OBSERVATIONS AND RECOMMENDATIONS OF EXPERTS
1. 1983, Nitrate –Nitrogen Content of Well Water and soil from selected areas in the Jaffna Peninsula
Rajeswary Mageswaran and S.Mahalingam (Department of Chemistry, University of Jaffna, Jaffna, Sri Lanka) 
In the study area…..
Nitrate in well water

“…..The water samples from wells in plots where there is no cultivation have relatively low nitrate-nitrogen levels. Thus the wells in the following localities where there is no cultivation have less than 18 ppm of nitrate-nitrogen….”
1. Post office and Hospital of the Jaffna Town

2. Kopay houses

3. Naranthanai

4. Karaveddy

5. Thavady
6. Vannarpanni

7. Kokuvil

8. Uduvil

9. Irupalai

10. Nallur

11. Kadduvan

12. Tellipalai

13. Mirusuvil

“…..The water samples from the wells in plots where there is agricultural activity have nitrate-nitrogen levels between 20 and 50 ppm. The villages of kondavil and urumpirai where there is intense agricultural activity have very high nitrate-nitrogen level (30 to 50 ppm). Even water samples from wells in plots in these villages where there is no cultivation have more than 20 ppm of nitrate-nitrogen…..”
“…..The water samples from the wells in Thirunelvely and Kondavil from which water is drawn for town supply have a high nitrate-nitrogen levels (26-33 ppm) which are about three times the safe level. Our investigations also indicate that the nitrate-nitrogen levels in the water of the wells used for town supply gradually increases year by year .Thus the nitrate-nitrogen level of Thirunelvely water supply well water increased from 15 ppm in December 1976 to about 22 ppm in December 1980 and to about 27 ppm in May 1982 (Table II). Similarly the nitrate-nitrogen level in the water sample from the town water supply well from kondavil increased from 22 ppm in December 1976 to about 30 ppm in December 1980 and to about 34 ppm in May 1982…..”
“….. It is apparent that the indiscriminate use of fertilizer is the chief reason for the rapidly increasing nitrate-nitrogen level in well water. We feel that the Jaffna farmers are using fertilizers far in excess of what is required. The conclusion is supported by the fact that the quantity of fertilizer sold in Jaffna is very large…..”
“…..In certain parts of the Jaffna town area where there is no cultivation the nitrate-nitrogen level in well water approaches 20 ppm. This is probably due to inadequate sewerage disposal facilities. Also in thickly populated areas the wells are situated close to the soakage pits of the toilets and this may result in increased nitrate-nitrogen levels in well water. With increasing demand for houses ,the local authorities are willing to reduce the minimum distance between wells and septic tanks from 35 ft to about 25 ft .This could cause serious health problems in a district like Jaffna where the limestone rock is fairly close to the earth surface and hence minimum soakage and absorption is possible…..”
2. 1993, Water Resources Development Jaffna Peninsula 
K.Shanmugarajah (Retired Deputy Director Irrigation Dept. Sri Lanka), Printed in Australia      by Fast Books.
In the study area…..
“…..In the North Zone of the peninsula where intensive study carried out during the period 1973-1976 in an area of 55sq.miles,indicate that about 30% of the wells were becoming brine…..”
3. 1994, 20th WEDC Conference Colombo, Sri Lanka, Affordable Water Supply And Sanitation, Water problems in the Jaffna Peninsula
Dr. V. Navaratnarajah, University of Jaffna, Sri Lanka.

In the study area…..
“…..A significant factor that has contributed to increased salinity in the well water has been the indiscriminate extraction of water from the underground aquifers. This has been exacerbated by the increase in population in the region and the rapid rate of extraction using pumps, both electric and petrol driven for domestic and agricultural purposes. Because of low fresh water heads in the underground aquifers, large amount of withdrawals from wells cause heads to further decline and the fresh water-salt water Interface to rise resulting in salt intrusions in several areas in the peninsula (Nandakumar, 1983). The Intensive agricultural pattern adopted in the last three decades also led to the increase of salinity in the water. Several wells once used to supply potable water are not in use now due to the increase of salinity (Nandakumar, 1983)…..”
“…..Another factor that has surfaced is the high level of nitrates and nitrites in the drinking water in the peninsula.It is well known that nitrates and nitrites above a certain level in drinking water and soil may cause serious health problems due to their toxicity. It has been reported that if the drinking water contains more than 10 ppm nitrate-nitrogen (45 ppm nitrate), it could affect the health of infants, giving rise to “blue babies” (WHO, 1971). The high level of nitrates and nitrites in the soil and water in the peninsula is attributed to the abundant and indiscriminate use of chemical fertilizers, mainly urea which contains 46 percent nitrogen. The problem has been further accentuated by the improper planning of soakage pits and latrines which leads to serious contamination of the ground water by nitrates…..”
“…..The recent study of nitrates in the soil and well water (Mageswaran and Mahalingam, 1983) has shown that in several areas in the Jaffna Peninsula, the soil samples have nitrates above the safe level…..”
“…..It has been shown (Puvaneswaran, 1985) that the salinity of water in underground reservoirs increased when the recharge from the rainfall was reduced…..”
“…..In the early days, there existed a large number of ponds and tanks with interconnected channels that helped to conserve a large proportion of the rain water and also to recharge the underground reservoirs. However, over a period of time, particularly during the last 3 or 4 decades, with increased pressure for housing, several of these ponds and tanks have disappeared, with development on these locations after the tank and ponds have been filled…..”
4. 1994, An Economic Analysis of Ground-Water Use for Agriculture in the Jaffna District

