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ABSTRACT

Primary productivity studies were done on the Silver Bow-Clark Fork 

river system using algal assays to determine the eutrophication potential.

EDTA additions were used to insure availability of trace-elements in the river 

waters. The Warm Springs ponds are effective in nutrient and metal removal. 

Phosphorus is limiting above the Warm Springs ponds and addition of sewage 

effluent could cause excessive algal growth. Further comprehensive chemical 

analysis was found necessary before complete evaluation of the eutrophication 

potential may be considered.
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INTRODUCTION

The algal assay in conjunction with chemical measurements of the natural 

waters has been useful in determining growth-limiting nutients and has been 

used to assess the effects of nutrient enrichment of natural waters with sewage 

This study will attempt to predict the eutrophication potential of the Silver 

Bow-Clark Fork river system. By determining if phosphorus or nitrogen is 

limiting in the natural waters, the results of sewage effluent on the river 

system can be predicted.
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LITERATURE REVIEW

Studies on the application of the algal assay to define nutrient 

limitation of algal growth indicate: (1) algal assays can be used to 

determine and predict effects of wastewater effluents upon algal growth 

in natural waters; (2) there is a high degree of correlation between reported 

trophic states of lakes and their algal assay productivity response; (3) in 

general an increase of calcium, magnesium, alkalinity and carbon content 

does not correlate to maximum yield of Selenastrum capricornutum Printz in 

natural waters; (4) phosphorus limitation decreases as trophic (productivity) 

classification of lake waters increases. These applications can also be 

correlated to multiple use river systems (Miller, et al., 1973).

Definite linear relationships exist between the biomass produced and 

the amount of phosphorus and nitrogen present (Shiroyama, et al., 1975;

Thomas and Smith, 1975). Furthermore, previous studies have shown that 

algal growth rates are directly proportional to the amount of total 

dissolved phosphorus in the waters, while there seems to be no obvious 

correlation between algal growth rates and the concentration of nitrogen 

(Maloney, et al., 1974; Powers, et al., 1972). Higher growth rate observed 

with phosphorus, as compared to nitrogen,.indicated that the test alga 

assimilate phosphorus more rapidly than nitrogen (Shiroyama, et al., 1975).

Factors have been determined for the converting of ortho-phosphorus 

and total soluable inorganic nitrogen (TSIN = NO2 + NO^ + NHg) content 

of a test water into the maximum yield of the test alga. Waters containing 

greater than or equal to 0.010 mg/liter ortho-phosphate will yield 0.43 mg 

dry weight of alga per 1.00 ug phosphorus/1iter. Similarly each ug/liter 

of TSIN will yield 0.038 mg dry weight of test alga. The actual yield of 

the algal assay is considered statistically significant if within - 20% of
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the predicted yield. This ratio of TSIN to ortho-phosphate yield factors 

(0.038/0.43) indicates an optimum N:P ratio of 11.3 for the support of 

S, capricornutum. The N:P ratio can be used to predict nutrient limitations 

in most natural waters. If the water contains greater than 11.3:1 N:P 

content, it may be considered phosphorus limited, while those waters 

containing N:P ratios less than 11.3:1 may be considered nitrogen limited 

for algal growth. However, the calculated yield for TSIN and ortho-phosphate 

can be considered more’reliable than the N:P ratios as indicators of algal 

productivity. Similarly the biological availability of nitrogen and 

phosphorus can be calculated by dividing the maximum yield by either the 

TSIN or the ortho-phosphate yield coefficients (Miller, et al., 1973;

Shiroyama, et al., 1975). A factor is not limiting if when its content 

increases there is no effect on the growth. Limitation in growth is based 

on Liebig's Law of Minimum, that growth is limited by whatever is in 

shortest supply (Gibson, 1971).

