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ABSTRACT 
 

Present light was to determine elemental load in Sirsa river ecosystem to know the concentration of 
toxicants in this Sutlej river’s tributary that act as a gutter for industrial effluents of Baddi region. The 
inductively coupled plasma mass spectroscopy was used to detect concentration of elements in the 
department of biochemical engineering and biotechnology at IIT Delhi and the collected data was 
further analyzed statistically using one way ANOVA at (p≤0.05) followed by post hoc Duncan’s test 
to predict degree of variations and comparative profile in Table 1. The application of metal index 
was also performed to estimate water quality and co-related it with health hazards. Variations in 
concentration of elements was reported near common effluent treatment plant on pollutant Nallah 
(S2) in deceasing order read as Mg>Na>Ca>B>Zn>Cu>Mn>Fe>Mo>Al>Tl>Se in ppb. The 
concentration of elements reported at S1, S2, S3 were within permissible limit of WHO and Bureau of 
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Indian Standards, except the value of Boron, Magnesium and Thallium were exceeded these 
guidelines constantly at site S2 of study area.The metal index values at S1, S2 and S3 were 1.55, 
5.80 and 2.57 respectively. The site S2 was affected strongly due to presence of elemental dust and 
un-treated waste water discharged by chemical industrial units of Baddi region. This site (S2) was 
nearer to common effluent treatment plant on the bank of Sirsa river and found to be unsuitable at 
all with more value of metal index. It was also viewed to adopt such scale indices to estimate 
drinking water quality with respect to concentration of elements after equal interval of time; as there 
may be seasonal change in the load of debris due to rate of pollutants dumping in the riverine 
ecosystem which is directly proportional to the content of elements. The load of pollutants in water 
system was underlined to know the impact of inorganic waste discharges on water quality of river in 
this region of Himachal Pradesh along industrial belt. 
 

 
Keywords: Elements; indexing; pollutants; profiling; health; water quality. 
 

1. INTRODUCTION 
 
Indian riverine water system is complex in 
hydrology and ecology in the northern part under 
Himalayan zone. The river pathways have no 
origin as well as no ending without any area 
boundary; only showing geochemical cycle in 
nature. The role played by rivers in the 
development of a country needs, no elaboration 
as water system was life line of people since time 
immortal. The majority of works have been done 
on the ecology of lakes, reservoirs (Gobindsagar) 
and rivers as well as hill streams, but river 
tributaries in the foot hill ecotone are always 
ignored or these were only surveyed as a part of 
government planning [1]. This foothill area of 
Sirsa river was consist of various zones (lotic as 
well as lentic habitats) showing change in biotic 
and abiotic regime [2]. An attempt was made on 
elemental aspects especially the load of 
toxicants and their impact on Sirsa river water as 
these substance in an aquatic ecosystem visually 
remain in dissolve form and move to the 
substratum or will enter into the food chain as a 
final repository [3]. The toxicant substances were 
tend to be transfer through food chain and lead 
to inhibit metabolism of both plants and animals 
in the long run due to bioaccumulation of 
elements [4,5]. This type of bioaccumulation of 
one element inevitably affects the other; their 
non-degradation has resulted in resistivity in life 
support system for short span, it repairs itself and 
reverts to its original state if possible. However, if 
the deterioration continues at the same pace, the 
whole system is thrown out of gear [6]. It was 
essential to explore water resources on scientific 
lines to full extent so that their physico-chemical 
state with respect to inorganic pollutants provide 
a baseline data in the near future [5,7]. 
Therefore, it has become important to study 
immediate effects of pollutants on the water 
quality of rivers of India.  

1.1 Study Area 
 

Studies was on one of the major tributary (river 
Sirsa) of river Sutlej which is adjacent to foot’s of 
Kausauli hill and lies at 426 metre above sea 

level in between 30º 57N; 76º22E. The selected 
sites act as dumping gutters to various pollutants 
indirectly and directly. The effluents of Baddi 
industry which were common in origin include 
products such as medicine, distillery, beverages, 
textile dyeing, cement, electronics, pulp and 
paper mill, cosmetics, metal components, 
battery, raw chemical store etc. In study area, 
there 3 sampling site (S1, S2, and S3) as shown 
in Fig. 1 with their descriptions below: 
 

S1: River Sirsa upstream of Baddi area (Lotic 
 Zone) in Foothill. 
 

S2: Pollutant Nallah of Baddi industry near 
 CETP but not linked to it. 
 

S3: Located on river Sirsa downstream 
 toward river Sutlej at Jagatkhana bridge.   
 

