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INTRODUCTION

Water recycling treatment technology offers a 
wide range of alternatives. Membrane processes 
have emerged as the key to sophisticated sew-
age renovation and reusing plans, and they are 
used in a variety of internationally well-known 
plans, such as those for the production of indus-
trial process water, indirect potable reuse, and 
artificial groundwater replenishment. Membrane 
bioreactors (MBRs) are a promising technology 
that combines membrane filtration for biomass 
retention with activated sludge treatment. When 
paired with other cutting-edge treatment meth-
ods, wastewater reclamation using MBR technol-
ogy is the preferred approach, according to many 
studies [Ajay et al., 2017; Wisniewski, 2007].  
In the secondary activated sludge phase of a sew-
age treatment plant, a membrane bioreactor can be 
used to reuse water from wastewater.

Membrane bioreactor activity may be traced 
back to the 1960s. However, the practical use of 

the membrane in wastewater treatment has stayed 
constrained, owing principally to poor membrane 
flow, low permeability, short membrane life, and 
expensive membrane cost. A new membrane gen-
eration appeared at the start of the 1990s as a re-
sult of vigorous study in the area of membrane 
engineering, which dramatically resolved many 
of the aforementioned limits, and membrane costs 
began to fall. This has sparked considerable inter-
est in the commercial application of membranes 
in wastewater treatment. By then, membranes 
were widely used in other applications in indus-
try, involving water treatment, and a great deal 
of expertise had been gained [Scott and Smith, 
1996; Al-Khafaji et al.,2022].

The prevention of the expansion of (multi-
resistant or pathogenic) bacteria, viruses, and 
egg parasites in addition the input of medica-
tions, diagnostic tools, and disinfectants are con-
siderations in the case of hospital wastewater. 
One alternate approach to the design of small 
wastewater treatment facilities is the membrane 
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bioreactor technology. The bioreactor, which in-
corporates a membrane technique and biological 
treatment procedures into one device, is intend-
ed to filter out particle, colloidal, and dissolved 
materials from liquids [Mousaab et al., 2014].  
It is widely acknowledged that membrane perfor-
mance is decreased by fouling. 

Hospital wastewater is waste generated by 
hospital chores like medical and non-medical first-
aid tasks, as well as emergency, diagnostic radiol-
ogy, laboratory, laundering, and food operations 
[Majlesinasar, 1998]. In hospital wastewater, haz-
ardous contaminants such as partially metabolized 
pharmaceuticals, pathogenic bacteria, poisonous 
chemical compounds, and radioactive compo-
nents can be discovered [Rezaee et al.,2005]. 

Murray et al. [2005] proposed using MBR 
treatment for beverage industry effluent. The 
MBR method was chosen because of its capabil-
ity to deal with highly variable, high-temperature, 
strong sewage lacking the requirement for settle-
ment. Due to the constrained space and high-
quality water for reusing, MBR was the perfect 
solution. The gathering effluent had an erratic nu-
tritional profile that was rich in H, O, and S. The 
control of nutrients had a major impact on process 
efficiency inside the MBR. Upon startup, the gad-
get had a flux pressure of 26 gal/ft2.d, and clean-
ing every 2 to 7 days was necessary. The correc-
tion for nutrient shortage increased the flow rate 
to 53 gal/ft2.d and dropped the cleaning criteria to 
once every thirty days.

Mohammed Ali et al. [2014] employed an 
ultrafiltration flat sheet membrane model with a 
submerged MBR (SMBR) process of the MLE 
type. With removal efficiencies of 96, 98.4, 99.5, 
and 98.33% for nitrogen, BOD5, TSS, and patho-
gens, respectively, this model exhibits excellent 
pollution removal from hospital wastewater for 
all measured parameters when compared to the 
CAS system, yielding average effluents of 6.75, 
10.4, 1.0 mg/l, and 13 MBN/100 mL, respectively.

Al-Dulaimi and Sufyan [2002] provided an 
explanation using a study he carried out to assess 
the effectiveness of treatment facilities at three 
hospitals in Mosul. According to this study, the 
sewage treatment plant at Al-Khansaa Hospital 
had an important decrease in removal efficiency, 
which is dependent on treating activated sludge, 
and this decrease was caused by many prob-
ing factors. This hospital wastewater has char-
acteristics that are similar to those of domestic 
wastewater.

