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Toém tat. Hién nay, phuong phap von-ampe hoa tan anot xung vi phan (DP-ASV) st dung
dién cue bién tinh dwoc cho la ¢6 d6 chon loc, dd nhay cao va gid thanh ré. Trong nghién ctru
nay, dién cuc glassy carbon duoc bién tinh bang graphene oxide dang khtt két hop véi mang
bismuth in situ (BiFE/ErGO-GCE) d€ xac dinh dong thoi Cd(II) va Pb(Il) trong mdi truong
nudc. Mot s6 thong s6 da duoc nghién ctru: luwong vat liéu graphene oxide, nong d¢ cta
Bi(III) va thong sd ctia phuong phap DP-ASV. Gidi han phat hién cua Cd(II) va Pb(II) duoc
xac dinh la 1,50 ppb va 1,39 ppb. Thém vao d6, dién cuc bién tinh BiFE/ErGO-GCE ciing
duoc &p dung xac dinh dong thoi Cd(IT) va Pb(Il) trong hai mau nudc séng Huong va An
Cuu. Két qua duoc so sanh véi phuong phap khéi phd plasma cam tng cho két qua cd y nghia.

Tt khoa: BiF/ErGO. Xdac dinh dong thoi Cd(II) va Pb(Il) va phuong phap DP-ASV
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Abstract. At present, the differential pulse anodic stripping voltammetry (DP-ASV) method using
modified electrodes is considered as a robust method with high selectivity, sensitivity and low cost. In
this study, the glassy carbon electrode was modified with reduced graphene oxide combined with a
film bismuth in-situ (BiF/ErGO-GCE) to simultaneously determine Cd(II) and Pb(II) in aqueous source.
Several parameters were studied including the amount of graphene oxide material, the concentration
of Bi(Ill) and the parameters of the DP-ASV method. The detection limits of Cd(II) and Pb(II) were
determined to be 1.50 ppb and 1.39 ppb. In addition, BiF/ErGO-GCE modified electrode was also
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applied to simultaneously determine Cd(II) and Pb(Il) in two water samples of Huong and An Cuu
rivers. The results were compared to those of inductively coupled plasma mass spectrometry method

with sactifaction.

Keywords: BiF/ErGO-GCE, determination of Cd(II) and Pb(II) and DP-ASV method

1 Mo dau

Chi (Pb) va cadimi (Cd) la hai kim loai c6
doc tinh cao. Sw phat thai hai kim loai nay vao
moi truong chi yéu do cac ngudén nhan tao nhu:
cac nganh cong nghiép: khai thac khoang san, ma
dién, cong nghé dién ti, nang luong (pin), ...
nganh noéng nghiép, giao thong va cac loai nudc
thai. Mot s6 ngudn ty nhién nhu khoang kim loai,
hoat dong phun trao ctia nui Iza, ... Sau khi vao
moi treong khong khi, dat va nudce cac kim loai
duoc tich lily theo chudi thitc &n va di vao co thé
con nguoi gay ra cac chiing bénh hiém ngheo va

c6 thé dan dén tix vong [1].

Hién nay, d€ xac dinh chi va cadimi mot s&
phuong phap phéan tich bao gom quang phd hap
thu nguyén ti 10 graphite (GFAAS) [2], quang
ph6 hdp thu nguyén t@ ngon lra (FAAS) [3] va
quang pho phat xa plasma ghép n6i khdi pho
(ICP-MS) [4]. Cac phuong phdp phan tich nay co6
gioi han phét hién thip, d6 nhay cao, ... nhung
thuong phai trai qua cac giai doan tién xtt ly mau,
nén quy trinh phan tich la phtc tap, ton thoi gian
va chi phi thiét bi dat tién nén chi phi phan tich
cao [5]. Phuong phap phan tich dién héa c6 uvu
diém la d nhay cao, chi phi phan tich thdp va
viéc tien xit ly mau don gian [6]. Trong do,
phuwong phap von-ampe hoa tan anot xung vi
phan (ASV) [7] sk dung cac dién cuc bién tinh
bé“mg cac loai vat liéu c6 kich thuwde nano c6 dién
tich bé mat 16n, din dién tot dé€ xac dinh dong
thoi cac kim loai néi chung, chi va cadmium néi
riéng trong mau nudc [8].

Trong bai nay, ching t6i sit dung vat liéu
graphene oxide dang khtt va mang bismuth in-
situ d€ bién tinh dién cyc glassy carbon xac dinh

dong thoi Pb(Il) va Cd(Il) trong cdc mau nudc
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song bang phuong phap von-ampe hoa tan anot
xung vi phan (DP-ASV).

