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Tom tit:

Asen (As) ¢6 mit trong nwéc ngam dwoc cho 1a ¢6 lién quan dén tinh khir ciia mdi trwomg. Ham hrong As va mot so
thanh phi"ill héa hoc thé hién tinh Khir trong nudc ng?lm tai khu vuc ven song H(‘Sng, Ha N¢i da dugc xem xét. Mot
s0 chat nghién ciru dai dién cho méi trwong khir clia nwrée ngdm 13 amoni, cacbon hiru co hoa tan va khi metan. Két
qua khao sat cho théy, nuéc ng?lm tai phia bo' phai (huyén Thanh Tri) ¢6 tinh khir manh hon so véi phia bo trai song
Hong (huyén Gia Lam). Pong thoi, ndng dd As trong nwée ngim tai phia bo phai ciing cao hon so véi phia bo trai.
Piéu nay cho thiy, méi trwong khir 13 thuin lgi cho qua trinh giai phéng As tir trim tich vao nwéc ngam. Bén canh
d6, qua trinh bom hit nwéc tip trung tai khu vwre ndi thanh Ha Ngi ciing dnh hwong dén su gidi phong As tir tram

tich vao nwdc ngam.

Tir khéa: asen, nuwée ngim, thanh phén héa hoc thé hién tinh khik.

Chi s6 phén loai: 2.4

Md dau

Nude ngdm thuong dugc dung cho muc dich in udng,
sinh hoat tai cac khu vuc chua co he thong cép nudc sach
tap trung. Tuy nhién, nude ngam tang néng thuong bi 6
nhiém mot sb chit nhu As, sat, mangan, amoni... trong do,
6 nhiém As 1a van dé nghiém trong va dang dugc chii y nhét.
As c6 thé d& dang duoc tim thiy ngoai tu nhién trong hon
200 loai khoang khac nhau. Mac du vay, n6 lai 1a nguyén td
hiém va chi chiém khoang 0,00005% trong vo trai dat [1, 2].
O trang thai ty nhién trong dét, da thi As 13 vo hai, tuy nhién
néu c6 mat trong nudc voi néng dd 16n no lai 1a chat doc
dbi véi stic khoe con ngudi va sinh vét. Phoi nhiém trong
thoi gian dai v6i nong do cao ciia As co thé dan dén mic
cac bénh man tinh nhu stung hoa da, ung thu da, ung thu ndi
tang (bang quang, than, phoi), cac bénh vé mach mau & chan
va ban chén... [3]. Con duong phoi nhlem chinh véi As 1a
thong qua Vlec sir dung nude ngam c6 ndng do cao cta As
lam nuéc dn udng trong thoi gian dai. Chinh vi mirc d¢ anh
huong 16n tdi stiic khoe con ngudi do sir dung nudc ngam
bi 6 nhiém As, nén T6 chirc Y té thé giéi (WHO) di dua ra
mirc giéi han ndng do As trong nudc dn udng 1a 10 pg/l va
gi6i han As trong nudc ngam 1a 50 ug/l [4].

Nudc ngam bi 6 nhiem As vdi nong do cao da dugc tim
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thdy ¢ nhiéu noi trén thé gidi. Trong sd cac qudc gia phat
hién thdy 6 nhiém As trong tang chira nudc thi cic ving
dong bang chau tho gan cac con song 16n bt ngudn tir day
Himalaya la c6 mirc d6 6 nhiém nghiém trong hon ca, trong
d6 co dong bang chau thd song Hong cua Viét Nam. Mot
trong nhiing béo céo dau tién vé ndng do cao cua As trong
nudc ngam tai ving chau tho song Hong chi ra rang, khoang
ndng d6 As trong nudc ngam & diy bién doi trong khoang
1-3050 pg/l, trung binh 159 pg/l [5]. Tu nghién ciru nay,
nhiéu nghién ctru khac da dugce thyc hién ¢ cac khu vyc lan
can Ha Noi cling nhu trén toan bo ving dong bang chau thd
song Hong. Vi du, nim 2011 Winkel va cic cong su di tién
hanh nghién ctru tinh trang 6 nhiém As trong nuéc ngim
trén toan bo ving dong bang séng Hong. Két qua nghién
cuu 512 m?lu nudc giéng khoan nha déan cho thdy tai khu
vuc nay nong d6 As nim trong khoang <0,1- 810 ug/l, voi
27% sb mau vuot qua tiéu chudn cho phép vé ndng do As
trong nudc an udng theo quy dinh cia WHO. Va muc do
6 nhidm cao cua As tap trung chii yéu & phia bo phai song
Hong, dic biét 1a nhimg khu vuc dong déan cu [6]. Hay nhu
mot nghién ctru khac dugce thyc hién vao nam 2008 bdi
Eiche va cong sy cho théy mac du hai vi tri nghién ctru cach
nhau chi 700 m nhung ndng do As trong nudc ngam lai khac
nhau hoan toan (mdt vi tri c6 ndng d6 As trong nude <10
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Abstract:

