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ABSTRACT 
The study utilized multivariate statistics to analyze water quality data continuously measured at 
two monitoring stations in Can Tho City, Vietnam. Surface water quality is assessed using 
national technical regulations on surface water (QCVN 08:2023/BTNMT). The water quality 
difference between two monitoring stations and between months in 2023 was analyzed using the 
Independent-Sample Test and One-way ANOVA. The relationship between water quality 
indicators is analyzed using the Pearson correlation. Cluster analysis (CA) is used to group water 
quality over time and suggest monitoring frequency, while principal component analysis (PCA) is 
used to identify the number of main sources affecting the water quality monitoring parameters. 
Surface water quality classification results show that pH and NH4

+-N are in level A while TSS is in 
level B, DO is in level D, COD is in level C - D. Water quality is site and time dependent. Cluster 
analysis results show that water quality fluctuates greatly over time and the months to be 
monitored are January, March, May, July, September, November. PCA identified 2 - 3 main 
sources that have a significant impact on the parameters of salinity, pH, DO, COD, TSS, NH4

+-N. 
The current study results contribute to providing important information for designing the 
frequency of monitoring surface water quality in Can Tho city. Subsequent studies need to 
identify monitoring indicators to continue perfecting the monitoring network in the study area. 

Keywords: Multivariate statistics, water quality, continuous monitoring, Ba Lang, Cai Con, Can 
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1. INTRODUCTION 

Water quality monitoring is fundamental for 
forecasting environmental status, evaluating the 
effectiveness of environmental protection 
regulations, and assessing sustainable 
development progress [1 - 4]. In Vietnam, surface 
water monitoring networks regarding ponds, 
lakes, and rivers are established based on national 
technical regulations [2, 5, 6]. The selection of 
sampling locations typically focuses on control 
areas or zones impacted by agriculture, industry, 

urbanization and monitoring frequency is heavily 
dictated by budgetary allocations and the nature of 
specific pollution sources [2, 5, 6]. Consequently, 
the design of these monitoring systems often lacks 
a rigorous scientific basis for optimization, relying 
instead on financial constraints [2]. 

To address such inefficiencies, multivariate 
statistical techniques, including correlation 
analysis, analysis of variance (ANOVA), cluster 
analysis (CA), and principal component analysis 
(PCA), have been widely adopted globally to 
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optimize monitoring networks [7 - 12]. Correlation 
analysis evaluates relationships between indicators 
to identify and remove redundant parameters [13-
14], while ANOVA assesses spatial variation to 
support decision-making regarding monitoring 
locations [4, 15 - 18]. Furthermore, CA is utilized 
to group water quality data based on 
spatiotemporal similarities, providing a basis for 
rationalizing sampling frequency [7 - 9, 12, 19]. 
However, effective CA application requires robust, 
multi-temporal datasets [9, 10, 19 - 22]. 
Complementary to this, PCA serves to identify key 
loading factors determining which indicators 
require continuous monitoring and to apportion 
the primary sources influencing water quality [7 - 
10, 19]. 

Despite the proven utility of these statistical 
methods, the design of surface water quality 
monitoring systems in Vietnam remains 
predominantly based on impact sources and 
funding, with limited application of multivariate 
analysis for network optimization [2]. Therefore, 
this study aims to analyze continuous automatic 
surface water quality monitoring data in Can Tho 
City using multivariate statistics. The findings 
provide a comprehensive assessment of current 
water quality and pollution sources, serving as a 
scientific basis to propose a redesigned, cost-
effective monitoring frequency that contributes to 
perfecting the surface water monitoring network 
in the study area. 

2. MATERIALS AND METHODS 

Table 1. Summary of the amount of data collected from continuous automatic monitoring stations 
Parameters pH Salinity DO TSS COD NH4

+-N 
Ba Lang station       

Number of full data 96,192 96,192 96,192 96,192 96,192 96,192 
The number of received data 90,720 91,296 90,432 91,584 89,568 80,064 

The number of valid data 82,080 81,216 73,728 77,184 79,200 71,424 
Cai Con station       

Number of full data 96,192 96,192 96,192 96,192 96,192 96,192 
The number of received data 86,400 91,296 78,048 80,640 80,352 34,848 

The number of valid data 77,760 82,080 69,408 69,120 68,832 17,568 

 
Figure 1. Map of Ba Lang and Cai Con surface water quality monitoring stations 

The study was conducted at two automatic 
monitoring stations in Can Tho city: Ba Lang, 
representing industrial impacts, and Cai Con, 
representing urban impacts [23]. Surface water 

quality data, including pH, salinity, DO, TSS, COD, 
and NH4

+-N, were collected daily from January to 
November 2023 [23]. Analytical instruments 
included Datalink (France) sensors for salinity, 
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TSS, and DO, and LAR (Germany) analyzers for 
COD and NH4

+-N. 

