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Abstract
The rapid deterioration of freshwater ecosystems, particularly rivers, has threatened many living organisms, including human 
beings. In order to comprehend and maintain the well-being of a river ecosystem, it is important to assess the spatial and 
temporal variations in its physico-chemical parameters. The aim of the present study was to examine spatial and temporal 
physico-chemical parameters of snow-fed River Poonch in the Northwest Himalayas from July 2021 to June 2023. In order 
to generate precise and reliable data, one-way ANOVA, Duncan's multiple range test, Pearson correlation, linear regression, 
principal component analysis (PCA) and cluster analysis (CA) were used to analyse a total of fifteen physico-chemical param-
eters of the river. Significant (p < 0.05) differences spatio-temporally in physico-chemical parameters were found through 
one-way ANOVA followed by Duncan's multiple range test. Pearson correlation revealed that majority of the examined 
physico-chemical parameters exhibited a robust positive association (r > 0.70) in most cases, apart from DO (r ≥  − 0.80). 
Linear regression indicated significant (p < 0.05) associations among various physico-chemical parameters, which were 
substantial both in nature and size, with a coefficient of determination (r2 > 0.70) in most of the cases. PCA showed that 
physico-chemical parameters such as AT, WT, EC, TDS,  FCO2, TA, TH,  NO2-N,  NO3-N, TP,  SO4

2− and  F− were significant 
for the determination of qualitative characteristics of River Poonch. In CA, two distinct clusters, viz. Cluster-I consisting of 
Site-III, downstream site prone to pollution and Cluster-II consisting of Site-II and Site-I, mid and upstream sites, respec-
tively, less prone to pollution were obtained. The results of the study revealed that the water quality parameters were found 
well within the recommended ranges, suggesting that they are conducive for the existence of inhabitant fish species, which 
influence the local economy of the region.
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Introduction

Water is undoubtedly considered as home to many aquatic 
flora and fauna in both lentic and lotic ecosystems. Univer-
sally, rivers are acknowledged as a primary source of sur-
face water and play a crucial role among many other natural 
water resources (Mirza et al. 2014; Eliku and Leta 2018). 
Rivers serve several purposes, including household water 
supply for drinking, transportation, agricultural irrigation, 
recreational activities, fishing and aquaculture production 
as well as the generation of electricity (Mirza et al. 2014; 
Boyd 2015; Eliku and Leta 2018). However, despite being 
life-sustaining and economically significant, rivers are 
most vulnerable to pollution today (Varol 2020; Mir et al. 
2023). Currently, rivers are encountering substantial chal-
lenges due to the combination of both human activities and 
natural phenomena (Seth et al. 2016; Eliku and Leta 2018; 
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Mir et al. 2023). These challenges encompass fluctuations 
in hydrological patterns, climate change, rapid population 
growth, uneven urban development, rapid establishment of 
industries, insufficient treatment of domestic wastewater, 
improper management of agricultural pesticides and ferti-
lizers besides extraction of gravel from riverbeds for hydro-
power generation (Ravichandran 2003; Seth et al. 2016; 
Eliku and Leta 2018; Ustaoğlu and Tepe 2019; Varol 2020). 
Due to one or the other reason, the quality of riverine water 
is declining and their levels are decreasing quickly than they 
can be replenished (Mir et al. 2023).

The water quality in rivers often exhibits significant spa-
tial and temporal variability. The rivers' geographical het-
erogeneity arises from the dynamic nature of environmental 
factors such as solar radiation, water temperature, flow rate 
and river channel shape while the magnitude of temporal 
variations depends on the classification of the rivers and 
the specific physico-chemical parameter/s being examined 
(Chakrapani 2005; Qadir et al. 2008). It is essential to rec-
ognize that water quality plays a crucial role in safeguard-
ing the whole environment, particularly in maintaining the 
soundness of the public health system (Rajini et al. 2010; 
Arafat et al. 2022).

The existence of resilient riverine ecosystems is cor-
related with the profusion of aquatic flora and fauna, thus 
enhancing the overall biodiversity of the region (Lawal et al. 
2023). Moreover, the existence, abundance and adaptation of 
various species, such as fishes, in an aquatic ecosystem are 
primarily influenced by biotic and abiotic factors, resulting 
in sustainable production (Samal et al. 2016; Lawal et al. 
2023). Environmental disturbances lead to a decline in 
water quality, which, in turn, harms the overall health of the 
ecosystem and its related processes. Hence, it is essential 
to ascertain the origins of pollution, pinpoint the specific 
locations (sites) and periods (seasons) when water quality 
fluctuations transpire and undertake measures to mitigate 
river contamination for the successful implementation of 
comprehensive management strategies (Tian et al. 2019; 
Nong et al. 2020). For effective planning and conservation 
of water resources and its faunal diversity, a comprehensive 
picture of water quality may be attained by thorough meth-
odological techniques, including the monitoring of physical 
and chemical parameters in both geographical and temporal 
dimensions (Eliku and Leta 2018; Kasperson et al. 2022; 
Lawal et al. 2023). Various statistical approaches, such as 
mean, standard deviation, ANOVA, Pearson's correlation, 
linear regression, principal component analysis (PCA) and 
cluster analysis (CA), have shown their efficacy in the phys-
ico-chemical evaluation (Zhao et al. 2012; Ling et al. 2017; 
Eliku and Leta 2018; Mir et al. 2023).

Himalayan aquatic ecosystems have been duly recognized 
for their significant contributions to the sustainable econ-
omy, enhancement of human well-being and preservation 

of the integrity of the biological system (Islam et al. 2021; 
Khanday et al. 2021). The presence of the snow-fed water 
resources in the region are highly advantageous and promis-
ing factor, contributing to livelihood of the sizeable popula-
tion. The River Poonch, a vital constituent of the Himalayan 
river ecosystem, stands as a solitary water reservoir in the 
region. This river is a significant tributary of the mighty 
River Jhelum and plays a crucial role in supporting the 
livelihood of a substantial population in the region. But in 
recent years, the rising population, together with increased 
economic activity and rapid urbanisation, has caused sig-
nificant degradation and depletion of the water quality in 
this river, as well as a reduction in the extent of its water-
shed. The condition of the river has a direct bearing on the 
health and economic development of the local population 
and this fact must be recognized. It is of utmost importance 
to highlight, that monitoring river water's geographical and 
temporal properties has been extensively used as a vital 
tool for evaluating physico-chemical qualities, identifying 
sources of pollution and implementing effective manage-
ment measures (Qadri et al. 2008; Tian et al. 2019). Further-
more, effective water management requires knowledge of 
spatial and temporal variations in water quality (Nong et al. 
2020; Mir et al. 2023). Before the initiation of this study, no 
prior studies were conducted regarding the spatial and tem-
poral fluctuations in the physico-chemical properties of the 
River Poonch. Simultaneously, it is worth mentioning that 
this river accommodates a considerable populace of the most 
coveted game fish of the globe, the imperilled golden mah-
seer, Tor putitora (Hamilton, 1822). Therefore, considering 
the economic vitality of the River Poonch, the current study 
was carried out to evaluate the physico-chemical parameters 
in relation to spatial and seasonal fluctuations. This study 
utilized a range of statistical methods to establish a compre-
hensive dataset that can be used for the efficient manage-
ment and conservation of the River Poonch, in addition to 
detecting pollution sources and other water quality issues. 
This study provides valuable insights that might enhance the 
quality of physico-chemical parameters, which, in turn, may 
aid in preserving and managing resident fish species, which 
are essential for the local economy.

Materials and methods

Study area

The Poonch district, located in the Northwestern Hima-
layas of Indian Jammu and Kashmir, has a rugged terrain 
and is home to a population of 476,835 individuals (as 
per the GOI Census 2011). Approximately 20–25% of this 
population relies directly on the River Poonch for various 
activities including the harvesting of fish, among others. 
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The river mostly receives its water from precipitation and 
thawing of snow. The regional climate shows elevated 
temperatures throughout the summer season, with June 
having the highest recorded temperatures. Conversely, the 
winter season is characterized by low temperatures, with 
January being the coldest month of the season. This river 
is located at geographical coordinates of 33.64511° N 
latitude and 74.43532° E longitude. It originates from 
one of the pristine high-altitude lake, Katorsar, nestled 
in the majestic Neel-Kanth and Jamian Gali regions of 
the Pir Panjal range in the Northwestern Himalayas. The 
drainage system efficiently covers a substantial region by 
gathering several hill streams and nallahs from the lofty 
Pir Panjal range and extends to the lower outer hills. The 
total length of the main course is 245 km from the point 
of origin to the destination. After flowing through a stretch 
of 150 km in Poonch, Jammu and Kashmir, India, it enters 
Kotli, Pakistan occupied Kashmir, where it is designated 
as Poonch River Mahseer National Park (Brown et al. 
2019) and finally drains into Mangla Reservoir. Some of 
the prominent tributaries of this river in Poonch, Jammu 
and Kashmir, India, are Mandi nallah, Betaar nallah, 
Mendhar nallah, Darungli and Rangar. Along the entire 
stretch of River Poonch in Indian territory, a meticulous 

selection was undertaken to identify three sampling sites at 
important confluence points of the most of river tributar-
ies for physico-chemical evaluation (Fig. 1), viz. Site I. an 
upstream site (Kalaie), Site II. a midstream site (Chakkan 
Da Bagh) and Site III. a downstream site (Balnoi).

Collection of water samples

An extensive sampling strategy was formulated to cover var-
ious physio-chemical parameters at selected sampling sites 
of River Poonch. Water samples were collected on monthly 
basis throughout a period of 2 years, spanning from July 
2021 to June 2023. Some of the collected samples were ana-
lysed on the spot while the rest were preserved and trans-
ported to the Fish Nutrition Research Laboratory, Depart-
ment of Zoology, University of Kashmir, as per the standard 
analysis procedures (APHA 1998).

Analyses of water samples

The current study examined a total of 15 physico-chemical 
parameters, namely air temperature (AT), water temper-
ature (WT), pH, electrical conductivity (EC), total dis-
solved solids (TDS), dissolved oxygen (DO), free carbon 

Fig. 1  Location map of selected sampling sites of River Poonch, J&K, India
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dioxide  (FCO2), total alkalinity (TA), total hardness (TH), 
nitrite-nitrogen  (NO2-N), nitrate-nitrogen  (NO3-N), total 
phosphate (TP), sulphate  (SO4

2−), chloride  (Cl−) and fluo-
ride  (F−). AT and WT were recorded by mercury Celsius 
thermometer, pH, EC and TDS by portable multiparam-
eter (HANNA HI9829), DO by modified Winkler’s method 
(APHA 1998),  FCO2 and TA by titrimetric method (APHA 
1998), TH by EDTA titrimetric (APHA 1998; HACH 
2003),  Cl− by argentometric titration, TP by spectrophoto-
metrically (ammonium molybdenum method) and  NO2-N, 
 NO3-N,  SO4

2− and  F− by spectrophotometer (Hach DR 
5000 USA). Triplicate analyses were conducted in each 
case and the mean value was calculated. A spatio-temporal 
data analysis was performed to identify changes resulting 
from a spatio-temporal hydrodynamics of the river.

