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INTRODUCTION 

Al though some information exists concerning the effects of abrupt . 

increases in temperature on fresh water protozoans, very little of it 

is applicable to a study of the heat stress effects caused by passage 

of water through the condensers of a steam electric station (S.E.S.). 

This is true for two reasons. First, protozoologists have confined 

many of their studies to pure cultures of organisms under laboratory 

conditions. It is very unlikely that the response of a complex system 

. (such as a natural community of animals)· to any stimulus could be 

predicted from knowledge gained about the responses of each isolated 

component of the system. In fact, the evidence su,ggesting complex 

interactions among species (Cairns, 1967), leads us to believe that 
) 

the best method of predicting the response is to observe the community 

as a whole as it reacts to environmental changes. 

Second, the nature of thermal shock delivered to the cooling water 

by an S.E.S. is u,nlike any heat treatment previously described in 

ecological works. Classica11y, the technique has been to gradually 

increase the ambient temperature of cultured organisms until growth 

is no longer observed. However, if the heating rate is slow enough, 
--") 

it is probable that the population will adapt physiologically and genetic-

a11y to the· new environmental regime. Clearly, the heating·rate and 

the nature and'du:tation of the thermal shock are critical paraineters 

to control and measure in an S.E.S. simulation experiment. For the 

above reasons an attempt was made to simulate the heating of· stream 

water by an S .E.S. and to monitor the effects of this shock in protozoan 

community development downstream. · 

1 
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The condenser of a large S.E.S. uses cooling water at a great rate. 

As an example, consider the requirements of a typical nuclear powered 

plant of 1700 megawatt capacity. 

The condenser is a large chamber 60 ft. long x 40 ft. high x 20 

ft. wide. Inside, thousands of pipes run through carrying the cooling 

water which must condense the turbine exhaust steam back to water. 

Surface temperature of the interior of these pipes is estimated to be 

120°F. The cooling water passes through the condenser in about four 

seconds with a temperature increase of 15°F. Normal flow is 1,680,000 

gallons per minute. If there is no cooling system in use, this heated 

water is then discharged back into a stream where, in idealized theory, 

it is diluted by the cooler stream water to some temperature determined 

by the ratio of the quantity of-effluent flow to the quantity of the 

stream flow. The warmed stream then cools by an exponential temperature 

decay until many miles downstream, water temperature approaches the 

stream's original temperature. 

There are many ways by which the heatin_g effect of a large S.E.S. 

could influence the protozoan communities below the point of discharge. 

These effects have been grouped into three classes. 

(1) The shock heating of a fraction of a stream flow as it passes 

through the steam condenser; and physical agitation by abrupt pressure 

changes and vibrations from pumps, etc. Possible effects include kill-

ing or injuring some of the microorganisms contained in this water. 

(2) An increase in the ambient temperature of the stream below 

outfall, accompanied by the volatilization or denaturization of certain 

compounds which are a part· of the environment of downstream organisms, 
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and a change in the solubility of all dissolved substances in the water. 

(3) A reduction in number or a change in quality of the rain of 

microorganisms passing through downstream habitats, causing an inter-

ference with the normal succession of the community and a possible 

reduction in diversity. 

Because it was the simplest of the situations to model; and be-

cause it was the only effect which could potentially disrupt the 

ecology of the entire reach of a stream below the point bf discharge, 

it was decided to construct a model of this last environmental effect. 

Experimental design included simulated abrupt heating of 100% of a 

river's flow with a heat shock higher than those usually observed from 

a steam condenser. This was done because preliminary tests showed that 

this experiment would probably eliminate the variable imposed by this 

last environmental effect from future research in this area. · 

The purpose of this Master's Thesis.was to develop test apparatus 

to simulate (1) the thermal effects of passage of protozoans through 

a steam electric power plant cooling system, (2) to determine the 

effect of. passage through a steam electric power plant cooling system 

upon colonization of downstr~am protozoan communities' and en to 

carry out enough expe~iments to determine the general operational 

characteristics of these models. 



MATERIALS.AND METHODS 

To observe protozoans under thermal stress, a test chamber was 

fashioned from two 1/8" thick rectangles of "Plexiglass" acrylic sheet 

of approximately the same dimensions as a standard microscope slide. 

