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ABSTRACT

Clean water quality is a problem, especially for developing countries in Asia. Their efforts to
maximize various sectors to become a developed country, for example in industrial activities,
result in negative environmental impacts, especially for water quality. Wastewater that is
directly discharged into river bodies without any treatment causes river water quality to become
increasingly worse. The Water Quality Index (WQI) is one of the tools used to assess river
water quality. There have been many studies that examine river water quality in Asia, but there
are still few studies that discuss river water quality as a whole in Asia, especially for developing
countries where industrial activities are massive. This study discusses trends in river water
quality in developing countries in Asia. The results obtained show that most river water quality
in Asia falls into the medium to poor category, even poor in some situations, especially areas
with dense populations in areas around rivers which are full of domestic and industrial
activities. For this reason, there is a need for a more advanced WQI assessment which is carried
out using scientific analysis using fuzzy logic so that the WQI value can be more accurate and
QGIS can provide broader information. There needs to be cooperation and good relations
between the community, stakeholders and the government in an effort to overcome river
pollution which will become even worse by providing stricter regulations, establishing proper
water treatment so that industrial or domestic waste water does not directly enter water bodies,
and create appropriate policies. Therefore, it is important to be able to develop a river water
quality assessment system such as WQI to be more accurate so that these actions can be carried
out.

Keywords: Water Quality, River Water, Water Parameter
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INTRODUCTION

Water is one of the essential things that contains many nutrients and minerals that
support human life for many purposes [Chidiac et al., 2023; Gronwall & Danert, 2020; Uddin
et al., 2023; Vasistha & Ganguly, 2020].

Comment:

- References list should contain the newest positions (last 10 years).

- All references must be in alphabetical order and numbered consecutively. Two or
more articles in the same year and by the same author(s) should be indicated by the letters: a,
b, c.

- The author-year system for the cited references (max 3 positions in the one place)
should be used in the text. Citations of references in text should be identified using square
brackets.

Example: Duncan W. 2018. Thermal energy from a biogas plant for leachate treatment.
Energies, 15(3), 753-767.

Problems related to water have become a global problem [Anh et al., 2023; Relji¢ et
al., 2023]. The problem of clean water pollution affects almost half of the world's human
population, causing the deaths of up to five to ten million people every year [Ahuja, 2021].
This water quality problem is caused by several factors, both natural and human activities
[Ahuja, 2021; Hou et al., 2013; Qasemi et al., 2023]. The huge population growth and rapid
urbanization in several Asian countries is one of them [Liyanage & Yamada, 2017; Sajil
Kumar, 2017]. The industrialization process that developing countries continue to promote in
their efforts to move towards becoming developed countries, is also one of the causes of the
bad water pollution produced [Puspita et al., 2023; Wahyuningrum et al., 2023]. Industrial
activities often have a negative impact on water bodies, especially industrial water waste which
will carry many dangerous pollutant contaminants [Fida et al., 2023; Hadiwidodo et al., 2023;
llyasetal., 2019; J. Wu & Sun, 2016]. The demand for agricultural productivity, which has the
effect of massive agricultural activities on the Asian Continent, also produces chemical waste
that is dangerous for the quality of clean water [Parris, 2014; Varol & Tokatli, 2023; Wang et
al., 2023]. This need for good water quality requires comprehensive monitoring to provide
information and assessments on water quality, specifically river water, the primary water
source for several regions [Barakat et al., 2016; Budihardjo et al., 2022]. Nevertheless,
quantifying river water quality is a significant challenge owing to the extensive array of
potential factors employed to characterize it. More financial resources, particularly in
developing nations, pose a significant obstacle to comprehensive monitoring of all water
quality parameters in rivers due to the labor-intensive and costly nature of the task [Ho et al.,
2019].

