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Groundwater quality and human health risk assessment
related to groundwater consumption in An Giang province,

Viet Nam

Ddnh gid dién bién chdt lugng nudc ngdm va rdi ro sure khée lién quan dén st dung nudc &

tinh An Giang, Viét Nam

PHAN Kim Anh*; NGUYEN Thanh Giao

Department of Environmental Management, College of Environment and Natural Resources, Can Tho University. 3/2 Street, Ninh Kieu District,

Can Tho City, Viet Nam

Groundwater is one of the main sources for water supply for domestic use, irrigation, aquaculture and industry in Me-
kong Delta. With rapidly increasing in human population, groundwater becomes more important for social and economic
activities. This study evaluated the quality of groundwater using data from the eight monitoring wells over the period of
2009 - 2016. Human health risk was assessed for the population consuming groundwater contaminated with arsenic.
The findings indicated that groundwater wells in An Giang province were contaminated with microorganisms. The total
dissolved solids (TDS) and hardness in Phu Tan (PT) and Cho Moi (CM) wells were significant higher than the national
technical regulations on groundwater quality (QCVN 09-MT:2015/BTNMT). In addition, groundwater wells in some small
islands of An Giang were seriously contaminated with organic matters and arsenic. The mean arsenic concentration was
up to 0.55 + 1.21 mg/L. Estimation of carcinogenic risk for human population showed that the cancer risks ranged from
medium (8.66 x 10 to high (8.26 x 1 0) for both children and adults. Alternative water supply sources should be offered
for the population at risk. Besides, regular health check is essential for local people in the arsenic contaminated ground-
water.

Nudéc ngam la mét trong nhitng ngudn cung cdp nudc chinh cho sinh hoat, tudi tiéu, nudi trong thdy sdn va céng nghiép &
Bdng bdng séng Ciru Long. Cung vdi sur gia tdng ddn s6, nudc ngdm ngay cang déng vai trd quan trong hon trong cdc hogt
ddng phdt trién kinh té - x@ hoi. Nghién ciru da tién hanh ddnh gid dién bién chdt luong nudc ngdm thong qua s6 liéu cda tdm
giéng quan trdc trong giai doan tir ndm 2009 - 2016. Két hop vdi ddnh gid rdi ro strc khéde cda ngudi dan khi st dung nuéc
ngdm chira arsenic. Két qud nghién citu cho thdy cdc giéng nudc ngdm & tinh An Giang da bi nhiém vi sinh. Téng chdt rdn hoa
tan (TDS) va do cing & tram Phd Tan va Cho MGi phan tich duoc cao hon quy chudn cho phép (QCVN 09-MT:2015/BTNMT).
Cdc giéng nudc ngdm & mot s6 khu vuc cu lao cda tinh An Giang dd bj 6 nhiém hitu co va arsenic nghiém trong. Nong do
arsenic trong nudc ngdm cé thé dao déng lén dén 0.55 + 1.21 mg/L. Rui ro ung thu & hai déi tuong ngudi I6n va tré em khi
st dung nudc ngdm nhiém arsenic dao déng tur trung binh (8 ngudi trong 1.000 ngudi) tdi cao (8 ngudi trong 100 ngudi).
Cung cdp ngudn nudc thay thé d gidi phdp khd thi d€ gidm rdi ro sirc khde cho con ngudi trong truong hop nay. Ngodi ra,

ngudi dan dia phuong can dugc khdm strc khbe thuong xuyén dé kjp thoi phdt hién va sém diéu tri bénh.

