
Int J Environ Sci Nat Res 37(4): IJESNR.MS.ID.556470 (2026) 01

Comprehensive Assessment of Heavy  
metal Contamination in Drinking Water of 
 District Morena (Madhya Pradesh, India)

Research Article
Volume 37 Issue 4- October 2026
DOI: 10.19080/IJESNR.2026.37.556470

Int J Environ Sci Nat Res
               Copyright © All rights are reserved by Alka Varshney

Alka Varshney1* and Dr. DK Sharma2

1Assistant Professor Zoology, SMS Govt. Model Science College Gwalior, India
2Professor of Zoology, SMS Govt. Model Science College Gwalior, India

Submission: October 02, 2026;  Published: October 22, 2026

*Corresponding author: Alka Varshney, Assistant Professor Zoology, SMS Govt. Model Science College Gwalior, India

Abstract

Heavy metal contamination in drinking water is a global challenge as it is a matter of serious concern for environmental quality and human 
health. Human beings can be exposed to heavy metals primarily through water consumption. These heavy metals have a tendency of bio 
accumulation and can induce cancer and various health related issues. The general objective of the study was to analyze the heavy metals status 
in drinking water of urban areas in district Morena. The results revealed that Iron, manganese and zinc were commonly present in all drinking 
water samples, lead was detected in Morena city, Sabalgarh, Banomore, and in Kailaras. Cadmium was found in Sabalgarh and in Banmore, 
but arsenic was found below detectable limit in District Morena. According to the indices, the drinking water quality of District Morena was 
under limit in terms of heavy metals as per BIS standards but it can be increased in future, if necessary, measures are not taken. The results 
showed municipal tap water exhibited lower heavy metal levels in comparison to the ground water. This study revealed need for strengthening 
continuous monitoring, improved water treatment technologies, and integrated pollution-prevention strategies, especially disposal at point of 
origin to reduce heavy metal contamination in drinking water. 
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Introduction 

Heavy metal is a metallic chemical element that has a relatively 
high density (greater than 5 grams per cubic centimeter, about 
five times, than the density of water), high specific gravity or 
atomic weight and can be toxic even at low concentrations. They 
may be essential trace elements (toxic at high levels) like- zinc, 
copper, manganese and iron or they may be toxic elements with 
a biological role, like lead, mercury, cadmium and arsenic [1]. The 
groundwater is vulnerable to substantial metal contamination due 
to geogenic and anthropogenic exercises, like mining, agricultural 
run-off, poor wastewater supervision, from the eroded pipeline 
system [1]. Contamination of drinking water by heavy metals 
is a matter of serious concern because of their tendency to get 
assimilated (bioaccumulation) in different tissues of human 
body [2]. District Morena is a predominantly agrarian area, 
mainly dependent on groundwater resources and widespread 
use of fertilizers and pesticides heighten the vulnerability of 
groundwater to contamination, including heavy metals. As 
groundwater (hand pumps, tube wells, and bore wells) is the  

 
primary source of drinking water used often without adequate 
treatment. Limited municipal water supply infrastructure and 
irregular monitoring exacerbate the risk of contaminated water.

Material and Methods

Study area

District Morena is in north Madhya Pradesh at 25o22’ to 
26o52’ N latitude and 77o10’ to 78o42’°E longitude. The ground 
water table of Morena city has been from around 120-180ft. 
Climate is semi-arid. The total area of Morena is 4989.78Sq. 
km. According to 2011census [3] the population of Morena is 
1965137. Morena experiences extreme weather conditions, the 
summer temperature ranges from 45°C to 48°C where in the 
winter temperature ranges from 4°C to 1°C. The average rainfall 
in Morena varies from 430mm to 753.7mm and the maximum 
rainfall is received during southwest monsoon period (June to 
September). The geology of the district consists mainly of alluvial 
deposits, sandstones, shales, and limestone formations which 
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play a significant role in determining groundwater chemistry, 
including the mobilization of heavy metals. All 7 Tehsil places (of 
urban areas) in Dist. Morena were selected for this study. They 
were depicted as-Sampling Station 1(S1)-Morena city, Sampling 
Station2(S2)- Banmore, Sampling Station3(S3)-Ambah, Sampling 
Station 4(S4)-Porsa, Sampling Station 5(S5)-Joura, Sampling 
Station 6(S6)-Sabalgarh, Sampling Station 7(S7)-Kailaras. From 
every site sample of municipal tap water, hand pump water and 
bore well water were collected in triplicate. Average of which 
was mentioned in tables. Study period was from March 2024 to 
February 2025 (Figure 1).

