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A conventional water treatment process is currently operated at Thu Duc Water Treatment Plant (TDWTP, Ho Chi Minh City,
Vietnam) in which raw water is collected from Dong Nai River at Hoa An water intake and pumping station. The raw water quality
is currently fluctuated due to the effects of run-off flows which has been increasing recently. This issue directly affects the operation
and performance of existing treatment process at TDWTP since the current treatment are all based on traditional technologies
and have been operating for a long time. This study is conducted to evaluate the quality of raw water collected at Hoa An intake
station during the period of 2018-2020 with the aim to support the consideration of improvement and enhance the operation
efficiency at TDWTP. The raw water quality is evaluated by investigating physico-chemical and biological parameters during the
36 months monitoring. This helps to produce a feasible and reliable results which may then can be used as a scientific database for
the improvement plan at TDWTP. Results show that the changes of water quality during the investigated time is so complicated,
and the concentration of most monitoring parameters is highly seasonal fluctuated. Specifically, the amounts of organic matters,
microorganism, nitrogen compounds (NH ', NO,, NO,) tend to increase strongly, which may be due to the urbanization and
industrialization. The management of run-off flows on upstream of water intake and pumping station is also an important aspect
which need to be considered to prevent the diffusion and spread of pollution. In addition, the effects of climate changes are the
important reason which leads to the seasonal changes of flow and water quality. These issues cause a big challenge for TDWTP to
maintain the treatment efficiency and overall performance. This study also proposes several management and technical solutions
to address the changes of raw water quality in the future, which may be useful for TDWTP during their consideration to improve
the treatment process.
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1. Introduction

Thu Duc Water Treatment Plant (TDWTP) is the main water
supply source of Ho Chi Minh City (HCMC, Vietnam). It is also
the oldest and largest water plant, which belongs to Saigon Wa-
ter Corporation (SAWACO) - the overall management agency of
the HCMC water supply system. Since the inauguration in 1966
with the initial capacity of 450,000 m*/day, TDWTP is now oper-
ated with the total capacity expanded to 750,000 m*/day to sup-
ply clean water for urban districts of HCMC (SAWACO, 2018).
A conventional water treatment process is currently operated at
TDWTP, in which raw water is collected from the Dong Nai River,
the upstream of Sai Gon River, at the water intake and pumping
station located in Hoa An ward, Dong Nai province. The current
treatment system just focuses on the removal of common pollut-
ants, such as turbidity, colour, microorganisms by using tradition-
al processes including coagulation-flocculation, sedimentation,
rapid sand filtration, and disinfection, to produce clean water and
satisfy the national standard (i.e., Standard No. QCVN 01-1:2018/
MOH issued by The Ministry of Health in 2018 (MOH 2018)).

According to the periodic monitoring report conduct-
ed by SAWACO for the period of 2017-2018, the pollution of
raw water at the intake stations is increasing due to the effects
of run-off flows (SAWACO, 2018). This issue directly affects
the operation and performance of existing treatment process at
TDWTP. Specifically, surface water collected from Saigon and

Dong Nai River is contaminated by organic matter, microorgan-
isms, which causes low dissolved oxygen (DO) concentration.
Furthermore, the residuals of antibiotics, fertilizer, pesticides
are also found. The presence of these pollutants significantly
influences the assurance of output water quality at TDWTP, be-
cause the current treatment processes are all designed and built
based on traditional technologies and have been operating for
a long time. Moreover, the increase of organic matter concen-
tration in raw water sources leads to considerable risks of disin-
fection by-products (DBPs) formation during the chlorination
at TDWTP. Thus, an assessment of raw water at Hoa An water
intake and pumping station should be carried out.

