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Abstract Most of the inland open-waters, especially lakes, have been the victim of enhanced man-induced perturbations

and are in a critical phase of ecological transition. Lakes function as long-term sinks for many pollutants including

Potentially Toxic Elements (PTE), so the problems would further be accentuated due to environmental degradation and

impending climate change scenario. Hence, a study was designed to evaluate the distribution of PTEs in water, sediments

and fish (Pethia conchonius and Cyprinus carpio) of Sumendu (Mirik) Lake situated in the Eastern Himalayan part of

India. It plays a significant role in providing means of livelihood to many sectors. Thirty-three sediment and water

specimens were acquired from 11 sampling points to characterise the PTEs (Fe, Mn, Zn, Cu, Cr, Co, Cd, Ni, Pb, and As)

concentrations levels using ICP-MS. Spatial distributional trends and pollution quality indexes were assessed for sediment

samples. The degree of PTE exposure in the water and fishes were found to be within acceptable limits. The geostatistical

prediction map showed that the concentration range of As, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, and Zn in sampling points were

2.61–10.1 lg g-1, 0.02–0.48 lg g-1, 4.85–17.5 lg g-1, 32.2–84.7 lg g-1, 24.2–47.1 lg g-1, 13,007–61029 lg g-1,

128.3–629.9 lg g-1, 18.9–49.8 lg g-1, 3.80–20.8 lg g-1, 95.0–282.4 lg g-1, respectively. Moreover, the sediment

samples were found to be low to moderately polluted according to several pollution assessment indices viz. Degree of

Contamination, Contamination Factor, Ecological Risk Index, etc. The findings of this research will aid in understanding

potential contamination sources and significant pollution hotspots that could be utilised to develop contamination control

strategies and targeted management tactics for Himalayan fresh water lakes.
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Introduction

Inland open water resources (wetlands, lakes, reservoirs,

rivers, etc.) area are significant source of drinking water,

irrigation, agriculture, and aquaculture operations, and they

play a significant part in urban ecosystem services. Lakes

among them play a momentous role in the global water

cycle as they offer essential ecosystem services to both

humans and wildlife [12] and they constitute only 1% of

the total surface area [71]. Lakes have supported human

survival and development for millions of years, providing

crucial and valued ecosystem services like water resources

(for consumption, commerce, and farming), water man-

agement, aquaculture, biodiversity, hydroelectric, mobility,

entertainment, and beauty [17, 71]. However, the acceler-

ation of civilization, agriculture, urbanisation, and demo-

graphic expansion over the past few decades has resulted in

more nutrient intake, higher primary production, deterio-

rated quality of the water, and decreased species richness in

about 40% of all lakes globally [17]. Lakes are relatively

confined water systems with longer retention times, making

them potential long-term sinks for pollutants like
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pesticides, heavy metals and microplastics among other

freshwater resources [53]. Understanding and controlling

lakes’ vulnerability to anthropogenic eutrophication has

long been the main objective of limnological study [71].

The Sustainable Development Goals (SDGs) of the United

Nations (Goal #6) place a high priority on lakes as a supply

of water, yet the SDGs’ success is seriously threatened by

lake eutrophication [60]. Lakes are sensitive to environ-

mental changes because of their intimate connection to the

environment, and their current geochemistry reflects both

natural and anthropogenic aspects of the entire catchment

area [57].