2. MATERIALS AND METHODS 
 

The water samples were collected quarterly in 
pre-rinsed with 10% nitric acid high grade new 
polyethylene bottles (0.5 L) by using grab 
sampling method from midstream of Sirsa river 
(0.3 m in depth) and well mixed point on effluent 
nallah of Baddi, then added Conc. nitric acid (1 
ml in each un-filter water sample at site) to avoid 
precipitation of elements and kept at 4◦C to 
prevent evaporation. Whatman filter paper 
number 1 was used to filter each water sample 
(20 ml) in a vial of borosilicate glass and to 
prevent precipitation of elements (1ml in each 
filterate) nitric acid (3%) was added again. 
Inductively Coupled Plasma Mass Spectroscopy 
was used to detect concentration of              
Elements in the department of bio-
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                                                      Fig. 1. Showing map and photographs of the water collection sites (S1, S2 and S3) 
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engineering and biotechnology (ICPMS Facility 
Lab) at IIT Delhi. The collected data was 
analyzed statistically using one way ANOVA at 
(p≤0.05) followed by post hoc Duncan’s test and 
SPSS 16.0 USA software was used. Element 
profiles were shown in Table 1 as Mean ± S.D. of 
sites (S1, S2 and S3). The calculation of metal 
index to determine complete water quality status 
with reference to addition of metal load [8] and 
variations in concentration of elements was 
reported in parts per billion.  

 
3. RESULTS AND DISCUSSION 
 
The profile study of various elements revealed a 
history of metal load in the catchment area of 
Sirsa river with more variations in the 
concentration of pollutants at site S2 as shown in 
Table 1.The concentration of elements reported 
at S1, S2, S3 were within permissible limits of 
World Health Organization and Bureau of Indian 
Standards [9,10] except the value of Boron, 
Magnesium and Thallium were exceeded these 
guidelines constantly at site S2 of study area may 
be concurrent with the findings of Singh et al. 
[11]. The Boron concentration at S2 was 2156 
ppb, at S1 was 1093 ppb and at S3 was 1367 
ppb. The difference was noted as per permissible 
limit of WHO and BIS for drinking water supply 
and found to be not significant (p≤0.05) 
statistically for this river water body. The 
exposure of boron as a borate ion includes 
laundry detergent, pesticides, facial creams, 
cleaners, plant foods and household cleaners. It 
is important to monitor such a pollutant (B) in 
surface water and ground water as it cannot be 
destroyed in the environment, only changes its 
form. The use of boron compounds in production 
of thermal shock resistant borosilicate glass and 
fiberglass have been increased in these days 
[12]. The concentration of Sodium at S2 was 
13969 ppb, at S1 was 1403 ppb and at S3 was 
2132 ppb, the differences or (variations reported: 
S1vs S3) were not statistically significant (p≤0.05) 
between S1 and S3 for all the elements as shown 
in Table 1 may be due to presence of more 
inorganic salts, TDS, leaching and the use 
sodium ion batteries instead of lithium ion 
batteries in electric vehicles [13]. 
 
Aluminium content viewed to be coming with 
food as well as drinking water and found to be 
accumulated in CNS because of its ubiquitous 
nature. The concentration of Aluminium at S1 
was 1.62 ppb, at S3 was 3.25 ppb and at S2 was 
5.37 ppb. It was not significant (p≤0.05) for the 
riverine water system. Aluminium is also 

accessible as foils, kitchen utensils, aero-plane 
parts, window frames, beer kegs and cans to 
human population may cause intoxication [14]. 
The concentration of Manganese at S3 was 
17.25 ppb, at S1 was 0.66 ppb and at S2 was 
18.17 ppb. It was found to be not statistically 
significant (S1vs S2vs S3) may be due to surface 
run off waste water into river. It may be 
concurrent with the findings of Friedman et al. 
[15] where, the mean concentration of 
Manganese in drinking tap water was exceeded 
(2.3 µg/L) in Holliston (US) town in a few sample 
and may be co-related with adverse problem 
especially in children. 
 

The concentration of calcium at S3 was 1064 
ppb, at S1 was 810 ppb and at S2 was 2246 ppb. 
The result was very significant (S1vs S2 and S2vs 
S3) for calcium study. The value of Calcium and 
Magnesium was in the range of 78–155 mgL−1 
and 28–54 mgL−1 respectively in the ground 
water [16]. Magnesium is essential for 
maintenance of normal cell functions in various 
biochemical pathways [17]. The concentration of 
Magnesium at S3 was 8126 ppb, at S1 was 11634 
ppb, at S2 was 31315 ppb and was not found to 
be significant (S1vs S3 with P value 0.80) may be 
due to more release of pharma pollutants. 
 

