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Determination of Cadmium, Lead, and Copper in Margarines
and Butters by Galvanostatic Stripping Chronopotentiometry
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Faculty of Chemistry, Nicolaus Copernicus University,87-100 Torun, Poland

A galvanostatic stripping chronopotentiometric (GSCP) method for the simultaneous determination
of cadmium, lead, and copper in commercial margarines and butters is described. Quantitative
analyses of heavy metals in the mineralized fat samples, except standard addition method, were
carried out automatically. The mean concentrations of Cd(ll), Pb(ll), and Cu(ll) in different types of
margarines and butters varied from 9.1 to 26.2, 9.2—14.2, 298.2—364.0 ug kg1, respectively, that is
below the legal requirements. The detection limits are 0.02, 0.02, and 0.06 ug L=t for Cd(ll), Pb(ll)
and Cu(ll), while the reproducibilities are 3.3, 5.7, and 2.0%, respectively. The comparable precision
(RSD =0.76—4.5 and 0.87—4.9%) and recovery (96.7—102.2% and 96.1—103.2%) for the proposed
GSCP and standard GFAAS methods, demonstrate the benefit of GSCP method in the routine analysis
of heavy metal ions in fats.
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INTRODUCTION the classical procedure for preconcentration of the trace and

The presence of heavy metal ions such as cadmium, lead andltra-trace metal ions and the matrix removal. It offers some
copper in oils and food fat products is a very important advantages, such as: (1) analysis of the undissolved samplgs,
parameter of their quality. The content of heavy metals in fats (2) the lack of calcination of samples, and (3) sample contami-
depends on several factors. These metals are naturally preserff@tions and losses of analyzed elements is avoided. The
in the seed oils, because they may be absorbed from the sojl€Xtraction of heavy metal ions from edible oils using hot
and fertilizers or environmental pollutants. Moreover, the hydrochloric acid§) and Pb-piperazinedithiocarbamate complex
production processes, materials of packaging, and storage of2d potassium cyanide solution)(was noted. However, these
food fats may be sources of heavy metals contamination. The {€Chniques also have disadvantages: (1) the separation of phases
above-mentioned heavy metals are very dangerous for humar{S difficult, (2) the extraction procedure is time-consuming, (3)
health; cadmium and lead, in particular, are cumulative poisons, € results of recoveries for some metal ions are rather poor
Their toxicity is manifested by kidney disfunction, hypertension, (€-9-» 85 and 93% for Cd(I)6) and Cu(ll) 7), respectively).
hepatic injury, lung damage, bone effects, ety). Toxicity of Therefore, a.nothgr procedure§ of sample preparation for ex-
copper due to excessive intake may lead to liver cirrhosis, @MPle, wet digestiord), dry ashing §, 9), microwave digestion
dermatitis, and neurological disorder. (@loreover, trace levels ~ (10), and alcoholic solubilizatiorid) were applied in analytical
of copper ions detract from the oxidative stability of edible fats, €chniques for analysis of heavy metals in edible fats.
because they are powerful catalysts of their degradayn (__Among others, atomic absorption spectrometry (AAZ)7
Oils and fats are natural nutrients in diets, because they have at2~19), inductively coupled plasma-atomic emission spectrom-
high calorific value and contain essential fatty acids necessary €Y (ICP-AES) (0, 20-22) and ion chromatography (IC2§)
for the correct development of human tissues. Because diet is2'€ used for trace metal analysis in edible fats. The precisions
the most important source of Cd(ll), Pb(ll), and Cu(ll) human ©f AAS methods ranged between 3 and 10% R8DLE, 18),
intake, in 1993, the Joint FAO/WHO Expert Committee for while the accuracies (expressed as recoveries) between 89 and
Additives and Contaminants (JECFA) reduced the tolerable lead 112% (7,10, 18) were found for different types of oils and
consumption per week, from 0.05 mgKgbody weight to 0.025 fatisi However,i'ihe detection |ITItS of this technique (pgt
mg kg2 (4). However, recommended daily intake of cadmium K9 2.4u9 kg, and 30ug kg™ for Cd(ll) (18), Cu(ll) (7),
and copper is 7ug kg' and 0.5 mg kg! body mass, and Pb(Il) (0O), respectively) were significantly lower in
respectively (5). comparison with those obtained by IC method (4@0Cd kg2,

Therefore, the determination of heavy metal ions in marga- 10 #9 Cu kg, and 50ug Pb kg (23), respectively). The
rines and animal fats requires a sample preparation step tomentioned methods require an expensive instrumentation and

release toxic elements from the fat matrix. The extraction is thiS limits their suitability for the routine analyses in the
industrial laboratories. These constraints led to the suggestion

* To whom correspondence should be addressed. Tet8 56 611 47 that electrochemical methods for heavy metal ions analysis can
86. Fax: +48 56 654 24 77. E-mail: olasz@umk.pl. be a matter of choice. They offer the proper sensitivity, coupled
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with multi-element speciation in situ and on-line analytical
application. Electrochemical stripping analysis is generally
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Atomic Absorption Spectroscopic AnalysesAnalyses were per-
formed with an ABQ-20 graphite furnace atomic absorption spectrom-

recognized as a technique for measuring traces of metals in wateter (6FAAS) (Varian) using deuterium lamp background corrector.

