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Abstract. In the context of adaptation of the water resources sector to climate change, water reuse is widely proposed 

and encouraged especially in arid and semi-arid areas like the Middle East. We consider riverbank filtration (RBF) an 

appropriate technology that efficiently and dependably procure quality water from Zarqa River thus making a 

contribution to protect Jordan’s remaining surface and ground water resources. The river is contaminated with treated 

domestic and industrial wastewater principally from the city of Amman, but still serves as a main source for irrigation 

water.   

Since 2007, a riverbank filtration (RBF) well field consisting of six wells was installed along the Zarqa river, Jordan.  

Salt tracers were released to the hyporheic zone and were detected in a RBF well (5 m distance from the river) during 

subsequent pumping.  From the tracer test data (pumping rate: 10 m3/h), rapid travel times were approximated (14 

m/min). Additional sampling demonstrated that fecal indicator bacteria and bacteriophages were removed from river 

water by RBF at the Zarqa River field site by up to 4.2 log10, which is a significant improvement of the river water 

quality. This implies that public health risks from exposure to riverbank filtrated water, like consumption of raw 

vegetables that are irrigated with this water, may be reduced by 2000 to 2500 times as compared to using river water 

directly. These results suggest that riverbank filtration is an appropriate technology which can enhance the safe reuse 

of treated wastewater.  

 

 

1 INTRODUCTION 

 

In Jordan, Wastewater treatment and reuse is adopted as a means of surviving the Country's severe water 

scarcity and as adaptation option to climate change (WAJ, 2009). Jordan is considered to be one of the 10 poorest 

countries worldwide in terms of fresh water resources, and has a population growth rate of about 2.9% (1998-2002); 

the 9th highest in the world. The available renewable water resources are dropping drastically to an annual per capita 

share of 160 m3 in recent years, compared to 3600 m3/cap/yr in 1946. Within Jordan, the Zarqa River is the third 

largest river in terms of its annual discharge (Figure 1). Unlike the Jordan and the Yarmouk Rivers, its watershed lies 

completely within Jordanian borders.  The river is contaminated with treated domestic and industrial wastewater 

principally from the city of Amman, but still serves as a main source for irrigation water.   

 



 

 

Agriculture is the largest water consuming sector with up to 65 % of the entire water budget in a country like Jordan, 

for example (WAJ, 2009). Therefore; the reuse of treated effluents forms a win-win situation whereby a valuable 

resource for irrigation is secured saving the greatly scarce fresh water for drinking and domestic purposes. In many 

Middle Eastern countries like Jordan, there are small rivers that went dry in the past few decades due to tapping their 

supplies to serve an ever increasing population and also because of climate change impacts on the region’s water 

resources. 

 

Communities living in the basin of Zarqa River, one of these dried streams, have been relying on treated effluents 

diverted by Water Authorities into the river for sustaining their historic agricultural activities, livelihood and 

subsistence. Because of microbiological contamination concerns, regulations limit reuse activities for only restricted 

agriculture and so do not allow farmers to grow vegetables which are the crop pattern historically preferred by these 

farming communities. Regulations; however, are not always enforceable. 

 

While Authorities continue to invest in enhancing effluent water quality by installing new treatment facilities 

upstream, actual performance efficiency of such facilities continue to be a concern. Moreover, non-point sources of 

pollution along the River such as cattle feedlots, agro-chemicals and industrial effluents mainly from Olive Mills will 

continue to pose real concerns for public health and socio-economic reasons. In fact, the ecosystem health of this basin 

requires innovative approaches to maintain the sustainability of its functions. Agricultural, social and economic 

functions of this ecosystem can only be sustained through integrating sets of measures to cope up and adapt to climate 

and climate change impacts. 

