


Chronic Kidney Disease of unknown aetiology (CKDu) in Anuradhapura district (Sri Lanka): Role of low concentration of heavy metals and social survey


Abstract: 
Globally, heavy metal exposure is one of the major toxic pollutant in the environment which cause severe diseases. Chronic Kidney Disease with unknown aetiology (CKDu) is an irreversible disease and most challenging as its late indication of symptoms. Sri Lanka is being affected by CKDu since last couple of decades where dry zones especially Anuradhapura district of North Central Province is mostly affected by CKDu. This study puts contribution to identify the causes of CKDu of Sri Lanka by including chemical analysis on food items, social survey among both CKDu affected and non-affected groups. Heavy metal analyses of fish (muscle and liver parts) in eight locations from CKDu endemic region were carried out. The samples were collected from most CKDu affected places of of Anuradhapura district, Sri Lanka. Higher concentrations of Cadmium (Cd) were found in fish muscles in three locations. Mean weekly intake of Cd of three locations exceeded the prescribed guidelines with highest weekly intake of Cd via fish of 12.8 µg/kg body weight (Medawachchiya) and mean weekly intake of Pb through fish exceeded FAO guidelines only in Padaviya. However, mean weekly intake of other metals via fish were found to be lower the relevant standards. Liver part of fish showed higher rate of accumulation for metals Zn, Mn, As and Cr in the most of the studied locations than muscles part of fish. Social survey says over 15 years agricultural experienced farmers age more than 41 years old, who have history of work more than 5 days in agriculture field with low water intake (less than 2 litres/day), consume fish more than 5 days per week, chew betel 4-6 times per day and consume local liquor more than 4 times per week showed high chance for CKDu development than others in Anuradhapura district, Sri Lanka. 
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1.0 Introduction:
Natural and human activities are the two major causes for release of heavy metals to the environment. Heavy metals do not have capable to being decomposed thus they can accumulate rapidly in the environment, which chronic exposure of metals presence can affect living beings in food web (Järup, 2003; Govind and Madhuri, 2014;  Kobya et al., 2005).
Biological organisms like fish have inherent ability to accumulate heavy metals which is called bioaccumulation. Govind and Madhuri (2014) mentioned that “bioaccumulation is the increase of level of pollutant in the organisms for long duration than its levels in the surrounding”. In Japan, the diseases called Minamata and Itai Itai were caused by accumulation of methyl mercury in fishes which had entered into food web via fish (Khan et al., 2008). Sri Lanka is being affected by CKD since more than 10 years where North Central Province (NCP) is mostly affected by this chronic kidney disease (Johnson et al., 2012). Chronic kidney disease of Sri Lanka is called chronic kidney disease-unknown aetiology (CKDu) as aetiology for this disease was not established yet (Jayasumana et al., 2014). 
In North Central part of Sri Lanka, people use ground water as main source for drinking purposes. Weeraratna (2009) mentioned that according to the WHO (2012) report, the concentrations of Cd in drinking water of CKDu affected area of Sri Lanka was under safe limits that of below than WHO limit of 3 µg/L, however it is expected Cd to be a cause for CKD as it could accumulate in kidney for long duration. Similarly, studies from Ambepitiya (2015) and Amarasinghe (2016) have reported that levels of heavy metals in water bodies, crops, soil, sediment and fertilizers are under safe limits. However, all low levels of metals could accumulate in water bodies, fish, vegetables and other mediums and could enter food web. Further, Amarasinghe (2016) stated that “usage of fertilizers was raised by the fertilizer subsidy implemented by the government of Sri Lanka”. Hence it is expected that excess agrochemicals could be accumulated in water bodies, crops, soil and sediments. 
