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Abstract

Direct determination of copper, lead and cadmium by electrothermal atomic absorption spectrometry in aniseed spirits was proposed.
The methods were validated by studying quality parameters such as trueness, precision, linearity and sensitivity. Recoveries ranging
between 96% and 104% were obtained from spiked samples at several concentration levels. Repeatability was less than 5% and interme-
diate precision was less than 8%. The procedure is fast and shows limits of detection of 0.6, 0.7 and 0.04 ug 1=" for Cu, Pb and Cd, respec-
tively. Samples were just diluted in a water/ethanol/nitric acid mixture. Cu was present at higher concentrations, with values in the range
6-473 pg 1=!. Minor levels of Pb and Cd were present with concentrations of less than 6 and 1.4 pg 17!, respectively.

© 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

The determination of heavy metals in environmental,
biological and food samples has drawn significant atten-
tion due to the toxic and nutritional effects of these ele-
ments or their compounds (Gonzdlez, Martinez, &
Aguilar, 1998; Goyer & Clarkson, 2001). Copper is widely
distributed in nature and is an essential trace element for
humans (Goyer & Clarkson, 2001; Turnlund, 1998). Cu
functions as a cofactor and is required for structural
and catalytic properties of a variety of important
enzymes, including cytochrome ¢ oxidase, tyrosinase, p-
hydroxyphenylpyruvate hydrolase and dopamine f
hydroxylase (Gaetke & Chow, 2003). Nonetheless, Cu
shows some toxicological effects. Food, beverages and
drinking water are potential sources of excess exposure.
Daily intake of Cu in adults varies between 0.9 and
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2.2mg. The amount of Cu ingested is relatively low,
and most humans are able to control excess amounts of
Cu in the body by either decreased absorption or
increased excretion. Ingestion of drinking water with con-
centrations higher than 3 mg1~' can produce gastrointes-
tinal symptoms (Pizarrro et al.,, 1999). Exposure to
elevated concentrations of Cu primarily affects the liver
and is typically manifested by the development of liver
cirrhosis, episodes of hemolysis and damage to renal
tubules, brain and other organs (Goyer & Clarkson,
2001; Winge & Mehra, 1990). Pb and Cd can be accumu-
lated in biological systems becoming potential contami-
nants along the alimentary chain. These elements
produce harmful effects on the human health, affecting
to several organ systems, such as nervous, gastrointesti-
nal, reproductive and skeletal, and biochemical activities
(Goyer & Clarkson, 2001; Hsu & Guo, 2002; Kim, 2004).

Aniseed spirits are produced by the distillation of
pressed fermented grapes, dregs and other fermented
saccharate raw materials, flavoured with aniseed-type
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plants, mainly star anise, green anise or fennel (Council
Regulation, 1989). They are elaborated in many countries
with different denominations like sambuca in Italy, ouzo
in Greece, pastis in France, anis in Spain. Production of
this kind of beverages normally is a batch process using
bronze or copper pot still. Part of the metal content pres-
ent in these beverages is attributed to the production pro-
cess and another to the flavouring plants and combined
use of metallic pot stills (Moutsatsou, Chalarakis, &
Zarangas, 2003). As a consequence some heavy metals
such as copper, lead and cadmium can be present in ani-
seed drinks (Ferndndez, 1988; Moutsatsou et al., 2003).
These elements are usually present at low levels in most
alcoholic beverages (Kaufman, 1998; Mena, Cabrera,
Lorenzo, & Loépez, 1996; Moutsatsou et al., 2003) and
sensitive analytical techniques are required for their deter-
mination. Several authors have determined copper in
wine, beer and other alcoholic beverages by using flame
atomic absorption spectrometry (FAAS) (Camean, Mor-
eno, Lopez-Artiguez, Repetto, & Gonzdlez, 2001; Frias,
Conde, Rodriguez-Bencomo, Garcia-Montelongo, &
Pérez-Trujillo, 2003; Gonzédlez et al.,, 1998; Soufleros,
Mygdalia, & Natskoulis, 2004), inductively coupled
plasma optical emission spectrometry (ICP-OES) (Alca-
zar, Pablos, Martin, & Gonzalez, 2002; Jos, Moreno,
Gonzalez, Lopez-Artiguez, & Camedn, 2004; Matsushige
& Oliveira, 1993), total reflection X-ray spectrometry
(Galani-Nikolakaki, Kallithrakas-Kontos, & Katsanos,
2002), voltammetry and ion chromatography (Buldini,
Cavalli, & Sharma, 1999). Lead has been determined by
flow injection hydride generation AAS (Mena, Cabrera,
Lorenzo, & Loépez, 1997), ICP mass spectrometry (ICP-
MS) (Almeida & Vasconcelos, 2003). Voltammetry and
ion chromatography (Buldini et al., 1999) have also been
used for determining lead and cadmium. Electrothermal
atomic absorption spectrometry (ET-AAS) is suitable
and widely used for the determination of lead and cad-
mium in wines (Almeida & Vasconcelos, 2003; Buldini
et al., 1999; Freschi, Dakuzaku, Moraes, Nobrega, &
Gomes Neto, 2001; Galani-Nikolakaki et al., 2002; Kim,
2004; Kristl, Veber, & Slekovec, 2002) and other alcoholic
beverages like brandy (Camean et al., 2001) and cava (Jos
et al., 2004). Several authors (Butcher & Sneddon, 1998;
Freschi et al, 2001; Welz & Sperling, 1999) have
proposed ET-AAS for direct determination of lead and
cadmium in various matrices. This is particularly advanta-
geous because a minimum sample preparation is required
leading to a saving of time and reducing the possibilities
of cross-contamination.

