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ABSTRACT

Physico-chemical characteristics and heavy metal concentration of a wetland site in Barak valley, South
Assam (Baskandi anua) were analyzed for a year in order to comprehend the water quality. Water quality
criteria examined included various physico-chemical and heavy metal parameters such as dissolved oxygen,
pH, hardness, chloride, free chlorine, Nitrate, total suspended solids, Sulphate, total dissolved solids, Ca,
Mg, Fe, Pb, Cd and Ni using standard techniques. The findings were compared with World Health
Organization water quality criteria. Multivariate analysis was also employed to find the possible sources.
The study revealed that some physico-chemical parameters and heavy metal concentration showed
substantial change, but the majority of the values fell within the normal range and suggested that the lake
water was in good condition.
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Introduction

Wetlands help in replenishing surface water, regu-
lating climate, purifying the environment, and sup-
porting biodiversity apart from providing essential
ecosystem services such as reducing nutrient and
pollution loads from storm water before it enters the
receiving waters (Townsend et al., 2019). Wetland
water quality and their ecological function are di-
rectly impacted by numerous anthropogenic influ-
ences like effluent discharge, industrial and run-off
from agriculture, as well as urban and airborne
deposition, that can contaminate wetlands and lead
to decline in water feature and ecosystem operation
(Piacente et al., 2020). Such impact on water quality
can be easily reflected in the variation of physico-
chemical parameters, also called Water quality indi-
ces (WQI) (Fatima et al., 2022). WQI is extensively

employed for assessing the quality of water for
monitoring and assessment purpose (Uddin et al.,
2021; Khangembam, 2019). Common WQI include
dissolved oxygen (DO), pH, hardness, chloride, free
Chlorine, nitrate, total suspended solids (TSS), sul-
phate, total dissolved solids (TDS), Ca, Mg, Fe, Pb,
Cd and Ni;  and comparison is made in terms of
standard water quality guidelines (WHO, 2011).
Often, the Physico-chemical and heavy metal analy-
sis of wetland water is good indicators of a wetland
health (Bano et al., 2022). Nonetheless, it is still nec-
essary to investigate probable naturally occurring
sources and implications of human-induced actions
on water quality Rather et al. (2022).

Baskandi anua is a floodplain oxbow lake formed
by the River Barak in South Assam, India. Anua is
the local terminology of oxbow lake. This lake serves
as a primary water supply and livelihood for the
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inhabitants as the lake harbors variety of fish. Prior
study showed that the physico-chemical parameters
and heavy metal analysis of this lake are conducive
to fish growth (Gupta and Devi, 2014). However,
recent increase in pollution and anthropogenic ac-
tivities has impacted its water quality.

Therefore, the current study, aims at estimating
the WQI in terms of dissolved oxygen, pH, hard-
ness, chloride, free chlorine, total suspended solid,
total dissolved solids, nitrate, sulphate, Ca, Mg, Fe,
Pb, Cd and Ni from this oxbow lake and to find the
potential origins through multivariate statistical
analysis.

Materials and Methods

Study area

The study site is situated in Bashkandi area of
Cachar District, South Assam with latitude and lon-
gitude 24°48’32.4"N 92°55’02.7"E (Fig. 1). The lake is
often referred to as Bashkandi Anua owing to its
distinctive horseshoe-shaped created by the Barak
River. The Bashkandi Anua Lake has significant
importance due to its rich biodiversity and crucial
supply of drinking water.

Sample collection and analysis

Samples were collected from the lake from January
to December for one year. Water samples from vari-
ous sampling sites were collected in BOD bottles (for

estimating dissolved oxygen) and for rest of the
WQI in sample bottles was washed in 50% nitric
acid after being rinsed with the sample water three
to four times, and brought right away to the lab for
analysis like Dissolved Oxygen (DO), pH, hardness,
Chloride, Free Chlorine, TSS, TDS, nitrate, sulphate,
Ca, Mg, Fe, Pb, Cd and Ni. The physicochemical
properties and heavy metals in water were exam-
ined using standard techniques (APHA, 2005) and
ICP-OES (Inductively Coupled Plasma-Optical
Emission Spectroscopy).

