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SUMMARY

DEVELOPMENT OF IN SITU BISMUTH FILM ELECTRODE FOR SQUARE-
WAVE ADSORPTION STRIPPING VOLTAMMETRIC DETERMINATION OF
TRACE CADMIUM AND LEAD

Bismuth film electrode prepared in situ on glassy carbon disk surface (abbreviated to BiFE in situ) was
used as working electorode for square-wave adsorption stripping voltammetry (SqW-AdSV) for the
determination of cadmium (Cd) and lead (Pb) in HEPES buffer (pH = 7.3) and the presence of calcei
blue (CB) as a complexing ligand. The influence of the factors on Cd and Pb stripping peak curent (1I,)

such as: Bi'™

concentration, HEPES and CB concentrations, deposition potential and deposition time,
adsorptive potential and adsorptive time, the electrode rotating speed, interferents... were
investigated. At the deposition potential of -1500 mV, the deposition time of 90 s and the adsorptive
potential of -400 mV, the adsorbent time of 1 s, the method gained high sensitivity (116 = 6 and 105 £ 5
nA/ppb for Cd and Pb, respectively), good reproducibility of the I, : RSD = 9% and 2% (n = 9) for Cd
and Pb, respectively, low detection limit (3c) (1.4 — 1.6 ppb for each metal); linear correlation bewteen

the I, and the metal concentration was good in the range of 2 — 50 ppb (R > 0,99).

1. MO PAU cuc mang thity ngan (MFE). Tuy nhién do doc
Phuong phap von-ampe hoa tan da va dang tinh cua thuy ngan, nén hién nay nguoi ta céd
duoc thira nhan 1la mdt trong nhiing phuong xu hudng tim kiém va phat trién cac dién cuc
phép dat dugc d9 nhay cao khi phan tich cac lam viéc phi thuy ngan nhu: dién cuc vang
kim loai néang, trong d6 c6 Cd va Pb - mét (AuFE), dién cyc mang bac (AgFE), vi dién
trong nhimg kim loai c6 doc tinh cao va cuc soi cacbon, dién cuc bién tinh..., va dic
thudng c6 mdt & mirc vét va siéu vét trong cac biét 1a dién cyc mang Bismut (BiFE) duoc
dbi twong sinh héa va méi truong [1]. Trong nghién ctru nhiéu tir nhitng nam 2000 cua thé
nhidu nam qua, phan 16n cac nghién ctu vé ky 20 [9]. O nudc ta, nhimg nghién ctru phat
phuong phap von-ampe hoa tan & trén thé gioi trién dién cuc BiFE cho phuong phip von-
cling nhu nuéc ta déu sir dung dién cuc lam ampe hoa tan ciing dugc bt dau tir nhimg nim
viéc giot thuy ngan treo (HMDE) hoac dién 2000 cua thé ky 20, nhung chi yéu la cho
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phuong phap von-ampe hoa tan anot (ASV)
[1], cac nghién ctru vé phuong phap von-ampe
hoa tan hip phu (AdSV), con rat han ché [2, 7].
Trong cong b trude day, chung toi di nghién
ctru so bd vé kha nang sir dung dién cuc BiFE
cho phuong phap AdSV xac dinh Pb, Cd véi
phéi tir tao phirc calcein blue va sir dung ky
thuat von-ampe xung vi phan (DP) dé ghi tin
hi€u von-ampe hoa tan [2] (lic nay phuong
phap duogc ky hiéu 1a DP-AdSV).

Bai béo nay dé cap dén cac két qua nghién ctru
chi tiét hon vé& xac dinh ddng thoi Cd va Pb
bang phwong phap AdSV st dung dién cuc
BiFE trong nén dém HEPES, c6 mit calcein
blue 1am phdi tir tao phirc va sir dung k¥ thuat
von-ampe séng vudéng (SqW) dé ghi tin hiéu
von-ampe hoa tan (luc nay phuong phap dugc
ky hiéu 1a SqW-AdSV); dong thoi so sanh do
nhay ctua phuong phap SqW-AdSV va DP-
AdSV.

