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ABSTRACT: In increase of pathogenic bacteria  Echrichia coli in the surface water in the river, 

ground and lakes water is a concern as it is the main precursor to health hazard disinfection in conventional 

drinking water treatment systems. One possibility of growing interest in water utilities is the technology of 

riverbank filtration (RBF). RBF is a new method that could introduce non-chemical techniques and 

natural treatments in Malaysia. Although RBF systems are efficient in reducing or removing the 

concentrations of contaminants, they are mostly ineffective in the removal of pathogenic bacteria 

especially during flood and wet seasons. This literature focused on   reports published at the last years 

including the pathogenic bacteria i.e. the total coliform, bacteria E. coli, Giardia lamblia, Leptospira 

interrogans, Cryptosporidium spp., Enterococci, Cyanobacteria as well as other baceria i.e. Clostridium 

perfringens. Using this method, the analysis provided an overview of the removal rates of pathogens 

as the main indicators of BF efficiency. In order to understand and develop further knowledge on 

RBF,  at different locations in Malaysia. Three pilot projects of RBF facilities were constructed in the 

states of Selangor, Perak, and Kedah. The results from the proposed analytical model are well matched 

with the data collected from a RBF site in France. After this validation, the model was then applied to 

the first pilot project of a RBF system conducted in Malaysia. Sensitivity analysis results highlighted 

the importance of the degradation rates of contaminants on surface water (rivers, lakes and groundwater) 

quality after removal of pathogens, for which higher utilization rates led to the faster consumption of 

pollutants. The development perspective of RBF in Malaysia is promising. With the establishment of a 

management system, improvement of the monitoring system, reinforcement of legal protection, and 

promotion of civic awareness, Malaysia RBF will play an important role in development of the water 

resource industry. 
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INTRODUCTION  

Nations’ Sustainable Development Goal 6 

(SDG 6) aims to ensure the accessibility and 

management of water and sanitation for all, 

including an end to open defecation, by 2030. It 

is known that due to rapid advancement of 

industrialization will results in destruction of 

ecosystem and biodiversity loss. As mentioned 

by World Health Organization (WHO, 2017), it 

is expected that under supply of water will 

displace 700 million people by 2030, while 

desertification will put the livelihood of one 

billion people living in 100 countries across the 

world at risk by 2050 . To fulfill the objectives 

of the SDG 6, the High-Level Panel on Water 

has developed innovative approaches to solve 

global water scarcity since recent years traditional 

financing solutions and technologies have proven 

to be insufficient in addressing these challenges. 

Malaysia is rich with groundwater as a 

freshwater source apart from surface water 
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supply, and its demand has been projected to 

increase by 63% from 2000 to 2050 (Manap et 

al., 2013). In Malaysia, groundwater is in severe 

demand where surface water supply is non-

existent and inadequate. However, groundwater 

has only become a highly-sought water source in 

the recent years because the quality of river 

water is continually deteriorating while water 

demand is expected to increase (Shamsuddin et 

al., 2014). Moreover, low surface water levels at 

the point of intake during the dry season could 

prevent water from being pumped to water 

treatment plants, and consequently stop the 

supply of clean water to millions of people. One 

of the groundwater abstraction techniques that 

has proven be effective in preserving groundwater 

and treating polluted river water for drinking 

purposes is the riverbank filtration (RBF) 

system (Bauer et al., 2011). RBF has long been 

recognised as a natural method for surface water 

treatment (Shamrukh and Abdalla, 2010). It is 

an efficient and low-cost alternative of water 

treatment for drinking water. During infiltration 

and underground transport, the processes of 

filtration, biodegradation, and sorption are 

significant to improve raw water quality 

(Partinoudi and Collins, 2007). The RBF 

system is interesting because it can control and 

remove contaminants from surface water using 

low-cost treatment technology (Adlan et al., 

2016 and Hu et al., 2016). It is also an effective 

method of removing pathogenic bacteria and 

viruses during the infiltration of surface water 

(Hu et al., 2016 and Wang et al., 2016). 

Nonetheless, this method is sensitive to the 

surrounding activities on the ground, aquifer 

layer properties, and the physical characteristics 

of the river water (Kuehn and Mueller, 2000). 

As a result, the removal efficiency of microbial 

contaminants at different locations are varied, 

with less than 2.1 logs removal for E. coli, and 

more than 3.2 logs removal of viruses (Weiss et 

al., 2005). Nevertheless, E. coli and other bacteria 

were still observed in RBF or groundwater wells 

(Cady et al., 2013 and Gutierrez et al., 2017). 

