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Trong nghién ciru nay, cac tac gia st dung phu’o‘ng phap chiét don véi cac tac nhan chiét khac nhau dé
chiét asen (As) lién két trén cac pha khoang sit trong trim tich tai khu vue tay bic Ha Noi. Nim tac nhan
chiét dwoc sir dung l1a: 1) NH, H,PO, S0mM; 2) Axit formic 0,5M, pH 3; 3) Axit formic 0,5M + axit ascorbic
10mM, pH 3; 4) Amoni oxalat 0 2M + axit ascorbic 0,1M, pH 3 va 5) HNO,/H,O, két hop 10 vi song, twong
ung véi 5 pha khoang: (1) pha hip phu ion; (2) pha khoang dé hoa tan; (3) pha khoang sit hoat dong, “4)
pha khosng oxyhydroxit sit tinh thé va (5) pha kho4ing bén vimg. Két qua nghién ciru cho thiy nong df As
trong tram tich & khu vuc nghién ciru trong khoang 1-6 mg/kg (trung binh 2 mg/kg). Trong d6, hau hét As
lién két v6i cac pha khodng oxit sit va lwgng As trén pha khoang hip phu ion ciing chiém mét phin ding
ké (10-25%) trong tong so As chiét dwrge. Sw c6 mit ciia As trén pha khoing dé hoa tan 1a khong dang ké
(<10%), ddng thoi rat it thiy sw c¢6 mit ciia pha khoang sit hoat dong trong tram tich ciing nhw As lién
két véi pha khoang nay. Tir sw phan bd ciia As trén cac pha kho4ang trong trim tich c6 thé thiy rang, As
¢6 moi twong quan chit ché véi cac pha khoang sit, dic biét 1a cac oxyhydroxit sit.

Tir khéa: asen, chiét don, tram tich.

Chi s6 phén loai 1.4

Mé dau 1a do As giai phong tir trAm tich vao nudc ngam thong
qua co ché khtr hoa tan cac khoang sat duéi dicu kién

Nudc ngdm bi 6 nhidm As di tré thanh van dé dang Khit [5, 6]

quan tdm lién quan dén stc khoe con ngudi voi quy
mo trén toan thé giéi. O nhiém As trong nudc ngﬁm
thucmg dugc phat hién thdy tai cac vung dong bang
gan cac con song 16n [1]. Trong d6 tang chira nuéc
& vung chau thd Bangladesh va Tay Bengal c6 miic
do 6 nhiém boi As dugc coi 1a nghiém trong nhét va
c6 1& day 1a truong hop nhiém doc hang loat 16n nhat
trong lich str [2, 3]. M{t tinh trang tuong ty cling da
dugc phat hién ¢ tang chta nude thude ving Pong
bang séng Hong, Viét Nam. Tai ddy, trong khoang 11
triéu ngudi co t6i 3 triéu ngudi co thé bi phoi nhiém
v6i As boi viée sir dung nudc ngam c6 ndng do As cao
lam nuéc an udng [2, 4].

Theo co ché nay, As cang c6 mit nhiéu trén cac
khoang sét c6 thé bi hoa tan thi kha ning nudc ngam
bi 6 nhiém As cang cao. Néu gip mdi trudng cang
thuan lgi cho qua trinh khir hoa tan khoang sat dién
ra thi nguy co 6 nhiém As cang tang. Diéu nay cho
thdy, qua trinh giai phong As phu thudc vao dic tinh
khoéang hoc cua trim tich ting chira nuéc, sy phan bd
clia As trén cac pha khoang va diéu kién moi trudng.
Céc khoang sit pho bién thuong gip trong trim tich
tu nhién la: pyrite (FeS,) - khodng sat bén viing,
hematite ((x-F’ezO3), gpethite (a-FeOOH) - khoang
oxyhydroxit sat tinh thé, ferrihydrite (Fe™ O, 4(QH)2),
lepidocrocite (y-FeOOH), Fe(OH), - khoang sat hoat

