrat ion des d t a u x  dans 1 es t issus  muscula i res  s 'est   revel6  Et re  b ien 
en dessous de tout   n iveau de r6ference.  Les  differences  observees  pourraient 
r e s u l t e r  des differences  mineralogiques  entre  les  bassins  hydrographiques. 



ABSTRACT 
R ~ S U M ~  

TABLE OF CONTENTS 
L i s t  o f  Figures 
L i s t  o f  Tables 

SUMWRY AFJT) CObKLIJS IONS 

1 

2 
2.1 
2.2 

3 
3.1 
3.2 
3.2.1 
3.2.2 
3.2.3 
3.2.4 

INTRODUCTION 

- iii - 

TABLE  OF CONTENTS 
Page 

METHODS 
Tissue  Analyses 
G1 ass Sample Container  Analyses 

RESULTS AND DISCUSSION 

G1 ass Sample Container  Analyses 
Tissue  Metal  Level s 
Mercury 
Copper 
Zinc 

C a dmi um 

REFEREKES 
ACKNOWLEDGEMENTS 

APPENDIX I (a)  MERCURY RESULTS 
(b) COPPER RESULTS 
( c )  ZINC RESULTS 
( d l  CADMIUM RESULTS 

i 
ii 
iii 

i v  
V 

v i  

1 

5 

5 
5 
5 

12 
14 
14 

17 
19 

21 
22 
23 
24 



Figure 

- i v  - 

LIST OF FIGURES 

Page 

1 GENERAL LOCATION OF AREAS WHERE F I S H  WERE COLLECTED 2 

2 MEAN MERCURY CONTENT OF MUSCLE AND L IVER  T ISSUE FROM 
THOMPSON RIVER RAINBOW  TROUT 7 

3 MEAN MERCURY COI4TENT OF MUSCLE AND L IVER  T ISSUE FROM 
THOMPSON RIVER  MOUNTAIN  WHITEFISH 11 

4 MEAN COPPER CONTENT OF MUSCLE AND L IVER  T ISSUE FROM 
THOMPSON RIVER RAINBOW  TROUT  AND  MOUNTAIN WHITEFISH 13 

5 MEAN Z I N C  CONTENT  OF  MUSCLE AND L IVER  T ISSUE FROM 
THOMPSON RIVER RAINBOW  TROUT  AND  MOUNTAIN WHITEFISH 15 



I .  
i 
i 

- v -  

LIST OF TABLES 

Tab1 e Page - 

1 CADMIUM, COPPER AND Z INC REFERENCE SAMPLES 3 

2 HEAT  TREATED  GLASS SAMPLE CONTAINER  ANALYSIS 5 

3 MEAN MERCURY, CADMIUM, COPPER AND Z I N C  CONTENT OF L I V E R  
AND MUSCLE TISSUE FROM THOMPSON RIVER RAINBOW  TROUT 6 

4 COPPER, MERCURY AND Z I N C  CONTENT OF SEVERAL  FRASER RIVER 
SALMONIDS 9 .  

5 HEAFl MERCURY , CADMIUM, COPPER AND Z I N C  CONTENT OF L I V E R  
AND MUSCLE TISSUE FROM THOMPSON RIVER  MOUNTAIN  WHITEFISH 10 



- v i  - 

SUMMARY  AND CONCLUSIONS 

! 

Muscle t issue  mercury  leve ls  were s i g n i f i c a n t l y   h i g h e r   i n  South and 
Lower Thompson River  rainbow  trout  than  North Thompson River  ra inbow  t rout .  
This may i n   p a r t  be re la ted   to   the   smal le r   s ize   o f   the   Nor th  Thompson River 
f i sh .   L i ve r   t i ssue   mercu ry   l eve l s  were n o t   s i g n i f i c a n t l y   d i f f e r e n t   a l b e i t  
the sample s i ze  was qui te  smal l  . Mean muscle t issue  mercury  leve ls  were 
0.042 ug/g  (wet  weight), 0.084 ug/g and 0.077 ug/g for   the  North,  South and 
Lower Thompson Rivers  respect ively.  Those leve ls   a re  an order  of   magnitude 
lower  than  the 0.5 ug/g  (wet  weight)  federal Food and Drug D i rec to ra te  
g u i d e l i n e   f o r   f i s h   f o r  human consumption.  Muscle t issue  mercury  leve ls  were 
n o t   s i g n i f i c a n t l y   d i f f e r e n t   f o r   N o r t h  Thompson River and Lower Thompson River 
mountain  whi tef ish (R o f  0.071 ug/g i n  both  cases). 

