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- Highlight:
v The surface water quality of the Hinh River basin is evaluated using
individual water quality parameters as well as the Water Quality Index

(WQI).
v According to the VN_WQI index, the overall water quality of the Hinh
River basin is rated as good.

v" However, certain parameters, such as total nitrogen, Chemical Oxygen
Demand (COD), E. coli, and total coliform at some sampling locations, are
found to be at average to very poor levels, as defined by QCVN
08:2023/BTNMT.

- Abstract: The Hinh River basin is one of the regions with abundant surface water
resources in Phu Yen Province, encompassing a diverse system of rivers, streams, ponds,
and reservoirs. The water quality of a river describes its biological and physicochemical
characteristics. In this study, 22 water sampling points were monitored during the dry
season. The water quality in the river basin was evaluated based on parameters such as
pH, DO, COD, total nitrogen, total phosphorus, As, Cd, Pb, Cu, Zn, Hg, coliform, and E.
coli at each specific location according to the QCVN 08:2023 standard and the VN_WQI
index. The research results show that the VN_WQI ranges from 60 to 99, with 20 out of
22 monitoring locations having a VN_WQI value > 76, indicating good to very good
water quality that meets the requirements for irrigation and waterway transportation.
Some points meet the water quality standards for domestic use after appropriate treatment.
When assessing water quality by individual parameters, only the TSS parameter
consistently reached level A, indicating good water quality at all sampling points.
However, the results also indicate signs of localized pollution in the Hinh River basin at
some monitoring locations based on the total nitrogen, COD, coliform, and E. coli
parameters. The cause is waste from agricultural and livestock farming activities of
people living along the Hinh River basin. This study provides additional data on surface
water quality, serving as a basis for developing management measures, rational use, and
protection of water quality in the Hinh River basin.

- Keywords: Hinh River basin, surface water quality, water quality index VN_WQIL
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1. INTRODUCTION

Song Hinh is a mountainous district located in the southwest of Phu Yen Province,
approximately 60 km from Tuy Hoa city, with geographical coordinates ranging from
12°45' to 13°06' north latitude and 108°40' to 109°07' east longitude. This area, lie
between the delta and the highlands, forms the upper and middle reaches of a system of
large rivers and streams that flow through the southern part of the province and hold
significant importance for its protection, water reserves, and ecological environment. The
Hinh River boasts abundant and relatively rich surface water resources, forming a fairly
uniform system of rivers and streams that includes the Ba River, Krong H'Nang River,
Hinh River, and Con River, as well as small streams, ponds, and reservoirs. The river
system is a water source for production and daily life, with great potential for irrigation
and hydropower development.

Currently, the surface water quality of rivers is of great concern to scientists. Rivers
not only provide energy and water for human needs but also play a role in channeling
urban, industrial, and agricultural wastewater into large basins, making them some of the
most vulnerable water bodies to pollution [1]. The formation of reservoirs from
hydroelectric projects in river basins has effectively supported agricultural irrigation,
aquaculture, and water regulation in downstream areas. However, the diversion of some
hydroelectric projects to other basins has not been fully considered, leading to changes in
the hydrological regime and causing significant impacts on ecosystems and socio-
economic development activities in river basins [2]. The water quality of river basins
describes the biological, chemical, and physical characteristics of river water [3]. While
the quality of river basin water changes naturally, it often includes significant pollutants
in the form of dissolved ions, suspended substances, and living organisms. The
characteristics and nature of these pollutants vary depending on the level of development
along the river, the size of the river, human activities, and the hydrological characteristics
of the basin [4]. Therefore, assessments of surface water quality are necessary to provide
a basis for formulating policies for the rational use of surface water resources and for
developing solutions to protect surface water environments from pollution risks.

Typically, the assessment of surface water quality involves the analysis of distinct
parameters, followed by a comparison with the limit values outlined in the national
standard [5]. Pollutants, grouped based on the physical, chemical, and biological
properties of water, determine water quality. We can collectively integrate these indicators
into a systematic, structured index scale, commonly known as the water quality index
(WQI). It can convert a large amount of water pollution data into a dimensionless index
value, which represents the level of pollution in water resources [6-9]. Considering the
ability to integrate a group of water quality indicators into a simple, straightforward
number, the WQI is considered a very effective and important communication tool for
water managers and policymakers [10-12]. Many countries, including the US, Canada,
Belgium, Turkey, India, Thailand, Malaysia, and Taiwan, have extensively researched and
used the WQIL. Most countries around the world, including Vietnam, have developed WQI
calculation formulas for surface water environments. The Vietnam Environment
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Administration has also issued official technical guidelines for calculation and
publication 1460/QD-TCMT.

