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ABSTRACT 

These studies utilized two adjacent bench scale rivers, each composed of four interconnected 24-

gallon aquaria, stimulating summer flow and temperature (30oC) of the fresh water estuarine 

Potomac River from Hains Point to Piscataway Creek. Initially all eight aquaria were seeded with 

the filamentous blue-green alga, Anabaena. To all aquaria was added a mixture of Daphnia, 

copepods; and ostracods from a swamp near Little Falls. (Preliminary studies showed these 

zooplankters could remove the Anabaena.) The experimental side received activated sludge from 

Blue Plains Sewage Treatment Plant, while the control received dechlorinated tap water. 

Temperature, D.O., pH, phosphate, nitrate, and transmittance were determined. In experiment I, we 

obtained a pronounced algal bloom on the experimental side over the ten day run with reduction of 

zooplankters and their grazing. In experiment II, with sewage added to both sides, we used a heat 

shock of 10 C in a bypass simulating the conventional power plant on the experimental side causing 

decreased zooplankters and increased algal growth. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 

INTRODUCTION 

There are several ways to create a model of a flowing system like the Potomac River. The 
most obvious is to sample the river itself, thus creating a model whose realism is limited by the 
extent and kind of sampling employed. From such sampling, one can determine which are the 
most significant parameters to consider as contributing to the general condition or health of the 
river. 

With sufficient sampling knowhow, a mathematical model can be devised based on a 
limited number of parameters. (The Annapolis Field Station of the E.P.A. has made such a 
sophisticated mathematical model of the Potomac Rivera (Hetling, 1969). 

A third modeling method is to create a bench-scale practical model of the Potomac 
River. The Corps of Engineers has attempted this for the entire Chesapeake Bay, including the 
Potomac River, yet their relatively enormous model is designed for hydrological and not 
biological studies. 

A major advantage of studying and sampling a bench-scale model over the real river is 
that a control and experimental bench-scale model can be operated concurrently and select 
parameters can be isolated and their influences determined.

 
The obvious disadvantage of the bench-scale river model is that, like the mathematical 

model, it must be less complex than the real river. The section of the Potomac River from Key 
Bridge to Piscataway Creek has a complexity of interacting inputs including the main channel 
flow, Anacostia River, numerous side streams, storm sewer runoff, power plant coolant water, and 
numerous sewage effluents including the giant Blue Plains Sewage Treatment Plant. From the 
aspect of hydrology and biology, the main channel flow and the Blue Plains sewage treatment 
plant are the most significant in formulating the design of a bench-scale experimental river. 

The main channel flow varies enormously from a low of about 388 million gallons per 
day (mgd) to a high of 100's of billions of gallons per day. The average flow is about 7 billion 
gallons per day. The total effluent of the 18 sewage treatment plants in the Washington area is 
over 350 mgd with over 70% coming from the Blue Plains Sewage Treatment Plant. 

The Potomac River (Figure A) widens below Key Bridge and further widens below 
Woodrow Wilson Bridge. The average depth is 10 feet, with a euphotic zone of less than 2 feet 
due to sediment, organic content, and plankton. Thus, the majority of the flow is out of contact 
with the surface where re-aeration can occur, as well as beneath the euphotic zone where more 
oxygen can be generated than is required for respiration. It was decided to create this condition 
of lowered re-aeration by joining 24-gallon all-glass aquaria containing 10 gallons of aerated 
water by two 50-foot lengths of 1/2-inch Tygon tubing and a half-filled unaerated 5-gallon 
Nalgene bottle (Figure 1). A 40-gallon common aerated reservoir represented Site 1 at Key 
Bridge and four interconnected aquaria represented the downriver sites, which were 
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 Figure 1. Diagram of the model  rivers located in the Environmental 

Sciences Laboratory at Georgetown University, Washington, D. C.  
 