Mousaab et al. [2014] studied the influence of 
pharmaceutical compounds present in the efflu-
ents hospitalized. The MBR achieved very high 
organic removal efficiency. The findings of the 
pharmaceutical ingredient dosage showed that the 
MBR had high removal efficiency for more than 
ten distinct compounds. Like the total and soluble 
COD removal efficiencies were always more than 
87.9% and 86.9%, respectively. TSS and VSS 
concentrations in the MBR increased virtually 
continually throughout the startup (depending on 
our wastewater parameters, the growth was mod-
est and not particularly noticeable). The concen-
trations of particles in the effluent were always 
very low (0.0012 g/L), indicating the superior sol-
ids removal of micro-filtration systems. The elim-
ination of TSS was 99.5% obtained only through 
membrane filtering, indicating the membranes’ 
excellent solids retention capability. In addition, 
over 97% of the VSS influent was eliminated. Ni-
trogen removal efficiencies must be given special 
consideration. The total and soluble nitrogen re-
moval efficiencies were always more than 91% 
and 90%, respectively.

Al-Ani et al. [2019] utilizing experimental pi-
lot plants for research aims to better understand 
the kinetics of biologically mediated processes 
as well as the complicated biological phenomena 
mediating nutrient removal processes in mem-
brane bioreactor – biological nutrient removal 
MBR BNR systems. In terms of removing TSS, 
the MBR arrangement performed noticeably bet-
ter than conventional activated carbon (CAS) and 
university of Cape Town CAS and UCT. During 
operation, the MBR’s TSS removal efficiency 
was almost 100%, and the TSS content in the ef-
fluent stayed below.

Abbas et al. [2021] was meant to evaluate 
how well the sewage treatment unit in Al-Thagh-
er city is operating, which is located in the north-
ern region of southern Iraq’s Basrah Governor-
ate. A study of influent and effluent wastewater 
quality data from February 2017 to December 
2018 was used to determine the plant’s perfor-
mance. The results indicate that all samples of 
the plant’s effluent that were collected met the 
Iraqi water quality standard (IWQS) for temper-
ature, pH, ammonia (NH3-N), chemical oxygen 
demand (COD), and biological oxygen demand 
(BOD). While electrical conductivity (EC), total 
dissolved solids (TDS), total suspended solids 
(TSS), sulphate (SO4

-2), chloride (Cl-1), and phos-
phate (PO4-P) sometimes met sometimes failed 
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to meet the Iraqi water quality standard. The 
following is the order in which the average re-
moval efficiencies were: COD (77.12%) is high-
er than BOD (77.03%), TSS (62.26%), NH3-N  
(59.99%), PO4-P (12.42%), and Cl-1 (1.97%), in 
that order. The goal of this study is to learn more 
about the features of hospital wastewater as well 
as the efficiency of AL-Mauany Hospital.

METHODOLOGY

The term “membrane bioreactors” is current-
ly most frequently used to describe these systems. 
The MBR is a beneficial option to other treatment 
methods due to a number of advantages that come 
with it. First of all, the bioreactor’s ability to retain 
all suspended matter and the majority of soluble 
substances results in outstanding effluent quality 
that can pass strict discharge standards and pave 
the way for direct water reuse.

A sterile effluent is produced when all bac-
teria and viruses are retained, reducing the need 
for thorough disinfection and the associated risks 
associated with disinfection byproducts. Mi-
crobes extract nutrients and organic carbon from 
sewage during the biochemical stage of sewage 

treatment. These microorganisms develop and re-
side embedded in EPS, which groups them into 
distinct microcolonies to create flocs, which are 
three-dimensional aggregated microbial struc-
tures. The formation of flocs by microorganisms 
is essential for the wastewater treatment process 
using activated sludge. The floc structure fa-
cilitates the adsorption of colloidal particles and 
macromolecules that are additionally present in 
wastewater, in addition to the adsorption of solu-
ble substrates. In activated sludge, there is a very 
diverse microbial community that includes bac-
teria, protozoa, nematodes, rotifers, and viruses. 
Bacteria dominate the microbial population in 
this intricate microsystem and are essential to the 
degradation process.

MBR technology implies a continuous syn-
thesis of fresh sludge with the consumption of 
feed organic materials, with the biochemical and 
sludge-separation stages merged into one phase, 
while some sludge mass is eliminated by endog-
enous respiration. Consumption of cell-internal 
substrate occurs during endogenous respiration, 
which results in a decrease in activity and a mod-
est reduction in biomass. By taking into account 
related respiration under aerobic conditions, such 
as decay, maintenance, endogenous respiration, 

Figure 1. Site location and process description Al-Mauany wastewater treatment plant
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lyses, predation, and death, endogenous respira-
tion indicates all forms of biomass loss and en-
ergy requirements not linked with growth.

It can be both aerobic and anoxic, but the 
former is much slower and the latter, particularly 
for protozoa, is much less active while denitri-
fication is occurring (slower predation). Very 
high sludge age, or high sludge concentration, 
can promote the endogenous respiration of a mi-
crobial population in an MBR. The amount of 
substrate accessible to bacteria affects their ac-
cess to energy. Theoretically, it would be pos-
sible to achieve a condition where the amount 
of energy supplied is equal to the maintenance 
need by increasing the SRT, which raises bio-
mass concentration.

