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ABSTRACT

The purpose of research is to assess the seasonal changes of
water quality in mainstream and in specific tributaries in the Ca
River Basin. Water samples were collected in the dry season
(May 2021) and in the beginning of the rainy season (September
2021) from 4 sites located on Ca River’s mainstream and 5 sites
located on Ca River’s tributaries to analyze water quality
parameters. Results indicated that physical parameters (pH, EC,
salinity, DO) and and heavy metals (As, Cu) are within the
standard values according to the National Technical Regulation
on Surface Water Quality QCVN 08-MT:2015/BTNMT for
domestic water supply purposes (Columne Al). The
concentration of nutrients measured in the tributaries is higher
than those in the mainstream due to the contribution of nutrients
and organic materials from agricultural runoff. In addition, the
water flow in the tributaries is lower than in the mainstream, as a
result, the concentration of nutrients tends to be higher in the
tributaries. The samples revealed that the concentration of
nutrients (NOs,, TN, PO.3-, TP) and chemical oxygen demand
(COD) appeared higher in the beginning of the rainy season than
in the dry season. The increase of nutrient concentrations can be
explained by the leaching of nutrients into the river. In general,
the water quality of Ca River’s tributaries during the rainy season
have a high nutrient concentration and also the risk of
eutrophication.
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1. Introduction

Vietnam has 697 inter-provincial rivers, streams, and
canals, as well as 38 lakes, that are part of 16 major river
basins, and 3,045 intra-provincial rivers and streams. One
of seven transboundary rivers is the Ca River.
Transboundary rivers and streams transfer approximately
520 billion m® of water to our country, accounting for
approximately 63% of the total average annual water
volume of the river system, of which the Ca River
accounts for about 3 billion m3 [1].
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The Ca River is a large basin and plays an especially significant role in the socio-
economic development of local provinces containing the basin in particular provinces of
the North Central Region. Moreover, this river basin is recognized as important to the
country in general. The Ca River Basin drains a total area of 27,200 km?, spanning the
territory of two countries Vietnam (65.2%) and Lao PDR (34.8%). In Vietnam, the Ca
River Basin is located on the administrative boundaries of three provinces: Nghe An, Ha
Tinh, and Thanh Hoa, however the majority of the basin area is located in Nghe An
Province. The Ca River Basin runs from the northwest to the southeast direction,
gradually flowing towards the sea. The entire upstream region in Laos has an average
elevation of over 1,000 m. In Vietnam, more than 80% of the land area is mountainous.
Land satisfying the criteria for agricultural development accounts for only 19% of the
entire land area in Vietnam and 14% of the entire basin.

Recently, the Ca River Basin has been impacted by climate change. Previous
studies by Hoang Minh Tuyen and Pham Quy Giang [2], [3] have predicted that climate
change will increase the negative effect on water resources in the Ca River Basin, such as
flooding, droughts, sea level rise, and saltwater intrusion. In addition, the degradation
and pollution of water sources are also one of the adverse factors of climate change,
seriously threatening the living environment and the ability to exploit and use surface
water in the Ca River Basin [4].

The degradation of water quality is mainly the result of human activities,
including industrial production, agriculture, and urbanization. In Vietnam, most river
basins have quite high total suspended solids concentration (TSS) and turbidity values,
exceeding QCVN 08-MT: 2015/BTNMT - National technical regulation on surface water
quality, column A2 [1]. In the Ca River Basin, there are 34 periodic surface water
environment monitoring points. According to monitoring data from the General
Department of Environment for the period 2018-2020, Ca River's water quality has signs
of organic and nutrient pollution, which is concentrated primarily at downstream points,
the majority of which are affected by domestic wastewater in Vinh City or the
surrounding area with frequent fishing boats, the nitrite and BODs parameters exceed the
QCVN 08-MT:2015/BTNMT AZ2 threshold [1]. Water quality degradion is a threat to
aquatic life, aquatic ecosystem health and human health [5]. Recently, the impact of
agricultural activities on water quality in Ca River Basin has not been well studied.

According to statistics in 2014, the total land area in Nghe An Province is
1,648,997 hectares, of which agricultural land is about 1,249,176 hectares, accounting
for 75.8% of the province's land area. Agricultural activities significantly to the nutrient
pollution of water, paricularly by nitrogen (N) and phosphorus (P), which leach from
chemical fertilizers, organic fertilizers, as well as animal manure. These nutrients
usually exists in water in the form of nitrate (NO3), ammonium (NH4"), or phosphate
(POs*) [6]. Fertilizer residues in soils that are not absorbed by plants will be washed
away by rainwater runoff into the basin, thereby affecting the environment and aquatic
ecosystems [7].

