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WATER QUALITY ASSESSMENT AND INTEGRATED SOLUTIONS
FOR SUSTAINABLE WATER RESOURCES MANAGEMENT
IN SOC TRANG PROVINCE

Tran Dang Anl), Doan Thu Haz), Le Thu Ngaz), Lai Tuan Anh?

Abstract: This work aims to assess water resources for domestic and irrigation purposes in coastal
areas of Soc Trang province- one of the most vulnerable regions in the Mekong Delta to climate
change and sea level rise, especially along the coastal areas where is severely affecting by seawater
intrusion. The water quality index (WQI) and variable irrigation water quality indexes (IWQIs)
such as sodium adsorption ratio (SAR), Kelly's ratio (KR), residual sodium carbonate (RSC), solute
sodium percentage (SSP) and permeability index (PI) were deployed to evaluate water quality
regarding domestic and agricultural water demands. Totally, 142 water samples were taken by
seasonal characteristics and tidal regime in 2013 and 2014, and analyzed for the calculation of
WQI and IWQIs. The results show that, most of the groundwater samples at shallow aquifers, some
of the deeper aquifers and river water samples in dry season were seriously affected by seawater
intrusion and nitrate contamination. Meanwhile, most of the groundwater samples at middle and
lower Pleistocene aquifers and surface water in rainy season seem to be good for both drinking and
irrigation. However, the groundwater source in Soc Trang province has been excessively extracted
without suitable regulation and appropriate management. This situation may threat the
groundwater source because it can be easily contaminated by seawater intrusion and wastewater.
In order to effectively extract, use and manage the fresh water source in coastal areas in the
Mekong delta, emergent management practices should be considered.
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1. INTRODUCTION relevant solution for sustainable use and

Water plays an extremely important role for
human's life and ecosystems on the planet. And
ensuring water quality for drinking and
irrigation is a big challenge in the context of
water resources deterioration due to negative
effects of anthropogenic activities and climate
change (UN-Water, 2010). Monitoring and
evaluating water quality are needed to
understand water resources status and consider
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effective management. Practically, however,
monitoring system provides us a large and
complex water quality data while the reviewers
who would access these data are variable,
including managers, policy makers and publics
(Saffran et al., 2001). Therefore, the overall
water quality index that comprises main water
parameters to assess water quality for drinking
and irrigation purposes have been developed
and globally applied as well-known water
quality index (WQI), (GEMS, 2007; Tyagi et
al., 2013) and irrigation water quality indexes
(IWQISs) such as sodium adsorption ratio (SAR),
Kelly's ratio (KR), residual sodium carbonate
(RSC), solute sodium percentage (SSP) and
permeability index (PI). Although, these water
quality indexes have been widely applied in
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many countries in the world, the application of
these water quality indexes in assessing water
resources quality in Vietnam is still limitation.
Therefore, this paper intends to make clear
understanding on water quality in coastal areas
of the Mekong Delta.

Mekong Delta is the most important delta in
Vietnam where contributing more than 60% of
agricultural production of the country and
accounting for more than 53% of national rice
production (Mart A. Stewart, Peter A. Coclanis,
2011). In the Mekong Delta, surface water and
groundwater contribute significant benefits to
socio-economic development (Ghassemi.F and
Brennan.D, 2000). However, water quality,
especially surface water has been increasingly
deteriorated due to human activities (Toan et al.,
2013), seawater intrusion (Nguyen et al., 2012).
Consequently, groundwater source has been
excessively extracted and seriously threaten by
seawater intrusion directly from East Sea, saline
diffusion (IUCN, 2011; Wagner et al., 2010)
and arsenic contamination (Laura E. Erbana et
al., 2013). These affect not only on groundwater
uses at present but also for future sustainability
of water use in the Mekong Delta, especially in
coastal regions.

In Soc Trang province, the coastal region of
Mekong Delta, surface water is strongly
affected by seawater. Thus, groundwater has
become a preliminary fresh water source for
domestic, industrial and agricultural activities.
However, because of locating in coastal areas,
groundwater source in Soc Trang province is
highly wvulnerable than other parts of the
Mekong Delta due to the effects of over
groundwater extraction, human wastes and
waste water, seawater intrusion, acid sulfate
soils dissolution. Therefore, the assessment of
both surface water and groundwater quality is a
vital concern for sustainable use and effective
management of water resources.

2. STYDY AREA

This study was carried out in Soc Trang
province, a coastal region of the Mekong Delta,
Vietnam. The province is located in the lower

reach of the Mekong River. It covers an area of
2311.76 km®, approximately 0.7% and 5.9 %
areas of Vietnam and Mekong Delta, respectively
with average population of 1,308,300 people
(VGSO, 2013).

