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Abstract 
 

The study aimed to evaluate the surface water quality of the Tien 

River and identify water quality parameters to be monitored using the 

water quality monitoring data in the period of 2011 - 2019. The water 

samples were collected at five locations from Tan Chau to Cho Moi 

districts, An Giang province for three times per year (i.e., in March, 

June, and September). Water quality parameters included 

temperature (oC), pH, dissolved oxygen (DO), total suspended solids 

(TSS), nitrate (NO3
--N), orthophosphate (PO4

3--P), biological oxygen 

demand (BOD), and coliforms. These parameter results were 

compared with the national technical regulation on surface water 

quality QCVN 08-MT: 2015/BTNMT, column A1. Principal component 

analysis (PCA) was used to identify the sources of pollution and the 

main factors affecting water quality. The results of this study showed 

that DO concentration was lower and TSS, BOD, PO4
3--P, coliforms 

concentrations in the Tien river exceeded QCVN 08-MT: 2015/BTNMT, 

column A1. pH, temperature, and NO3
--N values were in accordance 

with the permitted regulation. The water monitoring parameters were 

seasonally fluctuated. DO, BOD, TSS, and coliforms concentrations 

were higher in the rainy season whereas NO3
--N and PO4

3--P were 

higher in the dry season. The PCA results illustrated that pH, TSS, DO, 

BOD, PO4
3--P and coliforms should be included in the monitoring 

program. Other indicators such as temperature and NO3
--N could be 

considered excluded from the program to save costs. Five pollution 

sources to the water environment in the Tien River were identified, so 

further studies need to indicate specific pollution sources to have an 

appropriate treatment solution. 

 

Keywords: Coliforms, organic pollution, principal component 
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1.0 INTRODUCTION 
 

The Tien River is the downstream tributary to the left of 

the Mekong River, flowing from Cambodia to many 

provinces in the Vietnamese Mekong Delta (e.g., An 

Giang (in Tan Chau district), Dong Thap, Tien Giang, 

Vinh Long, Tra Vinh and Ben Tre provinces) and then 

into the South China Sea [1]. The Tien River has over 

234 km in total official length, plays an important role in 

the socio-economic development strategy of the 
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delta [2]. Specially, the river transports silt and nutrients 

to replenish the fertility of arable land and 

simultaneously cleans out the pollutants every year [2]. 

Water is an essential component for life, a change in 

water quality can affect the water supply for local 

socio-economic development activities. Therefore, 

water quality monitoring has an important task to 

ensure the effective management of water resources. 

Nowadays, the water monitoring program is 

institutionalized by countries around the world. In the 

same strategy, many programs have been 

implemented in all-important water bodies in Vietnam 

[3]. In the Vietnamese Mekong Delta, many monitoring 

points were built and located along the Tien River from 

the upstream in An Giang province to flowing into the 

sea. However, the selection of monitoring indicators 

that has not been conducted by any scientific analysis 

method mostly based on the activities of the people 

on both sides of the Tien River. 

Principal component analysis (PCA) is a 

multivariate analysis technique used to assess 

fluctuations in water quality, identify pollution sources, 

and figure out significant criteria affecting the water 

quality [4, 5]. For instance, using 12 surface water 

quality parameters (e.g., pH, electrical conductivity 

(EC), total dissolved solids (TDS), total suspended solids 

(TSS), turbidity, dissolved oxygen (DO), chemical 

oxygen demand (COD), biochemical oxygen 

demand (BOD), chloride (Cl-), nitrate (NO3
--N), sulfate 

(SO4
2-), orthophosphate (PO4

3--P) in the Markina River 

in Philippines, the results of PCA analysis showed that 

surface water quality monitoring required only nine 

parameters (e.g., TDS, Cl-, DO, COD, BOD and PO4
3--P) 

[4]. Cho et al. (2009) [6] studied seasonal changes in 

the water quality on the Yeongsan Lake (in South 

Korea) for continuous five years including 18 

monitoring parameters (e.g., temperature, pH, DO, 

COD, BOD, SS, TC, TN, TP, SD, Chlorophyll-a, EC, NO3
--N, 

NH4
+-N, FIB, PO4

3--P, DTN and DTP). The PCA results 

identified the five most important components 

corresponding to the five sources’ impact on the 

water quality such as hydrometeorology, nitrogen 

loading, phosphorus loading, chlorophyll-a and FIB. Ky 

and Lam (2014) [7] applied PCA to assess the water 

quality in the Nhu Y River, Thua Thien Hue province. 