Water Quality Indices (WQIs) have historically been employed as a prevalent method
for assessing the water quality of a certain water body [Gholizadeh et al., 2016; Gitau et al.,
2016; Sutadian et al., 2018]. The Water Quality Index (WQI) is a numerical representation that
indicates the condition of water quality in a certain water body, such as a river; it is calculated
by combining the measured values of various water quality parameters that have been chosen
for assessment [Misaghi et al., 2017; Rana & Ganguly, 2020; Trach et al., 2022]. WQI is used
to explain the status of river water quality and has been used since the beginning of 1965



[Chidiac et al., 2023; Katyal, 2011; Mishra, 2023]. It has become an effective way of
communicating information about water quality status [Uddin et al., 2023; Z. Wu et al., 2018].
Although WQI is not yet able to evaluate water quality for all types of uses and hazards, it is
able to provide many benefits, such as a comparison medium between water sources that can
be used to report quality status that can be understood more quickly and simply [Birva &
Hemangi, 2018; Sarkar & Abbasi, 2006], this makes it easier for water policymakers to make
decisions [Gitau et al., 2016; Ocampo-Duque et al., 2006; Unigwe & Egbueri, 2023]. Because
each WQI method is created for various purposes, locations and expert assessments, the results
of WQI assessments using each method can be different for the same water source [Fernandez
et al., 2004]. One of them occurred in research conducted by Darvishi et al. [2016] researching
to assess water quality in the Talar River using the OWQI and NSF methods. The results of the
two water qualities are different from each other even though they were carried out the same
in the Talar River. The appropriateness of using the WQI method depends on the source,
parameters, weights given, classification and final interpretation [Rana & Ganguly, 2020; Z.
Wu et al., 2018]

Gaining a comprehensive understanding of the present water quality condition in
developing Asian nations is of utmost importance, as it establishes the basis for making well-
informed decisions and implementing effective policies [Bassi & Kumar, 2017; Choe et al.,
2019]. The primary objective of this study is to offer a thorough and all-encompassing analysis
of the current water quality condition within the specified region. This will be achieved by
thoroughly examining many aspects, including trends, patterns, and any existing regional
discrepancies. This analysis explores the intricacies of water quality management, highlighting
the imperative of comprehensive strategies that encompass pollution mitigation and the
equitable provision of clean water access. This compilation of research and analysis will not
only enhance our comprehension of the water quality situation in developing Asian countries
but also provide a significant resource for policymakers, researchers, and stakeholders.
Through a comprehensive analysis of the present circumstances and obstacles to water quality,
our objective is to foster the formulation of approaches and remedies that can contribute to a
future characterized by enhanced sustainability, fairness, and well-being for the populations
and ecosystems of emerging nations in Asia. Comment: In my opinion, this is poorly reflected
in the manuscript, so either this should be added more in the Results or this proposal should be
deleted and not emphasized on it

Several papers have discussed river water quality in developing countries in Asia.
Marselina et al. [2022] used three different WQI methods, namely the National Sanitation
Foundation WQI (NSF WQI), Canadian Council of Ministers of the Environment WQI (CCME
WQI), and the Oregon Water Quality Index (OWQI) to examine the quality of river water in
the Citarum river, West Java. Hasan et al. [2015] examined the water quality of the Pelus River
in Malaysia using the JPS River Index. Jehan et al. [2020] evaluated the water quality of the
Swat River in Northern Pakistan using multivariate statistical techniques and WQI Model
Sutadian et al. [2018] tried to develop one of the WQIs, namely the West Java Water Quality
Index, to be used as an index throughout West Java by creating a limit and considering water
quality more effectively in terms of costs. However, more is needed to thoroughly discuss the
broad picture of river water quality in developing countries in Asia. For this reason, this paper



aims to provide a comprehensive understanding of river water quality in developing countries
in the current situation and the future considerations.

METHOD

The method used in this study is narrative method. Data regarding river water quality
assessment was obtained through reputable indexed journals from journal sites such as Science
Direct, ResearchGate, Elsevier, and several other journal sites. River water quality assessment
data in several developing countries in Asia, namely Indonesia, Thailand, India, Vietnam, and
Malaysia, will later be discussed comprehensively to see how river water quality trends and
their development

| “Tndonesia (2)
. India (4)

[ Thailand (2)
D Victnam (2)
B Malaysia (5)

