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Tém tit. D& nghién ciru sy phan bd clia asen (As) trén céc pha khodng sit trong trdm tich ngudi
thudmg st dyng céc dich chiét c6 lyc hoa tan khic nhau. Bai bdo trinh bay két qua t6i uu mét s
thong sb cua quy trinh chiét nhu: dung dich chiét, thai g:an chiét, khéng gian chiét va bugc dAu 4p
dung v6i mAu trim tich. Nghlen ciru d3 Iya chon duge bdn tic nhén chiét phi hop 1a: NaHCO;
0,5M; HCOOH 0,5M; hdn hgp NH; - oxalate 0,2M + axit ascorbic 0,1M; HNO; 65% tuong img
véi bon pha phan bd ciia As la: pha hép phy trén bé mit trim tich; pha khoang d& hoa tan; pha
khoéng sit tinh thé; pha khoang sit pynt Thoi gian chiét t6i wu déi véi ba tac nhan chiét diu dugc
lya chon 1a 6 gid. Hai khéng gian chiét 12 “hé kin” va “hé hd” dugc khao sat. Hé kin dugc lua
chon do thao tac thi nghiém don gian va tiét kiém thoi gian. Quy trinh chiét c6 d6 lap tét véi sai )
nho hon 10%.

Bué6e ddu, quy trinh chiét dugce g dung @& chiét As tir cac mAu trim tich ¢ khu vuc nudce
ngim 6 nhiém va khong 6 nhiém As nhim nghién ciu su phan bé cia As trong trdm tich. Két qua
cho théy trong trim tich & khu vuc nuéc ng&m bi 6 nhi®m, As phan b6 chi yeu trén pha khoang sit
tinh thé (khoang 40%). Trong khi d6, trong trdm tich & khu vuc nuéc ngdm khong bj 6 nhiém, As
phin bd chinh trén pha khoang sét pyrit bén vim g (khoang 90%). Két qua nay kha phu hqp véi gia
thiét khir hoa tan sét oxit chira As - 12 co ché phé bién giai thich sy giai phéng As tir trdm tich vao
nu6c ngim hién nay.

1. Mé& diu

Sy linh dong va qué trinh van chuyén cia
As trong mdi trudmg nude phy thude nhiéu vao
dang lién két cia As trong tram tich. Vi dy, véi
As hép phu yéu trén bé mit khoang thi dé dang
bj rira trdi, As lién két trén khoéng st oxit ciing
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dé& bj rira tr6i néu xay ra qué trinh khir hoa tan
pha khoang nay, trong khi d6 As lién két trén
pha khoang sét pyrit lai rét bén virng va khé bj
hoa tan. Do As chi chiém mét ham lugng rét
nhd so véi cic nguyén t& khac trong trdm tich
nén viéc dinh lrgng sy phin b6 As gip nhidu
khé khin. Mét phuong phap duge st dung phd
bién d6 13 ky thuat chiét. Pay 1a phuong phap
sit dung cac tac nhin héa hoc c6 lyc hoa tan
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khac nhau va trong trudng hop ly tuong méi tic
nhan chiét s& twong tng v&i mot pha rén dic
trung cta nguyén t& cu thé. Uu diém cua
phuong phép 14 nghién ciru dugc su phan bd
ciia As dya trén céc tinh chit hoa hoc cia pha
lién két va ddng thoi khong doi hoi thiét bj dat
tién so v&i cac phuong phap khic nhu la
phuong phap phd hip thy hoic phd phén tan tia
X [1].

