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Abstract: Research on water quality assessment of Hau river in An Giang province was
conducted in 2019 in the uppkEau river (SHT) and downstream Hau river adjacent to
Can Tho (SHH) through the following physid@hemical parameters, heavy metals:
temperature, pH, Dissolved Oxygen (DO), COD, BQDotal Suspended Solids (TSS),
Nitrate (NGQ' by N), Phosphate (P& by P), Coliform, Arsenic (As), Lead (Pb), Mercury
(Hg), Ammonium (NH" by N) and zooplankton systefResearch results shedthat: (1)
Surfacewater quality in the area showsyns of pollution, DO content..@ 5.97 mgl/l,

lower than the standaft® ntgy/l); TSS parameters: B8O mg/l, 175i 4.5 times higher than
standard; COD: Ii®3 mg/l, 11i 2.2 times higher than standard; BODOi 14 mg/l, 175

3.5 times higher than standard; Ammoniun03® 1.14 mg/l higher than standard6B

times in March and .83 times in September; Coliform: 2.1024000 MNP/100ml, not
guaranteed well accordirtg QCVN 08 MT:2015/BTNMT (levelAl); (2) Surface water
quality in the upper Hau river area according to diversity indéx091 in March at
fiHeavilypo | | ut e d 189 ia Septentber, &Vioderatelypollutedd; (3) The results of
statistical analysis and PCA showed that the water quality parameters had significant
differences between the two seasons, the rainy season showed signs of Coliform pollution
and TSS more thaihé¢ dry season.
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1. Introduction

An Giang is one of four provinces and cities belongs to the key economic region of the
Mekong Delta {]. This locality is not only a province withgarticularly important strategic
position in terms of military and defense of the Southwest region; An Giang also has a border
with Cambodia nearly 100 km, with an interlaced system of rivers and canals, fertile land,
abundant natural resourced.[All these advantages have contributed to making An Giang
become a key agricultural production province of the country. In addition, An Giang is also
a strategic agricultural and aquatic product export source, and is the global source of rice and
pangasius agridwral products.

In addition to the economic successes, regional water environment has been and is being
affected by increasing agricultural, industrial and daily wastes. Water pollution is a
global problem, not just one country, or any one territboyjtake specific measures to protect
water resources, it is essential to assess the current state of water quality. Currently, there are
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many methods to assess water quality such as: environmental monitoringaté@duality
index, modeling, etcThe tak of protecting water sources must be based on the results of
water quality assessmeint.Vietnam, the application of WQI water quality assessment index
is quite popular i 4], when applied in the study area, it shows that the water quality is
polluted ad needs to be treated appropriately before being put intdHosesver,besides
comparing water quality parameters w@CVN 08 MT:2015/BTNMTi National technical
regulation on surface water quality or calculating WQI indes assessment of water quality
pollution needs to be more comprehensive, to recognize pollution trends, the correlation
between water quality pollution components, ot able to assess water qualitgm
species diversity or detection frequency of diguarganisms. The method of water quality
analysis by ldindex, statistical analysis and PGCZan better meet this requirement

2. Materials and methods

2.1.Description of study area

Hau river is one of two distributaries of the Mekong river flowing in@tnants
territory and flows through Chau Doc, Long Xuyem(@iang), Vinh Long, Can Tho City,
Chau Thanh (Hau Giang), Soc Trang, and flows into the East Sea from Dinh An and Tran
De estuariegFigure 1) For An Giang province, the Hariver is the watenay that goes
through the center of the province from upstream to downstream, and is the main source of
water and alluvium for the loMying area ofthe Long Xuyen Quadrangle in daily life,
agricultural production and aquaculture and seafood processing.

Figure 1. Sampling locations map.
SHi T: the upstream area of Hau rive8H H: downstream area of Hau river

2.2.Methods of collecting and inheriting data

Data collection and inheritance about water environment monitoring data in the area, the
study of thehistory and evolution of the aquatic environment to have a process of comparison
and assessment.

2.3. Methods of observation, measurement and analysis

Monitoring in the upstream arealdauRiver, An PhuDistrict (SH T) and downstream
area oHauRiver bordering Can Tho (SHH), measured parameters of temperature, pH, DO,
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TSS, COD, BODB, Nitrate (NQ' by N), Phosphate (P& by P) and Coliform, Ammonium
(NH4" by N), As, Pb, Hg.

The variation of the flow greatly affects the water quality, so the flow data at the
hydrological measurement stations need to be stored for analysis and evaluation of the results.
The characteristics of flow change of the Hau river are different in it aad dry seasons,
and the selection of sampling time in the rainy and dry seasons must take into account the
characteristics of the rainfall distribution of the region. Therefore, sampling location,
sampling time and frequency of water quality monitgrof Hau River were conducted
continuously for 12 months in 2019 at 2 locations: upstream ofRtlaar (SH T) and end
of Hau river adjacent to Can Tho (BH) through the physid@hemical parameters, heavy
metals.

