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Abstract

Fishes are poikilothermic animals and are rapid responders to any sort of ecological alteration. The responses in the fish can
be easily assessed from their hematological and biochemical responses. To study the variation in the hemato-biochemical
parameters in retort to ecological alteration and ecological regime, a study was conducted at six different sampling stations
of the middle and lower stretches of river Ganga. Various hematological and biochemical responses of fishes were also
monitored in response to multiple ecological alterations. For the assessment of ecological alteration, various indices were
calculated such as the water pollution index (WPI), National Sanitation Foundation—water quality index (NSF-WQI), and
Nemerow’s pollution index (NPI) has been calculated based on various water quality parameters such as dissolved oxygen
(DO), pH, total dissolved solids (TDS), total alkalinity (TA), total hardness (TH), electrical conductivity (EC), biochemical
oxygen demand (BOD), chlorinity (CL), total nitrogen (TN), and total phosphorus (TP). The hematological parameters such
as WBC, RBC, platelet, hemoglobin, and hematocrit were monitored. The serum biochemical parameters such as SGPT,
SGOT, ALP, amylase, bilirubin, glucose, triglyceride (TRIG), and cholesterol (CHOL) were investigated. The study revealed
that NSF-WQI varied from 45.08 at Buxar to 110.63 at Rejinagar and showed a significantly positive correlation with SGPT,
SGOT, ALP, TRIG, CHOL, and WBC, whereas a significantly negative correlation was observed between TRIG and RBC.
WPI varied from 19 to 23 and showed a significant positive correlation with SGOT and a negative correlation was observed
with total nitrogen. The PCA analysis illustrated the significance of both natural as well as anthropogenic factors on river-
ine ecology. Strong positive loading was observed with SGPT, SGOT, ALP, and platelet. The study signified the need for
monitoring the hemato-biochemical responses of fishes in response to alterations in the ecological regime.
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Introduction

The river Ganga is the lifeline for the majority of the Indian
population as it harbors a vast number of aquatic as well
as terrestrial organisms (Pandey and Radhakrishnan 2022).
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The river Ganga has great economic, ritualistic as well as
ecological importance (Sharma and Singh 2021). Its role
in rendering the aquatic ecosystem as well as providing
drinking water for the citizens is remarkable. The aug-
mented human dependency due to the multiple-fold ampli-
fied rise in population across the river bank has increased
the ecological stress on the river system by the means of
river pollution. The increasing riverine pollution has led,
riverine as well as human health under threat due to their
direct or indirect dependency (Tiwari et al. 2022b). The river
Ganga is also much susceptible to any sort of ecological
alteration due to diversified natural factors such as rainfall,
changing weather conditions, river flow, and so on, and has
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a significant undesirable impact on the river’s ecological
character (Shrestha and Kazama 2007; Zeinalzadeh and
Rezaei 2017). Along with natural factors, human interfer-
ences like urbanization, industrialization, construction of
dams and barrages, etc. have also adversely affected the
riverine habitat (Ghosh and Maiti 2021). With the incre-
ment in the population, riverine pollution has also been
amplified from various points, as well as non-point pollu-
tion sources (Taghinia Hejabi et al. 2011; Kisi and Parmar
2016). Water contamination has made food production in
jeopardy and increased environmental and human health
concerns (Abedin et al. 2014; Akhtar et al. 2007). River
Ganga travels a path length of 2525 km and travels a large
distance from its mouth at the Himalayan glacier situated at
Gaumukh to its end at Gangasagar, delivering a multitude
of ecosystem services.

Fish being the poikilothermal animal are extremely vul-
nerable and are directly exposed to all the riverine pollution
modes as they feed and live in aquatic environments, from
where they cannot escape from any sort of changes in the
riverine ecology (Yarsan and Yipel 2013; Mahboob et al.
2014 Omar et al. 2014). For all these reasons, fish has been
identified as bioindicators of environmental contamination,
providing a holistic view of their surroundings across time
(Plessl et al. 2017). The method of thermal acclimation in
a poikilothermic animal like fish entails a slew of regula-
tory processes that work together to keep the metabolic rate
under control by adjusting for heat influences on biochemi-
cal reactions (Das and Prosser 1967). Here, in this study,
one particular fish Notopterus notopterus (Pallas 1769), was
taken as the experimental species. N. notopterus, similar
to any other aquatic organism, exists close to the aquatic
habitat, where rapid changes are manifested as observable
pathophysiological observations (Musa and Omoregie 1999;
Seth and Saxena 2003). N. notopterus (Pallas 1769), popu-
larly known as Bronze featherback, is a Notopterid fish from
the order Osteoglossiformes found commonly in the Ganga
River (Kumari and Maiti 2019). It is an omnivorous organ-
ism that consumes fish, crustaceans, insects, and plant mat-
ter (Khaing and Khaing 2020) at different trophic levels. The
alteration in the water quality status and pollution effect may
be more evident in this species.

For the evaluation of riverine ecology, the evaluation of
physicochemical parameters including major water quality
parameters is an important technique. But it is so difficult to
evaluate the water quality status of the riverine ecosystem
with the help of individual parameters (Matta et al. 2022).
So, the globally used water quality index assessment tool,
i.e., National Sanitation Foundation—Water Quality Index
(NSF-WQI) has been widely applied for the assessment of
water quality globally and in the river Ganga (Tripathi and
Singal 2019; Kumar et al. 2021; Tiwari et al. 2022a). The
National Sanitation Foundation—water quality index which
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has been developed in 1970 by (Brown et al. 1970) has been
used for the study of water quality. Along with NSF-WQI,
the evaluation of the water pollution index for the assess-
ment of riverine water quality is also noteworthy and has
been used globally for the assessment of the water quality
status of the aquatic system (Suriadikusumabh et al. 2021;
Mohanty et al. 2022).

