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This paper proposes a low cost, simple, fast method for determining Ni and Cd in biodiesel samples
by graphite furnace atomic absorption spectrometry (GFAAS). The method was evaluated in biodiesel
from different sources. Tungsten was used as a permanent modifier and the samples were prepared in
the form of microemulsions, by mixing about 0.5 g of biodiesel with 5 g of surfactant (Triton X-100)
in volumetric flasks and completing the volume with HNO3 1% (v/v). The detection limits obtained for
Ni and Cd in microemulsions were 60.9 and 0.1 lg L�1, respectively. The relative standard deviation
(% R.S.D., n = 12) was 68.20% for Ni (washed animal fat sample) and 64.71% for Cd (sunflower oil
sample). Accuracy was checked based on addition and recovery experiments, which yielded recovery
rates varying from 93% to 108% for Ni and from 98% to 116% for Cd. Sample preparation is rapid and
easy, and the use of an inorganic standard for calibration makes this sample preparation procedure
suitable for routine applications.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction or sodium in the end product leads to the formation of insoluble
Biodiesel appears to be a promising substitute for fossil fuel,
since it allows for the qualitative and quantitative reduction of
several species that contaminate the environment (CO2, SOx,
aromatic compounds) [1–4], and is also a renewable source of
energy, unlike diesel oil and other petroleum derivatives [5–7].
Its perfect miscibility and physicochemical similarity to mineral
diesel oil means that biodiesel can be used pure or mixed in any
proportions with other solvents to run diesel cycle engines without
requiring substantial or expensive adaptations [2,7]. Chemically,
biodiesel is defined as a mono-alkyl ester of long-chain fatty acids
with physicochemical characteristics similar to those of mineral
diesel, which is produced through chemical processes such as
transesterification or thermal cracking [8,9]. Most of these pro-
cesses involve the transesterification of oils or fats (from plants
or animals) with short chain alcohols (methanol or ethanol), using
sodium or potassium hydroxide as a catalyst [10,11].

Hardly any chemical reaction, including transesterification, is
ever complete, so the reaction products (alkyl esters) are usually
contaminated with other compounds. The presence of potassium
ll rights reserved.
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osa).
soap, which forms deposits in the filters of vehicles [5,12,13].
Sodium and potassium in fatty acid methyl ester are determined
by diluting a sample in organic solvent (xylene, cyclohexane or
petroleum ether) and examining it by flame atomic absorption
spectrometry (FAAS) [14–16]. However, biodiesel may contain
other inorganic contaminants (e.g., Cu, Pb, Cd, Ni, etc.) because
the plant itself (raw material) absorbs metals from the soil, and/
or because it may be incorporated into the product during
transportation, production or storage [1,17,18]. Although metal
concentrations in biofuels are usually low, their determination
requires adequate sample preparation procedures and sensitive
analytical techniques [19,20]. The techniques for determining trace
elements must be chosen with clear knowledge about their
capabilities and limitations [21].

Today, these determinations are done mainly by graphite
furnace atomic absorption spectrometry (GFAAS) [19,22] and
inductively coupled plasma mass spectrometry (ICP-MS) [23].
Techniques such as X-ray fluorescence spectrometry, spectropho-
tometry, polarography, titrimetry and anodic stripping voltamme-
try are used less frequently [20].

Sample pretreatment, which is probably the most critical stage
of fuel analysis, consists of submitting the sample to a procedure
that renders it more appropriate for analysis [16]. This is the stage
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of an analysis in which most errors occur. It is most time-consum-
ing and increases the cost of the analysis; therefore, all the stages
of a pretreatment procedure must be considered carefully [20,23].

The literature offers few examples of fuel analysis without pre-
vious treatment. The use of untreated fuel samples for the deter-
mination of trace metals usually leads to general problems such
as volatility, flammability and immiscibility with water, and a
number of specific problems depending on the analytical tech-
nique employed [1]. Widely used traditional methods such as
wet digestion and microwaves have advantages and limitations
[20]. However, despite some inconveniences, they are highly
effective in eliminating organic matter using acids and oxidants.
An alternative currently employed for analyzing samples without
the previous destruction of organic matter is the emulsion or
microemulsion system, which allows for efficient stabilization of
trace metals in organic solutions [5,16,24]. A macroemulsion is
obtained, either oil-in-water (O/W, droplets of oil-in-water) or
water-in-oil (W/O, droplets of water-in-oil), depending on the
dispersal phase. In emulsions and microemulsions, the fuel is dis-
persed in the aqueous phase as microdroplets stabilized by mi-
celles or vesicles generated by the addition of a detergent.
Besides their physicochemical characteristics, the size of the
resulting droplets is a differential between emulsion and micro-
emulsion [25–27].

