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Trong nghién ctru nay, mdt s6 thanh phin hoéa hoc trong 50 miu nwéc giéng khoan tai khu vie tiy bac Ha
Noi da dwoe phan tich. Két qua cho thiy, nwéc ngdm khu vue nay bi 6 nhiém mét s6 nguyén t6 nhu asen
(As), sit, mangan, amoni. Nong do As trong nwéc ngim ciia cac giéng nghién ciru twong ddi khac nhau,
dao dong trong khoang tir duéi 5 dén 334 pg/l, trong d6 c6 hon 40% sb giéng vurgt qua tiéu chuin vé As
cho nuwéc ngdm ciia BY Tai nguyén va Mdi trudong (50 pg/l). Nong dd sit trong nwée ngam ciia 50% s
giéng nghién ctru vugt tiéu chuin cho nuéc ngam (5 mg/l). Sw 6 nhiém amoni 1a rat phé bién véi 90% sb
giéng nghién ciru cao hon tiéu chuin (0,1 mg/l). Su phin bo clia As ¢6 mdi quan hé ré véi sw bién doi cac
thanh phan oxy héa khir trong nwéc ngim. Nong dd As cao thuwong dwge tim thiy ¢ khu viee c6 nhirng
thanh phén lién quan dén méi trwdong khir nhw sit, amoni hay thanh phin c6 sw canh tranh hip phu nhw
photphat.

Tir khéa: asen, nwéc ngam, oxy héa khir, thanh phan héa hoc.

Chi s6 phén loai 1.4

pat van de hon céc gia tri cho phép cia WHO. Cac giéng c6 ndng
d6 As cao nhat thudng tap trung & mot dai rong 20 km
doc theo ranh gidi tiy bic - dong nam cua Pong bang
song Hong [3], trung véi vi tri ctia song Hong nguyén
thity (9000 nam trudc cong nguyén) [4]. Mot diéu dang
quan tdm 1a sy khac nhau vé ndng d6 cua As trong cac
giéng khoan, c6 nhimg giéng ndng d6 cao trén 800 pg/l
va giéng khong phét hién thay As chi trong ban kinh
khoang 100 m [3]. Pa c6 mdt vai giai thich dugc dua ra
vé su khéc biét nay, d6 1a sy khac nhau vé thanh phan
da, khoang, tinh chét dia hoa, thuy dong luc hoc, cac
vat chat hitu co ¢ 16p dudi dat. Tuy nhién, con nhiéu
van dé chua dugc ro rang, cac bang chimg van con han
ché chua thé giai thich mot cach toan dién va day du
cho sy phan bd phirc tap ctia As trong cac tang ngam
nuoc [4-6].

Pong bang song Hong 1a khu vuc c6 t6i 11 tridu
ngudi chwa duge st dung nude cdp va phai st dung
nudc ngam tir cac giéng khoan lam ngudn nuée chinh
cho an udng [1]. Tuy nhién, tai mot sd vung, nudc
ngam dang bi 6 nhiém As véi nong do vuot quéa gidi
han cho phép ddi v6i nude udng ciia TO chire Y té thé
gi6i (WHO) ciing nhu quy chuén ctua B9 Y té Viét Nam
(10 pg/l). Agusa va cac cong sy (2013) da ghi nhan sy
tich lity As trong co thé ngudi do sir dung nudc ngam 6
nhim As ¢ Dong bang song Hong, nhitng khu vuc bi
6 nhiém As (>50 pg/1) c6 t6i 64% (trong sé 213 nguoi
dugc nghién ctru) tich liy As trong toc voi ndng do
1 mg/g, day 1a mirc ndng do lién quan téi cic bénh
nhiém doc As [2]. Mot nghién ciru cia Winkel va cong
su [3] tai Pong bang song Hong v6i 512 méu giéng
khoan cho théy, trén 65% s6 mau co néng do As, bé du doan duge tinh trang 0 nhiém As trong nudc
mangan, bari, selen hodc tit ca cic nguyén t6 niy cao ngam ctia mot khu vuc can phai hiéu 16 cac qua trinh
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The correlation between chemical
composition and arsenic contamination in
groundwater of the Northwest Hanoi

