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ABSTRACT
Vitis labrusca L. is the main species used for wine and juice production in Brazil. The grapevine leaves can 
be used both as functional foods and as cheapest sources for the extraction of phenolic compounds. Besides 
the antioxidant activity, grapevine leaves exhibited significant anti-inflammatory activity. Therefore, the 
aim of this study was to develop and validate an analytical methodology to determine the metals selenium 
(96Se), chromium (53Cr), nickel (62Ni), cadmium (111Cd) and lead (206Pb) in 30 samples of grapevine leaf 
extracts (Vitis labrusca, Bordo cultivar) using inductively coupled plasma mass spectrometry (ICP-MS). 
To obtain the grapevine leaf extracts the samples were milled, weighed and digested in microwave oven 
with nitric acid. The method showed linearity, precision, accuracy and limits of quantification and detection 
acceptable for INMETRO protocol validation of analytical methods. Therefore, the method using ICP-MS 
was developed and validated to determine metals concentrations in grapevine leaves of Vitis labrusca L. 
and the proposed method could be applied in routine analytical laboratory.
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INTRODUCTION

Nowadays, the process of method validation has 
been intensified in order to achieve a high level 
of quality (Araujo 2008). The criteria used to 
obtain results in the area of analytical chemistry 
are progressively more intense due to an increasing 
necessity to ensure that the results obtained from 

researches present safety and reliability (Araujo 
2008). This process aims to confirm that the 
method applied is appropriated. Non-standard 
methods, methods created and/ or developed by 
the laboratory, standard methods used outside the 
traditional scopes, extensions and modifications 
of standard methods must be validated by the 
laboratory (EURACHEM 1998, ISO 5725-1 1994, 
ISO 5725-2 1994/1998, ISO 5725-3 1994/2001, 
ISO 5725-4 1994, ISO 5725-6 1994/2001). The 
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process of validation should be performed with 
equipment and instruments within specification, 
working correctly and properly calibrated 
(INMETRO 2011, Leite 2000, Ribani et al. 2004, 
NBR ISO/IEC 17025 2005).

Heavy metals presented in soil of technologi-
cally advanced agricultural regions could be in-
creased by the use of fertilizers, atmospheric depo-
sition, pesticides application, organic and inorganic 
solid waste, animal manure application, sewage and 
contaminated water used for irrigation (Nicholson 
et al. 2003, He et al. 2005, Karlsson et al. 2010, 
Nayek et al. 2010). In this context, a technique 
which is appropriated for the determination of me-
tallic elements is the inductively coupled plasma 
mass spectrometry (ICP-MS). This methodology is 
very promising in the area of environmental studies 
since several elements can be determined using this 
technique which is highly sensitive for ion detec-
tion (Sesi et al. 1997, Broekaert 2002, Santos and 
Nóbrega 2006).

Vitis labrusca L. is the main species used for 
wine and juice production in Brazil (Dani et al. 
2007) for economic reasons and environmental 
concerns, growing interest of industrial crops, the 
large amount of by-products and wastes that are 
generated in the agricultural sector (Prozil et al. 
2012, Spigno et al. 2008). Thus, in some European 
countries the leaves of Vitis vinifera L. have 
been traditionally used as food, both in fresh as 
salted forms (Orhan et al. 2007). Also, grapevine 
leaves can be used both as functional foods and 
as inexpensive sources for phenolic compound 
extraction. Moreover, there is a positive correlation 
between the concentration of phenolic compounds 
and ascorbic acid on the grapevine leaves and 
the antioxidant activity of the main grape variety 
grown in Brazil (Vitis labrusca L.) (Oliboni et al. 
2009, Wohlenberg et al. 2014). Besides antioxidant 
effect, grapevine leaves presented significant anti-
inflammatory activity (Scola et al. 2009). 

Considering that the mineral content and metal 
contamination in grape juices from Vitis labrusca 
L. (Concord, Isabel and Bordo) was already deter-
mined by ICP-MS (Toaldo et al. 2013) the aim of 
this study was to develop and validate an analytical 
methodology to determine the metals nickel (62Ni), 
cadmium (111Cd), Lead (206Pb), chromium (53Cr), 
and selenium (96SeO), in grapevine leaf extracts of 
Vitis labrusca (Bordo cultivar) using ICP-MS.

