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Occurrence of heavy metals in surface water bodies in rice cultivation
areas in Trincomalee district, Sri Lanka

D. M. P.N. K. Dissanayke - S. N. T. De Silva - S. Pathmarajah - C. A. N. Fernando - N. R. Abeynayake -
K. A.D. A. Kodagoda : D. M. M. N. K. Dassanayake

Abstract

Nonpoint source pollution from agricultural runoff which contains hazardous agrochemicals like pesticides and
fertilizers threatens water bodies, posing a serious danger to aquatic ecosystems and drinking water resources. Use of
agrochemicals in rice cultivation has rapidly increased in the last few decades in Sri Lanka. It has been reported that
many agrochemicals contain toxic trace elements like As, Cd, Pb, Zn, Cu, Ni, Cr, Al, etc. To reduce the harmful effect of
heavy metal contain-ing agrochemicals, the Government of Sri Lanka has banned the use of several toxic agrochemicals
in recent years. In this context, this study was conducted after posing these restrictions to assess the occurrence of heavy
metals in surface water bodies in rice cultivation areas in Trincomalee district, Sri Lanka. Ninety-three (n=93) sample
locations were randomly selected for collection of water, before and after applying agrochemicals to rice fields. This
include areas from rural farm-ing communities having endemic (Padavi Sripura DS) and non-endemic (Kanthala DS and
Seruvila DS) Chronic Kidney Disease of unknown etiology (CKDu). Mean and standard error of mean of As, Cd, Pb,
Cu and Zn concentrations (ug/L) before and after applying agrochemicals were as {0.048 + 0.038 and 6.220 + 0.912},
{0.014 +0.013 and 0.371 +0.192}, {not detected and 4.421 +£0.712}, {1.583 +0.397 and 1.262+0.165} and {not detected
and 6.403 +0.366}, respectively. Findings revealed that concentrations of As, Cd, Pb and Zn were significantly different
(p <0.001) before and after the application of agrochemicals. However, the observed heavy metal concentrations were
far below the permissible levels for irrigation water set by Food and Agriculture Organization and United States
Environmental Protection Agency, ambient water quality set by Central Environmental Authority, and drinking water
quality set by World Health Organization. In addition, analyzed heavy metal concentrations in surface water samples from
CKDu endemic areas were not significantly different from those from non-endemic areas (p < 0.05). To our knowledge,
this is the first report of heavy metal analysis after government ban of agrochemicals. Therefore, continuous detailed
research is required to fully comprehend the behavior of agrochemicals in surface water bodies in Sri Lanka.

Keywords Agriculture - Agrochemicals - Flame Atomic Absorption Spectroscopy (FAAS) - Heavy metal concentration -
Water pollution

Introduction

Water pollution is a global problem that has worsened in
both developed and developing countries, threatening both
economic development and the physical and environmen-
tal health of billions of people. The increase in urban,

agricultural and industrial activities discharge a significant
amount of wastewater has exacerbated this problem. Agri-
culture is considered as one of the leading causes of water
pollution in the world. Surface runoff of agrochemicals
used in agriculture can result in discharge to surface water
bodies. As a result, dissolved pollutants will potentially
end up in rivers, lakes and reservoirs. Further, the effects
of deposition will last for years after the source has been
eliminated or regulated. Because of the chronic toxicity
of these substances or the products of their degradation,
the effect of these effluents on living organisms can be
harmful. Thus, protecting water bodies from agricultural


http://orcid.org/0000-0001-5481-0592
http://crossmark.crossref.org/dialog/?doi=10.1007/s10333-022-00909-3&domain=pdf