2. PHUONG PHAP NGHIEN CUU

2.1. Thiét bi va héa chit

May phan tich dién hoa 797 VA Computrace
cia hang Metrohm (Switzeland); HE dién cuc
694 VA-Stand cta hiang Metrohm gém 3 dién
cuc: Dién cyc dia rin than thay tinh (GC)
duong kinh 2,8 £ 0,1 mm ty ché tao, dién cuc
so sanh Ag/AgCl/KCl 3M va dién phu tr¢ day
Pt. May do pH cua hang Mettler Toledo.

Cac hoa chit duoc sir dung 1a hoa chét tinh
khiét phan tich cta hiang Merck, gdm: HEPES
(axit 2 — [4 — (2 — hydroxymethyl) — 1 —
piperazinyl] = —  ethanesulfonic), = NHjs,
CH;COONa, CH;COOH, NaOH, HCl, Bi',
Pb", Cd", Cu", Zn", Calcein Blue (CB). Nuéc
ct hai 1an (cat trén thiét bi cit nudc Fistream
Cyclon, England) duoc sir dung dé pha ché hoa
chét va trang, rira cac dung cu thuy tinh.

2.2. Chuén bi dién cue 1am vi¢e BiFE in situ

Pién cyuc dia ran than thuy tinh (GC) duong
kinh 2,8 + 0,1 mm dugc mai béng vdi bot
nhom oxit chuyén dung c6 kich thudc hat 0,2
um, sau do6 rira sach bang etanol va nudc roi
dé kho ty nhién & nhiét do phong.

bién cuc BiFE dugc tao ra ngay trong dung
dich nghién ctru (chta Bi™, Cd", Pb", phéi tir
tao phitc CB va dém HEPES) trong giai doan
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dién phan dung dich & thé va & thoi gian xac
dinh vai dién cyc lam viéc (WE) 1a dién cuc
rin dia quay than thuy tinh. Luc nay, Bi™ b
khtr tao thanh Bi kim loai bam trén dia ran than
thuy tinh, tao thanh dién cyc BiFE in situ (dién
cuc 1am viéc/WE) va dong thoi, Cd" va Pb"
ciing bi khtr thanh Cd, Pb bam 1én bé mit dién
cuc WE.

2.3. Tién trinh ghi dwong von-ampe hoa tan

Cho dung dich nghién ctu (chtra Cd", Pb",
Bi', phdi tir tao phuc calcein blue (CB) va
dém HEPES 3 mM, pH = 7,3) vao binh dién
phan chura ba dién cuc, dién cuc dia ran than
thuy tinh, dién cuc so sanh va dién phu trg).
Tién hanh dién phan dung dich nghién ctru &
thé dién phan (Eqp) xac dinh (Eg, 4m hon E,»
cua cip Cd"/Cd) trong khoing thoi gian dién
phén (tsp) xac dinh (ltc nay dién cuc dia than
thity tinh quay véi toc do khong ddi). Trong
giai doan nay, Bi™" bi khir tao thanh dién cuc
mang BiFE in situ trén bé mat dia ran than
thiy tinh (WE). Dong thoi, Cd", Pb" ciing bi
khir thanh Cd, Pb tép trung trén bé mit dién
cuc WE. Két thuc giai doan nay, ngimg quay
dién cuc WE va chuyén thé tur Eq4p dén gia tri
Esp (thé hap phu) xac dinh (Ey, duong hon Ej»
cua cip Pb'/Pb) trong khoang thoi gian xac
dinh (thoi gian hip phu ty,). Lic nay Cd, bi oxi
hoa tao thanh Cd", Pb" va ching s& két hop
ngay véi phdi tir CB co6 mit trong 16p dung
dich sat bé mat WE tao thanh phuc bén va
phtrc d6 dugc hap phu ngay 1én bé mat WE va
dugc 1am giau trén WE. Kiéu 1am giau nhu vay
dugc goi 1a kiéu 1am giau 2 giai doan (két tua —
hoa tan va hip phu). Tiép theo, quét thé catot
bién thién tuyén tinh theo thoi gian (voi toe do
quét thé khong ddi) tir Ep, dén thé 4m hon va
ddng thoi ghi dudong von-ampe hoa tan theo k§
thuat von-ampe song vuong (SqW) voi cac
thong sb ky thuat thich hop. Dé phép do c6 do
lap lai tbt, can tién hanh lam sach bé mit WE
truée mdi phép do bang cach ap 1én WE mot
thé dii dwong (Eciean) trong thoi gian khoang 10
- 30 s (teiean) dé hoa tan cac kim loai bam trén
bé mit WE. Cudi ciing, xac dinh thé dinh (E,)
va cuong d6 dong dinh hoa tan (I,) cua Pb va
Cd tor duong von-ampe hoa tan thu duoc.