Water quality was assessed according to the 
national technical regulation QCVN 
08:2023/BTNMT [6]. Statistical analyses 
employed Pearson correlation to examine 
relationships between parameters, while 
Independent-Sample T-Test and One-way ANOVA 
evaluated spatiotemporal variations. Multivariate 
techniques, specifically Cluster Analysis (CA) and 
Principal Component Analysis (PCA), were 
utilized to group water quality temporal 
fluctuations and identify potential pollution 
sources. All statistical data processing was 
performed using SPSS (Version 20) [24] and 
Primer (Version 5) [25]. 

3. RESULTS AND DISCUSSION 

3.1. Evaluating surface water quality 

 
Figure 2. Salinity changes in the study area 

Salinity concentrations at Ba Lang and Cai 
Con stations ranged from 0.10 - 0.20 g/kg and 0.09 
- 0.19 g/kg, respectively. Peak values occurred 
from April to July at Ba Lang, and in February, 
July, and August at Cai Con. Statistical analysis 
revealed Ba Lang had significantly higher salinity 
during April—July (p < 0.05), whereas Cai Con was 
higher in February and August. Generally, salinity 
levels remained low and posed no significant 
impact on aquatic life [5, 6]. 

The pH at Ba Lang ranged from 6.83 ± 0.04 to 
7.61 ± 0.34 (slightly acidic to neutral), while Cai 
Con varied from neutral to slightly alkaline. 
Temporal analysis indicated lowest values in 
January for both stations, with peaks occurring in 
July/October at Ba Lang and October/November 

at Cai Con. All recorded values fell within the 
QCVN 08:2023/BTNMT [6] allowable limits 
(Level A), suitable for aquatic development. These 
results align with previous findings of neutral pH 
ranges in the Mekong Delta [16, 26 - 30]. 

 
Figure 3. pH changes in the study area 

TSS concentrations at Ba Lang (23 ± 9.2 - 40.2 
± 19.3 mg/L) and Cai Con (22.6 ± 7.2 - 38.8 ± 19.3 
mg/L) consistently exceeded QCVN 
08:2023/BTNMT limits by 1 - 1.6 times, classifying 
water quality as Level B [6]. Temporal peaks 
occurred in June and November at Ba Lang, and 
January and August at Cai Con. Spatially, Ba Lang 
exhibited significantly higher TSS (p < 0.05) in 
June, October, and November, whereas Cai Con 
was higher in January, July, and September. These 
elevated values, consistent with previous studies 
[15, 26, 31 - 35], are attributed to erosion, runoff, 
and phytoplankton [7, 26, 31, 35 - 37], negatively 
impacting aquatic ecosystems and treatment 
efficiency [26, 31, 37]. 

 
Figure 4. TSS changes in the study area 

Dissolved oxygen (DO) concentrations at Ba 
Lang (1.4 ± 0.4 - 2.2 ± 0.3 mg/L) were significantly 
lower than at Cai Con (2.3 ± 0.3 - 3.2 ± 0.4 mg/L). 
Despite this spatial variation, both stations were 
classified as Level D2. These values are notably 
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lower than previous regional findings in An Giang 
[33], Can Tho [17], Ca Mau [30], and the Tien and 
Hau Rivers [27, 32], confirming a widespread 
trend of DO deficiency in the Mekong Delta. Low 
DO levels are attributed to organic loading [21, 
31], hydrological disturbances [7], phytoplankton 
dynamics [35], and biological respiration [5]. 
Consequently, the observed hypoxia restricts 
water utility primarily to navigation purposes and 
poses significant risks to aquatic ecosystems.  

