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Abstract:  

The current study on groundwater contamination examines the chemical and radiological dangers associated with uranium 

contamination in groundwater. For the same 232 groundwater samples were analysed from 15 talukas in the Chandrapur 

district. The study also estimated pre-monsoon lifetime excess cancer risks (ECR) for mortality and morbidity in adults 

aged 70 years. The ECR was calculated using mathematical equations. The estimated ECR of death and disease for post- 

monsoon was between 4.19 E-045 and 1.002E-05 for mortality and between 1.010E-06 and 8.92E-05 for morbidity. All 

except one pre-monsoon sample satisfied ECR mortality and morbidity of AERB standards. The LADD and hazard 

quotient were also studied. The post-monsoon LADD concentration averaged 0.31592377 µg/kg/day and pre-monsoon 

average was 0.4386 µg/kg/day. Post-monsoons, chemical concentrations above the WHO criteria reduced from 9.48% to 

8.62%. Post-monsoon adult HQ ranged from 0.001 to 7.71 µg/kg/day and pre-monsoon HQ levels averaged 0.511 

µg/kg/day. Due to increased HQ levels, 11.2% of pre-monsoon samples were chemotoxic in nature. 
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Abbreviations: AERB   –   Atomic Energy Regulatory Board 

CGWB –    Central Ground Water Board 

ECR –   Excess Cancer Risk 

GSDA   –   Groundwater Survey and Development Agency 

HQ        –   Hazard Quotient 

LADD   –   Lifetime Average Daily Dose 

USEPA –   United State Environmental Protection Agency 

WHO    –   World Health Organization 

 

1. Introduction: 

Groundwater is a common source of uranium since it is a naturally radioactive element (Duggal et al., 2021; Bhardwaj et 

al., 2020). Uranium dioxide or uranyl ions are formed when this long-lived radionuclide reacts with oxygen in the air 

(Amakom and Jibiri, 2010). Depending on the local geology and rock composition, groundwater may contain varying 

amounts of uranium. Groundwater uranium contamination is exacerbated by human activities such as burning coal, 

mining for metals, creating nuclear power, and using phosphate fertilizers (Kumar et al., 2016; Duggal et al., 2017). 

 

Humans are vulnerable to uranium's radiological (cancer-causing) and chemical (non-cancer-causing) toxicity (Zamora 

et al., 1998). Its radioactivity is less of a concern than its toxicity. Uranium is a nephrotoxic substance, meaning it causes 

harm to the kidneys, according to the World Health Organisation WHO (WHO, 2011). Premature hair greying, heart 

problems, and congenital abnormalities have all been linked to uranium exposure (USEPA, 2003). Humans' kidneys, 

bones, and liver can all be damaged by even trace amounts of uranium in drinking water (0.004 to 9.0 µg/L; Bajwa et al., 

2017; Kurttio et al., 2002; Zamora et al., 1998). 

 

The United States Environmental Protection Agency (USEPA) has classed uranium as a Group A carcinogenic element 

due to its radioactive and chemical toxicity hazards (USEPA, 2012). The findings back up the notion that uranium should 

never be found in drinkable water. The US Environmental Protection Agency (EPA) and the World Health Organisation 

(WHO) have proposed a preliminary MCL of 30 µg/L in drinking water, although the AERB allows for up to 60 µg/L. 

Uranium is not included in the Bureau of Indian guidelines' drinking water guidelines. 
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Groundwater uranium levels have been the subject of several international and domestic investigations. Orloff and 

colleagues reported maximum uranium concentrations between 1.8 and 7780 µg/L in 2004. Groundwater in the Indian 

city of Kolar, Karnataka, has been discovered to have between 0.3 to 1442.9 µg/L of uranium (Babu et al., 2008). 

Assessing uranium in groundwater used for human consumption is crucial internationally and nationally. The current 

study was implemented with the objectives as  

1) Firstly, the researchers wanted to determine how widespread uranium contamination was in drinking-water aquifers. 

2) To evaluate cancer and non-cancer dangers to locals. 

 

The groundwater in Jammu and Kashmir to Bangalore, Karnataka, but not the Chandrapur area, has been examined for 

uranium pollution. Chandrapur's groundwater is likely contaminated with uranium due to the city's lithology and 

geohydrology. Coal and other minerals may be found in abundance at Chandrapur. Since no prior research has been 

conducted in the area, this study sought to evaluate the chemical and radiological risks to residents from uranium in 

groundwater. The findings fill a critical information need and provide residents with the knowledge to lessen toxicological 

risks and safeguard their health. 

 

1.1 Geography of the region 

Please refer Fig. 1 for a location map of Chandrapur on Maharashtra's eastern border with the Vidarbha area. The district's 

location is between 19030 and 20045 north and 78050 and 80010 east longitudes. Its southern neighbour is Andhra Pradesh 

State; its western neighbour is Gadchiroli District; its eastern neighbour is Yavatmal District; and its northern neighbour 

is Gondia, Bhandara, Nagpur, and Wardha Districts (CGWB, 2011). 

 

 
Fig: 1 Map showing the location of Chandrapur District in Maharashtra, its elevation, and sampling locations 

(source: Arc-GIS-10.8) 

 

Chandrapur, a region in Maharashtra that spans an area of 11,364 km2, is well-known for its mining reserves. As the 

Environmental Status Report (2007) notes, Chandrapur has earned the nickname "Black Gold City" due to the abundance 

of coal mines in the area.  

 

Physiography and Geology 

Situated between the Wardha and Wainganga basins, the Chandrapur district is physically split in two by the rivers that 

give it its name: the flat plains of the Wardha, Wainganga, and Penganga rivers, and the rocky upland region. Along the 

Wardha River, the plains are flat and expansive. The southern portion of the Wainganga River valley is characterized by 

undulating topography, while alluvial floodplains characterize the northern portion. The flat Penganga Valley may be 

found in the southwest part of the area. The entire district is included in the Godavari basin, and its principal rivers are 

the Wainganga, Wardha, and Penganga (Central Groundwater Board, 2009). 

 

1.2 Hydrogeology of the District 

The water-bearing formations in the Chandrapur district are composed of Deccan Trap Basalt, Vindhya Limestone, 

Alluvium, Lower Gondwana sandstone, and Archean metamorphic rocks (Fig. no. 2). Among these, the Kamthi 

sandstone, which is part of the Lower Gondwana group, forms the most promising aquifer (CGWB, 2009; Satapathy D. 

et al., 2009). 
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                                     Fig:2. Geological Map of Chandrapur District (Source: GSDA, Chandrapur) 

 

The area is part of the Gondwana supercontinent and the sedimentary basins. The Wardha Valley had Gondwana 

sedimentation, and the resulting Gondwana sediments now sit above the Valley's Archean rock formations. The area has 

a wide variety of stratigraphic strata, from Archean alluvium and laterites to those from more recent times (Satapathy et 

al., 2009). The Archean rocks comprise quartzites, gneisses, and banded hematite quartzites. The Vindhyan group 

contains massive limestones and sandstones, which are fine-grained, calcareous, and white. The Deccan trap encompasses 

a small portion of the district, while the alluvium mainly consists of sand, silt, and clays found along the riverbanks. The 

map below illustrates the district's hydrogeological features. 

