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1 , I NTRODUCTI ON 

Deta i led   mon i to r ing   o f  Myra  Creek was conducted  by B.C. 
Research i n  June and July,  1981 (B.C. Research, 1981) and cont inued  to  
1982 (B.C. Research,  1982). These repor ts  were prepared f o r   t h e   B u t t l e  
Lake  Study  Committee  which receives i t s  funding from Westmin Resources 
Ltd. The d e t a i l s  as t o  why t h i s  committee was formed  can be found i n   t h e  
above  mentioned  reports. 

Some dupl icate  water samples had been analyzed  by B.C. Research 
and the   Prov inc ia l  Waste  Management Branch i n   t h e  Phase X study. How- 
ever,  Envi  ronment Canada wished t o   l o o k   a t   t h e   w i t h i n  sampl e va r i   ab i  l i t y  

i n  more de ta i l .   Fur ther ,   the  Study  Committee  wished t o   v e r i f y  i f  there  
was any d i f f e r e n c e   i n  heavy metals above  and  below Myra  Creek Fa l l s .  
That i s ,  was there  any s i g n i f i c a n t   i n p u t s   o f  heavy metals between the  
l a s t  sample s i t e  (M2) used  by B.C. Research  downstream o f  t he  mine and 
the  ent rance  o f  Myra Creek t o   B u t t l e  Lake. On A p r i l  16,  1982 the  
Environmental  Protection  Service  of  Environment Canada co l lec ted  a ser ies  
o f  rep l icated  water  samples a t   t h r e e   s i t e s  on Myra Creek. 



t 

- 2 -  

2 METHODS - Sample C o l l e c t i o n   S i t e s  and Analys is  
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Three  sample s i t e s  were  used and are  shown i n  F igure 1. S i tes  

M1 and M2 are   t he  same s i t e s  used by B.C. Research i n   t h e i r  study. The 
t h i r d   s i t e  (BF1) was l o c a t e d   a t   t h e   f o o t   o f   t h e   f a l l  s as Myra  Creek 

e n t e r s   B u t t l e  Lake. A t  the  t ime  o f   sampl ing a small  stream was en ter ing  
Myra  Creek approximately 10 meters downstream o f  M2. The rocks were 

heav i l y   s ta ined  an orange  red and dupl icate  water  samples  were taken a t  
t h i s   s i t e   f o r   t o t a l  and dissolved  metals, 

I n  an e f f o r t   t o  t r y  and sample t h e  same water mass above  and 

b e l o w   t h e   f a l l s ,   s t a t i o n  BF1  was sampled 10 m inu tes   a f te r   s ta t i on  M2. 

Fo r   t he   t h ree   s i t es  on Myra Creek (Ml, M2, and BF1) r e p l i c a t e d  
grab samples  were co l  1 ected  using a mod i f ied   vers ion   o f  a rep l   icated  grab 

sampler  reported  by Oguss and Erl ebach  (1976). The sampler  holds  six 1 
l i t e r  sample bo t t les .   S ix  1 l i t e r   b o t t l e s  were c o l l e c t e d   a t  each s i t e  

f o r  pH, c o n d u c t i v i t y ,   t u r b i d i t y  hardness, t o ta l   res idue  and t o t a l  
d isso lved  res idue.   For   these  water   qual i ty  samples  two 1 l i t e r   b o t t l e s  

were  composi t e d   i n t o  a 2 1 i t e r  sample b o t t l e   t h u s  making 3 r e p l   i c a s   f o r  

each s t a t  i on , 
For  the  heavy  metal samples, each 1 l i t e r  sample b o t t l e  was 

used t o  fill two 250 m l  bo t t l es ,  one f o r   t o t a l   m e t a l s  and t h e   o t h e r   f o r  
d isso lved  meta ls ,   thus  making  s ix   rep l icated samples from each s ta t ion .  
A1 so, f o r   f o u r   o f   t h e  1 1 i t e r  samples, a second s e t   o f  250 m l  b o t t l e s  

were f i l l e d  and two  sets were sent to   the   Prov inc ia l   Chemis t ry   Labora tory  
and two  sets were sent t o   t h e  B.C. Research  Laboratory. The samples f o r  

t o t a l  heavy metals were p rese rved   immed ia te l y   w i th   n i t r i c   ac id   t o  a pH o f  
< 2. For  the  d isso lved  meta l   analys is  = 100 nl s was f i l t e r e d   t h r o u g h  a 

0.45 m i c r o n   c e l l u l o s e   n i t r a t e   f i l t e r   u s i n g  a 250 m l  capac i ty   Sar to r ius  
Membrane f i l t e r   h o l d e r   a t   t h e  Quinsam Fish  Hatchery. It was then 

p r e s e r v e d   w i t h   n i t r i c   a c i d   t o  a pH o f  < 2. 
pH  was measured i n   t h e  creek  a t   the  t ime  o f   sampl ing  us ing a 

Western S c i e n t i f i c   d i g i t a l   m i n i  pH meter Model 49. 
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All samples  were  packed i n  wet i c e  and taken t o   t h e  EPS ware- 

house i n   N o r t h  Vancouver  where they were s tored i n  a wa lk - in   coo le r   fo r  

t h e  weekend.  The samples  were then   de l   i ve red   t o   t he   t h ree   l abo ra to r ies  
on Monday, A p r i l  19, 1982. The samples f o r  pH, t u r b i d i t y  and 
c o n d u c t i v i t y  were  done immediately  whi le  the  residues were done on April 
28,  1982. 