The concentration of Iron at S3 was 3.52 ppb, at 
S1 was 0.13 ppb, at S2 was 17.84 ppb; the 
differences were not statistically significant for 
the water body. The similar high value of Iron 
was 3820 ppb in ground water and in surface 
water was 6294 ppb [18]. The concentration of 
Copper at S3 was 1.02 ppb, at S1 was 0.71 ppb, 
at S2 was 35.09 ppb; the differences were not 
statistically significant (p≤ 0.05) for discharge 
waste water contaminated with copper and can 
be related with study of Manne et al. [19] where, 
Copper ranged (0.009 to 0.823 mg/L) in water; 
stored in copper containers and will increase with 
time duration. 
 

The Umeda river in Japan contain 48–159 mg 
Zinc per Kg of sediments in surface water and 
can be related with industrialization; but no threat 
to biota [20]. The concentration of Zinc was 6.58 
ppb at S3, 0.62 ppb at S1 and 38.75 ppb at S2. 
The content of Zinc was lower at S3 and S1 than 
S2 may be due to presence of toxicants in 
pollutant nallah and can be co-related with high 
content of Zinc in Sirsa river water [21]. The 
concentration of Selenium at S3 was 0.05 ppb, at 
S1 was 0.05 ppb, at S2 was 0.10 ppb; the 
reported result was not significant as there was 
no variation at sampling site (S1 and S3) may be 
less presence of Selenium ions in pollutants. 
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Present work was in co-occurrence with the work 
of Karaj et al. [22] on Selenium content (0.01 to 
35.6 μg L−1) and found that water was not 
suitable for the purpose of irrigation of crops. 
 

The concentration of Thallium at S3 was 1.48 
ppb, at S1 was 0.00 ppb and at S2 was 3.34 ppb. 
The variation was significant between (S1vs S2) 
but it was found to be varied at sites (S1vs S3 and 

S2vs S3) and can be co-related with study on 
heavy metals [23] in Nairobi area of Kenya as 
per ascending order of (Tl <Cd <Hg <Ni <Cr 
<Pb) elemental concentration ranged between 
0.0001 to 0.015 ppm with more value of Hg and 
Tl according to limit of US EPA [24]. The 
concentration of Molybdenum at S3 was 2.5 ppb, 
at S1 was 1.2 ppb, at S2 was 5.87 ppb, the 
variations reported was not significant statistically 
for study sites as (S1vs S3 and S2vs S3) but it was 
found to be within P value at (S1vs S2) may be 
due to self-purification of water as well as surface 
run-off discharges (washing of unloaded tracks in 
Sirsa river) from industrial based river basin in 
this zone [2]. It was co-incidence with the 
reported work of Heijerick et al. [25] on riverine 
Molybdenum (1-90 nmol per Kg of sediment) in 
river Mahi of western India. In addition to above, 
the concentration of lead in fish tissue and water 
of river Panjkora was 2.028 mg/kg and 0.060 
mg/L respectively as per [26] to detect related 
cancer risk. The similar work of Dixit et al. [27] 
on the aspects of ecology and related human 
health problems or risks was underlined to study 
the effect of four pharmaceuticals on algae, 
daphnia and fishes of Sirsa river basin with 
overall ecological risk factor found to be (CTZ > 
CIP > ECP > NOR) in order to uncertain water 
conditions in Baddi area and its management 
practices. These characteristics of elemental 
profiling has reflected common source of 
pollution and their impact on water quality 
assessment to sustain aquatic resources. 
 

3.1 Elemental Load and Metal Index 

 
River Sirsa in Baddi area is a lifeline of people for 
water resources as a perennial tributary of river 
Sutlej in Northern part of India. This river basin 
also act as a dumping site hereby for industrial 
pollutants even near the common effluent 
treatment plant, the conditions were under scan 
at the edge of river bank. The baseline 
estimation of inorganic elements of daily use or 
non-use with their acceptable limit will be the 
need of current research output as an essential 
part of environmental policies [3]. The present 
study include profiling of selected elements to 

generate database to assess their ecological role 
in riverine water study at the cost of metal 
monitoring approach or indices in the near future.  
 

