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ABSTRACT

Nitrate in well water has become a public health concern especially in agriculture areas. Nitrate contamination in
drinking water poses health risks to humans. This cross-sectional study was conducted with an aim to
determine the health risk of residents in intensive agriculture area of Bachok Kelantan from nitrate exposure
in drinking well water. Nitrate in well water was determined with Spectrophotometer while the health risk
was determined through calculation of Chronic Daily Intake (CDI) and Hazard Index (HI). Results indicate
that nitrate level in this study was below the Maximum Concentration Limit of National Drinking Water
Quality Standard of Malaysia (NDWQS) (<10 mg L") with the Mean + SD of 1.66+2.11 mg L™" and range
between 0 to 9.60 mg L™". The highest Mean + SD of nitrate was determined in Kampung Aman (3.344+4.07
mg L™"). The mean + SD for CDI was 0.051+0.086 mg kg day™' and the HI was <1. This indicate the health
risk of residents from nitrate exposure in this area were in acceptable range.
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1. INTRODUCTION

Groundwater is an important water resource located
beneath the ground’s surface in the soil pore spaces of
fractured rock formations. Malaysia has approximately
5,000 billion m’ of groundwater storage with the volume
of groundwater recharge approximately 120 billion m’
(Azuhan, 1999). The total yield of groundwater (552,000
m’ day ') is approximately 10% of the present water
supply in the country. Groundwater mainly utilised for
domestic purposes in confined to rural areas such as in
Kelantan (100,000 m® day™'), Terengganu (16,000 m’
day™) and Perlis (6,000 m® day™). It also utilised for
industrial activities (10%) and agricultural purposes (5%)
in states such as Selangor (Heng, 2004).

Nitrate in well water accumulating from both
natural (i.e., soil mineralization and atmospheric

deposition of nitrogen) and anthropogenic sources (i.c.,
industrial residue, intensive agriculture and septic
tanks). Nevertheless, the heavy used of nitrogenous
fertilizers in agriculture activities were the largest
contribution of nitrate in well water (Ismail and Hashim,
2004; Mahvi et al., 2005; Tirado, 2007; Suthar et al.,
2009; Zawawi et al., 2010).

Agriculture has become an important sector to
Malaysian economy, in which there has been
substantial development in the cultivation of rubber, oil
palm, cocoa, fruits and vegetables. This has resulted in
increasing usage of nitrogenous fertilizers (Kamil et al.,
1990). For example, high levels of nitrogenous
fertilizers were used in tobacco and rice agro systems in
Kelantan contribute to high nitrate level in drinking
well especially during the months of fertilizer
application (Aminuddin et al., 1996). In other study,
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nitrate was determined lower than the threshold value
for drinking water standard in most of the domestic wells
in Malaysia. However, nitrate was more affected the well
water rather than phosphate in which related to
agricultural activities and animal farming (Khan et al.,
2007). The monsoon and rainy season in the country have
induced the leaching of this contaminant into well water.

Nitrate poses health risks to humans. It can cause ‘blue
baby syndrome’ or methaemoglobinemia among infant
(ATSDR, 2011). Methaemoglobinemia disease affects the
blood cells’ ability to carry oxygen to the body. Nitrate also
can cause gastrointestinal illness, multiple digestive
tract impairment, indigestion and inflammation of the
stomach, gastroenteritis, abdominal pain, diarrhea and
blood in the urine and faeces (Suthar et al., 2009;
Moore et al., 2011). In addition, low level exposure to
nitrate over many years, possibly could cause certain
types of cancer such as digestive system cancer,
stomach, esophagus, lungs, colon, bladder, ovaries,
testicles, urogenital tract and non-Hodgkins lymphoma
(Moore et al., 2011; Weyer et al., 2001).

This study was aimed to determine the nitrate levels
in the drinking well and measure the health risk of
exposed population in intensive agriculture area. Owing
to the fact that intensive agriculture area used high
volume of nitrogenous fertilizers-that this practice
possibly leached high concentration of nitrate in well

water, the population whom depending on groundwater
as their water supply may get directly exposed to nitrate.
This poses negative effect to their health.

