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ABSTRACT GIS and statistical analysis tools were used to examine the impact of catchment size and 

land use predictors that have an influence on the Kinta River water quality. The percentage of  five land use  

predictor variables specifically forest land, agricultural land, developed areas, water bodies and mine areas 

were extracted from the entire catchment and buffer zones with radii ranging from 200 to 1000 m. 

Correlation and regression analysis were conducted on twelve water quality parameters at ten selected 

stations. Results suggest that, in most cases, the entire catchment landscape characteristics appear to have 

slightly greater influence on water quality rather than the specific sampling site of predetermined buffer 

radii. Developed land use becomes the best indicator to predict the degradation of water quality. While 

forested land, agricultural land, mining areas and water bodies do not contribute much to the river 

pollution. 

 

ABSTRAK GIS dan analisis alat statistik digunakan untuk mengkaji kesan saiz kawasan tadahan air 

dan penentu guna tanah yang mempunyai pengaruh yang lebih besar ke atas kemerosotan kualiti Sungai 

Kinta. Peratusan lima penentu guna tanah khususnya tanah hutan, tanah pertanian, tanah membangun/maju, 

badan air dan kawasan lombong telah diekstrak daripada tadahan keseluruhan dan zon penampan dengan 

jejari antara 200 -1000 m. Analisis korelasi dan regrasi telah dijalankan terhadap dua belas parameter 

kualiti air di sepuluh stesen terpilih. Keputusan menunjukkan bahawa, dalam kebanyakan kes, landskap 

keseluruhan tadahan muncul untuk mempunyai pengaruh yang sedikit lebih besar ke atas kualiti air dan 

bukannya tapak persampelan tertentu jejari penampan yang telah ditetapkan. Kawasan guna tanah yang 

membangun/maju menjadi penunjuk terbaik untuk meramalkan kemerosotan kualiti air. Manakala tanah 

hutan, tanah pertanian, kawasan perlombongan dan kawasan-kawasan badan air tidak banyak menyumbang 

kepada pencemaran sungai. 
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INTRODUCTION 

 

In recent years, results of many conducted 

research show that the watershed management 

and catchment scale have become important 

factors in determining the impact of human 

development on water quality. The relationship 

between land use and water quality and quantity 

is complex [1]. However, many studies around 

the world have also shown that land use has a 

strong impact on water quality [2-5]. Some 

researchers proved that there are significant 

correlation between water quality parameters and 

land use types [2- 4, 6-7]. Unfortunately, the 

results of the relationship between land use and 

water quality parameters are found not consistent 

due to different land use types are associated 

with different water pollution problems. 

Geographic information system (GIS) software 

and increasingly available land use data facilitate 

watershed analysis by linking indicators of 

landscape condition to water quality parameters 

[8]. 

 

The study area is located in the central-eastern 

section of Kinta District, in the state of Perak, 

Peninsular Malaysia. Kinta catchment is 

approximately 2565.45 km
2
. The main function 

of Kinta River is mainly for water supply. Kinta 

River has been selected by Perak Drainage and 
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Irrigation Department (DID Perak) as a part of ‘1 

State 1 River’ since 2005. Currently, it is 

classified under average Class III of National 

Water Quality Standards for Malaysia (NWQS) 

with a water quality index (WQI) of 51.9 to 76.5 

(polluted).  

 

The objectives of the research are to determine 

the effect of different types of land use and 

catchment size on river water quality and 

identify the best land use predictor of water 

quality degradation.  

 

MATERIAL AND METHODS 

 

Water quality data were collected from ten 

selected sampling points labeled (PT 1 to PT 10) 

along Pari tributaries that are located on the 

upper region of Kinta catchment (Figure 1).  