Water samples were collected at five sampling stations 

with six parameters such as temperature, DO, BOD, 

COD, NO3
--N and PO4

3--P. The PCA results showed 

there were two main components that had affected 

changes in the water quality including Group 1 

(temperature, DO, BOD and COD) and Group 2 (NO3
--

N and PO4
3--P). The parameters in these two groups 

were proposed to be comprised in the surface water 

monitoring program. 

Several previous studies have proven that PCA is a 

very useful tool to support the decision-making process 

in identifying pollution sources and figuring out 

necessary monitoring criteria. This study was 

conducted to assess changes in the water quality in 

the Tien River in An Giang province and to evaluate 

the monitoring criteria of surface water quality using 

PCA technique from 2011 to 2019. The research results 

would provide important information of the surface 

water quality progress in the Tien River and identify 

necessary water monitoring parameters. 

 

 

2.0 METHODOLOGY 
 

2.1 Data Collection 

 

The surface water quality data was collected in the 

period of 2011 – 2019 and three times per year (e.g., 

March, June, and September). There were five 

sampling points (denoted in order of TR1 to TR5) 

located from Tan Chau to Cho Moi districts. The eight 

water quality monitoring parameters were determined 

including temperature (oC), pH, dissolved oxygen (DO, 

mg/L), total suspended solids (TSS, mg/L), nitrate (NO3
--

N, mg/L), orthophosphate (PO4
3--P, mg/L), biological 

oxygen demand (BOD, mg/L), and coliforms 

(MPN/100mL). Especially, the parameters such as 

temperature, pH, DO were directly measured onsite 

(ADWA AD12 pH (made by Romania); DO 7031 DO 

meters (made by GONDO)). The remaining indicators 

were properly preserved and analyzed at the 

laboratory of the Center for Natural Resources and 

Environment Monitoring An Giang province using 

standard methods (APHA, 1998) [8]. 

 
Table 1 Description of the water monitoring locations in the 

Tien River in the period of 2011-2019 

 

Sig. 
Coordi

nate 
Location Properties Reason 

TR1 

10048’1

7.4”N 

105013’

45.3”E 

Long Thị D 

hamlet, Tan 

Chau town, 

Tan Chau 

district 

The beginning 

section of Cai 

Vung and Tien 

Rivers 

To control water 

quality in the Tien 

river 

TR2 

10043’8

.6”N 

105020’

45.4”E 

Phu Hiep 

hamlet, Cho 

Vam town, 

Phu Tan 

district 

The end 

section of Cai 

Vung and Tien 

Rivers 

To control water 

quality in the Tien 

river, where the 

confluence of Cai 

Vung and Tien 

Rivers 

TR3 

10034’2

9.4”N 

105022’

0.8”E 

Trung hamlet, 

Tan Trung 

commune, 

Phu Tan 

district 

The 

confluence of 

Vam Nao and 

Tien Rivers 

To control water 

quality in the Tien 

river, where the 

confluence of 

Vam Nao and 

Tien Rivers 

TR4 

10033’9

.6”N 

105026’

35.3”E 

Long Hoa 1 

hamlet, Long 

Dien A 

commune, 

Cho Moi 

district 

Tien River 

junction 

To control water 

quality in the Tien 

river, where the 

confluence of the 

Tien River section 

and the Gieng 

Islet 

TR5 

10025’5

7.8”N 

105034’

18.6”E 

Binh Tan 

hamlet, Tan 

My commune, 

Cho Moi 

district 

Gieng islet 

To control water 

quality at the end 

of Tien river 

section in An 

Giang province 

before flowing 

through Dong 

Thap province 
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Figure 1 Map of the sampling sites 

 

 

2.2 Data Analysis 

 

Water quality data are presented as average, 

standard deviation and compared with national 

technical regulations on surface water quality 

column A1 (QCVN 08-MT: 2015/BTNMT) (Table 2) [9].  

