


Investigation on Water Quality Status and sediment in a semi-urban water body of Sira

ABSTRACT
A comprehensive study on heavy metal contamination in the water and sediments of the Chikkere water body was conducted. WAWQI revealed that water quality was poor in April and very poor in August 2021, indicating significant pollution. Samples were analyzed using acid digestion and spectrophotometry. In April 2021, Si, Cu, Mn, and Zn exceeded the acceptable limits set by BIS standards, whereas in August 2021, these metals were within permissible limits. Sediment analysis showed the highest concentration of Fe. Statistically Pb and As correlated with Cu, Mn, and cladocera. Cr, Fe, and Co correlated with Zn (<0.05) and were negatively correlated with rotifers, cladocerans, and copepods. Protozoa correlated with Si, rotifers, and copepods (<0.01). Rotifers showed a positive correlation with cladocerans and copepods (<0.01) but a negative correlation with Zn, Cr, Fe, and Co. These findings underscore the impact of heavy metal contamination on water quality and aquatic biodiversity. 
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INTRODUCTION 
Water bodies like lakes and reservoirs are beautiful natural landscapes; however, due to industrialization, urbanization, and anthropogenic activities, they are under threat. Wastewater enters into the water bodies due to inadequate monitoring and maintenance by authorities. This has led to deterioration of the quality of water and a decline in aquatic life (1,2,3). Consequently, the load of heavy metals in flora and fauna consistently causes accumulation and bio-concentration in nearby water bodies (4); conversely, they are not easily degraded and tend to accumulate beyond safe limits (5,6). Their accumulation in aquatic ecosystems is a global concern (7). Mathematical equations rating the fitness of water bodies are represented through the water quality index (8), which helps to achieve the water quality monitoring in a doable and insightful manner (9).
Heavy metals, being metallic elements, can be toxic to organisms even at low concentrations (10). They have low solubility and they are absorbed and accumulated in bottom sediments (11). When not metabolized by organisms, they can become toxic as they accumulate in soft tissues, exceeding safe levels (12). Excess amounts of both nonessential and essential metals are toxic to various aquatic biota (13). Sediments are major sources of pollution, which may spoil water quality and human health due to high metal concentration (14); acting as sinks and carriers for pollutants in aquatic ecosystems, they can spread contaminants (15).
Therefore, monitoring heavy metals in aquatic bodies is crucial, as they affect the ecosystem's life. Heavy metal analysis in water and sediments and its impact on zooplankton diversity, further to find out water quality using WQI. This baseline dat of Chikkere waterbody. Hence, data reveals new findings related to heavy metals and quality of water.