This study aims to assess the seasonal changes of water quality in the Ca River’s
mainstream and tributaries. The study’ results contributes to providing a database of
surface water quality in the Ca River Basin, one of the major transboundary rivers. In
addition, the study also contributes to the detection and warning of changes in water
quality for appropriate management and treatment solutions, helping to prevent adverse
impact on human health and the ecosystem.
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2. Materials and methods
2.1. Study area

The Ca River Basin is located in the North Central Vietnam, at geographical
coordinates 17°50' to 20°50' North latitude, 103°14' to 106°10' East longitude. The total
area of the basin is 27,200 km?, of which 17,730 km? is in Vietnamese territory, accounting
for 65.2% of the total basin area. The length of river is 531 km, of which 361 km is in
Vietnam [8]. The tributaries flowing into the mainstream are short and steep, originating
from high mountains in the provinces of Xieng Khouang (Laos), Nghe An, and Ha Tinh
(Vietnam). The major tributaries of the Ca River are Nam Mo, Huoi Nguyen, Hieu, Giang
and La. These rivers contribute a significant amount of flow to the mainstream.
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Figure 1: Sample sites in the Ca River Basin
2.2. Sampling and analytical methods

Nine sample sites were selected along the Ca River to assess the impact of
topography and agricultural activities on water quality (5 sites on tributaries and 4 sites
on the mainstream) (Table 1). In tributaries, water samples are taken at the river's
terminus before confluence with the mainstream. The selected tributaries represent the
Dinh, Hieu, and Giang River basins. Sampling sites were selected at tributaries and
mainstream of the Ca River Basin (the middle basin and lower basin), which is the area
affected by human activities. In addition, sampling sites are taken at hydrological stations
in the Ca River Basin in order to collect discharge data which were measured and
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provided by the Hydrometeorological Center for North Central Region of Vietnam.
Water samples were collected during the dry season (16/5/2021) and the rainy season
(25/9/2021) at nine sites. Each sample of 500 ml was collected at the water depth of
approximately 10 cm at the riverside. Figure 2 shows some pictures during the water
sample collection process of the research team in the field.

Water sample collection and preservation were conducted according to the
National Standard TCVN 6663-6:2018. The parameters of dissolved oxygen DO
(mgO2/l), pH, conductivity EC (Millisiemens/meter-mS/m), salinity (%o), and
temperature (°C) was quickly measured in the field by the Multiparameter Portable Meter
HandyLab 680 (Germany). Samples for heavy metal analysis (As, Cu) were fixed with
acid HNOgz (pH<2) in the field. Water samples were filtered with Whatman Grade GF/F
filters (0.7 um pore size, 47 mm diameter) and stored separately in plastic bottles (PE) to
analyze inorganic nutrients (NOs", NH4*, POs%). Unfiltered water samples were used to
analyze total nitrogen (TN), total phosphorus (TP), and chemical oxygen demand (COD).
The samples were stored at 4 °C and immediately transferred to the laboratory at Institute
of Natural Products Chemistry, Ha Noi. The heavy metal (As, Cu) and COD
determination was based on Methods SMEWW 3125B:2017 and SMEWW 5220D:2017,
respectively. Total nitrogen, ammonium and nitrate were analyzed according to the
National Standards TCVN 6638: 2000, TCVN 6179-1:1996 and TCVN 6180:1996,
respectively. The TP and PO+> were determined according to to the National Standards
TCVN 6202:2008. The concentration of NH4*, NOs,, TN, POs*, TP, and COD (mg/L)
were determined by a spectrophotometer (JASCO V-630).

Table 1: Water sample collection sites in the Ca River Basin

. Number on Coordinates
Symbol Sample sites
the map X Y
Tributaries
T1  |Dinh bridge (1) 19°20'59.29"N | 105°18'35.47"E
T2 Hieu bridge 2 19°23'19.00"N | 105°19'20.56"E
73 |NghiaKhanh 3) 19°1221.76"N | 105°23'35.75"E
hydrological station
T4 | Cay Chanh (Hieu @) 19°342.63"N | 105°0'56.37"E
River)
T5 Giang River bridge @) 18°50'10.09"N 105°15'0.32"E
Mainstreams
Cay Chanh (Ca River,
M1 located before joining 5) 19°2'56.66"N 104°55'40.56"E
the Hieu River)
M2  [Do Luong bridge (6) 18°54'45.32"N | 105°17'58.17"E
M3 |YenThuong (8) 18°40'35.90"N | 105°25'46.17"E
hydrological station
ma | Nam Danhydrological | g 18°423.94"N | 105°29'23.31"E
station
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© ©)
Figure 2: Some pictures of samples taken in the field (a) Dinh River (T1),

