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Abstract: Labeo rohita were subjected to chronic (15, 30, and 60 days) and recovery (60 days) experiments for kidney histopathology
studies using sublethal concentrations (35.4%, 26.6%, and 17.7%) of municipal wastewater collected from Tung Dhab Drain, Amritsar,
India. Control fish were maintained simultaneously using laboratory tap water, and exhibited normal structures. The results exhibited
both dose- and duration-dependent alterations in exposed tissues. The mean degree of tissue change (DTC) values in treated groups
ranged from 37.5 ± 6.60 (17.7%, 15 days) to 149.33 ± 7.75 (35.4%, 60 days), demonstrating reparable to irreparable structural changes. The
recorded observations showed changes in tubules that included nuclear and cellular hypertrophy, cytoplasmic vacuolation, narrowing
of the tubular lumen (stage I), hyaline droplet degeneration, occlusion of the tubular lumen (stage II), and tubular necrosis (stage III).
Clear damage was also witnessed in corpuscles that included enlargement of glomerulus, dilatation of glomerular capillaries (stage I),
and reduction of Bowman’s space (stage II). The recovery experiments showed statistically significant improvement, as the intensity of
damage was less than that recorded after 60 days of treatment. The present study indicates toxicity of drain water at the cellular and
organ levels, and recommends the use of kidney histopathology as an analytical tool in toxicology and water surveillance studies.
Key words: Municipal wastewater, water quality parameters, Labeo rohita, kidney lesions, degree of tissue change

1. Introduction
As the major constituent of all living organisms, water is
considered the most valuable and widespread resource,
essential for the existence of life on earth. It is used for
various purposes such as drinking, cooking, washing,
irrigation, farming, and industrial and recreational
activities. Out of the total water stores on earth, only 3%
is freshwater, the rest being saltwater. The majority of
available freshwater is frozen in glaciers and polar ice caps
(United States Geological Survey, 2009). As per Gleeson
et al. (2012), the world’s groundwater supplies are rapidly
decreasing, most prominently in Asia and North America.
Worldwide, surface waters are deteriorating due to
unregulated discharge of industrial effluents, agricultural
run-off, and domestic sewage (Kaur and Dua, 2015a, 2015b,
2015c). Wastewater management in India has become
extremely important due to health concerns and population
pressure. It is estimated that 22,900 and 13,500 millions
liters per day (MLD) of domestic and industrial wastewater
respectively are generated from urban centers. However,
treatment capacity of only 5900 and 8000 MLD is available
for these wastewaters, respectively (European Business and
Technology Centre, 2011; Amerasinghe et al., 2013).
* Correspondence: anishdua@gmail.com