Principal Component Analysis (PCA) is mainly 

used to reduce initial data variables that do not 

significantly contribute to the data variability. The 

PCA results will generate a new set of variables 

called the principal components or principal factors 

(PCs). The eigenvalue coefficient is used to evaluate 

the PCs. It means that the larger the eigenvalue 

coefficient, the greater the major contribution to 

explaining the variability of the original data. The 

correlation between the PCs and the original data 

variables is explained by weighting factors [10]. The 

absolute value of the weighting factor is greater than 

0.75, which means that the strong correlation 

between the PC and water quality parameters, from 

0.75 - 0.5 is an average correlation, and 0.5 - 0.3 is a 

weak correlation [11]. The PCA analysis was analyzed 

using Primer 5.2 for Windows software (PRIMER-E Ltd, 

Plymouth, UK). Statistical comparison was performed 

using IBM SPSS Statistics for Windows, Version 20.0 (IBM 

Corp., Armonk, NY, USA). The significance of the 

differences (P<0.05) was determined by the analysis 

of one-way analysis of variance (ANOVA) followed 

by Duncan’s test. 

 
Table 2 Limited value surface water quality parameters 

 

Parameters Units Limited value (A1) 

pH - 6.5 -8.5 

DO mg/L ≥6 

TSS mg/L 20 

BOD mg/L 4 

NO3
--N mg/L 2 

PO4
3--P mg/L 0.1 

Coliform MPN/100mL 2500 

 

 

3.0 RESULTS AND DISCUSSION 
 

3.1 Water Quality in the Tien River for the Period of 

2011 – 2019 

 

The Tien River temperature measured at five 

sampling points was shown in Figure 2. The 

temperature for the period of 9 years was relatively 

stable and ranged from 28.6 ± 0.97 to 31.5 ± 0.77oC 

(Figure 2a). The mean temperature among the 

locations ranged from 29.8 ± 1.2 to 30.3 ± 1.4oC and 

there was no significant difference (p>0.05) (Figure 

2b). The temperature had a slightly temporal 

fluctuation (Figure 2c). For instance, the 

temperatures in March, June, and September were 

30 ± 0.8, 31 ± 0.8 oC, and 29.5 ± 1.1oC, respectively. 

The temperature in June was higher than that of 

March and September and there was a statistically 

significant difference compared to the other two 

months (p<0.05) (Figure 2d). The Hau River 

temperature varied from 27.1 - 32.0oC [12, 13 and 14] 

and the Mekong River temperature ranged between 

19.9 - 32.2oC [15, 16]. There was a trend of decrease 

water temperature in September [12], but this 

fluctuation was not much large [13] because river 

water has the function of self-regulating temperature 

[17]. This temperature was in the range suitable for 

the development of aquatic organisms [18, 19]. 

Temperature is closely related to the solubility of 

gases such as oxygen. In which, the higher the 

temperature would be related to the lower the 

solubility of the gas but increases in the solubility of 

solids [20, 21]. In contrast, the higher temperature 

(within the tolerance ranges for the organisms), the 

more stimulation of growth and development of the 

organisms. 

 

 
Note: Letters a, b indicated significant differences at a significance 

level of 5%. 

 

Figure 2 Temperature in the Tien River for the period 2011-

2019 

 

 

pH is one of the most important and frequently 

used parameters to evaluate the level of water 

pollution, wastewater quality, water hardness, 

flocculation, and corrosion. Because pH changes 

lead to changes in the chemical composition of 
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substances in water through precipitation, dissolving 

or promoting and preventing chemical reactions, 

biological processes occurring in water.  In the study 

period, the pH value ranged from 6.7 ± 0.1(in 2011) to 

7.4 ± 0.1 (in 2018) (Figure 3a). The average value 

between monitoring locations ranged from 7.1 ± 0.2 - 

7.2 ± 0.3 (Figure 3b) and there was no significant 

difference by seasonal (p> 0.05) (Figure 3c). The 

average pH values in March, June, and September 

were 7.2 ± 0.3, 7.2 ± 0.3, and 7.1 ± 0.2, in turn (Figure 

3d). Some previous research showed that the canal 

pH in An Giang province from 2006 - 2009 varied from 

6.9 - 7.1 [13], in the main rivers and tributaries of the 

Hau River in 2016 fluctuated from 6.3 - 8.0 [8] and in 

the Hau River section from An Giang to Hau Giang 

province ranged from 6.7 - 7.12 [14]. The pH value 

was in the permitted range of the national technical 

regulation on surface water quality QCVN 08-

MT:2015/BTNMT [9]. The range of pH values in the Tien 

river during 2011-2019 was suitable for the 

development of aquatic organisms [19]. 