 

 
Fig: 3 Hydrogeological Map of Chandrapur District (Source: GSDA) 

 

2. Literature Review: 

While selecting the current topic, an extensive literature review was conducted at global, national, and local levels, guiding 

the researchers in this study. The literature review provided valuable insights and direction for the research work. In the 

table below, we summarise some relevant research on this issue. Orloff and colleagues (2004) estimated the maximum 

concentration to be between 1.8 and 7780 µg/L in the United States, whereas Brown and colleagues (1983) reported the 

lowest concentration to be between 0.5 and 1.0 µg/L in South Greenland. In 2008, Babu and co-investigator reported the 

highest uranium content in India to be in Kolar, Karnataka, with a range of 0.3-1442.9 µg/L, and Byju and colleagues 

reported the lowest concentration to be in South Coast district, Karnataka, with a range of 0.3-4.492 µg/L. According to 

the mentioned sources, the highest levels are far higher than those allowed by the WHO, USEPA, and AERB. 



Radiological And Chemotoxic Risk Assessments Caused By Uranium In Groundwater In Chandrapur District, 

Maharashtra, India 
 

280 

In Maharashtra, research on this topic has been conducted in Buldhana, Beed, and Aurangabad districts by Kale and co-

investigators; however, no study has been found in the Chandrapur district of Maharashtra. The table below provides a 

brief overview of the literature review at international and national levels. 

 

Table: 1 Worldwide Source of Groundwater Uranium 

Sr. No. Region 
Uranium Concentration (µg/L) 

References 
Range Mean 

  International        

1 Argentina 0.04-11.0 - Bomben et al., 1996 

2 Australia 0.05-160 2.1 Landstetter & Katzlberger., 2009 

3 Bangladesh <0.2-10 2.5 Frisbie et al., 2009 

4 Ontario, Canada 0.05-4.21 - OMEE., 1996 

5 NE Portugal 8.2-3483 617.8 Costa et al., 2017 

6 Switzerland 0.05-92.02 - Stalder et al., 2012 

7 Kosovo 0.012-166 5 Berisha & Goessler., 2013 

8 Canada <1-845 - Zamora et al., 2009 

9 Finland 0.02-6000 - UNSCEAR., 2000 

10 Ghana <0.001-266 - Rossiter et al., 2010 

11 Greece 0.015-1.4 - UNSCEAR., 2008 

12 Italy 0.02-5.2 - UNSCEAR., 2000 

13 Jordan 0.04-1400 - Gedeon et al.,1994 

14 Korea 0-3610 8 Shin et al., 2016 

15 Kuwait 0.02-2.48 - Bou-Rabee., 1995 

16 Mongolia <0.01-57 4.6 Nriagu et al., 2012 

17 Odeda area Nigeria 20.55-272.82 - Amakom et al., 2010 

18 Okchun belt Korea 0.5-263 - Lee et al., 2001 

19 San Joaquin Valley, California USA 0.04-2500 - Jurgens et al., 2009 

20 Saudi Arabia <0.8-90.8 32.4 Shabana & Kinsara., 2014 

21 South Greenland 0.5-1.0 - Brown et al., 1983 

22 Sweden <0.20-470 - Selden et al., 2009 

23 Turkey 0.2-17.6 - Kumru.,1995 

24 USA 0.02-652 - Cothern et al., 1983 

25 USA 1.8-7780 620 Orloff et al., 2004 

  National       

1 Balod district, Chhattisgarh  0.56-78.93 - Sar et al., 2017 

2 Aurangabad, Maharashtra, India 0.012-16.673 0.068 Kale et al., 2018 

3 Bangalore, Karnataka, India 0.2-770.1 - Nagaiah et al., 2013 

4 Beed district, Maharashtra, India 0.03-32.85 2.58 Kale et al., 2018 

5 Bemetara district, Chhattisgarh, India 0.68-96.08 - Sahu et al., 2019 

6 Bhathinda, Punjab  9.72-186.6 - Virk., 2016 

7 Bhatinda, Punjab 11.7-113.7 - Singh et al., 1995 

8 Buldhana district, Maharashtra, India 0.10-13.06 2.48 Kale et al., 2021 

9 Central Tamil Nadu 0.79-71.93 - Adithya et al., 2017 

10 Chamarajnagar, Karnataka, India 0.03-4.63 - Nagaraju et al., 2014 

11 
Chandrapur District, 

Maharashtra, India 
0.001-417.74 - Present Study 

12 Himachal Pradesh 0.56-10.11 2.17 Rani et al., 2013 

13 Himachal Pradesh, Kulu, India 0.3-2.5 - Singh et al., 2001 

14 Himachal Pradesh, India 0.12-19.43 2.57 Kaur & Mehra., 2019 

15 Eastern Uttar Pradesh 11-63.33 - Kumar et al., 2015 

16 Ganjam. Odisha, India <0.2-13.6 4.3 Mohapatra et al., 2015 

17 
Garhwal Himalayan, Uttarakhand, 

India 
0.02-36.7 7 Prasad et al., 2019 

18 Gaya, Bihar 0.1-238.2 - Kumar et al., 2020 

19 Guwahati, Assam 0.08-5.32 - Taukdar et al., 1983 

20 Haryana, India 1.07-40.25 17.91 Panghal et al., 2017 

21 Punjab 1.24-45.42 14.91 Rani et al., 2013 

22 Hyderabad, Telangana 0.6-82 - Balbudhe et al., 2011 

23 
Jaduguda uranium mining complex, 

India 
0.5-28 - Sethy et al., 2011 

24 Hisar district, Haryana 1.2-274 32.5 Duggal et al., 2021 

25 Jaduguda, Jharkhand, India 0.03-11.6 - Patra et al., 2013 

26 West Haryana, India 0.3-256.4 - Balvinder Singh et al., 2014 

27 Jammu & Kashmir, India 0.18-20.81 4.72 Kumar et al., 2016 

28 Kolar, Karnataka 0.3-1442.9 - Babu et al., 2008 
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29 Madurai, Tamil Nadu 0.2-156.84 - Thivya et al., 2015 

