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Abstract: This study was conducted to determine physical and chemical water quality for three rivers
which flowed through different land uses. Water quality was surveyed from November 2008 to June
2010 at five identified stations which were located at three rivers in Sungai Endau watershed (Dengar,
Madek and Mengkibol river) Kluang, Johor. There were two types of data obtained from the river
water quality sampling exercise, i.e. in-situ and laboratory analyses data. A total of five water quality
parameters were measured namely pH, dissolved oxygen, conductivity, temperature and turbidity by
using a multi parameters probe Model YSI 6920 with 650 MDS Display/Logger as well as single
parameter probe. While, for laboratory analysis, there were seven parameters measured; namely
Biochemical oxygen Demand (BOD), Suspended Solid (SS), Phosphate, Nitrate and Sulphate,
Chemical Oxygen Demand (COD) and Ammoniacal Nitrogen (AN). Based on the results, it was found
that Mengkibol river (urban river) recorded high conductivity, temperature, salinity, turbidity, COD,
BOD5, ammoniacal nitrogen, nitrate, phosphate and total suspended solid, while Madek (logging) and
Dengar (oil palm plantation) stations including the reference (Hulu Dengar) and back-up reference
stations (Gunung Berlumut) recorded high DO concentrations and at the same time and there was no
distinct variation between stations for pH. The Water Quality Index (WQI) results for all the rivers
were under class I & II except Mengkibol river that was under class III when compared with the
Malaysian’s WQI guideline.
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INTRODUCTION

A. Fatimah and M. Zakaria-Ismail (2005) stated that fresh water is a precious commodity. Water is the
essence of life. The demand for clean and portable water has increased tremendously due to rapid development
and a growing population. The demand is not only for human beings but also for aquatic life that use water
or river as their habitats and this aquatic life eventually become a source of protein for humans. Thus, it is
imperative that every effort should be made to protect and conserve existing water resources, namely our rivers,
for present and future needs. Water is the basic resource upon which society relies for the quality of its life,
including its health and recreation. It is also the primary resource upon which social and economic
developments are based and sustained. Aquatic ecosystems must, therefore, be effectively protected and
managed to ensure that they retain their inherent vitality and remain fit for domestic, industrial, agricultural
and recreational uses, for present and future generations. 

Brandvold, et al. (1976) stated that water quality parameters can be divided into two major groups namely
physical and chemical. The examples of physical parameters are total suspended solids (TSS), temperature,
colour and turbidity, while, the examples of chemical parameters are dissolved oxygen (DO), biochemical
oxygen demand (BOD), chemical oxygen demand (COD), conductivity, pH, ammoniacal nitrogen (AN), nitrate
and phosphate. River water quality status was determined by surrounding sources or surrounding land use.
There were a number of studies and papers presented using chemical and physical parameters to determine
surface water quality. Among these were a study done by Da Silva and Sacomani (2001), Hun-Kyun, et al.
(2009), Durmishi, et al. (2008) and Basualto, et al. (2006).

Fatimah and Zakaria-Ismail (2005) had done a water quality sampling for Selai river which is also situated
in Endau Catchment area and this river can be categorized as Class I river. 
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They also suggested that, good water quality recorded in Sungai Selai is probably due to the strong
buffering capacity of the soil from which the river passes through. Similar studies were carried out by a
number of researchers around the globe to measure physico-chemical parameters for water quality such as
Naoki and Takeshi (2003), Delfino (1977), Indra Bhangu and Paul (1998), Kingdon, et al. (1999), Chapman
(1996),  Haiyan, et al. (2006), Elexova and Nemethova (2003), Morse, et al. (2003) and Ahmet, Kadri, and
Fazli (2005). Only a few researchers had embarked on the study to determine physico-chemical water quality
for the rivers which flowed through different land use that were located in the same catchment area. A study
of some key physical and chemical characteristics for rivers which flowed through different land uses was
essential for the river management.

MATERIALS AND METHODS

Study Site:
This study was conducted within Sungai Endau watershed in the district of Segamat, Kluang and Mersing

in the state of Johor (Figure 1). The main tributary of these catchments was Sembrong which fed by several
tributaries such as Madek, Mengkibol and Dengar. The river tributary that was selected for the study sites was
in Order 2 to 3.  Five stations were selected from three different rivers, one station from each river, namely
Madek and Mengkibol except Dengar which had three stations to be used for studying the physical and
chemical conditions of water quality. 

