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The Cai River is the main river in Ninh Thuan Province, Vietnam, and plays a crucial role as arterial
river in the entire province. The Cai River is the main river of the Cai River basin; the Sat, Cho Mo, and
Ngang Rivers are located on the left hand side, whereas the Ong, Cha, Than, Quao, and Lu Rivers are
located on the right hand side of the basin. In this study, the prevailing water quality of the Cai River basin
was evaluated by comparing the observed water quality in the Cai River and at the confluences of its tribu-
taries, and the evaluated water quality of the Cai River was compared with the Vietnamese standards.
Several parameters, including the pH, total suspended solids, phosphate, dissolved oxygen, biochemical
oxygen demand, and chemical oxygen demand were selected for evaluation. Results show that in compari-
son with water quality standards of Vietnam for irrigation or other domains with low water quality, the water
quality standards in the Cai River and in confluences of its tributaries were not significantly affected by pol-

luting factors.
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INTRODUCTION

The Cai River basin located in Ninh Thuan Province,
originates in Khanh Son District, Khanh Hoa Province,
and terminates in Dong Hai Ward, Phan Rang-Thap
Cham City, Ninh Thuan Province. Its length is about
120 km with a basin area of approximately 2050 km?.
The main rivers of the Cai River basin are shown in Fig.
1., showing the Cai River as the main river; the Sat, Cho
Mo, and Ngang Rivers on the left-hand side, whereas the
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Fig. 1. Location of the Cai River basin and its main rivers.
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Ong, Cha, Than, Quao, and Lu Rivers on the right-hand
side.

The Ninh Thuan Province has the highest tempera-
ture and lowest precipitation in Vietnam with frequent
drought and water shortages; therefore, the Cai River
plays a vital role as the arterial river. The Cai River sup-
plies water for irrigation, serves economic activities and
tourism, and regulates the flow and drain of floods. It is
the main source of water supply for over 80% of the
water demand in Ninh Thuan Province for multiple pur-
poses. Therefore, water reserves are an essential factor
affecting water availability, and water quality is also a
significant factor directly affecting the water sector.

Results show that water quality of the Cai River
basin was stable from 2012 to 2014, and met the permit-
ted standards of the national technical regulation on sur-
face water quality of the Ministry of Natural Resources
and  Environment (QCVN  08-MT:2008/BTNMT)
(MONRE, 2008). However, the concentration of organic
matter and nutrient contamination increased signifi-
cantly, exceeding the sanctioned standard by 2015, espe-
cially in the northern canals in Phan Rang and Ninh Hai
branches (Department of Natural Resources and
Environment of Ninh Thuan Province, 2018). Water
quality at some locations showed signs of organic pollu-
tion, indicated by the chemical oxygen demand (COD)
and biochemical oxygen demand (BOD,). The dissolved
oxygen (DO) in the surface water of the northern branch
of Phan Rang was low in 2011 and 2012. Although BOD,
did not exceed the standard, it increased over the years.
Several monitoring locations in the northern channel of
the Phan Rang and Ninh Hai branches have recorded
BOD, violating QCVN 08-MT:2008/BTNMT standard.
The pollution resulted from the Cai River and its north-
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ern and southern canals receiving wastewater from
industrial, agricultural, and domestic activities.
Currently, only Phan Rang-Thap Cham city has one cen-
tralized local wastewater treatment plant with a capacity
of 5000 m?d, whereas there are none in the districts in
Ninh Thuan Province (Department of Natural Resources
and Environment of Ninh Thuan Province, 2018).

According to Meybeck et al. (1996), water quality
demonstrates the suitability of water sources to maintain
physicochemical and biochemical processes occurring
within and serve different uses. It can be determined by
a series of different parameters determining the
intended use of each water source and depends on the
physicochemical and biological parameters of water.
These parameters depend on natural factors (such as
geology, topography, meteorology, hydrology, and biol-
ogy) of the river basin and fluctuate seasonally depend-
ing on the flow conditions such as flow, weather, and
water—levels. In addition, human intervention has a sig-
nificant influence on water quality: changes in hydrologi-
cal flows (dam construction and drainage, among oth-
ers), discharging pollutants, including domestic, indus-
trial, and urban sewage, and spreading chemicals on
agricultural land in the river basin hamper the water
quality. According to Cooke et al. (2000), there are two
ways to assess surface water quality: concentration
(mg/L) and load (ton/year).

