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Abstract
The study was conducted to analyze water quality �uctuations in the South of Vietnam using monitoring data at 58
locations, measured 8 times per year, analyzing 16 water quality indicators in 2020. The study has used national technical
regulations on surface water quality (QCVN 08-MT:2015/BTNMT, column A1), water quality index (WQI), cluster analysis
(CA), principal component analysis (PCA) and Entropy weighted methods to analyze surface water quality. The results
showed that the water quality was contaminated with organics (low DO while TSS, BOD, COD was high), nutrients (mainly
N-NH4

+) and Fe. Pb at some locations exceeded the allowable limit. Cd, Hg and As were within the allowable limits of

QCVN 08-MT:2015/BTNMT, column A1. DO, TSS, BOD, COD, N-NH4
+, Fe, EC, TDS, Cl- were seasonally �uctuated. WQI

classi�ed water quality from bad to very good (WQI=42-100) due to the impact of hydrological conditions, navigation,
wastewater and waste from industrial zones, and �shing ports. The �ndings presented that it is possible to reduce the 11
sampling locations of cluster 1-6, reduce the frequency of monitoring from 8 to 5 times per year, while still ensuring
representativeness of water quality over time, reducing the monitoring costs by 56.5%. The PCA identi�ed �ve major
potential sources explaining 87.3% and 8 minor sources explaining only 12.7% of water quality variation. Temperature,
pH, EC, DO, BOD, COD, N-NH4

+, N-NO2
-, Fe, Cl-, Pb need to be monitored, while adding indicators P-PO4

3-, TP, TN, coliforms
into the future monitoring program. The study shows that the medium and bad water quality are concentrated in Dong
Nai, Ho Chi Minh City and Long An, so the relevant environmental management agencies needs to �nd solutions to
improve the water quality in those areas. The current results can assist in decision-making related to environmental
quality monitoring in the southern region of Vietnam.

1. Introduction
Water plays an important role for organisms and humans. Therefore, regular water quality monitoring is considered a top
priority for all countries in the world [1, 2]. Monitoring water quality not only helps countries assess and predict pollution,
but also provides information for planning sustainable use of water resources [3–5]. Vietnam conducts annual
environmental monitoring of surface water, underground water and sea water in service of environmental management.
The task of monitoring the water environment is assigned to the Ministry of Natural Resources and Environment and the
People's Committees of 63 provinces and cities. Water environment monitoring is also carried out by production and
business establishments in accordance with the current environmental protection law [6]. Physical, chemical and
biological indicators are used in environmental monitoring in water bodies in Vietnam. The physical and chemical
parameters include temperature, pH, total suspended solids (TSS), turbidity, dissolved oxygen (DO), biological oxygen
demand (BOD), chemical oxygen demand (COD), ammonia (N-NH4

+), orthophosphate (P-PO4
3-), heavy metals (Fe, Al, Mn,

Cr, Cd,...), chloride (Cl-), sulfate (SO4
2-), pesticides, antibiotics, and biological factors (E. coli, coliform) [7]. Monitoring

results are evaluated using national technical regulations on surface water quality or using water quality and water
quality index (WQI) [7–9]. These assessment methods are currently still simple, using only one or a few criteria included in
the assessment of water quality, thus not fully exploiting the important information hidden in the very large dataset [5,9–
11]. Currently, multivariate statistical methods are widely used in water quality assessment. Multivariate statistical
methods can include all the water quality information in the calculation at the same time, thus extracting a lot of
important information from the dataset [5, 11–14]. Multivariate statistical methods including cluster analysis (CA),
principal component analysis (PCA) methods were used to assess the quality of rivers, lakes and groundwater water
[10,13,15–19]. The water quality clustering analysis method is based on the similarity of water quality in space and time
and can therefore be used to assess sampling locations and sampling frequencies [5, 9–11]. In addition, entropy weight
was also used to measure the importance of key parameters in each cluster of CA analysis over time and to �nd out the
key parameters causing the differences between clusters [15,20]. Meanwhile, the principal component analysis method
extracts important information about the criteria affecting the water quality and the potential sources of pollution leading
to water quality �uctuations, from which it can be used to identify representative indicators to assess water quality
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[5,10,11,14,17,21]. The southern region of Vietnam is a dynamic economic zone with a high economic growth rate, with
the largest industrial, business and service development activities in the country, where many industrial parks are
concentrated industrial clusters and many handicraft production establishments of different sizes and industries are
widely dispersed in the localities. The development of industrial zones and clusters is not synchronized with the technical
infrastructure conditions on the environment; many industrial zones and clusters have not yet been invested in a
centralized wastewater treatment system [4]. Along with the socio-economic development, the water quality of the river
system is increasingly declining due to receiving domestic and industrial wastewater, a part of urban, industrial and
hazardous solid waste, water from agricultural production with fertilizer and pesticide content [4,17,22]. Therefore, it is
necessary to monitor water quality in areas affected by socio-economic development activities. This study uses
multivariate statistical analysis to analyze water quality �uctuations using data at 58 monitoring locations in the
southern region of Vietnam. The research results provide useful information for the southern environmental management
agency in reviewing and re-evaluating the effectiveness of the surface water quality monitoring system.

