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ABSTRACT 

Three  surveys  were  conducted  over 1981-1982 t o  document the  

w a t e r   q u a l i t y   o f   t h e  Yakoun River,  Barbie  Creek, Canoe Creek and Florence 
Creek l oca ted  on Graham Is land,  Queen Char lo t te   I s lands .  The Yakoun 

drainage i s   c h a r a c t e r i z e d   b y   w a t e r   h a v i n g :   l o w   a l k a l i n i t y ,   l o w  pH, low 
hardness,  h igh  organic  content and h igh  co lour .   Consol idated Ci no1 a Mines 
L td .  have  proposed to   develop an open p i t  go1 d mine w i th in   t he   d ra inage  
area  studied. 

Heavy meta l   leve l  s of  the  streams  sampled  were compared t o  
Environment Canada o b j e c t i v e s  and U.S. Environmental   Protect ion Agency 

c r i t e r i o n   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  1 i f e .  
The i n f l u e n c e   o f   i n c r e a s e d   s u r f a c e   r u n o f f  on w a t e r   q u a l i t y  was 

documented dur ing   the  September,  1981  survey. 
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RESUME I 

De 1981 a' 1982, on  a procede a' t r o i s   a n a l y s e s   d i f f e r e n t e s   p o u r  
d e t e r m i n e r   l a   q u a l i t 6  de l ' e a u  des r i v i e r e s  Yakoun, Barbie  Creek, Canoe 
Creek e t  F1 orence Creek s i tuees  dans 1 'i l e  Graham des I l e s  de l a  Reine 

Char lo t te .  Le bassin  hydrographique de l a   r i v i h - e  Yakoun se c a r a c t e r i s e  

pa r  une eau de f a i b l e   a l c a l i n i t e ,  de f a i b l e  pH, de fa ib le   degr6   hydro t ime-  

t r i q u e ,  de f o r t  contenu  organique  et  de couleur  foncee.  Consolidated 

Cinola  Mines  Ltd. a propos6 de developpes une mine  d 'o r  2 l ' i n t e r i e u r  de 

l a  reg ion de drainage  etudige. 

En vue de 1 a p r o t e c t i o n  de 1  a v ie   aquat ique en eau  douce, on a 

compare l e  niveau des metaux lourds  des courds  d'eau dans lesque ls  on a 
p re leve  des echan t i l   l ons  aux o b j e c t i f s   d ' E n v i  ronnement Canada e t  aux 

c r i t g r e s  poses par  1 'organisme  americain  Environmetnal  Protection Agency. 

Les ef fe ts   d 'un  accro issement  des  eaux de ru isse l   lement  s u r  l a  
q u a l i t 6  de 1 'eau  ont  et6  d6terminGs  lors de 1 'enqulete de 1981. 
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SUMMARY AND CONCLUSIONS 

a 

f 

The w a t e r   q u a l i t y   o f   t h e  Yakoun River,  Barbie  Creek, Canoe Creek 

and Florence  Creek was monitored  dur ing  June and  September,  1981  and 

March, 1982. The o b j e c t i v e  was t o   c o l l e c t  background  data  pr ior   to   the 

development o f  a proposed go1 dmine  (Consol i d a t e d  Ci no1 a )  on  Graham Is1  and. 
The a1 k a l   i n i t y   o f   t h e  streams measured d i d   n o t  exceed  20  mg/l as 

CaC03. The Yakoun R iver  had the   h ighes t   ove ra l l  a1 k a l   i n i t y   r a n g i n g  

between  6.0-15.1  mg/l w h i l e  Canoe Creek  had t h e   l o w e s t   a l k a l i n i t y  
(0.5-5.5 mg/l ) . The Yakoun drainage  has  very 1 i ttl e q u a n t i t a t i v e   c a p a c i t y  

t o   b u f f e r   a c i d i c   d i s c h a r g e s .  The pH o f   t he   s t reams   d id   no t  exceed 7.1. 
Again,  the Yakoun R ive r   ove ra l l  had the   h ighes t  pH ranging  between  6.6-7.1 

w h i l e  Canoe Creek  had the   lowest  pH (5.1-6.0). The t h r e e   t r i b u t a r y  

streams a1 1 recorded pH 1 eve1 s bel  ow  pH  6, t he  1 ower c r i t e r i o n  suggested 

f o r  a h i g h   l e v e l   o f   p r o t e c t i o n   t o   f r e s h w a t e r   a q u a t i c   l i f e .  The mean water 

hardness o f   t h e   s t r e a m s   d i d n ' t  exceed  14.1  mgll  (as CaC03) and w i t h  

t h e  Yakoun R iver   hav ing   the   h ighes t   leve ls   rang ing  between  10.9-14.0  mg/l 

and Canoe Creek t h e   l o w e s t   l e v e l s  (5.0-8.9 mg/ l ) .  The waters i n   t h e  

Yakoun dra inage  a re   very   so f t .  
The non- f i 1   t e rab le   res idue   ( suspended   so l i ds )   l eve l s   o f   t he  

streams  were  general l y  bel  ow the  5 mg/ l   detect ion 1 imit. However, f o r   t h e  
Yakoun R ive r   s ta t i ons ,  suspended s o l i d s   i n c r e a s e d   ( t o  a h i g h   o f  63 mg/l a t  

Yakoun River  #3) as a r e s u l t   o f   i n c r e a s e d   s u r f a c e   r u n o f f   d u r i n g   t h e  
September,  1981  survey. A s i m i l a r   i n c r e a s e  was not   recorded i n   t h e   t h r e e  

t r i b u t a r y  streams. The g e n e r a l l y   h i g h   t o t a l   v o l a t i l e   r e s i d u e   l e v e l s  

respec t i ve   t o   t he   t o ta l   res idue   i nd i ca ted   t he   o rgan ic   na tu re   o f   t he   sys tem 

and t h i s  was further  evidenced  by  h igh  total   organic  carbon  concentra- 
t i ons .  Canoe Creek  had  the  h ighest  total   organic  carbon  concentrat ions 

(18-31  mg/ l )   whi le  the Yakoun River  had the  lowest  (6-17  mg/ l ) .  The h igh  

co lou r   va lues   f o r   t he   s t reams   aga in   re f l ec t   t he i r   o rgan ic   na tu re   w i th  

Canoe Creek being  the  h ighest  (165-322) and the  Yakoun R iver   the   lowest  

(50-122) 
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In general, t o t a l  mercury concentrations of the streams were 
below the  detection limit of 0.2 u g / l  . In the September, 1981 survey w i t h  
increased surface  runoff, four of th i r ty-s ix  samples had detectable 
concentrations (0.23 ug / l  - 0.7 u g / l ) .  In order t o  establish the 
influence of increased surface runoff on mercury levels i n  the Yakoun 
drainage and t o  be consistent w i t h  recommended objectives and criterion, 
any further water qual i t y  work  re1 ated t o  mercury i n  this drainage should 
use a lower detection 1 imi t. 

Total arsenic  levels of the streams were low and ranged  between 
1 ess than 0.5 u g / l  t o  2.3 ug/ l  . These level s are we1 1 bel ow the 
Environment Canada recommended objective of 50 ug/l  t o t a l  arsenic  for the 
protection of aquatic l i fe .  

The t o t a l  and dissolved lead concentrations of the Streams  were 
a1 1 bel ow the detection 1 imi t of 40 ug/ l  used i n  June and September, 1981. 
A lower detection limit i n  March, 1982 indicated  detectable concentrations 
of t o t a l  lead between 20-40 ug/l  b u t  dissolved lead values were a1 1 less 
than 20 ug/l  . Environment Canada recommended a t o t a l  lead objective  for 
soft water of 5 ug/l  for the protection of aquatic l i f e  and the U.S. EPA 

set a criterion of 74 ug/ l  t o t a l  recoverable lead as a concentration for 
soft water (50 mg/l as CaC03) not  t o  be exceeded a t  any time for the 
protection of freshwater aquat ic  l i fe .  

Total  and dissolved zinc concentrations were generally a t  or 
near the detection limit of 5 ug/ l  except  during the September, 1981 
survey when the influence of increased surface runoff was evident. 
Elevated levels of zinc throughout the survey area on September 11, 1981 
( a n d  on September 10, 1981 for Barbie  Creek) ref1 ect an influence due t o  
increased rainfall and flows. Barbie Creek had the highest dissolved zinc 
1 eve1 s on September 11 w i t h  concentrations between 17-20 ug / l  . For the 
same period the t o t a l  zinc concentrations were  between 26-139 u g / l .  The 
dissolved zinc concentrations  for the other stations on September 11 were 
6-8 ug/ l  and for t o t a l  zinc 19-418 u g / l .  The highly variable t o t a l  zinc 
concentrations (between the three rep1 icates)  indicate a non-uniform 
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d ispers ion   re1   a ted   to   inc reased  par t i cu la tes   g rea ter   than 0.45 um (as 
supported  by  the  uni form and low  concent ra t ions   o f   the   d isso lved  z inc  

samples). For t o t a l   z i n c  on September 11, 10 o f  36 samples  exceeded t h e  

Environment Canada  recommended o b j e c t i v e   f o r   t h e   p r o t e c t i o n   o f   a q u a t i c  

1 i f e   f o r   s o f t w a t e r   o f  50 ug / l  and 3 o f  36 samples  exceeded t h e  U.S. EPA 

c r i t e r i o n   o f  180 ug / l   t o ta l   recove rab le   z inc   se t  as  a concen t ra t i on   f o r  

sof twater  (50  mg/ l  as CaC03) n o t   t o  be exceeded a t  any t ime. 
D isso lved  z inc   concent ra t ions   d id   no t  exceed  20 u g / l   a t  any t ime and  were 

genera l l y   l ess   t han  5 u g / l  . 
Tota l  and d isso lved cadmium concen t ra t i ons   d idn ' t  exceed t h e  

de tec t i on  1 imit o f  4 u g / l   i n  June and September,  1981  and the re  was no 

i n f l u e n c e  due to   i nc reased   su r face   runo f f .  A lower   detect ion limit i n  

March,  1982 i n d i c a t e d  a few samples had j u s t   d e t e c t a b l e   t o t a l  cadmium 
l e v e l s   o f  2-3 ug / l   bu t   d i sso l ved  cadmium concentrat ions were a1 1 less   than 

2 ug / l  . Environment Canada  recommended  an o b j e c t i v e   o f  0.2 u g / l   f o r   t o t a l  

cadmium f o r   t h e   p r o t e c t i o n   o f   a q u a t i c  1 i f e  and t h e  U.S. EPA se t  a 

c r i t e r i o n   o f  1.5 ug / l   t o ta l   recove rab le  cadmium as a concen t ra t i on   f o r  

so f twater  (50 mg/l as CaC03) n o t   t o  be exceeded a t  any t i m e   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 .  
Tota l  and dissolved  copper  concentrat ions were general ly  below 

t h e   d e t e c t i o n  limit o f  5 u g / l  . Environment Canada  recommended  an 
o b j e c t i v e   o f  2 u g / l   f o r   t o t a l  copper f o r   t h e   p r o t e c t i o n   o f   a q u a t i c   l i f e  

and  the U.S. EPA se t  a c r i t e r i o n   o f  12 ug/ l   to ta l   recoverable  copper  as a 
concen t ra t i ons   f o r   so f twa te r  (50 mg/l as CaC03) n o t   t o  be exceeded a t  

any   t ime   fo r   t he   p ro tec t i on   o f   f reshwa te r   aqua t i c   l i f e .   I n  June, 1981, 7 
o f  36 samples had t o t a l  copper  concentrations  between  6-32  ug/l  but  these 

were h i g l y   s c a t t e r e d  i .e. two o f   t he   t h ree   rep1   i ca tes   cou ld  be less   than 

5 ug / l  and one as h i g h  as  32 ug / l  . The reason f o r   t h i s   v a r i a b i l  i t y  i s   n o t  

apparent and was n o t   r e f 1   e c t e d   i n   t h e   d i s s o l v e d   c o p p e r  Val  ues which were 
a1 1 less   than 5 u g / l  . I n  March,  1982 i n d i v i d u a l   t o t a l   c o p p e r  

concentrat ions  between  6-8  ug/l  were recorded whi 1  e dissolved  copper 

concentrat ions were less   than 5 ug / l .  
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Total  chromium  concentrat ions  were  general ly  below  the 7.5 u g / l  

de tec t i on  limit and a l l   d i s s o l v e d  chromium concentrat ions were less   than 

the   de tec t i on  limit. Environment Canada  recommended  a w a t e r   q u a l i t y  

o b j e c t i v e   o f  40 u g / l  as t o t a l  chromium f o r   t h e   p r o t e c t i o n   o f   a q u a t i c  1 i f e .  

The t o t a l  and d isso lved  n icke l   concent ra t ions  were a l l   l e s s   t h a n  

the   de tec t i on  limit o f  40 u g / l   i n  September  and  June,  1981  and  20 u g / l   i n  

March. Environment Canada  recommended  a w a t e r   q u a l i t y   o b j e c t i v e   f o r  

s o f t w a t e r   o f  25 ug / l  as t o t a l   n i c k e l   f o r   t h e   p r o t e c t i o n   o f   a q u a t i c  1 i f e  

and t h e  U.S. EPA se t  a c r i t e r i o n   o f  1100 ug / l   t o ta l   recove rab le   n i cke l  as 

a concen t ra t i on   f o r   so f twa te r  (50 mg/l as  CaC03) n o t   t o  be exceeded a t  
a n y   t i m e   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 .  

