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This report represents the third semi-annual research 

progress report on a continuing project.. In addition to the....  

information presented here, three research reports describing 

work undertaken on this project have been or will be published 

in scientific journals and proceedings. Copies of these 

papers have previously been circulated to the sponsors.  

Latimer, D. L., A. S. Brooks and A. M. Beeton. 1975. The 
toxicity of 30-minute exposures of residual chlorine to 
the copepods Limnocalanus macrurus and CycZops bicus
pidatus thomasi. J. Fish. Res. Bd. Canada 32(12): 2495
2501.  

Brooks, A. S., G. L. Seegert and D. L. Latimer. 1975. The 
effects of a 30-minute exposure of selected Lake Michigan 
fishes and invertebrates to residual chlorine. Proc.  
of Workshop on Assessment of Technology and Ecological 
Effects of BiofoulingControl Procedures at Thermal Power 
Plant Cooling Water Systems, The Johns Hopkins Univ., 
Baltimore, Md. June 1975. (In press.) 

Brooks, A. S., G. L. Seegert. 1975. Toxicity of chlorine to 
freshwater organisms under varying environmental conditions.  
Proc. Confr. on Environmental Impact of Water Chlorination, 
Oak Ridge National Laboratory, Oak Ridge, Tenn. October 
1975. (In press.) 

Work on the chlorine degradation studies analysis of 

field data and the modeling aspects of the program are pro

ceeding satisfactorily. Specific information on these phases 

will be included in the next progress report when most of the 

data will have been completely analyzed and evaluated.  

A financial statement on the project has been prepared 

and mailed separately by the UWM Office of Grants and Contracts.
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FISH STUDIES 

30-Minute Tests 

Alewife 

Much of our work this past summer concerned the col

lection and subsequent testing of the alewife. Age I 

and II alewives were exposed for 30 minutes to a variety 

of chlorine concentrations at temperatures of 15, 20, and 

25 C. Figures 1-3 show the results of these tests. At 

15 C juvenile alewives had an LC50 of 2.3 mg/l (Fig. 1).  

This compares closely with the 10 C LC50 of 2.1 mg/i we 

previously reported. At 20 and 25 C alewives were con

siderably more sensitive to chlorine, having LC50 values 

of 1.65 and 0.92 mg/l, respectively (Figs. 2 and 3). It 

appears that at low temperatures, temperature does not 

greatly influence the alewives' sensitivity to chlorine.  

However, at higher temperatures the alewife, like the 

yellow perch, becomes increasingly more sensitive to 

chlorine. Figure 4 combines the data from Figures 1-3 

and clearly indicates the trend of increased sensitivity 

to chlorine with increasing temperatures.  

Our previous data had indicated that at 10 C mor

talities were delayed following chlorine exposure. While 

we found some delayed mortality at 15 C, we found almost 

none at 20 and 25 C. At these temperatures almost all 

the mortalities were concentrated in the first few hours 

after exposure. This is the reverse of the trend previously
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observed in yellow perch. Tests at 30 C will be conducted 

on the alewife to determine whether the observed trend 

will continue.  

Alewives were normally quite lethargic in their 

reaction to chlorine. At highly toxic concentrations, 

however, violent swimming activity was seen. Dead fish 

typically (80-90% of the time) sank to the bottom of the 

test aquaria.  

During the 20 and 25 C tests the DPD (N,N-Diethyl-p

phenylenediamine) method of chlorine analysis was employed 

in addition to amperometric titration to measure the free 

chlorine fraction of the total residual. While not as 

sensitive in the measurement of total residual chlorine (TRC) 

as our amperometric method, the DPD method provides more 

consistent free chlorine values and will be used in all 

future bioassays to measure the free chlorine fraction. We 

found that in the alewife tests the free chlorine fraction 

typically comprised 70-95% of the TRC (range about 45-95%).  

Coho salmon 

Like the alewife, juvenile coho salmon (5-8" long) 

exhibited little difference between their 15 C LC50 value 

of 1.35 mg/l (Fig. 5) and their 10 C LC50 value of 1.25 

mg/l as previously determined. However, at 20 C coho were 

considerably more sensitive with an LC5O of about 0.92 

mg/l (Fig. 6). The LC5O at 20 C was difficult to estimate
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because of the considerable variability in sensitivities 

exhibited by the fish - This variability appears to be a

result of the fact that at 20 C they are approaching their 

upper lethal temperature. Consequently, the test temp

erature itself probably interacted synergistically with 

the chlorine. Irregardless of the cause it is apparent 

that at 20 C coho are considerably more sensitive to 

chlorine than at lower temperatures.  

Coho mortalities typically occurred within a few 

hours after exposure to the chlorine. Coho were more 

active during the exposure period than the alewives were.  

At the highest concentrations tested, erratic and some

times violent swimming was seen.  

Yellow perch 

Young-of-the-year yellow perch had a 25 C LC50 of 

1.0 mg/l (Fig. 7). The trend of increasing sensitivity 

with increasing temperature which was clearly exhibited by 

perch previously tested at 10-20 C appears to have reached 

a plateau between 20 and 25 C (Fig. 8). Further testing 

this winter at 30 C should determine whether a peak in 

sensitivity has been reached.  

