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Abstract 

Chlorination to eliminate oysters and other fouling organisms in the cooling 
system of a coastal power plant may cause undesirable effects on nearby oyster farming 
areas. This study was aimed at determining the effect of residual chlorine on the 
development of Pacific oyster Crassostrea gigas under various temperature and salinity 
regimes. Fertilized eggs at first polar stage and four larval stages - blastula, 
trochophore, veliger, and D-larva - were exposed to combinations of five initial chlorine 
concentrations (0 to 2.52 mg.I-1) at four temperatures (19° to 28°C) and three salinities 
(18 to 34 ppt) for one hour. Up to second order multiple regression models were 
constructed to evaluate and compare the resistance of various life stages of oyster to 
the residual chlorine. The resistance to chlorine increased with salinity for all stages. 
Except for first polar eggs and D-larvae, resistance increased with temperature. First 
polar eggs had the highest resistance to chlorine and trochophore the lowest. 
Chlorina­tion at 1.392-2.953 mg.1-1 eliminated 90% of the oyster fouling in the cooling 
system of power plants. Chlorine concentration below 0.01-0.028 mgJ-1 reduced the 
impact on oyster culture. 



Introduction 

Chlorine is one of the antifouling biocides used in power plants 
to prevent the attachment of fouling organisms in the cooling 
systems. Stewart et al. (1979) found chloroform, bromoforrn and 
bromine caused mortality of American oyster (Crassostrea virginica) 
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larvae at 0.05 mg.1·1. Turner (1948) stated total residual chlorine at 1
mg.1-1 caused pumping of blue mussel (Mytilus edulis) to stop within 
20 to 90 minutes and at 0.18 mg.1-1 caused half the mussels to stop 
opening their shell while total residual chlorine at 0.5 mg.1-1 caused 
immobility of European oyster (Ostrea edulis) larvae within two 
minutes. The toxicity of total residual chlorine increased with 
temperature and the toxicity of chloramine, a derivative of chlorine 
and amino acid, was even greater than free chlorine. Capuzzo (1979) 
found the LCso of seven-day-old American oyster larvae exposed for 
0.5 hour at 20°C was 0.12 mg.I-1 for free chlorine and 0.01 mg.l-1 for
chloramine. When those larvae were subjected to increased 
temperatures of 20 to 25°C within 30 minutes, the LC50 was 0.08 
mg.1-1 for free chlorine and less than 0.01 mg.1-1 for chloramine. No 
study has been conducted on the comparison of mortality of mollusc 
larvae at various stages when subjected to chlorine under various 
salinity and temperature regimes. 

The effectiveness of chlorine is reduced when salinity and 
temperature increase. Thus, chlorine dosage has to be increased to 
kill fouling organisms. However, its environmental impact on the 
quality of the water from the power plant effluent also increases 
which may affect the oyster farms located in the vicinity of the Hsien­
Da power plant. The prime purpose of this study was to determine 
the effect of total residual chlorine on larval stages of the Pacific 
oyster (Crassostrea_ gigas). 

Materials and Methods 

Mature oysters collected from Hsien-Da oyster farming area 
were stocked in the ponds at National Taiwan College of Marine 
Science and Technology, Keelung. Direct stripping of gonads was 
employed (Loosano:ff and Davis 1963). After pipetting from the gonad, 
eggs were mixed in 2 1 of seawater, and sperm in 200 ml of seawater. 
The eggs were fertilized with 5 to 10 drops of diluted sperm. Five 
minutes later, the fertilized eggs were examined under a microscope 
at 40 x. If too much sperm attached to the egg membrane, the eggs 
were washed with additional seawater. The egg concentrations were 
maintained at 20,000 1-1 for first polar, blastula and trochophore 
stages a.'ld at 5,000 1-1 for veliger and D-larva stages. These were the 
optimal rearing concentrations recommended by Helm and Millican 
(1977). Flagellates (lsochrysis sp.) were fed to the veligers at 500-
5,000 mg.J-1. 
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to temperature with the exception of 19 to 22°C. However there was 
only a slight difference of LCso between 19 and 22°C. Therefore 
chlorine toxicity to trochophore generally decreases when 
temperature increases. 

Veliger Stage 

The optimal regression model for this stage was M = 146.392 
11.1558T + 121.432C + 1.2521 TC - 0.6922SC + 0.2111 T2 + 15.3212C2 
(R2 = 0.9026, MSE = 77.1913). 

When all temperatures were pooled, average LC so (mg.1-1) by
salinity was highest at 34 ppt (0.8723 mg.l-1), followed by 26 ppt 
(0.7659 mg.1-1) and 18 ppt (0.6883 mg.1-1) (Fig. 7). At all temperatures
tested, Leso also increased with salinity.
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Fig. 7. The LC50 of chlorine (mg.I•l) to the oyster Cra.ssostrea gigas latvae at veliger 
stage subjected to three experimental salinities and various temperatures. (Curves 
drawn from the relevant regression equation.) 