Mean muscle t issue  copper   leve ls  were s i g n i f i c a n t l y   h i g h e r   i n  Lower 
Thompson River  ra inbow  t rout   than  North Thompson River   ra inbow  t rout  and i n  
Lower Thompson River  mountain  whi tef ish compared to   Nor th Thompson River 
mountain  whitefish. Mean muscle  t issue copper l e v e l s  were higher i n  South 
Thompson River   ra inbow  t rout  compared t o  North Thompson River  rainbow 
t r o u t .  The reason f o r  these  dif ferences i s   n o t   c l e a r  as muscle t i s s u e   i s   n o t  
considered t o  be a good i n d i c a t o r   o f  copper  contamination o f   rece iv ing   wa te rs  
whereas l i v e r   t i s s u e   i s .  There were no obvious  dif ferences i n   l i v e r   t i s s u e  
copper   l eve l s   a lbe i t   t he  sample s i ze  was small and copper l e v e l s   i n  rainbow 
t r o u t   l i v e r s  were h igh ly   var iab le.  

Muscle  and l i v e r   t i s s u e   z i n c   l e v e l s  were n o t   s i g n i f i c a n t l y  
d i f f e r e n t  between r ivers   for   ra inbow  t rout   or   mounta in   whi te f ish.  Muscle 
t i ssue  cadmium l e v e l s  were a l l  below  detectable  concentrations. However, the 
l i v e r   t i s s u e  cadmium l e v e l s  were higher i n  North Thompson River  ra inbow  t rout  
and mountain  whitef ish  than South or Lower Thompson River   f ish.  

A1 though  there  are no ex is t ing  s tandards  for  muscle t i ssue  copper 
and z inc   l eve l s ,   t he   l eve l s  i n  Thompson r i v e r   f i s h   a r e   w e l l  below  the 
100 ug/g  (wet  weight)  standard  formerly  reported  by  the  federal Food and Drug 
D i r e c t o r a t e   f o r   f i s h   f o r  human consumption. Mean muscle  t issue copper l e v e l  s 
ranged  between 0.62 ug/g t o  2.87 ug/g f o r  ra inbow  t rout  and 0.75 ug/g t o  
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2.35 ug/q f o r  mountain  whitefish. Mean musc le   t i ssue   z inc   l eve l s   f o r  
rainbow  trout  ranged between 6.18 ug/g t o  7.07 ug/g and 4.22 ug/g t o  
4.55 ug/g f o r  mountain  whitef ish. 

The observed  differences i n  me ta l   l eve l s   o f   f i sh   co l l ec ted   f rom  the  
three  r ivers   coul  d re f1   ec t   the   minera log ica l  and geographical   d i f ferences  of  
the  drainages. The Kamloops Lake region i s  an area o f  mercury and copper 
mineral izat ion.  The South and Lower Thompson Rivers  are  located downstream 
o f  major  lakes  while  the  North Thompson River i s  no t .   Fu ture   s tud ies   o f   th is  
nature  should  focus on l i v e r   t i s s u e  samples. When comparing the  elemental 
composition o f   f i s h   t i s s u e s ,   i t s   d e s i r a b l e   t h a t   t h e   s t a g e   o f   l i f e   c y c l e  
(age), s i ze  and r e p r o d u c t i v e   s t a t e   o f   t h e   f i s h  be  comparable. 
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1 INTRODUCTION 

I n  1981, the  Environmental  Protection  Service  conducted a f i e l d  
s tudy  to .  assess the  levels  of  contaminants i n  Thompson River  f ish.   With  the 
assistance of s t a f f  f rom  the  Fish and W i l d l i f e  Branch and Waste  Management 
Branch (Kamloops o f f i ce) ,   res ident   ra inbow  t rou t  (Salmo ga i rdne r i )  and 
mountain  whi tef ish (Prosopium wi l l iamsoni )  were taken by  beach seine, g i l l n e t  
o r  angl  ing.  Fish were col lected  f rom  the  North Thompson River  upstream  of 
McLure and the Lower Thompson River  near  Walhachin i n  August  1981  and from 
the South Thompson River  near Chase i n  September 1981 (Figure 1). 

