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Abstract:

Wetland ecosystems are being degraded due to discharge of toxic effluents
from industries. Pollutants are posing serious threats to the variety of floraand
fauna existing there. Fish fauna which is important from ecological as well as
economical point of view is facing threat due to the discharge of these
pollutants. Fish scales are employed as pollution indicator during the course of
present investigations. Altered structural and elemental composition of the
cycloid scale of Labeo rohita (Hamilton-Buchanan) has been observed by
employing scanning electron microscopy (SEM) and energy dispersive X-ray
microanalysis (EDX) techniques. The structural damage was in the form of
uprooting of lepidonts from the anterior side of the scale thus resulted in the
loosening of hold of the scales on the body of fish. EDX technique reveaed
that normal scale consists of Calcium (Ca-38.26%), Phosphorus (P-31.32%),
Oxygen (0-22.36%) and Magnesium (Mg-8.06%), but fish scale taken from
Harike wetland (Ramsar site) consists of Oxygen (0O-59.54%), Magnesium
(Mg-0.49%), Aluminum (Al-0.93%), Silicon (Si-1.29%), Phosphorus (P-
16.85%), Cacium (Ca-19.05%), Sulphur (S-0.10%), Lead (Pb-0.39%) and
Chromium (Cr-1.36%). The changes in elemental composition of the scale
have indicated that it can be used as a reliable pollution indicator in Harike
wetland.
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Introduction
Harike wetland is situated at the confluence of two major rivers Sutlgl and Beas,
which has been recognized as wetland of international significance (Ramsar site). It
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provides breeding and feeding ground to many fish species. The tall grasses and other
vegetation serves as a host to thousand of migratory ducks during the winter season. It
also provides staging ground to large number of globally threaten migratory water
fowls every year. This wetland receives pollution from various quarters. Its initial
mesotrophic character, with passage of time transformed into eutropic by receiving
many kinds of effluents from industry, agriculture and domestic disposal (Ladhar and
Brraich, 2005).

The deteriorating water quality affects man, animals and plant life with far-
reaching consequences. In India, due to tremendous urbanization and
industrialization, the problem of water pollution has assumed an alarming situation,
with the rise of pollution in the aguatic ecosystems (Singh and Nautiyal, 1990; Trivedi
et al., 1990; Kishore et al., 1998). In recent years, increased industrial developments
and agricultural processes resulted in increased level of toxic metals in environment.
The contaminations of water with a wide range of toxic metals are a matter of serious
concern because of the threat to public water supplies and damage caused to aquatic
life. Harmful effects have been realized on aquatic organisms. Such common
practices warrant additional monitoring of anthropogenic agents and their effects on
aguatic biota. Fishes are useful organisms in the study of heavy metals contamination,
because they explore freely in the different trophic levels of the aquatic ecosystem
(Chopra et al., 2001; Palaniappan et al., 2009). The earlier studies relating to the
effects of heavy metal pollutants (Joha and Mehta, 1994; Johal et al., 1994; Johal and
Dua, 1995; Johal and Sawhney, 1999) have indicated the alterations in the mineral
profile of the different regions of the scales in laboratory conditions. However, in
recent years, anthropogenic pressure on natural aquatic ecosystems has created an
extensive ecologica imbalance which poses a serious threat to the valuable flora and
fauna existing there. River Sutlegj receives toxic effluents from Budha Nallah and Kala
Sanghian drains which are tributaries of this river. These drains carry toxic effluents
from various industries as well as municipality sewerage of Ludhiana, Jalandhar and
other cities. These toxic effluents ultimately reach at Harike wetland. Therefore, it is
necessary to conserve this important wetland ecosystem. The present investigations
take into account the deleterious effect of deposition of pollutants and heavy metas
on fish scales, thus enabling them pollution indicator at Harike wetland.