(24—29), biological fluids 80—33), and foods (3440), whereas
only few applications to oil product analysis have been reported
(6, 8,9, 11). The precise (RSD ranged between 1.6 and 3.8%)
direct inverse voltammetric (DIV) method was proposeacdthe
determination of Pb(Il), Cu(ll), and Cd(ll) in linseed, soybean,
sunflower, and olive oils1(1). La Pera et al.&) and Lo Coco

et al. (§ reported the derivative potentiometric stripping analysis
(dPSA) used for heavy metal ions determination in olive oils.
The cadmium content in all the oil samples was below the
evaluated detection limits 1.2 ng g (6) and 5.1 ng g* (8),
respectively. Moreover, a study on the application of differential
pulse anodic (or cathodic) stripping voltammetry (DPASV,
DPCSV) for the determination of Pb(ll) and other transition
metals in crude edible oil sample®) @nd Cu(ll), Cd(ll), Pb(ll)

in the vegetable oils and margarine were descrit23). (They

Analyses were carried out at the most sensitive analytical spectral lines
of the metals (Cu;-324.8 nm; Cd,—228.8 nm; Pb,—283.3 nm).

Analytical Procedure. Samples PreparationFour commercial
margarines (M-1, M-2, M-3, M-4) and four butters (B-1, B-2, B-3,
B-4) were manufactured in Poland and purchased from different local
markets in Torun, Poland.

All fats in the original packing (polypropylene (PP) containers) were
stored at £C until the analysis. Fats were digested as follows: samples
were accurately weighed on an analytical balance {8013 g),
transferred to 250-mL conical flasks, 150 mL of concentrated nitric
acid were added, and the mixture was left at room temperature
overnight. The flasks were gradually heated to 4%60 °C on a
hotplate, while hydrogen peroxide (1—5 mL) was periodically added
to the solutions until the digestion was completed. After cooling, the
samples were transferred into volumetric flasks and made up to 100
mL with DW. Blank digestions were carried out in the same way.

GSCP Determination of Cd(ll), Pb(ll), and Cu(llJ-he analysis

were found to be in good agreement with those obtained by ¢onsisted of two stages carried out automatically: (a) In the precon-
AAS and IC methodsd, 23). However, a disadvantage of those  centration (deposition) step, metal ions from the sample solution were
voltammetric methods appeared to be a mercury used inreduced and simultaneously amalgamated onto the working electrode
stripping analysis. at constant potential. (b) In the stripping step, the potentiostat was

The electroanalytical techniques allow the determination of transformed into a galvanostat and the deposit re-oxidized electrochemi-
trace metals of nutritional and toxicological interest in a wide Cally by application of a constant oxidative current. The change of the
range of concentrations (between a fewy kg™! and few workm_g electrode potential _wnth time during the stripping of th_e
thousandug kg %; e.g., 1.70ug of Pb kg'! in cow milk and deposited analyte was monitored and evaluated. The _potentlal-tlme
3157 340 of C k l.n’ baby foods (37)) (68, 9, 11, 34—40 dependence was treated by the fast channel analyzer, which transformed

19 u g— : 0y (37) (. P )- the original wavelike signal into a more convenient peak signal. The

The preconcentration of dissolved metal ions onto the mercury

. : . inverse potential derivative with timet(dE) versus potential§) curve
film of the working electrode allowed the achievement of oW has the form of a Gaussian curve, and the peak areas are normally

limits of dete_ction. In addition to the precision ?nd accuracy_of proportional to the concentrations of the analytes. Since the analyzer
electrochemical procedures were compared with those obtainedoperated under the control of the EcaPol software package, the analytical
by AAS method (3540). procedure can be performed completely automatically.