The failure of a test water to obtain the predicted yield may be 

attributed to any one or a combination of several factors: (1) absence 

of other growth limiting nutrients, (2) presence of toxicants or (3) un

reliable chemical analysis for ortho-phosphate or TSIN (Miller, et al.,

1973; Miller, et al., 1976). No judgment may be made about algal growth 

limitation as to either suboptimal or toxic trace-metal content without 

comprehensive trace-metal analysis. Comparison of N:P ratios and 

theoretical growth predictions with actual assay results are necessary 

before assessment of trace-metal deficiency or heavy metal toxicity 

is undertaken (Miller, et al., 1976). Increased yield of S. capricornutum 

in EDTA-spiked test waters indicates the presence of toxic levels of heavy 

metal(s) (Green, et al., 1975).
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Use of synthetic organic ligands such as ethylene diamine tetra acetic 

acid (EDTA) is a common practice to insure the availability of trace elements, 

principally Fe and Mn, for algal growth. The mechanism by which this occurs 

is unknown. The organic ligands may increase mobility of the essential metals 

or it is possible that the organic ligands enhance phytophankton growth by 

suppressing heavy metal toxicity (Miller, et al., 1976).

The content of nitrogen, phosphorus, and carbon in wastewater is of 

particular importance in relation to the eutrophication. Municipal sewage 

is an unbalanced medium and is overly rich in phosphorus when considered 

in light of nutrient requirements of algae. Estimates prepared by the 

American Water Works Association Task Group indicate the discharge of 

domestic and industrial wastewaters accounts for 10-20% of the nitrogen and 

20-40% of the phosphorus that enters natural waters in this country (Rohlich 

and Uttormark, 1972). The algal assay is a valuable tool which can be used 

to compare the eutrophic potential of effluents from a variety of wastewater 

processes (Thomas and Smith, 1975).
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MATERIALS AND METHODS

Selenastrum capricornutum Printz was used as the test species in a series 

of algal assays using the Algal Assay Procedure Bottle Test (U.S. EPA, 1971a). 

Water samples were collected at 12 sites along Silver Bow Creek, the Clark 

Fork River and its tributaries starting at Butte, Montana, and ending at 

Garrison, Montana. The sample locations are:

1 001 discharge from Berkley Pit
2 Silver Bow Creek at Montana Avenue, above Butte sewage

treatment plant (STP)
3 Silver Bow Creek at Rocker, below Butte STP
4 Silver Bow Creek at Stuart Street Bridge
5 Warm Springs Pond #2 discharge
6 Mill + Willow Creek below Opportunity
7 Warm Springs Creek above Clark Fork River
8 Warm Springs Creek above Warm Springs Ponds
9 Clark Fork River by Galen

10 Clark Fork below Deer Lodge
11 Clark Fork River above Deer Lodge
12 Clark Fork River at Garrison 

These locations are shown in Fig. 1.

Samples were collected 13 July 1976 in liter bottles by submersion in 

middle of river and frozen until used. Samples were filtered through a 0.45u 

membrane filter to remove indigenous algae and sediment prior to conducting 

the assays. Chemical analysis of the test waters was conducted by the Montana 

Water Quality Bureau in accordance with EPA methods (U.S. EPA, 1971b). Further

more, other water samples collected on 13 and 14 July were analyzed for heavy 

metal content. The assays were carried out in 500 ml Erlenmeyer flasks contain

ing 100 ml of sample. The following spikes of phosphorus, nitrogen and EDTA 

were added to the flasks: 0.02 mg P/liter, 2.0 mg N/liter, 0.02 mg P/liter +

2.0 mg N/liter , 0.02 mg P/liter + 2.0 mg N/liter + 1.0 mg EDTA/liter, and 1.0 

mg EDTA/liter. A control without any nutrient additions was included. All 

assays were done in triplicate, and each flask was inoculated with approximately 

1000 algal cells grown in PAAP medium (Miller and Maloney, 1971). The flasks
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were incubated until maximum growth was achieved at 24 - 2 C under continuous 

cool-white fluorescent lighting and were shaken continously at 110 oscillations/ 

min.

Cell counts were made daily at the same time by means of an electronic 

particle counter (Coulter Counter) equipped with a mean cell volume computer.
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RESULTS

Listed in Table 1 are the nutrient chemical analysis and N:P ratios

of the test waters after filtration. Table 2 includes the heavy metals

analysis. These data were unavailable for sample sites 7, 11 and 12.

Hypothetical average concentrations of the constituents were used in some

cases as determined by the formula:

Cb - (Ca x Qa) + (Ct x Qt)
Qa + Qt

Where Cb is the hypothetical average concentration of constituents in the 

main stream bellow the inflow. Ca is the concentration of constituents 

in the main stream above the inflow and Ct is the concentration of con

stituents in the tributary. Qa is the flow of the main stream above the 

inflow and Qt is the flow of the tributary (Kittrel, 1969).