Water quality parameters are expressed through
three indicators: physical criteria (pH, temperature,
color, turbidity, and total suspended solids); chemical
indicators (total alkalinity, degree of hardness, DO,
BOD,, COD, nitrogen compounds, and phosphorus com-
pounds); and biological criteria (bacteria, viruses, and
other aquatic microorganisms) (Ton 2007; Le 2008;
Pham et al. 2011). To assess the water quality in rivers,
canals, and ponds, scientists often rely on their water
quality parameters and not on limitations specified in
national standards.

The Cai River basin has a complex network of 32
water quality monitoring stations (Department of
Natural Resources and Environment of Ninh Thuan
Province, 2018). However, these stations are unevenly
distributed, concentrated mainly in the downstream,
industrial, and densely populated areas. The number of
stations along the main river of the Cai River is small and
sparse. In addition, for the tributaries at the main flow,
most of the monitoring data do not ensure the specificity
and continuity in analyzing and evaluating prevailing sit-
uations and the changes in surface water quality in the
Cai River basin. To assess the water quality of the Cai
River basin, in addition to acquiring data of the monitor-
ing network, it is necessary to conduct monitoring at
some point on the main river of the Cai River and its
tributaries (MONRE, 2009).

Herein, the prevailing water quality of the Cai River
basin was evaluated by investigating the observed water
quality in the Cai River and the confluences of its tribu-
taries. In addition, surface water quality was assessed
over time and space by determining the changing trend
of water quality and comparing it with the latest techni-

cal regulations on surface water quality of the Ministry of
Natural Resources and Environment QCVN 08-MT:2015/
BTNMT (MONRE, 2015). For the monitoring points at
the confluence of the Cai River and its tributaries, the
temperature, pH, DO, COD, phosphate (P_PO,), BOD,,
and total suspended solids (TSS) were considered for
the evaluation.

MATERIALS AND METHODS

Methodology

On the main river of the Cai River, seven additional
measurement points were arranged at the points of con-
fluence of its tributaries. The specific locations of the
monitoring points are summarized in Table 1 and Fig. 2.
With a frequency of 10 samples for each monitoring posi-
tion, the proposed monitoring sites ensured a reasonable
and uniform distribution between locations and provided
objectivity and accuracy in analyzing and assessing the
water quality of the Cai River basin. There are seven
tributaries of the Cai River basin, i.e., the tributaries of
the Ong, Tra Co, Sat, Dau, Mo, and Ngang Rivers, with a
total length of over 200 km, and most of these do not
have any monitoring stations or specific data on water
quality. In addition, there are many reservoirs, hydroe-
lectric dams, and domestic surface water exploitation
projects, which have a significant influence on the water
quality of the tributaries.

To evaluate the water quality of the Cai River, sam-
pling and monitoring at 14 points, including urban and
densely populated areas, and socio—economic develop-
ment activities, are shown in Table 2 and Fig. 3.

Field observations were conducted in the dry season
of April 2019. For the monitoring points, temperature,
pH, TSS, P_PO,, DO, BOD,, and COD were observed and
analyzed.
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Fig. 2. Location map of seven points of confluence
of tributaries flowing into the main river.
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Table 1. Location of seven points of confluence of tributaries flowing into the main river

No. Location Symbol Lonzgjgude Lat(i%lde N;r;l;eizsf Time i(éroizr)np ling Weather condition
1 Thgact‘gfvlzfx;ﬁf tt}?ee g:f‘és;“d Ml 1088100  11.7630 10 O‘f/llifgg O Sunnyand cloudless
) TeledeOu e o n WS Lt
3 The Conﬂvl;iﬁcfhzféngggero River M3 108.8128 11.7308 10 O%ﬂlzsgg 0 Sunny and cloudless
et TR R TR L TR
5 Theconfuencs ole NEME R yi5 1088496 116826 10 O‘f/llgfgg O Sunnyand cloudless
6  Ine Confnﬁi‘;eeoéa?fﬁ?:rao River M6 108.9847  11.5539 10 04:/11553_)1513(1)1(()) 0 Sunny and cloudless
g Theconflueneeof the UENrWI Mz 109.0050 115390 10 OV S0 Sunny and cloudless
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Fig. 3. Location for establishing monitoring points

in the Cai River basin.

