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Abstract

This work presents the development of a methodology for the determination of Cu, Fe, Mn and Zn in samples of multivitamin/multimineral
tablets, by flame atomic absorption spectrometry (FAAS), after extraction of the analytes with diluted hydrochloric acid solution. Several parameters
that could influence the extraction process such as acid extraction solution concentration and nature, mixing mode (ultrasonic or magnetic stirring),
extraction time and sample composition were evaluated. The obtained results showed that Fe, Mn and Zn were easily extracted with 1 mol/L HCl
solution after 5 min of mixing with either ultrasonic or magnetic stirring for all studied samples. On the other hand, Cu extraction appeared to
be more complex since it could only be extracted at the same conditions for silicate-free samples. For samples containing silicates the time of
contact between solid sample and extraction solution presented remarkable influence, being necessary up to 12 h to achieve quantitative recovery
with 1 mol/L HCI solution. The developed methodology was applied in the determination of Cu, Fe, Mn and Zn in seven commercially available
multivitamin/multimineral tablets. The results obtained with the developed method were compared with those obtained after total digestion of

samples using a closed-vessel microwave oven device.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

The utilization of multivitamin or multimineral preparations
is widespread nowadays. It has been estimated that approxi-
mately 40% of the United States population consumes vitamin
and/or mineral preparations [1]. Multivitamin preparations can
contain several elements and many vitamins and/or pro-vitamins
in concentrations varying from few to thousands of wgg™'.
Copper, Fe, Mn and Zn are essential elements present in most
of multivitamin/multimineral formulations due to their physio-
logical importance and biological roles [2,3]. The development
of reliable methods for the determination of elements in these
supplements is an important issue because of their widespread
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consumption. Several analytical techniques and different strate-
gies for sample preparation have been used for such purpose
[2-10].

Sample preparation still represents the most sensitive and
time-consuming step in most analytical procedures. Only total
digestion enables the determination of total metallic content in
different types of samples. In spite of its versatility total digestion
exhibits some drawbacks depending on the experimental proce-
dure utilized. Dry ashing procedures are very simple to perform
but some elements can be lost by volatilization. In turn, wet acid
digestion is faster than dry procedures but requires large amounts
of reagents and constant supervision [11]. Analyses of multivi-
tamin/multimineral samples have usually been performed after
total digestion of samples. Canfranc et al. [9] determined Fe and
Mo in pharmaceutical preparations by flame atomic absorption
spectrometry (FAAS), after dry ashing of samples at 600 °C.
No volatilization of the analytes under study was observed at
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this temperature. Hight et al. [4] utilized boiling acids and acid
mixtures containing HNO3, HC1O4, H,SO4 and H>O; for total
dissolution of dietary supplements before measurement of 36
elements in 42 samples. A multicommutation flow system was
developed for the spectrophotometric determination of Fe, Zn,
Ca and Mg in multivitamin samples. Total acid digestion of sam-
ples was carried out with a mixture of concentrated HNO3 and
HCIO;4 [6,7].

Closed-vessel microwave-assisted digestion of solid sam-
ples with concentrated acids or acid mixtures has also been
employed in several studies for the determination of metallic
elements in complex matrices [12—16]. The main advantages of
closed-vessel microwave-assisted digestion are the high relative
speed, low possibility of contamination and the minimum loss
of volatile elements. However, the high cost of instrumentation
seems to be an important limitation. This technique has also been
successfully applied in sample preparation for the determination
of Cr and other elements in multivitamin/multimineral supple-
ments [8]. Also, microwave radiation was used as energy source
for the decomposition of 95 dietary supplement products and
NIST reference materials with concentrated nitric acid aiming
the determination of As, Cd, Hg and Pb [5].

Application of extraction procedures has gained a consid-
erable space in the field of sample preparation [11,17]. Some
advantages such as low cost, high speed, possibility to process a
large number of samples simultaneously and low requirements
in terms of personal supervision are observed when this kind
of procedure is applied. Although these advantages, only a few
works were found reporting the use of extraction approaches for
elemental determination in multivitamin tablets [10].

