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Abstract. Kinta River basin lies on latitude: 4.1° and longitude: 101.0166667° in this study. Twenty two
sampling stations were selected along the Kinta River and water samplings were carried out at the incoming
river, upstream and downstream of the seven confluences except for upper part of Kinta River known as Ulu
Kinta. Six water quality parameters were measured and Malaysian Department of Environment Water
Quality Index (DOE-WQI) was calculated and classified based on the Interim National Water Quality
Standard, Malaysia (INWQS). The physical and chemical variables tested were dissolved oxygen (DO), pH,
biochemical oxygen demand (BOD), chemical oxygen demand (COD), suspended solids (SS) and
ammoniacal nitrogen (AN). Results showed that the range of WQI was between -56.04 to 81.9. With respect
to the INWQS, we found that Serokai River tributary and Kinta River downstream were the most polluted
rivers and classified under Class V. Significant relationships between land use and land cover (LULC) with
water quality have been found in watersheds around the world. Correlation analysis revealed that developed
area highly correlated with pH, SS and COD and AN. Forested and agricultural lands only strongly correlated
with DO and BOD respectively. In contrast, mining and ex-mining areas only gave weak positive correlation
with pH. While for water body area, it was highly negatively correlated with DO and BOD.
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1. Introduction

Changes in river-water quality are strongly related to surrounding LULC [1] and the type of land-use
usually determines the kinds and amounts of contaminants that flow into rivers, lakes and aquifers [2]. The
type of water contamination is directly related to anthropogenic practices and non-point or point source,
which can be quantified in terms of the population density and land use type in the watershed [3]. River
water quality deteriorates due to diffused and concentrated pollutant loads from point sources and from non-
point sources, such as forest, grassland, agricultural and residential area in the watershed [4]. In managing
water quality, it is important to determine the aggregate of point and non point source pollution loads in
order to set maximum allowable loads from each source that contribute to pollution of a river [5].

Kinta River is one of the rivers in Perak with latitude: 4.1°, longitude: 101.0166667° originating from
Gunung Korbu at Ulu Kinta, Tanjung Rambutan into the main Kinta River. The length of this river is 100 km
and the size of the river basin is 2,500 km”. The main function of Sungai Kinta is mainly for water supply.
Under the implementation of Lembaga Air Perak (LAP), Kinta River Dam is the only dam in Perak that is
able to provide 639 million liters of water per day; expected to be able to meet water demand in the Kinta
Valley until 2020. The aims of this study are: (i) to evaluate the Kinta River status; WQI and INWQS based
on LULC and (ii) to investigate the relationship between water quality and LULC.

2. Methodology

Twenty two water quality sampling stations were selected based on the major tributaries and developed
areas of Kinta River. Water samplings were carried out at the incoming river (tributary), upstream and
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downstream of the seven confluences except for upper part of Kinta River known as Ulu Kinta. All the
parameters which comprised of DO, pH, BOD, COD, SS and AN were analyzed in accordance to the
American Public Health and Association (APHA) standard methods for water and wastewater [6]. Arc View
[7] was used to determine the composition of the land use within the watersheds. For each of the sub-
watersheds, ArcView’s buffer facility was used to extract landscape data for the area 200 m which allowed a
comparison of the influence of landscape data on the water quality. The land use for seven main watersheds
was subdivided into five categories: (1) developed area; (2) mining; (3) forested land; (4) agricultural land;
and (5) water body land. A significant data were observed by using one-way ANOVA. Multiple regressions
were used to determine whether landscape factors have positive or negative influence on separate water
quality variables. WQI was calculated using the mean of these six parameters which then converted to sub
indices (SIs) using the best-fit equation and aggregated to compute the WQI according to the following
equation [8]:
WQI=0.22 x SIDO + 0.19 x SIBOD + 0.16 x SICOD + 0.15 x SIAN + 0.16 x SI SS + 0.12 x SI pH

These parameters are in mg/L except for pH and DO and SI is the sub index of each parameter. The
descriptions of the water quality status related to the WQI are stated in Table 1, which is according to the
values referred by the Malaysian Department of Environment (DOE) [9].

