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Water qua l i ty  samples  were collected from  seven streams i n  the 
area of a proposed go1 d mine  development on Graham Is1 and, Queen Charlotte 
Islands. Surveys  were  conducted i n  November 1983 and February 1984. 
Intragravel as well as surface water  samples  were  col lected a t  four of the 
stations. 

..................................... 

RESUME 

Des k h a n t i l l  ons de l a  qual i t 6  des  eaux furent col lectes dans 
sept  rivieres de l a  rggion d ' u n  projet de d6velopment minier aurifere sun 
l ' i l e  Graham dans les  iles de l a  Reine Charlotte. Les 6tudes furent 
conduites en  novembre 1983 e t  f6vier 1984. Les  eaux intersticielles du 
gran ier  e t  d e  surface furent collectPes 2 quatre des s ta t ions.  
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SUMMARY AND CONCLUSIONS 

Surface  water  samples  were  collected i n  November 1983 and 

February, 1984 ad jacent   to   the   p roposed Consol ida ted   C ino l   a  go1 d  mine 

proper ty  on Graham Is land .  The r e s u l t s  will serve as p a r t  o f  a  data  base 

devel oped by EPS t o  determine  the  background  qual i t y  and s e l l s i t i v i  t y  o f  
these  s t reams  p r io r  t o  any development. 

T r i p 1   i c a t e  sampl es  were c o l l   e c t e d   t o  he1 p  assess s p a t i a l   v a r i a -  

b i l  i ty. I n t r a g r a v e l  samples  were c o l l e c t e d   t o   a s s e s s   t h e   q u a l i t y  o f  water 

w i t h i n   t h e   s u b s t r a t e   a t   f o u r   o f   t h e  seven s t a t i o n s .  
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1 INTRODUCTION 

As part  of a pre-development monitoring program the Environmental 
Protection  Service (EPS) of Environment Canada conducted water  quality 
studies i n  streams  adjacent t o  the proposed Consolidated  Cinola  gold mine 
property (Fann ing  and Griffin9  1980). The  mine s i t e  i s  located w i t h i n  the 
Yakoun River  drainage on  Graham Island (Queen Charlotte  Islands). 

Earlier water  quality  studies were conducted by EPS i n  1981/82 
(Derksen 1983). This report  presents  data  collected d u r i n g  the November 
2/3, 1983 and February 29, 1984 surveys. A method of o b t a i n i n g  intragravel 
water samples was tes ted  a t   three  s ta t ions i n  November  and four  stations i n  
February. 

Y 
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2 DESCRIPTION OF STUDY AREA 

The area  surveyed  included  the Yakoun R iver  and t r i bu ta ry   s t reams  

associated  with  the  proposed  Cinola  development as we l l  as t h e  Mamin R iver  
and Go1 d Creek (F igure  1). 

The sample s t a t i o n s  used  by EPS i n  1981/82  (Derksen  1983)  and 
r e t a i n e d   i n  1983/84 inc luded  the  Yakoun R i v e r   ( S t a t i o n  2) downstream o f  
Barb ie Creek, Barb ie Creek ( S t a t i o n  41, Canoe Creek ( S t a t i o n  51,  and 

F1 orence  Creek  (Stat ion 6) . Add i t i ona l   s ta t i ons  sampled i n  1983/84 

inc luded  the  Mamin R i v e r   ( S t a t i o n  71, Gold Creek ( S t a t i o n  8)  and an unnamed 
t r i b u t a r y   ( S t a t i o n   9 )   d r a i n i n g   t h e   r e g i o n  o f  the  proposed  waste  rock dump. 
The s ta t i ons   a re   desc r ibed   i n   Tab le  1. 
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TABLE 1 DESCRIPTION OF SAMPLE STATIONS 

RIVER/CREEK 
(year  sampled) 

Yakoun River 
( 1981/82 1 

( 1981 /82 1 
( 1983/84 1 

(1981/82) 

Barbie Creek 
( 1981/82) 
( 1983/84 1 

Canoe Creek 
(1981/82) 
( 1983/84 1 

F1 orence Creek 
( 1981/82 
(1983/84) 

Mami n River 
(1983/84) 

Gold Creek 
(1983/84) 

Unnamed Tributary 
( 1983/84) 

*(See  Figure 1) 

STAT1 ON 
NUMBER* 

5 

6 

7 

DESCRIPTION 

Located  approximately  1.3 km downstream of 
Go1 d Creek confluence on the n o r t h  si de. 
Access a t  a turnoff on Branch 40. The turnoff 
i s  located  1.2 km west of the Branch 40/Branch 
47 junction. 

Located  approximately 0.6 km downstream of 
Barbie Creek on the north side. Access a t  
turnoff on Branch 40. The turnoff i s  located 
0.5 km west o f  where Barbie Creek flows under 
Branch 40. 

Located  approximately 40 m upstream of Main 
Line road bridge  over lower Yakoun River. On 
west s ide downstream of  logs  chained  across 
the   r iver .  

Located  half-way  between Branch 40 road and 
the Yakoun River confluence. 

Located on upstream  side  of Yakoun logging 
road b r idge  crossing lower Canoe Creek. 

Located on upstream  side of Main Line  road 
bridge  crossi ng F1 orence  Creek. 

Located a t  end of  turnoff which was 
approximately 1 .O km from Juskat la   turnoff .  

Located  approximately 2.0 km upstream of 
Yakoun River confluence. 

