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ABSTRACT 

A l e a d - z i n c   s m e l t e r   a n d   f e r t i l i z e r   c o m p l e x   a t   T r a i l ,   B r i t i s h   C o l u m b i a  

d i s c h a r g e   e f f l u e n t s   i n t o   t h e   C o l u m b i a   R i v e r   w h i c h   f l o w s   a c r o s s '   t h e  

Canada-Un i ted   S ta tes   bo rde r .   Wa te r   qua l i t y   mon i to r i ng   conduc ted   i n  

1977-79 showed e l e v a t e d   l e v e l s   o f   m e t a l s  and n u t r i e n t s   i n   t h e  Columbia 

River   downstream  of   the  d ischarges.   Decreases i n   t h e   c o n c e n t r a t i o n s . o f  

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

t h e   s m e l t i n g   o p e r a t i o n s   p l a n n e d   f o r   t h e   l a t e  1970 's  t h r o u g h   t o   t h e   e a r l y  

1990's .  

The Se lenas t rum  cap r i co rnu tum  A lga l  Assay B o t t l e   T e s t  was used t o  

i n v e s t i g a t e  t h e  f o l l o w i n g :  

1 .  Can meta l   concen t ra t i ons   i n   Co lumb ia   R ive r   wa te r   downs t ream o f  l r a i l  

i n h i b i t   a l g a l   g r o w t h ?  

2. When t h e   e f f e c t s   o f   m e t a l s   a r e   r e d u c e d   i n   t h e   f u t u r e ,   i s   t h e r e  

g r e a t e r   p o t e n t i a l   f o r   a l g a l   g r o w t h   d o w n s t r e a m   t h a n   u p s t r e a m   o f   T r a i l ?  

T h i s   r e p o r t   p r e s e n t s   t h e   a l g a l   a s s a y   r e s u l t s   w i t h   a c c o m p a n y i n g   d a t a   o n  

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

A d e s c r i p t i o n  o f  t h e   f i e l d  and l a b o r a t o r y  methods  used i n   t h e   s t u d y   i s  

i nc luded .  



Une fonder ie .   de   p lomb  e t   de   z inc   a ins i   qu 'un   comp lexe   de   f e r t i l i san ts  

s o n t   s i t u e s  a T r a i l ,   e n   C o l o m b i e - B r l t a n n i q u e ;   i l s   d e v e r s e n t   l e u r s  eaux 

usees  dans l a   r i v i e r e  C o l u m b i a ,   q u i   t r a v e r s e   e n s u i t e   l a   f r o n t i P r e   e n t r e  

l e  Canada e t   l e s   E t a t s - U n i s .  De 1977 a 1979,  un programme de 

s u r v e i l l a n c e   c o n t i n u e   d e   l a   q u a l i t e  des  eaux a mis  en  evidence  des 

concent ra t ions   accrues   de  mCtaux e t  d e   n u t r i m e n t s   d a n s   l a   r i v i e r e  

Columbia  en  aval  des  usines. La modern i sa t i on  de l a   f o n d e r i e  a debute a 

l a   f i n  des  annees 70 e t   d o i t  se  terminer  au  debut  des  annees  90;  sui te a 

c e t t e   m o d e r n i s a t i o n ,  on dev ra i t   obse rve r   une   d im inu t i on  de l a  

c o n c e n t r a t i o n  des  mCtaux  dans l e s  eaux  usees. 

Un t e s t  en b o u t e i l l e  avec l ' a l g u e   S e l e n a s t r u m   c a p r i c o r n u t u m  a e te  ' u t i l i s e  

pour   repondre   aux   ques t ions   su ivantes :  

1 .  Les concen t ra t i ons   de  mCtaux  dans l ' e a u  de l a   r i v i e r e  Columbia  en 

a v a l  de T r a i l   p e u v e n t - e l l e s   i n h i b e r   l a   c r o i s s a n t e  des  a lgues? 

2. Quand l ' i n f l u e n c e  des  metaux  aura  et6  redui te  lors  des  annees 

subsequentes, y a - t - i 1   p o s s i b i l i t e   p l u s   g r a n d e   e n   a v a l   q u ' e n  amont 

p o u r   l a   c r o i s s a n c e   d e s   a l g u e s ?  

Le p r e s e n t   r a p p o r t   r e n f e r m e   l e s   r e s u l t a t s   d e s   t e s t s  avec l ' a l g u e  

Se lenas t rum  capr icornu tum  a ins i   que  des   donnees  per t inentes   sur   les  

concen t ra t i ons   de   d i ve rses   subs tances   ch im iques   e t   d ' a lgues   i nd igenes  

dans l ' e a u  de l a   r i v i . e r e .  Une d e s c r i p t i o n  des  methodes u t i l i s e e s   s u r   l e  

t e r r a i n   e t  a u   l a b o r a t o i r e   e s t   i n c l u s e .  
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I. INTRODUCTION 

. ,.. 
f 

The Columbia i s  a major   waterway  which  f lows  across  the  Canada-Uni ted 

S t a t e s   b o r d e r   n e a r   T r a i l ,   B r i t i s h   C o l u m b i a   i n t o   t h e   S t a t e   o f  

W a s h i n g t o n .   F i f t e e n   k i l o m e t r e s   u p s t r e a m   o f   t h e   i n t e r n a t i o n a l   b o r d e r  

a l a r g e   l e a d - z i n c   s m e l t e r   a n d   f e r t i l i z e r   c o m p l e x   o p e r a t e d   b y  Cominco 

L i m i t e d   d i s c h a r g e s   e f f l u e n t   i n t o   t h e   C o l u m b i a   R i v e r .  

Water qual i ty  monitor ing  conducted  by  In land  Waters  and  Lands i n  

1977-.79 showed t h a t   e l e v a t e d   l e v e l s   o f   m e t a l s  and n u t r i e n t s   w e r e  

i n t e r m i t t e n t l y   p r e s e n t   i n   t h e  Columbia  River  downstream o f  Cominco 

(Sheehan  and Lamb, i n   p r e p . ) .  I t  was expec ted   t ha t   , t he   l eve l s  o f  

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

smel t ing   opera t ions   p lanned  by  Cominco f o r  t h e   l a t e   1 9 7 0 ' s   t h r o u g h  

t o   t h e   e a r l y   1 9 9 0 ' s .  

In land  Waters  and  Lands  and  Environmental   Protect ion  were  concerned 

t h a t   r e d u c t i o n s   i n   m e t a l   d i s c h a r g e s ,   w i t h o u t   a c c o m p a n y i n g   r e d u c t i o n s  

i n   n u t r i e n t   d i s c h a r g e s ,   c o u l d   r e s u l t   i n   n u i s a n c e   a l g a l   g r o w t h   o r  

blooms  downstream o f   T r a i l .  It was h y p o t h e s i z e d   t h a t   t h e   e l e v a t e d  

m e t a l   c o n c e n t r a t i o n s   i n   t h e   r i v e r  may have  been  respons ib le   fo r  

i n h i b i t i n g   a l g a l   g r o w t h   i n   t h e   p a s t .  

I n  response t o   t h e s e   c o n c e r n s ,   t h e   f o l l o w i n g   w e r e   i n v e s t i g a t e d :  
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1 .  Can meta l   concen t ra t i ons   i n   Co lumb ia   R ive r   wa te r   downs t ream  o f  

T r a i l   i n h i b i t   a l g a l   g r o w t h ?  

2. When t h e   e f f e c t s   o f   m e t a l s   a r e   r e d u c e d   i n   t h e   f u t u r e ,  i s  t h e r e  

g r e a t e r   p o t e n t i a l   f o r   a l g a l   g r o w t h  downstream  than  upstream  of  

T r a i l ?  

The approach  used t o  a s s e s s   t h e   p r e s e n t   a n d   p r e d i c t   t h e   f u t u r e   a l g a l  

g r o w t h   p o t e n t i a l   o f   t h e   r i v e r   w a t e r  was the  Selenast rum 

c a p r i c o r n u t u m   P r i n t z   A l g a l  Assay B o t t l e   T e s t   ( M i l l e r   e t   a l . ,   1 9 7 8 ) .  

T h i s   l a b o r a t o r y   a l g a l   a s s a y  measures t h e   g r o w t h   o f  an a l g a l   c u l t u r e  

i n  sample  water.  To g a i n  an  understanding o f  i n d i g e n o u s   a l g a l  f l o r a  

p r e s e n t   i n   t h e   C o l u m b i a   R i v e r ,  samples of   Columbia  River  water  were 

ana lysed  fo r   a lga l   spec ies   compos i t ion   and  abundance.  

T h i s   d a t a   r e p o r t   p r e s e n t s   t h e   r e s u l t s   o f   e i g h t   a l g a l   a s s a y s  

conducted  f rom  1980 t o  1982 w i t h   s u p p o r t i n g   d a t a  on t h e  

c o n c e n t r a t i o n s  o f  chemicals  measured i n   t h e   f i e l d  and l a b o r a t o r y .  

The r a t i o n a l e   f o r   t h e   u s e   o f   t h e   a l g a l   a s s a y   t e c h n i q u e  and i t s  

a p p l i c a t i o n   t o   t h i s   s t u d y   a r e   p r e s e n t e d .   A l s o   i n c l u d e d  i s  a 

d e t a i l e d   d e s c r i p t i o n   o f   t h e   f i e l d  and laboratory   methods  used.  

The r e s u l t s   a r e   a r r a n g e d   i n   t h r e e   s e c t i o n s .   S e c t i o n  A presents   .data 

a s s o c i a t e d   d i r e c t l y   w i t h   t h e   a l g a l   a s s a y s .   S e c t i o n s  B and C p resen t  

a d d i t i o n a l   d a t a   c h a r a c t e r i z i n g   t h e   a q u a t i c   q u a l i t y   o f   t h e   r i v e r .  

S e c t i o n  B conta ins  data  on  spec ies  composi t ion  and  abundance o f  

i nd igenous   phy top lank ton   and   pe r iphy ton   o f   t he   Co lumb ia   R ive r .  
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These  samples  were c o l l e c t e d  on e a r l y   r e c o n n a i s s a n c e   t r i p s  

(1978-1979)  and i n   c o n j u n c t i o n   w i t h   w a t e r   s a m p l e s   f o r   a l g a l   a s s a y s  

(1980-1982).   Sect ion C p resen ts   da ta   on   t he   concen t ra t i ons   o f  

chemica ls   and   t he   compos i t i on   o f   phy top lank ton   i n   samp les   co l l ec ted  

ups t ream  o f   B i rchbank  a t   Kootenay   R iver   near  i t s  c o n f l u e n c e   w i t h   t h e  

Co lumbia   R iver   and  a t   the   Co lumbia   R iver   jus t   downst ream  o f  Hugh 

Keenleys ide Dam i n  a n   a t t e m p t   t o   t r a c e   t h e   s o u r c e   o f   e l e v a t e d   m e t a l  

and  phosphorus   concent ra t ions   measured  a t   B i rchbank  ( the   s ta t ion  

ups t ream  o f  Cominco d i s c h a r g e s )   i n   J u l y  1980. 

The i n t e r p r e t i v e   r e p o r t   ( i n   p r e p . )  'will presen t   an   ana lys i s  and 

d i s c u s s i o n  o f  t h e   r e s u l t s  o f  t h i s   s t u d y .   T h e r e  will be  an a n a l y s i s  

o f   t h e   a l g a l   g r o w t h   p o t e n t i a l  and l i m i t i n g   n u t r i e n t s   a t   s t a t i o n s  

upstream  and  downstream  of Cominco e f f l u e n t s ,   a n   a n a l y s i s   o f   t h e  

e f f e c t s   o f   m e t a l   d i s c h a r g e s  on a lga l   g rowth ,   and a p r e d i c t i o n  o f  

f u t u r e   a l g a l   g r o w t h   p o t e n t i a l   i n   t h e   r i v e r  when meta l   d i scha rges   a re  

decreased.   A lso  inc luded will be  an a n a l y s i s   o f   t h e   e f f e c t s  o f  

p re -assay   l abo ra to ry '   p repara t i on   o f   samp le   wa te r   on   t he  

c o n c e n t r a t i o n s   o f   c h e m i c a l s   i n   t h e   w a t e r .  
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11. RATIONALE FOR  THE SELECTION OF THE ALGAL ASSAY TEST FOR T H I S  STUDY 

The a p p r o a c h   s e l e c t e d   t o   a d d r e s s   t h e   o b j e c t i v e s   o f   t h i s   s t u d y  had t o  

have t h e   f o l l o w i n g   c a p a b i l i t i e s :  

1 .  t h e   a b i l i t y   t o   p r e d i c t   a l g a l   g r o w t h   i n   t h e   f u t u r e  when meta l  

l e v e l s  i n  t h e   r i v e r  will be subs tan t i a l l y   dec reased ;  

2. t h e   a b i l i t y   t o  measu,re a l g a l   g r o w t h   p o t e n t i a l   i n   r l v e r   w a t e r  

d u r i n g   " w o r s t   c a s e "   c o n d i t i o n s ,   t h a t  i s ,  d u r i n g  random e p i s o d i c  

peak  metal  discharges  from  Cominco; 

3.  t h e   c a p a b i l i t y   t o   c o n t e n d '   w i t h   c h a r a c t e r i s t i c s   o f   t h e   C o l u m b i a  

R i v e r   i n   t h e . T r a i 1   v i c i n i t y ,  such  as; 

a )   t h e   s h o r t   d i s t a n c e   ( 1 5  km, approximate 

f o r  a s p e c i f i c  mass o f   w a t e r )   f r o m   t h e  

i n te rna t i ona l   boundary   wh ich   does   no t  

l y  5 h o u r s   t r a v e l   t i m e  

d i s c h a r g e   s i t e   t o   t h e  

a l l o w   s u f f i c i e n t   t i m e  

f o r   p h y t o p l a n k t o n   t o   r e f l e c t   c h e m i c a l  changes i n   t h e   w a t e r ,  

b )   t h e   f l u c t u a t i n g   w a t e r   l e v e l   i n   t h e   r i v e r  due t o  upstream 

dams on. the  Columbia  and  Kootenay  Rivers  which  discourages 

t h e   g r o w t h   o f   p e r i p h y t i c   a l g a e .  The m a j o r   a l g a l  component 

i n   t h e   r i v e r ,   t h e r e f o r e ,  i s  phy top lank ton ,   wh ich   p robab ly  

o r i g i n a t e s   f r o m   u p s t r e a m   r e s e r v o i r s .  

A c o n t r o l l e d   e x p e r i m e n t a l   o r   b i o a s s a y   a p p r o a c h   u s i n g   t h e   S e l e n a s t r u m  

c a p r i c o r n u t u m   P r i n t z   A l g a l  Assay B o t t l e   T e s t  was seen  as a s u i t a b l e  
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t echn ique   f o r   mee t ing   t he   s tudy   ob jec t i ves   under   t he   cond i t i ons  

imp0se.d b y   t h e   s t u d y   s i t e .  The a l g a l   - a s s a y   b o t t l e   t e s t  has  been 
- 

u s e d   b y   v a r i o u s   i n v e s t i g a t o r s   t o   s t u d y   ( 1 )   t h e   a l g a l   g r o w t h  

p o t e n t i a l   o f   w a t e r s ,  ( 2 )  t h e   i d e n t i t y   o f   n u t r i e n t s   l i m i t i n g   a l g a l  

g rowth ,   and   (3 )   t he   p resence   o f   subs tances   t ha t   a re   t ox i c   o r  

i n h i b i t o r y   t o   a l g a l   g r o w t h   ( M i l l e r   e t   a l . ,  1974;  Greene e t   a l . ,  

1975a; M i l l e r   e t   a l . ,  1975;  Gerhold,  1975;  Gerhold  and  Otto,  1976; 

M i l l e r   e t   a l . ,  1976;  Parr  and  Smith,  1976;  Greene e t   a l . ,  1978; 

Davis and  DeCosta,  1980;  Grizzard e t  a l . ,  1980;  Dobolyi  and  Ordog, 

1981; O l i v e  and  Higgins,  1981;  Markee e t   a l . ,  1982;  Perry  and 

Stanford,   1982;  Ram and P l o t k i n ,  1983;  Turbak e t   a l . ,   1 9 8 6 ) .  

Studies  by  Greene e t  a l . ,   ( 1975b)  showed t h a t   a l g a l   g r o w t h   p o t e n t i a l  

p red ic ted   by   t he   a lga l   assay   t echn ique   ag reed   favourab ly   w i th  

i nd igenous   phy top lank ton   s tand ing   s tocks .  

The a l g a l   a s s a y   b o t t l e   t e s t  was a p p r o p r i a t e   f o r   t h i s   s t u d y  because 

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

tha t   t he   a lga l   g rowth   response   can   be   measured .  An advantage  o f  

t h i s   t e c h n i q u e   i s   t h a t   t h e  sample  water  can  be  manipulated t o  

i n v e s t i g a t e   f a c t o r s   a f f e c t i n g   a l g a l   g r o w t h .   W i t h   t h e   a d d i t i o n   o f  

t h e   c h e l a t i n g  compound EDTA excess  dissolved  metals  can  be  complexed 

t o  EDTA and made u n a v a i l a b l e   f o r   a l g a l   u p t a k e .  Hence t h i s  would 

s i m u l a t e   f u t u r e   c o n d i t i o n s  when m e t a l s   a r e   p r e s e n t   i n   l o w e r  

c o n c e n t r a t i o n s   i n   t h e   r i v e r .  
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T h i s   t e c h n i q u e   a l s o   a l l o w e d   f o r   t h e   s i m u l a t i o n   o f   l ' w o r s t   c a s e "   m e t a l  

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

f rom Cominco  sewers. The s i m u l a t i o n  was required  because  peak  metal 

d ischarges   were   p resent  i n  downstream  waters a t   o c c a s i o n a l   a n d  

u n p r e d i c t a b l e   t i m e s .  When w a t e r   c o l l e c t i o n s   w e r e  made i t  was n o t  

known i f  h igh   me ta l   l eve l s   were   p resen t   i n   t he   downs t ream  (Wane ta )  

sample u n t i l   t h e   w a t e r  was a n a l y s e d   a t   t h e   l a b o r a t o r y .  I f  t h e  

me ta l s   l eve l s   were   cons ide rab ly   l ower   t han   t hose   measured   du r ing  

p r e v i o u s   i n t e n s i v e   m o n i t o r i n g   s e r i e s  (Sheehan  and Lamb, i n   p r e p . ) ,  

an   appropr ia te   vo lume  o f  Cominco e f f l u e n t   c o u l d  be  added t o  some o f  

t h e  Waneta samples, so t h a t   t h e   a l g a l   g r o w t h   p o t e n t i a l   u n d e r   h i g h  

m e t a l   d i s c h a r g e   c o n d i t i o n s   c o u l d  be  measured. 
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111. DESCRIPTION OF THE ALGAL  ASSAY TEST  AND  ITS  APPLICATION IN THIS  STUDY 

The  Selenastrum  capricornutum  Printz Algal Assay  Bottle  test  was 

developed by the U.S. Environmental  Protection  Agency  and is 

described in detail  in  Miller  et al. (1978). 

For  this  test, th.e unicellular  green  alga,  Selenastrum 

capricornutum, is grown in sample  water  under  controlled  laboratory 

conditions.  When  the  culture  ceases  to  increase in biomass, its 

final  biomass is used as  a  measure  of  the  algal  growth  potential in 

that  particular  water.  Waters  with  higher  concentrations o f  

nutrients  should  result in greater  biomass o f  S. capricornutum and 

hence  have  a  greater  growth  potential. 

The  macronutrient  limiting  algal  growth in water  can  be  identified 

by growing  the  alga in water  samples  that  have  been  spiked  with  the 

macronutrients,  orthophosphate and nitrate.  These  two  macronutrients 

are  added  individually  to  sample  water.  The  final  biomass  of  these 

I1spiked1' samples is compared  to  the  final  biomass o f  the  control  or 

unspiked  sample. I f ,  for  example,  greater  growth is measured in the 

sample  water  spiked  with  orthophosphate,  this  indicates  that 

orthophosphate I s  present in limited  supply in the  original  sample 

water.  Thus  the  availability  of  orthophosphate in the  water is 

controlling  the  growth  of  algae. If greater  growth  results  only 

when  both  macronutrients  are  added  together  this  indicates  that 

neither  macronutrient,  alone, is limiting  the  growth o f  algae. 
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When no  inc rease i n  biomass  (when  compared t o   t h e  biomass i n   t h e  

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

m a c r o n u t r i e n t s   i n d i v i d u a l l y   o r   t o g e t h e r   t h i s   i n d i c a t e s   t h a t  some 

o t h e r   f a c t o r   i s   l i m i t i n g   a l g a l   g r o w t h .  The g r o w t h - l i m i t i n g   f a c t o r  

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

r e q u i r e d   f o r   a l g a l   g r o w t h .   A l t e r n a t i v e l y ,   t h e   g r o w t h   c o u l d   b e  

l i m i t e d   b y   t h e   p r e s e n c e  o f  a subs tance   t ha t  has a t o x i c   o r  

i n h i b i t o r y   e f f e c t  on a l g a l   g r o w t h .  The spec i f4c   cause   o f   t he   g rowth  

l i m i t a t i o n   c a n  be  narrowed down w i t h   f u r t h e r   s p i k e s   t o   t h e   w a t e r .  

Fo r   examp le ,   t he   wa te r   can   be   sp i ked   w i th   t he   che la t i ng  compound 

EDTA. EDTA a c t s  as a complex ing  agent   for   meta ls   and  mediates  the 

d i s s o l v e d   o r   b i o l o g i c a l l y - a v a i l a b l e   p o r t i o n   o f   t r a c e   m e t a l s   i n   w a t e r  

( M i l l e r   e t   a l . ,  1 9 7 6 ) .  I f  g r e a t e r   g r o w t h   r e s u l t s   w i t h   t h e   a d d i t i o n  

o f  EDTA t h i s   t h e n   i n d i c a t e s  one o f   t w o   p o s s i b l e   c o n d i t i o n s ,   e i t h e r  

( 1 )  t r a c e   m e t a l s   a r e   a v a i l a b l e   t o   t h e   a l g a e   i n   e x c e s s i v e  

c o n c e n t r a t i o n s   a n d   a r e   t h e r e f o r e   i n h i b i t i n g   t h e   a l g a l   g r o w t h   o r  ( 2 )  

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

a l g a l   u p t a k e .   . A n   a n a l y s i s   o f   t h e   c o n c e n t r a t i o n s   o f   m e t a l s   i n   t h e  

water  will shed f u r t h e r   l i g h t  on   wh ich   o f   the   above  two  cond i t ions  

i s  most l i k e l y .  

The a lga l   assays   conducted  on Co lumbia   R iver   water ,   genera l l y ,  

f o l l o w e d   t h e   e x p e r i m e n t a l   d e s i g n   d e s c r i b e d   i n   H i l l e r   e t   a l .   ( 1 9 7 8 ) .  

The a l g a  was grown i n  water   samples  co l lected  upst ream  (B i rchbank)  

and  downstream  (Waneta) o f  Cominco  discharges t o   d e t e r m i n e   t h e  

e f f e c t   o f  Cominco   d i scha rges   on   a lga l   g rowth   po ten t i a l   i n   t he  
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w a t e r .   N u t r i e n t   a d d i t i o n s   t o   t h e s e   w a t e r s   i n v e s t i g a t e d   t h e   e f f e c t  

o f  Cominco d i scha rges  on l i m i t i n g   n u t r i e n t s   i n   t h e   w a t e r .  EDTA was 

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

T h i s   t r e a t m e n t   a l s o   g a v e   a n   i n d i c a t i o n   o f   t h e   a l g a l   g r o w t h   p o t e n t i a l  

o f  Waneta water  when t h e   g r o w t h - l i m i t l n g   o r   i n h i b i t o r y   e f f e c t s ,  i f  

any, o f   t h e   m e t a l s   a r e   r e d u c e d   i n   t h e   f u t u r e .  

For some assays  fur ther  spikes  were  added t o   t e s t  i f  me ta l  

d e f i c i e n c i e s   u p s t r e a m   o f  Cominco e f f l u e n t s  may be l i m i t i n g   t h e  

g r o w t h   o f   a l g a e   i n   t h e   r i v e r .  The e f f e c t   o f  Cominco e f f l u e n t s  on 

t h e s e   d e f i c i e n c i e s ,  i f  any,   could  then be asce r ta ined .   No te ,  i f  

m e t a l s   a r e   n o t   p r e s e n t   i n  some f o r m   i n   t h e   w a t e r   t h e   a d d i t i o n   o f  

EDTA w o u l d   h a v e   n o   e f f e c t   o n   m e t a l   a v a i l a b i l i t y .  A s p i k e   o f   t r a c e  

meta ls  was added f o r  some o f   the   assays   (August  and  September, 

1982) .  A s p i k e  o f  i r o n   a l o n e  was inc luded  as  a t r e a t m e n t   f o r  most 

assays.  Iron  has  been shown t o  limit t h e   g r o w t h   o f  S .  capr i co rnu tum 

a t  some downstream  Columbia  River  locat ions i n   t h e   U n i t e d   S t a t e s  

( M i l l e r   e t   a l . ,   1 9 7 6 ) .   D a t a  on t h e   c o n c e n t r a t i o n s  o f  d i s s ' o l v e d   l r o n  

a t   B i r c h b a n k   i n d i c a t e   l o w   c o n c e n t r a t i o n s   ( 1   t o  2 pg  Fe/L)  (Sheehan 

and Lamb, i n   p r e p ) .  
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S a m p l i n g   s i t e s   a r e  shown i n   F i g u r e   1 .   F o r   e a c h   a l g a l   a s s a y ,   w a t e r  

samples  were c o l l e c t e d   a t   B i r c h b a n k  (NAQUADAT no. 00BC08NE0005) 

which i s   l o c a t e d   u p s t r e a m  o f  Cominco d i s c h a r g e s   a t   T r a i l  and a t  

Waneta (NAQUADAT no. 00BC08NE0001) which i s  located  downstream  of  

t hese   d i scha rges .  

On most   sampl ing  dates  samples  were  co l lected  f rom Cominco s m e l t e r ' s  

sewer  #8 (NAQUADAT no. 20BC08NE0001) wh ich   d i scha rges   f rom  the   z inc  

r o a s t e r  and s u l p h u r i c   a c i d   p l a n t   a r e a   t o   t h e   C o l u m b i a   R i v e r .   T h i s  

water  was added t o  samples o f  Waneta water  t o  s i m u l a t e   h i g h  Cominco 

m e t a l   d i s c h a r g e   c o n d i t i o n s   a t  Waneta. 

On September  17,  1980,  water  samples  were a l s o   c o l l e c t e d   f r o m   t h e  

Pend d ' 0 r e i l l e   R i v e r  (NAQUADAT no. 00BC08NE0029) near i t s  con f l uence  

w i t h   t h e   C o l u m b i a .  The Pend d ' 0 r e i l l e   R i v e r   i s  a m a j o r   t r i b u t a r y   o f  

t h e   C o l u m b i a   R i v e r ,   c o n t r i b u t i n g  a s i g n i f i c a n t   i n p u t  o f  w a t e r   t o   t h e  

Columbia  River,  downsteam o f  t h e  Waneta s a m p l i n g   s t a t i o n .  I t  was 

c o n s i d e r e d   i m p o r t a n t   t o   d e t e r m i n e   t h e   a l g a l   g r o w t h   p o t e n t i a l   o f   t h i s  

t r i b u t a r y   t o   b e t t e r   p r e d i c t   t h e   a l g a l   g r o w t h   p o t e n t i a l   i n  downstream 

Columbia  River   water  i n   t h e   U n i t e d   S t a t e s .  

On August  11  and  September  17,  1980 t h e   f o l l o w i n g   t w o   l o c a t i o n s  

upstream o f  Birchbank  were  sampled:  Kootenay  River  near i t s  

con f luence  w i th   the   Co lumbia   R iver   and  the   Co lumbia   R iver   jus t  
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downstream o f  t h e  Hugh K e e n l e y s i d e  Dam. These  upstream  s i tes   were  

sampled t o   t r a c e   t h e   s o u r c e  of e l e v a t e d   m e t a l s   a n d   n u t r i e n t  

c o n c e n t r a t i o n s   m e a s u r e d   a t   B i r c h b a n k   i n   J u l y   1 9 8 0 .  
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V .  METHODS 

A .  Sampling  Dates 

Table 1 presents   the  sampl ing  dates,   s i tes  and  types  o f   samples 

c o l l e c t e d .  

6.  Chemical  Methods 

1 .  F i e l d  Sampl ing 

Samples f o r   d e t e r m i n a t i o n   o f   n u t r i e n t s ,   m e t a l s ,  and  major   ions 

w e r e  c o l l e c t e d ,   f i l t e r e d   a n d / o r   p r e s e r v e d   ‘ i n   t h e   f i e l d ,  and 

r e t u r n e d  t o  Vancouver f o r   a n a l y s i s   w i t h i n  30 hours .   Usua l l y  

t h r e e   r e p l i c a t e s   w e r e   c o l l e c t e d .  Samples  were  gathered  by 

d i p p i n g   a p p r o p r i a t e   c o l l e c t i n g   b o t t l e s   a t  a wadable  d is tance 

f r o m   t h e   l e f t   ( e a s t )  bank a t   t h e  Waneta s t a t i o n  and  f rom  the 

r i g h t   ( w e s t )  bank a t   t h e   B i r c h b a n k   s t a t i o n .  Samples  were 

c o l l e c t e d   i n  a s i m i l a r   f a s h i o n   f r o m   t h e   r i g h t   ( n o r t h )  bank a t  

t h e  Pend d ’ 0 r e i l l e   s t a t i o n ,   f r o m   t h e   l e f t   ( s o u t h )  bank a t   t h e  

Kootenay   R iver   s ta t ion  and f r o m   t h e   r i g h t   ( s o u t h )  bank a t   t h e  

s t a t i o n  downstream o f   t h e  Hugh Keenleys ide Dam. 

A t  Cominco,  samples  were  dispensed i n t o   t h e   a p p r o p r i a t e  sample 

b o t t l e s   f r o m  a 2-L t e f l o n   b o t t l e   t h a t  had  been  lowered i n t o  

sewer #8. The t e f l o n   b o t t l e  was h e l d   i n  a s a m p l i n g   i r o n   ( s e e  

In land  Waters   D i rec to ra te ,   1983b) .  
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TABLE 1 

SAMPLING DATES, S ITES AND TYPES OF SAMPLES  COLLECTED 

I 
I 
I 

Sample  Type I 
Chemical . A l g a l  

Date S i t e  Measurements  Phytoplankton  Assay  Periphyton I 
J u l y  16,  1978 

J u l y  26, 1978 

October 23,  1979 

February  14,  1980 

March  26,  1980 

J u l y  22, 1980 

August 1 1 ,  1980 

Waneta 

B i  rchbank 
Pend d ' 0 r e i l l e  R .  

B i  rchbank 
Waneta 
Cominco  sewer  #8 

B i  rchbank 
Waneta 

B i   rchbank 
Waneta 

B i  rchbank 
Waneta 
Cominco  sewer  #8 

B i   rchbank 
Waneta 
Cominco  sewer #8 
Mouth o f  
Kootenay R. 
Columbia R. down- 
s t ream o f  Hugh 
Keenleys ide Dam 

1 

1 
1 

t 
+ 

+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 

'+ 

+ 

+ 
+ 

+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 

t 

+ 
+ 
+ 

+ 
t 
+ 

+ 

I 
.I 
I 
I 
I 
I 
I 
I 
I 
I 

+ 
+ 
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TABLE 1 (Cont inued)  

Date S i t e  

Sample  Type 
Chemica l   A lga l  

Measurements  Phytoplankton  Assay  Per’lphyton 

September 17, 1980 B i   rchbank + 
Waneta + 
Pend d ’ 0 r e i l l e  R. + 
Mouth o f  Kootenay R .  + 
Columbia R .  down- 
s t ream o f  Hugh 
Keenleys ide Dam + 

December 2,  1980  Birchbank 
Waneta 

February 17,. 1981  Birchbank 
Waneta 

June 22, 1982 B i   rchbank 
Waneta 
Cominco  sewer #8 

August 1 7 ,  1982  Birchbank 
Waneta 
Cominco  sewer #8 

September  28,  1982  Birchbank 
Waneta 
Cominco  sewer #8 

+ 
+ 

1. 

+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ + 
+ + 
+ + 

+ 
+ 

+ 
+ 

+ 
+ 

t 
+ 

+ 
+ 

t 
+ 

+ 
+ 

+ 
t 

t 

+ 
+ 
+ 

+ 
+ 
+ 

+ 

Chemical  measurements tha t   were  made on t h i s  d a t e   a r e   r e p o r t e d  i n  Sheehan 
and Lamb ( i n   p r e p . ) .  

I 
I 
I 
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D e t a i l s   o f   s a m p l i n g   p r o c e d u r e s   f o r ,   s p e c i f i c   p a r a m e t e r s   a r e  

summarized i n  Table 2. 

2 .  L a b o r a t o r y   A n a l y t i c a l  Methods 

A n a l y s e s   f o r   t h e   c o n c e n t r a t i o n s   o f   c h e m i c a l s   i n   w a t e r   w e r e  

p e r f o r m e d   a t   t h e   W a t e r   Q u a l i t y   L a b o r a t o r y   i n   V a n c o u v e r   a c c o r d i n g  

t o  methods  descr ibed i n   t h e  NAQUADAT D i c t i o n a r y   ( I n l a n d   W a t e r s  

D i rec to ra te ,   Wate r   Qua l i t y   B ranch ,   1983a)   and   t he   Ana ly t i ca l  

Methods  Manual ( I n land   Wate rs   D i rec to ra te ,   Wate r   Qua l i t y   B ranch ,  

1979). All a n a l y s e s   u s e d ,   w i t h   t h e i r   . i d e n t i f y i n g  NAQUADAT code 

numbers  and limits o f   d e t e c t i o n .   a r e   l i s t e d   i n   T a b l e  3. 

C .  B i o l o g i c a l  Methods 

1.   PhytoDlankton 

P h y t o p l a n k t o n   w e r e   c o l l e c t e d   b y   f i l l i n g   t h r e e  200-ml b o t t l e s  

w i t h   w a t e r   f r o m   j u s t   b e l o w   t h e   w a t e r ' s   s u r f a c e   a t  a wadable 

d i s t a n c e   f r o m   t h e   r i v e r   b a n k .  The samples  were  preserved  with 

L u g o l ' s   s o l u t i o n .  When c o l l e c t e d   w i t h  samples fo r   chemica l  

a n a l y s e s ,   t h e y   w e r e   c o l l e c t e d   a t . t h e  same l o c a t i o n s .  

The phytoplankton  were  enumerated  us ing  the  Utermohl   technique 

(Utermohl,  1958).  Samples  were  shaken, and, depending on a l g a l  

d e n s i t y ,   t r a n s f e r r e d   t o  5, 10   o r  25 cc s e t t l i n g  chambers. The 

samples  were s e t t l e d  and  then  enumerated  using  an  inverted  phase 

cont ras t   m ic roscope.   M ic roscope  t ransec ts   were   examined  a t  625X 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
-1 
I 
1 
I 
I 
I 
I. 
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TABLE 2 " ' 

FIELD SAMPLING PROCEDURES FOR CHEMICAL PARAMETERS 

Parameter  Field  Procedures  and Sample P r e s e r v a t i o n  

Total  Phosphorus 

Dissolved  Phosphorus 
and  Orthophosphorus 

Samples were c o l l e c t e d   i n  50-ml s o v i r e l   g l a s s  
b o t t l e s .  The b a k e l i t e  caps  had t e f l o n   l i n e r  
i n s e r t s   t o   p r e v e n t   p h o s p h a t e   c o n t a m i n a t i o n .  
Samples  were  packed i n   i c e .  

Samples  were c o l l e c t e d   i n  100-ml s o v i r e l   g l a s s  
b o t t l e s  capped w i t h   t e f l o n - l i n e d   b a k e l i t e   c a p s .  
Each  sample was f i l t e r e d   t h r o u g h  a 47-mm M i l l i p o r e  
H A .  (0.45pm  pore  d iameter)  f i l t e r   w h i c h  had  been 
pre-soaked i n   d i s t i l l e d   w a t e r .  The f i l t e r i n g  
appara tus   cons i s ted   o f  a S a r t o r i u s   p o l y c a r b o n a t e  
f i l t e r   h o l d e r  ( 4 7  mm diameter,  Model SM 165  11). 
P o s i t i v e   p r e s s u r e  was prov ided  by  a hand pump. 
The f i l t r a t e  was c o l l e c t e d   i n  a 50-ml s o v i r e l  
g l a s s   b o t t l e  and  packed i n   i c e .  

N i t r a t e  and N i t r i t e ,  Samples  were c o l l e c t e d   i n  1 - L   p o l y e t h y l e n e   b o t t l e s .  
Ammonia, T o t a l   D i s s o l v e d  Each  sample was f i l t e r e d   w i t h i n  3 hours   th rough a 
N i t r o g e n ,   P a r t i c u l a t e  Whatman GF/F g l a s s   f i b r e   f i l t e r   w h i c h  had  been  pre- 
Cerbon, P e r t l c u l a t e  cooked f o r  6 h o u r s   a t  460 C. The f i l t e r i n g   a p p a r a -  
N i  t rogen t u s   c o n s i s t e d   o f  a g l a s s   f i l t e r   h o l d e r   c o u p l e d   t o  

a 1-L  er lenmeyer   f lask,   both  o f   which  had  been 
prewashed i n  HC1. The  vacuum was prov ided  by  a 
hand pump. The f i l t r a t e  was c o l J e c t e d   i n  a 250-ml 
po l ye thy lene   bo t t l e   and   packed  i n  i c e .  The f i l t e r  
was t r a n s f e r r e d   t o  a p e t r i   d i s h  and  placed i n  a 
c o o l e r .  

D isso lved   I no rgan ic   Carbon /   Samp les   were   co l l ec ted   and   f i l t e red   as   above   f o r  
D isso lved  Organ ic   Carbon  the   n i t rogen  samples .  Samples  were  p laced  in to  
( D I C / D O C )  100-ml p o l y e t h y l e n e   b o t t l e s   a n d   p a c k e d   i n   i c e .  

Tota l   Inorganic   Carbon/   Samples  were  co l lected i n  100-ml   po lyethy lene 
Total   Organic  Carbon  bott les  and  packed i n   i c e .  
(TIC/TOC) 

T o t a l  and e x t r a c t a b l e  Samples  were c o l l e c t e d   i n  500-ml p o l y e t h y l e n e  
me ta l s  (Cd, Cu, Fe, Mn, b o t t l e s   w h i c h  had  been  pre-washed i n  ch romic   ac id  
N i  , Pb, Zn) c l e a n i n g   s o l u t i o n . *  One m i l l i l i t r e   o f  HNO3  was 

added t o  each b o t t l e  no  more  than 2 h o u r s   a f t e r  
c o l l e c t i o n .  
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TABLE 2 (Continued) 

Parameter Field  Procedures  and  Sample  Preservation 

Dissolved  metals Samples  were  collected  in l-L polyethylene  bottles. 
(Cd,  Cu,  Fe,  Mn, Ni,  Each  sample  was  filtered  through a Millipore HA 
Pb,  Zn) filter  which had  been  pre-soaked in 0.25% HNO3 

for a minimum.of  12  hours.  The  filtering  apparatus 
c.onsisted  of a glass  filter  holder  coupled  to a 
l-L erlenmeyer  flask,  both  of  which had  been 
pre-washed in chromic  acid  cleaning  solution.*  The 
vacuum  was  provided by a handpump.  The  filtrate 
was  collected in  a 500-ml  polyethylene  bottle,  and 
1 ml  of HNO3 was  added. A new  filter  was  used 
for  each  sample. 

Total,  Extractable 
and  Dissolved C r  

Extractable Hg 

Samples  were  collected  and  filtered  (for  dissolved 
Cr) using  the  same  procedures a s  were  used  above 
for  the  metals  samples.  The  samples  were  placed 
into  500-ml  polyethylene  bottles  which  had  been 
pre-washed  with  nitric  acid. 

Samples  were  collected in 100-ml  teflon  bottles 
which had been  pre-washed  with  chromic  acid 
cleaning  solution.*  Two  millilitres  of  preservative 
(a  solution  of 50% HNO3  and 2.5% K2Cr207) 
was  added  to  each  bottle  no  more  than 2 hours 
after  collection. 

Extractable  As,  Se  Samples  were  collected in 100-ml  polyethylene 
bottles  which  were  pre-washed In chromic  acid 
cleaning  solution.*  The  samples  were  packed in  ice. 

Major  Ions,  Residues Two l-L polyethylene  bottles  were  filled  with 
Physical  Parameters sample  water. In the  laboratory,  aliquots  were 

taken  for  analyses. 

*Chromic  acid  cleaning  solution:  Approximately  700 g of  s.odium dichromate 
(Na2Cr207)  was  added  to  8-L  of  distilled  water.  Then 4 X 2 1/2-L  or 4 
winchesters  of  technical  or  reagent  grade  sulphuric  acid  was  stirred  into 
solution. 
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T . I  . , - . ,.. _ _  . . TABLE 3 

NAQUADAT CODE NUMBERS AND LIMITS OF DETECTION FOR THE 
CHEMICAL PARAMETERS MEASURED I N  THE FIELD AND I N  THE LABORATORY 

Parameter 
NAQUADAT D e t e c t i o n  

Number L i m i t  

Colour 

Speci f ic   Conductance 

Water  Temperature  (Lab) 

Water   Temperature  (F ie ld)  

T u r b i d i t y  

Total   Organic  Carbon 

Tota l   Inorgan ic   Carbon 

Dissolved  Organic  Carbon 

Dissolved  Inorganic   Carbon 

P a r t i c u l a t e  Carbon 

N03/N02 ( d i s s o l v e d )  

Ammonia ( d i s s o l v e d )  

T o t a l   D i s s o l v e d   N i t r o g e n   ( u n f i l t e r e d )  

T o t a l   D i s s o l v e d   N i t r o g e n   ( f i l t e r e d )  

P a r t i c u l a t e   N i t r o g e n  

F l u o r i d e   ( d i s s o l v e d )  

A l k a l i n i t y   ( t o t a l )  

A l k a l i n i t y   ( p h e n o l p h t h a l e i n )  
A c i d i t y  

PH (Lab)  
N o n f i l t e r a b l e   r e s i d u e  

F i l t e r a b l e   r e s i d u e  

N o n f i l t e r a b l e   r e s i d u e   ( f i x e d )  

F i l t e r a b l e   r e s i d u e   ( f i x e d )  

Hardness ( t o t a l )  

0201 1 

02041 

02061 

02061 

02073 

06001 

06051 
061 01 

061 51 

06903 

071  10 

07557 

07651 

07655 

07903 

091 06 

101 01 

101 51 
10251 

10301 

10401 

10451 

10501 

10551 

10603 

5.0 R e l a t i v e   u n i t s  

0.2 p sie/cm 

0 j t u  

V a r i a b l e  

1 .O mg/L 
0.5 mg/L 

0.5 rng/L 

V a r i a b l e  

0.002 mg/L 

0.002 mg/L 

0.010 mg/L 

0.01 0. mg/L 

V a r i a b l e  

0.050 mg/L 

0.5 mg/L CaC03 

0.5 mg/L CaC03 
0.5 mg/L CaC03 

1 

10.0 mg/L 

10.0 mg/L 

10.0 mg/L 

10.0 mg/L 

0.5 mg/L CaC03 

l T h i s  limit o f   d e t e c t i o n   a p p l i e s   a t  pH g rea te r   t han   8 .3 .  A t  l ower  pH 
p h e n o l p h t h a l e i n   a l k a l i n i t y  = 0 
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TABLE 3 (Cont inued)  

Parameter 
NAQUADAT D e t e c t i o n  

Number L i m i t  

Sodium ( d i s s o l v e d )  

Magnesium. ( d i s s o l v e d )  

SI 1 1 ca ( r e a c t  i "e) 

Phosphorus  (d isso lved)  

Orthophosphate 

Phosphorus ( t o t a l )  

S u l p h a t e   ( d i s s o l v e d )  

C h l o r i d e   ( d i s s o l v e d )  

Po tass ium  (d i sso l ved )  

Ca lc ium  (d i sso l ved )  

Chromium ( d i s s o l v e d )  

Chromium ( d i s s o l v e d )  

Chromium ( e x t r a c t a b l e )  

Chromium ( e x t r a c t a b l e )  

Manganese ( t o t a l )  

Manganese ( d i s s o l v e d )  

Manganese ( d i s s o l v e d )  

Manganese ( e x t r a c t a b l e )  

Manganese ( e x t r a c t a b l e )  

I r o n   ( t o t a l )  

I r o n   ( d i s s o l v e d )  

I r o n   ( d i s s o l v e d )  

I r o n   ( e x t r a c t a b l e )  

I r o n   ( e x t r a c t a b l e )  

N i c k e l   ( t o t a l )  

N i c k e l   ( d i s s o l v e d )  

N i c k e l   ( e x t r a c t a b l e )  

N i c k e l   ( e x t r a c t a b l e )  

11103 

121  01 

14105 

151  02 

15256 

15406 

16306 

17206 

19103 

201 01 

24052 

24053 

24302 

24303 

25004 

251  04 

251  05 

25304 

25305 

26004 

261 04 

261  05 

26304 

26305 

28002 

281 02 

28301 

28302 

0.2 mg/L 

C a l c u l a t e d  

0.2 mg/L 

0.002  mg/L2 

0.002 mg/L2 

0.002  mg/L2 

0.5 mg/L 
0.2 mg/L 

0.2 mg/L 

0 . 5  mg/L 

0.01 

0.00 

0.01 

0.00 

0.01 

0.01 

0.00 

0.01 

0.00 

0.05 

0.05 

mg/L 

mg/L 

mg /L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

0.001 mg/L 

0.05 mg/L 

0.001 mg/L 

0.001 mg/L 

0.001 mg/L 

0.01 mg/L 

0.001 mg/L 

I n  1980, a d e t e c t i o n  limit of  0.001 mg/L was used f o r  some samples. 

I 
B 
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*: TABLE 3 (Continued),, . . 

NAQUADA.T D e t e c t i o n  I .  

Parameter Number L i m i t  

Copper ( t o t a l )  

Copper ( t o t a l )  

Copper ( d i s s o l v e d )  

Copper ( d i s s o l v e d )  

Copper ( e x t r a c t a b l e )  

Copper ( e x t r a c t a b l e )  

Z i n c   ( t o t a l )  

Z i n c   ( t o t a l )  

Z inc   (d i sso l ved )  

Z i n c   ( d i s s o l v e d )  

Z i n c   ( e x t r a c t a b l e )  

Z i n c   ( e x t r a c t a b l e )  

A r s e n i c   ( e x t r a c t a b l e )  

S e l e n i u m   ( e x t r a c t a b l e )  

Cadmium ( t o t a l )  

Cadmium ( d i s s o l v e d )  

Cadmium ( d i s s o l v e d )  

Cadmium ( e x t r a c t a b l e )  

Cadmium ( e x t r a c t a b l e )  

Mercu ry   (d i sso l ved )  

Mercu ry   (ex t rac tab le )  

Lead ( t o t a l )  

Lead ( t o t a l )  

Lead ( d i s s o l v e d )  

Lead ( d i s s o l v e d )  

Lead ( e x t r a c t a b l e )  

Lead ( e x t r a c t a b l e )  

3 

29006 

29005 

291 06 

291 05 

29306 

29305 

30004 

30005 

301 04 

301 05 

30304 

30305 

33304 

34302 

48002 

481 01 

481 02 

48301 

48302 

801 11 

8031  1 

82001 

82002 

821  01 

821  03 

82301 

82302 

0.01 mg/L 

0.001 mg/L 

0.01 mg/L 

0.001 mg/L 

0.01 mg/L 

0.001 mg/L 

0.01 mgJL 

0.001 mg/L 

0.01 mg/L 

0.001 mg/L 

0.01 mg/L 

0.001 mg/L 

0.0001 mg/L 

0.0001 mg/L 

0.0005 mg/L 

0.01 mg/L 

0.0005. mg/L 

0.01 mg/L 

0.0005 mg/L 

0.05 pg/L 

0.05 pg/L 

0.01 mg/L 

0.001 mg/L 

0.01 mg/L 

0.001 mg/L 

0.01 mg/L 

0.001 mg/L 

This  parameter was measured i n   l a b o r a t o r y  samples  only. 
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magnification  and  all  phytoplankton  were  identified  and  counted 

until a minimum  of 100 cells  of  the  dominant  species  and  at 

least 300 cells in total  were  counted. 

Filamentous  species  were  enumerated  as  length  of  filament. 

Colonies  of  small  cells  were  recorded  as  single  cells.  Species 

too  small  to  be  identified  at a magnification  of  625X  were 

identified  using  phase  contrast  at  1250X  magnification  but 

enumerated  at  625X  magnification.  Because  high  magnifications 

can  produce  errors in the  counts  of  large  phytoplankton  species, 

the  sample  was  re-examined at 200X magnification  and  only  large 

phytoplankton  were  counted.  Only  live  cells  (ie.,  cells  with 

chloroplasts)  were  counted.  Microscopic  counts  were  converted 

to  cellshl by the  fol-lowing  calculation: 

c e l l s h l  = (cells  counted) x (settling  area  of  chamber) 
(chamber  volume) x (area o f  transects  counted) 

Planktonic  diatoms in the  samples  were  identified  using  the 

reference  works o f  Patrick  and  Reimer  (1966-1975),  Cleve-Euler 

(1951-1955),  Hustedt  (1930, 1930-1966), Huber  Pestalozzi  (1942). 

Sreenivasa  and  Duthie (1973).  and  Weber (1966). The  species 

classification  scheme  of  Van  Landingham  (1967-1979)  was  followed 

for  diatoms.  The  works  of  Bourrelly (1966, 1968, 1970), 

Prescott (1962) and  Huber-Pestalozzi  (1938-1972)  were  used  to 

identify  algae  from  other  classes. 
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2.  Pe r iphy ton  
. I  

< ,  - . . .  
P e r i p h y t i c   a l g a e   w e r e   c o l l e c t e d   f o r   t h e   p u r p o s e   o f   d e t e r m i n i n g  

the   dominan t   spec ies   p resen t   and   no t   f o r   t he   es t ima t ion   o f  

biomass  per  area  of  substrate.  Algae  were  removed  -from  rock 

s u b s t r a t e s   w i t h  a t o o t h b r u s h   o r   r a z o r   b l a d e .  The samples  were 

p r e s e r v e d   w i t h   L u g o l ' s   s o l u t i o n .  

a .   T o t a l   A l g a l  Abundance 

Each  sample b o t t l e  was shaken t o   d i s t r i b u t e   t h e   a l g a e   e v e n l y  

i n   t h e  sample. A subsample was t r a n s f e r r e d   t o  a 5 or   10 m l  

s e t t l i n g  chamber. The a lgae  were  set t led  and  then  examined 

w i t h  an i n v e r t e d   m i c r o s c o p e   a t  625X o r  200X m a g n i f i c a t i o n .  

The pe rcen t   abundance   (by   vo lume)   o f   each   a lga l   d i v i s ion  was 

e s t i m a t e d   i n   t e n  random f i e lds .   Non-d ia tom  spec ies  

abundances  were  est imated  and  the  spec ies  were  ident i f ied 

us. ing  Prescott   (1962),   Bourrel ly  (1966,  1968,  1970)  and 

Huber-Pestalozzi  (1938-1972). 

b.  Diatom  Abundance 

A subsample o f   t h e   p e r i p h y t o n   s a m p l e  was prepared  fo r   d i ,a tom 

a n a l y s i s .   P r i o r   t o  1982,  these  sub-samples  were  cleaned i n  

n i t r i c   a c i d  as d e s c r i b e d   i n   P a t r i c k  and  Reimer  (1966-1975). 

I n  1982,   samples  were  c leaned  wi th   su lphur ic   ac id ,   potass ium 

permanganate and. o x a l i c   a c i d   a s   d e s c r i b e d   i n   H a s l e   a n d  

F r y x e l l   ( 1 9 7 0 ) .   F o l l o w i n g   t h e   c l e a n i n g ,  an a l i q u o t  was 

f i rst  d i l u t e d   w i t h   d i s t i l l e d   w a t e r  and  then  poured  in to   an  
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e v a p o r a t i o n   d i s h   d e s i g n e d   t o   s u p p o r t   f o u r   c i r c u l a r  

c o v e r s l i p s   ( B a t t a r b e e ,   1 9 7 3 ) .  The l i q u i d   i n   t h e   d i s h  was 

a l l o w e d   t o   e v a p o r a t e . .  When d r y ,   t h e   c o v e r s l i p s   w e r e  removed 

and  mounted o n t o   s l i d e s   w i t h   H y r a x   m o u n t i n g   m e d i a   ( r e f r a c t i v e  

i ndex  1 . 6 3 ) .  One s l ide   f rom  each  sample  was examined. 

Mic roscope  t ransec ts   were   examined  us ing  a phase  cont ras t  

m i c r o s c o p e   a t  l O O O X  m a g n i f i c a t i o n  and a l l  d iatoms i n   t h e  

sample  were i d e n t i f i e d  and  counted u n t i l  a minimum o f  100 

f rus tu les   o f   t he   dominan t   spec ies   were   enumera ted   and   a t  

l e a s t  300 f r u s t u l e s   i n   t o t a l  were  counted.   Because  th is  

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

d ia toms  the  sample was re-examined a t -  200X m a g n i f i c a t i o n  and 

on ly   the   la rge   d ia toms  counted .   S ince   the   samples   were   no t  

c o l l e c t e d   q u a n t i t a t i v e l y ,   c o u n t s   a r e   t a b u l a t e d   i n   i n t e r v a l s  

o f   p e r c e n t  abundance o f  sample  observed (i .e. <lo%, 10-50%, 

>50%), r a t h e r   t h a n  a s   a b s o l u t e   d e n s i t y   p e r   a r e a   o f   s u b s t r a t e .  

The same keys  were  used t o   i d e n t i f y   p e r i p h y t o n   a s  were  used 

f o r   p h y t o p l a n k t o n .  

3.  Algal  Assays 

The a lga l   assays   were   conduc ted   f o l l ow ing   t he   p rocedure   o f  

M i l l e r   e t   a l .   ( 1 9 7 8 )   w i t h  some m o d i f i c a t i o n s .  

A u n i a l g a l   b u t   x e n i c   c u l t u r e   o f   S e l e n a s t r u m   c a p r i c o r n u t u m  was 

o b t a i n e d   f r o m   t h e   U n i t e d   S t a t e s   E n v i r o n m e n t a l   P r o t e c t i o n  Agency, 
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Corvallis,  Oregon.  The  culture  was  grown in AAP  medium  (Miller 

et al., 1978) and  harvested  for a;lgal assays  when  at  late 

logarithmic or early  stationary  phase  of  growth. 

In preparation  for  an  algal  assay,  all  glassware  was  washed  with 

low-phosphate  detergent in hot water and rinsed 3 times  with 

distilled  water.  After  that,  the  glasswa,re  was  soaked in 10% 

HC1, rinsed in a  saturated Na CO  solution,  and  then rinsed 

10 times  with  distilled  water.  Finally,  the  glassware  was dried 

in an  oven  at 50-65 C  and  autoclaved.  Polycarbonate  flasks  were 

soaked in 10% HN03  instead of 10% HC1.  Polycarbonate  flasks 

were used in some  bioassays  as  a  control to check  on  possible 

leaching o f  metals  from  the  walls of glass  flasks  (Miller 

e t  a l . ,  1 9 7 5 ) .  

2 3  

Membrane  filters used for  filtering  sample  water and nutrient 

solutions  were  first  soaked  overnight in 0.2% HNO  then 

rinsed  and soaked  several  times  with  distilled  water.  Prior to 

autoclaving,  one  litre  of  distilled  water  was  passed  through 

each  filter. 

3 '  

a.  Sample  Collection and Preparation 

A  flowchart  of  events  from  sample  collection  to  the 

termination  of  the  algal  assay is presented in Figure 2. 

Water  samples  were  collected in l - L  acid-washed  teflon 

bottles  from  the  same  locations  as  the samples; for  chemical 
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SAMPLE COLLECTION 
PHYTOPLANKTON SAMPLES 
WATER CHEMISTRY SAMPLES 

1 

WATER FOR ALGAL ASSAY 

I LABORATORY k 
SEWER #8 FOR Zn DETERMINATION 
SUB-SAMPLE WANETA AND 

WITH 1 %  C 0 2  

FILTER THROUGH 

DILUTE SEWER # 8 
SAMPLE  .WITH WANETA  WATER 
TO  MAKE T E D  DILUTION 

ADJUST pH 
SUB- SAMPLE EACH SAMPLE 
FOR  WATER CHEMISTRY ANALYSIS 

I DISPENSE 49 ML INTO 
125 M L  CULTURE FLASKS 1 

ADD NUTRIENT OR EDTA SPIKES 

ADD I M L  S; g'pricornutum I SUSPENSION I 
J- DAILY in vivo FLUORESCENCE MEASUREMENTS 

DETERMINE CULTURE YIELD 
WHEN  STATIONARY PHASE 
OF GROWTH IS REACHED 

Figure 2 Flowchart outlining the events from  water  sample collection to 
the  termination  of  algal assay 
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and a lga l   spec ies   compos i t i on   ana lyses   were   co l l ec ted .  The 

bo t t l es   were ' ; , immed ia te l y   packed   : i n ,   I ce .  The samples  were 

d e l i v e r e d   t o   t h e   l a b o r a t o r y   w i t h i n  30 hours.  

A t  t h e   l a b o r a t o r y ,  samples  were  autoclaved ( 3 0  minutes  per 

l i t r e   o f   w a t e r   a t  121 C, 1.1  kg/cm ) ,  a e r a t e d   w i t h  1% 

C02 a n d   t h e n   f i l t e r e d   t h r o u g h   M i l l i p o r e  HA membrane 

f i l t e r s .  

2 

The pH  was a d j u s t e d   t o  1 . 0  5 0.5 w i t h   0 . 1  N NaOH o r  HC1. 

The pH o f  samples c o l l e c t e d   i n  August  and  September o f  1982 

was a d j u s t e d   t o   8 . 0  5 0.5 t o  more c l o s e l y   s i m u l a t e   t h e  

n a t u r a l  pH (8 .0 -8 .1 )  o f   t h e   w a t e r .  

i. TED sample p r e p a r a t i o n  

The TED ( T o t a l   E f f l u e n t   D i l u t i o n )  sample  des ignates  the 

d i l u t i o n   o f  Cominco  sewer #8 e f f l u e n t   w i t h  Waneta water  

t o   s i m u l a t e  a Waneta sample w i t h   h i g h   c o n c e n t r a t i o n s   o f  

me ta l s .  

Subsamples o f  Waneta  and  sewer #8 w a t e r   w e r e   d i s t r i b u t e d  

t o   a p p r o p r i a t e  sample b o t t l e s   i m m e d i a t e l y  when t h e  

samples a r r i v e d   a t   t h e   l a b o r a t o r y .  These  subsamples  were 

a n a l y s e d   f o r   d i s s o l v e d   a n d / o r   e x t r a c t a b l e   z i n c  

concen t ra t i on .   Z inc  was the   t race   me ta l   usua l l y   measured  

i n   t h e   h i g h e s t   c o n c e n t r a t i o n   i n   t h e  Cominco e f f l u e n t .  

The r e s u l t s   o f   t h e   z i n c   a n a l y s e s  w e r e  then  used t o  
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c a l c u l a t e   t h e  volume o f  sewer #8 w a t e r   r e q u i r e d   t o  

i n c r e a s e   t h e   z i n c   c o n c e n t r a t i o n   o f  Waneta w a t e r   t o   t h e  

a p p r o p r i a t e   l e v e l   ( u s u a l l y  70pg  Zn/L).   Previous  data 

showed t h a t   z i n c   c o n c e n t r a t i o n s   a t  Waneta f r e q u e n t l y  

r e a c h e d   o r   e x c e e d e d   t h i s   l e v e l .  The a d d i t i o n  was  made 

a f t e r   b o t h  samples  had  been  autoclaved,  aerated  wi th 

C02, and f i l t e r e d .  The pH was a d j u s t e d   t o  pH 7 o r  8 as 

descr ibed  above i n   S e c t i o n  3a a f t e r   t h e   d i l u t i o n  was 

made. The name o f  t h e  sample r e f e r s   t o   t h e   f i n a l  

d i s s o l v e d   z i n c   c o n c e n t r a t i o n   o f   t h e   w a t e r .   F o r   e x a m p l e ,  

TED-70 pg Zn/L  has a c o n c e n t r a t i o n   o f  70 pg Zn/L. 

Assay  Procedure 

The prepared  sample  water was d i s t r i b u t e d   i n  49-ml a l i q u o t s  

t o  125-ml  er le 'nmeyer  f lasks.  Some f l asks   were   t hen   sp i ked  

w i t h   1 0  p1 o f   f i l t e r - s t e r i l i z e d   n u t r i e n t   a n d / o r  EDTA 

a n d / o r   i r o n   s o l u t i o n ( s ) .  The t r a c e   m e t a l   s o l u t i o n  was added 

as a 50 p1 sp ike .   Tab le  4 p r e s e n t s   t h e   c o m p o s i t i o n   o f  

s p i k e   s o l u t i o n s  and  Table 5 l i s t s   a l l   t h e   s p i k e s  and 

combinat ions  of   spikes  used.  Unspiked  sample  water was 

r e f e r r e d   t o  as t h e   c o n t r o l ,  and  spiked  samples  were named 

c o n t r o l  + s p i k e .  All treatments  were  conducted i n  

r e p l i c a t e s   o f  3 o r  5. 

A f t e r   t h e   a d d i t i o n   o f   s p i k e s ,  1 m l  o f   a l g a l   s u s p e n s i o n  was 

dispensed t o  each f l a s k .   T h i s   r e s u l t e d   i n  a c e l l   d e n s i t y   o f  
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TABLE 4 
. .  

COMPOSITION OF NUTRIENT AND EDTA S P I K E  SOLUTIONS AND THE 
FINAL CONCENTRATION OF THE S P I K E S  I N  ALGAL ASSAY SAMPLES 

Composi t ion o f  Spike 
Sp ike   S tock   So lu t ion  

F l n a l   C o n c e n t r a t i o n  
o f  S p i k e   i n  50 m11 
A l g a l  Assay  Sample 

Phosphorus  0.2509 P/L  as K2HP04 0.05 mg P/L  

N i t r o g e n  5.0009 N/L  as NaN03 1 .OO mg N/L  

EDTA 5.0009 EDTA/L as  Disodium  1 .OO mg EDTA/L 
C h e l a t o r   ( E t h y l e n e d i n i t r i l o )  

t e t r a a c e t a t e  

I r o n  1.0009  Fe/L  as FeC13 0.200 mg Fe/L 

T r a c e   M e t a l s   M i c r o n u t r i e n t   s t o c k   s o l u t i o n   T r a c e   M e t a l s   S o l u t i o n :  
i n   M i l l e r   e t   a l . ,  1978: 

32.460 mg B/L  as H3BO3 
115.374 mg Mn/L as MnC12-4H20 

1 3 7 0  mg Zn/L  as Zn  C12 
0.354 mg Co/L as CoC12-6H20 
0.004 mg Cu/L as CuC12-2H20 
2.878 mg Mo/L as Na2MoOq-2H20 

33.051 mg Fe/L  as Fe Cl3-6H2O 
300.000 mg Na2EDTA-2H20/L 

32.460  pg B /L  
115.374  pg Mn/L 

1 370 ug Zn/L 
0.354  pg CO/L 
0.004  pg  CU/L 
2.878  pg Mo/L 

33.051 pg Fe/L 
300.000 pg Na2EDTA-2H20 
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TABLE 5 

SAMPLE TREATMENTS USED I N  ALGAL ASSAYS INCLUDING ABBREVIATIONS 
FOR THE TREATMENTS, AS USED I N  THE DATA PRESENTATION. 