 
Figure 5. DO changes in the study areas 

 
Figure 6. COD changes in the study areas 
Organic matter concentrations (COD) at Ba 

Lang (14.9 ± 3.3 - 24.6 ± 4 mg/L) and Cai Con 
(12.6 ± 1.1 - 26.2 ± 7.8 mg/L) frequently exceeded 
the QCVN 08:2023/BTNMT Level C limit (20 
mg/L), ranking water quality from poor (Level C) 
to very poor (Level D). Spatial variations were 
observed, with Cai Con generally exhibiting 
higher peaks during early months (January-
February), while Ba Lang showed elevated levels 
in transition periods. These findings corroborate 
previous reports of widespread organic pollution 
across the Mekong Delta [17, 30, 32, 34]. Such 
contamination poses serious public health risks 
due to the potential formation of harmful 
disinfection by-products during water treatment. 

NH4
+-N concentrations at Ba Lang and Cai 

Con stations ranged from 0.02 ± 0.02 - 0.12 ± 0.06 

mg/L and 0.12 ± 0.01 - 0.17 ± 0.01 mg/L, 
respectively (Figure 7). NH4

+-N concentrations at 
both monitoring stations tend to be higher in the 
dry season (Jan - Apr). The measurement results 
of NH4

+-N values at Cai Con station in February, 
March, April were significantly higher than the 
NH4

+-N values at Ba Lang station. All NH4
+-N 

values measured at two stations, Ba Lang and Cai 
Con are within the allowable limit of QCVN 
08:2023/BTNMT [6] (0.3 mg/L) for human 
health. Previous studies also showed that the 
NH4

+-N value in water sometimes exceeds the 
allowable limit [16, 26, 37]. The origin of NH4

+-N in 
water is due to the influence of wastewater 
(domestic and industrial), the use of fertilizers in 
agricultural cultivation, and the process of 
decomposition of organic matter [7 - 9].  

 
Figure 7. NH4

+-N changes in the study area 
3.2. Correlation among surface water parameters 
The correlation between water quality 

assessment indicators during the period from 
January to November of 2023 at Ba Lang station is 
presented in Table 2. Research results show that 
salinity has a positive correlation at an average level 
with pH. Salinity has a weak negative correlation 
with NH4

+-N. Salinity, COD, TSS and DO were not 
correlated (Table 2). The pH has a moderate 
negative correlation with NH4

+-N and a weak 
negative correlation with dissolved oxygen. 
Previous research also found a negative correlation 
between pH and NH4

+-N because an increase in 
NH4

+-N concentration leads to a decrease in pH 
value [13]. The conversion of NH4

+-N into nitrate 
also consumes oxygen, making NH4

+-N and DO 
negatively correlate [8, 9, 13, 21]. NH4

+-N has a very 
weak correlation with COD. Analysis results show a 
weak correlation of COD with TSS (r=0.207) and 
with DO (-0.241) (Table 2). Overall, the research 
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results show that the correlation between observed 
indicators is only weak to moderate. Previous 
research showed that surface water quality 

indicators had weak correlations except for ions 
dissolved in water [13, 20]. 

Table 2. Relationship between observed water quality parameters at the Ba Lang station 
Parameter Sal pH NH4

+-N COD TSS DO 
r 1 0.317** -0.244** -0.078 0.010 -0.003 

Sig  0.000 0.000 0.178 0.874 0.957 Sal 
N 316 302 252 300 238 251 
r 0.317** 1 -0.410** 0.061 0.006 -0.233** 

Sig 0.000  0.000 0.287 0.925 0.000 pH 
N 302 313 258 310 247 262 
r -0.244** -0.410** 1 0.134* -0.018 0.018 

Sig 0.000 0.000  0.032 0.803 0.792 NH4
+-N 

N 252 258 258 255 202 223 
r -0.078 0.061 0.134* 1 0.207** -0.241** 

Sig 0.178 0.287 0.032  0.001 0.000 COD 
N 300 310 255 311 245 259 
r 0.010 0.006 -0.018 0.207** 1 -0.068 

Sig 0.874 0.925 0.803 0.001  0.327 TSS 
N 238 247 202 245 249 208 
r -0.003 -0.233** 0.018 -0.241** -0.068 1 