The health status of any organism can be determined
by the examination of its hematological and biochemical
parameters and are the preliminary diagnostic tool that gets
changed with the alteration in the riverine ecology (Lakra
et al. 2022). As fishes are poikilothermal animals and
respond quickly to any sort of ecological change. So, the
hematological examination of the fish can give the ultimate
result of their health status and varies with various envi-
ronmental constraints (Burgos-Aceves et al. 2019). Among
the different hematological parameters, the major influencer
parameters are red blood cell (RBC), platelet count (PLT),
white blood cell (WBC), and hemoglobin (Hb) (Grant 2015;
Neelima et al. 2015) and may be considered as the potential
biomarker for the evaluation of fish health status in response
to ecological alteration. Along with hematological changes,
the serum biochemical factors are also responsible for the
monitoring of fish health status by the means of different
organs such as the liver, heart, and various organs of the
digestive system which shows a rapid response to any sort
of ecological alteration. The liver enzymes serum glutamate
pyruvate transaminase (SGPT), serum glutamate aspartate
transaminase (SGOT), and alkaline phosphatase (ALP) are
the major liver enzyme that expresses their response via
metabolic transformation caused by ecological niche (Farag
et al. 2022). As the majority of liver enzymes are considered
the potential biomarker for the evaluation of riverine pollu-
tion (Athira and Jaya 2018; Recabarren-Villalon et al. 2019).
Similarly, other biochemical parameters such as triglyceride
and cholesterol also alter with stress response and can be
considered as the potential biomarker for the evaluation of
fish health (Biswal et al. 2021). Fish health also changes
with the change in the ecological condition, and any sort of
alteration in the ecological condition can be easily monitored
by evaluating these important hematological and biochemi-
cal parameters (Dinardo et al. 2021; Murthy et al. 2022).

The study was carried out in the middle and lower stretch
of river Ganga where the fish Notopterus notopterus is well
distributed at all the selected sampling sites in the river
Ganga (Das et al. 2020; Sarkar et al. 2012 and Lakra et al.
2010), i.e., at Buxar, Patna, Bhagalpur, Farakka, Rejinagar,
and Balagarh. The sampling sites were also selected based
on demographic variability, and flow direction. The majority
of the sampling sites are located on the bank of major cities.

The objective of the present study is to find out the mul-
tiple biomarkers in response to ecological variability in fish.
As ecological variability can affect the hemato-biochemical



Environmental Science and Pollution Research

parameters of aquatic organisms including fish (N. notop-
terus). So, to study the variability of hemato-biochemical
parameters and find out the multiple biomarkers in response
to ecological alteration various univariate as well as multi-
variate statistical tools were used among which the National
Sanitation Foundation—water quality index, Nemerow’s pol-
lution index, and water pollution index were calculated, and
were correlated with different hematological as well as bio-
chemical parameters which can alter the fish health. The
manuscript also emphasizes the individual physicochemical
parameters which can alter the ecological condition of the
riverine system.

Material and methodology

The flowchart for materials and methodology used for the
study and analytical procedure is given in Fig. 1.

Selection of study sites

The present study was conducted at six sampling sites,
namely Buxar, Patna, Bhagalpur, Rejinagar, Farakka, and
Balagarh, the GPS coordinates are shown in Table 1 and
Fig. 2 and are designated as middle and lower stretches of
the river Ganga, encompassing a total path length of more
than 900.18 km? (approx.). The sampling sites were selected

Selection of study sites

Total 7 nos. Study sites based on geographical distribution

Collection of samples

Fish Water
(Blood, Serum, Morphometric identification) (Different physicochemical parameters)

Data Processing

Software used : SPSS v22/

WQI, WPI PAST/MS EXCEL

Descriptive analysis: PCA, CCA

Result Analysis

Conclusion

Fig. 1 Methodological flowchart of the study

Table 1 GPS coordinates of the sampling and study sites

Site X (Long) Y (Lat)
Buxar 83.9777482 25.5647103
Kanpur 80.3318736 26.449923
Patna 85.1375645 25.5940947
Bhagalpur 86.9824288 25.3478004
Farakka 87.9089623 24.8006687
Rejinagar 88.2679264 24.0988265
Balagarh 88.4646107 23.118857

based on the majority distribution of fish Notopterus notop-
terus in the freshwater middle and lower stretches of river
Ganga.

Selection of species

The species Notopterus notopterus (Pallas 1769) belongs to
the order Osteoglossiformes and the family Notopteridae.
This species was selected for this study due to its wide distri-
bution throughout the freshwater stretch of the river Ganga.
It has been reported to the wide range of the river system
i.e., from Bijnor, Uttar Pradesh to Tribeni, West Bengal (Das
et al. 2020). Due to the bottom-feeding habit of Notopterus
notopterus (Kumari and Maiti 2019), the species is much
more prone to decomposed organic and inorganic materials
in the river bed. So, for this purpose, Notopterus notopterus
fish having an average weight of 66.97 +3.12 g and an aver-
age length of 23.13 +1.06 cm were collected from these
six sampling sites, for the purpose thirty fishes (30) were
collected, and sampled from every sampling point, using
specialized gill net.

Prior to the study, ethical approval has been taken from
the Institute ethical committee of ICAR-CIFRI, Barrackpore
Kolkata regarding the study, and the experiment was carried
out following the standard protocols and ethical guidelines
of CPCSEA 2021; Ministry of Fisheries, Animal Husbandry
and Dairying, Government of India (CPCSEA 2021) and
Institute ethical committee, ICAR-CIFRI, Barrackpore,
Kolkata.

Collection and analysis of samples
Hematological and biochemical sample

For the assessment of hematological and biochemical
parameters, the fish were anesthetized by dipping in 50 pL ™!
clove oil-water solution, and then blood samples were col-
lected by caudal vein puncture using a 2-mL sterile syringe
and kept in 2 mLL EDTA coated vials and were preserved
at 4 °C till analysis. For different biochemical analyses, the
collected blood was stored in autoclaved sterile Eppendorf
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Fig.2 Study area map of the sampling sites

tubes and was kept undisturbed for 1 h, then the blood was
centrifuged at 3500 rpm for 10 min for serum separation.
The straw-colored supernatant was collected by micropipette
and was kept in a— 80 C freezer for further analysis. From
the sampling sites, all the collected samples were transported
immediately in the ice pack to the laboratory. The Sysmex
XP-100 a 3-part differential hematological analyzer was
used to examine several hematological parameters such as
RBC, WBC, Hemoglobin, Hematocrit, and Platelets (Sys-
mex Corporation, Kobe, Japan). Subsequently, biochemical
parameters such as SGPT, SGOT, ALP, amylase, bilirubin,
glucose, triglyceride, and cholesterol were analyzed using
a fully automated blood biochemistry analyzer (Model
— EM-200, ERBA-Transasia, Mumbai).

