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Stripping analysis was proposed for the voltammetric determination of trace cadmium and lead in local rice wine alcoholic beverages.
A bismuth-antimony film electrode (Bi-SbFE) was employed for accumulative preconcentration of trace metals by adding 4 mg L"!
of bismuth and 1 mg L' of antimony directly to the sample solution and simultaneously depositing bismuth, antimony, and trace
cadmium and lead target metals on the glassy carbon electrode by applying a fixed potential of —1.1 V versus the Ag/AgCl reference

electrode for 300 s. Pre-treatment parameters for mineralization of the sample were optimized using the wet acid digestion procedure.
Under the optimum conditions, linear calibration graphs ranging 20-200 pg L' for Cd and Pb were obtained with detection limits of
0.22 and 0.62 pg L' and limits of quantitation 0.73 and 2.07 pg L', respectively. Reproducibility values for seven replicate analyses
of 50 pug L' Cd and Pb were 3.6 and 3.3%, respectively. The developed method was successful for Cd and Pb analyses in Thai rice

wine samples and results were validated by the flame atomic absorption spectrometric method. Most samples were not contaminated

with Cd and Pb. The amount of Cd contaminants in only one of rice wine sample was still lower than the maximum permitted level

of Cd in wine.
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INTRODUCTION

Trace heavy metal contamination in daily diets has now become an
important health and safety issue. Alcoholic beverages are frequently
consumed but are not a staple food. Contamination of alcoholic
beverages with heavy metals arises from many sources including raw
materials, substances added during brewing, process type, process
equipment, bottling process, aging/storage and adulteration.' Heavy
metal contents of alcoholic drinks have previously been reported.'*
The Organisation Internationale de la Vinge et du Vin (OIV) set the
maximum permitted level (MPL) of heavy metals in wine for Cd,
Pb, As, Cu and Zn at 0.01, 0.15, 0.2, 1 and 5 mg L', respectively.
In Thailand, the Ministry of Industry has set MPLs of heavy metals
for industrial product standards in wine for As, Pb, Cu and Fe at 0.1,
0.2, 5 and 15 mg L', respectively.

Different methods are employed for trace heavy metal analysis in
beverages including flame atomic absorption spectrometry (FAAS),’
graphite furnace atomic absorption spectrometry (GFAAS),*!° and
inductively coupled plasma-mass spectrometry (ICP-MS)."" The
stripping voltammetric method is favored for analysis of trace metals
in non-alcoholic'>!® and alcoholic beverages'** with advantages of
high sensitivity from its deposition step, selectivity, ease of operation
and cost-effectiveness.

Several environmentally friendly methods based on bismuth
electrodes have been investigated instead of using toxic mercury
electrodes for analysis of Cd and Pb.?! Stripping analysis using
a bismuth-antimony film electrode (Bi-SbFE) was proposed in
2012 to determine cadmium in tap water samples. This method
offers high performance in more acidic solutions with an excellent
response to cadmium and lead compared to bismuth film electrode
(BiFE) or antimony film electrode (SbFE) alone.?>* To the best
of our knowledge, application of a Bi-SbFE for the simultaneous
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determination of cadmium and lead in food and beverage samples
has not been previously published elsewhere.

Metals in alcoholic beverages can be either “bound” to the
alcoholic matrix or “unbound” in solution.! Direct analysis by the
stripping voltammetric method only identifies the unbound fraction
in the sample and the total amount of metals is not determined.!
Therefore, this method is not recommended for metal ions that bind
strongly to the alcoholic matrix.>* Mineralization of samples to free
the bound metal ions and destroy the organic materials interfering
with voltammetric analysis, especially in complex food samples,
is conducted by wet digestion,” dry ashing® or UV photolysis.!”*

Rice wine, obtained by fermentation of rice or glutinous rice,
is traditionally consumed in southeast, east and south Asia. The
fermentation broth comprises many organic compounds such as lactic
acid, glucose, tartaric acid and glutamic acid.”” Previous reports have
quantified the contamination by heavy metals in Thai rice,”® Asian rice
and its derived food products.” Thai rice wines, Sato and Lao U, are
traditional alcoholic beverages normally home-produced using local
wisdom and quality control of these products is limited.

A highly efficient analytical approach with low operation cost
was developed for the simultaneous determination of trace Cd and
Pb by stripping voltammetry using Bi-SbFE. Wet acid digestion
was optimized for rice wine sample preparation to provide reliable
toxicity information.