In this study, we carried out sampling and analysis of the surface water environment
to assess the water quality of the Hinh River Basin using separate water quality
parameters and the VN_WQI. This database is useful for the rational exploitation and use
of water resources in the Hinh River basin, as well as for the protection of the water
environment.

2. RESEARCH MATERIALS AND METHODOLOGY
2.1. Time and location of sample collection

The study involved sampling at 22 locations in the Hinh River basin during the dry
season, from late March to early April 2024 (Figure 1). The surface water sampling sites
were distributed along the river basin, and their characteristics are summarized in Table 1.
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Figure 1. Map of water quality monitoring sites in the Hinh River Basin
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Table 1. Location and characteristics of the sampling points

Code Sampling location Latitude | Longitude
SHI Krong Nang Hydropower Reservoir, near |12.940217 |108.723350
agricultural land
Krong Nang Hydropower Reservoir, near Krong |12.937983 |108.710800
SH2
Nang Hydropower Dam
Ba Ha River Hydropower Reservoir, near a |13.022222 |108.853639
SH3 . . :
residential area and agricultural land
Ba Ha River Hydropower Reservoir, near Ba Ha |13.020417 | 108.905028
SH4 | .
River Hydropower Dam
SH5 | Under the Ba River Bridge, near agricultural land | 13.049806 |108.944472
SH6 The confluence of the Hinh River and the Ba River, |13.035778 |108.966972
near agricultural land
SH7 | The Hinh River Bridge, near agricultural land 12.989583 |108.947528
SH8 | Xuan Huong Lake, near a residential area 12.973111 | 108.898694
SHO H'Ly waterfall, near agricultural and forestry |12.829778 [108.919167
production areas
SH10 | Under the Ea Trol Bridge, near agricultural land 12.932611 | 108.900139
SH11 | Jrai Tang Stream, near agricultural land 12.923389 108.861250
SH12 | Buon Duc Reservoir Dam, near agricultural land  |{12.914361 | 108.884917
SH13 | Spillway of Ea Trol commune, near agricultural land |12.976111 | 108.883111
SH14 Ea Din Reservoir, near agricultural and aquaculture | 12.940833 | 108.836694
land
SHI5 Ea Bar Reservoir, near agricultural and aquaculture | 12.941750 | 108.816000
land
Pier in the area of Song Hinh Hydropower |12.835861 |108.978306
SH16 . :
Reservoir, near agricultural land
The headwater of Song Hinh Hydropower |12.835750 |108.992306
SH17 .
Reservoir, near the natural forest area
SHIS Song Hinh Hydropower Reservoir, near the natural |12.815611 |108.978861
forest area
SH19 Song Hinh Hydropower Reservoir, near the natural {12.847611 |108.969000
protection forest area
Song Hinh Hydropower Reservoir, near the natural [12.865972 [108.954750
SH20 .
protection forests and planted forests
SHO1 Song Hinh Hydropower Reservoir, near the natural [12.880944 [108.938889
forest area
Song Hinh Hydropower Reservoir, near the Song [12.932750 [108.943194
SH22 | )
Hinh Hydropower Reservoir Dam
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2.2. Methods for sampling and analyzing water environmental parameters

At each sampling site, single samples were collected according to the standards
TCVN 6663-1:2011, TCVN 6663-4:2020, and TCVN 6663-6:2018. After sampling, the
water samples were pretreated and stored following TCVN 6663-3:2016. We measured
the samples in the field and analyzed them in the laboratory using the criteria and methods
presented in Table 2. Excel software was used to process the analysis results, which were
subsequently compared with the National Technical Regulation on Surface Water Quality
(QCVN 08:2023/BTNMT).

