


Heavy Metal Contamination of Surface Water in Ameenpur Lake, Hyderabad, India


Abstract 

[bookmark: _GoBack]Heavy metals pose serious health hazards to aquatic organisms because of their ability for bioaccumulation and bio-magnification, which affect human health through coming in direct or indirect contact.  Due to the irreversible effect of heavy metals on the aquatic ecosystems they have gained lots of attention as they damage human health as they lead to carcinogenic, teratogenic effects and multiple organ damage. The present study aimed to assesses heavy Metal Contamination of Surface Water in Ameenpur Lake, Hyderabad, India. In the present study, the lake water quality in terms of heavy metal pollution was assessed using the heavy metal pollution index (HPI) during the Pre-Monsoon, Monsoon and Post-Monsoon seasons of the year 2019-20. The water quality assessment was done using Heavy metals such as Arsenic (As), Cadmium (Cd), Chromium (Cr), Copper (Cu), Lead (Pb), Mercury (Hg) and Iron (Fe). The results indicated that the concentrations of Cd, Cu, Fe and Hg are high in all three seasons. The results of the Heavy metal pollution index (HPI) of all three seasons indicate that the HPI was high during the monsoon season. Using the ArcGIS 10.8.1 software, the spatial distribution maps have been prepared for the HPI for all three seasons. The deteriorating quality of water may be due to the urbanization around the lake, surface and agricultural runoff and discharge of untreated sewage and industrial effluent, which can directly and indirectly affect the biodiversity too. Therefore, it is important to protect and manage the Ameenpur Lake. The investigation generated some important baseline data on the pollution status of the Lake. These data would be helpful in planning for future policy decisions on better conservation and management of the precious biodiversity in the world heritage site of India.
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1.0 INTRODUCTION

The issue of heavy metal pollution is increasingly pervasive on a global scale. Heavy metals are naturally occurring elements that are present in the earth's crust. However, excessive amounts of heavy metals can pose a significant risk. Some compounds, such as heavy metals, are resistant to decomposition and can accumulate in people and animals when they enter the food chain2. Metals can enter the environment through natural means or human actions including waste disposal, industrial manufacturing, and mining (Singh et al., 2024). Heavy metals are known to cause serious environmental problems as well as affect human health and aquatic biodiversity (Ghosh and Vass., 1997; Das, et al., 1997). The various sources for the heavy metal pollution are mining, untreated industrial effluents containing toxic metals (Amman, et al., 2002) from various industries, like battery industries, steel plants and tannery. Other sources of heavy metal pollution are the use of fertilisers and pesticides containing these toxic metals (Lantzy and Mackenzie., 1979; Nriagu., 1979; Ross., 1994). Toxic heavy metals of public health importance, such  as  Hg,  Pb,  As,  Cr,  Cd  and  Ni,  present  in river  water  may  accumulate  in  aquatic  animals, enter  the  food  chain  and  cause  serious  harm  to human     health     where     contamination     and exposure  are  significant.  Significant  Exposure  to toxic  heavy  metals  of  public  health  importance may  cause  renal  dysfunction,  liver,  heart  and blood  cells  damage,  other  public  health  hazards of  toxic  heavy  metals  include  reduction  in  cell growth,  bone  degeneration,  cancer  and  nervous system damage (Udochukwu et al., 2025). Elements such as Fe, Ni, Cu and Mn are needed as micro-nutrients for many life processes in both micro-organisms and plants, while other heavy metals like Pb, Cr, Cd, Hg etc., are known to have no physiological activity, but are detrimental in many ways (Marschner., 1995; Bruins, et al., 2000). Due to the irreversible effect of heavy metal on aquatic ecosystems, they have gained lots of attention as they damage human health (Chowdhury et al., 2016; Ali et al., 2016) as they lead to carcinogenic, teratogenic effects and multiple organ damage (Tchounwou et al., 2012). A lot of attention has been given to the assessment of heavy metals in both surface and groundwater, which brought in the need for the Heavy Metal Pollution Index (HPI) (Reddy., 1995; Mohan et al., 1996) using several water quality parameters. For the monitoring of quality of water, numerous studies have been reported mentioning the usefulness of remote sensing (Ritchie and Charles., 1996; Dekker et al., 2002 and Schalles et al., 1998a.b). 

