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By
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February 2013

Chairman: Hafizan Juahir, PhD

Faculty: Environmental Studies

In Malaysia, the hydrology and surface water quality of a river are often discussed
among the city dwellers especially in the urban area as a consequence from the flash
flood scenario during the rain event seasons. This study was conducted in Klang River in
attempt to interpret the relationship between hydrological and surface water quality
parameters, to estimate the pollution loading in the river with and without the utilization
of the hydrological data and to ascertain the input and output parameters of the water
quality data using the artificial neural network (ANN). The data was collected from the
Department of Environment (DOE) and Department of Irrigation and Drainage (DID),
Malaysia. Approximately 30 water quality parameters, rainfall, discharge and direct
runoff data were considered for data analysis. This study integrates statistical tools such

as non-parametric analysis, multivariate methods and ANN modeling in order to



describe the spatial and temporal variation of water quality at Klang River Basin. This
study revealed that among the 24 rainfall stations, Rs11 and Rs14 indicate the highest
variations of rainfall with Rs02 exhibiting a downward trend with rainfall while the
other stations indicate no trend. Among all the variables, temperature (TEMP) and
mercury (Hg) were indicate the highest correlation value at p<0.05 (R=-0.245 and
R=0.295) with rainfall while other stations have no significant relationship with rainfall.
Despite that, river discharge illustrate Ds03 and Ds04 having an upward trend with only
dissolved oxygen (DO), ammoniacal nitrogen (NH3N), TEMP, conductivity (COND),
salinity (SAL), total solid (TS), chloride (CI), phosphate (PO43'), magnesium (Mg) and
methylene blue active substances (MBAS) significantly (p<0.05) correlated with
discharge and direct runoff. Source identification using principal component analysis
(PCA) confirmed that an anthropogenic activity does influence the river water quality.
The clustering of 30 monitoring stations exhibit 4 clusters categorizes as Clean (C),
Moderately Polluted (MP), Polluted (P) and Highly Polluted (HP) as the spatial factor
meanwhile seasonal Wet, Dry and Transitional (Trans) and water level Low (L), Normal
(N) and High (H) as temporal factors. The spatial (92%), seasonal (93%) and water level
(99%) are correctly assigned using standard mode, forward stepwise and backward
stepwise mode of discriminant analysis (DA). PCA recognized 22 parameters in the C
groups. Meanwhile, all the parameters were identified in MP and P except for arsenic
(As), zinc (Zn), iron (Fe), oil and grease (OG)) and (NH3N, PO, and MBAS). These
pollutants are mainly comes from soil erosion, anthropogenic, household, domestic and
industrial wastewater and sullage. Based on the source identification and absolute
principal component score-ANN (APCS-ANN) model, industrial and domestic

wastewaters effluent are categories as pollution source 1 (PS1) and notified as the



highest contributor (33%) while flood mitigation activities and seasonal effect (PS5) as
the lowest contributor (1%). The ANN-DA models revealed better prediction
performance using ANN-DA Seasonal (ADSe) model due to strong correlation
(R=0.9871) with low root mean square error (RMSE) and sum of squares error (SSE)
values compared to the other 2 models. This study caters an integrated picture for
government agencies to solve the large complex datasets into a more comprehensive and
systematic approach. This multivariate statistical technique provides substantial
information and knowledge on the identification of pollution sources for improvement
and maintenance of the watershed management practices in Malaysia. Hence, assist the
Klang River Basin management to meet the criteria required by the authorities,

especially DOE and DID.
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Di Malaysia, hidrologi dan kualiti air permukaan sungai telah menjadi salah satu topik
yang sering dibincangkan oleh penduduk bandar oleh disebabkan berkaitan dengan
senario banjir kilat semasa musim hujan. Kajian ini adalah untuk mengkaji hubungan
antara hidrologi dan data kualiti air permukaan, menganggarkan beban pencemaran
dengan penggunaan dan tanpa penggunaan data hidrologi dan menentukan parameter
input dan output data kualiti air dengan mengaplikasikan rangkaian tiruan neural (ANN).
Semua pangkalan data telah diperolehi daripada Jabatan Alam Sekitar (JAS) dan Jabatan
Pengaliran dan Saliran (JPS) Malaysia. Kira-kira 30 parameter kualiti air dipilih untuk
analisis data termasuk data hujan, air pelepasan dan air larian langsung. Kajian ini
mengintegrasikan alat statistik seperti analisis bukan parametrik, kaedah multivariat dan

