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In t roduct ion  

Treatment of  water by ch lo r ina t i on  is undertaken for two 
reasons: pro tect ion of the publ ic  health and a n t i f o u l i n g  in 
indust ry  (BRUNGS, 1973). The primary impetus for  the work 
reported here came from th is  second use of ch lor ine .  

Steam-electr ic generating plants use ch lor ine  to reduce 
slime in the condensers, permi t t ing more e f f i c i e n t  cool ing 
behind the turb ine thereby y i e l d i ng  a greater generating 
po ten t ia l .  Chlorine is added to the cool ing water to maintain 
a residual ch lor ine  concentrat ion of  about 0.5-1.0 mg/l at the 
condenser. In many plants water goes from the condenser to the 
cool ing towers where fu r the r  cool ing takes place before the 
water is rec i rcu la ted  (DRALEY, 1972). 

There is considerable evaporation of  water from the cool ing 
towers which tends to concentrate suspended mater ia l  in the water. 
Pe r iod i ca l l y  (2 to 4 times d a i l y ) ,  cool ing-tower blowdown is 
performed to wash out the accumulated so l ids and th is  ch lor inated 
water is released in to  a stream or lake. Thus, the b iota in the 
receiv ing water is exposed to "pulses" of  residual  ch lor ine  
ra ther  than a constant concentrat ion.  

Because most of  the bioassay data in the l i t e r a t u r e  was 
determined from continuous exposure to ch lo r ine ,  they are not 
read i l y  appl icable to the normal i n t e r m i t t e n t  release of ch lor ine 
by some indus t r i es .  Furthermore, CAIRNS, et a l .  (1975) 
reviewed the l i t e r a t u r e  on the ef fec ts  of temperature to 
t o x i c i t y  of  many substances and found informat ion on ch lor ine 
lacking.  

The object ives of  th is  study were to determine the fo l lowing:  
( I )  the concentrat ions of ch lor ine that  are le tha l  to b l ueg i l l  
sunf ish (Lepomis macrochirus) exposed i n t e r m i t t e n t l y  in the 
laboratory ,  and (2) the e f fec t  that  water temperature has on the 
l e t h a l i t y  of ch lor ine  to th is  species. 

Methods and Mater ia ls 

Juveni le b l u e g i l l  of 4.6 + 0.02 cm (mean + S. E.) average 
length and 3.91 + 0 . I I  g average weight were obtained from the 
King and Queen V i rg in ia  State Hatchery and were t reated with 
oxy te t racyc l ine  as a prophy la t ic .  They were fed ground Purina 
Trout Developer da i l y .  
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For convenience the b l u e g i l l  were maintained in laboratory  
holding tanks that  were not temperature con t ro l led  (range 12-20 
C). I t  is  important to note that  the f i sh  were tested at the 
colder temperatures when the holding temperature was near the 
lower end of  the range and tested at the warmer temperatures 
when the holding tank temperature was near the upper end of the 
range. 

Ten b l u e g i l l ,  which had been acclimated in 190-1 i ter  aquaria 
to each tes t  temperature (6, 15, 25, and 32 C) fo r  a minimum of 2 
weeks, were placed in each bioassay container and fu r t he r  
acclimated fo r  48 h before ch lo r ine  exposure. The f i sh  were not 
fed for  24 h p r i o r  to or dur ing the tes t .  

A laboratory system (Figure 1) was b u i l t  to simulate the 
pattern of  change in ch lo r ine  concentrat ion of water below a 
s team-elect r ic  generating p lant  as described by DICKSON et a l .  
(1974). Chlor ine, as calcium hypoch lor i te ,  was introduced to 
the bioassay system in an i n t e r m i t t e n t  puls ing manner. Blacksburg 
tap water was dechlor inated by passage through act ivated 
charcoal f i l t e r s  to produce d i l u t i o n  water. Dechlorinated 
d i l u t i o n  water flowed in to  ten 25-1 i te r  glass aquaria on a 
continuous f low basis throughout the experiment. The water f low 
was monitored using size 5 Gilson flowmeters, and was con t ro l led  
wi th tension tubing clamps. Flow rates of  560 ml/min, which 
allowed 99% turnover of  the water in each aquarium in approx- 
imately 180 minutes, were maintained. 

Chlorine was introduced in to  the d i l u t i o n  water using t imer-  
con t ro l led  model 50 Harvard metering pumps fo r  45 minutes three 
times da i l y ,  at 0700 h, 1500 h and 2300 h for  7 days (Figure 2). 
Chlor ine was added to achieve peaks of  to ta l  residual  ch lo r ine  
concentrat ion of  0.21, 0.31, 0.41 and 0.52 mg/l ,  respec t i ve ly ,  in 
each of 4 aquarium at the temperatures used in the tes t .  Both 
free and to ta l  ch lo r ine  peaks were monitored by amperometric 
t i t r a t i o n  (Standard Methods, 1973) using a Wallace and Tiernan 
model A790 t i t r a t o r .  Chlorine was monitored three times da i l y  
during the f i r s t  3 days of  each 7 day experimental run, and once 
or twice da i l y  during the remaining 4 days of  the experiment. 
Four rep l i ca te  bioassays were run at each temperature. A summary 
of the water qua l i t y  data monitored during the experiments is  
given in Table I .  Two s t a t i s t i c a l  parameters were obtained in 
the t ime-un t i l -dea th  analys is .  The f i r s t  was the median le tha l  
time (LT50) which is the time required fo r  the death of  50% of 
the tes t  organisms at a spec i f i c  concentrat ion of ch lo r ine .  The 
second was the median le tha l  concentrat ion (LC50) which is  the 
concentrat ion at which the death of  50% of the tes t  organisms 
occurs. The LC50 is associated wi th  a spec i f i c  time i n t e r v a l .  

