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INTRODUCTION - 

In the  f a l l  of 11973, a j o i n t  federal-provincial  t ask  fo rce  was 
crea ted  t o  study t h e  cause of excessive a l g a l  growth, foaming, colour 

and f i s h  t a i n t i n g  i n  the  Thompson River. 

Water Qual i ty  Branch was the  measurement of n u t r i e n t  concentrat ions 

and est imat ion of annual loads a t  severa l  s t r a t e g i c  loca t ions  f o r  one 
year.  
t h e i r  confluence, i nd ica t ing  t h e  background n u t r i e n t  l e v e l s  from n a t u r a l  

and d i f f u s e  c u l t u r a l  sources,  (2) t h e  Thompson River j u s t  downstream of 
t h e  C i ty  of Kamloops, determining t h e  tcontribution of known po in t  sources 

t o  n u t r i e n t  concentrat ions,  and (3) t h e  Thompson River j u s t  below 
Kamloops Lake, where the  nuisance a l g a l  growth occurs.  

measured were n i t r a t e  + n i t r i t e ,  Kjeldiahl ni t rogen,  t o t a l  phosphorus 

and dissolved phosphorus. 

from Water Survey of Canada f o r  t he  ca l cu la t ion  of n u t r i e n t  loads.  

addi t ion ,  v i sua l  observations and n u t r i e n t  ana lys i s  of benthic  a lgae 
were done i n  April  1975. 

The task accepted by t h e  

The loca t ions  were (1) t h e  North and South Thompson Rivers near  

The n u t r i e n t s  

Provis ional  d a i l y  discharges were obtained 

In 

This r epor t  p resents  t h e  n u t r i e n t  concentrat ions and es t imates  of 

annual loads,  and o f f e r s  some conclusilons and recommendations concerning 

n u t r i e n t s  and a l g a l  growth i n  t h e  Thompson River system. 

1 
8 
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METHODS 

(1) Study Period 

I -  

S 

I 
1 

Fie ld  work began on May 1, 1974 when samples f o r  t o t a l  ( u n f i l t e r e d )  

phosphorus and n i t ra t :e  + n i t r i t e  ana lys i s  were co l l ec t ed  as descr ibed 

below. F ie ld  f i l t r a t i o n  of phosphorus samples began on J u l y  17, 1974 

and sampling f o r  Kjel.dah1 n i t rogen  began on June 11, 1974. 

done weekly during f r e s h e t  and on a biweekly schedule a t  o the r  times. 

F ie ld  work ended on June 17, 1975. 

Sampling was 

Sampling S ta t ions  -- 
Sampling s t a t i o n s  were e s t ab l i shed  on May 1, 1974 a t  t h e  Overlander 

Bridge, Tranqui l le  arid the  highway br idge near Savona. 

South Thompson Rivers  flow toge ther  s h o r t l y  before t h e  Overlander Bridge; 

during f r e s h e t  t he  waters of t h e  two r i v e r s  j u s t  below the  bridge remained 

unmixed and sampling was done from t h i s  br idge .  By August, some mixing 

was de tec ted ,  and new sampling s t a t i o n s  were e s t ab l i shed  above the  con- 

fluence.  

Thompson and t h e  IiighLway br idge  over t h e  South Thompson. 

of t h e  t r ansec t ions  sampled are shown i n  Figure 1. 

The North and 

These new s t a t i o n s  were t h e  C.N.  ra i lway br idge  over t h e  North 

The loca t ions  

The sampling a t  Tranqui l le  was done from a boat ,  a t  s i x  po in t s  evenly 

spaced i n  a t r ansec t ion  across  t h e  r iver .  The i n t e n t  was t o  estimate 

n u t r i e n t  t r anspor t  through each of s i x  segments of  equal width i n  t h e  

t r ansec t ion .  

charge and concentrat:ion f o r  each segment during the  year  of study. 

no s t a t i s t i c a l l y  5;ignlificant concentrat ion g rad ien t s  were found f o r  t h e  

n u t r i e n t s  studied.,  matking es t imates  f o r  each segment was not  warranted. 
Therefore,  mean d a i l y  discharges through t h e  t r ansec t ion  and mean concen- 

t r a t i o n s  were used t o  c a l c u l a t e  d a i l y  loads.  

s i t e d  i n  l i n e  with a group of p i l i n g s  on t h e  no r th  s i d e  of t he  r i v e r  

This estimate would have required t h e  measurement of d i s -  

Since 

The t r ansec t ion  was genera l ly  
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between t h e  Tranqui l le  School and t h e  Tranqui l le  River. 

t i o n  of t h e  t ransec t ion  var ied  s l i g h t l y  during the  year as necess i t a t ed  

by i c e  and sandbars. On January 15 and 28, i c e  prohib i ted  launching of 

t h e  boat ,  and samples were co l lec ted  from the  nor th  bank of t h e  r i v e r .  

