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2016
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The present study evaluates the surface water quality in the canals of An Giang province in the period from 2009 to
2016. The results showed that surface water of the canals was contaminated by organic matter and microorganisms
which makes it not suitable for water supply and conservation of aquatic life. The water quality parameters such as
dissolved oxygen (DO), biological oxygen demand (BOD), total suspended solids (TSS), orthophosphate (P-PO.) and
coliforms levels in the wet season were found to be higher than those in the dry season. The problem of organic and
microorganic pollution over a long period of time without solutions leads to declines in water quality and then quantity
as well. Agriculture is the main activity contributing to pollution of surface water in interior canals along with the activities
of daily life, industry and services. This causes pollution of the surface water on Hau River due to its exchange of water
with the connected canals. Good agricultural practices should be implemented to limit the pollution of surface water
resources of the Mekong Delta.

Nghién ctru ndy nhdm ddnh gid dién bién chdt lugng nudc mdt trong cdc kénh rach ndi dong cda tinh An Giang trong giai
doan 2009 - 2016. Két qud cho thdy nudc mdt tai cdc kénh rach nbéi dong dé 6 nhiém hitu co va vi sinh vat. Ngudn nudc
khéng pht hop cho muc dich cdp nudc sinh hoat va bdo ton thuc vt thdy sinh. Cdc chi tiéu nhu ham luong oxy hoa tan (DO),
nhu cdu oxy sinh héa (BOD), téng chdt rdn lo liing (TSS), orthophosphate (P-PO,”) va coliforms trong miia mura cao hon mia
kho. Vdn dé 6 nhiém hitu co va vi sinh vt dién ra trong thoi gian dai va chua ¢ gidi phdp xZ Iy lam cho chdt lugng nudc suy
gidm dén dén suy gidm ve trit lugng. Nong nghiép la hoat dong chinh gép phdn lam 6 nhiém ngudn nudc mdt trong cdc kénh
rach néi dong bén canh cdc hoat déng sinh hoat, cong nghiép va dich vu. Diéu nay dén dén nudc mdt trén séng Hau ciing cé
ddt tinh 6 nhiém tuong tu do trao d6i nudc vdi cdc kénh rach ndi dong. Thuc hanh sén xudt néng nghiép than thién moi
truoing can sém dugc trién khai dé han ché 6 nhiém ngudn nudc mdt quan trong cda khu vire dong bdng séng Clu Long.
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1. Introduction

An Giang is an upstream province of the Lower Mekong
River System and one of the four key economic regions of
Viet Nam. It has a unigue hydrological regime and closely
relies on Mekong river water regime with two major rivers:
Tien river (80-km long) and Hau river (100-km long). The
system of rivers and canals of the province has 280 routes
with a general density of about 0.72 km/km?, creating fa-
vorable conditions for the development of agricultural, in-
dustrial and service economy. In 2012, the agricultural pro-
duction value of the province was over VND 8,000 billion
and tends to increase over years (up to 2.3% compared to
that of 2011) (An Giang People’s Committee, 2015). Aver-
age GDP growth rate was 8.63% (period 2011-2015) (An
Giang People’s Committee, 2015). Along with the socio-

economic development, water pollution has been in-
creased. In agricultural production, due to abuse of plant
protection chemicals or pesticides, polluted water sources
in canals and ditches affect human health and environ-
ment. In aquaculture, due to mass farming, lack of plan-
ning, inappropriate following the technical processes,
along with the large amount of feed used and improper
feeding also causes contamination of water environment.
Industrial zones are still in the development stage, facto-
ries and production facilities are still scattered and not
concentrated in the industrial zones. As a result, untreated
or improperly treated waste is one of the causes of water
pollution in the rivers. In addition, domestic wastewater
from rural to urban areas has not been planned for
wastewater collection and treatment systems or the in-
vestment in construction of hydroelectric dams in the up-
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stream also contributes to a great impact on quality of sur-
face water sources of the area. Field canals in An Giang
province are directly affected by socio-economic develop-
ment activities such as traditional villages and poor agricul-
tural practices. This study aims to evaluate long-term sur-
face water quality in the field canals in comparison with
Hau river over eight-year period (2009-2016) to find out
common and specific pollutants in some canals and river
in An Giang province.