model ANN untuk menggambarkan variasi ruang dan masa kualiti air di Lembangan



Sungai Klang. Kajian ini mendedahkan bahawa di antara 24 stesen hujan, Rsll dan
Rs14 menunjukkan variasi hujan tertinggi pada tahun 1997-2010 manakala Rs02
menunjukkan trend (menurun) dan stesen hujan lain (tiada trend). Sebaliknya, di antara
semua pembolehubah suhu (TEMP) dan merkuri (Hg) telah menunjukkan nilai korelasi
tertinggi pada p<0.05 (R=-0.245and R=0.295) untuk hujan manakala stesen lain tidak
menimbulkan apa-apa hubungan yang signifikan dengan hujan. Walaupun demikian, air
pelepasan sungai telah menunjukkan trend menaik di Ds03 dan Ds04 dengan hanya
oksigen terlarut (DO), ammonia nitrogen (NH3N), TEMP, kekonduksian (COND),
kemasinan (SAL), jumlah pepejal (TS), klorin (CI), fosfat (PO,%), magnesium (Mg) dan
bahan aktif metilena biru (MBAS) telah dikenalpasti dengan ketara (p<0.05) berkait
rapat dengan air pelepasan dan air aliran langsung. Pengenalpastian sumber pencemar
menggunakan analisis komponen prinsipal (PCA) menunjukkan bahawa aktiviti
antropogenik mempengaruhi kualiti air sungai di Kuala Lumpur (KL). Kelompok 30
stesen pemantauan mempamerkan 4 kelompok dikategorikan sebagai Bersih (C),
Sederhana Tercemar (MP), Tercemar (P) dan Sangat Tercemar (HP) yang mewakili
faktor ruang manakala faktor musim dikategorikan sebagai Basah (W), Kering (D) dan
Peralihan (Trans) dan paras air yang Rendah (L), Normal (N) dan Tinggi (H) sebagai
faktor masa. Ruang (92%), musim (93%) dan paras air (99%) ditandakan betul
menggunakan analisis diskriminan (DA) mod biasa, mod ke hadapan langkah demi
langkah dan mod mundur langkah demi langkah. PCA mengenal pasti 22 parameter
dalam kumpulan bersih (C). Sementara itu, semua parameter telah dikenal pasti dalam
MP kecuali arsenik (As), zink (Zn), besi (Fe) dan OG sama juga dengan P dan MP
(NHsN, PO,> dan MBAS). Pencemaran ini terutamanya daripada hakisan tanah,

antropogenik, isi rumah, air kumbahan domestik dan industri dan air basuhan.
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Berdasarkan pencarian sumber dan model perincian komponen utama mutlak-ANN
(APCS-ANN), perindustrian dan air sisa domestik adalah dikategorikan sebagai sumber
pencemar 1 (PS1) dikenalpasti sebagai penyumbang tertinggi (33%) manakala aktiviti
tebatan banjir dan kesan musim (PS5) menunjukkan sebagai penyumbang terendah iaitu
1%. Model ANN-DA mendedahkan prestasi ramalan yang lebih baik menggunakan
model musim ANN-DA (ADSe) di mana R=0.9871 menunjukkan korelasi yang kukuh
dengan nilai ralat purata punca kuasa dua (RMSE) dan jumlah ralat punca kuasa dua
(SSE) rendah berbanding dengan 2 model yang lain. Kajian ini memberikan gambaran
yang bersepadu untuk agensi kerajaan menyelesaikan masalah berkaitan dengan
timbunan data yang komplek kepada pendekatan yang lebih menyeluruh dan sistematik.
Teknik statistik multivariat menyediakan lebih banyak maklumat dan pengetahuan
dalam mengenal pasti sumber pencemaran bagi pembaikan dan penyelenggaraan amalan
pengurusan kawasan tadahan air di Malaysia. Oleh itu, membantu pengurusan
Lembangan Sungai Klang untuk memenuhi kriteria yang dikehendaki oleh pihak

berkuasa, terutama JAS dan JPS.
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CHAPTER 1

INTRODUCTION

1.1 General introduction

All living organism are inherently dependent to the accessibility towards water in order
for them to exist and live. During the pre-historical years, all access of water in the
world was used directly from the natural ecosystem. However in the new millennium,
the consumerisms of the water resources were much more different and it has attracted
numerous attentions among mankind. The dramatic increase in public awareness and
concern about water resources has promptly causes severe water sources degradation.
Nowadays, the increment amounts of water have conveyed to the degradation of the
natural freshwater ecosystem. In fact, the degradation of freshwater quality has now
reached a point where shortage of pure water is likely limited to food production,
ecosystem function, and urban water supply system (Jury and Vaux, 2007). It has also
contributes to numerous global awareness, including human drinking water supply and

species survival (Christer and Birgitta, 2008).

Due to the alteration of our natural water quality it has generated alarming issues
concerning to the level of pollutants loading from anthropogenic input in the aquatic
environment especially in the surface water, this problems are mostly consequences by
the rapid industrialization, uncontrolled urbanization and rapid economic development
surrounding the major cities (Naji et al., 2010). According to Tong and Chen (2002),
land use types correlate with most water quality characteristic. Despite that Juahir et al.