(b) Giang River (T5), (c) Ca River at Do Luong (M2),
and (d) Ca River at Nam Dan (M4)

2.3. Data analysis methods

The data were statistically analyzed by season (dry and rainy season) and by
river basin location (mainstream and tributary) and then compared between different
bodies of water in the same sampling period as well as between sampling periods. In
addition, measured parameters were also compared with QCVN 08-MT:2015/BTNMT
- the National technical regulation on surface water quality, column Al to assess water

quality [9].

3. Results and discussion
3.1. Physical parameters

The water discharge values indicated a difference in spatial patterns along the Ca
River catchment area. The average water flow in the rainy season (1,332 m®/s) was 12
times higher than in the dry season (112 m%/s), and at mainstream sites the average water
flow was higher than in tributary sites. The temperature of water samples collected in
May at 9 points fluctuated between 30.0 and 33.6 °C, with an average of 32.0 °C.
Meanwhile, the temperature of water samples collected in September at 9 points
fluctuated between 24.6 and 27.5 °C, with an average of 26.3 °C.

The pH value ranged from 6.4 to 7.9, with an average of 7.5. The pH value did
not significantly fluctuate between the rainy season and the dry season and remained
within the standard values in the QCVN 08-MT:2015/BTNMT (6.0-8.5). Fluctuations in
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EC values and salinity showed a similar trend. EC and salinity in the dry season were
higher than in the rainy season, but there was no significant difference across the two
sampling periods and the sampling locations.

Results showed that dissolved oxygen (DO) concentration fluctuates between
monitoring points and seasonally. DO ranged from 6.1 to 8.2 mg/L, with an average of
7.1 mg/L. The average DO concentration in the dry season was 6.9 mg/L, lower than in
the rainy season, which measured at 7.3 mg/L. DO in the rainy season was higher than in
the dry season at most of the sampling locations and was within the standard values
according to the QCVN 08-MT:2015/BTNMT (> 6), (Figure 3).The monitoring results
showed that there was a correlation between the water flow and the content of physical
parameters. Low water flow in the dry season in tributaries explains the results of high
EC and salinity when compared to the results seen during the rainy season at the sample
sites along the mainstream. The decomposition of organic matter consumes dissolved
oxygen content, combined with low water flow in the dry season, there is a reduction of
DO in water.
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Figure 3: Physical and chemical parameters measured at monitoring points
on the mainstream and tributary of the Ca River in two seasons

3.2. Nutrients

The concentration of NH4" ranged between 0.05 and 0.58 mg/L, with an average
of 0.12 mg/L. Average concentration of NH4" in the tributaries were higher than in the
mainstream and in the dry season. Monitoring results in the dry season, at site T5, show
that NH4" was recorded the highest (0.58 mg/L), exceeding limits in the QCVN
08:2015/BTNMT for domestic water supply purposes (0.3 mg/L).

10
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Nitrate concentrations in the mainstream and tributaries of the Ca River ranged
between 0.13 and 1.53 mg/L, with an average value of 1.05 mg/L. Higher concentrations
of NOz™ were reported in the rainy season in the tributary sites. TN concentrations ranged
from 0.65 - 3.21 mg/L. TN and NOz™ showed a similar trend. Lower concentrations of NOs
and TN were documented in the dry season possibly due to a decrease in rainfall and
runoff. In the dry season, NO3s™ accumulates in soils due to mineralization of organic
nitrogen. In the beginning of the rainy season (September), high rainfall intensity enhances
the flushing of NOs™ accumulated in the organic layer of shallow soil surfaces during the
dry season, increasing associated nutrient flow into the rivers [10]. In addition, there is the
deposition of eroded sediment onto the riverbed and oxidation of inorganic nitrogen
compounds (NH:" to NOg3’), resulting in NOs  accumulation, accounting for a large
proportion of TN in all measured-water samples. Nitrogen oxidization may have been
activated by the supply of fresh water containing high DO concentrations from rainwater.

