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This paper investigates the impact of tannery industry wastewater on O. mossambicus. The
histopathological changes observed in gills, liver, kidney and brain of the studied fish have
demonstrated the quality status of industrial waste water. In the vital organs, the following marked
changes were observed: filament cell proliferation, cellular infiltration, haemorrhage and epithelial lifting
in gills, vacuolation of hepatocytes and necrosis in liver, exfoliation and swollen with pyknotic nuclei in
kidney and enlarged pyramidal cells, binucleated nuclei, vacuolation, and necrosis in brain. These
changes might be due to the various components of tannery wastewater on fish. Hence, proper
treatment of tannery industry wastewater is highly recommended through this study.
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INTRODUCTION

The tannery industry has shown tremendous expansion
during the last 25 years. However, the tannery industry
adds pollutants to the aquatic environment. The tannery
mill industry wastewater consists of variety of toxic
components such as heavy metals, soda, lignin, chlorine,
resin acid, dioxin, furan etc, which might be responsible
for inducing histochemical changes in Rasbora
daniconius (Pathan et al., 2009). Srivastava et al. (2007)
also confirmed that 1 to 10% of tannery wastewaters Kill
fish. The tannery wastewaters continue to cause negative
effects in aquatic organisms as they also have endocrine
disruption effects (Hewitt et al., 2006).

Biological changes in fish caused due to the exposure
of contaminants are called biomarkers that can be used
for environmental risk assessment (Van der Oost et al.,
2003). Physiological and biochemical parameters as
indicators of water quality were used to detect sub-lethal
impacts of pollutants. Prominent among these biomarkers
are haematological data (Lohner et al.,, 2001; and
physiological variables, such as plasma levels of
metabolites (Ebeling, 1931) and ions (Kohler, 2002),
levels of hormones like cortisol (Walden, 1976) and
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biochemical variables such as detoxifying enzyme
activities (Pugazhvendan et al., 2009).

Histopathological changes have also been widely used
as biomarkers in the evaluation of the health of fish
exposed to contaminants, both in laboratory (Van Horn,
1961) and in field studies (Das and Mukherjee, 2000).
One of the advantages of using histopathological
biomarkers in environmental monitoring is that this
category of biomarkers allows examining specific target
organs including dgills, liver, kidney, brain that are
responsible for vital functions, such as respiration,
detoxification, excretion and coordination.

Likewise, accumulation and biotransformation of xeno-
biotics in fish (Hewitt et al., 2006) can also be ascertained
through this. Furthermore, the alteration found in organs
would assist in identifying its functional status (Fanta et
al.,, 2003) and providing warning signs of damage
(Pandey et al., 2008) to animal health. Tannery industry
wastewater is released into the aquatic habitat without
any proper treatment. This would be a major environ-
mental threat in Dindigul and Madurai Districts.

Hence, there is a need to project the toxic status of
tannery waste water to the public. Therefore, this study
has been carried out to understand the status of gill, liver,
kidney and brain tissues of Oreochromis mossambicus
exposed to tannery industry wastewater. This will project



Table 1. Physico—chemical characteristic features of tannery industry wastewater.

S.no Parameter Unit Values BIS
1 Colour - Dark brown -
2 Smell - Unpleasant -
3 pH - 8.05 -
4 Electrical conductivity Micromhos/cm 12,700 -
5 Total dissolved solids ppm 20400 500
6 Total harness ppm 2210 300
7 Alkalinity ppm 225 200
8 Chloride ppm 12750 250
9 Dissolved oxygen ppm 4.7 5-6
10 BOD ppm 74 30
11 COD ppm 530 25
12 Sodium ppm 1275 5
13 Potassium ppm 76 5
14 Total Chromium ppm 1.0 0.05

the impact of tannery industry waste water on aquatic
animals.

MATERIALS AND METHODS

The adult Mozambique tilapias, O. mossambicus (30 to 40 g b.w.)
comprising both sexes were collected from local fish market and fed
once a day with 1% b.w. commercial fish feed. Fish were accli-
matized in laboratory condition for two weeks at a water tempe-
rature of 28 + 1°C before the commencement of the experiment.

The wastewater collected from tannery industry in Dindigul was
transported and preserved. This sample was used throughout the
experimental period. The LCso value of tannery mill wastewater was
analysed through a static renewal bioassay technique. Preliminary
screening was carried out to determine the appropriate
concentration range for testing chemical as described by Solbe
(1995). 1, 4, 7 and 10% concentrations of tannery mill wastewater
were used with 3 replicates each for 96 h bioassay through probit
analysis. Ten fish were used in each aquarium containing the
selected waste water concentrations as well as in control. The LCso
value was estimated at 7% concentration, and subsequently, sub-
lethal concentrations, 0.8, 1, 1.2 and 1.4% of wastewater was
selected.