The MBR has some drawbacks, primarily fi-
nancial ones. The system has been characterized 
by high energy costs because a pressure gradient 
is necessary and high capital costs because of 
pricey membrane components.

The membranes may need to be cleaned fre-
quently as a result of concentration polarization 
and other membrane fouling issues, which would 
require clean water and chemicals and cause the 
membranes to stop working. Problematic waste 
disposal of activated sludge can be another is-
sue. Waste-activated sludge AS may have poor 
filterability and settle ability qualities because the 
MBR retains all suspended particles and the ma-
jority of soluble organic materials.

Al-Mauany wastewater treatment plant, is 
located in the south of Iraq. The plant receives 
hospital wastewater with industrial liquid wastes. 
Mechanical and manual coarse screens, as well 
as velocity-controlled grit chambers, are used in 
the pre-treatment facilities. Figure 1 depicts the 
present minor part units, which include multiple 
parallel membranes and a chlorine contact basin, 
as well as an aeration blower, an oil trap, and final 
treatment water pipes.

The region has two types of climates: hot, dry 
climate in summer and moderate, rainy in winter. 
The average monthly air temperature in the period 
of study ranges from 10 °C to 45 °C.Were collect-
ed influent and effluent samples to assess the ef-
fectiveness of the WWTP at Al-Mauany Hospital; 
the biological approach employed to treat waste-
water in this hospital was MBR. Dissolved oxy-
gen (DO), pH, chemical oxygen demand (COD), 
biochemical oxygen demand (BOD), tempera-
ture, electric conductivity (EC), turbidity (Tur.), 
total suspended solids (TSS), total dissolved 

solids (TDS), ammonia (NH3), and nitrate (NO3) 
were the contaminants studied in this study. This 
research would help to improve the effectiveness 
of wastewater treatment systems based on waste-
water characteristics.

Were performed every ten days for 3 months 
during the summer and three months in the win-
ter. As a results some of the parameters exceed 
the permissible limits according to the Iraqi stan-
dard, such as NO3, and this may be due to the 
method and times of operation of the treatment 
plant in the hospital, or it may be due to the dif-
ferent loads received from the station from time 
to time because the rain network and the network 
of the magazine in it are linked together.

MATERIALS AND METHODS

Sample gathering for this research, Samples 
were taken at the WWTP’s influent and effluent 
in glass containers using [APHA, 1992]. Samples 
were collected once every 10 days (9 a.m.) in 
May to July for the first stage, and once every ten 
days from November to January for the second 
stage. The majority of the tests were performed 
immediately after the samples were collected 
with a field device, and the rest duplicate samples 
were held in a refrigerator at 4 °C in the sanitary 
laboratory at the College of Engineering, Univer-
sity of Basrah.

ANALYTICAL PROCEDURE

A digital metal was used to detect dissolved 
oxygen, electrical conductivity, temperature, and 
pH (the instrument was calibrated using standard 
solutions prior to measurement). Chemical oxy-
gen demand and biochemical oxygen demand, 
total suspended solids, total dissolved oxygen, 
ammonia, and nitrate were measured using the 
procedures indicated in the American Public 
Health Association’s Standard procedures for the 
Examination of Water and Wastewater [APHA, 
1992]. The samples are analyzed using DR5000, 
DR1900 Hach spectrophotometric instruments, 
and SpectroDirect Lovibond. When the test needs 
it, filtered sewage samples through paper (pore 
size 0.45 Mm). All tests were carried out at a 
room temperature of 25 °C.
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RESULTS AND DISCUSSION

Basrah (in southern Iraq) contains many hos-
pitals, and the wastewater treatment plants in the 
majority of these hospitals were biological. The 
findings of this study were shown in Table 1. 
Any pollutant’s conversion or removal efficien-
cy equation is determined as follows [Rumana, 
2013; Metcalf and Eddy, 2003]: 

% removal efficiency = Ao·At / Ao (1)

where:  Ao – initial pollutant concentration, mg/L; 
At – pollutant concentration after time t, 
mg/L.