Total  and d isso lved  se l   en i  um concentrat ions  never  exceeded  the 
de tec t i on  limit o f  0.5 u g / l  and are  below  the recommended Environment 

Canada o b j e c t i v e   f o r   a q u a t i c  1 i f e   o f  10 u g / l  . 
There  were  not any w a t e r   q u a l i t y   o b j e c t i v e s   f o u n d   r e l a t i n g   t o  

a1 uminium and fo r   t he   su rvey   a rea   ove ra l l  , mean t o t a l  and d isso lved 

a1 umini um concentrat ions  ranged between 91  ug/ l  - 3197 u g / l  and 

66 u g / l  - 621  ug/l  , respec t ive ly .  Mean t o t a l  and d isso lved  i ron  concen-  

t r a t i o n s  f o r  the  survey  area  overal l   ranged  between 262 u g / l  - 3500 u g / l  
and  100 u g / l  - 1510 ug / l   respec t ive ly .   Barb ie  Creek, Canoe Creek  and 
Florence Creek  had h i g h   i r o n   l e v e l s   w i t h  mean t o t a l  and d isso lved 

concentrat ions above  1000 u g / l   i n  June  and  September, 1981. Mean t o t a l  

and d i s s o l  ved manganese concentrat ions  for   the  survey  area  overa l l   ranged 

between  14 u g / l  - 304 u g / l  and 10 ug / l  - 92 ug / l ,   respec t ive ly .  
Water q u a l i t y   c h a r a c t e r i s t i c s   t o  be considered when assessing 

t h e  Yakoun R i v e r   d r a i n a g e   i n   r e l a t i o n   t o  any m i n i n g   a c t i v i t y   a r e   i t s   l o w  

a l k a l i n i t y ,   l o w  pH, low  hardness and h igh  organic   content .  These are  

var iab les   wh ich   s t rong ly   in f luence heavy  metal  chemical form (spec ia t i on )  

and t o x i c i t y .  

The in f l uence  o f  i nc reased   su r face   runo f f   i s  an impor tan t   f ac to r  

t o  be considered when establ ishing  water  qual  i t y  monitoring  programs and 

when c o n s i d e r i n g   s e t t i n g   w a t e r   q u a l i t y   o b j e c t i v e s   f o r  a drainage. 
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1 INTRODUCTION 

Consol i da ted   C ino la  Mines  Ltd., (C ino la )  have  proposed t o  develop 

an open p i t   go ld   m ine   loca ted   18   k i lometers   sou th   o f   Por t   C lements  on  Graham 

I s l a n d  (Queen C h a r l o t t e   I s l a n d s )  B.C. The mine s i t e   i s   l o c a t e d   i n   t h e  

Yakoun River   dra inage  (F igure 1). As p a r t   o f   t h e   p r o c e d u r e   f o r   o b t a i n i n g  

Prov inc ia l   approva l   (1 )   to   deve lop   the   mines i te ,   C ino la   submi t ted  a Stage I 
r e p o r t  ( 2 )  which  included a d e s c r i p t i o n   o f   t h e   e x i s t i n g   e n v i r o n m e n t a l  and 

s o c i a l   c o n d i t i o n s   o f   t h e   a r e a ,  a conceptual   design  of   the  proposed  mine, 

environmental and social   impacts and proposed  fur ther   s tud ies.   Cino la were 

f u r t h e r   r e q u i r e d   t o   s u b m i t  a Stage I 1  r e p o r t   t h a t  must conta in  a d e s c r i p t i o n  

o f   t h e   f i n a l   p r o j e c t   d e s i g n   i n c l u d i n g  a d e s c r i p t i o n   o f   t h e   p r o j e c t  and 

opt ions  considered, an environmental and social  impact  assessment and how 

any  impacts  are t o  be managed.  The Stage I 1  program i s   p r e s e n t l y   i n  

progress . 
The C i n o l a   p r o j e c t  was i d e n t i f i e d  as having a p o t e n t i a l   f o r  

impact ing upon t h e  anadromous f i s h e r y  and migratory   b i rd   resources  o f   the 

area. Thus, t h e   o v e r a l l   p r o j e c t   f e l l   w i t h i n   t h e  mandates o f   the   Federa l  

Department o f  Environment and Department o f   F i s h e r i e s  and Oceans for   rev iew.  
This   rev iew  takes  the  form  of   assess ing  the  overa l l   pro ject   des ign and 

inc ludes   the   rev iew  o f   impact  assessments  such  as  those i n   t h e  Stage I 
r e p o r t  and t h o s e   t o  be i n c l u d e d   i n   t h e  Stage I 1  repo r t .  

The Stage I repor t   descr ibed  the   mine   opera t ion  as having a 

p o t e n t i a l   p r o d u c t i o n   r a t e  o f  9070 tonne  of   ore/day. A 45 tonne/day p i l o t  

mill was operated i n  1981 t o  assess  what t h e   f i n a l   m i n i n g  method  would be 

and t h i s  would be the  bas is   for   the  Stage I 1  assessment. The Stage I r e p o r t  

summarized that   the  ore,   waste  rock,   so i  1 s and t a i  1 i ngs  may con ta in  
anomalous ly   h igh  leve ls   o f   mercury and o the r  heavy  metals. I n   a d d i t i o n ,  it 

was summarized t h a t   t h e   p r o x i m i t y   o f   t h e   m i n e   t o   v a l u a b l e  anadromous  and 

I r e s i d e n t   f i s h e r y   r e s o u r c e s   i n   t h e  Yakoun River   dra inage  would  necess i ta te 
ex t reme  v ig i l ance   i n   t he   des ign   o f   con ta inmen t  and t r e a t m e n t   f a c i l i t i e s .  

Maintance o f   h i g h   q u a l i t y   s u r f a c e  and groundwater   runof f   in to   the   d ra inage 1 
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FIGURE I YAKOUN  RIVER  AND  SAMPLE  STATION  LOCATIONS 
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was reported  as  essential  to ensure adequate  protection  for  the Yakoun River 
f i  shery. As part  of  the  overall  Stage I1 environmental program to col  1 e c t  
pre-devel opment base 1 ine  data, the consultant  acting on behal f of Cinol a ,  
conducted a water qual i t y  monitoring program (for   analysis  of heavy metal s 
and other  physical tests) and a stream sediment collection program ( f o r  
analysis  of heavy metal SI. 

In order  to further document the background water quali ty of  the 
Yakoun River  drainage and assess the va r i ab i l i t y  of the water qual i t y  
(temporal,  spatial 1, the Environmental Protection  Service  (Department  of 
Environment)  undertook a monitoring program i n  1981. All samples were 
analyzed fo r  background heavy metal levels.  This report  presents the data 
collected d u r i n g  the June 1981, September 1981 and March  1982 surveys. 
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2 DESCRIPTION OF STUDY AREA 

The Yakoun River drains an area of approximately 477 km2. The 
Yakoun River  flows i n  a northerly direction and drains i n t o  Masset Inlet 
near Port Clements (Figure 1). Major tributary streams of the Yakoun River 
t h a t  have been identified as having  a possibility of being influenced by the 
C i  no1 a project i ncl ude Canoe Creek, F1 orence Creek and Barbie Creek (Figure 
1) 

As a tailing disposal area had not  as yet been decided upon,  i t  
was decided not  t o  concentrate stations in any one area b u t  t o  get a broader 
overall eval uat ion of the area. Thus, six water qual i t y  sample stations 
were established w i t h i n  the Yakoun River drainage t o  obtain background 
d a t a .  The  sample stations are described i n  Tab1 e 1 and are shown i n  F i g u r e  

1. 
The Yakoun River  flows for the three periods of sampl i n g  are shown 

i n  Figure 2 and have  been  compiled  from  Water  Survey of Canada flow records 
( 3 ,  4, 5). 
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TABLE 1: DESCRIPTION OF SAMPLE  STATIONS ON THE YAKOUN R I V E R  AND TRIBUTARY 
STREAMS 

R I VER/CREEK STATION NUMBER* DESCRIPTION 

Yakoun River  

Yakoun R iver  

Yakoun River  

Barb ie  Creek 

Canoe Creek 

1 

2 

3 

4 

5 

Located  approx. 1.3km downstream o f  Go1 d 
Creek  on the   nor th   s ide .  Access a t  a 
t u r n o f f  on Branch 40. The t u r n o f f   i s  
1 ocated 1.2km west o f   t h e  Branch 40/ 
Branch 49 j unc t i on .  

Located  approx. 0.6km downstream o f  Barb ie 
Creek on the   nor th   s ide .  Access a t   t u r n -  
o f f  on Branch 40. The t u r n o f f   i s   l o c a t e d  
0.5km west o f  where  Barbie Creek f lows 
under  Branch 40. 

Located  approximately 40m upstream o f  Main 
L ine   road  b r idge  over   lower  Yakoun River .  
On west  side  downstream o f   l o g s   c h a i n e d  
ac ross   t he   r i ve r .  

Located ha1 f-way  between  Branch 40 road 
and the  Yakoun River .  

Located on ups t ream  s ide   o f  Yakoun logg ing  
road  b r idge  c ross ing   lower  Canoe Creek. 

F1 orence Creek  6 Located on upstream  side o f  Main  Line  road 
b r idge   c ross ing  F1 orence  Creek. 

I, 

L 

It 

*(See  Figure 1) 
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3 MATERIALS AND METHODS 

3.1  Water  Samples 

3.1.1 Inorganics  (excluding  metals) ,   Temperature  and  Flow 

A s ing le   g rab  sample was c o l l e c t e d  on  each  sample date. The 

sampl es  were c o l  1 e c t e d   i n  a 2.5 1 i t r e   p o l   y e t h y l  ene sampl  e b o t t l  e submerged 

below  the  water  surface (15cm  where poss ib le ) .  Each sample was s t o r e d   i n  

a r e f r i g e r a t o r   o r   i n  a coo le r   un t i l   ana lyzed  a t   the   Cypress  Creek 

labora tory .  The samples  were  analyzed f o r  pH, a l k a l i n i t y ,   c o n d u c t i v i t y ,  

tri s t imu l   us   co l   our ,   to ta l   o rgan ic   carbon,   to ta l   res idue,   non- f i l   te rab l  e 
r e s i d u e ,   t o t a l   v o l a t i l e   r e s i d u e  and v o l a t i l e   n o n - f i l   t e r a b l e   r e s i  

a n a l y t i c a l  methods  used  are  those  outl ined i n   t h e  Cypress  Creek 

Manual (6). 
An addi t ional   (200ml)  sampl  e was c o l  1 e c t e d   f o r  pH anal 

a f i e l d  pH meter and a  Hach pH K i t .  Temperature was determined 
pocket- thermometer  and  f lows  are  those  provided  courtesy  of  IEC 

Consul tan ts .  

due. The 

Laboratory  

y s i s   u s i n g  
w i t h  a 

3.1.2 Total  and  Dissolved  Metals  and  Hardness 

I n   o r d e r   t o  assess   t he   spa t ia l   va r i   ab i l  i ty o f  heavy  metal   level  s 
i n  the  water,  3 rep1   i ca te  samples  were co l lected  s imul   taneously .  A1 1 

t h r e e   b o t t l e s  (200 m l  acid-washed  polyethylene)  were  contained i n  a l a r g e r  

p o l   y e t h y l  ene sampl  e b o t t l  e mod i f i ed   t o   ho l  d them i n   p l  ace. A f t e r   b e i n g  
r i nsed   w i th   t he   wa te r   be ing  sampled, t h e   b o t t l e s  were  submerged,  where 
p o s s i b l e ,   t o  a d e p t h   o f  15cm and a1 1  owed t o  f i  11 . Samples  were c o l   l e c t e d  
on  two seperate  days  during  each o f   t h e   s u r v e y s   t o  t ry  t o  assess i f  any 

changes  occurred i n  water  qual i ty over a 1 t o  2 day per iod.  It was hoped 

t h a t   t h e   i n f l  uence o f  a major  storm  event ( i  .e. i n c r e a s e d   r a i n f a l l  ) coul d 

be  assessed to   determine i f  any  change i n  qual i ty cou ld  be detected due t o  

an increase i n  sur face   run-o f f .  
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All analyses were performed at   the  Depar tment   o f   Env i ronment  - 
Department o f   F i s h e r i e s  and Oceans, Cypress  Creek  laboratory i n  West 

Vancouver. The a n a l y t i c a l  methods  used  are  those  out1  ined i n   t h e  

1  aboratory Manual o f  t he  Cypress  Creek l a b o r a t o r y  (6 1. A summary of 
sample p rese rva t i on  and treatment methods a r e   r e p o r t e d   i n   T a b l e  2. 
Hardness was computed au tomat ica l l y   f rom  the  Ca and Mg component of  each 

d i   s s o l  ved  metal sampl e. 
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TMLE 2: PRESERWTION AN) TREAlMENT CF K4lER SPMPLES FCR E A W  MAL WLYSES 

WTER W L E S  

PAWMETER PRESERWTION PREPARATION- SEPARATION- 
DECclJwSITION CONCENTRATION WLYSIS 

Total krcury 

Total  Arsenic & 

Seleniun 

Dissolved 
Arsenic & 

Seleniun 

Total &tals 

Di ssol ved &tal s 

1(xnl s o f  nitric- H2SO4, tW3, volatilization Flaneless Atanic 
dichranab acid (284 ) hsosorption 
per 200 ml sanple K2S208 

(211) (224 (411) 

add nitric acid to 12ml  aqua regia Inductively Colpled Argon 
sanple to pH L1.5 per 100 ml , heat (284) Plasma ( 1 0 )  Atanic  Emission 

(210) (220 1 specrnmtanetry 
(592 )* 

sample fie1 d fil &red 

with 0.4% cell ul ose - (284 1 (592 I* 
nitrate mabrane fil&r 
and add nitric acid to 
sanple to pH L1.5 

(203 
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4 OBJECTIVES AND CRITERIA FOR THE PROTECTION OF  FRESHWATER AQUATIC 

LIFE 

For   eva lua t ion   purposes ,   the   concent ra t ions   o f   spec i f i c   meta l  s 
have  been  compared t o  recommended Environment Canada ob jec t i ves   (34 )  and 
U.S. Env i ronmenta l   Protect ion Agency  (EPA) c r i t e r i o n  (21 )  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  the 

r a t i o n a l   f o r   t h e  development  and  use o f   o b j e c t i v e s   o r   c r i t e r i o n .  

