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INTRODUCTION

Hau Giang is a province in the Mekong Delta 
region with an interlaced system of rivers and ca-
nals with a total length of about 2,300 km. The 
density of rivers and canals in the province is 
quite large with the Hau riverside area in Chau 
Thanh district up to 2 km. Due to the geographical 
conditions of the region, the hydrological regime 
of the Hau Giang province is largely influenced 
by the tidal regime of the Hau River (East Sea 
tide) and Cai Lon River (West Sea tide). The Hau 
River is also one of the water sources that play an 
important role in the development of agro-forest-
ry and aquaculture in the province. In the process 
of economic development and urbanization, the 
Hau River has to face many challenges, such as 
changes in flow and deterioration of water qual-
ity, because it is a direct recipient of waste from 

socio-economic activities associated with the 
Hau Giang province, especially the waste sources 
from the areas with dense population and inten-
sive farming in agricultural production (Tuan et 
al., 2015; Nguyen Thi Kim Lien et al., 2016). 
Hydrological characteristics and tidal regime also 
have a significant impact on river water quality 
(Purnaini et al., 2018). According to Thai et al. 
(2014), the Hau River is strongly influenced by 
the tides of the East Sea with irregular semi-diur-
nal regime, the high tide lasts about 6 hours and 
the low tide lasts about 7 hours. The difference in 
discharge and flow rate between high tide and low 
tide leads to a difference in river water quality be-
tween the two tidal streams. During low tide, the 
discharge and flow rate in the river are poor, so the 
pollutant concentration increases and vice versa 
(Kamarudzaman et al., 2019, Cereja et al., 2022, 
Kar et al., 2022). In addition, the tidal regime 
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also aff ects the movement of pollutants and the 
dispersion of pollutants from diff erent discharge 
points (Kar et al., 2022). Fatema et al. (2015) sug-
gested that tidal activity has changed the tempera-
ture, salinity, pH, dissolved oxygen, nitrogen and 
phosphate in the river water environment.

Tide is an important factor to consider when 
collecting surface water quality samples (Fortune 
and Mauraud, 2015). However, there is relatively 
little research on the role of tides and their eff ects 
on water quality. This study was conducted to fi nd 
out the infl uence of tides and seasons on water 
quality of the Hau River, the Hau Giang province 
based on multivariate statistical tools including 
cluster analysis (CA) and discriminant analysis 
(DA). The study results provide useful scientifi c 
information for water uses and monitoring.

METHODOLOGY

Water sampling and analysis

Water samples were collected at six locations, 
including four locations on the Hau river – the 
section from Mai Dam to Cai Con dam (HR1, 
HR2, HR3 and HR4) and two locations from up-
stream of the Mai Dam river (HR5) and HR6) 
(Figure 1) with a frequency of 12 times/year. 

Surface water quality parameters, including 
pH, dissolved oxygen (DO), biochemical oxy-
gen demand (BOD), chemical oxygen demand 
(COD), total suspended solids (TSS), ammoni-
um (NH4

+-N), nitrate (NO3
--N), orthophosphate 

(PO4
3--P), total phosphorus (TP), total nitrogen 

(TN), iron (Fe) and Coliform were used to as-
sess the water quality and as input in multivariate 
statistical analysis. The water samples collected 
and preserved surface water samples comply with 
the current Vietnamese standards (TCVN 6663-
1:2011; TCVN 6663-3:2008; TCVN 5994:1995; 
TCVN 6663-6:2008; TCVN 6663-3): 2008-ISO 
5667-3:2003). The parameters of pH, tempera-
ture, DO, and turbidity were measured in the 
fi eld, while the remaining parameters were ana-
lyzed in the laboratory by using standard meth-
ods (APHA, 2012). The criteria, units, analytical 
methods and allowable limits of surface water 
quality parameters are presented in Table 1.

Data analysis

The surface water quality data were averaged 
prior to statistical analysis. One-way analysis of 
variance (One-Way ANOVA) was used to com-
pare the signifi cant diff erence between mean val-
ues of water quality parameters between low and 
high tide, between dry and wet seasons (Ahrari 
et al., 2015). Cluster Analysis (CA) was used to 

Figure 1. Sampling locations on the Hau river in the Hau Giang province
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cluster water quality at the sampling sites accord-
ing to the Ward method (Arora et al., 2015) using 
the Euclidean distance (Ngoc et al., 2017). CA 
analysis was performed using the license soft-
ware Primer V5.2 for Windows (PRIMER-E Ltd, 
Plymouth, UK). Discriminant Analysis (DA) is a 
data analysis technique when the dependent vari-
able is categorical and the independent variable 
is quantitative. DA analysis is only meaningful 
when the number of clusters and subjects in each 
cluster is known in advance (Liu et al., 2021). 
Therefore, DA analysis is often used to confirm 
the clusters identified by CA analysis. ANOVA 
and DA analyses were both processed using the 
IBM SPSS Statistics 20 for Windows statistical 
software (IBM Corp., Armonk, NY, USA).