Fish are generally acknowledged as a worthy model
for assessing aquatic contamination, as they play a
number of roles in the trophic web, bioaccumulating
and biomagnifying toxic substances and responding to
low concentrations of mutagens (Al-Sabti and Metcalfe,
1995). Fish are also considered ideal indicators for
ecotoxicological studies (behavioral, morphological,
and histopathological assays) of various stressors and
noxious compounds due to their (1) direct contact with
the aquatic environment, (2) ecological relevance in many
natural systems, (3) ease of culture and ability to come
into reproductive readiness, and (4) being models for
determining the action of environmental pollutants (Kane
et al., 2005; Kaur and Dua, 2015b, 2015c).
Histopathological assessment of fish tissue detects early
warning signs of disease and detection of long-term injury
in cells, tissues, or organs. Histopathological changes
offer important information that can contribute to toxic
impact assessment programs designed for water quality
surveillance, hazard assessment, or regulatory compliance
(Schwaiger et al., 1997; Kaur and Dua, 2015a). Moreover,
these alterations can be used as indicators for the effects of
various anthropogenic pollutants on organisms and are a
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reflection of the overall health of the ecosystem (Raskovic
et al., 2010).
The kidney is a vital osmoregulatory organ, and is
composed of 3 distinct systems: endocrine, hematopoietic,
and excretory. It performs important functions related
to electrolyte and water balance, maintenance of a stable
internal environment, and excretion of waste products
such as ammonia, urea, and creatinine (Jiraungkoorskul
et al., 2003; Ortiz et al., 2003). Various studies have
demonstrated the application of kidney histopathology
as a good tool for biomonitoring water quality and
environmental pollution (Silva and Martinez, 2007;
Tetreault et al., 2012). An attempt has been made to study
the histopathological lesions in the renal tissues of fish
Labeo rohita upon exposure to municipal wastewater from
Tung Dhab Drain, Amritsar, India. This study could be
useful in understanding the role of kidney histology as
a biomarker of water pollution and its incorporation in
water surveillance studies.
2. Materials and methods
2.1. Test organisms
Healthy and active specimens of fish Labeo rohita
(Hamilton, 1822) (weight, 8.9 ± 0.4 g; length, 7.6 ± 0.9 cm)
were procured from the government fish farm at Rajasansi,
Amritsar, and carefully brought to the laboratory in aerated
polythene bags. The entire fish stock was disinfected by
dipping in potassium permanganate solution (2 mg/L) for
4 h. The fish were acclimated under a normal photoperiod
of a 12-h light:dark cycle for 30 days in water tanks (63
× 39 × 63 cm) containing laboratory tap water. Fish were
fed ad libitum on commercial fish food and feeding was
suspended a day prior to the experiment. No fish mortality
was recorded during this period. The species was selected
as the test fish because it is an important staple fish, and
for its ready availability throughout the year, ease of
maintenance, convenience of testing, relative sensitivity to
pollutants, and economic importance.
2.2. Sampling site
Tung Dhab Drain near the village of Mahal (31°67′612″N,
74°74′280″E), Amritsar, India, was selected as the
sampling site (Figure 1). Tung Dhab Drain is 20 km long,
has a catchment area of 208.83 km2, capacity of 53 m3/
min, and bed widths of 13.72 m (at outfall) and 1.22 m (at
starting point). The drain is a storm-water drain designed
to drain excess rain and ground water, but is being used
by industries to dump their untreated waste. The drain
receives effluents from the Gumtala Drain (carrying paper
mill and textile processing mill effluents) and the Verka
Drain (carrying effluents from milk plants, iron foundries,
and wool dyeing mills), and also receives the sewage water
of the city of Amritsar. The level of pollution inside the
drain is extremely high as no treatment plant is yet installed
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along the drain. As per the reports of Punjab Water Supply
and Sewerage Board (PWSSB, 2006), currently 91.98 MLD
sewage of the Amritsar North zone is being pumped out
through temporary disposal works into the Tung Dhab
Drain. It covers many areas and villages such as Fatehgarh
Shukarchak, Verka, Othian, Nashera, Gumtala, Mahal, and
Wadala Bhitewadh along its course; it joins with Hudiara
Drain near Khiala Khurd, and finally enters the Ravi River
near the international border.
2.3. Sample collection and physicochemical analysis
The municipal wastewater samples were collected between
0500 and 0700 and analyzed as recommended in the
manual of American Public Health Association, American
Water Works Association, and the Water Environment
Federation (APHA/AWWA/WEF, 2005). The 4 water
quality parameters, i.e. pH, temperature (Temp),
dissolved oxygen (DO), and electrical conductivity (EC)
were measured at the sampling site using a portable
water analyzer kit (WTW Multy 340i/ SET). Biological
oxygen demand (BOD) was calculated using an OxiTop
measuring system for 5 days at 20 °C in a thermostat (TS
606-G/2-i). Total hardness (TH), total dissolved solids
(TDS), and total suspended solids (TSS) were calculated
using standard methods recommended in the manual
of the APHA/AWWA/WEF (2005). Chemical oxygen
demand (COD), nitrate as N (NO3-N), and heavy metal
analysis of lead (Pb), manganese (Mn), nickel (Ni),
chromium (Cr), and cadmium (Cd) were conducted
using Merck cell test kits and heavy metal testing kits,
and their concentrations were measured using a UV/VIS
spectrophotometer (Spectroquant Pharo 300). Mean ±
SE values were calculated for water quality data of Tung
Dhab Drain and diluent tap water using Minitab statistical
software (Minitab, version 14).
2.4. Chronic toxicity bioassays
For histological studies, fish were divided into 5 groups:
1 control (n = 6; total 18) and 3 exposed groups (n = 6;
total 54) for chronic toxicity (15, 30, and 60 days), and
the recovery group for (n = 6; total 18) bioassays (60
days). Static (nonrenewal) chronic toxicity bioassays were
conducted with sublethal concentrations of municipal
wastewater (40%, 60%, and 80% of LC50), i.e. 17.7%,
26.6%, and 35.4% (v/v), collected from Tung Dhab Drain
near Mahal. All of the test exposures were carried out
in triplicate. The wastewater was thoroughly mixed and
concentrations of 80 L (v/v) were prepared using tap water
for dilution (Temp: 24.8 ± 0.20 °C; pH: 7.00 ± 0.01; DO:
6.12 ± 0.12 mg/L; TH: 135.7 ± 1.71 mg/L; TDS: 127 ± 1.29
mg/L; EC: 461.3 ± 1.51 µS/cm). Recovery experiments of
60 days were also performed on treated fish previously
exposed to wastewater for 60 days. The control groups
were simultaneously maintained using tap water. Feeding
was suspended a day before experimentation and the fish
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Figure 1. Map showing Tung Dhab Drain and Hudiara Drain. (a) The sampling site is
marked by a star ( ); origin of drains is shown by ( ); confluence of Tung Dhab Drain
and Hudiara Drain is marked by ( ). (b) Map showing main industries and sewer outfalls
along Tung Dhab Drain. ( ) indicates sewer outfalls; ( ) metal foundries; ( ) paper mill;
( ) food; ( ) leather; ( ) chemical industries. Source: Adapted from Google Earth Maps,
accessed August 2014.

