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Abstract— Heavy metal contamination in food crops and ground water lead toxic effects on living organisms through the 

interference of the metabolic pathways. In this paper, the prevailing scientific data, with regard to the accumulation of heavy 

metals in groundwater and food crops in Sri Lanka, were reviewed. Evidence revealed that the groundwater bodies in Sri Lanka 

are in safer level to be used for day-to-day activities with a few exceptions and however, the heavy metal accumulation in some 

food crops are beyond the permissible level. Chronic Kidney Disease of unknown aetiology is one of the emerging issues at 

present in dry zones, particularly in the North Central Province in Sri Lanka and its suspected due to the extensive use of 

agrochemicals which is believed to be contaminated with the heavy metals.  
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 INTRODUCTION  

Extensive attention has been paid, during the last two decades 

to the management of hazardous heavy metals. Heavy metals 

are the nonbiodegradable, natural components in the earth. It 

was demonstrated that all the heavy metals contain the toxic 

impact on living organisms interfering the metabolic 

pathways. Some heavy metal, however, also acts as 

microelements (Ali et al., 2013; Jayasumana et al., 2015a).  

Toxicity of some of the heavy metals was identified hundreds 

of years back (e.g. - Lead and arsenic) and that of some others, 

such as cadmium and beryllium were found more recently 

(Gwaltney-Brant, 2013). Besides, there are many potential 

sources of heavy metals such as industrial processes, Mining, 

Traffic emission, Power plants (coal combustion), commercial 

products, folk remedies, contaminated food and herbal 

products (Ali et al., 2013; Jayasumana et al., 2015a; 

Abeywickrama and Wansapala, 2019). Many heavy metals 

have been described under the advanced effect on reproduction 

and development and some are carcinogens (Ali et al., 2013). 

Heavy metals such as mercury (Hg), cadmium (Cd), 

uranium(U), lead (Pb), arsenic (As), antimony (Sb), 

bismuth (Bi), and plutonium (Pu) are nephrotoxic and while 

organic forms of lead, arsenic, and mercury cause neurological 

and reproductive disorders. The gastrointestinal, nervous 

system and integumentary dysfunction are caused due to the 

Thallium (Tl) toxicity (Gwaltney-Brant, 2013). Howeveer, 

level of toxicity is depending on the absorbed dose, the route 

and the duration of exposure (Jaishankar et al., 2014).  

During the last couple of decades, the impacts of heavy metals 

were discussed widely, because of their hazardous impacts. It 

has also been reported that the plenitude of heavy metals was 

discarded as a by-product, due to the emergence of the number 

of industries (Volesky and Holan, 2003). Groundwater 

represents 97% of the world's freshwater and is an important 

primary source of drinking water in many parts of the world 

(Mikunthan and De Silva, 2008: Jayasumana et al., 2011). Due 

to the anthropogenic activities, the groundwater system 

became polluted particularly, with the As. Mining, fossil fuel 

burning, use of arsenic fungicides, herbicides and insecticides 

in agriculture are considered to be the main anthropogenic 

sources and activities in groundwater contamination, with As 

(Shankar et al., 2014; Akter and Ali. 2011; Jayawardana et al., 

2014).  In Chile, Mexico, China, Argentina, the United States, 

and Hungary and even in the Indian State of West Bengal, 

Bangladesh and in Vietnam, high level of As in groundwater 

has been well documented. It was reported that 10 million 

people in rural areas of India and Bangladesh were threatened 

as a result of As contamination in their groundwater system 

(Jayasumana et al., 2011; Yunus et al., 2016). Alam et al., 

(2003a), also highlighted that millions of people have been 

affected in Bangladesh due to the use of As-contaminated 

water from tube wells where contaminated water is being used 

for drinking, cooking, washing, and irrigation of food crops. 

Eventually, heavy metals contamination cause health effects 

through food chain (Wickramaratne et al., 2016; Kananke et al., 

2015b; Alkhader, 2015) 

On the other hands, contamination of relatively higher-level 

heavy metals (e.g. - Cd, Cu, Zn, Pb, Ni) have been reported in 

various food crops such as Abelmoschus esculentus L, 

Solanum melongena L. Brassica campestris L. Beta vulgari L, 

Pimpinella anisum L, Cucumis sativus L, Pysum sativum L, 

Coriandrum Sativum L, Spinacia oleracea L, Lycopersicon 

esculentum L, Brassica oleracea L and many more. (Ghosh et 

al., 2013; Chen et al., 2014; Gupta et al., 2013; Cao et al., 

2010; Mubofu, 2012; Alam et al., 2003b; Naser et al., 2009). 

