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OIPEAYBABE HA N30TOIIN HA OJTOBO BO BUHO 1 MACIJIO
3A JAJEIBLE CO IPUMEHA HA THOAYKTUBHO CIIPETHATA
IINIA3MA CO MACEHA CIIEKTPOMETPUJA

Bumana Bamabanosa!®, Cama Mutpes!, Buosera MBanosa-Tletpomnyioc!,
Py6un 'yna6ocku'

Ancrpakt: [Ipeky onpefenyBambeTO Ha OJJHOCOT Ha M30TOMUTE Ha
0JIOBO MOXKe Jla ce Jlooue nHgopMalpja 3a U3BOPOT Ha 3arajlyBame CO OJIOBO
BO MpPUMEpONM Of XMBOTHaTa cpeiauna. Op Jpyra cTpaHa, OBHE aHAIW3U
MOXKaT fja 06e36en1aT KopucHa uHgopmalja 3a reorpapckoTo NOTEKJIOTO Ha
aHaM3MpaHuTe TpuMepony. MHOry Manu BapMjauy BO M30TONCKUOT OJfHOC
Ce jaByBaaT BO MPUPOJATa U TOA HAJYECTO 3aBUCAT Of] HEKOU JIOKAJIHU U3BOPU
Ha 3aragyBatbe. HIYKTUBHO CrperHara ria3ma co MaceHa CIeKTpOMeTpuja
(ICP-MS) 6e1tie KoprucTeHa Kako pabOTHA TEXHUKA, CO LIEJ [a Ce YTBPAU Jasin
OBaa TEXHWKA € COOJIBETHAa BO MPAKTUYHO CIPaBYyBake CO MOJMATOMCKHUTE
uHTepepeHn NpyU aHamu3aTa Ha opraHcku Matpukcu. OBoj Tpya omndaka
ONTUMM3alja HAa MHCTPYMEHTANHATa METOfla 332 Mepemhe Ha HM30TOMUTe
Ha OJIOBO BO JIMTECTUPAHU NMPHUMEPOLM Ha BUHO M Maciio 3a jajewe. [Tokpaj
TOa, U30TOINCKUTE OJIHOCH Ha OJIOBO Oea OfipefiecHd BO MPUMEPOLH Off MCTO
1 pa3nuyHoO reorpagcko mnoapavje. BkynHarta KOHIEHTpalyja Ha OJIOBO BO
WCTUTYBAHUTE NMPUMEPOLIM Ha BUHO ce Haofa BO omceroT of 3,74-16,3 pg/L,
HEe HAJIMUHYBAjKM TM MAaKCHUMAJIHO JI03BOJICHUTE KOHIIEHTPALMU 3a OJIOBO BO
BuHO (200 ug/L). BpegHocTuTe 32 OTHOCUTE Ha KOHLEHTPALMKTE HA U30TONNTE
207Pb/2%%Ph u 28Pb/?%Pb ce maoraat Bo omcer og 0,98 — 1,12 u 2,22 — 2,99,
cooBeTHO. BKymHaTa copskiuHa Ha 0JI0BO BO PUMEPOLIMTE Ha MACTIO 32 jajieHhe
ce Haora Bo oncerot of 18,3 o 29,6 ng/kg, He HaMUHYBAjKK ' MAKCUMAITHO
JO3BOJICHUTE KOHLEHTpAMM 3a OJIOBO BO Maciyio 3a jafewe. CTaTUCTUUKU
3HayYajHa pasziiMka nomMefy BPEIHOCTUTE 3a OJHOCHTE Ha KOHLEHTpAUMUTE Ha
uzotonute 2’Pb/2%Pb u 2%Pb/**Pb e yTBpjieHa 3a MPUMEPOLUTE CO PAZTHUHO
reorpagcko noreko.

Kunyunu 360poBu: uzomonu Ha 04080, 8uro, macao 3a jaderwe, ICP-MS.

! 3emjopencku pakynrer, Y Husepsurer ,,['oue Henues®, ltun, P. Makenonuja
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ISOTOPIC LEAD MEASUREMENTS IN WINE AND EDIBLE
OIL USING INDUCTIVELY COUPLED PLASMA WITH MASS
SPECTROMETRY
Biljana Balabanova*, Sasa Mitrev?, Violeta Ivanova-Petropulos?,
Rubin Gulaboski?