It was reported that a major environmental disaster has

arisen due to the contamination of inland water resources

with potentially hazardous elements [24]. The PTEs con-

tamination might significantly alter the microbial commu-

nity composition changing their functionality in various

biotic and abiotic compartments of aquatic systems

resulting in harmful effects on the survivability of higher

vertebrates like fish. The public’s attention has recently

been called to various studies on PTE accretion in the

hydrosphere because of their soaring lethality, extensive

persistence, bioaccumulation, and biomagnification beha-

viour [25, 51, 58]. The input from the discharge of indus-

trial and urban sewage or atmospheric deposition in the

watershed affects the levels of PTEs in sediments of fluvial

and estuarine settings [52]. When PTE concentrations rise

above a particular level, they may have a negative influ-

ence on living things along the food chain [43]. Even while

few trace metals are inherently crucial for aquatic life, PTE

concentrations beyond certain limits are dangerous for

living creatures [39]. The majority of PTEs available in

scenery are also common and have a propensity for

bioaccumulation, making them an intriguing topic. PTEs

including heavy metals in the environment can move to

surface deposits by adhering to suspended particles,

becoming complex, and sedimenting [27]. As a result,

sediments serve as the ecosystem’s source, destination, and

container for heavy metals [44]. Under certain circum-

stances, PTEs adsorbed on sediments could leak into the

water nearby, harming aquatic life [72]. PTEs continuously

bioaccumulate in aquatic life, where they are non-degrad-

able [44]. They are significant in ecotoxicology because

metals can migrate hierarchically down the food chain and

biomagnify over time, which can have toxic impacts on

human society [68]. Due to their lethality, endurance,

mutagenic nature, and irrevocable properties, PTEs had

been categorised as priory pollutants [4]. They could build

up in soil due to both natural and man-made processes. The

nature of the source materials and weathering processes

have a big impact on how heavy metals naturally accu-

mulate. Urban and peri-urban soil characteristics have

changed from their original states as a result of human-

induced activities (agricultural, manufacturing, urban out-

flow, waste disposal, and atmospheric deposits). To protect

the biodiversity of freshwater ecosystems and the benefits

they give, the quality of ground to surface waters must be

promoted [23]. Understanding the geographical patterns of

HMs in water and sediment is, crucial for risk assessment

and environmental protection of the freshwater ecosystem.

The Himalayan lakes are of particular interest to envi-

ronmentalists since they have been subjected to biotic

strain for many thousands of years and are still degrading

quickly as a result of this stress. In the current study, the

primary threat sources are looked at, along with the perti-

nent threat causes. The water, sediment, and fish tissue of

Mirik lake in the Darjeeling Hills, Himalaya, were exam-

ined for the first time in a preliminary assessment of PTE

contamination and pollution. The purpose of the current

investigation was (i) to determine the amounts of PTEs (Ni,

Cr, Zn, Mn, Pb, Cu, As, Cd, Co, and Hg) in the water,

sediment, and fish species (ii) using number of sediment

quality criteria and pollution indexes (both single and

integrated) which may be employed to measure PTE

enrichment and pollution levels in order to evaluate the

pollution quality metrics (iii) Source sharing out and geo-

graphic distribution of PTE dispersion in Mirik lake

sediment.

Materials and Methods

Area of Research

The Sumendu Lake, popularly known as Mirik lake, a nest

in the Lesser Himalaya’s. It also plays a significant role in

providing means of livelihood to many sectors [21]. Mirik

lake is a created wetland that is surrounded by a large

natural drainage network and is located in a valley sur-

rounded by hill ranges. It stretches about 1.25 km in length,

110 ha in area with maximum depth of 8 m. It is located at

26o53.1630–26�53.6200N latitude and 88o11.1900–
88o10.9430E longitude at an altitude of 1767 m above msl,

under Kurseong subdivision of Darjeeling district. The lake

collects sewage from populated areas through a number of

inlets because it is located in a valley surrounded by hill

ridges with a substantial natural drainage network. The

river Mechi receives spillover water from the lake through

a single outfall point that is located on the lake’s western

shore. The catchments region is made up of residential

areas, undeveloped land, and business districts including

hotels, restaurants, and other stores.

Figure 1 Provides a thorough description of the study

site.
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Sample Collection and Storage

A total of 33 sediments and water samples were taken from

11 sampling points in July 2022. High-density poly-

ethylene bottles were used to collect water samples. For

PTEs analysis, the obtained water samples were promptly

preserved by addition of HNO3-acid. Surface sediment

samples were collected using the Peterson grab. Three

sediment samples were chosen at random from each sam-

pling location. The samples were transported to the labo-

ratory for treatment after being placed in sterile plastic

bags. From the Mirik lake, Pethia conchonius and Cyprinus

carpio were collected in three replicates each. All the fishes

were stored in the icebox until they were processed for

PTEs.

Preparation of Samples for Chemical Analysis

After adding 1.0 mL of pure HNO3 (Trace Metal TM

Acids, Thermo Fisher Scientific) to the 100 ml of water

samples, they were digested on a hot plate until nearly dry

followed by addition of MiliQ water creating a final vol-

ume of 50 ml. In order to investigate general parameters

and trace metal analyses, using a 2 mm sieve, ground-up

samples of air-dried sediment were examined. Organic

carbon concentration was assessed by wet digestion

Fig. 1 Study area along with

sampling sites in Mirik lake,

West Bengal, India. A total of

11 sampling stations were

selected from S1 to S9 including

area of inlet and outlet
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[22, 55]. A pH metre was used to measure pH, and the

sediment to water ratio was 1:2.5 [40]. Shade-dried sedi-

ment (1 g) was digested with Triacid (HNO3:HClO4:H2-

SO4 ratio of 10:4:1) in a hot plate system (130–200 �C)
(Trace Metal TM Acids, Thermo Fisher Scientific). The

