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Abstract
The application of membrane technology in wastewater treatment for reuse is one of the alternatives to reduce the demand 
of water in domestic, agricultural and industrial sectors. This study attempts to improve wastewater quality effluent, prior to 
disinfection, for re-use. Clarifier effluent from a biological nutrient removal (BNR) treatment plant was diverted to a non-
woven membrane pilot filtration unit. It was thus positioned to further enhance the clarifier effluent as a polishing arrange-
ment. Water Quality Index (WQI), Single Factor Pollution Index (Pi), Water Use License (WUL) and removal efficiency 
methods were used to interpret the water quality data for BNR clarifier effluent and nonwoven membrane permeate. The 
results showed that this nonwoven microfilter membrane is able to improve wastewater quality from BNR clarifier effluent. 
Escherichia coli (E. coli) reduction was the highest with a removal efficiency of 90%, followed by chemical oxygen demand 
25%, NH4 + 22%, NO3

− 12.6%, PO4 7.8%, suspended solids 6.3%. The lowest reduction was electrical conductivity of 5.2%. 
Permeate results indicated that physiochemical and microbial parameters were complying with the limits of WUL. Pi has 
revealed that BNR clarifier effluent water quality is medium polluted versus slightly polluted permeate. WQI results for BNR 
clarifier effluent showed good water quality and the water can be reused for domestic, irrigation and industrial purposes, 
while permeate WQI results indicated excellent water quality and the water can be reused for drinking, domestic, irrigation 
and industrial purposes. Outstanding permeate water quality improvement was observed on E.coli counts improving from 
4974.48 to 294.33 counts/L. The standard of E.coli according to the WUL at this wastewater care works is 500 counts/L. 
Results indicate that nonwoven membrane filtration can improve microbial contamination and decrease the demand of chlo-
rine for disinfection of wastewater final effluent. The nonwoven membrane filtration can decrease the water scarcity gap in 
South Africa for direct water reclamation by improving effluent wastewater.
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Introduction

South Africa has been walking a thin line with water scar-
city for decades now. Currently, the water usage trends 
are not sustainable. The example of Cape Town’s, South 

Africa recent drought exposed this gap in the water sector. 
It is therefore essential to consider alternative sources for 
water (Donnenfeld 2018). Furthermore, depleting ground 
water sources by farming activities together with present 
usage of potable water to flush toilets and irrigate household 
and inner-city gardens is not sustainable (Howard 2015). 
According to the 2014 green drop audit close to a quarter 
of South Africa’s wastewater treatment facilities are in a 
critical state and the report concluded that these treatment 
facilities are defined as high risk, requiring urgent interven-
tion (Donnenfeld et al. 2018). Reclamation from these poor 
functioning treatment facilities will thus be challenging. 
Wastewater reuse and recycling are important alternatives 
to reduce demand in domestic, agricultural and industrial 
sectors (Kesari et al. 2021). South Africa’s limited water 
resources will limit economic and social development. For 
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efficiency improvement and expansion, it is necessary to 
develop improved wastewater treatment (WWT) technolo-
gies appropriate for rural areas and or decentralized residen-
tial areas in emerging countries (Donnenfeld et al. 2018). 
For wastewater treatment, membrane filtration is among the 
technologies that show excellent improvement of biological 
nutrient removal (BNR) clarifier effluent. Membrane filtra-
tion is increasingly being specified as a possible alternative 
for pollution reduction and reclamation of wastewater for 
reuse (Chang et al. 2007). Considering the wide applications 
of membrane filtration, microfiltration (MF) membranes 
have been extensively used for improvement of wastewater 
effluent (Anspach et al. 1999; Zhu et al. 2012). Methods in 
which MF can be operated are dead-end mode and cross-
flow mode. In dead end membrane operation, the pumped 
feed moves perpendicular to the surface of the membrane. 
Water passes through the filters and it is recovered as perme-
ate. Fouling layer or cake is formed when solids accumulate 
on the filter surfaces. This decreases the flow through fil-
ters, known as the flux or flow through the filter per meter 
squared per hour. Flux reduction to extend where mem-
branes are blocked or fouled, is a major challenge. In cross-
flow membrane operation, the feed is pumped indirectly on 
the surface of the membrane and solids accrued on the filters 
to form cake. Different membrane configurations and waste-
water treatment operating procedures have been developed 
by suppliers for ultrafiltration and microfiltration membranes 
(Tchobanoglous et al. 1998). The microfilters that were used 
in this study consist of nonwoven polyacrylonitrile fiber 
needlefelt membranes. Nonwovens are composed of a ran-
dom network of overlap fibers creating multiple connected 
pores through which liquids can flow. It has controllable pore 
size distribution and high fiber surface area per unit weight-
volume. Treatment cost can be drastically reduced with use 
of low-cost membranes which are constructed of inexpensive 
fibers. Limited information was found in the literature on the 
use of nonwoven material for membrane filtration processes 
(Ren et al. 2010). Currently, the study has not finalized on 
treating effluent quality for wastewater and additional param-
eters such as reduction in chemicals of emerging concern are 
evaluated. Currently in South Africa there is less than five 
water reclamation plant, thus it means most of the water is 
returned to the environment, while it can be further treated 
to supplement water supply. Membrane process has attracted 
increasing attention in recent years as an alternative treat-
ment for municipal wastewater (Van Nieuwenhuijzen et al. 
2008). Various studies have compared membrane technol-
ogy with convention-activated sludge treatment (Munz et al. 
2008; Otton et al. 2006; Pauwels et al. 2006). Nonwoven 
membranes due to their good mechanical properties and high 
porosities could be used as the filter material for domestic 
wastewater treatment coupled with activated sludge system 
(Kiyak et al. 2019). There is a growing interest in nonwovens 

