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Abstract— This study shows that twenty-six elements (Na, Mg, 

Al, Si, S, Cl, K, Ca, Ti, Cr, Mn, Fe, Ni, Cu, Zn, Ga, As, Br, Rb, Sr, 

Y, Zr, Nb, Ba, Hg, and Pb) in very small quantities of international 

atomic energy agency standard reference materials (IAEA-SRM-

Soil-7, IAEA-SRM-SL-1, IAEA-SRM-SL-3), national institute of 

standard and technology standard reference materials  (NIST-

SRM-1633b and NIST-SRM-1632b ) are determined by particle-

induced x-ray emission (PIXE) with reasonable accuracy. PIXE 

also applied to the determination of multi-elements in soils and 

sediments of Bangladesh. This study shows that PIXE using the 

powdered internal standard method can be used for the rapid 

identification of the environmental pollutants especially elevated 

levels of chromium and arsenic in soils and sediments of 

Bangladesh. 

Keywords— PIXE • IAEA and NIST SRM • Soils • Sediments• 
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I. INTRODUCTION 

During the last few decades, reactors and accelerators have 

been using for the development of numerous analytical 

techniques to determine the multi-elements in different sample 

matrices. There are two non-destructive techniques of neutron 

activation analysis: instrumental neutron activation analysis 

(INAA) and prompt gamma-ray analysis (PGA) [1-5, 21]. 

Multi-element analysis can be also performed by particle or 

proton-induced X-ray emission (PIXE) using an accelerator, 

which is based on the detection of characteristics X-ray. PIXE 
has become an effective technique in the multi-element analysis 

of both thick and thin target samples [6]. Recently, PIXE has 

been accepted among researchers in the field of bio-medicine 

owing mainly to its high sensitivity with simultaneous, multi-

elemental analysis of the exceedingly small amount of samples 

[7]. Nowadays, researchers have been using PIXE for elemental 

concentrations (especially high Z-elements) determinations in 

powdered samples and the field of study has been growing 

rapidly in versatile matrices. It becomes more strong, 

indispensable, and popular methods for materials 

characterizations. The research for analysis of heavy matrix 

elements in soil, ash, and aerosol is very essential in numerous 

fields (mineralogy, geology, environmental science, and 

archaeology, etc.) [8]. It is necessary to get the mean 
concentration of constituents in geological rock samples, a 

certain amount of matrix need to be taken and grinding it to a 

fine powder. It was very difficult to analyze quantitatively such 

types of the powdered sample by PIXE, but X-ray fluorescence 

analysis was usually used for this determination. Though the 

sample preparation process is simple for X-ray fluorescence 

analysis until now it is rather complicated with respect to PIXE 

analysis. Additionally, a very small amount of sample is 

required for PIXE analysis (less than a few mg) on the other 

hand, X-ray fluorescence analysis requires generally more than 

0.5 g sample. Moreover, PIXE has better sensitivity than the X-
ray fluorescence analysis. Therefore, for analyzing powdered 

samples by PIXE, a suitable method for sample preparation is 

essential to be developed. A powdered internal standard method 

is developed by Sera K et al. [9] combining with correction for 

the self-absorption of X-rays to environmental, geological, and 

biological samples.   It was found that the method is very 

effective even the target is thick enough in which the particles 

overlap with each other. The method is also applicable for 

samples prepared by grinding of different particles size.     
The objective of this work is to determine the multi-elements 

in geological samples (sediments & soils) of Bangladesh by 
PIXE using the powdered internal standard method developed 
by Sera K et al. [9]. Since the environmental pollution problem 
has been becoming worst day-by-day in Bangladesh. Chromium 
and arsenic are highly toxic elements and long term exposers by 
both these elements can cause serious adverse effects on human 
health. It is obviously needed to find out the more accurate and 
rapid method for environmental sample analysis to detect the 
sources of pollutants (e.g. As and Cr). If it is seen that PIXE as 
well as powdered internal standard method is suitable for 
geological sample analysis, then in future this method can be 
applied in parallel to INAA to overcome the national pollution 
problem in the right perspective. IAEA geological standard 
reference materials are being used as a standard for many 
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research purposes in the different laboratories of the world. But 
in the IAEA-SRM-Soil-5, Soil-7 and lake sediment SL-1 and 
SL-3 some major, minor, and trace constituents have not 
certified [10-13]. So, this study also emphasizes the 
determination of the non-certified trace, minor and major 
elements in that SRM’s using PIXE and finally to compare with 
other methods (INAA, PGA). 

