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Téi uu héa quy trinh phan tich dong thdi cic anion vo co trong
mau nudc moi truong st dung h¢ dién di mao quan van hanh
bang tay két hop vdi detecto dd dan khong ti€p xtc
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Tém tit: Quy trinh phan tich dong thdi ca phét phat va cdc anion co ban khdc trong nuwdc nhu
clorua, nitrat, nitrit va sunphat trong nudc sir dung hé dién di mao quan van hanh bang tay két hop
detector d¢ dan khong tiép xtc da duoc t6i uu héa. Céc diéu kién t6i uu cho qua trinh phan tich la:
hé¢ dém 50 mM Tris/50 mM MOPS & pH 7,7, mao quan PEEK va dp thé -15kV. Gi6i han pht hién
ctia ca nam anion déu tvong dbi thip tir 5 dén 15 UM vé6i d6 lap (5 -10%) va d6 thu hdi (95- 112%)
tot. Két qua phén tich mét sb mau thuc cho thiy tvong quan cao giita phwong phép dién di mao
quan di phét trién va phuong phép ddi chirg bang séc ky ion.

Tur khéa: Dién di mao quan, cam bién d§ dan khong tiép xic, anion v co.

1. Pit vin dé

Vi dac tinh phan tach cac chét tan dua trén
dién tich, ngay tir rt sém, ky thuat dién di
(Capillary electrophoresis - CE) da dugc nghién
ctru dé ung dung trong phén tich c4c ion vo co.
Ban diu, ngudi ta chi yéu st dung detector
quang, dén cudi nhitng nim 1990, detector do
do dan khong tiép xtc (C'D) ra doi dd mo rong
kha nang 4p dung CE cho phan tich cidc anion
va cation v0 co trong mdi truong nudc [1]. Cic
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nghién ctru ctia Kuban [2], Mai Thanh Duc [3]
da dua ra quy trinh phan tich dong thoi cdc
anion co  ban nhu CI', NO,, NOy, SO, F.
Tuy nhién, cdc nghién ciru nay déu chua d& cap
t6i viée dinh luong phdt phét, mot chi tidu quan
trong trong cic quy chuén ky thuat Viét Nam vé
chét lugng nudc mit (QCVN
08:2008/BTNMT) va nudc thai (QCVN
14:2008/BTNMT, QCVN 24:2008/BTNMT,
QCVN 28:2008/BTNMT).

Muc tiéu cta nghién ctru nay la dua ra dugc
quy trinh phan tich déng thoi céc anion clorua,
nitrit, nitrat, sunphat va phdt phat trén hé thiét
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bi dién di mao quan ty ché tao su dung detector
do d6 din khong tiép xdc, gitp dua ra mot giai
phap phan tich don gian, chi phi thap va hiéu
qua cao cho céc tram quan tric chat Iwgng nudce
hién nay.

2. Phuwong phap nghién ciru
2.1. Vit liéu

Toan bd héa chét duoc sir dung déu thudc
loai tinh khiét phan tich mua tor Merck
(Darmstadt, Germany) hodc Fluka (Buchs,
Switzerland). Dung dich gbc 100 mmol/L ciia
céc anion vO co dugc pha tir mudi natri rin
tuong ung, riéng NO, dugc pha lai tr dung
dich gdc 1000 ppm (Merck). Céc dung dich gbc
nay sau dugc st dung dé pha miu chuin. Dung
dich dém dugc pha trong ngay, si€u am loai bo
bot khi trudc khi st dung. Tét ca dém, miu
chuin va miu gia déu dwoc pha trong nudc
deion.

2.2. Ky thugt do

Hé thiét bi dién di mao quan dugc st dung
trong nghién ctru 12 hé thiét bi ty 1ap dat voi sir
dung bo phét ngudn cao thé EMCO (t6i da +15
kV) va detecto d§ dan khong tiép xtdc tu ché tao
nbi v6i bd ghi Pico ADC-16. Pién cuc nbi dét
dugc dat & ddu bom mau. Detecto duge dat &
g?m déu dién cuc cao thé. Dién thé tich sur dung
la -15 kV. Nghién ctru dugc thyc hién trén hai
loai mao quan la mao quén silica va mao quan
PEEK (poly(etheretherketone)) déu c6 duong
kinh trong 50 pm chiéu dai 60 cm va chiéu dai
hiéu dung 14 53cm. Mao quan silica duoc xir 1y
v6i NaOH 1M trong 10 phiit va nudc deion 10
phit. Con mao quan PEEK khdng phéi xu ly.
Mau dugc bom theo nguyén tic xiphong ¢ do
cao chénh léch 16 cm trong 20 gidy.