Sig 0.957 0.000 0.792 0.000 0.327  DO 
N 251 262 223 259 208 262 

**. Correlation is significant at the 0.01 level (2-tailed).  
*. Correlation is significant at the 0.05 level (2-tailed). 
Correlation analysis at Cai Con (Table 3) 

revealed distinct patterns compared to Ba Lang. 
While salinity showed weak associations with 
other parameters, pH exhibited a strong positive 
correlation with NH4

+-N. Notably, NH4
+-N 

displayed a significant negative correlation with 
COD (r = -0.611), a sharp contrast to the negligible 
relationship observed at Ba Lang. Other 

interactions, such as COD vs. TSS, remained 
weak. These inconsistent correlations align with 
previous findings [13, 20], suggesting that site-
specific environmental drivers heavily influence 
hydro-chemical dynamics, thereby limiting the 
predictive power of simple correlation matrices in 
complex surface water systems. 

Table 3. Relationship between observed water quality parameters at the Ba Lang station 
Parameter Sal pH NH4

+-N COD TSS DO 
r 1 -0.190** -0.076 0.236** 0.123 -0.152* 

Sig  0.002 0.409 0.000 0.051 0.020 Sal 
N 301 267 120 250 253 234 
r -0.190** 1 0.837** -0.036 -0.180** -0.048 

Sig 0.002  0.000 0.557 0.004 0.444 pH 
N 267 300 108 269 258 252 
r -0.076 0.837** 1 -0.611** -0.267** -0.204* 

Sig 0.409 0.000  0.000 0.004 0.037 NH4
+-N 

N 120 108 120 114 114 104 
COD r 0.236** -0.036 -0.611** 1 0.203** -0.108 
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Sig 0.000 0.557 0.000  0.001 0.098 
N 250 269 114 279 246 234 
r 0.123 -0.180** -0.267** 0.203** 1 -0.046 

Sig 0.051 0.004 0.004 0.001  0.476 TSS 
N 253 258 114 246 276 238 
r -0.152* -0.048 -0.204* -0.108 -0.046 1 

Sig 0.020 0.444 0.037 0.098 0.476  DO 
N 234 252 104 234 238 265 

**. Correlation is significant at the 0.01 level (2-tailed).  
*. Correlation is significant at the 0.05 level (2-tailed). 
3.3. Analysis of temporal variation of surface 

water quality 
Cluster analysis of monthly mean values at 

Ba Lang station revealed significant temporal 
fluctuations, categorizing parameters into 2 to 3 
distinct groups (Table 4). These clusters reflect 
specific hydrological regimes, such as salinity 
intrusion periods and varying concentration 
gradients for pH, NH4

+-N, COD, TSS and DO. For 

instance, salinity groupings clearly differentiated 
between intrusion and non-intrusion months. The 
formation of distinct temporal clusters confirms 
that surface water quality in the study area is 
highly dynamic and time-dependent. These 
results align with previous findings on the 
temporal variability of surface water 
environments [8, 9, 13, 21, 27, 28, 33]. 

Table 4. Temporal variation of water quality parameters at Ba Lang station 

Parameters Number of 
clusters 

Cluster 1 Cluster 2 Cluster 3 

Sal 2 
Jan, Feb, Mar, Aug, 

Sept, Oct, Nov 
Apr, May, Jun, 

Jul None 

pH 3 Jan, Feb Jul, Oct Mar, Apr, May, Jun, Aug, Sept, Nov 
NH4

+-N 3 Jan, Feb Aug, Oct Mar, Apr, May, Jun, Jul, Sept, Nov 

COD 3 Mar Jan, Jun, Aug, 
Nov 

Feb, Apr, May, Jul, Sept, Oct 

TSS 3 
Feb, Mar, Apr, 
May, Jul, Sept 

Jan Jun, Aug, Oct, Nov 

DO 3 Jan, Mar, May, Jun Oct Feb, Apr, Jul, Aug, Sept, Nov 

 
Figure 8. Clustering surface water quality  

at the Ba Lang station 
Cluster Analysis (CA) categorized the 11 

monitoring months at Ba Lang into four distinct 
temporal groups (Figure 8), reflecting seasonal 
water quality variations. Applying the principle of 
reducing sampling redundancy within similar 

clusters, specific representative months were 
selected: January, March, May, July, September, 
and November. Consequently, the monitoring 
frequency can be scientifically reduced from 11 to 
6 times per year. This optimization maintains data 
representativeness while offering a significant 
solution for environmental monitoring in Vietnam 
under budgetary constraints. 