2.0 MATERIALS AND METHODS

Study Area

Ameenpur Lake is on the north western fringes of Hyderabad (17° 31.198’N, 78° 19.524’E) situated in Patancheru Mandal, Sangareddy District, Telangana State, India, covering an area of 93.15 Acres (0.38 Sq. km) (Sy.No-231- Shikam Land) and is a man-made lake that was declared as the Biodiversity Heritage Site in 2016 by the National Biodiversity Authority. It is the only urban lake to be declared as a Biodiversity Heritage Site. Even though with small size (93.15 Acres/0.38 Sq. km) and unpredictable nature, this Ameenpur Lake is known to harbour novel, rare and/or threatened fauna and their resting stages, thus acting as “local nature reserve” or “hotspot” (Srinidhi et al., 2021)

Sampling and Analysis

Collection, Stabilization, Storage of Samples and transportation to laboratory were conducted according to the recommendations of Central Pollution Control Board (CPCB, 2008). A total of thirty nine water samples were collected during the pre-monsoon, monsoon and post-monsoon seasons of the year 2019-20 and analysed for heavy metals such as Mercury (Hg), Lead (Pb), Cadmium (Cd), Chromium (Cr), Arsenic (As), Copper (Cu) and Iron (Fe). The samples were then analysed as per the Standard Methods for Examination of Water and Wastewater (APHA, 2017 23rd edition). The obtained values were then compared with BIS 2012.The details of the locations are given in Table 1 and shown in Fig 1. The heavy metal pollution index was assessed. 

Calculation of Heavy Metal Pollution Index

The proposed HPI was developed by assigning a rating or weightage (Wi) for each selected parameter (El-Hamid, H. T. A et al., 2017, Prasad, B., Kumari et al., 2014, Saleh, H. N. et al., 2019, Mativenga, P. T. et al.,2018 and Tiwari, A.  K et al.,2015). The rating value is between zero and one, expressing the individual quality replicating the relative importance. For each parameter, it is inversely proportional to the recommended standard (Si). According to the WHO guidelines, the permissible value for drinking water (Si) and the maximum desirable value (Ii) were taken. The HPI is expressed by equation (1) and (2) as follows
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(2)
“Qi” = sub index of the ith parameter.
“Wi” is the unit weightage of ith parameter,
“n” is the number of parameters considered.
Mi = monitored value of heavy metal of ith parameter,
Ii = ideal value of ith parameter
“Si” is the standard value of the ith parameter, in mg/L.
The  sign   (−)   indicates   the   numerical   differences   of   the   two   values, ignoring the algebraic sign.

A modified scale given by Edet and Offiong (2002) has been used in the present study. The classes have been demarcated as low (<15), medium (15–30), and high (>30). For the drinking water purpose, this index was proposed (Singh, Gurdeep & Kamal, Rakesh Kant., 2016). Using the ArcGIS 10.8.1 software, the spatial distribution maps have been prepared for the HPI for all the three seasons.
Table 1: Details of the Sample Location points of Ameenpur Lake
	S.No
	Sample No.
	Location
	Latitude
	Longitude

	1
	S1
	Opp. Saibaba Temple
	17.524
	78.3252

	2
	S2
	Kattamaisamma Temple Steps
	17.5225
	78.3258

	3
	S3
	Rock Area
	17.519
	78.3285

	4
	S4
	Fisherman’s Point
	17.520
	78.3319

	5
	S5
	Mid Lake
	17.522
	78.3319

	6
	S6
	Bird Watching Point
	17.5213
	78.335

	7
	S7
	Industry Inlet
	17.5216
	78.3422

	8
	S8
	Sewage Inlet
	17.5217
	78.3409

	9
	S9
	Renuka Temple Backside
	17.5247
	78.336

	10
	S10
	Opp. to fisherman’s point
	17.5246
	78.3308

	11
	S11
	Transformers Line
	17.5258
	78.3283

	12
	S12
	Agricultural Fields
	17.525
	78.3272

	13
	S13
	Outlet
	17.52208
	78.3255
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Fig 1: Map showing Sample Location points in Ameenpur Lake

[bookmark: _TOC_250048]3.0 RESULTS AND DISCUSSION 

The results of the assessment of heavy metals are shown in Table 2. The results indicated that the concentrations of Cd, Cu, Fe and Hg are high in all three seasons.