2. Materials And Methods

2.1 Water sampling and analysis
The southern region consists of 21 provinces/cities, including two major key economic regions, the southern key
economic zone and the Mekong River Delta, and two river basins, namely the Dong Nai River and the Mekong River. This
is a dynamic economic region with high economic growth rate, with the largest industrial, business and service
development activities in the country, where many industrial parks, industrial clusters and clusters are located. Many
industrial and handicraft production establishments of different sizes and industries are widely dispersed in the localities.
Monitoring of surface water environment in the South was carried out at 58 locations including Binh Duong (6 locations,
BD1-BD6), Binh Phuoc (4 locations, BP1-BP4), Ba Ria-Vung Tau (3 locations, VT1-VT3), Dong Nai (15 positions, DN1-
DN15), Ho Chi Minh City (12 locations, HCM1-HCM12), Long An (4 locations, LA1-LA4), Tay Ninh (5 positions, TN1-TN5),
An Giang (5 positions, AG1-AG5), Tien Giang (2 positions, TG1-TG2), Dong Thap (DT1) and Ben Tre (BT1). The sampling
location is shown in Fig. 1. Water samples were collected eight times a year (Apr-Dec) using 16 indicators to assess the
water quality. Water samples were collected according to the instructions of TCVN 5998:1995 (ISO 5667-9: 1992) and the
preservation method was carried out according to the instructions of TCVN 5998:1995 and TCVN 6663-3:2016 (ISO 5667-
3:2012). The parameters of pH, temperature, electrical conductivity (EC), dissolved oxygen (DO), total dissolved solids
(TDS) were measured on the spot using multi-parameters YSI 6820, Hach HQ40d, Turb 430T-WTW of the USA and
Germany. The measurement methods were carried out by directly immersing the electrodes in water, waiting for stability,
reading the corresponding measured values from the screen of the intrusment and recording in the sampling log sheet.
Total suspended solids (TSS), chemical oxygen demand (COD), biological oxygen demand (BOD), ammonium (N-NH4

+),

nitrite (N-NO2
-), nitrate (N-NO3

-), iron (Fe), lead (Pb), cadmium (Cd), mercury (Hg), arsenic (As) and chloride (Cl-) were
measured in the laboratory using standard methods [23]. The measurement methods and allowable limits of water quality
indicators are presented in Table 1.
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Table 1
Methods for water analysis and limit values

No. Parameter Unit Analytical methods Limit values*

1 Temp. oC SMEWW 2550B:2017 -

2 pH - TCVN 6492:2011 6-8.5

3 EC mS cm-1 SMEWW 2510.B:2017 -

4 TDS mg L-1 SCEM_01 -

5 DO mg L-1 TCVN 12026:2018 ≥ 6

6 TSS mg L-1 SMEWW 2540.D:2017 20

7 COD mg L-1 SMEWW 5220.C:2017 10

8 BOD mg L-1 SMEWW 5210.B:2017 4

9 N-NH4
+ mg L-1 TCVN 6179-1:1996 0.3

10 N-NO2
- mg L-1 SMEWW 4500-NO2

-.B:2017 0.05

11 N-NO3
- mg L-1 SMEWW 4500-NO3

-.E:2017 2

12 Fe mg L-1 SMEWW 3111.B:2017 0.5

13 Pb mg L-1 SMEWW 3113.B:2017 0.02

14 Cd mg L-1 SMEWW 3113.B:2017 0.005

15 As mg L-1 SMEWW 3114.C:2017 0.01

16 Cl- mg L-1 SMEWW 4500-Cl-.B:2017 250

* National technical regulation on surface water quality (QCVN 08-MT:2015/BTNMT), column A1 used for water
supply [7].

2.2 Data analysis
Evaluation of water quality characteristics was performed based on the average value of each criterion of 8 sampling
periods at 58 locations and presented in Boxplot form to describe the change over time of the water quality parameters.
The Kolmogorov-Smirnov test was used to test the normal distribution at 5% signi�cance level using SPSS version 20.0.0
(IBM Corp., Armonk, NY, USA). The WQI index is calculated based on parameters including temperature, pH, DO, BOD, COD,
N-NH4

+, N-NO2
−, N-NO3

−, As, Cd, Pb according to the guidance of Decision 1460/QD-TCMT dated November 12, 2019 of
the Viet Nam Environment Administration on the issuance of a manual for calculating the water quality index [8]. The WQI
parameter has a value from 0 to 100. In which, a value from 91–100 presents very good water quality that is considered
good for domestic water supply purposes; a value of WQI from 76 to 90 shows good water quality suitable for use for
domestic water supply but need suitable treatment measures; WQI value between 51–75 shows average water quality to
be used for irrigation and other equivalent purposes; WQI values from 26 to 50 shows bad water quality used for
navigation and other equivalent purposes; WQI values from 10 to 25 shows poor quality so the water is heavily tarnished,
needing treatment measures, water with a WQI value < 10 is water of very heavy quality, contaminated water, and needs to
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be remedied and treated. Geographic information system software QGIS version 3.16 was used to present the spatial
distribution of the WQI. In this study WQI was calculated using Microsoft Excel 2016.

