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ABSTRACT

Industrial effluent is challenging for wastewater treatment plants due to its complexity, toxicity and
variable composition. This study aimed to evaluate the efficiency of industrial wastewater treat-
ment between a lab-scale membrane bioreactor (MBR) and a full-scale anoxic/oxic (A/O) process.
The wastewater used was after primary sedimentation tank, which involved lime or ferric coagu-
lant. The results showed that the treated water quality from both systems was satisfied the national
effluent standard for wastewater (column B of QCVN 40-MT:2011/BTNMT). The effluent from A/O
process contained 74 + 11 mg/L of COD, 8.3 £ 1.9 mg/L of TN, 1.6 £ 0.6 mg/L of TP, and 201+
38 Pt-Co of color. Meanwhile, the concentrations of COD, TN, TP, and color in the effluent of MBR
system were 88 & 21, 232 + 4.6, 0.3 & 0.2 mg/L, and 220 + 98 Pt-Co, respectively. The removal
rates of COD, TN, TP and color of anoxic/oxic process were 234 4+ 119, 16 £ 3, 0.3 4+ 0.2 mg/L/day,
213 + 58 pt-co/L/day, respectively. The removal rates of COD, TN, TP, and color in MBR system were
1.6, 1.3, 10.3, and 2.1 times higher than those in the A/O process, respectively. Although the A/O
process in industrial zones performed well, the MBR system demonstrated higher removal rates,
particularly for nutrient removal. Besides, MBR systems offer several advantages, including reduced
excess sludge production and fewer space requirements compared to the A/O process. In gen-
eral, MBR offers a promising solution for industrial wastewater treatment, with strong potential for

application in industrial zones.
Key words:
treatment, activated sludge process

INTRODUCTION

Clean water resources in Vietnam are threatened due
to the rapid economic expansion and the discharge of
most untreated industrial wastewater to water bod-
ies!. Industrial parks in Vietnam have been widely
developed, leading to the emergence of many facto-
ries with various production processes. The indus-
trial fields generating toxic wastewater including tex-
tile and dyeing, pharmaceutical production, paper,
and printing?. This increases the danger of polluted
water sources as a result of discharge from indus-
trial zones (IZs) >. More than 400 industrial parks are
throughout the country as of July 2024, which dis-

1. Since

charge about 3 million m/d wastewater
2009, all industrial wastewater from IZs must be col-
lected and treated at a central wastewater treatment
plant (WWTP), and the treated wastewater must meet
Vietnam’s national technical regulation on industrial

wastewater, QCVN 40:201 1/BTNMT*X. In 2018, 88%

biological wastewater treatment, membrane bioreactor, industrial wastewater

of the IZs had WWTP, and 71% of the wastewater
was treated for at least some parameters such as COD,
heavy metals*. Large volumes of wastewater, includ-
ing hazardous heavy metals, phenolic organic com-
pounds, and other persistent organic pollutants, are
released by major polluting industries including the
textile, paper, printing, and dyeing sectors?. Indus-
trial wastewater contains a variety of substances at
varying concentrations, treating industrial wastewa-
ter is a complicated process. Pre-treatment, primary,
secondary, and tertiary, refining, and purification are
the categories into which they are generally accepted
in industrial wastewater treatment®. For industrial
wastewater treatment, physical processes, e.g., screen-
ing, filtration, sedimentation, and membrane filtra-
tion. The primary treatment methods comprised pre-
cipitation, ion exchange, adsorption, photocatalysis,
and electrochemical process. Different technologies
are used to treat industrial wastewater which has their
pros and cons. The precipitation methods are cost-
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effective (low cost and easy for operation with mostly
metals can be removed). However, this method gen-
erates a large amount of sludge, leading to compli-
On the other hand, ion
exchange technology includes material regeneration

cations in management.

and its selective property for metal ions. In contrast,
the drawbacks of this method are the limited num-
ber of metal ions available and the high cost®. In
terms of electrochemical method, it can remove most
of the metals with no chemical consumption. Electro-
dialysis method is high separation efficiency with low
chemical use. However, these methods have high op-
erational costs due to energy consumption. Further-
more, membrane fouling in electrodialysis also leads
to additional operational cost®.