Trén thé gi6i, ky thudt chiét di va dang
duge sir dung rong rii ¢ nghién ctru sy phin
bb clia As trén cic pha khoang trong tram tich.
Duya vao quy trinh chiét 4p dung cho céc kim
loai ciia tc gid Tessier ndm 1979, cac tac gia
Wenzel, Keon di 1in Iugt phat trién phuong
phap chiét cho As [1, 2]. Tuy nhién, do dbi
tugng trdm tich ciing nhw cic lién két cua As
trén cc pha khoang trong tram tich rit da dang,
diéu kién phong thi nghiém cta cic nhém
nghién ciru la khac nhau nén phuong phép
chiét thuong dugc thay ddi cac yéu té nhu tic
nhan chiét, diéu kién chiét d& phu hop véi muc
dich nghién ciru cy thé.

V6i myc tiéu x4c dinh sy phan b cia As
trén cac pha khoang trong trdm tich ching toi
da nghién ciru quy trinh chiét song song véi céc

ndi dung 1a: (i) Tién hanh khio sit kha ning
chiét ciia bay tac nhan chiét (bang 1). Tir do,
lya chon duge cac tic nhan chiét phi hop vdi
c4c pha As phén bé trén trAm tich: pha hip phu,
pha khoang dé hoa tan, pha khoéang sét tinh thé
va pha khoang sit pyrit; (i) Khao sat cac diéu
kién dé thyc hién thi nghiém trong diéu kién
hiém khi; (iii) Panh gia d6 1ip cua phép chiét;
(iiii) Budc du tmg dung quy trinh chiét vao céc
mau trim tich & khu vy nuée ngim 6 nhidm va
khong 6 nhiém As.

2. Thuc nghiém -~
2.1. Mdu trém tich

Hai mu trdm tich dugc léy tai khu vuc
nuée ngidm 6 nhiém As (x3 Van Céc, huyén
Dan Phugng, Ha Ngi). Pong thoi hai miu déi
chimg dugc ldy & khu vire nuée ngdm khong 6
nhiém As (x3 Phi Kim, huyén Pan Phugng, Ha
Noi). Cac mau trim tich dugc 14y nguyén dang
¢ dd sdu 7 - 15m va bao quan trong ti lanh siu
& nhiét @ - 20°C cho dén khi thyc hién thi
nghiém chiét.

2.2. Khdo sdt tdc nhén chiét

Bang 1. T4c nhan chiét twong img véi pha chibt

Pha chiét Tac nhén chiét pH
£ NaHCO, 0,5M 8,5
9=t NH,H,PO, 0,05M 6,0
5 it HC10,001M 3,0
(II) Khoang d? hoa tan HCOOH 0,5M 3.0
(IIT) Khodng sit tinh thé  NH, - oxalate 0,2M + ascorbic 0,1M 3,0
L , : HNO; 65%
(IV) Khodng sat pyrit 150, 659 +H,0, 30%

Véi céc pha chiét I, II, IIl: Céc dich chiét
dugc chuan bj véi ndng 6, pH twrong img trong
bang 1 va dugc tién hanh syc khi N, trong 2 gi¢
cho dén khi ham lugng oxi hoa tan dat gia trj <

0,08mg/L. Ddng thdi miu trdm tich duoc ra
doéng trong khoang kin (glove box) chira khi N,.
Cin 40g miu trAm tich u6t (twong duong véi
khoang 25g trim tich khd) cho vio 250ml dich
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chiét dung trong binh nén. Trong sudt qua trinh
chiét, hé duge suc lién tuc dong khi N, dé tranh
sy xAm nhidp ctia O, khong khi, sir dung may
khudy tir va diéu chinh pH bing dung dich axit
HCI 2M hodc dung dich kiém NaOH 2M. Cic
mau chiét dugc 1dy theo thdi gian: 20 phat, 40
phut, 1 gio, 2 gid, 3 gid, 6 giv, 12 gid, 18 giy va
24 gid.

Vé6i pha chiét IV: Cén 0,25g miu trdm tich
vao trong 6ng Teflon khé. Thém Sml HNO,
65% hogc hdn hgp gdbm 4ml HNO; 65% + 1ml
H,0, 30%. Ap dung quy trinh xir ly miu trdim
tich bang 16 vi séng [3].