NOTE ALL " S P I K E "  COMBINATIONS WERE NOT USED FOR ALL EXPERIMENTS 

Sample Treatment 
A b b r e v i a t i o n s   i n  

A b b r e v i a t i o n s   i n   T a b l e s  Graphs 

Cont ro l   (no   sp lkes   added)  

C o n t r o l  t 1 .O mg EDTA/L 

C o n t r o l  t 0.05 mg P/L 

C o n t r o l  t 1 .O mg N/L 

C o n t r o l  t 200 pg  Fe/L 

C o n t r o l  t 1.0 mg EDTA/L + 
0.05 mg P/L 

C o n t r o l  t 1 .O mg ED'IA/L + 
1 .O mg N/L 

C o n t r o l  t 1 .O mg EDTA/L t 
0.05 mg P/L t 1 . O  mg N/L 

C o n t r o l  t 1.0 mg EDTA/L t 

200 pg Fe/L 

C o n t r o l  t 0.05 mg P/L t 

1 .O mg N/L 

C o n t r o l  t 1.0 mg EDTA/L t 

1 .O mg N/L t 200 pg  Fe/L 

C o n t r o l  t 1 . O  mg EDTA/L t 
0.05 mg P/L t 200 pg  Fe/L 

C o n t r o l  

C o n t r o l  + EDTA 

C o n t r o l  t P 

C o n t r o l  t N 

C o n t r o l  t 200 pg  Fe/L 

C o n t r o l  + EDTA + P 

C o n t r o l  t EDTA t N 

C o n t r o l  t EDTA t P t N 

C o n t r o l  t EDTA t 

200 pg Fe/L 

C o n t r o l  t P t N 

C o n t r o l  t EDTA t N t 
200 pg  Fe/L 

C o n t r o l  t EDTA t P t 
200 pg Fe/L 

C o n t r o l  

t EDTA 

t P  

t N  

t Fe 

t EDTA t P 

t EDTA t N 

t EDTA t P t N 

t EDTA t Fe 

t P t N  

t EDTA t N t Fe 

t EDTA t P t Fe 

C o n t r o l  t 1.0 mg EDTA/L t 1.0 
mg N/L t 0.05 mg P/L t C o n t r o l  t EDTA t N t P t + EDTA t N t P t 

Trace  Meta ls  * Trace  Meta ls  T.M. 
~~ ~ 

*Refer t o   T a b l e  2 f o r   t h e   c o n c e n t r a t i o n s  and i d e n t i t y   o f   t h e   t r a c e   m e t a l s  
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approx ima te l y   1000   ce l l s /m l .  The f lasks   were   p lugged  w i th  

s t e r i l e  foam  p lugs   ( I den t i -p lugs ,   Jaece   I ndus t r i es   I nc . ) .  

The cu l tu res   were   i ncuba ted   a t  24 2 2 C and  cont inuous ly  

i l l u m i n a t e d   a t  4306 10% lm/m (400 f t - c ;   l m = l u m e n s )   i n  a 2 

L a b - l i n e   E n v i r o n  3597 env i ronmenta l   chamber .   I l l umina t i -on  

was p rov ided   by   V i ta -L i te   (Duro -Tes t   Corp . )   f l uo rescen t  

tubes .  The f l a s k s  were  cont inuously   shaken  a t  100 rpm. 

The cu l tu res   were   mon i to red   da i l y   by   measur ing   the  in v i v o  

f l u o r e s c e n c e   w i t h  a Turner   F luorometer .  The c u l t u r e  was 

shaken  and a sub-sample was p o u r e d   i n t o  a s t e r i l e   c u v e t t e .  

The f l uo rescence   read ing  was measured  and t h e  sample was 

r e t u r n e d   t o   t h e   o r i g i n a l   c u l t u r e .  A f t e r  14  days  or when t h e  

s t a t i o n a r y  phase o f   g rowth  was r e a c h e d   ( i e . :  when t h e   d a i l y  

i n c r e a s e   i n   c h l o r o p h y l l   c o n t e n t  as  measured i n   r e l a t i v e  

f l u o r e s c e n c e   u n i t s  was 55%). t h e   c e l l   d e n s i t y  was determined 

and t h e   a l g a l   a s s a y  was te rm ina ted .   Fo r   a lga l   assays  

c o n d u c t e d   p r i o r   t o  June  1982,  the f i n a l   c e l l   d e n s i t y  was 

determined  us ing a haemocytometer.   For  a lgal   assays 

conducted i n  June  1982 t o  September  1982, c e l l   d e n s i t y  was 

measured w i t h  a Model ZB1 C o u l t e r   E l e c t r o n i c   P a r t i c l e  

Coun te r .   I so ton  I 1  e l e c t r o l y t e   s o l u t i o n   ( C o u l t e r  

E l e c t r o n i c s )  was used t o   d i l u t e   t h e   c u l t u r e   f o r   C o u l t e r  

Counter  measurements. 
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For  algal  assays  conducted  in  June,  August,  and  September o f  

1982, the  mean  cell  volume  of  each  culture  was  determined 

with  the  Coulter  Model  MHR.  The  Coulter  Counter  was 

calibrated  with  4.91-pm  latex  microspheres.  For  these 

three  algal-  assays, it was  possible  to  calculate  the  dry 

weight  yield  of S. caprlcornutum  in  each  culture by the 

following  calculation  (Miller  et al., 1978): 

mg  dry  weight = cell  counts  (cells/ml) x MCV x 3.61 x 10-7 

where, MCV = mean  cell  volume ( pm3/ce1 1 )  
3.61 x 10-7 = calculbted  dry  wt  (pg/pm3)  of 

- S. capricornutum,  as  determined  below. 

c. Determination  of  Dry  Weight  per  Volume S. capricornutum 

Two  cultures o f  S. capricornutum  were  grown  in  AAP  medium  to 

the  late  logarithmic  phase o f  growth.  The  cultures  were 

shaken  and  the  cell  densities  (cells/ml)  and  mean  cell 

volumes  (pm  /cell)  were  determined  using  the  Coulter 

Counter. 

3 

Measured  volumes o f  each  culture  were  filtered  onto 

pre-dried  and  pre-weighed  Millipore  HA  filters.  These 

filters  were  then  dried  at  60-65 C in  an  oven,  cooled in a 

dessicator  for 24 hours,  .and  weighed.  The  following 

equation  was  used  to  calculate  the  dry  weight  of S. 

caprlcornutum  per  volume  of  algae  (pg/pm ) :  3 

dry  wt.  (pg/pm3) = DW 
VF X CD X MCV 
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where,  DW = dry  weight  of  algae  on  filter ( p g )  
V F  = volume  filtered  (ml) 
C D .  = cell  density  (cells/ml) 
RCV = mean  cell  volume  (pm3/ce11) 

d. Concentrations  of  Metals  and  Nutrients  in  the  Prepared 

Sample  Water 

For  assays  conducted  prior  to 1982, subsamples  for  chemical 

analysis  were  removed  after  the  filtration  step.  For  assays 

conducted  in 1982, subsamples  were  removed  from  each  sample 

just prior  to  their  distribution  into  culture  flasks ( i  .e., 

after  pH  adjustment o f  sample  water).  These  subsamples  were 

analysed  for  the  following:  orthophosphate,  total  dissolved 

phosphorus,  nitrate/nitrite,  ammonia,  total  dissolved 

nitrogen,  dissolved  Zn,  Cu,  Fe,  Mn,  Cd,  Pb, Ni and  Hg.  The 

procedures  used  for  the  analyses  are  described  in  the 

chemical  methods  section. 

In  February 1980, March 1980, and  June 1982, the 

concentratlons  of  metals  and  nutrients  in  the  water  were 

measured  at  various  stages o f  the  laboratory  procedures  to 

test  for  possible  changes  at  each  stage.  Samples  were  taken: 

- before  autoclaving 
- after  filtration withou’t autoclaving 
- after  autoclaving 
- after  autoclaving  and C02 aeration 
- after  autoclaving  and  filtration  without  CO  aeration 
- after  autoclaving,  CO  aeration,  and  filtration 
- after  autoclaving,  C02  aeration,  filtration,  and  pH 

2 

2 

adjustment. 
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RESULTS 

A l g a l  Assay  Resul ts 

The a l g a l   a s s a y   d a t a   a r e   p r e s e n t e d   i n   c h r o n o l o g i c a l   o r d e r .  The 

a lga l   growth  data  for   assays  conducted  in   February  1980  and  March 

1 9 8 0   a r e   n o t   p r e s e n t e d   i n   t h i s   r e p o r t   b e c a u s e   t h e   a l g a l   a s s a y  

techn iques   had  no t   been  per fec ted   and  the   g rowth   da ta   were   suspec t .  

Data  on t h e   c o n c e n t r a t i o n s   o f   c h e m i c a l s   i n   t h e   w a t e r ,   h o w e v e r ,   a r e  

presented.   These  chemical   data  are  inc luded  because  these  data  are 

used t o   e v a l u a t e   t h e   e f f e c t  o f  the   p re-assay   t rea tment   on   the  

c o n c e n t r a t i o n s   o f   c h e m i c a l s   i n   t h e   w a t e r .  

F o r   e a c h   a s s a y ,   t h e . d a t a   a r e   p r e s e n t e d   i n   t h e   f o l l o w i n g   o r d e r :  

1 )  Tab le   on   t he   concen t ra t i ons  o f  chemcials i n   t h e   w a t e r  and 

Cominco e f f l u e n t   ( t h i s   w a t e r  has n o t  been t r e a t e d   a t   t h e  

l a b o r a t o r y ) .  

2) Tab le   on   t he   concen t ra t i ons  o f  chemicals i n   t h e   w a t e r  and 

Cominco e f f l u e n t   a t   v a r i o u s   s t a g e s   o r  one  stage  of   pre-assay 

l a b o r a t o r y   p r e p a r a t i o n .  

3)  T a b l e   o n   t h e   d a i l y  fi c h l o r o p h y l l  a readings  (expressed  as 

r e l a t i v e   f l u o r o m e t e r   u n i t s ) .  

4 )  F i g u r e s   g r a p h i n g   t h e   a l g a l   g r o w t h  as d a i l y   i n   v i v o   c h l o r o p h y l l  g 

read ings .  These  graphs  are  based  on  the  data  presented i n   t h e  

t a b l e   d e s c r i b e d   i n   i t e m  ( 3 ) ,  above. 

5 )  T a b l e   o n   t h e   f i n a l   y i e l d   o f   e a c h   a l g a l   a s s a y   t r e a t m e n t .  
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I 
The ana ly t i ca l   p rocedures  and assoc ia ted  NAQUADAT method number f o r  

t h e   p a r a m e t e r s   l i s t e d  i n  t h e   r e p o r t   a r e   c o n s i s t e n t   f o r   e a c h  

parameter .   For   example ,   the   o r thophosphorus   ana ly t i ca l   p rocedure  

i d e n t i f i e d  as 15256 (phosphorus   d i sso l ved   o r tho  P04) f o r   t h e   w a t e r  

samples a t   B i r c h b a n k  and  Waneta  on  February 14,  1980  (Table 6)  i s  

t h e  same a n a l y t i c a l   p r o c e d u r e   u s e d   f o r   t h e   a n a l y s i s   o f  

orthophosphorus i n  Tables 7a and  7b. 

When t h e   c o n c e n t r a t i o n   o f  a chemical was recorded  as   less   than 

d e t e c t i o n  limit ( L ) ,  t h e  limit o f   d e t e c t i o n  was used  as t h e   v a l u e   i n  

t h e   c a l c u l a t i o n   o f  mean a n d   s t a n d a r d   d e v i a t i o n .   I n   t h e   t a b l e s ,  

S . D .  = s t a n d a r d   d e v i a t i o n ;  G . F .  = g e o m e t r i c   f a c t o r   o r   s t a n d a r d  

d e v i a t i o n  o f  t he   geomet r i c  mean. 
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TABLE 6 

CONCENTRATIONS OF CHEMICALS I N  THE  COLUMBIA  RIVER 

ON FEBRUARY 14, 1980. CONCENTRATIONS OF ALL 

CHEMICALS  EXCEPT HG ARE REPORTED I N  mg/L; 

HG I S  I N  pg/L.  PARAMETERS ARE L I S T E D  UNDER 

TH€IR NAOUADAl CORE NUMBERS  AS  SUMMARI  ZED I N  TABLE 3 

*denotes  that  the  statistics  are  based  on some 1. (less  than 

detection  limit)  values. 
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TABLE 7a. 

Concentrations (mg/L) of  orthophosphate and metals in water from Birchbank 
at various  stages  of  preparation  for the February 1980 algal assay. 

Rep1 icates 
Geanetric Geanetric 

Hean S.D. W a n  S.D. ( 4 . F . )  

Untreated 

Orthophosphate 
Extractable Zn 
Extractable Cu 
Extractable Fe 
Extractable Mn 
Extractable Cd 
Extractable Pb 
Extractable Ni 

Fi 1 tered Only 

Orthophosphate 
D i  ssol ved Zn 
Di ssol ved Cu 
Dissolved Fe 
D i  ssol ved Mn 
Dissolved Cd 
Di ssol ved Pb 
Di ssolved Ni 

Au toc 1 aved 

Orthophosphate 
Extractable Zn 
Extractable Cu 
Extractable Fe 
Extractable Mn 
Extractable Cd 
Extractable Pb 
Extractable Ni  

0.003 0.003 
0.001 LO.001 
0.005 0.001 
0.007 0;011 
0.005 0.006 
LO. 0005 LO. 0005 
LO.001 LO.001 
LO.001 LO.001 

0.004 
0.002 
0.003 
0.003 
0.004 
LO. 0005 
LO.001 
LO.001 

0.004 
0.001 
0.006 
0.002 
0.003 
LO. 0005 
LO.001 
LO. 0 0 1  

0.005 0.004 
LO.001 LO.001 
0.004 . 0.004 
0.001 0.001 
0.003 0.004 
L0.0005 L0.0005 
LO.001 LO.001 
LO.001 LO.001 

0.003 
0.002 
0.014 
0.005 
0.006 
LO.  0005 
LO.001 
LO.001 

0.003 
0.003 
0.007 
0.003 
0.004 
LO. 0005 
LO.001 
LO.001 

0.004 
LO.001 
0.001 
0.002 
0.003 
LO. 0005 
LO.001 
LO.001 

0.003 
0.001 
0.007 
0.008 
0.006 
LO. 0005 
LO.001 
LO.001 

0.004 
0.002 
0.005 
0.003 
0.004 
LO.  0005 
LO.001 
LO.001 

0.004 
LO.001 
0.003 
0.001 
0.003 
LO. 0005 
LO.001 
LO.001 

0.0 0.003 
0.001 0.001 
0.007 0.004 
0.003 0.007 
0.001 0.006 
0.0 LO. 0005 
0.0 LO.001 
0.0 LO.001 

.0.001 
0.001 
0.002 
0.001 
0.001 
0.0 
0.0 
0.0 

0.001 
0.0 
0.002 
0.001 
0.001 
0.0 
0.0 
0.0 

0.004 
0.002 
0.005 
0.003 
0.004 
LO. 0005 
LO.001 
LO.001 

0.004 
LO.001 
0.002 
0.001 
0.003 
L0.0005 
LO.001 
LO.001 

1 .OoOo 
1 .4923 
3.7815 
1.4853 
1.1109 
1 .om0 
1 .moo 
1 .oOOo 

1.1810 
1.7430 
1 .5704 
1 .2639 
1.1810 
1 . 0000 
1 .om0 
1 . m o  

1.1377 
1 .OoOo 
2.2265 
1.4923 
1.1808 
1 .m 
1 .0000 
1 .OoOo 
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TABLE 7a.  (Cont i nued) 

.. 
f '  

Geanetric  Geanetric 
Rep1 icates Bean 5.0. Nean S.D.  (=G.F.) 

Autoclaved and Aerated with CO2 

Orthophosphate 
Extractable Zn 
Extractable Cu 
Extractable Fe 
Extractable Nn 
Extractable Cd 
Extractable Pb 
Extractable N i  

0.005 
LO.001 
0.002 
0.002 
0.004 

LO. o005 
LO.001 
LO.001 

0.005 
0.001 
0.001 
0.002 
0.003 

LO. 0005 
10.001 
LO. 001 

0.005 
LO.001 
0.002 

LO.001 
0.003 

LO. o005 
LO. 001 
LO. 001 

Autoclaved and Filtered,  without C02 Aeration 

Orthophosphate 
Dissolved Zn 
Di  ssol ved Cu 
D i  ssolved Fe 
Dissolved Nn 
D i  ssol ved Cd 
Dissolved Pb 
D i  ssolved N i  

0.005 
LO.001 
0.005 

LO.001 
0.002 

LO. 0005 
LO.001 
LO.001 

0.005 0.005 
LO.001 LO.001 
0.002 0.001 

LO.001 LO.001 
0.002 0.002 

LO. o005 LO. 0005 
LO.001 LO.001 
LO.001 LO.001 

Autoclaved,  Aerated with C02,  and F i l t e red  

Orthophosphate 
Dissolved Zn 
D i  ssol ved Cu 
D i  ssol ved Fe 
Dissolved Nn 
D i  ssol ved Cd 
Dissolved f% 
D i  ssolved N i  

0.004 
LO.001 
0.004 

LO.001 
0.002 

LO. 0005 
LO.001 
LO.001 

0.004 
LO.001 
0.003 

LO.001 
0.001 

LO. 0005 
LO.001 
LO.001 

0.004 
LO.001 
0.003 

LO.001 
0.002 

LO. 0005 
LO.001 
LO.001 

0.005 
LO.001 
0.002 
0.002 
0.003 

LO. 0005 
LO. 001 
LO.001 

0.005 
LO.001 
0.003 

LO.001 
0.002 

LO. 0005 
LO.001 
LO.001 

0.004 
LO.001 
0.003 

LO. 001 
0.002 

LO. 0005 
LO.001 
LO.001 

0.0 
0.0 
0.001 
0.001 
0.001 
0.0 
0.0 
0.0 

0.0 
0.0 
0.002 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.001 
0.0 
0.001 
0.0 
0.0 
0.0 

0.005 
LO.001 
0.002 
0.002 
0.003 

LO. o005 
LO.  001 
LO.001 

0.005 
LO.001 
0.002 

LO.001 
0.002 

LO. 0005 
LO. 001 
LO.001 

0.004 
LO.001 
0.003 

LO.001 
0.002 

LO. 0005 
LO.001 
LO.001 

1 . 0000 
1 .om0 
1 .4922 
1 .4922 
1.1808 
1 .om0 
1 .OoOo 
1 .moo 

1 .OoOo 
1 .OoOo 
2.2419 
1 . 0000 
1 .oooo 
1 .OoOo 
1 . 0000 
1 .oooo 

1 .moo 
1 . 0000 
1.1808 
1 .oooo 
1.4922 
1 .m 
1 .oooo 
1 .oooo 
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TABLE 7b. 

Concentrations (mg/L) of orthophosphate and metals in water from Waneta 
at various stages of preparation for the February 1980 algal assay. 

Geunetric Geanetric 
Hean S.D. k a n  S.D. (A3.F.) Rep1 i ca tes 

Untreated 

Orthophosphate 
Extractable Zn 
Extractable Cu 
Extractable Fe 
Extractable Mn 
Extractable Cd 
Extractable Pb 
Extractable Ni 

0.034 
0.012 
0.004 
0.006 
0.007 
LO. 0005 
0.003 
LO.001 

0.034 
0.013 
0.004 
0.006 
0.007 

LO. 0005 
0.002 
LO.001 

0.034 
0.018 
0.007 
0.006 
0.007 
LO. 0005 
0.004 
LO. 001 

0.034' 
0.014 
0.005 
0.006 
0.007 
LO. 0005 
0.003 
LO.001 

0.0 
0.003 
0.002 
0.0 
0.0 
0.0 
0.001 
0.0 

0.034 
0.014 
0.005 
0.006 
0.007 
LO. 0005 
0.003 
LO.001 

1 .m 
1 .2395 
1.3814 
1 . 0000 
1 .om0 
1 . 0000 
1.4166 
1 .OoOo 

Fi 1 tered Only 

Orthophosphate 
Di ssol ved Zn 
Di ssol ved Cu 
Di ssolved Fe 
Dissolved Mn 
Di ssolved Cd 
Di ssol ved f% 
Dissolved Ni 

0.035 
0.010 
0.002 
0.001 
0.004 
LO.  0005 
10.001 
LO.001 

0.035 
0.012 
0.004 
0.002 
0.004 
LO. 0005 
0.001 
LO.001 

0.035 
0.013 
0.006 
0.003 
0.004 
LO.  0005 
0.001 
0.001 

0.035 
0.012 
0.004 
0.002 
0.004 
LO. 0005 
0.001 
LO.001 

0.0 
0.002 
0.002 
0.001 
0.0 
0.0 
0.0 
0.0 

0.035 
0.012 
0.004 
0.002 
0.004 
LO.  0005 
0.001 
LO.001 

1 .0000 
1.1439 
1.7430 
1.7430 
1 .0000 
1.0000 
1 .OoOo 
1 .moo 

Autoclaved 

Orthophosphate 
Extractable Zn 
Extractable Cu 
Extractable Fe 
Extractable fln 
Extractable Cd 
Extractable F% 
Extractable Ni 

0.038 
0.009 
0.005 
0.002 
0.005 

LO. 0005 
0.004 
LO.001 

0.038 
0.013 
0.007 
0.009 
0.005 

LO. 0005 
0.006 
LO.001 

0.038 
0.010 
0.006 
0.003 
0.004 
LO. 0005 
0.004 
LO.001 

0.038 
0.01 1 
0.006 
0.005 
0.005 
L0.0005 
0.005 
LO.001 

0.0 
0.002 
0.001 
0.004 
0.001 
0.0 
0.001 
0.0 

0.038 
0.010 
0.006 
0.004 
0.005 
LO. 0005 
0.005 
LO.001 

1 .m 
1.2084 
1.1834 
2.1777 
1.1375 
1 .m 
1 .2639 
1 .moo 

I 
I 
I 
I 
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TABLE 7b. (Cont i nued) 

Rep1 i ca tes 
Geometric Geanetric 

Mean S.D.  Mean S.D.(=G.F.)  

Autoclaved and Aerated with Cop 

Orthophosphate 
Extractable Zn 
Extractable Cu 
Extractable Fe 
Extractable Mn 
Extractable Cd 
Extractable Pb 
Extractable N i  

0.037 
0.010 
0.003 
0.004 
0.004 
LO.  0005 
0.004 
LO.001 

0.037 
0.012 
0.004 
0.004 
0.004 
L0.0005 
0.004 
10.001 

0.037 
0.011 
0.004 
0.003 
0.004 
LO. 0005 
0.004 
LO.001 

Autoclaved and Filtered, without C02  Aeration 

Orthophosphate 
Di ssol ved Zn 
D i  ssol ved Cu 
D i  ssol ved Fe 
Dissolved Hn 
Dissolved Cd 
Di ssol ved Pb 
Dissolved N i  

0.038 
0.005 
0.004 
LO.001 
0.003 
L0.0005 
0.001 
LO.001 

0.038 
0.010 
0.004 
LO.001 
0.003 
L0.0005 
0.002 
LO.001 

0.038 
0.007 
0.002 
0.001 
0.003 
LO.  0005 
0.003 
LO.001 

Autoclaved, Aerated with C02, and Filtered 

Orthophosphate 
Dissolved Zn 
Dissolved Cu 
Di ssolved Fe 
Di ssol ved tln 
Dissolved Cd 
Dissolved Pb 
Di ssol ved N i  

0.037 
0.010 
0.002 
0.001 
0.004 
LO. 0005 
0.002 
LO.  001 

0.037 
0.011 
0.004 
LO.001 
0.003 

LO. 0005 
0.002 
10.001 

0.037 
0.011 
0.001 
0.001 
0.003 

LO. 0005 
0.003 
LO.001 

0.037 
0.011 
0.004 
0.004 
0.004 
LO. 0005 
0.004 

LO.  001 

0.038 
0.007 
0.003 
LO.001 
0.003 
LO.  0005 
0.002 
LO.001 

0.037 
0.011 
0.002 
0.001 
0.003 
LO. 0005 
0.002 
LO.001 

0.0 0.037 
0.001 0.01 1 
0.001 0.004 
0.001 0.004 
0.0 0.004 
0.0 LO. 0005 
0.0 0.004 
0.0 LO.001 

0.0 
0.002 
0.001 
0.0 
0.0 
0.0 
0.001 
0.0 

0.0 
0.001 
0.002 
0.0 
0.001 
0.0 
0.001 
0.0 

0.038 
0.007 
0.003 
LO.001 
0.003 
LO. 0005 
0.002 
LO.001 

0.037 
0.01 1 
0.002 
0.001 
0.003 
LO.  0005 
0.002 
LO.001 

1 .0000 
1 .0954 
1.1810~. 
1.1810 
1 .m 
1 .oooo 
1 . 0000 
1 .om0 

1 .moo 
1.4143 
1.4921 
1 .oOOo 
1 . 0000 
1 1 0000 
1.7430 
1 . 0000 

1 .om0 
1 .OS65 
2.0001 
1 .oooo 
1.1808 
1 .0000 
1.2638 
1 .m 
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TABLE 8 

CONCENTRATIONS OF CHEMICALS I N  THE  COLUMBIA  RIVER 

ON  MARCH 26,  1980. CONCENTRATIONS OF A L L  

CHEMICALS  EXCEPT HG ARE  REPORTED I N  mg/L; 

HG IS I N   p g / L .  PARAMETERS  ARE L I S T E D  UNDER 

THEIR  NAQUADAT  CODE  NUMBERS  AS  SUMMARlZED I N  TABLE 3 

* d e n o t e s   t h a t   t h e   s t a t i s t i c s   a r e   b a s e d  on some L ( l e s s   t h a n  

d e t e c t i o n  limit) v a l u e s .  
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TABLE 9a. 

Concentrations (mg/L) of nutrients and dissolved metals in water from Birchbank 
at two  stages of preparation  for the March 1980 algal assay. 

Getmetric Getmetric 
Rep1 i ca tes Mean S.D. Mean S.D.(=G.F.) 

F i  1 tered  Only 

Orthophosphate 
Nitrate plus 

Amnonia 
Total  Dissolved 

Dissolved Zn 
Di  ssol ved Cu 
Di ssol ved Fe 
Dissolved Hn 
Di ssol ved Cd 
Dissolved W 
Di ssol ved Ni 

Nitrite 

Nitrogen 

0.006 0.005 0.005 0.005  0.001  0.005 1.1110 

0.113 0.0 0.113 
0.012 0.001 0.012 

0.113 
0.013 

0.113 
0.012 

0.113 
0.012 

1 . 0000 
1.0472 

0.176 
0.001 
0.001 
0.005 
0.004 

LO. 0005 
LO.001 
L O .  001 

0.171 
0.001 
0.002 
0.004 
0.004 
LO. 0005 
LO.001 
LO. 001 

0.171 
0.002 
0.009 
0.008 
0.004 

LO. 0005 
0.002 
0.001 

0.173 
0.001 
0.004 
0.006 
0.004 

LO. 0005 
0.001 

LO. 001 

0.003 
0.001 
0.004 
0.002 
0.0 
0.0 
0.001 
0.0 

0.173 
0.001 
0.003 
0.005 
0.004 

LO.  0005 
0.001 

LO. 001 

1.0168 
1.4923 
3.0750 
1.4245 
1 .oooo 
1 .om0 
1 .4923 
1 . 0000 

Autoclaved,  Aerated with C02, and Filtered 

Orthophosphate 
Nitrate plus 

Funnoni a 
Total Dissolved 

Di ssol ved Zn 
Dissolved Cu 
Di ssol  ved Fe 
Dissolved fln 
.Dissolved Cd 
Di ssolved F% 
Dissolved Ni 

Nitrite 

Ni trogen 

0.007 0.006 0.006 1 .0930 0.006  0.001 0.006 

0.121 
0.015 

0.121 
0.014 

0.122 
0.016 

0.121 0.001 0.121 
0.015 0.001 0.015 

1 .0045 
1 .0690 

0.191 
0.002 
0.003 
0.004 
0.004 

LO. 0005 
LO.001 
LO.001 

0.216 
0.001 
0.001 
0.002 
0.004 

LO. 0005 
LO.001 
LO.001 

0.198 
0.001 
0.001 
0.002 
0.004 
LO.  0005 
LO. 001 
LO.001 

0.202 
0.001 
0.002 
0.003 
0.004 
LO. 0005 
LO.001 
LO.001 

0.013 
0.001 
0.001 
0.001 
0.0 
0.0 
0.0 
0.0 

0.201 
0.001 
0.001 
0.002 
0.004 

LO. 0005 
LO.001 
LO.001 

1 .0653 
1.4923 
1.8857 
1 .4922 
1 .om0 
1 .0000 
1 .moo 
1 .m 
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TABLE 9b. 

Concentrations (mg/L) of  nutrients and dissolved metals in water from Waneta 
at two stages of  preparation  for the March 1980 algal assay. 

Geometric Geanetric 
Rep1 i cates Mean S.D. Mean S.D.kG.F.1 

Filtered Only 

0.181 0.181 0.182 0.181 0.001 0.181 Orthophosphate 
Nitrate plus 

Amnoni a 
Total Di ssol ved 

Dissolved Zn 
Dissolved Cu 
Di ssolved Fe 
Di ssolved Nn 
Dissolved Cd 
Di ssol ved Pb 
Di ssolved Ni 

Nitrite 

Nitrogen 

1 .W32 

0.130 
0.153 

0.131 
0.150 

0.130 
0.152 

0.130 
0.156 

0.130 
0.153 

0.001 
0.004 

1 .W42 
1.0237 

0.355 
0.06 
0.005 
0.004 
0.010 
0.0006 
0.001 

L O .  001 

0.360 
0.06 
0.004 
0.005 
0.010 
0.0007 
0.001 
LO.001 

0.357 
0.06 
0.005 
0.008 
0.010 
0.0006 
0.001 
LO.001 

0.003 
0.0 
0.001 
0.006 
0.0 
0.0001 
0.001 
0.0 

0.357 
0.06 
0.005 
0.006 
0.010 
0.0006 
0.001 
LO.001 

0.355 
0.06 
0.006 
0.014 
0.010 
0.0006 
0.002 

LO. 001 

1.0081 
1 . 0000 
1.2251 
1.9508 
1 .oooo 
1.0937 
1.4923 
1 . 0000 

Autoclaved, Aerated with C02, and Filtered 

Orthophosphate 
Nitrate plus 

Pmonia 
Total Di ssolved 

Dissolved Zn 
Di ssol ved Cu 
Dissolved Fe 
Dissolved Mn 
Dissolved Cd 
Dissolved Pb 
Dissolved Ni 

Nitrite 

Nitrogen 

0.190 0.191 0.192 0.191 0.001 0.191 1.0051 

0.136 
0.110 

0.136 
0.111 

0.0 
0.003 

0.136 
0.111 

1 .m 
1.0279 

0.136 
0.114 

0.136 
0.108 

0.310 
0.06 
0.004 
0.004 
0.010 
0.0012 
0.004 
0.001 

0.310 
0.06 
0.003 
0.003 
0.010 
0.0006 
0.001 
LO.001 

0.316 
0.06 
0.003 
0.003 
0.010 
O.OOO6 
0.001 
LO.001 

0.312 
0.06 
0.003 
0.003 
0.010 
O.OOO8 
0.002 
LO.001 

0.004 
0.00 
0.001 
0.001 
0.0 
0.0003 
0.002 
0.0 

0.312 
0.06 
0.003 
0.003 
0.010 
0.0008 
0.002 
LO.001 

1.0111 
1 .OoOo 
1.1808 
1.1808 
1 .m 
1.4921 
2.2265 
1 .m 
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TABLE 10 

CONCENTRATIONS OF CHEMICALS I N  THE  COLUMBIA  RIVER 

ON JULY 22, 1980. CONCENTRATIONS OF A L L  

CHEMICALS  EXCEPT  HG  ARE  REPORTED I N  m g / L ;  

HG I S   I N  pg/L .  PARAMETERS ARE L I S T E D  UNDER 

THEIR  NAQUADAT CODE NUMBERS  AS  SUMMARIZED I N  TABLE 3 

*denotes  that  the  statistics  are  based on some L (less  than 

detection  limit)  values. 
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TABLE 1 1  

Concentrations (mg/L) of nutrients and dissolved metals in water used for the July 1980 
algal assay. Water fran each site was autoclaved,  aerated with 02, and 

f i 1 tered before these measurements were made. 

:k I ? '  
, 1, 

Geometric Geametric 
Rep1 i cates W a n  S.D. k a n  S.D. ( G . F . 1  

Bi rchbank 

Orthophosphate 
Nitrate plus 

Amnoni a 
Total Di ssolved 

Dissolved 2n 
Dissolved Cu 
Di ssol ved Fe 
Dissolved Rn 
Di ssol ved Cd 
Di ssol ved Pb 
Di ssol  ved Ni 

Waneta 

Orthophosphate 
Nitrate plus 

PmTloni a 
Total  Dissolved 

Dissolved 2n 
Di ssol ved Cu 
Di ssol ved Fe 
Di ssol ved Hn 
Di ssol ved Cd 
Di ssol ved W 
Dissolved Ni 

Nitrite 

Nitrogen 

Nitrite 

Nitrogen 

0.010  0.010  0.010  0.010  0.000  0.010 1 .Om3 

0.066 0.067 .0.065 0.066 0.001 0.066 1.0152 
0.046 0.047 0.047 0.047 0.001 0.047 1.0120 

0.180 
0.07 
0.002 
0.002 
0.01 
0.0005 
LO.001 
0.008 

0.185 
0.04 
0.001 
0.002 
0.03 
LO.  0005 
LO. 001 
0.009 

0.180 
0.28 
0.003 
0.001 
0.05 
0.0034 
0.001 
0.012 

0.182 
0.13 
0.002 
0.002 
0.03 
0.0015 
LO.  001 
0.010 

0.003 0.182 
0.13 0.092 
0.001 0.002 
0.001 0.002 
0.02 0.02 
0.0017 0.0009 
0.0 LO.001 
0.002 0.010 

1.0160 
2.7232 
1.7430 
1.4922 
2.2760 
3.0246 
1 .moo 
1.2319 

0.002  0.002  0.002  0.002 0.0 0.002 1 .om0 

0.072 
0.028 

0.163 
0.04 
0.006 
0.002 

0.0010 
0.005 
LO.  001 

LO.01 

0.072 
0.028 

0.163 
0.04 
0.005 
0.002 

0.0005 
0.004 
LO.001 

LO.01 

0.073 
0.031 

0.168 
0.04 
0.010 
0.002 

0.0005 
0.003 
LO. 001 

LO.01 

0.072 
0.029 

0.165 
0.04 
0.007 
0.002 

0.0007 
0.004 
LO.001 

LO.01 

0.001 
0.002 

0.003 
0.0 
0.003 
0.0 
0.0 
0.0003 
0.001 
0.0 

0.072 
0.029 

0.165 
0.04 
0.007 
0.002 

0.005 
0.004 
LO.001 

10.01 

1 .0018 
1 .0605 

1.0176 
1 . 0000 
1.4323 
1 .m 
1 .oooo 
1.4921 
1.2918 
1 .0000 
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TABLE 1 1  (Continued) 

Replicates 
Geanetric  Geanetric 

Hean S.D. k a n  S.D. ( 4 . F . )  

Caninco Effluent 

Orthophosphate 
Nitrate  plus 

Rmnonia 
Total  Dissolved 

Oi  ssol  ved  Zn 
Dissolved  Cu 
Di ssol  ved  Fe 
Dissolved Mn 
Dissolved  Cd 
Dissolved Pb 
Dissolved Ni 

TED - 135~9 Zn/L 

Orthophosphate 
Nitrate  plus 

Amnoni a 
Total Di ssol  ved 

Dissolved 2n 
Di ssol  ved  Cu 
Di ssol  ved  Fe 
Oi ssol  ved Mn 
Oi ssol  ved  Cd 
Dissolved f% 
Dissolved Ni 

Nitrite 

Nitrogen 

Nitrite 

Nitrogen 

0.027 

0.090 
46.0 

55.0 
160. 
0.55 
1.2 
30. 
LO.  002 
0.38 
0.02 

0.048 

0.061 
0.042 

0,194 
0.14 
0.003 
0.005 
0.02 
O.OOO6 
0.003 
0.005 

0.028 

0.080 
42.0 

49.0 
140. 
0.46 
1.2 

26. 
LO.  002 
0.36 
0.02 

0.058 

0.13 
0.003 
0.005 
0.02 
O.OOO6 
0.003 
0.006 

0.028 

0.080 
46.0 

55.0 
160. 
0.58 
1.2 
30. 
LO.  002 
0.37 
0.02 

0.057 

0.028 

0.083 
44.7 

53.0 ,- 

153. 
0.53 
1.2 
29. 
LO.  002 
0.37 
0.02 

0.054 

- 
- 

- 
0.14 
0.003 
0.005 
0.02 
O.ooo6 
0.003 
0.006 

0.001 

0.006 
2.31 

3.46 
11.5 
0.06 
0.0 
2.3 
0.0 
0.01 
0.0 

0.006 

- 
- 

- 
0.01 
0.0 
0.0 
0.0 
0.0 
0.0 
0.001 

0.028 

0.083 
44.6 

52.9 
153. 
0.53 
1.2 
29. 
LO.  002 
0.37 
0.02 

0.054 

- 
- 

- 
0.13 
0.003 
0.005 
0.02 
0.0006 
0.003 
0.00 

1.0210 

1 .0703 
1 .OS38 

1 .0689 
1 .moo 
1.1291 
1 .om0 
1.0861 
1 .om0 
1.0274 
1 . 0000 

1.1135 

- 
- 

- 
1 .OS38 
1 .0000 
1 . 0000 
1 . 0000 
1 .OoOo 
1 .oooo 
1.1375 
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TABLE 1 2  

D A I L Y   I N   V I V O   C H L O R O P H Y L L  A READINGS 

(EXPRESSED AS  RELAT1V.E  FLUOROMETER U N I T S )  

FOR  THE  JULY 1980 ALGAL  ASSAY 

T h e s e   r e a d i n g s   a r e   g r a p h e d   i n   F i g u r e  3 
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D a i l y   R e l a t i v e   F l u o r o m e t e r   R e a d i n g s  
J u l y  24 - A u g u s t  7, 1980 

B i r c h b a n k  

C o n t r o l  

Day 1 
. D a y  4 
Day 5 
Day 6 
Day 7 
Day 8 
Day 12 
Day 13 

.Day  14 

Replicates 
.0026 ,0025 .0024 
.0025 .002 1 .0023 
.0027 .002 1 .0022 
.0024 .002 1 .0020 
,0022 .0022 .0020 
.0024 .0020 .0020 
.0019 .0019 .0019 
.0020 .0016 .0016 
.0020 .0016 .0016 

C o n t r o l  + EDTA 

Day 1 
'Day 4 
Day 5 
Day 6 
Day 7 
Day 8 
Day 12 
Day 13 
Day 1 4  

.0028 

.004.9 

.0066 

.0074 

. 0 1 0  

.011 

.013 

.012 

.014 

C o n t r o l  + 2 0 0 u g  Fe/L 

Day 1 
Day 4 
Day 5 
Day 1 6 
Day 7 
Day 8 
Day 12 
Day 13 
Day 14 

.0025 

.0032 
,003 1 
.0032 
,0029 
.0021 
.002 1 
.0020 

,0032 

.0028 . 00,66 . 00'89 

. 0 1 2  

.015 

.017 

.019 

.017 

.016 

.0025 

.0032 

.0029 

.0028 

.0026 

.0027 

.0022 

.0022 

.0022 

.0028 

.0055 

.0060 

.0073 

.0088 

.011 

.014 

.014 

.014 

.0024 

.0029 

.0028 

.0028 

.0026 

.0024 

.0019 

.0019 

.0018 

Mean 
.0025 
.0023 
.0023 
.0022 
.0021 
.0021 
,0019 
.0017 
.0017 

.0028 

.0057 

.0072 

.0089 

.011 

.013 

.015 

.014 

.015 

.0025 

.003 1 

.0030 

.0029 

.0028 
,0027 
.002 1 
.002 1 
.0020 

S. D .  
. o o o  1 
.0002 
.0003 
.0002 
.OOOl 
.0002 
. oooo  
.0002 
.0002 

.oooo 

.0009 
'.0015 
.0027 
.003 
.003 
.003 
.003 

- . 001  

. o o o  1 

.0002 

.0002 

.0002 

. 0 0 0 4  
,0002 
.0002 
.0002 
.0002 
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D a i l y   R e l a t i v e   F l u o r o m e t e r   R e a d i n g s  
J u l y  24 - A u g u s t  7 ,  1 9 8 0 ,  C o n t i n u e d  

Waneta  

C o n t r o l  

Day 1 . OG28 . 0 0 2 8   . 0 0 2 9  
Day 4 . 0 0 5 0  . 0 0 5 5  . 0 0 5 3  
Day 5 . 0 0 4 6  . 0 0 5 9  . 0 0 5 6  
Day 6 .0048  . 0 @ 5 8  . 0 0 5 7  
Day 7 . 0 0 5 1  . 0 0 5 9  . 0 0 5 6  
Day 8 . 0 0 5 0  . 0 0 5 9  . 0 0 5 9  
Day 12 . 0 0 2 6  . 0 0 5 2  . 0 0 4 6  
Day 1 3   . 0 0 2 4  . . 0 0 4 7  . 0 0 4 2  , 

Day 1 4   . 0 0 2 2  . 0 0 4 0  . 0 0 3 6  

C o n t r o l  + EDTA 

Day 1 . 0 0 2 6  . 0 0 2 6  . 0 0 2 6  
Day 4 . 0 0 9 3  .0080  . 0 0 8 7  
Day 5 . 0 1 0  . 0 0 8 5  . 0 0 9 6  
Day 6 .011 . . 0 0 9 1  .010 
Day 7 .011  . 0 0 9 3  , 0 1 0  
Day 8 . 0 1 2  .010 .010 
Day 1 2   . 0 1 3  .O!O . 0 1 0  
Day 1 3   . 0 1 2  . 0 1 0  . 0 1 0  
Day 1 4   . 0 1 3  . 0 1 0  . 0 1 0  

Repl ica tes  

C o n t r o l  + 200ug Fe/L 

Day 1 
Day 4 
Day 5 
Day 6 
Day 7 
Day 8 
Day 1 2  
Day 1 3  
Day 14  

. 0 0 2 8  

. 0 0 4 8  

. 0 0 4 5  

. 0 0 4 7  

. 0 0 4 9  

. 0 0 5 2  

. 0 0 3  1 

. 0 0 3 0  

. 0 0 2 6  

. 0 0 2 8  

. 0 0 4 6  

. 0 0 4 5  

. 0 0 4 8  

. 0 0 4 9  

. 0 0 4 9  

. 0 0 3 5  

. 0 0 3 4  

. 0 0 2 9  

. 0 0 2 7  

. 0 0 5 3  

. 0 0 5  1 

. 0 0 4 9  

. 0 0 5 0  

. 0 0 5 0  

. 0 0 3 0  

. 0 0 2 9  

. 0 0 2 7  

' 1'1 <i':l 

Mean 
. 0028  

. . 0053  
. 0 0 5 4  
. 0 0 5 4  
.0055 
. 0 0 5 6  
. 0 0 4  1 
. 0 0 3 8  
, 0 0 3 3  

. 0 0 2 6  

.0087 

. 0 0 9 4  

.010 
, 0 1 0  
.011 
. 0 1 1  
. 0 1 1  
.011 

. 0 0 2 8  
, 0 0 4 9  
. 0 0 4 7  
. 0 0 4 8  
. 0 0 4 9  
. 0 0 5 0  
. 0 0 3 2  
. 0 0 3 1  
. 0 0 2 7  

s. D. 
.OOO'l 
.0002 
. 0 0 0 7  
. 0 0 0 6  
. 0 0 0 4  
. 0 0 0 5  
. 0 0 1 4  
. 0 0 1 2  
. 0 0 1 0  

.oooo  

. 0 0 0 6  

.0008 

. o o  1 

.oo 1 

.oo 1 

. 002  

. o o  1 

. 0 0 2  

. o o o  1 

. 0 0 0 4  

. 0 0 0 4  
,000 1 
. ooo  1 
. 0002  
. 0 0 0 3  
. 0 0 0 3  
. 0 0 0 2  
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Daily  Relative  Fluorometer  Readings 
July  24 - August 7,  1980,  Continued 

Waneta 

Control + P 

Day 1 
Day 4 
Day 5 
Day 6 
Day 7 
Day 8 
Day 12 
Day 13 
Day 14 

Control + N 

Day 1 
Day 4 
Day 5 
Day 6 
Day 7 
Day 8 
Day 12 
Day 13 
Day 14 

.0029 

.0086 
,0069 
,010 
.011 
,013 
.023 
.026 
.030 

.0028 

.0054 

.0059 

. 0054  

.0056 

.0059 

.0059 

.0054 

.0046 

Control + P + N 

Day 1 
Day 4 
Day 5 
Day 6 
Day 7 
Day 8 
Day 12 
Day 13 
Day 14 

.0030 

.0089 

.010 

.013 

.017 

.022 

.077 

. l l  

.17 

Replicates 
.0028 .0029 
.0064 .0092 
.0077 .011 
.0089 .012 
.011 .013 
.013 .016 
.02 1 .028 
.023 .030 
.026 .032 

.0028 

.0060 

.0066 

.0065 

.0065 
:0067 
.0059 
.0052 
.0046 

.0029 

.0084 

.0093 

.010 

.011 

.011 

.019 

.022 

.029 

.0028 

.0055 

.0055 

.0054 

.0058 

.0064 

.0058 

.0054 

.0057 

.0029 

.0080 

.0089 

.0095 

.012 

.013 

.024 

.029 

.039 

Mean 
.0029 
.008 1 
.0092 
.010 
.012 
.014 
.024 
,026 
.029 

.0028 

.0056 

.0060 

.0058 
,0060 
.0063 
.0058 
.0055 
.0049 

.0029 

.0084 

.0094 

.011 

.013 

.015 

.040 

.054 

.079 

S. D. 
.0001 
.0015 
.0017 
.002 
.oo  1 
.002 
.004 
.004 
.003 

.oooo 

.0003 

.0006 

.0006 

.0005 

.0004 

.OOOl 

.0003 

.0005 

. ooo  1 

.0004 

.0006 

.002 

.003 

.006  

.032 

.049 

.079 
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D a i l y   R e l a t i v e   F l u o r o m e t e r   R e a d i n g s  
J u l y  24 - Augus t  7, 1980, C o n t i n u e d  

Waneta  

C o n t r o l  + EDTA + P + N 

Day 1 .0029 .0028 .0027 
.Day 4  .0082 .0069 .0090 
Day 5  .012 .010 .016 
Day 6  .019 .013 .027 
Day 7  .029 .017 .040 
Day 8 .044 .023 .056  
Day 12 .10 .045 .I2 
Day 13 .12 .044 .13 
Day 14  .12 .050 .13 

Replicates  

C o n t r o l  + EDTA + P 

Day 1 
Day 4 
Day 5 
Day 6 
Day 7 
Day 8 
Day 12 
Day 13 
Day 14 

.0025 

.0039 

.0045 

.0038 

.0045 

. 0 0 4 2  

.0039 

.0040 

.0046 

Cont ro l  + EDTA + E! 

Day 1 
Day 4 
Day 5 
Day 6 
Day 7 
Day 8 
Day 12 
Day 13 
Day 14 

.0028 

.0089 

.013 

.019 

.026 

. 0 3 2  

.030 

.028 

.024 

.0027 

. 0 0 4 0  

.0051 

.0055 

.0057 

.0065 

.0082 

.0387 
,0082 

.0029 

.0075 

.012 

.017 

.019 

.022 

.026 

.029 

.028 

.0028 

.0083 

.012 

.022 

.035 

.052 

.080 

.083 

.08 1 

.0026 

.0061 

.008 1 

.012 

.014 

.014 

.014 

.013 

.014 

Mean 
,0028 
.0080 
.013 
.020 
.029 
.04 1 
.09 
.10 
.10 

.0027 

.0054 

.0072 

.0104 
,0151 
. 0209  
.0307 
.0319 
.0313 

.0028 

.0075 

.011 

.016 

.020 

.023 

.023 

.023 

.022 

S. D. 
. o o o  1 
.0011 
.003 
.007 
.012 
.017 
.04 
.05 
.04 

.0002 

.0025 

.0042 

.0100 
,0173 
.0270 
.0428 
.0443 
.043 1 

.0002 

.0014 

.003 

.004 

.006 

.009  
,008 
.009 
.007 
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Daily  Relative  Fluorometer  Readings 
July 24 - August 7, 1980, Continued 

Waneta 

Control  (using  polycarbonate  culture  flasks) 
Replicates  Mean 

Day 1 .0027 ,0028 .0026  .0027 
Day 4  .0030  ,0032 .0033  .0032 
Day 5 .003 1 .0039 .004 1 .0037 
Day 6 .0030 .0036  .0035  .0034 
Day 7 .0030 .0035 .0036  .0034 
Day 8 .0032 .0035 .0037 .0035 
Day 12 .003 1 .0030  .0034  .0032 
Day 13 .003 1 .0029  .0038  .0033 
Day 14 .003 1 .0029  .0038  .0033 

Control + EDTA (using  polycarbonate  culture  flasks) 

Day 1 
Day 4 
Day 5 
Day 6 
Day 7 
Day 8 
Day 12 
Day 13 
Day 14 

.0029 

.006 1 

.0076 

.0094 

.012 

.016 

.030 

.028 

.028 

TED-135ug Zn/L 

Control 

Day 1 
Day 4 
Day 5 
Day 6 
Day 7 
Day 8 
Day 12 
Day 13 
Day 14 

.0025 

.0044 

.0055 

.0065 

.0074 

.0078 

.0087 

.0086 

.0086 

.0028 

.0055 

.0067 

.0074 

.0084 

.009 

.013 

.013 

.014 

.0026 

.0042 

.0045 

.0046 

.0050 

.0048 

.0042 

.0049 

.0048 

.0029 

.0058 

.0067 

.0076 

.0088 

. 010  

.014 

.01? 

.018 

.0028 

.0045 

.0050 
,0055 
.0059 
,0072 
.0067 
.0074 
.0076 

.0029 

.0058 

.0070 

.008 1 

.0097 
,012 
.019 
.019 
.020 

S. D. 
. o o o  1 
.0002 
.0005 
.0003 
.0003 
.0002 
.0002 
.0005 
.0005 

.ooo  1 

.0003 

.0005 

.oo  1 1 

.0020 

.004 

.010 

.008 

.007 

.0026 .0002 

.0044 .0002 

.0050 .0005 

.0055 .0010 

.0061 .0012 

.0066 .0016 

.0065 .0022 

.0070 ,0019 

.0070 .0020 
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1 D a i l y   R e l a t i v e   F l u o r o m e t e r   R e a d i n g s  
J u l y  24 - A u g u s t  7 ,   1 9 8 0 ,  C o n t i n u e d  

TED-1 3 5 u g  Zn/L 

1 

I 

C o n t r o l  + 

Day 1 
Day 4 
Day 5 
Day 6 
Day 7 
Day 8 
Day 12  
Day 1 3  
Day 1 4  

EDTA 
Repl icates  

. 0 0 2 8  . 0 0 2 7  . 0 0 2 8  

. 0 1 9  . 0 3 6  . 0 3 4  

. 0 3 3  . 0 4 6  . 0 4 4  

. 0 4 9  . 0 5 3  . 0 4 9  

. c 5 5  . 0 5 8  . 0 5 4  

. 0 5 8  . 0 6 3  . 0 5 5  

. 0 6 8  . 0 5 7  . 0 5 3  

. 0 7 2  . 0 6 0  . 0 5 5  

. 0 7 0  . 0 5 7  . 0 5 3  

C o n t r o l  + 2OOug Fe/L 

Day 1 . 0 0 2 7  

I Day 5 
Day 4 .GO44 

. 0 0 5 0  
Day 6 . 0 0 5 3  
Day 7 . 0 0 5 7  

. 0 0 5 7  
Day 1 2   . 0 0 4 3  
Dai 13  I Day 

1 4  

Control + P 

. 0 0 4 0  

. 0 0 3 8  

. 0 0 2 7  

. 0 0 5 6  

. 0 0 6 5  

. 0 0 6 5  

. 0 0 7 2  

. 0 0 7 5  

. 0 0 6 5  

. 0 0 6 7  

. 0 0 5 6  

. 0 0 2 6   . 0 0 2 6  
Day 4 . 0 0 4 6   . 0 0 4 6  
Day 5 I Day 6 

. 0 0 4 9   . 0 0 5 3  

. 0 0 5 6   . 0 0 6 0  
Day 7 . 0 0 6 3   . 0 0 5 8  
Day 8 . 0 0 7  1 . 0 0 6 5  
Day 12  
Day 1 3  

. 0 0 8 6   . 0 0 6 7  

. 0 0 9 4   . 0 0 7 0  
' D a y  1 4   . 0 0 9 6   . 0 0 6 8  

. 0 0 2 7  

. 0 0 6 0  

.0070  

. 0 0 7 8  

. 0 0 7 8  

. 0 0 8 0  

. 0 0 6 5  

. 0 0 6 5  

. 0 0 5 6  

. 0 0 2 8  

. 0 0 4 7  

. 0 0 5 4  

. 0 0 6 1  

. 0 0 6 3  
, 0 0 6 6  
. 0 0 7 4  
. 0 0 7 2  
. 0 0 7 2  

Mean 
. 0 0 2 8  
. 0 3 0  
. 0 4  1 
. 0 5 0  
. 0 5 6  
. 0 5 9  
. 0 5 9  
. 0 6 2  
, 0 6 0  

. 0 0 2 7  

.CO53 

. 0 0 6 2  

. 0 0 6 5  

. 0 0 6 9  

. 0 0 7  1 

. 0 0 5 8  

. 0 0 5 7  

. 0 0 5 0  

. 0 0 2 7  

. 0 0 4 6  

. 0 0 5 2  

. 0 0 5 9  

.0061  

. 0 0 6 7  

. 0 0 7 6  

. 0 0 7 9  

. 0 0 7 9  

S. D .  
. o o o  1 
. 0 0 9  
. 0 0 7  
. 0 0 2  
. 0 0 2  
. 0 0 4  
, 0 0 8  
. 0 0 9  
. 0 0 9  

. o o o o  

.0008-  

.0010 

. 0 0 1 2  

. o o  1 1 

. 0 0 1 2  

.0013 

. 0 0 1 5  

.0010 

. o o o  1 . 000 1 
, 0 0 0 3  
. 0 0 0 3  
. 0 0 0 3  
.0003  
. 0 0 1 0  
. 0 0 1 3  
. 0 0 1 5  
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Daily  Relative Fluorometer Readings 
July 24 - August 7 ,   1 9 8 0 ,  Continued 

TEG- 135ug Zn/L 

Control + EDTA + P 

Day 1 
Day 4 
Day 5 
Day 6 
Day 7 
Day 8 
Day 1 2 
Day 13 
Day 14 

, 0 0 2 9  
. 0 4 4  
. 0 7 3  
. 0 7 6  
. 0 7 7 '  
.075 
. 0 7 4  
. 0 6 6  
. 0 6 4  

Replicates 
.0027 . 0 0 2 7  
.058' .029 
. 0 7 8  . 0 6 8  
. 0 7 6  .07  1 
. 0 7 3  .07  1 
. 074  .066 
. 0 6 7  . 0 5 8  
. 0 6 3  . 0 5 4  
.060 . 0 5 2  

Mean 
. 0 0 2 8  
. 0 4 4  
. 0 7 3  
. 0 7 4  
.074  
.072  
. 0 6 6  
. 0 6  1 
.059 

S. D. 
. o o o  1 
. 0 1 4  
. 0 0 5  
.003 
.003 
.005 
.008  
. 0 0 6  
. 0 0 6  

I 
I 
I 
I 
I 
1 
I 
I 
I 
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FIGURE 3 

ALGAL  GROWTH INDICATED BY I N  V I V O  CHLOROPHYLL 4 

(MEASURED I N  RELATIVE FLUOROMETER UNITS) 

FOR  THE JULY 1980 ALGAL ASSAY.  

P O I N T S  PLOlTED ARE THE MEANS OF 3 REPLICAIES 

The   read ings   used   fo r   these   graphs   a re   p resented  i n  T a b l e  12 
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TABLE 13 

F I N A L   Y I E L D  OF EACH  ALGAL  ASSAY  TREATMENl 

FOR THE JULY 1980 ASSAY.   THE  Y IELDS ARE  EXPRESSEO 

AS  CELLS/ML  AND WERE MLASURED  WITH A HAEMBCYTOMEl-ER 



- 68 - 

Cells/ml on Final Day 
July 2 4  - August 7 ,   1 9 8 0  Algal  Assay 

Birchbank 
Mean 

Cells/ml Cells/ml 
1 0 0 0  
1 0.00 
1000 

S.D. 

0 
Control 

1 0 0 0  

Mean 
Cells/ml Cells/ml 

6 0 0 0  
8 0 0 0  
5 0 0 0  

S.D. 

1 5 2 8  
Control + EDTA 

6 3 3 3  

Mean 
Cells/ml Ce?ls/ml 

1000 
2000 
1000 

S.D. 

577  
Control + 200ug Fe/L 

1 3 3 3  

Waneta 

Control 

Mean 
Cells/ml Cells/ml 

1000 
3 0 0 0  
2 0 0 0  

S.D. 

1 0 0 0  2 0 0 0  

Mean 
Cells/ml Cells/ml 

1 5 0 0 0  
1 0 0 0 0  
14000 

S.D. 

2646 
Control + EDTA 

1 3 0 0 0  

Mean 
Cells/ml Cells/ml 

1 0 0 0  
2 0 0 0  
1 0 0 0  

S.D. 

577  
Control + 2OOug F ~ / L  

1 3 3 3  

Mean 
Cells/ml Cells/ml 

4 9 0 0 0  
42000 
4 6 0 0 0  

S.D. 

3 5 1 2  
Control + P 

4 5 6 6 7  
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Cells/ml  on  Final  Day 
July 24  - August 7 ,   1 9 8 0  Algal  Assay,  Continued 

Waneta 

Control + N 

Control + P + N 

Control + EDTA + P + N 

Control + EDTA + P 

Control + EDTA + N 

Control  (using  polycarbonate 
culture  flasks) 

Control + EDTA (using 
polycarbonate  culture  flasks) 

Cells/ml 
1 0 0 0  
1000  
2 0 0 0  

Cells/ml 
91  000  
36000  
4 6 0 0 0  

Cells/ml 
5 4 0 0 0  

9 0 0 0  
89000  

Cells/ml 
1 0 0 0  
2 0 0 0  

1 0 1  0 0 0  

Cells/ml 
2 2 0 0 0  
29000 

7 0 0 0  

Cells/ml 
3 0 0 0  
2 0 0 0  
2 0 0 0  

Cells/ml 
9000 
10000 
5000 

Mean 
Cells/ml 

1 3 3 3  

Mean 
Cells/ml 

5 7 6 6 7  

Mean 
Cells/ml 

5 0 6 6 7  

Mean 
Cells/ml 

3 4 3 3 3  

Mean 
Cells/ml 

1 9 3 3 3  

Mean 
Cells/ml 

2 3 3 3  

Mean 
Cells/ml 

8000 

S.D. 

5 7 7  

S.D. 

2 9 2 9 7  

S.D. 

4 0 1 0 4  

S.D. 

5 6 8 7  1 

S.D. 

1 1  2 4 0  

S.D. 

577  

S.D. 

2 6 4 6  
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Cells/ml on Final Day 
J u l y  24 - August 7 ,   1 9 8 0  Algal Assay,  Continued 

TED- 1 3 5 u g  Z n / L  

Control 

Control + EDTA 

Control + 200ug Fe/L 

Control + P 

Control + EDTA + P 

Cells/ml 
2 0 0 0  
1000  
2000 

Cells/ml 
6 7 0 0 0  
7 2 0 0 0  
8 4 0 0 0  

Cells/ml 
2 0 0 0  
5 0 0 0  
8 0 0 0  

Cells/ml 
2 0 0 0  
7 0 0 0  
5 0 0 0  

Cells/ml 
1 5 0 0 0 0  
1 3 0 0 0 0  
1 5 0 0 0 0  

Mean 
Cells/ml 

1667  

Mean 
Cells/ml 

7 4 3 3 3  

Mean 
Cells/ml 

5 0 0 0  

Mean 
Cells/ml 

4 6 6 7  

Mean 
Cells/ml 

1 4 3 3 3 3  

S.D. 

5 7 7  

S.D. 

8 7 3 7  

S.D. 

3000 

S.D. 

2 5 1 7  

S.D. 

1 1  547  

I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
,I 
I 
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TABLE 1 4  

CONCENTRATIONS OF CHEMICALS I N  THE  COLUMBIA  RIVER 

ON AUGUST 11,  1980. CONCENTRATIONS OF A L L  

CHEMICALS  EXCEPT  HG ARE REPORTED I N  m g / L ;  

HG IS  I N   u g / L .  PARAMETERS ARE L I S T E D  UNDER 

THEIR  NAQUADAl  CODE  NUMBERS  AS  SUMMARIZED I N  TABLE 3 

" d e n o t e s   t h a t  t h e  s t a t i s t i c s  a r e  b a s e d   o n  some 1- ( l e s s  t h a n  

d e t e c t i o n   l i m i t )   v a l u e s .  

