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SUMMURY

STUDY ON THE SIMULTANEOUS DETERMINATION OF ULTRA TRACE LEVELS
OF COPPER AND CADIMIUM IN TEA SAMPLES BY STRIPPING VOLTAMMETRY,
USING MODIFIED CARBON NANOTUBES PASTE ELECTRODE

Mecury film electrode prepared in situ on the support of nano-silver and carbon nanotubes
(MFE/nanoAg-C) was used for the simultaneous determination of sub-ppb levels of copper
(1l) and cadmium (Il) by differential pulse - anodic stripping voltammetry (DP-ASV) in the
solution of 0.1 M acetate buffer (pH = 4.5). Conditions for fabrication of the electrode were
found: the carbon nanotubes paste/nano silver/tricresyl phosphate binding oil mass ratio
(mc:myg:mycp) of 5:1:4; the mixture dried at suitable temperatures and then packed into one
end of a Teflon electrode probe. Influence of supporting electrolytes and interferents such as
metal ions on copper and cadmium stripping responstripes was surveyed. Under suitable
conditions, the method gained high reproducibility of the metal stripping peak curent: RSD =
0.8% (n = 9) for copper and 1.1% (n = 9) for cadmium, and low limit of detection (30).: 0.2 ppb
for each metal at a deposition potential of — 1200 mV for a deposition time of 60 s — 120 s. The
DP-ASV procedure using MFE/manoAg-C was successfully applied to simultaneous
determination of copper and cadmium in tea samples in Binh Dinh province.

Keywords: Electrodes modified MFE / nanoAg-C, Von-Ampe, stripping, simultaneous, metals.
1. MO DPAU yéu trong hé théng sinh hoc (Babaei,

DPdng va cadimi 1a hai yéu t§ quan trong Babazadeh, & Shams, 2007)[1].
trong modi truong va chung cd vai tro thiét
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DPong 1a mot yéu td vi lvgng thiét yéu trong
cac hé théng sinh hoc (Guanghan et al,
2004)[2] va cac sinh vat sdng; dong 14 yéu
t6 c6 mit trong it nhdt 30 enzyme quan
trong (Gholivand, Sohrabi, & Abbasi,
2007)[3]. Co thé thiéu thanh phin dong
cling gay ra bénh tim thiéu mau cuc b, rbi
loan xuong (Adinarayan Reddy, Janardhan
Reddy, Lakshmi Narayan, & Varada
Reddy, 2008)[4].

Cadmium duogc biét dén nhu 12 mot chét
gdy 0 nhiém moi trudng doc hai co tac
dung doc hai ddi véi sinh vat séng. O n(“)ng
d6 cao chiing anh huéng c6 hai dbi véi co
thé ngudi va dong vat[5]. Dé danh gia vé
ham luong cia ching trong cac miu moi
truong va sinh héa, cac nha khoa hoc da st
dung nhidu phuong phap khic nhau nhu
phuong phap ICP-MS, phuong phap phd
hip thu nguyén tir, phdé hip thu phan tu.
Nhitng phuong phap phan tich nay cho do
nhay va dd chon loc cao dbi vé6i hai nguyén
t6 ndy, tuy nhién chi phi qua déc khi phan
tich hang loat, do d6 khong hiéu qua vé
kinh té.

Trong cac cong trinh di duoc cong bd,
phuong phdp Von-Ampe hoa tan anot st
dung dién cuc giot thuy ngan dugc xem
nhu 14 mot phuong phap wu viét va phd
bién dé xac dinh ham luong cac kim loai
trong cac ddi trong moi trudng va sinh hoa
boi d§ nhay va d6 chon loc cao, gidi han
phat hién thip va gia thanh ré. Ngiay nay
cac nha khoa hoc di nghién ctru bién tinh
dién cuc modi thay thé cho dién cuc giot
thily ngan nhu Lu M, Toghill KE (2011)[6]
d3 xac dinh ddng thoi Cd va Pb bang dién
cuc bién tinh véi chit 16ng ion cho két qua

dat dugc & ndng do vét. Hutton [7] va Tran
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Chuong Huyén [8] ciing d nghién ctru dién
cuc Bi phén tich vét cac cht bang phuong
phap Von — Ampe hoa tan. Ngoai dién cuc
mang bitmut thi con c6 cac loai dién cuc
mang vang, chi... cling dugc nghién
cuu[9].