The exact loca- 

I t  should be noted t h a t  t he  Savona s t a t i o n  was located on t h e  

Thompson River and not  i n  Kamloops Lake. 

(3) Replicate  Sampling, 

A l l  samples were co l lec ted  i n  repl . icate  s o  t h a t  confidence limits 

could be es tab l i shed  f o r  t he  est imates  of mean concentrat ion.  

which simultaneously f i l ls  s i x  b o t t l e s  from the  top metre of water was 
used t o  c o l l e c t  samples f o r  t o t a l  phosphorus, dissolved phosphorus, and 

n i t r a t e  + n i t r i t e  measurements. 

A sampler 

This sampler is described i n  an earlier 

repor t  (Oguss and Erlebach, 1975). Samples f o r  dissolved phosphorus 

were f i l t e r e d  within one-half hour of t.aking t h e  sample, using 0.4511 

ce l lu lose  a c e t a t e  f i l t e r s  and a hand pcunp. Kjeldahl n i t rogen  samples 

were co l lec ted  i n  p a i r s  i n  o n e - l i t r e  p l a s t i c  b o t t l e s .  

t h a t  only surface waters were sampled. During t h e  i n i t i a l  survey, samples 

were taken a t  a number of depths and no s i g n i f i c a n t  v e r t i c a l  g rad ien ts  

were found a t  t h a t  time. But t h e  absence of v e r t i c a l  g rad ien ts  during 

the  remainder of t he  sjtudy cannot be cclnfirmed. 

with s e t t l e a b l e  solids; may be underestimated i n  some cases .  Bedload 

t r anspor t  was not  measured. 

I t  should be noted 

Nutr ients  associated 

(4) S t a t i s t i c a l  Methods - 
Means, s tandard e r r o r s  and standard deviat ions were ca lcu la ted  f o r  

each set of r e p l i c a t e s .  

found a t  Tranqui l le ,  a l l  36 samples ( s ix  sets of s i x  r e p l i c a t e s )  were 

pooled. 

Since no s i g n i f i c a n t  lateral  grad ien ts  were 

"Outl iers  , I t  defined here  as indiv idua l  samples whose magnitude 

exceeds the  value of t h e  next c loses t  ind iv idua l  sample by two o r  more 



- 5 -  

standard deviat ions,  were encountered r egu la r ly  i n  un f i l t e r ed  samples. 

These o u t l i e r s  are bel ieved t o  represent  a t r u e  component of nu t r i en t  

d i s t r i b u t i o n  i n  these  waters. Therefore,  o u t l i e r s  were not excluded from 

t h e  ca l cu la t ion  of means, e t c .  

i n  t h e  Appendix. 

Their presence and frequency are indica ted  

An in tens ive  evaluat ion of spacia:l and temporal v a r i a b i l i t y  of some 
n u t r i e n t s  and metal concentrat ions i n  t h e  Thompson River a t  Shaw Springs 

(Oguss and Erlebach, 1975) ind ica t e s  a very la rge  degree of temporal 

v a r i a b i l i t y  i n  t h i s  system. 

mining t h e  s ign i f icance  of changes i n  concentrat ion,  e spec ia l ly  when 

s ing le ,  infrequent  samples are compared. 

This f a c t  should not  be overlooked i n  d e t e r - .  

Confidence limits f o r  t h e  d a i l y  loading estimates were based on t h e  

standard e r r o r  of t he  estimate of the  mean concentrat ion and on a 5% 
e r r o r  on the  flow dat,a. Confidence limits f o r  t h e  est imates  of annual 

loads were ca lcu la ted  by taking t h e  roo t  mean squares of t he  d a i l y  load 
e r r o r s .  