For  the  heavy  metal   analysis  at   the  Environmental   Protect ion 
Service  Laboratory,   the samples  were sub jec ted   t o  an ICAP scan  (Induc- 
t i v e l y  Coupled  Argon  Plasma)  which i s  an automated  Atomic  Emission 
Spectrophotometer  that  gives a reading o f  26 metals.  For Cu,  Pb, and Cd 

i f  the  reading was bel ow t h e  ICAP de tec t ion  limit, t h e  samples  were run 
again  through  the  graphi te  furnace of t h e  Atomic  Absorption  Spectrophoto- 
meter  which has a lower   detect ion limit. 

The  method f o r  heavy metal  analysis  performed  by B.C. Research 

i s  repor ted i n   t h e  Phase I study (BCR 1981) and t h e  method  used by  the 
P rov inc ia l  Government i s  described i n   t h e i r   l a b  manual (B.C. M i n i s t r y  o f  
Environment , 1976). 

i 
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3 RESULTS AND DISCUSSION 

3.1 Physical  Parameters 
The rep1  icated pH values were cons is tan t   fo r  each s t a t i o n  when 

ana lyzed  a t   the  EPS lab  (Table 1). However t h e   f i e l d   d e t e r m i n a t i o n   o f  pH 
v a r i e d   s l i g h t l y   a t  each s ta t ion .   Fur ther   tes ts   conducted   w i th   th is   par -  
t i c u l a r   f i e l d   i n s t r u m e n t  showed t h a t  i t  was not   too  accurate when i t  came 

t o  s m a l l   d i f f e r e n c e s   i n  samples. Based on the  lab  analyses,   the pH 
dropped  by 0.6 between M 1  and M2 and increased  by 0.4 between M2 and BF1. 

There was a s i g n i f i c a n t   d i f f e r e n c e   i n   t u r b i d i t y  and conduc t i v i t y  

between M1 and M2 bu t  no d i f f e rence  between M2 and BF1 (Table 1) . 
Also,  for   residues,  there was a ve ry   s ign i f i can t  mean increase 

o f  90 mg/l i n   t o t a l   s o l i d s  between M 1  and M2 o f  which  almost a l l  was i n  
the   d i sso l ved  form. Again  there was no s i g n i f i c a n t   d i f f e r e n c e  above  and 

below  the  fa1 1s. 

3.2 Heavy Metals 
The main  metals  of  concern i n  Myra Creek are  zinc,  copper, 

cadmium and possibly  lead. 

3.2.1 Copper. The r e p l i c a t i o n   f o r   t o t a l  copper a t  M 1  was not  very 

good. When t h e  ICAP scan was run ,   th ree   o f   the  samples showed r e s u l t s  o f  
0.014,  0.016 and 0.015, respec t i ve l y  and the   o the r   t h ree  samples  were 
below  the  detect ion limit o f  0.005 mg/l  (Table 2) .  The l a t t e r   t h r e e  
samples  were then  analyzed  wi th  the  graphi te  furnace  atomic  absorpt ion 

spectrophometer (AAS) which  gave  readings  of 0.005, 0.002 and 0.002 mg/l. 
Thus, t h e  mean o f   t h e   s i x  samples i s  0.009 mg/l w i t h  a s tandard  dev iat ion 

o f  0.007. The dissolved  metal  s were a1 1 bel ow t h e  AAS de tec t i on  limit o f  

0.001 mg/l . B.C. Research r e s u l t s  had a de tec t i on  limit o f  0.005 mg/l . 
The B.C. P r o v i n c i a l   l a b   r e s u l t s  were v e r y   s i m i l a r   t o   t h e  EPS lab. 

As expected, due to   the   con taminat ion  from the  mine  s i te ,   the 

copper   leve ls   a t  M2 increased  great ly  over  background  levels  of  M 1  t o  mean 
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TABLE 1 WATER QUALITY PHYSICAL PARAMETERS OF MYRA CREEK AT  THREE  LOCATIONS 
ON APRIL 16,  1982 

*1 

w 

w 

Y 

.Y I 

REPLICA STATIONS """""""""""""""""""""""""""""""""""""""- 
M1 M2 BF1 

F i e l d  Lab F i e l d  Lab F i  e l  d Lab 

pH 

1 6.9 7.4 6.6 6.8 6.7 7.2 
2 6.9 7.4 6.7 6.8 7.0  7.2 
3 7.0 7.4 I 6.8 - 7.2 

1 
2 
3 

L-o.01 
LO. 01 
L0.01 

37.7 
37.7 
37.7 

T u r b i d i t y  (FTUL 

4.2 
4.2 
4.2 

Conduct iv i ty  (umhos/cm) 