520000 550000 580000

g%
g

1100000

EAST SEA

1120000
120000

Fig 1. Location of Soc Trang province, Vietnam

Soc Trang province falls in strong tropical
monsoon activity region with two different
seasons; the dry and the rainy seasons. In the
wet season, the province is strongly affected by
the Southwest Monsoon, which brings more
than 85% amount of rainfall annually, high
temperatures and high humidity. Meanwhile, the
Northeast Monsoon dominates in the dry season
from November until April, receiving dry air
with hardly rainfall (15% of the annual rainfall),
lower temperature and lower humidity. The
average annual air temperature in Soc Trang
province is 26.8°C with over 28°C in the
warmest months (April and May) and the lowest
mean monthly temperature in January is 24.6°C;
average annual relative humidity of 84%; and
annual precipitation of 1,772 mm with lack of
rain from January to April annually (MIST,
2013). Because topography is relatively low,
around 0.5 to 2.5 m above mean sea levels,
coupled with facing directly with East Sea and
the Hau river (Bassac River). Soc Trang
province is frequently influenced by inflow
from upstream, flooding and river-marine
dynamic interactions such as tidal regime, sea
wave, sediment transportation and deposition as
well as riverbank erosion. These factors can
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affect significantly on water quality in the
province.

3. MATERIALS AND METHODS

The field investigation and sampling of river,
canal and groundwater (Fig.1), were performed
in dry and rainy seasons between 2013 and
2014. Totally, 142 water samples were stored in
100ml bottles, including 101 groundwater and
41 surface water samples. Groundwater samples
were collected from private tube-wells at seven
aquifers, including Holocene (gh),upper Pleistocene
(qh3), middle Pleistocene (qp23), lower
Pleistocene (qp1l), middle Pliocene (n22), lower
Pliocene (n21) and Miocene (n13) in Soc Trang
province (as shown in Figure 2) with the depth
of wells ranges from 4.5 m to 480m under land
surface. Surface water samples were taken along
the Hau river and its tributaries at Soc Trang
province. The pH, Dissolved Oxygen (DO),
Electrical Conductivity (EC), Total dissolved
solids (TDS) were on-site measured using portable
meters. Meanwhile, main ion compositions
including major cations (Na', K, Ca’", Mg2+)
and major anions (CI, SO,*, NO5, HCOy3)
were analyzed at University of Tsukuba, Japan.

The results of hydrochemistry as shown in
Table 1, were used to calculated WQI and
irrigation water quality indexes (SAR, KR,
RSC, SSP, PI) in order to understand acceptable
water quality for drinking and irrigation
purposes.

4. RESULTS AND DISCUSSION

4.1 Water quality for drinking

Water quality index (WQI) was widely used
as a very useful tool to evaluate water quality
servicing for drinking purpose (Jagadeeswari
and Ramesh, 2012; Tyagi et al., 2013). WQI is
defined as a rating reflecting the composite
influence of different water parameters (Sahu
and Sikdar, 2008). Calculating WQI based upon
perspective of suitability of water sources for
human consumption via three steps. In the first
step, each of the chemical parameter was
assigned a weight (w;), based on its perceived
effects on human health. The highest weight of
five was assigned to parameters, which have the

major effects on water quality. In this area,
nitrate concentration (NO3) was assigned the
highest weight because of its importance to
water quality assessment. The second step involves
in computing the relative weight of each parameter
via using the equation Eq. [1] as below:

Wo=sw (1)
where, 2w

parameters. In this research, 2 were 31.
Table 3 shows the w;, W; and WHO standard
for each chemical composition in this study. In
the third step, a quality rating scale (qi) was
computed for each parameter using the equation
Eq. [2], given below:

q; =5-x100 )

where, C; and S; respectively present the

concentration and the WHO standard for each
parameter, in mg/L. The water quality sub
index, SI; of each parameter was calculated by
using equation Eq. [3], given below:

I =Wy xq, 3)

Eventually, WQI is calculated by summing
ten sub-indexes (SI;) of each water sample, as
described in Eq. [4] below:

WQI =" SI, 4)

The desirable value is less than 100 that
demonstrates water can be used for domestic
and industrial purposes.