Figure 1 Geographical Distribution of Water Quality Studies

RESULTS AND DISCUSSION
Water Quality Overview: Indonesia

In their study, Marselina et al. [2022] used several WQI methods to assess which WQI
method was most suitable to be applied in evaluating river water quality in Indonesia. In his
research, Marselina et al. [2022] used the Citarum River as a case study. The study area in this
study is the Citarum River, especially in the upper part, using sixteen parameters, namely
dissolved solids, pH, suspended solids, DO, pH, COD, BOD, free ammonia, total phosphate,
nitrate, detergent, oil and grease, phenol, fecal coliform, free chlorine, and total coliform. This
river is the longest river in West Java, Indonesia with a length of 297 km; also known as one
of the most polluted rivers in the world [Sholeh et al., 2018]. One of the methods used is the
National Sanitation Foundation Water Quality Index (NSF WQI), which is commonly used to
assess river water quality globally [Misaghi et al., 2017; Ratnaningsih et al., 2016]. The second
method used is the Canadian Council of Ministers of the Environment WQI, which is taken
based on surface water quality standards in Indonesia, and the last is the Oregon Water Quality
Index, which was previously used by Rahayu et al. [2021] in assessing water quality in the



Sutami reservoir. Based on the results Marselina et al. [2022] obtained, it was found that the
water quality status was better in the rainy months than in the dry months. This is caused by
rainwater, which is able to make surface water quality better because it dilutes naturally
existing pollutants [Chapman et al., 2019; Nurjanah, 2018]. However, what is interesting is that
in dry years the river water quality is better; this is better than a wet year. In fact, if there is
more rainfall in a year, the quality of river water will be better. This is due to the inconsistency
of monitoring carried out on the Citarum River. Based on the assessment of the three methods
used from 2011 to 2019, it can be said that, in general, the condition of the Citarum River is
classified as bad, even very bad in OWQI method. Only a few years are classified as fair,
namely in 2015 and 2016 in the NSF WQI method and 2015 in the CCME method,; the rest are
in a bad category, in fact, all of them were very bad category on OWQI throughout 2011-2019.
The issuing of Cooperation Agreements between 10 cities and the West Java Environmental
Service about the integration of water quality monitoring, which each city is required to carry
out, is one of the factors supporting this rule. By using the same quality indicators in all
monitoring activities conducted by each local authority through which the Citarum River flows,
it is possible to integrate the findings of water quality monitoring. When the study's findings
align with the parameters used in the NSFWQI calculation, the local administration may be
required to monitor specific water quality metrics.

Sutadian et al. [2018] also researched the condition of river water quality in West Java.
In his study, he tried to develop a water quality index to make it more suitable for rivers in
West Java Province. Some of the rivers in the study area are the Citarum, Ciliwung, Cileungsi,
Cimanuk, Cilamaya, Citanduy and Cisadane rivers. These rivers are vital rivers in Indonesia
because they are a source of water for agricultural and food needs. Unfortunately, these rivers
are very vulnerable to pollution by agricultural, industrial and livestock activities. (Juwana
2014). Sutadian et al. [2018] developed a quality assessment method using four steps, namely
selecting parameters based on statistical assessments, obtaining sub-index values, weighting
parameters, and aggregating sub-indices to find the final index result. Using the new WQI
method called the West Java Water Quality Index, Sutadian et al. [2018] assessed eight rivers
using data from 2001 to 2011. The results obtained showed that the water quality of most of
these rivers was far from satisfactory. The results showed that the Citarum, Cileungsi and
Cilamaya rivers had better water quality than other rivers in West Java. There are 13 parameters
used, namely faecal coliform, zinc, mercury, lead, detergent, phenol, chloride, dissolved
oxygen, chemical oxygen demand, suspended solids, temperature, detergent and nitrite. This
is actually not too surprising considering that there are so many industrial areas that in West
Java, such as food and textiles. Only Bandung and Cirebon have sewer systems in West Java.
More than 46.16 per cent of households in West Java do not have access to sanitation in West
Java. In general, industrial, domestic and agricultural activities are the most significant
contributors to poor air quality in these rivers [Tiwari et al., 2018].

