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Anodic Stripping Voltammetry for Simultaneous Determination of

Heavy Metals in Vegetables
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Abstract

The determination of heavy metals, zinc, cadmium, lead and copper, in vegetable samples were
conducted by wet digestion method with concentrated sulfuric acid and using of hydrogen peroxide as
oxidizing agent. The heavy metals content in digested vegetable samples were determined by
differential pulse anodic stripping voltammetric (DPASV) method with standard addition technique.
The experiments were carried out in the mixed electrolyte solution of 1.5 M potassium chloride and 0.5
M sodium acetate at the deposition potential of -1100 mV, deposition time 60 s, equilibration time 10
s, and peak potential El/2for Zn, Cd, Pb and Cu were -980, -610, -410 and -170 mV, respectively.
The relative standard deviations of Zn , Cd, Pb and Cu were in the range of 0.07-3.28%, 0.01-6.82%,
0.43-6.66% and 0.82-15.82%, respectively with the correlation coefficient higher than 0.9906. To
evaluate the ability of DPASV technique, the calibration curve shows good linearity in the range of
0.05-2.00, 0.005-0.040, 0.02-0.20, and 0.05-2.00 mgL-1with the correlation coefficient of 1, 0.9987,
0.9982 and 0.9999 for Zn , Cd, Pb and Cu, respectively. The limit of detection (LOD) of 0.0439,
0.0060, 0.034 and 0.0799 mgL-1for Zn , Cd, Pb and Cu, respectively, were obtained. The limit of
quantification (LOQ) of Zn , Cd, Pb and Cu were 0.0439, 0.0060, 0.0343 and  0.0343 mgL-1,
respectively. The relative standard deviations (Horrat) of 0.010, 0.001, 0.002 and 0.011 for Zn , Cd, Pb
and Cu, respectively, were investigated. The results were accepted according to the standard deviation
test for %RSD (Horwitz’s equation; Horrat<2). The percentage recoveries obtained of Zn , Cd, Pb and
Cu were in the range of 90.49 —109.93,91.96-115.13, 91.80-111.13 and 89.43-100.38, respectively.
The studies indicated that the method used provides a sensitive, selective, reproducible, and adequate

quantitative determination.

Keywords: Vegetables , Determination of Heavy Metals , DPASV, Simultaneous.
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Working electrode HDME Pulse amplitude 50 mV
Stirrer speed 200 rpm Deposition potential -1150 mV
Mode DP Deposition time 60 s
Purge time 300s Equilibration time 10s
Start potential -1150 mV Peak potential (Zn) -980 mV
End potential 1150 mV Peak potential (Cd) -610 mV
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Voltage step 6 mV Peak potential (Pb) -410 mV
Voltage step time 0.15s Peak potential (Cu) -170 mV
Sweep rate 50 mV/s
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3.2 Quan¥ASIANYoUNALA

3.2.1 ANYIANNLINUYOUNANA (Accuracy) A3 10T MIas g Tdaumaidunsves dangd
uARTlon Az LA NEILAL MY y=3.2501x — 0.0557, y = 1871.30x — 4.976, y = 1041.90x —
8.3694, y = 388.88x + 15.4560 A1 R 111110 1, 0.9987, 0.9982, 0.9999 Tpudeauumasgruduing
0111523 0.0808 — 2.2969, 0.0031 — 0.2292, 0.0062 — 0.1949, 0.0266 — 0.2655 11Jo31Fus AdIAL

! ' a ¢ o a & o =
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M3 4 adesiFuansnauAu (n=3) ¥09n5ATINIaYSadInganseauANNINTY 0.50 Lay

= A a o 1 a o 1 o AnY ' ~ ) v aa 9 g
UAAEN 0.02 Haaniuaeans 1u@]]ﬂﬂ1ﬂwﬂﬂ"lﬂi]1ﬂﬂ1iﬂﬂﬂ LL’U‘ULﬂ&JﬂIﬂHi%ﬂSﬂ%ﬁ?\hiﬂl“lﬁl‘ﬂu

mimﬂsgmﬁaﬁu v e u oA
Y - wesiduamsnduau
GRLIANGD) (aanTuneans)