Fig. 1: Sampling Stations at Sungai Menkibol, Madek and Dengar. 

Methods:
The data were collected for six times between the periods from November 2008 till June 2010. There were

two types of data obtained from the river water quality sampling exercise, i.e. in-situ and laboratory analyses
data. In-situ data was obtained on site, whereby the physico-chemical data was sent to laboratory for analyses.
At each station, six in-situ parameters were measured following the standard procedure of U. S. Environmental
Protection Agency (2007). The parameters are Temperature, Conductivity, Dissolved Oxygen (DO), pH,
Turbidity and Salinity which was measured by using a multi parameters probe Model YSI 6920 with 650 MDS
Display/Logger as well as a single parameter probe was used for in-situ measurement of river water quality.
Ammoniacal Nitrogen (AN) was conducted in the laboratory due to probe inconsistency. A multi parameter
probe Model YSI 6920 with 650 MDS Display/Logger as well as a single parameter probe was used for in-situ
measurement of river water quality. The YSI 650 Multi-parameter Display System (650 MDS) is a hand held
microcomputer based instrument that allows the user to display sonde readings, configure sondes, store and
recall data, upload data from sondes and transfer data to computers for analysis and plotting. The YSI 6920
Multi-parameter Probe measures the water quality. This probe comprises six sensors to measure six parameters
namely DO, Salinity, Conductivity, Ammoniacal Nitrogen, Temperature and pH.  In addition, single parameter
probe instruments were also used to measure in-situ parameters especially turbidity.  
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Portable Turbidimeter Hanna Model 2100P was used to measured turbidity of the water. All the readings
were recorded in the field sampling form on site before the analyses was done. Collected data was then keyed
into the computer and analysed.  Meanwhile, for laboratory analysis, there were seven parameters measured;
namely Biochemical oxygen Demand (BOD), Suspended Solid (SS), Phosphate, Nitrate and Sulphate, Chemical
Oxygen Demand (COD) and Ammoniacal Nitrogen (AN). Laboratory analysis sampling required water sampler
to collect the sample, sampling bottles to store the sample, preservative to preserve the sample and cold box
for shipment. Water samples were taken in 1 litre plastic bottles. The water was analyzed for parameters such
as Biochemical oxygen Demand (BOD), Suspended Solid (SS), Phosphate, Nitrate and Sulphate. This sample
was preserved by storing in cool box filled with ice cubes. The temperature was about 4oC and was ensured
that the sample was not subjected to freezing condition before bringing it to the laboratory. Sampling time was
planned properly for this particular study to ensure sample validity. This was because for sample which
contained no acid it would have to reach laboratory within 22 hours. Sample with acid preservation was not
a problem because the holding time was much longer. Similar size plastic container was used to store the
sample for Chemical Oxygen Demand (COD) and Ammoniacal Nitrogen (AN) analysis. This sample was
preserved by adding about 5 ml of (1+1) Sulphuric Acid (H2SO4) per 1 litre of sample to pH <2.  Preserved
sample was than stored in a cool box filled with ice cubes for laboratory analysis. Chemical analyses were
carried out according to the Standard Methods for the Examination of Water and Wastewater (19th Edition
Publish by APHA). Excel Programme was used to analyse water quality data which comprised of in-situ and
laboratory analyses data.  Computation of Water Quality Index (WQI) was based on formulae derived and used
by the Department of Environment Malaysia and the results then compared with Classification Index that was
also derived and used by the Department of Environment Malaysia. Only six parameters were used to calculate
WQI namely dissolved oxygen (DO), biochemical oxygen demand (BOD), chemical oxygen demand (COD),
ammoniacal nitrogen (AN), suspended solid (SS) and pH. The other parameters were referred to as Interim
National Water Quality Standards for Malaysia. The WQI was then transformed into water quality
classifications (Class I to Class V). The classes were further transformed into water quality categories (clean,
slightly polluted,  polluted). 