(5) Chemical Analyses 

Total  phosphate iwas determined by t h e  automated Murphy-Riley method 

(Murphy and Riley,  1962) (Technicon AutoAnalyzer I1 Methodology, 1971) 

after the  e n t i r e  f i e l d  sample was digested with su lphur ic  ac id  and 

potassium persulphate .  

The concentrat ions of n i t r a t e  + n i t r i t e  were measured by an auto- 
mated method (Technicon AutoAnalyzer I:[ Methodology, 1972) which was 

modified. An a l iquo t  of t h e  sample was buffered a t  a pH of 8.5 with 

NH4C1 and NH,OH and then reduced by passage through a column packed with 

p a r t i c l e s  of copper-coated cadmium. 

N-1-napthylene-diaminle dihydrochloride,  and phosphoric ac id  was added 

t o  t h e  reduced a l iquo t  t o  develop the  i%ZO dye. The dye concentration 

was determined spectr 'ophotometrically at 550 nm. 

A so lu t ion  of sulphanilamide, 
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Tota l  Kjeldahl n i t rogen  which includes the  n i t rogen  from organic  

compounds converted t o  ammonium bisulp'hate by t h e  d iges t ion  method used 

and t h e  n i t rogen  from f r e e  ammonia was determined using t h e  method de- 
sc r ibed  i n  Inland Waters Direc tora te  Analy t ica l  Methods Manual (1974). 

Af te r  t h e  sample was d i s t i l l e d  i n t o  b o r i c  ac id ,  t he  colour  was developed 

using the  indophenol-blue method. 

photometr ical ly  a t  640 nm. 

Colmour i n t e n s i t y  was measured spec t ro-  

RESULTS AND DISCUSSION 

A complete l i s t i n g  of mean concentrat ions (with confidence l i m i t s ,  

e t c . ) ,  flows, and ca lcu la ted  loads f o r  each n u t r i e n t  and each sampling 
t r ansec t ion  is given i n  the Appendix. Figures 2 through 5 show the  

concentrat ions of n u t r i e n t s  measured during the  per iod of  low flow. 

Figures 6 through 9 show the  ca l cu la t ed  d a i l y  loads a t  t h e  four  t r a n -  

s sec t ions .  For days when sampling was not  done, concentrat ions were 

est imated by assuming a l i n e a r  change i n  mean concentrat ion between 

sampling t imes.  

concentrat ion and t h e  measured d a i l y  flow. 

l a t e d  annual loads.  

Loads were ca lcu la ted  f o r  each day from t h e  estimated 

Table I presents  t he  calcu- 
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FIGURE 2.  Concentrations of n i t r a t e + n i t r i t e  a t  the  four sampling transections during low flow 
El = South Thompson River, P = North Thompson River 
t = Tranquille, X = Savona 

The ve r t i ca l  bar through each symbol indicates one standard deviation. 
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FIGURE 3. 

< + = Tranquille X = Savona 

Concentrations of K.jeldah1 nitrogen a t  the  four sampling transections during low flow. 

The ve r t i ca l  bar through each symbol indicates one standard deviation. 

0 = South Thompson River A = North Thompson River 
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FIGURE 4 .  Concentrations of unfi l tered phosphorus a t  the four sampling transections during 
low flow. 

Q = South Thompson River A = North Thompson River + = Tranquille X = Savona 
The v e r t i c a l  bar through each symbol indicates one standard deviation. 
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.FIGURE 5. Concentrations of dissolved phosphorus a t  the  four sampling 
transections during low flow. 

n = South Thompson River A = North Thompson River 
4- = Tranquille X = Savona 

The ve r t i ca l  bar through each symbol indicates one standard 
deviation. 
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(1) South Thompson 

(2) North Thompson 

(3) Combined North and 
South Thompson (1 + 2) 

(4) Tranqui 1 le 

(5) Tranqui l le  less com- 
bined Rivers (4-3) 

(6) Savona 

(7) Tranqui l le  less 
Savona (4-6) 