because of their low cost of manufacturing and it is one of 
the most promising wastewater treatment technologies (Fujii 
et al. 2002). The main objective of this research was to apply 
the nonwoven microfiltration membrane on activated sludge 
final effluent for improving wastewater quality for re-use. 
This was attempted by a nonwoven filtration media together 
with aeration to improve physical performance of the mem-
brane with respect to flux.

Materials and methods

Materials

The research was conducted out by using BNR secondary 
clarifier effluent from a wastewater care works in the east 
of Gauteng, South Africa. Figure 1 illustrates the sche-
matic diagram of the membrane system that was adopted 
in this study. The influent (secondary clarifier effluent) was 
pumped firstly to an outside tank which is named (pilot 
tank) for this purpose, samples collected from this pilot 
tank are also compared to the final permeate samples and 
influent stream. The pilot tank could act as a control envi-
ronment for comparison of the treatment capability of the 
microfilter.

The experimental setup consisted of a pilot tank and filter 
unit. Influent was pumped into the tank unit that supplied 
the needlefelt microfilter arrangement. The filtrate pump 
was used to pump the permeate out of the filtrate unit, and 
the recycle pump was used to pump some of the nitrate-
loaded filtrate from filter unit back to the pilot tank to allow 
denitrification to take place. The recycle pump also func-
tioned as a waste pathway by redirecting it away from the 
tank unit. Air was supplied in the filter unit by an oil-less 
compressor for cleaning and ensuring dissolved oxygen of 
above 4 mg/L. Making this process aerobic, thus providing 
additional nitrification. (Patent 2019/07569). BNR second-
ary clarifier effluent passed through the filters at flow rate 3.0 
L/min at atmospheric pressure. The membrane was operated 
in dead end mode. The average flux was calculated at 12 L 
/m2/h. The membrane module was aerated continuously to 
reduce membrane fouling and the DO level was measured 
to be 7.4 mg/L. Although the influent supplied to the experi-
mental setup originated from the outflow of BNR secondary 
clarifier, residual microbes accumulated as attached biomass 
on the filter surfaces in a similar manner as seen on rotating 
biological contactors in Figs. 2 and 3. This biomass acted 
and enabled the additional treatment such as reduction in 
E.coli as seen in the experimental results (Aybar et al. 2019). 
Table 1 illustrates polyacrylonitrile (PAN) nonwoven mem-
brane specifications.
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Cleaning procedure

Membrane fouling results in reduction in filtrate produc-
tion causing flux to decrease over time under continuous 
trans-membrane operation. Cleaning of the membrane was 
achieved by an increase in aeration. This air scouring action 
restored the membrane flux. Membrane cleaning was done 
only once during the study and for a duration 15 min.