Polyethylene Bottles were used which were properly labeled 
with sample number, cleaned with 5% nitric acid, rinsed with 
distilled water and allowed to dry before use. At sampling stations 
bottles were rinsed with sample water also. Hand pumps and tube 
wells were permitted to flow continuously for around 10 minutes 

before sample collection, and they were placed immediately in 
dark boxes for examination in the laboratory (within 4 hours of 
collection). In the laboratory they were filtered with Whatman 
filter paper No. 42 and acidified with 2ml of conc. Nitric acid 
per litre of filtrate water. This minimized precipitation and 
adsorption to the container walls. The samples were further 
preserved for digestion. After digestion the water samples were 
analyzed for specific heavy metal using the Atomic Absorption 
Spectrophotometric (GFAAS-Model- Perkin Elemer AAnalyst 700) 
method at specific wavelengths and quantified by the methods of 
American Public Health Association (APHA 2023) 24th Edition [4].

Result and Discussion

During study, it was observed that heavy metals were present 
in the water of Dist. Morena. The average of one year study of (all 
the three seasons) was given in the table and graphs (Table 1 & 2).

Table 1: Acceptable and permissible limits for drinking water as per BIS (IS 10500:2012).

S. No.  Heavy Metals  Standard Acceptable Limit (mg/L)  Permissible Limit(mg/L) 

1 Manganese 0.1 0.3

2 Iron 0.3 No relaxation

3 Zinc 5 15

4 Lead 0.01 No relaxation

5 Cadmium 0.003 No relaxation

6 Arsenic 0.01 0.05

Table 2: Mean Value with standard error and range of variation of Heavy metals in selected sites.

Parameter
Range

Mar.’24 - Feb.’25

Manganese Iron Zinc Lead Cadmium

S1

PHE
Mean-SE 0.031 ± 0.002 0.073 ± 0.023 0.126 ± 0.003 0.0011 ± 0.0001 0.0000 ± 0.0000

Min.-Max. 0.028-0.035 0.030-0.110 0.122-0.131 0.0009-0.0014 0.0000-0.0000

HP
Mean-SE 0.028 ± 0.001 0.137 ± 0.029 0.240 ± 0.002 0.0024 ± 0.0002 0.0000 ± 0.0000

Min.-Max. 0.026-0.031 0.090-0.190 0.236-0.244 0.0021-0.0027 0.0000-0.0000

BW
Mean-SE 0.044 ± 0.004 0.253 ± 0.020 0.332 ± 0.003 0.0012 ± 0.0001 0.0000 ± 0.0000

Min.-Max. 0.037-0.049 0.220-0.290 0.328-0.338 0.0011-0.0014 0.0000-0.0000

S2

PHE
Mean-SE 0.022 ± 0.003 0.083 ± 0.020 0.120 ± 0.002 0.0015 ± 0.0002 0.0000 ± 0.0000

Min.-Max. 0.018-0.027 0.050-0.120 0.117-0.124 0.0012-0.0019 0.0000-0.0000

HP
Mean-SE 0.039 ± 0.003 0.337 ± 0.032 0.535 ± 0.002 0.0133 ± 0.0015 0.0023 ± 0.0002

Min.-Max. 0.035-0.044 0.280-0.390 0.531-0.539 0.0110-0.0160 0.0021-0.0027

BW
Mean-SE 0.068 ± 0.003 0.210 ± 0.012 0.604 ± 0.004 0.0237 ± 0.0012 0.0024 ± 0.0001