- 15 - 

TABLE :I 

2/ - ANNUAL NUTRIENT LOADS (Tomes) - 

Nitrate + 
Nitr i te  - 
412 2 2 

1198 2 3 

1611 2 4 

1640 -I 9 

29 2 10 

1812 -I 7 

-17.2 2 11 

- 
Kjeldahl 
Nitrogen - 

11377 ? 17 

11804 2 19 

3181 2 25 

:3671 30 

490 2 39 

3266 2 41  

405 2 50 

Total  
Phosphorus 

371 2 2 

885 Z 8 

1/ 1256 -I 8 - 
1188 2 10 - 1/ 

- 68 2 13 

287 2 4 

901 2 11 

Dissolved 
Phosphorus 

38 2 1 

60 2 1 

98 2 2 

118 2 2 

20 2 3 

111 2 2 

7 2 2  

\ 

1/ The deposi t ion of sediment with associated phosphate i n  t h e  d e l t a  
between t h e  confluence and Tranqui l le  can p a r t l y  explain t h e  lower 
load a t  Tranqui l le .  The deposited load i n  the  d e l t a  should i n  f a c t  
be increased by an amount of phosphate equivalent  t o  the  100 tonnes 
estimated t o  have entered the  r i v e r  i n  Kamloops. 

The e r r o r s  on t h e  load are shown as 1.96 times the  standard e r r o r .  
This e r r o r  corresponds with a 95 percent confidence i n t e r v a l .  

- 

2/  - 
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N i t r a t e  and N i t r i t e  -- 

In both the  North and South Thompson Rivers ,  t he re  a r e  two seasonal 

peaks i n  the  n i t r a t e  p lus  n i t r i t e  concentrat ions.  

each r i v e r  occurs during e a r l y  f r e s h e t  (0.131 mg/l f o r  the  North Thompson 

on May 2 and 0.076 f o r  t h e  South Thompson on May 23), and t h e  higher  peak 

during low water (0.139 mg/l f o r  t he  North Thompson on January 28; 0.101 
mg/l f o r  t he  South Thompson on March 2 4 ) .  

t h e  r i v e r s  occur during l a t e  summer. 

cu la ted  f o r  t h e  Tranqui l le  t r ansec t ion  were genera l ly  very c lose  t o  t h e  

combined load (1,611 tonnes) of t he  North and South Thompson Rivers,  with 

a n e t  increase  f o r  t he  year estimated a t  29 2 10 tonnes ( l e s s  than 2% of 
the  t o t a l  load). Annual loading es t imates  a t  Savona ind ica t e  a n e t  
increase  of 172 tonnes (approximately 9% of t h e  t o t a l  load) .  This addi- 

t i o n  may represent  production of n i t r a t e  i n  the  lake.  

add i t iona l  loading occurs during low water. From November through March 

t h e  average concentrat ion of t he  combined North and South Thompson Rivers 
was 0.090 2 .011 mg/l, while a t  Savona i t  was 0.104 t .025 mg/l. 

The lower peak i n  

The lowest concentrat ions i n  

The n i t r a t e  and n i t r i t e  loads c a l -  

Most of t h i s  

The high background l e v e l s  of  n i t r a t e ,  p lus  t h e  p o s s i b i l i t y  of 

n i t r a t e  production i n  t h e  lake,  i nd ica t e  t h a t  con t ro l l i ng  a l g a l  growth 

v i a  n i t rogen  l i m i t a t i o n  i s  not  f e a s i b l e  i n  t h i s  system. 

(2) Kjeldahl Nitro= 

Kjeldahl n i t rogen  concentrat ion var ied  without an i d e n t i f i a b l e  pa t -  

tern on the  North and South Thompson Rivers,  except t h a t  concentrat ions 
were genera l ly  higher  e a r l y  i n  t h e  f r e s h e t  than a t  peak o r  f a l l i n g  flows. 

The loads ca lcu la ted  f o r  t he  Tranqui l le  t r ansec t ion  a r e  genera l ly  higher  

than t h e  combined loads from the  North and South Thompson Rivers.  On two 

out  of 29 occasions t h e  combined loads were s i g n i f i c a n t l y  higher  than the  

loads measured a t  Tranqui l le .  

i n  t he  d e l t a  between t h e  confluence and Tranqui l le .  

This may be a t t r i b u t a b l e  t o  sedimentation 

Annual t o t a l s  i n d i c a t e  
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a n e t  increase  i n  Kjeldahl ni t rogen of 490 2 28 tonnes (approximately 13% 

of the  t o t a l  load) from sources i n  t h e  Kamloops area.  Low Kjeldahl n i t r o -  

gen concentrat ions a t  Savona ind ica t e  sedimentation o r  chemical conversion 
of t h i s  mater ia l  i n  t h e  lake,  amounting t o  405 2 35 tonnes pe r  year .  From 

November through March, t h e  average concentrat ion of t he  combined North 
and South Thompson Rivers was 0.16 mg/l ? .08 ,  while a t  Savona it  was 

0.11 mg/l ? . 0 2 .  