I 
I 
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TABLE 15 

Concentrations (mg/L) o f   nut r ients  and dissolved  metals i n  water used f o r  the August  1980 
algal assay. Water , frT each s i t e  was autoclaved,,aerated with (D2, 

and f i  1 tered  before these measurements  were  made. 

~~~~~ ~~ ~ 

Rep1 i cates Mean S.D. 
G m t r i c  Geanetric 

Mean S.D. (4 .F . )  

B i  rchbank 

Orthophosphate 
Ni t rate  p lus 

Amnoni a 
Total D i  ssol ved 

Dissolved Zn 
D i  ssol ved Cu 
D i  ssol ved Fe 
D i  ssol ved Mn 
Dissolved Cd 
D i  ssol ved Pb 
D i  ssol ved N i  

Waneta 

Orthophosphate 
Ni t rate  p lus 

Amnonia 
Total  Dissolved 

D i  ssol ved Zn 
Dissolved Cu 
D i  ssolved Fe 
Dissolved Mn 
D i  ssol ved Cd 
D i  ssol ved Pb 
D i  ssolved N i  

N i t r i t e  

Nitrogen 

N i t r i t e  

N i  trogen 

0.004 0.004 

0.090 0.092 
0.010 0.015 

0.161 0.151 
0.001 LO.001 
0.006 0.003 
0.002 0.002 

L0.01 LO.01 
LO. 0005 LO. 0005 
LO.001 LO.001 
LO.001 LO.001 

0.044 0.044 

0.101 0.101 
0.022 0.020 

0.202 0.182 
0.05 0.03 
0.005 0.003 
0.002 0.001 
0.01 0.01 

LO. 0005 LO. 0005 
0.001 0.001 

LO.001 LO.001 

0.003 

0.090 
0.008 

0.151 
LO.001 
0.002 
0.002 

LO.01 
LO. 0005 
LO.001 
LO. 001 

0.042 

0.102 
0.028 

0.188 
0.05 
0.002 
0.001 
0.01 

LO. 0005 
0.001 

LO.001 

0.003 

0.091 
0.011 

0.154 
LO. 001 
0.004 
0.002 

10.01 
LO. 0005 
LO.001 
LO.001 

0.043 

0.101 
0.023 

0.191 
0.04 
0.003 
0.001 
0.01 

LO. 0005 
0.001 

LO.001 

O.OO0 0.003 

0.001 0. O!) 1 
0.004 0.011 

0.006 0.154 
0.0 LO.001 
0.002 0.003 
0.0 0.002 
0.0 10.01 
0.0 LO. 0005 
0.0 LO.OO1 
0.0 LO. 001 

0.001 0.043 

0.001 
0.004 

0.010 
0.01 
0.002 
0.001 
0.0 
0.0 
0.0 
0.0 

0.101 
0.023 

0.190 
0.04 
0.003 
0.001 
0.01 

L0.0005 
0.m1 

LO.001 

1 .0929 

1.0126 
1.3753 

1.0377. 
1 . 0000 
1.7430 
1 . 0000 
1 . 0000 
1 . 0000 
1 .om0 
1 . 0000 

1.0135 

1 .OO58 
1.1893 

1 .OS48 
1 .3430 
1.5827 
1 .4923 
1 .moo 
1 .m 
1 .oooo 
1 . 0000 
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TABLE 15 (Continued) 

Rep1 i ca tes 
Geometric Geometric 

Mean  S.D. Mean S.D. ( 4 . F . )  

Cmi nco E f  f 1 uent 
Orthophosphate 
Nitrate plus 

M n i a  
Total Di ssol  ved 

Di ssol ved Zn 
Dissolved Cu 
Di ssol ved' Fe 
Di ssol ved Mn 
Di ssolved Cd 
Dissolved Pb 

TED - 80~9 Zn/L 

Orthophosphate 
Nitrate plus 

Amnoni a 
Total Di ssol ved 

Dissolved Zn 
Di ssol ved Cu 
Dissolved Fe 
Di ssol ved Mn 
Di ssol ved Cd 
Di ssolved Pb 
Dissolved Ni 

Nitrite 

Nitrogen 

Nitrite 

Nitrogen 

TED - 160~9 Zn/L 

Orthophosphate 
Nitrate plus 

Pmnonia 
Total  Dissolved 

Dissolved Zn 
Di ssol ved Cu 
Dissolved Fe 
Dissolved Hn 
Di ssol ved Cd 
Dissolved Pb 
Di ssolved Ni 

Nitrite 

Nitrogen 

0.023 

LO. 002 
25.2 

26.3 
83. 
0.003 
0.25 

11 .  
0.004 
0.54 

0.042 

0.095 
0.040 

0.224 
0.08 
0.004 
0.003 
0.02 
LO. 0005 
0.. 0 0 1  
LO.001 

0.042 

0.098 
0.053 

0.230 
0.16 
0.002 
0.002 
0.03 
LO. 0005 
0.002 
LO. 001 

0.024 

LO.  002 
25.4 

28.3 
71. 
0.003 
0.27 

1 1 .  
0.004 
0.50 

0.042 

0.095 
0.032 

0.208 
0.08 
0.003 
0.003 
0.02 
LO. 0005 
0.002 
LO.001 

0.043 

0.098 
0.059 

0.246 
0.16 
0.003 
0.003 
0.03 
LO. 0005 
0.002 
LO.001 

0.024 

LO. 002 
25.2 

27.3 
66. 
0.004 
0.30 

11.  
0.002 
0.45 

0.042 

0.098 
0.057 

0.246 
0.08 
0.003 
0.003 
0.02 
LO. 0005 
0.001 
LO.001 

0.043 

0.097 
0.056 

0.240 

0.023 

LO. 002 
25.3 

27.3 
73. 
0.003 
0.27 

1 1 .  
0.003 
0.50 

0.042 

0.096 
0.043 

0.226 
0.08 
0.003 
0.003 
0.02 
LO. 0005 
0.001 
LO.001 

0.043 

- 0.098 
0.056 

0.239 
0.16 
0.002 
0.002 
0.03 
L0.0005 
0.002 
LO.001 

0.000 

0.0 
0.1 

1 .o 
9. 
0.001 
0.02 
0.0 
0.001 
0.04 

0.000 

0.002 
0.013 

0.019 
0.0 
0.001 
0.0 
0.0 
0.0 
0.001 
0.0 

0.000 

0.001 
0.003 

0.008 
0.0 
0.001 
0.001 
0.0 
0.0 
0.0 
0.0 

0.023 

LO.  002 
25.3 

27.3 
73. 
0.003 
0.27 

1 1 .  
0.003 
0.50 

0.042 

0.096 
0.042 

0.226 
0.08 
0.003 
0.003 
0.02 
LO.  0005 
0.001 
co.001 

0.043 

0.098 
0.056 

0.239 
0.16 
0.002 
0.002 
0.03 
LO.  0005 
0.002 
LO. 001 

1.0120 

1 . 0000 
1 .0032 

.037 1 

.1242 

.1808 

.0958 

. 0000 

.492 1 
1 .0958 

1 .0068 

1.0181 
1 .3379 

1.0877 
1 . 0000 
1.1808 
1 .oOOo 
1 . 0000 
1 . 0000 
1 .4923 
1 . 0000 

1 .0064 

1 .0055 
1 .OS50 

1 .0346 
1 .0000 
1 .3320 
1 .3320 
1 .ow0 
1 . 0000 
1 . 0000 
1 .0000 
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TABLE 1 6  

DAILY  CHLOROPHYLL A READINGS 

(EXPRESSED AS RELATIVE  FLUOROMETER  UNITS)  

FOR  THE  AUGUST 1980 ALGAL  ASSAY 

T h e s e   r e a d i n g s   a r e   g r a p h e d  i n  F i g u r e  4 
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D a i l y   R e i a t i v e   F l u o r o m e t e r   R e a d i n g s  
A u g u s t  13 - 2 7 ,   1 9 8 0  

B i r c h b a n k  

C o n t r o l  

Day 1 
Day 2 
Day 5 
Day 6 
Day 7 
Day 8 
Day 9 
Day 12 
Day 13 
Day 1 4  

Repl ica tes  
, 0 0 2 5  . 0 0 2 4  . 0 0 2 4  
. 0 0 5 4  . 0 0 4 7  . 0 0 5 1  
. 0 1 0  . 0 0 8 7  . 0 1 1  
. 0 1 0  . 0 0 9 3  . 0 1 2  
. 0 1 0  . 0 1 0  . 0 1 2  
. 0 1 0  . 0 1 1  . 0 1 3  
, 0 1 1  . 0 1 1  . 0 1 3  
. 0 1 1  . 0 1 1  . 0 1 3  
. 0 1 0  , 0 1 3  . 0 1 3  
. 0 1 1  . 0 1 1  . 0 1 1  

C o n t r o l  + EDTA 

Day 1 
Day 2 
Day 5 
Day 6 
Day 7 
Day 8 
Day 9 
Day 12  
Day 13 
D a y '  14 

. 0 0 2 5  

. 0 0 4 5  

.0094  

. 0 1 0  

.0098  

. 0 1 0  

. 0 0 9 2  

. 0 1 0  

. 0 1 0  

. 0 1 0  

Control + 200ug Fe/L 

Day 1 
Day 2 
Day 5 
Day 6 
Day 7 
Day 8 
Day 9 
Day 12  
Day 13  
Day 14 

. 0 0 2 4  

. 0 0 4 0  

. 0 0 6 6  

. 0 0 6 5  
, 0 0 7 4  
. 0 0 7 4  
. 0 0 7 5  
. 0 0 7 8  
. 0 0 8 5  
. 0 0 8 3  

. 0 0 2 6  

. 0 0 5 1  

. 0 1 8  

. 0 1 8  

. 0 2  1 

. 0 2 3  

. 0 2 4  

. 0 2 2  

. 0 2 5  . 0'2  3 

. 0 0 2 4  

. 0 0 4 5  

. 0 0 5 9  

. 0 0 5 7  

. 0 0 6 4  

. 0 0 6 4  

. 0 0 6 6  

. 0 0 7 0  

. 0 0 6 8  

. 0 0 6 5  

. 0 0 2 5  

. 0 0 4 4  

. 0 0 9 2  

. 0 1 0  
,010  
. 0 0 9 6  
. 0 1 0  
. 0 1 0  
. 0 1 1  
. 0 1 0  

. 0 0 2 4  

. 0 0 4 4  

. 0 0 6 2  

. 0 0 6 7  

. O O i  1 

. 0 0 6 7  

. 0 0 7 3  

. 0 0 7 4  

. 0 0 7 0  

. 0 0 7 3  

Mean 
, 0 0 2 4  
. 0 0 5 1  
. 0 1 0  
. 0 1 0  
. 0 1 1  
. 0 1 1  
. 0 1 2  
. 0 1 2  
, 0 1 2  
. 0 1 1  

. 0 0 2 5  

. 0 0 4 7  

. 0 1 2 2  

. 0 1 3  

. 0 1 4  

. 0 1 4  

. 0 1 4  

. 0 1 4  

. 0 1 5  

. 0 1 4  

. 0 0 2 4  

. 0 0 4 3  

. 0 0 6 2  

. 0 0 6 3  
, 0 0 7 0  
. 0 0 6 8  
. 0 0 7  1 
. 0 0 7 4  
. 0 0 7 4  
. 0 0 7 4  

S. D .  
,000  1 
.OOO4 
. o o  1 
. o o  1 
. o o  1 
. 0 0 2  . 00  1 
. o o  1 
. 0 0 2  
. o o o  

. o o o  1 

. 0 0 0 4  

. 0 0 5 0  

.005  

. 0 0 6  

.008 

.008  

. 0 0 7  

.008 
,008  

. o o o o  

. 0 0 0 3  

. 0 0 0 4  

. 0 0 0 5  

. 0 0 0 5  

. 0 0 0 5  

.0005 

. 0 0 0 4  

.0009 

. 0 0 0 9  



- 7 9  - 8. 
u 
1 
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D a i i y   R e l a t i v e   F l u o r o m e t e r  Readings 
August 1 3  - 2 7 ,   1 9 8 0 ,   C o n t i n u e d  

Wane ta  

C o n t r o l  

Day 1 
Day 2 
Day 5 
Day 6 
Day 7 
Day 8 
Day 9 
Day 12  
Day 1 3  
Day 14  

C o n t r o l  + EDTA 

Repl icates  
.0024  . 0 0 2 4  . 0 0 2 4  
. 0 0 3 9  , 0 0 4 0  . 0 0 3 6  
. 0 3 5  . 0 4 8  . 0 2 8  
, 0 5 5  .061  . 0 5 0  
. 0 7 2  . 0 6 9  . 0 7 3  
. 0 7 6  . 0 6 4  . 0 7 6  
. 0 7 2  . 0 6 4  . 0 7 3  
. 0 7 2  . 0 6 0  . 0 6 6  
. 0 7 0  . 0 5 9  . 0 6 4  
. 0 6 8  . 0 5 7  . 0 6 3  

Day 1 
Day 2 
Day 5 
Day 6 
Day 7 
Day 8 
Day 9 
Day 12  
Day 13 
Day 1 4  

. 0 0 2 4  

. 0 0 4 S  

. 0 9 0  

. I O  

. l l  

. l l  

. l l  

. 0 9 6  

. 0 9 0  

. 0 8 5  

Control  + 200ug F e j L  

Day 1 

Day 5 
Day 6 
Day 7 
Day 8 
Day 9 
Day 12  
Day 13 
Day 1 4  

Day 2 ,  
. 0 0 2 4  
. 0 0 4 3  
. 0 4 8  
. 0 6 7  
. 0 6 2  
. 0 5 9  
. 0 5 8  
. 0 5 4  
. 0 5 3  
. 050  

. 0 0 2 4  

. 0 0 5 0  

. 0 7 7  

.08 1 

.083 

. 0 8 5  

. 0 8 6  

.OB0 

. 0 7 6  
, 0 7 2  

. 0 0 2 2  

. 0 0 4 3  

. 0 6 0  

. 0 7 6  

. 0 7 7  

. 0 7 4  

. 0 7 2  

. 0 7 2  

. 0 7  1 

. 0 6 7  

. 0 0 2 4  

. 0 0 4 3  

. 0 7 4  
, 0 8 0  
.086 
. 0 8 6  
. 0 8 6  
. 0 8 3  
. 0 8 0  
, 0 7 3  

. 0 0 2 4  

. 0 0 4 4  

. 0 7  1 

. 0 7 4  

. 0 7 3  

. 0 7  1 

. 0 7 0  

. 0 6 7  

. 0 6 4  

. 0 5 9  

Mean 
, 0 0 2 4  
. 0 0 3 8  
. 0 3 7  
. 0 5 5  
. 0 7  1 
. 0 7 2  
. 0 7 0  
. 0 6 6  
. 0 6 4  
. 0 6 3  

. 0 0 2 4  

. 0 0 4 7  

. 0 8 0  

. 0 8 7  

.093  

. 0 9 4  

. 0 9 4  

. 0 8 6  

. 0 8 2  

. 0 7 7  

. 0 0 2 3  

. 0 0 4 3  

. 0 6 0  

. 0 7 2  

. 0 7  1 

. 0 6 8  

. 0 6 7  

. 0 6 4  

. 0 6 3  

. 0 5 9  

S. D.  
. o o o o  
. 0 0 0 2  
. 0 1 0  
. 0 0 6  
. 0 0 2  
, 0 0 7  
. 0 0 5  
. 0 @ 6  
. 0 0 6  
. 0 0 6  

. o o o o  

.0004 

.008 

. 011  

. 0 1 5  

. 0 1 4  

. 0 1 4  

. 0 0 8  

. 0 0 7  

. 0 0 7  

. ooo  1 

. ooo  1 

. 0 1 2  

. 0 0 5  

. 0 0 8  

. 0 0 8  

. 0 0 8  
, 0 0 9  
. 0 0 9  
. 0 0 8  
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D a i l y   R e l a t i v e   F l u o r o m e t e r   R e a d i n g s  
A u g u s t  13 - 2 7 ,   1 9 8 0 ,   C o n t i n u e d  

W a n e t a  

Cont ro l  + P 

Day 1 . 0 0 2 4  , 0.025 . 0 0 2 4  
Day 2 . 0 0 4 0  . 0 0 4 2  . 0 0 4 3  
Day 5 . 0 2 2  . 0 2 s  , 0 2 3  
Day 6 . 0 4 4  . 0 4 6  . 0 4 3  
Day 7 . 0 6 0  . 0 6 4  . 0 6 6  
Day 8 .‘070 . 0 6 2  . 0 6 8  
Day 9 . 0 6 3  . 0 6 3  . 0 6 7  
Day 1 2   . 0 5 6  , 0 5 6  . 0 6 5  
Day 1 3   . 0 5 4  . 0 5 3  . 0 6 4  
Day 1 4   . 0 5 2  . 0 5 0  . 0 6 0  

Repl ica tes  

C o n t r o l  + N 

Day 1 
Day 2 
Day 5 
Day 6 
Day 7 
Day 8 
Day 9 
Day 1 2  
Day 1 3  
Day 1 4  

. 0 0 2 5  

. 0 0 3 9  

. 0 2 2  

. 0 4  1 

. 0 7 0  

. 1 0  

. 1 6  

. 2 9  

. 3 0  

. 2 9  

C o n t r o l  + P + N 

Day 1 
Day 2 
Day 5 
Day 6 
Day 7 
Day 8 
Day 9 
Day 1 2  
Day 13 
Day 1 4  

. 0 0 2 5  

. 0 0 4 4  

. 0 5 0  

. o s 3  

. 1 6  

. 2 3  

. 3 0  

. 4 4  

. 4 4  

. 4 0  

, 0 0 2 4  
. 0 0 4  
. 0 2 4  
. 0 4  1 
. 0 6 4  
. 0 8 5  
. 1 2  
. 2 4  
. 2 6  
. 2 8  

. 0 0 2 5  

. 0 0 3 5  

. 0 2 4  

. 0 3 6  

. 0 6 0  

. 0 7 4  

.097  

. 1 6  

.18 

. 1 9  

. 0 0 2 5  

. 0 0 4 4  

. 0 2  1 

. 0 4 2  

. 0 7 7  

.13  

. 2 0  

. 3 4  

. 3 7  

. 3 4  

. 0 0 2 4  

. 0 0 4 5  

. 0 2 4  
0 4 6  

. 0 8 2  

. 4 0  

. 4 7  

. 2 3  

. 2 7  

. 2 6  

Mean 
. 0 0 2 4  
. 0 0 4 2  
, 0 2 4  
. 0 4 4  
. 0 6 4  
. 0 6 7  
. 0 6 4  
. 0 5 9  
. 0 5 7  
. 0 5 4  

. 0 0 2 5  

. 0 0 4  1 

. 0 2 2  

. 0 4  1 

. 0 7 0  

. 1 0  

.16 

. 2 9  

.31  

. 3 0  

. 0 0 2 5  

. 0 0 4  1 

. 0 3 3  

. 0 5 8  

. l o 1  

. 2 3  

. 2 9  

. 2 8  

. 3 0  

. 2 a  

S.  D .  
. o o o  1 
, 0 0 0 2  
, 0 0 3  . a 0 2  
. 0 0 4  
. 0 0 4  
. 0 0 2  
.005  
. 0 0 6  
. 0 0 5  

. o o o  1 

. 0 0 0 3  

. 0 0 2  

. o o  1 

. 0 0 7  

. 0 2  

. 0 4  

. 0 5  

. 0 6  

. 0 3  

.ooo  1 

. 0 0 0 6  

. 0 1 5  

.030 

. 0 5 3  

. 1 6  

. 1 9  

.15 

.13  

. l l  
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I 
I 
.t 
1, 
I 
1 

Daily  Relat ive  Fiuorometer   Reaainqs 
August 1 3  - 2 7 ,   1 9 8 0 ,  Continued 

Waneta 

Control  + EDTA + P + N 

Day 1 . 0 0 2 5  . 0 0 2 6  . 0 0 2 4  
Day 2 . 0 0 5 9  .0051  . 0 0 5 1  
Day 5 . 1 0  . 1 8  . 1 8  
Day 6 * * j :  

Day 7 . 5 4  . 6 1  . 6 0  
Day 8 . 6 8  . 7 4  . 8 2  
Day 9 . 7 6  . 8 1  . 9 2  
Day 12   .80  1 . o  1 .2 
Day 13  .78  1 . 1  1 .2 
Day 1 4  . 7 7  1 . 1  1 .2  

Repl ica tes  

Control  + EDTA + P 

Day 1 
Day 2 
Day 5 
Day 6 
Day 7 
Day 8 
Day 9 
Day 12 
Day 13 
Day 1 4  

. 0 0 2 7  

. 0 0 5 4  

. 0 8 2  

. 0 9 1  

. 1 0  

. l l  

. l l  

. 1 0  

. 1 0  

. 0 9 6  

Control + EDTA + N 

Day 1 
Day 2 
Day 5 
Day 6 
Day 7 
Day 8 
Day 9 
Day 12  
Day 13  
Day 14  

. 0 0 2 4  

. 0 0 4 6  

. 1 0  

. 2 6  

. 4 0  

.52  

. 5 4  

. 6 8  

. 7 1  

. 7 0  

. 0 0 2 5  

. 0 0 4 9  

. 0 7 8  

.08  1 

. 0 8 4  

. 0 8 2  

.082  

. 0 7 7  

. 0 7 4  

. 0 7 4  

. 0 0 2 5  

. 0 0 4 8  

. 0 7 6  

.21  

. 3 6  

. 4 3  

. 5 0  

. 6 4  

.64  

. 6 5  

. 0 0 2 6  

. 0 0 4 9  

. l l  

.l l 

. 1 2  

. 1 2  

. 1 2  

. 1 2  

. 1 3  

. 1 2  

. 0 0 2 4  

. 0 0 4 4  

. 1 0  

. 4 0  

. 4 8  

. 5 2  

. 6 7  

. 7 0  

. 6 6  

* 

Mean 
. 0 0 2 5  
. 0 0 5 4  
. 1 5  

. 5 8  

. 7 5  

. 8 3  
1 .o  
1 .o  
1 .o  

. 0 0 2 6  
, 0 0 5 1  
. 0 9 0  
. 0 9 4  
. 1 0  
. 1 0  
. 1 0  
. 1 0  
. 1 0  
. 0 9 7  

. 0 0 2 4  

. 0 0 4 6  

. 0 9  

. 2 4  

. 3 9  

. 4 8  

. 5 2  

. 6 6  

. 6 8  

. 6 7  

S. D .  
. o o o  1 
. 0 0 0 5  
. 0 5  

. 0 4  

. 0 7  

.08  

.2 

. 2  

. 2  

. o o o  1 

. 0 0 0 3  

. 0 1 7  

. 0 1 5  

. 0 2  

. 0 2  

. 0 2  

. 0 2  

. 0 3  

. 0 2 3  

. o o o  1 

. 0 0 0 2  

.01 

. 0 4  

. 0 2  

. 0 5  

.02  

. 0 2  

.04 

. 0 3  

# * d e s i g n a t e s   t h a t   d a t a  were  suspect  and  therefore 
not   presented 
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D a i l y   R e l a t i v e   F l u o r o m e t e r   R e a d i n g s  
A u g u s t  13 - 27, 1580, C o n t i n u e d  

Waneta 

C o n t r o l   ( u s i n g   p o l y c a r b o n a t e   c u l t u r e  f l a s k s )  
Repl ica tes  Mean 

Day 1 .0026  .0025  .0024  .0025 
Day 2  .0039  .0034  .0035  .0036 
Day 5  .023  .016  .022  .020 
Day 6 .036  .030  .034  .033 
Day 7 .054 . 0 4  1 .046  .047 
Day 8 .082  .062  .072  .072 
Day 9 . l l  .08 1 . l l  .10 
Day 12  .14 .I4 .20  .16 
Day 13 .15 .16 .23 .18 
Day 14  .15 .16 .22 .18 

C o n t r o l  + EDTA ( u s i n g  p o l y c a r b o n a t e   c u l t u r e  f l a s k s )  

Day 1 
Day 2 
Day 5 
Day 6 
Day 7 
Day 8 
Day 9 
.Day 12 
Day 13 
Day 14 

.0024 

.0032 

.026 

.050 

. l l  

.19 

.22 

.27 

.29 

.29 

.0024 

.0035 

.025 

.050 

.10 

.16 

.20 

.26 

.27 

.26 

.0024 

.0033 

.04 1 

.098 

.23 

.32 

.38 

.38 

.48 

.45 

.0024 

.0033 

.031 

.066 

.15 

.22 

.27 

.30 

.35 

.33 

S. D .  
. o o o  1 . 0'0 0 3 
.004 
.003 
.007 
. 0 1 0  
.02 
.03 
.04 
.04 

. o o o o  

.0002 

.009 

.028 

.07 

. 09  

.10 

.07 

.12 

.10 

C o n t r o l  + 2OOug Fe/L ( u s i n g   p o l y c a r b o n a t e   c u l t u r e  f l a s k s )  

Day i 
Day 2 
Day 5 
Day 6 
Day 7 
Day 8 
Day 9 
Day 12 
Day 13 
Day 14 

. 0 0 2 4  

.0034 

.016 

.028 

.052 

.082 

.13 

.20 

.22 

.21 

.0024 

.0035 

.017 

.030 

.052 

.080  

. l l  

.I4 

.15 

.15 

.0024 

.0035 

.013 

.023 
,042 
.072 
. l l  
.15 
.I5 
.15 

.0024 

.0035 

.015 

.027 

.049 

.078 

.12 

.16 

.17 

.17 

. o o o o  

. o o o  1 

.002 

.004 

.006 

.005 

.01 

.03 

.04 

.03 
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D a i l y  Relative  Fluorometer R e a d i n g s  
August 13 - 27, 1960, C o n t i n u e d  

TED-80ug Zn/L 

Control 

Day 1 
Day 2 
Day 5 
Day 6 
Day 7 
Day 8 
Day 9 
Day 12 
Day 13 
Day 14 

C o n t r o l  + EDTA 

Repl ica tes  
,0025 .0024 .0025 
.0029 .0029 .0028 
.0093 .0085 .010. 
.012 .012 .015 
.012 .015 .023 
.020 . 0 2  1 .028 
.023 .027 .032 
.036 .050 .048 
.045 .058 .055 
,049 .059 .058 

Day 1 
Day 2 
Day 5 
Day 6 
Day 7 
Day 8 
Day 9 
Day 12 
Day 13 
Day 14 

,0025 
.0047 
.094 
. 1 0  
.10 
. l l  
. l l  
. l l  
. l l  
.10 

TED-160ug Zn/L 

C o n t r o l  

Day 1 
Day 2 
Day 5 
Day 6 
Day 7 
Day 8 
Day 9 
Day 12 
Day 13 
Day 14 

.0022 

.0022 

.0030 

.0030 

.0029 
,0033 
.0037 
.0036 

.0038 

.003a 

.0024 

.0038 

.073 

.084 

.088 

.092 

.092 

.092 

.086 

.066 

.0022 

.0023 

.0033 

.0038 

.0045 

.0046 

.0050 

.0062 

.0062 

.0059 

,0024 
.0045 
.08 1 
.092 
.10 
.093 
.097 
.10 
.10 
.092 

.0024 

.0025 

.0038 

.0044 

.0057 

.0058 

.0058 

.0073 

.0065 

. 0070  

Mean 
.0025 
.0029 
.0093 
.013 
.017 
.023 
.027 
.045 
.053 
.055 

.0021 

.0043 

.083 

.092 

.096  

.098 

. l o o  

.10 

.1G 

.093 

.0023 

. 0 0 2 3  

.0034 

.0037 

.0044 
,0046 
.0048 
.0057 
.0055 
.0056 

S. D. 
.OOOl 
. o o o  1 
.0008 
.002 
, 006  
. 0 0 4  
.005 
.008 
.007 
.006 

. o o o  1 

.0005 

.011 

.008 

. 007  

.010 

.009 

.G1 

.01 

. 0 0 7  

.00@1 

. 0 0 0 2  

.0004 

.0007 

.0014 

.0012 

.oo  1 1 

.0019 

.0015 

.0016 
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August  13 - 2 7 ,  1983,  Continued 

TED- 160ug Zn/L 

Control + EDTA 

Day 1 
Day 2 
Day 5 
Day 6 
Day 7 
Day 8 
Day 9 
Day 12 
Day 13 
Day 14 

.0025 

.0055 

.10 

. l l  

.12 

.I2 

.12 

.12 

. l l  . '1 1 

Replicates 
.0026 .0026 
.0051 . GO45 
.085 .10 
.12 .12 
.12 .12 
.12 ,12 
.12 .12 
.13 .12 
.12 . l l  
.12 . l l  

Mean S. D. 
.0026 . o o o  1 
.0050 .0005 
.10 .01 
.12 .01 
.12 . o o  
.12 . o o  
.12 . o o  
.12 .01 
. 1 1  .01 
. l l  .01 
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FIGURE 4 

ALGAL  GROWTH INDICATED BY I N  V I V O  CHLOROPHYLL A 

(MEASURED I N  RELATIVE FLUOROMEl'ER UNITS) 

FOR THE AUGUST 1980 ALGAL ASSAY.  

POINTS PLOTTED A R E  THE MEANS O F  3 REPLICATES 

T h e   r e a d i n g s   u s e d   f o r   t h e s e   g r a p h s   a r e   p r e s e n t e d  in T a b l e  16  
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TABLE 17 

F I N A L   Y I E L D  OF EACH  ALGAL  ASSAY  TREATMENT 

FOR THE AUGUST 1980 ASSAY. THE Y I E L D S  ARE  EXPRESSED 

AS  CELLS/ML  AND WERE MEASURED  WITH A HAEMOCYTOMET€R 
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Cells/ml on Final Day 
August 1 3  - 27, 1980 Algal Assay 

Birchbank 
Mean 

Cells/ml  Cells/ml 
Control  10000 

1 1  000  10667 
1 1  000 

Control + EDTA 

Control + 2OOug Fe/L 

Waneta 

Control 

Control + EDTA 

Control + 200ug Fe/L 

Control + P 

Mean 
Cells/ml  Cells/ml 

28000  15000 
8000 

9000 

Mean 
Cells/ml  Cells/ml 

10000 
6000  7667 
7000 

Mean 
Cells/ml  Cells/ml 

240000 
200000  220000 
220000 

Mean 
Cells/ml  Cells/ml 

270000 
240000  250000 
240000 

Mean 
Cells/ml  Cells/ml 

120000 
220000  173333 
180000 

Mean 
Cells/ml  Cells/ml 

170000 
170000  173333 
180000 

S.D.  

577 

S.D. 

1 1  269 

S.D.  

2082 

S.D. 

20000 

S.D. 

17321 

S . D .  

50332 

S.D. 

5774 
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Cells/ml  on Final D a y  
August 13 - 2 7 ,   1 9 8 0  Algal  Assay,  Continued 

Waneta 

Control + N 

Control + P + N 

Control + EDTA + P + N 

Control + EDTA + P 

Control + EDTA + N 

Mean 
Cells/ml  Cells/ml 

3 2 0 0 0 0  
31  0 0 0 0  3 3 0 0 0 0  
3 6 0 0 0 0  

Mean 
Cells/ml  Cells/ml 

5 8 0 0 0 0  
3 5 0 0 0 0   4 6 3 3 3 3  
4 6 0 0 0 0  

Mean 
Cells/ml  Cells/ml 

1 7 0 0 0 0 0  
2 2 0 0 0 0 0   2 0 6 6 6 6 7  
2 3 0 0 0 0 0  

Mean 
Cells/ml  Cells/ml 

1 9 0 0 0 0  
1 8 0 0 0 0   1 9 0 0 0 0  
2 0 0 0 0 0  

Mean 
Cells/ml  Cells/ml 

7 6 0 0 0 0  
7 8 0 0 0 0   7 7 3 3 3 3  
7 8 0 0 0 0  

Mean 
Cells/ml  Cells/ml 

culture  flasks) 2 4 0 0 0 0   2 5 6 6 6 7  
Control  (using  polycarbonate 2 3 0 0 0 0  

3 0 0 0 0 0  

Mean 
Cells/ml  Cells/ml 

Control + EDTA (using 3 3 0 0 0 0  
polycarbonate  culture  flasks) 3 2 0 0 0 0   5 5 0 0 0 0  

1 0 0 0 0 0 0  

Mean 
Cells/ml  Cells/ml 

Control + 200ug Fe/L (using 2 9 0 0 0 0  
polycarbonate  culture  flasks) 2 1  0000  2 3 3 3 3 3  

2 0 0 0 0 0  

S . D .  

2 6 4 5 8  

S . D .  

1 1  5 0 3 6  

S.D. 

3 2 1   4 5 5  

S . D .  

1 0 0 0 0  

S . D .  

1 1 5 4 7  

S . D .  

3 7 8 5 9  

S . D .  

3 8 9 7 4 4  

S . D .  

4 9 3 2 9  
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Cells/ml  on Final  Day 
A.ugust  13 - 27, 1980 Algal  Assay,  Continued 

TED-80ug Zn/L 

Control 

Control + EDTA 

TED-160ug Zn/L 

Control 

Control + EDTA 

Cells/ml 
26000 
66000 
67000 

Cells/ml 
190000 
230000 
250000 

Cells/ml 
2000 
2000 
3000 

Cells/ml 
200000 
200000 
21 0000 

Mean 
Cells/ml S . D .  

53000  23388 

Mean 
Cells/ml S.D. 

223333 30551 

Mean 
Cells/ml S.D. 

2333 577 

Mean 
Cells/ml S.D. 

203333 5774 
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TABLE 18 

CONCENTRAl IONS OF CHEMICALS I N  THE  COLUMBIA  RIVER 

ON SEPTEMB€R 17, 1980. CONCENTRATIONS OF ALL 

CHEMICALS  EXCEPT  HG ARE REPORTED I N  m g / L ;  

HG I S  I N  pg/L. PARAMETERS ARE L I S T E D  UNDER 

T H E I R  NAQUADAT  CODE  NUMBERS  AS  SUMMARIZED I N  TABLE 3 

*denotes  that  the  statistics  are  based  on  some L ( l e s s  than 

detection  limit)  values. 
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TABLE 19 

Concentrations (mg/L) of nutrients and dissolved metals in water used for the 
Septerber  1980 algal assay. Water fran each site was autoclaved, aerated 

with CO2, and filtered before these measurements were made. 
, t 

Geanetric Geometric 
S.D. &an S.D. ( A . F . )  Rep1 i cates Bean 

Bi rchbank 

Orthophosphate 
Nitrate plus 

Amnonia 
Total Dissolved 

Di ssol ved Zn 
Dissolved Cu 
Di ssol ved Fe 
Di ssol ved Mn 
Dissolved Cd 
Di ssol  ved Pb 
Di ssol ved Ni 

Waneta 
Orthophosphate 
Nitrate plus 

Amnonia 
Total  Dissolved 

Dissolved Zn 
Di ssol ved Cu 
Dissolved Fe 
,Dissolved Mn 
Di ssol ved Cd 
Dissolved Pb 
Di ssol ved Ni 

Nitrite 

Nitrogen 

Nitrite 

N i t rogen 

0.004  0.004  0.004 0.004 0.0 0.004 1 . 0000 

0.044 0.043 0.044 
0.009 0.007 0.005 

0.044 0.001 0.044 1.0129 
0.007 0.002 0.007 1.3430 

0.090 
0.001 
0.001 
0.007 
LO.01 
LO. 0005 
LO.001 
0.001 

0.085 
0.001 
LO. 001 
0.002 
LO.01 
LO. 0005 
LO. 001 
0.001 

0.080 
0.001 
0.002 
0.002 
LO.01 
LO.  0005 
LO.001 
LO.001 

0.085 
0.001 
0.001 
0.004 
LO.01 
LO. 0005 
LO.001 
0.001 

0.005 
0.0 
0.001 
0.003 
0.0 
0.0 
0.0 
0.0 

0.085 
0.001 
0.001 
0.003 
LO.01 
LO. 0005 
LO.001 
0.001 

1 .0607 
1 . 0000 
1.4923 
2.0612 
1 . 0000 
1 .moo 
1 . 0000 
1 . 0000 

0.006  0.005  0.006 0.006  0.001  0.006 1 .0954 

0.057 0.058 0.058 
0.039 0.040 0.039 

0.058 0.001 0.058 1 .0097 
0.039 0.001 0.039 1.0145 

0.110 
0.06 
0.002 
0.001 
0.01 
LO.  0005 
0.002 
LO.001 

0.110 
0.07 
0.002 
0.011 
0.02 
0.0012 
0.010 
0.009 

0.110 
0.07 
0.002 
0.003 
0.01 
0.0005 
0.002 
LO.001 

0.110 
0.07 
0.002 
0.005 
0.01 
0.0007 
0.005 
0.004 

0.0 
0.01 
0.0 
0.005 
0.01 
0.0004 
0.005 
0.005 

0.110 
0.07 
0.002 
0.003 
0.01 
0.0007 
0.003 
0.002 

1 . 0000 
1.0931 
1 . 0000 
3.3213 
1.4921 
1.6578 
2.5326 
3.5558 

Pend d'0rei 1 le River 
Orthophosphate 0.006 
Nitrate plus 
Nitrite 0.015 

Amnonia 0.015 
Total Di ssol ved 
N i t rogen 0.105 
Di ssol ved Zn LO.001 
Dissolved Cu 0.001 
Dissolved Fe 0.002 
Dissolved Mn LO.01 
Dissolved Cd LO. 0005 
Di ssol ved Pb LO.001 
Di ssol ved Ni LO.001 

0.006 0.006 0.006 0.000 0.006 1 .OS14 

1.0748 
1 .0404 

1.0272 
1 .oOOo 
1 .oooo 
1 .2638 
1 .OoOo 
1 ; 0000 
1 .OoOo 
1 . 0000 

0.017 
0.015 

0.015 
0.014 

0.016 
0.015 

0.001 
0.001 

0.016 
0.015 

0.110 
LO.001 
0.001 
0.003 
LO.01 
LO.  0005 
LO. 001 
0.001 

0.105 
0.001 
LO.001 
0.002 
LO.01 
LO. 0005 
LO. 001 
0.001 

0.107 
LO.001 
0.001 
0.002 
LO.01 
LO. 0005 
LO.001 
0.001 

0.003 
0.0 
0.0 
0.001 
0.0 
0.0 
0.0 
0.0 

0.107 
LO.001 
0.001 
0.002 
LO. 01 
LO.  0005 
LO.001 
0.001 
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TABLE 20 

D A I L Y  I N  V I V O  CHLOROPHYLL A R E A D I N G S  

(EXPRESSED AS RELATIVE FLUOROMETER U N I T S )  

FOR THE SEPTEMBER 1980 ALGAL  ASSAY 

T h e s e   r e a d i n g s   a r e   g r a p h e d   i n   F i g u r e  5 
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Dai ly   Rela t ive  Fluorometer  Readings 
September 19 - October 3, 1980 

Birchbank 

Control  

Day 1 
Day 3 
Day 4 
Day 5 
Day 6 
Day 7 
Day 10 
Day 1 1  
Day 12 
Day 13 
Day 14 

.0025 

.0039 

.0051 

.0066 

. 0080  

.010 

.014 

.015 

.016 

.017 

.018 

Control + EDTA 

Day 1 
Day 3 
Day 4 
Day 5 
Day 6 
Day 7 
Day 10 
Day 1 1  
Day 12 
Day 13 
Day 14 

.0023 

.0050 

.0070 

.012 

.013 

.017 

.023 

.022 

.022 

.02 1 

.022 

Control  + 20Oug Fe/L 

Day 1 
Day 3 
Day 4 
Day 5 
Day 6 
Day 7 
Day 10 
Day 1 1  
Day 12 
Day 13 
Day 14 

.0024 

.0040 

.0058 ' 

.0073 

.0085 

.014 

.027 

.025 

.023 

.023 

.023 

Repl i ca t e s  
.0025 .0026 
.0046 .0044 
.0068 .0065 
.0086 .0075 
.012 .0091 
.013 ,014 
.015 .024 
.013 .024 
.014 .027 
.012 .030 
.010 .029 

.0025 

.0043 

.0052 

.0050 

.0048 

.0050 

.0056 

.0052 

.0057 

.0054 

.0056 

.0023 

.0039 

.0050 

.0051 

.0052 

.0056 

.0060 

.0060 

.0055 

.0057 

.0057 

.0025 
,0048 
.0061 
.0089 
.016 
.027 
.030 
.029 
.029 
.030 
.029 

.0025 

.0042 

.006 1 

.0089 

.010 

.014 

.022 

.022 

.02 1 

.020 

.02 1 

Mean 
.0025 
.0043 
.0061 
.0076 
.0097 
.012 
.018 
.017 
.019 
.020 
,019 

.0024 

.0047 

.0061 

. 0086  

.011 

.016 

.020 

.019 

.019 

.019 

.019 

.0024 

.0040 

.0056 

.007 1 

.0079 

.011 

.018 

.018 

.016 

.016 

.017 

S. D. 
.OOOl 
.0004 
.0009 
.0010 
,002 1 
. 0 0 2  
.006 
.006 
.007 
.009 
.010 

. o o o  1 

.0004 
,0009 
.0035 
.006 
.011 
.013 
.012 
.012 
.012 
.012 

. ooo  1 

.0002 
,0006 
.0019 
.0025 
.005 
.011 
.010 
.010 
.009 
.009  
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D a i l y   R e l a t i v e  F l u o r o m e t e r   R e a d i n g s  
S e p t e m b e r   1 9  - October 3 ;   1 9 8 0 ,   C o n t i n u e d  

'1 , .: 

B i r c h b a n k  

Cont ro l  + EDTA + N 

Day 1 . 0 0 2 5  
Day 3 . 0 0 5 2  
Day 4 . 0 0 7 4  
Day 5 , 0 1 0  
Day 6 . 011  
Day 7 . 0 1 2  
Day 1 0   . 0 1 6  
Day 1 1  . 0 1 3  
Day 1 2   . 0 1 3  
Day 13 . 0 1 6  
Day 1 4   . 0 1 5  

C o n t r o l  + EDTA + P 

Day 1 
Day 3 
Day 4 
Day 5 
Day 6 
P a y  7 
Day 10  
Day 1 1  
Day 12  
Day 13 
Day 14  

W a n e t a  

C o n t r o l  

Day 1 
Day 3 
Day 4 
Day 5 
Day 6 
Day 7 
Day 1 0  
Day 1 1  
Day 12  
Day 1 3  
Day 1 4  

. 0 0 2 6  

. 0 0 7 3  

. 0 1 8  

. 0 3 7  

. 0 4 6  

. 0 4 6  

. 0 4 4  

. 0 4 4  

. 0 4 2  

. 0 4  1 

. 0 4 0  

. 0 0 2 3  

. 0 0 3 4  

. 0 0 4 6  

.0051  
, 0 0 5 8  
. 0 0 7 5  
. 0 1 7  
. 0 2 4  
. 0 3 5  
. 0 3 9  
. 0 5 0  

Repl ica tes  Mean 
. 0 0 2 5  
. 0 0 4 8  
. 0 0 6 8  
. 0 0 9 0  
. 0 0 8 9  
. 0 1 8  
.41  
. 4 8  
. 50  
. 5 0  
. 4 8  

. 0 0 2 6  

. 0073  

. 0 1 8  

. 0 3 7  

. 0 4  1 

. 0 4 3  

. 0 4 3  

. 0 4 3  

. 0 4  1 

.041  

. 0 3 9  

. 0 0 2 4  

. 0 0 3  1 

. 0 0 4 4  

. 0 0 5 3  

. 0 0 5 5  

. 0 0 8  1 

. 021  
, 0 3 2  
.044  
. 0 5 2  
. 0 6 0  

. 0 0 2 3  

.0051  

. 0 0 7 7  

. 0 1 1  
, 0 1 2  
. 0 1 3  
. 0 1 6  
. 0 1 5  
. 0 1 5  
. 0 1 5  
. 0 1 6  

. 0 0 2 6  

. 0 1 0  

. 0 3  1 

. 0 4 0  

. 0 4 0  

. 0 4 5  

. 0 4 4  

. 0 4 2  

. 0 4  1 

. 0 4 0  

. 0 3 9  

. 0 0 2 3  

. 0 0 3 0  

. 0 0 4 4  

. 0 0 4 6  
, 0 0 6 1  
. 0 0 8 0  
. 0 1 9 '  
, 0 2 4  
. 0 3 6  
. 0 4 4  
. 0 5  1 

. 0 0 2 4  

. 0 0 5 0  

. 0 0 7 3  

. 0 1 0  

.011  

. 0 1 4  

. 1 4 7  

. 1 6 9  

. 1 7 6  

. 1 7 7  

. 1 7 0  

. 0 0 2 6  

. 0 0 8 2  

. 0 2 2  

. 0 3 8  

. 0 4 2  

. 0 4 5  

. 0 4 4  

. 0 4 3  

. 0 4  1 

. 0 4  1 

. 0 3 9  

. 0 0 2 3  

. 0 0 3 2  

. 0 0 4 5  

. 0 0 5 0  

. 0 0 5 8  

. 0 0 7 9  

. 0 1 9  

. 0 2 7  

. 0 3 8  

. 0 4 5  

. 0 5 4  

S. D. 
. o o o  1 
. 0 0 0 2  
. 0 0 0 5  
. o o  1 
. 0 0 2  
. 0 0 3  
. 2 2 7  
. 2 6 9  
. 2 8  1 
. 2 8 0  
. 2 6 8  

. o o o o  

. 0 0 1 6  
, 0 0 8  
. 0 0 2  
. 0 0 3  
. 0 0 2  . 00  1 
. o o  1 
. o o  1 
. o o  1 
. o o  1 

. o o o  1 

. 0 0 0 2  

. O O O l  

. 0 0 0 4  

. 0 0 0 3  

. 0 0 0 3  

.002  

. 0 0 5  

. 0 0 5  

. 0 0 7  

. 0 0 6  
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Daily  Relative Fluorometer  Readings 
September 1 9  - October 3 ,   1 9 8 0 ,  Continued 

Waneta 

Control + EDTA 

Day 1 . 0 0 2 5  . 0 0 2 5  . 0 0 2 4  
Day 3 . 0 0 4 7  . 0 0 5 2  . 0 0 5 0  
Day 4 . 0 0 5 9  . 0 0 6 3  . 0 0 5 9  
Day 5 . 0 0 6 1  . 0 0 6 3  , 0 0 6 5  
Day 6 . 0 0 6 8  . 0 0 6 6  . 0 0 6 2  
Day 7 . 0 0 7 0  . 0 1 1  . 0 1 1  
Day 10   .0080  . 0 7  1 . 0 9 0  
Day 1 1  . 0 0 7 6  . 0 7 0  . 0 8 6  
Day 1 2   . 0 0 7 5  . 0 6 8  . 0 8 5  
Day 1 3   . 0 0 8 2  . 0 6 9  . 0 8 5  
Day 14   .008  1 . 0 7 0  , 0 8 8  

Replicates 

Control + 200ug Fe/L 

Day 1 
Day 3 
Day 4 
Day 5 
Day 6 
Day 7 
Day 10 
Day 1 1  
Day 12 
Day 13 
Day 14 

Control + P 

Day 1 
Day 3 
Day 4 
Day 5 
Day 6 
Day 7 
Day 10  
Day 1 1  
Day 12  
Day 13  
Day 14 

. 0 0 2 2  

. 0 0 2 6  

. 0 0 4 4  

. 0 0 5 2  

. 0 0 6 5  

. 0 0 8 3  

. 0 3 7  

. 0 4 6  

. 0 5 2  

. 0 5 2  

. 0 5  1 

. 0 0 2 3  

. 0 0 3 4  

. 0 0 5 0  

. 0 0 7  1 

.011 

. 0 1 4  

. 0 2 2  

. 0 2 6  

. 0 3 2  

. 0 3 5  

. 0 4 0  

. 0 0 2 2  

. 0 0 2 7  

. 0 0 4 6  

. '0053 

. 0 0 5 7  

. 0 0 7 7  
, 0 3 6  
. 0 4 9  
. 0 5 6  
. 0 5 9  
. 0 5 8  

. 0 0 2 4  

. 0 0 3 0  

. 0 0 4 0  

. 0 0 6 6  

. 0 0 9 4  

. 0 1 8  

. 0 4 4  

. 0 5 0  

. 0 5 4  

. 0 5 7  

. 0 5 6  

. 0 0 2 2  

. 0 0 2 6  

. 0 0 3 6  

. 0 0 4 3  

. 0 0 5 6  

. 0 0 7 0  

. 0 2 9  

. 0 4 0  

. 0 5 0  

. 0 5 6  

. 0 5 8  

. 0 0 2 4  

. 0 0 3 8  

. 0 0 6 3  

. 0 0 9 4  

. 0 1 7  

. 0 2 5  

. 0 5 7  

. 0 6 0  

. 0 6 0  

. 0 6  1 

. 0 5 4  

Mean 
. 0 0 2 5  
. 0 0 5 0  
.0060 
. 0 0 6 3  
. 0 0 6 5  
. 0 1 0  
. 0 5 6  
. 0 5 4  
. 0 5 4  
. 0 5 4  
. 0 5 5  

. 0 0 2 2  

. 0 0 2 6  

. 0 0 4 2  

. 0 0 4 9  

. 0 0 5 9  

. 0 0 7 7  

. 0 3 4  

. 0 4 5  

. 0 5 3  

. 0 5 6  

. 0 5 6  

. 0 0 2 4  

. 0 0 3 4  

. 0 0 5 1  

. 0 0 7 7  

. 0 1 2  

. 0 1 9  

. 0 4  1 

. 0 4 5  

. 0 4 9  

. 0 5 1  

. 0 5 0  

S. D. 
. o o o  1 
. 0 0 0 2  
. 0 0 0 2  
.0002  
. 0 0 0 3  
. 0 0 2  
. 0 4 3  
. 0 4  1 
. 0 4  1 
. 0 4  1 
. 0 4 2  

. o o o o  

. o o o  1 

. 0005  

. 0 0 0 6  

. 0 0 0 5  

. 0 0 0 6  

. 0 0 4  

. 0 0 5  

. 0 0 3  

. 0 0 4  

. 0 0 4  

. o o o  1 

. 0 0 0 4  

. 0 0 1 2  

. 0 0 1 5  

. 0 0 4  

. 0 0 6  

. 0 1 8  

. 0 1 7  

. 0 1 5  

. 0 1 4  

. 0 0 9  
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D a i l y   R e l a t i v e  F l u o r o m e t e r   R e a d i n g s  
S e p t e m b e r  19  - O c t o b e r  3 ,   1980 ,  C o n t i n u e d  . ; 

y I :  

Waneta  

C o n t r o l  + N 

Day 1 
Day 3 
Day 4 
Day 5 
Day 6 
Day 7 
Day 10  
Day 1 1  
Day 12 
Day 13 
Day 1 4  

, 0 0 2 4  
. 0 0 3 2  
, 0 0 4 5  
. 0 0 5 3  
. 0 0 5 8  
. 0 0 8 2  
. 0 2 9  
. 0 4 6  
. 0 6 0  
. 0 8 2  
. 1 2  

C o n t r o l  + P + N 

Day 1 
Day 3 
Day 4 
Day 5 
Day 6 
Day 7 
Day 10 
Day 1 1  
Day 12  
Day 13  
Day 14  

. 0 0 2 3  

.0040  

. 0 0 5 6  

. 0 0 8 6  

. 0 1 3  

. 0 1 8  

. 0 3 6  

. 0 3 8  

. 0 3 7  

. 0 3 9  

. 0 3 8  

C o n t r o l  + EDTA + P + N 

Repl ica tes  
. 0 0 2 3  . 0 0 2 2  
. 0 0 2 5  . 0 0 2 6  
. 0 0 3  1 . 0 0 3  1 
. 0 0 4 2  . 0 0 4 3  
. 0 0 4 2  . 0 0 4 6  
. 0 0 5 5  . 0 0 5 0  
. 0 1 2  . 0 0 5 4  
. 0 1 5  . 0 0 4 6  
. 0 2 3  . 0 0 3 8  
. 0 2 8  . 0 0 3 8  
. 0 4 0  . 0 0 3 2  

Day 1 
Day 3 
Day 4 
Day 5 
Day 6 
Day 7 
Day 10  
Day 1 1  
Day 12  
Day 13  
Day 1 4  

. 0 0 2 8  
, 0 0 9  1 
. 0 2 4  
. 0 7 5  
. 2 3  
. 4 5  
. 9 6  
1 . o  
1 . o  
1 .2 
1.2 

. 0 0 2 2  

. 0 0 4 0  

. 0 0 5 4  

. 0 0 8 3  

. 0 1 4  

. 0 1 8  
:042 
. 0 4 6  
. 0 5 0  
, 0 4 9  
. 0 4 9  

. 0 0 2 6  

. 0 1 2  

. 0 1 4  

. 1 3  

. 3 1  

. 4 9  

. 7 3  

. 7 6  

. 7 9  

. 8 3  

.81  

. 0 0 2 3  

. 0 0 3 0  

. 0 0 4 4  

. 0 0 5 5  

. 0 0 8 6  

. 0 1 0  

. 0 2 3  

. 0 2 8  

. 0 3 4  

. 0 4 0  

. 0 4 7  

, 0 0 2 7  
. 0 0 8 6  
. 0 2 4  
. 0 7 0  
. 1 9  
. 4 2  
. 8 6  
. 8 8  
. 8 9  
. 9 2  
. 9 0  

Mean 
. 0 0 2 3  
. 0 0 2 8  
. 0 0 3 6  
. 0 0 4 6  
. 0 0 4 9  
. 0 0 6 2  
. 0 1 6  
. 0 2 2  
. 0 2 9  
. 0 3 8  
. 0 5 4  

. 0 0 2 3  

. 0 0 3 7  

.005 1 

. 0 0 7 5  

. 0 1 2  

. 0 1 5  

. 0 3 4  

. 0 3 7  

. 0 4 0  

. 0 4 3  

. 0 4 5  

. 0 0 2 7  

. 0 0 9 9  

. 0 2  1 

. 0 9 2  

. 2 4  

. 4 5  . a 5  

. 8 8  

. 8 9  

. 9 8  

. 9 7  

S. D. 
. o o o  1 
.0004 
. 0 0 0 8  
. 0 0 0 6  
. 0 0 0 8  
. 0 0 1 7  
. 0 1 2  
. 0 2 2  
. 0 2 9  
. 0 4 0  
. 0 6 0  

. o o o  1 

. 0 0 0 6  
, 0 0 0 6  
. 0 0 1 7  
. 0 0 3  
.005  
. 0 1 0  
. 0 0 9  
. 0 0 8  
. 0 0 6  
. 0 0 6  

. o o o  1 

. 0 0 1 8  

. 0 0 6  

. 0 3 3  

. 0 6  

. 0 4  

. 1 2  

. 1 2  

. l l 

. 1 9  

. 2 0  
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D a i l y   R e l a t i v e  F l u o r o m e t e r   R e a d i n g s  
S e p t e m b e r   1 9  - October 3 ,  1 9 8 0 ,   C o n t i n u e d  

Wane ta  

Con t ro l  + 

Day 1 
Day 3 
Day 4 
Day 5 
Day 6 
Day 7 
Day 1 0  
Day 1 1  
Day 12  
Day 1 3  
Day 1 4  

EDTA + P 

. 0 0 2 5  

. 0 1 0  

. 0 3 2  

. 0 6 8  

. 0 7 4  
, 0 7 2  
. 0 6 8  
. 0 6 6  
. 0 6 4  
. 0 6 4  
. 0 6 2  

C o n t r o l  + EDTA + N 

Day 1 
Day 3 
Day 4 
Day 5 
Day 6 
Day 7 
.Day 10 
Day 1 1  
Day 12  
Day 1 3  
Day 1 4  

. 0 0 2 6  

. 0 0 7 3  

. 0 1 2  

. 0 1 4  

. 0 1 6  

. 0 3 0  

. 4 7  

. 5 2  

. 6 0  

. 6 6  

. 7 2  

P e n d  d ' 0 r e i l l e  R i v e r  

C o n t r o l  

Day 1 
Day 3 
Day 4 
Day 5 
Day 6 
Day 7 
Day 1 0  
Day 1 1  
Day 12  
Day 1 3  
Day 1 4  

. 0 0 2 3  

. 0 0 4 4  

. 0 0 6 6  

.0091 

.010 

. 0 1 4  

. 0 2 0  

.019 

. 0 2 0  

. 0 2 0  

. 0 2 2  

Rep l i ca t e s  
. 0 0 2 5  . 0 0 2 6  
. 0 1 5  . 0 0 9 3  
. 0 4 4  . 0 2 8  
. 0 7 5  . 0 6 8  
. 0 8 2  . 0 7 8  
. 0 7 8  . 0 8 5  
. 0 7 4  . 0 7 7  
. 0 7 2  . 0 7 6  
. 0 7 0  . 0 7 2  
. 0 6 8  . 0 7 2  
, 0 6 7  . 0 6 9  

. 0 0 2 5  

. 0 1 4  

. 0 3 9  

. 0 9  1 . 20. 

. 4 0  

.91  
1 . o  
1 .o  
1 . 1  
1 . 2  

. 0 0 2 5  

. 0 0 4 9  

. 0 0 6 5  

. 0 0 6 8  

. 0 0 7 0  

. 0 0 7 5  

. 0 0 7 5  

. 0 0 7 4  

. 0 0 7 4  

. 0 0 7 0  

. 0 0 7 2  

. 0 0 2 3  

. 0 0 6 4  

. O l O  

. 0 1 1  

. 0 2  1 

. 0 8  1 

. 4 7  

. 4 9  

. 5 2  

. 5 5  

. 5 6  

. 0 0 2 6  

. 0 0 4 4  

. 0 0 6  1 

. 0 0 8  1 

. 0 1 0  

. 0 1 4  

. 0 2 3  
, 0 2 3  
. 0 2 2  
. 0 2 3  
. 0 2 3  

Mean 
. 0 0 2 5  
. 0 1 1  
. 0 3 5  
. 0 7 0  
. 0 7 8  
, 0 7 8  
. 0 7 3  
. 0 7  1 
. 0 6 9  
. 0 6 8  
. 0 6 6  

. 0 0 2 5  

. 0 0 9 2  

. 0 2 0  

. 0 3 9  

. 0 7 9  

. 1 7 0  

. 6 2  

. 6 7  

.71  

. 7 7  

. 8 3  

. 0 0 2 5  

. 0 0 4 6  

. 0 0 6 4  

. 0 0 8 0  

. 0 0 9 0  

. 0 1 2  

. 0 1 7  

. 0 1 6  

. 0 1 6  

. 0 1 7  

. 0 1 7  

S. D. 
. o o o  1 
. 0 0 3  
. 0 0 8  
. 0 0 4  
. 0 0 4  
. 0 0 7  
. 0 0 5  
. 0 0 5  
. 0 0 4  
. 0 0 4  
, 0 0 4  

. 0 0 0 2  

. 0 0 4 2  

. 0 1 6  

. 0 4 5  

. l o 5  

. 2 0  1 

. 2 5  

. 2 9  

. 2 6  

. 2 9  

. 3 3  

. 0 0 0 2  

. 0 0 0 3  

. 0 0 0 3  

. 0 0 1 2  

. 0 0 1 7  

. 0 0 4  

. 0 0 8  

. 0 0 8  

. 0 0 8  

. 0 0 8  
, 0 0 9  
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D a i l y   R e l a t i v e  F luorometer   Readings  
September 19 - October  3, 1980, Continued 

Pend d'0reille River  

Con t ro l  + EDTA 

Day 1 
Day 3 
Day 4 
Day 5 
Day 6 
Day 7 
Day 10 
Day 1 1  
Day 12 
Day 13 
Day 14 

R e p l i c a t e s  
.CO25 .0025 ,0025 
.0055 .0048 .0051 
,0078 ,0069 .0085 
.011 .010 .013 
.012 .010 .020 
.037 .015 .024 
.023 .020 .02 1 
.023 .020 .020 
.022 ,019 .020 
.024 .019 .02 1 
.024 ,019 .02 1 

Cont ro l  + 2OOug Fe/L 

Day 1 
Day 3 
Day 4 
Day 5 
Day 6 
Day 7 
Day 10  
Day 1 1  

- Day 12 
Day 13 
Day 14 

.0025 

. 0 0 3 9  

.0058 

.010 

.013 

.022 
,022 
.022 
.022 
.023 

.01a 

.0024 

. 0 0 4 4  

.0065 

.010 

.012 

.018 

.020 

.019 
,019 
.019 
.019 

C o n t r o l  + EDTA + P 

Day 1 
Day. 3 
Day 4 
Day 5 
Day 6 
Day 7 
Day 10 
Day 1 1  
Day 12 
Day 13 
Day 14 

.0023 
,011 
. 0 2 4  
.029 
.030 
.030 
.029 
.029 
.027 
.027 
.026 

.0026 

.0096 

.015 

.017 

.017 

.017 

.018 

.016 

.017 

.016 

.016 

.0023 

. 0037  

.0060  

.0078 
,0093 
.012 
,015 
.014 
.015 
.017 
.016 

.0024 

.0070 

. 0 2 4  

.030  

.030 

.030 

.032 

.03 1 

.030 

.03 1 

.03 1 

Mean 
.0025 
.0051 
.0077 
.011 
.014 
.019 
.02 1 
.02 1 
.020 
.02 1 
.02 1 

.0024 
,0040 
.0061 
.009 
.01? 
.016 
.019 
.018 
.019 
.019 
.019 

.0024 

.0092 

.02  1 
,025 
.026 
.026 
,026 
.025 
.025 
.025 
.024 

S. D .  
. o o o o  
,0004 
.0008 
.002 
,005 
.005 
.002 
.002 
.002 
.003 
.003 

. o o o  1 

. 0 0 0 4  

.0004 
, o o  1 
.002 
.003 
.004 
.004 
.004 
.003 
. 0 0 4  

.0002 

.0020 

.005  

.007 

.008 

.008 

.007 

.008 

.007 

.008 

.008 
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Daily  Relative Fluorometer  Readings 
September 19 - October 3, 1980, Continued 

Pend  d'0reille  River 

Control + EDTA + N 

Day 1 
Day 3 
Day 4 
Day 5 
Day 6 
Day 7 
Day 10 
Day 1 1  
Day 12 
Day 13 
Day 14 

.0025 

.0053 

.0069 

.0083 ' 

.0092 

.011 

.015 

.014 

.016 

.015 

. 0 1 7  

Replicates 
.0025 .0026 
.0052 .0059 
.0077 .0096 
.014 .014 
.016 . o m  
.033 .036 
.50 .56 
.58 .66 
.64 .73 
.64 .74 
.60 .68 

Mean 
.0025 
.0055 
.008 1 
.012 
.014 
.027 
.36 
.42 
.46 
.46 
.43 

S. D. 
. o o o  1 
.0004 
.0014 
.003 
.005 
.014 
.30 
.35 
.39 
.39 
.36 
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FIGURE 5 

ALGAL  GROWlH INDICATED BY I N  V I V O  CHLOROPHYLL A 

(MEASURED I N  RELATIVE FLUOROMETER UNITS) 

FOR  THE  SEPTEMBER 1980 ALGAL ASSAY. 

POINTS PLOTTED ARE THE  MEANS OF 3 REPLICATES 

The  readings used f o r   t h e s e   g r a p h s   a r e   p r e s e n t e d   i n   T a b l e  20 
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Waneta 
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Pend d’0reille River 
September 1980 
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TABLE 21 

F I N A L   Y I E L D  OF EACH  ALGAL  ASSAY  TREATMENT 

FOR  THE  SEPTEMBER 1980 ASSAY.   THE  Y IELDS ARE EXPRESSED 

AS CELLS/ML  AND WERE MEASURED  WITH A HAEMOCYTOMElER 



- 113 - 

Cells/ml  on  Final D a y  
September 19 - October 3, 1980 A l g a l  A s s a y  

Birchbank 
Mean 

Cells/ml Cells/ml 
22000  
22000  
28000  

S . D .  

3464  
Control 

24000  

Mean 
Cells/ml Cells/ml 

44000 
2000 

80000 

S . D .  

39038  
Control + EDTA 

42000  

Mean. 
Cells/ml Cells/ml 

Control + 2OOug Fe/L 46000  
2000 

45000  

S . D .  

25120  3 1000  

Mean 
Ce 11 s/ml Cells/ml 

23000  
700000  

20000  

S . D .  

391   735  
Control + EDTA + N 

247667  

Mean 
Cells/ml Cells/ml 

50000  
51 000  
51 000  

S . D .  

577 
Control + EDTA + P 

50667  

Waneta 

Control 

Mean 
Cells/ml Cells/ml 

72000  
84000  
70000  

S . D .  

7572  7 5 3 3 3  

Mean 
Cells/ml Cells/ml 

8000 
230000  
250000  

S . D .  

134318 
Control + EDTA 

162667  
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Cells/ml  on  Final  Day 
September 19  - October 3 ,  1980 Algal  Assay,  Continued 

Waneta 

Control + 2 0 0 u g  Fe/L 

Control + P 

Control + N 

Control + P + N 

Control + EDTA + P + N 

Control + EDTA + P 

Control + EDTA + N 

Mean 
Cells/ml  Cells/ml 

98000  
120000 1 12667 
120000 

Mean 
Cells/ml  Cells/ml 

58000  
68000   64000  
66000  

Mean 
Cells/ml  Cells/ml 

28000   70000  
180000 

2000  

Mean 
Cells/ml Cells/ml 

28000  
54000   45667  
55000 

Mean 
Cells/ml  Cells/ml 

2000000 
1700000   1833333  
1800000 

Mean 
Cells/ml  Cells/ml 

170000 
190000   186667  
200000  

Mean 
Cells/ml  Cells/ml 

1000000  
2000000   1303333  

91 0000 

S .D. 

12702  

S.D. 

5292  

S . D .  

9 6 1 4 6  

S .D. 

15308  

S.D. 

152753 

S . D .  

15275 

S.D. 

605007 
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Cells/ml on Final Day 
September 19 - October 3 ,  1980 Algal  Assay,  Continued 

Pend  d'0reille  River 

Control 

Control + EDTA 

Control + 2OOug Fe/L 

Control + EDTA + P 

Control + EDTA + N 

Cells/ml 
55000 

7000 
58000 

Cells/ml 
46000 
36000 
44000 

Cells/ml 
53000 
26000 
23000 

Cells/ml 
60000 
26000 
8 4 0 0 0  

Cells/ml 
26000 

920000 
950000 

Mean 
Cells/ml 

40000 

Mean 
Cells/ml 

42000 

Mean 
Cells/ml 

34000 

Mean 
Cells/ml 

56667 

Mean 
Cells/ml 

632000 

S.D. 

2861 8 

S.D. 

5292 

S.D. 

16523 

S.D. 

291 43 

S.D. 

525026 
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TABLE 22 

C O N C E N l ' R A I I O N S  OF .CHEMICALS I N  THE  COLUMBIA  R IVER 

ON DECEMBER 2, 1980. CONCENTRATIONS OF ALL 

CHEMICALS  EXCEPT HG ARE  REPORTED I N  mg/L; 

HG I S   I N   p g / L .  PARAMETERS  ARE L I S T E D  UNDER 

T H E I R  NAQUADAI  CODE  NUMBERS  AS  SUMMARIZED I N  TABLE 3 

*denotes  that  the  statistics are based on some L (less  than 

detection  limit)  -values. 
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TABLE 23 

Concentrations (mg/L) of   nutr ients and dissolved  metals i n  water used fo r  the 
December  1980 algal assay. Water from each s i t e  was autoclaved,  aerated 

with C02, and f i l tered  before these measurements  were made. 

Geanetric Geometric 
Rep1 i cates Mean S.D. Mean S.O. (=G.F . )  

B i  rchbank 

Orthophosphate 
Nitrate  plus 

Amnonia 
Total  Dissolved 

D i  ssol ved Zn 
D i  ssol ved Cu 
D i  ssol ved  Fe 
D i  ssol ved Mn 
Dissolved Cd 
D i  ssol ved Pb 
D i  ssol ved N i  

N i t r i t e  

N i t rogen 

Waneta 

Orthophosphate 
N i  t rate  p lus 

Amnoni a 
Total  Dissolved 

D i  ssolved Zn 
D i  ssol ved Cu 
Dissolved Fe 
Dissolved Mn 
D i  ssol ved Cd 
D i  ssol ved Pb 
D i  ssol ved N i  

N i t r i t e  

Nitrogen 

0.003 0.002 0.003  0.003  0.001 0.003 1 .2639 

0.100 0.100 0.101 0.100 0.001 0.100 1 .0058 
0.008 0.009 0.014 0.010 0.003 0.010 1.3431 

0.160 
LO. 001 
0.002 
0.008 

LO.01 
LO. 0005 
LO. 001 
LO.001 

0.160 
LO. 001 
0.001 
0.004 

LO.01 
LO. 0005 
LO.001 
LO. 001 

0.160 
LO. 001 
LO.001 
LO. 001 
LO.01 
LO. 0005 
LO.001 
LO.001 

0.160 
LO.001 
0.001 
0.004 

LO.01 
LO. 0005 
LO.001 
LO.001 

0.0 
0.0 
0.001 
0.004 
0.0 
0.0 
0.0 
0.0 

0.160 
LO.001 
0.001 
0.003 

LO.01 
LO. 005 
LO.001 
LO.001 

1 . 0000 
1 .om0 
1.4923 
2.8830 
1 . 0000 
1 . 0000 
1 . 0000 
1 . 0000 

0.026 0.026 0.026  0.026 0.0 0.026 1 . 0000 

0.102 0.101 0.101 0.101 0.001 0.101 1 .0058 
0.016 0.017 0.014 0.016 0.002 0.016 1.1044 

0.170 
0.022 
0.001 
0.001 

LO.01 
LO. 0005 
LO.001 
LO. 001 

0.165 
0.022 
0.004 
0.001 
0.01 

LO. o005 
LO.001 
LO.001 

0.160 
0.022 
0.002 
0.003 

LO.01 
LO. 0005 
LO.001 
LO.001 

0.165 
0.022 
0.002 
0.002 

LO.01 
LO. 0005 
LO.001 
LO.001 

0.005 
0.0 
0.002 
0.001 
0.0 
0.0 
0.0 
0.0 

0.165 
0.022 
0.002 
0.001 

LO.01 
LO. 0005 
LO.001 
LO.001 

1 .0308 
1 . 0000 
2.0001 
1.8857 
1 .moo 
1 . 0000 
1 .moo 
1 .moo 
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TABLE 24 

DAILY IN CHLOROPHYLL A READINGS 

(EXPRESSED AS R E L A T l V E  FLUOROMETER UNITS)  

FOR THE DECEMBER 1980 ALGAL ASSAY 

These  readings  are  graphed i n   F i g u r e  6 
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Daily  Relative  Fluorometer  Readings 
December 4 - 16 ,   1980  

Birchbank 

Control 

Day 1 
Day 4 
Day 5 
Day 6 
Day 7 
Day 8 
Day 1 1  
Day 12 

Replicates 
.0024 .0025  .0026 .0023 .0024 
.0050 .0035  .0044 .0038 .0038 
.0060 .0038 .0055  .0042  .0041 
.0068  .0043  .0061 . 0 0 4 5  .0042  
.0068 .0038  .0062  .0039  .0040  
.0073 . 0 0 3 8 .  .0065 .0041  .0039  
.0062 .0033  .0062 .0040  .0032 
.0065  .0032  .0063 .0032  .0032  

Control + EDTA 

Day 1 
Day 4 
Day 5 
Day 6 
Day 7 
Day 8 
Day 1 1  
Day 12 

Waneta 

Control 

Day 1 
Day 4 
Day 5 
Day 6 
Day 7 
Day 8 
Day 1 1  
Day 12 

.0024 .0024  ,0025  . 0 0 2 5  .0024 

.0038 . 0 0 3 9  .0038  .0037 .0041 

.(IO42 .0041 .0043 .0038  .0040  

.0045 .0045  .0049 .0044  .0047 

.(lo43 .0037 .0047 .0037  .0044  

.0046 .0042  .0050  . 0 0 4 0  .0043  

.(IO38 .0037 .0046 .0036  .0040 

.0039 .0038  .0046 .0036  .0047 

.0024 .0023  .0022 .0023  .0026  

.022 .0092 .0070 .014  .021 

.058 .021 . 0 1 5  .038  .058 

.087 .052 ,040 .070 .087 

.10 .085  .091  .070 .093 

.080  .081 .084 .066  .086 

.070 .069  .084 .058  ,080 

.067 .066  .080 . 0 5 5  .073 

Mean 
.0024 
.004 1 
.0047 
,0052 
.0049 
.0051 
.0046 
.0045  

.0024  

.0039  

.0041 

.0046  

.0042 

.0044 

.0039 

.004 1 

.0024 

.015  

.038 

.067 

.088 

.079 

.072 

.068  

S. D. 
. o o o  1 
. 0006  
. 0 0 0 9  
. o o  1 1 
. 0014  
.0015  
.0013  
.0016  

. o o o o  

. o o o  1 

. 0002  

.0002  

. o o o c  

.0004  

.0004 

.0004  

. o o o  1 

.006 

.017 

.019  

.011 

.007 

.009  

.009  
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D a i l y   R e l a t i v e   F l u o r o m e t e r   R e a d i n g s  
December 4 - 1 6 ,   1 9 8 0 ,   C o n t i n u e d  

W a n e t a  . . .  , .. . i c  . 2 

. ,  

C o n t r o l  + 

Day 1 
Day 4 
Day 5 
Day 6 
Day 7 
Day 8 
Day 1 1  
Day 12  

EDTA 
Repl ica tes  

. 0 0 2 4  . 0 0 2 4  . 0 0 2 5  . 0 0 2 5  

. 0 3 8  . 0 3 6  . 0 2 2  . 0 3 4  
, 0 6 8  . 0 7 4  . 0 6 3  . 0 7 3  
. 0 6 4  . 0 6 8  . 0 8 0  . 0 7 4  
. 0 6  1 . 0 6 9  . 0 8 0  . 0 6 9  
. 0 6 0  . 0 6 5  . 0 7 9  . 0 6 6  
.051  . 0 6  1 . 0 7 0  . 0 6 8  
. 0 4 9  . 0 4 9  . 0 6 8  . 0 6 5  

C o n t r o l  + 200ug F e / L  

Day 1 
Day 4 
Day 5 
Day 6 
Day 7 
Day 8 
Day 1 1  
Day 12  

C o n t r o l  + P 

Day 1 
'Day 4 
Day 5 
Day 6 
Day 7 
Day 8 
Day 1 1  
Day 12  

Cont ro l  + N 

Day 1 
Day 4 
Day 5 
Day 6 
Day 7 
Day 8 
Day 1 1  
Day 1 2  

. 0 0 2 7  . 0 0 2 5  . 0 0 2 4  . 0 0 2 4  
, 0 1 9  . 0 1 9  . 0 1 2  . 0 1 4  
. 0 5 6  . 0 4 6  . 0 3 0  . 0 4 2  
. 0 7 8  . 0 8 9  . 0 7 4  . 0 8 3  
. 0 8 7  . 0 9 5  . 0 8 7  . 0 8 3  
. 082  .088  .081 .082 
. 0 7 4  . 0 8 4  . 0 7 8  .081  
. 0 7 0  . 084  . 0 7 8  . 0 8 0  

.OG26 . 0 0 2 6  , 0 0 2 4  . 0 0 2 4  

. 0 1 6  .011  . 0 1 4  . 0 1 4  

. 0 4 0  . 0 2 4  . 0 3 4  . 0 2 8  

. 0 6 7  . 0 5 2  . 0 5 9  .051  

. 0 8 0  . 0 7 4  . 0 7 5  . 0 7 2  

. 0 6 5  . 0 7 3  . 0 6 6  . 0 7 0  

. 0 6 2  . 0 5 8  . 0 6 3  . 0 5 9  

. 0 5 9  . 0 5 5  . 0 5 8  . 0 5 4  

. 0 0 2 4  

. 0 2 8  

. 0 7 3  
, 0 9 0  
. 0 8 5  
. 0 8 5  
. 0 8 2  
. 0 8 0  

. 0 0 2 3  

. 0 2 3  

. 0 5 2  

. 0 7 7  

. 0 7 7  

. 0 7 4  

. 0 6 8  

. 0 6 7  

. 0 0 2 5  

. 0 1 3  

. 0 3 5  

. 0 6 7  

. 0 7 6  

. 0 7 0  

. 0 6 3  

. 0 6 0  

. 0 0 2 4  . 0 0 2 4  . 0 0 2 7  . 0 0 2 4  . 0 0 2 5  

. 0 1 6  . 0 1 8  . 0 2 4  . 0 1 0  . 0 1 3  

. 0 4 0  . 0 4 6  . 0 5 6  . 0 2 3  . 0 3 4  

. 0 9 5  . l l  . 13  . 0 5 4  . 0 7 7  

. 1 9  . 1 9  . 1 9  . 1 3  . 1 4  

. 2 2  . 2 2  . 2 4  .18 . 2 0  

. 2 9  . 3 0  . 2 9  . 2 9  . 2 9  

. 3 0  . 2 9  . 2 8  . 3 0  . 2 7  

Mean 
. 0 0 2 4  
. 0 3 2  
. 0 7 0  
. 0 7 5  
. 0 7 3  
. 0 7  1 
. 0 6 6  
. 0 6 2  

. 0 0 2 5  

. 0 1 7  

. 0 4 5  

. 0 8 0  

. 0 8 6  

. 0 8  1 

. 0 7 7  

. 0 7 6  

, 0 0 2 5  
. 0 1 4  
. 0 3 2  
. 0 5 9  
. 0 7 5  
. 0 6 9  
. 0 6  1 
. 0 5 7  

. 0 0 2 5  

. 0 1 6  

. 0 4 0  

. 0 9 3  

. 1 7  

.21  

. 2 9  

. 2 9  

S .  D .  
. o o o o  
. 0 0 6  
. 0 0 4  
. 0 0 7  
:O 0 7 
. 0 0 8  
.008  
. 0 1 0  

. 0 0 0 2  

. 0 0 3  

. 0 0 9  

. 0 0 6  

. 0 0 5  

. 0 0 3  

.004  

. 0 0 6  

. O O O l  

. 0 0 2  

. 0 0 6  

. 0 0 7  

. 0 0 3  

. 0 0 3  

. 0 0 2  

.002  

. 000  1 

. 0 0 5  

. 0 1 2  

. 0 2 8  

. 0 3  

.02  

. o o  

.01  



- 123 - 

Daily  Relative  Fluorometer  Readings 
December 4 - 16,  1980, Continued 

Waneta 

Control + P + N 

Day 1 .0024 ,0022 .0026 .0028 
Day 4  .013 .0086 .018 .016 
Day 5  .028 .044 .044 .037 
Day 6 .058 .025, .10 .089 
Day 7 . l l  .043 .20 .18 
Day 8 .18 .068 .25 .28 
Day 1 1  .29 .17 .29 .44 
Day 12  .27 .I9 .29 .44 

Replicates 

Control + EDTA + P + N 

Day 1 
Day 4 
Day 5 
Day 6 
Day 7 
Day 8 
Day 1 1  
Day 12 

.0025 .0023 .0025 .0025 

.024 .020 .025 .018 

.066 .054 .077 .051 

.17 .13 .19 .15 

.24 .26 .24 .25 

.23 .27 .24 .23 

.20 .24 .20 .21 

.19 I .24 .20 .20 

Control + EDTA + P 

.0022 

.006 

.015 

.024 

.042 

.072 

.21 

.21 

.0025 

.029 

.08 

.17 

.20 

.19 

.17 

.16 

Day 1 
Day 4 
Day 5 
Day 6 
Day 7 
Day 8 
Day 1 1  
Day 12 

.0024 .0025 .0024 .0025 .0025 

.027 .018 .016 .025 .028 

.058 .051 .045 .055 .064 

.063 .071 .069 .063 .072 

.058 .070 * .058 .065 

.054 .067 .064 .055 ,057 

.048 .062 .059 .054 .058 

.046 .061 .055 .051 .055 

Control + EDTA + N 

Day 1 
Day 4 
Day 5 
Day 6 
Day 7 
Day 8 
Day 1 1  
Day 12 

.0025 .0023 .0023 .0023 .0027 
,048 .032 .029 .020 .042 
.15 .082 .078 .066 .13 
.23 .18 .17 .17 .24 
.27 .26 .27 .22 .29 
.25 .26 .27 .24 .29 