Zn cd Zn %RSD cd %RSD
inifa 0.50 0.02 101.82+0.83 0.81 102.09+4.13 4.04
vionlnd 0.50 0.02 106.22+2.21 2.08 102.05+5.94 5.82
N 0.50 0.02 99.59+0.56 0.56 115.130.96 0.84
dy 0.50 0.02 108.21%2.22 2.05 93.601.47 1.55
drlnen 0.50 0.02 108.81+1.20 111 97.05+1.27 1.32
azih 0.50 0.02 106.40+2.50 2.35 94.07+2.00 2.13
innog 0.50 0.02 96.05+3.61 3.76 94.910.41 0.44
ADNIA 0.50 0.02 90.49+3.92 433 98.93+1.80 1.82
Auviay 0.50 0.02 109.93+0.97 0.88 91.96:4.99 5.42

a ' o A o A o da o Y 9
M5190 5 MesiFuaAnIsNAUAY (n=3) U04n13A570IAYS M IAZNINTEAUA MY WNUU 0.08 LAy

NeaLAd 0.50 Naansuaeans ludredainildainnsdesuuuilon Tasldnsadailsadudy

mimmgm?;sﬁu L= =
A B XD wlesuamsnavau
RLEART) @iadnFunoans)
Pb Cu Pb %RSD Cu %RSD
Anfa 0.08 0.50 98.09+1.87 1.91 89.43+0.31 0.35
v3onTnd 0.08 0.50 94.06+1.68 1.78 90.343.89 430
N 0.08 0.50 111.1340.87 0.79 90.56+2.16 2.39
el 0.08 0.50 92.29+10.21 11.06 92.65+7.34 7.93
#ilnen 0.08 0.50 92.17+0.34 0.38 96.95+7.33 7.56
Az 0.08 0.50 91.80+0.86 0.93 96.98+6.26 6.46
Winnos 0.08 0.50 92.44+3.23 3.50 97.17+9.13 9.40
ABNLA 0.08 0.50 93.94+5.18 5.51 100.38+6.22 6.19
Auviow 0.08 0.50 93.98+1.43 1.53 91.29+5.65 6.19

' a ¢ o o ' ' <
‘ﬂTﬂTi’JLﬂi"lgﬁﬂaUﬁu"Uﬂ\‘iﬁﬂﬂgﬁ i’]gslu"lf'N 90.49 —-109.93 Llﬂﬂlflﬂll 91.96 - 115.13 agN
- a F v A Ad A o v '
91.80 — 111.13 LlagNoILLAd 89.43 — 100.38 Lﬂi’)ﬂ"’lfuﬁ ﬂ"Iﬂ"lﬁ'JLﬂ5"Ig‘ﬂﬂﬁﬂﬂuﬂlﬂuﬂﬂﬂlﬁﬂ‘lﬂﬂzﬂg
! sd IR o A & qui A A I o A
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AL d v 4 v g v
322 inandngavesTanzminiiasiviala (LOD) nazlSuansmgavesTanzwminy

a N Y o A
ﬁ"liJ"Iiﬂ')LﬂiWﬁﬁWulﬂ (LOQ) ﬂQLLﬁﬂQGlUGﬂiN“VI 6

4' P A o o A o w a ¢ a an a o4 o v
MTNN 6 ANVAIINANITATIINY !!ﬁw‘Uﬂi]']ﬂﬂﬂ']iﬂlﬂi']zﬁﬁﬂlﬁinm "Uﬂ\?f]‘ﬁﬂ1§'3!ﬂ51$ﬂﬂﬂ‘lu3m"lﬂi]']ﬂ

AT
Friavedlany LOD (3adniunoans) LOQ (Haaniuneans)
daned 0.0132 0.0439
uaAaio 0.0018 0.0060
Az 0.0103 0.0343
NoLAY 0.0239 0.0799