Therefore, some improvements or enhancements 

with other treatment techniques can increase 

RBF efficiency. 

 Waterborne pathogens remain a major 

global health concern, causing significant 

morbidity and mortality in developing countries 

such as Iraq, where healthcare facilities and 

access to safe drinking water are frequently 

lacking. Waterborne pathogens are well known 

to be the primary agents of transmitted diseases 

such as diarrhea, cholera, dysentery, salmonellosis, 

shigellosis, and typhoid (Wang et al., 2016). It 

is also estimated that contaminated drinking 

water causes 502,000 deaths from diarrhea per 

year. Almost one-tenth of the global disease 

burden could be avoided by improving the water 

supply, sanitation, hygiene, and the management 

of water resources. By removing environmental 

contaminants, it has been possible to improve 

the quality of groundwater in different regions 

of the world. Since the amount of groundwater 

is not always enough to meet demand, surface 

water is used to supplement the groundwater 

reserves. Some countries obtain their drinking 

water from wells, which are located near 

riverbanks and lakes, such as Switzerland 

(80%), France (50%), Finland (48%), Hungary 

(40%), Germany (16%), and the Netherlands 

(7%). The RBF process is used widely in the 

world to sustain the quality of water supplies, 

which depend on the vertical and horizontal 

wells adjacent to the riverbanks and inter-

mountain basins (Hu et al., 2016).  

The hydrochemistry of river water and RBF 

water demonstrates that RBF water is safe to 

drink with barely minor treatment such as 

chlorination or ozonation. The RBF technique 

has caused a substantial reduction in pathogens 

concentration in water supply compared to the 

raw water sources. 

To date, many treatment methods for the 

removal of E. coli have been introduced in 

treatment plants, such as membrane filtration 

(Modified, 2002), soil aquifer treatment 

(Levantesi, 2010), slow sand filtration (Bauer 

et al., 2011), granular activated carbon (GAC) 

adsorption (Zietzschmann et al., 2016), and 

advanced oxidation (Tijani et al., 2014). All 

these methods have long been used in water 

treatment, and proved effective for bacteria 

removal. However, there is no information about 

non-ionising radiation applications in water 

treatment plants in Malaysia. This method is a 

better option for new applications in RBF 

systems based on the requirements of packing 

materials around the well screen. 

https://www.sciencedirect.com/science/article/pii/S1687428522000292#b0160
https://www.sciencedirect.com/science/article/pii/S1687428522000292#b0080
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/hydrochemistry
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The current work aims to (a) explore the 

water quality of surface water; (b) compare 

findings with the literature on efficiency of river 

bank filtration in removal of pathogens from 

surface water in Malysia.  

The calculation of water quality indexes 

(WQI) and analysis of each parameter are 

included in this study to evaluate the surface 

water categories and potential treatments 

according to identified pathogens. Moreover, 

this research aligns with Malaysian aspirations 

toward sustainable technologies and environmental-

society governance (ESG) directives to reduce 

water pollution, which has become a major 

global problem that could have a devastating 

impact on human health, ecosystems, and the 

economy. 

Literature Cited 

This literature focused on reports published 

at the last years including the pathogenic 

bacteria i.e. the total coliform, bacteria E. coli, 

Giardia lamblia, Leptospira interrogans, 

Cryptosporidium spp., Enterococci, Cyanobacteria 

as well as other baceria i.e. Clostridium 

perfringens. Furthermore, studies surveyed the 

method, the analysis provided an overview of 

the removal rates of pathogens as the main 

indicators of BF efficiency. 

Malaysia’s Drinking Water Resources 

Malaysia  had abundant and rich water 

resources throughout the years. The main source 

of drinking water in Malaysia is groundwater 

and surface water. Approximately 99% of water 

for domestic uses in Malaysia are from surface 

water, while another 1% of the supply is from 

groundwater (Azrina et al., 2011). Malaysia’s 

internal water sources are estimated to be about 

580 km
3
/year, with 30% of water production for 

municipal uses (Naubi et al., 2016). Water 

supply from surface water is widely used as 

drinking water, such as water withdrawn from 

Sungai Kinta, Sungai Langat, and Sungai 

Selangor (Hafiza et al., 2016). Water supply 

from groundwater intake from a few states in 

Malaysia such as Terengganu, Kelantan, Perlis, 

Kedah, Pahang, Sabah, and Sarawak are also 

used for drinking water (Ong et al., 2007). 