The  emphasis o f   t h e   s t u d y  was t o  assess   t he   poss ib le  
bioaccumulation o f   ch lo r ina ted   o rgan ics  o f  p u l p m i l l   o r g i n   i n   l i v e r  and muscle 
t i s s u e  o f  res ident   f ish.  Samples o f  muscle t i ssue  and e x t r a   l i v e r   t i s s u e  
samples were a1 so analyzed f o r  heavy metal  content.  This  report  presents  the 
r e s u l t s   o f   t h e  heavy metal  analyses.  Results o f   the   ch lo r ina ted   o rgan ic  
analyses  are  reported  by Rogers and Mahood, 1983. 

i .  

i 

i 
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METHODS 

i 

i 

A f t e r   c o l l e c t i o n ,   t h e   f i s h  were placed i n  polyethylene sample bags 
and stored i n  a coo le r   w i th   we t   i ce .   P r io r   t o   d i ssec t i on  each f i s h  was 
weighed, lengthed and wiped with a paper  towel t o  remove any mucous. Weight 
and length measurements were no t   ob ta ined  fo r   the  South Thompson River 
rainbow  t rout .  However, those f i s h  were o f  a comparable s i z e   t o   t h e  Lower 
Thompson River  ra inbow  t rout .  

L i v e r   t i s s u e  samples  were dissected with clean  (acetone  rinsed, 
d r i ed   w i th  a kinrwipe t issue)   s ta in less  s tee l   d issect ing  inst ruments.  Each 
l i v e r  was placed i n  a separate  heat-treated  glass sample container and 
immediately  frozen  over  dry  ice.  Liver  t issue samples no t  used fo r   o rgan ic  
analyses were t e s t e d   f o r  heavy metals. A b lock  o f   epaxia l   muscle 
(an te r io r /do rsa l   sec t i on )   t i ssue   f ree   o f  bone and sk in  was ob ta ined  la te r  
from  frozen  whole f i s h  and placed i n  a wh i r l  pac. 

2.1 Tissue  Analyses 
L i v e r  and muscle  t issue samples  were analyzed a t  the EPS/DFO 

l a b o r a t o r y   i n  West Vancouver (Anon, 1979). Mercury was analyzed by flameless 
atomic  absorption  spectrophotometry and cadmium, copper and z inc  by 
Induc t i ve l y  Coupled Argon Plasma ( ICAP)  emission  spectrophotometry.  Except 
f o r  mercury, t he   ana ly t i ca l  methods  used a t   t h e   l a b o r a t o r y  were tested 
against  NBS re ference  t issue samples (Table 1) . The 1 aboratory  analyses  are 
very   s im i la r  t o  the  reference samples i n   a l l  cases. 

TABLE 1 CADMIUM, COPPER AND ZINC REFERENCE  SAMPLES 

EPS ANALYSIS NBS REFERENCE  SAMPLE 

Oyster  Tissue 
(1577 1 (1566) (1577) (1566 1 

Bovine  Liver Oyster  Tissue Bovine  Liver 

cu 197 '+ 5 67 + 5 - 63.0 + 3.5 

.27 '7 - .04 3.5 7: - 04 -34 T - .06 3.6 '7 - .3 Cd 
130 T 10 852 7 14 146 6 868 + 56 Zn 
193 + 10 
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2.2 G1 ass Sample Container  Analyses 
An assessment was made a t  a l a t e r   d a t e   t o   d e t e r m i n e  i f  

contamination o f   l i v e r   t i s s u e  from  the  glass sample container was l i k e l y .  
D i s t i l l e d   w a t e r  was placed in  the  container,   f rozen  'and  then unthawed and 
analyzed one month l a t e r .  Unthawed  samples  were poured i n t o   a c i d  washed 
po lye thy lene   samp le   bo t t l es .   Mercu ry   samp les   were   ac id i f i ed   w i th  
n i t r ic -d ichromate  ac id  ( 5  m1/100 m l  sample)  and  cadmium/copper/zinc samples 
w i t h   n i t r i c   a c i d  (0.5 m1/100 m l  sample).  Mercury was analyzed on a Pharmica 
Model 100 mercury  analyzer,  copper and z inc  by ICAP and cadmium by  atomic 
absorption  spectrophotometry (Anon, 1979). 
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3 RESULTS AND DISCUSSION 

3.1 61 ass Sample Container  Analysis 
The r e s u l t s   f o r   d i s t i l   l e d  water  stored i n   hea t t t rea ted   g lass  sample 

containers  indicates  that   contaminat ion o f  l i v e r  samples i s  n o t   l i k e l y  
(Table 2) .  Metal   levels (Hg, Cd,  Cu, Zn) are  below  detectable  levels i n  a l l  
cases. 

