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Tém tit. Phan b asen (As) trong | trm tich va nuéc ngdm dugc nghién ciu tai hai dja diém co dic
tinh trim tich khéc nhau. Ving trdm tich tré c6 thoi gian hinh thanh 14 670 ndm, déy la ving gan
séng Hdng, tich lily nhiéu v4t chét gidu hitu co duge bdi dép trong qu4 trinh ngap lut. Ving trdm
tich gia gan nii véi thoi gian hinh thanh lau hon, khoang 3500 nim, ham luong hiru co thép.
Ching t5i sir dung phuong phép chiét gdm c4c téc nhan: NaHCO; 0,5M, HCOOH 0,5M, hdn hop
ascorbic 0,1M va NH, — oxalate 0,2M, HNO; 65% véi lyc chiét tang dén dé chlét As tir c4c pha khoédng
sit khac nhau trong trim tich. Két qua cho thdy téng ham lugng As trong trAm tich tré 1a 86,5 nmol/g,
trong d6 As lién két trén khoang bxit sit tinh thé chiém da sb véi 77%, As lién két trén khoang sunfua
bén vimg chi chzern 7%. TrAm tich gia chira ham lugng As it hon (17,3 nmol/g) va chi c6 4% As lién két
trén khoéng 6xit skt tinh thé, trong khi d6 As lién két trén khoéng sunfua Ién t6i 81%. Déy chinh 1a sy
khéc biét gira hai viing nghién ciru Khi gép didu kién khir cac khoang ox1t sit bj hoa tan, s& kéo theo sur
ddng hoa tan As trén céc khoang d6. Diéu niy gidi thich tai sao nudc ngam khu virc trﬁm tich tré chira
ham lugng As cao, trung binh 1a 2,2 uM (165 pg/L), trong khi d6 nu6e ngam khu vye trdm tich gia ¢
ham lugng As thép hon nhidu, trung binh 12 0,6 M (45 pg/L).

1. M& dau

O nhiém asen (As) trong nudc ngim di va
dang de doa t4i sitc khoe cia hang triéu ngudi
dan & nhidu quéc gia trén thé gi6i. Him lugng
As cao dugc tim thiy & hiu hét céc viing ddng
bing chu thd phd sa nhu & Bang-la-dét, Tay
Bengal va nhiéu khu vyc khéc véi ndng do vugt
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qua 200 pg/L (2,7 pM) [1-3]. Tai luu vuc dong
bing chau thd song Hong, Viét Nam uéc tinh
¢6 khoang 11 triéu ngudi dan bi phoi nhiém do
str dung ngudn nuéc ubng c¢6 ham lugng As
vuot mic cho phép cua td chic WHO 1a 10
pg/L [4, 5]. Nhiéu nhém tic gia dd dva ra céc
gia thuyét nhim giai thich sy hinh thanh As cao
trong nuéc ngdm [2, 5). Gia thiét duge chip
nhan rong rdi cho ring sy phan hiy hop cht
hitu co hinh thinh mdi trudng khir khién cac
khoang Fe (II) bj khir v& Fe (II) dé hoa tan.
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Qué trinh nay 1am cho asen vén hdp phy trén
khoang sét ciing bj déng hoa tan.

Mot sb nghién ciru cho thiy khoang st
thudng c6 nhidu As. Cac khoang st phd bién
chira As gdm: sit dé hoa tan (FeCO;,
Fe,(PO,)s), 6xit sit & dang v6 dinh hinh vi dang
tinh thé (Fe,05), hodc khoang sunfua bén vimg
(FeS, FeAsS, As,S;) [1, 2, 6]. Nghién ciru tai
Bing-la-dét, Swartz va c{ng sy dd xic dinh
trong trAm tich khir tdng lugng sit trung binh 1a
400 pmol/g véi 10 — 30% 13 dang sit d& hoa
tan, oxit sit v dinh hinh va tinh thé, 15 - 50%
sit & dang khoang sunfua bén vimg, ham lwgng
asen trung binh 1a 25 nmol/g v&i 20-50% asen
lién két v4i khoang sit & 3 dang dau tién, 10—
40% lugng asen lién két v&i khoang sunfua [1].

