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For the first time, the isotope ratio of lead is reported in Brazilian red wines. The lead
concentration and the ratios of 204Pb/206Pb, 207Pb/206Pb and 208Pb/206Pb were determined in 94 red
wines produced in Campanha Gaúcha, Serra Gaúcha, Vale dos Vinhedos in Southern Brazil and
Vale do São Francisco in Northeastern Brazil. The values observed for the isotopic ratios were
consistent with those reported in the literature for wines of South America. The lead isotopic
ratios showed no statistically significant differences among the vineyards of the Southern region;
on the other hand, the vineyard from the Northeastern region showed large variations in its ratios.
The 204Pb/206Pb ratio data demonstrated that the wines of the Southern region have radiogenic
features, whereas the wines of the Northeastern region ranged from slightly to very radiogenic.
These results indicated that the lead concentrations in the wines from these Brazilian regions are
influenced both by agricultural practices and by natural occurrences. Isotope ratios allowed for
differentiation among the wines produced in these two important wine producing areas in Brazil
and are emerging as a promising tool in the study of the geographical origin of Brazilian wines.
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Introduction
The presence of lead in wine is associated with two
major sources as follows: natural sources, which are due to
the weathering of rocks, and human activity, which results
from the use of fertilizers, pesticides and agricultural and
food additives and environmental pollution.1-4
In nature, there are three radioactive decay series,
238
U, 235U and 232Th. The parent element is a long lived
radioactive element, and the last member of the series
is a stable lead isotope such as 206Pb, 207Pb or 208Pb, and
is known as a radiogenic lead isotope. The stable lead
isotope, 204Pb, is non-radiogenic. The lead isotope ratio
depends on factors such as uranium and thorium content
in the soil, weathering processes and original rock age,
which provide a fingerprint used for different forensic and
archeological purposes.2,5-7
*e-mail: jmgodoy@puc-rio.br

Inductively coupled plasma mass spectrometry (ICP-MS)
has been used for lead isotopic composition determination in
several types of samples, including wine.1,3,7-11 This is a robust
and practical method of measuring lead isotope ratios, but it
is necessary to correct for instrumental mass discrimination
phenomena in order to improve the accuracies of isotopic
ratio measurements. Several methodologies are used for
mass bias correction such as isotope reference materials or
external spiking with a non-interference element presenting
a well-established isotope ratio that is invariant in nature and
exhibits an atomic mass similar to that of the element of
interest. A second source of uncertainty in the measurements
that should be taken into account is the dead time of the
detector equipment.3,12,13
Table wines represent the highest volume of domestic
wines marketed in Brazil and are produced in the states
of Rio Grande do Sul, Santa Catarina, Paraná, São Paulo
and Minas Gerais. Of this amount, approximately 35% are
sold in bulk to the state of São Paulo, where the product is
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bottled and sold under private labels, which makes quality
control difficult and facilitates product counterfeiting and
adulteration.14 Focusing on wine consumers, this study
applied the lead isotopic ratio for the first time to study the
geographical origin of Brazilian red wines.
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Southern region (Rio Grande do Sul State)14

São Francisco. It is situated in a semi-arid tropical climate
zone, between 09º and 10º latitude South. The viticultural
climate of the region presents intra-annual variability, which
enables the production of grapes and wine throughout the
year. This region is one of the emerging wine-producing
areas that began in 1980 and is now experiencing a period
of expansion in the production of fine wines with a distinct
typicity from the traditional production regions of the world
of viticulture (Figure 1b).

Campanha Gaúcha

Reagents and standard solutions

Experimental

Commercial vineyards in the Campanha Gaúcha region
began in the 1980s. The topography of the region allowed for
the establishment of extensive vineyards modules that can be
widely mechanized. Sandy soil and a climate similar to that
of the Mediterranean allowed for the expansion of cultivated
areas with fine grapes and also expanded the potential for the
production of fine wines in Brazil (Figure 1a).
Serra Gaúcha

Located in the northeastern state of Rio Grande do Sul,
this is the largest wine-growing region of the country, with
30.373 ha of vineyards. The production of wine in this
region is based on small familial winegrowing properties
with an average size of 15 ha with little mechanization due
to a steep topography. Most of the grape harvest is intended
for the preparation of wines, juices and other derivatives
(Figure 1a).
Vale dos Vinhedos

The Vale dos Vinhedos is a micro region nestled among
the cities of Bento Gonçalves, Garibaldi and Monte Belo
do Sul, in the Serra Gaúcha. This region constitutes the first
geographical indication of Brazil: indication of origin of
Vale dos Vinhedos (Figure 1a).
Northeastern region
Vale do São Francisco

In northeastern Brazil along the states of Pernambuco (PE)
and Bahia is the wine region of the lower-middle Vale do

