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ABSTRACT 

Water q u a l i t y   s t u d i e s  were  conducted a t   t h e   E q u i t y   S i l v e r  Mine i n  

J u l y  1982  and J u l y  1983. Dur ing  the 1982 study  the  mine was having 

d i   f f i c u l  ty c o n t r o l  1 i ng a c i d  m i  ne drainage. The 1982 r e s u l t s   r e 1   a t i v e   t o  

1983 i n d i c a t e   t h a t   d u r i n g  a per iod   o f   poor   ac id   m ine   d ra inage  cont ro l   the  

water  qual i ty o f   rece iv ing   s t reams   i s   seve re l y   impac ted  upon. 
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Dur ing   t he   Ju l y  1982 survey   the   water   qua l i t y   o f   the   c reeks   ad ja -  

cen t   t o   t he   Equ i t y  Mine s i t e  were heavi ly  impacted upon. The most  noteable 

e f f e c t  was on Bessemer Creek w i t h   f i e l d  pH l e v e l s   o f  5.2, mean t o t a l  and 

d i sso l ved   copper   l eve l s   o f  2000 and  1540 u g l l   r e s p e c t i v e l y  and t o t a l  and 

d isso lved  z inc  1 eve1 s o f  1397  and  1210 ug / l   respec t ive ly .  The mean t o t a l  

cadmium concent ra t ion  was 10.3 ug / l .  The i n f l u e n c e   o f  Bessemer Creek was 

detectable  on Buck Creek j u s t  upstream o f  Goosly  Lake. The J u l y  1982 mean 

t o t a l  copper and mean t o t a l   z i n c   l e v e l s   o f  Foxy  Creek  downstream o f   t h e  

mine s i t e   ( 9 1   u g / l  and  116 ug / l   r espec t i ve l y )  were  noteably  higher  than  the 

con t ro l s   (4   ug / l  and 3 ug / l   respec t ive ly ) .  

The J u l y  1983 survey   ind ica ted   tha t   the   in f luence  o f   ac id   m ine  

drainage was  much reduced. Bessemer Creek  had  elevated mean t o t a l  and 

dissolved  copper  (83  and 49 ug/ l   respec t ive ly )   concent ra t ions  and mean 

t o t a l  and dissolved  z inc  (192 and  131 ug / l   respec t ive ly )   concent ra t ions .  

Bessemer Creek d i d   n o t  appear t o  have  caused any e l e v a t i o n   i n  copper o r  

z i n c   l e v e l  s i n  Buck Creek. 
The degree o f  some o f   t h e   r e p l i c a t e   v a r i a b i l i t y   n o t e d   i n  some o f  

the   con t ro l   s ta t ion   copper  and z inc  concentrat ions  could make it d i f f i c u l t  
t o   d i s t i n g u i s h   a l l   b u t   t h e  most  obvious  impacts.  This was more pronounced 

i n  the  1982 survey.   Fur ther   rep l icated  sampl ing i s   r e q u i r e d   t o   d e t e r m i n e  

t h e   e x t e n t   o f   t h i s   v a r i a b i l  i ty . 
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INTRODUCTION 

Equity Si1 ver Mines i s  1 ocated  approximately 33 km southeast o f  
Houston, B.C.  (Figure 1).  The  mine  began production i n  September 1980. In 
November 1981 i t  was determined t h a t  waste rock a t  the mine s i t e  was gener- 
a t i n g  acid and acid mine drainage was entering Bessemer Creek. The  company 
constructed a temporary acid m i  ne drainage  collection system i n  S p r i n g  1982 
and has continued to  make improvements to  the  collection and treatment 
system since  then. 

The Environmental Protection  Service undertook monitoring 
programs i n  July 1982 and Ju ly  1983 to  assess  the water qua l i t y  o f  the 
watersheds  adjacent t o  the Equity mine s i t e .  This report  presents  the  data 
collected July 21-22, 1982 and Ju ly  18-19, 1983. 
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I 
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2. DESCRIPTION OF STUDY  AREA 

The E q u i t y   M i n e   s i t e   i s   c e n t e r e d  on the  Foxy  Creek  and  Bessemer 

Creek  watersheds.  Foxy  Creek i s  a t r i b u t a r y  o f  Maxan Creek  which  f lows 

i n t o   B u l k l e y  Lake.  Bessemer  Creek i s  a t r i b u t a r y  o f  Buck Creek  upstream o f  
Goosly  Lake. Buck Creek  downstream o f  Goos ly   Lake  f lows  in to   the   Bu lk ley  

R i v e r   a t  Houston  (Figure 1). 
Seven c r e e k   s t a t i o n s  were  sampled dur ing  the  surveys  and  three 

I 

s t a t i o n s  were  sampled  on  Goosly  Lake.  The  sample  stat ions  are  described i n  

Tab1 e 1 and  are shown i n   F i g u r e  1. - 
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TABLE 1 EPS SAMPLE  STATION DESCRIPTION 

