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ABSTRACT 

The issues of freshwater pollutions and the high demand of clean freshwater for daily human activities 
have forced developing countries such as Malaysia to continuously monitor the quality of the 
freshwater. The present study objective is to present the trend of water quality status in the Kelantan 
River downstream, Peninsular Malaysia from 2005 to 2018. Water samples were collected during dry 
and monsoon seasons from a sampling station located at downstream of the Kelantan River. Water 
quality parameters such as temperature, pH and dissolved oxygen (DO) were measured in situ while 
other parameters were analysed in the laboratory based on retrieved water samples. Water quality 
status was determined based on National Water Quality Standard (NWQS) for River in Malaysia by 
calculating the water quality index (WQI) according to the concentration of six water quality 
parameters involving pH, dissolved oxygen (DO), biochemical oxygen demand (BOD), chemical 
oxygen demand (COD), suspended solids (TSS) and Ammonia Nitrogen (AN). The results showed 
that Kelantan River had good water quality during the dry season classified in Class II at 2005. The 
water quality was found to be slightly lower during the monsoon season in year 2006. In addition, 
increasing the number of construction, human activities in the land use areas, land use changes and 
the sewage water from domestic, industrial, wet market and food outlets in the Kelantan State have 
declined the water quality in Kelantan River from Class II (in 2005) to Class III (in 2010 and 2011) 
and to become Class IV in 2017 to 2018. The results of the present study are expected to give valuable 
information for the water managers in order to deal with better strategies in controlling the quality of 
freshwater at the Kelantan River and minimize the incidence of pollution-oriented problems, thus the 
water can be utilized for various water uses with appropriate quality. 

Keywords : Kelantan River, water quality status, WQI, water quality parameters 
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1. INTRODUCTION 

Great quality of freshwater is the most important for human existence in the world because 
it is extensively used for domestic, recreation, agriculture, fishing, drainage/irrigation and 
industrial purposes (Hee et al., 2019; Lai & Fitri, 2011; Peck Yen & Rohasliney, 2013; Varol, 
2020). The issues of freshwater pollutions and the high demand of freshwater for daily 
human activities have forced developing countries such as Malaysia to continuously monitor 
the quality of the freshwater (Afroz et al., 2014; Department of Environment, 2014; Hee et 
al., 2019; Juahir et al., 2011; Kamarudin et al., 2019; Ma’arof & Hua, 2015; Suratman et al., 
2009; Wahab et al., 2019).  

Kelantan River is the largest river in Peninsular Malaysia while Kelantan state is one of the 
developed regions in Malaysia. The Kelantan River plays a necessary role in supporting the 
economy of local people and government because it is extensively required for domestic use, 
agriculture, harvesting, industry etc. (Abdul Maulud, K. N. et al., 2020; Hee et al., 2019). 
Based on finding from spatial analyses, there were increasing of land use changes in the state 
of Kelantan from year 2012 to 2018 (Abdul Maulud, et al., 2020). Construction activities 
have increased from 3,031.4 Ha to 55,463.0 Ha (about 1,729 % increment), cropland areas 
have increased from 404,760 Ha to 496,385 Ha (about 22 % increment) and forest areas 
have decreased from 1,067,930 Ha to 912,045 Ha (about 14% reduction) (Abdul Maulud, et 
al., 2020). Negative impacts from landuse changes on river water quality has been reviewed 
by Camara et al. (Camara et al., 2019). The increase of population and land use changes made 
the Kelantan River basin facing the growing pressures which may increase pollutions and 
water stress in future decades. It is therefore essential to take water quality monitoring to 
make sure that this valuable river retains clean. Besides, monitoring the status of water 
quality is becoming compulsory in order to provide the water managers with crucial 
information related to water resources management (Fulazzaky et al., 2010; Mokhtar et al., 
2009). 

This study attempted to present the trend of water quality status in the Kelantan River 
downstream, Peninsular Malaysia from year 2005 to year 2018. The status of water quality 
in Kelantan River was determined based on the National Water Quality Standard (NWQS) 
for River in Malaysia by calculating Water Quality Index (WQI). The WQI was calculated 
using six important water quality parameters including dissolved oxygen (DO), biochemical 
oxygen demand (BOD), chemical oxygen demand (COD), ammonia nitrogen (AN), pH and 
total suspended solid (TSS) (Amneera et al., 2013; Hee et al., 2019; Wu et al., 2018). The 
presented trend of water quality is expected to give valuable information for the water 
managers in order to deal with better strategies in controlling the quality of freshwater in 
Kelantan River and minimize the incidence of pollution-oriented problems, thus the water 
can be utilized for various water uses with appropriate quality. 

2. MATERIAL AND METHOD 

2.1. Study Area and Water Sampling Point 

This study was carried out in the Kelantan River basin, east coast of Peninsular Malaysia laid 
approximately at latitude 5°00’ E to 6° 12’E and longitude 101° 50’N to 102° 20’N. The station 
of water sampling was located at the most downstream of the Kelantan River with coordinate 
E 102° 14’ 42.0’’ and N 6° 10’ 19.3’’. Figure 1 describes the study area and the location of the 
water sampling station.  
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Kelantan River is influenced by two seasons per year that are dry season between April and 
September and the monsoon season between October and March. The heavy rainfall occurs 
during the monsoon season. The annual rainfall at Kelantan River basin is about 1700 mm 
or above. 