Statistical analyses

All the necessary statistical tests have been performed 
using PAST ver. 4.03, R statistical software ver. 4.3.1 
and IBM SPSS ver. 27. The current study included the 
computation and examination of the average values of the 
physico-chemical parameters via descriptive analysis. The 
data were systematically categorised into distinct seasons: 
spring, summer, autumn and winter. One-way ANOVA 
and Duncan’s multiple range test (p < 0.05) were used to 
identify spatially and temporally significant differences in 
the physico-chemical parameters. The robustness of rela-
tionships among the physico-chemical parameters under 
study was determined by Pearson's multiple correlation. 
The resulting correlation plots were mapped using “psych” 
and “qgraph” packages (Revelle 2020). Furthermore, lin-
ear regression analysis was employed to examine the influ-
ence of independent or predictor variables on dependent or 
response variables. Resulting figures were mapped using 
the "ggplot2″ (Wickham 2016), “ggpubr” (Kassambara 
2020) and "ggmisc” (Aphalo 2021) packages.

After being standardized using a z-scale transforma-
tion, the physico-chemical data was analysed using mul-
tivariate statistical methods such as principal component 
analysis (PCA) and cluster analysis (CA) to reduce the 
dimensionality of the data (Simeonov et al. 2003; Liu et al. 
2003; Arafat et al. 2022; Mir et al. 2023). To elucidate the 
organization of the fundamental dataset, PCA was con-
ducted using the correlation matrix of the transformed 
data. The physico-chemical data was subjected to CA, 
which yielded the dendrogram based on similar sampling 
sites across the stretch of River Poonch. CA was carried 
out using hierarchical agglomerative clustering (HAC) fol-
lowing Ward’s method and similarity was measured using 
Euclidean distances (McKenna 2003; Arafat et al. 2022; 
Mir et al. 2023).

Results and discussion

Prevailing trend and spatio‑temporal variations

In the present study, data on the physico-chemical analysis 
of River Poonch was generated by analysing 15 parameters 
and the results are presented as minimum, maximum, mean 
and standard deviation (Table 1). Furthermore, a compre-
hensive evaluation was undertaken to ascertain the exist-
ence of statistically significant and non-significant differ-
ences using ANOVA followed by Duncan's multiple range 
test across spatial and temporal dimensions (Table 2 and 3).  

Air temperature (AT) has a significant impact on vari-
ous environmental factors that influence water temperature 
(WT) and the overall content of dissolved oxygen (DO) 
of the rivers (Benyahya et al. 2008; Harvey et al. 2011). 
Imperatively, the correlation between AT and WT is a 
crucial factor that significantly impacts the water quality, 
determines the viability and behaviour of aquatic organ-
isms (Stumm and Morgan 2012). During the present study, 
a significant (p < 0.05) disparity was observed in air tem-
perature (AT) across studied sites, i.e. between upstream 
site (Kalaie) and downstream site (Balnoi). The observed 
fluctuations may be ascribed to the prevailing climatic and 
topographic conditions (Lookingbill and Urban 2003; Shen 
and Leptoukh 2011; Kattel et al. 2022). The maximum AT, 
27.45 ± 7.02 °C, was recorded at downstream site and the 
minimum, 22.85 ± 6.88 °C, at upstream site. Similarly, the 
maximum AT, 33.83 ± 3.47 °C, was recorded in summer 

Table 1  Overall trend of physico-chemical parameters of River 
Poonch, J&K, India

The Mean ± SD is the observation of 24 values

Parameters Min Max Mean ± SD

Air temperature (AT) (°C) 10.8 39.2 25.27 ± 7.25
Water temperature (WT) (°C) 7.1 27.8 15.28 ± 5.94
pH 6.9 8.6 7.5 ± 0.3
Electrical conductivity (EC) 

(μs  cm−1)
144.8 407.9 271.41 ± 63.19

Total dissolved solids (TDS) (mg/L) 89 258.3 159.99 ± 40.83
Dissolved oxygen (DO) (mg/L) 5.1 12.8 8.92 ± 1.92
Free carbon dioxide  (FCO2) (mg/L) 0.5 9.3 4.86 ± 2.47
Total alkalinity (TA) (mg/L) 95.8 153.3 121.49 ± 11.29
Total hardness (TH) (mg/L) 60.4 185.7 126.30 ± 29.47
Nitrite-nitrogen  (NO2-N) (mg/L) 0.02 0.32 0.14 ± 0.06
Nitrate-nitrogen  (NO3-N) (mg/L) 0.05 0.49 0.21 ± 0.10
Total phosphate (TP) (mg/L) 0.06 0.82 0.35 ± 0.20
Sulphate  (SO4

2−) (mg/L) 7.1 18.2 12.08 ± 2.71
Chloride  (Cl−) (mg/L) 10.3 24.3 16.28 ± 3.35
Fluoride  (F−) (mg/L) 0.10 1.15 0.44 ± 0.24
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season and the minimum, 16.40 ± 2.71 °C, in winter season. 
These findings corroborate the notion that summers are hot 
and winters are cold in the study area, with the eastern and 
northern parts being dry and frigid and the western parts 
being a little more humid (Mirza et al. 2014).

Water temperature (WT), a critical ecological factor, is 
mainly responsible for the growth and distribution of aquatic 
flora and fauna (Van Vliet et al. 2011; Jalal and Sanalkumar 
2012; Beechie et al. 2013; Tank and Chippa 2013). Moreo-
ver, WT substantially impacts the solubility of oxygen in 

water, as well as the metabolic rates and reproductive pro-
cesses of aquatic species (Jobling 2002; Quinn et al. 2007; 
Boyd 2019). Simultaneously, the incidence and pathogenic-
ity of aquatic infections are significantly affected by WT 
(Marcogliese 2008). Like AT, a significant (p < 0.05) dif-
ference in WT was also recorded during the present study 
among different seasons and sites. The maximum WT, 
17.17 ± 6.08 °C, was recorded at downstream site and the 
minimum, 13.36 ± 5.27 °C, at upstream site. Likewise, the 
maximum WT, 22.58 ± 3.17 °C, was recorded in summer 
season and the minimum, 8.91 ± 1.38 °C, in winter season. 
The results indicate a substantial correlation between WT 
and AT. Evidently, it is seen that WT is impacted by AT, 
with lower AT during winter season, gradually increasing 
throughout the spring season and reaching its peak during 
the summer season (Arismendi et al. 2014; Khanday et al. 
2021; Mir et al. 2023).

The pH of water is often used to ascertain its level of 
acidity or alkalinity. Aquatic species must maintain an 
adequate pH for survival and the pH of aquatic environ-
ments is primarily influenced by photosynthesis and res-
piration (Hamid et al. 2020). The current study recorded 
the overall pH as alkaline with significant (p < 0.05) dif-
ferences among seasons and sites. An increasing trend was 
evident, with a maximum value of 7.67 ± 0.40 noted at 
downstream site, while a minimum value of 7.38 ± 0.22 
at upstream site. Similar observations were also obtained 
while analysing the pH of different water bodies in the 
past (Mirza et al. 2014; Dar et al. 2020; Manzoor and Iqbal 
2020). pH also varied significantly (p < 0.05) between sea-
sons, with a maximum value of 7.92 ± 0.30 noted during 
autumn season and a minimum value of 7.33 ± 0.17 dur-
ing winter season. The observed alkaline pH levels may 

Table 2  ANOVA (Duncan’s multiple range test) showing spatial vari-
ation in physico-chemical parameters of River Poonch, J&K, India

Same superscripts in a row are not significantly different (p > 0.05)

Parameters Kalaie Chakkan Da 
Bagh

Balnoi

AT (°C) 22.85 ± 6.88b 25.51 ± 7.37ab 27.45 ± 7.02a

WT (°C) 13.36 ± 5.27b 15.30 ± 6.05ab 17.17 ± 6.08a

pH 7.38 ± 0.22b 7.46 ± 0.27b 7.67 ± 0.40a

EC (μs  cm−1) 229.14 ± 48.62c 275.72 ± 52.25b 309.37 ± 62.01a

TDS (mg/L) 142.86 ± 32.90c 171.38 ± 35.05b 205.72 ± 47.62a

DO (mg/L) 9.76 ± 1.73a 8.95 ± 1.98ab 8.05 ± 1.93b

FCO2 (mg/L) 3.52 ± 2.49b 4.66 ± 2.41ab 5.93 ± 1.95a

TA (mg/L) 110.62 ± 6.43c 121.96 ± 6.88b 131.90 ± 8.29a

TH (mg/L) 110.51 ± 25.69b 127.44 ± 25.94a 140.95 ± 29.38a

NO2-N (mg/L) 0.11 ± 0.06b 0.14 ± 0.63ab 0.17 ± 0.07a

NO3-N (mg/L) 0.17 ± 0.09b 0.20 ± 0.10ab 0.25 ± 0.11a

TP (mg/L) 0.24 ± 0.14b 0.38 ± 0.18a 0.41 ± 0.23a

SO4
2− (mg/L) 9.78 ± 1.61c 11.60 ± 1.68b 14.85 ± 1.87a

Cl− (mg/L) 13.56 ± 2.68c 16.49 ± 2.57b 18.78 ± 2.55a

F− (mg/L) 0.25 ± 0.09c 0.40 ± 0.15b 0.67 ± 0.23a

Table 3  ANOVA (Duncan’s 
multiple range test) showing 
temporal variation in physico-
chemical parameters of River 
Poonch, J&K, India

Same superscripts in a row are not significantly different (p > 0.05)

Parameters Spring Summer Autumn Winter

AT (°C) 28.15 ± 4.05b 33.83 ± 3.47a 22.70 ± 2.67c 16.40 ± 2.71d

WT (°C) 17.06 ± 4.27b 22.58 ± 3.17a 12.56 ± 2.62c 8.91 ± 1.38d

pH 7.46 ± 0.19bc 7.55 ± 0.18b 7.92 ± 0.30a 7.33 ± 0.17c

EC (μs  cm−1) 252.84 ± 41.61c 332.51 ± 47.83a 292.82 ± 39.67b 199.36 ± 36.45d

TDS (mg/L) 138.90 ± 27.86c 207.84 ± 28.55a 164.13 ± 20.59b 113.08 ± 11.45d

DO (mg/L) 8.68 ± 1.47b 6.58 ± 1.04c 9.35 ± 0.79b 11.06 ± 0.88a

FCO2 (mg/L) 5.83 ± 1.67b 7.55 ± 0.78a 6.13 ± 1.14b 3.76 ± 1.62c

TA (mg/L) 119.91 ± 9.12b 123.47 ± 11.83ab 129.63 ± 8.36a 112.95 ± 9.34c

TH (mg/L) 117.55 ± 14.14b 147.57 ± 19.60a 149.59 ± 17.00a 90.49 ± 16.22c

NO2-N (mg/L) 0.16 ± 0.04b 0.22 ± 0.04a 0.13 ± 0.03c 0.06 ± 0.02d

NO3-N (mg/L) 0.22 ± 0.06b 0.34 ± 0.07a 0.16 ± 0.04c 0.10 ± 0.03d

TP (mg/L) 0.30 ± 0.10b 0.60 ± 0.14a 0.34 ± 0.12b 0.14 ± 0.05c

SO4
2− (mg/L) 12.50 ± 2.31b 14.07 ± 2.58a 11.78 ± 2.23b 9.95 ± 2.09c

Cl− (mg/L) 15.90 ± 2.17bc 16.61 ± 3.10b 19.54 ± 2.85a 13.06 ± 2.31c

F− (mg/L) 0.43 ± 0.21b 0.65 ± 0.26a 0.44 ± 0.19b 0.25 ± 0.10c
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primarily be due to a substantial anthropogenic load and 
human settlements in the riparian region, particularly at 
downstream site. Several investigations conducted in the 
past by different workers yielded similar results (Mirza 
et al. 2013, 2014; Manzoor and Iqbal 2020).

