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X4c dinh ham lugng A§(III) trong nudc ngﬁm tai xa Van Phuc,
Thanh Tri, Ha N1 bang phuong phap dién di mao quan st
dung detecto do do dan dién khong ti€p xuc
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Tém tit. Bai bdo nay trinh bay ket qué sir dung phuong phdp dién di mao quan phan tich riéng
ham luong As(III) trong nuéce ngdm tai xa Van Phidc, Thanh Tri, Ha Néi. Cic két qua phan tich
cho thiy ham luong As(II) dao dong trong khoang tir nhé hon Sug/L t6i gan 400 ug/L. Két qua
danh gia muc do twong quan cua hai phuong phédp CE - C'D va AAS cho thdy phuong phdp
nghién ciru c6 twong quan rat tot v6i phuong phidp AAS véi hé sb twong quan R2 = 0,99 va
khoéng gid tri % sai sb giita hai phuwong phdp 12 0,6 — 7,0%. Diéu nay chtng minh ring phén tich
As(III) bang phwong phdp dién di mao quéan cho céc két qua c6 do tin cdy cao.

Tur khoa: Dién di mao quan, As(III), nude ngém.

1. Mé diu

Ngay nay, tai nhiéu ving néng thon Viét
Nam, ngudi dan van dang st dung nude ngdm
nhu nguén nudc chinh phuc vu cho cidc muc
dich sinh hoat va san XUAt. Tuy nhién, nhiéu
nghién ctru cho thdy c6 hién tuong 6 nhidm
asen tai mot sd khu vuc ca & mién Béc cling
nhu mién Nam Viét Nam. Trong khi theo quy
chudn QCVN 09:2008/BTNMT, gidi han cho
phép cua asen trong nudc ngam 1a 50pg/L thi
theo danh gia cua UNICEF tur 2001 - 2004 ¢ Ha
Nam c6 t6i 50,2% trong tong sb 7024 mau nude
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giéng khoan dugc khio sét c6 ndng do asen 16n
hon 50 pg/L [1]. Con & tinh Ddng Thdp trong
260 mau nudc ngdm khéo sit c6 22% s6 mau
c6 ndng d6 asen vuot qua 50 pg/L [2]. Du &
ndng d6 thip nhung viéc phoi nhidm asen trong
mdt thoi gian dai cling s€ gy ra cdc tic dong
xau dén stic khoe nhu: giy 16 loét da, tic dong
dén hé ho hip, tim mach, hé tiéu héa, va phét
trién thanh ung thu gan, than, phdi, bang
quang,...

Trong mdi trudng ty nhién, asen thuong ton
tai & bdn trang thai oxi héa la —III, O, III va V,
dic biét trong moi truong thily quyén, asen xuét
hién chu yéu 0 hai dang Ia asenit (III) va asenat
(V). Trang théi oxi héa, dang ton tai clia asen s&
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quyét dinh doc tinh, sy linh dong va kha ning
van chuyén ctia nd trong mdi truong. Poc tinh
ctia asen d6i voi sinh vt giam dén theo thu tu :
khi asin = asenit - asenat > hop chit asen
hitu co. Nhu vay, trong mdi trudng nudc, cic
hop chét asen héa tri 3 ¢6 doc tinh cao hon céc
dang asen héda tri 5. Do vay, viéc xiy dung
phuong phédp xéac dinh riéng r& ham lugng tung
dang tdn tai cua asen dic biét 1a As(III) ludn 1a
mot bai todn ddi v6i cdc nha khoa hoc dé danh
gid rui ro stc khoe.

Hién nay, cdc phuong phédp thuong dung dé
xdc dinh ham Iugng asen 1a phuong phidp quang
phé hip thu nguyén tr (AAS) va plasma cam
g ghép ndi khdi phd (ICP-MS), tuy nhién cic
phuong phdp nay chi xdc dinh ham lugng asen
téng trong mau, néu mudn xdc dinh riéng ré cic
hop phan can két hop véi mot phuong phép
tich truéc d6. St dung phuong phap Von-
Ampe hoa tan véi dién cuc dia quay vang c6
thé ddnh gid riéng r& ddng thoi ham luong
As(TIT) va As(V) [3]; bang phuong phap nay c6
thé xdc dinh As(III) & khoang néng d0 vai chuc
ng/L, tuy nhién, lai kém nhay ddi voi As(V) do
As(V) kém hoat dong vé mit dién héa. Phuong
phép dién di mao quan vung 1a véi nguyén tic
phén tach cac chét dua trén su khic nhau vé do
linh dong dién di, dac biét c6 loi trong viéc
phén tich céc ion mang dién. Theo cic nghién
ctru [4-6], cho thiy phuong phdp dién di mao
quan phu hgp cho viéc phan tich ciac dang asen
khac nhau. Tuy nhién, nhuoc diém 16n nhét cia
phuong phap nay la giéi han phat hién con cao
(khoang mg/L).