Puong von-ampe hoa tan dbi véi miu tring -
mau dugc chuin bj tir nudce cat, co thanh phén
twong tu nhu dung dich nghién ctu, nhung
khong chira Cd" va Pb", ciing duoc ghi twong
tu nhu trén. Trong moi truong hop, ludn bo két
qua ctia phép ghi dau tién, vi n6 thudng khong
on dinh. Toan by qué trinh ghi duong von-
ampe hoa tan va xac dinh E,, I, déu duoc thuc
hién ty dong trén may phan tich dién hoa 797
VA Computrace (Metrohm, Thuy Si) theo mét
chuong trinh phan mém d4 lap sin.
3. KET QUA VA THAO LUAN
3.1. Anh huéng ciia pH
Diéu chinh pH cia dung dich nghién ctru bing
dung dich NH; 0,5 M. Két qua cho thy, khi
pH < 6,8 va pH > 8 thi I, ciia Cd va Pb thap. O
nhiing pH > 7,4, Ip cia Pb giam manh, con Ip
cia Cd hau nhu khong dbi (hinh 1). Khoang
pH thich hop 1a 7,0 - 7,5.
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Hinh 1. Anh hwéng ciia pH dén I, ciia Cd
va Pb

Diéu kién thi nghiém (PKTN): Nong do Bi™
[Bi"] = 150 ppb, [Cd"] = [Pb"] = 5 ppb,
[HEPES] = 3 mM, [CB] = 1 uM; thé dién phan
E4, = -1500 mV; thoi gian dién phan tg, = 90 s;
tbc d6 quay dién cuc @ = 400 vong/phut; thé
hap phu lam giau Ey, = -300 mV; thoi gian hap
phu lam giau ty, = 1 s; k¥ thuat von-ampe song
vuong (SqW): bién d6 song vudng AE = 25
mV; budc thé Uyep = 4 mV; tan s6 song vudng
f = 50 Hz; toc do quét thé v = 200 mV/s;
khoang quét thé Epnge = -300 dén - 1100 mV;
Thé 1am sach Egean = 500 mV; thoi gian lam
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sach teean = 30 s.
I

3.2. Anh hwéng ciia ndng dd Bi'" dung dé
tao dién cwc BiFE in situ
Tién hanh nghién ctru anh hudng cua ndng do
Bi'" trong khoang 0 - 300 ppb, & mdi ndng do
Bi'™ ghi lip lai 4 duong von-ampe hoa tan (n =
4), thu duogc cac két qua & hinh 2.
1100+
1000
900
800
700
600
500
400
300
200
1001
0