Keywords:

1. Introduction

In the Mekong Delta, the main water resources include
rainwater, surface water, and groundwater. The groundwa-
terin this region has been exploited for domestic use since
the beginning of the 20" century (Hoang et al., 2010). Be-
cause of increasing development, the long dry season in
the southwest of Vietnam, and pollution of surface water
from salinity, acidity, domestic wastes and suspended sed-
iment, groundwater use is growing. These serve about 4.5
million people (accounting for 32.1%) out of the Delta’s to-
tal population of 14 million (Ghassemi and Brennan, 2000).

carcinogenic risk, groundwater, arsenic, health risk assessment

In addition, according to Vietnam’'s Department of Water
Resources Management (2009), there are many urban ar-
eas which use almost 100% groundwater such as Ca Mau,
Bac Lieu, Soc Trang and Tra Vinh province. An Giang prov-
ince of Vietnam has large reserves of groundwater that can
be abstracted for serving for daily life, irrigation, aquacul-
ture and industry. According to the Geological and Hydro-
logical Federation, groundwater along Hau River and in the
Northwest of the province can be exploited at the depth of
80 - 100 m and 250 - 300 m with the exploitable amounts
reaching 30,000 m*/day and potential reserve of 85,000
m?/day (An Giang People's Committee, 2015). In recent
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years, the major industrial activities, for example, pro-
cessing of agricultural and fishery products and other sec-
tors, have also remarkably increased. In 2012, the agricul-
tural production value of the province was over USD 353.2
million and tended to increase over years (up 2.3% com-
pared to 2011). The average Gross Domestic Product
(GDP) growth rate was 8.63% (2011 - 2015) (An Giang Peo-
ple's Committee, 2015). The statistical numbers in the
growth of GDP indicated that social and economic activities
have increased continuously, and this could lead to a large
amount of wastes from agricultural, industrial activities and
other sectors generated. The generated wastes have been
dumped or improperly treated resulting in contaminating
both surface and groundwater sources.

Arsenic is naturally occurring substance. Arsenic pollution
in groundwater has become a great concern of An Giang
province. According to An Giang People's Committee
(2015), 1,319 groundwater wells (accounting for 14.4% of
the total numbers of groundwater wells) in An Giang have
been discovered contaminated with arsenic at the concen-
tration of greater than 50 pg/L while 756 wells with arsenic
at concentration of greater than 10 pg/L. Long-term expo-
sure to arsenic has been associated with cancer in skin,
lungs, urinary bladder, kidney and liver, as well as various
non-cancer effects. Recent studies also indicate that arse-
nic exposure could affect the reproduction and child de-
velopment (Appelo, 2006).

This study aimed to assess the quality of groundwater at
eight monitoring wells from 2009 to 2016 to identify trends
in groundwater quality and to assess health risks for the
population using arsenic-contaminated groundwater. The
obtained results could provide additional data on the pro-
gress of groundwater quality in An Giang province and as-
sess potential impacts for humans such as cancer risk as-
sociated with groundwater use.

2. Materials and methods

2.1 Sources of groundwater quality data

Groundwater quality data from eight monitoring wells in
the period 2009 - 2016 in An Giang province including tem-
perature, pH, total dissolved solids (TDS), hardness (Ca2+
and Mg, nitrate (NO5-N), ammonium (NH4"-N), coliforms,
total iron (Fe) and arsenic (As) were collected from An
Giang Department of Natural Resources and Environment.
These groundwater quality parameters were monitored
twice a year, namely in March (the dry season) and in Sep-
tember (the wet season). The locations of the monitoring
wells are shown in Figure 1.
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Figure 1. Locations of the groundwater monitoring wells

Note. AP: An Phu station; TC: Tan Chau station; PT: Phu Tan
station; CM: Cho Moi station; LX: Long Xuyen station; TS:
Thoai Son station; TB: Tinh Bien station, TT: Tri Ton station.

2.2 Data analysis

The variation in the groundwater quality parameters at the
sampling sites was analyzed by one-way ANOVA using IBM
SPSS statistics for Windows, Version 20.0 (IBM, 2011); Dun-
can test was applied to compare the difference in ground-
water quality parameters at a significance level of 5%
(p<0.05). Groundwater quality parameters at monitoring
wells were compared with the national technical regulation
on groundwater quality (QCVN 09-MT: 2015/BTNMT) to as-
sess groundwater quality.

