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ABSTRACT 

I The meta l   leve l  s o f  coho  and  pink  salmon  eggs  incubated i n   t h e i r  
natural  environment  were  monitored as p a r t   o f  a da ta   co l l ec t i on   p rog ram  p r i o r  

t o   t h e  development o f  a proposed  gold  mine.  Prel iminary 1981 coho  data 

ind icated  the  poss ib le   accumulat ion  o f   mercury  dur ing  incubat ion.  However, 
a d d i t i o n a l  samples o f  coho  salmon eggs and p ink  salmon  eggs d i d   n o t   i n d i c a t e  
any accumulation. Copper  and  sodium showed the  greatest   d i f ferences  between 

u n f e r t i l i z e d  and late-eyed  eggs  for   both  species.  
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Dans l e  cadre  d 'un programme d e   c o l l e c t e   d e  donn'ees e n t r e p r i s  

avant  l a  mise en   exp lo i t a t ion   d ' une  mine d ' o r  non encore  confirm'ee,  on 

a s u r v e i l l ' e  l e  n iveau   de   concent ra t ion   des  m'etaux dans les oeufs   de  

saumon Coho e t  de saumon rose   incub 'es   dans   l eur   mi l ieu   na ture l .  Les 

donn'ees pr ' e l imina i res   de  1981 concernant  l e  saumon Coho o n t   l a i s s ' e  

pr 'evoir  une  accumulation  de  mercure  durant  l ' incubation.  Cependant,   de 

nouveaux  'echantil lons  d 'oeufs  de saumon Coho e t  de saumon rose   n 'on t  

r'ev'el'e aucune  accumulation.  Pour les deux  especes ,  c'est l e  c u i v r e  e t  

l e  sodium q u i   o n t  montr'e les p lus   g rands   ' e ca r t s   en t r e  les oeuf s  non 

f'econd'es e t  l e s  oeufs   arr iv 'es   au  dernier   s tage  de  dgveloppement   des  

y e w .  
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SUMMARY 

Metal 1 eve1 s o f   p i n k  and  coho  salmon eggs incubated i n   t h e i r  

natural  environment were monitored as p a r t   o f  a pre-development  baseline  data 
program for  the  proposed  Cinol  a go1 d mine on  Graham I s 1  and, Queen  Char1 o t t e  

Is lands.  Coho eggs c o l l e c t e d   i n  1981/82 i nd i ca ted   t he re  was a p o t e n t i a l  
accumulation o f  mercury i n  eggs co l lec ted   f rom  Barb ie  Creek. However, 
a d d i t i o n a l  samples o f   p i n k  salmon  eggs from  the Yakoun R iver  and  coho  salmon 

eggs from  Barbie Creek d i d   n o t   i n d i c a t e  any accumulation.  For  both  coho  and 

p ink  salmon, the re  was a s i g n i f i c a n t  decrease i n   t h e  copper  and  sodium 
conten t  o f  la te-eyed eggs r e l a t i v e   t o   u n f e r t i l i z e d  eggs. 

M e t a l   l e v e l s   i n  salmon  eggs may serve as a t o o l   t o  assess  metal 
contamination  of  spawning  grounds. However, f u r t h e r  work i s   r e q u i r e d   t o  

assess  threshold  leve ls   o f   uptake and f i e 1  d procedures. A program 
incorporat ing  water   qual  i ty, sediment  qual i ty and  salmon egg development 
could  provide  useful   background  data t o  assess  mine  projects. 
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1 INTRODUCTION 

In July 1980 Consolidated Cinola Mines Ltd.  submitted a Stage I 
report t o  the Provincial  Steering Committee for Development of New Mines 
(Fann ing  and Griffing 1980). The report summarized t h a t  the ore, waste rock, 
soil s and t a i l  ings may contain anomalously h i g h  level s of mercury and other 
heavy metals. The Cinola project ( g o l d  mine) i s  located on Graham Is 
(Queen  Char1 otte  Islands) and was identified as hav ing  a potential 
impacting upon the anadromous fishery resources of the Yakoun R 
drai nage. 

" 

Garside 1982) and t h a t  embryos and i 

metals i n c l u d i n g  mercury ( B i  rge " e t  a1 . 
their natural environment could potentia 
metal Contamination (especially mercury) 

1 and 
f o r  

i ver 

I t  has  been  we1 1 established t h a t  many trace metals w h i c h  enter 
natural water accumulate t o  h i g h  levels in  sediments. Clastic stream 
sediments serve as spawning substrates for Pacific salmon and resident  trout. 
I t  i s  important t o  maintain the qual i ty  o f  these  areas. Several researchers 
have reported t h a t  salmon  eggs do accumulate  mercury and other metals 
(Wedemeyer 1968, Zeitoun e t  a l .  1976, Servizi and Martens 1978, Rombough and 

3levin concentrate sediment-released 
1977).  Salmonid eggs incubated i n  

l l y  serve as a useful tool t o  monitor 
o f  spawning  grounds. 