Céc nghién ciru khic ciing dwa ra bing
chimg cho ring trdm tich tré thudng c6 hiam
lugng As cao hon trdm tich gia [S, 7]. Tram tich
tré chira nhiéu vét chit hiru co, nén diéu kién
khir d& hinh thanh hon, d4n dén céc khoang sit
d& bj hoa tan va giai phéng As viao nudc ngim.
Nghién ctru tai Nam Du, Hoang Mai, Ha Noi,
Norrman va cong sy tim thiy trong trim tich tré
Holocene tai mot chum giéng khoan c6 him
lugng As tir 40 — 133 pumol/g, trong trdm tich
gia Pleistocene ham lugng As khoang 50 — 90
pmol/g. Nudc ngdm ting Pleitocene c6 hiam
lugng As 13 0,7 pM. Ham lugng nay nhé hon
rat nhiéu so v6i trdm trim tich tré 12 3,3 pM [7].

Viy trdm tich tré liéu cé nguy co giy 6
nhiém As nhiéu hon trim tich gia hay khong?
Va ham lugng As trong trim tich c6 lién quan
dén ham hrgng As trong nuéc ngdm hay khong?

Muyc ti€u cua nghién ciru nay 1a tim hiéu sy
phan bd As trong trim tich va nuéc ngam & hai
khu vyrc ¢6 tudi trdm tich khac nhau. Két qua
thu dugc s& gép mot phan vao viéc ly giai
nguyén nhan tai sao mét sé khu vyrc nuée ngdm
¢6 ham lugng As cao, trong khi d6 m{t s6 khu
virc khac lai c6 ham lugng As thip hon.

2. Déi twgng va phwong phép nghién ciru
2.1. Béi tuwpng nghién ciru

Hai dia diém dugc lya chon cho muc dich
nghién ciru gdm: bai giéng thudc xi Van Céc,
huyén Pan Phugng, Ha Ndi 13 khu vire bai bdi
¢6 vj tri thip, triing. Khu vyc ny c6 lrgng phi
sa 16n dugc bdi dip hang nam. Py 14 noi dai
dién cho ving tram tich tré ven song véi thoi
gian hinh thinh khoing 670 nim. Bii giéng
thudc x4 Phu Kim, huyén Thach That, Ha Ni
13 diém dai dién cho ving tram tich xa song,
day 1a khu vyc c6 trim tich gia hon véi thoi
gian hinh thanh khodng 5900 nam [4].

Mu trim tich dugc 1iy va sau d6 bao quan
& nhiét 9 -20°C dén khi phan tich. Mu nudc
ngdm dé phédn tich m6t s6 thanh phin héa hoc
dugc loc qua mang cellulo acetate 0,2 pm, dung
vio lg polyetylene, axit héa téi pH<2 bing axit
HNO; 65%, sau d6-duge chuyén vé phong thi
nghiém va bao quan & nhiét d§ 4°C. MAu phén
tich As (III) va As (V) dugc tich ra khoi nhau
béng cot trao ddi ion c¢6 chira alumino silicat.

Bang 1. Dc diém v tri ldy miu
(d$ séu so véi myc nude bién, m)

Dic S(; luo;ng D6 S6 lugng .
did mAiu trim ° miunuéc DO sdu
iém ; siu A
tich ngam
Tram 1
tich tré -0,51 18 -11,5-5,0
Tram 1
tich gid 0,49 12 -6,9- 3,7

2.2. Phuong phdp chiét sdt va asen tir méu tram
tich

Nghién ciru di sir dung quy trinh chiét cia
Wenzel [6] nhung c6 mot s6 cai tién nhim phi
hep véi dic tinh cta trim tich va chon loc déi
véi cic dang lién két clia As trén cic pha
khoang sit. Cac dich chiét gdm: dung dich
NaHCO; 0,5M diing dé chiét céc dang asen lién
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két yéu trén bé mit trdm tich, thyc nghiém dugc
tién hanh dya theo 1y thuyét v& kha ning canh
tranh vj tri hip phu cia HCO; véi AsOs™ [8].
Dung dich HCOOH 0,5M dugc diéu chinh bang
NaOH téi pH = 3. Dung dich ndy c6 d6 dém tét,
pH dugc giit én dinh trong qué trinh chiét miu, va
duge ding chiét cac dang asen lién két véi khodng
sht d& hoa tan. HOn hop axit ascorbic 0,1M + NH,
- oxalate 0,2M déng vai trd 1 chit tao phirc va Ia
tac nhan khir hoa tan cac pha 6xit sit tinh thé vén
¢ @6 bén cao, tac nhan nay dung dé chiét cac
dang As lién két chit trén cic khodng sit tinh
thé. HNO; 65% chiét chon lgc dang asen lién két
trong khodng sunfua bén vimg. Cac thong sb
chiét dugc trinh bay nhu & bang 2.

