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W OE: B Sk oS R =R E R K A 9(2,3,6,7,10,11-hexahydroxytriphenylene hydrate,
Fe-HHTP), ¥ HAGMi B9 ik fi i (glassy carbon electrode, GCE) -, FMJHEHTT Ay Ak 2715 8rs FH DL HRSHAG I 2 5 P
B CA'Al Po*'. Ak FIH—2EM046 Fe-HHTP, Bl K H 5 2 BER 44 K 45 (multi-walled carbon nanotube,
MWOCNT) W3 [] £F 5 T VA 7E B B AR R T, #9## Fe-HHTP-MWOCNT/GCE & /& 2%, i AR FR AR ‘46 7 (cyclic
voltammetry, CV)FIH, {k2=BH T 1 (electrochemical impedance spectroscopy, EIS)XI A48l 047 B AL 2 M AE, F
243 Ik BT %5 HH AR 215 (differential pulse anodic stripping voltammetry, DPASV)[RIHSI £ 5 FR Y Cd> il Pb*,

L5 CdHI PO IE pH 5.75 MUBSIRERE v . B ARFLALN-1.0 V.. RN 180 s BURIRIZ N 3 20,
g R . LR, KB CA™ R P> i i v I B LR 38R B A 6, B I T R ik
KF o CA™FI PO IR MET FER 5~500 ng/mL, ZRHEAHSE R G253 510 0.9993 1 0.9997, 4 HiBR4M 4 0.538
10592 ng/mL, & LA TR E . Yok, ETRIKAZK T Cd™ M P> I R,
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ABSTRACT: Objective To prepare iron loaded 2,3,6,7,10,11-hexahydroxytriphenylene hydrate (Fe-HHTP) and
modifie on glass carbon electrode (GCE) to construct a new electrochemical sensor for rapid detection of Cd* and

Pb*" in food. Methods Fe-HHTP was prepared by a one-step method, and then it was synergized with multi-walled
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carbon nanotube (MWCNTs) and then drop-coated on the surface of glassy carbon electrodes to construct

Fe-HHTP-MWCNT/GCE sensors. Cyclic voltammetry (CV) and electrochemical impedance spectroscopy (EIS) were

used to characterize the materials by electrochemical detection, and differential pulse anodic stripping voltammetry

(DPASV) was used to simultaneously detect Cd*" and Pb*"in food. Results The experimental results showed that

Cd** and Pb*" had obvious effects when the pH of acetate buffer was 5.75, the enrichment potential was —1.0 V, the

enrichment time was 180 s, and the modified coating was 3 layers. Under the optimized conditions, it was found that

the variation trend of the dissolution peak current of Cd** and Pb*" was related to the concentration, and a good linear

relationship was formed. While the concentraltion range of 5-500 ng/mL, the linear correlation coefficients (+*) were

0.9993 and 0.9997, and the limits of detection were 0.538 and 0.592 ng/mL, respectively. Conclusion The method

can be used for the determination of Cd*" and Pb*" in food, beverage and drinking water.

KEY WORDS: clectrochemical analysis; Cd*; Pb*"; iron-base metalorganic frameworks; multi-walled carbon

nanotube
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Wit 5 At 2 ol AR B P HE I, 5 A S LA v
TR AAE KR Ok i 221 KR b (B s - R s - 2l
BRI AR AR, S E AR Tk
B A 2 R B AR A, TSR T A 2 2 (World
Health Organization, WHO)Y A TR FZK H &R FLES & 12 19
bR EN ., HATK G . SEESmE Tk EEs
JE TR g1 (atomic absorption spectrometry, AAS)P!
J5 T 5% 1% (atomic emission spectrometry, AES)FIH,
JEHE A S5 B T IR S 3% 325 (inductively  coupled plasma mass
spectrometry, ICP-MS), SR, MLIAUZRMHS B 5 752
Tl N GUERA, BRI T IS . Bk, R 45,
AT B0 v A 5 RN AT 2 A vk Ay B

