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Fish mortality to chlorine has been attributed to
impairment of gill function (BASS et al. 1977, PENZES
1972) and to oxidation of hemoglobin resulting in inhi-
bition of respiration (GROTHE and EATON 1975). Intro-
duction of fish to a low concentration of chlorine (less
then 1 ppm) causes an immediate and significant efflux
of sodium and gain in weight reflecting an ionic and os-
motic imbalance, In addition the toxicity of chlorine
has been shown to be influenced differentially by cat-
ions prevelant in natural waters - sodium, potassium, cal-
cium and magnesium (KATZ 1975). Because of this it is
presumed that an influx of water due to an osmotic imbal-
ance at the gill membrane is the direct cause of gill im-
pairment and mode of toxic action under certain condi-
tions. This study was undertaken to determine if these
cations have a differential effect on sodium fluxes in
the presence and absence of chlorine and if this relates
to the protection and/or potentiation of toxicity to
chlorine.

MATERIALS AND METHODS

Adult Gambusia affinis, collected from the stabili-
zation ponds of the local sewage treatment plants, were
the test fish chosen to compare with previous toxicity
determinations (KATZ 1975). They were kept in the wat-
er that they had previously been acclimated in addition
to acclimation in NaCl equivalent to 25% seawater and in
distilled deionized (D.D.) water to test the effects of
prior acclimation in various ionic strengths. Reagent
grade chemicals were used for the cations. Differing
concentrations of potassium, calcium and magnesium were
prepared in D.D. water in the presence and absence of
chlorine. Commercial bleach (Chlorax@@) was used for
preparation of the chlorinated solutions. Equal amounts
of chlorine (0.3220,01 mg/L) were added to all chlorine
media.

For the sodium efflux studies, fish were quickly
weighed on a single pan balance and transferred to the
test solutions. They were treated equivalently to in-
sure that stresses caused by handling were alike in con-
trols and test fish so that measured differences were
due only to water content. Aliquots of 5 mL were taken
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before introduction of fish to be used as the blank and
during 15, 30 and 60 minute intervals. Sodium ion was
measured on a Jarrell Ash atomic absorption spectrophoto-
meter in the emission mode., Sodium fluxes were compared
to the mean control of freshwater acclimated fish placed
in D.D. water. This consisted of 10 random batches of
fish collected at different times in order to insure re-
producibility of the method. The means and standard de-
viations of the control are compared with test runs.
Combined chlorine was measured by the o~tolidine method
as outlined in Standard Methods (AMERICAN PUBLIC HEALTH
ASSOCIATION). Only acute short term effects were
studied.

RESULTS AND DISCUSSION

Acute exposure of freshwater acclimated Gambusia to
chlorine resulted in a marked net efflux of sodium in
both rate and quantity, Figure 1. Calcium and magnesium
reduced sodium effluxes in all concentrations tested.
Only results where the fish remained alive during the
course of the test run are reported. In Figure 1, cal-
cium and magnesium equivalent to their concentrations
in 25% seawater lowered sodium effluxes due to chlorine
but did not reduce them to control levels. Calcium at
the same concentrations reduced the efflux of sodium
slightly below the control.
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Fig. 1. Sodium efflux of fish exposed to chlorine alone
and with Ca and Mg; control (C) fish in D.D. water
with and without Ca.

Fig. 2. Potassium with chlorine significantly increased
sodium effluxes above control.
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In contrast to calcium and magnesium, potassium in
all concentrations tested, caused a substantial net in-
crease in sodium efflux. In Figure 2 are the results of
25% seawater equivalent potassium with and without chlor-
ine. The addition of chlorine to a potassium solution
produced a marked increase in sodium efflux over potas-
gium. This efflux surpassed chlorine in D.D. water in
rate but during the course of the experiment was reduc-
ed to less than chlorine. Potassium equivalent to
0.125% NaCl actually had a higher efflux alone than with
chlorine.
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Fig. 3. Comparison of sodium effluxes in chlorine, and
Na in gills from fish acclimated in fresh water and
in enhriched salt water.

Fig. 4. Lowered effluxes of sodium from fish acclimated
in D.D. water and fish surviving chlorination.