The high arsenic content is likely related to the reductive
characteristic of groundwater. The arsenic content and
reductive chemical compounds in groundwater were
evaluated, the studied water samples were collected from
tube wells in both the Red River banks in Hanoi. The
representative reducing components in groundwater
including ammonium, dissolved organic carbon and
methane were studied. The results showed that the
groundwater at the right bank (Thanh Tri district) has
a stronger reductivity than at the left bank (Gia Lam
district) of the Red River. The concentration of arsenic
in groundwater in the right bank was also higher than
that in the left bank. This suggests that the reductive
environment of the groundwater was favourable for
the release of arsenic from sediment into groundwater.
Besides, the pumping process in the urban Hanoi also
affected the release of arsenic into groundwater.

Keywords: asenic, groundwater, reductive chemical
components.
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ng/l, trong khi cac vi tri gdn d6 c6 As ndm trong khodng
170-600 pg/l) [7].

Nguyén nhan dan dén sy c6 mit ciia As trong nude ngm
dén nay van chua duoc hiéu 15 hoan toan. Trong rat nhiéu
gia thuyét duoc dua ra boi cac nha khoa hoc thi gia thuyét
As dugc giai phong tir tram tich vao nudc ngam thong qua
qué trinh hoa tan cac khoang Fe oxit c6 chira As trong diéu
kién khtr 13 dugc chap nhan rong rdi nhat. Tuy nhién, voi
nhiéu khu vuc nghién ctru khac nhau trén thé giéi thi gia
thuyét nay lai khong that phu hop, vi sy hinh thanh As trong
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nudc ngﬁm phu thudc vao rat nhiéu yéu td nhu dia chét,
thily van, huéng dong chay nudc ngam, sy co mit va muc
dd hoat dong ctia céac vi sinh vat co trong tﬁng chtira nudc,
tudi trAm tich, vi tri so v6i séng... Hay nhu tac dong cua
viéc khai thac nudc ciing c¢6 thé anh huong t6i ché do thuy
vin ciia cc tang chira nude. Didu nay c¢6 thé dan dén cac
tac dong khong mong mudn téi qua trinh hinh thanh va giai
phéng As vao nudce ngam. Chinh vi thé ma cac nha khoa hoc
hién nay van tiép tuc tim hiéu nguyén nhan va co ché dan
dén su hinh thanh va giai phong As vao nude ngam.

Nghién ctru nay dugc thuc hién nham g6p phan 1am rd
thém co ché hinh thanh As trong cac tang chtra nude & ving
dong bang song Hong. Pdng thoi nghién ctru ciing xac dinh
anh hudng cia viéc khai thac nude tap trung t6i qua trinh
giai phong As ciing nhu mdi lién quan giita As va mot sd
thanh phan héa hoc thé hién tinh khir cia méi truong nude
ngam tai khu vuc ven séng Hong, Ha Noi.

Vi tri nghién cuu

Vi tri nghién ciru nim ¢ hai phia bd song Hong, bao
gdm xd Yén My (huyén Thanh Tri), bo phai va xa Véan Dirc
(huyén Gia Lam), bo trai, cach Ha Noi 15 km vé phia dong
nam (hinh 1). Vi vi tri nim sat séng Hong nén hai khu vyc
nay thinh thoang bi ngdp trong vai ngay vao mua mua. Dit
dai ¢ ca hai khu vire nay chu yéu dugce sir dung dé trong rau
mau, trong hoa. Rudng rau mau tai day phan 16n duoc tudi
vao mua kho bang nudc séng, nude ao hodc nude ngam tir
céc giéng khoan.