 
Figure 3 pH in the Tien River for the period 2011-2019 

 

 

The total suspended solids (TSS) by temporal was 

in the range of 44.4 ± 4.5 (in 2012) to 85.9 ± 9.4 mg/L 

(in 2015), reaching the average value at 67.1 ± 3.4 

mg/L (Figure 4a). Among the sampling locations, the 

average TSS for 9 years ranged from 64.0 ± 13.0 to 

70.8 ± 19.9 mg/L and there was no statistically 

significant difference (p >0.05) (Figure 4b). Previous 

studies have reported that TSS has a large fluctuation 

among water bodies and causes water quality 

degradation in the Vietnamese Mekong Delta. For 

examples, TSS concentrations in the Hau River ranged 

from 41.2 ± 33.7 to 89.57 ± 31.31 mg/L [12], in the 

canals in An Giang province in the period of 2009-

2016 fluctuated from 25.0 ± 11.5 to 93.7 ± 28.3 mg/L 

[13]; particularly, TSS in the Hau River in the period of 

2009 - 2016 was 40.1-68.0 mg/L [13] and in 2018 was 

41.16 ± 35.81- 48.67 ± 9.07 mg/L [14]. In Soc Trang 

province, TSS concentrations in canals ranged from 

16 - 176 mg/L [22]. In this study, TSS concentration 

had a significant seasonal variation (p <0.05) with the 

average values of 38.4 ± 16.7 mg/L, 35.4 ± 10.9 mg/L, 

127.5 ± 48.3 mg/L in March, June, and September, 

respectively. While TSS concentrations in March and 

June were not significantly different (p >0.05), these 

two months were significantly lower (p <0.05) than in 

that in September (Figure 4d). Lien et al. (2016) [12] 

and Ut et al. (2013) [23] also figured out that water 

quality was strongly influenced by seasonal changes 

in which TSS in the rainy season is always higher than 

that in the dry season due to the impact of rainwater 

runoff and erosion. It was also found that TSS in the 

upstream tended to be higher than that of 

downstream because of the flow rate and the 

amount of sediment contained in the water column 

[14]. The study results showed that TSS concentrations 

in the Tien River from 2011 to 2019 exceeded QCVN 

08-MT:2015/BTNMT, column A1 [9] from 2.2 to 4.3 

times. High TSS causes increased water treatment 

costs and impact on aquatic life. TSS is also a carrier 

that helps transport other contaminants such as 

pathogenic microorganisms, pesticides, antibiotics to 

many different places in water bodies and increase 

chances to exposure harmful factors. 

 

 

 

  

 
 
 
 
 
 
 
 

 

 

 

Note: Letters a, b indicated significant differences at a significance 

level of 5%. 

 

Figure 4 TSS in the Tien River for the period of 2011-2019 

 

 

The dissolved oxygen (DO) concentration in the 

Tien river was illustrated in Figure 5. The DO 

concentrations in the studied years ranged from 4.8 ± 

0.4 (in 2011) to 6.9 ± 0.4 mg/L (in 2014), the average 

concentration of 5.7 ± 0.2 mg/L (Figure 5a). This 

concentration among sampling sites fluctuated from 

5.5 ± 0.6 to 6.0 ± 0.7 mg/L (Figure 5b), and there was 

no statistically significant difference (p>0.05). The 

average DO concentration in upstream flowing 

through An Giang province ranged from 4.0 to 5.2 

mg/L [13]. In the Hau River, the measured 

concentrations of DO in 2016 and 2018 were 4.8 ± 1.1 

- 5.5 ± 0.7 mg/L [12], and 5.29 ± 0.33 - 56.5 ± 0.56 mg/L 

[14], respectively. In Soc Trang province, DO in the 

canals was lower than that in the other study ranged 

from 1.7 to 6.17 mg/L [22]. The seasonal variation of 

DO was less than that of TSS (Figure 5c). The DO 

concentration observed in September (5.5 ± 1 mg/L) 

