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Abstract Biomarkers can be considered as early warning signals for potential adverse effects on the biota. The present study
examined the feasibility of using selected biomarker responses of a model fish, Oreochromis niloticus under laboratory exposure
approach for identification of potential biological impacts of pollution in Kelani River. Laboratory acclimated O. niloticus were
exposed under static-renewal conditions to water samples collected from selected sites of the Kelani River basin with different
anthropogenic influences and biomarker responses (brain and muscle cholinesterase activities for neurotoxicity, erythrocyte
micronuclei and nuclear abnormalities for genotoxicity and liver histology for hepatic damage) were evaluated at 5 and 10 days of
exposure. Exposed water was physico-chemically characterized using standard analytical methods. The results revealed that
exposure of O. niloticus to the water from selected polluted sites which included canals and canal confluences resulted in significant
increases (p<0.05) in total erythrocyte nuclear abnormalities, evolution of erythrocyte micronuclei and induction of liver
histopathological indices in comparison to the fish exposed to the water from the upper reach of the river (reference site) in most
cases and the control fish exposed to the aged tap water in all cases. Brain cholinesterase activity was significantly inhibited
(p<0.05) in the fish exposed to the water from the most polluted site compared to the control fish exposed to the aged tap water.
Biomarker responses indicated that the fish populations inhabiting the polluted sites in the river may be under stress especially due
to hepatic damage and genotoxicity. Evaluation of “effect directed biomarker responses” of the model fish, O. niloticus following
laboratory exposure to the contaminated water can be a practically feasible approach for biomonitoring potential pollution impacts
associated with the riverine ecosystems.
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INTRODUCTION

Contamination of riverine ecosystems with high
levels of anthropogenic pollutants could deplete
their resource values and create unintended
irreversible damages to the biota (Pan et al. 2016). In
line with the sustainable development goals,
potential biological impacts of river pollution should
be identified in order to implement effective
strategies for management and conservation of these
water resources. Conventional monitoring approach
focusing on a selected set of physico-chemical
factors and pollutant levels do not completely
provide information on the ecological conditions
under which organisms live in the ecosystems.
Examining biomarkers which could reflect the
interactive effects of all contaminants on impaired
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biological processes in exposed organisms is a
promising and cost effective approach for assessing
biological impacts of aquatic pollution (van der Oost
etal. 2003; Colin et al. 2016). In aquatic ecosystems,
use of multi-biomarkers in fish at different levels of
biological organization (molecular/biochemical,
cellular, tissue/organ levels etc.) may give a more
reliable picture of the pollution impacts (Ballesteros
et al. 2017; Vieira et al. 2017). Inhibition of acetyl
cholinesterase enzyme activities in fish can affect
proper neurotransmission at cholinergic synapses.
Hence, cholinesterase (ChE) in fish has been
recognized as a promising biomarker at
molecular/biochemical level for  neurotoxic
contaminations in the water bodies (van der Oost et
al. 2003; Pathiratne et al. 2008). Erythrocytic
micronuclei and nuclear abnormalities in fish are
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cellular level biomarkers for assessing genotoxic
effects (Al-Sabti and Metcalfe 1995; Hemachandra
and Pathiratne 2016, 2017). The liver is a vital organ
and analysis of liver histological alterations in fish
can be used as a tissue level biomarker for assessing
organ damage (Pathiratne et al. 2010; Ghisi et al.
2016; Kumar et al. 2017).