 

 



 
 

 
 

Initially, a rather rigorous study of the volumes and flow rates through each of these four 
realms was considered and plans made to approximate these volumes and flow rates in each 
aquarium by precise elevation of the aquaria. Consideration of the Jaworski and Johnson 1969 dye 
study which indicated the main channel transported pollutants 100 times more rapidly than the 
embayments led us to discard this complication. Thus each of the four aquaria had the same volume 
and flow rate dictated by gravity flow based on the inflow at Aquarium 1 and outflow at Aquarium 4. 

approximately 3-1/2 miles apart: Site 2 at Hains Point, Site 3 at Blue Plains, Site 4 at Broad 
Creek, and Site 5 at Piscataway Creek. The common reservoir supplied identical water at the 
same flow rate to each of two parallel bench-scale experimental rivers composed of four 
interconnected aquaria. 

 

 

This experimental river has been used for many different studies. our studies on fish-kills 
is available in the D.C. Water Resources Research Center (WRRC), Report #8. In it we show that 
this bench-scale experimental river can be set up to simulate the characteristics, such as the 
dissolved oxygen sag curves, of this 15 mile section of the Potomac River. 

Eutrophication in our rivers has often been connected with the increased contamination 
spilled into these rivers from municipal sewage treatment plants. The most outwardly apparent 
characteristic of cultural eutrophication is the algae bloom. Nemerow and Rand (1967) noted that 
indications exist that all but the largest, swiftest and coldest bodies of water may be choked with 
algae in the next 17 years with the present rate of the dumping of high-nutrient effluent from sewage 
treatment plants. Algal blooms are therefore a serious threat to a river like the Potomac which not 
only receives about 400 million gallons of effluent from sewage treatment but is also the main water 
supply to Washington, D.C. 

 

 

Algal blooms occur in many different types of aquatic environments. When they occur in a 
waterway such as the Potomac River, the main water supply for the city of Washington, D.C., many 
problems can result. The process of purifying the water for drinking becomes difficult because the 
algae can block the filters in the filtration plants, give the water objectional odor and taste, and cause 
sediment in reservoirs (Skulberg 1964). Besides these problems fish kills are often associated with 
algal blooms. 

 

According to Liebmann (1967), if sewage is discharged from a plant after mechanical or 
biological purification alone, the phosphorus and nitrate content can cause algae blooms. Liebmann 
contents that each inhabitant of a city produces 0.61g phosphorus by feces and 0.83g by urine 3each 
day, giving domestic sewage a mean concentration of 10g/m phosphorus and 80g/m nitrate. For these 
reasons indicative parameters for algae bloom experiments are quantitative tests of phosphate and 
nitrate content as well as algae numbers. It appears that it is the excess of these elements 
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along with the excess organics provided by sewage treatment effluent that is the cause of 
algae blooms in a river like the Potomac. 

Brooke (1957) has observed that there is a seasonal variation in the dominant species in 
an algal bloom. Diatoms are usually dominant in the spring, green. algae in the early summer 
and blue greens in the late summer. Previously it was thought that the variations in the 
phytoplankton populations were due to changes in the availability of nutrients, with the 
species best adapted to use the available nutrients, becoming the dominant species.
But Fitzgerald (1961) observed algal blooms with one dominant species in sewage 
stabilization ponds where an abundant supply of nutrients was continuously available. For this 
reason there must be other factors controlling the populations of algae in aquatic environments 
besides nutrient- availability.  

In experiments by Rice (1954) it has been suggested that algae may be capable of effecting 
their environment by excreting substances which inhibit the growth of other algae, thus 
eliminating competition and allowing one dominant species to exist in any quantity. The extent to 
which this condition would exist in a natural environment is probably very short. 

Chemicals in solution in waterways have also been considered responsible for the 
occurrence of algal blooms. Lackey (1964) has found that the effluent of sewage treatment plants 
are high in nitrates and phosphates causing algal blooms to occur. Another chemical parameter 
considered has been hydrogen sulfide. Lackey (1964) found that a low concentration of H S may 
stimulate algal activity and high concentrations of it inhibit algal growth. We too believe this to be 
an important factor in a river such as the Potomac-which has-a large quantity of urban waste 
dumped into it. The breakdown of the sludge which is settled in the river may result in the 
production of H2S which in turn effects the growth of the phytoplankton. 

