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ABSTRACT

A thin mercury film electrode was fabricated by in situ electrodeposition
over screen printed graphite electrode. A paraffin oil paste of 15% HgCl, in
graphite (w/w) was used for the purpose. Copper(Il) in acetic acid buffer
showed two anodic striping peaksat -0.238 and -0.108 V versusAg/AgCl, of
which the peak current for the first peak showed linear concentration de-
pendence. Electrode was used in the determination of copper in three leafy
vegetables, viz. cabbage (Brassicarapal. ssp. Chinensis), lettuce (Lactuca
sativa) and tabua (Amaranthus gangeticus). The results of these determi-
nations were found to be consistent with that obtained from standard AAS
method. Cabbage and lettuce were found to contain 4.49 and 3.41 ppm of
copper of the dry weight of the leaf, whereas tabua leaves contained
signigicantly low amount, i.e. 0.31 ppm of the dry weight. Sensitivity and
accuracy of the method were found to be comparable to that of standard
atomic absorption spectrophotometric (AAS) determinations of copper.
Anodic stripping voltammetry (ASV) isknown for s multaneous determina-
tion of two or metal ionsin small volume samples. Coupled with low cost
and portability of theinstrument, ASV could successfully be employed asa
versatile method in the reliable determination of copper and other metalsin
food and vegetable samples, particularly in the small island countries.
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INTRODUCTION

In human body, copper isthethird most abundant
tracemeta after iron and zinc. Being part of about 30
enzymes'4, itisan essentid micronutrient, responsible
for normal functioning of cellular metabolism. Major
copper-dependent metalloenzymesof clinica signifi-
cance include tyrosinase (pigmentation of skin and

hair)=4, lysyl oxidase (elastin and collagen cross-link-
ing)>®, ascorbate oxidase (skel etal devel opment),
monoamine oxidase (responsiblefor pili torti)®, su-
peroxidedismutase (free-radical detoxification)™o,
dopamine beta-hydroxyl ase (catecholamine produc-
tion)(214  peptidyl-glycinea pha-amidating mono-oxy-
genase (bioactivation of peptide hormones)™*, and cy-
tochrome c oxidase (el ectron transport and possibly
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responsi blefor hypothermia)67,

Copper isrelatively non-toxicto mammals, but in-
takeinlargequantitiesor intheevent of impairment of
copper metabolism, copper toxicity isassociated with
serious health problems. Itstoxicity isgenerally attrib-
uted to the aquo complexed [ Cu(H,0) ] ** copper(l1)
ionrather than to itsorganic or inorganic complex. Im-
pai rment of copper excretion metabolismleadsto meta
accumulaioninkidneys, liver, bonesand brain causing.
Theliver excretesexcess copper into thebilefor imi-
nation fromthebody. Wilson’s disease is a rare genetic
disorder andismanifestedin unexplaned hepatitis, trem-
ors, and personality changes. The copper poisoning
generdly arisefrom beveragesfrom vending machines,
copper or brassvessels, and sometimesfood and wa-
ter supplies®®. Thus, thedevelopment of asmple, reli-
able, and low-cost techniquesfor copper determina-
tionisessentid.

Severa methodsfor the determination of copper
areavailable, indudinginductively coupled plasma-mass
spectrometryt*2, neutron activation andysig?, atomic
absorption spectrometry!?2, jon-sd ectivee ectrodes?*
2 and emi sson pectrometry?’, However, most of them
requiresevera time-consuming mani pul ation steps, so-
phisticated insrumentsand specid training. It recent years
voltammetry hascommonly been used to analysethe
tracemetalsin solutions. It refersto the measurement of
current that result from thegpplication of potentid. There
were different voltammetric techniquesthat were used
and eechwasdistinguished by thepotentid function that
isgpplied totheworking e ectrodeto drivethereaction
and by thematerial used astheworking €l ectrode. An-
odic gtripping voltammetry (ASV) isoneof the quanti-
tativevoltammetric techniquesthat arevery sengitiveto
detect thetracelevel of metal ionsin theconcentration
range of 10°-10"? M and is effective in the smulta-
neousdetermination of multi meta ions. Thereforethe
useof ASV isnot only effective but al so more advanta:
geousand convenient?? |tiscommonly preferred due
totheinexpensveand smpleinstrumentation.