As a result, biological wastewater treatment is pre-
ferred for industrial wastewater due to its low energy
consumption, high efficiency, and ability to overcome
the limitations of other conventional approaches’.
Membrane biological reactors are one of the alter-
native methods available for wastewater treatment.
Membrane bioreactor technology (MBR) combines
biological treatment and membrane filtration to pro-
vide advanced wastewater treatment with activated
sludge and attached growth are two biological pro-
cesses. Membrane filtration in MBRs separates mi-
crobes and degraded substances, improving efficiency
and selectivity. It has potential for generating qual-
ity effluent and treating industrial wastewater, such
as fish canning, protecting water resources and pro-
moting water reuse. MBRs can reduce certain pollu-
tants, such as the diclofenac metabolite four-hydroxy
diclofenac. The MBRs would be a good selection for
industrial wastewater treatment. Longer sludge re-
tention time (SRT) increases the concentration of the
activated sludge, resulting in high-efficiency®. The
improved membrane filtration and biological degra-
dation make the effluent quality good and steady,
smaller footprint, low chemical consumption are also
advantages of MBR. However, the main disadvantage
of MBR technology is membrane fouling and the in-
ability to remove micropollutants because the mem-
brane pore size used in MBR technology cannot trap
them. This study aims to investigate the treated ef-
fluent qualities of the anoxic/oxic process (A/O pro-
cess) and membrane bioreactor (MBR), seeking to de-
termine which method is more effective and sustain-
able for industrial wastewater treatment. By compar-
ing these technologies, the research provides valuable
insights for industries in selecting the most appropri-
ate treatment method based on performance, energy
consumption and environmental impact.

MATERIALS AND METHODS

Central wastewater treatment plant (A/O
process) at an industrial zone

The central wastewater treatment plant (WWTP) was
investigated with a design capacity of about 4000
m3/d. The main biological treatment technology is
anoxic/oxic process (A/O process). The main indus-
trial factories include dyeing and textile, mechanical
engineering, leather and footwear, food processing,
electro-plating industries. Most factories have their
own pre-treatment system that meet the industrial
zone’s standards (TCVN 5945:2005, Column C) be-
fore discharging into WWTP respondsible for treat-
ing the entire zone’s wastewater.

The WWTP includes main treatment processes such
as equalization tank (EQ), primary physicochemical
process (PC1), anoxic/oxic process (A/O), secondary
physicochemical process (PC2), and disinfection.
The WWTP was operated at an organic loading rate
(OLR) of 0.48 kgCOD/m>.d. The hydraulic retention
time (HRT) was 1.89 days, and sludge retention time
(SRT) is 22.5 days.

Lab-scale membrane bioreactor system
(MBR)

The wastewater used in this study was taken from af-
ter 1% physical-chemical process (PC1) of a central
wastewater treatment plant. The pH of wastewater
ranged from 7.1 to 8.3. The color concentration was
171 - 414 Pt-Co while the TSS, COD, TN, and TP con-
centrations were in range of 24 - 184, 141 - 480, 25.27
- 40.24, and 0.25 - 0.81 mg/L, respectively (Table 1).
A lab-scale system of membrane bioreactor (MBR)
with a volume of 10.5 L (0.30 m length x 0.07 m width
x 0.50 m height) in which the working volume is 8.0
L. The polyethersulfone (PES) flat sheet membrane
with a surface area of 0.05 m? and pore size of 0.1 um
was supplied by MARTIN Membrane system Co. Ltd
(Germany). MBR was operated at an organic load-
ing rate (OLR) of 0.54 kgCOD/m3/d. The permeate
flux and hydraulic retention time (HRT) of MBR were
6.0 L/m?/h (LMH) and 12.8 h, respectively. Perme-
ate pump operation was cyclic (6 minutes-filtration,
4 minutes-relaxation). The digital pressure gauge was
installed to daily record the transmembrane pressure
(TMP). The sludge retention time (SRT) was main-
tained at 20 days during operation.