 

Viruses may also be significant in the control of algal populations. Shilo (1971) has 
shown that there are viruses known to be pathogenic to species of blue-green algae, and that 
these viruses are capable of reducing the quantity of blue-green algae after exposure to them. 
It is hoped in the near future that bacteria and viruses may provide an economical means of 
controlling algal blooms in natural environments. At present this type of work is limited 
because only a few viruses and bacteria have been isolated that are effective in reducing 
natural populations of blue-green algae. 

Studies by Fritsch (1930) have indicated that fungi can infect blue-green algae and remove 
specific species of them from the plankton.- other organisms shown to have an effect on algae 
populations have been protozoa which prey on Anabaena, and amoeba which will ingest species of 
Microcystis. 
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Vance (1965) believes that competition between species of algae may also effect the 
growth rates of the different species and select for a dominant one among them. 

Studies by Safferman et al. (1962) have shown that certain strains of bacteria are capable 
of lysing or inhibiting the growth of blue-green algae. Other studies by Vance (1966) have 
shown that the presence of bacteria may enhance the growth of blue-green algae because a 
mutualistic relationship can exist between certain species of bacteria and blue-green algae. The 
inhibiting effect that bacteria can have on the growth of algae is exemplified by an experiment 
performed by Wu et al. (1968) in which he used a strain of bacteria to eliminate a natural bloom 
of blue-green algae that was brought into the laboratory. 

Arnold (1971) studied Daphnia pulex and its ability to consume species of blue-green 
algae. He suggested that zooplankters may be a significant factor in controlling populations of 
blue-green algae. If the zooplankters are unable to graze on predominant algal species, or the 
zooplankton population is depressed, grazing on the algae would cease allowing the 
phytoplankton to increase their population. He showed that this cladoceran preferred to ingest 
green algae over blue-green algae. In his experiments he found that Daphnia which were fed 
Anacystis nidulans had a poor survival any reproduction rate.  

These rates were even lower when the food level was very high suggesting that this 
algae had an inhibiting effect on Daphnia. When Daphnia were fed Anabaena flos-aquae, the 
survival and reproduction rates were high. 

Arnold suggested that copepods, rotifers and cladocerans probably utilized blue green 
algae more extensively than Daphnia pulex, and therefore are able to effect the population of 
the algae. 

These experiments (I & II) dealt with the predator-prey relations of Anabaena and the 
zooplankters: Daphnia, Copepods, and Ostracods and a heat shock of 100C on algae-
zooplankton interactions. 

The purpose of experiment I was to determine the effects that treated sewage had on algal 
growth and on populations o£ zooplankters. Most studies of polluted rivers have been concerned 
with the direct effect popution has on algae. Such studies have usually attributed increased algal 
growth to the chemical constitutents such as phosphates and nitrates. 

In our study we were mainly concerned with the effects pollutants have indirectly on 
algae through its activity directly on the zooplankteres of the river. The hypothesis with which 
we worked was that the increased algal growth of a polluted river was not only the result of 
eutrophication of the waterway by the pollutants, but was also the result of reduced grazing by 
zooplankters. The reduced grazing, we believe, will occur because of the effect that pollutants 
have upon the zooplankters. In our study, the detrimental effect the pollutants will have on the 

 
 



 

zooplankters will be indicated by a reduced number of zooplankters in those portions of the river 
treated with sewage (tanks E2, E3, and E4). With these predators reduced in number the algae 
would then be able to increase in number, whereas the control tanks, C1, C2, C3, C4, and El, 
should have a smaller quantity of algae because the zooplankters will continue to graze on them, 
thus keeping the algal population limited. Since the sewage is added "down river" from tank El, it 
with Cl act as controls for the two experimental rivers.

The purpose of experiment II was to determine (under the same conditions of experiment I) 
whether the presence of a conventional power plant on the Potomac River would affect the 
predator-prey relationship between Anabaena and Daphnia, Copepods, and Ostrocods. We set ou8 
the test whether a raise in temperature of the river water of 10 C as it passed through the cooling 
facility of the power plant would affect this predator-prey relationship and thus escalate algae 
blooms. It is our hypothesis that this would occur by heat-shocking the zooplankters, making them 
less capable of utilizing the blue greens. Intimately involved in this relationship is the presence in 
the river of effluent from the treatment of municipal sewage from Washington. To achieve our 
experiment goals we used a bench-scale model of the Potomac. 