Statistical analysis

All of the data was performed statistically by IBM
SPSS version 25. Pearson correlation analysis is used
for examining it’s inter relationship between metals.
Principal component analysis is carried out in find-
ing its probable origin of pollution. KMO and
varimax rotation was incorporated to validate the
data. Cluster analysis was also carried out to find
the dissimilar and similar sources by using wards
method. The map was generated using QGIS soft-
ware version 3.22 (Fig. 1).

Results and Discussion

Physico-chemical parameters and Concentration of
heavy metal in water

The result of descriptive statistical analysis of heavy
metal concentration in water sample is presented at
Table 1.

Fig. 1. Map showing the sample site of Bashkandi Anua (24°48’32.4"N 92°55’02.7"E).
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The concentration of dissolved oxygen, pH, hard-
ness, chloride, free chlorine, total suspended solid,
total dissolved solids, nitrate, sulphate, Ca, Mg, Fe,
Pb, Cd and Ni in water was found to be 6.75±0.47,
5.32±0.68, 39.14±3.16, 0.03±0.02, 2.70±0.35,
20.30±1.46, 42.09±3.24, 2.88±0.20, 0.01±0.01,
0.39±0.45, 0.009±0.002, 0.01±0.005, 0.004±0.002,
0.004±0.002, and 0.003±0.001 mg/l respectively. The
results in the research area showed that DO, pH,
hardness, chloride, free chlorine, total dissolved sol-
ids, nitrate, sulphate, Ca, Mg, Fe, Pb, Cd and Ni are
within the recommended limit as per WHO (2011).
However, TSS was found to be exceeding the rec-
ommended limits. Thus, the current data revealed
that almost all the matrices shows no such exceeding
value, indicating that anthropogenic activities have
not negatively impacted the wetland and was also
similarly reported in literatures (Akhtar et al., 2021;
Ali et al., 2018; Ansari et al., 2017; Asati et al., 2016;
Bandar et al., 2021; Gopi et al., 2021; Hussain et al.,
2021; Laskar et al., 2022; Nasir 2010; Negi et al., 2022;
Proshad et al., 2020; Whitehead et al., 2018). Whereas
the elevated limit of TSS was due to the industrial
effluent and harmful application of chemicals in the
Lake (Rahman et al., 2021). However, we still cannot
omit that the minimal presence of these hazardous
elements in the long term can still be a threat to hu-
man health and deterioration of Lake Ecosystem.
Therefore, these findings suggest that constant
monitoring and precautionary steps should be
implemented to avoid future contamination.

Pearson correlation

To know the inter relationship among the param-
eters, Pearson correlation analysis was carried out
(Table 2). The result shows both positive and nega-
tive correlation. DO showed a significant negative
correlation with Ca and Mg (r = -0.711, P0.05 and r
= -0.820, P0.01). The pH showed a significant posi-
tive correlation with hardness, TSS and TDS (r =
0.877, 0.882, and 0.911, P0.05). Hardness had sig-
nificant positive correlation with TSS, TDS, and sul-
phate (r = 0.983, 0.940, 0.818, P0.01). Nitrate had a
negative correlation with pH, hardness, TSS and
TDS (r = -0.675, P0.05 and r = -0.850, -0.810, -0.846,
P0.01). Sulphate had a significant positive correla-
tion with TSS (r = 0.782, P0.05). Ca was showing a
significant negative correlation with free chlorine (r
= -0.806, P0.01). Mg has a significant positive corre-
lation with Ca (r = 0.711, P0.05). Pb is significantly
negatively correlated with chloride, Ca, and Fe (r =
-0.678, -0.722, -0.718, P0.05) while Pb and sulphate
is showing significant positive correlation (r = 0.697,
P0.05). Moreover Cd and Ni did not have a signifi-
cant correlation with other. Thus from this study,
those with significant positive correlation indicates
that it has come from a common sources whereas
those with significant negative correlation indicates
that is coming from natural or other sources.