[bookmark: _TOC_250047]3.1 Concentration of Arsenic (As)

The values for the PRM and POM ranged in between <0.001 to <0.01 ppm. During the MON, the values ranged in between <0.001 to 0.008 ppm. According to the BIS, 2012 the standard value for the Arsenic is 0.05 ppm. In all the three seasons, the values were found to be within the acceptable limits.
[bookmark: _TOC_250046]
3.2 Concentration of Cadmium (Cd)

According to the BIS, 2012 the standard value for Cadmium is 0.01 ppm. During the PRM the values ranged in between <0.01 to 0.02 ppm. Sample S7 and S8 were found to be exceeding the acceptable limits. During the MON, the values ranged in between <0.01 to 0.031 ppm. Except Sample S4, S5, S9 to S11 were found to be within the acceptable limits. All other samples exceeded the acceptable limits. During the POM, the values ranged in between <0.01 to 0.08 ppm. Except Sample S4, S5, S9 to S11 were found to be within the acceptable limits. All other samples exceeded the acceptable limits. Sources of Cadmium are industrial effluents like e-waste and batteries, production of zinc, pesticide fertilizer (Alluri et al., 2007), paint sludge, incinerations and fuel combustion (Rashmi Verma and Pratima Dwivedi., 2013; Uchechi et al., 2025; Meenakshi Sahu and Pallabi Dutta (2020); Boratkar et al., 2025; Ibama, et al., 2025; Uddin et al., 2025).
[bookmark: _TOC_250045]
3.3 Concentration of Copper (Cu)

According to the BIS, 2012 the standard value for the Copper is 0.05 ppm. During the PRM the values ranged in between 0.03 to 0.1 ppm. Sample S7, S8, S9, S10 and S14 were found to be exceeding the acceptable limits. During the MON, the values ranged from 0.03 to 0.17 ppm. Except Sample S1, S4 and S3 all other samples were found to be exceeding the prescribed limits. During the POM, the values ranged from 0.05 to 0.21 ppm. Except Sample S1 and S4, all other samples were found to exceed the acceptable limits. The maximum acceptable concentration of Cu (II) in drinking water is 1.5 mg/L by WHO (Rao CS., 1992). The sources of Copper (Cu) are electroplating, mining and smelting operations (Rashmi Verma and Pratima Dwivedi., 2013; Uchechi et al., 2025; Meenakshi Sahu and Pallabi Dutta (2020); Boratkar et al., 2025; Ibama, et al., 2025; Uddin et al., 2025)
[bookmark: _TOC_250044]
3.4 Concentration of Chromium (Cr)

According to the BIS, 2012 the standard acceptable value for the Chromium is 0.05 ppm. During the PRM the values ranged in between <0.01 to 0.03 ppm. During the MON, the values ranged in between <0.01 to 0.045 ppm. During the POM, the values ranged in between <0.01 to ppm. All the samples in all the three seasons were found to be within the acceptable limits.
[bookmark: _TOC_250043]
3.5 Concentration of Iron (Fe)

According to the BIS, 2012 the standard acceptable value for the Iron is 0.3 ppm. During the PRM the values ranged in between 0.3 to 0.6 ppm. Except Sample S3 all the samples were found to be exceeding the acceptable limits. During the MON, the values ranged in between 0.2 to 0.5 ppm.  Except Sample S1, S3  to  S6,  S10,  S12  and  S14,  all  other samples were found to exceed the prescribed limits. During the POM, the values ranged in between 0.3 to 0.63 ppm. Except Sample S3, S4, S6 and S12, all other samples were found to be exceeding the acceptable limits. The high concentration of Fe could be attributed to the run off from agricultural fields and rocks.
[bookmark: _TOC_250042]
3.6 Concentration of Lead (Pb)

According to the BIS, 2012 the standard acceptable value for the Lead is 0.1 ppm. During the PRM, the values ranged in between <0.001 to 0.04 ppm. During the MON, the values ranged in between <0.001 to ppm. During the POM, the values ranged in between <0.001 to 0.06 ppm. All the samples in all the three seasons were found to be within the acceptable limits.
[bookmark: _TOC_250041]