Table 2. Analytical methods for determining water quality parameters

Ne Parameters Units Analytical Methods
1 | pH - Fast measurement with TOA WQC
2 | Dissolved Oxygen (DO) mg/L Fast measurement with TOA WQC
3 | Total Suspended Solids (TSS) mg/L TCVN 6625:2000
4 | Chemical Oxygen Demand (COD) mg/L SMEWW 5220C-2023
5 | Total Nitrogen (TN) mg/L TCVN 6638:2000
6 | Total Phosphorus (TP) mg/L TCVN 6202:2008
7 | Arsenic (As) mg/L SMEWW 3125B:2017
8 | Cadmium (Cd) mg/L SMEWW 3125B:2017
9 | Lead (Pb) mg/L SMEWW 3125B:2017
10 | Copper (Cu) mg/L SMEWW 3125B:2017
11 | Zinc (Zn) mg/L SMEWW 3125B:2017
12 | Mercury (Hg) mg/L SMEWW 3125B:2017
13 | Total Coliform MPN/100mL| TCVN 6187-2:2020
14 | E.coli MPN/100mL| TCVN 6187-2:2020

2.3. Methods for calculating the water quality index

The VN_WQI is calculated based on the results of analyzing surface water quality
monitoring parameters and applying the calculation formula provided in Decision No.
1460/QD-TCMT issued in 2019 by the General Department of Environment on Technical
Guidelines for Calculation and Publication of the Vietnam Water Quality Index. In this
study, we selected 4 out of 5 parameter groups for the total WQI: Group 1 (pH values);
Group 2 (organic parameters and nutrients - DO, COD, and PO4>"); Group 3 (heavy metal
parameters - As, Cd, Pb, Cu, Zn, and Hg); and Group 4 (coliform and E. coli parameters).
The WQI for each parameter was calculated according to the Vietnam Environment
Administration's guidelines. The final WQI was calculated using the following formula:

_ wol Ik werpt™  MZ welu) ™ 1y
wer = 100 100 X 100 X kZi=1WQIIV (1)

Where:
WQI: Calculation results for group 1 parameters (pH value);
WQIyi: Calculation results for group 2 parameters (DO, COD, PO4>);
WQIn: Calculation results for group 3 parameters (As, Cd, Pb, Cu, Zn, Hg);
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WQIy: Calculation results for group 4 parameters (Coliform and E. coli).

We calculated the water quality index based on a scoring scale (WQI value range)
corresponding to the symbols and colors illustrated in Table 3 to assess the water quality
for different purposes.

Table 3. VN_WQI value range and corresponding symbols and colors

Value Range of WQI Water quality Color | RBG Color Code
91 — 100 Excellent Blue 51;51;255
76 — 90 Good Green 0;228;0
51-175 Medium Yellow 255;255;0
26 — 50 Bad Orange 255;126;0
10 -25 Least Red 255;0;0
<10 Very heavy pollution | Brown 126;0;35

3. RESULTS AND DISCUSSION

3.1. Assessing water quality in the Hinh River basin through individual
parameters

The results of the measurement and analysis of water quality in the Hinh River
Basin in the dry season of 2024 at 22 monitoring locations are presented in Table 4.

Table 4. Statistical value of monitoring parameters in the dry season in 2024
Total

Value pH DO TSS COD| TN | TP Coliform E.coli
- mg/L MNP/100 mL
Minimal 6.3 237 0.63 32 | 1.12 | 0.01 179 1

Maximum 8.8 | 7.50 13.33 28.8 | 5.82 | 0.38 | 8164 133.6
Average 7.5 5.90 3.97 13.8 | 2.28 | 0.05 | 2103.3 | 32.7

SD 0.7 1.17 3.43 7.74 1 093 | 0.07 | 17184 | 36.87
Maximum| A | 6.5-8.5| >6 <25 <10 | 0.6 | <0.1 | <1000
limit | B |6.0-85] >5 <100 <I5 | <1.5 | 0.3 | <5000
according >100 no
to QCVN C 16.0-85 >4 floating trash <20 | 2.0 | <0.5 | <7500 | <20
08:2023/ <6 or >100 floating
BTNMT D -85 >2 trash >20 | >2.0 | >0.5 | >7500

The data in Table 4 show that the pH values measured at 22 sample sites ranged
from 6.3 to 8.8, and the average pH of the Hinh River Basin was 7.5+0.7. A comparison
of the measured pH values with the water quality classification values according to the
QCVN 08:2023/BTNMT revealed that 17/22 of the measured pH values were within the
limit of 6.5 - 8.5, reaching level A as a good water quality level, and water can be used
for domestic water supply purposes, such as swimming and playing in the water after
appropriate handling measures. Three samples reached level B, which is the average
water quality level; water can be used for industrial production and agricultural purposes
after appropriate treatment measures are used; and 2 samples were at level D (samples
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SH1 and SH2). The water quality is very poor, which can affect fish and organisms living
in aquatic environments.

Surface water samples taken from the Hinh River basin contained total suspended
solids (TSS) ranging from 0.63 mg/L to 13.3 mg/L. According to QCVN
08:2023/BTNMT, all water samples receive an A rating, indicating their suitability for
various water usage purposes.