Kelani River which receives complex mixtures of
pollutants from multiple sources is considered as the
most polluted river in Sri Lanka considering diverse
industrial and urban waste inputs (lleperuma 2000;
Bandara 2003; Mahagamage and Manage 2014).
Although water quality of Kelani River has been
assessed extensively using conventional monitoring
methods (Silva 1996; Mahagamage et al. 2014),
scientific reports on the impacts of river pollution on
biota are limited. Use of biomarker responses in
native fish populations inhabiting Kelani River
would be an effective strategy for biological impact
assessments. However, use of native fishes which
are being exposed naturally to pollution loads in the
riverine ecosystem may not be feasible in some
situations where same species may not be able to
capture from all the study sites for comparison of
biomarker responses. In such situations, biological
impacts may be assessed using easily available
model fish species exposed to contaminated water
under laboratory  conditions.  Nile tilapia
(Oreochromis niloticus) is a well-established model
organism for toxicological studies under tropical
conditions. The objective of the present study was to
examine the feasibility of using “effect directed
biomarker responses” of Nile tilapia for assessing
potential biological impacts of Kelani River
pollution by laboratory exposure approach. The
examined biomarkers were brain and muscle
cholinesterase  activities  for  neurotoxicity,
erythrocyte micronuclei and nuclear abnormalities
for genotoxicity and liver histology for hepatic
damage.

MATERIALS AND METHODS
Test fish

Fingerlings of O. niloticus were obtained from
Udawalawa fish breeding station of the National
Aguaculture Development Authority of Sri Lanka.
Fish were acclimated to the laboratory conditions for
two weeks under natural photoperiod in fiberglass

tanks filled with continuously aerated aged tap
water. Fish were daily fed with commercially
available fish food pellets (Prima food, Ceylon Grain
Elevators Limited, Sri Lanka) at 2% body weight.
During the acclimation period, half of the water in
the tanks was renewed every two days with aged tap
water. General water quality parameters of the fish
rearing tanks were measured daily and were within
desirable limits for fish (temperature: 27-29°C; pH:
6.5-7.5; dissolved oxygen concentration: 5.5-6.5 mg
L*; conductivity: 80-90 uS cm’; total dissolved
solids: 38-40 mg L1).

Water sampling sites

Four water sampling sites (Sites A, B, C and R) in
the Kelani River basin (Figure 1) were selected
based on the anthropogenic pollution sources. Maha
Ela (6° 57" 29.43" N and 79° 59' 34.85" E) is a
polluted canal with the industrial, agricultural and
urban waste in the Gampaha District which
eventually converges with the Kelani River close to
a water extraction point of the National Water
Supply and Drainage Board for treatment and
distribution to general public. The Site A is located
in Maha Ela where another canal (Menikagara Ela)
that drains the downstream from export promotion
industrial zone at Biyagama joins with Maha Ela.
The Site B is the confluence of Maha Ela with the
Kelani River (6°56' 18.59" N and 79° 58" 8.18" E).
The Site C is located in the down reaches (at
Sedawatta) of the Kelani River in the Colombo
District (6°57' 14.67" N and 79°53' 22.71" E) where
Kittampahuwa Ela carrying contaminants from
different sources (including oil installation complex
effluents, urban runoff and household waste)
confluence with the River. The upper reach of Kelani
River at Ruwanwella (7°2' 38.8" N and 80° 15' 6.4"
E) was selected as the reference site (Site R),
considering relatively less anthropogenic pollution
sources.

The sampling of water was carried out on several
occasions in September 2015. On each occasion,
surface water samples were taken from randomly
selected three sub-sampling sites to represent a
particular site. Water samples were transported to
the laboratory for fish exposure study which was
commenced on the first day of water collection. In
each occasion, equal volumes of water from each sub
sampling sites were mixed together to make a
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composite sample to represent the respective

sampling site for fish exposure studies.
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Figure 1 Water sampling sites in the Kelani river basin, Sri Lanka (Sites A, B, C and R)

Physico-chemical characterization of surface

water

In situ surface water physico-chemical parameters
in each sub-site viz. temperature, pH, conductivity,
salinity and total dissolved solids were measured
using calibrated multi-probe water quality checker
(YSI/Model: 556 MPS, USA). For analysis of other
parameters, water samples from each site were
collected into clean glass stoppered bottles (for total
phosphate and nitrate analysis), dark glass
stoppered bottles (for biochemical oxygen demand
analysis) and acid washed polypropylene bottles
with screw caps (for heavy metal analysis) as
appropriate. Water samples were transported to the
laboratory under chilled condition and refrigerated
at 4°C until analysis.