 

 

 
 

Figure 1: Locations of ten selected sampling points (PT 1 – PT 10) with buffer radii of 200 to 1000 m 

surrounding the sites 

 

The selected sampling points and the 

surrounding land use within the predetermined 

circles of specific radii are assessed for possible 

interaction of land use and water quality.   Water 

samples were taken for three consecutive days at 

three different time of day, early morning, 

afternoon and night. In-situ parameters vis 

temperature, dissolved oxygen (DO), 

conductivity, salinity, total dissolved solids 

(TDS) and pH were measured on the river water. 

Water sampled was then kept in a cool box and 

transported to a laboratory for analysis on 

chemical oxygen demand (COD), turbidity, 

nitrate, phosphate, biochemical oxygen demand 

(BOD) and suspended solids (SS). Arc View 9.3 

Desktop Data Processing [9], a vector-based GIS 

software package, was used to determine the 

composition of the land use characteristics. The 

land use for each watershed was subdivided into 

five categories: 1) forest 2) agriculture 3) 

developed land 4) water body 5) mines. For each 

of the sub-watersheds, ArcView’s buffer facility 

was used to extract land use data for the area 

within the 200 m, 500 m and 1000 m buffer radii 

of the catchment (Figure 1) that will allow a 

comparison of the influence of land use data on 

water quality. Multiple regressions [10] was used 

to determine whether land use factors exert 

positive or negative influence on water quality 

characteristics and the strength of this interaction 

by using five predictor variables. All the land use 

buffer radii; 200 m, 500 m and 1000 m are 

highly developed areas compared to other land 

use category except for PT 7. This watershed is 

made up of mainly forest land (54.98%), only 

18.02% developed areas and about 27% 

comprised of water bodies. Areas of other 

sampling points, PT 1 to PT 6 recorded no 

agricultural land or mining areas.   
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RESULTS AND DISCUSSION 

 

Relationship between Forest land and Water 

Quality 

Rivers located in the regions undisturbed by 

human activities often have good water quality 

[11-12]. A significant positive relationship was 

observed between the percentage of forest land 

and DO concentrations for all sampling periods 

(morning, afternoon and night) especially at the 

entire catchment and within 500 m radius (Table 

1). Higher DO values were observed in the upper 

catchments due to the natural turbulence in the 

river, which enhanced the mass transfer of 

oxygen between the river and atmosphere 

(natural re-aeration) [13]. This caused the 

occurrence of higher DO in the river waters. 

Other parameters such as conductivity, salinity, 

TDS, nitrate, phosphate and BOD showed a 

significant negative relationship of the entire 

catchment over the sampling period.

 

Table 1: Multiple regression results of forest land and water quality 

 Catchment Size Parameter 

Sampling 

Morning Afternoon Night 

Entire catchment Temperature  − − 

  DO + + + 

  Conductivity − − − 

  Salinity − − − 

  TDS − − − 

  COD − −   

  Nitrate − − − 

  Phosphate − − − 

  BOD − − − 

  SS − +   

500 m Temperature   − 

  DO + + + 

  Conductivity   − 

  pH     − 

1000 m Temperature   − 

  DO  + + 

  pH     − 

 

Forest cover within an area distinctly provides 

good water quality; the greater the forest cover, 

the better is the general water quality. Similar 

finding was found in different watersheds around 

the world [2-4]. The land use of areas closer to 

the sampling sites, such as within the 200 m radii 

do not show any significant impacts on the water 

quality. The positive effect of forest land can be 

offset if there are developments in adjacent 

areas. The relationship between extent of forest 

land and water quality parameters become 

weaker as the development increases.  