Min.-Max. 0.063-0.073 0.190-0.230 0.598-0.611 0.0220-0.0260 0.0022-0.0027

S3

PHE
Mean-SE 0.013 ± 0.002 0.070 ± 0.021 0.086 ± 0.003 0.0000 ± 0.0000 0.0000 ± 0.0000

Min.-Max. 0.009-0.017 0.040-0.110 0.081-0.092 0.0000-0.0000 0.0000-0.0000

HP
Mean-SE 0.040 ± 0.005 0.190 ± 0.012 0.142 ± 0.002 0.0000 ± 0.0000 0.0000 ± 0.0000

Min.-Max. 0.034-0.049 0.170-0.210 0.139-0.145 0.0000-0.0000 0.0000-0.0000

BW
Mean-SE 0.055 ± 0.007 0.233 ± 0.015 0.142 ± 0.003 0.0000 ± 0.0000 0.0000 ± 0.0000

Min.-Max. 0.044-0.068 0.210-0.260 0.137-0.146 0.0000-0.0000 0.0000-0.0000

http://dx.doi.org/10.19080/IJESNR.2026.37.556470


How to cite this article: Alka Varshney, Dr. DK Sharma. Comprehensive Assessment of Heavy metal Contamination in Drinking Water of District Morena 
(Madhya Pradesh, India). Int J Environ Sci Nat Res. 2026; 37(4): 556470.  DOI: 10.19080/IJESNR.2026.37.55647003

International Journal of Environmental Sciences & Natural Resources

S4

PHE
Mean-SE 0.028 ± 0.002 0.043 ± 0.015 0.138 ± 0.002 0.0000 ± 0.0000 0.0000 ± 0.0000

Min.-Max. 0.024-0.032 0.020-0.070 0.135-0.142 0.0000-0.0000 0.0000-0.0000

HP
Mean-SE 0.051 ± 0.004 0.163 ± 0.018 0.268 ± 0.002 0.0000 ± 0.0000 0.0000 ± 0.0000

Min.-Max. 0.045-0.058 0.130-0.190 0.265-0.271 0.0000-0.0000 0.0000-0.0000

BW
Mean-SE 0.057 ± 0.005 0.230 ± 0.023 0.381 ± 0.001 0.0000 ± 0.0000 0.0000 ± 0.0000

Min.-Max. 0.048-0.065 0.190-0.270 0.379-0.384 0.0000-0.0000 0.0000-0.0000

S5

PHE
Mean-SE 0.030 ± 0.002 0.030 ± 0.012 0.129 ± 0.002 0.0000 ± 0.0000 0.0000 ± 0.0000

Min.-Max. 0.026-0.034 0.010-0.050 0.126-0.132 0.0000-0.0000 0.0000-0.0000

HP
Mean-SE 0.042 ± 0.002 0.143 ± 0.018 0.215 ± 0.002 0.0000 ± 0.0000 0.0000 ± 0.0000

Min.-Max. 0.039-0.046 0.110-0.170 0.211-0.219 0.0000-0.0000 0.0000-0.0000

BW
Mean-SE 0.068 ± 0.002 0.183 ± 0.020 0.335 ± 0.002 0.0000 ± 0.0000 0.0000 ± 0.0000

Min.-Max. 0.065-0.072 0.150-0.220 0.331-0.339 0.0000-0.0000 0.0000-0.0000

S6

PHE
Mean-SE 0.019 ± 0.002 0.057 ± 0.018 0.204 ± 0.004 0.0015 ± 0.0002 0.0000 ± 0.0000

Min.-Max. 0.015-0.023 0.030-0.090 0.198-0.211 0.0012-0.0018 0.0000-0.0000

HP
Mean-SE 0.067 ± 0.003 0.250 ± 0.017 0.339 ± 0.002 0.0130 ± 0.0012 0.0016 ± 0.0002

Min.-Max. 0.061-0.072 0.220-0.280 0.336-0.342 0.0110-0.0150 0.0013-0.0019

BW
Mean-SE 0.119 ± 0.004 0.280 ± 0.021 0.598 ± 0.007 0.0210 ± 0.0017 0.0012 ± 0.0001