digested samples were diluted to a level of 50 ml using

Milli Q water, then screened using Whatman paper 42 after

cooling to room temperature. After that, an ICP-MS was

used to check the samples for PTE content (NexION 1000,

PerkinElmer, USA). The Mein hart nebulizer and cyclonic

spray chamber were utilised in conjunction with the ICP-

MS system (deflector voltage: 20 V, ICP RF Power: 1600

W, CeO/Ce = 0.018, Ce??/Ce? = 0.028, nebulizer gas

flow rates: 1.5 L/min, auxiliary gas flow rates: 2 L/min,

plasma argon flow rates: 15 L/min). In Milli Q water, the

solutions were made. For the examination of fish samples,

1 g of fish flesh (on a weight-per-weight basis) was

digested with Triacid (HNO3:HClO4:H2SO4 ratio of

10:4:1) (Trace Metal TM Acids, Thermo Fisher Scientific)

in a hot plate system using the same procedures as for the

analysis of sediment samples.

Assessment of Metal Contamination

The pollution levels in this research were determined using

a variety of Indexes. (I) Indexes with a single element and

(II) Indexes with multiple elements are the two categories

into which these indices fall [22, 31].

Indexes with a Single Element

These metrics quantify the pollution brought on by a single

PTE.

Contamination Factor (CF)

An indicator called CF is used to rate the quality of sedi-

ment. CF is a helpful method for monitoring environmental

contamination over time that is brought on by a single PTE

[9]. The gradual pollution of a certain element in sedi-

ments, can be examined using CF values [1]. Each ele-

ment’s CF is calculated by dividing the element PTE

concentration that was recorded at specific sampling sites

by the background element PTE concentration [15]. Some

scientists use the typical Earth’s crustal shale values found

in clay in sedimentary rocks, as described by [31], as

background concentration data for the investigated sites are

not accessible. However, statistical techniques were used to

determine the baseline concentration or background values

because the concentration range is much different from

what was seen in this research region [31]. The statistical

methods selected include identifying the critical statistical

parameters in a ‘‘clean’’ data set after first eliminating

outlier values (expected to be anthropogenically undis-

turbed). Median plus twice the absolute median deviation

(2DMA) was used to generate the background value

[31, 46]. Sediment is considered to be contaminated by

human-induced activity when CF[ 1 and uncontaminated

when CF B 1 [3].

Potential Contamination Index (Cp)

The Potential Contamination Index is another tool for

measuring element contamination in sediment (Cp).

Although the CF and Cp indexes only take into account one

aspect when evaluating pollution, the Cp index also eval-

uates the PTE’s divergence from the background value

across all sampling locations. CF simply takes into account

background value and aids in determining how contami-

nation varies from background value over a particular

sampling site.

Cp = (Metal) sample maximum/(Metal) Background.

When.

Cp\ 1: low degree of contamination;

1 B Cp\ : 3: contamination of moderate degree;

Cp[ 3: contamination of greater degree [8].

Indexes with Multiple Element

Potential Ecological Risk Index (RI)

The Potential Ecological Risk Index is exploited to deter-

mine the amount of ecological damage caused by PTEs in

sediment [59]. It is possible to use the risk index to rep-

resent how PTEs affect the ecology of the environment

[41]. According to [15], the potential ecological risk index

is calculated as Eir = Tir CF, where Eir stands for potential

ecological hazard, Tir for toxic response factor, and CF for

contamination factor. The Tir illustrates the possible risk of

heavy metal pollution by emphasising the toxicity of some

heavy metals and the susceptibility of the ecosystem to

contamination [7]. Cd, Cr, Cu, Ni, Pb, Co, Mn, and Zn each

have hazardous reaction factors of 30, 2, 5, 5, 2, 1, and 1,

respectively, as per Hakanson’s (1980) standardised toxic

response factor (Kumar et al., 2020).

RI ¼ R Eir:

RI is the collective term for the possible ecological risk

that all of the metals evaluated pose. When: An Eir score of

40 indicates a low risk to the environment; an Eir score of

80 indicates a moderate risk to the environment; an Eir

score of 80 plus 160 plus 320 equals a severe ecological

risk; and an Eir score of 320 equals a very high ecological

hazard [15]. A RI score of 150 indicates a low potential

ecological risk; a RI value of 300 indicates a moderate

ecological risk; a RI value of 600 indicates a considerable
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ecological risk; and a RI value of 600 indicates an

exceptionally high ecological risk [43].