Cluster analysis (CA) was used in grouping water quality by sampling location and by sampling frequency, using
Euclidean distance [10]. CA results are presented as a tree structure. Sampling locations or times with similar water
quality is grouped into the same group based on the Dlink/Dmax linkage distance [11]. The link distance between clusters is
considered to have clustering signi�cance when Dlink/Dmax×100 = 60 [11]. The water quality characteristics of each cluster
in cluster analysis acorrding to the sampling frequency were weighted using the entropy information method to rank
importance according to the method of Li et al. (2016) [24]. The larger the Hi information coe�cient, the lower the entropy
weight and the smaller the impact on water quality [24]. The higher the weight of the water quality parameters, the greater
the in�uence, and conversely, the smaller the weighted value of the parameter, the less signi�cant the in�uence [24].
Principal component analysis (PCA) was used to identify potential sources of pollution and key indicators affecting water
quality in the southern region of Vietnam. Potential sources affecting water quality are determined based on the
Eigenvalue coe�cient. If the Eigenvalues coe�cient is greater than 1, the impact source is considered the main source,
lower than 1 is the secondary source [21]. Meanwhile, the weighted correlation coe�cient is used to determine the main
indicators affecting water quality. The weighted correlation coe�cient is divided into three levels of high, moderate and
weak, respectively, with absolute values > 0.75, 0.75 − 0.50 and 0.50 − 0.30 [10]. The higher the correlation coe�cient, the
major contributor to water quality variability and therefore needs to be monitored [10]. CA and PCA were performed using
Statgraphics Centurion version XVI software (Statgraphics Technologies Inc.,Virginia state, USA).

3. Results

3.1. Evaluating surface water quality in Southern Vietnam
The temperature between months ranged from 25.3 to 35.3 0C, with an average of 30.1 0C (Fig. 2) while between
locations �uctuated between 28.6–31.4 0C.The pH ranged over time and space between 5.2-9.0 and 5.9–7.9, with an
average of 7.1 (Fig. 2). The pH at some locations was slightly alkaline, has exceeded the allowable limit of column A [7],
but is still within the allowable range of column B1. EC and TDS �uctuated greatly (Fig. 2). EC at the sampling periods
and locations �uctuated from 14.5–59,200 mS cm-1 and 38–47,400 mS cm-1, respectively, reaching the average value at
5,387 mS cm-1. Moreover, TDS �uctuated over time and space were 8–34,300 mg L-1 and 16.5–26,071 mg L-1,
respectively, averaging at 2,823 mg L-1.

Dissolved oxygen (DO) concentration also �uctuated greatly by months and sampling sites in the range of 0.2–10.8 mg L-

1 and 0.6–7.8 mg L-1, respectively, with an average value of 4.6 mg L-1. DO in the study area is lower than the permissible
limit of QCVN 08-MT:2015/BTNMT, column A1 [7]. DO has great volatility in April and July (Fig. 2). Besides that, BOD at
58 survey sites varied from 1.6 to 48.8 mg L-1 while BOD between months of sampling ranged from 0–79 mg L-1. BOD in
the rainy season months �uctuated more than that in the dry season months (Fig. 2). BOD at most locations exceeded the
allowable limit of QCVN 08-MT:2015/BTNMT, column A1 [7]. Similar to BOD, COD between months and between sampling
sites ranged from 7.6–91.4 mg L-1 and 3 to 139 mg L-1, with mean values at 17.5 mg L-1. COD has exceeded the allowable
limit (10 mg L-1) of QCVN 08-MT:2015/BTNMT, column A1 [7]. TSS at sites and months �uctuated from 9.1-110.5 mg L-1

and 3-495 mg L-1, respectively, with an average of 36.3 mg L-1. TSS has seasonal variation in which the rainy season is
usually higher than that in the dry season. TSS at most locations exceeded the allowable limit (20 mg L-1).