Biochemical oxygen demand (BODs) (Method
5210B), chemical oxygen demand (COD) (Method
5220B), total phosphate concentration (Persulfate
Digestion Method 4500-P B.5), total nitrate content
(cadmium reduction method 4500 NOs™- E) in the
water samples were analyzed as described in APHA
(1998). Selected heavy metal levels (Cd, Cr, Cu, Pb
and Zn) in the water samples were analyzed using
atomic absorption spectrophotometry (graphite
furnace mode) (Analytik Jena: Model novAA400P)
following APHA (1998). Samples, which were
previously preserved using concentrated ultra-pure
nitric acid were analyzed for metals within one
month. Standard solutions were prepared from the
commercial reference  solutions  (Reagecon
Diagnostics Limited, Ireland) for each metal
separately. The sum of mean and ten times the
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standard deviation of blank values was taken as the
limit of quantification (LOQ) for each metal.

Laboratory exposure of the test fish to river water

Fingerlings of Nile tilapia (9 to 13 c¢cm in total
length) which had been acclimated to the laboratory
conditions were exposed to the water sampled from
the Sites A, B, C and R separately in glass tanks (15
L) in duplicates (n=7 fish per tank) for 10 days
under static renewal conditions. Concurrently the
fishes in another two sets of tanks (n=7 fish per
tank) were maintained in the aged tap water
(control). The exposure media were moderately
aerated. Physico-chemical characteristics of the
aged tap water used for exposure studies were also
determined as described above. In each tank, water
was renewed after two days with freshly sampled
river water from each site or aged tap water as
appropriate. Fish were not fed during the five days’
exposure period. After 5 days of exposure, five fish
representing each exposed water type were sampled
randomly from the two replicate tanks for
biomarkers studies. Remaining fish  were
maintained under static renewal exposure
conditions with moderate feeding and five fish were
sampled again on the 10" day for the biomarker
studies. All fish survived at the end of the exposure
period. International ethical guidelines in relation to
animal care and experimentation were followed in
the bioassay.

The sampled fishes were immediately sacrificed
individually under an overdose of anaesthesia (70
mg L™ Benzocaine). Blood was drawn from the
caudal vein of each fish on to a glass slide and a thin
smear of blood was prepared, air-dried and
processed further for assessment of erythrocytic
nuclear abnormalities. Brain and a piece of muscle
tissue closer to the anterior margin of the dorsal fin
were dissected out and stored in ultra-low
temperature freezer at -80°C until processed for ChE
assay. Pieces of liver tissue were preserved in 10%
neutral buffered formalin for histological studies.

Determination of ChE activity

Frozen brain and muscle tissues were thawed in an
ice bath. The tissues (20 mg from each tissue) of
each fish were homogenized separately in 1 mL of
ice-cold 0.1 M NaHPO./Na:HPO4 buffer using

Ultra Turrax T25 tissue homogenizer (IKA
Labortechnik, Germany) at high speed for 45
seconds. Cholinesterase activity in each tissue
homogenate was determined by a colorimetric
method (Ellman et al. 1961) as a kinetic assay with
acetyl thiocholine iodide as the substrate using a
computer-controlled  spectrophotometer (GBC
Cintra 10e, Australia). ChE activity was calculated
using the extinction coefficient of 5, 5’-dithiobis-2-
nitrobenzoate ion (13600 M~ c¢cm™). The total
protein contents in brain and muscle homogenates
were determined by the colorimetric method of
Lowry et al. (1951) using bovine serum albumin as
the protein standard.

Assessing erythrocyte nuclear abnormalities

The blood smears were fixed with absolute
methanol and stained with 5% Giemsa stain. Excess
stain was washed with 50% methanol and
occurrence of micronuclei and other nuclear
abnormalities (if any) in at least 1000 mature
erythrocytes per slide were examined using the
binocular light microscope (Olympus-21FS1,
Malaysia) under 1000X magnification. Blind
scoring of nuclear abnormalities was performed on
coded slides without knowledge of the origin of the
samples. Small non-refractive ovoid membrane-
bound chromatin bodies showing the same staining
pattern as the main nucleus and focusing on the
same plane as the nucleus were considered as
micronuclei (Al-Sabti and Metcalfe 1995). Other
nuclear abnormalities were classified as described
earlier (Hemachandra and Pathiratne 2016, 2017).
The results are expressed as number of
abnormalities in a particular category as well as the
total nuclear abnormalities per 1000 erythrocytes.