TABLE 2 HEAT-TREATED  GLASS SAMPLE CONTAINER ANALYSIS 

METAL DISTILLED Hz0 FROM  GLASS DISTILLED Hz0 CONTROL 
CONTAINER 

( u g / l )  
1 3 2 1 3 2 

Cd 

< 2  < 2  ( 2  < 2   < 2  < 2  Zn 
< -05 < .05 < -05 < .05 < .05 < -05 H9 

( 5  < 5  < 5  ( 5  < 5  ( 5  cu 
< .5 < .5 < e 5  < .5 < 05 < e 5  

3.2 Tissue Metal  Level s 
R e s u l t s   f o r   i n d i v i d u a l   f i s h   a n a l y s e s   a r e   r e p o r t e d   i n  

Appendix I (a-d).  Metal  levels  are  expressed on a  wet  weight  basis i n  t h i s  
repo r t .   S ta t i s t i ca l   d i f f e rences  were determined  by  analysis o f  variance 
f o l  lowed  by mu1 t i p 1  e  cornpari  sons of   t issue  elemental   values  using Tukeys' 
t e s t  (Zar,  1984). 

3.2.1 Mercury. The  mean mercury  content  for   ra inbow  t rout  1 i v e r  
t i ssue  was 0.075 ug/g (S.D. = 0.0341, 0.095 ug/g (0.050) and 0.061 ug/g 
(0.015) for   the  North,  South and Lower Thompson Rivers  respectively  (Table 3 ,  
Figure 2) .  The mean mercury  content  for  rainbow  trout muscle t issue was 
0.042 ug/g (S.D. = 0.008), 0.084 ug/g (0.016) and 0.077 ug/g (0.026) for the 
North,  South and Lower Thompson Rivers  respectively  (Table 3, Figure 2) .  
Muscle t issue  mercury  leve ls  are s ign i f i can t l y   g rea te r  ( p  < .05) i n  the South 
and Lower Thompson Rivers  than  the  North Thompson River. The North Thompson 
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R i v e r   f i s h  were s ign i f i can t l y   sma l le r  (si wgt = 68 g)  than  the Lower Thompson 
R i v e r   f i s h  (X wgt = 349 g)  (Table  3). The South Thompson River   ra inbow  t rout  
were o f  a comparable s i z e   t o  Lower Thompson R i v e r   f i s h  a1 though  wei  ght/length 
data  are  not  presented. 01 der and b igge r   f i sh  on an average have higher 
mercury  concentrations  than  smaller and younger f ish  (Skurdal   e t   a l . ,  1985; 
MacCrimmon e t  al.,  1983).  This may account for   the  h igher  mercury  content i n  
the South  and Lower Thompson River   f ish.  As wel l ,   the  d i f ferences may 
r e f l e c t   t h e   d i f f e r e n c e s   i n   t h e   m i n e r a l i z a t i o n   o f   t h e  drainages.  Garrett 
e t  a1 . , 1980 reported  the Kamloops Lake area as being a major  area o f  mercury 
mineral izat ion.  Northcote e t   a l .  (1975) d i d   n o t   f i n d  any r e l a t i o n s h i p  
between muscle  mercury  content and f i s h   s i z e   f o r   r a i n b o w   t r o u t   i n   t h e  Lower 
Fraser   River   but   h is  samples did  not   cover  the  range  of   s izes  observed i n  
t h i s  study.  Singleton  (1983)  did  f ind a s i g n i f i c a n t   p o s i t i v e   c o r r e l a t i o n  
between muscle  mercury  content and f i s h   s i z e   f o r   D o l l y  Varden i n   t h e   F r a s e r  
R i  ver . 

The highest  concentrat ions  of   mercury  are  detected i n  such t issues 
as t h e   l i v e r  and kidney  but  they  are slowly eliminated  from  these  organs and 
subsequently  accumulate i n   t h e  muscle  (Garrett e t  a1 , 1980).  Mercury  uptake 
would f i r s t  become apparent i n   t h e   l i v e r  due t o   i t s  higher  metabolic  rate. 
The mercury l e v e l s   i n  musc le   t i ssue  o f   the  South and Lower Thompson River 
ra inbow  t rout   are  s imi lar   to   those  o f   Fraser   River   sa lmonids  (Table 4 ) .  The 
muscle  t issue  mercury  level s are  approximately an o r d e r   o f  magnitude  lower 
than  the  federal Food and Drug  Di rectorate 0.5 ug/g Hg (wet  weight) 
admin i s t ra t i ve   gu ide l i ne   f o r   f i sh   f o r  human consumption  (Stancil,  1980). 