2.3. Khao sdt diéu kién tién hanh chiét

Hé chiét hos va hé chiét kin dugc khao sat va
so sanh hi¢u qua.

Hé chiét ho (hinh 1a): Hé sir dung binh nén
va duge suc dong khi N, lién tuc dé tranh sy
xdm nhip cua O, khong khi. St dung may
khudy tir d& ddm bao sy ddng nhit giita trdm
tich va dich chiét. pH cia dung dich dugc do
va giit dn dinh bing dung dich axit HCl 2M
hodc dung dich NaOH 2M. Uu diém cia hé cho
phép didu chinh va kiém soéat pH trong sut qua
trinh 1dm thi nghiém.Tuy nhién hé nay doi hoi
thao tic phirc tap, khong tiét kiém thoi gian 1am
thi nghiém.

Hé kin (hinh 1b): Hé sir dung lo thuy tinh
100ml chuyén dung véi nip cao su diy 10mm
bén trong va nip nhém kep chit bén ngodi. Sir
dung méy lic @& tron déu djch chiét va trAm
tich. Hé kin cho phép tién hanh ddng th&i nhiéu
thi nghiém, dam bao diéu kién hiém khi. Tuy
nhién, pH khéng dugc kiém soat trong qué trinh
thi nghiém.

Hinh 1b. Hé kin lic.

2.4. Phuong phdp phdn tich méu

M3u chiét dugc loc qua mang xenlulozo
axetat (0,2pm) d& loai bo céc hat rén lo limg.
Thanh phin As(V) va As(Ill) trong nuéc dugce
tach ra khoi nhau nhd c6t nhom silicat (tdc d6
bom 13 5 - 6 mL/phit. Khi d6 As(V) dugc giir
lai trén ¢t tach, ph?m nudc di ra khoi ¢t duge
ding d& phan tich As(IIl). Mu nudc khéng qua
cot tach duge ding dé phan tich As tdng. MAu
dugce axit héa bing axit HNO; dic t6i pH < 2,
bao quan & nhiét d6 - 4°C. Ndng do As dugc
phén tich trén miy quang phd hip thy nguyén
tir AA - 6800 két hop b tao khi hydrua (HVG)
6 gi6i han dinh lugng 1a 0,5ng/L [4].

3. Két qua va thio luin

3.1. Lua chon tdc nhan chiét
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Hinh 2. Két qua khao sat tac nh4n chiét cho cac pha chiét I, I1, IIL.

Két qua hinh 2 cho thdy duong dong hoc
cia céc tic nhan chiét twong tmg véi cac pha
chiét: pha hip phy (pha I); pha kho4ng d& hoa
tan (pha II) va pha khoang st tinh thé (pha III).

Déi v6i pha chiét I, hai tic nhan NaHCO;
va NHH,PO, déu c6 khi ning chiét tdi da
twong duong nhau. Két qua nay kha phi hep
véi ly thuyét vé sy canh tranh hip phy gilra cac
anion AsO;’ S PO va HCO; " trén bé mit trdm
tich ciing nhu két qua nghién ciru ciia cac tac
gia Tessier, Hossain, Wenzel [2, 5, 6]. Tuy
nhién, sitr dung NaHCO; c6 thé quan sat thém
sy canh tranh giita AsO;® ~va PO . Do vay
NaHCO; dugc Iya chon lam tac nhan chiét cho
pha As & dang hip phy.

