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Tom tat:

O nhiém asen (As) trong nuwéc duéi dit thuong dwgc tim thiy & cac viing dong bang bdi tich thude lwu vire cac con
song lon, trong do Vung Dong bang song Hong ciing dwoc bao cao bi 6 nhiém véi nong do cao cua As. Trong nghién
ctru nay, nuwée dudi dt tir 50 gieng nha dan dwgc thu thap aé nghién ctru sy phan b6 theo khong gian ciia As ¢ khu
vue tay bac Ha Noi. Két qua chi ra ring, As trong nuée dwéi dit & khu vire nay nam trong khoang <5 dén 334 pg/l,
trong dé cé toi 62% s0 giéng nghién ciru vurgt qua tiéu chuin cho phép ciia T chire Y té thé gi¢i (WHO) vé nong do
As trong nuéc udng (10 pg/l). As trong nuéc dudi dit & khu vue nghién ciru phan b6 khong déu theo khong gian, tap
trung 6 mét dai hep gnra song Hong va song Day Sw phén bd nay cdia As dwgce xac dinh c6 thé lién quan dén tudi
tram tich, cung sw xuét hién xen ke cac dai trAm tlch ¢6 nién dai khac nhau, dong thoi ciling lién quan dén hwéng
dong chay nuwéc dudi dit va su Xuit hién cia cira s0 dia chét thiy vin trong khu vwe nghién ciru. Nguyén nhan cho
swr ¢6 mit ciia As véi ndong dd cao trong khu vure nghién ciru 1a do qua trinh khir hoa tan cic khoang chira As trong
moi truomg khir ciing sw ¢6 mit ciia vat chit hiru co.

Tir khéa: nwée dwéi dit, 6 nhiém asen, phan bo theo khong gian, tiy bic Ha Ngi.

Chi s6 phén logi: 1.5

Tay Bengal, An D6 1a ¢6 muc do nghiém trong nhat [4].
Khoang ndng d6 As trong nudc dudi dit & nhimg khu vic
bi anh huéng duoc bao cdo cho khu vyc nay bién doi trong
khoang rong tir <0,5 dén 3.200 pg/l. Trong do6, phia dong
nam Bangladesh 12 noi bi anh huong x4u nhat voi mot vai
huyén c6 hon 90% s6 giéng bi 6 nhiém [3]. Trong mot bao
céo dugc cong bd boi Chowdhury va cs (2000) [5] cho thay,
nuée dudi dat o Tay Bengal, An D6 va Bangladesh bi 6
nhiém As va dan s6 nam trong ving anh huéng cta hai khu
vuc nay tuong ung la 42,7 va 79,9 triéu nguoi. Trong d6 co
9/18 huyén ¢ Tay Bengal c6 ndng do As vuot qua 50 pg/l,
con & Bangladesh con s nay 1a 42/64 huyén [5].

Datvan aé

Nudc dudi dat bi 6 nhidm boi As van 14 vén dé méi truong
dugc quan tdm du da dugce nghién clru trong hon hai thap ky
gan day. As duoc biét dén nhu 1a mot chéat gay ung thu ndi
tiéng, 12 “vua clia cac chét doc”, viéc phoi nhiém va hép thu
As trong thoi gian dai (5-10 nim) thong qua thuc pham va
dic biét 1a nude udng c6 thé dan dén nhidm doc man tinh
va dan dén cac bénh nhu ung thu da, ndi tang (phdi, bang
quang, than) [1]. Do ddc tinh ctia As toi s1'Ic khée con nguoi
ké ca ¢ lidu luong thap, nén chit nay nam trong danh sach
cac nguyén t can kiém tra khi d4nh gia chat lugng nudc,
dic biét 1a nudc an udng. WHO da gidi han ndng do tiéu ) i )
chuan ciia As trong nu6c an ubng 1a 10 ug/l [2]. O Viét Nam, nghién ctru vé 6 nhiém As & ving thudc
bong bang song Hong lan dau tién dugc cong bo vao ndm
2001 boi Berg va cs [4]. Nghién ciru nay chi ra rang, cac
tang chira nudc & Pong bang séng Hong bi 6 nhidm boi As
v6i ndng d6 1én t6i hon 3.000 pg/l, trong d6 nude dudi dat
tang nong & Ha Noi c6 ndng do As trong khoang 240-320
g/l [4]. Mot loat cac nghién ctru vé As trong nude dudi dat

Hién trang 6 nhiém As trong nuéc dudi dit da duoc phat
hién va cong bd ¢ kha nhiéu noi trén thé gi¢i nhu Argentina,
Mexico, Chile, Hungary... Trong do, khu vuc Nam A va
Dbong Nam A bao gdm cac ving dong bang & Bangladesh
An Do (Tay Bengal) va Viét Nam 1a nhitng khu vuc dién

hinh cta van dé 6 nhiém As trong nudc dudi dat[1, 3, 4].