Analytical methods

The secondary clarifier effluent and permeate samples were 
analyzed for ammonium nitrogen (NH4

+), nitrates (NO3
−), 

phosphate (PO4), chemical oxygen demand (COD), poten-
tial hydrogen (pH), electrical conductivity (EC), suspended 

solids (SS) and Escherichia coli (E.coli). All parameters 
were analyzed according to the standard methods of water 
and wastewater (Alpha, 2017). The collected data were ana-
lyzed from the laboratory, further comparison with of water 
use license standard was performed (see Table 2).

Removal efficiency of permeate was calculated to deter-
mine how efficient the pilot plant is in removing targeted 
water quality parameters. The removal efficiency was cal-
culated using Eq. (1):

where: CA1 is the mass concentration in BNR clarifier 
effluent at the system input (mg/L) and CA2 is the mass 

(1)EA =
CA1 − CA2

CA1
× 100

Fig. 1   Microfiltration experi-
mental setup

Fig. 2   The biomass growth on the filter surfaces is evident Fig. 3   Taking small sections of the filter at a replaceable section, 
revealed good attachment of the microbes on the fiber surfaces



13280	 International Journal of Environmental Science and Technology (2023) 20:13277–13288

1 3

concentration of the permeate at the system output (mg/L) 
and EA is the concentration increment of pollution in per-
centage (mg/L).

Single factor pollution index was used to determine the 
extent of pollution for BNR clarifier effluent discharged to the 
surface and also permeate. The single factor analysis was cal-
culated using Eq. (2):

(2)Pi =
Ci

Si

where Pi is the pollution index of i units pollutant. Ci is 
the measured concentration of i units pollutant (mg/L), Si 
the III level water quality standard category value of i units 
pollutant according to “Environmental Quality Standards for 
Surface Water. Table 3 shows the category of single factor 
pollution index in determination of water quality status and 
pollution.

Water quality index was also used to determine the suit-
ability for the BNR clarifier effluent and the permeate. Water 
Quality Index calculated using Eq. (3):

where Qi is the Quality rating of ith parameter for a total of n 
water quality parameters Vactual (mg/l) is the actual value of 
the water quality parameter obtained from analysis.

Videal (mg/l) is the Ideal value of that water quality param-
eter can be obtained from the standard Tables.

The relative (unit) weight (Wi) was calculated by a value 
inversely proportional to the recommended standard (Si) for 
the corresponding parameter using Eq. (4):

(3)Qi =

(

VActual − VIdeal

)

(

VStandard − VIdeal

) × 100

Table 1   Nonwoven membrane filters specifications

Product name AR550—homopolymer acrylc needle FeLT

Characteristics Specification Range Results

Fiber composition Acrylonitrile staple fiber 100% Acrylic needle felt
Scrim composition Acrylic staple yarn 100% Heat set
Features High filtration efficiency, long service life with good anti-abrasion. The high 

porosity of Acrylic gives good air permeability and tends to be a stiff fabric, 
itchy to the touch and irritate the skin

Application Mainly used in Detergent, Waste Incinerators, Asphalt, Dance spray dryer, coal 
mill and power plants

Chemical properties Anti-acid excellent, anti-alkali excellent, anti-abrasion good, hydrolysis stabil-
ity excellent

pH ranges from 3 to 11

Flammability F1 (DIN 53,438)
Roll size 2.1 × 100 m 2%
Height 2.2 mm 5%
Weight 550 g/m2 5%
Air permemeability 13—15 m3 /m3 / min at 12.7 mm W.G 20%
Temperature 140 °C Continuous Operating 160 °C—Maximum Dry Surge
Relative humidity  ≤ 30% Beware of the oxidation
Break strength Wrap—≥ 600 N /5 0 mm

Welt—≥ 800 N /5 0 mm
MD
CMD

Finish Singeing, glazed, scrim supported ISO 9001: 2008 Calendared
Country of origin China 100% DT01610

Table 2   Water use license standard

Parameter Limit

pH 6.5–8.5
Electrical conductivity (at 20 °C) 80 mS/m
Nitrate (NO3

−) 9 mg/L
Ammonium nitrogen (NH4

+) 4 mg/L
Chemical oxygen demand (COD) 70 mg L
Phosphate (PO4) 0.7 mg/L
Suspended solids (SS) 20 mg/L
E. coli 500 counts/L

Table 3   Standards of single 
factor pollution index

Pi  ≤ 0.4 0.4 − 1.0 1.0 − 2.0 2.0 − 5.0  > 5.0

Pollution level Non-pollution Slight polluted Medium polluted Heavy polluted Serious polluted
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where I is given by I = 1/∑1/Si and Wi is the Relative (unit) 
weight for nth parameter Si is the standard permissible value 
for nth parameter I is proportionality constant. The Relative 
(unit) weight (Wi) to different water Quality parameters is 
inversely proportional to the recommended standards for the 
corresponding parameters. Finally, the overall WQI was cal-
culated by combining the quality rating with the unit weight 
linearly by using Eq. (5):

(4)Wi =
I

Si

where, Qi is the Quality rating and Wi is the Relative (unit) 
weight

The water quality was categorized according to Table 4.