Variations over time in the average (monthly) 
values of water quality indicators at Cai Con station 
are presented in Table 5. Variations over time of 
each indicator are classified into 2 to 4 groups in 
period from January to November. Salinity is 
classified into 3 groups, in which the highest salinity 
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value is found in group 1, the lowest value is found in 
group 3, while group 2 has an intermediate value 
between group 1 and group 3 (Table 5). pH values 
are classified into 4 groups in ascending order: 
Group 3 < group 4 < group 2 < group 1. COD is 
divided into 2 groups in which group 1 includes 
months with higher COD values than COD during 
the months in group 2. TSS has increasing values in 
the groups in the order group 3 < group 2 < group 1. 

DO fluctuates greatly and is divided into 4 groups 
with the order group 1 < group 2 < group 4 < group 3. 
Thus, water quality indicators at Cai Con station, 
especially pH and DO, are subject to greater 
fluctuations over time than indicators at Ba Lang 
station. The research results show that water quality 
indicators at Cai Con station also fluctuate over time 
and this is also consistent with the results of previous 
studies in the Mekong Delta region [27, 35]. 

Table 5. Temporal variation of water quality parameters at Cai Con station 

Parameters Number of 
clusters Cluster 1 Cluster 2 Cluster 3 Cluster 4 

Sal 3 Aug Feb, Jul 
Jan, Mar, Apr, 

May, Jun, 
Sept, Oct, Nov 

None 

pH 4 Oct Sept, Nov Jan Feb, Mar, Apr, 
May, Jun, Jul, Aug 

COD 2 
Jan, Feb, May, 
Jul, Aug, Sept, 

Oct 

Mar, Apr, 
Jun, Nov None None 

TSS 3 Jan, Jul, Aug, 
Sept Jun, Oct, Nov Feb, Mar, Apr, 

May None 

DO 4 Feb, Sept Apr, May, 
Oct, Nov Jan, Jul Mar, Jun, Aug 

 
Figure 9. Clustering surface water quality  

at the Ba Lang station 

Cluster analysis classified the Cai Con dataset 
into six distinct temporal groups (Figure 9). By 
selecting one representative month per cluster to 
minimize redundancy, the optimal monitoring 
schedule was identified as January, March, May, 
July, September, and November. This temporal 
pattern mirrors the results obtained for Ba Lang 
station. Consequently, the study proposes a unified 

monitoring frequency of six times per year for both 
stations. This optimized schedule maintains data 
representativeness regarding seasonal fluctuations 
while significantly reducing sampling efforts 
compared to the original monthly regime.  

3.4. Potential polluting sources and key 
variables 

Principal Component Analysis (PCA) at Ba Lang 
extracted three primary components (PC1—PC3) 
accounting for 85.2% of the total variance. PC1 was 
characterized by significant loadings of pH, NH4

+-N, 
TSS, and DO. PC2 was associated with Salinity, 
NH4

+-N, COD, and TSS, while PC3 was driven by 
Salinity, TSS, and DO. The results highlight the 
multi-source nature of water quality variations, 
particularly for TSS, which is influenced by all three 
components, whereas Salinity, DO, and NH4

+-N are 
governed by dual underlying factors.  

Table 6. Sources and variables influencing surface water quality at Ba Lang station 
Parameter/PC PC1 PC2 PC3 PC4 PC5 

Sal -0.189 0.478 0.459 -0.668 -0.023 
pH -0.607 0.233 -0.148 -0.025 0.462 

NH4
+-N 0.424 -0.406 -0.146 -0.580 0.532 
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COD -0.294 -0.569 0.271 -0.286 -0.528 
TSS -0.396 -0.459 0.402 0.240 0.443 
DO 0.416 0.132 0.715 0.278 0.170 

