Delta. J. Sci. 16 (3) 1992

TOLERANCE OF TILAPIA NILOTICA AND T. ZILLIi TO ZINC AND
HERCURY UNDER LABORATORY CONDITIONS

BY
*Tharwat §. Shenouda **Abdel-Naeim M.Al-Assiuty
** Fouad A. Abou-Zaid * Ahmed A. Abada
* Faculty of Education, Tanta Univ., Kafr El-Sheikh.
**x Faculty of Science, Tanta Univ., Tanta.
Received: 17 - 9 - 1992,

ABSTRACT

Both Tilapia species were subjected to
different concentrations of zinc and mercury
under : ambient laboratory conditions. The
changes in the values of the median lethal time
(LT 50), regression coefficient of mortality,
mortality deviation, beside the mean length of
life, were discussed. Also, the median lethal
metal concentration (LC 50) that kills 50% of
individuals after 24, 48, 72 and 96 hours was
deduced from the obtained data. It was found
that zinc is more toxic on T. nilotica than on
T. zillii at any certain concentration.
Comparable values of LC 50 were obtained for
both species at the different Hg concentrations,
which indicates that mercury is highly toxic on
each of them, with the same rate.

INTRODUCTION
As a result of the modern industrial progress in
Egypt, hundreds of factories and manufactures were
constructed on the banks of the River Nile and its branches.

Unfortunately, manf of them pour their wastes into the
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freshwater streams without treatment, regardless the
influence of these wastes on both aquatic inhabitants and
man.

The industrial wastes contain a great number of
organic and inorganic materials, some of which are nighly
toxic to fishes and consequently to man as their main
consumer. This will certainly lead to a poor fish population
and unhealthy man.

Tilapia nilotica L. and T, zillii Gervais are

exclusively the most dominating fishes in the River Nile and
the most popular edible fishes.

It was found that many industrial wastes contain high
concentrations of zinc ( Shenouda et al , 1992 ) and
mercury ( Kimbal , 1975 ).

For these reasons, it was found interesting to study
the tolerance of the two previously stated Tilapia species
to different concentrations of zinc & mercury under ambient
conditions and deduce the metal concentrations that kills
50 % of the tested individuals after 24, 48, 72 and 96
hours.

MATERIAL AND METHODS

All experiments were carried out under normal ambient
laboratory conditions : temperature 17.0 4.0 °c,
dechlorinated tap water with hardness of about 23 ppm. ( as
Ca and Mg carbonate ) and pH 6.2 £ 0.2 .

Series of 30 litre glass aquaria ( 60 x 30 x 40 cm. )
were thoroughly cleaned, provided with continuous air

supplying resources. Stock solutions of zinc acetate and
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mercuric chloride were weekly prepared. One or two droplets
of Hel were added to each stock solution for reducing
precipitation of basic metal salts.

Samples of Tilapia species were collected from Desouk
fishing farm at Kafr El-Sheikh Governorate. After quick
transportation of fishes, which were put into nylon bags
with oxygen, to the laboratory, they were kept into
temporary glass aquaria for 2-3 days, for adaptation. Ten
healthy individuals, almost of the same size, were
transferred to one of the glass aquaria, which contained
different zinc and mercuric concentrations. The zinc
concentrations used were : 20, 30, and 40 ppm. for Tilapia
nilotica and 20, 30, 40, and 50 ppm. for T. zillii
individuals. Fishes of both species were subjected to
mercuric concentrations of 0.8, 1.2 and 1.4 ppm. . Each
concentration of both metals was tested in five replicates.
The experiments were accompanied by controls. For all
experiments 400 individuals of Tilapia nilotica and 450

individuals of T. zillii were employed.

Deaths of the tested fishes were recorded at intervals
according to the metal concentration.

The available data were statistically treated by
appiying the least square method to the variables. The
median lethal time ( LT 50 ), regression coefficient of
mortality (b), mortality deviation corresponding to the
LT-50 time (¥) as well as the mean length of life (M), were
estimated. -
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RESULTS
A- Tolerance to zinc

Tilapia nilotica fishes were subjected to three zinc

concentrations: 20, 30 and 40 ppm., whereas those of T.
zillil were tested against the same concentrations beside a
fourth one of 50 ppm. The resulted data are showm in table
(1) and illustrated in figures (1-3) for T. nilotica and
(5-8) for T. zillii.