Nhom nghién ctru cia ching t6i da phét
trién quy trinh phéan tich As (V) va As (III)
trong mau nudc bang phuong phép dién di mao
quan st dung detector do din khong tiép xtc
kiéu tu dién (C'D) [7]. Tuy nhién trong nghién
ctru nay As(IIl) phai phan tich gidn tiép qua
As(V) vi khi phéan tich truc tiép As(IIT) gidi han

dinh luong 12 73ug/L khong di nhay dé phan
tich cdc miu moi trudng khi so sanh véi gidi
han cho phép ctia As trong nudc ngé‘lm 1a
50pg/L. Vi viy, ching toi da tiép tuc nghién
ctru va hoan thién quy trinh phén tich tryc tiép
tiéu phan As(III) trén thiét bi CE-C'D véi muc
tiéu tang do nhay, gidm gioi han phat hién. Bai
bdo nay s€ trinh bay két qud stir dung quy trinh
CE-C*D méi phit trién dé phén tich ham luong
As (III) trong cdc mau nudc ngam ldy tai xi
Van Phic, Thanh Tri, Ha Noi v6i phuong phap
dbi chimg 1a AAS.

2. Thue nghiém
2.1. Héa chat, thiét bi

Céc héa chét sir dung trong qud trinh phan
tich déu la loai tinh khiét phan tich. Cic héa
chit diing dé pha dung dich chuan va dém duoc
mua tr hang Fluka, Thuy Si bao gf")m: natri
meta, 2-(N- morpholin)etansunphonic axit
(MES), L-arginine, hexadexyltrimetyl
amonibromua (CTAB). Ngoai ra, trong qua
trinh xr 1f mau con sir dung mot s6 héa chat:
1,10-Phenathrolin (Trung Quéc), axit nitric
(Merck, Dtrc). Tét ca cdc dung dich chuin va
dém déu duoc chuin bi trong nudc deion.

Céc thi nghiém duoc tién hanh trén hé thiét
bi dién di mao quan tu ché dat tai phong thi
nghiém véi b ngudn cao thé thuong phim
(CZE 2000R, Spellman, Pulborough, UK). H¢
thiét bi sir dung bd detecto C'D thuwong phim
cua eDAQ (EA120). Dong dién sinh ra trong té
bao do s€ duoc chuyén thanh gid tri hi¢u dién
thé; cac gid tri nay sau d6 sé duoc khuéch dai,
loc nhidu ¢ tan s6 thip va cudi ciung duoc
chuyén toi bo ghi va hé thong xur 1y dit liéu e-
corder (eDAQ, Denistone East, NSW,
Australia).
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Cot mao quan dung trong qué trinh phan
tich 1a cot silica vdi duong kinh trong 50pum va
duong kinh ngoai 1& 375um (Polymicro
Technologies, Phoenix, AZ, USA) cé téng
chidu dai 60cm va chiéu dai hiéu dung 1 52cm.
Déi véi mao quan méi, ddu tién dwoc rira bang
dung dich NaOH 1M trong 20 phiit, sau dé rira
lai bang nudc deion trong 15 phiit, va cudi ciing
la bom dung dich dém qua mao quan trong
khoang 60 phiit trudc khi sir dung dé dam béo
chét hoat dong bé mit CTAB duoc phu déu trén
bé mit mao quan. Sau mdi lan phén tich, mao
quan dugc rira lai bang dung dich dém trong 5
phit.

2.2. Lay mau va tién xur Iy mdu

Mau nudc ngﬁm duoc léy tai xa Van Phic,
Thanh Tri, Ha Noi. Cic mau nudc ngﬁm duoc
lay 1én trong diéu kién khong c6 oxi va dugc
loc nhanh qua mang xenlulo acetat c6 kich
thude 0,45 pm.

Pbi v6i cdc miu phan tich As (III) bang
phuong phép AAS; dé tich riéng As(Ill) va
As(V), mau nudc ngﬁm s€ dugc rora qua cot
nhom silicat [8]. Khi d6, As(V) s€ bi giir lai trén
cot tach va As(IID) di ra khoi cot. Cubi clng,
cdc mau nude chi chira As(IT) duoc axit héa toi
pH < 2, bao quan & nhiét d6 4°C cho dén khi
phan tich.

