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ARTICLE DETAILS ABSTRACT

Article History: The purpose of this study is to assess the health status of the selected rivers in Penang Island using the WQI, 
and also to classify the rivers according to the level of pollution index. Dissolved oxygen (DO), biological oxygen 
demand (BOD), chemical oxygen demand (COD), total suspended solid (TSS), ammonia and pH value are the six 
vital parameters to determine the water quality. The results showed that almost all the rivers in Penang Island 
were slightly polluted or polluted. The major point sources that cause the pollution of the rivers in Penang Island 
are domestic sewage and surface run-off. The waste from surrounding communities flows into the rivers, causing 
degradation of river water quality, especially for the rivers in the eastern and western regions of the Island. The 
waste water from industrial, residential and commercial areas should be processed and treated before being 
released into the river. The WQI by the DOE in Malaysia is a useful tool to determine the status level of river water, 
but it has some limitations such as a lack of biological parameters and not representing all the information about 
the rivers’ status. Parameters such as fecal coliform, heavy metals, oil and grease should be included in the WQI 
for Malaysia to get a more accurate reading of the real status of the river water. Therefore, suitable methods and 
management can be taken to improve the status of the rivers.
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1. INTRODUCTION

Rivers are important in maintaining the balance of the ecosystem and 
are also a main source of water for humans and animals that live in the 
surrounding area. Rivers also play an important role in assimilating 
or carrying away industrial or municipal wastewater, run-off from 
agriculture area, sewage from urban areas, and any other anthropogenic 
factors. Thus, they are vulnerable to pollution. The Department of 
Environment (DOE) in Malaysia uses the Water Quality Index (WQI) to 
evaluate the status of river water quality. The WQI serves as the basis 
for river assessment in relation to pollution load categorization and the 
designation of classes of beneficial uses as provided under the Interim 
National Water Quality Standard (INWQS) for Malaysia[1]. 

In 2007, 1064 stations of river basins in Malaysia were monitored by 
the DOE. Out of these 1064 stations, 638 (60%) were found to be clean, 
376 (35%) were slightly polluted, and 50 (5%) were polluted. According 
to the DOE, the major pollutants are biological oxygen demand (BOD) 
ammonia and total suspended solid (TSS). 

In Penang Island, among the 31 rivers monitored, 4 rivers with 9 stations 
were categorized as clean, 9 rivers with 19 stations were categorized 
as slightly polluted, and 18 rivers with 29 stations were categorized as 
polluted in Penang[2]. 

The most commonly known pollutants in rivers are organic waste, 
heavy metals, suspended solids and chemicals such as herbicides and 

pesticides. The agricultural area or agro-based industries use a lot 
of chemical materials such as chemical fertilizers, herbicides, and 
pesticides[3]. Some of the factories discharge their untreated chemical 
waste directly into the river water. These pollutants, such as mercury, 
copper, cyanide, lead and other heavy metals, are toxic to the aquatic 
life in the rivers. Deforestation activities are also closely related to river 
pollution. Forest acts as a water catchment area in an environment. It 
helps to recharge the underground water and the plant roots bind the 
soil tightly. As there is clearing and cutting down of forest, the land is no 
longer protected. Soil erosion can occur and the soil particles will flush 
into the nearby river. The influx of large amounts of soil particles leads 
to high sedimentation in the river and increases the suspended solids in 
the river column[4]. 

The determination of water quality is important, because water is 
frequently being used in our daily life. The water quality measurement is 
aimed to make sure that the content of the water supply is safe to use[5]. 
Water quality testing (i.e. study of the physical, chemical and biological 
characteristics of water) will give information about the healthiness of 
the waterways, whether it fulfills the requirements of biotic species to 
live or to be used by humans for various purposes. 

