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ABSTRACT

In this reseach, Woven Fiber Microfiltration system (WFMF) replacing
conventional septic system is the modification of septic tanks to improve the
quality of the effluent. A pilot scale study of Woven Fiber Microfiltration
(WFMF) with pore size from 1 — 3 um in form of flat sheets was applied in
the last compartment of a septic tank to improve the quality of the effluent
of the septic tank, but not modify the structure of the septic tank that was
already built before. The flux of 4 L/m2.h was suggested as a sustainable
flux for the working of WFMF in an anaerobic condition in a septic tank.
The BOD and COD reduction was found to be over 29.17% and about 40%
respectively. SS removal was high with over 90%, and the concentration of
SS of effluent was under 10 mg/L. However, nitrogen and phosphate removal
were not effective in anaerobic condition, under 10%. The removal

efficiency of coliform was varying between 73.3 and 75.9%.

1. INTRODUCTION

Under the pressure of the rapid growth of
population and urbanization, water pollution and
sanitation conditions become serious challenges
of Ho Chi Minh City, a largest city in Vietnam.
One of reasons causing critical environmental
pollution is the consequence of the less
investment on sewage treatment facilities of this
city in the past, and wastewater collection and
treatment often received less priority than water
supply and treatment (Dan,2008). Currently,
over 1,579 million m? of municipal wastewater
per day from sewage systems without treatment
is directly discharged into cannels and rivers

(Chau,2017). Therefore, the impact of sewage
contamination on surface water and groundwater
is a burning issue, since sewage existing
backwater from simple septic tanks installed
with high concentration of coliform, organic
pollutants, and nutrients is recognized as one of
momentous threats to human health, economic
activities, and tourism opportunities (Bui,2015)

To solve this problem, there are two main
choices to approach wastewater treatment for Ho
Chi Minh City: centralized treatment and
decentralized treatment. However, centralized
treatment systems seem hardly feasible, because
these treatment systems are very expensive, and

Vietnam implemented administrative restructuring on July 1, 2025, introducing significant changes to its
administrative units. Nevertheless, this article continues to use the old names of provinces, cities, communes,
and wards to reflect the data and context at the time of the study.
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complex in terms of constructions, operations,
and maintenances (Adam,2002). Conversely,
decentralized treatment systems have benefits
such as: simple and low-cost investment of

operations. Hence, decentralized on-site
treatment  systems of wastewater from
households, clutters of houses, and less

developed communities lacking sewer systems
are a suitable solution, and suite with the real
social and economic situation of Ho Chi Minh
City (Anh, 2016). Among on-site wastewater
treatment systems, on-site anaerobic treatments
were considered as a right decision because these
systems employed small land use, cheap and
simple design. Otherwise, its sludge production,
nutrient demand, using energy is very low. On-
site  anaerobic treatment systems also can
tolerate high loading capacity. The conventional
septic tanks are the oldest anaerobic on-site
treatment and are being widely employed.
Dissolved organic matters in wastewater almost
pass through septic tanks without significant
treatment (Buuren,2010).

Ho Chi Minh has to face with problems relating
to water sanitation due to excessive disposal of
untreated wastewater. At present, about 75% -
80% of houses in Ho Chi Minh City are equipped
with septic tanks, but rarely septic tanks were
built according to the standard of Vietnamese
Ministry of Construction, and some of them
were built in 1870s during the French Colonial
period (Anh, 2016). Most septic tanks were
directly connected with sewage systems.
However, many poor communities with low
income are barriers for Ho Chi Minh City in
upgrading wastewater treatment systems and
management of domestic wastewater discharge
(Thanh,2011). Diseases relating water-born such
as dengue, filariasis, malaria, yellow fever,
onchocerciasis, and trypanosomiasis haven’t yet
decreased in recent years (Buuren, 2010).