This study is conducted to evaluate the quality of raw
water collected at Hoa An intake station during the period of
2018-2020 with the aim to support SAWACO during their con-
sideration to improve the operation efficiency at TDWTP. The
raw water quality is evaluated by investigating physico-chemical
and biological parameters during the 36 months monitoring.
The results and findings obtained from this study can be used
as a scientific basis for SAWACO and TDWTP in the control,
assessment, and assurance of water quality before transfer to the
distribution system. Furthermore, the topic can be applied to
develop water quality indicators (WQC) and improve the man-
agement capacity at TDWTP. In addition, this study may help
local authorities in forecasting the negative effects of the changes
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Fig. 1. The change of (a) colour, (b) turbidity, and (c) TSS (Total Suspended Solids) in raw water by time
Rys. 1. Zmiana (a) koloru, (b) zmetnienia i (c) TSS (suma czastek zawieszonych) w wodzie surowej w czasie

Fig. 1. Location of Hoa An Water intake and Pumping Station

Rys. 1. Lokalizacja ujecia i przepompowni Hoa An

or fluctuation of raw water quality due to environmental pollu- the pumping station is operating at the average daily flow rate.
tion, which then arise awareness, behaviour, and specific activi- Parameters, such as pH, DO are measured on-site by using wa-
ties to control waste discharge into raw water source areas. ter monitoring system (HACH, 85490 BASICO1).
Afterwards, all samples are preserved properly and trans-
2. Material and methods ferred immediately to the research laboratory at Ton Duc Thang
2.1. Water samples collection University (TDTU, Ho Chi Minh City, Vietnam). All samples
Raw water samples are collected from the Hoa An water before analysis are preserved according to the standard methods
intake and pumping station of TDWTP (10.94364, 106.80383) (APHA, 2005). The physical and chemical parameters are then
(Fig.1). During the raw water collection stage, composite sam- analysed and measured under laboratory conditions. The prop-
pling method is follow to obtain the representative water sam- erties of water samples are then characterized by physico-chem-
ples and the experimental water samples are produced from ical parameters (i.e., colour, turbidity, TSS (Total Suspended Sol-

mixed samples. The sampling is taken at a specific time when ids), N-based compounds, PO4*, BOD, COD) and Coliforms.
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Fig. 1. The change of (a) colour, (b) turbidity, and (c) TSS (Total Suspended Solids) in raw water by time

Rys. 1. Zmiana (a) koloru, (b) zmetnienia i (c) TSS (suma czgstek zawieszonych) w wodzie surowej w czasie

2.2. Analytical methods

The physical and chemical parameters are analysed and
measured under laboratory conditions and performed in trip-
licate. The results are obtained as the average values. Specifi-
cally, turbidity is measured by using a turbidity meter (Model:
HACH 2100 Q). Colour, N-based compounds, PO4* are anal-
ysed based on the standard methods (APHA, 2005) using UV-
VIS Spectrophotometer (Model: Hach DR-6000, USA). TSS is
measured by using Vacuum mini-pump (Model: N022AN18,
Germany) and Laboratory furnace (Model: L15/11, Germa-
ny). Coliform is measured by 3M™ Petrifilm™ E. coli/Coliform
Count Plate. BODS5 is measured by using Laboratory Research
Grade Benchtop DO and BOD Meter (Model: Hanna HI5421-
02). Soluble COD measurement was based on the Closed Re-
flux, Titrimetric method (APHA, 2005). All chemicals and
reagents used during the analysis and measurement are an-
alytical grade.

Previous monitoring data obtained from SAWACO and
TDWTP is used as a database during the analysis and assessment
of water quality. National technical regulation on surface water
quality (ie., QCVN 08:2008/BINTMT, TCXDVN 233:1999
(MOC 1999)) issued by the Ministry of Natural Resources and
Environment and Ministry of Construction (Vietnam) is also
used as a reference to assess the water quality.

3. Results and Discussion
3.1. Assessment of water quality based on group of parameters
3.1.1. Colour, turbidity, and TSS

Physical parameters including colour, turbidity, and TSS
in raw water were assessed simultaneously since they all reflect
the transparency and aesthetics of water under visual observa-
tion. The variation of these parameter by time during the in-
vestigated period of 2018-2020 is shown in Fig. 1a, 1b, and lc.
Results showed that the colour, turbidity and TSS of raw water
increased sharply in the rainy season months. In the southern
region of Vietnam, the rainy season often occurs from July to
October each year. Accordingly, the colour, turbidity, and TSS
concentration as measured were 2-3 times higher than that reg-
ulated by national standard QCVN 08 - MT: 2015/BTNMT and
TCXDVN 233:1999. In contrast, during the dry season months
(i.e., from November to April), the value was so low and satisfied
the standards. This can be explained that during the rainy sea-
son, the water quality is effected by run-off flow which normally
brings silt and sediment, causing the colour, turbidity, and TSS
in the raw water at the pumping station increase.