MATERIALS AND METHODS

Step 1 – Preparation of Anabaena

For the experiments a healthy stock of the blue-green algae (Anaebena) was obtained from Dr. Philip 

Sze of Georgetown University. The stock was maintained in a large sunlit and aerated flask for a period 

of approximately one year. Microscopic examination of the algae stock revealed no amoeba or 

flagellate contamination. A slight presence of motile bacteria was identified, but the culture was 

considered to be essentially healthy. In order to increase our stock of Anabaena, 250 ml of the original 

stock was added to each of four on- tar flasks of nutrient media giving a 4:1 dilution. Next, the flasks 

were equipped with aerators and the tops sealed with aluminum foil. For 24 days the cultures were 

irradiated with artificial light (aqualux/F20T12) after which time the flasks were thick with Anabaena. 

At this point, the algae stock was introduced to the experimental river system. To each of the 8 empty 

24 gallon tanks of the system 250 ml of Anabaena suspension, 5 gallons of dechlorinated tap water, and 

500m1 of nutrient was added. Each tank was then equipped with aerators and aquarium heaters. The 

temperature was maintained at approximately 300C for 21 days resulting in very heavy and uniform 

Anabaena growth. 

Step 2 – Collection of zooplankton 

For use as predators on the Anabaena blue-green algae, samples of zooplankton were collected 

from a swampy area on the Potomac River below Little Falls adjacent to the C&O canal feeder 
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lock. Using a 0.104 mm mesh plankton screen, 500 liters of undisturbed surface swamp water 

was concentrated to 10 liters. This concentrated plankton population was added to a 24 gallon 

aquarium containing 5 gallons of dechlorinated tap water and equipped with aerators. The water 

teemed with a high concentration of active microcrustacean plankters. This population was 

maintained for two days prior to introduction into the experimental river system. 

Step 3 - Introduction of zooplankters to blue-green algae 

The eight tanks of Anabaena culture were arranged into two parallel groups of four 
arranged in a linear manner (see fig. 2). One group was the control river consisting of tanks C1 
through C4. The other 4 tanks, El through E4, made up the parallel experimental river system. 
The tanks in each of the two systems were successively connected by 500 foot sections of 1/2 
inch diameter Tygon. Between each section of tubing was placed a 5 gallon Nalgene bottle as a 
sediment trap to simulate the effect of a river bottom. The tubing and bottles were covered with 
black plastic and aluminum foil to simulate aphotic conditions. The first tanks in each of the 
two systems, Cl and El, were connected by identical lengths of tubing to the same 50 gallon 
reservoir of dechlorinated tap water. The tubing passed through the same peristaltic pump in 
order to assure an identical constant rate of inflow of water from the reservoir into both river 
systems. Similarly, the terminal tanks in both the experimental and the control, C4 and E4, were 
fitted with identical lengths of tubing passing through another common peristaltic. This insured 
equivalent outflow. from both systems. The two pumps were adjusted to maintain a constant 
flow of 4 liters per day through the river systems. The heaters in each tank was calibrated to 
maintain a constant-30 0 C. Additionally, the aerators in each tank calibrated to displace 500 ml 
of water from an inverted beaker in one minute. To insure uniform Anabaena concentration in 
each tank, 3 liters of suspension was transferred from one tank to next. Two eight-circuit 
transfer loops were performed in both directions. 

 
 

Step 4 – Counting zooplankters  
   

The zooplankton stock was siphoned from the appropriate tank through a 0.104 mm 
mesh plankton screen and rinsed three times with dechlorinated tap water. The screen was then 
backwashed with 4.5 liters of dechlorinated tap water. To each of the 8 tanks of the river 
system, 500 ml of the zooplankton suspension was added. The remaining 500 ml of suspension 
was concentrated to 10 mm, preserved with 15 ml of ethanol and counted.  