Min.-Max. 0.112-0.126 0.250-0.320 0.589-0.613 0.0180-0.0240 0.0011-0.0014

S7

PHE
Mean-SE 0.024 ± 0.002 0.070 ± 0.012 0.120 ± 0.002 0.0000 ± 0.0000 0.0000 ± 0.0000

Min.-Max. 0.021-0.027 0.050-0.090 0.117-0.123 0.0000-0.0000 0.0000-0.0000

HP
Mean-SE 0.048 ± 0.003 0.223 ± 0.020 0.244 ± 0.002 0.0012 ± 0.0001 0.0000 ± 0.0000

Min.-Max. 0.042-0.053 0.190-0.260 0.241-0.247 0.0011-0.0014 0.0000-0.0000

BW
Mean-SE 0.074 ± 0.003 0.293 ± 0.020 0.477 ± 0.002 0.0034 ± 0.0002 0.0000 ± 0.0000

Min.-Max. 0.068-0.079 0.260-0.330 0.473-0.481 0.0031-0.0037 0.0000-0.0000

PHE-Municipal tap water, HP-Handpump water, BW-Bore well water.

1)	 Manganese: It is vital trace element because deficiency 
can create skeletal deformities, issues with growth, and anemia. 
Its excess can cause neurological problems like impaired cognitive 
ability, but its excess intake may lead to neurotoxicity [5]. In tap 
water manganese was observed from 0.009 to 0.035mg/L (highest 
-Morena city, lowest –Ambah). Manganese was found from BDL to 
0.234µg/L in Lebanon [6], which was low in comparison to the 
present study. In hand pump water it was observed from 0.026 to 
0.072mg /L (highest –Sabalgarh, lowest -Morena city), for bore 
well water from 0.037 to 0.126m/L (highest-Sabalgarh, lowest 
-Morena city). Range and Mean values of manganese for all the 
sampling stations with standard error were given in Table no. 2 
and in graph no.1. All the values were below the permissible limit 
of BIS. In ground waters in Dhaka, Bangladesh manganese was 
reported from 0.0030–0.4130mg/L [7], in Ramdhuni, Nepal from 
0.09 to 1.49mg/L [8], in Bihar, from139.9 to 1232µg/L [9]. All 
these values were high in comparison to the present study. Values 
were observed in Pakistan from 0.0634 to 0.3199mg/L [10], from 
50.0 to 2020µg/L in southeastern Bangladesh [11], from 6.35 to 
2339.90µg/L in Yamuna River flood plain Delhi [12]. These values 
were almost like the present study (Graph 1).

2)	 Iron: Iron in water depends on geological weathering 
of iron-bearing minerals in aquifer, redox conditions, climatic 
characteristics, land use, and water supply infrastructure. Excess 
of it affects liver, cardiovascular system and kidneys [13]. In tap 
water it was observed from 0.01 to 0.12mg/L (highest-Banmore, 
lowest-Jaura). In Montevideo Uruguay values were found from 
11.1 to 26.3µg/L [13], from1.130µg/L in Lebanon [6], almost 
similar to the present study. For hand pump water it was ranged 
from 0.09 to 0.39mg/L (highest –Banmore, lowest- Morena city), 
for bore well water from 0.15 to 0.33mg/L (highest -Kailaras, 
lowest – Jaura). All the values were in limit as comparison to the 
BIS. except hand pump water in Banmore where high iron level 
0.39mg/L (in comparison to BIS) was observed, but it may be 
because of corrosion of old iron pipes. Range and Mean values of 
iron for all the sampling stations with standard error were given 
in table no.2 and in graph no.2. In Ramdhuni Municipality Nepal, 
iron values were observed from 0.05 to 1.4mg/L [8], almost 
similar to the present study, in Yamuna River flood plain Delhi 
from 112.61 to 15708.11µg/L [12], higher in comparison to the 
present study (Graph 2).
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Figure 1: Sampling Sites in Dist. Morena (M.P.).

Graph 1: Graph Avergae Annual Manganese (Mar-2024 to Feb-2025).