Acclimation in varying concentrations of saline
water was shown to have a pronounced effect on chlorine
induced toxicity. Fish acclimated in 25% seawater show-
ed a marked resistance to chlorine when placed in tap-
water in contrast to high mortalities when acclimated in
freshwater (KATZ 1975). 1In Figure 3 the efflux of sodium
of fish acclimated to NaCl equivalent to 25% seawater
prior to transfer in chlorinated D.D. water 1is similar
to that of fish acclimated in freshwater. Analyses for
sodium in the gill of the acclimated fish prior to plac-
ing in chlorine showed twice as much gsodium in the salt-
water acclimated fish. Fish acclimated in D.D. water and
surviving chlorine intoxicated fish when placed in a
chlorine media produced sodium effluxes less than fish
acclimated in waters with high sodium content (Pigure 4).
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Acute sodium effluxes appear to reflect overall
toxicity effects due to chlorine including the influence
of cations. An attempt was made to relate this efflux
to mechanical damage of the gill epithelium (PENZES 1972)
by application of the van't Hoff equation: P = RTC where
P, the osmotic pressure is directly proportional to R,
the universal gas constant and T the absolute tempera-
ture which are constants, and C, here taken to be the
difference in concentration of sodium inside and out-
gide the membrane. Although the exact volume of water
at the gill membrane could not be determined, 0.5 mg and
more of total expelled sodium, converted to moles, divid-
ed by a small volume and inserted in the equation, could
account for a large osmotic gradient to produce a suf-
ficient hydrostatic pressure to account for considerable
gill damage. Weight gain of fish in the presence of
chlorine (Figure 5) is then interpreted as an influx of
water. Decreases in toxicity of saline acclimated fish
could be the result of a reserve of sodium in the blood
so that loss of sodium is not as detrimental as in the
freshwater acclimated fish. DAVSON (1970) reported the
classic work of Shaw and Bryan where the rate of sodium
uptake varied directly with external concentrations and
inversely with internal concentration. It appears that
the concentration of sodium present in the blood would
also have a marked influence on the detrimental effect
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Fig. 5. Comparison of weight changes in fish after 5 hrs.
in tap water, distilled water, chlorinated tap water
and NaCl.

Fig. 6. Cumulative toxicities of potassium, sodium and
potassium with sodium prior to and after addition
of 0.5 ppm chlorine and total cation concentrations
equivalent to 0.125% NaCl (from KATZ 1975).
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of chlorine in the same manner as low external concen-
trations of sodium, This is also borne out in the low
effluxes of sodium of fish kept in distilled and chlor-
inated waters (Figure 4). Although not determined, this
isdpelieved to be the result of an internal depletion of
sodium,

Cationic influence concurs with diminished and en-
hanced sodium effluxes. Although calcium lessened sodium
efflux of chlorine in a short time, in a 6-day period the
ion did not reduce toxicity of chlorine and actually nul-
lified the protective action of sodium ion (KATZ 1975).

Toxicities due to potassium equivalent to 0.125%
NaCl in the presence and absence of chlorine and NaCl are
summarized in Figure 6. An efflux of sodium in the pres-
ence of a high concentration of potassium could possibly
be offset by chlorine reducing membrane permeability to
potassium which in high concentrations is more detrimen-
tal than chlorine. EVANS (1975a) reported that potassium
lowers influx of sodium and (1975b) the addition of cal-
cium to the external media reduces sodium efflux. This
concurs with the above results. The presence of chlorine
greatly modifies the actions of these cations.

At this point it is interesting to compare these re-
sults with heavy metals. For example it has been repori-
ed that hardness and salinity protect fish from zinc and
cadmium (SINLEY et al. 1974, EISLER 1971). 1In a series
of tests it was shown that silver, copper, zinc and cad-
mium cause a marked efflux of sodium and calcium equi-
valent to its concentration in 25% seawater reduces sod-
ium efflux due to these metals to control levels (KATZ
1976). The results of 5 ppm cadmium is shown in Figure 7.
COURTOIS and MEYERHOFF (1975) rgpoEted that the break-
down in water balance at the Na -H' exchange site on the
gill could be the mode and site of action of cgpper ion.
This was based on weight increase and serum Na decrease,
Weight increase and sodium efflux in the presence of
chlorine appear to parallel the results of COURTOIS and
MEYERHOFF (1975). BASS et al. (1977) reported that their
physiological studies with chlorine are similar to other
authors® results with varying compounds, one of which was
SKIDMORE'S (1970) findings with zinc, and these reflect
an impairment of gill function. Although the chemistry
of heavy metals and chlorine differ, the mode of action
appear to be similar except in the protection incurred
by calcium to metals. Exactly what occurs at the mem-
branal level to cause a breakdown in permeability bar-
riers by these substances can only be speculative at
present., It can be presumed that even 1f sufficient
sodium ion exists to protect the gill from mechanical
damage, greater amounts, 1.5 ppm as chloramine (GROTHE
and EATON 1975) could cause toxicity by another mode
which as reported is oxidation of hemoprotein.
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At the environmental level the cationic composition
of natural waters could have a great bearing on the ef-
fect of a chlorine discharge. At present it would be
difficult to apply these preliminary results to actual
conditions, as this study was aimed only to establish
that there is a pronounced interplay of cations with
chlorine in modifying sodium fluxes and toxicities. The
chronic nature of these manifestations and effects of the
multitude of combinations of these cations has yet to be
resolved. In addition in natural waters many other types
of compounds can be present such as nitrogenous substan-
ces which were also found to alter the toxicity of chlor-
ine (KATZ 1977). However the protection of sodium, nul-
lification by calcium and in some unusual cases protec-
tion from potassium by chlorine, confirm the complexity
of chlorine~induced lethality and the care that must be
excercised in interpreting toxicities in waters of vary-
ing composition.
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