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a b s t r a c t

The aim of this work was to evaluate the microemulsification as sample preparation procedure for deter-
mination of Cu, Fe, Ni and Zn in vegetable oils samples by High-Resolution Continuum Source Flame
Atomic Absorption Spectrometry (HR-CS FAAS). Microemulsions were prepared by mixing samples with
propan-1-ol and aqueous acid solution, which allowed the use of inorganic aqueous standards for the cal-
ibration. To a sample mass of 0.5 g, 100 lL of hydrochloric acid and propan-1-ol were added and the
resulting mixture diluted to a final volume of 10 mL. The sample was manually shaken resulting in a visu-
ally homogeneous system. The main lines were selected for all studied metals and the detection limits
(3r, n = 10) were 0.12, 0.62, 0.58 and 0.12 mg kg�1 for Cu, Fe, Ni and Zn, respectively. The relative stan-
dard deviation (RSD) ranged from 5% to 11 % in samples spiked with 0.25 and 1.5 lg mL�1 of each metal,
respectively. Recoveries varied from 89% to 102%. The proposed method was applied to the determination
of Cu, Fe, Ni and Zn in soybean, olive and sunflower oils.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

The metal contents in vegetable oils are important because of
toxicological as well as their nutritional viewpoints. Trace metals
present in oils may be of natural origin or present due to processing
procedures. It is possible to find the presence of metals due to a vari-
ety of factors such as treatment processes (by processing steps as
bleaching, hardening, refining and deodorization, as well as corro-
sion of the processing equipments), packaging procedures, from
water plumbing, presence of fungicide residues used in agriculture
or the presence of highways, industries near the site of cultivation
(Ansari et al., 2009; Cypriano, Matos, & Matos, 2008; Dugo, La Pera,
Loredana La Torre, & Giuffrida, 2004; Sahan, Basoglu, & Gucer, 2007).

The determination of trace metal content in vegetable oils is an
important criterion for the assessment of oil quality with regard to
freshness, keeping properties, storage and their influence on hu-
man nutrition and health. Many reports have described the delete-
rious effects that trace metal has on the flavour and oxidative
ll rights reserved.
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stability of oils, since some metals could catalyse oxidation of fatty
acid chains, exerting a deleterious influence on shelf life and nutri-
tional value (Galeano Díaz, Guiberteau, López Soto, & Ortiz, 2006).
Furthermore, some of these metals are subject to food legislation
(Cypriano et al., 2008; Reyes & Campos, 2006), and have been used
for detection of adulterations in oil samples (Gonzálvez, Armenta,
& de la Guardia, 2010). It is important to emphasize either that
in tropical countries with large territorial areas as Brazil, the culti-
vation of vegetable oil sources to produce biodiesel could also
achieve an economic up-scale and the presence of metals in the
raw material can affect the biodiesel quality (Chaves et al., 2008;
de Jesus, Silva, & Vale, 2008; de Souza, Leocádio, & da Silveira,
2008; Vieira, de Oliveira, Gonçalves, de Souza, & Campos, 2009).
However, the accurate determination of trace metals in this kind
of samples is still an analytical challenge, owing to their low con-
centration level and the difficulties that arise due to the character-
istics of the matrix.

The most common technique used for metals determination in
vegetable oil is atomic absorption spectrometry (de Leonardis,
Macciola, & de Felice, 2000). However, in general, atomic spectro-
metric methods for metals determination in organic matrix
present some disadvantages, such as the reduced stability of the
analytes in the solution, the need of organometallic standards for
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calibration, and the use of dangerous organic solvents or sample
digestion with an acid or acid mixture (de Souza et al., 2008). Sam-
ple preparation is a critical step in oil analysis and due to the high
organic content, sample pre-treatment is frequently necessary.
Normally, the analytical methods request a sample pre-treatment
step, involving the complete destruction of the organic matrix or
other time consuming procedures such as acid extraction (de Leo-
nardis et al., 2000), solid phase extraction (Bati & Cesur, 2002) as
well as dry (Raptis, Kaiser, & Tölg, 1982) or wet ashing (Juranovic,
Breinhoelder, & Steffan, 2003), at times with microwave assisted
heating (Sahan et al., 2007).

