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The environmental acceptability of using chlorine as an antifoul- 
ing agent in industrial cooling systems is a subject of increasing 
concern. Several alternatives to chlorination have recently been 
proposed including the use of a bromine-based biocide, 1-bromo- 
3-chloro-5,5-dimethylhydantoin (BCDMH). This compound has report- 
edly outperformed chlorine in several cooling tower applications 
(MACCHIAROLO, et al. 1980; MATSON & CHARACKLIS 1982). However, 
information on the use of BCDMH in once-through cooling systems 
and the relative environmental acceptability of BCDMH in compari- 
son to chlorine are lacking. 

The objective of this study was to compare the relative toxicity 
of chlorine and BCDMH to three types of fish in a freshwater 
system used for cooling a nuclear reactor. 

METHODS AND MATERIALS 

Flow-through 96-h toxicity tests were conducted in March 1982 
using a mobile laboratory located adjacent to Par Pond, a reactor 
cooling reservoir at the Savannah River Plant (SRP) near Aiken, 
S.C. Two solenoid-activated proportional, flow-through dilutor 
systems as described by PELTIER (1978) were used for simultaneous 
testing of oxidant residual toxicity resulting from chlorine and 
BCDMH additions. Each system delivered approximately 100%, 75%, 
60%, 35%, 20%, 2%, and 0% of stock solution of the appropriate 
biocide to duplicate test chambers using Par Pond water as 
diluent. 

A Hydrolab 8000 system was used to make daily measurements of: 
dissolved oxygen, temperature, conductivity, and pH in the test 
chambers receiving 100%, 35%, 2%, and 0% biocide solutions. 
Alkalinity was measured by APHA standard methods (APHA 1980). 

Juvenile (six-week-old) and yearling fathead minnows (Pimephales 
promelas) and young-of-the-year bluegills (Lepomis macrochirus) 
were used as test organisms. The fish were acclimated to Par Pond 
water for ten days prior to the tests. Juvenile minnows were fed 
daily during the acclimation and test periods. Ten of each of the 
three types of fish were placed in each of the duplicate chambers 
(a loading rate of <2.0 g fish/L of water). Each test chamber was 
30.0 cm deep and had a capacity of 15 L. Juvenile fathead minnows 
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were placed in small glass holding chambers (8.2 cm x 20.0 cm x 
15.5 cm) which were suspended in the test chambers. These holding 
chambers had a 3.0 cm x 8.2 cm Nitex screen (#0 mesh, 0.505 mm 
aperature) at each end to allow circulation through the chamber 
and prevent predation by the other test organisms. 

Two 80 L stock solutions of each biocide were prepared daily. 
Chlorine stock solutions were prepared by adding reagent grade 5% 
sodium hypochlorite. BCDMH solutions were prepared by adding 
Bromicide | (Great Lakes Chemical Corp., Lafayette, Indiana). 
Stock biocide solutions were added to their respective dilutor 
systems for 1 h/day, 0, 24, 48, and 72 h after testing began. 

Water samples (ca. 20 ml) were collected from each of the test 
chambers and tanks containing stock solutions at 10-minute inter- 
vals during the periods (ca. 2 h/day) that biocide residuals were 
measurable in the test chambers. Levels of total and free resid- 
ual chlorine (TRC and FRC) were determined by the DPD spectro- 
photometric method (APHA 1980). Oxidant residuals resulting 
from BCDMH treatment were also routinely measured as chlorine by 
the DPD method; however, the DPD differentiation method (using 
glycine) was performed on a few representative samples to distin- 
guish between bromine and chlorine residuals (WHITE 1978). 

Median lethal concentrations (96-h LC50's) were determined by the 
probit, moving average, and binomial methods (STEPHAN, 1977). Log 
transformations of dose values were not used because a better 
goodness of fit was obtained in the majority of cases by using 
actual dose values. Biocide dosages were calculated as follows: 

(i) 96-h peak = the single highest biocide residual detected 
during the four days of testing. 

(2) 96-h mean maximum = the average maximum biocide residual 

detected during the four days of testing. 

(3) 96-h intermittent exposure mean = the mean biocide residual 
level during the four ~2-h exposure periods. 

(4) 96-h accumulative exposure = the total 96-h biocide exposure 
in mg/L residual x minutes of exposure (area under a time- 
concentration curve). 

LC50's for TRC and TRB (total residual bromine measured as chlo- 
rine) exposure were statistically compared. Differences were con- 
sidered significant if: greater LC50/smaller LC50 > 1.96 SEDiff 
(APHA, 1980). 

RESULTS AND DISCUSSION 

The DPD differentiation measurements showed that > 95% of the 

oxidant residual resulting from BCDMH treatment was bromine. 
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Therefore, residuals from this treatment were considered total and 
free residual bromine (TRB and FRB). 

LC50 values computed by the three methods (probit, binomial and 
moving average) were similar. Values obtained by the moving aver- 
age method are presented in Table I. Juvenile fathead minnows 
were significantly more tolerant of TRB than TRC. TRC and TRB 
96-h LC50 values for adult fathead minnows were not significantly 
different. Bluegills were significantly more tolerant of TRC than 
TRB. 