A 3/4" diameter hole was drilled through the center of one plate, which 

was then cemented face to face on top of the other, using 2-2 dichloro-

ethane as a solvent. This created a depression with vertical walls · 

1/8" high and a base formed by part of the top surface of the bottom 

rectangle. Four troughs 1/16" deep were cut into the well and pointing 

toward its center (Figure 1). In these troughs were placed the 4 sets 

of wires described below. 

To heat the water in the cell, a resistance heater was constructed 

by bending· a short length of .0035" diameter ins~lated nichrome wire 

into the shape shown in Figure 1. This was done after first laying 

out the desired pattern of the h_eater by imbedding tiny dissecting 

pins into a block of warm parafin. The wire was then pulled around the 

pins and stretched tight to_ give it the desired shape. It was then 

carefully removed and placed into the bottom of the well. Three thermo-

couples were assembled from .005" diameter insulated constantan and 

. 0035" diameter insulated nichrome wires with a thermocouple welder. 

All four sets of wires, three thermocouples and one heating wire, 

were then placed in the troughs (Figure 1) and fixed with epoxy cement 

which was smoothed flush.with the top surfa.ce of the slide. Care was 

taken to avoid getting thermocouple wires near the heating wire because 

it can induce an additional current in the thermocouple; thereby 

4 
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Figure 1. Schematic diagram of heat cell used to 

observed microscopic organisms under 

'· thermal stress. 
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causing an incorrect temperature reading. A thermocouple switch 

permitted monitoring any of the three thermocouple junctions in the 

cell (Figure 1) ~ 

The EMF generated at the thermocouple junctions was measured with. 

a millivolt potentiometer, and a calibration chart for nichrome-

constantan thermocouples, with the reference junction at 0°C, gave the · 

temperature for EMF generated. 

The heating wire was .connected, at the point where it eme.rged 

from the cell, to the five volt leads of a filament transformer. A 

''Variac'' autotransformer was connected to the input of the filament 

transformer. This combination permitted fine adjustment of heat input. 

The r~Iige of attainable temperatures is dependent on the type of 

transformers used and .varies as, the length of' the resistance wire~ 

The.ref ore;. the· resis~ance wire length was varied to obtain the desired 

range· of heating: cha~acteristics. The heati.ng characteristics of the 
.· . . .. 

cell at highest hea~.input are. given in Figure 2. 

To determine actue shock to temperature thresholds, the test fluid 

containing one of the.· species was heated at· the mrueimum. rate until an · 

estimated 50% of the organisms were dead; the temperature at. that point 

was recorded. This was repeated ten times and the resulting temperatures 

were averaged and time was determined from Figure 2. For tests at 

specific temperatures, the fluid in the cell was heated at the mrueimum 

rate until the desired temperature was reached. The temperature was 

then stabilized by decreasi.ng the voltage and the organisms were observed 

until, an estimated 50% were dead. Time for 50 percent death was 

recorded and the average was· recorded as median survival time at that 

temperature. 
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Figure 2. Heating characteristics of cell, at highest 

heat input. 
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All cultures were obtained from the Carolina Biological Supply 

Company and were acclimated to 25 + 1 °C for at least 72 hours with 

daily aeration before tests were begun. 

In another experiment, to simulate the thermal shock of passage 

through a steam condenser, water containing protozoans was pumped by 

peristaltic pumps from an artificial stream through a 1/4" inside 

diameter copper coil* immersed in a 2300 watt hot water bath. 

Retention time in the coil was less than ten seconds. Immediately 

after passing through the heater, the water was cooled to its original 

temperature by passage through a copper tube in a cold water bath. 

The water was then distributed to three troughs containing the 

experimental communities. Two control communities were maintained in 

an identical manner except for the thermal shock. The water did, how-

ever, flow through an equivalent length of copper tubing. Figure 3 

is a schematic presentation of the experimental setup. 