Trong mdi thi nghiém chiét, miu trim tich
duge ri déng, nghién nho, tron déu. Khoang 8 g
trim tich dugc trdn v6i 80 ml dich chiét trong
lp thuy tinh cé nat cao su day dam bao khong
cho khong khi khuyéch tén qua. Toan bd qua
trinh chuln bj miu chiét dugc thao tac trong hé
théng kin (glove box) nhim khéng tiép xic véi
xy, dam bao trang thai yém khi nhu duéi long
dit. Céc lo chiét miu da déng kin duge dit
trong may lic 6 gir (250 vong/phut), nhiét o
25°C. Riéng thi nghiém hoa tan khoang sunfua
duge thye hién trong 106 vi séng vai axit HNO;
65%. Cac dich chiét trAm tich dugc léy ra khoi
cac 1o thi nghiém, lgc va bao quan twong ty nhu
v6i miu nuéc ngim, sau d6 xic dinh ham
luwgng sét, asen tir cac dich chiét thu dugc.

Bang 2. Cac djch chiét sit va asen & c4c phan doan

khac nhau
Pha khoéng sit dugc
Bude pidt Dichchiét  PH
A A A A
1 Pl:a lién ket yéu trén NaHCO;0,5M 8.5
bé mt
2 Phasitdéhoatan HCOOH 0,5M 3
) axit ascorbic
3 Phasitoxittinhthé 0,IM+NH,- 3
oxalate 0,2M
HNO; 65%, d=

4  Pha sit sunfua 1,4 g/mL

2.3. Phuong phdp phdn tich ham lrong sdt,
asen trong djch chiét va trong nuée ngam

Ham lugng Fe** trong djch chiét va trong
nuéc ngdm duge phan tich ngay sau khi ldy
méu bang thubc thir Ferrozine, sir dung thiét bi
UV-VIS DR/2010 (Hach). Thanh phén Fe tdng
dugc x4c dinh bing phuong phip quang phd
hdp thu nguyén tir sir dung thiét bj AA-6800
(Shimadzu). As (IIT) va As téng dugc xac dinh
bang thiét bj AA-6800 két hop v&i bd tao khi
hydrua HVG [9].

Gidi han dinh lugng cua phuong phap UV-
VIS dbi véi phan tich Fe** 12 0,1 mg/L, va xéac
dinh trén thiét bi AA-6800 ddi v6i phan tich Fe
tong 12 0,1 mg/L, As 12 0,5 pg/L.

3. Két qua va thdo luin

3.1. Phdn bé asen trong cdc pha khodng sdt
trén hai logi tram tich

Ham lugng sit va asen trong cic miu trdm
tich thu dugc tir phép chiét duge trinh bay trong
hinh 1 va hinh 2.

0 100“u v 200 300

BKhodng sit dé hoa tan
Trdm tich tré
@ Khoing sit oxit linh thé

Trimtich g& 8 Khoing sét sunfua

Hinh 1. Ham lugng sit tdng trén c4c pha
trong trim tich.

0 3 Asmolng, %

| O As hip phy yéu

© As - Khoang st dé hoa tan

% As - Khoing sit 3xi tinh thé

Hinh 2. Ham lugng asen tdng trén cc pha
*khoang sit trong trim tich.

B As -Khoéng sit sunfua
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Hinh trén cho thiy ham lugng sit tbng & ca
hai loai trAm tich 1a twong duong nhau. Tuy
nhién & trdm tich tré khodng oxit st tinh thé
chiém 44% lugng sit tdng (243,9 umol/g).
Trong khi d6 & trAm tich gid khoang sunfua
chiém wu thé khoang 65% sit téng (203,2
pmol/g) va khéng chira dang Oxit sat tinh thé.
Nguyén nhén c6 thé do trdm tich gia tiép xitic
v6i dong chay ciia nuée ngim véi thoi gian 1au
hon so véi trdm tich tré nén dang 6xit sit chira
As trong tang chira nudc gia di bj khir hoa tan
va bj rira troi. Ngoai ra nuéc ngim thuong gidu
cacbonat bdo hoa ciing din dén xuit hién két
toa siderite (FeCOs) [4]. Pay c6 thé 1a Iy do
khién trim tich gia c6 ham lugng khoang sit d&
hoa tan (FeCO;) cao hon so véi trim tich tré va
khéng c6 khoang 6xit st tinh thé.