Abstract: Lead isotope ratios provide analytical information related to
the source of lead contamination in naturally occurring samples. On the other
hand, these measurements can provide useful information for routine means of
“fingerprinting” the components grown in different habitats. Small Pb isotope
abundance variation occurs in nature and the isotopic composition of lead in
the environment is dependent on the local pollution sources. In this study,
inductively coupled plasma with mass spectrometry (ICP-MS) was used to
investigate whether this chemical application can offer a reliable and practical
solution to the problem of the polyatomic overlap in the presence of organic
based matrix samples. The study summarizes the instrument optimization
procedure for Pb isotope measurements in wine and edible oil samples. Also,
the isotopic ratios were presented for samples from same and from different
geographical region. The total lead concentration in wine samples ranges from
3.74-16.3 pg/L, not exceeding the maximum allowable concentrations of lead
in wine (200 pg/L). Values for the isotopes concentration ratios **’Pb/**Pb
and 2%®Pb/*“Pb ranges from 0.98-1.12 and 2.22-2.99, respectively. The
total lead content in edible oil samples ranges from 18.3 to 29.6 ug/kg, not
exceeding the maximum allowable concentrations of lead in edible oil (100
ng/kg). Statistically significant differences between the values for the isotopes
concentration ratios **’Pb/*°Pb u ***Pb/***Pb were determined for samples from
different geographic origin.

Kew words: lead isotope, wine, edible oil, ICP-MS.

1. Introduction

Due to the complex environmental chemistry, transport patterns,
meteorological conditions, the mixing of emissions from multiple sources,
and uncertainties associated with receptor modeling, it remains difficult to
quantify the relative impact of emissions from different sources on metal
accumulation in different food stuffs [1, 2]. The emission and deposition of
hazardous trace metals such as lead (Pb) is of significant concern because it
can affect human and environmental health [3, 4]. Lead isotope ratio analysis
is important as it is used for Pb-Pb dating in geochronology, and to trace the
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origin of artifacts, precious metals and even foodstuffs [5, 6]. Lead isotope
ratio measurement can provide analytical information related to the source of
lead contamination in naturally occurring samples [7]. Studies of the isotopic
composition of lead are therefore commonly used in the environmental,
geological and anthropological studies [8]. Small Pb abundance variations
occur in nature and the isotopic composition of lead in the environment is
dependent on the local pollutant source. If lead is present in the soil, a plant
will take up small amounts and subsequent isotope ratio studies might provide
unique means of differentiating between different plant sources of origin [6].
Local lead level may become mixed with external source of contamination that
vary with time depending on the anthropogenic activity. There are four stable
isotopes of Pb with the following approximate abundances: **Pb (52.4%),
7P (24.1%),*Pb (22.1%), and ***Pb (1.4%).***Pb is non-radiogenic and was
not measured in this study because of its low relative abundance. **Pb, *"Pb,
and **Pb are formed by the radioactive decay of *?Th (half-life = 14 billion
years), 2U (half-life = 0.7 billion years), and U (halflife = 4.5 billion years),
respectively [9]. Inductively coupled plasma mass spectrometry (ICP-MS) has
been increasingly used in isotope ratio measurements in recent years [6, 9, 10].
The main purpose of this work was to test the sensitivity of inductively coupled
plasma with mass spectrometry (ICP-MS) for measurements of stable lead
isotopes (**°Pb,?’Pb and **®Pb). The lead isotope ratios were also calculated
for Vranec wine samples from Tikve§ wine region and edible oils produced
from same seed variety as well as from same and different geographical origin.

2. Materials and methods

2.1. Sample preparation

Wine and edible oil samples, before the isotopic measurements, were
totally digested with application of a closed digestion system (Model MARS
5, CEM Corporation, USA). A representative sample (0.5 g) was placed in a
digestion vessel. For digestion of vine samples 5 mL nitric acid (HNO,, 65%
w/w, ultra-trace purity) was used for total dissolution of organic compounds
[11]. For digestion of oil samples 5 mL of nitric acid and 2 mL of hydrogen
peroxide (H,O,, 30% w/w, ultra-trace purity) were added in order to achieve
total dissolution of the organic compounds. The vessels were closed and
settled in the microwave system and the four step program was applied for
total dissolution of the organic matrix samples (Table 1).
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Table 1. Microwave digestion program for digestion of oil and
wine samples

Step Initial T (°C) Final T (°C) Power (W) Time (min.)