Present work was focused on the study of the extraction of
Cu, Fe, Mn and Zn from multivitamin/multimineral preparations
using diluted acid solutions followed by their determination by
FAAS. Different approaches such as ultrasonic and magnetic
stirring mixing were tested to carry out the extraction. Extrac-
tion efficiencies were calculated considering data obtained by
microwave-assisted digestion with concentrated HNO3 as the
total content of metals in the samples.

2. Experimental
2.1. Apparatus

A Perkin-Elmer Analyst 100 atomic absorption spectrome-
ter (Norwalk, CT, USA) equipped with single hollow cathode
lamps for measurements of Cu, Fe, Mn and Zn were used. The
equipment was operated at standard conditions recommended
by the manufacturer for each element determination.

A DGT-100 Plus microwave oven from Provecto (Jundiai,
Brazil) was used for total digestion of samples through a four-
step program.

Ultrasound-assisted extraction was performed in an ultra-
sonic bath with constant frequency of 40 MHz from Lab-Line
Instruments (Melrose Park, IL, USA), model 9332.

A magnetic stirrer Quimis (Rio de Janeiro, Brazil), model Q-
221 was also employed for sample extraction. A stirring velocity
of approximately 300 rpm was applied in all cases.

2.2. Reagents and solutions

Analytical grade concentrated acids (HCl and HNO3 from
Merck, Rio de Janeiro, Brazil) were used without further purifi-
cation. All solutions used in the experimental work were pre-
pared by using purified water obtained in a Milli-Q Water System
(Millipore, Bedford, MA, USA).

Individual solutions containing the elements of interest were
prepared by adequate dilution of 1000 mg/L stock standard solu-
tions of each element (Merck, Darmstadt, Germany).

2.3. Sample preparation procedures

2.3.1. Solid sample pretreatment

Solid multivitamin/multimineral preparations were pur-
chased from the local market. Prior to analysis, a set with 20
tablets was manually grinded with an agate mortar and pestle,
homogenized and sieved through a 1 mm pore diameter plastic
sieve.

2.3.2. Total digestion of samples

Total digestion of samples was carried out by mixing approxi-
mately 0.12 g of the sample with 5 mL of concentrated nitric acid
directly in the vessels of the microwave oven. The vessels were
closed, adjusted in the oven cavity and submitted to the follow-
ing four-step heating program: (1) 2 min irradiation at 300 W
power; (2) 5 min irradiation at 720 W power; (3) 5 min irradia-
tion at 200 W power and (4) 2 min standing. After cooling, which
took approximately 30 min, the vessels were opened and their
contents were quantitatively transferred into 100 mL volumetric
flasks. The volumes were made up to the marks with purified
water and the solutions obtained were filtrated when necessary.
The concentrations of the metals of interest were determined in
the solution after suitable dilutions to fit working linear ranges.

2.3.3. Ultrasonic and magnetic stirring extractions

Portions of 0.12 g of multivitamin/multimineral preparations
were accurately weighed, mixed with 20mL of 1 mol/LL HCl
solution and agitated for 5 min using ultrasonic bath or mag-
netic stirring. After this, the suspension was filtrated and metals
concentrations were determined by FAAS. When necessary, the
obtained solutions were diluted to fit working linear ranges.

2.3.4. Overnight standing extraction

Portions of 0.12 g of the samples were mixed with 20 mL
of 1mol/L HCI solution and stirred for 5min. The resulting
suspensions were left to stand for 12 h and then filtrated. The con-
centrations of metals of interest were determined in the extracts
after suitable dilutions.

