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ABSTRACT

For (en various brends of flour contenis of chiosen (heavy) elements were determined
by means of ICP, GF-AAS, PIXE and ASV/CSV methods. General performance of
participating laboratories as well as pros and cons of different analytical methods were
compared and discussed,

STRESZCZENIE

Dia dziesieciv gatwnkdw maki wykonano pomisry zawartodci niekufrych (cig2kich)
pierwiasikéw 2 pomocy nasicpujscych mewd: ICP, GF-AAS, PIXE, ASVACSY.
Przeprowadzono pordwnanie rzetelnoSei pomiardw wykonanych przez réine laboratoria orsz
zatet i wad uzytych metod.



INTRODUCTION

Elemental trace analysis of organic materials is a challenge for modern analytical
methods. Interlaboratory comparisons can reveal both the immanent shoncomings of
different methods and the quality of performance. In the present work such comparison was
camried om on samples of flour. Special attention was paid o problems connecled with
sample preparation prior (0 analysis which is the most importani siep in the analysis. Wet
digestion, microwave digestion and no preireatment of sampie were compared,

EXPERIMENTAL

Methods of snalysis
Metals levels were measured by alomic absorption spectrometry (AAS),
inductively coupled plasma atomic emission specirometry (ICP-AES), proton induced
X-ray emission spectromewy {(PIXE), and anodic/cathodic stripping vollammemy
ASVACSV).

Instrumentstion

The CEM Corporation's Microwave Digestion Sysiem MDS-2000 was uvsed for
mineralization of samples prior to the analysis by AAS and ICP,

The alomic absorptior analysis of Cd, Cu, Fe, Mn, Pb were performed with the
Perkin—Elmer 5100 PC atomic absorption spectrometer equipped with the 5100 ZL Zeeman
Fumace Module. The samples were injecied into  an integrated L'vov platform in the
graphite fumace tube by means of AS-70 Furnace Autosampler. In Zn measurcmenis the
flame device of the Perkin-Elmer 5100 PC atomic absorplion specirometer was used (gas
flows: C,.H, 1.4 L min™. air 7.5 L min™"). The inswrument  was fully computerized. Signals
were recorded on 4 hard disk.

The ICP-Plasma 40 Perkin Elmer spectrometer was used for atomic emission studies.
The spectrometer was comnecied with PC,

In the ASV/CSV methods the UPE-3 elecirochemical analyser (Radius Coopetative,
Gdafisk, Poland) was applicd.

The beam source for PIXE analysis was the cyclowron C—-48 at the INP,

Materials

Stock solutions of 1000 mg 1" were oblained from the Polish Committee for
Swandardization of Mcasures and Quality Control. Analytic standard solutions were
prepared from  stock solutions by appropriate dilution with distiled water (4x). All
solutions were stored in Nalgene polyethylene botles. Cenified reference wheat flour
material (MP-1) was provided by the Laborawory of Radiometric Analyses (Institute of .
Physics and Nuclear Technigues. the Academy of Mining and Metallurgy, Cracow,
Poland), Other reference malerial was oblained from the International Atomic Energy
Agency (Vienna, Austria). The samples of flour were delivered by the lustitute of Cultivation
and Acclimatization of Plants, Cracow. They originated from various fields of the Plamt
Experimental Stations in Smolice and Olefnica Mala.

Analysis by ICP-AES
The 0.5g samples were weighed into the digestion vessels and treated with 5.0 mL of
nitric acid (Merck, Suprapur) , then insened into the microwave digestion system, The
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processes of mineralization lasted about 25 minutes. Afier digestion the vessels were
cooled o room temperature and the resulting solutions were diluted with water to a mass

of ¢a, 50g. The main instrymental parameters for the analysis by ICP-AES were as
follows: forward power 1.1 kW, plasma gas flow 15 L min™, auxiliary gas flow 1.1 L min™,
nebulizer gas flow 2.5 L min™,

Analysls by GF-AAS
The 20 ul aliquots of resultant solutions (as described for ICP-AES) were dispensed
automatically onto the wbe and an optimized programme was run. In some cases the
solutions were diluted several times according 1o the range of the calibration curve from
which the concentrations of metals were calculated directly. Measurements were caried out
in the absence of any chemical modifier. The emperature platform furnace condidons are

shown in Table 1.
Table I. GF-AAS Progrum's Parameter

Ashing Atsmoization

Flement | Temp{'CYTime{s] | Temp.{Cl/Time (s}
cd 175/15 900/
Cu 700/20 23002
Fe 1110/40 2000/5
Mn 1100/20 1900/5
Fb 450/20 1800/5

Analysis by PIXE
For PIXE analysis no pre—treatment was necded. The instrumental parameters for
PIXE werc as follows: 2.6 MeV prolon beam, X-ray dewclor "ORTEC" - Si(Li) with
dewector active diameter of 6 mm, berylium window 0.0254 mm thick, resolution 200 eV
FWHM a1 5.9 keV *Fe, operating bias negative 1500 V, muliichannel analyser ICA-70
coupled with a dedicated PC computer. The schematic view of the experimental arrangement
was shown elsewhere [1].