METHODS AND MATERIALS
Study area:
Sira, a taluk headquarter, is situated approximately 50 kilometers away from Tumkur, a district headquarter. It is located along National Highway No. 4 at 662 meters above MSL. The coordinates of this water body fall under 130° 75' 25" N latitude and 760° 90' 70" E longitude (Fig -1). Water and sediment samples were collected for the April and August months during 2021. The physical parameters temperature, dissolved oxygen, and TDS were recorded on-site during the collection of samples. Enumeration of zooplankton was done with separately collected samples. The sampling, transportation, and analysis procedures followed the guidelines of APHA (16) and (17). Zooplankton collections were made using a Harron-Trantor net (0.0625 m² size) and a plankton net (No. 25 mesh size, 50 µ). Preservation and identification of specimens were done (18, 19, 20).
Water and sediment samples collected were transported to laboratories for further analysis. Water samples underwent digestion with a 5 ml di-acid mixture (HNO₃:HCl—9:4) on a hot plate, filtered through Whatman No. 1 filter paper, and made up to a volume of 50 ml with double-distilled water. Analysis was conducted using the ICAPQNOVA ICP-MS instrument by Thermo Scientific. The water quality indices used worldwide is the Weighted Arithmetic WQI Method (WAWQI) (21). Average values of four samples (replicates) were taken into consideration for calculations both water and sediments and potability compared with the Bureau of Indian Standards (22).
The WQI values were determined independently.
The WAWQI methodology was adapted as follows:
Few parameters were chosen to measure the quality.
Each parameter is scaled for rating.
The unit weight (Wi) is calculated, and Wi is inversely dependent upon the standard value (Si) of the parameters recommended;
To find out WQI by totaling the subindex values.
WQI is calculated as the below equation:
  WQI = ∑ qnWn / ∑Wn
i=1     i=1
Sediment material was collected with grabs from each point and stored in a cooler at 4°C. In the laboratory, samples were dried at 60°C, disaggregated using an agate mortar, and sieved to a fraction <63 µm (23, 24). Metal concentrations in sediments were measured based on dry weight (105°C). These methods comply with ISO standards 5667 parts 1, 12, and 15 and are commonly used in scientific publications (25, 26).
Statistical techniques were employed to analyze the data and establish correlations with other physicochemical parameters and zooplankton groups.
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Fig. 1. Map of study area i.e., Chikkere water body of Sira  (Sources Google Images).
RESULTS AND DISCUSSION
	Physico-chemical parameters recorded during April and August 2021 (Table 4). Atmospheric and water temperatures were recorded at 24.8°C and 22.3°C in April and 23.5°C and 22.1°C in August 2021, respectively. 2085 μS/cm and 1065 μS/cm values were noticed for electrical conductivity, which are above the BIS limits. TDS, chloride, total alkalinity, and total hardness were observed within BIS permissible limits, whereas calcium (201 mg/l) and magnesium (138 mg/l) were slightly higher than BIS permissible limits, i.e., 200 mg/l calcium and 100 mg/l magnesium, respectively. Sulfate levels are below the acceptable limit of 200 mg/l as per BIS. Despite being essential for supporting life, the dissolved oxygen concentration was critically low. Present study results were in accordance with other workers (27). 
Due to urbanization, water bodies are becoming dumping sites for landfill and sewage discharge, resulting in deterioration and abandonment. Year-round sewage discharge has polluted the water, making it unsuitable for drinking, fishing, recreation, and other domestic purposes due to high levels of TDS, BOD, and COD, leading to eutrophication and low DO. In the present work, DO was 1.6 mg/l and 3.8 mg/l in August 2021, respectively. Similarly, it causes acute stress, decreased fisheries, ecosystem imbalance, and organism death and contributes to poor water quality (28,29). Similar to our findings, the dry season revealed higher DO than the wet season in Lake Xingyun (30).  The electrical conductivity values of more than 2085 and 1670 µmohs/cm were observed in April and August 2021, respectively. The high value is an indication of agricultural pollution and anthropogenic activities, and generally, semi-arid areas of India exhibit >500 electrical conductivity (31, 32).   Physicochemical parameters analyzed indicated that only temperature, TDS, and electrical conductivity exceeded normal limits. Compared to the United Nations Economic Commission for Europe (UNECE) freshwater quality standards, most of the metals analyzed were in safe limits. According to UNECE, all metals fall under Class I, indicating minimal anthropogenic pollution in the water and in agreement with the drinking water BIS standards.
The WAWQI method is used to determine the WQI index, and the physicochemical parameters are assessed, compared, and evaluated against the BIS (10500:2012) drinking water quality standards. Table 5  shows WAWQI and its  gradings accordingly,  higher range of WQI depicts the poor health of a body of water, whereas a lower range indicates the good quality of water (Table 4). Chikkere water body values depicted 74.1947 (Table 6) in April; according to WAWQI, it's poor quality of water, and 96.91 (Table 7) in the month of August 2021 indicates very poor water quality. The obtained values were compared with BIS standards. (33) conversely reported that WQI of 148 samples computed using BIS standards resulted in deterioration of water quality in the post-monsoon season due to an increase in magnesium, calcium, and sulfates.  (34) found that concentrations were higher during the monsoon season than the summer season in the Tigris River. (35) The WQI of Rawal Dam in Pakistan using five different data sets that revealed the applications of WQI on water samples and its own limitations, i.e., types of water, altitude, topography, sensitivity, and weight assigned to each parameter; one parameter with high concentration can affect the index classification.  
Water and sediment heavy metal concentrations were in the order of Si>As>Mn>Fe>Cu>Pb>Cr>Co in water and Fe>Cr>Mn>Zn>As>Cu>Pb>Co in sediments, respectively. Except for manganese and copper, all values noted are below the BIS desirable standards (Table 3). More concentrations (Table 1) were Si (2.5 mg/lit), Mn (0.26 mg/lit), and Fe (0.1 mg/lit) compared to Cu (0.05 mg/lit), Zn (0.06 mg/lit), As (0.05 mg/lit), Cr (0.05 mg/lit), and Co (<0.02 mg/lit) during April, whereas in August 2021, Si (12 mg/lit) and other metals were within the range of BIS desirable standards: Mn (<0.1 mg/lit), Fe (<0.01 mg/lit), Cu (<0.03 mg/lit), Zn (<0.02 mg/lit), As (<0.01 mg/lit), Cr (<0.03 mg/lit), and Co (<0.03 mg/lit) in the month of. Similarly, in sediment samples, higher values of Fe (2.34 mg/lit), Cr (7 mg/lit), Mn (0.1 mg/lit), Zn (0.2 mg/lit), Cu (<0.03 mg/lit), Pb (0.01 mg/lit), As (<0.05 mg/lit), Cr (0.3 mg/lit), and Co (0.08 mg/lit) were found.