Véi phuong phdp dién di mao quan, mau
nudc ngé‘lm sau khi loc s€ duwgc thém 1,10-
Phenanthrolin dé tao phtc véi sat tranh hién
tuong As bi hép phu 1én bé mat cua két taa sét.
Sau d6, mau nudc s& dugc rira qua cot chira
nhua trao ddi cation loai axit manh-Wolfatit
KPS dé loai bo thanh phan bicacbonat trong
nuée. Bé tranh su oxi héa As(III) thanh As(V)
phai tién hanh syc khi nito trong sudt qua trinh
xir 1i mau. Cubi cling, cdc mau nay duogc cho
vao lo kin, chira ¢y mau va duoc bao quan &
nhiét 6 4°C cho dén khi phan tich.

2.3.Quy trinh phdn tich
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Hinh 1. Gian d6 phén bé cdc dang ton tai cia As
theo pH — Eh [9].

Gian dd phan b cdc dang ton tai cua As
theo pH cho théiy tuy thudc vao pH va thé oxi
héa khir ma asen ton tai & cac dang khac nhau
nhu: H;AsO;, H,AsO5, HAsOs”, AsO;”,
H;AsO,, H,AsO,, HAsO,™, va AsO,”". Dé phén
tich As(III) béng phuong phdp dién di mao
quan ta phai chuyén As(III) trong mau vé dang
mang dién H,AsO; . Anion H,AsOj ton tai
trong moi truong c6 pH=9-12. Nhu viy, trong
quy trinh phén tich phai chd ¥ hai diém sau:

- Dung dich dém duogc lya chon lam pha
dong trong qud trinh tich dién di phai c6 pH
trong khodng 9 -12. Tuy nhién v6i phuong phép
dién di mao quén viéc thyc hién ¢ pH cao (> 9)
s& gy nhidu khé khan do anh huéng manh cua
dong EOF [10] do vay qua qud trinh khdo sat
dung dich dém dugc lya chon cé thanh phé‘m
bao gém: 12ZmM MES - 21mM Arg - 30uM
CTAB (pH = 8,9).

- P6i véi mau phan tich, dé lam ting do
nhay cua phuong phdp thi phai chuyén céc hop
chét As(IIT) trong mau vé dang mang dién
H,AsO5 cang nhiéu cang tét. Do d6, giai phép
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dugc dé xudt 12 ting gid tri pH ciia mau nudc
phan tich b?"mg cach thém 2mM Arginin va khi
d6 mau sé ¢6 pH=9,6.

Viéc bom mau dugc thyc hién bang phuong
phdp dién dong hoc voi thé bom 6kV va thoi
gian bom mau 12 60s. Hiéu dién thé tich duge
st dung trong qua trinh phan tach la 20k V.

Duéi cdc diéu kién ti wu, dbi véi chat
chuén, phuong phdp cé gidi han phat hién
As(IIl) la Spg/L; giéi han dinh lugng la
17ug/L; khoang ndng do tuyén tinh tir 20 dén
150ug/L; hé sb tuong quan tuyén tinh
R’=0,997, va d6 lap lai RSD=1- 7% ( n>3) [10].

Mau nedc ngam

Loc qua ming xenlulo acetat

Phwong phip AAS

}

Loai As(V) bing cét nhém-silicat

}

Axit héa miu bing axit HNO;

!

Bao quan & 4°C

Phin tich trong phong thinghiém

.

Phuong phip CE-C'D
| Suc khinito
Tao phirc vail 1.10-Phenanthrolin
| suckhinito
Pumg trong lo kin, bao quan & 4°C

!

Loai Bicachonat bing nhua trao d6i cation

Xdc dinh him hrong As(IIT) bing phuong phap thém chuin

Hinh 2. Quy trinh phan tich tryc tiép As(IIT) bing phuong phép CE-C*D va so sanh bing AAS.

