The Presence of Uranium in Excess in Bathinda Waters can be one of the Reasons of High Cancer Deaths in the District
(Prof. Surinder Singh)*

Bathinda district, an important cotton growing belt of the state is in light since the last few years due to the higher mortality rate in the area. Giana, Malkana and Jajjal villages of Talwandi Sabo, Bathinda district are the worst effected areas. Various Government and Non Government agencies such as the Public Analyst, Punjab; Public Health and Welfare, Punjab; Punjab Pollution Control Board; Kheti Virasat; Greenpeace, India have focused their attention in the area as far as the health aspects of the general public are concerned. The Civil Surgeon, Bathinda has reported an increased occurrence of cancer cases over the last five years. About 70 cancer deaths have been reported to occur during the last five years only in Jajjal village and 25-28 patients are still under treatment at a Charitable Hospital, Bikaner (Rajasthan). The villagers attribute this high occurrence of cancer risks to unhygienic living conditions that prevail there and underground water, which is unfit and dangerous for human consumption.
As per the report of Chief Agricultural Officer, Bathinda (Civil Surgeon Bathinda report, 2002) the commonly used insecticides in the villages of Giana and Jajjal are synthetic carbonate, organophosphatic and organochlorinated groups and pesticide in use is sulphas. There is no history of use of the drugs that could lead to cancer amongst these cases as reported by the Civil Surgeon Bathinda report (2002) and has attributed the higher number of various cancer cases to the better awareness about the disease and availing of better diagnostic facilities.
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Though the awareness among the people and better diagnostic facilities may have explored the high mortality yet it was essential to find the actual cause. The presence of radioactive elements and heavy metals of toxicological significance in excess in the environmental samples especially water could be one of the reasons for the higher number of cancer cases in the region. Punjab Pollution Board has estimated some of the toxic heavy metals (Cr As, Se, Hg,) and has reported very low or negligible values. The values of pesticides were' also reported to be low. In light of the above facts when the concentration of heavy metal and the drugs is found to be low the only other possibilities for a large number of cancer deaths in the area could be the high radioactivity in the environmental samples. 

Keeping the above facts in mind the research team from the Department of Physics Guru Nanak Dev University, Amritsar Headed by a Senior Professor Dr. Surinder Singh thought of analyzing environmental samples viz. soil, water, food stuff and the blood and urine samples  of the normal and the affected persons of the area. The water samples collected from the area were initially analyzed for uranium analysis using Nuclear Techniques  viz; Fission Track and Laser Flourimetery with the help of the Bhaba Atomic Research Centre Mumbai. To our surprise a high content of uranium was found in most of the water samples. These values were much higher than the recommended safe limits set by various International Environmental Protection Agencies.

Uranium, a toxic radioactive element, is found in traces in almost all  types of rocks, soils, air and water. Uranium is soluble in aqueous solutions in hexavalent (U6+) form and precipitates as insoluble material in tetravalent form (U4+). The conversion of tetravalent to hexavalent form and viceversa is through oxidation reduction process in the suitable geological environment. A detailed toxicological profile has been published by the Agency for Toxic Substances and Disease Registry (ATSDR 1999) and World Health Organization (WHO 2001). Reports have shown that the major hazard from uranium is due to its chemical toxicity rather than the radiological effect.  If inhaled or ingested uranium activity poses increased risk of lung and bone cancer. Due to chemical toxicity, ingestion of uranium can cause damage to internal organs notably the kidneys. The most serious health hazard associated with the uranium is lung cancer due to the inhalation of uranium decay product; radon. Although the kidney is considered to be the primary target in both acute and chronic situations, experimental evidence suggests that the respiratory and reproductive system are also affected by exposure . Uranium grains can move large distances in air and can enter the lungs during breathing and can cause serious disease like cancer. The UK Defence committee 7th report (2000) “Gulf Veterans Illness” states when uranium hits a target a fine aerosole of ceramic uranium is formed. About 46 to 70% of the particles are smaller than 10 microns in size and can be inhaled easily. The particle under 2.5 microns is particularly dangerous as they enter deep into the lungs. 
After ingestion uranium rapidly appears in the blood stream and combines with red cells in the plasma, a non​-diffusible uranyl-albumin complex is formed in equilibrium with (UO2HC03+) complex. Uranyl compound readily combine with proteins and nucleotides to form stable complexes because of their high affinity for phosphate carboxyl, hydroxyl groups. Clearance from the blood stream is also rapid and the uranium subsequently accumulates in the kidneys and skeletons; little is found in the liver. In the skeleton, which is the major site of uranium accumulation the uranyl ion replaces Ca in the hydroxylapatite complex of bone crystal.
As a component of the natural environment uranium is likely to be present as a trace constituent in all foodstuffs. It may become incorporated in the bulk of the food or may alternatively adhere to the surface of foodstuffs as particulate contamination, with root vegetables often containing higher levels. ATSDR (1999) cites a review of oral intake of uranium in the United State with typical range of 0.9-1.5µg per day in food. Several European countries has reported dietary intakes of uranium between 0.5 and 2µg per day. In Japan the reported dietary intake is as 0.5-0.9µg per day. On the basis of these studies a worldwide dietary daily intake upto 5µg (micro gram) was suggested.