An o b j e c t i v e   i s  a des ignated  concentrat ion  o f  a c o n s i t u e n t   t h a t  
when n o t  exceeded, w i  11 p r o t e c t  an organi sm, a community o f  organi sms, a 

p rescr ibed  water  use, o r  a designated mu1 t i p 1  e-purpose  water  use  with an 
adequate  degree o f   sa fe ty   (34 ) .   Ob jec t i ves   rep resen t   sc ien t i f i c   j udgmen ts  
based  upon t h e   b e s t   a v a i l a b l e   i n f o r m a t i o n   r e l e v a n t   t o  Canadian  surface 
waters on t h e   r e l a t i o n s h i p s  between t o x i c  substances  and  water  use  and on 

t h e   c o n c e n t r a t i o n - e f f e c t   r e l a t i o n s h i p s  between toxic  substances and 

b io log ica l   o r   env i ronmenta l   receptors   (34) .  They shoul d n o t  be  used as 

absolute  values  for   water  qual  i t y  but  wi th  considered  judgement and w i t h  
an u n d e r s t a n d i n g   o f   t h e i r  development. The judgement i n   t h e i r  us,e shoul d 

i n c l u d e  a thorough know1 edge o f   t he   na tu ra l   qua l i t y   o f   t he   wa te r   under  

considerat ion,   the  k inds  o f   organisms i t  conta ins and the   l oca l  

hyd ro log i ca l   cond i t i ons .  The Environment Canada ob jec t i ves   a re  based on a 
to ta l   meta l   concent ra t ion   fo r   the   fo l l   ow ing   reasons :  (1 adequate 

t o x i c i t y   d a t a   a r e   n o t   a v a i l a b l e   f o r  most  chemical  species; ( 2 )  t o x i c i t i e s  

o f  many m e t a l   c o n s t i t u e n t s   i n   w a t e r   c o r r e l a t e   w e l l   w i t h   t h e   ' ' f r e e   i o n ' '  
concent ra t ion   bu t  methods fo r   measur ing   " f ree   ion"   concent ra t ions  
r o u t i n e l y   a r e   p r e s e n t l y   n o t   a v a i l a b l e ;   ( 3 )  many cons t i t uen ts   en te r   t he  

water  system  adsorbed on, o r  absorbed i n ,   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,  physical and m ic rob ia l  

a c t i o n  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 a b l e   m a t e r i a l  (34 ) .  

Y 

I 

Y 
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Criter ia   are  n o t  rules and they have no regulatory impact b u t  

represent   scient i f ic  d a t a  and guidance on the environmental e f f ec t  of 
pollutants which can be useful t o  derive  regulatory  requirements based on 
considerations of water q u a l i t y  impact (21).  Cri te r ia  should be adequate 
t o  protect  the  types o f  organisms  necessary to support  an aquatic 
community b u t  are n o t  designed t o  protect a1 1 l i fe   s tages  of a1 1 species 
under a l l  conditions ( 2 1 ) .  EPA (21)  c r i t e r i a   a r e  based on t o t a l  
recoverable metal  because forms o f  metal t h a t  are not  measured i n  the 
t o t a l  recoverable  procedures  are probably  not and will not become toxic. 
The t o t a l  recoverable  procedure has an acid  digestion  step b u t  i t  i s  not 
as vigorous a digestion  as  that  used i n  the t o t a l  metals  procedure (35). 
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5 RESULTS AND DISCUSSION 

5.1  Water Sam1  es 
The ana ly t i ca l   resu l t s   f rom  th i s   s tudy   rep resen t   t he   wa te r  

q u a l i t y  o f  the Yakoun River,   Barbie Creek, Canoe Creek  and Florence Creek 
f o r   t h e   p e r i o d  June 23 and 25,  1981, September  10  and 11, 1981  and  March 9 

and  10,  1982. 

5.1.1 Inorganics  (excluding  metals) ,   Temperature  and  Flow. The 

parameters i n   t h i s   s e c t i o n   g e n e r a l l y   d e a l   w i t h   t h e   s t a n d a r d   t e s t s  used t o  

descr ibe  water.  

5.1.1.1 T o t a l   A l k a l i n i t y   ( a s  CaC03) T o t a l   A c i d i t y   ( a s  CaC03), pH 

and  Hardness  (as CaC03). - Whereas a1 ka l  i n i  t y  and a c i d i t y  
a re  measures o f   t h e   t o t a l   r e s i s t a n c e   t o  pH change o r   b u f f e r i n g   c a p a c i t y   o f  
a sample, pH r e p r e s e n t s   t h e   f r e e   h y d r o g e n   i o n   a c t i v i t y   n o t  bound  by 

carbonate   o r   o ther  bases ( 8 ) .  

To ta l  A1 k a l  i n i   t v  

The  a1 k a l   i n i t y   o f  a water i s   i t s   q u a n t i t a t i v e   c a p a c i t y   t o   r e a c t  

w i t h  a s t r o n g   a c i d   t o  a designated  endpoint pH ( i .e .  4.5) (14) .  Because 
t h e   a l k a l i n i t y   o f  many surface  waters i s   p r i m a r i l y  a f u n c t i o n   o f  

carbonate  (C032-),  bicarbonate (HC03-) and hydroxide (OH-) content ,   the 
a l k a l i n i t y   i s   t a k e n  as an i n d i c a t i o n   o f   t h e   c o n c e n t r a t i o n   o f   t h e s e  

cons t i t uen ts   (14 ) .  The measured Val ues may i n c l u d e   c o n t r i b u t i o n s  from 

phosphates, s i l i c a t e s   o r   b o r a t e s  i f  these  are  present. A few  organic 

a c i d s ,   f o r  example,  humic ac ids ,   f o rm  sa l t s   t ha t  add t o   t h e   a l k a l i n i t y   o f  

natura l   waters  (6 1. Less  than 20  mg/l  (as CaC03) i s  cons idered  to  be 

o f   l o w   a l k a l i n i t y .  
The  a1 k a l   i n i  ty  o f   t h e  streams  measured was  a1  ways less   than 20 

mg/l and the   range  fo r  each  stream ( i n  descending  order  by  stream)  over 

the   th ree   surveys   i s :  Yakoun River  (15.1-6.0  mg/l) ; Florence Creek 

(8.8-2.0 mg/ l ) ,   Barbie Creek  (7.8-1.5 mg/l) and Canoe Creek  (5.5-0.5 mg/l) 
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(Tab1 e  3 1. The Yakoun R iver  and the  t r ibutary   s t reams  moni tored  would 

have  very l i t t l e   q u a n t i t a t i v e   c a p a c i t y   t o   b u f f e r  an ac id ic   d ischarge.  The 
a l k a l i n i t y   o f  a sys tem  no t   on l y   i n f l uences   t he   su i tab i l i t y   o f   t he  system 

f o r   b i o l o g i c a l   a c t i v i t y ,  it in f luences   t he   compos i t i on   o f   t he   b io log i ca l  

community as we l l  (9). 

T o t a l   A c i d i t y  

The a c i d i t y   o f  a water i s   i t s   q u a n t i t a t i v e   c a p a c i t y  t o  r e a c t  

w i t h  a s t rong base t o  a designated  endpoint pH ( i .e.   8.3)  (14).   Strong 

minera l   ac ids,  weak ac ids  such as carbonic (H2CO3) and ace t i c ,  and 
h y d r o l y z i n g   s a l   t s  such as fe r rous   o r  a1 uminum su l   fa tes  may c o n t r i b u t e   t o  

the  measured a c i d i t y   a c c o r d i n g   t o   t h e  method of   determinat ion  (14) .  
Ac id i t y   i n   su r face   o r   g roundwate rs  may be a t t r i b u t e d   t o   n a t u r a l  causes 

such as humic ac ids   ex t rac ted   f rom swamps or   peat  bogs (15) .  
A c i d i t y  was measured o n l y   i n  March  1982  and l e v e l s   d i d n ' t  exceed 

8.0 mg/ l   (Table  3) .  The s t ream  w i th   t he   l ower   a l ka l i n i t y  had the   h igher  

a c i   d i  ty . 

- PH 
The pH o f  a w a t e r   r e f e r s   t o  i t s  hydrogen  ion (H+) a c t i v i t y .  

The p r i n c i p a l  system  regul   a t ing pH i n   n a t u r a l   w a t e r s  i f  the  carbonate 
system  which i s  composed o f  carbon  dioxide (CO2 gas),   carbonic  acid 

(H2CO3) and hydrated  carbon  dioxide  (C02*H20),  bicarbonate  ion 

(HCO3-) and carbonate  ion (CO32-1 (9). . 
The pH o f   the   s t reams measured d i d   n o t  exceed 7.1 and the  range 

f o r  each  stream ( i n  descending  order  by steam) over   the  three  surveys  is :  

Yakoun River  (7.1 - 6.6);  Florence  Creek  (6.4 - 5.7);  Barbie Creek 

(6.3 - 5.3) and Canoe Creek (6.0 - 5.1) ( T a b l e   3 ) .   T h i s   i s   t h e  same order  
as was observed f o r  a1 k a l   i n i  ty. 

Thurston e t  a1 (9) r e p o r t e d   t h a t  based on present  evidence, a pH 

range  o f  6.0 t o  9.0 appears t o   p r o v i d e   c o m p l e t e   p r o t e c t i o n   f o r   t h e   l i f e   o f  

f reshwa te r   f i sh   spec ies  and the   bo t tom-dwe l l i ng   i nve r teb ra te   f i sh   f ood  
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Table 3 TOTAL M I N I M ,  TOTAL ACIDITY, pH AN) HPIWIMSS OF M Y M  RIVER PNI THREE TRIBUTARY SlRfMS 

PARPMTER 1981  1982 
June  23 June 25 Seotmkr 10 SeDterber 11 Matdl 9 Matdl 10 

Alkalinity (mg/l) 
Yakm R #1  13.3  13.8 9.4 
Yakm R #2 14.3 15.1 9.5 
Yakm R #3 13.3  13.3  8.9 
Barbie Cr 7.8  6.9  3.4 
canoe Cr 5.1 5.5 2.7 
Florence Cr 8.8 7.4  4.7 

Acidity (mg/l) 
Yakm R #1 - - 
Yakm R #2 - - 
Yakm R #3 - - 
Barbie Cr - - 
canoe cr - - 
Florence Cr - - 

8.3 
8.3 
9.8 
4.2 
2.7 
5.3 

8.0 7.5 
8.0 7.0 
6.0  6.0 
1.5  2.0 
0.5 0.5 
2.0 2.0 

- 3.0 2.5 
- 3.0 2.5 
- 3.5  4.0 
- 6.5  6.0 
- 7.5 8.0 
- 6.0  6.0 

@! 
Yakm R #1 7.1 7.1 6.9  6.7 6.9  6.8 
Yakan R #2 7.1  7.1 6.8  6.8 6.8  6.8 
Yakm R #3 7 .O 6.7 6.7  6.8 6.7 6.6 
Barbie Cr 6.3  6.2 5.3 5.5 5.6  5.6 
canoe cr 6.0  5.9 5.1 5.1 5.3  5.3 
Florence Cr 6.4  6.3 5.7  5.8 5.8  5.8 

Hardness* (mg/l) 
Yakm R #1 13.4 (.06) 13.4 (.06) 11.4  (.121  11.9 (.E) 12.3  (.lo)  11.6  (.11) 
Yakw R #2 13.6  (.23)  13.8  (.lo)  11.7 (.06) 11.9  (.17) 11.8 (.a) 11.8 ( 2 0 )  
Yakm R #3  13.6  (.lo)  14.0 (-11) 12.5  (.lo)  11.5 ( 3 2 )  10.9 (.a) 10.9  (.lo) 
Bahie Cr 10.2 ( 2 2 )  10.7  (.11)  14.1  (.lo)  13.7  (.12)  9.2 ( 3 )  8.8 (.06) 
Canoe Cr 6.9  (.17)  7.6  (.lo)  8.9 (.06) 7.6 (-15) 5.0 (.06) 5.3 (.06) 
Florence Cr 9.0 (.07)  9.2  (.07)  10.1 (20) 9.5 (.a) 5.7 (.E) 5.8 (.&I 

*msan and (standard deviation) reported, n = 3 

I 

Y 
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organisms.  This i s  prov ided  the  cat ions and anions whose t o x i c i t y   i s  

pH-dependent, are  absent i n  concentrat ions  which may be l e t h a l .   O u t s i d e   o f  

t h i s  range f i s h  may s u f f e r  some s l i gh t   adve rse   phys io log i ca l   e f fec ts   wh ich  
increase i n   s e v e r i t y  i f  t h e   d e v i a t i o n   i s   l a r g e  and p e r s i s t s   f o r   l o n g  

p e r i o d s   o f   t i m e   ( 9 ) .  A suggested c r i t e r i a   f o r   n e a r l y  maximum p r o t e c t i o n  

was a pH range   o f  6.5 t o  8.5 w i t h  no change greater   than 0.5 u n i t   o u t s i d e  

es t imated   na tura l  seasonal maximum and  minimum ( 9 ) .  A h i g h   l e v e l   o f  

p r o t e c t i o n  was suggested t o  be  a pH range  o f  6.0 - 9.0 w i t h  no change 

grea ter   than 0.5 u n i t .  