Két qua nghién ciru cho thiy tai khu vyrc
trAm tich tré ham lugng As lién két véi oxit sét
tinh thé 14 ch yéu, chiém 77% ham lugng As
tdng (86,5 nmol/g). So sanh vé&i trim tich gia,
As tdng chiét dugc nho hon rdt nhiéu khoang
17,3 nmol/g. O trim tich gia, As lién két trén
khoéng sét sunfua bén vimg 13 chu yéu (chiém
81%). Cac két qua niy ciia nhém chiing t6i kha
tuong ddng véi nghién ciru ciia Norrman va
cdng sy tai Van Phuc, Ha N§i. Norrman xac
dinh dwgc ham lugng sit tdng trung binh trong
trAm tich tré Holocene 14 500 umol/g, dang 6xit
sit, v mangan chiém tir 20 — 40%. Trim tich
gia Pleistocene ¢6 ham lugng sét twong duong

khoang 460 pmol/g vé6i pha sunfua chiém wu
thé khoang 30%, con lai 1a cic pha rin khé tan
khéc. Pha sit 6xit chi xult hién & giita ting
phan cach Holocene va Pleistocene, xubng siu
hon, khéng thiy xuit hién pha 6xit sit trong
tram tich [7].

Hinh 2 cho thiy As tdng trong trim tich tré
cao gip 4 lan so v&i trAm tich gia va sit oxit
tinh thé 13 dang khoang chira nhiéu asen. Cac
tac gia cho ring qua trinh gia héa khoang khién
dién tich bé mit bj thay ddi s& kéo theo sy giai
phéng As vio nuéc ngdm [2, 10]. Ngoai ra,
trdm tich tré chira nhiéu chit hitu co nén diéu
kién khir d& hinh thanh hon va pha 6xit sit tinh
thé s& bi khir hoa tan kéo theo qué trinh giai
phéng As vao nudc ngim [10]. Pay ciing 1a gia
thuyét cho qua trinh 6 nhiém asen tai cac khu
vuc ddng bang phi sa c6 tinh khir cao.

3.2. Két qua mmh hoa cho diéu kten khir cua
nude ngdm va moi lién quan véi tram tich

Hinh 3 thé hién sy phin b cia mot sb
thanh phén oxi héa khir chinh trong nuéc ngim.
Pic diém chung cta cic ting nudc mang tinh
khir 1a sy tham gia clia nhiéu chét nhan electron
khic nhau, sau sy khir clia oxy hoa tan 1a sy
khir nitrat, mangan oxit, tiép theo 12 sy khir sit
va sunfat. Cudi cung 1a sy 1én men vit chét hitu
co din @én tao san phim NH,", CH,, HCO; vao
nuée ngim. Co ché gia thiét cho sir giai phong
asen trong mdi trudmg khir dién ra nhu sau:

Vi sinh vit

4FeOOH(As(V)) + CH,O + TH,CO5 ' oo " 4Fe?* + 8 HCO;™ + 6H,0 + As(III)

Dgi dié¢n cho

vt chit bitu co
Két qua v& ham lugng Fe, As trong nudc
ngém tai 2 vj tri nghién ciu ciing dugc trinh
bay trong hinh 3. O khu wvyrc trdm tich tré, Fe
(I1) dang khir chiém 90%, As (III) chiém 95%.
Ham lugng Fe trong nudc & khu vyre nay cao,

khoang 170 pM (3 — 290 uM). Ting ndng nhét
14 noi it khir nht nén c6 it As, ham lugng As
ting 1én khi nudc cang mang tinh khir, dat cuc
dai 3,7 uM (275 pg/L) va giam din khi cang
xudng sau. Két qua ciing cho thiy ndng d6 As
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(1lI), NH;*, CH,, HCO5™ ting ddng thuin véi
nbng d6 Fe (II) trong dung dich nuéc. Him
lugng As trong trdm tich tré & khu vy ndy
dugc tim tha"ly 13 86,5 nmol/g, cao hon rt nhiéu
so voi ham hegng As duge tim thy tai Bang-la-
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dét cuia nhom tdc gia Swartz la 25 nmol/g [1].
Mot nghién clru khac cia nhém xac dinh duge
lrong As trong trAm tich tai xd Trung Chau,
Huyén Dan Phugng 1a 130 nmol/g [4].
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3B. Nuéc ngdm khu vic trdm tich gia (3500 tudi).

