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ABSTRACT 

 
Introduction: Contamination of nitrate is one of the most common groundwater problems 
worldwide. Around 70% of residents in the state of Kelantan still rely on groundwater as their primary 
source of water supply. Extensive usage of fertilizer in agricultural areas may cause nitrate leaching 
into the groundwater. This study aimed to determine the level of nitrate in groundwater and health risk 
assessment at three villages in Tanah Merah District, Kelantan, Malaysia. 
Subjects and Method: This was a cross-sectional study conducted at Tanah Merah district, 
Kelantan, in January 2020. A total of 52 residents was selected by purposive sampling. The inclusion 
criteria for study subjects were long life residents, age ≥18 years old, and groundwater as a primary 
source of drinking supply. The study variables were (1) Level of nitrate in groundwater measured 
according to age (year), depth (meter), and distance (meter) of well from the agricultural area; and (2) 
Health risk assessment measured by hazard quotient (HQ).  A set of questionnaires consisted of four 
sections to gather information related to socio-demographic, water usage, living environment, and 
health status. Groundwater samples were collected in duplicates and were analysed using a Hanna 
Instruments portable pH/ORP/ISE meter with an attached nitrate electrode. The data were reported 
descriptively. 
Results: Nitrate levels were found to be under the maximum acceptable value of 10 mg/L, as stated by 
the Drinking Water Quality Standard of Malaysia. Nitrate level ranged from 0.22 to 8.81 mg/L (Mean= 
2.94; SD= 2.27). Spearman rho correlation showed that nitrate level was significantly and negatively 
correlated the age of wells (r= -0.31; p= 0.025). Nitrate level was not significantly correlated with the 
depth (r= 0.19; p= 0.183) and distance of wells (r= -0.05; p= 0.751). Hazard quotient (HQ) for all study 
subjects was <1, which means that exposure to nitrate contained drinking water in study subjects was 
not detrimental to health. 
Conclusion: Nitrate levels were below the maximum acceptable value, but continuous monitoring 
from health authorities is essential since other seasons of paddy planting may contribute higher 
deposition of nitrate into groundwater. 
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BACKGROUND 

Nitrate contamination is one of the world's 

most common groundwater issues (Ako et al., 

2014). Nitrate is water-soluble, quickly 

drains from the soil and then deposited in 

groundwater (Wongsanit et al., 2015). Accor-

ding to Almasri (2007), nitrate contamina-

tion in groundwater can be derived from dif-

ferent sources including from point source 

(industrial activity, livestock waste) and non-
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point source (extensive usage of nitrogen fer-

tilizer, atmospheric deposition). Nitrogen fer-

tilizers are widely used in agricultural pro-

duction to increase crop yield, but excess 

nitrogen supplies can contaminate water, air, 

and soil. One of the most common and detri-

mental consequences of agricultural overuse 

of nitrogen fertilizers is the deterioration of 

groundwater quality and pollution of drink-

ing water sources, which may present 

significant threats to human health (Wick et 

al., 2012). Several studies had shown that 

there is a correlation between nitrate con-

tamination and agricultural activity as a 

result of heavy use of nitrate fertilizer (Sham-

suddin et al., 2016). Greer and Shannon 

(2005) mentioned that infants who con-

sumed formula milk prepared using water 

contaminated with nitrate could lead to 

methemoglobinemia. 

Methemoglobinemia or "Blue Baby 

Syndrome" disturbs the blood cells ability to 

carry oxygen (Ward et al., 2018). An eco-

logical study from Slovakia found a positive 

association between colorectal cancer and 

cancers in all digestive system with nitrate 

levels in drinking water (Schullehner et al., 

2018). Risk of bladder cancer reported being 

increased among postmenopausal women 

that associated with long-term ingestion of 

nitrate in drinking water (Jones et al., 2018).  

Health risk assessment may be carried out to 

determine whether or not consumers have 

been exposed to diseases. A health risk as-

sessment is a method of assessing the extent 

and possibility of adverse health effects to 

individuals who may be subjected to con-

taminants in environmental media (USEPA, 

2016). As mentioned in the National Drink-

ing Water Quality Standard (NDWQS) for-

mulated by the Ministry of Health, Malaysia, 

the maximum acceptable limit of nitrate in 

drinking water is 10 ppm (Ministry of Health, 

Malaysia, 2010). 

Association of Water and Energy Ma-

laysia (2011) stated that water supply provid-

ed by Kelantan state government was dirty 

and smelly, frequent water disruption and 

low coverage performance. Hence, it leads 

about 70% of residents in Kelantan to still 

rely on groundwater as their main source of 

water supply (Safeen and Azmi, 1998; Azwan 

et al., 2010). This event strongly indicated the 

significance of water safety aspect because it 

is very much linked to the health of con-

sumers. Most houses in Tanah Merah are 

situated near to agriculture areas. 