Apart from heavy metals, dehydration could have played as one of the factor behind CKDu. García-Trabanino et al. (2015) have studied about impact of dehydration on kidney failures among sugarcane cutters in EI Salvador. According to the study, it was reported that the people who worked under intense heat have shown higher tendency for kidney failures. However, in Sri Lanka, lack of studies have been carried out about dehydration on CKDu up to date. This study area is situated under dry zone and farmers of the region work under intense heat continuously where the temperature varies from 34 to 38ºC (Ileperuma et al., 2009). Hence, it is suspected that dehydration could play a role for the disease of CKDu of Sri Lanka. 
The cause of CKDu could be the interaction of low levels of pollution (metals) along with accumulation during long period in water bodies, soil and plants and which could presence into food web especially through fish. Aquatic organisms especially fish are well capable to accumulate the pollution in long term aspects as they are one of the top predators in food web. In long term aspect, the accumulated metals may exceed the tolerance limit and could cause CKD as metals have less tendency to being decomposed (Kobya et al., 2005). Hence, bioaccumulation of heavy metals in fish could be a factor for CKDu of Sri Lanka. However, according to Perera et al. (2016), it was reported that metals Cd and As were well below than prescribed guidelines among their studied three types of fish samples called Etroplus suratensis, Anabas testudineus and Channa striata in Malwathu oya in NCP. Perera et al. (2016) have reported that levels of As and Cd were higher in fish in paddy cultivating seasons than non-cultivating season. Further provisional weekly intake were calculated by Perera et al. (2016), according to that for Cd and As, it has been reported that maximum intake of Cd and As among three type of fish were 0.54 and 3.096 µg/day respectively. However, those values much less than guidelines of WHO/FAO that of 0.08 µg/kg body weight/day for Cd and 2.14 µg/kg body weight/day for As. However, Jayatilake et al. (2013) have reported that Cd concentration in fish of endemic region was 0.06 µg/g which is marginally greater than WHO guidelines for Cd of fishes (0.05 µg/g).
Considering the problems stated above and the past studies, this study formulated the specific objectives. Such as, to identify and quantify accumulated multi metals present in fish (separating between muscle and liver parts), to identify and quantify weekly intake of metals of affected people through fish and compare with prescribed guidelines and to perform social survey related to living habits and health risk assessment on citizens affected and not affected by CKDu areas.
2.0 Materials and Methods:
This study focused on eight locations in Anuradhapura district which are subjected to more risk to CKDu as shown in Figure 01 such as Rambewa (SL1), Kagatagasdigiliya (SL2), Medawachchiya (SL3), Kebitigollewa (SL4), Padaviya (SL5), Horopothana (SL6), Mahawilachchiya (SL7), and Nochchiyagama (SL8). Fresh water bodies like small ponds where people catch fishes for eating purposes in each locations were selected for fish samples collection. 
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Figure 01: Study area
2.1 Sample Collection and Preparation
Fish samples were taken before the rainy period starts small ponds where fresh water fish are being harvested for food purposes by the people in eight locations as shown in Figure 01. Well matured or grown (average weight 350 to 400 g and average length of 25 cm) tilapia fish were collected for testing purposes. Three fish samples in each locations, altogether twenty four samples were collected in the study area.
All samples were stored in plastic containers and labelled. Fish samples were placed into the ice box and taken to the laboratory of National water supply and drainage board of Jaffna, Sri Lanka. Then samples were kept in refrigerators (4ºC) before pre-preparation. Muscle and liver part of fish were separated and kept in oven under 105ºC for three days in order to make dry. Then samples were crushed well with the help of agate mortar in order to make as powdered samples. Finally all powdered fish samples were taken to the laboratory of UNESCO-IHE, Delft, the Netherlands. 