EPS STATION 

FOXY  Creek 

F 10 

F20 

Bessemer Creek 

BS lO 

Buck Creek 

B K l O  

BK20 

BK 30 
BK40 

Goosly  Lake 

GLlO 
GL20 
GL30 

*See F i g u r e  1 

CORRESPONDING 
WMB STATION 

0400763 

0400764 

0700081 

0400765 

0400766 

0700085 
0700086 

0700082 
0700083 
0700084 

DESCRIPTION* 

- Approximately 30 m upst ream  of   Lu 
Creek d i   vers ion   channe l  

- Approximately 45 m downstream o f  
B e r r i l i u s  Creek  diversion  channel  

- Approximately 2 km upstream o f  Buck 
Creek  conf 1 uence 

- Upstream o f  Bessemer Creek  in f luence,  
approximately 540 m upstream o f  Buck 
Creek  road  br idge 

- Approximately  15 m upstream o f  Goosly 
Lake i n l e t ,  downstream o f  Bessemer 
Creek  confl   uence 

- G o o s l y   L a k e   o u t l e t   a t  Buck Creek 
- Fer r i s   P roper t y   app rox ima te l y  11 km 

downstream o f  Goos ly   Lake  ou t le t  

- NE end o f  Goosly  Lake 
- SE end o f  Goosly  Lake 
- Mid  Goosly  Lake 
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3. MATERIALS AND  METHODS 

3.1 Inorganf  cs  (excluding  metals) and Temperature 
Three  grab  samples were collected  sequentially a t  the  creek 

stations.   Single samples were collected w i t h  a Van Dorn water b o t t l e   a t  
four depths fo r  each lake  s ta t ion i n  1982  and three  depths i n  1983. 

Fie1 d pH sampl es were measured w i t h  a Metrohm  Model  E588 pH 
Meter.  Samples for  conductivity,   turbidity,  residue, su l fa te ,  and pH were 
coll  ected i n  a  2.5 1 i t r e  polyethylene sample bot t le .  These  samples were 
kept  cool u n t i l  analyzed a t  the EPS/DFO Cypress  Creek  Laboratory i n  West 
Vancouver (Anon, 1979 1 . 
3.2 Tota l  and Df ssolved  Metal s and  Hardness 

Total metal  samples  were collected i n  a 200 ml  acid washed poly- 
ethyl ene  sample b o t t l e  and preserved w i t h  1 ml of ni t r ic  acid.  Dissolved 
metal  samples  were f i l t e r e d  on s i te  through a 0.45 u cel l   u lose  ni t ra te  
membrane f i l t e r   i n t o  a 100 ml acid washed polyethylene sample bot t le  and 
preserved w i t h  0.5 m l  of nitr ic  acid.   Total  and dissolved metal s were 
analyzed by Inductively Coupled Argon Plasma (ICAP) Atomic Emission 
Spectrophotometry (Anon, 1979) . For copper, 1 ead, and  cadmi urn, i f  the 
concentration was below the ICAP detection 1 imit the sample was re-analyzed 
by f l  amel ess (g raph i t e  furnace) Atomic Absorption  Spectrophotometry (AAS) 
t o  o b t a i n  a lower detection 1 imi t (Anon, 1979) .  Arsenic was analyzed us ing  
an  ICAP hydride method (Anon, 1979). 

Total  hardness was computed automatically from the  dissolved 
metal  sample. Creek temperature was measured w i t h  a pocket  thermometer. 
Temperature prof i les  of  Goosly Lake were not measured. 

I 

c 

m 
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4. OMECTIVES FOR THE PROTECTION OF FRESHWATER AQUATIC L I F E  

For   eva lua t ion   purposes ,   the   concent ra t ions   o f   spec i f i c   meta ls  

can  be compared t o  recomended  Environment Canada objectives  (Reeder, 1979) 

f o r   t h e   p r o t e c t i o n   o f   f r e s h w a t e r   a q u a t i c   l i f e .  The reader  should  consider 

t h e   r a t i o n a l   f o r   t h e  development  and  use o f   these  ob jec t ives .  

An o b j e c t i v e   i s  a des ignated   concenta t ion   o f  a c o n s t i t u e n t   t h a t  

when no t  exceeded, will p r o t e c t  an organism, a community o f  organisms, a 

prescr ibed  water  use,  or  a des ignated  mul t ip le-purpose  water   use  wi th  an 

adequate  degree o f   s a f e t y  (Reeder  1979).   Object ives  represent  scient i f ic  

judgements  based upon the   bes t   ava i l ab le   i n fo rma t ion   re levan t   t o   Canad ian  

surface  waters on t h e   r e l a t i o n s h i p s  between toxic  substances and water  use 

and  on the   concen t ra t i on -e f fec t   re la t i onsh ips  between toxic  substances and 

b io log ica l   o r   env i ronmenta l   receptors .  They should  not  be  used as absolute 

va lues   fo r   water   qua l i t y   bu t   w i th   cons idered  judgement  and with an under- 

s t a n d i n u   o f   t h e i r  development. The judgement i n   t h e i r  use  should  include a 

thorough know1 edge o f   t he   na tu ra l   qua l  i t y  o f   the   water   under   cons idera t ion ,  

the  k inds  o f   organisms i t  conta ins  and the   loca l   hydro1  og ica l   cond i t ions .  