Niam giéng quan tric tai mdi vi tri nghién ciru ¢6 do sau
khoang 25 m da duogc lap dit cho muc dich lay mau va theo
doi sy thay d6i cac thanh phan hoa hoc cta nudc ngam Cac
giéng nay duoc lip bang cac dng nhua PVC véi phan dng
loc dai 1 m cung voi biy cat & day. Pong thoi, dé tranh su
xa4m nhap cua nudc bé mit, mot doan dng thép co nip day
duoc sir dung dé bao vé phan dau giéng ngay phia trén mat
dat.

Hinh 1. Vi tri nghién ciu tai Yén My va Van Bic cach Ha Noi
15 km vé phia dong nam. Nong d§ As trong nuéc ngam dugc
biéu dién béi cac cham tron va vij tri cac giéng quan tric dugc
danh dau ghim & hai khu vuc nay.
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Poi tuong va phuong phap nghién ciu

Mau nuéc duoc ldy tir 5 giéng quan tric tai mdi vi tri
vao thang 4/2017, truc khi 14y mau, phin nudc dong trong
dng giéng duoc loai bo bang cach bom bo nudc ngdm voi
khoang 4-5 1an thé tich giéng. Cac thong s6 hién truong nhu
pH, nhiét d6, 46 dan, oxy hoa tan duoc do béng hé théng
thiét bi do hién truong cam tay HQd (Hach, M¥) va thé oxy
hoa khtr ciia nudce ngfim duoc xac dinh boi hé dién cuc cua
Fisherbrand (accumet AP 72). Nudc ngam dugc lay sau khi
cac thong s6 hién truong da 6n dinh va duoc loc ngay tai
chd qua mang loc nylon 0,45 pm vao trong lo PP cho phan
tich NH," va lo thuiy tinh da duoc nung ¢ 500°C trong 6 gio
cho phan tich DOC. Sau d6é cac mau nay duoc axit hoa véi
HNO, (6§%, Merck) va HCI1 (37%, Merck) téi lfhi pH<2.
Sau khi lay mau va axit hoa, cac l9 mau dugc nap chat va
giit & 4°C cho t6i khi phan tich. Mau dung cho phan tich
metan dugc la?iy tryc tiép vao lo thiy tinh chan khong 5,9
ml (Labco Ltd.) voi thé tich nudc khoang 1/2 dén 2/3 lo.
Sau khi l4y, cac lo thuy tinh chin khong nay dugc Gp nguoc
dé tranh that thoat luong khi trong lo, sau d6 dong dong tai
chd v6i da kho, van chuyén vé phong thi nghiém va giit ¢
0°C cho t6i khi phan tich. Ngoai ra, khoang nong d6 twong
dbi cua As trong nudc ngdm trong 11 giéng khoan ho dan
tai mdi vi tri ciing dugc xac dinh tai chd bf'mg bo kiém tra
nhanh As cuia Merck.

Ham luong amoni dugc phén tich trén thiét bi quang phd
hap thu phan tir UV-1800, Shimadzu, lugng DOC dugc xac
dinh boi thiét bi do tong C hitu co TOC-V g, (Shimadzu)
va ham lugng khi metan hoa tan dugc phan tich boi hé sac
ky khi voi cot nhdi porapack-T (GC 2014, Shimadzu). Quy
trinh phan tich mau ludn dugc kiém soat bang cac phép do
1ap lai voi %RSD<5% va cac mau chuan véi d6 thu hdi luon
nam trong khoang 90-110%.

Céc dudng contour biéu dién sy phan bd ham lugng As,
amoni, DOC metan duoc vé bang ph?m mém Surfer 9 dya
Vao gi4 tri ndng do ciia As trong cac giéng khoan ho dan va
nong d6 amoni, DOC, metan trong nudc ngam tai cac gleng
quan trac & ca hai vi tri.

£ 2 ~ 2 a
Két qua va thao luan

Két qua kiém tra nhanh ndng d6 As trong nudc ngam tir
cac giéng ho dan & 2 vi tri nghién ctru ndm trong khoang
0-250 pg/l. Trong @6, nudc ngam tai Yén My - bd phai co
ndng d cao hon so v&i & Van Puc - bd trai (hinh 2). Tai
Yén My c6 téi 91% sb giéng nghién ctru c6 ndng do As vuot
qué tidu chudn ndng do As trong nudc udng theo tiéu chuan
ctia Bo Y té va WHO 1a 10 pg/l (trung binh 85,5 pg/l), trong
d6 tai Van Pic 1a 58% (trung binh 41,9 pg/l). Do do, hau
hét cac giéng nay khong thé sir dung lam nudc an udng [4].
Dic biét, hau hét cac giéng nghién ctru tai Yén My déu co
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ham luong As trén 50 pg/l vuot qué tiéu chuan ham luong
As trong nudc ngam theo B Tai nguyén va Mo6i truong va
WHO [4, 8].