2 Thyc nhiém

2.1 Thudc thit va héa chat

Bot graphite (< 20 pm, Sigma-Aldrich),
sulfuric acid (H250:+ 98 %, Merck, Germany),
phosphoric acid, (HsPOs 85 %, Merck, Germany),
hydrochloric acid (HCI 37 %, Merck, Germany),
acetic acid glacial (CHsCOOH 100%, Merck,
Germany), hydrogen peroxide (H20: 30 %,
Merck, Germany), potassium permanganate
(KMnOs, 99 %, Scharlau, Spain), Sodium acetate
(NaCHsCOO.3H20, Merck, Germany).

Chat chuan Cd(I), Pb(Il) va Bi(III) 1000
mg/L (ppm), Merck, Germany st dung cho quang
pho hédp thu nguyén tir. Cac dung dich trung gian
dugc pha ché hang ngay bang nuwdc cat hai lan
(Aquatron, Anh).

Céc thudc thtt va dung dich nghién cttu
déu duoc pha ché tir nude cdt hai lan (Aquatron,

Anh) trong cac tat ca thi nghiém.

22  Thiétbi

Hé dién hoa véi ba dién cuc duge st dung
dé do tin hiéu hoa tan trong phuwong phap
phuwong phdp von-ampe hoa tan anodic xung vi
phén (DP-ASV) trén thiét bi cuc phé CPA HHS5,
Vién Hoa hoc, Vién Han lam va Cong nghé Viét
Nam ché tao. Hé thong mdy quang phd phat xa
plasma ghép néi khoi pho (Inductively coupled
plasma mass spectroscopy, ICP-MS) Agilent 7800,
M.
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2.3  Tong hop graphite oxide

Graphite oxide (GrO) dugc tong hop tir bot
graphite theo phwong phap Hummers cai tién [9].
Dung dich hdn hop gobm H2SOs: va HsPO: dam
dac voi ty 1€ thé tich 1a 9 : 1 (360 mL H2SOs va 40
mL HsPOs) duoc khudy tron trong khoang 30
phtt bang may khudy tir. Tiép theo, thém 3,0 g
bot graphite va tiép tuc khudy trong khoang 60
phut cho dén khi dat nhiét d¢ phong (25 °C). Sau
d6, thém tir tir 18,0 g KMnOs va tiép tuc khudy
trong 72 gio (03 ngay) Cudi cung, vat liéu duoc
sdy 12 gio & nhiét d6 60 °C.

2.4 Ché tao dién cuc rGO-GCE

bién cuc glassy carbon (GCE) dwoc lam
sach mot cach can than bfing bot Al20s 0,10 pm,
0,05 pm. Sau d6, dugc rira bf?mg ruou ethanol va
nudc cat mot vai lan va lam kho 6 nhiét d6 phong.
Tiép theo, dung dich huyén phu caa vat liéu GO
(graphene oxide) c¢6 nong do 1,0 mg/mL duwoc
danh siéu am trong 2 gio va trude khi st dung dé
bién tinh dwgc thém 50 pL. Nafion 1% vao 1,0 mL
vat liéu GO. 5,0 uL hdn hgp duoc nho giot 1én bé
mat GCE da dwoc lam sach va lam kho dwéi den
hong ngoai. Dién cuc ché tao nhw vay duoc goi la
GO-GCE. Cuéi cung, khit GO thanh graphene
oxide dang khtt (rGO) bang phuong phap von-

ampe vong.

2.5 Qua trinh do dién héa

Tat ca cac phép do dién hda dugc thuc hién
trén thiét bi CPA HH5 Viét Nam. Dién cuc bién
tinh trén nén GCE, soi platinum va dién cuc
Ag/AgCl/KCl 3 M duoc st dung la cac dién cuec
lam viéc, dién cic d6i va dién cyc so sanh. Dién
cue bién tinh rGO-GCE dugc stt dung dé xac dinh
dong thoi Cd(Il) va Pb(Il) trong dung dich dém
acetate 0,1 M, pH 5,5 va dung dich Bi(Ill). Céac
diéu kién thi nghiém d6i v6i phuwong phap DP-
ASV: thé' 1am giau (E«): -1,2 V, thoi gian lam giau
(taec): 120 s va thoi gian nghi (trest): 5 s, khoang quét
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thé'ttr-1,2 V dén +0,6 V, téc d6 quét thé'la 20 mV/s
va bién d¢ xung (4E) 1a 50 mV.