The hydro-biological study includes physico-
chemical analysis, bio-monitoring as well as 
pollution indices such as Metal Index (MI) to 
estimate the effect of addition of elements or 
heavy metals on the overall quality of river water. 
The higher concentration of elements in 
comparison to permissible limit of World Health 
Organization and Bureau of Indian Standards [9, 
10] classifies water quality for various purposes. 
The metal index (MI) was suggested by Tamasi 
et al. [8] and can be expressed: 
 

 
 

Where, Ci is the reported concentration of 
elements in sample, MAC is the permissible limit 
or concentration allowed in maximum as per 
standards of concerned Nation. To find 
relationship among the concentration of elements 
at sites S1, S2 and S3; the statistical analysis of 
data collected was performed by using one way 
Analysis of Variance at (p≤ 0.05) followed by 
post hoc Duncan’s test to predict the degree of 
variations.  
 

The metal index values at S1, S2 and S3 were 
1.55, 5.80 and 2.57 respectively as depicted in 
Table 2. The site S2 was affected strongly due to 
presence of elemental load and un-treated waste 
water discharges by chemical industrial units of 
Baddi region. This site (S2) was nearer to CETP 
on the bank of Sirsa river and found to be 
unsuitable at all with more value of metal index. 
The calculated MI for Boron was very high at S2 

(2.15) as compared with other elements (Fe, Mo, 
Al, Tl, Se, Na, Mg, Ca, B, Zn, Cu, Mn) under 
investigation. Result was similar with the findings 
of Raj et al. [28] on river Sutlej flowing in the 
trans-zone region with high concentration of 
metals (Cd, Ni, Cr, As). 
 

The index applied in the light of Elemental load in 
Sirsa river water indicated that the value of 
calculated Metal Index was found to be more for 
Boron (1.09-2.15), Magnesium (0.38-1.04) and 
Thallium (0-1.67) in the present study and can be 
co-related with the work of Mohamed et al. [29] 
on Ismailia canal tributary of river Nile, which was 
polluted due to discharge of industrial effluents. It 
was also related with studies of Bhardwaj et al. 
[21] on HPI (999) and MI (13.68) in BBN 
industrial belt for metal load and noted very poor 
category of water running into Sirsa riverine 
ecosystem.  
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Table 1. The concentrations of elements reported at S1, S2, S3 and their permissible limit as specified by WHO (2022) and BIS (2012) 
 

S 
No. 

Elements S1  (Lotic Zone) 

(MEAN ± SD) ppb 
S2 (Pollutant Nallah) 

(MEAN ± SD) ppb  

S3 (Lentic Zone) 

(MEAN ± SD) ppb 

Permissible limits 
WHO (2022) 

Permissible 
limits BIS 

(2012) 

Significance level (p≤ 0.05) 

ppb  ppb  S1vs S2 S1vs S3 S2vs S3 

1 B 1093 ± 97  2156 ± 72 1367 ± 89 NA 1000 0.07 0.79 0.19 

2 Na 1403 ± 80 13969 ± 757 2132 ± 96 20000 NA 0.00* 0.88  0.00* 

3 Mg 11634 ± 79 31315 ± 190 8126 ± 394 30000 NA 0.01* 0.80 0.00* 

4 Al 1.62  ± 0.25 05.37 ±  0.22 3.25 ± 0.5 50 200 0.61 0.91 0.85 

5 Ca 810 ± 35 2246 ± 65 1064 ± 79 NA 200000 0.00*  0.57 0.00* 

6 Mn 0.66 ± 0.03 18.17 ± 1.67 17.25 ± 01.96 100 300 0.35 0.39 0.97 

7 Fe 0.13 ± 0.05 17.84 ± 2.18 03.52 ± 0.09 300 300 0.27 0.94 0.41 

8 Cu 0.71 ± 0.04 35.09 ± 02.74 01.02 ± 0.21 1300 1500 0.41 1.05 0.41 

9 Zn 0.62 ± 0.005 38.75 ± 03.22 6.58 ± 00.90 3000 15000 0.02* 0.86 0.05* 

10 Se 0.05 ± 0.002 0.10 ± 0.001 0.05 ± 0.001 50 10 0.61 0.99 0.64 

11 Tl 0.00 ± 0.00 03.34 ± 0.64 01.48 ± 0.38 2 NA 0.01* 0.25 0.15 

12 Mo 01.20 ± 0.32 05.87 ± 0.12 02.50 ± 0.08 70 70 0.02* 0.67 0.11 
The collected data was analyzed statistically by one way ANOVA at (p≤ 0.05) followed by post hoc Duncan’s test. 