Tributary  located just downstream of Yakoun 
Station 1. Sampled on upstream side of Branch 
40 road. 
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3 MATERIALS  AND  METHODS 

3.1 Water SamDl es 

3.1.1 Surface Water. Tri p l  icate water samples were coll  ected 
sequentially a t  each s ta t ion for: dissolved oxygen; pH ( f ie ld  and labora- 
tory);   total   alkalinity,   total   acidity;   conductivity;   non-fil terable 
residue (NFR); sulfate;   chlor ide;   n i t r i te  plus n i t r a t e  and ammonia 
(NH3 + NH4'). A single sample was coll  ected for total  phosphate and total  
dissol ved phosphate. The total  phosphate sample was coll  ected i n  a clean 
50 m l  graduated cy1 inder and then poured i n t o  a 50 m l  glass Sovri  1 bott le.  
For t o t a l  dissolved  phosphate, a 50 m l  sample was f i l t e r ed  th rough  a 
d i s t i l l e d  water  rinsed 0.45 u cellulose  acetate membrane f i l t e r .  Dissolved 
oxygen samples were fixed w i t h  2 ml each of  manganese sulfate  and alkal i -  
iodide  azide  reagents. A1 1 sampl es were kept cool while i n  t r ans i t  and 
where analyzed by methods used a t  the DOE/DFO laboratory i n  West Vancouver 
(Anon 1979, Appendix I ) .  

Field pH was measured w i t h  a Metroholm Model E588 pH meter and 
temperature was determined w i t h  a pocket  thermometer. 

Trip1 icate  samples were collected a t  each station for mercury  and 
heavy metal ana lys i s .  Mercury samples were preserved w i t h  nitric-  dichro- 
mate acid ( 5  ml acid per 100 ml sample). Metal samples were acidified w i t h  
n i t r ic   acid  to  pH 1.5. Dissolved mercury and dissolved metal samples were 
f i l t e r ed  t h r o u g h  0.45 u cell   ulose  nitrate membrane f i l t e r s .  Samples  were 
analyzed a t  the DOE/DFO l abo ra to ry  i n  West Vancouver (Appendix I ) .  

3.1.2 I ntragravel Water . Tripl icate  water samples were collected 
a t  S t a t i o n s  2 ,  4 ,  and 8 i n  November and February and as well a t  S t a t i o n  6 
i n  February. A stainless  steel  standpipe (59 cm long, 2.6 cm ID) and 
Maruyama  model  HP-06WE syphon  hand pump were used (Plates  1 and 2 ) .  

A 1 arge  plastic  garbage bag 76 cm  by 1.22 m was weighted down 
w i t h  rocks t o  i so la te  a section of substrate. The standpipe was then 
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pushed th rough  the middl e o f  the  bag i n t o  the   subs t ra te   to  a depth  of 
20-25 cm (depth  of salmon egg deposit ion).  The standpipe was pumped u n t i l  
a c l ea r  sample was obtained and then  the sample bo t t l e s  were f i l l e d  and 
treated  per  the  surface  samples. Samples were n o t  coll  ected  for  phosphate 
analysis and only  dissolved metal  samples were coll  ected. 

A new precleaned pump was used a t  each s ta t ion .  The pump was 
cleaned by d ismant l ing  i t  and removing any loose  plastic  material  w i t h  a 
Kimwipe t i s sue .  The pump was then rinsed w i t h  0.5% nitirc  acid  followed by 
four  r inses w i t h  d i s t i l  1 ed water. A 78 cm 1 ong piece  of  polyethylene 
t u b i n g  (15 mrn ID) was attached  to  the pump to  reach  the bottom o f  the 
standpipe. The t u b i n g  was cleaned  per  the pump. The pumps and t u b i n g  were 
stored i n  large  clean  polyethylene bags u n t i l  used. 
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4 RESULTS AND DISCUSSION 
I 

4.1 * 
The results for the surface and intragravel samples are reported 

i n  Appendix I1 ( a  t o  n )  and summarized i n  Tables 2 t o  4. 
The reader can refer t o  Appendix I1 I t o  compare results w i t h  

values recommended for salmonid hatchery water supplies. The reader is 
referred t o  Sigma 1983 for a complete discussion on the use and development 
of the recommended 1 evel s. 

4.2 Total and Dissolved  Metals 
The results  for the surface and intragravel samples are  reported 

a1 phabetical l y  i n  Appendix IV ( a - f )  and A1 , As, Cd, Cu ,  Fe, Pb, Mn, Hg, and 
Zn are summarized i n  Tab1 es 5 t o  9. The reader can refer t o  Appendix I I1 
and V t o  compare results w i t h  values recommended for hatchery water sup- 
pl  ies (Sigma 1983) and values recommended by Environment Canada ( I n l a n d  
Waters Directorate) as surface water qual i ty  objectives  for aquatic l i f e  
( Reeder 1979). 

4.3 Unusual Results 
Some 1 evel of variabi 1 i t y  i n  water qual i ty  parameters is t o  be 

expected. However, i n  some cases i n d i v i d u a l  values occur t h a t  are 
unexpl a i  nably h i g h  and are considered t o  be out1 iers. Results t h a t  seem t o  
f a l l  i n to  this category are the  dissolved copper concentation of 10 ug/l 
when t o t a l  and other  dissolved copper values were < 1 ug/l (Appendix I V ( i ) ,  
S t a t i o n  2 )  and possibly the dissolved copper concentration of 3 ug/l when 
t o t a l  and other  dissolved copper values were < 1 ug/l (Appendix I V ( i ) ,  
S t a t i o n  9 ) .  Those single h i g h  values account for the higher mean values 
reported for dissolved copper a t  those stations i n  Table 6. Other  unusual 
results  are the detectable  levels of dissolved copper (2-3 ug/ l  ) b u t  below 
detectable  levels of t o t a l  copper a t  S t a t i o n  8 i n  November  (Appendix IV 
( i )  ) . For Barbie Creek ( S t a t i o n  4 ) ,  i n  bo th  November and February the 
dissolved zinc fraction was either as h i g h  or higher t h a n  the t o t a l  Val ues 
(Appendix IV( t ) ) .  
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TABLE 2 SUMMARY TABLE FOR TEMPERATURE, DISSOLVED OXYGEN, PERCENT SATURATION AND pH 