Kha ning chit

Két qua & pha II - pha As phan b trén cac
khodng d& hoa tan nhu siderite (FeCOj),
vivianite (Fe3(PO,),.8H;0), calcite (CaCO;)
cho thiy kha ning chiét cia HCOOH va HCI 1a
twong duong nhau. Didu nay dugc ly giai la do
hai tic nhén chiét HCOOH va HCI déu dugc
duy tri pH = 3 hay c6 ciing ndng d6 ion H' nén
khd ning hoa tan céc khoing cuia ching 1a
tuong duong nhau. Tuy nhién khi sir dung dich
chiét HC1 0,001M thi pH thudng bj ting 1én
trong qué trinh chiét vi HCI la mét axit d& bay
hoi va khong c6 kha ning dém pH. Piéu nay
dan dén phai didu chinh pH lién tuc véi thao tic

thi nghiém phirc tap. Trong khi d6 dich chiét
HCOOH 0,5M (c6 pH xdp xi 2) dugc diéu
chinh dén pH =3 bing dung dich NaOH tao ra
mét hé dém duy tri pH én dinh.Véi kha ning
chiét twong v&i HCI va duy tri duge pH 4n dinh
trong sudt qua trinh chiét nén HCOOH dugc
lyra chon 1a téc nhan chiét cho pha II.

Véi pha III - pha As phan b trong khoang
sit tinh thé nhu hematite, goethite... hdn hop
NH, - oxalate + axit ascorbic di dugc nhidu tic
gid sir dung [2, 6]. Hiéu qua cia hdn hop chiét
ndy dugc gidi thich 1a do sy két hop giita tinh
khir cia axit ascorbic va khé niing tao phirc cia
oxalate [5]. Két qua khao sét trong hinh 2 cho
thdy kha nang chiét cia hdn hgp NH, - oxalate
+ axit ascorbic dat gia trj cyc dai ngay trong gid
ddu va sau d6 dn dinh theo thdi gian. Véi wu
diém c6 kha ning chiét hiéu qua va 6n dinh,
hén hop NH, - oxalate + axit ascorbic duge lya
chon 14 tic nhan chiét As phan b trén cic pha
khoang sit tinh thé.

D6i v&i pha IV - pha khoang sit pyrit bén
vimg, két qua cho thiy sy khac biét gitta hai
tdc nhan HNO; va HNO3+H,0, nho hon 10%.
Trong khi d6, céc thao tac thi nghiém véi HNO;
don gian hon so véi hdn hgp HNO;+H,0,. Do
d6 HNO; dugc lya chon 14 tac nhin chiét cho
pha khoang st pyrit bén vimg (hinh 3).
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Hinh 3. Két qua khao sat tic nhan chiét cho pha
chiét IV.

Nhur vy sau khi tién hanh khio st va so
sénh kha ning chiét ciia bay tac nhan chiét khac
nhau, ching t6i d4 lya chon ra bdn tic nhén
chiét NaHCO;, HCOOH, hdn hgp NH, -
oxalate + axit ascorbic, HNO; tuong ung vé&i
bén pha As phan bd trong trim tich: hip phy;
pha khodng dé hoa tan; pha sit tinh thé; pha
khodng sat pyrit bén vitng. Nhu vay, bén tac
nhan chiét duge lya chon twong {mg v&i timg
pha phan bé ciia As vi c6 kha ning chiét ting
dan, trong d6 tac nhén sau c¢6 kha nang chiét
bao trum tic nhan trudc. Dé don gian cho qua
trinh thyc hién thi nghiém, ching t6i lya chon

3

NaHCO3

HCOOH Oxa +Asc

Hinh 4a. Két qua chiét As thu & hé h va hé kin

tién hanh chiét cac budc song song (chiét don).
Lugng As phan b trén mdi pha dugc tinh bing
két qua cuia pha sau trir két qua cia pha trudc.

Bén canh yéu td tac nhan chiét, thoi gian
chiét ciing c6 vai trd quan trong. Thoi gian chiét
néu qué ngin s& gdy nén sai s6 do qua trinh
phan bd 1éng - léng chua dat can bing hoic
néu qua dai 13 khong cn thiét. Két qua trong
hinh 2 cho thiy ham lugng As chiét ra du ting
din theo thdi gian va én dinh sau 6 gid. Do d6,
6 gidr 1a thoi gian chiét t8i wu duge lra chon cho
ba budc chiét dau.