Analysis by ASVICSY

The wheat flour was dried at 60°C for 72 h. 500 mg samples were incubated
ovemight at room temperature with 4 ml of a mixture of 5 paris of HNO, and 1 pant of
HCIO, (Merck), then mineralized by slow boiling and evaporation.. The dry inorganic
matter was dissolved with 25 ml of redistilled and deionized water.

The measurements were performmed with an impregnated stationary graphile electrode

wilh a circular working surface and a calomel clectrode as a reference. Mixing of the
samples was carried out by a stream of nitrogen directed onto the surface of the graphite
electrode. :
Cadmiom, lead and copper were analysed by anodic stripping, according 1o [2].
As a basic solution 0.5 M KCl was used, with the addition. of 2x10“ M HgCl, w
improve evolution of metals on the working surface. The pre-electrolysis potential of -1.0
V was applied. The valves of current density at the applied voltage of -0.63 V for
cadmivm, -0.43 V for lead and -0.03 V for copper were (hen recorded. The
preconceniration ime was established experimentatly and was usually 3 — 10 min.

5



was analysed by cathodic stripping, according to [3]. The 0.5 M NHCI +
0.5 M NH,OH basic medium and +0.5 V pre~electrolysis potential were applied. The
current density was recorded at the potential value of +0.3 V. The preconcentration time was
3-5 min.
All measurements were performed with standard addilon technique. Each resuit
represents an average of three separate measurements,

Quality control

The accuracy of the methods was tested by using centified malerials MP-1 and V-8,
A comparison of the experimentally determined values with the certified ones is listed in
Table 11 and Table III.

Table IL Results for MP~} Wheat Flour (ug g™)

Analyte | Certifled AAS ICp PIXE ASVICSY
Cd | 0.029:0.004 | 0.038+0.004 - - 0.03340.006
Cu 1304008 | 0864003 | 1.23:0.01 | 1.110.4 1.25¢1.3
Fe 14.5+1.3 11.240.3 10.640.7 14.540.01 -
Mn 5.9040.25 5.954¢1.19 | 5.8640.32 4.430.2 6.25:0.63
Zn 6.4230.49 | 6.9240.27 | 5.6610.43 - -

Table TH. Resulis for V-8 Rye Flour (ug g™)

Analyte | Certified AAS ICP | ASV/CSV
Ca 0017 |001620006] - |0.01940.003
Co | 095:0.19 | 0.85:0.07 | 0.9840.16 | 1.0010.12
Fe 41507 | 37303 | 35:0.1 -

Mn | 2.0630.12 | 2.00:0.13 | 2.13£0.04 | 3.0740.52
Zn | 2534033 | 2314014 | 2.05¢0.09 | -

RESULTS AND DISCUSSION

The summaries of resulls are showa in Tables [V-VI] and-in Figg. 1-6. The outliers
were eliminated by Dixon's iest. The confidence limits of the median were taken according Lo
[4.53. All results remaining after the elimination of outliers (with exception for the Zn result
for sample No. 1) fulfilled the following conditions:

1. The relative uncertainty of the overall median does not exceed the limit: -509%; +60%,
2, The number of laboratory memns rejected as outliers is oo more than one,

The experiments indicate that with the use of any of the methods under study the

measorements of Cu, Mn, Zn could be carried out successfully, with the sole exception of

6



ICP resulis for Cu Jevels, which had a positive bias [Fig. 2,4,6]. On the other hand, the
analysis of Pb still remains the most difficult, which is often the case with Pb measorements
in organic matrices [6]. Each method has its own limitations. On the PIXE spectrum the Pb
peak was overlapped by the Kr peak. Unfortunaiely, there is no relevani reference material
{flour) which contains the certified amount of )

Pb. For these reasons the PIXE resulis could not be regarded as reliable. The ICP detection
limit of Ph was of one magnitude higher than Pb content in working sample solutions. The
signal given by the ASY method was sensitive to small changes u the conditions, esp.
reagent contamination, 50 in Lhis method the reagents of specific purity are needed; otherwise
a substantial background emur is inwoduced. The big characteristic mass of Pb is a
disadvantage of GF-AAS. The last two methods gave the most reliable resnlts for Cd

content [Fig.1).
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Fig. 1. Comparison between AAS and ASV/CSV resulis
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Fig. 2. Comparison between AAS, ICP, PIXE and ASV/CSV
results for Co measurements (results of AAS were chosen

as increasing values)
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Table IV. Summary of Cu results,

