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a b s t r a c t 
In the present study, treatment of hospital wastewater by processes based on different configura-
tions, such as conventional activated carbon (CAS), University of Cape Town (UCT), and membrane 
bioreactor (MBR), was explored under the same operational conditions. The findings indicated that 
MBR was significantly more efficient than CAS and UCT in the removal of the total suspended solids 
(TSS). The MBR removal efficiency reached nearly 100% during the time designated for this process, 
whereby the remaining effluent quantity was below 1 mg/l. The difference in the expulsion effi-
ciencies of the three studied configurations was attributed to the evacuation of the chemical oxygen 
demand (COD) using the membrane and MLSS, which was present in high concentration in the MBR 
system. Generally, MBRs are efficient at disposing COD through membrane separation in hospital 
wastewater treatment. In the experiments, NH3 removal rate of 38.13% was noted for CAS, while 
84.98% was obtained for the UCT configuration, and 43.75% was measured for the MBR system when 
the hydraulic retention time (HRT) = 8 h and solid retention time (SRT) = 25 d. The effluent water 
quality of MBR system remained stable and was not affected by fluctuations in the influent quality, 
which was not the case for the CAS system.
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1. Introduction

Wastewater containing elevated amounts of phospho-
rus and nitrogen can cause considerable issues, especially 
for the soil, as it affects oxygen utilization, eutrophication 
and poisonous quality. Thus, several biological nutrient 
removal (BNR) processes have been established for the 
removal these elements from wastewater [1].

Among the currently utilized wastewater treatment 
procedures, configurations based on BNR, conventional 
activated carbon (CAS), University of Cape Town (UCT), 
and membrane bioreactor (MBR) are the most popular 
[1–5]. The activated sludge (AS) process derives its name 
from the natural mass that is formed when air is infused 
into the wastewater. In this procedure, microorganisms 
are mixed with the characteristic blends contained in 
wastewater. As the biomass develops and is blended by 
the agitation of air, the individual living beings floccu-
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late to shape a dynamic mass of organisms (biologic floc) 
called activated sludge. The UCT procedure was created 
to reduce the impact of nitrate in wastewater upon its 
release into an anaerobic zone. The nitrate amount in 
the zone of anaerobic process is crucial for the natural 
phosphorus evacuation effectiveness. The procedure of 
UCT is like the A2O procedure with two special cases, 
as the AS is reused in the stage of anoxic process, rather 
than the stage of aeration process, and the inside reuse is 
from the anoxic stage to the anaerobic stage. Combining 
BNR with MBR can meet strict nutrient release princi-
ples. The system of MBR combines an organic treatment 
operation together with a microfiltration or ultrafiltra-
tion membrane, which results in high emanating quality, 
high treatment productivity, high adaptability, and low 
sludge production.

BNR incorporates the expulsion of excess phospho-
rus and nitrogen remaining after biomass generation [6]. 
Nitrogen expulsion is a procedure comprising of nitrate 
formation by nitrification of NH3, which is in turn denitri-
fied to nitrogen gas before being expelled from the pro-
cessing unit. The expulsion of nitrogen by microscopic 
organisms from wastewater occurs in nitrification stage 
followed by denitrification stage. Nitrification is a bio-
chemical procedure comprising of NH3 oxidation into 
NO3

– via nitrite NO2
–. 

The outputs from this process are microscopic organ-
isms such as nitrite-oxidizing bacteria (NOB) and ammo-
nia-oxidizing bacteria (AOB). NOB oxidize nitrite into 
nitrate, while AOB oxidize ammonia into nitrite. The two 
AOB genera—Nitrosomonas and Nitrospira—are usually 
present in MBR plants, whereas the two typical NOB genera 
are Nitrobacter and Nitrospira.