Ip, nA

0 5 100 150 200 250 300
[BillI], ppb
Hinh 2. Anh hwéng ciia nong dé Bi'™ dén Ip
cua Cd va Pb
® PKTN: [Cd"] = [Pb"] = 5 ppb; pH = 7,3;
Cac BDKTN khac nhu ¢ hinh 1.
Khi [Bi"'] ting trong khoang 0 — 150 ppb, Ip
cia Cd va Pb tang. O nhig [Bi"'] = 150 — 300
ppb, I, ciia Cd va Pb hau nhu khong thay doi.
[Bi" duogc chon 13 150 ppb.
3.3. Anh hwéng ciia ndng dd calcein blue
(CB)
Khio sat anh huéng ciia ndng do6 CB trong
khodng 0 - 5 uM ([Cd"] = [Pb"] = 5 ppb; [Bi™]
= 150 ppb; pH = 7,3; cac BPKTN khac nhu &
hinh 1) cho thay: Khi nong d6 CB tang, I, cia
Cd va Pb tang; Song, ¢ nhimg nong do CB 16n
hon 1 pM, I, cia Cd va Pb giam dan. Khi nong
d6 CB du 16n, n6 s€ canh tranh h'f\p phu trén bé
mat dién cuc WE (BIFE in situ) va do vay, lam
giam hiéu qua lam giau Cd va Pb trén WE, dan
dén lam giam I, cua Cd va Pb. Nong do CB
duoc chon la 1 uM.
3.4. Anh hudng ciia nong d9 HEPES
Nghién ctru trude day [2] da cho thay ring,
trong cac nén dém khac nhau (d¢ém hiru co -
HEPES, TRIS va dém vo co — axetat, amoni),
dém HEPES cho d6 nhay tot nhat, tac 1a dong
dinh hoa tan I, ciia Cd va Pb cao nhat. Do vay,
dém HEPES dugc chon cho nghién ciru nay.
Két qua khao sat anh huong cua ndng do



HEPES trong khoang [HEPES] = 0,5 - 8 mM,
& mdi nong d6 HEPES ghi lip lai 4 dudng
von-ampe hoa tan (n = 4), cho thiy & hinh 3.
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Hinh 3. Anh hwéng ciia nong dp HEPES dén I,
cua Cd va Pb
) PKTN: [Cd"] = [Pb"] = 5 ppb; [Bi'""] = 150
ppb; pH = 7,3; [CB] = 1 uM; Cac BKTN khac
nhu ¢ hinh 1.
Tir hinh 3 ta thay, I, ciia Cd va Pb ting khi
tang nong d6 HEPES trong khoang 0,5 — 3,5
mM; nhung lai giam khi nong d6 HEPES 16n
hon 3,5 mM. C6 thé su ting nong do6 HEPES
trong dung dich da lam giam hiéu qua hap phu
lam giau trén bé mat dién cuc BiFE in situ va
do vay, lam giam I, cua Cd va Pb. Mat khac, &
nhimg nong d6 HEPES 16n hon 3 mM, do lap
lai coa I, d6i v6i Cd va Pb déu giam: khi
[HEPES] = 3 mM, RSD ddi véi ca Cd va Pb 1a
2%; nhung khi [HEPES] > 3 mM, RSD twong
tmg d6i voi Cd va Pb1a 7 — 11% va 3 — 6%, n
= 4). Nhu vay, nong do HEPES = 3 mM Ia
thich hop nhét.
3.5. Anh hwong ciia thé dién phan (Eap)
Két qua khao sat thé dién phan Eg, trong
khoang tir -1000 dén -1800 mV (c¢b dinh [Cd"]
= [Pb"] = 5 ppb; [Bi™] = 150 ppb; [CB] = 1
pM; [HEPES] = 3 mM; pH = 7,3; cac BKTN
khac nhu ¢ hinh 1) cho thdy: Khi Eg, cing 4m
(dm hon -1200 mV), I, cia Cd va Pb cang
tang, do chung bi khir manh va tap trung nhiéu
hon 1én bé mat dién cuc WE (BiFE in situ);
Song, & nhimg thé 4m hon -1200 mV, nhiéu
jon kim loai khac (néu c6 mit trong dung dich)
nhu Cu', Zn", Co", Ni'... ciing c6 thé bi khu
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thanh kim loai két tia trén bé mit dién cuc
WE, dan dén 1am nhi®m ban dién cuc va c6 thé
canh tranh trong giai doan hip phu lam giau
tiép theo, lam ting dudng nén cua tin hiéu von-
ampe hoa tan va can tré phép do Cd va Pb. Gia
tri Eqp = -1500 mV dugc chon cho cac nghién
ctru tiép theo.