2. Research methodology

Monitoring data of eight years (2009-2016) on water qual-
ity in Hau river and field canals including pH, temperature,
total suspended solids (TSS), dissolved oxygen (DO), bio-
chemical oxygen demand (BOD), nitrogen nitrate (NO5™-N),
orthophosphate (PO,>-P), and coliforms were provided by
An Giang Department of Natural Resources and Environ-
ment at 20 sampling locations which were shown in Figure
1 (see coordinates of the sampling locations in Table 1).
The period of 2009-2016 was selected since the water
quality parameters were regularly monitored three times
per year (March, June, and September). The difference in
mean values between the surface water quality parame-
ters at the sampling sites was analyzed by one-way ANOVA
using IBM SPSS statistics for Windows, version 20.0 (IBM
Corp., 2011); Duncan was used to compare the difference
in surface water quality parameters at a significance level
of 5% (p <0.05) (Ahrari et al., 2015). Surface water quality
parameters in the studied areas were compared with the
National Technical Regulation on Surface Water Quality
(QCVN 08-MT: 2015/ BTNMT).
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Figure 1. Locations of sampling sites of field canals and Hau
river. ND1 belongs to Chau Doc town; ND2, ND3, and ND6
belong to Tinh Bien district; ND4, ND7, ND10, ND11 and
ND12 belong to Tri Ton district; ND5 belong to Chau Phu dis-
trict; ND8, ND9, ND14 belongs to Chau Thanh district; ND13
belongs to Long Xuyen city; ND15 belongs to Thoai Son dis-
trict; ND18, ND19, ND20 belong to Cho Moi district; MH2-
MH®6 belong to Hau River.

Table 1. Sampling sites of field canals and Hau river

No. Sampling site Coordinates

1 ND1 10°42'57.4"N 105°06'37.1"E
2 ND2 10°39'28.3"N 105°00'49.8"E
3 ND3 10°36'17.7"N 104°56'35.4"E
4 ND4 10°30'21.3"N 104°46'56.5"E
5 ND5 10°37'07.1"N 105°12'39.0"E
6 ND6 10°29'17.3"N 105°05'54.6"E
7 ND7 10°21'01.0"N 105°02"18.5"E
8 ND8 10°27'35.6"N 105°17'29.4"E
9 ND9 10°26'31.1"N 105°10'07.6"E
10 ND10 10°25'52.8"N 104°59'57.9"E
11 ND11 10°24'52.4"N 104°54'35.0"E
12 ND12 10°21'20.3"N 104°51'54.3"E
13 ND13 10°23'26.6"N 105°25'42.8"E
14 ND14 10°21"13.0"N 105°18'54.0"E
15 ND15 10°11'01.2"N 105°12'21.5"E
16 ND16 10°18'04.5"N 105°24'55.1"E
17 ND17 10°16'29.6"N 105°21'06.8"E
18 ND18 10°33'00.5"N 105°23'34.7"E
19 ND19 10°29'00.8"N 105°27'34.4"E
20 ND20 10°26'47.1"N 105°26'40.2"E
21 MH1 10°53'47.3"N 105°02'15.8"E
22 MH2 10°47'48.6"N 105°03'55.4"E
23 MH3 10°42'39.6"N 105°07'25.0"E
24 MH4 10°37'20.7"N 105°12'46.3"E
25 MH5 10°32'27.6"N 105°19'37.0"E

3. Results and discussion

3.1 Temperature

Water temperature in the field canals ranged from 28.1 to
31.3°C, the highest temperature was found in Long Xuyen
area (31.3 +£2.0°Cin 2010) and the lowest was in Chau Doc
area (28.1 £ 0.9 °Cin 2014). The water temperature in Hau
River ranged from 27.7 to 31.6°C, the highest temperature
was in 2009 (31.0 + 1.0°C) and the lowest in 2015 (28.7 +
1.9°C). Water temperatures in the dry season were in the
range of 29.5-30.6°C which were higher than those in the
rainy season (28.6-29.7°C) (Figure 2). Average temperature
was lowest in Cho Moi area (28.6°C) and the highest in Hau
river (30.6°C). The temperature difference between Hau
river and the field canals in An Giang province during rainy
season and dry season was approximate 2.1°C. Average
water temperature over years in the field canals and Hau
River (Figure 3) showed that the temperature fluctuated
between 29-30°C, averaged at 29.7 + 0.7°C. There was a
significant difference (p < 0.05) in temperatures among
Chau Phuand Tri Ton, Chau Thanh, Long Xuyen, Thoai Son,
and Hau river (Figure 3).
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Figure 2. Seasonal and spatial fluctuation of water tempera-
ture from 2009 to 2016 (mean values)

Generally, the temperature fluctuation in the canals was
small and was in accordance with the temperature of the
region since water has the function of regulating the tem-
perature, especially in the large and depth canals or rivers
(Hoc, 2011). This temperature range of the river and canals
is favorable for aquatic life (Phu and Ut, 2006).