It i s  wor thy   t o   no te   t ha t   f o r   t he   t h ree ,  tri butary  streams,  the 

na tu ra l  pH can  be  bel ow the   l ower   l eve l   o f  pH 6 suggested as  a c r i t e r i a  
f o r  a h i g h   l e v e l   o f   p r o t e c t i o n .  

The h y d r o g e n   i o n   a c t i v i t y   i n   w a t e r   i s   e x t r e m e l y   i m p o r t a n t   i n  

governing  the  species and sol   ubi1 i ty o f   me ta l  s and t h e r e f o r e   t h e i r   l e t h a l  
t o x i c i t y  (10). A t  a h i g h  pH,  many metals  form  hydroxides  or  basic 

c a r b o n a t e s   t h a t   a r e   r e l a t i v e l y   i n s o l u b l e  

d i f f i c u l t   t o   p r e d i c t   t h e   e f f e c t   o f  pH on 

Hardness 

Water  hardness i s  a measure o f  

and t e n d   t o   p r e c i p i t a t e .  It i s  
t o x i c i t y   ( 1 0 ) .  

p o l y v a l e n t   m e t a l l i c   i o n s  and i n  

f reshwaters   these  a re   p r inc ipa l l y   ca lc ium and  magnesium a1 though  other 
meta ls  such  as  aluminum, i r o n ,  manganese, s t ront ium and z i n c  may con- 

t r i b u t e   t o   t o t a l   h a r d n e s s   ( 8 ) .  A commonly used c l a s s i f i c a t i o n   f o r   s o f t ,  

moderately  hard and hard  waters  (as CaC03) i s :  0 - 75 mg/l , 75 - 150 mg/l 

and  150 - 300 mg/ l   respec t ive ly   (11  1. 
The mean hardness  of  the  streams measured d i d n ' t  exceed 

14.1  mg/l  and  would a l l  be cons ide red   so f t   (Tab le   3 ) .  The mean hardness 

range   fo r  each  stream ( i n  descending  order  by  stream)  over  the  three 

surveys   i s :  Yakoun River  (14 - 10.9 mg/l ) ; Barb ie Creek 
(14.1 - 8.8 mg/ l ) ;   Florence Creek  (10.1 - 5.7 mg/ l )  and Canoe Creek 

(8.9 - 5.0 mg/l) . 
The impor tan t   re la t i onsh ip  between  water  hardness and l e t h a l  

t o x i c i t y   i s   w e l l  documented f o r  some metals  (10) and w i t h  more s t r i n g e n t  

c r i t e r i o n   s e t   f o r   s o f t w a t e r s   ( 2 1  1. 
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5.1.1.2 T o t a l ,   N o n - f i l   t e r a b l e  and To ta l   Vo la t i l e   Res idues  and T o t a l  

Organic  Carbon. 

Residues 

Residue  measurements  are d e s c r i p t i v e   o f   t h e   o r g a n i c  and 

i n o r g a n i c   s o l i d   m a t t e r   i n   w a t e r .   T o t a l   r e s i d u e   i n c l u d e s   n o n - f i l t e r a b l e  

res idue   ( suspended   so l   i ds ) ,   t ha t   i s ,   t he   p ropor t i on   o f   t he   t o ta l   res idue  

r e t a i n e d  by a f i l t e r .   V o l a t i l e   r e s i d u e   r e f e r s   t o   t h a t   p r o t i o n   o f   t h e  

t o t a l   r e s i d u e   t h a t   i s   l o s t  by i g n i t i o n   a t  550°C and represents a rough 

approx ima t ion   o f   t he   o rgan ic   f rac t i on .  

Environmental  concerns  re1  ated  to  sol i d   m a t t e r   i n   w a t e r   a r e  

p r i m a r i l y   t h o s e   d e a l i n g   w i t h   d i r e c t   p h y s i c a l   e f f e c t s  on f i s h  and on the 
d e p o s i t i o n   o f   s o l i d s   w i t h i n   t h e   r i v e r   s u b s t r a t e .  

For  the  streams  monitored as  a who1 e, t he   t o ta l   res idue   l eve l  s 
ranged  between 52 t o  130  mg/l , n o n - f i l   t e r a b l  e residue  between  less  than 

5 t o  63  mg/l  and t o t a l   v o l a t i l e   r e s i d u e  between less   than 5 t o  7 1  mg/l 
(Table 4 ) .  

The l o w   l e v e l s   o f   n o n - f i l   t e r a b l e   r e s i d u e   ( g e n e r a l l y  < 5 mg/l) 

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

f i l t e r a b l e  ( <  1.2 um) s i z e   r a n g e   i . e .   e f f e c t i v e   r e t e n t i o n   o f  Whatman GFC 
f i l t e r .  The h i g h   t o t a l   v o l a t i l e   r e s i d u e   l e v e l s   r e f l e c t   t h e   o r g a n i c   n a t u r e  

o f   t h e  Yakoun R ive r  and t r i b u t a r y  streams. The i n f l u e n c e   o f  a major  storm 

e v e n t   ( r a i n f a l l  and associated  surface  runoff ,   Figure  2)   can be  seen 

between  September  10  and 11, 1981 w i t h   r e s p e c t   t o  an increase i n   a l l  

r e s i d u e   f r a c t i o n s   f o r   t h e  Yakoun River   s ta t ions.   There was  no ev iden t  
increase i n  res idue 1 eve1 s i n  Barbie Creek, Canoe Creek o r  F1 orence  Creek. 

It i s   i n t e r e s t i n g   t o   n o t e   t h e   h i g h e r   r e s i d u e   l e v e l s   a t  Yakoun R#3 r e l a t i v e  

t o  Yakoun R # l  and #2 f o r   t h e  September  sample dates. 
EPA ( 1 0 1 ,   c i t i n g   t h e  work o f   o the rs ,   repo r ted   t ha t   aqua t i c  com- 

munit ies  should  have  high and  moderate l e v e l s   o f   p r o t e c t i o n  i f  the maximum 

concen t ra t i ons   o f  suspended s o l i d s   t h a t   e x i s t   a r e  25 mg/l and 80  mg/l, 

respec t i ve l y .   Non- f i l   t e rab l  e (suspended)  sol i d   l e v e l  s f o r   t h e  Yakoun 
d ra inage   w i th   t he   excep t ion   o f  one  sample  were a1 1 less   than 25 mg/l . 

I 

I 

Y 

Y 
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Table  4 TOTAL, NDN FILTERABLE AN) TOTAL UWATILE RESIWES AN) TOTAL ORGANIC CNBaV CF M YAIQ)W RIKR 
AN) TtR€E TRIBIJTARY !ZEN6 

PAR4EfER 1981 1982 
June 23 June 25 SeDtmber 10  SeDWtber 11 Man3 9 March 10 

Total Residue (rtg/l) 
Yakom R #1 52 
Yakom R #Q 60 
Yakom R #3 60 
Barbie Cr 104 
Canoe Cr 90 
Florence Cr 95 

NorrFiltercble Residue (rng/l) 
Yakom R #1 L5 
Yakom R #Q L5 
Yakom R #3 5 
Barbie Cr 9 
Canoe& ' L5 
Florence Cr L5 

Total  Volatile Residue ( rq l l )  
Yakom R #1 5 
Yakom R #Q L5 
Yakom R #3 13 
Barbie Cr 36 
Canoe Cr 44 
Florence Cr 41 

Total Organic Carbon (mg/l) 
Yakom R #1  9 
Yakom R P 6 
Yakan R #3 8 
Barbie Cr 20 
canoe Cr 24 
Florence Cr 24 

55 
60 
83 

106 
97 
95 

L5 
L5 
L5 
14 
L5 
L5 

6 
8 

19 
38 
45 
43 

6 
6 

11 
25 
- 

54 
53 
76 
lOe 
108 
106 

L5 
L5 
11 
L5 
L5 
L5 

20 
21 
33 
52 
71 
67 

10 
9 
13 
23 
31 
28 

79 
Pi? 
m 
105 
105 
110 

16 
21 
63 
L5 
L5 
L5 

33 
31 
40 
56 
60 
65 

14 
13 
17 
22 
27 
27 

53 
53 
58 
63 
70 
67 

L5 
L5 
6 

L5 
L5 
L5 

19 
20 
24 
33 
40 
38 

7 
7 
8 
12 
18 
18 

64 
54 
56 
59 
65 
74 

9 
7 

15 
15 
15 
15 

21 
18 
25 
31 
33 
39 

7 
8 

10 
13 
19 
18 
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Total  Organic  Carbon 

The o rgan ic   na tu re   o f   t he  Yakoun R i v e r   d r a i n a g e   i s   i n d i c a t e d   i n  
the   to ta l   o rgan ic   carbon (TOC) measurement (Table  4) .  The t h r e e   t r i b u t a r y  

streams had h igher  TOC concentrat ions  than  the mai nstem Yakoun River .  The 
range  fo r  each  stream ( i n  descending  order  by  stream)  over  the  three 

surveys   i s :  Canoe Creek (18-31  mg/l) ; F1 orence  Creek  (18-28  mg/l ) ; Barb ie  
Creek (12-25 mg/l) and Yakoun River  (6-17  mg/ l ) .  

Na tu ra l   sou rces   con t r i bu te   t o   t he   bu l k   o f   t he   o rgan ic   ma t te r  

p r e s e n t   i n  most  surface  waters and  humic  and f u l v i c   a c i d s   c o n s t i t u t e   t h e  

m a j o r i t y   o f   t h e   o r g a n i c   m a t t e r   ( 1 2 ) .  Humic substances  are  dark  coloured, 

ac id ic ,   p redominant ly   a romat ic ,   hydroph i l i c ,   chemica l l y  complex po lye lec t -  

r o l y t e s   t h a t   r a n g e   i n   m o l e c u l a r   w e i g h t s   ( 1 3 ) .   Q u a n t i t a t i v e  measurements 
o f  humic  and f u l   v i c   a c i d s  were n o t  made dur ing  the  course o f  th is   s tudy .  

The a f f i n i t y   o f  heavy  metal s for   organic  substances and f o r  
the i r   decomposi t ion  products  i s  o f   g r e a t   i m p o r t a n c e   i n   t h e   b e h a v i o r   o f  

trace  substances i n   a q u a t i c  systems (36) .  The order   o f   bond ing   s t rength  
f o r  a number o f   meta l   ions   on to  humic  and f u l v i c   a c i d s  has  been repor ted  

as Hg2+  Cu2+ > Pb2+ Zn2+  Co2+ (36) .  

5.1.1.3 Conduct iv i ty,   Tr ist imulus  Colour,   TemDerature  and  Flow. 

Conduc t i v i t y  

C o n d u c t i v i t y   i s  a n u m e r i c a l   e x p r e s s i o n   o f   t h e   a b i l i t y   o f  a water 

sample t o   c a r r y  an e l e c t r i c   c u r r e n t  and t h i s   a b i l  i ty depends on the  

presence o f   i o n s  , t h e i r   t o t a l   c o n c e n t r a t i o n  , mobil  i ty , valence and 

r e l a t i v e   c o n c e n t r a t i o n s  and on the  temperature  o f  measurement (14) .  

S o l u t i o n s   o f   i n o r g a n i c   s a l t s   a r e   r e l a t i v e l y  good conductors whereas 

molecules o f  organic compounds t h a t  do n o t   d i s s o c i a t e   i n  aqueous s o l u t i o n  

conduct a cu r ren t   ve ry   poo r l y   (14 ) .   F resh ly   d i s t i l l ed   wa te r  has a 

c o n d u c t i v i t y   o f  0.5-2.0 umhos/cm and t h e   c o n d u c t i v i t y   o f   p o t a b l e   w a t e r s   i n  

the  Uni ted  States  general ly  ranges  between 50 t o  1500 umhos/cm (14). 