The delayed mortality previously seen at 20 C was 

again evident in the 25 C perch tests. Most mortalities 

occurred 4 to 10 hours after initial exposure.
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Rainbow trout 

A slight change in methodology was instituted for the 

15 C rainbow trout bioassays. Instead of being placed in 

the bioassay tanks the night before, the test fish were 

not transferred until the morning of the test. This 

reduced the amount of ammonia buildup in the exposure tanks 

from waste metabolites allowing the chlorine to remain 

primarily in the free chlorine fraction.  

The 15 C LC50 for 6-7" rainbow trout was 0.9 mg/l 

(Fig. 9). (Free chlorine typically comprised about 70% 

of the TRC (range was 30-90%).) This LC50 value is about 

one-half of the 10 C LC50 value of 2.0 mg/l we previously 

found for 8-11" trout. Retesting this winter at 10 C 

using 6-7" trout will determine whether the difference 

in observed LC50 values was a result of size differences 

or a result of temperature differences between the two 

groups.  

Behavioral differences between the 10 and 15 C groups 

were slight. The 15 C trout seemed more active during 

the chlorination period. At 15 C, mortality was spread 

over the first ten hours as compared to the 10 C mortalities 

which were largely concentrated in the first few hours after 

exposure.  

5-Minute--3 3-Exposure Tests 

Methods 

For the past two months we have been conducting 5-
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minute repeated exposure tests. In these tests the fish 

are exposed to three separate 5-minute doses of chlorine, 

each dose separated by a three-hour waiting period. After 

the last dose, the fish are then observed for a 48- or 

72-hour observation period and mortalities recorded. Anal

ytical methods remain the same as for the 30-minute tests 

except that the chlorine values reported represent the 

average of the three concentrations to which the fish were 

exposed. For example, the 10 C LC50 of 2.9 mg/l we found 

for rainbow trout meant that 50% of the given population of 

rainbow trout could withstand three 5-minute 2.9 mg/l doses 

of chlorine.  

Rainbow trout 

As mentioned above, the 10 C 5-minute 3-exposure LC50 

for 5-7" rainbow trout was 2.9 mg/l (Fig. 10). This is 

about 1.5 times higher than their 30-minute LC50 of 2.0 mg/l 

observed at 10 C. One hundred and thirty trout were also 

tested with a single 5-minute dose at concentrations from 

1.5 - 4.0 mg/l. Since only two fish were killed in these 

tests, the LC50 for a single 5-minute dose evidently is con

siderably above 4.0 mg/l.  

In contrast to the rapid mortality previously seen in 

the 10 C 30-minute tests, mortalities in the 5-minute 

tests were considerably delayed. Little mortality occurred 

in the first few hours after the third dose. Most of the 

mortalities occurred 3 to 24 hours later. During the
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5-minute exposure period the fish excitedly swam about 

but were otherwise quite lethargic. Free chlorine made 

up 91-100% of --the TRC values.  

Yellow perch 

Yellow perch were extremely resistant to the 5-minute 

doses of chlorine. At 10 C a single 5-minute exposure 

only killed one fish out of 100 tested between 9 and 27 

mg/l. The 10 C 5-minute--3-exposure LC50 was 24 mg/l 

(Fig. 11). This is about three times the 30-minute LC50 

of 7.7 mg/l.  

In contrast to the rapid mortality previously seen in 

the 10 C 30-minute tests, mortality in the 5-minute tests 

was delayed. Mortalities occurred mainly 2 to 24 hours 

after the third exposure. Some mortalities continued beyond 

24 hours so the observation period was lengthened to 72 

hours. Free chlorine values for these tests made up 90---..  

100% of the TRC values.  

Future Tests 

The 20 C 5-minute tests on the trout and perch are now 

underway and should be finished in January.  

This spring will see resumed testing of the spottail 

shiner as well as the beginning of tests on smelt.  

Phy toplank ton.

The response of natural phytoplankton populations from 

Lake Michigan to single 30-minute chlorine exposures was
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observed. For the 24-hour period following a 30-minute 

exposure to chlorine, net primary productivity and 

chlorophyll a pigment concentration were measured. Both 

chlorophyll a and the rate of primary production provide 

an excellent indication of the overall metabolic state of 

the phytoplankton community and the effects of any envi

ronmental perturbations.  

Lake Michigan water used for all phytoplankton experi

ments was obtained from the City of Milwaukee Linnwood 

Avenue Water Filtration Plant prior to any treatment.  

Flasks were incubated at a constant temperature approxi

mating that in the lake at time of the experiment and 

under constant light intensity.  