The Environment Canada ob jec t i ves   a re  based on a to ta l   meta l   concent ra t ion  

fo r   t he   f o l l   ow ing   reasons :   (1 )   adequa te   t ox i c i t y   da ta   a re   no t   ava i l  ab1 e 

for  most  chemical  species; ( 2 )  t o x i c i t i e s   o f  many meta l   const i tuents  i n  
water   cor re la te  we l l  w i th   the   " f ree   ion ' '  concentraton b u t  methods f o r  

measur ing   " f ree   ion"   concent ra t ions   rou t ine ly   a re   no t   p resent ly   ava i lab le ;  

( 3 )  many const i tuents  enter  the  water  system  adsorbed on, o r  adsorbed  in, 

p a r t i c u l a t e   m a t t e r  and are  subsequent ly   re leased  to   the  water  by chemical, 
phys ica l ,  and m ic rob ia l   ac t i on  and ( 4 )  a t   t h e   p r e s e n t   t i m e   t h e r e   i s  

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

f r a c t i o n   o f   t o x i c a n t s   p r e s e n t  i n  the  suspended matter  which i s   b i o l o g i c a l l y  
a v a i l a b l e ,   t h u s   " t o t a l "  will represent  a maximum limit f o r   t h e   b i o l o g i c a l l y  

a v a i l  ab1 e mate r ia l  . 
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5 .  RESULTS AND DISCUSSION 

5.1 Creek  Samples 
The main d i f f e r e n c e  between t h e   J u l y  1982 and J u l y  1983 r e s u l t s  

i s   t h e   o b v i o u s   i n f l u e n c e   o f   a c i d  mine  drainage.  During  the 1982 survey 

per iod  the  mine was h a v i n g   d i f f i c u l t y   c o n t r o l l i n g   t h e   a c i d   w a t e r .  

A summary o f  mean water  qual i ty f o r   t h e   c r e e k   s t a t i o n s   i s  

repor ted i n  Tabl  es 2 and  3. I n d i v i d u a l   r e p 1   i c a t e   r e s u l t s   a r e   r e p o r t e d   i n  

Appendix I. 

5.1 .1  1982 Creek Results. The impact  of   acid  mine  drainage on 

Bessemer C r .  water  qual i ty (BS10) was ev ident  on J u l y  21, 1982. The f i e 1  d 
pH o f  Bessemer Cr. was  5.2 and t h e   l a b o r a t o r y   r e s u l t  was  4.6 (Table  2) .  
The n e g a t i v e   i n f l u e n c e   o f  Bessemer Cr. on Buck Cr. (BK20) w a t e r   q u a l i t y  was 

a1 so apparent  (Table 2 and 3).   For example,  Bessemer Cr. had a mean t o t a l  

copper   concent ra t ion   o f  2000 ug/ l  on J u l y  21,  1985 (Table  3) .   Th is  was 

r e f l e c t e d  by a mean c o n c e n t r a t i o n   o f  115 u g / l   a t  BK20 compared t o  1 u g / l  a t  
t h e   c o n t r o l  BK10. For Buck Cr. s t a t i o n s  BK lO and BK40 the  d isso lved  copper  

resu l ts   a re   unexp l  a i  nab ly   h igher   than  the   to ta l  s (Appendix I ) .  For  z inc,  

Bessemer C r .  (BS10)  had  a mean t o t a l   z i n c   c o n c e n t r a t i o n   o f  1397 ug/ l .  

Buck Cr. s t a t i o n  BK20 had a mean t o t a l   z i n c   c o n c e n t r a t i o n   o f  75 ug / l  

compared t o  4 u g / l   a t   t h e   c o n t r o l  B K l O  (Table 3 ) .  
On J u l y  21, 1982 t h e   i n f l u e n c e   o f  mine  drainage was a1 so ev ident  

on Foxy  Creek.  For  example,  Foxy C r .  downstream o f  the  mine  property  (F20) 

had a mean t o t a l  copper   concentrat ion  o f   91  ug/ l  compared t o  4 u g / l   a t   t h e  

c o n t r o l  F10 (Tabl e 3 ) .   F o r   t o t a l   z i n c ,   s t a t i o n  F20  had  a mean concentra- 

t i o n   o f  116 ug / l  compared t o  3 ug/ l  a t  t h e   c o n t r o l  F10. 

Cadmium  was o n l y   d e t e c t a b l e   i n   t h e  Bessemer Cr. samples. The 
mean t o t a l  cadmium concen t ra t i on   o f  10.3 u g / l   a t  BSlO was lower  than  the 

mean d isso lved cadmium c o n c e n t r a i t o n   o f  13.3 ug/ l   (Tabl  e 3 ) .  The h ighes t  

mean conduct iv i ty   (650 umhos/cm) , t u r b i d i t y  (475  FTU's) , t o t a l   r e s i d u e  

(851 mg/l),   non-f i f   t e r a b l  e residue  (373  mg/l ) , su l   fa te   (278 mg/l ) , and 

hardness  (255  mg/l  as CaC03) l e v e l s  were recorded i n  Bessemer Creek 

(Tables 2 and  3). 