Water sample collection and analysis

The sampling was done in 2021 during the post-monsoon
season, following the APHA 2017 standards (APHA 2017).
The sampling took place between the hours of 9 AM and 10
AM. Triplicate sampling was done, with samples taken from
both the river’s banks and the middle. The water samples
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for nutrient analysis were collected in 1000 mL high-den-
sity polyethylene bottles (Make- TARSON®). Before each
sampling, the sampling bottles were autoclaved and rinsed
with diluted HNO;, and double-distilled water. At the time
of sample collection, the bottles were rinsed with the river
water before collection of samples and after collection, the
cap of the bottles was tightly closed. All the bottles were
sealed with PARAFILM and kept in the Ice-box and brought
to the laboratory for further analysis.

Some of the physicochemical parameters like dissolved
oxygen (DO), free CO,, and alkalinity were analyzed in
the field by using the titrimetric method following APHA
2017. Total hardness, magnesium, and calcium were ana-
lyzed by EDTA Titrimetric Method (APHA 2017). Other
parameters like pH, turbidity, TDS, electrical conductivity,
and salinity were evaluated by using the multi-parameter
water quality analysis equipment (YSI PRO DSS 4-Port
Digital Sampling System, Made in the USA). The riverine
flow was measured by a digital flow meter (Global Instru-
ment FP-111®). The water depth was measured using a
depth sounder (HONDEX PS-7®). A Secchi disk was
used to measure the transparency of the water following
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the standard methods followed by (Tiwari et al. 2022a).
For analysis of biochemical oxygen demand (BOD), the
samples were collected in 300-mL glass BOD bottles and
brought to the laboratory and kept in a BOD incubator for
three days at 37 “C, and then the analysis was done as per
the standard methods following APHA 2017, the nutrient
parameters like silicate, total phosphorus, and total nitro-
gen were analyzed.

Quality control

During the analytical procedures, the instruments were cali-
brated by using the standard solution and recommended pro-
tocol by the manufacturer. The electrodes of YSI Pro DSS
were washed with double distilled water after every use. At
the time of analysis, the electrodes were pre-stabilized till the
data displayed was stable. At the time of laboratory analysis,
to reduce the error during spectroscopic reading the readings
were taken in triplicate, and standard along with blank sample
readings was taken during the analysis. In every analysis, the
glassware used was class “A” NABL certified and manufac-
tured by Borosil®. During the analysis, the used chemicals
were MERCK®.

Statistical analysis

The statistical analyses were carried out from IBM 126 SPSS
22, Microsoft Excel 2007, and Past 4.02 applications were
used. Microsoft Excel 2007 software was applied for the cal-
culation of WQIL.

National sanitation foundation-water quality
index (NSF-WQI)

The NSF-WQI was calculated for the assessment of water
quality status. The method used for the calculation was of
same as that (Deshmukh and Aher 2016). For the assessment,
the selected parameters were pH, dissolved oxygen (DO), tem-
perature, turbidity, total dissolved solids (TDS), phosphate,
nitrate, and BOD.

Step 1

In step 1, each of the selected parameters was given a speci-
fied assigned weight (Wa) in the range of 1 to 5, where 1 signi-
fies the least importance and 5 signifies the higher significance
of the parameter. After assigning the weight to an individual
parameter, the relative weight was estimated using the formula:

Wr = Wa+ zn:Wa
i=1

In step 2, the quality rating scale (g;) was assessed using
the formula.

Table 2 BIS standards used for the calculation of water quality index

(WQD

Water quality parameter

Standard permis-
sible limits, BIS

2012
Total dissolved solid (ppm) <2000
Dissolved oxygen (ppm) >6
Specific conductance (uS/cm) <300
Nitrate (ppm) <45
Biochemical oxygen demand (ppm) <5
Total alkalinity <300
pH 6.5-8.5

Table 3 Reference range of WQI and water quality status given by
Yadav et al. (2010)

Range of WQI Water quality status
0-25 Excellent

26-50 Good

51-75 Poor

76-100 Very poor

>100 Unsuitable

. /G
= 100
e (S )

i
where Ci is the observed concentration of the individual
parameter.
Si is the ideal value as given by (BIS 2012) (Table 2).

Then the sub-index value (SIi) was calculated using the
formula

SIi = Wy

And finally, the WQI was calculated using the formula
given below

woI = Z SIi
i=1

And after calculation, the values were compared with the
reference range given by (Yadav et al. 2010) (Table 3).

Nemerow’s pollution index

The Nemerow’s pollution index (NPI) is the featured statistical
calculation tool used for the categorization of the river system
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(Xiong et al. 2019). The NPI was calculated using a math-
ematical expression used by Xiong et al. (2019) and Haque
et al. (2020). The NPI is calculated using the formula:

<[( /)2 (4 S,»;]2+ [max € S,-]2>

NI =

And later the values were compared (Subagiyo et al. 2019).
Principal component analysis (PCA)

Principal component analysis (PCA) is the multivariate
statistical tool used for the classification and categorization
of different ecological niches using multiple water quality
parameters (Tripathi and Singal 2019). So, using IBM SPSS
22 software, PCA was carried out to highlight the anomaly
and improve the viability of the datasets for the study of the
different physicochemical parameters of the Ganga River
water. The Kolmogorov- Smirnov tests and Shapiro- Wilk
tests, were also carried out to ensure the normality of the
datasets. Earlier to that, the Kaiser—Meyer—Oklin and Barlet
sphericity tests were used to assess the result’s reliability.
The PCs having eigenvalue more than were extracted using
KMO-Barlett’s test and scree plot. To reduce the data vari-
ability the VARIMAX rotation was carried out.

Water pollution index (WPI)

The water pollution index was assessed to evaluate and
characterize the various study sites based on their chemical
health. It was developed and modified in the USA namely
the nutrient pollution index and was developed by Dodds
et al. (1998) and later (Lee and An 2009) in South Korea
and newly improved by Atique and An (2019). Total nitro-
gen/total phosphorus ratio was used to analyze the nutrient
load caused by different nutrients such as total nitrogen and
total phosphorus. BOD was assessed for the assessment of
the decomposed organic matter. The total suspended solids

(TSS) and electrical conductivity were used to calculate the
ionic contents and solids present in river water. The con-
centration of chlorophyll in the water was used to estimate
the primary production (Wang et al. 2017). Scores were
used to compare and grade the derived values, i.e., excel-
lent (31-35), good (25-29), fair (19-23), poor (13-17),
and very poor (7-11).

Cluster analysis

Cluster analysis is carried out to identify the relationship
between the different sampling stations based on the simi-
larities and dissimilarities among the different biotic and
abiotic parameters (Maity et al. 2022). For this purpose,
cluster analysis was carried out using PAST 4.03, using all
the water quality, hematological, and serum biochemical
parameters.