In general, the groundwater quality in all
aquifers is stable between rainy and dry season
which demonstrates that groundwater quality
may not be influenced by seasonal
characteristics. The WQI values of surface
water and groundwater in this study were
presented in Table 2, showing different
tendencies. The WQI values of groundwater
samples vary largely, ranging from 22.27 to
2319.25 with coefficient of wvariation of
217.04%, indicating the different water quality
between aquifers. The WQI values of surface
water demonstrate distinctly changes between
rainy and dry seasons. In the dry season, despite
of seawater intrusion effects, the WQI values of
surface water were higher than that of values in

is the sum of the weights of all
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the rainy season with average of 534.93 and
88.77, respectively. Groundwater samples at
Holocene (qh) and upper Pleistocene (gh3)
aquifers show very poor water quality and
cannot use for drinking purpose and
approximately 30% - 40% groundwater samples
at deeper aquifers (Pliocene, Miocene) can use
for that purpose. Most of groundwater samples
at middle and lower Pleistocene aquifers present
good quality and are favorite aquifers for
extracting to meet the demand of fresh water in
coastal areas of Soc Trang province. Surface
water shows very different quality between dry
and rainy seasons. In the dry season, 95.24% of
surface water samples cannot use for human
consumption due to seawater intrusion, however
in the rainy season 75% of surface water
samples can be used for drinking purpose,
excepting some areas along the coast despite of
effect of salinity. Notably, although surface
water can be used in the rainy season, it should
be carefully considered for human use because
of being contaminated by wastes and
wastewater from human activities via runoffs.

4.2 Water quality for irrigation

Despite of salt intrusion, surface water
quality in Soc Trang province changes
significantly between the dry and rainy seasons,
especially in coastal areas. Meanwhile,
groundwater has been intensively exploited for
both domestic and irrigation purposes.
Therefore, assessing water quality of both
surface and groundwater provides useful
information for balancing between usage and
extraction water resources in coastal areas.
Similar to other coastal areas of the Mekong
Delta, the province's groundwater plays an
important role to agricultural activities such as
onion, legume, and sugarcane -cultivation
household consumption. It is estimated that
more than 85% of water for agricultural water in
coastal areas such as Tran De, Vinh Chau some
parts of Cu Lao Dung and

Long Phu districts, depends on groundwater
resource. River and canal water can use for
irrigation in other parts of Soc Trang province

where are not affected by seawater intrusion . In
order to evaluate water quality for irrigation
purposes, variable indicators including sodium
adsorption ratio (SAR), Kelly's ratio (KR),
residual sodium carbonate (RSC), solute sodium
percentage (SSP) and permeability index (PI)
were calculated. The sodium absorption ratio
(SAR) for surface and groundwater was
estimated as the given equation Eq [5] below:
— Na*
SAR = (5)

2
Where,

Na®, Ca”" and Mg”" are solute concentrations
of sodium, calcite and magnesium in meq/L.

The water samples having SAR values less
than 10 are categorized excellent water quality,
from 10 to 18 as good, from 18 to 26 as fair and
above 26 are unsuitable for irrigation use

(USDA, 1954). The Kelley's ratio was
calculated by using the following expression.
— Na*
where,

Na®, Ca”" and Mg”" are solute concentrations
of sodium, calcite and magnesium in meq/L.

The Kelley's ratio of unity or less than one
indicates good water quality for irrigation, while
above one is unsuitable for agricultural purpose
because of alkaline hazards (Karanth, 1987).
The residual sodium carbonate (RCS) is
determined by using the equation (Eq.[7])
below.

RCS =(HCO; +CO03™) - (Ca* + Mg™")
where, the concentration of
expressed in meq/L.

According to USDA (1954), RCS less than
1.25 meq/L, the water source is safe for
irrigation, RCS ranges from 1.25 to 2.5 meq/L,
indicating quite suitability, while RCS exceeds
2.5 meq/L, the water is generally unsuitable for
irrigation. Since 1955, Wilcox proposed
classification scheme for rating water irrigation
on the basis of soluble sodium percentage
(SSP). The SSP was calculated by using the
following formulate:

SSP = Na* x100

Ca?* +M§324r +Na*

(7

ions are

®)
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Where,

Na®, Ca*" and Mg®" are solute concentrations
of sodium, calcite and magnesium in meq/L.

The values of SSP less than 50 reveal good
quality of water for irrigation whilst higher
values (above 50) are unsuitable for agriculture
(USDA, 1954). The permeability index is
computed by using equation Eq. [9] below:

Pl = TS 100 )

Where, solute concentrations are expressed
in meq/L.

The PI values more than 75 illustrate

excellent quality of water for irrigation, while
the PI values are between 25 and 75, indicating
good quality of water. However, the PI values
are less than 25, reflecting unsuitable water
source for irrigation purpose.