MATERIALS AND METHODS

CHEMICALS

Concentrated nitric acid (HNO3; 65% - 69%) 
was purchased from Baker (Center Valley, USA) 
9598-34 (lot 10038); Milli-Q water; hydrogen 
peroxide (H2O2; 30% v/v) from Merck (Darmstadt, 
Germany); 1.07210.1000 (lot k41660010); argon 
gas type 4.8 - 99.998% min and oxygen gas type 
6.0 - 99.9999% min were purchased from White 
Martins (Porto Alegre, Brazil); certified standard 
solution of Ni - 1000 mg/mL (lot 122607), certified 
standard solution of Cr - 1000 mg/mL (lot 72408), 
certified standard solution of Pb - 1000 mg/mL (lot 
71108), certified standard solution of Cd - 1000 mg/
mL (lot 72408), certified standard solution of Se- 
1000 mg/mL (lot 52208) were from Absolute Grade 
TM . The all standard solutions were purchased from 
the National Institute of Standards and Technology 
(NIST) (Gaithersburg, USA). 

EQUIPMENTS

The samples were milled and homogenized in 
planetary mill, type PM 400, in cups of yttrium-
stabilized zirconia, with spheres of small bottles 
with five balls. They were treated by static charge 
eliminator - Chapman Model VSE3000. Samples 
were submitted to digestion by microwave MARS 
5 - XPress and accessories. Analysis of the samples 
were subjected to determination by ICP-MS, Perkin 
Elmer Sciex Elan II DRC (Concord, Ontario, 
Canada). 
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ICP-MS CONDITIONS

The determination of the metals in the samples was 
determined by ICP Mass Spectrometer ELAN DRC 
II Perkin Elmer composed of ultra-clean needle, 
autosampler AS 93 plus, copper coil RF, mist 
chamber cyclonic, sampler cone, skimmer cone, air 
filter, injector quartz, ion lens; Meinhard nebulizer, 
recirculating, quartz torch, nebulizer tube adapter, 
tube to the drain of 3.18 mm tube for the sample of 
0.76 mm tube autosampler. 

PREPARATION OF STANDARD SOLUTIONS

The working curve was prepared from intermediate 
solutions with certified solutions of Ni, Cd, Pb, 
Cr, and Se. The solutions were transferred by 
micropipette to 50 mL flasks. The flasks were 
previously identified and contained HNO3 and 
Milli-Q water. The aliquots of each metal of interest 
were previously calculated. 

 PREPARATION OF SAMPLES

The samples used were extracts of grapevine leaves 
of Vitis labrusca L. (Bordo cultivar). These samples 
were collected from vineyards at Flores da Cunha, 
Serra Gaucha on the state of Rio Grande do Sul, 
Brazil. The sample collected from Vitis labrusca 
were milled and homogenized in planetary mill. 
The samples were ground for 22 minutes at 335 
rpm. Each sample contained 150 mg. The samples 
were digested using a digestion tube Xpress, 
which was treated by static charge eliminator (not 
heated) before weighing to avoid any adherence 
of the samples to the tube digestion walls. Next, 
the samples were weighed directly into the digester 
tube. To the digester tube containing the weighed 
samples were added HNO3 aiming to release the 
adhered metal, and H2O2 to assist in clarifying the 
extract obtained. 

Subsequently, the tubes containing the acid 
solution were submitted to digestion by microwave. 
It was allowed the cooling tubes digesters to 
complete depressurization. Each sample of digested 

Vitis labrusca L. was transferred quantitatively to a 
50 mL bottle Sarstedt, properly identified. It was 
completed the volume of the bottle with Milli-Q 
water up to the mark of 50 mL and homogenized. 
Along with samples it was prepared a blank of 
process through all stages of preparation, except to 
weigh. The conditions of temperature and humidity 
during the analysis were monitored and maintained 
at about 22 ± 2 º C and 60 ± 5%, respectively, 
according to (ISO 3308 2000 E) to eliminate any 
contribution from environmental conditions. The 
method was an adaptation of the method T - 306, 
Health Canada-Official Method. 

VALIDATION METHOD

The validation parameters included in this study 
were linearity, accuracy, precision, detection limit 
(DL), and limit of quantification (LOQ). The 
validation method followed the protocol guidelines 
on validation of analytical methods (INMETRO 
2011).

Linearity

Linearity is the range that is possible to obtain 
results of analysis directly or by a mathematical 
transformation, proportional to the analyte 
concentration over the range stipulated. The 
equation of the calibration curve that relates the 
dependent (y) and independent (x) variables is
y ax b= + . The mathematical method known 
as linear regression was used to estimate the 
coefficients of the calibration curve, from one set 
of experimental measurements. The value of 0.99 
was used for the coefficient of correlation (r2) as the 
limit for setting the coefficients of the curve. 