pollution is a major concern. A better understanding of the
causes and effects of agricultural water pollution is very
important to prevent and remedy the problem.
Agrochemicals are chemical products comprised of
plant-protection chemicals or pesticides and fertilizers
which are composed mainly of nitrogen, phosphorous
and potassium compounds. In Sri Lanka, agriculture is
heavily dependent on the usage of agrochemicals (Ara-
vinna et al. 2006), and the use of agrochemical has grown
exponentially in the last few decades (Alwis et al. 2006;
Karunaratne et al. 2007). Several studies reported the
popularity of overusing agricultural chemicals by farmers
in many parts of Sri Lanka (Padmajani et al. 2014; Selva-
rajah & Thiruchelvam 2007). According to Marasinghe,
this situation has intensified due to the indiscriminate use
of pesticides without proper awareness of their detrimental
impact on the environment and human health (Marasinghe
et al. 2011). Therefore, the country prohibits the use of
pesticide formulations (since 1970-2015) included in the
World Health Organization (WHO) hazard class Ia, Ib and
the organochlorine pesticides including persistent organic
pollutants following the WHO guideline (Department of
Agriculture (DOA), 2019). Further, continuous application
of relatively large quantities of permissible pesticides has
led to the contamination of the ecosystem with residues of
pesticides (Aravinna et al. 2017; Marasinghe et al. 2011).
Moreover, continuous use of agrochemicals has harmful
effects on agricultural production and reduced agricultural
sustainability (Wilson and Tisdell 2001). Water pollution,
resistance to pesticides and outbreaks of secondary pests
are some other negative effects of agrochemicals (Dutcher
2007). Further, several researches have reported that in
Sri Lanka and other countries, residues of herbicides and
insecticides have been found in shallow wells, drainage
streams and agricultural land reservoirs, showing the off-
site movement and leaching potential of pesticides. The
amounts of agrochemicals used would run off to surface
water bodies and spread through the interconnected irriga-
tion canal system or groundwater leach, and this movement
is affected by climate and environmental factors, contrib-
uting to environmental pollution, including groundwater
and surface water supplies (Aravinna et al. 2006). There-
fore, pollution of surface water and shallow groundwater
with pesticides in agricultural areas is a significant threat
to vulnerable aquatic fauna including fish species, frogs,
snails, snakes and aquatic plants (Aravinna et al. 2017).
The main cause of adding heavy metals to the environ-
ment is commonly considered to be agricultural activities,
such as application of pesticides, fertilization and disposal
of organic waste (Jiao et al. 2012). Heavy metals are con-
sidered as well-known environmental pollutants due to their
toxicity, persistence in the environment, and bioaccumula-
tive nature. Their natural sources include the weathering

of metal-bearing rocks and volcanic eruptions, while their
anthropogenic origins include mining and various industrial
and agricultural activities (Ali et al. 2019). The presence of
heavy metals in the environment raises the probability of
the potential intake of such toxic components by the liv-
ing organisms and their accumulation in many body organs,
including kidneys, liver, bone, etc. Furthermore, the accu-
mulation of these metals causes harm to a number of body
systems, including the nervous, skeletal, endocrine, immune
and circulatory systems (Alengebawy et al. 2021). An under-
standing of the current status of heavy metals in the ecosys-
tem is therefore important to objectively determine the level
of environmental heavy metal pollution as it contributes to
significant environmental and health issues (Wijayaward-
hana et al. 2016). Numerous studies have been conducted
in Sri Lanka to examine the impacts of heavy metals that
are present in agrochemicals. The use of agricultural chemi-
cals has been identified as the key anthropogenic cause of
contamination of As and Cd in Sri Lanka’s aquatic climate
(Ileperuma 2000; Jayasumana et al. 2011). Jayasumana
et al., (2015a, b) reported that phosphate fertilizers are a
major source of inorganic arsenic (As) in CKDu endemic
areas, based on their study of 226 fertilizer samples col-
lected from Padaviya, Mahawilachchiya and Anuradhapura
in the North Central Province of Sri Lanka. Additionally,
they also stated that triple superphosphate (TSP) which was
one of the first high-analysis phosphorus (P) fertilizers that
became widely used in the twentieth century contained the
highest concentrations of As (mean value of 31 mg/kg).
Further, TSP is imported into Sri Lanka in excess of 0.1
million tons per year, containing approximately 2100 kg of
As (Jayasumana et al. 2015a, b). Further, Dissanayake and
Chandrajith (2009) stated that triple superphosphate (TSP)
contained considerably higher concentrations of Cd, Pb, Ni,
Cr and Al among the fertilizers compared to those found
in urea and NPK fertilizers obtained from Medirigiriya
and certain parts of Giradurukotte in Sri Lanka. Further,
they have mentioned that a large amounts of Cd, Hg, Pb, U
and Cr have been identified in final products of phosphate
fertilizer that are ready for marketing. Premarathna et al.,
(2010) have researched heavy metal concentrations in some
inorganic phosphate fertilizers, manures and liming mate-
rials, and the identified heavy metal concentrations of Cd
were greater in imported rock phosphate (IRP) and TSP than
the levels set by the SLSI. Furthermore, according to the
facts described in the above sections, the route of entering
of heavy metals into agricultural soils in Sri Lanka may be
the application of polluted fertilizer sources to crop fields.
Similarly, Jayasumana et al., (2011) indicated that 29 out
of 31 brands of pesticide commonly used in Sri Lanka con-
tain As in significant amounts ranging from 180+ 14 pg/kg
(in imidacloprid collected from Colombo) to 2586 + 58 pg/
kg (in glyphosate collected from Anuradhapura). Further,