3.2.3 AnpiAnuies (precision) HAAIHAAIANT NN 7

Mi 7 ANgeINIINAToUETaza1eNIATIIUEIN T LAARIoN AZN7 LAZNOWAINTZATAIN

Wud 0.50 0.02 0.08 1Az 0.50 Uaansuaoans  MUaIAY

Y ¥y Aa MY A a o 1 a
ANNVNTHN AT 1A HadnTunedns)
O A v v v v vy v v
A3aN ANUANVHVOY Zn ANMVNUVUUDY ANUANVUVOI Ph | ANMANVUYDY Cu
0.50 (ppm) Cd 0.02 (ppm) 0.08 (ppm) 0.50 (ppm)
1 0.506 0.019 0.078 0.495
2 0.507 0.019 0.078 0.496
3 0.506 0.019 0.078 0.497
4 0.509 0.019 0.078 0.496
5 0.507 0.019 0.078 0.497
Ay 0.507 0.019 0.078 0.496
%RSD 0.117 0.012 0.023 0.132
Horwitz’s equation
11.717 19.022 15.440 11.717
(RSD,....)
HORRAT target 0.010 0.001 0.002 0.011

dsaralonnsgIudIngd unaalion AzN2 LazneAINIZAUAMMYTNTL 0.50 0.02 0.08

iaz 0.50 HaaNSUADANT 119 TLITUAIIANUNEINTI HORRAT HAUNITD 0.010 0.001 0.002

uaz 0.011 MudeuFIeglunaeitiosnil 2 ANATIU AOAC 1ag Codex,EU

94




NsTmeaniaanizais U0 22 2R 1 @euuniiau-igueu 2556

[ = [ < % ) 9 a a
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Al
I| Ul
g If|| .
|1 } cd I|
I A Pb Cu f
s“ | N ] '5 A -, ]
S b ~
| ¥ h 5 i f Y,
R A AL —
g ﬂx 1'\‘]\'\ JI‘}"I i :,’/ I\ /f," AN \\u r‘i’
1T R 4/‘\\ 7 e, N
Wﬁ’/ \! TR, QW Y4
= 2 \g§ﬂillﬁlll---0|l---‘é:“{’qIE“LI“-“":#. t “""‘“"T‘:‘— ~ P
Lo d ok drp e oete 2 8 8 &8 88 ] 802 5.8.8 %
Q;?f%g;gq'q';#g?g?gq-#????eeeg

madiaue uanansda Taunuuniswnumalnmsauesnag g

M3en 8  USavesdingd uaalion aznuaznowaslualgalinyian1e

A W a PRanaiiny Audeauuenasguduing
¥HAVO N yilaveslavz > Wi 7E, e .
(lulasnSasienaimiinaa) estfun)
Zn 4.29+0.01 0.22
. 3 cd 0.040.00 0.18
AN
Pb 0.07-:0.00 6.22
Cu 0.11£0.00 3.58
Zn 2.42+0.04 1.77
Lo cd 0.05+0.00 1.89
Uienlna
Pb 0.04+0.00 6.66
Cu 0.50+0.01 2.68
Zn 6.9320.00 0.07
, cd 0.030.00 0.27
N
Pb 0.09£0.00 0.43
Cu 0.84+0.05 6.14
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M99 8 (M9) Msuanldiuavesdensd unadioy aznuazneuasludiodadnaianiee

- . - PBanaiiny Andeaunasgudining
rHAv N yHavedlars o L .
QalasnSunensurimiinas) GICEGAT:))
Zn 0.880.02 2.40
. cd 0.030.00 2.95
gl
Pb 0.12£0.00 221
Cu 1.39+0.08 591
Zn 3.3740.11 3.24
. cd 0.06+0.00 1.34
02neN
Pb 0.040.00 1.89
Cu 0.96+0.07 7.63
Zn 1.65+0.05 328
; cd 0.02£0.00 1.34
Avih
Pb 0.01£0.00 4.42
Cu 0.400.00 0.82
Zn 0.76+0.00 0.14
cd 0.04+0.00 1.47
Wnnes
Pb 0.01£0.00 1.91
Cu 0.53+0.01 2.36
Zn 1.46:0.01 0.60
cd 0.06+0.00 0.01
ADnLLA
Pb 0.01£0.00 1.26
Cu 0.30+0.03 9.64
Zn 1.05=0.00 0.16
) cd 0.01£0.00 6.82
Aunou
Pb 0.240.00 1.77
Cu 0.120.02 15.82