20,93
105,86 105,87 105,88 105,89 105,90 105,91 105,92

Hinh 2. Phan b ham lugng As trong nudc ngam tir cac giéng ho
dan ¢ Yén My va Van Diic.

Nhung két qua nghlen clru trude ddy vé 6 nhiém As trong
nudc ngdm chi ra rang, qua trinh giai phong As vao nuge
ngam phu thudc vao nhiéu yéu t nhu tudi tram tich, hoat
dong cua vi sinh vat c6 mat trong tang chtra nude, ban chit
cua tram tich, ché do thiy van... va cho toi nay, chua c6
mot co ché chinh thuce nao duge dua ra dé giai thich cho su
hinh thanh As trong nuéc ngam. Tuy nhién, theo Smedley
va Kinniburgh (2002), Fendorf va céc cong su (2010) thi
mot trong nhirng nguyén nhan chinh cua su xuit hién As
v&i nong do cao trong nude ngam 1 As dugce giai phong ra
tir tram tich dudi diéu kién khtr thong qua qua trinh khir hoa
tan cac khoang oxit st [2, 9]. Va ddy ciing 13 co ché duoc
chép nhan rong rii boi cac nha khoa hoc trén thé gigi. O
nhiéu té”lng chira nuoc da duogc ghi nhan 1a ¢c6 ham lugng As
cao trén thé gidi thi sy hinh thanh diéu kién khir dong mot
vai trd quan trong trong viée khadi dong qua trinh g1a1 phong
As vao nudc ngam. Trong d6, su c6 mit ciia vat chat hitu co
dan dén mot loat cac phan tng oxy hoa khir phirc tap dién
ra va dan dén su tiéu thy oxy hoa tan, hinh thanh CO, tir qua
trinh oxy hoa carbon htru co kem theo do 1a su Xuét hlen véi
ndng d6 cao cia Fe*', NH," va hinh thanh CH,. DPong thoi
su khtr hoa tan cac Fe-oxit mang As cling dién ra va lam giai
phong As tir tram tich vao nude ngam [10, 11].

Theo nhu nhan dinh cia McArthur va cong sy (2001)
khi nghién ctru vé nude ngdm & Bangladesh thi As s& khong
dugc giai phong ra khai cac khoang Fe oxit ma khong cé su
c6 mit cta vat chat chat hitu co dé duy tri hoat dong cia cac
vi khuan khir [12]. Nhu vay c6 thé néi rang, vat chét hitu
co la diéu kién can dé qua trinh giai phong As co thé xay ra.
Vay viéc xac dinh ham lugng vat chét hitu co trong nghién
ctru vé& 6 nhidm As trong nudc ngim la can thiét dé c6 thé
du doan kha ning tang chira nude ¢6 bi 6 nhiém boi As hay
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khong voi gia thuyét rang noi nao cang cé nhiéu vat chat
httu co thi noi d6 cang c6 nhicu As.

Dé so sanh mirc d6 6 nhidm As & hai phia bd song Hong,
nghién ciru da tién hanh xac dinh lugng vat chét hitu co
trong tang chira nude ¢ hai khu vuc nay théng qua ham
luong C hiru co hoa tan (DOC) trong nudc ngam tai day.
Hinh 3 biéu dién su phan bd ham luong DOC tai khu vuc
nghién ciru. Tir dy c6 thé thdy rang, ham lwong DOC tai xa
Yén My cao hon so v&i xd Van Duc. Két hop vai sy phan
bd As trong nudc ngam & hai vi tri nghién ciru nhu di chi ra
& trén (hinh 2) thi ¢6 thé thiy ring su phan bd ham lugng As
va DOC 6 hai phia bo song 1a ¢ su twong dong, ham lugng
DOC, As cao ¢ phia bo phai va thip & phia bo trai.

105,86 105,87 105,88 105,89 105,90 105,91

Hinh 3. Phan bd ham lugng DOC trong nuéc ngam tai hai vi tri
nghién ciu.