PARAMETER 

Temperature* ( OC) 
Yakoun R i v e r   ( S t a t i o n  2 )  
Barbie  Creek  (Stat ion 4) 
Canoe Creek ( S t a t i o n  5) 
F1 orence  Creek  (Stat ion 6) 
Mamin R ive r   (S ta t i on  7) 
Gold  Creek ( S t a t i o n  8) 
Unnamed T r i b u t a r y   ( S t a t i o n  9) 

Di ssol  ved Oxygen (mg/ l )  
Yakoun R i v e r   ( S t a t i o n  2 )  
Barb ie  Creek ( S t a t i o n  4) 
Canoe Creek ( S t a t i o n  5) 
Florence  Creek  (Stat ion 6) 
Flamin R ive r   (S ta t i on  7) 
Gold Creek ( S t a t i o n  8 )  
Unnamed T r i b u t a r y   ( S t a t i o n  9) 

% Sa tu ra t i on  (%)  
Yakoun R i v e r   ( S t a t i o n  2)  
Barb ie  Creek ( S t a t i o n  4) 
Canoe Creek ( S t a t i o n  5) 
Florence  Creek  (Stat ion 6) 
Mamin R i v e r   ( S t a t i o n  7) 
Gold  Creek  (Stat ion 8 )  
Unnamed T r i b u t a r y   ( S t a t i o n  9) 

* s ing le   va lue  

1 
t 

SURFACE 

x (S.D.) 
- 

6.5 
6.9 
6 .O 
6 .O 
6 .O 
6.2 
6.2 

10.4 (.1) 
8.9 (.2) 
10.1 (.3) 
9.7 (0) 
10.7 (.1) 
10.4 (.1) 
10.6 (.1) 

87.0  (1.0) 
75.1 (1.8) 
84.0  (2.6) 
80.4 (0) 
89.0  (.9) 
86.4 (1) 
88,O ( .5) 

INTRAGRAVEL 

- 
x (S.D.) 

6.5 
6.9 

- 

6.5 

8.6 (.1) 
8.7 ( . 4 )  

- 
10.4 (.2) 

72.5 (.5) 
74.0  (3.5) 

- 

87.2  (1.4) 

"- 

"_ 
"_ 

"- 

_" 

Jl 

~~ ~ ~ 

F E B R U A R Y  1 9 . 8 4  

SURFACE 

- 
x (S.D.) 

4 .O 
4.0 
4 .O 
4 .O 
4 .O 
4.0 
4.5 

11.4 (.1) 
10.2 (.1) 
11.1 ( .2)  
10.9 (.2) 
11.5 ( .l) 
11.2 ( . 3 )  
11.3 (.2) 

90.0 ( .4) 
80.0  (.5) 
87.1  (1.2) 
85.8  (1.6) 
90.8  (.5) 

90.2 (1.3) 
88.2  (2.8) 

INTRAGRAVEL 

x (S.D.) 
- 

4 .O 
4 .O 

4.0 

4.0 

11.0 ( .3) 
9.8  (.4) 

10.1  (.1) 

11.2 ( .2) 

86.3  (2.3) 
77.2 (2.8) 

79.2 ( .5) 

88.5  (1.2) 

CONTINUED rir 
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TABLE 2 SUMMARY TABLE  FOR  TEMPERATURE,  DISSOLVED  OXYGEN,  PERCENT  SATURATION AND pH 

(Continued) 

T t 
PARAMETER 

pH** ( f i e l d )  
Yakoun R ive r   (S ta t i on  2) 
Barbie Creek ( S t a t i o n  4) 
Canoe Creek ( S t a t i o n  5) 
Florence Creek ( S t a t i o n  6) 
Mamin R i v e r   ( S t a t i o n   7 )  
Gold Creek ( S t a t i o n  8) 
Unnamed T r i b u t a r y   ( S t a t i o n  9) 

pH** ( l a b )  
Y a k o u n  R i v e r   ( S t a t i o n  2) 
Barb ie  Creek ( S t a t i o n  4) 
Canoe Creek ( S t a t i o n   5 )  
F1 orence  Creek ( S t a t i o n  6) 
Mamin R i v e r   ( S t a t i o n   7 )  
Gold Creek ( S t a t i o n  8) 
Unnamed T r i b u t a r y  ( S ta t ion   9 )  