Alternatively, some methodologies use the modification of
these organic liquid samples by the formation of emulsions or
microemulsions, avoiding previous mineralization of the sample
and making possible the use of simple aqueous standards for cali-
bration instead of expensive and instable organometallic standards
(Aucélio, Doyle, Pizzorno, Tristão, & Campos, 2004; dos Santos,
Teixeira, Korn, & Teixeira, 2006). The systems are thermodynami-
cally stable and composed of water, oil and surfactant, and, in some
cases, an alcohol can be added as co-surfactant. Additionally, they
are apparently homogeneous under visual observation, but in fact
the systems are formed of particles with diameters in the order of
5–100 nm suspended in a continuous phase (de Jesus et al., 2008).
Detergentless microemulsions can also be used. In this case, a co-
solvent allows the formation of a homogeneous system containing
both the aqueous phase and the liquid organic phase resulting in a
homogeneous and long-term stable three-component solution
(Aucélio et al., 2004). The use of emulsification as sample prepara-
tion for the determination of trace metals in vegetable oils by ICP
OES (de Souza, Mathias, da Silveira, & Aucélio, 2005), ICP-MS (Cas-
tillo, Jiménez, & Ebdon, 1999) and FAAS (Jiménez, Velarte, Gomez,
& Castillo, 2004) has been proposed. However, the use of micro-
emulsion as sample preparation for vegetable oil analysis by
High-Resolution Continuum Source Flame Atomic Absorption
Spectrometry (HR-CS FAAS), to the best of our knowledge, has
not been described yet.

The main advantages of HR-CS FAAS are the possibility of per-
forming fast sequential multi-element measurements, measuring
major and secondary atomic lines, adding absorbance of different
lines for a given element, and integrating the absorbance signal
over the centre pixel (CP) by including part of the line wings to ex-
tend the linear work range. These two last strategies can be used to
improve sensitivity (Amorim Filho & Gomes Neto, 2008). Addition-
ally, in comparison with conventional atomic absorption spec-
trometry, the technique has other inherent advantages such as
random access to all wavelengths in the range from 189 nm to
900 nm, and effective and flexible background correction by means
of mathematical algorithms (Huang, Becker-Ross, Florek, Heit-
mann, & Okruss, 2006).

In this paper, a multi-element HR-CS FAAS method for the
determination Cu, Fe, Ni and Zn content in vegetable oils samples
was developed. A simple and fast sample preparation procedure
based on the emulsification of the sample in propan-1-ol and water
was employed. Using the proposed procedure, the system kept its
homogeneity and stability for a few hours and allowed the metals
quantification using simple calibration procedure against inorganic
standard solutions when these dispersions were acidified with
hydrochloric acid.
2. Experimental

2.1. Instrumentation

An Analytik Jena contrAA 300 high-resolution atomic absorp-
tion spectrometer equipped with a 300 W xenon short-arc lamp
(XBO 301, GLE, Berlin, Germany) as a continuum radiation source
was used throughout the work. The equipment presents a compact
high-resolution double echelle monochromator and a charge-cou-
pled device (CCD) array detector with a resolution of about 2 pm
per pixel in the far ultraviolet range. Measurements were carried
out in the following wavelengths (in nm): Cu (324.754), Fe
(248.327), Ni (232.003) and Zn (213.867). The number of pixels
of the array detector used for detection was 3 (central pixel 1).
Oxidizing air/acetylene flame was used and all measurements
were carried out in triplicate.

A Varian (Mulgrave, Australia) Vista simultaneous inductively
coupled plasma optical emission spectrometry instrument with
axial viewing and a charge-coupled device (CCD) detector was used
as a comparative method. A Sturman–Master chamber and a V-
Groove nebulizer were also used. The metal determinations were
carried out under manufacturer-recommended conditions for
power (1.3 kW), plasma gas flow (15.0 L min�1), auxiliary gas flow
(1.5 L min�1) and nebulizer gas flow (0.7 L min�1). The analytical
wavelength chosen were 324.754, 248.327, 232.003 and 213.857
nm for Cu, Fe, Ni and Zn, respectively.

2.2. Reagents and samples

All reagents were of analytical grade quality and freshly dis-
tilled and deionized water was used for dilutions. The hydrochloric
acid (37%), propan-1-ol, and monoelementar 1000 mg kg�1

aqueous standards of Cu, Fe Ni and Zn were supplied by Merck
(Darmstadt, Germany). A 900 lg g�1 metallo-organic multi-
element standard was from AccuStandard Inc. (New Haven, USA)
and propan-1-ol was used for the dilutions of metallo-organic
standard solution. Soybean, olive and sunflower oils were obtained
from local vendors.