 

One such measure to coping with water scarcity is the use of river bank filtration (RBF), which is an 

inexpensive technique used in many developed countries as a pre-treatment step for water supply systems. Riverbed 

(alluvial) sediments are often highly permeable and the depth of groundwater in the vicinity of rivers is relatively 

shallow. These attributes make shallow RBF wells located near rivers cheap to install, highly productive (Schubert, 

2002), and less prone to contamination than surface water resources (Ray, 2002). For these reasons, RBF technology 

is excellently suited for use in developing and industrial countries (Cady et al., 2012; Boving et al., 2012). 

 

In this project, we used RBF technology to reduce the level of microbial contamination in river water that is 

subject to high loads of treated wastewater effluent discharges and to enable the use of the treated water for irrigation 

and enhancing vegetation cover in this water scarce region. We report the findings of a 4-year study funded by NATO 

– Science for Peace program. The main research question was whether RBF is successful in reducing the level of 

viruses and bacteria in the Zarqa River significantly and inexpensively. 

 

The objectives presented in this paper were to report on the installation and operation of a RBF pilot-scale 

system in northern Jordan and to evaluate its performance. Other results from this project have been published 

elsewhere (Boving et al., 2010 and Boving et al. 2014).  

 

 

2 RIVER BANK FILTRATION (RBF) TECHNOLOGY REVIEW 

 

Riverbank Filtration is a water treatment technique that has been used in Europe for over 100 years (Schmidt et al., 

2003; Ray et al., 2002). In a RBF system, water is withdrawn from one or more wells near a river (Cady et al., 2013). 

Wells may either be vertical or horizontal (Sandhu et al., 2006) and typically are installed more than 50 meters away 

from the river (Grischek et al., 2002). By pumping an RBF well, the water table is lowered and river water (together 

with some groundwater) is induced to flow through porous riverbed (alluvial) sediments (Hiscock and Grischek, 

2002). As the raw surface water travels towards the RBF well, dissolved and suspended contaminants, as well as 

pathogens, are removed or significantly reduced in numbers due to a combination of physical, chemical, and biological 

processes (Hubb et al., 2004). This occurs via natural treatment processes that are auto-regenerative, as RBF does not 



 

 

rely on the addition of chemicals such as chlorine. Hence, properly engineered RBF systems can essentially remain 

effective for unlimited lengths of time. 

 

RBF offers an inexpensive means to remove large amounts of contaminants and improve the quality of the water 

delivered for domestic use (Schubert 2002). For instance, 1,000 to 10,000-fold (3 to 4log) reduction of bacterial 

pathogens are quite common (Schmidt et al., 2003; Kuehn and Mueller, 2000; Kelly and Rydllund, 2006; Kumar and 

Mehrotra, 2009; Boving et al., 2014). Similarly, as demonstrated by Schmidt et al., (2003), RBF can reduce heavy 

metals concentrations. RBF technology is also recognized for smoothing out temperature and concentration variations 

and compensating for peak pollution and shock loads resulting from spills. Furthermore, by mostly abstracting from 

surface water, stressed local groundwater resources are being protected by RBF. Alluvial sediments are often highly 

permeable and the depth to groundwater in the vicinity of rivers is relatively shallow. These attributes make shallow 

RBF wells located near rivers typically less costly to drill, highly productive (Kuehn and Mueller, 2000) and less 

prone to contamination than surface water resources (Ray et al., 2002). For these reasons, RBF technology is well 

suited for use in developing and industrial countries (Dash et al., 2010; Sandu et al., 2011, Boving et al., 2012). 

 

 

 
Figure 1.  Location of the Zarqa River field site in relation to other major surface water resources in Jordan. 

 

 

3 METHODS AND PROCEDURES 

 

A RBF well field has been installed at the Zarqa River near the town of Jerash, Jordan.  It consists of six 

wells, of which one well was the principle RBF well while the others served as monitoring wells.  The monitoring 

wells were installed between 5 and 20 m distance from the river. The RBF well was about 10 m away from the river 

(Figure 2).  