To minimize the possibilities of eutrophication, TN should not exceed a limit
value of 3 mg/L [11]. A high possibility of eutrophication can occur when TN is greater
than 1.7 mg/L [12]. The survey results showed that TN concentration exceeded 1.7 mg/L
at all the sampling sites in the rainy season (September). In the dry season most of the
sampling sites were < 1.7 mg/L except for site T5. The results of the water flow from
May to September indicated that the flow in the rainy season (September) increases
dramatically due to large amounts of rainfall at the beginning of the season. The
rainwater will wash nutrients and organic matter on the surface of agricultural soils,
resulting in higher TN levels. Therefore, the concentrations of nutrients measured at the
beginning of the rainy season were higher than that of the dry season.
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Figure 4: Concentration of (a) NH4™, (b) NOs", (c) TN
in mainstream and tributary sites
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Phosphate concentration varied between 0.06 and 0.23 mg/L, with an average
value of 0.1 mg/L. The higher concentrations were observed in the tributaries and in the
rainy season. According to QCVN 08-MT:2015/BTNMT, the maximum concentration of
PO4* in surface water for domestic water supplies should be 0.1 mg/L. During the rainy
season, PO* concentration at all tributary sites exceeded the limits in the QCVN 08-MT:
2015/BTNMT, with the highest at site T4 (0.2 mg/L).

The concentration of TP ranged between 0.05 and 0.6 mg/L, with an average of
0.23 mg/L. In general, TP concentration was higher in the tributary than in mainstream,
and showed little seasonal variation. The TP measured in the Ca River catchment was
more than 0.1 mg/L, representing the presence of eutrophication [11].
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Figure 5: Concentration of (a) PO4>, (b) TP in mainstream and tributary sites

Measured value of nutrients in rainy season recorded higher than in dry season.
At the beginning of the rainy season, rainwater washes away substances nutrients in soils
into the river basin, increasing the nutrient content on the tributaries. Tributary site of T4
was the highest of nutrient concentrations in rainy season among the monitoring sites,
due to its location as the end point of the tributary river, receiving nutrients and organic
matter from monitoring sites T1-3. At the same time, the water flow in the tributaries is
lower than in the mainstream, so the concentration in the tributaries tends to be higher.

In dry season, T5 site revealed the highest concentration of NH4*, TN, PO4*, and
TP. Basin area of the T5 sites is 1,089 km? while the tributary is narrow and water
discharge is low (27.7 m®s). We supposed that nutrient concentrations would not be
diluted, resulting in the highest value being recorded in T5 site during the dry season.

Nutrient concentrations were found to be higher in the Ca River basin than in
other main river catchments in Southern (Lower Mekong River) [13] and Northern
Vietnam (Nhue River) [14]. According to Dodds et al. (1998), Dodds and Wetch (2000)
[15, 16], the measured values of DO, TN, TP in the rainy season at tributary sampling
sites of Ca River are high risk of eutrophication (Table 2).

Table 2: Classification of trophic levels of river [15, 16]

i Trophic status
DO mg/L | TN mg/L TP mg/L Chl-a g/l | o) ssification

>5 <0.7 <0.025 <10 Oligotrophic

12
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) Trophic status
DOmg/L | TN mg/L TP mg/L Chl-a pg/L classification

1-5 0.7-15 0.025-0.075 | 10-30 Mesotrophic
0-1 >1.5 >0.075 >30 Eutrophic

The concentration of nutrients in natural water is affected by a variety of
watershed characteristics, including agricultural use, fertilizer application rate, soil type,
and hydrological hydrological flow paths between the land and the stream [17]. Rivers in
Vietnam's Central Region have narrow riverbeds, steep slopes, and small catchment
areas. During the rainy season, the flow is frequently concentrated quickly, resulting in
high discharge rates [4]. Large concentrations of nutrients in surface soil are flushed out
by erosion and runoff to rivers and then transported into estuaries.

3.3. Chemical oxygen demand (COD)

The organic matter content in water is assessed by the COD parameter. The
results showed that COD fluctuated significantly from 8.7 to 32.2 mg/L, with an average
of 18.4 mg/L. The average COD in the rainy season (23.6 mg/L) is higher than in the dry
season (13.2 mg/L). In the rainy season, the COD concentration measured in the
mainstrem is higher than in the tributary. This trend is the opposite during the dry season.