S. Thiruchelvam, P. Abeygunawardena and E.R.N. Gunawardena
Department of Agricultural Economics and Extension Faculty of Agriculture,

University of Peradeniya Peradeniya

In the study area…..
"…..Water scarcity has been a major problem for agricultural development in the Jaffna district. Farmers in this district practice intensive agriculture,and depend wholly on ground-water for irrigation. Several studies conducted in the study area by several researchers (Gunasekeram, 1977; Elankumaran, 1986 and Nadanasabapathy, 1987) have indicated that the rising demand for ground water, particularly for agriculture, has resulted in salinity at an alarming rate. The lower level of output and income over the years may be attributed to the deterioration of ground-water (Thiruchelvam and Abeygunawardena; 1990) (page:114)…..”
“…..The applied model provides a package of information with reasonable precision on the limit of water availability and cropping pattern potentials under the existing conditions. This information can be used as a knowledge base in developing optimal cropping plans that maximize returns and harness the water in the study area. Updating and modifying the model is needed for improving the estimated coefficients…..”
“…..There are significant opportunities for changing the cropping pattern at 40% irrigation efficiency. These changes, however, will involve substantial changes in the mprovement of agricultural credit, input supply, market facilities etc. Poor management of water is found to be the main cause for inefficient land use. Thus, a comprehensive and integrated programme involving water conservation measures is important for the water economy of the study area…..”
“…..The most important implications of the results of this study focus on the cropping pattern developed for conditions of limited water supply. The results would be useful to policy makers and administrators in promoting and implementing agricultural development plans in the study area (page:-121)…..”
5. 2001, SOME PHYSICO –CHEMICAL CHARACTERS OF GROUNDWATER IN SOME (Selected) WATER SUPPLY WELLS IN THE JAFFNA PENINSULA
T.Nanthini, T.Mikunthan and R.Vijayaratnam (Department of Agriculture Engineering, Faculty of Agriculture, University of Jaffna)

In the study area…..
“…..In recent times concern has been expressed about the increase in salinity and poor quality of well water due to sea water intrusion in to the fresh water lens. nitrate pollution through continuous and liberal use of organic manure and inorganic fertilizers, over extraction or rapid rate of extraction using mechanical and electrical pumps, intensive agricultural practices, and improper planning of soakage pits and latrines. Among the 65 tasted wells about 65% of wells in Jaffna Peninsula had high saline water whereas in the islands more than 80% of the wells were very high in salinity…..”
“…..Karaveddy and Kayts water supply wells cannot be used for further pumping of water for drinking as some physical and chemical characters of these wells deviated from the standard levels…..”
6.2005, GROUNDWATER RESOURCES OF SRI LANKA
    C. R. Panabokke ,A.P.G.R.L. Perera,     Water Resources Board,

    2A, Gregory’s Avenue, Colombo-7, Sri Lanka.
In the study area…
“…..According to the present state of knowledge and understanding, the effect of human impact is the most observable in the shallow regolith aquifer followed by the coastal sand aquifer and the shallow karstic aquifer of Jaffna. Policy guidelines have been developed for the safe extraction of this regolith aquifer in 1997…..”
“…..Water quality studies have shown enhanced levels of nitrate pollution in domestic wells situated in the more densely settled Municipal areas of the peninsula as reported by Nagarajah et al 1988….”
“…..Monitoring studies conducted in the seventies have confirmed a significant inbalance between draw off and recharge ratio. Water quality studies conducted in the mid eighties have shown enhanced levels of nitrate pollution in the densely settled Municipal areas within the peninsula…..”
7. 2008, Nitrate Pollution in groundwater A Case Study in Thirunelvely and Kondavil     of Jaffna District 
Thushyanthy Mikunthan,Department of Agriculture Engineering ,Faculty of agriculture,   University of Jaffna And,C.C De Silva Faculty of Engineering Technology, The Open University of Sri Lanka

In the study area…

“…..Nitrate contamination of water bodies pose major threat in Jaffna district, Sri Lanka due to the mixing up of leachates from nitrogenous fertilizers and leakage from septic tanks. These nitrates are excessively applied to fields in which intensified agriculture is practiced and the left out fertilizers leached in to the water bodies and pollute the ground water…..”
Nitrate- N concentration in water supply wells

The range of Nitrate –N estimated from water supply wells at Thirunelvely and Kondavil was 7.1 to 15.3mg/l. Temporal variation is  shown in figure 01.During rainy season (October – January) nitrate –N  at Kondavil water supply well was above the recommended level and at Thirunelvely water supply wells.

