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SUMMARY

DETEMINATION OF As(IIT) IN GROUNDWATER BY CE-C*D USING
DYNAMIC pH JUNCTION ONLINE PRECONCENTRATION

Online preconcentration followed by capillary electrophoresis with capacitively
coupled contactless conductivity detection (CE-C*D) was evaluated as an approach
for the determination of arsenite —As(Ill)— in groundwater samples. The running

buffer employed consisted

of 14 mmol/L arginine and 100 mmol/L 3-

(Cyclohexylamino)- 1-propanesulfonic acid (pH 9.6). Formic acid 15mM was found to
be the optimal sample matrix. Under these optimized conditions, the limit of detection
(LOD) was 2,96ug/L and the recovery was approximately 100%. The developed
analytical procdure was applied to analyze four water samples taken from Hanoi
water supply number 2 joint stock company.

1. MO PAU

Ngay nay sy phat trién cia cic nganh
cong nghiép hod, hién dai hoa di dan
t6i tinh trang 6 nhiém bau khong khi va
ngudn nudc song, hd, nudc ngdm mot
cach trim trong, gdy anh hudng xau toi
suc khoe cua con nguoi. Trong do, 6
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nhiém asen trong nuéc ngam hién dang
13 mbi quan tdm khéng chi ¢ Viét Nam
ma con ca trén thé gisi [1]. Trong moi
truong nudc, asen ton tai & ca dang vo
co va hiru co v6i nhiéu trang thai oxi
hoa khac nhau. Theo cac s liéu nghién
ctru duogc vé co ché giai phong As tir



trong trAm tich vao nuéc ngdm, moi
trudng nudc ngdm & Viét Nam chu yéu
co tinh khur [2]. Do vay, tiéu phan As vO
co chi yéu trong nudc ngam & Viét
Nam 1a As(IIT). Do do, viéc xac dinh
ham luong Asen trong nudc ngam, dic
bi¢t la xac dinh dang As(IIl) trude khi
khai thac la yéu cau cap thiét, nham gop
phan cung cdp ngudn nudc sach, dam
bao strc khoe ctia nguoi dan.

Hién nay, c6 rat nhiéu phuong phéap
khéc nhau dé xac dinh ham lugng asen
tong cling nhu cac dang asen nhu
phuwong phap phd hip thu phén tr (UV-
VIS), phuong phap phd hip thu nguyén
tr khong ngon ltra (GF- AAS), phuong
phap phd khdi plasma cam tng (ICP-
MS), phuong phéap dién hoa, sic ky va
phuong phéap dién di mao quan [3,4,5]...
Trong d6, dién di mao quan st dung
detector do dan khéng tiép xuc duogc
biét dén 13 mot phuong phap co nhidu
wu diém nhu trang thiét bi nho gon, thao
tac, van hanh don gian, chi phi thip. Vi
thé, voi muc tiéu huéng dén phat trién
mdt phuong phap don gidn, hi¢u qua,
khong chi phu hop cho viéc phan tich
ham lugng Asen trong phong thi
nghiém ma con co thé tdi uvu hoa thiét b
cho muc dich phan tich cac dang asen
vo co, dac biét la As(IIl) ngay tai hién
truong, phuong phdp di¢n di mao quan
da duoc lya chon trong nghién clru nay.
Theo quy dinh hién hanh, giéi hancho
phép vé ham luong As 1a 50pg/1 dbi véi
nudc ngdm (nude dudi dat) (QCVN 09-
MT:2015/BTNMT) va 10pg/l dbi véi
nuéc ubng (QCVN 01: 2009/ BYT)
[6,7]. Quy dinh nay dit ra yéu cau phai
c6 k¥ thuat phu hop dé cai thién gioi
han phat hién cta phuong phap, dap
mg nhu cau phan tich thuc té. Chinh vi
vay, k¥ thuat lam giau truc tiép trén cot
mao quan dua trén sy khac biét vé pH
gira hai ving mau (dynamic pH
junction) da duoc lga chon nghién ctu
trong bai bao nay.
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2. THUC NGHIEM