Element No. of sample
determined
Cu 1 2 3 4 5 6 ? 8 9 10
{No.af
iy 4 4 4 4 4 4 4 4 4 4
MNoof .
oo 4 4 3 4 4 4 4 4 4 3
[Total ongs
E,.:_, 030:1.50| 0.64+1.27| 0.60+1.40| 0.33+1.54 0.19:1.24] 0.25:0.77 | 0.36:1.42 | 0.50:1.27 | 0.52+1.20 | 0.60+1.31
of
0.30:1.50 | 0.64+1.27 | 0.60:0.74 [ 0.33+1.54 [ 0.191.24 | 0.25:0.77 | 0.36+1.42 { 0.50:1.27 | 0.52:1.20 | 0.60-0.75
mean of ]
0.76 084 | 068 0.78 0.65 0.50 0.75 0.81 077 0.66
limits
e e | 0:20+1.32 ] 043+1.25 | 0.53:0.82 | 0.02:155 | 0.0541.25 | 0.21:0.79 [ 0.10+1.40 | 0.35:1.27 { 0.36+1.18 | 0.49+0.82
sigalevel
;f.vmlﬂdi-
l...,,,,,,,"”"""__ 0.79 0.3 0.72 0.63 0.59 0.49 0.61 074 0.68 0.69
Limsity
meowal 10.54+1.04 | 0.65:0.8 {0.70:0.74 | 0.4:0.86 | 0.57:0.6 | 0.48:0.5 | 0.5:0.71 [ 0.66:0.81 | 0.66:0.7 | 0.62:0.75
sigatovel




Table V. Summary of Fe resuits.

Element No. of sample
determined
Fe 1 -2 3 4 ] 6 7 8 9 10
of
%“ 3 3 3 3 3 3 3 3 3 3
of
3 3 3 3 3 3 3 3 3 3
oinl mage
6.4+11.7 | 8.8+148 | 8.1:13.8 | 8.2+108 | 5.1+10.7 | 92296 | 59+123 | 69+108 | 9.0+12.8 | 7.1+10.7
of
644117 | 884148 | 814138 | 8.2+108 | 5.1+10.7 | 92:96 | 59+123 { 69108 { 90+128 | 7.1+107
wean of
8.8 11.3 10.7 93 83 9.5 94 8.5 112 9.0
Limits
of the overl]
o 34143 | 5.8+17.9 | 48:65 | 6.5:120 ) 25142 | 905100 | 2.8+159 | 4.3+12.7 | 7.2+15.1 | 5.3+126
siga. lavel .
meliaa .
: mesas 84 11.9 10.1 8.8 92 9.2 9.9 1.2 1.7 91




Table V. Summary of Mn results.

Element No. of sample
determined )
Ma 1 2 3 4 5 6 7 8 9 10
of
&‘ 4 4 4 4 4 3 4 4 4 4
of .
4 4 3 4 4 4 4 4 4 3
nage
6.4:10.54 [ 7.9:10.71 | 672973 |7.7+10.29 | 5.148.36 | 7.80+12.6 [ 11.34420.55| 8.87+14.1 | 12.15:23.3 [ 9.01+129
L
of
6.4:10.54 | 7.9+10.71 | 6.749.73 | 7.7+10.29 | 5.1+8.36 | 7.8048.72 |11.34:20.55| 8.87214.1 | 12.15:23.3 | 9.01+129
mesd of
8.2 9.4 137 8.8 62 8.2 15.2 11.0 16.5 10.8
means :
N
o 1574106 | 7.64112 | 58:96 | 734103 | 42482 | 774109 | 984205 | 7.94141 | 9.8:231 | 9.2+12.4
05 sign. laevel
jOvetall madinn
rrss| 783 9.4 1.23 8.60 5.65 83 1435 104 15.19 10.56
[
ol 17.25:8.41 |8.65¢10.1 | 6.8847.58 | 8.4248.78 | 5.42:5.88 | 7.948.72 113.48:15.22] 10.2¢10.6 | 14.42:15.97[10.17:10.96
05 ign. level .




Table VII. Summary of Zn resalts.

Element No. of sample
determined
Za 1 2 3 4 5 6 7 3 9 10
of
3 3 3 3 3 3 3 3 3 3
of.
3 3 3 3 3 3 3 3 3 3
—ign 1
224724 | 6.7:8.36 | 7.12479 | 49:7.46 | 4.147.03 | 5.7:6.55 | 7.049.63 | 6.44:7.18 | 9.43:12.66 | 5.54:6.39
of
224724 | 674836 | 7.12479 | 4.9:7.46 | 4.157.03 | 5.7+6.55 | 7.0:9.63 | 6.44:7.18 | 9.43+12.66 | 5.54+6.39
- of
5.1 7.4 7.5 6.4 6.0 6.3 8.4 6.8 10.6 6.0
Hnids
Mool | 21482 | 56392 | 67:83 | 37:92 | 27573 | 53:73 | 575101 | 61476 | 7.15142 | 5.1468
sigh. bvel
edian
wened | 509 7.01 7.58 695 6.85 6.55 8.50 6.9 9.8 6.0




