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ABSTRACT 

T h i s   s t u d y  a t  three c r o s s i n g s   o f  
t h e  Ket t le  R i v e r   o v e r   t h e   s o u t h e r n  
boundary  of  British Columbia was i n -  
i t i a t e d   t o   d e t e r m i n e :  

( 1 )  i f  low f r e q u e n c y   a n d   i r r e g u l a r  
s a m p l i n g   p r o v i d e s  da ta  which adequa-  
t e l y  r e p r e s e n t s  t h e  water q u a l i t y   a n d  

( 2 )  w h e t h e r   t h e   d a t a   g a t h e r e d  b y  p r e -  
s e n t   p r a c t i c e s  a re  s u f f i c i e n t   t o   s u p -  
p o r t   d e c i s i o n s   r e g a r d i n g  issues o f  
n a t i o n a l   i n t e r e s t .  

The r e s u l t s  'of  low f r equency  
s a m p l e   c o l l e c t i o n s   a n d   i r r e g u l a r   i n -  
t e r v a l s   b e t w e e n   c o l l e c t i o n s  are com- 
pa red   w i th   da t a   f rom  week ly   co l l ec -  
t i o n s .  Low f r e q u e n c y ,   i r r e g u l a r  
s ampl ing  is d e s c r i b e d   t o   b e   a d e q u a t e  
o n l y  where t h e  sample c o n c e n t r a t i o n  
shows no s i g n i f i c a n t   v a r i a b i l i t y   o r  
where i t s  a n a l y t i c a l   r e s u l t  i s  con- 
s i s t e n t l y   b e l o w   d e t e c t i o n .  

RESUME 

Le p r g s e n t   r a p p o r t   d g c r i t   u n e  
e t u d e  de l a  q u a l  i t6  de  ,1 :eau de l a  
r i v i h r e  Kettlei q u i  a 6 t e  menge aux 
t r o i s   p o i v t s   o u  l a  r i v i b r e   t r a v e r s e  
l a  f r o n t i e r e , s u d   d e  l a  Colombie-Bri- 
t ? n n i q u e .   L ' e t u d e   a v ? i t   p o u r   b u t   d e  
d e t e r m i n e r  s i  u n , ,   e c h a n t i l l o n n a g e  h 
i n t e r v a l l e s   e s p a c e s  e,t irre'cpliers 
p e u t   f o u r n i r  des d o g n e e s   r e p r e s e n t a -  
t i v e s  sur ,  l a  q u a l i t e   d e  l ' e au ,  e t . s i  
l e s  d o n n e e s   r e c u e i l l i e s   p r g s e n t e m e 3 t  
s o n t   s u f f   i s a n 5 e s  po'ur  appuyer des  de-  
c i s i o n s   d ' i n t e r s t   n a t i o n a l   c o n c e r n a n t  
1 'eau. 

0 

Les donn6:s p r o v e n a n t   d '  y 
& h a n t i l l o n n a g e  a i . n t $ r y a l l e s  esp/ace\s 
e t  i r r e ' gu l  iers  ont; a t e   c o m p a r e e s  a 
ce l l e s  o b t e n u e s  de faFon  hebdoma- 
da i re  . I1 appara? t  que, 1 ' g c h a n t i l -  
l o n n a g e   e s p a c e '   e t ;   i r r e g u l i e r  ? 'est  
valable  que s i  une  var  i ah l e  donnee  ne 

change   pas  de f a P o ?   s i g n i f i c a t i v e  ou 
s i  e l l e  es,t ggne ra l emen t   sous  l a  
limite d e  d e t e c t i o n .  

INTRODUCTION 

I n   1 9 7 6 ,   t h e  Water Q u a l i t y  
Branch (W.Q.B.), P a c i f i c   a n d  Yukon 
Reg ion ,   d i scon t inued  i t s  r o u t i n e  
water q u a l i t y   m o n i t o r i n g   p r o g r a m  
because  t h e  p r a c t i c e s   o f   c o l l e c t i o n ,  
p r e s e r v a t i o n ,   s h i p p i n g ,   a n d   a n a l y s e s  
o f  t h e  water samples  a t  t h a t  time 
were i n a d e q u a t e .   S i n g l e   w a t e r  Sam- 
p l e s   i n  two l i t r e  b o t t l e s  were b e i n g  
c o l l e c t e d   f r o m   w h i c h   a l i q u o t s  were 
d e c a n t e d   f o r   a n a l y s e s .   O g u s s   a n d  
Er l ebach   (1975)   found  t h a t  s i n g l e  
water samples  were n o t   s u i t a b l e   f o r  
o b t a i n i n g   r e l i a b l e   d a t a .  They con- 
c l u d e d   t h a t   s i m u l t a n e o u s ,   r e p l i c a t e  
sampl ing  was n e c e s s a r y   t o   d e t e r m i n e  
s i g n i f i c a n t   d i f f e r e n c e s   i n   c o n c e n -  
t r a t i o n s  f o r  s p e c i f i c   v a r i a b l e s ,  
p a r t i c u l a r l y  n u t r i e n t s .  Oguss  and 
Erlebach ( 1 9 7 6 )   s h o w e d   l i m i t a t i o n s  
o f  s i n g l e  water s a m p l e s   i n   r e p r e -  
s e n t i n g  mean water q u a l i t y .   K l e i b e r  
a n d   E r l e b a c h   ( 1 9 7 7 )   l l l u s t r a t e d   t h e  
e f f e c t s   o f   d e c a n t i n g   a l i q u o t s   a n d  
t h e   e r r o r s   a s s o c i a t e d  w i t h  t h i s  
p r a c t i c e .  Kleiber, W h i t f i e l d   a n d  
E r l e b a c h   ( 1 9 7 8 )   e v a l u a t e d  t h e  e f f -  
ects o f   s i n g l e  water samples   on  t h e  
s p a t i a l   a n d   t e m p o r a l   v a r i a t i o n   i n  
n u t r i e n t   c o n c e n t r a t i o n s .  T h e i r  re- 
sul ts  a l s o   s u p p o r t e d  t h e  abandonment 
o f  t h e  mon i to r ing   p rog ram.  