Samples were taken directly by winches with crank-
ing at three vertical points in the same cross section: the
left and right bank and middle of the river. After sam-
pling at these three points, the samples were mixed for
homogeneity, then put into a water sample container and
stored, following regulations on the technical process of
MONRE (2011).

After obtaining the analyzed data, the water quality
results were compared with the national technical regu-
lations on surface water quality of the Ministry of
Natural Resources and Environment (QCVN 08—
MT:2015/BTNMT), as shown in Table 3. QCVN 08-
MT:2015/BTNMT is the Vietnamese standard for water
quality parameters for irrigation or other domains with
low water quality. It specifies the limitation of surface
water quality parameters and helps evaluate and manage
the quality of surface water as a basis for appropriate
protection and use of water. It is also a basis for prepar-
ing and approving water use plans for determined pur-
poses and assessing the suitability of surface water qual-

Table 2. Position coordinates of monitoring points in the Cai River basin

No. Symbol Lonzgoigude Lat(ig)ude T1r?2e Oflo g; /(s)zr/;gl)ing Weather condition
1 CR_1 108.8815 11.6278 7:45 Light sunny, less cloudy, dry weather
2 CR_2 108.8952 11.6179 8:10 Light sunny, less cloudy, dry weather
3 CR_3 108.9053 11.6171 8:55 Sunny and cloudless
4 CR_4 108.9143 11.6124 9:15 Sunny and cloudless
5 CR_b 108.9247 11.6089 10:20 Sunny and cloudless
6 CR_6 108.9395 11.6022 11:10 Sunny and cloudless
7 CR_7 108.9402 11.5967 12:05 Sunny and cloudless
8 CR_8 108.9418 11.5916 14:00 Sunny and cloudless
9 CR_9 108.9612 11.5894 14:40 Sunny and cloudless
10 CR_10 108.9702 11.5740 15:15 Sunny and cloudless
11 CR_11 108.9851 11.5627 15:50 Sunny and cloudless
12 CR_12 108.9844 11.5559 16:10 Sunny and cloudless
13 CR_13 108.9946 11.5527 16:45 Light sunny, less cloudy, dry weather
14 CR_14 108.9992 11.5443 17:10 Light sunny, less cloudy, dry weather
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Table 3. Limitation of some parameters of water quality based on
QCVN 08-MT:2015/BTNMT (MONRE, 2015)

Limitation
No. Parameters Unit a b

al a2 bl b2
1 pH 6.0-85 6.0-85 55-9.0 5.5-9.0
2 DO mg/,.  26.0 25.0 24.0 220
3 BOD, mg/L 4.0 6.0 15.0 25.0
4 COD mg/L 10.0 15.0 30.0 50.0
5 P_PO, mg/L 0.1 0.2 0.3 0.5
6 TSS mg/L 20.0 30.0 50.0 100.0

ity for approved water use plans. Moreover, this regula-
tion is the basis for controlling waste—sources discharged
into receiving sources, ensuring that surface water
sources are always suitable for use. Furthermore, it is
the basis for implementing measures to improve and
restore water quality.
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Fig. 4. pH values at the seven confluences of the
tributaries and the Cai River.
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Fig. 5. DO values at the seven confluences of the
tributaries and the Cai River.
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RESULTS AND DISCUSSIONS

Water quality at confluence points in the Cai River

basin

The results of the water quality analysis at the con-
fluence points of the Cai River and its tributaries are

summarized in Tables 4 to 10 and Figs. 4 to 9.
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Fig. 6. BOD, values at the seven confluences of
tributaries and the Cai River.
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Fig. 7. COD values at the seven confluences of
the tributaries and the Cai River.
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P-PO4 values at the seven confluences of
tributaries and the Cai River.
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The pH measurements at the confluences along the
Cai River are summarized in Tables 4 to 10 as well as in
Fig. 4, clearly showing that the pH indicator of all conflu-
ences was outside the allowed limit of QCVN 08-

--- Vietnamese Standard of e M1 « M5
QCVN 08—MT/BTNMT o M2 o M6
m M3 aM7
o M4
50.0
400
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Fig. 9. TSS values at the seven confluences of
tributaries and the Cai River.