Water Quality Overview: Thailand

Tian et al. [2019] researched one of the river water qualities in Northeastern Thailand,
namely the Mun River. Mun River, one of the largest tributaries of the Mekong River in
Thailand, has a length of around 800 km [Penny et al., 2023; Toda et al., 2004]. The methods
used by Tian et al. [2019] are the Kendall Test and the Water Quality Index. Kendall Test was
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conducted to check the trend of concentration of water quality parameters. Meanwhile, WQI is
used to comprehensively evaluate water quality status. Several parameters used in this
assessment include total coliform bacteria (TCB) and fecal coliform bacteria (FCB). DO, BOD,
nitrate-nitrogen (NO3-N). ammonia nitrogen (NH3-N), and suspended solids. The results that
Tian et al. [2019]obtained were that the quality of the Mun River water parameters varied
greatly both spatially between higher and lower areas and also temporally, namely between
flood seasons and non-flood seasons. At higher conditions, several parameters that have a
significant influence on water quality are BOD, DO, and TP, while at lower areas they are DO,
BOD, and NH3-N. Overall, the parameters that influence water quality in the Mun River differ
between high and low altitudes. Meanwhile, the WQI value during flood season is usually the
worst, indicating poor water quality. Meanwhile, river areas with higher conditions have worse
quality scores. Agricultural land contributes significantly to phosphorus content. The urban
area has a very close correlation with TCB, FCB and BOD, and the numbers are significant,
even very large. This shows that urban areas have a significant influence on water pollution.

Most water quality surveys are carried out by the Pollution Control Department using
several physical and chemical properties in their assessments. Leelahakriengkrai and
Peerapornpisal [2011], in his study, reported on river water quality covering six regions,
namely the Tapee River in the southern region, the Kwai River in the western region, the Chi
River in the northest region, the Tha Chin River in the central region, and the Ping River in the
Northern Region. The water quality of the Utamma River in Thailand in 2008-January 2009
showed promising results from clean to moderate. In his investigation, the Ping, Chi, Kwali,
Chanthaburi and Tapee Rivers can be used for agricultural and industrial activities, as can the
Tha Chin River, although they require special treatment.

Water Quality Overview: India

The Ganga River is the longest river in India and in South Asia, with a length of 2.525
km, which passes through four countries, including India, Bangladesh, Nepal, and China, with
a total of 80 percent of this river area being in India [Chakraborti et al., 2018; Singh et al.,
2018]. Matta et al. [2020] carried out sampling with a total of 120 water samples, which took
place during the rainy season, namely November-February monsoon in July-August, post-
monsoon September to October, in 2015-2016. Matta et al. [2020] uses NSFWQIi as a method
for assessing the water quality of the Ganga River. Based on the results obtained, if using Indian
Standards, The Ganga River water is unsuitable for drinking. The results from NSFWQI state
that the upstream is classified as good, namely in the Gangotri and Uttarkashi areas during the
rainy season and dry season. However, pollution occurs downstream in Jatwara and Haridwar
during the monsoon season.

The water quality of Gaghara River is assessed using WQI [Ravi et al., 2023] .The
procedure used in this research was carried out following the process attached by Chandra et
al. [2017]. Based on its length and volume, the Gaghara River is the second largest tributary of
the Ganga River [Dwivedi et al., 2017]. The Gaghara River is one of the rivers with the most
people living around its riverbanks, namely 25,864,970 people, based on a census conducted
in 2011. Sampling was carried out at a total of 18 sampling points, with 54 samples divided
into pre-monsoon, namely in September 2018 and during Monsoon and post-monsoon in July
and September 2019, respectively. Based on the results Ravi et al. [2023] obtained in pre-
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monsoon conditions, the WQI value ranges from 19 to 49. This indicates that the river water
quality is classified as excellent (0-25) and good (26-50). During Monsoon, the WQI values
obtained vary between 11 and 70, which indicates that some are classified as good and some
are classified as poor (51-70). Then, at post-monsoon time, the WQIi value varies from 53 to
142, this indicates that someone is in the poor, very poor category (71-90) and also unsuitable
for drinking. In the post-monsoon season, fluoride and PH concentrations greatly influence the
resulting WQI values. The high PH value in this river increases the dissolution process of
fluoride-bearing minerals, which leads to increased fluoride levels in this river. In general, the
water quality of the Gaghara River is below the safe quality standards issued by WHO and is
not suitable for use in industrial activities, but is still suitable for irrigation use. Special attention
and strict assessment are needed to reduce water deterioration. There is a need for good water
treatment, such as increasing the amount of waste and waste water treatment buildings along
with population growth. Degradation of the Garagha River can also be reduced by reducing
untreated water waste from certain points.