I n  1979,  t h e  W.Q.B. r e i n s t a t e d  
some r o u t i n e   m o n i t o r i n g   s t a t i o n s  
w i t h i n  t h e  r e g i o n   f o r  t h e  p u r p o s e s  
o f  p r o v i d i n g  d a t a  t o  N A Q U A D A T ,  t h e  
n a t i o n a l  da ta  f i l e  on water q u a l i t y .  
A l though   t he re  was h e s i t a t i o n   a b o u t  
r e i n s t a t i n g   t h e   p r o g r a m   b e c a u s e   o f  
p r e v i o u s   f i n d i n g s ,  t h e  need   fo r  re- 
l i a b l e  da ta  t o  be i n  N A Q U A D A T  f o r  
n a t i o n a l   i n t e r e s t s  was r e c o g n i z e d .  
The moni tor ing   program was r e i n -  
s t a t e d  b u t  w i t h  a p a r t i c u l a r  
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emphas is on  : 

( 1 )  i m p r o v e d   f i e l d  systems; 
( 2 )  f i e l d   a n d   l a b o r a t o r y   q u a l i t y  

( 3 )  r e p l i c a t e  sampl ing;  
(4) a s s e s s i n g  t h e   a d e q u a c y   o f   d a t a ;  
( 5 )  a s s e s s i n g  t h e  s u i t a b i l i t y   o f  

c o n t r o l ;  

s t a t  i o n s .  

I n  1980 a Mul t ip le   Sampler   (En-  
vironment   Canada,  1983) was d e s i g n e d  
and   imp lemen ted   t o   s imp l i fy   t he   co l -  
l e c t i o n s   w h i l e  a t  t h e  same time as- 
s u r i n g  a better q u a l i t y   c o n t r o l   f o r  
f i e l d   o p e r a t i o n s .  The .program  con- 
t i n u e s   t o   e v o l v e  as  more o f   t h e   t e c h -  
nical  problems are recogn ized   and  
overcome. 

Water c o l l e c t i o n s   f o r   t h e   r o u -  
t i n e   m o n i t o r i n g   p r o g r a m  were i n i t i a l -  
l y   d o n e   t h r o u g h   t h e   c o o p e r a t i o n   o f  
t h e  Water Resources   Branch ( W . R . B . ) .  
W . R . B .  f i e l d  t e c h n i c i a n s  were i n -  
s t r u c t e d   t o  make water c o l l e c t i o n s  
when t h e y  were i n   t h e   v i c i n i t y  o f  a 
water q u a l i t y   s t a t i o n   f o r   h y d r o m e t r i c  
and /o r   s ed imen t   measu remen t s .   Th i s  
was i n t e n d e d   t o  minimize t h e   a d d i t -  
i o n a l   e x p e n s e   f o r   f i e l d   o p e r a t i o n s  
a b o v e   t h o s e   r e q u i r e d   f o r  t h e  W .  R .  B .  
As t h e  W . R . B .  a l r e a d y   h a d   f i e l d   t e c h -  
n i c i a n s   t h r o u g h o u t   t h e   r e g i o n ,  i t  
seemed   l og ica l   t o   have   t hem make t h e  
water c o l l e c t i o n s .  

T h i s   s t u d y  was i n i t i a t e d   t o  de- 
t e rmine  i f  t h e  water q u a l i t y  data 
r e c e i v e d ,   t h r o u g h   t h e   s e r v i c e s   o f   t h e  
W . R . B . ,  were r e p r e s e n t a t i v e   o f   t h e  
Kettle R ive r  a t  t h r e e   o f   t h e   f o u r  
s t a t i o n s   i n   t h e   s t u d y .  

STUDY A R E A  

The Kettle River s t u d y  area is 
l o c a t e d   i n   s o u t h - c e n t r a l   B r i t i s h   C o l -  
umbia ( F i g u r e  1). The headwater   o f  
t h e  r i v e r  is a small lake  i n  t h e  
Monashee  Mountain  Range e a s t  o f  
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Vernon  and  Lake  Okanagan. I t  f lows  
s o u t h   a n d  is j o i n e d  by t h e  West 
Kettle near   Westbr   idge  . A t  t h e  
community  of Rock Creek it t u r n s  
eas t  and  parallels highway 3 u n t i l  
c r o s s i n g   i n t o   t h e  s t a t e  of  Washing- 
t o n  a t  Midway.  The Kettle r e e n t e r s  
B r i t i s h  Columbia a t  Carson   and  
t r a v e l s  eas t  a b o u t   f i v e   k i l o m e t e r s  
where i t  is  j o i n e d  by the   Cranby  
River a t  Grand   Fo rks .   Con t inu ing  
east ,  t h e  Kettle f l o w s   p a s t   t h e  
small community of C i l p i n   b e f o r e  
t u r n i n g   s o u t h   a c r o s s   t h e   b o r d e r   t o  
j o i n   t h e   C o l u m b i a   R i v e r .  The t o t a l  
l e n g t h   o f   t h e  Kettle R ive r  is a b o u t  
290 km (Sherwood, 1986) whi le  i t s  
combined  Canada - U . S .  d r a i n a g e  

I I 

\ ' "SA 

d 

FIGURE 1. Study area showing  sampl- 
i n g   l o c a t i o n s .  
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b a s i n  area c o v e r s   a b o u t  10 ,000  km2 
above t h e   b o r d e r   n e a r   G i l p i n .  