In land  f reshwaters   suppor t ing  a  good mixed f i s h  fauna  lay, i n  general , 
between  150-500 umhos/cm (15 1. 

L 

I 
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Conductivity measurements for  the Yakoun drainage were w i t h i n  a 
range of 35.2 t o  67.5 umhos/cm (Table 5 1. 

Tri stimul us Col our 
Colour i n  water  principally results from the degradation 

processes i n  the natural environment and the most common causes  are 
complex organic compounds originating from the  decomposition of 
naturally-occurring  organic  matter (11). The range of colour for each 
stream ( i n  descending  order by stream)  over the three surveys is: Canoe 
Creek (165 - 322) ; F1 orence Creek (149 - 319);  Barbie Creek (90 - 305 1 and 
the Yakoun River (50 - 122)  (Table 5 ) .  These h i g h  colour  values  reflect 
the naturally brown colouration of streams i n  the Yakoun drainage. A 

biological ly   t reated  kraf t  p u l p m i l l  effluent diluted w i t h  d i s t i l l ed  water 
t o  a concentration of 10% and 20% gave a tristimul us colour 184 and 403 
respectively (EPS, unpub l  i shed data) . 
Temperature and F1 ow 

Stream  temperatures ranged between 1°C t o  1 4 O C  d u r i n g  the study 
period (Table 5 1. 

The most s ign i f icant  change i n  stream  flows was noted between 
September 10 and 11 , 1982 dur ing  a period of heavy rai  nfal 1 and f l  ows i n  
some cases doubled  over 24 hrs (Table 5 1. 

5.1.2  Total and Dissolved  Metals. When evaluating the resu l t s  
herein,  consideration shou ld  be given t o  the conventional b u t  a rb i t ra ry  
method of d i s t i n g u i s h i n g  total  from dissolved.  Total metal s includes a1 1 
meta ls   (a f te r  a strong  acid  digestion  pretreatment)  inorganically and 
organically bound, and both dissolved and particulate.  Dissolved metal s 
includes  all  metal s (without  strong  acid  digestion  pretreatment) 
inorganically and organically bound b u t  the sample has been previously 
f i l t e r e d  through a 0.45 um membrane f i l t e r  ( 6 ) .  
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Table 5 CCNXTIVITY, TRISTMUS ca_olR, lWER4l'l.IlE PN) Rcw OF TI€ YMC4.N RIVER 'I)REE TRIBUTARY STEMS 

P N W E E R  1981 1982 
June 23 June 25 Septmber 10 Septmber 11 March 9 Matrh 10 

C m i z t i v i t y  (umos/an) 
Yakm R #1  47.1  47.6  41.1  41.9 
Yakm R #2 48.1  48.6  41.7  42.5 
Yakm R #3 50.0 50.5  44.7  42.5 
Barbie Cr 49.6  48.4  67.5  66.2 
canoe Cr 39.6  40.9  49.0  44.7 
Florence Cr 41.3  41.1 46.3 45.2 

Col our 
Yakm R #1 61 50 71 107 
Y a k m  R #2 62 54 73  122 
Yakm R #3 84  109 117  105 
Barbie Cr 272 335 199 206 
canoe Cr 308 322 265 242 
Florence Cr 270  319 262  251 

45.3  44.3 
45.8  44.5 
46.3  45 .O 
51.7  48.8 
39.8  39.2 
36.0 35.2 

50 
53 
75 
90 
173 
153 

59 
62 
73 
101 
165 
149 

Tenperature ("C) 
Yakm R #1  13  12  12.5  12.5  2.2 2 
Yakm R #2 12  13  14  12  2.2 2 
Yakan R #3  12  12  13.5  12.5  2.2  2.2 
Barbie Cr 13  14  13.5  12  3.2 3 
canoe Cr 10  10  12 11 1.2  1.2 
F l o m  Cr 10.5 10 12.5  11.5 1 1 

F l M  (d/s) 
Y a k m  R #1 - - - 
Yakm R #2 - - - - 
Yakm R #3 9.99 8.20 47.2  77.6 
& h i e  Cr .72  .67 1 .o 1.52 
Canoe Cr .78 .73 1.35 2.45 
Florence Cr .25  .25 1 .o 2.4 

" 

- - 
37.8 41 .O 
.89 .85 

1 .n 1.84 
2.50 2.85 

Y a k m  R #3 fmn WSC station 080A002 and creek flw supplied courtesy o f  IEC Consultants. 
Y 

y. 

Y 
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The less   t han  0.45 um f r a c t i o n  can i n c l u d e :   f i n e l y   d i v i d e d  sus- 

pended mat te r   ( i n   genera l  suspended p a r t i c l e s   a r e   c o n s i d e r e d   t o  be grea ter  

than 0.1 um); s o l u b l e   p a r t i c l e s   ( l e s s   t h a n  .001 urn) and c o l l o i d a l   p a r t i c l e s  

(g rea te r   t han  .001 um bu t   l ess   t han  0.1 um) (6). The suspended  and 

c o l l o i d a l   p a r t i c l e s  may cons is t   o f   i nd i v idua l   o r   m ixed   me ta l s   i n   t he   f o rm  o f  

t he i r   hyd rox ides ,   ox ides ,   s i l i ca tes ,   su l f i des   o r  as o ther  compounds. They 

may a l s o   c o n s i s t   o f   c l a y ,   s i l i c a   o r   o r g a n i c   m a t t e r   t o   w h i c h   m e t a l s   a r e  bound 

by  adsorption,  ion  exchange  or  complexation. The so lub le   meta ls  maybe ions, 

simple  or  complex,  or,  un-ionized  organometal l  i c   c h e l a t e s   o r  complexes (6). 
No at tempt  was  made t o   f u r t h e r   e v a l u a t e   t h e   f o r m   o f   t h e   d i s s o l v e d  

f rac t ion .   In   o rder   to   assess   the   phys iochemica l   spec ia t ion   o f   t race   meta l  s, 

more complicated  procedures  are  necessary (12, 16, 17, 18). It i s   a l s o  
i m p o r t a n t   t o   c o n s i d e r   t h e   i n f l u e n c e   o f   f i l t r a t i o n   i n   d i s t i n g u i s h i n g  between 

d isso lved and p a r t i c u l   a t e   f r a c t i o n s  (19 1. 
I n   t h i s   r e p o r t   t h e   t e r m   e x t r a c t a b l e   m e t a l  has  somethimes  been 

re fe r red   t o .   Ex t rac tab le   deno tes   t ha t   t he  sample  has n e i t h e r  been f i l t e r e d  

( as i n   d i sso l ved )   no r   rece ived  a s t r o n g   a c i d   d i g e s t i o n   ( a s   i n   t o t a l  1. 

5.1.2.1 Total   Mercury  and  Total   and  Dissolved  Arsenic.  

Mercurv 
I n  general , the   t o ta l   mercu ry   l eve l s  were below  the  detect ion 

1 imit o f  0.2 ug/ l   (Tab le  6, Appendix 1 1. The h igher  mean v a l u e   f o r  Yakoun 

R#l on September 11, 1981 i s  due t o  a s ing le   h igh   va lue  o f  0.7 u g / l  
(Appendix I). The in f l uence   o f   t he   i nc reased   su r face   runo f f  due t o   r a i n f a l l  

between  September 10 and 11, 1981 d i d n ' t  appear t o  have a s t rong   i n f l uence  

on to ta l   mercu ry   l eve l  s a t  t he  0.2 u g / l   d e t e c t i o n   l e v e l  , however, the  low 

b u t   d e t e c t a b l e   l e v e l s   o f   t o t a l   m e r c u r y   i n  a few  rep1 icates  might   suggest  

some i n f l  uence due t o  an i nc reased   r i ve r   d i scha rge   du r ing   t he   pe r iod  

i m m e d i a t e l y   p r i o r   t o  and dur ing  sampl i n g   ( F i g u r e  2). 
High  concent ra t ions   o f   mercury   a re   ra re ly   found  in   na tura l  

waters due t o   i t s   l o w   s o l u b i l i t y ,   h i g h   a f f i n i t y   f o r   o r g a n i c   m a t t e r  and 

v o l a t i l i t y  (20). Mercury  rapidly  adsorbs  onto suspended p a r t i c u l a t e  
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T h l e  6 M X l R Y  ANI ARSENIC EELS W M Y"l RIWl AN) ll-REE TRIBUTARY SlREPMs 
Y 

m 

MAL* 1981 1982 
June 23 June 25 % p e r  10 septerber 11 Mallch 9 bllch 10 . 

ji. (S.D.) ji (SD.) 2 (S.D.) 2 (S.D.) X (S.D.) 2 (S.D.) 
I 

Diss. As 
Yakom R #1 - 
Yakoln R P - 
Yakoln R #3 - 
& h i e  Cr - 
Canoe Cr - 
f l o m e  Cr - 
Total As 
Yakoln R #1 
Yakoln R #2 
Yakoln R #3 
Barbie Cr 
Canoe Cr 
f l o m e  Cr 

*as  ug/1 ( @ I ,  n = 3, detection limit used i n  mean calculation, see Pppendix I for tabulated data. 
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matter   in   the  water   co lumn and i s   u l t i m a t e l y   d e p o s i t e d   i n   t h e   b o t t o m  

sediments and t h e r e f o r e ,   t h e   c o n c e n t r a t i o n   o f   m e r c u r y   i n   s u r f a c e   w a t e r s   i s  

l a r g e l y  dependent  upon the amount o f  suspended p a r t i c u l a t e   m a t t e r   i n   t h e  

water  column (20) .  G a r r e t t  " e t  a1 (20)  recognized 0.2 u g / l  as a c r i t e r i a  

l e v e l   i n d i c a t i n g  some degree o f  mercury  contamination i n   n a t u r a l   w a t e r s  

and t h i s   i s  based on t h e   f a c t   t h a t  it i s  t h e   r o u t i n e   d e t e c t i o n  1 imi t o f  

many 1 aborator ies.  

EPA (21,  22) i n   t h e i r   r e - e v a l u a t i o n  o f  mercury c r i t e r i a   s e t  a 

to ta l   recove rab le   mercu ry   c r i t e r i a   t o   p ro tec t   f reshwa te r   aqua t i c  1 i f e   o f  

0.2 u g / l  as  a 24-hour  average and the  concentrat ion  should  not   exceed 

4.1 u g / l   a t  any t ime. 
Fo r   t he   p ro tec ion   o f   aqua t i c   l i f e   Env i ronmen t  Canada  recommended 

t h e   w a t e r   q u a l i t y   o b j e c t i v e   f o r   m e r c u r y   t o   n o t  exceed 0.2 u g / l   t o t a l  

mercury  (23). It was  a1 so recommended t h a t  a l e v e l   o f   0 . 1   u g / l   t o t a l  

mercury   be   the   ob jec t ive   in   waters  where f i s h   p l a y  an i m p o r t a n t   r o l e   i n  
the  economy o f   t he   a rea   (23 ) .   Gu ide l i nes   f o r  Canadian dr ink ing   water  

q u a l i t y  recommend a maximum acceptable  to ta l   mercury  concentrat ions  o f  

1.0 u g / l  and  an ob jec t i ve   concen t ra t i on   o f   l ess   t han   o r   equa l   t o  0.2 u g / l  

( 2 4 ) .  

Arsenic 
A rsen ic   l eve l s  were  measured i n  September  1981  and  March 1982. 

Arsen ic   leve l  s were  low and  ranged  from less   than 0.5 u g / l   t o  2.3 u g / l  as 

to ta l   arsenic   (Appendix  I ) .  The in f l uence   o f   i nc reased   su r face   runo f f  
du r ing   t he  September sampl i n g   p e r i o d  can  be seen i n   t h e   t o t a l   a r s e n i c  

1 eve1 s (Table 6 ) .  The  Yakoun R ive r   s ta t i ons  showed smal l   bu t   de tec tab le  
changes  between  the  September  10 and  September 11 sampl  e dates and w i  t h  
Florence Creek n o t  showing  any increase above the   de tec t i on  1 imit. The 
d e t e c t a b l e   l e v e l s  o f  t o t a l   a r s e n i c   i n   B a r b i e  Creek on  September  10 

(x' = 2 u g / l )   m i g h t   i n d i c a t e   l e v e l s  were a1 ready  elevated due to   i nc reased  

s u r f a c e   r u n o f f   p r i o r   t o   t h e   s a m p l i n g   p e r i o d   ( a s   r e f l e c t e d   i n  Yakoun River  

hydrograph,  (Figure  2).  For  the Yakoun R ive r   s ta t i ons  #1 and #2, t o t a l  
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mean arsenic  levels  increased from the  detection limit of 0.5 ug/ l  to  just 
detectable (0.6 - 0.7 u g / l ) .  However,  Yakoun  R#3 levels  increased from 
below 0.5 ug/l t o  a mean value of 1.7 ug/ l  (Table 6 1. I t  should be noted 
again  that the largest   increase i n  total  residue and non-fil terable 
residue  occurred on the Yakoun River between September 10 and September 11 
indicating an association between the suspended sol ids  and total   arsenic.  