1- Tilapia nilotica :

From the obtained data it can be observed that the
values of the sample regression coefficient of mortality (b)
for T. nilotica were considerably different from each other.
Thus, as zinc concentration increases a marked increase in
mortality coefficient can be seen. At the lowest
concentration (20 ppm) the tested individuals were more
tolerable against zinc pellution. However, with zinc
concentration of 30 ppm. the tolerance of the tested fishes
markedly decreased by a factor of about two folds. Moreover,
at 40 ppm. of zinc concentration a minimum relative
tolerance was achieved with a mortality coefficient of about
1.06 individual / time unit.

On the cther hand, a negative correlation was observed
between the obtained mortality deviations (¥) corresponding
to LT 50 times and the metal concentrations. Thus, at
concentrations of 20, 30, and 40 ppm. of zinc, the mortality
deviations were: 14.14, - 4.4 and - 13.7, respectively. This
probably reflects that the population intrinsic resistance

of the tested fish decreases as metal concentration
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increases. The negative values of (¥) indicate that the time
at which 50% of individuals were killed is less than the
mean time (Mx) of the experimental intervals. This may be
due to the strong effect of the high zinc concentrations

( 30 and 40 ppm. ). However, in case of 20 ppm. the positive
value of (¥) may reflect a clear figure about the high
population intrinsic resistance of the tested individuals
against such metal concentration.

2- Tilapia zillii

The data for this species showed the presence of a
proportional relationship between the regression coefficient
of mortality ( 0.15, 0.1i7 and 0.19 ) and metal
concentrations ( 20, 30 and 40 ppm. of zinc ). However, at
50 ppm. of zinc concentration, this species had a low
survival ability, since the regression coefficient of
mortality was relatively high (3.35). This could be
explained on the basis of the high population intrinsic
resistance in the first three concentrations. Moreover, no
significant differences were observed between the toxicity
of the first three tested concentrations, based on the
standard error among the different replicates. On the
contrary, with 50 ppm. zinc concentration, the mean length
of life of the tested individuals was sharply decreased by a
factor of 10 to 12 folds. This idea was confirmed by the
positive values of (%) at the first three In concentrations
as a high population intrinsic resistance was existing. The
negative value of (¥) in case of 50 ppm. of Zn showed that

a great reduction in this resistance had occurred. Also,
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these results clearly show that the increase in metal
concentration from 20 to 50 ppm. caused a marked increase in
mortality function and shortened the LT50 values. Thus, at
the lowest metal concentration ( 20 ppm. } the LT50 value
was 248.1 h., while at 50 ppm. a marked decrease in the
resjistance could be observed since the LT50, at this
concentration, significantly decreased to 22.4 h. instead of
244.2 h, at 40 ppm.

The indirect proportional relationship between LT50
times and zinc concentrations could be explained according
to Bryan view (1976), who indicated that the relaticnship
between the rate of absorption and external concentration of
zine is not directly proportional to each other because the
zinc uptake is more closely related to its adsorption on the
surface of the body during the uptake process and binded by
the surface mucous Jayer.

Table (1) and figqures 4 and 9 indicate the median
lethal Zn concentrations that kill 50% of individuals
(LC 50 ) of T nilotica and T. zillii, respectively after
24, 48, 72 and 96 hours. They were found to be 39.4, 34.8,
30.2 and 25.6 ppm. for the first species and 49.7, 46.6,
43.4 and 40.2 for the second one. This shows that Zn is more
toxic, at the concentration of 39.4 ppm. ( 24 h.LC50 }, on
T. nilotica than on T. ziilil.

B - Tolerance to mercury

Each of the experimental fish species was subjected to
three different mercuric concentrations i.e.0.8, 1.2 and 1.4
ppm. The obtained results are shown in table (2) and



294

Delta. J. Sci. 16 (3) 1992

illustrated in figures ( 10 - 12 ) for T. nilotica and
(14 -16) for T. zillii.

1- Tilapia nilotica :

The results for this species revealed the presence of a
proportional relationship between the metal concentration
and the regression coefficient of mortality. Thus, the
different values of (b) in the cited table were: 0.22, 0.49
and 2.74 at the mercuric concentrations of 0.8, 1.2 and 1.4
ppm., respectively. However, a negative relationship was
noticed between the Hg concentration and LT50 values. Thus,
the values of LTS50 were: 89.7, 58.7 and 7.6 h. corresponding
tc the previous mercuric concentrations, respectively.

On the other hand, the mortality deviation (¥) showed
a positive value (11.43) at the concentration of 0.8 ppm.,
whereas it indicated necative values (-5.0 and -8.7) at the
other noncentrations of 1.2 and 1.4 ppm., respectively. This
riey probably assume thal Lhe tested fishes had & reiatively
good populatioi intrinsic resistance at the lowest
concentration, However, at the following concentrations the
tested individuals showed faint resistances.