were not given any food during the tests except for during
recovery experiments. The fish were removed from the
experimental tanks at the end of 60 days and transferred
to recovery tanks containing tap water for an additional 60
days. Chronic toxicity tests were conducted in accordance
with standard methods (EPA, 2002; APHA/AWWA/WEF,
2005).
2.5. Histological studies
The kidney tissues were removed from the control and
treated fish on completion of exposure durations of 15,
30, and 60 days. The tissues were immediately fixed in
10% formalin, dehydrated in acetone, cleared in xylene,

embedded in paraffin wax, and sectioned at 3 µm with the
help of a rotary microtome. Slides were stained with Harris
hematoxylin stain and counterstained with eosin, dipped
in xylene, and mounted in DPX (a mixture of distyrene,
a plasticizer, and xylene). Three sections (one each for
anterior, middle, and posterior parts) were prepared from
each fish kidney tissue, and histological alterations were
examined under a light microscope (Olympus C3040ADU) and photographed at 100× magnification using a
camera (Olympus CX31). Three histological sections per
animal (5 images/section) taken randomly were studied
for pathological changes.
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2.6. Degree of tissue change
DTC (degree of tissue change) values in the control,
treated, and recovery groups were evaluated by standard
methodology described by Poleksic and MitrovicTutundzik (1994). DTC = (100 ΣI) + (101 ΣII) + (102
ΣIII), in which I, II, and III correspond to the sum of the
number of alterations found in stages I (slight; reversible),
II (severe; effects on tissue function), and III (severe;
irreparable damage), respectively. DTC values between 0
and 10 indicate normal kidney structure; values between
11 and 20 indicate slight damage; values between 21 and
50 indicate moderate changes; values between 50 and
100 indicate severe lesions; and values above 100 indicate
irreversible damage to the organ (Silva and Martinez,
2007). The calculated mean DTC values obtained for
all the experimental groups were subjected to one-way
ANOVA using Minitab (version 14) software to compare
significant differences (P ≤ 0.05) between the controltreatment and treatment-recovery groups. The significant
data was further analyzed by using Tukey’s post-hoc test
at a level of 1% of probability (Assistat, version 7.7 beta).

3. Results
3.1. Analytical results
Mean ± SE values obtained from the data for
physicochemical parameters of municipal wastewater
and diluent tap water are given in Table 1, along with
the detection limits for various kits and instrumental
procedures. The values noted for tap water were within the
normal range, whereas the values recorded for wastewater
showed the deteriorated water quality of Tung Dhab
Drain. The wastewater samples like TSS, BOD, NO3-N,
and OG, and heavy metals like Cr (VI), Mn, Ni, and Pb did
not meet the discharge standards of effluents into inland
surface waters as stated under the Environment Protection
Amendment Rules (EPAR, 2012).
3.2. Control fish kidney
The kidneys of control fish showed normal structures and
consisted of anterior head, middle body, and posterior
trunk kidney (Figure 2). The anterior head kidney is
mainly composed of hematopoietic, interrenal, and
chromaffin tissue, and is deficient in tubules and nephrons

Table 1. Physicochemical parameters of diluent tap water and municipal wastewater collected from Tung Dhab Drain, Amritsar, India.
Parameters

Tap water
Mean ± SE

Municipal wastewater
Mean ± SE

MPL, EPAR
(2012)