EXPERIMENTAL
Chemicals and reagents

All chemicals used were of analytical reagent grade unless
otherwise stated. Deionized water from Simplicity 185 (Millipore,
Billerica, MA, USA) with resistivity of 18.2 MQ cm was used
throughout the experiments. Metal standard stock solutions
(1000 mg L) of Cd and Pb for AAS were purchased from Merck
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(Darmstadt, Germany), while Ga for ICP was sourced from Sigma-
Aldrich (Buchs, Switzerland). Working standard solutions of Cd
and Pb at different concentrations were prepared by appropriately
diluting the stock solution. A stock solution of 1000 mg L' Bi was
prepared from bismuth(IIl) nitrate 5-hydrate (Carlo Erba, Milano,
Italy) in 0.5 mol L' HNO, solution. A stock solution of 1000 mg L"!
Sb was prepared from antimony(III) chloride (Sigma-Aldrich, Buchs,
Switzerland) in a 2 mol L' HCI solution. Nitric acid (HNO;, 65%,
extra pure grade, QREC, New Zealand) and hydrogen peroxide (H,O,,
35%, extra pure grade, QREC, New Zealand) were used to digest the
samples. Hydrochloric acid (HCI, 37%, extra pure grade, QREC, New
Zealand) was used to prepare 0.01 mol L' HCI electrolyte solution.
Acetate buffer solutions 0.1 mol L'! at pH 4.5 were prepared from
sodium acetate (Ajax Finechem, New South Wales, Australia) and
acetic acid (QR&C, New Zealand). All glassware and plastic materials
used were treated for 24 h in 10% v/v nitric acid and rinsed with
deionized water.

Instrumentation

An Autolab PGSTAT 204 potentiostat (EcoChemie, Utrecht,
Netherlands) interfaced to a personal computer with NOVA
software, version 1.10 was employed for voltammetric measurement
and data evaluation. A coated glassy-carbon (GC) disk (3 mm
diameter, Metrohm, Switzerland) served as the supporting working
electrode, with Ag/AgCl (3 mol L' NaCl) and platinum wire
acting as the reference and auxiliary electrodes, respectively.
Scanning electron microscope (SEM) model JSM-6460LV (JEOL,
Tokyo, Japan) was used for the acquirement of SEM images. The
FAAS measurements were performed with an Agilent 280FS AA
atomic absorption spectrometer (Agilent Technologies, CA, USA)
equipped with a deuterium background corrector. A high intensity
UltrAA coded multi-element (Ag/Cd/Pb/Zn) hollow cathode lamp
(Agilent Technologies, CA, USA) was employed as the radiation
source. All instrumental conditions followed the manufacturer’s
recommendation.®® All pH measurements were conducted using a
pH meter (Model 713, Metrohm, Switzerland).

Sample collection and preparation

Eight local rice wine (Sato and Lao U) samples were selected from
provinces in northeast, Thailand. All samples were fermented from
domestically cultivated Thai rice. After delivery to the laboratory,
the rice wine samples were stored at 4 °C until further analysis. All
samples were analyzed in triplicate.

To decompose the organic matter, 25 mL of rice wine was placed
in a digestion flask. Then, 2 mL of conc. HNO; (65%) and 5 mL of
H,O, were added, and the contents were heated on a hot plate for
about 30 min until colorless. The digested solutions were evaporated
to near dryness, then transferred into 25 mL volumetric flasks and
brought to volume with the electrolyte solution. The solutions were
then transferred into polyethylene bottles and stored at 4 °C until
further analysis. Blanks without samples were also treated in the
same manner for each experiment.

Stripping voltammetry by Bi-SbFE

Stripping voltammetric measurement was performed with an in
situ plated bismuth-antimony film and target metals in the presence
of dissolved oxygen. Before use, the bare glassy carbon electrode
was polished to a mirror with a 0.05 pum Al,O, slurry, and rinsed
thoroughly with deionized water, then, washed successively with
deionized water, 1:1 (v/v) HNO; aqueous solution and deionized
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water in an ultrasonic bath and dried in air. Three electrodes were
immersed in a voltammetric cell containing 4 mg L' bismuth and
1 mg L' antimony, and 10 mL sample aliquots of 0.01 mol L'
HCI solutions. The deposition step was carried out at —1.10 V for
300 s under stirring. After a 20 s equilibration period, the stripping
voltammogram was recorded by applying a positive-going square
wave anodic stripping voltammetry (SWASV) potential scan from
—1.10 to 0.50 V with a frequency of 25 Hz, amplitude 25 mV, and
potential step of 4 mV. Before the next measurement, the residual
target metals and bismuth-antimony film were removed using
1 mol L' HCl as a cleaning solution, and a 60 s conditioning step at
+0.5 V under stirring was then performed.