According to the data published by Suruhanjaya 

Perkhidmatan Air Negara (Span, 2015) only 

1.5% of total groundwater supply is present in 

Malaysia, and there was an increase in groundwater 

usage by 3.3% from the year 2014 to 2015 

(Span , 2015). Nonetheless, the key issue to be 

considered is the quality of the water sources for 

drinking water supply. Both surface and 

groundwater sources are easily affected by the 

surrounding changes, whether man-made or 

natural. Therefore, it is important to determine 

undesired constituents, and monitor the 

characteristics of the water sources to ensure the 

pollutants in the water do not exceed the 

standard limits for water supply stated by the 

National Water Quality Standards for Malaysia 

(NWQS), and the Ministry of Health. 

Quality of Water 

The Department of Environment (DOE) uses 

NWQS and Water Quality Index (WQI) to 

evaluate the status of the water source quality 

(Naubi et al., 2016). The WQI, introduced by 

the DOE, has been practiced in Malaysia for 

about 25 years, and serves as the basis for the 

assessment of environment water quality, while 

the NWQS classifies the beneficial uses of the 

watercourse based on WQI (Yuk et al., 2015). 

To design the drinking water quality management 

system, the assessment of water quality is an 

important step in determining the possible 

problems in the quality of the drinking water 

source. Basically, the characteristics of water 

quality are determined by physical, chemical, 

and biological factors to describe the overall 

condition of the water quality and its suitability 

for a specific use. 

Water Quality Index 

The water quality index (WQI) is a set of 

parameters that classify surface water quality for 

public use, including drinking water, fishing, 

recreational usage, and irrigation. It is made up 

of six water quality indicators: biochemical oxygen 

demand or BOD, dissolved oxygen (DO), 

Chemical Oxygen Demand (COD), suspended 

solids (SS), NH3–N, and pH. WQI classification 

based on parameters is summarized in Table 1. 

The WQI was calculated according to the 

Malaysian Department of Environment Water 

Quality Index (DOE-WQI, DOE 2020) and 

Standard-Kualiti-Air-Sungai-Kebangsaan-

Dan-Indeks (2020) as shown in Equation (1), 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10818540/table/toxics-12-00060-t001/
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Table 1. Water quality index classification for Malaysia Standard Kualiti-Air-Sungai-Kebangsaan-

Dan-Indeks 2020 

Parameters Unit Class 

I II III IV V 

pH - >7 6–7 5–6 <5 >5 

dissolved oxygen (DO)  mg/L >7 5–7 3–5 1–3 <1 

biochemical oxygen demand or (BOD) mg/L <1 1–3 3–6 6–12 >12 

 Chemical Oxygen Demand (COD) mg/L <10 10–25 25–50 50–100 >100 

suspended solids (SS) mg/L <25 25–50 50–150 150–300 >300 

NH3–N mg/L <0.1 0.1–0.3 0.3–0.9 0.9–2.7 >2.7 

WQI - >92.7 76.5–92.7 51.9–76.5 31–51.9 <31 

Source: Hanafiah et al. (2024) 

 

 

where SIDO, SIBOD, SICOD, SIAN, SISS, and 

SI pH are subindexes for DO, BOD, COD, AN, 

SS, and pH, respectively. 

WQI = (0.22 × SIDO) + (0.19 × SIBOD) + (0.16 

× SICOD) + (0.15 × SIAN) + (0.16 × SISS) + 

(0.12 × SIpH) (1) 

The general WQI classification, microbiological 

contents in the main lake water sample compared 

to National Lake Water Quality Standard 

(NLWQS) categories A and B and Water quality 

index of Main Lake are shown in Tables 2, 3 and 

4 which can be classified into three categories: 

clean water (80–100), slightly polluted water 

(60–79) and polluted water (0–59). 

Water Quality Index Classification 

The water quality index provides a detailed 

picture of a lake’s conditions. The WQI is a 

rating system that measures the acceptability of 

water for consumption by combining the effects 

of numerous water quality criteria. The Main 

Lake water quality index was between 54.59 and 

57.44, with an average value of 56.45; thus, the 

investigated water was categorized as Class III 

(Table 4). The respective sub-indexes of each 

parameter place DO in Class III, BOD in Class 

IV, COD in Class V, AN in Class III, TSS in 

Class I, and pH in Class III. Meanwhile, the 

water quality of the former mining lake was also 

analyzed based on its suitability for recreational 

activities, as recommended by the DOE (2020). 