 
 
 
 
 

  
Two different parameters were explored using the river system. In the spring of 

1977, we investigated the effects of treated sewage on zooplankton grazing on 
 

Anabaena . 
The following spring the effects of heat shock on this same system were studied.  
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Experiment A 
 
 

The first experiment performed was designed to determine if any of the zooplankters that 
were available to us would consume the algae that we were growing and of the one that did 
consume the algae; which ones were more efficient at it. We first collected samples of 
zooplankters from two different swampy areas adjacent to the Potomac River at the Little Falls 
feeder canal runoff. one area was labeled the north swamp. The Second was called the south 
swamp. The samples were each placed in a separate graduated cylinder where they sat undisturbed 
for approximately one week. This process allowed all the floating and suspended debris and 
sediment from the swamp to settle out. After this time period the zooplankton suspension were 
ready for our experiments. 

In this initial experiment we added twelve 10 ml portions of our algal suspension to 
twelve petri dishes containing 16 mls of zooplankters suspension from the north swamp, south 
swamp, and to filtered swamp water. These dishes were kept in a room that was illuminated with 
an overhead fluorescent light for five days. After this time each dish was placed under a 
dissecting microscope in order to ascertain the amounts of algae left in each. Then all the dishes 
were swirled until a homogeneous suspension of algae was formed in them. 

Each suspension was poured into a cuvette and read in a spectrophometer at a 
wavelength of 633 nm so a quantitative measure of the amount of algae present could be 
obtained. The blank used to obtain the zero value contained filtered swamp water. From the 
data obtained we selected the most efficient zooplankters and used them in the remaining 
experiments.

 

The sewage for this experiment was obtained from the activated sludge sedimentation 
tanks of the Blue Plains Sewage Treatment Plant and frozen into 1,333 ml cubes. Four liters of 
frozen sewage per day were added to tank E2 on the experimental side of the river. This was 
accomplished by adding a 1,333 ml cube of sewage at 8 a.m., 4 p.m., and midnight each day. 
To compensate for the addition of sewage on the experimental side, 4 liters of water from the 
reservoir were added to C2in three 1,333 ml portions on the control side. The river system was 
run continuously for 9 days. Physical and chemical parameters were measured on the first, 
second, third, fourth, fifth, and ninth days. Samples of zooplankton were collected daily. 

Experiment II - The Effects of Heat Shock

For this experiment, the river system was once again set-up as described in Steps 1-4. This 
time 4 liters of frozen sewage were added to both sides of river system at tanks C2 and E, instead 
of just at E2 as before. To simulate heat shock on the experimental side of the river six lengths of 
Tygon tubing were 
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passed from tank E2, through the peristalic pump, through a hot water bath maintained at 400 C, 
and back into E2. The pump was calibrated at 4 liters a day flow. In this way, 4 liters of tank 2 
was subject to a 10oC increment each day. The river flowed for even days. Physical and 
chemical parameters were measured daily n all tanks. Zooplankton samples were also taken. For 
both' experiments measurements of phosphate levels, nitrate levels, dissolved oxygen levels, 663 
nm readings for transmittance on the pectrophotometer, temperature, and pH were taken. 
Zooplankton samples were taken. An unmixed sample from each tank was poured into a cuvette 
and read at 663 nm to obtain a quantitative measure of the amount of algae present. The 
transmittance was recorded. The spectrophotometer was blanked with reservoir water. 
Temperature was read with a Tele-Thermometer. PH was measured with a Beckman Zeromatic 
pH meter adjusted with 7.0 pH fluid. Phosphate, nitrate, and oxygen levels were recorded using 
the procedure outlined in Hach's Water Analysis Handbook. Zooplankton counts were obtained 
by removing a 500 ml sample from each tank and. concentrating this to 10 mls with a screened 
sand filter and vacuum apparatus. 

 

  

 

 

Fifteen mililiters of 70% isopropyl were added to each 10 ml concentrate. Counts were then 
performed in each tank. This was done by pouring separate samples into a petri dish and placing the 
dish under a dissecting microscope. Thus individual zooplankton could be counted and recorded 
at a later time. 

