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Abstract:  Uranium is a ubiquitous element and is present in rocks, soil, natural materials, and in small quantities in 

air, water and food. The biokinetics, metabolism, and chemical toxicity of uranium including the toxic effects of this 

metal on kidney functions are well established. The United States Environmental Protection Agency has classified 

uranium as a confirmed human carcinogen and has suggested that zero tolerance only is a safe acceptable limit for 

the carcinogenic risk. High uranium concentrations in some drinking waters of Punjab State, India were reported for 

the first time in 1995; since then many surveys have been carried out. These surveys indicate wide variation in the 

uranium concentration in drinking waters. At some locations very high values upto 644µg/l have been reported 

which crosses the guideline value of 30µg/l by the International Agencies. The results of some of these surveys of 

Punjab are presented in the paper. Also the results of a recent survey carried out in the Amritsar District of Punjab 

State are presented where the uranium concentration varies from a minimum of 5.5µg/l to 135.5µg/l. 
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1. Introduction: 

Uranium occurs naturally in the +2, +3, +4, +5 and +6 

valence states, but is most commonly found in the 

hexavalent form. Naturally occurring uranium is a 

mixture of three radionuclides (
234

U, 
235

U and 
238

U), all 

of which decay by both alpha and gamma emissions 

[1,2] and it consists almost entirely of the 
238

U isotope, 

with the 
235

U and 
234

U isotopes respectively comprising 

about 0.72% and 0.0054% [3]. Uranium is widespread 

in nature; occurring in granites and various other 

mineral deposits [2,4].   

                 Uranium is present in the environment as a 

result of leaching from natural deposits, release in mill 

tailings, emissions from the nuclear industry, the 

combustion of coal and other fuels and the use of 

phosphate fertilizers that contain uranium. Its presence 

in drinking water is most commonly from natural 

sources. Intake of uranium through air is extremely low, 

and it appears that intake through food is between 1 and 

4µg/day. Intake through drinking water is normally low; 

however, in circumstances in which uranium is present 

in a drinking water source, the majority of intake can be 

through drinking water [5]. 

              Although ubiquitous in the environment, 

uranium has no known metabolic function in animals 

and is currently regarded as non-essential [6]. The 

average human gastrointestinal absorption of uranium is 

1-2% [7]. Following ingestion, uranium rapidly appears 

in the blood stream [8], where it is associated primarily 

with the red cells [9]. Clearance from the bloodstream is 

also rapid, and the uranium subsequently accumulates in 

the kidneys and the skelton, whereas little is found in 

the liver [7]; the uranyl ion replaces calcium in the 

hydroxyl apatite complex of the bone crystal [10]. 

                 Nephritis is the primary chemically induced 

effects of uranium in humans [11]. A survey on two 

groups of subjects with chronic exposure to uranium in 

drinking water, one exposed to less than 1µg/l and the 

other exposed to 2-781µg/l, was carried out in Canada 

[12]. This study found no correlation between exposure 

and albumin in urine, but it did find a correlation with 

alkaline phophatase and β2- microglobin in urine. This 

study concluded that the concentrations observed in the 

study affected kidney function at the proximal tubule. In 

a study carried out in Finland [13,14,15,16] on people 

who consumed drinking water with elevated levels of 

uranium concentrations has found that in addition to 

kidneys, bone may be another target of chemical 

toxicity of uranium in humans. 

 2. Guideline values for uranium concentration in 

drinking water: 

 The international and national agencies have given 

guideline values for uranium concentration in drinking 

water which have been revised from time to time as 

more evidence appears from the new research. The 

World Health Organization (WHO) [5] has given a 

provisional guideline value of 30µg/l as the tolerable 

daily intake (TDI). This value is derived on the 
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epidemiological studies on population exposed to high 

uranium concentration and is based on the consumption 

of 2 litres of drinking water per day which supersedes 

the earlier value of TDI as 15µg/l [17] and was based on 

animal experiments. 

                 Health Canada [18] has given an Interim 

Maximum Acceptable Concentration (IMAC) as 20µg/l. 

The Environmental Protection Agency (EPA) of USA 

has given the Maximum Contamination Level (MCL) 

for naturally occurring uranium as 30µg/l [19]. The 

Atomic Energy Regulatory Board of the Department of 

Atomic Energy of India has given a TDI value of 60µg/l 

for drinking water [20]. 