Therefore, WQI was developed to monitor the water quality changes in a 
particular area by the determination of 6 parameters (i.e. DO, BOD, COD, 
TSS, ammonia and pH). The purpose of this study is to assess the health 
status of the selected rivers in Penang Island using the WQI, and also to 
classify the rivers according to the level of pollution index[6].
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2. MATERIALS AND METHODS

2.1 Sampling Sites

This study was conducted one-off collection from November 2012 to 
January 2013. The 11 rivers in Penang Island were selected based on 
their geographical location (Figure 1). Most of hotels are located at the 
northern part of the island. Meanwhile, urban development focuses 
along the eastern part. Agriculture, aquaculture and industries are 
more concentrated at the western and southern part of Penang[7]. 
Three sampling stations from upstream (station 1 (S1)), middle stream 
(station 2 (S2)) and downstream (station 3 (S3)) were chosen based on 
accessibility to the sampling station. The Teluk Bahang River and the 
Batu Feringghi River are located in the north part of Penang Island, 
while the Teluk Kumbar River and the Bayan Lepas River are situated in 
the southern part of the island. The Pinang River in the Balik Pulau River, 
the Kongsi River, the Burung River and the Betong River in the western 
part of the island flow into the Strait of Malacca. The Pinang River in 
Georgetown, the Dua Besar River and the Keluang River in the eastern 
part of the island. These rivers are microtidal and very shallow with an 
average depth of 2 3 meters.

2.2 Water Sample Collection and Analysis

The surface water samples with two replicates were collected and 
stored in a clean 500 milliliter polyethylene bottle. Water samples were 
stored cold in an icebox to minimize microbial activity which may have 
affected the chemical contents of the water samples. For the BOD and 
COD analysis, 300 milliliter BOD bottles and small glass vials were filled 
with the water sample in the field. The environmental parameters such 
as pH and dissolved oxygen were measured in situ using a pH Scan 
and a DO meter YSI 52 respectively[8]. In the laboratory, the water 
samples were used to measure TSS, ammonia and COD analysis using 
the standard method. For BOD analysis, the bottles were incubated at 
20 degree Celcius for 5 days, and then the BOD readings were measured 
with the BOD meter YSI 52.

Figure 1: The geographical location of the 11 rivers of Penang Island.

2.3 Calculation of the Water Quality Index (WQI)

The water quality of the river is categorized into five classes, which 
are classes I, II, III, IV and V based on the WQI (derived from the 
determination of DO, BOD, COD, TSS and ammonia and pH) (refer to 
Table 1), to determine whether the river water is clean, slightly polluted 
or polluted based on the WQI and INWQS. The WQI was calculated based 
on six parameters; namely the mean of DO, BOD, COD, TSS, ammonia and 
pH values[9]. The procedure of calculation consists of 3 steps: to identity 
sub-index (SI) equation based on the value of parameter, to calculate 
sub-index (SI) of every parameter, and to calculate water quality index. 

The formula is given below:

WQI = 0.22SIDO + 0.19SIBOD + 0.16SICOD + 0.16SISS + 0.15SIAN + 0.12SIPh

where SI refers to the sub-index for each parameter, and the coefficients 
are the weighting factors derived from the opinion poll. SIDO = Sub-Index 
DO, SIBOD = Sub-Index of BOD, SICOD = Sub-Index of COD, SISS = SubIndex 
of TSS, SIAN = Sub-Index of ammonia and SIpH = Sub-Index of pH.

For this study, the WQI of each river zones (i.e. upstream, middle and 
downstream) were calculated.

Table 1: Water quality index (WQI) and river classification of interim 
national water quality standards (INWQS) (DOE, 2007).

WQI Class Uses

>92.7 Class I

Conservation of 
natural environment 

Water supply 
I—practically no 

treatment necessary 
Fishery I—very 

sensitive aquatic 
species

76.5 92.7
Class IIA

Water supply 
II—conventional 

treatment required 
Fishery II—sensitive 

aquatic species

Class IIB Recreational use with 
body contact

51.9 76.5 Class III

Water supply III—
extensive treatment 

required 
Fishery III—common 
economic value and 

species tolerant: 
livestock drinking

31.0 51.9 Class IV Irrigation

<31.0 Class V None of the above

3.RESULTS

3.1 Water Quality Index (WQI)

The WQI equation is derived by applying the water quality data 
measured, and the condition of rivers water can be classified by referring 
the INWQS. The WQI and the river classification of INWQS and its usage 
are shown in Table 1.

According to Table 2, the selected rivers in Penang can be grouped into 
two classes: Class III and Class IV. Most of the upper stations showed 
Class III, which is considered polluted except for the Pinang River in 
Georgetown and the Dua Besar River. Five rivers, i.e. the Teluk Bahang 
River, the Betong River, the Pinang River in Georgetown, the Dua Besar 
River and the Teluk Kumbar River are polluted as they fall into Class 
IV river status at their middle stations, while others remain in Class III. 
Meanwhile, the Batu Feringghi River, the Betong River, the Pinang River 
in Georgetown, the Dua Besar River, the Teluk Kumbar River and the 
Bayan Lepas River were categorized as Class IV at their down streams.