RESULTS AND DISCUSSION
Optimization of electrochemical parameters

In situ plating of electrode film was selected for simultaneous
formation with analyte metal accumulations during the deposition
step. The preliminary investigation of the operational parameters of
the square wave anodic stripping voltammetry (SWASV) according
to the published literature with some modifications® were performed
with BiFE, SbFE and Bi-SbFE. The satisfactory voltammograms
were obtained. Therefore, these SWASV conditions were selected.

Type of electrolyte and bismuth concentration

The sensitivity of metal determination depends on the thickness of
the metal film electrode and also on the electrolyte solution. Acetate
buffer pH 4.5 and 0.01 mol L' HCI, normally used for BiFE and SbFE,
were studied. The voltammograms obtained in different electrolyte
solutions and bismuth concentrations are depicted in Figures 1S and
2S (supplementary material). As shown in Figure 1, Bi concentration
was varied from O to 5 mg L' with a fixed concentration of Sb at
1 mg L. For acetate buffer pH 4.5, peak currents of Cd and Pb
increased with increase of Bi concentration and reached the maximum
at 1 mg L' Bi, then, peak currents of Cd and Pb decreased. For
0.01 mol L' HCl, peak currents of Cd and Pb increased with increase
of Bi concentration and reached the maximum at 3 (for Cd) and 4 (for
Pb) mg L' Bi. The thickness of the Bi film related to the amount
of deposited Bi. At high Bi concentration, the metals had difficulty
stripping out a thick Bi film, leading to lower peak current and a
broader peak. Using 0.01 mol L' HCI as the electrolyte solution
improved sensitivity for both Cd and Pb. This results concurred with
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Figure 1. Effect of type of electrolyte and bismuth concentration on stripping
peak currents of 100 ug L'’ Cd and Pb. Supporting electrolyte: 0.1 mol L'
acetate buffer pH 4.5, 0.01 mol L' HCI; deposition potential: —1.1 V; depo-
sition time: 120 s under stirring; equilibration time: 20 s; frequency: 25 Hz;
pulse amplitude: 25 mV; potential step: 4 mV; Sb concentration: 1 mg L’
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Yi et al.*® who reported that pH higher than 2.0 caused hydrolysis of
Sb in the solution, with lower peak currents observed at higher pH.
Therefore, 0.01 mol L' HCl electrolyte solution and Bi concentration
of 4 mg L' were selected for further experiments.

Effect of antimony concentration

The effect of Sb concentration on peak currents of Cd and Pb
was studied over the concentration range 0 to 4 mg L' Sb and fixed
concentration of Bi at 4 mg L. The voltammograms are depicted
in Figure 3S (supplementary material). As shown in Figure 2,
peak currents of both Cd and Pb increased with increase in Sb
concentration from 0 to 1 mg L' and then decreased. At high Bi and
Sb concentrations, the metal was more difficult to strip out from the
thick Bi-Sb film, leading to lower peak current and a broader peak.
A concentration of 1 mg L' Sb was chosen for further experiments.
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Figure 2. Effect of antimony concentration on stripping peak currents of

100 ug L' Cd and Pb. Supporting electrolyte: 0.01 mol L' HCI; deposition

potential: -1.1 V; deposition time: 120 s under stirring; equilibration time:

20 s; frequency: 25 Hz; pulse amplitude: 25 mV; potential step: 4 mV;

Bi concentration: 4 mg L'

Different modified glassy carbon electrodes including (a) BiFE,
(b) SbFE and (c) Bi-SbFE were employed for analysis using
100 pg L' each of Cd and Pb in 0.01 mol L' HCI for sensitivity
comparison. Peak potential and peak shape of Cd and Pb stripping
signals obtained from Bi-SbFE were similar to the signal obtained
from SbFE, while BiFE exhibited the higher stripping peak current
signals of Cd and Pb compared with SbFE. However, the highest
stripping peak currents of Cd and Pb were obtained from Bi-SbFE
(Figure 3).