32 7

31 A a a a a
ab ab a ab

30

1
o

29

Temperature (°C)

28

27

Chau Tinh TriTon Chau Chau Long Thoai Cho Hau
Doc Bien Phu Thanh Xuyen Son  Moi river

Sampling sites
Figure 3. The mean temperatures at different sampling sites

over the period of 2009-2016. The different letters indicate
statistically significantly different at a = 5%

3.2 pH values

It was found that pH values in the dry season and rainy
season at all sites ranged from 6.9 to 7.1, indicating a very
small seasonal and spatial fluctuation over the period of
eight years (Figure 4).
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Figure 4. Seasonal and spatial fluctuation of pH of water
from 2009 to 2016

As indicated in Figure 5, the mean pH values over the years
in the study areas varied from 6.7 to 7.1, with an average
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value of 7.0 £ 0.2. The pH value in Tri Ton area was signifi-
cantly different from that of Chau Doc, Chau Phu, Long
Xuyen, Thoai Son and Hau river (p < 0.05). The pH of the
canals was in line with the one regulated in the National
Technical Standard on Surface Water Quality (QCVN 08-
MT: 2015/BTNMT).
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Figure 5. The mean pH at different sampling sites over the
period of 2009-2016. The different letters indicate statisti-
cally significantly different at a = 5%

3.3 Total suspended solids

Total suspended solids (TSS) in the field canals tended to
increase over time and exceeded the limit allowed under
QCVN 08-MT: 2015/BTNMT. In all surveyed sites, TSS
ranged from 25.0 to 93.7 mg/L in which the lowest concen-
tration (25.0 + 11.5 mg/L) was found in 2011 and the high-
est concentration (93.7 + 28.3 mg/L) was measured in Tri
Ton in 2015. The lowest and highest concentrations ex-
ceeded permissible standard by 1.25 and 4.7 times, re-
spectively. The concentration of TSS in Hau River ranged
from 40.1-68.0 mg/L, which exceeded the allowed stand-
ard from 2 to 3.4 times.
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Figure 6. The trend TSS from 2009 to 2016. The yearly aver-
age of TSS was calculated from the data of three months in-
cluding March, June and September

It can be seen from Figure 6 that TSS values of the canals
(smaller rivers) tended to be higher than those in Hau River
(large river). The difference could possibly be caused by the
difference in flow rate and water volume between the small
and large rivers. In addition, these field canals also directly
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receive wastewater from agricultural production, surplus
feeding from aquaculture and domestic wastewater.
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Figure 7. Seasonal and spatial fluctuation of TSS from 2009
to 2016 (mean values)

Total suspended solids have shown a significant difference
between dry season and rainy season (Figure 7) in most
surveyed sites. In rainy season, TSS increased dramatically
which could be due to high rainfall leading to run-off carry-
ing eroded matters into the river. In addition, materials
washed away from the river banks also contributed to the
increase of suspended solids. The highest TSS concentra-
tion was found in Chau Phu (107.8 mg/L) in rainy season
and the lowest one was recorded in Hau river (28.4 mg/L)
in dry season. The averaged values of TSS over eight years
indicated that TSS was found highestin Tri Ton (68.3 + 21.2
mg/L), and lowest in Chau Doc (39.8 £ 10.1 mg/L), and they
were distinctively differed with the other sites (p < 0.05)
(Figure 8).
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Figure 8. The mean TSS at different sampling sites over the
period of 2009-2016. The different letters indicate statisti-
cally significantly different at a = 5%

3.4 Dissolved oxygen

As depicted in Figure 9, the dissolved oxygen (DO) concen-
tration varied unevenly and tended to increase in the pe-
riod of 2011-2012 and gradually decreased in the period
of 2014-2016. DO varied from 3.2-6.3 mg/L over the eight
years period at all sampling sites. The highest value of DO
was measured in Chau Phu (6.3 + 1.1 mg/L) in 2012 and
the lowest was found in Thoai Son (3.2 £ 1.3 mg/L) in 2010.
DO values at all sites were lower than the permitted level
of QCVN 08-MT: 2015/BTNMT except in Chau Phu area
(2012) and Hau river (2014).
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Figure 9. The trend DO from 2009 to 2016. The yearly aver-
age of DO was calculated from the data of three months in-
cluding March, June and September