As part of a pre-development d a t a  collection program the 
Environmental Protection Service (Department of Environment)  undertook a 
monitoring program t o  assess background  metal level s i n  coho and p i n k  salmon 

eggs.  This report  presents da ta  on the metal content of salmon  eggs 
collected between  1981 and 1984 from the Yakoun River drainage. The trace 
metal levels of Yakoun River and tributary stream  sediments  has  been reported 
by Derksen 1985. 
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STUDY AREA 

The area o f  the  proposed  Consol i dated Ci no1 a go1 d mine i s  shown on 
F igure  1. Coho salmon  have  been  observed t o  spawn a t  several  1  ocations i n  
Barbie  Creek  which  transects  the  mine  development  area.  Large numbers o f  
p ink  salmon (even  year  cycle) spawn downstream  and upstream o f  Barbie  Creek. 
Gold Creek  which  enters  the Yakoun River  upstream o f  Barb ie Creek i s  a  major 
coho  spawning  area.  Areas  where  salmon  eggs  were co l   l ec ted   a re  shown on 
F igure  1. 
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3 METHODS 

3.1 Laboratory  
Metal  analyses  were  performed a t   t h e  EPS/DFO l a b o r a t o r y   i n  West 

Vancouver  (Anon  1979,  Appendix I ) .  The 1981/82  mercury  samples  were  analyzed 
by  Flameless  Atomic  Absorption  spectrophotometry.  Later  mercury samples  were 
analyzed on  a Pharmica Model 100  Mercury  Monitor. A1 1 the   o ther   meta ls  were 
a n a l y z e d   b y   I n d u c t i v e l y   C o u p l e d   A r g o n   P l a s m a   ( I C A P )   e m i s s i o n  

spectrophotometry. ICAP analy t ica l   procedures  are  rout ine ly   checked  against  

NBS r e f e r e n c e   ( b o v i n e   l i v e r )  samples  (Table  1).  There i s  a  good agreement 

between mean r e s u l t s   o f  I C A P  analyses and re fe rence   t i ssue   l eve l s .  

TABLE 1 NBS REFERENCE  SAMPLES 

METAL 

(ug/g 1 

(wet   weight )  

cu  
Zn 
Fe 
Ca 

Na 
Mg 

EPS I NBS REFERENCE 

Bov ine   L iver  NBS 1577 Bov ine   L iver  NBS 1577 
- 
X S.D. I X S.D. 

- 

199 
146 
263 
125 
580 

2330 

10 
8 
9 

12 
23 
97 

193 
130 
270 
123 
605 

2430 

10 
10 
20 

. 130 

3.2 F ie1  d 
Between  1981  and  1983 t h e   f i e l d  approach t o  ob ta in  salmon  eggs t o  

assess  metal  content changed. 

3.2.1 1981  Pre l iminary  Evaluat ion o f  Coho 'Salmon Eggs. I n  
mid-October 1981,  egg samples  were c o l  1 ec ted   f rom  th ree   r i pe  coho  salmon  from 
the  Yakoun River.  The eggs  were c a r e f u l l y   s t r i p p e d  and  placed  (using 

d i sposab le   g loves )   i n to   wh i r l  pac  sample  bags  and then  frozen. On March 11, 

1982-pre-hatch eggs ( late-eyed  stage)  f rom  three  gravel   areas  of   Barbie  Creek 

L 

15 

Icc 
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February 
i n  lower 
sampled 
eggs* 

were collected. Spawning was observed a t  these sites the  previous fa1 1.  A 

hydraulic sampler was  used t o  s t i r  up the redd area which  was enc-ircled w i t h  
a modified  Hess circular sampler. The  eggs drifted downstream in to  the 
sampler net. The contents of the net were placed i n t o  a clean polyethylene 
bowl and 1 ive eggs  were  removed w i t h  clean plastic tweezers. Eggs  were 
rinsed w i t h  dist i l  1 ed water from a squirt  bottle, placed i n  whirl pac bags 
and then frozen over dry ice. Three  samples of eyed  eggs  were col 1 ected b u t  
whether  they  were  from distinct redds of three  different a d u l t s  or several 
pockets from the same female i s  not known. The section of creek was only 
60 cm across and consisted of small areas of road bed gravel overlying a peat 
base. 