LCso increased with temperature. When all tested salinities 
were pooled, average Leso (mg.l-1) by temperature was highest at
28°C (0.9497 mg.J-1), followed by 25°C (0.8674 mg.J-1), 22°C (0.7289 
mg.1-1) and l 9°C (0.5560 mgJ-1) (Fig. 8). The results showed chlorine 
toxicity decreased when temperature increased. 
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Discussion 

In general, when temperature increased, the toxicity of TRC 
decreased and hence LC50 for the larvae stages of oyster increased 
except for the first polar eggs and D-larvae. It was conceivable that 
the concentration of TRC decreased with increasing temperature 
(Chou 1986). Therefore, the chlorine remaining in the water at high 
temperature was lower than that at low temperature. 

Our results are contrary to some past studies which showed that 
temperature had a synergistic effect on chlorine toxicity to some 
aquatic organisms. The study by Brooks and Seegert (1977) found 
that LC50 (mg.1-1) of chlorine for rainbow trout was 0.99 (mg.1-1) at 
10°C, 0.94 mg.J-1 at 15°C and 0.60 mgJ-1 at 20°C when exposed for 30 
minutes. Burton et al. (1979) found chlorine toxicity to striped bass 
fertilized eggs and larvae increased with temperature. Hall et al. 
(1981) also found that sudden increase of temperature decreased 
LCso for white perch juveniles. In the present experiment, however, 
the resistance of D-larvae to chlorine toxicity was decreased when 
temperature increased. First, with the use of the static method, TRC 
decreased with time while those studies were conducted under 
overflow system in which chlorine concentration remained constant 
over time. Second, in the optimal regression model, with an absence 
of temperature and chlorine concentration interaction term (TC), the 
temperature acted independently and had a relatively slight effect on 
mortality (regression coefficient= 0.3748). Therefore the temperature 
had no synergistic effect on chlorine toxicity on D-larvae. 

The resistance to TRC of first polar eggs was higher than any 
other larval stage. No literature was found on the comparison of 
chlorine LC50 among molluscan larval stages. Past studies indicated , 
that fish fertilized eggs had higher tolerance to TRC than larval 
stages; for example, Morgan II and Prince (1978) for eggs and larvae 
of five fish species in Chesapeake Bay; Johnson et al. (1977) for 
spotted seatrout; and Burton et al. (1979) for striped bass. 

Unlike in fish, tolerance to chlorine did not increase with the 
development of larvae of oyster. As for the hatched fry, Morgan II and 
Prince (1978) pointed out that tolerance to chlorine decreased with 
the development of the fish fry. Anderson (1974) found that larger 
plaice fry were more resistant to chlorine than younger fry. LCso of 
each larval stage of oyster varied with temperature and salinity, but 
generally LC50 at veliger stage was the highest among all larval 
stages, first polar eggs excluded. 
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According to the results of this experiment, fertilized eggs at first 
polar stage had the highest resistance to chlorine. At this stage LC50 
after 1 hour ranged from 1.392 to 2.953 mg.1-1, depending on 
temperature and salinity. Therefore, to eliminate 90% of the oyster 
larval fouling, 1.392 to 2.953 mg.1-1 of chlorine should be added in the 
cooling system. Assuming it takes one hour until the cooling water 
flows through the cooling system out to sea, the residual chlorine 
concentration will range from 0.165 to 0.168 mg.J-1. At such 
concentration, it will cause 10 to 40% mortality oftrochophore, which 
is least resistant to chlorine toxicity among all larval stages. Natural 
mortality of trochophore can be obtained by setting the chlorine 
concentration in the regression model to 0 mg.J-1 as no free chlorine 

in the water. At 19°C and 34 ppt salinity the natural mortality was 
the lowest, 6%, and at 28°C and 34 ppt salinity the natural mortality 
was the highest, 18%. LC1 and LC5 have been set as safety standards
by Sprague (1971). Adding 1 to 5 % to the lowest and highest natural 
mortality as safety standards for chlorine for one-hour duration 

for trochophore stage, the safety concentrations of chlorine should be 
LC7_19 ranging from 0.01 to 0.028 mg.l-1 and LC11.23 0.051 to 0.138
mg.1-1. 

Latimer et al. (1975) conducted a 30-minute chlorine toxicity 
experiments on copepods (Limnocalanus macrurus and Cyclops 

bicuspidatus thomasi) and set a safety concentration at 0.5 mg.1-1 
since no mortality resulted from this concentration. However, to set a 
safety concentration standard of power plant effluent, the effects of 
chlorine on various organisms, especially those with commercial 
value such as oyster, in the nearby water must be considered. Pacific 

salmon juvenile mortality occurred when they were exposed to 0.05 
mg.1-1 residual chlorine for 23 days (Holland 1960). Residual chlorine 
also caused reduction of primary production from phytoplankton 

(Carpenter et al. 1977). When marine phytoplankton was 
continuously exposed to 0.1 mg.1-1 residual chlorine, primary 
production was reduced to 70% and when it was exposed to 0.2 mg.J·1

residual chlorine for 1.5 hours, primary production was reduced to 
25%. The pumping activity of oysters decreased with residual 
chlorine at 0.01 to 0.05 mg.J•l and even discontinued at 1.0 mg.1-1 
(Galtsoff1946). 

From the previous and present study, residual chlorine at 0.01 
mg.J-1 has already caused ill-effects on marine organisms. The 

USEPA (1976) criterion of0.01 mg.1-1 for chlorine was consistent with 
this study. Therefore the safety standard for chlorine should be set at 