 

Relationship between Agricultural Land and 

Water Quality 

 

The presence of agricultural land within the 

regions surrounding the sampling points 

correlate negatively with almost all the 

parameters (Table 2). This is contrary to the  
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Table 2: Multiple regression results of agricultural land and water quality 

 Catchment Size 

  

Parameter 

Sampling 

Morning Afternoon Night 

Entire catchment DO   +   

  Salinity −    

  SS +     

200 m Temperature +     

  Conductivity  +   

  Salinity  +   

  TDS  +   

  Salinity   + 

  Phosphate   + 

  BOD     + 

500 m Temperature     − 

  DO + + + 

  Conductivity − − − 

  Salinity   − 

  TDS  − − 

  pH   − 

  COD     − 

1000 m Temperature   − 

  DO + + + 

  Conductivity −  − 

  Salinity   − 

  TDS   − 

  pH   − 

  COD     − 

 

findings of many early studies in intensive 

agricultural areas [14-15] where they found that 

a rise in agricultural land has a strong positive 

correlation with parameters like conductivity and 

pH. They suggested that the degradation in the 

water quality was closely related to the 

agriculture activities since these areas are non-

point sources of pollution. DO concentrations 

seemed to have a significant positive relationship 

for almost any catchment size and sampling 

periods. In the study area, agriculture is not 

considered as critical source of pollution due to 

its sparse distribution. Agriculture is not an 

important pollution source within the study area, 

but it is still a good indicator to explain spatial 

variations in water quality [16]. The agricultural 

activities in the Kinta catchment are located at 

the upper regions (PT 9 and PT 10) and lower 

region (PT 1) as observed from the highest 

percentage of agricultural land typically oil palm 

plantations and rubber estates. Areas in other 

sampling points do not have agricultural 

activities. Watersheds with a lower percentage of 

agricultural land usually have a higher 

percentage of urban land that might be the 

primary pollution source, so significant negative 

relationships is seen between development and   

the lowering of  water quality [16].  

 

Relationship between Developed Area and 

Water Quality 

 

Conductivity, salinity, TDS, nitrate, phosphate 

and BOD concentrations seemed to have a 

significant positive relationship with the entire 

catchment for all sampling periods (Table 3).  
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Table 3: Multiple regression results of developed area and water quality 

Catchment Size Parameter 

Sampling 

Morning Afternoon Night 

Entire catchment Temperature   + + 

  DO − − − 

  Conductivity + + + 

  Salinity + + + 

  TDS + + + 

  COD +    

  Nitrate + + + 

  Phosphate + + + 

  BOD + + + 

200 m  Nitrate     + 

500 m Temperature     + 

  DO − − − 

  Conductivity +    

  pH +     

1000 m Temperature     + 

  DO  − − 

  pH     + 

 

Significant negative effect was observed between 

DO and percentage of developed areas for all 

water sampled. Higher percentage of developed 

area will increase the concentrations of these 

parameters and decrease the DO level is and 

indicator of the degradation of river water 

quality. Urban land use/developed areas are the 

most important predictors of water quality 

variation similarly discovered by Osborne and 

Wiley 1988 [17]. They found that the urbanised 

area within the Salt Fork watershed is a major 

factor of soluble reactive phosphorous in the 

stream concentration rather than the agricultural 

area. PT 2 to PT 8 sampling points are located 

within the Jelapang watershed is the most 

developed area compared to Lahat and Upstream 

zones hence resulted in positive relationships. 

The rapid population growth, land development 

within the river basin, urbanisation and 

industrialisation have subjected the river to 

increase stress, giving rise to water pollution and 

environmental deterioration of the rivers [18]. 

Untreated or semi-treated wastewater from 

various industrial areas released to the nearest 

river such as from Jelapang Industrial Estate, 

caused the reduction in the water quality 

parameters indicating water pollution. For 

instance, the average readings of DO, COD, 

conductivity and TDS for all water sampled at 

PT 2 were 0.96 mg/L, 232 mg/L, 452 μS/cm and 

226 mg/L respectively. Similar phenomenon 

occurred in Shanghai, China where higher 

urbanisation levels correspond to serious 

pollution [19]. Most of the rivers in the urban 

areas of the developing world are the end points 

of effluents discharged from the industries [20]. 

Insignificant relationships between land use 

predictor and some parameters indicate that the 

developed area is generally associated with 

lower concentration of water pollutants at some 

sampling points.  