The artificial stream was a tank constructed of 3/4" plywood, 

assembled with wood screws and coated with white, epoxy paint. Its 

*The toxicity of copper was not ignored in the design of this 
experiment; but copper tubing was the only tubing available and feasible 
for the job. The assumption was made that atomic copper would be 
virtually insoluble in the test water. Frequent testing of the water 
for its copper content by atomic absorption spectrophotometry showed 
no detectable copper in any water during the experiment. 
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Figure 3. Schematic representation of apparatus to 

simulate· passage of stream water through 

the condenser of a Steam Electric Station 

and to observe downstream protozoan 

community development. 
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dim~nsions were 8 1 long x 3' wide x 4' high. A 411 x 4" strut connect-

ing the centers of the long sides of the tank provided internal support 

against the pressure exerted by the water. This strut also supported 

the five test troughs. A hinged top provided a relatively air tight 

container, and also supported the light sources for the artificial 

stream. The light sources consisted of two 40 watt "Vita lite" 

fluorescent elements and two 100 watt incandescent bulbs. A time clock 

controlled these lights and the photope.riod was adjusted to coincide 

with the local periods of light and darkness. 

1he bed of the artificial stream was composed of rubble, sand and 

other matter taken from a local stream. The stream depth was maintained 

at 60 cm. by a gravity drain as water flowed in at the other end from 

an activated charcoal dechlorination unit. Flow rate varied from 500-

2000 ml/min •. 

Each of the three experimental and two control populations was 

contained in a trough constructed of "Plexiglass" sheet acrylic 

plastic; similar to those described by Cairns and Yongue (1968) and 

Cairns (1969). Each trough was 79 cm. long, 5 cm. wide, and· 7 .5 cm. 

high and held water at a depth of 4 cm. by an end plate of the same 

height. Water flowed into one end at a rate of approximately 300 ml/ 

min and was' deflected by a baffle to insure mixing. Retention time 

was about 10 minutes before the water then fell over the end plate and . 

was returned to the stream. 

Tuo "constant head boxes" were constructed to regulate the flow of 

water to the experimental and control communities. Each constant 

head box was a rectangular shaped container of approximately 3 liters 
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capacity. A stand pipe from the bottom of each box maintained a 

water level of 10 cm. A series of holes in the side of each box, all 

at the same level (4 cm. depth) supplied water to each of the 

communities. This allowed individual adjustment of flow rate through 

each trough, without affecting flow rates in other troughs and without 

requiring a separate metering pump· for each community. 

The cold water bath consisted of an 8 meter length of 3/4". 

outside diameter plastic pipe, containing the copper tube which 

extended from both ends of .the pipe by 15 cm. A T shaped plastic 

joint was fastened to each end of the plastic pipe with the base of the 

T perpendicular to the pipe. The copper tube passed straight through 

the top of the T and a #0 rubber stopper with a hole. for the copper 

· tube sealed the end of the cooler. A garden. hose ~as connected to 

the base of each of the T's to supply and remove tapwater which served 

as coolant for the device. 

A countercurrent cooling design was used with the water to be 
. .· ·-

cooled in the copper tube flowl.rig in.the opp~site direction to the 

cooling water in the plastic pipe. The final temperature of the cooled 

water and the initial temperature of the cooling water were a.lways· 

nearly identical. Because the source of the water that flowed through 

the cooler and the stream was from the same tap, and th,e stream's 

temperature rarely varied more than 1°C from that of the incoming water, 

the experimental and control communities and the stream were always 

at nearly identical temperatures. 
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In the study the sample area was defined as the bottom surface of 

each trough, from the overflow endplate to a line parallel to the end-

plate and 20 cm. upstream from it. This established an identical 

area of 100 cm. 2 for each community. After water began to flow through 

the troughs, a deposit of minute sand grains and fine particles of 

detritus settled. to the bottom of each sample area. After several days, 

the bottom and sides of each trough were coated with a moderate growth 

of diatoms, eg. Navicula sp. and green algae, eg. Scenedesmus sp. When 

this primary growth was established, sampling was begun, day 0 being 

14 days after flow had been initiated. 

To prevent possible biasing of results, each trough was given a 

number and all numbers were drawn at_ random, without replacement, each 

community being sampled once a week during the seven weeks of the 

experiment. Diversity (i.e. numb er of species) of each community and 

population density estimates of each species were recorded. 

Great care was taken in collecting and observing samples in an 

attempt to minimize operator error in this part of the experiment. 