The highest value was obtained during November itself .Less than half of the population of Jaffna Municipal Council including teaching hospital, Jaffna is supplied with piped water through stand posts from these wells at Thirunelvely and Kondavil.
The health hazards of consumption of high nitrate contaminated drinking water was studied and emphasized by number of scientists .Nitrate is associated with diseases like methaemoglobinemia, gastric cancer, thinning of blood vessels, aggressive behavior and hypertension. Sivarajah(2003) supported these facts and reported that high nitrate content in water could be related to the high prevalence of cancer of the gastrointestinal tract in the people of Jaffna. It could be converted into carcinogenic substances such as nitrosoamines within the body and is of importance in the incidence of esophageal cancer in Jaffna, district. “Gunasegaram (1983) reported that the Northern Province which consist Jaffna distinct had the highest incidence of cancer in Sri Lanka. The increase in the incidence could be partly attributed by the high nitrate content in water and the consumption of vegetables with high amounts of insecticides in them. Panabokke (1984) in five year study on the geographical pathology of malignant tumors in Sri Lanka was presented data on investigation of 24,029 biopsy specimens. According to this study, Northern Province especially, Jaffna showed the highest incidence (184/100,000 populations) of malignant tumors in biopsy material among the nine provinces of Sri Lanka. At present, there is a study going on about   correlation between Nitrate-N   concentration in groundwater and the incidence of cancer with available records by teaching hospital Jaffna.

Nitrate-N concentration in intensive agricultural areas
The monthly average value of NO3 –N at farm wells is shown in the figure 03 .Out of measured wells, 95% of the wells exceeded the drinking water standard of WHO. The monthly average nitrate-N concentration was ranged from 7.81 to 19.3 mg/l throughout the year. The sources of pollution are inorganic fertilizers which had been attributed through leachate from fertilizer percolating down to groundwater. It is apparent that the indiscriminate use of nitrogen fertilizers was the main reason for the rapidly increasing nitrate in the well water.
Wells in this area should not be used for domestic purposes .Wells which consists of the critical range of 8 to 10 mg/l is categorized as AVA2 area and the area with these wells should not be used for intensive agricultural activities .The wells having Nitrate-N less than 8mg/l were grouped into AVA3 and recommended for domestic use. In addition, these areas should not be used for intensive agricultural activities using inorganic fertilizers.   
The surrounding areas of water supply wells at Thirunelvely and Kondavil should be declared as protected zones for human intervention and such timely action would be imperative to reduce the risks of contamination by nitrate-N
Conclusions and Recommendations 
The groundwater of Jaffna district is polluted astonishingly by nitrate –N due to continuous excess use of inorganic fertilizers and leakage from pit latrines in densely populated areas. Nitrate-N had considerable temporal variation, which is chiefly influenced by rainfall. A high intake of nitrate in any form is hazardous to health and programs to be triggered to minimize such hazards to avoid water poisoning. Since concentration of nitrate-N was very high in groundwater, there would be a threat to human health end environment .In densely populated areas nitrate in groundwater could be controlled by adopting appropriate technology for sewage disposal and construction of soakage pits. The buildup of nitrate in groundwater from agricultural areas of the district could be tackled by adopting best management practices and improving awareness of the farmers about the impact of the dreaded pollutant…..
8.2009, Estimation of Groundwater Recharge in Limestone Aquifer using an

   Improved Soil Moisture Balance Method: A Case Study in Jaffna District

   T. Mikunthan and C. S. De Silva1, (Department of Agricultural Engineering

    Faculty of Agriculture,University of Jaffna,Sri Lanka)
In the study area…..
“…..The low rainfall in Jaffna district coupled with an increasing demand for irrigation and domestic water use, means that the total abstraction in groundwater resources approaches the limits of sustainable yield. The high stress due to abstraction of large quantities of groundwater through pumping has threatened the sustainability of limestone aquifer…..”
“…..Groundwater recharge rates of the limestone aquifer range from 23% to 25% of annual rainfall as determined by SAMBA model for 2007 and 2008 whereas it was 19% and 27% of annual rainfall by WTF…..”
9.  2009,  The Effect of Agriculture on Quality of Groundwater: A Case Study

T. Jeyaruba and M. Thushyanthy,Department of Agric. Engineering, Faculty of Agriculture,University of Jaffna, Jaffna, Sri Lanka,Middle-East Journal of Scientific Research 4 (2): 110-114, 2009 ISSN 1990-9233,© IDOSI Publications, 2009,Corresponding Author: Mrs. T. Mikunthan, Department of Agric. Engineering,,Faculty of Agriculture, University of Jaffna, Sri Lanka

In the study area…..
“…..But 81% of the wells were not due to the suited for drinking due to the nitrate-N concentration…..”
“…..There was a good correlation between cropping and nitrate-N concentration in groundwater…..”
“…..High nitrate-N concentration of groundwater was observed at high land crops land use and followed by mixed crops and there was no significant difference between high land and mixed crops…..”
10. 2010, HEALTH HAZARDOUS: NITRATE-N IN GROUNDWATER AND SOIL                 IN INTENSIFIED AGRICULTURAL AREAS
T. Jeyaruba1, M. Thushyanthy2

1Post graduate student, Post Graduate Institute of Agricultulture, Peradaniya, Sri Lanka.

