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Land use changes in urbanization, industrialization, and agricultural processes will continue to have negative
impacts on water quality at all scales. The impact of land use changes on water quality is generally studied by
analyzing the relationships between land use and water quality indicators. Therefore, the purpose of this research
was to review and analyze the main relationships between land use and water quality, as well as to visualize the
major sources and processes of water quality pollution in Malaysia. To achieve our goal, we evaluated the
significance of both land use and water quality attributes used in the past studies and correlated them to
understand their relationship from another angle of view. The results revealed that 87% of the reviewed studies
indicated urban land use as a major source of water pollution, while 82% indicated agricultural land use, 77%
indicated forest land use, and 44% indicated other land uses. However, the results of correlation analysis showed
that agricultural and forest-related activities more affected water quality through their significant positive correlation
with physical and chemical indicators of water quality, while urban development activities had a greater impact on
water quality through altering hydrological processes such as runoff and erosion. These findings would provide
decision-makers with useful information for managing water pollution processes rather than sources only.

Introduction
Land use is the human use of terrestrial space for eco-
nomic, residential, recreational, conservation, and gov-
ernment purposes. The concept of land use is closely
linked to the development of the human community.
Patterns of social development and land use have shaped
the local and global environment since prehistoric times
(Encyclopedia 2009). Current patterns of development,
as well as the characteristics of the natural environment
and the consequences of past development activities, de-
termine opportunities for future development and also
the need to restore or improve environmental resources
(Encyclopedia 2009). Land use refers to anthropogenic
use of lands and their resources, and the physical condi-
tions of these lands result from a long-term interaction
between humans and natural environment.

Water quality is defined as a measure of water use for
different purposes (drinking, industrial, agricultural,
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recreational, and habitat) using various parameters such
as physical, chemical, and biological (Giri and Qiu 2016).
Water quality plays a central role in all aspects of living
organisms on the earth, attracting the attention of a
broad range of scientists, researchers, and water re-
source managers. Water quality varies according to loca-
tion, time, weather, and sources of pollution (Giri and
Qiu 2016). Preserving water quality is an arduous task,
mainly because of the presence of point and non-point
sources (NPS) of pollution. NPS pollution involves a nat-
ural process that can never be totally eliminated. Human
activity can, however, have a significant influence on the
acceleration or deceleration of pollution rate at the
source; therefore, in dealing with non-point source pol-
lution, the challenge is to identify activities that result in
significant degradation of water quality and design con-
trol programs to minimize problems (Baird et al. 1996).
Browne in 1989 described a definition of NPS pollution
that includes the following factors:

— Non-point sources are spread, cover important
areas, and operate either in response to human
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activities or as “background pollution” of natural
lands.

— Non-point source pollution is related to land
management and geological and hydrological
variables and may change daily or annually. Only
land management factors can be controlled by
society.

— Non-point sources are produced and transported as
part of the hydrological cycle. Surface runoff
transports eroded soil particles from porous areas. It
also absorbs and transports contaminants deposited
in impervious areas. Groundwater transports
pollutants from septic tanks and landfills.

— Urban runoff contains suspended solids, metals,
bacteria, aerobics, nutrients, and fats. Sources of
these pollutants comprise vehicles, fertilizer and
pesticide applications, animal manure, construction
activities, and road pickling.

— Non-urban pollutants are often associated with
agricultural activities. Agricultural pollutants
comprise pesticides, sediments, nutrients, and
organic substances. The NPS load in agricultural
areas is usually seasonal, with higher loads
associated with planting and harvesting activities.

Furthermore, land use changes in the process of
urbanization, industrialization, and agriculture can
change the surface characteristics of watersheds that
affect the quality and quantity of runoff. The impact of
land use changes on water quality involves association of
land use and water quality indicators (Tu 2011). Many
studies have shown that there are significant correlations
between land use and water quality indicators (Baker
2003; Buck et al. 2004; Li et al. 2008; Tong and Chen
2002). These studies of relationship between land use
and water quality through various means and ap-
proaches have permitted to estimate and understand
water quality in rivers distressing from diffuse pollution.
In general, the higher percentages of land use associated
with human activities and economic development in wa-
tersheds are often interrelated with high concentrations
of water pollutants, while undeveloped areas such as
natural forest areas are linked with good water quality.
However, knowledge in such relationships at a catch-
ment scale across seasons is still lacking due to the large
area and monitoring difficulties (Rodrigues et al. 2018).