Analytical methods

The parameters of Total Suspended Solid (TSS),
Chemical Oxygen Demand (COD), color, Total Ni-
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Table 1: Characteristics of Influent wastewater

Parameters Unit
pH

TSS mg/L
COD mg/L
N mg/L
TP mg/L
Color Pt-Co

Value QCVN 40:2011/BT-
NMT, Column B

7.1-83 55-9

24 - 184 100

141 - 480 150

25.27 - 40.24 40

0.25-0.81 6

171 - 414 150

trogen (TN), and Total Phosphorus (TP) were ana-
lyzed following methods in Standard Methods®. Be-
sides, pH value was monitored with a portable meter
HI 9813-6 (Hana, Romania)

RESULTS AND DISCUSSION

Treatment performance A/O process and
MBR system

The results clearly present a detailed comparison of
treatment performance between the A/O process and
MBR, focusing on three factors: organic compounds
(COD), nutrients (total nitrogen and total phospho-
rus), and other parameters (pH and color) show in
Figure 1. Table 2 provides the removal rate for these
parameters in both system.

COD removal

The removal of organic compounds exhibited signifi-
cant differences between the A/O process and MBR
systems. In the A/O process, COD levels dropped
from 539 + 258 mg/L to 74 £ 11 mg/L, correspond-
ing to a removal rate of 234 & 119 mg/L/day. On the
other hand, the MBR system achieved a more efficient
removal rate of 378 + 147 mg/L/day, with COD con-
centration decreasing from 290 + 86 mg/L to 88 +
21 mg/L. Although COD content in the effluent when
of the MBR system was slightly higher than that of
the A/O process, the COD removal rate in the MBR
was significantly higher, indicating its ability to re-
move organic compounds in a shorter time frame. It
is worth noting that the COD concentrations in the
output is always under standard value for COD in
wastewater treatment (QCVN 40-MT:2011/BTNMT,
Column B) of 150 mg/L. A research by Lastre-Acosta
et al. 1 on industrial wastewater treatment using an
MBR system found that the effluent COD level re-
mained below 197 mg/L, even when treating influent
COD concentrations of 1739.6 & 567.4 mg/L under
high permeate flux conditions and a hydraulic reten-
tion time of 12 h. Another study showed that within

24 hours of hydraulic retention time, COD concentra-
tion sharply decreased from 4061 mg/L to 128 mg/L
when using the MBR system '!. Thanh et al. 12 evalu-
ated the the treatment efficiency of an MBR combined
with Powder-Activated Carbon (PAC) and Alum for
treating diluted dyeing and textile wastewater. The
influent COD concentration was maintained at 500-
650 mg/L, with an SRT of 60 days. Results revealed
that without PAC or Alum, COD content was de-
creased to 227 £ 67 mg/L. However, the addition of
PAC or Alum improved the stability and efficiency of
COD removal in the MBR system. Effluent COD level
dropped to 75 £ 26 mg/L and 73 £ 18 mg/L in cases of
MBR-PAC and MBR-Alum operations, respectively.
In a study conducted by Jegatheesan et al. (2015),
it has been shown that aerobic membrane bioreactor
(AeMBR) can treat wastewater with COD and BOD
ranging from 500 to 6000 mg/L and 90 to 1375 mg/L,
respectively. The result shows high COD removal ef-
ficiency of 50 — 98% '3.

Nutrients removal

The removal of nutrients, particularly total nitrogen
(TN) and total phosphorus (TP), also showed differ-
ences in performance between the two systems. Re-
garding TN, the A/O process reduced concentrations
from 38.8 = 5.3 mg/L to 8.3 £ 1.9 mg/L, achieving a
removal rate of 16 + 3 mg/L/day. The MBR system, al-
though contained higher effluent TN level (23.2 £+ 4.6
mg/L), demonstrated a faster removal rate of 20 + 8
mg/L/day. This indicates that the MBR could be more
efficient in nitrogen removal within a shorter time
frame. Singh and Thomas 4 conducted an MBR study
on domestic wastewater, where influent ammonia-
nitrogen levels ranged from 25 to 30 mg/L with an
HRT of 9 hours. After 10 days of operation, the con-
centration of ammonia-nitrogen was reduced to 0.7
- 1.4 mg/L. Belli et al.'> observed that TN level in
the effluent of MBR system was dropped to below 15
mg/L, while the influent TN concentration was 67 +
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Table 2: Removal rates of main parameters in A/O process and MBR system