 

 

Relationship between Water Body and Water 

Quality 

 

Conductivity, TDS, phosphate, and BOD show 

significant positive relationship within the entire 

catchment during all sampling periods. Water 

bodies act as recipient of pollutants where it 

absorbs all the pollutants that discharge from the 

nearest premises or any runoff pollutants from 

agricultural sectors. Even though water bodies 

recorded only in a small amount but it still acts  
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Table 4: Multiple regression results of water body and water quality 

Catchment Size Parameter 

Sampling 

Morning Afternoon Night 

 Entire catchment DO − − − 

 Conductivity + + + 

  Salinity  + + 

  TDS + + + 

  COD +    

  Turbidity   + 

  Nitrate +  + 

  Phosphate + + + 

  BOD + + + 

200 m  Conductivity   +   

  Salinity  +   

  TDS  +   

  Nitrate   − 

  SS   +   

500 m Temperature     − 

  DO + + + 

  Conductivity −  − 

  Salinity   − 

  TDS −  − 

  Nitrate     − 

1000 m Temperature   − 

  DO + +   

 

in an effective way as we can seen that most of 

the water quality parameters tested were 

recorded as significant positive relationship 

(Table 4). The DO concentrations decreased 

with the increase in percentage of water body 

especially at the entire catchment. This fact 

might be due to the water body that acts as a tool 

for reduction of nutrient content. Temperature is 

related to DO content. High temperature during 

daytime subsequently decreases in DO. Warmer 

waters do not hold DO as well as cooler waters 

hence gave negative relationship between 

temperature and water body at night. DO 

concentration is reduced when an increase in 

temperature occurs as oxygen saturation levels 

are temperature dependent [21].  

 

Relationship between Mining Area and Water 

Quality 

 

Mining land use as predictor is comprised of the 

quarry and ex-mining area. Both temperature and 

pH recorded as having negative relationship at 

the entire catchment and positive relationship 

within the more confined buffered zones (Table 

5). Higher significant correlations exist when 

considering the entire catchment rather than 

smaller, limited regions within certain radius 

from a specific point of the river. A large 

percentage of mining areas are found at 

particularly around PT 1, PT 9 and PT 10. Acid 

mine drainage (AMD) and heavy metal were the 

greatest pollutant contributors of the mining 

operations even though the operations had 

ceased long time ago. The problem due to this  
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Table 5: Multiple regression results of mining area and water quality 

Catchment Size 

  Parameter 

Sampling 

Morning Afternoon Night 

Entire catchment Temperature − − − 

  DO + + + 

  Conductivity − − − 

  Salinity   − 

  TDS − − − 

  pH   − 

  COD     − 

200 m  Temperature +    

  Salinity   + 

  Phosphate   + 

  BOD   + 

500 m Temperature +     

  Conductivity  −   

  TDS  +   

  pH     + 

1000 m Temperature +     

 

acidic wastewater can persist over many decades 

and go up to thousands of years [22]. Negative 

and positive relationships between the mining 

areas demonstrate that the pH might be low 

(acidic condition) or high (alkaline condition). It 

should be noted that not all mine water is 

characterized by low pH and it may contain 

elevated concentrations of metals at near neutral 

or alkaline pH values [22]. A significant positive 

relationship was also observed between 

percentage of mining area and DO concentration 

within the entire catchment during all sampling 

periods. DO concentrations increased as the 

percentage of mining areas increase probably 

due to the aeration/flowing of the water. 

Phosphate and BOD have a significant positive 

relationship within the buffer radius of 200 m. 

Since these mining areas can act as  nutrient 

recipients  present in surface runoffs,  the 

increase in phosphate and BOD level lead to 

eutrophication of the water body and the 

phenomenon can kill  many fish and aquatic 

organisms, when DO is brought down markedly 

from the overgrowth of water plants.   

