Ife Journal of Science vol. 6, no. 1 (2004)

RESEARCH NOTE

ENERGY DISPERSIVE X-RAY FLUORESCENCE ANALYSIS TECHNIQUE FOR
GEOLOGICAL, BIOLOGICAL AND ENVIRONMENTAL SAMPLES

E.l. OBIAJUNWA

Centre for Energy Research and Development, Obafemi Awolowo University, Ile-Ife, Nigeria.

(Submitted: 06 June 2004; Accepted: 30 June 2004)

Abstract

Energy Dispersive X-Ray fluorescence (EDXRF) technique for the analysis of geological. biological and environmental sam-
ples is described. The technique has been applied in the analysis of 10 (geological, biological. environmental) standard refer-
ence materials. The accuracy and precision of the technique were attested to by the good agreement between our measured
results and the certified values of these standards. The measured and the certified values were generally within 5% of each
other except for a few cases that were within 15% of each other for the geological samples.

1. Introduction

Qualitative and quantitative determination of elements in
given samples are very important tasks in geological, min-
eralogical, environmental, medical, industrial and other
fields (Ertugrul et al., 1996). Accurate and precise deter-
mination of major, minor and trace elements in mineral
ores is very important in their geochemical studies (Ossaka
et al., 1994). In the food industry, it is known that a knowl-
edge of the chemical composition of foods is essential in
most quantitative studies of human nutrition and in dietary
treatment of diseases (McCance, 1960). Also elemental
characterisation of environmental samples - soil, water and
aerosols, is very crucial in pollution monitoring and con-
trol.

With the large number of samples involved in the various
fields requiring elemental analysis, there is a need for a
fast, reliable and multi-elemental technique for sample
analysis. The Energy Dispersive X-Ray Fluorescence
(EDXRF) technique is one such technique. It is non-de-
structive and can be used for the analysis of a wide variety
of samples (Johnson et al., 1996; Leenanupan and Srichom,
1996; Nwachukwu ef al., 2000; Obiajunwa, 2001). The
EDXRF technique is capable of measuring elemental con-
centrations from trace levels of parts per million (ppm) up
to 100% levels for major components. Solid samples for
EDXRF analysis, in general, need little preparation. They
only need to be presented in a homogeneous and reproduc-
ible form to the spectrometer (Obiajunwa, 2001).

In the present work, we demonstrate the capability of the
EDXRF spectrometer to give accurate and reliable analysis
of geological, biological and environmental samples.

2. Experimental
Samples

The samples analysed in this work consisted of (i) six geo-
logical standards, namely: NBS 278 (obsidian), BE-N (ba-
salt), Mica-Fe (biotite), Mica-Mg (phlogopite), AC-E (gran-
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ite) and GSR5 (shale); (ii) one environmental standard -
MAG-1 (marine mud), obtained from the National Insti-
tute of Standards and Technology (NIST); (iii) three bio-
logical standards - CRM 062 (olive leaves), CRM 063 (natu-
ral skim milk), both from the European Community Bu-
reau of Reference Standards, and A-11 (milk standard) from
the International Atomic Energy Agency (I.A.E.A). These
standards were pressed into thick pellets of 13 mm diam-
eter in Spec-Caps (Obenauf, 1991) with no binders.

Analysis

The elemental analysis of the samples was performed us-
ing the Energy Dispersive X-Ray Fluorescence (EDXRF)
spectrometer set-up at the Centre for Energy Research and
Development, Obafemi Awolowo University, Ile-Ife. The
spectrometer consists of a Siemens FKO-04 tube with Mo
anode, a Kristalloflex 710H X-ray Generator, a Canberra
series 7300 Si(Li) detector (resolution of 165eV at 5.9keV),
a Canberra Model 1510 Integrated Signal Processor, and a
Canberra S 100 MCA card interfaced to a 486 IBM/PC.
The equipment runs under QXAS (Quantitative X-ray
Analysis System) (IAEA, 1993) which includes facilities
for data acquisition, spectrum analysis and interpretation
and quantitative analysis. Each pellet was irradiated for 20
minutes at fixed tube operating conditions of 25kV and
6mA. The unfiltered Mo-K excitation allows determina-
tion of elements with characteristic K- or L- lines in the
energy range 3.3 - 16 keV. A parameterless smooth-filter
model in the AXIL program of the QXAS package was
used for fitting the spectra over the energy region of inter-
est. The AXIL program was also used to obtain the quanti-
tative data on the samples, using the “Direct Comparison
of Count rates™ procedure. This procedure very much re-
duces the matrix effects when standards of similar compo-
sition to the analysed samples are used for the program
implementation. The following standards were used of the
quantitative analyses — AD2000 (Obsidian), G2 (Granite),
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GSR3 (Basalt), from NIST, and IAEA-V-10 (Hay powder),
from the International Atomic Energy Agency, and BCR
151 (contaminated milk powder) from the European Com-
munity Bureau of Reference Standards.