1E-mail: agrosruba2000@yahoo.com

1Telephone: +94-776618095

2Senior Lecturer, Department of Agric. Engineering, University of Jaffna, Jaffna, Sri Lanka.2E-mail: thushym@jfn.ac.lk 2Telephone: +94-21-2222404; Fax: + 94-21-2222973

   In the study area…..
“…..Increasing of the population, the demand of water is also relatively increasing and various human activities have been causing several serious problems, such as nitrate pollution, saline intrusion and bacterial multiplication[3]. In 1983, Gunasegaram [2] studied extensively groundwater contamination in the Jaffna Peninsula and found that the nitrate levels exceeded WHO limits, which is due to the mixing up of abundant nitrogenous waste matter and synthetic and animal fertilizers reaching the shallow groundwater table. This was supported by Mageswaran and Mahalingam in 1984 [4] that high nitrate-N content was in the well water and soil. In 1985, Dissanayake and Weerasooriya [5] pointed out in hydro geochemical atlas of Sri Lanka that Jaffna Peninsula has the highest nitrate content among the groundwater of Sri Lanka. Studies conducted in Jaffna by Nagarajah et al. in 1988[6] also substantiated the high concentration of nitrate in groundwater…..”
“…..Excess nitrate in drinking water affects especially infants and older children, pregnant and nursing mothers. An increasing level of nitrate in groundwater induces health related problems. Increased nitrogen in the soil also may cause serious health problem because some plants such as carrots could store this excess nitrate then reduce it partly to nitrite within it self. The nitrite could convert haemoglobin to methaemoglobin or produce nitrosamines and thus the carrots containing excess nitrite is health hazard [4](page:-72)…..”
 Nitrate-N in groundwater in the intensive agricultural areas
Of the sixty eight wells measured, results showed that 20 % of well water was with nitrate-N content of less than 8 mg/l and 12 % were within the critical range of 8 mg/l to 10 mg/l and 68 % were with value of above 10mg/l. The nitrate-N was ranging from 0.1 mg/l to 17.83 mg/l. Figure 1 shows the mean nitrate-N concentration with deviation in all selected wells. The highest value of nitrate-N was observed as 17.83 mg/l at Kondavil. Most of the wells were exceeded the WHO standard [9] of drinking water quality. These wells are mainly used for agriculture. But, when the farmer and family members reside within the farms and labourers who works in their farms uses the well water for drinking. The higher deviation of nitrate-N (Figure 1- Well 36) was due to flowing of runoff water into the well since it has not extended wall above the soil surface. Runoff water collects all fertilizers over the land area, which leads to higher variation of nitrate-N in groundwater. If top of a well is not constructed to divert surface water away from a well, nitrate-N can enter the well from above and increase its concentration in the water. In fact, in many of the farm wells sampled, the tops were either not constructed high enough or were badly damaged so that surface water could easily enter the wells during rainy seasons.

Nitrates are variously associated with diseases like methaemoglobinemia, gastric cancer, thinning of blood vessels, aggressive behavior and hypertension. Sivarajah [10] mentioned that higher incidence of cancer in Jaffna Peninsula due to higher nitrate level in the groundwater. Panabokke [11], in five year study on the geographical pathology of malignant tumour in Sri Lanka, was presented data on investigation of 24,029 biopsy specimens. According to this study, Northern Province showed the highest incidence (184 per 100,000 populations) of malignant tumours in biopsy material among the nine provinces of Sri Lanka.(page:-73)

The recommendation of WHO [9] for nitrate-N for irrigation purposes is in the range of 5 to 30 mg/l. All the wells concentration was less than the recommended level of WHO. The presence of high nitrate in the irrigation water also effects the concentration of nitrate in the vegetable product.(page:-73)

Finally the study was concluded that 80 % of the well was not recommended for drinking in intensified agricultural areas and all the wells were accepted  for irrigation requirement(page:-74)
11. 2010, Irrigation Water Quality Based on Hydro Chemical Analysis, Jaffna, Sri Lanka

S. Carmelita Nishanthiny, M. Thushyanthy, 1 1 2T. Barathithasan and 2S. Saravanan

1Department of Agric. Engineering, Faculty of Agriculture, University of Jaffna, Sri Lanka 2National Water Supply and Drainage Board, Jaffna, Sri Lanka
In the study area…..
“…..Presence of excessive quantities of salts in groundwater is one of the major constrains in agro-well farming in Jaffna Peninsula. Irrigation with poor quality waters may bring undesirable elements to the soil in excessive quantities affecting its fertility.(page:-100)…..”
“…..Irrigation water quality was determined based on salinity hazard , sodium hazard and bicarbonate hazard. Out of tested wells ,20.6%  of the wells have good quality irrigation water ,35.3% of the wells have unsuitable irrigation water quality .We can manage the poor irrigation water by increasing salt tolerance of plants and improving irrigation management technologies. The physical, economic, social and industrial costs and feasibility requirements for salt disposal will have to be met as part of the necessary and sufficient conditions for a prosperous long-term agriculture….. (page:-102)…..”
12. 2010, Irrigation Water Quality Based on Hydro Chemical Analysis, Jaffna, Sri         Lanka
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In the study area…..
“…..In overall assessment of tested wells, 20.6% of the wells have good quality water for  irrigation, 44.1% of the wells have permissible to doubtful irrigation water quality, 35.3% of the wells have unsuitable irrigation water quality, in which bicarbonate hazard was identified as major hazard which is due to the influence of carbonate rock dissolution…..”
13.2010, MICRO IRRIGATION TECHNOLOGY: A REMEDY FOR GROUNDWATER

     MANAGEMENT IN JAFFNA PENINSULA

Christy Nilani, L1., Thushyanthy, M1. and S.Sivakumar2

1Department of Agricultural Engineering, Faculty of Agriculture, University of Jaffna