Wijesekara and Marambe (2011) identified greater As levels
in some samples of pesticides obtained from sales outlets
in Padaviya, Siripura, Girandurukotte and Dehiattakandiya,
and detectable As levels in three pesticides, namely glypho-
sate, carbofuran and thiocyclam. Consequently, restrictions
were imposed on the importation of pesticides including
paraquat, carbofuran, carbaryl, propanil and glyphosate in
recent years (Aravinna et al. 2017).

Over the past ten years, CKDu, the major health issue in
the paddy farming areas in Sri Lanka, has been the focus
of many scientific and political discussions. The majority
of scientists have come to the conclusion that this is a toxic
nephropathy even though there is disagreement among them
over the etiology of the disease (Jayasumana et al. 2014). It
has been speculated that heavy metals present in pesticide
products and artificial fertilizers may possibly be a cause of
the chronic kidney disease of unknown etiology (CKDu)
(Athuraliya et al. 2011; Wijesekara & Marambe 2011). Jaya-
sumana et al., (2015a, b) reported that CKDu patients in the
Padavi Sri Pura Divisional Secretariat area of the Trinco-
malee District in the Eastern Province of Sri Lanka have
shown irregular spotty pigmentation in the palms and soles
due to chronic As toxicity; therefore, it may be the cause of
CKDu. In addition, the authors stated that the most likely
sources of As in the study region were pesticides and ferti-
lizers used excessively in paddy farming. Further, As (Jaya-
sumana et al. 2011) and Cd (Bandara et al. 2008) are the
most popular heavy metals likely to cause some identified
health issues in Sri Lanka. As is a class / human carcinogen
that has been described as the second most serious global
health risk of water pollution, following pathogenic organ-
ism contamination (Chappells et al. 2015). Bloom and his
team in 2014 stated that As causes birth-related complica-
tions such as lower birth weight, early delivery and smaller
neonatal size in exposed mothers and their fetuses. Further,
it also causes defects in the cardiovascular, integumentary,
reproductive, endocrine and pulmonary systems in humans
(Herath et al. 2017). In addition, Averbeck and Bertin in
2006 mentioned that cadmium (Cd) is harmful to humans
because of its long half-life of 15-20 years in the body and
its rapid uptake and accumulation through food chains. Fur-
ther, WHO in 2012 stated that Cd had been identified as one
of the causes of CKDu (Herath et al. 2018). Farmers living
in Trincomalee district mainly depend on paddy cultivation
as their livelihood, and all of them use various forms of
inorganic fertilizers and pesticides including insecticides,
weedicides and fungicides. The water used in their paddy
lands is diverted to the irrigation canals directly or indirectly.
This study was conducted to study the occurrence of heavy
metals in surface water bodies in rice cultivation areas, due
to the application of agrochemicals in Trincomalee district,
after banning of several toxic pesticides by the Government
of Sri Lanka in recent years.

Methodology
Study area

The present study was conducted in three Divisional Sec-
retariat divisions (DSs), namely Kanthale (Fig. 2), Seru-
vila (Fig. 3) and Padavi Sripura (Fig. 4) in Trincomalee
district which is one of the major rice cultivation areas in
Sri Lanka with extensive paddy fields that are located far
from industrial zones. It is situated in the Eastern coast of
the country (Fig. 1) and falls within the Northern longitudes
of 8° 5’ 55°-8° 59" 52" and Eastern latitudes of 80° 44’
39"-81° 27'54". There are basically two cultivation seasons,
namely Maha and Yala in this area (Land Use Policy Plan-
ning Department (LUPPD) Ministry of Lands, 2016). The
net harvested extent under paddy cultivation in the district
during 2019/2020 Maha season was 35,567 hectares with an
estimated paddy production of 155,592 MT (Department of
Census and Statistics Sri Lanka 2020).