All employed reagents were of supra-pure grade.
Solutions were prepared with Milli-Q® quality water
(minimum resistivity 18.3 MΩ cm). Lead and thallium
standard solutions were prepared by gravimetric dilution
with 2% HNO3 starting from PerkinElmer single element
standards (1,000 mg L-1). Stock-solutions of 15 mg L-1 and
10 mg L-1 of NIST-SRM (National Institute of Standards
and Technology - standard reference material) 981 and
NIST-SRM 982, respectively, were preserved in 2% HNO3
and used for the verification of the accuracy and precision
of the methods employed. All samples were refrigerated.
Samples pre-treatment

The present study involved 94 red wine samples,
including 10 from Campanha Gaúcha, 38 from Serra
Gaúcha, 10 from Vale do São Francisco and 36 from Vale
dos Vinhedos. The wine samples were bought in specialized
stores and supermarkets, since they represent better the
product that reach the final consumer, on the other hand the
chain of custody of the samples is broken and if any anomaly
is detected further investigation is needed. The samples were
coded following the information on the labels of the bottles.
Thus, a sample coded as V1-1 corresponds to wine number 1,
produced by vineyard number 1 from Vale dos Vinhedos;
SG23-4 corresponds to wine number 4, produced by vineyard
number 23 from the Serra Gaúcha region. An aliquot of 40 mL
was stored in a polypropylene tube at room temperature
after acidification with 1 mL of concentrated HNO 3.

Figure 1. Brazilian wine producing regions: (a) Rio Grande do Sul state and (b) Vale do São Francisco.
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The wine sample treatment method was as follows: 1 g
of wine and 1 g of concentrated HNO3 were weighed in
polypropylene tubes, closed and left to react for 24 h. After
this time, the solutions were diluted with the addition of
ultrapure water up to 10 g. Each wine sample was prepared
in triplicate. Aliquots of this solution were diluted 20-fold
for the determination of lead elements by ICP-MS.
Based on the measured lead concentration, the wine
samples were diluted for subsequent isotopic analyses
until the concentration of the element was approximately
15 µg L-1.

Instrument parameters
PerkinElmer
ELAN 6000
Forward power / W
RF generator
Sample introduction
Sample aspiration rate / (mL min )
-1

Plasma

The isotopic ratios of 204Pb/ 206Pb, 207Pb/ 206Pb and
Pb/206Pb were determined using ten sample batches. For
each batch, mass bias correction factors were determined
using NIST-SRM 981 and applying NIST-SRM 982 as
a validation sample. The mass bias correction factor (β)
uncertainty and the combined uncertainty for the calculated
atom ratio were derived as proposed by Godoy et al.15 Mass
bias was corrected by applying equation 1, where β was
determined from NIST-SRM 981 analysis and equation 2:
208

 R a/b

ln  standard a/b
R measured 

β=
massa

ln 
massb 


Table 1. Operational conditions, data acquisition modes and other
information for the determination of Pb concentrations and isotope ratios
by ICP-MS

Varian 820

1050

1350

27.12 MHz
free running

40.68 MHz
free running

Cross flow

Micromist

0.98

0.40

15.0

16.5

Argon flow rates / (L min-1)

Lead isotope ratio determination

 mass x 
x/y
x/y
R corrected
= R measured
 mass 

y
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β

(1)

(2)

where Rx/y = intensity ratio between the isotopes X and Y;
Ra/b = intensity ratio between the isotopes a and b reported
on the SRM and massx = atomic mass of the isotope X.
Instrumentation

Based on their availability and the type of work carried
out with each instrument, two different quadrupole ICPMS were used during the present work, a PerkinElmer
ELAN 6000 (Toronto, Canada) and a Varian 820-MS
(Mulgrave, Australia). The first instrument was applied
for elemental concentration determination, whereas the
second instrument was used for lead isotopic composition
determination. The relevant operational conditions of both
instruments are summarized in Table 1.
Data analysis

The lead isotope ratio results were analyzed using

Auxiliary

1.2

1.8

Nebulizer

0.8-1.0

0.8-1.0

–

0.20

Peak-hopping

Peak-hopping

Dwell time / ms

50

10

Scans per reading

1

–

Scans per replicates

–

10

Readings/replicate

1

10

Replicate number

6

3

Sheath
Data acquisition
Scanning mode
Spectral peak processing

one-way analysis of variance (ANOVA) in order to verify
the existence of significant differences among the regions.