Eigenvalue 2.20 1.89 1.03 0.61 0.24 
%var 36.6 31.5 17.1 10.1 4.0 

Cum.%var 36.6 68.1 85.2 95.3 99.3 
PCA analysis at Cai Con identified two primary 

components (PC1, PC2) explaining 67.6% of the total 
variance, with three secondary components 
contributing an additional 32.5%. PC1 showed strong 
associations between Salinity, COD, TSS, DO, and 
pH, while PC2 was primarily driven by DO, pH, and 
COD. Notably, secondary sources (PC3—PC5) 

exhibited strong correlations with individual 
parameters such us Salinity, pH, and TSS. The 
results indicate that monitored parameters are 
influenced by multiple pollution sources (2 to 4 
factors), implying a complex interplay of 
environmental pressures that necessitates targeted 
investigation for effective management. 

Table 7. Sources and variables influencing surface water quality at Cai Con station 

Parameter/PC PC1 PC2 PC3 PC4 PC5 
Sal 0.427 0.057 0.835 0.338 -0.057 
pH -0.490 -0.362 0.007 0.719 0.335 

COD 0.351 -0.691 -0.234 0.157 -0.566 
TSS 0.582 -0.261 -0.198 -0.077 0.740 
DO 0.340 0.566 -0.457 0.582 -0.129 

Eigenvalue 2.14 1.23 0.78 0.56 0.29 
%var 42.9 24.7 15.5 11.3 5.7 

Cum.%var 42.9 67.5 83.0 94.3 100 
PCA analysis results show that at monitoring 

stations, water quality is affected by 2 to 3 main 
sources. The indicators of salinity, pH, DO, COD, 
TSS and NH4

+-N all have a major influence on 
water quality. These indicators are affected by 1 to 
2 sources of pollution. Therefore, these indicators 
need to continue to be monitored in the future. 

4. CONCLUSIONS 
The assessment of surface water quality at Ba 

Lang and Cai Con stations revealed distinct 
compliance and contamination patterns. While 
Salinity, NH4

+-N, and pH remained within QCVN 
08:2023/BTNMT limits (Level A), significant 
organic and particulate pollution was evident, with 
TSS classified at Level B, and COD and DO falling 
to Levels C and D. Spatiotemporal analysis 
indicated high heterogeneity, with Cluster 
Analysis (CA) differentiating 2 - 3 temporal groups 
at Ba Lang and 2 - 4 at Cai Con. Correlation 
analysis generally showed weak to moderate 
associations between parameters. Principal 

Component Analysis (PCA) identified complex 
pollution dynamics, extracting three and two 
primary sources driving water quality variations at 
Ba Lang and Cai Con, respectively.Crucially, the 
study demonstrates that monitoring frequency can 
be scientifically optimized from 11 to 6 times per 
year (January, March, May, July, September, and 
November) without compromising data 
representativeness. This proposed methodology 
provides a cost-effective framework highly 
applicable to other riverine systems in the Mekong 
Delta facing budgetary constraints.  

REFERENCES 

1. Simeonov, V., Stratis, J. A., Samara, C., 
Zachariadis, G., Voutsa, D., Anthemidis, A., 
Sofoniou, M. & Kouimtzis, T. (2003). Assessment 
of the surface water quality in Northern Greece. 
Water research, 37(17), 4119 - 4124.  

2. The National Assembly (2020). Law No. 
72/2020/QH14 dated November 17, 2020 on 



SCIENCE AND TECHNOLOGY 

AGRICULTURE AND Environment - december 2025/volume 4 number 9 99 

Environmental Protection. The National Assembly, 
Vietnam.  

3. Yang, J., Li, J., Vliet, M. T. H. V., Jones, E. 
R., Huang, Z., Liu, M. & Bi, J. (2024). Economic 
risks hidden in local water pollution and global 
markets: A retrospective analysis (1995 - 2010) and 
future perspectives on sustainable development 
goal 6. Water research, 252, 121216.  

4. Wang, Y. B., Junaid, M., Deng, J. Y., Tang, 
Q. P., Luo, L., Xie, Z. Y. & Pei, D. S. (2024). Effects 
of land-use patterns on seasonal water quality at 
multiple spatial scales in the Jialing River, 
Chongqing, China. Catena, 234, 107646. 

5. Ministry of Environment and Natural 
Resources (MONRE). National Technical 
Regulation on Surface Water Quality (QCVN 08-
MT/BTNMT); Ministry of Environment and 
Natural Resources: Hanoi, Vietnam, 2015. 