3.2 Statistical Analysis

From the two-way ANOVA analysis, pH (p < 0.05) and DO (p < 0.01) are 
shown significantly different with the region and river zonations (i.e. 
upstream, middle and downstream). The other variables (BOD, COD, 
ammonia and TSS) are not significantly different with the regions and 
river zonations.

Based on one-way ANOVA statistical test, there are significant 
differences (p < 0.05) of BOD, COD, ammonia and pH among these 11 
rivers. However, there is no significant difference (p > 0.05) for DO and 
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TSS with these selected rivers

4. DISCUSSION

4.1 Water Quality Index (WQI) of the Studied Rivers

The Malaysian DOE has used the WQI to determine the status of river 
water quality and to identify the sources of pollution since 1978. In 2010, 
a total of 1055 water quality monitoring stations located at 570 rivers 
were monitored. Out of these 1055 monitoring stations, 527 (50%) were 
found to be clean, 417 (40%) slightly polluted and 111 (10%) polluted. 
The decrease in the number of clean rivers were attributed to an increase 
in the number of polluting sources such as sewage treatment plants and 
agro-based industries which contributed to a high pollution loading.s

Table 2: Water quality status of the selected rivers in Penang Island.

Region River Station WQI Class WQ 
Status

1 58.432 III P

Teluk Bahang 2 49.765 IV P

3 55.649 III P

North

1 NA NA NA

Batu Feringghi 2 54.172 III P

3 50.326 IV P

1 69.569 III SP

Pinang (Balik 
Pulau) 2 70.55 III SP

3 56.919 III P

1 67.275 III SP

Kongsi 2 72.417 III SP

3 58.965 III P

West

1 53.946 III P

Burung 2 58.095 III P

3 54.938 III P

1 63.1 III SP

Betong 2 50.98 IV P

3 36.845 IV P

1 46.158 IV P

Pinang 
(Georgetown) 2 51.878 IV P

3 51.534 IV P

1 46.421 IV P

East Dua Besar 2 45.659 IV P

3 50.109 IV P

1 57.097 III P

Keluang 2 52.308 III P

3 55.358 III P

1 NA NA NA

Teluk 
Kumbar 2 49.987 IV P

3 48.423 IV P

South 1 NA NA NA

Bayan Lepas 2 52.14 III P

3 51.182 IV P

In this study, most rivers showed a low WQI from upstream until 
downstream. These rivers are mostly located in the eastern and southern 
regions of Penang Island. Meanwhile, the rivers that are located in the 
eastern region are the Pinang River in Georgetown and the Dua Besar 
River. The land-use in the eastern region is mainly for commercial 
areas, residential areas and some industrial areas. The main source of 
pollution of the rivers in the eastern region is domestic sewage, waste 
from animal farming areas and industrial waste. Besides that, soil 
erosion from construction areas and surface run-off also cause river 
pollution. All the stations of Pinang River in Georgetown and the Dua 
Besar River were considered as polluted, based on the classification of 
the water quality index by DOE. These rivers are also classified as Class 
IV, being very polluted, which meant that water use is only for irrigation 
purposes, based on the INWQS river classification.

The southern region of Penang Island is mainly residential and 
commercial areas, and has more industrial zones than other parts of 
Penang Island. The Keluang River, the Teluk Kumbar River and the Bayan 
Lepas River are located in this region. A total of seven stations from 
these three rivers are polluted based on the WQI results. All stations 
in the Keluang River and S2 (middle stream) in the Bayan Lepas River 
were classified as Class III (for common use, of economic value, species 
tolerant, livestock drinking) based on the INWQS river classification, 
while S3 (downstream) in the Bayan Lepas River and all stations 
on the Teluk Kumbar River were classified as Class IV. The causes of 
degradation of river water quality were caused by rapid development 
in urbanization and industrialization in the southern region of Penang 
Island. 