3.6. Anh hwong ciia thoi gian dién phan (tap)
Khi thay d6i thoi gian dién phan tg, trong
khoang 30 - 90 s (v6i E4p = -1500 mV va céc
DPKTN nhu & muyc 3.5) lugng Cd va Pb dugc
tich Ity trén bé mat dién cuc WE ting, dan dén
tang hi€u qua lam giau va do do I, cia Cd va
Pb tang theo tgp. Khi tgp ting trong khoang 120
- 180 s, I, ciia Cd va Pb hau nhu khong ting.
Mat khac, khi tg, tang s€ lam tang lugng céac
kim loai khac tich Iily trén bé mat dién cuc WE
va do vay, co thé can tré phép do. Gid tri ta, =
90 s duoc chon chon céc nghién ciru tiép theo.
3.7. Anh hwéng ciia thé va thoi gian hip phu
lam giau

Két thiic giai doan dién phan, kim loai Me (Cd,
Pb) duoc tich liy trén bé mat dién cuc WE.
Tiép theo 14 giai doan hip phu lam gidu: Pua
thé trén WE dén mot thé duong hon (duoc goi
1a thé hap phu lam giau Ep,) trong khoang thoi
gian xac dinh (thoi gian hap phu lam giau ty,)
dé oxi hoa hoa tan Me thanh Me", Me" nay tao
phirc ngay vé6i phéi tir CB c6 sin trong 16p
dung dich sat bé mit dién cuc va phuc tao
thanh Me"-CB duoc hip phu 1am giau trén bé
mat WE. Khao sat anh hudéng cua Ey, trong
khoang tir -150 mV dén -500 mV (c6 dinh Eg,
=-1500 mV; tgp = 90 s; cdc DPKTN khac nhu ¢
muc 3.5) cho thay: Khi Ey, am dan, hiéu qua
hap phu ting 1én, dan dén lam ting I, cua Cd
va Pb; Song, ¢ thé am hon -500 mV, 1 thé gan
voi thé khir Pb" vé Pb (khoang -600 mV), nén
hiéu qua lam giau phirc Pb"™-CB trén bé mit
WE sé khong cao; Do vay, Eyp, dugc chon la -
400 mV.

Trong khoang thoi gian hap phu 1am giau th, =
0-4s, I, cia Cd va Pb giam dan. Co thé, su
tang t, dd lam ting sy giai hap phirc Me"-CB
khoi bé mat WE, nén da lam giam hiéu qua
lam giau. Gia tri thy = 1 s 1a thich hop.



3.8. Anh hwong ciia toc dd quay dién cue
Tbc @6 quay dién cuc WE (o) 1a diéu kién thuy
dong hoc quan trong, anh hudng dén su chuyén
khéi va do d6 tac dong dén qua trinh dién phan
lam giau. Két qua khao sat anh hudng cua o
trong khoang 200 — 1000 vong/phut (rpm) &
cac DKTN thich hop cho thay: O @ 16n hon
400 rpm, I, ciia Cd va Pb co xu thé giam dan
va d¢ lap lai cua I, kém hon: Trong khoang o
= 600 — 1000 rpm, RSD ddi voi Cd va Pb
tuong ung 1a 8 — 19% va 9 — 13% (n = 4); véi
® = 400 rpm, RSD ddi voi Cd va Pb khoang 1
— 2% (n = 4). Khi ting o s& ting sy chuyén
khéi, ddn dén lam ting luong Me két tua trén
bé mit WE. Nhung khi két thuc giai doan dién
phan va chuyén ngay sang giai doan hap phu
lam giau, néu ® 16n, s& lam cho dung dich sat
bé mit WE van chuyén dong theo quan tinh va
do vay, c6 thé lam giam hiéu qua giai doan hap
phu (chang han, 1am ting su giai hip), dan dén
lam giam I,. Do vay, gia tri ® = 400 rpm la
thich hop.