3.2.2 1982 Evaluation o f  P i n k  and Coho Salmon Eggs. On September 14, 
1982 egg  sampl es were stripped from ten ripe p i n k  salmon netted from a 
spawning area downstream of Barbie Creek (Figure 1).  Eggs  were stripped i n t o  
a clean polyethylene bowl , poured i n t o  whirl pac  bags and then frozen over 
dry ice. Pre-hatch eggs (1 ate-eyed stage) samples  were collected from 
spawning areas downstream and upstream of Barbie Creek on November 24, 1982. 
The p i n k  salmon  eggs  were col lected from previously marked redds w i t h  a 
hydraul i c  sampler and net. The contents of the net were placed i n  a clean 
polyethylene sample bowl, 1 ive eggs  were  picked w i t h  clean plastic tweezers, 
rinsed w i t h  distilled water from a squirt  bottle, placed i n  a whirl pac and 
then frozen over dry ice. The eggs had j u s t  begun t o  hatch as a few alevin 
were  noted i n  a few of the net samples. 

Coho salmon  eggs  were obtained from five  ripe females collected 
from the Yakoun River i n  mid-October 1982. One sample  was collected from 
Barbie Creek on October 26, 1982. The  eggs  were stripped and carefully 
pl aced (using disposable gloves) i n t o  whirl pac bags and then frozen. On 

from two areas 
from two areas 

ion as the p i n k  

24, 1983 coho eggs (1 ate-eyed stage) were col 1 ected 
Barbie Creek ( just  above Yakoun River confl uence) and  

i n  spring 1982. Samples  were treated i n  the same fash 
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3.2.3 1983 Evaluation of Coho Salmon Eggs. I n  1983 a - d i f f e r e n t  
approach was taken t o  assess metal levels over the incubation period. The 
intent was t o  o b t a i n  eggs  from six parental females, ferti 1 i r e  them 
individually  onsite and then p l a n t  duplicate boxes of 200 eggs/per box i n  
Barbie  Creek and Gold Creek.  However, only a limited sample size was 
obtained due t o  d i f f i c u l t y  i n  ob ta in ing  brood stock. While flows i n  Gold 
Creek  were condusive t o  p l a n t i n g  the boxes,  flows i n  Barbie Creek  were  very 
h i g h  and i t  was difficult t o  place the boxes.  Eggs  from three females were 
obtained from Gold Creek on November 1, 1985, fertilized and water  hardened 
for  three  hours.  The water  hardened  eggs were p l  aced  in 
12 cm x 7.0 cm x 15 cm acid washed polyethylene sample bottles t h a t  had been 
previously drilled w i t h  2.5 mm holes. The  sample bottles were filled w i t h  
a c i d  washed 3.5 cm d iameter   f l ex i r ings .   Dup l ica te   bot t les   fo r  each  female 

were pl aced i n  Go1 d Creek and from two femal es i n  1 ower Barbie  Creek. The 
bottles were recovered March 28,  1984. 

From  each parental female duplicate samples for metal analysis were 
taken from unfertilized and three hour Go1 d Creek water  hardened  eggs. One 
sample  from  each  egg box was col lected. A sample  was analyzed with the 
chorion and w i t h o u t  the chorion. The chorion was  removed using clean 
stainless  steel tweezers. By March 28,  1983 some of the eggs had begun t o  
hatch. Percent mortality was determined from the dead and live egg count. 
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4 RESULTS AND DISCUSSION 

4.1  1981 Pre l   im inary   Eva l   ua t ion  o f  Coho Salmon  Eggs 
The r e s u l t s   f o r   t h e  coho  salmon  eggs c o l l e c t e d   i n  1981/82  are 

r e p o r t e d   i n   T a b l e  2. The r e s u l t s   i n d i c a t e   t h a t   t h e r e   i s  a s i g n i f i c a n t l y  
h igher   (T- tes t ,  p < .05) mercury  content i n   t h e  eyed  egg (E = .23 ug/g dry 

w e i g h t )   t h a n   t h e   u n f e r t i l   i z e d  eggs (X = 0.12 ug/g) . Other  inorganic 

c o n s t i t u e n t s   t h a t  were s i g n i f i c a n t l y   d i f f e r e n t   i n c l u d e d   c o p p e r  and  sodium 
which  were  lower i n  eyed eggs. Compared t o   t h e   o t h e r  two  samples, one eyed 

egg  sample  appeared t o  have anomalously 1 ow l e v e l  s o f  calcium, magnesium  and 

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

conducted to   con f i rm   the   h ighe r   mercu ry  1 eve1 i n  devel  oping eggs. 