3.7 Concentration of Mercury (Hg)

According to the BIS, 2012 the standard acceptable value for the Mercury is 0.001 ppm. During the PRM the values ranged in between <0.0001 to 0.001 ppm. All the samples were found to be within the acceptable limits.  During the MON, the values ranged in between <0.0001 to 0.0027 ppm. Except Sample S3, S6, S8 and S12, all other samples were found to be within the acceptable limits. During the POM, the values ranged in between <0.001 to 0.003 ppm. Except Sample S3, S6 and S8, all other samples were found to be within the acceptable limits. Sources of Mercury pollution are electrical appliances, hospital wastes and Chlor-alkali plants etc., (Rashmi Verma and Pratima Dwivedi, 2013).

The HPI of the three seasons were analysed for all the three seasons and are shown in table 2. The HPI values were classified based on the Eden and offiong (2002). The results of the HPI values indicate that 38% of the samples were in the category of Low (<15) and 62% were in the category of high (>30) during the PRM. During the MON season, 23% of the samples were found to be in the low category and the remaining 77% were found to be under the high category. In the POM, 31% of the samples were in the low category whereas the remaining 69% were in the high category. The spatial distribution of the HPI and the sample locations of all the three seasons are shown in table 2 and from Fig 2, Fig 3 and Fig 4 of PRM, MON and POM values of heavy metals respectively. 

Table 2: Heavy Metal Analysis of water samples for all three seasons (All values in ppm)

	S.No
	Name of the Location
	Season
	Cd
	Cr
	Pb
	Cu
	Fe
	Hg
	As
	HPI

	BIS 2012
	
	0.01
	0.05
	0.1
	0.05
	0.3
	0.001
	0.05
	

	S1
	Opp Sai Baba Temple
	Pre
	<0.01
	0.02
	<0.001
	0.04
	0.5
	<0.0001
	<0.001
	0

	
	
	Mon
	0.011
	0.032
	<0.001
	0.05
	0.3
	<0.0001
	<0.001
	34

	
	
	Post
	0.013
	0.035
	<0.001
	0.05
	0.4
	<0.0001
	<0.001
	34

	S2
	Kattamaisamma Temple Steps
	Pre
	0.01
	<0.01
	0.01
	0.05
	0.5
	<0.001
	<0.01
	34

	
	
	Mon
	0.012
	<0.01
	0.011
	0.1
	0.35
	<0.001
	<0.01
	34

	
	
	Post
	0.03
	<0.01
	0.016
	0.18
	0.41
	<0.001
	<0.01
	34

	S3
	Rock Area
	Pre
	0.01
	0.01
	0.03
	0.04
	0.3
	<0.001
	<0.001
	34

	
	
	Mon
	0.014
	0.029
	0.045
	0.07
	0.2
	0.0027
	<0.001
	91

	
	
	Post
	0.015
	0.03
	0.04
	0.1
	0.3
	0.003
	<0.001
	91

	S4
	Fisherman's Point
	Pre
	<0.01
	0.015
	0.02
	0.03
	0.4
	<0.001
	<0.01
	0

	
	
	Mon
	0.01
	0.02
	0.03
	0.03
	0.3
	<0.001
	<0.01
	34

	
	
	Post
	0.01
	0.03
	0.03
	0.05
	0.3
	<0.001
	<0.01
	34

	S5
	Mid Lake
	Pre
	<0.01
	<0.01
	0.01
	0.05
	0.4
	<0.001
	<0.01
	0

	
	
	Mon
	<0.01
	<0.01
	0.03
	0.06
	0.3
	<0.001
	<0.01
	0

	
	
	Post
	<0.01
	<0.01
	0.03
	0.08
	0.39
	<0.001
	<0.01
	0

	S6
	Bird Watch Point
	Pre
	0.01
	0.02
	0.02
	0.05
	0.45
	<0.001
	<0.001
	34

	
	
	Mon
	0.012
	0.021
	0.02
	0.07
	0.3
	0.0014
	<0.001
	91

	
	
	Post
	0.012
	0.03
	0.03
	0.07
	0.3
	0.0014
	<0.001
	91

	S7
	Industry Inlet (Surya Nilayam Point)
	Pre
	0.02
	0.01
	0.01
	0.09
	0.5
	<0.001
	<0.01
	34