Element profiles were shown in Table 1 as Mean ± S.D. of sites (S1, S2 and S3) and Significance level was denoted by* 
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Table 2. The metal index was calculated for sites (S1, S2 and S3) and compared it with locations vulnerable to industrial pollution with reference to 
class of water quality 

 

Sites Element wise (METAL INDEX ) Studies on 
Metal Index 

Class References 

B Na Mg Al Ca Mn Fe Cu Zn Se Tl Mo  
1.55 

III Present study 

S1 (Lotic Zone) 1.09 .07 .38 0 0 0 0 0 0 0 0 .01 

S2 (Effluent Nallah) 2.15 .69 1.04 .02 .01 .06 .05 .02 0 .01 1.67 .08 5.80 V Present study 

S3 (Lentic Zone) 1.36 .10 .27 .01 0 .05 .01 0 0 0 .74 .03 2.57 IV Present study 

River Yamuna Heavy Metal Studied 3.44 IV [31] 

Fe  Cu Zn Ni - Cr Pb  - Cd  - 
 

River Sirsa Cr Fe Cd Ni - Mn Pb Zn Cu As - - 13.68 VI [21] 

Peenya Industrial Area Fe - - Cu Ni Cd - - Pb - Cr - 25.68 VI [41] 

River Hasdeo Cd Fe Cr Cu  Mn Pb Ni Zn - - - 25.47 VI [36] 

River Halda  Hg Fe Mn Cu Pb Cd Zn Cr Ca As Co - 0.038 I [39] 

River Sirwan Zn Al Fe Cd Cr Pb Ni - - Fe - - 5.7 V [40] 

River Ghaggar Pb Ni Cd -  Fe - - - - Al - 29.54 VI [38] 

River Bhima Pb  Mn  Ni Zn  Cd Cu  Cr  3 IV [37] 
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The Sirsa river water was affected lightly to 
strongly with reference to metal pollution as per 
classification of Caeiro et al. [30] and element 
profile study co-relation persistency also 
suggested that source of such water pollution 
was common in origin emanating from 
pharmaceutical industrial units.  Further, it was 
similar with other findings such as river Yamuna 
at Agra with high value of MI (3.44-23.15) 
reported by Bhardwaj et al. [31]; river Danro in 
Garhwa was found to be more contaminated with 
lead as per metal indices (HPI) used by 
Majumdar et al. [32]; river Hindon was 
contaminated with more Iron and Copper due to 
electroplating units assessed by Mishra et al. 
[33]; river Ganga showed seasonal changes in 
the value of HPI as reported by Matta et al. [34]; 
najafgarh drain and shahdara drain were found 
to be potential outlet for heavy metal pollution 
(HPI was 1491.15) near river Yamuna reported 
by Bhardwaj et al. [31]; the same result was 
reported by Reza et al. [35] on HPI (36.19-32.37) 
while worked on riverine ecosystem. It was also 
reported to estimate that the critical limit of this 
present application of metal index relied only on 
the use of water in and around Sirsa river basin 
co-occurrence with the findings of Rajkumar et 
al.  [7] on ground water of BBN area in reference 
to metal index (10.31 to 46.87) and its suitability. 
An attempt to narrow the gap between habitat 
and metallic pollutants in river water and 
wastewater was underline to control related 
health issues. Further, metal index approach on 
fish diversity and fisheries in the lap of foot hill 
has still dark and doom fate due to lack of 
incomplete elemental profile at the trophic status.  
 

4. CONCLUSION 
 
The change in the concentration of Elemental 
load in river water is directly proportional to 
aquatic alterations occurring at trophic level. It 
was due to the presence of toxicant substances 
which acts as nutrients for the process of 
eutrophication through bio-magnification and 
bioaccumulation. It was an intriguing fact that the 
town of Baddi is biggest in Asia as Industrial Hub 
(3120 factories) with more rapid growth in 
pharmaceutical sector (above700 pharma units) 
may be due to presence of easily available raw 
materials, man power and climatic conditions. 
The input resources and output factors (including 
industrial effluents) must be governed in such 
directions to optimise a balance between biotic 
and abiotic regime of Sirsa river basin. The 
health of water bodies was rare consideration in 
developing country due to economy loss and 

management failure at the end of natural 
calamities. Indian riverine ecosystem has 
become gutter for discharge of pollutants. The 
nature of material released in the environment 
include organic and inorganic compounds for 
geochemical recycling. The impact of flow of 
such elements in various trophic level has 
emerged in multiple domain of cutting edge 
research (new indices) and technology.  

 
FUTURE SCOPE 
 
Further scope of present study is, to restore the 
water quality of riverine tributaries for sustainable 
development of aquatic resources to the cater 
needs of local public and can be explore more on 
scientific lines in the area of elemental load and 
their toxicity. 