The concentration of N-NH4
+ between the months of sampling �uctuated in the range of 0.98–24.94 mg L-1 while

between the sampling sites was in the range of 0.07–15.02 mg L-1, reaching an average value of 0.98 mg L-1. N-NH4
+ in

the study area has great �uctuations in space and time. Limit value of N-NH4
+ according to QCVN 08-MT:2015/BTNMT,
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column A1 is 0.3 mg L-1 [7]. N-NO2
- in water �uctuated in space and time with concentrations of 0-0.34 mg L-1 and 0-0.69

mg L-1, respectively, with an average of 0.03 mg L-1. In locations with high concentration of N-NH4
+ and low DO, the nitrite

concentration accumulated and exceeded the allowable limit of QCVN 08-MT:2015/BTNMT, column A1 (0.05 mg L-1) [7].
N-NO3

- between sampling months and sampling sites ranged from 0-3.65 mg L-1and 0.06–1.98 mg L-1, with mean values

at 0.8 mg L-1. N-NO3
- was highest in locations such as Cat Lai ferry terminal (Dong Nai), Ho Chi Minh City area, Tan Thanh

wharf (Long An) and Vedan Port (Tay Ninh). N-NO3
- in April was signi�cantly higher than that in other months. The

�uctuation of N-NO3
- concentration depends on the concentration of N-NH4

+ and DO. The limit value of N-NO3
- according

to QCVN 08-MT:2015/BTNMT, column A1 is 2 mg L-1 [7], so only some positions at certain times exceed the allowed
regulation.

The maximum Fe concentration at the locations was 4.4 mg L-1 and at the time of sampling was 16.1 mg L-1, averaged at
1.8 mg L-1, all exceeded the allowable limit of QCVN 08-MT:2015/BTNMT, column A1 (0.5 mg L-1) [7]. Iron in the rainy
season tended to be higher than in the dry season (Fig. 2). High Cl- concentration is concentrated in the area near the sea
of Ho Chi Minh City (HCM1, HCM10-12) with concentrations exceeding the allowable limit of QCVN 08-MT:2015/BTNMT,
column A1 (250 mg L-1) [7]. The remaining positions all have Cl- concentrations within the allowable limits. Chloride has a
marked seasonal variation in which the dry season is higher than that in the rainy season. The trend of chloride
�uctuations is similar to that of EC and TDS. High chloride concentrations lead to high EC and TDS (Fig. 2). Lead (Pb) in
the study areas was within the allowable limit of QCVN 08-MT:2015/BTNMT, column A1 (0.02 mg L-1) [7], except for some
locations such as Ong Buong bridge (HCM5 in May), lower Tri An Dam (BD6 in June) and Be River estuary (BP4 in June)
exceed the allowable limit. Cd and As at all locations through the sampling sessions were within the allowable limits of
QCVN 08-MT:2015/BTNMT, column A1 [7].

The calculation results of water quality index in the study area are presented in Fig. 3. Water quality index in Binh Duong
(WQI = 95–100) and Binh Phuoc (WQI = 91–99), An Giang (WQI = 94–100), Tien Giang (WQI = 92), Ben Tre (WQI = 92),
Dong Thap (WQI = 95) indicated that the water quality in these provinces was classi�ed as very good. Water quality in Tay
Ninh is classi�ed as good with WQI ranging from 76–96. The water quality in Dong Nai varied greatly and was graded
from moderate to very good (WQI = 66–100). Locations with medium water quality included DN11, DN12, DN14 and
DN15. Water quality in the Ho Chi Minh City area was divided into three classes, class with bad water quality (HCM1-
HCM3, HCM5-HCM7), medium (HCM4, HCM8-HCM11) and good (HCM12). Meanwhile, water quality in Long An was
classi�ed bad (LA1-LA2), moderate (LA3) and good (LA4).

3.2 Evaluating the sampling sites and frequencies of the surface
water quality monitoring
Water quality in the South of Vietnam varies greatly. The results of water quality classi�cation into 15 clusters (Fig. 4).
The water quality characteristics in the identi�ed clusters are presented in Table 3. Cluster 1 has 3 positions (BD1-2, BP1);
which was the locations in Binh Duong and Binh Phuoc provinces. In cluster 1, TSS, N-NH4

+, COD, Fe exceeded the limit
values of QCVN 08-MT:2015/BTNMT, column A1. Cluster 2 has 6 positions (VT1, DN3-6); cluster 3 has 6 positions (DN7-8,
TG1-2, DT1, BT1). Clusters 2 and 3 have parameters TSS, DO, COD, Fe that do not meet the requirements of the allowable
limits. These clusters mainly belong to Dong Nai, Tien Giang, Dong Thap, Ben Tre, Ba Ria-Vung Tau provinces. Likewise,
Cluster 4 has 3 positions (BD4,6, BP4); cluster 5 has 10 positions (BD5, BP2-3, VT2-3, DN1-2, DN9-11); cluster 6 has 5
positions (AG1-5). TSS and Fe indicators in cluster 4 (locations in Binh Duong and Binh Phuoc provinces) exceeded the
allowable limit; while BOD, COD, N-NH4

