
EG9601714

Second Arab Conference on the Peaceful Uses of Atomic Energy, Cairo 5 • 9 Nov. 1994 AAEA

Analysis of Kidney Stones By Pixe and RBS
Techniques

MM. Al-Kofahi* and A.B. Hallak **
* Arab Atomic Energy Agency, P.O. Box 402, El-Manzah, 1004 Tunis,

Tunisia
Permanent address: Physics Department, Yarmouk University, Irbid,
Jordan
**Research Institute, King Fahd University of Petroleum and

Minerals, Dhahran 31261, Saudi Arabia.

| K, CI, S, P, Si, Mg, Na, F, O, N, C

Abstract

Human kidney stones were analyzed by PIXE and RBS techniques
using 2 MeV He++ beam. The stones were found to contain the
elements : C, N, O, F, Na, Mg, Si, P, S, CI, K, Ca, Fe, Br. Results obtained
by PIXE agree with the results obtained by RBS within experimental
errrors. A mechanism for the formation of the kidney stones is
suggested.

1. Introduction

A major goal for research in biomedical sciences over the last few
decades has been to determine the concentrations of various elements in
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human tissues. In particular, many research has been done to understand
the effects of accumulation of certain elements by some organs, which
results in diseases and disorders in these organs [1,2].

The constituents of the living material are usually divided into three
main groups [3]. The group of major elements, composed of H, C, N, O,
Na, Mg, P, S, Cl, K and Ca; the group of trace elements, composed of F,
Si, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Se, Mo, Sn and I; and the group of
toxic elements, composed of Be, Hg, Pb, U and transuranium elements.

Trace elements are essential for the human being to live an ordinary
life. Both deficiencies and excesses in the concentrations of these trace
elements may result in a number of disorders in the human body. On
the other hand, the toxic elements are known to be very harmful even at
extremely low concentrations. For this reason, elemental analysis
became highly important as a research and diagnostic tool in medicine.

One important disorder, which occurs to many people all over the
world and causes pain and suffering for them, is the formation of
human stones in their living organs, like kidney stones and gallstones.
Therefore, after the removal of these stones from the living body- by
surgery- they are subjected to further analysis and studies by several
techniques to determine their constituents. For example,
deuteron-induced nuclear reactions were used to determine the ratio of
carbon-to-nitrogen concentrations in human urinary stones [4]. Neutron
activation analysis (NAA) was used for simultaneous determination of
the concentrations of the elements: Fe, Zn and Co in kidney stones [5].
NAA was also used to measure the concentrations of toxic elements: in
human hair, kidney cortex, liver and lung [6]. Furthermore, a combined
particle induced x-ray emission (PIXE) and x-ray powder diffraction
(XRD) approach was applied to the analysis of human's kidney stones
and gallstones [7J. Moreover, a procedure based on the combined
application of infrared spectroscopy (IRS) and thin layer
chromatography (TLC) for the analysis of human gallstones was
described in [8j.

In the present work, PIXE and RBS (Rutherford Backscattering
Spectrometry) are used for the analysis of human kidney stones. PIXE
is capable of determining the concentration of elements heavier than
aluminum with the necessary detection limits. RBS, on the other hand, is
used to determine the concentrations of lighter elements, and to double
check the results obtained by PIXE.

1028



2. Experimental
2.1 Sample preparation

Six small kidney stones, with diameters ranging between 7 and 16
millimeters, were dried over silica gel in an evacuated desiccator. After
drying, the stones were ground in an agate mortar to a fine
homogeneous powder (200 mesh on the Taylor scale). The griding of
the sample was essential in order to have homogeneity in three
dimensions throughout its excitation volume. A five ton hydraulic press
was used to compress the powder of the sample into a solid thick pellet
of one inch diameter. The resulting solid pellet is a self supporting
sample, appropriate for both RBS and PIXE analysis.

