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ABSTRACT 

CONTAMINATION OF NITRATE IN GROUNDWATER AND 

EVALUATION OF HEAL TH RISK IN KAMPUNG KETING, BACHOK, 

KELANTAN: A CROSS-SECTIONAL STUDY 

Muhammad Azri Mat Yusof 

Introduction: Nitrate is one of the compounds of nitrogen that is formed in the 
nitrogen cycle from both natural and anthropogenic sources. Most of rural areas in 
Kelantan still depend on well water as their primary water source. Their main 
economic activity is agriculture which uses high amounts of nitrate fertilizer to 
nurture their crops. The increased use of nitrate fertilizers is risk factor associated to 
health problems such as methemoglobinemia and cancers. Health risk assessment can 
be conducted to quantify the probability of harmful effects of nitrate to individuals or 
populations from certain human activities. Objectives: To determine levels of nitrate 
in groundwater and to perform health risk assessment among respondents in 
Kampung Keting, Bachok, Kelantan. Methodology: A total of 4 7 respondents were 
chosen based on inclusive and exclusive criteria and groundwater samples were 
collected from each of the respondent's houses. The samples were then analyzed by 
using a portable Hanna Instrument multimeter model HI98 l 91 and probe model 
HI4 l l 3 (manufactured in USA), while a set of questionnaires were distributed 
among respondents to gather information for health risk assessment of the exposure. 
Result and Discussion: The result obtained shows that nitrate levels in groundwater 
did not exceed the maximum acceptable value of Drinking Water Quality Standard 
(44.3 ppm nitrate - NO3) with a mean± sd of 5.34 ± 4.94 (ppm). Speannan's rho 
correlation analysis shows that only depth of well (meter) is correlated (r = - 0.348) 
to nitrate levels (p<0.05). The Hazard Index (HI) for the study population was less 
than 1. Conclusion: This study conclude that the groundwater analyzed in the study 
area was considered safe for drinking and cooking purposes. The result for Ill 
indicated that the non-carcinogenic risk related to nitrate was not significant to the 
study population. However, nitrate levels in drinking water should be concerned by 
the consumers as it will give bad health impact to them in long-term exposures. 

Keywords: Nitrate, groundwater, maximum acceptable value, hazard index. 
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2.2) Nitrogen Cycle 

Biological nitrogen fixation 
(nitrogen-fixing bacteda 
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Figure 2.1 Nitrogen Cycle 

Source En ironment 2004 
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Nitrogen is important for all organisms as it is a part of biological molecule in 

protein and nucleic acid. There is 78% of nitrogen ga (N2) in atmo phere (Environment 

2004). Nitrogen is in stable condition at atmosphere and need to be separated in order for 

the nitrogen atoms combine with other elements to form proteins and nucleic acid . Fi e 

roam tep in the nitrogen cycle: nitrogen fixation nitrification a imilation, 

ammonification, and denitrification. 

itr gen fixation i the con er 10n of atmo pheric nitrog n to amm n1a 

p rform d by nitr gen-fixing bacteria including cyano ba t ria in oil and aqua ti 
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2. 7.2) Cancer

Long-term exposure of nitrate can lead to the formation of nitrosamine compounds 

and these compounds are carcinogenic (Mina Parvizishad et al, 2016). International 

Agency for Research on Cancer (IARC 2010) classified N-nitroso compounds (NOC) as 

a probable human carcinogen due to the ingestion of nitrate and nitrite. Jones et al. (2018) 

reported that increased risk of bladder cancer among postmenopausal women was 

associated with long-term ingestion of nitrate in drinking water. Long-term average nitrate 

level ingestion through drinking water had a greater relative risk of bladder cancer among 

postmenopausal women in Iowa with statistically significant associations for those with 4 

or more years at levels>½ MCL (5 mg/L NQ3-N). In addition, dietary digested nitrate 

regardless of the vegetable source or animal or menopausal status was not associated with 

breast cancer. However, breast cancer was significantly (p<0.05) increased with high red 

meat consumption among postmenopausal women (Espejo-Herrera et al, 2016). An 

ecological study from Slovakia found a positive association between Colorectal Cancer 

( CRC) and cancers in all digestive system with nitrate levels in drinking water 

(Schullehner et al., 2018). Another case-control study in Iowa reported that higher nitrate 

level in drinking water consumed among susceptible subgroup (high red meat and low 

vitamin C intake) with elevated endogenous nitrosation showed an increased colon cancer 

risk. 
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2. 7 .3) Other Health Effect