Each community was sampled with a heat sterilized pipette. An attempt 

was made to with draw the same volume of fluid for each sample. A 

large area of substrate was removed extending the entire length and 

breadth of the sample area. The fluid in the pipette was then mixed 

and four drops were placed on a microscope slide. Observation of a 

uniform quantity of each sample was accomplished by systematically 

scanning the entire area below the coverslip, using the mechanicar 

stage of the microscope to move the slide past the field of view in a 

grid-like manner. 
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During, the sampling procedure, every healthy protozoan cell was 

noted and counted. On the occasion of a taxon's first appearance in 

the experiment it was either identified to species or described as 

accurately as possible using generic names, diagrams and short 

descriptions of shape, color, movement, etc. 

Tests of the following qualities of the artificial stream water 

were made at least once weekly; alkalinity (as CaC03), total hardness, 

dissolved oxygen, and pH. All tests were made with the equipment 

and reagents in the Hach; model AC-36-WR water testing kit, except 

for the test of alkalinity which was performed by the brom cresol -

methyl red - phenothaline titrati,on method. The following variations· 

in water quality were observed: alkalinity between 35 ppm and 43 ppm;. 

total hardness between 51.3 ppm and 68.4 ppm; pH between 7.5 and 8~1;· 

dissolved oxygen, between 9 ppm and·l3 ppm. 

Both the water in the tank and the inflowipg water from the charcoal 

filter were tested at least twice weekly for chlorine with· a Hellige 

color comparator test kit. On day 28 of th~ experiment, the only 

detectible chlorine was found in the inflowing water at a concentration 

of .05 ppm. The charcoal filter was changed at that time. 

Measurements of the flow rate and temperature of the water in 

each trough and temperature of the water in the artificial stream were 

made at least every other day during the experiment. Trough and 

stream water temperature readings showed slight variations which~ 

might have easily been due to differences between thermometers used; · 

rather than actual variations in temperatures. Nevertheless, the 

differences in temperatures between the warmest and coolest of the five 



14 

troughs and the stream was never observed to exceed l.5°C. No trough 

was observed to be·cortsisterttly warmer or cooler than any of the 

others in the experiment. 

Because fine particles adhered to the inside of the delivery 

tubes carrying water to the five communities, flow rates varied 

through time and it became necessary to regularly clear the tubing and 

adjust the flow rates by either changing the height of the bottoms of 

the tubes or by applying tubing clamps to several of the tubes. Flow 

rates were measured by intercepting the stream of water flowing from 

the delivery tube with a small crucible for a period of 10 sec~ The 

water was then transferred to a graduated cylinder and rates iri. ml/· 

min were calculated. This method proved to be accur.ate to .:_ 6 ml/min. 

Because the flow rates did vary so frequently, it was decided to 

calculate the·tota1·vollime of water which passed through each trough 

during the course of the experiment. This would show whether or not 

any trough had consistently _received more water and had therefore been 

exposed to more protozoan individuals during the study. 

The total volume of water passing through each community was 

calculated by multi plying the flow rate measured at the end of each 

time period by the appropriate number of days in the period. The 

results of these calculations are shown below. 

Trough # El total volume 26,565 liters 

II # Cl " II 27,196 II 

II # E2 " " 27 ,911 II 

" # C2 " " 27,761 " 
" # E3 11 " 27,644 II 
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These calculations demonstrate that each community received a virtually 

equivalent amount of water duri_ng the course of the experiment. 

A tap was provided in the system between the heater and the 

cooler; and the temperature increase was calculated by subtracting 

the stream temperature from the temperature of water removed from this 

tap. Temperature increase averaged 20.6°C and varied from 16°C to 

26°C. This variation was due to changes in the pumping rate of the 

peristaltic pumps. These pumps required frequent changes of plastic 

tubing and as the tubing wore and lost resilience, pumping rate fell. 

It is unfortunate that this parameter of the experiment could not have 

been controlled more closely; but it should be noted that the temperature 

increase of cooling water for an actual S. E. S. would also fluctuate 

between peak and minimum load periods. ' 



DISCUSSION 

The plastic cell was adequate for producing abrupt heat shocks, 

and continually observing their effects of cultured protozoan species. 

Because of evaporation from the well and the loss of heat to the 

plastic slide, the voltage required to maintain a constant temperature 

changed throughout the course of the longer tests thus complicating 

temperature control. 

Results of this work are presented in Tables I, II, III, and IV 

and in Figures 4, 5, and 6. 