In a context of this study, an intensive agriculture area
in Bachok Kelantan, located at the North East of Peninsular
Malaysia was selected as the study area. The population
was highly depending on well water for domestic used as
they were limited piped water supply in that area and the
quality of well water were not being tested. Our initial
hypothesis is that the nitrate level is within an acceptable
standard limit and the health risks of population exposed are
within acceptable range. This study provides a ground
information on nitrate contamination in well water resulted
from intensive fertilizer application. This is useful
information for future work planning and important to
predict the possible health outcome from nitrate exposure.

2. MATERIALS AND METHODS

2.1. Description of Study Area

Three villages in Bachok Kelantan (intensive
agriculture area) were involved in this study namely as;
Kampung Kandis, Kampung Telong and Kampung
Aman (Fig. 1). Residents of these villages are depending
on groundwater for their daily use. High usage of
nitrogenous fertilizer in these areas may cause high risk
of nitrate residue leach down into the well water.
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Fig. 1. Study area of Bachok, Kelantan
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Respondents aged 18 and above, in the study area
were selected through purposively sampling method
based on inclusion and exclusion criteria. The inclusion
criteria were respondents aged 18 and above, long life
residents in the selected area and used well water for
drinking, while the exclusion criteria were respondents
who used other than well water as drinking water and
those who used filtered water system.

A set of questionnaire adapted from the Baseline,
Descriptive and Time Activity used in the National
Human Exposure Assessment Survey (NHEXAS)
(Qaiyum et al, 2010) were administered to each
respondent. These questionnaires collect information of
socio demographic of respondents, the duration of
residence and daily intake of drinking water.

2.2. Well Water Sampling and Analysis

The well water samples were collected directly from
seventy (70) drinking wells and poured into 250 mL of
High-Density Polyethylene (HDPE) bottle. Samples
were stored in an ice-box and analyzed immediately
within 24 to 48 h. The analysis of sample was carried out
using a Cadmium Reduction Method (Method 8171)
with a HACH brand of DR/2500 spectrophotometer.

2.3. Geographical Information System (GIS) and
Statistical Analyses

A Geographical Information System (GIS) was used
in this study to determine the patterns and distributions
of nitrate level in drinking water at the study area in a
form of maps. Statistical analyses were performed using
SPSS (version 17.0). Descriptive statistics and Kruskal-
Wallis test were used to compare the nitrate level in well
water between villages.

2.4.Health Risk Assessment

Chronic Daily Intake (CDI) was used to calculate
the health risk associated with nitrate exposure in well
water, using the following Equation (1):

(1)

where, CDI is Chronic Daily Intake (mg/kg/day), C is
nitrate level in groundwater (mg/L), DI is an average daily
intake rate of water (L/day) and BW is body weight (kg).

For non-carcinogenic health effects posed by nitrate
in drinking water, the Hazard Index (HI) was calculated
using the following Equation (2):

_CDpl

HI=
RfD

2
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where, CDI is for Chronic Daily Intake (mg/kg/day) and
Rfd is reference dose (mg/kg/day). RfD for this study
was 1.6 mg kg day™' (USEPA, 2013). A HI value more
than 1 (HI >1) shows a significant risk level. The higher
the value, the greater the likelihood of adverse non-
carcinogenic health effect.

3. RESULTS

3.1.Socio-Demographic Information

Seventy (70) respondents involved in this study are
Malays from three villages of Kampung Kandis (31
respondents), Kampung Telong (31 respondents) and
Kampung Aman (8 respondents). Forty-five (45) of them
are female. Respondents were aged between 21-90 years
old. Majority of respondents never have formal
education (17 respondents) and most of them are farmers
(31 respondents). The monthly income for most of the
respondents was range between RM 500 to RM 1000 (32
respondents). Majority of them have lived in the area for
more than 20 years (47 respondents) (Table 1).

Table 2 shows the well background in this study.
All respondents in the study area used pump well and
majority of the well were aged more than 15 years.

3.2.Nitrate Level in Well Water

The Mean + SD of nitrate level in well water of this
study was 1.66+2.11 mg L™' and range between 0-9.60
mg L' (Table 3). Kruskal-Wallis test was used to
compare nitrate levels between villages. There was no
significant difference of nitrate level between villages (p
= (.749). The highest Mean + SD of nitrate level was
detected in Kampung Aman (3.34+4.07 mg L
followed by Kampung Kandis (1.45+1.32 mg L") and
Kampung Telong (1.43+1.95 mg L.