RESULTS AND DISCUSSION

Tidal influence on surface water 
quality in the Hau River

The results of analysis of the influence of tides 
on surface water quality of the Hau River in the 
Hau Giang province are shown in Figure 2. The pH 
values   at six sampling locations between the two 
tidal currents are relatively equal, ranging from 
6.81±0.21 to 6.86±0.20 at low tide and 6.89±0.15 
to 7.18±0.89 at high tide (Figure 2A). In general, 
the pH value is still within the allowable limit of 
the Vietnamese standard QCVN 08-MT:2015/
BTNMT column A1 (6-8.5). Figure 2B shows 
that, in both tidal currents, the lowest TSS con-
centration at HR1 position reached 45.58±24.75 
mg/L at low tide and 37.17±29.58 mg/L at high 

tide, meanwhile, the TSS concentration was high-
est at high tide recorded at position HR4 with val-
ues   of 51.00±28.17 mg/L and 50.25±31.86 mg/L, 
respectively. TSS at all sampling points exceeded 
the allowable limit of QCVN 08-MT:2015/BTN-
MT column A1 (20mg/L) by 2.51-2.6 times. The 
average TSS concentration at low tide tended to 
be higher than that in high tide. This may be due 
to the influence of water transport activities (Viet 
& Vy, 2020).

The average dissolved oxygen concentration 
at low tide was lower than that at high tide (Fig-
ure 2C). The lowest DO concentration at high 
tide at position HR2 was 4.69±0.44 mg/L and the 
highest at HR1 was 4.79±0.42 mg/L. Meanwhile, 
at low tide, the DO concentration did not differ 
significantly between the sampling stations, rang-
ing from 4.63±0.37 to 4.68±0.36 mg/L. The DO 
concentration measured at two times of low tide 
showed the presence of organic waste in the study 
area, leading to the rapid growth of microorgan-
isms that consumed dissolved oxygen, thereby 
reducing DO in water (Kamarudzaman et al., 
2019, Kar et al., 2022). The average biochemi-
cal oxygen demand in a year is not much differ-
ent between the two tidal currents (Figure 2D). 
The highest BOD concentration at low tide was 
8.50±2.88 mg/L at location HR6. At high tide, the 
highest BOD concentration reached 8.25±3.47 
mg/L at HR2. Similarly, the highest COD con-
centrations during low tide and high tide at HR2 
were 14.92±5.37 and 14.75±5.91 mg/L, respec-
tively. The lowest COD concentration recorded at 
location HR3 was 13.83±5.64 mg/L at low tide 
and at location HR4 was 13.42±5.65 mg/L at high 
tide (Figure 2E). When compared with QCVN 

Table 1. Analytical methods of surface water quality parameters
Parameters Meaning Unit Analytical methods QCVN, A1

pH pH - TCVN 6492:2011 6-8.5

DO Dissolved oxygen mg/l TCVN 7325:2004 ≥ 6

BOD Biological oxygen demand mg/l TCVN 6001-1:2008 4

COD Chemical oxygen demand mg/l TCVN 6491:1999 10

TSS Total suspended solids mg/l TCVN 6625:2000 20

NH4
+-N Ammonium mg/l TCVN 6179:1996 0.3

Fe Iron mg/l TCVN 6177:1996 0.5

NO3
--N Nitrate mg/l TCVN 6180:1996 2

PO4
3--P Phosphate mg/l TCVN 6494-1:2011 0.1

TP Total phosphorus mg/l TCVN 6202:2008 -

TN Total nitrogen mg/l TCVN 6638:2000 -

Coliform Coliform MPN/100 ml TCVN 6187-2:1996 2500
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08-MT:2015/BTNMT column A1, the BOD and 
COD concentrations at six sampling locations 
exceeded the allowable thresholds. This result 
is consistent with the previously discussed DO 
value and the study area has been contaminated 
with biodegradable organics by domestic activi-
ties, wastewater from industrial and agricultural 
activities along rivers (Fetter et al., 2017, Astari, 
2019, Giao et al., 2021). In general, both BOD 
and COD parameters had lower concentrations at 
high tide than those at low tide, since the high 
tide increases the dissolved oxygen content and 
dilutes the organic matter concentration in the 
water (Mena-Rivera et al. 2017).