 



 

 

 
Figure 2. Layout of the RBF well field near the Zarqa River in Jordan. The actual RBF well is well “RBF” in the 

center, MW = Monitoring wells, Scale as shown. 

 

 

The RBF well and five monitoring wells were drilled in 2007 (Figure 2). The aquifer consists of 

predominantly sandy and gravely alluvial materials.  The well depth ranged from 16.7 m to 21.6 m and penetrated 

unconsolidated alluvial deposits. The ultimate well depth was determined by the capacity of the drilling equipment 

(hammer drill) and the depth to bedrock, which was approximately 21 m below the surface. All wells were completed 

with 10 inch steel casing with welded holes as screen. Each well was encased in concrete and capped for protection. 

An electrical pump and a certified, calibrated flow meter was installed and connected to the electrical power grid via 

a electrical meter. The pump was a 4 inches Grundfos brand model 85S50. The pump is driven by a Franklin brand 5 

horsepower motor model number 5023033. That motor is wired for 3 phase 230 volt. According to the manufacturer, 

the pump is designed to produce a steady 100 gpm for depths to water of 0 to 1000 ft. The pump was purchased with 

a variable frequency drive (Yaskawa model F72011).During drilling of the RBF wells, 23 samples of the drilling 

materials were collected.  Because the hammer drilling method was used to install the wells, no intact cores or 

soil/sediment samples from discrete depths could be collected. 

 

For the geochemical characterization of the RBF water as well as for tracing the breakthrough of sodium 

chloride tracer(20 liter of 450 g/L NaCl; injection point shown in Figure 2), a YSI multi-parameter probe was used. 

The probe was connected to a logger and programmed to measure concentrations every 15 seconds. The dye tracer (1 

g/L Fluorescein) was primarily used to visually detect the arrival of the tracer solution in the RBF well. However, 15 

water samples were analyzed in the laboratory to determine the intensity of the dye tracer signal using a Shimadzu 

UV-Vis spectrometer (absorption wavelength 494 nm). The field parameters temperature and electrical conductivity 

were also measured hourly by a hand-held meter. The conservative tracer test was conducted to determine the water 

travel times.  The tracer (table salt) was released to the hyporheic zone on the river’s edge.  The tracer breakthrough 

was monitored with an electronic data logger installed in the pumping well located 8 m away from the river.  

 



 

 

 
Figure 3. Schematic of the microbiological methods. 

 

In addition, water quality samples were collected for E.coli, Enterococci, somatic coliphages, somatic 

Salmonella phages, and F-specific bacteriophages.  These samples were collected from the RBF well (during 

pumping), along the Zarqa river and from the upstream wastewater treatment facility.  The major wastewater treatment 

plant upstream (As-Samra) was sampled at three locations: the raw wastewater influent, primary effluent and the 

tertiary treated effluent. The river samples served as a bench mark for comparison of the RBF water quality. Water 

samples were analyzed for fecal indicator microorganisms (Escherichia coli and enterococci) and bacteriophages 



 

 

[somatic coliphages (SOMCPH), F-specific bacteriophages (FPH) and somatic salmonella phages (SOMSPH)]. 

Samples were transported to the laboratory under cooled conditions then analyzed for E. coli (ISO method 9308-1) 

[3] and enterococci (ISO method 7899-2) [4] by membrane filtration (MF) using sterile mixed cellulose ester 

membrane filters (47 mm diameter, 0.45 μm pore size, Advantec MFS, Inc., Dublin, CA-USA). Filtration was carried 

out using the membrane filtration setup (Millipore, Ireland) and 250 Millipore filtration funnels (Millipore, MA-USA). 

The samples were also analyzed for three types of bacteriophages, namely somatic coliphages (SOMCPH) based on 

ISO- 10705-2 method [11], and F-specific bacteriophages (FPH) and somatic salmonella phages (SOMSPH) based 

on ISO 10705-1 [5]. A schematic of the analytical procedures are shown in Figure 3. 