(2010a) also suggested that the changes of land use type in Langat River Basin is also



contribute to the decreasing of water quality in Langat River, Malaysia. Indeed, Klang
River flows through major towns in Kuala Lumpur and Selangor which undergo various
developments with explicit land use types. Therefore, the pollution in the Klang River is
mainly introduced by the municipal infrastructure and intensive human activities
resulted to the substantial hydrological deformation and environmental deterioration.
The expansion of urban areas in Klang River Basin affects the river by the increase of
pollution load into river system and changes of the surface water quality. The natural
process factor such as weathering, precipitation, soil erosion and anthropogenic
influence such as urbanization, agricultural and industrial activities often associated to
the changes in the surface water quality (Vega et al., 1998; Singh et al., 2004; Kazi et
al., 2009). Nonetheless, industrial and household waste which are discharge directly or
through leakages in the sewage systems causes excessive pollution of surface and
underground water (Akcay et al., 2003). Based on high concentration of biochemical
oxygen demand (BOD), NH3N and suspended solids (SS), polluted rivers was
contributed by sewage and discharge from agro-based and manufacturing industries,

livestock farming and earthworks and land clearing activities (DOE, 2006).

Indeed, climate corresponded with the river water as it gives significant effect to the
surface runoff that enters into the river bodies which known as seasonal variation (Singh
et al., 2004). Furthermore, high flows are also vital for reducing level of various
elements in rivers, by downstream transport, retention or emission for example de-
nitrification that requires inundation of soils and oxygen depletion to occur (Forshay and
Stanley, 2005; Pinay et al., 2007). Nevertheless, urban development also substantially

owing to the modification on flood runoff and water quality (Tong and Chen, 2002).



Other than that Costa et al. (2003), also found that conversion of vegetation will disrupt
the hydrological cycle of a drainage basin as it will altered the balance between rainfall
and evaporation of the area.

Urban rivers are also polluted with discharge from sewage treatment plants where the
overflowing sewage due to the rainfall (Nix and Merry, 1990) causing fecal
contamination which is a major concern in the river especially in the city (Miyabara et
al., 1994). However, lack of studies prone to the aspect of flow variation interaction with
the physicochemical characteristics of the water, especially when these are affected by
waste discharge and non-point sources pollution (Palmer et al., 2005).

In order to sustain the rivers water in Malaysia, monitoring programs that consist of
frequent collection of water and determination of physiochemical parameters will
representatively provide the status of the surface water quality. Since 1978, DOE
Malaysia has performed continuous monitoring action however in 1995 the
responsibility have been given to Alam Sekitar Malaysia Sdn Bhd (ASMA) under a
privatisation arrangement which is resulting to a larger data matrices. In order to
interpret the huge and complex data matrices of physico-chemical parameters,
application of accurate method to conduct the data analysis need to be used (Chapman,
1992; Dixson and Chiswell, 1996).

Initially, the program covered all the river basin in Malaysia, involving mainly manual
sampling and in-situ measurements of the river water samples. Sampling networks for
monitoring the water quality of rivers constitute a great source of data for obtaining a
local and temporal vision of the river state. Besides that, a wide network gives an insight
into the evolution of the river ecosystem over time (Bouza-Deano et al., 2008).

According to the DOE (1997), 143 river basins in Malaysia involved in this program in
3



order to monitor the river water quality changes on a daily basis involved a total of 1,064
stations. DOE found that 60% from the total stations were clean, 35% are slightly
polluted and 5% are polluted. DOE has established thirty water quality stations along
Klang River Basin and extended their jurisdiction in order to identify the pollution
sources. The low dissolved oxygen levels were recognized in Klang River about 47.3%
saturation and high ammonium levels were 7.8 mg/L. The report also stated that Klang
River and its tributaries’ were categorized as polluted and slightly polluted.

There are a lot of advance statistical tools for trend, temporal and spatial variation
investigation (Vega et al., 1998; Bordalo et al., 2001; Chang et al., 2001; Liou et al.,
2003; Juahir et al., 2010c). The rank-based non-parametric Mann-Kendall statistical test
(Kendall, 1975; Mann, 1945) has been widely used to assess the significant of trends in
hydro-meteorological time series such as streamflow, rainfall, and temperature and
water quality. The non-parametric statistical tests are more suitable for non-normally
distributed data or random and identically distributed data which is frequently used in
hydro-meteorological time series. In this study, the changes of discharge, direct runoff
and rainfall intensity were measured based on the changes in trend. Non-parametric
trend analysis was carried out to investigate if there is any significant relation between
the changes hydrology variables and water quality parameters. In addition, this
assessment also requires application of multivariate analysis and artificial intelligence
for exceptional data illustration.