68

The lack of fresh water becomes scared in Ho
Chi Minh City because the surface water sources
are almost heavily polluted. The problem has
been getting worse while the sources of ground
water are rapidly exhausted and polluted
(Van,2015). Consequently, the worth of
recovery and reuse of domestic wastewater are
realized, and an appropriate remedy for water
pollution in Ho Chi Minh City (Thomas,2017).
For a long time, Vietnamese farmers still keep a
strong tradition in reusing domestic effluent that
was known as a water irrigation source, and the
natural fertilizers for crops and aquaculture
(Scott,2004). The benefits and risks of
unplanned reusing wastewater depend much on
the degree of pollution and kinds of each crop
applied. High concentration of nitrogen and
phosphorous are good benefits for water
irrigation, but high concentration of pathogens
remaining in wastewater is extra negative effects
on human beings (FAO,1986).

An immersed membrane bioreactor (IMBR), a
combination of a biological treatment and
membrane filtration technology could be a
suitable selection for sanitation approach in Ho
Chi Minh City (Hai,2016). An IMBR includes a
bioreactor and a membrane system that is
together in an existing single unit, and not
occupy land use (Ben,2010). According to
Pillay and Jacobs (2018), IMBR can be operated
with high biomass concentration ranging from
15,000 mg/L to 20,000 mg/L when it is
compared to about 4000 mg/L in conventional
activated sludge process. The age of sludge in
IMBRs is increased, but the quantity of sludge is
reduced. IMBRs have been popularly applied in
isolated villages, small communities, buildings,
and small industries to provide a high-quality
effluent with reducing minimum pathogens
(Kraume,2005).

Woven  fiber  microfiltration  (WFMF)
incorporated with a biological treatment has
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been recommended as a suitable solution for
local low-income communities to approach
sanitation since it is simple operational
procedures, robust, low level of technical skills,
flexible, and cheap (Martha,2019). These
systems also contribute the increase of public
health when it gives a treated effluent with the
significant reduction of COD, BOD, and
minimizing pathogens. Satisfying friendly
environment such as low using of land,
construction materials, and high potential for the
recovery of nutrients is benefit of WFMF
(Martha,2019). Therefore, WFMF can be easy to
adapt with the current conditions and
requirements of Ho Chi Minh City.

In this research, upgrading septic tank by
applying woven fiber microfiltration is
considered as an appropriate strategy for low
cost decentralized sewage treatment in Ho Chi

Minh City to have access sanitation
(Thanh,2015). The goals of using WFMF are to
aim highly efficient removal of suspended
solids, and maximum removal of pathogens that
are the risks for environment and human health.
In addition, the good quality effluent with the
useful nutrients could be applied as a source of
natural fertilizer, and a source of water for
irrigation in agriculture, and solve the decreasing
fresh water sources in Ho Chi Minh City
(Ahn,1999).

2. METHODOLOGY
2.1. Selection of the study area

Based on the objectives mentioned, the pilot was
carried out at a septic tank of C6 cafeteria in
HCMC University of Technology (figure 2.1),
and the modules of woven fiber microfiltration
membrane was operated at flux of 4 L/m2. h.
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Figure 2.1. The location of the pilot in HCM University of Technology

2.2. Experimental study

2.2.1. Characteristics of C6 septic tank and its
wastewater

The septic tank was installed under the ground,
and its design was followed the Vietnamese
regulation of septic tank construction. This
septic tank includes 3 chambers (figure 2.2).
Chamber 1 is largest chamber. Chamber 2 and
chamber 3 have the same volume size with.
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Wastewater flows from toilet to chamber 1, and
then to chamber 2. Finally, it will be outside by
through the chamber 3 in which no scum is on
the surface of wastewater. Effluent without
treatment from chamber 3 will flow into the
sewage system of HCMC University before it
will be directly discharged into cannels or rivers
of Ho Chi Minh City. Every day, about 30 people
use this toilet. Therefore, the septic tank receives
about 240 liters of wastewater per day.
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Figure 2.2. The design and dimensions of the septic tank located at C6 cafeteria

2.2.2. Woven fiber microfiltration membrane

(WFMFM)

One woven fiber microfiltration membrane unit
consists of flat sheets that were made by woven
polyester matter with the pore size of 1 um to 3
Table 2.1. Specifications of woven fiber filter

um. Flat sheets were connected by a plastic
rectangular frame. The specification of this
membrane was expressed by table 2.1. One
module included 5 units which were fixed
together in parallel in row.