1 25 150 600 15
2 150 150 600 5

3 150 180 800 10
4 180 180 800 10

2.2. ICP-MS measurements

The single quadrupole inductively coupled plasma mass spectrometer
(ICP-MS) was used for all isotopic measurements (model 7500cx, Agilent
technologies, USA). The instrument was tuned for standard robust plasma
conditions, equipped with micro-mist nebulizer and octopole reaction system
(ORS). The operating conditions of the ICP-MS instrument were optimized
before the analysis was performed. The integration time of analysis was set for
0.5 s per one point, with 5 replications for one measurement. First ionization
was set at -3 V and -150 V for the second ionization. The CeO/Ce ratio was
0.58% (reference value <0.65%) and for the double charge ions (Ce**/Ce
ratio) was obtained a satisfactory value of 2.05% (reference value <3%). For
the quantitative analysis of the digested wine samples, external calibration
curves were built at different concentration levels: 5, 10, 50 and 100 pg/L. Ten
sample blanks (ultra-pure water with 2.5% w/w HNO,) were run to determine
instrument detection limits (DL). Background equivalent concentration
(BEC) was calculated as an indicator for the calibration offset expressed as a
concentration, due to elemental contamination of the blank.

3. Results and discussion

3.1. Method validation

Whichever methodology is selected, the natural or “common lead” **Pb
isotope is measured as a reference to calculate the original (primordial) level
of the other (mainly radiogenic) Pb isotopes, so accurate measurement of **Pb
is essential. Unfortunately, for measurements made using inductively coupled
plasma mass spectrometry (ICP-MS), **Pb suffers an isobaric interference
from 2**Hg (an isobaric overlap is where isotopes of different elements occur at
the same nominal mass) meaning that any mercury present as a contamination
or as a component of the sample would bias the measurement of ***Pb. Very
good sensitivity was obtained for °Pb, ’Pb and **®Pb isotopes concentration
measurements (Figure 1). Satisfactory linearity (R) was obtained in the range
from 5 to100 pg/L (Figure 1). The instrumental detection limits for the three
isotopes (**Pb, 2’Pb and **®Pb) were calculated as 0.35, 2.86 and 0.85 ug/L,
respectively.
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Figure 1. Mass spectrum and linearity for 2Pb, 2’Pb and **Pb
calibration curves

To confirm that Pb does not undergo a charge-transfer reaction (and to
check if any cluster ions are formed), 20 ug/L Pb solution was aspirated and a
mass scan was performed. The sum of the signal for these clusters amounted
to <0.5% of the total Pb signal (the sum of the unreacted precursor and reacted
product Pb ions); at this level the product ions can be considered negligible and
ignored. Pb did not appear to undergo any charge transfer reaction, as the Pb
signal with argon gas in the cell remained at practically the same level as with
no reaction gas.

Table 2. Short-term stability of Pb isotope ratio determination (20 pg/L lead
standard solution)

Acquisition 1replica  2replica  3replica  4replica  Sreplica

time 10:22AM  10:26 AM 10:29AM  10:31AM  10:34 AM RSD (%)
206Ph (ug/L) 0.241 0.241 0.214 0.241 0.241 0.05
27Pb (ug/L) 0.221 0.220 0.220 0.220 0.220 0.05
28Ph (ug/L) 0.523 0.524 0.523 0.522 0.523 0.03
27Pp /2%Ph 0916 0914 0914 0914 0914 0.08
28Pb /2%Pb 2.169 2.168 2.169 2.167 2.165 0.08
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The obtained signal expressed as counts per seconds for all three lead
isotopes showed very strong stability among the time measurements. The
median value for 2Pb was 79260 cps (RSD=5.5%), for 2’Pb was 67500 cps
(RSD=8.2%), for *®Pb was 157330 cps (RSD=8.9%).
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Figure 2. Intensities of measurements for 2°Pb, 2’Pb and ***Pb
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3.2. Lead isotopes measurements for wine samples

Ten different Vranec wines samples fermented with different yeasts were
analysed for total lead concentration and lead isotopes ratio. The total Pb
concentration ranged from 3.74-16.3 pg/L [11]. Maximal acceptable limits for
total lead content in wine samples is 200 pg/L [12]. In none of the analysed
wines values above the critical value for total lead concentration were obtained.
The calculated isotope ratios ranged: a) 2*’Pb/?*Pb: from 0.985 to 1.122 with
standard deviation of data distribution of 0.038 and b) 2*Pb/**Pb: from 2.221 to
2.998 with standard deviation of data distribution 0.21 (Table 3) presenting no
significant variation, probably because of the same geographical origin of the
grapes. In fact, Vranec wines were produced from Vranec grapes (Vitis vinifera
L.) grown in Tikve§ wine region in R. Macedonia [11]. Similar analyses were
conducted with wine samples from different geographical regions in Italy [13].
For the Italian wines the isotopes concentration ratio ***Pb/*Pb ranges from
2.09 to 2.14, while the *’Pb/**Pb concentration ratio ranges from 1.14 to
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1.19 [13]. These data were also compared to data obtained for the Australian
and South Africa wines [13]. Significant variation occurs for the isotopes
concentration ratio 2*Pb/?*Pb.