3.2. Lwea chon diéu kién tién hanh chiét

Két qua trong hinh 4a cho thdy, ham luong
As chiét ra & hé hé trong tt ca cac bude chiét
déu 16n hon so v6i & hé kin (sw sai khic nhod
hon 15%). Nguyén nhén Ii giai cho didu nay la
do hé hd duge giit pH 6n dinh trong subt thoi
gian thi nghi¢m. Trong khi d6 hé kin lai khong
c6 sy diéu chinh pH khién cho pH ting 1én, kéo
theo sy két tia cia st hidroxit va sur hép phu
As 1én pha két tia. Bing chimg r6 rang la gia trj
pH do dugc khi 14y mau & hé kin cao hon so véi
h¢ ha (hinh 4b).

10 4

8 OH¢ h¢ ®HE kin

NaHCO3 HCOOCH

Oxa +Asc

Hinh 4b. Gi tri pH & thoi diém 14y mAu.
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Tuy nhién wu diém cuia hé chiét kin 13 thao
tac thi nghiém dom gian va cho phép tién hanh
chiét nhiéu miu trong cing mdt khoang thoi
gian vi khéng phai tién hanh suc khi N, ciing
nhu diéu chinh pH trong subt qué trinh 1dm thi
nghi¢m. Léy vi du vé6i hé¢ hé phai can dén ba
méy khudy tir, ba dong khi N, suc lién tuc,
trong mot ngay chiing t6i chi tién hanh chiét
dugc mot miu trdm tich. Ciing v6i khoang thoi
gian d6, v&i hé kin chi sir dung moét may ldc,
mot dong khi N, (sir dung lic ban diu) c6 thé

chiét dugce ba mau trdm tich. Do vy hé kin phu
hop khi 4p dyng véi c& miu 16n va duge ching
t61 lyra chon.

3.3. Danh gia dg lap

Béng 2 14 d6 1ap ciia timg tic nhén chiét thu
dugc khi chiing t6i khi tién hanh 1am 13p ba lan.
Két qua niy cho thiy & tit ca cac budc chiét do
1éch chudn twong dbi ddu nho hon 10%. Diéu
ndy chimg to quy trinh chiét ¢6 tinh n dinh tét.

Bang 2. Két qua danh gi4 d6 l3p cia bén t4c nhén chiét
Don vi: As - nmol/g

Téc nhan chiét NaHCO;

HCOOH Oxa.+ Asc. HNO;

Trung binh 25
SD 0,1
RSD(%) 2,1

11,4 32,7 44,9
1,0 133 2,2
91 4,1 4,9

3.4. Ung dung quy trinh c{zié't vao nghién cuu
sw phdn bo cua As trong tram tich

Bu6c du, quy trinh chiét dugc tmg dung
va0 c4c mau trim tich & hai khu vyc twong tmg
v&i nudc ngam 6 nhiém va khéng 6 nhiém As.
Két qua cho thiy ham lugng As tbng trong trAm
tich & hai khu vyrc nay khong khéc biét dang ké,
ndm trong khoang 21 - 61 nmol/g. Tuy nhién sy
phan bd As trén mdi pha lai c6 sy khéc biét.
M3u trdm tich & khu vyc nuéc ngim 6 nhiém
13: 5 - 6% pha hép phy, 8 - 11% pha khoéng hoa
tan, 39 - 48% pha khodng sét tinh thé, 37 - 43%
pha khoang sit pyrit. Sy phan bd As trong miu

A

trdm tich & khu vyc nudc ng?im khong bi 6
nhiém As 13: 0 - 1% pha hap phu, 8 - 10% pha
khoang hoa tan, 2 - 8% pha khoéng sét tinh thé,
81 - 89% pha khoang sit pyrit (hinh 5). Nhu
vdy, véi miu trdm tich khong 6 nhiém thi As
phan bd chu yéu trong pha sit pyrit bén vimg
con véi miu trAm tich 6 nhidm thi As lai phin
bd chit yéu trong pha sit tinh thé - 1a pha dé
xay ra qué trinh khir hoa tan khi gap diéu kién
khir thuén lgi. Piéu ndy hoan toan phi hop véi
co ché khir hoa tan khoang sit oxit chira As - 13
co ché phd bién giai thich sy giii phéng As tir
trdm tich vao nudc ngdm hién nay [6].
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@ Pha hap phy