Denitrification is the microbiological operation by 
which nitrate (NO3) is changed into nitrogen gas (N2) by 
means of sequential reduction methods including dini-
trogen oxide (N2O), nitric oxide (NO), and nitrite (NO2). 
An organic phosphorus evacuation operation uses bac-
terial capacities for their ability to take up phosphorus. 
Therefore, this method is considered enhanced biological 
removal of phosphorus (P). The microorganisms that are 
required for this operation are denoted as phosphate-ac-
cumulating organisms (PAOs) [6,7]. In anaerobic states 
characterized by few DO contents, PAOs promptly change 
accessible organic compounds, such as volatile fatty acids, 
to carbon mixes, yielding polyhydroxybutyrate (PHB) 
and polyhydroxyalkanoates (PHA). The consequence of 
this process is a primary remove of P from the cells as 
reported by several researchers [8–10]. For the zones of 
aerobic with elevated DO contents, carbon is utilized by 
PAOs for development of biomass and formation of poly-
phosphate (Poly-P) [9,11]. For productive P evacuation, it 
is critical in the bioreactor to advance the development of 
PAOs, which can be hindered by denitrifies or existence of 
nitrate. Our previous work focused on the preparation of 
PVC/ZnO-NPs with 13 wt.% PVC and various NPs con-
tents and its application on the treatment of actual hospi-
tal wastewater [12]. In addition, suggested MBR design in 
which a composite layer prepared from Sponge/Granular 
Activated Carbon/Sponge kept in front of the membrane 
surface works as a pre-filter in hospital wastewater treat-
ment in order to minimize the antifouling on the mem-

brane surface [13]. This study investigates the difference 
in removal efficiency between various pilot plants while 
using the same water source, same operating conditions 
and similar wastewater characteristics. The study aims 
on providing an understanding of the complex biological 
phenomena that mediate nutrient removal processes in 
MBR BNR systems. In addition, the study quantifies the 
kinetics of the biologically mediated processes of nutrient 
removal in these systems. Furthermore, the study will dis-
cuss the different means used for the treatment of hospital 
wastewater. Therefore, the objective of this effort was to 
compare the removal efficiency of different CAS, UCT, and 
MBR process configurations in terms of COD, phospho-
rus, nitrogen, and total suspended solids (TSS) concen-
trations, under the same organic load and hydrodynamic 
conditions. 

2. Material and methods

2.1. Material 

PVC resins with 65 kg/mol were purchased from the 
Georgia Gulf Company (Georgia, USA) and the dimethy-
lacetamide (DMAc) used as a solvent was purchased from 
Sigma-Aldrich, Germany. The granular activated carbon 
(GAC) was purchased from ROMIL PURE CHEMISTRY, 
Cambridge GB-CB259QT. ZnO nanoparticles (product no. 
8411DL, 99%, 10–30 nm) were purchased from Sky Spring 
Nanomaterials, Inc. USA. 

2.2. PVC membrane 

PVC membrane material was kept for 4 h in an oven 
at 60°C for moisture removal. The dried 10 wt.% PVC was 
added to 90 wt.% DMAc with continuous mixing at 40°C, 
by using a magnetic stirrer at 200 rpm for 2 d, until homo-
geneity was accomplished. Next, 0.1 g of ZnO nanopar-
ticles (NPs) was combined with the polymer solution 
to prevent sedimentation. After that, the homogeneous 
PVC solution with ZnO-NPs was kept for 25 min in an 
ultrasonic water bath to avoid agglomeration of ZnO 
nanoparticles. The PVC casting solutions were cast with 
knife thickness of 180 µm using a motorized film appli-
cator (CX4 mtvmesstechnik, Germany). Next, the nascent 
flat-sheet membranes were immersed in coagulation bath 
containing deionized water at laboratory temperature. 
The PVC-NPs membrane was subsequently submerged 
under deionized water for 48 h to complete DMAc 
removal. Then, the membrane was kept for 48 h in a 30/70 
wt.% glycerol-water solution to prevent its structure from 
cracking and crumpling.

The specification and membrane structure with pore 
size distribution of the membrane prepared in this work are 
presented in Table 1 and Fig. 1.