3. Két qua va thao ludn
3.1. Anh huong cua cdc anion nén co ban

Tin hiéu cta cdc anion nén thudng xuit
hién trong khoang tir 150 dén 250s va 1a pic
duong, trong khi, As(IIT) cho pic am & 350s; do
do, vé co ban, cac anion nén nay khong anh
hudng dén sy xuit hién cua pic As(II) trén dién
di d6. Tuy nhién, do cic anion nay cé kich
thuéc bé va dién tich 16n nén khi dp dung
phuong phdp bom méu bang dién dong hoc,
ching s€ canh tranh vao mao quan trudc, lam
han ché Iwgng anion H,AsO; bom vao mao
quan va do dé lam cho tin hi€u pic As(IIl) bi
giam chiéu cao pic so véi khi khong ¢6 anion

trong mau. Nhu vay, déi v6i cdc miu ¢ ciing
ham Iwgng As(IIl) nhung c¢é lugng anion khéc
nhau s€ cho tin hiéu As(IIl) c6 chiéu cao va
dién tich khac nhau. Vi vay, phai cé bién phap
dé khéc phuc anh hudéng cia céc anion nay dé
tranh xay ra sai 56 trong qua trinh do.

Déi voi méi ion CI, NO5, SO,>, PO,™, khi
ham lugng ciia ching trong mau 16n hon Smg/L
thi dién tich va chiu cao pic As(III) bi sai khac
30% so véi khi trong mau khong c¢6é cdc anion
nén. Dé khic phuc anh huéng cua chiing dén
viéc xac dinh néng dd cia As(IIl) trong mau
that thi phai st dung phuong phdp thém chuén
dé loai anh hudng ctia nén mau. Tuy nhién, ddi
v6i nhiing mau khong phat hién duoc As(III)
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nhung ham luong anion trong mau rit cao hoic
mau As(IIT) c6 néng d6 vuot qud khoang tuyén
tinh thi phai pha loang mau.

3.2. Két qua phan tich cdc mdu nuéce ngdm

bia diém léy mau duogc lwa chon 1a 15
giéng khoan tai xa Van Phic, Thanh Tri, Ha
Noi, day la noi dién hinh c6 hién tuong As dao
dong tuong dbi manh giita cdc dia diém trong
cling xa. Ham lugng As (III) trong cdc mau nay
déu duoc phén tich bang phuong phip CE-C'D
theo cdc diéu kién toi wu da khao sét va so sanh
bing phuong phip AAS véi két qua cu thé
duoc trinh bay trong Hinh 3 va Bang 1. Hinh 4
1a vi du vé dién di d6 khi phan tich mot mau
that.
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Hinh 3. So sénh két qua do As(IIT) trong mau nudc
ngam bang hai phuong phap CE-C'D va AAS.

Ham lugng As(IIT) tim thdy trong cdc mau
nuée giéng khoan dao dong trong khoang nho
hon Sug/L dén 400 pg/L. Str dung phan mém
Graphpad Prism 5.0 dé phén tich mirc d6 twong
quan cua két qua do bang hai phuong phap CE-
C'D va AAS cho théiy phuong phédp nghién ctru
c6 trong quan rat t6t voi phuong phip AAS véi
hé sb tuong quan R’ = 0,9967, cac hé s6 cua
phuong trinh hdi quy: a=-8,914 va b=1,039.

Cic dai luong théng ké twong uUng Ia
S,x=6,989; SE,=6,344; SE,=0,02108.

Riéng v6i hé s6 a= -8,914, dé so sanh a véi
gid tri 0 ching toi dd ding chuin thong ké
Fisher [11]. Néu xem a=~0 thi phuong trinh
y=a+bx duoc viét thanh y=b’x. Gi4 tri phuong
sai cua hai phuong trinh tuong ung Ia
S?,=4991va S°*,=85,09. Khi P=0,95 va f,=8,
£,=9 thi Fu= S7°/ S°=1,71<F(P,f1,f2)=3,23.
Do do6, su sai khac giita gid tri a va 0 khong c6
y nghia théng ké va phuong phdp khong méc
sai $6 hé théng. Nhu vay, voi do tin cay 95%,
cédc hé sd a, b khong khédc nhau c6 nghia so voi
gid trj 0 va 1. Pidu d6 chimg minh khong c6
bang chimg vé su khic nhau c6 nghia giita hai
tap s liéu. Nhu vay, dp dung phuong phap CE-
C'D da phat trién cho phan tich As(III) cho cic
két qua c6 do tin cdy cao.