2.6  Chuan bi miu that

Céc mau nudc bao gom: mau nudc sdng
Huwong va song An Cuu, Thanh phd Hué, ngay
15/03/2023 tai cau Gia Vién va cau An Cuyu. Tat ca
cac mau déu duoc axit hda bang H2S0s dén pH tir
1 dén 2. Mau mang vé Phong thi nghiém dwoc
tién hanh loc hut chan khong qua gidy loc 0,45 um
(Nylon Membrane Filter). Tiép theo, mau dwoc
chuyén vao 6ng thuy tinh thach anh, thém 1 mL
H202 30% va chiéu xa béng btec xa UV trén thiét bi
phan huy mau UV Digester 705, Metrohm trong
thoi gian 30 phut.

3 K&t qua va thio luan

31 Khao sat qua trinh khtt graphene oxide
bang phuwong phap dién héa
Két qua cua qua trinh khtt GO thanh ErGO
thu dugc & Hinh 1. Tai thé gan béng +1,2 V trong
lan quét dau tién co su gia ting cua dong catot.
Diéu nay c6 thé cho thay rang da c6 su khir mot

s0 nhém chte chira oxy trén bé mat cua GO [10].

I (mA)

16 -12 08 04 00
E (V)

Hinh 1. Cac dwong von-ampe vong khit GO thanh
ErGO

Diéu kién thi nghiém (DKTN): Dém Briton Robinson 0,1
M va pH 7, khodng quét thé: tir 0,0 V dén -2,0 V; thoi
gian nghi: 10 s; buwdc nhdy thé: 4 mV; toc d§ quét thé:

100 mV.s.
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Nhung trong cac Ian do thit hai tin hiéu c6 xu thé
giam dan va dén cac lan do tht 5 thi gan nhw
khong cé sy gia ting tin hiéu dong catot. Nhuw
vdy, qua trinh khit GO thanh ErGO c6 thé da
hoan thanh. Véi cach bién tinh dién cyc nhu vay,
dién cuc dwoc ky hiéu la ErGO-GCE.

3.2 Anh huéng caa lwong vat liéu graphene
oxide va nong do Bi(II1)

Hinh 2a cho thdy tin hiéu dong dinh hoa
tan cua Cd va Pb déu dat cuc dai khi luong vat
liéu bang 4 uL (GO 1,0 mg/L) c6 sai s§ nho véi
RSD tuwong tng la 1,17 % va 7,55 % d6i véi Cd va
Pb. Khi tdng lwong vat liéu 1én dén 6,0 pL thi Ir
cua Cd va Pb giam va sai s0 16n. Diéu nay c6 thé
giai thich 1a do bé day cta 16p vat liéu 1én, dan
dén d¢ lap lai khong tot. Mat khac, khi tang luong
vat liéu thi qud trinh nho giot 1én bé mat dién cuc
phai tién hanh nhiéu lan va lam kho dién cuc sé
mat nhiéu thoi gian. Luong vat liéu 1a 4 pL, duoc

lwa chon la thich hop cho céc thi nghiém tiép theo.

Két qua ¢ hinh 2b cho thdy khi ting nong
d6 Bi(III) tx 50 ppb dén 250 ppb thi Ir caa Cd va

50+ @

—=— Cd
40+ —e—Pb
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N
o
L
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VGo (pL)

o
N

Pb déu dat cuc dai ¢ 150 ppb véi do léch chuan
twong ddi thap 1,67% véi Cd va 0,84% véi Pb. Véi
két qua nay, néong do Bi(IIl) 150 ppb la thich hop
[11].

3.3 Khao sit anh hwong cta mét s thong sd
trong phwong phap DP-ASV

Khao sat anh huéng ctia thé va thoi gian lam

giau

Tin hiéu hoa tan ctia Cd va Pb tding manh
khi thé giam tir -0,8 V 1én -0,9 V nhung khi thé 4m
dan tix -0,9 V dén -1,3 V thi cuong d6 dong dinh
hoa tan cua Cd ba Pb giam dan (Hinh 3a). Diéu
nay c6 thé giai thich la khi thé lam giau &m hon —
1,0 V, c6 thé€ c6 mot sd ion kim loai trong dung
dich nghién cttu cling bi lam giau, va do dé lam
giam Ir ctia Cd va Pb. Qua két qua thi nghiém gia
tri thé'lam giau -0,9 V duoc lya chon.