3.9. Anh hwong cia cac thong sé ky thuat
von-ampe song vuong (SqW)

- Anh hiedng ciia bién dé séng vuong (AE): Két
qua khao sat AE trong khoang 15 - 40 mV (véi
cac PKTN thich hop) cho thay, co twong quan
tuyén tinh tot giita AE va I, cia Cd va Pb v6i R
(hé s twong quan) > 0,98. Song, khi ting AE,
duong nén dang cao, dan dén lam giam do
phén giai dinh va giam d¢ lap lai cda I,,. Gia tri
AE = 25 mV duogc chon cho cac thi nghiém
tiép theo (v6i AE = 25 mV, RSD déi voi Cd va
Pb twong tng 13 7% va 3%, n = 4).

- Anh hong cua tan sé séng vuong (f): Khi
tang f va cd dinh budc thé (Ugep = 4 mV), s&
ddng nghia voi tang téc do quét thé (v), vi v =
Ustep x f. Trong khoang f= 20 - 60 Hz (ing voi
v = 80 - 240 mV/s), gitta f va I, cta kim loai
(Cd va Pb) c6 twong quan tuyén tinh tot véi R
> 0,97 d6i voi ca 2 kim loai. Song, khi > 60
Hz (ting véi v > 240 mV/s), I, tang khong dang
ké va duong nén dang cao, 1am giam do phan
giai dinh. Gia tri f dugc chon 1a 50 Hz.

- Anh huong ciia budc thé (Usep): Giita v, fva
Ustep €0 quan h¢ voi nhau, nén khi ¢d dinh f, v
s& thay doi khi Uy, thay d6i. Két qua khao sat
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cho thay, khi tang Use, trong khoang 2 - 5 mV,
I, cua Cd va Pb tang; nhung khi Use, = 6 va 7
mV, I, ciia Cd va Pb ting khong dang ké va
duong nén dang cao. Gid tri Usp = 4 mV 14
thich hop.

3.10. Anh hwéng cia cac chit can tré

- Anh hwéng cua oxi hoa tan (DO): Céc thi
nghiém trén duoc tién hanh trong diéu kién
khéng dudi DO khoi dung dich nghién ciru.
Noéng d6 DO trong dung dich nuéc thudng c&
0,1 mM va O, b khtr trong ving thé -200 dén -
1000 mV (tiy thudc vao thanh phin nén va
kiéu dién cuc WE), nén co thé anh hudng dén
phép do von-ampe hoa tan. Tién hanh thi
nghiém trong hai truong hop - khéng dudi va
¢6 dudi DO (bang cach suc khi N, sach qua
dung dich trong 5 phut) cho thdy, ¢ cac PKTN
thich hop, khi co dudi DO, I, cia Me (Cd, Pb)
cao hon so vé6i khi khong dudi DO va co do lap
lai tot hon, RSD déi vé6i ca Cd va Pb déu 1a
4%, thap hon so véi khi khéng dudi DO: RSD
dbi v6i Cd va Pb twong tmg 1a 14 va 10% (n =
4). Do c¢6 anh huong ciia DO, nén khi phan tich
cac mau thuc té, can thiét phai kiém tra do
dang va d¢ 1ap lai ciia phuong phap phan tich.

