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Abstract The performance of a reverse osmosis (AFC99) and nanofiltration (AFC40) membrane was
evaluated for the removal of micro pollutants from Hartbeesppoort dam water, found to have low ionic
strength. The Reverse osmosis (RO) membrane was found to have percentage porosity of 0.2%, average
roughness (0.67), and contact angle (40°-63°) gave a water recovery of about 43%. As for Nanofiltration
(NF) membrane, the percentage porosity was found to be 2.9%, average roughness (0.76) and contact
angle was in the ranges (30°-40°) gave a water recovery of about 48%. Both membranes performances
gave a rejection > 99% for all the micro pollutants.
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Introduction

The emergence of micro-pollutants such as polyaromatic hydrocarbons (PAHs) and organ-
ochloride pesticides (OCPs) in both surface and underground water, is of a major concern
to the water practitioners and nations of the world (Loose et al. 2009). The potential health
risks of these emerging micro-pollutants can lead to damaging of immune system, cancer,
genetic malformations and development of neuro disorder (McKinlay et al. 2008). Howev-
er, the existing conventional water treatment plants were not designed for these unidenti-
fied contaminants; and this situation has become a threat to water supply network (Bolonga
et al. 2009). Currently used conventional treatment techniques such as coagulation, pre-
cipitation, and activated sludge processes, may not be highly effective in removing these
contaminants, but more advanced wastewater treatment options namely: granular activat-
ed carbon (GAC), membrane technology, and advanced oxidation processes (AOPs), have
shown some satisfactory results (Chang et al. 2009). The AOPs and GAC are considered
effective even though significant problems still arise mainly due to saturation of activated
carbon, and other toxic chemical by-products which may develop in the GAC filters under
some conditions (Karabelas and Plakas 2011). Membrane processes such as RO and NF can
be included as a tertiary treatment when high water quality is desired (Jacob et al. 2010).

Hartbeespoort Dam is located 25°45"09.97"S, 27°53°04.39"E, about 37 km west of Preto-
ria and on the Crocodile River in North West Province, South Africa (Amdany et al. 2014).
Micro pollutants such as organochloride pesticides and polyaromatic hydrocarbons (PAHs)
have previously been detected in the water obtained from the dam which serves as a drink-
ing water source (Amdany et al. 2014; Cukic and Vender 2010). Concentrations ranged from
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30.0 ng/L to 51.5 ng/L for PAHs and 0.3 to 0.8 ng/L for OCPs (Amdany et al. 2014). Al-
though these pollutants have been detected at low concentration level, they still possess
potential health risks (McKinlay et al. 2008). The aim of this work was to investigate the
performance of RO and NF membrane for the rejection of micro-pollutants emanating in
Hartbeespoort dam, water recovery and for a good quality drinking water purpose.

Methods

Raw water obtained from Hartbeespoort dam was used for the investigation of the study.
The raw water was pretreated using sand filter and microfiltration before being spiked with
three different organochlorides pesticides (4,4-DDT 10.4 ug/L; Heptachlor 10.4 pug/L; Al-
drin 26.05 ug/L) and three polyaromatic hydrocarbons (PAHs) (Pyrene 5.2 pg/L; Naph-
thalene 4.15 pug/L; Acenaphthene 10.4 pg/L). Each micro-pollutant was dissolved in either
organic solvent (ethanol or methanol) before being added to the raw water due to low water
solubility. Tubular membranes, RO (AFC99) and NF (AFC40) were both obtained from Xy-
lem (Ltd) in the United Kingdom (UK). Length of each membrane is 32cm and diameter
is 1.4cm. The AFC99 membrane was cleaned with a solution of 3ml/1 (70% Nitric Acid) at
temperature (55°C) and was recirculated for 30 minutes. As for AFC40 membrane, it was
cleaned with a solution of 2ml/1 (70% Nitric Acid) at temperature (55°C) and was also recir-
culated for 30 minutes.

The raw feed water and permeate were tested for pH, turbidity, and conductivity. TDS was
estimated from the value of electrical conductivity using chemiasoft (2015). The investiga-
tion was done in a crossflow separation system shown in Figure 1. The membrane housing
is a stage of two units of membranes in series. The membranes were investigated for water
recovery at pressures ranging from 5 to 45 bars and at feed constant flow rate of 1018 L/h.

Feed Permeate
= /\ Membrane

pump housing

L 4

Reject

Figure 1 Process flow diagram

Analytical

For each run, 3 data of permeate flow rates were taken and 500 mL sample of the permeate
was taken for analysis. The organic solute was extracted from the permeates samples using
dichloromethane and the extracted solute was further concentrated to 0.5uL using Nitrogen
gas, before being analyzed for concentration using Gas Chromatograph Mass Spectrometer
(GCMS) (Olukunle et al. 2014). This was done in duplicates. The membranes were charac-
terized for morphology using Scan Electron Microscopy (SEM) (Agboola et al. 2014), and
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for contact angle using sessile drop water measurements (Mbuli et al. 2014). The SEM im-
age was analyzed using imageJ (Broeke et al., 2015) and WSxM 5.0 Develop 8.2 software
(Horcas et al. 2007).

The permeate and rejection data were analyzed using the following equations:

Q

W = B 5 100 % [1]
feed

E= Il—&] = 100%
C. ' [2]

Where is water recovery; is the permeate flow rate; is the feed flow rate; is Rejection coeffi-
cient; is the solute concentration in permeate; is the solute concentration in the feed.