4 J& 43 HLHE 22 (metal-organic frameworks, MOFs){E
Sy 21 e R e, B H TR 1AL g
¥ . FERCH 4R T AL AR I LR TR, 5L T2
KHEE Fe fEARF PG RES HHA RSN,
AL AN MOFs Mo o 5155 21U R Can i
F)fHLL, Fe-MOFs AI A &b Ax 6l LA N FRALBRIREG, i
— R RS F A . B B LA = T R
MOFs # 8} A] LB b R i R bR, s . dhpiie
DL B F R Z R Z M A B, 5EENRERST
454, IIMATFIF Fe-MOFs #4445 4344 2 8] (4 AH 5 AE
Tl 8 5 R B AL AR IR o BFR B AREE N LR, 48
TR At AN ) < Jes TG A4 T ) B 22 R £k BE MOFs %}, 4n
Fe/Mg-MOFs!'!) | Fe/Co-MOFs!'"? | AwFe-MOFs!'"4%, Jf-44
LA R BEERA L XA S v ) B 4 S S - A T B Ak 3, %
WIEkEE MOFs M BHEWR I 8 48 2y I RA RAFAPERE
GOYAL Z"IfE HKUST-1(FHRHE K 2#-1 5)MOFs fyERE
SRR, R kA HKUST-1 56 MOFs, JHH T
W BERE A R PO, UG T RAFIRICR . YOON 451911

2,3,6,7,10,11- 75523 =1 #K(2,3,6,7,10,11-hexahydroxytriphenylene
hydrate, HHTP){E }Hc {4, LI Ni, Co. Cu. Fe &8 FHl4
AN MOFs, H0F5 LS bldl, DAk —2 42t
Fe %t MOFs (0 G, X Seff 58 do ik — B uE S 1 78
MOFs Has gkt &, nl LI MOFs 447 W bt
HAJEEFER . PR SER] S MOFs il & H
G IR AR B, T ERFHE IR 1 T e, EH 4
TN 2 BERR A4 K 45 (multi-walled carbon nanotube, MWCNT)
SE L SR AR IR T M, — TR HL MOFs
SR FE AL, 53—y T A MWCNT 465 /i b RH
S, AT R H AL R AR A . AR DR AT Y ST
T A HHTP il % 7 8 3L S MOFs, JR44 3 5 kg)
KA IR A TR e AR P A A TR, TR T R
G s BRSO (AR IE MOFs, RS T
MOFs %65 ity (14 25 4 J r Ak 2 A6 D0 7 13 7 A DL 381

DA SLIGAE TG SC IR |, 45 B BoptiImisEsh 4,
il #5 BRHE S HL MOFs (Fe-HHTP), JfH 12 T MWCNT 13
FIE A48 Fe-HHTP-MWCNT, FAFH W E S E &+
HLAbAfR R, FHAE &S e Cd™ R Pb™, DI,
P T 4 S AR ARSI SR A A ARG S

1 #MR5R%

1.1 RS

SRR FEAVLARA RARD; Rt CR R IR R
TG FRA D

HHTP. MWCNT[4#r4l, Bihr T35 i)A R
Al 20 A AL B T S R (Nafion) (R HEBT 35 751k
FABRAFRD; R VB BELRR L EPREE (1000 pg/mL,
E XA 64 KB T AR rilil e, KA Ee
. N,N-—H B H Bt (N N-dimethylformamide, DMF)(4}
prat, PERERERRA A BR A F]); WeEhmR . WeAnmR . S k.
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1.2 UE5E%

CHIG60E Hi fb 2% T /E o (1 = 1038 A R F);
DZF-6030A %5 TIRAA(TRMAE Z 246U R ik £ TR A A);
DHG-9070A F #AH JH 53 XU T- 1 4 (A 2 S iz 45 4 PR
23 w)); KQ-250E i 75 i e i (B2 LU i e P SR AT BR 2 )
AUY220 BP0 RIEOEE 0.0001 g, H A& HA HD);
TG1850-WS = 3 & 0o HL (1 ¥ 75 A A A 38 A R A,
MWD-620 % P41 20 BE W T A AN (1 oA A B 2
F]); Nova NanoSEM230 37 & 4 34 v 7 B 1 (35 E FE BR
TCRHEA BRZA FD); Nicolet iS5 fH HLIM-2T 4418 (2 E e =5
X2 F); Ultima IV 7 X SFFERATSHX(H 4 Rigaku 43 B2
F])ICP8000 HL/BAH A T 55 B F 1R & S ik [F1 4 352 /K Bk
(L) PR R, DF101-S SRR IR N $mg o 3 P as (i
M TR BRA FD); FAZ2 (9 0.5 mm*37 mm, #IX
AL AR BRAA WD) 232 BRI ANH R 2 i i (B
HA R A B W), SPH-2 EERR AL (T T AN TERL - B
FRZSHD); L18-Y915S B REML( I FENUMIR 25 A PR A F) .
1.3 XWHE
1.3.1 MWCNT #9 % 24t

