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ABSTRACT

Two Tilapia species (T. nilotica and T.
zillii) were subjected to acute zinc and mercuric
concentrations (60 ppm. and 1.4 ppm., respe-
ctively) after the addition of 10 gms. of heat-
treated Nile silt, in order to evaluate its rocle
in protecting these fishes from their toxicosis.
The resulted data revealed that nonsignificant
role was played by this type of silt for both
Tilapia species against Hg and T. npilotica and
against Zn. However, silt addition showed a
significant role against Zn toxicity to T. ZILLII
Different numbers of each species constituted
three populations of 4, 12 and 20 individuals
were subjected to the same concentrations of Zn
and Hg, for studying the influence of population
density on their toxicity. It was found that
there was a proportional relationship between the
intrinsic resistance of populaticn and the
population density for both studied species. This
resistance was higher for T. zillii than for T.
nilotica, in all cases.
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INTRODUCTION

The polluted environment, undoubtedly, is reflected by
its inhabitants. Accordingly, the polluted water streams must
v reflected by their aguati: fauna. Water pollutants come
from many scurces, of which metals, as by-producis of
indugirial operations, are the moszt important.

iine and mercury are two toris metals [eound in many of
Eheﬂe industrial wastes. Their sublsihal concentrations canuss
many pathological effects in the cell structure, consequently
affect nearly all internal organs of aquatic animals,
including fishes, which are considered as one of the main
protein resources for man.

It was found that the heat-treated Nile silt shows
remarkable reducing properties for both organic and inorganic
cations. Its basic character means that it could be applied as
a safe way of reducing the acidity of water resources, where
the acidity is too high ( Ebeid et al., 1987 ).

Also, it seemed possible that the number of individuals
in the population may play a role in the degree of
effectivensess of the toxic metals on fishes.

Therefore, it was found interesting to evaluate the
role of the heat-treated Nile silt and the influence of
population density on the acute toxicity of zinc and mercury

for Tilapia nilotica and Tilapia zillii, which are the most

dominating freshwater fish.
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MATERIAL AND METHODS

A series of 30 litre glass aquaria (60 x 30 x 40 cm.)
were thoroughly cleaned, equipped with continuous air
supplying resources. Stock solutions of zinc-acetate and
mercuric—chloride were weekly prepared as 1000 mg/L., One to
two drops of Hcl were added to the stock solution for reducing
precipitation of basic metal salts.

Silt was collected from the side of the River Nile at
Kafr El-Zayat city ( about 110 Km. Northward of Cairo ).
Following Ebeid et al (1987) the silt was manually crushed,
sieved through a wire-sieve to give small sized particles
{(less than 0.5 mm.), and calcined in muffle furnace at 650 %:
for 24 hs.

Fish samples were brought from Fowa fishing farm, at
Kafr El-Sheikh Governorate, into nylon bags filled with
oxygen. After quick and careful transportation of these
samples to the laboratory they were kept in special temporary
agquaria, for 3-4 days, for adaptatiomn.

For carrying out the first type of experiments i.e.
evaluation of the role of the heat-treated silt on the high
toxicity of ZIn and Hg, four aguaria were used for each
species, of which two are considered as controls and filled
with either 80 ppm. of zinc or 1.4 ppm. of mercury only. The
other +two aquaria were filled with +the same metal
concentrations, beside 10 gms. of the treated silt. Ten

healthy individuals were put in each aquarium, thus 80
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individuals of both species were employved for this experiment.
In the second type of experiments i.e. for studying the
inftuence of populaticn density of both Tilapia species on the
high toxicity of In aad He, four sels of ayvaria were used,
e for cach metal for cach soccies. Bach set was composed of
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hardness wave attribated to the ovperinental time, slnce the
first type of experiments was fuifiiled in winter while the
second type, during spring. The ol values were measured by

using digital pH meter and the total hardness, by direct
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titration.

The available data were statistically treated by
applying the least square method to the variablss. Also,
Kruskal-Wallis test and the T-test were calculated accurding
to steel and Torrie (1976). The percentage of mortality wes
cerrrected by applying Abbot's formula for any response of the
controls according to Al-Assiuty (1981). The mediau lethal
time (LT 50), regression coefficient of mortality (b),
murtasivy veviation corresponding to the LT 50 time (¢), mean
length of life (M) as well as the error in fitting the line,

were computed.

RESULTS
1 - Role of 5ilt

a—- Toxicity of zinc :

The obtained data are shown in table (i) and
graphically represented by figures (1&2) for T. nilotica and
(3&4) for T. zillii.