Result and discussion

The amplified blasting human population of the Earth
has ultimately led to an increase in the unemployment
status for the majority of the population, which encour-
ages the pollution load in the aquatic ecosystem. There
are several sources of pollution including construction
of industries, wastes from farmland, discharge of sewer-
age from industries, and domestic households, etc. on
the river banks (Roy and Shamim 2020). The increased
pollution load in the aquatic ecosystem has led to envi-
ronmental alteration including changes in the water qual-
ity parameters, which can adversely affect the health of
aquatic organisms including hematological and serum
biochemical parameters of the fish. So, the present study
was carried out to know the impact of the alteration in
the water quality parameters which may have resulted in
the change in the hematological and serum biochemical
parameters of the fish Notopterus notopterus.

Table 4 Observed mean (+ SE)

. ) Station Buxar Patna Bhagalpur Farakka Rejinagar Balagarh

of physicochemical parameters

at the sampling sites during the pH 7.09+1.82 7.6+134 7.96+141  82+0.8 83+1.6 8.2+1.11

study period DO (ppm) 744142  6+086 642028 724125  48+12 5074121
TDS(ppm) 83.2+10.25 124.4+12.54 1232+14.62 376.4+12.85 3824+12.65 1852+13.82
TH (ppm)  150+20.54 132+21.62 120+12.66  110+10.28 90+12.3 102+18.49
TA (ppm) 126+12.4 156+13.8 136 +14.6 140+ 14.8 106+11.22 100+ 13.6
EC (uS/cm) 317+24.6  275+22.5 260+13.5 195+30.2 211+21.4 2453+23.6
CL (ppt) 1.68+0.25 0.89+0.21 1.58+0.12 2.67+0.31 1.01+0.61 1.63+0.12
BOD (ppm) 1.2+0.2 1.47+0.41 2+0.55 2.4+0.62 48+1.28 5+0.54
TN (ppm)  0.12+0.1 0.07+0.00 0.12+0.01 0.04+0.0 0.03+0.00 0.07+0.00
TP (ppm) 0.06+0.0 0.08+0.0 0.09+0.0 0.15+0.0 0.1+£0.0 0.07+0.0
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Assessment of physicochemical parameters

The recorded mean physicochemical parameters have
been displayed in the (Table 4). The result showed that
the majority of physicochemical parameters have influ-
enced the ecological health of the river system. During
the analysis at all the sampling sites, the pH ranged in
the optimum range values provided by (WHO 1993; BIS
2012). In the entire studied sites, it ranged from 7.09
to 8.3. During the study, the highest pH was recorded at
Rejinagar (8.3 +1.6) followed by Balagarh (8.2 +1.11),
Farakka (8.2 +£0.8), Bhagalpur (7.96 + 1.41), and Patna
(7.6 +£0.8) and the lowest pH was observed at Buxar
(7.09 +1.82). The trend of pH values in the entire studied
stretch was similar to that of earlier studied reports in the
stretch (Tiwari et al. 2022b). The dissolved oxygen in the
entire stretch was also in the optimum range as per guide-
lines and the prescribed standard range of (BIS 2012),
i.e.,>5 ppm, except at Rejinagar where the oxygen level
is <5 ppm. The site, Rejinagar is closer to Berhampore
city of West Bengal, India which is having relatively
higher population density which might have affected the
oxygen values in the stretch(Mohanty et al. 2022; Tiwari
et al. 2022a). Similar to dissolved oxygen, the TDS, elec-
trical conductivity, and biochemical oxygen demand were
also found relatively higher at Rejinagar signifying the
pollution and anthropogenic activities in the stretch. The
higher electrical conductivity was also recorded at Far-
akka signifying the impact of the Farakka barrage, which
might have hindered the riverine flow and contributed to
the increased pollution pressure at the studied site and
the results were similar to the reports observed by (Sinha
et al. 1996; Thakur et al. 2012; Sonkar and Gaurav 2020)
in which the impact of Farakka barrage on the alteration of
the ecological habitat of aquatic organisms was mentioned

by the researchers. The total hardness and total alkalinity
in the stretch were also in the optimum ranges provided
by BIS (2012). The chlorine value was also found higher
at the Farakka signifying the impact of the barrage. Rela-
tively higher BOD values were also observed in the low-
ermost stretch, i.e., at Farakka, Rejinagar, and Balagarh.
Among the nutrient parameters, the total nitrogen at all
the sampling sites was observed in the acceptable range
of BIS (2012). However, a relatively higher total nitrogen
value was observed at Buxar. The total phosphorus was
found relatively highest at Farakka. The observed data on
water quality parameters at the sampling sites does not
signify the eutrophication status of the river and confers
relatively better water quality status of the river (Wang
et al. 2021; Zhang et al. 2023).

Water pollution index (WPI)

The water pollution index is the statistical method used
to distribute and classify the river system into differing
ecological zones, relying on multiple physicochemical
parameters and riverine health (Lee and An 2009). The
calculated index is majorly based on nutrient loading in
the aquatic system which has been developed by Atique
and An (2019). From the analysis, it has been observed
that all the sampling stations have a similar kind of WPI
and the values of WPI lies in the Fair category, i.e.,
19-23. The higher value of WPI signifies a relatively
less polluted status and vice versa. So, as per observa-
tion at all the sampling stations, the value of WPI var-
ied from 19 to 23. The highest value of WPI (23) was
observed at the majority of sampling stations. Patna,
Farakka, Rejinagar, and Balagarh are having the high-
est value of WPI, i.e., 23, whereas the lowest WPI value
was observed at Buxar (19), followed by Bhagalpur (21)

Fig.3 Calculated water pollu-
tion index at different studied Variation of WPIin the studied sites
25
20 n
15
a
s
10
5
0 - l
Buxar Patna Bhagalpur | Farakka Rejinagar | Balagarh
m WPI 19 23 21 23 23 23
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(Fig. 3). The probable reason for the higher WPI val-
ues at Patna and Rejinagar is the city sewage discharge
which has impacted the riverine ecology by altering the
water quality status of the river. Both the sites are hav-
ing various points and non-point sources of pollution
which has altered the riverine ecology over the decades
(Dutta et al. 2020; Singh and Jha 2021). The riverine
flow at Farakka is also affected by the construction
of the Farakka Barrage which might have resulted in
the reduction of riverine flow in the river system. The
reduction in the riverine flow might have incorporated
the higher nutrient load which leads to an amplified rate
of pollution load in the river system (Dalu et al. 2019).
The sampling station Balagarh is surrounded by a vast
agricultural area in which various inorganic fertilizers
are used. The wastes and runoff from the agricultural
farms have led to the accumulation of nutrients in the
riverine system which has also been reported in the
Ramganga river (Pathak et al. 2018). The sampling site
Bhagalpur is also having pollution stress incorporated
with the agricultural, industrial and domestic discharge
(Leena et al. 2011). The site Buxar is having less pol-
luted status as it has relatively less population load
from the river bank. As at the sampling site, Buxar, the
river flows between Buxar, Bihar, and Baliya district of
Uttar Pradesh. The major pollution source in the area is
domestic sewage which incorporates relatively less pol-
lution load in the region (Singh et al. 2013) as compared
to other industrial pollution sources.