In the present paper, a galvanostatic stripping chronopoten- Hydrochloric acid (0.1 M) and acetate buffer (pH5.0+ 0.3) were
tiometry (GSCP) was applied for simultaneous determination €xamined as supporting electrolytes for the simultaneous determination
of the Cd(ll), Pb(ll), Cu(ll) in margarine and butter samples of cadmium, lead, and copper in _fat samples. However, the stripping
and compared to the official standard GFAAS method for Peak for Cu(ll) was poorly defined and obscured by the large

- ackground signal of the blank hydrochloric solution (0.1 M) in the
accuracy and precision. The advantage of the proposed GSCI’[;otential range for copper detection. Similar results were obtained by

(or constant current stripping chronopotentiometry CCSCP) yaqara et al. 41). The large background signal was probably due to
method for simultaneous determination of cadmium, lead, and syrface reactions on the working electrode material. In the case of
copper in fat samples after wet digestion was the modification acetate buffer (pH= 5.0+ 0.3), when used as supporting electrolyte,
of the stripping step (i.e., the replacement of chemical oxidant a well-defined and reproducible chronopotentiometric stripping signal
toxic Hg(ll) solution (6) by constant oxidative current). of Cu(ll) was obtained. Therefore, acetate buffer was used as a
supporting electrolyte for simultaneous determination of Cd(ll), Pb(ll),

MATERIALS AND METHODS

ReagentsAll reagents were of analytical grade and purchased from
POCH (Gliwice, Poland). Concentrated nitric acid (60%) of Ultrapur
grade (max 20 ng kg of Cd(ll), Cu(ll), and Pb(ll), respectively) was
supplied by Merck (Darmstadt, Germany). Deionized water (DW) was

used for the preparation of solutions and samples. Sodium acetate buffer

containing 0.1, 0.01, and 0.01 motLof N&SQ;, CH;COOH and ChH
COONa solutions, respectively (pE 5.0+ 0.3) was used as supporting
electrolyte. Standard solution for each element gj0of Cd(ll) L3,
10 ug of Pb(ll) L= and 20ug of Cu(ll) L) was obtained by diluting
commercial standards (1000 mg ofY_Spectrosol, United Kingdom)
in the supporting electrolyte.

Apparatus. A computer-controlled instrument EcaPol consisting of

and Cu(ll) in fat samples. In addition, the optimal conditions for
simultaneous determination of Cd(ll), Pb(Il), and Cu(ll) were partially
adapted from the literaturés(11, 25, 28). In those papers, authors
used electrochemical techniques (PSA, GSCP, DIV, and dPSA,
respectively) for simultaneous analysis of Cd(ll), Pb(ll), and Cu(ll) in
seawater (25), tap water, grass, sedime2®3, (@and edible oilsg, 11).

The working electrode (D-LMF) was placed in the EcaSensor and
activated with 1.0 M HCI solution at800 mV for 2 min. When the
preparation was completed, the EcaSensor was lifted and electrodes
were rinsed with DW. Then, 1 mL of the sample solution and 10 mL
of acetate buffer (pH= 5.0 £ 0.3) were placed into the electrochemical
cell. The electrodes were immersed into sample solution and measure-
ment started. The analyses were performed in the electrochemical
conditions given inTable 1. The quantitative analysis was done by

the EcaSensor electrode system (Istran, Slovak Republic) was employedhe standard addition method, adding 0.1 mL of the standargdddd
for all the electrochemical measurements. The compact electrode systenCd(l1) L%, 10 ug of Pb(ll) L't and 20ug of Cu(ll) L™%) to the studied

EcaSensor was operated by the control unit fully automatically. The samples twice. The electrochemical measurements for two standard
three-electrodes system was in the lower part of the EcaSensor andadditions were repeated in five cycles on the same fat sample upon
consists of carbon working electrode with a latent mercury film type stirring during the first (preconcentration) and second (stripping) steps.
D-LMF (Istran) connected to the cell body by a gold contact, the Pt Before the start of every analysis, the EcaSensor was rinsed with DW.
auxiliary electrode and Ag/AgCIl//KCI (3 M) reference electrode. A Calibration Curves.Calibration curves were obtained for increasing
stirrer built in the EcaSensor ensures the effective mixing of the concentrations of analytes standard solutions using acetate buffer as
solutions. The working electrode was used only for one series of supporting electrolyte (measurements conditiomaple 1). Five
measurements (30 samples by 1 day). calibration curves for each metal were plotted on the same day. The
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Table 1. Electrochemical Conditions for Determination of Cd(ll), Pbll), official standard GFAAS methodLg, 13). The reproducibility of the
and Cu(ll) by GCSP Method method was checked by five replicate determinations of Cu(ll), Cd(ll),
and Pb(ll) in the same fat samples (M-1, M-2, B-3) over the period of
electrochemical parameters values 3 days. Both methods were compared for within-day (repeatability)
deposition potential [mV] ~900 and between-day (reproducibility) precision uslﬁggst and accuracy
starting potential [mV] ~700 expressed as recovery values. The recovery experiments were performed
end potential [mV] 250 as follows: fat samples (8-110.3 g) were heated to 8C upon stirring,
stripping current [uA] 10 standard solutions of the examined ions (&pof Cd L™, 10ug of Pb
quiescence time [s] 10 L=t and 200ug of Cu L™1) were added; the obtained mixtures were
stripping time [s] 30 stirred at the same temperature for 12 h, and elaborated wet digestion
regenerat@on potential [mV] 100 procedure was executed.
regeneration time [s] 10
deposition time — sample [s] 60
deposition time — background [3] 10 RESULTS AND DISCUSSION
Sg:%s_'l;;)gégsmﬁ{ﬁ ard fs _288 Determination of Heavy Metal lons in Fats. The typical