The combined t o t a l -  Kjeldahl and n i t r a t e  p lus  n i t r i t e  loads of n i t rogen  

from sources i n  t h e  Kamloops area (based on d i f fe rences  between t h e  com- 

bined r i v e r  loads and t h e  load a t  t h e  Tranqui l le  t ransec t ion)  amounted 

t o  577 tonnes pe r  year .  This can be compared with a ca lcu la ted  annual 
load of 460 tonnes based on estimated d.aily loads of t o t a l  ni t rogen i n  

e f f l u e n t  from the  two major po in t  sources f o r  a non-concurrent but over- 

lapping period. 

Olan (1974). 

The llatter est imate  wa.s made i n  an in te r im repor t  by 

(3) Tota l  Phosphorus 

Phosphorus concentrat ions are highi i n  t h e  Kamloops area, l a rge ly  due 

t o  non- f i l t e r ab le  s o l i d s ;  between 30 and 90% of the  t o t a l  phosphorus can 

be removed by f i l t r a t i o n .  
waters upstream of Kannloops during f r e s h e t  and separated by cent r i fuga t ion  

showed t h a t  between 60 and 95% (by volume) of these  s o l i d s  are inorganic.  
The mineral a p a t i t e  i:; bel ieved t o  c o n s t i t u t e  p a r t  of t h i s  material and 

may account f o r  t h e  high phosphorus concentrat ions found i n  u n f i l t e r e d  

samples. While it i s  genera l ly  bel ieved t h a t  t he  phosphorus i n  a p a t i t e  

i s  not  b io log ica l ly  ava i lab le ,  t h i s  hypothesis has not  been t e s t e d  with 

t h e  appropriate  bioassays.  I t  i s  a l s o  poss ib le  t h a t  some phosphorus i s  

adsorbed on the  sur face  of c l ay  p a r t i c l e s  and o ther  s o l i d s .  

Samples of s o l i d s  concentrated from sur face  

Total  phosphorus-concentrations are very s t rongly  co r re l a t ed  with 

flow i n  the  Thompson River system, with maximum d a i l y  loads as high as 

32.6  ( 2  2.8)  tonnes i n  the  North Thompson and 6.9 ( 2  0.2) tonnes i n  t h e  
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South Thompson occurring during peak f r e s h e t .  
obscure de tec t ion  of addi t iona l  loads from poin t  sources i n  t h e  urban 

area during f r e she t .  

These high input  l eve l s  

From November t o  Apri l  t h e  combined North and South Thompson t o t a l  

phosphorus d a i l y  loads range between 0.5 and 0 .1  tonnes,  and n e t  increases  

of between 0.3 and 0.7 tonnes per  day were commonly observed a t  Tranqui l le .  

The v a r i a t i o n  i n  these  d i f fe rences  may reflect va r i a t ions  i n  t h e  discharges 

from t h e  poin t  sources and i n  t h e  resuspension of sediments i n  t h e  d e l t a  

immediately above Tranqui l le .  
per  day f o r  t h e  per iod can be compared with t h e  estimated po in t  source 

discharges (Olan, 1974) of 0.3 tonnes pe r  day. 

A mean value of approximately 0.6 tonnes / 

Tota l  phosphorus concentrat ions at Savona are lower than a t  Tranqui l le ,  

l a rge ly  due t o  t h e  s e t t l i n g  of non- f i l t e r ab le  material i n  t h e  lake.  

estimate of t h e  annual load t o  the  lake of 901 f 11 tonnes i s  based on an 

assumption t h a t  168 tonnes were deposited i n  the  d e l t a .  

f o r  the  d i f fe rence  of 68 tonnes between the  loads a t  Tranqui l le  and the  

confluence and t h e  approximately 100 adlditional tonnes estimated by Olan 

(1974) t o  have entered t h e  r i v e r  i n  Kaniloops. 
of phosphate i n  t h e  d e l t a  between t h e  c:onfluence and Tranqui l le ,  t h e  annual 

accumulation i n  the  lake could reach 1,069 tonnes. During a year of higher  

flow, some of t h i s  accumulation i n  t h e  d e l t a  could be t r ans fe r r ed  t o  t h e  

lake.  

deposi t ion i n  t h e  d e l t a  and increase  t h e  deposi t ion i n  t h e  lake below t h e  

de l t a .  