National sanitation foundation-water quality
index (NSF-WQI)

The NSF-WQI has been used to classify the water quality
status at the studied sites based on their feasibility as drink-
ing water. The calculations were based on BIS (2012) and
standard limits provided by CPCB and WHO. In the study, it
has been observed that Sampling site Buxar is having a poor
category of water quality. The sampling site Patna is having
a very poor category of water quality, whereas the majority
of sampling sites, i.e., Bhagalpur, Farakka, Rejinagar, and
Balagarh, are having an unsuitable category of riverine water
quality (Fig. 4). In the study, it has also been observed that
in the majority of cases moving towards a downward direc-
tion, the quality of water in the studied sites is deteriorating.
The most probable reason for the increment in the NSF-WQI
toward the downstream is the increased population load in
the region and reduced riverine flow, which helped in the
amplification of eutrophication in the region. The present
studied sites are having relatively higher population stress
than that of the upper stretch of the Ganga River system
(Dimri et al. 2021).

Nemerow’s pollution index
Nemerow’s pollution index is the universally used pollution

index calculation tool used for the classification of the sur-
face and groundwater based on their pollution characteristics

NSF-Water Quality Index
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Fig.4 Calculated NSF-WQI at studied sites
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Table 5 Calculated Nemerow’s

s . Buxar 0.86
pollution index at the studied

sampling sites Patna 0.86

Bhagalpur 0.85

Farakka 0.83

Rejinagar 0.82

Balagarh 0.83

(Nemerow 1991; Ji et al. 2016). The index has been calcu-
lated by using 7 different ecologically significant parameters
which can affect the pollution status of the river (Effendi
2016; Wan and Wang 2021). The selected parameters for the
study of Nemerow’s pollution index in the river were pH,
electrical conductivity, calcium, total alkalinity, total hard-
ness, magnesium, and sulfate. At all the sampling sites, the
calculated Nemerow’s pollution index ranged from 0.82 to
0.86 (Table 5) which signifies the slightly polluted status of
the river at all the sampling sites. Later, the observed values
were compared with the prescribed ideal values provided by
Nemerow (1991).

Variation in the hematological parameters

Hematological parameters are a well-known health sta-
tus evaluation tool that has been traditionally used for the
assessment of fish health status in response to various biotic
as well as abiotic changes (Burgos-Aceves et al. 2019).

Fishes being poikilothermal animals can respond quickly
to any sort of environmental and geographical changes and
signifies in the context of hematological alteration (Gaber
et al. 2013). In the present study, also the alteration in the
various hematological parameters has been observed at all
the sampling sites (Fig. 5).

The WBC count varied significantly among all the
sampling stations (P <0.05). The highest value of WBC
was observed at Rejinagar (216.9 +27) followed by Far-
akka (193.2 +25), Balagarh (181.3+31), Bhagalpur
(178.45+23), and Patna (150.62+75.71), and the least
WBC count was observed at Buxar (145.8 +21) (Fig. 5).
Increased pollution load in the river system enhances the
biological stress on the fish which has already been reported
from various rivers across the world, and an increase in the
WBC count in various fish including Wallago attu in the
riverine system signifies infection or damage to the body
cells due to ecological disbalance or eutrophication (Singh
and Tandon 2009; Fazio 2019). In many studies, it has been
observed that in the river Ganga also the leukocyte count
plays a significant role in the estimation of fish health status
(Ahmad and Jamaluddin 2021). The present study shows
a similar result as of earlier studied reports in the polluted
stretch of the river Ganga, where a higher WBC count has
also been observed in Labeo rohita (Vaseem and Banarjee
2013). The higher WBC count especially in the selected
lower freshwater zone of the studied sites of the river sig-
nifies the deteriorated water quality status on the studied

Variation in the Haematological parameters at diffrent sampling

sites
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Fig.5 Variation in the hematological parameters at different sampling sites
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riverine stretch, which may have contributed to the increased
WBC count of the fish. Similar to WBC, the RBC count also
varied significantly among the sampling stations (P <0.05).
The RBC plays a remarkable role in the transport of oxy-
gen and other essential micronutrients to the target cells,
so it is much more important to study the RBC count of the
fish which may indicate the status of the ecological niche
(Namdee et al. 2015). In the present study, highest value of
RBC was observed at Patna (3.58 +0.24), followed by Buxar
(3.26+0.8), Bhagalpur (2.8 +0.38), Farakka (2.64 +0.40),
and Balagarh (1.86 +0.22), and the lowest RBC count was
observed at Rejinagar (1.26 +0.26). The study report sig-
nifies that the majority of the study sites where relatively
higher WBC count was recorded are having lower RBC
counts which may be due to the reduced metabolic rate and
other essential biological activities caused by increased pol-
lution load in the river system. A the similar study on the fish
S. niger in the river Jhelum, India, has also been reported by
Ahmed and Sheikh (2019). The relatively higher RBC count
also signifies the higher oxygen-carrying capacity and the
lower RBC count signifies the polluted stretch of the river;
the study was similar to the O. niloticus in the river Ogun
of Nigeria (Ugokwe and Awobode 2015). The platelet has
an important function in the regulation of body metabolism,
and its counts also varied significantly among the differ-
ent sampling sites; the highest platelet count was observed
at Rejinagar (108 = 12) followed by Balagarh (88 +11.8),
Bhagalpur (64.72 + 16), Farakka (55.96 + 14), and Patna
(55.8 +£12.4), and the lowest platelet count was observed at
Buxar (52.4 + 12). A similar study on the river Ganga in the

Labeo rohita has also been made and signified similar results
(Vaseem and Banerjee 2013). In the present study, it has
been evident that hematological parameters alter at different
sampling sites in response to changes in the physicochemical
parameters and pollution status of the river.

