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ABSTRACT

This work investigates the performance of reverse osmosis (RO) for the reclamation
of treated sewage effluent (TSE) to be used as irrigation water for food crops. The
feed water used in this study was a real sample of ultra-filtered tertiary treated sewage
effluent (TSE). Reverse osmosis (RO) was evaluated using the following experimental
conditions; applied pressure (10 — 20) bar, flow rate 3.5 LPM and (BW30LE) membrane.
The performance of RO was evaluated according to the water flux and rejection of
dissolved solids. The final water quality was compared with irrigation water standards.
The results reported in this study show that reverse osmosis (RO) is capable of
reclaiming treated sewage effluent (TSE) to be used as irrigation water for food crops.
The maximum average flux was 77.7 LMH achieved using a feed pressure of 16 bar. The
permeate water generated using RO had high quality which met the irrigation standards
for food crops.
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1 INTRODUCTION

Water scarcity is one of the most challenging problems that affect agriculture
worldwide, especially in arid areas. The United Nations estimate that agriculture accounts
for 70% of water usage around the world (Hafiz et al., 2019). Treated wastewater is
an economical solution to be used as irrigation water (Shanmuganathan et al., 2015).
However, treated wastewater may damage the soil because of the excessive salts,
pathogens, organics, sodium and chloride content. Shanmuganathan et al. (2015) studied
the possibility of enhancing the quality of micro-filtered treated sewage effluent using
nanofiltration (NF) and reverse osmosis (RO). The study showed that using NF and RO
alone could not produce permeate which meets irrigation standards. However, irrigation
suitable permeate was produced using a NF-RO hybrid system. In addition, it was found
that utilizing NF before RO reduced the RO membrane fouling. Liu et al. (2011) evaluated
the effectiveness of nanofiltration and reverse osmosis in the treatment of treated textile
effluent in terms of salinity reduction and COD rejection (Liu et al., 2011). The results
showed that nanofiltration exhibited more severe flux decline compared to reverse
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osmosis (RO) because of the higher porosity and membrane fouling of the nanofiltration
membrane. RO showed higher total salts rejection compared to NF. The study evaluated
the effect of operating pressure and feed solution pH. The experimental results showed
that optimum performance was achieved using a 12 bar pressure, pH = 4 and a flow rate
of 8 LPM. Protein-like substances of high molecular weight (MW) are the dominant
foulants on the membrane surface (Liu et al., 2011).

Several studies have been performed on the treatment of sewage effluent using
reverse osmosis; however, none of the studies have evaluated the performance of reverse
osmosis for the reclamation of ultra-filtered tertiary treated sewage effluent to be used in
irrigation for food crops. The objective of this paper is to evaluate the feasibility of using
reverse osmosis in reclaiming ultra-filtered tertiary treated sewage effluent to be used as
irrigation water for food crops.

2 MATERIALS AND SETUP

Tertiary treated sewage effluent (TSE) was used as feed water to the reverse osmosis
process. TSE was collected from a wastewater treatment plant located in Doha, Qatar.
The characteristics of the collected treated sewage effluent are summarized in Table 1.
The water quality was compared with FAO standards ( Lejalem et al., 2018; Parlar et al.,
2019). TDS of tertiary treated TSE was 1461 ppm which is almost two times higher than
the allowable limit. The electrical conductivity was 2.56 mS/cm which is 3 times higher
than the allowable limit. Figure 1 shows a schematic diagram for the experimental setup.
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Figure 1: Schematic diagram of reverse osmosis lab scale test skid

Table 1: Characteristics of tertiary treated sewage effluent (feed water)

Parameter Value Limit

TDS (ppm) 1461 +5 750
Turbidity (NTU) 0.2+0.1 2

EC (mS/cm) 2.56 +0.2 0.7
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3 RESULTS AND DISCUSSION
The water flux ; was calculated using the following equation (Thabit et al., 2019):

Jw = (Amvpx t) .

Here, V) is the volume of the permeate (L), 4 is the area of the membrane (m?), tis the
operating time (h). Figure 2 shows the average water flux using different feed pressure.
In RO, when the applied pressure was 10 bar, an average water flux of 21.3 LMH was
obtained. When the applied pressure increased to 12 bar the water flux increased by 3
times where the average water flux was 68.1 LMH. At a 14 bar applied pressure the
water flux increased by 5% compared to the water flux at 12 bar applied pressure where
the average water flux was 71.5 LMH. At an applied pressure of 16 bar the average
water flux increased to reach an average water flux of 77.7 LMH. As the applied pressure
further increased the average water flux decreased. Where at an applied pressure of 18
bar and 20 bar the average water flux was 71.6 LMH and 67.5 LMH, respectively. The
average water flux increased as the applied pressure increased until it reached a specific
value. The maximum average water flux was obtained at an applied pressure of 16
bar. As the applied pressure increased more than 16 bar the average water flux started
decreasing. The water permeability increases as the feed pressure increases; however,
applying excessive pressure may result in accumulation of foulants on the membrane
surface which results in lower average water flux (Jiang et al., 2017; Qasim et al., 2019).
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Figure 2: Average water flux using flow rate=3.5 LMP and different feed pressure

Figure 3 shows the total dissolved solids (TDS) concentration in the permeate water.
According to Food and Agriculture Organization (FAO), the TDS of irrigation water
should not exceed 750 ppm (Ayres & Westcot, 1985). The RO process was effective in
reclaiming TSE using feed pressures between 10 -20 bar, where the total dissolved solids
was below the allowable limit. The applied pressure has minimal effect on the TDS of
permeate water. However, at an applied pressure of 20 bar, TDS increased dramatically
to 559 mg/L.
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Figure 3: TDS of RO permeate using flow rate=3.5 LMP and different feed pressure

4 CONCLUSION

The results reported in this study show that reverse osmosis (RO) is capable of
reclaiming treated sewage effluent (TSE) to be used as irrigation water for food crops. RO
is suitable for the reclamation of wastewater because of the high rejection of dissolved
ions, where the TDS of permeate water was within the allowable limits recommended
by FAO. The most suitable and economical irrigation water was obtained using a feed
pressure of 14 bar and flow rate of 3.5 LPM.
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