Trong s6 cac qudc gia phat hién thay 6 nhiém As trong
nudc dudi dat thi vung chau thd thudc Bangladesh va
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da duogc thuc hién ¢ Ha Noi va toan khu vuc Bf”)ng bang
song Hong [6-9]. Mot khao sat trén dién rong ddi véi toan
bd viing Pong bang song Hong dugc cong bd vao nam 2011



s Khoa hoc Tu nhién

Spatial distribution of arsenic
in groundwater

in the northwestern Hanoi

Thi Duyen Vu', Thi Mai Tran?, Thi Kim Trang Pham?,
Mai Lan Vi%, Manh Phu Dao®, Hung Viet Pham'",
Dieke Postma*

!Key Laboratory of Analytical Technology for Environmental Quality
and Food Safety Control (KLATEFOS), University of Science,
Vietnam National University, Hanoi
’Research Centre for Environmental Technology and Sustainable
Development (CETASD), University of Science,

Vietnam National University, Hanoi
3Centre for Environmental Monitoring,

Ministry of Natural Resources and Environment
‘Geological Survey of Denmark and Greenland (GEUS), Denmark

Received 6 September 2021; accepted 18 October 2021
Abstract:

Arsenic contamination in groundwater is commonly
found in alluvial plains of major river basins, in
which the Red river delta has also been reported to be
contaminated with high levels of arsenic. In this study,
groundwater from 50 household wells was collected to
study the spatial distribution of arsenic in northwestern
Hanoi. The results showed that arsenic concentration
in groundwater varied in a wide range of less than 5
to 334 ng/l, of which up 62% of the wells exceeded the
WHO guideline value of 10 pg/l for arsenic content in
drinking water. Arsenic groundwater in this area is
unevenly distributed throughout the area, high arsenic
concentrations are found in a narrow band between Red
river and Day river. This pattern of arsenic distribution
is strongly related to the sediment age, sedimentary
processes, and it is also modified by local groundwater
flow parts and the occurrence of hydraulic connection
between aquifers, which are observed in the study area.
Arsenic is released into the groundwater during the
reductive dissolution of arsenic-bearing minerals under
the presence of organic matter.

Keywords: arsenic  contamination, groundwater,
northwestern Hanoi, spatial distribution.
Classification number: 1.5

HOA HOC .AN

- C 63(11DB) 11.2021

NG NGHE IE{ [\am ®3(11°®)

boi Winkel va cs [8] cho thdy, khoang 27% sb giéng co
ndng do As vuot qua tiéu chuan cia WHO. Nghién ctru nay
con chi ra cac giéng c6 ndng do As cao tap trung chu yéu &
céc khu vue dong dan cu doc theo song Hong nhu Ha Noi,
Ha Nam, Nam Dinh, Hung Yén, Thai Binh [8]. Khong chi
ving Pong bing song Hong, nudc dudi dat tai ving Dong
bing song Mé Koéng ciing dugc bao cio bi 6 nhiém véi As.
Nghién ciru ctia Berg va cs (2007) [10] cho thay, trong 112
mau nude dudi dat ¢ 2 tinh An Giang va Pdng Thap cb
ndng do As trong khoang <1 dén 845 pg/l [10]. Tuy nhién,
mirc d6 6 nhiém & ving Pong bing song Hong 1a nghiém
trong hon.

Mic di van d& 6 nhiém As da dugc nghién ctru trong hon
2 thap ky qua, nhung van con nhiéu cau hoi chua duogc giai
dap. Cac gia thuyét da duoc dua ra vé nguyén nhén sy co
mit ctia As trong nudce dudi dat chua hoan toan phtt hop véi
tat ca cac tﬁng chtra nudc bi 6 nhiém As [6, 11]. Ngoai ra,
cac hoat dong do con nguoi gay ra (khai thac nude, cac hoat
dong ndng nghiép, cong nghiép, xay dung, do thi hoa...) cé
thé anh huong va gy ra nhimg tac dong nhat dinh dén sy c6
mit, giai phong va phan bd As trong nude dudi dat van chua
dugc nghién cuu ky.