2.3. Membrane performance 

Pollutant removal and water permeation flux for the 
membranes were assessed via cross-flow filtration method. 
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The separation performance was conducted using a mem-
brane module at a 0.4 bar vacuum and a feed solution at a 
temperature of 25°C. The solution volume was 5 l and the 
membrane effective surface area was 18 cm2. Graduated cyl-

inder was used as a permeate collector. Pure water permea-
bility (PWP) was estimated by using the following formula:

V
PWP

t A P
=

⋅ ⋅
 (1)

where V denotes the collected volume (l), P is the trans-
membrane pressure (Pa), A represents the membrane sur-
face area (m2) and t is the permeate collection time (h). 

The dissolved pollutant removal efficiency R (%) was 
estimated according to the following equation:

( )% 1 100
Cp

R
Cf

 
= − ×  

 (2)

where Cp and Cf represent the pollutant concentrations of 
the effluent and influent, respectively.

   

Fig. 1. SEM images and pore size distribution of PVC/ZnO-NPs membrane prepared from PVC of 10%, and ZnO-NPs of 0.1 gm.

Table 1 
Specification of the PVC/ZnO-NPS membrane

Membrane specification Value

PVC 10 wt.%

ZnO-NPS 0.1 gm

Thickness 47.45 µm

Porosity 88%

Average pore size 211.32 nm

<=90% pore  size 300.00 nm

<=50% pore size 180.00 nm
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2.4. Experimental rig

The experiments were conducted in three pilot plants, 
which were fed real hospital wastewater from a capacity 
tank by means of a sustained suction pump. The real hospi-
tal wastewater was collected from a discharge of wastewa-
ter treatment plant (WWTP) located in Hilla Hospital south 
of Iraq. 

As shown in Fig. 2a, in one of the pilot plants a CAS 
was implemented. The CAS system consisted of four 
major components, namely influent tank, aerobic bioreac-
tor, aeration system and settling tank. The influent tank, 
which has an overall working volume of 80 l, is made of 
glass, and was fitted with one nozzle for wastewater feed 
and maintenance. Wastewater level in this tank was con-
trolled by an electrical float connected with submersible 
pump located in the hospital wastewater collection basin. 
The bioreactor used had a 32 l capacity. Real wastewater 
was pumped to the reactor via a feeding pump to pre-
cisely determine the feed rate, whereas the effluent flow 
rate was controlled by a suction pump. In order to control 
and measure the wastewater volume in the reactor, level 
sensors were fitted. The reactor contained four nozzles 
of ∅15 mm each, three of which were at the same side, 
whereby one was located at the top to receive wastewater 
and two were positioned at the bottom for sludge removal 
and air feed. The fourth nozzle was located on the oppo-
site side to transfer sludge to the settling tank of 60 l 
capacity, made of acrylic sheet. This tank was fitted with 
two nozzles of 15 and 20 mm diameter, both of which 
were placed at the top to receive MLSS from the aerobic 
bioreactor and to discharge effluent water, respectively. 
Another nozzle of 15 mm diameter was placed at the bot-
tom for sludge removal. The purpose of this tank was to 
separate solids from water in order to provide clear efflu-
ent containing allowable limits of suspended solids and 
colloidal particles.

As shown in Fig. 2b, in one of the pilot plants UCT 
was adopted, comprising of an aerobic tank (32 l), an 
anoxic tank (16 l) and anaerobic tank (8 l). In the aero-
bic tank, air was injected from the bottom of the tank to 
provide oxygen required by the microorganisms. Both the 
anoxic and the anaerobic tank were fitted with a stirrer. 
From the aerobic tank, the mixed liquors were recycled 

to the anoxic tank (Loop 1). After that, the mixed liquors 
were moved to the anaerobic tank (Loop 2) using two 
pumps. Real wastewater was transferred from the stor-