2.3 Health risk assessment

Health risk was investigated in this study to assess the po-
tential carcinogenic endpoint associated with the use of ar-
senic-contaminated groundwater. Health risk assessment
was performed using the following steps:

2.3.1 Hazard Identification

Before starting any evaluation, structural alerts and physi-
cal-chemical parameters like water/lipid solubility and vol-
atility need to be identified to screen for specific effects
such as relative cytotoxicity, mutagenicity, or hormonal ef-
fects. This allows identification of specific wanted or un-
wanted effects of hazards. In this study, scientific and tech-
nical information relating to arsenic was collected, orga-
nized and evaluated to decide whether arsenic is likely to
constitute a significant hazard to human health. The scien-
tific data indicated that arsenic is carcinogen.

2.3.2 Dose-Response Assessment
Since arsenic is carcinogen, then the cancer slope factor

(SF) value is used for the health risk assessment process.
SF was referenced from the risk assessment website:
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https://cfpub.epa.gov/ncealiris2/chemicalLand-
ing.cfim?substance_nmbr=278 (US EPA, 2014).

2.3.3 Exposure Assessment

Exposure may be defined as the contact of a chemical,
physical, or biological agent with the outer boundary of an
organism. Exposure is usually defined as a function of time:
An event that occurs when there is a contact boundary be-
tween a human and the environment with a contaminant
of a specific concentration for an interval of time. In this
study, arsenic is assumed via drinking pathway or inges-
tion. The chronic daily intake due to ingestion of ground-
water could be calculated using Equation 1 (Thu, 2008):

CXIRXEFXED
BWXAT

CDI =

where CDl is Chronic Daily Intake (mg/kg BW-day); C is the
concentration of arsenic (mg/L); IR is Intake Rate (L/day); EF
is Exposure Frequency (days/year); ED is Exposure Dura-
tion (70 years by convention); BW is Body Weight (kg); and
AT is Averaging Time (days).

Table 1. The relevant data for risk calculation

Receptors IR (L/day) EF (days/year)
Children 1° 3657 ¢
Adults 3 3657 ¢

“Mai et al, 2014; *Thu, 2008;“Quang, 2014
3. Results and discussion

3.1 Groundwater quality in the period of
2009 - 2016

The mean temperature in the groundwater in the period
from 2009 - 2016 was 28.9 + 0.3°C (Figure 2a). The average
temperatures and seasonal variation (dry and wet sea-
sons) among monitoring wells were not significantly differ-
ent (p>0.05). The mean pH at the monitoring sites ranged
from 6.6 + 0.1 to 7.1 £ 0.2 which was in the neutral range
(Figure 2b). The average total dissolved solids (TDS) has
greatly fluctuated among monitoring wells (Figure 2c). The
value of TDS at Cho Moi station was the highest (4,516 +
2,768.7 mg/L) which was statistically significant difference
with those in the other monitoring wells (p<0.05). High lev-
els of TDS in groundwater are mainly due to the presence
of sulfate, iron and occasionally arsenic. The values of TDS
in Tan Chau, Thoai Son, and Tri Ton stations were in ac-
cordance with the national technical regulation on ground-
water quality (QCVN 09-MT: 2015/BTNMT) while TDS values
in the other stations including An Phu, Phu Tan, Cho Mai,
Long Xuyen and Tinh Bien were higher than the regulation.
The variation of TDS between seasons at each groundwa-
ter well was not significantly different.

The mean hardness in groundwater at the monitoring
wells ranged from 197 + 130.59 mg/L to 1,272 + 681.21

2.3.4 Risk Characterization

The most critical findings obtained from dose - response
assessment and exposure assessment were combined.
This step provides a description of the nature of the hazard
and explicit accounting of the estimated degree of health
risk. The cancer risk was calculated by using Equation 2:
Risk=CDIxSF  (2)

where, SF is slope factor. According to the risk assessment
website of U.S. Environmental Protection Agency, the slope
factor of arsenic is 1.5 (mg/kg—day)4 (US EPA, 2014). The
acceptable health risk is one in million (1x10°) meaning
that one person is likely to develop cancer due to drinking
arsenic contaminated groundwater.