- Anh huéng ciia Zn va Cu: Zn, Cu la 2 kim
loai thuong di kém véi Cd va Pb; Zn c6 dinh
hoa tan gan dinh hoa tan cia Cd, con Cu c6 dinh
hoa tan gan dinh hoa tan ciia Pb, nén ching c6
thé anh huéng dén phép xac dinh Me (Cd, Pb) .
Pé danh gia anh hudng cua Zn, tién hanh thi
nghiém véi cc ti 1€ [Zn"]/[Me"] (ppb/ppb) khac
nhau bang cach thém dan Zn" vao dung dich
nghién ctru chira 5 ppb Cd" va 5 ppb Pb"! (& céc
DKTN thich hop) trong hai truong hop: E4p = -
1500 mV va Egp = -1200 mV. Cac két qua thu
dugc cho théy:

i) Anh hwéng cia Zn:

— O Egp = -1500 mV, khi nong do ciia Zn" gip
trén 10 lan nong do [Me"], I, ciia Me ¢6 d6 lap
lai khong dat yéu cau (voi [Zn"]/[Me"] = 15,
RSD @i voi Cd va Pb tuong tmg la 47 va
37%, n = 2); Khi [Zn"])/[Me"] < 10, RSD dbi
v6i ca Cd va Pb déu < 18% (n = 2) va dat yéu
cau. Néu chap nhan quan hé tuyén tinh giira I,
va [Me"] ¢6 dang I, = k[Me"], véi k 1a hé sb ti
1¢, thi RSD d6i vai I, va [Me"] 1a nhu nhau.
Mat khac, theo phuong trinh Horwitz, ¢ nhitng



noéng do [Me'] = 5 ppb, néu dat dugc RSD
(trong ndi bo phong thi nghiém) < %2 RSDyorwitz
1a dat yéu ciu; RSDyonir, 12 tinh theo phuong
trinh Horwitz: d6i v&i [Me"] = 5 ppb,
RSDHorwitz = 36% [5].

— Khi Egy = -1200 mV, Zn" chi anh huéng khi
[Zn"] gap trén 30 lan [Me"]: voi [Zn"])/[Me"]
<30, RSD dbi véi ca Cd va Pb déu < 18% (n =
2); voi [Zn"]/[Me"] = 35 - 40, RSD ddi voi Cd
va Pb tuong tng 1a 28 - 35% va 19 - 26% (n =
2). Rd rang, & E4p = -1200 mV, luong Zn tich
lily trén dién cuc WE it hon so véi truong hop
Egp = -1500 mV va do vdy, it anh huong dén
tin hiéu hoa tan ctia Me hon.

ii) Anh huong ciia Cu:

Két qua khao sat anh huong cua Cu" & cac
DKTN thich hgp va Eqp =-1200 mV cho thay.
— Khi [Cu")/[Cd"] < 10, RSD dbi véi Cd <
18% (n = 2); Khi [Cu"")/[Cd"] = 15 - 20, RSD
dbi voi Cd 12 28 - 44% (n = 2);

— Khi [Cu")/[Pb"] < 15; RSD ddi véi Pb <
18% (n = 2); Khi [Cu™/[Pb"] = 20, RSD di
voi Pb 1a 24% (n = 2).

Do Zn va Cu ciing anh huéng dén tin
hi€u hoa tan ciia Cd va Pb, nén khi phan tich
mau thyc té, nhat thiét phai kiém tra do tin cay
cua phuong phap phan tich qua d6 1ap lai va do
ding. Dudi day sé danh gia do tin ciy cia
phuong phap von-ampe hoa tan hap phu séng
vuong (SqW-AdSV) dung dién cuc BiFE in
situ va so sanh voi phuong phap von-ampe hoa
tan hdp phu xung vi phan (DP-AdSV) ding
dién cuc BiFE in situ.

Cd
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3.11. B¢ lap lai, d¢ nhay, giéi han phat hién
va khoang tuyén tinh

- D¢ ldp lai: O cac diéu kién thi nghiém thich
hop (néu & hinh 4 va khong dudi DO khoi
dung dich), phwong phap SqW-AdSV dat dugc
do lap lai tét coa I,; RSD dbi véi Cd va Pb
twong ung la 9% va 2% (n = 9), song kém hon
so voi phuwong phap DP-AdSV (RSD ddi voi
Cd va Pb tuong tng 1a 1,4% va 0,7%;n=9 &
DKTN: [Bi"] = 100 ppb; [HEPES] = 1 mM;
pH=7,6; [CB] =1 uM; Egp = -1200 mV; tgp =
90 s; ® = 600 rpm; Ey, =-300 mV; thy, =255 v
=30 mV/s [2]).