1. Collection basin, 2. Submersible pump, 3. Influent, 4. Influent 
tank, 5. Aerobic bioreactor, 6. Air diffuser, 7. Air compressor, 8. Drain 
valve, 9. Submersible pump, 10. MLSS feed, 11. Settling tank, 12. Re-
turn sludge, 13. Sludge wasting, 14. Effluent water

1. Anaerobic bioreactor, 2. Submersible pump, 3. Anoxic bioreactor, 
4. Submersible  pump for homogenization, 5. Sludge returning, 6. 
Aerobic bioreactor, 7. FS membrane module, 8. Submersible  pump 
for recirculation, 9. Air diffuser, 10. Suction pump, 11. Sludge wast-
ing, 12. Permeate, 13. Air compressor,

Fig. 2. A schematic diagram of the lab scale of three different 
configurations.

Table 2 
Characteristics of hospital wastewater

Pollutant Influent concentration 
(mg/l)

Max. allowable limit 
(mg/l)

COD 800–1200 100

NH3 140–190 –

NO3 45–100 50

P 12–18 3

TSS – –

CL 260 100

Pb 0.004 0.05

cd 0.0023 0.1

pH 7.2 6.5–8.5
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age tank to the anaerobic tank. In the chamber designated 
for the anaerobic process, phosphorus was released and 
the COD was partially consumed. Next, the effluent was 
transferred to the MBR and anoxic tank. Nitrification, 
phosphorus accumulation, and organic matter oxidation 
take place in the zones of aerobic operation. Loop 1 com-
posed of NO3 returned to the bioreactor anoxic chamber 
from the membrane tank, in order to decrease the effect of 
nitrate in wastewater coming from the zone of anaerobic. 
As a part of Loop 2, the wastewater from anoxic chamber 
was returned to the anaerobic tank to enhance the organic 
matter utilization and provide the best conditions for P 
uptake in the tank of anaerobic operation, as well as facil-
itate fermentation of organic material.

Fig. 2c shows a schematic of the MBR system with effec-
tive volume of the bioreactor of about 32 l. As a part of this 
process, real wastewater was transferred into the reactor to 
control the feed rate via a feeding pump, whereas the flow 
rate of the effluent was determined by a suction pump. In 
order to control the volume of the wastewater in the tank, 
level sensor was utilized. To supply oxygen for microorgan-
isms, at the bottom of the aerobic tank air was injected, and 
the TMP gauge was used to measure pressure. The MBR 
was filled with sludge from the local WWTP and adapted 
to real wastewater.

2.5. Operating conditions of the process

Activated sludge was sourced from the aeration tank 
of the existing conventional wastewater treatment unit of 
Al-Rustumia Treatment Plant, Baghdad. It was used as 
microorganism seeding for the system examined in the 
present study. Actual wastewater was obtained down-

stream from the wastewater treatment plant located in Bab-
ylon Hospital (Babylon province, Iraq). After the activated 
sludge was concentrated by settling to about 1.5 (± 0.09) g/l 
MLSS, the system was fed with wastewater until the steady 
state of 8.8 (± 1.1) g/l of MLSS was achieved. While eval-
uating the UCT configuration, the dissolved oxygen (DO) 
concentration was kept within 4 mg/l in the aerobic tank, 
0.2 mg/l in the anoxic tank, and < 0.1 mg/l in the anaer-
obic tank. The temperature of mixed liquor was continu-
ously monitored and was kept within the 25 ± 2°C range 
by a temperature controller. The internal recycle rate was 
maintained at 300% and 100% of the influent flow rate. The 
filtration mode with intermittent time, for example, 10 min 
suction followed by relaxation (non-suction) for 1 min, was 
controlled. The HRT was kept at 8 h, whereas a series of 
SRTs were controlled over a period of 25 d. The operating 
conditions and working MLSS contents in this investigation 
are reported in Table 3. 