MT:2015/BTNMT. In particular, the pH of the water
source of the confluence of the Tra Co, Sat, and Cai
Rivers (M1) fluctuated at a relatively stable amplitude;
the highest was 9.58, and the lowest, 9.53. The pH at
the confluence points M1 (Tra Co, Sat Rivers), M2 (Ong
River), and M7 (Lu River) was between 9.0-10.0. The
environment was slightly alkaline; however, other conflu-
ences had a pH >10.0. Notably, M3, the confluence
point of the Cho Mo and Cai Rivers showed a very high
pH of 10.20-11.29. The environments of M3, M4, M5,
and M6 were alkaline.

A representation of DO in the confluence area is
shown in Fig. 5. and Tables 4 to 10; the water quality in
the confluence areas was excellent. The DO was higher
than the standard, fluctuated in a narrow range, and was
quite stable, proving the accuracy of measurement and
analysis. In the rainy season, a huge amount of water
would often result in a large flow, so the disturbance and
ability to spread was uniform in the area, helping the
area to have no organic pollution and to maintain DO at
a high and stable level. The confluence points of the

Table 4. Water quality at the confluence of the Tra Co, Sat, and Cai Rivers (M1, see also Table 1), and the per-
mitted standards of the national technical regulation on surface water quality (see also Table 3)

No.  Sample Termp. oH DO BOD, COD P_PO, TSS

(mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
1 MI-1 28.6 9.6 8.1 7.0 12.2 0.3 20.0
2 M1-2 28.6 9.6 8.1 6.0 8.1 0.4 20.0
3 M1-3 28.6 9.6 8.1 6.0 9.8 0.6 21.0
4 M1-4 28.6 9.6 8.1 7.0 13.6 0.8 21.0
5 M1-5 28.6 9.6 8.1 5.0 10.1 0.2 20.0
6 M1-6 28.6 9.6 8.1 5.0 10.4 0.2 21.0
7 M1-7 28.6 9.6 8.2 6.0 11.0 0.2 19.0
8 MI-8 28.7 95 8.1 6.0 10.9 0.2 20.0
9 M1-9 28.7 95 8.2 7.0 102 0.3 20.0
10 M1-10 28.7 95 8.2 5.0 76 0.3 20.0
MTESY;B(?I;MT 5.5-9.0 >4.0 15.0 30.0 0.3 50.0

Table 5. Water quality at the confluence of the Ong and Cai Rivers (M2, see also Table 1), and the permitted
standards of the national technical regulation on surface water quality (see also Table 3)

No.  Sample Temp. ol DO BOD, COD P_PO, TSS

(mgl)  (mgl)  (mgl)  (mgh)  (mgl)
1 M2-1 25.9 9.8 8.9 5.0 8.0 0.3 20.0
2 M2-2 25.9 9.7 8.9 6.0 6.2 0.4 18.0
3 M2-3 25.9 9.7 8.9 5.0 5.7 0.3 20.0
4 M2-4 25.8 9.5 8.9 6.0 7.7 0.3 18.0
5 M2-5 25.8 9.5 8.9 7.0 122 0.4 19.0
6 M2-6 25.8 95 8.9 6.0 125 0.5 18.0
7 M2-7 25.8 9.4 8.9 7.0 126 0.6 21.0
8 M2-8 25.7 9.4 8.9 5.0 7.0 0.5 18.0
9 M2-9 25.7 9.4 8.9 5.0 8.0 0.3 20.0
10 M2-10 25.7 9.4 8.8 7.0 8.9 0.1 21.0
QOVN 08 5.5-9.0 >4.0 15.0 30.0 0.3 50.0

MT:2015/BTNMT
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Table 6. Water quality at the confluence of the Cho Mo and Cai Rivers (M3, see also Table 1), and the permit-
ted standards of the national technical regulation on surface water quality (see also Table 3)