Results and discussion

Water use license and removal efficiency

The obtained water quality results from clarifier effluent and 
permeate are demonstrated graphically (Figs. 4, 5, 6, 7, 8, 9, 
10, 11) and presented in Table 5.

The water quality trends for physicochemical and bio-
logical characteristics were presented against the Water Use 
License (WUL). Analyses for secondary clarifier effluent 
showed that ammonia, conductivity and E.coli did not fully 
comply with the WUL during the study. Non-compliance for 
ammonium nitrogen (NH4

+) and electrical conductivity (EC) 
was due to failure of BNR which could be due to critical 
equipment failures linked to nitrification in the BNR. E.coli 

(5)WQI =

∑

QiWi
∑

Wi

Table 4   Categorization of water quality base on WQI level

Water quality 
index level

Description Possible usages

0 − 25 Excellent Drinking, irrigation and industrial
26 − 50 Good water Domestic, irrigation and industrial
51 − 75 Poor water Irrigation and industrial
76 − 100 Very poor water Irrigation
 > 100 Unsuitable water Restricted use for irrigation

Fig. 4   Physico-Chemical and 
biological characteristics of 
the BNR clarifier effluent and 
permeate: COD

Fig. 5   Physico-Chemical and 
biological characteristics of 
the BNR clarifier effluent and 
permeate: PO4
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non-compliance was attributed to no disinfection (Chlorina-
tion) done in the clarifiers effluent. Water quality parameters 
that did not comply with the WUL for permeate were NH4

+, 
pH, EC and E.coli.

NH4
+ concentration ranged between 4 and 7.5 mg/L 

which was due to membrane fouling resulting in flux 
decline, and it was addressed by membrane back flushing 
and air scoring. Similar results were reported by Mahmoud 

& Soumaya (2020) who demonstrated that membrane foul-
ing contributes to high NH4

+ concentration in the perme-
ate and can be reduced by back flushing and air scoring. 
A decrease in pH to 6.4, due to alkalinity consumption 
could be explained by nitrification taking place in the pilot 
plant. Hwang et al., (2000), Hou et al., (2014) and Belmonte 
et al., (2017) reported similar results that a reduction in the 
alkalinity concentration increased the nitrite accumulating 

Fig. 6   Physico-Chemical and 
biological characteristics of 
the BNR clarifier effluent and 
permeate: NO3

Fig. 7   Physico-Chemical and 
biological characteristics of 
the BNR clarifier effluent and 
permeate: EC

Fig. 8   Physico-Chemical and 
biological characteristics of 
the BNR clarifier effluent and 
permeate: pH
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efficiency in the process and this can attribute to pH value 
decreasing inside the reactor which stimulated the inhibi-
tory effect of free nitrous acid on nitrite oxidizing bacteria. 
EC ranged between 80 and 86 mS/m due to poor nitrifi-
cation and also poor alkalinity consumption resulting in 

conductivity increasing, this was caused by microfiber fil-
ter inability to retain dissolved ions. Similar results were 
reported by Levin (2007) who demonstrated that conductiv-
ity increases if the transformation of ammonium to nitrate 
produces hydrogen ions and no alkalinity consumption. 