+, Fe in cluster 5 (including locations in Binh Duong, Binh Phuoc, Dong Nai, Ba Ria-
Vung Tau) exceeded the allowable limits. Cluster 6 (mainly An Giang) has only TSS and Fe criteria that do not meet the
requirements of QCVN 08-MT:2015/BTNMT, column A1.
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Cluster 7 (DN12-15, HCM8-9); cluster 8 has 1 position (LA3); cluster 9 has 2 positions (HCM10-11); cluster 10 has 4
positions (HCM1-4); cluster 11 has 1 position (LA2); cluster 12 has 1 position (HCM5); cluster 13 has 3 positions (LA1,
HCM6-7); cluster 14 has 1 position (HCM12) and cluster 15 has 6 positions (LA4, TN1-TN5). Clusters 7–13 (including
Long An, Dong Nai and Ho Chi Minh City) have TSS, DO, BOD, COD, N-NH4

+, Fe all exceeding the requirements of QCVN
08-MT:2015/BTNMT, column A1. Particularly for cluster 12–13, organic and nutrient pollution are very serious, possi-bly
because these places received more pollutants from wastewater and waste than the other locations. In addition, lead in
cluster 12 was detected at concentrations reaching the limit of QCVN 08-MT:2015/BTNMT, column A1 [7]. TSS, DO, BOD,
COD, Fe, Cl- of cluster 14 (1 location in Ho Chi Minh City) have exceeded the allowable limits. Meanwhile, DO, COD, N-NO2

-

characterize water quality in cluster 15 (locations in Tay Ninh province, only one location in Long An province.
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Table 3
Water quality in the identi�ed clusters

Cluster Temp pH TDS EC TSS DO BOD COD

1 28.79 7.21 20.71 43.74 48.46 7.04 3.71 11.50

2 29.38 7.12 144.39 289.21 25.34 5.19 3.79 11.69

3 30.06 7.32 828.94 1715.43 58.80 5.09 3.73 13.69

4 29.74 7.21 31.84 71.28 27.75 6.28 2.29 9.63

5 30.37 7.22 36.59 83.46 17.95 6.03 4.43 12.88

6 30.16 7.76 96.92 220.95 38.15 6.60 2.78 9.00

7 30.23 6.46 57.97 129.47 20.82 2.68 6.71 17.73

8 29.75 6.39 204.10 442.61 33.25 1.35 11.25 27.00

9 30.90 6.14 1481.15 3066.95 19.01 3.09 6.76 19.38

10 29.67 6.92 1647.96 3417.95 50.41 1.68 8.07 21.82

11 30.48 7.07 3495.75 6861.75 73.38 1.92 11.75 30.50

12 29.15 7.16 607.88 1236.63 97.13 0.68 48.88 91.38

13 29.99 7.20 1143.55 2387.33 80.71 0.77 22.25 46.55

14 31.43 7.19 8304.88 16101.80 80.00 4.71 6.75 32.63

15 30.81 7.44 21829.30 40967.00 18.40 5.21 2.48 12.07

Limits - - - - 20 ≥ 6 4 10

Cluster N-NH4
+ N-NO3

- N-NO2
- Fe Pb Cd As Cl-

1 0.30 0.61 0.00 3.37 0 0 0 6.63

2 0.28 0.96 0.01 1.91 0 0 0 57.72

3 0.23 1.10 0.02 2.54 0 0 0 11.21

4 0.19 0.76 0.01 1.94 0.01 0 0 2.19

5 0.55 0.57 0.00 1.48 0 0 0 7.04

6 0.26 0.41 0.00 1.90 0 0 0 10.11

7 0.76 0.70 0.02 1.56 0 0 0 24.38

8 1.90 0.47 0.01 4.38 0 0 0 0.00

9 0.60 1.10 0.03 0.97 0 0 0 1466.65

10 1.06 1.48 0.06 1.67 0 0 0 104.79

11 1.68 1.98 0.34 1.95 0 0 0 0.00

12 15.02 0.06 0.02 1.90 0.02 0 0 0.00

13 5.34 0.34 0.02 2.69 0 0 0 0.00

14 0.17 1.18 0.03 3.36 0 0 0 6119.38
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Cluster Temp pH TDS EC TSS DO BOD COD

15 0.14 0.87 0.10 0.32 0 0 0 0.00

Limits 0.3 2 0.05 0.5 0.02 0.005 0.001 250

 

Water quality according to sampling periods was classi�ed into 5 clusters (Fig. 5). Cluster 1 includes April; cluster 2
includes May and June; cluster 3 includes July and August; cluster 4 includes September; and cluster 5 includes
November and December. The results show that the water quality �uctuates greatly over time in which the water quality in
the dry season months tended to be separate from the rainy season months. Pollution characteristics according to
identi�ed clusters are presented in Table 4. Cluster 1 was characterized by indicators in descending order N-NH4

+ > EC = 

TDS > Fe > BOD; cluster 2 by TDS > EC > N-NH4
+ > N-NO2

- > TSS = Pb. Cluster 3 was characterized by EC = TDS > N-NH4
+ >

Cl-. Cluster 4 was characterized by EC = TDS > Cl- > N-NH4
+ while cluster 5 was characterized by EC = TDS > N-NH4

+ > Cl-.