6. Ministry of Environment and Natural 
Resources (MONRE). National Technical 
Regulation on Surface Water Quality (QCVN 08: 
2023/BTNMT); Ministry of Environment and 
Natural Resources: Hanoi, Vietnam, 2023. 

7. Chounlamany, V., Tanchuling, M. A. & 
Inoue, T. (2017). Spatial and temporal variation of 
water quality of a segment of Marikina River using 
multivariate statistical methods. Water Science 
Technology, 76(6), 1510 - 1522. 

8. Zeinalzadeh, K. & Rezaei, E. (2017). 
Determining spatial and temporal changes of 
surface water quality using principal component 
analysis. Journal of Hydrology: Regional Studies, 
13, 1 - 10. 

9. Islam, M. S., Nakagawa, K., Abdullah-Al-
Mamun, M., Khan, A. S., Goni, M. A. & 
Berndtsson, R. (2022). Spatial distribution and 
source identification of water quality parameters of 
an industrial seaport riverbank area in 
Bangladesh. Water, 14(9), 1356. 

10. Balcerowska-Czerniak, G. & Gorczyca, B. 
(2024). Rapid assessment of surface water quality 
using statistical multivariate analysis approach: 
Oder River system case study. Science of the Total 
Environment, 912, 168754. 

11. Amador-Castro, F., González-López, M. E., 
Lopez-Gonzalez, G., Garcia-Gonzalez, A., Díaz-
Torres, O., Carbajal-Espinosa, O. & Gradilla-

Hernández, M. S. (2024). Internet of Things and 
citizen science as alternative water quality 
monitoring approaches and the importance of 
effective water quality communication. Journal of 
Environmental Management, 352, 119959.  

12. Wieczorek, K., Turek, A., Szczesio, M. & 
Wolf, W. M. (2024). A holistic approach to the 
spatio-temporal variability investigation of the 
main river water quality—The importance of 
tributaries. Science of the Total Environment, 906, 
167588. 

13. Mitryasova, O., Pohrebennyk, V., Cygnar, 
M. & Sopilnyak, I. (2016). Environmental natural 
water quality assessment by method of correlation 
analysis. International Multidisciplinary Scientific 
GeoConference: SGEM, 2, 317 — 324. 

14. Siwiec, T., Reczek, L., Michel, M. M., Gut, 
B., Hawer-Strojek, P., Czajkowska, J., 
Jóźwiakowski, K., Gajewska, M. & Bugajski, P. 
(2018). Correlations between organic pollution 
indicators in municipal wastewater. Archives of 
Environmental Protection, 44(4), 50 - 57. 

15. Son C. T., Giang N. T. H., Thao T. P., Nui, 
N. H., Lam N. T. & Cong V. H. (2020). Assessment 
of Cau River water quality assessment using a 
combination of water quality and pollution indices. 
Journal of Water Supply: Research and 
Technology, 69, 160-172. 

16. Giao, N. T. (2020). Spatial variations of 
surface water quality in Hau Giang province, 
Vietnam using multivariate statistical techniques. 
Environment Natural Resources Journal, 18(4), 
400 - 410. 

17. Giao, N. T., Nhien, H. T. H., Anh, P. K. & 
Thuptimdang, P. (2022). Combination of water 
quality, pollution indices, and multivariate statistical 
techniques for evaluating the surface water quality 
variation in Can Tho city, Vietnam. Environmental 
Monitoring Assessment, 194(11), 844. 

18. Sanae, B., Mohammed, B. A., Nisrine, I., 
Youness, G., Nariman, O., Azeddin, E. B., 
Mustapha, T., Hanane, T. & Zakia, R. (2024). 
Assessment of surface water quality: Case study of 
Oued Fez catchment areas (Morocco). 
Environmental Sustainability Indicators, 21, 
100326. 



SCIENCE AND TECHNOLOGY 

AGRICULTURE AND Environment - december 2025/volume 4 number 9 100 

19. Syeed, M. M. M., Hossain, M. S., Karim, 
M. R., Uddin, M. F., Hasan, M. & Khan, R. H. 
(2023). Surface water quality profiling using the 
water quality index, pollution index and statistical 
methods: A critical review. Environmental 
Sustainability Indicators, 18, 100247. 