Figure 2 illustrate the nitrate level with Inverse
Distance Weight (IDW) interpolation technique with
GIS. High level of nitrate was detected at Kampung
Aman located at the South of the study area.

3.3.Comparison of Nitrate Level with the

National Standard

According to Malaysian National Drinking Water
Quality  Standard (NDWQS), the Maximum
Concentration Limit for nitrate is 10 mg L™ (MOH,
2012). Figure 3 indicates that nitrate level in all wells in
this study were within the acceptable value limit (<10
mg L"), except for three wells in Kampung Aman, that
almost reach the standard limit.
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Table 1. Socio-demographic information

Variable No. of respondent (%)
Gender:
Male 25 35.7
Female 45 64.3
Age:
<25 6 8.6
25-35 12 17.1
36-45 16 229
46-55 15 21.4
>55 21 30.0
Education Level:
No education 17 243
Primary school 15 214
PMR 15 214
SPM 15 21.4
STPM 5 7.1
Higher Education 3 43
Income (RM):
<500 31 443
500-1000 32 457
1001-1500 5 7.1
1501-2000 1 1.4
>2000 1 1.4
Period of residency:
<1 year 6 8.6
1-10 years 10 14.3
11-20 years 7 10.0
>20 years 47 67.1
N=170
Table 2. Well information
Variable No. of respondents (%)
Age of well:
<1 year 7 10.0
1-5 years 4 5.7
6-10 years 3 43
11-15 years 7 10.0
>15 years 49 70.0
N=70
Table 3. Nitrate level in well water between villages

No.of  Mean+ Range
Village well SD (mg/L) (mg/L) P-value
Kg. Kandis 31 1.45+1.32 0.00-5.30
Kg. Telong 31 1.43+1.95 0.00-9.10 0.749
Kg. Aman 8 3.344+4.07 0.10-9.60

N=70

Table 4. Chronic daily intake (CDI) estimation

Nitrate con-

centration  *DI *CDI (mg Hazard Index

(mg/L) (L/day) *W (kg) /kg/day) (HI) value
Mean 1.66 1.80 59.95  0.051 0.032
SD  2.11 0.87 10.47  0.086 0.054
Range 0.00-9.60 0.5-4.5 36-81  0.00-0.48 0.00-0.3

N = 70; *W = weight (kg) *DI = water daily intake (L) *CDI =
Chronic daily intake (mg/kg/day)
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3.4. Health Risk Assessment

The health risk exposure of nitrate was calculated as
Chronic Daily Intake (CDI) and Hazard Index (HI) in
this study. The Mean + SD for CDI was 0.051+0.086 mg
kg day”', with the average body weight of 60 kg and
daily water intake of 1.80 L day™' (Table 4). Hazard
Index (HI) was calculated by dividing the CDI value
with the Reference Dose (RfD). The Reference Dose
(RfD) for nitrate is 1.6 mg kg' (USEPA, 2013). HI
value greater than 1 indicated a potential for an adverse
health effect to occur (NJEDP, 2007). The HI values for
all respondents in this study were less than 1, with the
Mean + SD was 0.032+0.054.

4. DISCUSSION

The mean + S.D of nitrate in this study (1.66£2.11
mg L") was considered as in normal value. According to
Schmoll (2006), the normal concentration of nitrate in
surface water or groundwater is between 0 to 18 mg L™
However, nitrate can reach high levels as a result from
agricultural  run-off, refuse dump run-off, or
contamination of human and animal wastes. Study by
Shams et al. (2009) indicated the mean of nitrate level in
drinking water networks in Tabas, Iran was range
between 2.9 to 3.25 mg L '-slightly higher than this
study. Although the average value of nitrate in Kampung
Aman (this study) was reported as high (3.34+4.07 mg
L™, but the value was still within the average reported
in other region of the world. For example, nitrate level in
Sumas-Blaine aquifer, USA for the period of 1990 to
2000 showed a mean value of 5.7 mg L™ (Almasri and
Kaluarachchi, 2004). CCME (2007) also reported that
nitrate concentration in groundwater often exceeding the
Canadian Drinking Water Quality of 10 mg L™".