30 Nadia, West Bengal 0.21-20.9 - Das et al., 2020 

31 Mahendragarh district, Haryana 0.56-57.53 18.87 Mehra et al., 2017 

32 Sirsa, Haryana 0.93-290 - Duggal et al., 2017 

33 
Proposed uranium mining areas in 

Jharkhand 
<0.5-24.5 - Giri and Jha., 2012 

34 Mumbai, Maharashtra, India 1.1-10.6 4.8 Sahu et al., 2014 

35 Nalgonda, Andhra Pradesh, India 0.2-68 18.5 Brindha et al., 2012 

36 South Coast district, Kerala, India 0.31-4.92 - Byju et al., 2012 

37 North Rajasthan, India 2.54-133 38.48 Rani et al., 2013 

38 Patna, Bihar 0.1-14.5 - Kumar et al., 2018 

40 Peddagattu/Seripally, AP 0.6-521.15 - Raghavendra et al., 2014 

41 South Bihar, India 0.1-238.2 12.3 Kumar et al., 2018 

42 Southwest Punjab, India 0.13-676 76.27 Saini et al., 2018 

43 Southwest, Punjab 0.5-579 73.5 Bajwa et al., 2017 

44 Southwest, Punjab 0.5-579 - Bajwa et al., 2015 

45 Tiruvannamalai, Tamil Nadu 0.2-25.8 5.4 Ganesh et al., 2020 

46 Vishakhapatnam, AP 0.6-12.3 - Bhangare et al., 2013 

47 West Bengal India <0.01-13.9 1.5 Rahman et al., 2015 

 

3. Materials and Methods: 

3.1 Grid Map of the Study Area 

A grid map was created to facilitate the selection of sample locations, maximizing the information gathered. This map 

was used to track the accessibility of nearby highways and resources, ensuring accurate water sample collection. The 

current study employed a grid map that divided the sample region into 7×7 km sections across 15 talukas in the 

Chandrapur district (refer to the figure below). 

 

 
Fig:4 Grid Map of Chandrapur District of Maharashtra (Arc GIS-10.8) 

 

3.2 Water Sampling and Analysis 

Prior to and during the monsoons, 232 groundwater samples were collected in a 7x7 km grid pattern over 15 talukas in 

the Chandrapur district (see Figure 1). On-site measurements of pH, temperature, electrical conductivity, total dissolved 

solids, oxidation-reduction potential, and salinity were taken with a Bluetooth-enabled portable multiparameter kit (model 

no. HI98494). For the uranium assay, special, amber-coloured sample vials were used. The date and place of collection 

and other pertinent information were clearly labelled on each sample. The samples were rinsed in 10% HNO3 solution 

and then preserved until use. At the Civil Department of KITS in Ramtek, Maharashtra's Nagpur district, uranium 

concentration was determined using an LED-Fluorimeter (LF-2a). 
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3.3 Risk Assessment 

Due to its ionising characteristics and chemical toxicity, uranium-contained drinking water poses both radiological and 

chemical toxicity problems. The primary routes of exposure to uranium in the human body are ingestion and inhalation. 

As a heavy metal, uranium exhibits carcinogenic traits. Its chemical toxicity can lead to nephrotoxicity, as documented 

by Kuttio P. et al. (2006) and Selden A.I. (2009). 

 

3.4 Radiological Risk Assessment 

The probability of acquiring cancer over the course of one's lifetime as a result of exposure to carcinogenic elements like 

uranium is known as radiological risk or Excess Cancer Risk (ECR) (Patra et al., 2013). The United States Environmental 

Protection Agency (USEPA) has created standard protocols for measuring ECR from naturally occurring uranium in 

drinking water, which are as follows: 

U concentration in groundwater (Bq/L) ×Risk Factor (Bq/L) = Increased Cancer Risk. ------- 1 

 

A conversion factor of 0.025 Bq/L is used to change the uranium content from micrograms per litre to becquerels per litre 

(Sahoo et al., 2010). 

The R-factor, or degree of danger, is determined by: 

Exposure Probability (EF) = Risk Coefficient (per Bq) × IR (L/Day) TEP ------------------------------------ 2 

 

The risk coefficient (r) for death from uranium exposure is 1.19 x 109, while the risk coefficient (r) for morbidity is 1.84 

x 109 Bq/L (USEPA, 2000b; Mehra R. et al., 2017). The Total Exposure Period (TEP) for adults is 70 years or 25,550 

days (Rani et al., 2013; WHO, 2011; Duggal et al., 2017), and the Water Ingestion Rate (IR) is 1.38 L/Day (Kale A., and 

Kulkarni J., 2018). 

 

3.5 Chemical Toxicity Risk Assessment 

As a result of its chemical toxicity, uranium pollution in drinking water can affect human bones and kidneys (Kale A., 

2021); exposure to uranium-contaminated water can cause chemical toxicity, which mainly affects the kidneys but can 

also cause other organ damage (Cantaluppi and Degetto, 2000). The Lifetime Average Daily Dose (LADD) measures 

chemical toxicity risk. LADD is measured using the following formula (WHO, 2011; Bhardwaj S. et al., 2020): 

U * IR * EF * LE * BW * AT * LADD (µg/L/Kg/Day) ------------------------------------ 3 

 

For adults, the average time of exposure is 25,550 days (Dang et al., 1994), where U is the uranium content in the water 

sample (µg/L), IR is the ingestion rate (L/Day), EF is the exposure frequency, and BW is the body weight. 

 

3.6 Hazard Quotient (HQ.) 

When the HQ value is less than one (1), it is believed that drinking water containing uranium poses no threat to human 

health (AERB., 2004). To determine HQ, we use the formula:  

HQ (g/L/Kg/Day) = LADD 

                                   Rfd 

 

Where, Rfd is presumed as reference dose. According to many sources (including the World Health Organisation (1998), 

Duggal et al. (2016), and Ganesh et al. (2020), the Rfd is 4.53 µg/Kg/Day. 

 

3.7 Assessment of Annual Effective Dose (AED) 

By "annual effective dose," one might mean the biological dose. Human vulnerability to radiation is measured by its 

annual effective dose. As much as 87% of human radiation exposure worldwide occurs in India due to natural radiation 

sources (UNSCEAR., 2000). For an estimate of the radiation dose from consuming uranium, the formula AED = 

AC*F*I*365 can be used (International Atomic Energy Agency, 2016). 

The formula is AC=average uranium concentration in litres, F=effective dose per unit intake in sieverts per year per litre, 

and I=age-adjusted daily water consumption in litres, where I=503.7 L (1.38365). 