In Malaysia, pollution of river waters poses a serious
risk to the health of the public. River water quality mon-
itoring is the responsibility of the Department of Envir-
onment (DOE) in Malaysia. According to DOE (2018),
the monitoring program of DOE began in 1978 for
Peninsular Malaysia. In 1985, Sabah and Sarawak were
included in the monitoring program, and this was
followed by the Island’s Marine Water Quality
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Monitoring Program in 1998. Currently, 233 coastal and
estuarine monitoring stations are established in all states
of Malaysia and 73 islands with 86 stations for the island
monitoring program DOE (2018). These islands are cate-
gorized into four, namely, development islands, resort
islands, protected islands, and marine park islands. The
monitoring program includes in situ measurements of
water quality parameters such as pH, temperature, dis-
solved oxygen, turbidity, conductivity, and salinity, as
well as laboratory analyses of parameters such as Escher-
ichia coli, cadmium, copper, mercury, and lead. The
sampling frequency is between four and six times a year.
This monitoring activity provides important information
on the state of water quality of different water bodies
(DOE 2018).

This research is motivated by the fact that human
activities such as rapid urbanization, intensive agricul-
ture, and deforestation in Malaysia have increased
land use changes and their impacts on water quality
all over the country. As such, many studies have been
conducted to address these problems; therefore, this
research was necessary to accommodate the main
findings of those previous studies, in order to facili-
tate researchers to identify specific areas requiring
improvements and priorities. Razali et al. (2018)
reviewed case studies of land use change in highland
areas and its impact on river water quality, and their
study was limited to the river system network in the
Cameron Highlands in Malaysia. However, the pur-
pose of the present research was to review and
analyze the main relationships between land use and
water quality, as well as to visualize the major sources
and processes of water quality pollution in Malaysia.

Methodology

In order to identify the relevant existing literature in ac-
cordance with the purpose of this study, a rigorous re-
view of all applicable studies conducted in Malaysia until
mid-2018 was done. The literature search was conducted
in the main scientific databases, including Scopus, Scien-
ceDirect, Springer, Google Scholar, and EZproxy from
Universiti Putra Malaysia (UPM), with the following key-
words: Land use, water quality, and Malaysia. From this
search, the focus was on the articles that enabled to
identify both land use and water quality variables utilized
in the different studies (Fig. 1). In total, 39 of 52 ana-
lyzed articles made it possible to extract the needed in-
formation. In this study, we addressed the relationship
between land use and water quality variables by checking
how the attribute variables were correlated as extracted
from the literatures examined over a 10-year period
(Figs. 3 and 4). After quantifying the attribute variables,
we chose to use the Spearman correlation coefficient in-
stead of the Pearson correlation coefficient which is the
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Fig. 1 Methodology flowchart

most common for continuous data. However, the study
involved no data collection or laboratory water quality
analysis. In this study, the land use attributes were
grouped into three major categories according to level I
from Anderson (1976) classification scheme. Urban land
includes residential (built-up), industrial, commercial,
and recreational areas; agricultural land comprises oil
palm and rubber plantations, croplands, pastures, and
other farming areas; and forest land involves logging
area, mangrove area, and wetland. On the other hand,
water quality attributes were grouped into four types:
physical, chemical, biological, and hydrological. However,
for the sake of simplification, water bodies, barren land,
and abandoned/mining areas were all grouped into one
category (Fig. 3). These types of land use were not dis-
cussed in the findings due to the insignificance of litera-
tures containing them.