Study Area

The Harike wetland ecosystem, rich in aquatic flora and fauna spread into the three
districtsi.e. Tarn Taran, Ferozpur and Kapurthala in the Indian States of Punjab. It is
one of the largest aguatic wildlife sanctuaries of North India covers an area of 41 sq.
km. It is located between latitudes 31°13'N and longitudes 75°12’E. The area is
drained by the Sutlgl and Beas rivers and their tributaries. This manmade wetland not
only recharges ground water but also provides irrigation to parts of Punjab and
neighbouring state of Rajasthan (Fig.1).
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Fig. 1: Map of Harike wetland

Materials and Methods

Samples of fish species Labeo rohita were collected from Harike wetland. The scales
were removed from the sides of body between the dorsal fin and lateral line with the
help of fine tweezers. These scales were cleaned with freshwater using the fine brush.
The clean and air dried scales were mounted on the metal stubs with dorsal surface
upward and coated with 100A° thin layer of gold in gold coating unit. The gold coated
scales were viewed under vaccum in JEOL JSM-6610 LV scanning electron
microscope at an accelerating voltage of 20 kv at the low probe current. The
elemental composition of scaes was determined by energy dispersive X-ray
microanalysis (EDX) by adjusting the scanner of INCAx—act analyzer attached to
JEOL JSM-6610LV Scanning electron microscope.

Results

The normal scale of Labeo rohita consists of circuli which bear tooth like structures
and regularly spaced lepidonts (L) placed in relatively deep sockets in anterior portion
of the scale (Figs.2 & 3).

Fig.2: Scanning electron micrograph of control fish Labeo rohita (Hamilton-
Buchanan) showing regularly spaced lepidonts on the circuli.
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Fig.3: Closely placed lepidonts on the anterior circuli from the fish taken as control.

Various alterations were observed in the structure of scales of fish from Harike
Wetland by employing Scanning Electron Microscopic technique. The polluted water
and different metal pollutants present in water have adverse effects on the scale
structure. The lepidonts were uprooted from their point of attachment to the scale
(Figs.4&5). Circuli were broken and disorganized (Fig.6). At some places the damage
was so prominent that not only individual lepidont was dislocated, but the whole row
of lepidonts was sloughed off from circuli (Fig.7). All the calcareous materia was
seen to be disorganized. The disruption and dislocation of these lepidonts induces the
loosening of the scales from the fish body. Thus, on the basis of present
investigations, it is suggested that alterations in the calcareous structure of the scales
can be successfully used to announce the pollution in the water of Harike wetland and
scales can be used as reliable pollution indicator in aguatic ecosystems.
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Fig.4: Scanning electron micrograph of scale of Labeo rohita (Hamilton-Buchanan)
exposed to heavy metals showing uprooted |epidonts from the circuli.
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Fig.5: Scanning electron micrograph of scale showing dislocation of lepidonts from
circuli.
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Fig.7: Scanning electron micrograph of scale showing a complete row of lepidontsis
sloughed off from circuli (C).

ELEMENTAL COMPOSITION OF THE SCALES

Composition of the normal scale of Labeo rohita (Hamilton-Buchanan) or
Control fish

EDX anaysis has indicated the percentage composition of the elements which
consists of four elements viz. Calcium (Ca-38.26%), Phosphorus (P-31.32%), Oxygen
(0-22.36%) and Magnesium (Mg-8.06%) present in the anterior part of the control
fish scale of Labeo rohita. Among these elements, Ca comprises the maximum
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percentage while Mg forms the least of the elements recorded in the scale (Fig.8).
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Fig. 8: Elemental composition of the scale of fish Labeo rohita taken as control.

Elemental composition of scale of Labeo rohita (Hamilton-Buchanan) exposed to
Heavy Metals

As assessed by Dispersive X-ray microanalysis (EDX) the various elements present in
the scae of fish includes: Cacium (Ca19.05%); Magnesium (Mg-0.49%);
Phosphorus (P-16.85%); Chromium (Cr-1.36%); Oxygen (0-59.54%); Aluminium
(A1-0.93%); Silicon (Si-1.29%); Sulphur (S-0.10%) and Lead (Pb-0.39%). The
percentage composition of these elements in the anterior part of the normal scale has
been given in Fig. 8. Among all elements Ca, O and P constitute the major elemental
part of the scale whereas S, Mg, Si, Cr, Al and Pb present in a small percentage (Fig.
9).
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Fig. 9: Elemental composition of the scale of Labeo rohita exposed to heavy metals.