The WQI values of the study, categorized under 

Class III, require intensive treatment before they 

can be used for recreational purposes that 

involve water–human contact. 

Microorganism Pollution 

The occurrences of pollution and indicator 

pathogenic bacteria in potable water depend on a 

number of factors, including the intrinsic and 

chemical characteristics of the catchment area, 

and the range of human activities and animal 

sources that release pathogenic bacteria to the 

environment. Sources of pathogenic bacteria in 

potable water are numerous and, for operational 

efficiency, are typically assessed by faecal 

indicator bacteria investigation. In terms of 

biological characteristics for safe drinking water 

supply and drinking water distribution systems, 

water is one of the transmission routes for 

pathogenic microorganisms (Guidelines for 

Drinking-water Quality, 2011). In spite of 

having enhanced water management and 

sanitation, waterborne-diseases and outbreaks 

may continue to occur (Mwabi et al., 2013). 

Drinking water polluted by microorganisms of 

faecal origin is a current worldwide health 

concern because of epidemic occurrences 

globally in relation to microbial-contaminated 

water. In drinking water, these microorganisms 

of interest include protozoa, bacteria, viruses, 

algae, and helminths. An overview of these 

microorganisms is given in Table 5. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10818540/table/toxics-12-00060-t002/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10818540/table/toxics-12-00060-t006/
https://www.intechopen.com/chapters/66516#tab1
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Table 2.General rating scale for water quality index (WQI). 

Percentage of WQI (%) Water Quality Status 

80–100 Clean water 

60–79 Slightly polluted water 

0–59 Polluted water 

Source: Hanafiah et al. (2024) 

 

Table 3. Microbiological contents in the Main Lake water sample compared to National Lake 

Water Quality Standard (NLWQS) categories A and B (text with bold and underline 

indicates reading exceeding NLWQS) 

Microbiological Unit Water 

sample 

NLWQS 

Category A Category B 

Chlorophylla µg/L 16.7 10 15 

Clostridium perfringens Count/mL <1 nd nd 

Total coliform Count/100 mL 176 5000 5000 

Total E. coli Count/100 mL <1 100 600 

Giardia lamblia Absent/present Absent nd nd 

Leptospira interrogans Absent/present Absent nd nd 

Cryptosporidium sp. Absent/present Absent nd nd 

Enterococci Count/100 mL <1 33 230 

Cyanobacteria Cells/mL 3230 15,000 15,000 

nd: not detected. 

Source: Hanafiah et al. (2024) 

 

 

Table 4. Water quality index of Main Lake. 

 Water Quality Index (WQI) WQI WQI quality status: 

Polluted water 
SIDO SIBOD SICOD SIAN SISS SIpH 

Main Lake 35.64 67.25 9.18 68.29 95.23 74.06 56.45 

Class III IV V III I III III 

Source: Hanafiah et al. (2024) 
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Table 5. Microorganism in drinking water sources 

Types Description Remarks 

Bacteria 
Vibrio cholerae 

Escherichia coli 

Legionella 

Shigella spp. 

Samonella spp. 

 Single cell organism with size ranging 

from 0.1 to 10 μm. 

 Negatively charge surface 

 Aerobic, anaerobic, facultative 

 Motile and non-motile 

 The most reported water-

borne plaque are involve of 

bacteria 

Protozoa 
Cryptosporidium parvum  

Giardia lamblia 

Entamoeba dispar  

Entamoeba histolytica 

 Group of unicellular and non-

photosynthetic organism with diameter 

size between 1 and 102 μm. 

 Negatively charge surface aerobic and 

anaerobic motile and non-motile 

 Under water-borne disease 

standpoints, the four listed 

Protozoa are consider as the 

greatest risk in water 

supply 

Virus 
T-4 coliphage 

Adenovirus 

Enterovirus 

Rotavirus 

MS-2 coliphage 

 Smallest of waterborne agents with 

diameter size of 0.02–0.2 μm 

Negatively charge surface 

 Poliovirus and Hepatitis A 

are the only known virus 

that have been documented 

to be associated with water-

borne transmission 

Algae 
Volvox 

Euglena 

Cyclotella 

Synedra 

Chlorella 

Anabaena 

 Diameter size: 1–102 μm Negatively 

charge surface aerobic motile and non-

motile 

 Algae are common living 

organism in water supply 

and play important part in 

nutrient cycle. But a few 

algae are pathogenic to 

human because it produce 

endotoxins that can cause 

gastroenteritis 

Helminths  Diameter size: 1–102 μm Negatively 

charge surface aerobic motile 

 Effective treatment and 

disposal of sewage water 

can control the parasitic 

worm in water supply 

Source: Salamat et al. (2019) 