Principal component analysis

In order to identify the probable sources properly
and understand better relationship within the met-

Table 1. Descriptive statistical analysis of physico-chemical and concentration of heavy metal in water (mg/l)

Parameters Mean Range Median SD Skewness Kurtosis K-S Permissible
limit (mg/l)

 (WHO, 2011)

DO 6.75 6.00-7.40 6.90 0.473 -0.723 -0.112 0.190 6.5-8
pH 5.32 4.40-6.08 5.20 0.686 -0.106 -1.976 0.130 6.5-8.5
Hardness 39.14 36.05-43.50 38.22 3.167 0.548 -1.692 0.096 500
Chloride 0.03 0.01-0.08 0.03 0.021 1.019 1.443 .200* 250
Free Chlorine 2.70 2.09-3.04 2.70 0.350 -0.979 -0.221 0.060 NL
TSS 20.30 18.50-22.09 20.20 1.465 0.164 -1.711 .200* 10
TDS 42.09 37.08-47.02 42.35 3.248 -0.077 -0.904 .200* 1000
Nitrate 2.88 2.45-3.06 2.98 0.205 -1.509 1.715 0.140 12
Sulphate 0.01 0.004-0.04 0.007 0.012 1.733 2.820 0.009 250
Ca 0.39 0.08-1.00 0.09 0.457 0.857 -1.714 0.000 150
Mg 0.009 0.006-0.01 0.01 0.002 0.157 -0.401 .200* 100
Fe 0.01 0.01-0.02 0.02 0.005 -0.285 -1.877 0.013 0.3
Pb 0.004 0-0.009 0.003 0.002 0.536 -0.121 .200* 0.3
Cd 0.004 0.001-0.008 0.005 0.002 0.095 -1.407 .200* 0.2
Ni 0.003 0.001-0.007 0.003 0.001 1.094 0.963 .200* 0.7
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als principal component analysis was carried out.
The results in Table 3 show that only four compo-
nents were observed with eigenvalue greater than 1
and accounts 87.73% of the total variance (Fig. 2). In
PC1 it is strongly loaded with pH, hardness, TSS,
TDS, sulphate and Pb which accounts for 36.05%
variance and shows that they are from a common
source. The pH, hardness, TSS and TDS is mainly
associated to industrial effluent, municipal and do-
mestic waste (Phungela et al., 2022; Ramadas et al.,
2005; Sangawe et al., 2023), Pb is mostly related to
vehicular emission and transport (Hosen 2021;
Mishra et al., 2021). PC2 explains for 31.32% and is
strongly loaded with chloride, Ca, Mg, and Fe which
shows that they have come from anthropogenic
sources.
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Fig. 2. Result of PCA analysis in water samples in the
study area

The presence of chloride, Ca, Mg and Fe is related
to weathering of rock, sewage waste discharges and
agricultural activities (Baruah and Baruah, 2022;
Bhat et al., 2022; Rashid et al., 2022) except for DO
which is showing negative value indicating that it is
coming from different sources. PC3 accounts for
10.22% and is loaded with free chlorine, nitrate and
Cd but the loadings were showing low or negative
value which indicates that they have come from dif-
ferent sources most likely to be from human activi-
ties like disposal of domestic and municipal wastes
(Ajibade et al., 2020; Uddin et al., 2021). PC4 is
strongly loaded with Ni which accounts for 10.13%
indicating that it has come from untreated wastewa-
ter from small workshop and industries (Tabak et al.,
2020; Townsend et al., 2019). Interestingly, the find-
ing shows that all the parameters were below the
WHO permissible. Thus concluding that the water

Component Plot in Rotated Space
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conditions in the investigated region is not polluted.
However, precautionary steps and maintenance
must be taken up for maintaining its biodiversity
and human use as it still pose a risk of contamina-
tion in longer duration.