Mina Parvizishad et al. (2016) reported that the present study showed an association 

between consumption of food and drinking water that contain high concentration of 

nitrates and nitrites and diseases such as methemoglobinemia, cancer, diabetes mellitus, 

and enlargement of thyroid gland. In addition, a registry-based study in Finland found a 

positive correlation in type 1 childhood diabetes (TlD) incidence with ingestion of 

drinking water that contain nitrate. However, it is contrast in an ecological analysis in Italy 

that showed an inverse correlation with TlD rates and nitrate levels (Ward et al., 2018). 

Moreover, recent findings from the Framingham Offspring Study suggested that increased 

risk of death was associated with plasma nitrate when adjusted for glomerular function 

but no association was observed for incident cardiovascular disease (Maas et al., 2008). 

Quist et al (2018) also conclude that there is no association between nitrate in drinking 

water with pancreatic cancer risk except for dietary intake from processed meat. 
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CHAPTER3 

METHODOLOGY 

3.1) Study Design 

The study design for this project was a cross-sectional study in order to determine 

the nitrate level in groundwater at Kampung Keting in Bachok, Kelantan. 

3.2) Study Population 

The total population that located in Kampung Keting are 1608 people and 262 

houses with an area 1.64 km2
. The population in this study was respondents that live 

in Kampung Keting, Bachok, Kelantan who used groundwater as the main source for 

drinking and cooking purposes. 

21 

© C
OPYRIG

HT U
PM

 
UPM 



3.3) Study Sample 

The study had been conducted on a respondent who meets the inclusion criteria 

only at Kampung Keting, Bachok, Kelantan. Below are the respondent's criteria for 

this research study. The inclusive and exclusive criteria will help to determine who is 

the participant in this study. 

Inclusive Criteria Exclusive Criteria 

1. Age 18 years and above 1. Having drinking water source

2. Long life residents ( at least 6 other than groundwater

years). 2. Using water filtration system

3. Use groundwater as their

main source of drinking

water supply

3.4) Study Location 

The study location in this study is Kampung Keting, Bachok, Kelantan. Bachok 

district is one of the ten district in the state ofKelantan. It is situated at east and about 

25 km from Kota Bharu. Kampung Keting located in Mukim Gunong, Bachok and 

bas an area of 1.6 km2
. 

22 

© C
OPYRIG

HT U
PM

 
UPM 



.. 
, ' 

KotaBharu 

Figure 3.1 Study Location 
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3.5) Sample Size 

The sample size was determined by using a formula establishes by Kirkwood and 

Sterne (2003): 

N = p(l-p) / e2

Where, 

N = sample size 

P = Prevalence 

e = sampling error 

Calculation: 

0.087(1 - 0.087) 
N = 

0.052

N=32 

The prevalence of nitrate level in groundwater which above than 10 mg/L is 8. 7% 

was determined by previous study (Alif Adham Zand Sbabaruddin MS 2014). The 

number of sample size required is 32. To ensure the study is statistically significant 

and taken into consideration damaged, the sample size was taken is 47 samples. 
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3.6) Sampling Method 

The sampling method that was used in this study was purposive sampling. The 

respondent had been selected based on inclusive and exclusive criteria. 

3. 7) Study Instrument 

3.7.1) Questionnaire 

A set of questionnaires were given to respondent to gather information from the 

selected respondent. The questionnaires comprised of socio-demography data, water 

supply types, residential area information and health status of the respondents. The 

questionnaire was important to ensure the respondents comply with the inclusive 

criteria. This questionnaire was adapted from the Baseline, Descriptive and Time 

Activity used in the National Human Exposure Assessment Survey (NHEXAS). 

3. 7.2) Body Weight

The weight of the respondents was weigh using digital weighing machine. The 

reading was taken three times to get an accurate result in unit Kilogram (Kg). 
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3. 7 .3) Drinking Water Daily Intake

We used standard cup of200 ml to measure daily water intake rate of water among 

respondents. Respondents also had to recall back their water consumption amount in 

a day due to calculate the Chronic Daily Intake (CDI) and Haz.ard Index (IIl). 