.24 .23 .24 .23 .27 
.25 .22 .23 .22 .26 

Mean 
.0024 
.012 
,034 
.059 
.12 
.I7 
.28 
.28 

.0025 

.023 

.066 

.16 

.24 

.23 

.20 

.20 

.0025 

.023 

.055 

.068 

.063 

.059 

.056 

.054 

.0024 

.034 

.lo1 

.20 

.26 

.26 

.24 

.24 

S. D. 
.0002 
.004 
,008 
.03 1 
.06 
.09 
.10 
. 09  

. o o o  1 

.003 

.011 

.02 

.01 

.02 

.02 

.02 

. o o o o  

.005 

.005 

.004 

.006 

.006 

.005 

.006 

. o o o  1 

.010 

.034 

.03 

.02 

.01 

.01 

.01 
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F I G U R E  6 

ALGAL GROWTH I N D I C A T E D   B Y   I N  V I V O  CHLOROPHYLL A 

(MEASURED I N   R E L A T I V E  FLUOROMETER U N I T S )  

FOR  THE  DECEMBER 1980 ALGAL  ASSAY. 

P O I N T S   P L O T T E D  ARE  THE  MEANS OF 5 R E P L I C A T E S  

The r e a d i n g s   u s e d   f o r   t h e s e   g r a p h s   a r e   p r e s e n t e d   i n   T a b l e  24 
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T A B L E  25 

F l N A L  Y I E L D  OF E A C H   A L G A L   A S S A Y   T R E A T M E N I  

FOR 1-HE DECEMBER 1980 A S S A Y .   T H E   Y I E L D S   A R E   E X P R E S S E D  

AS CELLS/ML AND WERE  MEASURED W I T H  A HAEMOCYTOMETER 
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Cells/ml  on  Final  Day 
December 4 - 1 6 ,   1 9 8 0  Algal  Assay 

Birchbank 

Control 

Control + EDTA 

Waneta 

Control 

Control + EDTA 

Control + 2 0 0 u g  Fe/L 

Control + P 

Mean 
Cells/ml  Cells/ml 

10000  
5 9 0 0   7 8 6 0  

1 1  0 0 0  
6 4 0 0  
6 0 0 0  

Mean 
Cells/ml  Cells/ml 

8 0 0 0  
6 0 0 0   8 6 0 0  

12000  
7 0 0 0  

10000  

Mean 
Cells/ml  Cells/ml 

150000  
180000   160000  
190000  
130000  
150000 

Mean 
Cells/ml  Cells/ml 

220000  
100000   170000  
180000  
170000  
180000  

Mean 
Cells/ml  Cells/ml 

180000  
250000   198000  
190000  
190000  
180000  

Mean 
Cells/ml  Cells/ml 

150000  
130000   144000  
150000  
140000  
150000  

S.D. 

2443  

S . D .  

2408  

S.D. 

24495  

S.D. 

43589  

S.D. 

29496  

S.D. 

8 9 4 4  
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Cells/ml  on  Final  Day 
December 4 - 16,  198C A l g a l  Assay,  Continued 

Waneta 

Control + N 

Control + P + N 

Control + EDTA + P + N 

Control + EDTA + P 

Control + EDTA + N 

Mean 
Cells/ml  Cells/ml 

600000  
580000  576000 
550000  
61 0000  
540000 

Cells/ml 
560000  
300000  
580000  
8 0 0 0 0 0  
320000  

Cells/ml 
300000  
3 6 0 0 0 0  
330000  
320000  
280000  

Cells/ml 
90000  

180000 
130000 
1 1  0000  
140000 

Cells/ml 
480000  
350000  
360000  
350000 
500000  

Mean 
Cells/ml 

51  2000 

Mean 
Cells/ml 

3 18000 

Mean 
Cells/ml 

130000 

Mean 
Cells/ml 

408000 

S . D .  

30496  

S.D. 

207171  

S.D. 

30332 

S . D .  

3391 2 

S.D. 

7 5 2 9 9  



- 131 - 

TABLE 26 

CONCENTKAl IONS OF CHEMICALS I N  THE  COLUMBIA  RIVER 

ON FEBRUARY 1 7 ,   1 9 8 1 .  CONCENTRATIONS OF A L L  

C H E M I C A L S   E X C E P l  HG  ARE  REPORTED I N  mg/L;  

HG I S   I N   p g / L .  PARAMET€RS  ARE  L ISTED  UNDER 

THEIR  NAQUAUA1 CODE NUMBERS  AS  SUMMARIZED I N  TABLE 3 

* d e n o t e s   t h a t   t h e   s t a t i s t i c s   a r e   b a s e d  on some L ( l e s s   t h a n  

d e t e c t i o n  limit) v a l u e s .  



- 132 - 

0+- \o\o0-0000(v0000+-00000000-  Ulcon-n 
0 0 m a 3 m o ~ o o o o ~ o o o o n ~ o 0 o o o o m o ~  ~ O O O ~ O  o w m o m o m o o o o ~ o o o o w m o o o o o o ~ o o  o + o ( v m -  
O - 0 0 0 0 f o 0 0 0 ~ 0 0 0 0 w f 0 0 o o o o m o o  0 0 0 0 0 0  LL . . . . . . . . . . . . .  

~ c c c c r ~ c c ~ c ~ ~  u 

I: 
0 
W 

z a 
W r . . . . . . . . . . .  . A d 0 0  . . .  , JOO . .  f (v 7 .m * JJ 

JJ 
. .* JJ . . 

J 
c 0 

0 ~ ~ ~ ~ 0 - 0 0 0 0 ~ 0 0 0 0 - ~ 0 0 0 0 0 0 -  -\o r N O m W Q 0 -  - *  * O O f O - O O N  

0 0 0 0 0 0 0 0 0 0 0 0  - .oooooo .oooo 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  * - 0  * .O * . O F O N . .  * - * - .  - . o  r N  d . . . . . . . . . . . .  00 . . . .  00; -. ~~ - . .  v, 

c + 
0 
a 

> 
w 
v) 

0 

a 

a 

m 
- 
K 
W > 

f 

n 0 

o n  r w  
e> n J  
00 

Ov) 
v) 

Z 

w 
- 
J 

v 9  
J - 
d e 
K 

W 
Z 

x 
2 ma 

W K  
ov  
z- 
a3m 
v e  
0 

0 
O K  

W 

a 

o m  or 

m a  

*: L 
a 

o m  

aJ  

O K  
Z 

z- 
"r e3 
e 0  m u  

n 
W 
> O  
d W  
O >  
InJ 
v)O 
-07 nv, 
s n  
- 

3 
-E 
w 3  
In- 

ea av  

gg 

8 .  
n 
W 

340 
o m w  

n w v )  

3 x n  

ooa 
a a w  

v)K> 
v)CJ 
" x 0  

EE- 
v) 

ET0 

O V J  

" 

n 
W 

3% 
o m z  
v)+a 
o w n  

v ) K W  

- x u  

L E U  
n 

33 

IL3 
K 

000 
KK-I  

v o u  

" 

rro 

.J 
0 

c w m  

n - .  SZS 
z 
O K K  
v w w  e+ 
-33 
v a a  

Edd 
LL 

W T P  
w e e  n w w  

n 

n-l > 
w o  J>v) 

+O- 
a-lv) 

cv) 000 

-s 
v ) O 3  

W I v )  
v)- 

Z D W  
0 - 2  
K O 0  

I V ) L  

W 

a o a  

- w  
W L L k  
J Z J  

U Z L  
K 

c w w  
J X X  

m o -  

w n n  

"- 
LLLLLL 

w w w  
333 n n o  "_ 
Cnmv) 
w w w  
K K K  

n n  w w  
W J J  

>> 
2 z z  
c m v )  
V" $ n o  
a w w  e n  
aa-  
OEg 
JJJ 
- 3 x  
v)v)V 

n 
?L.i 
.JJ 

Jv)K 

K - X  c o w  

w o m  
m w c  

5 A - l  
w w  

n x x  a v v  
W" 
JZZ 

0 

. J A W  . m e  
> w o  W E  

- I v ) K J J O W  

K - X v ) K W W  

w .  o m  

w o m > w - x  
m v ) c o m  
c n w v ) c v ) v )  x ".W w 
W K K O W Z Z  

unnzzo0 w w  aa 
- 0 O K K U U  
NOU---LT 

znnoozz  

r- 
I 

N 
0 
I 

Q3 

r 

c 

W 
c 
U 
0 

.. 



- 133 - 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 "c~crrc""""N-r""- ""7 c""~"""c 

O - - N C S W ~ 0 0 N W D 0 0 0 N - - 0 0 O D O O -  OmND\DmDt  * - * . r r J O 3 O N ~ - . ~  

n O O O O O O O O O O O D  - -oooooo .oooo . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o D D o D ~ o D o o o o o o ~  -D - .D - - .omom - - - 
0 0 .  0 0 . .  

- 0- 7 . . . . . . . . . . . .  . . .  . .  . .  
v) 

3 u n 
>. 
0 
v) 

0 

a 

a 

-I 

w 
K 

n 

K 
w > 

I: 
n a 

W 
Z 

5 

t * a. 
+a 
A K  
-U h 

0 z 
JO 
A 

t u  
c o  O I  
a z  w 

v) 

J 

x 
(u 

- 

J 

c t  
>> 
" 

I:=- - K L  

K J W  
000 

O V v )  
xon 

c- oa 
O K  
O C  

COO 
O-J 
V U  

0 
(L oz 
- e  w 

I -.>. 
. 0 DP: 

N -- 
- a  
I Z  

w z- .. "z 
w e 3  
t u i  u eo a v)v 

E% 

m m  

o m  



- 134 - 

TABLE 27 

Concentrations (mg/L) of orthophosphate and dissolved metals in water used for the 
February 1981 algal assay. Water fran each site was autoclaved, aerated with 

C02, and f i 1 tered before these measurements were made. 

Rep1 icates 
Geometric Geanetric 

W a n  5 .0 .  Mean S.D. ( 4 . F . )  

Bi rchbank 

Orthophosphate 
Oi ssol ved Zn 
Oi ssol ved Cu 
Oi ssol ved Fe 
Dissolved Mn 
Oi ssolved Cd 
Di ssol ved Pb 
Oi ssol ved Ni 

Waneta 

Orthophosphate 
Dissolved Zn 
Dissolved Cu 
Di ssol  ved Fe 
Di ssol ved Mn 
Di ssol ved Cd 
Dissolved Pb 
Dissolved Ni 

0.006 
0.001 
0.001 
0.017 
LO. 01 
LO. 0005 
0.001 
LO.001 

0.013 
0.008 
0.003 
0.030 
LO.01 
LO. 0005 
0.002 
LO.001 

0.006 
LO.001 
0.001 
LO.  001 
LO.01 
LO. 0005 
LO.001 
LO.001 

0.012 
0.009 
0.001 
0.002 
LO.01 
L0.0005 
0.003 
LO.001 

0.006 
LO.001 
0.001 
0.009 
LO.01 
LO. 0005 
LO. 001 
LO.001 

0.013 
0.009 
LO.001 
0.001 
LO.01 
LO. 0005 
0.003 
LO.001 

0.006 
LO. 001 
0.001 
0.009 
LO.01 
LO. 0005 
LO.001 
LO.001 

0.013 
0.009 
0.002 
0.011 
LO. 01 
LO.  0005 
0.003 
LO.001 

0.0 
0.0 
0.0 
0.008 
0.0 
0.0 
0.0 
0.0 

0.001 
0.001 
0.001 
0.016 
0.0 
0.0 
0.001 
0.0 

0.006 
LO.  001 
0.001 
0.005 
LO.01 
LO. 0005 
LO.001 
LO.001 

0.013 
0.009 
0.001 
0.004 
LO.  01 
LO. 0005 
0.003 
LO.001 

1 . 0000 
1 . 0000 
1 . 0000 
4.4219 
1 . 0000 
1 . 0000 
1 . 0000 
1 . 0000 

1.0473 
1 .0703 
1.8857 
6.0334 
1 .moo 
1 . 0000 
1 .2639 
1 .oooo 
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TABLE 28 

DAILY IN CHLOROPHYLL READINGS 

(EXPRESSED AS RELATIVE FLUOROMETER UNITS)  

FOR THE  FEBRUARY 1981 ALGAL  ASSAY 

T h e s e   r e a d i n g s   a r e   g r a p h e d   i n   F i g u r e  7 



- 136 - 

D a i l y   R e l a t i v e   F l u o r o m e t e r   R e a d i n g s  
F e b r u a r y . 1 9  - March  5,   1981 

B i r c h b a n k  

C o n t r o l  

Day 1 
Day 4 
Day 5 
Day 6 
Day 7 
Day 8 
Day 1 1  
Day 12 
Day 13 
Day 14 

Replicates  
. 0025  .0024  .0025  .I3026 .0026 
.011 .010  .012 .012  .012 
.01-0 .011  .011 .012 . 0 1 2  
.011  ,012  .012  .01'3 . 0 1 5  
.011 .012 .012  .013  .013 
.013 .012 .012  .014  .012 
. 0 1 2  .011 .011  .0'11 .011 
.013 . 0 1 2  .010 .011 .010 
.012 .012  .011  .012 .011 
.012 . 0 1 2  .010 .011 .011 

C o n t r o l  + EDTA 

Day 1 
Day 4 
Day 5 
Day 6 
Day 7 
Day 8 
Day 1 1  
Day 12 
Day 13 
Day 14 

.0026  .0027  .0024  .0026  .0025 

.011 .010  .015  .013  .014  

.010  .011  .016 .012  .014 

.013  .012 ,018 .014  .016  

.013 .012 .018 .015  .017 

.012 .012 .019  .013  .016 

.012 .011 ,018 . 0 1 4  .01,8 

.013 . 0 1 2  .020 . 0 1 5  .019  

.012 .012 .018 .015  .016 

.012 .013  .017 ,015  .017 

C o n t r o l  + 2OOug Fe/L 

Day 1 
Day 4 
Day 5 
Day 6 
Day 7 
Day 8 
Day 1 1  
Day 12 
Day 13 
Day 14 

.0025  .0024  .0025  

.0075 .0087  .0092  

.0079  . 0 0 8 6  .0094  
,0088 .010  .011 
.0089  .0096  .010  
.0089  .0093  .010 
.0086  .0095  .010 
.0089  .0094  .010 
.0087  , 0 0 9 6  .010 
.0089  .0096  .010 

Mean 
.0025 
.011 
.011 
.013 
.012 
.013  
.011 
.011 
.012  
.011 

.0026  

.013  

.013 

.015  

.015  

.014 

.015 

.016  

.015  

.015  

.0025  

.0085 

.0086  

.0099  

.0095  

.0094  

.0094 

.0094  

.0094 

.0095 

S. D .  
. o o o  1 
. o o  1 
.001 
.001 . 00  1 
. o o  1 
. o o o  
. o o  1 
. o o o  
. o o  1 

. o o o  1 

. 002  

.002 

.002 

.002  

. 0 0 3  

.003 

.003  

.003 

.002 

.0001 

.0,009 

.0008 

.0011 

.0006  

.0006  

.0007 

.0006 

.0007 

.0006  
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D a i l y   R e l a t i v e   F l u o r o m e t e r   R e a d i n g s  
F e b r u a r y   1 9  - March  5 ,  1 9 8 1 ,   C o n t i n u e d  

W a n e t a  

C o n t r o l  

Day 1 
Day 4 
Day 5 
Day 6 
Day 7 
Day 8 
Day 1 1  
Day 12  
Day 13 
Day 14  

. 0 0 2 6  

. 0 1 2  

. 0 2 7  

. 0 4 6  

. 0 6 8  

. 0 7 3  

. 0 9 9  

. 1 0  

. 1 0  

. 0 9 4  

C o n t r o l  + EDTA 

Rep l i ca t e s  
. 0 0 2 5  . 0 0 2 5  . 0 0 2 5  . 0 0 2 7  
. 0 2 0  . 0 1 4  . 0 2 9  . 0 2 3  
. 0 4  1 . 0 2 9  . 0 5 8  . 0 4 2  
. 0 6  1 . 0 5 2  . 0 8 0  .071  
. 0 7 6  . 0 7 5  . 0 9 6  . 0 9 3  
. 0 7 5  . 0 8 2  . 0 9 6  . 0 9 3  
. 0 8 7  . 0 9 3  . 1 0  . 1 0  

. 0 8 3  . 0 9 6  . 1 0  . 1 0  

.08  1 . 0 9 2  . l l  . 1 0  

. 0 8 5   . 0 9 0  . I  1 . I 2  

Day 1 
Day 4 
Day 5 
Day 6 
Day 7 
Day 8 
Day 1 1  
Day 12  
Day 1 3  
Day 14  

. 0 0 2 5  . 0 0 2 6  . 0 0 2 7  . 0 0 2 5  .(IO27 

. 0 2  1 . 0 2 5  . 0 4 0  . 0 3 3  . 0 3 3  

. 0 5 6  . 0 6 4  .080  . 0 7 5  . O B 4  

. 1 0  . l l  . I O  . l l  . 1 2  

. 1 2  . 1 3  . l l  . 1 2  . 1 4  

. 1 3  . 1 4  . 1 0  . 1 1  . 1 4  

. I 4  . 1 4  . I 2  . 1 2  .15 

. 1 4  . 15  . 1 2  . 1 4  . 1 4  

.15 . I 4  . l l  . I 2  . 1 4  

.15  .15  . l l  . 13  . 1 4  

C o n t r o l  + 2OOug Fe/L 

Day 1 
Day 4 
Day 5 
Day 6 
Day 7 
Day 8 
Day 1 1  
Day 12 
Day 13 
Day 14  

. 0 0 2 5  . 0 0 2 5  

. 0 3 4  .031  

. 0 6 5  .061  

. 0 8 0  . 0 7 6  

. 0 8 6  . 0 8 4  

. 0 8 4  . 0 7 9  

. 0 8 6  . 0 7 5  

. 0 8 6  . 0 7 7  

. 0 8  1 . 0 7 3  

. 0 8 5  .071  

.0031  . 0 0 2 5  . 0 0 2 5  

.G38 . 0 2 6  .030 

. 0 7 4  . 0 5 7  . 0 4 6  

. 1 0  . 1 0  . 0 5 5  

. l l  . l l  . 0 6 0  

. 1 2  . l l  . 0 5 6  

. 1 2  . 1 0  .060  

. 1 2  . 1 2  .060 

. 1 2  . 1 0  .060 

. 1 2  . 1 0  . 0 6 0  

Mean 
. 0 0 2 6  
. 0 2 0  
. 0 3 9  
. 0 6 2  
. 0 8 2  
. 0 8 4  
. 0 9 6  
. 1 0  
. 1 0  
. 0 9 5  

. 0 0 2 6  

. 0 3 0  

. 0 7 2  

. l l  

. 1 2  

. 1 2  

.13  

. 1 4  

.13  

. 1 4  

. 0 0 2 6  

. 0 3 2  

. 0 6  1 

. 0 8 2  

.090 

. 0 9 0  

. 0 8 8  

. 0 9 3  

. 0 8 7  

. 0 8 7  

S. D .  
. o o o  1 
. 0 0 7  
. 0 1 2  
. 0 1 3  
.011  
, 0 0 9  
. 0 0 5  
.01  
.01  
. 0 1 0  

.@OO 1 

. 0 0 7  

. 0 1 0  

. 0 1  

. 0 1  

. 0 2  

. 0 1  

. 0 1  

. 0 2  
- 0 2  

. 0 0 0 3  

. 0 0 4  

.007  

. 0 1 3  

. 0 1 5  

. 0 1 9  

. 0 1 8  

. 0 2  1 

. 0 1 9  

. 0 1 9  
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D a i l y   R e l a t i v e   F l u o r o m e t e r  Readings 
F e b r u a r y  19 - March 5, 1981, C o n t i n u e d  

Waneta  

C o n t r o l  + P 

Day 1 
' Day 4 

Day 5 
Day 6 

. Day 7 
Day 8 
Day 1 i 
Day 12 
Day 13 
Day 14 

C o n t r o l  + N 

Day 1 
Day .4 
Day 5 
Day 6 
Day 7 
Day 8 
Day 1 1  
Day 12 
Day 13 
Day 14 

.0025 

.027 

.056 

. l l  

.14 

.14 

.13 

.12 

.12 

.12 

Replicates  
.0025 .0026 .0025 .0025 
;026 .029 ' .031 .017 
.060 .063 .077 .038 
. l l  .12 .12 .075 
.14 .14 .13 .12 
.13 .14 .12 .14 
.13 .13 . l l  .15 
.13 .13 . l l  .15 
.13 .12 . l l  .13 
.12 .12 . l l  .14 

.0026 .0028 

.026 .032 

.044 .061 

.069 .12 

.083 .15 

.089 .15 

.10 .16 

. l l  .20 

.10 .18 

.10 .18 

C o n t r o l  + P + N 

.0026 .0026 .0024 

.026 .022 .027 
,.053 .046 .051 
.10 .088 .081 
.14 .13 . l l  
.14 .13 . l l  
.18 .17 .13 
.20 .19 .15 
.18 .17 .13 
.18 .18 .12 

Day 1 
Day 4 
Day 5 
Day 6 
Day 7 
Day 8 
Day 1 1  
Day 12 
Day 13 
Day 14 

.0025 .0026 .0027 .0025 .0024 

.024 .019 .020 .019 .028 

.056 .044 .041 .044 .062 

. l l  . l l  .079 .090 .14 

.16 .17 .14 .16 .23 

.20 .23 .19 .21 .26 

.27 .28 .28 .34 .32 

.28 .30 .32 .33 .36 

.26 .29 .30 .33 .36 

.25 .29 .31 .35 .35 

Mean S. D. 
.0025 . o o o o  
.026 ' .003 
.059 .009 
. l l  .01 
.13 .01 
.13 .01 
.13 .01 
.13 .01 
.12 .01 
.12 .01 

.0026 

.027 

.051 

.092 

.12 

.12 

.15 

.17 

.15 

.15 

.0025 

.022 

.049 

. l l  

.17 

.22 

.30 

.32 

.31 

.31 

. o o o  1 

.004 

.007 
,019 
.03 
.02 
.03 
.04 
.03 
.04 

. o o o  1 

.003 

.007 

.02 

.02 

.02 

.03 

.02 

.03 

.04 
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D a i l y   R e l a t i v e   F l u o r o m e t e r   R e a d i n g s  
F e b r u a r y   1 9  - M a r c h   5 ,   1 9 8 1 ,   C o n t i n u e d  

Wane ta  

Control  + EDTA + P + N 

Day 1 . 0 0 2 6  . 0 0 2 5  . 0 0 2 7  , 0 0 2 6  
Day 4 , 0 4 2  .041  . 0 4 8  . 0 6 2  
Day 5 . 1 3  . 1 2  . 1 2  . 1 5  
Day 6 . 2 2  . 2 2  . 2 2  . 2 3  
Day 7 . 2 6  . .27  . 2 9  . 2 9  
Day 8 . 2 5  .30  . 3 0  . 2 9  
Day 1 1  . 2 9  . 3 0  . 3 3  .31 
Day 1 2   . 3 0  . 3 5  . 37  .38 
Day 1 3   . 2 8  .31 . 3 4  .31 
Day 1 4  . 3 0  . 3 6  . 3 3  . 3 5  

Rep l i ca t e s  

C o n t r o l  + EDTA + P 

Day 1 
Day 4 
Day 5 
Day 6 
Day 7 
Day 8 
Day 1 1  
Day 12  
Day 13 
Day 14  

. 0 0 2 7  . 0 0 2 5  .0024  . 0 0 2 6  

. 0 3 6  . 0 3 2  .031  . 0 4 3  

.088  .081  .08  1 . l l  

. 1 3  . 1 4  . I 3  . 13  

. 1 4  . 1 5  . 15  . 1 4  

. 1 4  .15 . 1 5  . 1 4  

. 1 4  . 1 5  . 1 4  . 1 3  

. 1 4  . 1 5  . 1 3  . 1 4  

. 1 3  : 1 5 . 1 3  . 1 3  

. 1 3  . 1 5  . 1 3  . 1 3  

C o n t r o l  + EDTA + N 

Day 1 
Day 4 
Day 5 
Day 6 
Day 7 
Day 8 
Day 1 1  
Day 12  
Day 1 3  
Day 14  

. 0 0 2 6  , 0 0 2 5  . 0 0 2 6  . 0 0 2 5  

.024  .031  . 0 3 6  . 0 3 6  

. 0 6 3  . 0 7 6  . 0 8 3  . 0 8 7  

. l l  . 1 2  . 1 2  . 1 3  

. 1 4  . 1 3  . 1 4 '  . 1 6  

.13 . 1 3  . I 3  .15  

. 1 5  . 1 4  . 1 2  .18  

.18 .18 . 1 6  . 2 0  

. 1 6  . 1 7  . 1 5  . 1 7  

. 1 5  . 1 5  . 1 6  . 1 9  

. 0 0 2 5  

. 0 5 4  

. 1 4  

. 2 3  

. 2 9  

. 3 0  

. 3 7  

. 3 9  

. 3 8  

. 3 6  

. 0 0 2 6  

. 0 4 0  

. 0 9 5  

. 13  

. 1 4  

. 1 4  

. 1 3  

.13 

. 1 2  

. 1 3  

.0027  

. 0 2 7  

.067  

. 1 2  

.15 

. 1 4  

.15 

.18 

. 1 6  

. 1 7  

Mean 
. 0 0 2 6  
. 0 4 9  
. 1 3  
. 2 2  
. 2 8  
. 2 9  
. 3 2  
. 3 6  
. 3 2  
. 3 4  

. 0 0 2 6  

. 0 3 6  

.091  

. 1 3  

. 1 4  

. 1 4  

. 1 4  

. 1 4  

. 1 3  

. 1 3  

. 0 0 2 6  

. 0 3  1 

. 0 7 5  

. 1 2  

. 1 4  

. 1 4  

. 1 5  

.18 

. 1 6  

. 1 6  

S.  D. 
. o o o  1 
. 0 0 8  
.01  
. o o  
. 01  
. 0 2  
. 0 2  
. 0 3  
. 0 3  
. 0 2  

. 003  1 

. 0 0 5  

. 0 1 2  

. o o  

. 01  

.01 

.01 

.01  

.01 

.01  

. o o o  1 

. 0 0 5  

. 0 0 9  

.01  

.01  

.01  

.02  

. 01  

. 01  

. 0 2  
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FIGURE 7 

ALGAL GROWTH I N D I C A T E D   B Y   I N   V I V O  CHLOROPHYLL A. 

(MEASURED I N   R E L A T I V E  FLUOROMETER U N I T S )  

FOR THE  FEBRUARY 1981 ALGAL  ASSAY. 

FOR ALL  TREAlMENl 'S,   EXCEPT CONTROL + 2 0 0 ~ 9  F e / L  FROM 

BIRCHBANK,  THE  POINTS  PLOTTED ARE THE  MEANS OF 5 

REPLICAT€S.   THE  POINTS PLOTTED FOR CONTROL t 200pg  F e / L  

FROM BIRCHBANK ARE  THE  MEANS OF 3 R E P L I C A T E S  

T h e   r e a d i n g s  used f o r  t h e s e   g r a p h s  a r e  p r e s e n t e d  in T a b l e  28 
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Waneta 
February 1981 

m 
C .- 
U 
0 
a, 
CY 

E 
0 L 
0 
3 
G 
- 
a, > 
0 
a, 

.- + 
- 
0.001 I I 1 I I I I 

0 2 4 6 8 10  12  14 

Day 

Waneta 
February 1981 

I 
I 
I 
1 

Le,g e nd 
Control 

A + EDTA + P I 
0 + EDTA + N I 

I 
I 

Legend I 
0 Control 

A + P + N  I 
~, 0 + E D T A + P + N  I 

0 2 4 6 8 10 12 14 

Day 



- 1 4 4  -. 

TABLE 29 

F I N A L   Y I E L D  O F  EACH  ALGAL  ASSAY  TREATMENT 

FOR 7 - H E  FEBRUARY 1981 A S S A Y .   T H E   Y I E L D S  ARE EXPRESSED 

AS  CELLS/ML  AND WERE MEASURED  WITH A HAEMOCYTOMETER 

I 
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Cells/ml on Final  Day 
February 19  - March 5, 1981 Algal  Assay 

Birchbank 

Control 

Control + EDTA 

Control + 2 0 0 u g  Fe/L 

Waneta 

Control 

Control + EDTA 

Control + 2 0 0 u g  Fe/L 

Mean 
Cells/ml  Cells/ml 

10000 
11000   10320  

9600  
10000 
1 1  000 

Mean 
Cells/ml  Cells/ml 

10000 
10000   14600  
20000  
13000  
20000  

Mean 
Cells/ml  Cells/ml 

8000  
8600   8600  
9200  

Mean 
Cells/ml  Cells/ml 

120000  
1 1  0000  126000  
130000 
140000 
130000  

Mean 
Cells/ml  Cells/ml 

190000 
200000   184000  
140000  
180000  
21 0000  

Mean 
Cells/ml  Cells/ml 

95000 143200  
100000 

230000  
200000 

91 000 

S.D. 

642  

S.D. 

5079  

S.D. 

600  

S . D .  

1 1402 

S.D. 

2701 9 

S.D. 

6 6 4 7 3  

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



- 146 - 

m 
I 
I 
I 

Cells/mi on  Final  Day 
February 19 - March 5,   1981 A l g a l  Assay,  Continued 

Waneta 

Control + P 

Control + N 

Control + P + N 

I 
I 

Control + EDTA + P + N 

Control + EDTA + P 

Control + EDTA + N 

Mean 
Cells/ml  Cells/ml 

21 0000  
200000  21 0 0 0 0  
220000  
180000 
240000  

Mean 
Cells/ml  Cells/ml 

230000  
260000   236000  
250000  
240000  
200000  

Mean 
Cells/ml  Cells/ml 

350000  
370000   438000  
460000  
51 0 0 0 0  
500000  

Mean 
Cells/ml  Cells/ml 

360000  
51   0000  462000 
420000  
500000  
520000  

Mean 
Cells/ml  Cells/ml 

230000  
240000   234000  
240000  
230000  
230000  

Mean 
Cells/ml  Cells/ml 

240000  
250000   256000  
230000  
270000  
290000  

S . D .  

22361 

S.D. 

2 3 0 2 2  

S . D .  

7 3 9 5 9  

S.D. 

6 9 4 2 6  

S . D .  

5477  

S . D .  

24083  
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TABLE 30 

CONCENTRATIONS OF CHEMICALS I N  THE  COLUMBIA  RIVER 

ON JUNE 22,  1982. CONCENTRATIONS OF A L L  

CHEMICALS  EXCEPT HG ARE  REPORTED I N  mg/L; 

HG I S   I N  pg /L .  PARAMElERS ARE L I S T E D  UNDER 

THEIR  NAOUADAl  CODE NUMBERS  AS  SUMMARIZED I N  TABLE 3 

*denotes  that  the  statistics  are  based  on  some L (less  than 

detection  limit)  values. 
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TABLE 31a. 

z!&. '. - 
Concentrations (mg/L) of nutrients and metals in watzr f r o m  Birchbank at various 

stages of preparation for the June 1982 algal assay. 

... . . 

Rep1 icates 
Geanetric Geanetric 

Mean S.D. Mean S.D.(=G.F.) 

Untreated 

Total Phosphorus 
Extractable Zn 
Extractable Cu 
Extractable Fe 
Extractable Mn 
Extractable Cd 
Extractable Pb 
Extractable Ni 

Filtered Only 

Orthophosphate 
Nitrate plus 

Amnoni a 
Total Di ssol ved 

Di ssol ved Zn 
Di ssolved Cu 
Dissolved Fe 
Di ssol ved Mn 
Di ssol ved Cd 
Dissolved Pb 
Dissolved Ni 

Au toc 1 aved 

Extractable Zn 
Extractable Cu 
Extractable Fe 
Extractable Hn 
Extractable Cd 
Extractable Pb 
Extractable Ni 

Nitrite 

N i t rogen 

0.010 
0.001 
0.004 
0.05 
LO.01 
LO. 0005 
LO. 001 
LO.  001 

0.010 
0.001 
0.005 
0.07 
LO.01 
LO. 0005 
1.0.001 
LO.001 

0.009 
0.002 
0.005 
0.08 
LO.01 
LO. 0005 
LO.001 
LO.001 

0.010 
0.001 
0.005 
0.07 
LO.01 
LO. 0005 
LO. 001 
LO.001 

0.001 0.010 1.0627 
0.001 0.001 1.. 4923 
0.001 0.005 1.1315 
0.02 0.06 1.2740 
0.0 10.01 1 .moo 
0.0 LO. 0005 1 .OOOO 
0.0 LO.  001 1 . 0000 
0.0 LO.001 1 . 0000 

0.003  0.003  0.003 0.003 0.0 0.003 1 . 0000 

0.029 0.032 0.033 0.031 0.002 0.031 1 .0697 
0.004 0.005 0.007 0.005 0.002 0.005 1 .3254 

0.068 
0.002 
0.009 
0.005 
LO.01 
LO. 0005 
LO.001 
LO.001 

0.016 
LO.001 
0.004 
0.025 
LO.01 
L0.0005 
LO.001 
LO.001 

0.018 
0.001 
0.003 
0.006 
LO.01 
LO.  0005 
LO.001 
LO.001 

0.074 
0.001 
0.005 
0.012 
10.01 
LO. 0005 
LO.001 
LO.001 

0.005 
0.001 
0.003 
0.01 1 
0.0 
0.0 
0.0 
0.0 

0.074 
0.001 
0.005 
0.009 
10.01 
LO.  0005 
LO.001 
LO.001 

1.0156 
1.4923 
1.7618 
2.4140 
1 .0000 
1 . 0000 
1 . 0000 
1 .OoOo 

0.002 0.002 0.003 . 0,002 0.001 0.002 1.2638 
0.006 0.006 0.005 0.006 0.001 0.006 1.1109 
0.05 0.05 0.06 0.05 0.01 0.05 1.1110 
LO.01 LO.  01 0.01 LO.01 0.0 10.01 1 .OoOo 
L0.0005 10.0005 10.0005 L0.0005 0.0 LO.  0005 1 .OOOO 
LO.001 LO.001 LO.001 LO.001 0.0 LO.  001 1 . 0000 
LO.001 LO.001 LO.001 LO.  001 0.0 LO.  001 1 . 0000 
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TABLE 31a. (Continued) 

Rep1 icates 
Geanetric Geometric 

Mean S.D. Mean S.D. (=G.F.) 

Autoclaved,  Aerated with C02, F i  1 tered, 

Orthophosphate 
Ni t ra te  p lus 

Pmnoni a 
Total  Dissolved 

Dissolved 2n 
Dissolved Cu 
D i  ssol ved Fe 
D i  ssolved Mn 
D i  ssolved Cd 
D i  ssolved Pb 
D i  ssolved Ni 
D i  ssol ved Hg* 

N i t r i t e  

N i t rogen 

0.005 

0.031 
0.009 

0.088 
0.001 
0.003 
0.004 

LO. 01 
LO. 0005 
LO.001 
LO. 001 
LO. 05 

0.005 

0.031 
0.010 

0.085 
LO.001 
0.003 
0.002 

LO.01 
LO.0005 
LO.001 
LO.001 
LO. 05 

and pH adjusted 

0.005 0.005 

0.031 
0.010 

0.086 
0.001 
0.003 
0.003 

L0.01 
LO. 0005 
LO.001 
LO.001 
LO. 05 

0.031 
0.010 

0.086 
0.001 
0.003 
0.003 

LO.01 
10.0005 
LO.001 
LO. 001 
L0.05 

0.0 

0.0 
0.001 

0.002 
0.0 
0.0 
0.001 
0.0 
0.0 
0.0 
0.0 
0.0 

0.005 

0.031 
0.010 

0.086 
0.001 
0.003 
0.003 

LO.01 
LO. 0005 
LO.001 
LO. 001 
LO. 05 

1 .om0 

1 .oooo 
1 .0626 

1.0177 
1 . 0000 
1.0000 
1.4166 
1 . 0000 
1 . 0000 
1 . 0000 
1 . 0000 
1 .moo 

W g  measured i n  pg/L 
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TABLE 31b. 

Concentrations (mg/L) of nutr ients and metals i n  water fran Waneta a t  various 
stages of preparation for the June  1982 algal assay. 

Rep1 i cates 
Geometric Geometric 

Mean S . D .  k a n  S.D.(=G.F.) 

Untreated 

Total Phosphorus 
Extractable Zn 
Extractable Cu 
Extractable Fe 
Extractable Mn 
Extractable Cd 
Extractable Pb 
Extractable N i  

F i l te red  Only 

Orthophosphate 
Ni t rate  p lus 

Amnonia 
Total  Dissolved 

D i  ssol ved Zn 
D i  ssol ved Cu 
D i  ssolved Fe 
D i  ssol ved Mn 
D i  ssol ved Cd 
D i  ssol ved Pb 
Di  ssolved N i  

Autoclaved 

Extractable Zn 
Extractable Cu 
Extractable Fe 
Extractable Mn 
Extractable Cd 
Extractable Pb 
Extractable N i  

N i t r i t e  

N i t rogen 

0.012 
0.019 
0.004 
0.025 

LO.01 
LO. 0005 
LO. 001 
LO.001 

0.012 
0.020 
0.004 
0.025 

LO.01 
LO. 0005 
LO.001 
LO. 001 

0.013 
0.022 
0.006 
0.041 

LO.01 
LO. 0005 
0.001 

LO.001 

0.012 
0.020 
0.005 
0.030 

LO.01 
LO. 0005 
LO. 001 
LO.001 

0.001 
0.002 
0.001 
0.009 
0.0 
0.0 
0.0 
0.0 

0.012 
0.020 
0.005 
0.029 

10.01 
LO. 0005 
LO.001 
LO. 001 

1.0473 
1.0772 
1 .2639 
1 .3306 
1 . 0000 
1 . 0000 
1 . 0000 
1 . 0000 

0.004 0.003 0.003 0.003 0.001  0.003 1.1808 

0.038 0.032 0.032 0.034 0.004 0.034 1.1043 
0.022 0.021 0.035 0.026 0.008 0.025 1 .3264 

0.089 
0.017 
0.010 
0.003 

LO.01 
LO. 0005 
0.002 

LO. 001 

0.088 
0.018 
0.002 
0.003 

LO.01 
LO. 0005 
LO.001 
LO. 001 

0.092 0.090 
0.018 
0.006 
0.003 

LO.01 
LO. 0005 
0.002 

LO.001 

0.002 
0.001 
0.006 
0.0 
0.0 
0.0 
0.001 
0.0 

0.090 
0.018 
0.004 
0.003 

LO. 01 
LO. 0005 
0.001 

LO.001 

1 .0233 
1.0410 
3.1206 
1 .om0 
1 . 0000 
1 . 0000 
1 .6325 
1 . 0000 

0.013 0.020 0.011 0.015 0.005 0.014 1.3613 
0.005 0.005 0.005 0.005 0.0 0.005 1 . 0000 
0.05 0.33 0.05 0.14 0.16 0.09 2.9728 

LO.01 LO.01 LO.01 LO.01 0.0 10.01 1 . 0000 
LO.OOO5 L0.0005 L0.0005 L0.0005 0.0 L0.0005 1 .WOO 
0.002 0.005 0.002 0.003 0.002 0.003 1.6974 

LO.001 LO.001 LO.001 LO.001 0.0 LO.001 1 .om0 
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1 ti nued) 

Rep1 i cates 
G m t r i c  Geometric 

Hean S.D.  Hean  S.D.(=G.F.) 

Autoclaved, Aerated with C02,  Filtered, and pH adjusted 

Orthophosphate 
Nitrate plus 

hnnoni a 
Total Di ssolved 

Dissolved Zn 
Di ssol ved Cu 
Dissolved Fe 
Dissolved Mn 
Di ssol ved Cd 
Oi ssol ved Pb 
Di ssol ved N i  
Di ssol ved Hg* 

Nitrite 

Nitrogen 

0.007  0.007 

0.035 0.036 
0.019 0.020 

0.106 0.106 
0.015 0.016 
0.004 0.005 
0.016 0.020 
LO.01 LO.01 
LO. 0005 LO. 0005 
0.001 0.001 
LO.001 LO.001 
LO.  05 LO. 05 

0.008 0.007 

0.034 0.035 
0.020 0.020 

0.101 0.104 
0.017 0.016 
0.006 0.005 
0.032 0.023 
LO.01 LO.01 
LO. 0005 LO. 0005 
0.001 0.001 
LO.001 LO.001 
LO.  05 LO. 05 

0.001  0.007  1.0801 

0.001 0.035 1 .028a 
0.001 0.020 1 .0298 

0.003 0.104 1 .0283 
0.001 0.016 1 .0645 
0.001 0.005 1.2251 
0.008 0.022 1.4245 
0.0 LO.01 1 . 0000 
0.0 LO. 0005 1 . 0000 
0.0 0.001 1 . 0000 
0.0 LO.001 1 . 0000 
0.0 LO. 05 1 . 0000 
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TABLE 31c. 

Concentrations (mg/L) of nutrients and metals in water from Cominco sewer #8 
at various stages of. preparation for the June 1982 algal assay. 

Rep1 i cater; 
Geanetric Geunetric 

Hean S.D. Hean  S.D.(=G.F.) 

Untreated 

Total  Phosphorus 
Extractable Zn 
Extractable Cu 
Extractable Fe 
Extractable Mn 
Extractable Ni 

F i 1 tered 

Orthophosphate 
Nitrate plus 

Amnoni a 
Total Di ssol ved 

Di ssol ved Zn 
Di ssolved Cu 
Dissolved Fe 
Di ssol ved Mn 
Di ssolved Pb 

Autoclaved 

Extractable Zn 
Extractable Cu 
Extractable Fe 
Extractable Hn 
Extractable Ni 

Nitrite 

N i t rogen 

0.044 
36. 
0.07 
1.4 
9.4 
LO. 001 

0.015 

0.039 
24.1 

24.8 
30. 
0.09 
0.80 
7.3 
LO.  001 

34. 
0.08 
1.2 
9.6 
LO. 001 

0.044 

0.08 
1.4 
9.3 
LO. 001 

36. 

0.015 

0.035 
24.5 

24.7 
30. 
0.08 
0.80 
7.4 

LO. 001 

35. 
0.06 
1.2 
9.6 
LO.001 

0.045 
36. 
0.07 
1.4 
9.2 
LO.001 

0.015 

0.035 
22.8 

24.8 
28. 
0.09 
0.66 
6.7 
LO.001 

29. 
0.07 
0.92 
8.0 
LO.001 

0.044 
36. 
0.07 
1.4 
9.3 
LO. 001 

0.015 

0.036 
23.8 

24.8 
29. 
0.09 
0.75 
7.1 
LO.001 

33. 
0.07 
1.1 
9.1 
LO.001 

Autoclaved, Aerated with C02, Filtered, and pH adjusted 

Orthophosphate 
Nitrate plus 

Pmnoni a 
Total  Dissolved 

Dissolved Zn 
Dissolved Cu 
Di ssol ved Fe 
Di ssol ved Mn 
Di ssol ved Pb 

Nitrite 

Ni t rogen 

0.037 

0.022 
25.8 

27.5 
29. 
0.07 
0.80 
8.0 
LO.001 

0.037 

0.016 
25.5 

27.9 
29. 
0.07 
0.95 
9.0 
LO.001 

0.037 

0.016 
26.3 

28.3 
34 * 
0.07 
1.4 
9.5 
LO.001 

0.037 

0.018 
25.9 

27.9 
31. 
0.07 
1 .o 
8.8 
LO.001 

0.001 
0.0 
0.01 
0.0 
0.10 
0.0 

0.0 

0.002 
0.9 

0.1 
1. 
0.01 
0.08 
0.38 
0.0 

3. 
0.01 
0.16 
0.92 
0.0 

0.0 

0.004 
0.4 

0.4 
3. 
0.0 
0.31 
0.76 
0.0 

0.044 
36. 
0.07 
1.4 
9.3 
LO. 001 

0.015 

0.036 
23.8 

24.8 
29. 
0.09 
0.75 
7.1 
LO.001 

33. 
0.07 
1.1 
9.0 
LO.001 

0.037 

0.018 
25.9 

27.9 
31. 
0.07 
1 .o 
8.8 
LO.001 

1.0131 
1 . 0000 
1.0801 
1 . 0000 
1.0108 
1 . 0000 

1 . 0000 

1 .0644 
1 .0383 

1 . 0000 
1 .0405 
1.0703 
1.1175 
1 .OS53 
1 . 0000 

1.1065 
1.1548 
1.1658 
1.1110 
1 . 0000 

1 .moo 

1.2018 
1.0155 

1.0142 
1 .0962 
1 .woo 
1.3320 
1.0918 
1 . 0000 
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TABLE 31d. 

Canposition of  the TED-70pg  Zn/L d i lu t ion   o f  Caninco eff luent 
used for the June  1982 algal assay. Concentrations o f  a l l  

chemicals except Hg are  reported i n  mg/L; Hg i s   i n  pg/L 

Rep1 i cates 
Geanetric  Geanetric 

Hean S.D. k a n  S.D.  (=G.F.) 

Orthophosphate 
Nitrate  plus 

Pmnonia 
Total D i  ssol ved 

D i  ssolved Zn 
Dissolved Cu 
D i  ssolved Fe 
D i  ssolved Mn 
D i  ssolved Cd 
Dissolved Pb 
D i  ssol ved N i  
D i  ssolved Hg 

N i t r i t e  

Nitrogen 

0.007 

0.034 
0.067 

0.195 
0.07 
0.006 
0.005 
0.02 

LO. 0005 
0.003 

LO.001 
0.05 

0.007 

0.035 
0.084 

0.214 
0.07 
0.006 
0.008 
0.02 

LO. 0005 
0.002 

LO.001 
0.05 

0.034 
0.074 

0.182 
0.07 
0.005 
0.008 
0.02 

LO. 0005 
0.002 

LO.001 

0.007 

0.034 
0.075 

0.197 
0.07 
0.006 
0.007 
0.02 

LO. 0005 
0.002 

LO.001 
0.05 

0.0 

0.001 
0.008 

0.016 
0.0 
0.001 
0.002 
0.0 
0.0 
0.001 
0.0 
0.0 

0.007 

0.034 
0.075 

0.197 
0.07 
0.006 
0.007 
0.02 

LO. 0005 
0.002 

LO.001 
0.05 

1 . 0000 

1.0167 
1.1200 

1.0847 
1 . 0000 
1.1109 
1.3117 
1 . 0000 
1 . 0000 
1.2638 
1 .woo 
1 . 0000 
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TABLE 32 

DAILY IN VIVO CHLOROPHYLL A READINGS 

(EXPRESSED AS R E L A T I V E  FLUOROMETER U N I T S )  

FOR  THE JUNE 1982 ALGAL  ASSAY 

These readlngs  art?  graphed In F l g u r e  8 
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D a i l y  Relative F ' l u o r o m e t e r   R e a d i n g s  
J u n e  23 - July 7, 1982 

B i r c h b a n k  

C o n t r o l  

Day 1 
Day 2 
Day 4 
Day 5 
Day 6 
Day 8 
Day 1 1  
Day 12 
Day 13 
Day 14 

.0004 

. o o  1 1 

.0058 

. 0059  

.0062 

.0077 

.0073 

.0077 

.0087 

.0070 

C o n t r o l  + EDTA 

Day 1 
Day 2 
Day 4 
Day 5 
Day 6 
Day 8 
Day 1 1  
Day 12 
Day 13 
Day 14 

.0005 

. o o  1 1 

.0059 

.0054 

.0054 

.0069 

.0077 

.0073 

.0077 

.0069 

Repl ica tes  
.0005 . 0005  
.oo  1 1 .0012 
.0075 .014 
.0082 .016 
.0080 .016 
.010 .02 1 
.013 .025 
.016 ,025 
.012 .025 
.011 ,022 

.0010 

.0013 

.010 

.012 

.012 

.0092 

.016 

.015 

.015 

.015 

C o n t r o l  + EDTA + 200ug Fe/L 

Day 1 
Day 2 
Day 4 
Day 5 
Day 6 
Day 8 
Day 1 1  
Day 12 
Day 13 
Day 14 

.0004 

.0013 
,0045 
.004 1 
.0045 
.0058 
.0058 
.0049 
.0051 
.0050 

.0006 

.0012 

.0035 

.0032 

.003 1 

.0043 

.0044 

.0042 

.004 1 

.0040 

.0005 

.0012 

.0090 

.021 

.027 

.032 

.034 

.033 

.034 

.032 

.0008 

.0011 

.0046 
,0034 
.0035 
.0043 
.0049 
.0049 
.0045 
.0042 

Mean 
.0005 
. oo  1  1 
.0091 
,0100 
.0101 
.013 
.015 
.016 
>.015 
.013 

S .  D. 
. o o o  1 
. o o o  1 
.0043 
.0053 
.0052 
.007 
.009 
.009 
.009 
.008 

E 
E 

1 
1 
1 
1 

.0007 

.0012 

.0083 

.013 

.015 

.0160 

.019 

.018 

.019 
,018 

.0006 

.0012 

.0042 

.0036 

.0037 

.0048 

.0050 

.0047 

.0046 

.0044 

.0003 

.OOOl 

.002 1 

.008 

.011 

.0139 

.013 

.013 

.014 

.013 

.0002 

.OOOl 

.0006 

.0005 

.0007 

.0009 

.00@7 

.0004 

.0005 

.0005 
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Daiiy Relative  Fluorometer  Readings 
June 23 - July 7, 1982,  Continued 

Birchbank 
$.: 9 

Control + 200ug  Fe/L 

Day 1 .0004 . O O O 4  .0006 
Day 2  ,0006 .0010 . o o  1 1 
Day 4  .0032 .0092 .0037 
Day 5  .0034 .014 .0036 
Day 6  .0@3 1 .018 .0038 
Day 8 .0039 .022 .0042 
Day 1 1  .0046 .024 .0049 
Day 12  .0047 .020 .0046 
Day 13 .0043 .02 1 .0044 
Day 14 . 0038  .022 .0040 

Replicztes 

Control + EDTA + N + 2OOug  Fe/L 

Day 1 
Day 2 
Day 4 
Day 5 
Day 6 
Day 8 
Day 1 1  
.Day 12 
Day I3 
Day 14 

. a 0 0 4  

.0012 

. 0 0 4 0  

.0037 

. 0 0 4  1 

.0045 

.0046 

.0051 

.0047 

.0045 

. 0 0 0 4  

.0010 

.0032 

.003 1 

. 0 0 3 2  
,0034 
.0043 
.0037 
.0038 
.0038 

Control + EDTA + P + 2OOug  Fe/L 

Day 1 
Day 2 
Day 4 
Day 5 
Day 6 
Day 8 
Day 1 1  
Day 12 
Day 13 
Day 14 

.0004 

.OGlO 

.015 

.031 

.036 

.038 

.039 

.037 

.037 

.035 

.0005 

.0013 

.O’l 1 

.026 

.032 

.033 

.039 

.040 

.040 

.039 

.0004 
,0010 
.0037 
.0040 
. 0 0 4 0  
.0042 
.0049 
.005 1 
.0048 
.0046 

.0003 

.0018 . 

.016 

.033 

.033 

.035 

.042 

.035 

.036 

.035 . 

Mean 
,0005 
. 0009  
.0054 
.0070 
.0083 
.0100 
.0112 
.0098 
.0099 
.0099 

,0004 
. o o  1 1 
. 0036  
.0036 
.0038 
, 0 0 4 0  
.0046 
.0046 
.0044 
.0043 

.0004 

.0014 

.014 

.030 

.034 

.035 

.040 

.037 

.038 

.036 

S. D.  
. o o o  1 
.0003 
.0033 
.006 1 
.0084 
.0104 
.0111 
.0089 
.0096 
.0104 

. o o o o  

. o o o  1 
- 0 0 0 4  
.0005 
.0005 
.0006 
.0003 
. o o o e  
.0006 
.0004 

. o o o  1 

.0004 

.003 

.004 

.002 

.003 

. 0 0 2  

.003 

.002 

.002  



- 160 - 

D a i l y   R e l a t i v e  F l u o r o m e t e r   R e a d i n G s  
J u n e  23 - J u l y  7 ,   1982 ,  C o n t i n u e d  

W a n e t a  

C o n t r o l  

Day 1 
Day 2 
Day 4 
Day 5 
Day 6 
Day 8 
Day 1 1  
Day 12 
Day 13 
Day 14 

R e p l i c a t e s  
. o o o o  .OOOl . o o o  1 
. o o  1 1 . 0 0 1 6  .002 1 
. 015  . 0 1 4  .020  
.023  . 0 1 9  . 0 2 5  
.024  . 0 2 2  .030 
.027  .025  .039  
. 0 2 €  . 0 2 0  .042 
.025  . 0 2 9  .os 1 
.027 .026  .040  
.026  . 0 2 5  . 0 3 6  

C o n t r o l  + EDTA 

Day 1 

Day 4 
Day 5 
Day 6 
Day 8 
Day 1 1  
Day 12 
Day 13 
Day 14 

m y  2 
. 0002  
.0021  
.027  
.036  
.040 
.G44 
.054 
.061  
.051 
.048 

.0004  

. 0 0 2 7  

. 0 2  1 

. 0 2 4  

. 0 3 0  

. 0 3 4  
, 0 3 8  
. 0 3 3  
, 0 3 8  
.035  

C o n t r o l  + EDTA + 2 0 0 u g  Fe /L  

Day 1 
Day 2 
Day 4 
Day 5 
Day 6 
Day 8 
Day 1 1  
Day 12 

\ Day 13 
Day 1 4  

. o o o  1 

. 0014  

.0096 

.0091  

.011 

.013 

. 0 1 6  

.013 

.014 

.013  

.0002  

. 0 0 1 8  

. 0 0 9 9  

.01G 

. 0 1 2  

.013  

. 0 1 6  

. 0 1 5  

. 0 1 4  

.013  

.OOOl 

.0018 

. 0 2 6  

.034  

.036  

.040  

.044  

.04  1 

. 0 4 5  

.042 

. o o o o  

.0018 

.0099  

.011 

.011 

.014 

.016  

.014 

.014 

.014 

Mean 
. o o o  1 
. 0016  
. 0 1 6  
.022 
.025  
.030  
.029 
.032 
.03  1 
. 029  

.0002  

.0022 

.025  

.03  1 

. 0 3 5  

.039  

. 0 4 5  

.045 

. 0 4 5  

.042 

. o o o  1 

.0017 

.0098 

.010 

.011 

.013 

.016 

.014  

.014 

. O ?  3 

S. D. 
. o o o o  
.0005 
.003  
,003  
.004 
.008 
.011  
.008 
.008 
,006  

.0002  

.0005 

.003 

.006  

.005  

. 0 0 5  

.008 
.. 0 1 4 
.007 
.007  

. o o o  1 

.0002 

.0002  

. o o  1 

. o o  1 

. o o  1 

. o o o  

. o o  1 

. o o o  

. o o  1 
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Dai ly   Re la t ive   F luo romete r   Read ings  1 J u n e  23 - J u l y  7, 1982, Cont inued  

Waneta 

C o n t r o l  + N 

Day 1 
Day 2 
Day 4 
Day 5 
Day 6 
Day 8 
Day 1 1  
Day 12 
Day 13 
Day 14 

C o n t r o l  + P 

Rep l i ca t e s  
. o o o o  . o o o o  . o o o  1 
.0019 .0016 .0023 
.023 .02 1 .019 
.029 ,024 .024 
.038 .030 .028 
.044 .034 .033 
.034 .03 1 .022 
.040 .035 .024 
.044 .036 .03 1 
.042 .033 .025 

. o o o  1 

.0017 
D a y  4  ,026 

I Day 6 
Day 5 

Day 8 

.035 

.035 

.035 
Day 1 1  .036 

Day 13 
Day 12 .035 

.034 
Day 14  .034 

. o o o  1 

.0027 

.032 

.037 

.032 

.032 
,034 
.032 
.032 
.03 1 

Day 1 . o o o  1 .0003 
.0026  .0026 

Day 4  .059  .030 
Day 5 . l l  .037 
Day 6 8. Day 8 

.15  .04 1 

.18  .047 
Day 1 1  .19  .049 

1 Day 13 
Day 12 .16  .047 

.18 .047 
Day 14  .17  .047 

. 000 1 

.0026 

.036 

.04 1 

.036 

.035 

.037 

.035 

.035 

.032 

. o o o  1 

.0024 

.030 

.037 

.040 

.049 

.048 
,046 
.049 
.046 

< '. !$ 
'f ' ., 

Mean 
. o o o o  
.0019 
.02 1 
.026 
.032 
.037 
.029 
.033 
.037 
.033 

. o o o  1 

.0023 

.03 1 

.038 

.034 

.034 

.036 

.034 

.034 

.032 

.0002 

.0025 

.040 

.061 

.077 

.092 

.096 

.084 

.092 

.088 

S. D.  
.OOOl 
.. 0004 
.002 
.003 
.005 
.006 
.006 
,008 
.007 
.008 

. o o o o  

.0006 

.005  

.003  

.002 

.002 

.002 

.002 

.002 

.002 

. o o o  1 

. o o o  1 

.017 
,042 
.063 
.076 
.082 
.066 
.076 
.07 1 
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D a i l y   R e l a t i v e  F l u o r o m e t e r   R e a d i n g s  
J u n e  23 - J u l y  7, 1982, C o n t i n u e d  

Waneta  

C o n t r o l  + EDTA + P 

Day 1 . o o o o  .oooo  . o o o o  
Day 2  .0017 .002 1 .0023 
Day 4 .030 .031 .036 
Day 5 .039 .035 .035 
Day 6  .044 .040 .045 

Day 1 1  .052 .047 .043 
Day 12  .045 .032 .042 
Day 13 .048 .042 .041 
Day 1 4  .045 .042 .041 

Replicates  

D ~ Y  a .045  .04 1 .043 

C o n t r o l  + EDTA + P + N 

Day 1 
Day 2 
Day 4 
Day 5 
Day 6 
Day 8 
Day 1 1  
Day 12 
Day 13 
Day 14 

TED-70ug Zn/L 

C o n t r o l  

Day 1 
Day 2 
Day 4 
Day 5 
Day 6 
Day .8 
Day 1 1  
Day 12 
Day 13 
Day 14 

.@002 

.002 1 

.056 

.14 

.34 

.66 

.92 

.84 

.95 

.98 

. ooo  1 . GOO8 

.0042 

.0058 

.0086  

.008 1 

.0025 

.0028 

.0027 

.0023 

.0002 

.0025 

.045, 

.12 

.34 

.69 

.90 

.91 
1 . o  
1 . o  

. 000 1 

.0008 

.0042 

.0058 

.0079 

.0096 

.0026 

.0@32 
,003 1 
.0023 

.0001 

.0026 

.043 

.12 

.30 

.65 

.84 

.75 

.79 

.a2 

.0004 

.0007 

.0050 

.0065 

.0084 

.0091 

.0028 

.0036 

.0035 

.0027 

Mean 
. o o o o  
.0020 
.032 
.036 
.043 
.043 
.047 
.040 
.044 
,043 

.0002 

.0024 

.048 

.13 

.33 

.67 

.89 

.83 

.91 

.94 

.0002 
0008 
.0045 
.0060 
.0083 

.0026 

.0032 

.003 1 

.0024 

.ooa9 

S. D .  
. o o o o  
.0003 
. 0 0 3  
. @ 0 2  
.003 
.002 
.005 
.007 
.004 
.002 

. o o o  1 

. 0003  

.007 

.Ol 

.02 

.02  

.04 

.08 

. 1 1  

.10 

.0002 

. o o o  1 
,0005 
.0004 
.0004 
.0008 
.0002 
.0004 
. 0004  
.0002 
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D a i l y   R e l a t i v e  F l u o r o m e t e r   R e a d i n g s  
J u n e   2 3  - J u l y  7 ,   1 9 8 2 ,   C o n t i n u e d  

TED-70ug Zn/L 

C o n t r o l  + EDTA 

Day 1 . 0004  . . 0 0 0 2  . 0 0 0 3  
Day 2 . 0 0 2  1 . 0 0 1 8  . 0 0 2 3  
Day 4 . 0 2 5  . 0 2  1 . 0 2 4  
Day 5 . 0 2 3  . 0 2  1 . 0 2 5  
Day 6 . 0 2 7  . 0 2 5  . 0 2 9  
Day 8 .034  . 0 2 9  .037  
Day 1 1  . 0 3 3  . 0 3  1 . 0 3 4  
Day 12   .032  . 0 2 9  . 0 3 5  
Day 1 3   . 0 3 2  . 0 2 a  . 0 3 4  
Day 14  .03  1 . 0 2 8  . 0 3 8  

Repl icates  

C o n t r o l  + EDTA + 2OOug Fe/L 

Day 1 
Day 2 
Day 4 
Day 5 
Day 6 
Day 8 
Day 1 1  
Day 12 
Day 13 
Day 1 4  

C o n t r o l  + N 

Day 1 
Day 2 
Day 4 
Day 5 
Day 6 
Day 8 
Day 1 1  
Day '12 
Day 13 
Day 14  

. o o o  1 

. 0 0 1 3  

. 0 0 5 0  
, 0 0 4 4  
. 0 0 5 7  
. 0 0 6 6  
. 0 0 6 2  
. 0 0 6 0  
. 0 0 6 2  
, 0 0 5 3  

. 0 0 0 2  

. 0 0 1 2  

. 0 0 4 5  

. 0 0 5 0  

. 0 0 6 4  

. 0 0 7 3  

. 0 0 3 3  

. 0 0 3 6  

. 0 0 3 7  

.0032  

, 0 0 0 2  
. 0 0 1 0  
. 0 0 7  1 
.0068 
. 0 0 9 c  
.011  
. 0 1 2  
. 0 1 0  
.011  
. 0 0 9 6  

. 0 0 0 3  

. 0 0 1 0  

. 0 0 4 5  

. 0 0 5 3  

. 0 0 6 7  

. 0 0 7 6  

. 0 0 2 9  

. 0 0 3 4  

. 0 0 3 3  

. 0 0 2 3  

. 0 0 0 2  

. 0 0 1 0  

. 0 0 6 6  

. 0 0 6 5  

.0083 

. 0 0 9 6  

.011  

. 0 1 0  

. 0 1 0  

. 0 0 9 6  

. 0 0 0 2  

. 0 0 1 0  

.0047  

. 0 0 5 6  

. 0 0 7 4  

. 0 0 8 6  

. 0 0 3 5  

. 0 0 4 0  

. 0 0 3 5  

. 0 0 2 3  

Mean 
. 0 0 0 3  
. 0 0 2  1 
. 0 2 3  
. 0 2 3  
. 0 2 7  
. 0 3 3  
. 0 3 3  
. 0 3 2  
. 0 3  1 
.032  

. o o o 2  

. o o  1 1 

. 0 0 6 2  

. 0 0 5 9  

. 0 0 7 7  

.0091  

. 0 1 0  

. 0 0 9  

.009  

. 0 0 8 2  

. 0002  

. o o  1 1 

. 0 0 4 6  

. 0 0 5 3  

.0068 

.0078 

. 0 0 3 2  

. 0 0 3 7  

. 0 0 3 5  

. 0 0 2 6  

S.  D.  
. o o o  1 
. 0 0 0 2  
. 0 0 2  
. 0 0 2  
. 0 0 2  
. 0 0 4  
. 0 0 2  
. 0 0 3  
. 0 0 3  
. 0 0 5  

. o o o  1 

. 0002  

. O O l  1 

. 0 0 1 3  

. 0017  

. 0 0 2 2  

. 0 0 3  

. 0 0 2  
, 0 0 3  
. 0 0 2 5  

. O O O l  

. o o o  1 

. O O O l  

. 0003  

. 0 0 0 5  

. 0 0 0 7  

. 0 0 0 3  

. 0 0 0 3  

. 0 0 0 2  

. 0005  
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D a i l y   R e l a t i v e , F l u o r o m e t e r   R e a d i n g s  
J u n e  2 3  - J u l y  7 ,  1 9 8 2 ,   C o n t i ' n u e d  

TED-70ug  Zn/L 

Control  + EDTA + N 

Day 1 . 0 0 0 2  . 0 0 0 2  .0002  
Day 2 . 0 0 1 6  . 0 0 1 3  . 0 0 1 3  
Day 4 . 0 1 2  . 0 1 3  .014  
Day 5 . 0 1 0  .011  . o i  4 
Day 6 . 0 1 4  . 0 1 5  . 0 1 8  
Day 8 . 0 1 8  . 0 1 9  .021  
Day 1 1  . 0 1 6  . 0 1 6  . 0 1 9  
Day 1 2   . 0 1 5  . 0 1 5  . 0 1 9  
Day 13 .017  . 0 1 7  .020  
Day 14   .014  . 0 1 5  . 0 1 9  

Repl icates  

Control  + EDTA + P + N 

Day 1 
Day 2 
Day 4 
Day 5 
Day 6 
Day 8 
Day 1 1  
Day 1 2  
Day 1 3  
Day 1 4  

. 0 0 0 2  

. o o  1 1 

. 0 1 8  

.042  
, 0 8 3  
. 0 9 6  
. l l  
. l l  
. 1 3  
. 1 2  

. o o o  1 

. 0 0 0 9  

. 0 1 5  

. 0 2 8  

. 0 7 4  

. l l  

. l l  

. l l  

. 1 2  

.13 

. 0 0 0 6  

. 0 0 1 5  

. 0 1 9  

. 0 3 5  

. 0 7  1 

. 0 9 8  

. I O  

. 1 0  

. I 1  

. l l  

Mean 
. 0 0 0 2  
. 0 0 1 4  
.@13  
. 0 1 2  
. 0 1 6  
. 0 1 9  
.017  
. 0 1 6  
. 0 1 8  
. 0 1 6  

. 0 0 0 3  

. 0 0 1 2  

. 0 1 7  

. 0 3 5  

. 0 7 6  

. l o 1  

. l l  

. l l  

. 1 2  

. 1 2  

S. D .  
. o o o o  
. 0 0 0 2  
. o o  1 
. 0 0 2  
. 0 0 2  
.002  
. 002  
. 0 0 2  
.002  
. 0 0 3  

. 0 0 0 3  
:0003 
. 0 0 2  
.007  
. 0 0 6  
. 0 0 8  
.01 
.01 
.01  
.01  
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FIGURE 8 

ALGAL GROWTH I N D I C A T E D  BY I N   V I V O  CHLOROPHYLL 

(MEASURED I N   R E L A T I V E  FLUOROMETER U N I T S )  

FOR THE  JUNE 1982 ALGAL  ASSAY. 

POINTS  PLOTTED A R E  THE  MEANS OF 3 R E P L I C A T E S  

T h e   r e a d i n g s   u s e d   f o r   t h e s e   g r a p h s   a r e   p r e s e n t e d   i n   T a b l e  32 
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TABLE 33 

F I N A L   Y I E L D  OF EACH  ALGAL  ASSAY  TREATMENT FOR  THE  JUNE 1982 ASSAY. 

T H E   Y I E L D S  ARE  EXPRESSED  AS  CELLS/ML  AND MG DRY W l / L .  

MEAN  CELL  VOLUME I S  EXPRESSED  AS  UM3/CELL.  

T H E   Y I E L D S  WERE DETERMINED  WITH  THE  COULTER  COUNTER.  



June 23 - July 

Birchbank 

Control 

Cells/ml 
1 1384 
19384 
29276 
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7,  1982,Algal Assay 

8 
8 
1 

Mean Mean Cell D r y  Wt.  Mean D r y  I 
Cells/ml S . D .  Volume (mg/L 1 Wt . S .D.  

20015  8963 

Control + E D T A  

Mean 
Cells/ml  Cells/ml S . D .  

1681 6 
28440  3924 1 29356 
72468 

Control + EDTA + 2OOug Fe/L 

Mean 
Cells/ml  Cells/ml S . D .  

16996 
11940  15745 3359 
18300 

Control + 200ug Fe/L 

Mean 
Cells/ml  Cells/ml S . D .  

13752 
44028 2361 2  17684 
13056 

Control + E D T A  + N + 2OOug Fe/L 

Mean 
Cells/ml  Cells/ml S . D .  

13112 
251 84 16128  7987 
10088 

- 
64 .26 
60 .42 .47 .24 
69 .73 

Mean Cell 
Volume 

61 
64 
45 

Mean  Cell 
Vo 1 ume 

52 
60 
68 

Mean  Cell 
Volume 

66 
60 
60 

Mean Cell 
Vo 1 ume 

60 
67 
65 

D r y  Wt.  Mean D r y  
(mg/L ) Wt . 

.37 

.66  .73 
1.18 

D r y  Wt. Mean D r y  
(mg/L 1 Wt. 

.32 

.26  .34 

.45 

D r y  Wt.  Mean D r y  
(mg/L)  Wt. 

.33 

.95  .52 

.28 

D r y  Wt. Mean D r y  
(mg/L ) Wt . 

.28 

.61 .3a 

.24 

I 
I 
I 

S.D.  4 
* l o  I 

I 
S - D *  I 

I 

.020 I 
I 

.41 

.38 

S .D. 1 

I 
I 
I- 
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June 23 - July 7,   1982 Algal.,:Assay, Continued 

Birchbank 

Control + EDTA + P + 200ug Fe/L 

Mean 
Cells/ml  Cells/ml  S.D. 

154377 
144707  129994  34202 

90897 

Waneta 

Control 

Mean 
Cells/ml  Cells/ml  S.D. 

36764  
34048  38908  6216 
45912 

Control + EDTA 

Mean 
'Cells/ml  Cells/ml  S.D. 

8 3 4 5 0  
60050   85820   27033  

1 1  3960  

Control + EDTA + 200ug  Fe/L 

Mean 
Cells/ml  Cells/ml  S.D. 

23396  
24076   24019   596  
24584  

Control + N 

Mean 
Cells/ml  Cells/ml  S.D. 

65600  
47640  51  561  12546 
41444 

Mean Cell 
Volume 

33 
38 
40 

Mean  Cell 
Vo 1 ume 

65  
65  
61 

Mean  Cell 
Volume 

56 
57 
44 

Mean Cell 
Vo 1 ume 

67 
68 
67 

Mean  Cell 
Volume 

5 6  
6 4  
61 

Dry  Wt.  Mean  Dry 
(mg/L 1 Wt . S .D. 

1.84 
1.99  1 .71  .35 
1.31 

Dry  Wt.  Mean  Dry 
(mg/L ) Wt . S .D. 

. 86  

.80   . 89  . l l 
1.01 

Dry Wt.  Mean  Dry 
(mg/L 1 Wt. S.D. 

1.69 
1.24  1.58 .30 
1.81 

Dry  Wt.  Mean  Dry 
(mg/L 1 Wt . -S.D. 

. 5 7  

.59   . 58  .02 

. 5 9  

Dry Wt.  Mean  Dry 
(mg/L 1 Wt . S.D. 

1.33 
1.10 1 . 1 1  .21 

.91 
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June 23 - July 7,  1982 Algal Assay, Continued 
Waneta 

Control + P . 

Mean 
Cells/ml  Cells/ml 

1 1  3340 
122330  124610 
138160 

Control + EDTA + N 

Mean 
Cells/ml  Cells/ml 

2800 14 
864 10 150661 
85560 

Control + EDTA + P 

Mean 
Cells/ml  Cells/ml 

181676 
131274 155951 
154902 

Control + EDTA + P + N 

Mean 
Cells/ml  Cells/ml 
2383860 
20481 90 21 23498 
1938444 

TED-70ug Zn/L 

Control 

Mean 
Cells/ml  Cells/ml 

16720 
16384  15533 
13496 

S.D. 

12566 

S.D. 

1 1  2024 

S.D. 

2521 7 

S.D. 

23206 1 

S.D. 

1772 

Mean  Cell 
Vo 1 ume 

42 
40 
39 

Mean  Cell 
Vo 1 ume 

60 
63 
61 

Mean Cell 
Vo 1 ume 

36 
39 
40 

Mean Cell 
Vo 1 ume 

37 
40 
34 

Mean Cell 
Vo 1  ume 

59 
57 
59 

Dry Wt.  Mean  Dry 
(mg/L 1 Wt . 

1.72 
1.77  1.81 
1.95 

Dry  Wt.  Mean Dry 
(mg/L 1 Wt . 
6.07 
1.97  3.30 
1.88 

Dry  Wt.  Mean  Dry 
(mg/L 1 Wt . 
2.36 
1.85  2.15 
2.24 

Dry  Wt.  Mean  Dry 
(mg/L 1 Wt. 
31.84 
29.58  28.40 
23.79 

Dry  Wt.  Mean  Dry 
(mg/L 1 Wt. 

.36 

.34 .33 

.29 

1 
I 
8 
I 

.12 I 
I 
I 

S.D. 

2.39 

a 
1 

.27 I 
I 
I 
I 
8 

S.D. 

4.15 

S.D. b 
.04 

I 
I 
I 
I 
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June 23 - July 7, 1982 A l g a l  Assay, Continued 

T E D - 7 0 u g  Zn/L :-, 

Control + EDTA 

Mean Mean  Cell 
Cells/ml  Cells/ml S .D. Vo  1  ume 

421 60 77 
39880  34400 1 1  523 78 
21 160 66 

Control + EDTA + 200ug Fe/L 

Mean Mean  Cell 
Cells/ml  Cells/ml S .D .  Volume 

10912 62 
17412  14669 3367  68 
15684 69 

Control + N 

Mean Mean  Cell 
Cells/ml  Cells/ml S . D .  Vo 1 ume 

13728 59 
12916  13416 437 63 
13604 58 

Control + EDTA + N 

Mean Mean  Cell 
Cells/ml  Cells/ml S . D .  Volume 

20356 66 
23000  23240 301 1 66 
26364 68 

Control + EDTA + P + N 

Mean Mean  Cell 
Cells/ml  Cells/ml S.D. Volume 

24851 4 34 
248808  248724 183 36 
248850 35 

Dry  Wt.  Mean D r y  
(mg/L 1 Wt . 

1.17 
1.12 .93 
.50 

D r y  Wt.  Mean D r y  
(mg/L 1 Wt . 

.24 

.43 .35 

.39 

Dry Wt.  Mean  Dry 
(mg/L 1 Wt. 

.29 

.29 .29 

.28 

Dry Wt.  Mean Dry 
(mg/L ) Wt . 

.49 

.55 .56 

.65 

Dry Wt.  Mean Dry 
(mg/L 1 Wt. 
3.05 
3.23  3.14 
3.14 

S.D. 

.37 

S.D. 

.10 

S.D. 

.oo 

S.D. 

.08  

S.D. 

.09 
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1 
1 
I 
I 
8 
I 

TABLE 34 

CONCENTRATIONS OF CHEMICALS I N  T H E   C O L U M B I A   R I V E R  

ON AUGUST 17 ,  1982. CONCENTRATIONS OF A L L  

CHEMICALS  EXCEPT HG ARE REPORTED I N   m g / L ;  

HG I S   I N   p g / L .  PARAMETERS  ARE L I S T E D  UNDER 

THEIR  NAQUADAl-  CODE  NUMBERS  AS  SUMMARIZED I N  TABLE 3 

* d e n o t e s   t h a t   t h e   s t a t i s t i c s   a r e   b a s e d  on some L ( l e s s   t h a n  

d e t e c t i o n  limit) v a l u e s .  
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TABLE 35a. 

Concentrations (mg/L) of  nutrients and dissolved  metals in water  from Birchbank 
used in the  August  1982 algal assay.  The  water  was+autoclaved,  aerated 
with C02, filtered,  and  pH  adjusted  before  these  measurements  were  made. 

Rep1  icates 
Geanetric  Geanetric 

Bean  S.D.  Bean  S.D.  (=G.F.) 

Orthophosphate 
Total  Dissolved 
Phosphorus 
Nitrate  plus 
Nitrite 
Amnoni a 
Total  Dissolved 

Dissolved  Zn 
Di  ssol  ved Cu 
Di  ssol  ved  Fe 
Di ssolved Mn 
Di  ssol  ved Cd 
Di ssolved Pb 
Di ssol  ved N i  
Di  ssol  ved  Hg* 

Nitrogen 

0.002 

0.002 

0.091 
0.004 

0.130 
0.002 
0.003 
0.004 
LO.01 
LO. 0005 
0.002 
LO. 001 
LO. 05 

0.002 

0.002 

0.087 
0.005 

0.122 
0.001 
0.001 
0.004 
LO.01 
LO. 0005 
0.002 
LO.001 