 

3.8 Cumulative Dose 

Cumulative dose means the total dose resulting from exposure to ionizing radiation to a human being for a lifetime. The 

cumulative dose is calculated by using the following formula 

Cumulative dose = DE (µSv) × lifetime (year) 

DE means the annual effective dose and lifetime is 70 years (WHO, 2004) 
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4. Results and Discussion: 

Table 2: Statistical data of parameters (Pre-Monsoon) 

 

Table 3: Statistical data of parameters (Post Monsoon) 

 

Table: 4 Permissible limits for radiological and chemical risk for groundwater uranium 
Sr. No. Parameter Permissible Limit Authority 

1.  ECR 1.67×10-4 AERB (2004) 

2.  LADD 
1 µg/kg/day WHO (2011) 

4.53 µg/kg/day AERB (2004) 

3.  HQ 
1 µg/L/Kg/Day 

1 µg/L/Kg/Day 

AERB (2004) 

WHO (2008) 

4.  AED 100 µSv/y WHO (2004) 

 

Discussion: 

4.1 Groundwater uranium concentration 

Using 232 groundwater samples from the Chandrapur region, researchers determined the uranium concentrations and 

assessed the risks posed by radiological and chemical toxicity. The uranium concentrations in the water before the 

monsoons varied from 0.025 µg/L to 417.74 µg/L (Table 2). Bhisi village was found to have the lowest concentration. 

The presence of several cement mills and chemical facilities in the area may be to blame for the latter. After the monsoons 

finished, concentrations varied widely over the region, from as low as 0.001 µg/L in Wadodha to as high as 135.98 µg/L 

in the Manatekdi region (Table 3). According to Table 4, 12.93% and 18.10% of samples surpassed WHO allowed limits 

and 8.62 percent; and 7.75 percent and exceeded legal levels imposed by the Atomic Energy Regulatory Board (AERB), 

respectively, before and after the monsoon seasons. 

Research by Amakom and Jibiri (2010) in South Western Nigeria and by Salden et al. (2009) in Sweden (Table 1) support 

the uranium concentration range of 0.025-417.74 µg/L before the monsoon (Table 2). Basal et al.'s (Table 1) research in 

Aligarh, UP, found a post-monsoon range of 0.001-135.98 µg/L. Rani et al. found similar findings for Rajasthan, where 

they used them to compare cancer risks posed by radiation with those posed by chemicals. In their research on water 

quality in South West Punjab, India, Bajwa et al. discovered that 67.87% of samples exceeded the WHO standard and 

47.37% were above the AERB limit for uranium concentrations, respectively. The geomorphology and lithology of the 

area suggest localized uranium mineralization and dominant rock strata as possible causes of the region's elevated uranium 

levels. Lower than the quantities detected in our study before the monsoon but still beyond the WHO and AERB 

permissible limits were those found by Saikia et al. (2021) in the Nalbari area of Assam. 

 

4.2 Excess Cancer Risk 

The current study estimated that a 70-year-old adult's ECR for mortality and morbidity might be anywhere from 

0.0006767 to 3.888E-08 µg/kg/day and 1.00210-5 to 4.1910-5 µg/kg/day before and after the monsoon, respectively, with 

a mean of 2.33E-05 and 1. The maximum daily intake of ECR allowed by the AERB is 1.67 x 104 µg/kg (AERB, 2004). 

So, except for a single sample taken before the monsoon, all ECR values were shallow. Sahu and colleagues investigated 

uranium levels in the groundwater of the Bemetara area of Chhattisgarh, India, and found concentrations ranging from 

1.15 to 83.5 µg/L before the monsoons and from 0.68 to 96.08 µg/L after that. The research took place in an area where 

limestone rocks are prevalent. Lifetime cancer risks were also computed in their study, with results falling in the range of 

0.07106 to 5.06106 µg/kg/day before the monsoons and 0.04106 to 5.82106 µg/kg/day after that, all of which are below 

the World Health Organization's safe upper intake level. Amakom reported mortality rates of 1.91105 to 2.54104 

µg/kg/day and morbidity rates of 2.93105 to 3.18104 µg/kg/day in his study of radiological and chemical risk the Indian 

state of Uttarakhand caused by exposure to uranium through potable groundwater. Since the groundwater's origin, depth, 

and geochemistry point to localized uranium mineralization and dominant rock strata, these results may be more accurate 

than ours. Saini and co-investigators estimated cancer risk at 3.64107 to 1.89103 µg/kg/day in South West Punjab and 

3.08107 to 9.80106 µg/kg/day in North East Punjab. They also found that 35% of the analysed samples had uranium 

concentrations above the AERB-recommended maximum of 60 µg/L. These results surpass our own by indicating natural 

uranium mineralization due to suitable geological strata. 

 

Statistical 

Parameters 

U(ppb) Average 

(Bq/l) 

Mortality Morbidity LADD 

(µg/kg/day) 

HQ. 

(µg/kg/day) 

AED 

µSv/y 

Cumulative Dose 

(Lifetime) µSv 

Min 0.025 0.0006 2.51E-08 3.888E-08 0.000492857 0.000575096 0.0136 236.7176 

Max 417.74 10.4435 4.38E-04 0.0006767 8.235445714 9.609621604 0.9519 16570.23 

Average 22.251 0.5562655 2.33E-05 3.6046E-05 0.438678547 0.511876951 12.608 882.6015 

Median 11.715 0.29285 1.23E-05 1.89767E-05 0.230952857 0.269489915 6.6378 465.8419 

Statistical 

Parameters 

U(ppb) Average 

(Bq/l) 

Mortality Morbidity LADD 

µg/kg/day 

HQ 

(µg/kg/day) 

AED 

µSv/y 

Cumulative Dose 

(Lifetime) µSv 

Min 0.0001 0.000002 1.002E-05 1.010E-06 0.001 0.001 0.01 0.03 

Max 135.98 3.3995 4.19E-05 8.92E-05 2.68 0.052 77.05 5393.8 

Average 16.0474871 0.401171224 1.37E-05 1.47E-05 0.31592377 0.00571661 9.02 631.08 

Median 7.59 0.18975 7.34E-06 8.78E-06 0.1495 0.002 4.11 287.98 
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4.3 Lifetime Average Daily Dose (LADD) and HQ.  

Our analysis of the chemical danger, as shown by the LADD computed using Equation 3, is presented in Tables 2 and 3. 

The daily doses range we saw was 0.0001-2.68 µg/kg, with an average of 0.3159. Consistent with our findings, Mehera 

et al. found a mean LADD value of 0.31 µg/kg/day when they studied groundwater uranium risk in the Mahendragarh 

district of Haryana. Amakom and Jibri observed higher LADD values in Nigeria (0.56-7.47 µg/kg/day), with the increased 

uranium content attributed to factors like source, depth, and geochemistry.  