2Department of Agriculture Extension office, Thirunelvely, Jaffna Sri Lanka

thushym@jfn.ac.lk
In the study area…..
“…..Groundwater can provide supplementary irrigation in many areas of the dry zone except the Northern district, Jaffna district in which groundwater is the major irrigation source (Srimanne, 1967 and De Silva, 1996). The average annual rainfall of Jaffna is about 1200 mm. Normally, rainfall period restricted to 3-4 months of this area. Groundwater use has exceeded safe limits in most areas of Jaffna where sustainable irrigation depends on maintaining a delicate balance between recharge and extraction (Rajasooriyar et al., 2002). The Jaffna farmers face difficulties in irrigation interval and duration when use micro irrigation (Jayapiratha et al., 2010). They do not have recommended intervals and durations.(page:-85)…..”
“…..Adaptation of sprinkler irrigation is more economical and groundwater saving than the ridge and furrow irrigation (page:-88)…..”
14. 2012, IMPACT OF AGRICULTURAL ACTIVITIES ON GROUNDWATER   QUALITY AND ITS SUITABILITY FOR DRINKING IN VALIKAMAM AREA, JAFFNA PENINSULA (IWMI)

A. Sutharsiny ,S. Pathmarajah ,M. Thushyanthy,V. Meththika ,H. Manthrithilake
In the study area…..

· Awareness should be created on the hazards due to the excessive use of chemical fertilizers in agriculture. 

· Efficient irrigation water management practices should be introduced to prevent leaching of chemicals to the groundwater.

· Recommendations should be made based on continuous monitoring. 

15. 2012, Assessment of Groundwater Resources in Jaffna Limestone Aquifer
     M. Thushyanthy and C.S. De Silva1, Department of Agricultural Engineering,         University of Jaffna, Jaffna,     Sri Lanka
In the study area…..

“…..Results showed that the total average annual withdrawal from the study area (0.66 MCM) exceeded the total average annual recharge (0.57 MCM) (177)…..”
“…..Senarath (1990) pointed out that the development of groundwater resources has not been preceded or accompanied by systematic studies to evaluate the groundwater resource potential (page:-178)…..”
“…..Based on a groundwater balance results (Table 2), the average annual groundwater recharge was 569,624 m3 (0.57 MCM) from April 2007 to March 2008 and the average annual groundwater withdrawal was 661,635 m3 (0.66 MCM) resulting a negative water balance of 92,011 m3 (0.09 MCM). Rainfall during the study period was 1471 mm which was higher than the ten years average annual rainfall of 1284 mm/year. As such, the estimated available water is expected to be higher than for average years. Even then there was a deficiency in water balance…..”
“…..This raises the question about the sustainability of groundwater usage in the study area. The safe yield of groundwater aquifers on a sustainable basis and generally it is only the 50% of the annual replenishment or recharge. However, in the study area the abstraction has exceeded even 100% of the annual recharge. Continuing overdraft exceeding the safe yield may subsequently lead to progressive decline in groundwater table in the study area. This result had been supported earlier by Rajasooriyar et al. (2002) where the groundwater level patterns for the period from 1979 to 1997 show differences in water level elevations by increasing the area of negative level elevations. Authors mentioned that excessive extraction of groundwater from wells, particularly from agricultural wells using highly efficient electrical pumps for prolonged periods, was the main course of the reduction in groundwater elevations. The results of both studies clearly revealed that over exploitation during dry months. The main problem was that the farmers have a sense of ownership of groundwater which occurs under their land. Increase in pumping is due to farmers’ personal initiative, but recharge augmentation is traditionally treated as a private responsibility…..”
Suggestions for groundwater regulatory framework

(i) Develop farm level organizations

Formation of an institution of a groundwater regulatory framework is recommended to build up and implement policies to achieve successful sustainable groundwater management. High water usage was observed in the agricultural sector. Hence, considering the overdraft, proposed action will be based on conservation practices,implementation to reduce water demand and increase water use efficiency. Water conservation activities are successful in increasing the water use efficiency. Selection of proper crops and irrigation practices are tools in demand management. Poor cooperation was observed among the farmers at field level. Developing farmer organizations will help to coordinate between farming community to plan the abstraction rate in different time periods which reduces the up corning of seawater into the fresh water and is the key to a successful groundwater development scheme. 

(ii) Policy to renovate all existing surface tanks

The results of the groundwater balance study can be used in the decision making process of abstraction of groundwater for agricultural purposes especially during dry seasons. Efforts should be initiated to tap the surface runoff water by creating and renovating storage at suitable sites to increase the recharge. Conjunctive use of the surface water from the main land for domestic and groundwater for agricultural activity with water conservation practices will help to arrest the progressive decline in groundwater aquifer.

(iii) Restriction to use high power pumps for abstraction

Restrictions for the construction of new tube wells and usage of high powered echanical water pumps, limit the duration of continuous extraction of water and allow for the recovery of well and constructing rainwater reservoirs in public places are some of recommendations that will help in positive storage in the aquifer.

(iv) Regular monitoring of groundwater levels

Regular monitoring of groundwater levels is essential for proper resource management. Therefore, a government agency should be introduced to monitor daily groundwater levels in the wells. National Water Supply and Drainage Board, local schools and  Department of Agrarian development could be used for the purpose.

(v) Awareness programme for farmers

Extension service through Department of Agriculture could be introduced to educate farmers on the consequences of over abstraction on groundwater quantity and quality aspects(page:-,184)
16. 2012, Characterization of Irrigation Water Quality of Chunnakam Aquifer in

    Jaffna Peninsula
A . Sutharsiny, S. Pathmarajah1*, M. Thushyanthy2 and V. Meththika3

Postgraduate Institute of Agriculture,University of Peradeniya,Sri Lanka

In the study area…..