Mean DO in the rainy season and dry season in Hau river
and in the field canals were 5.5 mg/L and 4.9 mg/L; 5.3
mg/L and 4.1 mg/L, respectively. The values of DO in the
rainy season were higher than those in the dry season in
all study sites (Figure 10). The finding in this study was in
consistence with the prior study which found that the DO
concentration in the rainy season was usually higher than
in the dry season due to the lower organic content of the
rainy season and slower oxidation rates in the dry season
(Sansanayuth et al., 1996). The former study also found
that DO concentrations in rainy season were higher than
those in dry season in most surveyed areas in Hau river
(Lien et al., 2016).
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Figure 10. Seasonal and spatial fluctuation of DO from 2009
to 2016 (mean values)

Average DO over the period of 2009-2016 (Figure 11)
showed that the DO at the survey sites ranged from 4.0 to
5.2 mg/L and this range was below the allowable threshold
of the standard. According to QCVN 08-MT: 2015/BTNMT
on surface water quality and Ongley (2009), the limit of DO
concentration for aquatic life in the Lower Mekong Basin
must be 5 mg/L or higher. The DO range in this study sug-
gested that DO concentrations were relatively lower than
the one needed for aquatic life reflecting organically pol-
luted water environment. In general, the DO concentration
in Hau river tended to be higher than those in the field con-
nected canals and this could be because the in-field rivers
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directly received wastewater containing rich organic mat-
ters from agricultural production and daily activities. The
decomposition of organic matters consumes dissolved ox-
ygen, thereby reducing DO in water.
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Figure 11. The mean DO at different sampling sites over the

period of 2009-2016. The different letters indicate statisti-
cally significantly different at a = 5%

3.5 Biological oxygen demand

The analysis of the monitoring results indicated that bio-
logical oxygen demand (BOD) values in the field-connected
canals were relatively low in fluctuation at the surveyed
sites (Figure 12). The highest BOD concentration in Chau
Phu areawas 12.3 £ 9.2 mg/L (in 2012), the lowest ones in
the areas of Long Xuyen (4.7 £ 1.2 mg/L in 2009), and Chau
Thanh (4.7 £ 2.3 mg/Lin 2010). It was clearly indicated that
BOD at all monitoring points exceeded the limit allowed by
QCVN 08-MT: 2015/BTNMT. BOD in Hau River has not
been changed significantly over the years except for 2011,
which has suddenly surpassed the standard of QCVN 08-
MT: 2015/BTNMT. BOD values in the Hau river and field ca-
nals were not much difference and they tended to increase
over the years indicating increasing discharge of organic
wastes into the receiving rivers.

——&— Chau Doc Tinh Bien Tri Ton
—=&— Chau Phu Chau Thanh Long Xuyen
—&— Thoai Son —%— Cho Moi Hau river
20 7

_ 15 1

—

S~

oD

E 10 1 ,

8 %

o . i~
5 | =y — 5
O T T T T T T T -1

2009 2010 2011 2012 2013 2014 2015 2016

Year
Figure 12. The trend BOD from 2009 to 2016. The yearly av-

erage of BOD was calculated from the data of three months
including March, June and September
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Figure 13. Seasonal and spatial fluctuation of BOD from 2009
to 2016 (mean values)

Figure 13 shows that the average BOD concentrations in
rainy season and dry season in Hau River were 5.5 mg/L
and 4.9 mg/L, respectively, and field canals were 5.3 mg/L
and 4.1 mg/L respectively. As can be seen that BOD in rainy
season was generally higher than that in dry season at all
sites. From Figure 14, the average BOD values over the pe-
riod of eight years in the study sites varied between 6.6 +
1.2 and 8.2 £ 2.5 mg/L, reaching the mean value of 7.4 +
2.2 mg/L. BOD values were relatively stable but they ex-
ceeded the permitted level of QCVN 08-MT: 2015/BTNMT
from 1.2 to 1.6 times. This indicated that the water quality
in the study areas is permanently organically contami-
nated.
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Figure 14. The mean BOD at different sampling sites over

the period of 2009-2016. The different letters indicate statis-
tically significantly different at a = 5%