Pre-monsoon LADD levels published by Saikia et al. (2021) were 0.22-0.520 µg/kg/day, which is lower than our results 

but still within the WHO LADD limit of 1 µg/kg/day. Our study's higher levels might result from natural geology and 

human activity, such as mining. LADD levels before the monsoon varied from 0.04 to 3.15 µg/kg/day, whereas post-

monsoon levels ranged from 0.03 to 3.63 µg/kg/day (Table 4), lending credence to our findings. 

Between 0.07 and 5.25 µg/kg/day and 0.04 and 6.04 µg/kg/day, with mean values of 1.31 and 1.10, respectively, the 

hazard quotient (HQ) was assessed before and after the monsoons. These numbers are far higher than what is considered 

safe by the AERB (Table 4), posing a severe threat to human health from chemical toxicity. Researchers observed annual 

practical dose values below the WHO threshold of 0.096 to 69.34 µSv/y before and between 0.56 to 79.79 µSv/y after the 

monsoon, indicating that safe levels were maintained. Our findings were comparable and likewise well within the safe 

range.  

LADD levels reported by Saikia et al. (2021) in the Nalbari area of Assam were lower than the WHO standard values, 

and our findings (0.022 to 0.520 µg/kg/day pre-monsoon and 0.044 to 0.755 µg/kg/day post-monsoon). Geology and 

human activity may both contribute to the higher values seen in our research area. Saikia also observed HQ levels below 

the WHO recommended limit, with levels between 0.005 to 0.115 µg/kg/day before the monsoon and between 0.011 and 

0.167 µg/kg/day afterward (Table 4). 

 

4.4 Annual Effective Dose (AED) and Cumulative Dose 

Our study indicated that in the pre-monsoon season, the average annual effective dose (AED), which assesses a person's 

exposure to radiation, was 12.60859. This AED ranged from 0.0136 to 0.9519 µSv/y. On average, the total radiation 

exposure was 882.6015 µSv, with a range of 236.7176 µSv to 16570.23 µSv. During the dry season, the annual effective 

dose (AED) varied from 0.01 to 77.05 µSv (with an average of 9.02 µSv), while the lifetime effective dosage (LD) varied 

from 0.03% to 5,393.8 µSv (with an average of 631.08 µSv). 

The AED found by Mehra et al. (2017) in the Mahendragarh district of Haryana was much lower than the maximum 

allowable dose of 100 µSv/y, with a range of 0.32-32.60 µSv/y and a mean value of 10.69 µSv/y. They also observed that 

the average cumulative dosage was 747.25 µSv, with a range of 22.29-2278.56 µSv. Kale and Kulkarni (2018) found 

lower values in the Aurangabad district, with an AED range of 0.00680-9.448 µSv/y and an average of 1.539 µSv/y. They 

found a mean cumulative dosage of 107.791 µSv, with a range of 0.47599–661.343 µSv. 

According to Ganesh et al. (2020), the average annual effective dose (AED) at Tiruvannamalai, Tamil Nadu, India, was 

0.069 µSv/y, with a range of 0.33-42.91 µSv/y. All samples' average effective dose (AED) was less than 100 µSv/y. The 

total radiation exposure varied from 21.19 to 2733 µSv, averaging 572.05 µSv. The existence of uranium-containing 

parent rock strata and the closeness of some study locations to mining sites likely contributed to more significant uranium 

contamination, which is why our readings were higher than theirs. 

In the Hamirpur district of Himachal Pradesh, India, Bhardwaj et al. (2020) reported 120–270 µSv/y for the absorbed 

dose rate, with an average of 210 µSv/y. For the same reasons, these numbers were significantly higher than the global 

average of 70 µSv/y. 

 

5. Conclusions:  

1. This study assessed the radiological and chemotoxic health risks associated with groundwater uranium in pre and post-

monsoon seasons. The evaluation included ECR for mortality and morbidity, LADD, HQ, AED, and cumulative dose 

for a 70-year-old. 

2. All ECR values for mortality and morbidity in pre-monsoon and post-monsoon samples were below the permissible 

limit set by the AERB, except for one pre-monsoon sample. 

3. Chemical toxicity risk (LADD) exceeded the WHO's permissible limit in 8.62% post-monsoon samples and 9.48% of 

pre-monsoon samples. 

4. In 11.20% of pre-monsoon samples, HQ values were above the permissible limit, potentially causing adverse health 

effects due to chemotoxic risks for residents. Higher concentrations were observed in metamorphic and gneiss rocks, 

likely due to natural uranium mineralization in groundwater and human activities such as mining and industry. 

5. The HQ values for 116 post-monsoon samples were below the permissible limit, suggesting that the water is safe from 

a chemical toxicity standpoint. 

6. The annual effective dose (ADE) measures an individual's radiation exposure. In this study, ADE values for all 

samples were below the WHO's permissible limit of 100 µSv/y, indicating they are within safe limits. 

7. Lower uranium levels in the study area could be attributed to uranium leaching from nearby aquifers in metamorphic 

and gneiss rock strata (Kale and Kulkarni, 2021). 

8. It is recommended that residents avoid consuming water from sources with higher uranium concentrations. Raising 

awareness among the community can help prevent potential health issues.  

 



Journal of Survey in Fisheries Sciences  10(3) 277-288  2023 

 

285 

References 

1. AERB (2004). Drinking water specification in India. Department of Atomic Energy Govt. of India. 

2. Adithya V.S., Chidambaram S., Keesari T., Mohokar H.V., Prasanna M.V (2017). Occurrence of uranium in 

groundwater along the lithological contacts in central Tamilnadu, India: a hydrochemical isotope perspective. Expo 

Health 11:277-290. 

3. Ali, W., Aslam, M. W., Feng, C., Junaid, M., Ali, K., Li, S. Chen, Z., Yu, Z., Rasool, A., and Zhang, H. (2019). 

Unraveling prevalence and public health risk of arsenic, uranium and co-occurring trace metals in groundwater along 

riverine ecosystem in Sindh and Punjab, Pakistan. Environmental Geochemistry and Health 41, 2223-2238. 

https://doi.org/10.1007/s10653-019-00278-7. 

4. Amakom C.M and Jibiri N.N (2010). Chemical and radiological risk assessment of uranium in the borehole and well 

waters in the Odeda Area, Ogun State, Nigeria. Int. J. Phys Sci 5:1009-14. 

5. Babu M.N.S, Somashekar R.K., Kumar S.A, Shivanna K., Krishnamurthy V, Eappen K.P (2008). The concentration 

of uranium level in groundwater. Int J Environ Sci Tech 5:263-266, 5:263-266. 

