
Introduction

During the last two decades acid precipitation has

been recognized as an acute problem for fish survival.

Numerous studies on acid stress behavior, growth and

survival of fish in acidic environments have been con-

ducted [1-11]. All investigators agree that high acidity in

lakes will cause a decrease in fish populations.

Palmer et al. found that certain fish species react dif-

ferently to low pH levels. For example, bluegill were less

sensitive to low pH levels than fathead minnows

Pimephales promelas [14]. Hill found that bass consumed

more food at low pH levels than in neutral water [4]. Gen-

erally, the growth of fish paralleled food intake. Howev-

er, it was found that fish increased their food intake at low

pH 1evels but did not gain any weight [8].

Most studies of food intake and growth of fish in

acidified water were determined in the laboratory. Some

investigators have used HCl [14] or H
2
SO

4
[4, 12, 13] to

acidify the water, which does not simulate natural acid

precipitation. Sulfuric acid contributes 65 to 70% of the

acidity of rain and nitric acid adds another 25 to 30%

[16]. The survival and growth of mosquito larva raised in

sulfuric acid water acidified with sulfuric acid were not

affected as much as those exposed to a sulfuric/nitric acid

solution at the same pH [11]. Fish may respond similarly

when exposed to simulated rain rather than sulfuric acid

only.

The effects of sulfuric/nitric acidification of water on

bluegill growth are not known. Consequently, this study

was designed to determine mortality and growth of

bluegills in water acidified with a mixture of sulfuric/ni-

tric acid.

The objectives of this study were to:

1. Determine bluegill survival at pH levels of 5.5, 6.5,

and 7.5.

2. Determine the influence of pH on b1uegill length and

weight gains.

Materials and Methods

Twelve 40-liter-aquaria were filled with 50% dechlo-

rinated tap water and 50% distilled water. Central Indi-
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ana tap water contains between 400 and 750 ppm

CaCO
3
. This provides a high buffering capacity which

requires large amounts of acid to maintain the desired

pH level. To avoid large fluctuations of pH, the tap water

was dilluted. This method was successfully tried by

Palmer et al. [4]. Four aquaria were designated for each

pH level. In each set of aquaria the water was adjusted

to a pH of 5.5, 6.5, and 7.5. The pH was controlled by

continuously adding a dilluted mixture of 70% sulfuric

and 30% nitric acid solution with a Beckman Model 746

Solution Metering Pump. The pH was monitored with an

Orion pH meter. Levels of soluble aluminum, copper,

lead, zinc and iron were determined with a Perkin Elmer

Model 2280 atomic absorption spectrophotometer. Sul-

fate and nitrate were analyzed with a Dionex chromato-

graphic unit.

Bluegill were obtained from a farm pond and eight

fish (52±6mg and 15±5mm) were placed in each aquaria

for two weeks and acclimated to a pH of 7.5. Four aquar-

ia remained at this concentration. The water of the other

aquaria was gradually lowered to pH 6.5 over a 48 hour

period. This is probably biologically relevant in such ex-

periments. Again, four aquaria were kept at this acid level

whi1e the water in the remaining tanks was adjusted to

pH 5.5. Dried fish food consisting of 24% protein, 4% fat

and 6% crude fiber was given to the fish twice a day. We

weighed the fish in each aquarium and determined the

daily food ration as 4% body weight. Bluegills consume

3-5% of their body weight daily [8].

The fish were exposed to 12 hours of light and 12

hours of darkness at 24±1°C. For proper dissolved oxy-

gen (DO) concentrations, and to remove suspended par-

ticles from the water, charcoal filter pumps were used to

recirculated the water at a rate of 416 liters per hour. The

(DO) level was monitored by the modified Winkler

method.

Total length and weight for each bluegill was deter-

mined at the beginning and at the end of the 30-day study.

A one-way Analysis of Variance (p=0.05) analyzes

differences in length and weight of fish as a function of

the selected pH levels.

Results and Discussion

Morta1ity of bluegills was highest (32%) for fish at

the pH 5.5 treatment (Table 1). This was twice as high as

the loss of fish in the aquaria of pH 6.5.