Item Unit Characteristic
Membrane type - Dead-end, outside-in, flat sheet
Material - Polyester
Pore size pum 1-3
Length cm 38
Width cm 25.5
Number of membranes - 5
Total area m? 0,969
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Item Unit Characteristic
Initial membrane resistance L/m2.h 6.46E+11
Operational pressure kPa <80

2.2.3. Experimental set up

The installation of WFMF system (figure 2.4)
includes: Connection between the module and
peristaltic pump by plastic a pipe line. Pressure
gauge was placed over the tank and before the
peristaltic pump, and can be removed in
necessary case. All connections of system were
well done to avoid the leakage. Make a cover to

(LTI
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insert the module into this septic tank. Module
was hung to septic tank cover by steel bars .
Insert the module into the septic tank:Top the
module was fully dept into the wastewater.
Then, all connector had to be placed over the
sewage to avoid accidently leaking of
connectors, and easy maintenance. The
experiment set up is showed in the figure 2.3.
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Figure 2.0. The experimental set up

Figure 2.4. Woven fiber filters system

2.2.4. Membrane operation conditions

Based on the flow rate of wastewater (240
L/day) enters this septic tank per day, the critical
fluxe of 4 L/m?h were determined for the
operation. The permeate flux was set at a value
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(4 L/m2.h), and the differential trans-membrane
pressure was recorded one time per day.
WFMFM module was connected to electric
source, and was operated with 8 minutes in run
and 2 minutes in idle. When trans-membrane
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pressure reached nearly 80kPa at which
membranes were completely fouling, the module
was stopped and took it out this septic tank to do
the cleaning. Another module running was
continued.

3. Results and Discussion

3.1. Characteristics of effluent of the septic
tank before upgrading WFMF

Table 3.1. Specification of the effluent of C6 septic tank

Parameter Unit Effluent QCVN 14:2008/BTNMT
pH - 8.21 5-9
TSS mg/L 65 100
COD mg/L 102 -
BODs mg/L 63 50
TKN mg/L 86.8 -
N-NH4 mg/L 103 10
P-POs mg/L 7 10
Coliform MPN/100 mL 6*10° 5*10°
3.2. BOD removal
BOD removal was presented in figure 3.1.
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Figure 3.1. BOD removal

The BOD removal was about 29.17% for 55
days, and the BOD removal had the trend in
increasing with the time. This can explain the
concentration of MLSS (Mixed Liquor
Suspended Solid) in the third chamber increased
with the time. The trends were expected and
consistent with theory of Fane and Ndinisa,
2006. However, the BOD removal efficiency
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was not stable, it depended on the unstable
influent flow rate and a part of MLSS drained
out of the septic tank when wastewater reached
the hydraulic retention time in the septic tank.
These were similar to the research of Pillay et al
(2018).

3.3. COD removal
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COD removal was presented in figure 3.2. After
one week, COD removal was about 40%.
However, the COD removal in the fluctuation
was due to rainfall. However, the COD removal

of septic tank in 68 days of experiment increased
with the time. Therefore, the results in the figure
3.2 also were in agreement with literature of

Chang (2002).
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Figure 3.2. COD variations and removal efficiency

3.4. SS removal

After 21 days of the operation, the average SS
removal efficiency of flux of 4 L/m2.h (figure
3.3) was 90.2%. Similar to COD, average SS in
the third chamber also increased with the time.