6. Bajwa B.S., Kumar S., Singh S., Tripathi R. M., Sahoo SK (2015). Uranium and other heavy toxic elements 

distribution in the drinking water samples of SW-Punjab, India. J. Radiat Res Appl Sci 10:13-19. 

7. Bajwa B.S., Sanjeev Kumar., Surinder Singh., Sahoo S.K., Tripathi R.M., (2017). Uranium and other heavy toxic 

elements distribution in the drinking water samples of SW-Punjab, India. 

8. Balbudhe A.Y., Srivastava S.K., Vishwaprasad K., Srivastava G.K., Tripathi R.M., Puranik V.D (2011). Assessment 

of age-dependent uranium intake due to drinking water in Hyderabad, India. Radiat Prot Dosim 148(4):502-506. 

9. Bansal V, Azam A, Srivastava D.S (1985). Measurement of uranium content of water using plastic track detectors. 

In: Sharma K.K. (ed), Application to Earth Sciences. IV National Seminar Cum-Workshop on SSNTDs, vol 14. Shiva 

Offset Press, Dehradun, India, pp 89-98. 

10. Berish F. & Goessler W. (2013). Uranium in Kosovo's drinking water. Chemosphere 93, 2165-2170. 

11. Bhangare R.C., Tiwari M., Ajmal P.Y., et al. (2013). Laser fluorimetric analysis of uranium in water from 

Vishakhapatnam and health risk estimation. Radiat Prot Environ 36:128-32. 

12. Bhardwaj S., Shukla P.D. and Halder A. (2020). Spatial distribution of uranium and chemo-radiological assessment 

in Hamirpur district, Himachal Pradesh, India. Journal of Radioanalytical and Nuclear Chemistry. 

https://doi.org/10.1007/s10967-020-07088-7. 

13. Bomben A.M., Equillor H.E and Oliveira A.A (1996). Ra 226 and natural uranium in Argentina bottled mineral waters. 

Radiat Prot Dosim 67:221-45. 

14. Bou-Rabee F (1995). Estimating uranium concentration in some environmental samples in Kuwait after 1991. Gulf 

war. Appl Radiat Iso 46:217-220. 

15. Brindha, K., Elango L., & Nair R.N. (2011). Spatial and temporal variation of uranium in a shallow weathered and 

rock aquifer in southern India. Journal of Earth System Science 120, 911-920 

16. Brown A., Steenfelt A. and Kunzzenorf H (1983). Uranium districts are defined by reconnaissance geochemistry in 

South Greenland. J. Geochem Explor 19:127-45. 

17. Byju S.B., A. S., Reeba M.J., et al. (2012). Uranium in drinking water from the south coast districts of Kerala, India. 

Iran J Radiat. Res 10:31-6. 

18. Cantaluppi, C. and Degetto, S. (2000). Civilian and military uses of depleted uranium: Enviorment and health problem. 

Ann chim. 90, 665-675p. 

19. CGWB (2009). Central Ground Water Board, Chandrapur. 

20. CGWB (2011). Central Ground Water Board, Chandrapur. 

21. Costa M.R., Pereira A.J.S.C., Neves L.J.P.F & Ferreira A. (2017). Potential human health impact of groundwater in 

non-exploited uranium ores: the case of Horta da Vilarica (NE Portugal). Journal of Geochemical Exploration 183, 

191-196. 

22. Cothern C.R., Lappenbusch W.L (1983). Occurrence of uranium in drinking water in the US. Health Phys 45:89-99. 

23. Dang, H.S., Jaiswal, DD, Parameswaran, M and Krishnamony, S. (1994). Physical, anatomical, physiological, and 

metabolic data for reference Indian Man-A Proposal. Mumbai: Bhabha Atomic Research Centre. 

24. Duggal, V., and Sharma S., Saini K., Bajwa B.S. (2017). Assessment of carcinogenic and non-carcinogenic risk from 

exposure to uranium in groundwater from Western Haryana, India. J Geol Soc India, 89:663-668. 

25. Duggal, V., Rani, R., Mehra, K., Saini and Bajwa, B.S. (2016). Assessment of age-dependent radiation dose and 

toxicity risk due to uranium intake through groundwater ingestion from northern Rajasthan, India. Toxicol. Environ. 

Chem., 99 (3), 516-524. 

26. Duggal, V., Rani, A., Mehra, R., Saini, K., Bajwa, B. (2017). Assessment of age-dependent radiation dose and toxicity 

risk due to intake of uranium through groundwater ingestion from Northern Rajasthan, India. Toxicol. Environ. Chem. 

99: 516-524. 

27. Duggal, V., Sharma, S. and Singh, A. (2021) Risk assessment of uranium in drinking water in Hisar district of 

Haryana, India, Water Supply. IWA Publishing. Available at: https://iwaponline.com/ws/article/21/1/249/78134 

/Risk-assessment-of-uranium-in-drinking-water-in (Accessed: May 6, 2023).  

28. Das, A., Das, S., Chowdhury, N., Joardar, M., Ghosh, B., & Roy-Chowdhury, T. (2020). Quality and Health Risk 

evaluation for Groundwater in Nadia district, West Bengal: An approach on its suitability for Drinking and Domestic 

Purpose. Groundwater Sustain 10: 100351. 

29. Environmental Status Report,2007. 



Radiological And Chemotoxic Risk Assessments Caused By Uranium In Groundwater In Chandrapur District, 

Maharashtra, India 
 

286 

30. Frisbie S.H., Mitchell E.J., Mastera L.J, Maynard D.M., Yusuf A.Z., Siddiq M.Y., Ortega R., Dunn R.K., Westerman 

D.S., Bacquart T. & Sarkar B. (2009). Public health strategies for Western Bangladesh that address arsenic, 

manganese, uranium, and other toxic elements in drinking water. Environmental Health Perspectives 117, 410-416. 

31. Ganesh Durai., Kumar S. G., Najam L.A., Raja V. and Neelakantan M.A. (2020). Uranium quantification in 

groundwater and health risk from ingestion in and around Tiruvannamalai, Tamil Nadu, India. Radiation Protection 

Dosimetry pp.1-12. 

32. Gedeon R., Smith B., Amro H., et al (1994). Natural radioisotopes in groundwater from the Amman Zarka basin 

Jordan. Hydrochemical and regulatory implications. In: Application of Tracers in Arid Zone Hydrology, p 232. IAHS 

Press, Wallingford, UK. 

33. Giri S and Jha V.N (2012). Risk assessment (chemical and radiological) due to intake of uranium through ingestion 

of drinking water around two proposed uranium mining areas, Jharkhand, India. Radioprotection 47:543-51. 