Table 4
Weights of water quality parameters in the identi�ed clusters

Parameters Cluster I Cluster II Cluster III Cluster IV Cluster V

Temp. 0.02 0.01 0.02 0.01 0.01

pH 0.02 0.01 0.00 0.00 0.01

TDS 0.16 0.17 0.22 0.24 0.23

TSS 0.06 0.08 0.06 0.05 0.07

EC 0.16 0.16 0.22 0.24 0.23

DO 0.02 0.01 0.01 0.01 0.02

BOD 0.09 0.05 0.05 0.04 0.07

COD 0.07 0.04 0.04 0.04 0.06

N-NH4
+ 0.19 0.15 0.14 0.13 0.15

N-NO2
- 0.02 0.09 0.04 - -

N-NO3
- 0.05 0.04 0.02 0.02 0.03

Fe 0.11 0.04 0.04 0.04 0.02

Cl- 0.02 0.07 0.13 0.17 0.12

Pb - 0.08 - - -

 

3.3. Identifying key water parameters in�uencing water quality
The principal component analysis results show that water quality in the southern region of Vietnam is affected by many
sources of pollution. In which, PC1-5 are considered the main source because it has an Eigenvalue > 1, explaining 87.3%
of the variation in water quality. Meanwhile, the sources from PC6-13 as secondary explained only 12.7% of the variation
(Table 5). The main PCs had weak correlations with the parameters of temperature, pH, TDS, EC, DO, BOD, COD, N-NH4

+, N-
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NO2
-, Fe; had moderate correlations with pH, N-NH4

+, N-NO3
-, and a good correlation with Cl-. Secondary PCs had moderate

to good correlations with all parameters except Cl- (Table 5).

The water quality indicators in the southern region are affected by many pollution sources. For example, temperature was
affected weakly by three sources (PC2,5,6), and moderately by one source (PC7). pH was affected by 3 factors at weak
level and 1 factor at medium level. EC and TDS were weakly affected by 2 factors and moderately affected by 1 factor.
DO was weakly affected by PC1, 8, 9, and moderately by PC10. BOD was affected weakly by PC1 and strongly by PC12
while COD was weakly affected by PC1, PC12 but moderately affected by PC11. TSS was weakly affected by 1 factor,
moderately affected by 3 factors (Table 5). N-NH4

+ was moderately affected by PC11 but weakly affected by PC1, PC3,

and PC12. Nitrate is moderately affected by PC3 but weakly affected by PC7 and PC9. N-NO2
- was weakly affected by 4

factors, moderately affected by 1 factor. Fe was weakly affected by PC4, PC9 and moderately affected by PC7. Cl- was
strongly affected by PC7 and weakly affected by PC7.

Table 5
Potential polluting sources and key water parameters in�uencing surface water