Wi th  the  exception of Barbie Creek i n  September, dissolved 
arsenic  level s were bel ow 0.5 ug/ l  and again  indicating  arsenic was 
associated w i t h  a par t iculate  form (greater  than 0.45 um) . Mean dissolved 
arsenic  levels  for  Barbie Creek  were 1.1 ug/ l  on the September  sample 
dates compared to a mean total  arsenic  concentration of  2.0 ug/ l  (Tab1 e 
6 ) .  Total arsenic  level s were generally below 0.5 ug/l i n  March  a1 though 
a few samples showed detectable  level s (Appendix I ) .  

Demayo e t  a1 (25 1 reported  that  the dissolved arsenic 
concentration i n  over 5400 r iver  water samples collected  over 1972-1977 
ranged from less  than 1 ug/ l  to  approximately 50 ug/ l  , w i t h  90% of the 
resu l t s  being  bel ow 8 ug/ l  . 

" 

For the  protection of aquat ic   l i fe  Environment Canada 
recommended the  water qua l i t y  objective  for t o t a l  arsenic  to be  50 u g / l  
(25).  Guidelines  for Canadian d r i n k i n g  water quali ty recommend a maximum 
acceptable t o t a l  arsenic  concentration of 50 ug/ l  and an objective 
concentration of l e s s  than  or equal to  5 u g / l  ( 2 4 ) .  

5.1.2.2 Total and Dissolved Lead and Zinc. 

Lead 
Mean total  and dissolved  lead  concentrations never  exceeded the 

detection 1 imit of 40 ug/l  i n  June and September, 1981 (Table 7 ) .  A 

change i n  the  detection limit calculation between September 1981 and March 
1982 resulted i n  a lower detection limit of 20 ug/ l  for the   l a s t  survey. 
Unfortunately,  the  earlier  survey  results  could  not be recalculated using 
the  revised  detection 1 imi t. For consistency  the March,  1982 Val ues on 
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T&le 7 LEAD AN) ZINC LEKLS CF TI€ YAKDIN RIKR AMI TtREE TRIBUTARY STREAMS 

June  23  June  25 S e p t a ”  10 Septmber 11 Matrh 9 Marrh 10 

Diss. Pb 
Yakom R #1 
Yakom R XP 
Yakom R #3 
Barbie Cr 
Canoe Cr 
F l o m e  Cr 

Total Pb 
Yakom R #1 
Yakom R XP 
Yakom R #3 
Barbie Cr 
Canoe Cr 
R o m e  CY 

Diss. Zn 
Yakom R #1 
Yakom R XP 
Yakom R #3 
Barbie Cr 
canoe Cr 
f l o m e  Cr 

Total Zn 
Yakom R #1 
Yakom R #? 
Yakom R #3 
Barbie Cr 
Canoe Cr 
R o m e  Cr 

L40 
L40 
L40 
L40 
L40 
L40 

L40 
L40 
L40 
L40 
L40 
L40 

L5 
L5 
L5 
L5 
L5 
L5 

L5 
6 
6 
6 

L5 
L5 

L40 
L40 
L40 
L40 
L40 
L40 

L40 
L40 
L40 
L40 
L40 
L40 

L5 
L5 
L5 
L5 
L5 
L5 

L5 
5 
7 

L5 
7 

13 

- 

L40 
L40 
L40 
L40 
L40 
L40 

L40 
L40 
L40 
L40 
L40 
L40 

L5 
L5 
L5 
13 
L5 
L5 

7 
6 
5 

68 
7 

L5 - 

L40 
L40 
L40 
L40 
L40 
L40 

L40 
L40 
L40 
L40 
L40 
L40 

7 
6 
6 

18 
7 
7 

20 
87 

187 
90 

113  (159.1) 
101 (89.9) 

L40 
L40 
L40 
L40 
L40 
L40 

L40 
L40 
L40 
L40 
L40 
L40 

- 

- 
- 
- 

11 
L5 
L5 
6 

L5 
L5 

L5 
L5 
L5 
9 

L5 
L5 

- 
- 

- 

L40 
L40 
L40 
L40 
L40 
L40 

L40 
L40 
L40 
L40 
L40 
L40 

- 

- 

L5 
L5 
L5 
6 

L5 
L5 

5 
L5 
L5 
8 
6 

L5 

- 

*as  ug/1 ( @ I ,  n =3, detection limit used i n  mean calculation, see Pppendix I for Mu la ted  data. 
L = less than 
- L = values less than o r  equal to the detection limit reported. 
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Table 7 have  been repo r ted   a t   t he   h ighe r   de tec t i on ,   bu t   t he   l ower  

de tec t i on  1 imi t r e s u l   t s   a r e   r e p o r t e d   i n  Appendix I .  
Total  lead  concentrat ions  between  20 - 40 u g / l  were  detected i n  

the  study  area i n  March 1982 (Appendix I ) .  However, the   d isso lved  lead  
concentrat ions  were a l l  below 20 u g / l   i n d i c a t i n g  some lead   assoc ia ted   w i th  

t h e   p a r t i c u l a t e   f r a c t i o n   g r e a t e r   t h a n  0.45 um (Appendix I ) .  
Due t o   t h e   h i g h   d e t e c t i o n  1 imi t f o r  1 ead i n   t h e  I C A P  ana lys i s  it 

i s d i   f f i c u l  t t o   r e 1   a t e   t h e  Val  ues recorded  to  water  qual i ty  ob jec t i ves .  
All concentrat ions  were  below  the maximum acceptab le   concent ra t ion   o f  

50 u g / l   f o r  Canadian dr ink ing   water   qua l i t y   (24) .   Env i ronment  Canada (26)  

recommended a t o t a l   l e a d   o b j e c t i v e   o f  5 ug / l   i n   so f t   wa te r   (ha rdness  

< 95 mg/l as CaC03) f o r   t h e   p r o t e c t i o n   o f   a q u a t i c   l i f e  and 1 0   u g / l   i n  
water   w i th  a hardness  greater  than 95 mg/l as CaC03. EPA ( 2 1  1 
repor ted  a t o t a l   r e c o v e r a b l e   l e a d   c r i t e r i o n  based on hardness and as 
exampl e for a hardness o f  50, 100  and  200 mg/l  (as CaC03) the  

concent ra t ions   shou ld   no t  exceed 74,  170  and  400 u g / l   r e s p e c t i v e l y   a t  any 

time. The t o t a l   l e a d   c o n c e n t r a t i o n s   i n  March 1982 o f  between  20 - 40 ug / l  

i n d i c a t e   t h e  recommended Environment Canada c r i t e r i o n   f o r   t o t a l   l e a d   a r e  

exceeded. 

Zinc 

As w i t h   l e a d ,  a change i n  the   de te rm ina t ion   o f   t he   de tec t i on  

limit r e s u l t e d   i n  a l o w e r   d e t e c t i o n   l e v e l   o f  2 u g / l   i n  March 1982. For  

consistency  the  March 1982 l e v e l s   a r e   r e p o r t e d   a t   t h e   h i g h e r   d e t e c t i o n  

1 eve1 i n  Tab1 e 7 bu t   t he  1 ower d e t e c t i o n   r e s u l   t s   a r e   r e p o r t e d   i n  Appendix 

I f o r  March  1982. 

Mean t o t a l  and d isso lved  z inc   concent ra t ions  were g e n e r a l l y   a t  

o r  near  the 5 ug / l   de tec t i on  1 imit, except i n  September when e levated 

concentrat ions  ocurred  probably  as a r e s u l t   o f   i n c r e a s e d   s u r f a c e   r u n o f f  

( T a b l e   7 ) .   I n  September, t h e   e l e v a t i o n s   i n   t o t a l  and d isso lved  z inc  were 

e v i d e n t   a t  a1 1 stat ions  (Appendix I ) .  The d i f f e r e n c e  between t h e   t o t a l  

and d i s s o l v e d   z i n c   f r a c t i o n   i n d i c a t e d   t h e   z i n c  was m a i n l y   i n  a p a r t i c u l a t e  

f rac t i on   g rea te r   t han  0.45 um. The h i g h   s t a n d a r d   d e v i a t i o n   f o r   t o t a l   z i n c  

I, 

Y 

(IC 
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I 

i n d i c a t e s   t h e r e   i s  a ve ry   l a rge   sp read   f o r   t he   i nd i v idua l  measurements 

among the   th ree   rep l i ca tes   (Tab le  7, Appendix 1 ) .   Ba rb ie  Creek  had the 
h ighes t   d i sso l ved   z inc   l eve l s   w i th  a mean o f  13 u g / l  and 18   ug / l  on 
September  10  and 11 r e s p e c t i v e l y .  The h igher  mean concen t ra t i on   f o r  

d i s s o l v e d   z i n c   a t  Yakoun R#l on March  9, 1982  (Tab1  e 7 )   i s  a resul  t o f  a 

h i g h   s i n g l e   v a l u e   o f  22 u g / l  (Appendix 1). O u t l i e r s   o f   t h i s   n a t u r e  may be 

re la ted   t o   f i e ld   t echn ique ,   con tamina t ion   o r   ana ly t i ca l   e r ro r   (7 ) .  

Tay lo r  and Demayo (27 )   repo r ted   t ha t   t he   ex t rac tab le   z inc  

concentrat ions i n  approximately 12000 samples o f   r i v e r   w a t e r   c o l l e c t e d   i n  

Canada between  1972  and  1977  ranged  from less   than 1 ug/ l   to   approx imate ly  

3000 u g / l  . N i n e t y   p e r c e n t   o f   t h e   r e s u l t s  were less  than 60 u g / l   ( 2 7 ) .   I n  

na tura l   waters   z inc   p robab ly   ex is ts  as the  s imple  hydrated  ion,   inorganic  

compounds, s tab le   o rgan ic  complexes and adsorbed  onto  or  occluded i n  

i n o r g a n i c   o r   o r g a n i c   c o l l o i d s   ( 2 7 ) .  

F o r   t h e   p r o t e c t i o n   o f   a q u a t i c   l i f e   E n v i r o n m e n t  Canada 

recommended w a t e r   q u a l i t y   o b j e c t i v e s   f o r   t o t a l   z i n c  based on water 
hardness  (as  mg/l CaC03). The  recommended l e v e l s   o f   t o t a l   z i n c  were 

50 u g / l ,  100 u g / l ,  200 u g / l  and  300 u g / l   f o r   w a t e r s   w i t h  a hardness o f  

0 - 120,  120 - 180,  180 - 300  and greater  than 300 r e s p e c t i v e l y   ( 2 7 ) .  

Some o f   t h e   t o t a l   z i n c   c o n c e n t r a t i o n s   d u r i n g   t h e  September  1981 survey 

exceeded  the  lowest recommended ob jec t i ve .  EPA (21 )   se t  a to ta l   recover -  
a b l e   z i n c   c r i t e r i o n   t o   p r o t e c t   f r e s h w a t e r   a q u a t i c   l i f e   o f  47 u g / l  as  a 

24-hour  average. Based  on water  hardness and  as  examples, the   z inc  conc- 

e n t r a t i o n   f o r  a water  hardness o f  50, 100  and 200 mg/l as CaC03 should 

n o t  exceed  180 u g / l ,  320 u g / l  and 570 u g / l   r e s p e c t i v e l y   a t  any t ime. 

Guide1 ines   f o r   d r i nk ing   wa te r   qua l  i ty recommended a maximum acceptable 
t o t a l   z i n c   c o n c e n t r a t i o n   o f  5 mg/l  based on aes the t ic   cons idera t ions   (24) .  

5.1.2.3 To ta l  and D isso lved  Cadmium and  Comer. 

C admi um 

A change i n  the   de tec t ion  1 irni t c a l   c u l   a t i o n   r e s u l   t e d   i n  a 

1 ower ing   o f   the  1 imi t i n   t h e  March  survey t o  2 u g / l  compared t o  4 u g / l   i n  
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June and  September. For   cons is tency,   the  March  leve l  s a r e   r e p o r t e d   a t   t h e  
h ighe r   de tec t i on  limit i n  Table 8 b u t   t h e   l o w e r   d e t e c t i o n   r e s u l t s   a r e  

r e p o r t e d   i n  Appendix I .  
Mean t o t a l  and d isso lved cadmium l e v e l s   d i d n ' t  exceed  the 4 u g / l  

de tec t i on  limit and  any i n f l uence  due to   i nc reased   runo f f  was no t   ev iden t  

over September 10 and 11, 1981  (Tab le   8 ) .   In  March  1982, a few  rep l   i ca tes  

had  de tec tab le   to ta l  cadmium concen t ra t i ons   o f  2 u g / l  and 3 ug/l   (Appendix 

I ) .  Dissolved cadmium concentrat ions  were a1 1 l ess   t han  2 u g / l   i n  March 

(Appendix I ) .  
The main  form o f  cadmium i s  Cd ( I I ) ,  which makes up a s e r i e s   o f  

inorgan ic  and organic  compounds. Cadmium carbonate,  sulphide and 

hydrox ide  have  very  low  so l   ub i1  i t ies  and t h i s   i s   p r o b a b l y  why most o f   t h e  
cadmium in   t he   aqua t i c   env i ronmen t   i s   f ound   i n   t he   sed imen ts   (28 ) .  

F o r   t h e   p r o t e c t i o n   o f   a q u a t i c   l i f e   E n v i r o f l m e n t  Canada 

recommended  a w a t e r   q u a l i t y   o b j e c t i v e   o f  0.2 u g / l  as t o t a l  cadmium (28) .  