Summary

The chemical composition of groundwater
samples in 50 tubewells in the northwest
Hanoi was determined in this study. The
analysis result showed that groundwater in
this area is contaminated by a number of trace
elements such as arsenic (As), iron, manganise,
and ammonium. Arsenic concentrations in
tubewells were relatively different, ranging
from under 5 to 334 pg/l; over 40% of the
samples had higher As concentration than the
Vietnam Standard for arsenic in groundwater
(50 pg/l). Iron concentrations were high with 50%
samples exceeding the standard concentration
in groundwater (5 mg/l). The contamination of
ammonia in groundwater was dominant here,
90% of the studied wells with higher contents
of ammonia than the standard (0.1 mg/l). The
distribution of arsenic seems to be closely related
to the alteration of the redox conditions in the
aquifers. High arsenic concentrations were found
in groundwater areas with high iron and ammonia
concentrations and also high composition of
absorption competition as phosphate.

Keywords:  arsenic, chemical

groundwater, redox.

Classification number 1.4

composition,

hinh thanh 6 nhim As ciing nhu mdi tuong quan cia
As v6i cac thanh phan héa hoc trong nuée ngam. Tuy
nhién, van dé nay van con dang gy nhiéu tranh cai.
Nhiéu gia thiét 3 duoc dua ra dé 1y giai nguyén nhan
hinh thanh 6 nhiém As, nhung gia thiét duoc déng dao
cac nha nghién ciru chdp nhan d6 13 sy hinh thanh 6
nhiém As trong diéu kién khir. M6i truong khir thuong
hinh thanh tai tram tich tré ting Holocen. Mdi truong
khir tai khu vie Dong bang bdi tich séng Hong c6 lién
quan t6i qua trinh phan hity chit hitu co tir trdm tich tré
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va kéo theo qua trinh khtr oxit sit va metan hoa. Khi
qué trinh khir hoa tan oxit sit xay ra trong tang chira
nude, As ciing dong thoi duge giai phong tir khoang
oxit st bj hoa tan [4-6]. Mot sé nha nghién ctru khéac
lai cho rang, As duoc giai phong bai su canh tranh vi
tri hap phu trén bé mat khoang ciia PO, va HCO,, cac
ion nay duoc tao ra thdng qua qua trinh hoa tan khoang
cacbonat va su khir Fe oxit [7, 8]. Ngoai ra, Polizzotto
va cac cong su [9] con cho ring, As khong chi dugc
giai phong bén trong ting nudc ngdm ma ca trén 16p
dat bé mat va sau d6 duoc van chuyén xudng cac tang
cat chtra nuéc.

Bai bao nay trinh bay két qua nghién ciru tai khu
vuc phia tdy bac Ha Noi, cach Ha Noi 30 km. Khu
vuce nghién ctru ndm vé mot phia cia song Hong va
bao trim mot phan séng Pay. Pay 1a khu vuc trdm
tich tré, mat d¢ dan cu khong cao va khong co cac nha
may khai thac nu6c 16n nén han ché dugc anh huong
clia con nguoi toi thanh phan hoa hoc va su phan b
cua As. Nghién ctru nay duoc thuc hién véi muc tiéu
xem xét mdi lién hé gitra cac thanh phan héa hoc trong
nudc ngam va 6 nhiém As tai khu vuc tiy bac Ha Noi.

Doi twong va phuong phap nghién ciu
Déi twong nghién civu va phwong phdp ldy mau

Nghién ctru thyc hién ldy 50 mau nudc giéng khoan
ctia 50 nha dén tai khu vuc phia tay bac Ha Noi thude
cac huyén Hoai Dtrc, Pan Phugng, Phic Tho, Thach
Thét, Quéc Oai vo1 mat do 1éy mau khoang 7 km?/mau
va do sau giéng trong khoang tir 15-80 m (hinh 1).
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Hinh 1: dia diém nghién ciru va vi tri cdc giéng ldy mdu
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Mau nuée ngdm duoc 1y sau khi bom bo di khoang
3-5 lan thé tich giéng va khi cac thong sd hién truong
nhu pH, oxy hoa tan (DO) va d6 dan (EC) di 6n dinh.
Mau nude duoc loc qua mang loc cellulose acetat 0,2
um. Mau phan tich anion khéng can bao quan; mau
phan tich cation bao quan ‘péng axit HNO, t6i pH < 2,
cac mau nudc dugc chuyén vé phong thi nghiém tai
Trung tdm Nghién ctru Cong ngh¢ Moi truong va Phat
trién Bén vitng (CETASD), Truong Pai hoc Khoa hoc
Tu nhién, bao quan trong ti lanh 4°C cho dén khi phan
tich.