 

Relationship between Catchment Size and 

Water Quality 

 

The entire catchment site was the best catchment 

size due to the slightly greater influence on the 

water quality compared to buffer sampling sites 

radii from 200 to 1000 m. Statistical analysis has 

shown that more number of significant 

relationships were observed within  the entire 

catchment rather than isolated buffered radii 

areas. Taking selected areas with specific radius 

does not reflect high enough degree of influence 

of land use within the radius on the Kinta River 

water quality, especially with smaller radius of 

200 m. The quality of water sampled in the 

morning show variables having the highest 

multiple regression coefficients as conductivity 

(R
2 
= 0.76), salinity (R

2 
= 0.32), TDS (R

2 
= 0.55), 

COD (R
2 

= 0.27), turbidity (R
2 

= 0.09), nitrate 

(R
2 

= 0.35), phosphate (R
2 

= 0.95) and BOD (R
2 

= 0.52). These values are correlated with the 

entire catchment rather than selected zones of 

specific radii. Water sampled in the afternoon 

showed temperature, conductivity, TDS, pH, 

COD, nitrate, phosphate, BOD and SS  to be  

correlated with the entire catchment landscape 

predictors (R
2 

= 0.37, 0.65, 0.65, 0.13, 0.23, 0.2, 

0.91, 0.51 and 0.28, respectively) than specific  

buffered zones circumference. Night sampled 

water indicated conductivity, TDS, turbidity, 

nitrate, phosphate, BOD and SS as having the 

highest multiple regression coefficients (R
2 

= 



Malaysian Journal of Science 31 (2): 121-131 (2012) 

 

128 

 

0.79, 0.79, 0.27, 0.51, 0.74, 0.47 and 0.08, 

respectively) at the entire catchment compared to 

buffered zones. Table 6 shows the regression 

equations of the highest value of multiple 

regression coefficients R
2 
. 

 

Whole Catchment vs  Buffer Catchment 

 

Watershed size is an important factor since land 

use and land cover influence the stream 

ecosystem [23]. Watershed management and 

catchment scale are important to determine the 

impact of human development on water quality. 

These studies become more common nowadays, 

but many questions still leave unanswered. For 

example, there is still an ongoing dispute 

regarding the catchment size/scale, which one 

has greater influence on the water quality [2, 17, 

24-25]. These uncertainties remain partly 

because each catchment has a unique 

combination of characteristics that influence 

water quality, and partly because thorough 

investigations at the watershed scale are 

extremely time and resource consuming [2]. 

Furthermore, watershed characteristics and the 

pollution sources are not same in different places 

[16]. Many researchers had studied the impacts 

of land use change in buffer zones within 

designated radius from the river on the river 

water quality and determined the functions of 

land use types in regulating the water quality by 

using the regression models [26-27]. However, 

our correlations and regression analysis results 

show that water quality is better correlated with 

the entire catchment scale landscape than buffer 

zone radii landscape. It was suggested that the 

land use pattern close to the river was not a 

better predictor of water quality than land use 

pattern at a distant from the river [28-29]. By 

increasing the buffer size, the land use pattern 

within the buffers more and more approaches the 

regional scale as suggested by Yin et al., 2005 

[30]. The degradation of river water quality 

becomes clearer as the sources of pollution from 

all entire catchment concentrated at that point.  

 

CONCLUSION 

 

This study reveals that the physico-chemical 

characteristics of Kinta River water are highly 

correlated with the land use type both natural and 

anthropogenic activities. Correlation and 

regression techniques were used to evaluate the 

best catchment size. The analysis results indicate 

that the correlation of the water quality with the 

entire catchment scale landscape is slightly better 

than the correlation with the buffer zone radii 

landscape; which are 200 m, 500 m and 1000 m. 