Trong hinh 3b, thi gid tri Ir cia Cd va Pb
déu dat cuc dai 0 240 s va c6 do lap lai tot voi
RSD 1a 1,92% va 3,90 % ddi véi Cd va Pb. Do d6
gia tri thoi gian lam giau 240 s duoc chon dé thuc

hién cac thi nghiém ti€p theo.
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(b)
—=— Cd
40+ —o— Pb
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Hinh 2. Sy bién dong gid tri Ir ctia Cd va Pb vdi cac lugng vét liéu (a) va & cdc nong do cta Bi(Ill) khac nhau (b).

DKTN: [HAx-Ax]: 0,1 M, pH 5,5; [Cd(I])] = [Pb(I)]: 30 ppb; thédién phan lam giau (Epe): -0,9 V; thoi gian dién
phin lam giau (tpep,): 180 s; bién d¢ xung (AE): 60 mV; khodng quét thé: -1,2 - +0,3 V;
toc dg quét thé'(v): 20 mV.sL.
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Hinh 3. Sy bién dong cta gia tri Ir ctia Pb, Cd ¢ cac thé'lam giau (a) va thoi gian lam giau (b) khac nhau

DKTN: Nhw hinh 2. [Bi(II)] 150 ppb.

Khao sat anh hwong cta bién d6 xung

Dong dinh hoa tan ctia Cd va Pb tang dan
va dat cuc dai 6 4E la 120 mV (Hinh 4). Nhung
viéc tang gia tri bién d6 xung sé cd xu hudng bi
bién dang hodc/va giam d6 bén cua GCE. Tai 4E
la 120 mV tin hiéu hoa tan ctia Cd va Pb ¢6 d6 lap
lai khong t6t. Nhung, tai 100 mV thi tin hiéu hoa
tan Cd va Pb cao vdi RSD d6i vdi Cd va Pb la
1,94% va 2,47%. Vi vay, bién d6 xung la 100 mV
dwoc lwa chon la thich hop.
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Hinh 4. Sy bién dong cta gia tri Ir ciia Pb, Cd & cac bién
do xung khac nhau

DKTN: Nhw hinh 2. [Bi(III)] 150 ppb; Epep: -0,9 V; tpep: 240
s; AE: tir 20 mV dén 120 mV.
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3.4 Do lap lai, gidi han phat hién va gioi han
dinh lwong
Két qua xac dinh d¢ 13p lai cua dong dinh
hoa tan cua Cd(Il) va Pb(Il) qua thong s& do léch
chuan tuong d6i (RSD) 6 ba nong do chi ra ¢
Bang 1.

Bang 1. Gia tri do léch chuln caa Ir

Do 1éch chuan tuwong d6i (%)

Kim
loai  Ccdaan =20 ppb; Ccam =40 ppb; Ccam =60 ppb;
Ccaap =10 ppb. Ccaay =20 ppb. Ccam = 30 ppb.

Cadimi 1,94 5,28 2,19

Chi 1,96 2,72 2,47

Tat ca cac gia tri RSD déu nho hon /2 RSDu
tai cdc néong do tuong ung [12]. Nhu vay, do lap
lai ctia dong dinh hoa tan cua Cd, Pb khi st dung
dién cuc bién tinh BiF/ErGO-GCE trong phuong
phép DP-ASV la rét t6t (Hinh 5a, b, c).

Qua hinh 5d cho thdy, khi nong do ting
dan ttr 5 ppb dén 30 ppb thi dong dinh hoa tan
tang tuyén tinh voi nong dd cua Cd(II) va Pb(II).
Phwong trinh duwong chuan c6 dang:

Cd: I, mA = (-0,0019 = 0,0017) + (0,0013 =+
0,0001)*[Cd(IT)], ppb, R? = 0,9980; 1)
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Pb:

0,0001)*[Pb(II)], ppb, R?2=10,9977.

Pb la:

Hinh 5. Duong héi quy tuyén tinh biéu dién sy phu thudc gitra Ir va nong d6 Cd(IT) va Pb (IT)
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I, mA = (-0,0013 + 0,0022) + (0,0018 +
)

Va giéi han phat hién teong ting ctia Cd va

cho thdy ring phuwong phdp DP-ASV st dung
dién cuc bién tinh BiF/ErGO-GCE c¢6 tiém ning dé
xac dinh dong thoi Cd(Il) va Pb(Il) trong moi

treong nudc. Két qua duoc so sanh véi mot s6

Pb

1,50 ppb va 1,39 ppb va giéi han dinh
lwong 5,01 ppb va 4,65 ppb. Két qua nay c6 thé
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DKTN: Nhu hinh 2. [Bi(1II)] 150 ppb; Epep: -0,9 V; tpe: 240 s; AE: 100 mV.

cong trinh da cong bo va trinh bay ¢ Bang 2.