Themainfocusof thestudy wasto anadysethetrace
amounts of copper, cadmium and arsenicintheleaves
of cabbage, |ettuce and tabua, local |eafy vegetablesin
Fiji, using theanodic stripping voltammetry technique.
Withtheavailability of low cost portable d ectrochemi-
ca analyzers, ASV techniqueoffersoperationa advan-
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tageintracelevel determinations. Inthis paper results
fromASV determinationsof tota copper are compared
with that of from AASmethod.

EXPERIMENTAL

M aterialsand methods

GR grade copper sulfate, zinc sulfate, sodium ac-
etate, mercuric chloride metal salts, graphite powder,
paraffin oil, hydrochloric acid and nitric acid were pur-
chased form Loba Chemie (India). Fresh vegetable
sampleswere obtained from thelocal Suvavegetable
market. ASV measurements were carried out using
CHI1232A portable electrochemical anayzer. A three
el ectrode assembly was empl oyed for the purpose that
cons sted of Ag/AQCI referenced ectrode, platinumwire
counter el ectrode and a2 mm screen printed graphite
working electrode. Mercury filmswere obtained by
depositing gpprox. 5mg paste of 15% HgCl, ingraph-
iteand cathodizing the e ectrode. Atomi ¢ absorbances
were measured on aPerkin Elmer 3110 AtomicAb-
sorption Spectrophotometer using oxyacetyleneflame.
Hollow cathode lamp was used as source and flame
copper absorbanceswere measured at 324.8 nmi=°1,

All glasswares, samplecontaners, volumetricflasks
and cellsused were soaked overnight in 3.0 M nitric
acid followed by thorough cleaning with distilled-
deionised water.

Samplepreparation

Vegetableleaveswerefirst cleaned with plenty of
tap water foll owed by deionised water and finally with
5% nitric acid solution. They weredried at 110°Cfor
24 hrsinahot air oven. Dry mass of leaveswas re-
corded and they were subsequently grounded and an
accurately weighed amount of each wasburnedinthe
furnace at temperature 400 - 450 °C for 1 hours. The
mass of whiteresiduewasrecorded after coolingand it
wasdissolvedinalOM hydrochloricacid. 3—5 mL of
the acid was used to dissolve each ash sample. The
acidic—ash solution was filtered into 10 mL volumetric
flask and volumewas made upto thevolumeusing dis-
tilled-deionised water.

Prepar ation of themetal ionsstandar d solution
The Copper sulphate (CuSO,.5H,0) sdts was
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used to preparethe standard copper solutions. There-
quired concentration for standard sol ution was of the
order 10°g/L. To prepare thisconcentration, astock
solution of concentration 1.0x 10 mol/L wasfirst pre-
pared by dissolving 0.025 g of CuSO,.5H,0in 100
mL of distilled—deionized water. The working standard
solutions 1.0, 3.0, 5.0, 7.0 and 9.0 ppm were pre-
pared by appropriatedilution of thisstock solution.

Prepar ation of asupporting electrolyte

3.4 g of hydrous sodium acetate
(CH,COONa.3H,0) wasweighed and transferred to
the 250 mL volumetricflask. Tothiswasadded 1.4 mL
of glacia acetic acid (CH3COOH) followed by 200
mL of distilled-deionised water. Once all sat has
dissolved additiona volumeof distilled-deionised water
was added to bring the volumeto the 250 mL.

Prepar ation of themercury film electrode

Theworking mercury thinfilmswereobtained by an
adoption of inStu eectrodepositioninathin paste®-#,
A 150 mg of mercury chloride (HgCl.) wasground to
formafine powder. Tothisadded 1.0 g of graphite pow-
der and mixturewasfurther grounded to afinehomog-
enous powder. About 5mL of paraffin oil wasadded to
the homogenous mixtureto obtain athick black paste
that wasstoredinacleanvid for futureuse. Thinlayer of
this paste was applied to carbon el ectrode and it was
cathodizedin 1.5M HCI solution at an € ectrode poten-
tial of -1.1V versusAg/AgCl for 300 seconds.