** range o f  values 

~~~ 

N O V E M B E R  1 9 8 3  

SURFACE 

- 
x (S.D.) 

6.5 
5.1 
4.9 
5.3 - 5.4 
6.4 
6.5 - 6.6 
5.9 

6.3 - 6.4 
4.8 - 4.9 
4.5 - 4.6 
5.0 - 5.1 
6.1 - 6.2 
6.4 
5.6 

INTRAGRAVEL 

x (S.D.) 
- 

6.4 
5.1 

- 

6.5 - 6.6 

6.3 - 6.4 
4.8 - 4.9 

- 

6.4 

I 

I 

F E B R U A R Y  1 9 8 4  

SURFACE 

- 
x (S.D.) 

6 .O 
5.0 - 5.1 
4.5 - 4.6 
5.1 
5.9 - 6.0 
5.7 
5.9 

6.3 
5.2 - 5.3 
4.8 - 4.9 
5.4 - 5.5 
6.2 
6.3 - 6.4 
5.9 - 6.0 



- 11 - 

TABLE 3 SUMMARY TABLE  FOR  TOTAL HARDNESS. TOTAL ALKALINITY, TOTAL ACIDITY, 
CONDUCTIVITY, AND NON-FILTERABLE  RESIDUE 

PARAMETER 

Hardness  (as  mg/l CaC03) 
Yakoun R i v e r   ( S t a t i o n  2) 
Barbi  e Creek ( S t a t i o n  4) 
Canoe Creek ( S t a t i o n  5) 
F1 orence  Creek  (Stat ion 6) 
Mamin R i v e r   ( S t a t i o n  7) 
Gold  Creek ( S t a t i o n  8) 
Unnamed T r i b u t a r y   ( S t a t i o n  9) 

Tota l  A1 k a l   i n i   t v   ( a s  m d l  CaCt 
Yakoun R i v e r   ( S t a t i o n  2 )  
Barbi  e Creek ( S t a t i o n  4) 
Canoe Creek ( S t a t i o n  5) 
Florence  Creek  (Stat ion 6 )  
Mamin R i v e r   ( S t a t i o n  7 )  
Go1 d Creek ( S t a t i o n  8) 
Unnamed T r i b u t a r y   ( S t a t i o n  9) 

T o t a l   A c i d i t y   ( a s  mg/l CaC03) 
Yakoun R i v e r   ( S t a t i o n  2) 
Barbie Creek ( S t a t i o n  4) 
Canoe Creek ( S t a t i o n  5) 
Florence  Creek  (Stat ion 6 )  
Mamin R i v e r   ( S t a t i o n  7) 
Go1 d Creek ( S t a t i o n  8) 
Unnamed T r i b u t a r y   ( S t a t i o n  9) 

T N O V E M B E R  1 9 8 3  

SURFACE 

- 
x (S.D.) 

12.7 ( .2) 
14.0 (.2) 

10.8 (.1) 
10.3 (.1) 
12.1 (.1) 
10.6 (.1) 

9.49 ( .03) 

1 - 
7 (1) 

n i l  (0) 
n i l  (0) 
n i l  (0) 
5 ( 0 )  
6 (1) 
1.5 (0) 

4 (1) 
13 (0) 
12 (1) 
11 (0) 
4 (1) 
4 (1) 
6 (0) 

INTRAGRAVEL 

- 
x (S.D.) 

15.4 (.4) 
13.7 (.1) 

- 

12.1 (.2) 

SURFACE 

x (S.D.) 
- 

10.5 (0) 
11.5 ( .I) 
7.51 ( .21) 
9.04 ( .lo) 
8.10 (.lo) 

9.65 ( .14) 
10.7  (.1) 

6.3 ( . 3 )  
< 1 (0) 

n i l  (0) 
1 (0 )  
4.3 ( . 3 )  
6 (0) 
2 (0) 

3.8 (.3) 
9 (1) 
8 (1) 
6 (1) 
4 (0) 
4 (2) 
4 (0) 

I NTRAGRAVEL 

- 
x (S.D.) 

10.2  (.2) 
11.7 (.1) 

9.23  (.22: 

10.4  (.1) 

CONTINUED.. , 
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TABLE 3 SUMMARY  TABLE  FOR  TOTAL  HARDNESS,  TOTAL  ALKALINITY,  TOTAL  ACIDITY, 
CONDUCTIVITY, AND  NON-FILTERABLE  RESIDUE 

(Continued) 

PARAMETER 

Conduct iv i t y  (umhos/cm) 
Yakoun R i v e r   ( S t a t i o n  2) 
Barb ie Creek ( S t a t i o n  4) 
Canoe Creek ( S t a t i o n  5 )  
Florence Creek ( S t a t i o n  6) 
Mamin R i v e r   ( S t a t i o n  7 )  
Go1 d Creek ( S t a t i o n  8) 
Unnamed T r i b u t a r y   ( S t a t i o n  9) 

Non-Fi 1 t e r a b l  e Residue  (rng/l) 
Yakoun R ive r   (S ta t i on  2) 
Barbie Creek ( S t a t i o n  4) 
Canoe Creek ( S t a t i o n  5) 
Florence  Creek  (Stat ion 6) 
Marnin R i v e r   ( S t a t i o n  7) 
Gold  Creek ( S t a t i o n  8 )  
Unnamed T r i b u t a r y   ( S t a t i o n  9) 

T N O V E M B E R  1 9 8 3  

SURFACE 

x (S.D.) 
- 

39.6 (.1) 
46.5 ( .3) 
36.6 ( .l) 
34.4 (0) 
34.1 (.1) 
37.9 ( 11) 
37.0 ( .2) 

INTRAGRAVEL 

- 
x (S.D.) 

48.1 (.1) 
46.1 ( .l) 

- 
38.2 ( . 5 )  

.. 
F E B R U A R Y  1 9 8 4 '  

SURFACE 

x (S.D.) 
- 

32.8 (0)  
41.1 (0) 
31.9 ( .1) 
33.0  (1.9) 
31.1  (.1) 
36.0 (0) 
39.1 (.2) 

7 
x (S.D.) 

35.6 ( .2) 
45.4  (.l)m 

34.6 ( .1) 
rn 

35.9 ( .3) 1 
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TABLE 4 SUMMARY TABLE FOR SULFATE,  CHLORIDE, N I T R I T E  PLUS  NITRATE, AMMONIA, TOTAL 
PHOSPHATE AND TOTAL  DISSOLVED PHOSPHATE 

PARAMETER 

Su l f a t e   (mg / l )  
Yakoun River ( S t a t i o n  2) 
Barbie  Creek ( S t a t i o n  4) 
Canoe Creek ( S t a t i o n  5) 
Florence Creek ( S t a t i o n  6) 
Mamin River ( S t a t i o n  7) 
Gold Creek ( S t a t i o n  8)  
Unnamed Tr ibu ta ry   (S ta t ion  9) 

Chlor ide  (mg/l) 
Yakoun River ( S t a t i o n  2) 