Mic dii ¢6 nhiéu nghién ctru dugce tién hanh trong
vai thap ky gan day, nhung nguyén nhan dan dén sy
c6 mit cua As trong nude ngdm van chua dugc nghién
ctru k¥ va hiéu 5. Gia thuyét phd bién nhat dugc cho
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dong va siglerite (FeCO,), vivianite (Fe,(PO,),.8H,0)
- khoang sat d¢ hoa tan [7]. As dé dang bi rtra tr6i vao
nuéc ngam thuong & dang hap phu trén bé mit, lién
két v6i khoang d& hoa tan hodc As lién két trén cac
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Study on the distribution of arsenic
in sediment at the Northwest Hanoi
by single-step extraction procedure

Summary

In this study, the authors used the single-step
extraction procedure with different extractants to
extract arsenic (As) associated with iron phases
in the sediment at the Northwest Hanoi. Five
extraction steps, including 1) S0mM NH H,PO;
2) 0.5M Formic acid, pH 3; 3) 0.5M Formic
acid + 10mM Ascorbic acid, pH 3; 4) 0.2M NH -
oxalate + 0.1M Ascorbic acid, pH 3; and 5) HNO,/
H,O, microwave digestion, corresponded to five
phases: (1) Adsorbed ions; (2) Acid extractable;
(3) Reactive iron; (4) Crystalline oxyhydroxide
iron; and (5) Residual phase, respectively. The
results showed that the range of As concentration
in the sediment was 1-6 mg/kg (2 mg/kg at
average). Among them, most of the As in the
sediment was bound to Fe oxides fractions, and
the content of As in adsorbed ions phase also
accounted for a significant fraction of the total
extracted arsenic (10-25%). The presence of
As in acid extractable phase only constituted a
small part of the extracted As (less than 10%),
and the fraction of As derived from reactive iron
phase was negligible. These results indicated that
As has a strong association with iron minerals,
particularly, iron oxyhydroxides.

Keywords:  arsenic,  sediment,  single-step

extractions.

Classification number 1.4

khoéang sit oxit néu xay ra qua trinh khir hoa tan cac
khoéng nay. Trong khi d6, As lién két trén pha khoang
pyrite lai rit bén vimg va kho bi rira tréi ra nuc ngam
duéi cac diéu kién ty nhién. Vay dé nghién ctru kha
ning giai phong As tir trAm tich vao nude ngam thi viée
nghién ctru sy phan bo ctia As trén cac pha khoang, dic
biét 1a cac khoang sat 1a diéu can thiét.

Hién nay c6 kha nhiéu phuong phap c6 thé nghién
ctru pha ran ciia As trong tram tich nhu cac phuong
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phap dua trén ky thuat tia X, hay cac phuong phap phd
dao dong [8]. Tuy nhién, cac phuong phap thuong ap
dung rat han ché d6i v6i cac mau tram tich tu nhién do
ham luong As trong trdm tich 1a qua nho [1]. Do vay
ma phuong phap chiét chon loc dugc tng dung rong
rdi dé nghién ctru sy phan b, kiéu lién két clia As trén
timg pha khoang ran khac nhau trong tram tich bang
viéc dua vao cac dac tinh hoa 1y cua cac pha lién két
do.

Trong nghién ctru ndy, mot quy trinh chiét don
dugc st dung dé nghién ctru sy phan bd cua As trén
cac pha khoang trong tram tich thudc ving Pong bang
song Hong, cu thé tai khu vurc tay bac Ha Noi. Cac pha
ran muc tiéu trong nghién ctru nay la: 1) Pha hip phu
ion, 2) Pha khoang d& hoa tan, 3) Pha khoang sét hoat
dong, 4) Pha khoang oxyhydroxit sat tinh thé va 5) Pha
khoang bén virng.

Dia diém va phwong phap nghién ciu

Dia diém va doi twong nghién ciru

Dia diém nghién ctru nam bén bo phai song Hong,
cach Ha Nf)i khoang 30 km vé phia thucmg nguén
Vi Vi tri nam gilra nii Ba Vi va song Hong va phan

thuong nguon song Pay. Céc vi tri 1dy mau tram tich
duoc thé hién trong hinh 1.