The Mahananda River is one of the most important rivers for the people of India, as
well as Bangladesh [Anonna et al., 2022; Rangarajan et al., 2019]. However, there is still little
information regarding the water quality of this river. For this reason, Shil et al. [2019] tried to
assess the water quality of the Mahanda River using WQI. The Mahananda River is located in
the northern part of West Bengal, India, with more than half of its basin area in India, while
the rest is in Bangladesh with a total length of 360 km. Some urban areas around this river
include Barsoi, Dalkhola, Kishanganj, Siliguri town, and Malda. Sampling was carried out for
two different durations, namely pre-monsoon and post-monsoon, in 2016, with a total of 14
sampling stations. Several parameters assessed in this assessment are temperature, PH, DO,
TDS, nitrate, phosphate, sulphate, Mg, Ca, EC, chloride, and hardness. Based on the results
obtained in the pre-monsoon, WQI values ranged from 17.63 to 93.50 and 18.25 to 94.50 in
the post-monsoon season. Sampling station S-2 has very poor values both pre-monsoon and
post-monsoon. This is because the S-2 location is in Siliguri City downstream and
accommodates a lot of municipal effluent. Seasonally, the post-monsoon values have slightly
better quality because some of the soluble pollutants are carried away by rain. Overall, the
water quality of this river is quite good, except for several locations close to residential areas.
Several indications reveal that this river water is not suitable for agricultural activities but can
be used for industry if processed appropriately. The Mahananda River needs to have
management to protect and prevent the quality of the river from deteriorating.

The Noyyal River is a river located in Tirupur District, southern India, with a relatively
dense population [Sreelakshmy et al., 2023]. The Noyyal River flows into a larger river, namely
the Cauvery River, with a length of about 175 km, which flows from Mount Vellingiri
[Shanmugamoorthy et al., 2023]. Tirupur is famous for its location, which is filled with textile
factories and industries [Prabha et al., 2017; Pranaw et al., 2014]. Textiles there are one of the
most massive and support the country's economy [Ghosh & Devi, 2018]. Many industrial
activities dump their effluent into this river without going through a treatment process [Prabha
etal., 2017; Rajakumari & Kanmani, 2008]. For this reason, this Krishnamoorthy et al. [2023]
carries out an investigation regarding the water quality of the Noyyal River using the
Underground Water Quality Index (UWQI) with eleven main parameters, namely, total
hardness, TDS, chloride, nitrate, bicarbonate, calcium, total alkalinity, magnesium, and pH,
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DO, and sulfate. Based on the results obtained from fifteen samples that were tested, the UWQI
value ranged from 62 to 125.7. This indicates that the quality of the UWQI varies from being
classified as good, namely between 50-100, and being classified as bad, namely between 101
and 200 [Lukhabi et al., 2023]. Some of the main parameters that are the reason for the poor
quality of this river water include total alkalinity, chloride, TDS, and total hardness. Several
parameters that are other reasons are magnesium, bicarbonates, and sulfate. This is mainly due
to massive textile and industrial activities due to discharged effluent [Madhav et al., 2018]. Not
only that, municipal waste and community activities also affect the quality of underground
water. There is a need for further studies to assess in more depth taking action to protect the
Noyyal River from industrial and municipal waste.