2.2 Sample analysis
Transported samples have been analysed in the laboratory of UNESCO-IHE, Delft, the Netherlands for heavy metals. Based on Kruis (2014) procedures, the analysis consisted sample acidification, digestion, and dilution before read the results of heavy metals in ICP-MS and AAS-GF. First, the powdered samples of fish around 0.3 to 0.5 g were weighed by using the balance (Sartorius, type of R200D/39900054 with the accuracy of 0.0001g) and then put into the destruction blocs. In the acidification process, 10 ml of nitric acid (65%) was mixed by using pipette into the destruction blocs. Then those samples along with two of each control and blank samples were arranged in the microwave (CEM, MARS) for digestion. Oven was functioned by increasing the temperature to 165ºC for first 10 minutes and kept at 165ºC for 1 minute, then the temperature was raised to 175ºC within next 2 minutes and kept for 5 minutes and it was ended with cooling for last 40 to 45 minutes. Finally, in the dilution process, demineralised water was added to the digested samples by using 50 ml containers. Then prior to the testing, 50 times dilution was carried out by adding 50 ml of demineralised water into 1 ml of sample. All the samples of muscles and livers of fish were followed same procedures as described above.
Metal As was tested in Atomic Absorption Spectrometry Graphite Furnace (AAS-GF) type of thermo elemental solaar, MQZ, with the detection limit of 2 µg/L. To have calibration curve, five standards were used with the concentrations of 10, 20, 30, 40 and 50 µg/L. The curve of calibration had best fit (R2) more than 0.9998. The samples were functioned in the instrument placing one standard in each 10 samples to ensure proper running of instrument. Inductively Coupled Plasma, Mass Spectrometry (ICP-MS) was used to analyse other metals in UNESCO_IHE laboratory. The model of ICP-MS is XSeries ll and the manufacturer is Thermo Scientific in Bremen, Germany. For the calibration purpose, for all metals, the standards with concentrations of 20, 50, 100 ppb were used whereas for metals Na, K, Mg, Ca and Fe 0.02, 0.05, 0.1, 1, 5, 10 ppm were used. The curve of calibration had best fit (R2) more than 0.999.  To confirm consistency of results, one quality control standard was measured in every 15 to 20 samples set. The detection limits of ICP-MS for metals Pb, Mn, Cd, and Cr are 0.06, 0.06, 0.02 and 0.07 µg/L respectively.