The uranium concentration determined in drinking water samples belonging to 22 villages of Bathinda District in micro gram per litre (µg/1) is as: 

Mahima Sarja ( Average 13.6, Range 10.6-19.4), Ablu ( Avg 28.2, Range 23.9-32.1), Ramtirath Jagga ( Avg 29.9, Range 20.1-38.3), Kalalwala ( Avg 13.3, Range 6.9-16.8), Giana ( Avg 48.6, Range 2.8-99.8), Malkana ( Avg 17.6, Range 1.8-59.6), Jajjal ( Avg 31.8, Range 7.9-63.1), Tungwali ( Avg 23.3, Range 6.2-33.2), Bucho Mandi, ( Avg 56.9, Range 24.7-74.9) Lehra Mohabat ( Avg 23.5, Range 14.6-39.4), Rampura ( Avg 9.3, Range 5.8-12.8), Nathana ( Avg 14.7, Range 8.7-22), Gidder ( Avg 12.9, Range 5.5-20.2), Gobindpura ( Avg 35, Range 10.6-93.6), Gehributter ( Avg 35.5, Range 10.8-58), Sangat ( Avg 53.9, Range 10.8-87), Jaisingh Wala ( Avg 52.7, Range 41-61), Multania ( Avg 24.5, Range 10.8-38.2), Baluana ( Avg 35, Range 10.6-59.5), Deon, ( Avg 20.8, Range 13.6-27.9), Buladewala ( Avg 28, Range 18.2-37.9), Bathinda City of Bathinda district ( Avg 19.5, Range 1.6-56.5). 
About 100 samples of ground water collected from hand pumps and tube well were analyzed. The average uranium concentration in water samples is found to vary from 9.3µg/1 to 56.9µg/1. The maximum value up to 99. 8 µg/I is observed in a sample from village Giana. Four to five water samples were collected from each village.
The World Health Organization (2004) and UNSCEAR, (2000) have recommended 15µg/I and 9µg/I respectively as the safe limit for uranium concentration in drinking water, whereas United States Environmental Protection Agency (2003) has proposed 30µg/1 of uranium in water as the safe limit for drinking purpose. The International Commission on Radiological Protection (1979) has set the safe limit as 1.9 µg/l. However most of the countries such as Canada (FPTCEOH, 2001), Australia (NHMRC 2004), California (CEPA, 2001) have set a value 20 µg/1 as safe limit. These levels are proposed to represent a uranium concentration in drinking water that does not cause any significant risk to general public over the lifetime use of the water for drinking purposes. Results reveal that the average uranium concentration in water for all the villages of Bathinda district lie above the safe limit of 1.9µg/1 given by ICRP (1979) and 9µg/1 given by UNSCEAR (2000). The average uranium concentration in the drinking waters of only five villages (Mahima Sarja, Kalalwala, Rampura, Nathana and Gidder) is found to be lower than the safe limit of 15 µg/1 given by WHO (2004). The waters of Giana, Bhucho Mandi, Jai Singh Wala, Baluana and Jajjal are found to have higher average uranium content in comparison to the safe limit of 30µg/1 given by USEPA (2003).
About 57.78% of the water samples seems to have uranium concentration above the safe limit of 15µg/1 recently given by WHO (2004) whereas 38.89% of the total samples analyzed have shown the uranium concentration above the recommended level (30µg/l) given by USEPA (2003) and needs some remedial measures. Although the hazardous effects of the uranium can be assessed by its determination in various organs, its residents' time, retention and excretion from the body yet the higher incidence of different types of cancers in these villages suggests the possible connection.

The annual dose rate, cumulative dose for lifetime (60years) ingestion and cancer risk factor for a daily intake of 2 liters of uranium contaminated water have been calculated using biokinetics model based on ICRP-72 (1996). The annual dose rate from drinking water is found to vary from 8.3 to 51.2 µSv/a (micro severt per annum) with a mean value 25.6µSv/a causing an accumulation of 503.2 - 3071.4µSv of dose. The excess cancer risk due to such a high variation in accumulated dose is found to vary from 25-154x 10-4 % (1: 3974 - 1: 6511) with a mean value 77x 10-4 %, which means that at least one individual out of 13026 may be influenced by cancer. However the risk may be much greater in Giana where the maximum uranium content of 99. 8µg/1 is found. That may lead to the accumulation of 5386.6Sv and thus cancer risk rises to 269x 10-4 % i.e. out of 3713 persons one person may have a chance to be influenced by cancer.