The average concentration of dissolved oxygen (DO) in the water in the Hinh River
basin was 5.90+1.17 mg/L, equivalent to the average DO value in the surface water of the
Ba River basin (Phu Yen Province) monitored in the dry season in 2018, which was 5.45
mg/L [13]. Compared to the water quality classification scale according to QCVN
08:2023/BTNMT, out of 22 surface water samples taken in the Hinh River basin, 12
samples reached level A, and 8 samples reached level B (Figure 2). Before using water
for irrigation of surrounding agricultural production areas, appropriate treatment
measures must be applied when reaching level B. A water sample, SH8, was collected at
Xuan Huong Lake. This lake serves as a regulating water body and is situated in a
residential area. The dissolved oxygen (DO) level at this location is classified as level D.
The lake's biochemical processes are sluggish due to its stationary water source and are
influenced by the discharge of domestic wastewater from the surrounding residents.
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Figure 2. Dissolved oxygen (DO) values and chemical oxygen demand (COD) in the Hinh
River Basin

According to the analysis results, the COD in surface water in the Hinh River Basin
ranged from 3.2 to 28.8 mg/L; the average COD in the Hinh River Basin was 13.8+7.74
mg/L, which was lower than the average COD value of 25.08 mg/L that was detected in
the Ba River Basin in the dry season in 2018 [13]. According to the QCVN
08:2023/BTNMT water quality assessment classification, 11 samples reached level A, 2
samples reached level B, 3 samples reached level C, and 6 samples reached level D
(Figure 2). At sampling point, SH6, a COD value of 28.8 mg/L was recorded, which is
the highest in the Hinh River basin. This indicates signs of organic pollution in this area.
Since this sampling point is located at the intersection of the Hinh River and the Ba River,
there is a possibility of pollutant accumulation.

Tap chi Khoa hoc va Céng nghé nhiét ddi, S6 38, 06 - 2025 92



Nghién curu khoa hoc céng nghé

The total nitrogen and total phosphorus concentrations in the water in the Hinh
River basin were used to assess the nutritional parameters. The average total nitrogen
content in the water in the Hinh River basin was 2.28+0.93 mg/L. According to QCVN
08:2023/BTNMT, only the SH3 and SH4 samples achieved level B, indicating average
water quality. The remaining samples received ratings of C and D, indicating poor and
very poor water quality, with nitrogen compounds contaminating the water (Figure 3).
The majority of the sampling points are situated close to agricultural areas where
annual crops are grown. The use of fertilizers in these areas leads to an accumulation
of nitrogen in the soil. This nitrogen then gets washed into the water, resulting in the
pollution of nitrogen compounds in the Hinh River basin. Therefore, it is important to
implement suitable measures to address nitrogen pollution in the water before using
water from the Hinh River basin for irrigation. The total phosphorus content of most
samples fell within the permissible limit of QCVN 08:2023/BTNMT (Level A),
ranging from 0.01 to 0.05 mg/L. However, only the SH6 sample, which had a total
phosphorus content of 0.38 mg/L, received a level B classification. At the SH6
sampling location, the total nitrogen (TN) and COD content was the highest among
the 22 sampling sites. This indicates pollution at the confluence of the Hinh River and
the Ba River. It is important to promptly implement water pollution treatment
measures to prevent the spread of pollution to surrounding areas.
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Figure 3. Total N concentration in the Hinh River basin

A study of heavy metal indicators in the country revealed that the amount of heavy
metals in surface water at most sampling points is many times less than the highest level
allowed by QCVN 08:2023/BTNMT. Almost no As, Cd, or Hg was detected in the water
(Table 5).
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Table 5. Results of the analysis of heavy metals in water in the Hinh River Basin

Quality indicators
No. Sample As | ¢cd | pp | Cu | zZn | H
code g
(mg/L)