Water Quality Overview: Vietnam

The Bach Dang River basin in Quang Ninh Province accommodates clean water for
community use and aquaculture [Vu et al., 2022]. However, because there are still few quality
assessment studies on this river water, Nguyen et al. [2023] conducted research and assessed
the water quality of the Bach Dang River basin using the water quality index. The Bach Dang
River is part of the Thai Binh River, which has its headwaters in the Da Bac and Gia Rivers
and empties to the south on Vu Yen Island for 43 km. This river is the main river in Quang
Ninh Province, which has several tributaries, including the Uong River, CAm River, and Khoai
River. Sampling was carried out for 23 water samples, which were carried out in the rainy
season and dry season. Some of the parameters reviewed are pH, alkalinity, temperature,
NH4+, BOD, COD, DO, phosphate, coliform, electrical conductivity (EC), and heavy metals.
There are five WQI levels in Vietnam, namely Level 1, where the WQI is between 0-25,
categorized as dirty, and requires treatment before use. Level 2 has a value between 26 and 50,
which can be used for transportation. Level 3 has a value of 51 to 75; the water can be used for
irrigation purposes; level 4 has a value of 76 to 90, which means the water can be used for
domestic purposes. Level 5, with a value of 91 to 100, means the water can be used for
household water. In general, the results obtained in the dry season and rainy season are
classified as very good; only a few posts are classified as average. WQI results in the rainy
season are better than during the dry season; this may be due to increased runoff from
community and agricultural activities. In the rainy season, the WQI value varies between 76 to
91, while in the dry season, it is 61 to 93. This indicates that the quality of river water in the
Bach Dang River is good in both the dry and rainy seasons, but treatment is needed at several
points so that the results remain good. Nguyen et al. [2023] recommends ongoing monitoring
to maintain a safe water supply for the community.

The Ray River is one of the rivers in Vung Tau Province. This 120 km long river flows
from the Chua Chan mountains. Several tributaries of the Ray River are Soui Mon Coum, Suoi
Cao, and Suoi Sap. Due to the lack of studies regarding the water quality index on the Ray
River, Thuy et al. [2021] conducted a study on assessing river water quality in the Ray River
based on two seasons, namely the dry season and the rainy season, with ten sampling points
and 13 parameters. Sampling was carried out in four periods, namely March, June, October
and December in 2019. Based on the results obtained, the water quality in Ray River is better
in the dry season compared to the rainy season. The water quality of the Ray River is greatly
influenced by anthropogenic activities, namely agriculture (phosphate), livestock, and
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industrial wastewater. This occurs at the M2 sampling point location, which has WQI values
for both seasons. The location of the M2 sampling point is close to domestic activities and
livestock. The location of M2 is a very polluted point. Overall, the water quality of the Ray
River is in the poor and bad categories and good in the dry season. Thuy et al. [2021] states
that preventive measures and appropriate management are needed to maintain and improve the
quality of river water, which is slowly entering a critical condition.

Water Quality Overview: Malaysia

Malaysia is a developing country where many industrial activities, mining, and
domestic sewage cause a lot of water contamination [Abdul Maulud et al., 2021; Ismanto et
al., 2023]. Abdul Maulud et al. [2021] tries to assess water quality using the water quality index
for the Kelantan River, one of the 248 km long rivers in Malaysia. Several tributaries of the
Kelantan River are Galas, Pergau, Lebir and Nenggiri. Agricultural and livestock activities
dominate activities around the Kelantan River. In this study, sampling was carried out at 27
sampling stations spread throughout Kelantan River. The study results were obtained with six
parameters, namely BOD, COD, DO, SS, and pH. Water quality in the dry season for all sub-
catchments in the Kelantan River is class three. Meanwhile, when the season changes to the
rainy season, the classes change to classes 4 and 5 for the upstream section. There needs to be
extensive water treatment for the Kelantan River throughout all seasons if it is to be used for
domestic activities.

Rivers in Selangor, Malaysia, are experiencing contamination due to the dense
population [Al-Badaii & Shuhaimi-Othman, 2014]. The contamination that occurs is caused
by industrial, livestock, and agricultural activities [Anyadoh-Nwadike et al., 2015]. One of
them is the Tekala River, which is a recreational river. This river is located 50 km from the
capital city of Malaysia, Kuala Lumpur. Kim et al. [2022] assesses the quality of river water
from the Tekala River using several parameters, namely COD, BOD, DO, pH, temperature,
ammoniacal-nitrogen (NH3N), total suspended solids (TSS), total dissolved solids (TDS),
coliform, conductivity, macroinvertebrate, and coliforms. Sampling was carried out in May
2017 and October 2017 with a total of 18 water samples. Different from the others, the WQI
assessment carried out by this paper shows that the greater the WQI value, the better the quality.
The WQI value of the Tekala River varies between 85.45 and 94.86, which means that the
condition of this river can be said to be classified as class 1 and class 2. Differences in
ammoniacal nitrogen, pH, and temperature dominate the significance. The WQI value
gradually decreases from upstream to downstream due to the large number of pollutants.
Therefore, Hanafiah et al. [2018] states that this river is recommended as a safe river for
recreational activities.