Sample collection

Ninety-three (n=93) surface water sampling locations were
selected by using random sampling method from the three
DSs during 2019/2020 Maha cultivation season to study the
occurrence of heavy metals such as arsenic (As), cadmium
(Cd), lead (Pb), copper (Cu) and zinc (Zn). Water samples
in duplicate were collected at two times from the same loca-
tion: two weeks before and after applying agrochemicals to
the rice cultivation. The surface water samples from reser-
voirs, distribution canals, field canals and drainage canals
were collected to provide adequate spatial coverage in the
studied area, and the locations were demarcated by using
GPS. Figure 1 shows the locations from where samples were
collected for analysis. Table 1 shows the number of surface
water samples collected in each DS. Collected water samples
were transported to the laboratory within 4 h after storing
them in a fridge by a personal vehicle. Samples were filtered
through Whatman (0.5 pm) filter papers, acidified by adding
concentrated nitric acid until final concentration become 2%
nitric (HNO;), pH less than 2 and stored at 4 °C until further
analysis. Another separate water samples in duplicate were
collected from the same sampling points into Falcon tubes
(50 mL) to measure the pH value.

In addition, farmers (n=174) were selected through a
multi-stage cluster sampling method from the selected three
DSs areas (Kanthale, Seruwawila and Padavi Sripura) and
administered a questionnaire-based survey to collect infor-
mation on the type and amount of pesticide usage, their
knowledge on pesticides, adherence to recommended dos-
age, practices of mixing pesticides and reasons, frequency of
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Fig.3 Selected water sampling
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using pesticide and method of disposal of pesticide contain-

ers and the use of local water sources for drinking.

DS Division Sample point ID No. of samples

Kanthale K1-K 33 33 Sample analysis

Seruvila S1-S35 35

Padavi Sr.ipura P1-P25 2 The pH value of water samples was measured by pH meter
Total (Trincomalee %3 (HACH® pHC201 probe). The concentrations of heavy

District)

metals were analyzed in water samples using graphite



Table 2 Working parameters of atomic absorption spectrophotometer

Serial Number Element Wave length (nm) Slit
Width
(nm)

1 As 193.7 1.2

2 Cu 324.8 0.8

3 Zn 213.9 0.8

4 Cd 228.8 0.8

5 Pb 217 0.8

Table 3 Graphite furnace temperature program

Step Temperature (°C) Hold Ramp (seconds)
1 80 20

2 90 20 3

3 110 10 5

4 350 20 50

5 1100 10 300

6 1100 6 0

7 2200 4 1500

8 2450 4 500

furnace atomic absorption spectrometry (GFAAS) (Zeenit
700P) at the Nano Science Technology Laboratory, Way-
amba University of Sri Lanka.

Instrumentation

Standard operating parameters set are given in Table 2.
The hollow cathode lamps for As, Cu, Zn, Cd and Pb were
used as radiation source, and air acetylene was used as the
fuel. Graphite furnace temperature program is given in
Table 3. All samples and standards were run in duplicate.
Two milliliters of samples were added to the standard
sample array which contains 108 tubes of autosampler,
and readings were analyzed using Aspect LS 1.5.4.0 soft-
ware. Average readings were used for further statistical
analysis.

Standard stock solution preparation

Standard heavy metal (As, Cu, Zn, Cd and Pb) reagents of
analytical grade (Sigma-Aldrich©) were used as stock solu-
tions, and standards were prepared using deionized water.
Before taking measurements, the highest concentration of
each standard solution was inserted into sample array of the
GFAAS and calibration curve was generated by autodilution
procedure by the integrated dilutor. The diluents generated
for As, Cu, Zn, Cd and Pb in ppb ranges are indicated in
Table 4.

Statistical analysis

Data were subjected to analysis using Statistical Package
for the Social Sciences (SPSS) (IBM SPSS Statistics Ver-
sion 22). Frequency distributions and descriptive indicators
such as mean, mode, median, minimum and maximum val-
ues were used to summarize the data. All variables were
assessed for normality using the Kolmogorov—Smirnov test,
supplemented with histograms. When there was no evidence
to reject normality, parametric analysis was performed based
on means and standard deviations. When the assumption
of normality was violated, suitable nonparametric analysis
was performed. Associations between categorical data were
assessed using Chi-square independent test. Correlations
between variables were assessed using Pearson correlation
coefficients for parametric data, i.e., if both variables were
normally distributed, or Spearman correlation coefficients if
variables were not normally distributed. Statistical signifi-
cance of all tests was assessed at 5% level.