3.7.4) Global Positioning System (GPS) Mobile Application 

Global Positioning System (OPS) Mobile Application was used in this study to 

determine the distance of well from paddy field area at the study location from each 

participant. The coordinate of each well was collected and pinned in the OPS and the 

nearest paddy field area was measured. 
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3.8) Water Sampling 

3.8.1) Water Analysis 

Water sample from each respondent's house was collected directly from well by 

using High Density Polyethylene (HDPE) bottle and replicated by two times. Then, 

the nitrate level in the water sample were analyzed by using Portable PH/ORP/ISE 

Meter model HI98191 and Probe Model HI4113 by following standard operating 

procedure that was given by the manufacturer (Hanna Instrument Company). 

Figure 3.2 Portable PH/ORP/ISE Meter model HI98191 
Source HANNA Instrument Website 

Figure 3.3 Probe Model HI4113 
Source HANNA Instrument Website 
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3.8.2) Analysis of Nitrate 

Nitrate in groundwater was analyzed by using Portable PH/ORP/ISE Meter model 

1Il98191 and Probe Model 1Il4113. First of all, the probe was assembled and attached 

to the portable meter. Then, the portable meter was calibrated by using buffer solution 

with concentration of 1 0Oppm and 1 00Oppm After that, 50 ml of the water sample 

was put into the beaker. 1 ml of Ionic Strength Adjuster (ISA) reagent was added into 

the beaker in order to elevate the nitrate level. Moreover, the probe was the inserted 

into the beaker in order to read the nitrate level in the water. These steps were repeated 

for other water samples that represent different well. 

3.9) Risk assessment 

Chronic Daily Intake (CDI) had been used to calculate the health risk of the 

population due to the exposure of nitrate contamination in groundwater, using 

following equation: 

C x DI 
CDI 

= BW 

(Guidance Document on Health Impact Assessment (IIlA) in 

Environmental Impact Assessment (EIA), 2012) 
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[Equation 1] 

Where, 

CDI = Chronic Daily Intake (mg/kg/day), 

C = Nitrate level in groundwater (mg/L), 

DI= average daily intake rate of water (Uday), 

BW =body weight (kg) 

For non-carcinogenic health effects posed by nitrate in drinking water, the Hazard 

Index (Ill) was calculate by using the following equation: 

CDI 
HI= 

RfD 

[Equation 2] 

Where, 

(Nazaroff & Alvarez-Cohen, 2001) 

CDI = Chronic Daily Intake (mg/kg/day) 

RID = Reference dose (mg/kg/day) 

If the HI value show more than 1 (Ill> 1 ), it is show that there is a significant risk 

level. The higher the value, the greater the likelihood of adverse non-carcinogenic 

health impact. RID value for nitrate in this study is 1.6mg/kg/day (US EPA, 2017). 
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3.11) Ethical Consideration 

a. The respondents were given some explanation about the whole of the study activities

involved.

b. The respondents were given some explanation about the health risk assessment that

was held in term of the purpose of the assessment, the procedure was taken, and also

respondents' right in this study.

c. Approval letter was given to the village representative to obtain the consent of the

resident involved in this study.

d. Approval letter was given to the respondents to get their consent to be participant in

this study.
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CHAPTER4 

RESULTS AND DATA ANALYSIS 

4.1) Number of Respondents 

Table 4.1 shows the total number of respondents who participated in this study 

was 47. From Figure 4.1, the number of male respondents was 15 (31.90/o) while the 

number of female respondents was 32 ( 68.1 %). 

Table 4.1 Number of male and female respondents in Kampung Keting. 

Variables Respondent 

(%) 

Respondents 

Male 15 (31.9%) 

Female 32 (68.1%) 

32 
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I Number of Respondents I 

68.10% 

■ Male ■ Female

Figure 4.1 Percentage of Respondents 

4.2) Weight of The Respondents 

From the table below, it shows that Mean± SD of the weight of the respondents 

which was 63.72 ± 12.59 (kg) and the respondents' weight range between 35.0 - 105.0 

(kg). 

Table 4.2 Weight of The Respondents 

Variable Mean ± SD (kg) Range (kg) 

Weight 63.72 ± 12.59 35.0-105.0 

N=47 
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4.3) Characteristics of The Well 

Table 4.3 below shows the characteristics of the well that analyzed from the 

questionnaires. From Figure 4.2, most of the samples were collected from the well with 

age more than 20 years (>20) which is 19 (40.4%) of wells out of 47, while followed by 

S - 10 years, 16 -20 years, below than 5 years (<5), and 11 - 15 years with the frequency 

10 (21.3%), 9 (19.1%), 7 (14.9%), and 2 (4.3%) respectively. 