179 
179 
179 

4.2 
4.2 
4.2 

179 
179 
179 

Residual s (mg/l ) 
Tota l   Tota l   Tot  a 1 

T o t a l  D i  ssol ved Tota l   D isso lved   Tota l   D isso lved  

1 33  33 119  119  124  115 
2 28  28  119 118 122  115 
3 30 30 122 118 121  114 
X 30  30  120 118 122  115 
S.D. 2.5 2.5 1.7 0.6 1.5 0.6 

- 
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TABLE  2  REPLICATED COPPER CONCENTRATIONS (mg/l ) AT  THREE  LOCATIONS I N  MYRA . 
CREEK, APRIL  16, 1982 

ICAP method  unless  otherwise  indicated where 
* f A A  

STATION """""""""""""""""""""""""""""""""""""""- 
M 1  M2 BF1 

Tot a  1 D i  ssol  ved Total  Dissolved  Tota 1 Dissolved 

1 0 . 005* LO.OOl* 0.209 0.126 0.229 0.064 
2 0.014 LO.OOl* 0 . 228 0.126 0.226 0.076 
3 0.002* LO . 001* 0.213 0.129 0.226 0.074 
4 0 . 002* LO. 001* 0.219 0.127 0.223 0.081 
5 0.016 LO.OOl* 0.216 0.127 0.218 0.062 
6 0.015 L0.001* 0.216 0.128 0.227 0 . 056 
R 0.009 LO . 001 0.217 0.127 0.225 0.069 
S.D. 0.007 0.0 0.006 0.001 0.004 0.010 

Anova Level o f  S i  gni f i cance 

Diss. M2 vs BF - between s ta t i ons  L.001 
- w i t h i n  samples NS 

Total  M2 vs BF - between s ta t ions  - w i t h i n  samples 
NS 
NS 

B.C. Research ( s p l i t  samples o f   r e p l i c a s  1 and 2 above) 

L0.0005 0 . 0005 0.21 0.12 0.21 0.07 
L0.0005 L0.0005 0.20 0.12 0.21 0.07 

B.C. P rov inc ia l   Labora to ry   ( sp l i t  samples o f  rep l i cas  3 and 4 above) 

0.002 0.001 0.19 0.11 0.21 0.08 
LO.001 LO . 001 0.19 0.12 0.20 0.09 

N.S. = n o t   s i g n i f i c a n t  



v a l u e s   o f  0.217 mg/l t o t a l  and 0.127 mg/l  dissolved. The d i f f e r e n c e  

between M2 and BF1 was n o t   s i g n i f i c a n t   f o r   t o t a l  copper  but was very 
s ign i f icant   (P4.001)   for   d isso lved  copper   wi th   the mean concentrat ion 

decreasing  from 0.127 mg/l a t  M2 t o  0.069 mg/l   below  the  fa l ls .   This 
cou ld  be because o f   t h e   i n c r e a s e   o f  0.4 i n  pH. 

The B.C. Research r e s u l t s  were the  same as t h e  EPS r e s u l t s   a t  
a l l   s i t e s .  

3.2.2 Z i  nc. The w i t h i n  samples v a r i a b i l i t y  was n o t   s i g n i f i c a n t  

f o r   a l l   t h r e e   s t a t i o n s  (P 4 . 0 5 )  (Table 3). Also,   there was not  a 
s i g n i f i c a n t   d i f f e r e n c e  between M2 and  below t h e   f a l l s  ( P )  .05) f o r   e i t h e r  

t o t a l   o r   d i s s o l v e d   z i n c   b u t  as expected  these  two  stat ions were very much 

h igher   than M1. 
O f  t h e  samples submitted t o  B.C. Research  from M1, the   d isso lved 

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

l ess   t han   t he  EPS mean to ta l   va lue  even without  the  two  values  of  0.012 
mg/l. The dissolved  values  agreed  wi th  the EPS l ab   resu l t s .  A t  M2 and 

BF1 t h e  mean t o t a l   z i n c  Val ues reported  by  the EPS 1 ab were about 7-8% 
h igher   than B.C. Research  but  the  dissolved  values were very   s im i la r .  

The d isso lved  va lues  repor ted  for  M 1  by  both  the EPS l a b  and t h e  
B.C. Research l a b  were below  the  detect ion limit o f  .0.005 mg/l  reported 

by   the   Prov inc ia l   lab .  

3.2.3  Cadmi  um. For   the   de termina t ion   o f  cadmium t h e   w i t h i n  sam- 
p l e s   v a r i a t i o n  was n o t   s i g n i f i c a n t   a t   a l l   t h r e e   s t a t i o n s  (P7 .05) (Table 

4) .  However, t he   d i f f e rences  between the   con t ro l  and M2 was h i g h l y  
s i g n i f i c a n t  as  expected (P< .001). The  mean o f  t he   con t ro l  was less   than 
t h e   d e t e c t i o n  limit o f  0.001 mg/ l   whi le   the mean t o t a l  cadmium was 0.006 
mg/l  both  above and be low  the   f a l l s .   Fu r the r   t he  cadmium was most ly  i n  
the   d i sso l ved  form. 