A study of the data revealed that several pa-
rameters, such as COD, BOD, DO, and nitrogen 
compounds, changed significantly during treat-
ment (Table 1 and Figure 2 to Figure 11). How-
ever, in the summer, the pH of the raw influent 
and effluent was found to be somewhat acidic 
(7), which gradually switched towards alkalinity 
(8) in the winter. DO was essentially absent at 
the inlet but steadily increased (7 mg/l) through-
out the treatment. The EC remains below the 
permissible limits of the sewage plants when the 
wastewater passes through several phases of the 
treatment facility. COD and BOD5 levels were 
also reduced during treatment. However, the re-
moval effectiveness of COD and BOD in MBR 
decreased throughout treatment (80% and 79%) 
for COD and (74% and 69%) for BOD in sum-
mer and winter, respectively, BOD5/COD ratio 
is 0.56 and 0.52 of effluent in two period respec-
tively indicates the bio-treatability of sewage 
The removal efficiency of NH3-N was (86% and 
83%), which was good and within the limits of 

the required specification, but no such change in 
efficiency was found in the treatment plant for 
NO3-N (Figure 7), which demonstrated irregu-
larity during the treatment. Its concentration in-
creased as the wastewater moved from the inlet 
to the outlet. This may be due to the high dis-
solved oxygen in the outlet.

Parameter like Turbidity also displayed a 
substantial reduction during the treatment, re-
moval efficiency was 70% in summer and 66% 
in winter. But, the values of suspended solids 
did not witness an acceptable removal after the 
final stage, possibly due to the accumulation 
of biofilm in the aeration basin, and therefore 
to the subsequent treatment stages, where its 
values were greater than the values specified 
in the Iraqi standard. In some parameters, in-
significant variation was recorded, such as 
TDS (Table 1 and Figure 10). It is important 
note that the values of the TDS were volatile 
as the value of effluent increased or decreased. 
Compared to influent, but as an average for all 
readings, there was a relatively slight increase 
in the value of the effluent TDS. This is prob-
ably because of continuous temporal variation 
of influent TDS which may be mixed with the 
high concentration present in the tank (from 
previous period) this can result in a high efflu-
ent TDS. Generally MBR unit has no rule in 
removing TDS. It was noted that most of the 
parameters are affected by the high tempera-
ture during the summer, such as the high con-
centrations of COD and BOD, and the reason 
may also be the high number of patients in the 
hospital, which increases the concentrations 
of these parameters. On the other hand, some 

Table 1. the average parameters concentration in the influent and effluent WWTPs, as well as the removal efficiency 
percentage and quality standard

Parameter Unit
Summer Winter

Quality 
standardInfluent Effluent Removal 

rate % Influent Effluent Removal 
rate %

pH 7.1 7.4 – 8.3 8.3 – 6-9.5

DO mg/l 0.4 6.7 – 0.9 7.5 – –

EC µs/cm 3169.9 3248.0 – 2213.2 2236.0 – –

COD mg/l 665.4 129.7 80% 504.6 102.8 79% 100.0

BOD mg/l 283.6 73.4 74% 171.2 53.8 69% 40.0

NH3 mg/l 16.9 2.3 86% 12.3 >2 83% 10.0

NO3 mg/l 14.8 39.7 – 15.3 36.3 – 50.0

Turbidity NTU 106.1 31.2 70% 134.0 45.4 66% –

TSS mg/l 417.6 99.6 76% 433.4 104.5 76% –

TDS mg/l 2148.8 2416.4 – 1929.7 2023.4 – –



210

Journal of Ecological Engineering 2023, 24(10), 205–213

Figure 2. Variation of PH in summer and winter

Figure 3. Variation of DO in summer and winter

Figure 4. Variation of COD in summer and winter

Figure 5. Variation of EC in summer and winter

of the parameters are inversely proportional 
to the temperature, as they decrease with in-
creased temperature, such as PH and DO.

NOTE: All the figures on the left represent the 
results of tests in the summer and on the right the 
results in the winter.
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CONCLUSIONS

By utilizing various techniques, numer-
ous researchers have attempted to establish the 
membrane bioreactor system for the treatment of 

Figure 6. Variation of BOD in summer and winter

Figure 7. Variation of NH3 in summer and winter

Figure 8. Variation of NO3 in summer and winter

Figure 9. Variation of Turbidity in summer and winter

hospital wastewater. High effectiveness in remov-
ing various constituents, such as pH, biochemi-
cal oxygen demand, chemical oxygen demand, 
temperature, electric conductivity, total dissolved 
solids, total suspended solids, dissolved oxygen, 



212

Journal of Ecological Engineering 2023, 24(10), 205–213

ammonia, and nitrate are the parameters used to 
evaluate wastewater quality. However, using the 
MBR system has increased significantly in re-
cent years, due to its advantages. Even though 
the hospital sewage was diluted and treated in a 
sewage treatment plant, laboratory tests revealed 
that some wastewater parameters still exceeded 
Iraqi standards. Basrah hospitals utilize WWTPs, 
which have benefits and drawbacks in terms of 
overcoming pollutant concentrations of COD, 
BOD, and other parameters, but are ineffective in 
reducing NO3-N pollutant concentrations. Over-
all, the results showed that most contaminants 
were removed effectively.
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