II. PRINCIPLES OF PIXE 

While a target material is being irradiated using an 

accelerator, the characteristic X-rays emitted from the material 

is to be detected in PIXE. A charged particle, which is produced 

in an accelerator, loses energy mainly by exciting electrons in 

the atoms as it passes through the material. An unstable electron 

atomic configuration has occurred while the electrons in the 

inner shells of the atom (mostly the K and L shells) are given 

adequate energy to them to be ejected. To fill these vacancies, 

electrons are ‘drop-down’ from higher shells of the atom and 

consequences of these discharges excess energy in the form of 

X-rays. Therefore, these characteristic X-rays can be used to 

identify of the elemental composition. Then again, the majority 
elements in the matrix down to nearly 1 ppm (part-per-million) 

can be determined by measuring the intensities of characteristic 

X-rays. Protons produced from an accelerator of 2-3 MeV is 

generally used for sample irradiation purposes. The yield of X-

ray production for proton impact as a function of proton energy 

is given by  

𝜎𝑝 = 𝜎𝑖𝜔𝑘  

where 𝜎𝑖  represents the ionization cross-section, 𝜔  is the 

fluorescence yield and 𝑘 is the relative line intensity of possible 

transitions to fill an inner-shell vacancy.

 
The product of the electron binding energy squared (𝑢𝑖

2) 

and the ionization cross-section ( 𝜎𝑖), 𝑢𝑖
2𝜎𝑖  is plotted (y-axis) 

versus the expression 𝑇 𝜆𝑢𝑖⁄  (x-axis), where T is the proton 

energy and  is the ratio of the proton mass to the electron mass. 

The K and L ionization cross sections are obtained from the y-

axis (a plot of the K and L ionization cross sections in proton 

impact) [14]. 

By means of heavy-ion impact, the yield of X-ray production 
can be increased. With identical velocity ions, the cross-section 
for X-ray production is proportional to Z2 (Z represents the 
atomic number). 

III. EXPERIMENTAL PREPARATION OF THE SAMPLES 

The samples analyzed in this work using PIXE are listed in 

Table 1. At first a few hundred grams of soil samples were 
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collected from different areas of Bangladesh. The sediment 

sample was collected from the tannery industry area of 

Bangladesh. At first the soil and sediment samples were 

naturally dried in a clean room separately and then each sample 

was again dried in an oven at a temperature of about 500C until 
they attained constant weight. An agate mortar was used to 

make powder samples from the dried each soil and sediment 

samples separately for ensuring the homogeneity of the 

samples. The IAEA-SRM-Soil-7 was an aliquot of a 

homogeneous powder prepared by IAEA [11]. Other IAEA 

standard reference materials were also originally supplied as a 

homogeneous powder. Standard reference material coal fly ash 

1633b and bituminous coal 1632b were a homogeneous powder 

prepared by the NIST, Gaithersburg, USA. 
For PIXE analysis, about one hundred mg of sample and 

about 10 mg palladium-carbon (5% palladium) powder (added 
as an internal standard) were homogenized in an agate mortar. 
To prepare the thinnest target, around 0.1 mg of powder sample 

to be taken and putting it onto a 4 m-thick polypropylene (pp) 

film (pp film was previously fixed on the 500 m thick Mylar 

holder by glue), and approximately 1 l of 10% collodion 
solution diluted with ethyl alcohol to be dropped onto it for 
fixing and smoothing. To avoid the overlapping of the small 
particles with each other the procedure mentioned earlier was 
used for the preparation of very thin targets. 

IV. SAMPLE IRRADIATION BY BABY CYCLOTRON AND 

COUNTING 

Japan Radioisotope Association (RIA) has established a baby 
cyclotron (small size) at Nishina Memorial Cyclotron Center 
(NMCC) for positron emission tomography (PET), Cyclotron 
Research Center, Iwate Medical University, Takizawa, Japan. 
This facility also uses for material characterizations and other 
research works. This baby cyclotron delivers a 2.9 MeV- proton 
beam on a target after passing through a beam collimator, which 
defines spot size of the beam. In this study it was 6 mm in 
diameter. Proton beam with 2.9 MeV from this baby cyclotron 
was used for the bombardment of thin target film. Silicon lithium, 
Si (Li) semiconductor detectors coupled with multi-channel 
analyzers were used for the detection of induced characteristic X-
rays and spectra analysis. Two-detector measuring system 
reported by Sera K et al. [7] was used for simultaneous 
measurement of multi-elements (as shown in Fig. 1). For the 

detection of X-rays of energy greater than those of K-K the No. 
1 Si (Li) detector (0.025 mm Be window and a 6 mm active 
diameter) with a 500 µm-thick Mylar absorber (in some cases the 
Mylar absorber thickness were varied) was used. For the 
measurement of lower-energy X-rays No. 2 Si (Li) detector 
(0.008 mm Be window & a 4 mm active diameter) without absorber 
but with an X-ray collimator was simultaneously used. 
Measurements were carried out by irradiating a sample from the 
back and the front side of the target with respect to the No. 1 
detector in this study. The detailed geometric arrangement is 
shown in Fig. 1. Iterative calculation using the ratio of 
calcium concentration achieved from the back irradiation to 
that from the surface irradiation was used to get the effective 
thicknesses for self-absorption of the targets. Typical beam 
currents were few nA for the thinnest sample. The typical 
measuring time was 5-15 minutes in this work. 