Electrical conductivity (EC) is a significant physico-
chemical feature related to water's inherent ability to facili-
tate the flow of electric current. This property is primar-
ily determined by the concentrations of total dissolved 
particles and the extent of ionization (Allan and Castillo 
2007). Changes in WT substantially impact EC, with a 
potential increase of 2–3% for every 1°C rise in temper-
ature (Yilmaz and Koc 2014). It has been noted that riv-
ers traversing regions with clay soil containing ionizing 
substances tend to exhibit elevated EC (Bhateria and Jain 
2016). A significant (p < 0.05) spatio-temporal variation in 
EC was observed in the present study. The minimum EC, 
229.14 ± 48.62 μs   cm−1, was recorded at upstream site, 
while the maximum, 309.37 ± 62.01 μs  cm−1, at downstream 
site. Higher EC noted from the downstream site was due 
to various factors such as increased temperature, increased 
TDS, agricultural runoff, bank erosion, rapid decomposi-
tion and mineralization of domestic waste. A similar trend 
in EC was also recorded in several studies from River 
Poonch and its associated nallahs at different places (Mirza 
et al. 2013, 2014; Manzoor and Iqbal 2020). Furthermore, 
temporally, the minimum EC, 199.36 ± 36.45  μs   cm−1, 
was recorded during winter season and the maximum, 
332.51 ± 47.83 μs  cm−1, during summer season. Studies 
have reported similar findings from the other tributaries/
basins of the Jhelum River in the Himalayan region (Khan-
day et al. 2021; Arafat et al. 2022).

Total dissolved solids (TDS) refer to the concentration 
of the most abundant ions, both organic and inorganic, 
present in a specific volume of water in dissolved form. 
TDS serves as a reliable indicator for evaluating the over-
all composition of water, enabling us to gauge its level of 
cleanliness and integrity (Dar et al. 2019). It is important to 
note that TDS exhibits a direct relationship with the EC of 
water. The present study documented a significant (p < 0.05) 
disparity in TDS levels across different seasons and sites. 
The minimum TDS, 142.86 ± 32.90 mg/L, was noted at 
upstream site, while the maximum, 205.72 ± 47.62 mg/L, 
at downstream site. In the seasons, the minimum TDS, 
113.08 ± 11.45 mg/L, was recorded in winter season and 
the maximum, 207.84 ± 28.55 mg/L, in summer season. The 
previous studies have also documented similar findings, sug-
gesting that during the summer season, there is an elevated 
discharge of household waste materials, municipal waste and 
agricultural runoff into rivers and this influx of anthropo-
genic activities is believed to contribute to an increase in the 
concentration of dissolved ions (Mirza et al. 2014; Mir and 
Gani 2019; Manzoor and Iqbal 2020).

Dissolved oxygen (DO) in aquatic ecosystems plays a cru-
cial role in controlling the metabolic activities of various 
aquatic organisms (Yang et al. 2007; Eliku and Leta 2018). 
Many factors, including temperature, primary production 
and the breakdown of organic waste, influence water's con-
centration of DO (Mir et al. 2023). Assessing water quality, 
organic contamination, ecological state, productivity and 
water resource health heavily rely on DO content, making 
it an essential limnological parameter (Lone et al. 2021). 
Spatial and temporal significant (p < 0.05) variation was 
observed in the DO content of River Poonch. Minimum DO, 
8.05 ± 1.93 mg/L, was recorded at downstream site, while 
maximum, 9.76 ± 1.73 mg/L, at upstream site. The lowest 
DO level observed from the downstream site was due to 
anthropogenic burden, less atmospheric diffusion at prevail-
ing atmospheric temperature and reduced water velocity in 
planar topography, resulting in reduced water recircula-
tion. On the other hand, minimum DO, 6.58 ± 1.04 mg/L, 
was recorded during summer season and maximum, 
11.06 ± 0.88 mg/L, during winter season. The lowest DO 
level during the summer season was attributed to less solu-
bility at higher temperatures, high organic decomposition 
and high rates of metabolic activity in aquatic organisms. 
The results of this study are consistent with other investiga-
tions that have been carried out in the past (Khan et al. 2003; 
Qadir et al. 2008; Eliku and Leta 2018; Manzoor and Iqbal 
2020; Bhat et al. 2021).

Free carbon dioxide  (FCO2) is present in the form of 
dissolved gas in the surface water (Mir et al. 2023). The 
concentration of  FCO2 is mostly regulated by metabolic 
activities, i.e. photosynthesis and respiration, apart from 
atmospheric diffusion (Arafat et al. 2022). Moreover,  FCO2 
concentrations are also affected by the inflow of groundwa-
ter, frequently enriched with  CO2 owing to soil respiration 
in the watershed (Allan and Castillo 2007). It is crucial to 
note that a larger quantity of  FCO2 increases the acidity of 
water (Maas and Wicks 2017).  FCO2 in the current study 
depicted a significant (p < 0.05) variation among seasons 
and sites. At upstream site, minimum, 3.52 ± 2.49 mg/L, 
 FCO2 was observed, while maximum, 5.93 ± 1.95 mg/L, at 
downstream site. Among the seasons, the minimum  FCO2, 
3.76 ± 1.62 mg/L, was recorded during winter season and 
the maximum, 7.55 ± 0.78 mg/L, during summer season. 
The results of this study exhibit potential correlations with 
previously reported studies (Mirza et al. 2014; Manzoor and 
Iqbal 2020; Mir et al. 2023).

Total alkalinity (TA) refers to the capability of water 
within an aquatic environment to withstand changes in pH 
levels. Since it stabilizes pH, it is believed to possess an acid-
neutralizing capacity (ANC) (Mir et al. 2023). TA is contrib-
uted by various ions such as  OH−,  CO3

2− and  HCO3
− as well 

as by carbonates of Ca and Mg (Kang et al. 2001). An impor-
tant point to consider is that there is an inverse relationship 
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between pH and TA concerning water outflow (Rebsdorf 
et al. 1991; Arafat et al. 2022). The current study revealed a 
significant (p < 0.05) spatio-temporal change in TA, which 
might be associated with the fluctuation in water flow. The 
minimum, 110.62 ± 6.43 mg/L, TA was recorded at upstream 
site and the maximum, 131.90 ± 8.29 mg/L, at downstream 
site. At upstream site, torrential water flow conditions result 
in less time for water to interact with parent rock materi-
als and catchment area, thus lowering the TA. Conversely, 
there is a decrease in water flow downstream site and the 
riverbed becomes relatively flat, allowing for sufficient time 
for dissolving parent rock components and other materials 
from the surrounding regions. Meanwhile, among seasons, 
minimum, 112.95 ± 9.34 mg/L, TA was recorded during 
winter season when the water column recedes in addition to 
less precipitation and maximum, 129.63 ± 8.36 mg/L, during 
autumn season during monsoon when agricultural runoff, 
sewage and other organic wastes flow into rivers. The find-
ings of the current study are consistent with those of many 
previous studies (Singh et al. 2005; Manzoor and Iqbal 2020; 
Khanday et al. 2021).

Total hardness (TH) of water prevents soap from form-
ing a lather. TH depends on the amounts of soluble salts of 
bivalent ions, such as bicarbonates of calcium, magnesium, 
chlorides and sulphates while other ions such as manga-
nese, strontium and iron also contribute (USEPA 2000; 
Seth et al. 2016). TH varied significantly (p < 0.05) with 
respect to seasons and sites in the present study. Minimum, 
110.51 ± 25.69 mg/L, TH was observed at upstream site 
and maximum, 140.95 ± 29.38 mg/L, at downstream site. 
The rise in TH downstream site may be attributed to waste 
inputs from both point and non-point sources. Minimum, 
90.49 ± 16.22 mg/L, TH was recorded during winter season 
while maximum, 149.59 ± 17.00 mg/L, during autumn sea-
son. It is important to note that higher TH during autumn 
season can be attributed to agricultural runoff, sewage waste 
and pronounced deposition of salts by stone quarrying by 
stone crushers. These findings are in conformity with those 
of other workers (Mirza et al. 2014; Mir et al. 2016; Seth 
et al. 2016; Manzoor and Iqbal 2020).