2.2. Water Sampling Procedure and Analyses 

In this study, water samples were collected at the sampling station for several occasion on 
August 2005 (dry season), January 2006 (monsoon season), August 2010 (dry season), 
January 2011 (monsoon season), August 2017 (dry season) and January 2018 (monsoon 
season). Water samples were collected using certain bottles according to the APHA method 
(APHA, 2017). PH and dissolved oxygen (DO) concentrations were recorded directly in situ 
by using YSI meter, while other parameters such as BOD, COD, TSS and AN were examined 
in the laboratory based on collected water samples according to the APHA method. BOD was 
determined by recording the DO values from the samples before and 5-day after its 
incubation at 20°C. COD was examined using the method of open efflux (APHA, 2017). For 
TSS concentration, a 100 ml water sample was filtered via a membrane filter, then it was 
dried in an oven at 105°C and finally, it was weighed. In addition, Ammonia Nitrogen was 
measured by using Nessler methods (HACH, 2007). 

 

Figure 1. Location of The Study Area and Sampling Station 

2.3. Water Quality Index Based on NWQS, Malaysia 

Water quality index (WQI) allowed the identification of water quality status in a waterbody 
(Chapman, 1996; Hee et al., 2019) through calculating sub-indexes of six water quality 
parameters (pH, DO, BOD, COD, AN, TSS) as provided under the National Water Quality 
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Standard (NWQS) for River in Malaysia. Here, WQI was used to determine the status of 
water quality in Kelantan River downstream, Peninsular Malaysia. 

3. RESULTS AND DISCUSSION 

Figure 2 shows the mean values of six water quality parameters (pH, DO, BOD, COD, AN 
and TSS) at the downstream of Kelantan River, Peninsular Malaysia from year 2005 to 2018 
sometimes at dry and monsoon seasons. 
 

 

 

 

Figure 2. Mean Values of pH, TSS, DO, BOD, COD and AN at downstream of Kelantan 
River 

Based on Figure 2, the results illustrated that there were continually declining the dissolved 
oxygen concentration at downstream of the Kelantan River basin from year 2005 to 2018. 
Further, the concentrations of dissolved oxygen were recorded to be slightly reduced during 
the monsoon season compared to the dry season. In contrast, concentrations of TSS, COD, 
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BOD and AN were recorded to be continually increased from year 2005 to 2018 with higher 
concentrations that were found during monsoon season. The results demonstrated that the 
increase of TSS, BOD, COD and AN had reduced the concentration of DO in the freshwater 
which was in line with results found by Ahmad et al., (Ahmad et al., 2009) and Hee et al., 
(Hee et al., 2019). During the dry season, the concentration of TSS, BOD, COD and AN were 
recorded about 5.6 mg/L, 0.18 mg/L, 2.3 mg/L and 0.03 mg/L, respectively at the year 2005 
while the concentration of TSS, BOD, COD and AN were recorded much higher at year 2017 
which were about 246 mg/L, 1.8 mg/L, 12 mg/L and 1 mg/L respectively. During monsoon 
season, the concentration of TSS, BOD, COD and AN were recorded about 12 mg/L, 0.84 
mg/L, 3 mg/L and 0.053 mg/L respectively at year 2006 while the concentration of TSS, 
BOD, COD and AN reached 325 mg/L, 2.4 mg/L, 15 mg/L and 1.2 mg/L respectively at year 
2018. 

Subindex values for six water quality parameters during dry and monsoon seasons from year 
2005 to 2018 are presented in Table 1. In addition, Table 1 also presents the status of water 
quality in downstream of the Kelantan River for each season from 2005 to 2018 based on the 
values of WQIs calculated from the subindex values.  

Table 1. The values of subindex for six water quality parameters and WQI for each season 
from year 2005 to 2018 

Time 
Period Season 

Water Quality Parameter Subindex 
WQI Class 

SIDO SIBOD SICOD SIAN SISS SIpH 

2005-2006 
Dry 6.03 99.64 96.04 97.35 96.29 99.35 77.56 II 

Monsoon 4.27 96.85 95.11 94.94 90.50 98.65 76.04 II 

2010-2011 
Dry 0.00 98.62 91.25 71.63 57.67 93.71 69.81 III 

Monsoon 0.00 95.75 88.73 74.25 53.81 83.63 62.79 III 

2017-2018 
Dry 0.00 83.48 83.14 23.00 41.60 97.46 50.97 IV 

Monsoon 0.00 79.25 79.15 7.06 37.34 96.39 46.32 IV 

Based on Table 1, the results showed that the Kelantan River had good water quality during 
dry season at year 2005 which is classified in Class II. The river water was suitable for 
sensitive aquatic species and can be used for water supply with conventional treatment. 
However, the water quality was found to be slightly lower during monsoon season at 2006 
due to the increase of TSS, BOD, COD and AN concentration. 

In addition, the increase of land use changes and the number of development at Kelantan 
State from year 2012 to 2018 (in example, land use changes for cropland were increased 
about 22% while the number of constructions were increased about 1,729 %) (Abdul Maulud, 
et al., 2020)) as well as increasing the sewage water from domestic, industrial, wet market 
and food outlets in the Kelantan State have declined the water quality in Kelantan River 
downstream i.e water quality was declined from Class II (at year 2005) to be Class III (at 
year 2010 and 2011) and finally it was decreased again to become Class IV at 2017 to 2018. 
The results demonstrated that extensive treatments are required to improve the water quality 
of the recent condition in the Kelantan River.  

4. CONCLUSIONS 

Clean freshwater is the most crucial thing for daily human activities. Since the Kelantan 
River is the largest river in Peninsular Malaysia, therefore, it becomes important to maintain 
the water quality of the Kelantan River. The increase of development activities and land use 
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changes in Kelantan city from year 2012 to 2018 (in example, 1,729 % for construction and 
22 % for cropland), have declined the water quality in downstream of Kelantan River, 
Peninsular Malaysia. The obtained results from this study demonstrated that extensive 
treatment of river water is required in order to improve the water quality for water supply. 
The better strategies are also required in controlling the quality of freshwater in the Kelantan 
River as well as minimize the occurrence of pollution problems.  
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