3)	 Zinc-Zinc is one of the important and mobile elements in 
the heavy metals which is present not only in dissolved forms but 
is also associated with suspended particles [14]. Many sources 
including geological mineral dissolution, corrosion of plumbing 
systems, industrial-municipal wastes, agricultural runoff can 
increase its level [15]. In the present study for tap water zinc was 
estimated from 0.081mg/L to 0.211mg/L (highest-Sabalgarh, 
lowest-Ambah). In tap water in Montevideo, Uruguay zinc 
was detected from 31.9–204.9µg/L [13] and in Lebanon from 
50.00µg/L [6], almost like the present study. For hand pump 

water it was ranged from 0.139 to 0.539mg /L (lowest-Ambah, 
highest –Banmore), for bore well water from 0.137 to 0.613mg/L. 
(highest- Sabalgarh, lowest -Ambah). All the values are under 
acceptable limit of BIS. Range and Mean values of zinc for all the 
sampling stations with standard errors were given in table no.2 
and in graph no.3. In Bihar, India values of zinc were observed 
from 2.8–108.20µg/L [9], low in comparison to the present study, 
in Pakistan from 0.05–0.65mg/L [10], in Yamuna Flood Plains 
New Delhi, India from BDL to 363.40µg/L [12]. All these studies 
showed almost similar results to the present study (Graph 3).
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Graph 2: Graph Avergae Annual Iron (Mar-2024 to Feb-2025).

Graph 3: Graph Avergae Annual Zinc (Mar-2024 to Feb-2025).

Graph 4: Graph Avergae Annual Lead (Mar-2024 to Feb-2025).
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4)	 Lead: Lead is present in earth crust naturally, it can 
leach into tap water through the corrosion of plumbing materials, 
brass, galvanized pipes, and solder, mining, batteries, industrial, 
anthropogenic and agricultural activities [16]. Lead has ability 
to bioaccumulate in the human system, leading to Pb toxicity 
[17]. Lead was found below detectable limit in Ambah, Porsa 
and Jaura sampling stations (Limit of Detection was 0.06ppb or 
0.06µg/L for GFAAS Perkin Elmer AAnalyst700). In tap water lead 
was observed in Morena city, Banmore, Sabalgarh and Kailaras 
from 0.0009 to 0.0019mg/L (highest –Banmore, lowest-Morena 
city). Lead was observed in tap water in Ethiopia from 0.360 to 
146.1µg/L [16], from 0.013 to 53.80mg/L µg/L in Lebanon [6], 
higher in comparison to the present study. In hand pump water 
and in bore well water lead was observed in Morena city, Banmore, 
Sabalgarh and Kailaras from 0.0011 to 0.016mg/L (highest –
Banmore, lowest –Kailaras) and from 0.0011 to 0.026mg/L 
(highest –Banmore, lowest- Morena city) respectively. Range and 
Mean values of lead for all the sampling stations with standard 
errors were given in table no.2 and in graph no.4Values of lead 
were slightly high in Banmore and Sabalgarh in comparison to 
BIS. Beelpura, Milavali, Tilangana, Niravali, Zinavali and Banmor 
gaon had shown variation from 0.022 to 0.056mg/l an average 
0.038±0.01, 0.103 to 0.503mg/l an average 0.239±0.13, 0.162 
to 0.185mg/l an average 0.174±0.007, 0.049 to 0.084mg/l an 
average 0.070±0.011, 0.041 to 0.061mg/l an average 0.051±0.006 
and 0.009 to 0.012mg/l an average 0.010±0.001 respectively [18], 

in Bihar, India from 0.59 to 8.4µg/L [9], in Yamuna Flood plains 
New Delhi, India from BDL to 46.32µg/L [12] (Graph 4).