Phwong phap phdn tich

Toan bo hoa chét st dung trong phan tich déu la loai
dung cho phan tich cua cac hang Merck, Fluka va st
dung nudc deion trong qua trinh chuan bi mau.

Cac cation nhu Ca?", Mg?", Mn?*, Na*, K* dugc phan
tich bang phuong phap quang phd hip thu nguyén tir
ngon lira (AAS) (AA-6800, Shimadzu). Nong do As
tong duoc phan tich bang phuong phap AAS két hop
b hydrua héa (HVG-AAS) sau khi toan bd As trong
mau duoc khir vé As(IIT) dudi tac dung cta Nal.

Céc anion trong nuéc (NO,, NO,, SO,*, F;, CI,
Br) duoc phan tich bang phuong phap sac ky ion
(HIC-20A super, Shimadzu). PO,*, NHA*, §i032' duoc
phan tich bang phuong phap quang pho hap thu phan
tir (UV-3101, Shimadzu).

Tat ca qua trinh phan tich ludn duogc kiém soat chat
lwong bang cac dung dich kiém chimg nhu ICP Multi
Element Standard IV, ICP-IX (Merck) va do thu hoi
lubén nam trong khoang 90-110%.

Két qua va thao luan

Théanh phan héa hoc nwéc ngam khu viee nghién
cuu

Két qué phan tich mot s6 thanh phin ciia 50 mau
nude giéng khoan dugc tong két 0 bang 1. Nong do
cua cac thanh phan trong nudc ngam gitra cac gleng
bién dong nhiéu, khac nhau tir vai chuc cho dén vai
tram 1an. Gia tri d6 dan (EC) cao ¢ hai bén bd song
Pay va séng Hong (hinh 2), noi thuong ¢ tram tich
tré tir qua trinh bdi tu ca hai con song nay nén nong
d6 chat hitu co cao, do d6 xay ra qua trinh phan huy
vét chét hitu co va giai phong CO, vao trong nudc, dan
dén sy hoa tan da khoang va lam tang gia tri EC trong
nude ngam.
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Bang 1: két qua phan tich thanh phan héa hoc trong mau nweée giéng khoan

Nuée giéng Kkhoan Phéin trim
QCVN 09: f x
s0 mau vuot
) N . N 2008/BTNMT U
Khoding nong | Trungvi | Trung binh qua ticu
@ chuén (%)
As (pg/l) <5-334 322 71 50 42
Fe (ug/l) <0,25-32,2 6,2 8,2 5 50
NH," (ng/) <0,2-59 2,5 8,1 0,1 90
Mn? (ug/l) <0,1-4,5 0,2 0,5 0,5 24
PO, (ng/l) <0,05-2,3 0,6 0,7
Na*(pg/l) 2,8-82,3 17,8 25,7
K" (ng/) 0,5-81,6 2,7 5.9
Ca®" (pg/l) <2-172,3 54 53,1
Mg* (ug/l) <0,5-43,5 18,2 17,8
CI (ug/l) 2,6-161 12,8 34 250 0
NO, (ng/l) <0,5-132,9 0,2 6,2 15 12
SO,* (ug/l) <0,5-74,6 0,9 9,5 400 0
EC (uS/cm) 43,5-1573 635 604
DO (mg/l) 0,443 0,6 0,8

1055 105.55 1056 10565 105.7

Hinh 2: sw phén bé cia EC trong nude ngam khu viee nghién ciru

As, sit va amoni la nhiing thanh phan c6 ndng do
trung binh vuot tidu chudn cho phép dbi véi nude
ngdm ctia BO Tai nguyén va Mbi trudng (QCVN 09:
2008/BTNMT) Dic biét 1a ddi véi amoni, sb miu
vuot tiéu chuan (0,1 mg/1) chiém dén 90%. Tuy khong
phai 1a mot nguyén té c¢6 doc tinh cao dbi véi co thé
nguodi nhung trong qua trinh khai thac, xt Iy va Ivu trit
nudce, amoni ¢ thé chuyén hoéa thanh nitrit va nitrat,
1a nhitng hop chit héa hoc ¢ doc tinh cao hon. Nong
d6 amoni dao dong trong khoang tir dudi 0,2-60 mg/1,
mau cao nhat thudc xa Son Pong (Hoai Puc) trong
khu vuon nam giita canh dong, c6 ndng d6 1én t6i 59
mg/l, ndng d6 cao dot bién nay co thé do anh hudng
ctia hoat dong san xudt nong nghiép nhu sir dung dam
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dé tang ning sut cay trong.