Nghién ciru nay dugc thuc hién nham danh gia hién
trang 6 nhidm As trong nudc dudi dat ciing nhu sy phan bo
ctia As trong nudc dudi dat theo khong gian & khu vuc nho
thudc vung thuong luu Pong bang séng Hong & phia tay
bac cach trung tim Ha N¢i khoang 30 km. Pong thoi, gop
phan vao viéc tim hiéu nguyén nhan gy 6 nhiém As & khu
vue nay tir mdi lién quan giita As va cac thanh phan hoa hoc
khac trong nudc dudi dit.

Doi tugng va phucng phap nghién ciiu
Khu vwe nghién ciru

Khu vyc nghién cru nim & thugng ngudn ving Dong
bang song Hong, phia tdy bac Ha Noi, giira nai Ba Vi va bo
phai song Hong va mot phan thugng ngudn séng Day (hinh
1). Pay 1a khu vuc co dia hinh thp dan tir ty bac xubng
d6ng nam do tiép giap voi khu vuc ¢ nii cao & phia dong
bic va tdy bic, dong thoi tiép giap v6i khu vuc dia hinh
bang phing ¢ phia dong nam. Khu vuc nghién ctru ¢6 hé
thdng thiry dia hoa kha phirc tap voi sy xuét hién cta nhimg
dai trdm tich phu sa gia bi x6i mon nim xen k& gitta dai tram
tich tré bao phu boi cat va sét ling dong [12, 13]. Ngoai ra,
khu vuc nay c6 mat do dan sb khong qua cao so véi khu vuc
noi thanh, déng thoi it xdy ra cac hoat dong khai thac nudc
dudi dat cho tudi tiéu nong nghiép va sinh hoat. Do do,
nude dudi dat & khu vuc nay van con nguyén so, it bi anh
hudng boi cac hoat dong ctia con ngudi dan dén sy thay doi
cac diéu kién tu nhién cua nudc dudi dat va tang chira nudc.
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Hinh 1. Bia diém nghién ctru va vi tri cac giéng lay mau nwéc dwéi
dat.

Lay va bdo qudn mdu

Trong nghién ctru nay, tong cong 50 mau nude dudi dat
tir cac giéng nha dan c6 do sau 12-80 m dugc thu thap trong
thang 4/2014 trén mdt ving tam giac rong 350 km? thudc
thuong luu Dong bing song Hong & phia tiy bic Ha Noi
(gém cac huyén Ba Vi, Phtc Tho, Thach Théat, Pan Phuong,
Qudc Oai, Hoai Puc), véi mat d6 7 km?/mau.

Viéce 1ay va bao quan mau cho cic phan tich anion va
cation dugc thuc hién theo [14]. Can noi thém r'fmg, cac mau
cho phan tich anion va cation déu duoc dung trong 1o nhya
polypropylene (PP) da duogc lam sach trudc do ¢ phong thi
nghiém. Cac dién cuc dung trong xac dinh céc thong s6 hién
treong nhu nhiét d9, pH, d6 dan dién (EC) va néng do oxy
hoa tan (DO) (HQ40d, Hach va Mettler-Toledo) déu duoc
hi¢u chuan va kiém tra do chinh xac v6i cac dung dich dém
tuong tng trude khi thue hién 14y mau hang ngay. Cac mau
sau khi lay dugc giit lanh tryc tiép tai hién trudng va bao
quan trong tu lanh ¢ 4°C trong phong thi nghiém cho t6i khi
phan tich.

Phén tich méu

Céac miu nudce dudi dat sau khi dem vé duoc bao quan
trong ti lanh & phong thi nghiém va phén tich cac cation
nhu As, Fe, Mn bing AAS; cic anion nhu SO,*, NO,, CI
bang séc ky ion va cac ion NH,"va PO*> béng UV ngay sau
d6. Cac phuong phap va cong cu phan tich duogc su dung
trong nghién ctru nay da duwoc mé ta chi tiét trong cong bd
trude d6 [14]. Ngoai ra, cic mau kiém chimg gdém dung dich
da anion PIA (Shimadzu), cac mau kiém chimg ndi bo ARS
(chtmg nhan vé ndng dé cac ion tham chiéu dugc cung cap
boi Vién Khoa hoc Cong nghé nudc Thuy Si) luoén dugce do
kém trong qué trinh phan tich mau that v6i do thu hoi cua
cac thong so ndm trong khoang 90-110% va do léch chuan
twong d6i (RSD, %) cuia 3 1an do 1ap mau luén nho hon 5%.