Figure 7 shows the.diversities of the two control and three 

experimental communities, throughout the course of the second experiment. 

There is no apparent significant difference in the number of species. 

One of the shortcomings of this work is the impracticality of running 

many replications; statistical determination of subtle (but possibly 
i 

significant) differences is therefore impossible. It should be noted 

that we are considering strict diversity in this case. Each observed 

species in a sample can be represented by only one or up to thousands 

of individuals. It is therefore reasonable to expect rather large 

fluctuations between samples of the same community taken at different 

times and among samples of different (although equivalent) communities 

taken at the same time. Indeed, this is one of the two acceptable 

explanations for the observed fluctuations in diversity; the other is 

the fact that the number of species of any population is thought to 

oscillate randomly, through time, about some median value (Patrick, 

1961). 

16 
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TABLE I. 

Acute shock temperature thresholds and time until 50 percent mortality 
of the Euglena·gracilis at three temperatures. 

Acute constant temperature thresholds were determined by heating fluid 
at the maximum rate from 25°C.until an estimated 50 percent of the 
organisms were dead. Total exposure time may be determined from Fig. 1. 

Acute Shock. Temperature Thresholds 
· Run·#· · · · Temp· (°C) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

44.0* 
44.0 
38.8 
42.3 
44.5 
44.0. 
44 .. 0 
44.0 
44.0 
44.0 

Test Temp 36. 6 °C · 
Run#-·· Survival.Time (Min:sec) 

1 6:14 
2 7:48 
3 6:54 
4 14: 14 
5 11:53 

Test Temp 37. 8°C 
· ·Run # · survival Time· (min: sec) 

1 
2 
3 
4 
5 

2:03 . 
2:02 
2:06 
2:30 
2:15 

Test Temp 35°C 
· •Run # · ·Survival ·Time · (min) 

1 41 
2 42 
3 58 
4 30 
5 29 

*Converted from °F - not accurate to first decimal place. 
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TABLE II. 

Acute shock temperature thresholds* and time until 50 percent mortality 
of ·spirostomun·ambiguum at four test temperatures . 

Acute Shock Temperature Thresholds 
· Run · # · · Temp · (° C) 

1 47.8** 
2 55.0 
3 44.5 
4 46.1 
5 48.3 
6 47.8 
7 46.1 
8 46 .1 ' 
9 46.1 

10 46 •. 7 

·Test Temp 38. 9 °C .. 
· Run·# · · · Survival · Time ·.·.(min: sec) 

1 4: 26 ·, ' 
2 3:06 . 
3 5:43 
4 6:20. 
5 5 :23' 

. Test- Temp-42 .8°C .... 
· Run # · · survival 'Time· (min: sec) 

1 2:27 
2 2: 13 
3 '3:33' 
4 2:05 
5 2:08 

· Test.Temp 35°C 
Run # Survival Time (min) 

1 29 
2 25 
3 31 
4 32 
5 26 

Test Temp 34.4°C 
·Run # · · · ·Survival ·Time· (min) · 

1 
2· 
3 
4 
5 

47 
51 
60 
60 
46 

*See text or Table 1 caption for details. 

**Converted from oF -. riot accurate to first decimal place. 
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TABLE III. 

Acute shock temperature thresholds* and time until 50 percent mortality 
of Colpidium colpoda at three test temperatures • 

Acute Shock Temperature Thresholds 
. : Run # ...... Temp . (°C) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10. 

45.9** 
44.5 
42.3 
43.4 
44.0 

· 43A 
44~0 

44.5 
41.1 
4L6 

Test.Temp 35.0°(: 
· Rull. · # · · · survival · Time : {min) .· 

19 
22 
19 .. 
16 
·13 .· .. 

. · 

·'' 

... Test Temp. 37.8°C 
··Run·#·· ·survival ·Time· (min: sec) 

1 
2 
3 
4 
5. 

2:02 
2:52 . 
2:27 
2:24 
2:49 

. Te'st- Temp--33..4<>C . 
· ·Run·# ·. ·Survival" Time· (miri). · 

1 35 
2 33 
3 56 
4 54 
5 42 

*See test or Table 1 caption for details~. 

**Converted from °F - not accurate to first decimal place.· 
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TABLE IV. 