S6 mau c6 ndng dd As vuot tiéu chudn déi voi nudce
ngam (50 pg/l) 1a 21 méu, chiém 42% sb mau dugc
phan tich. Nong do Fe ciing tuong dbi cao, 50% sd
mau vuot tiéu chuin (5 mg/l). Mn?* ¢6 nong do dao
dong tir dudi 0,1 dén 4,5 mg/1, s6 miu vuot tiéu chuin
d6i v6i nude ngam (0,5 mg/l) 1a 24%.

Itlgoéi’ ra, 12% s m{?lu c6 nong do NO, vugt tié}l
chuan doi véi nude ngam (15 mg/l), nhung hau het
mau c6 ndng do NO, tuong dbi thap, s6 mau c6 nong
do dudi 0,5 mg/l chiém dén 70%. Riéng c6 mdt mau
ndng d6 cao bat thuong trén 132 mg/l, & gin khu vuc
canh dong va gan ao, du doan c6 thé nudc ngam bj
nhiém chit thai hitu co tir nurde mat thim xudng. Nong
do SO» thdp hon rat nhidu so v&i tiéu chuin cua nudc
ngam (400 mg/1). Pidu nay phu hop véi tinh chat khir
clia nude ngdm nén chira rat it cac dang 6 xy hoa nhur
SQ e Térp lai, cac thanh ph?m hoa hog cua anc ngém
bién do6i rat khac nhau ¢ ting vi tri giéng cu thé nhung
nhin chung nuéc ngim cia khu vuc nay c6 do khoang
hoa cao va bi 6 nhiém boi cac thanh phﬁn nhu As, sét,
amoni va nitrat. Vi vay, co thé c6 moi quan h¢ nao do
giita As va cac thanh phan khoang hay cac thanh phan
6 nhiém trong nudc ngdm. Dé 1am rd diéu nay, bai bao
tiép tuc danh gia mdi lién hé gitra chiing trong sy phan
b trén khu vye nghién ciu.

Ddnh gid méi lién hé giita As va mot sé thanh
phin héa hoc trong nuwéc ngim

Nhu dd néu trén, co ché giai phong As duge dong
dao cac nha nghién ctru chip nhan chinh 1a gia thiét
hoa tan khoang oxit sit trong méi truong khir. Chinh
vi vay, nghién ctru tap trung phan tich mot sb thanh
phan héa hoc d& bi anh hudng bai thé oxy hoa khir hay
nhimg thanh phan dic trung cho méi truong oxy hoa
khtr nhu: oxy, nitrat, mangan, sat, sunfat, amoni, phét
phat.

Su phan bd cua mot sd thanh ph?m hoa hoc va As
duoc biéu dién trong hinh 3. Néng do NO, cao tai cac
xd Tam Thudn, huyén Qudc Oai va huyén Thach That
thudc khu vyc bo trai va cach xa song Pay, ¢ nhiing
khu vuc ¢6 ham lIugng nitrat cao thi ham lugng As kha
thap. Sy phan bb cua SO . trong nudce ngam kha gidng
voi NO;, chu yéu tap trung & bo phai song Pay va
khong dang ké ¢ bo trai song. Sy phan bo nay cho thay,
As thuong c6 mit tai nhitng méi truong nude ngdm co
tinh 6 xy héa thap, thé hién 6 ndng do SO,>, NO, thip.
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Mangan hoa tan trong nuée ngam c6 nong do cao & cac
xd Phuong Pinh, Tam Thuén, Song Phuong va Buc
Giang, mangan phan b kha déu trong khu vuc nghién
clru, va trén biéu dd cho thdy ring nhimg khu vuc co
ndng d6 mangan cao thi ndng d6 As thudng thip. Sit
trong nudc ngam phan b trai dai theo khu vire nghién
ciru va co n(“)ng d6 cao ¢ khu vyc doc theo hai bo song
bay. Tuy nhién, khu vuc co néng do As cao chu yéu
bén bo phai séng, vi vy thiy rd mdi twong quan thun
bén bo phai va tuong quan nghich bén bo trai song

Day giita As thap va sit cao.