High levels of As in rice (Oryza sativa L.) have been identified 

as an important source of inorganic As in the region of South 

East Asia (Jayasumana et al., 2011).  

Chronic Kidney Disease (CKD) is one of the global public 

health problems at present (Kim et al., 2015). Dissanayake and 

Chandrajith (2019) stated that in the tropical environments in 

Sri Lanka, the high evaporation rates of ground water due to 
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the effect of climate change, increased the concentrations of 

many dissolved ions including F
-
, Ca2+, Na+, Mg2+ and PO4

3-
 

and subsequently it leads to the effect on the health of the 

people of this these areas, when they consume such water in 

large quantities. 

However, the emergence of a new type of CKD of unknown 

etiology (CKDu) has faced several health issues, within 

agricultural community in the country, over the past two 

decades (Wijewickrama et al., 2019; Cooray et al., 2019).  

Research evidence highlighted that CKDu can mainly cause 

due to the higher intake of heavy metal arsenic (As), cadmium 

(Cd), and lead (Pb). Sri Lanka has also been reported that 

increasing number of CKDu patient at an alarming rate mainly 

due to the use of Agrochemicals such as fertilizers and 

pesticides (Jayasumana et al., 2013; Kumari et al., 2016; 

Jayasumana et al., 2014). Moreover, in the past two decades, 

CKDu has been reported mostly in the dry zonal areas of 

Sri Lanka's Northern Central Province (NCP) and the northern 

part of the island, where 45% of paddy cultivation practices 

are performed (Espeland, 2016; Athuraliya et al., 2011; 

Kabata et al., 2016). CKDu is mainly reported in 

Medawachchiya, Girandurukotte, Kabithigollawa, Padaviya, 

Medirigiriya, Dehiattakandiya and Nikawewa regions in NCP 

(Chandrajith et al., 2011). However, Rosemary et al. (2014) 

indicated that the soil in the dry zone is contaminated with Cd, 

Cu, Pb, Ni, and Zn but not at a hazardous level.   

HEAVY METALS CONTAMINATION AND ACCUMULATION  

IN GROUNDWATER, SRI LANKA. 

Sri Lanka's estimated groundwater potential is 780,000-

hectare meters per annum. Less than 25% of Sri Lankan 

households meet their daily water needs through pipelines. 

However, the majority (about 80%) of the population in 

Sri Lanka obtain drinking water from small, unprotected wells 

(Mikunthan, and De Silva, 2008). 

Groundwater is currently being extensively used for domestic, 

agricultural and tourism purposes in Sri Lanka. Due to various 

reasons, the groundwater system in several parts of Sri Lanka is 

highly affected by the release of wastewater. Contaminated and 

uncontrolled usage of groundwater leads to develop health risks 

and limitation to access to the water bodies (Villholth and 

Rajasooriyar, 2010). Anthropogenic activities include; the 

application of agrochemicals (pesticides and herbicides), manures 

and sewage sludge disposal change the natural concentrations of 

heavy metals at various levels (Sanjeevani et al., 2013).  

Heavy metals, such as As, is found in the groundwater system 

in dry (Eppawala, Talawa, Madirigiriya, Padaviya and 

Galgamuwa) wet (Hikkaduwa and Kandy) and intermediate 

(Siyabalangamuwa, Matale, and Naula) zones in Sri Lanka 

(Fig.1.). However, As accumulation in those areas are below 

the World Health Organization (WHO) standard for drinking 

water (Jayawardana et al., 2012). Several studies show that 

some of the Agrochemicals, used in Sri Lanka contains heavy 

metals such as As, Cd and Pb (which are highly debated for 

cause CKDu in Sri Lanka) and believe to pollute the 

groundwater system, especially, in the North Central Province 

(NCP). Wickramarathna et al. (2017) emphasized that Cd, As 

and Pb contamination in groundwater and surface water in 

regions of Uva province Girandurukotte, Nikawewa (NCP) 

and Central Province (Wilgamuwa), however not exceeded 

permissible levels (Figure 1.). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Area, identified as contamination of groundwater with heavy metals.  