I 

I 
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TABLE 2 MEAN  WATER QUALITY OF FOXY  CREEK,  BESSEMER  CREEK AND BUCK  CREEK, 
JULY 21/22,  1982 AND JULY 18/19,  1983 
[ Inorganics  (excluding  metals) and Temperature] 

P A R A M E T E R  P A R A M E T E R  

JULY 1982 JULY 1983 
STATION 

JULY 1982 JULY 1983 
STAT ION - 

X I S.D. X I S.D. 
- 

I TY (urn 

0.3 
0.6 
5.8 
1 .o 
0.6 
0.0 
0 .o 

1 - 
3.8 

12.8 

5.2 
28.8 
16.9 
9.9 

203 

)s/cm) 

41.6 
73.8 

543 
89 

147 
106 
78.1 

: (mg/ 

0 .o 
0.2 
2.9 
0.1 
0.3 
0.3 
0.3 

JDUCT I V 

60.6 
126 
650 
102 
21 5 
100 
61  

SULFA 

12.1 
37.7 

4.5 
60.7 
15.3 
4.3 

278 

C - 
F10 
F2 0 

BSlO 
B K l O  
BK 20 
BK30 
BK40 

0 .o 
0 .o 
0 .o 
0 .o 
1.7 
0.6 
0 .o 

FlO 
F20 

BSlO 
B K l O  
BK20 
BK30 
BK40 

0 3  
0.1 
1.5 
0.2 
0.4 
0.2 
6.3 

, TURBIQITY (FTU) I 
pH (1  aboratory)* 

6.8 7.0 - V e l  

4.6 7.4 - 7.5 
6.8 - 7.0 7.4 

7 .O 7.0 - 7.2 
7.3 7.5 
7.5 7.6 

6.8 - 6.9 7.3 

pH ( f i e l d ) *  

7.1 - 7.3 7.3 - 7.5 
7.1 - 7.3 7.7 - 7.7 

5.2 7.8 
7.3 - 7.5 7.6 - 7.7 
7.4 - 7.6 7.1 - 7.3 
7.7 - 7.9 8.1 - 8.2 

7.7 8.4 

0.7 
1.1 
0.0 
0.3 
0.1 
0.1 
0 .o 

FlO 
F20 

BS lO 
B K l O  
BK20 
BK30 
BK40 

F10 
F20 

BSlO 
BK lO 
BK20 
BK 30 
BK40 

3.2 
35.7 

2 .o 
7.4 
0.9 
7.5 

47 5 

0.2 
1 .o 
4.8 
1.1 
1.4 
0.6 
1.5 

0 .o 
0.3 
0 .o 
0 .o 
0.1 
0.1 
0.0 

I I I 

TOTAL RESIDUE (rpg/l) 
I I 1 

79 
160 
851 
101 
174 
109 
104 

2 .o 
1.5 
9.2 
1.7 
0 .o 
3.5 
2.1 

7 1  
8 1  

430 
102 
138 
99 
89 

12.9 
4.6 
0.6 
2.6 
3.1 
2.3 
1 .o 

F10 
F20 

BSlO 
BKlO 
BK20 
BK30 
BK40 

F10 
F20 

BSlO 
BKlO 
BK20 
BK30 
BK40 

NON-FILTERABLE RESIQUE (mg/l) 
I I I I 

TEMPERATURE ( :C 
I 

7 .O 
7.5 
8 .O 

10 .o 
15 .O 
12.5 

- 

F10 
F20 

BSlO 
B K l O  
BK20 
BK30 
BK40 

< 5  
-45 
373 
< 5  
- 7.3 
< 5  

22 

0.0 
1.5 
6.5 
0.0 
2.1 
0.0 
0 .o 

0 .o 
0 .o 
1.7 
0 .o 
0 .o 
0 .o 
0 .o 

F10 
F20 

BSlO 
BKlO 
BK20 
BK30 
BK40 

10 
12 
12.5 
13 
14 
19 
16 

*range 

NOTE: n = 3, detect ion limit used i n  mean ca lcu la t ion ,  see  Appendix 1 f o r  
tabu1 ated  data 
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TABLE 3 MEAN  WATER QUALITY OF FOXY CREEK, BESSEMER  CREEK  AND BUCK CREEK, 
JULY 21/22,   1982 AND JULY 18/19, 1983 
(Tota l  and Dissolved  Metals and Hardness) 

P A R A M E T E R  

JULY 1982 JULY 1983 
STATION - 

X 
- S.D. S.D. X 

IjARDNESS mg/l a s ,  C aC03 ) 

F10 26.1 

.2 34.2 .2 26.2 BK40 

.4 47.7 .2 42.6 BK30 
2.0 72.1 1.8 90.3 BK20 

.5 47.4 1.2 50.2 B K l O  
1.5 256 1.2 255 BSlO 
.1 34.2 .7 53 F20 
.3 19.7 .3 

I I I 

F10 
F20 

BSlO 
B K l O  
BK20 
BK30 
BK40 

F10 
F20 

BSlO 
B K l O  
BK20 
BK30 
BK40 

F10 
F20 

BSlO 
B K l O  
BK20 
BK30 
BK40 

.59 
2.59 

.23 

.69 

.10 

.95 

19 .o 

I SSOLVED 

.14 

.08 
1.68 

< .05 
.07 

< .05 
.05 

.02 

.25 

.59 

.04 

.08 

.01 

.04 

1 -23 
.30 

~ 1.28 
.34 
.12 
.06 
.28 

.02 .15 
.08 

< .05 
.01 .05 

TOTAL ARSENIC ( u g / l )  