Két qua va thao luan

N(‘A)‘ng do As tong trong nuge dudi dat ¢ khu vuc nghién
cuu nam trong khoang <5 dén 334 ng/l. Trong do, c6 tdi
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62% s6 gleng (31/50 giéng) c6 nong dd As vuot qué tiéu
chuan vé ndng do cho phép cua As trong nuge an uong theo
tiéu chuan cia WHO va By Y té 1a 10 pug/l. Néu xét theo
tiéu chuan ciia WHO va ca tiéu chuan ciia By Tai nguyén
va Moi truong vé chat luong nude dudi dat doi véi As la
50 pg/l thi van c6 t6i 42% s giéng (21/50 gleng) vuot qua
tiéu chuan nay [2, 15, 16]. Ngoai tiéu chuin vé As, nudc
dudi dat tai khu vuc nay con vugt qua tiéu chuén cho phép
Vé nong d6 Fe, Mn va ammonium ctia Bo Y té d6i véi nue
ubng. Cu thé, co t6i 74% (37/50 giéng), 44% (22/50 gleng)
va 48% (24/50 giéng) sd giéng vuot qua cac tiéu chuan nay.
Do d6, hau hét nuéc dudi dat tir cac giéng da duge thu thap
trong khu vuc nghién ctru la khong phu hop cho muc dich
an uéng.

Hinh 2. Sy phan bé As trong nwéc dwéi dat tai khu vwee nghién
ctru theo khong gian.

V& su phin bb As theo khong gian, tir hinh 2 ¢6 thé thay
As trong nude dudi dit ¢ khu vire nay phan bd chu yéu theo
mot dai hep ¢ ving giita song Hong va song Day, dic biét
giéng c6 ndng do As cao nhat dugc tim thay ¢ gan khic
quanh cua song Hong. Mic di mau nude nay duge thu thap
tir cac giéng khoan ¢ d6 siu trong khoang 12-80 m, nhung
cac két qua tim dugc khong cho thiy bt cr mot quy luat
nao trong mbi lién hé giira ndng do As va do sau.

Mot mo hinh tuong tu vé su phan bd As trong nudc dudi
dat theo khong gian ciing dwoc béo céo trong mot nghién
ctru cua Dao Viet Nga va cs (2017) [11]. Trong cong bd
nay, két qua nghién ctru vé sy phan bd As theo khong gian &
cac chum giéng thudc 4 diém khac nhau trong mot mat cit
clng ¢ phia tay bac Ha Noi cho thay, cang gan séng Hong
thi néng do As trong nudce dudi dat cang cao va ngugc lai
nhiing giéng xa séng Hong thuong c6 néng do As thép hon.
Cuing trong nghién ciru nay, két qua con cho thiy ¢ nhiing
d1em gén song thi ndng do As ting theo do sau, tirc 1a cang
xudng sdu thi ndng do As cang cao.
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Trong cong b6 ndm 2012 cta Postma va cs [17] va nim
2018 ctia So va cs [18], vé su phan bd theo khong gian ciia
As trong nude dudi dat doc theo 4 diém thudc mot mit cit
gan khu vure nghién ctru cho thay, tudi cia tram tich 12 yéu to
quyét dinh ndng do As trong nudc dudi dat. Cu thé, theo cac
nghién ctru nay, noi nao ¢é tram tich tudi cang tré thi nong
d6 As trong nude dudi dat ¢ noi do cang cao va ngugc lai.

As pg/l
@®o0-10
@ 10-50
O 50-100

Hinh 3. Sw xen ké cac dai tram tich cé tubi dia chat khac nhau va
méi twong quan v&i néng dd As trong nwéc dwéi dat (tham khao
va bd sung tir Dang Tran Trung va cs (2020) [13]).