Results:
Below are the results obtained from the study conducted from November 2008 until June 2010 which

comprised six sampling frequency. The results were presented in the form of graph.
The dissolved oxygen (DO) concentrations was high at four stations which was located at Madek and

Dengar (Gunung Berlumut, Hulu Dengar and Dengar) river ranging from 6.40 mg/l to 8.40 mg/l (Figure 2).
Dissolved oxygen (DO) concentrations did not show any distinct variation between stations and sampling
events. Meanwhile, the concentrations at Mengkibol river (urban river) was much lower compared to other
rivers ranging from 2.60 mg/l to 3.94 mg/l and the concentrations did not also show any distinct variation
between sampling events. The results had shown that DO concentrations at all the sampling stations and events
except Sungai Mengkibol station was well below Class I, Interim National Water Quality Standard for Malaysia
(INWQS).

Fig. 2: Dissolved Oxygen concentrations at all the sampling stations and events.
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In Figure 3 where the pH value was presented, the values ranged from 5.14 to 8.02.  The pH reading in
August and May had shown that water body was alkaline while in November, March and June it was acidic
at all the sampling stations. The results had shown that pH value at all the sampling stations and events was
well below Class I, Interim National Water Quality Standard for Malaysia (INWQS) except for samplings in
November and March.

Fig. 3: pH reading at all the sampling stations and events.

With regard to turbidity concentrations (Figure 4) it was varied between 0.73 NTU to 92.8 NTU. The
highest turbidity was recorded at Mengkibol river and the second highest at Madek river, the second lower
at Dengar river station Dengar and the lowest at Dengar river station Hulu Dengar. Turbidity concentrations
at Mengkibol and Madek river had shown distinct variation between sampling events but not in Dengar river
at Dengar and Hulu Dengar stations. The results had shown that turbidity value at all the sampling stations
and events was well below Class I, Interim National Water Quality Standard for Malaysia (INWQS) except
Mengkibol and Madek river.

Fig. 4: Turbidity concentrations at all the sampling stations and events.

The salinity of the surface water ranged from 0.1 ppt (November) to 0.6 ppt (March) at  Mengkibol river
while, concentrations of salinity was zero at other stations (Figure 5). The higher concentration was recorded
at Mengkibol river it was believed to be due to waste water discharge from the factories located up-stream
of the station. The highest concentration in March was believed to be due to low flow and the lowest
concentration was recorded in November was believed to be due to high flow.

The surface temperature at Mengkibol river (urban river) was higher compared to other four (4) stations
that ranged from 30.7 oC (November) to 34.4 oC (August) and the readings did not show any distinct variation
between sampling events.  Meanwhile, the surface temperature at other four (4)  rivers was much lower which
ranged from 23.6 oC to 27.3 oC (Figure 6). The surface temperature did not show any distinct variation
between stations and sampling events.  
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Fig. 5: Salinity at all the sampling stations and events.

The surface water conductivity at Mengkibol river (urban river) was higher compared to other four stations
that ranged from 236.0 µS/cm (November) to 1454.0 µS/cm (March) and the readings have shown distinct
variation between sampling events. The highest reading was recorded in March and the lowest in November.
Meanwhile, the surface water conductivity at other four  rivers was much lower that ranged from 23.6 µS/cm
to 30.8 µS/cm (Figure 7). The surface water conductivity did not show any distinct variation between stations
and sampling events. The results had shown that conductivity value at all the stations and sampling events was
well below Class I, Interim National Water Quality Standard for Malaysia (INWQS) except for Mengkibol
river, sampling in March 2010.

Fig. 6: Temperature at all the sampling stations and events.

Fig. 7: Conductivity at all the sampling stations and events.
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The BOD5 was ranged from 0.3 to 4.01 mg/l and the maximum concentrations was recorded in Mengkibol
river (Figure 8). Generally, this indicated that Dengar river particularly Gunung Berlumut, Hulu Dengar and
Dengar stations and Madek river were free from organic anthropogenic load but Mengkibol river indicated
excessive organic load.

Fig. 8: Biochemical Oxygen Demand at all the sampling stations and events.

Fig 9: Chemical Oxygen Demand at all the sampling stations and events.