Research was conducted to assess wateitygparameters in the rainy season (July,
August, September, October, Novemband December in 2019) and the dry season
(January, February, March, April, MagndJune in 2019), there were 4 observation times
each month, especially in December, there werabservation times. The zooplankton
parameters were performed with a frequency of 2 times/al $HMarch and September in
2019.The data analysis was performed after removing the outliers of each water quality
parameter and the data was normalize@dntinue the test of statistical significance of
variables.

2.4.Methods of sampling and preservation of samples

Sampling according to the following standards: TCVN 66631:2011, TCVN 16663
3:2008, TCVN 59941995, TCVN 66636:2008 and preserving samples augtoditandard
TCVN 66633:2008.

2.5 Analytical and comparative methods

The study compared the monitoring results with QCVMNMB:2015/BTNMT (evel
Al)i National technical regulation on surface water qualityaddition, the study conducted
statistical analysis and analysis of the main components of water quality parameters to
evaluate the spatial trend of pollution at the sampling locations, according to the correlation
between physidachemical parametersylthe rainy season and the dry season.

The study used the Shannon and Wertigersity index (H) to assess the diversity
corresponding to the pollution degree of the water environment. The results of the analysis
of biological indicators that were compdrwith the rating scales of Stau et al (1970) are
presented in Table 1 by the formula

( B DPID (1)

where pis the proportion of characters belonging to the ith type of letter in the string of
interest. In ecology,ips often the proportion of individuals belonging to the ith species in
the dataset of interest. Then the Shannoropytquantifies the uncertainiy predicting the
species identity of an individual that is taken at random from the dataset.

Table 1. Wate Quality Rating by Diversity Indek 6

Range of ID Class of water pollution
O<H&1 Heavily polluted
1<H&2 Moderately polluted
2<H&3 Lowly polluted
3<H&4 Slightly polluted

> 475 Good
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Pearson analysis was performed to establistoraelation matrix and ialuesto
evaluate the statistical significance of water quality parameters in 2 seasons. Pearson
correlation coefficient (symbol r), is a test metric that measures the relationship between
water quality parameters fluctuating in the continuous rangeiffioto +1,

wherer = 0: Two variables have no linear correlatios 1; r =1 1: The two variables
have an absolute linear relationshig 0: Negative correlation coefficient. That is, the value
of variable X increases, the value of variable Y deciea@s®l vice versa, the value of variable
Y increases, the value of variable X decreases0: The correlation coefficient is positive.

That is, the value of variable X increases, the value of variable Y increases and vice versa,
the value of variable Yhicreases, the value of variable X also increases.

Pearson results are determined to be significant only if and only if the observed
significance | evel I's |l ess than the signif
correlation with respect to r is asllbws:

A Ifris between 0.50 and * 1; it is called the strong correlation.

A Ifris between 0.30 and * 0.49; it is called the average correlation.

A Ifris less than + 0.29; it is called the weak correlation.

2.6.Data processing methods

The data othe study were processed by using Microsoft Excel software,tReseffor
statistical analysis and principal component analysis.

3. Results and discussion
3.1.Physicochemical parameters

3.1.1.Temperature

The temperature was measured at different tiofidke year at two locations upstream
of the Hau river (SHT) and the end of the Hau river (BH) fluctuated between 26Gi
32.8C and 27.8Ci 33.2C, respectively. The highest temperature was the 2nd observation in
June at SHT and the 3 observation inuly at SH H. The lowest temperature was tHé 2
observation in December at SHand the 3 observation in September at S (Figure2a).
In general, the temperature at the monitoring locations was consistent with the temperature
of the general environmemwithout affecting the aquatic life of the area.

3.1.2.pH

The results of pH changes in 2019 by 12 observations &t SiHd SHH locations
showed that the pH waslatively stable, ranged from 6i0R64 and 6.8(17.86, respectively
(Figure 2b). All of these values reached the allowable standards according to @8VN
MT:2015/BTNMT,leveAl (685), met the quality of water for people's daily life and ensured
aquatic life in the area.