Accuracy

Accuracy of an analytical method, also called 
recovery, is defined as the closeness between the 
true value of the analyte in the sample and the 
value obtained by the analytical procedure. It is a 
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parameter that ensures that no loss or contamination 
occurred during the test procedure, contributing 
to quantify the compounds. From a sample with 
low metal content, was held spikes with 3 different 
levels of analyte. The samples were subjected to 
the highest possible steps of the procedure for at 
least three days with two replicates per day. It was 
calculated the mean, standard deviation, relative 
standard deviation (RSD) and recovery (%Rec), 
where Cspk is the analyte concentration in the sample 
spiked; Cref is the analyte concentration in the 
unfortified sample; Cadd is the analyte concentration 
in the sample added. Mathematically, the %Rec is 
defined as in Equation (1). 

100 
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C - C  %Rec
add

refspk. ×=
	

(1)

Precision 

Precision is also an analytical parameter called 
variability. It expresses the variations within 
the same laboratory, when the same sample is 
analyzed by the same procedure, by instrument 
and/or different analysts in different time interval. 
We chose a sample with low metal content for all 
modeled elements and the addition of spikes in 
three concentration levels. One analyst was selected 
to analyze samples of Vitis labrusca L., on different 
days. It was calculated the mean equation (2), 
standard deviation (SD) equation (3) and relative 
standard deviation (RSD) equation (4). 
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Detection limit (DL)

DL is the lowest concentration that can be distin-
guished from noise, but not necessarily quantified. 
The DL of this method was established by analyz-
ing the sample SD of the low content through the 
entire analytical process, a total of 10 repetitions 
was performed. The limit has been studied as three 
times SD, according to the equation (5). 

3DL SD= ´ 	 (5)

Limit of quantification (LOQ)

LOQ is defined as the lowest concentration of 
analyte in a sample that can be determined with 
acceptable precision and accuracy. The LOQ was 
studied in the same way as LOD being set as ten 
times the SD, according to the equation (6). 

10LOQ SD= ´ 	 (6)

Statistical analysis 

The study of 30 samples of grapeleaf extracts of 
Vitis labrusca L. was performed with each of the 
elements of interest. The data of mean, SD and 
coefficient of variation are presented. The analyzes 
were be performed using Statistical Package for 
Social Sciences (SPSS) software versão19.0. 

RESULTS AND DISCUSSION

In order to develop a method for determining 
metals by ICP-MS initially it was necessary to 
ensure optimal conditions for equipment calibration 
according to the parameters recommended by the 
equipment guide (Mestek et al. 2002, Perkin Elmer 
2007, D’llio et al. 2007). The monitoring of these 
parameters certified that the equipment was able 
to carry out sample reading. These evaluations 
should be done daily for the checking of the ICP-
MS system and verification of the correlation 
coefficient of the calibration method (INMETRO 
2011, Perkin Elmer 2007, Darrouzés et al. 2006).
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The verification of ICP-MS system measured 
the performance of this equipment by injecting a 
certified solution indicated by the manufacturing 
Perkin Elmer. This procedure was used to assess the 
equipment and its sensitivity and the percentage of 
cerium oxide (CeO/Ce). Moreover, the sensitivity 
of the equipment was measured by the number of 
counts determined for the Indian (114In), being the 
recommended In > 25000. This element was chosen 
as a reference because its mass is intermediate from 
the elements determined in this study (96SeO, 53Cr, 
62Ni; 111Cd; 206Pb). When the number of In counts 
was satisfactory, it means that the equipment had 
adequate sensitivity to determine the elements of 
interest. As tools of adjustments to achieve the 
ideal conditions in order to consider that the ideal 
profile optimization of ion lens we used 1350 W 
and the sampler and skimmer cones were platinum 
(Table I).

The percentage of (CeO/Ce) was monitored to 
ensure better flow of argon gas in the nebulizer in 
order to reach the recommendation made by Perkin 
Elmer for this parameter (CeO/Ce ≤ 4%). Moreover, 
the establishment of this condition provided greater 
reliability in reading Se in the samples, as it was 

determined in the form of oxide (SeO). The type of 
nebulizer was chosen according to the facilitator of 
this process (Table I).

After reaching all these parameters, that 
confirm that the equipment was ready for use, 
we could proceed the injection and subsequent 
verification of the coefficient of determination of 
the calibration curve. At this stage we evaluated 
the coefficient of determination which according to 
national standard validation protocol (INMETRO 
2011) should be r2 ≥ 0.99. The attendance of these 
parameters was an indicative that the adjustments 
applied to the equipment were consistent, that the 
developed method was appropriate and that it had 
been achieved a safe condition to carry out the 
method validation (Table I). 

Then, we fixed some parameters to establish 
the final composition of the method such as: time 
and scan mode, the number of replicates, peak 
expected for better performance, integration time, 
waiting time and oxygen flow gas for reading SeO. 

The method validation followed the parameters 
adopted by national standards (INMETRO 2011), 
which is based in well established methods from 
EUROCHEM and ISO 5725 1994 (EURACHEM 

Table I 
Instrument settings and data acquisition parameters for DRC II-ICP-MS.