In Brazil, the obligatory percentage of biodiesel mixed in die-
sel oil sold throughout the country was increased from 2% to 3%
on July 1, 2008. This decision was taken by the National Council
of Energy Policy (CNPE). Although biodiesel of different origins is
already in use in automotive vehicles because it is produced
from renewable sources, the literature still contains very few pa-
pers on the subject. Moreover, Brazilian legislation still lacks an
adequate standard for controlling biodiesel quality with respect
to metals such as Cu, Pb, Ni and Cd. It is therefore essential to
develop analytical procedures for preparing samples and for
determining these metals in biodiesel samples. Thus, the objec-
tive of this study was the development of an analytical method
for the determination of Ni and Cd concentrations in biodiesel
samples by GFAAS, using microemulsions and W as a permanent
chemical modifier.
Table 1
Heating schedule used in the experiments.

Steps Cycle Temperature (�C) Time (s) Gas flow (mL min�1)

1 Drying 85 5.0 300 (Ar)
2 95 40.0 300 (Ar)
3 120 10.0 300 (Ar)
4 Pyrolysis a 5.0 300 (Ar)
5 a 20.0 300 (Ar)
6 a 2.0 0 (read)
2. Experimental

2.1. Instruments and accessories

All the experiments were carried out using a Varian Model
Spectra AA240Z electrothermal atomic absorption spectrometer
with Zeeman-effect background correction, equipped with a PSD
120 autosampler. The spectrometer’s longitudinally heated graph-
ite tubes were designed with an integrated platform. Varian hollow
cathode k = 228.8 nm lamps with a spectral bandwidth of 0.5 nm
were used for Cd, and k = 232.0 nm lamps with a spectral band-
width of 0.2 nm were used for Ni. The instruments and accessories
included a Milli-Q Plus water deionizer system, (Millipore�), auto-
matic micropipettes of different volumes (fixed and variable), a
Sartorius 2432 analytical balance with a maximum capacity of
200 g, a heated magnetic shaker (Nova Técnica), polyethylene dis-
posable tubes (Corning), focused microwaves – Rapid Digestion
system (SPEX), ZetaPlus – Brookhaven Instr. Corp. at a fixed angle
of 90� at 25 �C, and 99.9% argon (White Martins, Brazil) as the
purge gas.
7 Atomization b 0.8 0 (read)
8 b 2.0 0 (read)
9 Cleaning 2900 2.0 300 (Ar)

a Pyrolysis temperature (Tp).
b Atomization temperature (Ta).
2.2. Reagents, solutions and samples

All the solutions were prepared with high purity deionized
water (18.2 MX cm�1) obtained from a deionizer system (Milli-Q
Plus, Millipore�). Nitric acid (Synth-65%, v/v) was used after sub-
boiling the reference analytical solutions and samples. The analyt-
ical solutions of the analytes were prepared daily using
1000 mg L�1 of stock solutions (Normex�, Carlo Erba) in 1.0%
(v/v) distilled HNO3; Triton X-100 (Tedia). The biodiesel samples
were obtained by transesterification prepared via the ethanol
route, using NaOH as the catalyst. These samples were supplied
by Brazilian biodiesel research laboratories in Curitiba, PR and Cui-
abá, MT. A sample, named B10 (10% (v/v) biodiesel in diesel), which
was supplied by a filling station in Sorocaba, SP, was also analyzed,
but additional information was unfortunately not provided.

2.3. Preparation of the chemical modifier

As shown in an earlier work [2], the best results were obtained
using W as a chemical modifier, demonstrating that in this case W
offers several advantages [27,28]. A solution of 1.0 g L�1 of W was
prepared by dissolving 0.1794 g of NaWO4�2H2O (Merck) in 100 mL
of deionized water. The atomizer was coated with the W
permanent modifier in two steps: (i) tungsten deposition; and
(ii) thermal treatment of the tungsten deposited in the tube. The
heating schedule applied in this procedure was performed as
described by Lima et al. (1998, 1999) [29,30].