Table 1: Water Quality Index Classes [9]

Parameter Unit Class
I 11 111 v \%

AN mg/L | <0.1 0.1-0.3 0.3-0.9 0.9-2.7 >2.7
BOD mg/lL | <I 1-3 3-6 6-12 >12
COD mg/L | <10 10-25 25-50 50-100 > 100
DO mg/L | >7 5-7 3-5 1-3 <1
pH >17.0 6.0-7.0 5.0-6.0 <5.0 >5.0
TSS mg/L | <25 25-50 50-150 150-300 >300
WQI >92.7 76.5-92.7 | 51.9-76.5 31.0-51.9 <31
Pollution Degree Very Clean | Clean Moderate Slightly Polluted Severely Polluted

3. Results and Discussion

The total areas of main tributaries which were A2, B2, C2, D2, E2, F2 and G2 are 24780325 m’,
12642337 m?, 8420085 m?%, 1.38x10° m?, 2.57x10%m?, 54725092 m*and 1x10® m” respectively. Fig. 1 shows
the percentage of land use composition 200 m buffer zone area of all sampling points. C2 is the most
polluted tributary of Kinta catchment since the area covered more that 97% of the developed area and only
1.3% of forested area. Most of the pollutants including the untreated effluent are discharged from the
industrial areas to the nearest river or watershed.
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Fig. 1: The percentage of 200 m buffer zone landscape characteristics of 22 watersheds

pH as the most stable parameter recorded about 5.19-7.01. Only four points (UP, Al, A2 and A3)
recorded the level of DO more than 5 mg/L which located at the upper part of Kinta River. The average of
BOD values of nine sampling points ranged between 2-3 mg/L. The highest values of BOD (71 mg/L)
indicated the presence of excess biodegradable organic matter at B2 and G1. E2 was recorded as having the
highest level of SS concentrations of the range between 11-67 mg/L. D3 shows the highest level of AN and
overall points indicate less than 1 mg/L. The highest values of COD and AN were 17600+529 mg/L and
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1.284+0.0436 mg/L respectively that occurred at C2. Land use of recreational park and urban development
along the riverbank will lead to the higher level of AN. All the water quality parameters except DO and BOD
had a significant positive correlation with the developed area as shown in Table 2. pH recorded as the
strongest positive correlation with the percentage of developed areas suggested that pH violation in the
developed area might be caused by a factor or combination of factors related to the increase in urban land
cover and residential area. Only DO gave the strongest positive correlation while the other parameters were
recorded as the weak negative relationship. The strongest negative correlation was observed between pH and
percentage of agriculture (r = — 0.8). Multiple regression results showed that all the predictors except SS and
BOD were significant (p<0.05) which indicated that both parameters were not related with the value of WQI.
However, the R value shows that the predictors explained 98.2% of the variance in WQI value.

Table 2: Result of Pearson correlation analysis between 200 m buffer land use types and water quality characteristics

Variable DO pH COD SS BOD AN
Dev (%) -0.2 0.75 0.11 0.41 -0.12 0.12
Mining (%) -0.15 0.05 -0.13 0.1 -0.11 -0.2
Forest (%) 0.68 -0.05 -0.03 -0.4 -0.19  -0.13

Ag (%) 021 -08 -0.11 -025 031  -0.03
WB (%) 04 01 017 046 -021  0.05
WQI 038 02 097 -027 0 -0.85

# Dev = Developed area, Mining = Mining area, Forest = Forested area, WB = Water body, Ag = Agricultural land

Advanced water quality or ecologically based standards that integrate physical, chemical, and biological
numeric criteria offer the potential to better understand, manage, protect, and restore water bodies [10]. The
Interim National Water Quality Standard, Malaysia (INWQS) categorizes surface water in Malaysia into six
classes that are classes I, IIA, IIB, III, IV, and V. Class | means water is acceptable to use for conservation of
natural environment water supply I: practically no treatment and fishery I: very sensitive aquatic species;
class IIA for water supply II: conventional treatment required and fishery II: sensitive aquatic species; class
IIB for recreational use with body contact; class III for water supply III: extensive treatment required and
fishery III: common, of economic value, and tolerant species livestock drinking; class IV for irrigation; and
class V: water not provided for any uses.

From this research, the variation of WQI indicates that the water quality at Serokai River (C2) is the
most polluted river followed by downstream of Kinta River (C3) since they were classified under class V as
shown in Table 3. Whilst for the other sampling sites, they were classified in the range of Class II to III. pH
as the most stable parameter with overall average reading is 6.5 was classified under Class II. The variation
in pH regulates most of the biochemical and chemical reactions which affect water composition [11]. While
DO was classified under Class III since the average reading was 4.4 mg/L. B2 and G2 were recorded as the
highest levels of BOD, hence are classified under Class IV. While the BOD of other sampling stations were
classified under Class II. Pari River is the major tributary of the Kinta River from the northwest side and this
major tributary becomes the downstream channel among other tributaries along Pari River. The area of Pari
River subcatchment is about 7.1 km’ and consists of more than 15% of non-strata housing area. The
untreated discharged wastewaters from the residential areas along the river as well as the daily need to use
the water for different purposes are the main reasons of the river pollution. These wastes usually contain
huge amount of dangerous substances that are harmful to both human and animals.