No.  Sample Temp. o DO BOD, CcOD P_PO, TSS

(mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
1 M3-1 28.2 11.3 8.8 6.0 12.8 0.2 NA
2 M3-2 28.2 11.1 8.9 8.0 13.7 0.1 16.0
3 M3-3 28.3 10.9 8.9 8.0 9.3 0.2 19.0
4 M3-4 28.3 10.7 9.0 12.0 118 0.1 17.0
5 M3-5 28.3 106 9.0 14.0 12.6 0.2 19.0
6 M3-6 28.3 105 9.0 11.0 122 0.2 17.0
7 M3-7 28.3 10.4 9.0 10.7 12.9 0.2 21.0
8 M3-8 28.3 103 9.0 7.0 153 0.1 18.0
9 M3-9 28.3 10.3 9.0 7.0 16.9 0.6 17.0
10 M3-10 28.3 102 8.9 5.0 142 0.2 20.0
MTE(?EB(?I;MT 5.5-9.0 >4.0 15.0 30.0 0.3 50.0

Table 7. Water quality at the confluence of the Than, Dau, and Cai Rivers (M4, see also Table 1), and the per-
mitted standards of the national technical regulation on surface water quality (see also Table 3)

No.  Sample Temp. o DO BOD, COD P_PO, TSS
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

1 M4-1 32.2 10.4 9.0 6.0 10.6 0.2 NA

2 M4-2 32.2 10.4 9.0 5.0 15.9 0.5 21.0

3 M4-3 32.2 104 9.0 5.0 16.8 0.2 21.0

4 M4-4 32.2 10.4 9.0 5.0 104 0.4 20.0

5 M4-5 32.2 104 9.0 7.0 154 0.2 17.0

6 M4-6 32.3 104 9.0 7.0 7.8 0.6 18.0

7 M4-7 32.3 104 9.0 5.0 16.9 0.1 18.0

8 M4-8 32.3 104 9.0 6.0 23.3 0.2 NA

9 M4-9 32.3 104 9.0 6.0 175 1.0 18.0

10 M4-10 32.3 104 9.0 5.0 14.2 0.5 21.0
MTESEB?I;MT 5.5-9.0 >4.0 15.0 30.0 0.3 50.0

Table 8. Water quality at the confluence of the Ngang and Cai Rivers (M5, see also Table 1), and the permitted
standards of the national technical regulation on surface water quality (see also Table 3)

N Sl . - DO BOD. COD P_PO, TSS
o ampie e P (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
1 M5-1 28.1 10.3 8.0 5.0 10.8 0.2 19.0
2 M5-2 28.1 10.3 8.0 5.0 10.6 0.2 18.0
3 M5-3 28.1 10.3 8.0 7.0 12.8 0.2 18.0
4 M54 28.1 10.3 8.0 5.0 9.8 0.2 21.0
5 M5-5 28.1 10.3 8.0 6.0 85 0.1 24.0
6 M5-6 28.1 10.3 8.0 6.0 11.1 0.2 23.0
7 M5-7 28.1 10.3 8.0 6.0 13.2 0.1 23.0
8 M5-8 28.1 10.3 8.0 7.0 154 0.1 21.0
9 M5-9 28.1 10.3 8.1 5.0 12.7 0.1 22.0
10 M5-10 28.2 10.3 8.0 5.0 8.8 0.2 21.0

CVN 08—
Q 5.5-9.0 >4.0 15.0 30.0 0.3 50.0

MT:2015/BTNMT
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Table 9. Water quality at the confluence of the Quao and Cai Rivers (M6, see also Table 1), and the permitted
standards of the national technical regulation on surface water quality (see also Table 3)

No.  Sample Temp. - DO BOD, CcOD P_PO, TSS

(mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
1 M6-1 29.3 104 6.4 5.0 8.4 0.1 24.0
2 M6-2 29.3 10.3 6.4 7.0 124 0.2 24.0
3 M6-3 29.4 10.2 6.4 7.0 7.6 0.2 26.0
4 M6-4 29.4 102 6.3 7.0 10.8 0.1 23.0
5 M6-5 29.3 10.1 6.3 6.0 10.3 0.2 23.0
6 M6-6 29.3 10.1 6.4 5.0 10.8 0.1 24.0
7 M6-7 29.3 10.0 6.4 6.0 15.1 0.1 25.0
8 M6-8 29.3 10.0 6.4 5.0 134 0.2 25.0
9 M6-9 29.3 9.9 6.4 7.0 10.9 0.3 27.0
10 M6-10 29.3 9.9 6.4 6.0 12.6 0.2 30.0
MT%SEB(%MT 5.5-9.0 >4.0 15.0 30.0 0.3 50.0