Hinh 1: so do vi tri l(fy mau tram tich tai khu vyc tdy bic Ha Noi

Hai muoi mau tram tich & d6 sau khac nhau trong
khu vyuc nghién ctru bao gdbm Van Cée (10 mau c6 do
sdu tr 3,5 m dén -9,2 m), Van Phuc (2 mau c6 do sau
-0,25 m va -7,5 m), Phac Hoa (2 méiu c6 do sau -1,3
m va -13,3 m), Phung (2 mau c6 do sau ¢ -15,3 m
va -28 m) va Pht Kim (4 mau ¢ do sau tir 0,7 m dén
-1,4 m). Tat ca cac mau tram tich thu duoc déu 1a tram
tich dang cat c6 mau xam den, hat min dén trung binh,
ngoai trir tai Phing & d6 sau -15 m 1a tram tich sét pha
cat. Cac mau nay sau khi lay dugc bao quan nguyén
trang & -20°C cho tdi khi phan tich.
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Phuong phap nghién ciru

Dé nghién ctru sy phan bd As trén cac pha ran khac
nhau trong tram tich, mot qué trinh chiét don ké thira tir
phép chiét cia Wenzel va mot s6 nhom tac gia da thuc
hién nghién ctru tai Viét Nam va trén thé gidi dugc
tién hanh trong nghién ciru nay [5, 9-11]. Tuy nhién,
quy trinh dugc ap dung trong nghién ctru nay cling cé
nhiing cai tién dé phi hop véi dic diém tram tich dia
phuong, diéu kién phong thi nghiém va chon loc cho
mdi lién két cia As véi cac pha rin trong tram tich.

Céac thao tac dugc thuc hién trong diéu kién kin,
khong c6 oxy dé han ché sy thay d6i méi truong yém
khi cua dit, bang cach st dung glovebox véi dong khi
nito thoi lién tuc. Mau tram tich duoc chiét trong cac
lo thuy tinh 100 ml, cé nép cao su kin va dugce lic déu
bang may lic ngang & nhiét d6 phong. Riéng As lién
két trén pha khoang bén viing duoc thuc hién trong
10 vi song. Cac dich chiét va diéu kién tién hanh thi
nghiém duogc liét ké cu thé trong bang 1.

Bang 1: t6m tdt quy trinh chiét don gom 5 bude cho tram tich
tang chira nuoc [5, 9-11]

Ty 16 )
Técnhinchiét  Dibukign chiét  rindong TR MIOME o g
muc tiéu
(gm) ;
NH,H,PO 18 gio, nhiét do 5 . Canh tranh vi
410 4 R . o :
50mM phong 125 Hap phy on tri hap phy
Axit formic pH3, 18 gio, 1gs  Khoing dé  Hoatanboi
0,5M nhigt do phong ' hoa tan axit
Axit ascorbic " S
A N G
formic 0,5M ctdophong aaone
Amoni oxalat 1318 aid Khodng Khir hoa tan
0,2M + axit Ehié t’ @ ghé;l 1:25 oxyhydroxit két hop tao
ascorbic 0,1M et Cophong sittihthé ~ phitc
Phé mdu 30 :
HNO, 65% + , . ) Khodng bén o
HO, 30% }S)‘})IIIIJ,; trong 10 vi 1:50 ving Oxy hoa khu

Sau khi phan tng két thuc, dich chiét duoc hut bang
xylanh va loc qua mang loc 0,2 pum vao lo PE cho cac
phép phan tich tiép theo.

Két qua va thao luan

Tir hinh 2 ¢6 thé thdy tong luong Fe chiét duoc &
ca 4 vi tri Van Céc, Van Phuc, Phic Hoa, Pht Kim 1a
tuong duong nhau va c6 gia tri trong khoang 10-15 g/
kg, va sy tang giam Fe tong theo d6 sau & cac diém nay
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1a khong 16n. Tai Phing, ham luong Fe tong nay lai c6
su chénh léch 16n ¢ hai d6 sau (6 -15 m luong Fe tong
1a 25 g/kg, trong khi tai d sau -28 m luong Fe chiét
duoc chi 1a 12 g/kg, twong duong vai cac vi tri khac).
Khong giéng nhu Fe, tong ham luong As chiét duoc &
5 vi tri nay lai ¢6 sy khac biét l1on. Cu thé, & Van Cdc
va Phung ham luong As chiét dugc 1a 16n nhat, 1an
luot trong khoang 2-6 mg/kg va 3-6 mg/kg. As tong
tai Phung ciing c6 su chénh 1éch 16n gitia hai d¢ sau.
O Pha Kim va Van Phuc, luong As nim & khoang 2
mg/kg va cudi cing, tai Phiic Hoa lugng As tong 14 it
nhét (chi khoang 1 mg/kg). Tuy ham lugng As tong la
khong gidng nhau & cac vi tri nhung nhin chung luong
As tong nay & ca 5 vi tri déu c6 xu hudng giam theo
d0 sau.