2.1. Dung cu, thiét bi, hoa chat
Nghién ctru st dung thiét bi dién di mao
quan voi detector do do dan khong tiép
xuc kiéu két ndi tu dién (CE-C'D) duoc
thiét ké, ché tao tai Viét Nam trén co s&
su phdi hop gitra cong ty 3Sanalysis
(http://www.3sanalysis.vn/) va nhdém
nghién ctru cua GS. Peter Hauser (khoa
Hoa, truong Pai hoc Basel, Thuy Si).
Hién nay, hé thiét bi nay dang duoc tiép
tuc nghién ctru hoan thién va phat trién
ung dung tai b0 mén Hoda phan tich,
khoa Hoa, truong Pai hoc Khoa hoc Tu
nhién, PHQGHN.

Céc hoa chit sir dung trong nghién ctru
déu 1a hoa chat c6 do tinh khiét phan
tich ciia Merck, Sigma hoac Fluka, bao
gdm: NaAsO;, HAsNa,04.7H,0, mubi
Mohr, axit formic, axit acetic, axit
oxalic, axit maleic, axit clohydric, 1,10-
Phenanthronin, L- Arginine
(C6H14N40,), L- Histidine (CsHoN3O5),
Tris (hydroxymethyl) aminomethane, 3-
(Cyclohexylamino)-1-propanesulfonic
acid (CAPS), 2-(N-
Morpholino)ethanesulfonic  acid, 4-
Morpholineethanesulfonic acid (MES),
3- (N-Morpholino) propanesulfonic
acid, 4-Morpholinepropanesulfonic acid
(MOPS), 2- (Cyclohexylamino)
ethanesulfonic acid (CHES).

Mot sd dung cu, thiét bi thong thuong
khéc trong phong thi nghiém.

2.2. Phwong phap phan tich

2.2.1. Ky thugt lam giau sw dung sw
khdc biét vé pH giiva hai ving mdu
trong phan tich As(IIl) bing CE- (o))
kiéu phén cuc nguwoc

Ky thuat lam giau As(IIl) su dung sy
khac biét vé pH giita hai vung mau
(dynamic pH junction) dugc tién hanh
nhu sau: As(III) duoc pha trong nén
mAu axit c6 pH thap va pha dong dién
di c¢6 pH cao. Trong mdi truong axit co
pH thip, As(III) ton tai dudi dang phan
tir trung hoa nén khong bi di¢n di; khi



tién hanh phan cuc nguoc (4p thé duong
vao dau bom mau) dudi tac dung cia
dong dién di tham thiu (EOF), cac phan
tir nay s€ bi kéo téi vung ranh gidi gitra
hai ving (ving mau va vung dém). Tai
day, co su thay d6i trang thai cua
As(III) tr dang phan tu trung hoa sang
dang anion H,AsOs;". Nhu vay, tai bé
mit ranh gigi giita hai ving mau khong
chi ¢o sy tap trung cua chit phan tich
ma con co sy thay ddi tdc do dién di cua
chung, diéu nay giup lam giau ving
mAu. Hon nita, k¥ thuat ndy con han ché
anh hudng cia cac anion co ban véi
ham luong cao c6 trong mau nudc
ngam khi ving anion ndy c6 thoi gian
di chuyén sau As(II); dong thoi loai bd
cac cation ra khoi ving mau [8]. Hé sb
lam giau dugc tinh theo cong thuc
k=b/a (trong do: k la hé s6 1am giau, b
la chleu cao pic (mV) trong diéu kién
nén mau axit - ¢6 1am giau, a la chleu
cao pic (mV) trong diéu kién nén mau
nuoc - khong lam giau).

2.2.2. Quy trinh xw ly méu

Céac mau nude ngam duoc iy & cac vi
tri c6 nghi nhiém asen do Cong ty co
phﬁn nudce sach s6 2, Gia Lam, Ha Noi
cung cap.