The COD was detected and it ranged from detection limit of 1 mg/l to 3 mg/l at Dengar river particularly
Gunung Berlumut, Hulu Dengar and Dengar stations and Madek river, however, the concentrations at
Mengkibol river was detected that ranged from 12 to 17 mg/l (Figure 9). Even though the COD concentrations
was recorded well below 20 mg/l (Chapman, 1997) and 25 mg/l (Malaysia Environmental Quality Report,
2003) for clean water body, the results obtained at Mengkibol river had shown quiet significant anthropogenic
sources at the surrounding area. Mengkibol river was not only a sewage and sullages receiver from the Kluang
town but also a water discharge receiver from small scale agriculture and two (2) factories were found
upstream of the sampling site.

The ammoniacal nitrogen concentrations detected was very low and none of the sample exceeded 0.3 mg/l
(Malaysia Environmental Quality Report, 2003) except Mengkibol river which recorded the maximum
concentrations of 6.20 mg/l (Figure 10). Based on Interim National Water Quality Standards for Malaysia, this
river was classified in class I & II which was suitable for water supply and recreational use with direct contact
with water body except Mengkibol river which was under class III and below. 

The total suspended solids (TSS) concentration was detected and ranged from 4 mg/l to 132 mg/l (Figure
11). The maximum concentrations was recorded at Mengkibol river in August 2009. In June 2009, the TSS
concentrations was well below 50 mg/l, class II, Interim National Water Quality Standards for Malaysia at all
the sampling stations except Mengkibol river (82 mg/l). The TSS concentrations in August 2009 exceeded 50
mg/l, class II, Interim National water Quality Standards for Malaysia at all the sampling stations. Meanwhile,
The TSS concentrations in June 2010 was well below 50 mg/l, class II, Interim National Water Quality
Standards for Malaysia at all the sampling stations.
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Fig 10: Ammoniacal Nitrogen at all the sampling stations and events.

Fig 11: Total Suspended Solid at all the sampling stations and events.

The nitrate concentrations was detected and ranged from 0.07 mg/l to 1.3 mg/l (Figure 12). The maximum
concentrations was recorded at Mengkibol river in June 2010. The nitrate concentrations was very low at all
the sampling stations including Dengar river (oil palm plantation). Nitrate parameter was normally used to
represent fertilizer contaminations in water but the results showed that nitrate concentrations was very low. This
was perhaps, during the sampling event there was no fertilizer applied to the palm oil but the highest nitrate
concentrations at Mengkibol river in June 2010 was believed to be due to the fertilizer applications on the
vegetable farms located up-streams of the sampling stations.

Fig 12: Nitrate at all the sampling stations and events.
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The phosphate concentrations was detected and ranged from 0.08 mg/l to 1.44 mg/l (Figure 13). The
maximum concentrations was recorded at Mengkibol river in June and August 2009. The phosphate
concentrations was very low at all the sampling stations including Dengar river (palm oil area). Phosphate
parameter was also normally used to represent fertilizer contaminations in water. This was perhaps, during the
sampling event at Dengar river, there was no fertilizer applied to the palm oil but the highest phosphate
concentrations at Mengkibol in June and August 2009 was believed also to be due to the fertilizer applications
on the vegetable farms located up-streams of the sampling stations.  

Fig. 13: Phosphate at all the sampling stations and events.

Water Quality Index (WQI) results that was calculated based on six weighted parameters was shown in
Figure 14. Based on five sampling sites that were located in Gunung Berlumut, Hulu Dengar and Dengar at
Dengar river, Madek and Mengkibol, WQI ranged from 57.00 to 97.00 which was classified in the range from
class I to class III. The WQI result for all the rivers was under class I and II except Mengkibol river that was
under class III. As compared to the Malaysian’s WQI guideline, the WQI index for class I and class II
represented an excellent water quality and suitable for water supply, sensitive fisheries and recreational use
with body contact, while class III representated slightly polluted to polluted water quality and suitable for water
supply but needed extensive treatment and fisheries with tolerant species.

Fig. 14: Water Quality Index at all the sampling stations and events.