Parameters Unit Removal rate
A/O process MBR
COD mg/L/day 234+ 119 378 & 147
TN mg/L/day 16+3 2048
TP mg/L/day 0340.2 31+14
Color pt-co/L/day 213 £58 100 £ 120
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Figure 1: Water quality parameters of A/O process and MBR system: pH, COD, total nitrogen, total phosphorus,

and color
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10 mg/L with an SRT of 80 d. Kitanou et al.'® re-
ported that, with the influent TN mean concentration
of 54 mg/L, the TN was decreased to 24.5 mg/L in
the A/O process and to 4 mg/L in the MBR effluent
within 15 hours of hydraulic retention time. These re-
sults also indicated higher TN removal efficiency was
performed by the MBR system. This performance of
the MBR system in TN removal could be attributed
to both the hydrolysis of accumulated particulate or-
ganic matter and the disintegration of cells, processes
that occur during nitrification and denitrification 7.
In terms of TP removal, the A/O process reduced TP
levels from 7.1 £ 2.0 mg/L to 1.6 & 0.6 mg/L, achiev-
ing a modest removal rate of 0.3 £ 0.2 mg/L/day. In
comparison, the MBR system has better performance
on TP removal with a higher removal rate of 3.1 £ 1.4
mg/L/day, reducing TP level from 0.5 £ 0.2 mg/L to
0.3 +0.2 mg/L. A previous study revealed that with an
influent TP concentration of 8.5 mg/L, the A/O pro-
cess lowered TP content to 2.5 mg/L, while the effluent
TP level in MBR system was found at lower level of 1.6
mg/L>. The results of nutrients removal revealed the
MBR system’s potential for more efficient removal of
both TN and TP from wastewater. Belli et al.! in-
vestigated TP removal in municipal wastewater using
a sequencing batch membrane bioreactor, where TP
concentration decreased from 7.1 & 1.5 mg/L to 4.7
=+ 2.8 mg/L, with an SRT of 80 days.

Color removal

Color removal varied significantly between the two
system. The A/O process reduced color from 590 £
101 Pt-Co to 201 £ 38 Pt-Co, corresponding to a
removal rate of 213 £ 58 Pt-Co/L.day. In contrast,
the MBR system, with a lower removal rate of 100
=+ 120 Pt-Co/L.day, dropped color from 273 £ 98
Pt-Co to 220 + 98 Pt-Co. As a result, A/O process
achieves a higher color removal rate than the MBR
system. In the anoxic stage, denitrification occurs,
where COD serves as the electron donor. Meanwhile,
nitrate (NO37) and nitrite (NO, ™) act as alterna-
tive electron acceptors. During this process, bacteria
utilize the organic matter in the wastewater to gen-
erate energy for growth and metabolism. The car-
bon source act as a co-substrate that is metabolized to
generate reducing equivalents (electrons). These elec-
trons interact with dye and break down the azo bond,
which is responsible for the dye’s color. This reaction
effectively decolorizes the wastewater, contributing to
the superior color removal performance of the A/O
process '®. A study by Thanh et al. ' assessed the color
removal efficiency of an MBR system combined with

PAC and Alum for treating dyeing and textile wastew-
ater. The color in the influent ranged from 250 to 2350
Pt-Co, with a HRT 0f 10.5 to 11.5 h. The effluent color
was 987 =+ 377 Pt-Co for the MBR system alone, but
improved to 333 £ 163 Pt-Co and 174 £ 132 Pt-Co
with the addition of PAC and Alum, respectively.

pH

Table 3 presents the pH changes after treatment of the
A/O process and MBR system. The pH level in the
A/O process increased from 7.0 & 0.6 to 7.6 = 0.2,
while the MBR system exhibited a more significant
rise from 7.8 &+ 0.3 to 8.6 £ 0.2. Although both sys-
tems maintained effluent pH levels within an accept-
able range, the higher pH in the MBR system might
require further adjustment it meets specific discharge
criteria.