 

For the detection of low concentrations of bacteriophages, five-liter samples of well water and of river water 

were concentrated to 10 ml according to the Standing Committee of Analysis [10] method. Briefly, each sample was 

concentrated by pre-conditioning the water to pH 3.5 with 1 N HCl and was passed through a glass fiber pre-filter 

(142 mm diameter, Millipore, Ireland) followed by cellulose nitrate filter (142 mm diameter and 0.45 μm pore size, 

Millipore, Ireland). Concentration was carried out using the membrane concentration setup (Millipore, Ireland) at 30 

rpm/min. Adsorbed viruses were eluted into 200 ml 0.1% (w/v) skimmed milk in glycine buffer at pH 9.5 sing the 

same setup at 8 rpm/min. Further concentration was achieved by acid flocculation at pH 4.5 followed by centrifugation 

at 4500 rpm for 30 min. The protein/virus pellet was re-suspended in 10 ml 0.15 M disodium hydrogen phosphate 

buffer pH 7.4. The concentrate was stored at 4°C for further analysis as calculation of percentage recovery of 

bacteriophages and RT-PCR. 

 

 

4 RESULTS AND DISCUSSION 

 

The tracer test breakthrough curve together with the tracer mass recovery is shown in Figure 4.  The data 

indicate that the well is hydraulically connected to the Zarqa River and that the travel times of the water is rapid, i.e. 

14 m/min, under pumping conditions (10 m3/h).  As shown by Saadoun et al. (2008) and Figure 5 below, the microbial 

activity of the well water relative to the river indicated greater than expected removal performance of the RBF system. 

For instance, fecal indicator bacteria and bacteriophages were removed from Zarqa River water by RBF by 3.4 – 4.2 

log10 and 2.7-3.3log10, respectively (Table 1).  This degree of treatment was surprising because the pumping well was 

only 10 m away from the river. 

 



 

 

 
Figure 4. Tracer concentration and mass recovery from extraction Well. 

 

 

The travel time was calculated for the RBF well only (see Figure 2).  All other wells were installed for monitoring 

purposes only. The tracer experiments from which the travel time was calculated provided important information 

about the residence time of the water in the alluvial aquifer. Typically, the longer the residence time, the greater the 

removal of pathogens.  The travel time calculated in this study was short compared to other studies (e.g. Boving et al., 

2014). However, the magnitude of bacteria and virus removal was high (2-4 orders of magnitude). The reasons for 

this comparably high treatment performance were not further investigated in the field.  

 

Figure 5 shows the results of the microbiological analyses of the wastewater, river water and well water. 

Concentrations in raw wastewater (RWW) and primary treated wastewater (PWW) are the highest and typical for raw 

wastewater. It shows that removal of microorganisms by primary wastewater treatment is negligible. None of the 

bacteria were detected in tertiary treated wastewater (TWW), which may be ascribed to the presence of residual free 

available chlorine. 
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Figure 5. Concentrations (cfu/ml and pfu/ml) of (a) E. coli and enterococci and (b) somatic coliphages (SOMCPH) 

and F-specific phages (FPH) in raw wastewater (RWW), primary and tertiary treated wastewater (PWW and 

TWW),river water 25 km upstream of RBF site (RW 25 km), river water from the RBF site (RW RBF 1 and 2) and 

from the pumping well (PW 1 and 2). Concentrations of somatic salmonella phages (SMSPH) only determined in RW 

RBF 2 and PW 2 (b).  The “<” mark as well as the shaded bars indicate the detection limits, i.e. in those samples no 

microorganisms were detected. 

 

 

The concentrations of all microorganisms in the river water at the RBF site (RW RBF 1) are approximately 2 log10 

(100 times) lower than those in the raw wastewater, indicating other sources of fecal contamination, like from runoff 

of agricultural lands and from wastewater discharges in a tributary. The RW RBF 1 samples were taken directly after 

several days of heavy rainfall. Three days without rain followed and then the RW RBF 2 samples were collected. Note 

that for all microorganisms, the concentrations after the dry period of three days were about 2 log10 lower, indicating 

an effect of weather conditions. 