ISmV y As(lll}

cac anion
nen co ban

|
i = u

! I I 1
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Hinh 4. Pién di dd As(III) cia miu nude ngém
VPNN 15
bém 12mM MES - 21mM Arg - 30uM CTAB.
Thoi gian bom mau 60s, bom mau kiéu dién dong
hoc — thé bom -6kV, thé tich -20kV
a) Mau nudc ngdm b) Mau nudc ngadm + 30 pg/L
As(III) ¢) Mau nuée ngém + 50 pg/L As(IID).
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Bang 1. Két qua phan tich ham lugng As(IIT) va céc ion nén co ban ciia 15 mau nude ngam tai xa Van Phiic

Nong dé As(III)
(ng/L) Cac cation* Cac anion**

o

Sai  Fe Na Mg Ca CI' F NO, SO~
STT Ténmiu CE (n=2) AAS S0 (Ifg“/i) (mg/lL) (mgL) (mg/L) (mg/L) (mgL) (mg/L) (mg/L) (mg/L)
1 VPNNI1 37317 367 16 9 73 11,7 416 985 93 01 <02 02
2 VPNN2 394%4 408 35 116 5 133 36 8.1 45 02 <02 <02
3 VPNN3 198+16 201 15 54 52 144 332 793 101 02 <02 02
4 VPNN4 343x11 356 37 11,7 55 155 301 997 34 03 <02 03
5 VPNN5 ND <5 - <5 48 147 34 114 147 05 18 02
6 VPNNG6 185+11 183 11 14 26 64 344 132 24 01 <02 14
7 VPNN7 394+5 404 25 13 56 102 288 646 72 01 <02 03
8 VPNN8 3215 323 06 133 5 122 27 139 18 04 57 02
9 VPNN9 ND 76 - 162 44 312 336 304 52 04 <02 41
10 VPNN10 ND S5 - <5 2 301 85 23 51 02 <02 112
11 VPNN1I ND <5 - <5 25 268 257 164 63 03 <02 52
12 VPNN12 2312 222 39 266 23 115 28 115 92 01 <02 <02
13 VPNNI13 3248 326 06 147 3 124 345 114 137 01 <02 <02
14 VPNN14 ND <S5 - <5 29 243 138 8 23 04 <02 26
15 VPNN15 5742 535 70 163 09 133 278 110 127 01 <02 02

Ghi chi: * Po bang phuong phép AAS, ** Do bang phuong phép sic ky ion (IC)

ND: khong phat hién duoc (<5 pg/L)
- khong xdc dinh

Ngoai viéc xdc dinh ham luong As(III)
trong cdc mau nudc ngdm, ching toi con phan
tich ham lwong cua céc ion nén co ban trong
nudc dé dinh gid toan dién hiéu qua cua
phuong phap nghién ctu. Céc Kkét qua duogc
trinh bay trong Bang 1. Nho viéc sir dung cic
phuong phdp loai trir anh huéng ciia nén mau
nhu phuong phép thém chuén, tao phtre va loai
bicacbonat ma phuong phap nghién ctru cho két
qua phan tich As(IIT) c6 d6 chinh x4c cao ngay
cd trong truong hgp ham luong cic anion,
cation dao dong trong khoang rong tur vai traim
ug/L dén 140mg/L.

4. Két luin

Str dung dién di mao quan dé xac dinh cac
chit 6 nhidm trong moi trudong la mot hudng
mdi bén canh nhitng tng dung trong 1am sang.
Trong bai bdo nay, nhém tic gid ching toi da
trinh bay vé quy trinh phéan tich As(III) trong
nudc ngim bang phwong phdp dién di mao
quan st dung detector d6 din khong tiép xic va
két qua phan tich 15 mau nudc giéng khoan tai
xa Van Phic, Thanh Tri, Ha N§i. Qua phén tich
tuong quan véi phuong phdp AAS cho théy
phuong phap CE-C'D cho két qua ham luong
As(IIT) c6 d6 chinh x4c cao, phit hgp véi viée
xdc dinh asen trong mdi truong nudc ngam.
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Determination of As(III) in Groundwater in Van Phc,
Thanh Tri, Hanoi by Capillary Electrophoresis Combined
With Capacitively Coupled Contactless Conductivity Detector

Nguyén Kim Diém Mai'?, Pham Thi Thanh Thay?, Duong Hong Anh?
'Ho Chi Minh City University of Pedagogy

*Research Centre for Environmental Technology and Sustainable Development,
VNU Univeristy of Science, 334 Nguyén Trai, Hanoi, Vietnam

Abstract: In this paper, analysis of As(II) in groundwater samples selected from Van Phuc
vilagge, Thanh Tri, Ha Noi using capillary electrophoresis method is presented. As(III) concentrations
were found to range from Sug/L to 400 pg/L. Results obtained by capillary electrophoresis method
shown good correlation with those determined by AAS method with the correlation coefficient R* of
0,99. Precision of the proposed method was very good (errors range 0,6 — 7,0%). The proposed
capillary electrophoresis method was proven to be highly reliable and practicably appliable.

Keywords: Capillary electrophoresis, As(Ill), groundwater.
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