< 0.5 .o 
7.3 

- .o < 0.5 
- .3 0.7 
- .I 2 .o 
- .6 1.5 
- 2.6 82.2 
- .a 

.03 

.02 

.03 

.13 

. O l  

. O l  

.02 

01 
.oo 
.01 
. O l  . 00 
.oo 
. O l  

P A R A M E T E R  

JULY 1982 JULY 1983 
STAT I ON - - 

X I S.D. X I S.D. 
I I I I 

F10 
F20 

BSlO 
B K l O  
BK20 
BK30 
BK40 

TOTAL  CADMIUM ( y g / 1 )  

< 0.6 

< 0.5 .O < 0.6 
< 0.5 .O < 0.6 
< 0.5 .O < 0.6 
< 0.5 .O < 0.6 

1.7 .6 10.3 
< 0.5 .O < 0.6 
< 0.5 .o .o 

.o 

.2 

.O 

.o 

.o 

.o 
DZSSOLVED CADMIUM ( u g / l )  

F10 

.o < 0.5 .O < 0.5 BK40 

.o < 0.5 .O < 0.5 BK30 

.o < 0.5 .o < 0.5 BK20 

.o < 0.5 .O < 0.5 B K l O  

.1 1.5 .6 13.3 BSlO 

.o < 0.5 .O < 0.5 F20 

.o < 0.5 .O < 0.5 

TOTAL  CALC 1 UM ( n g / l )  

F10 

.1 8.1 .o 6.7 BK40 

.2 12.6 .1 11.7 BK30 

.5 18.3 . 3  24.7 BK20 

.2 12 .o .2 13.1 B K l O  

.2 72.4 .2 69.9 BSlO 

.1 9.4 .1 14.5 F20 

.2 4.5 .1 5.8 

0::SSOLVED CALCIUM (mg/ l )  

F10 

.1 8.3 .O 6.2 BK40 

.1 12.9 .1 11.5 BK30 

.5  19.9 .5 24.7 BK20 

.2 12.7 .4 13.3 B K l O  

.4 76.3 .2 67.7 BSlO 

.o 9.6 .2 14.3 F20 

.1 4.7 .1 6 .O 

NOTE: n = 3 ,  d e t e c t i o n  limit used i n  mean ca lcu la t ion ,   see   Appendix  I for 
tabu1  a ted  data  
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TABLE 3 CONTINUED 