Hinh 2: ham heong Fe tong va As téng chiét dwoc & 5 vi tri nghién ciru

Fe(T) [5/kg) As(T} (mg/kg)
o 10 0 0 0 4 &
Van Cée
-
g
=
«3 . .
- Van Phuc
[n)
Phuc Hoa
Phung
Phu Kim

Viéc ham luong Fe va As téng o Phung tai d¢ sau
-15 m 14 16n nhat c¢6 vé pht hop véi sy co mit cia 16p
sét pha tai d6 sau nay. Ham luong As trong sét nhiéu
1a do sét ciing c6 thé hip thu As bai chung c6 dic tinh
tuong tu nhu cac oxit kim loai [1]. Ham lugng Fe tong
va As téng thu dugc nhiéu nhat trong trim tich sét cling
dugc bao cao boi Postma, et al (2007) tai Pan Phugng
va Berg, et al (2008) tai Thuong Cat [5, 10]. Mac du
ham luong As tong O ca 5 vi tri ¢6 su khac nhau, nhung
c6 thé ket [uan rang lugng As trong tram tich & ca 5 vi
tri déu ndm trong khoang nong do phé bién trong tram
tich nhu dwoc bdo cao & mot sb noi trén thé g101 Vi
du, tram tich dic trung cho ving ddng bang bdi tich
va dong bang chau thd & Bangladesh c6 ham luong As
nam trong khoang 0,4-10 mg/kg, trung binh 4 mg/kg.
Tram tich song Gangers c6 ham lugng As trung binh
khoang 2 mg/kg. Nong do As trung binh trong trim
tich sudi & Anh va Xt Wales thuong dao dong trong
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khoang 5-8 mg/kg [1]. Khoang ndng d6 tuong tu cua
Fe va As ciing dugc bao cdo boi mot sb nha nghién
ctru thyce hién v6i trAm tich tﬁng chira nudc thudc ving
Pong bang song Hong nhu Postma, et al (2007) Fe
15-20 g/kg va As 5-10 mg/kg; Berg, et al (2008) Fe
khoang 20 g/kg va As chu yéu trong khoang 5-10 mg/
kg; Mai N.T.H, et al (2012) vé&i lugng As trong khoang
1,5-4,5 mg/kg [5, 10, 11].

Tuy ham luong As va Fe tong trong tram tich tai
ca 5 vi tri trén déu nam trong khoang ndng do phd
bién nhung khéng phai toan bo luong As va Fe nay déu
bi rira troi vao nude ngdm ma chi c6 dang linh dong
moéi ¢6 kha ning anh hudng t6i ting chtra nude. Khi
nghién ctru sau hon vao thanh phan cdu truc khoang
hoc cho thiy, trong trim tich ton tai cic dang khoang
khac nhau, dong thoi sy phan bd cua ca Fe va As trén
cac pha khoang d6 cling khac nhau.

