P i s . - o~y .
PR ST e R Ny :
RV e OO O (L 8 B i Y
- i g " - — —— T - ¥ - L - - - -
'.\u"ﬁ, Se¥ § 5 = - 1 o i 3 B
f R0k AR I B, T g b fe S RO I W R 1 S . AL B o O 5 1)
A= — — - -~ - ;R e e " -~ ~
ST St R L R Y S R Y
e P REQ W~ AR PSR« vg O ol SRR S SRS Wy SRR 5 SelbIRERY. 7 AR, S SR L Ty
A _‘\:_-— . —— 1 = P R R -y
¥ L 4 - L' I - - .
L -2 % R g T W G O 3 SRR SR S T B DRI e S e S
e i ~ - .-
: o RS T
et TR Nre widn om -
P S AT 1 e ~ i~ .
= e o B T ] 7
. N m  — —— —_— . - - - len e et e
R Wl ot M o O ) o - T I e g X -y N o
AN Nl DD L e S 4~ S S W MY g
T o T NS e B R e \-.\..-_y-.j sl & N Nl 5ies &
- e - = o e - AL bt o Bty |
i /' - - - DR N TR o B P e
R S = o e e mmemmad NNy S e s e

W —— ﬁ-
N Sl

R I

-
=

e -

% e
\ - =4
s e e aaNS



ACKNOWLEDGEMENT

First and foremost, I would like to show my gratitude towards my supervisor, Mr
Ajimi bin Hj Jawan for his efforts to carefully monitoring my progress in
completing this report and contribution to some brilliant ideas to improve my
writing report. Besides, he also showing much concerns on my progress in
completing this report. I also would like to bid sincere thank you to all diligent
and attentive lecturers and laboratory assistants in Faculty of Applied Sciences for

their assistance and help throughout my project.

I would like to express my heartfelt thanks to my parents, Nordin bin Hj Utoh
Nain and Khaldah binti Mohd Ali as well as other family members for giving
never-ending support and motivation along my completion period of this final
year report. Moreover, I would like to thank my friends for their continuous

encouragement and recommendation.

Furthermore, my special thanks also to all school headmasters and staffs that
involved in my study for their endeavors throughout my sampling session. They
constantly give cooperation during my data collection period there. In addition, I

would like to extend my appreciation to everyone that directly and indirectly

involved in the completion of this project.

Noreen binti Nordin



TABLE OF CONTENTS

ACKNOWLEDGEMENT
TABLE OF CONTENTS
LIST OF TABLES

LIST OF FIGURES

LIST OF ABBREVIATIONS
ABSTRACT

ABSTRAK

CHAPTER 1 INTRODUCTION
1.1 Background of study
1.2 Problein statement
1.3 Significance of study
1.3.1 Community
1.3.2  Academicians
1.3.3  Management
Objectives of study
Scope of study
1.5.1  Sampling area
1.5.2  Respondents of study
1.5.3  Confounding variables

CHAPTER 2 LITERATURE REVIEW
2 Introduction
2.2 Nitrate and environment

2.2.1  Natural processes

2.2.2  Anthropogenic nature

2.2.3  Negative effect of nitrate to human health
2.3 Nitrate pollution

2.3.1  Global issues

2.3.2  Peninsular Malaysia issues
2.4  Risk assessment

2.4.1 Chronic Daily Intake (CDI)

2.4.2 Hazard Index (HI)
2.5  Risk management

CHAPTER 3 METHODOLOGY
3.1 Materials

2 5 Raw Materials

3.1.2  Chemicals

3.2.3  Apparatus
3.2  Methods

3.2.1 Sampling area

Page
iii

iv

Vi

vii

ix

X1

(o W« W= = SR, BV, I, R o

11
12
14
14
16
18
18
19
20

22
22
22
23
24
24



3.2.1.1 Location of study
3.2.1.2  Sampling stations
3.2.2  Quantification of nitrate
3.2.2.1 Sample collection
3.2.2.2 Sample preservation
3.2.2.3  Sample analysis in the laboratory
3.2.3  Health risk assessment
3.2.3.1  Chronic Daily Intake (CDI)
3.2.3.2 Hazard Index (HI)
3.2.4  Statistical analysis

CHAPTER 4 RESULTS AND DISCUSSION

4.1

4.2

4.3

Quantification of nitrate

4 Comparison of nitrate levels between rural and
agriculture areas

4.1.2  Comparison of nitrate levels to other studies and
Natural Drinking Water Quality Standard of
Malaysia (NDWQS)

Human health risk assessment

4.2.1 Demographic information

4.2.2 Potential human health risk exposure of nitrate
between rural and agriculture areas

Comparison of potential human health risk exposure of

nitrate between rural and agriculture areas

43.1 Gender

432 Age

CHAPTER S CONCLUSION AND RECOMMENDATIONS

5.1
b,

Conclusion
Recommendations

CITED REFERENCES
APPENDICES
CURRICULUM VITAE

24
28
34
34
34
35
37
37
38
38

41
44

46

50
50
53

56

56
57

59
59
60

62
67
79



ABSTRACT

ASSESSMENT OF HUMAN HEALTH RISK IN GROUNDWATER TUBE
WELL AT RURAL AND AGRICULTURE AREAS IN SABAH: A STUDY
CASE AT INANAM AND KOTA BELUD DISTRICT, SABAH

Lack of treated water system despite high population density resides in Sabah has
increase human dependency to groundwater sources. However, the presence of
contaminants such as nitrate naturally and anthropogenically in groundwater tube
well could pose severe health implications to human such as methemoglobinemia
and cancerous diseases. The objective of this study case was to quantify the nitrate
concentration in groundwater well at two different location, namely Inanam and
Kota Belud. From that, the potential human health risk exposure of nitrate in
groundwater wells was calculated and compared between rural and agriculture
areas. Six tube wells were selected at six primary schools of Inanam and Kota
Belud and involved one-hundred eighty respondents aged from 7 to 12 years old.
The groundwater samples were analyzed using Cadmium Reduction method of
HACH DR2800 Spectrophotometer and human health risk exposure were
assessed using Chronic Daily Intake (CDI) and Hazard Index (HI) after set of
information of respondents were obtained by questionnaires. Result obtained were
showing meantS.D of nitrate levels in unfiltered and filtered groundwater of
agriculture (0.79+0.33 mg/L; 0.33+0.29 mg/L) and rural (0.50+0.12mg/L;
0.53+0.10 mg/L) areas were within the acceptable value limit set by NDQWS of
Malaysia (10 mg/L). The statistical analysis of Kruskal-Wallis and one-way
ANOVA test implied there were significant differences of nitrate levels between
two areas (KW y? = 18.575, df = 1, p = 0.000, p < 0.05) (F(1,52) = 10.812, p =
0.002, p < 0.05). Moreover, the meant+S.D of CDI for agriculture and rural areas
were 0.0064+0.0056 mg/kg/day and 0.0140+0.0096 mg/kg/day respectively and
HI were less than 1. The insignificant differences of potential human health risk
were noted in terms of gender and age of respondents between two areas. This
specified that the human health risk of respondents involved in this study were in
acceptable range and not exposed to severe health risks.