Copper is essentially required for many enzymes and industrial processes (36,37). Chikkere water body observed copper concentrations of 0.05 mg/l and <0.03 mg/l in water during April and August, respectively; likewise, sediments showed <0.03 mg/l in August. It could be due to agricultural, chemical, and sewage inputs into the water body (38). The extensive use of copper sulfate in agriculture practices may significantly contribute to its presence in water bodies. Zn, Cu, Fe, and NO₃ were correlated with the abundance of calanoid copepods, and PO₄ and NO₂ with the abundance of nauplius and herpecticoids (27).
Manganese is naturally present in marine water and bioaccumulates in certain lower trophic levels of organisms in the food chain (39). In water, 0.26 mg/l and 0.2 mg/l of manganese were noticed in sediments of the Chikkere water body. (40) reported higher values in summer, which are in agreement with the present findings; it may be due to evaporation and concentration. (41) reported higher values in the northeast monsoon season, which is opposite to the values noticed. (42) reported that Mn is transported in suspended form via surface runoff and erosion fragments.
Zinc is essential for sustaining life as a micronutrient, but higher concentrations can be phototoxic to aquatic flora and fauna (43,44). Zinc concentrations were found to be 0.06 mg/l in water and 0.1 mg/l in sediments in the Chikkere waterbody. Lead primarily originates from mining, smelting, and refining activities, and values observed were <0.05 mg/l in water and 0.1 mg/l in sediments. The assemblage of zooplankton recorded relatively high levels of Zn (25-106 μg/g), which is probably due to its importance as an essential element for plankton (45). Pb is one of the common heavy metals that, in general, beyond a desirable limit, is a metabolic poison and enzyme inhibitor (46) and hematological damage. (47) also leads to agricultural and industrial sectors contributing significantly to its presence. Arsenic, occurring naturally, can be exacerbated by leaching from aquifers due to phosphorus from various chemical fertilizers and industrial and sewage effluents (48). The present investigation revealed arsenic concentrations of <0.5 mg/l in water and <0.05 mg/l in sediments. (49,50) opined that regionally heavy metal concentration in zooplankton is heterogeneous and it does not show a consistent pattern; the fact that accumulation and impact of the heavy metals depend on pollution level, assimilation capacity, lifecycle, and elimination/uptake level, which is variable among planktonic groups.
Zooplankton communities reflect water quality, trophic levels, and the degree of eutrophication, making them effective indicators of aquatic ecosystems (51,52). In the present study, it is observed that water temperature, ranging from 20.2°C to 23.1°C, regulated the density and diversity of the dominant zooplankton population in the freshwater. Table 2 presents the rotifera higher values 401 and 451 No. of Ind./l in both April and August, 2021, respectively. Likewise, cladocera (330 No. of Ind./l and 271 No. of Ind./l), copepods (75 No. of Ind./l and 152 No. of Ind./l), and protozoa (11 No. of Ind./l and 118 No. of Ind./l) were respectively noticed subsequently in decreasing order. Fig. 3. depicts the higher concentration of protozoa, rotifer, and copepod recorded in August and the lowest in April. Similarly, cladocera were observed to be at a maximum in April and a minimum in August. Present results are in support of (53,54,55), and monsoon season months are favorable for higher density due to availability of food.  However, also noticed results are opposite; with (56), higher rotifers, cladocera, and copepods were noticed during summer in Lake Saheb Bandh, West Bengal. Other workers have also reported similar observations by (51,57,58). Rotifers dominance is an indication of eutrophication (59,60). Higher zooplankton in summer may be due to more photosynthetic activity (61).
The metals like copper, manganese, lead, and arsenic have a significant correlation with Cladocera. whereas zinc, chromium, cobalt, and iron have negatively correlated with zooplankton groups. Likewise, protozoa has a positive correlation with copepod and silicon.
Statistically, metals are analyzed and revealed (Fig. 2) that Cu is positively correlated with Mn, Pb, and As, with <0.01 and <0.05 with Cladocera.  Mn is positively correlated with Cu, Pb, and As, with <0.01 and <0.05 with Cladocera. Zn with Cr and Fe < 0.05. Similarly, Pb and As correlated with Cu and Mn and cladocera. Cr, Fe, and Co are with Zn (<0.05) and negatively correlated with rotifer, cladocera, and copepod. Protozoa with Si, rotifera, and copepoda (<0.01); rotifera with cladocera and copepoda (<0.01); and negatively with Zn, Cr, Fe, and Co. Copepoda with Si, protozoa, rotifera, and copepod (P<0.01)
CONCLUSION
Heavy metal analysis is prime and paramount for the parameter for monitoring any aquatic ecosystem.  Comprehensive data collection and systematic monitoring of heavy metal concentrations are essential components of pollution control systems. However, sufficient manpower is necessary to maintain effective data monitoring and pollution control measures before ecosystem degradation sets in gradually.
The Water Quality Index of the Chikkere water is poor for the month of April 2021 and very poor for the month of August 2021. Due to surface runoff and anthropogenic pollution, pollution occurs during the monsoon season. Silicon, Mn, As, and Fe have resulted in higher concentrations compared to other heavy metals. Elevated levels of Cr, Fe, and Mn may be attributed to improper sewage water management, and reduced DO is posing significant threats to aquatic life if exposure continues unchecked. The combination of correlation analysis and WAWQI parameters remains comprehensive and relevant to local water quality management needs. The present work increases the understanding of the current state of the Chikkere water body, which helps to further monitoring. Heavy metals have an impact on phyto- and zooplankton and other organisms; they can be used as indicators for monitoring water bodies.
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Table 1 Showing the concentration of heavy metals in water and sediment samples (mg/lit)
	Months
	Cu
	Mn
	Zn
	Pb
	As
	Cr
	Fe
	Co
	Si