Discussion:
Physicochemical results obtained from this study had shown that agriculture (oil palm plantation) area

river, logging area river and forest area river water quality were under the same classes which was Class I and
II(clean river) and urban river was under Class III which was slightly polluted river. Therefore, this means that
not all the impacted rivers were polluted in terms of physicochemical quality. For example, logging activities
with best management practices and palm oil plantation with the matured trees would not cause any impact
in terms of physicochemical water quality but could cause an impact to the ecosystem.  



Aust. J. Basic & Appl. Sci., 5(7): 923-932, 2011

931

It changed the aquatic ecosystem, plant ecosystem and river morphology. So, the physical and chemical
components of river water were cleaned but with less aquatic life present in the river. River with lack of
aquatic life and abiotic in the system could be classified as drain to be used as a channel to drain out the
water from the catchment to the sea. The functions of river were only limited to just a few usage, by right
the river ecosystem, plants and other photosynthetic organisms were the producers that provide the food with
a number of food webs. Without the food web and the river natural function status which included the
riverbed, water quality, river ecosystem and runoff, the river would not reach the healthy river status. A healthy
river is a river which social and natural functions can be balanced or compromised in terms of the socio-
economic, ecological and environmental values associated with the river. The environmental values of river
systems should be judged according to the following criteria: the signal of a healthy river should be associated
with favorable riverbed, acceptable water quality, sustainable river ecosystem and compatible runoff. The river
health criterion should reflect the river natural function status which includes the riverbed, water quality, river
ecosystem and runoff (Changming and Xiaoyan, 2009). But, the variety and quantity would be different for
different rivers depending on different natural features and social background. So, agriculture (palm oil) and
logging area river could be classified under clean river but not healthy river, while forest area (un-disturbed)
was classified as healthy river and urban river as polluted river. The catchment area for palm oil and logging
area were disturbed but perhaps the degree of disturbance was minimal while, Mengkibol river which was an
urban river had a severe disturbance. Mengkibol had been transformed into urban drain where all the
discharges from Kluang Town were channelled into Mengkibol. Both sides of Mengkibol river banks were
replaced with concrete wall that caused the river to be straightened. Mengkibol  river had less canopy cover,
river riparian cover and meander. However, logging and agriculture (palm oil plantation) activities regardless
of whether “Best Management Practices (BMPs)” or traditional way were being implemented would definitely
altered the river riparian compositions and canopy cover but activities that followed “Best Management
Practices”  caused less impact compared to traditional way. Tress cutting or land clearing would reduce canopy
cover that would lead to high river water temperatures and at the same time promoting undergrowth that could
act as soil erosion and siltation control. This could be proven through the results obtained where all the
physico-chemical water quality parameters were well below Class I, Interim National Water Quality Standards
for Malaysia (INWQS) except turbidity which was under Class II, INWQS but was still considered as good
water quality.  

ACKNOWLEDGMENTS

We would like to express our deepest appreciation to the Department of Environmental Engineering,
Faculty of Civil Engineering, Universiti Teknologi Malaysia (UTM) and the Faculty of Science and
Technology, Universiti Kebangsaan Malaysia (UKM) for the laboratory facilities. We are also grateful to the
Dean of Faculty of Agro Industry and Natural Resources, Universiti Malaysia Kelantan (UMK) for his
permission to publish this paper. The paper would not have been possible without the help of those individuals
from the relevant departments.

REFERENCES

Ahmet, K., Y. Kadri, and O. Fazli, 2005. Effect of Discharge Fluctuation on Water Quality Variables from
the Yesilirmak River. Tarim Bilimleri Dergisi., 11(2): 189-195.  

Brandvold, D.K., C.J. Popp and J.A. Brierley, 1976. Waterfowl refuge effect on water quality: II. Chemical
and physical parameters. Journal (Water Pollution Control Federation). 48(4): 680-687. Water Environment
Federation.  

Basualto, S., J. Tapia, F. Cruces, F.P. Cortes, E. Hauenstein, C. Bertran and R. Schlatter, 2006. The effect
of physical and chemical parameters on the structure and composition of the phytoplankton community of Lake
Budi (IX Region, Chile). Journal of the Chilean Chemical Society. 51(3).

Bhangu, I. and P.H. Whitfield, 1997. Seasonal and long-term variations in water quality of the Skeena
River at Usk, British Columbia. Water Reasearch., 31(9): 2187-2194. Elsevier Science Ltd.