Results and discussion
Pesticide usage pattern among farmers

Results of the survey recorded that 97%, 70% and 4% of
farmers used herbicides, insecticides and fungicides, respec-
tively. Further, none of the farmers used pesticide formula-
tions in WHO hazard class Ia and Ib, which are prohib-
ited in the country. However, 63% of farmers used class I/

Table 4 Stock solution

. No Type Concentration (ppb)

concentrations for standard

curve As Cu Zn Cd Pb
1 Cal Zero 0 0 0 0 0
2 Std 1 2 04
3 Std 2 5 8 4 0.8 8
4 Std 3 10 12 6 1.2 12
5 Std 4 15 16 8 1.6 16
6 Std 5 20 20 10 2 20




Table 5 Heavy metal

; . Heavy Metal Count Concentration (ug/L) Maximum Permissible limits (ug/L)

concentrations (ug/L) in the
surface water before and after Mean SE FAO (1985) US EPA (2012)
applying agrochemicals to the
rice cultivation As

a 93 0.048 0.038 100 100

b 93 6.220 0912

Cd

a 93 0.014 0.014 10 10

b 92 0.371 0.192

Pb

a 93 ND - 5000 5000

b 93 4421 0.712

Cu

a 93 1.583 0.397 200 200

b 93 1.262 0.165

Zn

a 93 ND - 2000 2000

93 6.403 0.366

a—before applying agrochemicals to the rice cultivation, b—after applying agrochemicals to the rice culti-
vation, N.D.—Not Detected, SE—Standard Error of Mean

moderately hazardous category which is not highly recom-
mended by Food and Agriculture Organization (FAO) for
developing countries. Six percent (6%) used pesticides of
Class Il category which is slightly hazardous. Thirty-one
percent (31%) used Class U which is unlikely to cause any
acute hazard according to WHO pesticides hazard catego-
ries. The most commonly used herbicide, insecticide and
fungicide are Pretilachlor 30% EC (34%), Carbosulfan
200 g/L SC (36%) and Tebuconazole 250 g/L EW (2%),
respectively. As fertilizers urea, triple superphosphate (TSP)
and Muriate of potash (MOP) were common among farmers
in the study area. It has been observed that 50% of farmers
violate the recommendations imposed by the DOA. Dur-
ing the study, it has been observed that farmers tend to use
higher dosages (58%) when diluting pesticides but apply a
lower amount per extent (83%) than the recommendations
made by DOA in order to reduce the labor cost incurred
while spraying. Study reveals that the most of the user-level
problems are related to poor attitude of farmers (Dissanay-
ake et al. 2022).

Heavy metal concentrations in surface water (As Cd,
Pb, Cu and Zn)

Table 5 shows the heavy metal concentrations of As, Cd,
Pb, Cu and Zn in the collected surface water samples, before
and after application of agrochemicals in to the fields. Mean
and standard error of As, Cd, Pb, Cu and Zn concentrations
(ug/L), before and after applications, were {0.048 +0.038
and 6.220+0.912}, {0.014+0.014 and 0.371+0.192},
{not detected and 4.4212+0.712}, {1.583+0.397 and

1.262 +0.165} and {not detected and 6.4035+0.366},
respectively (Fig. 2). According to FAO (FAO, 1985) and
US EPA (US EPA, 2012) guidelines, the recommended max-
imum concentrations of As, Cd, Pb, Cu and Zn for irrigation
water are as 100, 10, 5000, 200 and 2000 pg/L, respectively.
Further, for ambient water quality, CEA (CEA, 2019) has
set the recommended maximum concentrations of As, Cd,
Pb, Cu and Zn as 50, 5, 50, 100 and 1000 pg/L, respectively.
The observed heavy metal concentrations in this study were
far below the permissible levels set by FAO and US EPA
for irrigation water as well as for the ambient water quality
standards set by the CEA (2019). However, a slight increase
in concentrations was observed after agrochemicals applica-
tion (Table 5 and Figs. 5, 6,7, 8, 9).

Heavy metal concentrations in water samples, before
and after applying agrochemicals, were compared statisti-
cally. Firstly, the concentrations were tested for normality.
According to Kolmogorov—Smirnov statistics, As, Cd, Pb
and Cu (p <0.05) were not normally distributed, while Zn
(p=0.116) is normally distributed. Hence, for those where
the normality was rejected, Wilcoxon signed rank test was
used for comparison, and when assumption of normality was
met, data were analyzed by paired t test. The results revealed
that the differences were significant for As (p <0.001), Cd
(p<0.001), Pb (p<0.001) and Zn (p <0.001) and not sig-
nificant for Cu (p > 0.001) (Table 6).