Dua trén nghién ctru vé sy phat trién dia chit thuy vin
ving Ddng bang song Hong thi & khu vuc nghién ctru ¢6 sy
xen k& cuia nhitng dai trAm tich c6 d6 tudi khac nhau, do qua
trinh bdi tu va x6i mon phirc tap (hinh 3). Theo do, tram tich
o khu vuc nghién ctru dugc chia thanh 6 giai doan, trong
d6 tram tich thudc giai doan sém nhét (giai doan 1) c6 do
tudi khoang 5.900 nam; trim tich giai doan mudn nhét (giai
doan 6) trong qua trinh hinh thanh c6 d tudi it hon 1.000
nam; trAm tich thudc cac giai doan con lai ¢6 nién dai trong
khoang 3.500 nam [12, 13]. Tu céac dai tram tich voi nién
dai khac nhau nay va ndng do As trong cac miu da do dugc
& khu vyc nghién ctru c6 thé thiy mot két qua twong tu nhu
cong b cua Postma va cs (2012) [1 7], d6 la nhing gleng co
ndng do As cao thuong duge tim thiy ¢ noi c6 dai tram tich
tré (voi nién dai nho hon 1.000 nam), nguoc lai, cac giéng co
ndng do As thap thuong tap trung ¢ ving c6 dai tram tich gia.
Qua d6 c6 thé tai khang dinh rang, tu01 ctia trAm tich 12 mot
trong nhitng yéu t6 quan trong quyét dinh sy phéan bd, hay
n6i cach khac 1a quyét dinh ndng do As trong nude dudi dat.

Ngoai su xen k& cta cac dai tram tich c6 nién dai khac
nhau, khu vyc nghién ctru con xuat hién 2 h¢ thong dong
chay khac nhau, mot 1a tir nuée dudi dét taing nong ve phia
nudc mat va hudng con lai 1a tr nudc dudi dét tang sau di
vao song Hong. Ngoai ra, cic cira s6 dia chit thily vin ciing
xudt hién ¢ ving trung tim ciia khu vuc nghién ctru do sy
x61 mon tram tich Pleistocene. Su xuét hién cira s6 dia chét
thily van nay lam cho nudc dudi dit tang néng chay vé tang
chtra nuée sdu hon va sy thay déi hudéng dong chay cua
nude dudi dat ting nong nay thay ddi theo chu ky va luu
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lrgng nuéc mua hang nam [12]. Didu nay c6 thé gidi thich
tai sa0 ngoai cac giéng tuan theo quy luat ndng do As - nién
dai tram tich thi van con mot s6 ngoai 18, d6 1a mot s6 gleng
¢6 ndng dd As cao nhung tram tich xung quanh lai c¢6 nién
dai 16n (tram tich gid) va sy phan bd khong theo quy luat
cua As va d0 sau nhu da chi ra.

As 1a mot nguyén t6 thuong duoc tim thiy c6 mit ti
nhién trong 16p vo cua trai dét, dac biét nd thuong ton tai &
dang hop chit v6i ndng do kha 16n trong cac khoang chat
va céc loai tram tich [3]. O trang thai tu nhién, As 1a vo hai,
tuy nhién néu As giai phong ra nudc hodc di vao chudi thic
an thi no cé the gy anh huong dén stc khoe con nguoi.
Nguyén nhén vé su ¢ mit ctia As trong nude dudi dat duge
chap nhan rong rai nhat boi cic nha nghién ctru d6 1a As
duoc giai phong ra tir tram tich va di vao nude dudi dét [6].
Trong d6, co ché giai phong As thong qua qua trinh khir
hoa tan cac khodng chura As & diéu kién khir thuong dugc
bao cdo trong cac nghién ctru vé 6 nhim As trong nudc
dudi dit ¢ cac ving dong bang ngdp lut, nhu ¢ Viét Nam,
Bangladesh, Tay Bengal (An Do) va mot s6 noi khac [3].
Qua do co thé thay, diéu kién khir cua tang chira nudc la
mdt trong nhimng didu kién déng vai tro quan trong trong
qua trinh khoi dong viéc giai phong As tir trim tich ra nude
dudi dat. Sy c6 mat ctia vat chét hitu co thong qua qué trinh
bdi tu nhanh chéng va chén viii tram tich & luu vuc séng
16n véi cac khiic quanh rong kém theo tai luong tram tich
161, s& dan dén mot loat cac phan (mg 6xy hoa khtr phirc tap
xay ra, lam cho nuéc dudi dat cé tinh khir. Didu kién khu
cua nudc dudi dat _thuong duoc thé hién qua mot sé thong
s6 nhu ndng do thap cua 6xy hoa tan (DO), SO,*, NO,, Eh
kem theo d6 1a nong d cao cua Fe*', Mn*", ¢6 the co NH ’
H,S va CH,, cdc chi s6 nay duoc coi nhu chi thi cho m01
truong khu ctia tang chira nude [19].