Sources: ■ - Wickramarathna et al., 2017, ★- Jayawardana et al., 2012, 

+ - Rajasooriyar et al., 2013 and $ - Wanasinghe et al., 2018) 

A study by Wanasinghe et al. (2018) at Ulagalla cascade, 

Anuradhapura district (North Central Province - NCP) 

revealed the groundwater system in this area is contaminated 

with As, Pb and Cd with range of 0.03 µg/L - 0.44 µg/L, 

1.76 µg/L - 8.85 µg/L and 0.01 µg/L- 0.15 µg/L respectively. 

However, they further highlighted that concentration of those 

are below the maximum permissible level of SLS and WHO 

drinking water quality standards (As and Pb - 10 µg/L and 

Cd - 3 µg/L).   

Bandara et al. (2008) found that higher levels of heavy metals 

such as Cd, Fe and Pb contamination in reservoirs in the NCP. 

They also found that the mean dissolved concentration levels for 

Cd (ranged from 0.03 to 0.06 mg/l,) is well above the maximum 

levels of contamination, recommended by the WHO for 

drinking water. Furthermore, according to Bandara et al. (2008) 

mean dissolved concentration level of Fe (0.2 – 1.28 mg/l), 

Mn (0.18 mg/l) and Pb (0.01- 0.03 mg/l) also showed the higher 
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level of mean dissolved concentration, recommended by WHO. 

Several studies show that farmers have been affected by the 

widespread use of agrochemicals that lead to more chances for 

CKDu. The active ingredients of these chemicals may have Cd 

plus/or As, and could lead to CKDu (Perera et al., 2016). 

Furthermore, Malherbe et al., (2018) indicated that the intensive 

application of agrochemical can also have a significant impact 

on the groundwater system due to the leaching of such 

chemicals into the groundwater system. WHO also reported that 

groundwater is one of the sources to a have CKDu epidemic in 

Sri Lanka (Wimalawansa, 2014). Wanasinghe et al. (2018) also 

have highlighted that use of groundwater, contaminated with 

agrochemicals, leads to the spread of CKDu in NCP.  

Rajasooriyar et al. (2013) reported that significant 

contamination of As in the groundwater system at the southern 

part of Sri Lanka (Uda Walawe, Suriyawewa and Ridiyagama) 

and they further reported that the groundwater from deep tube 

wells shows the range of 0.01 – 0.04 mg/L while shallow wells 

show 0.05 – 6.1 (mg/L). 

Inland fisheries of the island are mainly practiced in the NCP 

(Jinadasa et al., 2013).  Study by Allinson et al. (2009) found 

that Cadmium (Cd), Copper (Cu), Mercury (Hg), 

Manganese (Mn), and zinc (Zn) accumulation in Nile tilapia 

(Oreochromis niloticus L and Oreochromis sp, the most 

abundance inland fish in Si Lanka), harvested from the 

freshwater reservoirs such as Kaudulla, Rajanganaya, and 

Udawalawe reservoirs in Mahaweli, Kala Oya, and Walawe 

Ganga river basins, respectively. However, they found that the 

accumulation of heavy metal concentration in the fish body is 

below the recommended level by WHO and the Food 

Standards of Australia and New Zealand guideline values. 

However, Allinson et al. (2009) further indicated that excess 

intake of such flesh could lead to health risk to the consumers. 

Jinadasa et al. (2013) highlighted that by consuming 

contaminated fishes, especially Oreochromis sp. may lead to 

the   incidence of CKDu.  

Anthropogenic activities are not only the source of the heavy 

metal contamination in Sri Lanka but also elevated 

concentrations of metals released from the ultramafic rocks 

and their related soils (e.g.- Serpentine soils) are also a source 

for the heavy metal contamination. These non- anthropogenic 

sources also release metals into the nearby groundwater 

systems and leading to ecological, agricultural, and human 

health-related consequences. The available evidence shows 

that weathering of ultramafic rocks and serpentinites in 

Sri Lanka leads to produce a higher amount of Cr, Ni, Co, Cu, 

Zn, and Mn (Vithanage et al., 2014). As well, they have high 

potential to release those metals into the local water bodies. 

Ussangoda, Indikolapelessa, Ginigalpelessa, and 

Yudhaganawa are some of the areas that have the potential for 

releasing such metals. Among those, Yudhaganawa recorded 

the highest Cr and Mn concentration and highest Ni 

concentration indicated in Ussangoda (Vithanage et al., 2014). 