Table 10. Water quality at the confluence of the Lu and Cai Rivers (M7, see also Table 1), and the permitted
standards of the national technical regulation on surface water quality (see also Table 3)

No.  Sample Temp. o DO BOD, COD P_PO, TSS
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

1 M7-1 30.1 9.1 7.2 5.0 7.9 0.2 18.0
2 M7-2 30.1 9.2 7.1 5.0 10.0 0.5 22.0
3 M7-3 30.1 9.2 7.1 7.0 7.3 0.2 21.0
4 M7-4 30.1 9.2 7.1 5.0 8.3 0.2 22.0
5 M7-5 30.1 9.2 7.1 6.0 7.7 0.1 24.0
6 M7-6 30.1 9.2 7.1 6.0 15.6 0.3 21.0
7 M7-7 30.2 9.2 7.1 7.0 12.7 0.2 NA
8 M7-8 30.2 9.2 7.1 7.0 13.0 0.1 19.0
9 M7-9 30.2 9.2 7.1 6.0 15.9 0.3 19.0
10 M7-10 30.3 9.2 7.1 6.0 13.6 0.3 18.0
MTESEB?&MT 5.5-9.0 >4.0 15.0 30.0 0.3 50.0

Than, Dau, and Cai Rivers (M4), Cho Mo and Cai Rivers
(M3), and Ong and Cai Rivers (M2) had the highest DO
values of ~9.0 mg/L, as they were located in areas with
no dense population; hence, were not polluted by human
sources. The value of DO was ~8 mg/L at the confluence
points of the Tra Co, Sat, and Cai Rivers (M1), and at
that of the Ngang and Cai Rivers (M5), and was ~7 mg/L
at that of the Lu and Cai Rivers (M7). The lowest value
of DO was about 6.5 mg/L at the confluence of the Quao
and Cai Rivers (M6), being located in Phan Rang—Thap
Cham City with a dense population and having pollution
caused by human activity. In general, the DO results
showed that the assimilative capacity of the river was
very good.

The BOD, values at M1 to M7 ranged from 5 to
7mg/L, which was only half of the permissible limit of
QCVN 08-MT:2015/BTNMT, as shown in Fig. 6 and
Tables 4 to 10. The fluctuation in BOD, at the monitor-
ing points was small because the pollutants did not
affect the measuring site. Except for the confluence of
the Cho Mo and Cai Rivers (M3), BOD, was very high

(reaching ~14 mg/L at some points), reaching the stand-
ard limitation of QCVN 08-MT:2015/BTNMT. The BOD,
values indicated mild pollution at the confluences of the
Cai River. In particular, the confluence of the Cho Mo
and Cai Rivers (M3) was highly polluted; although, the
BOD, was lower than that prescribed by QCVN 08-
MT:2015/BTNMT.

Through the indicated values, COD was much lower
than the standard of QCVN 08-MT:2015/BTNMT and
fluctuated in a relatively high amplitude from b5.7—
23.3mg/L as shown in Fig. 7 and Tables 4 to 10. The
reason for this phenomenon was distribution by depth.
The lowest value of COD was in the confluence of the
Ong and Cai Rivers (M2), ranging from 5.7-12.6 mg/L.
Other confluences had a higher value; the highest was at
the confluence of the Than, Dau, and Cai Rivers (M4)
measuring 7.8-23.3 mg/L. This may explain why the pol-
luted components were distributed unevenly and
depended on the water—depth.

At some monitoring stations, the measured P_PO,
level exceeded the permitted standard, as shown in Fig.