	Apr.2021
	0.05
	0.26
	0.06
	<0.05
	<0.5
	<0.05
	0.1
	<0.02
	2.5

	Aug.2021
	<0.03
	<0.1
	<0.02
	<0.01
	<0.01
	<0.03
	<0.01
	<0.03
	12

	Apr 2021 (Sediments)
	<0.03
	0.1
	0.1
	<0.01
	<0.05
	0.3
	2.34
	0.08
	-


Table 2 Showing the zooplankton diversity  in Chikkere water body (Total No. of Individuals/lit)
	MONTHS
	PROTOZOA
	ROTIFERA
	CLADOCERA
	COPEPODA

	Apr.2021
	11
	401
	330
	75

	Aug.2021
	118
	451
	271
	152


Table 3. BIS and ICMR  standards for Drinking Water quality 
	S/N
	Heavy metal
	BIS IS Desirable (mg/l)
	ICMR (mg/l)

	
	Cu
	0.05
	3.0

	
	Mn
	0.1
	-

	
	Zn
	5
	-

	
	Pb
	0.01
	0.1

	
	As
	0.01
	0.05

	
	Cr
	0.05
	0.05

	
	Fe
	0.3
	1.0

	
	Co
	-
	-

	
	Si
	-
	-


[image: ]
Fig. 2 Correlation of heavy metals with other parameters of Chikkere water body

Fig. 3. Depicts the Seasonal abundance of zooplankton of Chikkere water body.
Table 4. Showing  the Physicochemical parameters of Chikkere water body
	Months
	AT
	WT
	Turbidity
	TDS
	TSS
	EC
	pH
	DO
	TA
	TH
	Ca
	Mg
	Cl
	BOD
	NO3
	SO4
	P

	Apr.2021
	24.8
	22.3
	71
	1046
	62
	2085
	8.6
	1.6
	426
	362
	201
	138
	265
	32
	4
	128
	0.3

	Aug.2021
	23.5
	22.1
	40
	1095
	26
	1670
	8.9
	3.8
	370
	378
	196
	182
	266
	25
	3.5
	104
	0.5



Table 5. Showing the WAWQI Value and its grading
	SI No.
	WAWQI Value
	Rating of water quality
	Usage Possibilities
	Grading

	1
	0-25
	Excellent
	Drinking, Irrigation, Industrial
	A

	2
	25-50
	Good
	Drinking, Irrigation, Industrial
	B

	3
	50-75
	Poor
	Irrigation and Industrial
	C

	4
	75-100
	Very poor
	Irrigation
	D

	5
	>100
	Unsuitable for drinking
	Proper treatment is required for before use
	E



Table 6. Showing the WQI of water samples of April 2021
	Parameter
	BIS Standards(Sn)
	1/Sn
	∑1/Sn
	K=1/(∑1/Sn)
	Wn=K/Sn
	Ideal value (Vo)
	Mean conc. Value (Vn)
	Vn/Sn
	Vn/Sn*100=Qn
	WnQn

	pH
	8.5
	0.1176471
	4.3549655
	0.229622944
	0.027014
	7
	8.6
	1.011765
	101.1765
	2.733228