3. Surveys of the World: 

In most natural waters, uranium is present in 

concentrations between 0.1 and 10µg/l and 

concentrations greater than 1mg/l can occur in water 

associated with uranium ore deposits [21]. 

            In one of the very early surveys carried out in 

the region of Helsinki of Finland on drilled wells, 

uranium concentration as high as 14,870µg/l was 

observed [22]. Since then, many surveys for the 

measurement of uranium content in water and/or its 

health effects on animals/ humans are being carried out 

all over the world [12, 13, 14, 15, 16, 23, 24, 25, 26, 27, 

28, 29, 30, 31, 32 and 33]. 

4. Surveys of the Punjab State, India: 

The district map of the Punjab State, India is shown in 

Fig. 1. Punjab is located in the northwest of India 

between latitude 29
o
30’N – 32

o
32’N and longitude 

73
o
55’ – 76

o
50’E at an average elevation of 300m above 

sea level and between the great river systems of the 

Indus and the Ganges. The soil of Punjab is loose, sandy 

and calcareous and alluvial, which is an admixture of 

gravel, sand, silt and clay in various proportions. The 

land is predominantly used for agriculture. 

Hydrogeology of this region is characterized by 

unconfined and semi-confined aquifers at a depth of 2.3 

to 23.3m below ground level. 

 

 

 

 

                                                      

                                                    Fig. 1:  District map of Punjab State, India
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                High uranium content (up to 113.7µg/l) in the 

drinking waters of some southern parts (Bathinda 

district) of Punjab were reported for the first time in 

1995 [34]. A survey carried out by Mukesh et al., in 

2003 [35] in this area has reported uranium 

concentration varying from 1.65 µg/l to 74.98µg/l. In 

another survey, Rani and Singh in 2006 [36] has 

reported uranium values from 1.39 µg/l  to 98.25µg/l in 

Punjab. The problem further came into lime light when 

in March 2009, Ms. Carin Smit, a clinical metal 

toxicologist, associated with the UK-based non-

government organization, Defeat Autism Now and Vera 

Dirr, a specialist alarmed the Indian government after 

observing a high incidence of abnormalities in local 

children at the Baba Farid Center for special children in 

Faridkot (Southern Punjab), a not for profit organization 

working with kids, ailing from autism, cerebral palsy 

and other neutrological disorders. 149 hair samples were 

collected to evaluate the trace and toxic metal 

concentration from Microtrace Mineral Laboratory, 

Germany. The hair of the children tested showed high 

values for Ba, Cd, Mn, Pb and U signifying long-term 

exposure. Testing of six randomly selected water 

samples showed concentration above the European 

maximum contaminant level for uranium in three 

samples and lead in one [37]. 88% of the hair samples 

of the children below the age 12 years exceeded the 

uranium reference range [38].  

                   After coming these reports in the media, 

Bhaba Atomic Research Centre (BARC), Mumbai 

signed a MOU with Physics Department of Guru Nanak 

Dev University, Amritsar to carry out a joint venture for 

collection and analysis of water samples for uranium 

concentrations. In  the initial studies total 235 samples 

were collected from the four districts;  Bathinda, Mansa, 

Faridkot and Firozpur of Southern Punjab. One of the 

author has participated in these investigations and the 

results have been published [39].  Some of the results of 

this work are presented in      Table 1. 

              The uranium concentration varied from < 2µg/l 

to 644µg/l with an average of 73.1µg/l. In Bathinda, 

Mansa, Faridkot and Firozpur 50%, 42.5%, 36.7% and 

31.1% of the water samples crossed the guide line value 

of 60µg/l set by the Atomic Energy Regulatory Board of 

the Department of Atomic Energy, India [20].  These 

studies clearly demonstrate the need for further 

investigations.      

                 A study carried out by Alrakabi et al. [40] in 

the Bathinda district has found uranium concentrations 

from < 2 to 212µg/l. The state government at its own 

level has also got analysed hundreds of water samples 

from BARC collected from different locations, many of 

which exceed the guideline value for uranium 

concentration as is evident  from the news appearing 

from time to time in the print media. The TDS values 

are also high in many parts and the water is not potable.  