 

Faecal coliforms are bacteria which fulfill all the 
criteria used to define total coliforms, with the 
additional requirement that they grow and 
ferment lactose with the production of acid at a 
scientifically accurate 44.5°C (Kostyla et al., 
2015). This bacteria of the coliform subgroup 
has been found to have a positive correlation 
with faecal contamination of warm-blooded 
animals (Ishii et al., 2006). However, several 
thermotolerant coliform bacteria, by definition 
by the genus Klebsiella bacteria, have been 
isolated from environmental samples with the 
apparent absence of faecal pollution (José 
Figueras and Borrego, 2010). Similarly, 
Revetta et al. reported that other members of the 
thermotolerant coliform group and E. coli have 

been detected in clean areas, and were 
associated with regrowth events in the water 
distribution systems (Revetta et al., 2016). 
Faecal coliforms demonstrate a survival of the 
bacteria form similar to pathogenic bacteria, and 
also have usefulness as indicators of bacteria, 
tended to be replaced by E. coli. 

Recently, the faecal coliform group has been 

extended to include other characteristics, such as 

β-D-galactosidase positive reactions (Public and 

Association, 2005). E. coli is a specific indicator 

for the presence of the faecal coliform group, 

and is the most reliable indicator of enteric 

pathogens (Shoaib, 2016). Several studies have 

indicated that E. coli is an indicator of choice to 
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indicate the occurrence of recent faecal coliform 

in drinking water. Currently, E. coli appears to 

provide the best bacterial indication of faecal 

coliform, and only several strains of E. coli in 

drinking water can cause diseases (WHO, 

2006). In several countries, this organism has 

been included in their regulations as a primary 

indicator of faecal contamination in drinking 

water (Saxena et al., 2015). Therefore, E. coli is 

the best faecal indicator to inform public-health 

risks associated with the consumption of 

contaminated drinking water. 

Microorganisms with a range of 1 to 10 μm 
in particle size are harder to remove by 

conventional treatment systems, and unfortunately, 
most of the microorganisms of concern in drinking 

water fall within this diameter range. These 
microbiological particles have a consequence on 

surface effect, which is sediments, and this 

causes the anionic filter media to become 
ineffective in removing the particles without 

repulsion by means of coagulation (Ibrahim, 

2018). Additionally, motile microorganisms are 

harder to remove without prior deactivation by 
disinfectants. As a measure of the degree of 

contamination in samples of water, or the degree 
of the infection in humans and animals, the term 

colony-forming units (CFU) is used, referring to 
the number of living bacterial cells. 

Escherichia coli  

Escherichia coli or E. coli is also known as a 

facultative anaerobic bacterium that is gram-

negative. Cells of E. coli are typically rod-

shaped with a cell volume of 0.6 to 0.7 μm3, 2 

μm long, and 0.5 μm in diameter (Odonkor and 

Ampofo, 2013). Generally, E. coli is found in 

the faces of healthy cattle, and is transmitted in 

the lower intestinal tracts of warm-blooded 

organisms, including humans and animals (Ishii 

et al., 2006). In 1885, this microorganism was 

discovered by Theodor Escherich, and was first 

classified as a human pathogen in 1982 (Lim et 

al., 2010 and Mead and Griffin, 2010). Most 

of the E. coli strains harmlessly colonize the 

gastrointestinal tracts of humans and animals as 

normal flora. However, other strains grow into 

pathogenic E. coli by acquiring virulence, which 

is caused by bacteriophages, plasmids, transposons, 

and pathogenicity islands. Differences in 

survivability, external structure, size, shape, and 

zeta potential are some of the factors that 

influence the behavior of these bacteria. This 

pathogenic E. coli can be categorized based on 

pathogenicity mechanisms, serotypes, clinical 

symptoms, or virulence factors (Guionet et al., 

2015). Several of the enterohaemorrhagic E. coli 

are defined as pathogenic bacteria that produce 

Shiga toxins, and cause the life-threatening 

sequelae of haemolytic uraemic syndrome, and 

haemorrhagic colitis in humans (Shamsul et al., 

2016). An illustration of the E. coli bacteria is in 

Fig. 1. 