Assessing liver histological structure

Preserved liver samples were processed using the
standard histological procedures with paraffin
embedding technique. The sections were cutat 5 um
thickness and stained with haematoxylin and eosin.
Coded slides were examined under the binocular
light microscope (Olympus-21FS1, Malaysia) for
identification of different categories of liver
histopathological (if any) conditions (circulatory
changes, regressive changes, progressive changes
and inflammation etc.) as described by Bernet et al.
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(1999). An importance factor (W) was assigned to
each alteration ranging from 1 to 3. Every alteration
was assessed using a score value (a) ranging from 0
to 6, depending on the degree and the extent of the
alteration; 0 unchanged; 2 mild occurrence; 4
moderate occurrence; and 6 severe occurrence,
intermediate values also given as appropriate.
Randomly selected ten areas of the liver tissue were
analyzed and the liver histopathological index (I)
was calculated for each fish using the equation, | =
>(a x W) where, | = histopathological index, a =
score value for specific reaction pattern, W =
importance factor specific reaction pattern (Bernet
et al. 1999).

Data analysis

All the data are presented as mean £ SEM. The data
were analyzed using one-way analysis of variance
test (ANOVA). Before analysis, nuclear
abnormality data were transformed to Arc-Sine (Zar
1998). Other data were transformed to Logio (X+1)
scale where appropriate. If there were significant
differences, Tukey’s test was used for comparison
of means. The accepted level of significance was
p<0.05.

RESULTS

Of the measured physico-chemical parameters
(Table 1), conductivity, TDS and COD levels in the
water collected from the Sites A, B, and C were
significantly higher (p <0.05) than those in the Site
R (reference site) and aged tap water (control).
Moreover, the highest conductivity, TDS, BOD:s,
COD, total PO4* and NOs™ levels were found in the
water collected from the Site A (p < 0.05). The
water from the Sites B and C also contained
comparatively high levels of total POs*and NOs..
All the measured heavy metals in the Site R water
were below the detection limits. All the measured
heavy metals (cadmium, chromium, lead and zinc)
were detected in the water collected from the Sites
A. Water samples from the Site B also contained
detectable levels of cadmium and chromium.

Chromium was also detected in the water samples
collected from the Site C. Copper was not detected
(LOQ: 7 ug LY in any of the water samples tested.

Cholinesterase activities (Table 2) of the brain
tissue of O. niloticus exposed to the water from Site
A were significantly lower (p < 0.05) compared
with the fish exposed to the aged tap water (control)
at 5 days’ exposure (24% inhibition). However,
muscle ChE activities did not show significant
differences among the treatments (p > 0.05).
Erythrocytic nuclear abnormalities observed in the
blood of exposed fish were micronuclei, nuclear
buds, blebbed nuclei, notched nuclei and vacuolated
nuclei (Figure 2). Micronucleated erythrocytes were
observed only in the fish exposed to the water
samples from Sites A and C at both exposure
periods (Table 3). Total nuclear abnormalities in the
erythrocytes of the fish exposed to the water from
the Sites A, B and C were significantly higher than
those of the control fish (p < 0.05) in both exposure
periods (Table 3). No significant differences in the
occurrence of total nuclear abnormalities were
noted between the control fish and the fish exposed
the water from the Site R (reference site).