3. Results and discussion

The main goal of this work was to develop a methodol-
ogy for the extraction of Cu, Fe, Mn and Zn from multivita-
min/multimineral tablets employing diluted acid solutions, as an
alternative to the total digestion of samples that has many draw-
backs [3,4]. For this task, a systematic study was performed
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in order to evaluate the influence of parameters such as: (a)
extraction mode (ultrasonic-assisted or magnetic stirring); (b)
extraction time; (c) acid concentration and nature and (d) ultra-

sonic power.
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Prior to the evaluation of extraction conditions, the total
contents of Cu, Fe, Mn and Zn in a sample of multivita-
min/multimineral tablet were determined using a closed-vessel
microwave-assisted method with concentrated HNO3 [4,5,11].
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Fig. 1. Effects of extraction time, HCI concentration [((J) 0.01 mol/L, (H) 0.05 mol/L, () 0.1 mol/L and (@) 1 mol/L] and mixing mode (A, C, E and G = ultrasonic
and B, D, F and H = magnetic stirring) in the extraction of Cu, Fe, Mn and Zn from the reference sample.
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Table 1
Found and labeled concentrations (mg g~ ") of the metals in the sample taken as
reference used in the study

Element® Concentration found (mg g~!)° Labeled value (mgg~")
Cu (n=4) 1.24+0.04 3.2%) 1.33

Mn (n=6) 1.324+0.04 (3.0%) 1.36

Fe (n=6) 122+0.5 4.1%) 12.3

Zn (n=6) 9.8740.03 (3.4%) 10.2

Presented results are the means =+ standard deviations.

? The number between parentheses indicates the number of independent deter-
minations.

b Relative standard deviations are between parentheses.

The obtained values (Table 1) were taken as reference to derive
extraction efficiencies in all further studies.

The first experiment that was performed to establish the best
extraction condition was based on the simultaneous study of the
roles of extraction mode (ultrasonic-assisted and magnetic stir-
ring), extraction time and acid concentration and nature (HCl and
HNO3). The results obtained with HCI are shown in Fig. 1(A-H).
It is important to stress that this experiment consisted of the
extraction of approximately 0.12 g of a powdered reference sam-
ple with 20 mL of 0.01, 0.05, 0.10 and 1.0 mol/L. HCI solutions
for times between 10 s and 10 min. The extraction mode showed
no remarkable influence on the extraction process, since the
profiles of the curves for each metal were very similar when
ultrasonic-assisted and magnetic stirring extractions were com-
pared. Therefore, it is possible to conclude that the cavitation
process (characteristic of the ultrasonic extraction) does not play
an important role on the extraction of any of the metals under
study. Also, it can be deduced that the ultrasonic bath, in this
case, could only be considered as a device for mixing of the
suspension, being responsible to increase the contact between
solid sample and acid solution, similar to magnetic stirring.

On the other hand, HCI concentration seems to be more
important for the extraction process of Fe and Zn, since highest
recoveries were obtained with the increase of HCI concentra-
tions. In these cases, quantitative recovery (higher than 90%)
was only verified when 1 mol/L HCI was employed. The behav-
ior of Mn was a little different, since quantitative recoveries
were verified even to acid concentrations equal or higher than
0.05 mol/L. Also, higher amounts of Mn than Cu, Fe or Zn were
extracted from the solid when the lowest concentration of HCI
(0.01 mol/L) was used, indicating that this element is weakly
bonded to the solid matrix when compared to the others. How-
ever, Cu presented a quite different behavior, not being extracted
at appreciable amounts (no more than 18%) in any of the eval-
uated conditions.

Another test was carried out replacing HCl by HNO3, which
is a stronger oxidizing agent. In this experiment, total acid con-
centration (HNO3 or HNOs3 + HCl) was always maintained at
1 mol/L. No change in the behavior of any of the studied ele-
ments was observed in relation to HCI, evidencing that the ion
H* could be responsible for the extraction of metals in a process
similar to ionic exchange. Also, the results indicate that, in this
kind of sample (or in this sample specifically), Cu is strongly
bonded to the solid phase — different from Fe, Mn and Zn — or
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Fig. 2. Effect of silicate on the extraction of Cu, Fe, Mn and Zn from samples.

that the kinetic involved in the Cu releasing from the solid phase
is slower than for the others. In terms of extraction time, exclud-
ing Cu that is not appreciably extracted in the tested conditions,
all elements are readily extracted at the first 5 min when 1 mol/L
HCI and either ultrasonic or magnetic stirring are used.