2.4. Study of the electrothermal behavior

It is important to optimize the heating schedule in GFAAS in or-
der to establish the initial working conditions [31,32]. In previous
studies, experimental design was used as a tool to determine the
optimal temperature of pyrolysis (Tp) and temperature of atomiza-
tion (Ta), which were 800 and 2300 �C for Ni and Tp-500 �C and Ta-
1400 �C for Cd [2]. Table 1 indicates the heating schedule employed
in the present study.

2.5. Preparation of samples and optimization of the procedure

An analysis was made of the biodiesel samples obtained from
different sources, as indicated in Table 2.

The sample preparation procedure consisted of mixing about
0.5 g of biodiesel with 5 g of surfactant (Triton X-100) and com-
pleting the volume with HNO3 1% (v/v) in plastic volumetric flasks
of 50.0 mL under mechanical shaking for 20 min.

An evaluation was made of the influence of Triton X-100 masses
of 1.0, 3.0, 5.0 and 10 g on the values of samples containing a con-
centration of 25.0 lg Cd L�1 (within the linear value for Cd) in
HNO3 1.0% (v/v) [33].

The mean diameter (evaluated based on the volume distribu-
tion) of microemulsions in the dispersion was determined by pho-
ton correlation spectroscopy (PCS), using a laser light-scattering
instrument (ZetaPlus, Brookhaven) at a fixed angle of 90� at



Table 2
Origin of biodiesel samples.

Samples Origin

S1 Soybeans
S2 Soybeans
S3 Puréed animal fat
S4 Washed animal fat
S5 Non-washed animal fat
S6 Sunflower
S7 Cotton
S8 10% (v/v) of biodiesel in diesel (B10)
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25 �C. The zeta potential was analyzed with the same equipment.
This evaluation was carried out using different types of microemul-
sions prepared in 50.0 mL plastic flasks by mixing 0.5 g of biodiesel
with four different masses of Triton X-100 (1.0, 3.0, 5.0 and 10 g),
completing the volume with HNO3 1% (v/v), and shaking the mix-
tures in a magnetic shaker for 20 min.

An evaluation was made of the influence of sample volumes of
10, 20, 30 and 40 lL on the absorbance patterns of 10.0 lg Ni L�1 in
HNO3 1.0% (v/v) and 1.0 lg Cd L�1 in HNO3 1.0% (v/v).

Since certified biodiesel material is not yet available, addition
and recovery tests were performed in order to ascertain the preci-
sion and accuracy of the method using the microemulsion sample
of 10.0 lg Ni L�1 and 1.0 lg Cd L�1 in HNO3 1.0% (v/v).
3. Results and discussion

3.1. Preparation of the samples

The analysis of the influence of Triton X-100 on the absorbance
signals of the 25.0 lg L�1 Cd standard in HNO3 in 1.0% (v/v) indi-
cated that the greatest absorbance occurred with 1.0 g of Triton
X-100. The use of both 1.0 and 3.0 g of Triton X-100 caused the for-
mation of large volumes of foam, extending the time required for
the microemulsion to stabilize, while the formation of microemul-
sion with 10 g of Triton X-100 took a long time, probably due to
Table 3
Physicochemical parameters of the microemulsions.

Amount of Triton
X-100 (g)

Particle size (nm) Polydispersion Zeta potential (mV)

1 311.4 0.03 +6.53
3 450.3 0.02 +8.70
5 550.2 0.01 +9.31

10 556.8 0.12 +10.01
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Fig. 1. Influence of the sample’s volume on the absorbance signals (corrected from the bla
HNO3 1.0% (v/v).
difficulties for the reagent to homogenize. Thus, since greater
stabilization was achieved with 5.0 g of Triton X-100 and little
foam was formed, this mass was considered adequate for the
preparation of microemulsions. This method is relatively low-cost,
since it uses Triton X-100 as surfactant and consumes little
electricity, simple – requiring only mechanical agitation, and very
fast – approximately 20 min of preparation.