Liver tissues of O. niloticus exposed to aged tap
water (controls) exhibited normal polygonal shaped
hepatocytes and sinusoids (Figure 3). The fish
exposed to the water samples collected from the
study sites showed alterations in the liver histology
(Figure 3). The most prominent categories were
circulatory disturbances (i.e. sinusoid congestion),
regressive changes (i.e increased vacuolations in the
hepatocytes, pycnotic nuclei and focal necrosis in
the parenchyma) and inflammatory changes (i.e
leukocyte infiltration). Fish exposed to the water
from the Sites A, B, C and R showed significant
increases in liver histopathological indices (Table 4)
compared to the fish exposed to the aged tap water
(control fish). However, the liver damage was
higher in the fish exposed to the water from the Sites
A, B and C compared to the Site R (reference site).
At 10 days exposure, the severity of liver damage
was the highest in the fish exposed to Site C water.
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Table 1 Physico-chemical characteristics of the water used for exposure of O. niloticus under laboratory conditions

Parameter Agvea(i;fp Site R water Site A water Site B water Site C water
Temperature (°C) 29.1+0.1° 26.6 £ 0.3° 30.3+0.1° 29.1+0.3? 29.1+0.9°
pH 7.6 +0.1° 7.4+0.28 7.6+0.18 7.5+0.1° 7.6+0.1°
Salinity (g L™) 0.0£0.0% 0.0£0.0% 0.7+£0.32 0.4+0.2? 0.1+0.0?
Conductivity (1S cm™) 8+ 3 38+ 1P 1688 + 506¢ 292 + 44° 180 + 46°
TDS (mg L) 2+05° 19+0.3° 1116 + 163¢ 489 + 339° 83+ 12°
DO (mg LY 6.7 £0.2% 8.0 £0.42 5.7+1.1% 49+0.3° 7.2 +0.4%®
BODs (mg L) 0.6+0.22 1.7+0.3° 13.5+1.0° 1.5+0.3° 32+15°
COD (mg L) 4+1° 9+ 22 186 +9° 56 + 8° 75 £ 14°
PO (mg L) ND ND 1.17 £0.15° 0.15+0.03* 0.12 £ 0.052
NO3 (mg L% ND 0.61 +0.102 26.40 * 0.46° 2.23+0.76% 6.43+1.73°
Cd (ug LY <0.2 <0.2 12 +22 12 +32 <0.2
Cr(ug LY <2 <2 5+1° 3+1% 2+0°
Cu (ug L™ <7 <7 <7 <7 <7

Pb (ug L) <5 <5 16+ 3 <5 <5

Zn (ug L) <23 <23 24+1 <23 <23

TDS: total dissolved solid; DO: dissolved oxygen; BODs: biochemical oxygen demand; COD: chemical oxygen
demand; PO,%: total phosphate; NOs™: nitrate nitrogen. Data are presented as mean = SEM. In a row data denoted by
different superscript letters are significantly different from each other (ANOVA, Tukey’s test, p < 0.05). Bold
numerals indicate the highest values detected. The Limit of Quantification (LOQ) (in pug L™) for Cd, Cr, Cu, Pb and
Znare 0.2, 2, 7,5 and 23 respectively; ND: Not detected.
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Figure 2 Blood smears of O. niloticus exposed to Kelani River water samples showing erythrocytes with normal
nucleus (N), micronucleus (MN), nuclear bud (NB), blebbed nucleus (BN), notched nucleus (NN) and vacuolated

nucleus (VN)
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Table 2 Brain and muscle cholinesterase (ChE) activities of O. niloticus exposed to water from selected
sites of Kelani River basin

ChE activity (u mol™ min 1 mg protein)

Exposure
Brain Muscle
5 days of exposure
Aged tap water 479 + 27° 230 + 28°
Site R water 392 + 54 194 + 342
Site A water 363 + 220 179 + 16°
Site B water 514 + 237 172 + 210
Site C water 461 + 19° 194 + 12
10 days of exposure
Aged tap water 484 + 16° 201 + 222
Site R water 544 + 40° 210 + 8
Site A water 589 + 56° 301 + 242
Site B water 425 + 288 231 + 242
Site C water 533 + 49° 322 + 387

Data are presented as mean + SEM (n=5). In a column data denoted by similar superscript letters are
significantly not different from each other (p > 0.05)