60% - BPha khodng hoa tan
SPha khodng sét tinh thé

40% - OPha khodng sét pyrit
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Hinh 5. Phén trim As phén b trén cc pha khoéng trong mAu trim tich & khu virc nuéc ngam bj 6 nhiém As
(VC1, VC2) va khu vyc nuéc ngdm khong bj 6 nhiém As (DP1 va DP2).

4. Két luin

Nghién ctru da tién hanh t8i wu quy trinh
chiét song song cho As trong trdm tich. Dya
vao két qua khao sat kha nang chiét ciia bay tac
nhan chiét, di lya chon dwgc bdn tic nhin
chiét: NaHCO,; HCOOH; hén hgp NH, -
oxalate + axit ascorbic; HNO; tuong Ung vé&i
bén pha phan b6 clia As: pha hip phu trén bé
mat trdm tich; pha khoang dé hoa tan; pha
khoéng sét tinh thé; pha khoang sit pyrit. Hai
didu kién tién hanh thi nghiém 13 hé hd va hé
kin dwgc khao sat va cho két qua twong duong
nhau. Hé kin dugc lya chon bdi thao tac thi
nghiém don gian va tiét kiém thdi gian. Quy
trinh nay c6 d¢ 13p tdt v&i d léch chuin tuong
dbi nhd hon 10%. Budc diu tmg dung nhim
nghién ctru sy phin bd cia As trén cic pha
khoang khac nhau trong trAm tich. Két qua cho
thiy trAm tich & khu vyc nuéc ng?lm bi 6
nhi3m, As phan bé chi yéu trén pha khoéng sit
tinh thé (khoang 40%). Trong khi d6 trim tich &
khu vyre nuée ngdm khéng 6 nhiém, As phéan bd
chu yéu trén pha khoéng sit pyrit bén vimg
(khoang 90%).

L&i cam on

Nghién ctru dugc thyc hién véi sy hé trg
cuia dy an hop tic qudc té VietAs - DANIDA.
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The distribution of arsenic bound on iron oxide phases in sediment is commonly studied by using
extractants with different dissolving capabilities. In this report, optimal parameters for the arsenic
extraction: extraction solutions, extraction time, and extraction modes were comprehensively
investigated. Some prelimilary results of the above - mentioned extraction procedures for arsenic from
sediment were also presented. Four extractants: 0.5M NaHCOs; 0.5M HCOOH; mixture of 0.2M NH,
- oxalate + 0.1M ascorbic acid and 65% HNO; were found out to be suitable for the fractionation of
arsenic from their corresponding distribution phases: arsenic absorbed on the surface of sediment;
arsenic associated with easily dissolvable iron phases; crystalline Fe phases bound arsenic and arsenic
bearing pyrite phases. Two modes of extraction: “opened system” and “closed system” were
investigated. The “closed system” was finally adopted for its operational simplicity and short
extraction time. The precision of the selected extraction procedure was found to be very good with
RSD less than 10%.

Initially, the optimized extraction procedure has been applied to sediment samples from
groundwater contaminated and uncontaminated with arsenic to study the distribution of arsenic in
sediment. The results indicated that in the sediement of the contaminated area arsenic is mainly
partitioned onto the crystalline iron phases (approximately 40%) while in the sediement of the
uncontaminated area arsenic is mainly associated with stable pyrite phases (approximately 90%). This
result agreed well with reductive dissolution of iron oxide hypothesis which is a commonly accepted
explanation for arsenic mobilization from sediment.