Taking into account that the poor Cu extraction could be
related to sample composition, the influence of silicate was
investigated. This component was chosen since it appears in
large amount in the sample taken as reference, as an inert con-
comitant, while some other commercial samples searched in the
market do not present it in their composition. For this task, the
metals under study were extracted from a sample containing
silicate (reference sample), from a similar sample not contain-
ing silicate (also analyzed in terms of the total metals content)
and from a mixture of both samples in a 1:1 ratio. The results
obtained in this study are shown in Fig. 2. Such results clearly
show that the presence of silicate reduces Cu extraction from the
samples, since in the sample containing silicate Cu recovery was
approximately 10 times lower than that observed for the sample
free of silicate. This phenomenon was not observed for the other
metals under study.

The effect of the applied power of the ultrasonic was also
examined in the range of 20-120%. This parameter showed no
relevant influence on the recoveries of Fe, Mn and Zn, while
presented a little effect on Cu extraction, increasing the recov-
ery from 9% up to approximately 18%, which is not enough
to quantitative analysis of this element. This observation rein-
forces the previously raised hypothesis that cavitation does not
have significant influence on the extraction of this kind of sample
as previously stated [17].

On the base of the obtained results, a condition (5 min mix-
ing using ultrasonic or magnetic stirring with 1 mol/L HCI as
extractor) was established for the determination of Fe, Mn and
Zn and further studies were focused on Cu extraction.

3.1. Evaluation of copper extraction

The problem of Cu extraction from multivitamin tablets was
evident in the previous experiments. In order to achieve Cu
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Table 2

Analytical features of the developed procedure

Parameter Element
Cu Fe Mn Zn

Typical calibration line® A=(0.078 +0.002) A=(0.05040.002) A=(0.188+0.007) A=(0.309+0.003)
Cu+(0.001+0.001) Fe +(0.002 £ 0.001) Mn + (0.005 £ 0.003) Zn+(0.012 £0.003)

Correlation coefficient 0.9999 0.9998 0.9997 0.9997

Limit of detection (ngg~") 8.56 16.7 12.4 11.3

Limit of quantification (ngg™") 28.5 55.6 41.2 37.7

& Concentrations of metals are in mgL ™.
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centration did not show an important influence on Cu extraction,
although its recovery was increased from 9.6 to 29.4%, which
is not sufficient for Cu determination in the samples. However,
when the suspension was left to stand for 1 h before filtration,
Curecoveries presented remarkable increase, reaching values of
62.4 and 83.7% for 1 and 4 mol/L HCI solutions, respectively.
Such results denoted that the time of contact between sample
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Fig. 3. Effect of HCI concentrations on Cu recovery from reference sample.
Samples were extracted by magnetic stirring for Smin and filtrated after 1 h
standing time (gray bars) and just after extraction (white bars).

quantitative extraction from the sample containing silicate, the
influence of HCI concentrations higher than 1 mol/L was eval-
uated. This study was carried out employing magnetic stirring
as mixing mode and applying the previously established con-
ditions (5 min extraction time, 0.12 g of sample and 20 mL of
solutions containing 1, 2 and 4 mol/L HCI). The effect of stand-
ing time of the suspension between mixing and filtration was
also evaluated, filtration being tested just after mixing and 1h
after mixing. As can be seen in Fig. 3, the increase of HCI con-
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Fig. 4. Recoveries of Cu, Fe, Mn and Zn in standing solutions of 1 mol/L HCl
(after 5 min magnetic stirring of the suspension) along a 24 h study. Zero time
corresponds to only 5 min magnetic stirring of the suspension.