C2 was recorded as the highest level of COD reading and according to INWQS Standard for COD value,
73% of the sampling points are under Class V. This site is exactly next to the industrial area, Kawasan
Perindustrian Pengkalan that is a medium industry. Some industrial activities such as pulp and paper
production, and sugar beet processing, may produce wastewater with COD exceeding 1000 mg/L. The SS
fall within Class I to III. The sampling point for this tributary is closed to the urban developed area and
recreational park. The possible sources of the contributing pollution to this high SS could be the soil erosion
from the construction and earthworks activities within in this area [12]. AN reading of D3 (0.56 mg/L) was
considered under Class V. Sullage or grey-water may cause high level of AN because it contains untreated
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organic materials, household chemicals and pathogens. It is proved from previous studies [13] that sullage is

very polluting in nature and must be treated properly before being allowed to enter the water body.

Table 3: Water quality stations with the coordinates and the values of WQI, class and pollution degree

Locations River Coordinates WQI Class Pollution Degree
[0)5 Ulu Kinta N44020.8 E101 11 53.4 76.5 11 Clean
Al Pari Upstream N43945.6 E101 05 45.7 69.1 I Moderate
A2 Chepor (tributary of Pari) N4 39 46.1 E101 05 44.6 77.3 I Clean
A3 Pari Downstream N4 39423 E101 0545.1 79.4 II Clean
Bl Kinta Upstream N4 34 54.8 E101 04 19.7 80 I Clean
B2 Pari (tributary of Kinta) N4 34 55.1 E101 04 17.7 67.5 I Moderate
B3 Kinta Downstream N434394E1010411.2 73 I Moderate
Cl Kinta Upstream N4 3226.0 E101 03 39.7 62.6 I Moderate
C2 Serokai (tributary of Kinta) N4 32 14.0 E101 03 36.7 -56.04 v Severely Polluted
C3 Kinta Downstream N43212.1 E101 03 37.1 11.9 v Severely Polluted
Dl Kinta Upstream N43012.4E101 03243 68.9 I Moderate
D2 Pinji (tributary of Kinta) N43007.7 E101 03 24.8 61.5 11 Moderate
D3 Kinta Downstream N43001.7 E101 03 23.0 56.6 11 Moderate
El Kinta Upstream N4 28 30.8 E101 03 13.4 77.7 II Clean
E2 Raia (tributary of Kinta) N4 28 25.0 E101 03 16.7 81.9 II Clean
E3 Kinta Downstream N4 28 17.6 E101 03 08.3 66.8 1 Moderate
F1 Kinta Upstream N4 22 33.6 E101 04 16.9 70.9 1 Moderate
F2 Teja (tributary of Kinta) N42231.8 E101 04 19.6 67.3 111 Moderate
F3 Kinta Downstream N4 22 19.5 E101 04 24.8 68.2 I Moderate
Gl Kinta Upstream N4 07 42.3 E101 01 24.6 64.5 I Moderate
G2 Keruh (tributary of Kinta) N4 07 28.9 E101 01 36.1 60.1 1T Moderate
G3 Kinta Downstream N4 07 11.5 E101 01 24.8 62.4 111 Moderate

BOD and AN were the parameters that were most related to agricultural lands. High level of BOD in the
river might be caused by the manure and the organic matter while the component AN is caused by the non-
biodegradable matter [14, 15]. The pig farms located near the sampling points were expected to be the caused
of river water quality degradation. The estimated BOD loading contributed by pig farming is 197537.1 kg/day
[13]. High level of AN also might be due to the leaching of fertilizer residue on agricultural land into the
river system that is used to fertilize the crops. Human activities were found to be the cause of higher levels of
several parameters like pH, SS and COD in the developed area. The causes of water pollution are diverse and
vary both spatially and temporally [16]: they include the release of wastewater from scattered industrial
operations [17] and urbanized areas [18], as well as sediment discharge from cultivated land affected by soil
erosion [19]. Forest is mostly related to good water quality in various studies in different watersheds around
the world [20] and has a minimal effect on water quality as shown by UP. The mining area including the ex-
mining area and water body area including pond and canal are highly positively correlated with SS. However,
these both predictors did not give any big effect to the water quality changes compared to the developed area.

4. Conclusion

The status of water quality expressed in terms of the WQI, which concluded that only two locations; C2
and C3, are in the worst situation which are classified under Class V. Other locations are still under control
but the quality of water needs to improve. The main sources of pollution were defined as industries area,
poultry, residential areas, recreational park, sewerage and urban areas. Urbanization and agriculture highly
significantly influenced the water quality. Regarding to this output we found that COD parameter has
become the main pollution point source for this study. Forested area gave the strong positive value with DO
indicates the least pollution.