Most of the sample sites (except for the site M3 in dry season) have a COD
exceeding 10 mg/L, which is 1.0 to 3.2 times higher than the standard set for surface
water quality according to the QCVN 08-MT:2015/BTNMT. The Ca River Basin is
affected by agricultural activities and at the beginning of the rainy season (September),
rainwater will wash nutrients and organic matter on the surface of the agricultural soil
layer into the river, increasing COD concentrations in the entire river basin. Similarly the
seasonal variation of COD was observed to be increasing during the rainy season and
decreasing during the dry seasons [18, 19]. This may be that during the dry season, the
reduced water quantity result to decreased COD value.
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Figure 6: Concentration of COD in mainstream and tributary sites
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3.4. Heavy metals

The analysis results of heavy metals (As, Cu) at the sampling sites on the river
basin through 2 seasons show that all values are within the allowable limits of the QCVN
08-MT:2015/BTNMT. Water quality of the Ca River was not contaminated with heavy
metals (Table 3).

Table 3: Results of heavy metal analysis at sampling sites
on the mainstream and tributaries of the Ca River in two seasons

Sample sites As (mg/L) Cu (mg/L)
T1 0.01 0
T2 0 0
T3 0 0
5 T4 0 0
sea?c;n ™ 0 0
M1 0 0
M2 0 0
M3 0 0
M4 0 0
T1 0.01 0.03
T2 0 0
T3 0 0.02
) T4 0.01 0.02
SR;Z'SZ{] TS5 0 0.01
M1 0 0.01
M2 0 0.02
M3 0 0.01
M4 0 0,02
QCVN 08-MT:2015, Columne Al 0.01 0.1

4. Conclusion

Physical parameters (pH, EC, salinity, DO) and and heavy metals (As, Cu) are
within the standard values according to the National Technical Regulation on Surface
Water Quality QCVN 08-MT:2015/BTNMT for domestic water supply purposes
(Columne A1l). Average water flow in the rainy season (1,332 m%/s) was 12 times
higher than in the dry season (112 m?®s), and at mainstream sites the average water
flow was higher than in tributary sites. Measured value of nutrients in rainy season
recorded higher than in dry season. In rainy season, higher nutrient concentrations at

14



Vinh University Journal of Science Vol. 52, No. 2A/2023

the tributary sites compared to those at the mainstream may be due to agricultural
runoff. At the same time, water flow in the tributaries was lower than in the
mainstream, thus increasing the concentrations.

Concentration of nutrients (NOs, TN, PO and TP) and chemical oxygen
demand (COD) were found to be higher in the Ca River basin than in other Vietnam’s
river catchments. Measured values of TN, TP in the rainy season at tributary sampling
sites of Ca River pose risks of eutrophication.
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TOM TAT

PANH GIA SU THAY POI CHAT LUQNG NUOC MAT
THEO MUA TREN DONG CHINH VA MOT SO SONG NHANH
THUQC LUU VUC SONG CA

H6 Thi Phwong!, Ha Thi Kim Thanh?
YWieén Cong nghé Hoa sinh - Moi truong, Truwong Dai hoc Vinh, Viét Nam
2 Trung tam Quan trdc tai nguyén va méi triecong Pa Nang, Viét Nam
Ngay nhan bai 15/11/2023, ngay nhan dang 17/3/2023

Nghién ctru nham danh gia sy thay doi cta chat lugng nudc theo mua trén song
chinh va mét sé song nhanh thudc luu vuc song Ca. Mau nuéc dugc thu vao mua kho
(thang 5/2021) va dau mua mua (thang 9/2021) tai 4 vi tri trén séng chinh va 5 vi tri trén
song nhanh dé phan tich mot sd thong s6 chat lugng nude. Két qua quan tric cac thong
) 1y hoc (pH, EC, d6 mudi, DO) va kim loai nang (As, Cu) déu trong gidi han quy dinh
tai QCVN 08:2015/BTNMT vé chét lugng nudc mit cho muc dich cip nude sinh hoat
(cot Al). Nong @6 cac chat dinh dudng do dac tai diém séng nhanh cao hon song chinh
do tiép nhan céc chit dinh dudng va hitu co tir hoat dong néng nghiép ria troi do vé.
Pong thoi luu lugng nuéc & sdng nhanh thap hon song chinh, do d6 ndng do cac chat
dinh dudng c6 xu thé cao hon. Ham luwong chat hitu co (COD) va cac chat dinh dudng
(NO3", TN, POs* va TP) ghi nhan duoc kha cao; vao dau muia mua cao hon mua khé do
hién tuong rira troi cac chat dinh dudng chay vé luu vuc séng 1am gia ting ham luong
dinh dudng. Nhin chung, chat lwong nudc vao miia mua tai cac diém quan trac trén song
nhanh c6 mirc d§ dinh dudng cao, nguy co pht dudng.

Tir khéa: Chét luong nude; ham lugng dinh dudng; pht dudng; song Ca.
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