2~ Tilapia zillii -

The results presented in table (2) for this species,
also revealed the existance of a proportiopal relationship
between the regression coefficient of mortality (b) and the
mercuric concentration. Thus, the values of (b} were : 0.14,
1.86 and 3.99 at the metal concentrations cited before,
respectively. The same negative relationship - as in the

former species - between the values of LT50 and the Hg
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concentrations was found. Thus, the values of LT50 were :
143.8, 18.11 and 10.72 h. corresponding to the mercuric
concentrations of 0.8, 1.2 and 1.4 ppm., resectively.

On the other hand, the obtained values for the
mortality deviation (¥) were found to be correlated with
the different metal concentrations. It had a positive value
(11.43) at the lowest concentration (0.8 ppm.), which may
indicate the relatively high intrinsic resistance of this
species. The other values of (¥) indicated negative figures,
being - 5.0 and -8.8 at 1.2 and 1.4 ppm. concentrations,
respectively. This means that the intrinsic resistance of T.
zillii decreases with increasing metal concentration.

Table (2) and figures 13 and 17 indicate the values of
LC50 when using different mercuric concentrations for T.
nilotica and T. 2zillii after 24, 48, 72 and 96 hours,
respectively. These values were found to be : 1.28, 1.1,
0.92 and 0.75 ppm. for the first species and 1.34, 1.23,
1.12 and 1.01 ppm. for the second one, respectively. This
shows that mercury is a highly toxic metal and its effect is
comparable on both Tilapia species.

DISCUSSION AND CONCLUSIONS

Pollutants entering water socurces are much diversed.
According to Kimbal (1975) the major sources of pollution
come from industrial, domestic and agricultural wastes. The
industrial wastes include metals such as zinc, mercury,
lead, copper, ..... etc., beside many organic and inorganic
toxicants, Many freshwater and agricultural soil areas are

greatly polluted by the disposal of waste-metal solutions
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resulting as by-products from industrial, mining processes,
..... etc. into rivers and canals. All these forms are
harmful to water fauna and their toxicity greatly depends on
water characteristics ( Chapman, 1978 ) and soil properties
{ Ma Wei-Chun, 1982 ). Wilbure (1969) mentioned that all
chemicals of industrial wastes are toxic to animals and may
canse death or sublethal pathological'manifestations of many
internal organs in both invertebrate and vertebrate aquatic
animals. Moreover, Stum & Bilinski (1973) stated that metals
are well-known pollutants causing disorder in population-
functicn of some, if not all, iiving organisms.

Zinc wastes can have a direct toxicity to aquatic life
and fisheries can be affected by either zinc alone or more
often with olher metais ( Rlabaster and Lioyd, 1982 ;.
Vffects o zinc on fich Luve been critically reviewed by
many cuthore  of whicn Dousoroff & Kato (1553, Skidwmore
P64, niwuLaLa @7 wi. (19BB; ana Shenouda 2t i, (1992
vould pe mentioned.

On the other hand, many lakes and rivers contain
undesirable levels of mercury ( Goldwater, 1971; Katz, 1972;
Fishbein, 1974 ). It was found that almost all sediments
contain this metal which results from human activities
( Ackefors, 1968; Gavis & Ferguson, 1972 and Lexmond et al,
1976 ). Mercury in the water mass is predominant in
inorganic form ( Jensen and Jernelov, 1969; Fimreii et al,
1971; Keeney, 1672 ).

The present study is concerned with the tolerance of

two of the most important fishes in the River Nile,i.e.
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Tilapia nilotica and Tilapia zillii to different zinc and

mercuric concentrations. From the discussed analyses of the
obtained results it can be concluded that a positive
correlation exists between the regression coefficient of
mortality and the metal concentration‘;ither zinc or mercury
for both Tilapia species. However, a negative correlation is
present between the mortality deviation corresponding to
LT50 times and concentration of both metals, for both fish
species. The population intrinsic resistance of T. zillii
appeared to be higher than that of T. nilotica at the same
metal concentration.

The study of the relation between zinc concentration
and the corresponding LT50 time revealed that Zn is more
toxic, at the concentration of 39.4 ppm. ( 24 h. LC50 ), for
T. nilotica than for T. zillii.

The comparison between the effect of mercury on T.
nilotica and T. zillii showed that the values of the
regression coefficient of mortality (b) sharply increase,
while those for the median lethal time (LT50) and mortality
deviation (¥) sharply decrease, with nearly the same rate in
both species as the metal concentration increases. This
means that mercury has a high toxic effect on both tested
fishes. This was ensured by the values of the median lethal
concentration (LC50) which were comparable for both species

under study.
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