Results and discussion
Raw water characterization

Table 1 shows the results of the conductivity, TDS, pH, turbidity of the raw water and pre-
treated raw water. The raw water was high in turbidity, but low in ionic strength. Pre-treat-
ment process significantly reduces the turbidity as expected, but with little effect on the pH,
conductivity and TDS.

Membrane characterization

Figure 2 show the morphology of both membranes before use. The images were analyzed
using image J as shown in Figure 3 and the 3-dimenisonal images using WSxM 5.0 develop
8.2 are shown in Figure 4.

Table 1 Characterization of raw water and permeate from sand filter and ultrafiltration

Parameter Raw water Sand filtration ultrafiltration
Conductivity (uS/cm) 590 610 580
TDS (mg/L) 308 317 301
pH 8.23 7.97 8.22
Turbidity (NTU) 4.16 4,95 1.13

The SEM image (Figure 2) of AFC40 shows a nodular structure while that of AFC99 shows
a tight, finely dense structure. Both images show no visible pores. Thresholding the SEM
image of both membranes gives the idea to separate the background of an image from the
object. This is due to the fact that that gray levels of pixels belonging to the object are sub-
stantially different from the gray levels of the pixels belonging to the background (Broeke et
al. 2015). The threshold images (Figure 3) revealed the pores in AFC40, however the pores
in AFC99 could not be identified The analysis of the images with regards to percentage po-
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Figure 2 SEM images of AFC40 (A) and AFC99 (B)

Figure 3 Threshold images of AFC40 (A) and AFC99 (B) using image J

rosity and average roughness indicates that AFC40 has porosity of 2.9% and average rough-
ness of 0.76, while AFC99 has porosity of 0.2% and average roughness of 0.67, respectively.
This is confirmed by the 3D images which showed that AFC40 is more rough and porous.
Nanofiltration membranes are generally more porous than reverse osmosis membranes.

Both membranes were also characterized for contact angle. The contact angle for the NF
ranged from 30° — 40°, while for RO ranged from 40°- 63°, respectively. This indicates that
the NF membrane was more hydrophilic than RO membrane.

Figure 4 3D images of AFC40 (A) and AFC99 (B) using WSxM 5.0 Develop 8.2
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Process results

The results of the water recovery are as shown in figures
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Figure 5 Permeate flow

Figure 5 indicates that permeate flow increases with an increase in pressure as expected,
however, permeate flow shows a slight increase after 3obars. In all the results, permeate
flow rate was higher for AFC40 as compare to AFC99. An average water recovery for AFC40
is 48%, while water recovery is 43% for AFC99. The reason for a higher water recovery in
favor of AFC40 could have primarily be due to its higher percentage porosity. However,
higher average roughness and hydrophilicity as well as lower contact angle could have also
played a role in enhancing water recovery and solute rejection. Water recovery can be im-
proved by adding more stages to the treatment process.

The investigation of rejection of organic was done in pressure ranges of 20-30 bars. Table
2 shows that RO membrane significantly reduced the TDS and turbidity of the feed water,
while the NF membrane has no effect on the reduction of TDS, with minor effect on reduc-

tion of turbidity. This implies that if water has higher ionic strength, the NF membrane
cannot be used.

Table 2 Characterization of the permeate

AFC40 AFC99
20bar 25bar 30bar 20bar 25bar 30bar
Conductivity (uS/cm) 550 580 580 260 260 270
TDS mg/L 285 301 301 133 133 138
pH 7.56 7.63 7.69 7.42 7.8 7.56
Turbidity (NTU) 0.62 0.59 0.6 0.38 0.32 0.38
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Table 3 shows the concentration of the organic solutes in the permeate in ng/L. The re-
jection coefficient of both RO and NF membranes was greater than 99% for each of the
organic solute investigated. The reason for high rejection coefficient could have been due
to low porosity between two membranes. Molecular weight of the organic solutes investi-
gated ranges from 128 to 422. This implies that the molecular weight and the porosities of
the membranes are favorable for steric exclusion on the solutes, and this implies that both
membranes are adequate for the removal of micro pollutants.

Table 3 Solute concentration in permeate (ng/L)

AFC40 AFC99

20bar 25bar 30bar 20bar 25bar 30bar
4,4-DDT 0.09 0.09 0.07 0.07 0.09 0.07
Endosulfan-sulfate 0.70 0.89 0.46 0.9 1.05 0.45
Heptachlor 0.06 0.05 0.06 0.05 0.05 0.05
Pyrene 0.49 0.20 0.24 0.28 0.51 0.17
Naphthalene 0.13 0.22 0.12 0.16 0.37 0.08
Aldrin 2.44 1.65 1.17 1.05 1.97 0.89
Acenaphthene 0.72 0.79 0.63 0.62 1.30 0.38

Conclusion

The application of membrane technology for the removal of micro-organic pollutants at
Hartbeespoort dam, was investigated in a stage of two-unit membrane process. The RO and
NF membrane gave rejection coefficient greater than 99%, however the NF membrane of-
fered a better advantage in terms of water recovery. Average water recovery for RO and NF
membranes was 43% and 48%, respectively. A performance improvement on both mem-
branes for water recovery, can be achieved by increasing number of stages during mem-
brane filtration process.
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