Sau khi tham khao tai li¢u [9] va nghién
ctru khao sat, quy trinh xir I mau nham
phan tich cac dang As trong mau nudc
duogc thuc hién nhu sau:

e Xac dinh As(III): Mu nu6c ngam sau
khi loc s€¢ dugc thém mot luong du
thudc thir 1,10- phenanthronin vao dé
tao phic véi Fe’™ nhdm tranh hién
tuong asen bi hép phu lén bé mit cua
két taa Fe(OH);, giy giam tin hiéu
As(III). Dung dich nay sau do6 duogc
phan tich ngay trén thiét bi CE- C'D.

e Xac dinh As(V): St dung KI 10°M
khir As(V) vé As(III) trong mdi trudng
axit HC1 0,9M, thuy phan trong 90 phut
trén bép cach thuy. Sau do6, tién hanh
phan tich theo quy trinh t6i wu cho
As(III) trén thiét bj CE-C'D, xac dinh
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duogc tong nong do As(III) va As(V). Tur
do6 tinh duoc ham luong As(V) trong
mau.

3. KET QUA VA BAN LUAN

2.3. Nghién ctru khao sat toi wu diéu
kién phéan tich As(III) trén thiét bi
CE- C'D

Viéc nghién cuiu, t6i wu diéu kién phan
tich As(III) duoc thuc hién bing cach
c¢b dinh cac diéu kién con lai va thay doi
mot trong cac diéu kién phan tich can
khao sat dudi day: As(III) 40pumol/l
duoc khao sat pha trong cac axit axetic,
formic, clohydric, maleic va oxalic
I5mM; dung dich dém dién di:
Arg/CAPS; bom mau thity dong luc hoc
kiéu xiphong ¢ d6 cao 20cm trong 60s,
mao quanduong kinh trong 50pm, tong
chiéu dai 60cm, chiéu dai hiéu dung
48cm, di¢n thé tach +20kV.

2.3.1. Khdo sdt lwa chon thanh phén
dung dich dém dién di

Axit aseno c6 gia tri pKa= 9,2 do dé
As(Ill) ton tai chu yéu & dang mang
dién H,AsOj; trong khoang gia tri pH
léch 1 don vi so véi pKa. Do do, dé
phan tich As(IIT) dudi dang anion, dung
dich dém dién di phai c6 moéi truong pH
> 9,2, nhung khong dugc qua cao vi s
anh huong dén tin hiéu nhidu nén trong
phuong phap CE-C'D. Cac hé dém hiru
co c6 kha ning tao dém tdt trong
khoang pH nay va dap ing yéu ciu cla
phuong phap CE- C'D bao gbm arigine
két hop v6i mot trong cac thanh phin
CAPS, MES, MOPS va CHES. Vi vay,
dé khao sat anh hudng cia thanh phan
dung dich dém dién di d&én hiéu qua cua
qué trinh phan tich As(IIl), cac dung
dich dém c6 pH = 9,2 da dugc nghién
ctru bang cach thay doi ty 1¢ thanh phan
Arg va CAPS, MES, MOPS, CHES
twong Gng. Két qua khao sat duoc thé
hién trong Hinh 1.
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Hinh 1. Anh hwéng ciia thanh phan
dung dich dém dién di dén tin hiéu As
(1)

(a) As(Ill)/ Axit 15mM, dém Arg 6mM:
CAPS 95mM, pH= 9,2
(b) As(1ll)/ Axit 15mM, dém Arg: (MES,
CHES, MOPS), pH= 9,2

Két qua trong Hinh 1 cho thdy, khi st
dung dung dich dém Arg/CAPS (pH =
9,2), tin hi€u As (IIT) thu dugc kha sac

EOF,con khi str dung cac h¢ dung dich
dém khac thi khong cho tin hi¢u As(III).
Do vay, dung dich dém Arg: CAPS (pH
>9,2) dugc lya chon cho cac nghién ctu
tiép theo.