This work reports simple and fast methods for the direct
determination of copper, lead and cadmium in aniseed spir-
its by using ET-AAS. Since there are almost no data in the
literature dealing with ET-AAS determination of these
metals in such samples, our aim was to find suitable chem-
ical modifiers and furnace conditions to suppress the inter-
ferences associated to the elevated organic content present
in the sample matrices.

2. Materials and methods
2.1. Apparatus

Measurements were carried out using a Perkin—Elmer
1100B atomic absorption spectrometer with deuterium
background correction equipped with a HGA-400 graphite
furnace atomiser and an AS-40 autosampler. Instrumental
and graphite furnace conditions are summarized in Table
1.

2.2. Reagents and solutions

Chemicals were of ultrapure grade, and ultrapure water
(18.2 MQ cm), obtained from a Milli-Q water purification
system (Millipore, Bedford, MA), was used throughout.
Stock standard solutions (1 gl~!) of copper, cadmium
and lead were supplied by Merck (Merck, Darmstad, Ger-
many). Working solutions were obtained by appropriate
dilution of the standard ones. Pd(NOs), (SCP Science,
NY, USA), 20gl™' in Pd, and Mg(NOs), (Merck),
4 g17" in Mg, stock solutions were used to prepare chemi-
cal modifiers. Nitric acid 69% (Merck) and absolute etha-
nol (Panreac, Barcelona, Spain) were also used for

Table 1
Graphite furnace conditions® for the determination of Cu, Pb and Cd in
aniseed spirits by ET-AAS

Operating conditions Cu Pb Cd

Lamp HCL HCL EDL

Wavelength 324.8 283.3 228.8
(nm)

Slit width 0.7 0.7 0.7
(nm)

Injection 20 20 20
volume (pl)

D, background On On On
correction

Graphite furnace-temperature programs

Step Temperature Ramp Hold Ar flow rate
(C) s) (s) (ml min"")
Cu Drying 1 80 5 15 300
Drying 2 110 10 20 300
Pyrolysis 1300 10 15 300
Atomisation 2300 0 3 0 (READ)
Cleaning 2500 2 3 300
Pb Drying 1 80 5 15 300
Drying 2 110 10 20 300
Pyrolysis 900 10 15 300
Atomisation 1800 0 3 0 (READ)
Cleaning 2500 2 3 300
Cd Drying 1 80 5 15 300
Drying 2 110 10 20 300
Pyrolysis 700 10 30 300
Atomisation 1500 0 3 0 (READ)
Cleaning 2500 2 3 300

HCL, hollow cathode lamp; EDL, electrodeless discharge lamp.
% Pyrocoated graphite tubes with L’vov platforms, integrated absor-
bance measurement.
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diluting the samples. Argon N50, with 99.999% purity, was
used as sheath gas for the atomiser and to purge internally.
All glassware were kept in 10% nitric acid for at least 48 h
and rinsed with ultrapure water before use.