Land use a l o n g   t h e   r i v e r   i n -  
c l u d e s   m i n i n g   a c t i v i t i e s   o n   b o t h  
s i d e s  of  t h e  border. G o l d   e x t r a c t i o n  
u s i n g  a c y a n i d e   l e a c h i n g   p r o c e s s  is 
i n   o p e r a t i o n   o n  t h e  West Kettle a t  
B e a v e r d e l l ,  B.C. and a t  Vulcan 
Mounta in   in   Washinuton .  A similar 

Grand   Fo rks .   Da i ly  water l e v e l s  are 
r e c o r d e d  by a l a y   o b s e r v e r   f r o m  
which   d i scha rge  data are c a l c u l a t e d .  

The d a i l y  mean d i s c h a r g e   ( F i g -  
u r e  2 )  v a r i e d   f o r   t h e   t h r e e   h y d r o -  
metric s t a t i o n s .  The d i s c h a r g e   f o r  
t h e  Kettle R ive r  a t  F e r r y  is c o n s i d -  
ered t o  be e q u a l   t o   t h a t  a t  Midway. 
The L a u r i e r   d i s c h a r u e  is t a k e n   t o  be 

o p e r a t i o n  is b e i n g - r e e s t a b l i s h e d   o n   e q u a l   t o   t h a t  a t  G i i p i n .  
Burrell Creek,  a t r i b u t a r y   o f   t h e  i -  700- 

Granby  River .  The G r a n b y   R i v e r   a l s o  
p a s s e s   d i r e c t l y  by  a l a r g e   s l a g   h e a p  

Kett le  River  at  Ferry 

i n t o   t h e  Kettle River   below Midway. 
banks of Boundary  Creek  which  empties  
i n  the  community of Greenwood  on  the a, 

t i o n .  A similar s l a g   h e a p  is l o c a t e d  5 5oo. 

d i s c o n t i n u e d  ore e x t r a c t i o n   o p e r a -  
a t  Grand   Fo rks   t ha t   r ema ins   f rom a 

Granby  River  at  Grond  Forks 
600- 

""" 

Kettle  River at Laurier . . .  . . . . . . . . . . . . . 

s 
i 400- I : ' : ,  . . .  

. .  I 

. .  

. .  
& . .  

I 
The  major  employment i n  t h e   r e g -  

i o n  is i n   t h e   l u m b e r   i n d u s t r y   w i t h  
l a r g e  mills l o c a t e d  a t  Midway and 
G r a n d   F o r k s   a n d   s e v e r a l   o t h e r  smaller 
o p e r a t i o n s .   O t h e r   a c t i v i t i e s   i n c l u d e  
f a r m i n g   ( s o m e   w i t h   i r r i g a t i o n )   a n d  
f e e d l o t s .  Some communit ies   have 
s e w a g e   t r e a t m e n t   a n d   d i s p o s a l   a s s o c -  
i a t e d   w i t h   t h e  Kettle R i v e r .  Recrea- 
t i o n a l  use i n c l u d e s  swimming,  canoe- M J J A S O N D J F M A M J  

i n g ,   k a y a k i n g   a n d   f i s h i n g .  1982 1983 

FIGURE 2 .  D a i l y  mean d i s c h a r g e .  
METHODS 

Data were c o l l e c t e d   f r o m  mon- 
i t o r i n g   s t a t i o n s   o n   t h e  Kettle R ive r  
( F i g u r e  1) a t :  
(1)  Midway, 00BC08NN0011; 
( 2 1 Carson,  00BC08NN0021; 
( 3 )   G i l p i n ,  00BC08NN0022 

( 4 )  Grand  Forks,  00BC08NN0026 
p l u s   t h e   G r a n b y   R i v e r  a t :  

F i v e   s a m p l i n g   t r i p s  were t a k e n  
t o   t h e   G r a n d   F o r k s  area b e g i n n i n g  
d u r i n g   t h e   f r e s h e t   i n   1 9 8 2   a n d   e n d -  
i n g   d u r i n g   t h e   f r e s h e t  of 1983. The 
t r i p s  were a p p r o x i m a t e l y   e q u a l l y  
s p a c e d   t o  re f lec t  t h e  s e a s o n a l  dis- 
cha rge   and  climate c o n d i t i o n s .   T h e s e  
s a m p l i n g   p e r i o d s  were: 

I n t e r n a t i o n a l   h y d r o m e t r i c   g a u g -  May 3 - 6, 1982 ;  
i n g   s t a t i o n s  are s i t u a t e d   o n   t h e   A u g u s t   1 7  - 20 ,  1982; 
Kettle R ive r  a t  F e r r y ,  Ma., below November  23 - 26,  1982; 
Midway and a t  Laurier, Wa., down- Februa ry  2 1  - 2 4 ,  1983; 
stream f r o m   G i l p i n .  The W.R.B.  a l s o  May 17 - 19,   1983.  
has a manual, h y d r o m e t r i c   l e v e l   g a u g e  
a t  t h e   s a m p l i n g   s t a t i o n   o n  t h e  Granby  During each t r i p   t h e   s t a t i o n s  
R i v e r   l o c a t e d  a t  Barbara Ann P a r k  i n  a t  Car son   and   G i lp in   on  t h e  Kettle 
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R i v e r  and t h e  Cranby  River  were 
s a m p l e d   e v e r y   f o u r   h o u r s   f o r   7 2   h o u r s  
t o   c h e c k   f o r   s h o r t  term varia- 
b i l i t y .  The Midway s t a t i o n  was n o t  
i n c l u d e d  i n  t h e   7 2   h o u r   s t u d i e s   b u t  
i n s t e a d  a l a y   c o l l e c t o r  was c o n t r a c -  
t e d   t o   s a m p l e   o n  a w e e k l y  f r equency  
t h r o u g h o u t  t h e  s t u d y .  The Midway 
s t a t i o n  was i n c l u d e d   i n   t h i s  s t u d y  
because  i t  was a m o n i t o r i n g   s t a t i o n  
t h a t  was p r e v i o u s l y   b e i n g   s a m p l e d  by  
t h e  W . R . B .  T h i s   a l l o w e d   f i x e d ,   h i g h -  
e r  f r e q u e n c y   c o l l e c t i o n s  a t  Midway t o  
be c o m p a r e d   w i t h   i r r e g u l a r ,   l o w   f r e -  
q u e n c y   c o l l e c t i o n s .   D u r i n g   t h e  s t u d y  
t h e  W . R . B .  made s i x   c o l l e c t i o n s  a t  
Midway, f o u r  a t  Car son  and three a t  
G i l p i n .  