Variation in the serum biochemical parameters

The serum biochemical parameters are the well-known
bioindicative assessment tool used for the assessment of
fish health status altered by the effect of various intrin-
sic as well as extrinsic factors resulting in the enhanced
stress level in the fish (Prakash and Verma 2020). For this
purpose, various serum biochemical parameters such as
serum glutamic pyruvic transaminase (SGPT), serum glu-
tamic oxaloacetic transaminase (SGOT), alkaline phos-
phatase (ALP), triglyceride (TRIG), cholesterol (CHOL),
lipase (LIP), and amylase (AMY) were analyzed. The
analyzed serum biochemical parameters mainly com-
prised the tests related to the liver function test (LFT),
the cardiac function test (CFT), and two of the major
digestive enzymes (amylase and lipase). The enzymes
responsible for the proper functioning of the liver are
SGPT and SGOT, varied significantly (P <0.05). During
the study, the minimum value of SGPT was recorded at
Buxar (17.80 +2.84 U/I), followed by Patna (23 +1.82
U/T), Bhagalpur (24.80 + 3.82 U/I), Farakka (29.40+2.2
U/T), and Balagarh (32.1 +10.78 U/I) and was observed
maximum at Rejinagar (33.80 +6.78 U/I). The SGOT
values also varied significantly among all the sampling
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stations from 75.4 + 6.82 U/I at Buxar to 136.00+19.62
U/I at Rajnagar. Similar to major liver enzymes SGOT
and SGPT, the ALP also varied from 44.60 + 1.82 U/I at
Rejinagar to 74 +29.82 U/I at Buxar (Fig. 6). The liver is
an important organ well known for its multifarious func-
tion such as excretory function, circulatory function, met-
abolic function, hematological function, defensive, and
detoxification functions (Bruslé and Anadon 1996). For
the assessment of liver function, the important enzymes
are SGPT, SGOT, and ALP, and among them, the values
for SGPT and SGOT increase with the impact of riverine
pollution resulting in liver cirrhosis and hepatic inflam-
mation. In the present study, also the higher values of
SGPT and SGOT were recorded in the region, signifying
the increased pollution status in the concerned regions
such as Rejinagar, Balagarh, and Farakka. The higher
value of the released enzymes, i.e., SGPT and SGOT,
are responsible for chronic liver cirrhosis and increased
metabolic activities induced by environmental stressors
are observed in relatively higher concentrations. As it is
already evident that with the increased pollution, the fish
encounters more metabolic pressure, which results in the
release of a higher amount of SGPT and SGOT, the two
important liver biomarker enzymes (Akbary et al. 2018).
The present study’s result is similar to the observations
made in the fish L. rohita in the river Kshipra of Dewas,
Madhya Pradesh, India, where the influencing liver
enzymes altered with the impact of riverine pollution
load. Dissimilar to SGPT and SGOT, the concentration
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300

200

100

Patna

Bhagalpur

of ALP was recorded in decreasing trend as the higher
values were recorded at Buxar (74 + 8.68 U/I) followed
by Patna (66.20+5.78 U/I), Bhagalpur (64.70 +8.43 U/I),
Farakka (58.92 + 6.6 U/I), and Balagarh (48.40 + 8.6 U/I),
and the least ALP concentration was recorded at Rejina-
gar (44.60 +4.88 U/I). The relatively lower concentra-
tion of the liver enzyme ALP signifies the cellular dam-
age by the impact of riverine pollution (Palaniappan and
Vijayasundaram 2009; Akbary et al. 2018), which is also
evident in the present study. A similar impact has also
been reported in the O. niloticus in the polluted stretch
of the river Yamuna at Agra, India, where riverine pol-
lution has impacted the ALP concentration (Khan et al.
2020). Triglyceride is the major chronic stress indica-
tor in the fish which gets altered in the fish serum with
the impact of stress, and in the present study also the
ecological condition of the river is diversified with rela-
tion to physio-chemical changes (Eldridge et al. 2015). In
the present study, the variation in triglyceride has been
observed among the sampling sites. The lowest triglycer-
ide was observed 62 + 8.82 mg/dL at Rejinagar followed
by 76.80 + 8.55 mg/dL at Farakka, 77.00 £9.75 mg/
dL at Balagarh, 80.12 + 6.68 mg/dL at Bhagalpur, and
82.54 + 12.6 mg/dL at Patna, and the highest triglyceride
was recorded 93.20 + 18.86 mg/dL at Buxar (Fig. 7). As
triglyceride is the form of lipid found in the blood, it
provides energy and is an important serum biomarker for
the assessment of fish health. The lower triglyceride was
observed in the relatively ecologically stressed stretch

Variation in the Triglyceride (mg/dL) and Cholestrol
(mg/dL) at diffrent sampling sites

Farakka
Linear (TRIG)

Rejinagar Balagarh
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Fig. 7 Variation in the serum triglyceride and cholesterol at different sampling stations
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signifying the use of more energy to cope with the meta-
bolic stress (Lu et al. 2022). Similar observations have
been observed in the C. punctata exposed by the thermal
power plant effluents (Javed and Usmani 2015). Similar
to triglyceride, cholesterol is also a significant stress indi-
cator help to analyze the health status of fish (Lee et al.
2022). In the present study, the cholesterol concentra-
tion varied from 270 +32.55 mg/dL at Buxar followed
by 298.44 +28.4 mg/dL at Patna, 301.44 +33.98 mg/
dL at Bhagalpur, 303.40 +40.2 mg/dL at Farakka, and
312.44 + 22 mg/dL at Balagarh and was found a maximum
of 342.20 +46.88 mg/dL at Rejinagar (Fig. 7). The eco-
logical alteration and the changes in the physicochemical
parameters alter the process of digestion, by the means
of alteration in the digestive enzymes (Jiang et al. 2022).
In the present study, two important digestive enzymes,
i.e., amylase and lipase, also varied among the sampling
sites (Fig. 8). The amylase content is responsible for the
digestion of polysaccharides such as glycogen content in
the fish (Champasri et al. 2021). The amylase content
in the present study varied at different sampling sites,
i.e., was recorded 28.15 +2.62 U/I at Balagarh, followed
by 28.62 +2.98 U/I at Rejinagar, 29 +2.88 U/I at Buxar,
31+4.2 U/I at Bhagalpur, 31.6 +4.8 U/I at Farakka, and
32.40 + 6.66 U/I at Patna. Similar to amylase, lipase is
also an important digestive enzyme responsible for lipoly-
sis (Cao et al. 2023). In the present study, the lipase con-
tent varied from 22.80 +2.87 U/I at Balagarh, followed

45

by 24.2 +3.3 U/l at Rejinagar, 25.17 + 3.1 U/I at Buxar,
30.4 +3.41 U/I at Patna, and 30.8 +3.46 U/I at Bhagalpur,
and the highest was recorded 31.40 + 4.8 U/I at Farakka
(Fig. 8). The lower content of the enzymes is recorded in
the lower stretch of the river, signifying that the enzyme
content gets reduced in the relatively polluted stretch of
the river (Abdel-Latif et al. 2022).