3.2. Physicochemical characterization of the microemulsion

Most of the studies on microemulsions published in the litera-
ture state that the analyses were done in the form of microemul-
sions [5,24,26], but no mention is made of the particle size to
indicate that these were actually microemulsions. To indicate some
of the physicochemical parameters of the microemulsions pre-
pared in this work and evaluate the choice of reagents, Table 3 lists
some of the analyzed characteristics.

Table 3 shows that the mean particle size in the samples ranged
from 310 to 560 nm. In the literature, microemulsions (ME) are
usually described as spherical aggregates with diameters of less
than 1400 Å, typically in the order of 100 Å [22,23,34]. The suffix
‘‘micro” is misleading, for the system involves droplets with sizes
so small that they are optically transparent [35]. Another interest-
ing parameter is the polydispersion (particle size distribution),
which ideally should be very low. As can be seen in Table 3, the val-
ues were low, with the lowest polydispersion of 0.01 obtained with
5.0 g of Triton X100. The zeta potential reflects the particle surface
load, and this parameter may be influenced by particle composi-
tion and by poor dispersion. The spheres should present a rela-
tively zeta potential (±) 30 to ensure physicochemical stability,
since strong repulsive forces tend to prevent aggregation due to
occasional collisions of adjacent spheres [36]. The Zeta (Z) values
listed in Table 3 (+7 < Z < +11) lie within the interval considered
good. Thus, the microemulsions may be considered stable, present-
ing low values of polydispersion and a high zeta potential value,
confirming their satisfactory preparation.

3.3. Optimization of the method

Fig. 1 shows the influence of the volume of the sample on the
absorbance signals of the 10.0 lg Ni L�1 and 1.0 lg Cd L�1 in
HNO3 1.0% (v/v) pattern.

In Fig. 1a, note that the sample volume of 10 lL presents a low
Ni absorbance value. Higher sensitivity was recorded in sample
volumes of 30 and 40 lL (Fig. 1a), but the replicates were not sat-
isfactory, showing high estimated standard deviations. The volume
of the 20 lL sample was adequate, since it presented a significant
absorbance for the 10.0 lg Ni L�1 standard and a low estimated
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Table 4
Concentration (in lg g�1) of Ni and Cd in the samples.

Samples [C] (lg g�1)

Ni Cd

S1 6LQ 0.7
S2 6LQ 0.6
S3 6LQ 0.2
S4 6LQ 0.3
S5 6LQ 6LQ
S6 6LQ 0.2
S7 6LQ 0.2
S8 6LQ 2.4
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standard deviation, and this volume was therefore chosen for the
subsequent analyses.

An analysis of Fig. 1b indicates that the sample volume of 10 lL
presented low absorbance content, while 20 lL of sample showed
a significant increase in the intensity of the absorbance signal due
to the increased population of atoms generated in the atomizer. In
addition to the introduction of 10 and 20 lL of sample, the esti-
mated standard deviation was relatively low, showing good
repeatability in the experimental measurements for Cd. However,
for 30 and 40 lL of sample, due to the larger volume of sample
in the atomizer, the sample projected out of the atomizer, as re-
corded by the webcam of the apparatus, leading to a high esti-
mated standard deviation. Therefore, a volume of 20 lL was used
for the subsequent analyses.

Table 4 shows the results of the analysis of eight biodiesel sam-
ples evaluated under the conditions adopted in this study.

Low detection limits were obtained for Ni (LD 6 0.9 lg L�1).
However, as indicated in Table 4 for Ni, the concentration of Ni
in all the samples studied here was lower than this value. There-
fore, Ni was not detectable in the samples using the method em-
ployed here. From the environmental standpoint, this can be
considered a positive outcome for the use of biodiesel, since Ni is
a natural constituent of petroleum and is generally present in its
derivatives. Lower limits of detection were obtained for Cd
(LD 6 0.1 lg L�1). The concentrations in the samples were low,
but lay within the limits of detection.

Still with respect to Table 4, note that the concentration of Cd in
sample S5 fell below the detection limit. This was probably the re-
sult of washing during the biodiesel preparation process, when the
metal was eliminated.