A few samples of milk, wheat, mustard and pulses collected from the villages Jajjal, Malkana and Giana of Bathinda district, Punjab were analyzed for uranium. The uranium content in milk has been found to lie between 1.13 - 5.55µg/I for Jajjal, 1.38 - 1.91µg/I for Malkana and 1.21- 8.44µg/I for Giana with the average values 2.38, 1.57 and 3.33µg/I respectively. The average uranium values in the wheat samples of these villages are found to be 111, 70 and 115µg/kg respectively. The uranium content of pulses collected from these villages ranges between 29-47 µg/kg.
The daily intake of uranium for the population of these villages has been estimated from the daily intake of these food stuffs given by WHO (2001). The daily intake of uranium from foodstuffs (excluding water) is found to be highest in Giana with 41.09µg/day; however the total intake including drinking water for the population in this village is 138.41µg/day. This is much higher than the word wide dietary intake of 5µg per day.
The concentration of uranium in water, soil and foodstuffs has been discussed however its accumulation and excretion in the body should also be mentioned before reaching at some conclusion. Thus the uranium concentration in blood and urine from ten families of Jajjal, Giana and Malkana has also been studied. The survey includes healthy persons as well as cancer patients from the same family .The concentration of uranium in blood and urine varies from 0.82 - 1.79µg/1 and 0.18 - 0.58µg/1 for normal persons to 1.05 - 2.04µg/1 and 0.11 - 0.88µg/1 for cancer patients respectively. The percentage excreted through urine has been found to vary from 10.48 - 69.41 % for cancer patients whereas 16.53 - 65.66% for normal persons. The results reveal that the uranium content in blood or urine is higher for cancer patients as compared to the normal persons. The uranium excretion rate is found to be higher in case of normal persons as expected. Thus it may be concluded that the high uranium content in water and foodstuffs may be one of the reasons for high mortality rate due to cancer in these villages 

 The uranium concentration in soil of Bathinda is found to vary from 0.83mg/kg to 3.68mg/kg with an average value of 2.45mg/kg, which is close to world average of 2.1mg/kg. This shows that the uranium content in soil is normal. 
When the survey was carried out from Bathinda via Morr (Mansa) towards Tusham area of Bhiwani District of Haryana the content of water in uranium was found to increase in a systematic manner. It was found that Tusham area consists of high heat producing granitic rocks exposed over the ground and are intruding with in the ground up to large distances and are highly radioactive. The high uranium content in Bathinda waters can be due to the affect of these granite rock intrusions. The granitic rocks of this Tusham area were analysed from Nuclear science Centre, New Delhi and Physics Department of Guru Nanak Dev University, Amritsar using the Nuclear Reactor at Bhaba Atomic Research Centre, Mumbai for the measurement of radioactive content. In these rocks the average value of uranium content was found to be 27.3 mg/kg and in some of the rock samples this value was found up to 62mg/kg. These values are much higher than the world average of 2.1 mg/kg in soil and rocks. The Uranium content in water samples from  Tusham  area was found up to 59.6 mg/l. More than 53% of the water samples were found to contain uranium more than the upper recommended limit of 30µg/l for water. Thus Tusham area is also unsafe from health point of view and may be responsible for high radioactivity in Bathinda waters including foodstuff.

Thus it can be concluded from the above studies that most of the drinking water samples from Bathinda district contain uranium more than the internationally recommended safe levels for human consumption. Except a very few water samples the concentration of other heavy metals  such as Pb Cr As, Se, Hg, Zn, etc and nitrates and  sulphates is reported to be low. Thus the presence of excess of uranium in drinking water samples from Bathinda area can be the cause of a large number of cancer deaths in the area. However  a more detailed study is required in the area where the scientists from different disciplines including Medical Sciences should work together in a collaborative manner to find the solution of this serious problem and the government should provide necessary infrastructure for research investigations in the state .The possibility for purification of the contaminated waters by chemical processes should be worked out and the efforts should be made to provide pure water and healthy environment to  the residents  to save humanity from  the serious diseases like cancer in the area.
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Fig: Map showing the study area in Bathinda district, Punjab
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Fig. 2 Comparison of the uranium concentration in drinking ground water samples with safe limits 1.9µg/l (ICRP, 1979)
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