set of stripping chronopotentiograms and the results of the
simultaneous determination of Cd(Il), Pb(ll), and Cu(ll), in
Table 2. Analytical Parameters for the GSCP Determination of Cd(ll), sample B-1 is presented Figure 1.

Pb(ll), and Cu(ll) in Fat Samples This stripping curve revealed three potential peaks of Cu(ll),
Pb(1l), and Cd(ll), which were oxidized at 106350, and-530

_ metals mV, respectively, under the experimental conditions described
regression parameters Cd Pb(ih Cu(h) in Table 1. For comparison, stripping peaks of copper, lead,

concentration range (ug L) 007-042  0.06-0.36 2.0-6.0 and cadmium in honey samples were at 3@10, and—590
5'°p§ Ofdrzg“?ss.'o” "f”ela(b) (ms L“‘g_Ll) . 33332 3238-‘6" 37;-3 mV, while a more negative deposition potential—1200 mV
it It a B . . . ! . .
isn?erlczgt Ofe r”;;;g;‘s?orf fﬁ;(gb()ngs o 289 257 179 and much longer deposition time equal to 1200 s were used
standard deviation of intercept?(sa) (ms) 25.1 185 9.2 (38).
star;?aarr]r(ij gﬁjvhaébggtgnyérfeagxgg(% =sg~ 270 19.9 73 Metal concentrations in B-1 sample, obtained by the standard
coefficient of determination® (R?) 0.997 0.998 1,000 addition method, yielded calibration lines< 3398.5% + 277.4,
relative standard deviation of slope2(RSD) (%) 2.8 25 058 y = 3247.5x+ 297.8 andy = 373.8+1226.1 with correlation
relative standard deviation RSD" (%) 2.0 2.3 2.8 coefficientsR2 = 0.999, 0.999, and 1.000 for Cd(Il), Pb(ll) and
detection limits («g L) 0.02 0.02 0.06

Cu(ll), respectively) Figure 1B). Those values of correlation
coefficients suggest a good linearity of the used standard
addition method in the range of examined concentrations. In
comparison, Lo Coco et al8) found a similar value oR =

within-day precision (repeatability) was found by regression analysis 0-998 for analysis of cadmium in olive oils by dPSA method.
of (dt/dE — peak area)= f(c) curves, and expressed as the relative Moreover, the within-day precision (expressed as RSD% of the
standard deviation (RSD %=5) of the slope Table 2) (42). The slope for sample B-1n = 5) were 0.53, 0.82, and 0.65% for
calibration plots were linearR = 0.997, 0.998, and 1.000) in the  Cd(ll), Pb(ll), and Cu(ll), indicating reasonable repeatability
concentration ranges between 0.07 and 0.42,-00086, and 2.6-6.0 of the studied GSCP method.

ug L™t for Cd(Il), Pb(ll) and Cu(ll), respectively. The regression Instrument time used for simultaneous determination of
parameters were calculated and listedTable 2. The sensitivity of Ccd(ll), Pb(ll), and Cu(ll) in fat samples by GSCP method did
the reported GSCP method for Cd(ll), Pb(Il), and Cu(ll) determination not exceed 180 s, whereas 480 s were necessary for dPAS
is given by the slopes of the calibration plots, which were 3359.3, analysis of Pb(ll) a'nd Cd(Il) in whea89), which suggests the

3226.4, and 371.8 mgg™* L, respectively. The sensitivity for the .
cadmium assay was better than that for leaghth, = 1.04) for the ~ US€fulness of the proposed method in fast analyses.

similar concentration range under the same electrochemical conditions [N our studies, the detection limits were 0.02, 0.02, and 0.06
(Table 1). However, the analytical curve (2:6.0ug L) for copper ug L= for Cd(Il), Pb(ll), and Cu(ll), respectively (electro-
ions presents the smallest slope=371.8 msug™* L). The relative chemical conditionsTable l). Wahdat et al. 1) obtained an
standard deviati_ons (s 5) of the curves slopes were 2.8, 2.5, and LOD of 0.5 ng g? for Cd(ll) in oil samples after 120 s of
0.58% for cadmium, lead, and copper ions, respectively. The repeat-electrolysis time. In addition, LODs of Cd(ll), Pb(1l), and Cu(ll)
ability was 2.0, 2.3, and 2.8% at concentration levels of @@®f Cd in olive oil samples were 1.2, 5.9, and 3.6 nggespectively