Barbie  Creek ( S t a t i o n  4) 
Canoe Creek ( S t a t i o n  5) 
F1 orence  Creek ( S t a t i o n  6) 
Mamin River ( S t a t i o n  7) 
Go1 d Creek ( S t a t i o n  8) 
Unnamed T r i b u t a r y   ( S t a t i o n  9) 

Nitrite plus N i t r a t e   ( u g / l )  
Yakoun River ( S t a t i o n  2) 
Barbie  Creek ( S t a t i o n  4) 
Canoe Creek ( S t a t i o n  5) 
F1 orence Creek ( S t a t i o n  6) 
Mamin River ( S t a t i o n  7) 
Go1 d Creek ( S t a t i o n  8) 
Unnamed T r i b u t a r y   ( S t a t i o n  9 

N O V E M B E R  1 9 8 3  

SURFACE 
- 
x (S.D. )  

5.8 ( .8)  
10.2  (.5) 
7.5 ( . 6 )  
7.4  (.8) 
5.2 (.5) 
5.7 (1.2) 
7.2 ( . 6 )  

5.1 (.1) 
7.0 (.1) 
7.1 (0) 
6.7 (.1) 
5.7 (0) 
5.4 (.1) 
6.8 (.1) 

I NTRAGRAV EL 
- 
x (S.D.)  

5.2 (.2) 
10.3  (1.2) 

- 

5.8 (.3) 

5.9 (.1) 
7.4 (.1) 

5.5 (.1) 

F E B R U A R Y  1 9 8 4  

SURFACE 
- 
x (S.D. )  

2.7 (.1) 
6.1 (.1) 
3.8 (.1) 
3.8 (.l) 
2.2 (.1) 
2.5 (.1) 
4.0 (.2) 

4.2  (.1) 
7.1 (.1) 
6.8 (0) 
4.7 (1.5) 
2.2 (.1) 
2.5 (.1) 
4.0 (.2) 

37 (12) 
30 (26) 
20 (10) 
10 (0) 
30 (10) 
60 (0) 
13 (15) 

INTRAGRAVEL 

x '  (S.D.)  
- 

- 

3.2 (.2) 
7.9 (.3) 

5.5 (.2) 

3.4  (.1) 

4.3  (.1) 
7.5 (.1) 

6.6  (.1) 

4.4 ( . 2 )  

CONTINUED... 
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TABLE 4 SUMMARY TABLE  FOR  SULFATE,  CHLORIDE, NITRITE PLUS  NITRATE, AMMONIA, TOTAL 
PHOSPHATE AND TOTAL  DISSOLVED  PHOSPHATE 

L 

(Continued) 

PARAMETER 

Ammonia  (NH3 + NH4+) ( u g / l )  
Yakoun R i v e r   ( S t a t i o n  2)  
Barbie  Creek  (Stat ion 4 )  
Canoe Creek  (Stat ion 5)  
Florence Creek ( S t a t i o n  6) 
Mamin R i v e r   ( S t a t i o n  7) 
Go1 d Creek ( S t a t i o n  8) 
Unnamed T r i b u t a r y   ( S t a t i o n  9 )  

Total  Phosphate*  (ug/l)  
Yakoun R i v e r   ( S t a t i o n  2) 
Barb ie  Creek  (Stat ion 4 )  
Canoe Creek ( S t a t i o n  5) 
F lorence  Creek  (Stat ion 6 )  
Mamin R i v e r   ( S t a t i o n  7 )  
Go1 d Creek ( S t a t i o n  8) 
Unnamed T r i b u t a r y   ( S t a t i o n  9) 

To ta l   D isso lved Phosphate* (u! ' Yakoun R i v e r   ( S t a t i o n  2) 
Barb ie  Creek  (Stat ion 4) 

1 Canoe Creek ( S t a t i o n  5) 
F lorence  Creek  (Stat ion 6 )  
Mamin R i v e r   ( S t a t i o n  7 )  

Unnamed T r i b u t a r y   ( S t a t i o n  9 )  
1 Go1 d Creek ( S t a t i o n  8) 

N O V E M B E R  1 9 8 3  

SURFACE 

- 
x (S.D.) 

12 
23 
22 
24 
16 
11 
15 

I) 
12 
19 
17 
19 
11 
9 

12 

INTRAGRAVEL 

- 
x (S.D.)  

SURFACE 

- 
13 
14 
14 
14 
11 
11 

- 
11 - 
12 - 

7 
- 

Y 

F E B R U A R Y  1 9 8 4  

INTRAGRAVELY 

- 
x (S.D.)  

" 

" 

" 

c 'I 
* s ing le   va lue  I 

L 
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TABLE 5 SUMMARY TABLE FOR TOTAL AND DISSOLVED  ALUMINIUM AND ARSENIC 

PARAMETER 

Tota l  A1 uminium  (mg/l) 
'Yakoun R i v e r   ( S t a t i o n  2) 
Barb ie  Creek  (Stat ion 4) 
Canoe Creek ( S t a t i o n  5) 
F1 orence  Creek  (Stat ion 6) 
Mamin R i v e r   ( S t a t i o n  7) 
Go1 d Creek ( S t a t i o n  8) 
Unnamed T r i b u t a r y   ( S t a t i o n  9) 

D i  ssol  ved A1 umi num (mg/l ) 
Yakoun R i v e r   ( S t a t i o n  2) 
Barb ie  Creek ( S t a t i o n  4 )  
Canoe Creek ( S t a t i o n  5) 
F1 orence  Creek  (Stat ion 6) 
Mamin R i v e r   ( S t a t i o n  7) 
Gold Creek ( S t a t i o n  8) 
Unnamed T r i b u t a r y   ( S t a t i o n  9) 

Tota l   Arsenic  ( u g / l )  
Yakoun R i v e r   [ S t a t i o n  2) 
Barb ie  Creek ( S t a t i o n  4) 
Canoe Creek ( S t a t i o n  5) 
Florence Creek (Station 6 )  
Mamin R i v e r   ( S t a t i o n  7)  
Gold  Creek ( S t a t i o n  8) 
Unnamed T r i b u t a r y   ( S t a t i o n  9) 

D i  ssol   ved  Arsenic  (ug/ l )  
?akoun R i v e r   ( S t a t i o n  2j 
Barb ie  Creek ( S t a t i o n  4) 
Canoe Creek ( S t a t i o n  5) 
Florence  Creek  (Stat ion 6) 
Mamin R i v e r   ( S t a t i o n  7) 
Gold  Creek ( S t a t i o n  8) 
Unnamed T r i b u t a r y   ( S t a t i o n  9) 1 