2.3. Samples

Samples of aniseed spirits were obtained from liquor
retails and markets. All previous experiments were carried
out using a control sample prepared by mixing the content
of several bottles. Due to the high organic content in these
beverages and to prevent the formation of emulsions, sam-
ples were diluted with a water/ethanol/nitric acid (58:40:2)
mixture after the addition of the appropriate amount of
chemical modifier. Therefore, samples were diluted by a
factor 1:10 when they were injected into the graphite
furnace.

3. Results and discussion
3.1. Optimization of the furnace conditions

3.1.1. Drying

As it was mentioned in the previous section, samples
were diluted in a water/ethanol/nitric acid solution. Due
to the high content in ethanol of the diluted samples, a
double drying step was necessary. In the first one, the tem-
perature was set at 80 °C to assure a slowly alcohol evapo-
ration. In the second step, a 110 °C temperature was set in
order to evaporate the water present in the sample. Several
experiments were carried out to establish the optimum
ramp and hold times to assure the complete dryness of
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the samples before the pyrolysis step. The corresponding
values for the determination of each element are shown
in Table 1.

3.1.2. Pyrolysis

Considering the high content of organic matter in the
samples and to obtain a complete mineralization, the con-
ditions used in the pyrolysis step were optimised. Mineral-
ization curves were obtained for each studied element. Due
to the low content of cadmium and lead in the samples, the
study for these elements was carried out using a spiked con-
trol sample, with a final content of 3, 5 and 2 ug 17! of Cu,
Pb and Cd, respectively. Pyrolysis temperature was chan-
ged setting the atomisation temperature according to the
specifications of the manufacturer of the instrument (Per-
kin—Elmer, 1984), 2300, 1800 and 1600 °C for Cu, Pb and
Cd, respectively. Figs. 1-3 show the obtained curves in
presence of several matrix modifiers, namely Mg(NO3),,
Pd(NO3), and a mixture of Mg(NO3), and Pd(NO3),. Ade-
quate volumes of the solutions of these compounds were
added to obtain final concentrations of 43 mgl~' of Pd
(NOs), and 25 mg 1! of Mg(NO;),.

In the case of Cu, a constant signal was obtained in the
interval 1000-1400 °C. At higher temperatures the analyti-
cal signal decreases. In order to obtain a good mineraliza-
tion of the sample in the cited temperature interval, the
pyrolysis temperature was set at 1300 °C. At a first glance,
no significant differences were observed between the curves
obtained with the different modifiers tested.

Fig. 2 shows the influence of the pyrolysis temperature
on Pb signal. With no chemical modifier and using magne-
sium nitrate the signal decreased continuously, since the
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Fig. 1. Influence of pyrolysis (left) and atomisation (right) temperatures for Cu determination. 10% (v/v) aniseed drink with 3 pg1~" of Cu. Matrix
modifier: magnesium nitrate, 25 mg 17!, (M); palladium nitrate, 43 mg 1! (OJ); Pd-Mg nitrates, 43-25 mg 1™, respectively (A); no matrix modifier (O).
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Fig. 2. Influence of pyrolysis (left) and atomisation (right) temperatures for Pb determination. 10% (v/v) aniseed drink spiked with 5 ug 17" of Pb. Matrix
modifier: magnesium nitrate, 25 mg 1=}, (W ); palladium nitrate, 43 mg1~! ((J); Pd-Mg nitrates, 43-25 mg 17!, respectively (A); no matrix modifier (O).
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Fig. 3. Influence of pyrolysis (left) and atomisation (right) temperatures for Cd determination. 10% (v/v) aniseed drink spiked with 2 pg 1=! of Cd. Matrix
modifier: magnesium nitrate, 25 mg 1-!, (M); palladium nitrate, 43 mg 1~! (0); Pd-Mg nitrates, 43-25 mg 1™, respectively (A); no matrix modifier (O).