Mot chi thi khac ctia hop chat hitu co trong tram tich la
gia tri EC. Nong do cao cuia cac chét hitu co dan dén qua
trinh phan huy cdc vat chét hitu co va giai phéng CO, vao
nudce ngdm. Lugng CO, duge gidi phong ra s€ tham gia vao
cac qua trinh hoa tan cac khoang chat va do vay lam tang gia
tri EC ctia nuéc ngdm trong khu vyc d6 [10]. Hinh 4 biéu
dién gia tri trung binh EC va Eh tai Yén M§ va Van Dirc. Tir
d6 ¢ thé thay, gia tri EC trung binh tai Yén My la khoang
1020 pS/cm, cao gap 1,4 14n so v6i gia tri trung binh nay &
Van buc la khoang 750 uS/cm. Do do, tai Yén My qua trinh
khoang hoa xay ra manh m& hon so véi ¢ Van Dtic.

1000 -+
800 -

600 -

EC (uS/cm)

m Yen My

400 -
m Van Duc

200 -

Hinh 4. Gia tri EC (uS/cm) trung binh clia nuc ngam tai hai vi
tri nghién ciu.
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Co the thdy rang, mic du ca hai vi tri nghién ctru déu
nam & gin song va hang nim déu nhan dwoc lugng vat
chat hitu co va phu sa nhu nhau nhung qua trinh khoang
hoa cting nhu lwong C hitu co hoa tan trong nudce ngam la
khac nhau, dan dén ham luong As trong nudc ngam cung
khac nhau ¢ hai vi tri nghién ctru. Tir ddy co thé két luan vé
gia thuyet ban dau ring nudc ngdm noi nao cang ¢ nhidu
vét chit hiru co hoa tan thi nguy co 6 nhiém As & noi d6
cang cao la ding trong treong hop cua nghién ctru nay. Mot
két qua twong tu ciing dugc tim thiy trong nghién ctru ciia
Postma (2012) va Dao (2017). Trong cé hai nghién ctru nay,
ho da tim thdy trAm tich cang gan song thi vét chét hiru co
cang nhiéu va tudi tram tich cang tré thi ndng d6 As trong
nudc ngﬁm cang cao [13, 14].

Theo Smedley va Kinniburgh (2002), Fendorf va cac
cong su (2010) thi mot trong nhitng nguyén nhan chinh gy
ra ham lugng As cao trong nude ngam 1a su khir hoa tan cac
khoang Fe oxit. Va nhu da trinh bay & trén thi cac khoang
Fe oxit nay bi hoa tan dudi diéu kién khir manh, do d6 ¢
thé du doan rang, moi trudng nude ngdm & noi nao cb didu
kién khir manh hon thi & noi d6 As s& xuét hién véi néng
d6 cao hon [2, 9]. Hay c6 thé noi rang, diéu kién khir ciia
mdi trudng nude ngdm chinh 13 didu kién du dé As xuit
hién trong céc ting chira nudc. Xu huéng nay duge tim thay
trong nude ngdm & hai vi tri nghién ciru. Hinh 5 va hinh 6
biéu dién sy phan b6 ham luong NH," va CH, - hai trong
nhiing thanh phan dai dién cho tinh khu cua moi truong
nudc ngam [15]. TUr hai hinh nay c6 thé d& dang thiy ring
tai Yén My - bo phai song Hong c6 ndng d6 amoni va metan
cao hon so véi & Van DPuc, do d6 c¢6 thé khang dinh rang
tinh khtr ciia méi truong nuéc ngim tai Yén My 1a manh
hon so v&i & Van Dirc. Két qua nghién ciru 1a phu hop véi
gia thuyét moi truong khir 1a thuan loi cho qua trinh hoa tan
cac Fe oxit, do d6 cling thuan loi cho viéc gidi phong As tir
tram tich ra nudc ngdm. Diéu nay ciing 1a mot 16 giai thich
cho su bién d6i nong d6 As ¢ hai phia ciia séng Hong.

105,88

105,87

105,86 105,90 105,91

Hinh 5. Phan bé ham lugng amoni trong ngudc ngam tai hai vi
tri nghién ciu.
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CHa (mg/1)
42

105,87

105,88 105,90

Hinh 6. Phan bé ham lugng metan trong nuéc ngam tai hai vi
tri nghién ciu.