The de tec t i on  limit B.C. Research was lower  than EPS 
(0.0002 mg/l) and the   Prov inc ia l   Lab 's   de tec t ion  limit was the   h ighes t   a t  
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i TABLE 3 REPLICATED ZINC CONCENTRATIONS (mg/l) AT  THREE LOCATIONS I N  MYRA 

CREEK, APRIL 16, 1982 
m d  

! ICAP met  hod 

a3 
t 
i 

#k# 

1 

ar 

w 
f 

Y 
I 
i 

w 
f 

l 

ad 
t 

M 

! 

M 1  M2 BF 1 
Tot a  1 D i  ssol  ved Total   Dissol  ved Tot a 1 Dissolved 

1 
2 
3 
4 
5 
6 
X 
S.D. 

0.005 
0 . 006 
0.012 
0.007 
0.012 
0.005 
0.008 
0 . 003 

- 

LO.002 
LO. 002 
L0.002 
L0.002 
LO . 002 
LO . 002 
L0.002 
0.0 

1.80  1.72  1.97 
1.99  1.72  1.92 
1.86  1.74  1.95 
1.90  1.73  1.92 
1.93 1.71 1.89 
- 1.89  1.73  1.96 
1.90 1.73  1.94 
0.064 0.01 0.030 

- - 

Analysis o f  Variance 

Total  M2 vs BF - between s ta t ions  NS - w i t h i n  samples NS 

Diss. M2 vs BF - between s ta t i ons  NS - w i t h i n  sampl es NS 

B.C. Research ( s p l i t  samples o f  rep1  icas 1 and 2) 

1.72 
1.72 
1.71 
1.73 
1.68 
1.68 
1.71 
0 . 022 

- 

0.0025 0 . 0038 1.74 1.69 1.80 1.71 
0.0018 0 . 0020 1.75 1.70 1.81 1.69 

r) 

I B.C. P rov inc ia l   Labora to ry   ( sp l i t  samples o f  rep l i cas  3 and 4 above) 

1 

1 -  LO . 005 L0.005 1.70 1.65 1.75 1.65 
L0.005 LO. 005 1.75 1.65 1.75 1.70 
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TABLE 4  REPLICATED CADMIUM CONCENTRATIONS (mg/l) AT THREE LOCATIONS I N  
MYRA CREEK, APRIL 16, 1982 

ICAP Method unless  otherwise  indicated 
where * = AA 

STAT I ON 

M1 M2 BF 1 
Tota l  D i  ssol  ved Total  D i  ssol ved Tot a  1 Dissolved 

1 
2 
3 
4 
5 
6 
R 
S.D. 

L0.001* 
L0.001* 
LO . OOl*  
L0.001* 
L0.001* 
L0.001* 
LO.001 
0.0 

LO.OOl* 
L0.001f 
LO. O O l f  
L0.001* 
LO. O O l *  
LO.OOl* 
LO.001 
0.0 

0 . 006 
0 . 006 
0.005 

' 0.006 
0.005 
0.006 
0.006 
0.001 

- 

0.006 
0.005 
0.006 
0.005 
0.006 
0.005 
0.006 
0.001 

Analysis o f  Variance 

Tota l  M1  vs M2 - between s ta t i ons  <.OOl - w i t h i n  samples NS 

0.006 
0.005 
0.006 
0.006 
0.006 
0.007 
0.006 
0.001 

- 

B.C. Research ( s p l i t  samples o f  rep l i cas  1 and 2 above) 

0.006 
0.005 
0.004 
0.006 
0.006 
0.005 
0.005 
0.001 

L0.0002 LO. 0002 0 . 0040 0.0037  0.0041 0 . 0036 
L0.0002 LO. 0002 0 . 004d 0.0035  0.0042 0 . 0036 

CY 

1 
B.C. P rov inc ia l   Labora to ry   ( sp l i t  samples o f  rep l i cas  3 and 4 above) 

L0.005 LO. 005 0.0050 0.0045 0.0055 0 . 0050 
LO. 005 LO. 005 0.0055 0.0050 0.0050 0 . 0050 
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0.005 mg/l. For   s ta t ions  M2 and BF1 t h e   P r o v i n c i a l   l a b   r e s u l t s  were very 
s i m i l a r   t o   t h e  EPS l a b   r e s u l t s   b u t  B.C. Research's  resul ts were 0.001 t o  

0.002 mg/l  lower. 

3.2.4 - Lead . The w i t h i n  sample v a r i a b i l i t y  was n o t   s i g n i f i c a n t  
except  the one r e p l i c a   f o r   t o t a l   l e a d   a t  M2 (0.03 mg/l)  which was ten  
t imes   h ighe r   t han   t he   res t   o f   t he  samples (Table 5) .  This sample was 

only   analyzed  by  the ICAP. A t  a l l   s i t e s   t h e   d i s s o l v e d   l e a d  as analyzed 

by  the EPS lab,  was below  the  detect ion limit o f  0.001 mg/l. 
I n   t e s t s   o f   s i g n  

between M1 and M2 t h e   t o t a  
between M 1  and BF1.  A1 so, 
even though  the   to ta l   lead  
va lue   a t  M2 i s  s i g n i f i c a n t  

i 

1 

1 

f i c a n c e   ( w i t h   f i r s t   r e p l i c a   o f  M2 omi t ted)  
values were s i g n i f i c a n t l y   d i f f e r e n t   b u t   n o t  

M2 was s i g n i f i c a n t l y   d i f f e r e n t   t h a n  BF1. Thus, 

va lues  are  very   smal l ,   the  to ta l   lead mean 
y h igher   than  e i ther  M 1  o r  be low  the   fa l l s .  