Fig. 9   Physico-Chemical and 
biological characteristics of 
the BNR clarifier effluent and 
permeate: SS

Fig. 10   Physico-Chemical and 
biological characteristics of 
the BNR clarifier effluent and 
permeate: E. coli

Fig. 11   Removal efficiency of 
physico-chemical and bacterial 
parameters
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E.coli ranged between 500 counts/L and 12,000 counts/L 
which could be linked to biofilm augmentation on the micro 
filter. Nonwoven membrane microfiltration results showed 
excellent removal efficiency for E.coli which was 90% with-
out disinfection. Therefore, for these bacteria nonwoven 
membrane demonstrated a sufficient barrier. These results 
could be explained by microbial attachment and formation 
of biofilm on the membrane surface. The flow through the 
microfilters enhanced contact of the attached microbes and 
possible food sources in the wastewater. The microfilters 
also received aeration. This may have encouraging growth 
of facultative microbes and higher predator species as men-
tioned by Aybar et al., (2019). Koltuniewicz & Drioli (2008) 
and Bodzek et al., (2019) reported that E.coli from munici-
pal wastewater after primary and secondary treatment using 
microfiltration membranes showed significant removal, and 
high removal efficiency of E.coli was explained by filtra-
tion layer formation on the surface of the membrane, which 
performed as a secondary film layer. The formation of bio-
film on the membrane surface may also lead to biofouling; 
however, Wang & Waite (2009) reported that biofouling 
layer can work as an additional layer in the submerged MBR 
improving the water quality if it is well maintained. In addi-
tion, Dreszer et al., (2014) also reported that bacteria cell 
in biofilm formation does not reduce the performance of 
the membrane, however extracellular polymeric substance 
(EPS) plays an important role in the performance decline of 
membrane. Aybar et al., (2019) also reported that re-aeration 
of final effluent affects bacterial activities of E.coli as these 
conditions become unfavorable for their enzymes.

Removal efficiency for COD was obtained to be 25%. The 
results indicated that there was further oxidation of organic 
matter that was taking place in the membrane pilot plant due 
to sufficient oxygen supply for the facultative microbes that 
have attached on the membrane surface. The aeration mecha-
nism of this patented microfilter also enhances smaller air 
bubbles to be in close vicinity of the biofilm layers formed 
on the filtration surface, augmenting nitrification. According 

to the study done by Mahmoud & Soumaya (2020), it was 
reported that oxygen eliminates the organic contaminants, 
and it is required for the bacteria to allow biodegradation 
to take place. Obtained NH4

+ removal efficiency was 22%, 
these results indicated that there was sufficient oxygen and 
further nitrification was taking place due to continuous aera-
tion of the pilot. Metcalf & Eddy (2002) reported that for 
nitrification to take place effectively the process needs to 
be operated at an optimum DO level. NO3

− removal effi-
ciency obtained was 12.6%, the results showed that further 
denitrification took place in the pilot due to further oxida-
tion of organic matter created by the recycle stream from 
filtrate unit back to the pilot tank. Makaya et al., (2007) 
reported that when the oxygen demand is high, nitrification 
decreases and nitrates removal efficiency increases. PO4 and 
SS obtained removal efficiency of 7.8% and 6.3% respec-
tively, much difference was not seen for these parameters 
due to instrument detector limit of 0.1 for PO4 and 10 for 
SS. EC obtained lowest removal efficiency of 5.4%, these 
results indicated that there was no net change ion content 
and conductivity remained the same. This is comparable 
with the results obtained by Howard et al., (2004) and Levin 
(2007) who reported that when the nitrate content increases, 
the phosphate content decreases resulting in conductivity 
remaining the same for influent and effluent, showing that 
there is no net change in the ion content, see Fig. 11. Low 
concentration of dissolved ion in the secondary clarifier 
effluent may also attribute low conductivity removal effi-
ciency (Lajci et al. 2017).

Single factor pollution index

The Single Factor Pollution Index was calculated to deter-
mine the extent of pollution in the final effluent discharge 
from BNR clarifier effluent and the permeate as indicated in 
Tables 6 and 7, respectively.

Table 5   Physico-chemical and biological characteristics of the BNR clarifier effluent and permeate

NH4
+) (mg/L) COD (mg/L) PO4 (mg/L) NO3

− (mg/L) EC (mS/m) pH SS (mg/L) E.coli

Standard 4 70 0.7 9 80 8.5 20 500
Permeate Max 7.5 30 0.35 3.6 82 8 10 866

Min 1 20 0.1 0.3 79 6.4 10 41
Ave 1.5 25 0.12 2.6 80 7.2 10 294

Clarifier
Effluent

Max 5.5 60 0.2 4.5 86 8 12 12,000
Min 0.5 25 0.1 0 75 7.5 10 774
Ave 1.3 35 0.11 2.3 80 7.2 10 3874
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According to the single factor pollution index BNR 
clarifier effluent water quality for E.coli indicated serious 
pollution, the pollution level was above 5 as per standard 
Table 3. This pollution range indicated that excessive pol-
lution is occurring at the downstream where the effluent is 
discharged. High E.coli may present health problems in the 
receiving environment and limit reuse purposes. Okah et al. 
(2007) and Akpor  and Muchie (2011) studied the presence 