For aquatic ecosystems to function, they must have a suf-
ficient supply of dissolved inorganic nitrogen, phosphate and 
other nutrients such as iron, ammonia and silica (Allan and 
Castillo 2007). Simultaneously, it is important to mention 
that the concentration of these nutrients above normal lev-
els in water bodies can lead to the eutrophication of water 
bodies (Arafat et al. 2022). Aquatic ecologists have exten-
sively studied nitrogen as a prominent nutrient among other 
nutrients (Dodds 2002). Most of the nitrogen comes from 
sewage inputs, surface fertilizer runoff from agricultural 
fields and through natural atmospheric diffusion (Bernhardt 
et al. 2002; Swaney et al. 2012). Inorganic nitrogen exists as 
 NO3

−,  NO2
−,  NH4

+ and  N2. Recycling of inorganic nitrogen 

occurs through the nitrogen cycle. During biological intake, 
dissolved nutrients undergo assimilation, resulting in their 
conversion into organic form and subsequently, when 
organic matter is expelled and destroyed, these nutrients 
undergo mineralization, transforming into an inorganic form 
(Hamid et al. 2020). Significant (p < 0.05) differences in 
 NO2-N,  NO3-N and TP were found spatially and temporally 
during the current study. All these nutrients, viz.  NO2-N, 
 NO3-N and TP, were found minimum, 0.11 ± 0.06 mg/L, 
0.17 ± 0.09  mg/L and 0.24 ± 0.14  mg/L, respectively, 
at upstream site and maximum, 0.17 ± 0.07  mg/L, 
0.25 ± 0.11 mg/L and 0.41 ± 0.23 mg/L, respectively, at 
downstream site. Furthermore, temporally  NO2-N,  NO3-N 
and TP had minimum concentration, 0.06 ± 0.02 mg/L, 
0.10 ± 0.03  mg/L and 0.14 ± 0.05  mg/L, respectively, 
during winter season whereas maximum concentration, 
0.22 ± 0.04 mg/L, 0.34 ± 0.07 mg/L and 0.60 ± 0.14 mg/L, 
respectively, during summer season. Various factors con-
tribute to the spatial variation of nutrients, which include 
garbage dumping in the open and runoff from the surface 
especially at downstream region (Edwards et al. 2000). 
Moreover, nitrogen and phosphorous concentrations are 
influenced by anthropogenic activities such as industrial 
waste and municipal effluents that are pumped into surface 
water bodies (point source) in addition to surface runoff 
from the agricultural fields (non-point source) which con-
tain nutrient-rich fertilizers (Goller et al. 2006; Mir et al. 
2023). Throughout the summer season, human activities like 
thorough washing of household objects are more prominent 
within river catchment regions in contrast to winter season. 
In addition, high temperatures also serve as a catalyst that 
accelerates the breakdown of organic nutrient-rich materials, 
transforming them into inorganic substances. Furthermore, 
during the summer season, along the river's riparian zones, 
activities related to agriculture are efficacious sources of an 
increase in  NO3-N concentration because the flow of nutri-
ents, sediments, etc., in rivers, are determined by patterns 
of land use through organic inputs and surface runoff as 
have been reflected in some studies in the past (Poor and 
McDonnell 2007; Arango and Tank 2008; Kebede et al. 
2014; Huang et al. 2014).

Sulphate  (SO4
2−) is commonly found in almost all-natural 

water sources where gypsum and other minerals are natu-
rally found in a significant concentration (Seth et al. 2016). 
Mainly, sodium, potassium and magnesium sulphates are 
found in our water as these are highly soluble sulphates. 
 SO4

2− is primarily used in manufacturing industries such as 
cosmetics, pharmaceutical, cleaning products, etc., besides 
being used in lead–acid batteries and fertilizers (Singh et al. 
2023). Significant (p < 0.05) variation in spatio-temporal 
concentration of  SO4

2− was observed in the present study. 
The minimum, 9.78 ± 1.61 mg/L,  SO4

2− was recorded at 
upstream site, while the maximum, 14.85 ± 1.87 mg/L, at 
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downstream site. Higher concentration recorded from the 
downstream site is attributed to the dumping of munici-
pal waste, fertilizer inputs from agricultural fields and 
other factors where some rocks and soil can contribute 
to sulphate. Likewise,  SO4

2− was found to be minimum, 
9.95 ± 2.09 mg/L, during winter season and maximum, 
14.07 ± 2.58 mg/L, during summer season. Anthropogenic 
activities such as agriculture, garbage decomposition, etc., 
that are more prevalent during summer season and mineral 
leaching from soil and rocks can be regarded as the factors 
for enhanced concentration of  SO4

2− and other ions. Almost 
identical findings have been reported in the past by many 
workers (Mirza et al. 2014; Seth et al. 2016; Singh et al. 
2023).

Chloride  (Cl−) ions are often found in many inorganic 
compounds, particularly as salts of sodium, potassium, 
magnesium and calcium. It has been reported that apart 
from anthropogenic activities (sewage discharge, fertiliz-
ers containing potash, etc.), there are several sources of 
 Cl− in nature, such as weathering rocks, basin brines, etc. 
(Gardner and Royer 2010). Elevated  Cl− concentrations are 
consistently seen as a sign of pollution and may have a det-
rimental impact on freshwater ecosystems (Abubakar et al. 
2020; Mir et al. 2023).  Cl− levels were found significantly 
(p < 0.05) varying spatio-temporally in the current study. 
A minimum concentration of  Cl−, 13.56 ± 2.68 mg/L, was 
found at upstream site, while a maximum concentration of 
18.78 ± 2.55 mg/L at downstream site. The observed higher 
concentrations of  Cl− detected at the downstream site might 
be ascribed to many reasons, including weathering phe-
nomena, discharge of urban sewage, runoff of agricultural 
compounds and proximity of animal waste disposal facili-
ties to the riverbank. However, based on season, the mini-
mum  Cl− concentration, 13.06 ± 2.31 mg/L, was recorded 
during winter season, while the maximum concentration, 
19.54 ± 2.85 mg/L, during autumn season. Throughout the 
winter season, there is a notable decrease in human activity 
and a drop in salt dissolving and weathering processes. On 
the other hand, it is worth noting that during the monsoon 
season (July–August), there is a significant increase in sew-
age pollution and the discharge of fertilizers from adjacent 
agricultural areas. These factors lead to an elevated con-
centration of  Cl− in the environment. Similar to the present 
findings on  Cl− concentrations, many workers have also 
documented almost identical results (Mirza et al. 2014; Seth 
et al. 2016; Manzoor and Iqbal 2020).

Fluoride  (F−) is an inorganic ion occurring naturally 
in water bodies and its concentration varies depending on 
the source in natural water. It is linked to a range of health 
impacts. Sources of fluoride consist of both autochthonous 
and allochthonous.  F− concentration was found to vary sig-
nificantly (p < 0.05) during the present study. Minimum, 
0.25 ± 0.09 mg/L,  F− was found at upstream site, while a 

maximum, 0.67 ± 0.23 mg/L, at downstream site. Mean-
while, the minimum, 0.25 ± 0.10 mg/L,  F− was observed 
during winter season and the maximum, 0.65 ± 0.26 mg/L, 
during summer season. The elevated levels of  F− may be 
attributed to anthropogenic use of pesticides having fluoride, 
fertilizers, discharge of sewage as well as the weathering and 
dissolution of rock salts, in downstream areas during sum-
mer season. Results obtained in the current study are in con-
formity with the findings of other workers (Rajeshwari and 
Saraswati 2009; Seth et al. 2016; Manzoor and Iqbal 2020).

The present study observed that a noteworthy fraction of 
the physico-chemical parameters exhibited elevated concen-
trations in the downstream site compared to the midstream 
and upstream sites. The fundamental cause for this observa-
tion might be due to the buildup of contaminants, including 
runoff from agricultural areas, urban effluents, hamlets and 
several other human activities. On the other hand, the levels 
of different parameters tend to increase in summer season 
with higher temperatures and higher precipitation apart from 
DO concentration, which was noted to be higher in winter 
season. However, it is worth noting that the water quality 
metrics assessed from the River Poonch fall well within the 
range recommended by the Bureau of Indian Standards (BIS, 
IS 10500:2012) and are deemed suitable for promoting opti-
mum growth in fish species by Prakash et al. (2010), which 
is quite encouraging (Table 4). It is necessary, however, to 
maintain this salubrious habitat for aquatic organisms to 
guarantee the perpetuation of a sustainable biodiversity.

Correlation analysis

The correlation analysis provides valuable insights into 
the complex interrelationships among various physico-
chemical parameters, which are useful in enhancing our 
understanding of the impact of numerous environmental 
factors on water quality and the general well-being of the 
aquatic ecosystem. Correlations among various physico-
chemical variables in aquatic environments arise from 
diverse biological, chemical and physical interactions, 
leading to positive and negative associations. Pearson's 
correlation was used on a normalized dataset to ascer-
tain the significant (p < 0.05) correlations among the 
investigated physico-chemical parameters (Bhandari and 
Nayal 2008; Joshi et al. 2009; Seth et al. 2016; Eliku and 
Leta 2018). The correlation coefficient (r) depicts the 
strength of the relationship, which lies from + 1 to − 1. 
Values approaching + 1 indicate a strong positive correla-
tion, where a rise in one variable is closely and linearly 
associated with an increase in the other variable while 
values approaching − 1 indicate a strong negative corre-
lation, where an increase in one variable is closely and 
linearly associated with a drop in the other (Seth et al. 
2016). A score of 0 suggests a lack of linear correlation 
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or a weak correlation among the variables (Mudgal et al. 
2009; Seth et  al. 2016). The present study illustrated 
intricate interconnections among the examined physico-
chemical parameters (Fig. 2a and b). It is important to 
note that in Fig.  2b, green colour signifies a positive 
correlation, while red colour indicates a negative cor-
relation. Furthermore, the bold and vibrant colouration 
signifies robust correlations, whether positive or nega-
tive, while the subdued and lacklustre colouration sig-
nifies feeble correlations, whether positive or negative. 
Among the  majority of the studied physico-chemical 
parameters, a robust positive correlation was observed 
except for DO, which showed a strong negative correla-
tion. There was a significant positive correlation between 
AT and WT (r = 0.97), WT and  NO3-N (r = 0.97), WT 
and TDS (r = 0.95), WT and EC (r = 0.93) and WT and 
 NO2-N (r = 0.90) whereas strong negative correlation was 
observed between WT and DO (r =  − 0.94). Apart with 
WT, DO showed strong negative correlation with TDS 
(r =  − 0.95) and EC (r =  − 0.91).  FCO2 showed strong 
positive correlation with AT (r = 0.92) depicting atmos-
pheric diffusion and EC (r = 0.91). Similarly, TA showed 
strong positive correlation with  F− (r = 0.94) and  SO2−

4 
(r = 0.93). TDS showed strong positive correlation with 
 NO3-N (r = 0.94), EC (r = 0.94), TP (r = 0.92) and  NO2-N 
(r = 0.90). Apart from this, other parameters such as  Cl−, 
TDS,  NO2-N,  NO3-N and EC showed negative correlation 
with pH and DO. Various water parameters' interplay led 
to positive and negative correlations, reflecting the com-
plex dynamics within the aquatic environment (Seth et al. 
2016; Eliku and Leta 2018). Moreover, it is important 
to acknowledge that correlations exhibit a certain level 
of variability depending on local circumstances, specific 
geographical areas, human factor and temporal fluctua-
tions, which is also applicable in the current study. It is 
important to note that in relation to this study, comparable 
results have been documented previously (Arafat et al. 
2022; Mir et al. 2023). Positive and negative correlations 
among studied physico-chemical parameters also indi-
cated the dynamic changes in water quality across space 
and time in the present study.