Results and discussion

Techniques to analyze land use impact on water quality
Field measurements and laboratory analyses are the
main methods for generating water quality data of re-
spective water bodies. However, several studies, in
addition to the data collected in the field, have used
data generated by the Department of Environment
(DOE) in Malaysia. The DOE sampling frequency is

between four and six times a year. Moreover, various
techniques have been applied in assessing and under-
standing the relationship between land use and water
quality in different watersheds in Malaysia (Table 1).
These techniques include multivariate statistics (e.g.,
Chow et al. 2013; Ngah and Yusri 2007), remote
sensing and geographic information systems (GIS),
and hydrologic/water quality modeling (e.g., Azyana
and Na 2012; Vijaindra et al. 2003; Sakai et al. 2017).
These techniques are commonly used for regulatory,
monitoring, planning, and exploration purposes. How-
ever, the overall results of the papers analyzed in this
study indicated that most researchers used modeling
rather than monitoring techniques to determine the
relationship between land use and water quality.
These results are in line with the finding of Abdulkareem
et al. (2018) who highlighted the growing of modeling
approaches among Malaysian researchers to address a
variety of water-related issues in Malaysia. Furthermore,
in establishing the relationship between land use and
water quality, modeling techniques may have some ad-
vantages over other techniques due to their suitability
in relating the phenomena. As such, statistical model-
ing may be preferable to physical-based modeling be-
cause of the need for a large number of input data
associated with continuous observation data for the
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model building, calibration, and validation process (Giri
and Qiu 2016).

Land use factors affecting water quality

Several techniques have been applied in assessing and
understanding the relationship between land use and
water quality in different watersheds in Malaysia
(Table 1). The results clearly showed that land use

activities have significant impacts on water quality
(Fig. 2). This is in part due to the rapid and continu-
ous development that the country was experiencing
over the last decades. These development activities
are sources of water quality degradation in various
water bodies through different processes (Table 2). Of
the point and non-point source pollution, NPS pollu-
tion is a major concern because of its complex nature

Table 2 Significant processes affecting water quality (modified from Bartram et al,, 1996)

Category Parameters Significant process within water body Water body
« Physical Temperature, electrical conductivity (EQ), total Gas exchange with atmosphere Mostly rivers and lakes
zgizfn(ggg)?:‘gs (TS5), turbidity, total dissolved Volatilization Mostly rivers and lakes
Adsorption/desorption All water bodies
Heating and cooling Mostly rivers and lakes
Diffusion Lakes and groundwater
« Chemical Heavy metals, pH, biochemical oxygen demand Photodegradation Lakes and rivers
E)Bx(igé'nc?sgicsi‘tgﬁ?g?cldemand (COD). dissolved Acid-base reactions All water bodies
Redox reactions All water bodies
Dissolution of particles All water bodies
Precipitation of minerals All water bodies
lonic exchange Groundwater
- Biological Escherichia coli (E. coli), Ephemeroptera, Trichoptera, Primary production Surface waters

« Hydrological

Coliform bacteria, sea urchin, etc.

Water level, depth (m), velocity (m/s), flow direction,
discharge, etc.

Microbial die-off and growth
Decomposition of organic matter
Bioaccumulation

Dilution

Evaporation

Percolation and leaching

Suspension and settling

All water bodies
Mostly rivers and lakes
Mostly rivers and lakes
All water bodies
Surface waters
Groundwater

Surface waters
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(Giri and Qiu 2016) and includes agricultural and studied by analyzing the relationships between land
urban land use activities, deforestation, and other en- use and water quality indicators. Several studies have
vironmental problems. These effects are generally been conducted to match these indicators (Table 3)

Table 3 Significant land use and water quality parameters used in the previous studies

No. Author/year Water quality variables Land use variables

Physical Chemical Biological Hydrological Urban Agricultural Forest Others

Gazzaz et al. (2015)

2. Cheah and Hamid (2016) . . . .
3. Ngah and Yusri (2007) . . .
4. Yen et al. (2017)

5. Azyana and Na (2012) . . .
6. Ali (2007) . . .
7. Gasim et al. 2017)

8. Gandaseca et al. (2014) . . .
9. Juahir et al. (2006) . . .
10. Juahir et al. (2010) . .
1. Hua (2017) . . . .
12. Memarian et al. (2014) . .
13. Abas and Hashim (2014)