The LC50 and the LT50 were ca lcu lated by t h e ~ r o b i t  analys is  
methods f i r s t  proposed by BLISS (1935, 1937). In the LT50 
analyses, resistance time in minutes was converted to loglo and 
a regression was determined on percent mo r ta l i t y  converted to 
p rob i t .  In the LC50 analyses, each concentrat ion was converted 
to loglo and regressed on percent mo r ta l i t y  as p rob i t .  The LT50 
and LC50 data were computed with a program wr i t t en  by Dr. Ford 
Calhoun (personal communication) from FINNEY'S (1971) equations. 
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Figure 1. Diagram of bioassay system used for intermit tent 
exposure to chlori~e: A. dechlorinated tapwater source for 
d i lut ion water; B. temperature control; C. d i lut ion water 
reservoir; D. chlorine stock reservoir; E. metering pump; 
F. flowmeters; G. water baths for temperature control; H. 
bioassay aquaria; I .  standpipes for bioassay aquaria; J. 
standpipe for water bath; K. drain for bioassay system. 
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Figure 2. Example of two successive chlorine pulses at the 
highest concentration (0.52 mg/l total chlorine and 0.41 mg/l 
free residual chlorine). 

Table I .  Water Quality Parameters for Di lut ion Water 

Total Hardness: 41.5-46.3 mg/l 

A lka l in i ty :  42-45 mg/l CaCO 3 

pH: 7.25-7.55 units 

Zinc: 0-0.007 mg/l 

Copper: undetectable 

Conductivity: 99-110 ~MHO 
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Moribund and surv iv ing f ish were taken from the bioassay 
containers, sized for weight and length and prepared for  
h is to logical  studies reported on separately (BASS, BERRY, and 
HEATH, in preparation). 

Results 

No deaths occurred in control tanks at any of the four 
temperatures used. Likewise, no deaths occurred at any of the 
four experimental temperatures at 0.21 mg/l peak to ta l  chlor ine, 
although these f ish did appear to be in distress during the 
chlor inat ion pulse at the two highest temperaturesand especial ly 
at 32 C. These f ish were near the surface and were showing a 
de f in i te  coughing ref lex during the pulse. They also were less 
responsive to the observer's presence than those f ish exposed 
to chlorine at lower temperatures. Less than 15% mor ta l i ty  
occurred at 0.31 mg/l peak total  chlorine with the highest 
mor ta l i ty  observed at 6 C. Some b lueg i l l s  exposed to 0.42 or 
0.52 mg/l peak total  chlorine became l i gh te r  in color during and 
af ter  exposure, and they died short ly  thereaf ter .  This was 
infrequent ly observed. 

The mean total  chlorine in Table I I  refers to the mean 
concentration for the ent i re  experimental period. The peak 
free and tota l  chlorine concentrations were measured at the 
maximum in the aquaria during the in te rmi t ten t  pulse ( refer  
to Figure 2). A notable temperature ef fect  was found at a 
peak total  chlorine concentration of 0.52 mg/l where the LT50 
was 74 h at 6 C and respect ively decreased to about 20 h at 
32 C. These LT50 values correspond to the free chlorine 
concentrations of 0.44 and 0.39 mg/l, respect ively (Table I I ) .  
This shows that the free chlorine const i tuted approximately 
85% of the peak total  chlorine at 6 C while i t  was only 75% of 
the peak total  chlorine at 32 C. 

There appears to be l i t t l e  temperature ef fect  on the 
lethal concentration (Table I I I ) .  The 96 h LC50 was approx- 
imately 0.40-0.45 mg/l peak total  chlorine at al l  four 
temperatures. Extending the exposure time to 168 h (7 days) 
does not s i gn i f i can t l y  reduce the LC50 except at 6 C where i t  
is lowered to 0.33 mg/l. 

Discussion 

Although there were no deaths at 0.2 mg/l peak total  
chlor ine, the behavior of the f ish exposed at the two highest 
temperatures de f i n i t e l y  indicated that they were unde~ stress. 
The threshold of 0.3 mg/l peak total  chlorine observed in th is 
study, at which chlorine becomes tox ic  to b lueg i l l s ,  is rather 
d i s t i nc t .  This is above the 0.2 mg/l l i m i t  proposed by BRUNGS 
(1973) for s i tuat ions where warm-water f ish may be exposed 
in te rm i t ten t l y  to residual chlor ine. The color changes observed 
in some of the test  b l ueg i l l ,  and subsequent mor ta l i ty  was not 
observed frequently enough to be stated as a general pattern. 
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Referring to Table I I ,  the LT50 at 0.5 mg/l peak total 
chlorine showed a def ini te temperature effect. However, a 
temperature effect on the LC50 was not apparent. Although the 
temperature appears to have l i t t l e  effect on the LC50, i t  may 
make the sublethal levels more stressful.  The 96 h LC50 of 
approximately 0.4 mg/l for bluegi l l  was higher than most of the 
values for related species that were found in the l i terature 
and were based on continuous exposure experiments (ARTHUR, 1971; 
ARTHUR and EATON, 1971; ESVELT, 1971). 

In this study most of the total residual chlorine was in 
the free form which would be the "worst case" because of the 
greater t ox i c i t y  of free chlorine as compared with a combined 
chloramine form (ZILLICH, 1972; BRUNGS, 1973). Other work in 
progress in this laboratory on di f ferent  species indicates the 
combined form has a higher LC50 ( i .e .  is less tox ic) .  
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