Tir cac két qua nghién ciru nhu di chi ra ¢ trén thi khu
vuc nghién ctru da hoi tu day du ca diéu kién can va diéu
kién du dé qua trinh giai phong As tir tram tich xay ra 1a sy
c6 mit cta vat chét hitu co va méi trudng nudc ngim cé
diéu kién khur. Tuy nhién, mirc d6 6 nhiém As tai hai phia
bo song Hong lai khong gidng nhau. Nguyén nhan gy ra
sur khac biét nay co thé 1a do anh hudng cia cac yéu té khac
trong ting chita nudc nhu: ché do thay van, dong chay nude
ngém, diéu kién dia chit, muc do hoat dong cua vi khuén
khu... cling nhu do anh huong boi cac hoat dong sinh hoat
cua con nguoi tai hai vi tri nghién ctru gy nén. Khi tham
khao lich sir khai thac va sir dung nudc ngdm & cac khu
vuc 1an can co thé thay ring, cing véi viée phat trién nhanh
chong va su gia ting dan s tai cac cac khu d6 thi trong hai
thap ky trude ddy di dan dén viée str dung nude ngam lam
nude sinh hoat an udng thay cho nudc mit va nuée giéng
khoi. Ngoai ra vi¢c khai thadc nudc ngém tai khu vuc ndi
thanh Ha Noi da bat dau tir thé ky trude. Va cho dén nay van
con nhiéu nha may khai thac va xir Iy nudc ngam tap trung
van dang hoat dong vé6i ning luc xir Iy 1én téi 500.000 m?
mdi ngay [5]. Chinh viéc khai thac nude tap trung tai khu
vuc ndi thanh nhu vy c6 thé 1am anh huong téi ché do thuy
vin va huéng dong chay tu nhién cia cac tang chia nudc,
lam cho nudc ngdm dich chuyén vé phia ndi thanh Ha Noi.
Vay thi ché d6 thay vin ¢ bo phai song Hong 14 ¢6 su khac
biét so voi bo trai, noi khong chiu tdc dong cua viéc khai
thac nudc tap trung. Nho vy ¢ thé néi rang, nudc song 1a
ngudn bo cap chinh cho nude ngam & cac khu vuc 1an can
Ha Noi, trong d6 co6 ca vi tri nghién ctu 1a Yén My. Su bd
cap nudc song nay co thé kéo theo ca viéc bd sung thém
luong vat chat hitu co - didu kién can dé xay ra qua trinh giai
phong As. Diéu nay ciing ¢6 thé 1a mot 1oi giai thich cho su
khéc biét vé ham luong DOC, tinh khir ciia moi truong va
ham lugng As trong nuéc ngdm & hai phia bo song Hong.
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Tir cac dit kién trén c6 thé thay, cac két qua nghién ciru
1a phu hop véi gia thuyét vé sy hinh thanh As trong nudc
ngam la do qué trinh hoa tan cac khoang Fe oxit kéo theo su
giai phong As dudi didu kién khir manh va ciing véi su c6
mit ctia vat chat hitu co. Pong thoi qua trinh giai phong As
0 khu vue nghién ctru ¢6 thé bi anh hudng boi viée khai thac
nudce tap trung tai khu vuc ndi thanh Ha Noi.

£ ~
Ket luan

Khoang ndng d6 twong ddi cia As trong nudc ngdm &
hai vi tri nghién ctru bién déi trong khoang 0-250 pg/l. Mic
du ¢6 vi tri dia 1y twong ty nhau nhung muc do 6 nhiém
As trong nudc ngam & Yén My cao hon so véi & Van Pic.
Tuong dong voi su khac nhau vé nong do As trong nudc
ngém thi didu kién khir thé hién & ham luong amoni, CH,
ham luong DOC ciing cao hon tai Yén My va thap hon tai
Van Dtic. D6 1a cac didu kién can thiét dé xay ra qua trinh
giai phong As tir tram tich vao nudc ngam. Sy xuat hién ciia
As trong ting chira nu6c & ving dong bang song Hong 1a
phit hop vé6i co ché khir hoa tan khoang Fe oxit c¢6 chira As
trong diéu kién khur. Tuy nhién, su khac nhau vé néng do As
cling nhu diéu kién khir va ham Iugng DOC tai hai bén bo
song Hong co thé lién quan tryc tiép t6i cac hoat dong khai
thac nudce tap trung tai khu vuc ndi thanh Ha Noi.