20. Noori, R., Sabahi, M. S., Karbassi, A. R., 
Baghvand, A. & Zadeh, H. T. (2010). Multivariate 
statistical analysis of surface water quality based 
on correlations and variations in the data set. 
Desalination, 260(1-3), 129 - 136. 

21. Barakat A., Baghdadi, M. E., Rais, J., 
Aghezzaf, B. & Slassi, M. (2016). Assessment of 
spatial and seasonal water quality variation of Oum 
Er Rbia River (Morocco) using multivariate 
statistical techniques. International Soil and Water 
Conservation Research, 4(4), 284 - 292. 

22. Kushwah, V. K., Singh, K. R., Gupta, N., 
Berwal, P., Alfaisal, F. M., Khan, M. A., Alam, 
S., & Qamar, O. (2023). Assessment of the 
surface water quality of the Gomti River, India, 
using multivariate statistical methods. Water, 
15(20), 3575. 

23. Department of Natural Resources and 
Environment of Hau Giang province (2023). 
Environmental monitoring report, 50 pages. 

24. IBM Corp. Released 2011. (2011). IBM 
SPSS Statistics for Windows, Version 20.0. 
Armonk, NY: IBM Corp. 

25. Primer-E Ltd 2001. (2001). Primer V5: 
User Manual/Tutorial, Plymouth routines in 
multivariate ecological research.  

26. Mekong River Commission (MRC). 
(2015). Lower Mekong regional water quality 
monitoring report. ISSN: 1683 - 1489. MRC 
Technical Paper No.51. 

27. Giao, N. T. & Minh, V. Q. (2021). 
Evaluating surface water quality and water 
monitoring parameters in the Tien River, 
Vietnamese Mekong Delta. Jurnal Teknologi, 
83(3), 29 - 36. 

28. Giao, N. T., Nhien, H. T. H., Anh, P. K. & 
Ni, D. V. (2021). Classification of water quality in 
low lying area in Vietnamese Mekong Delta Using 

set pair analysis method and Vietnamese water 
quality index. Environmental Monitoring and 
Assessment, 193(6), 1 - 16. 

29. Giao, N. T. & Nhien, H. T. H. (2022). 
Assessment of surface water quality and 
monitoring in southern Vietnam using 
multicriteria statistical approaches. Sustainable 
Environment Research, 32(1), 20. 

30. Giao, N. T. (2022). Analysis of Surface 
Water Quality using Multivariate Statistical 
Approaches: A case study in Ca Mau Peninsula, 
Vietnam. Pollution, 8(2), 463 - 477. 

31. Chea, R., Grenouillet, G. & Lek, S. (2016). 
Evidence of water quality degradation in lower 
Mekong basin revealed by self-organizing map. 
PloS one, 11(1). 

32. Lien, N. T. K., Huy, L. Q., Oanh, D. T. H., 
Phu, T. Q. & Ut, V. N. (2016). Water quality in 
mainstream and tributaries of Hau River. Can Tho 
University Journal of Science, 43, 68 - 79. 

33. Ly, N. H. T. & Giao, N. T. (2018). Surface 
water quality in canals in An Giang province, Viet 
Nam, from 2009 to 2016. Journal of Vietnamese 
Environment, 10(2), 113 - 119. 

34. Tuan, D. D. A., Thu, B. A., & Trung, N. H. 
(2019). Assessing quality of surface water for 
urban water supply source for Soc Trang city. 
Journal of Can Tho university, 4A, 61 - 70. 

35. Giao, N. T. & Nhien, H. T. H. (2023). 
Evaluating surface water quality using indexes of 
water quality and plankton diversity. Civil 
Engineering Journal, 9(5), 1187 - 1202. 

36. Prathumratana, L., Sthiannopkao, S. & 
Kim, K. W. (2008). The relationship of climatic and 
hydrological parameters to surface water quality in 
the lower Mekong River. Environment 
international, 34(6), 860 - 866. 

37. Ongley. E.D. (2009). Chapter 12: Water 
Quality of the Lower Mekong River. In: Campbell, 
I.C. (ed.): The Mekong: Biophysical Environment 
of an International.  