In addition, the values of Cd found in animal fat samples were
consistently lower than those obtained from vegetable biodiesel
samples. This is probably due to the fact that vegetables can absorb
metals, which is not the case with samples of animal origin. The
presence of Cd in the biodiesel samples was attributed to the great-
Table 5
Recovery rates (n = 3) and relative standard deviations (% R.S.D.) of
biodiesel samples using W as the modifier, prepared with
10 lg L�1 of Ni and 1.0 lg L�1 of Cd.

Samples Recovery, % ±R.S.D.

Ni Cd

S1 108 ± 2.0 100 ± 4.0
S2 105 ± 1.0 104 ± 3.0
S3 103 ± 3.0 108 ± 1.0
S4 102 ± 2.0 99 ± 4.0
S5 101 ± 3.0 116 ± 4.0
S6 93 ± 9.0 98 ± 5.0
S7 97 ± 3.0 102 ± 4.0
S8 93 ± 1.0 95 ± 2.0

(% R.S.D.) relative standard deviations.
er mobility of this element in soil than Ni [37,38]. It is also worth
noting that Cd has been used in the form of CdCl2 as a fungicide,
and as such, may constitute another source of soil contamination
[39,40].

Table 5 shows the results of the addition and recovery tests for
each sample. These results reveal recovery values of 93–108% for
Ni and of 98–116% for Cd, indicating that the method used here
is suitable for determining nickel and cadmium in biodiesel ma-
trixes from different sources and origins. Moreover, low values of
relative standard deviations (R.S.D. %) were obtained, i.e., 69.0%
for 10.0 lg Ni L�1 and 65.0% for 1.0 lg Cd L�1, respectively.
4. Conclusion

The analytical method developed with microemulsions and
GFAAS can be considered efficient in determining Ni and Cd in bio-
diesel samples, since it presented relatively low standard devia-
tions and good recovery values. The preparation of samples in
the form of microemulsions was satisfactory and may constitute
a useful alternative, since it does not require previous distribution
of organic matter, is inexpensive, simple, and fast, and poses less
risk of contamination than traditional methods, as well as higher
stability, without the need for organometallic standards and car-
cinogenic solvents. This work contributes by proposing an alterna-
tive analytical method to control the quality of biodiesel by
determining and quantifying the presence of metals such as Ni
and Cd, which are not yet controlled by Brazilian standards.
Acknowledgements

The authors thank the Brazilian research funding agencies FA-
PESP, CNPq and FUNDUNESP for their financial support and grants.
The authors are also indebted to UFMT – Universidade Federal de
Mato Grosso for providing the biodiesel samples used in this work
and to Dr. Edenir Pereira Filho for his assistance and suggestions in
the initial part of the experiments. We also thank the anonymous
reviewers for their comments, which were helpful in improving
the manuscript.

This paper was revised by B. Allain – CNPJ 06370641/0001-14, a
native English speaker and professional translator and proofreader.
References

[1] Chaves ES, Lepri FG, Silva JSA, Quadros PC, Saint’pierre TD, Curius AJ.
Determination of Co, Cu, Fe, Mn, Ni and V in diesel and biodiesel samples by
ETS-ISP-MS. J Environ Monit 2008;10:1211–6.

[2] Lobo FA, Goveia D, Rosa AH, Oliveira AP, Pereira Filho ER, Fraceto LF, et al.
Comparison of the univariate and multivariate methods in the optimization of
experimental conditions for determining Pb, Cu, Ni and Cd in biodiesel by
GFAAS. Fuel 2009;88:1907–14.

[3] Chaves ES, Santos EJ, Araujo RGO, Oliveira JV, Frescura VL, Curtius A. Metals
and phosphorus determination in vegetable seeds used in the production of
biodiesel by ICP OES and ICP-MS. Microchem J 2010;96:71–6.

[4] Serdari A, Fragioudakis K, Teas C, Zannikos F, Stournas S, Lois E. Effect of
biodiesel addition to diesel fuel on engine performance and emissions. J Prop
Power 1999;15:224–31.

[5] Jesus A, Silva MM, Vale MGR. The use of microemulsion for determination of
sodium and potassium in biodiesel by flame atomic absorption spectrometry.
Talanta 2008;741:378–84.

[6] Ma F, Hanna MA. Biodiesel production: a review. Bioresour Technol
1999;70:1–15.