Acute shock temperature thresholds* for Stentor coeruleus, Tetrahymena 
pyriformis, and Paramecium multimicrorn.iCleatum 

Sten tor coeruleus Tetrahymena pyrif ormis 

Run # Temp (oC) Run # Temp (oC) 
** 

1 48.9 1 50.5 
2 46.1 2 45.0 
3 44.5 3 47.8 
4 42.3 4 48.9 
5 50.0 5 48.3 
6 52.2 6 46.1 
7 48.9 7 43.4 
8 48.3 8 42.8 
9 52.2 9 42.3 

10 48.9 10 44.0 

Parame.cium mul timicronucleatum 

Run # Temp (°C) 

1 42.8 
2 42.8 
3 42.8 
4 43.4 
5 42.8 
6 42.8 
7 42.8 
8 42.8 
9 43.4 

10 42.8 

*See text or Table 1 caption for details. 

**Converted from oF - not accurate to first decimal place. 
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Figure 4. Time-temperature-median survival relationship 

for Euglena gracilis. 
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Figure 5. Time-temperature-'median survival relationship 

for Spirostomun ambiguum. 
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Figure 6. Time-temperature-median survival relationship 

for Colpidiurn colpoda. 
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So far we have compared only the diversity between the control and 

experimental communities. However, situations can be imagined in 

which the quality of one natural community differs significantly from 

the quality of another, yet the diversities of the two are nearly the 

same. · One such situation would occur if there were ·fewer· irtdi vi duals 

in some of the species present in one of the communities. Another 

example of this condition would exist if the individuals of a species 

in one community were in a· 10gatithmic phase of growth, while the 

individuals of the same species in another community were in the death 

phase of growth. 

As a communi.!Y develops through time, populations of organisms -

become established and are eliminated. Depending on the favorability 

of the many constituents of a newly established species' environment, 

the new individuals undergo an increase in numbers (population 

density) similar to logarithmic growth. Depending upon the duration of 

favorable conditions, the species remains at a fairly constant 

density for some length of time, until, ineyitably, the density of the 

population decreases or the species may be eliminated entirely. 

The relevance of these phenomena to the productivity and diversity 
. , 

(qualities we generally measure when considering pollution situations) 

of a community has not been evaluated. Nevertheless, it is interesting 

to compare the population density-time relationships between control 

and experimental communities in this experiment.· 

Figures 8 through 13 show the density-time relationship of six 

of the species observed during the experiment. These species were 

picked because they were conspicuous members of the communities and 
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because they were found rather abundantly in all or many of the 

communities through the greater part of the experiment. Transient 

habitants of the test tro~ighs, and inconspicuous organisms have not 

been considered. It should be noted that density figures are relative; 

and that they are a.lso not exceedingly reliable. In some cases, the 

figures given are the produets of two estimated values. Lfeel, · 

however, that these values can give somewhat accurate information 
' about the relative. changes in densities among control and. experimental 

communities .. 

Figures 8, 9, and 10 show a definite trend, with the two control 
' ' 

communities developing earlier or to higher densities,.or remaining. 
' 

at high densities longer than the three experimental communities. In 
' the case of the unidentified species of Cyc~idium (Fig. 8), the two 
· .. ·. 

control curves are . above and to tJi.e left of the experimental curves, 

showing earlier establishment, and. greater peak population densities. 
' ' ' 

The two control curves for Aspiclisca lyrtceus (Fig.· 9), also show 

earlier estab1ishment and greater densities over two of the experimental 

communities which fluctuate between zero and one· cell throughout most 

of the experiment. The crirv;es for the unidentified amoebid organism 

(Fig .. 10} show higher peak densities and retarded death phases in the 

control communities than in the expe.rimental communities. 

The next two figures (Fig. 11, Vorticella campanula and Fig. 12, 

· Chlamydomyxa montana) (?) show no definite difference between control 

and experimental populations. ·. 

Figure 13 of Pseudodifflugia gracilis {?) shows definite negative 

results; that is, the experimental populations were denser and appeared 
I 
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earlier than the control populations. An attractive explanation for 

these results is that this testacianis a partner in some simple 

(e.g. predator-prey·) ·relationship with another organisms which is more 

sensitive to the heat treatment than·Pseudodifflugia. However, it 

wa.5 impossible to :find evidence for any such relationship from the 

experimental data collected. 