Use of local water sources for drinking purpose

Results from the questionnaire-based survey revealed that
55% of the farmers use local water sources for drinking.
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Among them, 37% use water from distribution canals for
drinking purpose. It can be observed that the irrigation
canal system is interconnected from one to another in the
study area by distribution canals, field canals and drainage
canals. Field canals and drainage canals are small water-
ways designed by farmers’ organizations to apply and drain
water from paddy lands, respectively. These field canals
and drainage canals are affected by any kind of application
that takes place in the paddy fields as they are directly con-
nected to the paddy lands. Agrochemicals applied to paddy
fields are mixed and drained into these canals with water.
US EPA reported that contaminants that enter the flowing
waters travel some distance before being thoroughly mixed
throughout the flow (Perera et al. 2016). Consequently, the
chemicals that are found in field canals and drainage canals
can be recovered at relatively higher concentrations at the

40 60 80 100
Sampling Points
O After applying agrochemicals

other surface water sources. Following the same phenom-
enon, considerable amount of heavy metals was detected in
distribution canals (Table 7).

According to Sri Lankan Standards (Sri Lankan Stand-
ard Institute (SLSI), 2013) and WHO guidelines (WHO,
2011), the maximum permissible levels of As, Cd and Pb in
drinking water are 10, 3 and 10 pg/L, respectively. Further,
according to Sri Lankan standards (SLSI, 2019), the maxi-
mum permissible levels of Cu and Zn in drinking water are
1000 and 3000 pg/L, respectively. Mean and standard error
of As, Cd, Pb, Cu and Zn concentrations (ug/L) in distribu-
tion canals before and after applying agrochemicals were
{not detected and 4.39+3.26}, {not detected}, {not detected
and 2.00 +£0.87}, {0.57£0.34 and 1.83+0.44} and {not
detected and 8.69 +1.12}, respectively, and was less than
the SLST and WHO standards for drinking water. Cd was not



Fig.7 Lead (Pb) concentrations
in each water sampling point
before and after applying agro-
chemicals to the ricecultivation.
Sampling Points: Kanthale DS
(1-33), Seruvila DS (34-68)
and Padavi Sripura DS (69-93)

Fig.8 Copper (Cu) concentra-
tions in each water sampling
point before and after apply-
ing agrochemicals to the rice
cultivation. Sampling Points:
Kanthale DS (1-33), Seruvila
DS (34-68) and Padavi Sripura
DS (69-93)

Fig.9 Zinc (Zn) concentrations
in each water sampling point
before and after applying agro-
chemicals to the ricecultivation.
Sampling Points: Kanthale DS
(1-33), Seruvila DS (34-68)
and Padavi Sripura DS (69-93)
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Table 6 Comparison of heavy metal concentrations before and after
applying agrochemicals

Before and after applying agrochemicals Asymp. Sig.
(2-tailed)

a. Wilcoxon Signed Ranks Test

As Concentration (ug/L) <0.001

Cd Concentration (ug/L) <0.001

Pb Concentration (ug/L) <0.001

Cu Concentration (ug/L) 0.067

c. Paired sample t test

Zn Concentration (ug/L)) <0.001

recorded in distribution canals (Table 7). Therefore, it can
be considered under the current context that the observed
heavy metal concentrations in local water sources would not
pose a serious threat to the environment or human health.
Due to high-prevalence CKDu in this area, the government
of Sri Lanka has taken action to implemented filtered water
resources for drinking. Even though the levels of concen-
tration of heavy metals are far below the accepted levels,
however, bioaccumulation over a period of time would be
harmful. It has been observed that some sampling points
including three distribution canals show higher levels of As
and Pb. Therefore, it is recommended to use filtered water
for drinking purposes.

There were very few studies conducted to access the
level of heavy metals in surface water bodies in Sri Lanka.
Scientific evidence indicates that Sri Lankan surface water
bodies, with a few exceptions, are at a safe level for daily
activities of people and agricultural practices. In agreement
with the results of current study, Mahagamage et al. (2018)
stated that except for Al, in certain sampling areas in Kelani
river basin, the concentrations of Cd, Zn, Pb, Cr and Cu
remained below the SLS and WHO standards for drinking
water requirements. In addition, Chandrajith et al. (2012)
identified that the mean level of Cd in surface water in dry
zone is 0.0003 mg/L, which is again far less than standards.