 
DISCLAIMER (ARTIFICIAL INTELLIGENCE) 
 
Author(s) hereby declare that NO generative AI 
technologies such as Large Language Models 
(ChatGPT, COPILOT, etc) and text-to-image 
generators have been used during writing or 
editing of manuscripts. 

 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Singh B, Singh H, Kumar S. Impact of Fish 

Co-operatives on Sustainable 
Development of Fisheries of Gobindsagar 
Reservoir, Bilaspur Himachal Pradesh, 
India. Uttar Pradesh Journal of Zoology. 
2021;42(20):81-89.  
DOI:mbimph.com/index.php/UPJOZ/article
/view/2504 

2. Singh B, Tyagi RN, Jindal A. Ecology of 
Sirsa Tributary of River Sutlej in Foothill of 
Himachal Pradesh, India. Biological Forum 
– An International Journal. 2023; 
15(5a):739-742 

3. Singh B, Sagar SK. Impact of pollutants on 
water quality of river Sutlej in Nangal Area 
of Punjab, India. Biol. F. Intnl. J. 
2013;5(1):113-123. 

4. Singh B, Sagar SK, Jindal R. 
Biomonitoring of Sirsa River in Baddi area 
of Himachal Pradesh. International Journal 
of Theoretical and Applied Sciences. 
2013;5(1):183-185. 



 
 
 
 

Singh et al.; Uttar Pradesh J. Zool., vol. 45, no. 17, pp. 487-497, 2024; Article no.UPJOZ.3963 
 
 

 
495 

 

5. Singh B, Singh H, Kumar S. Ecological 
Study of Sirsa Tributary of River Sutlej 
Around Ghanauli Area of Punjab, India. 
Adv. Biores. 2019;10(5):100-105. 
DOI: 10.15515/abr.0976-4585.10.5.100105 

6. Goldman CR, Horne AJ. Limnology. 
McGraw-Hill Book Co., New York, 
1983;464. 

7. Rajkumar H, Naik PK, Rishi MS. A new 
indexing approach for evaluating heavy 
metal contamination in groundwater. 
Chemosphere. 2020;245:125598.  
DOI: 10.1016/j.chemosphere.2019.125598 

8. Tamasi G, Cini R. Heavy metals in drinking 
waters from Mount Amiata (Tuscany, Italy). 
Possible risks from arsenic for public 
health in the Province of Siena. Sci Total 
Environ. 2004;327(1-3):41-51.  
DOI: 10.1016/j.scitotenv.2003.10.011 

9. World Health Organization. Guidelines for 
drinking-water quality: Fourth edition 
incorporating the first and second 
addenda: Geneva: CC BY-NC-SA 3.0 IGO. 
2022;1e631 

10. Bureau of Indian Standards. Indian 
Standard Drinking Water Specification 
Second Revision; 2012. ICS 13.060.20 IS 
10500. 

11. Singh B, Arora R, Mehra N. Persistence of 
Heavy Metals in River Sirsa Around 
Industrial Hub Baddi, India. Curr World 
Environ. 2023;18(1): 289-296.  
DOI: 10.12944/CWE.18.1.24 

12. Bolt HM, Duydu Y, Başaran N. Boron and 
its compounds: Current biological research 
activities. Arch Toxicol. 2017;91(8):2719–
2722.  
DOI: 10.1007/s00204-017-2010-1 

13. Tianwei Y, Guohua L, Yi D, Yanlong W, 
Tianhang Z, Xuyang Z, Min L, Yafei L.The 
research and industrialization progress and 
prospects of sodium ion battery. Journal of 
Alloys and Compounds. 2023;958:170486. 
DOI: 10.1016/j.jallcom.2023.170486  

14. Brylinski L, Kostelecka K, Wolinski F, Duda 
P, Gora J, Granat M, Flieger J, Teresinski 
G, Buszewicz G, Sitarz R, Baj J. 
Aluminium in the Human Brain: Routes of 
Penetration, Toxicity, and Resulting 
Complications. Int J Mol Sc. 
2023;24(8):7228.  
DOI: 10.3390/ijms24087228  

15. Friedman A, Boselli E, Ogneva-
Himmelberger Y, Heiger-Bernays W, 
Brochu P, Burgess M, Schildroth S, 
Denehy A, Downs T, Papautsky I, Clauss 
Henn B. Manganese in residential drinking 

water from a community-initiated case 
study in Massachusetts. J Expo Sci 
Environ Epidemiol. 2024;34(1):58-67. 
DOI: 10.1038/s41370-023-00563-9  