5. Acknowledgements

181



Authors woul like to thank Mr. Mohamad Afizi Jamadin at Buditrans Consult Sdn Bhd for providing
information on local watersheds and other colleagues; Mohd Arif Razali, Nurul Jannah Hasnan, Mohad
Hafizie Yusuf and Ch’ng Ching Ee for their support and technical assistance.

6. References
[1] P.V.Bolstad, and W.T. Swank. Cumulative impacts of land-use on water quality in a southern Appalachian
watershed. J. Am. Water Resour. Assoc. 1997, 33(3): 519-534.

[2] B. Moss. Ecology of Fresh Waters: Man and Medium, Past to Future. Third Edition. Blackwell Science, Oxford,
UK. 1998.

[3] S. Elliott, and B. Sorrell. Lake Managers’ Handbook Land—Water Interactions. Ministry for the Environment,
Washington, New Zealand. 2002.

[4] C. Angela, F. Gabriele, M. Giorgio, and V. Gaspare. Quantification of diffuse and concentrated pollutant loads at
the watershed scale: an Italian case study. Water Sci. Technol. 2009, 59(11): 2125-2135.

[5] B. Sohngen, and C.Y. Yeh. Total Maximum Daily Loads (TMDLs). 1999.

[6] APHA. Standard methods for examination of water and wastewater 18" Edition; Prepared and published jointly
by: American Public Health Association (APHA), American Water Works Association (AWWA), Water Pollution
Control Federation (WPCF), New York. 1992.

[71 ESRI ArcView User’s Manual. Environmental Systems Research Institute, Redlands, California. 1996. pp. 1-349.

[8] W.O. Wan Maznah, and M. Mashhor. Aquatic pollution assessment based on attached diatom communities in the
Pinang River Basin, Malaysia. Hydrobiologia. 2002, 487: 229-241.

[91 DOE (Department of Environment Malaysia). Malaysia Environmental Quality Report 2000. Department of
Environment, Ministry of Science, Technology and Environment Malaysia. Maskha Sdn. Bhd. Kuala Lumpur,
2001, pp. 86.

[10] J.A. Magner, and K.N. Brooks. Integrating sentinel watershed-systems into the monitoring and assessment of
Minnesota's (USA) waters quality. Environmental Monitoring and Assessment. 2008, 138(1-3): 149-158.

[11] D. Bellos, and T. Sawidis. Chemical pollution monitoring of the River Pinios (Thessalia Greece). Journal of
Environmental Management. 2005, 76(4): 282-292.

[12] Department of Drainage and Irrigation (DID). Water Quality Monitoring Report for Sungai Pinang River Basin.

Drainage and Irrigation Department, Penang. 1999.

[13] Department of Environment Malaysia (DOE). The Study on Pollution Prevention and Water Quality Improvement
of Sg. Melaka. Department of Environment Malaysia, Ministry of Natural Resources and Environment Malaysia.
2004.

[14] N.H. Cicek, J.P Franco, M.T. Suidan, and V. Urbain. Using a membrane bioreactor to reclaim wastewater. J. Am.
Water Works Assoc. 1998, 90(11): 105-113.

[15] N.H Cicek, M.T Winnen, B.E. Suidan, V. Wrenn, V. Urbain, and J. Manem. Effectiveness of the membrane
bioreactor in the biodegradation of high molecular weight compounds. Water Res. 1998, 32(5): 1553-1563.

[16] J. Ma, Z. Ding, G.Wei, H. Zhao, and T. Huang. Sources of water pollution and evolution of water quality in the
Wuwei basin of Shiyang river, Northwest China. Journal of Environmental Management. 2009, 90: 1168—1177.

[17] M. Wang, M. Webber, B. Finlayson, and J. Barnett. Rural industries and water pollution in China. Journal of
Environmental Management . 2008, 86: 648—659.

[18] P. Drechsel, and S. Varma. Recognizing informal irrigation in urban and peri-urban West Africa. Water Policy
Briefing. 2007, 26. IWMI, Colombo, Sri Lanka.

[19] Vigiak, O. Ribolzi, A. Pierret, C. Valentin, O. Sengtaheuanghoung, and A. Noble. Filtering of water pollutants by
riparian vegetation: bamboo versus native grasses and rice in a Lao catchment. Unasylva 229. 2007, 58(4): 11-16.

[20] J.E. Schoonover, B.G. Lockaby, and S. Pan. Changes in chemical and physical properties of stream water across
an urbane rural gradient in western Georgia. Urban Ecosystems. 2005, 8: 107-124.

182