2.3 Social survey assessment- Interviews with relevant staffs and Questionnaire survey
In order to carry out the questionnaire assessment among the people, interviews with relevant officials such as medical, agriculture, water sectors and representatives of Government (Grama Niladhari) were carried out. 
After interviews with relevant officials, questionnaire survey was carried out among both categories of people such as CKDu affected and non-affected in endemic area. The affected people from eight locations of study area were interviewed with organised questionnaire which included all suspected risk factors such as age, sex, food type and other lifestyle habits (smoking, liquor type, and rate of betel chewing and tea consumption. Altogether 132 affected people and 130 non-affected people from eight location were questioned with same questionnaires. Table 01 explains the summary of social survey. 
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	DS Division
	Number of people surveyed

	
	CKDu affected
	CKDu non-affected

	Medawachchiya
	15
	14

	Padaviya
	12
	13

	Rambewa
	19
	18

	Horopothana
	17
	17

	Mahawilachchiya
	20
	17

	Khatagasdigiliya
	17
	15

	Nochchiyagama
	16
	18

	Kebitigollewa
	16
	18

	Total
	132
	130



2.4 Analysis of data
The results (mean concentration) from chemical analysis of fish were plotted along with standard deviations in excel. To study about risk assessment SPSS version 16 was used. Risk assessment by quantitative method, logistic regression method was used to integrate multi variables into the analysis. The data derived from social survey questionnaires and the data obtained from past studies were used and values were taken as significant for 95% confidence intervals (p < 0.05). 
2.5 Quality assurance
For the chemical analysis, three fish samples were collected in each locations of study area. Three samples with one duplicate sample for each sample from each locations were analyzed by using Atomic Absorption Spectrometry Graphite Furnace (AAS-GF) type of thermo elemental solaar, MQZ. For other metals, Inductively Coupled Plasma, Mass Spectrometry (ICP-MS) model of XSeries ll, Bremen, Germany was used. One quality control sample was measured in every 10 samples to verify consistency of results. In social survey, questionnaire assessment among affected and non-affected peoples were carried out with the help of Government officials. Further data from interviews with officers of district, provincial and national levels were compared, verified and affirmed.
3.0 Results and Discussion
3.1 Analyses of heavy metals in muscle part of fish
Three matured (length of around 25 cm and weight of around 300 grams) fish samples from each eight study locations were harvested for the analysis of accumulated heavy metal concentrations in muscles part of fish. The mean concentrations of heavy metals are tabulated in Table 02. And Figure 02 shows the mean concentration of Cr with standard deviation in fish muscles.
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	Sample locations
	Cr
(µg/g)
	Cd
(µg/g)
	Ni
(µg/g)
	Mn
(µg/g)
	Zn
(µg/g)
	Pb
(µg/g)
	As
(µg/g)

	SL1
	0.92
	< 0.05
	1.20
	9.10
	< 151.7
	0.91
	< 0.2

	SL2
	1.77
	< 0.04
	< 0.90
	17.91
	< 140.4
	< 0.30
	< 0.2

	SL3
	1.42
	1.03
	< 0.90
	48.24
	< 145.7
	0.98
	0.4

	SL4
	3.06
	0.30
	1.10
	45.14
	< 168.7
	0.91
	< 0.2

	SL5
	1.06
	0.25
	1.67
	8.84
	< 188.8
	2.40
	< 0.2

	SL6
	0.88
	< 0.04
	< 0.90
	13.95
	< 138.9
	1.75
	< 0.2

	SL7
	0.93
	< 0.05
	< 0.90
	22.40
	< 145.5
	< 0.30
	0.3

	SL8
	0.87
	< 0.05
	< 0.15
	23.58
	155.0
	0.73
	 < 0.2
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Figure 02: Mean concentration of Cr with standard deviation in fish muscles
Further, Figure 03 shows the distribution of concentration of some metals Cr, Pb, Cd and As of fish samples (muscles) from all eight locations. 







[bookmark: _Toc478462167]Figure 03: Heavy metals variation in fish muscles from all study locations
3.2 Weekly intake of heavy metals through fish
Mean weekly intake of heavy metals through fish (muscle part) consumption of affected people were calculated and shown in Table 03. For the calculation, it is taken that people eat fresh water fish 6 days per week and the average weight of CKDu affected people was 56.1 kg which were obtained from social survey of this study. From the report of statistical unit of Ministry of Fisheries and Aquatic Resource Development of Sri Lanka (2016), it was derived that average fresh water fish especially tilapia consumption per adult person per day was 116 g. Further, concentrations of heavy metals were derived from chemical analysis (fish muscle parts) of this study.
Table 03: Weekly intake of heavy metals through fish and permissible heavy metal intake limit
	
	Heavy metals
	SL1
	SL2
	SL3
	SL4
	SL5
	SL6
	SL7
	SL8
	Permissible 
Limit
	References

	

PTWI (µg/kg BW/week)

	Cd 
	< 0.62
	< 0.49
	12.78
	3.72
	3.10
	< 0.49
	< 0.62
	< 0.62
	2.5
	(EFSA, 2012)

	
	As
	< 2.48
	< 2.48
	4.96
	< 2.48
	< 2.48
	< 2.48
	3.72
	< 2.48
	15
	(JECFA, 2011)

	
	Pb
	11.31
	< 3.72
	12.18
	11.31
	29.82
	21.75
	<3.72
	9.07
	25
	(FAO, 2011)

	
	Zn
	< 1883
	< 1742
	< 1808
	< 2093
	< 2343
	< 1724
	< 1805
	< 1923
	7000
	(WHO, 2011)

	
	Ni
	14.9
	< 11.2
	< 11.2
	13.7
	20.7
	< 11.2
	< 11.2
	< 1.86
	35
	(WHO, 2011)