34. IAEA (2016). Criteria for radionuclide activity concentration for food and drinking water. International Atomic 

Energy Agency, Vienna. 

35. Jurgens B.C., Fram M.S., Belitz K., et al (2009). Effects of groundwater development on Uranium: Central valley. 

USGS staff-published research, CA, USA. 

36. Kale A., Kulkarni A. J., (2018). Radiological Risk Assessment of Naturally Occurred Uranium in Groundwater from 

Aurangabad District of Maharashtra. 

37. Kale A., Kulkarni A. J., (2018). Geographical distribution of uranium and associated water quality parameters in the 

Beed district of Maharashtra. 

38. Kale A., Kulkarni A. J., (2021). Spatial distribution and risk assessment of naturally occurring uranium along with 

correlational study from Buldhana district of Maharashtra, India. Journal of Radioanalytical and Nuclear Chemistry. 

39. Kaur S. and Mehra. R (2019). Toxicological risk assessment of protracted ingestion of uranium in groundwater. 

Environ Geochem and Health 41, 681-698. https://doi.org/10.1007/s10653-018-0162-4. 

40. Kumar M.P., Prerna S., Akash K, et al., (2015). Uranium in groundwater of Eastern Uttar Pradesh, India: A 

preliminary study. Int Res J Environ Sci 4:70-4. 

41. Kumar A., Kaur M., Mehra R., Sharma S., Mishra R., Singh K.P & Bajwa B.S. (2016). Quantification and assessment 

of health risk due to ingestion of uranium in groundwater of Jammu & Kashmir, India. Journal of Radioanalytical and 

Nuclear Chemistry 310, 793-804. 

42. Kumar D, Singh A, Jha R. K. (2018). Spatial distribution of uranium and basic water quality parameter in the capital 

of Bihar and consequent ingestion dose. Environ Sci. Pollut. Res 25 (18):17901-17914.  

43. Kumar D., Singh A., Kumar P., Jha R.K., Sahoo S.K, Jha V. (2020). Sobol sensitivity analysis for risk assessment of 

uranium in groundwater. Environ Geochem Health 42(6):1789-1801. 

44. Kumru M.N (1995). Distribution of radionuclides in sediments and soils along te Buyuk Menderes River. Proceed 

Pak Acad Sci 32:51-6. 

45. Kurttio P., Komulainen H., Leino A., Salonen L., Auvinen L. and Haha H. (2005). Bone as a possible target of 

chemical toxicity of natural uranium in drinking water. Environmental Health Perspective 113:68-72. 

46. Kurttio P. et al. (2006). Kidney toxicity of ingested uranium from drinking water. Am J Kidney Dis 47(6):972-

982.https://doi.org/10.1053/j.ajkd. 

47. Landstetter C., & Katzlberger C. (2009). Determination of 3H, 226ra, 222rn and 238u in Austrian ground and drinking 

water. Journal of Radioanalytical and Nuclear Chemistry 282, 467-471. 

48. Lee M.H., Choi G. S., Cho Y.H, et al., (2001). Concentration and activity ratios of uranium isotopes in the groundwater 

of the Okchun Belt in Korea. J. Environ Radio-act 57:105-16. 

49. Meher P.K., Sharma P., Khare A., &Mishra K. (2015). Uranium in groundwater of Eastern Uttar Pradesh, India:a 

preliminary study. International Research Journal of Environment Science 4, 70-74. 

50. Mehra R., Gupta D., and Jakhu R. (2017). Risk Assessment for Natural Uranium Present in Groundwater of 

Mehendragarh district of Haryana. Journal of Radiation and Nuclear Application 2. No.2, 67-73. 

51. Mohapatra S., Sahoo S.K., Dubey J.S., Patra A.C., Thakur V.M., Tripathy S.K., Sagar D.V., Godbole S.V., Ravi P.M., 

& Tripathi R.M. (2015). Characterization of uranium and its progenies in drinking water and assessment of dose to 

public around a NHBRA, Odisha, India. Journal of Radioanalytical and Nuclear Chemistry 303,601-613. 

52. Nagaiah N., Mathews G., Balakrishna KM, et al., (2013). Influence of physico-chemical parameters on the distribution 

of uranium in the groundwater of Bangalore, India. Radiat Prot Enviorn 36:175-80. 

53. Nagraju K.M., Chandrashekara M.S., Pruthvi Rani K.S, et al., (2014). Estimation of radiation dose due to uranium in 

water to the public in Chamarajanagar district, Karnataka State, India. Am Int. J Res Sci Technol En Math 7:144-7. 

54. Nriagu J., Nam D., Ayanwola T., Dinh H., Erdenechimeg E., Ochir C., Bolormaa T (2012). High level of uranium in 

groundwater of Ulaanbaatar Mongolia. Science of the Total Environment 414 (2012) 722-726. 

55. OMEE, O. m. (1996). Monitoring data for uranium 1990-1995. Ontario drinking water Surveillance program, 

Toronto, Ontario. 

56. Orloff, K. M. (2004). Human exposure to uranium in groundwater. Enviornmnetal Research, 94, 319-326. 

57. Patra A., Mohapatra S., Sahoo S., Lenka P., Dubey J., Tripathi R., Puranik V. (2013). Age dependent dose and health 

risk due to intake of uranium in drinking water from Jaduguda, India. Radiat. Prot. Dosim.155:210-210. 

https://doi.org/10.1007/s10653-018-0162-4


Journal of Survey in Fisheries Sciences  10(3) 277-288  2023 

 

287 

58. Panghal A., Kumar A., Kumar S., Singh J., Sharma., Singh P., Mehra R., Bajwa B.S. (2017). Radiation dose-dependent 

risk on individuals due to ingestion of uranium and radon concentration in drinking water samples of four districts of 

Haryana, India. Radiation Effects and Defects in Solids 172, 441-455. 

59. Prat O, V. T. (2009). Uranium speciation indrinking water from drilled wells in Southern Finland and its potential 

links to health effects. Environ Sci Technol , 43:3941-3946. 

60. Prasad M., Kumar G.A., Sahoo S.K., Ramola R.C. (2019). Health risk associated with the exposure to uranium and 

heavy metals through potable groundwater in Uttarakhand state of India. Journal of Radioanalytical and Nuclear 

Chemistry. https://doi.org/10.1007/s10967-018-6281-7.  

61. Raghavendra T., Srilatha K., Mahender C., Elander M., Vijayalakshmi T., Himabindu V., Prasad V., Savithri P.P., 

Datta D., Arunachalam J (2014). Distribution of uranium concentration in groundwater samples from the 

Peddagattu/Nambapur and Seripally regions using laser fluorimetry. Radiat Prot Dosim 158 (3):325-330. 