In addition, information about the depth of the well also was obtained from the 

respondents. From Figure 4.3, most of the wells have a depth between 5 - 10 meters, 

which is 28 (59.6%) from 47 of the samples. Other readings are 11 -15 meters by 16 

(34%) of the respondents, meanwhile only 3 (6.4%) of the respondents had more than 15 

meters(> 15m) of the depth of the wells. None of them had the depth below than 5 meters 

(<Sm). 

After that, the distance of the wells to the nearest paddy field was measured by 

using GPS. It is shown that, the result for Mean± SD is 157.3 ± 102.1 meters while the 

range obtained is 20.0 -500.0 meters. 
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Table 4.3 The characteristics of wells of the respondents 

Variables 

Age ofWeU 

< 5 years 

5-10 years

11-15 years

16-20 years

> 20 years

Depthof�ell 

< 5 meters 

5-10 meters

11 -15 meters 

> 15 meters

Distance of Well 
From Paddy Field (meters) 

Frequency(%) 

7 (14.9%) 

10 (21.3%) 

2 (4.3%) 

9 (19.1%) 

19 (40.4%) 

0 

28 (59.6%) 

16 (34%) 

3 (6.4%) 

47 (100%) 

35 

Mean :l:SD 
(meters) 

157.3 :I: 102.1 

Range (meters) 

20.0-500.0 
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40.40%
\ 

19.10% 

• < 5 years • 5 - 10 years

I Age of Well I 

/
14.90% 

21.30% 

11 - 15 years • 16 - 20 years ■ > 20 years

Figure 4.2 Percentage of age of well 

I Depth of Well I 

59.60% 

■ 5 - 10 meters ■ 11 - 15 meters

6.40% 

> 15 meters

Figure 4.3 Percentage of depth of well 
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4.4) Nitrate Level in Groundwater 

From the data collection, the value that had been used was in nitrate (NQ3·) level. 

The table below shows that, the Mean± SD of the nitrate level was 5.34 ± 4.94 ppm, while 

the range was from 0.40 ppm to 23.65 ppm. The amount of nitrate obtained was below 

than maximum acceptable value which is 10 mg/L nitrate - N, or 44.3 ppm nitrate-NO3. 

Table 4.4 Nitrate level in groundwater 

Variable Mean ± SD (ppm) Range (ppm) 

Nitrate 5.34 ± 4.94 0.40-23.65 

N=47 

4.S) Comparison of nitrate level for each samples with standard.

Regarding to Drinking Water Quality Standard (DWQS), the maximum acceptable 

value for nitrate in drinking water is 10 mg/L nitrate - N, or 44.3 ppm nitrate-NO3. Based 

on the Figure 4.4, it showed that nitrate level from all the samples were below than the 

maximum acceptable value (MA V) of DWQS. 
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significant different between depth(meter) and nitrate level (p < 0.05) with correlation 

coefficient, r = -0.348. 

Table 4.S Spearman Rho Correlation test 

Variable 

Age(years) 

Depth (meter) 

Distance from source 
(meter) 

N=47 

0.03 

-0.348

0.226 

4. 7) Chronic Daily Intake (CDI) estimation

Nitrate Level 

p-value

0.84

0.017 

0.127 

Table 4.6 showed the result of Chronic Daily Intake (CDI) estimation of the 

respondents. For daily water intake, the Mean ± SD was 1.23 ± 0.25 (Uday) and had a 

ranged between 0.6 - 1.6 (Uday). 

After that, CDI was calculated based on the equation stated in Chapter 3. The result 

showed that, the Mean± SD for CDI was 0.11 ± 0.10 (mg/kg/day) and obtained a range 

between 0.01 - 0.41 (mg/kg/day). 
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Table 4.6 Chronic Daily Intake (CDI) estimation 

Variable 
Mean±SD 

Nitrate Level (ppm) 5.34±4.94 

Daily Water Intake (Uday) 1.23 ± 0.25 

Weight (kg) 63.72 ± 12.59 

CDI (mg/kg/day) 0.11 ± 0.10 

4.8) Haurd Index (HI) estimation 

N=47 

Median IQR Range 

3.49 

1.2 

64 

0.07 

3.99 0.40 - 23 .65 

0.4 0.6 - 1.6 

17 35.0 - 105.0 

0.08 0.01 - 0.41 

Hazard Index (HI) was calculated by using the equation in Chapter 3 in order to 

estimate non-carcinogenic risk that exposed by the respondents. The result in the Table 7 

showed that the Ha7.ard Index (HI) was less than 1 (HI < 1) for all respondents. This 

indicates that there is no risk from nitrate exposure to the respondents. 