This study calculated cancer risk of arsenic due to ground-
water consumption for two groups of receptors which
were children and adults. The relevant information for es-
timating health risk was obtained from the previous stud-
ies (Quang, 2014; Mai et al., 2014; Thu, 2008) presented in
Table 1.

ED (years) BW (kg) AT (days)
70° 10° 25,550
70° 55° 25,550
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mg/L (Figure 2d). Phu Tan station had the highest concen-
tration of hardness at 1,272 + 681.21 mg/L, followed by
Cho Moi station at 1,246 + 297.73 mg/L and these values
were significantly different from those found in the other
monitoring stations (p<0.05). The mean hardness of
groundwater at An Phu, Phu Tan, Cho Moi, Long Xuyen
were higher than the permitted hardness in groundwater
according to QCVN 09-MT: 2015/BTNMT (500 mg/L). In the
wells with high hardness concentration, groundwater qual-
ity is unsuitable for domestic use.

The mean level of nitrate (NO5-N) detected low in ground-
water at all monitoring wells from 2009 to 2016, ranging
from 0.09 + 0.13 mg/L to 0.99 + 0.98 mg/L (Figure 3a). The
concentrations of nitrate were within the allowable limit.
However, the nitrate concentrations were significantly dif-
ferent between wet season and dry season at Tinh Bien
and Tri Ton stations. The average nitrate concentrations in
groundwater at Tinh Bien and Tri Ton stations in dry sea-
son (March) and wet season (September) were 3.69 + 5.8
mg/Land 0.85+1.5mg/Land 13.49 + 15.6 mg/Land 15.54
+ 27 mg/L, respectively. It was highly possible that during
the dry period, nitrate (from agricultural practices) has
been accumulated and moved into the groundwater as
surface water levels increased and stagnant. This could be
a good example of the exchange of water and the
transport of pollutants from surface water into the ground-
water.
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Ammonium (NH;-N) in groundwater fluctuated between
0.57 + 0.4 and 5.06 + 2.7 mg/L and there were significant
differences between the monitoring wells (Figure 3b). The
highest NH,"-N concentration was found at Cho Moi sta-
tion at 5.06 + 2.7 mg/L which was statistically significant dif-
ferent than the other stations. Ammonium concentration
in Thoai Son station was the lowest and 8.88 times lower
than the NH,"-N concentration found in Cho Moi station.
At the all monitoring wells, the average NH;"-N concentra-
tion during dry season was 2.3 £ 1.7 mg/L and 1.9 + 1.7
mg/L in the wet season. Among 8 monitoring wells, there
were five wells in An Phu, Tan Chau, Phu Tan, Cho Moi and

Tri Ton where the concentration of NH,™-N was higher than
the permitted standard regulated in QCVN 09-
MT:2015/BTNMT (NH;-N<1 mg/L). The occurrence of
NH,4"-N in groundwater indicated the impact of human ac-
tivities such as poultry, livestock, household waste, septic
tanks, and aquaculture (Ly, 2008). In addition, the use of
fertilizers for soil improvement and the supply of nutrients
to crops also contributes to the increase in NH,-N con-
centration in groundwater. This was consistent with the
previous discussion that nitrate was also transferred from
surface water to groundwater.
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Figure 2. Variation of temperature (a), pH (b), TDS (c) and hardness (d) in groundwater at eight monitoring wells over the pe-
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Note: Different letters in the same chart indicates statistically significant difference at a = 5%.

QCVN 09:2015 National technical regulation on groundwater qua

16

lity.