Th is  was a l s o   e v i d e n t   i n   t h e  samples analyzed  by  both  the B.C. Research 
and B.C. Prov inc ia l   labs.  

3.2.5 Other Heavy Metals. The heavy metal s t h a t  were below  the 
ICAP de tec t i on  limit, w i t h  one excep t ion ,   a re   l i s ted   i n   Tab le  6 .  There 
were two  nickel   readings (0.03 and 0.10 mg/l)  below Myra Creek F a l l s   t h a t  

were  above de tec t i on  1 imi t o f  0.02 mg/l . 
The other   meta ls   that  were  above d e t e c t i o n   l i m i t s  are reported 

i n  Appendix I f o r   i n t e r e s t .  Those t h a t  were s i g n i f i c a n t l y   h i g h e r   t h a n   t h e  
c o n t r o l  were barium, manganese, strontium, aluminum, i r o n ,   s i l i c a ,  magne- 
sium,  sodium and calc ium.  Only  total   bar ium showed a s i g n i f i c a n t   d i f f e r -  
ence  above and bel  ow the   fa1  1 s w i t h  mean va l  ues mean o f  0.040 mg/l and 

0.032 mg/l  respect i vel  y . 
3.2.6 Hardness. The mean t o t a l  hardness  increased from 15.6 mg/l 
a t  M 1  t o  71.5 mg/l a t  M2 w i t h  a s l i g h t  decrease t o  70.3 mg/l below t h e  

f a l l s  (Table 7). 

. .  
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TABLE 5 REPLICATED  LEAD CONCENTRATIONS (mg/l) AT THREE LOCATIONS I N  MYRA 
CREEK, APRIL  16, 1982 

Method AA graphi te  furnace  otherwise * = ICAP 

STATION 

M 1  M2 BF1 
Tota l  D i  ssol  ved Tota l  D i  ssol  ved Tota l  D i  ssol ved 

1 0.002 
2 0.002 
3 0.002 
4 LO . 001 
5 0 . 002 
6 0 . 002 
X 0.002 
S.D. 0.0 

LO. 001 0.030* LO.001 0.003 LO.OO1 
LO. 001 0 . 004 LO.OO1 0.002 LO.001 
LO. 001 0.003 LO.001 0.001 LO. 001 
LO . 001 0.003 LO.OO1 0.002 LO.001 
LO . 001 0.003 LO.001 LO.OO1 LO.001 
LO.001 0 -003 LO . 001 LO . 001 LO . 001 
LO.001 0 . 008 LO.OO1 0.002 LO.001 
0.0 0.011 0.0 0.001 0.0 

Anova  Tab1  e (Total s) 

* 
I 
? 

U 
? 
i 

M 1  vs M2 (w i thou t   1s t   rep l i ca )  - between s ta t ions  P GO05 - w i th in   rep l   i cas  NS 
M 1  vs BF1 - between s ta t i ons  NS - w i th in   rep l   i cas  NS 
M2 vs BF1 (w i thout   1s t   rep l   i ca)  - between s ta t i ons  P <.001 - with in  rep l  i c a s  NS 

B.C. Research ( s p l i t  samples o f   r e p l i c a s  1 and 2 above) 

LO.001 LO . 001 0.0055 LO.001 0.0035 LO.001 
LO. 001 0.0014 0.0059 LO.001 0.0035 LO. 001 

B.C. Prov inc ia l   Labora tory   (sp l i t  samples o f   r e p l i c a s  3 and 4 above) 

0.002 LO. 001 0 . 008 LO.OO1 0.004 LO.OO1 
0.001 LO . 001 0 . 009 LO.OO1 0.005 LO. 001 
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TABLE 6 THE HEAVY METALS I N  MYRA CREEK THAT WERE BELOW DETECTION 
LIMITS AT ALL  THREE  SAMPLE SITES 

METAL DETECTION LIMIT  (mg/l ) 

l l j  

i 

Arsenic 
Beryl  1 uim 
Chromuim 

Mercury 
Molybdenum 
Nickel  
Phosphorus 

Antimony 
Sel i n i  urn 
T i  n 
Vanadi um 

L.05 
L . 001 
L.005 
L.05 
L . 005 
L . 02* 
L.05 
L.05 
L.05 
L.05 
Lo01 

~ 

* 2 readings  be low  the  fa l ls  of t o t a l  Ni o f  0.03 and 0.1 mg/l . 
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i TABLE 7 HARDNESS LEVELS (mg/l) AT  THREE  LOCATIONS I N  MYRA CREEK, 

APRIL 16, 1982 

Met hod ICAP 

STAT I ON 

M 1  M2 BF1 
Total  Ca, Mg Total Ca, Mg Total  Ca, Mg 

1 15.8  15.7  71.4  67.9  70.7 
2  15.7  15.5  71.5  68.5  70.8 
3  15.7  15.5  72.1  68.6 70.3 
4 15.5  15.4  71.2  67.8  70.3 
5 15.5  15.4 71 .O 67.6  69.8 
6 
R 

