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Abstract. In the present work two nuclear micro analysis techniques, synchrotron radiation (SRXRF) and macro
proton induced X ray emission (macro PIXE), were used in the homogeneity test of Algae IAEA-413 and Lichen
IAEA-338, and the certification of their elemental contents too. Finally, the Ingamell's sampling constant Ks and
the relative homogeneity factor HE of some elements in these two RMs were estimated on the base of our macro
PIXE results.

1. Introduction

Analytical quality assurance (QA) is essential for a reliable chemical analysis. Many Certified
Reference Materials (CRMs) from various producers are commonly used in trace elemental analysis
for methodological development and quality control purposes. Normally most of existing standard
reference materials (SRMs) were certified with the minimum sample mass larger than 100 mg. Some
modern analytical techniques are quite sensitive and only very small amount of sample is requested in
the measurements, especially in some nuclear analytical techniques in which the analyzed mass of
sample could be as low as mg, ug or even down to ng level. Due to heterogeneous distribution of trace
components in many reference materials (RMs) and other present constituents which interfere the
results, it is often very difficult to directly use these RMs in the micro analytical techniques. The
analysts, who are working in micro analytical laboratories, are interested in having some micro matter
CRMs for better quality control and accuracy improvement. The homogeneity and accurate certified
values of various chemical compositions of SRMs are expected for the application of micro nuclear
analytical techniques. The efforts to produce new SRMs in excellent homogeneity and to determine
the certified values with improved techniques have been making in some laboratories. On the base of
past experiences the International Atomic Energy Agency (IAEA) has initially produce reference
materials for micro analytical nuclear techniques. Algae material IAEA-413 and Lichen material
IAEA-338 are two kinds of these new RMs.

2. Experimental

2.1 Sample preparation

According to the IAEA guide procedures, 0.3-0.4 gram of the two RMs in each bottle (No. 006, 014,
022, 030, 038, 046 of Algae IAEA-413 and No. 13, 17, 46, 86, 126, 166, 196 of Lichen IAEA-338,)
was weighed and the bottle was immediately closed after sampling, and then the same operation were
done every time of weighing. The samples were dried in a oven for 6 h at 80°C. The piled sample
thickness in the container for drying was about 3 mm. The dried samples were immediately placed in
a desiccator with fresh silica gel. The samples were weighed after the following 8 h in order to
establish temperature equilibrium.

The dried sample powders were pressed into pellets in diameter 13 mm with a 5 ton press. All the
pellets were reserved in a desiccator with fresh silica gel.
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2.2 SRXRF analysis for homogeneity test

The homogeneity of all the sample pellets were tested by the SRXRF probe. It was performed on the
Beijing Synchrotron Radiation Facility (BSRF) together with the Beijing Electron Positron Collider
(BEPC) built in our Institute of High Energy Physics, the Chinese Academy of Sciences. The energy
of BEPC was 2.204 GeV and its beam intensity and luminosity was 95.4 mA and 103%m2-sec,
respectively. Our measurement was carried out on 3W1A, one of beam lines in BSRF. The energy of
synchrotron radiation was in the range of 3.5-22 KeV (after a beryllium window). The maximum
acceptance angle was 1.0 mrad (horizontal) and 0.1 mrad (vertical). The beam spot sizes could be
adjusted from 20 um to 200 um. Combining SRXRF with a high precision specimen's scanning stage,
which is home made and can be operated with three dimension displacement and one rotation, it can
be used for micro beam computerized topography and scanning X-fluorescence analysis. At the
present work the size of micro-probe was confined to 20 |imx20 |J,m, the displacement precision was 1
um and the rotation angle was 1' per step.The X ray spectra were detected by a Si(Li) detector
mounted at 90° to the beam direction. The area of the detector is 30 mm2 and its resolution is 134 eV
for 5.95 KeV. In order to evaluate the homogeneity level in micro area, 9 spots were scanned along
the diameter (13 mm) of a target pellet, each in size of 20 umx20 um, 500 um apart from each other.
All the spectra of SRXRF were analyzed with AXIL computer code [1].

2.3 Macro PIXE analysis of elemental contents of RMs

There is a Van de Graaff accelerator with 2.5 MV in our laboratory. We were not satisfied with its
lower yields of heavy elements in PIXE measurements. For improvement we made macro PEXE
measurement with a Pelletron tandem accelerator, model 5SDH-2 (2 x 1.7 MV) in the Department of
Technical Physics, Peking University.

The macro PIXE measurements were performed under vacuum condition in a PIXE target chamber
using 3.0 MeV proton beam of 3 mm diameter. The PIXE spectrum was measured by a Si(Li) detector
covered with a 12.5 urn beryllium window and its resolution is 175 eV for 5.95 KeV. In order to
improve the minimum detection limitation (MDL) of the trace elements in target sample, the target
chamber was well designed and the Si(Li) detector was mounted in 135° to the proton beam direction
and 22.5° to the normal direction of the target. The beam intensity irradiated on the target was
adjusted to about 1 nA. The count rate was around 300 CPS and the preset charge was about 1 uC. A
funny Mylar absorber of 450 um thick with a 0.7% hole fraction of the Si(Li) detector area was
placed in front of the Si(Li) detector to improve the detection limits of both light and heavy elements
in the target samples.

The macro PIXE spectra were analyzed with GUPIX computer software package[2-3], which is
specifically suitable for analying PIXE spectra of thick specimens. The software provides nonlinear
least-squares fitting of the spectrum, together with subsequent conversion of the fitted X ray peak
intensities to elemental concentrations via defined standardization technique involving fundamental
parameters and user-determined instrumental constant.

