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ABSTRACT 

A m o n i t o r i n g program was conducted i n May 1990 t o d e t e r m i n e t h e sediment 
q u a l i t y o f Johnson Creek which r e c e i v e s t r e a t e d mine e f f l u e n t from t h e Minnova 
c o p p e r / l e a d / z i n c / s i l v e r mine. The b a s i c p a t t e r n o f m e t a l d i s t r i b u t i o n was 
s i m i l a r t o t h a t o f t h e 1988 b a s e l i n e d a t a . 
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RESUME 

Un programme de s u r v e i l l a n c e a e t e mene en mai 1990 pour d e t e r m i n e r l a 
q u a l i t e des sediments du r u i s s e a u Johnson. Ce r u i s s e a u r e c o i s 1 ' e f f l u e n t t r a i t e 
de l a mine de c u i v r e / p l o m b / z i n c / a r g e n t Minnova. Le p a t r o n de base de l a 
d i s t r i b u t i o n des metaux en 1990 e t a i t s i m i l a i r e a c e l l e de 1'etude de base mene 
en 1988. 
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1.0 INTRODUCTION 

The Minnova Inc. c o p p e r / l e a d / z i n c / s i l v e r mine s t a r t e d development o f i t s 
open p i t on F e b r u a r y 1989 and began p r o c e s s i n g o r e i n May 1989. The mine i s 
l o c a t e d i n - t h e c e n t r a l i n t e r i o r o f B r i t i s h Columbia ( F i g u r e 1 ) , n o r t h e a s t o f 
Kamloops, a d j a c e n t t o Johnson Creek which d r a i n s i n t o Sinmax Creek. Sinmax Creek 
s u p p o r t s b o t h sockeye and coho salmon and i s an important kokanee salmon spawning 
stream (Brown e t a l . , 1979). Johnson Creek has an impassable f a l l s a p p r o x i m a t e l y 
400 metres upstream o f i t s c o n f l u e n c e w i t h Sinmax Creek. 

A s e a s o n a l flow-paced d i s c h a r g e o f t r e a t e d t a i l i n g s pond s u p e r n a t a n t i s 
p e r m i t t e d (B.C. Environment Permit PE 8147) over t h e p e r i o d A p r i l t o November, 
i n c l u s i v e . A second d i s c h a r g e from t h e waste r o c k dump r u n o f f r e t e n t i o n pond 
o c c u r s on an ongoing b a s i s ( F i g u r e 1 ) . 

Environment Canada conducted a b a s e l i n e sediment q u a l i t y s u r v e y o f Johnson 
Creek i n May 1988 (Derksen, 1990a). T r e a t e d e f f l u e n t was d i s c h a r g e d o v e r t h e 
p e r i o d October 17, 1989 t o November 30, 1989. T h i s r e p o r t p r e s e n t s sediment 
q u a l i t y d a t a c o l l e c t e d May 30, 1990, a f t e r t h e f i r s t y e a r o f o p e r a t i o n . 
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2.0 STUDY AREA 

Johnson Creek f l o w s i n t o Sinmax Creek which d r a i n s an a r e a o f a p p r o x i m a t e l y 
130 square k i l o m e t r e s . Sinmax Creek d i s c h a r g e s i n t o Skwaam Bay o f Adams Lake 
( F i g u r e 1 ) . 

2.1 Sediment Sample S i t e s 
Sediment samples were c o l l e c t e d a t f o u r s i t e s on Johnson Creek. Two s i t e s 

(JC1 and JC3) were sampled i n t h e 1988 b a s e l i n e s u r v e y . S i t e JC2 was r e l o c a t e d 
c l o s e r t o t h e t r e a t e d e f f l u e n t d i s c h a r g e t r i b u t a r y compared t o 1988 ( a t s t a f f 
gauge S2 a p p r o x i m a t e l y 200 m downstream o f t r i b u t a r y ) . A new s i t e (JC2a) was 
sampled a t t h e lower s t a f f gauge (S4), a p p r o x i m a t e l y 200 m downstream o f t h e 
waste r o c k s e t t l i n g pond d i s c h a r g e t r i b u t a r y ( F i g u r e 1 ) . 
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3.0 MATERIALS AND METHODS 

3.1 Sediment 
Sediment samples were c o l l e c t e d w i t h a s t a i n l e s s s t e e l s y r i n g e sampler 

(Derksen," 1985) . 