The mean mercury  content   for   mounta in   whi te f ish  l iver   t issue was 
0.077 ug/g (SD = 0.020) and 0.061 ug/g (0.010) fo r   the   Nor th  and Lower 
Thompson Rivers  respect ively  (Table 5, Figure 3 ) .  Mountain  whitef ish samples 
were no t   ob ta ined   f o r   t he  South Thompson River. The mean mercury  content o f  
mountain  whi tef ish  muscle  t issue was 0.071 ug/g (0.037) fo r   the   Nor th  
Thompson River and 0.071 ug/g  (0.007) f o r   t h e  Lower Thompson River  (Table 5). 
The sf t e   o f   f i s h  f rom  both  r ivers  was comparable (x’ wgt = 288 g fo r   Nor th  
Thompson River and 7i wgt = 289 9 f o r  Lower Thompson River). Mercury l e v e l s  
are  approximately and order  of   magnitude  lower  than  the 0.5 ug/g  .food 
consumption  guide1  ine. 
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3.2.2 Copper. The mean copper c o n t e n t   f o r   r a i n b o w   t r o u t   l i v e r   t i s s u e  
was h igh l y   va r iab le  and espec ia l l y  so f o r  South Thompson R i v e r   f i s h  
(Table 3). The mean copper  content o f  rainbow t r o u t  muscle  t issue was  much 
lower   than  the   l i ve r   t i ssue.   L iver   t i ssue mean concentrat ions were 71, 24 
and 9 t imes  greater  than  muscle  t issue  for  the  North, South and Lower 
Thompson Rivers  respect ively.  The mean copper  content  for  rainbow  trout 
muscle t i ssue  was 0.62 ug/g (S.D. = 0.131, 1.71 ug/g (0.89) and 2.87 ug/g 
(1 .44)  for   the  North,  South and Lower Thompson R ivers   respec t ive ly  
(Figure 4). South and Lower Thompson River  muscle ti ssue copper l e v e l s  were 
higher  than  for   the  North Thompson River   but   on ly   the Lower Thompson  mean  was 
s i g n i f i c a n t l y   g r e a t e r   ( p  < .05). The reason f o r   t h i s   i s   n o t   c l e a r   b u t  may 
r e f l e c t   d i f f e r e n c e s  between the   s ize  o f  f i s h  as we l l  as d i f f e r e n c e s   i n   t h e  
m ine ra l i za t i on   o f   t he   d i f f e ren t   d ra inages .  The presence o f  copper deposits 
i n  t h i s   p a r t  o f  the  region i s  exempl i f ied by the  Af ton Copper Mine 
(Figure 1). Northcote (1975) d i d   n o t   f i n d  any r e l a t i o n s h i p  between muscle 
copper  content and f i sh   s ize   fo r   ra inbow  t rou t .   S ing le ton  (1983) reported a 
s i g n i f i c a n t   b u t   l o w   p o s i t i v e   c o r r e l a t i o n  between  muscle  copper content and 
f i s h   s i z e   f o r   D o l l y  Varden. He f e l t  however t h a t  copper  content was probably 
independent o f   f i s h   s i z e .  Shearer (1984) repor ted  that   for   hatchery- reared 
rainbow t r o u t  (ova t o  1500 g)  the  concentrat ion  of   a l l   e lements  (except K ) ,  
i n  the  muscle o f   f i s h  > 10 g, remained constant  despi te  increasing  f ish 
weight. He reported a l i v e r   t o  muscle  copper r a t i o  o f  171:l (E l i v e r  
= 101 ug/g, ji muscle = 0.59 ug/g).  Wilson e t  a1 , 1980 assessed the 
r e l a t i o n s h i p  between t issue  copper   leve ls   (muscle,   l iver )  and water  copper 
concentration. They d i d   n o t   f i n d  an.y obv ious  re la t ionship between muscle 
copper  content and f i s h   s i z e   n o r  between muscle  copper  content and the  copper 
concentrat ion i n  the  water.  Wilson e t  a1 , 1980 d i d   f i n d   t h a t   l i v e r  copper 
content  d id  increase  wi th  increased  water  concentrat ions and a l s o   w i t h   f i s h  
s ize i n  several o f   t he   l oca t i ons .  