A l l  s amples  were c o l l e c t e d   u s i n g  
t h e  W .Q .  B .  mu1 t i p l e   s a m p l e r .   T h i s  
s ample r  i s  d e s i g n e d   t o   h o l d   t h i r t e e n  
b o t t l e s   o f   v a r i o u s   s i z e s .   D i f f e r e n t  
s t y l e s  o f   b o t t l e s  were u s e d   a c c o r d i n g  
t o  t h e  va r i ab le  be ing   measu red .  Glass 
P y r e x   b o t t l e s  were u s e d   f o r   s a m p l e s  
t o  be a n a l y z e d   f o r   p h o s p h o r u s ,   t e f l o n  
b o t t l e s   f o r   m e r c u r y   a n a l y s e s   a n d  
p o l y e t h y l e n e   b o t t l e s   f o r  a l l  o t h e r  
analyses .  A l l  b o t t l e s  were l a b o r a -  
t o r y   c l e a n e d .  T r  i p l  icate samples  
were c o l l e c t e d   f o r   p h o s p h o r u s   a n d  
n i t r o g e n   s p e c i e s   f r o m   w h i c h  a mean 
v a l u e  was c a l c u l a t e d   a n d   r e c o r d e d .  
Samples   for  metals and   cyan ide  were 
p r e s e r v e d   i n   t h e  f i e l d  a c c o r d i n g   t o  
approved  methods  (Environment  Canada 
1 9 7 9 ) .  

Water c o l l e c t i o n s  are  s i m p l i f i e d  
th rough  t h e  u s e   o f  t h e  m u l t i p l e  s 
m p l e r   t o  assure  t h a t  a l l  s amples  are 
c o l l e c t e d   i n  t h e  same manner. 
C o n s i s t e n t   p r o c e d u r e s   f o r   c o l l e c t i o n s  
a n d   l a b o r a t o r y   h a n d l i n g   o f   s a m p l e s  
a n d   f o r   p r o v i d i n g   s u p p l i e s   t o   t h e   l a y  
co l l ec to r s   have   p roven   bene ' f  i c i a l .  
Most l a y  c o l l e c t o r s  are n o t   s c i e n -  
t i f  i c a l l y  minded s o  are  no t e x p e c t e d  
t o   p e r f o r m   t a s k s   w h i c h   r e q u i r e   t h e  
e x p e r t i s e   a n d   p r e c i s i o n   o f  a t r a i n e d  
p r o f e s s i o n a l .  

RESULTS AND  DISCUSSION 

The a n a l y t i c a l  resul ts  a r e  n o t  
i n c l u d e d   i n   t h i s   r e p o r t   b u t  a re  
ava i l ab le  u p o n   r e q u e s t .  Some v a r -  
i a b l e s , s u c h  as manganese, lead and  
z i n c  showed l i t t l e  v a r i a t i o n   i n  
c o n c e n t r a t i o n .  Others  s u c h  as cad- 
mium, m e r c u r y ,  c o p p e r ,   a r s e n i c   a n d  
s e l e n i u m   h a d   c o n c e n t r a J i o n s   t h a t  
were u s u a l l y   b e l o w   o r   n e a r   a n a l y t -  
ical  d e t e c t i o n   l e v e l s .   T h e s e   a n d  
o t h e r   v a r i a b l e s   c o u l d  be sampled a t  
a low  f requency  l i k e  t h a t   u s e d  by 
t h e  W .  R .  B .  and may be r e p r e s e n t a t i v e  
o f  t h e  Kettle R ive r   sys t em.  

G e n e r a l l y ,   v a r i a b l e   c o n c e n t r a -  
t i o n s   i n   t h e  Kettle River i n c r e a s e  
from Midway t o   t h e i r   h i g h e s t  a t  
Ca r son .  The  Granby R i v e r  causes a 
d i l u t i o n   i n   t h e  Ket t le  R i v e r  resu l t -  
i n g   i n  a decrease o f   c o n c e n t r a t i o n s  
o b s e r v e d  a t  G i l p i n .  

S e v e r a l   v a r i a b l e s   d e m o n s t r a t e  
c o n c e n t r a t i o n s   c o r r e l a t e d   w i t h  d i s -  
cha rge .   Because  t h i s  g r o u p  o f  v a r -  
i ab les  shows similar c o r r e l a t i o n ,  
o n l y  a select  few were u s e d   f o r  com- 
p a r a t i v e   p u r p o s e s .   T o t a l   a l k a l i n i t y  
( F i g u r e  3 A )  shows i ts  h i g h e s t   c o n -  
c e n t r a t i o n s   d u r i n g   p e r i o d s   o f  low 
f l o w   i n c l u d i n g  times o f  ice c o v e r  
w h i l e  t h e   l o w e s t   c o n c e n t r a t i o n s  a r e  
a s s o c i a t e d   w i t h   f r e s h e t .  