The results of water quality assessment of
both surface and groundwater for irrigation
purpose are presented in Table 2. It is clearly
demonstrated that water quality for irrigation
practices in this area varies widely depending on
seasons and types of aquifers. About 60% of
surface water samples in the wet weather from
June to December can be used for irrigation,
excepting some areas close to the coast, while in
the dry season just only 4.76% of surface water
in northwestern parts of Ke Sach, Cu Lao Dung
Island and Long Phu districts can be met
irrigation. This shows strong effects of seasonal
seawater intrusion in the coastal river system.
Unlikely, groundwater  quality  depends
significantly on features of aquifers. Most
groundwater samples of Holocene (gh), upper
Pleistocene (gh3), some of middle and lower
Pliocene (n22. n21) and Miocene (n13) aquifers
cannot use for irrigation, while almost
groundwater samples of middle and lower
Pleistocene (qp23, qpl) aquifers are good
quality for both drinking and irrigation
purposes, spelling the reason for these aquifers
have been intensively pumped for those
purposes, resulting in rapid groundwater
drawdown of the large scale of the province.

Furthermore, Wilcox diagram as shown Fig 2
was deployed to classify water quality for
irrigation. It can seen clearly that almost
groundwater at middle and lower Pleistocene
(qp23, gpl) aquifers and surface water in the
rainy season fall in the categories C1-S1 (Low
salinity and low SAR), C2-S1 (medium salinity
and low SAR) that can be used for irrigation
purposes while almost groundwater of Holocene
(gh), upper Pleistocene (gh3) and surface water
in the dry season were characterized by C3-S1
(high salinity and low SAR), C4-S3 (very high
salinity and high SAR) and C4-S4 (very high
both salinity and SAR) that cannot use for
irrigation. Remained groundwater samples of
Pliocene (n22, n21) and Miocene (n13) aquifers
were ranged between C3-S3 (high salinity and
high SAR) and C3-S4 (high salinity and very
high SAR) groups that also are unsuitable for
irrigation.
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Fig 2. Wilcox diagram of water classification
for irrigation

5. CONCLUSIONS AND
RECOMMENT DATIONS

5.1. Conclusion

Water resources along coastal areas of the
Mekong Delta are facing with serious
environment pressures, mainly because of
seawater intrusion and anthropogenic activities.
Major findings of this study are as follows.
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(i) The quality of surface water shows
seasonal variation and strongly influenced by
seawater intrusion, anthropogenic effects, while
that of groundwater represents stable trend and
groundwater quality depends significantly on
hydro-geological processes. (ii) Groundwater at
Pleistocene aquifer is good for both drinking
and irrigation purposes, however some parts
close to estuaries seem to be increasingly
affected by seawater intrusion due to intensive

groundwater extraction. (iii) The results of WQI
and IWQIs indicate that surface water and
groundwater at shallow (Holocene) and some
parts of deeper (Pliocene and Miocene) aquifers
are unsuitable for drinking and irrigation of both
dry and rainy seasons. Thus, in order to extract,
use and manage sustainably fresh water source
in coastal areas in the Mekong delta, integrated
water resources management practices should
be urgently considered.

Table 2. Results of water quality assessment for drinking and irrigation purposes

Aquifers: Shallow -> Deep aquifers

River water

Indexes Range values 23 23 Dr Rain
® qh qh3 qu;_lD qu ap1 ni3 seaszn seasofl

Max 1665.52 2319.25 1665.52 135.97 441.18 895.00 1415.58 743.99

WOl Mean 888.29 1413.40 888.29 72.00 129.25 254.93 534.93 88.77
Min 111.06 227.65 111.06 2227 60.37 80.35 31.53 24.02

Desirable value <100.0

Drinking  Percent. A.V 0.00 0.00 98.15 90.48 40.00 30.00 4.76 75.00
Max 73.72 3929 7372 959 30.77 46.17 38.71 28.19

SAR Mf:an 40.07  26.65 40.07 298 7.70  32.18 20.12 4.30
Min 1.77 1.57 1.77 048 0.77 3.42 0.62 0.37

Acceptable value <26.0

Max 7.32 3.84 732 390 579 58.55 4.07 3.47

KR Mean 4.55 242 4.55 1.11 237 2431 3.25 1.29
Min 1.77 1.57 1.77 048 0.77 3.42 0.33 0.26

Acceptable value <1.0

Max 4747 14630 4747 434 10.82 41.11 58.42 30.90

RSC Mean 24.58  86.69  24.58 144 352 1574 19.24 2.58
Min 1.69 5.12 .69 0.14 031 8.62 0.27 0.02

Acceptable value <2.5

Max 87.98 7936 87.98 79.57 8527 98.32 80.28 77.63

SSp Mf:an 7597  69.08 7597 4845 6421 92.48 74.46 46.38
Min 6395 61.07 6395 3261 43.54 7737 24.89 20.60

Acceptable value <50

Max 30.52 2272 30.52 95.14 5351 44.63 57.81 91.60

PI Mean 25.59 17.56 2559 4344 36.30 35.12 23.69 54.68
Min 20.66 15.02  20.66 23.44 21.51 18.35 18.39 18.83

Acceptable value >25

Irrigation  Percent. A.V 0.00 0.00 9259 57.14 0.00  0.00 4.76 60.00

Note: Percent.A.V: The percentage of acceptable values in comparison with standard values for drinking and

irrigation.