The TN concentration at six sampling loca-
tions did not diff er much between the two times of 
high tide and low tide, in the range from 1.59±0.93 
to 2.15±1.19 mg/L and 1.54±0.75 to 2.44±1.53 
mg/L, respectively (Figure 2F). According to Pal-
ma et al. (2020), to limit the possibility of eutrophi-
cation of water sources, the concentration of TN 
should not exceed 1.5 mg/L. It can be seen that the 

concentration of TN in the study area has a high 
potential for eutrophication. Similarly, in Figure 
2G, the TP concentration in the monitoring area 
fl uctuates quite low between the two tidal currents, 
ranging from 0.21±0.22 to 0.24±0.23 mg/L. Amic 
et al. (2018) suggested that if the TP concentration 
exceeds the limit of 0.1 mg/L, eutrophication is 
likely to occur. It can be seen that at the sampling 
points on the Hau River, there is a high potential 
for eutrophication and at the time of low tide, it 
tended to be higher than that in high tide.

The concentrations of ammonium and nitrate 
in the Hau River are quite low and both meet the 
allowable limits of QCVN 08-MT:2015/BTN-
MT column A1 (0.3 mg/L and 2 mg/L) (Figures 
2H and 2I). The highest ammonium concentra-
tion was recorded at location HR2 at 0.06±0.06 
mg/L at low tide and 0.07±0.08 mg/L at high tide. 
Meanwhile, the HR3 positions all had the N-NH4

+

values   of 0.04±0.04 mg/L in both tidal currents. 
The nitrate content at six water quality monitor-
ing points ranged from 0.38±0.16 to 0.43±0.17 

Figure 2. Changes in water quality of the Hau River aff ected by tides
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mg/L in the two tidal currents. The highest con-
centration of N-NO3

- with 0.43±0.17 mg/L at low 
tide and 0.42±0.18 mg/L at high tide were found 
at location HR6. The difference in the phosphate 
content between high tide and low tide is relatively 
low (Figure 2J). At low tide, the highest concentra-
tion of P-PO4

3- was recorded at the HR5 position at 
0.19±0.20 mg/L and the lowest at the HR6 position 
at 0.17±0.20 mg/L. The two locations HR2 and 
HR3 recorded the lowest P-PO4

3- concentration at 
high tide, both at 0.16±0.20 mg/L and the highest 
at HR4 at 0.22±0.24 mg/L. All water quality moni-
toring stations had the phosphate content exceed-
ing the standard of column A1 of QCVN 08-MT: 
2015/BTNMT (0.1 mg/L). This result is also con-
sistent with the study of Giao (2020) that the water 
source on the Hau River had a high level of nutri-
ents and has the potential to cause eutrophication.

The Fe concentration during low tide was high-
er than that of high tide, ranging from 0.56±0.50 
mg/L to 0.81±0.57 mg/L and Fe at all monitoring 
locations exceeded the allowable limit from 1.12 
to 1.62 times when compared with QCVN 08-
MT:2015/BTNMT column A1 (0.5 mg/L) (Figure 
2K). Iron can be derived from wastewater from 
the pharmaceutical, leather and textile industries 
(Arefin et al., 2016). According to Wedyan et al. 
(2016), the higher the metal concentration in the 
water, the worse the surface water quality will be, 
affecting the water treatment capacity if river wa-
ter is used as domestic water supply. 

The mean coliform value had a rather large 
difference between high tide and low tide (Figure 
2L). At position HR3, coliform at low tide was the 
lowest at 1372.50±1161.97 MPN/100 mL, while 
it was 2116.67±2045.70 MPN/100 mL at high 
tide. When compared with QCVN 08-MT:2015/
BTNMT column A1 (2500 MPN/100 mL), 
only the HR2 position at low tide had coliform 
(2520.00±2076.54 MPN/100 mL) that exceeded 
the permissible limit. According to Aram et al. 
(2021), coliform in surface water is strongly in-
fluenced by physical factors and tidal conditions. 
In this study, the coliform concentration at low 
tide was higher than that at high tide. Safitri et al. 
(2021) also reported that the coliform at high tide 
and low tide varied from 100/100 mL to 2400/100 
mL, respectively. The results of the research on the 
surface water quality of the Hau River in the Hau 
Giang province presented that the concentrations 
of BOD, COD, TN, TP, Fe and coliform in low tide 
tended to be higher than those in high tide. How-
ever, there is no statistically significant difference 

between sampling locations in both tidal currents. 
In addition, 5/12 water quality parameters at six 
sampling locations exceeded the allowable limit 
of QCVN 08-MT:2015/BTNMT column A1 in-
cluding TSS, BOD, COD, PO4

3--P and Fe. From 
the above results, it is shown that surface water in 
the study area has been contaminated with organic 
matter and is at risk of eutrophication.