15.5 
15.6 
- 15.5 

15.5 
- 71.7 

71.5 
- 68.2 

68.1 
- 70.1 

70.3 . 
- 

S.D. 0.13  0.11  0.39  0.40  0.37 

Anova 

i 

rr, 

Total M2 v s  BF1 - between stat ions P <.005 - with in  rep1  icas NS 

Cay Mg M2 vs  BF1 - between stat ions P < .001 - with in   repl icas NS 

67.2 
67.4 
67.0 
67 .O 
66.4 
66.7 
67.0 
- 

0.36 

" i  
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4 CONTAMINATED STREAM BELOW  M2 

As s t a t e d   e a r l i e r  a small stream  approximately  10  meters 
downsteam o f  M2  was observed  f lowing  into Myra  Creek.  The rocks were 

s ta ined an orange-red  (Fig. 2) .  The stream was h i g h   i n  copper (mean 
3.670 mg/l t o t a l  and  3.41 mg/l  dissolved), cadmium  (mean  0.063 mg/l t o t a l  
and 0.057 mg/l d issolved) and z inc (mean  14.0 mg/l t o t a l  and 12.9 mg/l 
dissolved)  (Table 8). I r o n  was  8.56 mg/l t o t a l  and 3.04 mg/l  dissolved. 
To ta l   n icke l  was  a1 so detectable a t  0.02 mg/l . Total  hardness was 217 

mg/l . 

Figure 2.  SMALL  CONTAMINATED  STREAM ENTERING MYRA CREEK 
APPROXIMATELY 10 METERS DOWNSTREAM  OF  M2. 

, 



3. 
I - 16 - 

i 

"I 
i 

Y 

u-a 

i 
u 

TABLE  8 HEAVY METAL  CONCENTRATION (mg/l) I N  A SMALL STREAM ENTERING MYRA 
CREEK APPROXIMATELY 10 METERS BELOW M2 

ICAP Method unless  otherwise  indicated where * = AA 

Copper  Lead Cadmi um 
Repl i ca Total   Dissolved  Total*   Dissolved*  Total  D i  ssol ved 

1 
2 
X 

3.62  3.40  Om001 L0.001 0.063 O m  057 
- 3 -57 - 3 e42 L0.001  L0.001 Om062 0 e056 
3.60  3.41 LO. 001 L0.001 0.063 O m  057 

""""""""""""""""""""""""""""""0""""""""" 

Zinc   I ron   N icke l  
Repl i ca Tota l  D i  ssol ved Tota l  D i  ssol ved Tota l  D i  ssol ved 

1 
2 
X 

14.0  12.8  8.74  3.03 Om02 Lam 02 
- 13.9  12.9  8.38  3 e 0 5  Om02  LO 02 

3.04 O m  02 L0.02 
- 

14.0 
- 

12.9 
- 

8.56 
- 

""""""""""""""""""""""0""""""""""""""""" 

Hardness 
Repl i ca Tota l  Ca, Mg 

1 216 115 
2 218 116 

217 116 
- 

L 
X 

- 

.. . 
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5 CONCLUSIONS 
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1 U . l  

i 

1. The r e p l i c a t e   g r a b  samples  analyzed  by  each l a b  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 .  The t o t a l  copper a t  M1 as  analyzed  by  the EPS l a b  

had  a h igh   s tandard   dev ia t ion   bu t   the  samples  were  analyzed  by  two 

d i  f f eren t  met  hods , 

2, Dissolved  copper was s i g n i f i c a n t l y   l o w e r  a t  B F 1  t h a n   a t  M2 above t h e  

f a l l s .   T h i s   c o u l d  be due t o  a s l i g h t l y   h i g h e r  pH be low  the   f a l l s .  

To ta l   lead  and t o t a l  hardness  were also  lower  below  the  fa1 1s than a t  

M2. 

3. A t  t he   t ime  o f  sampling,  there was a  source o f   con taminat ion   en ter ing  

Myra  Creek  between M2 and the  beginn ing o f  t h e   f a l l s .  The source o f  
th is   con taminat ion   shou ld  be  determined and s teps   taken  to   con ta in  

it. 

4. Cu,  Zn, Cd were a l l   s i g n i f i c a n t l y   g r e a t e r   a t  M2 and B F l  compared t o  

M1. Pb  was s i g n i f i c a n t l y   g r e a t e r   a t  M2 compared t o  N i  bu t   no t  a B F 1  
compared t o  M1. 

' i  
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APPENDIX 1 

REPLICATED  METAL  CONCENTRATIONS  AT  THREE 
STATIONS IN MYRA  CREEK,  APRIL 16, 1982 

METHOD OF ANALYSIS  ICAP 
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Bar i  um (mg/l ) 

STAT1 ON 

M1 M2 Bel ow Fa1 1 s 

Rep1 i ca   Tota l  D i  ssol ved T o t a l  D i  ssol ved T o t a l  D i  ssol  ved 

1 

2 

3 

4 

5 

6 

K 

S.D. 