2.3. Microemulsion preparation

Microemulsions were prepared by mixing samples with pro-
pan-1-ol and aqueous acid solution. Approximately 0.5 g of vegeta-
ble oil samples were placed in 10 mL volumetric flasks, where
100 lL of hydrochloric acid was added. Propan-1-ol was then
added under continuous agitation until a final volume of 10 mL.
After vigorous shaking, the samples were evenly dispersed in the
emulsion resulting in a visually homogeneous system and re-
mained stable for a few hours.

2.4. Calibration procedure

Analytical curves were carried out using standards prepared
similar to the samples and the metals were added as metallo-or-
ganic standard solutions. Analytical curves using aqueous standard
solutions were obtained for the purpose of comparison with ana-
lytes concentration ranging from 0.10 to 4.5 mg kg�1. Non-spiked
oil dispersions were used as blanks and the analytes concentra-
tions in the blank was determined by the analyte addition tech-
nique. The results obtained were evaluated based on the
intensity of the corrected blank.

2.5. Sample preparation for ICP OES

Samples of vegetable oils were weighed and subsequently di-
gested using a microwave unit. After digestion with a mixture of
nitric acid and hydrogen peroxide clear solutions were obtained
and the analytes were determined by ICP OES. In the procedure,
each sample of oil (0.5 g) was weighed into the digestion vessels.
The digestions were performed by adding 3.5 mL of HNO3 conc.
and 1.0 mL H2O2 (30%) to the sample. The microwave oven heating
programme was performed in five steps using 35 Bar of pressure,



Table 1
Microwave heating programme for sample digestion.

Step Time (min) Power (W) T (�C)

1 6 750 90
2 4 750 90
3 8 1000 180
4 15 1000 180
Ventilation 20 – –

Table 2
Calibration equations (A = aC + b)* and correlation coefficients for determination of
Cu, Fe, Ni and Zn in vegetable oils samples using organic or inorganic standards.

Calibration Analyte Equation Correlation coefficient

Analytical curve
using inorganic
standard

Cu A = 0.111 (±0.007)
C + 0.008 (±0.003)

0.9985

Fe A = 0.062 (±0.005)
C + 0.005 (±0.001)

0.9986

Ni A = 0.058 (±0.005)
C + 0.004 (±0.001)

0.9993

Zn A = 0.391 (±0.011)
C + 0.006 (±0.002)

0.9983

Analytical curve
using organic
standard

Cu A = 0.115 (±0.006)
C + 0.004 (±0.002)

0.9991

Fe A = 0.061 (±0.004)
C + 0.005 (±0.002)

0.9986

Ni A = 0.059 (±0.006)
C + 0.004 (±0.002)

0.9995
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as depicted in Table 1. The fifth step was a cooling down procedure
of the system through forced ventilation over 20 min. After cooling
all the digests were transferred into 10 mL volumetric flasks and
diluted to volume with HNO3 (1% v/v). The digestion procedure
was done in triplicate for each sample and reagent blanks were
prepared similar to the samples.
Zn A = 0.371 (±0.015)
C + 0.004 (±0.001)

0.9992

* A = absorbance; a = slope; C = concentration (lg mL�1); b = intercept.

Table 3
LOD, LOQ and RDS for the determination of Cu, Fe, Ni and Zn in vegetable oils samples
by HR-CS FAAS.

Parameter/Elements Cu Fe Ni Zn

LOD, mg kg�1 0.12 0.62 0.58 0.12
LOQ, mg kg�1 0.40 2.1 1.9 0.40
RSD, % 5–8 6–8 5–11 5–9
3. Results and discussion

3.1. Microemulsion stability

Experiments were conducted to determine the minimum
amount of propan-1-ol required to form emulsions whose phases
did not separate within 3 h, which is an enough period to consider
the stability of the system and to realize the measurements in the
equipment. This test consisted of preparing microemulsions, after
which their stability was monitored by simple visual inspection
of the emulsion samples. In these experiments, the propan-1-ol
was tested in the range of 2 to 9 mL, using 0.5 g of vegetable oil
sample and 100 lL of hydrochloric acid. Water was added under
continuous agitation until a final volume of 10 mL. The results indi-
cated that only volumes of propan-1-ol higher than 8 mL produced
emulsions that remained homogeneous. Therefore, after the addi-
tion of sample and hydrochloric acid aliquot, the final volume of
10 mL was completed with the alcohol, avoiding phase separation
when the absorbance measurements were performed.