HEAVY METAL CONTAMINATION AND ACCUMULATION  

IN FOOD CROPS IN SRI LANKA. 

Some of the recent studies show that the accumulation of 

heavy metals in food crops in Sri Lanka exceeded the 

acceptable level. Due to their higher mobility, particularly, 

heavy metals such as Cd are more likely to accumulate in plant 

tissues. In addition, heavy metals such as Pb are more likely to 

accumulate in plant roots than the aerial components Kananke, 

et al., 2015a). 

Rice is the staple food crop in Sri Lanka and around 1.8 million 

farmers are involving in paddy cultivation, island wide. The 

demand for rice is increasing day by day and in the year 2020 

it is expected to reach by 35 % (De Silva et al., 2007; 

Rajendran et al., 2017). Yet there is a controversy as to 

whether the high Cd level in the dry zone regions of Sri Lanka 

is a possible causative factor for CKDu. Chandrajith et al. 

(2012) revealed that Cd cannot be a reason for the CKDu in 

Sri Lanka. They also pointed out that Cd accumulation in rice 

in Sri Lanka is below the acceptable level. 

By understanding the major impact on human health of 

glyphosate herbicide, especially in CKDu, the glyphosate was 

completely banned from the year 2015. However, a gazette 

notification lifted the ban on glyphosate for all crops across the 

country, from July 2018 (http://www.dailymirror.lk, 

15.07.2018). Currently, due to the emerging issues in CKDu 

in Sri Lanka, particularly in North Central Province, the 

government has launched a project to establish a National 

Specialized Kidney Hospital in Polonnaruwa (NCP), 

Sri Lanka (www.president.gov.lk, 10.05.2019).                 

The study of Jayasumana and co-workers (2015a) indicated that 

agrochemical glyphosate (a common herbicide - “Roundup”) is 

one of the leading causes of this CKDu and glyphosate is also 

one of the main contributors to As. Jayasumana et al. (2015b) 

found that a high proportion of As available in rice as inorganic 

form. Premarathna et al. (2010) reported that in Sri Lanka, the 

use of fertilizers in more than recommended doses is a common 

practice where the intensive vegetable cultivation is carried out. 

They further mentioned that the presence of heavy metals such 

as Cd, Cu, Ni, Pb, and Zn are at elevated levels in agricultural 

fields (both upcountry and low country wet zone. However, 

Premarathna et al. (2010) found the concentrations of Cd still 

below the standard level in vegetable crops.  

As per Silva et al. (2016) the heavy metal (Cu, Zn. Pb, Cd, 

Cr, As) contamination in nine popular vegetable crops, such as 

carrot (Daucus carota L), beet (Beta vulgaris L), cabbage 

(Brassica oleracea L), leek (Allium ampeloprasum L), bean 

(Phaseolus vulgaris L), potato (Solanum tuberosum L), brinjal 

(Solanum melongena L), bitter gourd (Momordica 

charantia L) and capsicum (Capsicum annum L) contained 

Cu, Zn, Cd, Cr, and As. However, the accumulation of those 

heavy metals lower than the maximum permissible level 

recommended by FAO/WHO (2001). Even though, in the case 

of potato, the authors reported that the concentration of Pb is 

exceeding the mean permissible level, stipulated by 

FAO/WHO Joint CODEX (2001).   
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Kananke et al. (2014) found that presence of heavy metals 

such as Ni, Cd, Cr, Pb, and Cu in Sri Lankan common green 

leafy vegetables such as “Kangkung" (Ipomoea aquatic L), 

"Mukunuwenna" (Alternanthera sessilis L), "Thampala" 

(Amaranthus viridis L), "Nivithi" (Basella alba L) and 

“Kohila” (Lasia spinose L), that were collected from the urban 

and suburban markets in Piliyandala and Colombo districts of 

Sri Lanka, given in Table 1. 

Table 1: Heavy metal concentration in selected food crops in Sri Lanka. 

Source: (Kananke et al., 2014 and 2016). MPL = maximum permissible limit 

according to WHO/FAO and * Food and Nutrition Board, Institute of Medicine 
(2010). 