of E. coli in streams in which wastewater is discharged. The 
results confirmed that E. coli can cause infections such as 
diarrhea for adults and kidney failure for children. Conduc-
tivity showed medium pollution with the rating between 1 
and 2. High conductivity indicates that dissolved salts or 
chemical ions are high and it affects the ecosystem. Accord-
ing to Masters & Ela (2007) and Pal et al. (2015) who stud-
ied the presence of conductivity on lakes, dissolved ion con-
centrations control the survival, reproduction, and growth of 
aquatic organisms. COD, pH and SS indicated slight pollu-
tion with the level rating between 0.5 and 1. The presence 
of biodegradable organic matters in water is noticed through 
high COD and DO levels decrease affecting the aquatic life. 
Van den Brand, et al., (2015) and Edokpayi et al. (2017) 
studied the presence of COD in streams in which wastewater 
is discharged. The results indicated that a high COD level 
decreases the DO level in streams and affects the function-
ing of the ecosystem. pH level needs to range between (6.5 
and 8.5), if the pH level is out of this range, it indicates that 
there is industrial pollution and aquatic life will be affected. 
Akpor and Muchie (2011) studied the presence of pH in 
streams and reported that low pH level kills the aquatic life 
and cause physical damage and leaving them vulnerable to 
diseases. SS reduces photosynthesis and physically harms 
the aquatic life. Akpor and Muchie (2011) also reported that 
SS reduces penetration of sunlight and aquatic life are physi-
cal harmed. NH4

+, NO3
− and PO4 rated less than 0.4 which 

indicated non-pollution.
According to the single factor pollution index the per-

meate water quality indicated that E.coli, EC, pH and SS 
are slightly polluted, these parameters are rated between the 
level of 0.5 – 1. NH4

+, NO3
−

, PO4 and COD rated less than 
0.4 which indicated non-pollution.

Table 6   Single pollution index BNR

Parameters Ci Si Pi = (Ci/Si)

NH4N 1.63 4 0.41
COD 36.67 70 0.52
EC 85.28 80 1.07
NO3

− 2.63 6 0.44
PH 7.24 8.5 0.85
PO4 0.15 0.7 0.21
SS 10.38 20 0.52
E.coli 4974.48 500 9.95
Average 1.74

Table 7   Single pollution index permeate

Parameters Ci Si Pi = (Ci/Si)

NH4
+ 1.28 4 0.32

COD 25.19 70 0.36
EC 80.04 80 1.00
NO3

− 2.22 6 0.37
PH 7.21 8.5 0.85
PO4 0.11 0.7 0.16
SS 10 20 0.50
E.coli 294.33 500 0.59
Average 0.52

Table 8   Water quality index BNR

Parameter Observed 
value (Va)

Standard 
value (vs)

∑(1/Si) Constant 
(I) = 1/∑(1/
Si)

Unit weight wi = I/Si Videal Quality rating (Qi) WiQi

NH4
+ 1.63 4 0.25 0.4897949 0.1224487 0 40.75 4.989786

COD 36.67 70 0.014286 0.4131121 0.0059016 0 52.385714 0.30916
EC 85.28 80 0.0125 0.4131121 0.0051639 0 106.6 0.550472
NO3

− 2.63 6 0.166667 0.4131121 0.068852 0 43.833333 3.018013
pH 7.24 8.5 0.117647 0.4131121 0.0486014 7 16 0.777623
PO4 0.15 0.7 1.428571 0.4131121 0.5901601 0 21.428571 12.64629
SS 10.38 20 0.05 0.4131121 0.0206556 0 51.9 1.072026
E. coli 4974.48 500 0.002 0.4131121 0.0008262 0 994.896 0.822007

5118.46 2.041671 ∑ 0.8626096 ∑ 24.18537
WQI 28.03745
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Water quality index

To determine water reuse options, the water Quality Index 
was calculated for BNR clarifier effluent and permeate. The 
calculated WQI for BNR clarifier effluent is presented in 
Table 8 and was found to be 28.03.