2.6. Analytical methods

2.6.1. Total suspended solids (TSS) 

The total suspended solids (TSS) analyses were con-
ducted utilizing the procedures prescribed by APHA (2012) 
[14], as shown in Fig. 3. Briefly, volume of test sample was 
separated through a pre-measured Glass Microfibre Filters 
with pore size of 0.45 µm. Then, each filter was dried at 
105°C in the oven for 2 h and was left to cool to room tem-
perature before being assessed utilizing gravimetric strat-
egy for TSS.

2.6.2. COD

The COD assessments were performed in the Environ-
mental Research Center, University of Technology-Bagh-
dad, utilizing the strategies reported by APHA (2012) 
[14]. COD VARIO Photometer, Lovibond, Germany was 
utilizing to measure the COD content. For influent diges-
tion solution with high content was utilized, whereas for 

1. Influent, 4. Aerobic bioreactor, 7. Sludge wasting, 10. Air com-
pressor, 2. Influent tank, 5. Flat sheet (FS) membrane, 8. Suction 
pump, 3. Submersible pump, 6. Air diffuser, 9. Permeate, 10. Air 
compressor

Fig. 2. Continued.

Table 3 
Operation conditions and working concentration of MLSS in 
the steady state for CAS, UCT, and MBR system

Parameter Run 1 CAS Run 2 
UCT

Run 3 
MBR

Volume 
(L)

Anaerobic 0 8 0

Anoxic 0 16 0

Aerobic 32 32 32

HRT (h) Anaerobic 2 0 0

Anoxic 4 0 0

Aerobic 8 8 8

SRT (d) 25 25 25

MLSS (mg/l) 10000 10000 10000

Vacuum (bar) 0.4 0.4 0.4

Operation time (d) 21 21 21
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effluent, digestion solution with moderate content was 
adopted, and distilled water served as blank samples. At 
150°C the test tubes were heated for 2 h and were sub-
sequently permitted to cool to 25°C before spectrometer 
readings were taken.

2.6.3. Content of dissolved oxygen (DO) 

YSI, Model 556, USA DO Meter was used to measure 
the DO concentration. In the aerobic bioreactor, DO con-
centration was constantly monitored with the DO meter, 
whereas the flow rate of the air was regulated manually by 
setting the value of the input air. Unless otherwise stated, 
the DO content in the zones of anoxic, anaerobic, and aer-
obic was maintained respectively at <0.2 mg/l, <0.1 mg/l, 
and 1−4 mg/l.

2.6.3.1. NH3 

Multi-parameter photometer (C200 & HI 83200, Ger-
many) was used for the measurements of P, NO2, NO3, and 
NH3.

3. Results and discussion

3.1. PVC/ZnO-NPs membrane morphology and specification

The structural morphology of the PVC/ZnO-NPS 
membrane cross-section and top surface was examined 
via SEM and AFM. Fig. 1a shows that the PVC/ZnO-NPS 
membrane cross-section comprises of two layers charac-
terized by spherical and finger-like structures. In addition, 
the SEM image of the PVC/ZnO-NPS membrane top sur-
face shown in Fig. 1b reveals that the surface is skinless 
and porous, and is thus suitable for application in the 
MBR process. The addition of ZnO NPs into the dope 
solution has a strong effect on the phase inversion process 
and finally on membrane morphology [15,16]. In addi-
tion, these nanoparticles decrease the interaction between 
polymer and solvent. Therefore, solvent can diffuse more 
easily from then ascent membrane into water, and phase 
inversion occurs faster [17]. The maximum removal effi-
ciency for the components suspended in the wastewater 
is attributed to this preferred porous structure, which has 
minimal effect on the membrane permeation flux. For this 
reason, 10 wt.% PVC was adopted as the membrane mate-
rial and 0.1 g of ZnO was selected as the most optimal 
choice of anti-fouling nanoparticles. This phenomenon is 
because of the delayed solvent-nonsolvent demixing pro-
cess between the solvent in polymer solution and the water 
(non-solvent) owing to the presence of ZnO nanoparticles 
in the polymer solution. Yang et. al. [18] reported that at 
low nanoparticle concentration, the macro-voids grow 
and become run-through and at higher nanoparticle con-
centration are suppressed. This phenomenon indicates an 
important effect of ZnO nanoparticles in polymer solution 
on the membrane structure. Fig. 1c shows the pore size 
distribution yielded by the PVC/ZnO-NPS membrane top 
surface AFM analysis. 