Results and Discussion
Dead time determination

The dead time of the detection system of an ICP-MS is
an important parameter for the determination of isotopic
ratios when detection is based on ion counting. When the
frequencies of the ions reaching the detector are very high
and the counting system is no longer able to solve the
successive particles achieving the detector, the result is
inaccurate. This effect is due to processes occurring in the
electron multiplier and is caused in part by the effects of
an electronic counting device connected to the multiplier.
The equipment is usually delivered with a default value
for the dead time (T). When the actual counts are much
smaller than 1/T, equations for the correction of dead time
are applied. For high counting rates, particularly rates
above 1 × 106 s-1, non-linearity of the response signal of
the equipment is typically observed.16,17
The dead time was calculated following the methodology
proposed by Held and Taylor,16 and a value of 31 ns was
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obtained. Using a counting rate equivalent to 10 times
lower than 1/T as a limit in order to avoid large dead time
corrections, we found that counting rates higher than
3 × 106 s-1 should be avoided.

Table 2. Lead isotopic ratio determination precision and accuracy based
on the NIST-SRM-982 analysis (n = 16)

Certified valuea

Measured

RSDb /
%

Relative
error / %

Pb/206Pb

0.027219 ± 0.000027

0.02735

0.65

–0.47

Pb/206Pb

0.46707 ± 0.00020

0.47682

0.45

0.25

Pb/ Pb

1.00016 ± 0.00036

0.9951

0.57

–0.51

204

Lead determination and isotopic ratios by ICP-MS

207

To verify the achieved accuracy and precision, sixteen
NIST-SRM 982 analysis results were pooled together,
with the calculated relative errors and standard deviations
presented in Table 2. Based on the obtained results, it
was verified that, applying quadrupole ICP-MS, relative
errors and reproducibility of approximately 0.5% for
the 204Pb/206Pb, 207Pb/206Pb and 208Pb/206Pb isotopic ratios
are feasible. These results were in agreement with those
reported by Barbaste et al.9 and Ketterer et al.18
As there are no data on lead isotope ratios in Brazilian
wines, wine samples from Chile, California, South Africa
and Italy were also bought at local markets and analyzed to
compare our results with data in the literature (Table 3); the

208

206

k = 1.95; brelative standard deviation.

a

lead isotopic ratios are presented as 206Pb/204Pb, 206Pb/207Pb
and 208Pb/206Pb to allow for comparisons with the literature.
The obtained results were in agreement with those obtained
by Larcher et al.3 and Barbaste et al.9
The lead concentrations in Brazilian red wines did
not show large variations among regions and were within
the 0.15 mg L -1 limit set by Brazilian Legislation. 19
The results for the ratios of 206Pb/204Pb, 206Pb/207Pb and
208
Pb/206Pb in Brazilian red wines are presented in Table 1
of the Supplementary Information. Taking into account

Table 3. Obtained lead concentrations and isotope ratios in red wines from different countries
Sample