F i v e sediment samples (composites o f t h r e e s y r i n g e samples p e r 2 L sample 
b o t t l e ) were c o l l e c t e d a t each s i t e f o r m e t a l and v o l a t i l e r e s i d u e a n a l y s e s 
(<0.15 mm f r a c t i o n ) . The s y r i n g e samples were l e f t t o s e t t l e o v e r n i g h t i n 2 L 
p o l y e t h y l e n e sample b o t t l e s . Samples were t r a n s f e r r e d i n t o K r a f t sediment bags, 
k e p t c o l d d u r i n g t r a n s i t , and t h e n f r o z e n u n t i l p r e p a r a t i o n f o r a n l y s i s . 

Sediment sample a n a l y s e s and a n a l y t i c a l methods a r e summarized i n - T a b l e 1. 
The samples were a n a l y z e d a t t h e Environment Canada, West Vancouver L a b o r a t o r y . 
The sediment samples i n t h i s s t u d y were d i g e s t e d u s i n g a microwave oven p r o c e d u r e 
( M i l l w a r d and K l u c k n e r , 1989) . Sediment r e f e r e n c e samples NBS 1646, NBS 2704, 
and MESS-1 were used t o determine m e t a l r e c o v e r y . 
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TABLE 1: SEDIMENT ANALYSES AND ANALYTICAL METHODS 

PARAMETER ( D e t e c t i o n L i m i t ) METHOD 

V o l a t i l e R e s i d u e - Sample was oven d r i e d a t 90°C o v e r n i g h t , 
oven d r i e d a t 103°C f o r one hour and t h e n 
m u f f l e d a t 550°C f o r one hour. 
G r a v i m e t r i c a n a l y s i s . 

M e t a l s : Samples a r e oven d r i e d a t 40°C, s i e v e d t o <0.15 mm, and t h e n r o l l e d t o 
homogenise. The sample i s t h e n weighed (0.3 g) i n t o a T e f l o n d i g e s t i o n 
v e s s e l and d i g e s t e d w i t h 4.5 ml HN03, 1.5 ml HC1 and 1 ml d e i o n i z e d water i n 
a microwave oven (720 j o u l e s / s e c ) f o r 15 minutes. The sample i s c o o l e d , 
v o l u m i z e d , and s e t t l e d o v e r n i g h t . The decant i s a n a l y s e d . 

Ag (2 jug/g)* ICP e m i s s i o n s p e c t r o m e t r y 
Ag (0.02 jtig/g) g r a p h i t e f u r n a c e atomic a b s o r p t i o n * * 
A l (8 jug/g) ICP e m i s s i o n s p e c t r o m e t r y 
As (8 jig/g) ICP e m i s s i o n s p e c t r o m e t r y 
Ba (0.2 pg/g) ICP e m i s s i o n s p e c t r o m e t r y 
Ca (20 jug/g) ICP e m i s s i o n s p e c t r o m e t r y 
Cd (0.8 /ig/g) ICP e m i s s i o n s p e c t r o m e t r y 
Cd (0.02 /ug/g) g r a p h i t e f u r n a c e atomic a b s o r p t i o n * * 
Cr (0.8 /ug/g) ICP e m i s s i o n s p e c t r o m e t r y 
Cu (0.8 pg/g) ICP e m i s s i o n s p e c t r o m e t r y 
Fe (8 fig/g) ICP e m i s s i o n s p e c t r o m e t r y 
Hg (0.008 pg/g) - c o l d vapour atomic a b s o r p t i o n 
Mg (20 jug/g) ICP e m i s s i o n s p e c t r o m e t r y 
Mn (0.2 /ug/g) ICP e m i s s i o n s p e c t r o m e t r y 
N i (3 pg/g) ICP e m i s s i o n s p e c t r o m e t r y 
Pb (8 /ug/g) ICP e m i s s i o n s p e c t r o m e t r y 
Pb (0.08 pg/g) g r a p h i t e f u r n a c e atomic a b s o r p t i o n * * 
S i (8 fig/g) ICP e m i s s i o n s p e c t r o m e t r y 
V (2 /ig/g) ICP e m i s s i o n s p e c t r o m e t r y 
Zn (0.3 jug/g) ICP e m i s s i o n s p e c t r o m e t r y 

* d e t e c t i o n l i m i t f o r 0.3 g d r i e d sample 
** GFAA a n a l y s i s i f c o n c e n t r a t i o n <2x ICP d e t e c t i o n 
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4.0 RESULTS AND DISCUSSION 

4.1 Sediment Q u a l i t y 
The sediment q u a l i t y r e s u l t s a r e r e p o r t e d i n Appendix 1(a) (non-metals) and 

Appendix 1(b) ( m e t a l s ) . The r e f e r e n c e sediment r e s u l t s a r e l i s t e d i n Appendix 
1 ( c ) . 