3. Results and Discussion

Figures la-1c show typical XRF spectra for a geological
(shale) sample, an environmental (marine mud) sample and
a biological (olive leaves) sample respectively. The con-
tinuous background lying under the characteristic x-ray lines
is an inherent feature of the photon excitation. It is due
mainly to the Compton scattering of x-rays in the target
and in the detector (Benyaich et al., 1997).

The results of the EDXRF analysis for the geological stand-
ards and the certified values are presented in Table 1, while
those of the environmental and biological standards and
the certified values are presented in Table 2. All data are
the results of an average of three measurements on each
sample with a relative standard deviation of less than 10%.
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The measured results are in good agreement with the certi-
fied values (Govindaraju, 1994; BCR, 1992; IAEA, 1989).

With the assured accuracy of the experimental values ob-
tained from this EDXRF spectrometer, the system can be
used on a routine basis for the analysis of geological, bio-
logical and environmental samples.

4. Conclusion

The EDXRF set-up of the Centre for Energy Research and
Development, (CERD), Obafemi Awolowo University, lle-
Ife, has been used for the elemental analysis of geological,
biological and environmental samples. The EDXRF tech-
nique is fast, reliable, multi-elemental and non-destructive.
The concentrations of major, minor and trace elements in
ten standard reference samples were determined. The meas-
ured elemental concentrations in the samples were in very
good agreement with the certified values. The measured
and the @ertified values were generally within 5% of each
other except for a few cases that were within 15% of each

other for the geological samples.
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Tahle 1: FDXRE results for the geolcpical standards and their carttified values. Concentratias of elermants are given in g/ except for
those of magor eleamats m % Fras ave dieto canting statidtics,

NES 278 (cbsicha) FEN (baslt) MicaFe (bictite)
Hemmt Amlysed Clrtified Analysed Cartified Analysed Catified

value vale vale vilue value value
K 273+01%% 276% 13+ 0% 115%% 72+087% 720%
Ca STH.0+2000 56200 1108+ 05%% 11.8% 35500+ 5000 30700
Ti 115401020 11700 165+ 01%% 1.56%% L65+ 060% 149%%
Mh 2M+160 302 154704+ 600 15490 20050+ 1650 2711.0
Fe L14+008% 1.141% 804+ 1.0% 898% 168+ 20% 1790%
7n 510120 40 1380+145 1200 1105.04 600 13000
Rb 10L0£100 1020 450+75 470 200+1700 2000
S 560+100 508 13650600 13700
7r 26504300 2320 25404260 2560 93,0+ 550 8000

Tahle 1 (Cdd)
McaMephlcecptiite) ACE (grariite) GBRS (dulo)
Hlament Amalysed Catified Aralysed Catified Analysed Catified

valve value value vale vale vale
K 823+ 08P% 8301% 375+ Q1% 32%% 337+ 02% 345%
Ca 690+500 57120 23290+4500 2300 4894049000 420
Ti 102+ 013% 09TR% 625.0+400 6590 4151.0+1100 30560
M 2A550+1500 0140 437.0+£200 490 18004500 1550
Fe 646+05%% 6610% L2+ Q0% L76%% 515+ Q%% 46%%
7n 203,0+250 2000 220+350 240 57.0+100 S50
Rb 130201050 13000 1260200 1520 8504100 200
S 320+ 45 270 1100 +£200 %60
7r B0+50 200 TH.04300 7800

Tahle 2: FDXRE results for the ewiramrental and hid cgical standards and their catified values. Concentrations of elemmts are given in igfg except
for these of rajor elements n %6 Hras ave doe canting statistics

MAG (nrinermd) CRMOG (diveleaves) | CRMOG (ratral skimmilk) | A-11 (AEAmilk powder)
Herot | Ambsed  Catifid | Amhbsed  Catified | Analsed Cattified Amhsed  Catified
value value value value value value value value

L0046 1720
12940042 12%%

1760050 1L78%
126+003P0 1.2P%o

31M.0+1500 30700
16702060 17%%
2760+405 208

K 286+025%  299P%
Ca A00+1150 9791.0
Ti 45400+ 700 4501.0

Mh T400+£500 7590 57.0+£50 57.0 ND 0226 ND 0259
Fe 468+030R 4756 203.0+£250 2815 20+015 206 34+030 3.65
n 125.0+£200 1300 250+£50 160 43.0£380 420

Rb 154.0+120 149.0 ND 0378
Sr 1480+120 1460 120.0+100 300+£245 389
yiy 1200100 1260 31.0+1.80 308

NDx Nt detamrined