	
	Mn
	112.9
	222.2
	598.5
	560.0
	109.7
	173.1
	277.9
	292.5
	980
	(WHO, 2011)



According to Table 02, mean As concentrations in muscle parts of fish were less than instrument (AAS-GF) detection limit (corresponding to As concentration of 0.2 µg/g) in all sample locations except SL3 (Medawhchiya) and SL7 (Mahawilachchiya) where the levels of As were 0.4 and 0.3 µg/g respectively. However, these values are well below the values prescribed by the EU guidelines (EU, 2015) for fish tissues (0.5-1.0 µg/g). Further on, according to Table 03, average values of weekly intake for As through fish consumption at all study locations was well below guideline of JECFA (15 µg/kg body weight/week) with highest value of 4.96 µg/kg body weight/week ranged from 2.8 to 6.3 µg/kg body weight/week in Medawachchiya. The study by Perera et al. (2016) reported that As concentration among three types of fish in the study area were ranged 0.026-4.321 µg/g whereas the maximum weekly total intake of As was 0.36 µg/kg body weight which was less than guidelines of JEFCA for provisional tolerable weekly intake (PTWI) (15 µg/kg body weight/week). Hence As concentrations in fish in CKDu endemic regions of Sri Lanka found by this study are supported by the study by Perera et al. (2016). Hence it can be concluded that there is no direct risk due to As present in fish muscles.
Significantly higher levels of Cd (mean) were found in muscle parts of fish in SL3 (Medawachchiya), SL4 (Kebitigollewa) and SL5 (Padaviya) corresponding to concentrations of 1.03, 0.30 and 0.25 µg/g respectively (Table 2). These values significantly exceeded WHO guidelines (WHO, 2011) for Cd in fish (0.05 µg/g). Similarly, Average weekly intake for Cd exceeded EFSA guidelines (EFSA, 2012)  (2.5 µg/kg body weight) in mentioned locations with related values of 12.78, 3.72 and 3.10 µg/kg body weight/week ranged 11.1 - 14.1, 0.4 - 9.3 and 2.2 - 4.9 µg/kg body weight/week for SL3, SL4 and SL5 respectively. Bandara et al. (2008) reported that weekly intake of Cd through fish consumption in the studied area in the neighborhood of the reservoir (Thuruwila) ranged from 6.77 to 12.47 µg/kg bodyweight which exceeded both JECFA (2011) and EFSA (2012) guidelines that limited maximal intake at levels of 5.8 and 2.5 µg/kg bodyweight/week respectively. Jayatilake et al. (2013) found that Cd concentration in fish in the endemic region of Sri Lanka slightly exceeded the WHO guidelines (0.06 µg/g and 0.05 µg/g, respectively). Hence, seems that Cd presence is a significant in earlier mentioned locations (SL3, SL4 and SL5). However, an additional study has to be carried out on absorption and excretion percentage of ingested Cd into human body and accumulated percentage in kidney. 
Mean concentrations of Pb in fish muscles also exceeded the EU guidelines (EU, 2015) (0.3 µg/g) at 6 locations (SL1, SL3, SL4, SL5, SL6 and SL8) out of 8 locations as indicated in Table 02. However, according to the Table 03, mean total weekly intake of Pb through fish consumption exceeded the FAO guidelines  (FAO, 2011) only in SL5 (Padaviya), with value of 29.82 µg/kg bodyweight ranged from 22.2 to 35.5 µg/kg bodyweight, whereas other locations had lower mean weekly intake values than the FAO (2011) guideline of 25 µg/kg bodyweight. Similarly, as indicated in Figure 01, Cr concentrations (mean) in fish muscles exceeded the WHO guideline (1.0 µg/g) in 4 locations (SL2, SL3, SL4 and SL5) out of 8 locations. 
3.3 Analysis of heavy metals in fish liver
Fish livers were separated from harvested fresh water fish samples. Two liver samples for each of eight study locations were prepared for the analysis of heavy metals. The metal levels (mean) in fish liver are shown in Table 04. The variation of Cr (mean) in fish liver is shown in Figure 04. 
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	Sample locations
	Cr
(µg/g)
	Cd
(µg/g)
	Ni
(µg/g)
	Mn
(µg/g)
	Zn
(µg/g)
	Pb
(µg/g)
	As
(µg/g)