Indicator bacteria, including the total coliforms, 

E. coli, Enterococci, and Clostridium perfringens, 

are commonly used to measure drinking and raw 

water quality. The presence of faecal coliform 

and E. coli is likewise a potable water 

contamination indicator through animal or 

human faecal matter (Wang et al., 2015). E. 

coli bacteria indicate the potential presence of 

pathogenic microorganisms in natural and 

treated waters. E. coli can cause a variety of 

intestinal and extra-intestinal infections, such as 

diarrhoea, urinary tract infection, meningitis, 

peritonitis, septicemia, and gram-negative 

bacterial pneumonia (Bajpai et al., 2012). To 

date, many treatment methods for the removal 

of E. coli have been introduced in treatment 

plants, such as membrane filtration (Modified, 

2002), soil aquifer treatment (Levantesi, 2010), 

slow sand filtration (Bauer et al., 2011), granular 

activated carbon (GAC) adsorption (Zietzschmann 

et al., 2016), and advanced oxidation (Tijani et 

al., 2014). All these methods have long been 

used in water treatment, and proved effective for 

bacteria removal. However, there is no information 

about non-ionizing radiation applications in 

water treatment plants in Malaysia. This method 

is a better option for new applications in RBF 

systems based on the requirements of packing 

materials around the well screen. 

Riverbank Filtration (RBF)  

Subsurface or groundwater in Malaysia are 

natural water sources that can be exploited to 

meet the demands for water of high quality. The 

RBF process is an existing method referring to 

the process of extracting potable water at the 

riverbank, utilizing subsurface or groundwater  
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Fig. 1. Scanning Electron Micrograph of E. coli Isolated from River Water. Sources from; 

(http://www.bacteriainphotos.com/bacterial-biofilm.html#) 

 

to supply sources of high-quality water 

(Mustafa et al., 2016 and Hu et al., 2016). RBF 

systems and natural treatment processes 

typically take place during water infiltration. 

Fig. 2 shows the natural process of extracting 

treated water from an adjacent pumping well to 

a river. 

As illustrated in the figure above, the 
difference in hydraulic gradient causes the water 
from the river to flow towards the well during 
the pumping process (Boving et al., 2014). 
Additionally, the RBF process is known as a 
sustainable and economical method to improve 
poor surface water quality (Umar et al., 2017). 
A complex attenuation method occurs during the 
transportation of water through the aquifer layer, 
resulting in raw water of high quality. The high-
quality raw water is then supplied to the water 
treatment plants, making it easier to be treated at 
low operating costs by conventional treatment 
systems (Partinoudi and Collins, 2007). 
Therefore, water from the well can be directly 
consumed with very minimum treatment in 
certain areas. 

Riverbank filtering (RBF) is an attractive 

option that can be applied for effective water 

treatment. RBF is a technique that covers both 

shallow groundwater and river water that have 

crossed through the banks of rivers, or riverbanks 

to well extractions. Most of the suspended and 

dissolved contaminants, including viruses and 

pathogenic bacteria, are filtered out as surface 

water is filtered through aquifer materials, and 

the sediments of the riverbed. Abstracting of 

riverbank water can overcome water shortage 

due to extreme events such as floods and 

droughts that cause water levels to increase on 

the ground, or reduce underwater intake pipes, 

causing disruptions in water transfer to 

treatment plants. Although RBF is a capable 

method for improving surface water quality, it 

does not abolish the problem. Abstracted well 

water quality is highly dependent on several 

factors, such as groundwater and river water 

quality, temperature and pH of water, water 

residence time, medium porosity, and oxygen 

concentrations. According to Levantesi (2010) 

study, the breakthrough of bacteria and turbidity 

occurred in a shallow drilled well (3–6 m) due to 

the short travel time, especially during monsoon 

seasons. This condition urges for appropriate 

treatment applications to further enhance the 

ability of RBF in bacteria and inorganic 

substance removal. 

E. coli Removal via Riverbank Filtration  

RBF is a water treatment technology that 

involves extracting water from rivers by 

pumping wells located in the adjacent alluvial 

aquifer. In the underground passage, a series of 

physical, chemical, and biological processes 

take place, improving the quality of the surface 

water, while substituting or reducing conventional 

drinking water treatments.

http://www.bacteriainphotos.com/bacterial-biofilm.html
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Fig. 2. Schematic Diagram of Mechanisms in Natural Filtration by RBF System (Hiscock and 

Grischek, 2002) 

 

A study based on a model-oriented approach 

by Wang et al. (2015) used an example of 

riverbank wells near the Kuybyshev Reservoir, 

Russia. The wells were designed in order to 

minimize the uncertainties in the estimated hydraulic 

parameters. During water transport towards the 

RBF wells, the water quality improved significantly, 

aided by processes like microbial degradation, 

ion exchange, precipitation, sorption, filtration, 

dispersion, and groundwater dilution. Faecal and 

total coliforms are bacterial indicators that are 

widely used to monitor microbial water quality 

in developed and developing regions of the 

world. Faecal contamination of drinking water 

supplies is a public-health concern because they 

could contain pathogens that cause gastroenteritis, 

meningitis, and other waterborne diseases. 