'·.:i: 

/ 
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Figure 7. Changes in diversity relative to time for 

the two control and three experimental 

communities throughout the experiment. 
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Figure 8. Time-relative density relationship for 

Cyclidium sp. 
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Figure 9. Time-relative density relationship for 

Aspidisca lynceus. 
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Figure 10. Time-relative density relationship for 

Acanthamoeba (?) 



400 

• CONTROL NO. I 

• CONTROL NO. 2 
300 0 EXPERIMENTAL NO.I 

o EXPERIMENTAL N0.2 
6 EXPERIMENTAL N0.3 
- CONTROL 
---EXPERIMENTAL 

200 

0 
)( 

U) 100 
~ 
~ w 
(_) 

LL --4 
0 ' 50 \ 

\ 
\ n:: / \ 

w / \ 

' / \ 

CD ' ' / \ 

' ' / ~ 

~ \ '<'ts 
\ ' ,.-Q ::) ' ' \ ' z 10 ' 'Q-., ' ' ' ' ' \ ' ' ' ' \ 

' ' ' ' ' ' \ ' ' ' \ ' ' \ 'q \ 
\ ' 5 \ 

\ 
\ 

\ 
\ 

\ 
\ 

\ 
\ 

\ 
\ 

\ 

' ' , 
~ 

0 
0 7 14 21 28 35 42 49 

DAY 



31 

Figure 11. Time-relative density relationship for 

Vorticella campanula. 
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Figure 12. Time-relative density relationship for . 

Ch 1 amydomyxa montana (?}. 
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Figure 13. Tirne-relati ve density relationship for 

PS€:}udodifflugia gracili~ . (?}. 

_:.: __ .; 
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CONCLUSIONS 

The results of this work indicate that there is no ultimate damage 

(measured as a change in diversity) suffered by downstream protoz.oan 

communities as a result of a Steam Electric Station upstream, when 

the effects of .actual passage through the station's cooling system and 

the concommitant elevate.a qmbient temperatures are disregarded. More 

subtle effects have, however, been noticed, the significance of which 

are not known. 

Microscopic observation of protozoans under rapid temperature 

increases, and static conditions indicate that some cells of the 

more sensitive species are probably injured or killed as they pass 

through th.e condensers of a Steam Electric Station.· 
\.,, 
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SIMULATION MODELS FOR ASSESSING THE EFFECTS OF 

POWER PLANT COOLING SYSTEMS UPON PROTOZOANS 

Eugene D. Lorton 

Abstract 

The purpose of these experiments was to simulate the passage 

· of water containing protozoans through the condensers of a steam 

electric station in order to determine the effects upon colonization 

of downstream communities. For preliminary tests an apparatus 

consisting of a test cell constructed of acrylic plastic with a small 

resistance heater controlled by a variable transformer was developed 

to deliver a heat shock to protozoans while they were being observed 

through a microscope. Microtherrnocouples were used to measure the 

temperature of the fluid in the cell. · 

Response to rapid increase in temperature was determined for 

the protozoans Euglena gracilis, Spirostomum ambiguum, Colpidium 

colpoda, Stentor coeruleus, Tetrahymena pyriformis, and Paramecium 
~--.• 

multimicronucleatum. Response to several constant temperatures was 

determined for E. gracilis, ~· ambiguum, and~· colpoda~ 

In another experiment, water was pumped from an artificial 

stream through a copper coil immersed in a hot water bath, to produce 

a 16 26°C increase in temperature. The water then flowed in the 

same manner into a cold water bath cooling it back to its original 
. / 



temperature. The water was then directed into three plexiglass 

'troughs 79 cm. long, 5 cm. wide, and 7.5 cm. high, before it fell 

over an end plate 4 cm. high back into the artificial stream. Two 

·.control troughs were maintained in an identical manner except for 

the heat shock. The five communities were sampled weekly and records 

of diversity (i.e. number of species) in each community and estimates 

of population density of each species were made. The experiment ran 

for a period of seven weeks. 

No significant differences in diversity were observed between 

control and experimental communities. More subtle differences were 

noticed, however, which indicated that the heat shock may alter the 

degree to which incoming species can successfully colonize downstream 

habitats., 
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