In addition phosphate, nitrate, and pH measurements were performed on the sewage 
added to the experimental river. Each day 20 ml of reservoir water was added to each tank to 
compensate for the water removed during the testing. 

Results of Experiment A 

The purpose of experiment A was to determine which species of zooplankter that was 
available to us would be most efficient in consuming the species of Anabaena we were to use for 
the rest of our experimentation. For an indicator of the amount of algae resent in each petri dish 
we used the transmittance read at 33 nm on the spectrophotometer. The transmittance is 
inversely elated to the amount of algae present, so the most efficient zooplankter would produce 
the highest transmittance. 

The results obtained from this experiment are shown in able A2 the 4 control dishes 
contained filtered swamp water and algae. This control represents the amount of algae that 
would have been present in all the dishes if the zooplankters were not a actor. The mean 
transmittance for the control dishes was 91.5%. 

The set of dishes containing zooplankter from the north swamp and algae showed a 
mean transmittance of 95.5%. The dishes with the zooplankton from the south swamp and algae 
had a mean transmittance of 95.8%.  

The data accumulated shows us that the control group 
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contained the largest amount of algae as would be expected, because the conditions were 
favorable for algal growth and there are no predators.  

The results from the dishes containing zooplankton from the north and south swamp 
indicate that the zooplankters did indeed consume the algae. 

Visual observations with a dissecting microscope also supported these transmittance 
findings. The control dishes contained dense populations of long filamentous algae 
whereas the dishes containing the zooplankters only had a few short filaments of algae at 
the end of the experiment. 

This information confirms the assumption that the transmittance of these samples is 
inversely related to the amount of algae present and that the plankters do indeed consume the 
algae. 

Following the criterion that the most efficient zooplankter could result in the largest 
transmittance, we see that the plankters from the south swamp were the most effective in 
reying on Anabaena. 

All further experimentation involving zooplankton were performed with zooplankters 
collected from the south swamp. 
Results of experiment I 

This experiment was designed to determine if treated sewage a detrimental effect on 
zooplankters. This was accomplished by adding zooplankters to each tank of the 
experimental river, each of which had equal amounts of algae in it. Treated sewage hen added 
to tank E2 of the river. The river had a flow rate of  four liters per day, as a result the ratio in 
the amount of sew age added to the flow rate was four liters to four liters. 

 

The zooplankters used were found to be a mixture of Daphnia, copepods and 
ostracods, in a ratio of 1304:1379:126. 

The experimental river is set up so that a slow steady flow between the tanks occur, 
therefore we would expect any effect that sewage has would be observed in tank E2 where it 
is initially added and also in tanks E2 and E4 which are down stream from tank 2. 

The effect would be expected to be less in tank E3 than E2 even less in E4 because the 
sewage is becoming more dilute as flows down stream to the last two tanks. 

 
The most significant and obvious result during the experiment s the differential 

growth of algae. Measures of the transmittance of aliquots taken from the tanks of the 
experimental river and read at 663 nm were used to indicate the relative ants of algae present in 
each tank. The amount of algae sent is inversely related to three percent transmittance. As seen 
from figures  
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As seen in figures A7, A8, and A9 these tanks had a steady increase of algae 
throughout the experiment. Tank E2 had the largest growth of algae as indicated by the 
steeply sloped range. 
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The variable of pH shows definite trends throughout the experiment. As seen from 
figures A34 through A41, tank E2 had a H that was much higher than any of the others. 
Tanks E3, and E4 had  pHs that were slightly elevated above the others. The cause of these 
higher pHs is twofold. The sewage itself had a pH of 8.3 causing an elevation of the pH in 
the tanks. But most importantly it appears that the large quantities of algae in tanks E2, E3, 
and removed large amounts of carbon dioxide thus making these solutions more alkaline than 
the others 

Figure A55, which represents zooplankter number over time for tank E2, indicates that 
there was a much more rapid decline in this number in E2 than in any of the other tanks. This 
suggests that the sewage killed the zooplankters in the initial part of the experiment in tank 
F2. Tanks E3 and E4 (figures A55 and A57) behaved more like the control tanks, which 
displayed a slow line in population number. The rapid decline in number may be a b s e n t  
because the sewage is diluted by the time it reaches these last two tanks. We would guess that 
a high concentration of sewage is needed to kill the zooplankters, but low concentrations 
have little effect on the zooplankters. 