5)	 Cadmium-Cadmium has tendency of bio accumulation 
so prolonged exposure may result in renal damage, as it has 
detrimental effects on kidney function [19]. It can cause bone 
demineralization, resulting in osteoporosis. Cadmium is a 
carcinogen, which can elevate lung and prostate cancer [20]. 
Cadmium was found only in Banmore and Sabalgarh and in 
remaining all other sampling stations it was found below 
detection limit (BDL, Limit of Detection 0.003ppb or 0.003µg/L 
for GFAAS Perkin Elmer AAnalyst700) In hand pump water it was 
ranged from 0.0013 to 0.0027mg/L. (lowest-Sabalgarh, highest 
-Banmore). In bore well water it was ranged from 0.0011 to 
0.0027mg/L (lowest- Sabalgarh, highest-Banmore). Range and 
Mean values of zinc for all the sampling stations with standard 
error were given in table no.2 and in graph no.5.Level of cadmium 
was observed in Banmor gaon from 0.028mg/L to 0.68mg/L with 
mean 0.046±0.012 from Tilangana, 0.023mg/L to 0.66mg/L with 
mean 0.047±0.013 from Niravali, 0.034mg/L to 0.064mg/L with 
mean 0.049±0.009 [18] high in comparison to the present study. In 
Bihar, India from 0.030 to 0.12µg/L [9], in Pakistan from 0.00023 
to 0.0014mg/L [10], in Yamuna flood plains New Delhi, India from 
BDL to 0.20µg/L [12], in Narayanganj area Dhaka from (0.00030 
± 0.00013mg/L) [21]. All these values were almost similar to the 
present study (Graph 5).

Graph 5: Graph Avergae Annual Cadmium (Mar-2024 to Feb-2025).

6)	 Arsenic-Arsenic is a metalloid which is widely 
distributed in rocks, soil, water and air. It was classified in Group 
A -human carcinogen [20]. In more than 70 countries all over 
the world Arsenic was reported in groundwater above the WHO 

acceptable limits [22]. In the present study arsenic was found 
below detectable limit (Limit of Detection, LOD 0.20ppb or 
0.20µg/L for GFAAS Perkin Elmer AAnalyst700) in all the samples. 
In Lebanon in tap arsenic was detected from BDL to 0.161mg/L 

http://dx.doi.org/10.19080/IJESNR.2026.37.556470


How to cite this article: Alka Varshney, Dr. DK Sharma. Comprehensive Assessment of Heavy metal Contamination in Drinking Water of District Morena 
(Madhya Pradesh, India). Int J Environ Sci Nat Res. 2026; 37(4): 556470.  DOI: 10.19080/IJESNR.2026.37.55647007

International Journal of Environmental Sciences & Natural Resources

[6]. In Bihar, India in ground water from 6.250 to 135.0µg/L [9] All 
these values were high in comparison to the WHO limits [23]. In 
Dhaka metropolitan city, Bangladesh from BDL to 0.69µg/L [7], in 
Ramdhuni Municipality Nepal from 0.005 to 0.1mg/L [8]. All these 
values were below WHO limits.

Conclusion

Findings in this study concluded that heavy metals (Iron, 
Zinc, and Manganese) were under permissible limit and Arsenic 
was found below detectable limit in all sampling stations of 
District Morena, while Cadmium and Lead were present only in 
few sampling stations (that too are also under limit of BIS). But 
the concentration may scale up due to pollution and leaching 
heavy metals in ground water, especially in industrial areas like 
Banmore and Sabalgarh that can cause adverse effects on the 
health of residents. So, measures should be taken to control 
the dispersion of heavy metals into the ground water. In tap 
water generally lower metal concentrations were observed in 
comparison to groundwater; however, lead, iron and manganese 
level can be exceeded due to inadequate monitoring of corrosion 
and aging pipelines. Groundwater was more protected but 
geological influences and geochemical processes, substantial 
anthropogenic pressures such as mining, industrial discharge, 
agricultural runoff, and improper waste disposal can elevate 
level of heavy metals resulting in serious health problems. So, 
the findings of the present study highlighted need to strengthen 
water safety measures, routine monitoring, improved treatment 
technologies and to address pollution at the source. Continuous 
surveillance, risk assessment studies and reconciliation of 
analytical approaches are imperative so that evidence-based 
policy decisions can be taken to safeguard public health. 
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