Seasonal influence on surface 
water quality in the Hau River

The results of seasonal water quality analysis 
of the Hau River in the Hau Giang province are 
shown in Figure 3. There are five water quality 
parameters with significant differences between 
the rainy season and the dry season at 5% includ-
ing TSS, TP, TN, PO4

3--P and coliform. In general, 
most of the water quality monitoring parameters 
had higher concentrations in the rainy season. The 
pH value in the dry season was higher than that in 
the rainy season and the pH of the water samples 
are all below 7, indicating that the river water is 
acidic at this time (Figure 3A). However, the pH 
value at the sampling locations is still within the 
allowable limits of QCVN 08-MT:2015/BTNMT 
column A1 (6 – 8.5). Figure 3B showed that the 
TSS concentration in the rainy season increases 
partly because flood water flows from upstream 
carrying a large amount of silt along with erosion 
on both sides of the river. In addition, the increased 
river discharge along with the fast flow rate dis-
turbed the bottom layer leading to an increased 
TSS value (Ojok et al., 2017, Giau et al., 2019). 
This result is consistent with many former stud-
ies reporting that the TSS values   have seasonal 
fluctuations (Lien et al., 2016, Nghi, 2017; Giao 
et al., 2021). The higher BOD and COD values   in 
the rainy season than those in the dry season may 
be due to the flood water from upstream and the 
rainwater runoff from agricultural activities that 
has dragged organic matter into the water source 
(Akaahan et al., 2016; Adegbite et al., 2018) (Fig-
ures 3D and 3E). The high concentration of or-
ganic matter created favorable conditions for the 
growth of microorganisms. This leads to a sharp 
decrease in the dissolved oxygen content in the 
water in the rainy season (Figure 3C). The con-
centrations of TN and TP were recorded in the wet 
season higher than those in the dry season, and 
the concentrations of these two parameters were 
high enough to cause potential eutrophication 
(Figures 3F and 3G). This significantly affects the 
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growth and development of aquatic life in Hau 
river. It can be explained that the rainwater runoff  
from agricultural activities has contributed a large 
amount of TN and TP to river water (Deng et al., 
2018). Similarly, the P-PO4

3- value was higher in 
the rainy season (Figure 3J). Many previous stud-
ies also showed seasonal variation in phosphate 
values   (Woldeab et al., 2018, Truc et al., 2019); 
however, the P-PO4

3- concentrations in the dry 
season were higher those in the dry season. It can 
be seen that the water quality of the Hau River is 
infl uenced by a part of water from upstream and 
the activities of people living near the study area. 
The concentrations of ammonium, nitrate and Fe 
in the wet and dry seasons were not statistically 
signifi cant (p>0.05) and the dry season tended to 
be higher than that in the rainy season (Figures 
3H and 3I). According to Giao et al. (2021), water 
fl ow in the river in the dry season is low, so the 
ability to dilute wastewater from domestic, indus-
trial and agricultural activities into rivers is lower 
than that in the rainy season. The high coliform 

content in the rainy season showed that the water 
quality can only be used for domestic water sup-
ply purposes, but appropriate treatment technol-
ogy must be applied. Divya & Solomon (2016) 
suggested that the presence of coliform in water 
originates from human and animal waste.

Identifying the water quality 
parameters infl uenced by season

In order to identify the surface water quality 
parameters causing the seasonal diff erence, dis-
criminant analysis was applied to fi nd the most im-
portant parameters aff ecting the seasonal variation 
in water quality (Table 2). Wilk’s Lambda value 
is 0.371 and the signifi cance level of p=000<0.05 
indicated that this is a good result in DA analysis. 
From the results of the DA analysis, it was shown 
that TSS, COD, PO4

3--P, TP, TN and coliform con-
tributed signifi cantly to the change in water qual-
ity between the two seasons. TSS and PO4

3—P, 
were the most important parameters aff ecting the 

Figure 3. Seasonal variation of surface quality in the Hau River
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seasonal change of the Hau River water quality. 
DA analysis can support a signifi cant reduction 
in the size of the monitoring dataset and requires 
only a few key parameters responsible for spatial 
and temporal changes in the surface water quality 
(Giao et al., 2021). Therefore, the water quality 
monitoring system of the Hau River in the Hau 
Giang province should focus on surface water 
quality parameters including TSS, COD, PO4

3--P, 
TP, TN and coliform so that changes of surface 
water quality can be accurately assessed. In ad-
dition, this can help reducing monitoring costs of 
surface water quality in the study area.