The sediment d a t a c o l l e c t e d i n t h i s study were compared t o t h e 1988 
b a s e l i n e d a t a f o r Johnson Creek ( T a b l e 2 ) . T e s t s f o r s i g n i f i c a n t d i f f e r e n c e s i n 
m e t a l c o n t e n t between s t a t i o n s and y e a r s were not made. Derksen (1990b) 
demonstrated t h a t t h e annual v a r i a b i l i t y i n sediment m e t a l l e v e l s can be q u i t e 
l a r g e . S e v e r a l y e a r s o f b a s e l i n e d a t a would be r e q u i r e d t o a d e q u a t e l y d e t e c t 
s u b t l e changes i n sediment m e t a l c o n t e n t a t any s i n g l e s t a t i o n . The r e s u l t s f o r 
copper, l e a d , and z i n c a r e shown i n F i g u r e 2, F i g u r e 3, and F i g u r e 4, 
r e s p e c t i v e l y . F o r Johnson Creek, a g e n e r a l p a t t e r n o f h i g h e r m e t a l l e v e l s a t t h e 
upstream s i t e (JC1) and t h e lower s i t e (JC3) was e v i d e n t i n b o t h 1988 and 1990. 

The r e f e r e n c e sediment r e c o v e r i e s f o r MESS-1 (Cu, Pb, and Zn) i n 1988 and 
1990 a r e shown i n F i g u r e 5. The mean r e c o v e r y f o r l e a d and z i n c was s i m i l a r f o r 
b o t h y e a r s . Mean copper r e c o v e r y was h i g h e r i n 1990. 

4.2 F u t u r e M o n i t o r i n g 
The sediment q u a l i t y o f Johnson Creek s h o u l d be r e - e v a l u a t e d p r i o r t o mine 

c l o s u r e i n o r d e r t o determine p o s s i b l e impacts from mine d i s c h a r g e s . 

TABLE 2: 1988 AND 1990 SEDIMENT QUALITY SUMMARY - JOHNSON CREEK 

SITE MEAN CONCENTRATION fc/g/g) SITE 

Ag Cd Cu Hg Pb Zn 

SITE 

1988 1990 1988 1990 1988 1990 1988 1990 1988 1990 1988 1990 

JC1 0.08 <2 0.23 0.10 39.8 33.4 0.034 0.026 10.4 13.7 128 106 
JC2 0.07 <2 0.08 0.05 24.3 36.4 0.024 0.014 5.2 9.6 109 80.5 
JC2a - <2 - 0.08 - 28.0 - 0.020 9.7 - 113 
JC3 0.07 <2 0.24 0.15 52.5 48.8 0.154 0.066 28.0 33.3 155 148 



FIGURE 2: 1988 and 1990 COMPARISON FOR MEAN COPPER -
J O H N S O N C R E E K 

STATION 



FIGURE 3: 1988 and 1990 COMPARISON FOR MEAN LEAD -
J O H N S O N C R E E K 

JG1 , JC2 JC2a JC3 
STATION 



FIGURE 4: 1988 and 1990 COMPARISON FOR MEAN ZINC -
J O H N S O N C R E E K 

JC1 JC2 JC2a JC3 
STATION 



FIGURE 5: 1988 and 1990 REFERENCE SAMPLE RECOVERY FOR 
COPPER, LEAD, AND ZINC 

Copper Lead Zinc 
STATION 
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APPENDIX 1(a) 

SEDIMENT QUALITY - VOLATILE RESIDUES 



APPENDIX 1 ( a ) t 

JOHNSON CREEK SEDIMENT VOLATILE RESIDUES, 1990 

(mg/g d r y wt., <0.15 mm) 
S i t e JC1 JC2 JC2a JC3 

63.1 35.3 76.7 82.1 
64.6 45.3 92.1 66.8 
85.1 29.2 70.4 97.2 
53.5 45.4 102 82.4 
74.8 , 36.3 101 77.3 

Mean 68.2 38.3 88.4 81.2 
SD 12.1 7.0 14.3 11.0 
n 5 5 5 5 
CV 18 18 16 14 



APPENDIX Kb) 

SEDIMENT QUALITY - METALS 



APPENDIX I ( b ) ; 