Table 3. Lead concentration and lead isotopic ratio for wines

Lead isotopes c.oncentration Total Pb
Wine samples ratio concentration

27Ph/2%Ph 208Ph/2%Ph (ug/L) [1]
Vranec 1 0.998 2.569 6.35
Vranec 2 1.011 2.356 8.79
Vranec 3 1.122 2.578 3.74
Vranec 4 1.055 2.356 3.81
Vranec 5 0.985 2.345 9.75
Vranec 6 1.012 2221 11.2
Vranec 7 1.055 2.365 10.2
Vranec 8 1.036 2.998 163
Vranec 9 0.997 2.457 9.58
Vranec 10 1.022 2.345 104

3.3. Lead isotopes measurements for edible oil samples

Total lead contents and lead isotope concentration ratios in sunflower and
oilseed rape oil were determined (Table 4). The total lead content in sunflower
oil from R. Macedonia (N=22, cold press) ranges between 18.3-29.6 pg/
kg, while the lead content in sunflower oil produced sunflower seed (N=10,
refined) ranged from 6.25-15.4 pg/kg (Table 4). For none of the analyzed oil
samples values above the maximum allowed content 100 pg/kg [12] for total
lead in edible oils were obtained. Therefore, the pollution factor in the analyzed
samples has not been considered. Very similar values were obtained for the
lead isotopes concentration ratio *’Pb/*®Pb and ***Pb/**Pb, for sunflower
and oilseed rape oil produced from seeds planted in R. Macedonia. For the
sunflower oil produced from seed with foreign origin 0.859 for 2’Pb/?*Pb ratio
and 2.044 for 2®Pb/**Pb ratio were obtained. Furthermore, these isotopic ratios
probably could be correlated with the origin of the seeds.
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Table 4. Lead isotopic ratio for sunflower and oilseed rape oils

Geographical Lead isotopes concentration
. . . . Range for
Oil sample origin of seed ratio
d variet d for oil Pb total content (ng/
seed variety used for oi W7ph/295Ph 28p},/206Ply ke)
production
Sunflower oil RM 22 1078030 2.769+0.11 18.3-29.6
Sunflower oil ~ Unknown origin 10 0.859+0.18 2.044 +£0.28 6.25-154
Oilseed rape oil RM 6 109+025 2.596+0.08 11.5-33.6

RM - oil produced from seed planted in R. Macedonia; Unknown origin - oil produced
from seed imported in R. Macedonia

The intensities of the isotopic measurements are presented by using bar-
plots, in order to visualize the chemical abundance of the single lead isotopes,
as mean value, for all three groups of edible oils (Figure 3). For the sunflower
oil (produced from seed planted in R. Macedonia) the relative abundance of the
Pb isotopes is 2*Pb<?"Pb<>®Pb, the same sequence follows the oilseed rape
oil (produced from seed planted in R. Macedonia); while for the sunflower oil
(produced from seed imported in R. Macedonia) the relative abundance of the
Pb isotopes is 2Pb<*"Pb<*®Pb (Figure 3). Kelly et al. in 2005 introduce very
similar approach in tracing the geographical origin of various food [14]. No
significant variation occurs in values obtained for the isotopes concentration
ratio ’Pb/?*Pb. However, the 2Pb/*Pb isotopes concentration ratio, has been
shown to vary significantly depending on the geographical origin for numerous
varieties of plant foods, including olive oil [14].
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Figure 3. Intensities of measurements for 2°Pb, 2’Pb and **Pb in edible oil samples
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4. Concluding remarks

The use of ICP-MS for measuring the isotopic composition to identify the
origin of the anomalous lead content in wine and edible oil samples proved to
be a powerful technique. The precision and accuracy of ICP-MS analysis made
it possible to satisfactorily discriminate among the likeliest lead sources in the
studied samples. The performance of the applied techniques allowed measuring
three lead isotopes (**°Pb, *"Pb and °Pb) with very good sensitivity. For the
204Pp, a very low sensitivity was obtained due to the isobaric interference from
24Hg. The total lead contents in all of the analysed samples did not exceed
the maximum allowed concentration for that kind of samples. The isotope
ratios for wine samples (**’Pb/**Pb and ***Pb/**Pb) didn’t show any significant
variation, probably because the wines were produced from grapes with
identical geographical origin. For the edible oil samples, significant variation
occurred for the same variety of the seed taken from different geographical
region for both isotope ratios. Therefore, these isotopic analyses can provide
useful information correlated with the geographical origin of wine and edible
oil.
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