L%, 0.24ug of Pb L't and 4.4ug of Cu L™%. The values of RSD were (plating time = 180 s and stripping time= 10 s) (6). In
less than 3%, indicating reasonable intra-day precision of GSCP methOdcomparison LODs obtained for cadmium, lead, and copper ions
for simultaneous determination of Cd(ll), Pb(ll), and Cu(ll). in our stud,y were two orders lower t’han t,hose for dPSA’

Detection LimitsThe detection limits (LOD) of the studied method . ; ) L s
were defined asy = ys + 3%, Whereys (= a), the average analyses of these metals in olive oils at similar electrolysis time

concentrations of metals @ 5) giving a signal equal to the blank,  (6). It is noteworthy that LOD in electrochemical techniques
wheress (= syx), the standard deviation of the blard?). Therefore, depends on the determined element, matrix composition, and
detection limits were calculated utilizing the expression LO3s,/ electrolysis time (625, 39). Therefore, the proposed method
b, wheresx andb are the estimated standard deviatioryaesiduals offers the possibility of improving the detection limits and
(the peak threshold) and the slope (sensitivity of method) of the reducing the analysis time.

analytical calibration function of each metal (95% confidence level, Validation of the Proposed GSCP MethodThe concentra-
Table 2), respectively. Analytical blank solutions for all metal  y,nq ot heayy metal ions in the analyzed margarines and butters

determinations were prepared according to the general procedure at . .
conditions listed irTable 1. determined by GSCP method were compared with these

Precision and Accuracy of the Analytical ProceduresThe content obtained by GFAAS. (Taples and4). .
of Cd(ll), Pb(Il), Cu(ll) in the mineralized samples determined (five ~ 1he content of Cd(ll) in margarines samples obtained by
portions of each fat were digested and each solution analyzed threeGSCP method (23.9, 25.5, 26.2, and 28g5kg* for M-1, M-2,
times within 1 day) by the studied method were compared with the M-3, and M-4, respectively) was fairly constant and significantly

an =5 bFive replicate solution containing 0.28 g of Cd L=1, 0.24 ug of Pb
L% and 4.4 ug of Cu L™t
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Figure 1.

(A) Stripping chronopotentiograms. (B) Results of the

simultaneous determination of Cd(ll), Pb(ll), and Cu(ll) in B-1 sample.
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were below the detection limits of voltammetric method (015
ug of Cd kg'?) (112).

The level of lead in the analyzed fats was much lower than
that recommended by Polish Standard PN-EN ISO 12193:2000
(13), 100ug kg1, and varied between 9.2 and 148 kg™
The content of Pb(ll) in all the studied fats was about four times
lower when compared to results obtained by Buldini et28) (
and Wahdat et al. (11)céoq) ~ 50 ug kg™t of fat). Similar
concentrations of Pb(ll) (10.2, 14.1, 12.9, and 13gtkg™?)
and Cd(Il) (9.1, 16.4, 16.1, and 168 kg * for B-1, B-2, B-3,
and B-4, respectively) in the studied butter samples were
observed. However, the results listedriable 3indicate a 2-fold
amount of Cd(Il) in relation to Pb(ll) in all margarines. For
comparison, in Buldini's work, concentrations of Cd(ll) and
Pb(ll) in edible oils and margarine were in the same rargg0(
ug kg™ (23).

Among the determined heavy metal ions, the copper content
was the highest in all fat samples and ranged between 298.2
and 364.Qug kg1, however, this is below the Polish Standard
PN-EN I1SO 8294:20001Q) prescribed limit of 40@g kg™2. It
is noteworthy that the levels of Cu(ll) in analyzed fats were
lower in comparison with the reported results (24 kg
for margarines and 460680 ug kg! for vegetable oils %),
601-1354 ug kg™* (11), 648-1289 ug kg! for edible oils
(44)), although surprisingly low amounts of Cu(ll) in margarine
(49ug kg™t (23)) and edible oils (12.8—50.5 and 15.94—-58.51
19 kg1) were determined by Buldini et a28) and La Pera et
al. (6), respectively.