Comparison of Environmental Risk Assessment to Sediment

Quality Standards (SQGs)

The PTEs environmental risk (Cd, Co, Cr, Cu, Fe, Ni, Pb,

Zn, Mn, As) were calculated by comparing their concen-

trations to sediment quality guidelines [30] such as the

Lowest Effect Level (LEL), Threshold Effects Level

(TEL), Severe Effect Level (SEL), and Probable Effects

Level (PEL) in order to ascertain whether the detected

level of concentration will have adverse biological effects

[38, 70]. Below the LEL threshold, sediments are regarded

as clean to mildly contaminated, but no effects on the

majority of organisms that live in sediment are anticipated

[37]. PEL stands for the concentration at which unfavour-

able consequences are expected to occur frequently [47].

PEL offers aquatic organisms a reduced level of defence

[49]. The lowest attention level (TEL) is the level at which

detrimental consequences are least likely to occur [47]. As

a result, it is believed to provide aquatic organisms with a

higher level of defence [49]. Over the SEL threshold,

sediments are considered to be significantly contaminated,

and adverse effects on the majority of species that live in

sediment are anticipated [37].

Data Analysis

The natural or anthropogenic origins of PTEs were deter-

mined using correlation analysis [16, 64]; multivariate

statistical analysis of Principal Component Analysis

(PCA); and Cluster Analysis (CA). The PCA and CA, as

well as all other statistical analyses, were carried out using

SPSS version 16.0. In order to create the graphs, Origin

2021 was used (Academic). A useful method for finding

patterns, classifying them, modelling them, and locating

contamination sources is PCA-based factor analysis [36].

Using cluster analysis, several geochemical groupings were

found, allowing samples with similar metal concentrations

to be categorised. The samples are grouped by CA

according to how similar they are. The amalgamation rule

was Ward’s method, and the metric for cluster analysis was

the squared Euclidean distance. Dendrogram representation

from cluster analysis showed the similarities between the

variables [35, 45].

The spatial autocorrelation and distribution of PTEs in

the surface sediment were investigated using the analytical

interpolation method Inverse Distance Weighted (IDW) in

ArcGIS 10.2.2. The method was also used to investigate

the ecological risk value of several PTEs in the vicinity of

Mirik lake. IDW makes the supposition that the rate of

correlation and similarity increases in direct proportion to

the separation between nearby locations. The value of the

cell will resemble the value of the sample point more

closely the closer a point is to the prediction cell. There is

more weight when the measured location is close to the

centre of the prediction cell. The analysis was conducted

using ArcGIS 10.2.2. We created a polygon that closely

resembled Mirik lake and used it to interpolate data. The

entire root mean square error was kept around 1 to

accomplish effective data interpolation (0.001–0.002).

Results and Discussion

Distribution of PTEs (lg L21) in the Water of Mirik

Lake

The levels of PTEs-Cd, Cr, Pb, Ni, Co, Fe, Mn, Cu, Zn, and

As in the water from Mirik lake was compared with various

drinking water quality standards (supplementary Table 1)

[54, 61]. Concentration of all potentially toxic elements we

found within the permissible limit. According to the find-

ings, PTE absolute concentrations varied in the following

order: Fe[Zn[Mn[Cr[Ni[Cu[ Pb[As[
Cd[Co. Fe concentration varied from 25.3 to 59.0

lg L-1 and Mn concentration varied from 2.0 to 6.9

lg L-1. As was found in the water and it varied from 0.03

to 0.35 lg L-1with mean ± Sd was 0.17 ± 0.11 lgL-1.

According to the current investigation, the concentration of

As in drinking water was within the acceptable limits of

0.05 mg L-1 and 0.01 mg L-1 [61]. The element As is

categorised as the first priority toxic element by the WHO

and US EPA. It is the most common drinking water pol-

lutant on a global basis [19]. To explain how environ-

mental influences are causing As in water to behave

differently, several theories have been put forth. As(V) and

As(III) are the two As species that predominate in aquatic

environments, and their presence changes depending on the

pH and redox circumstances [5]. Fe-oxide minerals cause

strong arsenate adsorption in the middle-acidic pH range

and desorption has been seen at pH 8 [34]; these processes

are related to As mobility [20]. Highest As was recorded at

outlet point followed by S9, S6, S4, S7 and inlet. Location

and the degree of anthropogenic water contamination is

found to be maximum in inlet station which has highest

concentration of most of PTEs examined except Mn and

As. The inlet station is located near the tourist assemble

point where disposal of plastics, garbage and sewage

wastes from different tourist vehicles, hotels and residential

areas takes place [10]. Travelers congregate here to see the

fishes that congregate primarily in this location as the fishes

consume different foods tossed by the people [33]. Addi-

tionally, run-off from tea fields and resorts transporting

pesticides and fertilisers, human excreta from kaccha
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latrines and bathing, etc., are all dumped into the Mirik

lake [21].