Cell dry wt can be computed in accordance with EPA methods for algal 

assays from the following formula:

Dry wt (mg/liter) = 2.4 x 10"? x mean cell volume x counts/ml. The 

highest cell counts achieved in a 14-day period were used and the maximum 

yield dry wt was determined (Table 3). Theoretical values for maximum yield 

based on the amount of TSIN and ortho-phosphate in the test waters were also 

calculated (Table 4). The maximum yield of the various nutrient additions 

as a % increase with respect to the control maximum yield were calculated 

(Table 5).



Table 1. Nutrient chemical analysis of test waters.

............ -..........
Sample No. *TSIN mg/liter Ortho-phosphate

mg/liter
N:P

1 1.32 0.002 52.8:1
2 0.76 0.035 12.6:1
3 3.42 0.180 16.3:1
4 0.98 0.170 5.8:1
5 0.25 0.005 35.7:1
6 0.08 0.017 5.0:1
7 0.22 0.015 12.9:1
8 0.07 0.007 7.7:1
9 0.13 0.007 11.8:1

10 0.14 0.009 1.2:1
11 0.11 0.018 .5:1
12 0.08 0.021 .5:1

*TSIN = NO + NO + NH3



Table 2. Heavy metal analysis of test waters.

Sample No. Cone. Cadmium 
mg/liter

Cone. Copper 
mg/1iter

—................ ........ 1
Cone. Zinc 
mg/1iter

1 .0080 .05 .110
2* .0040 .03 .070
3* .0033 .18 .720
4 .0030 .19 .550
5 .0030 .20 .030
6* .0024 .14 .030
8 .0010 .01 .010
9* .0024 .01 .024

10* .0023 .01 .023

*Hypothetical average concentration of constituents



Table 3. Maximum yield dry weight (mg/liter) of algal assay 
growth response to the test waters 

with nutrient addition.

Sample No.
Actual Yield (mq/liter) with nutrient addition
Control P N P+N P+N+EDTA EDTA

1 1.22 1.74 2.53 2.17 2.29 1.04
2 16.20 22.80 15.50 21.97 27.20 18.30
3 12.40 14.90 12.10 7.50 16.98 12.30
4 6.00 12.00 16.70 17.60 84.90 38.80
5 0.39 6.70 0.41 2.67 0.83 0.49
6 4.20 5.47 1.80 13.70 10.00 2.37
7 0.48 0.43 0.35 0.47 0.48 ND
8 0.39 0.51 0.36 0.46 1.50 0.59
9 1.35 1.72 1.23 1.34 1.72 1.48

10 3.86 3.91 3.49 3.49 5.50 5.15
11 6.29 5.71 6.69 7.64 12.40 7.46
12 3.55 4.06 5.25 5.25 7.25 6.04

Nutrient additions of phosphorus (P) = .02 mg/liter, nitrogen (N) = 2.0 
mg/liter and EDTA =1.0 mg/liter.



Table 4. Theoretical yields (mg/liter dry wt) based on 
chemical analysis of the test waters and

on the nutrient additions of 
ortho-phosphate and TSIN

Sample No. Theoretical Yield based on Theoretical Yield based on
nutrient addition3 chemical analysis of test waters^

Ortho- Ortho-
Phosphate TSIN Phosphate TSIN

1 9.46 125.50 0.20 43.60
2 23.65 103.00 15.05 28.90
3 86.00 205.90 77.40 129.90
4 81.70 113.20 73.10 37.20
5 10.75 85.50 0.50 9.50
6 11.61 79.04 7.31 3.04
7 15.05 84.36 6.45 8.40
8 11.61 78.66 1.40 2.70
9 11.61 80.94 1.40 4.94

10 12.47 81.32 1.80 5.32
11 16.34 80.18 7.74 4.18
12 15.05 79.04 6.45 3.04

^Nutrient additions of Ortho-phosphate = 0.02 mg/liter and TSIN = 2.0 mg/liter 
bBased on nutrient chemical analysis in Table 1.



Table 5. Actual maximum yield (mg/liter dry wt) based on 
on nutrient additions as a % increase with

respect to the control maximum yield.