DL

Temp

22.6 ± 0.8

26.4 ± 0.3

20–35

-

pH

7.0 ± 0.2

6.99 ± 0.01

5.5–9

-

DO

6.36 ± 0.3

0.44 ± 0.02

-

-

EC

424 ± 3.4

1080.0 ± 1.2

-

-

TH

133.5 ± 1.5

270.3 ± 1.6

-

-

TDS

246.5 ± 1.4

799.7 ± 1.2

-

-

TSS

91.6 ± 1.57

284.3 ± 2.8

100

-

NO3-N

1.4 ± 0.07

13.3 ± 0.32

10

0.10–25

BOD

7.7 ± 0.3

147.0 ± 1.5

30

0–400

COD

38.9 ± 1.9

221.5 ± 1.1

250

25–1500

OG

4.3 ± 0.3

267.7 ± 2.3

10

-

Cr (VI)

0.03 ± 0.003

0.65 ± 0.02

0.1

0.02–1.0

Cd

0.004 ± 0.001

0.20 ± 0.004

2.0

0.01–3.0

Mn

0.32 ± 0.03

2.27 ± 0.01

2.0

0.01–10.0

Ni

0.03 ± 0.004

3.01 ± 0.02

3.0

0.02–5.0

Pb

0.16 ± 0.01

2.16 ± 0.02

0.1

0.01–5.0

Note: Values represent mean ± SE; n = 3. All the values except pH, Temp (°C), TD (NTU), and EC (μS/cm) are reported in mg L–1. EPAR:
Environment Protection Amendment Rules; MPL: Maximum Permissible Limits; and DL: Detection Limits.
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Figure 2. Histological sections of kidney of fish L. rohita
taken as control. A. Posterior kidney showing renal corpuscle
formed by Bowman’s capsule (BC), Bowman’s space (BS), and
Glomerulus (G). PT: proximal tubule; distal tubule. B. Anterior
kidney showing chromaffin cells (CC) and interrenal cells (IC).
Magnification 100×.

(Figure 2B). In the middle kidney, the hematopoietic tissue
decreases and nephrons and tubules increase in number.
The posterior trunk kidney is composed of numerous
nephrons that consist of Malpighian corpuscles composed
of well-vascularized glomeruli enclosed by Bowman’s
capsule, proximal and distal tubules, and the collecting
duct system (Figure 2A). The control fish did not exhibit
morphological alterations except for slight nuclear and
cellular hypertrophic changes in the tubules. The normal
structure of the kidney was marked with the DTC values of
1.00 ± 0.26, 1.17 ± 0.31, and 1.16 ± 0.17 (Figures 3a–3c) in
control fish, recorded for 15, 30, and 60 days, respectively.
3.3. Treated fish
The treated fish subjected to municipal wastewater
from Tung Dhab Drain for 15, 30, and 60 days showed
histopathological alterations, revealing damage at the
nephronic and tubular level (Table 2; Figure 4). The
recorded observations showed changes in tubules that