Copper ion analysisusingASV

2.0 mL of the supporting el ectrolyte (buffer solu-
tion) was added to the el ectrochemical cell. Into the
same electrochemical cell, were added 0.2 mL of
1.0x10°M Cu?* standard solution, 2.0 mL of theandyte
leaf sampleand 7.0 mL of water. The electro deposi-
tion of copper was carried out by applying-0.9V po-
tential tothiselectrodefor 120 seconds, under stirred
conditions. Thestirrer wasturned off and following a
30 squiet timethe potentid was ramped between-0.9
t0 0.0V versusAg/AgCl at sweep rate of 150 mV/s.
Afterward, an additional 0.2 mL of Cu?* standard solu-
tion was added carefully and the same steps of elec-
trodeposition and stripping were carried out in succes-
sion asdoneearlier. The procedure wasrepeated with
theincrementd addition of the0.2 mL of standard Cu?*
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solution bringing total added volumeto 0.6, 0.8 and
1.0mL.All andyseswerecarried out in duplicate.

RESULTSAND DISCUSSION

Theanodic stripping of standard copper sulfate so-
lutionsisshownin Figure 1. It isseen that under the
study conditions, in acetate buffer copper exhibited two
well resolved stripping peaksat -0.238 and -0.108 V
versusAg/AgCl, both of which showed concentration
dependence. Itisanimportant featureof ASV anadysis
that only thelabilemetal speciesthat undergo deposi-
tion, yield analytical stripping peaks. Inthe standard
solution Cu?* isthe main | abile species of copper un-
dergoing deposition, thetwo peaksmust bearising due
tostripping of copper into two different chemica forms.
Thiscould arisedueto Cu/Cu?*, Cu/Cu?*(CH,COO),
or Cu/Cu* processes. Thehaf width of 0.039 and 0.042
V of these peaksrespectively indicated their originin 2
electron processes. Pinchin and Newham had also ob-
served two stripping peaks, but their gpparent nvaues
were non-integral and thetwo stripping reactionswere
not resolved inther experiment™, possibly dueto pres-
enceof competing chlorideionsintheacetate buffer to
bind with stripped copper(ll) ions.
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Figurel: Anodicstripping of ssandard copper solutionsover
mer cury pasteelectrode(Concn. bottomtotop: 1.0x10°%, 3.0
x10%, 5.0 x10%, 7.0x10° and 9.0 x10°° mol/L)

The peak current and peak area for the copper
stripping peak at -0.238 V wasfoundto exhibit linear
dependencewith solution Cu?* concentration (TABLE
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1 and Figure 2) and henceit was used for the determi-
nation of copper in unknown solution.

TABLE 1: Variation of ASV peak current and peak areawith
solution Cu?* concentration

Concentration (mol/L) Peak Current Peak Area
1.0x10° 2.1x10° 0.78x10”7
3.0x10° 10.3x10°® 4.94x10”7
5.0 x10° 20.9x10° 10.4x107
7.0 x10°® 29.9x10° 16.3x107
9.0x10° 55.7x10° 23.0x107
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Figure2: Dependence of peak current and peak ar ea over
solution Cu? concentration.

Standard addition method was used in the
determination of concentrationsin theleaf solutions.
Inthe ASV measurements, to the mixture of 2.0 mL
supporting electrolyte, 2.0 mL of theanalyte sample
and 7.0 mL of water, addition of 0.2, 0.4, 0.6, 0.8,
and 1.0mL of 1.0x10°® M standard copper solutions
yielded 1.1, 2.2, 3.3, 4.3 and 5.3 ppm of the copper
solutions respectively. Figure 3 shows stripping
voltammograms of cabbage and | ettuce sampleswith
added 2.2 and 4.3 ppm copper(ll) ions. Since the
sample solution consisted of whole ash, other
strippable metal iong*¥, viz. Cd and Pb were also
present init. However copper peakswere observed
distinctly apart, at more positive potential sand hence
it was analyzed without intereference and without

requiring any masking agent(®53l,

500

Current / pA

-B00 -T00 600 -500 -400 <300 -200 -100 0

Potential / mV vs Ag/AgCl

Current / pA
R

| AN\
104 ) o

-800 =700 =600 =500 =400 =300 -200 =100 ]

Potential / mV vs Ag/AgCl
Figure 3 : ASV of tabua leaf (left) and lettuce leaf (right)
samplewith 2.2 and 4.3 ppm of added Cu? ions.

Although ASV isproneto give concentration of
|abile copper inthe ol ution should there be speciaions,
it has given total copper concentrations in these
determinations. Theashing method used inthesample
preparation destroyed al other organic formsof copper
andyiddedinorganiccopper (I1) onlyintheacid extract.
Asthevegetabl e asheswere complex mixtureof various
metal oxides, the concentration axisinterceptsof the
standard addition graphs gave the concentration of the
analytethat were obtained using regression analysis
(TABLE 2-4and Figure4).