Low level of nitrate determined in this study was
probably influenced by the rainfall event; as sampling
was conducted after rainy season in January 2012.
According to CCME (2007), rainfall influenced the
concentration of Nitrate, as it entering the
groundwater at high rate at the beginning of rainy
season, decrease throughout the rainy season and
remain at constant low level during dry season. During
the rainy season, water table rises and nitrate in
unsaturated zone (such as soil) becomes mobilized
into groundwater. Therefore, nitrate level is high at
this condition. In contrast, Nitrate will accumulate in
soil during dry season, decrease of mobilization into
stream and groundwater, thus resulted to lower Nitrate
concentration in the groundwater.
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Another factor that caused low Nitrate level in this
study was due to sampling time. Sample was collected
during pre-fertilization period, where applications of
fertilizer to the crops not yet started and no excessive
fertilizer leaching to groundwater. Nitrate concentration in
well water was also depending on crop system. Peng et al.
(2012) indicated that different cropping system caused
different concentration of nitrate in groundwater. The
continuous crop system increased the tendency for nitrate
to leach downwards compared to mixed crop system.
Farmers in this study practiced mixed crop system that
caused low concentration of nitrate.

4.1.Comparison of Nitrate Levels Between
Villages and to the National Standard

The highest nitrate level (Mean + SD) was detected
in Kampung Aman (3.34+4.07 mg L™"). Only three wells
in Kampung Aman have high nitrate concentration (9.6
mg L) that almost exceeded the standard limit. High
concentration of nitrate in these areas was possibly related
to the bedrock sources within the aquifer and also
influenced by hydrological factors such as the hydrological
mixing processes, frequency of rainfall and duration of
rainfall (Grover, 2006).

Nitrate concentration in well water of the study area
were below the Maximum Allowable Limit Malaysian
National Drinking Water Quality Standard (NDWQS) and
the International standard of USEPA (10 mg LY. In
most countries, nitrate levels in drinking water normally
not exceeded 10 mg L. However, in some areas, the
concentrations can be high as a result of agriculture
activities, discharge of sewage effluent and certain
industrial wastes (WHO, 2011).

The uptake of nitrate as nutrient by crops is
responsible for the nitrate level in water source. Low
concentration of nitrate possibly due to nitrate fertilizer
application to crops was insufficient, in which reduce the
leaching of excess nitrate into water streams or aquifers.
Many studies showed nitrate level in groundwater
increase when increase the water table during raining
season. While, during post-raining or during dry and
warm weather, nitrate level seems to decrease
(Rajmohan and Elango, 2005; Almasri and Kaluarachchi,
2004). Shams et al. (2009) indicated that weather
conditions should be considered as it may influence the
concentration of chemical in water source.

Previous study in Kelantan, also indicated nitrate
contamination was found to be prominent and persistent
in groundwater. In average, 15% of well water samples
were found to have nitrate concentrations above the
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maximum acceptable level of 10 mg L™ with the highest
concentration was 30 mg L' (Aminuddin et al., 1996).

4.2. Exposure and Health Risk Assessment

Hazard Index (HI) values for all respondents in this
study were less than 1 and this indicate the risk of
adverse effect of nitrate pollution in groundwater in
respective areas was acceptable.

5. CONCLUSION

This study has indicated that nitrate concentration in
well water of Kampung Aman, Telong and Kandis in
Bachok Kelantan are within the acceptable limit and the
health risk of respondents in these area were considered
as low. Although nitrate level was low in this study, but
effort to minimize any further exposure of nitrate
towards human as well as ecosystem and environment
should be put as vital concern.

A monitoring programme and health education
should be in place in areas where drinking water has a
high probability of nitrate contamination such as at
agricultural areas. Wells are also required to be regularly
tested to ensure that the water being supplied for public
meets the drinking water standards. Use of water filter
system should be recommended in order to minimize
contamination. In addition, wells must be drilled deep
enough to extend past the water table into the
groundwater aquifer below as nitrate concentration in the
well water will decrease as the depth of well increase.
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