Distribution of PTEs (lg g21) in the Sediment

of Mirik Lake

The spatial variability of PTEs in sediment is shown in

supplementary Figure 1. Fe[Mn[Zn[Cr[Ni[
Cu[ Pb[Co[As[Cd were the potentially toxic ele-

ments concentrations in the sediment that were investi-

gated. Fe concentration ranged between

12,980–61032 lg g-1 with an overall average of

37,823 lg g-1. The station Outlet had the highest con-

centration of Fe (61,032 g g-1), which may have been

caused by the quick deposition of waste from nearby

bathing and washing activities. Also, outlet station of Mirik

lake is connected to the Mechi River through weirs where

through intermixing deposited nutrients are substantially

concentrated near the outlet of the lake by which it gets

discharged in the Mechi river [21].

The control of desorption and absorption processes by

river hydrodynamics may also be used to explain the highly

changeable pollution levels [19]. This is related to the lake

sediments carried by waterways combine with river water,

which has a big impact on how much pollution gets

deposited [48]. The physical characteristics and chemical

environment of the sediment are altered by hydrodynamic

circumstances, which in turn affects the concentration of

heavy metals [66]. The mobility of heavy metals and their

behaviour in sediments is affected by the hydrological and

depositional conditions of the river. The kind of sediments,

which are composed primarily of clay particles, likewise

considerably affects the distribution of iron [11, 32]. The

lowest Fe values (12,980 g g-1 and 19,155 g g-1) were

observed close to sampling sites S1 and S4. Zn concen-

tration ranged between 95.0 and 282.4 lg g-1 with an

overall average of 141.4 lg g-1. Station S9 has the

greatest concentration of Zn (282.4 lg g-1). S9 is the

location where residential waste and industrial effluents,

particularly from Mirik bazaar, are released. At this loca-

tion, people bathe and wash their garments. Mn concen-

tration ranged between 128.0 and 630.3 lg g-1 with an

average concentration of 418.3 lg g-1. Greater levels of

Mn concentration were found near to stations s6 and outlet

point. Cr concentration ranged between 32.1 and

84.7 lg g-1 with an average concentration of 64.4 lg g-1.

The greatest quantity of chromium was found near outlet

point (84.7 lg g-1). After prolonged exposure, the element

Cr, which is mutagenic, extremely poisonous, and car-

cinogenic, has the ability to travel and change in surface

sediments [19]. Ni concentration ranged between 18.9 and

49.8 lg g-1 with an average concentration of 36.1 lg g-1.

Highest concentration of Ni was found near station outlet

point (49.8 lg g-1). Cu concentration ranged between 24.2

and 47.1 lg g-1 with an average concentration of

32.8 lg g-1. Highest concentration of Cu was found at

station S9 (47.1 lg g-1). The concentration of Pb ranged

between 3.79 and 20.8 lg g-1 with an average concen-

tration of 6.0 lg g-1. Highest concentration of Pb was

found in station outlet point (20.8 lg g-1). Co concentra-

tion ranged between 4.84 and 17.5 lg g-1 with an average

concentration of 13.3 lg g-1. Highest concentration of Co

was found in station S6 (17.5 lg g-1). The As concentra-

tion ranged between 2.61 and 10.1 lg g-1 with an average

concentration of 6.69 lg g-1. Highest concentration of the

As was found in station inlet point (10.1 lg g-1). Cd

concentration ranged between 0.02 and 0.48 lg g-1 with

an overall average of 0.23 lg g-1. Highest concentration

of Cd was found in station S9 (0.48 lg g-1).

PTEs in the Fish Tissue

Fish species Pethia conchonius and Cyprinus carpio were

studied for their PTE levels from different stations of Mirik

lake are presented in Table 1 and compared with WHO and

FAO prescribed limit for human consumption. These fish

species were chosen because they were often consumed by

the locals and could be used to assess PTE bioaccumula-

tion. Cd, Co, Cr, Cu, Fe, Ni, Pb, Zn, Mn and As concen-

tration were found to be 0.17 lg g-1, 0.03 lg g-1,

0.75 lg g-1, 1.31 lg g-1, 106.4 lg g-1, 0.15 lg g-1,

0.23 lg g-1, 95.2 lg g-1, 0.63 lg g-1 and 0.05 lg g-1

for Pethia conchonius. Similarly, in Cyprinus carpio PTE

concentration were found to be 0.23 lg g-1, 0.07 lg g-1,

0.95 lg g-1, 1.61 lg g-1, 123.2 lg g-1, 0.17 lg g-1,

0.28 lg g-1, 110.2 lg g-1, 0.76 lg g-1 and 0.09 lg g-1

for Cd, Co, Cr, Cu, Fe, Ni, Pb, Zn, Mn and As, respec-

tively. The analysis of fish samples revealed that the dis-

tribution of PTEs were in the order of

Zn[ Fe[Mn[ Pb[Cr[Cu Ni[As[Cd[Co.