The morphological structure of the BiFE, SbFE and Bi-SbFE
were evaluated through SEM analysis. To obtain a clear image,
concentration of both bismuth and antimony at optimized Bi/Sb
ratios had to be increased (10 times). Figure 4S (supplementary
material) presents the obtained images for the working electrode
surface unmodified and modified with bismuth or/and antimony
film. The morphology of codeposites Bi-SbFE looks quite different
from BiFE and SbFE alone, presenting larger irregular square shape
which separated agglomerates of the metals. The more active sites
can be responsible for an increase in the electroactive area of the
electrode, providing higher stripping peak currents of Cd and Pb
obtained from Bi-SbFE.

Effect of deposition potential

The effect of deposition potential on peak currents was
investigated over the range —0.8 to —1.2 V at deposition time of
120 s. As presented in Figure 5S (supplementary material), greater
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Figure 3. Voltammograms of 100 ug L' each of Cd and Pb in 0.01 mol L' HCI
electrolyte solution obtained from different in-situ plating working electrodes
including (a) BiFE: Bi4 mg L'; (b) Bi-SbFE: Bi4 mg L and Sb 1 mg L' and
(c) SbFE: Sb 1 mg L. Other conditions are the same as in Figure 2

sensitivity was achieved at higher negative potential. At negative
potential above —1.1 V, peak currents for both Cd and Pb were
stable. Thus, a deposition potential of —1.1 V was chosen for further
investigations.

Effect of deposition time

Influence of deposition time was studied from 30 to 300 s, as
shown in Figure 6S (supplementary material). Two concentrations of
Cd and Pb at 50 and 100 pg L' were performed to verify no saturation
of the metal on Bi-Sb film surface during the deposition step. Results
indicated that peak current increased with increasing deposition time
from 30 to 300 s. Normally, sensitivity increases with increase in
deposition time. Therefore, deposition time of 300 s was chosen to
determine Cd and Pb concentrations at trace levels.

Optimization of digestion parameters

The GFAAS?® sample preparation procedure for heavy metal
analysis was selected as a guideline for the decomposition of organic
matter in rice wine samples. The parameters affecting digestion
efficiency are listed in Table 1S (supplementary material). Metal ions
at 50 pug L' were spiked into the rice wine samples and percentage
recoveries of the variable digestion parameters were evaluated
considering the optimum conditions.

Effect of oxidant

The effect of oxidant was investigated by applying acid (conc.
HNO,) alone and an acid-oxidant mixture (HNO;:H,O,; 1:1) to digest
the rice wine samples. Results showed that H,O, combined with
HNO,; provided a clear solution, with short digestion time at higher
percentage recoveries of Cd and Pb compared to acid alone, as shown
in Figure 7S(a) (supplementary material). This result was consistent
with published reports that oxidation of biological samples with high
organic matter (e.g. protein, carbohydrates) usually gave incomplete
digestion with only HNO,, while H,O, combined with HNO; yielded
a clear solution and improved recovery.?!

Volume of concentrated acid

Concentrated acid at volumes of 1, 2, 3, 4 and 5 mL was studied.
Low recoveries of < 80% were observed using more than 3 mL of
concentrated acid, as shown in Figure 7S(b) (supplementary material).
Using concentrated acid to digest the organic compounds generated
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high peak noise and low sensitivity because pH values of the digested
solution were lower than pH 1.*2 Therefore, 2 mL of concentrated acid
was selected as the optimum condition. After digestion, the solutions
were evaporated to near dryness to remove the acid and re-dissolved
in the electrolyte solution.

Volume of hydrogen peroxide

The volume of hydrogen peroxide (1, 2, 3, 4 and 5 mL) used
did not significantly affect digestion efficiency. High percentage
recoveries of > 90% were observed at all volumes (1, 2, 3, 4
and 5 mL), as shown in Figure 7S(c) (supplementary material).
Highest percentage recoveries with low standard deviation were
obtained using 5 mL of H,0, and this condition was chosen as
the optimum.

Digestion time

Digestion times of 10, 20, 30, 40, 50 and 60 min were studied.
A clear solution with high percentage recovery was observed after
20 min of digestion time, as shown in Figure 7S(d) (supplementary
material). Therefore, optimum digestion time was selected at 30 min
(2 90% recovery).