The 

Th i s  would account 

If the re  were no accumulation 

Bedload t ranspor t  which was not  measured would reduce t h e  estimated 

(4) Dissolved Phosphorus 

Concentrations of dissolved phosphlorus are r e l a t i v e l y  constant  under 
a l l  flow condi t ions i n  t h e  North and South Thompson Rivers. Therefore, 

t he  highest  d a i l y  loads occur during f r e s h e t ,  peaking a t  0.8 (2 0.2) tonnes 

i n  t h e  North Thompson and 0.3 (2 0.1) t:onnes f o r  t he  South Thompson. 

Additional loads from t h e  Kamloops area cannot be detected a t  Tranqui l le  



- 19 - 

during f r e s h e t .  

exceeds the  combined r i v e r  loads f o r  atpproximately 80 percent of the  s tudy 

per iod.  

Nevertheless,  Figure 9 shows t h a t  t h e  load a t  Tranqui l le  
- I  . 

During low water the  e f f e c t  of po in t  sources i s  evident (see Figure 3 ) ,  

with concentrat ions a t  Tranqui l le  averaging 0.003 mg/l higher than upstream 

values .  

1 - 
Since the  average concentrat ion of dissolved phosphorus above 

c-- 

Kamloops ranges between 0.003 and 0.006 mg/l a t  t h i s  time of the  year ,  t he  - 
increase  i n  concentrat ion sometimes is as g rea t  as 100 percent .  

t h i s  percentage should be accepted wit:h some caut ion because the  concentra-, 

t i o n s  a r e  c lose  t o  the  de tec t ion  limit: of t he  laboratory ana lvs i s  (0.002 

mg/l) and t o  the  average s tandard devi.ation i n  s e t s  of s i x  r e p l i c a t e s  
(+ 0.002 mg/l) .] 

amounts t o  20 2 3 tonnes,  which is’approximately 20 percent  of t h e  t o t a l  

[However, - 

- - 
- 
Comparing annual loads,  t h e  increase  de tec ted  a t  Tranqui l le  . 

dissolved phosphorus load i n t o  the  lake. 

1 Concentrations of diss-horus leav 

similar t o  the  concentrat ions found i n  the  North and South Thompson Rivers .  1 
From November through March the  average concentrat ion of t h e  combined North 

-- / 

and South Thompson Rivers was 3 4  k .002 mg/l, while t h e  average concen- 

t r a t i o n  a t  Savona was .005 k,.’.002 mg/l.. 

a r e  not  s t a t i s t i c a l l y  d i f f e r e n t  i s  rel.evant t o  the  discussion of d i f fe rences  

i n  periphyton growth a t  s i t e s  r e f e r r e d  t o  i n  the  next  s ec t ion .  

i 

The fact  t h a t  t hese  concentrat ions - 
An est imate  of ithe reduction of dissolved phosphorus concentrat ions 

a t  Savona following the  el iminat ion of phosphorus addi t ions  i n  Kamloops 
would be usefu l  i n  assessing the  effec:t of these  sources s ince  phosphorus 

i s  most o f t en  found t o  be the  l imi t ing  n u t r i e n t  f o r  a l g a l  growth i n  f r e s h  

water. 

reduct ion by simple subt rac t ion .  

concentrat ions a t  Savona would have t o  include the  dynamics of exchange 

between t h e  pools of dissolved and p a r t i c u l a t e  phosphorus. 

constant concentrat ions of dissolved phosphorus observed i n  the  North and 

Unfortunately, it is  not  possi.ble t o  determine the  amount of 
. A simulat ion model t o  p red ic t  phosphorus 

The r e l a t i v e l y  
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South Thompson Rivers and a t  Savona raise the  p o s s i b i l i t y  t h a t  such an 

equilibrium may be a major f a c t o r  i n  con t ro l l i ng  dissolved phosphorus con- 

cent ra t ions .  

t he  r a t e s  of exchange, a s  would addi t ions  of d i f f e r e n t  types of  s o l i d s  

( i  . e . ,  mainly organic:) from a poin t  source.  