4.2  1982 Eva lua t ion  o f  Pink  and Coho Salmon Eggs 
The r e s u l t s   f o r   t h e   p i n k  salmon  eggs c o l l   e c t e d   i n  1982 are   repor ted  

i n  Table 3 (Appendix 11). The r e s u l t s  do n o t   i n d i c a t e  any s i g n i f i c a n t  

d i f f e r e n c e  between the   mercu ry   con ten t   o f   un fe r t i l   i zed  and eyed  eggs  from  the 

Yakoun R i  v e r .   I n o r g a n i c   c o n s t i t u e n t s   t h a t   d i d   i n d i c a t e   s i g n i f i c a n t  
d i f f e rences   (T - tes t ,  p < .05) inc luded  ca lc ium  which was g r e a t e r   i n   t h e  eyed 
egg  and copper, i r o n  and  sodium  which were lower. 

The r e s u l t s   f o r   t h e  coho  salmon  eggs c o l l e c t e d   i n  1982/83 a re  

repo r ted   i n   Tab le  4. There i s  no s i g n i f i c a n t   d i f f e r e n c e  between the  mercury 
c o n t e n t   o f   u n f e r t i l   i z e d  eggs  and eyed eggs from  Barbie Creek. Values  were 
less  than  the  upper   detect ion limit o f  0.05 ug/g i n   a l l  cases. Inorgan ic  
c o n s t i t u e n t s   t h a t   d i d   i n d i c a t e   s i g n i f i c a n t   d i f f e r e n c e s   ( p  < .05) i nc luded  

i ron   wh ich  was g r e a t e r   i n  eyed eggs  and copper  and  sodium  which were l o w e r   i n  
eyed eggs. The coho  eyed  egg  samples #3 and #4 f rom one Barb ie  Creek  s i te  

had much h i g h e r   i r o n   l e v e l s  (135-188  ug/g)  than  those  from  the sample #1 and 

#2 s i t e  (53.5-78.6 ug/g). 

4.3  1983 Eval   uat ion o f  Coho Salmon  Eggs 
The r e s u l   t s   f o r   t h e  coho eggs co l  1 e c t e d   i n  1983/84  are  reported i n  

Table 5. Resul ts  do n o t   i n d i c a t e  any s i g n i f i c a n t   d i f f e r e n c e s  between the  

mercu ry   con ten t   o f   un fe r t i l   i zed  eggs  and eyed eggs from Go1 d Creek o r   Ba rb ie  
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TABLE 3 PINK SALMON  EGGS 1982 - METAL  CONTENT 

METAL 

(ug/g  dry  weight) 

Hg 

cu 

Zn 

Fe 

Ca 

Mg 

Na 

UNFERTILIZED EGGS* 

- 
X 

.04 

15.0 

50.8 

57.7 - 
1340 

1400 

2080 

S.D. 

.03 

2.3 

9.0 

13.3 

59 

98 

370 

n 

10 

10 

10 

10 

10 

10 

10 

- 
X 

.06 

3.2 

52.6 

47.2 

- 

EYED EGGS** 

1530 

1390 

680 - 

S.D. 

.04 

.3 

4.4 

3.9 

68 

96 

140 

* c o l l e c t e d  September 14,  1982 downstream o f - B a r b i e  Creek 

** c o l l e c t e d  November 24,  1982 upstream and  downstream of  Barbie  Creek 

= underl ined means a r e   s i g n i f i c a n t l y   d i f f e r e n t  - 

- 

n 
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Creek. I n o r g a n i c   c o n s t i t u e n t s   t h a t   d i d   i n d i c a t e   s i g n i f i c a n t   d i f f e r e n c e s  
inc luded  i ron   wh ich  was g r e a t e r   i n  eyed  eggs  and  copper  and  sodium-.which  were 
l e s s   i n  eyed eggs. D i f fe rences  between the  eyed eggs from  Gold  Creek and 
Barb ie Creek i n c l u d e d   h i g h e r   l e v e l s   o f   i r o n  and l o w e r   l e v e l s   o f  sodium i n  

Barb ie Creek  eggs. After  water  hardening  the  sodium  content was 743 ug/g 
compared t o  1840 ug/g i n   u n f e r t i l i z e d  eggs. While  Barbie Creek la te-eyed 

eggs maintained a low  sodium  level  (512  ug/g)  the  late-eyed eggs i n  Gold 
Creek  had a mean concen t ra t i on   o f  1330  ug/g. 