Table 3 Erythrocytic nuclear abnormalities of O. niloticus exposed to water from selected sites of Kelani River
basin

Total nuclear

Exposure Micro- Nuclear Blebt_)ed Notched Vacuo!ated abnormalities
nucleus %o buds %o nuclei %o nuclei %o nuclei %o %,
5 days exposure
Aged Tap water 0.0 1.4+0.6 9.4+1.0 48+0.9 0.0 15.6 +1.22
Site R water 0.0 18+04 13.8+28 78127 0.0 23.4 +4.9%
Site A water 12+04 48+0.8 204+29 9.6+£211 0.2+£0.2 36.2 £5.7°
Site B water 0.0 46x05 262+1.1 9.0+£3.1 0.0 39.8+3.1°
Site C water 12+0.3 6.8+19 30.2+3.7 12013 0.0 50.2 +6.3°
10 days exposure
Aged Tap water 0.0 0.0 17.6 £ 1.7 6.6+1.8 0.0 24.2 +2.22
Site R water 0.0 34+£0.6 16.8+24 10.0x 27 0.0 30.2 £4.7®
Site A water 1.4+0.3 72+1.2 19.8+4.3 120238 0.0 40.4 +3.1°
Site B water 0.0 7.0+£05 332122 54+£20 0.0 456 + 3.1%°
Site Cwater  0.8+0.3 6.4 +19 358+26 11.0+24 0.0 54.0 + 4.5

Data are presented as mean + SEM (n=5). For a specific exposure period, total abnormalities indicated by different
superscript letters are significantly different from each other (p< 0.05)
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Figure 3 (a) Normal structure of O. niloticus liver tissue showing polygonal shaped hepatocytes (H) and sinusoids
(S); (b-f) Histological alterations seen in the livers of fish following exposure to water from selected sites in Kelani
River basin: sinusoid congestion (SC), vacuolations (VC), focal necrosis (FN), melanomacrophage centres (ME) and
leukocyte infiltration (LI)
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Table 4 Liver histopathological indices of O. niloticus exposed to water from selected sites of Kelani River basin

Exposure Circulatory Regressive Inflammation Histopathological
disturbances changes Index
5 days exposure
Aged Tap water 26+05 70+1.1 1.2+0.8 11+1°
Site R water 3.4+09 17.4+3.2 2.8+14 24 + 2P
Site A water 76+13 48.0+8.4 32+1.9 59 + 11¢
Site B water 9.6+2.1 440+29 24+15 56 + 5°
Site C water 76+12 76.2+76 1.2+0.8 85+ 7¢
10 days exposure
Aged Tap water 40+1.1 11.8+2.2 04+04 16 + 22
Site R water 6.8+0.7 31.2+35 04+04 38 + 4b
Site A water 7.2+0.8 75.0 +10.2 1.6+16 84 +9°
Site B water 9.2+28 63.6+4.5 36+24 76 + 8°
Site C water 14.4+3.1 117.2+15.4 2.4+0.8 134 + 149

Data are represented as mean = SEM (n=5). For a particular exposure period, histopathological indices in a column
indicated by different superscript letters are significantly different from each other (p< 0.05)

DISCUSSION

Although pollution in Kelani River has been
assessed using conventional monitoring methods
(Silva 1996; Mahagamage et al. 2014; Mahagamage
and Manage 2014), scientific reports on the
biological impacts of river pollution are meagre. In
the proposed ‘multi-stakeholder strategy and action
plan for management and conservation of the Kelani
River basin 2016-2020°, importance of pollution
impact assessments has been emphasized
(Mallawatantri et al. 2016). In line with the
sustainable development goals, potential biological
impacts of river pollution should be identified in
order to implement effective national strategies for
management and conservation of the water
resources. Biomarker responses in fish are cost
effective tools for monitoring and assessment of
pollution impacts in riverine ecosystems (Ossana et
al. 2016; Ballesteros et al. 2017). Even though the
use of the biomarker responses in native fishes
which are being exposed naturally to pollution loads
in the riverine ecosystem over long periods is ideal
for pollution impact assessments, it may not be
practically feasible in some situations where same
species could not be captured from all the study sites
including the pristine sites for comparison of

biomarker responses. As an alternate approach, we
report the feasibility of using “effect-directed
biomarker responses” of the model fish O. niloticus,
for assessing potential biological impacts of Kelani
river pollution by exposing the laboratory
acclimated fish to polluted water collected from
selected sites of the river basin.

