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Abstract

Zinc containing products are widely used in daily lives. It is released into the
aquatic environment as Zn2+, especially affects the fish. The study was
conducted to determine the acute/sub chronic toxicity of zinc metal ions on
fingerlings. Under the stressed conditions, the toxicity may alter the normal
blood constitution. For the experimental studies, two groups of fingerlings with
similar length and weight were taken and exposed with zinc metal ions with
5ppm and 10ppm concentration. When observed after fixed intervals, RBC, WBC
count, hemoglobin content and PCV were found to be distinctly low. This
indicates the exposed fingerlings suffered from erythrocytopenia,
leukocytopenia and hemolytic anemia. The value of MCV, MCH and MCHC were
raised in all exposed fingerlings. Other changes have also been observed like
structural damage of RBC membrane that could be due to hemolysis or
impairment in hemoglobin synthesis. The observations clearly indicate that
higher level of zinc metal ions exposure effects the blood constitution. The
detailed study of hematological indices is considered as a crucial parameter to
determine the response of fish at various environmental condition.
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INTRODUCTION

Heavy metal exposure proves to be useful for animal and human health at a limited
concentration. Exposure of such metals in the environment result from soil-erosion,
volcanic eruption or application in synthetic products viz. paints, mining, electroplating,
dye etc. These heavy metals have been recognized as strong biological poisons and as
hazardous pollutants because of their persistent nature, toxicity metals are considered
due to their non-biodegradable nature and accumulation tendency in organisms and
undergo food chain amplification; they also damage the aquatic fauna [1]. It is reported
that exposure of heavy metals causes mutagenic, carcinogenic and cytotoxic effects [2].
As a result, they have deleterious effects on biota including growth of the fish [3].
Among these heavy metals, the present study was emphasized on exposure to zinc. It
belongs to microelements and are metalloenzymes in nature [4]. Trace amount of zinc is
essential for strengthening the immune system, protecting cell membrane as well as
solubilization of blood sugar. Similarly, it is important for the health of fish. However,
above certain levels, zinc exposure creates harmful effects. Detailed study of the zinc
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chemistry showed that specific gravity of the zinc metal ions is 7135 kg/m3, which is
much higher than water [5]. That is the reason zinc metal cannot be metabolized in the
fish body instead it accumulates there and cause long lasting toxic effects. It definitely
alters the normal blood constitution. Elevated levels of zinc in aquatic systems can be
due to leaching of domestic sewage, insecticides, galvanizing processes, liquid effluent
discharge etc. [6,7]. The studies carried out suggest that nickel toxicity at low
concentration may alter the physiological activities and the biochemical parameters
both in tissues and in blood of fish [8].
Fish are used for the evaluation of the quality of aquatic environment and serve as a
bioindicators of environmental pollution [9-11]. Experiments in the field of ecological
toxicology are oriented towards studying the variations in the hematological changes
[12]. Fishes can accumulate these heavy metals which may enter through four different
routes (1) food ingestion (2) simple diffusion of metallic ions through gill pores (3)
drinking water and (4) by skin adsorption [13]. Hematological techniques are gaining
importance in toxicological research and environment monitoring as the stress created
by the pollutants change the basic physiology. Zinc increase frequency of abnormal
erythrocytes and compensatory reactions expressed by the appearance of immature
erythrocytes in blood flow [14]. The morphological characteristics of fish blood cells
show the possibility of development of compensatory adaptive processes under the
noxious levels of content of heavy metals in water.
MATERIALS AND METHODS
Most of the studies of Zn2+ toxicity to aquatic vertebrates have been focused on zebra
fish (Danio rerio) and little information is available on catla, which occupies a good
position in Indian Major Carp. The main objective for this study is to find variations in
hematological parameters such as RBC and WBC counting, hemoglobin content and PCV
and other parameters such as MCV, MCH and MCHC value in fingerlings of Catla catla.
Study of fish and acclimatization
The fingerlings were obtained from a government fish farm, Surat (Gujarat). Mean
length and weight of the fingerlings were 7.0±1cm and 5.5±1g respectively. Before the
experiments, fingerlings were acclimatized in aerated, dechlorinated tap water at 28ºC
temperature with the photoperiod of 12:12 h light and dark cycle and fed twice daily
with commercial feed of 2% of their body weights. Two glass aquaria with capacity of
100L were used to acclimatize them to laboratory conditions prior to experiments for
15 days. 50 fingerlings were stocked in each aquarium. Fingerlings were not fed for 24 h
prior to experiments.