The mean s u r v i v a l   o f  eggs i n  baskets  from  Gold Creek was 85% w h i l e  
i n   B a r b i e  Creek it was 12%. Add i t iona l   hand l ing  and t r a n s p o r t   o f   w a t e r  
hardened  eggs  p lus  adverse  f low  condi t ions  dur ing  the  p lant ing  would  have 

reduced  surv iva l   o f   Barb ie  Creek  eggs. I n   a d d i t i o n ,   B a r b i e  Creek  baskets 
were heavily  sedimented compared t o  Gold Creek baskets. 

4.4 Metal  Content o f  Salmon Eggs and A lev in  
F1 e tcher  and  King 1978 r e p o r t e d   t h a t   f o r   m i g r a t i n g  sockeye salmon, 

concentrat ions  o f   copper  and z i n c  were s i g n i f i c a n t l y   l o w e r   i n  mature  ovaries 
t h a n   o v a r i e s   o b t a i n e d   a t   t h e   i n i t i a t i o n   o f   t h e  spawning  migration.  Calcium 

and magnesium c o n c e n t r a t o n s   d i d   n o t   d i f f e r  between the  two  groups. However, 

t h e   t o t a l  amount (per  100 g body  weight)   of   z inc,   calc ium and  magnesium i n  
the   ovar ies  was s i g n i f i c a n t l y   g r e a t e r   a t   t h e  end o f   t h e  spawning m ig ra t i on  

w h i l e   c o p p e r   d i d   n o t   d i f f e r .  They hypothes ized  tha t   a lmost   a l l  o f  the  
ovar ian  z inc,   ca lc ium and  magnesium was obtained  f rom body s tores  o ther   than 

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

ovar ies.  
Wedemeyer 1968 r e p o r t e d   t h a t   f o r  coho  salmon eggs, the  eggs 

accumulated  zinc i n   t h e   p r o p o r t i o n   o f   a p p r o x i m a t e l y  70%  bound to   t he   cho r ion ,  

26% i n  t h e   p e r i v i t e l l i n e   f l u i d ,   a b o u t  2% i n   t h e   y o l k  and about 1% i n  the 

embryo. Z inc  uptake  invo lved  phys iochemical   sorpt ion  to   the  chor ion  together  

w i t h   p a s s i v e   d i f f u s i o n   i n t o   t h e   y o l k  and embryo. S e r v i z i  and Hartens,  1978 
exposed  sockeye  and p ink  salmon  eggs t o  cadmium, copper and mercury. They 

repor ted  that   the  copper   content   o f   eyed  p ink salmon  eggs  exposed t o  copper 

was propor t ional   to   the  exposure  concentrat ion.  Sockeye  and p ink  salmon  eggs 

and a lev in   concen t ra ted   mercu ry   i n   p ropor t i on   t o   t he   l eve l   o f   exposure .  

L 

L 
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Klaverkamp " e t  a1 1983 r e p o r t e d   t h a t   p r e l i m i n a r y   s t u d i e s   i n   t h e i r   l a b o r a t o r y  
suggested t h a t  selenium, but  not  mercury,  accumulation i n   l a k e   - t r o u t  eggs 
depends  upon t h e   i o n i c   s t r e n g t h   o f   t h e   s o l u t i o n   s u r r o u n d i n g   t h e  eggs. 

Rombough and Garside 1982 repo r ted   t ha t  cadmium uptake  by  At1  antic salmon 
eggs was r a p i d ,   w i t h  dose-dependant s a t u r a t i o n  1 evel  s reached  w i th in  24 hours 

and main ta ined  un t i l   ha tch .  The cadmium content  o f  newly  hatched  alevins 

was much l o w e r   b u t   d i r e c t l y   p o r p o r t i o n a l   t o   t h a t   o f  eggs. The r e l a t i v e l y   l o w  

c o n c e n t r a t i o n   i n  newly  hatched  alevins  indicated  that   most  of   the  metal  i n  
t h e  egg was assoc ia ted   w i th   the  zona rad ia ta   ( cho r ion )   bu t   app rec iab le  
amounts penetrated  the zona r a d i a t a  and  were  absorbed  by t h e  embryo. 