PCs 1 2 3 4 5 6 7 8 9 10 11 12 13

Temp -0.19 0.31 0.05 -0.23 0.44 0.40 0.55 -0.29 0.25 0.04 0.07 -0.01 0.00

pH -0.16 -0.01 0.43 0.56 -0.05 0.40 -0.07 -0.15 -0.19 -0.50 0.02 0.00 0.00

TDS -0.22 0.46 0.15 0.16 0.00 -0.42 -0.01 0.04 0.12 -0.02 0.01 0.02 0.71

EC -0.22 0.46 0.14 0.17 0.00 -0.42 -0.01 0.04 0.12 -0.02 0.01 0.02 -0.71

TSS -0.33 -0.25 0.24 0.26 0.11 0.23 -0.20 0.30 0.45 0.53 -0.13 0.04 0.00

DO 0.44 0.19 0.19 -0.06 -0.01 0.11 -0.09 0.07 0.18 -0.03 -0.05 0.82 0.00

BOD 0.43 0.23 0.12 -0.01 0.09 0.10 -0.09 0.10 0.19 -0.11 -0.68 -0.44 0.00

COD 0.32 0.05 -0.13 0.54 0.04 -0.07 0.13 -0.50 -0.18 0.53 -0.05 0.01 0.00

N-
NH4

+
0.42 0.17 0.30 -0.04 -0.04 0.11 -0.18 0.09 0.18 0.11 0.69 -0.37 0.00

N-NO2
- -0.07 0.16 -0.63 0.17 -0.21 0.21 -0.33 -0.23 0.50 -0.21 0.09 0.01 0.00

N-NO3
- -0.04 0.42 -0.27 0.14 -0.31 0.38 0.23 0.54 -0.33 0.19 0.01 0.00 0.00

Fe 0.24 -0.29 -0.18 0.40 0.18 -0.24 0.52 0.37 0.30 -0.27 0.13 -0.01 0.00

Cl- 0.02 0.11 -0.25 0.11 0.78 0.02 -0.41 0.20 -0.28 -0.05 0.09 0.04 0.00

Eigen. 4.1 2.9 1.7 1.4 1.2 0.6 0.4 0.3 0.2 0.2 0.0 0.0 0.0

%Var. 31.8 22.4 13.2 10.5 9.3 4.6 3.1 2.1 1.5 1.2 0.2 0.0 0.0

C%Var. 31.8 54.2 67.4 77.9 87.3 91.8 95.0 97.1 98.6 99.8 100.0 100.0 100.0

4. Discussion

4.1. Evaluating surface water quality in Southern Vietnam
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Temperature �uctuations are not large because water has the function of temperature regulation [1,25]. Temperature is in
the range suitable for aquatic organisms [26]. The pH in the study areas is affected by wastewater and hydrological
regime. pH in major rivers in the Mekong Delta is usually in the neutral range except for some coastal provinces where it is
tested [1,19,25,27,28]. In addition, this has resulted that EC and TDS are high in estuary areas where brackish, saline water
intrusion is possible. In addition, TDS and EC are also affected by inorganic substances present in wastewater or e�uents
discharged into receiving waters [1,4,22].

At many locations DO is very low due to the impact of wastewater containing organic compounds and N-NH4
+ [22,29].

The �uctuations of DO are due to the presence of organic matters, the presence of algae, air diffusion and pH [4,26]. The
results show that low DO while high BOD, COD, TSS revealed that surface water quality in the South of Vietnam has
organic pollution, especially in Dong Nai area, Ho Chi Minh city and Long An where there are crowd industrial parks, and
busy transport and �shing ports. Previous studies in the Mekong Delta also showed that the water was organically
polluted and had seasonal �uctuations [1,19,27,28,30,31]. N-NH4

+ is present in wastewater, domestic waste, agriculture,

industry, and land�lls [4,17,22,32]. High N-NH4
+ is found in Dong Nai, Ho Chi Minh City and Long An areas where there are

many industrial zones, and �shing ports. The �ndings show that water bodies are contaminated with nutrients, which can
potentially lead to eutrophication of water environment [33]. Nutrient pollution is a water quality issue of concern in the
Mekong Delta waters, mainly caused by wastewater from treatment systems and from agricultural production [4, 30,31].

Iron is present in the aquatic environment in the study area was predicted to be fromfrom natural sources (acid sulfate
soils) or from industrial wastewater [4, 9,17,22,34]. The presence of Fe in surface waters is a common problem in the
Mekong Delta [1,4,31]. And other heavy metals are often derived from agricultural and industrial wastewater [17,22,35,36].

The results show that water quality varies greatly according to sampling location, the most polluted locations are in Dong
Nai, Ho Chi Minh City and Long An where there are many navigation activities, industrial zones, and �shing ports. DO,
TSS, BOD, COD, N-NH4

+, Fe, EC, TDS, Cl- were seasonal �uctuations. The water quality in the southern part of Vietnam is

contaminated with organic (low DO while TSS, BOD, and COD are high), nutrients (mainly N-NH4
+) and Fe. Pb in some

locations exceeded the permissible limit. Heavy metals such as Cd and As were within the allowable limits of QCVN 08-
MT:2015/BTNMT, column A1 [7]. This result is also consistent with previous studies on water quality in the Mekong Delta
that have contaminated organic, Fe and nutrient, even microorganisms [1,4,9,19,25,27,30,31,37].

On the other hand, through the results of the WQI can be seen that the water quality from Dong Nai, Ho Chi Minh and Long
An areas is worse than that in other areas. The reason may be that this area receives wastes from socio-economic
development activities with inadequate and ineffective wastewater treatment systems [4,17,22,35]. Previous studies have
shown that water quality in Dong Thap province was classi�ed as bad to moderate; In places where water quality is
affected by agricultural production, land�lls, the water quality is bad, while in places with little impact, the water quality is
good [32]. Water quality in large rivers is better than in tributaries [28,31,39,40].

4.2 Evaluating the sampling sites and frequencies of the surface
water quality monitoring
The rersults of cluster analysis is very consistent with the calculation results of the water quality index. This has also
been reported in a previous study [28,38]. Clusters 1 to 6 have very good water quality, while clusters 7 to 14 are
characterized by poor to moderate overall water quality, cluster 15 is characterized by good overall water quality. The
results show that water quality varies greatly by sampling sites, mainly due to industrial production, agriculture,
transportation, and marine economic activities. Previous studies have shown that locations with the same water quality,
in the same water body, can be considered for reduction to save on monitoring costs [5,10,11,21]. This study proposes
that monitoring sites from clusters 1 to 6 can be considered to reduce sampling sites because of similar water quality.
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This study proposes to reduce the total number of monitoring points of cluster 1–6 by one third from 33 locations to 22
locations, reducing monitoring costs by about 19%. Or, these reduced 11 locations can be arranged in other areas to
promptly detect water quality problems from which to have timely solutions.