Taking into consideration a serious problem, the state 

government is going to install Reverse Osmosis (RO) 

systems at the village level. A specialized laboratory 

equipped to check contamination of groundwater by 

uranium and other heavy metals is also being 

established at Mohali in Punjab.  

 

 

 

Table 1: Uranium concentration of subsurface water in four districts (Bathinda, Mansa, Faridkot and 

Firozpur) of Punjab State in India (all data in µg/l) [39] 

 

               District                         Mean concentration                  Minimum                Maximum 

         (No. of Samples)                       of U (µg/l)                                                                                                                                                                                             

           

             Bathinda (80)                         80.83 ± 5.3                                 2                             644 

             Mansa  (80)                            75.83 ± 6.7                           < 0.2                            498 

             Faridkot (30)                          68.56 ± 8.3                             16.5                        473.5 

             Firozpur (45)                          62.12 ± 7.3                               2.8                        184.4 
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5. A recent survey in the Amritsar District, Punjab 

State: 

                   Recently we have carried out a survey in the 

Amritsar district of Punjab State for uranium estimation 

in the ground water. The experimental procedure, 

results and discussions are given below: 

5.1 Materials and Methods 

          The water samples were collected with 1L-size 

plastic containers which have been previously washed 

and rinsed with acid. The collected samples were 

acidified with 0.01M of nitric acid to obtain a pH 2 in 

order to avoid adsorption of the radionuclides on the 

walls of the container. In total we have collected 30 

samples from different parts of the Amritsar district. 

The sources comprise handpumps and borewells used 

for drinking and agricultural purposes. The depth of the 

sources was from 50ft – 500ft.  

 

5.2 Experimental  

The uranium concentration was measured by Laser 

Fluorimeter. It is a compact analytical instrument to 

measure uranium in trace and ultra trace levels in 

aqueous environmental samples, since the concentration 

of uranium in aquatic environment is very low, may be 

in ppb or sub-ppb level. The method is based on 

luminenescence of the uranyl ion in solution and 

fluorescence measurement technique is fabricated by 

Laser Instruments Sections of Raja Ramana Centre of 

Advanced Technology, Department of Atomic Energy, 

India. Laser fluorimetry is one of the quick, sensitive 

and reliable methods of estimating ultratrace 

concentrations, though having the difficulties of 

measurements in higher concentrations and devoid of 

isotopic determination. The instrument consists of a 

sealed-off molecular nitrogen laser tube as the 

excitation source lasing at 337.1 nm, along with sample 

compartment and a photomultiplier tube, as a radiation 

transducer. The detector is present at right angle to the 

radiation source, thus the background signal due to the 

source will be negligible and a lower detection level can 

be achieved than atomic absorption or emission 

techniques. The laser source emits the intense pulsed 

ultra violet radiation carrying energy of 20 micro joules 

of pulse width of 7 nano seconds at a repetition rate of 

10 pulses per second. The 337.1 nm output of the laser 

is focused onto the sample cell made up of suprasil 

quartz (9ml) that excites the uranium complex 

compounds, formed when sodium pyrophosphate 

(fluorescence enhancing agent) is added to the sample 

solution along with organic matter present in the 

samples. The fluorescence of uranyl ion is measured by 

a photomultiplier tube (PMT). The fluorescence of 

organic matters excited by the nitrogen laser have very 

short lifetime (< 100 ns) compared to that of uranyl 

complex (~ 200 µs). By measuring the delayed 

fluorescence signal (only for a 100 µs period starting 

from 30 µs after the laser pulse) and fluorescence 

signals from the PMT are integrated for 4s and then 

displayed. Thus the fluorescence due to organic 

compounds dies down and only the fluorescence of 

uranium isotopes is collected by the time gated PMT. 

The fluorescence is proportional to concentration of 

uranium in aqueous medium. Otherwise the 

fluorescence peak of organic matters is around 400 nm 

and that of uranium in complexing media are 494, 516, 

540 and 565 nm, maximum around 510 nm. Therefore, 

using an optical filter at 450nm, the contribution of 

organic matters is nullified. Thus the fluorescence 

interference due to organic matters is corrected by using 

proper optical filter, fixed electronic delay and gating 

technology.   