Table 4. 7 Hazard Index (HI) estimation value 

Hazard Index 
(HJ) 

HI< 1 

HI> 1 

No. of Respondent 

47 

0 

40 

Percentage 
(%) 

100 

0 
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CHAPTERS 

DISCUSSION, CONCLUSION AND RECOMMENDATION 

5.1) Background of Respondents 

A total of 4 7 respondents from Kampung Keting had been involved in this study. 

Most of the respondents were female which was 32 (68.1 %) respondents, while 15 

(31. 9%) respondents are male. All of them were selected based on inclusive criteria, which 

were 18 years and above and considered as an adult, lifelong resident in Kampung Keting 

at least 6 years and use groundwater as their main source of drinking water supply. The 

weight of the respondents also had been collected in order to conduct health risk 

assessments with Mean± SD was 63.72 ± 12.59 (kg) and had ranged between 35 kg to 

105 kg. 

The selection of respondents was strictly based on inclusion and exclusion 

criteria but any exposure to nitrate contamination from other sources had not been 

controlled. 
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5.2) Characteristics of Wells 

Three characteristics of the wells which had been collected were age, depth and 

its distances from the paddy field area. The data obtained for age of wells was shown in 

Figure 2. The lowest age was between 11- 15 years, which 2 (4,3%) wells only, while 

followed by below than 5 years(< 5), 16-20 year, 5-10 years, and higher than 20 years(> 

20) with the frequency 7 (14.9%), 9 (19.1 %), 10 (21.3%) and 19 (40.4%) respectively.

Next, the data obtained from the depth of wells was showed in Figure 3. From 

Figure 3, there was no data collected from the depth below than 5 meters (< 5). Most of 

the wells had a depth between 5-10 meters, which was 28 (59.6%) of wells from 47, while 

followed by 11 - 15 meters and more than 15 meters(> 15) with the frequency 16 (34%) 

and 3 (6.4%) respectively. In addition, the distance of the wells to the nearest paddy field 

area was measured by using OPS. The Mean± SD obtained was 157.3 ± 102.1 meters 

while the ranged was 20.0 - 500.0 meters. 

These three variables were identified in this study because they are potentially 

contributed to elevate nitrate level in the groundwater (Swistock, aemens, & Sharpe, 

2009). This study stated that older wells (usually shallow) are allowing nitrate in water to 

enter deeper groundwater and the nearest cornfield and other crop fields to the well 

typically end up with nitrate contamination in the wells. 
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5.3) Nitrate Level in Groundwater 

Regarding to the results of nitrate level, the Mean± SD of nitrate level was 5.34 ± 

4.94 and the maximum level of nitrate was 23.65 ppm nitrate - NOJ which is still below 

than maximum acceptable value. Although the concentration of nitrate was less than 

maximum acceptable value, consumption of excess nitrate through drinking water could 

pose serious health risk and toxicity in humans (Ahada & Suthar, 2018). 

Data collection was conducted during main season, which was from August to 

February every year (Kemubu Agricultural Development Authority, 2018). Surface water 

was used as the main source of water to irrigate for paddy cultivation during this season. 

Noraziah Jamaludin et al (2013) stated that nitrate level will increase in groundwater 

when the water table increased and also due to leachate of nitrogenous fertilizer into well 

water dwing rainy season. 

In addition, two types of fertilizers with their chemical composition used during 

paddy cultivation in Kelantan are Urea (46% N, 20% P, 10% K) and Compound (17% N, 

20% P, 10% K) (Skim Baja Padi Kerajaan Persekutuan, 1998). These fertilizers usages 

can induce nitrate level in groundwater, especially to the groundwater located near the 

paddy field area. Mnhamad Nur Fakhri MR and Sbabaruddin MS. (2017) also mentioned 

that nitrate fertilizers can contaminate the groundwater by leaching into the soil and enter 

the nearest groundwater. 
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Since all the nitrate level at each house below than the standard, this may be due 

to the data collection during pre-planting of paddy field. This is because, fertilizer was 

not yet applied during pre-planting phase and this phase had the lowest reading of nitrate 

level rather than other phases which is planting phase and harvesting phase (Amirah 

Ahmad Rosian, Sbabaruddin Mohamad Sham, & Sbarifah Norkhadijah Syed Ismail, 

2014). 