According to the standard Table 6 for classification of 
WQI, the water quality falls within the range of 26–50, 
therefore it can be classified as good water. Good water 
refers to the reuse options that include domestic, irrigation 
and industrial. However, it is limited to water treatment 
reuse for drinking purposes. The WQI was affected by high 
conductivity and E.coli counts from final effluent clarifiers, 
thereby limiting the direct reuse without chlorination for 
E.coli. In agreement with the results obtained by Mohamad 
(2019) reported that the presence of E.coli in the BNR efflu-
ent discharged to the downstream affected the WQI and 
Rim-Rukeh & Agbozu (2013) reported that the presence of 
conductivity can also affect WQI. According to the results 
presented in Table 9, the WQI for membrane filtration was 
found to be 21.13, falling within the range of 0–25.

According to the standard rating Table 6, the WQI cat-
egory presents the excellent water quality which can be 
reused for drinking, domestic, irrigation and industrial 
purposes. E.coli counts from 4974.48 to 294.33 counts/L, 
COD improved from 36.67 to 25.19 mg/L and conductiv-
ity improved from 85.28 to 80.04 mS/m. The standard of 
E.coli according to the WUL at this WCW is 500 counts/L. 
Similar results were obtained by Wintgens et al., (2005) in 
Windhoek, Namibia using UF membrane for BNR clarifier 
effluent and major successes were achieved on the removal 
of microbial and chemical components without disinfection.

Conclusion

The permeate from these tests showed that NO3
−, PO4, 

COD and SS fully complied with the WUL standard. 
NH4

+, pH, EC and E.coli did not comply fully with the 
WUL standard during the study. For the permeate sample, 
the highest removal efficiency obtained in this study using 
nonwoven membrane filtration was for E.coli, at 90%, fol-
lowed by COD 25%, NH4N 22%, NO3

− 12.6%, PO4 7.8%, 
SS 6.3% and the lowest was EC 5.2%. Therefore, it was 
concluded that nonwoven membrane filtration is able to 
improve the removal efficiency of clarifier effluent. This 
could be due to microbes attachment on the membrane, 
evident by the reduction in E.coli, COD and NH4

+. The 
average pollution index for BNR clarifier effluent and per-
meate was determined to be 1.74 (medium polluted) and 
0.52 (slightly polluted), respectively. The use of nonwoven 
membrane filtration presented small, significant improve-
ments in the extent of pollution in the effluent discharged 
to the downstream. According to the results of WQI BNR 
clarifier effluent, the water quality rating is 28.03, it is 
regarded as good water and can be reused for domestic, 
Irrigation and Industrial, except drinking purposes. WQI 
for permeate rated is 21.13. According to the standard rat-
ing of WQI the water quality at permeate is regarded as 
excellent water quality which can be reused for drinking 
(with additional treatment such as activated carbon and 
additional disinfection), domestic, irrigation and indus-
trial. As nonwoven membrane filtration decreases micro-
bial contamination, it lowers chlorine demand of waste-
water final effluent, and also showed that it can improve 
nitrification, alkalinity consumption and has strength in 
further oxidizing organic matters. The low cost and local 

Table 9   Water quality index permeate

Parameter Observed 
value (Va)

Standard 
value (vs)

∑(1/Si) Constant 
(I) = 1/∑(1/
Si)

Unit weight wi = I/Si Videal Quality rating (Qi) WiQi

NH4-+ 1.28 4 0.25 0.4897949 0.1224487 0 32 3.918359
COD 25.19 70 0.014286 0.4131121 0.0059016 0 35.985714 0.212373
EC 80.04 80 0.0125 0.4131121 0.0051639 0 100.05 0.516648
NO3

− 2.22 6 0.166667 0.4131121 0.068852 0 37 2.547524
pH 7.21 8.5 0.117647 0.4131121 0.0486014 7 14 0.68042
PO4 0.11 0.7 1.428571 0.4131121 0.5901601 0 15.71428 9.273944
SS 10 20 0.05 0.4131121 0.0206556 0 50 1.03278
E.coli 294.33 500 0.002 0.4131121 0.0008262 0 58.866 0.048637

420.38 2.041671 ∑ 0.8626096 ∑ 18.23069
WQI 21.13434
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fabrication of such a polishing treatment support this treat-
ment as a possible alternative.
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