JOHNSON CREEK SEDIMENT METALS, 1990 - Ag, As and Cd 

Ag (/*g/g dry wt., <0.15 mm) 
S i t e JC1 JC2 JC2a JC3 

<2 <2 <2 <2 
<2 <2 <2 <2 
<2 <2 <2 <2 
<2 <2 <2 <2 
<2 <2 <2 <2 

Mean <2 <2 <2 <2 
SD 0 0 0 0 
n 5 5 5 5 
CV 0 0 0 0 

As (ug/g dry wt., <0.15 mm) 
S i t e JC1 JC2 JC2a JC3 

10 19 17 22 
21 20 21 10 
10 36 22 25 
23 28 24 17 
28 20 35 27 

Mean 18 25 24 20 
SD 8 7 7 7 
n 5 5 5 5 
CV 44 30 28 34 

Cd (ug/g d r y wt., <0.15 mm) 
S i t e JC1 JC2 JC2a JC3 

0.10 0.06 0.07 0.18 
0.09 0.06 0.05 0.17 
0.10 0.03 0.09 0.21 
0.09 0.07 0.10 0.10 
0.10 0.05 0.10 0.10 

Mean 0.10 0.05 0.08 0.15 
SD 0.01 0.02 0.02 0.05 
n 5 5 5 5 
CV 6 28 26 33 



APPENDIX I ( b ) : 

JOHNSON CREEK SEDIMENT METALS, 1990 - Cr, Cu and Hg 

Cr (/tg/g dry wt., <0.15 mm) 
S i t e JC1 JC2 JC2a JC3 

126 186 146 236 
136 243 210 229 
212 185 313 238 
154 226 292 262 
148 212 295 272 

Mean 155 210 251 247 
SD 34 25 71 19 
n 5 5 5 5 
CV 22 12 28 7 

Cu (/tg/g dry wt., <0.15 mm) 
S i t e JC1 JC2 JC2a JC3 

31.1 37.1 21.8 57.8 
29.3 35.2 22.7 45.9 
37.8 29.7 29.4 53 
32.6 40.4 32.3 44.3 
36.1 39.7 33.8 42.8 

Mean 33.4 36.4 28 48.8 
SD 3.5 4.3 5.5 6.4 
n 5 5 5 5 
CV 11 12 20 13 

H 9 0*9/9 dry wt., <0.15 mm) 
S i t e JC1 JC2 JC2a JC3 

0.029 0.010 0.017 0.060 
0.023 0.020 0.018 0.072 
0.028 0.009 0.018 0.062 
0.022 0.021 0.026 0.075 
0.026 0.010 0.023 0.062 

Mean 0.026 0.014 0.020 0.066 
SD 0.003 0.006 0.004 0.007 
n 5 5 5 5 
CV 12 43 19 10 



APPENDIX I ( b ) ; 

JOHNSON CREEK SEDIMENT METALS, 1990 - N i , Pb, and Zn 

N i (/ig/g dry wt., <0.15 mm) 
S i t e JC1 JC2 JC2a JC3 

66 92 69 110 
71 110 93 110 
99 89 140 110 
80 110 130 120 
76 100 130 120 

Mean 78 100 112 114 
SD 13 10 30 5 
n 5 5 5 5 
CV . 16 10 27 5 

Pb (ftg/g dry wt., <0.15 mm) 
S i t e JC1 JC2 JC2a JC3 

12.3 11 8.1 33.1 
12.7 9.8 8.6 28.4 
15.1 8.1 9.8 35 
14.2 9.8 10.7 40.5 
14.1 9.5 11.2 29.4 

Mean 13.7 9.6 9.7 33.3 
SD 1.2 1.0 1.3 4.8 
n 5 5 5 5 
CV 8 11 14 15 

Zn (ng/g dry wt., <0.15 mm) 
S i t e JC1 JC2 JC2a JC3 

119 76.7 97.5 179 
104 . 79.1 90.4 145 
106 80.2 126 150 
99.6 83 125 ' 131 

102 83.7 126 135 

Mean 106.1 80.5 113.0 148 
SD 7.6 2.9 17.6 18.9 
n 5 5 5 5 
CV 7 4 16 13 



APPENDIX K b ) ; 