2 BEISZE () SE36 7 B MWONT #7858 JEf b 37
7638 XUBE Hh R E KB = DO R RER T 7%, K 50 mg
MWCNT #l 10 mL #REBRIMA = R, B = 1R T4
PSRRI ARE AR L, 7E 90°CC TR HEFERI 3 h, K
B AR A E R 5 A 0.22 pm A3 HUBSIES g,
W g S A R E 75°CTF Boas TR 12 b, SEAR R T
MWCNT-COOH.,,

1.3.2  #|4% Fe-HHTP #+#}

SHEA Cu-HHTP Al £ rikle) SRIBCE L )5
B4 Fe-HHTP #18F, B 30 mg PU/K-& AL 41 10 mg
HHTP, JilA 40 mL [ ZEI/K MR 7, P IR oE 2%
fife o IR IR G A A RPRLE T 80CCRYTRZ IR T, KA
PRI 20 h, Fifif5 FIZE KX RORIEA TR, L 3200xg B
O 15 min, 11 FIEWR, EEEAER, RN T
TRURE O 3 e BUELLG AR RIAE 60°CTF 25 )i
12 h, 18%]T Fe-HHTP #1%}.

1.3.3  #1 & B4R

B 1 mg Fe-HHTP #1%}, Jit 5 mL DMF. 10 pL
Nafion, 4 mg MWCNT-COOH, B /8, 522
J&i, 4% Fe-HHTP-MWCNT & &4 RHE i ', i 18
AR 8753, BRI A MWCNT-COOH B B 4% 6 16 ¥
HEAT 256 % B

134  #1&1546 wik

0.3 pum A9 W% 8 FT B AR f % (glassy carbon
electrode, GCE), fFHLAR AR 4 I, FEA 0.05 um A9l
SR AT AR, FHZEIRK vl i, K Ha il 3R ER K 43
T o ZEFT BB AT 0 M SR BRI R 6 pL MBI IR, 1518
Midf ) GCE B F s BViE i S X T A v, 8 TIRAA N
AL 50°C, T4 30 min, H BB THRATHG, #
B H AR YA 20 22 3R AT
1.3.5 &k RALspiain

HERAFRIR 0.41 g RERFALSR AN 1.86 ¢ AUSEALEAR, BT
INGERR R, IMAZRIBK B R . VAR, A RS 2 250 mL
Aaifih, EARNZIE, 85, MIRRS ST
13.6 #|&BE LS TR

HERRFRIR 3.40 g = /KGR T/Meehtrh, FZERK
R, BRI MRS 2 250 mL i, &%, il
Ji%, 0.1 mol/L {1 Z FREN/K W . HX 4.30 mL PKEFIR 2 150 mL
AR, E%, W15 0.3 mol/L WEEIRIA, 5.
1.4 EBALFEEN

16 B G ) BT B K W P, R AR R
(cyclic voltammetry, CV)FIHL{k 2% H$T % (electrochemical
impedance spectroscopy, EIS)XF 44 FHEA T HL Ak 2446 I 2R 11E .
A FEAE(2622)°C I 26 A T AT, (A =l LARIR &,
Hr GCE b TAEHAR, ALt X rfl, TR IS
LEHAR . BERRBRIAR IR I S5 B AERTI Y 180 s, B4k
HLAZKH-1.0 V, 7E 0.1 mol/L WIEEMRELZE il (pH 4.25)H,
PL 22 7R Bk o B0 A% 5 i AR 42 ¥ (differential pulse anodic
stripping voltammetry, DPASV)#&:ill Cd* il Pb> il ik J& .
1.5 KRR