3.2. TSS removal by CAS, UCT, and MBR

Experiments conducted as a part of the present study 
are summarized in Fig. 4, whereby TSS concentrations in 
the effluent and the influent were 162.3 mg/l and 640 mg/l, 
respectively for the CAS system, whereas the correspond-
ing values in the UCT system were 193.5 and 645 mg/l. For 

 

Fig. 3. TSS & MLSS test.

Fig. 4. TSS removal efficiency for CAS, UCT, and MBR experiment.
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the MBR system (when the SRT = 25 d and HRT = 8 h), 0 
and 636.87 mg/l of TSS was measured in the effluent and 
influent, respectively. These findings are in line with those 
reported by other authors, such as Majlesi et. al. and Sara-
fraz et al. [19,20], who reported the mean TTS removal from 
hospital wastewater in the 66−87.9% range. In the present 
study, the MBR was significantly more efficient than CAS 
and UCT in TSS removal, as it achieved nearly 100% effi-
cacy during the operation time, with less than 1 mg/l of TSS 
remaining in the effluent.

3.3. COD Removal by CAS, UCT, and MBR

For the CAS configuration, Fig. 5 displays the COD 
removal efficiency and variations in the COD concen-
tration in effluent (Eff.) and influent (Inf.) during the 
operation time. The COD concentration in influent 
changed significantly from 800 to 1150 mg/l. However, 
in the CAS configuration, the expulsion effectiveness was 
roughly 54.01%. The influent COD concentration in the 
UCT system was changed from 990 to 1030 mg/l. The  
COD removal efficiency and change in the COD con-
centration in influent and effluent during the operation 
of time are depicted in Fig. 6, indicating that the COD 

removal efficiency was approximately the same when 
CAS configuration was utilized due to the same opera-
tional conditions. 

The COD concentration in the influent during different 
MBR runs changed from 990 to 1030 mg/l. The removal 
efficiency of COD and the change in COD concentration in 
the influent and effluent as a function of time are depicted 
in Fig. 7. It can be seen that the removal efficiency of 
COD was approximately 73% for the net PVC membrane. 
Regardless of operational conditions, the efficiency of 
COD removal reached over 75%. Adding the membrane 
significantly contributed to the removal efficiency. This is 
due to the total retention of all particulate and macromo-
lecular COD components. The results indicated that the 
membrane could be used to remove COD from wastewa-
ter. Alsalhy et al. (2018), found that COD removal depend-
ing on the structural morphology of membrane [12]. The 
MBR procedure is typically utilized to expel dissolvable 
COD [6]. The differences in the expulsion rates obtained 
from the three configurations (CAS, UCT, and MBR) are a 
direct result of the high concentration of MLSS and expul-
sion of the soluble COD by the membrane in the MBR 
configuration. Katsou et al. [21] reported that the augmen-
tation of vermiculite enhanced the capacity of the frame-
work to oxidize natural issue and diminished the harmful 
effect of metals on the biomass, which tended to occur a 
low saturate COD. Thus, MBR remains the most effective 
COD removal process [22].

3.4. Nitrification and denitrification 

For the CAS configuration, Fig. 8 shows the NH3 con-
centration in the influent and effluent, which ranged from 
102.2 to 182.6 mg/l and 66.43 to 118.69 mg/l, respectively. 
However, the removal efficiency was around 38.13%.

The NH3 removal in the UCT configuration is demon-
strated in Fig. 9. For this configuration, the average NH3 
concentration in the influent was 165.84 mg/l with the 
average removal efficiency of 84.98%, and 25 mg/l efflu-
ent concentration. Fig. 10 shows the NH3 removal in the 
MBR configuration, where the average NH3 average con-
centration in influent and effluent was 163.54 mg/l and 
92.45 mg/l, respectively, with 43.75% average NH3 removal 
efficiency.