Tir hinh 3 ¢6 thé thay Fe phan bd phan 1én trén
pha khoang bén viing, chu yéu trong khoang 50-70%;
luong As trén pha nay hau hét ciing chiém mot phan
16n nhu ¢ Van Phiic, Phung, Phu Kim chiém t6i 40-
90%, Van Coc & d¢ sau dudi -1,4 m chiém 30-60%,
Phuc Hoa ¢ d6 sau -1,3 m chiém 50% tong s6 As chiét
dugc. Trong khi d6 ciing tai Van Coc & do sau nong
(trén 0,2 m) va ¢ Phuc Hoa tai d sau -13 m thi lugng
As trén pha khoang bén viing chi chiém mot phan rat
nho (dudi 15%). Va su phan bd cta ca Fe va As trén
pha nay cang 16n dbi voi tram tich cang xa song hay
tram tich ¢ d6 sau 16n. Tuy nhién, nhu da dé cap o trén,
pha khoang nay rat bén viing, dudi diéu kién khur tu
nhién cia tang chira nudc thi As va Fe trén pha khoang
nay kho ¢ kha ning giai phong vao nudc ngam.
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Hinh 3: sw phan bo Fe va As chiét duoce tir 5 pha khodng trong tr am tich
(A: pha hdp phu ion; B: pha khodng dé hoa tan; C: pha khoang sdt hoat
dgng; D: pha khodng oxyhydroxit sdt tinh thé; E: pha khodng bén viing)
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Ngoai luong As va Fe & pha khoang bén viing thi
phan con lai ton tai & cac dang linh dong bao gdm cac
dang hap phu ion, lién két voi cac khoang dé hoa tan,
khoéng sit hoat dong va oxyhydroxit sat tinh thé. Fe &
dang linh dong chu yéu phan bd trén cac pha khoang
dé hoa tan nhu siderite, vivianite va & pha khoang
oxyhydroxit sat tinh thé. Lugng sat trén hai pha hép
phu va khoang sit hoat ddng chiém rat it (1an lugt nho
hon 9% va 3%) (hinh 3). Piéu nay c6 thé giai thich
1a do dudi diéu kién tu nhién cia téng chtra nudc hai
pha khoang nay trai qua cac qua trinh hoa tan va gia
hoa trude tién, sau do tai két tia lai dudi dang khoang
thir cip hodc chuyén sang dang tinh thé bén hon va
ddng thoi ciing chuyén As lién két trén d6 vao pha
khoang bén vimg hon. Fe ¢ dang linh dong dugc tim
thay nhiéu nhat tai Van Cdc ¢ d6 sau néng (trén 0,2 m)
va Phu Kim; it hon tai Van Phuc, Phiic Hoa va Phung.
Véi su khéc biét vé ham lwong Fe ¢ dang linh dong
nay theo 1y thuyét thi ham luong Fe trong nudc ciing
phai bién d6i tuong tu (tirc 1a Fe trong nuéc cao & Van
Cbc, Phu Kim va thap ¢ Van Phiic, Phiic Hoa, Phiing).
Tuy nhién, trén thyc té, khi nghién ctru ham lugng Fe
trong nude ngam tai cac vi tri nay thi thdy co sy tuong
duo*ng nhau, it théy su khac bigt gifra cac vi tri (hinh
4). Piéu nay c6 thé 1a do trong thuc té, qua trinh khir
hoa tan va van chuyén cua Fe trong ting chuta nu'oc
dién ra kha phtrc tap va chiu tic dong ctia nhidu yéu t6
khac lam cho sy chénh 1éch ham lugng Fe trong nudc
ngam khong con dang vai Iy thuyét.

Fe(T) mg/L, aq As(T) pg/L, aq
0 10 20 30 0 100 200 300
AR
< 0
~_ 0
g &°
= (o
«3
@ X
=
[
X X X
35 35

OVinC8c OVanPhic APhicHba XTTPhing O Phu Kim

Hinh 4: ham heong Fe va As trong mie6e ngam tai 5 vi tri nghién ciru

DPéi voi As & dang linh dong c6 sy khac biét 16n va
khong giéng nhu & Fe. C6 thé thdy lugng As & dang
linh dong duoc tim thdy nhiéu nhét tai Van Coc va
giam dan theo d¢ sau; it hon mot chit so véi Van Coc
la & Van Phtic va Phic Hoa. Tai ba vi tri nay, As lai
phan bd chu yéu trén pha sit oxyhydroxit (30-80%)
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va pha khoang hép phu ion (10-25%). Luong As dang
nay dugc tim thy it nhit tai Phing va Pha Kim, va chi
phan bd trén pha hip phu ion va pha khoang Fe dé hoa
tan, tai 2 vi tri nay khong thiy su c6 mit cua As trén
pha sat oxyhydroxit tinh thé. Riéng véi pha khoang
Fe hoat dong, lwong As trén pha nay ¢ ca 5 vi tri déu
khong dang ké (nho hon 5%). Tir sy phan bd As trén
cac pha khoang trong tram tich c6 thé néi trong khu
vuc nghién ctru As & dang linh dong nay phan b chi
yéu hodc trén pha oxyhydroxit sit tinh thé hodc trén
pha hap phu ion.