The aims of this study were not only to 

determine the nitrate concentration in 

groundwater at Buloh, Pasir Besar, and Bukit 

Merbau Villages in Mukim Ulu Kusial, Tanah 

Merah, Kelantan, but also focused on de-

termining any significant relationship be-

tween nitrate concentration with age, depth, 

and distance of wells from nitrate source. The 

problem to be emphasized here was whether 

there was any significant health risk from 

daily consumption of groundwater contami-

nated with nitrate. 

SUBJECTS AND METHOD 

1. Study Desaign 

This was a cross-sectional study conducted 

at Tanah Merah district, Kelantan, in Janua-

ry 2020. 

2. Population and Sample 

It was the paddy pre-planting season in 

Tanah Merah district at the moment of data 

collection. The study population involved 

residents from Buloh, Pasir Besar, and Bukit 

Merbau Villages in Tanah Merah district, 

Kelantan. Fifty-two respondents were chos-

en based on inclusion criteria such as long- 

life residents, age above 18 years old, and 

using groundwater as their primary source 

of drinking supply. In addition, the res-

pondents were excluded when they were 

using the water filter system and having 

drinking water sources other than ground-
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water. Purposive sampling was used as the 

sampling methods in this study.  

3. Study Variables 

The inclusion criteria for study subjects were 

long life residents, age ≥18 years old, and 
groundwater as a primary source of drinking 

supply. The study variables were (1) Level of 

nitrate in groundwater measured according 

to age (year), depth (meter), and distance 

(meter) of well from the agricultural area; 

and (2) Health risk assessment measured by 

hazard quotient (HQ). 

4. Study Instrument 

A set of questionnaires consist of four sec-

tions was provided to the respondents in 

order to gather the information related to 

socio-demographic, water usage, house living 

environment, and health status. Global 

Positioning System (GPS) was used to mea-

sure the distance of the well from the nitrate 

source. Besides, it was more convenient and 

easier to use this application rather than 

measuring tape. 

5. Data Analysis 

Water samples from the house of each res-

pondent were taken directly from the well 

using a High-Density Polyethylene (HDPE) 

bottle. They were collected in duplicates and 

analyzed using a Hanna Instruments portable 

pH/ORP/ISE meter with an attached nitrate 

electrode. 

For the health risk assessment, the 

Adverse Daily Dose (ADD) was first calcula-

ted using the following formula for deter-

mining the exposure of nitrate in drinking 

water in the following equation: 

 

 

Where, ADD was Average Daily Dose 

(mg/kg/day). C was Nitrate Concentration 

(mg/L). IR was Intake Rate (1 L/day for 

children and 2 L/day for adults). EF was Ex-

posure Frequency (365 days/year). ED was 

Exposure Duration (6 years for children and 

30 years for adults). BW was Body Weight (15 

kg for children and 60 kg for adults). AT was 

Averaging time (365 days/year×6 years for 

children and 365 days/year×30 years                      

for adults). 

Hazard Quotient (HQ) is calculated 

using the formula in equation (2): 

 
Where, HQ was Hazard Quotient. ADD was 

Adverse Daily Dose (mg/kg/day). Rfd was 

Reference Dose (mg/kg/day). An HQ value 

>1 indicated a significant non-carcinogenic 

risk level and RfD is nitrate reference dose 

which is 1.6 mg/kg/day (USEPA, 2013). The 

collected data were then analysed using IBM 

Statistical Package for Social Science (SPSS) 

version 22 and it was presented as one whole 

Mukim Ulu Kusial. 

RESULTS 

1. Sample Characteristics  

Table 1 below displayed the characteristics of 

study subjects’ wells which covered the infor-

mation regarding age, depth, and distance of 

well from the nitrate source. As illustrated in 

Table 2, the samples collected from the well-

aged below 5 years were 6 (11.5%). While, the 

sample taken from age of well 5 to 10 years, 

11 to 15 years, 16 to 20 years, and above 20 

years were as much as 10 (19.2%), 5 (9.6%), 1 

(1.9%), and 30 (57.7%) respectively. 

The most samples were collected from 

the depth above 15 meters which are 20 

(38.5%). Followed by 5 to 10 meters, 11 to 15 

meters and below 5 meters (<5) which was 13 

(25.0%), 11 (21.2%) and 8 (15.4%) respect-

ively. Besides, the result showing the distance 

of well from the nitrate source was mean= 

64.06; SD= 36.39 meters, while the range 

was from 5.0 to 176.0 meters. 

From Table 2 below, it showed the 

range of nitrate level in groundwater was 

from 0.22 to 8.81 ppm, while the Mean= 
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2.94; SD= 2.27 ppm. Clearly, the data ob-

tained was below the maximum acceptable 

limit, which is 10 ppm. Average Daily Dose 

(ADD) and Hazard Quotient (HQ) for all 

respondents had been calculated using the 

formula mentioned in equation 1 and 2. The 

ADD estimation result for obtained was 

Mean= 0.10; SD= 2.27 and range from 0.01 

to 0.29. All respondents had the Hazard 

Quotient (HQ) below 1, which meant the 

respondents did not pose a significant health 

risk due to exposure of nitrate in drinking 

water. 