According to Huong,(2012), IMBR remove
above 90% of solids and SS after through
WFMF was under 10 mg/L and met the
standard of discharge. Therefore, the data
represented above in figure 3.3 was in agreement
with that study.
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Figure 3.3. Average SS of wastewater in the effluent

3.5. Coliform removal

The efficiency of coliform removal with flux 4
L/m2.h was varying between 73.3 and 75.9%
(figure 3.4). Based on figure 3.4, coliform
removal had the trend in increase at high TMP.
This could be explained when membrane nearly
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got clogged, the pore sizes of membrane became
smaller and could prevented the pass of coliform
through membrane. Percentage coliform
removal was in agreement with literature
especially to that demonstrated by the following
authors: Soriano et al. (2003) and Rosenberger
and Kraume (2002).
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Figure 3.4 Coliform variations and removal efficiency

3.7. Nitrogen removal

Average TKN in the effluent was from 80 mg/L
to 131 mg/L (figure 3.5). Average TKN removal
efficiency was from 5% to fewer than 5%
because nitrification did not happen in anaerobic
condition. Ammonia concentration in the
effluent was in range of 69-116 mg/L (figure
3.5). These results were similar to the study of

Huong (2012). The average efficiency of
ammonia removal was low and not stable, less
than 6%. According to Visvanathan (1997),
nitrogen removal in anaerobic condition almost
does not happen, and the deceasing of nitrogen
in effluent because a part of nitrogen in the
chamber 3 was used to synthesize biomass and
nitrogen of organic compounds in form of
suspended solids eliminated by membrane.
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Figure 3.5. The Average TKN and ammoniain the effluent

3.8. Phosphate removal

Average phosphate of effluent also was high
from 5.5 mg/L to 9.2 mg/L and the average
efficiency of phosphate removal was too low,
under 6.5% (figure 3.6). The ANOVA ONE
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WAY analyzed that there was no significant
difference of phosphate removal in range of
three fluxes studied. the results in the study also
were in agreement with Ithe study of
Visvanathan (1997).
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Figure 3.6. Average phosphate removals

4. CONCLUSION AND
RECOMMENDATIONS

The study demonstrated that the septic tank
modified by submerging a woven fiber
microfiltration is feasible to improve the quality
of the effluent. The efficiency of BOD removal
increased from 3.23% to 29.17% in 55 days.
However, BOD of effluent did not meet
Vietnamese standard of discharge. There were
two reasons to explain this fact. First, the
biomass production in anaerobic condition was
slowly, and a part of them was washed out when
wastewater in septic tank reached its hydraulic
retention time. Second, a big storm diluted
wastewater in the third chamber. However, BOD
removal efficiency increased up 56% if lasting
the presence of WFMF in septic tank for 6
months, and BOD in effluent often met the
Vietnamese standard of discharge. This
demonstrated by the experiment was done from
June 2011 to December 2012 at A5 building of
HCMC University of Technology (Huong,
2012). After 7 days, the COD removal was about
40% also increased with the time. Similar to the
BOD removal, the results of COD removal were
not stable because of storm, its value was often
over 60 mg/L in the effluent. The SS through
WFMF was under 10 mg/L, and met the
Vietnamese of discharge. The efficiency of SS
removal had the trend in increasing when TMP
was higher. For this study, the SS removal
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efficiency was above 90% and total coliforms in
the effluent was high even though the removal
efficiency achived from 73.3 to 75.9%.

The assessment of water reuse can be based on
the demand of water use for different object. For
this study, the concentration of nitrogen and
phosphate is too high in the effluent. So, the
effluent cannot be discharged into the water
body. It should be reused for irrigation in
agriculture. In order to know the sustainable
flux, the time of WFMF in the last chamber of a
septic tank should be lasted more than 6 months
to exactly evaluate the removal of BOD, COD
and Coliforms.
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