TABLE 2: ASV measur ement of tabua leaves

Added Total Peak Dilution Corrected
volume Volume Height factor peak height
(mL) (x10° A) (10° A)
0.2 11.2 19 1.05 2.0
0.4 114 4.2 1.04 4.4
0.6 11.6 4.7 1.02 4.8
0.8 11.8 7.1 1.00 7.1
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TABLE 3: ASV measurement of L ettuceleaves

Added Total Pgak Dilution Corregted
volume Volume Height factor peak height
(mL) (x10°A) (10° A)
0.2 11.2 0.65 1.07 0.70
0.4 114 1.0 1.05 1.05
0.6 11.6 12 1.03 1.24
0.8 11.8 15 1.02 153
1.0 12.0 18 1.00 1.80
TABLE 4: ASV measurement of cabbageleaves
Added Added Peak Dilution Corrected

volume Concentration Height factor _Peak
(mL) (mol/L) (x10°A) height (A)
0.2 11.2 0.54 1.07 0.58
0.4 114 0.65 1.05 0.68
0.6 11.6 0.75 1.03 0.78
1.0 11.8 0.98 1.02 1.00
12 12.0 1.19 1.00 1.19
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Figure4: Sandard addition plotsfor Cu? determinationin
cabbage (—e-), lettuce (—m-) and tabua (— A-) leaf samples
by ASV.

TABLE 5: AAS/ASV measurement of standar d solutionsand leave samples

Standar d solution

L eave samples

Tabua Lettuce Cabbage
Cu?* Concentration by AAS (in ppm) 1.0 3.0 5.0 7.0 9.0 1.0 31 53
Absorbance 0.002 0.006 0.007 0.010 0.013 0.002 0.005 0.008
Cu?" Concentration by ASV (in ppm) 0.31 341 4.49
0.014 TABLE 6: Concentrationsof copper in different leavesamples
s asdeter mined by anodic grippingvoltammetry.
_ E Massof Concentration Mass of M ass of
3 oo s;_rr?zfle driedlesf  of Cuin  Cuin10 Cu per gof
‘78’ 0.008 sample(g) analyte(ppm) mL extract dried leaf
g 0.00¢ : Tabua 0.82 25.5 2.55x107  3.11x10”
S . Lettuce 0.32 109.0 1.09x10°  3.41x10°
< 0.004 : Cabbage  0.53 238.0 2.38x10°  4.49x10°
" thetime. Variablethcknessof thegraphitelayer lead to
A PR 5 5 P ., differenceinconductancesand hencethepesk currents.

Concentration (ppm)

Figure5: Calibration plot for copper absorbanceat 324.8
nm.

Althouth dopesof thestandard addition plotsvaried
from sample to sample, it has given consistency in
concentration of copper inagivenandytesampleinthe
replicateandyss. Onemgor causeof thisvariation has
been the variablethickness and consequent resistivity
of the carbon paste over the e ectrodethat was applied
manually. However, asthetime and conditionsfor the
electrodeposition of mercury filmwereinvariant, itis
presumed that samethickness of themercury filmwere
deposited over the screen printed graphite e ectrodeal

The concentrations determined by ASV werea so
verified using standard AAS method (Figure5). The
amount of copper in different vegetableleaf samplesis
shownin TABLEDS. Itisseen that theresultsobtained
by both methods arein good agreement. Cabbage and
lettuce were found to contain nearly comparable
amounts of 4.49 and 3.41 ppm of copper relativeto
dry weight of theleaf, but it ispresent in signigicantly
lower amount (0.31ppm) intabualeaves.

CONCLUSIONS

The anodic stripping voltammetry in acetic acid
buffer hasbeen successfully used inthe determination of
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copper inthreevegetableleaf samples. Despiteof its
simplicity it was highly sensitive and accurate and
produced resultsthat were comparableto standardAAS
method, for the determination of copper. Also this
method possessesinherent advantage of S multaneoudy
determination of two or meta sinagiven solution. Given
the cost and portability of theinstrument, ASV could
readily be used asardiable substitute of AASin the
determination of copper and other metalsinfood and
vegetablesamples Method could beussful insmdl idand
countries limitedwith maintenanceand suppliesforAAS..
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