EPA (21)   repor ted  a t o t a l   r e c o v e r a b l e  cadmium c r i t e r i o n   t o   p r o t e c t   a q u a t i c  

l i f e  based on hardness  and  as  examples f o r  a hardness o f  50, 100  and 

200 mg/l  as CaC03 t h e   c o n c e n t r a t i o n   o f   t o t a l   r e c o v e r a b l e  cadmium 

should  not  exceed  1.5  ug/l  , 3.0 u g / l  and 6.3 ug / l   respec t ive ly .   Bo th   the  

above o b j e c t i v e  and l o w e s t   c r i t e r i o n   a r e   l o w e r   t h a n   t h e   d e t e c t i o n  limit 

r e p o r t e d   i n   t h i s   s u r v e y .  Guide1 ines   f o r   d r i nk ing   wa te r   qua l  i ty  recommend 
a  maximum accep tab le   t o ta l  cadmium c o n c e n t r a t i o n   o f  5 u g / l  and an 

ob jec t i ve   concen t ra t i on   o f   l ess   t han   o r   equa l   t o  1 u g / l  (24) .  

Copper 
The mean t o t a l  and  d isso lved  copper   leve l  s were  general 1 y be l  ow 

the   de tec t i on  1 imi t o f  5 ug / l   (Tab le   8 ) .  Some h igher   to ta l   copper   va lues  
were  detected i n  June  1981 bu t   t he   l a rge   s tandard   dev ia t i on   (Tab le  8 )  

r e f l e c t s  a l a r g e   s p r e a d   o f   i n d i v i d u a l  measurements among the   th ree  

r e p l   i c a t e s  and i n  most  cases two o f  t h e   r e p l i c a t e s  were l ess   t han  5 u g / l  

and  one was between 27 and 32 ug/l   (Appendix I ) .  These i n d i v i d u a l   h i g h  

l e v e l s  were n o t   e v i d e n t   i n   t h e   d i s s o l v e d  samples. Demayo and Tay lo r  (29)  

It 

w 

Y 
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T b l e  8 CACMILM AMI COPPER LEKS CF TtE YAIQ)W R I K R  AN) TKEE TRIBUTARY SlREPMs 

mAL* 1981 1982 
June 23 June 25 Septaber 10 Septmber 11 March 9 March 10 
X (S .D . )  j i  (S.D.1 X (S.D.) 2 (S.D.) X (S.D.1 i (S.D.) 

Diss. C d  
Yakoul R #1  L4 (0.0) L4 
Yakoul R R L4 (0.0) L4 
Yakoul R #3 L4 (0.0) L4 
Barbie Cr L4 (0.0) L4 
Canoe Cr L4 (0.0) L4 
f l o m e  Cr L4 (0.0) L4 

Total Cd 
Yakoln R #1 L4 (0.0) L4 
Yakoul R R L4 (0.0) L4 
Yakoul R #3 L4 (0.0) L4 
Barbie Cr L4 (0.0) L4 
canoe Cr L4 (0.0) L4 
f l o m e  Cr L4 (0.0) L4 

Diss. C u  
Yakoul R #1  L5 (0.0) L5 
Yakoul R R L5 (0.0) L5 
Yakoul R #3 L5 (0.0) L5 
& h i e  Cr L5 (0.0) L5 
canoe Cr L5 (0.0) L5 
f l o m e  Cr L5 (0.0) L5 

Total C u  
Yakoul R #1  L5 (0.0) L5 
Yakoul R R L5 (0.0) 12 
Yakom R #3 L5 (0.0) 5 
Barbie Cr 14 (15.6) 6 
Canoe Cr L5 (0.0) 14 
f l o m e  Cr 5 (0.6.)  13 

L4 
L4 
L4 
L4 
L4 
L4 

L4 
L4 
L4 
L4 
L4 
L4 

L5 
L5 
8 

L5 
L5 
L5 

L5 
L5 
L5 
L5 
L5 
L5 

(0.0) L5 (0.0) 5 (0.6) L5 (0.0) 
(0.0) L5 (0.0) L5 (0.0) L5 (0.0) 
(3.0) L5 (0.0) L5 (0.0) L5 (0.0) 
(0.0) L5 (0.0) L5 (0.0) L5 (0.0) 
(0.0) L5 (0.0) L5 (0.0) L5 (0.0) 
(0.0) L5 (0.0) L5 (0.0) L5 (0.0) 
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repor ted  that   the  ext ractable  copper   concentrat ions  f rom  Canadian  Rivers 

between 1972 and  1977  ranged  from 1 ug/ l   to   approx imate ly  500 ug / l  and 

w i t h  90% o f   t h e   o v e r  12000 resu l   t s   be ing   be l  ow the  Val ue o f  11 u g / l  . 
In  the  aquat ic   env i ronment   copper  may be  present i n   s o l u t i o n  

( c u p r i c   i o n   o r  compl exed) , suspended sediments  (as  prec ip i ta tes  or   sorbed 
on o t h e r   p a r t i c l e s )  and bottom  sediments  (as  precipi tates  or   sorbed on 

other   bot tom  mater ia l  s)  (29) .  
F o r   t h e   p r o t e c t i o n   o f   a q u a t i c   l i f e   E n v i r o n m e n t  Canada 

recommended a water  qual i ty  o b j e c t i v e   o f  2 ug / l  as t o t a l  copper  (29). EPA 

(21)   repor ted  a to ta l   recove rab le   copper   c r i t e r i on   t o   p ro tec t   f reshwa te r  

a q u a t i c   l i f e   o f  5.6 ug / l  as a 24 hour  average and  as examples the  

concent ra t ion  based on a hardness o f  50, 100  and  200 mg/l as CaC03 
should  not  exceed 1 2  ug / l  , 22 ug / l  and 43 u g / l   r e s p e c t i v e l y   a t  any time. 

A . f e w   o f   t h e   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   i n   t h i s   s t u d y  exceeded the  

Environment Canada o b j e c t i v e  and i n  some cases  the  lowest EPA c r i t e r i o n .  
Guide1 ines   fo r   d r ink ing   water   qua l  i ty recommended a maximum acceptable 

t o t a l  copper   concent ra t ion   o f  1 mg/l  based on aes the t ic   cons idera t ions  

(24) .  

5.1.2.4 To ta l  and D isso lved Chromium  and N icke l .  

C hromi urn 

A change i n   t h e   d e t e c t i o n  1 imi t c a l c u l a t i o n   r e s u l   t e d   i n  a 

1 owering o f   t h e  1 imi t i n   t h e  March  survey t o  5 u g / l  compared t o  7.5 u g / l  

i n  June and September. For consistency,  the  March  level  s a r e   r e p o r t e d   a t  

the   h igher   de tec t ion  limit i n  Table 9 bu t   t he   l ower   de tec t i on   resu l t s   a re  

r e p o r t e d   i n  Appendix I .  
The mean t o t a l  chromium l e v e l s  were genera l ly   be low  the 

de tec t i on  limit o f  7.5 u g / l  and a l l   d i s s o l v e d  chromium l e v e l s  were  below 

the   de tec t i on  limit (Tab le  9, Appendix I ) .  The s i n g l e   h i g h e s t   t o t a l  

chromium concent ra t ion  was 36.8 ug / l   a t   F lo rence  Creek on June 23, 1982. 

T a y l o r   e t  a1 (30 )   repo r ted   t ha t   t he   ex t rac tab le  chromium concent ra t ions  

from  Canadian  Rivers  between 1972 and  1977  ranged  between less  than 
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T a l e  9 CtR(MI1M AN) NICKEL LEKS OF TI€ YAI(DlN RIKR AN) MEE TRIBUTARY !STRE46 

MAL* 1981 1982 
June 23 June 25 Septerber 10 Septerber 11 March 9 March 10 
i (S.D.) ji (S.D.) i (S.D.) X (S.D.) x (S.D.)  x' (S.D.) 

- 

U 

I 

I 

I 

I 

Diss. Cr 
Yakom R #1 L7.5 (0.0) L7.5 (0.0) L7.5 (0.0) L7.5 (0.0) L7.5 (0.0) L7.5 (0.0) 
Yakom R B L7.5 (0.0) L7.5 (0.0) L7.5 (0.0) L7.5 (0.0) L7.5 (0.0) L7.5 (0.0) 
Yakom R #3 L7.5 (0.0) L7.5 (0.0) L7.5 (0.0) L7.5 (0.0) L7.5 (0.0) L7.5 (0.0) 
Barbie Cr L7.5 (0.0) L7.5 (0.0) L7.5 (0.0) L7.5 (0.0) L7.5 (0.0) L7.5 (0.0) 
canoe Cr L7.5 (0.0) L7.5 (0.0) L7.5 (0.0) L7.5 (0.0) L7.5 (0.0) L7.5 (0.0) 
Florence Cr L7.5 (0.0) L7.5 (0.0) L7.5 (0.0) L7.5 (0.0) L7.5 (0.0) L7.5 (0.0) 

Total Cr 
Yakom R #1 L7.5 (0.0) 9.1  (2.8) L7.5 (0.0) L7.5 (0.0) 7.7 (0.3)  8.3  (0.6) 
Yakom R B L7.5 (0.0) 9.7 (3.8) L7.5 (0.0) L7.5 (0.0) L7.5 (0.0) L7.5 (0.0) 
Yakom R #3 L7.5 (0.0) L7.5 (0.0) 8.3 (1.4) L7.5 (0.0) 11.3  (6.6) L7.5 (0.0) 
Barbie Cr L7.5 (0.0) L7.5 (0.0) L7.5 (0.0) L7.5 (0.0) 10.7 (5.5) L7.5 (0.0) 
Canoe Cr L7.5 (0.0) L7.5 (0.0) L7.5 (0.0) L7.5 (0.0) L7.5 (0.0) L7.5 (0.0) 
Florence Cr 17.3  (16.9)  8.6  (1.8) L7.5 (0.0) L7.5 (0.0) 8.3  (1.4) L7.5 (0.0) 

Diss. N i  
Yakom R #1 L40 (0.0) L40 (0.0) L40 (0.0) L40 (0.0) L40 (0.0) L40 (0.0) 
Yakom R 8 L40 (0.0) L40 (0.0) L40 (0.0) L40 (0.0) L40 (0.0) L40 (0.0) 
Yakom R #3 L40 (0.0) L40 (0.0) L40 (0.0) L40 (0.0) L40 (0.0) L40 (0.0) 
Barbie Cr L40 (0.0) L40 (0.0) L40 (0.0) L40 (0.0) L40 (0.0) L40 (0.0) 
Canoe Cr L40 (0.0) L40 (0.0) L40 (0.0) L40 (0.0) L40 (0.0) L40 (0.0) 
f l o m e  Cr L40 (0.0) L40 (0.0) L40 (0.0) L40 (0.0) L40 (0.0) L40 (0.0) 

Total N i  
Yakom R #1 L40 (0.0) L40 (0.0) L40 (0.0) L40 (0.0) L40 (0.0) L40 (0.0) 
Yakom R B L40 (0.0) L40 (0.0) L40 (0.0) L40 (0.0) L40 (0.0) L40 (0.0) 
Yakom R #3 L40 (0.0) L40 (0.0) L40 (0.0) L40 (0.0) L40 (0.0) L40 (0.0) 
Barbie Cr L40 (0.0) L40 (0.0) L40 (0.0) L40 (0.0) L40 (0.0) L40 (0.0) 

Florence Cr L40 (0.0) L40 (0.0) L40 (0.0) L40 (0.0) L40 (0.0) L40 (0.0) 
canoe Cr L40 (0.0) L40 (0.0) L40 (0.0) L40 (0.0) L40 (0.0) L40 (0.0) 
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.2 u g / l   t o  340 u g / l  and approximately 90% o f   t h e   r e s u l   t s  were less   than 

20 ug / l .  

F o r   t h e   p r o t e c t i o n   o f   a q u a t i c   l i f e   E n v i r o n m e n t  Canada 

recommended a w a t e r   q u a l i t y   o b j e c t i v e   o f  40 u g / l  as t o t a l  chromium (30) .  
EPA (21   repor ted  a to ta l   recoverab le   hexava len t  chromium c r i t e r i o n   t o  

p r o t e c t   f r e s h w a t e r   a q u a t i c   l i f e   o f  21  ug/ l  as a concen t ra t i on   no t   t o  be 
exceeded a t  any t ime. Based on water  hardness and  as examples, the  

concent ra t ion  o f  t o t a l   r e c o v e r a b l e   t r i v a l e n t  chromium f o r  a water  hardness 
o f  50, 100  and  200 mg/l as CaC03 should  not  exceed 2200 ug / l ,  

4700 ug / l  and 9900 u g / l ,   r e s p e c t i v e l y .   T a y l o r   e t  a1 (30 )   repo r ted   t ha t  

hexavalent   chromium  whi le   not   subject   to   sedimentat ion  reacts   s t rongly  

wi th   ox id izable  substances  (usual ly   organic   molecules)  and f o r m s   t r i v a l e n t  
chromium. T r i v a l e n t  chromium  has a strong  tendency t o  form  stable 

complexes wi th   negat ive ly   charged  inorganic   or   organic   spec ies  or  form 
co l lo ida l   hydrous   ox ides .  Thus, it i s  v e r y   u n l i k e l y   t h a t  much d isso lved 

chromium will be p r e s e n t   i n  aqueous s o l u t i o n   ( 3 0 ) .   G u i d e l i n e s   f o r  

dr ink ing  water   qual  i ty recommended a maximum accep tab le   t o ta l  chromium 

c o n c e n t r a t i o n   o f  50 ug / l   ( 24 ) .  

