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Abstract:  Heavy metals pervade industrial wastewater, infiltrating natural water bodies like rivers and groundwater. This 

contamination poses severe health risks, including genetic disorders, neurotoxicity, and carcinogenic effects. India's rapid industrial 

expansion contributes to the consistent discharge of toxic heavy metals into aquatic ecosystems, particularly polluting groundwater. 

As water is vital for human and ecological well-being, the presence of heavy metals such as Lead (Pb), Zinc (Zn), Arsenic (As), 

Chromium (Cr) and Nickel (Ni) in various water sources-groundwater, surface water, and tap water-poses significant concerns. This 

review aims to document heavy metal concentrations in groundwater and provide recommendations for mitigating health hazards 

associated with their consumption. 

 

Index Terms - Wastewater, Groundwater, Heavy Metals. 

I. INTRODUCTION 

Water pollution, a critical global concern, poses a significant threat to both surface water and groundwater quality. The discharge of 

contaminants, particularly heavy metals, into surface water bodies has been a subject of growing apprehension, given its potential to 

deteriorate the ecological balance and endanger human health (Shiva Kumar et al 2018). In this context, the Mutha River in the Indian 

agricultural and urban activities has led to considerable pollution, especially by heavy metals. Heavy metals, including elements such 

as Lead, Cadmium, Arsenic, and Mercury, are known for their persistent and toxic nature. When released into surface water, these 

contaminants often find their way into the groundwater through various mechanisms, including percolation and leaching. The 

contamination of groundwater with heavy metals not only jeopardizes the safety of drinking water supplies but also has far-reaching 

ecological implications, affecting aquatic life and the overall health of ecosystems. 

 

This research endeavors to investigate the intricate relationship between polluted surface water and groundwater in the context of 

the Mutha River. By focusing on heavy metal contamination, this study aims to comprehensively analyze the extent to which surface 

water pollution from various sources influences groundwater quality, distribution, and availability. The Mutha River, serving as a 

representative case, presents an ideal opportunity to unravel the intricate processes that link surface water pollution to the state of 

groundwater resources. 

II. STUDY AREA 

The Mutha River Basin located in Sun Empire Rd, Sun city, Anand Nagar, Pune ,  (longitude. 73.81023°E and latitude 18.475895°N) 

to Near Vittalvadi, Hingne Khurd, Pune, Maharashtra, India (longitude 73.8275363°E and latitude 18.4879646°N)  with total length  

of 2.5 km, The Mutha River originates in the Western Ghats, near the village of Kavadi in the Pune district. It flows through the 

districts of Pune, Ahmednagar, and Solapur. The river passes through the city of Pune, where it is dammed three times: at Panshet, 

Khadakwasla, and Temghar. The Mutha River is a vital source of water and irrigation for the Pune region. It is also a popular 

destination for recreation, with many parks and gardens along its banks. The river is facing a number of challenges, including 

pollution, encroachment, and flooding. However, there are a number of initiatives underway to improve the condition of the Mutha 

River and make it more sustainable. 
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III. METHODOLOGY 

Materials & Methods 

A total of 15 representative samples were collected. In which 10  samples  from different dug/bore wells and 5 water samples from 

study area of stagnant river during January 2024. We were filtered through the 0.45 µm Millipore filter paper using Millipore glass 

assembly unit in 500 ml PET Bottles. Further, samples were acidified with conc. HNO3 and kept in the ice-box. The samples were 

analyzed on ICP-MS (Inductively Coupled Plasma Mass Spectrometry) for Pb, Cd, Zn, Fe, Mn, Cr, Co, Cu and Ni. The methodology 

adopted for investigating impact of heavy metal in stagnant river on ground water. First step was heavy metals assessment for potential 

health effects to human through carcinogenic and non-carcinogenic risk assessment based on USEPA and ICMR guidelines. For the 

analysis of physical and chemical parameter laboratory test were utilized. Pollution Evaluation Indices Generally, pollution indices 

were calculated to determine the appropriateness of water for a specific intended use. In this study the indices namely Heavy metal 

Pollution Index (HPI), Heavy metal Evaluation Index (HEI), Degree of Contamination (Cd) and Hazard Index (HI) were calculated 

to define the extent of contamination in groundwater. The HPI and HEI methods used to know the impact of heavy metal concentration 

on overall quality of groundwater. These indices were evaluated using the ratios of measured values of the parameters and the 

permissible concentrations of the respective parameters (Bhuiyan et al. 2010). A Hazard Index (HI) is used to calculate the non-

carcinogenic risk caused by consumption of heavy metals containing groundwater (Vetrimurugan et al. 2016). 