Table I. Comparative toxicity (LC50's and 95% confidence 
intervals) of intermittent (ca. 2 h/day) exposure to 
residual chlorine or bromine 

Type of biocide dose 
computation and fish 

Biocide 
TRC TRB 

96-h peak (mg/L) 
Juv. fatheads 
Adult fatheads 
Bluegills 

0.44(0.22-0.62) 
1.56(1.34-1.79) 
2.48(2.20-2.64) 

1.21(0.96-1.42)* 
1.83(1.59-2.10) 
2.35(1.92-2.73) 

96-h mean max. (mg/L) 
Juv. fatheads 
Adult fatheads 
Bluegills 

0.39(0.21-0.53) 
1.37(1.19-1.55) 
2.13(1.93-2.34) 

0.81(0.65-0.94)* 
1.17(I.03-1.31) 
1.43(1.28-1.62)* 

96-h int. exp. mean (mg/L) 
Juv. fatheads 0.18(0.11-0.24) 
Adult fatheads 0.58(0.51-0.65) 
Bluegills 0.88(0.82-0.98) 

0.35(0.28-0.41)* 
0.51(0.46-0.57) 
0.63(0.56-0.71)* 

96-h accum. (mg/L x min) 
Juv. fatheads 85(48-113) 
Adult fatheads 274(240-308) 
Bluegills 421(387-465) 

164(132-194)* 
248(221-276) 
301(271-338)* 

* LC50's for TRC and TRB significantly different at 0.05 level. 

Bluegills were significantly more tolerant of both biocides than 
were fathead minnows. Adult minnows were significantly more tol- 
erant of both biocides than juvenile minnows. 

Water quality data are summarized in Table 2. All values for 
parameters monitored during the tests were within acceptable 
testing limits (PELTIER, 1978), and variability over time or 
between test chambers was not substantial. 

The percentage of total residual oxidant (TRO) consisting of free 
residual oxidant (FRO) was greatest at times of maximum exposure 
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Table 2. Summary of water quality measurements made in 
conjunction with the toxicity tests. 

Parameter Mean + SE Range 

Temp (~ 21.1 + 0.I 19.9 - 22.9 

pH 7.0 + 0.I 6.7 - 7.1 

DO (mg/L) 7.8 + 0.I 6.5 - 9.1 

Cond (~mhos/cm) 66.6 + 0.1 63 - 71 

Alkalinity (mg/L) 15.3 + 0.I 14 - 16 

in tests with both biocides. The FRC and FRB contributions to TRC 
and TRB in test chambers receiving 100% stock biocide solutions 
averaged 83.2% and 62.2%, respectively during the 30 min periods 
of maximum exposure. FRC and FRB contributed 68.8% and 50.4%, 
respectively to TRC and TRB during all exposure periods in the 
test chambers receiving 100% biocide stock solution. 

This was the second of two studies comparing effluent toxicity 
with chlorination and chlorination alternatives in an SRP reactor 
heat exchanger cooling system. The first study (WILDE et al. 
1983) showed that oxidant residuals from chlorine dioxide were 
2-4 times more toxic to three types of fish than those from chlo- 
rination. The present study showed that on the basis of 96-h 
LC50 values for halogen residuals, chlorine and BCDMH additions 
resulted in similar overall toxicity to fish. Compared to chlo- 
rine, BCDMH was more toxic to bluegills and less toxic to juvenile 
fathead minnows. 

The LC50 values for TRC were substantially higher in this study 
than in the previous SRP study where nearly identical methods were 
used. However, the pattern of relative TRC toxicity with regard 
to fish type was the same; juvenile fathead minnows were least 
tolerant, and bluegills were most tolerant. Two factors which 
probably contributed to the greater tolerance to TRC in the pres- 
ent tests compared to previous tests were: 1) a longer acclimation 
period to the test water (10 days compared to 3 days), and 2) a 
lower average water temperature (21.I~ compared to 27.7~ 
HEATH (1977) and BASS and HEATH (1977) concluded that water tem- 
perature did not significantly influence the 96-h LC50 values for 
bluegills intermittently exposed to chlorine. However, toxicity 
testing of several fish species by BROOKS and SEEGERT (1977) and 
SEEGERT and BROOKS (1978) clearly demonstrated the existence of a 
direct relationship between chlorine toxicity and temperature. 
DICKSON et al. (1977) also showed that chlorine was more toxic to 
goldfish at higher temperatures. 

312 



Although all fish toxicity studies are somewhat site and time spe- 
cific, the intermittent biocide regime and relatively high per- 
centage of FRO in the TRO make the present results more applicable 
to power plant cooling systems than to domestic wastewater treat- 
ment systems. BROOKS et al. (1982) have recently demonstrated 
significantly different toxicities among various forms of residual 
chlorine to three species of fish. MATTICE et al. (1981) deter- 
mined that hypochlorous acid was about four times as toxic as 
hypochlorite ion to mosquitofish. Other workers (ZILLICH, 1972; 
BRUNGS, 1973; BASS & HEATH, 1977) previously concluded that free 
chlorine is more toxic to fish than combined chlorine. 

There are no previous studies comparing BCDMH toxicity with 
chlorine toxicity. Bromine chloride has been shown to be similar 
or slightly less toxic than chlorine (BURTON & MARGREY, 1979; 
DEGRAEVE & WARD, 1977; LIDEN et al., 1980). These results along 
with those of the current study indicate that chlorine and bromine 
produce similar residual halogen toxicity to fish. 
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