	EC(s/cm)
	300
	0.0033333
	4.3549655
	0.229622944
	0.000765
	0
	2085
	6.95
	695
	0.53196

	TDS(ppm)
	500
	0.002
	4.3549655
	0.229622944
	0.000459
	0
	1046
	2.092
	209.2
	0.096074

	DO(mg/l)
	5
	0.2
	4.3549655
	0.229622944
	0.045925
	14.6
	1.6
	0.32
	32
	1.469587

	TA(mg/l)
	120
	0.0083333
	4.3549655
	0.229622944
	0.001914
	0
	426
	3.55
	355
	0.679301

	TH(mg/l)
	300
	0.0033333
	4.3549655
	0.229622944
	0.000765
	0
	362
	1.20667
	120.6667
	0.092359

	Ca(mg/l)
	75
	0.0133333
	4.3549655
	0.229622944
	0.003062
	0
	201
	2.68
	268
	0.820519

	Mg(mg/l)
	30
	0.0333333
	4.3549655
	0.229622944
	0.007654
	0
	138
	4.6
	460
	3.520885

	Cl(mg/l)
	250
	0.004
	4.3549655
	0.229622944
	0.000918
	0
	265
	1.06
	106
	0.09736

	NO3(mg/l)
	45
	0.0222222
	4.3549655
	0.229622944
	0.005103
	0
	4
	0.088889
	8.888889
	0.045358

	PO4(mg/l)
	5
	0.2
	4.3549655
	0.229622944
	0.045925
	0
	0.3
	0.06
	6
	0.275548

	SO4(mg/l)
	200
	0.005
	4.3549655
	0.229622944
	0.001148
	0
	128
	0.64
	64
	0.073479

	
	
	0.6125359
	
	
	Wn=0.140652
	
	
	
	
	10.43566

	Overall Water quality index = 74.1974



Table 7. Showing the WQI of water samples of August 2021

	Parameter
	BIS standards Sn
	1/Sn
	∑1/Sn
	K=1/(∑1/Sn)
	Wn=K/Sn
	Ideal value(Vo)
	Mean conc. Value(Vn)
	Vn/Sn
	Vn/Sn*100=Qn
	WnQn

	pH
	8.5
	0.1176471
	4.3549655
	0.229622944
	0.027014
	7
	8.9
	1.047059
	104.7059
	2.828573

	EC(s/cm)
	300
	0.0033333
	4.3549655
	0.229622944
	0.000765
	0
	1670
	5.566667
	556.6667
	0.426078

	TDS(ppm)
	500
	0.002
	4.3549655
	0.229622944
	0.000459
	0
	1095
	2.19
	219
	0.100575

	DO(mg/l)
	5
	0.2
	4.3549655
	0.229622944
	0.045925
	14.6
	3.8
	0.76
	76
	3.490269

	TA(mg/l)
	120
	0.0083333
	4.3549655
	0.229622944
	0.001914
	0
	370
	3.083333
	308.3333
	0.590003

	TH(mg/l)
	300
	0.0033333
	4.3549655
	0.229622944
	0.000765
	0
	378
	1.26
	126
	0.096442

	Ca(mg/l)
	75
	0.0133333
	4.3549655
	0.229622944
	0.003062
	0
	196
	2.613333
	261.3333
	0.800108

	Mg(mg/l)
	30
	0.0333333
	4.3549655
	0.229622944
	0.007654
	0
	182
	6.066667
	606.6667
	4.643486

	Cl(mg/l)
	250
	0.004
	4.3549655
	0.229622944
	0.000918
	0
	266
	1.064
	106.4
	0.097728

	NO3(mg/l)
	45
	0.0222222
	4.3549655
	0.229622944
	0.005103
	0
	3.5
	0.077778
	7.777778
	0.039688

	PO4(mg/l)
	5
	0.2
	4.3549655
	0.229622944
	0.045925
	0
	0.5
	0.1
	10
	0.459246

	SO4(mg/l)
	200
	0.005
	4.3549655
	0.229622944
	0.001148
	0
	104
	0.52
	52
	0.059702

	
	
	0.6125359
	
	
	0.140652
	
	
	
	
	13.6319

	Overall Water quality index = 96.1991





Protozoa	Summer	SWM	NEM	297	851	1632	Rotifers	Summer	SWM	NEM	3754	2762	6312	Cladocdera	Summer	SWM	NEM	3778	2102	4022	Copepoda	Summer	SWM	NEM	890	1246	2124	
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