included nuclear and cellular hypertrophy, cytoplasmic
vacuolation, narrowing of tubular lumen (stage I
damage), hyaline droplet degeneration, nuclear and
tubular degeneration, occlusion of tubular lumen (stage II
damage), and tubular necrosis (stage III damage).
Obvious damage was witnessed in corpuscles, which
included enlargement of glomerulus, dilatation of
glomerular capillaries (stage I damage), and reduction of
Bowman’s space (stage II damage) in addition to tubular
damage. Other histological changes such as accumulation
of melanomacrophage aggregates, pyknotic nuclei in the
hematopoietic tissue, and infiltration of blood cells were
also recorded in the present study. The prevalence of the
above-mentioned histopathological alterations showed an
increase in both a concentration- and duration-dependent
manner as evidenced from the DTC (degree of tissue
change) values (Table 2; Figure 3).
At the exposure duration of 15 days, the recorded
mean DTC values were 37.5 ± 6.60, 44.7 ± 7.26, and 48.8
± 6.13 (Figure 3a). Enlargement of glomerulus leading to
reduction of space inside Bowman’s capsule and dilatation
of glomerular capillaries, along with stage I tubular
damage, were seen at the lowest concentration of 17.7%.
Further increases in wastewater concentration (26.6%
and 35.4%) resulted in more severe stage II damage in
addition to stage I changes (Figure 4A). With the increase
in exposure duration to 30 days, the prevalence of kidney
lesions was greater in comparison to 15 days, as shown by
higher mean DTC values of 78.8 ± 23.9 (17.7%), 96.7 ± 22.6
(26.6%), and 113.2 ± 17.8 (35.4%) (Figure 3b). Dilatation
of glomerular capillaries, glomerular contraction in some
cases along with enlargement in others, tubular changes
of stage I and II including degenerated and hypertrophied
tubular epithelial cells, occlusion of tubular lumen
and hyalinous deposits in tubular cells displaying the
nuclei of tubular cells to the margin, pyknotic nuclei in
hematopoietic tissue, blood cell invasion, accumulation
of melanomacrophage aggregates, and necrotic areas were
recorded on exposure to wastewater concentrations of
17.7% (Figure 4B), 26.6% (Figure 4C), and 35.4%.
The highest prevalence of histopathological damage
of all 3 types (stages I, II, and III) was recorded at the
highest exposure duration of 60 days. The calculated
mean DTC values were 137.17 ± 6.54, 141.50 ± 6.58,
and 149.33 ± 7.75 for concentrations of 17.7%, 26.6%,
and 35.4%, respectively (Figure 3c). The damage was
more severe when compared to alterations noted from
durations of 15 and 30 days. The histological changes
included accumulation of melanomacrophage aggregates,
cellular hypertrophy, cytoplasmic vacuolation, narrowing
of tubular lumen hyaline droplet degeneration, nuclear
and tubular degeneration, occlusion of tubular lumen,
enlargement of glomerulus leading to reduction of
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Figure 3. Kidney mean DTC values in fish L. rohita exposed to municipal wastewater for durations of 15 days (a), 30 days (b), 60 days
(c) when compared to control, and (d) subjected to recovery experiments for 60 days and compared with treated group. Values are mean
± SE (vertical bars); means followed by different letters are significantly different from each other (Tukey’s post-hoc test, P ≤ 0.01).

Bowman’s space, dilatation of glomerular capillaries. The
anterior kidney showed alterations in interrenal cells
such as cellular hypertrophy, nuclear hypertrophy, and
cytoplasmic vacuolations (Figures 4D and 4E).
3.4. Recovery fish
The fish exposed to recovery experiments for 60 days
showed significant improvement when compared to fish
treated with toxicant for 60 days. The mean DTC values
for recovered fish previously exposed to concentrations
of 17.7%, 26.6%, and 35.4% were 94.2 ± 19.8, 109.0 ±
19.2, and 111.7 ± 19.4, respectively (Figure 3d). The
tubulonephrotic damage reported above was still present,
although the intensity and prevalence of lesions were
lower in comparison to those in fish treated for 60 days
at concentrations of 17.7%, 26.6%, and 35.4% (Figure 4F;
Table 2).
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4. Discussion
The present study recorded statistically significant
(F-values: 14.25, 7.03, and 137.56) histopathological
alterations in kidneys of treated fish exposed to the
wastewater of Tung Dhab Drain when compared to
control fish. The treated fish had structural damage that
ranged from slight to moderate (15 days), severe (30
days), and irreparable (60 days). These renal lesions clearly
demonstrated the deteriorated water quality of Tung Dhab
Drain, and its impact on target fish species. DTC values in
the present study ranged from 37.5 ± 6.6 (17.7%, 15 days)
to 149.33 ± 7.75 (35.4%, 60 days), indicating moderate
to irreparable kidney lesions due to the presence of toxic
substances in the drain water.
The observed DTC values are in accordance with
previous studies that reported DTC values ranging from
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Table 2. Prevalence of histopathological lesions in kidney tissues of Labeo rohita exposed to municipal wastewater of Tung Dhab
Drain for different exposure durations.