Heavy metal concentration comparison
between CKDu endemic and CKDu non-endemic
areas

The study revealed that there was no difference in pesticide
usage in CKDu endemic areas (Padavi Sripura DS) and the
CKDu non-endemic areas (Kanthale DS and Seruvila DS)
(Dissanayake et al. 2022). Similarly, no significant difference
in concentrations of heavy metals was detected in between
the two areas (Table 8).

In a study conducted by Wasana et al. (2012) assessed
the water quality using 60 water samples collected from
areas with high and low prevalence of CKDu in Sri Lanka
and reported that the As and Cd levels in the water were
well-below the WHO guidelines of 10 pg/L and 3 pg/L.

Table 7 Heavy metal
concentrations (ug/L) in the

Surface water source

surface water sources before and Concentration (ug/L)

after applying agrochemicals

Tank Distribution Canal Field Canal Drainage Canal
Mean SE Mean SE Mean SE Mean SE
As
a ND - ND - 0.02 0.02 ND -
b 1.63 0.89 4.39 3.26 5.82 1.79 8.54 2.17
Cd
a ND - ND - ND - ND -
b ND - ND - 0.29 0.14 0.25 0.11
Pb
a ND - ND - ND - ND -
b 0.86 0.49 2 0.87 431 1.34 6.22 1.39
Cu
a ND - 0.57 0.34 2.62 0.79 0.19 0.1
b 0.01 0.01 1.83 0.44 1.65 0.36 0.92 0.22
Zn
a ND - ND - ND - ND -
b 8.01 1.1 8.69 1.12 4.86 0.57 6.01 0.64

a—before applying agrochemicals to the rice cultivation, b—after applying agrochemicals to the rice culti-
vation, ND—Not Detected, SE—Standard Error of Mean



Table 8 Heavy metal

. . DS Division

concentrations (ug/L) in the

surface water in each DSs, Kanthale DS** Seruvila DS** Padavi sripura DS*

before and after applying

agrochemicals Mean Mean SE Mean SE
As
a ND - 0.116 0.099 0.017 0.017

7.977 1.754 6.847 1.591 3.024 0.901
cd
a ND - ND - 0.054 0.054
b 0.160 0.090 0.331 0.144 0.027 0.678
Pb
a ND - ND - ND -
b 4.662 0.995 4.127 1.192 4514 1.630
Cu
a ND - 3.012 0.897 1.672 0.631
b 0.615 0.177 1.499 0.346 1.786 0.240
Zn
a ND - ND - ND -
7.566 0.322 3.359 0.297 9.131 0.789

a—before applying agrochemicals to the rice cultivation, b—after applying agrochemicals to the rice culti-
vation, N.D.—Not Detected, *CKDu endemic areas, **CKDu non-endemic areas

Further, water quality assess conducted by WHO (n=234)
in CKDu endemic and non-endemic water sources showed
that As concentrations were borderline only in four samples
in the endemic region. Further, Cd concentrations in drink-
ing water sources used by patients with CKDu in Sri Lanka
were within the usual range. In addition, a study conducted
by Jayatilake and his fellow researches based on water sam-
ples collected from CKDu endemic and non-endemic areas
in Sri Lanka concluded that drinking water has not been
polluted by Cd which is believed to cause CKDu (Jayatilake
et al. 2013). Further, in a study carried out by Chandra-
jith, low levels of Cd in drinking water samples obtained
from both CKDu endemic and non-endemic regions in the
north central province of Sri Lanka were reported, which
were well-below the WHO guideline of 3 pg/L (Chandrajith
et al. 2011). These results coincide with the current research,
which shows low concentrations of As, Cd, Pb, Cu and Zn
in distribution canals.

pH of surface water

The pH of water determines the solubility and biological
availability of chemical constituents such as nutrients (phos-
phorus, nitrogen and carbon) and heavy metals (Pb, Cu, Cd,
etc.). In the case of heavy metals, the degree to which they
are soluble determines their toxicity. Metals tend to be more
toxic at lower pH because they are more soluble. Water sam-
ples collected in this study shows an increase in mean pH
values from (7.13+0.04) to (7.19 +0.04) before and after
applying agrochemicals, respectively, and this difference is