From these data it can be observed that the mean values
of LT 50 of the treated and controlled aguaria for T. nilotica
were not significantly changed. It was 20.8 hours in the
treated and 19.7 hours in the controlled ones. The mortality
deviations (¥) corresponding to LT SO were the same, having
negative values in both cases.

On the other hand, the results obtained for T. zillii

indicated that there was an increase in the mean value of LT



328
Delta J. Sci. 16 (3) 1992

S0 of the treated aquarium ( with silt ) than that of the
controlled one, they were 41.1 h. and 29.6 h. for the treated
and controlled aquaria, respectively.

b~ Toxicity of mercury :

The resulted data are shown in table (1) and
graphically illustrated by figures (5&6) for T. nilotica and
(7&8) for T. zillii.

These data clearly reflected the high toxicity of
mercury. Thus, by comparing the LT 50 values of the treated
and controlled aquaria for T. nilotica, only a slight
difference was found, they were 9.43 and 11.09, respectively.

The LT 50 values of the treated and controlled aquaria
for I. zillii were nearly comparable, they were 15.29 and
16.33 h., respectively.

Also, it was found that the values of the mortality
deviations (¥) of both treated and controlled aquaria and for
each of the two Tilapia species were nearly the same, having
negative signs, indicating that the intrinsic resistance of
these fishes ware low in the presence or absence of silt.

2- Population density
a_ I [ - l E .- - i
The obtained data are shown in table (2) and
graphically represented by figures (9,10 & 11) for T. nilotica
and (12,13 & 14) for T. zillii.
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The resulted data indicated that the mean values of LT
50 in the thieo Jifferent population densities for T. nilotica
were comparable to each vuer, being 8.13, 9.87 and 8.76 h.,
respectively. This may be attributed to the low resistance of
this fish and alsc to the very high concentration of Zn used
(80 ppm.) to the level at which all individuals of the three
populations died in comparable times, regardless the number of
individuals in each population.

On the other hand, in case of T. zillii a marked
variaticn in resistance could be observed, where the mean
values of LT 50 wevce 0.4, 28.6 znd 24.6 h.. respectively.
These values may be explained on the basis of the acute effcot
of In.

b~ Toxicily of mercury

The resulted data are shown 1in table (27 and
illustrated by figures (15,16 & 17) for T. nilotica and (18,19
& 20) for T. zillii.

These data revealed that the mean values of LT 50 were
decreasing as the number of individuals increases. However,
the differences in these values were not significant in both
species. Thus, in case of T. nilotica the values of LT 50 were
5.02, 4.89 and 4.08 h., whereas they were 6.79, 5.84 and 4.34
h. for IT. zillii, at the population densities of 4, 12 and 20
individuals, respectively.

The values of LT 50 for T. nilotica were slightly lower
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than that for 1. zillii, which may reflect the relatively

higher resistance of the second species.

DISCUSSTON AND CONCLUSTIONS

Metal pollution is considered as one of the most
important types in water sireams. [L comes as a by-product
from maony factories and has o foxic =ffact on the internal
sigans of aquatic inhabdtants, which aay lead to their death,

Pizheg ghich are sardectad to miblethal concentrations
of toxic aetals may cause some diseasas (o pan, i hie feads on
thew,

Zinc and mercury ace two toxic metals found in many
indusirial wastes, Zine is an essential frace-element in ali
iiving vrganisms, being inveolved in nucleic acid synthesis and
occur 1In many enzymes. However, the Iincrease of its
concentration in water streams will affect the biota or sone,
if not all, organs of fishes without killing them, since it
makes many pathological alfterations in the cell structure.
Thus, according to Abou-Zaid et al. (1932) the cﬁbj?ctien of
Tilapia species to 3.0 ppm. of 7n caused many pathological
alterations in the hepatocyte structure. Also, the chloride
cells had increased in number after treating the dogfish with
10 ppm. of In for three weeks (Crespo et al., 1981). The gill
epithelium of this species exhibited surface microvilli or
microridges in the pavement cells {Crespo, 1982).

Effects of zinc on fishes have been critically reviewed
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by many authors, such as Doudoroff & Katz (1953), Skidmore
(1964), Kumar & Pant (1984), Wunder et al. (1984), Hilmy et
al. (1987), Abou-Zaid et al. (1988 a,b) and Shenouda et al.
(1992 a,b).