The intra-day precision (repeatability) of proposed GSCP and
standard GFAAS methods was tested by analyses of all
commercial samples (four margarines and four butters) in five
replicates. The values of RSD were below 1.1% for copper
determination, indicating reasonable repeatability of used meth-
ods (Tables 3and 4). For comparison, RSD values obtained
for Cu(ll) determination in margarine by DPASV and IC
methods were insignificantly higher (1.6 and 2.1%, respectively)
(23). Moreover, a satisfactory intra-day precision (expressed as
RSD < 5%) can also be obtained for very low cadmium and
lead concentrations<@B0 ug kg™') in the real samples. In
addition, the RSD values and confidence limits for both methods
were comparable. Also, similar content of those elements in
milk powder were detected using DPCSV and ETAAS methods,
but obtained RSD values were larger than our resaligf =
21.0ug kg™, RSD = 5.7%; Cppaiy = 52.0ug kg1, RSD =
23.1% for DPCSV method, argdqqy = 22.2ug kg !, RSD=
5.0%;Cenaiy = 52.0ug kg™, RSD= 15.4% for ETAAS method)
(35).

Although, results listed imables 3and4 indicate that the
average concentrations of heavy metal ions in fats and their
standard deviations obtained by standard GFAAS method were
somewhat higher than those obtained by GSCP procedure, F-test
revealed no significant difference between the variances (squares
of the standard deviations) of the applied method3 &t0.05.

The calculatedr;, F,, and F3 values (the variance ratio of
standard GFAAS and proposed GSCP methods for Cd(ll),

higher when compared to studied butters (9.1, 16.4, 16.1, andPb(ll), and Cu(ll) determinations, respectively), ranging from

16.2ug kg™* for B-1, B-2, B-3, and B-4, respectively). It can

be noted that, Cd(Il) concentration in B-1 (&) kg™) was
the lowest among analyzed fats and well below the Polish in their precision. However, the experimentalalues for the

standard values 20 and 2@ kg (for butters and margarines,

1.06 to 4.57, are beloWiheoretica= 6.39. Therefore, the proposed
GSCP and standard GFAAS methods do not significantly differ

studied metal ions in most fat samples were higher than the

respectively) (22, 43). Moreover, the level of Cd(ll) in the critical valuet,; = 2.78 (P = 0.05). The results collected in

discussed fats was significantly lower than that in the margarine Tables 3and4 (t-values and confidence intervals) indicate that
analyzed by Buldini (about 5@g kg™) (23). On the other hand,
the concentration of Cd(ll) in vegetable oils reported by Wahdat of Cd(ll) in M-1, M-2, M-3, and B-1; of Pb(ll) in M-1, M-2,

there are significant differences between the mean concentrations
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Table 3. Determination of Cd(ll), Pb(ll) and Cu(ll) in Margarines (ug kg~ Wet Weight)

samples/methods
statistical M-1 M-2 M-3 M-4
parameters GSCP GFAAS GSCP GFAAS GSCP GFAAS GSCP GFAAS

Ced(n? 239 27.8 25.5 27.1 26.2 27.1 235 24.1
SD?2 0.25 0.40 0.36 0.38 0.49 0.52 0.53 0.70
RSD? (%) 11 14 14 14 19 19 2.3 2.9
confidence limitd 239+0.3 27805 25505 27.1+05 26.2+0.6 27.1+0.6 23507 241+09
Fia=s2/s,? 2.55 1.09 111 1.74
tealed 26.34 7.44 377 1.47
Cpb()? 11.3 12.4 14.2 15.3 10.9 134 9.2 9.4
SD2 0.4 0.4 0.2 0.4 0.2 0.4 0.2 0.4
RSD? (%) 3.2 33 1.6 25 1.6 2.8 2.6 43
confidence limit® 113+04 124+05 142+0.3 153+0.5 109+0.2 134+05 92+03 9.4+05
Fo2=s42/s5? 1.30 2.79 4.57 2.76
tealcd 6.63 493 10.94 0.90
Ceugy? 298.2 315.0 356.4 377.8 316.4 342.2 320.0 326.6
SD2 2.6 3.2 2.7 33 2.3 4.4 3.0 35
RSD? (%) 0.87 1.0 0.76 0.87 0.94 13 0.94 11
confidence limit 298.2+32 3150+39 356.4+34 377.8+4.1 3164+37 3422+55 3200%3.7 326644
Fa?=s52/s5? 1.49 1.47 2.24 1.06
tealed 6.67 11.04 9.46 3.23

an = 5; cequ, Crogy, Ccuqy, CONcentrations of Cd(ll), Ph(ll), and Cu(ll), respectively (ug kg=?). ® Probability level, P = 0.05; SD, standard deviation; RSD, relative
standard deviation, s, s5, 5, S5, S5, S5, variance of results of Cd(ll), Ph(ll), and Cu(ll) determinations for GSCP and GFAAS methods, respectively; Flneoreica = 6.39;
Prheoretical = 2.78; theoreical = 8.61 (P = 0.001).