3.6 Nitrate

Nitrate (N-NO3) concentrations in the field canals were
highly fluctuated in the range of 0.03-1.76 mg/L. The high-
est value was found in Thoai Son (1.79 + 1,06 mg/L) while
the lowest value was found in Chau Phu (0.03 £ 0.04 mg/L).
Nitrate in Hau River ranged from 0.05 + 0.03 to 1.45 + 1.02
mg/L. Monitoring results indicated that nitrate concentra-
tion did not exceed the permissible limit of QCVN 08-MT:
2015/BTNMT. The nitrate concentration at the survey sites
was seasonally fluctuated (Figure 15). Generally, the nitrate
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values in the dry season were higher than those in the
rainy season at all sites.
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Figure 15. Seasonal and spatial fluctuation of N-NO3 from
2009 to 2016 (mean values)

Figure 16 indicated that the averaged nitrate of eight years
at the sampling sites varied from 0.31 + 0.3 to 0.58 + 0.64
mg/L. The nitrate concentrations were low and they were
not significantly different (p > 0.05) among the sites. The
nitrate concentrations were in line with the permitted
value of the National Technical Regulation on Surface Wa-
ter Quality (QCVN 08-MT: 2015/BTNMT). According to
Ongley (2009) the concentration of N-NOs> 0.7 mg/L
would be highly potential for algae bloom. According to
Boyd (1998), recommended suitable levels of N-NOs5™ con-
centration for aquaculture range from 0.2 to10 mg/L. it
could be concluded that there was no risk of human health
and ecosystems associated with nitrate.
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Figure 16. The mean nitrate at different sampling sites over

the period of 2009-2016. The different letters indicate statis-
tically significantly different at a = 5%

3.7 Orthophosphate

The results showed that orthophosphate concentration (P-
PO43') at the sites in the field canal varied from 0.02 to 0.47
mg/L, averaged at 0.16 £ 0.12 mg/L. The phosphorus con-
centrations between the dry and the wet seasons (Figure
17) at the monitoring points were slightly differed in which
orthophosphate in rainy season was higher than thatin dry
season except for Cho Moi area. The orthophosphate con-
centration in Hau river was lower than those in the in-field

canals. This could be because of volume of water and fer-
tilizers used in agricultural practices and other activities.
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Figure 17. Seasonal and spatial fluctuation of orthophos-
phate from 2009 to 2016 (mean values)

The average concentrations of orthophosphate in the
study sites for the period 2009-2016 (Figure 18) showed
that there was not significantly different among the study
sites (p > 0.05). However, phosphorus at the monitoring
points exceeded the permitted level of QCVN 08-MT:
2015/BTNMT. The present study indicated that orthophos-
phate could be the problem for water quality in the river
system in An Giang province.
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Figure 18. The mean orthophosphate concentration at dif-
ferent sampling sites over the period of 2009-2016. The dif-
ferent letters indicate statistically significantly different at a
=5%

3.8 Coliforms

The mean densities of coliforms in the field canals ranged
from 2.26E+03 to 1.55E+05 MPN/100 mL Coliforms den-
sity in Hau River ranged from 5.36E+03 to 1.76E+04, ex-
ceeding 2.14-7.04 times compared to permitted threshold
regulated in QCVN 08-MT: 2015/BTNMT. Coliforms are the
water quality indicator that is used to evaluate the quality
of natural water. The presence of coliforms indicated that
the water has been contaminated by organic matters orig-
inating from human and animal wastes.
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Figure 19. The mean coliforms density at different sampling
sites over the period of 2009-2016. The different letters indi-
cate statistically significantly different at a = 5%

4. Conclusion

This study indicated that surface water quality of the in-
field canals and Hau river in An Giang province for the pe-
riod 2009-2016 showed signs of organic and microbial
contamination, not meeting the permitted surface water
quality for the purpose of domestic water supply, and
aquatic life as stated in the national technical standard of
QCVN 08-MT:2015/BTNMT. The pollution of the field canals
was more serious than that in Hau river which could be at-
tributed to the size of the rivers. The surface water quality
parameters such as DO, BOD, TSS, orthophosphate and
coliforms tended to be higher during the rainy season in-
dicating their seasonal variations. The practice of environ-
mentally friendly agriculture should be implemented as
soon as possible to limit the pollution of surface water re-
sources of the Mekong Delta.
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