was higher than that in March and June (5.6 ± 0.3, 

and 6.1 ± 0.6 mg/L, respectively) (Figure 5d). The DO 

concentration in the Tien River in the period of 2011 - 

2019 was lower than the allowed limit of column A1 
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according to QCVN 08-MT:2015/BTNMT [9]. In water 

bodies such as the Tien and Hau Rivers, DO 

concentration should be remained at least 5 mg/L to 

be suitable for the development of aquatic 

organisms [15]. DO concentration in the Tien River 

depends on the diffusion, the presence of 

phytoplankton, and organic matters. In addition, DO 

concentration could be used as an indicator for the 

organic pollution because organic matter-

decomposing microorganisms require the presence 

of oxygen. Low oxygen levels in the watershed can 

lead to a loss of aquatic biodiversity. In the Tien River, 

the low DO could be explained by the presence of 

organic compounds because the Tien River has a 

wide surface area. The diffusion of oxygen between 

air and aqueous environment is maximum, and the 

DO release process from the photosynthesis of algae 

is very low compared to diffusion. 

 
Figure 5 DO in the Tien River for the period 2011-2019 

 

 

Biochemical oxygen demand (BOD) on the Tien 

River from 2011 to 2019 tended to increase gradually 

from 5.1 ± 0.9 to 10.5 ± 1.5 mg/L and had an average 

value of 6.7 ± 0.3 mg/L (Figure 6a). The average 

values among the monitoring positions ranged from 

6.4 ± 1.2 to 7 ± 2.5 mg/L (Figure 6b), were higher than 

the permitted concentration in QCVN 08-MT: 

2015/BTNMT, Column A1 [9] from 1.3-2.6 times. This 

was consistent with the results of low DO 

measurements which could prove that the surface 

water of the Tien River was polluted by the organic 

matters. Previous studies reported that BOD 

concentration in in-field canals and the Hau River in 

An Giang province (was in the range of 6.6 ± 1.2 - 8.2 

± 2.5 mg/L [13]) and in canals in Soc Trang province 

(was in the range of 2.2 - 22.4 mg/L [22]) were almost 

greater than the permitted level in QCVN 08-

MT:2015/BTNMT, column A1 [9]. BOD by months 

ranged from 5.1 ± 4.2 to 10.5 ± 3.9 mg/L (Figure 6c). 

BOD concentrations in March, June, and September 

were respectively 6.1 ± 1.6, 5.1 ± 2.2, and 8.9 ± 2.6 

mg/L, in which the BOD in rainy season was 

significantly higher than that in the dry season (p 

<0.05) (Figure 6d). Seasonal fluctuations of BOD, such 

as BOD in the wet season higher than that in the dry 

season, were also figured out by the previous study 

[13]. BOD concentration has potential to cause 

human health risks when BOD contaminated water 

used as a water supply for water treatment plants. 

Carbon compounds could react with chlorine during 

disinfection to produce hazardous compounds [24]. 

Similar to TSS issue, organic pollution due to high BOD 

concentration is a common problem for water 

bodies in the Vietnamese Mekong Delta. There are 

many sources leading the BOD-contaminated water 

such as waste from cultivation, livestock, landfills, 

domestic activities, and services which directly 

discharge untreated wastes into surface water [16, 

25-26]. 

 

 
Note: Letters a, b indicated significant differences at a 

significance level of 5%. 

 

 
Figure 6 BOD in the Tien River for the period 2011-2019 

 

 