V. SPECTRUM ANALYSIS BY SAPIX 

The data acquisition system with two detectors are shown in the 
schematic diagram Fig. 2. Japan NEC PC-9801 personal 
computer was used for receiving the spectrum data from the 
two-pulse height analyzer (PHA). The computer code SAPIX 
developed by Sera K and Futatsugawa S [15] was used for 
spectrum analysis. In the present investigation the elemental 
concentrations in all samples were calculated using the 
quantitative software package SAPIX. 

 
Fig. 1 Geometric arrangement of a proton beam, a target and the two Si (Li) 

detectors 

 

 

 

 
Fig. 2 Schematic diagram of the data acquisition system with two detectors 

VI. RESULTS AND DISCUSSION 

A. Accuracy of the analytical results: 

In order to assess the accuracy of the PIXE method, IAEA 
standard reference material Soil-7 and NIST standard reference 
material 1633b (coal fly ash) were analyzed two times. The 
analytical results are shown in Table 2. The analytical results 
for these samples were also compared with the literature values 
(shown in Fig. 3 and Fig. 4). From Fig. 3 it is seen that the 
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elemental concentrations of Al, Si, Ca, Mn, Fe, Zn, Rb, Sr, Y, 
Zr, Nb and Pb in IAEA-SRM-Soil-7 are consistent (within 
10%) with the literature values. The concentration of K, Ti 
and As in IAEA-SRM-Soil-7 are in agreement (within 20%) 
with the literature values. The concentration of major 
elements Na and Mg are largely deviated from the literature 
values although the literature values are not certified. Fig. 3 
also shows the reproducibility of the data of this sample. The 
reproducibility of the data of this sample is in general not 
good. Probably due to the difficulty of the preparation of very 
thin and uniform film of the target or due to difficulty of 
preparation of   very    fine soil    powder    sample for    PIXE                    

experiment. The elemental concentrations of multi-elements 
in NIST-SRM-1633b (coal fly ash) are compared with the 
literature values (shown in Fig. 4). This figure shows that the 
concentrations of most of the elements except Na, Mg and Pb 
are in generally consistent within 20% of the literature values. 
The data reproducibility of this sample is in generally very 
good except Fe. The cause might be difficult to prepare very 
fine powder since iron is metal. This study shows that the 
determination of toxic trace (few ppm) element Cr in soil 
sample and coal fly ash is not reliable by PIXE. The other 
toxic trace element as in soil sample and coal fly ash can 
determine by PIXE with reasonable accuracy. 

 

 
 

VII MULTI-ELEMENT ANALYSIS IN THE IAEA AND NIST 

STANDARD REFERENCE MATERIALS (SRM) 

The concentrations of multi-elements in lake sediments 
IAEA-SRM-SL-1, IAEA-SRM-SL-3 and bituminous coal 
NIST-SRM-1632b were determined in this study by PIXE 
are shown in Table 3 and Table 4 with literature values. The 
concentration values for all elements in IAEA-SRM-SL-1 
and IAEA-SRM-SL-3 were also plotted for comparison with 
those reported in the literature (shown in Fig. 5). In IAEA-
SRM-SL-1 the literature values for the elements Ti, Mn, Fe, 
Zn, As, Rb and Ba are recommended with a high degree of 
confidence but the literature values of all other elements in 
this sample are information values (shown in Table 3). From 

Fig. 5 it is  seen that the concentrations determined in this 
study for the elements Ca, Ti, Cu, Zn, Ga and Rb are good 
agreement (±10%) with the literature values [12]. On the 
other hand concentrations for K, Mn, Fe, As and Sr are 
consistent within ±20% of the literature values [12]. The 
concentration values of Na, Mg, Al, S, Cl, Cr, Br, Y, Zr, Ba 
and Pb in IAEA-SRM-SL-1 determined in this study are 
largely deviated from the literature values. Since the 
literature values of these above mentioned elements except 
Ba are information values only so probably the large 
deviation of the concentrations of these elements is for that 
reason. From Table 3 it is seen that in IAFA-SRM-SL-3 the 
literature values of K, As, Rb and Sr are recommended 
values, all other elements listed in that table are information 
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values and there are several elements have no literature 
values. Figure 5 shows that in IAEA-SRM-SL-3 the 
concentrations of K, Ti, Cr and Sr determined in this study 
are in good agreement (±10%) with the literature values [13]. 
The concentration values of Fe, Rb and Ba are consistent 

within ±20% of the literature values. The other elements 
concentrations in this sample are largely deviated from the 
literature values. These large deviations are most probably 
due to the unreliable literature values (information values).  