Also, toxic effects on fishes were remarked after their
subjection to sublethal concentrations of mercury. Thus,
according to Panigrahi and Misra (1980) the clinical symptoms

vwhich appeared on Tilapia mossambica, after exposure to

sublethal concentration of 0.5 mg/L of mercury were
inappetence and ataxia after 2 days and blindness of about 60%
of fishes after 10 days. '

bifferent effects of Hg on fish have been studied by
many authors, such as Bhattacharya et al. (1985), Fletcher &
White (1986) and Victor et al. (1986).

Ebeid et al. (1987) found that the heat-treated Nile
silt showed remarkable sorption properties for both organic
and inorganic cations. They mentioned that it could be applied
as a safe way of reducing the acidity of water resources,
where the acidity is too high.

In the present work two types of experiments were
carried out. The first type of experiments was aimed to
evaluate the role of the heat-treated Nile silt in reducing
the high toxicity of Zn and Hg on T. nilotica and T. zillii.
Both Tilapia species were subjected to acute concentrations cf
either Zinc (B0 ppm.) or mercury (1.4 ppm.)}, after addition of

10 gms. cf silt, ftreated according to Ebeld el al. (1387), to
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each aquarium. The resulted values of LT 50 and mortality
deviations indicated that silt did not provide protection to
T. nilotica against the sited Zn concentration, whereas it
reduced the zinc toxicity on T. zillii, since the LT 50 value
was remarkably increased. The non protective role of silt is
probably due to the high sensitivity of this species towards
low Zinc concentrations. On the other hand, reducing the high
toxicity of 80 ppm Zinc by silt addition against T. zillii may
be explained on the basis of two factors : firstly the self
rosistance of this species (Abu-Zaid et al, 1988) and secondly
the silt addition has apparently reduced the acidity of media
(Ebeid et al, 1987) which is followed by precipitation of
basic metal salts; thus Zinc becomes less toxic.

The slight difference between the mean LT 50 values of
the treated and controlied aquaria for T. nilotica after the
subjection to acute Hg concentration may possibly reflect a
very slight influence of silt on its toxicity for this
species, whereas it had an insignificant influence on the
toxicity of mercury for T. zillii fishes.

Generally speaking, the sited results conspicuously
revealed that the heat-treated silt has a nonsignificant
effect on mercury toxicosis for both Tilapia species. This may
be mainly attributed to the highly toxic nature of mercury.

The comparison between the different mean values of the
LT 50 times of zinc and mercury toxicosis, for T. nilotica and

T. zillii revealed that the latter species was relatively more



333

Delta J. Sci. 16 (3) 1992

resistant in both cases.
The second type of experiments was done for studying

the influence of the population density of both Tilapia

species on the acute toxicity of zinc and mercury at the same
metal concentrations used before. Three population densities
of 4, 12 and 20 individuals were used for each species, for
each metal.

In case of ZIn toxicosis, the mean values of LT 50 of
these popuiations for T. nilotica were nearly comparable,
whereas for T. zillii a marked variation in resistance could
be observed. This may be explained on ihe basis of the acute
effect of Zn. Thus, in the first population the density was
the smallest (4 dnadivideais), therefore each individnal
obtained the largest amount of the toxic metal, hence all
individuals died quickly. In the second population (12
individuals} the amount of oxygen in the aquarium was possibly
sufficient to provide some resistance against the toxicity of
this metal. There was an eguilibrium between the toxic effect
of Zn and oxygen content in the aquarium, which resulted in an
increase in the LT 50 time. The value of LT 50 in the third
population (20 individuals) occupied an intermediate position
petween the other two populations. This may possibly be due to
the relatively increased mortality rate resulied from some
interfered factors, such as : the indirect effect of the small
amount of the toxic metal taken by each individual, the

increase of oxygen consumption from water in the aguarium and
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also as a result of the high fish excrements & microorganisms
activity.

Mercury toxicosis showed, also, that the intrinsic
resistance of T. zillii is relatively higher than that of
T. nilotica.

From the previous discussion it can be concluded that
there is a proportional relationship between the population
intrinsic resgistance and population density. This may be
attributed *o the large number of individuals which may bhe
congidered as a4 chanca for providing the tested group with
s-me individuals having mora resistance than others against
pollution. This resistance is higher for 1. zillij than for T.
nilotica, in all cases. Accordingly, it is advised to Increase

the culture-rate of Tilapia zillii fishes in all water areas,

specially in fishing farms and rice-fields.
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apecies res

pectively .
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Figures (9,10 & 11) for T.nllotica {Tn) and figures (12,13

& 14) for T.zilldi (Pz) illustrate the effeet of different

numbers of individuals in the population (No. 4 , 12 & 20)

respectively , on ithe high toxicity of zinc,ai & concentra-
tion of 80 ppm.
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