nnmsanefFina Tangminanaeludedadnnun USuadingd oglusie 0.76- 6.93
= 1 o o 3 o < a
uaalion 0.01-0.06 AzN7 0.01-0.24 waznoauad 0.11-1.39 Tulasniuaensuiniings Fal5um
a @ ] J a ] Y
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o v 7 ] ] < 4 o w
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0.0439, 0.0060, 0.0343, 1Az 0.0799 NaANSTUABAATANAINY dMTUANUNEUDINANAYT Y
NAANDBUVUNATFIMTUNNS (Horrat ) Hedanzd uaadloy azia nazneuasiauminiy 0.010,
o o & [} s o Y Y . 4 !
0.001, 0.002, g 0.011 Awaey Fvoglunasineousula  (Taold Horwitz’s equation A1 Horrat
<2) wazanuuiuvedIslsziu Idanadesazmsins i nduauEe dangd uaadion azna Lag
~ T ' <
NoAY IA19gluse 90.49 — 109.93,91.96 — 11513, 85.71 — 111.13 1A% 88.94 — 100.38 11)os1dud
o @ U a ¢ w A A g = [ 9 1 ] - SR a g’;
awaey mmsanszinauauiluieensu ldvzogluae 80 - 110 Weiidud Fainuiewianiu

a J

Itange rileswnesdlsgnouvesinuie lans Tudnuiswiiae19suniumsinzy dosdny

]
a a @ a

a =2 ' an a 0 & anda
DNIWAVDIAITUNIULNNAN IDNANITANHULTAI aﬁmnmﬁwmﬂmwmmw”lmasmm
MG N ANAVNUAILAUAUNIN

9 r '
"lﬂﬂuulﬁ’ﬂ@]ﬁ’J"l]’mﬂﬁlﬂm"UfNﬁﬁﬂzﬁ UAALNEY  AIZN Lm%‘ﬂENLLﬂQGluGI’JE]EJNNﬂIﬂElmﬂuﬂ

ue Tuanansdtls haunumisunumalinmsfuansazatenaigiy  swaaslsualangi

97



NsTmeaniaanizais U0 22 2R 1 @euuniiau-igueu 2556

, S d a duwe
aswulumidelulasnsuaensuiniinga waadl3lumsen 8 udwlSeuieunad lanuan
¢ A ' d' 9 v
naasgIuinsEnsNansuguuilszmalne (e 2529) heenlilanzanaaluemis
1 1= a A @ 1 o a 1 '8 ° Y1
wun  ifiTanzwialaiasewuludedidnnuniwnasimasgiuimue agyllanifFunu
v & a o = = 1% a o 1 o ¥ ' 4
Tangminns 4 wilanedengd uaaifion azn uaznewasiasianyludedisdmiveglunua
masgAnsznInassuguuialszmaneg na. 2529) eyanaliildluems 3983l ld

NABUATIADTUNINVDIRLS 1nA

a a
naanssuilszma
av @ dyo < Y 1 29 o ° o IS o £
Tassmsavemiviiduielaedddsedmuzih nazdn/Snpnin saogal asdna lnea
a @ A ga o dAqw ! A q Yo ) v y v
asayad  lszAnidesm  Aleanwmomdeldmauue  sreuddyminaeasnldnnuiuas
ol o
Uszaumssing lumsiau
a 4 @ =l
YDUDLAUAUL NI TUMTAULINGIAAAS aoniuma Tuladnszaomnausgaunis
v 9 Y
aansgiianeoyianuauasuiniteln lasunmsdminsamsdte  “msaseniailldsunumsitenn

=

aoniumaluladnszremnduiigumisaianszls  vndunoldnayinemani  dsedn
A

= a a 7a 1
uilsgana we. 25547 VIUBUAMUITFU HUUNDI  LASAUUY TR llWIi%UﬂiﬁﬂﬂlJ“]ﬁ')ﬂMﬁﬂ