Physico-chemical characteristics of the exposed
water sampled from different sites (Table 1) of the
Kelani river basin (Sites A, B, C and R) showed
wide variations compared with the aged tap water
(treated drinking water extracted from Kelani river).
Based on BODs, COD, total phosphate, nitrate
nitrogen, Cd, Cr and Pb levels, overall gross
pollution pattern in the study sites of the Kelani
river basin followed the order: Site R < Site C < Site
B < Site A. The Site A is located in Maha Ela which
confluence with Menikagara Ela that drains the
downstream from the industrial zone at Biyagama.
Highest conductivity, TDS, BODs, COD, total
phosphate, nitrate nitrogen, Cr, Pb and Zn levels
found in the water samples taken from this study site
may be associated with the wastewater inputs
through the Manikagara Ela. Relatively high
conductivity, TDS, COD, total phosphate and Cr
levels in water from the Sites B and C also indicate
pollution inputs from different sources. The Site B
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is the confluence of Maha Ela with the Kelani River
whereas the Site C is located in the down reaches (at
Sedawatta) of the Kelani River where
Kittampahuwa Ela carrying contaminants from
different sources (including oil installation complex
effluents, urban-runoff, and household waste)
confluence with the river. Comparatively low levels
of general pollution indicative parameters in the
water from the upper reach at Ruwanwella (Site R)
may indicate favourable water quality for native fish
populations in the reference site. However, as the
study sites in Kelani river basin are lotic habitats,
their physico-chemical composition could be varied
with time depending on numerous factors such as
the inputs of pollutants from multiple sources,
dilution effect due to the rainfall and concentration
effect due to the evapotranspiration.

Biomarker responses at different levels of
biological organization give complementary
information in monitoring studies to better appraise
how stressors affect aquatic ecosystems (Colin et al.
2016). Cholinesterase in the fish O. niloticus can be
used as a biochemical biomarker for neurotoxic
contaminations  such as  organophosphate
/carbamate insecticides and heavy metals in the
aquatic environments (Pathiratne et al. 2008;
Jayasundara and Pathiratne 2008; Silva and
Pathiratne 2008). A significant inhibition of brain
ChE activities in Nile tilapia has been reported
following short term exposure to several textile
industry effluents reaching Bolgoda North lake, Sri
Lanka (Perera and Pathiratne 2010). In the present
study, brain ChE activities of O. niloticus exposed
to the water from the Site A of the Kelani river basin
showed significant inhibition compared to the fish
exposed to the aged tap water (by 24%). The results
indicate the availability of brain ChE inhibiting
agents in the water of the Site A located in Maha Ela
which is passing through agricultural lands in the
area. Further Menikagara Ela that drains the
downstream from an industrial zone confluence
with Maha Ela at the Site A. Contaminations with
organophosphate/carbamate  insecticides  from
nearby agricultural lands, heavy metals and
complex mixtures of pollutants from industrial
discharges may have contributed to depression of
brain ChE levels in O. niloticus experimentally
exposed to the Site A water. Depression of ChE
levels in the exposed fish may be considered as early
warning signals for possible neurotoxic impacts

posed by the contaminants on native fish
populations inhabiting this area.