Néu theo gia thuyét As giai phong tir qué trinh
khir hoa tan cac khoang Fe oxit thi cang nhiéu As &
dang linh dong, dic biét 1a trén pha oxyhydroxit sat
tinh thé thi nong do As trong nudc cang cao. Nguoc
lai, néu khong c6 hodc cé it As ¢ dang linh dong thi
ham lugng As trong nude ngam sé& thap do khong co
qua trinh giai phéng As tir tram tich. Mot nghién ciru
dugc thyc hién tai Viét Nam boi tac gia E. Eiche, et al
(2008) ddi v6i tram tich gia va tré cho thdy & khu vuc
tram tich tré ndng d6 As trong nudc ngam cao hon &
khu vyc tram tich gia mac du téng As trong tram tich
6 ca hai khu vuc nay la twong duong nhau [6]. Tuy
nhién, khi xét véi khu vire nghién ctru nay thi c6 vé gia
thiét trén khong con dang véi tat ca cac vi tri. Nong do
As trong nudc ngam cao duge bat gap & Van Coc va
Phung (>200 pg/1), con cac vi tri con lai c6 ndng 6 As
trong nudc ngam twong ty nhau (<100 pg/l) (hinh 4).
C6 thé thay gia thuyét trén c6 vé dung ddi véi truong
hop nuéc ngdm & Van Cdc, Phu Kim, Van Phic va
Phuic Hoa nhung ¢ Phung thi lai di nguoc gia thiét trén.
Diéu nay cé thé do trong thuc té, sau khi giai phong
vao nurdc ngam 1u0'ng As nay khong nam lai tai d6 ma
c6 thé da bi van chuyen di xa bdi cac dong chay ngam
Ngoai ra, diéu can thiét nita dé giai phong As tir tram
tich vao nudc ngdm la moi truong chira trim tich trong
céc tang chira nudc can phai co diéu kién khir da manh
dé dién ra qua trinh khir hoa tan khoang sat chira As.

Nhin chung, c6 thé noi lugng As lién két trén
cic pha Fe linh dong (dé hoa tan, Fe hoat dong,
oxyhydroxit tinh thé) va trén pha hip phu ion déng
vai tro quyét dinh ham luong As bi hoa tan vao nudc
ngam, chtr khong phai lugng As tong c6 trong tram
tich. Pidu d6 cho thdy kha ning 6 nhiém As trong cic
tang chita nudc phu thudc vao ciu tric khoang cua cac
hat tram tich va viéc nghién ctru ciu trac khoang nély
1a diéu can thiét khi xem xét nguyén nhan gay 6 nhiém
tAng chira nudc boi As. Ngoai ra, cac yéu tb thuy vin
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c6 lién quan dén dong chay nudc ngam ciing nén dugc
xem xét nghién ctru.

Két luan

Céc két qua nghién ctru trén day cho thiy, ham
luong As trong tram tich & khu vuc nghién ciru nam
trong khoang ndng do As phd bién trong tram tich
trén thé giéi. Tuy nhién, sy phan bd cua As trén cac
pha khoang trong trdm tich 1a khac nhau. Cu thé: As
phan bd chi yéu trén pha khoang pyrit va khoang
oxyhydroxit sat tinh thé (chiém 50-90%), lugng As
trén pha hap phu ion chiém mot phan dang ké (10-
25%), va luong As lién két voi pha khoang d& hoa tan
va khoang Fe hoat dong 1a khong dang ké. Sy phan
bd As trén cac pha khoang ciing khac nhau theo vi tri
dia ly: d6i v6i tram tich gan séng As chi yéu tap trung
trén pha oxyhydroxit sit tinh thé, con voi tram tich xa
song As lai phan bd chu yéu trén pha khoang bén vimng
(pyrit).

Tu sy phan bd cta As trén trAm tich c6 thé két luan
rang, c6 mdi lién hé gitra lwvong As trong trim tich va
nude ngdm. Va As duoc giai phong ra nudc ngam tir
ngudn chinh 1a As dang linh dong trong tram tich.

Loi cam on

Cac tac gia xin chan thanh cam on su hé tro vé thiét
bi va kinh phi cua du an hop tac quo”'c té “Du dodn 6
nhiém As trong nwéc ngam ¢ vimg dong bang boi tich
Péng Nam A (PREAS)” giita Vién Khdo sdt Pia chat
DPan Mach va Greenland (GEUS), Truong Pai hoc
Khoa hoc Tu nhién (VNU-HUS) va Truong Dai hoc
M6 - Pia chat (HUMG) do EU tai tro.
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