16. Rapant S, Cveckova V, Fajcikova K, 
Sedlakova D, Stehlikova B. Impact of 
Calcium and Magnesium in Groundwater 
and Drinking Water on the Health of 
Inhabitants of the Slovak Republic. Int J 
Environ Res Public Health. 
2017;14(3):278.  
DOI: 10.3390/ijerph14030278 

17. Debora Porri, Hans K Biesalski, Antonio 
Limitone, Laura Bertuzzo, Hellas Cena. 
Effect of magnesium supplementation on 
women's health and well-being. NFS 
Journal. 2021;23(9):30-36. 
DOI: 10.1016/j.nfs.2021.03.003 

18. Parihar K, Sankhla MS, Kumar R, Singh A. 
Assessment of Copper and Iron 
Concentration in Water of Yamuna River, 
Delhi, India. Letters in Applied 
NanoBioScience. 2020;10(2):2251-      
2257.  
DOI: 10.33263/LIANBS102.22512257 

19. Manne R, Mohan MR, Muthu K, Iska R, 
Devarajan A, Mekala N. Water quality and 
risk assessment of copper content in 
drinking water stored in copper container. 
Appl Water Sci. 2022;12(3):27.  
DOI: 10.1007/s13201-021-01542-x. 

20. Widyastuti KW, Herto DA, Pertiwi A, Minh 
NN, Kuriko Y, Takanobu I. Assessment of 
zinc concentrations in surface sediment 
from urban and industrial sites of Umeda 
River, Japan. Water Science and 
Technology Water Supply. 
2020;22(4):3941–3950.  
DOI:10.2166/ws.2022.025 

21. Bhardwaj SK, Sharma R, Aggarwal RK. 
Impact appraisal of industrialization on 
heavy metal contamination of Sirsa River 
Located in the Shivalik Foothills of North 
Western Himalayas. Curr World Environ. 
2018;14(2).  
DOI: 10.12944/CWE.14.2.09  

22. Karaj S Dhillon, Surjit K Dhillon. Selenium 
in groundwater and its contribution towards 
daily dietary Selenium intake under 
different hydrogeological zones of Punjab, 
India. Journal of Hydrology. 2016;533: 
615-626.  
DOI:10.1016/j.jhydrol.2015.12.016 

23. Kinuthia GK, Ngure V, Beti D, Lugalia R, 
Wangila A, Kamau L. Levels of heavy 
metals in wastewater and soil samples 
from open drainage channels in Nairobi, 



 
 
 
 

Singh et al.; Uttar Pradesh J. Zool., vol. 45, no. 17, pp. 487-497, 2024; Article no.UPJOZ.3963 
 
 

 
496 

 

Kenya: Community health implication. Sci 
Rep. 2020;10(1):8434.  
DOI: 10.1038/s41598-020-65359-5 

24. U.S. Environmental Protection Agency. 
Drinking Water Standards and Health 
Advisories: EPA 822-F-18-
001.Washington, DC; 2018 

25. Heijerick G, Carey S. The toxicity of 
molybdate to freshwater and marine 
organisms. III. Generating additional 
chronic toxicity data for the refinement of 
safe environmental exposure 
concentrations in the US and Europe. Sci 
Total Environ. 2017;609:420-428.  
DOI: 10.1016/j.scitotenv.2017.07.070 

26. Subhanullah M, Hassan N, Ali S, Saleh IA, 
Ilyas M, Rawan B, Ullah W, Iqbal B, Okla 
MK, Alaraidh IA, Fahad S. The detrimental 
effects of heavy metals on tributaries exert 
pressure on water quality, Crossocheilus 
diplocheilus, and the well-being of human 
health. Sci Rep. 2024;14(1):2868. 
DOI: 10.1038/s41598-024-53340-5 

27. Dixit Arohi, Pandey Himanshu, Rana Rajiv, 
Kumar Anil, Herojeet Rajkumar, Lata 
Renu, Mukhopadhyay Raj, Mukherjee 
Santanu, Sarkar Binoy. Ecological and 
human health risk assessment of 
pharmaceutical compounds in the Sirsa 
River of Indian Himalayas. Environ Pollut. 
2024:15:347:123668.  
DOI: 10.1016/j.envpol.2024.123668 

28. Raj Setia, Salwinder Singh Dhaliwal, Vinod 
Kumar, Randhir Singh, Surinder S Kukal, 
Brijendra Pateriya. Impact assessment of 
metal contamination in surface water of 
Sutlej River (India) on human health risks. 
Environ Pollut. 2020;265(Pt B):114907.  
DOI: 10.1016/j.envpol.2020.114907 