H TR IR AR, BT 3K = AN ORE . IR
UK FERTRE A A THTAL I, 4 = SR I RERLEE 0, FR
BE AL 1.0 g TR NEED, A 10 mL fH5iR, 15
2 P 2 BB OB T AR S A TR A o TR TR, I T
BRI, T 120°CHI#A 2 ho KEEERR S AR i FH NaOH
PEE] pH H9 5.75, A 0.372 g SALER, SRJ5H 0.1 mol/L
pH 5.75 ) NaAc-HAc & Mg ¥V . 45 F] 50 mL A
Herp, WA . ¥RV T KA TRIAL B, 5 &
FES P AT REAAAEZR R, F 0.22 um B CREFNt ZE Kk gEA Tt
U8, FRIRHAE P, BCHIE 0.1 mol/L pH 5.75 HFFINI .

1.6 ZIEAIE

K H Origin Pro 9.1 #4754 B, A BISCIRE R 3
R, FMs KA WPS office 2022 #4713,

2 GER5HH

2.1 MRISRLE
& 1 5 MWCNT ., HHTP . Fe-HHTP . Fe-HHTP-MWCNT
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792.52. 855.85. 999.68 cm ' AbAT —4LFAENE, EEE C-H
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WE T 48 B TR HLECAR R R A M AMER AT E
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K1 MWCNT (A). HHTP (B). Fe-HHTP (C)Fl Fe-HHTP-MWCNT (D) {8 B -2 21 SP 3 1]
Fig.1 Fourier transform infrared spectra of MWCNT (A), HHTP (B), Fe HHTP (C) and Fe HHTP-MWCNT (D)

2 &) Fe-HHTP-MWCNT, MWCNT, Fe-HHTP £
X-BHE AT ST a5 I8 . K 2 AT LI 1 Fe-HHTP 7£ 35.6°
A g, MWCNT 7£ 25.8°F1 43°4 F51iF %, Fe-HHTP-
MWCNT #£ 25.9°F1 43.2°F F#fiE % . Fe-HHTP fl MWCNT
241 93 T 20 117 S I 7E Fe-HHTP-MWCNT i 2%, il
B ) S5 1) 45 4 2% 2B A8 PO Fe-HHTP-MWCONT 4545 T
MWCNT ) F-AEAT 3 06, (AWA JE /R ) Fe-HHTP 194§
HEAT 96 . X UL W] Fe-HHTP-MWCNT i ¥ A 5% 14 1)
Fe-HHTP, Fe-HHTP-MWCNT H A # & 0 4i ¥ ;
Fe-HHTP-MWCNT 454 T MWCNT IR, A5 B IFH
SR,
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Fig.2 X-ray diffraction photographs of Fe-HHTP, HHTP and MWCNT
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% 3A. B, C Jy MWCNT. Fe-HHTP, Fe-HHTP-
MWOCNT () 47§ Hi 8% 81 1% (scanning electron microscope,
SEM), MK 3 ATLLFE HI, MWCNT 945 fl gk 2k, 4
T, B2 AR, X5 MWCNT A7 K1) b 32 T B 4
PEA—3K; Fe-HHTP J#RAIRE5H9; Fe-HHTP-MWCNT A4
HZBMPREL, AERMNZINESEH, XiUlH
Fe-HHTP-MWCNT {£58 T MWCNT A8, [FRalIE
#| Fe-HHTP-MWCNT £ & B 05 28 U0 % 80, X 2
Fe-HHTP 13T MWCNT I, ¥i#] T Fe-HHTP-MWCNT
4547 MWCNT il Fe-HHTP fy45: .

2.2 EIHEEARAIER LRI

157 5 mmol/L [Fe(CN)] "+ HY 0.1 mol/L KCI %
i, FIF CV FI EIS AL T GCE K A8 i i W 14 vt Ak 22 Pk i
¥ GCE, MWCNT/GCE, Fe-HHTP/GCE, Fe-HHTP-MWCNT/
GCE H FHEFIHE W, i DPASV #1784, 5%
K o4A B, B 4A WTIEH, 5# GCE M,
Fe-HHTP/GCE 2 T 1 420 fb 38 [ U EL 7 T B, 31X R B2
F Fe-HHTP RHMAGRAME T HARRR L T%H®;, BT
MWCNT H AR tk, WK 4 FEdal &l
MWCNT/GCE % i (¥ % fk i J5U i e 3 W S 3 ok 21