Table 4. Determination of Cd(ll), Pb(Il) and Cu(ll) in Butters (ug kg—* Wet Weight)

sample/method
statistical B-1 B-2 B-3 B-4
parameters GSCP GFAAS GSCP GFAAS GSCP GFAAS GSCP GFAAS

Cedm? 9.1 10.5 16.4 17.1 16.1 17.0 16.2 174
Sb? 0.3 0.4 0.7 0.8 0.5 0.8 0.5 0.9
RSD? (%) 35 4.1 45 4.8 3.0 4.6 33 49
confidence limit 9.1+04 105+05 16.4+0.9 17.1+1.0 16.1+0.6 17.0+1.0 16.2+0.7 174+1.1
Fia=s%/s,? 1.82 1.25 271 2.53
tealcd 6.84 117 1.75 212
Cpu(i)® 10.2 10.8 14.1 16.6 12.9 15.1 13.4 14.2
Sb? 0.5 0.5 0.3 0.5 04 0.6 04 05
RSD? (%) 45 4.6 18 3.0 32 4.1 31 37
confidence limit? 10.2+0.6 10.8+0.6 141+0.3 16.6 £ 0.6 129+05 151+0.8 134+05 14.2+0.7
FoA=slss? 117 403 2.20 1.65
tealcd 2.19 8.61 4.90 433
Ceuqi? 364.0 382.8 343.8 3574 300.0 324.2 305.8 3294
SD? 3.8 4.2 37 4.2 24 34 31 39
RSD? (%) 11 11 11 12 0.78 11 1.0 12
confidence limit? 364.0 £ 4.7 382.8+5.2 343.8+4.6 3574 +52 300.0+2.9 3242+43 305.8+3.9 3294+48
F32=sg2/s5? 119 1.30 213 1.53
tealcd 10.29 9.71 10.01 10.93

an = 5; ceqqy, Cogy, Ceuqy, cONcentrations of Cd(ll), Ph(ll), and Cu(ll), respectively (ug kg™). ® Probability level, P = 0.05; SD, standard deviation; RSD, relative
standard deviation, s?, s, 2, s2, S S, variance of results of Cd(ll), Ph(ll), and Cu(ll) determinations for GSCP and GFAAS methods, respectively; Flieoreica = 6.39;
Prheoretical = 2.78; theoreical = 8.61 (P = 0.001).

M-3, B-2, B-3, and B-4; and of Cu(ll) in all fat samples, assayed proposed GSCP and standard GFAAS methods were presented
by both analytical methods. Comparison of two experimental in Figure 2. A relatively high correlation coefficients {R=

means of metals contents £n5) in studied fats indicated that

0.973 and 0.93% = 8 for Cd(ll) and Cu(ll) in all fat samples,

the proposed method in some cases is affected by systematigespectively) indicate a good agreement between both methods.
errors, although the results of Cd(Il) and Pb(ll) determinations a somewnhat lower correlation coefficienR} = 0.899) was

in all fat samples (with the exception of M-1 and M-3,
respectively) obtained by the two analytical methods do not
differ significantly atP = 0.001 becausé&aiculatedare below
tiheoretical = 8.61 (Tables 3 and 4). However, at high copper
concentration, the proposed GSCP method does not give

accurate results dicuiated™ ttheoretical at P = 0.001).

two analytical methods were used.

noted for lead determinations in the concentration range between
9.2 and 16.6tg kg 1. Moreover, the slopedb) of the regression
lines (1.04+ 0.18, 1.22+ 0.41, 0.96+ 0.25 for Cd(Il), Pb(ll),

and Cu(ll), respectively) were close to the model value of 1. In

addition, the confidence limits of the intercepts<€ 0.66 +

On the other hand, the regression lines for comparing the 3-56, —1.28+ 4.98 and 32.04t 79.99 for Cd(ll), Pb(ll) and

Cu(ll), respectively) include the ideal value of 0. Therefore,
The correlation plots between the obtained results of Cd(Il), the comparison between the results obtained by standard

Pb(ll), and Cu(ll) determinations in different fat samples using GFAAS and proposed GSCP methods indicates that the two
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Figure 2. Correlation between GFAAS and GSCP methods for the
determinations of (A) Cd(ll), (B) Phb(ll), and (C) Cu(ll) in fat samples.
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Table 6. Reproducibility Test

statistical parameters

Cqrmean Spa RSDa confidence limit®
sample (ugkg™) (ugkg™) (%) (ugkg™)
M-1 cu(lly
298.9 6.1 2.0 2989+ 3.4
M-2 cd(n)
25.8 0.84 3.3 258+0.5
B-3 Ph(ll)
13.2 0.75 5.7 13.2+04

an = 15, each value is the mean of five determinations; each determination
was repeated three times; C%nean, Mean concentration; SD, standard deviation;
RSD, relative standard deviation. ® Probability level, P= 0.05

102.2%, and 98.9 and101.0% for the studied method and 96.1
and 101.2%, 96.2 and 103.2%, and 98.2 and 99.6% for GFAAS
method, respectively (Table 5). Moreover, repeatability (cal-
culated using RSDn = 5) for Cd(ll), Pb(ll), and Cu(ll)
determinations by both methods did not exceed 5%. La Pera et
al. reported lower recovery values for cadmium (84452
9.86%), lead (100.6& 0.67%), and copper (97.3% 2.72%)
determinations in olive oils by dPSA&). As it can be expected,

no statistically significant differences between the two tech-
nigues were obtained for all fat samples examined.