Trong bai bdo ndy chung toi trinh bay két
qua nghién ctru loai dién cuc mdi mang
thily ngan duoc phu trén nén dién cuc paste
nano bac va cacbon nanotubes (MFE/nano
Ag-C) dé xac dinh ddng thoi dong (Cu) va
cadimi (Cd).

2. THUC NGHIEM

2.1. Thiét bi, dung cu va héa chit

2.1.1. Thiét bi va dung cu

Heé théng thiét bi phan tich cuc phd 663 VA
Computrace (Metrohm, Thuy S$) gdm may
do, binh dién phan va hé dién cuc gém:
dién cuc lam viéc la dién cuc BiFE/nano
Ag-C (d = 3,0 £ 0,Imm), dién cuc so sanh
Ag/AgCl/ KCI1 3M va dién cuc phu tro Pt.

- May siéu am

-Can phan tich AB204-S (= 0,lmg)
(Mettler Toledo, Thuy S§). May cat nudc
hai 1in Aquatron (Bibbly Sterilin, Anh).
Thiét bi loc nude siéu sach EASY pure RF
(Barnstead, M¥). Micropipet cac loai: 0,5 +
10uL; 10 = 100uL; 100 + 1000uL. Cac
dung cu thiy tinh: binh dinh mirc, buret,
pipet, cbc nho, ...

2.1.2.Héa chit
- Déau tricrizyl  photphat  (M¥);

NaCH;COO(Merck) ; CH;COOH (Merck);
Cacbon nano (Nhat); cac dung dich lam
viéc cua cac kim loai Hg", Pb", Cd", Cu",
Zn", ...duoc pha tir dung dich chuin gbc c6

ndng d6 1000ppm st dung cho AAS.



- Nude cat sir dung 13 nude cat hai 1an da
duoc loc qua thiét bi loc nudce siéu sach (D
=0,2um).

- Dung dich dém axetat 0,1M (pH = 4,5) duoc
pha tir hon hop dung dich NaCH;COO 1M
va CH;COOH 1M

2.2. Chuén bi dién cuc 1am viée (WE)
2.2.1. Chuén bj dién curc nén (nano Ag-C)
Pién cuc nén duoc ché tao béng cach nhoi
b6t nhdo cacbon nanotubes va nano bac vai
dung dich tricrizyl photphat theo ti 1& khdi
luong 5:1: 4 vao Ong teflon dai 52mm,
duong kinh trong (3 + 0,1mm), phdn trén
c6 gin day kim loai dé két ndi vao thiét bi
nhu moét dién cuc lam viéc.

2.2.2. Tao méng thiiy ngin trén bé mat
dién cwc nén paste nano cacbon
(MFE/nano Ag-C)

Mang thiy ngan c6 thé dugc tao ra theo
kiu in situ hodc ex situ: Kiéu ex situ bang
cach dién phan dung dich Hg" c¢6 ndng d6
thich hop & thé va thoi gian xac dinh véi
dién cuc paste nano cacbon (MFE/nano
Ag-C) quay v6i téc d6 khong doi. Sau d6
tia ra WE cén thin biang nudc cit rdi
nhiing WE vao dung dich nghién ctru; Kiéu
in situ bang cach dién phan dong thoi dung
dich Hg" vé6i dung dich nghién ctru. Trong
bai bao ndy chung t6i nghién ctru theo kiéu
in situ.

2.3. Tién trinh phan tich

Lay 10ml dung dich nghién ctu chia
Cd(II), Cu(Il), dém axetat 0,1M (pH = 4,5)
vao binh dién phan cua thiét bi phan tich.
Nhing hé dién cuc vao dung dich, dién
phan 1am giau & thé -1,2V trong thoi gian
120s, quay dién cuc voi tde d6 2000 rpm.
Khi két thic giai doan dién phan lam giau

nging quay dién cuc dé dung dich yén tinh

trong vong 15s, sau d6 quét thé theo chiéu
dwong tir -1,2V dén +0,3V ghi do phd db
Von-Ampe hoa tan xung vi phan ctia Cd va
Cu, tdc do quét thé 30mV/s, bién do xung
Uimp = 50mV, bé rong xung ty, = 0,3s,
bude thé Ugiep = 6mV.