62. Rahman M., Dong Z., Naidu R (2015). Concentration of arsenic and other elements in groundwater of Bangladesh 

and West Bengal, India: Potential cancer risk. Chemosphere 139(2015) 54-64. 

63. Ramesh R., Subramanian M., Lakshmanan E., Subramaniyan A., Ganesan G (2021). Human health risk assessment 

using Monte Carlo simulations for groundwater with uranium in southern India. Ecotoxicology and Environment 

Safety 226 (2021) 112781. 

64. Rani, A., Mehra, R. & Duggal, V. (2013). Analysis of uranium concentration in drinking water samples using ICPMS. 

Health Physics 104, 251-255. 

65. Rossiter H. M.A., Owusu P.A., Awuah E., et al (2010). Chemical drinking water quality in Ghana: Water costs and 

scope for advanced treatment. Sci tot Environ 408:2378-86. 

66. Saikia R., Chetia D., Bhattacharyya K (2021). Estimation of uranium in groundwater and assessment of age-dependent 

radiation dose in Nalbari district of Assam, India. 

67. Sahoo, S.K., Mohapatra, S., Chakrabarty, A., Sumesh, C., Jha, V.N., Tripathi, R.M., and Puranik, V.D. (2010). 

Determination of uranium at ultra-trace level in packaged drinking water by laser fluorimeter and consequent ingestion 

dose. Radioprotection 45, 55-66. 

68. Sahu, S. K., Maity S., Bhangare R. C., Pandit G.G., Sharma D.N. (2014). Determination of uranium in groundwater 

using different analytical techniques in India. 

69. Sahu M., Sar S. K., Dewangan R., Baghel T. (2019). Health risk evaluation of uranium in groundwater of Bemetara 

district of Chhattisgarh state, India. 

70. Saini K., Duggal V. & Bajwa B.S (2018). Assessment of radiation dose due to intake of uranium through groundwater 

and its carcinogenic and non- carcinogenic risks in southwest and northeast Punjab, India. Indoor and Built 

Environment 27,983-991. Doi: 10.1177/1420326X17699978 journals.sagepub.com/home/ibe. 

71. Sar S.K., Diwan V., Biswas S., Singh S., Sahu M., Jindal M.K., & Arora A. (2018). A study of uranium level in 

groundwater of Balod district of Chhattisgarh state, India and assessment of health risk. Human Ecological Risk. 

Assessment: An International Journal 24, 691-698. 

72. Satapathy D. R., Salve P.R. and Katpatal Y.B. (2009). Spatial distribution of metal in ground/surface waters in the 

Chandrapur district (Central India) and their plausible sources. 

73. Selden A.I. et al. (2009). Nephrotoxicity of uranium in drinking water from private drilled wells. Environ Res 

109(4):486-494. https://doi.org/10.1016/j.envres.20090.02.002. 

74. Sethy N.K., Tripathi R.M., Jha V.N., et al (2011). Assessment of natural uranium in the groundwater around Jaduguda 

uranium mining complex, India. J Environ 408:2378-86. 

75. Shabana E.I. & Kinsara A.A. (2014). Radioactivity in the groundwater of a high background radiation area. Journal 

of Environmental Radioactivity 137, 181-189. 

76. Shin W., Oh J., Choung S., Cho B.W., Lee K., Yun U., Woo N., Kim H. (2016). Distribution and potential health risk 

of groundwater uranium in Korea. Chemosphere 163,108-115 

77. Singh B., VK., G, Yadav P., et al., (2014). Uranium in groundwater from Western Haryana, India. J. Radioanal Nucl 

Chem. 11:83-90. 

78. Singh S., Malhotra R., Kumar J., et al (2001). Uranium analysis of geological samples, water and plants from Kulu 

Area, Himachal Pradesh, India. Radiat Measurements 34:427-31. 

79. Singh J., Singh L., Singh G (1995). High U-contents observed in some drinking waters of Punjab, India. J Environ 

Radioact 26:211-222. 

80. Stalder E., Blanc A., Haldimann M. & Dudler V. (2012). Occurrence of uranium in Swiss drinking water. 

Chemosphere 86, 672-679. 

81. Taukdar B.C., Chaudhary P.K., Pathak K.M (1983). On uranium contamination in water. Indian J Pure Phys 21:238-

382. 

82. Thivya C., Chidambaram S., Thilagavathi R., Prasanna M.V., Singaraja C., Adithya V.S., Nepolian M (2015). A 

multivariate statistical approach to identify the spatio-temporal variation of geochemical process in a hard rock aquifer. 

Environ Monit Assess 187:552. 

83. UNSCEAR (2000). Sources and effects of ionizing radiation. J. Radiol Prot 21:83-85. 

84. UNSCEAR (United Nations Scientific Committee on the Effects of Atomic Radiation) (2000). United Nations general 

assembly. Vol. 1, Annex B, United Nations 84-140. 

85. UNSCEAR United Nations Scientific Committee on the Effects of Atomic Radiation (2008). Report to the general 

assembly, Annex B. United Nation, New York. 

https://doi.org/10.1016/j.envres.20090.02.002


Radiological And Chemotoxic Risk Assessments Caused By Uranium In Groundwater In Chandrapur District, 

Maharashtra, India 
 

288 

86. USEPA (2000b). Preliminary health risk reduction and cost analysis-revised national primary drinking water standards 

for radionuclides-review draft. Indian Economy, p183. 

87. USEPA (2012). Drinking water standards and Health Advisories. Washington DC U.S.A., E.P.A. 822-S-12-001. 

88. Virk H.S. (2016). Measurement of concentration of natural uranium in groundwater of Bhatinda district (S, Punjab) 

for the assessment of annual effective dose. Global J Human Soc Sci (B) 16:31-35. 

89. WHO (1998). Guidelines for drinking-water quality, 2th edn. Vol 2. World Health Organization Geneva. 

90. WHO (2008). Guidelines for drinking-water quality, 4th edn. Vol 1. World Health Organization Geneva. 

91. WHO (2011). Guidelines for drinking-water quality, 4th edn. World Health Organization Geneva. 

92. Zamora M.L., Tracy B.L., Zeilinski J. M., Meyerhof D.P. and Moss M.A. (1998). Chronic ingestion of uranium in 

drinking water. A study of kidney bio effects in humans, Toxicological Science 43:68-77. 

93. Zamora M. L., Zielinski J.M., Moodie G. B., Falcomer R.A., Hunt W.C., & Capello K. (2009). Uranium in drinking 

water: renal effects of long-term ingestion by an aboriginal community. Archives of Environmental & Occupational 

Health 64, 228-241. 

 

 