Reproducibility (inter-day precision) of the proposed method
was evaluated by performing the determination within 3 days
on M-1, M-2, and B-3 samples {n 5), and results are reported
in Table 6.

The average contents were 298@of Cu kgt in margarine
M-1, with RSD= 2.0%; 25.8«g of Cd kg in margarine M-2,
with RSD= 3.3%; and 13.2:g of Pb kg! in butter B-3, with
RSD= 5.7%. The confidence intervals of the mean values were
298.94 3.4, 25.8+ 0.5, and 13.2+ 0.4 ug kg™?* for Cu(ll),
Cd(ll), and Pb(ll), respectively. Comparison of the RSD values
for repeatability (0.87, 1.4, and 3.2% for Cu(ll), Cd(ll), and
Pb(ll), respectively) with the reproducibility data (2.0, 3.3, and
5.7%) revealed that the inter-day precision was approximately

procedures give statistically comparable values of metal con-two times higher than the intra-day precision of the proposed

centrations in fat samples.

method. The same relation between intra-day and inter-day

The accuracy of the proposed and standard methods wereprecisions (3 and 6%, respectively) was observed in the case
expressed also as a recovery study, and the results are presented Cd(Il) determination in edible oils and fats by ETAAS

in Table 5.

The recoveries of cadmium, lead, and copper added to real

method (18).
The proposed GSCP method is relatively simpler and shorter

samples solutions ranged between 96.7 and 101.0%, 99.1 andc.a. 180 s) than standard GFAAS method; therefore, it can be

Table 5. Recovery Tests

metal concn sample
(g kg™ method M-1 M-2 M-3 M-4 B-1 B-2 B-3 B-4
found? concentration

cd(lny GSCP 376 (1.7) 408 (2.1) 40.9 (2.1) 38.1(2.2) 23.8(1.6) 306 (3.1) 314 (2.0) 31.2 (2.5)
GFAAS 41.9 (2.3) 42,6 (3.6) 41.6 (2.8) 386 (3.9) 245 (3.9) 316 (4.2) 315(2.8) 31.9 (3.3)

Pb(Il) GSCP 21.1(3.5) 24.0(2.9) 21.3(1.9) 19.5 (3.6) 20.6 (3.2) 23.9(2.6) 23.4(4.2) 23.6 (1.3)
GFAAS 219 (3.7) 25.4 (3.0) 23.0 (3.0) 19.8 (4.5) 21.0 (3.4) 25,6 (2.9) 25.9 (4.9) 24.1(3.)

Cu(lly GSCP 492.7(0.54)  550.7(047)  515.2(L1) 517.4(0.88)  566.8(0.34)  549.1(0.73)  494.4(0.36)  508.2 (0.41)
GFAAS  511.0(0.26)  5754(0.58)  538.6(0.94)  521.7(0.72)  579.3(059)  550.6(0.81)  514.7(0.95)  525.2(0.66)

recovery (%)

Cd(lr) GSCP 96.7 100.7 99.3 99.0 98.8 975 101.0 100.0
GFAAS 97.9 101.2 98.8 98.7 96.1 98.4 98.4 98.5

Pb(1l) GSCP 99.1 99.2 101.9 101.6 102.0 99.2 102.2 100.9
GFAAS 97.8 1004 98.3 102.1 101.0 96.2 103.2 99.6

Cu(ly GSCP 98.9 99.0 99.8 99.5 100.5 101.0 98.9 100.5
GFAAS 99.2 99.6 99.3 99.1 99.4 98.8 98.2 99.2

@ n = 5; Found concentrations of Cd(ll), Pb(ll) and Cu(ll) in studied fats after addition standard solutions of Cd(NO3), (15 xg L), Pb(NO3), (10 ug L™1), and Cu(NOs),

(200 ug L™Y) to the samples; RSD (%) values are given in parentheses
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useful for the simultaneous determination of Cd(ll), Pb(ll), and

Cu(ll) in vegetable and animal fats after wet digestion.

Moreover, the cost of the instrumentation is considerably lower
than that in the case of standard GFAAS method. It is
noteworthy that our method does not require a toxic mercury
solution or mercury drop electrode and technical gases for
sample deaeration.
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