328 T A NGOC et al.

8 and Tables 4 to 10. Especially, the confluence of the
Tra Co, Sat, and Cai Rivers (M1), Ong and Cai Rivers
(M2), Than, Dau, and Cai Rivers (M4), and one point of
the Cho-Mo and Cai Rivers (M3) had an excess P_PO,
value when compared with the limitation. At the conflu-
ence of the Cho Mo and Cai Rivers (M3), P_PO, values
fluctuate in a fairly high amplitude from 0.1-0.55 mg/L.
It tended to increase gradually downstream, compared
with upstream points at the confluence of the Lu and Cai
Rivers (M7).

As shown in Fig. 9 and Tables 4 to 10, the TSS was
lower than the limitation of QCVN 08-MT:2015/BTNMT.
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Fig. 12. BOD, values of the Cai River.

The largest TSS concentration was only 20 mg/L, while
the limit was 50 mg/L.

Cai River water quality

Water quality parameters in the Cai River are sum-
marized in Table 11 as well as in Figs. 10 to 15. This
demonstrates that most of the indicators were within
permitted limits of QCVN 08-MT:2015/BTNMT and had a
broad fluctuation range. The water of the Cai River was
slightly alkaline, with a pH value ranging from 9-10,
approximately the measured value of the confluence of
the Cai and Lu Rivers. The DO was within the permitted
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Fig. 13. COD values of the Cai River.
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Fig. 15. TSS values of the Cai River.
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limits of QCVN 08-MT:2015/BTNMT with amplitude
ranging from 6.09-10.30 mg/L, and BOD, ranging from
5-13 mg/L, quite similar to the results in other rivers.

Besides, other indicators such as COD, P_PO,, and
TSS had values equal to only half of the allowed value,
indicating that the water in the Cai River was not signifi-
cantly affected by polluting factors.

CONCLUSION

The prevailing water quality of the Cai River basin
was evaluated by investigating the observed water qual-
ity in the Cai River and the confluences of its tributaries.
In addition, surface water quality was assessed over time
and space by determining the trend of water quality and
comparing it with the latest national technical regula-
tions on surface water quality of the Ministry of Natural
Resources and Environment QCVN 08-MT:2015/BTNMT.
For the monitoring points at the Cai River and the con-
fluence of its tributaries, the temperature, pH, DO, COD,
P_PO,, BOD, and TSS were evaluated.

The results of water quality analysis at the conflu-
ence of the Tra Co and Cai Rivers (M1) showed that indi-
cators such as pH and P_PO, were outside the limitation
of QCVN 08-MT:2015/BTNMT. The DO in water was
higher while the BOD,, COD, and TSS indices were lower
than the limitation. The water quality in the confluence
area was observed to be particularly good.

At the confluence of the Ong and Cai River (M2),
the DO, BOD,, COD, and TSS indices were within the
permitted limits of QCVN 08-MT:2015/BTNMT. The DO
in the water in the confluence area fluctuated within a
narrow range and was quite stable. The BOD, values
varied from 5-7 mg/L and was only half of the permissi-
ble limit of QCVN 08-M:2015T/BTNMT. The COD value
was much lower than that of the standard. The values of

BOD, and COD were quite similar, proving that the water
in the area had no cell components or biodegradation.
Some monitoring stations measured the P_PO, level to
be in excess of the permitted standard.

The water quality at the confluence of the Cho Mo
and Cai Rivers (M3) was mostly within the allowed limits
of QCVN 08-MT:2015/BTNMT. The environment was
alkaline with a pH >10, but the pH was less volatile than
the confluence point of the Ong and Cai Rivers (M2).
The DO was much higher than the standard. The water
quality in the confluence area was observed to be
acceptable, proving the absence of organic pollution.
The BOD, values ranging from 5-14 mg/L, were within
permitted limits of QCVN 08-MT:2015/BTNMT, quite
similar to the results at the confluence of the river. P_
PO, values fluctuated from 0.10-0.55mg/L.. The TSS
index was within the allowable limits. The similarity in
measurements at the above points demonstrated the
objectivity and accuracy of our work, because it accu-
rately reflected the water quality and characteristics at
the monitoring points (upstream area). There was mini-
mal socio—economic development activity, sparse popu-
lation density, the quality of water sources had been
unaffected, and the impact of agricultural and industrial
activities was minimal.