Kananke et al. (2014) further listed these heavy metals in 

descending order of abundance in green leafy vegetables as 

Cu > Ni > Cr > Pb > Cd. The research further highlighted that 

the contamination level of Ni, Cd, Cr, and Pb have exceeded 

the maximum permissible limits set by WHO for human 

consumption. Furthermore, results show that among leafy 

vegetables, leaves of “Kohila” have the highest tendency to 

aggregate heavy metals such as Ni, Cd, and Cu from the 

surrounding environment.  

The study conducted by Wickramaratne et al. (2016) also 

indicated that ‘‘Kankgkung’’ (I. aquatic), the roots of 

“Kohila” (L. spinose), and roots of ‘‘Nelum’’ (Nelumbo 

nucifera L) are contaminated with heavy metals. They 

analyzed the samples, collected from different sites of Western 

Province, (in Kasbewa - suburban area close to Colombo), 

Southern and North-Central province of Sri Lanka and found 

that these vegetables are contaminated with the Zn, Cu, Pb, Ni, 

Mn, Hg, Cr, and Cd. They also found that the contamination 

level of Cr and Pb were exceeded the permissible level in these 

vegetables; Nelum roots, collected from irrigation lakes at 

Debarawewa (Southern province), Galewela (NCP) and 

Dambulla (NCP) showed higher content of Cr and ranged from 

2.05 – 9.23 mg/kg. This level is exceeding the recommended 

permissible levels of 9.23 mg/kg, imposed by FAO/WHO 

(1999/2001).  

Kananke et al. (2016) pointed out that leafy vegetables growing 

around the district of Colombo, accumulated with heavy metals, 

due to the use of contaminated irrigation water and soil. The 

evidence of elevated heavy metal accumulation and 

contamination in leafy vegetables, soils and irrigation water in 

Sri Lanka emphasizing the importance of extensive monitoring 

and investigations of heavy metal accumulation in soil, water, 

and edible food to reduce the health risk and environmental 

pollution (Mahendranathan and Thayaruban, 2018).  

CONCLUSION 

Available evidence shows that heavy metal contamination in 

groundwater and thus in food crops is becoming a major issue 

with regard to the health concern in Sri Lanka. Hence, 

reducing the hazardous effect of heavy metals on groundwater 

systems and food crops by (i) extensive and periodical studies 

to identify the potential of heavy metal contamination, both 

qualitatively and quantitatively and (ii) filling the gaps in 

existing policies to control the extensive use of agrochemicals 

in agriculture practices are vital in order to prevent the 

accumulation of heavy metals to the human food chain which 

subsequently leads to serious health risk in human being in 

Sri Lanka. 

ABBREVIATIONS 

As – Arsenic 

Bi – Bismuth 

Ca2+ – Calcium ion 

Cd – Cadmium 

CKD – Chronic Kidney Disease 

CKDu – Chronic Kidney Disease of unknown aetiology 

Cr - Chromium 

Cu – Copper 

F
-
 – Fluoride ion  

Fe – Iron 

Hg – Mercury 

Mg2+ - Magnesium ion 

Mn – Manganese 

Na+ - Sodium ion 

NCP – Northern Central Province 

Ni – Nickel 

Pb – Lead 

PO4
3-

 – Phosphate ion 

Pu – Plutonium 

Sb – Antimony  

Tl – Thallium 

U – Uranium 

Zn – Zinc 

  

Field Samples 
Range of heavy metal concentration (mg/kg) 

Cd Cu Ni Pb 

Mukunuwenna 
0.06 - 0.51 

0.07 - 0.90 

2.03–33.74 

12.64 - 16.25 

0.04–26.84 

0.79 - 6.76 
0.18 - 1.32 

Nivithi 
0.06–0.62 

0.18- 0.72 

1.74–41.62 

7.05 - 13.49 

0.01–26.87 

1.83- 6.39 
0.44 - 0.97 

Thampala 
0.04–0.55 
0.11- 0.54 

2.29–37.63 
9.21 - 12.09 

0.01–29.16 
0.71 - 3.56 

0.54 - 1.09 

Kankung 
0.04–0.71 

0.09 - 0.19 

4.47–38.84 

9.84 - 13.65 

0.50–34.22 

0.98 - 15.27 
0.27 - 0.45 

Kohila 
0.12–0.88 

0.24 - 0.97b 
4.78–45.30 

12.87- 18.44 
0.70–38.73 
2.45 - 15.89 

1.07- 1.59 

MPL 0.2 40 4* 0.3 
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