Water composition
The water quality parameters were carried out by standard method [15]
Table 1: Water quality parameter.
Parameter
Values
7 ±0.5
PH
Temperature
28 ±1ºC
Dissolved oxygen
7.44±0.3mg/L
Hardness
140±7mg/L
Alkalinity
111±2mg/L
Free CO2
Absent
Inorganic
0.1±0.01
phosphorus
mg/L
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Experimental set up and Exposure
Experiments were conducted under semi-static conditions. Approximately 30
fingerlings were stocked in10L capacity aquarium each. ZnCl2 was used to perform
experiments. It was obtained from Qualigens Fine Chemicals with AnalaR grade and
used without any further purification. Experimental suspensions of the desired
concentration were prepared by mixing preweighed ZnCl2 in distilled water. The
Standard Bioassay methods were adopted in the present investigation to study of LC50
value [16] by plotting graphs. It was plotted on mortality versus metal ion
concentrations. Based on the obtained 50 ppm LC50 values, two sub chronic
concentrations of different metal ions were selected. Fingerlings were exposed to 5ppm
zinc (as lower concentration) and 10 ppm zinc (as higher concentration). Experiment
was performed after 5 days, 10 days and 15 days intervals. Triplicates were performed
for each concentration. At the same time, group of 10 fingerlings were taken out as a
control in fresh tap water. All aquaria were aerated during the experiments except for
the period of dosing.
Hematological analysis
After interval of 5,10 and 15 days exposure to zinc, fingerling was sacrificed from each
tank and blood samples were collected directly by puncturing the heart, stored in
monovet units with EDTA (anticoagulant)and used for determination of hematological
parameters (RBC and WBC counts, hemoglobin content, PCV, MCV, MCH, MCHC).
Erythrocyte (RBC) and leukocyte (WBC) counts were made utilizing a Thoma
hemocytometer, using Hayem’s solution and Turk’s solution as the diluents [17].
Hemoglobin estimation was done by cyanmethemoglobin method [18]. PCV values (PCV
%) were determined by using capillary hematocrit tubes. The parameters such as Mean
Corpuscular Volume (MCV), Mean Corpuscular Hemoglobin (MCH), and Mean
Corpuscular Hemoglobin Concentration (MCHC) were calculated by using standard
formulae [19].
RESULT
Water quality parameters studied during the experimental period are presented in
Table - 1, no such fluctuations were found as compared to their desirable limits. In the
present investigation marked changes in level of RBC and WBC count were observed. In
both the concentrations of Zn2+exposure there was a gradual decrease in RBC count.
Slight fluctuation was observed in WBC count; after 5 days it decreased and after 10
days it increased again, but did not exceed up to control value. There was a remarkable
decrease in WBC count after 15 days exposure in both the concentrations. Hemoglobin
content decreased with enhancement of time interval. The obtained results were
summarized in the Table - 2 with mean and standard error (SE) value and was found to
be statistically significant (p<0.05).
PCV values showed decreasing trend in the blood sample taken from fingerlings
exposed to zinc, at the end of all exposures in both the concentrations. The MCV showed
marked increase low concentration, which decreased after 10 days slightly but not
below normal. MCH values were remarkably increased in both concentrations after all
exposure periods. MCHC values increased in both the concentrations but with slight
variations. The alterations in these indices are enlisted in the Table - 3.