14. Yusoff et al. (2001)? . . .

15. Gorashi and Abdullah (2009) . . .
16. Nik (1988)

17. Vijaindra et al. (2003) . .
18. Memarian et al. (2013) . . .
19. Nurhidayu et al. (2016)

20. Sakai et al. (2017) . . . . .
21. Freeman et al. (2008)° . .
22. Malmer (1996)°

23. Al-Shami et al. (2011) . . . . .
24. Toriman et al. (2018) . . . .
25. Nainar et al. (2017)

26. Al Mamun et al. (2016) . . . .
27. Kozaki et al. (2016) . .
28. Kamarudin et al. (2015) . . .
29. Wan et al. (2015) . . .
30. Chow et al. (2013)? . . . .
31. Irvine et al. (2012)?

32 Aweng et al. (2011) . . .
33. Yunus et al. (2003) . . .
34, Jamil et al. (2014)?

35. Raj (2002) . . .
36. Rasul et al. (2015) . . .
37. Narany et al. (2017)?

38. Narany et al. (2018) ° . .
30. Ariffin et al. (2016)° . .

“Not applied to river
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and analyze the cause-and-effect relationship between
them. The following sections discuss the correlation
between each major land use category and the types
of water quality indicators used in the different stud-
ies conducted in Malaysia over the years.

Impact of agricultural land use on water quality

The clearing activities of land can lead to increased sal-
inity problems in a catchment and the export of sedi-
ments and the decomposition of organic matter in
streams which can lead to acidity problems in the catch-
ment (such as low pH, increased total acidity, and
mobilization of dissolved heavy metals) (Fig. 2). Stock
control activities, such as feedlots, can result in in-
creased organic matter in local streams, which have a
similar effect on water quality like a wastewater treat-
ment plant (WADW 2009). As such, most researchers
have focused on the effects of agricultural land use on
water quality in addressing water quality issues in
Malaysia. About 82% of the articles analyzed in this re-
port involved agricultural activities as a major source of
water quality degradation (Table 3), and most studies
have addressed this issue in 2015 and 2017 (Fig. 3). The
results of the correlation analysis showed that there was
a significant positive relationship between agricultural
activities and the physical and chemical characteristics
of water quality (Table 4). The physical parameters iden-
tified in the various studies for this research include
temperature, electrical conductivity (EC), total sus-
pended solids (TSS), turbidity, and total dissolved solids
(TDS), and the chemical parameters include heavy
metals, pH, biochemical oxygen demand (BOD), chem-
ical oxygen demand (COD), dissolved oxygen (DO), and
nitrate. In addition, these water quality indicators have
been the focus of most studies in Malaysia (Fig. 4). This
may be due in part to the fact that these parameters are
composed of the elements used to determine the status
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of different water bodies in Malaysia using the DOE
Water Quality Index (DOE-WQI). Furthermore, al-
though a positive correlation between agricultural land
and the other parameters was observed over the past
years, this relationship was not significant across the dif-
ferent studies (Table 4).

Impact of urban land use on water quality

Water quality is affected by human interference related
to urbanization, such as industrialization and the in-
crease in housing development (Fig. 2). In Malaysia,
many researchers have studied the impact of urban land
use on water quality over the last decade. As such, agri-
cultural and urban land use factors have been the focus
of most studies dealing with water quality in the coun-
try. The results of the papers analyzed in this study indi-
cated that the main sources of water quality degradation
in urban areas include various activities, such as residen-
tial, industrial, and commercial, as well as recreational
activities (Fig. 2). Consequently, urban development has
become a significant predictor of water quality changes
in Malaysian rivers (Fig. 3). For this reason, Azyana and
Na (2012) concluded, after their study on the degrad-
ation of water quality in the Kinta River, that developed
lands were found to be the best indicator for predicting
water quality degradation. Nurhidayu et al. (2016) sug-
gested a more effective land use planning method that
takes into account the impacts of accelerated sediments
from converted land use to ensure the protection of the
environment.