Mac du trong nghién ctru nay ham lugng C hitu co hoa tan
chua duoc khao sat, nhung gié tri do dan (EC) con dugce coi la
mot chi thi gian tiép cho ham lugng vét chat hitu co trong trim
tich da dugc ghi do. Do ndng do cao cua vét chit hitu co s&
dan dén qua trinh phan huy va g1a1 phong CO, vao nude dudi
dat, CO, duogc sinh ra s¢ tham g1a vao qua trmh khtr hoa tan
cac khoang va do d6 1am ting gi tri EC [19]. Tir két qua do
duogc tai hién truong, gia tri EC cua cac giéng nghién ctru nam
trong khoang 43-1.573 uS/cm va nhimng giéng ¢ hai bén bd
song Hong va song Pay co gia tri EC cao hon so vdi cac gleng
con lai (hinh 4). Qua d6 cho thay, lugng vat chat hitu co & hai
bén bo song Hong va song Pay ¢6 vé cao hon so voi noi khac
trong khu vurc nghién ctru. Ngoai gia tri EC lién quan dén vat
chat hitu co thi cac chi thi khac, gdm ndng do thip cua DO,
NO,, SO , ndng do cao cua Fe, Mn, NH," cling dugc thoa
man o khu vuc nghién ctru [14]. Cu thé, DO bién dong trong
khodng 0,4-4,3 mg/l, SO,*<0,5 dén 74,6 mg/l, NO,<0,5 dén
132,9 mg/l, Fe<0,25 dén 32 2 mg/l Mn <0,1 den 4, 5 mg/l va
NH,<0,2 dén 59 mg/l. Dic biét, cac gleng 6 nong do cao 601
véi Fe va NH," cling tép trung chu yéu ¢ dai glua song Hong
va song Day (hinh 4). Qua do co thé thiy, As c6 mdi twong
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Hinh 4. Ban dd phéan bé As, Fe va NH,* trong nwéc dwéi dat & khu
vwe nghién clru (tham khao va bd sung tir Pham Hung Viét va cs [14]).

quan nghich v6i SO, va NO,” va mot phén nao d6 trong quan
thuan voi Fe va NH [14]. Tu cac chi thi cho théy, nuoe dudi
dat o khu vuc nghlen ctru 1 ¢6 tinh khir, két hop vdi mdi twong
quan thudn cua As va Fe, NH," va EC co thé khang dinh lai
rang, As trong nuge dudi dat o khu vuc nghién ctru dugc giai
phéng tir tram tich thong qua qua trinh khir hoa tan cac khoang
chtra As dudi su c6 mat cua vat chét hitu co. Co ché tuong tu
cling dugc bao céo trong nghién ctru cia Dao Viet Nga va cs
(2017) [11], Postma va cs (2012) [17] va Se va cs (2018) [18].

Keét luan

Nong do As tong trong nuéc dudi dét & khu vuc nghién
ctru bién ddi trong khoang <5 dén 334 pg/l, hau hét nude dudi
dat tir cac giéng nay khong phu hop cho muc dich in uéng do
¢6 ndng do As vuot qua tiéu chuan cia WHO. Nong do cao
cta As trong nuéc dudi dat phan bd chu yéu ¢ mot dai hep
gitra song Hong va P4y, noi ¢6 nhimng dai trém tich tré it hon
1.000 nam, véi nhirng dai trAm tich gia thi ndng do As cling
thép hon. Tuy nhién, van con sy xuat hién ciia mot 56  giéng
ngoai 18 véi ndng do As cao & noi co tram tich gia. Diu nay
1a do su di chuyén cua As tir noi c6 ndng do cao hon sang noi
thdp hon do dong chay ciia nudc dudi dit cung véi su xudt
hién cia cira s6 dia chat thiy van trong khu vyc nghién ciru.
Nguyén nhan cho sy xuat hién As véi ndng do cao trong nudc
dudi dat & khu vue nghién ctru 13 do qua trinh khir hoa tan cac
khoédng c6 chira As voi sy c6 mat cua vat chét hitu co.

LOI CAM ON

Nghién ctru duge thuc hién nhu mot ph?m cua dy an hop
tac qudc té “Predicting the arsenic content in groundwater of
the floodplains in South and Southeast Asia (PREAS)” gilra
Vién Khao sat Dia chat Pan Mach va Greenland (GEUS),
Truong Dai hoc Khoa hoc Ty nhién (VNU-HUS) va Truong
Dai hoc M6 dia chét (HUMG) duéi sy tai trg tai chinh cta
Lién minh chau Au. Cac tac gia xin chan thanh cam on.
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