Hinh 3: sw phdn bé cdc thanh phan oxy héa khir va As trong niee ngam khu viee
tdy béc Ha N@i [dwong binh dg biéu dién nong dg ciia cac thanh phan oxy hoa khi.
Chém tron do véi kich thude khac nhau biéu dién nong dg As (ug/l) trong mudc ngam
(kich thirde cham cing to thi nong dg cang cao, thay déi tir dirdi 5-334 ug/l)]

Amoni phan b chii yéu doc theo song Pay va kha
twrong quan v6i phan bd cua As, khu vuc c6 ndng do
amoni cao thi ndng dd As ciing cao. Xu huéng phin bd
cua PO, va sat kha giéng nhau do hau hét photphat c6
thé duoc giai phong trong qué trinh khir sit oxit [6].
Méi twong quan thuan giira As va photphat hinh thanh
do sy tranh chap trén bé mit khoang va giai phong As
vao nudc ngdm. Mbi twong quan nay ciing dugc quan
sat thdy & khu vuc nghién ctru, nhitng ving ¢ photphat
cao thi nong do sit ciing cao. Phia bo phai song Pay,
ndng d6 As cao va nong do6 photphat ciing cao cho thay
mbi tuong quan thudn giira hai thanh phan nay.
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Su phdn bd cua cac thanh phan trén trong nudc
ngam phu thudc vao cac diéu kién ciing nhu cac qua
trinh hoa hoc xay ra trong nudc ngém, dac biét la cac
qua trinh oxy hoa khtr. Qua trinh oxy hoéa khir trong
nuée ngdm 1a mot chudi cac phan tGng cing véi su
phan hily cac vét chat hiru co dién ra tuan ty théng qua
cac chat nhan dién tir khac nhau [9]. Cac qua trinh nay
dién ra nhu sau:

- Vi sinh vt tiéu thu oxy hoa tan dé phan huy
vét chat hiru co (vat chit hitu co c6 cong thirc 1a
CH,0):

CHO+0O, — HO+CO,

- Sy khir nitrat s& xay ra khi oxy trong nudc ngam
xudng thap va khong di cung cap cho vi sinh vt sir
dung:

5CH,0 +4NO, — 2N, +4HCO, +CO,+3H,0

3CH,0+3H,0 + 2N, +4H" — 4NH, +3CO,

- Tiép d6 1a sy khir mangan:

CH,O +2MnO, +3CO,+H,0 — 2Mn*" +4HCO,"

- Khi méi truong tré nén khir hon s€ xay ra qua
trinh khir hoa tan sit oxit dong thoi giai phong As vao
nudc ngam:

4FeOOH (As(V)) + CH,0 + TH.CO, — 4Fe*" +
8HCO, + 6H,0 + As(III)

2Fe O, xH,AsO, + CH,O + 7TH"* —
HCO, +4H,0 + 2xH,AsO,

4Fe* +

- Qua trinh khtt sunfat xay ra trong moi truong khi
hon so v6i qua trinh khi sat:

2CH,0 + SO;> — 2HCO, + H,S

Theo tht ty cac phan Ung trén thi nhitng qua trinh
bién d6i ctia cac thanh phan nay trong diéu kién oxy
hoa khir da anh huong téi sy phan bd cua As (hinh
3). O nhirng vi tri c6 ndong dd As cao thudc bd phai
song Pay c6 nong d6 cao cac thanh phan c6 tinh khir
(sit, NH,") va thanh phan hdp phu canh tranh PO Ae
Nhiing khu vuc néng do As cao thudng co6 ndng do
thap cac thanh phan dic trung cho méi trudong oxy hoa
(0,, NO,, mangan, SO,*) vi chiing dugc vi sinh vat
sir dung dé phan huay cac vat chit hitu co lam cho moi
truong co tinh khir hon.

Két luan
Két qua nghién ctru cho thay, & bd phai song Day,
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ndng do As c6 mbi twong quan thuan véi ndng do cac
thanh phan dic trung cho méi truong khir nhu Fe,
NH,", PO va c6 mdi twong quan nghich véi nong
do cac thanh phan dac trung cho méi truong oxy hoa
nhu O,, NO,, Mn*, SO,>. Tir d6 cho thiy, noi ndo ¢6
nong do cao cac thanh phan sat, amoni va photphat va
c6 ndng do thap oxy, nitrat, mangan va sunfat thuong
c6 nguy co 6 nhiém As cao, do d6 nén khao sat trudc
hoic tranh khai thac nudc ngdm & nhitng khu vyc nay
dé dam bao nudc khai thac khong bi 6 nhiém As.
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