For the cluster according to the sampling frequency, previous studies also found similar results that water quality was
clustered by seasons [10,13,14,28,40]. The order of importance of the indicators changes with the seasons, showing that
these indicators are affected by the observational periods. Clusters with similar water quality may consider reducing the
sampling frequency. The results show that the sampling frequency could be reduced one for each Cluster II, Cluster III and
Cluster V. Thus, this study recommends monitoring frequency from 8 to 5 times/year (Apr, Jun, Aug, Sept, Nov) depending
on funding and human resources. This reduces monitoring costs by nearly 37.5%. Chounlamany et al. (2017) [10] also
proposed to reduce the frequency of sampling for monitoring surface water quality based on the results of temporal
cluster analysis.

4.3. Identifying key water parameters in�uencing water quality
In this study, the factor leading to the pH change may be due to the characteristics of wastewater and seawater [4,22]. EC,
TDS, Cl- are mainly affected by sources from saline intrusion, dissolved ions in wastewater [4,17,22]; organic substances
from the discharge processes [29]; total suspended solids from riverbank erosion, plankton [1,4,25]; nutrients from
hydrological factors, wastewater from domestic, agriculture and industry [17,22,35,36]; Fe was derived from natural and
industrial wastewater [17,22,28,31] while other heavy metals (Pb, As, Cd) were derived from industrial waste [4,17]. The
�ndings show that the parameters of temperature, pH, TDS, EC, DO, BOD, COD, N-NH4

+, N-NO2
-, Fe, Cl-, Pb need to be

monitored while Hg, As, Cd may not need or reduce the frequency of monitoring because its concentrations is always at
below the allowable level or below the detection limit. N-NO3

- may also not need to be monitored because it can be

estimated from N-NH4
+, N-NO2

- and DO. In addition, N-NO3
- is less harmful to the environment than that of N-NH4

+, N-NO2
-

in the study areas. EC and TDS have a close relationship with each other, so only one of these two indicators is selected
for monitoring. In this study, the important water quality indicators such as P-PO4

3-, TP, TN, and coliforms have not been
observed, and need to be added to the future monitoring program for a more comprehensive assessment of surface water
quality in the study area.

5. Conclusions
The results present that the water quality varies greatly according to the sampling locations, the most polluted locations
are in Dong Nai, Ho Chi Minh City and Long An where there are many navigation activities, industrial parks, and �shing
port. DO, TSS, BOD, COD, N-NH4

+, Fe, EC, TDS, Cl- have seasonal �uctuations. The water quality was contaminated with

organic (DO was low while TSS, BOD, and COD were high), nutrients (mainly N-NH4
+) and Fe. Pb at some locations

exceeded the allowable limit. Heavy metals such as Cd, Hg and As are within the allowable limits of QCVN 08-
MT:2015/BTNMT, column A1. WQI shows that water quality is classi�ed from bad to very good (WQI = 42–100), in which
good water quality is concentrated in the areas of Binh Phuoc, An Giang, Tien Giang, Ben Tre, Dong Thap provinces while
the average and bad water quality is concentrated in Dong Nai, Ho Chi Minh City, Long An. CA classi�es water into 15
clusters in which clusters 1–6 have very good water quality, cluster 15 have good water quality, while clusters 7–14 have
poor to moderate water quality. This study proposes to reduce the total number of monitoring points of cluster 1–6 by one
third from 33 locations to 22 locations, reducing monitoring costs by about 19%. Water quality according to the sampling
periods is classi�ed into 5 clusters from which it is recommended that the frequency of monitoring be reduced from 8 to 5
times per year which helps to reduce monitoring costs by nearly 37.5%. The PCA results identi�ed 5 major potential
sources explaining 87.3% and 8 minor sources explaining only 12.7% of water quality variation. The parameters of
temperature, pH, EC, DO, BOD, COD, N-NH4

+, N-NO2
-, Fe, Cl-, Pb need to be continuously monitored. P-PO4

3-, TP, TN,
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coliforms need to be added to the future monitoring program to more comprehensively assess surface water quality in the
study area. The study provides important scienti�c information that can support future surface water quality monitoring.
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Figure 1

Map of the sampling locations
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Figure 2

Characteristics of surface water quality in Southern Vietnam
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Figure 3

Distribution of WQI at the monitoring locations
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Figure 4

Clustering surface water quality by sampling locations

Figure 5

CA results according to the sampling frequency