QCVN 6 1
09:2015 QCVN
JRE 3 092015
5 @ 2, ©
3 H
£ 8 =
@ o
= = 2
£ % F[W
z ] |J'|
™~
0 == h I-I'! - r}'l l‘% 0 = = I'Ll l‘Ll e FLI
AP TC PT CM IX TS TB TT AP TC PT CM IX TS TB TT
10 10000 1
(b) 3 1 (d)
a S
8 S 1000 1 il Lo L
S Z L
% 6
o b &
£ be S 100 1 L
g4 be P
=
= be g 10 A
e 2 c S
= M c T _LQCVN_ = QCVN
Eo [T [T th m [¥g 09:2015
AP TC PT CM IX TS TB TT AP TC PT CM IX TS TB TT

Monitoring wells

Monitoring wells
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the period of 2009 - 2016

Note: Different letters in the same chart indicates statistically significant difference at a = 5%.
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The mean Fe concentration in groundwater was presented
in Figure 3c. The highest concentration of total iron (2.16 +
3.36 mg/L) was found at Thoai Son station and this concen-
tration was statistically significant different than the re-
maining monitoring wells (p<0.05). Total Fe found in
groundwater at Phu Tan and Tinh Bien stations were rela-
tively low at 0.07 £ 0.07 mg/L and 0.07 + 0.05 mg/L, respec-
tively. There was no significant variation in Fe concentra-
tion in groundwater between the dry and wet seasons. To-
tal iron concentrations at all monitoring wells were within
the limit of the national technical regulation QCVN 09-MT:
2015/BTNMT (Fe<5 mg/L).

Coliforms in groundwater at all monitoring wells were rel-
atively high (693.6 + 543 MPN/100mL) (Figure 3d). The
highest coliforms were recorded at An Phu and Tinh Bien
stations at 1,374.6 + 2,632.5 MPN/100mL and 1,212.2 +
1,267.2 MPN/100mL, respectively. The density of coliforms
in groundwater monitoring wells did not fluctuate signifi-
cantly between dry and wet seasons. It is worth noting that
coliforms in groundwater samples at all monitoring wells
far exceeded the permitted level of QCVN 09-MT:
2015/BTNMT which permits only 3 MPN/100mL. Prior
studies found that groundwater in the Mekong delta was
heavily contaminated with coliforms (Sanh et al., 2010;
Hoa, 2016). Microbial contamination in groundwater is one
of the health risks for people who use both surface water
and groundwater if the waters are not properly treated.

3.2 Arsenic contamination and associated
health risk due to groundwater consumption

Arsenic concentrations have been detected in groundwa-
ter in An Giang province. The concentrations of arsenic in
An Phu, Tan Chau and Long Xuyen stations were found at
0.3 £ 0.63 mg/L, 0.54 £ 1.18 mg/L, and 0.55 + 1.27 mg/L,
respectively. The mean arsenic concentrations at all moni-
toring wells were presented in Table 2. The average arsenic
levels tended to increase in the wet season (September).
This was in line with previous study reported that the con-
centration of arsenic in groundwater in the Mekong Delta
increased considerably in wet season (Lap, 2005). Besides,
this was similar to the increase in arsenic in the flood sea-
son of Red River plain (Berg et al., 2001).

The correlation between the levels of arsenic and total iron
in the groundwater analyzed in An Giang province is un-
clear, but the two heavy metals were found closely related
in the Red River delta and the Ganges River delta (Ky, 2009).
For example, the highest arsenic concentration was in
Long Xuyen station by 0.55 + 1.21 mg/L, but the total iron
concentration in this station was relatively low by 0.37 +
0.49 mg/L. According to previous study, if the value of pH
in natural environment is greater than 8.5, arsenic will be
easily released from the mineral surface such as pyrite,
which increases the concentration of arsenic in groundwa-
ter (Duyen, 2017). However, in this study, the mean pH at
the monitoring sites were in the neutral range from 6.6 +
0.1 to 7.1 + 0.2 so this parameter has no significant effect
on arsenic release.