Cluster analysis

CA is implemented by applying Ward’s method and
Euclidean distance as a metric for measuring simi-
larity (Fig. 3). In this dendrogram, four clusters can
be observed. In Cluster 1 it is composed of Pb, Cd,
Ni, sulphate, Mg, Fe, chloride, Ca, Free chlorine, ni-
trate, DO, and pH. Cluster 2 comprises of hardness.
Cluster 3 includes TDS while cluster 4 includes TSS.
Thus from this studies it shows that PCA and CA
were in agreement with each other.

Conclusion

To be able to assess the level of water contamination
at Bashkandi Lake, this study looked at changes in
water quality. The outcome from the aforemen-
tioned research suggested that physico-chemical
and heavy metal concentrations are falling within
the WHO (2011) acceptable limit except for total sus-
pended solid which was beyond the recommended

level. Pearson correlation, PCA, and CA also
showed negative significant relationship. Thus, ac-
cording to the results of this research, the aquatic
ecosystem of the Bashkandi wetland showed that no
such harmful chemicals were found to be intro-
duced in the water and was in normal conditions;
hence it is significant for maintaining a high
biodiversity and human use.

Acknowledgement

The authors would like to thank IIT, Guwahati for
providing their instrumentation facilities for sample
analysis. We would also like to thank all the anony-
mous reviewers.

Conflict of interest

The authors wish to declare no conflict of interest.

References

Ajibade, O.M., Banjo, O.A., Oguntuyaki, T.A., Osobamiro,
T.M. and Ajakore, A.A. 2020. Implications of carbon-
ates and chlorides contam ination in groundwater:
Examples from textile tie and dye markets in some
parts of Southwestern Nigeria. Indian J. Sci. Technol.
13 : 3349–3363.

Akhtar, N., Syakir Ishak, M.I., Bhawani, S.A. and Umar,
K. 2021. Various natural and anthropogenic factors
responsible for water quality degradation: A review.
Water. 13(19): 2660.

Ali, H. and Khan, E. 2018. Assessment of potentially toxic
heavy metals and health risk in water, sediments,

Fig. 3. Result of Cluster analysis in water samples in the
study area

Table 3. Results of PCA in tested water sample

Variables Factor loading in water samples
PC1 PC2 PC3 PC4

DO -0.203 -0.761 -0.035 -0.372
pH 0.896 -0.009 0.054 0.236
Hardness 0.964 -0.105 0.228 0.065
Chloride -0.187 0.663 -0.355 -0.581
Free Chlorine -0.279 -0.848 0.022 0.014
TSS 0.951 0.025 0.279 0.104
TDS 0.976 0.124 0.018 0.141
Nitrate -0.909 0.011 0.160 0.099
Sulphate 0.673 -0.345 0.552 0.026
Ca -0.146 0.889 -0.042 0.350
Mg -0.129 0.787 0.053 0.240
Fe -0.032 0.850 -0.023 -0.142
Pb 0.538 -0.742 0.183 0.128
Cd -0.115 -0.035 -0.951 -0.031
Ni 0.209 0.361 -0.015 0.852
Eigenvalue 5.408 4.699 1.534 1.521
% of Variance 36.051 31.324 10.226 10.138
Cumulative % 36.051 67.375 77.601 87.739

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalizationa; a.
Rotation converged in 6 iterations



S404 Eco. Env. & Cons. 29 (October Suppl. Issue) : 2023

and dif ferent fish species of River Kabul, Pakistan.
Human and Ecological Risk Assessment: An Interna-
tional Journal. 24 (8): 2101–2118.

Ansari, N.A. 2017. Seasonal variations in physico-chemi-
cal characteristics of water samples of surajpur wet-
land, national capital region, India. International
Journal of Current Microbiology and Applied Sciences.
6 (2): 971-987.

APHA, 1999. Standard Methods for the Examination of Water
and Wastewater, Washington DC: American Public
Health Association.

Ahmad, S.R. and Reynolds, D.M. 2005. Monitoring of
water quality using fluorescence technique: Pros-
pect of on-line process control. Dissolved Oxyg.
Dyn. Model. Case Study A Subtrop. Shallow Lake.
217: 95.