LO. 05 

0.002 

0.003 

0.088 
0.004 

0.125 
0.001 
0.004 
0.003 
LO.01 
LO. 0005 
0.003 
LO. 001 
LO. 05 

0.002 

0.002 

0.089 
0.004 

0.126 
0.001 
0.003 
0.004 
10.01 
LO. 0005 
0.002 
LO. 001 
LO. 05 

0.0 

0.001 

0.002 
0.001 

0.004 
0.001 
0.002 
0.001 
0.0 
0.0 
0.001 
0.0 
0.0 

0.002 

0.002 

0.089 
0.004 

0.126 
0.001 
0.002 
0.004 
10.01 
LO. 0005 
0.002 
LO.001 
LO. 05 

1 . 0000 

1.2638 

1.0235 
1.1377 

1 .0326 
1 .4923 
2.0785 
1.1810 
1 . 0000 
1 . 0000 
1.2638 
1 . 0000 
1 . 0000 

W g  measured in pg/L 
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TABLE 35b 

Concentrations (mg/L) of nutrients and dissolved metals in water from Waneta 
at two stages of preparation  for the August 1982 algal assay. 

Geanetric Geometric 
Rep1 icates Wean S.D.  Wean S.D. (4.F.) 

Fi 1 tered Only 

Di ssolved Zn 0.02 0.02 0.02 0.02 0.0 0.02 1 . 0000 
Dissolved Cu 0.005 0.005 0.006 0.005 0.001 0.005 1.1109 
Di ssol ved Fe 0.006 0.006 0.006 0.006 0.0 0.006 1 . 0000 
Di  ssol ved Cd L0.0005 L0.0005 L0.0005 L0.0005 0.0 LO.  0005 1 . 0000 
Di ssolved Pb 0.001 0.002 0,001 0.001 0.001 0.001 1 .4923 
Di ssol ved N i LO.001 LO.001 LO.001 LO.001 0.0 LO.001 1 . 0000 
Dissolved Hg* LO. 05 LO.  05 L0.05 LO. 05 0.0 LO. 05 1 . 0000 

Autoclaved, Aerated with C02, Filtered, and pH adjusted 

Orthophosphate 
Total Di ssol ved 
Phosphorus 
Nitrate plus 
Nitrite 

Mmonia 
Total Di ssol ved 

Di ssolved Zn 
Di ssol ved Cu 
Di ssol ved Fe 
Di ssol ved Hn 
Di ssol ved Cd 
Di ssol ved Pb 
Dissolved Ni 
Dissolved Hg* 

Nitrogen 

0.093 0.094 0.095 0.094 0.001 0.094 1.0105 

0.095 0.092 0.097 0.095 0.002 0.095 1.0270 

0.094 
0.023 

0.094 
0.021 

0.096 
0.021 

0.095 
0.022 

0.001 
0.001 

0.095 
0.022 

1.0120 
1 .OS39 

0.135 
0.019 
0.003 
0.005 
LO.01 
LO.  0005 
0.002 
LO.001 
L0.05 

0.129 
0.018 
0.001 
0.04 
LO.01 
LO.  0005 
0.002 
LO.  001 
10.05 

0.134 
0.018 
0.001. 
0.005 
LO.01 
LO. 0005 
0.002 
LO.001 
LO. 05 

0.133 
0.018 
0.002 
0.02 
LO.01 
LO.  0005 
0.002 
LO.001 
LO. 05 

0.003 
0.001 
0.001 
0.020 
0.0 
0.0 
0.0 
0.0 
0.0 

0.133 
0.018 
0.001 
0.01 
LO.01 
LO. 0005 
0.002 
LO.001 
L0.05 

1 .0247 
1.0315 
1.8857 
3.3220 
1 . 0000 
1 .OoOo 
1 .0000 
1 .OoOo 
1 .moo 

Wg measured in vg/L 
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TABLE 35c. 

Concentrations (mg/L) of nutrients and dissolved metals in water from Caninco sewer #8 
at two stages of preparation for the August i.1982 algal assay. 

Geanetric Geometric 
Mean 5.0. Mean S.D.(=G.F.) Rep1  icates 

Filtered Only 

Di ssolved Zn 23. 23. 23. 23. 
Dissolved Cu 0.03 0.03 0.03 0.03 
Di ssol  ved Fe 1.2 1.2 1.2 1.2 
Di ssol ved Cd 0.0043 0.0041 0.0045 0.0043 
Di ssolved Pb 0.20 0.20 0.20 0.20 
Dissolved Ni 0.002 0.002 0.001 0.002 
Di ssol ved Hg* L0.05 L0.05 10.05 LO. 05 

0.0 23. 
0.0 0.03 
0.0 1.2 
0.0002 0.0043 
0.0 0.20 
0.001 0.002 
0.0 LO. 05 

1 .OoOo 
1 .. 0000 
1 . 0000 
1 . w o  
1 . 0000 
1 .4922 
1 . 0000 

Autoclaved,  Aerated with C02, Filtered, and pH adjusted 

Orthophosphate 
Total Di ssolved 
Phosphorus 

Nitrate plus 
Nitrite 

Amnoni a 
Total Di ssol ved 

Di ssol ved Zn 
Dissolved Cu 
Dissolved Fe 
Di ssol ved Nn 
Dissolved Cd 
Di ssol ved pb 
Dissolved Ni 
Di ssol ved H@ 

Nitrogen 

0.024 0.024 0.024 0.024 

0.026 

0.131 
2.71 

2.86 
0.04 
0.025 
0.94 
5.4 
0.0040 
0.26 
0.005 
LO. 05 

0.0 0.024 1 . 0000 

0.026 0.026 0.0 0.026 0.026 1 . 0000 

0.126 
2.65 

0.133 
2.60 

0.134 
2.89 

0.004 0.131 
0.16 2.71 

1.0341 
1 .ow0 

2.80 
0.04 
0.025 
0.94 
5.4 
0.0037 
0.25 
0.004 
L0.05 

2.75 
0.04 
0.025 
0.94 
5.4 
0.0043 
0.21 
0.005 
LO.  05 

3.04 
0.04 
0.025 
0.94 
5.4 
0.0040 
0.31 
0.005 
LO. 05 

0.16 2.86 
0.0 0.04 
0.0 0.025 
0.0 0.94 
0.0 5.4 
0.0 0.0040 
0.05 0.25 
0.001 0.005 
0.0 LO. 05 

1 .OS49 
1 . 0000 
1 .om0 
1 .moo 
1 .OoOo 
1.0781 
1.2154 
1.1375 
1 .oooo 

Wg measured in pg/L 
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TABLE 35d. 

Carposition  of the TED-40pg Zn/L dilution of Caninco effluent 
used in the August 1982 algal assay. Concentrations of all 
chemicals except Hg are reported in rng/L; Hg is in pg/L. 

Replicates 
Geometric Geometric 

Mean S.D.  Mean S.D.  (=G.F.)  

Orthophosphate 
Total Dissolved 
Phosphorus 

Nitrate plus 
Nitrite 

Amnonia 
Total Dissolved 

Dissolved Zn 
Di ssol ved Cu 
Dissolved Fe 
Dissolved Mn 
Dissolved Cd 
D i  5.501 ved Pb 
Di ssolved Ni 
Dissolved Hg 

N i t rogen 

0.092 

0.098 

0.097 
0.026 

0.170 
0.04 
0.002 
0.006 

0.0006 
0 I 0 0 2  
LO. 001 
LO. 05 

LO.01 

0.093 

0.098 

0.102 
0.038 

0.158 
0.04 
0.003 
0.006 

0,0005 
0,002 
LO.001 
LO. 05 

LO.01 

0.094 

0.098 

0.102 
0.034 

0.150 
0.04 
0.002 
0.018 

0.0006 
0 * 002 
LO.001 
LO.  05 

LO.01 

0.093 

0.098 

0.100 
0.033 

0.159 
0.04 
0.002 
0.010 

0.0006 
0.002 
LO.001 
LO.05 

LO.01 

0.001 

0.0 

0.003 
0.006 

0.010 
0.0 
0.001 
0.007 
0.0 
0.0001 
0.0 
0.0 
0.0 

0.093 

0.098 

0.100 
0.032 

0.159 
0.04 
0.002 
0.009 

0.0006 
O f  002 
LO.001 
L0.05 

LO.01 

1.0108 

1 . 0000 

1 .0294 
1.2154 

1 .0649 
1 . 0000 
1.2638 
1 .e857 
1 . 0000 
1.1109 
1 . 0000 
1 . 0000 
1 .moo 
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TABLE 36 

DAILY I N  V I V O  CHLOROPHYLL A R E A D I N G S  

(EXPRESSED AS RELATIVE FLUOROMETER UNITS) 

FOR THE AUGUST 1982 ALGAL  ASSAY 

T h e s e   r e a d i n g s   a r e   g r a p h e d   i n   F i g u r e  9 
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D a i l y   R e l a t i v e   F l u o r o m e t e r   R e a d i n g s  
A u g u s t   1 9  - S e p t e m b e r  5 ,  1 9 8 2  

B i r c h b a n k  

C o n t r o l ,   p H = 8 . 0  

Day 1 . 0 0 0 3  .0003 . 0 0 0 3  
Day 2 . 0 0 0 7  . 0 0 1 0  . 0 0 0 8  
Day 4 . 0 0 1 7  . 0 0 1 5  . 0 0 1 6  
Day 5 . 0 0 1 6  . 0 0 1 4  . 0 0 1 5  
Day 6 . 0 0 1 5  .0013 .0014  

. Day 8 . 0 0 1 3  . 0 0 1 2  . 0 0 1 8  
Day 1 1  .0008 . 0 0 0 8  . 0 0 0 8  
Day 1 2   . 0 0 1 2  . 0 0 0 5  . 0 0 0 7  

R e p l i c a t e s  

C o n t r o l  + EDTA, pH=8 .0  

Day 1 
Day 2 
Day 4 
Day 5 
Day 6 
Day 8 
Day 1 1  
Day 12  

. 0 0 0 3  

. 0 0 0 8  

. 0 0 1 4  

. 0 0 1 n  

. 0 0 1 6  

. 0 0 1 7  

. 0 0 1 0  

. 0 0 1 1  

C o n t r o l  + N, pH=8 .0  

Day 1 
Day 2 
Day 4 
Day . 5  
Day 6 
Day 8 
Day 1 1  
Day  12 

. 0 0 0 2  

. 0 0 0 9  

. 0 0 1 7  

. 0 0 1 7  

. 0 0 1 9  

. 0 0 2 1  

. 0 0 1 5  

. 0 0 1 2  

C o n t r o l  + P, pH=8.0  

Day 1 
Day 2 
Day 4 
Day 5 
Day 6 
Day 8 
Day 1 1  
Day 12  
Day 13 

. 0 0 0 4  

. 0 0 0 8  

. 0 0 6 9  

. 0 2 0  

. 0 5 3  

. I 4  

. 1 3  

.13 

.13 

. 0 0 0 3  

. 0 0 0 9  

. 0 0 1 5  

. 0 0 1 3  

. 0 0 1 5  

. 0 0 1 8  

. o o  1 1 

. 0 0 1 0  

. 0 0 0 3  

. 0 0 0 9  

. 0 0 1 6  

. 0 0 1 4  

. 0 0 1 3  

. 0 0 1 3  

. 0 0 0 9  

. 0 0 0 7  

. 0 0 0 4  

.0011  

.011  

. 0 3 2  

. 0 8 4  

.13  

. 1 2  

. l l  

. l l  

. 0 0 0 2  

. 0 0 1 0  

. 0 0 1 8  

. 0 0 1 7  

. 0 0 2 2  

. 0 0 2 2  

. 0 0 1 6  

. 0 0 1 5  

. 0 0 0 4  

. 0 0 0 8  

. 0014  

. 0 0 1 4  

. 0 0 1 3  

. 0 0 1 3  

. 0 0 0 9  

. 0 0 0 7  

. 0 0 0 3  

. 0010  

. 0 0 5 8  

. 0 1 6  

. 0 3 3  

. l l  

. 0 8 0  
, 0 7 7  
. 0 7 9  

Mean S. D .  
. 0 0 0 3  . o o o o  
. 0 0 0 8  .0002 
. 0 0 1 6  .0001  
. 0 0 1 5  . o o o  1 
. 0014  .ooo 1 
. 0 0 1 4  . 0 0 0 3  
. 0 0 0 8  . o o o o  
. 0 0 0 8  . 0 0 0 4  

. 0 0 0 3  

. 0 0 0 9  

. 0 0 1 6  

. 0 0 1 5  

. 0 0 1 8  

. 0 0 1 9  

. 0012  

. 0 0 1 2  

. 0 0 0 3  

. 0 0 0 9  

. 0 0 1 6  

. 0 0 1 5  

. 0 0 1 5  

. 0 0 1 6  

.0011  

. 0 0 0 9  

. 0 0 0 4  

. 0 0 1 0  

. 0 0 7 9  

. 0 2 3  

. 0 5 7  

.13 

. l l  

. l l  

. l l  

. o o o  1 

. o o o  1 

. 0 0 0 2  

. 0 0 0 2  

.0004 

. 0 0 0 3  

.0003 

. 0 0 0 3  

. o o o  1 

. o o o  1 

.ooc)2 

.oc?o2 

.0004 

. 0 0 0 5  

. 0 0 0 4  

. 0 0 0 3  

. o o o  1 

. 0 0 0 2  

.0027 

. 0 0 8  

. 0 2 6  

. 0 2  

. 0 3  

. 0 3  

.03 
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Daily  Relat ive  Fluorometer   Readings 
August 19 - September 5 ,  1982, Continued -" *,. io' 

Birchbank 

Control  + P + N ,  pH=8.0 

Day 1 .0004 . 0 0 0 5  .0002 
Day 2 .0010 .0008 .0012 
Day 4 .0038 .0034 .0047 
Day 5 .0080 .0072 .0090 
Day 6 .015 .015 .017 
Day 8 .046 .067 .047 
Day 1 1  .38 .42 .28 
Day 12 .60 .50 .36 
Day 13 .72 .59 .45 
Day 14 .78 .63 .52 
Day ,15 .89 .72 .59 
Day 16 .91 .68 .62 
Day 17 .89 .65  .61 

R e p l i c a t e s  

Control  + EDTA + P + N ,  pH=8.0 

Day 1 
Day 2 
Day 4 
Day 5 
Day 6 
Day 8 
Day 1 1  
Day 12 
Day 13 

.0002 

.0017 

.023 

.087 

.29 

.74 

.95 

.94 

.93 

.0003 

.0016 

.024 

.083 

.28 

.75 

.92 

.91 

.92 

.0002 

.0015 

.021 

.074 

.26 

.78 

.96 

.95 

.93 

Mean 
.0004 
.0010 
.0040 
.008 1 
.016 
.053 
.36 
.49 
.59 
.64 
.73 
.74 
.72 

.0002 

.0016 

.023 

.08 1 

.28 

.76 

.94 

.93 

.93 

Contro l  + EDTA + P + N + Trace  Metals ,  pH=8.0 

Day 1 
Day 2 
Day 4 
Day 5 
Day 6 
Day 8 
Day 1 1  
Day 12 
Day 13 

.0003 

.0018 

.026 

. l l  

.32 

.87 

.81 

.78 

.77 

,0003 
.0019 
.027 
.12 
.35 
.80 
.75 
.76 
.75 

.0002 

.0019 

.032 

.14 

.40 

.74 

.82 

.72 

.80 

.0003 

.0019 

.028 

.12 

.36 

.80 

.79 

.75 

.77 

S. D.  
.0002 
.0002 
.0007 
.0009 
. o o  1 
.012 
.07 
.12 
.14 
.13 
.15 
.15 
.15 

. o o o  1 

. ooo  1 

.002 

.007 

.02 

.02 

.02 

.02 

.01 

. o o o  1 

. o o o  1 

.003 

.02 

. 04  

.07 

.04 

.03 

.03 
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D a i l y  R e l a t i v e   F l u o r o m e t e r   R . e a d i n g s  
August 19 - September  5, 1982, C o n t i n u e d  

B i rchbank  

C o n t r o l  + EDTA + P ,  pH=8.0 

Day 1 .0003 ,0004 .0003 
Day 2 .0018 .0015 .0013 
Day 4 .022 .023 .017 
Day 5 .068 .069 .056 
Day 6 .085  .09 1 .093 
Day 8 . l l  .12 .14 
Day 1 1  .10 . l l  .12 
Day 12  .086 .092 .12 
Day 13 .088 .093 . l l  

Repl ica tes  

Waneta 

Con t ro l ,  pH=8.0 

Day 1 
Day 2 
Day 4 
Day 5 
Day 6 
Day 8 
Day 1 1  
Day 12 

.0004 

.0013 
,010 
.024 
.040 
. l l  
.083 
.079 

C o n t r o l  + EDTA, pH=8.0 

Day 1 
Day 2 
Day 4 
Day 5 
Day 6 
Day 8 
Day 1 1  
Day 1 2  

.0002 

.0018 

.030 

.093 

.13. 

.13 

.12 

.12 

.0003 

.0013 

.0072. 

.019 

.032 

.10 

. l l  

.083 

.0002 

.0016 

.028 

.088 

.13 

.15 

.14 

.13 

.0004 

.0014 

.0070 

. 0 2 2  

.039 

. l l  

.087 

.080 

.0003 

.0013 

.024 

.075  

.13 

.14 

.14 

.13 

Mean 
.0003 
.0015 
.02 1 
.064 
.090 
.12 
. l l  
.099 
.097 

.0004 

.0013 

.008 1 

.022 

.037 

. l l  

.093 

.08 1 

.0002 

.0016 

.027 

.085 

.13 

.14 

.13 

.13 

S. D .  
.OOOl 
. 0002  
.003 
.007  
. 0 0 4  
.02 
.01 
.018 
.012 

. o o o  1 

. o o o  1 

.0017 

.003 

.004 

.01 

.015 

.002  

. o o o  1 

.0002 

.003 
,009 
. o o  
.01 
.01 
.01 
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I D a i l y   R e l a t i v e   F l u o r o m e t e r   R e a d i n g s  
August 19 - September  5, i982, Cont inued  

I 
I 
I 
I 
I 

Waneta 

C o n t r o l  + N ,  pH=8.0 

Day 1 
Day 2 
Day 4 
Day 5 
Day 6 
Day 8 
Day 1 1  
Day 12 
Day 13 
Day 14 
Day 15 

.0003 

.0010 

.0055 

.0090 

.03 1 

.15 

.35 

.41 

.53 

.62 

.67 

Repl ica tes  . G O O 4  . 0 0 0 5  
.OOi3 ,0009 
.0068 .006 1 
.022 .014 
.049 .025 
.19 .078 
.49 .39 
.58 .52 
.66 . 84  
.63 .67 
.60 .70 

C o n t r o l  + P ,  pH=8.0 

.OOC3 . 0 0 0 3  
Day 2  .0013  .0009 
Day 4 .0091 .0063 

.022  .017 
Day 6 .043  .038 
Day a .12  .15 
Day 1 1  I .Day 12 

.10  .14 

.077  .12 

1 ~ a y  5 

I C o n t r o l  + P + N, pH=8.0 

Day 1 ,0003  .0003 
Day 2  .0009 

I Day 5 
Day 4 ,0043 

.0090 
Day 6 .016 

I Day 1 1  
Day 8 .045 

.24 
Day 12  .35 
Day 13  .36 
Day 14  .43 
Day 15 .50 

.0010 

.0059 

.017 

.037 

.17 

.47 

.54 

.76 

.78 

.65 

. 0004  

.0010 

.010 

. 0 3 2  

.078 

.14 

. I 1  

. l l  

.0003 

.0011 

. 005  1 

.014 

.030 

.12 

.33 

.35 

.43 

.48 

.46 

Mean 
.0003 . 
.0011 
.0061 
.015 
.035 
.14 
.41 
.50 
.68 
.64 
.66 

.0003 

. o o  1 1 

.0085 

.024 

.053 

.14 

. 1 2  

.10 

. 0003  

.0010 

.0051 

.013 

.028 

. l l  

.35 

.41 

.52 

.56 

.54 

S. D. 
. o o o  1 
.0002 
.0006 
. 0 0 7  
.012 
.06 
.07 
.09 
.16 
. 0 3  
.05 

. o o o  1 

.0002 

.0019 

.008 

.022 

.02 

.02 

.02 

. o o o o  

. o o o  1 

.0008 

.004 

.011 

.06 

.12 

. l l  

.21 

.19 

.10 

I 
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D a i l y   R e l a t i v e   F l u o r o m e t e r   R e a d i n g s  
August 19 - September  5 ,  1982, C o n t i n u e d  

Waneta 

C o n t r o l  + EDTA + F + N, pH=8.0 

Day 1 .0002 .0002 .0003 
Day 2  .0017 .0013 .0015 
Day 4 .031 .022  .024 
Day 5 .12 . 078  .082 
Day 6  .36 .29 .28 
Day 8 1 . o  1.1 1 . o  
Day 1 1  1 . 1  1.2 1.4 
Day 52 1.1 1.2 1.3 
Day 13 1 . o  1.2 1.3 

Replicates  

C o n t r o l  + EDTA + N, pH=8.0 

Day 1 
Day 2 
Day 4 
Day 5 
Day 6 
Day 8 
Day 1 1  
Day 12 
Day 13 

.0003 

.0015 

.032 

.14 

.36 

.44 

.44 

.44 

.44 

.0002 

.0016 

.032 

.12 

. 3 7  
1.1 
1.2 
1. 1  
1.1 

C o n t r o l  + EDTA + P, pH=8.0 

Day 1 
Day 2 
Day 4 
Day 5 
Day 6 
Day 8 
Day 1 1  
Day 12 
Day 13 

.0002 

.0015 

.019 

.063 

. l l  

.12 

.12 

.12 

.12 

.0002 

.0019 

.02 1 

.068 

.12 

.12 

.12 

. l l  

. l l  

.0003 

.0014 

.025 

.10 

.29 
1.1  
1.2 
1.2 
1.2 

.0003 

.0018 

.023 

.077 

.12 

.12 

.12 

.10 

. l l  

Mean 
. 0002  
.0015 
,026  
.093 
.31 
1 .o  
1.2 
1.2 
1.2 

.0003 

.0015 

.03@ 

.12 

.34 

.88 

.95 

.91 

.91 

.0002 

.0017 

.02 1 

.069 

.12 

.12 

.I2 

. l l  

. l l  

S. D .  
. o o o  1 
.0002 
.005  
.023 
. 0 4  
.1 
.2 
.1 
.2 

. o o o  1 

. o o o  1 

.004 

.02 

.04 

.38 

.44 

.41 

.41 

.OOOl 

.0002 

.002 

. 007  

.01 

. o o  

. o o  

.01 

.01 
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I Daily  Relative  Fluoroneter  Readings 
August  19 - September 5 ,  1982,  Continued 

I Waneta 

Control + EDTA + P + N, pH=7.0 
Replicates 

.0002  .0003  .0003 
Day  2  .0015 . o o  1 1 .0013 
Day  4  .019  .017  .018 

.058  .059  .062 
Day  6 .18  .18 .20 
Day  8  .94  .07  .93 

I Day  12 
Day 1 1  1.3 1.3 1.1 

1.3 1.4 1. 1  
Day 13 1.3 1.4 1.1  

Mean 
,0003 
.0013 
.018 
.060 
.19 
.91 
1.2 
1.3 
1.3 

S. D. '. 0001 
.0002 . 00 1 
.002 
.01 
.04 
.1 
.2 
.2 

I TED-40ug Zn/L 

Contr91, pH=8.0 

I Day 1 . o o o o  . o o o  1 . o o o o  . o o o o  . o o o o  
Day 2 .0005 . 0005  .0004  .0005 . o o o  1 
Day  4 I Day 5 .0035 . 0 0 2  1 .0019  .0025 .0009 
Day 6 .0054  .0029  .0026  .0036  .0015 

.0020  .0017  .0015  .0017  .0002 

Day 8 
Day 1 1  
Day 12 
Day 13 
Day 14 
Day 15 
Day 16 
Day 17 

.012 

.025 

.022 

.027 

.028 

.026 

.026 

.022 

Control + EDTA, pH=8.0 

Day 1 
Day 2 
Day 4 
Day 5 
Day 6 
Day 8 
Day 1 1  
Day 12 
Day 13 

,000 1 
.!IO08 
.013 
.038 
.088 
.19 
.16 
.15 
.14 

.0060 

.012 

.015 

.016 

.017 

.018 

.022 

.020 

. o o o  1 

.0011 

.012 

.036 

.082 

.15 

.I5 

.15 

.15 

.0046 

.0090 

.011 

.012 

.013 

.014 

.014 

.014 

. o o o  1 

.0010 

.015 

.040 

.087 

.15 

.14 

.14 

.14 

.0075 

.015 

.016 

.018 

.019 

.019 

.02 1 

.019 

. o o o  1 

.0010 
,013 
.038 
.086 
.16 
.15 
.15 
.14 

.0039 

.008  

.006 

.008 

.008 

.006 

.006 

.004 

. o o o o  

.0002 

.002 

.002 

.003 

.02 

.01 

.01 

.01 
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Daily  Relative  Fluorometer  Readings 
August 19 - September 5 ,  1982,  Continued 

TED-40ug Zn/L 

Control + EDTA + P + N, pH=8.0 

Day 1 . o o o  1 . o o o o  . o o o o  
Day 2 .0009 , 0 0 0 9  .0009 
Day 4 .015 .014 .014 
Day 5 .043 .039 .043 
Day 6 .13 .12 .13 
Day a .72 .64 . 7 0  
Day 1 1  1.2 1.3 1.2 
Day 12 1.2 1.3 1.3 
Day 13 1.2 1.3 1.2 

Replicates Mean 
. o o o o  
.0009  
.014 
.042 
.13 
.69 
1.2 
1.3 
1.2 

S. D. 
. o o o o  
. o o o o  
.oo  1 
,002 
.01 _. 0 4 
. I  

. I  

. 1  

I 
I 
I 
E 
1 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
1 
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FIGURE 9 

ALGAL GROWTH INDICATED BY I N  V I V O  CHLOROPHYLL 11 

(MEASURED I N  RELATIVE FLUOROMETER UNITS) 

FOR THE  AUGUST 1982  ALGAL ASSAY. 

POINTS PLOTTED ARE THE  MEANS OF 3 REPLICATES 

T h e   r e a d i n g s   u s e d   f o r   t h e s e   g r a p h s   a r e   p r e s e n t e d  i n  T a b l e  36  
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Birchbank 
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Waneta 
August  1982 
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Waneta 
August  1982 
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Waneta 
August 1982 
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0.001 

.0001 I I 1 I I 1 I I 

0 2 4 6 8 10 12 14 16 18 

Day 

TED-4Opg Zn/L 
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TABLE 37 

F I N A L   Y I E L D  OF EACH  ALGAL  ASSAY  TREATM€Nl FOR THE  AUGUST 1982 ASSAY. 

T H E   Y I E L D S  ARE EXPRESSED  AS  CELLS/ML  AND MG DRY  WT/L.  

MEAN  CELL  VOLUME IS EXPRESSED  AS  UM3/CELL. 

T H E   Y I E L D S  WERE DETERMINED  WITH  THE  COULTER  COUNTER.  
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August 19 - September 5,  1982 Algal  Assay 

Bi rchbank 

Control,  pH=8.0 

Mean 
Cells/ml  Cells/ml 

61 32 
5865  5977 
5934 

Control + EDTA, pH=8.0 

Mean 
Cells/ml  Cells/ml 

5394 
51 45  6308 
8385 

Mean  Cell 
S.D. Vo 1 ume 

54 
139 53 

55 

Mean Cell 
S .D. Vo 1 ume 

54 
1803 57 

56 

Dry Wt.  Mean  Dry 
(mg/L ) Wt . 

.12 

. 1 1  .12 

.12 

Dry Wt.  Mean  Dry 
(mg/L ) Wt. 

. l l  

. 1 1  .13 

.17 

S.D. 

. .oo I 

S.D. 

.04 

Control + N, pH=8..0 

Mean 
Cells/ml  Cells/ml 

6006 
51 36  5467 
5259 

Mean Cell 
S.D. Vo 1 ume 

60 
47 1 59 

57 

Dry Wt.  Mean  Dry 
(mg/L 1 Wt . 

.13 

. l l  .12 

. 1 1  

I 
S.D. 

.01 I 
Control + P, pH=8.0 

Mean 
Cells/ml  Cells/ml 

374010 
372288  345436 
2900 10 

Control + P + N, pH=8.0 

Mean 
Cells/ml  Cells/ml 
2597322 
1980654  2242892 
2  150700 

Mean  Cell 
S.D. Vo 1 ume 

38 
48008  39 

43 

Mean Cell 
S.D. Volume 

47 
3  18503 49 

50 

Dry Wt.  Mean  Dry 
(mg/L 1 Wt . 
5.13 
5.24  4.96 
4.50 

Dry Wt. Mean  Dry 
(mg/L ) Wt. 
44.07 
35.04 39.31 
38.82 

S.D. ,@ 

.40 

S.D. 

4.54 4 
Q 
ri 
I 
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August 19 - September 5, 1982 Algal Assay, Continued 

Birchbank 

Control + EDTA + P + N, pH=8.0 

Mean  Mean Cell Dry Wt. Mean  Dry 
Cells/ml  Cells/ml S.D. Volume (mg/L ) Wt . 
22938 12 47 38.92 
2202156  2281484  73939  48 38.16  38.69 
2348484  46 39.00 

Control + EDTA + P + N + Trace Metals, pH=8'.0 

Mean  Mean Cell Dry Wt.  Mean  Dry 
Cells/ml  Cells/ml S.D. Vo 1 ume  (mg/L 1 Wt . 
21 45876 53  41.06 
2089596  2023668 165343 47 35.45 36.77 
1835532 51 33.79 

Control + EDTA + P, pH=8.0 

Mean  Mean Cell Dry  Wt.  Mean  Dry 
Cells/ml  Cells/ml S.D. Vo 1 ume  (mg/L 1 Wt . 

3402 18 43 5.28 
357602  369820  37246  43 5.55  5.59 
41 1640 40 5.94 

Waneta 

Control, pH=8 .O 

Mean  Mean Cell Dry  Wt.  Mean  Dry 
Cells/ml  Cells/ml S.D. ,Vo 1 ume  (mg/L)  Wt . 

3842 16 44 6.10 
350028  359730 21 357 43 5.43 , 5.63 
344946 43 5.35 

Control + EDTA, pH=8.0 

Mean  Mean  'Cell Dry Wt.  Mean  Dry 
Cells/ml  Cells/ml S.D. Vo 1 ume  (mg/L 1 Wt . 

397572 40 5.74 
420462  397782  22576 38 5.77  5.60 
3753 12 39 5.28 

S.D. 

.46 

S.D. 

3.81 

S.D. 

.33 

S.D. 

.41 

S.D. 

.27 
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August 19 - September 5, 1982 Algal  Assay,  Continued 
Waneta 

Control + N, pH=8.0 

Mean  Mean  Cell  Dry  Wt.  Mean  Dry 
Cells/ml  Cells/ml  S.D. Volume (mg/L 1 Wt. 
1060 128 49 18.75 
1 157976  1243026 237151 48 20.07 21.48 
151 0974  47 25.64 

Control + P, pH=8.0 

Mean  Mean Cell Dry  Wt.  Mean Dry 
Cells/ml  Cells/ml  S.D. Vo 1 ume  (mg/L 1 ' Wt. 

353666  44 5.62 
422956  395267  36680  42 6.41 6.13 
4091 80 43 6.35 

I 
S.D. 

3.65 $1 

S.D. '6 
. 4 4  

Control + P + N, pH=8.0 

Mean  Mean  Cell  Dry  Wt.  Mean  Dry 
Cells/ml  Cells/ml S.D. Volume  (mg/L 1 Wt. 
1020924 51 18.80 
1397088 1 146366  217132  44 2,2.  19 20.05 
1021 086  52 19.17 

S .D. 

1.86 1 
Control + EDTA + P + N, pH=8.0 

Mean  Mean Cell .Dry Wt.  Mean  Dry 
Cells/ml  Cells/ml  S.D. Volume (mg/L 1 Wt . 
41 10048 34 50.45 
3937992  3999230 961 48  35 49.76 49.56 
3949650  34 48.48 I 

1 .oo  

Control + EDTA + N, pH=8.0 

Mean  Mean Cell Dry Wt.  Mean  Dry 
Cells/ml  Cells/ml S.D. Volume (mg/L 1 Wt. 
1785684  39 25.14 
3764328  3062570  1107627  34 46.20 37.79 
3637698  32 42.02 

S.D. 

11.15 1 
I 
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August 19 - September 5 I 198'2 Algal  Assay I Continued 

Waneta 

Control + EDTA + P, pH=8.0 

Mean 
Cells/ml  Cells/ml S .D. 

3'60308 
346532 354 185 701 4 
355716 

Control + EDTA + P + N, pH=7.0 

Mean 
Cells/ml  Cells/ml  S.D. 
3726540 
3857592  3759638  86304 
3694782 

TED- 4 Oug  Zn/L 

Control, pH=8.0 

Mean 
Cells/ml  Cells/ml  S.D. 

30776 
22212  23033  7366 
161  12 

Control + EDTA, pH=8.0 

Mean 
Cells/ml  Cells/ml S .D. 

449524 
424268  436459 12651 
435584 

Control + EDTA + P + N, pH=8.0 

Mean 
Cells/ml  Cells/ml  S.D. 
3804528 
3685938  3682990  123038 
3558504 

. 

Mean Cell 
Vo 1 ume 

40 
42 
40 

Mean Cell 
Vo 1 ume 

32 
33 
37 

Mean Cell 
Vo 1 ume 

90 
86 
86 

Mean Cell 
Vo 1 ume 

42 
40 
44 

Mean Cell 
Vo 1 ume 

35 
34 
35 

Dry Wt.  Mean  Dry 
(mg/L 1 Wt. 
5.20 
5.25  5.20 
5.14 

Dry Wt.  Mean  Dry 
(mg/L ) Wt . 
43.05 
45.96  46.12 
49.35 

Dry  Wt.  Mean  Dry 
(mg/L 1 Wt. 

1 . o o  
.69 .73 
.50 

Dry Wt. Mean  Dry 
(mg/L ) Wt . 

6.82 
6.13  6.62 
6.92 

Dry Wt. Mean  Dry 
(mg/L ) Wt . 
48.07 
45.24 46.09 
44.96 

S .D. 

.06 

S .D. 

3.15 

S .D. 

.25 

S.D. 

.43 

S .D. 

1.72 



- 203 - 

TABLE 38 

CONCENl~RATIONS O F  CHEMICALS I N  THE  COLUMBIA  RIVER 

ON SEPTEMBER 28, 1982.  CONCENTRATIONS OF A L L  

CHEMICALS  EXCEPT  HG  ARE  REPORTED I N  mg/L; 

HG I S   I N   p g / L .  PARAMETERS  ARE L I S T E D  UNDER 

THEIR  NAQUADA1 CODE  NUMBERS  AS  SUMMARIZED I N  TABLE 3 

*denotes  that  the  statistics  are  based  on  some L (less  than 

detection  limit)  values. 
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TABLE 39 
> .  ..G .: 8'. . .  

Concentrat 
September 

ions (mg/L) of nutrients and dissolved metals in water used for  the 
1982 algal assay.' Water from each site was autoclaved, aerated with 

co;!, f i 1 tered, and pH adjusted  before these measurements were made. 

Gecmetric  Geanetric 
Rep1 icates Mean S . D .  Mean S.D.  (4.F.) 

Birchbank 

Orthophosphate 
Total Dissolved 
Phosphorus 
Nitrate plus 
Nitrite 
Ammnia 
Total Di ssol ved 

D i  ssolved Zn 
Di ssol ved Cu 
Di ssol ved Fe 
Di ssol ved Mn 
Di ssolved Cd 
Dissolved Pb 
Di ssol ved Ni 

N i t rogen 

Waneta 

Orthophosphate 
Total Dissolved 
Phosphorus 

Nitrate plus 
Nitrite 
Ammni a 
Total  Dissolved 

Dissolved Zn 
Di ssolved Zn 

Dissolved Cu 
Di ssolved Fe 
Di ssol ved Wn 
Di  ssol ved Cd 
Dissolved pb 

Dissolved Ni 

Nitrogen 

(f i 1 tered on1 y) 

0.002 

0.004 

0.058 
0.004 

0.115 
0.001 
LO.001 
0.003 
LO.01 
LO. 0005 
LO.001 
LO. 001 

0.014 

0.017 

0.078 
0.016 

0.145 
0.005 

0.006 
0.005 
0.026 
0.01 
LO. 0005 
0.002 
0.001 

0.002 

0.004 

0.066 
0.006 

0.117 
0.001 
LO.OO1 
0.030 
LO.01 
L O .  0005 
LO.001 
LO. 001 

0.014 

0.017 

0.079 
0.019 

0.141 
0.005 

0.004 
0.003 
0.003 
0.01 
L0.0005 
LO.  001 
0.001 

0.002 

0.005 

0.069 
0.006 

0.120 
0.001 
LO.  001 
0.004 
LO.01 
LO. 0005 
LO.001 
0.001 

0.014 

0.017 

0.079 
0.018 

0.139 
0.005 

0.004 
0.004 
0.004 
LO.01 
LO. 0005 
0.002 
0.002 

0.002 

0.004 

0.064 
0.005 

0.117 
0.001 
LO.001 
0.012 
LO.01 
LO.  0005 
LO.001 
LO.001 

0.014 

0.017 

0.079 
0.018 

0.142 
0.005 

0.005 
0.004 
0.011 
0.01 
LO. 0005 
0.002 
0.001 

0.0 

0.001 

0.006 
0.001 

0.002 
0.0 
0.0 
0.015 
0.0 
0.0 
0.0 
0.0 

0.0 

0.0 

0.001 
0.002 

0.003 
0.0 

0.001 
0.001 
0.013 
0.0 
0.0 
0.001 
0.001 

0.002 

0.004 

0.064 
0.005 

0.117 
0.001 
LO.001 
0.007 
LO.01 
LO. 0005 
LO. 001 
LO.001 

0.014 

0.017 

0.079 
0.018 

0.142 
0.005 

0.005 
0.004 
0.007 
0.01 
LO. 0005 
0.002 
0.001 

1 .woo 

1.1377 

1 .0944 
1.2637 

1.0216 
1 . 0000 
1 . 0000 
3.5065 
1 .moo 
1 . 0000 
1 . 0000 
1 . 0000 

1 . 0000 

1 .om0 

1 .W70 
1.0918 

1.0217 
1 . 0000 

1 .2639 
1.2918 
3.2303 
1 .om0 
1 .oOOo 
1 .4922 
1.4923 
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TABLE 39  (Continued) 

Rep1 i ca tes 
Geometric Geometric 

M a n  5.0. Mean  S.D. ( A . F . 1  

C a n i  nco E f  f 1 uent 

Orthophosphate 
Total Di ssolved 
Phosphorus 

Nitrate plus 
Nitrite 

Amnonia 
Total Dissolved 

Dissolved Zn 
Dissolved Zn 

Dissolved Cu 
Dissolved Fe 
D i  ssol ved fin 
Di ssolved Cd 
Di ssol ved Pb 
Di ssolved N i  

TED - 23pg Zn/L 

Orthophosphate 
Total  Dissolved 
Phosphorus 
Nitrate plus 
Nitrite 

Pmnoni a 
Total Di ssol  ved 

Di ssolved  In 
Dissolved Cu 
Di ssolved Fe 
Dissolved fin 
Di ssol ved Cd 
Dissolved Pb 
Di ssol ved Ni 

Nitrogen 

(f i 1 tered only) 

N i t rogen 

0.010 

0.011 

0.100 
8.22 

8.35 
0.77 

2.4 
LO.001 
0.004 
0.04 
0.021 
0.013 
0.001 

0.014 

0.016 

0.083 
0.230 

0.318 
0.023 
0.008 
0.004 

0.0010 
0.002 
0.007 

LO.01 

0.010 

0.011 

0.099 
8.22 

8.38 
0.17 

2.4 
Lo.ooi 
0.015 
0.04 
0.021 
0.013 
0.001 

0.014 

0.016 

0.082 
0.260 

0.352 
0.023 
0.006 
0.003 

0.0010 
0.001 
0.005 

LO.01 

0.010 

0.010 

0.099 
8.51 

8.75 
0.76 

2.4 
LO. 001 
0.034 
0.04 
0.021 
0.013 
0.001 

0.014 

0.016 

0.081 
0.295 

0.380 
0.022 
0.006 
0.003 

O.OOO8 
0.001 
0.002 

LO.01 

0.010 

0.011 

0.099 
8.32 

8.49 
0.77 

2.4 
LO. 001 
0.018 
0.04 
0.021 
0.013 
0.001 

0.014 

0.016 

0.082 
0.262 

0.350 
0.023 
0.007 
0.003 

o.oO09 
0.001 
0.005 

LO.01 

0.0 

0.001 

0.001 
0.17 

0.22 
0.01 

0.0 
0.0 
0.015 
0.0 
0.0 
0.0 
0.0 

0.0 

0.0 

0.001 
0.032 

0.031 
0.001 
0.001 
0.001 
0.0 
O.OOO7 
0.001 
0 .-002 

0,010 

0.011 

0.099 
8.32 

8.49 
0.77 

2.4 
LO. 001 
0.013 
0.04 
0.021 
0.013 
0.001 

0.014 

0.016 

0.082 
0.260 

0.349 
0.023 
0.007 
0.003 

o.oO09 
0.001 
0.004 

LO.01 

1 .ow0 

1 .OS65 

1 .0058 
1 .0202 

1 .0264 
1 .0076 

1 . 0000 
1 . 0000 
2.9442 
1 .oooo 
1 . 0000 
1 . 0000 
1 .moo 

1 . 0000 

1 . 0000 

1.0120 
1.1325 

1 .0935 
1 .0260 
1.1806 
1.1808 
1 .om0 
1.1379 
1.4923 
1.9125 

I 
i 
B 
1 
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TABLE 40 

DAILY CHLOROPHYLL A READINGS 

(EXPRESSED AS RELATIVE FLUOROMETER UNITS) 

FOR THE  SEPTEMBER 1982 ALGAL  ASSAY 

T h e s e   r e a d i n g s   a r e   g r a p h e d  in F i g u r e  10 
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Dai ly   Re la t ive  Fluorometer Readings 
September 30 - October 26, 1982 

Birchbank 

Control  , pH=8.0 

Day 1 .0002 .0002 .0002 
Day 4  .0015 .0017 .0016 
Day 5 .0018 .0018 .0018 
Day 6  .0022 .0020 .0021 
Day 7 .0024 .0024 .0022 
Day 8  .0023 .0023 .0024 
Day 10  .0024 .0022 .0023 
Day 12 .0020 .0019 .. 00 18 
Control  + EDTA, pH=8.0 

R e p l i c a t e s  

C 

Day 1 
Day 4 
Day 5 
Day 6 
Day 7 
Day 8 
Day 10 
Day 12 

.0003 

.002 1 

.0018 

.0020 

.0022 

.0022 

.0020 

.0017 

Contro l  + N, pH=8.0 

Day 1 
Day 4 
Day 5 
Day 6 
Day 7 
Day 8 
Day 10 
Day 12 

. o o o  1 

.002 1 

.0023 

.0028 

.0027 

.0030 

.0029 

.0025 

Contro l  + P, pH=8.0 

Day 1 
Day 4 
Day 5 
Day 6 
Day 7 
Day 8 
Day 10 
Day 12 

. o o o o  
,0076 
.02 1 
.064 
.068 
.07 1 
.057 
.061 

.0002 

.0018 

.0018 

.002 1 

.0024 

.0025 

.0024 

.0020 

.0002 

.0024 

.0026 

.0029 

.0028 
,0029 
.0032 
,0027 

. o o o o  

.0059 

.018 

.047 

.07 1 

.075 

.070 

.060 

.0002 

.0017 

.0018 

.0017 

.002 1 

.002 1 

.0015 

.0016 

. o o o  1 

.0021 

.0022 

.0022 

.0024 

.0025 

.0024 

.002 1 

. o o o  1 

.0060 

.018 

.046 

.058 

.059 

.054 

.053 

Mean 
.0002 
.0016 
.0018 
,002 1 
.0023 
.0023 
.0023 
.0019 

.0002 

.0019 

.0018 

.0019 

.0022 

.0023 

.0020 

.0018 

. o o o  1 

.0022 

.0024 

.0026 

.0026 

.0028 

.0028 

.0024 

. o o o o  

.0065 

.019 

.052 

.066 

.068 

.060 

.058 

S. D.  
. o o o o  . 000 1 
. o o o o  
.OOOl 
.OOOl . 000 1 
,000 1 
. ooo  1 

.OOOl 

..0002 

. o o o o  

.0002 
,0002 
.0002 
.0004 
.0002 

.OOOl 

.0002 

.0002 

.0004 

.0002 

.0003 

.0004 

. 0003  

. o o o o  

.0010 

.002 

.010 
,007 
.008 
.008 
.004 
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D a i l y   R e l a t i v e  F l u o r o m e t e r  R e a d i n g s  
September  30 - O c t o b e r  26, 1982, C o n t i n u e d  

B i r c h b a n k  

Control  + P + N, pH=8.@ 

Day 1 . o o o  1 . o o o  1 . o o o  1 
Day 4  .004 1 .0093 ,010 
Day 5  .012 .033 .038 
Day 6  .032 .14 .13 
Day 7  .082 .24 .25 
Day 8 .16 .42 .36 
Day 10 .32 .60 .56 
Day 12  .56 .76 .69 
Day 13 .59 .74 .67 
Day 14  .61 .74 .69 

Replicates  

C o n t r o l  + EDTA + P + N, pH=8.0 

Day 1 
Day 4 
Day 5 
Day 6 
Day 7 
Day 8 
Day 10 
Day 12 
Day 13 
Day 14 

. o o o  1 

.010 

.036 

.13 

.25 

.40 

.67 

.89 

.92 

.92 

. o o o  1 

.0093 

.034 

.12 

.26 

.41 

.67 

.89 

.90 

.91 

C o n t r o l  + EDTA + P, pH=8.0 

. o o o  1 

.0093 

.034 

.12 

.23 

.37 

.62 

.86 

.87 

.87 

i., c: :. . : 

Mean 
. o o o  1 
.0078 
.028 
.10 
.19 
.31 
.49 
.67 
.67 
.68 

. o o o  1 

.0095 

.035 

.12 

.25  

.39 

.65 

.88 

.90 

.90 

Day 1 .0001 . o o o o  . o o o o  . o o o o  
Day 4 .0083 ,0072 ,0093 .0083 
Day 5  .029 ,029 .036 .03 1 
Day 6 .062 .058 .063 .06 1 
Day 7  .07 1 .062 .068 .067 
Day 8 .074 .072 .079 .075 
Day 10 .074 .068 .075 .072 
Day 12  .077 ,070 .073 .073 
Day 13  .076 .067 .070 .07 1 

S. D. 
. o o o o  
.0032 
.014 
.06 
.09 
.14 
.15 
.10  
.08 
.07  

. o o o o  

.0004 

. o o  1 

.01 

.02  

.02 

.c3 

.02 

.03 

.03 

. o o o  1 

. 0 0 1 0  

.004 

.003 

.005 

.004 

.004 

.004 

.005 
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Dai ly   Rela t ive  Fluorometer Readings 
September 30 - October 26, 1982, Continued 

Birchbank 

Control  + EDTA + P + N + Trace  Metals ,  pH=8.0 
R e p l i c a t e s  Mean 

Day 1 . o o o  1 . ooo  1 . o o o o  . o o o  1 
Day 4  .0016  .0013  .0012  .0014 
Day 5  .062  .052  .048  .054 
Day 6 .26 .21  .19 .22 
Day 7  .56 .50 .48  .51 
Day 8 .73 .71  .72  .72 
Day 10  .86  .82  .81  .83 
Day 12  .80  .78  .76  .78 

Waneta 

Con t ro l ,  pH=8.0 

Day 1 
Day 4 
Day 5 
Day 6 
Day 7 
Day 8 
Day 10 
Day 12 

,000 1 . 00,34 
.0070 
.014 
.026 
,042 
.062 
.048 

Control  + EDTA, pH=8.0 

Day 1 
Day 4 
Day 5 
Day 6 
Day 7 
Day 8 
Day 1 0  
Day 1 2  
Day 13 

. o o o  1 

.016 

.059 

.088 
,090 
.096 
.096 
.096 
.094 

. o o o o  

.0060  

.016 

.034 

.072 

. l l  

.092 

.080  

.0002 

.016 

.066 

.13 

.14 

.15 

.16 

.16 

.15 

. o o o  1 

.0072 

.018 

.038 

.068 

.074 

.062 

.056 

. o o o o  

.014 

.046 
,084 
.10 
. l l  
. l l  
. l l  
. l l  

. 000 1 

.0055 

. 0 1 4  

.029 

.055 

.075 

.072 

.061 

.ooo  1 

.015 

.057 

.lo1 

. l l  

.I2 

.12 

.12 .. 1 2 

S .  D.  
. o o o o  
.0002 
,007 
.04 
.04 
.01 
.03 
.02 

. 0.000 

.0019 

.006 
,013 
. 025  
.034 
.017  
.017 

.OOOl . 00 1 

.010 

.025 

.03 

.03 

.03 

.03 

.03 
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Daily  Relative  Fluorometer  Readings 
September 30 - October 26,  1982, Continued 

Waneta . .  

Control + N ,  pH=8.0 

Day 1 .oooo  .ooo 1 . o o o  1 
Day 4 .0031 .0040 .0064 
Day 5 .0076 .010 .018 
Day 6 .020 .020 .052 
Day 7 .044 .040 .13 
Day 8 .ll .072 .21 
Day 10  .22 .20 .28 
Day 12  .29 .32 .29  
Day 13  .24 .33 .30 
Day 1 4  .26 .36 .29 

Repl ica tes  

Control + P ,  pH=8.0 

Day 1 
Day 4 
Day 5 
Day 6 
Day 7 
Day 8 
Day 10 
Day 12 

. o o o o  

.0067 

.018 

.042 

.080 

.12  
,082 
.068 

. o o o  1 

.0050 

.012 

.022 

.046 

.086 

.ll 

.076 

Control + P + N ,  pH=8.0 

Day 1 
Day 4 
Day 5 
Day 6 
Day 7 
Day 8 
Day 10 
Day 12 
Day 13 
Day 1 4  
Day 15 
Day 16 
Day 18 

.ooo 1 

.0050 

.014 

.038 . OS6 

.21 

.49 

.83 

.09 

.90 

.90 

.ooo 1 

.0053 

.016 
,044 
.13 
.31 
.65  
.93 
.96 
.93 
.92 

.ooo  1 

.0072 

.020 

.044 

.094 

.15 

.13 

.ll 

.ooo 1 

.0022 

.0046 

.008 1 

.014 

.026 

.068 

.26 

.32 

.36 

.44 

.47 

.49 

Mean 
.ooo  1 
.0045 
.012 
.03 1 
.07 1 
.13 
.23 
.30 
.29 
.30 

.ooo 1 

.0063 

.017 

.036 

.073 

.12 

.ll 

.085 

.ooo 1 

.0042 

.012 

.030 

.077 

.18 

.40 

.67 

.72 

.73 
- 7 5  
.47 
.49  

S. D. 
.oooo 
.0017 
.005 

.051 

.07 

.04 

.02 

.05 

.05 

.01a 

. o o o o  

.0012 

.004 

.012 

.025 

.03 

.02 

.022 

.oooo 

.0017 

.006 

.019 

.059 

.14 

.30 

.36 

.35  

.32 

.27 
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Daily Relative. Fluorometer Readings 
September 30 - October 26, 1982, Continued 

Waneta 

Control + 

Day 1 
Day 4 
Day 5 
Day 6 
Day 7 
Day 8 
Day 10 
Day 12 
Day 13 
Day 14 

EDTA + P + N, pH=8.0 

.ooo  1 .OOOl .ooo  1 

.'O 1 8 .016 .014 

.064 .062 .048 

.20 .19 .15 

.42 .34 .28 

.64 .55 .41 
86 .79 .66 

1.1 1 .o  .89 
1.1 1 .o  .93 
1.1 1 .o .94 

Replicates 

Control + EDTA + N, pH=8.0' 

Day 1 
Day 4 
Day 5 
Day 6 
Day 7 
Day 8 
Day 10 
Day 12 
Day 13 

. oooo  

.010 

.041 

.14 

.20 

.24 

.27 

.28 

.27 

. o o o  1 
,010 
.036 
.12 
.18 
.22 
.28 
.26 
.27 

Control + EDTA + P, pH=8.0 

Day 1 
Day 4 
Day 5 
Day 6 
Day 7 
Day 8 
Day 10 
Day 12 

.ooo 1 

.011 

.036 

.068 

.074 

.08 1 

.082 

.074 

.ooo  1 

.010 

.034 

.076 

.088 

. l l  

. l l  

. l l  

Mean 
.ooo  1 
.016 
.058 
.18 
.35 
.53 
.77 
1 .o 
1 .o  
1 .o 

.OOOl .ooo  1 

.012 .011 

.044 .040 

.13 .13 

.19 .19 

.22 .23 

.27 .27 

.25 .26 

.28 .27 

.oooo 

.0085 

.028 

.068 

.082 

.086 

.10 

.088 

.ooo  1 

.0098 

.033 

.07 1 

.08 1 

.092 

.10 

.091 

S. D. 
. oooo  
.002 
.009 
.03 
.07 
.12 
.10 
. I  

.1 
0 1  

.oooo . 00 1 
004 
.01 
.01 
.01 
.01 
02 

. 0 1  

.oooo 

.0013 

.004 

.005 

.007 

.016 
001 
.018 
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D a i l y   R e l a t i v e   F l u o r o m e t e r   R e a d i n g s  
September  30 - Octobe r  26,  1982, C o n t i n u e d  

TED-23ug Zn/L 

Con t ro l ,  pH=8.0 

Day 1 . o o o o  .0001 .0003 
Day 4 .0009 .0009 .0009 
Day 5 .0013 .0016 .0013 
Day 6 .0018 .0019 .0019 
Day 7 .0029 .0026 .0030 
Day 8 .0039 .0033 ' .0037 
Day 10 .0063 .0054 .0070 
Day 12 .012 .010 .010 
Day 13 .016 .014 .02 1 
Day 14 .026 .020 .034 
Day 15 .035 .028 ,049 
Day 16 .033 .026 ,048 

C o n t r o l  + EDTA, pH=8.0 

Day 1 . oooo  .0002 . o o o o  
Day 4 .0094  .0094 .0094 
Day 5 ,032 .032 .033 
Day 6 .093 .091 . l l  
Day 7 .18 .16 .17 
Day 8 .24 .21 .22 
Day 10 .25 .26 .27 
Day 12 .25 .25 ,27 
Day 13 .25 .27 .29 

C o n t r o l  + EDTA + P + N, pH=8.0 

Day 1 .0002 . oooo  .oooo 
Day 4 .0076 .0063 .0061 
Day 5  .027 .020 .020 
Day 6 .091 .068 .066 
Day 7 .22 .18 .19 
Day 8 .36 .31 .43 
Day 10  .63 .59 .85 
Day 12 .98 .96 1.1 
Day 13 1.1 1.1 1.2 
Day 14 1.1 1.2 1.2 

',t:' .I . ,  

Replicates  Mean 
. o o o  1 
.0009 
.0014 
.0019 
.0028 
.0036 
.0062 
.011 
.017 
.027 
.037 
.036 

. ooo  1 

.0094 

.032 

.098 

.17 

.22 

.26 

.26 
@ 27 

.ooo 1 

.0067 

.022 

.075 

.20 

.37 

.69 
1.01 
1.1 
1.2 

S. D.  
.ooo  1 
. o o o o  
.0002 
.ooo  1 
.0002 
.0003 
.0008 . 00 1 
.004 
.007 
.011 
.011 

.ooo  1 

.oooo 

.oo  1 

.010 

.01 

.02 

.01 

.01 

.02 

.ooo  1 

.0008 

.004 

.014 

.02 

.06 

.14 

.08 

. 1  

.1 
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Daily  Relative Fluorometer Readings 
September 30 - October  26, 1982,  Continued 

TED-23ug Zn/L 

Control + P + N ,  pH=6.0 

Day 1 .0002 .oooo . o o o  1 
Day 4 .0007 .0008 .0008 
Day 5 ,0013 .0012 .0011 
Day 6 .0017 .0015 .0016 
Day 7 .002 1 .002 1 .0023 
Day 8 .0029 -0026 .0026 
Day 10 .0045 .0040 .0034 
Day 12 .0070 0064 .0056 
Day 13 .0077 .007 1 .0072 
Day 14 .0094 .0084 .0084 
Day 15 .012 .012 .012 
Day 16 .013 .019 .019 
Day 18 .020 .03 1 .03 1 
Day 19 .034 .043 .046 
Day 20 .048 .056 .066 
Day 21 .066 .076 .090 
Day 23 .053 -083 . l l  
Day 24 .12 .12 .17 
Day 25 .15 .13 .19 
Day 26 .18 .13 .20 
Day 27 .20 .12 .19 

Replicates Mean 
. o o o  1 
.0008 . 00 12 
.0016 
.0022 
.0027 
.0040 
,0064 
.0073 
.0087 
.012 
.017 
.027 
.041 
.057' 
.077 
.082 
.14 
.16 
.17 
.17 

S. D. 
.ooo 1 
.ooo  1 
.ooo 1 
.0001 
.ooo 1 
.0002 
.0006 
.0006 
.0003 
.0006 
.ooo 
.003 
.006 
.006 
.009 
.012 
.029 
.03 
.03 
.04 
.04 
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FIGURE 1 0  

ALGAL GROWTH INDICATED BY I N  V I V O  CHLOROPHYLL A 
(MEASURED IN RELATIVE FLUOROMETER UNITS) 

FOR THE SEPTEMBER 1 9 8 2  ALGAL ASSAY. 

POINTS  PLOTTED ARE THE MEANS OF 3 REPLICATES 

T h e   r e a d i n g s   u s e d   f o r   t h e s e   g r a p h s   a r e   p r e s e n t e d  i n  T a b l e  40 
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Birchbank 
September  1982 
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Birchbank 
September 1982 
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Waneta 
September 1982 

Legend 
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Waneta 
September 1982 
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September 1982 
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TED-23pg Zn/L 
September 1982 
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TABLE 41 

F INAL  Y IELD OF EACH ALGAL ASSAY TREATMENT 

FOR THE SEPTEMBER 1982 ASSAY. THE YIELDS ARE EXPRESSED 

AS CELLS/ML AND  MG DRY WT/L. 

MEAN CELL VOLUME I S  EXPRESSED AS UM3/CELL. 

THE YIELDS WERE DETERMINED  WITH THE COULTER COUNTER. 
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September 30 - October 26, 1982 Algal  Assay 
Birchbank 

Control, pH=8.0 

Mean 
Cells/ml  Cells/ml 

15308 
18244 16275 
15272 

Control + EDTA, pH=8.0 

Mean 
Cells/ml  Cells/ml 

20154 
17529. 18308 
17241 

Control + N, pH=8.0 

Mean 
Cells/ml  Cells/ml 

13869 
18810  1683 1 
17814 

Control + P, pH=8.0 

Mean 
Celldm1 Cells/ml 

202576 
202708 194480 
178156 

Control + P + N, pH=8.0 

Mean 
Cells/ml  Cells/ml 

1 123794 
1322730 1274832 
1377972 

S.D. 

1706 

S.D. 

1605 

S.D. 

261 3 

S.D. 

14137 

S.D. 

133687 

Mean  Cell 
Volume 

38 
39 
47 

Mean  Cell 
Vo 1 ume 

33 
34 
34 

Mean  Cell 
Vo 1 ume 

41 
35 
39 

Mean  Cell 
Volume 

41 
42 
43 

Mean  Cell 
Volume 

47 
43 
45 

Dry Wt. Mean  Dry 
(mg/L 1 Wt . 

.21 

.26  .24 

.26 

Dry  Wt.  Mean  Dry 
(mg/L 1 Wt . 

.24 

.22 .22 

.21 

Dry  Wt.  Mean  Dry 
(mg/L 1 Wt . 

.21 

.24 .23 

.25 

Dry  Wt. Mean  Dry 
(mgh ) Wt . 
3.00 
3.07  2.95 
2.77 

Dry Wt.  Mean  Dry 
(mg/L ) Wt . 
19.07 
20.53  20.66 
22.39 

S.D. 

.03 

S.D. 

.02 

S.D. 

.02 

S.D. 

.16 

S.D. 

1.66 
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September 30 - October 26, 19e2 Algal Assay,  Continued 
Birchbank 

p 

Control + EDTA + P + N, pH=8.0 

Mean 
Cells/ml  Cells/ml  S.D. 
2 120952 
1869702 1986282 126598 
1968192 

Control + EDTA + P, pH=8.0 

Mean 
Cells/ml  Cells/ml  S.D. 

337428 
24  1962 271 096 57587 
233898 

Mean  Cell 
Vo  1  ume 

43 
44 
45 

Mean  Cell 
Vo  1  ume 

37 
40 
41 

Control + EDTA + P + N + Trace  Metals, pH=8.0 

Mean 
Cells/ml  Cells/ml 
2076732 
1921 560 1986282 
1960554 

Waneta 

Control, pH=8.0 

Mean 
Cells/ml  Cells/ml 

182028 
2448 16 214441 
2 16480 

Control + EDTA, pHi8.0 

Mean 
Cells/ml  Cells/ml 

300426 
364056 . 3 17660 
288498 

S.D. 

80722 

S.D. 

3 1444 

S.D. 

40620 

Mean  Cell 
Volume 

51 
51 
47 

Mean  Cell 
Vo 1 ume 

47 
49 
47 

Mean  cell 
Volume 

43 
44 
41 

Dry Wt. Mean  Dry 
(mg/L 1 Wt . 
32.92 
29.70  31.53 
31.97 

Dry  Wt.  Mean  Dry 
(mg/L) . Wt . 
4.51 
3.49  3.82 
3.46 

Dry Wt.  Mean  Dry 
(mg/L)  Wt . 
38.23 
35.38  35.63 
33.26 

Dry Wt.  Mean  Dry 
(mg/L 1 Wt . 
3.09 
4.33  3.70 
3.67 

S.D. 

1.- 66 

S-D.  

.59 

S.D. 

2.49 

S.D. 

.62 

Dry Wt.  Mean Dry 
(mg/L 1 Wt . S.D. 
4.66 
5.78  4.91  .78 
.4.27 
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September 30 - October 26, 1982 Algal Assay,  Continued 
Waneta 

Control + N, pH=8.0 

Mean Mean  Cell 
Cells/ml  Cells/ml S.D. Vo 1  ume 

304752 72 
4761 54 377097 88768 62 
350386 73 

Control + P, pH=8.O 

Mean Mean  Cell 
Cells/ml  Cells/ml S.D. Vo 1  ume 

280770 46 
2 1 5796 269248 48724 46 
31 1178 45 

Dry  Wt.  Mean Dry 
(mg/L 1 Wt . 
7.92 

9.23 
10.66  9.27 

Dry  Wt.  Mean Dry 
(mg/L 1 Wt . 
4.66 
3.58  4.43 
5.06 

1 
I 
1 
I 
D 

S.D. 

1.37 

S.D. 

.76 
I 

Control + P + N, pH=8.0 

Mean Mean  Cell 
Cells/ml  Cells/ml S.D. Volume 
293821 8 49 
2928168 2328602 1047194 40 
1 1  19420 51 

Dry  Wt.  Mean  Dry 
(mg/L 1 Wt. 
51.97 
42.28  38.29 
20.61 

S.D. I 
16*06 I 

Control + EDTA + P + N, pH=8.0 

Mean  Mean  Cell 
Cells/ml  Cells/ml  S.D. Volume 
261 1794 46 
2484762 248 1680 131682 37 
2348484 37 

Control + EDTA + N, pH=8.0 

Mean Mean  Cell 
Cells/ml  Cells/ml S.D. Vo I ume 

487326 43 
4400 12 463546 23658 61 
463300 60 

Dry  Wt. Mean  Dry 
(mg/L ) Wt. 
43.37 
33.19  35.98 
31.37 

Dry Wt.  Mean  Dry 
(mg/L ) Wt . 
7.56 
9.69  9.10 
10.04 
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September 30 - October 26, 1982 Algal Assay, Continued 

Waneta 

Control + EDTA + P, pH=8.0 

Mean 
Cells/ml  Cells/ml 

223860 
26661 6 257054 
280686 

TED-23ug Zn/L 

Control, pH=8.0 

Mean 
Cells/ml  Cells/ml 

47544 
40352 5281 1 
70536 

Control + EDTA, pH=8.0 

Mean 
Cells/ml Cells/rnl 

488966 
404752 451 273 
4601 02 

I' I 

S.D. 

29595 

S.D. 

15766 

S.D. 

42796 

Control + EDTA + P + N, pH=8.0 

Mean 
Cells/ml  Cells/ml S.D. 
2037336 
2091204 2148422 148223 
231672.6 

Control + P + N, pH=8.0 

Mean 
Cells/ml  Cells/ml S.D.  

251  41 2 
2 15594 255923 42763 
300762 

Mean Cell 
Volume 

41 
39 
40 

Mean' Cell 
Volume 

64 
58 
60 

Mean Cell 
Volume 

48 
50 
51 

Mean Cell 
Volume 

39 
37 
43 

Mean Cell 
Volume 

57 
65 
64 

Dry Wt. Mean  Dry 
(mg/L)  Wt . 
3.31 
3.75  3.71 
4.05 

Dry Wt. Mean Dry 
(mg/L 1 Wt . 

.84 1.16 
1.10 

1.53 

Dry Wt.  Mean  Dry 
(mg/L 1 Wt. 
8.47 
7.31  8.08 
8.47 

Dry Wt. Mean  Dry 
(mg/L ) Wt. 
28.68 
27.93  30.86 
35.96 

Dry Wt. Mean Dry 
(mg/L 1 Wt . 
5.17 
5.06  5.73 
6.95 

S.D. 

.37 

S.D. 

*35 

S.D. 

.67 

S.D. 

4.44 

S .D. 

1.06 



- 228 - 

TABLE 42 

Data  used  to  determine dry weight  per  volune  (pg/pm3) of Selenastrum  capricornutum. 

W a n  Cell  Volune of Dry Weight of Dry Weight of Man dry weight 
Cell  Density  Volune  Culture  Filtered  Cells  algae  as  for  culture 

Swple (cells/ml) (dl Filtered (ml) (mg) W m 3  (Wd) 

cu 1 ture A 8.48 x lo5 31.5 

Culture B 1.01 x lo6 30.0 

350 
350 
300 
250 
,200 

500 
500 
450 

3.5 
3.5 
3.1 
2.5 
1.7 

5.4 
5.4  
4.8 

3.75 x 10-7 3.66 x 10-7 
3.75 x 10-7 
3.87 X 10-7 
3.75 x 10-7 
3.18 X 10-7 

3.56 x 10-7 3.55 X 10-7 
3.56 X 10-7 
3.52 X 10-7 

k a n  of 2 cultures = 3.61 x 
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B.  INDIGENOUS PHYTOPLANKTON AND PERIPHYTON  COLLECTED FROM 

THE COLUMBIA  RIVER ON EARLY  RECONNAISSANCE TRIPS 

( 1 9 7 8 - 1 9 7 9 )  AND I N  CONJUNCTION  WITH  SAMPLES 

FOR ALGAL ASSAYS ( 1 9 8 0 - 1 9 8 2 )  
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TABLE 43 

A list  of  all  algal  species  collected  from  the  Colunbia  River  Basin, 
July 26, 1978 - Septeher 28, 1982, indicating  whether  they 

were found in the  periphyton or in the  phytoplankton. 

Phytoplankton  Periphyton 

Chrysophyta 

Class  Bacillariophyceae 

Achnanthes  clevei  Grunou 
Achnanthes  flexella  (Kiitzing)  Brun 
Achnanthes  lanceolata (Brbisson) Grunow 
Achnanthes  microcephala  (Kiitzing)  Grunou 
Achnanthes  minutissima  Kiitzing 
Achnanthes sp. 
Amphipleura  pellucida (Kiitzing) Kiitzing 
Anphora  .coffeaefotmis  (Agardh)  Kiitzing 
Amphora sp. 
Asterionel  la fonosa Hassall 
Ceratonei s arcus  (Ehrenberg) Kiitzi ng 
Ceratoneis  arcus  var.  amphioxys  (Rabenhorst)  Brun 
Cocconeis  pediculus  Ehrenberg 
Cocconeis  placentula  Ehrenberg 
Cocconeis sp. 
Cyclotella  bodanica  Eulenstein G r u m  
Cyclotella cants (Ehrenberg)  Kiitzing 
Cyclotel  la  glanerata  Bachmann 
Cyclotella  kuetzinniana  Thuaites 
Cyclotella  michiqaniana  Skvortzan 
Cyclotel  la  ocel  lata  Pantocsek 
Cyclotella  stelliqera  (Cleve  et  Grun  Cleve)  Van  Heurck 
Cyclotella sp. A 
Cyclotella sp. B 
Cvclotel  la sp. 
Cmatopleura solea (Bdbisson) km. Smith 
CynJ>ella  affinis  Kiitzing 

Cymbella  cistula  (Henprich)  Kirchner 
Cymbella  prostrata  (Berkeley)  Cleve 
Cynbella  sinuata  Gregory 
Cymbella tuwida Gregory 
Cynbella  ventricosa  (Kitzing)  Kiitzing 
Cymbella  sp. 

. Cymbella  caespi  tosa  (Kiitzing)  Brun 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 

+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 

+ 
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TABLE 43 (Continued) 

I Phytoplankton  Periphyton 

Denticula  eleqans  Kutzing 
Diatama  elonciatun  Lyngbye 
" Diatama  hiemale  (Lyngbye)  Heiberg 
" Diatana  hiemale  var. quadratun (Kitzing)  Ross 
Diatana  vulgare  Bory 
Diploneis  decipiens  Cleve-Euler 
Epithemia Kiitzing 
Epi  themia  turgida  (Ehrenberg)  Kitzing 
Eunotia  pectinalis  (Kitzing)  Rabenhorst 
Fraqi  laria  capucina Demzieres 
Fragilaria  construens  (Ehrenberg)  Grunow 
Fraqi  laria construens var. binodis  (Ehrenberg)  Grunow 
Fraqi  laria construens var.  venter  (Ehrenberg)  Grunow 
Fraqilaria  crotonensis  Kitton 
Fraqi  laria  leptostauron  (Ehrenberg)  Hustedt 
Fraqilaria  pinnata  Ehrenberg 
Fragilaria  vaucheriae  (Kitzing)  Peterson 
Ganphonema herculeanm Ehrenberg 
Gunphonema intricatm Kitzing 
Ganphonema olivaceun (Lyngbye) Kiitzing 
Gunphonema parvulm (Kiitzing) Kiitzing 
Ganphonema  sp. 
Gyrosiqna  sciotense  (Sullivan 8 Wotmley)  Cleve 
Helosira  granulata  (Ehrenberg)  Ralfs 
wlosira qranulata'var.  anqustissima O.F. ~Uller 
Helosira  varians  Agardh 
Heridion  circulare  (Greville)  Agardh 
Navicula  bicephala  Hustedt 
Navicula  cryptocephala  Kitzing 
Navicula  pelliculosa  Hilse 
Navicula  pupula Kiitzing 
Navicula  radiosa  Kitzing 
Navicula  sal inarun var.  intermedia  (Grunaw)  Cleve 
Navicula  tripunctata (O.F.  Miller)  Bory 
Navicula sp. 
Neidiun sp. 
Ni tzschia  acicularis m. Smith 
Nitzschia  actinasteroides  (Lemnermann)  Van  Goor 
Nitzschia  dissipata  (Kitzing)  Grunow 
Nitzschia  filifonnis (W. Smith)  Van  Heurck 
Nitzschia  frustulun  (Kitzing) G r u m  
Ni tzschia  hantzschiana  Rabenhorst 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 
+ 
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TABLE 43 (Continued) 

Phytoplankton  Periphyton 

Ni tzschia  linearis km. Smith 
Nitzschia  palea  (Kitzing) MI. Smith 
Nittschia  signa (Kitzing) 1sn. Smith 
Nitzschia  sp. 
Rhizosolenia  eriensis  H.L.  Smith 
Rhitosolenia  sp. 
Rhopalodia  gibba  (Ehrenberg)  O.F.  Riiller 
Rhopalodia  gibberula  (Ehrenberg)  O.F.  Hiller 
Stauroneis  anceps  Ehrenberg 
Stephanodiscus  astraea  (Ehrenberg)  Grunow 
Stephanodi  scus  tenui s Hustedt 
S tephanodi  scus  sp . 
Synedra  acus  var.  radians  (Kitzing)  Hustedt 
Synedra  angustata  Kitzing* 
Synedra  ulna (Ni tzsch)  Ehrenberg 
Synedra  ulna  var.  oxyrhynchus  (Kitzing)  Van  Heurck 
Synedra  sp . 
Tabel  laria  fenestrata  (Lyngbye)  Kitzing 
Tabellaria  flocculosa  (Roth)  Kutzing 

Non-Diatan  Chyrsophyta 

C h m l  i na-1 i ke 
Di nobryon  bavaricum  Imhof 
Dinobryon  sertularia  Ehrenberg 
Mallanonas  pseudocoronata  Prescott 
Mallanonas  sp. 
Ochrunonas  sp. 

Chlomhyta 

Ankistrodems falcatus (Corda) Ralfs 
Carteri a sp . 
Chlmdamonas sp. 
Comarim sp. 
Crucigenia  sp. 
Elakatothrix  qelatinosa  Wille 
Elakatothrix  sp. 
Franceia sp. 
Gemellicystis  neplecta  Teiling 
Gemellicystis  sp. 

+ + 
+ + 
+ 
+ 

' +  + 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 

+ 
+ 

+ 



- 233 - I 
I 
I 
I 
m 
I 
I 
1 
I 
‘I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

TABLE 43 (Continued) 