Qué trinh t8i wu héa duge thuc hién theo
phuong phap t6i wu 1an luot tirng yéu t6: pH
(thanh phé‘m dém), néng do dém va lva chon
mao quan. Cdc thong s6 dugc s dung dé so
sanh két qua cua cdc diéu kién 1a dién tich pic,
thoi gian luu va do phan gidi gitra céc pic.

Sau khi t6i wru, phwong phép phén tich dwoc
danh gia thdong qua gidi han phét hién — LOD
(S/N = 3), hiéu sudt thu hdi va do lip lai.
Phuong phép ciing dwoc dp dung dé phén tich
cdc mau nudc moi trudng léy tir cic giéng nude
ngﬁm tai xa Van Phic, Ha DPong, Ha Né6i va so
sdnh két qua phan tich thu duogc béng phuong
phéap sic ky ion.

3. Két qua thio luin
3.1. Phat trién quy trinh

a) Lwa chon dém co pH phu hop

Trong nghién ctru nay, bén hé dém ¢ pH
khac nhau duoc sir dung dé khao sat anh hudng
Ién sy phan tach cua cic anion la: hé dém
histidine (12 mM) dugc diéu chinh pH bang
axit axetic (His/Ace) dén pH 4,0; hé¢ dém
MOPS - axit 3-(N-morpholino)propanesulfonic
va Histidine (MOPS/His) & ty 1€ 1/1 véi pH 5,8;
hé dém MES-axit 2-(N-morpholino) ethanesulfonic
va Histidine (MES/His) dugc pha ¢ ty 1€ 1/1 ¢6
pH 6.,5; va hé¢ dém Tris - Tris(thydroxymethyl)
aminomethane va MOPS (Tris/MOPS) ciing &
ty 1& 1/1 v6i pH 7,7. D4 v6i cdc hé dém c6 pH
> 4, CTAB (hexadecyltrimethylammonium
bromide) duoc thém vao dé diéu chinh dong
EOF. Cdc ion CI, SO,”, NO;y, NO, dugc
chuén bi & néng d6 100 uM riéng ion HPO,*
duogc chuin bi ¢ néng d6 250 uM. Céc dién di
dd duoc trinh bay trong hinh 1.

Trong diéu kién thi nghiém, chi cé hai hé
dém His/Ace va Tris/MOPS cho phan tich tét
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gilta cdc pic. Tuy nhién, dém Tris/MOPS c6
phé‘m uu viét hon do chiéu cao pic cia HPO,*
t6t hon (65,78 mV) so v6i cua dém His/Ace 1a
(-38,42 mV). Hon thé nira, d6 phan giai cua céac
pic khi sit dung dém His/Ace kém hon khi st
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dung dém Tris/MOPS. Khong chi vay, dém
Tris/MOPS c6 kha ning dugc tiép tuc t6i wu do
6 thé diéu chinh linh hoat thoi gian luu va do
phan giai nhd vao viéc thay ddi van tdc dong
EOF.
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Hinh 1. Dién di d6 khi phan téch cic anion CI', SO,*, NO5, NO,", HPO,* sir dung cdc hé dém c6 pH khéc nhau.

b) Anh hudng ciia nong dé dém

Yéu té thtr hai dugc khao sit 1a ndng do cic
thanh phan trong dém. Hinh 2. 12 dién di d6 cua
céc anion khi thay ddi ndng do Tris va MOPS
trong dém nhung van giir ti 16 1/1 dé khong 1am

NOs~

cr NOZ/ 503'
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thay d6i pH. C6 thé théy, khi ting nong d6 dém,
van tbc clia anion tang hay thoi gian luu gidm.
Khong chi thé, khi ting ndng do dém, chén pic
thu hep lai gitip cho d§ phan giai giita cac pic
t6t hon nhu ¢ Bang 1
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Hinh 2. Pién di db phan tach df”)ng thoi cdc anion co ban ¢ cac nf”)ng d6 dém khac nhau (Tris/MOPS70: 70 mM
Tris, 70 mM MOPS, 3 uM CTAB; Tris/MOPS50: 50 mM Tris, 50 mM MOPS, 3 uM CTAB; Tris/MOPS30:
30 mM Tris, 30 mM MOPS, 3 uM CTAB).
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Bang 1. D¢ phan gidi giita cc pic véi cac ndng do démTris/MOPS khéc nhau

ClI -NO, NO, -NO;" NO; -S0,/ SO,*-HPO/*
TrissMOPS30 CTAB3 2,97 1,51 2,87 20,35
Tris/MOPS50 CTAB3 3,35 1,74 5,73 29,10
Tris/MOPS70 CTAB3 3,22 1,77 7,79 33,07

Tuy nhién, ndng d6 dém cang cao d6 dan
ctia dung dich cang 16n dan dén ha chiéu cao
clia pic va ting chiéu cao nhidu nén do hiéu tmg
nhi¢t Jun. T thuc nghiém cho théy, néng do 50
mM Tris, 50 mM MOPS la nf")ng d6 phu hop
cho viéc phan tich dong thoi cdc anion, dam
bao ca vé do phén giai giira cic pic va chiéu cao
pic so véi chiéu cao nhidu nén.