29. Mohamed E Goher, Ali M Hassan, Ibrahim 
A Abdel-Moniem, Ayman H Fahmy, Seliem 
M El-Sayed. Evaluation of surface water 
quality and heavy metal indices of Ismailia 
Canal, Nile River, Egypt. Egyptian Journal 
of Aquatic Research. 2014;40(3):225-233. 
DOI: 10.1016/j.ejar.2014.09.001 

30. Caeiro S, Costa MH, Ramos TB, 
Fernandes F, Silveira N, Coimbra A, 
Medeiros G, Painho M. Assessing Heavy 
Metal Contamination in Sado Estuary 
Sediment: An Index Analysis Approach. 
Ecological Indicators. 2005;5(2):151-          
169.  
DOI: 10.1016/j.ecolind.2005.02.001 

31. Bhardwaj R, Gupta A, Garg JK. Evaluation 
of Heavy Metal Contamination Using 
Environmetrics and Indexing Approach for 

River Yamuna, Delhi Stretch, India. Water 
Science. 2017;31(1):52-66.  
DOI: 10.1016/j.wsj.2017.02.002 

32. Majumdar A, Avishek K. Assessing heavy 
metal and physiochemical pollution load of 
Danro River and its management using 
floating bed remediation. Sci Rep. 
2024;14(1):9885.  

DOI: 10.1038/s41598-024-60511-x 

33. Mishra S, Kumar A, Shukla P. Estimation 
of heavy metal contamination in the 
Hindon River, India: an environmetric 
approach. Appl Water Sci. 2021;11:2. 

DOI: 10.1007/s13201-020-01331-y 

34. Matta G, Kumar A, Nayak A, Kumar P, 
Kumar A, Naik PK, Singh SK. Assessing 
heavy metal index referencing health risk 
in Ganga River System. International 
Journal of River Basin Management. 
2022;21(4):759–769.  

DOI:10.1080/15715124.2022.2098756 

35. Reza R, Singh G. Heavy metal 
contamination and its indexing approach 
for river water. Int. J. Environ. Sci. 
Technol. 2010;7(4):785–792.  

DOI: 10.1007/BF03326187 

36. Bhaskar M, Dixit AK, Ojha KK, Dubey S, 
Singh A, Abhishek A. The impact of 
anthropogenic organic and inorganic 
pollutants on the Hasdeo River Water 
Quality in Korba Region, Chhattisgarh, 
India. Bioinformation. 2020;16(4):332-       
340.  

DOI: 10.6026/97320630016332 

37. Chinmalli R, Vijayakumar K. Evaluation of 
health risk and heavy metal pollution 
status in the Bhima River Water 
Kalaburagi, Karnataka, India. Curr World 
Environ. 2023;18(1):197-213.  

DOI: 10.12944/CWE.18.1.17 

38. Kaur H, Rajor A, Kaleka AS. Risk 
Assessment of Metal Contamination in 
Wastewater Drains of River Ghaggar in 
Punjab (India). Research Square; 2023.  

DOI: 10.21203/rs.3.rs-2962323/v1 

39. Moumita Dey, Asma Akter, Saiful Islam, 
Shaikat Chandra Dey, Tasrina Rabia 
Choudhury, Konica Jannat Fatema, Bilkis 
Ara Begum. Assessment of contamination 
level, pollution risk and source 
apportionment of heavy metals in the 
Halda River water, Bangladesh. Heliyon. 
2021;7(12):e08625.  

DOI: 10.1016/j.heliyon.2021.e08625 



 
 
 
 

Singh et al.; Uttar Pradesh J. Zool., vol. 45, no. 17, pp. 487-497, 2024; Article no.UPJOZ.3963 
 
 

 
497 

 

40. Sarhat A, AO Basim. Assessment of      
heavy metal pollution in Sirwan River by 
heavy metal pollution index (HIP) and 
metal index (MI). Research Square;         
2022.  
DOI: 10.21203/rs.3.rs-2048667/v1 

41. Shankar BS. A critical assay of heavy 
metal pollution index for the groundwaters 
of Peenya Industrial Area, Bangalore, 
India. Environ Monit Assess. 2019; 
191(5):289.  
DOI: 10.1007/s10661-019-7453-9 

 
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual 
author(s) and contributor(s) and not of the publisher and/or the editor(s). This publisher and/or the editor(s) disclaim responsibility for 
any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content. 

 

© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited. 
 

 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://prh.mbimph.com/review-history/3963 

https://prh.mbimph.com/review-history/3963