Table 3
Results obtained in the analysis of commercial multivitamin/multimineral tablets
Sample Procedure
MS us 12h D
Cu
A 0.72£0.06 0.77 £0.04 0.81£0.01 0.83+£0.02
B 1.97£0.03 1.94 £0.05 2.06 £0.02 2.03£0.01
C 0.65+0.02 0.87£0.03 0.74£0.01 0.86 +0.06
D 0.20+0.07 0.26 +£0.08 0.91 £0.06 0.95+0.13
E 0.16 £0.04 0.21£0.02 1.25£0.01 1.244+0.03
F 0.89+0.02 0.83 £0.07 0.89 £0.08 0.89+0.01
G 0.69+0.06 0.70+0.05 0.76 +0.06 0.71+£0.07
Fe
A 5.82+£0.18 6.51+0.73 5.43£0.26 5.72+0.59
B 0.28+0.02 0.274+0.04 0.3440.02 0.41+0.01
C 8.13£0.29 9.21+0.14 8.80+0.03 9.51+0.05
D 2.69+£0.42 2.93+0.17 291+£0.32 2.9240.40
E 114+£04 10.9+£0.5 12.1£0.9 11.7£0.1
F 327+14 327+£32 325+1.8 31.6+24
G 6.00 £0.63 6.48+1.18 7.56 £2.54 6.26 £0.96
Mn
A 0.394+0.02 0.46 £+ 0.05 0.41£0.02 0.49 +0.06
B 0.2940.03 0.33+0.01 0.2940.01 0.314+0.01
C 0.20+0.01 0.27£0.02 0.22£0.02 0.33+0.01
D 1.54£0.11 1.68 £0.12 1.6540.02 1.61+0.06
E 1.29+£0.01 1.29 +0.06 1.28 £0.04 1.28+0.01
F 0.56+0.01 0.544+0.03 0.56+0.01 0.524+0.02
G 0.45+0.05 0.42+0.03 0.47 £0.04 0.41+0.03
Zn
A 0.77 +£0.06 0.75£0.06 0.71+0.05 0.76 £ 0.05
B 134+£03 15.7+£0.6 129+£1.2 15.8+0.8
C 0.35+0.01 0.37£0.03 0.35£0.03 0.44+0.02
D 9.05+£1.14 9.63+0.59 8.88 £0.04 9.66+1.46
E 9.53+£0.11 9.30+0.29 9.14£0.33 9.03+0.18
F <LOQ <LOQ <LOQ <LOQ
G 0.454+0.02 0.52+0.10 0.87£0.10 0.81+0.10

Results are expressed in mgg~! (mean = standard deviation for three inde-
pendent determinations). Samples D and E contain silicates in their com-
position. MS =magnetic stirring extraction, US =ultrasound extraction and
12 h =overnight standing extraction.
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Table 4
Comparison between all studied approaches studied for the determination of each metal in samples of multivitamin/multimineral tablets
Comparison Equation

Cu Fe Mn Zn
US vs. TD y=0.553x+0.6319, r=0.698 y=0.967x+0.196, r=0.999 y=0.948x+0.0315, r=0.998 y=0.991x+0.092, r=0.999
MS vs. TD y=0.534x+0.669, r=0.711 y=0.957x+0.570, r=0.998 y=0.982x+0.045, r=0.992 y=1.100x — 0.069, r=0.992
12hvs. TD y=0.951x+0.065, r=0.994 y=0.969x+0.088, r=0.998 y=0.943x+0.050, r=0.994 y=1.155—-0.2425, r=0.992

US =ultrasound-assisted extraction, MS = magnetic stirring extraction, 12 h=overnight standing extraction and TD = total digestion with microwave oven.

and extracting solution could play a more important role than
acid concentration in Cu extraction.