Analytical characteristics of the proposed system

The analytical characteristics of the proposed system were
investigated. A standard addition method was used to estimate
concentrations of Cd and Pb in the rice wine samples because this
approach is effective in eliminating the problems of the matrix
effect. Using the optimum conditions as described above, standard
calibration ranges of 20 to 200 pg L' for both Cd and Pb were
constructed by plotting peak currents against concentrations. Under
the selected conditions, linear calibration graphs (y: peak current in
UA, x: concentration in pug L") were obtained for Cd and Pb, as shown
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in Figure 8S (supplementary material), with calibration equations
y = 0.0748x + 0.01; R? = 0.9988 for Cd and y = 0.0521x + 0.02;
R? = 0.9989 for Pb. Limits of detection (LOD) (3c/s) and
quantification (LOQ) (10c/s) (where o is the standard deviation
of the digestion blank (n = 11) and s is the slope of the calibration
curve) were obtained for deposition time of 300 s at LOD 0.22 ng L,
LOQ 0.73 pg L' for Cd, and LOD 0.62 pg L', LOQ 2.07 pug L' for
Pb. Relative standard deviations for eleven replicate determinations
of 50 pg L' for Cd and Pb were 3.6 and 3.3%, respectively.

Table 1 compares the analytical characteristics of several
methodologies employed for heavy metal determination in alcoholic
beverages. The sensitivity of our proposed method was higher than
hanging mercury drop electrode (HMDE) and multimode electrode
(MME) techniques, with lower sensitivity compared to thin mercury
film electrode (TMFE). However, Bi-SbFE is more environmentally
friendly than using mercury electrodes, and the sensitivity of our
proposed method was comparable to other Cu immobilized on
graphite pencil lead electrode (GPC) and bismuth-based electrode.
The wet acid digestion procedure also provides simple, rapid and
low chemical consumption for total metal determination in complex
matrix samples.

Analysis of rice wine samples

The proposed stripping voltammetric method was employed
to determine Cd and Pb quantities in local rice wine samples, with
analysis results presented in Table 2. Representative Cd and Pb
voltammograms in rice wine samples are depicted in Figure 4. To
compare the results, all digested samples were also analyzed by the
FAAS method.

Most samples were not contaminated with Cd and Pb, as
presented in Table 2. Concentrations of Cd and Pb found in
seven rice wine samples were below the detection limits of both

Table 1. General characteristics of electrochemical methods used for metal ion determination in alcoholic beverage samples

Sample preparation

Sample technique Analytes Electrode® Technique® LOD Reference
Alcoholic drinks Direct analysis Cd SWASV Cd 0.6 pg L' 33
Zn5pgL!
Whisky Direct analysis Zn, Pb, Cu HMDE ASV Pb2pugL! 34
Cu5pgL!
. . . Pb 6.7 ug L
Beer Direct analysis Pb, Hg SPE-BDD/BiF SWASV Hg 7.5 pg L 35
L . . . Cd 0.88 ug L™
‘White wine Direct analysis Cd, Pb BiFuE LSASV Pb 0.60 pg L' 36
S Cd7.0ngL!
Wine UV photo-oxidative Cd, Pb, Cu TMFE SWASV Pb12ngL! 17
digestion .
Cu 6.6 ng L'
Zn 20 ug L'
Cd5pgL!
U . 0
Wine uv ph.oto 9x1dat1ve Zn, Cd, Pb, Cu, Ni, MME DPASV and DPCSV Pb 10 ug L, 2%
digestion Co Cu 10 ug L
Ni5SpugL!
Co 10 ug L
Beer Dry ashing and wet Pb SWASV Pb 0.27 pg L 25
digestion
-1
Rice wine Wet acid digestion Cd, Pb Bi-SbFE SWASV g](j 8;; ﬁg ]]:,] This work

*GPC: Cu immobilized on graphite pencil lead electrode; HMDE: Hanging mercury drop electrode; SPE-BDD/BiF: Boron-doped diamond screen-printed
electrode modified with bismuth film; BiFuE: Bismuth-coated carbon microdisk electrode; TFME: Thin mercury film electrode; MME: Multimode electrode;
BiFE: Bismuth film electrode; Bi-SbFE: Bismuth-antimony film electrode. "SWASV: Square wave anodic stripping voltammetry; ASV: Anodic stripping voltam-
metry; LSASV: Linear sweep anodic stripping voltammetry; DPASV: Differential pulse anodic stripping voltammetry; DPCSV: Differential pulse cathodic

stripping voltammetry.
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methods. Satisfactory results for the studied concentration levels
were obtained, with percentage recoveries of 98 to 116% (for Cd
using the proposed method), 92 to 106% (for Cd using the FAAS
method), 93 to 113% (for Pb using the proposed method), and 94
to 106% (for Pb using the FAAS method). Both methods showed
good agreement. Maximum permitted levels (MPLs)® of Cd and
Pb in wine are 10 and 150 pg L', respectively. Cadmium was only
found in the digested sample of Lao U (U1) and within the MPL
level. Results indicated that all studied rice wine samples were safe
for consumer consumption.