S.4) Comparison with Drinking Water Quality Standard (DWQS)

Each country has different standards for nitrate in groundwater in order to ensure 

the groundwater is safe to drink and consume by users. In Malaysia, standard for nitrate 

level as stated by Drinking Water Quality Standard (DWQS) is 10 mg/L nitrate - N, or 

44.3 ppm nitrate-NOJ. Thus, nitrate level that had been collected on January 2019 was 

below than the standard. 

From the previous study in district Bachok and Kota Bharu, Kelantan, nitrate 

levels were within acceptable limit(< 44.3 ppm) and the health risk also were acceptable 

(HI < 1) (Amirah Ahmad Rosian et al, 2014). Another study by Alif Adham Z and 

Shaharuddin MS. (2014) also stated that nitrate levels were below than the acceptable 

limit from all sampling sites in Pasir Puteh, Kelantan. 
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The nitrate concentration at different places were determined by various factors. 

Various anthropogenic activities such as chemical fertilizers used in agriculture, urban 

activity and industrial development may result in effluent disposal and increase nitrate and 

sulphate level in groundwater (Devic, Djordjevic & Sakan, 2014). Plus, level of nitrate 

contamination in groundwater also depends on geological background, land-use pattern, 

soil-drainage capacity, and type of aquifer (Jaturong et al., 2015). 

S.S) The association between age of wells, depth of wells and distance of wells from

paddy field with nitrate level (Spearman Rho Correlation test). 

Based on the analysis, there was no significant correlation between age of wells 

and nitrate level. This indicates that age of the wells did not contribute to the nitrate 

contamination in this study. However, a study by Swistock et al. (2009) had different 

result where the age of wells was related to the nitrate level in groundwater. The study 

also stated that the older wells were typically shallow wells and lead to nitrate-rich in 

water. 

From the analysis also shows that there was no significant correlation between the 

distance of wells from a paddy field with nitrate level. However, from the previous study 

showed that the agriculture activities potentially contaminate the groundwater. Aida 

Soraya Shamsuddin et al. (2016) had stated that the well below 50 meters to the livestock 

area in the agriculture area contained high nitrate level . Plus, groundwater flow direction 
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also should be taken account which is an important factor in nitrate contamination (Koh 

& Kim, 2015). So, present of high nitrate level in groundwater in that area, possibly due 

to factors such as atmospheric deposition, leaking sewers and discharge from the septic 

tank (Pasten-zapata et al., 2014). 

In addition, depth of the well was the only variable had significant correlation with 

nitrate level in this study. The result obtained between these two variables was a negative 

and fair correlation (r = -0.348). This indicates that nitrate level tends to decline with 

increasing depth of the wells. This result was consistent with previous studies where 

private and shallow depth wells were contained higher nitrate levels (Khademikia et al, 

2013) and more liable to contamination compared to deep wells due to anaerobic 

environment (Sahele, Zewdie & Narayanan, 2018). 
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5.6) Health Risk Assessment (Hazard Index) 

Based on the result obtained, Chronic Daily Intake (CDI) estimation for all of the 

respondents had 0.11 ± 0.10 (mg/kg/day) for Mean± SD and acquired a range between 

0.01 -0.41 (mg/kg/day). After that, this result was used to calculate Hazard Index (HI) by 

using the equation that stated in Chapter 3. Hazard Index (HI) values for all respondents 

showed in this study were less than 1 (Hl<l). Thus, this indicates that the risk was 

acceptable to all respondents. 