Net primary productivity was measured by C-14 uptake 

using two light bottles and one dark bottle for each 

chlorine concentration. The concentration of chlorophyll a 

and phaeophytin a was determined fluorometrically. The 

pigment data is presented as a ratio of phaeophytin concen

tration to chlorophyll concentration. This ratio was 

calculated as an estimate of the amount of photosyntheti

cally inactive pigment (phaeophytin a) to the amount of 

photosynthetically active pigment (chlorophyll a). This 

ratio reflects the general metabolic state of the phyto

plankton and may be used as a sensitive indicator of 

environmental perturbations. Chlorine concentrations used 

in these experiments ranged from 0 to 1.4 mg/l total 

residual chlorine. Water samples were preserved to be
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examined at a later date to determine the algal species 

composition of the water tested.  

To date 3 phytoplankton bioassays have been completed-

one in mid-June, one in mid-July, and one in late October 

representing, respectively, spring, summer and fall con

ditions in Lake Michigan. A fourth run is planned for late 

January 1976 to complete this seasonal approach.  

Results from the three seasonal bioassays graphically 

appear similar. Graphs capsulating results of the October 

bioassay are included in this progress report. Differences 

between runs will be discussed.  

The graph of the October bioassay relating changes in 

productivity with time at various chlorine concentrations 

illustrates the influence of a 30-minute dose of chlorine 

on phytoplankton productivity (Fig. 12). At each time 

productivity was measured, the net productivity of samples

exposed to chlorine were divided by the control productivity 

(a sample to which no chlorine was added) to give a value 

which was a percentage of the control value.  

At .003 mg/l there was an initial reduction in photo

synthesis of 5 to 18% which persisted approximately 6 hours 

after exposure to chlorine. At 12 and 24 hours after 

exposure, nearly complete recovery was noted. Photosynthetic 

inhibition has not been previously demonstrated at such low 

concentrations, nor has recovery after the initial exposure.  

At .052 mg/l inhibition of approximately 20% of the control 

value was noted with no apparent recovery after 24 hours.
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In the concentration range between 0.097 and 0.616 mg/l, 

recovery is seen over a 24-hour period following initial 

reductions of 80 to 95%. At .097 mg/l a recovery from 

20% of the control value at one hour to 85% of the control 

at 24 hours was observed. At 0.616 mg/l recovery is not 

as dramatic reaching only 52% of the control value after 

24 hours. At 1.218 mg/l little or no recovery was seen 

following initial reductions of 100% and greater (inhib

ition greater than 100% indicates negative production 

values). At concentrations above 1.218 mg/l little or no 

additional change in chlorine effects on productivity would 

be expected. This was demonstrated in another run (June-----

11-12, 1975) where there was essentially 100% inhibition 

of photosynthesis at .7 and 1.37 mg/l total residual chlorine.  

Figure 13, relating the fraction of photosynthetically 

active pigment to time following a 30-minute exposure to 

various chlorine concentrations illustrates essentially 

the same response as was seen in the productivity graph 

(Fig. 12). It should be noted, however, that after 24 hours 

no significant recovery is seen at any chlorine concentra

tion where chlorophyll a reduction was caused by the addi

tion of chlorine. Once chlorophyll was destroyed, the 

phytoplankton apparently were not able to manufacture more 

chlorophyll a, at least not within the 24-hour observation 

period. At high chlorine concentrations the destruction 

seemed to increase with time even though chlorine was no 

longer present in the water and then level off. This appears
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to be closely related to the degree of recovery of pro

duction rates noted in Figure 12.  

While the shape of the productivity and pigment 

ratio curves was nearly identical in each seasonal experi

ment, the chlorine concentration over which this response 

occurred differed. Concentrations at which net produc

tivity was one-half that of the control at 24 hours are 

listed in Table 1.  

Table 1. Total residual chlorine concentration producing 
50% inhibition of primary production 24 hours 

after a 30-minute exposure to the chlorine.  

50% Inhibition 
Date Incubation Temp. Concentration 

6/11-12/75 100 C .275 mg/l 

7/16-18/75 150 C .160 mg/l 

10/24-25/75 120 C .620 mg/l 

This change in response may be due to temperature 

differences between experiments which have been well 

documented in our other bioassay studies or to changes in 

algal species composition in the lake water with change 

in season. Each of these factors will be examined more 

closely in the coming months.  

Invertebrate Bioassays 

Pontoporeia affinis showed no significant mortality 

when exposed for 30 minutes to a single dose of chlorine 

as high as 25 mrg/l (total residual chlorine). The dosing
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regimen was then altered to one 30-minute exposure per 

day for four days. Each experiment was terminated 48 

hours after the last exposure, and percent mortality 

calculated.  

Four multiple exposure bioassays have been completed 

thus far, all at 4 C. The LC50 value calculated following 

the four doses and the 48-hour observation period was 

estimated to be 1.0 mg/l based on the average total res

idual chlorine concentration in the four 30-minute 

exposures.  

Dead animals were separated from survivors, and all 

were preserved in formalin. Later analysis will be deter

mined if a significant relationship exists between total 

body length and chlorine toxicity.  

Three additional chlorine assays will be run this 

spring at 10 C to determine the effect of temperature on 

chlorine toxicity. Experiments with the rotifer Keratella 

cochlearis will commence shortly.