Stage

Control

Treatment
Changes

Recovery

15 Days

30 Days

60 Days

60 Days

C1

C2

C3

C1

C2

C3

C1

C2

C3

C1

C2

C3

0

+

++

++

++

++

++

+++

+++

+++

++

++

++

0

+

++

++

++

++

++

++

++

+++

++

++

++

II

0

+

++

++

++

++

++

+++

+++

+++

++

++

++

Nuclear and cellular hypertrophy

I

+

+

++

++

++

++

++

++

++

+++

++

++

++

Cytoplasmic vacuolation

I

0+

0

0

0

+

+

+

++

++

+++

+

+

++

Narrowing of tubular lumen

I

0

+

+

+

++

++

++

+++

+++

+++

++

++

++

Hyaline droplet degeneration

II

0

+

++

++

++

+++

+++

+++

+++

+++

++

++

++

Occlusion of tubular lumen

II

0

+

++

++

++

+++

+++

+++

+++

+++

++

++

++

Nuclear and tubular degeneration

II

0

0

0

0

+

++

++

++

+++

+++

+

++

++

Tubular necrosis

III

0

0

0

0+

0+

0+

+

+

++

++

+

+

++

Accumulation of melano-macrophage aggregates

I

0

0

0

0

+

++

++

++

+++

+++

+

++

++

Pyknotic nuclei in the hematopoietic tissue

I

0

0

0

+

++

++

++

++

++

++

+

+

++

Infiltration of blood cells

II

0

0

0

0

+

++

++

++

++

++

+

++

++

Glomerular changes
Enlargement of glomerulus
Dilatation of glomerular capillaries
Reduction of Bowman’s space

I
I

Tubular changes

Other changes

Note: Symbol 0, absent; 0+, rare; +, low frequency; ++, frequent; +++, very frequent. C1, C2, C3 are 17.7%, 26.6%, and 35.4% concentrations of municipal wastewater,
respectively.

117.18 ± 51.89 to 145 ± 45.58, indicating severely damaged
renal tissue (Silva and Martinez, 2007), and varied from
29.2 to 46.6, indicating moderate changes (Camargo
and Martinez, 2007). Histopathological changes such
as atrophied cellular components of Bowman’s capsule,
cloudy swelling, occlusion of tubular lumen and hyaline
droplet degeneration, occluded lumen in tubular cells
were degenerative in nature. These changes are due to toxic
substances secreted in glomerular filtrate and accumulated
in the tubular lumen. These alterations ultimately lead to
tubular necrosis and dysfunction of the affected organ.
Similar histopathological observations were noted by
various researchers (Takashima and Hibiya, 1995; Silva
and Martinez, 2007).
The present study also documented changes in
interrenal cells and the presence of a large number of
melanomacrophage centers (MMCs). The necrotic cells
were removed by the MMCs, which showed defense

mechanisms against the toxicants that entered the fish’s
body.
Similar results were reported by Mela et al. (2007)
in the fish H. malabaricus subjected to methyl mercury
concentrations. They concluded that MMCs are potent
biomarkers of environmental degradation and pollution.
Kurtovic et al. (2008) further suggested that MMCs are
the deposition sites for materials of both endogenous
(melanin, lipofuscin, hemosiderin) and exogenous
(metals, biologically active particles) nature. Tetreault et
al. (2012) concluded that fathead minnows collected from
an effluent-dominated stream demonstrated enlargement
of the proximal tubules and a reduction of the Bowman’s
space suggesting inflammation in the affected tissue which
impaired the functioning of the kidney. Nsofor et al.
(2014) demonstrated that hyaline droplets in the tubules
were metal complexes excreted by the fish kidney, since
normal kidney tubules function to modify the glomerular
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Figure 4. Light micrographs of histological sections of kidney taken from fish L. rohita exposed to municipal wastewater concentrations
for exposure durations of 15 (A; 35.4%), 30 (B; 17.7%, C; 26.6%), 60 (D; 26.6%, E; 35.4%) days, and recovery experiments of 60 days
(F; 35.4%). The histopathological alterations were marked by ( ) occlusion of tubular lumen; (
) hyaline droplet degeneration;
( ) dilation of glomerular capillaries; (
) reduction of Bowman’s space; (
) melanomacrophage centers; (
) nuclear
hypertrophy; (
) cellular hypertrophy; (
) cytoplasmic vacuolation in the interrenal cells; ( ) necrosis. Magnification 100×.

filtrate by reabsorption or secretion of inorganic ions.
The current study evidenced the deterioration of
the water quality of Tung Dhab Drain, as the various
physicochemical parameters exceeded the standard
discharge limits. The observed renal lesions in
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histopathological studies indicated damage at the cellular
and organ levels and also confirmed the sensitivity of
fish L. rohita to municipal wastewater. The recorded
histological changes indicate the responses taken by fish
to cope with the stress of poor water quality. The study
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recommends L. rohita be used as sentinels in water quality
surveillance programs and that kidney histopathology be
incorporated in toxicological studies. Further regular and
constant monitoring of aquatic bodies is recommended;
regular checks are needed against violations regarding
discharge of pollutants above the permissible limits. Strict
actions must be taken at the government/nongovernment
levels to improve the water quality of Tung Dhab Drain for
the sustenance of aquatic ecosystems.
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