/19200
5:10:44 PM

Fe-HHTP-MWCNT/GCE i i) S AL S r i i R, ik A2
M FETFEA 451 Fe-HHTP-MWCNT M RHiE (k500 355
H. Fe-HHTP F1 MWCNT EA PREZN, e 7 I
W ETF. LA, Fe-HHTP-MWCNT/GCE RO RER AL
Kl 4B J&¥% GCE. MWCNT/GCE, Fe-HHTP/GCE,

Fe-HHTP-MWCNT/GCE it AZFALERHS i P HE ) EIS
E. MK 4B Ha]LIFE H Fe-HHTP-MWCNT/GCE FJRH$T
ik, 52, MWCNT/GCE BT A M9 K GCE
PR $C B B384k ; Fe-HHTP/GCE Fe 3 iU FH BT B K. BHAE
BN, AR SRR, X R AR R R AT
B F R RE, AR TR AR R, AR CVIFSE,
I, ¥4 Fe-HHTP-MWCNT/GCE #:47 F —#525

23 AT

N T #%%% Fe-HHTP-MWCNT & &4 8119 e Ak 24 PR BE,
I Fe-HHTP-MWCNT X245 (U AT /00 o b, %
GCE. Fe-HHTP., MWCNT #l Fe-HHTP-MWCNT %5 Hi 1
SHEWR I Cd* . Po (FHEEIRERZE rh LK, 200 ng/mL)
PEETRG . AR A SCHk[22-23115 51, Cd*7E-0.88 V FfF it H
LI 0, P> FE—0.64 V [T H BRI i 45 SR N8l 5 iR,
2 fgi ] Fe-HHTP-MWCNT/GCE Kl Zs (1, e F

3 MWCNT (A). Fe-HHTP (B)HI Fe-HHTP-MWCNT (C)fJ SEM [

Fig.3 SEM images of MWCNT (A). Fe-HHTP (B) and Fe-HHTP-MWCNT (C)

---MWCNT/GCE
--GCE
---Fe-HHTP/GCE

—Fe-HHTP-MWCNT/GCE

B

1200 - ke HHTP-MWCNT/GCE

~~MWCNT/GCE

800 1600 2400 3200
—Z'/ohm

4 BRAM S IURA B AR TRk UL B ) CV (AR EIS E(B)

Fig4 CV diagrams (A) and EIS (B) of bare electrode and several different modified electrodes in potassium ferricyanide solution
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2% WA B g 24 GCE il MWCNT Al &4 Cd**
A PO LR shg i, 2R BT R R AV IR
Fe-HHTP #ill &4 Cd> Al P> IYZE sl ik, Cd™' %5 H 16
N, POPRYE RS K, AW Fe-HHTP X Pb (¥4 th e A7
PR HEME T SR Fe-HHTP-MWCNT 40l &4 Cd> Hil
PO> i <R, hk B TR AR CdP TR POY IR
HiUEE, X MWCNT %t BAs¥) HA 1)) . Fe-HHTP
H RIS IIAE, i Fe-HHTP-MWCNT it ¥ 1 i 3
K, UL A A M RE — BB 1T AR v G I 1 R A
B, Mk, Fe-HHTP-MWCNT & J F46:0 Cd* f1 Pb*',
2.5

----- E%IEIHTP-MWCNT('ZM% HR)
----Fe-HHTP
_________________________ —Fe-HHTP-MWCNT
3.0} L e T -
. SooT v T -l
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_____ [ 4 S
" VA4 L .
35k NG S
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Fig.5 CV diagram of Cd*" and Pb*" measured by bare electrode and
several different modified electrodes

24 WRMEWL
241 & BB AR

4R 0 55 O A 1 ARG /N X I i e L A S,
5T Fe’™ 5 HHTP LEA[R] HLA X6 K6 I 52 45018 A4 5 i
FEREH B — A Y 25T, B LB Fe-HHTP #4
b, BER Ak A R AR R R AT R A A, 25 SR A R 6A BT
R MWERATA L, Y4 Fe*' 5 HHTP MIEE/R LN 1:1 B,
W R AR R, B EC EE s, R I
NI RS, Wk Fe?t 5 HHTP B LL ) 4 1:1 9E47 5 &2