Chapman, D., 1996. Water Quality Assessments. (2nd ed.) London and New York: E and FN Spon. 
Changming, L. and L. Xiaoyan, 2009. Healthy river and its indication, criteria and standards. Journal of

Geographical Sciences., 19(1): 3-11. 
Delfino, J.J., 1977. Effects of river discharge and suspended sediment on water quality in the Mississippi

River. Jounal of Environmental Science and Health., 12(3): 79-94. University of Wisconsin.



Aust. J. Basic & Appl. Sci., 5(7): 923-932, 2011

932

Da Silva, A.M.M. and B.L. Sacomani, 2001. Using chemical and physical parameters to define the quality
of pardo river water (Botucatu-SP-Brazil). Water Research., 35(6): 1609-1616. Elsevier Science Ltd.

Durmishi, B.H., M. Ismaili, A. Shabani, S. Jusufi, X. Fejzuli, M. Kostovska and S. Abduli, 2008. The
physical, physical-chemical and chemical parameters determination of river water Shkumbini (Pena) (part A).
BALWOIS: Ohrid, Republic of Macedonia.

Drainage and Irrigation Department of Malaysia, 1995. Hydrological Procedure, 15. Kuala Lumpur:
Publications Unit, Ministry of Agriculture Malaysia.

Elexova, E. and D. Nemethova, 2003. The effects of abiotic environmental variables on the Danube
macrozoobenthic communities. Limnologica., 33(4): 340-354.

Fatimah, A. and M. Zakaria-Ismail, 2005. Notes on the water quality of the Hulu Selai River, Endau-
Rompin National Park, Johor, Malaysia. In Mohamed, H. and Zakaria-Ismail, M. (Eds.) The Forests and
Biodiversity of Selai, Endau-Rompin (pp: 27-30). Kuala Lumpur: Institute of Biological Sciences, University
of Malaya.

Haiyan, Y., L. Xinzheng, L. Baoquan, W. Jinbao and W. Hongfa, 2006. The biodiversity of macrobenthos
from Jiaozhou Bay. Acta Ecologica Sinica., 26(2): 416-422. ScienceDirect.

Hun-Kyun, B., O.H. Betty, H. Kuo-Lin and S. Soroosh, 2009. Identification and Application of Physical
and Chemical Parameters to Predict Indicator Bacterial Concentration in a Small Californian Creek. Water
Environment Research., 81(6): 633-640. Water Environment Federation.

Kingdon, M.J., H.A. Bootsma, J. Mwita, B. Mwichande and R.E. Hecky, 1999. River Discharge and Water
Quality. SADC/GEF Lake Malawi/Nyasa Biodiversity Conservation Project Report. Enviornmental Canada,
National Water Research Institute.

Kurunc, A., K. Yurekli and F. Ozturk, 2005. Effect of Discharge Fluctuation on Water Quality Variables
from the Yesilirmak River. Tarim Bilimleri Dergisi., 11(2): 189-195.

Morse, C.C., A.D. Huryn and C. Cronan, 2003. Impervious surface area as a predictor of the effects of
urbanization on stream insect communities in Maine, U.S.A. Environmental Monitoring and Assessment., 89:
95-127. Kluwer Academic Publishers: Netherlands.

Naoki, H. and M. Takeshi, 2003. The Influence of River Discharge on the Water Quality of the Coastal
Waters of Suruga Bay. Journal of the Faculty of Marine Science and Technology., 56: 1-14. Tokai University.

U.S. Environmental Protection Agency, 2007. SESDPROC-111-R1. Athens: Science and Ecosystem Support
Division.

Washington State Department of Ecology, 2006. EAP010.  Washington: Water Quality Studies Unit.
Y S I  3 0  i n s t r u m e n t  m a n u a l .

http://www.ysi.com/extranet/EPGKL.nsf/447554deba0f52f2852569f500696b21/90a0378150c2d2dd85256a1f00
73f295/$FILE/030136D.pdf 

Y S I  3 0 0  i n s t r u m e n t
manual.http://www.ysi.com/extranet/EPGKL.nsf/447554deba0f52f2852569f500696b21/90a0378150c2d2dd852
56a1f0073f295/$FILE/605369B.pdf 