PTE concentrations in fish tissue were found to be within

ranges suitable for human consumption prescribed by FAO

1983; World Health Organization 1989 are presented in

Table 1. Different fish species residing in the same body of

water but with varying levels of water contamination may

be the cause of the difference. The heavy metals found in

the sediment are due to sediment water interface, which is

the primary habitat of Cyprinus carpio. Enhanced miner-

alization processes take place at the interface, especially in

the oxic zone. It may be due to organic matter suspended in

the water, which initiates oxidation reactions at the sedi-

ment- water interface. Second, eating habits and biological

metabolisms of creatures affected how much metal was

present in them. When dietary consumption of these two

metals exceeds the levels that could possibly endanger

human health, Zn and Cu, common, essential minerals with
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many health advantages, may become toxic [67]. The

presence of potentially harmful substances in the fish

sample may be the result of anthropogenic activities such

as residential trash, neighbouring chemical factories, picnic

and tourist garbage, sewage effluents, illegal waste dis-

posal, and untreated industrial discharges. In order to

safeguard consumers, it is necessary to monitor the PTEs

content in fish tissue to verify compliance with food safety

regulations [67].

Risk Assessment

The CF is used to estimate the PTE sources and the degree

of anthropogenic influence [19]. According to the current

investigation, average CF values for all potentially harmful

elements differed in the following order: Zn[Cu[
Ni[Cr[ Fe[Co[Cd[As[Mn[ Pb (Fig. 2.). The

calculated CF value for Zn exceeded 1 in stations 8, 9 and

inlet point. Overall average Zn conc. was found to be near

unity (0.95). CF value for Cu exceeded 1 in stations S9,

outlet and inlet and average CF was found to be 0.90. CF

value for Fe exceeded 1 in stations S5, outlet and inlet. So,

27% of the sites for Zn, Cu and Fe indicated moderate

contamination indicating an anthropogenic input for these

PTEs [2]. Diesel fuel, shoe rubber and rubber from tyre

dust are significant potential sources of zinc contamination

[62]. Zn and Cu has a good level of remobilization from

water to sediments, which is one of its characteristics [28].

It can precipitate with sulphides in an anoxic environment

under extreme circumstances (floods), which cause resus-

pension [19]. CF value for Ni exceeded 1 in stations S9 and

outlet and near to unity in station inlet (0.96). For Cr, CF

value was found to be 1 in station outlet and near to 1 in

Stations inlet and S9. CF value for As was found to be near

1 (0.98) in Station inlet. In stations S9 and inlet CF value

for Cd exceeded 1. The CF value was less than 1, which

indicates no contamination, in the remaining PTEs. How-

ever, there is a considerable likelihood that the stations

with CF values close to 1 will be increasingly polluted in

the future due to anthropogenic reasons.

The potential contamination index (Cp) was found to be

in sequence of Cd[Zn[Cu[Ni[Mn[As[ Pb[
Fe[Co[Cr (Table 2). Cp value for Cd and Zn were

found to moderately polluted (2.97and 2.75, respectively).

Table 1 Potentially toxic elements (lg g-1 wet wt.) concentration in fish muscle

Cd Co Cr Cu Fe Ni Pb Zn Mn As

Pethia conchonius 0.17 0.03 0.75 1.31 106.47 0.15 0.23 95.23 0.63 0.05

Cyprinus carpio 0.23 0.07 0.95 1.61 123.23 0.17 0.28 110.23 0.76 0.09

WHO(1989) 1 50 30 100 0.5–1 2 100 1

FAO(1983) 0.05 – 30 – – 0.5 30 –

Fig. 2 Contamination factor of

surface sediment in Mirik lake
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For Cu, Ni and Mn, Cp was found to be 1.94, 1.66 and 1.50

indicating low pollution. For rest of the potentially toxic

elements Cp was found to be less than 1.5 indicating

extremely low level of pollution. Although for As, Cp was

found to be 1.47 but proper monitoring is required to stop it

further contaminating.