A l k a l i n i t y   c o n c e n t r a t i o n s   f r o m  
t h e  7 2  h o u r   s t u d i e s  are  e a s i l y  d i s -  
c e r n a b l e   i n  t h e i r  f i v e   g r o u p i n g s   b u t  
m o s t   e v i d e n t   f o r  t h e  Granby R i v e r .  
The c o n c e n t r a t i o n s   f o r  t h e  Granby 
R i v e r  are lower   than   those   found a t  
t h e  Ket t le  R.iver s i t es .  

With few o r  no c o l l e c t i o n s  
t a k e n  be tween  the s t u d y  t r i p s  a t  t h e  
Gi lp in ,   Carson   and   Granby R i v e r  s t a -  
t i o n s ,   a n  accurate a s s e s s m e n t   o f  t h e  
b e h a v i o r   o f   t h e   v a r i a b l e   c o n c e n t r a -  
t i o n s   c a n n o t  be made f o r   t h e s e  
times. Weekly c o l l e c t i o n s  a t  Midway 
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show a f l u c t u a t i n g   c o n c e n t r a t i o n  The f r e q u e n c y   o f   c o l l e c t i o n s  by 
p a t t e r n   f o r   a l k a l i n i t y   ( F i g u r e  3A) t h e  W . R . B .  ( F i g u r e  3B) l e a v e s   l a r g e  
t h a t  i s  b e l i e v e d   t o   b e  more t y p i c a l  g a p s   b e t w e e n   t h e   c o l l e c t i o n   d a t e s .  
o f   t h e  system. The W . R . B .  c o l l e c t i o n s  a t  Midway f i t  

100 well w i t h   t h e  more i n t e n s i v e   p a t t e r n  
A Kettle River at Midway 

0 Kettle River at Carson 

0 Granby River at Grand Forks 

p.-.. i n  f i g u r e  3 A .  Generally,  t h e  W . R . B .  
90 _....""...""....." 8 \ > X . . \  @ c o l l e c t i o n s   ( F i g u r e  3B) s u p p o r t   t h e  

resul ts  o b t a i n e d   f o r   f i g u r e  3A b u t  
are of l i m i t e d   v a l u e  when examined 
a l o n e .  The  low f r e q u e n c y   c o l l e c -  

f l u c t u a t i o n  as  f o r   t h e  Midway s t a -  
t i o n   ( F i g u r e  3A) n o r   d o   t h e y   r e f l e c t  

._ t h e   s e a s o n a l  p a t t e r n .   A l t h o u g h  some 
z W.R.B.  c o l l e c t i o n s  were made d u r i n g  

f r e s h e t ,  a s i n g l e   s a m p l e   t a k e n  a t  
each s t a t i o n   d u r i n g  t h i s  p e r i o d  is  
o f  l imi ted  v a l u e .  The peaks   o f  
f r e s h e t  were no t   s ampled ,   no r  was 
t h e  p e r i o d   o f  low d i s c h a r g e   b e t w e e n  
October   and   February .   Thus   the  
p a t t e r n  sh0w.n i n   f i g u r e  3B d o e s   n o t  
r e f l e c t   t h a t  shown i n   f i g u r e  3 A .  
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f o u n d   t o  be l a r g e s t   i n  November. A t  

o p e n   c h a n n e l s   e x i s t e d  a t  t h e  Carson  
and  Granby s i tes  b u t  were f r o z e n  

G i l p i n  s i t e  is  t u r b u l e n t   a n d   r e m a i n -  
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i l l u s t r a t e s   t h e   o c c u r r e n c e  o f  t h e  
s h o r t  term v a r i a b i l i t y  i n  November. 
T h i s   d e m o n s t r a t e s   t h e   e x i s t a n c e   o f  
s h o r t  term v a r i a t i o n   f o r   m o s t  r i ve r  
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1982  1983 f rom  the  November p e r i o d   a l s o  show 
t h a t  h igh   f r equency  w e e k l y  c o l l e c -  

FIGURE 3 .  ( A )  T o t a l   a l k a l i n i t y   c o n -   t i o n s ,  as f o r  Midway, a r e  no t suf- 
c e n t r a t i o n s   f o r   t h e  Kettle a n d   G r a n b y   f i c i e n t   t o   o b s e r v e  t h i s  phenomenon 
Rivers, W . R . B .  c o l l e c t i o n s  are f o r   c e r t a i n   v a r i a b l e s   a l t h o u g h  some 
shaded .  (B) W . R . B .  c o l l e c t i o n s   o n l y .   s h i f t s  a r e  e v i d e n t .   A l t h o u g h  t h e  
P o i n t s  are j o i n e d   c h r o n o l o g i c a l l y .  Midway l a y  c o l l e c t i o n s  re f lec t  t h e  

f l u c t u a t i o n   a t t r i , b u t a b l e   t o   s h o r t  
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term v a r i a t i o n ,   c o n c e n t r a t i o n s  may 
h a v e   v a r i e d   b e t w e e n   t h e   c o l l e c t i o n  
times. S i m i l a r l y ,   t h e   f o u r   h o u r   c o l -  
l e c t i o n   f r e q u e n c y   d u r i n g   t h e   7 2   h o u r  
p e r i o d   c o u l d   a l s o   h a v e  missed some 
extremes. 

The F e b r u a r y   t r i p   d i s p i a y e d  t h e  
least  s h o r t  term v a r i a t i o n .  The a l k -  
a l i n i t y   r e s u l t s  are t i g h t l y   g r o u p e d  
f o r   e a c h   s t a t i o n   ( F i g u r e  3 A ) .  O t h e r  
related v a r i a b l e s   s u c h  as  s p e c i f i c  
c o n d u c t i v i t y ,   h a r d n e s s   a n d   c a l c i u m  
a l s o  showed a similar v a r i a t i o n   t o  
t h a t  f o r   a l k a l i n i t y .  