Physical and b io log ica l  processes  i n  t h e  lake would a f f e c t  

(5) Periphyton 

A comparison of a l g a l  abundance i n  the  North and South Thompson with 

the  abundance i n  the  Thompson a t  Savona, made i n  order  t o  a s ses s  t h e  

a v a i l a b i l i t y  of n u t r i e n t s  a t  these  loca t ions ,  i s  of uncertain value.  The 

presence of t he  lake between the  two upper and the  lower reaches of t he  

r i v e r  changes the  n u t r i e n t  concentrat ions and a v a i l a b i l i t y ,  moderates 
water temperatures,  and reduces t u r b i d i t y .  Differences i n  s u b s t r a t e  a v a i l -  

a b i l i t y  and s u i t a b i l i t y ,  and flow v e l o c i t i e s  over t he  s u b s t r a t e  add t o  the  
ques t ionab i l i t y  of conclusions based om t he  comparison. Since,  however, 

such c o m p a r i s y -  it should again be pointed out  t h a t  t he  c a l -  

cu la ted  mean concentrat ions of dissolved DhosDhorus i n  t h e  combined North 

and South Thompson Rivers and a t  SavoniP a r e  not  s i g n i f i c a n t l y  d i f f e r e n t  

during the  low flow period.  

- 
- 

Consequently, t hese  mean values  cannot be - 
p o r t  an explanation of the  s i g n i f i c a n t l y  g r e a t e r  a l g a l  abundance - r 

reported by Langer and Nassichuk (1975:) i n  t h e  r i v e r  below the  lake.  

% <  
- 

A l imi ted  inves t iga t ion  of t he  r a t i o s  of n i t rogen  t o  phosphorus i n  
a l g a l  t i s s u e s  and t r i a l  assays of a l k a l i n e  phosphatase (an a l g a l  enzyme 

involved i n  phosphorus uptake) were made s h o r t l y  after the  peak of t he  

spr ing bloom i n  the  th ree  reaches.  On Apri l  23,  1975, samples of ge la t inous  

at tached diatoms were co l l ec t ed  from na tu ra l  s u b s t r a t e s  i n  the  v i c i n i t y  of 

a r t i f i c i a l  s u b s t r a t e s  placed by F i she r i e s  Operations a t  Chase, McLure, 

Savona and Walhachin and examined f o r  n u t r i e n t  content  and a lka l ine  

phosphatase bioassay. The percentages (by dry weight) of Kjeldahl n i t rogen  

and t o t a l  phosphorus were determined by K i s t r i t z  (1975). Mean values  based 

on dupl ica te  tests a r e  given i n  Table 1 1 .  
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TABLE I1 

KJELDAHL NITROGEN AND TOTAL PHOSPHORUS I N  ATTACHED DIATOMS 

S i t e  

Chase 

McLure 

Savona 

Walhachin 

% P  - % N  - 

0.79 

0.86 

1.04 

1.58 

.078 

. O S 7  

.045 . 

.078 

N:P Rat io  

10.0 : 1.0 

15.1 : 1.0 

23.1 : 1.0 

20.2 : 1.0 

The i n t e r p r e t a t i o n  of N:P r a t i o s  i s  cont rovers ia l  under the  bes t  

of circumstances s ince  so  many factor:; can r a i s e  o r  lower t h e  percentages 
of n i t rogen  and phosphorus. In t e rp re t a t ion  of these  four  samples i s  made 

e spec ia l ly  d i f f i c u l t  by the  lack of reported N:P r a t i o s  f o r  ge la t inous  

a t tached  di-atoms i n  the  l i t e r a t u r e .  Normal values  f o r  planktonic  green 

and blue-green algae are genera l ly  between 7 : l  and 11 .5 : l .  

r a t i o s  observed i n  t h i s  case may be cixused by e x t r a c e l l u l a r  p ro te ins  i n  

t h e  ge la t inous  s t a l k s  of t h e  diatoms. 