Fig. 1 also indicates that this issue occurs regularly every
year since the same trend was found during 3 investigated years
(2018-2020). Therefore, this helps the local authorities and
TDWTP have a proper plan for management and operation of
water treatment process. Specifically, the chemical used for co-
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Fig. 3. The change of (a) DO and (b) BOD5 concentration in raw water by time

Rys. 3. Zmiana zawartoéci (a) DO and (b) BOD5 w wodzie $wiezej w czasie

agulation - flocculation during the rainy season should be high-
er than that used during the dry days. The frequency of back-
washing in filtration tanks should also be increased to ensure
the capacity of filter media and quality of water output during
the rainy season. In addition, the sludge withdraw cycle from
sedimentation tanks is also considered due to the high loading
of suspended solid occurring in raw water.

3.1.2. N-based compounds and PO+

The change of N-based compounds and PO4+* concen-
tration by time during the investigated period is presented
in Fig.2.

As compared to physical parameters, similar trend was
found in the case of NH4" as the concentration exceeding the
allowable level of the national standard occurred mostly in
rainy months (i.e., from July to October). Due to the aerobic
condition, NO,” compound was rapidly formed, however, the
NO, concentration was in the allowable range according to
the QCVN 08 - MT : 2015/BTNMT (i.e., < 2 mg/L). In term of
PO4*, Fig.2 indicates the concern that needs the much attention
since the PO+* concentration was higher than the regulated level
(i.e., 0.2 mg/L) in most of the monitoring months.

Surface run-off contamination due to domestic activities
may be the reason to explain the pollution of NH4* and PO4*.
This issue raises a concern considerably since the current water
treatment process is not designed and operated for removal of N
and P. Therefore, a surface water quality monitoring plan for nu-
trient contamination, especially at the area of raw water intake,
should be done to forecast the possibility of pollution.

3.1.3. DO and BOD:s

Fig. 3a shows the changes of DO concentration at different
monitoring time. As a result, the DO concentration in 2018 was
relatively stable and indicate a good quality of surface water ac-
cording to the national standard QCVN 08 - MT: 2015 / BTN-

MT (= 6 mg/l). Specifically, DO concentration was high in rainy
days (from July to October), which may due to the increase of Oz
diffusion from the air. In 2019-2020, the DO concentration de-
creased, especially in July 2020, the DO concentration was 3.15
mg/L which was much lower as compared to the standard. The
surface water pollution may be the reason since there are many
industrial and production zones in this area, and the discharge
into the river may affect water quality. In addition, wastewater
from human activities and waterway traffic can be also the cause
of pollution variables.

Monitoring data of BOD:s (Fig. 3b) confirm the above state-
ment since high BODs concentration was mostly found when
low DO concentration occurred (e.g., from April to July, 2020).
High concentration of BODs indicates organic contamination
of water and the microorganisms consume more oxygen to de-
grade the organic matters. It was found that this pollution issue
occurred regularly during the dry months which may cause neg-
ative impacts on water quality. Therefore further study should
be carried out to find out the solution to mitigate the effects of
water pollution during dry season which helps to reduce the
fluctuation of raw water quality pumped to the TDWTP.

3.1.4. Coliform

In term of Coliform, results showed that this parameter were
very high and exceeded QCVN 08 - MT: 2015/ BINMT (column
Al) many times during the period of 2018-2020. The reason
came from active urine, domestic wastewater, and dead bodies
floating in the river. Water sources heavily contaminated with Co-
liform need a priority treatment to ensure the health of public us-
ers. On the other hand, the current treatment of Coliform is now
just based on chlorination - the common method used widely in
most water treatment plants in Vietnam (MOC 2006). The more
microbiological contamination, the more chlorine chemicals
used during the disinfection. This lead to another concern which
is related to the risk of disinfection by-products (DBP) formation
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Fig. 3a. The change of Coliform in raw water by time