The elemental composition of the scale is directly related to the hydrochemistry of
the aguatic environment in which the fish inhabits. Keeping above fact in mind, scales
were employed for EDX analysis and found that heavy metals adsorption has altered
the normal elemental composition of the scale of the fish. A norma scale of fish
Labeo rohita has elements like Calcium (Ca-38.26%), Phosphorus (P-31.32%),
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Magnesium (Mg-8.06%) and Oxygen (0-22.36%). While the EDX analysis of the
scales of Labeo rohita from Harike wetland, has indicated that elements like Silicon
(S-1.29%), Sulphur (S-0.10%), Chromium (Cr-1.36%), Aluminium (Al-0.93%),
Magnesium (Mg-0.49%), Calcium (Ca-19.05%), Oxygen (0O-59.54%), Phosphorus
(P-16.85%) and Lead (Pb-0.39%) are also present in the elemental composition,
which means all these metals present in the water of wetland in which the fish abode.
Presence of all these elements in water causes breakdown of lepidonts and ultimately
shedding of scales takes place from the body of the fish. Hence, fish comes in direct
contact with heavy metals which is fatal for their existence in the nature. However,
the fishes comes under critically endangered category will go to extinction. The
endangered species will slip into critically endangered category.

Discussion

The body of the fish is covered with scales and they come in immediate contact with
the aquatic environment. The lepidonts present on the anterior dorsal surface of the
scale help to anchor to the body of the fish. Scales adsorb heavy metals from the
water and becomes brittle resultantly breakages in the Iepidonts takes place. Cracks
and lesions in the shape of circuli and changes in elemental deposition of scales on
exposure to the pesticide under laboratory conditions were aso reported. Ultimately
scales loose their intactness and shed off. Hence, scales can be considered as
bioindicator of pollution (Lanzing and Higginbothan, 1974; Tandon and Johal, 1993;
Dua and Johal, 1994; Joha et al., 1994; Johal and Dua, 1994, 1995; Johal and
Sawhney, 1997; Johal and Grewal, 2006). Similar observations have been reported
during the present investigations in the scale of the fish from Harike wetland.

Adverse effects of cadmium have been recorded as alteration in scale structure of
Cyprinus carpio (Rishi and Jain, 1998). Similar effect of cadmium and lead on scale
structure were observed in fish Tilapia nilotica and Atlantic cod fish (Rashed, 1999;
Basu et al., 2007). Effect of Mercury on the scale structure of Channa punctatus have
been reported by Dua and Gupta (2005). Rauf et al. (2009) observed high
concentration of Cadmium, Nickel, Iron and Chromium in the various body parts of
Catla catla, Labeo rohita and Cirrhinus nrigala from Baloki Headworks because it
receives high load of toxicants. Similar, observations have been recorded during the
present investigations that river Sutlel receives polluted water of the Budha Nallah
and Eastern Bein which are tributaries of the river Sutleg) and ultimately this polluted
water reaches at Harike wetland. Thus, high concentrations of toxicants have been
observed in the scales of fish under report. Singh and Saharan (2010) conducted
research on the water of the River Sutlgl in Himachal Pradesh and observed various
toxicants like S, Cl, Ca, Ti, V, Cr, Mn and Fe. The concentration of these toxicantsis
varied, but water sample showed little higher concentration of Ca and Fe. The
concentration of Calcium may be due to nearby prevalence of mountains. Calcium is
responsible for the hardness of the water. The occurrence of other element believed to
be entered into this river through anthropogenic activities. During the present
investigations, the presence of Calcium, Magnesium and Phosphorus may be entered
into the water through local geological occurrence of these elements and occurrence
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of heavy metals are resulted due to discharge of industrial and sewerage effluents.

Fishes are widely used to evaluate the health of aguatic ecosystems but pollutants
bio-accumulate in the food chain and responsible for adverse effects and causes mass
mortality of the fishes. Heavy metals aso alter the physiological and biochemical
parameters both in tissues and blood besides scales (Tort and Torres, 1988; Canli,
1995; Farkas et al., 2002; Basa and Rani, 2003). The purpose of present investigations
is to quantify the accumulation of various toxicants in the scales of the fishes. During
the present course of work, the order of various elements accumulated in the scales of
Labeo rohita was O>Ca>P>Cr>Si>Al>Mg>Pb>S. The result clearly indicates that the
occurrence of heavy metals definitely affects the aquatic life of fresh water fishes of
Harike wetland. Thus, on the basis of present investigations, it is observed that
ateration in the calcareous structure and elemental composition of the scales can be
successfully used to announce the pollution in the water of Harike wetland and scales
can be used as reliable pollution indicator in aquatic ecosystems.

Conclusion

The toxicological studies of scales employed by scanning el ectron microscopy (SEM)
and energy dispersive X-ray microanaysis (EDX) clearly indicate that structural
damage and alterations in the elementa composition of the scales are excellent
pollution indicator and announces pollution in the water of Harike wetland with
authenticity.
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