Variation in the serum glucose

Serum glucose is the significant stress variable used for the
evaluation of stress via osmoregulatory alterations (Makaras
et al. 2022). As glucose is an important monosaccharide
that delivers immediate energy to the cells and is a potent
bioindicator for the assessment of the ecological condition
of the aquatic environment (Wei et al. 2022). In the pre-
sent study, it has been found that the highest average serum
glucose was observed at Balagarh 218.4 + 6.8 mg/dL fol-
lowed by 194.2 + mg/dL at Rejinagar, 161.64 +5.87 mg/
dL at Farakka, 153.23 +5.66 mg/dL at Bhagalpur, and
146.23 +2.86 mg/dL at Patna, and the lowest serum glu-
cose was observed 133.6 +4.6 mg/dL at Buxar (Fig. 9). The
higher serum glucose observed at Balagarh signifies the fish
stress in the relatively polluted stretch, as in the pollution
stretch with the increased metabolic activities the level of
serum glucose gets increased (Biswal et al. 2021). The pre-
sent result was similar to the findings of Sunardi et al. (2021)
in the O. niloticus in the Citarum river.
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Fig.9 Variation in the serum glucose (mg/dL) at different sampling stations

Correlation between different abiotic and biotic
components influencing hemato-biochemical
parameters

The Karl-Pearson correlation was carried out to evaluate
the relationship between different hematological and bio-
chemical parameters along with environmental parameters
(Table 6). In the analysis, it has been found that NSF-WQI
showed a significantly positive correlation (P <0.05) with
WPI (r=0.817), SGPT (r=0.954), SGOT (r=0.961),
CHOL (r=0.876), WBC (r=0.889), and pH (r=0.998)
(Fig. 10 and Table 6). The significantly positive correlation
with WPI shows that WQI and WPI have direct relation as
the higher value of WQI and WPI both signifies the dete-
rioration in the water quality. The values for WPI and WQI
rise parallelly with increased pollution load in the river; the
observations were similar to the TySmienica River Basin
of Poland (Grzywna and Sender 2021). The significantly
negative correlation with NSF-WQI was found with ALP
(r=-0.940), TRIG (r=—0.889), TH (r= -0.963), EC
(r=-0.922), and NPI (r= —0.873). The ALP is mainly
secreted from the liver and the values for which reduce
response to alteration in the ecological niche by the means
of enhanced body metabolism, so a significantly negative
correlation is observed with NSF-WQI (Bharti and Rasool
2021). Similarly, the value for TRIG also gets reduced
with the impact of pollution stress in the river as has been
reported in other many studies (Ling et al. 2019). The TH,
EC, and NPI also showed a significantly negative correla-
tion as their increased values negatively impact the river-
ine water quality (Matta et al. 2018). The WPI showed a

significantly positive correlation with SGOT (r=0.822) and
a significantly negative correlation was observed with total
nitrogen (r= —0.825). The significantly positive correlation
with SGOT signifies the importance of major liver enzyme
which is released excessively during liver damage and are
interdependent on the ecological habitat (Singh et al. 2016;
Ghosh et al. 2018). The total nitrogen which gets raised in
the condition of eutrophication and is a major pollution bio-
marker for riverine ecology also has a significant role in
the alteration of riverine water quality (Kamboj and Kam-
boj 2020). The NPI showed a significantly positive corre-
lation (P <0.05) with TRIG (r=0.862), RBC (r=0.921),
total hardness (r=0.940), and EC (r=0.896), while a
significant negative correlation was observed with SGPT
(r=-0.950), SGOT (r= —0.952), ALP (r= —0.968),
CHOL (r=-0.832), WBC (r=—-0.937), TDS (r=—-0.871),
and BOD (r= —0.866). Dissimilar to NSF-WQI, the NPI
showed an inverse relationship with the parameters as the
lower value of NPI signifies deteriorated water quality and
vice versa (Vega et al. 2022).

Principal component analysis

The principal component analysis is the multivariate ana-
lytical tool used for the assessment of multiple factors
responsible for the determination of the riverine ecology
without altering the principal information (Dimri et al.
2021) (Fig. 11). In the analysis, the datasets were ana-
lyzed for the suitability of the PCA via Barlett’s test of
sphericity, which was measured 0.00. In the analysis, three
PCs were extracted where the eigenvalue is more than 1.
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Fig. 10 Correlation of WQI, NPI, and WPI with different abiotic and biotic factors
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Fig. 11 Principal component analysis of different variables

Table 7 Extracted three principal components

Component transformation matrix

Component 1 2 3
.984 —.143 —.106
.176 .877 448

3 —.028 459 —.888

Extraction method: principal component analysis. Rotation method:
varimax with Kaiser normalization

The cumulative variance for all the 3 extracted PCs was
94.832% (Tables 7, 8, and 9). The datasets were compared
with the reference range given by Liu et al. (2003) used
for the determination of the loading values. The analy-
sis reveals that the 1st Pc has an eigenvalue of 15.171,
in which the variance percentage was 65.963. The 1st
PC shows strong positive loading with WQI (r=0.967),
WPI (r=0.797), SGPT (r=0.968), SGOT (r=0.986),
ALP (r=0.972), CHOL (r=0.906), WBC (r=0.943), pH
(r=0.962), TDS (r=0.889), and BOD (r=0.781). The PC
shows moderate positive loading with PLT (r=0.715) and
TP (r=0.626). The strong negative loading was observed
with NPI (r= —-0.945), TRIG (r= —-0.934), RBC
(r=-0.819), TH (r=—-0.971), and TN (r= —0.851),
while moderate negative loading was observed with DO
(r=—-0.596). The PC shows the maximum variance, i.e.,
65.963%. The strong loading with WQI and WPI was
observed which is the assessment method for the total
water quality status. The water quality in the present study
sites was also determined by using two of the water qual-
ity assessment tools which can be a determining tool for
the evaluation of riverine water quality (Tripathi and Sin-
gal 2019; Dimri et al. 2021). The PC also showed signifi-
cant positive loading with SGPT, SGOT ALP, and CHOL
which is the important liver enzyme that shows its impact
on any sort of ecological alteration by the means of bio-
chemical changes in these three important liver enzymes
(Kang et al. 2010; Oyeniran et al. 2021; Soulivongsa et al.
2021). Cholesterol is an important parameter responsible
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Table 8 Extracted total variance of different principal components