N O V E M B E R  1 9 8 3  

SURFACE 

x (S.D.) - 

.42 (.03) 

.63 ( .05) 

.67 (0) 

.61 ( .01) 

.39 (0) 

.28 (.02) 

.47 ( .01) 

.16 (.01) 

.54 (.03) 

.51 ( .01) 

.49 ( .01) 

.25 ( .01) 

.19 ( .01) 

.40 ( .01) 

< .5 (0) 

< .5 (0) 
< .5 (0) 
< .5 (0) 
< .5 (0) 
< .5 (0) 

1.2 ( .06) 

< .5 (0) 
.9 (0) 

< .5 (0) 
< .5 (0) 
< .5 (0) 
< .5 (0) 
< .5 (0) 

INTRAGRAVEL 
- 
x (S.D.) 

.15 (0) 

.52 (.01) 

- 
.20 ( .01) 

- 
"- 

"- 

"- 

"_ 

"- 

"- 

ii 

F E B R U A R Y  1 9 8 4  

SURFACE 
- 
x (S.D.) 

.28 (.04 

.32 (.01 

.44 (.02 

.43 (.01 

.25 (.01 

.31 (.01 

.37 (.04 

.12 (.01) 

.32 ( .01) 

.34 (.01) 
034 ( .01) 
.16 (0) 
.16 ( .01) 
.25 ( .01) 

< .5 
1.1 

< .5 
< - 5  
< .5 
< .5 
< .5 

- 

INTRAGRAVEL 
- 
x (S.D.) 
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TABLE 6 SUMMARY TABLE FOR TOTAL AND DISSOLVED CADMIUM AND COPPER 

PARAMETER 

Tota l  Cadmium ( u g / l )  
Yakoun R i v e r   ( S t a t i o n  2)  
Barb ie  Creek ( S t a t i o n  4 )  
Canoe Creek ( S t a t i o n  5 )  
F1 orence Creek ( S t a t i o n  6 )  
Mamin R i v e r   ( S t a t i o n  7) 
Go1 d Creek ( S t a t i o n  8) 
Unnamed T r i b u t a r y   ( S t a t i o n   9 )  

D i  ssol  ved Cadmi um ( u g / l )  
Pakoun R i v e r  ( S t a t i o n  2) 
Barbie  Creek  (Stat ion 4 )  
Canoe Creek ( S t a t i o n  5)  
F lorence Creek ( S t a t i o n   6 )  
Mamin R ive r   (S ta t i on  7) 
Gold  Creek ( S t a t i o n   8 )  
Unnamed T r i b u t a r y   ( S t a t i o n   9 )  

To ta l  Copper ( u g / l )  
yakoun  River   (Stat ion 2) 
Barb ie  Creek ( S t a t i o n  4)  
Canoe Creek ( S t a t i o n  5) 
Florence  Creek  (Stat ion  6)  
Mamin R i v e r   ( S t a t i o n  7 )  
Go1 d Creek ( S t a t i o n  8) 
Unnamed T r ibu ta ry   (S ta t i on   9 )  

D i  ssol  ved Copper ( u g / l )  
Yakoun R i v e r   ( S t a t i o n  2 )  
Barb ie  Creek ( S t a t i o n  4 )  
Canoe Creek ( S t a t i o n  5) 
F lorence  Creek  (Stat ion 6)  
Mamin R i v e r   ( S t a t i o n  7) 
Gold  Creek ( S t a t i o n  8 )  
Unnamed T r i b u t a r y   ( S t a t i o n  9)  

1 N O V E M B E R  1 9 8 3  

INTRAGRAVEL 
- 
x (S.D.) 

Y 

1 

F E B R U A  

INTRAGRAVEL 

37iT7-l 
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TABLE 7 SUMMARY TABLE  FOR  TOTAL AND DISSOLVED IRON AND LEAD 

PARAMETER 

To ta l   I ron   (ug / l )  
Yakoun River ( S t a t i o n   2 )  
Barbie  Creek ( S t a t i o n  4 )  
Canoe Creek ( S t a t i o n   5 )  
F lorence  Creek ( S t a t i o n   6 )  
Mamin River ( S t a t i o n  7 )  
Go1 d Creek ( S t a t i o n  8)  
Unnamed T r i b u t a r y   ( S t a t i o n   9 )  

Disso lved   I ron   (ug / l )  
Yakoun River ( S t a t i o n   2 )  
Barbie  Creek ( S t a t i o n  4 )  
Canoe Creek ( S t a t i o n  5) 
Florence Creek ( S t a t i o n   6 )  
Mamin River ( S t a t i o n   7 )  
Gold Creek ( S t a t i o n  8 )  
Unnamed T r i b u t a r y   ( S t a t i o n   9 )  

Total  Lead ( u g / l )  
Yakoun River ( S t a t i o n   2 )  
Barbie  Creek ( S t a t i o n   4 )  
Canoe Creek ( S t a t i o n  5) 
F1 orence Creek (Stat ion 6 )  
Mamin River ( S t a t i o n  7)  
Go1 d Creek ( S t a t i o n  8) 
Unnamed T r i b u t a r y   ( S t a t i o n   9 )  

D i  s so l  ved Lead (ug/ l  ) 
Yakoun Rive r   (S t a t ion   2 )  
Barbie  Creek ( S t a t i o n  4 )  
Canoe Creek ( S t a t i o n  5 )  
Florence Creek ( S t a t i o n   6 )  
Mamin River ( S t a t i o n  7 )  
Gold Creek ( S t a t i o n  8) 
Unnamed T r i b u t a r y   ( S t a t i o n   9 )  

T 
t 

N O V E M B E R  1 9 8 3  

INTRAGRAVEL 
- 
x (S.D.) 

210 ( 9 )  
1050  (21) 

- 
191 ( 7 )  

F E B R U A R Y   1 9 8 4  

INTRAGRAVEL 
- 
x (S.D.) 

112 (4) 
728 (6) 

616  (58) 

125 ( 3 )  

1 
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TABLE 0 SUMMARY TABLE  FOR  TOTAL AND DISSOLVED MANGANESE AND MERCURY 

PARAMETER 

Tota l  Manganese ( u g / l )  
Yakoun R i v e r   ( S t a t i o n  2) 
Barbie  Creek  (Stat ion  4)  