Potential sources of faecal contamination 

include direct discharge from human and animal 

wastes as well as non-point sources (agricultural 

and storm water runoffs). Majority of the RBF 

systems used in European countries and 

America alike have achieved excellent total 

coliform removal percentages, ranging from 

99.2% to 99.99% (2.1 to 5 logs). 

Drawbacks of RBF Treatment System  

Implementation of RBF has higher potential 

advantages for conjunctive use with infiltrated 

surface water and groundwater from the alluvial 

catchments of intake structures (Wang et al., 

2015), which ensure the long-term productivity 

and stability of the water supply. Additionally, 

surface water contaminants can be significantly 

removed or degraded as the infiltrating water 

moves from the river or lake to the production 

wells due to a combination of physicochemical 

and microbiological processes (Hiscock and 

Grischek, 2002; Maeng et al., 2010 and Singh 

et al., 2010). While RBF has good pollutant 

attenuation, there is still a possibility for this 

source to be contaminated by anthropogenic or 

natural pollutants. For example, short flow paths, 

high heterogeneity, high hydraulic gradients, and 

accompanying high flow velocities (Derx et al., 

2013) can impair the efficiency of removal of 

microbial contaminants with RBF. Nevertheless, 

an important benefit of RBF processes is that 

they can remove pollutants, and dilute contaminant 

concentrations during the infiltration process. 

Conclusion  

In order to understand and develop further 

knowledge on RBF, the Universiti Sains 

Malaysia (USM) research team embarked on the 

study of RBF at different locations in Malaysia. 

Three pilot projects of RBF facilities were 

constructed in the states of Selangor, Perak, and 
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Kedah. The results from the proposed analytical 

model are well matched with the data collected 

from a RBF site in France. After this validation, 

the model was then applied to the first pilot 

project of a RBF system conducted in Malaysia. 

Sensitivity analysis results highlighted the 

importance of the degradation rates of 

contaminants on groundwater quality, for which 

higher utilization rates led to the faster 

consumption of pollutants. The development 

perspective of RBF in Malaysia is promising. 

With the establishment of a management 

system, improvement of the monitoring system, 

reinforcement of legal protection, and promotion 

of civic awareness, Malaysia RBF will play an 

important role in development of the water 

resource industry. 
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 مرجعيت دراست -مانيسيا في انمياه جودة نتحسيه الأمراض مسبباث إزانت في اننهر ضفاف ترشيح كفاءة

احمد انسيد احمد ريهام
1
عبدانحميد محمد اسماعيم – 

1
عبدانفتاح كمال محمد – 

2
 

 ِصس -اٌصلاشيك جاِؼح -الآسيىيح اٌؼٍيا اٌدزاساخ وٍيح - اٌطثيؼيح اٌّىازد لسُ -1

 .ِصس -اٌصلاشيك جاِؼح -اٌصزاػح وٍيح - واٌّياٖ زاظًالأ لسُ -2

( في ِياٖ الأٔهاز ذشىً ِصدز لٍك لأٔهاا ذشاىً ِصادزا زايساا ٌٍّ اا س      E. coli) ٌلأِساض اٌّسثثح اٌثىريسيا شيادج إْ

مِاا ِرصايادما تّسافاك اٌّيااٖ ااي ذمٕياح           اٌصحيح في أٔظّح ِؼاٌجح ِياٖ اٌشسب اٌرمٍيديح. وِٓ تيٓ الاحرّاالاخ اٌراي ذجارب اارّا

ً  اٌرسشايح  ذمٕياح  وذُؼاد . riverbank filtration (RBF)اٌرسشيح تعفاف الأٔهااز    سيماح جديادج    RBFالأٔهااز  ظافاف  ػٍا

يّىٓ أْ ذمدَ ذمٕياخ غيس ويّياايح وِؼاٌجح  ثيؼيح في ِاٌيصيا. وزغُ أْ أٔظّح اٌرسشيح ػًٍ ظفاف الأٔهاز فؼاٌح في ذمٍيً 