5.2. Recommendation for sustainable water
management

As mention above, increasing excessive
extraction and salinization of groundwater in
Soc Trang province requires an adequate
response in frame of new water management
strategies from responsible authorities. In
addition to this, despite of locating in coastal
areas of the Mekong Delta, water resources in
this province are facing with many serious

64

problems mainly because of reducing water
flow into the Mekong Delta due to Hydropower
plants operation and unsustainable water uses in
the upstream of the Mekong River Basin while
unpredictable effects of climate change and sea
levels rise are likely affected on this region.
Thus, in order to implement the sustainable
water management in the coastal region of the
Mekong Delta we should consider integrated
solutions:
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i. Controlling water extraction:

Continuously updated information about the
water extraction status is crucial for managing
water resources. This comprises not only
governmental (communal) water extraction, but
also extraction wells for industrial, agro- and
aquaculture purpose as well as an assessment
about the decentralized extraction from private
households.

ii. Water registration and extraction licensing:

The national decrees, guidelines about water
registration and extraction licensing measures
must be realized consequently and transparently.
Stronger criteria are recommended for future
extraction well licenses in the area of central
and East of Soc Trang where groundwater levels
are rapidly depleted and widely saline
depression, such as water use only for human
consumption and irrigation purpose.

iii. Reducing extraction:

In this coastal region of the Mekong Delta,
surface water cannot use for any purpose due to
seawater intrusion and water pollution, whereas
groundwater has been excessively exploitation
for domestic, industrial and irrigation purposes.
However, availability of high quality
groundwater is a limited national reserve and,
therefore, it should be kept for drinking water
purposes. Besides that, it is crucial to retreated
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Tém tit:
PANH GIA CHAT LUQNG NUGC VA GIAI PHAP TONG HOP
QUAN LY BEN VUNG TAI NGUYEN NUOC TINH SOC TRANG

Chi s6 danh gid chat lwong nguon nwée cdp cho sinh hoat (WQI) va cdc chi sé lién quan dén chat
leong nguon mede tudi (IWQs) nhw chi sé hap phu Natri (SAR), ty s6 Kelly (KR), chi s6 dw ham
leong Natri carbonate (RSC), ham lwong hoa tan Natri (SSP) va chi sé kha nang tham (PI) la cdc
chi tiéu quan trong nham danh gia chdt heong nguon nwée cdp cho sinh hoat va phuc vu twéi cho
cdc logi cdy trong. Két qua nghién citu cho that rang, 92.5% nguon nuée ngam tai hau hét cdc khu
vue tinh Soc Trang nam & cdc tcfng trung va ha Pleistocene, va mot 6 khu viee thudc tcfng Pliocene
va Miocene c6 thé dap vmg chdt liwong nwéc phuc vu dn uong, sinh hoat va twdi cho cdy trong.
Trong khi do, cdc tang chita nwée c¢é nong dé mudi cao, cdc chi sé chdt heong nude phuc vu cho
twedi tiéu khéng dat yéu cau. Ngodi ra, vao mila khé chi ¢é khodng 4.67% nguon nwée mdt cé thé sir
dung cho cdp nuée, trong khi dé vao mita muwa cé thé tin dung 60% nguon nudc mdt phuc vu cdc
muc dich cap nuwdc sinh hoat va twéi. Dya trén cdc két qua nghién ciru nay, cdc gidi phdp tong hop
vé quadn Iy, khai thdc va sir dung bén vimng tai nguyén nwée khu vue tinh Séc Trang ndi riéng va
viing ven bién PBSCL néi chung da dwoc dé xudt bao gom cdc gidi phdp quan 1y khai thac nwée
ngam, nuwdc mat, két hop sie dung da dang cdc nguon nude khdc nhau tai vimg ven bién gém nuwéce
ngdm, nwoc mdt nwoc mua... phuc vu cho phat trién kinh té xa héi va bao vé méi truong.

Tir khoa: Panh gia chat lugng nudc, tinh Soc Tring, Pong bang song Ctru Long.
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