At the confluence of the Than and Cai Rivers (M4),
half of the indicators were within permitted limits of
QCVN 08-MT:2015/BTNMT. The pH fluctuated at 10,
indicating a slightly alkaline environment. The DO was
higher than the standard, fluctuating within a narrow,
stable range. Similar to the confluence of the Cho Mo
and Cai Rivers (M3), the BOD,, COD, and TSS indicators
were still within allowed limits. In particular, the largest
value of TSS was only 21 mg/L, while the limit was
50mg/L. P_PO, levels were still much higher than that
in QCVN 08-MT:2015/BTNMT.

Table 11. Water quality of the Cai River and the permitted standards of the national technical regulation on

surface water quality (see also Table 3)

No. Location Temp. pH bo BOD, coD P_PO, 55
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

1 CR_1 28.8 10.0 8.2 7.0 112 0.2 22.0
2 CR_2 29.2 9.3 8.8 7.0 116 0.1 25.0
3 CR_3 30.9 9.3 9.9 12.0 6.2 0.1 24.0
4 CR_4 30.2 9.7 9.6 13.0 8.3 0.1 28.0
5 CR_5 30.7 10.0 10.0 8.0 7.8 0.1 31.0
6 CR_6 32.0 10.0 9.9 6.0 13.6 0.1 30.0
7 CR_7 30.7 9.0 6.5 8.0 11.9 0.2 30.0
8 CR_8 30.5 9.3 8.8 6.0 14.0 0.1 21.0
9 CR_9 30.1 9.2 75 6.0 12.7 0.1 21.0
10 CR_10 29.1 8.8 5.8 5.0 95 0.1 27.0
11 CR_11 28.8 10.0 8.2 7.0 112 0.2 22.0
12 CR_12 29.2 9.3 8.8 7.0 11.6 0.1 25.0
13 CR_13 30.9 9.3 9.9 12.0 6.2 0.1 24.0
14 CR_14 30.2 9.7 9.6 13.0 8.3 0.1 28.0
QOVN 08~ 5.5-9.0 >4.0 15.0 30.0 0.3 50.0

MT:2015/BTNMT
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At the confluence of the Ngang and Cai Rivers (Mb),
most of the indicators were within allowable limits of
QCVN 08-MT:2015/BTNMT, including DO, BOD,, COD,
TSS, and P_PO,. The values fluctuated within a narrow
range and were quite stable. The pH values at the moni-
toring points did not differ significantly; both were above
10, indicating slightly alkaline water. The P_PO, value
was higher than the permitted standard, reflecting the
prevailing situation, characteristics, and socio—economic
development of the Ngang River, which has a stable flow.
A few people lived in this area.

At the confluence of the Quao and Cai Rivers (M6),
the water quality was quite similar to that at the conflu-
ence of the Ngang and Cai Rivers (M5). The measured
values of DO, BOD,, COD, TSS, and P_PO, were within
permitted limits of QCVN 08-MT:2015/BTNMT. The
water in the confluence area was slightly alkaline. The
DO, being at the permissible level, did not fluctuate
much; however, it decreased significantly compared to
the confluence of the Ngang and other rivers. It could
be concluded that the water quality of this confluence
was poor, being located in a city with dense population.
The values of COD ranged from 7.6-15.1 mg/L, much
smaller than the allowed maximum of 30 mg/L.

The results of water quality analysis at the conflu-
ence of the Lu and Cai Rivers (MT7), suggested an
increase in organic as well as inorganic pollutants. The
pH of the water source fluctuated within a narrow range
from 9.14-9.18, which was highly stable. The measured
values of BOD,, COD, and TSS were similar to the con-
fluence of the Quao and Cai Rivers (M6), and within per-
mitted levels. P_PO, levels tended to gradually increase
downstream, compared with the upstream points. Three
monitoring points recorded values in excess of the
allowed levels of QCVN 08-MT:2015/BTNMT. The aver-
age value of DO had decreased compared to the conflu-
ence of the Ngang and Cai Rivers (M5), although still
higher than the standard, but it also partly reflected the
degradation in water quality of the confluence with the
Cai River in the downstream area.

Most of the indicators of water quality in the Cai
River are within the permitted limits of QCVN 08—
MT:2015/BTNMT. The water of the Cai River is slightly
alkaline. This shows that the water in the Cai River is

not significantly affected by polluting factors.
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