This result is consistent with Noraziah Jamaludin et al. (2013) where the hazard 

index was less than 1 and indicated that the risk is not significant. Noraziah Jamaludin et 

al. (2013) did a study in three villages in district Bachok, Kelantan namely as; Kampung 

Kandis, Kampung Telong, and Kampung Aman. However, the result was different from 

Aida Soraya Shamsuddin et al. (2016) where the Hazard Index (Ill) value that exceeds 

safe limit was 2.34% from study population. Discharge from the septic tanks and leaking 

sewers were identified as the factors that contribute to the high concentration of nitrate. 
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5.7) CONCLUSION 

Water is one of the most important resources in our daily life. Everyone has to 

make sure the quality of water for our daily uses must always clean and safe for drinking 

and cooking purposes. Contamination of water from nitrate or any other contaminants 

should be avoided. This is because contamination of water can cause many health 

problems. 

In this study, it shows that nitrate level from each houses was below than 

maximum acceptable value of nitrate-N03 (44.3 ppm). This value was still considered 

safe for drinking and cooking pwposes. After conducted health risk assessment, the result 

obtained for Hazard Index was lower than 1 (Ill< 1). This indicate that there was no 

adverse health effect to the villagers due to nitrate exposure. However, the condition of 

the nitrate in the groundwater will vary from time to time and will likely exceed the 

maximum acceptable value. Thus, effort to minimize any further exposure of nitrate 

towards human as well as ecosystem and environment should be put as vital concern. 
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5.8) LIMITATION 

First of all, the information obtained from the respondents could not be determined 

to be 100% valid. This is due to recall bias may contribute to this study. 

Next, the sample size in this study cannot represent the whole district Bachok, 

Kelantan. However, the data obtained can be guideline value for nitrate level in Kampung 

Keting for future research. 

Last but not least, the data obtained for nitrate concentration only during pre­

planting season due to time constraint. The data should be obtained for other phases which 

is planting phase and harvesting phase in order to observe significantly different from the 

nitrate level between phases. 
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5.9) RECOMMENDATION 

First of ali this was a cross-sectional study. The data was collected at one point of 

time only and further studies are recommended where the data can be collected at different 

point of time. 

Next, the study location in this study does not represent the whole district or state. 

Additional investigation should be done in a wider population and larger sample size so 

that the results of the study can be generalized to the population. 

This study suggests that if villagers want to create a new well, it is advisable to 

make wells away from source of nitrate such as septic tanks, agricultural activities and 

animal feedlots. The well should be dug deeper than usual in order to get clean water and 

to reduce the water from becoming contaminated. This is important for residents who need 

to use groundwater as the main source of water in daily life. 

Health authority should play their role to monitor nitrate level in the groundwater 

from time to time. The level of nitrate in the groundwater may vary at different time and 

place. Health authorities should take proactive step so that contamination of nitrate in 

groundwater can be prevented. Besides that, the villagers are recommended to use water 

filtration system in order to minimize the exposure to the water contamination 
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SELANGOR, MALAYSIA 

FORM 2.4: RESPONDENT'S INFORMATION SHEET AND INFORMED CONSENT FORM 

Please read the following information carefully and do not hesitate to discuss any questions you 
may have with the researcher. 

1. STUDY TITLE :

Contamination Of Nitrate In Groundwater And Evaluation Of Health Risk In Bachok, Kelantan:
A Cro�Sectional Study

2. INTRODUCTION:

Nitrate (NOJ·) is one of the compounds of nitrogen. It exists together with different type of
nitrogen in a complex cycle. Nitrogen in soil and water usually come from atmospheric
deposition, uses of fertilizer, waste material, dead plant and animal tissue. Excessive use of
fertilizer and improper management of other nitrogen sources can increase the rate of
movement and the magnitude of groundwater contamination. This study is to determine levels
of nitrate in groundwater and health risk among respondents.

3. WHAT WILL YOU HAVE TO DO?

The respondents will be asked to complete the questionnaire. The questionnaire need to be
filled with information regarding the socio-demography data, water supply types, resindetial
area information and health status of the respondents. Then, researcher will measure the level
of nitrate in your groundwater by using Portable PH/ORP/ISE Meter. Researcher also will take
a weight measurement of the respondents to calculate the risk assessment.

4. WHO SHOULD NOT PARTICIPATE IN THE STUDY?

Participants who meet these criteria:
a. Having water source other than groundwater
b. Using water filtration system

5. WHAT WILL BE THE BENEFITS OF THE STUDY:

(a) TO YOU AS THE SUBJECT?

Respondents will determine the level of nitrate in their groundwater

(b) TO THE INVESTIGATOR?

The researcher hope that the finding of this study will provide evidence based data on
the association of health risk with nitrate exposure in groundwater.