Energy consumption

Table 4 illustrates the different specific electricity de-
mand (SED) between A/O process and MBR system
under various operational conditions. For the A/O
process in the industrial zone with a flow rate of 4000
m?/day, the SED was 0.28 kWh/m?, as reported by
Sabelfeld et al.!. The MBR systems exhibited a wider
range of SED values depending on operational fac-
tors, such as system scale, pre-treatment, and flux.
Nguyen et al. !? found that an MBR system operating
at flux of 20 LMH required 0.19 kWh/m?, while Bae et
al. %" reported a significant lower SED of 0.01 kWh/m?
at 25 LMH. In full-scale applications, the SED varies
more broadly, ranging form 0.2 to 3.0 kWh/m?, high-
light the influence of scale and operational conditions
on energy consumption in these wastewater treat-
ment system. In conclusion, the MBR system demon-
strates good performance in the removal of COD, TN,
and TP, achieving higher removal rates compared to
the A/O process. Despite minor variations in efflu-
ent quality, the MBR system is more effective at pro-
cessing these pollutants in a shorter time frame, as
seen in several studies. Furthermore, the MBR sys-
tem’s lower specific electricity demand (SED) under
certain operational conditions suggests that it may
also offer energy savings. Therefore, MBR system
presents a promising, energy-efficient alternative for
high-efficiency wastewater treatment.

Strengths and Challenges

Based on above mentioned, MBR can be a promising
method for industrial wastewater treatment and pro-
vide stable high-quality treated water. Jijingi et al.?!
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Table 3: The change of pH and color after operation of the A/O process and MBR

system
A/O process
Influent Effluent
pH 7.0 £ 0.6 7.6 +0.2

Color 590 + 101 (Pt-Co)

201 = 38 (Pt-Co)

MBR
Influent Effluent
7.8+£0.3 8.6 0.2

273 & 98 (Pt-Co) 220 + 98 (Pt-Co)

Table 4: Specific electricity demand (SED) of A/O process and MBR system

Operational conditions

A/O process Flow rate: 4000 m?/day
MBR F =20 LMH
F=25LMH
Full-scale

Specific electricity demand ~ Reference
(SED) (kWh/m?)

0.28 !

0.19 19

0.01 20
0.2-3.0

demonstrated that MBR technology has been an ap-
propriate approach to improving industrial wastew-
ater quality in developing countries where industrial
wastewater is becoming more challenging. Based on
this study and previous studies, MBR technology is
qualified to remove ordinary pollutants (COD, TN,
TP, TSS, and color), suspended solids, oil, grease,
even microplastics, heavy metals, pathogens, and
emerging pollutants 222, Then, high-quality efflu-
ents from MBR technology can satisfy discharge reg-
ulations and be utilized for various reuse purposes. In
addition, MBR technologies are compact and modu-
lar systems so they are a suitable choice for densely
populated areas with limited space?!. Sludge produc-
tion from MBR technologies has also been reduced
to less than that of conventional processes. MBRs of-
fer valuable economic benefits through reduced water
consumption, lower environmental impact, and po-
tential revenue from treated water reuse>!.

However, MBR has some obstacles in the operat-
ing period: such as membrane fouling, energy con-
sumption, capital, and operational cost?3. Energy
used in MBR is mainly consumed for aeration (mem-
brane scouring and biological aeration), liquid pump-
ing (lifting and recirculation), sludge mixing, and so
forth. Based on the optimization level, size, and op-
erating conditions of the plant, the average energy re-
quirement for MBR operation ranges from 0.4 to 2.3
kWh/m? of treated effluent'®. The capital and oper-
ating expenses of MBR are still higher than those of
conventional activated sludge without tertiary treat-
ment though comparable to conventional activated

sludge with tertiary treatment?’. Membrane foul-
ing is a significant obstacle in MBR systems. Mem-

brane fouling is mostly a reason for causing energy

consumption and affecting the long-term stability of
MBR. Improvements in membrane fouling resistance
and longevity have led to higher treatment perfor-
mance, fewer maintenance requirements, and lower

operational cost?h?3.