The  mean muscle  t issue  copper   leve ls   for   the South and  lower 
Thompson River  ra inbow  t rout   are  h igher  than  for   other  salmonids  f rom  the 
Fraser  River  whi le  North Thompson River mean l e v e l  s a r e   s i m i l a r  (Tab1 e 4 ) .  
The sample s i z e   f o r  1 i v e r   t i s s u e s   i n   t h i s   s t u d y  was n o t   l a r g e  enough t o  
adequately  assess  differences between the  three  r ivers .  
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The  mean copper content   for   mounta in   whi te f ish muscle t i ssue  was 
s i g n i f i c a n t l y   g r e a t e r   ( p  < -05) i n  Lower Thompson River   f ish  than  Nor th 
Thompson R i v e r   f i s h  (2.38 ug/g compared t o  0.75 ug/g)  (Table 5, Figure 4 ) .  
Samples were not   co l lected  f rom  the South Thompson River. Mean 1 i v e r   t i s s u e  
copper l e v e l s  were 1.6 t o  3.8 t imes  higher  than  muscle  t issue  for  North and 
South Thompson Rivers  respect ively.  

Muscle t i ssue  copper levels  are  well   below  the  former 100 ug/g  (wet 
weight)  federal Food and Drug D i rec to ra te   regu la t i on   e f fec t i ve  between 1975 
t o  1978 (S tanc i l  , 1980). 

3.203 - Zinc. The mean z i n c   c o n t e n t   f o r   r a i n b o w   t r o u t   l i v e r  was 
comparable  between a1 1 r i v e r s ,  as was the muscle t issue  content  (Table 3,  
Figure 5) .  The  same  was t r u e   f o r  mountain  whitef ish  (Table 5, Figure 5) .  
For  ra inbow  t rout ,   the  rat io o f  1iver:muscle  zinc  content was 5:l and i s  

s i m i l a r  t o  that   repor ted  by Shearer (1984) (5.3:l). 
Wilson e t  al., 1980 repor ted  that   there was no obv ious  re la t ionship 

between muscle  t issue  metal  content and s i z e   o r  age o f   t rou t ,   no r  between 
f lesh  content  and the   concent ra t ion   o f   z inc  i n  the  water.   L iver  z inc  levels 
did  increase  wi th  increased  z inc  concentrat ions i n  the   water   bu t   no t   w i th  
increased  f ish  s ize.  Holcornbe e t  a1 . , 1979 repo r ted   t he   z inc   l eve l s   i n  
muscle d id   not   increase with increased  z inc  leve ls   in   the  water  whereas l i v e r  
t issue  leve ls   d id .  

Thompson R i v e r   f i s h   z i n c  1 eve1 s are comparable t o   l e v e l  s f o r  
salmonids  from  the  Fraser  River (Tab1 e 4 ) .  Level s are we1 1 bel  ow the  former 
100 ug/g  (wet  weight)  federal Food and Drug D i r e c t o r a t e   r e g u l a t i o n   e f f e c t i v e  
between 1975 t o  1978 (S tanc i l  , 1980). 

3.2.4 Cadmium,  The cadmium conten t   o f   ra inbow  t rou t  and mountain 
w h i t e f i s h   m u s c l e   t i s s u e   f o r   a l l   t h r e e   r i v e r s  was below  detectable  levels 
(Tables 3 and 5) .  For  rainbow  trout,  the mean cadmium l i ve r   t i ssue '   con ten t  
was greater   for   Nor th Thompson R i v e r   f i s h  (0.56 ug/g)  than  South and Lower 
Thompson R i v e r   f i s h  (0.14 ug/g)  (Table 3). The same pattern, was t r u e   f o r  
mounta in   wh i te f i sh   l i ve r   t i ssue  (Nor th  Thompson i( = 0.18 ug/g, Lower Thompson 
R = < .09 ug/g) bu t   the  sample s i ze  was even smal ler   than  for   ra inbow  t rout  
1 ivers)   (Table 5) .  
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Wilson e t  a1 ., 1980 d i d  n o t  f i n d  any obvious relationship between 
cadmium  muscle concentrations and the size or age of trout, nor between the 
muscle concentrations and the  concentration of cadmium i n  the water. They 
d i d  report t h a t  liver cadmium concentrations  increased w i t h  increased cadmium 
concentrations i n  the water. Cadmium liver concentrations  increased w i t h  
fish length, weight and age a t  several of the locations. 

Benoi t e t  a l . ,  1976 reported t h a t  kidney, liver and g i l l  tissue 
accumulated the greatest amounts of cadmium a t  each  exposure concentration. 
No s igni f icant  increases i n  cadmium edible muscle content were  measured a t  
any exposure concentrations. 

I 
i 
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