Fig. 5. The influent &effluent COD concentrations and removal 
efficiency for CAS.

Fig. 6. The influent &effluent COD concentrations and removal 
efficiency for UCT experiment.

Fig. 7. The influent & effluent COD concentrations and removal 
efficiency for UCT experiment.
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different configurations, indicating that 16.39%, 18%, 
and 58% removal was achieved by CAS, MBR, and UCT, 
respectively. 

To attain significant phosphorus removal rates, anaero-
bic conditions are desired for the take-up and limit of read-
ily biodegradable normal issue and phosphorus release, 
aggregate phosphate under aerobic or anoxic conditions 
[25,26]. This phosphorus removal percentage is only appli-
cable to cell metabolisms and growth. This enhanced exe-
cution of the MBR would be due to the higher MLSS in this 
configuration; for example, 8000 mg/l has been reported for 
MBR versus to 2350 mg/l for CAS. This difference might 
be due to the effective holding capacity of the PVC/ZnO-
NPs membranes, which increased the sludge concentration 
and enhanced the microbial biomass in reactors, as well as 
improved the biodegradation capacity of the procedure, 
as noted by Zheng et al. [27]. In general, the UCT system 
exhibited good performance to meet the points of confine-
ment for reuse and for release to a specific degree.

4. Conclusions 

In view of the outcomes obtained in the present study, 
the following conclusions can be reached:

NH3 removal in the CAS, UCT and MBR systems was 
38.13%, 84.98% and 43.75%, respectively, at HRT = 8 h and 
SRT = 25 d. These outcomes indicated significant nitrifica-
tion in the UCT configuration. The internal recycling time 
mode in UCT configuration represents the ratio of the anoxic 
period to the anaerobic period. As shown if Fig. 10, UCT 
has the best removal efficiency in nitrogen. This indicates 
that both nitrification and denitrification were dependent 
on the treatment configuration. In fact, the configuration 
in denitrification performance an important function in 
the nitrogen removal process [23]. The ammonia removal 
efficiency might be attributed to an expansion in the MLSS 
in this configuration, due to which the age of the sludge 
expanded, enabling the procedure to protect nitrobacteria, 
yielding the observed nitrification effect, as proposed by 
Chen et. al. [24].

3.5. Phosphorus removal 

The performance of each of the three (CAS, UCT, 
and MBR) configurations was tested for 21 days using 
a PVC/ZnO-NPs membrane in submerged MBR. Fig. 
11 shows the results of the P removal efficiency in three 

Fig. 9. The influent & effluent NH3 concentrations and removal 
efficiency for UCT experiment.

Fig. 10. The influent & effluent NH3 concentrations and removal 
efficiency for MBR experiment.

Fig. 11. P removal efficiency for CAS, UCT, and MBR technique.

Fig. 8. The influent &effluent NH3 concentrations and removal 
efficiency for CAS experiment.
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•	 The	MBR	configuration	was	significantly	more	efficient	
than CAS and UCT in TSS removal. The TSS removal 
efficiency of MBR was nearly 100% during operation 
time, with the TSS concentration in the effluent remain-
ing below 1 mg/l.

•	 The	 differences	 in	 the	 evacuation	 efficiencies	 of	 the	
CAS, UCT, and MBR configurations are a direct result 
of the high concentration of MLSS and expulsion of 
the soluble COD by the membrane in the MBR con-
figuration. Generally, MBRs are efficient at dispos-
ing COD through membrane separation in hospital 
wastewater treatment.

•	 NH3 removal in the CAS, UCT, and MBR system was 
measured at 38.13%, 84.98%, and 43.75%, respec-
tively (at HRT = 8 h and SRT = 25 d). 

•	 The	effluent	water	quality	of	MBR	system	remained	
stable and was not affected by the fluctuations in the 
influent quality, which was not the case for the CAS 
system.
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