	
	
	Mon
	0.031
	0.029
	0.018
	0.17
	0.4
	<0.001
	<0.01
	34

	
	
	Post
	0.08
	<0.01
	0.03
	0.21
	0.46
	<0.001
	<0.01
	33

	S8
	Sewage Inlet (Kukka Lying Point)
	Pre
	0.02
	0.03
	0.02
	0.08
	0.4
	<0.001
	<0.01
	34

	
	
	Mon
	0.027
	0.045
	0.027
	0.1
	0.4
	0.0012
	0.008
	92

	
	
	Post
	0.03
	0.04
	0.03
	0.12
	0.4
	0.0014
	<0.01
	91

	S9
	Renuka Temple Backside
	Pre
	0.01
	<0.01
	0.03
	0.09
	0.5
	<0.001
	<0.01
	34

	
	
	Mon
	0.01
	<0.01
	0.04
	0.1
	0.4
	<0.001
	<0.01
	34

	
	
	Post
	0.01
	<0.01
	0.06
	0.14
	0.55
	<0.001
	<0.01
	34

	S10
	Opp to fisherman point
	Pre
	<0.01
	<0.01
	0.04
	0.1
	0.4
	<0.001
	<0.01
	0

	
	
	Mon
	<0.01
	<0.01
	0.05
	0.1
	0.3
	<0.001
	<0.01
	0

	
	
	Post
	<0.01
	<0.01
	0.06
	0.14
	0.52
	<0.001
	<0.01
	0

	S11
	Transformers Line
	Pre
	<0.01
	<0.01
	0.02
	0.05
	0.6
	<0.001
	<0.01
	0

	
	
	Mon
	<0.01
	<0.01
	0.021
	0.08
	0.5
	<0.001
	<0.01
	0

	
	
	Post
	<0.01
	<0.01
	0.025
	0.1
	0.63
	<0.001
	<0.01
	0

	S12
	Agricultural Fields
	Pre
	0.01
	0.02
	0.02
	0.05
	0.4
	<0.0001
	<0.001
	34

	
	
	Mon
	0.017
	0.021
	0.02
	0.05
	0.3
	0.0014
	<0.001
	91

	
	
	Post
	0.02
	0.025
	0.03
	0.07
	0.3
	<0.001
	<0.001
	1

	S13
	Outlet
	Pre
	0.01
	<0.01
	0.01
	0.08
	0.45
	<0.001
	<0.01
	34

	
	
	Mon
	0.021
	0.01
	0.01
	0.15
	0.3
	<0.001
	<0.01
	34

	
	
	Post
	0.03
	<0.01
	0.016
	0.18
	0.41
	<0.001
	<0.01
	34



4.0 CONCLUSION

Arsenic values in all the three seasons were found to be within the acceptable limits. Cadmium was found to be high in 15% Samples of PRM. During the MON and POM, 70% Sample were found to be within the acceptable limits. 38% samples of PRM were found to be exceeding the acceptable limits of cadmium. During the MON and POM, 23% and 84% samples respectively were found to be exceeding the acceptable limits Chromium was found to be within the acceptable limits in all the samples. Concentration of Iron was found to be exceeding the acceptable limits in 92% samples of PRM, 53% samples of MON, and 30% of POM. Lead was found to be within the acceptable limits in all the samples. Mercury was found to be within the acceptable limits during PRM. Whereas 69% samples of MON and 23% samples of POM were found to be exceeding the acceptable limits. The results of the HPI values indicate that 38% of the samples were in the category of Low (<15) and 62% were in the category of high (>30) during the PRM. During the MON season, 23% of the samples were found to be in the low category and the remaining 77% were found to be under the high category. In the POM, 31% of the samples were in the low category whereas the remaining 69% were in the high category.
The investigation generated some important baseline data on the pollution status of the Lake. These data would be helpful in planning for future policy decisions on better conservation and management of the precious biodiversity in the world heritage site of India.
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Fig 2: Heavy Metal Pollution Index of PRM Season [image: ]
Fig 3: Heavy Metal Pollution Index of MON Season
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Fig 4: Heavy Metal Pollution Index of POM Season
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