	SL1
	0.49
	<0.1
	8.5
	25.7
	267.6
	<0.9
	4.9

	SL2
	3.89
	<0.5
	<3.0
	45.2
	276.2
	2.7
	0.7

	SL3
	6.50
	1.3
	<2.7
	120.9
	136.6
	0.2
	6.1

	SL4
	1.26
	<0.2
	<1.9
	11.9
	129.6
	0.6
	0.6

	SL5
	1.55
	<0.5
	<3.3
	54.6
	186.5
	1.6
	0.8

	SL6
	1.69
	<0.2
	<1.6
	6.6
	280
	<0.2
	2.8

	SL7
	5.15
	<0.5
	6.4
	44
	242
	1.2
	0.3

	SL8
	3.38
	<0.5
	<3.3
	204.9
	232.5
	<0.5
	0.1










[bookmark: _Toc478462168]Figure 04: Mean concentration and standard deviation of Cr in fish liver samples
Liver parts of fish were analysed for heavy metals to compare accumulation rate with fish muscles. The results are shown in Table 04. By comparing values in Tables 03 and 04, mean As concentrations (mean) of liver parts in fish exceeded strongly the EU guidelines for fish tissues of 0.5-1.0 µg/g, at following locations: SL1 (4.9 µg/g), SL3 (6.1 µg/g), SL5 (5.8 µg/g) and  SL6 (2.8 µg/g). As concentrations in liver parts showed higher values than muscle parts at 6 out of 8 locations whereas liver sample from SL3 only showed higher values than muscles concentration of Cd (1.3 and 1.03 µg/g, respectively).
Zn and Mn also showed higher concentrations in liver than muscle in all studied locations. Perera et al. (2016) also reported that liver parts of fish had relatively higher concentrations of Cd and As than other parts of fish in the CKDu endemic area of Sri Lanka. Cd concentrations in liver samples were not higher than in muscles at all study locations except SL3.  However, there is likely no direct risk due to high concentration of heavy metals in liver in fish because people from the CKDu endemic region only consume muscle part of fish, and not the fish liver.
3.4 Risk assessment
Risk assessment has been carried out in quantitative analysis using binary logistic regression method. For quantitative analysis, all data derived from questionnaire survey of this study and results from past studies especially from Ambepitiya (2015) and Amarasinghe (2016) were entered as binary data into the logistic regression analysis in software SPSS version 16. CKDu affected and non-affected people were selected as dependent variable while other habits were entered as covariates for analysis. Table 05 shows some habits with significance level, coefficient of regression constant (B), odds ratio (Exp (B)) and 95% of confidence interval of Exp (B). All values indicated in Table 05 were measured for 95% significance interval (p < 0.05) except betel chewing 4-6 times per day, which had 90% confidence interval (p < 0.1). All habits mentioned in the Table 05 had shown highly positive significance in the group affected by CKDu. Odds ratio (Exp (B)) indicates the chance of being affected by CKDu by a specific habit. For example, daily liquor consumer is 117.71 times more likely to be affected by CKDu than non-liquor consumers.
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	95.0% C.I for Exp (B)

	

Habits
	Coefficient of regression constant (B)
	Standard error
	Significance (p)
	Odds ratio 
(Exp (B))
	