Furthermore, urban land use becomes the best 

indicator to predict the degradation of water 

quality. While forested land, agricultural land, 

mining areas and water body areas does not 

contribute much to the river pollution.  
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Table 6: The regression equations of the highest value of multiple regression coefficients R
2
 

Morning 

Conductivity = 620 - 5.2 Forest land + 0.2 Agricultural Land - 2.8 Developed Area + 13.5 Water Body - 87.3 Mining Area 

Salinity = 0.28 - 0.0023 Forest land - 0.0011 Agricultural Land - 0.0004 Developed Area - 0.0024 Water Body - 0.0110 Mining Area 

TDS = 741 - 7.18 Forest land - 6.02 Agricultural Land - 5.14 Developed Area - 3.1 Water Body - 18.6 Mining Area 

COD = 491 - 4.0 Forest land - 5.0 Agricultural Land - 2.6 Developed Area - 0.9 Water Body + 20.5 Mining Area 

Turbidity = 64 - 0.48 Forest land - 0.65 Agricultural Land - 0.49 Developed Area + 1.06 Water Body + 5.61 Mining Area 

Nitrate = 4.0 - 0.037 Forest land - 0.033 Agricultural Land - 0.026 Developed Area + 0.045 Water Body + 0.074 Mining Area 

Phosphate = - 15.6 + 0.153 Forest land + 0.189 Agricultural Land + 0.161 Developed Area + 0.496 Water Body - 0.347 Mining Area 

BOD = - 64 + 0.63 Forest land + 0.68 Agricultural Land + 0.70 Developed Area + 2.61 Water Body + 2.99 Mining Area 

Afternoon 

Temperature = 46.9 - 0.168 Forest land - 0.119 Agricultural Land - 0.143 Developed Area - 0.198 Water Body - 1.13 Mining Area 

Conductivity = 1543 - 14.1 Forest land - 8.6 Agricultural Land  - 12.3 Developed Area + 0.1 Water Body - 102 Mining Area 

TDS = 769 - 7.04 Forest land - 4.28 Agricultural Land - 6.14 Developed Area + 0.07 Water Body - 50.6 Mining Area 

pH = 10.1 - 0.0309 Forest land - 0.0231 Agricultural Land  - 0.0307 Developed Area - 0.0483 Water Body - 0.238 Mining Area 

COD = 1607 - 15.7 Forest land - 13.7 Agricultural Land - 14.0 Developed Area  - 12.0 Water Body + 22.2 Mining Area 

Nitrate = 3.34 - 0.0298 Forest land - 0.0289 Agricultural Land - 0.0220 Developed Area - 0.0174 Water Body - 0.040 Mining Area 

Phosphate = - 13.8 + 0.137 Forest land + 0.160 Agricultural Land + 0.145 Developed Area + 0.412 Water Body - 0.068 Mining Area 

BOD = 17.2 - 0.173 Forest land - 0.230 Agricultural Land - 0.002 Developed Area - 0.032 Water Body + 1.91 Mining Area 

SS = 283 - 2.65 Forest land - 2.88 Agricultural Land - 2.66 Developed Area - 3.36 Water Body - 0.61 Mining Area 

Night 

Conductivity = 1439 - 13.2 Forest land - 7.2 Agricultural Land - 11.0 Developed Area + 5.6 Water Body - 133 Mining Area 

TDS = 716 - 6.58 Forest land - 3.59 Agricultural Land - 5.47 Developed Area + 2.76 Water Body - 66.6 Mining Area 

Turbidity = 206 - 1.97 Forest land - 1.90 Agricultural Land - 1.90 Developed Area - 1.04 Water Body - 3.44 Mining Area 

Nitrate = - 5.52 + 0.0580 Forest land + 0.0607 Agricultural Land + 0.0665 Developed Area+ 0.0610 Water Body + 0.0658 Mining Area 

Phosphate = - 23.5 + 0.236 Forest land + 0.308 Agricultural Land + 0.255 Developed Area+ 0.471 Water Body - 0.710 Mining Area 

BOD = - 25.6 + 0.281 Forest land + 0.550 Agricultural Land + 0.311 Developed Area + 1.13 Water Body - 4.45 Mining Area 

SS = 104 - 0.86 Forest land - 0.87 Agricultural Land - 0.89 Developed Area - 1.09 Water Body - 2.58 Mining Area 

 