P A R A M E T E R  P A R A M E T E R  
~~~ 

STATION 

F10 
F20 

BS lO 
BKlO 
BK20 
BK30 
BK40 

I JULY 1982 I JULY I JULY 1982 I JULY 1983 ,983 

S.D. 

0 
0 
0 
0 
0 
0 
0 

STATION I - 
X I S.D. I X I S.D.  - 

TOTAL, IRON ( u g / l )  

F10 

447 40 1170 BK40 
168 20 26 5 BK30 

1100 130  1580 BK20 
727  67  830 B K l O  

1210 600 25600 BSlO 
279  190  2710  F20 
186 26  534 6 

33 
20 

145 
100 

10 
11 < 6  

,HROMIUI 

0 
0 
0 
0 
0 
0 
0 

0 - 
F10 
F20 

BS lO 
B K l O  
BK20 
BK30 
BK40 

F10 
F20 

BSlO 
BK lO 
BK20 
BK30 
BK40 

3 
~6 

3 
5 

59 
1 

19 

1590 
47 8 
502 
130  19 
176 15 

430 
850 

171 

TOTAL  LEAD ( u g / l )  

< 1  0 

0 ( 1  0 < 1  
0 < 1  0 < 1  
0 ( 1  0 < 1  
0 < 1  0 < 1  
0 < 1  

2 2 < 1  0 
( 1  0 < 1  0 - 

F10 
F2 0 

BS lO 
BK lO 
BK20 
BK30 
BK40 

F10 
F20 

BS lO 
BK lO 
BK20 
BK30 
BK40 

2000 
1 

115 
8 
2 

< 1  
( 1  
- 2  
< 1  

F10 
F20 

BSlO 
BKlO 
BK20 
BK30 
BK40 

0 
0 
0 
0 
0 
0 
0 

F10 
F20 

BSlO 
B K l O  
BK20 
BK30 
BK40 

NOTE: n = 3, detect ion limit used i n  mean c a l c u l a t i o n ,  see Appendix I for 
tabu1  ated  data 
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TABLE 3 CONTINUED 

P A R A M E T E R  P A R A M E T E R  

JULY 1982 JULY 1983 
STATION 

JULY 1982 JULY 1983 
STAT1 ON - 

X S.D. ,S.D. x - 

ng/l) 

1.8 
2.4 

14.7 
3.4 
4.8 
3.6 
3.2 

JESIUM 

.1 

.o 

.1 

.1 

.1 

.o 

.o 

rOTAL MA 

2.5 
4.3 

19.2 
3.8 
6.5 
3.3 
2.7 

OTAL MO 

< 6  
< 6  

7 
< 6  
< 6  
< 6  
< 6  

.o 

.o 

.3 

.1 

.1 

.1 

.o 

F10 
F20 

BSlO 
B K l O  
BK 20 
BK30 
BK40 

F10 
F20 

B S l O  
B K l O  
BK20 
BK30 
BK40 

D - ;SOLVED MAGNESIUV (rng/l) 

2.4 

.1 14.4 .1 , 15.7 

.o 2.3 .1 3.8 

.1 1.7 .o 

3.8 .1 3.4 .o 
6.4 

.o 3.1 .o 2.4 

.1 3.6 .1 3.2 

.1 4.9 .1 

TOTAL MAtjGANESE ( u g / l )  
I I I 

DISSOLVED  MOLYBDENUM (ug/ l  

F10 

0 < 5  < 5  BK40 
0 < 5  < 5  BK30 
0 < 5  < 5  BK20 
0 < 5  < 5  B K l O  
0 < 5  < 5  B S l O  
0 ( 5  ( 5  F20 
2 < 5  6 

TOTAL NTCKEL (mg/l)  

F10 

< .02 .oo < .02 BK40 
< .02 .oo < .02 BK30 
< .02 .oo < .02 BK20 
< .02 .oo < .02 B K l O  

.06 .02 .18 BS lO 
< .02 .oo - < .02 F20 
< .02 .oo < .02 

F10 
F20 

B S l O  
B K l O  
BK20 
BK30 
BK40 

F10 
F20 

BS lO 
B K l O  
BK20 
BK30 
BK40 

17 
230 

3183 
68 

252 
19 
73 

0 
1 

12 
7 
9 
1 
1 

6; 1 
108 10 

12 
29 

. 00 . 00 

.Ol . 00 . 00 

.oo . 00 r SSOLVE[ SOLVED MANGANESE (ug/l)  

10 

0 17 0 12 
0 2 1 6 
8 112 6 223 
2 26 14  53 
5 644 17 2860 
0 8 3 169 
1 5 5 

ng/l) 

< .02 
< .02 

.06 
< .02 
< .02 
< .02 
< .02 

t - 
F10 
F20 

B S l O  
B K l O  
BK 20 
BK30 
BK40 

JICKEL 

. 00 

.oo 

.Ol 

.oo . 00 

.oo . 00 

< .02 
< .02 

.15 
< .02 
< .02 
< .02 
< .02 

F10 
F20 

BSlO 
B K l O  
BK20 
BK30 
BK40 

. 00 . 00 . 00 

.oo 

.oo . 00 . 00 
L 

NOTE: n = 3, detection  limit used in mean calculation,  see Appendix I for 
tabu1 ated data 
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TABLE 3 CONTINUED 

P A R A M E T E R  P A R A M E T E R  

JULY 1982 JULY 1983 
STATION - 

X I S.D.  X I S.D.  
- 

JULY 1982 JULY 1983 
STATION 

I u g / l )  

289 

J g / l )  

9 
11 
22 
12 
5 

< 2  
15 

rOTAL T 

23 
80 

369 
4 
9 
2 

50 

TAN I UM 

1 
10 
22 
1 
3 
1 
3 

TOTAL ST 

69 
283 

1536 
127 
356 
132 

58 

I N T I  UM 

1 
1 
6 
6 
4 
1 
0 

1 
2 

101 
3 

12 
5 
1 

F10 
F20 

BS lO 
B K l O  
BK20 
BK30 
BK40 

F10 
F20 

BS lO 
BK lO 
BK20 
BK30 
BK40 

DISSOLVED f7-T TRONTIUM ( u g / l )  D F S S O L V E D , T I T A N I U Y  ( u g / l )  
I I I I 

F10 
F2 0 

B S l O  
5KlO 
BK20 
BK30 
BK 40 

7 1  
289 

1573 
137 
385 
138 

55 

1 
2 

42 
8 

12 
3 
1 

F10 
F20 

BSlO 
BK lO 
BK20 
BK30 
BK40 

TOTAL 

F10 
F20 

B S l O  
B K l O  
BK20 
BK30 
BK40 

3 
116 

1397 
4 

75 
10 

7 

0 
0 

0 
1 
0 

D I S S O L V t D  (Ug / l )  Z I N C  

3 0 
4 8 1  

4 

< 2  0 < 2  
( 2  2 5 
- 2  1 53 
< 2  5 5 
131 0 1210 

3 
F10 
F20 

5SlO 
BKlO 
BK20 
BK30 
BK40 

NOTE: n = 3, detect ion limit used i n  mean c a l c u l a t i o n ,  see Appendix I for 
tabu1  ated  data 
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There  were a few  unusual   resul ts i n   t h e  1982 data  set .   For 

copper,  there was a l a r g e   v a r i a b i l i t y   i n   t o t a l   c o p p e r   c o n c e n t r a t i o n s  a t  F10 

( <  1-6 u g / l )  and dissolved  copper a t  B K l O  (2-16 ug / l )   (Append ix   I ) .   Fo r  