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Table 2: Effects of Zinc on hematological parameters RBC, WBC and Hb
Blood
Zn2+Metal ion concentrations and exposure days
Parameters
Control
5 ppm
10 ppm
5 days
10 days
15 days
5 days
10 days
15 days
RBC count
1.89±0.01 1.21±0.01 0.69±0.01 0.32±0.02 1.09±0.09 0.75±0.01 0.22±0.01
(106cells/m
m3)
WBC count 0.19±0.01 0.14±0.01 0.17±0.01 0.08±0.01 0.13±0.01 0.14±0.01 0.06±0.01
(106cells/m
m3)
Hb (g/ dl)
7.0±0.09
6.2±0.02
3.6±0.04
3.2±0.02
6.2±0.04
4.5±0.04
2.9±0.05
[Each value is mean ± SE of three individual observations]
Table 3: Effect of Zinc on hematological parameters PCV, MCV, MCH and MCHC
Blood
Parameters

Zn2+Metal ion concentrations and exposure days
Control
5 ppm
10 ppm
5 days
10 days
15 days
5 days
10 days
15 days
PCV (%)
42.92±0.2 31.00±0. 17.2±0.18 14.82±0.0 30.74±0.1 21.07±0.2 13.89±0.1
2
40
8
5
5
5
6
MCV(/10 )(fl 227.08±0. 256.19±2 249.26±2. 463.19±2. 282.08±1. 280.87±3. 631.35±6.
)
4
.4
73
77
40
32
87
6
MCH(/10 )(p 37.03±0.2 51.23±0. 52.17±1.2
100±3.0
56.88±3.4
60±0.84
131.81±4.
g)
3
60
29
MCHC(%)
16.30±0.1 20.00±0. 21.07±0.1 22.15±0.4 20.48±0.0 21.85±0.3 20.87±0.4
6
26
4
1
5
4
7
[Each value is mean ± SE of three individual observations]
DISCUSSION
Our results are in good agreement with earlier work that reported decrease in RBC
count, hemoglobin content and PCV of fresh water fish exposed to heavy metals [20, 21].
WBC count, and erythrocyte count and hemoglobin content decreased, while other
indices like MCV, MCH and MCHC value were increased in all exposures in this study.
Similar results were obtained during exposure of Azo dye [22]. The decrease in RBC and
Hb content indicates acute anemia in exposed fingerlings. The anemia could be due to
the destruction of RBC. The anemia may also be of hemolytic type. In the present
investigation, hemolysis might have been one of the causes for reduction in Hb, RBC and
PCV values. The fall in hematological parameters might be due to decreased rate of
production or increased loss of destruction of RBC [23]. Another reason for decrease in
RBC count due to damage to the hemopoietic tissue. PCV appears to be positively
correlated with RBC counts, hence, a decrease in PCV was also observed. White blood
cells in fish respond to various stressors including infections and chemical irritants [24].
Thus, increasing or decreasing numbers of white blood cells are a normal reaction to a
toxicant, which demonstrate the effect of immune system under toxic conditions [25].
The decreased number of WBC may be the result of bio concentration of the test metal
in the kidney and liver [26]. The erythrocyte constants MCV, MCH, and MCHC allow the
determination of morphological anemia i.e. normocyte, macrocyte or microcytic anemia.
The alterations in the hematological indices i.e. increase in MCV, MCH and MCHC in the
present study may be due to a defense against the toxic effect of zinc metal ion and in
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turn due to decrease in RBCs, Hb and PCV and the disturbances occurred both in
metabolic and haemopoietic activities in fish. Increase in WBC count suggests that the
anemia is macrocytic type [27]. The increase in MCH and MCHC in the present study
clearly indicates the reduction in cellular blood iron, resulting in reduced oxygen
carrying capacity of blood and eventually stimulating erythropoiesis MCH is a good
indicator of RBC swelling [28]. The significant increase in the MCHC values in the
present study may be due to direct or feedback responses of structural damage to red
blood cells membranes resulting in hemolysis and impairment in hemoglobin synthesis
and stress-related release of red blood cells from the spleen and hypoxia, induced by
exposure to toxicant.
CONCLUSION
The hematological parameters were found to decrease from control in all exposure
periods. From the above investigation it can be inferred that fingerlings were affected
by the zinc metal ion. Significant changes are observed both at the end of 10 and 15days
exposure. It caused severe anemia and alterations in hematological indices in the fresh
water fingerlings Catla catla. The decreased level of hemoglobin, hematocrit, WBC and
RBC revealed the hematotoxic effect of zinc. Catla was found to be the most vulnerable
to the stress caused by zinc metal ion. Hematological parameters could be effectively
used as potential biomarkers of metal toxicity to the freshwater fish in the field of
environmental biomonitoring.
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