Managing these difficulties is
thus critical to ensuring the stable, efficient, and long-
term operation of MBR systems and their full-scale

applicability.
CONCLUSIONS

In this study, the performance of a full-scale
anoxic/oxic (A/O) process in industrial zones and a
lab-scale membrane bioreactor (MBR) system was
The
results demonstrated that both systems were effective

evaluated for industrial wastewater treatment.

in reducing pollutants to levels compliant with
former national effluent standard (TCVN 5945:2005,
Column C). However, the MBR system exhibited
significantly higher removal rates for COD, TN, TP,
and color compared to the A/O process, particularly
in nutrient removal. It is suggested that MBR system
holds great promise as an industrial wastewater
treatment solution due to its advantages of stable,
high-quality effluent, less space requirement, and
low sludge production. However, challenges such
as membrane fouling, high operational costs, and
limited micropollutant removal must be solve to
fully optimize MBR technology for larger-scale
applications.

LIST OF ABBREVIATIONS

1Zs: industrial zones
WWTP : central wastewater treatment plant
MBR: Membrane bioreactor
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A/O: anoxic/oxic process

SED: specific electricity demand

PAC: Powder-Activated Carbon

SRT: sludge retention time

EQ: equalization tank

PCI: primary physicochemical process
PC2: secondary physicochemical process
PES: polyethersulfone
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TOM TAT

Nudc thai cong nghiép la mot thach thic déi vai cac tram xUr ly nudc thai do tinh phic tap, doc
t6 va thanh phan bién déi. Nghién ctiu nhdm danh gia hiéu qua x ly nudc thai céng nghiép gitia
hé théng mang sinh hoc quy mé phong thi nghiém va qua trinh thiéu khi/hiéu khi quy mé thuc
té& Nudc thai st dung trong nghién cliu dugc 1ay tir bé 18ng so cép, trong d6 c6 chat keo tu 1a
voi hodc sét. Két qua cho thdy chét lugng nudc sau x{ ly tir ca hai hé théng déu dat QCVN 40-
MT:2011/BTNMT, cot B. Nudc thai sau xt ly tir qua trinh thiéu khi/hiéu khi cé néng do6 COD la 74
+ 11 mg/L, TN 1a 83 £ 1.9 mg/L, TP la 1.6 £ 0.6 mg/L,va dé mau la 201 =+ 38 Pt-Co. Trong khi do,
cac néng do ctia COD, TN, TP, va dd mau trong nudc dau ra hé théng MBR lan luot la 88 & 21, 23.2
+ 46,03 4+ 0.2 mg/L, va 220 4 98 Pt-Co. Téc do loai bd ctia COD, TN, TP, va d6 mau clia qua trinh
thiéu khi/hiéu khi lan lugt 1a 234 £+ 119, 16 & 3, 0.3 £ 0.2 mg/L/ngay, 213 =+ 58 pt-co/L/ngay. Téc
do6 loai bd ctiia COD, TN, TP, va dd mau trong hé théng MBR cao hon lan luct la 1.6, 1.3, 10.3, va
2.1 1an so vai qué trinh thiéu khi/hiéu khi. Mac du qua trinh thiéu khi/hiéu khi trong cac khu cong
nghiép hoat ddng hiéu qua, hé théng MBR cho théy téc dé loai bo cao hon, ddc biét la d6i véi viec
loai bo chat dinh dudng. Ngoai ra, hé théng MBR con cé mét s6 uu diém nhu gidm san lugng bun
thai du va yéu cau khéng gian nhd hon so véi qua trinh thiéu khiZhiéu khi. Nhin chung, céng nghé
mang (MBR) la mot gidi phap day hia hen cho x{ ly nudc thai cong nghiép, vdi tiém nang Ung
dung manh mé trong cac khu cong nghiép.

Tu khoda: XU ly nudc thai bang phucng phap sinh hoc, BE sinh hoc mang, XUt ly nudc thai cong
nghiép, qua trinh bun hoat tinh.

International license. Trich dan bai bao nay: Mai Nhu H, Yén Phuang N T, Céng Sc T, Yén Nhi T P, Phuong Thao N, Duy Théng
P M, Quang Huy H, Kim Quyén V T, Tuyét Nhung H T, My Lé D, Xuan Thanh B. So sanh hiéu suat cia qua

‘ trinh xi Iy sinh hoc truyén théng va bé phan (ing sinh hoc mang trong xit Iy nuéc thai cong nghiép
. Sci. Tech. Dev. J. - Sci. Earth Environ. 2025; 9(1):1059-1066.

I 1066

L]
VNUHCM PRESS

i