JOHNSON CREEK SEDIMENT METALS, 1990 - A l , Ca, and Fe 

A l (mg/g d r y wt., <0.15 mm) 
S i t e ' JC1 JC2 JC2a JC3 

18.3 16.3 
17.2 16.3 
20.9 17 
21.1 17.5 
19.8 17.3 

12.9 18.5 
13.7 15 
16.9 17.5 
16.1 15.3 
18.2 15.4 

Mean 19.5 16.9 15.6 16.3 
SD 1.7 0.6 2.2 1.6 
n 5 5 5 5 
CV 9 3 14 10 

Ca (mg/g d r y wt., <0.15 mm) 
S i t e JC1 JC2 JC2a JC3 

93.7 19.9 
87.1 19.5 
64.3 14.7 
31.1 23.3 
57.5 20.9 

9.2 27.3 
10.2 27.3 
11.1 30.6 
11.5 27.9 
13.6 33.8 

Mean 66.7 19.7 11.1 29.4 
SD 25.0 3.1 1.6 2.8 
n 5 5 5 5 
CV 37 16 15 10 

Fe (mg/g d r y wt., <0.15 mm) 
S i t e JC1 JC2 JC2a JC3 

31.1 
32.2 
35.6 
38 
34.2 

33.1 
32.4 
34.6 
33.1 
33.7 

27 
27.4 
35 
33.4 
36.9 

42.7 
39.7 
39 .1 
35.3 
35.2 

Mean 34.2 33.4 31.9 38.4 
SD 2.7 0.8 4.5 3.2 
n 5 5 5 5 
CV 8 2 14 8 



APPENDIX Kb) : 

JOHNSON CREEK SEDIMENT METALS, 1990 - Mg and Mn 

Mg (mg/g dry wt., <0.15 mm) 
S i t e JC1 JC2 JC2a JC3 

12.5 
12.1 
14.2 
14.5 
13.6 

13.9 
12.3 
14.2 
14.7 
14.7 

8.3 
8.7 

11.4 
10.9 
12.3 

15.3 
13 .1 
14.4 
12.7 
12.5 

Mean 13.4 14.0 10.3 13.6 
SD 1.0 1.0 1.7 1.2 
n 5 5 5 5 
CV 8 7 17 9 

Mn (mg/g dry wt*, <0.15 mm) 
S i t e JC1 JC2 JC2a JC3 

2.28 0.66 1 0.91 
0.88 0.57 0.55 0.88 
0.89 0.63 1.25 0.96 
0.56 0.69 1.14 0.85 
0.93 0.77 1.27 0.81 

Mean 1.11 0.66 1.04 0.88 
SD 0.67 0.07 0.30 0.06 
n 5 5 5 5 
CV 61 11 28 6 



APPENDIX 1(c) 

SEDIMENT QUALITY - REFERENCE SEDIMENT 



APPENDIX1 1 ( c ) : 

REFERENCE SEDIMENT - NBS 1646 

Hg Cd Cu Pb Zn 

L a b o r a t o r y A n a l y s i s (pg/g d r y wt, <0.15 mm) 

0.060 <0.8 15 19 124 
0.066 <0.8 16 24 121 
0.071 

Mean 0.066 <0.8 16 22 123 
SD 0.006 0 1 4 2 
n 3 2 2 2 2 

C e r t i f i e d V a l u e s (/ug/g d r y wt, <0.15 mm) 

0.063 0.36 18 28.2 138 
(0.051-0.75) (0.29-0.43) (15-21) (26.4-30.0) (132-144) 

REFERENCE SEDIMENT - NBS 2704 

Hg Cd Cu Pb Zn 

L a b o r a t o r y A n a l y s i s (pg/g d r y wt, <0.15 mm) 

1.47 2.9 96.4 150 433 
1.46 3.1 96.5 160 457 
1.52 

Mean 1.48 3 96.5 155 445 
SD 0.03 0.1 0.1 7 17 
n • 3 • 2 2 2 2 

C e r t i f i e d V a l u e s (/ug/g d r y wt, <0.15 mm) 

1.44 3.45 98.6 161 438 
(1.37-1.51) (3.23-3.67) (93.6-103.6) (144-178) (426-450) 



APPENDIX 1 ( c ) : 

REFERENT! •roiDIMENT - MESS-1 

Hg Cd Cu Pb Zn 

L a b o r a t o r y A n a l y s i s (/jg/g d r y wt, <0. 15 mm) 

0.218 <0.8 27.8 26 167 
0.245 <0.8 34.4 35 196 
0.160 

Mean 0.208 <0.8 31.1 30. 5 182 
SD 0.043 0 4.7 6. 4 - 21 
n 3 2 2 2 2 

r 
C e r t i f i e d V a l u e s (jug/g dry wt, <0. 15 mm) 

0.171 0.59 25.1 34.0 191 
(0.157-0.185) (0.49-0.69) (21.3-28.9) (27.9-40.1) (174-208) 
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