Rys. 3a. Zmiana miana Coli w wodzie surowej w czasie

Tab. 1. Water exploitation capacity toward 2025

Tab. 1. Mozliwosci eksploatacyjne wod do 2025 roku

No. Water sources Water exploitationscapacity toward 2025

(m3/day)

1 Dong Nai river 1,650,000

2 Tri An lake 1,000,000

3 Sai Gon river 600,000

4 Dau Tieng Lake 1,000,000

5 Groundwater 40,000

6 Small sources 7,000

Total 4,298,000 m3/day

from the reaction of chlorine and organic matter existing in the
raw water. Thus, the treatment system at the TDWTP should be
upgraded to ensure good water quality to the consumers.

3.2. Issues of concern for water quality

During the 3-years of monitoring for water quality assess-
ment at the TDWTP, some issues of concern for water quality
was also recognized as following.

(i) The increase of surface water pollution was mostly due to
inadequate control of discharge sources from industrial manu-
facturing, agricultural activities, and domestic wastes.

(ii) The water quality tends to deteriorate in which the
occurrence and increase in concentration of organic matter,
pathogen, NHa*, Mn** were considerable, especially in the case
of Saigon River.

(iii) The flow fluctuated seasonally and was affected by cli-
mate change which led to the possibility of a sharp decrease in
water level and saline intrusion at some times in the dry season.

(iv) The forecast results shows that by 2025, problems of
organic pollution, saline intrusion and river water level fluctu-
ations will have great impacts on exploitation, production and
supply of clean water in Ho Chi Minh City. These are major
challenges for Ho Chi Minh City's clean water supply system,
requiring the preparation of technical solutions and strong re-
sources to cope with these challenges.

3.3. Proposed solutions to TDWTP
3.3.1. Plan of mitigation of water pollution in Dong Nai rivet, ori-
entation towards 2025

Since the water intake and pumping station is located in Dong
Nai province, the raw water quality is thus partially controlled by
Dong Nai government. At present, Dong Nai province has planned
and carried out several projects to conserve the water quality, such
as installation a surface water monitoring system, upgrading the
urban water drainage and wastewater treatment systems, building
an industrial park wastewater treatment station and effective con-
trol of discharge sources from industrial production.

Regarding the monitoring network, in the period of 2020-
2025, Dong Nai will have more than 340 constructions, stations
and locations for water monitoring in rivers, lakes, streams and
canals. In which, there are 169 locations of flow quality moni-
toring and 127 groundwater monitoring stations in 9 districts
and 2 cities. This will be an effective system to help the agencies
control water quality parameters, and forecast risks promptly
for further solutions.

In addition, Dong Nai province has invested in many do-
mestic wastewater treatment works and drainage systems in
several districts and cities, such as Bien Hoa and Long Khanh
urban wastewater treatment plants. The drainage and flood
control system are also carried out.

For industrial wastewater sources, in order to strengthen
the inspection, monitoring and monitoring of the wastewater
treatment situation, Dong Nai province has approved the in-
vestment project to install automatic wastewater monitoring
system and surveillance camera since 2013. Up to now, 25/31
industrial parks have completed the installation and put into
operation the automatic monitoring system and transmitted
data directly to the Department of Natural Resources and En-
vironment. It is expected that at the beginning of 2022, there
will be 3 areas with automatic wastewater monitoring systems
installed. In addition, manufacturers outside of industrial zones
and clusters with large capacity of wastewater generation must
also install automatic monitoring systems and transmit data to
the Department of Natural Resources and Environment as the
supervision.

3.3.2. Plan of alternatives raw water sources

In order to reduce the dependence on the current raw water
sources as Dong Nai river, several expansion projects are pro-
posed by SAWACO toward 2025. Specifically, there will be more
water sources and intake stations with different exploitation ca-
pacity which is presented in Table 1.

3.3.3. Technical solutions for operation at TDWTP
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Due to the fluctuations of water quality, proper changes in
operation at TDWTP is essential to ensure the output water
quality. Changes in chemicals used during the water treatment,
for instance, is both feasible and economically option. Specifi-
cally in the flocculation stage, only PAC is currently employed
for treatment. Therefore, alum as Al2(SO4)s and ferric chloride
(FeCls) should also be studied to consider the effectiveness of
treatment. In addition, in order to enhance the flocculation
process, it is necessary to add polymeric compounds, such as
polyacrylamide (PAM) to increase the settling rate. The use of
flocculant will reduce the dose of coagulant, contributing to re-
ducing chemical costs while ensuring treatment efficiency.