LO1 CAM ON

Nghién ctitu nay dugc thuc hi¢n tai Phong thi nghiém
VSL (Phong thi nghiém khoa hoc phéan tich phéi hop cua
Pai hoc Qudc gia Ha Noi va Cong ty Shimadzu). Pong
thoi nghién ciru 1a mot phan cua du 4n “Nghién ctru su anh
huéng cua viée khai thac nude ngdm dén 6 nhidm As tai khu
vuc Nam va Dong Nam A” hop tac giita LDEO, Pai hoc
Téng hop Columbia, My va Trung tam Nghién ctru Cong
nghé Mai trudng va Phat trién Bén viing.

TAI LIEU THAM KHAO

[1] B. Kumar, K.T. Suzuki (2002), “Arsenic round the world: a
review”, Talanta, 58, pp.201-235.

[2] P.L. Smedley, D.G. Kinniburgh (2002), “A review of the
source, behavior and distribution of arsenic in natural waters”,
Applied Geochemistry, 17, pp.517-568.

[3]S. Shankar, U. Shanker, Shikha (2014), “Arsenic Contamination
of Groundwater: A Review of Sources, Prevalence, Health Risks,
and Strategies for Mitigation”, The Scientific World Journal, doi:
10.1155/2014/304524.

[4] World Health Organization (2011), Guidelines for drinking
water quality, fourth edition.

[5] M. Berg, T. Hong Con, N. Thi Chuyen, P. Hung Viet,
R. Shcertenleib, W. Giger (2001), “Arsenic contamination of



groundwater and drinking water in Vietnam: A human health threat”,
Environmetnal Science and Technology, 35(13), pp.2621-2626.

[6] L.H.E. Winkel, P.K.T. Trang, V.M. Lan, C. Stengel, M. Amini,
N.T. Ha, P.H. Viet, M. Berg (2011), “Arsenic pollution of groundwater
in Vietnam exacerbated by deep aquifer exploitation for more than
a century”, Proceedings of the National Academy of Sciences of the
United States of America, 108(4), pp.1246-1251.

[7] E. Eiche, T. Neumann, M. Berg, B. Weinman, A. van Geen,
S. Norra, Z. Berner, PT.K Trang, P.H. Viet, D. Stuben (2008),
“Geochemical processes underlying a sharp contract in groundwater
arsenic concentration in a village on Red River delta, Viet Nam”,
Applied Geochemistry, 23, pp.3143-3154.

[8] QCVN 09:2008/BTNMT, National technical regulation on
underground water quality.

[9] S. Fendorf., H.A. Michael, A. van Geen (2010), “Spatial and
temporal variations of groundwater arsenic in South and Southeast
Asia”, Science, 328, pp.11-23.

[10] C.A.J. Appelo, D. Postma (2005), Geochemistry, groundwater
and polution, 2™ edition, A.A. Balkema Publishers, The Netherlands.

TAP CHI

HOA HOC

NG NGHE | &t Nam 61(1)1.2019

Khoa hoc Ky thuat va Céng nghé

[11] T. Appelo (2006), Arsenic in groundwater - A world problem,
Proceedings Seminar Utrecht, Colophon, Netherlands.

[12] J.M. McArthur, P. Ravenscroft, S. Safuilla, M.F. Thirlwall
(2001), “Arsenic in groundwater: Testing pollution mechanisms for
sedimentary aquifers in Bangladesh”, Water Resources Research
31(1), pp.109-117.

[13] D. Postma, F. Larsen, N.T. Thai, P.T.K. Trang, R. Jakobsen,
P.Q. Nhan, T.V. Long, P.H. Viet, A.S. Murray (2012), “Groundwater
arsenic concentrations in Vietnam controlled by sediment age”,
Nature Geosceince, 5, pp.656-661.

[14] VN. Dao, T.K.T. Pham, T.D. Vu, T.M. Tran, TM.L. Vi, H.V.
Pham, D. Postma and R. Jakobsen (2017), “Spartial variations of
arsenic in groundwater from a transect in the Northwestern Hanoi”,
Vietnam Journal of Earth Sciences, 40(1), pp.69-77.

[15] K.R. Henke (2009), Arsenic: Environmental chemistry,
Health threats and Waste treatment. John Wiley & Sons, Inc., New
Jersey, USA.

31