~~~ ~ ~~ 

. .  
Phytoplankton Periphyton 

Goniun  sp. 
Lagerheimia sp. 
H i  crospora sp. 
Scenedems auadricauda (Turpin) de Br6bisson 

SCenedems sp. 
Selenastrun sp. 
Staurastrun sp. 
Stigeocloniun sp. 
Ulothrix zonata (Ubber 8 Fbhr) Kutzing 
Ulothrix sp.  
Unidentified  filamentous 

i n  de Br6bisson 8 Godey 

Cryptophyta 

Chnxmonas  sp. 
Cryptomonas  sp. 

Cyanophyta 

Chroococcus  sp. 
Oscil latoria  vlanctonica Woloszynska 
Osci 1 la to r ia  sp. 
unidenti f ied colony 
Unidentif ied  unicellular 

Pyrrhophyta 

Ceratiun  hirundinella (O.F. Huller) Schrank 
Peridiniopsis sp. 
Peridiniun sp. 

Miscellaneous 

Unidentif ied  unicellular  alga 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ + 

+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 

+ 

+ 
+ 

+ 

Wan Landingham gives no correct  equivalent  for  this species 
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TABLE 44 

Concentrations  of  phytoplankton  species  (cells/ml) 

collected  from  the  Columbia  and  Pend  d'0reille  Rivers, 

J u l y  26,  1978 - September 28, 1982.  Concentrations 

. o f  filamentous  species  (indicated by *) 

are  expressed  as mm/ml. 

Filamentous  species  are  not  included in total  count o f  cells. 
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Date:  July 26, 1978 

Species 

Chrysophyta 

Class  Bacillariophyceae 

Achnanthes  clevei 
Achnanthes  flexella 
Achnanthes lanceolata 
Achnanthes minutissima 
Achnanthes  sp. 
Amphipleura.  pellucida 
Asterionella  formosa 
Ceratoneis  arcus 
Ceratoneis  arcus var.  amph .ioxys 
Cocconeis  pediculus 
Cocconeis  placentula 
Cyclotella  bodanica 

na - 

Cymbella  ventricosa 
Cymbella  sp. 
Denticula  elegans 
Diatoma  .elonqatum 
Diatoma  hiemale 
Diatoma  hiemale  var.  quadr 
Diatoma  vulqafe 
Diploneis  declpiens 
Epi themia  sorex 
Epithemia  turgid? 
Eunotia  pectlnalis 
Fragilaria 
Fraqilaria 
Fraailaria 
Fraqilaria 
Fragilaria 
Fraqilaria 
Fragilaria 
Gomphonema 
Gomphonema 
Gomphonema - 

caput ina 
construens 
construens var. 
construens var. 
crotonensis 
leptostauron 
vaucheriae 
herculeanum 
intricatum 
olivaceum 

atum - 

binod 
vente 

I 
I 

Pend 
Birch- d'0reille 
bank  Waneta  River I 

I 
0 
0 
0 
0 

15 
0 

62 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
7 
0 
2 
0 
0 
0 
0 
0 
0 

1 1  
0 
0 
0 
0 
0 
4 
0 
0 
0 

141 
0 

429 
0 
0 
0 
0 
0 

0 6 
0 0 
6 0 
0 6 
0 0 
0 0 

33  1838 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
6 0 
0 6 
6 0 
0 0 
0 0 
0 6 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

1 1  - 0  
0 0 
6 0 
0 0 
0 0 
0 0 
6 0 
0 0 
0 0 
0 0 
0 0 
0 0 

778 375 
0 0 
0 0 
0 0 
0 0 
0 0 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



- 236 - 

Date:  July 26,   1978 

Species 

Gomphonema  parvulum 
Gomphonema sp. 
Gyrosiqma  sciotense 
Melosira  qranulata 
Melosira  granulata  var. 
Melosira  varians 

. .  Meridion  circulare 
bicephala 

Navicula  cryptocephala 
Navicula  pelliculosa 
Navicula ppula 

angustissima 

I Non-Diatom  Chrysophyta 

$9 ,.;ti'. v 
(Continued) 

Pend 
Birch-  d'0reille 
bank  Waneta  River 

iavicula radiosa 
iavicula salinarum var.  inte 
'avicula tripunctata 
'avicula sp. 
'eidium sp. 
Nitzschia  acicularis 
Nitzschia  actinastero 
Nitzschia  dissipata 
Nitzschia  filiformis 
Nitzschia  linearis 
Nitzschia  palea 
Nitzschia  siqma 
Nitzschia sp. 
Rhizosolenia  eriensis 
Rhizosolenia sp. 
Rhopalodia  gibba 
Rhopalodia  qibberula 
Stauroneis  anceps 

ides 

Stephanodiscus  astraea 
Stephanodiscus sp. 
Synedra acus var. radians 
Synedra  angustata 
Synedra  ulna 
Synedra  ulna  var.  oxyrhync 
Synedra sp. 
Tabellaria  fenestrata 
Tabellaria  flocculosa 

- - 

Chromulina-like 
Dinobryon  bavaricum 
Dinobryon  sertularia 
Mallomonas  pseudocoronata 
Mallomonas sp. 
Ochromonas sp .  

rmedia 

hus - 

4 
0 
0 
7 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
.o 
2 
4 
'0 
0 

75 
0 
2 
0 
0 
7 
0 
0 
0 

- 2  
0 
0 
0 
0 

< 6  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
6 
0 
0 

50 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

6 
0 
0 
0 

171 
0 
0 
0 
0 
0 
0 
0 
0 

1 1  
1 1  
1 1  
4 4  

0 
0 
0 
0 
0 
0 
0 
6 
0 
0 
0 
0 

1 1  
0 

28 
0 

1 1  
0 
0 
6 
0 

0 0 0 
0 0 1 1  

15 1 1  110 
0 0 0 

20 6 6 
126 77  121 

I 



Date:  July 26,   1978 

Species 

Chlorophyta 

Ankistrodesmus  falcatus 
Carteria  sp. 
Chlamydomonas  sp. 
Cosmarium sp. 
Crucigenia sp. 
Elakatothrix  gelatinosa 
Elakatothrix sp. 
Franceia sp. 
Gemellicystis  neqlecta 
Gemellicystis sp. 
Gon i um  sp. 
Laqerheimia sp. 
Scenedesmus  quadricauda 
Scenedesmus  sp. 
Selenastrum  sp. 
Staurastrum sp. 
Stiqeoclonium sp.* 

Cryptophyta 

Chroomonas  sp. 
Cryptomonas sp. 

- 237 - 

(Continued) 
Pend 

Birch-  d'0reille 
bank 

18 
0 
0 
7 
0 
0 
0 
0 

40 
0 
0 
0 
0 
0 
0 
0 
0 

93 
18 

Cyanophyta 

0 
10807 

0 
0 

Pyrrhophyta 

Ceratium  hirundinella 
Peridiniopsis sp. 
Peridinium  sp. 

Miscellaneous 

Unidentified  unicellular  alga 

Total  Number  of  Cells 

0 
0' 
0 

0 

1114 

Waneta 

33  
0 
0 
0 
0 

17 
0 
0 

1 5.5 
0 
6 
0 
0 
0 
0 
0 
0 

83 
1 1  

0 
16450 

0 
22 

0 
0 
0 

0 

1330 

River 

0 
0 
0 
0 
0 

22 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 1  
0 

0 
21307 

0 
0 

0 
0 
0 

0 

2832 



Date: October 23, 1979 
Station:  Birchbank 

Species 

Chrysophyta 

Class Bacillariophyceae 

- 238 - 
1:' ,I 

Achnanthes clevei 
Achnanthes flexella 
Achnanthes lanceolata 
Achnanthes minutissima 
Achnanthes sp. 
Amphipleura  pellucida 
Asterionella  formosa 
Ceratoneis arcus 
Ceratoneis arcus var. amphioxys 
Cocconeis pediculus 
Cocconeis Dlacentula 

Cyclotella comta 
Cyclotella glomerata 
Cyclotella kuetzin~giana 
Cyclotella ocellata 
Cvclotella stelliaera 

Cymbella affinis 
Cymbe 1 la 
Cymbella 
Cymbe 1 la 
Cymbella 

. " 

caespitosa 
cistula 
prostrata 
turgida 

Cymbella ventricosa 
~~ Cymbella sp. 

Denticula elegans 
Diatoma elongatum 
Diatoma hiemale 
Diatoma hiemale var. quadratum 
Diatoma vulgare 
Diploneis declpiens 
Epithemia sorex 
Epithemia  turgida 
Eunotia pectlnalis 
Fragilaria capucina 
Fraqilaria construens 
Fragilaria construens var. binodis 
Fraqilaria construens var. venter 
Fraqilaria crotonensis 
Fraqilaria leptostauron 
Fraqilaria vaucheriae 
GomDhonema herculeanum 
Gomphonema intricatum 
Gomphonema olivaceum 

Replicates 

0 
0 
0 
3 
0 
0 

28 
0 
0 
0 
0 
0 
0 
3 

0 
61 
0 
0 
3 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

75 
0 
0 
0 
0 
0 

' 0  

0 0 
0 0 
0 0 
0' 4 
0 0 
0 0 

25 6 
0 0 
0 
0 
0 
0 
0 
0 
0 
0 

63 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 

33 
0 

102 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

26 
0 
0 

39. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
2 
0 
0 .  
0 
0 
0 
0 

22 
9 

35 
2 
2 
0 
0 
0 
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Date:  October 23, 1979 
Station:  Birchbank 

Species 

Gomphonema  parvulum 
Gomphonema  sp. 
Gyrosiqma 
Melosira 
Melosira 
Melosira 
Meridion 
Navicula 
Navicula 
Navicula 
Navicula 
Navicula 
Navicula 
Navicula 
Navicula 

sciotense 
granulata 
qranulata 
varlans 
circulare 
bicephala 

va 

cryptocephal 
pelliculosa 
pupula 
radiosa 
salinarum va 
tripunctata 
SP 

r. anqustissima 

a - 

.r. intermedia 

Neidium  sp. 
Nitzschia  acicularis 
Nitzschia  actinasteroides 
Nitzschia  dissipata 
Nitzschia  filiformis 
Nitzschia  linearis 
Nitzschia  palea 
Nitzschia  siqma 
Nitzschia  sp. 
Rhizosolenia  eriensis 
Rhizosolenia  sp. 
Rhopalodia  gtbba 
Rhopalodia  qlbberula 
Stauroneis  anceps 
Stephanodiscus  astraea 
Stephanodiscus sp. 
Synedra  acus  var.  radians 
Synedra  angustata 
Synedra - ulna 
Synedra  ulna  var.  oxyrhynchus 
Synedra  sp. 
Tabellaria  fenestrata 
Tabellaria f locculosa 

Non-Diatom  Chrysophyta 

Chromulina-like 
Dinobryon bavaricum 
Dinobryon -~ 

sertularia 
Mallomonas pseudocoronata 
Mallomonas sp. 
Ochromonas sp. 

(Continued) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
6 
0 
0 
0 
0 

63 
0 

0 
0 

19 
0 
0 

152 

Replicates 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
6 
0 
3 
0 
0 
0 
0 
0 
3 
0 
3 
0 
0 
6 
0 

0 
0 

22  
0 
0 

218 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 .  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
2 
2 
0 
0 

18 
0 

0 
0 

17 
0 
2 

110 
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1 

Date:  October 23, 1979 
Station:  Birchbank 

Species 

Chlorophyta 

Ankistrodesmus  falcatus 
Carteria  sp. 
Chlamydomonas sp. 
Cosmarium sp. 
Crucigenia sp. 
Elakatothrix  qelatinosa 
Elakatothrix sp. 
Franceia sp. 
Gemellicystis ~~- neqlecta 
Gemellicystis sp .  
Gon i um  sp. 
Laqerheimia sp.  
Scenedesmus  quadricauda 
Scenedesmus sp.  
Selenastrum sp. 
Staurastrum sp. 
Stiqeoclonium sp.* 

Cryptophyta 

Chroomonas sp. 
Cryptomonas sp. 

Cyanophyta 

Chroococcus sp. 
Oscillatoria  planctonicak . "  
Oscillatoria sp.* 
Unidentified colony 

Pyrrhophyta 

Ceratium  hirundinella 
Peridiniopsis sp. 
Peridinium sp. 

Miscellaneous 

L .  . . .:Q 

(Continued) 

30 
0 
0 
0 
0 
6 
0 
0 
0 
0 

22 
0 
0 
0 
0 
0 
0 

Replicates 

6 
0 
3 
0 
0 
6 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

9 
0 
4 
2 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 

229 188 121 
19 36 1 1  

0 0 0 
0 6616 6488 

3480 0 0 
0 0 0 

Unidentified  unicellular  alga 

Total  Number of Cel1.s 

0 3 2 
0 0 0 
0 0 0 

0 0 0 

720 726 453 
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Date:  October 23, 1979 
Station:  Waneta 

Species 

Chrysophyta 

Class  Bacillariophyceae 

Achnanthes 
Achnanthe.s 
Achnanthes 
Achnanthes 

clevei 
f lexe'lla 
lanceolata 
minutissima 

Achnanthes sp. 
Amphipleura  pellucida 

. amphioxys 
Cocconeis  placentula 
Cyclotella  bodanica 
Cyclotella  comta 
Cyclotella  qlomerata 
Cyclotella  kuetzinqiana 
Cyclotella  ocellata 
Cyclotella  stelligera 
Cyclotella  sp. 
Cymbella  affinis 
Cymbella  caespitosa 
Cymbella  cistula 

~ . " Cymbella  prostrata 
Cymbella  turgida 
Cymbella  ventrlcosa 
Cymbella sp. 
Denticula  elegans 
Diatoma  elongatum 
Diatoma  hiemale 
Diatoma  hiemale  var.  quadra 
Diatoma  vulqaf-e 
Diploneis  declpiens 
Epithemia  sorex 
Epithemia  turqida 
Eunotia  pectinalis 
Fragilaria  -capucina 
Fragilaria  construens 
~ Fragilaria.construens var. 
Fragilaria 
Fragilaria 
Fraqilaria 
Fragilaria 
Gomphonema 
Gomphonema 
Gomphonema 

construens va 
crotonensis 
leptostauron 
vaucheriae 
herculeanum 
intricatum 
olivaceum 

r. 

t um - 

bino ,dis 
venter 

Replicates 

0 0 
0 0 
0 0 
0 3 
0 0 
0 0 
0 33 
0 0 
0 0 
0 0 
0 0 
1 0 
0 0 
0 8 
0 0 
0 - 0  
0 6 3  
0 0 
0 0 
0 3 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
.o 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 1 1  
0 28 
0 0 

40 33  
0 0 
0 4 7  
0 0 
0 0 
0 0 

0 
0 
0 
9 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

57 
0 
0 
0 
0 
2 
0 
0 
0 
6 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

48 
0 
0 
0 
0 
0 



1. 
'1 
1 
I 
s. 

Date:  October 23, 1979 
Station:  Waneta 
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Species Replicates 

GomDhonema Darvulum 0 0 0 
0 0 0 Gomphonema sp, 

- 
. la sciotense 0 0 0 

llata 0 0 0 
llata  var. anaustissima 0 0 0 

0 0 0 

Navicula 
Navicula 
Navicula 
Navicula 

Gyrosign - 
Melosira granl 
Melosira qrant 
Melosira varians 
Meridion circulare 0 0 0 
Navicula  bicephala 0 0 0 

cryptocephala 0 0 0 
pelliculosa 0 0 0 
pupula 0 0 0 
radlosa 0 0 0 

Navicula salinarum var. intermedia 0 0 0 
0 0 0 
4 0 2 

Navicula tripunctata 
Navicula SD. 
- 
N - 
N 
N 
- 
reidium sp: 0 0 0 

0 
inasteroides 0 0 0 

.a 0 0 0 
iformis 0 0 0 

'itzschia acicularis 
'itzschia act! 
'itzschia dissipat 
Nitzschia - f il! 
Nitzschia linc 
Ni tzschia 
Nitzschia 
Nitzschia 
Rhizo - 
Rhizosolenia, ! 
Rhopa  1 od i, 
Rhopalodia  qibbe 
Stauronei 
Stephanod 
Stephanodiscus 2 
Synedra a' 
Synedra gnqustata 
Synedra y 
Svned 

- 

- 

1 3 

2aris 0 0 0 
palea 0 0 0 
s i.gma 0 0 '  0 
SP 3 0 0 

lsolenia eriensis 0 0 0 

a qibba. 0 0 0 
- /  srula 0 0 0 
s anceps 0 0 0 
i-scus astraea 8 0 0 

;p. 4 1  0 0 
cus var. radians 0 8 4 

- 1 0 0 
lna 0 0 0 

Ira ulna  var. oxyrhynchus 0 0 0 

- jp. 3 3 0 

- 

" 

i&&a sp. 
Tabellaria fenestrata 
Tabellaria flc 
Non-Diatom Chrysophyta 

Chromulina-like 
Dinobryon bavaricum 
Dinobryon ~~ 

sertularia 
Mallomonas pseudocoronata 
Mallomonas sp. 
Ochromonas sp. 

0 
21  

0 
0 

0 
9 

0 0 0 

0 0 0 
0 0 0 

3 6  25  26 
0 0 0 
0 0 0 

124 127 180 



Date:  October 23, 1979 
Station:  Waneta 

Species 

Chlorophyta 

Ankistrodesmus  falcatus 
Carteria  sp. 
Chlamydomonas sp. .-~- ~~~~~ Cosma r 1 um sp . 
Crucigenia sp. 
Elakatothrix  gelatinosa 
Elakatothrix sp. 
Franceia  sp. 
Gemellicystis  neqlecta 
Gemellicystis sp. 
Gonium-sp. 
Laqerheimia sp. 
Scenedesmus  quadricauda 
Scenedesmus sp. 
Selenastrum  sp. 
Staurastrum sp. 
Stiqeoclonium sp.* 

Cryptophyta 

Chroomonas sp.  
Cryptomonas sp. 

Cyanophyta 

Pyrrhophyta 

Ceratium  hirundinella 
Peridiniopsis sp. 
Peridinium  sp. 

- 243 - 

Miscellaneous 

Unidentified  unicellular  alga 

Total  Number of Cells 

(Continued) 

6 
0 
0 
0 
0 
0 
6 
0 
0 
0 

26 
1 
0 
0 
0 
0 

552 

Replicates 

0 
0 
0 
0 
0 

1 4  
0 
0 
0 
0 
0 
0 
0 

1 1  
0 
0 
0 

4 
0 
4 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

91 188 138 
15 28 42 

0 0 0 
0 4587 2425 

2076 0 0 
0 0 0 

0 0 0 
0 0 4 
3 0 0 

3 0 0 

435 635 537 
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Date: October 23, 1979 
Station: Cominco Effluent 

Species 

Chrysophyta 

Class Bacillariophyceae 

Achnanthes clevei 
Achnanthes flexella 
Achnanthes lanceolata 
Achnanthes minutissima 
Achnanthes sp. 
Amphipleura pellucida 
Asterionella formosa 
Ceratoneis  arcus 
Ceratoneis  arcus var. amphioxys 
Cocconeis pediculus 
Cocconeis placentula 
Cyclotella bodanica 
Cyclotella comta 
Cyclotella qlomerata 
Cyclotella kuetzingiana 
Cyclotella ocellata 
Cyclotella stelligera 
Cyclotella sp .  
Cymbella affinis 
Cymbella caespitosa 
Cymbella cistula 
Cymbella prostrata 
Cymbella turgida 
Cymbella . " ventricosa 
Cymbella sp. 
Denticula eleqans 
Diatoma elongatum 
Diatoma hiemale 
Diatoma hiemale var. quadratum 
~ Diatoma vulqafe 
Diploneis declpiens 
Epithemia sorex 
Epithemia turgida 
Eunotia pectinalls 
Fraqilaria capucina 
Fraqilaria construens 
Fragilaria construens va 
Fragilaria construens va 
Fragilaria crotonensis 
Fragilaria leptostauron 
Fragilaria 
Gomphonema 
Gomphonema 
Gomphonema 

vaucheriae 
herculeanum 
intricatum 
olivaceum 

r. 
r. 

binodis 
venter 

Replicates 

0 
0 
0 
3 
0 
0 
8 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 

16 
0 
0 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
0 
1 
0 
0 
0 
0 
0 

15 
56 

0 
1 
0 
0 
1 

0 
0 
0 
1 
0 
0 
5 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 

10 
0 
1 
0 
0 
0 
1 
0 
0 
2 
0 
0 
1 
0 
0 
1 
0 
0 
0 
0 

41 
58  

0 
1 
0 
0 
1 

0 
0 
0 
0 
0 
0 
4 
0 
0 
0 
0 
0 
0 
9 
0 
0 
0 
7 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 

21 
24 
40 

0 
2 
0 
0 
0 
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Date:  October 23, 1979 
Station:  Cominco  Effluent 

Species 

Gomphonema  parvulum 
Gomphonema  sp. 
Gyrosigma  sciotense 
Melosira  granulata 
Melosira  granulata  var.  angustiss 
Melosira 
Meridion 
Navicula 
Navicula 
Navicula 
Navicula 
Navicula 
Navicula 

varians 
circulare 
bicephala 
cryptocephala 
pelliculosa 
pupula 
radiosa 
salinarum  var. 

Navicula  tripunctata 
Navicula  sp. 
Neidium  sp. 
Nitzschia  acicularis 
-Nitzschia  actinasteroid 
Nitzschia  dissipata 
Nitzschia  filiformis 
Nitzschia  linearis 
Nitzschia palea. 
Nitzschia  sigma 
Nitzschia  sp. 
Rhizosolenia  eriensis 

- in 

- es 

termedi 

Rhizosolenia sp. 
Rhopalodia  .qjbba 
Rhopalodia  gxbberula 
Stauroneis  anceps 
Stephanodiscus  astraea 
Stephanodiscus sp. 
Synedra  acus  var.  radians 
Synedra  angustata 
Synedra  ulna 
Synedra  ulna  var.  oxyrhynchus 

- 
- - 

Synedra  sp. 
Tabellaria  fenestrata 
Tabellaria  flocculosa 

Non-Diatom  Chrysophyta 

Chromulina-like 
Dinobryon  bavaricum 
Dinobryon  sertularia 
Mallomonas  pseudocoronata 
Mallomonas  sp. 
Ochromonas  sp. 

' ima - 

- a 

(Continued) 

Re.plicates 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
1 0 
0 0 
0 0 

0 0 
0 0 
2 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
1 0 
0 0 
2 2 
0 1 
1 1 
0 0 
0 0 

1 3   1 3  
0 0 

0 0 .  

. o  0 

0 0 
0 0 
0 .  0 
0 0 
0 0 
2 9 

0 
0 
0 
0 
0 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
4 
0 
1 
0 
0 
8 
0 



Date:  October 23,  1979 
Station:  Cominco  Effluent 

Species 

Chlorophyta 

Ankistrodesmus  falcatus 
Carteria sp. 
Chlamydomonas sp. 
Cosmarium sp. 
Cruciqenia sp. 
Elakatothrix  gelatinosa 
Elakatothrix sp. 
Franceia sp. 
Gemellicystis  neqlecta 
Gemellicystis sp. 
Gon i um  sp. 
Laqerheimia  sp. 
Scenedesmus  quadr 
Scenedesmus sp. 
Selenastrum sp. 
Staurastrum sp. 
Stigeoclonium sp. 

Cryptophyta 

Chroomonas sp. 
Cryptomonas sp. 

Cyanophyta 

icauda 

* 
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Pyrrhophyta 

Ceratium  hirundinella 
Peridiniopsis sp. 
Peridinium sp. 

Miscellaneous 

Unidentified  unicellular  alga 

Total  Number of Cells 

(Continued) 

+ . I  ',+; 

1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

0 
0 
0 
0 

0 
0 
0 

0 

127 

Replicates 

1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2 
0 

0 
36 

0 
0 

0 
0 
0 

0 

149 

1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

0 
0 
0 
0 

0 
0 
0 

0 

127 
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Date: February 14,  1980 
Station:  Birchbank 

Species 

Chrysophyta 

Class  Bacillariophyceae 

Achnanthes  clevei 
Achnanthes  flexella 
Achnanthes  lanceolata 
Achnanthes  minutissima 
Achnanthes sp. 
Amphipleura  pellucida 
Asterionella  formosa 
Ceratoneis  arcus 
Ceratoneis  arcus var. amphioxys 
Cocconeis  pediculus 
Cocconeis  placentula 
Cyclotella  bodanica 

Fragilaria 
Fragilaria 
Fragilaria 
Gomphonema 
Gomphonema 
Gomphonema 

:dratum 

capuc i na 
construens 
c.onstruens var. binodis 
construens var. venter 
crotonensis 
leptostauron 
vaucheriae 
herculeanum 
intricatum 
olivaceum 

Replicates 

0 
0 
0 
6 
0 
0 
9 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
5 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 

16 
0 
0 
0 
0 
1 

0 
0 
0 
4 

. o  
0 
1 
0 
2 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
6 
0 
0 
0 
0 
4 

0 
0 i 
0 
6 
0 
0 
0 
0 
1 I' 
0 
0 
0 1 
0 
0 
0 
0 1 
O '  c 1 
0 
0 
0 
0 
0 1 
O @  0 
0 
1 
0 

0 
0 1 
O n  0 0 
0 
0 
0 1, 
0 
1 

0 
9 /n 
O R  0 0 
1 

1 
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Date:  February 1 4 ,  1980 
Station:  Birchbank 

Species 

Gomphonema parvulum 
Gomphonema sp. 
Gyrosigma sciotense 
Melosira granulata 
Melosira granulata var. anqustissima 
Melosira varians . ~. 
Meridion circulare 
Navicula bicephala 
Navicula cryptocephala 
Navicula pelliculosa 

(Continued) 

Navicula 
Navicula 
Navicula 
Navicula 
Navicula 

pupyla 
radlosa 
salinarum va 
tripunctata 
SP 

r .  intermedia 

Neidium sp. 
Nitzschia acicularis 
Nitzschia actinasteroides 
Nitzschia dissipata 
Nitzschia filiformis 
Nitzschia linearis 
Nitzschia  palea 

.~ Nitzschia  sigma ~. Nitzschia sp. 
Rhizosolenia eriensis 
Rhizosolenia sp. 
Rhopalod-iagibba 
Rhopalodia gibberula 

Rhizosolenia sp. 
Rhopalodia gibba 
Rhopalodia gibberula 
Stauroneis anceps 
Stephanodiscus astraea 
Stauroneis anceps 
Stephanodiscus astraea 
Stephanodiscus sp.  
Synedra acus var. radians 
Synedra angustata 
Synedra  ulna 
Synedra - ulna var. oxyrhynchus 
Synedra sp. 
Tabellaria fenestrata 
Tabellaria f locculosa 

8 Non-Diatom Chrysophyta 

Chromulina-like 
Dinobryon bavaricum 
Dinobryon sertularia 
Mallomonas pseudocoronata 

1 
Mallomonas sp. 
Ochromonas sp. 

Replicates 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0. 
0 0 
4 1 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
1 0 
2 0 
0 2 
0 0 
0 0 
0 0 
0 0 

0 2 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

122  48  109 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
1 
0 
0 
0 
0 -  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 



Date:  February 14 ,  1980 
Station:  Birchbank 

Species 

Chlorophyta 

Ankistrodesmus  falcatus 
Carteria  sp. 
Chlamydomonas sp. 
Cosmarium sp. 
Cruciqenia  sp. 
Elakatothrix  qelatinosa 
Elakatothrix  sp. 
Franceia sp. 
Gemellicystis  neqlecta 
Gemellicystis sp. 
Gon i um sp . 
Laqerheimia sp. 
Scenedesmus  quadricauda 
Scenedesmus sp. 
Selenastrum sp. 
Staurastrum  sp. 

. Stiqeoclonium sp.* 
Cryptophyta 

Chroomonas sp. 
Cryptomonas sp. 

Cyanophyta 

Chroococcus sp. 
Oscillatoria ." planctonica* 
Oscillatoria sp.* 
Unidentified  colony 

Pyrrhophyta 

Ceratium  hirundinella 
Peridiniopsis sp. 
Peridinium  sp. 
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Miscellaneous 

Unidentified  unicellular  alga 

Total  Number of Cells 

(Continued) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Replicates 

0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

62 87  87 
1 1  7 1 4  

0 0 0 
0 6 142 
0 0 0 
0 0 0 

0 0 0 
0 0 0 
0 0 0 

0 0 0 

240 167 234 
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Date': February 1 4 ,   , 1 9 8 0  
Station: Waneta 

Species 

Chrysophyta 

Class Bacillariophyceae 

Achnanthes clevei 
Achnanthes flexella 
Achnanthes 1 a G e G t a  
Achnanthes minutissima 
Achnanthes sp. 
Amphipleura pellucida 
Asterionella formosa 
Ceratoneis  arcus 
Ceratoneis arcus var. amphioxys 
Cocconeis pediculus 
Cocconeis placentula 
Cyclotella, bodanica 
Cyclotella comta 
Cyclotella qlomerata 
Cyclotella .kuetzinqiana 
Cyclotella ocellata 
Cyclotella stelliqera 
Cyclotella sp. . 

Cymbella affinis 
Cymbe 1  la 
Cymbella 
Cymbella 
Cymbella turqida 
Cymbella ventrlcosa 
Cymbella sp. 

caespitosa 
cistula 
,prostrata 

Denticula elegans 
Diatoma elongatum 
Diatoma hiemale 
Diatoma hiemale var. quadratum 
Diatoma vulqafe 
Diploneis declpiens 
'Epithemia sorex 
Epithemia tufgi'da 
Eunotia pectlnalis 
Fragilaria capucina 
Fraqilaria construens 
Fragilaria construens var. binodis 
Fragilaria construens var. venter 
Fragilaria crotonensis 
Fragilaria leptostauron 
Fragilaria vaucheriae 
Gomphonema herculeanum 
Gomphonema intricatum 
Gomphonema olivaceum 

0 
0 
5 

1 2  
0 
1 
5 
0 
1 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
7 
0 
0 
3 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
9 
0 
4 
0 
0 
6 

Replicates 

0 
0 
0 

1 3. 
0 
0 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
6 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 2  
0 
9 
0 
0 
5 

0 
0 
0 
6 
0 
0 
1 
0 
1 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
0 
3 
0 
0 
1 



Date:  February 1 4 ,  1980 
Station:  Waneta 
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(Continued) 

Species 

Gomphonema  parvulum 
,Gomphonema sp. 
Gyrosigma  sciotense 
Melosira  granulata 
Melosira 
Melosira 
Meridion 
Navicula 
Navicula 
Navicula 
Navicula 
Navicula 
Navicula 
Navicula 
Navicula 

qranulata va 
varlans 
circulare 
bicephala 
cryptocephal 
pelliculosa 

.r . 

.a - 

angustissima 

pupula 
radlosa 
salinarum  var.  intermedia 
tripunctata 
SP 

Neidium  sp. 
Nitzschia 
Nitzschia 
Nitzschia 

. .  

acicularis 
actinasteroides 
dissipata 

Nitzschia filiformis 
Nitzschia linearis ~~ -~ ~~ 

Nitzschia  palea 
Nitzschia  sigma 
Nitzschia  sp. 
Rhizosolenia  eriensis 
Rhizosolenia SD. "~ - 

Rhopalodia  gibba 
Rhopalodia  gibberula 
Stauroneis  anceps 
Stephanodiscus  astraea 
Stephanodiscus sp. 
Synedra  acus var.  radians 
Synedra  angustata 

~ -A- - 

Synedra  ulna 
Synedra  ulna  var.  oxyrhynchus 
Synedra  sp. 
Tabellaria  fenestrata 
Tabellaria  flocculosa 

Non-Diatom  Chrysophyta 

Chromulina-like 
Dinobryon  bavaricum 
Dinobryon  sertularia 
Mallomonas  pseudocoronata 
Mallomonas SD. 
Ochromonas sb. ~ ~ - -  

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
5 
0 
0 
3 
0 

5 
0 
1 
0 
0 

a 4  

Replicates 

0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 .  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 '  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

78 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
13 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 

0 
0 
0 
0 
0 

69 



Date:  February 14,  1980 
Station:  Waneta 

Species 

Chlorophyta 

Ankistrodesmus  falcatus 
Carteria  sp. 
Chlamydomonas  sp. 
Cosmarium  sp. 
Cruciqenia  sp. 
Elakatothrix  gelatinosa 
Elakatothrix  sp. 
Franceia  sp. 
Gemellicystis  neqlecta 
Gemellicystis  sp. 
Gon i um sp . 

Cosmarium  sp. 
Cruciqenia  sp. 
Elakatothrix  gelatinosa 
Elakatothrix  sp. 
Franceia  sp. 
Gemellicystis  neqlecta 
Gemellicystis  sp. 
Gon i um sp . 
Laqerheimia  sp. 
Scenedesmus  quadricauda 
Scenedesmus  sp. 
Selenastrum  sp. 
Staurastrum sp. 
Stiqeoclonium sp.* 

Cryptophyta 

Chroomonas  sp. 
Cryptomonas  sp. 

Cyanophyta 
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Chroococcus sp. 
Oscillatoria  planctonica" 
Oscillatoria sp.* 
Unidentified  colony 

Pyrrhophyta 

Ceratium  hirundinella 
. "  Peridiniopsis  sp. 

Peridinium  sp. 

Miscellaneous 

Unidentified  unicellular  alga 

Total  Number of Cells 

(Continued) 

0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
6 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
6 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

86  98 65  
1 1  5 8 

0 0 0 
46 60 0 

0 0 0 
0 0 0 

0 0 0 
0 0 0 
0 0 0 

0 0 0 

256 236 168 
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Date: .March 26,  1980 
Station:  Birchbank 

Species 

Chrysophyta 

Class  Bacillariophyceae 

Achnanthes  clevei 
Achnanthes  flexella 
Achnanthes  lanceolata 
Achnanthes  minutissima 
Achnanthes sp. 
Amphipleura  pellucida 
Asterionella  formosa 
Ceratoneis  arcus 
Ceratoneis  arcus var. amphioxys 
Cocconeis  pediculus 
Cocconeis  placentula 
Cyclotella  bodanica 
Cyclotella  comta 
Cyclotella  glomerata 
Cyclotella  kuetzinqiana 
Cyclotella  ocellata 
Cyclotella  stelligera 
Cyclotella sp. 
Cymbella  affinis 
Cymbella  caespitosa 
Cymbella  cistula 
Cymbella  prostrata 
Cymbella  turqida 
Cymbella  ventricosa 
Cymbella  sp. 
Denticula  elegans 
Diatoma  elongatum 
Diatoma  hiemale 
Diatoma  hiemale  va 
Diatoma  vulgafe 
Diploneis -~ declpien 
Epithemia  sorex 
Epithemia  turqida 

r. 