Spatial variations of surface water 
quality in the Hau River

The results of analysis of water quality clus-
ters at six sampling locations on the Hau River 
are shown in Figure 4. On the basis of 12 wa-
ter quality parameters, the sampling sites were 
divided into 3 distinct clusters including cluster 
I (position HR1 and HR4), cluster II (position 
HR3) and cluster III (position HR2, HR5 and 
HR6). It can be seen that cluster I was mainly 
aff ected by the wastewater from industrial and 
agricultural activities, so it has high PO4

3--P and 

Table 2. Discriminant analysis for surface water variables
DFs TSS PO4

3--P Coliform TP TN COD NO3
--N Fe

1 0.462 0.273 0.246 0.240 0.203 0.081 -0.07 -0.058

DO NH4
+-N pH BOD Eigenvalue % of 

variance Cum % Wilks’ 
Lambda Sig.

-0.058 -0.05 -0.04 0.029 1.698 100 100 0.371 0.000

Figure 4. Clustering surface water quality in the Hau River

Table 3. Surface water quality in the identifi ed clusters
Parameter Unit Cluster 1 Cluster 2 Cluster 3 QCVN, A1

pH - 6.93 6.87 6.88 6-8.5

DO mg/l 4.71 4.70 4.69 ≥ 6

TSS mg/l 46.00 47.46 46.75 20

BOD mg/l 7.83 7.75 8.11 4

COD mg/l 14.00 13.88 14.44 10

TP mg/l 0.22 0.22 0.22 -

TN mg/l 2.04 1.57 1.72 -

N-NH4
+ mg/l 0.05 0.04 0.05 0.3

N-NO3
- mg/l 0.40 0.40 0.41 2

P-PO4
3- mg/l 0.19 0.17 0.17 0.1

Fe mg/l 0.79 0.66 0.76 0.5

Coliform MPN/100 ml 1637.71 1744.58 1990.14 2500
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Fe concentration by 1.9 times and 1.58 times 
higher than the standards, respectively (Table 3). 
In addition, this cluster had the highest concen-
tration of TN and exceeded the limit of 1.5 mg/L 
(by 1.36 times higher). Therefore, the positions 
HR1 and HR4 had high possibility of potential 
eutrophication. Cluster II had only position HR3 
with very high TSS and 2.37 times higher than 
the standard. It can be seen that in addition to 
being affected by rainwater overflow, waterway 
transport, the HR3 location is also affected by 
flow speed and alluvium because it is located 
upstream (Giao, 2020). Cluster III had the low-
est DO, leading to higher BOD and COD in this 
cluster than the rest of the sampling sites (2.02 
times and 1.44 times higher, respectively). This 
cluster is mainly affected by domestic wastewa-
ter and industrial activities in the study area.

CONCLUSIONS

It was found that the water quality of the Hau 
River in the Hau Giang province has been organ-
ically polluted and has a potential high risk of eu-
trophication. Statistical analysis shows that there 
is no difference in water quality between high 
tide and low tide, but it can be seen that the con-
centrations of such parameters as BOD, COD, 
TN, TP, Fe and coliform in low tide tended to 
higher than those in the high tide. TSS, TP, TN, 
PO4

3--P and coliform had significant differences 
between the rainy season and the dry season. 
Four parameters of pH, DO, NH4

+-N and NO3
--N 

in the dry season were higher than those in the 
rainy season, while the remaining parameters had 
higher concentrations in the rainy season. There 
were 5/12 water quality parameters exceeding 
the allowable limits of QCVN 08-MT:2015/BT-
NMT, column A1. The parameters that cause the 
change in water quality between the dry season 
and the rainy season included TSS, COD, PO4

3-

-P, TP, TN and coliform. It was shown that the 
surface water quality monitoring program in the 
Hau Giang province should focus on TSS, COD, 
PO4

3--P, TP, TN and coliform, thus reducing the 
monitoring costs. The results of cluster analysis 
showed that water quality is classified into three 
clusters, mainly by BOD, COD, TSS, phosphate 
and Fe. The findings provide useful scientific in-
formation on the current status of water quality 
in the Hau River in the Hau Giang province for 
future water quality monitoring strategy.
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