Ten fishes were exposed to sub-lethal concentrations of waste
water for two months. Simultaneously, a control group was also
maintained. The experimental set up is maintained promptly with
the renewal of wastewater daily, and feed was given daily ad
libitum. After the duration of experiment (60 days), fish were taken
from the respective concentrations and subsequently the vital
organs (qill, liver, kidney and brain) were removed by live dissection
and fixed in Davidson fluid for 24 h.

Then organ tissues were washed with 70% ethanol and
dehydrated through a graded series of ethanol (Schalm et al., 1995;
Kelly, 1979). Subsequently, the tissues were embedded in paraffin,
sectioned at 4 to 5 mm thickness, stained with haematoxylin and
eosin and finally examined under photomicrography (Kaneko,
1989).

RESULT

The physico—chemical characteristic features of tannery

industry waste water have demonstrated that com-
ponents have crossed the BIS limit (Table 1).

Bioassay

No adverse behavioural changes, color changes or
mortality was recorded in the control fish throughout the
period of the bioassay. Symptoms of toxicosis observed
in fish exposed to wastewater include lack of balance,
agitated or erratic swimming, air gulping and restless-
ness, sudden quick movement, excessive section of
mucus, rolling movement and swimming on the back
were observed.

The fish became very weak, settled at the bottom and
died. Likewise, the colour of the skin of O. mossambicus
changes from normal dark pigmentation to very light
pigmentation in the dorsal and lateral part. The LCsg
value was found to be 12, 10, 8 and 7% for 24, 48, 72
and 96 h, respectively (Figure 1).

Histopathological studies

Gills

The primary lamellae of the gills, projecting from the gill
arch appear like the teeth of a comb. The semi lunar fold
found in one or two cell layer thickened primary lamellae
increases its surface area. At the base of the secondary
lamella, chloride cells where identified with light
cytoplasm. Two sheets of epithelium, which makes up the
secondary lamellae was delimited by many pillar cells.
One or two erythrocytes were usually observed within
each capillary lumen. No recognizable changes were
observed in the control gills (Figure 2a). But in the
experimental fish, typical chronic changes occurred in



Lc50 values at different duration

Figure 1. LC50 values of tannery wastewater
against O. mossambicus at different durations.

gills surface; hyperplasia, epithelial lifting, cell swellings
congestions, the bending of secondary lamellae,
formation of oedematous space between the layers of
epithelium which may become infiltrated with red blood
cells and leukocytes (Figure 2b to d). Finally, hyper-plasic
tissues were observed in the primary epithelial cells.
Then, the whole epithelium became degenerated and the
lamella lost its rigidity (Figure 2e)

Liver

The histology of control fish liver revealed normal typical
paranchymatous appearance. The liver was made up of
hepatocytes that were polygonal cells with a central
spherical nucleus and a densely stained nucleolus
(Figure 3a). The histological study revealed glycogen
vacuolation, fatty infiltration, hemosiderosis and con-
gested central vein at the lowest concentration (0.8%) of
wastewater. But, a severe infiltration of leukocytes,
pyknotic nuclei and hepatic necrosis were observed at
the highest concentration (1.4%) of the wastewater
(Figure 3b to e).

Kidney

The control kidney (Figure 4a) shows perfect nephrons
with interstitial lymphoid tissue. The renal corpuscles
and renal tubules are intact. The cluster of capillaries
(glomerulus) surrounded by Bowman’s capsule and the
endothelial cell covering glomerulus were in normal
condition. When the fish is exposed to tannery mill
wastewater, kidney exhibited enlarged sinusoids within
an apparently decreased amount of haematopoietic
tissue (Figure 4b). Interestingly, nephrons showed
occluded glomerular capillaries and separation of the
renal tubular epithelium from the surrounding connec-
tive tissue (Figure 4c). Necrosis was also observed in

hematopoietic tissue, glomerular cells, and tubular cell
as well as eosinophilic exudates in glomerulus (Figure
4d and e).

Brain

There is no any significant lesion in control fish (Figure
5a). Histological study of the brain of fish exposed to
0.8% wastewater showed enlargement of pyramid nuclear
formation (Figure 5b). When fish were exposed to 1.0%
wastewater, swelling of pyramidal cells with binucleated
nuclei (bn) (Figure 5c¢) was noted. A severe necrosis
(Figure 5d), and vacuolar changes with empty spaces at
1.2 and 1.4% (Figure 5e) exposures respectively were
identified.