S - 
quadratum 

Eunotia pec 
Fragilaria 
Fragilaria -~ 
Fragilaria 
Fragilaria 

:tinalis 
capuclna 
construens 
construens va 
construens va 

- 
Fragilaria crotonensis 
Fragilaria -~ leptostauron 
Fraailaria 
Gomphonema 
Gomphonema 
Gomphonema 

vaucheriae 
herculeanum 
intricatum 
olivaceum 

r. binodis 
r. venter 

0 
0 
0 

17 
0 
0 

1 1  
3 
4 
0 
0 
0 
4 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
3 
0 
0 

14 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 

20  
0 

22  
0 
0 
9 

Replicates 

0 0 
0 0 
0 0 

18 14 
0 0 
0 0 
4 7 

17 17 
0 0 
0 0 
0 1 
0 0 
1 2 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
6 6 
0 0 
0 0 

14  13 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 ' 0  
0 8 
0 0 
0 22 
0 0 

33  24 
0 0 

19 30 
0 1 
0 0 

29 1 1  
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Date: March 26, 1980 
Station:  Birchbank 

Species $>. ; 

Gomphonema parvulum 
Gomphonema sp. 
Gyrosigma sciotense 
Melosira granulata 
Melosira qranulata var. anqustissima 
Melosira varians 
Meridion 
Navicula 
Navicula 
Navicula 

circulare 
bicephala 
cryptocephala 
pelliculosa 

Navicula pupyla Navicula radlosa 
Navicula salinarum var 
Navicula tripunctata 
Navicula sp.  
Neidium sp. 
Nitzschia acicularis 
Nitzschia actinasteroi 

. intermedia 

des 
Nitzschia dissipata 
Nitzschia filiformis 
Nitzschia linearis 
Nitzschia palea 
Nitzschia sigma 
Nitzschia sp. 
Rhizosolenia eriensis 
Rhizosolenia sp. 
Rhopalodia gibba 
Rhopalodia gibberula 
Stauroneis anceps 
SteDhanodiscus astraea 
Stephanodiscus sp. 
Synedra 
Synedra 
Synedra 
Synedra 

acus var. 
angustata 
ulna 
ulna var. 

radians 

oxyrhynchus 
Synedra sp. 
Tabellaria fenestrata 
Tabellaria flocculosa 

Non-Diatom Chrysophyta 

Chromulina-like 
Dinobryon bavaricum 
Dinobryon sertularia 
Mallomonas pseudocoronata 
Mallomonas sp. 
Ochromonas sp. 

(Continued) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
8 
0 
0 
0 
0 
6 

Replicates 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
2 

10 
1 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 0  
0 
0 
0 
0 
0 
0 

13  
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
4 
7 
0 
0 
0 
1 

0 0 0 
17 6 0 
0 0 0 
0 0 0 
0 0 0 

55 105 72 
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Date:  March 26, 1980 
Station:  Birchbank 

Species 

Chlorophyta 

Ankistrodesmus  falcatus 
Carteria  sp. 
Chlamydomonas sp. 
Cosmarium sp. 
Crucigenia  .sp. 
Elakatothrix  qelatinosa 
Elakatothrix  sp. 
Franceia sp. 
Gemellicystis  neglecta 
Gemellicystis  sp. 
Gonium  sp. 
Lagerheimia sp. 
Scenedesmus  quadricauda 
Scenedesmus  sp. 
Selenastrum sp. 
Staurastrum  sp.- 
Stigeoclonium sp.* 

Cryptophyta 

Chroomonas 
Cryptomonas 

Cyanophyta 

SP 
, SP. 

Chroococcus  sp. 
Oscillatoria  planctonica" 
Oscillatoria sp.* 
Unidentified  colony 

Pyrrhophyta 

Ceratium  hirundinella 
Peridiniopsis  sp. 
Peridinium  sp. 

Miscellaneous 

Unidentified  unicellular  alga 

Total  Number  of  Cells 

(Continued) 

Replicates 

0 
0 
0 
0 
0 
3 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 

69 
6 

0 
0 
1 

1 
0 
6 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

47 
10 

0 
407 

0 
0 

0 
0 
0 

1 
0 
3 
0 
0 

1 1  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

78 I 
17 m 

0 
0 
0 

0 

279 

0 

330 

0 

374 I 
I 
I 
I 
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Date: March 26, 1980 
Station: Waneta 

Species 

Chrysophyta 

Class Bacillariophyceae 

Achnanthes clevei 
Achnanthes flexella 
Achnanthes lanceolata 
Achnanthes minutissima 
Achnanthes sp. 
Amphipleura pellucida 
Asterionella formosa 
Ceratoneis arcus 
Ceratoneis arcus var. amphioxys 
Cocconeis pediculus 
Cocconeis placentula 
Cyclotella bodanica 
Cyclotella comta 
Cyclotella qlomerata 
Cyclotella kuetzinqiana 
Cyclotella ocellata 
Cyclotella stelligera 
Cyclotella sp. 
Cymbella affinis 
Cymbella caespitosa 
Cymbe 1  la 
Cymbella 
Cymbella 
Cymbe 1  la 

cistula 
prostrata 
turgida 
ventricosa 

Cymbella sp. 

r. 
Diatoma vulgare 
Diploneis decipiens 
Epi themia sorex 
Epithemia turqida 
Eunotia pectinalls 

quadratum 

Fragilaria capucina 
Fragilaria construens 
Fraqilaria construens 
Fragilaria construens 
Fragilaria crotonensis 
Fragilaria leptostauro 
Fragilaria' vaucheriae 
Gomphonema herculeanum 
Gomphonema intricatum 
Gomphonema olivaceum 

va 
va 

'n - 

.r . 

.r . binodis venter 

0 
1 
0 

10 
2 
0 
7 
8 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 

15 
0 
0 

17 
0 
0 
0 
0 
0 
0 
0 
0 

24 
0 
0 

24 
0 
9 
0 
0 

23 

Replicates 

0 
0 
0 

23 
0 
0 

15 
15 

0 
0 
0 
0 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

22 
0 
0 

15 
0 
0 
1 
0 
0 
0 
0 

10 
0 
0 
0 

43 
0 
0 
0 
0 

23 

0 
0 
0 

19 
0 
0 

19 
15 
0 
0 
0 
0 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

14 
0 
0 

18 
0 
0 
0 
0 
0 
0 
0 
4 
0 
0 
0 

50 
0 

17 
0 
0 

19 



- 257 - 

Date:  March 2 6 ,  1980 
Station:  Waneta 

Species 

Gomphonema parvulum 
Gomphonema sp. 

var. 

Navicula cryptwhala 
Navicula pelliculosa 
Navicula pupula " . - Navlcula  radiosa 
Navicula  salinarum  var. 
Navicula  tripunctata 
Navicula  sp. 
Neidium  sp. 
Nitzschia  acicularis 
Nitzschia  actinasteroid 
Nitzschia  dissipata 
Nitzschia  filiformis 
Nitzschia  linearis 
Nitzschia  palea 
Nitzschia  sigma 
Nitzschia  sp. 
Rhizosolenia  eriensis 
Rhizosolenia sp. 
Rhopalodia  gjbba 
Rhopalodia  qlbberula 
Stauroneis  anceps 
Stephanodiscus  astraea 
Stephanodiscus sp. 

Rhizosolenia sp. 
Rhopalodia  gjbba 
Rhopalodia  qlbberula 
Stauroneis  anceps 
Stephanodiscus  astraea 
Stephanodiscus sp. 

angustissima 

intermedia 

Synedra  sp. 
Tabe1lari.a fenestrata 
Tabellaria flocculosa 

.e s - 

hus - 

Non-Diatom  Chrysophyta 

Chromulina-like 
Dinobryon  bavaricum 
Dinobryon  sertulari'a 
" 

Mallomonas pseudocoronata 
Mallomonas sp. 
OchromoK sp. 

('Continued) 

Replicates 

0 0 
0- 0 
0 0 
0 0 
0 0 
0 0 
2 0 
0 0 
0 0 
0 0 
0 0 
1 0 
0 0 
0 0 
0 7 
0 0 
1 0 
0 0 
3 0 
0 .  0 
0 0 
4 25  
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
3 3 
2 0 
1 1 4  
0 0 
0 0 
0 0 
0 3 

0 
7 
0 
0 
1 

88 

0 
1 4  
0 
0 
1 

77 

0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 4  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
7 
6 
0 
0 
0 
0 

0 
1 4  
0 
0 
1 

9 4  



Date:  March 26, 1980 
Station:  Waneta 

Species 

Chlorophyta 

Ankistrodesmus  falcatus 
Carteria  sp. 
Chlamydomonas  sp. 
Cosmarium sp. 
Crucigenia  sp. 
Elakatothrix  gelatinosa 
Elakatothrix  sp. 
Franceia sp. 
Gemellicystis  neglecta 
Gemellicystis  sp. 
Gon i um  sp. 

~" Lagerheimia  sp. 
Scenedesmus  quadricauda 
Scenedesmus  sp. 
Selenastrum  sp. 
Staurastrum sp. 
Stiqeoclonium sp.* 

Cryptophyta 

Chroomonas sp. 
Cryptomonas  sp. 

Cyanophyta 

Chroococcus sp. 
Oscillatoria  planctonica* 
Oscillatoria sp.* 
Unidentified  colony 

Chroococcus sp. 
Oscillatoria  planctonica* 
Oscillatoria sp.* 
Unidentified  colony 

Pyrrhophyta 

- 258 - 

Ceratium  hirundinella 
Peridiniopsis sp. 
Peridinium sp. 

Miscellaneous 

Unidentified  unicellular  alga 

Total  Number  of  Cells 

2 
19 
14 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Replicates 

0 
10 
8 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
10 
1 1  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

40 7 5  66 
8 1 1  15 

0 0 0 
0 166 290 
0 0 0 
0 0 0 

0 0 0 
1 1 0 
0 0 0 

0 0 0 

342  42 1 418 



Date:  July 22 ,   1980  
Station:  Birchbank 

Species 

- 259 - 

Replicates 

Chrysophyta 

Class  Bacillariophyceae 

Achnanthes clevei 
Achnanthes  flexella 

Asterionella  formosa 
Ceratoneis arcus 
Ceratoneis arcus var. amphioxys 
Cocconeis  pediculus 
Cocconeis  placentula 
Cyclotella  bodanica 
Cyclotella  comta 

- na 

Cymbella sp. 

. guadrat . um - 

Fragilaria capucina 
Fragilaria construens 
Fragilaria construens var.  binodis 
Fragilaria construens var.  venter 
Fragilaria crotonensis 
Fragilaria leptostauron 
Fragilaria vaucheriae 
Gomphonema herculeanum 
Gomphonema intricatum 
Gomphonema olivaceum 

0 
0 
0 

14 
0 
0 

41 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

182 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

38 1 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
77 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

491 
0 
0 
0 
0 
0 
0 
0 
0 

22 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

121 
0 
0 
0 
0 
0 

0 
0 
0 
6 
0 
0 

50 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

342 
0 
0 
0 
0 
0 
0 
0 
0 

1 1  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

464 
0 
0 
0 
0 
0 
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Date: July 2 2 ,  1980 +*g.r.’;’% (Continued) 
Station:  Birchbank 

Species 

Gomphonema parvulum 
Gomphonema sp. 
Gyrosigma sciotense 
Melosira qranulata 

~~~~ 

Melosira  qranulata var. anqustissima 
varians 
c  irculare 
bicephala 
cryptocephal 
pelliculosa 
pupula 
radlosa 

Melosira 
Meridion 
Navicula 
Navicula  .a 
Navicula 
Navicula 
Navicula 
Navicula salinarum var. intermedia 
Navicula  tripunctata 
Navicula sp. 
Neidium sp. 

- 

Nitzschia 
Nitzschia 
Nitzschia 
Nitzschia 
Nitzschia linearis 
Nitzschia  palea 

acicularis 
actinasteroides 
dissipata 
filiformis ~. 

Nitzschia  sigma 
Nitzschia sp. 
Rhizosolenia eriensis 
Rhizosolenia sp. 
Rhopalodia gibba 
Rhopalodia qibberula 
Stauroneis anceps 
Stephanodiscus astraea 
Stephanodiscus sp. 
Synedra acus var. radians - 
Synedra anqustata 
Synedra ulna 
Synedra ulna var. oxyrhynchus 
Synedra sp. 
Tabellaria fenestrata 
Tabellaria flocculosa 

- 

Non-Diatom Chrysophyta 

Chromulina-like 
Dinobryon bavaricum 
Dinobryon sertularia 
Mallomonas pseudocoronata 
Mallomonas sp. 
Ochromonas sp. 

0 
0 
0 
0 
0 
8 
0 
0 
0 
0 
0 
0 
0 
3 
8 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 
6 
0 

0 
0 

14 
0 
0 

3 0 4  

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

28 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

17 
0 

0 
0 

3 3  
0 

17 
624  

Replicates 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

22 
0 
0 
0 
0 
0 
0 
6 
0 
0 
0 
0 
0 
0 

0 
0 

17 
0 
0 

91 1 



\ 
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Date:  July 22 ,   1980  
Station:  Birchbank 

Species 

thlorophyta 

Ankistrodesmus  falcatus 
Carteria  sp. 
Chlamydomonas  sp. 
Cosmarium sp. 
Cruciqenia  sp. 
Elakatothrix  gelatinosa 
Elakatothrix sp. 
Franceia  sp. 
Gemellicystis  neqlecta 
Gemellicystis sp. 
Gon i um  sp. 
Lagerheimia sp. 
Scenede.smus  quadricauda 
Scenedesmus sp. 
Selenastrum  sp. 
Staurastrum sp. 
Stiqeoclonium  sp.* 

Cryptophyta 

Chroomonas sp. 
Cryptomonas  sp. 

Cyanophyta 

Chroococcus sp. 
Oscillatoria  planctonica" 
Oscillatoria Sp-.-*" 
Unidentified  colony 

Pyrrhophyta 

Ceratium  hirundinella 
Peridiniopsis sp. 
Peridinium sp. 

Miscellaneous 

Unidentified  unicellular  alga 

Total  Number  of  Cells 

(Continued) 

3 
0 
0 
0 
0 
6 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

99 
3 

0 
1076 

0 
0 

0 
0 
6 

0 

1079 

22 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

121 
50 

0 
0 
0 
0 

0 
0 

28 

0 

1650 

Replicates 

1 1  
0 
0 
0 
0 
6 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

127 
39 

0 
0 
0 
0 

0 
0 
0 

0 

2009 
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Date: July 22,  1980 
Station: Waneta 

Species 

Chrysophyta 

Class Bacillariophyceae 

Achnanthes clevei 
Achnanthes flexella 

~ ~ ~- _ ~ _  -~ 

Achnanthes lanceolata 
Achnanthes minutissima 
Achnanthes sp. 
Amphipleura pellucida 
Asterionella formosa 
Ceratoneis arcus 
Ceratoneis arcus var. amph 
Cocconeis pediculus 
Cocconeis placentula 
Cyclotella bodanica 
Cyclotella comta 
Cyclotella glomerata 
Cyclotella kuetzingiana 
Cyclotella ocellata 
Cyclotella stelligera 
Cyclotella sp. 
Cymbella affinis 
Cymbella caespitosa 
Cymbella cistula 
Cymbella prostrata 
Cymbella turqida 
Cymbella ventrlcosa 

~ ~~ Cymbella sp. 
Denticula elegans 
Diatoma elongatum 
Diatoma hiemale 
Diatoma hiemale va 
Diatoma vulgare 
Diploneis declpien 
Epithemia sorex 
Epithemia turgida 
Eunotia pectlnalls 
Fraqilaria 
Fraqilaria 
Fragilaria 
Fraqilaria 
Fraailaria 
Fraqilaria 
Fragilaria 
GomDhonema 
Gomphonema 
Gomphonema 

r .  

S - 

caput i na 

ioxys 

quadratum 

construens 
construens var. 
construens var. 
crotonensis 
leptostauron 
vaucheriae 
herculeanum 
intricatum 
olivaceum 

binodis 
venter 

0 
0 
0 
6 
0 
0 

50 
6 
0 
0 
0 
0 
0 
0 
0 
0 
0 

320 
0 
0 
0 
0 
0 
6 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

265 
0 
0 
0 
0 
0 

Replicates 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

160  36 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

287 229 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

127 33 
0 0 

320 226 
0 0 
0 0 
0 0 
0 0 
0 0 



Date:  July 22, 1980 
Station:  Waneta 

Species 

- 263 - 

(Continued) 

Replicates 

Gomphonema  parvulum 
Gomphonema sp. 
Gyrosiqma  sciotense 
Melosira  qranulata 
Melosira  granulata  var.  anqustissima 
Melosira varians 
Meridi-on  c-i-rcu-lare 
Navicula  ,bicephala " 
Navicula 
Navicula 

cryptocephala 
Delliculosa 

Navicula 
Navicula 
Navicula 
Navicula 

~- 

pupula 
radiosa 
salinarum var. intermedia 
tripunctata 
SP Navicula 

Neidium SI 
Nitzschia 

? -  
ac  icular i s 

.Nitzschia actinasteroides 
Nitzschia  dissipata. 
Nitzschia  filiformis 
Nitzschia  linearis 
Nitzschia  palea 
Nitzschia  sigma . 
Nitzschia  sp. 
Rhizosolenia  eriensis 
Rhizosolenia  sp. 
Rhopalodia qfbba 
Rhopalodia  glbberula 
Stauroneis  anceps 
Stephanodiscus  astraea 
Stephanodiscus  sp. 
Synedra  acus var.  radians - 
Synedra  anqustata 
Synedra  ulna 
Synedra  ulna  var.  oxyrhynchus 
Synedra sp. 
Tabellaria  fenestrata 
Tabellaria  flocculosa 

- 

Non-Diatom  Chrysophyta 

Chromulina-like- 
Dinobryon  bavaricum 
Dinobryon  sertularia 
Mallomonas " pseudocoronata 
Mallomonas sp. 
Ochromonas  sp. 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 1  
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 1  
0 
0 
0 
0 
0 
0 
0 
0 
6 
0 
0 

28 
0 

0 
0 
0 
0 
6 

61 3 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

28 
0 
0 
0 
0 
0 
0 
6 
0 
6 
0 
0 
0 
0 

0 
0 
0 
0 
0 

657 

0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 '  

' 0  
0 

1 4  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
6 
0 
0 

0 
0 

17 
0 
0 

317 



Date: July 22, 1980 
Station:  Waneta 

Species 

Chlorophyta 

Ankistrodesmus falcatus 
Carteria sp. 
Chlamydomonas sp. 
Cosmarium sp. 
Cruciqenia sp. 
Elakatothrix gelatinosa 
Elakatothrix sp. 
FraiEela sp. 
Gemellicystis neqlecta 
Gemellicystis sp. 

" 

Gon i um sp . 
Laqerheimia sp. 
Scenedesmus quadricauda 
Scenedesmus sp. 
Selenastrum sp. 
Staurastrum sp. 
Stiqeoclonium sp.* 

Cryptophyta 

Chroomonas sp. 
Cryptomonas sp. 

Cyanophyta 

Chroococcus sp. 
Oscillatoria planctonica" 
Oscillatoria sp.* 
Unidentified colony 

Pyrrhophyta 

Ceratium hirundinella 
Peridiniopsis sp. 
Peridinium sp. 

Miscellaneous 

- 264 - 

33  
0 
0 
0 
0 

1 1  
0 
0 
0 

88 
0 
0 
0 
0 
0 
0 

171 1 

Unidentified unicellular alga 

Total Number of Cells 

Replicates 

0 
0 
0 
0 
0 
0 
0 
0 

88 
0 
0 
0 
0 
0 
0 
0 
0 

8 
0 
0 
0 
0 

1 1  
0 
0 
8 
0 
0 
0 
0 
0 
0 
0 
0 

155 83  77 
44 17  14 

0 0 0 
0 0 0 
0 0 0 
0 0 0 

0 0 0 
0 0 0 
0 0 0 

0 0 0 

1656 1777 1002 



Date: July  22,  1980 
Station:  Cominco  Effluent 

Species 

Chrysophyta 

Class  Bacillariophyceae 

Achnanthes  clevei 
Achnanthes  flexella 
Achnanthes  lanceolata 
Achnanthes  minutissima 
Achnanthes sp. 
Amphipleura  pellucida 
Asterionella  formosa 
Ceratoneis  arcus 
Ceratoneis  arcus var. 
Cocconeis  pediculus 
Cocconeis  placentula 
Cyclotella  bodanica 
Cyclotella  comta 
Cyclotella 
Cyclotella 
Cyclotella 
Cyclotella 

glomerata 
kuetzinqial 
ocellata 
stelliqera 

Cyclotella sp. 
Cymbella  affinis 
Cymbella  caespitosa 
Cymbella  cistula 
Cymbella  prostrata 
Cymbella  turgida 
Cymbella  ventrlcosa 
Cymbella sp. 

Gomphonema 
Gomphonema 

. 

caput i na 

amph 

na - 
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,ioxys 

quadratum 

c o n~strue n s 
construens var. 
construens var. 
crotonensis 
leptostauron 
vaucheriae 
herculeanum 
intricatum 
olivaceum 

binodis 
venter 

0 
0 
0 

39 
0 
0 

44 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

193 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

304 
0 
0 
0 
0 
0 

Replicates 

0 
0 
0 

33 
0 
0 

55 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

110 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

243 
0 
0 
0 
0 
0 

0 
0 
0 

33 
0 
0 
50 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

270 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

88 
0 
0 
0 
0 
0 



I 
I 
1 
1 
8 
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Date: July 22, 1980 
Station: Cominco Effluent 

(Continued) 

Species Replicates 

Gomphonema parvulum 
Gomphonema sp. 
Gvrosiama sciotense 
Melosira granulata 
Melosira 
Melosira 
Meridion 
Navicula 
Navicula 

granulata var 
varians 
circulare 
bicephala 
cryptocephala 

Navicula  pelliculosa 

angustissima 

Navicula pupula 
Navicula  radiosa 
Navicula  salinarum var. intermedia 
Navicula  tripunctata 
Navicula sp. 
Neidium sp. 
Nitzschia 
Nitzschia 
Nitzschia 
Nitzschia 
Nitzschia 
Nitzschia 
Nitzschia 
Nitzschia 

acicularis 
actinasteroides ~. 

dissipata 
filiformis " 

linearis 
palea 
sigma 
SP. 

Rhizosolenia eriensis 
Rhizosolenia sp.  
Rhopalodia gibba 
Rhopalodia gibberula 
Stauroneis anceps 
Stephanodiscus astraea 
Stephanodiscus sp. 
Synedra acus var. radians - 
Synedra angustata 
Synedra ulna 
Synedra ulna var. oxyrhynchus 
Synedra sp. 

- - 
Tabellaria fenestrata 
Tabellaria flocculosa 

Non-Diatom  Chrysophyta 

Chromulina-like 
Dinobryon bavaricum 
Dinobryon sertularia 
Mallomonas ~~ pseudocoronata 
Mallomonas sp. 
Ochromonas sp. 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 1  
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 1  
0 
0 
0 
0 
0 
0 
0 

17 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

50 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
6 
0 
6 
0 
0 

1 1  
0 

0 
0 

0 
0 

77 

2a 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
6 
0 
6 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
6 
0 

0 
0 
0 
0 
0 

28 



Date:  July 22,   1980 
Station:  Cominco  Effluent 

Spec i e s 

Chlorophyta 

Ankistrodesmus  falcatus 
Carteria sp. 
Chlamydomonas sp. 
Cosmarium  sp. 
Cruciqenia sp. 
Elakatothrix  gelatinosa 
Elakatothrix sp. 
Franceia  sp. 
Gemellicystis  neqlecta 
Gemellicystis  sp. 
Gon i urn sp. 
Laqerheimia sp. 
Scenedesmus  quadricauda 
Scenedesmus  sp. 
Selenastrum  sp. 
Staurastrum  sp. 
Stiqeoclonium sp.* 

Cryptophyta 

Chroomonas sp. 
Cryptomonas  sp. 

Cyanophyta 
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Chroococcus sp. 
Oscillatoria  planctonica* 
Oscillatoria. sp.* 
Unidentified  colony 

Chroococcus sp. 
Oscillatoria  planctonica* 
Oscillatoria. sp.* 
Unidentified  colony 

(Continued) 

0 
0 
0 
0 
0 
0 
0 
0 

39 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

Pyrrhophyta 

0 
0 
6 

Miscellaneous 

Unidentified  unicellular  alga 

Total  Number  of  Cells 

0 

712  

Replicates 

6 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

0 
0 
0 
0 

0 
0 
6 

0 

580 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

0 
0 
0 
0 

0 
0 

17 

0 

502 
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Date:  August 1 1 ,  1980 
Station:  Birchbank 

Species 

Chrysophyta 

Class  Bacillariophyceae 

Achnanthes  clevei 
Achnanthes flexeila 
Achnanthes lanceolata 
Achnanthes minutissima 
Achnanthes sp. 
Amphipleura  pellucida 
Asterionella  formosa 
Ceratoneis  arcus 
Ceratoneis  arcus var. amphioxys - Cocconeis  pediculus 

- na 

Cyclotella sp. 
Cymbella  affinis 
Cymbella  caespitosa 
Cymbella  cistula 
Cymbella  prostrata 
Cymbella  turgida 
Cymbella  ventrlcosa 
Cymbella  sp. 
Dent  icula  elegans 
Diatoma  elongatum 
Diatoma  hiemale 
Diatoma  hiemale var. quadratum 
Diatoma  vulgafe 
Diploneis  declpiens 
Epithemia  sorex 
Epithemia  turgida 
Eunotia  pectlnalis 
Fragilaria 
Fragilaria 
Fraqilaria 
Fragilaria 
Fragilaria 
Fragilaria 
Fragilaria 
Gomphonema 
Gomphonema 
Gomphonema 

capuc ina 
construens 
construens var. 
construens var. 
c-rotonensis 
leptostauron 
vaucheriae 
herculeanum 
intricatum 
olivaceum 

binodi 
venter 

0 
0 
0 
0 
0 
0 

22 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 5. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

S 17 
0 

151 
0 
0 
0 
0 
0 

- 

Replicates 

0 
0 
0 

149' 
0 
0 
39 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
28 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
6 
0 
0 
0 
0 
0 
0 
17 
0 
0 
61 
0 

1 1  
0 
0 
0 

0 
0 
0 

22 
0 
0 

1 1  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

I f  
0 
0 
0 
0 
0 
2 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

144 
0 
2 
0 
2 
0 
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Date:  August 1 1 ,  1980 
Station:  Birchbank 

Species 

Gomphonema  parvulum 
Gomphonema sp. 
Gyrosigma  sciotense 
Melosira 
Melosira 
Melosira 
Meridion 
Navicula 
Navicula 
Navicula 
Navicula 
Navicula 

qranulata 
granulata var. 
varlans 
circulare 
b i c-ephyla 
cryptocephala " ~ 

pelliculosa 
pupula 
radlosa 

Navicula 
Navicula 
Navicula 

salinarum var. 
tripunctata 

Neidium SI 
Nitzschia 
Nitzschia 
Nitzschia 
Nitzschia 
Nitzschia 
Nitzschia 
Nit2schi.a 

? *  
acicularis 
actinastero 
dissipata 
filiformis 
linearis 
palea - 
s 1 qma' 

angustissima 

intermedia 

ides 

Nitzschia  sp. 
Rhizosolenia  eriensis 
Rhizosolenia  sp. 
Rhopalodia g!bba 
Rhopalodia  glbberula 
Stauroneis  anceps 
Stephanodi'scus  astraea 
Stephanodiscus sp. 
Synedra  acus var.  radia 
Synedra  angustata 

Nitzschia  sp. 
Rhizosolenia  eriensis 
Rhizosolenia  sp. 
Rhopalodia g!bba 
Rhopalodia  glbberula 
Stauroneis  anceps 
Stephanodiscus  astraea 
Stephanodiscus sp. 
Synedra  acus var.  radia 
Synedra  angustata 

.n s - 
Synedra - ulna 
Synedra  ulna  var.  oxyrhynchus 
Synedra  sp. 
Tabellaria  fenestrata 
Tabellaria  flocculosa 

- 

Non-Diatom  Chrysophyta 

Chromulina-like 
Dinobryon  bavaricum 
Dinobryon  sertularia 
Mallomonas  pseudocoronata 
Mallomonas sp. 
Ochromonas sp. 

(Continued) 

Replicates 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
2 
0 
0 
2 
0 
0 
0 
0 
4 
0 
2 
0 
2 
0 
0 

17 
0 

0 
0 
0 
0 
2 

64  

0 0 
0 0 
0 0 
0 0 
0 7 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 .  0 
0 0 
0 0 
0 6 
0 0 
3 0 
0 0 
3 0 
0 0 
0 0 
0 0 
0 0 
0 0 
3 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
6 0 
0 0 
3 2 
0 0 
0 0 
0 0 
0 0 

0 
0 
0 
0 
0 

1 4 4  

0 
0 
2 
0 
0 

68 
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Date:  August 1 1 ,  1980 
Station:  Birchbank 

Species 

Chlorophyta 

Ankistrodesmus  falcatus 
Carteria  sp. 
Chlamydomonas sp. 
Cosmarium sp. 
Crucigenia  sp. 
Elakatothrix  gelatinosa 
Elakatothrix sp. 
Franceia  sp. 
Gemellicystis  neqlecta 
Gemellicystis sp. 
Gon i um sp . 
Lagerheimia sp. 
Scenedesmus  guadr 
Scenedesmus sp. 
Selenastrum sp. 
Staurastrum sp. 
Stiqeoclonium sp. 

Cryptophyta 

Chroomonas sp. 
Cryptomonas sp. 

Cyanophyta 

icauda 

* 

Pyrrhophyta 

Ceratium  hirundinella 
Peridiniopsis sp. 
Peridinium sp. 

Miscellaneous 

Unidentified  unicellular  alga 

Total  Number  of Cells 

2 
0 
4 
0 
0 
7 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

239 
15 

0 
957 

0 
0 

2 
0 

1 1  

0 

580 

Replicates 

17 
0 
0 
3 
0 
6 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

320 
8 

0 
966 

0 
0 

0 
0 
8 

0 

83 1 

18 
0 
0 
7 
0 
9 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

217 
18 

0 
202 

0 
0 

0 
0 
2 

0 

552 



Date: August I t ,  1980 
Station:  Waneta 

Species 

Chrysophyta 

Class  Bacillariophyceae 

Achnanthes  clevei 
Achnanthes  flexella 
Achnanthes  lanceolata 
Achnanthes  minutissima 
Achnanthes sp. 
Amphipleura  pellucida 

Achnanthes lanceolata 
Achnanthes minutissima ~- Achnanthes sp. 
Amphipleura  pellucida 
Asterionella  formosa 
Ceratoneis  arcus 
Ceratoneis  arcus var. amph 
Cocconeis  pediculus 
Cocconeis  placentula 
Cyclotella  bodanica 
Cyclotella  comta 

- 271 - 

Replicates 

.na - 

Cymbe  1 la sp . 
Denticula  elegans 
Diatoma  elonqatum 
Diatoma  hiemale 
Diatoma  hiemale var. quadr 
Diatoma  vulgafe 
Diploneis  declpiens 
Epithemia  sorex 
Epithemia  turgid? 
Eunotia  pectlnalls 
Fraqilaria capucina 

construens 
construens var. 

~~ ~ ~~~~~~ 

construens var. 
crotonensis 

Fraqilaria leptostauron 
Fragilaria vaucheriae 
Gomphonema herculeanum 
Gomphonema intricatum 
Gomphonema olivaceum 

ioxys 

atum - 

binod 
vente 

0 
0 
0 

20 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

22 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

142 
0 
0 
0 
0 
0 

0 
0 
0 
9 
0 
0 

48 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 3  
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

144 
0 

37 
0 
0 
2 

0 
0 
0 
7 
0 
0 

24 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
18 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

127 
0 
0 
0 
0 
0 

0 ,  
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Date:  August 1 1 ,  1980 
Station:  Waneta 

Species 

Gomphonema parvulum 
Gomphonema sp. 
Gyrosiqma sciotense 
Melosira  granulata 
Melosira 
Melosira 
Meridion 

qranulata var. anqustiss 
varians 
circulare 

Navicula 
Navicula 
Navicula 
Navicula 
Navicula 
Navicula 
Navicula 
Navicula 

bicephala 
cryptocephala 
pelliculosa 
pupula 
radiosa . .  salinarum var. 
tripunctata' 
SP. 

intermedi 

Neid~ium sp. 
Nitzschia acicularis 
Nitzschia actinasteroides 
Nitzschia  dissipata 
Nitzschia filiformis 
Nitzschia linearis 
Nitzschia  palea 
Nitzschia  sigma 
Nitzschia sp. 
Rhizosolenia eriensis 
Rhizosolenia sp. 
Rhopalodia gibba 
Rhopalodia gibberula 
Stauroneis anceps ~ - 
Stephanodiscus astraea 
Stephanodiscus sp. 
Synedra acus var. radians 
Synedra angustata 
Synedra ulna 
Synedra ulna  var. oxyrhynchus 
Synedra sp. 
Tabellaria fenestrata 
Tabellaria flocculosa 

- 

Non-Diatom Chrysophyta 

Chromulina-like 
Dinobryon bavaricum 
Dinobryon sertularia 
Mallomonas ~~ pseudocoronata 
Mallomonas sp. 
Ochromonas sp. 

, ima - 

- a 

Replicates 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
2 .  2 
0 0 
0 0 
.O 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
2 0 
0 0 
0 4 
0 0 
4 6 
0 0 
0 0 

1 1  0 
0 0 

0 
0 
4 
2 
0 '  

140 

0 0 
0 0 
4 9 
2 0 
0 0 

96  127 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
.O 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
4 
0 
4 
0 
0 
6 
0 
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Date:  August 1 1 ,  1980 
Station:  Waneta 

Species 

Chlorophyta 

Ankistrodesmus  falcatus 
Carteria sp.  
Chlamydomonas  sp. 
Cosmarium  sp. 
Crucigenia  sp. 
Elakatothrix  qelatinosa 
Elakatothrix  sp. 
Franceia  sp. 
Gemellicystis  neqlecta 
Gemellicystis sp. 
Gon i urn sp . 
Laqerheimia sp. 
Scenedesmus quadricauda 
Scenedesmus sp. 
Selenastrum sp. 
Staurastrum  sp. 
Stiqeoclonium sp.* 

Cryptophyta 

Chroomonas sp. 
Cryptomonas  sp. 

Cyanophyta 

Chroococcus  sp. 
Oscillatoria  planctoni 
Oscillatoria sp.* 
Unidentified  colony 

- ca* 

Pyrrhophyta 

Ceratium  hirundinella 
Peridiniopsis  sp. 
Peridinium  sp. 

Miscellaneous 

Unidentified  unicellular  alga 

Total  Number of Cells 

(Continued) 

0 
0 
2 
6 
0 
6 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

197 
15 

0 
166 

0 
0 

0 
0 
9 

0 

58 1 

Replicates 

4 
0 
0 
0 
0 

1 1  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

191 
1 1  

0 
0 
0 
0 

0 
0 
9 

0 

592 

22 1 
0 
2 
0 1 
0 
4 
0 1 
0 
0 
0 
0 1 
0 
0 

0 .  
0 

0 1 
0 1 

219 1 
18 

0 
184 

0 1 
0 

1 
0 
0 
7 1 
0 

602 I 
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Date:  August 1 1 ,  1980 
Station: Cominco Effluent 

Species 

Chrysophyta 

Class Bacillariophyceae 

Achnanthes clevei 
Achnanthes flexella 
Achnanthes lanceolata 
Achnanthes minutissima 
Achnanthes sp. 
Amphipleura  pellucida 
Asterionella  formosa 
Ceratoneis arcus 

- S 

Eunotia pec 
Fraqilarla 
Fraqilaria 
Fragilaria 
Fragilaria 
Fraqilaria 
Fragilaria 
Fragi.laria 
Gomphonema 
Gomphonema 
Gomphonema 

:tinalis 
capuc ina 
construens 
construens va 
construens va 
crotonensis 
leptostauron 
vaucheriae 
herculeanum 
intricatum 
~. olivaceum 

.r . 

.r. 
binodis 
venter 

Replicates 

0 
0 
0 

35 
0 
0 

23 
0 
0 
0 
0 

. o  
0 
0 
0 
0 
0 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

25 
0 

85 
0 '  

17 
0 
0 
0 

0 
0 
0 

1 1  
0 
0 

29 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
-0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

98 
0 
0 
0 
0 
0 

0 
0 
0 
6 
0 
0 

29 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
6 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

191 
0 
5 
0 
0 
0 
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Date:  August 1 1 ,  1980 
Station:  Cominco Effluent 

Species 

Gomphonema parvulum 
Gomphonema sp. 
Gyrosiqma  sciotense 
Melosira 
Melosira 
Melosira 
Meridion 
Navicula 
Navicula 
Navicula 
Navicula 
Navicula 
Navicula 
Navicula 
Navicula 

granulata 
granulata var.  angust'issima 
varians 
circulare 
bicephala 
cryptocephala 
pelliculosa 
pupula 
radlosa 
salinarum  var.  intermedia 
tripunctata 
SP 

Neidium SF ). 
Nitzschia  acicularis 
Nitzschia  actinasteroides 
Nitzschia  dissipata 
Nitzschia  filiformis 
Nitzschia  linearis ' 

Nitzschia  palea 
Nitzschia  siqma 
Ni  tzschia sp. 
Rhizosolenia  eriensis 
Rhizosolenia sp. 
Rhopalodia  gibba 
Rhopalodia  gibberula 
Stauroneis  anceps 
Stephanodiscus  astraea 
Stephanodiscus sp. _ .  
Synedra - acus var.  radians 
Synedra  angustata 
Synedra  ulna 
Synedra  ulna  var.  oxyrhynchus 
Synedra sp. 
Tabellaria  fenestrata 
Tabellaria  flocculosa 

- 

Non-Diatom  Chrysophyta 

Chromulina-like 
Dinobryon  bavaricum 
Dinobryon  sertularia 
Mallomonas ~~ pseudocoronata 
Mallomonas sp. 
Ochromonas sp. 

(Continued) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

28 
0 

Replicates 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
6 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
6 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
2 
0 

0 
0 
0 
0 
0 
0 



- 276 - 

I. 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

Date:  August 1 1 ,  1980 
Station:  Cominco Effluent 

Species 

Chlorophyta 

Ankistrodesmus  falcatus 
Carteria sp. 
Chlamydomonas  sp. 
Cosmarium sp. 
Cruciqenia sp. 
Elakatothrix  gelatinosa 
Elakatothrix  sp. 
Franceia sp. 
Gemellicystis  neglecta 
Gemellicystis sp. 
Gon i um sp. 
Laqerheimia sp. 
Scenedesmus  quadricauda 
Scenedesmus sp. 
Selenastrum sp. 
Staurastrum. sp. 
Stigeoclonium sp.* 

Cryptophyta 

Chroomonas sp. 
Cryptomonas s p .  

Cyanophyta 

Chroococcus  sp. 
Oscillatoria  planctonica* 
Oscillatoria sp.* 
Unidentified  colony 

Pyrrhophyta 

Ceratium  hirundinella 
Peridiniopsis sp. 

. "  Peridinium sp. 

Miscellaneous 

Unidentified  unicellular  alga 

Total  Number of Cells 

Replicates 

15 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

0 
0 
0 
0 

0 
0 
0 

0 

237 

6 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

0 
0 
0 
0 

0 
0 
1 

0 

155 

9 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

0 
0 
0 
0 

1 
0 
0 

0 

258 
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Date:  September 17,  1980 
Station:  Birchbank 

Species 

Chrysophyta 

Class  Bacillariophyceae 

Achnanthes clevei 
Achnanthes flexella 
Achnanthes lanceolata 
Achnanthes  minutissima 
Achnanthes sp. 
Amphipleura  pellucida 
Asterionella  formosa 
Ceratoneis.  arcus 
Ceratoneis  arcus var.  amphioxys 
Cocconeis  pediculus 
Cocconeis  placentula 
Cyclotella  bodanica ~- " 

Cyclotella comta 
Cyclotella qlomerata 
Cyclotella kuetzinqiana 
Cyclotella ocellata 
Cyclotella stelliqera 

~~ 

~- " Cyclotella  sp. 
Cymbella  affinis 
Cymbella  caespitosa 
Cymbella  cistula 

Diatoma  elongatum 
Diatoma  hiemale 
Diatoma  hiemale  var.  quadratum 
Diatoma  vulgafe 
Diploneis  declpiens 
Epi  themia  sorex 
Epi  themia t-da 
Eunotia  pectlnalls 
Fraqilaria capucina 
Fraqilaria construens 
Fragilaria construens var. 
Fragilaria construens var. 
Fragilaria crotonensis 
Fraqilaria  leptostauron 
Fraqilaria vaucheriae 
Gomphonema herculeanum 
Gomphonema intricatum 
Gomphonema olivaceum 

binodis 
venter 

0 
0 
0 

0 
0 

22 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

50 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

28 
0 

235  
0 
0 
0 
0 
0 

a 

1 
1 Replicates 

0 
0 
0 
0 
0 
0 

4 1  
0 
0 
0 
0 
0 
0 
0 
0 
0. 
0 

58 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 

47 
0 

201 
0 
0 
0 
0 
0 

0 
0 
0 
6 
0 
0 

66 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

61 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

30 
0 

179 
0 
0 
0 
0 
0 
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Date: September 1 7 ,  1980 
Station:  Birchbank 
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Species 

Gomphonema parvulum 
Gomphonema sp. 
Gyrosiqma sciotense 
Melosira granulata 
Melosira granulata var. anqustissima 
Melosira varians 
Meridion circulare 
Navicula bicephala 

" Navicula cryptocephala 
Navicula pelliculosa 
Navicula pupula 
Navicula radiosa 
Navicula salinarum var. 
Navicula tripunctata 
Navicula sp. 
Neidium sp. 
Nitzschia acicularis 

intermedia 

Nitzschia 
Nitzschia 
Nitzschia 
Nitzschia 
Nitzschia Dalea 
Nitzschia siqma 
Nitzschia sp. 

~ ~~ . ~~ ~~ 

Rhizosolenia eriensis 
Rhizosolenia sp. 
Rhopalodia gibba 
Rhopalodia gibberula 
Stauroneis anceps 
Stephanodiscus astraea 
Stephanodiscus sp. 
Synedra acus var. radians 
Synedra angustata 
Synedra ulna 
Synedra ulna var. oxyrhynchus 
Synedra sp. 
Tabellaria fenestrata 
Tabellaria flocculosa 

Non-Diatom Chrysophyta 

Chromulina-like 
Dinobrvon bavaricum ~~ ~ 

Dinobrion sertularia 
~~ 

Mallomonas pseudocoronata 
Mallomonas sp. 
Ochromonas sp. 

(Continued) 

Rep1 ic 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
6 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
6 3 
0 0 
0 0 
3 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 3 
0 0 
3 1 1  
0 0 
0 0 

25 3 3  
0 0 

!ates 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
8 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
8 
0 
0 

97 
0 

0 0 0 
0 0 0 

4 1  8 28 
0 0 0 
0 0 0 

276 282 320 

I 
I 



Date:  September 17,  1980 
Station:  Birchbank 

Species 

- 279 - 

Chlorophyta 

Ankistrodesmus  falcatus 
Carteria sp. 
Chlamydomonas sp. 
Cosmarium  sp. 
Cruciqenia sp.. 
Elakatothrix  gelatinosa 
Elakatothrix sp. 
Franceia  sp. 
Gemellicystis  neqlecta 
Gemellicystis sp. 
Gon i um  sp. 
Laqerheimia  sp. 
Scenedesmus  guadricauda 
Scenedesmus  sp. 
Selenastrum  sp. 
Staurastrum  sp. 
Stigeoclonium sp.* 

Cryptophyta 

Chroomonas sp. 
Cryptomonas  sp. 

Cyanophyta 

Chroococcus sp. 
Oscillatoria  planctonica" 
Oscillatoria sp.* 
Unidentified  colony 

Pyrrhophyta 

Ceratium  hirundinella 
Peridiniopsis . . ~  sp. 
Peridinium  sp. 

Miscellaneous 

Unidentified  unicellular  alga 

Total  Number  of  Cells 

(Continued) 

0 
0 
3 
0 
0 
8 
0 
0 
0 
0 
0 
0 
0 

22 
0 
0 
0 

80 
17 

0 
4554 

0 
0 

0 
0 
3 

0 

834 

Replicates 

6 
0 
0 
0 
0 
8 
0 
0 
0 
0 
0 
0 
0 

1 1  
0 
3 
0 

94 
6 

0 
5520 

0 
0 

0 
0 
8 

0 

825 

0 
0 
0 
3 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

88 
17 

0 
3036 

0 
0 

0 
0 
3 

0 

91 6 
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Date: September 17,  1980 
Station: Waneta 

Species 

Chrysophyta 

Class Bacillariophyceae 

Achnanthes clevei 
Achnanthes flexella 
Achnanthes lanceolata 
Achnanthes minutissima 
Achnanthes sp. 
Amphipleura pellucida 
Asterionella formosa 
Ceratoneis arcus 

~ ~~~ 

" Ceratoneis arcus var. 
Cocconeis pediculus 

amph 

Cocconeis placentuia 
Cyclotella bodanica 
Cyclotella comta 
Cyclotella qlomerata 
Cyclotella kuetzingian'a 
Cyclotella ocellata 
Cyclotella stelligera 
Cyclotella sp. 
Cymbella affinis 
Cymbella caespitosa 
Cymbella cistula 
Cymbella prostrata 
Cymbella turgida 
Cymbella ventricosa 
Cymbella sp. 
Denticula elegans 
Diatoma elonqatum 

~. 

.ioxys 

Diatoma hiemale 
Diatoma hiemale var. quadratum 
Diatoma vulgare 
Diploneis decipiens 
Epithemia sorex 
Epithemia tuygida 
Eunotia pectlnalis 
Fragilaria capucina 
Fragilaria construens 
Fraqilaria.construens var. binodi 
Fragilaria construens var. venter 
Fragilaria crotonensis 
Fragilaria leptostauron 
Fragilaria vaucheriae 
Gomphonema. herculeanum 
Gomphonema intricatum 
Gomphonema olivaceum 

- S 

0 
0 
0 
6 
0 
0 

35 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 

44 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

170 
0 
1 
0 
0 
0 

Replicates 

0 
0 
0 
0 
0 
0 

39  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

8 6  
. O  

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

105 
0 

168 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

39 
0 
0 
0 
0 
0 
0 

17 
0 
0 
0 

52 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
.O 
0 
0 
0 
0 
0 

193 
0 
0 
0 
0 
0 
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Date,:  September . 17 ,   1980  
Station:  Waneta 

Species 

Gomphonema  parvulum 
Gomphonema sp. 
Gyrosiqma  sciotense 
Melosira 
Melosira 
Melosira 
Meridion 
Navicula 
Navicula 
Navicula 
Navicula 
Navicula 
Navicula 
Navicula 

granulata 
granulata  var 
var ians 
circulare 
bicephala " 

. anqustissima 

cryptocephala 
pelliculosa 

. intermedia 
Navicula sp. 
Neidium  sp. 
Nitzschia 
Nitzschia 
Nitzschia 
Nitzschia 

acicularis 
actinasteroi 
dissipata 
filiformis 

Nitzschia 
Nit2schi.a 
Nitzschia 
Nitzschia 
Rhizosoler 

.des 

linearis 
palea 
si qma 
SP 
lia eriensis - Rhiiosolenia sp. 

Rhopalodia  gibba 
Rhopalodia  qibberula 
Stauroneis  anceps 
Stephanodiscus  astraea 
Stephanodiscus sp. 
Synedra  acus var.  radians 
Synedra  anqustata 
Synedra  ulna 
Synedra - ulna  vat.  oxyrhynchus 
Synedra sp. 
Tabellaria  fenestrata 
Tabellaria f locculosa 

Non-Diatom  Chrysophyta 

Chromulina-like 
Dinobryon bavaricum 
D-inobryon  sertularia 
Mallomonas  pseudocoronata 
Mallomonas sp. 
Ochromonas sp. 

(Continued) 

Replicates 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 3 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 6 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
1 0 3 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 6 0 
0 0 0 
1 0 0 
0 0 0 
0 0 0 

22 8 17 
0 0 0 

1 
3 0 O I  3 

0 0 0 
0 0 

0 0 0 
0 6 

120 304 3 4 2  



Date:  September 17 ,  1980 
Station:  Waneta 

Spec i es 

Chlorophyta 

Anki3trodesmus  falcatus 
Carteria  sp. 
Chlamydomonas  sp. 
Cosmarium  sp. 
Crucigenia  sp. 
Elakatothrix  gelatinosa 
Elakatothrix  sp. 
Franceia  sp. 
Gemellicystis 
Gemellicystis 
Gon i um  sp. ~ . .  

neglecta 
SP 

Lagerheimia  sp. 
Scenedesmus  guadr 
Scenedesmus  sp. 
Selenastrum  sp. 
Staurastrum sp. 
Stiqeoclonium sp. 

Cryptophyta 

Chroomonas  sp. 
Cryptomonas  sp. 

icauda 

* 

Cyanophyta 

Chroococcus  sp. 
Oscillatoria  planctonica* 
Oscillatoria sp.* 
Unidentified  colony 

Pyrrhophyta 

Ceratium  hirundinella 
Peridiniopsis  sp. . " ~ Peridinium  sp. 

Miscellaneous 

- 282 - 

Unidentified  unicellular  alga 

Total  Number of Cells 

(Continued) 

Replicates 

4 6 
0 0 
0 6 
3 3 
0 0 
1 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
6 0 
0 0 
0 0 
0 0 

0 
0 
0 
3 
0 

1 1  
0 
0 
6 
0 

17 
0 
0 
0 
0 
0 
0 

87  155 110 
4 8 3 

0 0 0 
2029 4526 0 

0 0 5824 
0 0 0 

0 0 0 
0 0 0 
0 0 1 4  

0 0 0 

51 1 905  828 
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Date:  September 17,  1980 
Station:  Pend  d'Oreille  River 

Species 

Chrysophyta 

Class  Bacillariophyceae 

Achnanthes  clevei 
Achnanthes  flexella 
Achnanthes  lanceolata 
Achnanthes  minutissima 
Achnanthes  sp. 
Amphipleura  pellucida 
Asterionella  formosa 
Ceratoneis.  arcus 
Ceratoneis  arcus  var 
Cocconeis  pediculus 
Cocconeis  placentula 
Cyclotella  bodanica 

. amph ioxys 

.Cyclotella  comta 
Cyclotella  glomerata 
Cyclotella  kuetzingiana 
Cyclotella  ocellata 
Cyclotella  stelligera 
Cyclotella  sp. 
Cymbella  affinis 
Cymbella  caespitosa 
C y m b e x  cistula 
Cymbella  prostrata 
Cymbella  turgida 
Cymbella  ventrlcosa 
Cymbella sp. 
Dent  icul 
Diatoma 
Diatoma 
Diatoma 

.a - elegans 
elongatum 
hiemale 
hiemale  var.  quadratum 

Diatoma  vulqafe 
Diploneis  declpiens 
Epi  themia  sorex 
Epithemia  tufgida 
Eunotia  pectlnalis 
Fraailaria  cabucina 
Fragilaria  construens 
Fragilaria  c,onstruens  var.  binodis 
Fragilaria  construens va.r.  venter 
Fragilaria  crotonensis 
Fragilaria 
Fragilaria 
Gomphonema 
Gomphonema 
Gomphonema 

leptostauron 
vaucheriae 
herculeanum 
intricatum 
olivaceum 

0 
0 
0 
0 
0 
0 

6 9  
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 

63 
0 
0 
0 
0 
0 
0 
0 
0 
8 
0 
0 
0 
0 
0 
0 
0 
0 
0 

4 4  
0 

356 
0 
0 
0 
0 
3 

Replicates 

0 
0 
0 
0 
0 
0 
7 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 

92 
0 
2 
0 
0 
0 
0 
0. 
0 
7 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

259 
0 
2 
0 
0 
0 

0 
0 
0 
0 
0 
0 

6 9  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

124 
0 
3 
0 
0 
0 
0 
0 
0 

1 1  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

44 
279 
0 
3 
0 
0 
0 
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Date: September 1 7 ,  i 9 8 0  
Station:  Pend  d'oreille  River 

Species Replicates 

:+", $stt (Continued) 

Gomphonema parvulum 
Gomphonema sp. 
Gyrosigma sciotense 
Melosira granulata 
Melosira 
Melosira 
Meridion 
Navicula 
Navicula 
Navicula 
Navicula 
Navicula 
Navicula 

granulata var 
varians 

. angustissima 
circulare 
bicephala 
cryptocephala 
pelliculosa 
pupula 
radiosa 
salinarum var. intermedia 

Navicula tripunctata 
Navicula sp. 
Neidium sp. 
Nitzschia acicularis 
Nitzschia actinasteroides 
Nitzschia dissipata 
Nitzschia f iliformis 
Nitzschia linearis 
Nitzschia  palea 
Nitzschia, siqma 
Nitzschia sp. 
Rhizosolenia eriensis 
Rhizosolenia sp. 
Rhopalodia gibba 
Rhopalodia gibberula 
Stauroneis anceps 
Stephanodiscus astraea 
Stephanodiscus sp. 
Synedra acus var. radians 
Synedra angustata 
Synedra ulna 
Synedra ulna var. oxyrhynchus 
- - 

Synedra sp. 
Tabellaria fenestrata 
Tabellaria flocculosa 

Non-Diatom Chrysophyta 

Chromulina-like 
Dinobryon bavaricum 
Dinobryon sertularia 
Mallomonas pseudocoronata 
Mallomonas sp. 
Ochromonas sp. 

0 
0 
0 

1 1  
91 

0 
0 
0 
0 
0 
0 
0 
3 
0 
6 
0 
3 
0 
0 
0 
0 
0 
0 
-0 

0 
0 
0 
0 
0 
0 
6 
0 
66 
0. 
0 
0 
0 

a 

0 
0 
0 
9 

63 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 

1 1  
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 

44 
0 
0 
0 
0 

0 
0 
3 
8 

146 
0 
0 
0 
0 
0 
0 
0 
0 
0 
6 
0 
0 

88 
0 
0 
0 -  
8 
0 
0 
8 
0 
0 
0 
0 
0 
0 
0 
0 
30 
0 
0 
0 
0 

0 0 0 
3 4 6 
0 0 0 
0 0 0 
0 0 0 

41  162  248 
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Date:  September 17,   1980 
Station:  Pend  d'Oreille  River 

Species 

Chlorophyta 

Ankistrodesmus  falcatus 
Carteria sp. 
Chlamydomonas  sp. 
Cosmarium  sp. 
Crucigenia sp. 
Elakatothrix  qelatinosa 
Elakatothrix  sp. 
Franceia  sp. 
Gemellicystis  neqlecta 
Gemellicystis sp. 
Gon i um  sp. 
Laqerheimia sp. 
Scenedesmus  quadricauda 
Scenedesmus sp. 
Selenastrum  sp. 
Staurastrum sp. 

. Stiqeoclonium sp.* 

Cryptophyta 

Chroomonas  sp. 
Cryptomonas  sp. 

Cyanophyta 

(Continued) 

Replicates 

0 
0 
0 
3 
0 
0 
0 
0 

1 1  
0 
0 
0 
0 

33 
0 
3 
0 

13 
0 
0 
0 
0 
0 
0 
0 

26 
0 
0 
0 
0 

40 
0 
0 
0 

14 
0 
0 
0 
0 
0 
0 
0 

17 
0 
0 
0 
0 

39 1 
0 
0 
0 a 

88  166 323 
1 4  17 28 

Chroococcus sp. 
Oscillatoria  planctonica* 
Oscillatoria sp.* 
Unidentified  colony 

0 
478  1021 

0 O t  0 
0 0 

Pyrrhophyta 

Ceratium  hirundinella 
Peridiniopsis sp. 
Peridinium  sp. 

Miscellaneous 

Unidentified  unicellular alga 

Total  Number of Cells 

0 
0 
0 

0 0 
0 0 
0 0 1 

0 

936 

0 0 

929  1504 I' 
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" .: 
Date: December 2, 1980 
Station:  Birchbank 

Species 

Chrysophyta 

Class Bacillariophyceae 

Achnanthes clevei 
Achnanthes , f lexella 
Achnanthes lanceolata 
Achnanthes minutissima 
Achnanthes sp. 
Amphipleura pellucida 
Asterionella formosa 
Ceratoneis arcus 
Ceratoneis arcus var. amphioxys 
Cocconeis pediculus 

ana 

Cocconeis placentula 
Cyclotella. bodanica 
Cyclotella comta 
Cyclotella qlomerata 
Cyclotella kuetzingi 
Cyclotella ocellata 
Cyclotella stelligera 
Cyclotella sp. 
Cymbella affinis 
Cymbella caespitosa 
Cymbella cistula 
Cymbeiz prostrata 
Cymbella turgida 

~ . " Cvmbella ventricosa 
Cymbella sp. 

Diatoma vulqafe 
Diploneis declpiens 
Epi themia sorex 
Epithemia turgida 
Eunotia pectinalis 
Fragilaria capucina 
Fragilaria 
Fragilaria 
Fragilaria .~ 

Fragilaria 
Fragilaria 
Fragilaria 
Gomphonema 
Gomphonema 
Gomphonema 

quadratum 

construens 
construens va 
construens va 
crotonensis 
leptostauron 
vaucheriae 
herculeanum 
intricatum 
olivaceum 

.r. binodis 
:r. venter 

0 
0 
0 
0 
0 
0 
17 
0 
0 
0 
0 
0 
0 

18 
0 
0 
0 

28 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 

22 
0 

31 
0 
0 
0 
0 
7 

Replicates 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

3 3  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

15 
0 
96 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

3 9  
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

29 
0 

35 
0 
0 
0 
0 
0 
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Date:  December 2 ,  1980 (Continued) 
Station:  Birchbank 

Species 

Gomphonema  parvulum 
Gomphonema  sp. 
Gyrosiqma  sciotense 
Melosira  granulata 
Melosira  granulata  var.  angustissima 
Melosira  varians 
Meridion 
Navicula 
Navicula 
Navicula  pelliculosa 

circulare 
bicephala 
cryptocephala -~ - 

Navicula  pupula 
Navicula  radiosa 
Navicula  salinarum  var.  intermedia 
Navicula  tripunctata 
Navicula  sp. 
Neidium  sp. 
Nitzschia  acicularis 
Nitzschia  actinasteroides 
Nitzschia  dissipata 
Nitzschia  filiformis 
Nitzschia  linearis 
Nitzschia  palea 
Nitzschia  sigma 
Nitzschia  sp. 
Rhizosolenia  eriensis 
Rhizosolenia  sp. 
Rhopalodia  qibba 
Rhopalodia  gibberula 
Stauroneis  anceps 
Stephanodiscus  astraea 
Stephanodiscus sp. 
Synedra  acus  var.  radians - 
Synedra anqustata 
Synedra ulna 
Synedra - ulna  var.  oxyrhynchus 
Synedra  sp. 
Tabellaria  fenestrata 
Tabellaria  flocculosa 

Non-Diatom  Chrysophyta 

Chromulina-like 
Dinobryon  bavaricum 
Dinobryon  sertularia 
Mallomonas  pseudocoronata 
" Mallomonas  sp. 

Ochromonas  sp. 

0 
0 .  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
7 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
0 
'0 
. o  
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 

0 
0 

1 1  
0 
2 

131 

Replicates 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 .  
0 
0 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
0 
0 
0 
0 
2 
0 
0 
0 
2 
0 
0 

1 7  
0 

0 
0 
4 
0 
2 

1 4 4  

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
0 
0 
0 
0, 
0 
0 
0 
0 
0 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 5  
0 

0 
0 

1 1  
0 
0 

232  



Date:  December 2, 1980 
Station:  Birchbank 

Species 

Chlorophyta 

Ankistrodesmus falcatus 
Carteria  sp. 
Chlamydomonas sp. 
Cosmarium sp. 
Crucigenia sp. 
Elakatothrix  qelatinosa 
Elakatothrix sp. 
Franceia sp. 
Gemellicystis  neqlecta 
Gemellicystis sp. 
Gon i um  sp. 
Lagerheimia sp. 
Scenedesmus  quadricauda 
Scenedesmus sp. 
Selenastrum sp. 
Staurastrum sp. 
Stigeoclonium sp .*  

Cryptophyta 

Chroomonas sp.  
Cryptomonas sp. 

Cyanophyta 

- 288 - 

Chroococcus sp. 
Oscillatoria  planctonica* 
Oscillatoria- sp.* 
Unidentified  colony 

Pyrrhophyta 

l..?i + 
(Continued) 

9 
0 
0 
0 
7 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Replicates 

1 1  
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

20 
0 
0 
0 
0 
6 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

232 210 199 
15 1 1  1 1  

0 0 0 
1435 68-1 350 

0 0 0 
0 0 0 

0 0 0 
0 0 0 
0 2 4 

Miscellaneous 

Unidentified  unicellular  alga 

Total  Number  of Cells 

0 0 0 

545  556  609 
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Date: December 2, 1980 
Station: Waneta 

Species 

Chrysophyta 

Class Bacillariophyceae 

Achnanthes clevei 
Achnanthes  flexella 
Achnanthes lanceolata 
Achnanthes minutissima 
Achnanthes sp. 
Amphipleura  pellucida 
Asterionella  formosa 
Ceratoneis. arcus 
Ceratoneis arcus var. 
Cocconeis pediculus 

amphioxys 

Cocconeis placentula 
Cyclotella  bodanica 
Cyclotella comta 
Cyclotella  qlomerata 
Cyclotella  kuetzingtana 
Cyclotella  ocellata 
Cyclotella  stelliqera 
Cyclotella sp. 
Cymbella affinis 
Cymbella caespitosa 
Cymbella cistula 
Cymbella  prostrata 
Cymbella  turgida 
Cymbella  ventricosa 
Cymbella sp. 
Denticula elegans 
Diatoma elonqatum 

quadr 

Epithemia  sorex 
Epithemia  turqida 
Eunotia pectinalls 
Fragilaria capucina 
Fragilaria construens 
Fragilaria construens var. 
Fragilaria construens var. 
Fraqilaria crotonensis 
Fraqilaria leptostauron 
Fragilaria  vaucheriae 
Gomphonema herculeanum 
Gomphonema intricatum 
Gomphonema " olivaceum 

atum 

binodis 
venter 

0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

39 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

29 
15 
39 
0 
0 
0 
0 
0 

1 
Replicates 

0 
0 
0 
4 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 

52 
0 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
94 
0 
0 
0 
0 
0 

1 
0 1 
0 5 
0 1E 

0 -  f 
20 O @  0 . 

0 

0 
4 

0 
15 
0 

0 
0 
2 
0 
0 

0 
0 

0 
2 1 
O '  0 

0 1' 
0 
0 
0 

0 
0 
0 
0 1 
OI 4 0 

33 
18 
46 :I 
0 
0 

0 
0 4 

I 
O ,a 
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Date: December 2 ,  1980 
Station:  Waneta 

Species 

Gomphonema parvulum 
Gomphonema sp. 
Gyrosigma sciotense 
Melosira granulata 
Melosira granulata var. 
Melos'ira varians 
Meridion circulare 
Navicula bicephala 
Navicula cryptocephala 
Navicula  pelliculosa 
Navicula pupula 
Navicula radiosa 
Navicula  salinarum var. 
Navicula  tripunctata 
Navicula . ~. sp. 
Neidium SI 
Nitzschia 
Nitzsch3-a 
Nitzschia 
Nitzschia 
Nitzschia 
Nitzschia ~. Nitzschia 

J .  

acicularis 
actinastero 
dissipata 
filiformis 
.linearis 
palea 
si  qma 

id - 

anqustissima 

intermedia 

es - 

Ni tzschia sp. 
Rhizosolenia eriensis 
Rhizosolenia sp. 
Rhopalodia gibba 
Rhopalodia gibberula 
Stauroneis anceps 
Stephanodiscus astraea 
Stephanodiscus sp. 
Synedra acus var. radians 
Synedra angustata 
Synedra ulna 
Synedra ulna var. oxyrhynchus 
Synedra sp. 
Tabellaria fenestrata 
Tabellaria flocculosa 

Non-Diatom Chrysophyta 

Chromulina-like 
Dinobryon bavaricum 
Dinobryon sertularia 
Mallomonas pseudocoronata 
Mallomonas sp. 
Ochromonas sp. 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 

1 1  
0 
2 
0 
0 
0 
0 
4 
0 
0 
2 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
2 
0 

0 
0 
6 
0 
0 

234 

Replicates 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
0 
0 
0 
0 
0 
0 
2 
0 
0 
4 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 '  
0 

0 
0 
2 
0 
2 

237 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
6 
0 
0 
0 
0 
0 
0 
7 
0 

0 
0 
17 
0 
0 

237 
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Date:  December 2, 1980 
Station:  Waneta 

Species 

Chlorophyta 

Ankistrodesmus  falcatus 
Carteria sp. 
Chlamydomonas sp. 
Cosmarium  sp. 
Cruciqenia  sp. 
Elakatothrix  gelatinosa 
Elakatothrix sp. 
Franceia  sp. 
Gemellicystis  neglecta 
Gemellicystis  sp. 
Gon i um  sp. 
Laqerheimia sp. 
Scenedesmus  quadricauda 
Scenedesmus  sp. 
Selenastrum  sp. 
Staurastrum sp. 
Stigeoclonium  sp.* 

Cryptophyta 

Chroomonas  sp. 
Cryptomonas  sp. 

Cyanophyta 

Chroococcus sp. 
Oscillatoria  planctonica" 
Oscillatoria sp.* 
Unidentified  colony 

Chroococcus sp. 
Oscillatoria  planctonica" 
Oscillatoria sp.* 

3 colony 

Pyrrhophyta 

Miscellaneous 

Unidentified  unicellular  alga 

Total  Number  of  Cells 

(Continued) 

0 
0 
0 
2 
0 
4 
0 
0 

15 
0 
0 
0 
0 

' 0  
2 
0 
0 

155 
13 

0 
1730 

0 
0 

0 
0 
0 

0 

576 

Replicates 

17 
0 
0 
2 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

144 
17 

0 
68 1 

0 
0 

0 
0 
0 

0 

587 

0 
0 
0 
0 
0 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

140 
9 

0 
662 

0 
0 

0 
0 
0 

0 

563 
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Date: February 17,  1981 
Station:  Birchbank 

Species 

Chrysophyta 

Class Bacillariophyceae 

Achnanthes c.levei 
Achnanthes flexella 
Achnanthes lanceolata 
Achnanthes minutissima 
Achnanthes sp. 
Amphipleura pellucida 
Asterionella formosa 
Ceratoneis arcus 
" 

Ceratoneis arcus var. amphioxys 
Cocconeis pediculus 
Cocconeis placentula 
Cyclotella bodanica 
Cyclotella comta 
Cyclotella qlomerata 
Cyclotella kuetzingiana 
Cyclotella ocellata 
Cyclotella stelligera 
Cyclotella sp. 

aff  inis 
caespitosa 
cistula 
prostrata 

Cymbella turgida 
Cymbella ventricosa 
Cymbella sp. 
Denticula eleqans 
Diatoma elongatum 
Diatoma hiemale 
Diatoma hiemale var. guadratum 
Diatoma vu1gaf.e 
Diploneis declpiens . .  Epithemia sorex 
Epithemia tuFqida 
Eunotia pectinalls 
Fragilaria capucina 
Fragilaria construens 
Fragilaria construens var. binodis 
Fragilaria 
Fragilaria 
Fragilaria 
Fragila'ria 

Gomphonema 

construens var. venter 
crotonensis 
leptostauron 
vaucheriae 
herculeanum 
intricatum 
olivaceum 

Replicates 

0 0 
0 0 
0 0 
7 8 
0 0 
0 0 

10 0 
0 0 
0 0 
0 0 
0 0 
0 0 
1 0 
0 2 
0 0 
0 0 
0 0 

19 1 1  
0 0 
0 0 
0 0 
0 0 
0 0 
1 0 
0 0 
0 0 
3 1 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
8 29  

12 0 
8 1 4  

' 0 '  0 
0 0 
0 0 
0 0 
4 1 

0 
0 
0 
8 
0 
0 
0 
0 
0 
0 
0 
0 
0 
6 
0 
0 
0 

12 
0 
0 
0 
0 
0 
7 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 4  
22 

0 
0 
0 
0 
4 
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Date:  February 17,  1981 
Station:  Birchbank 

Species 

Gomphonema  parvulum 
Gomphonema  sp. 
Gyrosigma  sciotense 
Melosira  granulata 
Melosira  qranulata  var.  anqustissim 
Melosira  varians 
Meridion  circulare 
Navicula  bicephala 
Navicula  cryptocephala 
Navicula  pelliculosa 
Navicula  pupula 
Navicula  radlosa 
Navicula  salinarum  var.  intermedia 
Navicula  tripunctata 
Navicula  sp. 
Neidium  sp. 
Nitzschla  acicularis 
Nitzschia  actinasteroides 
Nitzschia  dissipata 
Nitzschia filiformis 
Nitzschia  linearis 
Nitzschia  palea 
Nitzschia  sigma 
Nitzschia  sp. . 
Rhizosolenia  eriensis 
Rhizosolenia  sp. 
Rhopalodia  gjbba 
Rhopalodia  glbberula 
Stauroneis  anceps 
Stephanodiscus  astraea 
Stephanodiscus  sp. 
Synedra  acus var.  radians 
Synedra  angustata 
Synedra  ulna 
Synedra  ulna  var.  oxyrhynchus 
Synedra  sp. 
Tabellaria  fenestrata 
Tabellaria  flocculosa 

- 

Non-Diatom  Chrysophyta 

Chromulina-like 
Dinobryon  bavaricum 
Dinobryon  sertularia 
Mallomonas  pseudocoronata 
Mallomonas sp. 
Ochromonas  sp. 

(Continued) 

0 
0 
0 
0 

la 0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
7 
0 
0 
0 
0 
0 
0 
3 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
7 
0 

- 

Replicates 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
4 
0 
0 
0 
0 
0 
0 
0 
0 

0 0 
0 0 
0 0 
0 0 
0 0 

1 2 1  139 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
0 
0 
0 
0 
0 
0 
7 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 

0 
0 
0 
0 
0 

168 



- 294 - 

1 
I 
@ 
e 

Date:  February 17,  1981 
Station:  Birchbank 

Species 

Chlorophyta 

Ankistrodesmus  falcatus 
Carteria  sp. 
Chlamydomonas  sp. 
Cosmarium  sp. 
Crucigenia  sp.- 
Elakatothrix  gelatinosa 
Elakatothrix  sp. 
Franceia  sp. 
Gemellicystis  neqlecta 
Gemellicystis  sp. 
Gon i um  sp. 
Lagerheimia SP 

quadricauda 
SP 
SP 

Staurastrum sp. 
Stiqeoclonium  sp.* 

Cryptophyta 

Chroomonas'  sp. 
Cryptomonas  sp. 

Cyanophyta 

Chroococcus  sp. 
Oscillatoria  planctonica* 
Oscillatoria sp.* 
Unidentified  colony - 

Pyrrhophyta 

Ceratium  hirundinella 
Peridiniopsis  sp. 
Peridinium sp. 

Miscellaneous 

Unidentified  unicellular  alga 

Total  Number  of  Cells 

"? ..,.;+ 
(Continued) 

0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
6 
0 
0 

Replicates 

0 
0 
4 
0 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

175 112 1 4 1  
4 1 1  18 

0 0 0 
0 55 290 
0 0 0 
0 0 0 

0 0 0 
0 0 0 
0 1 0 

0 0 0 

402 3 4 5  417 
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Date:  February 1 7 ,  1981 
Station:  Waneta 

Species 

Chrysophyta 

Class  Bacillariophyceae 

Achnanthes  clevei 
Achnanthes  flexella 
Achnanthes  lanceolata 
Achnanthes  minutissima 
Achnanthes  sp. 
Amphipleura  pellucida 
Asterionella  formosa 
Ceratoneis.  arcus 
Ceratoneis  arcus  var.  amphioxys 
Cocconeis  pediculus 
Cocconeis  placentula 
Cyclotella  bodanica 
Cyclotella  comta 
Cyclotella  qlomerata 
Cyclotella  kuetzingiana 
Cyclotella  ocellata 
Cyclotella  stelligera 
Cyclotella  sp. 
Cymbella  affinis 

caespitosa 
cistula 
prostrata 

Cymbella 
Cymbella 
Cymbella 
Cymbella  turgida 
Cymbella  ventrlcosa 
Cymbella  sp. 

r. quadratum 
Diatoma  vulqafe 
Diploneis  declpiens 
Epithemia  sorex 
Epithemia  tufgida 
Eunotia  pectlnalis 
Fragilaria  capucina 
Fragilaria coniruens 
Fraqilaria  construens  var.  binodis _ _  
Fragi1ari.a construens var.  venter 
Fragilaria crotonensis 
Fragilaria leptostauron 
Fragilaria vaucheriae 
Gomphonema herculeanum 
Gomphonema intricatum 
Gomphonema olivaceum 

0 
0 
0 
6 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

15 
0 
0 

- 0  
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 

10 
0 
2 
0 
0 
3 

Replicates 

0 
0 
0 
6 
0 
0 
0 
0 
0 
0 
1 
0 
0 
3 
0 
0 
0 

10 
0 
0 
0 
0 
0 
1 
0 
0 
1 
0 
0 %  
0 
0 
0 
0 
0 
0 
0 
0 
0 

10 
0 
1 
0 
0 

- 4  

0 
0 
0 
7 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1.2 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 

21 
0 

21 
0 
1 
0 
0 
7 



Non-Diatom  Chrysophyta 
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Date:  February 17,  1981 
Station:  Waneta 

Gomphonema  parvulum 
Gomphonema sp. 
Gyrosiqma  sciotense 
Melosira  granulata 
Melosira  qranulata  var 
Melosira  varians 
Meridion  circulare 