Hinh 3. Sy phin bd mot sé thanh phin héa hoc trong nuéc ngim tai khu virc nghién ctru.

Diéu kién khir ciing xay ra twong tyr tai khu
vire trAm tich gia. Céc dai lugng dic tumg cho
moi truong khir déu ting ddng thuin véi Fe (II).
Nude ngim & khu virc trim tich gia c6 ndng d6
Fe tdng cao glp 2 1in so véi trAm tich tré. Tuy
nhién, ndng d¢ As trong nudc ving ndy nhod
hon so véi tram tich tré, dao dong trong khoang
hep 0,04 — 1,3 uM. Lugng As trong trAm tich
gia thp hon so v6i trim tich tré, ndng d¢
khoang 17,3 nmol/g.

Nhu vay, diéu kién khir déu x4y ra & ca hai
tAng trAm tich chira nudc. Tuy nhién ngudn
cung cip As linh dong khéng c6 & trong trim
tich gia ma chi c6 trong trdm tich tré. Qua trinh

khir hoa tan dxit sit trong trim tich tré c6 thé 13
nguyén nhin chinh giai phdéng As cao trong
nuée ngim [1, 2, 4, 11].

Ving 6 nhiém As va ving khéng 6 nhiém
As déu c6 mdi trudng khir. Nhung tram tich tré
chira 6xit sit tinh thé mang As, con & khu vuc
trAm tich gia As lién két chi yéu trén khoang
sunfua bén vimg, va khé bj giai phéng vao
nuée ngdm. Vi thé ma nuéc ngdm & khu vue
trdm tich tré c6 néng dd Fe cao, As cao. Con &
khu vyc trdm tich gia mic di nudc ngﬁm co
ndng d6 Fe cao, nhung ndng d6 As thip. Nhu
viy cic yéu t6 dé mot ting ngdm nudc cb As 1i:
moi trudng d6 phai mang tinh khir, c6 chira cac
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dang lién két véi As va dang lién két nay phai
chiu tic d6ng cuia méi truong khir.

4. Két luin

O ving trim tich tré kho4ng sit 6xit tinh thé
chira nhidu As khi gip diéu kién khir manh s& bj
khir hoa tan ddng thoi giai phéng As ra moi
trudng nudc ngdm. Ham lugng As trong trim
tich & khu vyc nay la 86,5 nmol/g, ham lugng
As trung binh duge tim thdy trong ting chira
nudc ndy ciing kha cao, khoang 2,2 pM. O
ving trAm tich gid ham lugng As 13 17,3
nmol/g, As trong nuéc chiém 0,6 uM. G khu
vyuc nay, mdi truong khir xay ra nhung khoéng
c6 dang 6xit sit tinh thé mang As nén méi
trudmg nude co it As.
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Study of arsenic distribution in sediment and groundwater
in the red river delta
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In this study, the distribution of arsenic (As) in sediment and groundwater was investigated in two
sites characterized by different sediments. The young sediment site which is near the Red river is at
the age of 670 years with rich organic matter deposited during flooding; the old one which is near
mountain was approximately formed about 3500 years ago and had less organic matter. The sequential
extraction procedure which used different extractants including NaHCO; 0.5SM, HCOOH 0.5M, the
mixture of ascorbic 0.1M and NH, — oxalate 0.2M, HNO; 65% was applied to extract As from
different iron mineral phases in sediment. The results showed that the total content of As in young
sediment was 86.5 nmol/g in which As bound on crystalline iron oxide phase was predominant up to
77%, while only 7% of As content was found in stable sulfide mineral. Old sediment had lower As
level (17.3 nmol/g), and only 4% of arsenic content was associated with crystalline iron hydrous oxide
but its content in sulfide minerals was 81%. The difference between two study sites is proposed for the
high As contamination found in groundwater in the young sediment site (165 pg/L in average) and
less arsenic concentration in ground water collected at old sediment site (45 pg/L in average). This is
due to the release of As during the reductive dissolution of As bearing iron oxide phases.