63 

© C
OPYRIG

HT U
PM

 
UPM 



8. WHAT ARE THE POSSIBLE RISKS?

There is no possible risk if take part in this study 

7. WILL THE INFORMATION THAT YOU PROVIDE AND YOUR IDENTITY REMAIN
CONFIDENTIAL?

All the infonnation and identify that are provided by the respondents will remain confidential 

8. WHO SHOULD YOU CONTACT IF YOU HAVE ADDITIONAL QUESTIONS DURING THE
COURSE OF THE RESEARCH?

If you have any questions you can contact the researcher responsible for the study or supervisor 
of this research. 

Muhammad Azri Bin Mat Yusof 
B.S. (Environmental and Occupational Health), 
Faculty of Medicine and Health Sciences, 
University Putra Malaysia, 
Tel: 018-2584396 
Email: azrimatyusof96@qmaitcom 

Dr. Shaharuddin Bin Mohd Sham (Supervisor) 
Department of Environmental and Occupational Health, 
Faculty of Medicine and Health Sciences, 
University Putra Malaysia. 
Tel: 03 8947 2407 
Email : shaha@upm.edu.my 

Please initial here if you have read and understood the contents of this page __ _
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9. CONSENT

Identity Card No. 

address ... ......... ................................. ..................... ............ ............ .......................... . 

... . .............. ................................. ............ .. hereby voluntarily agree to take part in the 

research stated above *( clinical /drug trial/video recording/ focus group/interview-based/ 

questionnaire-based). 

I have been fnfom,ed about the nature of the research In tem,s of methodology, possible adverse 

effects and complications (as written in the Respondent's Information Sheet). I understand that 

I have the right to withdraw from this research at any time without giving any reason whatsoever. 

I also understand that this study is confidential and all information provided with regard to my 

identity will remain private and confidential. 

I* wish/ do not wish to know the results related to my participation in the research 

I agree/do not agree that the images/photos/video recordings/voice recordings related to me be 
used in any fom, of publication or presentation (if applicable) 

* delete where necessary

Signature ............................. ........ . 
(Respondent) 

Date : ......... ........................ ........... . 

Signature ...................................... . 
(Witness) 

Name : ......... ............ ....................... . 

1/C No. : ... ...... ........................ ........... . 

I confinn that I have explained to the respondent the nature and purpose of the above-mentioned 
research. 

Date 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Signature .............. ............ ...... ...... . 
(Researcher) 
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ETHICS COMMITTEE FOR RESEARCH INVOLVING HUMAN SUBJECTS 
(JKEUPM) 

UNIVERSITI PUTRA MALAYSIA 

Research title . Contamination of Nitrate in Groundwater and Evaluation of Health Risk in . 

. Bachok, Kclancan: A Cross-�donal Study 

Study Site . Bachok, Kelantaa . 

JKEUPM Ref No. . JKEUPM-1018-387 . 

Researcher • Muhammad Azrl bin Mat Yusof.

Supervisor : Dr. Sbaharuddin bin Mohd Sham

Documents received and reviewed with reference to the above study: 

1. Ethics Application Fonn, Version 1 dated 29/10/2018
2. Respondent lnfonnation Sheet & Consent (English), Version 1 dated 29/10/2018
3. Respondent Jnfonnation Sheet & Consent (Malay), Version 1 dated 29/10/2018
4. Proposal (English), Version 1 dated 29/10/2018
S. Questionnaires/ Interviews (Malay), Version 1 dated 29/10/2018
6. Curriculum Vitae of:

a. Dr. Shaharuddin bin Mohd Sham

, 

The University Research Echics Committee, Universili Putra Malaysia (JKE'JPM) operates in accordance 
to the JCH-GCP Guidelines. 

Decision by JKEUPM: 

Approved 

Permission MUST BE OBTAINED from the respective hospitalw institutions before 
conducting the research 

Disapproved 

Please note that the approval is VALID UNTIL 16 NOVEMBER 2019 

Researchers should comply with the following: 

L Complete a Study Final Report upon study completion (Fonn 3.2). 

11. 

111. 

Ethical approval is required in the case of amendments/ changes to the study documents/ study 

sites/ study team. 

Applicable for Clinical Trial Studies and Clinical interventions) St!.dies only: Progress Report has 

to be suhmitted to JKEUPM at every 6 months from the date c:· approval (Fann 3.1 ). Report 
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