However, based on the significance of data used in the
past studies, urban land use showed the most significant
positive relationship only with hydrological parameters
(Table 4). These parameters mainly include water level
and depth, velocity, flow direction, and discharge, in re-
lation to water pollutants’ fate and erosion patterns. The
strong positive correlation between urban land use and

FREQUENCY
N

2018

2017 2016 2015 2014 2013 2012 2011 2010

BUrban [ Agricultural @ Forest [ Others

Fig. 3 Frequency of land use attributes used in different studies in Malaysia
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Table 4 Spearman correlation between land use and water quality indicators used in the previous studies

Variables Urban Agricultural Forest Others Physical Chemical Biological Hydrological
Urban 1 0.606 0.724 -0.133 0.558 0.536 -0.180 0.714
Agricultural 0.606 I 0.756 0.1 0.707 0.667 0.595 0490

Forest 0.724 0.756 1 0228 0770 0.764 0.220 0.508
Others -0.133 0111 0.228 1 -0.101 -0.263 0.151 -0.109
Physical 0.558 0.707 0.770 —-0.101 1 0.901 0438 0495
Chemical 0536 0.667 0.764 —-0.263 0.901 1 0425 0310
Biological -0.180 0.595 0.220 0.151 0438 0425 1 -0.183
Hydrological 0714 0490 0.508 —-0.109 0.495 0310 -0.183 1

Values in italics are different from 0 with a significance level alpha = 0.05

hydrological parameters, as identified in this study, con-
firms the finding of previous studies indicating the
cause-effect relationship between urban developments
and changes in the hydrological regime.

Impact of forest land use on water quality

Without human intervention activities, natural forests
would have no significant adverse impacts on water
quality. In fact, these forests contribute to maintaining
the quality of surface water in particular. As such, in
their study, Nainar et al. (2017) underlined some contri-
butions of rainforest to the preservation of water quality
and reduced erosion. However, the results of many arti-
cles analyzed in this study indicated that forest areas are
gradually decreasing in Malaysia, mainly due to the con-
version actions to either agricultural or urban develop-
ment activities. For this reason, about 77% of the reports
analyzed in the present study have more or less focused
on the effects of deforestation (logging activities) to sur-
face water quality in Malaysia (Table 3). The results of
correlation analysis between land use and water quality
attributes also showed a significant positive association
of forest land areas and changes in physical and

chemical parameters of water quality in the country
(Table 4). In addition, there was also a significant posi-
tive correlation between urban, agricultural, and forest
areas on the one hand, and between physical and chem-
ical indicators of water quality on the other hand. In-
deed, these variables were primarily responsible for
understanding the effects of land use on water quality in
Malaysia. However, many researchers suggested sustain-
able management of mangrove areas and logging activ-
ities in order to achieve sustainable development and a
better understanding of effective water conservation and
management.

Conclusion

Factors affecting water quality in developing countries
are complex and their sources have been described in
many literatures. However, most of these literatures have
not touched on their processes, especially with regard to
surface water pollution. Therefore, this research was
needed to review and analyze the existing studies in
order to provide a clear summary of the main sources of
water pollution and to understand the processes in-
volved. The results of the reviewed literatures revealed
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that urban development, agricultural activities, and for-
est degradation are the main sources of water quality de-
terioration in Malaysia, with 87% of studies indicating
the impact of urban land use, 82% of agricultural land
use, 77% of forest land use, and 44% of other land uses.
As a result of human activities, the effects of these land
use factors on water quality have been understood
through the processes linking them to the water quality
indicators as described in the previous sections. For ex-
ample, urban land use activities have a greater impact on
water quality by altering hydrological processes, and
agricultural activities and forest degradation were
strongly correlated with physical and chemical parame-
ters of water quality. This understanding of the relation-
ship between land use and water quality would facilitate
the management not only of the main sources of water
pollution, but also of the processes involved.
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