In order to study in detail Cu release from the sample con-
taining silicate an “elution experiment” was performed. In such
experiment, the extraction of Cu was carried out by the estab-
lished conditions. Then, the obtained suspension was filtrated
and 20 successive fractions of 5mL of the filtrate were col-
lected. Additional volumes of 1 mol/L HCI solution were added
to the filter paper in order to maintain a constant solution level in
the filter and, consequently, to maintain the filtration flow rate.
The amount of Cu in each fraction was determined and cumula-
tive recoveries were calculated by summing those amounts. By
using ultrasonic mixing, Cu recovery (89.6%) was higher than
magnetic stirring (44.7%) one. This probably occurred because
of the long time required to accomplish the filtration of the sus-
pensions yielded from ultrasonic mixing, which was 196 min
and only 83 min after magnetic stirring. After performing these
studies, it was possible to conclude that the most important vari-
able for Cu extraction was the time of contact between sample
and acid solution. This way, an experiment was carried out to
establish how long this contact must be maintained. For this pur-
pose, 0.12 g of sample were mixed with 20 mL of 1 mol/L HCI
solution and stirred for 5 min. Then, the suspensions were left
to stand from O to 24 h before filtration. After this, each sus-
pension was filtrated and Cu, Fe, Mn and Zn recoveries were
calculated after measurement of their concentrations in the fil-
trate. The results are shown in Fig. 4. As expected, Fe, Mn and Zn
were readily extracted and quantitative recoveries were obtained
when filtration and measurement were performed just after mix-
ing. However, total release of Cu from sample was noted only
after 8 h of contact. Nevertheless, in order to ensure total release
of Cu even for samples containing higher concentrations of this
element, a time of contact of 12h (overnight) was established
for the methodology.

4. Analytical features

After performing all studies, it was verified that the Cu deter-
mination in multivitamin tablets could be carried out by main-
taining the powdered sample in contact with 20 mL of 1 mol/L
HCI solution by 12 h. On the other hand, the quantitative deter-
mination of Fe, Mn and Zn could be achieved by stirring or
sonicating the powdered sample with the same solution for only
5 min. The analytical features of the methodology, obtained at
these conditions, are shown in Table 2.

5. Application

In order to demonstrate the applicability of the developed
methodology in the quality control of multivitamin/multimineral
tablets, it was applied for the determination of Cu, Fe, Mn and Zn
in different samples purchased in the local market. The results
for this experiment are shown in Table 3.

As can be seen from the results, the utilization of a 12 h extrac-
tion (after 5 min stirring of the suspension for homogenization)
was enough to promote total release of the analytes from all
samples. However, when 5 min of magnetic stirring or sonication
were employed, Cu was only totally recovered from silicate-free
samples, while the other analytes were quantitatively recovered
from all samples evaluated.

In order to compare the results obtained by applying differ-
ent extraction strategies with total digestion, a correlation test
was performed (Table 4). For Fe, Mn and Zn, the slopes of the
derived curves and their correlations were always close to unity,
indicating that there is no statistical difference in the results
obtained between tested methods. However, in the case of Cu,
this situation was only verified, as expected, when a overnight
standing extraction (12 h) was compared to total digestion. This
occurs due to the strong influence of the presence of silicates on
the ultrasonic and magnetic stirring extractions.

6. Conclusions

Through obtained results in this study it is possible to con-
clude that extraction with diluted acid (1 mol/L HC]) is a good
alternative to total (or partial) digestion of samples for the deter-
mination of Cu, Fe, Mn and Zn in multivitamin/multimineral
preparations.