first pyrolysis temperature studied which was 500 °C. For It can be observed in Fig. 3 that the absorbance of Cd
palladium modifier a constant signal was obtained between was higher when palladium nitrate and palladium magne-
the interval 700 and 1100 °C. When using Pd—Mg modifier, sium nitrates were used as chemical modifiers. The analyt-
at 1100 °C the analytical signal begins to decrease. A tem-  ical signal of Cd showed a continuous decreasing when
perature of 900 °C was selected as pyrolysis temperature to  pyrolysis temperature was raised, but the background sig-
avoid possible losses of analyte. nal was lower at 700 °C with a hold time of 30 s (Fig. 4).
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Fig. 4. Influence of temperature and hold time of pyrolysis on the peak profile of Cd. 10% (v/v) aniseed drink spiked with 2 ug1~! of Cd. Pyrolysis
temperature (°C)/hold time (s): (a) 500/30, (b) 600/30, (c) 700/30 and (d) 700/15. Atomisation temperature, 1600 °C. Matrix modifier: Pd (43 mg1~') and
Mg (25 mg 17!) nitrates. Scale of the background signal (dotted line) in brackets.

High background signals lead to an overestimation of the
peak area, then, in order to avoid this effect, the optimum
pyrolysis temperature and hold time were fixed at 700 °C
and 30 s, respectively.

Under these conditions the presence of carbonaceous
residues after several firings were minimized.

3.1.3. Atomisation

Once the optimum conditions for the pyrolysis step were
fixed, the atomisation curves for Cu, Pb and Cd were
obtained. Figs. 1-3 show the atomisation curves for Cu,
Pb and Cd, respectively. For Cu the pyrolysis temperature
used for all the experiments was 1300 °C. In the case of Pb,
the pyrolysis temperatures used for atomisation studies
were: 600 °C for the curves obtained with Mg as modifier
and without modifier, 1100 °C for Pd and 900 °C for Pd—
Mg modifiers. For Cd the pyrolysis temperatures were
500 °C for Mg modifier or without modifier, and 700 °C
for Pd and Pd-Mg modifiers. The atomisation tempera-
tures were set by taking into account the highest peak
areas, the narrowness of absorbance profiles and the
repeatability of the measurements. For Cu, the highest sig-
nals were obtained between 2300 and 2400 °C. Considering
the absorbance profiles (Fig. 5) and signal repeatability, the
atomisation temperature was fixed at 2300 °C. In the case
of Pb, very bad repeatability was obtained when palladium
was not used as chemical modifier. Consequently, in pres-
ence of this chemical modifier and taking into account
the peak shape (Fig. 5) the atomisation temperature for
Pb was set at 1800 °C. For Cd determination higher signals
and narrower peaks (Fig. 5) were also obtained in presence
of palladium and at 1500 °C.

3.1.4. Chemical modifiers
Due to the role of magnesium and palladium nitrates as
universal chemical modifiers (Schlemmer & Welz, 1986;

Welz, Schlemmer, & Mudakavi, 1992), they were consid-
ered for the determination of Cu, Pb and Cd. The influence
of different amounts of modifier was tested. Fig. 6 shows
the plot of the analytical signal against the amount of mod-
ifier. In the case of Cu, there is no almost influence of the
magnesium nitrate concentration on the signal. The highest
value was obtained with a palladium concentration of
30 mg 1!, The analytical signals obtained for lead and cad-
mium determination were very low when palladium was
not present. The maximum signal of Pb was obtained with
30mgl~!' of palladium and 10mgl~' of magnesium
nitrate. A similar behaviour is observed for Cd, but, in this
case, the optimum response was obtained at 40 mg 1! of
magnesium nitrate and palladium.

3.2. Analytical performance

3.2.1. Matrix effect and calibration

In order to check the presence of matrix effect, external
and standard addition calibrations were performed. To
avoid differences in the behaviour of the analyte present
in the sample and the added one, samples prepared for
standard addition measurements were spiked 24 h before
the analysis. This fact allows interactions between analytes
and the components of the sample matrix. The obtained
results are present in Table 2. Student z-test was applied
to compare the slopes (Miller & Miller, 2000). For Cu
and Pb, at a 95.0% confidence level, there is no significant
difference between the slopes of the external and addition
standard calibration lines. Then it can be concluded that
the matrix effect is not significant and the quantification
of Cu and Pb in aniseed samples can be carried out by
using external calibration. On the other hand, significant
difference was detected between external and standard
addition slopes for Cd. Therefore, in this case there is sig-
nificant matrix effect and, consequently, quantification was
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Fig. 5. Absorption peak profile of Cu, Pb and Cd. Atomisation temperature (°C): Cu (a) 2300, Cu (b) 2400; Pb (a) 1700, Pb (b) 1800; Cd (a) 1400, Cd (b)
1500. 10% (v/v) aniseed drink with 3, 5 and 2 ug 1! of Cu, Pb and Cd, respectively. Matrix modifier: Pd (43 mg 17') and Mg (25 mg 1~!) nitrates. Scale of

the background signal (dotted line) in brackets.