Figure 3a shows that the potential ERIS presented by

every PTE in the Mirik lake sediments. ERIS for Cd, Co,

Cr, Cu, Ni, Pb, Zn, Mn and As ranged from 1.76–41.83,

0.51 -1.87, 0.76–2.00, 3.32–6.46, 2.15–5.68, 0.81–4.46,

0.63–1.89, 0.19–0.94 and 2.53–9.87 with mean values of

20.04, 1.41, 1.52, 4.49, 4.12, 2.85, 0.95, 0.62 and 6.49,

respectively. The potential ecological risk indices showed

that the PTEs’ pollution intensity declines in the order of:

Cd[As[Cu[Ni[ P[B[Cr[Co[Z[Mn.

Similar findings were found for the levels of Cd pollution

using the Hakanson potential ecological risk indicator and

other examined indices. Recent research suggests a sub-

stantial correlation between tourism and cadmium con-

tamination, which impacts the entire world [42, 66]. The

pattern helps to explain why cadmium is found in high

tourism areas. Land contamination caused by settlement

sedimentation, commercial and residential trash outflow,

construction activity and municipal trash have been linked

to anthropogenic PTE concentrations in the Mirik lake

[21]. Through the Ecological Risk Index, a prediction map

was created to examine the spatial pattern of the overall

potential ecological risk (ERI) (Fig. 3b) which ranged from

14.65 to 72.78. 37% of the stations were found to be little

risk of pollution (ERI\ 40); while, 63% of stations were

found to be moderate risk of pollution (ERI\ 80). The

figure clearly depicts a high risk towards inlet and stations

S9, and Species richness may be greatly impacted by this,

especially for macroinvertebrates, planktonic communities,

and littoral vegetation [21]. ERI values, in notably, high-

light the ecological risk associated with certain biological

species’ sensitivity to PTEs [4]. The highest Cd, Cu, and

Zn levels are seen in the navy to blue coloured zones,

which also exhibit very high to high ecological risk

(72.79). The areas were mostly those where wastewater

from the Mirik market is released. At this location, people

also bathe and wash their clothes [10].

Comparing PTE Pollution Danger to Sediment

with SQGs

Assessing PTEs’ concentrations in SQGs allowed for the

determination of their pollution status (Supplementary

Table 2). For all sampling locations, the present amount of

Cd in sediments was lower than the LEL, PEL, TEL, SEL,

and TET, indicating that sediments are regarded as clean to

slightly contaminated and that no effects on the majority of

species that live in sediment are anticipated [37]. Cr, Cu,

and Ni contents were higher than LEL in all sample loca-

tions but lower than SEL and TET, indicating that sedi-

ments were moderately polluted. The Pb content in

sediment was lower than the LEL, PEL, TEL, SEL, and

TET from all monitoring stations, ranging from 3.79 to

20.82 g g-1. It shows that sediments were not thought to

be polluted by Pb. The current investigation found that, in

the majority of the sampling stations, the As concentration

in sediments above the TEL in accordance with SQGs.

Additionally, it was shown that the physicochemical

characteristics of sediment affect how much pollution is

present at any one time. Sediment biogeochemical activi-

ties and environmental physicochemical variables have

shown to be significantly impacted by sediment contami-

nation [56].

Identification of the Sources of PTEs

Understanding the distribution of potentially harmful sub-

stances can be achieved by analysing their origins. The

relationship and source of the possibly harmful materials

were examined using principal components analysis

(PCA), Pearson’s correlation analysis, and cluster analysis.

To locate possible sources of PTEs, the statistical technique

known as PCA has been well-researched and proven to

work [63, 65]. Instead of a variance–covariance matrix, a

correlation matrix was used to calculate PCA, giving each

variable an equal weight. The PCA results for the PTE

levels in the surface sediment samples are presented in

supplementary Table 4. The PCA revealed four main

components with Eigen values greater than one based on

Varimax rotation that cumulatively explained 88.12% of

their total variance in Mirik lake sediment. The first prin-

cipal component (PC1) explained 55.5% of the total vari-

ation (eigenvalue = 2.88) (Fig. 4), and was strongly

correlated with Co, Cr, Ni, Fe, Pb, Mn and As (loading

value 0.785–0.956) implying a common source [58]. Per-

haps due to external anthropogenic release. This theory is

further corroborated by Pearson’s correlation analysis

(supplementary Table 3), which reveals that all heavy

metals have a substantial positive connection with one

another (r[ 0.70, p 0.01). Co–Ni (r = 0.70), Co–Fe

(r = 0.78, Co–Pb (r = 0.73, Co–Mn (r = 0.88, Co–As

(r = 0.84), Co–Cr (r = 0.85, Co–Ni (r = 0.70), Co–Fe

(r = 0.78, Co–Pb), Co–Mn (r = 0.78), Co–As (r = 0.84).