9 ' ~ 1 av 1 d’l Y 1 Y
TorauoLUz AADAILTIIAIINTWAzDEA Y Tuaddeauti iy liedagndes

'
=

gaovens Y INTZAMLA1 11591 139191560 tayirfesandaiasnlinnusn Iimsdnun
Yo o 9yn o AT ¢ Vo o= oA ) S
Lmzblwmm%m%amaaﬂm f‘TTI’i‘i‘]J‘]_]iziﬂﬂfullﬂgﬂﬂ!ﬂ1@14W\111‘I]1ﬂ\'111!3ﬂ8ﬂﬂ1]u

9 o 1 9t '
HIVYVBDNBULANNNISAUNNINIU

Y Aa
BNA1ID NI

e
v A

[1]  qoust wisdnaiau, 2540, N1ZUANEUDIAUIINMIT IFENTIAL. Auviadai 2, UHING1AY
mymmﬁ@i AFUNNA. [Supamard Panichsakpatana, 1997. Soil Pollution from Use of
Chemical. 2" ed. Kasetsart University. Thailand. (in Thai) ]

[2] Matloob, M.H., 2003. Determination of cadmium, lead, copper and zinc in Yemeni khat by
Anodic Stripping Voltammetry. Eastern Mediterranean Health Journal, 9, 1-7.

[3] Komy, Z.R., 2005. Determination of zinc, cadmium, lead and copper in Kakade, Anise, Cumin,
Caraway Black Pepper Extracts Using Differential Pulse Anodic Stripping Voltammetry

with Hanging Mercury Drop Electrde. American Journal of Applied Sciences, 2(5), 961-968.

98



(5]

(6]

NsTmeaniaanizais U0 22 2R 1 @euuniiau-igueu 2556

Kocak, S., Tokusoglu, O. and Aycan, S., 2002. Some heavy metal and trace essential element
detection in canned vegetable foodstuffs by Differential pulse Polarography (DPP). Ph.D. Thesis,
Celal Bayar University, Turkey.

$uilu sounes, 2555, gilemsinsizHaLEiY.MAINTIAManT AUZNITNOINTFITUNA

UMINAUAIVAIUATUNS. @9Vl [Jumpen Onthong, 2012. Manual Analysis of Soil and
Plants. Department of Earth Science. Faculty of Natural Resources Prince of Songkla University.
(in thai)]

Metrohm., N.D., Determination of lead, cadmium and copper in foodstuffs, waste water and
sewage sludge by anodic stripping voltammetry after digestion (113/2¢). [online] Available at:
<http://www.metrohm.com/applications/lit/industries/water.htm>[Accessed 20 November 2009]
Schroder, U. and Kahlert, H., 2002. Practical Voltammetry with the 757 VA Computrace.
Metrohm Ltd., Switzerland.
finssa Tiafen, 2549, uunlfiamsnageunugndesveeIv AT IZHNILAT TAe
woul§iianaiden.  asuAancmanimIuwnd nsEnsuassagy. S dauuni.
[Tippawan Ningnoi, 2006. A Practical Guide for Single Laboratory Method Validation of
Chemical Methods. Department of Medical Science. Ministry of Public Health. Nonthaburi

Province(in Thai)]

99


http://www.metrohm.com/applications/lit/industries/water.htm�

	เทคนิคแอโนดิกสทริปปิงโวลแทมเมทรีเพื่อตรวจวัดโลหะหนักที่มีปริมาณ
	น้อยมากอย่างพร้อมกันในผัก
	Anodic Stripping Voltammetry for Simultaneous Determination of
	Heavy Metals  in Vegetables
	Abstract
	3.3  ผลการตรวจวัดปริมาณสังกะสี แคดเมียม ตะกั่ว และทองแดงในตัวอย่างด้วยเทคนิค แอโนดิก
	สทริปปิงโวลแทมเมทรี (DPASV) ร่วมกับเทคนิคการเติมสารละลายมาตรฐานแสดงผลดังตาราง
	ที่ 8   แสดง โวลแทมโมแกรมของ ตัวอย่างที่วัดได้จากเครื่องโพราโรกราฟีดังรูปที่ 4