A B

-1.8 L 21 "
7 o e
<71.2 é <—1.4- %
31 %
-0.6 X
/ m
. m
1:1 2:1 3:1 4:1 5:1 2 3
Fe?:HHTP

MWCNT/mg

242 BEMKEEMRAL
MWCNT (8 B R SRR S HEG . 7E Fe
5 HHTP BLELBI 1:1 AT, RS MWCNT BEx)
VA H U LI R M) S SR AN 6B s, TS LIS B MWCNT
FRBEIN, Cd™ 1 P> AV A FE TR, T MWCNT
VEAAUKIERLT BRI HASRASER ), 30T R A R
TEMAR MWCNT 24 5 mg B, %SRRI EA BT IRCR, B
X MWCNT MAREA S ELE G MR o e, H
MWCNT JSIERZ, 295 Fe-HHTP ARIRmHE RS, A
BRGNS NBETE 2R RR, MG T2 &R, s
HIE LR N, B MWONT BOZR IR %4 5 mg.
243 REKA

1) ) S 60 49 9 A T e T e oV S 0 L O R S ),
CATEELFAY GCE %1% 6 uL/2 1Y Fe-HHTP-MWCNT/ GCE
BEMKL, SR 6C PR, S5 W bEE 2B,
VoS W LU S SRR R I N AR A B, MIR)E R 3 R,
R R BIRR, AR R . XERTFEAM
BHGR Z, RIS MBI R, W R B, T
M3 J2E] 5 2, BEFRZMHK, Cd¥ R P> s i LR
TR R, WVPRRERZEEMA T Cd M Pb™ 5
M Z MMM EAEH . Bk, % GCE F£mik 3 2
Fe-HHTP-MWCNT &4t i det, ¥ Hh 0 fL i A RICR 57

¥ S B9 R 1K
G M R AT K

PE— B UG I S X Cd™ Fl Ph* i e ey
TR, XS PR TR S, ANFREE RS 3 AR
PR MR AT . N 7A FIT7R, 7€ pH 4.25 IBEERSE vf
% (phosphatic buffer solution, PBS) ., 715 FR£h 2% ' #i (citrate
buffer, CB). B8R 2% mi (NaAc-HAc)H, Cd**Ffl Pb*'7E
NaAc-HAc H 145 065 H U0 S8 8 8 30 1 A6 73 AP PR 22 o
FvE I LR . 7 CB P, AR PO, AT B K A
HUR SN PO (745 & /AT — E BB RUR, (I ARRERS
FG RGP, IR NaAc-HAc VE W& bl .

2.5
2.5.1

C_4 . Pb*

7 .Cd2+
- 7 —3/\\
151
T
mnnm aft T
mn
4 5 6 2 3 4 5

W2z

A Cd¥, PO¥7E Fe?' 5 HHTP AR I F A9 I HL 7 . B: Cd*F, P> TE A Rl AN K A & F IOVA Il i . C: Cd¥', Pb>7E
Fe-HHTP-MWCNT A [FHE MG ZE0CT 193 H g fL 3t o
B 6 MR 1 SRR SE 5

Fig.6 Condition optimization experiment for the modified electrode
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2.5.2 pH xAm g =k

# NaAc-HAc il 647 pH UM, HHE 7B ATLLE
W F pH my78 1k, ¥ Hh e i 3 A 48 Ak = S 1 n s k2 o
24 pH 7 3.50~5.75 B, %5 HH W HL IR B TS R 8 pH Ry 5.75
I, W s W AR B 2 pH KT 5.75 I, Rl pH (1
BRI B TR ALY KT R g, wER
pH=5.75 ] NaAc-HAc Z& 0P T~ — 2 HR 5T .
253 FE N ¥ en

1 pH A 5.75 ) NaAc-HAc 25 wh il iP5 57 & SE RN
VA% H U ERL IS T R 4331 ) £ 4 F A DA —0.9~—1.6 V([] [
—0.1 V)R I i il B 7C AT 2B, B & 45 i i
AR, RS FION, 1.0 V BFARIERR, BERNAE
—1.0~1.6 V Z[REF, ¥ 04 o A HLOL Y O AR, 2
TR AR E YT, T8, M3 IR
R, WUE AL ERE-1.0 V.
2.5.4 FEAT R A AR R 6 Feh