N icke l  
A change i n   t h e   d e t e c t i o n  limit c a l c u l a t i o n   r e s u l t e d   i n  a 

1 ower ing  o f   the 1 irni t i n   t h e  March  survey t o  20 ug / l  compared t o  40 ug / l  

i n  June and  September. For  consistency,  the  March 1 eve1 s a r e   r e p o r t e d   a t  

the   h igher   de tec t ion  1 imi t i n  Tab1 e 9. 
The t o t a l  and d isso lved  n icke l   concent ra t ions  were a1 1 bel  ow 

40 u g / l   i n  June and  September  and 20 u g / l   i n  March  (Appendix I ) .  Tay lor  

" e t  a1 (31)   repor ted   tha t   ex t rac tab le   n icke l   concent ra t ions   in   a lmost  4800 

r i v e r  samples co l l ec ted   ac ross  Canada between 1972 and  1977  ranged  between 

less   t han  1 u g / l  and approximately 300 u g / l  . N ine ty   pe rcen t   o f   t he  

r e s u l   t s  were  below 12 ug / l  . 
F o r   t h e   p r o t e c t i o n   o f   a q u a t i c   l i f e ,   E n v i r o n m e n t  Canada recom- 

mended a w a t e r   q u a l i t y   o b j e c t i v e   f o r   t o t a l   n i c k e l   o f  25 u g / l   i n   s o f t   w a t e r  

and  250 ug / l   in   water   o f   hardness   g rea ter   than 150 mg/l as CaC03 (31) .  
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EPA ( 2 1  reported a total  recoverable  nickel  criterion  to  protect  freshwater 
aquatic 1 i f e  and as  exampl es, the concentration based on a hardness  of  50, 
100 and 200 mg/l as  CaC03 should  not  exceed 1100 ug/ l  , 1800 ug / l  and 
3100 ug/ l  respec t ive ly ,   a t  any time. The 24-hour average  concentrations, 
for example, a t  a hardness of 50, 100 and 200 mg/l as CaC03 should  not 
exceed 56 ug / l  , 96 ug/ l  and 160 ug/ l  respectively ( 2 1 ) .  

5.1.2.5  Total and D i  ssolved Selenium, Alumin ium,  Iron and Manganese. 

Sel eni um 
Mean total  and dissolved  selenium  concentrations were a1 1 below 

the 0.5 ug/l  detection 1 imi t (Tab1 e 10) .  
Environment Canada (32) recommended a water  quality  objective  for 

the protection o f  aquatic l i f e  of 10 ug/ l  to ta l  selenium u n t i l  further 
research  has been done. EPA ( 2 1  reported a total  recoverable  inorganic 
selenite cri terion  to  protect   freshwater  aquatic l i f e  of 35 ug/ l  as a 
24-hour average and the  concentration  should  not exceed 260 ug/ l  a t  anytime. 
Guide1 i nes for  d r i  n k i  ng water qual i t y  recommended a maximum acceptable  total 
selenium concentration of 10 ug/ l   (24) .  

A 1  umi n i  um 
Mean to ta l  and dissolved a1 umin ium concentrations  are  reported i n  

Table 10. McNeely e t  a1 (37 reported  that  most natural  waters  contain less 
than 1000 ug / l  a1 u m i n i u m  a1 though acidic  waters may contain higher concen- 
t ra t ions .  No Canadian guidelines for  aluminium  have been establ ished  to  
protect  aquatic  biota b u t  a ten ta t ive  limit of 100 ug / l  has been proposed 
( 3 7 ) .  Alumin ium was not listed i n  the EPA Water Qua l i ty   c r i t e r i a  document 
( 2 1 ) .  

Iron - 
Mean total  and dissolved  iron  concentrations  are  reported i n  Table 

11. McKee and Wolf (15)  reported  that  o f  the waters  that support  good fish 
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T a l e  10 SUENIlM pH) ALLMINILM LEEIS CF TI€ YAKDUJ RIKR AN) THEE TRIBUTARY SlREPMs 

METAL* B1 1982 
June 23 June 25 Seplmber 10 Septmber 11 March 9 March 10 

x (S.D.) x (S.D.) x (SD.) X (S.D.) x (S.D.) x (S.D.) 

Diss. Se 
Yakom R #1 
Yakom R #Q 
Yakom R #3 
Barbie Cr 
Canoe Cr 
Florence Cr 

Total Se 
Yakom R #1 
Yakom R #Q 
Yakom R #3 
Barbie Cr 
Canoe Cr 
florence Cr 

Diss. A1 
Yakom R #1 
Yakom R #2 
Yakom R #3 
Barbie Cr 
canoe Cr 
Florence Cr 

Total A1 
Yakom R #1 
Yakom R ArL 
Yakom R #3 
Barbie Cr 
Canoe Cr 
F l m e  Cr 

L.5 (0.0) 
L.5 (0.0) 
L.5 (0.0) 
L.5 (0.0) 
L.5 (0.0) 
L.5 (0.0) 

L.5 (0.0) 
L.5 (0.0) 
L.5 (0.0) 
L.5 (0.0) 
L.5 (0.0) 
L.5 (0.0) 

w4 (3) 
144 (17) 
220 (11) 
435 (14) 
620 (1) 
572 (7) 

394 (69) 
433 (108) 
634 (34)  
602 (36) 
850 (92) 
681 (54) 

L.5 (0.0) 
L.5 (0.0) 
L.5 (0.0) 
L.5 (0.0) 
L.5 (0.0) 
L.5 (0.0) 

L.5 (0.0) 
L.5 (0.0) 
L.5 (0.0) 
L.5 (0.0) 
L.5 (0.0) 
L.5 (0.0) 

215 (3) 
234 (17) 
188 (6) 
440 (1) 
550 (4) 
!j22 (3) 

1093 (72) 
1577 (30) 
3197 (280) 
g o  (260) 
969 (136) 
997 (50) 

L.5 (0.0) 
L.5 (0.0) 
L.5 (0.0) 
L.5 (0.0) 
L.5 (0.0) 
L.5 (0.0) 

L.5 (0.0) 
L.5 (0.0) 
L.5 (0.0) 
L.5 (0.0) 
L.5 (0.0) 
L.5 (0.0) 

- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 

L.5 (0.0) 
L.5 (0.0) 
L.5 (0.0) 
L.5 (0.0) 
L.5 (0.0) 
L.5 (0.0) 

L.5 (0.0) 
L.5 (0.0) 
L.5 (0.0) 
L.5 (0.0) 
L.5 (0.0) 
L.5 (0.0) 

- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
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Table 11 IRON PN) t4WWESE LEVELS OF TH YAKOUN RIVER PN) MREE TRIBUTPRY STREPMS 

EfN* 1981 1982 
June 23 June 25 S e p t a "  10 Septmber 11 March 9 March 10 

x (S.D.) x (S.D.) x (S.D.) x (S.D.) x (S.D.) x (S.D.) 

Diss. Fe 
Yakm R #l 229 (3) 193 (7) 212  (4) 268 (17)  155 (5) 154 (2) 
Yakan R #2 261 (52) 220 (13) 235 (3) 289 (7) 100 (3) 167 (2) 
Yakm R #3 324 (2) 419 (2) 348 (10) 287 (11) 232 (1) 255 (28) 
Barbie Cr 1062 (95) 1510 (17) 1133 (21) 1213 (31) 441 (4) 482 (3) 
C a m  C r  1017 (39) 1430 (17) 1260 (10) 1133 (6) 658 (5) 585 (0.0) 
F l o m e  Cr 935 (8) 1163 (26) 1133 (21) 1070 (10) 542 (1) 515 (2) 

Total Fe 
Yakm R #1 344 (228)  262  (65)  323  (37)  1012  (41) 288 (22)  487  (15) 
Yakm R R 493  (225)  411  (62) 340 (28)  1437 ( 8 3 )  275 (4) 508 (16) 
Yakm R #3 488 (144) 588 (24) 633 (77) 3500 (257)  436  (25)  397  (6) 
Barbie Cr 2563 ( 8 3 )  2376  (229)  1223  (21)  1367  23) 550 (16)  595  (7) 
C a m  Cr 1240  (191)  1560 (92) 1397  (21)  1443  (42)  751  (4)  618 (58)  
Florence Cr 1383 (344) 1513  (160)  1197  (21)  1283  (15) 628 (23)  677 (5) 

Diss. t4 
Yakm R #1  13  (.6) 11 (.6)  13 (0.0) 18  (.6) 11 (0.0) 10  (.6) 
Yakan R #2 14  (1.1)  14  (.6) 18 (.6) 22 (.6)  14 (0.0) 15 (.6) 
Yakan R #3  18 (0.0) 22 (0.0) 23  (.6) 22 (1.1)  17 (0.0) 19  (1.1) 
Bahie C r  67 (1.1) 69 (.6) 27 (0.0) 25 (.6) 92 (.6) 87 (.6) 
Canoe C r  30 ( . 6 )  35 (0.0) 71 ( - 6 )  62 (.6) 35 (0.0) 34 (0.0) 
F l m e  Cr 23 (0.0) 26  (.6) 48 (.6)  40  (.6)  20 (0.0) 21  (.6) 

Total M 
Yakm R #1 16  (.6) 15 (.6) 36 (1.7)  71  (1.7)  14 (0.0) 27  (.6) 
Yakan R #2 16  (4.6)  19  (.6)  41  (2.3)  91  (4.2)  17  (.6) 28 (1.1) 
Yakm R #3 25 (0.0) 27  (1.0)  62  (4.2) 304 (11.0)  23  (1.0  23 (0.0) 
Barbie Cr 93  (.6) 89 (1.0)  278  (3.0) 254 (2.6) W (1.5) 80 (1.5) 

Florence Cr 32  (4.4) 33 (2.1) 58 (1.1) 57 (.6)  23  (1.0) 27 (.6) 
canoe Cr 35 (1.7)  39  (1.1)  77  (1.1)  73  (1.7)  37  (.6) 33 (3.8) 
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fauna i n  the United States ,  50% have iron concentrations - < 300 ug/ l  and 95% 
have iron 'concentrations - < 700 u g / l .  McNeely e t  a1 (37)  reported t h a t  
concentrations of iron i n  aerated  surface  waters  are  usually  less t h a n  500 
u g / l .  On t h a t  basis i t  would appear  Barbie  Creek, Canoe Creek and Florence 
Creek a1 1 have h i g h  total  and dissolved iron level s w i t h  concentrations i n  
excess of 1000 ug/l  in  June and September, 1981. 

Comparing September 10 t o  September 11, 1981 the  influence of 
increased  surface runoff on the t o t a l  iron concentration can be seen on the 
Yakoun River s ta t ions  and par t icu lar i ly  Yakoun  R#3 were mean total  iron 
increased from 633 ug / l  to  3500 u g / l  (Table 11). A comparable increase d i d  

not  occur for dissolved iron indicating  the iron was i n  a par t iculate  form 
- < 0.45 um. A comparable elevation due to  surface  runoff was not  evident  for 
the  three  creeks. 

Sigma (33)  reported t h a t  for  the use of surface  waters i n  fish 
cul ture ,  i f  elevated iron 1 eve1 s are found and i f  particul  ate  matter  appears 
t o  be potentially  troublesome, p i l o t  hatchery or long term bioassay work may 
be required  to  establ ish the  sui t a b i l  i ty of the  watercourse. Guidel ines for  
d r i n k i n g  water qual i ty recommend a maximum acceptable iron concentration of 
300 ug / l  based on aesthetic  considerations ( 2 4 ) .  

Manaanese 
Mean total  and dissolved manganese concentrations  are  reported i n  

Table 11. Thurston " e t  a1 ( 9 )  reported t h a t  manganese i s  rarely a problem i n  
freshwater when compared to  toxic  metals  like mercury, lead, cadmium, copper 
and zinc, and often  the  factors  responsible  for  the  increase i n  manganese 
( 1 ow pH or d i  ssol ved oxygen) may be more toxic  to  aquatic 1 i f e  t h a n  mang- 
anese i t s e l f .  Sigma (33)  reported t h a t  there i s  presently  insufficient 
informat ion  available on the  effects of e i ther   ionic  or par t iculate  manga- 
nese on fish cul ture  t o  develop sa t i s fac tory   c r i te r ia .  McNeely " e t  a1 (37) 
reported t h a t  manganese  seldom reaches  concentrations of 1000 u g / l  i n  
natural  surface  waters and i s  usually  present i n  concentrations of 200 u g / l  
or less .  

Guidel ines  for d r i n k i n g  water qual i ty recommended a maximum 
acceptable manganese concentration of 50 ug/ l  based on aesthetic 
considerations ( 2 4 ) .  
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APPENDIX I 

RECEIVING WATER QUALITY DATA FOR HEAVY METALS 

- YAKOUN RIVER AND THREE TRIBUTARY STREAMS 
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