3.1.3.Dissolved oxygen (DO)

Concentrations of DO dbcations SHT and SHH ranged from 3.1i6.39 mg/l and
3.025.97 mgl/l, respectivelyFigure 2c). Particularly, DO at the location $M was the
lowest in the # observation in November and only 04/48 monitoring times had values that
reached the allowed stdards according to QCVN DOBIT:2015/BTNMT (eve Al)i
National technical r e g u 6 ragfl)i ToenloweshvalgewfaDOiatt y s u 1
the location SKHH was the Tobservation in August, the remaining values were lower than
QCVN 08 MT:2015/BTNMT.
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3.1.4.Suspended solidg SS)

The monitoring results at SA and SH H locationsshowed thatoncentrationsf TSS
ranged from 31120 mg/l and 3890 mg/l, respectively. All of thesealuesexceeded the
allowed standards according to QCVN 08:2015/BTNMT, level Al (20 mg/l) from 1.5b
6 times and 1.7%1.50 imes with the highest pollutioin the second sampling September
(Figure2d). Concentrations of SSin water wa mainly affected by the amount of alluvium
upstream, plus the amountsiil and rock, waste caused by overflowing rainwater washed
into the river, contributing to a sigitant increase in concentrations of TSS

3.1.5.Chemical Oxygen Deman&€QD)

The monitoring results at SH and SH H locations showed that the C@Dncentration
by the monitoring times ranged fromiB2 mg/l and 1023 mg/l, respectively. Except for
the 3rd observation in May and June, the values of COD concentration reached the allowed
standards according to QCVN idT:2015/BTNMT, leve A1 (10 mg/l); the remaining
monitoring times were 1.1@.20 times higher than the allowed standards, the highest
pollution value was theobservation in November (Figuge).

3.1.6.Biochemical Oxygen Deman@&QDs)

The monitoring results showed that theiSHand SHH locations showed that the
concentrations of BODby the monitoring times did not reach the allowable standards
according to QCVN 08VT:2015/BTNMT, leve Al (4 mg/l). The values of BOD
concentration at SH ranged from 714 mg/l, which were 1.71%.50 timeshigher than the
standard; the value of BQR&t SH H ranged from 715 mg/l (Figure2f), which exceeded
the standard by 75/ 3.75 times.

3.1.7.Nitrate

The monitoring results at SH and SHH locations showed that the concentrations of
nitrate (NQ' by N) ranged from 0.01%.340 mg/l and from undetectable t090.6 mg/l,
respectively. The value of the highest nitrate concentration was the 2nd observation in
November (Figur@g) but this value still reached the allowable standard according to QCVN
08i MT:2015/BTNMT, leve Al (2 mg/l).

3.1.8.Phophae

Monitoring results at SHI and SHH locations showed that the valuelsPhosphate
concentrations (P& by P)ranged from undetectable t®266 mg/l and from undetectable
to 0365 mg/l,respectively. Theoncentrations of Phosphate at the two locations fluctuated
continuously through each monitoring period and were not according to the rules, typically
at SH T, the values of phosphate increased to the highest during“tlasrvation in
November; at SHH, the values of phosphate was highésting the 4 observation in
October (Figure2h). In general, most of the Phosphate concentrations reached QGVN 08
MT:2015/BTNMT, leve Al (0,1 mg/l). However, at SH, there were only 11/48
observations with valuesxceeding froml.01i 2.66 times and at SHH, there were 15/48
observations with valuesxceedinghe allowable standards from0OBi 3.65 times.

3.1.9.Ammonia

The monitoring results at SH and SHH locations showed that the value$
ammoniumconcentration (N& by N) ranged from 0.039..140mg/l and from undetectable



VN J. HydrometeoroR021, 9, 54-75; doi:10.36335/VNJHM.2021(%4-75 59

to 1150 mgl/l, respectively. At SH, the valuesof ammonium exceeded the allowable
standards according to QCVNIT:2015/BTNMT, leve Al (0.3 mg/l), these valuesere
1.75 tmes higher in March and&) times higher in September (Figure);2it SHi H, the
ammonium values exceeded the allowed standards according to QCVN 08
MT:2015/BTNMT, leve A1 (0.3 mg/l), these values weflle68 timeshigherin March and
3.83 times higher irseptember.

3.1.10.As, PbandHg

The concentrations of As, Pb, and Hg were not found at both locations at all monitoring
periods in 2019 (Figur8), the valuesf the concentrations of these parameters reached
QCVN 08 MT:2015/ BTNMT,leve Al (As: 0.01 mg/l; Hg: 0.001 mg/l; Pb: 0.02 mg/l).

3.1.11 Coliform

Monitoring results at SHI and SHH locations in 2019 showed that the Coliform
bacteria density ranged from 432.000 MPN/100 ml and 2.1024.000 MPN/100 ml,
respectively. Except for ti€" observation in January and thigdbservation in July at SH
T; and the 1 observation in January, thé& 8bservation in May and thé®observation in
June at SiHH (Figure2i) reached the standard value, the vabfgSoliform in the remaining
observations were higher than QCVNiO8T:2015/BTNMT, leve A1 (2500 MPN/100 ml)
from 1.72 9.60 times.

(@) (b)

© )

(e) (f)

Figure 2. Water quality parameters: (a) Temperature; (b) Values of pH; (c) Concentrations of DO
(mg/1); (d) Concentrations of TSS (mg/l); (Epncentrations of COD (mg/l); (f) Concentrations of
BODs (mgfl).