2.3.2. Khdo sat anh hwong cua pH cua
dung dich dém Arg/CAPS

pH cta dung dich pha dong dién di la
mdt trong nhitng yéu t6 co anh huong
rit 16n dén két qua cia qua trinh phan
tich. N6 khong chi quyét dinh su hinh
thanh, cuong d6 dong EOF ma con
quyét dinh dén dang ton tai cia chét
phan tich. Tién hanh khao sat tin hiéu
thu duoc ciing nhu hé s lam gidu As
(IIT) tai céac gid tri pH khac nhau trong
khoang tur 9,2 dén 10,0 cua dung dich
dém bang cach thay d6i ty 1¢ nong do
Arg/CAPS tuong tmg. Két qua khao sat
dugc thé hién trong Bang 1.

net, ngay sau tin hi¢u cua dong )
Bang 1. Keét qua khao sat anh hwong cua pH dung dich dém dén tin hiéu
va hé so lam giau (k) cua As (111)

HCOOH | CH;COOH HCI Axit oxalic Axit maleic

pH |[Arg: CAPS 0o 15SmM 15SmM 15SmM 15SmM 15SmM
a b k b k b k b k b k

9,20 6:95 4,70 | 4,98 | 1,06 | 5,66 | 1,20 | 4,21 | 0,90 | 0,00 | 0,00 0,00 | 0,00
9,50 14:120 4,44 | 5,58 | 1,26 | 9,80 | 2,21 | 4,54 | 1,02 | 7,40 | 1,67 8,22 1,85
960 | 14:100 | 4,52 | 6,63 | 1,47 | 6,46 | 1,43 | 3,38 [ 0,75 | 8,57 | 1,90 | 9,60 | 2,12
9,70 14:80 4,89 | 6,87 | 1,40 | 6,85 | 1,40 | 8,17 | 1,67 | 6,66 | 1,36 0,00 | 0,00
9,80 14:60 537 16,25 | 1,16 | 6,61 | 1,23 ] 7,30 | 1,36 | 8,06 | 1,50 8,19 1,53
10,00 14:40 6,19 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 0,00 | 0,00

Két qua phan tich thu duoc trong Bang
1 cho thdy, khi gié tri pH ting tir 9,2 1én
10,0 thi hé s6 lam giau c6 xu hudng
tang 1én va dat gia tri cao nhat & pH =
9,6 v6i da sb nén axit, sau d6 giam di.
Tai pH =9,6, tin hiéu pic As (III) thu
dugc kha can dbi, hé s6 1am giau twong
dbi cao va 6n dinh khi pha As(III) trong
cic nén axit: formic, axetic, oxalic,
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maleic. Nguoc lai, khi pha As(III) trong
nén mau axit clohydric, tai hdu hét cac
gia tri pH cua dung dich dém dién di,
tin hiéu As(IIl) gan nhu khong co sy
thay ddi so v6i trong nén miu nude dé-
ion hodc tham chi la gidam di, nghia la
chat phan tich khong duoc lam giau.
Hon nita, trong diéu kién nay, nhidu
duong nén 16n, dd 6n dinh kémdo axit




clohydric c6 do dan cao. Nhu vay, dung
dich dém Arg/CAPS (pH = 9,6) cung
v6i diéu kién As(III) pha trong mot
trong cac nén axit formic, axetic, oxalic,
maleic dugc lga chon cho céc nghién
ctru tiép theo.
2.3.3 Khio sdt inh huong cia dé din
dung dich dém Arg/CAPS ¢ pH = 9,6
P din dung dich dém 1a mot trong
nhirng yéu té ¢6 ¥ nghia quyét dinh dén
chiéu cao tin hiéu ciing nhu kha ning
lam giau chat phan tich. Trong bai bao
ndy, cac dung dich dém c6 do dan khac
nhau duoc khao sat bao gém cac ti 1€
nébng d6 Arg/CAPS nhu sau: 7/50;
14/100 21/150 (mM/mM).

257  @AE7/CAPS 50
00 Arg 14/CAPS 100 -
[Arg 21/CAPS 150

2 -

Hé sd lam giau

V]

Axit formic Axit axetic Axit oxalic Axit maleic
Nén mau
Hinh 2. Anh hwéng ciia do dan dung
dich dém dién di dén hé sé lam gidu
As(II)