Bang 2. So sanh két qua xac dinh déng thoi Cd(II) va Pb(Il) véi cac dién cwc khac nhau da cong bs

bién cuc
Bi/SNPG-GCE
Bi@BAC-CPE
Bi/Graphene-PGE
2D-Bi/Gra-GCE
GP-naf-ex-Bi
BFCG-GCE

Phuong phap

DP-ASV
SqW-ASV
SqW-ASV
SqW-ASV
SqW-ASV
SqW-ASV

LOD (ppb) Mau TLTK
Pb: 0,9; Cd: 4,1 Nudc may [11]
Pb: 0,13; Cd: 0,08 Nudc may, nude hd [14]
Pb:0,29;Cd: 0,12 Nubc may [15]
Pb: 0,30; Cd: 0,10 Nudc udng [16]
Pb: 0,30; Cd: 0,10 Nudc udng [17]
Pb: 0,30; Cd: 0,10  Nudc udng [18]

Bi/SNPG bismuth/sulphur and nitrogen co-doped porous graphene; Bi@BAC bismuth/biomass derived activated carbon;

Bi/Graphene: graphene/bismuth nanocomposite; 2D-Bi/Gra 2D bismuthene/graphene; GP-naf-ex-Bi graphene paper_Nafon_ex-

situ bismuth; BFCG Bismuth flm-coated gold; SW Square wave; DP diferential pulse; ASV anodic stripping voltammetry; DPV

diferential pulse voltammetry.
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3.5 Ap dung phan tich miu that

Phwong phap DP-ASV st dung dién cuc
BiF/ErGO-GCE duoc lwa chon d€ dinh luong chi,
cadimi trong 2 mau nudc sdng & thanh phd Hué
la sdbng Huong va song An Cuyu. Két qua phan
tich bang phuong phap DP-ASV dugc d6i chiéu
v6i két qua phan tich bang phuong phép khdi
pho plasma cam tng (ICP-MS) va so sanh voi
nong do6 chi, cadimi t6i da cho phép d6i véi nude
sinh hoat, theo QCVN 08MT: 2015/BTNMT [13].
Két qua phan tich hai mau nuéc sdng dugce trinh

bay ¢ Bang 3.

Qua Bang 3 cho thdy ham luong chi, cadimi
trong hai mau nudc song déu thdp hon gidi han
phét hién va rat thap so véi gia tri nong do6 toi da
cho phép ddi v6i nudc sinh hoat, theo QCVN
08MT:2015/BTNMT. Diéu nay cho thdy nudc song
Huwong va nuée song An Cyu chua c6 dau hiéu 6
nhiém Pb va Cd tai thoi gian va dia diém 1dy mau

nudc.

Mit khac, két qua phéan tich ham lwgng chi
va cadimi bang phuong phap ICP-MS ciing
khong phat hién dwoc. Nhw vay, phuong phéap
DP-ASV st dung dién cuc bién tinh BiF/ErGO-
GCE la dang tin cay.

Bang 3. Két qua phan tich ham luong Cd, Pb trong mau nudc song Huong va song An Cuu bang hai phwong phép

khac nhau
Cd Pb
Mau
DP-ASV ICP-MS QCVN ® DP-ASV ICP-MS QCVN ®
Séng Huong <LOD <LOD ® 5 ppb <LOD <LOD ® 10 ppb
Séng An Cuu <LOD <LOD @ 5 ppb <LOD <LOD @ 10 ppb

@: Gidi han phat hién ctia phuwong phap ICP-MS véi Cd(II): 0,14 ppb va Pb(II): 0,88 ppb. ®: [13].

4  Kétluan

ba tdong hop duoc vat liéu graphene oxide
va graphene oxide dang khit dung d€ bién tinh
dién cuc glassy carbon dé€ phan tich dong thoi ion
Cd(Il) va Pb(I) trong moi treong nudc bang
phwong phap DP-ASV. Dong thoi cling da tién
hanh khao sat anh hudng cta viéc bién tinh dién
cuc BiF/ErGO-GCE, mét s6 thong s ctia phuong
phap DP-ASV va danh gia do tin cay cia phuong
phap DP-ASV st dung dién cuc bién tinh
BiF/ErGO-GCE 1a rat c6 tiém nang. Két qua da ap
dung phan tich dong thoi Cd(II) va Pb(Il) trong
hai mau nuéc séong Huong va song An Cuu &
Thanh phé Hué cho két qua déu nhé hon so voi
gi6i han phat hién va theo QCVN
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