 

Sample no. Location 

S1 500 Meter From Ganesh Temple Near Tapodhan Temple. 

S2 500 Meter From Yashodip Building Near Dnyaneshwar Maharaj Mandir. 

S3 500 Meter From Anjali Apartment Near Karve Nagar Real Estate. 

S4 500 Meter From Vedant Nagar Rd, Karve Nagar. 

S5 500 Meter From Mahalaxmi Washing Center. 

R1 Sun Aura, Wing-B, Sun Aura, Sun City, Anand Nagar. 

R2 Rh8+ Pgj, Anand Apartment Road, Nimbaj Nagar, Pune. 

R3 1, Sun City Road, Anand Nagar Pune. 

R4 Vithalwadi Temple Road Hingne Khurd. 

R5 Near PMC Sewage Treatment Plant Hingne Khurd. 

L1 Ganesh Temple Near Tapodhan Temple. 

L2 Yashodip Building Near Dnyaneshwar Maharaj Mandir. 

L3 Anjali Apartment Near Karve Nagar Real Estate. 

L4 Vedant Nagar Road, Karve Nagar. 

L5 Mahalaxmi Washing Center. 

 

Table 1: Sampling Location at Mutha River for pH, Alkalinity, Hardness, Turbidity and For Heavy Metal Investigation 

 

IV. RESULTS & DISCUSSION 

Physical and Chemical Parameters: 

 

1) pH 

The pH levels of a river were measured, with readings ranging from 6.20 to 6.40, indicating a slightly acidic quality. While these 

values fall within the acceptable range for freshwater ecosystems, the tendency towards acidity warrants attention. Impacts on aquatic 

life are significant, as even minor pH changes can stress or harm organisms, particularly sensitive species like fish and Amphibians. 

The pH scale ranges from 0 to 14, with values below 7 indicating acidity and above 7 indicating alkalinity. Ground water pH on the 

right bank varies from acidic (5.12 to 6.16) to neutral (7 and 7.2), possibly due to the presence of acidic substances or contaminants. 

On the left bank, pH ranges from 4.60 to 6.40, suggesting a slightly acidic to nearly neutral spectrum influenced by geological factors 

and human activities like agricultural runoff or industrial discharge. 

 

2) Hardness 

The study investigated the hardness of both river water and groundwater samples, focusing on their mineral content primarily 

comprising calcium and magnesium ions. For the river water samples, hardness values ranged from 530 ppm to 800 ppm, indicating 

spatial variability or temporal fluctuations due to factors like weather or human activity. The groundwater samples exhibited a wider 

range, from 200 ppm to 660 ppm, suggesting considerable diversity in mineral content. Comparing the obtained values with regulatory 

standards, it was found that all samples exceeded the threshold for hard water, according to the United States Geological Survey 

(USGS) classification. These findings underscore the importance of managing water resources effectively to address issues related to 

hardness and ensure suitability for various purposes, including industrial use and human consumption. 
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3) Turbidity 

Turbidity measurements were conducted on both river water and groundwater samples to assess water clarity and potential 

contamination. For river water, turbidity values ranged from 5.80 to 14.60 NTU, indicating varying levels of suspended particles. 