Additionally, the stability of Cu, Fe, Ni and Zn concentrations in
the microemulsion were checked every 30 min, for 240 min. The
signal was stable during the monitoring time, indicating stability
of the analytes.
Table 4
Recoveries (%) and relative standard deviations for spiked vege-
table oil samples (n = 3).

Sample/Element Spiked concentration, mg kg�1

2.0 4.0

Soybean oil 1
Cu 99 ± 11 101 ± 4
Fe 98 ± 2 95 ± 6
Ni 93 ± 4 101 ± 4
Zn 101 ± 2 98 ± 2

Olive oil 1
Cu 101 ± 4 92 ± 2
Fe 98 ± 5 95 ± 3
Ni 99 ± 5 89 ± 3
Zn 101 ± 3 102 ± 2

Sunflower oil 1
Cu 101 ± 4 91 ± 3
Fe 98 ± 2 98 ± 2
Ni 89 ± 3 101 ± 4
Zn 101 ± 4 99 ± 4
3.2. Analytical performance, validation and application

One of the principal problems related with the determination of
trace elements in organic matrix is the lack of knowledge about the
form of the analyte in the sample. The standard addition tech-
niques provide the compatibility among the calibration curves
and samples in terms of possible matrix interferences, but also
may provide errors since the forms of element compounds in the
materials to be analysed behave differently to the spiked form
(dos Santos et al., 2007). Due to this, the feasibility of using aque-
ous standards for calibration was evaluated by the comparison
with the standard addition using metal-organic standards. The
resulting equations and their respective correlation coefficients
are shown in Table 2. As can be seen, the slopes of the calibration
curves obtained using either inorganic or organic standards are
very similar. This means that the Cu, Fe Ni and Zn present in veg-
etable oils samples can be determined through the calibration
technique using either inorganic or organic standards.

Table 3 presents the limits of detection (LOD) and of quantifica-
tion (LOQ) in samples, as well the precision for the determination
of Cu, Fe, Ni and Zn in vegetable oils prepared as microemulsion by
HR-CS FAAS. The LOD and LOQ of each analyte were calculated as
the analyte concentration corresponding to three and ten times,
respectively, the standard deviation for ten independent measure-
ments of the microemulsion blank, divided by the slope of the cal-
ibration curve. The precision was evaluated as the relative
standard deviation (RSD). In Table 3, the RSD range obtained for
all samples are shown.

The proposed method has been applied to the determination of
Cu, Fe Ni and Zn in vegetable oils samples obtained from local ven-
dors. Initially, the method was verified through spike recovery
tests, by adding 2.0 and 4.0 mg kg�1 of each metal (metallo-organic
standard) to three different samples. The results were obtained as
the average of three replicates of each fuel sample and are shown
in Table 4. As can be seen, the method has good accuracy and the
recoveries were between 89% and 102%. The proposed method was
then applied to Cu, Fe, Ni and Zn determination in three more veg-
etable oils samples. The results, obtained as the average of three



Table 5
Determination of Cu, Fe, Ni and Zn (mg kg�1) in commercial vegetable oils samples by proposed and comparative methods (n = 3, at 95% confidence level).

Sample Ni Fe Cu Zn

Proposed Comparative Proposed Comparative Proposed Comparative Proposed Comparative

Soybean oil 2 2.74 ± 0.12 2.55 ± 0.10 2.26 ± 0.20 2.21 ± 0.11 1.17 ± 0.08 1.02 ± 0.12 <0.4 0.09 ± 0.04
Olive oil 2 <1.9 1.49 ± 0.04 3.13 ± 0.09 2.99 ± 0.10 1.29 ± 0.04 1.33 ± 0.03 4.30 ± 0.04 4.61 ± 0.08
Sunflower oil 2 <1.9 0.20 ± 0.09 <2.1 0.31 ± 0.05 <0.4 0.14 ± 0.07 <0.4 0.31 ± 0.04
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replicates of each sample, are shown in Table 5. When compared to
the results obtained by the comparative method using ICP OES and
digested samples, the results obtained by the proposed procedure
show a good agreement. The paired t-test (95% confidence level)
did not show significant differences.
4. Conclusions

The developed procedure provides a sensitive and simple
approach for the determination of Cu, Fe, Ni and Zn in vegetable
oils samples using organic or inorganic standards by HR-CS FAAS,
after application of a procedure involving microemulsification with
propan-1-ol. The method is simple, fast and does not require the
sample to be subjected to any drastic or time-consuming pre-
treatment, such as concentrated acid heating.
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