z inc,   there was a 1 a r g e   v a r i a b i l  i ty i n   t o t a l   z i n c   a t  B K l O  ( <  2-8 ug/ l  ) and 

BK40 (3-16  ug/ l ) .   For   d isso lved  z inc  there was a l a r g e   v a r i a b i l i t y  a t  B K l O  

( <  2-10 u g / l ) .  

5.1.2  1983 Creek Results. The extreme  contaminat ion  of  
Bessemer Cr. by a c i d  mine  drainage i n   J u l y  1982 was n o t   e v i d e n t   i n   J u l y  

1983.  The f i e l d  pH o f  Bessemer Cr. was 7.8 w h i l e   t h e   l a b o r a t o r y  pH was 7.4 

(Table  2) .   Whi le Bessemer C r .  (BS10)  had h igh  mean t o t a l  copper  and z inc  

concentrat ions  (83  ug/ l  and  192 u g / l   r e s p e c t i v e l y )   t h i s  was n o t   r e f l e c t e d  
i n  Buck Cr. (BK20) w a t e r   q u a l i t y   r e s u l t s  (Tab1 e 3) .   Dur ing  the 1983 sur- 

vey,  copper  and  zinc  contamination o f  Foxy  Creek by  mine  drainage was n o t  

ev ident   (Table  3) .  Cadmium  was only   detected a t  s t a t i o n  BSlO and t h e  mean 

to ta l   concen t ra t i on  was  1.7 ug / l  . There was a 1 a r g e   v a r i a b i l  i t y  i n   t h e  

d isso lved  z inc  concentrat ions a t  s t a t i o n  F10 ( <  2-8 ug / l )   (Append ix   I ) .  

5.1.3 Water  Qual f t y   O b j e c t f v e s  Comparison. Environment Canada 

( I n l a n d  Waters D i r e c t o r a t e )  has pub1 ished recommended sur face   water   qua l i t y  

o b j e c t i v e s   f o r   a q u a t i c   l i f e  (Reeder,   1979).   Stat ions  that  exceeded these 

recommended o b j e c t i v e s   a r e   r e p o r t e d   i n   T a b l e  4. The  Department o f  

F i s h e r i e s  and Oceans have  had  water   qua l i t y   c r i te r ia   p repared  fo r   the  

assessment  and screening o f  wa te r   qua l i t y   supp l i es   f o r   sa lmon id   ha tche r ies  

(Sigma,  1983).   Stat ions  that   d id  not  meet t h e s e   l e v e l s   a r e   r e p o r t e d   i n  

Table 5 .  The reader i s  a d v i s e d   t o   r e f e r   t o   b o t h   r e p o r t s   f o r  a complete 

d iscuss ion on the  use and  development o f   t h e  recommended l e v e l s .  

5.2 Goosly  Lake Samples 

The range o f  water   qua l i t y   va lues   fo r   Goos ly  Lake on J u l y  22, 

1982  and J u l y  19,  1983 a re   repo r ted   i n   Tab le  6. The i n d i v i d u a l  sample 

r e s u l t s   a r e   r e p o r t e d   i n  Appendix I I. As tempera tu re   p ro f i l es  were n o t  
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I taken i t  i s  not  possible t o  determine  concentration  gradients re1 ative t o  a 
thermocl i ne. 

The July 1982 samples were collected  during a period o f  strong 
acid mine influence on Bessemer  Creek and Buck Creek jus t  upstream o f  
Goosly  Lake. The results i n  general  appear t o  indicate  values  are similar 
t o  those i n  July 1983 when acid mine drainage was not  evident. Those 
results t h a t  do appear t o  be elevated i n  1982 re1 ative t o  1983 incl ude 
t o t a l  a1 umi num, t o t a l  and dissolved  copper,  total and dissolved  iron and 
t o t a l  and  dissolved zinc (Appendix 11). For copper  in 1982, the  dissolved 
values  are  generally  higher t h a n  the t o t a l  values. 

There are several unusual values i n  the 1982 and 1983 da ta  sets.  
For 1982, a t  station GL30 ( 5  m )  the  dissolved chromium (28 m g / l )  and 
dissolved iron (220 ug/l ) appear t o  be unexpl a i  nably h i g h  (Appendix I I ) .  
For 1983, a t  station GLlO ( 8  m )  the h i g h  t u r b i d i t y  (2.5 JTU’s) may indicate 
the sampler disturbed  the bottom sediments. The only metal results t h a t  
support  this premise are h i g h  t o t a l  and dissolved manganese (Appendix 11) .  
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RECOMMENDED  SURFACE  FRESHWATER QUALITY  OBJECTIVES* FOR AQUATIC L I F E  TABLE 4 

T WECTIVE CONCWTRATION 

(ugA) (as Total 1 

50 

0.2 

40 

2 

5 (hardness < 95 mg/L as C&%) 
10 (hardness > 95 mg/L as  CaCQ;  waters 

3 (hardness > 95 q/L as CZCO-J; 
with sensitive  species of fish 

sensitive  species of fish  absent) 

0.1 (to p r o w  consuners of fish) 
0.2 (where fish not eaten) 

25 (soft water) 
250 (hardness > 95 mg/L as C&%) 

10 

0.1 

50 (hardness 0-120 mg/L as C&%) 
100 (hardness 120-180 mg/L as C&O$ 