Két qua khao sat cho thay khi ty 1 pha
dong ting (46 dan dém dién di ting),
chiéu cao pic As(IIl) va hé s lam giau
giam, tin hiéu nhidu dudng nén ting.
Diéu nay hoan toan hop 1y vi chiéu cao
pic ti 1& véi su chénh léch do dan giita
dung dich chit phan tich véi dém dién
di. Sy chénh léch nay cang lon thi tin
hiéu pic As(IIT) cang lom. Do do, khi do
dan cua dung dich dém ting, chiéu cao
tin hi€u As s€ giam di twong ung. Tai ty
1€ dém dién di Arg 14mM: CAPS
100mM, tin hiéu Asen cao nhit. Do do,
ty 1€ pha dong di¢n di Arg 14: CAPS
100 (mM/mM) dugc lgya chon la diéu
kién toi wu cho quy trinh phén tich nay.
2.3.4. Khdo sdt nong dé axit
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Viéc thay ddi nong do axit trong nén
mau dong nghia v6i viéc thay doi pH
ciia mau, diéu ndy anh hudng rat 16n
dén hiéu tng 1am giau. Hinh 3 thé hién
két qua khao sat tin hiéu As(III) duoc
thue hiénbang cach pha As(Il)trong céc
nén miu: axit formic, axit axetic, axit
maleic va axit oxalic v6i ba mirc nong

do 10; 15 va 20 mM.
12 -

5 10 -

E 3.

o

a ¢

0 010mM
o 41 Q15mM
D 2 20mM
L

(@] o4

Axit Axit Axit Axit
formic axetic oxalic maleic

N&n miu
Hinh 3. Anh hudéng ciia logi va nong dé
axit trong nén mau dén chiéu cao tin
hiéu As(I1l)

Két qua Hinh 3 cho thdy, tin hiéu
As(Ill) ting khi ndng do axit ting va
ndng do axit 15 mM cho tin hiéu As(III)
cao nhat. Tuy nhién khi ndng d6 axit
16n hon 15mM, tin hi¢u cua pic axit qua
16n lam gidm kha nang phan tach gitra
pic As(III) voi tin hiéu khac trong nén
mau, gdy che phu pic asen. Ngoai ra,
khi ndng do axit trong mau qua cao (pH
mAau thap, ndong d6 H+ 16n) lam giam
gia tri pH cta dung dich pha dong dién
di, anh hudng rat 16n toi qua trinh phén
tich. Mat khac, khi pH cia nén miu
khong phu hop (qua 16n hodc qua nho)
s& dan t6i sy chuyén hoa trang thai oxi
hoa ctia chat phan tich tai ranh gi6i gitra
hai ving dém xay ra khong hoan toan
dan dén lam giam hiéu qua cua k¥ thuét
lam giau. Do d6, ndng do axit 15mM
cho két qua hé sé lam giau As(IIl) cao
nhat, da duoc lya chon la diéu kién t6i
wu va st dung & cac khao sat tiép theo.
2.3.5. Khdo sdt thoi gian bom mdu, thé
tich va chiéu dai hiéu dung ciia mao
qudn



Céc yéu tb thoi gian bom mau va chiéu
dai hi¢u dung cua mao quan duoc
nghién ctru doéng thoi véi cac khoang
thoi gian bom mAu tir 30 dén 80s tuy
thuéc vao chidu dai hiéu dung mao
quan 1a 46; 48 hay 50cm. Két qua khao
sat cho thiy tin hiéu As(Ill) ting ty 18
v6i thoi gian bom mau. Tuy nhién, khi
thoi gian bom mau ting 1én dén 70s, tin
hi€u cta cac anion axetat, oxalat, maleat
da bat dau che phu tin hiéu As(III).
Trong khi d6, d6i v6i nén miu axit
formic 15mM, & diéu kién thoi gian
bom mau 75s voi chiéu dai hiéu dung
mao quan 50cm, tin hi€u asen la 16n
nhit trong s6 cac diéu kién di ting
khao sat va hé sb lam giau dat duoc
ciing kha cao (1,93 lan). Ngoai ra, khi
tang thé tach tir +10 dén +20kV, chiéu
cao tin hi¢u As(IIl) giam, song pic nhon
va can dbi hon. Tai thé +15kV tin higu
As(I1I) thu duoc rat tdt, pic can dbi. Do
do, dé dam bao d6 nhay, do chon loc va
kha niang 1am giau chit phan tich, cac
diéu kién: thé +15kV, thoi gian bom
mAu 75s, chiéu dai hiéu dung mao quan
50cm va nén miu axit formic
15mMduoc lua chon cho cac thi
nghiém tiép theo.