3. KET QUA VA THAO LUAN

3.1. Anh hwéng cia nong do Hg"

Khao sat anh hudng cia nong do Hg" trong
khoang ndng do (0,0 - 400ppb) dén I, cla
Cd" va Cu"™. Tur hinh (3) cho thiy: [Hg"] =
200ppb 1a thich hop vi Iyca va Iycy dat
duogc gia tri 16n nht va do lap lai tot nht.
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Hinh 1. Sy phy thuoc tin hiéu I, cia Cd(1l),
Cu(Il) trén MFE/nano Ag-C vao nong do
Hg(ll).

DKTN: [Cd"] =[CU"] =5 ppb; Eup=—
1200 mV;  tep = 120 s; o = 2000
vong/phuit; v = 30 mV/s; E,uee = —1200 mV +

+300 mV; [Hg"] = 0 +400ppb

3.2. Anh huwéng cia téc do quay dién cuc
1am viéc (w)va toe dd quét thé (v)

Khao st tbe d6 quay dién cuc trong khoang
(0,0- 3000 rpm). Két qua cho thiy toc do
quay dién cuc ® = 2000 rpm thi dong dinh
hoa tan I, ciia Cd va Cu 16n nhat, néu toc
d6 quay dién cuc 16n hon 2000 rpm thi cé
thé 1am bong 16p nano cacbon & bé mit
dién cuc lam giam tin hi¢u phd d6 I, cua
Cd va Cu. Do vay o = 2000 rpm dugc chon
cho cac thi nghiém tiép theo.
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Khao sat toc do quét thé tir 0-300mV/s cho
thay toc do quét v = 100mV/s cho gia tri I,
cta Cd va Cu tét nhat.

3.3. Anh hwéng ciia thé dién phén (Edep)
va thoi gian dién phin lam giau (tap)

Khi ting thé dién phan lam giau tir -1,0V
dén -1,2 V thi dong dinh hoa tan ciia Cd va
Cu ting tuyén tinh (hinh 2a). Nhung khi
tang tiép Egp dén -1,4V thi dong dinh hoa
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Hinh 2.a. Phé do ghi do dong I, hoa tan ciia

Cd va Cu phy thudc thé dién phan lam gidu

DKTN: Cdc diéu kién khdc nhu hinh (1)
Két qua thi nghiém hinh 2.b cho thdy, trong
khoang thoi gian dién phan lam giau 20 +
60s thi I, cia Cd va Cu ting tuyén tinh. Tuy
nhién tir 70+100s thi I, cua Cd va Cu ting
khong dang ké. Do d6 chung toi lwa chon
taep = 60s cho céc thi nghi¢m tiép theo.

3.4. Anh hwéng cia cac ion can tré

Mot s kim loai nhu Zn va Pb c6 thé déng
thoi tdn tai trong miu tra cung v6i Cd va
Cu. Do d6 c6 thé lam anh hudéng dén tin
hiéu hoa tan cua Cd va Cu.

Qua két qua nghién ctru cho thiy & ndng
d6 cua Zn 16n hon tir 50 -60 1an so v6i nong
d6 cta Cd va Cu thi tin hi¢u dong dinh hoa
tan cia Cd va Cu giam di 10%-15%. Pb &
ndng do 16n hon 40 1in ndng d6 cia Cd va
Cu ciing khong anh huéng dén tin hiéu hoa
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tan cia Cd va Cu ting khong dang ké so
v6i dong dinh hoa tan & thé -1,2V ddng thoi
¢6 su dang duong nén. Mit khac & thé 4m
hon -1,2V ¢6 thé ¢6 cac ion kim loai Zn*",
Ni*', Co™, ... ciing bj khir trén bé mit dién
cuc lam viée, dan dén 1am giam d6 lap lai
(I,) cua Cd(II) va Cu(ll). Do d6 Egp = -
1,2V dugc chon cho nghién ctru tiép theo.
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Hinh 2.b. P6 thi vé sw phu thugc giita 1,