µg L-1 ± SDa

Pb/204Pb

206

RSDb / %

206

Pb/207Pb

RSD / %

208

Pb/206Pb

RSD / %

CHc 1

10.6 ± 0.7

16.667

1.1

1.170

0.5

2.078

0.6

CH 2

10.0 ± 0.2

17.894

2.4

1.144

1.4

2.157

1.0

CH 3

9.6 ± 0.8

17.913

1.7

1.146

2.6

2.142

2.3

CH 4

10.6 ± 1.1

17.212

1.8

1.172

1.2

2.102

1.1

CH 5

12.7 ± 1.3

18.459

4.3

1.169

2.6

2.104

2.7

CH 6

76.0 ± 13

18.796

4.0

1.196

3.0

2.082

2.3

CH 7

16.2 ± 0.7

18.051

2.0

1.193

1.8

2.091

1.2

CH 8

7.3 ± 0.4

17.996

0.7

1.165

1.1

2.135

0.8

CH 9

26.6 ± 0.7

18.438

1.9

1.176

2.8

2.091

2.4

CH 10

16.7 ± 0.3

18.627

2.2

1.173

0.9

2.084

1.0

CH 11

12.3 ± 0.7

17.828

1.6

1.151

1.2

2.135

1.1

CH 12

18.8 ± 1.8

18.628

1.3

1.175

1.4

2.090

1.1

CH 13

7.0 ± 0.7

18.685

1.4

1.182

1.6

2.097

1.8

CH 14

6.1 ± 0.4

17.668

1.7

1.165

3.7

2.086

0.8

CH 15

66.7 ± 11

18.513

2.4

1.184

1.8

2.070

1.3

38-49

17.5

0.8-1.6

1.14

0.5-0.6

2.14

0.2

ITd 1

21 ± 0.7

18.235

0.9

1.167

0.7

2.100

0.5

IT 2

26.2 ± 0.5

18.242

0.9

1.171

0.9

2.099

0.6

IT 3

22 ± 0.6

18.215

1.2

1.155

1.3

2.118

1.6

IT 4

24 ± 0.4

18.321

1.7

1.169

0.9

2.103

0.9

IT 5

46.4 ± 0.9

18.265

1.5

1.169

1.7

2.099

0.8

IT 6

30.7 ± 0.9

17.544

0.4

1.122

0.4

2.144

0.8

10-149

17.84

1.8

1.171

0.93

2.071

0.82

Barbaste et al.9

Larcher et al.3
CAe 1

6.1 ± 0.2

18.395

2.1

1.171

1.36

2.095

1.44

Barbaste et al.9

16.2-42.9

17.7-17.8

0.5-0.8

1.17

0.2-0.6

2.09-2.11

1.1-1.9

SAf 1

21.6 ± 1.1

18.253

0.9

1.181

0.5

2.080

0.4

SA 2

11.4 ± 0.3

17.953

1.4

1.146

0.9

2.118

1.4

10-29

17.2-17.9

0.7-3.2

1.14-1.15

0.1-1.0

2.10-2.13

0.8-1.0

Barbaste et al.9

SD = standard deviation; bRSD = relative standard deviation; cCH = Chile; dIT = Italy; eCA = California; fSA = South Africa.

a
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only wines produced in the Southern region, it was not
possible to detect any statically valid differences (ANOVA)
among the measured isotopic ratios. On the other hand,
wines produced in the Northeast region exhibited larger
differences compared with the wines from the Southern
region, particularly in the 206Pb/204Pb ratio. The analysis
of variance confirmed this finding: analyzing only the
wines of south region, statistically significant differences
were not observed (206Pb/204Pb = 0.552; 206Pb/207Pb = 1.62
and 208Pb/206Pb = 2.11; critical value to 95% significance
level: 3.11), but when the data for the Northeastern region
were included, these differences could be observed
(206Pb/204Pb = 10.5; 206Pb/207Pb = 16.3 and 208Pb/206Pb = 14.6;
critical value to 95% significance level: 2.71). This indicates
that it is possible to distinguish these two producing regions
using isotopic ratios.
The two-dimensional graph (Figure 2) shows that it is
possible to differentiate even among the producing regions
within the Vale do São Francisco, Bahia and Pernambuco
States based on isotopic ratios. One can see three groups
with wines from Vale do São Francisco, two wines produced
in Bahia State (grey), five wines from Lagoa Grande county
(red), Pernambuco State, and three wines from Petrolina
county (black), which is also in Pernambuco State. The
wines produced in Lagoa Grande county were Cabernet
Sauvignon; however, one of these wines was classified as
a “mild red wine” with some sugar added, resulting in a
somewhat different isotopic composition. The three wines
from Petrolina county came from the same vineyard and
were made from the same grape type, “Petite Syrah,”
also called “Durif”; no apparent reason for the observed
differences in isotopic composition was given. On the
other hand, the wines produced in Rio Grande do Sul State
constituted a homogeneous group (Figure 3).

J. Braz. Chem. Soc.

Figure 3. Distributions of wines samples from the Southern region (black
dots = c - Campanha Gaúcha; red triangles = sg - Serra Gaúcha; and gray
dots = v - Vale dos Vinhedos) based on the 208Pb/206Pb and 206Pb/204Pb
isotopic ratios.

In their studies, Misi et al.23 showed variations in
Pb/204Pb ratio in galena deposits of the Vale do São
Francisco, which enabled the separation of the samples
into three distinct groups as follows: very radiogenic, with
values above 24; radiogenic, with values close to or lower
than 20; and low radiogenic, with values of approximately
19. This variability in the 206Pb/204Pb isotopic ratio was
also evident in the wines from this region; therefore, it
was possible to classify them as either very radiogenic
or slightly radiogenic (Table 1 at Supplementary
Information). One explanation for this finding, which
was also observed by Misi et al.,23 is the possibility of
mixing of materials formed by the weathering of source
rocks with high 238U content and high Th/Pb ratios. These
variations are no longer observed for wines produced
in the state of Rio Grande do Sul (Figure 3). Following
the above classification, wines produced in this state are
slightly radiogenic. These results show that the 206Pb/204Pb
isotope ratio enables the identification of these two
important wine producing areas in Brazil due to typical
local characteristics.
206

Conclusions

Figure 2. Distributions of wine samples from Vale do São Francisco
(Northeast region) based on the 208Pb/206Pb and 206Pb/204Pb isotopic ratios
(black dots = Petrolina-PE; red dots = Lagoa Grande-PE; gray dots =
Bahia).

Lead concentrations found in wines from four regions
studied did not vary greatly and were well below the limits
established by Brazilian and international laws. Studies
involving isotopic ratios of lead have shown promise in
differentiating the wine producing regions in Brazil. In
particular, variations in the 206Pb/204Pb isotope ratios were
observed for wines from the Vale do São Francisco region,
giving these wines distinct characteristics not observed in
the wines of the South of Brazil. The observed isotopic
ratios indicate that lead content in the studied wines
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is strongly influenced by their region of origin and by
agricultural practices.
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