NO3
--N concentration was highly fluctuated and 

tended to decrease gradually from 2011 to 2019 

(Figure 7a). The values of NO3
--N ranged from 0.037 ± 

0.006 (in 2018) to 0.371 ± 0.175 mg/L (in 2011), 

averaging at 0.205 ± 0.046 mg/L. NO3
--N 

concentrations in 2011, 2012, 2014 and 2015 were 

higher than that in the following years. The average 

NO3
--N values for 9 years were highest at the TR4 

position (0.259 ± 0.187 mg/L) and the lowest at the 

TR5 position (0.146 ± 0.106 mg/L) (Figure 7b). NO3
--N 

concentrations in March, June and September were 

0.151 ± 0.07, 0.229 ± 0.117, and 0.181 ± 0.092 mg/L, 

respectively (Figure 7d). The highest concentration of 

NO3
--N in June was a result of the dry season and also 

the time for fertilizing the fields [23]. Previous studies 

have shown that NO3
--N concentration in the Hau 

River ranged from 0.002 - 0.395 mg/L [12], canals in 

An Giang province ranged from 0.31 ± 0.3 to 0.58 ± 

0.64 mg/L [13], canals in Soc Trang province was 0.05 

- 0.14 mg/L [22]. It was found that NO3--N in the 

water bodies in the Mekong delta was temporal and 

spatial fluctuation; however, this concentration was 

still in accordance with the permitted standard of 

QCVN 08-MT: 2015/BTNMT, column A1 (2 mg/L) [9]. 

When NO3
--N concentration is greater than 0.7 mg/L 

and in the range of 0.2 - 10 mg/L, it has the potential 

to cause eutrophication and is suitable for aquatic 

life [15, 19]. With the current research results, NO3
--N 



34                 Nguyen Thanh Giao & Vo Quang Minh / Jurnal Teknologi (Sciences & Engineering) 83:3 (2021) 29–36 

 

 

in surface water in the Tien river is still acceptable 

and does not cause eutrophication and affects 

human health. 

 

 
 

Figure 7 NO3
--N in the Tien River for the period 2011-2019 

 

 

PO4
3--P concentration in the Tien River from 2011 

to 2019 was in the range of 0.038 ± 0.014 (in 2012) to 

0.183 ± 0.105 mg/L (in 2014) with the average of 0.107 

± 0.017 mg/L (Figure 8a). These concentrations 

among the study locations from TR1 to TR5 were 0.101 

± 0.078, 0.125 ± 0.107, 0.084 ± 0.044, 0.101 ± 0.046, 

0.122 ± 0.047 mg/L, respectively, with the highest one 

at TR2 and the lowest one at TR3 (Figure 8b). The 

average values of PO4
3--P over the 9-year periods in 

March, June and September were 0.085 ± 0.061, 

0.125 ± 0.117, and 0.109 ± 0.071 mg/L (Figure 8d), and 

there was no a statistically significant difference (p 

>0.05). The value of dissolved phosphorus on canals 

in the field and the Hau River in An Giang province 

ranged from 0.02 to 0.47 mg/L [13], in the Hau River 

section from An Giang to Hau Giang provinces 0.04 - 

0.11 mg/L [14], canals in Soc Trang province 0.05 - 0.9 

mg/L [22]. These studies have demonstrated that 

PO4
3--P in surface water in the Mekong Delta has 

exceeded the QCVN 08-MT: 2015/BTNMT, column A1 

[9]. Therefore, PO4
3--P pollution could result in 

negative impact on the water environment of the 

Tien River and other water bodies. 

 

 
 

Figure 8 PO4
3--P in Tien River for the period 2011-2019 

The number of coliforms was in the increasing trend 

at all positions by the time, with values from 2621 ± 

2379 to 11968 ± 5615 MPN/100mL (Figure 9a) which 

exceeded QCVN 08-MT:2015/BTNMT, column A1 [9] 

from 1.1 to 6.5 times. The average coliforms denisity 

among collecting sites for 9 years was greater than 

the standard from 2.2 to 5.7 times. In the same trend, 

Ly and Giao (2018) [13] showed that coliforms in 

surface water of An Giang province in the period of 

2009 - 2016 exceeded the permitted limit 2.14 - 7.02 

times. In Soc Trang province, coliforms in canals were 

beyond from 1 to 36 times than the standard [22]. 

The average coliforms densities in March, June, and 

September were respectively 9607 ± 10729 

MPN/100mL, 6336 ± 5546 MPN/100mL, 19983 ± 27110 

MPN/100mL; in which, the coliforms in rain season 

was higher than that in the dry season (Figure 9d). In 

general, the Tien River was contaminated with 

microorganisms and this water source must be 

appropriately treated before use. The presence of 

coliforms indicates that the Tien River is receiving 

waste excreted from humans and animals. 