Table 2. Health risk associated with using groundwater contaminated by arsenic in An Giang province

Station Concentration of CDI (mg/kg.day) Cancer Risk
As' (ug/L) Children Adults Children Adults

AP 300.77 3.01x107 1.64x10° 451107 2.46x107
TC 538.35 5.38x107 2.94x107 8.08x107 4.40x107
PT 13.84 1.38x107 7.55x10™ 2.08x10° 1.13x107
M 5.23 5.23x10™ 2.85x10™ 7.85x10™ 4.28x10*
LX 550.58 5.51x10° 3.00x107 8.26x107 4.50x107
TS 4.82 4.82x10* 2.63x10™ 7.23x10™ 3.94x10™
B 10.58 1.06x107 5.77x10* 1.59x107 8.66x10™
T 4.71 4.71x10* 2.57x10™ 7.07x10™ 3.85x10™
QCVN 09-MT:2015/BTNMT 50 5.00x10° 2.73x10° 7.50x10 4.09x10°
WHO 10 1.00x1073 5.45x10™ 1.50x1073 8.18x10™

Note: QCVN 09-MT:2015/BTNMT National technical regulation on groundwater quality.

'An Giang’s Department of Natural Resources and Environment.

Arsenic concentrations at the monitoring wells in Phu Tan,
Cho Moi, Thoai Son, Tinh Bien, and Tri Ton were within the
allowable limit of QCVN 09-MT: 2015/BTNMT (As <0.05
mg/L or 50 pg/L). However, the concentration of arsenic in
groundwater at An Phu, Tan Chau, and Long Xuyen were 6
times, 10.8 times, 11 times higher than the limit of the ar-
senic concentration regulated in  QCVN  09-MT:
2015/BTNMT, respectively. The World Health Organization
(WHO) recommends the arsenic level permitted for human
consumption (drinking) should be equal or lower than 10
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pg/L (Yamamura et al., 2003). This recommended level by
WHO is to reduce health risk associated with using ground-
water as drinking water.

The calculated risks for children and adults were greater
than acceptable risk level (1><1O'6) which could mean that
the cancer risk due to presence of arsenic in groundwater
in An Giang province ranged from medium to high. The
highest cancer risk for both children and adults occurred
in An Phu, Tan Chau and Long Xuyen stations (see Table 2).
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The medium cancer risk associated with groundwater con-
sumption was found in Cho Moi, Thoai Son, and Tri Ton.
This study found that children were likely to suffer higher
cancer risk than adults, for example, the cancer risk esti-
mation in Table 2 indicated that there are likely to have
eight children and four adults (in 100 people) at risk of can-
cer in the Long Xuyen area. In Vietnam, the national tech-
nical regulation on groundwater quality (QCVN 09-MT:
2015/BTNMT) set the acceptable level of arsenic at 50 pg/L.
This level could lead to75 children and 41 adults who are
likely to have cancer risk in 10,000 people. The World
Health Organization’s standard limit is 10 pg/L which has
contributed to dramatically decreasing the risk of cancer
for both children and adults.

4. Conclusions

Based on the assessment of groundwater quality at eight
monitoring wells in An Giang province for the period 2009
- 2016 and comparison with QCVN 09-MT: 2015/BTNMT,
groundwater has been polluted with TDS, coliforms and ar-
senic. The levels of coliforms at all monitoring wells were
high and exceeded the permitted level while concentra-
tions of arsenic in groundwater at An Phu, Tan Chau and
Long Xuyen stations were much higher than the permitted.
The cancer risk calculation for both adults and children
due to consumption of groundwater contaminated with ar-
senic indicated that both children and adults were at me-
dium to high cancer risk. Treatment of arsenic in ground-
water to bring the cancer risk to one in a million to mini-
mize cancer risk to human health is urgently needed.
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