0.006 0.005 0.039 0.015 0.042 0 . 014 
0 . 006 0.005 0.042 0.015 0.045 0.015 

0.007 0.005 0.039 0.016 0.028 0.014 

0.006 0.005 0.040 0.015 0.026 0.014 

0.007 0.005 0 . 039 0 . 015 0.025 0.014 

0 . 006 - 0 . 005 0.040 0.016 0.026 0.014 

0.005 0.005 0.040 0.015 0 . 032 0.014 

0.001 0.0 0.002 0.001 0 . 009 0 . 000 
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Cobalt  (mg/l ) 

STATION 

M1 M2 Bel ow Fa1 1 s 

Rep1 i ca  Total   Dissolved  Total  D i  ssol  ved  Total D i  ssol  ved 

1 

2 

3 

4 

5 

6 
- 
X 

S.D. 

LO. 005 

LO. 005 

L0.005 

L0.005 

LO . 005 

LO . 005 

L0.005 

0.0 

LO. 005 

LO. 005 

LO . 005 

LO. 005 

LO. 005 

LO -005 

L0.005 

0.0 

0.006 

L0.005 

L0.005 

0.007 

0.005 

LO .005 

0.006" 

0.001 

LO. 005 

LO. 005 

L0.005 

LO. 005 

LO. 005 

LO .005 

LO. 005 

0.0 

0.005 

LO. 005 

0.005 

LO. 005 

LO. 005 

0.005 

0.005* 

0.000 

LO . 005 

L0.005 

LO . 005 

L0.005 

L0.005 

LO .005 

LO. 005 

0.0 

*de tec t ion  limit used t o   c a l c u l a t e  mean. 

. .  . . 
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Manganese  (mg/l ) 

M1 M2 Bel ow Fa1 1 s 

Rep1 i ca  Tota l   D i   ssol  ved T o t a l   D i  ssol ved Tota l   D i   sso l  ved 

1 0,002 LO.001 0.364 0.354 0.388 

2 0.002 LO.001 0.399 0.355 0.380 

3 0.001 LO.001 0.370 0.359 0.385 

4 0.001 LO. 001 0.381 0.353 0.380 

5 0.003 LO.001 0.375 0.353 0.372 

6 - 0.002 LO.OO1 0.376 0.356 0 -379 

K 0.002 LO.001 0.378 0.355 0.381 

S.D. 0.001 0.0 0.012 0 . 002 0 . 006 

0.356 

0.359 

0.356 

0.357 

0.353 

0,355 

0.356 

0,002 

- 

. .  . . 
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Stronti urn (mg/l ) 

STATION 

""""""""""""""""""""""""""""""""""""""0" 

M1 M2 Bel ow Fa1 1 s 

Rep1 i ca  Total  Di ssol ved Tota l  Dissolved Tota l  Di ssol ved 

hl 

r; 
i 

91 

! 

Q( 

L 
1 

1 

2 

3 

4 

5 

6 
- 
X 

S O D .  

0.013 

0.013 

0.013 

0.012 

0.012 

0.013 

0.013 

0.001 

0.011 

0.011 

0.010 

0.011 

0.011 

0.010 

0.011 

0.001 

- 

0.054 

0.060 

0.056 

0.057 

0.055 

0.057 

0 . 057 

0.002 

0.052 

0.052 

0.053 

0.051 

0.051 

0 -052 

0.052 

0.001 

0.057 

0.056 

0.056 

0 . 056 

0 . 055 

0 -056 

0.056 

0.001 

0 . 051 

0.051 

0.051 

0.051 

0.050 

0.050 

0.051 

0.001 

- 



T 
*i - 24 - 
u 

t 

! 

rll 

i 

W 
I 
i 

1 1 ' 4  

r l l  

Ti tani urn (mg/l ) 

STAT1 ON 

M1 M2 Bel ow Fa1 1 s 

Rep1 i ca Total Dissolved Total Di ssol ved Total Di ssol ved 

5 

6 

iz 

S.D. 

0 . 004 LO . 002 

0.004 L0.002 - 

0.005 LO. 002 

0 . 003 LO. 002 

0.004 LO0002 

0.003 LO . 002 

0.004 LO . 002 

0.001 0.0 

0.005 

0.005 

0.004 

0.005 

0.005 

0.005 

0.005 
- 

0.000 

L0.002 

LO. 002 

L0.002 

LO. 002 

L0.002 

L0.002 

LO. 002 

0.0 

0.005 

0.003 

0.004 

0.004 

0 . 003 

0.004 

0.004 

0.001 

L0.002 

LO. 002 

LO. 002 

LO . 002 

LO. 002 

LO . 002 

L0.002 

0.0 
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A1 umi  num (mg/l ) 

STAT1 ON 

M1 M2 Bel ow Fa1 1 s 

Rep1 i ca  Total  Di ssol  ved  Total Di ssol  ved  Total Di ssol ved 

'9; 

I I  

. 
1 

2 

3 

4 

5 

6 

x 
S.D. 