According to Pearson’s correlation coefficient (r), r value

between 0.5 and 0.7 is regarded as having a moderate

correlation; while, r[ 0.7 is viewed as having a high

correlation [45]. A strong correlation coefficient between

two metals can imply that they will behave similarly in a

given environment [29]. There is a loading for Cd, Cu, Zn,

and Silt in PC2, which explained 12.8% of the total vari-

ance. These metals are seen in the same PCA quadrant with
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varying loadings, pointing to one or more sources of pol-

lution [19]. It is possible to explain their close association

and related origin by the strong organo-metallic complexes

that organic complexes like humic and fulvic acids create

with Cu and Cd [70]. Also silts play a significant role in

incorporating the cations on their surface and raising the

level of PTE contents [50]. Even by correlation analysis

and coefficients of variation, moderate loading may suggest

Fig. 3 Ecological risk assessment. a Ecological risk index for single metal. b Spatial distribution of ecological risk index in Mirik lake, West

Bengal, India
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the presence of a mixed source that is less geogenic and

more linked to anthropogenic activities. Pearson’s corre-

lation analysis shows Cd–Cu (r = 0.77), Cd–Zn (r 0.81)

and EC–Cd (r = 0.71). PC3 which described 11.4% of the

total variance, has a strong loading for OC, sand and clay.

PC4 which described 8.4% of the total variance and Eigen

value 1.12 has strong loading for pH. The strong correla-

tion and availability of metals is governed by the sedi-

ment’s texture and organic content though its powerful

complexing capacity with metallic pollutants. PTEs from

the ecosystem can be absorbed by OC in sediment [18] and

is considered to be a significant sink or carrier for heavy

metals providing an excellent record of the impacts of

industry and anthropogenic activity [69]. Strong correlation

indicating that PTEs originated from the same places, are

interdependent, behaved similarly while being transported,

and were relocated together [43]. Weak correlations

between PTEs demonstrate that metals are controlled by a

variety of geochemical interactions and support rather than

by a single cause [46]. PTEs, however, also show intricate

interactions among themselves, with alterations in corre-

lations relating to anthropogenic as well as biological,

chemical, and physical processes [43]. Complex inter ele-

mentary correlations point to a mixed source of origin,

including both anthropogenic and lithogenic sources

[14, 26]. PTE’s natural sources include weathering of

metal-rich rocks and continental dust migration [6, 7]

Hierarchical Cluster Analysis (HCA) is an effective

method for locating or grouping the correlations between

the parameters that have been studied, or for putting

sampling sites into groups based on their similarities [13]

To create a heat map that represents the severity of each

PTE for each sampling site, HCA was used to create

dendrograms linked by coloured mosaics (Fig. 5). The

whole dataset of 11 sample sites (right of the map) and PTE

concentrations (bottom of the map) was created into a 2-D

HCA heat map, as shown in Fig. 5. Sediment samples were

clustered into 3 groups, S9, Inlet, outlet and S5 as Group 1;

S8, S6, S3, S7 and S2 as Group 2 and S4, S1 as Group 3.

As shown, three clusters that were clearly distinguished

and coincided with three groups differentiated by the

concentrations of PTEs according to results from 2-D HCA

heat map and PCA identified by HCA. Similar geochemical

Fig. 4 Principal component analysis (PCA) of PTEs

Fig. 5 Heat Map with

Hierarchial Cluster Analysis
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and human factors may have an impact on the concentra-

tion of stations along the Mirik lake and the dispersion of

PTEs in sediments. Therefore, using their commonality, the

sampling sites could be totally clustered using HCA.

Conclusions

Potential toxic elements distribution, ecological risk, and

source localization in the sediments, organisms, and sur-

face water of Mirik lake was studied. Due to wastewater

and other rubbish disposal, PTE concentrations (Mn, Ni,

Pb, Cu, Fe, Cr, Cd, Co, and Zn) were higher especially at

the inlet side of the wetland according to the spatial dis-

tribution maps. Ecological risk assessment indicated that

Cd and As were the most polluted PTEs in sediments and

need greater concern. The findings of the CA and PCA

indicated that there was a substantial positive association

between the concentrations of PTEs and were mostly

influenced by the texture of the sediments in the research

area. PTE concentrations in fish tissue were found to be

within ranges suitable for human consumption. In general,

the study’s findings offer preliminary data on the level of

PTE exposure in sediments, water, and fish as well as the

pollution status, which may be useful in the creation of

acceptable environmental safety measures.

Supplementary InformationThe online version contains

supplementary material available at

https://doi.org/10.1007/s40003-024-00720-y.
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