200 (hardness 180-300 q/L as CaCO-J) 
300 (hardness > 300 ~KJ/L as C&%) 

C@lSTITUM 

Arsenic 

Cactm' un 

Chram'un 

copper 

Lead 

MerCUrY 

Nickel 

Selenim 

Si1 ver 

Z i n c  

1903 1982 

- BSlO X = 82 - not sanpled 

- B s l O  X = 10.3 
- O t h e r  stations < 0.6 

- BSlO X = 1.7 
- O t h e r  stations < 0.5 

- F l O Y = 4 ,  F x ) X = 9 1  
- BslOX=moO 
- K20X=115,  BK30X=8 

- BSlO TI = 83 

- not sarpled - not sampled 

- not Wled  - not sanpled 

- not sapled - not s a n p l e d  

- F20 TI = 116 
- BSlO 51 = 1397 - m X =  75 

(BS10 TI = 192 
but hardness was 
256 ng/l as CdO-J )  

Tormat modified after Reeder, 1979 
NOTE: Refer to Table 3 for  station  hardness 

a 
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TABLE 5 WATER QUALITY PARAMETER SCREENING TABLE  FOR  SALMONID.HATCHERIES* 

FISH CULTURE STATIONS THAT DO NOT SCREENING LEVEL RECmE1D SCREENING 
PRVKTERS LEVELS 

July 1982 July 1983 

METPLS 

A1 uninun (total 15 

Cadm’ un ( d i  ssol ved) 

C h r a n i u n  (total 

Copper (dissolved) 

Iron (total15 

100 

0.3 
0.4 
0.5 
0.75 

40 

2 
5 
11 
22 
64 

300 

0.2 

100 

W N E S S  

(W/L C d g )  

- 10 
-50 

- 100 
-300 

- 10 
-25 
-50 - 120 
-300 

- not  swpled 

- BSlO pH = 5.2 
- mx= 45 
- BSlO X = 373 
- mTI= 7.3 
- BK40X= 22 

- 

(detection limit 5 mg/l) 

T 

- not  sapled 

- BSlO x = 12 
- 

(detection limit 5 mg/l) 

STATIONS MAT Do NOT NEED SCfEENIffi LEVEL 

July 1982 

- All stations except BK30 
exceeded this  level 

- BSlO X = 13.3, a l l  other 
stations < 0.5 

- mx= 58 - BSlO ’jT = 1540 - W X =  76 

- All stations except BK30 
exceeded this  level 

- not sarpled 

- m y =  230 
- BSlO X = 3183 - BK20 51 = 252 

+ 

” 

c 

July 1983 

- All stations except BK30 
exceeded this  level 

- B s l O  X =  1.5, a l l  other 
stations < 0.5 

- All stations exep t  fl0 
and BK30 exceeded th is  
1 eve1 

- not SarQled 

- BSlO Y = 626 
- mx= 108 

CONTINUED.. . 
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TABLE 5 CONTINUED 

M P l S  

Nickel I total ) 

Lead (total) 

kleniun (total 1 

Silver (dissolved) 

Zinc ( di ssol ved) 

MFU(1M 
KCEPTp8LE 

LEVELS 
(ugh-) 

45 
250 

4 
10 
25 
50 

100 

50 

0.1 
0.15 

15 
35 
66 

121 
311 

- < 150 
- > 150 

0 - 35 
35 - 75 
75 - 150 

150 - 300 
300 

0 - 150 
150 - 300 

- 10 
- 25 
-50 - 100 

-300 

July 1982 

- not sanpled 

- not sarpled 

- F B X = 8 1  
- BSlO X = 1210 

( W X =  53 butXhard- 
ness was 90 mg/l as 
C&O$ 

July 1983 

- not sanpled 

- not sarrpled 

(BS10 x = 131 but F; hard- 
ness was 256 ng/1  as 
C Q )  

'Format modified fm Signa, 1983 
NOTE: Refer to Table 3 for  harhess 

h i s   i s  a suggested m i n i m  level  of  alkal ini ty to buffer pH changes i n  rearing ponds. 
2 n i s   i s  a suggested minim level  of hardne~s to a r isks  of  toxic  effects  of meta~s, l w  p~ and poor 
f i sh  health. Although insufficient data  area available to establish  specific cr i ter ia  for hardness, the 
inportance o f  hardness (the divalent metal1 i c  cations Ca?+, f@+ and others) i n  reducing the toxic  effects 
o f  metals , 1 ow pH, total gas pressure, and n i t r i t e  has been docunented. 

3A m i n i m  in f lw pH o f  7.2 d e s  ume allwarxe for the pH reduction due to CCQ respiration i n  a rearing 
pond. Inflow pH cr i te r ia  should be evaluated on site-specific  basis with consideration of  alkal ini ty, fm 
C% and f ish loading density. I 

4The characteristics o f  the suspended solids should be carefully considered.  For  exanple, sane materials 

5 A n a l y ~ ~   f o r  total a1 uninun, iron, and  manganese frequently result i n  high metal concentrations (exceeding 
the screening levels) i f  the water -le  contains  a significant  wantity of suspended s i l t  or clay. These 
mineral forms o f  the metal are essentially ncn-toxic. Haever, aluninun, iron and  manganese precipitates 
are toxic.  Their presence  should be investigated i f  the total metal level s are  high and the inert mineral 
fraction  of the suspended solids appears to be relatively low. 

(i.e. iron hydroxide precipitates) are tox ic   a t  lower concentrations than 3 w/L. P 

u 

C 
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APPENDIX I 

E O U I T Y   S I L V E R  
- R E C E I V I N G  WATER OUALITY  DATA  FOR  CREEKS 
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