2. Bivariate Analysis 

Based on the result in Table 3, there was 

correlation coefficient between the age of well 

and nitrate level r= -0.310 and significant 

difference (p= 0.025). However, the depth of 

well and distance of well from the nitrate 

source showed there was no significant dif-

ference with the nitrate level (p>0.183).

  Table 1. Sample Characteristics (categorical data) 

Characteristics Categories Frequency Percentage 

Age of well 

<5 years 6 11.5% 

5-10 years 10 19.2% 

11-15 years 5 9.6% 

 16-20 years 1 1.9% 

 >20 years 30 57.7% 

Depth of well 
<5 years 8 15.4% 

5-10 years 13 25.0% 

 11-15 years 11 21.2% 

 >15 years 20 38.5% 

Hazard quotient  HQ <1 52 100% 

 HQ >1 0 0 

 
Table 2. Sample Characteristics (continuous data) 

Variables  Mean SD Min. Max. 

Distance of Well 

from the Agriculture Area (meters) 
64.06 36.39 5.00 176.00 

Nitrate level in Groundwater (ppm) 2.94 2.27 0.22 8.81 

 
Table 3. Spearman Rho correlation test of the association between age of wells, depth of wells, 

and distance of wells from nitrate source with nitrate level 

Variables 
Nitrate Level 

r p 
Age (Year) -0.310 0.025 
Depth (meter) 0.188 0.183 
Distance from agriculture area (meter) -0.045 0.751 
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DISCUSSION 

As presented in Table 1, no sampling sites 

exceeded the maximum concentration limit 

of the Drinking Water Quality Standard. The 

nitrate obtained in this study was considered 

as in normal value (Mean= 2.94; SD= 2.27). 

This study was in line with the study con-

ducted by Jamaludin et al (2013) the Mean= 

1.66; SD=2.11 of nitrate level in well water of 

the study in ppm. 

This study was conducted during rainy 

seasons and pre-planting phase for paddy 

plantation. This occurrence may be the 

reasons of low nitrate level measured in 

groundwater. According to Wang et al (2015) 

rainfall has affected the nitrate concentration 

as it reaches the groundwater, the nitrate 

concentration increases at the beginning of 

the rainy season, decreases throughout the 

rainy season, and stays at a constant low level 

during the dry season. During the pre-plant-

ing phase, the nitrate level was low because 

the farmers have not yet started the 

application of fertilizers to the crops. The 

nitrate level is likely to increase during the 

planting phase as compared to pre-planting 

and harvest phase (Amirah et al., 2014). 

Based on the analysis, there was a sig-

nificant association between the age of wells 

and the nitrate levels in groundwater. This 

indicated the age of the wells did contribute 

to the nitrate contamination in this study. 

Swistock et al. (2009) stated the age of well 

were statistically important in relation with 

nitrate level in groundwater. Generally, older 

wells were more susceptible to nitrate conta-

mination (USEPA, 2002). However, this stu-

dy showed the age of well had fair negative 

correlations with nitrate level in ground-

water. This occurrence may be because of 

small numbers for age of wells that less than 

20 years included in this study. Another fac-

tors such as wells with leaking or damaged 

fittings or casings and dug wells with casings 

that are not watertight also may contribute to 

this result (Minnesota Department of Health, 

2020). 

Next, nitrate levels in groundwater 

samples were not associated with the depth 

and distance of well from the agricultural 

area. This can be related to varying levels of 

difference in the depth and distance of wells 

from the nitrate source. These results were 

partially in line from a study done by Sha-

haruddin et al. (2019) who stated that the 

age, depth, and distance of well from the 

source of nitrate did not play a significant 

role in the concentration of nitrates in the 

wells studied. However, Shamsuddin et al. 

(2016) stated that the high nitrate was de-

Figure 2. Nitrate levels from each sampling points 
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tected in the well <50 m to the agricultural 

area. Plus, groundwater flow direction also 

should be taken into account, which is an 

essential factor in nitrate contamination (Ki 

et al., 2015).  

The result indicated that all respon-

dents had the Hazard Quotient (HQ) below 1, 

which the study subjects did not pose a sig-

nificant health risk due to exposure of nitrate 

in drinking water. This study was in line with 

Jamaludin et al (2013) as there was no result 

obtained for Hazard Index (HI) were more 

than 1. 

This study showed that the nitrate level 

from all the sampling points was below the 

maximum acceptable limit, which is 10 ppm 

according to National Drinking Water Quali-

ty Standard. The highest reading recorded 

was 8.8 ppm. The result indicated that all 

study subjects had the Hazard Quotient (HQ) 

below 1, which meant the study subjects did 

not pose a significant health risk due to ex-

posure of nitrate in drinking water. However, 

the continuous monitoring from health 

authority is essential so that the contamina-

tion of nitrate in groundwater can be pre-

vented in the future. It is suggested for the 

future study to increase the sample size of the 

study subjects and conduct the water sampl-

ing during different sampling time (pre-

planting, planting, and harvesting phase), in 

order to get more generalized data to the po-

pulation involved and able to observe signifi-

cantly different of nitrate levels between each 

phase. 
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