DISCUSSION

The present study shows 96 h LCsg value of tannery mill
wastewater, 7% to O. mossambicus and this value is
duration dependent. Varadaraj and Subramanian (1991)
reported LCsg value as 8% for 96 h tannery industry
wastewater toxicity to fingerlings of O. mossambicus.
Similarly, Rajendra et al. (1991) reported LCsp value as
16.5% for 96 h tannery wastewater toxicity to fish Puntius
sophor; and Nanda et al. (2002) demonstrated LCsg
values at 9.3, 10.3 and 12.6% for Anabus testudineus,
Channa punctatus and Clarias batrachus, respectively.
This indicates that O. mossambicus is most sensitive and
susceptible to tannery mill wastewater toxicity.
Histopathological study of gills showed lamellar cell
hyperplasia, epithelial lifting, lamellar fusion and edema.
Similar observation such as the damages of gills
indicates impairment in gaseous exchange efficiency in
fish. The observation of oedematous of the lamella and
hyperplasia in this work are quite similar to the work of
Srivastava (2007). The stressful behaviour of respiratory
impairment due to the toxic effect of zinc, one of the main
components of tannery wastewater on C. punctata
(Helmlata and Srivastava, 2008) and Labio rohita
(Loganathan et al., 2006), adds support to this finding.
The infiltration of components of tannery wastewater
through the gills might have caused these abnormalities.
The histological observation indicated some alteration
in liver parenchyma, such as blood congestion in
sinusoids, vacuolation of hepatocytes and necrosis. Many
reports revealed a variety of changes in the liver of
Oreochromis niloticus, resulting from exposure to
different toxic chemicals (Figueiredo-Fernandes et al.,
2007). Mario et al. (2010) revealed that the Bleached
Kraft paper mill wastewater caused histological changes
in the hepatic tissue of both Carassius auratus and
Dicentrarchus labrax. However, the results suggest that
the tannery mill wastewater was more toxic for O.
mossambicus since necrosis and proliferative lesions



Figure 2. Light micrographs of gill of O. mossambicus in (a) control group showing
normal arrangement of primary and secondary lamella, (b to e) bending of the distal
extremities of secondary lamellae and epithelial lifting.

Figure 3. Light micrographs of liver of O. mossambicus. (a) Control group showing normal hepatocytes and blood
sinusoids; (b to e) group showing vacuolation, infiltration, and hepatic necrosis.

were observed. Hepatic alterations such as hepato-
cellular and nuclear polymorphism, multicellular hyper-
trophy and necrosis supported the findings and Olojo et
al. (2005) in metal contaminated ecosystem. The toxic
impurities can easily reach the liver; hence this damage is
possible in animals.

The kidney is an organ of excretion. The toxic
impurities present in the filterate will affect the structure of
organ itself. The histological changes observed in kidney
include shrinkage, destruction of tubular epithelium,
vacuolarization and damage of glomerulus. The renal
corpuscles of the kidney were scattered resulting in their
disorganization and consequently obstruction to their
physiological functions. Some of the kidney cells were
found clogging together while they were disintegrated in
some tissues of the organ. This also agreed with the
findings of Rahman et al. (2002). Similar findings such as
dilation of the lumina of the kidney tubules, necrosis of
tubules, shrinkage of glomerular tuft and vacuolation of
blood cells in the glomerular tuft have been reported in

Heteropneustes fossilis exposed to chlorpyrifos
(Srivastava et al., 2007) and in Rasbora daniconius
exposed to industrial wastewater (Pathan et al., 2009).
Interestingly, Elsan treatment in C. punctatus resulted in
a significant decrease in the dimension of Bowman’s
capsule and glomerulus, and the tubules lost their regular
shape due to precipitation of cytoplasm and karyolysis
(Varadaraj, 1991); this has strongly defended the findings
of this study.

In the present study, fish brain receives the toxic
components through blood carrier. The histological
changes in fish brain shows swelling of pyramidal cells,
binucleated nuclei, vacuolation. Similar changes were
observed by Das and Mukherjee (2000) in Labeo rohita
exposed to pesticides, wastewater and chemicals like
hexa chloro cyclohexane. Likewise, Ayoola and Ajani
(2008) found out severe congestion and generalised
spongiosis in brain of fish exposed to cypermethrine. This
agrees with the findings of severe necrosis in the brain of
fish exposed to zinc (Loganathan et al., 2006).



Figure 4. a) Control kidney; (b to e€) normal kidney showing enlarged sinusoids and decreased
hematopoietic tissue, exudates, glomerular necrosis (GCN), renal tubular separation (RTS),

tubular necrosis (TCN).

Figure 5. Brain of O. mossambicus. (a) normal; (b) enlarged pyramidal cells (EPC) at 0.8%;
(c) binucleated nuclei (bn) at 1%; (d) Vacuolation (Vc) at 1.2%; (e) necrosis (N) at 1.4%.

Thus, this study has revealed the toxicity of tannery
industry wastewater on vital organs O. mossambius. The
study suggests a perfect recycling of the tannery industry
wastewater before being discharged into aquatic habitat.

The environmental managers should keep a strict vigil
over this discharge.
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