D i s s o l v e d   s u l p h a t e   ( F i g u r e  4 A )  
d i s p l a y e d  a g r e a t e r   r a n g e  i n  concen-  
t r a t i o n   t h a n   a l k a l i n i t y   f o r   s h o r t  
term v a r i a t i o n   d u r i n g   e a c h   t r i p .  The 
p a t t e r n s   f o r   s u l p h a t e   c o n c e n t r a t i o n  
v a r i a b i l i t y  are similar a t  t h e   f o u r  
s t a t i o n s .   L i k e w i s e ,   t h e   d i s t r i b u t i o n  
o f  data  f o r   s u l p h a t e   c o l l e c t e d  by  t h e  
W . R . B .  ( F i g u r e  4B) is similar t o  t h a t  
o f   t h e i r  da t a  f o r   a l k a l i n i t y   ( F i g u r e  
3B). The same l i m i t a t i o n s   a p p l y   t o  
t h e  W . R . B .  s u l p h a t e  da ta  as  f o r  a l k -  
a1 i n i t y  . 

P h o s p h o r u s   t e n d s   t o   d i s p l a y   c o n -  
c e n t r a t i o n s   g r e a t l y  a f f ec t ed  b y  d i s -  
cha rge   and   suspended   s ed imen t s  (Klei- 
ber a n d   E r l e b a c h ,   1 9 7 7 ) .   F o r   t h i s  
r e a s o n ,   t r i p l i c a t e   s a m p l e s  are c o l -  
l e c t e d   d u r i n g   t h e   r o u t i n e   m o n i t o r i n g  
program. From these t h r e e   v a l u e s  a 
mean is c a l c u l a t e d .  Mean t o t a l   p h o s -  
p h o r u s   d i s p l a y s  i t s  h i g h e s t   c o n c e n -  
t r a t i o n s   d u r i n g   p e r i o d s   o f   h i g h   d i s -  
charge   (Oguss   and  Er lebach ,  1 9 7 5 ) .  

The r e s u l t s  f o r   t h e   p r e s e n t  
s t u d y   ( F i g u r e  5A)  are no e x c e p t i o n  as 
t h e  h i g h e s t   p h o s p h o r u s   c o n c e n t r a t i o n s  
o c c u r   d u r i n g   h i g h e s t   d i s c h a r g e   p e r -  
i o d s .  Greater v a r i a t i o n   i n  t h e  s h o r t  
term is  a l s o  more e v i d e n t   d u r i n g  
f reshet  t h a n   d u r i n g   p e r i o d s   o f  low 

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

f low.  The Kettle R ive r  a t  Midway 
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1982 and 1983 and  more s table ,  low 
c o n c e n t r a t i o n s  be tween   these  times 
( F i g u r e  5A 1 .  
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FIGURE 4 .  ( A )  D i s s o l v e d   s u l p h a t e  
c o n c e n t r a t i o n s   f o r  t h e  Ket t le  and 
Granby  Rivers .  W . R . B .  c o l l e c t i o n s  
a r e  shaded .  ( B )  W . R . B . c o l l e c t i o n s  
o n l y .   P o i n t s  are j o i n e d   c h r o n o l o g -  
i c a l l y .  
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c o n c e n t r a t i o n s   f o r  t h e  Kettle and 
Cranby Rivers. W . R . B .  c o l l e c t i o n s  
are shaded .  (B) W.R.B.. c o l l e c t i o n s  
o n l y .   P o i n t s  a re  j o i n e d   c h r o n o l o g -  
i ca l  l y  . 

7 

A h i g h   v a l u e   f o r   p h o s p h o r u s  a t  
Midway on   Apr i l   25 ,   1983  dur ing  
f r e s h e t  was f i r s t   s u s p e c t e d   o f   b e i n g  
a n   o u t l i e r .  A r e v i e w   o f   t h e   t r i p l i -  
cate a n a l y s e s   f o r   t h i s   d a t e   r e v e a l e d  
resul ts  o f   0 .645 ,   0 ,665   and   0 .665  
m g / l   ( r e p o r t e d  mean is 0 . 6 5 8   m g / l ) .  
A p e a k   d i s c h a r g e  a t  Midway, t h e  
s e c o n d   h i g h e s t   f o r   t h e  month, a l s o  
occur red   on   Apr i l   25 .  

C o l l e c t i o n s  by t h e  W . R . B .  f o r  
phosphorus   (F igu re   5B)  show con-  
c e n t r a t i o n s  a t  Midway much d i f f e r e n t  
t h a n   t h o s e   c o l l e c t e d  b y  t h e  l a y  c o l -  
l e c t o r .  The W.R.B. d i d  n o t  make 
c o l l e c t i o n s   d u r i n g .  t h e  1 9 8 2   f r e s h e t  
u n t i l  i t  was a l m o s t   o v e r   a n d   t h e  two 
c o l l e c t i o n s   d u r i n g   1 9 8 3  f reshe t  
missed t h e  times o f   peak   f l ows .  Low 
f r e q u e n c y   c o l l e c t i o n s   f o r   p h o s p h o r u s  
a re  o f   l i m i t e d   v a l u e   b e c a u s e   o f   t h e  
l i k e l y h o o d   o f   m i s s i n g   s i g n i f i c a n t  
peaks .  