Table9 Mean and standard error of mean of pH, before and after
applying agrochemicals

Phys- Count Mean SE Recommended
icochemical Maximum Permis-
Parameters sible limits
pH a 93 7.13  0.04 6.5-8.4"

b 93 7.19  0.04

a—before applying agrochemicals to the rice cultivation, b—after
applying agrochemicals to the rice cultivation

*Food and Agriculture Organization (1985) and United States Envi-
ronmental Protection Agency (2012)

statistically significant (p >0.05) (Table 9). Mean pH value
lies within the permissible range of 6.5-8.4 (FAO, 1985 and
US EPA, 2012) for irrigation water, ambient water quality
standards of pH 6.0-8.5 (CEA 2019 and SLSI, 2013) and
pH 6.0-8.5 for drinking water (WHO, 2011).

Conclusion

Agrochemicals used in the field be likely to transport
through surface water bodies and spread through the inter-
connected irrigation canal system. In this study, ninety-three
(93) water samples were collected randomly from different
locations in three Divisional Secretaries in Trincomalee dis-
trict. Sampling points include both CKDu endemic (Padavi
Sripura) and non-endemic (Kanthala, Seruvila) areas.



Random sampling method was deployed to collect water
samples from the same location, duplicating each time. Two
samples were obtained to represent the quality of water,
two weeks before and after the application of agrochemi-
cals to rice fields in 2019/2020 Maha cultivation season.
Mean and standard error of mean of As, Cd, Pb, Cu and
Zn concentrations (ug/L) between two were {0.048 +0.038
and 6.220+0.912}, {0.014 +0.014 and 0.371 +£0.192},
{not detected and 4.421+0.712}, {1.583+0.397 and
1.262 +£0.165} and {not detected and 6.403 +0.366},
respectively. Among the elements tested, the difference of
concentration is statistically significant for all except for Cu.

Further, it has been noted that the observed mean heavy
metal concentrations in these areas were far below the per-
missible levels for irrigation water set by FAO (1985) and
US EPA (2012), ambient water quality set by CEA (2009)
and the level set for drinking water by WHO (2011) and
SLSI (2013). This study was conducted after the government
regulations to ban the use of heavy metal containing fertiliz-
ers and certain pesticides, and it can be envisaged that the
decrease in concentration could be a result of that. It is also
worth mentioning here that the distribution of heavy metal
concentrations was not significantly different in CKDu non-
endemic and CKDu endemic areas.

Mean and standard deviation of measured pH levels in
surface water samples were 7.13+0.34 and 7.19+0.35, at
two sampling occasions, respectively. These values also falls
within the permissible levels for irrigation water, ambient
water and drinking water set by FAO, CEA, WHO and SLSIL.

It was evident from this study that malpractices such as
mixing, over uses in dilution practices and lack of proper
disposal mechanisms of pesticides containers are common
among farmers. Since there are no legal provisions or insti-
tutional mechanisms available at the field level to deal with
malpractices in the use of agrochemicals, it is suggested to
raise the awareness of the community regarding the conse-
quences through agricultural extension service. Further, it
is necessary to establish regular monitoring and follow-up
mechanisms at the field level to regulate the activities of the
farmers, and if necessary to take legal actions against mal-
practices. In addition, continued monitoring of the presence
of residues of agrochemicals in water bodies is proposed.

Due to high-prevalence CKDu in this area, the govern-
ment of Sri Lanka has taken action to implemented filtered
water resources for drinking. Even though the levels of con-
centration of heavy metals are far below the accepted levels,
bioaccumulation over a period of time would be harmful.
It has been observed that some sampling points including
three distribution canals show higher levels of As and Pb.
Some of the farmers (37%) were taking water samples for
drinking purposes from the field distribution canals. They

should be made aware of the risks and should promote to
use filtered water to minimize health hazards by consuming
contaminated water.

Further, national studies are required to fully assess the
extent of heavy metal toxicity in water in the country. In Sri
Lanka, research on variations in seasonal trace elements in
the environments is rare. However, to understand the behav-
ior of agrochemicals in the environment and to assess the
seasonal trace element variance in water bodies, continuous
monitoring system is required. Further, farmers should also
be educated and encouraged to practice organic agriculture
and integrated pest management, which will help to promote
sustainable, eco-friendly development.
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