The higher  

The a l k a l i n e  phosphatase bioassay technique, which uses  the  t i t r e  

of t he  enzyme a l k a l i n e  phosphatase i n  f r e s h  samples of indigenous algae 

as an ind ica to r  of phosphorus-limited growth, was used on periphyton 

samples from t h e  four  s i t e s .  High l e v e l s  of t he  enzyme a r e  found only 

when c e l l s  are s ta rved  f o r  phosphorus (F i tzgera ld ,  1969). The r e s u l t s  

of t he  bioassay a t  a l l  si tes were negat ive;  e .g . ,  t he  a lgae were not  

l imi ted  by a lack of phosphorus. 

a f t e r  t he  peak of t h e  algal bloom, when competition f o r  phosphorus would 

be near  t h e  m a x i m u m ,  it can be concluded t h a t  t he re  is  more than s u f f i c i e n t  

phosphorus ava i l ab le .  A t  t he  time of  sampling, the  abundant a l g a l  growth 

on gravel  ba r s  a t  Chase and McLure hac1 i n  the  estimate of t he  samplers 

reached nuisance l e v e l s .  

s u i t a b l e  subs t r a t e  f o r  periphyton attachment between the  two upstream s i t e s  

and Kamloops could account f o r  t h e  l imi ted  a l g a l  standing crop i n  these  

regions of t he  North and South Thompson Rivers .  

Since the  samples were taken s h o r t l y  

Other than these  l imi ted  grave l  ba r s ,  lack of 
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These observat ions of abundant a lgae a t  loca t ions  near  Chase and 

McLure i n d i c a t e  t h a t  t;he supply of b io log ica l ly  ava i l ab le  phosphorus i n  
waters upstream of Kaniloops i s  s u f f i c i e n t  t o  support  s u b s t a n t i a l  growth 

of a lgae where s u b s t r a t e s  are ava i lab le  and o the r  physical  condi t ions 
are favorable .  Since i n  general  a l g a l  populat ions a r e  scarce  i n  t h i s  

p a r t  of t h e  Thompson River system, the  amount of these  n u t r i e n t s  used is  

small and t h e  remainder may c o n s t i t u t e  a supply of phosphorus s u f f i c i e n t  

t o  support  blooms i n  downstream areas where physical  condi t ions a r e  

favorable.  

both upstream watersheds should not  be overlooked if cont ro l  by phosphorus' 

l imi t a t ion  i s  chosen as t he  means of suppressing nuisance a l g a l  growth. 

Additions of phosphorus from d i f f u s e  c u l t u r a l  sources i n  
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(5) Elimination of phosphorus additions in Kamloops would probably 
result in a reduction in phoslphorus concentration at Savona. 
However, there is no direct way of calculating the magnitude of 
this reduction and no way of knowing if it would be sufficient 
to make phosphorus the limiting factor in algal growth below 

\ Savona . 

- 23 - 

CONCLUSIONS 

(1) Replicate sampling is necessary to determine significant dif- 
ferences in concentrations of nutrients in this system. 

(2) High background levels (i.e., upstream from Kamloops) of nitrate, 
plus the possibility of nitrate production in the lake, indicate 
that controlling algal growth via nitrogen limitation is not 
feasible in this system. 

(3) During low water the concentrations of phosphorus in filtered 
and unfiltered samples are higher at Tranquille than at the 
North and South Thompson River stations. 

(4) During low water there is no significant difference in the 
phosphorus concentration in filtered samples from the North and 
South Thompson River stations and the Savona station. 
the higher algal growth rates reported at Savona cannot with 
confidence be attributed t o  differences in concentrations of 
dissolved phosphorus. 

Therefore, 
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RECOMMENDATIONS 

(1) Additions of b io log ica l ly  ava i l ab le  phosphorus should be reduced 

wherever poss ib le ,  both i n  t h e  Kamloops area and i n  the  North 

and South Thompson River watersheds. 

(2) The e f f l u e n t  from the  Weyerhaeuser pulp m i l l  should be examined 
i n  d e t a i l  i n  order  t o  i d e n t i f y  p o t e n t i a l  b io log ica l ly  s t imula t ing  

o r  i n h i b i t i n g  components, and should be t e s t e d  with bioassays 

f o r  i t s  e f f e c t  on r i v e r  a lgae and inve r t eb ra t e s .  

(3) The b io log ica l  a v a i l a b i l i t y  of t h e  phosphorus assoc ia ted  with 

non- f i l t e r ab le  s o l i d s  i n  the  North and South Thompson Rivers 
should be determined. 
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