HE— 2RI 5 A B[R] X 5 e v JRE ) ), 5 SR A
K 7D FizR, JLAEBE, 78 0 s TR E 4, BEE & &0
3N, CA™ M PO> (VA Hh G i SR TR A I A, 2 A ]
7 180 s B, V5 DA ERL A IR B T AT AR, IR AR H
T E — % 0 B N 38 A BT Cd> i Po> FEAE 1 2 K 1fi &

A
4 -
| [elly
2 po>
3}
1,
~
-1 F
2 \
PBS NaAc-HAc CB
Sl
C
—60
Cd*
Pb2+
—40
<
=
~
20 f /\
0

-7 -15  -13  -11  -09
E/N

. (ALE 180 s UG, ¥ gL AT 4n 3 TR, di/ridr
W BTGP s Bk i . PRI, BEE 180 s Shydpefd i AR A]
2.6 FREL(EMIZSK LR

TERAKI 4R, Bl DPASV Kl AR Cd>
PO . 25 R ANIE] 8A Bk, Cd* I Pb*'7E 5~500 ng/mL
VR B P, B B 1R R, I 0 L O B
Z 3G L V&l 8B H R BN I A 7 4 e Hh 38 7 R B B VR
AIFFE RS R . CETIIRE RN [=-0.15791pcs™ +
0.91184 ("=0.9993), T 3 fiFMMFMELL(SIN=3), TTHTFH
K BR A 0.538 ng/mL; Pb> BRI 5 2 A 1=-0.05165pp, >+
0.02804 (+°=0.9997), EiG4 A 0.592 ng/mL. W% 1
FiR, SIEGRE CAP R Po> i )7 L #, % A R
SRR HH B RTG53 8 4 e A ST
2.7 mFMM

FE S5 A0 RS I 2% AR, 3 2 WS R RE ) TR
(@n*, ', Hg*' . NPZO)RER TIP3 Cd* (200 ng/mL)
1 Pb*" (200 ng/mL)KM 5E I . &5 WN3% 2 R, T4k
BFAEMER T, Wil A, Cd™ M Pb> R Ik
HLIR AR LN R, BB R R HAT A i pe ek .

12 ¢
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pH
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B EENA]/s
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Fig.7 Effects of different buffers (A), pH of NaAc-HAc buffer (B), enrichment potential (C) and enrichment time (D) on the
dissolution peak currents of Cd*" and Pb**
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Fig.8 Stripping voltammetry of Cd** and Pb*" at different concentrations on Fe-HHTP-MWCNT/GCE (A) and linear relationship between dissolution
peak current and concentration of Cd** and Pb** (B)
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Table 1 Performance comparison of Cd** and Pb** by electrochemical method
ZPEVEFE/(ng/mL) i tH BR/(ng/mL)
LA S5 3k
Cd2+ Pb2+ Cd2+ Pb2+
CoFe,04/Bi 8~80 12~120 0.920 1.510 [27]
Bi/SDS/3D GF/GCE 0.3~110.0 - 7.000 [28]
Ag@SiO,@NF 10~100 - 0.761 [29]
SnNP/GSPEs 1.0~30.0 - 0.500 - [30]
Fe-HHTP-MWCNT/GCE 5~500 5~500 0.538 0.592 E N

e GKREE 3R T4k AR (CoFe,04/Bi); M/ ke ERR BREN/ = 2 A1 88 I 18 1 B 1% Hi M (BI/SDS/3D GF/GCE); R #fE SiO, fERE
MITEV IR ER R I (Ag@S10.@NF); B 44K 97 48 T WOPE 7 22 Fi A (SnNP/GSPEs); -3 SCRRA 45 -

2 HEFHRYEN Cd™F Pb* NEHFM
Table 2 Influence of coexisting interfering substances on
determination of Cd*" and Pb**

T o e R o v
‘ RSD/%
LR/ JZ/(ng/mL)
Cd2+ Pb2+ Cd2+ Pb2+
crr 2000 2000 2.7386 3.0656
Hg*" 200 2000 1.6307 2.5043
Ni** - 2000 1.2350
Zn®* 2000 2000 3.9243 1.1087