Asati, A., Pichhode, M. amd Nikhil, K. 2016. Effect of
heavy metals on plants: an overview. Int J Appl
Innov. Eng Manag. 5(3): 56–61.

Bandar A. Al-Mur 2021. Assessment of heavy metal con-
tamination in water, sediments, and Mangrove
plant of Al-Budhai region, Red Sea Coast, Kingdom
of Saudi Arabia. Journal of Taibah University for Sci-
ence. 15(1): 423-441.

Bano, H., Rather, R. A., Malik, S., Bhat, M. A., Khan, A. H.,
Américo-Pinheiro, J. H. P. and Mir, I. A. 2022. Effect
of seasonal variation on pollution load of water of
Hokersar wetland: a case study of Queen Wetland
of Kashmir, J and K, India. Water, Air, and Soil Pol-
lution. 233(12): 518.

Baruah, D. and Baruah, P. P. 2022. Water quality monitor-
ing of Kapla Beel: an ecologically sensitive flood-
plain wetland of Eastern Himalaya Biodiversity
Hotspot. International Journal of Energy and Water
Resources. 1-20.

Bhat, S. U., Nisa, A. U., Sabha, I. and Mondal, N. C. 2022.
Spring water quality assessment of Anantnag dis-
trict of Kashmir Himalaya: towards understanding
the looming threats to spring ecosystem services.
Applied Water Science. 12(8): 180.

Edition, F. 2011. Guidelines for drinking-water quality.
WHO Chronicle. 38(4): 104-8.

Fatima, S. U., Khan, M. A., Siddiqui, F., Mahmood, N.,
Salman, N., Alamgir, A. and Shaukat, S. S. 2022.
Geospatial assessment of water quality using prin-
cipal components analysis (PCA) and water quality
index (WQI) in Basho Valley, Gilgit Baltistan
(Northern Areas of Pakistan). Environmental Moni-
toring and Assessment. 194(3): 151.

Gopi, N., Rekha, R., Vijayakumar, S., Liu, G., Monserrat,
J. M., Faggio, C. and Vaseeharan, B. 2021. Interactive
effects of freshwater acidification and selenium pol-
lution on biochemical changes and neurotoxicity in
Oreochromis mossambicus. Comparative Biochemistry
and Physiology Part C: Toxicology and Pharmacology.
250 : 109161.

Gupta, S. and Devi, S. S. 2014. Ecology of Baskandi anua,
an oxbow lake of south Assam, North East India.
Journal of Environmental Biology. 35(6): 1101.

Hosen, L. 2021. Studies on bioaccumulation and mobiliza-
tion of heavy metals in crops and vegetables grown
around industrial environments.

Hussain, S. M., Hussain, K., Malik, A. J., Hussaini, A. M.,
Farwah, S., Rashid, M. and Rather, R. A. 2021. De-
velopment of a novel in-vitro protocol for micro
propagation of tomato male sterile line (Shalimar
FMS-1) of Kashmir Valley India. Acta Scientific Ag-
riculture. 5: 4.

Khangembam, S. and Kshetrimayum, K. S. 2019. Evalua-
tion of hydrogeochemical controlling factors and
water quality index of water resources of the Barak
valley of Assam, Northeast India. Groundwater for
Sustainable Development. 8 : 541-553.

Laskar, N., Singh, U., Kumar, R. and Meena, S. K. 2022.
Spring water quality and assessment of associated
health risks around the urban Tuirial landfill site in
Aizawl, Mizoram, India. Groundwater for Sustainable
Development. 17: 100-726.

Mishra, S., Kumar, A. and Shukla, P. 2021. Estimation of
heavy metal contamination in the Hindon River, In-
dia: an environmetric approach. Appl Water Sci. 11:
2.

Nasir, U. P. 2010. Water quality assessment and isotope stud-
ies of Vembanad Wetland System. (Doctoral disserta-
tion, Ph. D. thesis, University of Calicut).