“….. The primary effect of high EC water on crop productivity is the inability of the plant to compete with ions in the soil solution for water. Higher the EC, less water is available to plants (Tatawat & Chandel, 2008). Several wells once used to supply potable water are not in use now due to the increase of salinity (Nandakumar, 1983). Fresh groundwater is underlain by saline water. Pumping a well in the fresh water zone causes the fresh water-salt water interface to rise below the well. Care must be taken to prevent or minimize the chances of saline water contamination during pumping from the ground aquifer. To avoid upward movement of saline water minimum draw down should be maintained during groundwater extraction. (page:-241)…..”
“…..Sixty percent of wells have high salinity hazard and low sodium hazard, whereas, 9 % have high salinity hazard and medium sodium hazard and another 9 % have very high salinity hazard and high sodium hazard. Two percent of the wells have very high salinity hazard and low sodium hazard and another 2 % have very high salinity hazard and medium sodium hazard…..”
17.  2013, SEASONAL VARIATION OF NITRATE-N IN GROUNDWATER: A

      CASE STUDY FROM CHUNNAKAM AQUIFER, JAFFNA PENINSULA

S. Arasalingam1*, H. Manthrithilake1, S. Pathmarajah2, T. Mikunthan3 and M. Vithanage4

1International Water Management Institute, Sunil Mawatha, Battaramulla, Sri Lanka.2Department of Agricultural Engineering, University of Peradeniya, Peradeniya, Sri Lanka.3Department of Agricultural Engineering, University of Jaffna, Jaffna, Sri Lanka.4Chemical and Environmental Systems Modeling Research Group, Institute of Fundamental Studies, Kandy, Sri Lanka.
     In the study area…….

“…..The Jaffna Peninsula has four main aquifer systems, of which the largest Chunnakam aquifer is in the Valikamam area. This is an intensively cultivated area in the Jaffna Peninsula, and consequently, excessive application of nitrogen fertilizer is found. Other sources of nitrate include organic manures, and urine and excreta of animals through human activities. (Page:-07)…..”
“…..The aim of this study was to assess the N-nitrate contamination in drinking water of the Chunnakam aquifer (Page:-07)…..”
“…..During the rainy season, 38% of the agro-wells exceeded the limit of WHO drinking water guidelines (10 mg L-1) and these were not suitable for drinking purposes.(page:-07)…..”
“…..This water pollution is very likely related to the heavy use of N-based fertilizers for cultivation in the region. This leads to groundwater unsafe for drinking. Therefore, effective management of groundwater quality in the region is vital and further, creating awareness among population would possibly reduce the excessive use of chemical fertilizers in agriculture (page:-07)…..”
18.2013, Assessment of Groundwater Quality in Shallow Aquifers in Jaffna        Peninsula

     M.S.M. Hidayathulla* and G.R.R. Karunaratna Water Resources Board, 2A, Hector Kobbekaduwa Avenue, Colombo 7 * E mail: mhmohameds@yahoo.co.uk
      In the study area…..
“…..Nowadays water borne diseases which are induced by Agricultural and Anthropological activities are widely spread in Jaffna Peninsula. Therefore, the need for groundwater monitoring is important for the peninsula.(page:-109)…..”
“…..Nitrate level is ranging in from 0 to 15.5 mg/L. It is high in cultivation areas because of the use of artificial fertilizer and also where the toilet pits are near to the wells…..”
“…..TDS varies in between 2.43mg/L to 3940 mg/L…..”
“…..Phosphate values range in between 0 to and 25mg/L. (page:-112)…..”


“…..According to the results of water samples,groundwater of the study area is polluted due to heavy agricultural practices. Mainly in shallow aquifer groundwater in some part of Jaffna peninsula is totally polluted by nitrate (eg. Kondavil to Kopay area). The usage of excess amount of nitrogen fertiliser and pesticides, weedicides, high population density and shallow groundwater table are the major reasons for this issue. Chunnagam, Kopay and Kondavil areas (red bed areas) are identified as most nitrate areas among other study areas, as well as the numbers of stomach cancer patients are reported in these regions. The farmers in these areas should be encouraged to use access amount of organic composts instead of using higher amount of Nitrogen fertilisers, pesticides and weedicides. The wells which are located very near to the lagoon are totally contaminated by salt water. The over extraction of groundwater also creates the salt water intrusion. The best groundwater source is identified in sand dune aquifer (Vadamarachchi east area up to Iyakkachchi). Freshwater lens and deepen sea could be the reasons for that.This aquifer should be protected from pollution and over extraction (Page:-113)…..”
19. 2013, ASSESSMENT OF GROUNDWATER QUALITY IN JAFFNA PENINSULA

      I.G.C.I. KUMARA1*, S.S.K. RATHNAYAKA1, M.M.C.M. MAYADUNNE2 and R.R.G.R.         RAJAPAKSE1

      1Water Resources Board, 2A, Hector Kobbakaduwa Mawatha, Colombo 07

      2Faculty of Livestock, Fisheries and Nutrition, Wayamba University of Sri Lanka

     *E-mail: chameera.personal@gmail.com

In the study area…..