Peterson " e t  a1 1985 r e p o r t e d   t h a t   f o r   A t l a n t i c  salmon eggs, t ha t   usua l l y   mos t  

o f   t h e  cadmium i s  taken up  by the  chor ion and the  yo1 k accumulates  the  least. 
Chor ionic cadmium concentrat ions were g r e a t l y  dependent on incubat ion  pH and 

w i t h   l e v e l  s much lower   a t   l ower  pH l e v e l  s. Dabrowski 1976 r e p o r t e d   t h a t   t h e  

accumu la t i on   o f   a rsen ic   i n   ra inbow  t rou t  eggs was r e l a t e d   t o   t h e   a r s e n i c  

concent ra t ion  and to   t he   a rsen ic  compound used. 

Seim " e t  a1 1984 r e p o r t e d   t h a t  who1 e- a l e v i n  copper  concentrat ions 
ind icated  concentrat ion-dependent   b ioaccumulat ion.   In termi t tent   exposure 
produced  greater  copper  bioaccumulation  than  continuous  exposures  producing 

the  same d a i l y  mean exposure  concentrat ion.  Metal  content i n  eggs was n o t  

measured. B i r g e  " e t  a1 1977 r e p o r t e d   t h a t   t r o u t  embryo and a1 e v i n  
concentrated  sediment-released  mercury  to  high 1 evel s i n  t h e   t i s s u e .   I n  
a d d i t i o n ,   t r o u t  eggs cu l tured  over   natura l   sediments  wi th   vary ing  degrees o f  

metal  contamination gave ha tch ing   f requenc ies   wh ich   cor re la ted   c lose ly   w i th  
l e v e l s  o f  sediment  metal  contamination. 

4.5 Future  Study Needs t o  Assess  Spawning  Stream  Qual i ty Re1 a t i v e  t o  
Sens i t i ve   M ine   S i te  Developments 

When a mine  development i s   loca ted   near   sa lmon id   bear ing   s t reams 
and  the  potent ia l   for   impact  i s  pe rce i ved   t o  be high,  then a h i g h   l e v e l   o f  
basel ine  moni tor ing  should be  conducted. The potent ia l   sources  o f   impact  on 

a stream  would l i k e l y   i n c l u d e   s e d i m e n t a t i o n   d u r i n g   c o n s t r u c t i o n  and  mine 

operat ions  p lus heavy  metal  contamination i f  point  source  discharges  occur. 

Mon i to r ing   migh t   genera l l y  encompass four  aspects:  sediment  qual i ty 
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(pa r t i c l e   s i ze ,   pe rmeab i l i t y ) ;   su r face  and in t rag rave l   wa te r   qua l i t y ;   me ta l  

content  o f  f i n e  sediment f r a c t i o n s  and  egg t o  f ry surv iva l - .  and  metal 

content.  
Dur ing  the  process o f  c o l l   e c t i n g  base1 ine   da ta   fo r   the   p roposed 

Cinola go1 dmine, several methods  were  used t o   e v a l u a t e   d i f f e r e n t   a s p e c t s   o f  
streambed q u a l i t y .   L i k e   t h e   r e s u l t s   o f   t h i s   s t u d y ,  some o f   t he   base l i ne   da ta  

i s   o f  a developmental  nature  (Derksen 1985, Derksen  1986). A study  approach 
t o  assess  the  spawning  ground  quality o f  a reas   tha t   cou ld  be impacted upon i s  
presented i n  Appendix 111. Methods  development  and  continued  research  using 
the egg  and a1 ev in  s tages i s  viewed as  an area   tha t   cou ld  be valuable i n  the  
environmental  assessment o f  mine  developments. The i n i t i a l  approach  might be 

o f   t h e   t r a d i t i o n a l   n a t u r e  and inc lude an  assessment of   gravel   qual  i t y  and 

wa te r   qua l i t y .  I f  any o f  t hose   ca tegor ies   i nd i ca te   de te r io ra t i ng   qua l i t y ,  
then  instream work t o  assess  impacts on the  egg/alevin  stages  could  be 

i n i t i a t e d .   A l t e r n a t i v e l y ,   t h e  assessment o f  egg o r   a l e v i n   q u a l i t y   i n   t e r m s  

o f  metal   content and incubat ion  success  might be incorporated as p a r t   o f   t h e  
i n i t i a l   b a s e l i n e   e v a l u a t i o n .  
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APPENDIX I GENERAL  BIOTA  PREPARATION  PROCEDURE 

1) Label  and  weigh a s u f f i c i e n t   s u p p l y   o f   c l e a n   p l a s t i c   v i a l s .  Use 
computer  program #BIOWT t o   s e t  up  a weight f i l e   ( o r   t o  add t o  an 

e x i s t i n g   f i l e )  and  use the   fo l low ing   convent ions :  

a )   V i a l s   a r e   i d e n t i f i e d   b y  a " v i a l  number'' - t h e   v i a l  number c o n s i s t s   o f  
a l e t t e r   p r e f i x  and  a  number su f f i x ,   i . e .  "623". 