Linear regression

The interconnectedness of various physico-chemical param-
eters plays a crucial role in advancing information, which 
may be more effectively examined via linear regression 
analysis (Shyamala et al. 2008; Mir et al. 2023). The coeffi-
cient of determination (r2) represents the amount of variation 
explained by independent parameters, thereby indicating a 
significant proportion of changes taking place in depend-
ent parameters. All the relationships in this study were 
found significant (p < 0.05). Table 5 and Fig. 3a–h provide Ta
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a comprehensive overview of the regression statistics about 
the physico-chemical dataset of the River Poonch. These 
findings underscore the noteworthy interrelationships that 
exist within the physico-chemical dataset. The coefficient of 
determination (r2) values were recorded from 0.14 to 0.95. 
It is important to note that the coefficient of determination 
(r2) close to 1 indicates a good model. In relation to AT 
(independent parameter), more than 80% of the aggregate 
variation in dependent parameters, i.e. WT (r2 = 0.95), DO 
(r2 = 0.85) and  FCO2 (r2 = 0.84), was observed, indicat-
ing high interrelationships. Likewise, in relation to WT 
(independent parameter), more than 70% of total variation 
was observed in dependent variables, viz. TDS (r2 = 0.91), 
DO (r2 = 0.89), EC (r2 = 0.86), TP (r2 = 0.79) and  FCO2 

(r2 = 0.75) which indicated most direct relationship, whereas 
TA (r2 = 0.48), TH (r2 = 0.47) and pH (r2 = 0.38) were least 
related. In relation to EC (independent parameter), TDS 
(r2 = 0.89),  F− (r2 = 0.84),  NO3-N and  NO2-N (r2 = 0.83) 
and TP and  SO4

2− (r2 = 0.82) were most highly related as 
more than 80% of the aggregate variation was observed 
whereas TH (r2 = 0.64) and  Cl− (r2 = 0.14) were least related. 
Similarly, in relation to TH (independent parameter), TA 
(r2 = 0.59) was highly related and DO (r2 = 0.49) was least 
related. In relation to pH (independent parameter),  FCO2 
(r2 = 0.75) was most highly related, while TA (r2 = 0.48) and 
TH (r2 = 0.47) were least related. Most of the parameters 
examined as dependent factors in the present study strongly 
correlated with the independent variables, accounting for 

Fig. 2  a Pearson’s multiple correlation plot showing intricate rela-
tionships among selected physico-chemical parameters of River 
Poonch, J&K, India. Significance: *** P < 0.001; ** P < 0.01 and * 

P < 0.05. b Diagrammatic view of same generated using R statistical 
software through “qgraph” package. For full form of abbreviations, 
refer to Table 1
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over 70% of the cumulative variation. In the present study, 
it was observed that a significant negative correlation exists 
between WT and DO. This correlation may be attributed 
to the fact that warm waters tend to have lower levels of 
DO, as they have a higher tendency to get saturated with 
oxygen (Wetzel 2001). Moreover, the augmentation of WT 
also promotes the breakdown of organic matter from ani-
mal and plant residues, leading to a more substantial release 
of nitrogen and thus reducing DO levels (Abubakar et al. 
2020; Mir et al. 2023). During the linear regression analy-
sis, it was found that the physico-chemical parameters such 
as WT, DO,  FCO2, pH, EC, TH, TDS, TP,  SO4

2−,  NO2-N 
and  NO3-N were significant in predicting and assessing the 
general quality of water.

Principal component analysis (PCA)

PCA reduces multivariate data dimensionality and extracts 
meaningful information from the large datasets. PCA can 
effectively analyse physico-chemical parameters to identify 
spatio-temporal fluctuations, uncover environmental impacts 
and examine connections between variables in datasets (Mir 
et al. 2023). In PCA, dataset variability is best explained by 
variables that are correlated with the principal components 
1 and 2 (i.e. PC1 and PC2) (Kassambara 2017). During the 
present study, the first two principal components accounted 
for 91.9% of the cumulative variation, PC1 76% and PC2 
15.9% (Table 6). The first principal component (PC1 76%) 
with the corresponding eigenvalue 11.40 had significant 

positive correlation (> 0.7) with AT, WT, EC, TDS,  FCO2, 
TA, TH,  NO2-N,  NO3-N, TP,  SO4

2− and  F− whereas signifi-
cant negative correlation (> −0.7) was observed with DO. 
Loadings of EC, TDS,  NO2-N,  NO3-N,  SO4

2− and  F− on 
PC1 signify the influx of household waste, agricultural run-
off besides heavy rainfall and floods during monsoon season 
leading to surface runoff and erosion. Moreover, these phys-
ico-chemical parameters also explain point and non-point 
source input, besides erosional effects. Several researchers 
have observed similar findings (Juahir et al. 2011; Holm-
roos et al. 2015; Hamid et al. 2016; Islam et al. 2023; Mir 
et al. 2023). Positive loading of WT and negative loading 
of DO can be explained by the fact that as the temperature 
increases, organic matter rapidly decomposes by consuming 
more and more DO. Similarly, the second principal compo-
nent (PC2 15.9%) with the corresponding eigenvalue 2.38 
had a significant positive correlation (> 0.7) with pH and 
 Cl−. pH was positively correlated with PC2, which can be 
ascribed to the presence of dissolved organic matter, which 
produces  NH3 and lowers pH with organic acids (Kim and 
Cardone 2005). Moreover, a significant positive correla-
tion of  Cl− with PC2 noted during the current study can 
be attributed to extreme rainfall during monsoon. Notably, 
PCA has shown that most of the factors that correlate with 
PC1 play a crucial role in determining the water quality of 
River Poonch. The finding highlights the significance of 
these characteristics in assessing and understanding the 
overall condition of the water quality of the River Poonch. 
Nevertheless, the physico-chemical parameters associated 

Fig. 3  a–h Trend relationships between selected physico-chemical parameters of River Poonch, J&K, India. Notes “y-axis” represents the 
selected dependent parameter(s) and “x-axis” represents the selected independent parameter. For full form of abbreviations, refer to Table 1
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with PC2 exhibited less importance than those associated 
with PC1.

The PCA biplot illustrates the intricate interrelationships 
among physico-chemical parameters across selected sam-
pling sites (Fig. 4a). It reveals that variables nearby have 
a stronger correlation. The sampling sites that overlapped 
exhibited comparable physico-chemical values, except for 
a higher pH and  Cl− concentration at downstream site and 
a higher DO content at upstream site. Likewise, the PCA 
biplot adeptly illustrates the intricate interrelationships 
among physico-chemical parameters across different seasons 
(Fig. 4b), in which increasing proximity of variable points 
indicates the presence of more robust and more resilient 
relationships. Significant overlap was detected between the 
summer and spring seasons, indicating a high degree of sim-
ilarity in their properties. DO concentration was maximally 
displayed in winter season, while pH and  Cl− in autumn sea-
son. PCA in several previous investigations have produced 
findings broadly consistent with the present study (Arafat 
et al. 2022; Islam et al. 2023; Mir et al. 2023).

Cluster analysis (CA)

In cluster analysis (CA), items are categorized according to 
their similarities and differences within classes, achieved 
via hierarchical agglomeration (HAC) approach, which 
allows for the intuitive assessment of similarity between an 
individual sample and the entire dataset and this similarity 
is often visualized through a dendrogram (McKenna 2003; 
Singh et al. 2004; Hajigholizadeh and Melesse 2017; Mir 

et al. 2023). The current study also used the HAC technique 
to analyse the dataset, with the generation of a dendrogram 
that exhibited two distinct clusters (Fig. 5). Cluster-I con-
sists of Site-III, downstream site (Balnoi), where human 
habitation is predominantly responsible for contributing 
waste to the river directly from point and non-point sources. 
Cluster-II consists of Site-I and Site-II, i.e. upstream site 
(Kalaie) and midstream site (Chakkan Da Bagh), respec-
tively, which showed similarity in overall physico-chemical 
parameters and were less susceptible to human interference. 
Therefore, Site-I and Site-II were grouped under Cluster-II, 
showing comparability in water quality as compared to Site-
III, grouped under Cluster-I. The present study reports site-
specific differences in physico-chemical parameters from 
upstream to downstream locations, similar to those reported 
in the previous studies (Shrestha and Kazama 2007; Hamid 
et al. 2016; Sabha et al. 2019; Arafat et al. 2022; Mir et al. 
2023). Consequently, CA could provide a handy method 
for categorizing surface waters following their similarities, 
besides facilitating the formulation of highly meticulous 
future sampling strategies.

Conclusion

The current study employed multivariate statistical 
approaches to evaluate the physico-chemical parameters 
to monitor the ecological condition of the River Poonch. 
Notable differences in physico-chemical parameters were 
revealed, such as nutrient concentrations and total hard-
ness (i.e. pollution load), across different spatial and tem-
poral dimensions. Specifically, downstream site exhibited 
higher levels of almost all of the parameters than mid-
stream and upstream sites. This disparity can be attributed 
to the considerable input of waste from both point and 
non-point sources and the influence of pronounced human 
activities in downstream site. Notably, during the present 
study, it was found that the physico-chemical parameters 
such as WT, DO,  FCO2, pH, EC, TH, TDS, TP,  SO4

2−, 
 NO2-N and  NO3-N were vital factors for predicting and 
assessing the overall quality of water. The findings of 
the present study showed that the water quality param-
eters of River Poonch are highly conducive for the native 
freshwater fish species. Nevertheless, it is important to 
consistently monitor the physico-chemical parameters to 
sustain this valuable ecological resource, i.e. the status of 
the River Poonch. Hence, this study provides policymakers 
with a structured method to assess the potential negative 
impacts of forthcoming alterations in water quality in this 
river ecosystem.

Table 6  Correlation of physico-chemical parameters of River Poonch, 
J&K, India, with the first two principal components (PC1 and PC2)

Physico-chemical param-
eters

Principal components

PC1 PC2

AT (°C) 0.94425926 − 0.28338901
WT (°C) 0.93779920 − 0.32277480
pH − 0.07795547 0.93537254
EC (μs  cm−1) 0.97794010 − 0.04006429
TDS (mg/L) 0.96795722 − 0.14100955
DO (mg/L) − 0.97655484 0.14239416
FCO2 (mg/L) 0.94593390 − 0.05100887
TA (mg/L) 0.86217094 0.31875477
TH (mg/L) 0.81309566 0.45700953
NO2-N (mg/L) 0.96746650 − 0.15041123
NO3-N (mg/L) 0.93661794 − 0.30751635
TP (mg/L) 0.92619387 0.04121728
SO4

2− (mg/L) 0.90337455 0.18075449
Cl− (mg/L) 0.41037550 0.86367947
F− (mg/L) 0.90655276 0.26189205



 Applied Water Science           (2024) 14:91    91  Page 14 of 18



Applied Water Science           (2024) 14:91  Page 15 of 18    91 

Acknowledgements Authors are grateful to the Head, Department of 
Zoology, University of Kashmir, Hazratbal, Srinagar, India, for pro-
viding the laboratory facilities. The authors would like to extend their 
sincere appreciation to the Researchers Supporting Project number 
(RSPD2024R694), King Saud University, Riyadh, Saudi Arabia, for 
financial support.