Canoe Creek ( S t a t i o n  5) 
Florence  Creek  (Stat ion 6) 
Mamin R i v e r   ( S t a t i o n   7 )  
Gold  Creek ( S t a t i o n   8 )  
Unnamed T r i b u t a r y   ( S t a t i o n   9 )  

D i  ssol  ved Manganese (ug / l  ) 
'Yakoun R i v e r   ( S t a t i o n  2 )  
Barbie  Creek  (Stat ion  4)  
Canoe Creek ( S t a t i o n  5) 
F1 orence  Creek  (Stat ion  6)  
Mamin R i v e r   ( S t a t i o n  7) 
Go1 d Creek ( S t a t i o n   8 )  
Unnamed T r i b u t a r y   ( S t a t i o n   9 )  

Tota l   Mercury  (ug/ l )  
Yakoun R i v e r   ( S t a t i o n  2) 
Barbie  Creek  (Stat ion  4)  
Canoe Creek ( S t a t i o n  5 )  
Florence  Creek  (Stat ion 6) 
Mamin R i v e r   ( S t a t i o n   7 )  
Gold  Creek  (Stat ion  8)  
Unnamed T r i b u t a r y   ( S t a t i o n   9 )  

Dissolved  Mercury  (ug/ l )  
Yakoun R i v e r   ( S t a t i o n  2) 
Barbie  Creek  (Stat ion  4)  
Canoe Creek ( S t a t i o n  5)  
F lorence  Creek  (Stat ion 6) 
Mamin R i v e r   ( S t a t i o n   7 )  
Gold  Creek ( S t a t i o n  8)  
Unnamed T r i b u t a r y   ( S t a t i o n   9 )  

T N O V E M B E R  1 9 8 3  

INTRAGRAVEL 

.06 ( .01) 

.06 ( .01) 

- 
.08 (.02) 

Ti(S.D.) 
INTRAGRAVEL 

1 
1 
1 

1 

1 
1 
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TABLE 9 SUMMARY TABLE FOR TOTAL AND DISSOLVED ZINC 

PARAMETER 

To ta l   Z inc   (ug / l )  
Yakoun R i v e r   ( S t a t i o n  2) 
Barbie Creek ( S t a t i o n  4 )  
Canoe Creek ( S t a t i o n  5 )  
Florence Creek ( S t a t i o n  6) 
Mamin R ive r   (S ta t i on  7) 
Gold  Creek ( S t a t i o n  8) 
Unnamed T r i b u t a r y   ( S t a t i o n   9 )  

D i  ssol ved Z inc   (ug / l )  
Yakoun R i v e r   ( S t a t i o n  2) 
Barbie  Creek  (Stat ion  4)  
Canoe Creek ( S t a t i o n  5 )  

Florence Creek ( S t a t i o n  6) 
Mamin R i v e r   ( S t a t i o n  7 )  
Gold  Creek ( S t a t i o n   8 )  
Unnamed T r i b u t a r y   ( S t a t i o n   9 )  

. ., w.... . 
- -<: -. 

N O V E M B E R  1 9 8 3  

SURFACE INTRAGRAVEL 

- 
x (S.D.)  

F E B R U A R Y   1 9 8 4  

SURFACE 

- 
x (S.D. )  

INTRAGRAVEL 

- 
x (S.D.) 
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APPENDIX I 

ANALYTICAL  METHODS 
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Inomnics (Excl udina Metal SI 

D i  ssol ved Oxygen 
(Winkler) 

pH (field) 
pH (1 ab0ratot-y) 

total a1  kal inity 
total acidity 
conductivity 

m f  i 1 terabl e mi due 
sulfate 

chloride 
nitrite plus nitrate 

m i a  
Phosphate 

300 ml glass 
200 ml polyethylene 
2.5 1 polyeu7ylene 
2.5 1  polyethylene 
2.5 1  polyethylene 
2.5 1 polyetfylene 
2.5 1  polyethylene 
2.5 1  polyethylene 
2.5 1  polyethylene 
2.5 1  polyethylene 
2.5 1  polyethylene 

50 ml glass 

Total and Dissolved  Metals and Hardnessk 

Arsenic 

cadm’m 
copper 
Lead 

MeKUry 

Others 
Hardness 

*Anon, 1979 

200 ml acid washed polyethylene 

200 ml acid washed polyethylene 
xx) ml acid washed polyethylene 
200 ml acid washed polyethylene 
200 ml acid washed  polyethylene 
xx) ml acid washed polyethyl ene 
200 ml acid washed pol yetkyl ene 

Inductively Coup1 ed Argon Plasma (IW) 
Atomic Emission Spectroscopy-hydri de method 

tanic Pbsorption Spectmscopy (AAS) flaneless 
(A%) flameless 
(AAS) flaneless 

P h a m i a  Mercury bbnitor Wl 100 
(ICPP) 

Calculated fm dissolved metal saple 
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APPENDIX  I1 

RECEIVING  WATER  QUALITY  DATA-INORGANICS 
(Excl uding Metal s) 
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APPENDIX I I I WATER QUALITY PARAMETER SCREENING TABLE FOR SALMONID 
HATCHER1  ES* 

I FISH CULTURE PARAMETERS 

A1 kal i n i  t31 
Hardness 

Suspended Sol i ds4 
NH3 + NH4+ ( t o t a l  ) 

D i  ssol ved Oxygen 

pH3 

RECOMMENDED SCREENING  LEVELS 

> 15 mg/L a s  CaC03 
> 20 mg/L as  CaC03 

7.2 t o  8.5 
< 3 mg/L 

< 50 ug/L 
> 11.2 mg/L and > 95% saturat ion 

I METALS 

A1  umi num ( to ta l   )5  
I Cadmi urn ( d i  ssol ved) 