4. Conclusions

This study conducted the assessment of water quality in
Dong Nai river at Hoa An pumping station in the period of
2018-2020. Results showed that the water quality fluctuated in
a progressively worse direction, which is clearly demonstrated
by the changes in concentration of color, turbidity, TSS, DO,
BODs, N-based compunds, PO+*, and Coliform. Due to the
continuous development of urbanization in Ho Chi Minh City,

leading to an increasing demand for domestic water of consum-
ers, the water supply system needs to be gradually expanding
and upgrading. Therefore, the management and monitoring of
raw water quality should be tightened and more modern mon-
itoring equipment should be applied. The results and finding
obtained in this study may help local agencies and TDWTP to
propose an appropriate and comprehensive plan to cope with
the changes of raw water quality with the aim to ensure the
clean water quality before pumping to the distribution system.
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Ocena jakosci wody surowej na potrzeby planu poprawy w stacji uzdatniania wody Thu Duc

w Wietnamie

Konwencjonalny proces uzdatniania wody jest obecnie prowadzony w zakladzie uzdatniania wody Thu Duc (TDWTRB miasto Ho Chi
Minh, Wietnam), w ktérym surowa woda jest pobierana z rzeki Dong Nai i z przepompowni Hoa An. Jakos¢ wody surowej podlega
obecnie wahaniom ze wzgledu na skutki splywow, ktére ostatnio nasilajq sie. Kwestia ta ma bezposredni wplyw na funkcjonowanie
i wydajnos¢ istniejgcych procesow oczyszczania w TDWTP, gdyz wszystkie obecne dziatajgce oczyszczalnie oparte sq na tradycyjnych
technologiach i dzialajg od dtuzszego czasu. Niniejsze badanie ma na celu oceng jakosci wody surowej pobieranej ze stacji poboru Hoa
An w latach 2018-2020 w celu wsparcia rozwazan nad poprawq i zwigkszeniem efektywnosci dziatania TDWTP.

Jakos¢ wody surowej oceniana jest poprzez badanie parametréw fizykochemicznych i biologicznych podczas 36-miesigcznego
monitoringu. Pozwolilé to uzyskanie wiarygodnych wynikéw, ktore nastepnie mogg by¢ wykorzystane jako naukowa baza danych
dla planu modernizacji TDWTP. Wyniki pokazujg, ze zmiany jakosci wody w badanym okresie sq bardzo zlozone, a stezenia
wigkszosci parametréw monitoringu podlegajg duzym wahaniom sezonowym. Szczegolnie silnie wzrastajq ilosci materii organiczneyj,
mikroorganizmow, zwigzkow azotu (NH4*, NOz, NOs), co moze by¢ spowodowane urbanizacjg i uprzemystowieniem. Waznym
aspektem, ktory nalezy wzigé pod uwage, aby zapobiec rozprzestrzenianiu sig zanieczyszczen, jest rowniez zarzgdzanie przeplywami
odplywowymi przed ujeciem wody i przepompownig. Ponadto skutki zmian klimatu sq wazng przyczyng sezonowych zmian
przeplywu i jakosci wody. Kwestie te stanowig duze wyzwanie dla TDWTPE aby utrzymaé skutecznos¢ oczyszczania i ogélng
wydajnos¢. W niniejszym opracowaniu zaproponowano rowniez kilka rozwigzan w zakresie zarzgdzania i rozwigzati technicznych
majgcych na celu zajecie si¢ zmianami jakosci wody surowej w przysztosci, ktére mogg by¢ przydatne dla TDWTP podczas rozwazan
nad poprawq procesu oczyszczania.

Stowa kluczowe: pobor wody, monitoring, odplyw, materia organiczna, proces uzdatniania wody, zaktad uzdatniania wody Thu Duc
(miasto Ho Chi Minh, Wietnam)
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