Author contributions Waqar Ahmed collected the samples, performed 
physico-chemical and statistical analyses and wrote the manuscript. 
Imtiaz Ahmed conceived, designed, supervised and revised the man-
uscript. Nazir Ahmed Dar supervised and revised the manuscript. 
Mohammad Abul Farah edited and revised the manuscript.

Funding This work was supported by Researchers Supporting Pro-
ject number (RSPD2024R694), King Saud University, Riyadh, Saudi 
Arabia.

Data availability The authors declare that the data used in this research 
will be made available upon reasonable request to the corresponding 
author.

Declarations 

Conflict of interest The authors declare that they have no conflict of 
interest.

Ethical approval The authors affirm that this manuscript is original and 
unpublished elsewhere and adheres to the Ethical Rules relevant for 
publication in this journal.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 

as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

Abubakar S, Michael SA, Jamila J (2020) Seasonal variation in physic-
ochemical parameters of River Saye, Zaria, Kaduna State. Nigeria 
ATBU J Sci Technol 8(1):109–126

Allan JD, Castillo MM (2007) Stream ecology: Structure and function 
of running waters, 2nd edn. Springer Science & Business Media. 
https:// doi. org/ 10. 1007/ 978-3- 030- 61286-3

American Public Health Association (APHA) (1998) Standard meth-
ods for examination of water and wastewater, 20th edn. American 
Public Health Association, Washington

Aphalo PJ (2021) ggpmisc: Miscellaneous Extensions to 'ggplot2'. R 
pack ver 0.3.9. https:// CRAN.R- proje ct. org/ packa ge= ggpmi sc

Arafat MY, Bakhtiyar Y, Mir ZA, Islam ST (2022) Assessment of phys-
icochemical parameters of Vishav stream: an important tributary 
of river Jhelum, Kashmir Himalaya. India Environ Monit Assess 
3:158. https:// doi. org/ 10. 1007/ s10661- 022- 09788-x

Arango CP, Tank JL (2008) Land use influences the spatio-temporal 
controls on nitrification and denitrification in headwater streams. 
J North Am Benthol Soc 27(1):90–107. https:// doi. org/ 10. 1899/ 
07- 024.1

Arismendi I, Safeeq M, Dunham JB, Johnson SL (2014) Can air tem-
perature be used to project influences of climate change on stream 
temperature? Environ Res Lett 9(8):084015. https:// doi. org/ 10. 
1088/ 1748- 9326/9/ 8/ 084015

Beechie T, Imaki H, Greene J, Wade A, Wu H, Pess G, Roni R, Kim-
ball J, Stanford J, Kiffney P, Mantua N (2013) Restoring salmon 
habitat for a changing climate. River Res Appl 29(8):939–960. 
https:// doi. org/ 10. 1002/ rra. 2590

Benyahya L, St-Hilaire A, Ouarda TB, Bobée B, Dumas J (2008) 
Comparison of non-parametric and parametric water temperature 
models on the Nivelle River. France Hydrol Sci J 53(3):640–655. 
https:// doi. org/ 10. 1623/ hysj. 53.3. 640

Bernhardt ES, Hall RO Jr, Likens GE (2002) Whole system estimates 
of nitrification and nitrate uptake in streams of the Hubbard Brook 
Experimental Forest. Ecosystems 5:419–430. https:// doi. org/ 10. 
1007/ s10021- 002- 0179-4

Bhandari NS, Nayal K (2008) Correlation study on physicochemical 
parameters and quality assessment of Kosi river water, Uttara-
khand. J Chem 5:342–346. https:// doi. org/ 10. 1155/ 2008/ 140986

Bhat SU, Bhat AA, Jehangir A, Hamid A, Sabha I, Qayoom U (2021) 
Water quality characterization of Marusudar River in Chenab sub-
basin of North–Western Himalaya using multivariate statistical 
methods. Water Air Soil Pollut 232:1–22. https:// doi. org/ 10. 1007/ 
s11270- 021- 05394-8

Bhateria R, Jain D (2016) Water quality assessment of lake water: a 
review. Sustain Water Resour Manag 2:161–173. https:// doi. org/ 
10. 1007/ s40899- 015- 0014-7

Boyd CE (2015) Water quality: an introduction. Springer Nature, New 
York. https:// doi. org/ 10. 1007/ 978-3- 319- 17446-4

Boyd CE (2019) Water quality: an introduction. Springer Nature, New 
York. https:// doi. org/ 10. 1007/ 978-3- 030- 23335-8

Brown C, Zakaria V, Joubert A, Rafique M, Murad J, King J, Hughes 
J, Cardinale P, Alonzo L (2019) Achieving an environmentally 

Fig. 4  a, b Geographical and temporal correlations of selected phys-
ico-chemical parameters of River Poonch,  J&K, India, as revealed 
by principal component analysis (PCA) along the first two principal 
components (PC1 and PC2), respectively. For full form of abbrevia-
tions, refer to Table 1

◂

Fig. 5  Dendrogram extracted through cluster analysis (CA)  based 
on  Ward's approach showing three sampling sites of River Poonch, 
J&K, India

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/978-3-030-61286-3
https://CRAN.R-project.org/package=ggpmisc
https://doi.org/10.1007/s10661-022-09788-x
https://doi.org/10.1899/07-024.1
https://doi.org/10.1899/07-024.1
https://doi.org/10.1088/1748-9326/9/8/084015
https://doi.org/10.1088/1748-9326/9/8/084015
https://doi.org/10.1002/rra.2590
https://doi.org/10.1623/hysj.53.3.640
https://doi.org/10.1007/s10021-002-0179-4
https://doi.org/10.1007/s10021-002-0179-4
https://doi.org/10.1155/2008/140986
https://doi.org/10.1007/s11270-021-05394-8
https://doi.org/10.1007/s11270-021-05394-8
https://doi.org/10.1007/s40899-015-0014-7
https://doi.org/10.1007/s40899-015-0014-7
https://doi.org/10.1007/978-3-319-17446-4
https://doi.org/10.1007/978-3-030-23335-8


 Applied Water Science           (2024) 14:91    91  Page 16 of 18

sustainable outcome for the Gulpur hydropower project in 
the Poonch River Mahaseer National Park, Pakistan. Sus-
tain Water Resour Manag 5:611–628. https:// doi. org/ 10. 1007/ 
s40899- 018- 0227-7

Chakrapani GJ (2005) Major and trace element geochemistry in upper 
Ganga river in the Himalayas, India. Environ Geol 48:189–201. 
https:// doi. org/ 10. 1007/ s00254- 005- 1287-1

Dar RA, Mir SA, Romshoo SA (2019) Influence of geomorphic and 
anthropogenic activities on channel morphology of River Jhe-
lum in Kashmir valley, NW Himalayas. Quat Int 507:333–341. 
https:// doi. org/ 10. 1016/j. quaint. 2018. 12. 014

Dar SA, Lone FA, Bhat JI, Mir SA, Husaini A, Wani JA, Mir IA 
(2020) Assessment of spatial variation in water quality of 
Doodhganga stream in Kashmir Himalaya. Int J Chem Stud 
8(2):1075–1081. https:// doi. org/ 10. 22271/ chemi. 2020. v8. i2q. 
8910

Dodds WK (2002) Freshwater ecology: concepts and environmental 
applications. Elsevier, The Netherlands

Edwards AC, Twist H, Codd GA (2000) Assessing the impact of 
terrestrially derived phosphorus on flowing water systems. J 
Environ Qual 29(1):117–124. https:// doi. org/ 10. 2134/ jeq20 00. 
00472 42500 29000 10015x

Eliku T, Leta S (2018) Spatial and seasonal variation in phys-
icochemical parameters and heavy metals in Awash River, 
Ethiopia. Appl Water Sci 8:1–13. https:// doi. org/ 10. 1007/ 
s13201- 018- 0803-x

Gardner KM, Royer TV (2010) Effect of road salt application on 
seasonal chloride concentrations and toxicity in south-central 
Indiana streams. J Environ Qual 39(3):1036–1042. https:// doi. 
org/ 10. 2134/ jeq20 09. 0402

Goller R, Wilcke W, Fleischbein K, Valarezo C, Zech W (2006) Dis-
solved nitrogen, phosphorus, and sulfur forms in the ecosystem 
fluxes of a montane forest in Ecuador. Biogeochemistry 77:57–89. 
https:// doi. org/ 10. 1007/ s10533- 005- 1061-1

HACH (2003) Water analysis handbook: Hach Chemical Company, 
Loveland, Colorado, USA

Hajigholizadeh M, Melesse AM (2017) Assortment and spatio-
temporal analysis of surface water quality using cluster and 
discriminant analyses. CATENA 151:247–258. https:// doi. org/ 
10. 1016/j. catena. 2016. 12. 018

Hamid A, Bhat SA, Bhat SU, Jehangir A (2016) Environmetric 
techniques in water quality assessment and monitoring: a case 
study. Environ Earth Sci 75:1–13. https:// doi. org/ 10. 1007/ 
s12665- 015- 5139-3

Hamid A, Bhat SU, Jehangir A (2020) Local determinants influenc-
ing stream water quality. Appl Water Sci 10(1):1–16. https:// 
doi. org/ 10. 1007/ s13201- 019- 1043-4

Harvey R, Lye L, Khan A, Paterson R (2011) The influence of air 
temperature on water temperature and the concentration of dis-
solved oxygen in Newfoundland Rivers. Can Water Resour J 
36(2):171–192. https:// doi. org/ 10. 4296/ cwrj3 602849

Holmroos H, Horppila J, Niemistö J, Nurminen L, Hietanen S (2015) 
Dynamics of dissolved nutrients among different macrophyte 
stands in a shallow lake. Limnology 16:31–39. https:// doi. org/ 
10. 1007/ s10201- 014- 0438-z

Huang J, Huang Y, Zhang Z (2014) Coupled effects of natural and 
anthropogenic controls on seasonal and spatial variations of 
river water quality during baseflow in a coastal watershed of 
Southeast China. PLoS ONE 9(3):e91528. https:// doi. org/ 10. 
1371/ journ al. pone. 00915 28

IS10500, BIS (2012) Indian standard drinking water–specification 
(second revision). Bureau of Indian Standards (BIS), New Delhi

Islam ST, Dar SA, Sofi MS, Bhat SU, Sabha I, Hamid A, Jehangir 
A, Bhat AA (2021) Limnochemistry and plankton diversity in 
some high altitude lakes of Kashmir Himalaya. Front Environ Sci 
9:681965. https:// doi. org/ 10. 3389/ fenvs. 2021. 681965