performed by using the standard addition method. Linear
range and linearity (Rodriguez, Campana, & Sendra,
1996) were also studied. The intervals of linear range are
presented in Table 2. Linearity, calculated as (1 — sp/
b)100,was 97.7% in all cases.

3.2.2. Trueness

Taking into account that there is not CRM available for
this kind of samples, recovery assays were carried out for
trueness study purposes (Gonzalez, Herrador, & Asuero,
1999; Maroto, Boqué, Riu, & Rius, 2001). A control sample
was fortified at i levels (i = 5) of concentration and was ana-
lysed in j replicates (j = 5). Fortification to obtain concen-
trations in sample between the interval 10-50 ug1~' for
Cu and Pb and 2-10 pg 1" in the case of Cd was performed.
Once the elemental recovery for each ijth sample (R;;) was
obtained, the average recovery for each level (R;) and the
global recovery for each element (R) were calculated.
One-way ANOVA was performed to find out possible bias
contribution due to between levels variance. In order to

detect the level that introduced significant differences, a
Tukey-HSD test was applied (Rafter, Abell, & Braselton,
2002). After ANOVA calculations were performed, signifi-
cant bias was detected due to fortification levels 1 and 2
(10 and 20 pg17") for Pb analysis and level 1 (2 ug1™') in
the case of Cd. No significant bias was detected for Cu.

The uncertainty for each R; value, u(R;), was computed
as the standard deviation of the j replication measure-
ments. The uncertainty corresponding to R consists of
two contributions, a combined uncertainty coming from
the calculation of R and the pure repetition uncertainty
(Jurado, Alcazar, Pablos, Martin, & Gonzilez, 2004).
Finally, uncertainty (#) was converted into the expanded
one (U) multiplying by a coverage factor k=2 (EURA-
CHEM/CITAC Guide, 2000).

Recoveries of each fortification level, R;, and the global
one, R, with their expanded uncertainties for the studied
elements are shown in Table 3. As can be seen, the confi-
dence interval for each level and the global one include
the 100% for Cu, Pb and Cd. Accordingly, and taking into
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Fig. 6. Influence of the amount of matrix modifier. 10% (v/v) aniseed drinks with 3, 5 and 2 pg 1" of Cu, Pb and Cd, respectively. See furnace conditions
in Table 1.

Table 2 Table 3

External and standard addition calibration parameters and linear range Recoveries* of Cu, Pb and Cd in aniseed spirits

Element External Standard addition Linear range Level Cu Pb Cd

(ngl™") 1 104 + 13 - -

Cu b =0.012 + 0.004 h=0.01240.003  2.1-10 2 104 + 14 - 99 +9
a=-0.001+0.003  a=0.040 % 0.006 3 96 +9 100 + 14 98 + 4
r=0.9993 r=0.9990 4 102+ 5 102 £ 15 101 +3

5 100+ 6 100+ 5 100 £3

Pb b =10.007 £ 0.001 b =10.007 + 0.001 2.3-10 Global 101 +5 101 + 7 101 +3
a=0.000 + 0.003 a=0.004 +0.002 - -

r = 0.9993 r = 0.9984 * in % =+ expanded uncertainty.