CONCLUSIONS

A stripping voltammetric determination of trace Cd and Pb in
rice wine alcoholic beverages using a Bi-SbFE eco-friendly electrode
was presented, following the wet acid digestion procedure for total
metal contents. The proposed method offered a convenient, sensitive,
accurate and reliable determination of trace Cd and Pb contaminants
in local rice wine samples without requiring preconcentration. All
analyzed samples were not contaminated with Pb. Only one of rice
wine sample was contaminated with Cd at lower level than the
MPL. This study provides significant data on the safety and quality
of rice wine consumed in Thailand. The developed method showed
high potential as a good alternative for the analysis of Cd and Pb
contaminants in various alcoholic beverages.

Table 2. Concentrations of Cd and Pb in rice wine samples
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Figure 4. Voltammograms of rice wine samples obtained from the standard
addition method by spiking with Cd and Pb standards. Concentration of each
metal from bottom to top: 0, 50, 100, 150 and 200 ug L. Supporting electrolyte:
0.01 mol L' HCI; deposition potential: —1.1 V; deposition time: 300 s under
stirring; equilibration time: 20 s; frequency: 25 Hz; pulse amplitude: 25 mV;
potential step: 4 mV; Bi concentration: 4 mg L”'; Sb concentration: 1 mg L

SUPPLEMENTARY MATERIAL

In supplementary material, available on http://quimicanova.sbq.
org.br as a PDF file, with free access, are presented the Figures 1S,
28, 38, 48, 58, 6S, 7S, 8S and Table 1S.

Cd Pb
Bi-SbFE-ASV* FAAS* Bi-SbFE-ASV® FAAS¢
Sample* Added Added
(ng L") Found Recovery! Found Recovery! (ug L) Found Recovery! Found Recovery!
(pg L) (%) (pg L) (ngLh (%) (gL (%)
0 ND - ND - 0 ND - ND -
S1 25 26.8 1.1 107.0 24809 99.2 25 233=+1.1 93.0 24904 99.4
50 50.8+0.8 101.6 49.7+0.6 99.3 50 51.9+0.8 103.9 502+ 1.1 100.4
0 ND - ND - 0 ND - ND -
S2 25 27.0+£0.9 108.1 25.1+0.7 100.3 25 28.3+0.5 113.3 25.7+0.8 102.6
50 492+20 98.5 49.6 £0.3 99.1 50 48.7+24 97.3 49.5+0.8 99.0
0 ND - ND - 0 ND - ND -
S3 25 289+ 1.4 115.6 24.0+1.0 95.9 25 262+23 104.7 26.5+0.4 105.9
50 540+2.6 108.0 47614 95.3 50 523+45 104.7 48.7+0.6 97.3
0 ND - ND - 0 ND - ND -
S4 25 27304 109.0 23.0+0.7 92.0 25 26.0+1.3 104.1 25.6+0.2 102.4
50 51.8+0.4 103.6 48.7+09 97.4 50 48.7+3.8 97.5 479 +0.6 95.7
0 ND - ND - 0 ND - ND -
S5 25 244 0.6 91.7 26.5+0.8 105.8 25 253+0.7 101.1 259+0.6 103.7
50 495+13 98.9 489 +0.6 97.7 50 50.8 1.1 101.6 498 +1.1 99.7
0 ND - ND - 0 ND - ND -
S6 25 253+09 101.3 264 +0.7 105.4 25 26.0+0.6 104.1 24.1+£0.8 96.2
50 513+1.0 102.5 483+1.2 96.5 50 48.7+1.4 97.5 527+1.6 105.5
0 27+0.6 - 29+0.1 - 0 ND - ND -
Ul 25 27327 98.4 237+1.3 94.6 25 255+14 101.8 23.6+0.9 94.2
50 53403 101.3 50309 100.5 50 475+25 95.1 48.1+0.8 96.3
0 ND - ND - 0 ND - ND -
U2 25 27019 108.1 23.8+0.8 95.3 25 24.8+0.6 99.1 23.7+0.7 94.7
50 529+0.5 105.8 52109 104.1 50 527+1.6 105.5 514+1.0 102.9

2§1-S6: Sato. U1-U2: Lao U.°LOD for Cd 0.22 pg L' and Pb 0.62 pg L. °LOD for Cd 0.58 pg L' and Pb 8.87 ug L. “Recovery (%) = [metal found / added metal] x 100.
ND: not detected or below detection limit.
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