Generally, the WQI of rivers in Balik Pulauare higher than the other 
rivers in Penang Island. The western region of Penang Island has cleaner 
river water because this region is less populated and less developed 
compared with others region of Penang. The western region of Penang 
Island is an agricultural zone. The rivers that were monitored in the 
western region were the Pinang River in Balik Pulau, the Kongsi River, 
the Burung River and the Betong River. Upper and middle stream in the 
Pinang River in Balik Pulau and the Kongsi River, and upper stream in the 
Betong River showed the rivers were slightly polluted. The whole stretch 
of Burung River, i.e. from upper until downstream parts, was classified 
to be polluted. The pollution of the rivers in this region is mainly caused 
by agricultural activities, domestic waste from residential areas and 
effluent from aquaculture activitie. All human waste and aquaculture 
effluent are directly discharged into the river, and especially into the 
Pinang River. The excess fertilizer in the agriculture fields leached into 
the river water systems, causing high ammonia levels in the river water. 
Fishing activities also play a main role, which causes high turbidity in the 
river; thus, the rivers at the downstream parts have low WQI. 

The northern region is the tourist region of Penang Island. The rivers 
that were monitored in this region were the Teluk Bahang River and the 
Batu Feringghi River. All the stations among these three rivers showed 
a polluted status under Class III, except for middle stream in the Teluk 
Bahang River and downstream in the Batu Feringghi River. The main 
source of pollution in the northern region is sewage and discharge of 
waste water without proper water treatment. An increased number 
of hotels and resorts along Batu Feringghi beach have increased the 
discharge of waste water into the surrounding rivers. The waste water 
becomes trapped in drains or rivers during high tide. Besides that, the 
Teluk Bahang River is also affected by fishing activities as the waste 
from the fishing industry is directly discharged into the river. 

4.2 Limitations of the Water Quality Index (WQI)

The WQI classification proposed by the DOE in Malaysia is based on 
six parameters i.e. DO, BOD, COD, TSS, ammonia and pH, differing from 
the WQI, which was developed by the National Sanitation Foundation 
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(NSF). The WQI developed by the NSF monitors the WQI based on 
nine parameters i.e. temperature, pH, DO, turbidity, fecal-coliform, 
BOD, phosphate, nitrate and TSS. The range of WQI based on the NSF 
is classified as very bad, bad, medium, good and excellent. Most of the 
WQIs in use today are developed based on the NSF method. 

The WQI is suitable for use as a reference, but it did not represent the real 
condition of the water status of the rivers as it has many limitations. The 
WQI did not reflect other pollutants such as heavy metals, hydrocarbons 
and other nutrients. The WQI is useful information for public and 
legislative policy makers, but it is not suitable for technical and scientific 
applications because it does not carry enough information about the 
reality of the water status. There are some common limitations in the 
current WQI methods being used; rivers having a good WQI score does 
not mean they are free from pollution as they may still be affected by the 
parameters that are not included in the index calculation. 

The assessment of the WQI method by the DOE in Malaysia is physio-
chemical based; it does not include biological parameters to determine 
the microbes present in the water such as coliform and other types of 
bacteria. The microbiological contamination of rivers is becoming an 
issue for drinking water in developing and developed countries because 
it has brought health impacts to the residents. Hence, an assessment of 
microbes should be considered as one of the parameters in WQI indices. 
There are also some countries that do not have biological parameters in 
their own WQI, such as India, Iraq, Mexico and Nigeria. Countries which 
include biological parameters in their WQI are the United States, Europe, 
Canada and Iran.

5. CONCLUSIONS

The results showed that almost all the rivers in Penang Island were 
slightly polluted or polluted. The major point sources that cause the 
pollution of the rivers in Penang Island are domestic sewage and surface 
run-off. The waste from surrounding communities flows into the rivers, 
causing degradation of river water quality, especially for the rivers in 
the eastern and western regions of the Island. The waste water from 
industrial, residential and commercial areas should be processed and 
treated before being released into the river.

The WQI by the DOE in Malaysia is a useful tool to determine the 
status level of river water, but it has some limitations such as a lack of 
biological parameters and not representing all the information about the 
rivers’ status. Parameters such as fecal coliform, heavy metals, oil and 
grease should be included in the WQI for Malaysia to get a more accurate 
reading of the real status of the river water. Therefore, suitable methods 
and management can be taken to improve the status of the rivers.
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