2.4. Panh gia phwong phap phan tich
Véi cac diéu kién toi wu thu dugc,
duong chuan As(IIl) duoc xay dung
trong khoang ndng do 10- -280pug/l.
Phuong trinh dudng chuan co hé¢ so
tuong quan tuyén tinh tét r’= 0,9997.
Két qua théng ké so sanh hé s a cia
phwong trinh hdi quy voi gia tri 0 cho
Fiinh<Fira bang(0,95; 4; 5) cho thay giatria va
0 khac nhau khong c6 ¥ nghia théng ké,
hay phuong phap xac dinh As(III)
khong mic sai s6 hé théng. Giéi han
phat hién va gidi han dinh lugng cua
As(III) twong tng 1a 2,96 va 9,87ug/ 1.
Pé xac dinh d6 dung va do lap lai cua
quy trinh phan tich, tién hanh phan tich
mau thém chudn (v6i nén miu nudc
Lavie) & 02 mac nong do As(III) khac
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nhau trong cac diéu kién toi wu da
nghién ctru. Két qua cho thiy:do lip lai
va hiéu suit thu héi (H) dat duoc la
RSD= 7,84% (H= 101,50%) va RSD=
1,08% (H= 99,32%) tuong tng v6i hai
mirc ndng d6 1a 10pg/ 1 va 130pg/ 1
Nhu vay, gia tri do léch chuin tuong
dbi (RSD) va hiéu suit thu hoi d6i voi
As(IlI) déu nam trong giéi han cho
phép cia AOAC [10] cho thiy phuong
phap dap mg yéu cau phan tich.
2.5. Phan tich miu thye té
Nghién ctu phén tich 04 mau nudc
ngamlay 0 cac vi tri nghi nhlem cua
Cong ty co phan nudc sach sb 2, Gia
Lam, Ha No1 duoc xur ly theo quy trinh
0 muc 2.2.2 va dugc phan tich dién di
v6i diéu kién t6i wu cho As(IIl). Két
qua duogc chira ¢ Bang 2.

Bang 2. Két qua phan tich ham leong

As trong mdu thue té

Ky higu  As(II) As(V) As tong
mau (ng/ (ng/ (ng/
DX1 121+ 6 77+6 198 +3
DX2 42 +4 144+4  186+3
DX3 57+4 151+4  208+4
DX4 41+5 184+5  225+4

Két qua phan tich & Bang 2 cho thiy tat
cd 04 mau c6 phat hién chat phan tich
déu co chira ham luwong asen vuot qua
gidi han cho phép cua Bo y téva Bo tai
nguyén mdi trudng vé quy dinh ham
luong asen trong nudc udng 1a 10pg/l
va quy dinh ham lugng asen trong nudc
ngam 1 50pg/l.

4. KET LUAN

Dé tai da nghién ctru, t6i vu thanh cong
quy trinh xac dinh ham luong As(III)
trong mau nu:oc ngdm bang phuong
phap CE- C'D str dung k§ thuat lam
giau duya trén su khac biét vé pH giita 2
ving mau. Cac diéu kién anh huong dén
quy trinh phan tich nhu thanh phan,
ndéng d6, pH dung dich dém dién di,
thoi gian bom miu va dién thé tach da
dugc nghién ciru mot cach hé théng.
Phuong phép phan tich dat dugc do lap



lai va do thu hoi tét, gioi han phat hién
dat dugc voi As(IIl) 1a 2,96 pg/l cho
théy phuong phap dap ung dugc yéu
cau phan tich asen trong mau nudc
ubng va nudc ngam. P& tai ciing da
phan tich ham luong hai dang asen vo
co trong 04 miu nudc ngam lay ¢ 0 cac vi
tri nghi nhlem asen do Cong ty co phan
nuédc sach sé 2 Ha Noi cung cip cho
thdy ham lugng As vuot qua quy dinh
cho phép.
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