The p r e f i x  1 e t t e r  "A" i s  reserved  fo r   re fe rence  mater ia l  s and should 

n o t  be  used f o r   r e g u l a r  samples. 

b )   B i o t a   w e i g h t   f i l e  names s h o u l d   c o n s i s t   o f  a s i n g l e   l e t t e r   p r e f i x  

fo l lowed  by a s e r i e s   o f  numbers a n d / o r   l e t t e r s ,   t o  maximum o f   s i x  

characters,   i .e.  "P1015A". The f i r s t   l e t t e r   i n   t h e   f i l e  name should 

be t h e  same as t h e   p r e f i x  1 e t t e r  used f o r  a1 1 v i a l  numbers, i .e. P46, 
used i n   t h a t   f i l e .  The f i l e  name "SRM" i s  reserved  for   s tandard 

reference  mater ia l  s and a1 1 v i a l  s i n   t h i s   f i l e  should  have "A" as 

t h e i r   p r e f i x   l e t t e r .  

c )  The maximum  number o f   e n t r i e s   i n  a weight f i l e   i s  199, try t o  have 
100-150 e n t r i e s   f o r  maximum e f f i c i e n c y  and a  minimum  number o f   a c t i v e  

f i l e s .  

d )   A s s i g n   p r e f i x   l e t t e r s   i n   a l p h a b e t i c a l   o r d e r ,   s t a r t   w i t h  "B" i n   t h e  
beg inn ing   o f   the   year .  Some ongoing  pro jects  may warrant   ass ign ing a 

s i n g l e   l e t t e r   f o r   a l l  samples i n   t h a t   p r o j e c t .  

2)  Homogenize wet   t i ssue samples i n  a s ta in1  ess  s tee l   b lender  ( i f  samples 

are  smal l  enough t o  f i t  i n t o   v i a l ,   t h i s   s t e p  may be o m i t t e d ) .   F i l l  a 
l abe l   l ed   v ia l   app rox ima te l y  3/4 f u l l   w i t h   t i s s u e  homogenate. Rinse  the 

blender we1 1 w i th   de ion ized  water  between  samples. 

3 )  Weigh v i a l  t wet sample. 
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4 )  Cover  sample v i a l  s w i t h  a "Kimwipe",  securing i t  w i t h  a rubber band, 
p l  ace  samples i n   f r e e z e r  and f reeze  so l  id.  Exerc ise  care wtien cover ing 
samples - rubber bands c o n t a i n   s i g n i f i c a n t   l e v e l s   o f   z i n c  and cadmium. 

5 )  Place  f rozen samples i n t o   f r e e z e   d r i e r ,   a l l o w   a t   l e a s t  24 h o u r s   t o  dry - 
excessively  wet samples  and a " loaded' '   f reeze  dr ier  may ex tend  d ry ing  
t i m e   t o  two o r   t h ree  days. 

6 )  Weigh v i a l  + d ry  sample. 

7 )  Pu lve r i ze   d ry  sample i n  a co f fee   g r inder   o r   Wi ley  mill. Clean  cof fee 
g r i n d e r  we1 1 between  samples  by b low ing   ou t   w i th  compressed a i r .  

E x c e s s i v e l y   o i l y  samples may c o a t   t h e   g r i n d e r ,   t h i s   d e p o s i t  may be 
removed by g r i n d i n g  one o r  two 1 oads o f  r i ce ,   c lean ing   g r i nde r  w i t h  a 

KIMWIPE and then  b lowing   ou t   w i th  compressed a i r .  Very smal 1 samples 
may be  pu l   ver i  sed  by us ing a g lass   rod   o r   s ta in1   ess   s tee l   spa tu la   t o  

g r i n d  sample m a t e r i a l   i n   t h e   v i a l .  

8)  I n t o  a marked p e t r i   d i s h  weigh  approximately 0.3 g. o f   f r e e z e   d r i e d  
sample, e n s u r e   t h a t   t h e   p e t r i   d i s h  has  been ta red   p roper ly   be fore   add ing  

sample mater ia l .  A1 1 dishes  must  be  covered  with  watch  glasses 
i m m e d i a t e l y   a f t e r   s a m p l e   m a t e r i a l   h a s   b e e n   w e i g h e d   t o   r e d u c e  
contamination. N.B. To we igh   rep l i ca te  sample, p r e f i x   t h e   d i s h  number 

w i t h   t h e   l e t t e r  "R"  t hen   t he   d i sh  number, i.e. R 3 6 9 .  