The results of the counts of zooplankters taken from each tank are seen in figures A50 
through A57. The data indicates that during the initial stage of the experiment the number of 
zooplankters present in each tank fluctuated. The data also indicates, as seen in figures A50 
through A57 that there was a general tendency for the number of zooplankters present to 
decline with time.   

 

Results of Experiment II 

This experiment was designed to see if thermal heat shock had an effect on the algae 
growth and zooplankton population of the river. Our hypothesis was that heat shock on the 
E2 tank would reduce the relative numbers of zooplankters. Reduced predation on the  
algae would then result in greater algae growth on  the experimental (E) side of the river. 
At the beginning of he experiment, the algae population in each tank was equal. Algae 
growth was heavy and flocculent. Treated sewage was added to both rivers at E2 and C2 
tanks. Heat shock occurred at the E2 tank. The flow rate was adjusted to 4 liters a day, and 
4 liters of sewage were added to each river each day. 

 
The zooplankton were a mixture of Daphnia, copepods and ostracods in a ratio of 

1490:1015:935. This ratio was added to each tank as found from a count of a ninth sample 
after eight samples had been added. Counts were made each day. Ostracods, while in 
significant number, settled to the bottom of the tank, or they died since they were not seen 
in any count subsequent to the first sample. 



 
 

The two rivers were identical except for the heat shock at The effect of the shock 
would be most strongly felt at E2. Possibly some effect would occur at E3 and E4.

The most significant result of the experiment was the rapid decline of 
zooplankters in the E2 and E4 tanks from the very first day. The total number of 
zooplankters in E2 on the first day was 45. In E4 there were 23. The numbers in E2 
rapidly declined from 45 to 20 to 8 in three days. The numbers in E4 stayed at around 20 
for three days and then leveled off at around 10 for the remaining four days. Conversely, 
the C2 tank with no heat shock d -a first day count of 75 zooplanktors and dropped to 35 
and 30 for the first three days. The C4 tank had a higher initial count (65) as compared 
to the E4, but this summarily dropped off. 

The low counts in the E2 tank can be deliberately attributed the heat shock. The 
low count in the E4 tank can be attributed an inadvertent rise in temperature of the tank 
to 38oC on the first night. This was quickly corrected, but the heat had a direct effect on 
the initial zooplankter count. After the temperature was stabilized, the counts leveled 
off. 

The zooplankton counts for the remaining tanks showed a slow steady decline. 
Figures B50, B51, B52, B53, B54, and B56 have very similar shaped graphs. Figures 55 
and 57, E2 and E4 respectively, are different.  Figures B55 shows the same shape as the 
other graphs, but the counts are much lower. Figure B57 shows in almost even graph. 
The zooplankton population in E4 was smaller after first day, and the remaining 
zooplankters seemed to enjoy a higher survival rate. This was probably due to lesser 
competition. 

The next most important parameter, differential algae growth, was measured from 
aliquots taken from each tank in the experimental river and read at 653 nm on the 
spectrophometer. The relative amount of algae could be shown as a function of the 
percent transmittance. The relationship would be inverse. The presence of algae would 
color the water and reduce transmittance. The lower the transmittance, the more algae 
present. Table B8 and figures B34 and B38 indicate that El and Cl tanks had practically 
identical algae growth. This was as expected since they were entical in handling. A 
comparison of table B8 and figures B35 d B39 show a larger algae growth in E2 as 
compared to C2. Figure B39 shows a more precipitous drop. The E2 tank had a final 
transmittance (on the seventh day) of 93%. The experimental side f the river generally 
had a lower transmittance for the third and fourth tanks than did the control side of the 
river. This can be seen in figures B36 and B37 as compared to figures B40 and B41. This 
increased growth can be attributed to decreased number of predators, the zooplankton. 