 

 
Figure 9 Coliforms in the Tien River for the period 2011 -2019 

 

 

3.2 Identification of Main Water Parameters 

Influencing Water Quality in the Tien River for the 

Period 2011-2019 

 

 

The results of PCA showed that there were five 

principal components explaining 94.9% of the water 

quality fluctuation in the Tien River in the period of 

2011-2019 (Table 3). The PC1, PC2, PC3, PC4, and 

PC5 explained changes in the water quality over a 9-

year period with rates of 34.0%, 27.9%, 15.0%, 9.7% 

and 8.4%, respectively. The PC1 showed the 

fluctuations of temperature (-0.399), pH (-0.375), TSS (-

0.509), DO (-0.314), and BOD (-0.485) at weak 

correlations. PC2 also explained the fluctuations of 

temperature (-0.453), pH (-0.349) DO (0.359), NO3
--N (-

0.476) and PO4
3--P (-0.426) at weak correlations. PC3 

was poorly correlated with NO3
--N (0.476), PO4

3--P (-

0.318), and had a moderate correlation with 

coliforms (-0.736). PC4 had a weak correlation with 

pH (0.536), NO3
--N (-0.375) and a moderate 

correlation with PO4
3--P (-0.637). PC4 had a weak 
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correlation with coliforms (-0.428) and average 

correlation with DO (0.655) and BOD (-0.561). The 

PCA results indicated that each water quality 

parameter was influenced by at least five PCs. Each 

PCs is representative for a source of pollution [5]. 

Therefore, the water quality parameters that were 

the average or high correlation with PCs should be 

included in the monitoring program [11]. In this study, 

6 water quality parameters (e.g., pH, TSS, DO, BOD, 

PO4
3--P and coliforms) should be included in the 

monitoring program because of their main impacts 

on the Tien River. Besides, monitoring indicators such 

as temperature and NO3
--N might be ignored. This 

can help to save time and cost in the monitoring 

process. These results were consistent with the water 

quality assessment discussed in the previous section 

in the Tien River, TSS, DO, BOD, PO4
3--P and coliforms 

exceeded QCVN 08-MT: 2015/BTNMT [9]. 

 
Table 3 Main water parameters affecting water quality in 

the Tien River 

 

Parameters PC1 PC2 PC3 PC4 PC5 

Temp -0.399 -0.453 -0.124 0.208 -0.021 

pH -0.375 -0.349 -0.219 0.536 0.124 

TSS -0.509 0.298 0.101 -0.162 -0.205 

DO -0.314 0.359 -0.208 -0.264 0.655 

BOD -0.485 0.216 0.116 -0.105 -0.561 

NO3
-
 -N 0.070 -0.476 0.476 -0.375 -0.076 

PO4
3--P -0.198 -0.426 -0.318 -0.637 0.100 

Coliforms 0.252 0.029 -0.736 -0.126 -0.428 

Eigenvalues 2.72 2.23 1.20 0.77 0.67 

%Variation 34.0 27.9 15.0 9.7 8.4 

%Cum. Variation 34.0 61.8 76.9 86.5 94.9 

 

 

4.0 CONCLUSION 
 

In this study, the results showed that average 

concentrations of TSS, BOD, PO4
3--P, coliforms and DO 

in the period of 2011 to 2019 were much greater than 

the permitted levels in QCVN 08-MT: 2015/BTNMT, 

column A1. It means that the surface water quality in 

the Tien River has been polluted by organic matters, 

nutrients and coliforms. The concentrations of some 

water monitoring parameters (e.g., DO, BOD, TSS and 

coliforms) in the rainy seasons were higher than that 

in the dry seasons. In contrast, NO3
--N and PO4

3--P 

concentrations were higher in the dry seasons. The 

PCA results indicated that pH, TSS, DO, BOD, PO4
3--P 

and coliforms parameters should be included in the 

monitoring program while others (i.e., temperature 

and NO3
--N) might be excluded to save monitoring 

costs. The identification of the principal components 

effect on the water quality was in accordance with 

the previous water quality assessment of the Tien 

River. Moreover, there were at least five pollution 

sources in the Tien River. Therefore, further studies 

need to identify these pollution sources and propose 

appropriate solutions to prevent pollution and 

maintain the surface water quality in the Tien River. 
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