0.07  L0.05  1.49  L0.05  1.57 LO. 05 

0.07 LO . 05 1.63 LO. 05 1.52 L0.05 

0.23* LO. 05 1.53 LO. 05 1.56 L0.05 

0.06 L0.05 1.58 L0.05 1.55 LO. 05 

0.08 LO . 05 1.60 L0.05 1.53 L0.05 

- 0.09 - LO . 05 - 1.56 LO .05 1.55 LO .05 - 
0.10 LO. 05 1.56  L0.05  1.55  LO. 05 

0.06 0.0 0.05 0.0 0.02 0.0 

*data   resul ts   suspect  
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1 
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- I ron (mg/l ) 

STATION 

M1 M2 Bel ow Fa1 1 s 

Rep1 i ca Total D i  ssol ved Total D i  ssol ved Total D i  ssol ved 

1 

2 

3 

4 

5 

6 
- 
X 

S.D. 

0.034 

0.035 

0 . 046 
0.027 

0.035 

0.026 

0.034 

0 . 007 

LO. 005 

0.010 

LO. 005 

LO. 005 

LO. 005 

LO. 005 

LO . 005 

0.0 

0.204 L0.005 

0.209 LO . 005 
0.200 0.009 

0.213 LO. 005 

0.195 LO. 005 

0.210 LO .005 

0.205 0.006* 

0.007 0.002 

0.255 

0.250 

0.242 

0.237 

0.232 

0 . 231 
0.241 

0.010 

0.008 

LO . 005 

LO. 005 

L0.005 

L0.005 

LO .005 

0.006* 

0.001 

*detection  limit used for calculation o f  mean 
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S i  1 i ca (rng/l ) 

STAT I ON 

""""""""""""""""""""""""""""""0""""""""" 

M1 M2 Bel ow Fa1 1 s 

Rep1 i ca Total D i  ssol ved Total Dissolved Total D i  ssol ved 

1 

2 

3 

4 

5 

6 

R 

S.D. 

1.4 

1.4 

1.7 

1.5 

1.3 

1.3 

1.4 

0. 2 

- 

1.1 2.3 

1.1 2.4 

1.1 2.3 

1.1 2.3 

1.1 2.4 

1.1 2.6 

1.1 2.4 

0.0 0.1 

- - 

2.0 

2.0 

2.0 

2.0 

2.0 

2 .o 
2.0 

0.0 

- 

2.4 

2.3 

2.4 

2.2 

2.3 

2.3 

2.3 

0.1 

- 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

0.0 

- 
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Magnesi urn (mg/l ) 

M1 M2 Bel ow Fa1 1 s 

Rep1 i ca  Tota l   D issolved Total Dissolved  Tota l   D i   ssol  ved 

1 0.3 

2 0.2 

3 0.3 

4 0.2 

5 0.3 

6 0.3 

X 0.3 

S.D. 0.1 

- 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.0 

- 

3.8 

4.2 

3.9 

4.0 

4.1 

3.9 

4.0 

0.1 

- 

3.7 

3.7 

3.8 

3.7 

3.7 

3.7 

3.7 

0.0 

- 

4.0 

3.9 

4.0 

4.0 

3.9 

4.0 

4.0 

0.1 

- 

3.7 

3.7 

3.7 

3.7 

3.7 

3.7 - 
3.7 

0.0 

a 

I 
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Sodi urn (mg/l ) 

STAT1 ON 

""""""""""""""0""""""""""""""""""""""""" 

M1 M2 Bel ow Fa1 1 s 

Rep1 i ca Total Di ssol ved Total Dissolved Total Dissolved 

1 

2 

3 

4 

5 

6 
- 
X 

S.D. 

0.9 

1.0 

2.1 

0.8 

0.9 

0.9 

1.1 

0.49 

- 

0.7 

0.7 

0.7 

0.7 

0.7 

0.7 

0.7 

0.0 

- 

1.8 

2.0 

1.9 

1.9 

2.1 

2.0 

2.0 

- 

0.12 

1.7 

1.7 

1.7 

1.7 

1.7 

1.7 - 
1.7 

0.0 

2.0 

1.8 

2.0 

1.9 

1.9 

1.9 

1.9 

0.08 

- 

1.7 

1.7 

1.6 

1.7 

1.7 

1.7 

1.7 

- 

0.0 

J 
4 

f 



7 - 30 - 

i Cal ci urn (mg/l ) 

sr 
I 
i 

STAT1 ON 

Y 
1 

! 

I 
: 

4 

"""""""""""""""""""""""""""""""""""""""- 
M1 M2 Bel ow Fa1 1 s 

Rep1 i ca Total Di ssol ved Total Di ssol ved Total Dissolved 

1 

2 

3 

4 

5 

6 

x 
S.D. 

6.5 

6.3 

6.6 

6.2 

6.2 

6.4 

6.4 

0.16 

- 

5.9 

5.8 . 

5.9 

5.8 

5.8 

5.8 

5.8 

- 

0.05 

22.1 

24.4 

22.5 

23.1 

23.1 

23 .O 

23.0 
- 

0.78 

21 .o 

21.1 

21.3 

21.0 

21.0 

21 01 

21.1 
- 

0.12 

23.2 

22.7 

23.0 

I 22.3 

22.3 

22.7 

22.8 
- 

0.31 

20.8 

20.9 

20.8 

20.5 

20.5 

20.7 

20.8 

- 

0.14 

'*I 

. .  
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