The levels of phosphate and nitrate varied over the course of seven days.  
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As can be seen in figures B2 through B17; there is no definite trends in the relative 
concentrations of phosphate and nitrate in any of the tanks. Since the Hach Tests only measure 
the amount of nitrate and phosphate in solution, it can be assumed that these were taken out 
into the biomass at a steady rate. New phosphate and nitrate was added to the river ach day in 
the form of sewage. 

Since each tank should have gotten approximately the same amount of nitrate and 
phosphate, an increase in the amount of either in free solution would probably indicate a 
decrease in the amount of algae growth. There was an overall trend as indicated figures B2 
through B9 for an increase phosphate level on the sixth and seventh day. This occurred in all 
tanks. In the same time, nitrate levels did not change significantly. This was probably due to 
the disproportionate amount of phosphate and nitrate in the treated sewage. 

 

In both years (figures B2-9) phosphate levels were insignificantly higher in the sewage 
than in the tank water. Nitrate levels in the sewage were high than the tank but to not Ch a great 
degree. Phosphate, it would seem then, is taken up a greater degree by the algae. The increased 
phosphate levels the sixth and seventh day might have been indicative of upcoming change in 
the algae. 

 

 

  

As shown in figures B42-49 all the temperatures in all tanks throughout the experiment 
stayed between 29ººC and 31 ºC. This indicates that greater algae growth could not have occurred in 
some tanks rather than others due to uneven temperature. The rate and number of fluctuations on 
the graph is also similar for all tanks. For these reasons we do not see tank temperature in this 
experiment as a significant variable in algae growth. 

 
The only trend seen in pH data in figures B26-33 is a rise in e pH of C2, C3, C4 and E2, 

E3, E4 after the addition of the sewage early in the experiment. This behavior must be due to the 
alkalinity of the sewage, the pH of which was 8.2 for our experiment. Therefore, pH was also 
not a significant factor in differences in algae growth from tank to tank. 

 

Because figures B18-21 are nearly identical, dissolved oxygen must also have not been a 
significant factor in the variation of algae growth from tank to tank. The only trend apparent is the 
crease in dissolved oxygen levels in the second and fourth days e to increased algae numbers after 
the addition of the sewage. 
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EXPERIMENT I 

(Spring, 1977) 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 
 
 

  
 10 

10 
50 
970

ml of 1.0% KN03 solution 
 ml of 0.1% K2HP04 solution  ml of soil/water extract (see below)
 ml of deonized water 

 
 1040 ml total 
 
 
 Soil/water extract: In 250 ml flask, place spatula of Ca C03, 

cover with half inch of garden soil, fill with deonized water, auto-
clave, decant off liquid 

 
 
 

Table A1. Nutrient Culture Medium for Blue-Green Algae 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 South Swamp North Swamp Filtered Swamp Water 

  
98.0 99.5  

 
92.0 

98.0 93.5  95.0 
 96.0  91.0 91.0 

 93.0 
 

88.0 100.0

 mean=96.8   mean=95.5    mean=91.5 
 
 Table A2. Results of the spectrophometric readings at 633 nm. of the 

Petri dishes containing Anabaena and zooplankters from the 
north or south swamp, plus readings of the control which 
contained Anabaena and filtered swamp water. All readings 
are percent transmittance and were taken for Part I.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 









 

 
 



 



 
 





















 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

EXPERIMENT II  
 

(Spring, 1977) 
 



 

10 ml of 1.00- KNO3 solution 
10 ml of 0.1% K2HPO4 solution
50 ml of soil/water extract (see below)

970 ml of deonized water 
1040 ml total 

Soil/water extract: In 250 ml flask, place spatula of CaCO3, cover 
with half inch of garden soil, fill with deonized water, autoclave, 
decant off liquid. 

TableBl. Nutrient Culture Medium for Blue-Green Algae 



 

Initial Readings Taken on El

pH 7.05 Temp. 310 

Nitrate 0. 0 3 

Phosphate 1.0 

%Transmittance - 99.5%  

BOD - 10 mg/L. 

TableB2.    Initial Measurement of Parameters  
     E1 After Mixing and Prior to Start of the River 



















 











 
 
 
 





 