Samples 1 and 2 exhibited lower turbidity, suggesting less sediment presence. Groundwater analysis consistently showed low turbidity 

readings, ranging from 0.02 to 0.05 NTU, indicating clean water with minimal suspended solids. Both left and right sides of the river 

showed similarly low turbidity values in groundwater samples, indicating overall good water quality suitable for various purposes 

without significant treatment 

 

4) Heavy Metals 

A) Iron: The iron concentration in groundwater samples from both sides of the river remained consistent at 0.2 mg/L, falling within 

the typical range for groundwater and well below the WHO-recommended limit of 0.3 mg/L for drinking water. This suggests that 

the observed concentrations are acceptable for human consumption. However, in the river water sample, a higher concentration of 

0.5 mg/L was recorded, exceeding the WHO limit and indicating a potential health risk. This disparity in iron concentration between 

groundwater and river water may stem from natural and anthropogenic sources. 

 

B) Aluminium: Obtained values of aluminium  content as shown in table no-3 in the ground water sample of left side and right side 

of the  river and itself of river are in the acceptable range of  determined by WHO  0.03 TO 0.2mg/l . Aluminum can occur naturally 

in the environment, but elevated concentrations may also be indicative of industrial pollution, mining activities, or other anthropogenic 

sources. 

 

C) Phosphate: Phosphate is a common contaminant in groundwater, often originating from sources like agricultural runoff, sewage, 

or industrial discharges. consistent level of 0.5 and 0.7 ‘suggests a baseline concentration of phosphate in this groundwater. In the 

United States, the Environmental Protection Agency (EPA) has set a Maximum Contaminant Level (MCL) for phosphate in drinking 

water at 0.05 mg/L. Our results indicate levels higher than this standard, suggesting that the groundwater may not meet drinking water 

quality criteria without treatment. 

 

D) Lithium: The analysis of lithium concentration in groundwater and stagnant river water reveals consistent levels of 0.2 mg/L and 

0.4 mg/L, respectively. While lithium is naturally present, elevated levels could indicate human activities like industrial operations or 

waste disposal. The stability of lithium concentration across samples suggests a balanced input from both natural and anthropogenic 

sources. Further investigation into potential sources and environmental impacts is necessary for effective risk mitigation and 

ecosystem protection. 

 

E) Barium: The results indicated a consistent presence of barium at 0.2 mg/L, well below the EPA's regulatory limit of 2 mg/L for 

drinking water. This suggests that the groundwater meets drinking water standards for barium concentration. However, no significant 

findings were reported for other heavy metals such as lead, cadmium, zinc, boron, nickel, arsenic, silver, mercury, and chromium in 

both the stagnant river water and groundwater samples. This lack of detection implies that these heavy metals may not be present at 

levels above regulatory limits in the tested samples. 

 

Parameter 

 
Result 

I. S. Standard for Drinking Water 

10500:2012 
Unit 

Physical 

Parameters 
Left River Right Desirable Permissible  

Turbidity 

0.03 5.8 0.03 

Max 1 Max 5 N.T.U 

0.03 6.1 0.03 

0.02 10.2 0.05 

0.04 14.6 0.04 

0.03 12.30 0.03 

Odour 
Odour- 

less 

Fewer- 

odour 

Odour- 

less 
- - - 

colour L1-8 S1-12 R1-8 Max. 5 Max. 15 Hazen 

 

 

 

    

 

 

 

 

 

 

 

 

 

 

L2-8 S2-12 R2-8 

L3-8 S3-12 R3-8 

L4-8 S4-12 R4-8 

L5-8 S5-12 R5-8 

Chemical 

Parameter 
 

Total Hardness L1-250 S1-775 R1-215 Max 200 Max 600 PPM 
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(as CaCo3) 

 L2-225 S2-530 R2-200 

   
L3-400 S3-575 R3-625 

L4-375 S4-800 R4-660 

L5-300 S5-775 R5-575 

pH 

L1-6.32 S1-6.20 R1-5.26 

Relaxation between 6.5 to 8.5  
L2-5.40 S2-6.25 R2-6.12 

L3-5.60 S3-6.31 R3-7 

L4-6.40 S4-6.40 R4-6.16 

L5-4.60 S5-6.20 R5-7   

Iron L1-0.2 S1-0.5 R1-0.2 
Max 0.3 

 

 

 

No relaxation 

 

 

 

PPM 

 

 

 

 

 

 