Another study conducted in assessing the water quality of the river in Malaysia was a
study conducted by Blasi et al. [2022] to assess the water quality of the Masai River, Johor.
This study tries to assess the quality of river water along an urban area, namely 1.5 km long,
where there are a lot of industrial activities, factory construction, and dense population.
Sampling was carried out in three consecutive weeks starting in November 2022 from three
different stations. Sampling is done once a week during rainy and non-rainy conditions. Several
parameters assessed in this study are COD, BOD, NHh3N, DO, pH, and TSS. Based on the
results obtained, the water quality of the Masai River, Johor, is unsuitable for aquatic life, or it
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could be said that the results do not meet the standards set by the Malaysian DOE WQI for
marine creatures to live in. Overall, the WQI value results varied between 59.34 to 74.47. The
poor water quality of the Masai River, especially downstream, is caused by the large amount
of polluted water that is discharged into this river. Without processing, this river can be used
for fishing or agricultural activities but can become a source of drinking water if the right
processing process is applied.

The Terengganu River is located in the northeastern part of Peninsular Malaysia [Abd
Wahaba et al., 2019]. This river is the main river that originates from Lake Kenyir and empties
into the South China Sea. Several tributaries of the Terengganu River include Telemung,
Tersat, Nerus, and Berang. This river passes through different socio-economic areas ranging
from industrial activities, livestock, forests, agriculture, and so on. Suratman et al. [2015]
conducted monthly sampling with a total of 10 samplings in 2008. Some of the parameters
assessed are BOD, DO, COD, pH, TSS, and AN. The results showed that the DOE-WQI value
varied between 71.5% and 94.6%, which varied from slightly polluted to clean. Low water
quality is found in the middle and downstream, while the upstream has high river water quality.

Wong et al. [2020] conducted a study to compare the water quality index in ASEAN to
assess the water quality of the Selangor River in Malaysia. Several countries that already have
their own WQI systems are Malaysia, Thailand, and Vietnam, while Indonesia has adopted the
WQI system. Wong et al. [2020] assesses river water quality with twelve parameters, which
will be plotted into the WQI systems. The first of these WQI systems is DOE-WQI (Malaysia),
which has six physicochemical parameters, including ammoniacal nitrogen (AN), COD, BOD,
pH, DO, and suspended solids [Sim & Tai, 2018]. Meanwhile, PCD-WQI (Thailand) has five
main parameters, namely BOD, DO, AN, FCB, and TCB. MONRE WQI (Vietnam) has nine
parameters, namely BOD, DO, COD, PO3-4, An (chemical), turbidity and SS (physical), TCB
(biological), and pH. Indonesia adopted the Storage and Retrieval and Water Quality Data
System (Storet) and Pollution Index (P1) in assessing the quality of its river water [Barokah et
al., 2017]. Meanwhile, the twelve parameters assessed in this study are COD, BOD, DO, NO3,
AN, pH, PO4-3-P, SS, turbidity, TCB, and water temperature. In general, the downstream
experiences a large amount of pollution caused by community activities and sand mining
activities. Meanwhile, stations five and six are greatly influenced by biological parameters due
to the large amount of domestic and industrial wastewater. MONRE-WIQ (Vietnam) and
STORET & PI (Indonesia) appear to be more stringent water assessment systems compared to
DOE-WQI (Malaysia) and PCD-WQI. WQI, which assesses all biochemical and
physicochemical aspects, tends to give consistent results, namely very poor. In contrast,
systems that assess biochemical or physicochemical, such as DOE WQI and PCD-WQI, give
better evaluation results (fair-poor). Wong et al. [2020] believes that there is a need for
integration between WQIs and GIS for more in-depth analysis and to be able to provide more
comprehensive information.