- Pé nhay: Do nhay duoc danh gia qua d6 dbc
(b) ciia duong hdi quy tuyén tinh giita I, va
[Me""] trong khoang [Me"] = 3 - 15 ppb. O cac
diéu kién thi nghiém thich hop (néu & hinh 7
va khong dudi DO khéi dung dich), phuong
phap SqW-AdSV dat duwoc d6 nhay kha cao,
tuong tng ddi véi Cd va Pb 1a (116 + 6)
nA/ppb va (105 + 5) nA/ppb, cao hon so vai
phuong phap DP-AdSV (d6 nhay dbi véi ca
Cd va Pb khoang 50 nA/ppb [2]).

- Gi6i han phat hién (LOD): Két qua xac dinh
LOD theo quy tic 3o va ap dung hdi quy tuyén
tinh cho thdy, & cac DKTN thich hop, phuong
phap SqW-AdSV dat dugc LOD thap dbi véi
Cd va Pb tuong tmg la 1,6 ppb va 1,4 ppb.
Trong khi d6, phuong phap DP-AdSV dat
dugc LOD thép hon, dbi véi Cd va Pb tuong
ung 1a 0,4 ppb va 0,3 ppb [2].

1, =(402,9+62,5+(115,6+6,3).[Cd"],R = 0,995 (B)

4 Cd

Mel, ppm

Hinh 4. (4) Cac duwong von-ampe hoa tan cua Cd va Pb khi xac dinh LOD va do nhay: Cdc dwong umg voi
[Me"] tang dan la 3, 6, 9, 12 va 15 ppb; (B) Puong hoi quy tuyén tinh biéu dién s phu thuéc giira I,

va [Me"]



DKTN: [Bi"] = 150 ppb; [HEPES] = 3 mM,;
pH=7,3; [CB] =1 uM; Eg, = -1500 mV; tg, =
90 s; @ =400 rpm; Enp=-400 mV; t,p, = 1 s; K§
thuat SQW: AE = 25 mV; f = 50 Hz; v = 200
MV/s; Erange = -400 mV dén -1100 mV; Egjean =
500 mV; tejean = 30 s.
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- Khodng tuyén tinh: Trong khoang ndng do
[Me''] = 2 - 50 ppb, giita I, va [Me"] c6 twong
quan tuyén tinh tot voéi R > 0,99 (hinh 5).
Trong khoang nong d6 dé, phuong phap DP-
AdSV ciing dat duoc twong quan tuyén tinh tot
voi R > 0,99 [2].

4000, 1,=(325,5+126,7)+(66,3+4,2).[Pb"], R = 0,986 B

-y

35007, = (780,5+147)+(57,7£48).[Cd" |, R = 0,976

» Cd
- Pd

(Mell], ppb

Hinh 5. (4) Cdc dwong von-ampe hoa tan ciia Cd va Pb & cdc nong dg khdc nhau (khi khao sdt khodang
tuyén tinh) (B) Puong hoi quy tuyén tinh giita I, va [Me"], véi [Me"] =2 - 50 ppb.
DKTN: Nhu ¢ hinh 4

4. KET LUAN

Pién cuc BiFE in situ 1a dién cyuc than thién véi
moi troeong va co thé sir dung lam dién cyc lam
viéc cho phuong phap von-ampe hoa tan hip
phu (DP-AdSV va SqW — AdSV) dé xac dinh
ddng thoi Cd" va Pb" trong dung dich nudc.

O cac diéu kién thi nghiém thich hop, phuong
phap SqW-AdSV va phuong phap DP-AdSV
st dung dién cuc BiFE in situ déu dat dugc do
nhay cao (hay LOD thép) va do vay, c6 thé ap
dung ching dé phan tich luong vét Cd va Pb
trong cic mau mai trudng.
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