 

 

 
 

Fig. 3 Comparison of elemental concentrations determined in IAEA-
SRM-Soil-7 with literature values and reproducibility of the data for 
different irradiations at the same position on different days 

 

 

 
 

Fig. 4 Comparison of elemental concentrations determined in NIST-
SRM-1633b with literature values and reproducibility of the data for 
different irradiations at the same position on different days 
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Fig. 5 Comparison of elemental concentrations determined in lake 

sediments IAEA-SRM-SL-1 and IAEA-SRM-SL-3 with literature values 

The multi-elements concentrations determined in this 
study in NIST-SRM-1632b (bituminous coal) are shown in 
Table 4. The concentrations of multi-elements were plotted 
for comparison with the literature values (shown in Fig. 6). 

From this figure it is seen that very few elements (S, Cl, K, 
Rb and Sr) are agreement (within ±20%) with the literature 
values. The concentrations of other elements are not 
consistent with the literature values. The inconsistent of the 
elemental concentrations with the literature values most 
probably due to the difficulty of the coal sample preparation 
(very thin film) for PIXE. 

VIII MULTI-ELEMENT ANALYSIS IN THE SOILS AND 

SEDIMENTS OF BANGLADESH 

The concentrations of multi-elements (Na, Mg, Al, Si, S, Cl, 
K, Ca, Ti, Cr, Mn, Fe, Cu, Zn, Ga, As, Br, Rb, Sr, Zr, Nb, Ba, 
Hg and Pb) in soils and sediments of Bangladesh were 
determined in this study by PIXE. The analytical results are 
shown in Table 5. It is seen that the concentration of toxic 
element Cr in soil sample is very low on the other hand in the 
tannery sediment (No. 11) it is very high and is consistent 
(within ±15.7%) with the INAA value determined by Latif SA 
et al. [19]. The concentration of Cr in river (Gheore, 
Manikganj) sediment is not so high compare to tannery 
sediment. This study again reveals that the  elevated 
concentration of Cr in that tannery sediment sample is due 
to anthropogenic contamination. This study also shows that 
the higher levels of Cr can be easily determined in sediments by 
PIXE. The elevated levels of another toxic element As were 
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determined in the soil samples (No. 18 & 19, near tube-well) 
collected from Comilla district. This study shows that the higher 
levels of As in that soil samples may be due to the direct 
contamination of the tube-well water. The concentration of As in 
the tannery sediment (No. 11) is consistent (within ±14.3%) 
with the INAA value determined by Latif SA et al. [19 ]. This 
study further reveals that the higher levels of As can be 
determined in soils and sediments by PIXE. 

CONCLUSION 

This study shows that 26 elements (Na, Mg, Al, Si, S, Cl, K, 

Ca, Ti, Cr, Mn, Fe, Ni, Cu, Zn, Ga, As, Br, Rb, Sr, Y, Zr, Nb, Ba, 

Hg and Pb) in very small amounts of IAEA-SRM-Soil-7 are 

determined by PIXE with reasonable accuracy. The 

l i tera ture  value s  [11]  for  most  of  the  e le me n ts  

me nt ioned above o f  the  IAEA-SRM-Soil-7 sample are 
non-certified except Cr, Mn, Cu, Zn, As, Rb, Sr, Y, Zr and Pb. 

This study reports the concentration of the elements in the 

investigated IAEA and NIST standard reference materials for 

the certification especially for the non-certified elements. 

Recently, PIXE as well as XRF methods were applied for 

the assessment of contaminants in aerosols by Diaz et al. 2014 

[20].  Since PIXE is also an online process and multi-element 

character then it can be used for determining the elevated levels 

of toxic element arsenic and chromium as well as other 

elements in soils and sediments. This study also shows that 

PIXE using powdered internal standard method developed by 
Sera K et al. [9] is an alternative method of INAA for the rapid 

identification of the environmental pollution problem due to 

higher levels of chromium arises from tannery industries as 

well as other sources and elevated arsenic contamination 

problem in Bangladesh. 
 

 
 

Fig. 6 Comparison of elemental concentrations determined in NIST-

SRM-1632b with literature values 
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