Strategies and Future Considerations

Based on evaluations and assessments of river water quality in developing countries in
Asia, such as Indonesia, Vietnam, Malaysia, Thailand, and India, the WQI results obtained are
quite varied. Several reasons cause these quite varied results; the first is that the assessment of
the use of the WQI is different from one country to another [Zotou et al., 2020]. For example,
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the water quality index in Malaysia using DOE-WQI is different from the water quality index
held by Vietnam, namely PCD WQI [Wong et al., 2020]. The type of parameters and number
of parameters used also differ from one another. The results of the river water quality will be
different even though the source is from the same river water; this is in line with what Wong
et al. [2020] said in his study, namely comparing WQI between countries in Southeast Asia.
This difference is also caused by the fact that river conditions are different. Overall, river water
quality assessment results were obtained in the rainy season compared to the dry season, except
for those in Citarum and Vietnam, which showed different results[Marselina et al., 2022; Thuy
et al., 2021]. These better results can be caused by pollutants being diluted in heavy rainwater
[Kumwenda et al., 2012]. Meanwhile, the research that conducted on the Citarum River states
that the dry season is better than the rainy season; this may be due to the lack of comprehensive
and complete data collection carried out [Marselina et al., 2022]. The WQI, which has played
a role as a tool to help assess water quality, has undergone many developments to obtain more
accurate results. The weighting must be determined according to the use of the water. In other
words, a Universal WQI definition cannot be carried out. In other words, the use of WQIs will
experience limitations, such as being biased, not specific, or there is no relationship between
parameters. Using fuzzy logic can be done to help get more accurate WQI results [Chaudhary,
2020; Quifiones-Huatangari et al., 2020]. Therefore, the development of WQI as a tool for
assessing river water quality must be developed by including statistical analysis [Kachroud et
al., 2019]. This approach is able to analyze the impact of these variables on river water quality.
Using WQIs and GIS simultaneously can also be a solution for carrying out more in-depth
analysis in evaluating river water quality [Ram et al., 2021]. River water quality assessments
and efforts to restore river water quality also need to be carried out more comprehensively with
full collaboration between researchers, stakeholders, and the government in order to make
future decisions and policies [Choe et al., 2019; Miller & Hutchins, 2017]. At the same time,
good waste water treatment is also needed for all polluted water that will enter the river, starting
from industrial and domestic waste

Comment: Before writing a conclusion, it is recommended to make a summary table
that reflects the main results for different countries. This table may contain: approaches to
determining WQI and links to main sources, advantages and disadvantages of these
approaches, anything else important for this study.

After this, prepare conclusions

CONCLUSION

Based on the results obtained, the quality of river water in Asia generally has a poor
value downstream because it is close to densely populated locations full of activities such as
industry, agriculture, and livestock. Several parameters of the WQI are also strongly influenced
by anthropogenic activities. For this reason, to prevent river water conditions from getting
worse, it is necessary to tighten regulations for industry in discharging wastewater into river
bodies. Overall, the condition of river water in Asia, especially in developing countries, falls
into the medium and poor categories, even bad at several sampling points from these rivers.
Industrial development, massive agricultural activities, especially in Southeast Asian countries,
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agricultural activities, and domestic waste are some of the root causes of poor river water
quality in Asia. River sections with densely populated residential areas tend to have poorer
river water quality. This is because much waste that comes from various sources such as
industry, domestic, animal husbandry, and agriculture does not go through a treatment process
and is directly discharged into water bodies. Proper treatment is needed to deal with wastewater
from both industrial and domestic sources. Developing countries' efforts to transform into
developed countries through industrial development must proceed without forgetting the
environmental impacts they cause, especially in relation to discharges into water bodies. The
development of WQIs as a tool for assessing river water quality is also needed so that the WQI
used can be suitable for the river to be studied. This development must also be carried out in
conjunction with scientific analysis, such as fuzzy logic, to assess how the parameters in the
WQI affect the final value. Using WQIs and GIS together is also considered capable of
providing sharper and more complete analysis. Therefore, a more comprehensive study needs
to be carried out in order to produce a more credible assessment of river water quality.
Collaboration between the community, stakeholders, and the government plays a significant
role in water quality restoration efforts, which are in line with the sixth SDGs, namely clean
water and sanitation.
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