Chromium ( t o t a l  ) 

Copper ( di ssol ved) 

I ron  ( total  15 

Mercury ( t o t a l  ) 

Manganese ( t o t a l  l 5  
Nickel ( t o t a l  

Lead ( t o t a l  ) 

MAXIMUM ACCEPTABLE 
LEVELS (ug /L)  

100 

0.3 
0.4 
0.5 
0.75 

40 

2 
5 

11 
22 
64 

300 

0.2 

100 

45 
250 

4 
19 
25 
50 

100 

HARDNESS 
( mg/L CaC03 

- 10 - 50 
- 100 
- 300 

- 10 - 25 - 50 
- 120 - 300 

- < 150 - > 150 

0 - 35 
35 - 75 
75 - 150 

150 - 300 
300 

C 

L 

0 

CONTINUED... 

I 
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I 

APPENDIX I 1  I WATER QUALITY PARAMETER SCREENING  TABLE FOR SALMONID 
HATCHER1 ES* 

(Continued) 

METALS 

Sel  eni um ( t o t a l  ) 

S i l v e r   ( d i s s o l v e d )  

Z inc ( d i   s s o l  ved) 

MAXIMUM ACCEPTABLE 
LEVELS (ug/L) 

50 

0.1 
0.15 

15 
35 
66 

121 
311 

HARDNESS 
( mg/L CaC03 1 

0 - 150 
150 - 300 

- 10 - 25 
- 50 

- 100 - 300 

*Format mod i f ied   f rom Sigma,  1983 

1This i s  a suggested minimum l e v e l   o f   a l k a l i n i t y   t o   b u f f e r  pH changes i n  
r e a r i  ng  ponds. 

2This i s  a suggested minimum 1 eve1 o f  hardness t o  r e d u c e   r i s k s   o f   t o x i c  
e f f e c t s   o f   m e t a l s ,   l o w  pH and  poor f i s h   h e a l t h .   A l t h o u g h   i n s u f f i c i e n t  
d a t a   a r e   a v a i l a b l e   t o   e s t a b l i s h   s p e c i f i c   c r i t e r i a   f o r   h a r d n e s s   t h e  
impor tance  o f   hardness   ( the   d iva len t   meta l l i c   ca t ions  Ca2+,  Mg2+ and 
o t h e r s )   i n   r e d u c i n g   t h e   t o x i c   e f f e c t s   o f   m e t a l s ,   l o w  pH, t o t a l  gas 
pressure, and n i t r i t e  has  been documented. 

3A minimum i n f l o w  pH o f  7.2 makes some a l l owance   fo r   t he  pH r e d u c t i o n  due 
to CO2 respiration i n  a rearing pond. Inflow pH criteria should be 
evaluated on s i t e - s p e c i f i c   b a s i s   w i t h   c o n s i d e r a t i o n   o f   a l k a l i n i t y ,   f r e e  
COP and f i s h   l o a d i n g   d e n s i t y .  

4The c h a r a c t e r i s t i c s   o f   t h e  suspended so l   i ds   shou ld   be   ca re fu l l y  
considered.  For example, some m a t e r i a l s  (i .e. i r on   hyd rox ide  

p r e c i p i t a t e s )   a r e   t o x i c   a t   l o w e r   c o n c e n t r a t i o n s   t h a n  3 mg/L. 

5Analyses f o r   t o t a l  aluminum, i r o n ,  and  manganese f r e q u e n t l y   r e s u l t   i n  
h igh  meta l   concentrat ions  (exceeding  the  screening  leve ls)  i f  the  water 
sample con ta ins  a s i g n i f i c a n t   q u a n t i t y   o f  suspended s i l t   o r   c l a y .  These 
minera l   forms  o f   the  meta l   are  essent ia l  l y  non-toxic.  However, 
aluminum, i r o n  and  manganese p rec ip i t a tes   a re   t ox i c .   The i r   p resence  
should  be  invest igated i f  t h e   t o t a l   m e t a l   l e v e l s   a r e   h i g h  and t h e   i n e r t  
m i n e r a l   f r a c t i o n   o f   t h e  suspended s o l i d s  appears t o  b e   r e l a t i v e l y   l o w .  
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APPENDIX I V  

TOTAL AND DISSOLVED 
METALS 
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APPENDIX V RECOMMENDED SURFACE  FRESHWATER QUALITY OBJECTIVES*  FOR 
AQUATIC LIFE 

CONSTITUENT 

Arsenic 

Cadmi urn 

Chromi um 

Copper 

Lead 

Mercury 

N icke l  

Sel   eni  urn 

S i  1 ve r  

Zinc 

OBJECTIVE CONCENTRATION 
(ug/L)  (as  Total  

50 

0.2 

40 

2 

0.1 ( t o   p r o t e c t  consumers o f   f i s h )  
0.2 (where f i s h   n o t   e a t e n )  . 

25 ( s o f t   w a t e r )  
250 (hardness > 95 mg/L as CaC03) 

10 

0.1 

50 (hardness 0-120 mg/L as CaC03) 
100  (hardness 120-180 mg/L as CaC03) 
200 (hardness 180-300 mg/L as CaC03) 
300 (hardness > 300 mg/L as CaC03) 

*Format m o d i f i e d   a f t e r  Reeder,  1979 
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