In order to get the best accuracy of the quantitative PIXE analysis, samples have to be homogenous
with a flat surface at the beam spot region. The knowledge of matrix composition is necessary for
thick target analysis. As for the major chemical composition of the analyzed sample, the data was
kindly offered by Dr. M. Jaksic in Croatia in private communication. He mentioned: " Since the
analyzed thickness by PIXE depends on the X ray energy of the element analyzed, we did calculate
this on the basis of GUYLS program (in GUPIX package) in the approximation of the sample
thickness (in mg/cm2) for which 90% of the yield comes. For the approximate matrix component of
Algae and Lichens which are very similar we obtained by RBS approximation: 55% C, 37% O, Na
1%, P 2%, K 1%, Ca 2%, S 2%. This approximation is very good and does not influence the results
very much. "
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In our case two SRMs (Milk Powder IAEA-A11 and Whey IAEA-155), which are very fine powders
and suitable for use with ion beam analysis (IBA) because of their nature, were used as standards and
analyzed by macro PIXE to test the fundamental parameter approach by GUPIX in our laboratory.
Basing on the comparison between the measured contents and the certified values for SRMs, IAEA-
Al 1 and IAEA-155, it is evident that the fundamental parameter approach by GUPIX for macro PIXE
analysis in our laboratory is acceptable.

3. Results and discussion

3.1 Homgeneity of the RMs

The peak areas of the X rays for measured elements in each irradiated spot region were divided by
the peak area of argon in air to normalize the SR irradiated on a spot of target pellet. For homogeneity
test the normalized peak areas of the feasible elements in 9 spots of each target pellet were determined
for Lichen IAEA-338 and Algae IAEA-413. As shown in the tables the relative standard deviations
(RSD=S.D./ mean value) of elements K, Ca, Mn, Fe, Cu, Zn, Br, Rb and Pb for Lichen IAEA-338,
and K, Ca, Cr, Fe, Ni, As, Hg and Pb for Algae IAEA-413, are less than 10%. However, for other
elements their RSDs are worse. The tables show the average values of normalized elemental peak
areas of the samples from each bottle, the total average value of each material, and their relative
standard deviations for IAEA-338 and IAEA-413, respectively. The results show that these two RMs
are promising ones with quite good homogeneity.

3.2 Determinated values of elemental contents of the RMs

All the target pellets sampled from the 7 bottles of Lichen IAEA-338 and the 6 bottles of Algae
IAEA-413 were measured by macro PIXE. Two of the PIXE spectra of the lichen and algae samples
are shown in Fig. 4 and 5, respectively. Table 6 and 7 list the elemental contents of the samples from
each bottle of Lichen IAEA-338 and Algae IAEA-413, which were analyzed using the fundamental
parameter approach. It is shown that many elements such as Ca, Mn, Fe, Cu, Zn, Br and Pb for Lichen
IAEA-338, and Ca, Cr, Mn, Fe, Ni, Cu, Zn, As, Br and Pb for Algae IAEA-413 have good RSDs,
which are not bigger than 10%.

3.3 Sampling constants and homogeneity factor

According to Ingamells [4], a sampling constant can be given as

Ks = R2*m

where Ks= Sampling constant, R = relative standard deviation, m = mean sample mass (mg).

Stoeppler et al. [5] took the square root of this factor to calculate a relative homogeneity factor HE:

where HE = relative homogeneity factor, SH O M = relative standard deviation, m = mean sample mass
(in mg).

According to Dr. M. Jaksic group's results, the analyzed thickness by PDCE depends on the X ray
energy of the element analyzed, they calculated this on the basis of GUYLS program in the
approximation of the sample thickness for which 90% of the yield comes. Using their results of areal
density (in mg/cm2) depent on the atomic number Z for 90% yield, We can calculate the mass m (in
mg) for our beam spot size of 0.0707 cm2.
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The IngamelPs sampling constant Ks and the relative homogeneity Kurfurst factor HE can be
calculated from our macro PIXE analysis. It is shown in the tables that Ks and HE are in the range of
101 and 10° order level for about 7 (Ca, Ti, Mn, Fe, Cu, Zn, Pb) and 8 (K, Ca, Cr, Mn, Fe, Ni, Cu, Zn)
feasible elements of IAEA-413 and IAEA-338 samples, respectively. As Kurfurst pointed out in his
original papers [5-7], a HE < 10 points to very good homogeneity. Far less than 10 mg sampling mass
and the homogeneity level shown in the tables indicates that these two RMs are promising SRMs for
qualitative and quantitative analysis of micro amount samples.

Although it is difficult to accurately calculate Ks and HE of IAEA-338 and IAEA-413 with SRXRF
micro probe analysis without the knowledge of relationship of the areal density and sample mass for
90% yield. Still they could be estimated basing on " the analyzed thickness depends on the X ray
energy of the element analyzed ". Since the irradiated spot size in SRXRF measurement was 20 f̂ m x
20 jim = 4x10~6 cm2, which is about 5x10'5 times in PIXE measurement, the ratio of RSD in SRXRF
to that in PIXE is less than 4 times in our case, HE for many elements in the two RMs using SRXRF
should be one third of those using macro PIXE, i.e. in the order of 10° or even down to 10*1 level.
These two materials have HE values in this range and can be considered as SRMs for micro-analytical
techniques with a sampling mass between 10 mg and 0.1 mg order level for analysis. As can be seen
from above results, both SRXRF and macro PIXE are suitable nuclear techniques for relative
homogeneity test and the elemental contents certification. SRXRF has better minimum detection limit
(MDL) for middle and heavy elements, whereas PIXE has better MDL for middle and light elements.
It is better for scientists, who are interested in biological and environmental studies, to analyze and
assess toxic elements in specimens using SRXRF.
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