Islam ST, Bhat SU, Hamid A, Pandit AK, Sabha I (2023) Impact of 
land-use patterns on water quality characteristics of Rambiarrah 
stream in Kashmir Himalaya. Int J River Basin Manag. https:// 
doi. org/ 10. 1080/ 15715 124. 2023. 21650 89

Jalal FN, Sanalkumar MG (2012) Hydrology and water quality assess-
ment of Achencovil river in relation to pilgrimage season. Int J 
Sci Res Publ 2(12):1–5

Jobling Malcolm (2002) Environmental factors and rates of develop-
ment and growth. Handbook of fish biology and fisheries, Volume 
1. Blackwell Publishing Ltd, Oxford, UK, pp 97–122. https:// doi. 
org/ 10. 1002/ 97804 70693 803. ch5

Joshi DM, Bhandari NS, Kumar A, Agrawal N (2009) Statistical analy-
sis of physicochemical parameters of water of River Ganga in 
Haridwar district. Rasayan J Chem 2(3):579–587

Juahir H, Zain SM, Yusoff MK, Hanidza TT, Armi AM, Toriman 
ME, Mokhtar M (2011) Spatial water quality assessment of 
Langat River basin (Malaysia) using environmetric techniques. 
Environ Monit Assess 173:625–641. https:// doi. org/ 10. 1007/ 
s10661- 010- 1411-x

Kang JK, Song Y, Moon JW, Moon HS (2001) Water quality impact 
of mining in the Wolmyoung area of Korea, and its short-term 
changes. Water Air Soil Pollut 129:349–367

Kasperson JX, Kasperson RE, Turner BL, Hsieh W, Schiller A (2022) 
Vulnerability to global environmental change. Social contours of 
risk. Routledge, London, pp 245–285

Kassambara A (2017) Practical Guide to Principal Component Methods 
in R: PCA, M(CA), FAMD, MFA, HCPC, factoextra (STHDA)

Kassambara A (2020) ggpubr: 'ggplot2' Based publication ready plots. 
R package version 0.4.0. https:// CRAN.R- proje ct. org/ packa ge= 
ggpubr

Kattel DB, Salih HAM, Yao T, Ullah K (2022) Near-surface air temper-
ature dependence on elevation and geographical coordinates over 
tropical desert land surfaces. Front Earth Sci 9:777381. https:// 
doi. org/ 10. 3389/ feart. 2021. 777381

Kebede W, Tefera M, Habitamu T, Alemayehu T (2014) Impact of land 
cover change on water quality and stream flow in lake Hawassa 
watershed of Ethiopia. Agri Sci. https:// doi. org/ 10. 4236/ as. 2014. 
58068

Khan M, Khan HN, Aslam H (2003) Hudiara drain–a case of trans-
boundary Water. Pak J Biol Sci 6(2):167–175

Khanday SA, Bhat SU, Islam ST, Sabha I (2021) Identifying lithogenic 
and anthropogenic factors responsible for spatio-seasonal patterns 
and quality evaluation of snow melt waters of the River Jhelum 
Basin in Kashmir Himalaya. CATENA 196:104853. https:// doi. 
org/ 10. 1016/j. catena. 2020. 104853

Kim AG, Cardone CR (2005) Scatterscore: a reconnaissance method to 
evaluate changes in water quality. Environ Monit Assess 111:277–
295. https:// doi. org/ 10. 1007/ s10661- 005- 8225-2

Lawal N, Abdullahi SA, Abolude DS (2023) Physicochemical char-
acteristics and fish abundance and diversity of Mairua reservoir 
water, Funtua, Katsina state, North–Western Nigeria. J Appl Sci 
Environ Manag 27(1):125–132. https:// doi. org/ 10. 4314/ jasem. 
v27i1. 18

Ling TY, Soo CL, Liew JJ, Nyanti L, Sim SF, Grinang J (2017) Appli-
cation of multivariate statistical analysis in evaluation of surface 
river water quality of a tropical river. J Chem. https:// doi. org/ 10. 
1155/ 2017/ 57374 52

Liu CW, Lin KH, Kuo YM (2003) Application of factor analysis in 
the assessment of groundwater quality in a blackfoot disease area 
in Taiwan. Sci Total Environ 313(1–3):77–89. https:// doi. org/ 10. 
1016/ S0048- 9697(02) 00683-6

Lone SA, Bhat SU, Hamid A, Bhat FA, Kumar A (2021) Quality 
assessment of springs for drinking water in the Himalaya of South 
Kashmir, India. Environ Sci Pollut Res 28:2279–2300. https:// doi. 
org/ 10. 1007/ s11356- 020- 10513-9

https://doi.org/10.1007/s40899-018-0227-7
https://doi.org/10.1007/s40899-018-0227-7
https://doi.org/10.1007/s00254-005-1287-1
https://doi.org/10.1016/j.quaint.2018.12.014
https://doi.org/10.22271/chemi.2020.v8.i2q.8910
https://doi.org/10.22271/chemi.2020.v8.i2q.8910
https://doi.org/10.2134/jeq2000.00472425002900010015x
https://doi.org/10.2134/jeq2000.00472425002900010015x
https://doi.org/10.1007/s13201-018-0803-x
https://doi.org/10.1007/s13201-018-0803-x
https://doi.org/10.2134/jeq2009.0402
https://doi.org/10.2134/jeq2009.0402
https://doi.org/10.1007/s10533-005-1061-1
https://doi.org/10.1016/j.catena.2016.12.018
https://doi.org/10.1016/j.catena.2016.12.018
https://doi.org/10.1007/s12665-015-5139-3
https://doi.org/10.1007/s12665-015-5139-3
https://doi.org/10.1007/s13201-019-1043-4
https://doi.org/10.1007/s13201-019-1043-4
https://doi.org/10.4296/cwrj3602849
https://doi.org/10.1007/s10201-014-0438-z
https://doi.org/10.1007/s10201-014-0438-z
https://doi.org/10.1371/journal.pone.0091528
https://doi.org/10.1371/journal.pone.0091528
https://doi.org/10.3389/fenvs.2021.681965
https://doi.org/10.1080/15715124.2023.2165089
https://doi.org/10.1080/15715124.2023.2165089
https://doi.org/10.1002/9780470693803.ch5
https://doi.org/10.1002/9780470693803.ch5
https://doi.org/10.1007/s10661-010-1411-x
https://doi.org/10.1007/s10661-010-1411-x
https://CRAN.R-project.org/package=ggpubr
https://CRAN.R-project.org/package=ggpubr
https://doi.org/10.3389/feart.2021.777381
https://doi.org/10.3389/feart.2021.777381
https://doi.org/10.4236/as.2014.58068
https://doi.org/10.4236/as.2014.58068
https://doi.org/10.1016/j.catena.2020.104853
https://doi.org/10.1016/j.catena.2020.104853
https://doi.org/10.1007/s10661-005-8225-2
https://doi.org/10.4314/jasem.v27i1.18
https://doi.org/10.4314/jasem.v27i1.18
https://doi.org/10.1155/2017/5737452
https://doi.org/10.1155/2017/5737452
https://doi.org/10.1016/S0048-9697(02)00683-6
https://doi.org/10.1016/S0048-9697(02)00683-6
https://doi.org/10.1007/s11356-020-10513-9
https://doi.org/10.1007/s11356-020-10513-9


Applied Water Science           (2024) 14:91  Page 17 of 18    91 

Lookingbill TR, Urban DL (2003) Spatial estimation of air temperature 
differences for landscape-scale studies in montane environments. 
Agric for Meteorol 114(3–4):141–151. https:// doi. org/ 10. 1016/ 
S0168- 1923(02) 00196-X

Maas BJ, Wicks CM (2017)  CO2 outgassing from spring waters. Aquat 
Geochem 23:53–60. https:// doi. org/ 10. 1007/ s10498- 016- 9302-6

Manzoor J, Iqbal Z (2020) Physico-chemical analysis of Mendhar 
nallah-a tributory of Poonch river of Jammu and Kashmir. India 
Indian J Environ Prot 40(1):104–109

Marcogliese DJ (2008) The impact of climate change on the para-
sites and infectious diseases of aquatic animals. Rev Sci Tech 
27(2):467–484

McKenna JE Jr (2003) An enhanced cluster analysis program with 
bootstrap significance testing for ecological community analysis. 
Environ Model Softw 18(3):205–220. https:// doi. org/ 10. 1016/ 
S1364- 8152(02) 00094-4

Mir RA, Gani KM (2019) Water quality evaluation of the upper stretch 
of the river Jhelum using multivariate statistical techniques. Arab 
J Geosci 12:1–19. https:// doi. org/ 10. 1007/ s12517- 019- 4578-7

Mir RA, Jeelani G, Dar FA (2016) Spatio-temporal patterns and fac-
tors controlling the hydrogeochemistry of the river Jhelum basin, 
Kashmir Himalaya. Environ Monit Assess 188:1–24. https:// doi. 
org/ 10. 1007/ s10661- 016- 5429-6

Mir ZA, Bakhtiyar Y, Arafat MY, Khan NA, Parveen M (2023) Spatio-
temporal variation of physicochemical parameters in Aripal and 
Watalara streams of Kashmir Himalaya using multivariate statisti-
cal techniques. Environ Monit Assess 195(6):743. https:// doi. org/ 
10. 1007/ s10661- 023- 11261-2

Mirza ZS, Nadeem MS, Beg MA, Malik IU (2013) Spatial and tem-
poral fluctuations in the physico-chemical limnology of Mangla 
Dam (Pakistan). Pak J Zool 45(3):679–686

Mirza MA, Choudhary MA, Khuhawar MY, Arain R (2014) Seasonal 
and environmental pollution impact on the quality of water of 
River Poonch near district Kotli. Pakistan Int J Eng Res Technol 
2(11):367–372

Mudgal KD, Kumari M, Sharma DK, Mudgal K, Kumari M (2009) 
Hydrochemical analysis of drinking water quality of Alwar dis-
trict, Rajasthan. Nat Sci 7(2):30–9

Nong X, Shao D, Zhong H, Liang J (2020) Evaluation of water qual-
ity in the south-to-north water diversion project of China using 
the water quality index (WQI) method. Water Res 178:115781. 
https:// doi. org/ 10. 1016/j. watres. 2020. 115781

Poor CJ, McDonnell JJ (2007) The effects of land use on stream 
nitrate dynamics. J Hydrol 332(1–2):54–68. https:// doi. org/ 10. 
1016/j. jhydr ol. 2006. 06. 022

Prakash C, Dwivedi SN, Raju KD (2010) Water quality manage-
ment practices in freshwater culture and hatcheries operation. 
In: National Seminar. Vol 17, p 56

Qadir A, Malik RN, Husain SZ (2008) Spatio-temporal variations 
in water quality of Nullah Aik-tributary of the river Chenab, 
Pakistan. Environ Monit Assess 140:43–59. https:// doi. org/ 10. 
1007/ s10661- 007- 9846-4