Erythrocytic micronuclei and other nuclear
abnormalities in fish have been used as cellular level
biomarkers for assessing cytogenotoxic impacts
under short term exposure to the industrial effluents
(Hemachandra and Pathiratne 2016, 2017). Ossana
et al. (2016) have found significant increases in total
erythrocyte nuclear abnormalities in Cnesterodon
decemmaculatus following short term laboratory
exposure to the water of Reconquista river in
Argentina. Induction of micronuclei indicates
genotoxic effects which may eventually lead to
malignancy (Hintzsche et al. 2017). Micronuclei are
formed by both clastogenic substances which
induce breaks and produce alterations in the
chromosome structure and aneugenic substances
which induce alterations in chromosome
distribution during the cell division process giving
rise to aneuploidies (Heddle et al. 1991). In the
present study, O. niloticus exposed to the water
from the Sites A and C showed induction of
micronucleated cells indicating potential mutagenic
hazards to biota. The significant increase (p < 0.05)
in total nuclear abnormalities found in the
erythrocytes of O. niloticus exposed to the water
from the Sites A, B and C compared to the control
fish indicates the presence of genotoxic pollutants
in the river water at these sites. The induction of
total nuclear abnormalities was greater in the fish
exposed to the Site C water indicating greater
genotoxic potential in this site. Induction of
erythrocytic micronuclei and other nuclear
abnormalities in O. niloticus exposed to the water
from these sites indicate cytogenotoxic impacts.
Genotoxic stress on fish populations residing these
sites may eventually lead to accumulation of
mutations, accelerated aging of cells and ineffective
adaption to changing environmental conditions.

Histopathological biomarkers are valuable as
early indicators of the biological damage in fish as
they reflect the effects of exposure to a variety of
anthropogenic pollutants (Pathiratne et al. 2010;
Kumar et al. 2017). The liver is the main site of
biotransformation of foreign chemicals that enter
the fish body. In the present study, the liver tissue of
O. niloticus exposed to polluted water from the
study sites showed structural alterations including
sinusoid congestion, hepatocytes with cytoplasmic
vacuolations, focal necrosis, increase in
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melanomacrophage  centers and  leucocyte
infiltrations (Figure 3). Such structural alterations in
the liver could lead to serious health implications
under long term exposure. In general,
histopathological conditions in the liver tissues was
severe in O. niloticus exposed to the Site C water.
Moreover, liver histopathological indices of the fish
exposed to the water from the selected sites of
Kelani river basin (Sites R, A, B and C) were
increased compared to those in the control fish.
Based on the liver histopathological indices of the
fish which had been exposed for 10 days, the hepatic
damage potential of the exposed water could be
ranked as Site R < Site A< Site B < Site C where
Site C water reflects more hazardous potential. The
significant increase in the histopathological indices
in the fish exposed to the Site R (reference site)
water compared to those in the control fish indicates
that the Site R is not a pristine area. Induction of
liver histological alterations in the model fish
exposed to these study sites may be considered as
early warning signals for potential hepatic damage
in the native fish populations chronically exposed to
pollutants in the sites.

In conclusion, the present study demonstrates the
sensitivity of the tested “effect directed biomarkers”
of the model fish O. niloticus to assess pollution
impacts in Kelani river. Depression of brain ChE
activities, induction of erythrocyte
micronuclei/nuclear alterations and hepatic tissue
alterations in O. niloticus exposed to the polluted
water from Kelani river basin can be considered as
early warning signals for possible ecological
impacts pose by the contaminants on native fish
populations. Biomarker responses indicate that the
fish populations inhabiting the polluted sites in the
river may be under stress especially due to hepatic
damage and genotoxicity. Continuous genotoxic
stress on native fish populations may lead to
accumulation of mutations, accelerated aging of
cells and ineffective adaption to changing
environmental conditions. Evaluation of “effect
directed biomarker responses” of the wide spread
model fish, O. niloticus following laboratory
exposure to the contaminated water can be a
practically feasible approach for biomonitoring
potential pollution impacts associated with the
riverine ecosystems. This approach would be
especially useful as an alternative when native fish
species could not be used in the riverine pollution

impact assessments due to practical issues such as
capturing difficulties, low abundance, habitat
preferences and conservation status of these fishes.
Effect directed biomarker responses in easily
available model fish species may possibly be used
as cost effective tools for identifications of potential
biological hazards of river pollution in order to
implement effective strategies for management and
conservation of the water resources.
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