For any kind of sample, quantitative extraction of Fe, Mn
and Zn is achieved by sonicating or stirring the suspension
(solid sample + extraction solution) for only 5 min, indicating
that these elements are weakly bonded to the solid matrix.
Nevertheless, for Cu, the time of contact between sample and
extracting solution and sample composition showed to be the
most important parameters in the selection of the extraction strat-
egy. In this case, for samples containing silicates Cu is extracted
if the contact between sample and extraction solution is main-
tained for times as high as 12 h, indicating that there is a slow
kinetics regulating the Cu releasing process. On the other hand,
for samples not containing silicates, the same strategy used for
the other analytes can be applied.
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The mixing mode (ultrasonic or magnetic stirring) has not
showed relevant effect on the extraction process, indicating that
the major role of ultrasonic energy in the preparation of such
samples only relies in the improvement of the contact between
the extraction solution and the solid sample.

Acknowledgments

The authors thank to Conselho Nacional de Desenvolvimento
Cientifico e Tecnolégico (CNPq) and Fundacdo Carlos Cha-
gas Filho de Amparo a Pesquisa do Estado do Rio de Janeiro
(FAPERIJ) for the grants and fellowships.

References

[1] A.E. Millen, K.W. Dodd, A.F. Subar, J. Am. Diet. Assoc. 104 (2004)
942-950.

[2] S.P. Dolan, S.G. Capar, J. Food Compos. Anal. 15 (2002) 593-615.

[3] A.Krejcova, D. Kahoun, T. Cernohorsky, M. Pouzar, Food Chem. 98 (2006)
171-178.

[4] S.C. Hight, D.L. Anderson, W.C. Cunnigham, S.G. Capar, W.H. Lamont,
S.A. Sinex, J. Food Compos. Anal. 6 (1993) 121-139.

[5] S.P. Dolan, D.A. Nortrup, PM. Bolger, S.G. Capar, J. Agric. Food Chem.
51 (2003) 1307-1312.
[6] ER.P. Rocha, P.B. Martinelli, B.F. Reis, Talanta 55 (2001) 861-869.
[7]1 ER.P. Rocha, B.F. Reis, J.J.R. Rohwedder, Fresenis J. Anal. Chem. 370
(2001) 22-27.
[8] K. Soltyk, A. Losak, P. Ostapczuk, Z. Fijalek, J. Pharm. Biomed. Anal. 32
(2003) 425-432.
[9] E. Canfranc, A. Abarca, 1. Sierra, M.L. Marina, J. Pharm. Biomed. Anal.
25 (2001) 103-108.
[10] A. Abarca, E. Canfranc, I. Sierra, M.L. Marina, J. Pharm. Biomed. Anal.
25 (2001) 941-945.
[11] E. Oliveira, J. Braz. Chem. Soc. 14 (2003) 174-182.
[12] R.J. Cassella, D.T. Bitencourt, A.G. Branco, S.L.C. Ferreira, D.S. Jesus,
M.S. Carvalho, R.E. Santelli, J. Anal. At. Spectrom. 14 (1999) 1749-1753.
[13] M. Bettinelli, G.M. Beone, S. Spezia, C. Baffi, Anal. Chim. Acta 424 (2000)
289-296.
[14] X. Wen, L. Wu, Y. Zhang, Y. Chu, Fresenius J. Anal. Chem. 357 (1997)
1111-1115.
[15] Z. Kowalewska, E. Bulska, A. Hulanicki Fresenius, J. Anal. Chem. 362
(1998) 125-129.
[16] J. Sastre, A. Sahuquillo, M. Vidal, G. Rauret, Anal. Chim. Acta 462 (2002)
59-72.
[17] J.L. Luque-Garcia, M.D. Luque de Castro, Trends Anal. Chem. 22 (2003)
41-47.



	Determination of Cu, Fe, Mn and Zn by flame atomic absorption spectrometry in multivitamin/multimineral dosage forms or tablets after an acidic extraction
	Introduction
	Experimental
	Apparatus
	Reagents and solutions
	Sample preparation procedures
	Solid sample pretreatment
	Total digestion of samples
	Ultrasonic and magnetic stirring extractions
	Overnight standing extraction


	Results and discussion
	Evaluation of copper extraction

	Analytical features
	Application
	Conclusions
	Acknowledgments
	References