Negi, D., Verma, S., Singh, S., Daverey, A. and Lin, J. G.
2022. Nitrogen removal via anammox process in
constructed wetland–A comprehensive review.
Chemical Engineering Journal. 437: 135-434.

Phungela, T. T., Maphanga, T., Chidi, B. S., Madonsela, B.
S. and Shale, K. 2022. The impact of wastewater
treatment effluent on Crocodile River quality in
Ehlanzeni District, Mpumalanga Province, South
Africa. South African Journal of Science. 118(7–8): 1–
8.

Piacente, J. N., Milanovich, J. R., Berg, M. B., Hoellein, T.
J., Muñoz, A. G., Cann, A. A. and Lentini, I. S. 2020.
Characterizing lentic habitats in golf courses and ad-
jacent green spaces: water quality, water chemistry,
pesticide concentrations, and algal concentrations.
Journal of Freshwater Ecology. 35(1): 507-522.

Proshad, R., Kormoker, T. and Islam, M.S. 2020. Potential
health risk of heavy metals via consumption of rice
and vegetables grown in the industrial areas of
Bangladesh. Hum Ecol Risk Assess An Int J. 26 4: 921–
943.

Rahman, A., Jahanara, I. and Jolly, Y. N. Assessment of
physicochemical properties of water and their sea-
sonal variation in an urban river in Bangladesh.
Water Science and Engineering. 14(2): 139-148.

Ramadas, G., Naik, K. T. P. and Puttaiah, E. T. 2005. Diur-
nal Variation in Some Physico-chemical Character-



CHOUDHURY ET AL S405

istics of Tungabhadra River Water Near Mylara
During the Great Sri Mylaralingeshwara Fair. Ecol-
ogy Environment And Conservation. 11(3/4): 445.

Rashid, A., Ayub, M., Khan, S., Ullah, Z., Ali, L., Gao, X.,
and Rasool, A. 2022. Hydrogeochemical assessment
of carcinogenic and non-carcinogenic health risks of
potentially toxic elements in aquifers of the
Hindukush ranges, Pakistan: Insights from ground-
water pollution indexing, GIS-based, and multivari-
ate statistical approaches. Environmental Science and
Pollution Research. 1–25.

Rather, R. A., Bano, H., Padder, S. A., Baba, T. R., Ara, S.,
Lone, F. A. and Nazir, S. 2022. Impact of anthropo-
genic pressure on physico-chemical characteristics
of forest soils of Kashmir Himalaya. Bulletin of En-
vironmental Contamination and Toxicology. 108(6):
1088-1097.

Sangawe, V. V., Saraf, S. A. and Shaikh, J. D. 2023. Assess-
ment of some physico-chemical parameters of wa-
ter sample from Jayakwadi dam, Aurangabad, MS,
India.

Shah, J. A. S., and Pandit, A. K. 2012. Crutacean Community
of Wular Lake, Kashmir. (Doctoral dissertation).

Tabak, M., Lisowska, A. and Filipek-Mazur, B. 2020.
Bioavailability of sulfur from waste obtained during
biogas desulfurization and the effect of sulfur on soil
acidity and biological activity. Processes. 8(7): 863.

Townsend, K. R., Lu, H. C., Sharley, D. J. and Pettigrove,
V. 2019. Associations between microplastic pollu-
tion and land use in urban wetland sediments. En-
vironmental Science and Pollution Research. 26: 22551-
22561.

Uddin, M. G., Nash, S. and Olbert, A. I. 2021. A review of
water quality index models and their use for assess-
ing surface water quality. Ecological Indicators. 122:
107-218.

Whitehead, P., Bussi, G., Hossain, M. A., Dolk, M., Das, P.,
Comber, S. and Hossain, M. S. 2018. Restoring wa-
ter quality in the polluted Turag-Tongi-Balu river
system, Dhaka: Modelling nutrient and total
coliform intervention strategies. Science of the Total
Environment. 631: 223-232.