For any given l o t   o f  samples, the  number o f   r e p 1   i c a t e  samples r u n   f o r  

t h a t   l o t   s h o u l d  be a t   l e a s t   t h e  square roo t   o f   t he  number o f  samples i n  

t h a t   l o t ,   i . e .   f o r  16 sample do 4 r e p l i c a t e s  and f o r  19 samples do 5 
r e p l i c a t e s .  Each group o f  samples should have a t   l e a s t  one blank  (empty 
d ish)  i n   d u p l i c a t e  and a t   l e a s t  one reference  mater ia l   ( i .e.   Bovine 
L i v e r ,   O y s t e r )   i n   d u p l i c a t e .  All blanks and re fe rnece  mater ia ls   shou ld  

be entered i n   t h e  I'SRM" w e i g h t   f i l e  and t h e i r   v i a l  numbers should have a 

p r e f i x   l e t t e r  "A".  Dummy e n t r i e s   f o r   v i a l  #, v i a l  + wet  sample  weight, 

'and v i a l  + d r y  sample we igh t   o f  "+9",  "+lo1', and ''+loll must be entered 

in. the  SRM weight f i l e   b e f o r e   d i s h  sample weights  are  entered. 



3 

- 21 - 

9)  Load cover less   d ishes   in to  plasma  asher  and  ash o v e r i g h t  - see asher 
ope ra t i ng   i ns t ruc t i ons .  Each asher   load   shou ld   con ta in   me  reagent  
blank i n   d u p l i c a t e ,  one reference  mater ia l   ( i .e.   Bovine,  Oyster)  i n  
dupl   icate,  and  one dup l   i ca te  sample. 

10) Remove samples  from  asher,  cover  with  watch  glasses,  digest as fo l lows:  

I. For 0.3 g. o f   D r i e d  Sample 
a)  Add  2.25 m l  HNO3 - warm on h o t p l a t e   a t   s e t t i n g   o f  2.5, 

b)  A1 low  d ishes  to   cool ,   then add 2.25 m l  HNO3 and 0.75 m l  HC1, warm on 
h o t p l a t e   t o   d i s s o l v e   m a t e r i a l .  

c )  A1 low  d ishes  to   cool  , t r a n s f e r   c o n t e n t s   q u a n t i t a t i v e l y   t o   l a b e l   l e d  

cent r i fuge  tubes ,  make up t o  25.0 m l  w i t h  D I  Water, mix we1 1, 

d)  Label 30 m l  a c i d  washed b o t t l e s   w i t h   t h e  VIAL # and D I S H  #, 
i.e. VIAL # P36 

D I S H  # 289 
e)  Transfer  sample s o l u t i o n s   t o   t h e   l a b e l l e d  30 m l  a c i d  washed b o t t l e s ,  

and 

f )  Label  the  caps o f   t h e  30 m l  a c i d  washed b o t t l e s   w i t h   t h e   l a s t   t h r e e  
d i g i t s   o f   t h e  sample number (i .e. 546 f o r  sample number 840546). 

11. For 0.1 g o f   D r i e d  Sample 
a) Add  0.9 m l  HNO3 - warm  on h o t p l a t e  a t  s e t t i n g   o f  2.5, 
b )   A l low  d ishes   to   coo l ,   then  add 0.9 ml HNO3 and 0.3 ml HC1,  warm on 

ho tp la te   t o   d i sso l ve   ma te r i  a1 , 
c )  A1 low   d i shes   t o   coo l ,   t r ans fe r   con ten ts   quan t i t a t i ve l y   t o   l abe l   l ed  

cent r i fuge  tubes ,  make up t o  10.0 m l  w i t h  D I  Water, mix   wel l ,  
d)  Label 30 m l  a c i d  washed b o t t l e s   w i t h   t h e  VIAL # and D I S H  #, 

i.e. VIAL # P94 

DIAL # 835 
e)  Transfer sampl e s o l u t i o n s   t o   t h e   l a b e l  1 ed 30 m l  a c i d  washed b o t t l e s ,  

and 

f )  Label  the  caps o f   t h e   3 0 -  m l  a c i d  washed b o t t l e s   w i t h   t h e  l a s t  th ree  

d i g i t s   o f   t h e  sample  number ( i  .e. 739 f o r  sample number 840739). 
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