[7] Costa Neto PR, Rossi LFS, Zagonel GF, Ramos LP. Produção de biocombustível
alternativo ao óleo diesel através da transesterificação de óleo de soja usado
em frituras. Quim Nova 2000;23:531–7.

[8] Lopez DE, Goodwin Jr JG, Bruce DA, Lotero E. Tansesterification of triacetin
with methanol on solid acid and base catalysts. Appl Catal 2005;295:97–105.

[9] Arzamendi G, Arguinãrena E, Campo I, Zabala S, Gandiá LM. Alkaline and
alkaline-earth metals compounds as catalysts for the methanolysis of
sunflower oil. Catal Today 2008;133:305–13.

[10] Silva RB, Neto AFL, Santos LSS, Lima JRO, Chaves MH, Santos Jr JR, et al.
Catalysts of Cu(II) and Co(II) ions adsorbed in chitosan used in



146 F.A. Lobo et al. / Fuel 90 (2011) 142–146
transesterification of soy bean and babassu ols – a new route for biodiesel
synthese. Bioresour Technol 2008;99:6793–8.

[11] Meher LC, Dharmagadda VSS, Naik SN. Optimization of alkali-catalyzed
transesteriwcation of Pongamia Pinnata oil for production of biodiesel.
Bioresour Technol 2006;97:1392–7.

[12] Vieira MA, Oliveira LCC, Gonçalves RA, Souza V, Capos RC. Determination of As
in vegetable oil and biodiesel by graphite furnace atomic absorption
spectrometry. Energy Fuels 2009;23:5942–6.

[13] Oliveira AP, Villa RD, Antunes KCP, Magalhães A, Silva EC. Determination of
sodium in biodiesel by flame atomic emission spectrometry using dry
decomposition for the sample preparation. Fuel 2009;88:764–6.

[14] Bs En 14108, Fat and oil derivatives—fatty acid methyl esters (FAME); 2003.
[15] Bs En 14109, Fat and oil derivatives—fatty acid methyl esters (FAME); 2003.
[16] Chaves ES, Saint’pierre TD, Santos EJ, Tormen LV, Bascunana LAF, Curtius A.

Determination of Na and K in biodiesel by flame atomic emission spectrometry
and microemulsion sample preparation. J Braz Chem Soc 2008;19:856–61.

[17] Silva JSA, Chaves ES, Santos EJ, Saint’pierre TD, Frescura VL, Curtius AJ.
Calibration techniques and modifiers for the determination of Cd, Pb and Tl in
biodiesel as microemulsion by graphite furnace atomic absorption
spectrometry. J Braz Chem Soc 2010;21:620–6.

[18] Aranda PR, Pacheco PH, Olsina RA, Martinez LD, Gil RA. Total and inorganic
mercury determination in biodiesel by emulsion sample introduction and FI-
CV-AFS after multivariate optimization. J Anal Atom Spectrom 2009;24:
1441–5.

[19] Santeli RE, Bezerra MA, Freire AS, Oliveira EP, Carvalho MFB. Non-volatile
vanadium determination in petroleum condensate, diesel and gasoline
prepared as detergent emulsions using GFAAS. Fuel 2008;87:1617–22.

[20] Korn MGA, Santos DSS, Welz B, Vale MGR, Teixeira AP, Lima DC, et al. Atomic
spectrometric methods for the determination of metals and metalloids in
automotive fuels: a review. Talanta 2007;73:1–11.

[21] Vandescateele C, Block CB. Modern methods for trace element
determination. New York: John Wiley & Sons; 1993.

[22] Brandão GP, Campos RC, Castro EVR, Jesus HC. Determination of copper, iron
and vanadium in petroleum by direct sampling electrothermal atomic
absorption spectrometry. Spectrochim Acta Pt B 2007;62:962–9.

[23] Woods GD, Fryer FI. Direct elemental analysis of biodiesel by
inductively coupled plasma-mass spectrometry. Anal Bioanal Chem
2007;389:753–61.

[24] Saint’pierre TD, Dias LF, Maia SM, Curtius AJ. Determination of Cd, Cu, Fe, Pb
and Tl in gasoline as emulsion by electrothermal vaporization inductively
coupled plasma mass spectrometry with analyte addition and isotope dilution
calibration techniques. Spectrochim Acta Pt B 2004;59:551–8.