VB AT AR ER 22 (relative standard deviation, RSD); -#7R SCiik A&
g5,

2.8 EIME. BEM

TERAI M 44, % 200 ng/mL Y Cd**. Pb* ¥
HEATAI, WF5% Fe-HHTP-MWCNT/GCE 7 DPASV #:l ~
VS 0 R Y SR BME, VA IR RIS RSDs 43 N
1.84%..1.90%, 455EFHHIZ M4 1 AR AT RSB .
RS Gl AR M ER e, 2R Fe-HHTP-MWCNT &
YA H A AE 2S5 TR 84 h, AERS 12 hiAE 1 4, AL
E 5 M. EAISI A, R IR R R I A B R AR I
UUAE, R A M BB B A R rfeseEtE, ol

TSR A
2.9 SCRREFEEAAT

H T IRFAR MR ERE, AERMLASRMET, RS
B Cd™ A PO I LT, IR INBR S R SRR A
FR % B} (inductively coupled plasma photometric emission
spectroscopy, ICP-OES)K il BajiE S g0 45 51 .

FH DPASV XJ el #EA 74T, F 60 A R
F| Cd™R PRy E R, BT RAEECT ) K TR, e T
T HRAKFR RGN R Cd™ A1 Po™ i S, SRJTRE A TR
(hd5HEh 20, 50, 200 ng/mL)FI ICP-OES K 5 124, LI
IUESEI LS, KA RN 3 R, fEmRH cd™
By ISR TE 97.55%~101.65%22 0], RSDs 7E 2.32%~5.08%
2 [8]; Pb** (% [Bl R AE 97.50%~103.34% 2 [8], RSDs 7E
3.15%~4.73% 2 i) 5 fE Kk kL h cd® By IEl i R FE
96.74%~101.80%2 [], RSDs 1E 3.68%~6.63%22 [i]; Pb*'H
ISR AE 95.22%~103.15%Z (8], RSDs 7£ 3.25%~5.87%%Z
M), 76T Bk CA* R EIBCRTE 96.64%~106.00%2 [,
RSDs fE 2.54%~4.67% z [8] ; Pb*" By [al Y & 7
95.15%~98.84%2 [i], RSD 7 3.99%~6.97%2 8] . KL, %
D535 0T LU TR S bR i Hr Cd® R PO R
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®3 3MIRE Cd™F0 PO F BB RSDs (n=10)
Table 3 Average recoveries and RSDs of 3 kinds of concentration of Cd* and Pb*" (n=10)
. DPASV #iill {&/(ng/mL) ICP-OES #:il/(ng/mL) JAR Y/ (ng/mL) RSDs% SR ISR %
Fd cd* Pb** cd** Pb* cd* Pb** cd*” Pb* cd** Pb**
20 20 2.32 3.15 101.65 97.50
LS 0 0 0 0 50 50 3.47 3.56 100.18 98.10
200 200 5.08 4.73 97.55 103.34
20 20 3.68 3.25 101.80 103.15
Yokk 0 0 0 0 50 50 4.43 3.80 99.64 99.38
200 200 6.63 5.87 96.74 95.22
20 20 2.54 3.99 106.00 95.15
Tl
Bk 8.51 5.04 8.68 5.41 50 50 3.34 5.65 96.64 98.10
200 200 4.67 6.97 97.11 98.84
3 g:él: -I;% and Cd(Il) followed by flame atomic absorption spectrometry

Fe-HHTP-MWCNT HA B4 WA E M, BoRm S H
PR S . AWFIEE %% Fe? F HHTP BIFE/R 1L, f%
LS A B S MERER MOF AR, F4LL MWCNT
kL, BE— AR S R GE, AT U A
T AR SR AG IS B R B Cd* RN P, E 5~500 ng/mL ¥ FEE
T FE I RGI Cd™ I PO, AL IR ) HEL LA RV 15 5 15 T 3 5
BRI P 2tk 6 ZR DA ARG B . A, 33 3 i
ISR 7 3 A TS b B Sl R A Cd™ R PO R B, €™
BRSP4 [T 3 TE 96.64%~106.00%2 8], P> i) -4 [l )i %
E 95.15%~103.34%2 [,

VL& S4B Fe-HHTP-MWCNT &4 GCE X T 11
B CA¥ A PO S AT RAFROROR, T LUE B
A CATRI PO RS, O R R
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