NOy NOs™

o /w
50 mV I

¢) Loai mao quan

Trong céc nghién ctru trén hé CE-C'D véi
mao quan silica & pH >4, CTAB — chit diéu
chinh dong EOF — thuong dugc thém vao trong
dung dich dém. Bém Tris/MOPS50 dugc khao
sit & cdc ndng d6 CTAB khéc nhau tir 0-5 pM
(Hinh 3.).
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Hinh 3. Dién di d6 phan téch cdc anion khi thay dbi van tbc dong EOF (Tris/MOPS50 CTABO: 50 mM Tris,
50 mM MOPS, 0uM CTAB; Tris/MOPS50 CTAB3: 50 mM Tris, 50 mM MOPS, 3 uM CTAB; Tris/MOPS50
CTABS: 50 mM Tris, 50 mM MOPS, 5uM CTAB; Tris/MOPS50 mgPEEK: 50 mM Tris, 50 mM MOPS
st dung mao quan PEEK).

Khi khong cho CTAB hay ndng d6 CTAB
qud nho, van toc dong EOF 16n diy ion HPO,*
vé phia nguoc lai, do d6 pic ciia phdt phat chi
xudt hién khi ndng d6 EOF du 1én. Viéc ting
noéng d6 CTAB lam giam van tc EOF ciing

dan dén chan pic hep lai, chidu cao pic ting
nhung dong thoi ciing lam giam d6 phan giai
giita cdc pic. Két qua thyc nghiém cho thiy khi
tang ndng d6 CTAB d6 phén giai giira hai pic
NO, - NO; giam tir 2 (0 uM CTAB) xudng
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1,47 (5 uM CTAB). Mit khic, nhiéu nén tr&
nén rd rét hon khi giam vén tbc EOF bﬁng viéc
tang ndng d6 CTAB. Nhu vdy, trong diéu kién
cia nghién ctu nay khi st dung mao quan
silica, dém Tris/MOPS 50 CTAB 3 cho két qua
t6t nhét trong viéc phan tich ddng thoi cic
anion.

Bén canh mao quan silica truyén théng,
mao quan lam tr vat liéu polime nhu mao quan
PEEK duogc coi 1a mét lya chon méi trong CE.
Do khong c6 16p silanol trén bé mit, bén dong
dién thdm khong xudt hién khi su dung mao
quan PEEK. Két qua so sanh viéc sir dung hai
mao quan dugc thé hién trong Hinh 3..Viéc str
dung mao quan PEEK con cho Kkét qua chiéu
cao pic t6t hon, hinh anh duong nén phé“ing hon
s0 v6i viée sir dung mao quan silica. Dong thoi,
do khong chiu tdc dong cua EOF nén d06 lap lai
ctia thoi gian luu khi d6 ciing tot hon.

Vi kha nang phan tich tét, cho tin hiéu pic
cao 1d rang so véi nhiéu nén, thoi gian phan

tich 6n dinh, dém 50 mM Tris va 50 mM
MOPS str dung mao quan PEEK duoc lya chon
1a diu kién t&i wu cho qud trinh phén tich dong
thoi c4c anion trong mau nudc moi truong.

3.2. Ddnh gid quy trinh phan tich

Do ding cua phuong phép dugc kiém
chimg bang viéc tinh todn hiéu suét thu hdi khi
phan tich mau gia chira nim ion & ndng d6 100
UM. Phuong phdp cho két qua thu hoi tuong
db6i tot voi ca nam anion trong khoang tir 95-
112% (Bang 2.). D6 léch chuan twong ddi cua
dién tich pic d6i voi mau chira ca nim anion &
ndéng d6 50 uM, 100 uM va 200 pM duoc sit
dung dé danh gid d6 lap lai ciia phép phan tich
(n=7) cho két qua trong khoang tir 4-10%. Két
qua gidi han phat hién cling nhu khodng duong
chuén thu duoc tir nghién ctru nay da chimg
minh kha nang dp dung ctia phuong phéap trong
danh gia chat lugng nudc theo cic Quy chuan
K§ thuat Quéc gia.