5.3 Results and discussion 

The results of the present investigations are presented in 

Table 2. We find that the uranium concentration varies 

from a minimum of 5.5µg/l to a maximum of 135.5µg/l 

with a mean value of   41.1µg/l. Out of 30 samples, 11 

samples cross the maximum contamination level (MCL) 

of 30µg/l set by WHO [5] and EPA [19], and 7 samples 

cross the MCL of 60µg/l set by Department of Atomic 

Energy, India [20]. This distribution is shown as a pie 

chart in Fig 2. It is also seen from the table that in 

general water samples from a depth of more than 220ft 

are having lower concentration of uranium as compared 

to the water samples which are from a depth of upto 

120ft. So it is concluded that the  depth of the water 

source also plays an important role in the variation of 

uranium content in drinking water. 
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Table  2.   Uranium concentration in various drinking water samples of Amritsar District,                                           

Punjab State, India. 

 

 S No.               Sample Code                       Depth (ft)                 Uranium Concentration (µg/l) 

 

1.                    AT-1                                     150                                          12.1 

2.                    AT-2                                      90                                           23.8 

3.                    AT-3                                     110                                          91.0 

4.                    AT-4                                     110                                          97.5 

5.                    AT-5                                       50                                          15.8 

6.                    AT-6                                     200                                          62.2 

7.                    AT-7                                       -                                              9.6 

8.                    AT-8                                       -                                              8.0 

9.                    AT-9                                     110                                          27.3 

10.                    AT-10                                   415                                            8.8 

11.                    AT-11                                   100                                          56.6 

12.                    AT-12                                      -                                            22.5 

13.                    AT-13                                   100                                          10.7 

14.                    AT-14                                   100                                            8.8 

15.                    AT-15                                   220                                            9.5 

16.                    AT-16                                   180                                          14.2 

17.                    AT-17                                   150                                          57.1 

18.                    AT-18                                     80                                          52.5 

19.                    AT-19                                   400                                            5.5 

20.                    AT-20                                   500                                          15.7 

21.                    AT-21                                   500                                          17.5 

22.                    AT-22                                      -                                            26.5 

23.                    TT-1                                      120                                        111.3 

24.                    TT-2                                      120                                        132.0 

25.                    TT-3                                      120                                          95.7 

26.                    TT-4                                      120                                        135.5 

27.                    TT-5                                       80                                           59.6 

28.                    TT-6                                      350                                          19.3 

29.                    UWS                                     450                                          12.0 

30.                    NMP                                     450                                          13.5 
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Fig 2. The percentage of water samples having uranium concentration comparable to the national and 

international guidelines.  

 

6. Conclusions: 

Uranium in drinking water may pose health effects if 

present in high concentrations. After the first 

reporting on high uranium concentrations  in drinking 

water of Bathinda district of Punjab state in 1995, 

many surveys have been carried out by different 

research groups from the universities, by Bhaba 

Atomic Research Centre (BARC), Mumbai and by 

the state government. In a survey carried out jointly 

by BARC and the Guru Nanak Dev University, 

Amritsar in the malwa region of Punjab State 

(Bathinda, Mansa, Faridkot and Firozpur districts), 

again high uranium concentrations ( < 2 to 644µg/l) 

have been observed in many samples which confirm 

the earlier findings of this area. These values cross 

the guideline value of 30µg/l  set by the World 

Health Organization (WHO) and the Environmental 

Protection Agency (EPA) of USA, as well as the 

guideline value of 60µg/l prescribed by the Atomic  

 

Energy Regulatory Board of the Department of 

Atomic Energy, India (AERB, DAE). In a recent 

survey carried out in the Amritsar district of Punjab 

State, the uranium concentration varies from 5.5µg/l 

to 135.5 µg/l with a mean value of 41.1µg/l. Out of 

the 30 samples, 11 samples cross the guideline value 

of 30µg/l. In this survey it is also observed that more 

the depth of the water source, lesser is the uranium 

content in the water samples of this area.  

            The state and the central governments are 

trying to provide clean drinking water to the public. 

More surveys are required in the areas which have 

not been covered in the previous surveys.    
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