~~~~ 

.~ Navicula bicephala 
Navicula cryptocephala 
Navicula pelliculosa 
Navicula pupula . -  " Navicula radiosa 
Navicula salinarum  var 
Navicula tripunctata 
Navicula sp. 

angustissima 

intermedia 

Neidium sp. 
Nitzschia  acicularis 
Nitzschia  actinasteroides 
Nitzschia  dissipata 
Nitzschia  filiformis 
Nitzschia  linearis 
Nitzschia  palea 
Nitzschia  sigma 
Nitzschia sp. 
Rhizosolenia  eriensis 
Rhizosolenia sp. 
Rhopalodia  gibba 
Rhopalodia  qibberula 
Stauroneis  anceps 
Stephanodiscus  astraea 
Stephanodiscus sp. 
Synedra acus var. radians - 
Synedra  anqustata 
Synedra  ulna 
Synedra  ulna  var.  oxyrhynchus 
Synedra sp. 
Tabellaria  fenestrata 
Tabellaria  flocculosa 

- - 

Chromulina-like 
Dinobryon  bavaricum 
Dinobryon  sertularia 
Mallomonas  pseudocoronata 
Mallomonas sp. 
Ochromonas sp. 

Chromulina-like 
Dinobryon  bavaricum 
Dinobryon  sertularza 
Mallomonas  pseudocoronata 
" Mallomonas sp. 

Ochromonas sp. 

(Con t inued 1 

.f J:<r p Replicates 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 1 
0 0 0 
3 3 1 1  
0 0 0 
0 0 0 
0 22 ' 0 
0 0 o *  
0 0 0 
0 0 0 
0 6 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
1 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
1 1 3 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

0 
0 
0 
0 
0 

160 

0 
0 
0 
0 
0 

197 

0 
0 
0 
0 
0 

192 



Date:  February 1 7 ,   1 9 8 1  
Station:  Waneta 

Species 

Chlorophyta 

- 297 - 

Ankistrodesmus  falcatus 
Carteria  sp. 
Chlamydomonas 'sp. 
Cosmarium  Sp. 
Cruciqenia sp. 
Elakatothrix  'gelatinosa 
Elakatothrix  sp. 
Franceia  sp. 
Gemellicystis  neqlecta 
Gemellicystis sp. 
Gonium sp. 
Laqerheimia sp. 
Scenedesmus  quadricauda 
Scenedesmus . sp. 
Selenastrum  sp. 

Stiqeoclonium  sp.* 
C Staurastrum  sp. 

Cryptophyta 

Chroomonas sp. 
Cryptomonas sp. 

Cyanophyta 

Chroococcus sp. 
Oscillatoria  planctonica* 
Oscillatoria sp.* 
Unidentified  colony 

(Continued) 

6 
0 
3 
0 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Replicates 

0 
0 
7 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
8 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

119 127 132 
9 14 18 

0 0 0 
23  1 152  580  

0 0 0 
0 0 0 

Pyrrhophyta 

0 0 0 
0 0 0 
0 0 0 

Miscellaneous 

Unidentified  unicellular  alga 

Total  Number  of -Cells 

0 0 0 

344   414   442  
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Date: June 22,   1982 
Station:  Birchbank 

Species Replicates 

Chrysophyta 

Class Bacillariophyceae 

0 0 
0 0 
0 0 

65   65  
0 0 
0 0 

54  119 
0 1 1  
0 0 
0 0 
0 0 
0 1 1  
0 0 
0 0 
0 0 
0 0 
0 0 

32  108 
0 0 
0 0 
0 0 
0 0 
0 0 

1 1  0 
0 0 
0 0 

1 1  0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 1 1  
0 0 

1 1  216 
0 0 
0 0 

2544 2900  
0' 0 
0 0 
0 0 
0 0 
0 0 

0 
0 
0 

108 
0 

1 1  
151 

0 
0 
0 
0 

22 
0 
0 
0 
0 
0 

32 
0 
0 
0 
0 
0 
0 
0 
0 

1 1  
0 
0 
0 
0 
0 
0 
0 

1 1  
0 

237 
0 

2242 
0 
0 
0 
0 
0 

Achnanthes clevei 
Achnanthes flexella 
Achnanthes lanceolata 
Achnanthes minutissima 
Achnanthes sp. 
Amphipleura pellucida 
Asterionella formosa 
Ceratoneis arcus 
Ceratoneis arcus var. amph 
Cocconeis pediculus 

h 
1 
I 
1 
1 
d 
I 
1 

Cocconeis placentula 
Cyclotella bodanica 
Cyclotella 
Cyclotella 
Cyclotella 

comta 

Cyclotella 
Cyclotella ~~ 

Cvclotella SD. ~ ~~~ 

Cymbella affinis 
- -c - 

caespitosa 
cistula 
prostrata 
turgida 
ventricosa 

Cymbella sp. 
Dent icula eleqans 
Diatoma elongatum 
Diatoma hiemale 
Diatoma hiemale var. qua - dra .turn - 
Diatoma vulqafe 
Diploneis declpiens 
Epi themia sorex 
Epithemia tufgida 
Eunotia pectlnalls 
Fragilaria capucina 
Fragilaria construens 
Fragilaria construens va 
Fraqilaria construens va 
Fraqi1aria.crotonensis 

c 
E 
I 
I 

.r . - S binodi 
venter .r . 

Fraqilaria leptostauron 
Fragilaria vaucheriae 
Gomphonema herculeanum 
Gomphonema intricatum 
Gomphonema olivaceum 
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Date:  June 22, 1982 
Station:  Birchbank 

Species 

Gomphonema  parvulum 
Gomphonema sp. 
Gyrosiqma  sciotense 
Melosira  granulata 
Melosira  qranulata  var.  angustissima 
Melosira  varians 
Meridion  circulare 
Navicula  bicephala 
Navicula  cryptocephala 
Navicula  pelliculosa . 
Navicula  pupula 
Navicula  radlosa 
Navicula  salinarum  var.  intermedia 
Navicula  tripunctata 
Nav'icula sp. 
Neidium  sp. 
Nitzschia  acicularis 
Nitzschia  actinasteroides 
Nitzschia  dissipata 
Nitzschia  filiformis 
Nitzschia  linearis 
Nitzschia  palea . 
Nitzschia  slqma 
Nitzschia  sp. 
Rhizosolenia  eriensis 
Rhizosolenia  sp. 
Rhopalod4a gfbba 
Rhopalodia  glbberula 
Stauroneis  anceps 
Stephanodiscus  astraea 
Stephanodiscus sp. 
Synedra  acus  var.  radians 
Synedra  anqustata 
Synedra  ulna 
Synedra  ulna  var.  oxyrhynchus 
Synedra sp. 
Tabellaria  fenestrata 
Tabellar ia f locculosa 

Non-Diatom  Chrysophyta 

Chromulina-like 
Dinobryon  bavaricum 
Dinobryon  sertularia 
Mallomonas " pseudocoronata 
Mallomonas sp. 
Ochromonas sp. 

(Continued) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 1  
0 
0 
0 
0 

22 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

32 
0 

0 
0 

119 
0 
0 

485 

Replicates 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

162 
0 
0 
0 
0 
0 
0 

1 1  
0 
0 

32 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

43 
0 

0 
0 

183 
0 
0 

809 

0 
0 
0 
0 
0 
0 
0 
0 
0 

22 
0 
0 
0 
0 

32 
0 
0 
0 
0 
0 
0 

1 1  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

54 
0 

0 
0 

183 
0 

1 1  
496 



Date: June 22,   1982 
Station: Birchbank 

Species 

Chlorophyta 

Ankistrodesmus .falcatus 
Carteria sp. 
Chlamydomonas sp. 
Cosmarium sp. 
Cruciqenia sp. 
Elakatothrix qelatinosa 
Elakatothrix sp. 
Franceia sp. 
Gemellicystis neglecta 
Gemellicystis sp. 
Gonium sp. 
Lagerheimia sp. 
Scenedesmus quadricauda 
Scenedesmus sp. 
Selenastrum sp. 
Staurastrum sp. 
Stiqeoclonium sp.* 

Cryptophyta 

Chroomonas sp. 
Cryptomonas sp. 

Cyanophyta 

Chroococcus sp. 
Oscillatoria plancton 
Oscillatoria sp.* 
Unidentified colony 

Pyrrhophyta 

Ceratium hirundinella 
Peridiniopsis sp. 
Peridinium sp. 

ica* - 

- 300 - 

Miscellaneous 

Unidentified unicellular alga 

Total Number of Cells 

1 1  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Replicates 

1 1  
0 
0 

1 1  
0 
0 
0 
0 
0 
0 
0 
0 

54 
0 
0 
0 
0 

1 1  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1078 1186 582 
32  32  65 

0 0 0 
0 0 0 
0 0 323 
0 0 0 

0 0 0 
0 0 0 
0 1 1  22 

0 0 0 

451 7 5983  4312 



Date:  June 22,   1982 
Station:  Waneta 

Species 

Chrysophyta 

Class  Bacillariophyceae 

Achnanthes clevei 
Achnanthes flexella 
Achnanthes lanceolata 

- 301 - 

Replicates 

Ceratoneis.  arcus 
Ceratoneis  arcus  var.  amph 
Cocconeis  pediculus 
Cocconeis  placentula 
Cyclotella  bodanica 
Cyclotella  comta 
Cyclotella  glomerata 
Cyclotella  kuetzinqiana 
Cyclotella  ocellata 
Cyclotella  stelligera 
Cyclotella  sp. 
Cymbella affinis 
Cymbella  caespitosa 
Cymbella  cistula 
Cymbella  prostrata 
Cymbella  turqida 

~ - " 

Ys 

Cymbella ventricosa 
Cymbella sp. 
Denticula  elegans 

. quadratum 

Fragilaria 
Fragilaria 
Fragilaria 
Fragilaria 
Fraailaria 
Fragilaria 
Gomphonema 
Gomphonema 

construens 
construens va 
construens va 
crotonensis 
leptostauron 
vaucheriae 
herculeanum 
intricatum 

Gomphonema  olivaceum 

r. 
r. 

binodis 
venter 

0 
0 
0 

54 
0 
0 

8 6  
0 
0 
0 

1 1  
1 1  

0 
0 
0 
0 
0 

22 
0 
0 

1 1  
0 
0 

1 1  
0 
0 

22 
0 
0 
0 
0 
0 
0 
0 

1 1  
0 

1 1  
0 

2264 
0 
0 
0 
0 
0 

0 
0 
0 

54 
0 
0 

97 
0 
0 
0 
0 

1 1  
0 
0 
0 
0 
0 

8 6  
0 
0 
0 
0 
0 
0 
0 
0 

1 1  
0 
0 
0 
0 
0 
0 
0 
0 

593  
1 1  

0 
278 1 

0 
0 
0 
0 
0 

0 
0 
0 

75 
1 1  

0 
65 

0 
0 
0 
0 

32 
0 
0 
0 
0 
0 

1 1  
0 
0 

1 1 ,  
0 
0 
0 
0 
0 

22 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2145 
0 
0 
0 
0 

1 1  
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Date: June 22,  1982 
Station: Waneta 

Species d'! ;+ 

Gomphonema parvulum 
Gomphonema sp. 

p ? ,  

Gyrosigma sciotense 
Melosira granulata 
Melosira qranulata var. angustissima 
Melosira varians 
Meridion 
Navicula 
Navicula 
Navicula 
Navicula pupula 
Navicula radiosa 
Navicula salinarum var.  intermedia 
Navicula tripunctata 
Navicula sp. 
Neidium SD. 
NitzschiaL 
Nitzschia 
Nitzschia 

" 

acicularis 
actinasteroides 
dissipata 

Nitzschia filiformis 
Nitzschia linearis 
Nitzschia palea 
Nitzschia sigma 
Nitzschia sp. 
Rhizosolenia eriensis 
Rhizosolenia sp. 
Rhopalodia gfbba 
Rhopalodia qlbberula 

Nitzschia sp. 
Rhizosolenia eriensis 
Rhizosolenia sp.- ~~~ ~~~~ 

Rhopalodia gfbba 
Rhopalodia qlbberula 
Stauroneis anceps 
Stephanodiscus astraea 
Stephanodiscus sp. 
Synedra acus var. radians 
Synedra angustata 
Synedra ulna, 
Synedra ulna var. oxyrhynchus 
Synedra sp. 
Tabellaria fenestrata 
Tabellaria flocculosa 

Non-Diatom Chrysophyta 

Chromulina-like 
Dinobryon bavaricum 
Dinobryon sertularia 
Mallomonas pseudocoronata 
Mallomonas sp. 
Ochromonas sp. 

(Continued) 

Replicates 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

. o  
0 
0 

22 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

32 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 1  
0 
0 
0 
0 
0 
0 

1 1  
0 
0 

32 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

5 4  
0 

0 
0 
0 
0 
0 

22 
0 
0 
0 
0 
0 
0 
0 
0 

22 
0 
0 
0 
0 
0 
0 

22 
0 
0 

4 3  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

43 
0 

0 0 0 
0 0 0 

162 216 108 
0 0 0 

1 1  0 1 1  
71  1 485 496 
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Date:  June 22,  1982 
Station:  Waneta 

Species 

Chlorophyta 

Ankistrodesmus  falcatus 
Carteria sp. 
Chlamydomonas sp. 
Cosmarium sp. 
Crucigenia  sp. 
Elakatothrix -~ qelatinosa 
Elakatothrix  sp. 

C - 
T 

Franceia  sp. 
Gemellicystis neglecta- 
Gemellicystis  sp. 
;onium.  sp. 
,agerheimia  sp. L 

Scenedesmus'  quadricauda 
Scenedesmus  sp. 
Selenastrum  sp. 
Staurastrum  sp. 
Stigeoclonium sp.* 

Cryptophyta 

Chroomonas  sp. 
Cryptomonas  sp. 

Cyanophyta 

Chroococcus  sp. 
Oscillatoria planctonica* 
Oscillatoria sp.* 
Unidentified colony 

Pyrrhophyta 

Miscellaneous 

Uni.dentified  unicellular  alga 

Total  Number of Cells 

(Continued) 

1 1  
0 
0 

22 
0 
0 
0 
0 
0 
0 
0 
0 

32 
0 
0 
0 
0 

733 
0 

0 
0 
0 
0 

0 
0 
0 

0 

4247 

Replicates 

22 
0 
0 

1 1  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

56 1 
43 

0 
0 
0 
0 

0 
0 
0 

0 

5088 

22 P 
0 
0 
0 1 
0 
0 -  

0 
0 4 
0 
0 
0 1 

22 O I  0 

0 .  
0 
0 1 

356 
22 

0 
0 
0 

,I' 
0 
0 

1 1  -4 
1 

0 

3579 1 
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Date:  August 17,  1982 
Station:  Birchbank 

Species 

1 Chrysophyta 

Class Bacillariophyceae 

1 

Achnanthes clevei 
Achnanthes flexella 
Achnanthes lanceolata 

Ceratoneis arcus 

Denticula elegans 
Diatoma elongatum 

. quadratum 
Epithemia  sorex 
Epithemia  turgida 
Eunotia pectlnalis 
Fragilaria capucina 
Fraqilaria construens 
Fragilaria construens var. 
Fraqilaria construens var. 
Fragilaria crotonensis 
Fragilaria leptostauron 
Fragilaria vaucheriae 
Gomphonema herculeanum 
Gomphonema intricatum 
Gomphonema olivaceum 

binod 
vente 

- is 
- r 

Replicates 

0 
0 
0 
4 
0 
0 

25 
0 
0 
0~ 
0 
0 
0 
0 
0 
0 
0 

718 
0 
0 
0 
0 
0 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

57 
0 .  
0 
0 
0 
0 

0 
0 
0 
8 
0 
0 

1 1  
0 
0 
0 
0 
5 
0 
0 
0 
0 
.O 

559 
0 
0 
0 
0 
0 
5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

27 
0 

57 
0 
0 
0 
0 
0 

0 
0 
0 
18 
0 
0 
39 
0 
0 
0 
0 
4 
0 
0 
0 

- 0  
0 

890 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
18 
0 
0 

72 
0 
0 
0 
0 
4 
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Date:  August 17,  1982 
Station:  Birchbank 

Species 

Gomphonema parvulum 
Gomphonema sp. 
Gyrosigma 
Melosira 
Melosira 
Melosira 
Meridion 
Navicula 
Navicula 
Navicula 
Navicula 
" Navicula 

Navicula 
Navicula 

I sciotense 
granulata 
granulata va r. a - 
varians 
c i rculare 
bicephala 
cryptocephala 
pelliculosa 
pupula 

" 

!r. i 
radiosa 
salinarum va 
tripunctata 

ngustiss 

ntermedi 

.e s - 

Stephanodiscus sp. 
Synedra acus var. radians 
Synedra angustata 
Synedra - ulna 
Synedra  ulna var. oxyrhynchus 
Synedra sp. 
Tabellaria fenestrata 
Tabellaria f locculosa 

Non-Diatom  Chrysophyta 
r, 

Chromulina-like 
Dinobryon bavaricum 
Dinobryon sertularia 
Mallomonas pseudocoronata 
Mallomonas sp. 
Ochromonas sp. 

(Continued) 

0 
0 
0 
0 
0 

1 1  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

. o  
0 
0 
0 

22 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

39 
0 

1 1  
36  

Replicates 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
8 
0 
0 
0 
0 
0 
0 
8 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

14  
0 

0 
0 

35 
0 
0 

32 

0 
0 
0 
0 
0 
7 
0 
0 
0 
0 
0 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

18 
0 
0 
0 
0 
0 
0 
0 
0 
4 
0 
0 

1 1  
0 

0 
0 

39 
0 
0 

32  
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E Date:  August 1 7 ,  1982 

Station:  Birchbank 

Species 

Chlorophyta 

Ankistrodesmus  falcatus 
Carteria  sp. 
Chlamydomonas sp. 
Cosmarium sp. 
Crucigeni'a  sp. 
Elakatothrix  qelatinosa 
E1akatothri.x sp. 
Franceia sp. 
Gemellicystis  neqlecta 
Gemellicystis sp. 
Gon i um  sp. 
Lagerheimia sp. 
Scenedesmus  quadricauda 
Scenedesmus sp. 
Selenastrum sp. 
Staurastrum sp. 
Stigeoclonium sp.* 

Cryptophyta 

Chroomonas sp. 
Cryptomonas sp. 

Cyanophyta 

(Continued) 

Replicates 

7 
0 
0 
7 
0 
0 
0 
0 
0 
0 
0 
0 

57 
0 
0 
0 
0 

3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
8 
0 
0 
0 
0 

Chroococcus sp. 
Oscillatoria  plancton 
Oscillatoria sp.* 
Unidentified  colony 

ica* - 

Pyrrhophyta 

Ceratium  hirundinella 
Peridiniopsis sp. 
Peridinium  sp. 

Miscellaneous 

Unidentified  unicellular  alga 

Total  Number of Cells 

108 62  
25  14  

0 
0 
0 

0 

1131 

1 1  
0 
0 
0 

0 
0 
3 

25 
0 
7 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

90 
32 

0 
0 
7 

0 0 

869  1321 
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Date:  August 17,  1982 
Station:  Waneta 

Species 

Chrysophyta 

Class  Bacillariophyceae 

Achnanthes clevei- 
Achnanthes  flexella 
Achnanthes  lanceolata 
Achnanthes  minutissima 
Achnanthes sp. 
Amphipleura  pelluc.ida 
Asterionella  'formosa 
Ceratoneis.  arcus . amph ioxys 

Cyclotella  comta 
Cyclotella  qlomerata 
Cyclotella  kuetzingia 
Cyclotella  ocellata 
Cyclotella  stelliqera 
Cyclotella  sp. 
Cymbella  affinis 
Cymbella  caespitosa 
Cymbella 
Cymbella 
Cymbella 
Cymbe.lla  ventricosa 

c i stuia 
prostrata 
turqida 

~~~ ~ 

Cymbella sp. 

- na 

Denticula  eleqans 
Diatoma  elongatum 
Diatoma  hiemale 
Diatoma  hiemale  var.  guadr 
Diatoma  vulgafe 
Diploneis  declpiens 
Epi  themia  sorex 
Epithemia ~ turgida ~- 
Eunotia  pectinalis 
Fraqilaria  capucina 
Fragilaria 
Fragilaria 
Fragilaria 
Fraailaria 
Fraqilaria 
Fraqilaria 
Gomphonema 
Gomphonema 
Gomphonema 

construens 
construens var. 
construens var. 
crotonensis 
leptostauron 
vaucheriae 
herculeanum 
intricatum 
olivaceum 

atum - 

binod 
vente 

0 
0 
0 
7 
0 
0 

14 
0 
0 
0 
0 
7 
0 
0 
0 
0 
0 

765 
0 
0 
0 
0 
0 
0 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 1  
0 
0 

158 
0 
0 
0 
0 
0 

Replicates 

0 
0 
0 

22 
0 
0 

14 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

651 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

14 
0 
0 

32 
0 
0 
0 
0 
0 

0 
0 
0 

16 
0 
0 

1 1  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

572 
0 
0 
0 
0 
0 
3 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

97 
0 
0 
0 
0 
0 
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Date: August 1 7 ,   1 9 8 2  
Station: Waneta 

Species ,-+ : .:< 

Gomphonema parvulum 
Gomphonema sp. 
Gyrosigma sciotense 
Melosira qranulata 
Melosira qranulata var. angustissima 
Melosira 
Meridion 
Navicula 
Navicula 
Navicula 
Navicula pupula 

varians 
circulare 
bicephala 
cryptocephala 
pelliculosa 

Navicula radiosa 
Navicula salinarum var. intermedia 
Navicula tripunctata 
Navicula sp. 
Neidium sp. 
Nitzschia 
Nitzschia 
Nitzschia 
Nitzschia 
Nitzschia linearis 
Nitzschia 

acicularis 
actinasteroides 
dissipata 
filiformis _ .  

palea 
Nitzschia sigma 
Nitzschia sp. 
Rhizosolenia eriensis 
Rhizosolenia sp. 
Rhopalodia gibba 
Rhopalodia gibberula 
Stauroneis anceps 
Stephanodiscus astraea 
Stephanodiscus sp. 
Synedra acus var. radians 
Synedra anqustata 
Synedra ulna 
Sync 
Sync 

edra  ulna  var. oxyrhynchus 
2dra  sp. 
2llaria fenestrata 
" - ~ ~~ 

Ta bc 
Tabellaria flocculosa 

~~~ ~" 

Non-Diatom Chrysophyta 

Chromulina-like 
Dinobryon bavaricum 
Dinobryon sertularia 
Mallomonas pseudocoronata 
Mallomonas sp. 
Ochromonas sp. 

(Continued) 

Replicates 

0 0 0 
0 0 0 
0 0 0 
0 ' 0  0 
0 0 0 
7 . O  0 
0 0 0 
0 3 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
4 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

14 1 1  22 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 ' .  0 0 
0 0 0 
0 0 0 
0 0 8 
0 0 0 

$?b 

0 0 0 
0 0 0 

65 2 4  35  
0 0 0 
0 3 0 
7 8 1 1  
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Date:  August 17, 1982 
Station:  Waneta 

Species 

Chlorophyta 

Ankistrodesmus  falcatus- 
Carteria  sp. 
Chlamydomonas  sp. 
Cosmarium  sp. 
Crucigenia  sp. 
Elakatothrix  gelatinosa 
Elakatothrix sp. 
Franceia  sp. 
Gemellicystis  neqlecta 
Gemellicystis sp. 
Gon i um  sp. 

~" 

- 
Franc 
Gemellicystis  neqlecta 
Gemellicystis sp. 
Gc - 
Lagerheimia sp.  
Scenedesmus quadricauda 
Scenedesmus sp. 
Selenastrum sp.  
Staurastrum sp.  
Stiqeoclonium  sp.* 

Cryptophyta 

Chroomonas  sp. 
Cryptomonas  sp. 

Cyanophyta 

Chroococcus sp. 
Oscillatoria  planctonica* 
Oscillatoria sp.* 
Unidentified  colony 

Pyrrhophyta 

Ceratium  hirundinella 
Peridiniopsis sp. 
Peridinium  sp. 

Miscellaneous 

Unidentified  unicellular  alga 

Total  Number  of  Cells 

(Continued) 

. 18 
0 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 

22 
0 
0 
0 
0 

126 
36 

0 
0 
0 
0 

4 
0 
4 

0 

1274 

Replicates 

8 
0 
0 
5 

- 0  
0 
0 
0 
0 
0 
0 
0 

35 
0 
0 
0 
0 

54 
5 

0 
0 
0 
0 

0 
0 
0 

- 0  

891 

27 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

3 

51 
1 4  

19 
0 
0 
0 

0 
0 
5 

0 

896 
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Date: September 28,   1982 
Station:  Birchbank 

Species 

Chrysophyta 

Class Bacillariophyceae 

Achnanthes clevei 
Achnanthes flexella 
Achnanthes lanceolata 
Achnanthes minutissima 
Achnanthes sp. 
Amphipleura pellucida 
Asterionella formosa 
Ceratoneis arcus 
Ceratoneis arcus var. amphioxys 
Cocconeis pediculus 
Cocconeis placentula 
Cyclotella bodanica 
Cyclotella comta 
Cyclotella qlomerata 
Cyclotella kuetzinqiana 
Cyclotella ocellata 
Cyclotella stelliqera 
Cyclotella sp. 
Cymbella affinis 
Cymbella caespitosa 
Cymbella cistula 
Cymbella prostrata 
Cymbella turgida 
Cymbella ventrlcosa 
Cymbella sp. 
Denticula elegans 
Diatoma elonqatum 
Diatoma hiemale 
Diatoma hiemale var. 
Diatoma vulgare 
Diploneis decipiens 

~. 

guadratum 

Epithemia sorex 
Epithemia turgida 
Eunotia pectlnalls 
Fragilaria capucina 
Fraqilaria construens 
Fraqilaria construens var. binod 
Fragilaria construens var. vente 
Fragilaria crotonensis 
Fragilaria leptostauron 
Fraqilaria vaucheriae 
Gomphonema herculeanum 
Gomphonema intricatum 
- Gomphonema olivaceum 

Replicates 

0 
0 
0 

27 
0 
0 

22 
0 
0 
0 
0 

16 
0 
0 
0 
0 
0 

1822 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

27 
0 

135 
0 
0 
0 
0 
0 

0 
0 
0 

2 7. 
0 
0 

16 
0 
0 
0 
0 
5 
0 
0 
0 
0 
0 

1887 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5 
0 
0 

65 
0 
0 
0 
0 
0 
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Date:  September 28,   1982 
Station:  Birchbank 

Species 

Gomphonema  parvulum 
Gomphonema  sp. 
Gyrosigma  sciotense 
Melosira 
Melosira 
.Melosira 
Meridion 
Navicula 
Navicula 
Navicula 
Navicula 
Navicula 
Navic~ula 
Navicula 
Navicula 

granulata 
granulata var.  angustissima 
varians 

pupula 
radiosa 
salinarum  va 
tripunctata 
SP 

Neidium sp. 
Nitzschia  acicularis 
Nitzschia 
Nitzschia 
Nitzschia 
Nitzschia 
Nitzschia  palea 
Nitzschia  sigma 

actinastero 
dissipata 
filiformis 
linearis 

r. intermedia 

.des 

Nitzschia sp. 
Rhizosolenia  eriensis 
Rhizosolenia  sp. 
Rhopalodia  gibba 
Rhopalodia  qibberula 
Stauroneis  anceps 
Stephanodiscus astraea 
Stephanodiscus sp. " 

Synedra acus var.  radians 
Synedra angustata 
Synedra ulna 

-hynchus 

Non-Diatom  Chrysophyta 

(Continued) 

Replicates 

0 0 
0 16 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

16 5 
0 0 
0 0 
5 5 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
5 0 
0 0 
0 0 
0 0 
0 0 

Chromulina-like 
Dinobryon  bavaricum 
Dinobryon  sertularia 
Mallomonas " pseudocoronata 
Mallomonas sp. 
Ochromonas sp. 

0 0 
0 0 

162  172 
0 0 
0 0 

81  38 
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Date:  September 28,   1982 
Station:  Birchbank 

Species 

Chlorophyta 

Ankistrodesmus  falcatus 
Carteria  sp. 
Chlamydomonas sp. 
Cosmarium sp. 
CrucigeiCa sp. 
Elakatothrix  qelatinosa 
Elakatothrix  sp. 
Franceia sp. 
Gemellicystis  neqlecta 
Gemellicystis sp. 
Gonium sp. 
Laqerheimia sp. 
Scenedesmus  quadricauda 
Scenedesmus sp. 
Selenastrum sp. 
Staurastrum sp. 
Stiqeoclonium sp.* 

Cryptophyta 

Chroomonas sp. 
Cryptomonas sp. 

Cyanophyta 

(Continued) 
(1 ..:}A> .. 

Replicates 

27 
0 
0 
5 
0 
0 
0 
0 
0 
0 
0 
0 

27 
0 
0 
0 
0 

5 
0 
0 

1 1  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

189 97 
4 3  22 

5 2 2  
0 259  
0 0 
0 0 

Pyrrhophyta 

0 0 
0 0 
0 0 

Miscellaneous 

Unidentified  unicellular  alga 

Total  Number  of Cells 

0 0 

2614 2399 
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Date:  September 28,   1982 
Station:  Waneta 

Species 

Chrysophyta 

Class  Bacillariophyceae 

Achnanfhes  clevei 
Achnanthes  flexella 
Achnanthes  lanceolata 
Achnanthes  minutissima 
Achnanthes  'sp. 
Amphipleura  pellucida 
'Asterionella  formosa 
Ceratoneis.  arcus 
Ceratoneis  arcus  var.  amphioxys 
Cocconeis  pediculus 
Cocconeis  placentula 
Cyclotella  bodanica 
Cyclotella  comta 
Cyclotella  glomerata 
Cyclotella  kuetzinqiana 
Cyclotella  ocellata 
Cyclotella  stelliqera 
Cyclotella sp. 
Cymbella  affinis 
Cymbella  caespitosa 
Cymbella  cistula 
Cymbella  prostrata 
Cymbella  turqida 
Cymbella  ventricosa 
Cymbella sp. 
Denticula  elegans 
Diatoma  elonqatum 

. quadratum 
Epi themia sorex 
Epithemia turgida 
Eunotia  pectinalis 
Fragilaria  capucina 
Fragilaria  construens 
Fraqilaria  construens var.  binodis 
Fraqilaria 
Fraqilaria 
Fraqilaria .~ 

Fraqilaria 
Gomphonema 
Gomphonema 
Gomphonema 

construens var.  venter 
crotonensis 
leptostauron 
vaucheriae 
herculeanum 
intricatum 
olivaceum 

Replicates 

0 
0 
0 

16 
0 
0 

27 
0 
0 
0 
0 

1 1  
0 
0 
0 
0 
0 

1703 
0 
0 
0 
0 
0 
5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

3 2  
0 
0 
0 

81 
0 
0 
0 
0 
0 

0 
0 
0 

27 
0 
0 

1 1  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1908 
0 

' 0  
0 
0 
0 
5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

32  
0 
0 
0 

65  
0 
5 
0 
0 
0 



Date: September 2 8 ,   1 9 8 2  
Station: Waneta 

Species 
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Gomphonema parvulum 
Gomphonema sp. 
Gyrosiqma sciotense 
Melosira qranulata 
Melosira qranulata var. angustissima 
Melosira varians 
Meridion circulare 
Navicula 
Navicula 
Navicula 
Navicula 
Navicula 

bicephala 
cryptocephala 
pelliculosa 
pupula 
radiosa 

Navicula salinarum var.  intermedia 
Navicula tripunctata 
Navicula sp. 
Neidium sp. 
Nitzschia acicularis 

_ ~ ~ _  

Nitzschia 
Nitzschia 
Nitzschia 
Nitzschia 
Nitzschia . .  Nitzschia sigma 
Nitzschia sp. 
Rhizosolenia eriensis 

Stephanodiscus astraea 
Stephanodiscus sp. 
Synedra 
Synedra 
Synedra 
Synedra 

acus var. 
angustata 
ulna 
ulna  var. 

radians 

oxyrhynchus 
Synedra sp. 
Tabellaria fenestrata 
Tabel1ari.a f locculosa 

Non-Diatom Chrysophyta 

Chromulina-like 
Dinobryon bavaricum 
Dinobryon sertularia 
Mallomonas pseudocoronata 
Mallomonas sp. 
Ochromonas sp. 

(Continued) 

Replicates 

0 
0 
0 
0 
0 

22  
0 
0 
0 
0 
0 
0 
0 
0 

16 
0 
0 
0 
0 
0 
0 
5 
0 
0 

1 1  
0 
0 
0 
0 
0 
0 
0 
0 

1 1  
0 
0 
5 
0 

0 
0 

183 
0 

1 1  
38 

0 
0 
0 
0 
0 

16 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5 
0 
0 

1 1  
0 
0 
0 
0 
0 
0 
5 
0 
0 
0 
0 

1 1  
0 

0 
0 

124 
0 
5 
5 



Date: September 28,   1982 
Station:  Waneta 

Species 

Chlorophyta 

Ankistrodesmus  falcatus 
Carteria .sp. 
Chlamydomonas sp. 
Cosmarium sp. 
Crucigenia sp. 
Elakatothrix  gelatinosa 
Elakatothrix sp. 
Franceia sp. 
Gemellicysti 
Gemellicysti 
Gonium sp. 
Lagerheimia 
Scenedesmus 
Scenedesmus 
Selenastrum 

- s neqlecta 
- s sp. 
SP. 
guadricauda 
SP 
SP 

Staurastrum sp. 
Stigeoclonium sp.* 

Cryptophyta 

Chroomonas sp. 
Cryptomonas 'sp. 

Cyanophyta 

Pyrrhophyta 
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(Continued) 

Replicates 

1 1  
0 

16 
1 1  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

5 
0 
5 

22 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

124  06 
43  16 

0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 1 1  

Miscellaneous 

Unidentified  unicellular  alga 

Total  Number of Cells 

0 0 

2382 2382 
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TABLE 45 

Percent  canposition (by volune)  of diatm and  non-diatom  periphyton 
collected  from  the  Columbia  River  Basin ih July,  1978. 

+ denotes  that  a.lgal  group  or  species  made up 

++ denotes  that  algal  group  or  species  made up 

+++ denotes  that  algal  group or species  made up 

40% of  total  algal  volune  examined 

10-50% of total  algal  volune  examined 

>SO% of total  algal  volune  examined 

Species 
Bi rchbank  Waneta  Pend  d'0reille  River, July 26 
July 26 July 16 Sample 1 Sample 2 

Baci 1 lariophyceae ++ ++ ++ +++ 

Chlorophyta 
Stiqeoclonium  sp. - + - - 
Ulothrix  sp. ++ ++ +++ + 
Unidentified  filamentous - ++ - - 

Cyanophyta 
Oscillatoria  planctonica + - - - 
Unidentified  unicellular ++ - ++ ++.  
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TABLE 46 

Percent  numeric  composition o f  per iphy t ic   d ia toms  co l lec ted  
f rom  the  Columbia  River  Basjn i n   J u l y ,  1978. 

t denotes  that  number o f  c e l l s  was 40% 

tt denotes  that  number o f  c e l l s  was 10-50% 
o f   t o t a l   c e l l s  enumerated 

o f .   t o t a l   c e l l s  enumerated 

o f  t o t a l   c e l l s  enumerated 
ttt denotes  that  number o f  c e l l s  was >50% 

Date: J u l y  16. 1978 
S ta t i on :  Columbia-  River 

B i  rchbank Waneta 
Spec i es Abundance Abundance 

Achnanthes c l e v e i  
Achnanthes  minutlssima 
Amphora co f feaeformis  
Amphora sp. 
Aster ionel la   formosa 

~~ ~ 

Ceratoneis  arcus 
Cyclote l la   a lomerata 
Cyc lo te l l a   kue tz lns iana  
Crc lo te l l a   m ich iqan lana  
C y c l o t e l l a   o c e l l a t a  
Cymbella  caespitosa 
Cymbella  ventr icosa 
Diatoma  elongatum 
Diatoma  vulaare 
F ras l l a r i a   cons t ruens  
F ras l l a r i a   cons t ruens   va r .   b inod is  
F r a s i l a r i a   c r o t o n e n s i s  
F r a g i l a r i a   l e p t o s t a u r o n  
F rag i l a r i a   vaucher iae  
Gomphonema ol ivaceum 
Navicu la sp. 
N i t z s c h i a   a c l c u l a r i s  
N i t zsch ia   d i ss lpa ta  
N i t zsch ia   f rus tu lum 
Ni tzsch ia   hantzsch iana 
N i t zsch ia   pa lea  
Stephanodiscus  tenuis 
Synedra  acus  var.  radians 
Synedra u lna  

Number of  Species 

tt 
t 
t 
t 
t 

t 
t 
t 

+ 
t 

+ 

t 
t 
t 
t 
t 

tt 
' t  

t 
t 
+ 

t 
t 
t 
t 
t 
t 

22  

t 
+ 
t 

t 
t 
t 
t 
t 
t 

t 
t 

tt 

tt 
t 
t 

20 

I 
8 
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TABLE 46 (Cont inued)  

Da te :   Ju l y  26, 1978 
S t a t i o n :  Pend d ’ 0 r e i l l e   R i v e r  j ,. -.a 

r 4 *  
.I , 

Spec i es 
Sample 1 Sample 2 
Abundance Abundance 

Achnanthes  lanceolata 
Achnanthes  microcephala 
Achnanthes  minut issima 
Achnanthes  sp. 
Amphora c o f f e a e f o r m i s  
As te r ione l l a   f o rmosa  
Cocconeis  pediculus 
Cocconeis   p lacentu la  
C y c l o t e l l a   g l o m e r a t a  
C y c l o t e l l a   o c e l l a t a  
Cymatopleura  solea 
Cymbel l a   c a e s p i   t o s a  
Diatoma  elongatum 
Diatoma  vulnare 
Epi themia  sorex 
E p l t h e m i a   t u r g i d a  
F r a g i l a r i a   c o n s t r u e n s   v a r .   b i n o d i s  
F r a g i l a r i a   c o n s t r u e n s   v a r .   v e n t e r  
F r a q i l a r l a   c r o t o n e n s i s  
F r a g i l a r i a   l e p t o s t a u r o n  
F r a g i l a r i a   v a u c h e r i a e  
Gomphonema o l ivaceum 
H e l o s i r a   g r a n u l a t a   v a r .   a n g u s t i s s t m a  
M e l o s i r a   v a r i a n s  
Nav icu la  sp.  
N i t z s c h i a   d i s s i p a t a  
N i t z s c h i a   f r u s t u l u m  
N i t z s c h i a   l i n e a r i s  
N l t z s c h l a   p a l e a  
Stephanodiscus  ast raea 
Stephanodiscus  tenuis  
Synedra e va r .   rad ians  
Synedra  ulna 
Synedra ulna var.   oxyrhynchus 
T a b e l l a r l a   f e n e s t r a t a  

t 
t 
t 
t 

t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
+ 
t 

t+ 
t 
t 
t 
t 

t 

t 
t 

t 
t 

t 
t 

+t 

t 
t 

t 

t 
t 

ttt 

t 

+ 

t 

+ 
t 
t 
t 

tt 
+ 

Number o f  Species 31 18 
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TABLE 47 

Percent  composition  (by  volume) o f  diatom  and  non-diatom  periphyton 
collected  from  the  Columbia  River  on  April 2, 1981. 

t denotes  that  algal  group  or  species  made u p  

tt denotes  that  algal  group  or  species  made  up 

ttt denotes  that  algal group or species  made  up 

-40% o f  total  algal  volume  examined 

10-50% o f  total  algal  volume  examined 

>50% o f  total  algal  volume  examined 

Spec i es Bi rchbank  Waneta 

Bacillariophyceae 

Chlorophyta 
Microspora sp.* 
Stigeoclonium sp. 

Cyanophyta 
Oscillatoria sp. 

tt 

- 
ttt 

t 

t 

ttt 
- 

*With  epiphytic  diatom  assemblage 
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TABLE 48 

Percent   composi t ion  (by  vo lume) o f  d ia tom  and,-non-d iatom  per iphyton 
c o l l e c t e d   f r o m   t h e   C o l u m b i a   R i v e r   a t  Waneta on June 22, 1982. 

t deno tes   t ha t   a lga l   g roup   o r   spec ies  made up 

++ deno tes   t ha t   a lga l   g roup   o r   spec ies  made up 

+tt deno tes   t ha t   a lga l   g roup   o r   spec ies  made up 

<lo% o f   t o t a l   a l g a l  volume  examined 

10-50% o f  t o t a l   a l g a l  volume  exarnlned 

>50% o f  t o t a l   a l g a l  volume  examined 

Spec i es  Sample 1 Sample 2 Sample 3 

B a c i l l a r i o p h y c e a e  tt tt tt 

Chlorophyta 

St igeoclon ium  sp.  
U l o t h r i x   z o n a t a  
U l o t h r i x  sp .  

- 
++ 
t 

t 
++t 

t 

- 
ttt 
t+ 



- 321 - 

TABLE 49 

Percent   numer ic   compos i t ion   o f   per iphy t ic   d ia toms 
c o l l e c t e d   f r o m   t h e  Waneta s t a t i o n  on  June 22, 1982. 

t d e n o t e s   t h a t  number o f  c e l l s  was 4 0 %  

tt d e n o t e s   t h a t  number o f  c e l l s  was 10-50% 
o f   t o t a l   c e l l s  enumerated 

o f   t o t a l   c e l l s  enumerated 

o f   t o t a l   c e l l s  enumerated 
ttt d e n o t e s   t h a t  number o f   c e l l s  was >50% 

Date:  June  22,  1982 
S t a t i o n :  Waneta 

Species 
Sample 1 Sample 2 Sample 3 
Abundance Abundance Abundance 

Achnanthes  lanceolata 
Achnanthes  minutissima 
As te r ione l l a   f o rmosa  
Xera tone is   a rcus  
Cocconeis   p lacentu la  
Cocconeis  sp. A 
Cyc lo te l l a   sp .  A 
C y c l o t e l l a   s p .  B 
Cymbella a f f i n i s  
Cymbel la  s inuata 
Cymbel la   vent r icosa 
Diatoma  elongatum 
Diatoma  hiemale  var.  auadratum 
Diatoma  vulgare 
F r a q i l a r i a   c a p u c i n a  
F r a q i l a r i a   c o n s t r u e n s   v a r .   b i n o d i s  
F r a q i l a r i a   c o n s t r u e n s   v a r .   v e n t e r  
F r a g i l a r l a   c r o t o n e n s i s  
F r a q i l a r i a   l e p t o s t a u r o n  
F r a g i l a r i a   p i n n a t a  
F r a q i l a r i a   v a u c h e r i a e  
Nav icu la   sa l inarum  var .   in te rmed ia  
N i t z s c h i a   d l s s l p a t a  
N l t z s c h i a   p a l e a  
R h i z o s o l e n i a   e r i e n s i s  

~~ 

Syned r a   u l  na 
T a b e l l a r i a   f e n e s t r a t a  

Number o f ,  Spec i es 

t 
tt 

t 
t 

t 

t 
t 

t 

t 
t 
t 

tt 
t 

tt 

t 
t 

tt 

17 

t 
t 

t 
t 

t 
t 
t 
t 

t 
t 

tt 
tt 
t 
t 

tt 

t 
t 
t 

tt 

19 

t 
tt 

t 

t 
t 

t 
t 

t 

tt 
+ 
t 

tt 
t 
t 
t 

t 
t 

17 

I 
I 

I 
I 
il 

8 
I 
1 
I 
I 
1 
I 
1 
I 
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. . /, 

C.  CONCENTRATIONS OF METALS AND COMPOSITION OF PHYTOPLANKTON I N  

SAMPLES  COLLECTED ON AUGUST 1 1 ,  1980 AND SEPTEMBER 17, 1980 

FROM KOOTENAY RIVER AND COLUMBIA  RIVER DOWNSTREAM 

OF HUGH KEENLEYSIDE DAM 



- 323 - 

TABLE 50a 

Concentrat ions (mg/L) o f  meta ls   in   the   Kootenay  
R i v e r  on August 11,  1980 

Geom. 
M e t a l   R e p l i c a t e s  Mean S.D. Mean G.F. 

E x t r a c t a b l e  Zn 
Dissolved Zn 

.004 ' .001  .004 
.002 ,003 . O O l  .003 

.004 
,004 

.003 

.003 
1.226 
1.417 

E x t r a c t a b l e  Cu 
Dissolved Cu 

.002 

.002 
.002 

L. 001 
.002 0 .002' 

L. 001 L.001  L.001 . O O l  
1 .ooo 
1.492 

E x t r a c t a b l e   F e  
Dissolved Fe 

.028 

.005 
,022 
.006 

.025 .004 .025 
.005 .005 . O O l  .005 

1.186 
1.111 

E x t r a c t a b l e  Mn 
Dissolved Mn 

L.01 
L.01 

L.01 
L.01 

L.01 0 L.01 
L.01  L.01 0 L.01 

1 .ooo 
1 .ooo 

E x t r a c t a b l e  Cd 
Dissolved Cd 

L. 0005 
L. 0005 

L .0005 
L .  0005 

L.0005 0 L. 0005 
L.0005  L.0005 0 L.  0005 

1 .ooo 
1 .ooo 

E x t r a c t a b l e  Pb 
D l  ssolved Pb 

. O O l  

. O O l  
. O O l  

L. 001 
. O O l  0 . O O l  

L. 001 L. 001 0 L.  001 
1 . 000 
1 .ooo 

E x t r a c t a b l e  Ni 
Disso lved   N i  

L.  001 
L  .001 

L. 001 
L. 001 

L. 001 0 L. 001 
L  .001 L.  001 0 L. 001 

1 .ooo 
1 .ooo 
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TABLE 50b 

1 Concentrat ions  (mg/L) o f  metals  i n   t h e  Columbia  River 
downstream  f rom  the Hugh Keenleys ide Dam on  August  11,  1980 

Geom. 
Mean S.D.  Mean G.F. I M e t a l   R e p l i c a t e s  

E x t r a c t a b l e  Zn .003 L.001 .002 .002 .OOl  .002 1.143 
D l  s s o l  ved Zn .OOl .010 .003 .007 -004 .006 1.856 

E x t r a c t a b l e  Cu . O O l  . O O l  .003 .002 . O O l  . O O l  1.886 
D isso lved  Cu .002 .002 L.001 .002 . O O l  .OO2 1.492 

E x t r a c t a b l e  Fe 
D i  s s o l  ved Fe 

,027 
.004 

.018 

.005 
.013 
.006 

.019 

.005 
,007 .018 
. O O l  .005 

1.442 
1.225 

E x t r a c t a b l e  Mn 
D isso lved  Mn 

L.01 
L.01 

L.01 
L.01 

L.01 
L.01 

L.01 
L.01 

0 L.01 
0 L.01 

1 .ooo 
1 .ooo 

E x t r a c t a b l e  Cd 
D isso lved  Cd 

L. 0005 
L. 0005 

L. 0005 
L .0005 

L. 0005 
L. 0005 

L. 0005 
L. 0005 

0 L. 0005 
0 L .0005 

1 .ooo 
1 .ooo 

E x t r a c t a b l e  Pb 
D isso lved  Pb 

L.  001 
.002 

L.  001 
. O O l  

,001 
L.  001 

L.  001 
. O O l  

0 L.  001 
. O O l  . O O l  

1 .ooo 
1.492 

E x t r a c t a b l e  N i  
D i sso lved  N i  

L.  001 
.002 

. O O l  

. O O l  
. O O l  

L.  001 
.OOl  
* 001 

0 . O O l  
. O O l  . O O l  

1 .ooo 
1.492 
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TABLE 50c 

Concentrat ions (mg/L) .o f  metals i n   t h e  Kootenay  River 
on  September 17, 1980 

Geom . 
Rep l ica tes  Mean S.D. Mean G.F .  Metal 

Ex t rac tab le  Zn 
Dissolved Zn 

L. 001 .OOl  .OOl  
.002 .002 . O O l  

.OOl  0 . O O l  1 .ooo 

.002 . O O l  .002 1.492 

Ex t rac tab le  Cu 
Dissolved Cu 

L. 001 ,001 L.001 
L .001 L .  001 .003 

L. 001 0 L. 001 1 .ooo 
.002 . O O l  . O O l  1.886 

Ex t rac tab le  Fe 
Dissolved Fe 

.026  .025 .023 

.029 .004 .004 
.025 .002 .025 1.065 
.012 .014 .008 3.139 

Ex t rac tab le  Mn 
D i  sso l  ved Mn 

L.01 ' L.01 L.01 
L.01 L.01 L.01 

L . 0 1  0 L.01 1 .ooo 
L.01 0 L  .01 1 .ooo 

Ex t rac tab le  Cd L. 0005 
D l  sso l  ved Cd L .  0005 

L.0005 L.0005 
L.0005 L.0005 

L. 0005 
L. 0005 

0 
0 

L. 0005 
L.  0005 

1 .ooo 
1 .ooo 

. O O l  . O O l  

.002 L.001 
,Ex t rac tab le  Pb L .001 
D l  sso l  ved Pb L. 001 

. O O l  

. O O l  
0 

. O O l  
. O O l  
. O O l  

1 .ooo 
1.492 

Ex t rac tab le  N i  L .OOl  
D isso lved N i  L. 001 

L.001 L.001 
L.001 L.001 

L. 001 
L .  001 

0 
0 

L. 001 
L .001 

1 .ooo 
1 .ooo 

Ex t rac tab le  Hg* L. 05 L.05  L.05 L .05 L . 0 5  1.000 0 

Ex t rac tab le  A s  ,0003 .0004  .0003 .0003 0 .0003 1.181 

Ex t rac tab le  Se . O O O l  .0001 . O O O l  . 0001 0 . O O O l  1 .ooo 

*Concentrat ion i n  pg/L 
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TABLE 50d 

Concentrat ions  (mg/L) o f  meta ls  i n  th,e  Columbia  River 
downstream  f rom  the Hugh .Keenleyside Dam on  September  17,  1980 

Meta l  
Geom. 

Rep l ica tes  Mean S.D. Mean G . F .  

E x t r a c t a b l e  Zn L.001 L.001 L.001 L.  001 0 L.  001 1 .ooo 
D isso lved Zn L.001 L.001 L.001 L.  001 0 L .001 1 .ooo 

E x t r a c t a b l e  Cu L.001 L.001 L.001 L. 001 0 L .001 1 .ooo 
D isso lved Cu ,001 .002 L.001 . O O l  . O O l  . O O l  1.492 

E x t r a c t a b l e  Fe .003 .005 .005 .004 . O O l  .004 1.343 
D isso lved Fe .045 ,029 . O O l  ,025 .022 .011 8.025 

E x t r a c t a b l e  Mn 
D i  s s o l  ved Mn 

E x t r a c t a b l e  Cd 
Dissolved Cd 

E x t r a c t a b l e  Pb 
D isso lved Pb 

E x t r a c t a b l e  N i  
D isso lved N i  

E x t r a c t a b l e  Hg* 

E x t r a c t a b l e  As 

E x t r a c t a b l e  Se 

L.01 
L.01 

L. 0005 
L. 0005 

L. 001 
,001 

L. 001 
L. 001 

L.05 

. O O O l  

L.  0001 

L.01 
L.01 

L .0005 
L .0005 

.OOl  
L .OOl  

L . O O l  
L.  001 

L.05 

.OOOl  

L -0001 

L.01 
L.01 

L .0005 
L. 0005 

. O O l  
L. 001 

L.  001 
L. 001 

L.05 

. O O O l  

L.  0001 

L.01 
L.01 

L. 0005 
L. 0005 

,001 
L.  001 

L .001 
L. 001 

L.05 

. O O O l  

L.  0001 

0 
0 

0 
0 

0 
0 

0 
0 

0 

0 

0 

L.01 
L.01 

L. 0005 
L. 0005 

. O O l  
L.  001 

L.  001 
L.  001 

L.05 

.OOOl  

.OOOl  

1 -000 
1 .ooo 
1 .ooo 
1 .ooo 

1 .ooo 
1 .ooo 

1 .ooo 
1 .ooo 

1 .ooo 

1.000 

1 .ooo 

*Concentrat ion i n  pg/L 
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Table 51a 

phytoplankton  species  (cells/ml)  collected 
River  on  August 1 1 ,  1980. Concentrations of 

Concentrations of 
from  the  Kootenay 
filamentous species (indicates by * )  .are expressed  as  mm/ml. 
Filamentous species  are not  included in total  count  of  cells. 

Species Replicates 

binodis 

Chrysophyta 

Class  Bacillariophyceae 

0 
61 

0 
1 1  

0 
44 

1.1 54 
39  

0 
0 
0 
6 

50 
33 

0 
33 

8 
1 4  

0 
0 

182 
3 

1 1  
0 

1 1  
6 

25 
8 

3 
135 

8 
33 

3 
0 

328 
0 
0 
6 
0 
6 

1 1  
1 1  

Achnanthes  minutissima 
Asterionella  formosa 
Cyclotella  sp. 
Diatoma  elongatum 
Diploneis  decipiens 
Fragilaria  construens  var. 
Fraqilaria  crotonensis 
Fragilaria -~ vaucheriae 
Navicula  sp. 
Nitzschia  palea 
Rhizosolenia  eriensis 
Synedra  acus  var.  radians 
Synedra  ulna 
Tabellaria  fenestrata 

Non-Diatom  Chrysophyta 

0 
0 

132 

33 
8 

232 

0 
0 

400 

Dinobryon  sertularia 
Mallomonas  pseudocoronata 
Ochromonas  sp. 

Chlorophyta 

Ankistrodesmus  falcatus 
Cosmarium sp. 
Elakatothrix  aelatinosa 

77 4 4  
0 6 
0 0 
0 22 

28 
6 
6 
0 Gemellicystis  neqlecta 

Cryptophyta 

166 
17 

359 
22 

582 
6 

Chroomonas sp. 
Cryptomonas sp. 

Cyanophyta 

Oscillatoria  planctonica* 1766 386  91 1 

Pyrrhophyta 

Peridinium  sp. 3 

1029 

0 

1570 

0 

1788 Total  Count 
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Dam on August 1 1 ,  1980. 

Species 

Table 51b 

Concentrations of phytoplankton species (cells/ml) collected 
from the Columbia River downstream from the Hugh Keenleyside 

Replicates 

Chrysophyta 

Class Bacillariophyceae 

Achnanthes minutissima 
Asterionella formosa 
Cyclotella sp. 
Cymbella ventricosa 
Diploneis decipiens 
Fragilaria construens var. binodis 
Fragilaria crotonensis 
Fragilaria vaucheriae 
Navicula s p .  
Nitzschia acicularis 
Synedra ulna 
Tabellaria fenestrata 

Non-Diatom Chrysophyta 

Dinobryon sertularia 
Ochromonas sp. 

Chlorophyta 

Elakatothrix gelatinosa 

Cryptophyta 

Chroomonas sp. 
Cryptomonas sp. 

Pyrrhophyta 

Peridinium sp. 

Total Count 

3 
8 
3 
0 

< 1  
49 
38 
0 
0 

< 1  
1 
2 

8 
0 

< 1  

12 
17 

2 

145 

0 
44 
3 
0 
0 
6 

29  
1 
4 
0 
0 
0 

4 
9 

0 

2 1  
2 

7 

129 

2 
35 

5 
< 1  

0 
9 

33 
0 
0 
0 
2 
0 

17 
0 

0 

51 
4 

8 

165 
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