“…..Most of the samples were collected during both dry and wet seasons. They exceeded the desirable level for electrical conductivity (EC) prescribed by the WHO standards. The major concern with respect to the drinking purposes is that an appreciable percentage of samples of each season exceeded the permissible level. The taste of water is not up to the standard because chlorine (Cl) and sodium (Na) concentrations were observed in excess of about 200 mg/L exceeding the WHO standards…..”
“…..The uncontrolled development of groundwater by excessive local pumping without provision for recharging has resulted in over withdrawal causing sea water intrusion in to the land. This situation needs to be curbed. Therefore, some legislative arrangement should be made to enforce groundwater laws for the prevention of future expansion of construction of wells, limiting pumping engine capacity, electrification of pumps etc…..”
20. 2013, Groundwater Balance in Jaffna Peninsula Facing Crisis Due to Depletion of    Limestone through Overuse

     29 May 2013, 12:20 am

In the study area…..

“…..The area suffers from severe groundwater imbalance which might reach crisis proportions in the future…..”

“…..Water resources of the basin remain almost constant while the demand for water continues to increase. Moreover, due to uneven distribution of rainfall, water resources lack replenishment…..”

“…..The researchers recommend extraction of 50 per cent of the annual recharge to prevent a severe imbalance developing in the aquifer, the main resource for agriculture, domestic use and water supply on the Jaffna peninsula…..”
21.  2013, Seasonal variation of water table and groundwater quality of the karst         aquifer of the Jaffna Peninsula-Sri Lanka
        * Corresponding author (palar23@hotmail.com)

 W.D. Joshua1*, M. Thushyanthy2 and N. Nanthagoban2

 1 24, Caird place , Seven Hills, NSW 2145, Australia.

 2 Department of Agricultural Engineering, Faculty of Agriculture, University of Jaffna, Jaffna    
In the study area…..

“…..The groundwater has an abundance of calcium and bicarbonate ions, the varying concentrations of which affects the pH, causing it to vary from neutral to slightly alkaline. The concentrations of chloride ions increase with the depth of the transition zone as well as towards the coast. The nitrate contents of the well water are higher in the urban areas due to contamination from septic tanks and also in intensively cultivated farm areas where high amounts of nitrogen fertilizers are used. In some wells, both the chloride and nitrate concentrations do exceed the WHO standards for safe drinking water…..”
22. 2013, Groundwater Depletion, Chronic Kidney Disease (CKDu) and Jaffna    River Project 
       From Hidayathulla and Karunaratna
In the study area…..

“…..So maybe its time to consider a project to test/monitor groundwater for metals, dioxins and dioxin-like chemicals.  Maybe donation of instruments, or a collaborative research project to link agricultural use, dioxin content in ground water incidence CKDu and effect of alleviation methods such as rain water harvesting…..”
23. 2014, Assessment of nitrate-N contamination in the Chunnakam aquifer       system, Jaffna Peninsula, Sri Lanka
      Meththika Vithanage, Thushyanthi Mikunthan, Selverajah Pathmarajah, Sutharsiny         Arasalingam and Herath Manthrithilake
In the study area…..

“…..Intensive rehabilitation and development activities are ongoing in Jaffna after the end of the 30 years long civil war. People return to their lands and extensive agricultural activities are enduring throughout the peninsula. Farmers in Jaffna are tend to overuse agrochemicals due to the loss by the limestone with large cavities in the subsurface. High population density may also contribute to N contamination of groundwater in Jaffna Peninsula by the pit latrines in the limestone strata. Hence, the groundwater contamination due to high nitrates will continue to rise. Few studies conducted on nitrate contamination of groundwater in Jaffna aquifer system have shown high concentrations (Jeyaruba and Thushyanthi 2009) which may be a cause of the high incidence of cancer in Jaffna Peninsula (Sivarajah 2003). A five year study conducted on the geographical pathology of malignant tumor in Sri Lanka showed the highest incidence (184 per 100,000 populations) in the biopsy material among the nine provinces of Sri Lanka is the Northern Province (Panabokke 1984). With the underlying limestone, Jaffna aquifer system considered to be vulnerable to pollution (Panabokke and Perera 2005). Hence, it may be important to distinguish the different sources of nitrate input and budgeting will give an understanding about the sources to be managed, which have not been focused by earlier studies.(page:-02)…..”
“…..Average concentrations of nitrate-N and nitrite-N for the whole year and for the entire area during the study period were 4.869 and 0.014 mg/L respectively. The average number of wells exceeding permissible level of NO3–N, the Sri Lanka Standard Institute (SLSI) drinking water guideline of 10 mg/L, is approximately 6–12 depending on the time of the year, which means that about 14-28% out of the 44 wells. The nitrate-N concentration ranged from 0 to 35 mg/L. (page:-03)…..”
Conclusions

Modified DRASTIC (DI) index value computed as explained above increased from DI=177 to a range of 182 to 197.In spite of the increase, the Modified DI values showed that the aquifer vulnerability specific to nitrate contamination remains in “high” category. However, the high end of modified DRASTIC index was closer to the threshold value for transiting the vulnerability from the “high” category to a “very high” category .Many of the wells in agricultural fields contained high concentrations of nitrate which exceeded the permissible levels for drinking water. Although the nitrogen loading estimations at the surface for the domestic sources and irrigation were similar in magnitude, the loading from fertilizer input was about 15 times higher than the domestic and irrigation sources. In conclusion, the aquifer system in Jaffna remains highly vulnerable to nitrate specific contamination. The risk of contamination is largely attributed to the heavy fertilizer use of agriculture in the area…..
24.2014, Awareness Program on Groundwater Studies in Jaffna Peninsula at         Conference Hall, District Secretariat, Jaffna on 27 th March 2014 organized by Water Resources Board (under DSWRPP)

In the study area…..