D i s s o l v e d   n i t r a t e - n i t r i t e   ( F i g -  
ure 6 A )  was a l s o   c o l l e c t e d   i n   t r i p -  
1 icate  . N i t r a t e - n i t r i t e  resu l t s  
from Midway show much v a r i a t i o n  be- 
t w e e n   c o l l e c t i o n  dates,  e s p e c i a l l y  
t h e  low f low  per iod   f rom November t o  
March. An i n c r e a s e   i n   c o n c e n t r a t i o n  
was o b s e r v e d   d u r i n g  ice f o r m a t i o n   i n  
November .   Th i s   i nc rease   cou ld  be 
a t t r i b u t e d   t o   p a r t i c l e s   a t t a c h e d  to  
d r i f t i n g  ice and   s lu sh   wh ich  may 
have   been   p i cked   up   du r ing   s ampl ing .  
The r i v e r  a t  Midway d i d   n o t  com- 
p l e t e l y   f r e e z e   o v e r  t h i s  w i n t e r  a s  
small h o l e s  and channe l s  opening   and  
c l o s i n g  were r e p o r t e d  b y  t h e  l a y  
c o l l e c t o r .  Near t h e   b e g i n n i n g   o f  
December, when t h e  r i v e r  had a l m o s t  
f r o z e n   o v e r ,  a d e p r e s s i o n   i n   c o n c e n -  
t r a t i o n   o c c u r r e d .  T h i s  d e p r e s s i o n  
was similar t o  t h a t  r e p o r t e d   f o r  
o t h e r  var iab les  ( Whi t f  i e l d  and 
McNaughton, 1 9 8 6 ) .  Much v a r i a t i o n  
i n   c o n c e n t r a t i o n   o c c u r r e d   o v e r   t h e  
w i n t e r   a n d  may r e f l e c t   t h e   c h a n g i n g  
ice c o n d i t i o n s .   T h e s e   e v e n t s  were 
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FIGURE 6. ( A )  Nitrate-nitrite  mean 
concentrations for the Kettle  and 
Granby  Rivers. W.R.B. collections 
are  shaded. ( B )  W.R.B. collections 
only.  Points  are  joined  chronolog- 
ical 1 y. 
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completely  missed by the U.R.B. 
collections  (Figure 6B). 

Generally,  most W.R.B. field 
personnel  have  responded well to 
making  water  quality  collections. 
This  addition to their  routine  work- 
load has, for some, created  extra 
logistic  problems.  The ir sample 
collections  are  infrequent and only 
at  specific  locations which  has 
resulted in a  tendency to uninten- 
tionally  forget to include  water 
sampling  equipment for certain 
trips.  Some  have  reported that 
their  workload  has not  allowed  suf- 
f icient  time to obtain the samples. 
W.R.B. regional sub-office staff 
changes have also  caused the dis- 
continuation  of  water  sampling  and 
resulted in gaps in the  data.  There 
has  also  been  occasional  mercury 
contamination in W.R.B. collections 
which is likely  associated  with  the 
use of mercury in their recording 
manometers . 

Since  the  study  period  ended in 
1983, collections by the W.R.B. at 
Midway, Carson and Gilpin have  been 
discontinued.  The lay collector at 
Midway  has  been  retained but at a 
reduced  biweekly  frequency. Another 
lay collector has been  contracted at 
Grand  Forks to make  collections  at 
the  Carson and Gilpin  stations  on  a 
biweekly  frequency.  The  contracting 
and training  of  local  residents for 
water collections best supports the 
Water  Quality  Branch  requirement for 
collecting  these  data. Many lay 
collectors,  of  retirement age, are 
able to supplement their  income 
while  doing  a  conscientious and 
dependable  job. Local concerns in 
the  Grand  Forks  area  about  mining 
activities  involving  cyanide  leach- 
ing for gold extraction was  ident- 
ified through  a lay collector and 
led to the inclusion  of  samples for 
cyanide  analyses being  collected  at 
Carson and Gilpin. 
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CONCLUSION ( . . .  . 
" 

Low f requency   sampl ing  is s u i t -  
able f o r  t h e  c o l l e c t i o n   o f   v a r i a b l e s  
d e m o n s t r a t i n g  l i t t l e  o r  no v a r i a t i o n .  
I n   t h e  Kettle R ive r  sys t em t h e s e   v a r -  
iables include  manganese,  lead, z i n c ,  
cadmium, mercury,  c o p p e r ,   a r s e n i c   a n d  
se l en ium.  O t h e r  v a r i a b l e s  s u c h  as 
a l k a l i n i t y ,   s u l p h a t e ,   p h o s p h o r u s   a n d  
n i t r o g e n   r e q u i r e  more f r equen t   s ampl -  
i n g   b e c a u s e   o f   t h e i r   c o r r e l a t i o n   w i t h  
d i s c h a r g e .  Due t o   t h e   i n f r e q u e n t  
c o l l e c t i o n s  by t h e  W . R . B . ,  t h e   d a t a  
r e c e i v e d   f o r  cer ta in  v a r i a b l e s   d e s -  
cribe t h e i r   c o n c e n t r a t i o n s   i n  t h e  
s y s t e m  o n l y  a t  t h e  time t h e  c o l l e c t -  
i o n s  were made. No i n f e r e n c e   c a n   b e  
made about t h e  p e r i o d   b e t w e e n   c o l l e c -  
t i o n s   a n d   a n  accurate a s s e s s m e n t   o f  
var f a b l e   c o n c e n t r a t i o n s   c a n n o t   b e  
made u s i n g  low f r e q u e n c y   c o l l e c t i o n s .  
These  data  a l so  do' n o t   p r o v i d e   f o r  
a n a l y s i s  s u c h  as t r e n d   a s s e s s m e n t  
( W h i t f i e l d ,  1983) .  Data from  low 
f r e q u e n c y   c o l l e c t i o n s   a l s o   s h o u l d   n o t  
be   u sed   a s  a s o l e   s o u r c e   o f   i n f o r m a -  
t i o n   f o r   i m p a c t   a s s e s s m e n t s   n o r   f o r  
d e c i s i o n s   i n v o l v i n g  more than   one  
j u r i s d i c t i o n .  