L2-0.2 S2-0.5 R2-0.2 

L3-0.2 S3-0.5 R3-0.2 

L4-0.2 S4-0.5 R4-0.2 

L5-0.2 S5-0.5 R5-0.2 

Fluorides NIL NIL NIL 0.5 No Relaxation PPM 

Aluminium L1-0.1 S1-0.2 R1-0.1 Max 0.03 Max 0.2 PPM 

 L2-0.1 S2-0.2 R2-0.1  

 
 L3-0.1 S3-0.2 R3-0.1 

  L4-0.1 S4-0.2 R4-0.1 

 L5-0.1 S5-0.2 R5-0.1 

Sulphide  NIL NIL Max 0.05 No Relaxation PPM 

Phosphate L1-0.5 S1-0.7 R1-0.5 
- 

 

 

 

- 

 

 

 

PPM 

 

 

 

 L2-0.5 S2-0.7 R2-0.5 

 L3-0.5 S3-0.7 R3-0.5 

 L4-0.5 S4-0.7 R4-0.5 

 L5-0.5 S5-0.7 R5-0.5 

Copper  NIL NIL Max.0.05 Max.1.5 PPM 

Copper  NIL NIL Max 0.1 Max 0.3 PPM 

Lithium L1-0.2 S1-0.4 R1-0.2 

- - PPM 

 L2-0.2 S2-0.4 R2-0.2 

 L3-0.2 S3-0.4 R3-0.2 

 L4-0.2 S4-0.4 R4-0.2 

 L5-0.2 S5-0.4 R5-0.2 

Lead  NIL NIL Max 0.01 No Relaxation PPM 

Cadmium  NIL NIL Max 0.003 No Relaxation PPM 

Zinc  NIL NIL Max. 5 Max. 15 PPM 

Sulphate L1-4.0 S1-9.0 R1-4.5 Max. 200 Max. 400 PPM 

 

L2-4.0 S2-9.0 R2-4.5 

   
L3-4.0 S3-9.0 R3-4.2 

L4-4.0 S4-9.0 R4-4.2 

L5-4.0 S5-9.0 R5-4.2 

Boron  NIL NIL Max. 0.5 Max. 1.0 PPM 

Nickel  NIL NIL Max 0.5 No Relaxation PPM 

Arsenic  NIL NIL Max 0.01 Max 0.05 PPM 
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Silver  NIL NIL Max 0.1 No Relaxation PPM 

Mercury  NIL NIL Max 0.001 No Relaxation PPM 

Chromium  NIL NIL Max 0.05 No Relaxation PPM 

Barium L1-0.4 S1-0.8 R-10.4 Max. 0.7 No Relaxation PPM 

 L2-0.4 S2-0.8 R2-0.4 

   
 L3-0.4 S3-0.8 R3-0.4 

 L4-0.4 S4-0.8 R4-0.4 

 L5-0.4 S5-0.8 R5-0.4 

 

Table 2: Test Result of Physical, Chemical Parameter and Heavy Metals. 

 

 
 

Fig No 1: Variation of Heavy Metals in Ground Water & River Water 

 

V. CONCLUSION 

Pre-treatment water samples of ground water and river water physical parameter and chemical parameters are found in non-desirable 

limits, and heavy metals like Lead, Cadmium, Zinc, Nickel, Chromium, Boron, Arsenic and Mercury are found nil. Ground water 

is safe for drinking but minerals might be absent, hence use water for other purposes. After treatment of water sample the obtained 

results of heavy metal, physical and chemical parameter are within desirable limits. So treated river water safely discharged in river 

and ground water can use for gardening, washing vehicles. After treatment we checked the samples again for pH, Turbidity, 

Hardness and they were found within range. 

 

Following are the average values of results: 

 

1) pH: Groundwater = 5.97 & River Water = 6.31. 

2) Turbidity: Groundwater = 0.032 N.T.U. & River = 9.58 N.T.U. is not within limit. 

3) Hardness: Groundwater = 315 PPM & River Water = 455 PPM both are not within limit. 

4) Heavy Metals: Average Value of Heavy Metals in Groundwater and River water within limit. 
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