Significant decreases in length and weight between

5.5 and 6.5 were observed over 30 days (Table 2). The

1ength of fish in pH 5.5 was 49.6% less than that of fish

in pH 6.5 and 7.5. A similar trend was observed for

weight changes. Bluegill weight gain was 61.6% lower

at pH 5.5 as compared to those in pH 6.5 and 7.5. No

significant difference in data existed between pH 6.5

and 7.5.

Dissolved oxygen (DO) ranged from 7-8ppm

throughout the experiment. This was equiva1ent to an 80-

85% saturation, which was sufficient for survival [3].

Rounselfell and Everhart indicated that b1uegills grew

best at temperatures between 15°C and 27°C [12]. The

temperature of water in this experiment was well within

the optimal growth range. Since the water in the aquaria

contained only small amounts of metals (undetectable

1eve1s of aluminum, 0.53 μg/l copper, 0.06 μg/l iron,

1.51 μg/l 1ead and 0.08 μg/l zinc), they were not con-

tributing factors in mortality. The United States Environ-

mental Protection Agency considers the following maxi-

mum metal concentrations to be toxic to fish: 0.66 μg/l

copper, 1000 μg/l iron, 2.38 μg/l lead, 53.80 μg/l zinc

[12, 16]. Sulfate concentrations increased during the

study period in all aquaria because of the addition of sul-

furic acid to keep pH constant (Table 3). Although the

largest amount of acid was added to the water at pH 5.5,

the final sulfate level did not exceed that of water at pH

6.5. The reason for the similar final reading of pH 6.5 and

7.5 is not understood. However, we assume that the

158.14 ppm may represent the upper limit of sulfate in

solution, while the excess amount was removed by char-

coal filters. A 3.5-fold increase in sulfate concentration

was observed at pH 7.5.
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Table 1. Mortality of bluegills at pH levels 5.5, 6.5 and 7.5 over

30 days. (n=32).

*Percent mortality followed by dissimilar letters are signifi-

cantly different at the 0.05 probability level.

Table 2. Mean* length and weight changes of bluegills at pH

levels 5.5, 6.5 and 7.5 over 30 days.

*Means followed by dissimilar letters are significantly differ-

ent at the 0.05 probability level.

Table 3. Mean* sulfate and nitrate concentrations in water of

pH 5.5, 6.5 and 7.5 at the beginning and end of the 30-day ex-

periment.

Means followed by dissimilar letters are significantly different

at the 0.05 probability level. ND**=not detectable



The final nitrate concentrations showed a similar in-

crease over time, but only at pH 5.5 (Table 3). In the

aquaria with water of 6.5 and 7.5 no nitrate was observed.

Algae growing in all the aquaria except at pH 5.5, pre-

sumably utilized the nitrate.

The specific conductance and dissolved solids (DS)

were higher in water with a high acidity (Table 4). This

may have been due to the addition of acids. Hardness lev-

els, caused mainly by calcium carbonate, were also high-

est at pH 5.5. The higher hardness may have been caused

by calcium leaching from the bones of the bluegill.

Beamish theorized that the occurrence of spinal deformi-

ties of fish in acidic waters was the result of demineral-

ization of bones [1]. This condition is referred to as

acidemia. In this process, calcium carbonate is withdrawn

from the bones and enters the blood stream, where it acts

as a buffer. In bluegills, calcium is stored in the bones as

well as in the blood. When the buffering capacity of the

ambient water is exhausted, hydrogen ions may enter the

bluegill's body fluid. The calcium carbonate stored in the

body may then be utilized to buffer the acidic fluids.

Under prolonged exposure to an acidic environment, the

buffering capacity of the blood might be exhausted, thus

depleting the ca1cium carbonate reserves of the bone.

This may not only contribute to the increase of hardness

in the water, but may also effect the mortality of the fish.

Since the above parameters indicate no adverse con-

ditions, the high mortality and significantly lower gains

in length and weight of fish at pH 5.5 were apparently re-

lated to high hydrogen ion concentrations. Lowering pH

from 7.5 to 6.5 had little effect of mortality and growth

of fish. A significant difference appears when the pH

level is reduced to pH 5.5.
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Table 4. Mean* conductance, DS and hardness in water of 5.5,

6.5 and 7.5 at the beginning and end of the 30-day experiment.

*Means followed by dissimilar 1etters are significantly differ-

ent at the 0.05 probability level. 
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