Instrument
RF power 1350W
Gas flow rates Plasma, 15; Auxiliary, 1; Nebulizer, 0,9 - 1,01 (L min -1)

Interface
Sampling and Skimmer Pt cones

Analytical mass 96SeO;53 Cr; 62Ni; 111Cd; 206Pb
Sweeps/reading (s) 20
Reading/replicate 1
Replicates 3
Scan mode Peak hopping
Dwell time per AMU (ms) 50
Integration time (ms): 1000
Cell gas A 0
Cell gas B 1.15 (SeO)
According to Perkin Elmer Guide.
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1998, ISO 5725-1 1994, ISO 5725-2 1994/1998, 
ISO 5725-3 1994/2001, ISO 5725-4 1994, ISO 
5725-6 1994/2001).

Linearity data was generated by information 
from the readings of the five points of the calibration 
curve, which contained all the metals studied 
in three consecutive days. All the correlation 
coefficients were in the limit required by national 
standards (INMETRO 2011), (r2 ≥ 0.99), being the 

smallest one obtained 0.992, for SeO, which was 
above this limit (Figure 1).

Accuracy was obtained by reading the pure 
sample and three known concentrations (0.2, 0.3 
and 0.4 ng/mL) of samples. We evaluated the %Rec 
obtained, the results were within the range of 95.5% 
(for Ni) to 102.4% (for SeO) (Table II). The % Rec 
recommended by national standards (INMETRO 
2011), must be within the range of 80% to 120%.

Figure 1 - Linearity data obtained from the readings of calibration curve which contained Standard solution of Se (A), Cr (B), Ni 
(C), Cd (D), Pb (E) in three consecutive days.
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CONCLUSIONS

A method using ICP-MS was developed and 
validated to determine metals in grapevine leaf 
of Vitis labrusca L. (Bordo cultivar). The method 
showed linearity, precision, accuracy, LD and 
LOQ acceptable under the validation protocol of 
INMETRO (2011). These parameters assure that 
the proposed methodology could be applied in 
routine analytical laboratory.
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Table II 
Validation Parameters.

Analytics
n=30*

Spike Value 
(ng/mL)

% Recovered a

n=30
Average (ng/mL)

n=30

%
RSDb

n=30

LDc (ng/mL)
n=30

LOQd (ng/mL)
n=30

96SeO
0.20 102.4 0.38±0.037 9.80 0.11 0.37
0.30 98.1 0.47±0.037 8.00 0.11 0.37
0.40 99.2 0.57±0.040 7.00 0.12 0.40

53Cr
0.20 101.9 0.43±0.038 9.00 0.11 0.38
0.30 100.6 0.52±0.046 8.70 0.14 0.46
0.40 101.5 0.63±0.052 8.30 0.16 0.52

62Ni
0.20 95.5 0.69±0.040 5.70 0.12 0.40
0.30 99.6 0.80±0.061 7.60 0.18 0.61
0.40 99.7 0.90±0.055 6.10 0.17 0.55

111Cd
0.20 97.2 0.29±0.017 6.00 0.05 0.17
0.30 98.1 0.39±0.020 5.10 0.06 0.20
0.40 100.3 0.49±0.021 4.30 0.06 0.21

206Pb
0.20 97 0.39±0.034 8.70 0.10 0.34
0.30 97.5 0.48±0.030 6.20 0.09 0.30
0.40 101.9 0.60±0.042 7.00 0.13 0.42

*n=30 for each spike level was evaluated 10 replicates;  aINMETRO range of 80% to 120%; bRSD = coefficient 
of variation  ; cLD = limit of detection; dLOQ = limit of quantification.

Precision was obtained using the same 
procedure for the determination of accuracy. It was 
calculated the mean, SD and RSD for each of the 
metals at different levels of spike. It was found that 
the highest coefficient of variation was 9.8%, in SeO 
in first spike (Table II). Although it is not established 
the appropriate percentage range for the precision, 
the recommendation of national and international 
standards is that it is as small as possible within the 
acceptable limits of the method under study. Within 
this context the percentage found for accuracy was 
considered compatible with the methodology by 
national standards (INMETRO 2011). 

LD for elements SeO, Cr, Ni, Cd, Pb were 
0.092, 0.038, 0.033, 0.006 and 0.010 ng/mL, 
respectively and the LOQ, 0.3082, 0.1268, 0.1112, 
0.0196 and 0.0323 ng/mL (Table II). So as the 
precision, the limits of detection and quantification 
are specific to each method, being the tracks found 
here considered acceptable for the method by 
national standards (INMETRO 2011). 
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