I d e a l l y ,   i n f o r m a t i o n   s h o u l d  be 
o b t a i n e d   t h r o u g h   p i l o t  s t u d i e s  t o  
e s t ab l i sh  t h e  p r i o r i t y   c o n c e r n s   u p o n  
which a long  term monitor ing  program 
c a n  be f o c u s e d .   T h i s   c o u l d  limit t h e  
number  of v a r i a b l e s   r e q u i r e d   t o   b e  
mon i to red ,   r educ ing  t h e  l a b o r a t o r y  
a n a l y t i c a l  work load  and  being  more 
c o s t   e f f e c t i v e   d u r i n g  t h e  s u r v e i l -  
l a n c e   p e r i o d  . O b j e c t i v e s   f o r  v a r -  
i a b l e   c o n c e n t r a t i o n  leve ls  c o u l d   a l s o  
b e   f o r m u l a t e d   t h r o u g h   t h e   i n p u t   o f  
p i l o t   s t u d i e s .   U n f o r t u n a t e l y ,  d u e  t o  
funding   and  time committments,  a 
p i l o t  s t u d y  may no t   be   done   be fo re  a 
new s t a t i o n  is implemented. If a 
p i l o t  s t u d y  is  n o t  feas ib le  then  a 
data  rev iew  should  be d o n e   a f t e r  a 
s p e c i f i c   c o l l e c t i o n   p e r i o d   t o  be able 
t o  make recommendat ions   for   changes  

t o   t h e   s u r v e i l l a n c e .   T h i s ,   h o w e v e r ,  
assesses o n l y  t h e  variables already 
be ing   moni tored   and  has t h e  r i s k  of  
m i s s i n g   a d d i t i o n a l  var iables w h i c h  
c o u l d  be o f   c o n c e r n .  

To be more c o n f i d e n t   o f  t h e  
p a t t e r n   f o r   s h o r t  term tempora l  var- 
i a t i o n ,   d a t a  is r e q u i r e d   t o   b e   c o l -  
l e c t e d  a t  a h ighe r   f r equency   and   fo r  
a l o n g e r   p e r i o d   t h a n  was d o n e   f o r  
t h e  p r e s e n t  7 2  h o u r   s t u d i e s .  A 
p a t t e r n   o f   s h o r t  term v a r i a b i l i t y ,  
depending  upon t h e  v a r i a b l e   a n d  
l o c a t i o n ,   m i g h t   b e   r e p e a t e d   a f t e r   a n  
u n p r e d i c t a b l e   p e r i o d .  The  c o s t   t o  
m a n u a l l y   c o l l e c t   s a m p l e s   f o r  t h i s  
p e r i o d  a t  a f r e q u e n c y   g r e a t e r   t h a n  
e v e r y   f o u r   h o u r s  may be fo rmidab le  
b u t   e l e c t r o n i c   s u r v e i l l a n c e   c o u l d  
p r o v i d e   i n f o r m a t i o n  a t  much less 
e x p e n s e .   V a r i o u s   t e c h n o l o g i e s  are  
a v a i l a b l e   f o r   m o n i t o r i n g   e v e r y  15 
minutes  as  r e p o r t e d   f o r  pH measure- 
ments ( D a l l e y ,  1987). Similar h i g h  
i n t e n s i t y   d a t a   c o l l e c t i o n s  may be 
e s t a b l i s h e d   o v e r  a s h o r t   p e r i o d   f o r  
o t h e r  var iables  . 

RECOMMENDATIONS 

1. A minimum f r e q u e n c y   f o r   r o u t i n e  
sample c o l l e c t i o n s   s h o u l d  be depend- 
e n t  upon t h e  r e q u i r e m e n t   f o r  t h e  
v a r i a b l e s   o f   c o n c e r n .  

2 .  Lay c o l l e c t o r s   w i t h i n   t h e   P a c i f i c  
and Yukon Region,   should be con-  
t r a c t e d   f o r   f i x e d   f r e q u e n c y   s a m p l i n g  
wherever  f e a s i b l e .  

3 .  Lay c o l l e c t i o n s   s h o u l d   r e m a i n  
s i m p l i f i e d   t o   a v o i d   u n n e c e s s a r y  
c o m p l i c a t i o n s   a n d   t o   m a i n t a i n  a h igh  
s t a n d a r d  f o r  f i e l d  q u a l i t y   c o n t r o l .  

4 .  W.R.B.  p e r s o n n e l   w i t h i n  t h e  
Pac i f ic  and Yukon Region  should  do 
W.Q. s a m p l i n g   o n l y   w h e r e   l a y   c o l -  
l e c t o r s  are n o t  ava i l ab le  w i t h  t h e  
u n d e r s t a n d i n g  t h a t  t h e s e   d a t a  a r e  o f  
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l i m i t e d  v a l u e   o r  where s u c h  data  is 
desired.  

5 .  S u i t a b i l i t y   o f   s t a t i o n s   s h o u l d  be 
e v a l u a t e d   b e f o r e   i m p l e m e n t i n g  a sta- 
t i o n   f o r   l o n g  term m o n i t o r i n g .  

6 .  E x i s t i n g  data shou ld  be reviewed 
p e r i o d i c a l l y   a n d   p o s s i b l e   p r o g r a m  
c h a n g e s   a s s e s s e d .  

7. E l e c t r o n i c   s u r v e i l l a n c e   s h o u l d  be 
u s e d   t o  assess s h o r t  term temporal  
v a r i a t i o n   f o r  some v a r i a b l e s   w h e r e v e r  
f e a s i b l e .  
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