Total variance explained

Component Initial eigenvalues Extraction sums of squared loadings Rotation sums of squared loadings
Total % of variance ~ Cumulative %  Total % of variance ~ Cumulative %  Total % of variance ~ Cumulative %
15.171  65.963 65.963 15.171  65.963 65.963 14.835 64.499 64.499
4.619 20.084 86.047 4.619 20.084 86.047 4.288 18.643 83.141
2.021 8.785 94.832 2.021 8.785 94.832 2.689 11.690 94.832
Extraction method: principal component analysis
Table 9 Rotated component matrix of principal components T I %\"393\‘)\“ e ™ o
Rotated component matrix*
Component *
1 2 ;
130
WQI 967 .093 —.068 a
WPI 797 364 —.287 200
NPI —.945 .305 —.113 250
SGPT .968 —.154 —.126
SGOT 986 — 047 011 0
ALP 972 —-169 045 Fig. 12 Cluster analysis between different sampling sites
TRIG —.934 .050 261
EIPII)OL '?(.)1610 .;2'(())77 ;9'3;75 has strong positive loading with LIP (r=0.920), AMY
AMY _ 161 080 105 (r=0.980), and TA (r=0.962), while moderate positive
RBC _ 819 546 128 loading was observed with TP (r=0.510). The PC shows
PLT 15 _ 515 _ 451 moderate negative loading with PLT (r= —0.515) and
WEC a3 _ 158 067 BOD (r= —0.515). The PC has a strong positive loading
PH 962 054 _ 030 with LIP and AMY, which are the two major digestive
DO _ 506 260 750 enzymes responsible for the digestion of fat and carbo-
DS 880 o1 201 hydrate sources which also get altered with the change
TH _ o7 141 150 in the riverine ecology (Palaniappan and Vijayasundaram
TA 200 962 125 2009; Zhao et al. 2022), while moderate negative loading
EC _ 955 192 _ 25 with PLT and BOD also signifies the importance of BOD
L 134 058 045 in determining the riverine Water quality (Lung 2022). In
BOD 281 _ 515 _ 283 the.3rd PC, the observed elgeflvaluF: was 2.021 and Fhe
N _ 851 — 084 002 variance percent'age was 8.785, in which the strong loading
TP 626 510 575 was observed with DO (r=0.750), CL (r=0.945), and TP

Extraction method: principal component analysis. Rotation method:
varimax with Kaiser normalization

“Rotation converged in 5 iterations

for the proper functioning of the body’s metabolism, and
the value for which rises during the stress, the value for
which rises in the riverine and other aquatic conditions
(Kim et al. 2021). The WBC also shows the preliminary
defense response for the ecological alteration as has also
been reported in several studies (Shekarabi et al. 2022;
Witeska et al. 2022). The 2nd PC has an eigenvalue of
4.619 and a variance percentage of 20.084. The 2nd PC

@ Springer

(r=0.575). The PC does not show any strong or moderate
negative loading. The strong loading with DO, CL, and
TP shows the impact and importance of anthropogenic
activities in the riverine condition which is similar to the
observations of the upper stretch of the river Ganga (Dimri
et al. 2021).

Cluster analysis
The cluster analysis is the superlative analytical method

used for the classification of the sampling sites based on the
similarities among the different stations. In the present study
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also a classical cluster analysis was performed via paired
group (UPGMA) algorithm, by using the Euclidean similar-
ity index. In the analysis, the observed cophentic correlation
was 0.92, which signifies the suitability for cluster analysis.
In the analysis, it has been observed that based on different
abiotic and biotic components the 3 major cluster groups
were formed. The analysis revealed that based on all the
analyzed parameters the Buxar and Farakka are distantly
related and show the least similarity. A close association
was observed between Farakka and Rejinagar. Patna and
Bhagalpur show a close relationship with Balagarh, while
these three sampling sites, viz., Patna, Bhagalpur, and Bala-
garh, showed a close relationship with Buxar and Rejinagar
(Fig. 12).

Conclusion

The present study deals with the study of the interaction
between abiotic and biotic components of the freshwa-
ter zone of middle and lower zone of the river Ganga,
which is unique of its kind in the large river system. The
study explains the new form of biomarker approach in
which the physiological changes in the fish with response
to alteration in the physicochemical parameters leading
to amplification in the pollution status of the river have
been monitored. For the assessment of fish physiologi-
cal health various hematological as well as serum bio-
chemical parameters of the important omnivorous food
fish (Notopterus notopterus) have been studied and later
compared with different physicochemical parameters and
water quality indices such as NSF-water quality index,
water pollution index, and Nemerow’s pollution index, by
using various univariate as well as multivariate statisti-
cal techniques. From the study, it can be concluded that
the major influencing water quality parameters, which
have contributed to the rise of riverine pollution status
and altered the water quality indices, are total dissolved
solid, total hardness, electrical conductivity, biochemical
oxygen demand, and nitrate. Whereas, among the biotic
components, the hemato-biochemical parameters, which
play a significant role as a biomarker and are altered with
response to changes in the various water quality indices,
are serum glutamic pyruvic transaminase (SGPT), serum
glutamic-oxaloacetic transaminase (SGOT), alkaline
phosphatase (ALP), triglyceride, cholesterol, and white
blood cells (WBCs). From the study, it is also known that
only the assessment of abiotic components by the means
of physicochemical parameters is not sufficient for the
proper management and comprehensive management of
the aquatic ecosystem. Along with abiotic components,
the new biomarker approach by the use of biotic compo-
nents in the form of assessment of hemato-biochemical

parameters of the fish in aquatic ecosystems such as rivers,
ponds, wetlands, etc. will be much more helpful.
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