Cd b=0.114+0.02 b=10.08 £+ 0.01 0.13-1
a=-0.003+0.004  a=0.005%0.002 account the ANOVA results, trueness can be assured over
r=0.9993 r=0.9990 all the studied range for Cu, from 30 to 50 ug1~' for Pb

b, slope; a, intercept; r, correlation coefficient. and 4 to 10 pg 1! for Cd.
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Table 4 Table 5
Precision and sensitivity parameters Concentrations® (pg17!) of Cu, Pb and Cd in aniseed spirits
Element RSDcpeat RSD;, LOD LOQ mg Sample Cu Pb Cd
(%) (%0) (mgl™)  (ugl™)  (pg) 1 nd. nd. nd.
Cu 2.85 5.96 0.6 2.1 844+0.2 2 274+ 0.9 n.d. n.d.
Pb 3.95 4.23 0.7 2.3 13.24+0.3 3 13+£2 n.d. n.d.
Cd 5.08 8.41 0.04 0.13 0.89 +0.03 4 1477 n.d. n.d.
RSDycpea, repeatability; RSD;,, intermediate precision; LOD, limit of 3 ?6 + i n.d. n.g.
detection; LOQ, limit of quantification; m1, characteristic mass. 6 6+ nd. n.¢.
7 108 + 3 n.d. n.d.
8 5242 n.d. n.d.
3.2.3. Precision 9 884038 n.d. n.d.
. . . .. 10 437+6 n.d. n.d.
Repeatability apd intermediate precision were evalugted 1 380 L 8 nd nd
for the three studied elements. Repeatability was obtained 12 36.6 4+ 0.7 6+2 n.d.
by analysing 10 times a control sample in a short period of 13 173+ 4 n.d. 0804
time, without changing any operational condition. The !4 n.d. n.d. n.d.
relative standard deviation in repeatability conditions {2 g'ld'i 5 E'g' E'g'
(RSDyepeat) Was calculated. On the other hand, by analy- 17 3744009 nd. nd
sing the same control sample in intermediate precision con- 18 3046 nd. 0.6+ 0.4
ditions, the relative standard deviation (RSDj,) was 19 2+1 n.d. 0.4+£0.2
evaluated. The results obtained for each element are shown 20 6 fit 1 “g “-j
in Table 4. As can be seen, in all cases the RSD of repeat- ; 3‘9' 0 E 4 E .
ability and intermediate precision are under the value rec- 3 P10 nd. nd
ommended by the AOAC (21-30%) for concentration 24 1242 n.d. n.d.
levels present in the analysed samples (AOAC, 1993). 25 58+1 nd. 14+£04
26 45.1+0.7 4+1 n.d.

3.2.4. Sensitivity

Limit of detection (LOD) and limit of quantification
(LOQ) were calculated as 3Spjani/b and 10Sy;.ni/b, respec-
tively (Miller & Miller, 2000). Spiank 1s the standard devia-
tion obtained from 10 measurements of the blank and b is
the slope of the calibration line used for the element quan-
tification. Blank was prepared by mixing diluting solution
and matrix modifier. On the other hand, the characteristic
mass (m) was evaluated as:

0.0044CV
o= Aic — Aip
where C is the analyte concentration in a standard, V'is the
injected volume, A;. is the absorbance of the standard and
Aj;p 1s the absorbance of the blank. A characteristic mass
was calculated at each concentration level in the external
calibration curve and an average value was obtained
(Ure, Butler, L’vov, Rubeska, & Sturgeon, 1992). Limit
of detection and quantification, as well as the characteristic
mass, calculated for the three studied elements, are shown
in Table 4. The obtained characteristic masses were consis-
tent with the manufacturer’s specifications (Perkin-Elmer,
1984). Considering the LOD values and the dilution factor
(1:10) of the samples, the minimum detectable amounts in
sample were 6.0, 7.0 and 0.4 pg 1! for Cu, Pb and Cd,
respectively.

3.3. Determination of copper, lead and cadmium in aniseed
Spirits

The content of Cu, Pb and Cd was determined in 26
samples of commercial aniseed spirits by using the pro-

n.d., not detected.
# Average of triplicate determinations + standard deviation.

posed ET-AAS methods. Table 5 shows the obtained
results. According to the [UPAC recommendations
(Inczédy, Lengyel, & Ure, 1997), values under the limit of
detection have also been included. Cu was present in
almost all the analysed samples with concentrations rang-
ing between 6 and 473 pgl™! and an average value of
81.3 ug1™'. Pb was detected in two samples with values
lower than 6 pg1~'. Concentration of Cd ranged between
0.4 and 1.4 pg1™' with an average value of 0.8 pgl71 in
the four samples in which it was present. The remaining
samples do not have detectable amounts of Cd.
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