In the first series of well water samples (PW 1), no bacteriophages were detected in 10 ml of water, necessitating 

analysis of large sample volumes by concentration. Concentrations of these samples may be too low due to high 

efficiency of RBF, and/or no river bank filtrated water was pumped up yet.  

 

Bacteria were not determined in the first series of well water samples. In the second series of well water samples (PW 

2), no E. coli were detected in 5.6 liter and no SOMSPH in 4.1 liter. Therefore, removal of E. coli by RBF was found 

to be at least 4.2 log10 and that of SOMSPH at least 2.7 log10. Note that recovery efficiency of the concentration method 

was determined by spiking water with bacteriophage PRD1 and was found to be 9.1%. Concentrations of 

bacteriophages in the concentrated well water were corrected for this recovery efficiency. Removal of enterococci was 

found to be 3.4 log10 and that of SOMCPH and FPH 3.3 log10. 

 

A low background of SOMSPH was measured in the Zarqa river water which is an excellent condition for conducting 

a tracer test using bacteriophage PRD1 (a SOMSPH) as a tracer virus at a seeding concentration of 105 - 108pfu/ml.  

 

The achieved bacteria and phage removals are summarized in Table 1. Removal of E. coli by RBF was found to be at 

least 4.2 log10 and that of somatic salmonella phages at least 2.7 log10 compared to the River water. Removal of 

enterococci by RBF was found to be 3.4 log 10 and that of somatic coliphages and F- specific bacteriophages 3.3 log10 

Overall, this removal is even more significant because it took place over only 10 m of horizontal distance of the RBF 

well from the riverbank . 

 

INDICATOR 

 

 

RBF REMOVAL 

E. Coli >4.2 

 

Enterococci 3.2 

 

Somatic coliphages 3.3 

 

Somatic Salmonella phages >2.7 

 

F-specific bacteriophages 3.3 

 

 

Table 1. Log10 removal of bacteria and phages by the RBF system relative to the concentrations measured in the 

Zarqa River. 



 

 

 

 

5 CONCLUSIONS 

 

The two main objectives of the work described herein were to report on the installation and operation of a RBF pilot-

scale system in northern Jordan and to evaluate its performance. The RBF system installed along the Zarqa River 

consisted of 6 wells of which one was operated as the principle water production well while the others served as 

monitoring wells.  The RBF well was pumped for three reasons (1) to supply water to a local landscape business, (2) 

to collect water samples for water quality monitoring and to quantify water residence times, and (3) to demonstrate 

the RBF technology to potential adopters elsewhere along the Zarqa river.  The second objective was to predict and 

evaluate the performance of the RBF system.  The results collected over the study period indicate that (1) the RBF 

site along the Zarqa River has comparably high microbes’ removal efficiencies (up to 4.2 log units) and (2) the well 

field can produce sufficient quantities of water to support a local landscape business. Overall, this study demonstrated 

that the RBF technology significantly improved the water quality relative to the Zarqa River water and that a local 

agribusiness has adopted the RBF water and is using it for agricultural purposes.  More work is needed to entice other 

agribusinesses in this area to adopt RBF in future. 

It is recommended to determine the variations in levels of indicator organisms and waterborne pathogens in the Zarqa 

River due to seasonal changes and changes of weather conditions, because of their strong impact on public health risk.  

 

In this project, RBF permitted safer usage of Zarqa River water in irrigation, thus making a contribution to protecting 

Jordan’s remaining surface and ground water resources. This RBF technology will, therefore; add to the adaptation 

capacity of Jordan’s water sector to climate change impacts. Moreover, the RBF technique can be adapted to other 

places in the Middle East and could be used as a pretreatment for other engineered treatment systems, such as 

membrane filtration and/or chemical and physical disinfection. 
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