[25] Jesus A, Zmozinski AV, Barbara JA, Vale MGR, Silva MM. Determination of
calcium and magnesium in biodiesel by flame atomic absorption spectrometry
using microemulsions as sample preparation. Energy Fuels 2010;24:2109–12.
[26] Reyes MNM, Campos RC. Graphite furnace absorption spectrometric
determination of Ni and Pb in diesel and gasoline simples stabilized as
microemulsion using conventional and permanent modifiers. Spectrochim
Acta Pt B 2005;60:615–24.

[27] Saint’pierre TD, Dias LF, Pozebon D, Aucelio RQ, Curtius AJ, Welz B.
Determination of Cu, Mn, Ni and Sn in gasoline by electrothermal
vaporization inductively coupled plasma mass spectrometry, and emulsion
sample introduction. Spectrochim Acta Pt B 2002;57:1991–2001.

[28] Meeravali NN, Kumar SJ. The utility of a W–Ir permanent chemical modifier for
the determination of Ni and V in emulsified fuel oils and naphtha by transverse
heated electrothermal atomic absorption spectrometer. J Anal Atom Spectrom
2001;16:527–32.

[29] Lima EC, Krug FJ, Jackson KW. Evaluation of tungsten–rhodium coating on an
integrated platform as a permanent chemical modifier for cadmium, lead and
selenium determination by electrothermal atomic absorption spectrometry.
Spectrochim Acta Pt B 1998;53:1791–804.

[30] Lima EC, Krug FJ, Barbosa F. Tungsten–rhodium permanent chemical modifier
for lead determination in sediment slurries by electrothermal atomic
absorption spectrometry. J Anal Atom Spectrom 1999;14:1913–8.

[31] Welz B, Sperling M. Atomic absorption spectrometry. 3rd
ed. Weinheim: Wiley–VCH; 1999.

[32] Oliveira AP, Gomes neto JA, Moraes M, Lima EC. Simultaneous determination
of Al, As, Cu, Fe, Mn and Ni in fuel ethanol by GFAAS. At Spectrosc 2002;3:
39–43.

[33] Villafranca CA. Tese (Doutorado Em Química) – Instituto de Química,
Universidade Estadual Paulista, Araraquara, Brazil; 2004 [private
communication].

[34] Oliveira AG, Scarpa MV, Correa MA, Cera LFR, Formariz TP. Microemulsões:
estrutura e aplicações como sistema de liberação de fármacos. Quim Nova
2004;27:131–8.

[35] Mason TG, Wilking JN, Meleson K, Chang SM, Graves SM. Nanoemulsions:
formation, structure, and physical properties. J Phys: Condens Matter
2006;18:635–66.

[36] Atkins P, Paula J. Physical chemistry. 8th ed. W.H. Freeman; 2006.
[37] Costa CN, Meurer EJ, Bissani CA, Tedesco MJ. Fracionamento sequencial de

cádmio e chumbo em solos. Ciênc Rural 2007;37:1323–8.
[38] Oliveira JA, Cambraia J, Cano MAO, Jordão CP. Absorção e acúmulo de cádmio e

seus efeitos sobre o crescimento relativo de plantas de aguapé e de salvínia. R
Bras Fisiol Veg 2001;13:329–41.

[39] Hernández-Caraballo EA, Burguera M, Burguera JL. Determination of cadmium
in urine specimens by graphite furnace atomic absorption spectrometry using
a fast atomization program. Talanta 2004;63:419–24.

[40] Campos ML, Silva FN, Furtini Neto AEF, Guilherme LRG, Marques JJ, Antunes
AS. Determinação de Cádmio, Cobre, Cromo, Níquel, Chumbo e Zinco em
fosfatos de rocha. Pesq Agropec Bras 2005;40:361–7.


	Development of a method to determine Ni and Cd in biodiesel by graphite  furnace atomic absorption spectrometry
	Introduction
	Experimental
	Instruments and accessories
	Reagents, solutions and samples
	Preparation of the chemical modifier
	Study of the electrothermal behavior
	Preparation of samples and optimization of the procedure

	Results and discussion
	Preparation of the samples
	Physicochemical characterization of the microemulsion
	Optimization of the method

	Conclusion
	Acknowledgements
	References