Bang 2. Khoang duong chuan, gidi han phan tich va d6 1ap lai trong phan tich ddng thoi cac anion
st dung hé CE van hanh bang tay va detector c'D

LOD Khoang R Hﬁ‘fl RSDI (%) RSD2 (%) R(§7D)3
ion (uM) (mg/L) duongchuan bBuong Su?l(;)i u (n=7, (n=7, (n=07

(M) chuan (%) 50 uM) 100 uM) 200 uM)
cr 5 018 20-600  0,9980 11246 4 5 6
NO, 10 0,14% 25200  0,9998 1024 3 4 4
NOy 10 0,14% 25200  0,9988 1059 9 8 5
S0,> 5 048 15-600  0,9992 10745 5 4 5
PO, 15 046%* 50-600  0,9991 956 10 6 5

*'N 6pg do tinh theo N
**: Nong d¢ tinh theo P

Déng thoi phuong phdp nay ciing da thanh
cOng trong viéc ha gigi han phat hién cla PO,*
15 uM (465 ppb PO,*-P) xubng thip hon cic

nghién ctru phén tich phdt phét trén hé dién di
mao quan trudc day [4].
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3.3. Ap dung phan tich mdu thdt

Cr g
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Hinh 4. Gian d0 dién di phan tich mau that trén hé CE-C'D.

Quy trinh phan tich sau khi hoan thién dugc
st dung dé phén tich mau nuéc mdi truong.
Mau nuée ngé‘lm duogc léy & cac giéng khai théac
nudce ngé‘lm trong khu vuc lang Van Phic, Ha
Pong, Ha Noi va dugce ddnh ma sé tir GWVPI1

dén GWVP10. Pién di d6 ciia mau GWP4 dugc
thé hién trong Hinh 4. va két qua do dwoc bang
CE va két qua so sanh trén IC dwoc thé hién
trong Bang 3.

Bang 3. Két qua phan tich mau nudc moéi truong trén hé CE-C*D va két qua so sanh cua IC

Cr NO,” NO;~ S0,”

IC CE 1?5';1 IC CE fgc‘il IC CE 1?31 IC CE I?C‘il

MM) - (M) gy M) WM M) M) gy M) M)
GWVPl 319 333 45 nd  nd - nd.  nd - 21 6.7 -
GWVP2 165 156 55 nd nd - 20 nd - nd 4.8 -
GWVP3 514 487 53 697 581 16,8 nd. 10,1* - nd  nd -
GWVP4 96,3 80 17,1 42,3 414 20 nd  nd - 31 nd .
GWVP5 234 245 48 nd nd - nd  nd - nd  nd -
GWVP6 195 173 11,1 nd.  nd - nd  nd - 324 320 1,3
GWVP7 182 171 6,0 9,1* n.d. - nd. nd - 104 959 8,0

n.d.: khong phat hién
*: Nong d¢ thap hon gidi han dinh lugng ctia phuong phap

Két qua thu duoc tir hai phuong phdp c6 do
sai léch trong khoang tir 4,5-17% dbi véi ion
CI'. C6 mot s6 mau phét hién thanh phan SO,*,
NO;, NO,. Tuy nhién, s6 miu nudc moi
trudng c6 chira ba ion nay khong cao, nén s6
luong két qua thu duoc chua du dé dénh gia
hi€u quéa cia phuong phép. Két qua phéan tich

CI' thu dugc tir dién di mao quan cé twong quan
cao v6i két qua thu duogc tir phuong phap ddi
chimg sic ky ion (r = 0,995). Két qua cho thay
quy trinh véi chi phi thip dugc dua ra trong
nghién ciru ndy c6 thé dugc s dung thay thé
cho phuong phdp IC trong phan tich déng thoi
cic anion trong miu nudc modi truong. Tuy
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nhién cdc nghién ciru can dugc tiép tuc trién nganh cong nghiép mdi truong Viét Nam dén
khai dé c6 thé ha dugc gii han phat hién xuong nam 2015, tam nhin dén nam 2025”.
va tang d¢ 1ap lai cia phuong phdp.
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Method Development for Simultaneous Analysis of Inorganic
Anions in Environmental Aquatic Samples Based on a
Manually Operated Capillary Electrophoresis System Using a
Contactless Conductivity Detector
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Abstract: A method for simultaneous analysis of phosphate and other inorganic anions (chloride,
nitrate, nitrite and sulfate) in environmental water samples using manual capillary electrophoresis
system coupled contactless conductivity detector was optimized. The buffer of 50 mM Tris/S0 mM
MOPS at pH 7.7, -15kV and PEEK capillary using was chosen. Limits of detection of five anions were
relatively low from 5 to 15 UM, relative standard deviations were lower than 10% and recoveries were
in range of 95 % to 112%. Good correlation had been shown between results obtained by developed
CE method and those obtained by IC method.

Keywords: capillary electrophoresis, contactless conductivity detector, inorganic anions.
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