أو إشاٌااح ذسويااصاخ اٌٍّىشاااخن إلا إٔهااا غيااس فؼاٌااح فااي اٌااٌااة فااي إشاٌااح اٌثىريسيااا اٌّسااثثح ٌلأِااساض و ا ااح أشٕااا  ِىاسااُ     

ُ  واٌراي  اٌّاظاين  اٌؼمد في إٌّشىزج واٌرمازيس اٌثحىز ػًٍ اٌرسويص والأِطاز. ٌرٌهن ذُ اٌفيعأاخ ٓ  ػٍيهاا  الاحصاىي  ذا  ِا

ً  اٌرسشايح  ذمٕياح  واٌّرؼٍماح  اٌّ رٍفاح  اٌّصادز ً  الا اسي  اٌّؼااييس  تؼاط  وايعاا  الأٔهااز  ظافاف  ػٍا  اٌثيىويّياااي  اٌطٍاة  ِصا

 اٌّسذثطااح اٌّيىسوتاااخ تؼااط وواارا. وغيساااا اٌهياادزوجيٕي واٌااسلُإٌيرااسوجيٓن -والأِىٔيااا اٌاارااةن والأوسااجيٓ ٌلأوسااجيٓن

ً  الأِاساض  ٌاثؼط  واٌّساثثح  تااٌرٍىز   Giardiaو ننClostridium perfringensو نChlorophyllaو نE. coli ِصا

lamblia و نLeptospira interrogans و"Cryptosporidium sp.و نEnterococciو  نCyanobacteria 

تاسار داَ ذمٕياح    فاي ِاٌيصياا لاد لااَ فسياك تحصاي ِآ جاِؼاح اٌؼٍاىَ اٌّاٌيصياح           .E. coli اٌىٍاي  واٌؼادد  نTotal Coliformو

 ٌىفااا ج ٔظااسج ػاِااح ػٍااً ِؼاادلاخ إشاٌااح ِسااثثاخ الأِااساض وّ شااساخ زايساايح ولاادَ RBFاٌرسشاايح ػٍااً ظاافاف الأٔهاااز 

 إٌراااة  في شلاشاح ِىالاغ ِ رٍفاح فاي ِاٌيصياا. ولاد وأاد إٌراااة ِرىافماح ِاغ           RBF سيمح ذمٕيح اٌرسشيح ػًٍ ظفاف الأٔهاز 

ً  ٔراااة  أتاسشخ  ولد فسٔسا.  في RBFِىالغ ذمٕيح اٌرسشيح ػًٍ ظفاف الأٔهاز  ِٓ ػٍيها ذاٌّرحصً  أاّياح  اٌحساسايح  ذحٍيا

 حياس  الأِاساضن  ِساثثاخ  إشاٌاح  تؼد( اٌجىفيح واٌّياٖ واٌثحيساخ)الأٔهاز  اٌسطحيح اٌّياٖ جىدج ػًٍ اٌٍّىشاخ ذحًٍ ِؼدلاخ

 RBF الأٔهااز  ظافاف  ػًٍ اٌرسشيح ذمٕيح ذطىيس آفاق وذؼرثس. ٌٍٍّىشاخ أسسع اسرهلان إًٌ الأػًٍ الاسر داَ ِؼدلاخ أدخ

 وذؼصياص  اٌمأىٔياح  اٌحّاياح  وذؼصيص اٌّسالثح ٔظاَ وذحسيٓ إدازج ٔظاَ إٔشا  وِغ. اٌّياج ٌرٕميح اٌىاػدج اٌرمٕياخ ِٓ ِاٌيصيا في

مّا دوزما ِاٌيصيا في RBF الأٔهاز ظفاف ػًٍ اٌرسشيح ذمٕيح سرٍؼة اٌّدٔين اٌىػي  .اٌّياٖ ِىازد  ٕاػح ذطىيس في ِه

 ـــــــــــــــــــــــــــ

 انمحكمــــون :

 .جاِؼح اٌصلاشيك –وٍيح اٌصزاػح  – اٌّيىسوتيىٌىجيا اٌصزاػيح اٌّرفسؽأسراذ   جمال انديه مصطفى محمد .أ.د -1

 .جاِؼح اٌصلاشيك – ٌٍدزاساخ اٌؼٍيا واٌثحىز اٌصزاػح وٍيحٌٕثاخ اٌصزاػي ووويً اسراذ أ    محمد عطيتمحمود محمد أ.د.  -2

 