Quinn TP, Hodgson S, Flynn L, Hilborn R, Rogers DE (2007) Direc-
tional selection by fisheries and the timing of sockeye salmon 
(Oncorhynchus nerka) migrations. Ecol Appl 17(3):731–739. 
https:// doi. org/ 10. 1890/ 06- 0771

Rajeshwari CV, Saraswathi B (2009) Assessment of water quality of 
rivers Tungabhadra and Hundri. India Pollut Res 28(3):499–505

Rajini K, Roland P, John C, Vincent R (2010) Microbiological and 
physicochemical analysis of drinking water in George town. 
Nat Sci 8(8):261–265

Ravichandran S (2003) Hydrological influences on the water qual-
ity trends in Tamiraparani basin, South India. Environ Monit 
Assess 87:293–309. https:// doi. org/ 10. 1023/A: 10248 18204 664

Rebsdorf A, Thyssen N, Erlandsen M (1991) Regional and temporal 
variation in pH, alkalinity and carbon dioxide in danish streams, 

related to soil type and land use. Freshw Biol 25(3):419–435. 
https:// doi. org/ 10. 1111/j. 1365- 2427. 1991. tb013 86.x

Revelle W (2020) psych Procedures for Personality and Psychologi-
cal Research, Northwestern University, Evanston, Illinois, USA. 
R package version 2.1.3. https:// CRAN.R- proje ct. org/ packa ge= 
psych

Sabha I, Bhat SU, Hamid A, Rather JA (2019) Monitoring stream 
water quality of Dagwan stream, an important tributary of Dal 
Lake, Kashmir Himalaya. Arab J Geosci 12:1–17. https:// doi. 
org/ 10. 1007/ s12517- 019- 4439-4

Samal D, Sethy J, Sahu HK (2016) Ichthyofauna diversity in relation 
to physico-chemical characteristics of Budhabalanga River, Bar-
ipada, Mayurbhanj. Odisha Int J Fish Aquat Sci 4(1):405–413

Seth R, Mohan M, Singh P, Singh R, Dobhal R, Singh KP, Gupta S 
(2016) Water quality evaluation of Himalayan rivers of Kumaun 
region, Uttarakhand, India. Appl Water Sci 6:137–147. https:// 
doi. org/ 10. 1007/ s13201- 014- 0213-7

Shen S, Leptoukh GG (2011) Estimation of surface air temperature 
over central and eastern Eurasia from MODIS land surface tem-
perature. Environ Res Lett 6(4):045206. https:// doi. org/ 10. 1088/ 
1748- 9326/6/ 4/ 045206

Shrestha S, Kazama F (2007) Assessment of surface water quality 
using multivariate statistical techniques: a case study of the Fuji 
river basin. Japan Environ Model Softw 22(4):464–475. https:// 
doi. org/ 10. 1016/j. envso ft. 2006. 02. 001

Shyamala R, Shanthi M, Lalitha P (2008) Physicochemical analysis of 
borewell water samples of Telungupalayam area in Coimbatore 
district, Tamil Nadu. India E- J Chem 5(4):924–929

Simeonov V, Stratis JA, Samara C, Zachariadis G, Voutsa D, 
Anthemidis A, Sofoniou M, Kouimtzis T (2003) Assessment 
of the surface water quality in northern Greece. Water Res 
37(17):4119–4124. https:// doi. org/ 10. 1016/ S0043- 1354(03) 
00398-1

Singh KP, Malik A, Mohan D, Sinha S (2004) Multivariate statistical 
techniques for the evaluation of spatial and temporal variations 
in water quality of Gomti River (India)—a case study. Water Res 
38(18):3980–3992. https:// doi. org/ 10. 1016/j. watres. 2004. 06. 011

Singh KP, Malik A, Sinha S (2005) Water quality assessment and 
apportionment of pollution sources of Gomti river (India) using 
multivariate statistical techniques—a case study. Anal Chim Acta 
538(1–2):355–374. https:// doi. org/ 10. 1016/j. aca. 2005. 02. 006

Singh K, Dhiman S, Kishor B (2023) Spatio-Temporal Variations in 
Physico-Chemical Parameters of River Tawi. In: IOP Conf Ser: 
Earth Environ Sci. IOP Publishing. Vol 1110, p 012050. https:// 
doi. org/ 10. 1088/ 1755- 1315/ 1110/1/ 012050

Stumm W, Morgan JJ (2012) Aquatic chemistry: chemical equilibria 
and rates in natural waters. John Wiley & Sons, New Jersey

Swaney DP, Hong B, Ti C, Howarth RW, Humborg C (2012) Net 
anthropogenic nitrogen inputs to watersheds and riverine N export 
to coastal waters: a brief overview. Curr Opin Environ Sustain 
4(2):203–211. https:// doi. org/ 10. 1016/j. cosust. 2012. 03. 004

Tank SK, Chippa RC (2013) Analysis of water quality of Halena block 
in Bharatpur area. Int J Sci Res Publ 3(3):57–62

Tian Y, Jiang Y, Liu Q, Dong M, Xu D, Liu Y, Xu X (2019) Using a 
water quality index to assess the water quality of the upper and 
middle streams of the Luanhe River, northern China. Sci Total 
Environ 667:142–151. https:// doi. org/ 10. 1016/j. scito tenv. 2019. 
02. 356

United States Environment Protection Agency (USEPA) (2000) New-
port bay toxics TMDL. Freshwater Flow and Seasonal Variation. 
Technical Support Document, Part B:1–6

Ustaoğlu F, Tepe Y (2019) Water quality and sediment contamination 
assessment of Pazarsuyu Stream, Turkey using multivariate statis-
tical methods and pollution indicators. Int Soil Water Conserv Res 
7(1):47–56. https:// doi. org/ 10. 1016/j. iswcr. 2018. 09. 001

https://doi.org/10.1016/S0168-1923(02)00196-X
https://doi.org/10.1016/S0168-1923(02)00196-X
https://doi.org/10.1007/s10498-016-9302-6
https://doi.org/10.1016/S1364-8152(02)00094-4
https://doi.org/10.1016/S1364-8152(02)00094-4
https://doi.org/10.1007/s12517-019-4578-7
https://doi.org/10.1007/s10661-016-5429-6
https://doi.org/10.1007/s10661-016-5429-6
https://doi.org/10.1007/s10661-023-11261-2
https://doi.org/10.1007/s10661-023-11261-2
https://doi.org/10.1016/j.watres.2020.115781
https://doi.org/10.1016/j.jhydrol.2006.06.022
https://doi.org/10.1016/j.jhydrol.2006.06.022
https://doi.org/10.1007/s10661-007-9846-4
https://doi.org/10.1007/s10661-007-9846-4
https://doi.org/10.1890/06-0771
https://doi.org/10.1023/A:1024818204664
https://doi.org/10.1111/j.1365-2427.1991.tb01386.x
https://CRAN.R-project.org/package=psych
https://CRAN.R-project.org/package=psych
https://doi.org/10.1007/s12517-019-4439-4
https://doi.org/10.1007/s12517-019-4439-4
https://doi.org/10.1007/s13201-014-0213-7
https://doi.org/10.1007/s13201-014-0213-7
https://doi.org/10.1088/1748-9326/6/4/045206
https://doi.org/10.1088/1748-9326/6/4/045206
https://doi.org/10.1016/j.envsoft.2006.02.001
https://doi.org/10.1016/j.envsoft.2006.02.001
https://doi.org/10.1016/S0043-1354(03)00398-1
https://doi.org/10.1016/S0043-1354(03)00398-1
https://doi.org/10.1016/j.watres.2004.06.011
https://doi.org/10.1016/j.aca.2005.02.006
https://doi.org/10.1088/1755-1315/1110/1/012050
https://doi.org/10.1088/1755-1315/1110/1/012050
https://doi.org/10.1016/j.cosust.2012.03.004
https://doi.org/10.1016/j.scitotenv.2019.02.356
https://doi.org/10.1016/j.scitotenv.2019.02.356
https://doi.org/10.1016/j.iswcr.2018.09.001


 Applied Water Science           (2024) 14:91    91  Page 18 of 18

Van Vliet MTH, Ludwig F, Zwolsman JJG, Weedon GP, Kabat P 
(2011) Global river temperatures and sensitivity to atmospheric 
warming and changes in river flow. Water Resour Res. https:// doi. 
org/ 10. 1029/ 2010W R0091 98

Varol M (2020) Use of water quality index and multivariate statistical 
methods for the evaluation of water quality of a stream affected 
by multiple stressors: a case study. Environ Pollut 266:115417. 
https:// doi. org/ 10. 1016/j. envpol. 2020. 115417

Wetzel RG (2001) Inland waters: understanding is essential for the 
future. Limnology lake and river ecosystems, 3rd edn. Academic 
Press, San Diego CA, pp 825–841. https:// doi. org/ 10. 1016/ B978-
0- 08- 057439- 4. 50030-7

Wickham H (2016) ggplot2: elegant graphics for data analysis. 
Springer-Verlag, New York

Yang HJ, Shen ZM, Zhang JP, Wang WH (2007) Water quality charac-
teristics along the course of the Huangpu River (China). J Environ 

Sci 19(10):1193–1198. https:// doi. org/ 10. 1016/ S1001- 0742(07) 
60195-8

Yilmaz E, Koç C (2014) Physically and chemically evaluation for the 
water quality criteria in a farm on Akcay. J Water Resource Prot. 
https:// doi. org/ 10. 4236/ jwarp. 2014. 62010

Zhao Y, Xia XH, Yang ZF, Wang F (2012) Assessment of water qual-
ity in Baiyangdian Lake using multivariate statistical techniques. 
Procedia Environ Sci 13:1213–1226. https:// doi. org/ 10. 1016/j. 
proenv. 2012. 01. 115

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1029/2010WR009198
https://doi.org/10.1029/2010WR009198
https://doi.org/10.1016/j.envpol.2020.115417
https://doi.org/10.1016/B978-0-08-057439-4.50030-7
https://doi.org/10.1016/B978-0-08-057439-4.50030-7
https://doi.org/10.1016/S1001-0742(07)60195-8
https://doi.org/10.1016/S1001-0742(07)60195-8
https://doi.org/10.4236/jwarp.2014.62010
https://doi.org/10.1016/j.proenv.2012.01.115
https://doi.org/10.1016/j.proenv.2012.01.115

	Spatio-temporal evaluation of physico-chemical parameters of snow-fed River Poonch in Northwest Himalayan region of India
	Abstract
	Introduction
	Materials and methods
	Study area
	Collection of water samples
	Analyses of water samples
	Statistical analyses

	Results and discussion
	Prevailing trend and spatio-temporal variations
	Correlation analysis
	Linear regression
	Principal component analysis (PCA)
	Cluster analysis (CA)

	Conclusion
	Acknowledgements 
	References