“….. The above project was initiated in 2011 in the Jaffna District by covering three divisional secretariats (Jaffna, Nallur, Chavakachcheri, and Pachchilapallai of Kilinochchi) where it was revealed that the groundwater was vulnerable for pollution due to seawater intrusion and over-application of agrochemicals…..”
25. 2014, Ground Water Quality Improvement of Jaffna Penensula of Sri Lanka by    Regulating Water Flow in the Lagoon Mouths
      Janen SS, Sivakumar SS

In the study area…..

“….. The water resource mainly the underground water in Jaffna Peninsula is totally polluted due to prolonged negligence and improper management of existing barrages at the lagoon mouths and the salt water intrusion was taken place. In addition to these garbage and soakage pit pollution and increased usage of fertilizer chemicals also affected the quality of ground water. As a result, people are facing problem in getting good quality water in their wells. Due to the salt water intrusion, hundreds of acres of lands, hundreds of wells are in abandon stage…..
“
26. 2014, Problem from fertilizers 

In the study area…..

“…..High groundwater nitrate concentrations have been recorded in the shallow limestone aquifer beneath the Jaffna peninsula in Sri Lanka. In a survey carried out in 1982 three-quarters of the wells sampled had concentrations in excess of the WHO recommended guideline value of 50 mg/l nitrate and some were in excess of 175mg/l nitrate…..” 
“…..In general the highest concentrations were associated with wells located in intensively cropped areas where 2-3 crops of vegetables and tobacco were raised each year. Most domestic wells had low nitrate concentrations. The use of large quantities of inorganic fertilizers and manure together with excessive (flood) irrigation were considered responsible for the high nitrate content (Nagarajah et al 1988). Conversely, nitrogen leaching losses from the soil were low for traditional, rain-fed crops supported by low applications of fertilizer…..”
27.Groundwater management: Jaffna/Sri Lanka
   Herath Manthrithilake , International Water Management Institute

  In the study area…..

· 50% of the northeast monsoonal rainfall is received within a very short time period

· 75% probability of rainfall in this district was 510 millimeters (mm) in Maha and 120 mm in Yala

· Evaporation of 45-48% of the annual rainfall

· Spatial variation of net groundwater recharge was observed to be in the range of 12 to 69% of the total rainfall, 
· With an average of 37% during the short rainy season (i.e., during October, November and December).
·  A significant volumes of run-off (43 -60%)is lost to the sea during monsoon months.  
· Abstraction for irrigation varied from 9.4 to 15.7 mm/day with an average of 11.5 mm/day 
· Daily ET in 2011 varied from 3.4 mm/day in December to 5.6 mm/day in May with an annual average of 4.7 mm/day 
· Excessive irrigation was 51% over the peak demand of 5.6 mm/day; the major portion of which will eventually return to groundwater
· This limits the water availability and promotes saltwater intrusion
· Have serious consequences on groundwater pollution as the return flow could carry fertilizer and pesticide residues 
28. “Dam safety and Water Resources Planning Project” (DSWRPP) 
      (Project ID 093132),   Consulting Services for Implementation Support for Upgrading and Modernization of Hydro-Meteorological Information System DSWRPP-2 /CS/QCBS/08 JAFFNA PILOT AREA – GROUNDWATER MONITORING PROGRAM 

In the study area…..

“…..The average annual rainfall is 1,543 mm according to the rainfall data collected between 2000 and 2005. Total annual evaporation is around 2,250 mm resulting in an annual water deficit…..”
29. Vulnerability Assessment for Shallow Aquifers Using Chemical Quality of   Groundwater: A case Study from Thirunelvely and Kondavil in Jaffna District
T.Mikuntahn and C.S.De Silva , Department of Agricultural Engineering, Faculty of Agriculture, University of Jaffna, Sri Lanka.
In the study area…..

“…..The best management practices with strict control of chemical fertilizer application, proper maintenance of wells and provision of proper distance between wells an sewage pits are recommended to rectify the contamination of nitrate-N…..”
30. Severe water shortage looms in Jaffna
         By Malaka Rodrigo

   In the study area…..


    “ ….. Climate change, over-extraction of groundwater due to resettlement and with   no rivers flowing through the peninsula, its aquifers are fast depleting…..”

“…..But in Jaffna, this recharge rate is 0.57 million cubic metres (MCM) of water, while the extraction rate is 0.66 MCM, according to research done by M. Thushyanthy and C.S. De Silva. So, Jaffna’s limestone aquifer will become depleted over the years, these water experts fear…..”
31. Pollution of Inland Waters
In the study area…..

“…..In 79% of the wells, run off of fertilizer and agrochemicals resulted in nitrate concentrations being well above levels advocated by the World Health Organization (WHO) for safe drinking water, with recorded concentrations of over 200 mg/l. In the islands off the peninsula, 50% of the wells contained nitrates above 10 mg/l…..”
“…..High nitrate levels in drinking water are hazardous. Nitrate is relatively non toxic but can be converted to nitrite by bacteria in the intestine of infants causing the blue baby disease termed ethaemoglobinemia. This disease is rare when the nitrate-nitrogen concentration in drinking water is less than 10 mg/l. Nitrate can react with other substances such as amines which lead to more complicated health hazards such as cancer…..”
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