Therefore, the application of different multivariate statistical technique such as cluster
analysis (CA), DA, PCA and factor analysis (FA) can assists in interpretation of
complex data matrices to in depth understand the river water quality and its ecosystem

status. In fact, multivariate statistical analysis have been effectively employed to

4



evaluate the temporal and spatial characteristics of surface and freshwater quality that
affected by seasonality (Yeung, 1999; Helena et al., 2000; Singh et al., 2004; Singh et
al., 2005; Kuppusamy and Grirdhar, 2006; Zhou et al., 2007). Other than that, ANN
have been widely used in water resources management problem and modeling (Garcia
and Shigidi, 2006; Nikolos et al., 2008). Therefore, this study implement ANN to
determine the most significant hydrological and water quality variable that can give
scientific effect to the surface water quality system. ANN is universal estimators of non-
linear mapping which able to learn and generalize relationship between input and output
data from examples (training data) (Dayoff, 1990). Moreover, with the addition of
pattern recognition and pattern classification this program also can be use in predictive
purposes (Garcia and Shigidi, 2006).

Generally, water quality refers to the characteristics of water whether physical, chemical
or biological characteristic. Based on the water quality data, the water quality index
(WQI) was developed to evaluate the water quality status and river classification in
Malaysia. WQI provides prediction in changes and trends in the water quality by
considering multiple parameters. WQI is formed by six selected water quality variables
namely as DO, BOD, chemical oxygen demand (COD), SS, NH3N and pH (DOE, 1997).
WQI values ranges from 0-100. The values in the range of 81-100 are considered as
clean. Whereas, the value ranges from 60-80 and 0-59 are classified as slightly polluted
and polluted area respectively. In this study a total number of thirty water quality
parameters (WQPs) used to define water quality namely DO, BOD, COD, SS, NHsN,
pH, TEMP, COND, SAL, turbidity (TUR), dissolved solid (DS), TS, nitrate (NO3 ), CI",

PO,>, As, Zn, chromium (Cr), lead (Pb), calcium (Ca), Fe, potassium (K), Mg, sodium



(Na), OG, MBAS, Escherichia coli (E. coli), coliform and two hydrological parameter

namely as discharge and direct runoff.

1.2 Problem statements

The Klang Valley conurbation is considered the most developed and fastest growing
region in the country with the highest rate of urban growth. Relative to the rapid
development and expansion of city limits have affected environmental quality especially
water pollution. The increment amounts of water usage have endured serious
transformation to the water management that brings degradation of the natural
freshwater ecosystem. The water pollution becomes a critical issue in due to the natural
quality of the water courses that has been altered by the impact of various human
activities and water uses. Particularly, the runoff from land carries various degree of
residues into the river system as a cause of the rainfall which known as non-point
sources pollution (Tong and Chen, 2002). Periods of extreme flow by the rainfall, may
induce serious hazards to the water quality as it will increase the entry of various
pollutants and the collection of effluent maybe targeted to larger areas (Chang and
Carlson, 2005). The DOE report also stated that Klang River and its tributaries’ were
categorized as polluted and slightly polluted. Even though DOE/DID have regular
monitoring programs and historical hydrological/WQP data contains plentiful amount of
data however there is still lack of data analysis which requires advance tools to extract
all possible information from the river due to the challenge that need to be face in

interpreting the data.



1.3 Significant of study

Assessment of these trend changes is crucial not only to understand and review past
water pollution scenarios, but also to predict trend changes that will occur, formulate
policies and strategies, as well as control the water management system. Observations of
historical environmental and hydrological data are generally used for planning and
designing the environmental study. Other than that, it provide the identification of
possible sources that influence water quality and offers a useful tool for decent
management of water resources and facilitate to a better solution in finding the pollution
sources (Vega et al., 1998; Lee et al., 2001; Wunderlin et al., 2001; Simeonov et al.,
2003; Simeonov et al., 2004; Juahir et al., 2010c). In spite that, mankind also encounter
series of hardship in manipulating, redesigning channel structures and flows as the
impact will eventually lead to the changes in fluctuation of the physicochemical
variables. Therefore in this study, association with the hydrological data such as rainfall
and water discharge (stream flow) provided by the DID, will facilitate in the
investigation of hydrological variables that are significantly affect the river water. This
study will be as a baseline data and information for future reference to investigate the

pollution trends.



1.4  Research objective

The objectives of this study are:

1.

To interpret the relationship between hydrological trend and surface water
quality in Klang River system.

To develop an application with and without hydrological trend in estimating
the pollution loading using multivariate analysis

To ascertain the better set of input and output parameters of the water quality

at Klang River using ANN.

1.5  Research hypothesis

The hypotheses of this study are:

1

There are strong relationship between hydrological trend and surface water
quality.

Hydrological trend influence in estimating pollution loading using
multivariate analysis

ANN come out with better set of input and output parameters of the water

quality at Klang River.
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