Lower
	

Upper

	Fish 5 days/week
	4.27
	1.26
	.001
	71.68
	5.96
	862.11

	Fish 7 days/week
	3.51
	1.11
	.002
	33.36
	3.81
	292.15

	Agri exp 16-20 years
	3.12
	1.14
	.006
	22.74
	2.42
	214.15

	Agri exp > 20 years
	4.04
	1.26
	.001
	56.52
	4.78
	668.73

	Field 7days/week
	3.05
	1.38
	.027
	21.15
	1.41
	318.51

	Drinking water 1-2 litres/ day
	2.38
	.96
	.013
	10.83
	1.66
	70.80

	Liquor taking: daily
	4.76
	2.01
	.017
	117.71
	2.33
	5.945E3

	Liquor taking: 4times/week
	3.99
	1.82
	.028
	54.36
	1.54
	1.923E3

	Betel chewing: 4-6 times/day
	1.64
	.94
	.082
	5.14
	.81
	32.41



According to Table 05, all values for significance were positive for 95% (p < 0.05) confidence interval with an exception for betel chewing that had 90% confidence interval (p < 0.1). The people who had more than 15 years agricultural experience with working more than 5 days per week in agricultural fields with low water intake (1-2 litre/day) were identified as CKDu patients. Further on, the people who had history of consuming fish more than 5 days per week, have been taking liquor more than 4 times per week and have been chewing betel 4-6 times per day were identified to have higher chance of CKDu development (odds ratio) of 71.68 times (p = 0.001), 54.36 times (p = 0.028) and 5.1 times (p = 0.082), respectively, than the population that does not have these habits. Daily liquor consumers had highest odds ratio which means the people who consumed liquor daily are 117.71 times (p = 0.017) more likely to develop CKDu than non-liquor consumers. Much higher percentage (66.7%) of people affected by CKDu among local liquor consumers was found in this study. 
4.0 Conclusion and Recommendation
This study found that Cd concentrations in fish muscles in Medawachchiya, Kebitigollewa and Padaviya were found to be high (1.03, 0.30 and 0.25 µg/g, respectively) and significantly higher than the guidelines values of WHO (0.05 µg/g). As concentrations in fish muscles found to be low while Cr and Pb concentrations in fish muscles only exceeded prescribed guidelines in four and six of studied locations respectively. Total weekly Intake of Cd from fish consumption in Medawachchiya, Kebitigollewa and Padaviya were found to be high (12.78, 3.72 and 3.10 µg/kg body weight/week, respectively) and (significantly) above the guideline values of EFSA (2.5 µg/kg body weight/week). Weekly intake of Pb at in all locations except SL5 (Padaviya) were lower than applicable standard of FAO (25 µg/kg body weight/week). Further this study revealed that higher rate of accumulation for metals Cr, As, Mn and Zn was found in liver than muscle parts of fish in most of the locations, with significantly above the guideline values. However, the people in CKDu affected region do not consume fish liver. Social survey found that farmers who have over 15 years of agricultural experience, work more than 5 days in agriculture field with low water intake (less than 2 litre/day), consume fish more than 5 days per week, consume liquor more than 4 times per week and chew betel 4-6 times per day showed high chance to develop CKDu. Hence this study found that CKDu in Sri Lanka is likely not caused directly by one factor, and is most probably caused by multi environmental and lifestyle factors. Further this study suggests the following recommendations.

· Heavy metal analysis on fish have to be carried out in both dry and wet seasons in order to identify the difference of metal concentrations between both season in CKDu affected region of Anuradhapura district, Sri Lanka.
· The procedure of making and heavy metal concentrations of local liquor have to be studied in the CKDu affected regions Anuradhapura district, Sri Lanka.
· Biological samples such as urine, blood, nail and hair of both categories of CKDu affected and non-affected people have to be analysed for heavy metals in order to identify accumulation level of heavy metals and compare excretion rate of heavy metals via urine between both categories.
· Absorption and excretion rate of ingested heavy metals by human organs especially kidney has to be studied.
· Dehydration studies have to be implemented by analysing urine and blood samples relating to amount of water intake among farmers before and after field work.
· Sample size of social survey (around more than 500) has to be increased with including people from CKDu affected and non-affected from endemic region and people from CKDu non-endemic region. 
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