va thoi gian dién phan lam giau

tan ciia Cd va Cu. Diéu nay rat co thé 1a do
khong c6 sy hinh thanh hop chét gian kim
loai gitta Pb-Cd hodc Cu-Pb bam trén dién
cuc lam viéc va do d6 khong lam anh
hudng dén tin hiéu hoa tan cua Cd va Cu.
Trong nghién ctru vé mau thuc cua tra &
Binh Pinh ham Iuvgng Pb nho hon so voi
ham luong cua d(‘Sng nén sy c¢6 mat cua Pb
khong gdy anh hudng dén sy phat hién Cd
va Cu.

3.5.Khoang tuyén tinh, dd Lip lai va gioi
han phat hi¢n

Két qua thu dugc & hinh 2a cho thiy dong
dinh hoa tan ctiia Cd va Cu dat dugc d6 1ap lai
kha tét trén dién cuc MFE/nano Ag-C voi
RSD tudéng tng 1a 1,08% , 0,73% (n=9).



D6 nhay cua phuong phap tuong ddi cao,
khoang 240nA/ppb d6i v&i Cu, 270nA/ppb
d6i voi Cd.
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Hinh 3a. Cac duong von-ampe hoa tan thu duoc

trong 10 lan lip lai

[Cd(1D)] = [Cu(I])]=4ppb
DKTN: Cac diéu kién khdac nhu hinh (1)

3.6. Xac dinh ham lwgng Cd va Cu trong
miu tra & khu vuc Go Loi thudc thon
Tan Thinh, x4 An Twong TAy, huyén
Hoai An, tinh Binh Pinh

Ap dung phuong phap DP-ASV st dung
dién cuc MFE/nano Ag-C véi cac diéu kién
thi nghiém thich hop dd dugc xac lap dé
phan tich Cd va Cu trong mau tra & Go Loi
tinh Binh Dinh.

Gi6i han phat hién cua phuong phap xac dinh
theo qui tic (36): cho mdi kim loai 1a 0,2ppb.
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Hinh 3b. Cac duong Von-Ampe hoa tan thu
duroe khi xdce dinh khodng tuyén tinh
[CddD] va [Cu(I])] tx 0 = 12ppb
DKTN: Cdc diéu kién khdc nhu hinh (1)

Két qua thu duoc & bang 1 cho thiy: Him
lugng Cu c6 trong tra cao hon ham hrong Cd
tir 10-14 1an. Tuy nhién d6i voi ham lwong
Cd trong cac mau tra diéu nho hon 2mg/kg
(theo qui chuin VN 8-2: 2011/BYT). Ham
lugng Cu trong tra khoang 14-19ppb la kha Iy
twong vé ham lwong khoang vi lugng phu
hop cho nguoi dung.

Bangl. Két qua phan tich ham lirong Cd va Cu trong cdc mdu tra & khu viee Go Loi

o Ham Luong Ham Luong

STT bia diém lay mau Cd'( 1 g/e) Cu( 1 g/e)

1 X6m 1 - GO Thi, Thon Tan Thinh 1,04 £ 0,11 14,54 = 0,31
2 X6m 2- Go Thi, Thon Tan Thinh 1,06t 0,13 14,46t 0,23
3 X6m 3- Go Loi, Thon Tan Thinh 1,21 £ 0,22 15,32 £ 0,42
4 X6m 4- Go Loi, Thon Tan Thinh 1,10 £ 0.12 18,21 = 0.32
5 X6m 5- Go Loi, Thon Tan Thinh 1,08 £ 0,08 16,89 + 0,12
6 X6m 6- Go Loi, Thon Tan Thinh 1,17 £ 0,16 18,67 = 0,26
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Két lun:

Chung t6i dd khao sat va tim ra cac diéu
kién tdi wu cho quy trinh phan tich x4c dinh
ddng thoi Cd*" va Cu®' trén dién cuc méi
MFE/nanoAg-C. Ddng thoi da ap dung cac
diéu kién tim duoc trong viéc xac dinh
ddng thoi Cd** va Cu®" trong cac miu tra &
Go Loi Binh Dinh cho két qua.
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