1 SH1 ND ND ND ND 0.0075 ND
2 SH2 ND ND ND ND 0.0075 ND
3 SH3 ND ND <0.005 ND 0.0075 ND
4 SH4 ND ND ND ND 0.0075 ND
5 SHS5 ND ND ND ND 0.0075 ND
6 SH6 ND ND <0.005 ND 0.0075 ND
7 SH7 ND ND <0.005 ND 0.0075 ND
8 SH8 ND ND ND ND 0.0075 ND
9 SH9 ND <0.0015 | <0.005 0.006 0.025 | <0,0003
10 SH10 ND <0.0015 | <0.005 0.006 0.022 ND
11 SHI11 ND <0.0015 | <0.005 ND 0.0075 ND
12 SH12 ND <0.0015 | 0.006 0.007 0.052 | <0,0003
13 SH13 ND <0.0015 | <0.005 0.006 0.035 ND
14 SH14 ND ND ND ND 0.0075 ND
15 SH15 ND <0.0015 ND ND 0.0075 ND
16 SH16 ND <0.0015 | 0.006 0.006 0.058 ND
17 SH17 ND ND <0.005 ND ND ND
18 SH18 ND ND <0.005 ND 0.0075 ND
19 SH19 ND ND <0.005 ND 0.0075 ND
20 SH20 ND ND <0.005 ND 0.0075 ND
21 SH21 ND ND ND ND 0.0075 ND
22 SH22 ND ND ND ND ND ND

Maximum limit

according to QCVN | 0.01 0.005 0.02 0.1 0.5 0.001
08:2023/BTNMT

(ND: Not detected)

Coliform and E. coli parameters were used to evaluate biological indicators in the
water of the Hinh River basin. Figure 4 clearly classifies the coliform values into three
groups: Group 1 consists of 07 sampling locations with coliform values < 1000 MPN/100
mL, reaching level A (good water quality according to QCVN 08:2023/BTNMT); Group 2
includes 14 sampling sites with coliform values reaching level B (average water quality);
and Group 3 consists of only one sampling point (SH03), where the coliform value is 8164
MPN/100 mL, which is equivalent to level D (very poor quality water), due to the influence
of domestic wastewater and livestock wastewater of rural residents in the surrounding area.
Water treatment measures must be taken before using the water source at point SH3 for
both domestic and agricultural purposes. We divided the analysis results for the E. coli
parameters into two distinct groups. Group 1 consisted of 11 samples whose E. coli values
did not exceed the permissible limit set by QCVN 08:2023/BTNMT, indicating that they
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do not pose a health risk to humans. Group 2, on the other hand, consisted of 11 samples
whose E. coli values exceeded 20 MPN/100 mL. Of these, two sampling points, SH9 and
SH10, have E. coli values that are 5-6 times higher than the permissible limit, posing a risk
to human health.

Coliform
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Figure 4. Coliform density in the water of the Hinh River Basin
3.2. Assessment of water quality in the Hinh River basin according to the VN_WQI

The calculation results from four groups of surface water environmental parameters
in the Hinh River basin show that the VN_WQI ranges from 60 to 99. The assessment of
the surface water environment in the Hinh River basin ranged from medium to very good,
with 20/22 monitoring locations achieving a VN_WQI value of approximately 76 and
only two sampling sites, SH2 and SH3, exhibiting medium water quality (Figure 5).
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Figure 5. VN_WQI surface water quality index in the Hinh River basin

At the Song Hinh Hydropower Reservoir, the research team collected six surface
water samples from SH17 to SH22, except for sampling site SH17, the upstream location
of the Song Hinh Reservoir, with a value of VN_WQI<91, which was assessed as having
good water quality; other sampling points were assessed as having very good water
quality. Thus, the Song Hinh Reservoir has very good water quality, is suitable for use
for many different purposes and is good for domestic water supply purposes. The results
of the calculation of the VN_WQI at sampling sites SH14 and the Ea Din Reservoir
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indicate that the lake has very good surface water quality. The Krong Hnang Hydropower
Reservoir, Xuan Huong Lake, and Ea Bar Reservoir all have good surface water quality
according to the VN_WQI. Only the Ba Ha River Hydropower Reservoir has an medium
water quality assessed according to the VN_WQI index, making it suitable for irrigation
and other equivalent purposes.

4. CONCLUSION

In this study, the water quality in the Hinh River basin was assessed by combining
measurements and analyses of parameters at each monitoring location according to the
QCVN 08:2023/BTNMT standard and applying the VN_WQI index calculation method
during the dry season of 2024. The research results show that during this period the
overall water quality in the Hinh River basin remained generally good, with the VN_WQI
ranging from 60 to 99. At most of the surveyed sites, the water quality can meet the
requirements for irrigation and waterway transportation, and some points have water
qualities suitable for domestic water supply but require appropriate treatment measures.
However, there are signs of localized pollution at specitic locations, particularly near the
upper reaches of the Hinh River basin, where the Ba River from Gia Lai Province flows
into Phu Yen Province and joins the Hinh River. Pollution was also detected at sites
receiving wastewater mainly from agricultural activities and domestic sources.
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