Sample No. P N P+N P+N+EDTA EDTA

1 143 207 178 186 85
2 140 96 136 168 113
3 120 98 60 137 99
4 200 278 293 1410 647
5 1718 105 685 212 126
6 130 43 326 238 56
7 90 73 98 98 ND
8 130 92 118 385 151
9 127 91 99 127 no

10 101 90 90 142 133
11 90 106 121 197 119
12 114 147 148 214 170

Nutrient additions of phosphorus (P) = 0.02 mg/liter, nitrogen (N) = 2.0 
mg/liter and EDTA = 1.0 mg/liter.
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DISCUSSION AND CONCLUSIONS

Based on the algal assay results the Silver Bow-Clark Fork river 

system can be broken down into three regions: (1) the Silver Bow Creek 

from Butte to Opportunity; (2) the Warm Springs ponds; (3) the Clark Fork 

River above the Warm Springs ponds (Fig. 1).

In the Silver Bow Creek below the Warm Springs ponds the N:P ration 

(Table 1) indicates that phosphorus is limiting. Nutrient addition causes 

only a small increase in the yield of S. capricornutum (Table 3) and never 

does achieve the theoretical yield predictions (Table 4). Addition of the 

chelating agent EDTA did not significantly increase the alga growth. EDTA 

is added to the test waters to insure the availability of trace-elements for 

algal growth. It forms complexes with nearly all polyvalent metal ions.

Most complexes contain metal and EDTA in a 1:1 ratio regardless of the valency 

of the metal ions (Flashka, 1959). Metal ion analysis in Table 2 indicates' 

enough EDTA (1 mg/liter) added to complex the cadmium, copper and zinc 

present. A complete analysis of the metal ions present is necessary to be 

sure enough EDTA was added. The primary productivity as indicated by the 

algal assays suggests either heavy metal toxicity or trace-element deficiency.

No judgment may be made without comprehensive trace-element analysis. (Miller, 

et al., 1975).

The addition of EDTA at Silver Bow Creek at Opportunity produces significant 

results. The addition of EDTA either alone or with nutrient addition produced 

a 650-1400% increase in algal growth (Table 5). The increased yield of 

S. capricornutum in EDTA-spiked test waters indicates the presence of heavy 

metal(s) (Greene, et al., 1975). From this information it may be hypothesized

that the limitation of algal growth in the Silver Bow Creek is due to toxic



level of heavy metal(s) and that if higher levels of EDTA were added to the 

test waters, the yield in algal growth would probably significantly increase. 

Further testing is necessary to illustrate this effect.

The Warm Springs ponds precipitate out heavy metals and also lower the 

content of phosphorus and nitrogen in the water. This can be seen by comparing 

the nutrient and metal levels between sample sites 4 and 5 in Tables 1 and 2.

The addition of EDTA to the test waters above the Warm Springs ponds did not 

significantly affect the algal yield. The nutrient addition of phosphorus did, 

however, increase the yield 1700% (Table 5), but the test waters did not attain 

the theoretical yield (Table 4), thus again indicating trace metal deficiency 

or some toxicant present.

The Clark Fork River above the Warm Springs ponds responded to neither 

nutrient additions nor EDTA addition, thus again indicating a toxicant(s) 

present or trace-element deficiency.

On the basis of this study several observations may be made. First, the 

Warm Springs ponds are effective in lowering the content of phosphorus and 

nitrogen in the river system and thus control algal growth. A sewage effluent 

would cause excessive algal growth, which would result, if the city of Anaconda 

did not use the Warm Springs ponds to sewage treatment but instead used primary 

or secondary treatment processes. The domestic phosphorus contribution to 

wastewater is about 3.5 lb. per capita per year (U.S. EPA, 1971). Based on 

a population of around 12,000 and assuming a wastewater flow of 100 gal per capita 

per day the phosphorus concentration in the wastewater is about 27.6 mg/liter. 

According to the EPA manual for phosphorus removal (U.S. EOA, 1971) primary 

treatment removes 70-90% of the phosphorus and secondary treatment removes 

80-95%. This would still leave at least 1.38 mg/liter of phosphorus in the

effluent to enter the river system. When the nutrient level increases, the level



16

of productivity increases and the possiblity of excess algal growth exists as 

verified by the algal assay results. There is a need for a comprehensive 

trace-element and heavy metal analysis of the Silver Bow-Clark Fork River 

system for further evaluation of its eutrophication potential.
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