2.2 Sample irradiation

A 2 MeV He++ beam was obtained from the Tandetron charged
particle accelerator of King Fahd University of Petroleum and Minerals
(KFUPM), Dhahran, Saudi Arabia. This ion beam was used to irradiate
the sample for the combined RBS and PIXE analysis. The sample was
installed at a sample holder inside the RBS/PIXE scattering chamber of
the accelerator. The holder was isolated from the beam tube so that it
behaved as a Faraday cup. The incident beam at the sample holder was
integrated by an ortec digital current integrator. The integrated charge
collected from the sample holder during the run was 50 juC. A carbon
collimator was used in the run to create a small circular beam spot of 4
mm diameter on the sample. The beam current was kept low, at a few
nA, to avoid charging problems to the target due to the insulating nature
of the sample. The vacuum inside the chamber was maintained at about
Ix 10-6 Torr (1 Torr= 133.3 Pa).

2.3 Procedure

To collect the RBS spectra, a Tennelec model PD-50-100-14-CB
surface barrier detector (SBD) was used. The detector was mounted
inside the RBS/PIXE chamber, 24cm away from the samples, at an angle
of 164° with the incident beam axis. The energy resolution of the SBD
was 14 keV for the 5.486 MeV 241 Am line. As for the PIXE spectra, an
ortec model SLP-10180 Si(Li) detector was used. The detector has a
25.4|im beryllium window and an active diameter of 10mm. The
detector was positioned at a distance of 7 mm from the window of the
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chamber, 114 mm away from the sample, in a direction making an angle
of 115° with the beam axis. The window of the chamber was composed
of 63 fig cm-2 Kapton sheet and a graphite filter 1.2 mm thick. The
graphite filter has a hole of 1 mm diameter in its center to permit the
transmission of soft x-rays from the sample to the detector. The energy
resolution of the Si(Li) detector was 175 eV for the 5.9 keV 55Fe Ka
line.

RBS and PIXE spectra were collected at the same time by a Nuclear
Data ND62 multichannel analyzer connected to an IBM-PC computer.
Beside data acquisition, the PC also controlled the motion of a
goniometer carrying the sample holder in very fine steps. At the
beginning of each run, the computer was programmed with the proper
angles for the goniometer to set the sample in the desired position. It
was also programmed with the amount of charge at which data
collection is to be halted. At the end of each run, the PC reads the
collected data from the MCA into a buffer in its memory and stores a
copy of the data on a floppy diskette for later off-line analysis. On-line
data analysis during the runs was done by using the MCA. All of the
data acquisition- processes were controlled by the computer code TOSP
[9]. A block diagram of the signal processing electronics and the data
acquisition system is shown in Fig. 1. More details about the KFUPM
Tandetron and the experimental set-up are given in [10-12].

3. Data Analysis*
3.1 RBS spectra

The RBS spectrum for the kidney stones sample is shown in figure
2. Experimental data were fitted by the code RUMP [13] to find the
relative concentrations of various elements in the sample. The
highenergy part of the kidney stones RBS spectrum has been amplified
50 times to show the contributions of the elements Fe and Br. From
figure 2, it is clear that the constituents of the kidney stones sample are
the elements C, N, O, F, Na, Mg, Si, P, Cl, K, Ca, Fe and Br. In addition to
these elements, there is of course hydrogen in the sample, but the
kinematics prevents its detection by RBS technique (because the H
atoms are lighter than the He++ ions in the incident beam).

3.2 PIXE spectra

The PIXE spectrum of the kidney stones sample is shown in
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figure 3^ The figure shows the raw data for the characteristic peaks of
the elements in the sample, the generated background and the generated
data of the PIXE spectrum. The code TOSP [9] and the PIXAN x-ray
analysis package [14] were used to analyze the spectrum and evaluate
the concentrations of its constituents. TOSP refers to a reference library
stored on the computer hard disk and determines the energies of the
peaks in the spectrum. After that, it proposes the most probable
transitions corresponding to these peaks. The elements identified by
TOSP are used to create the input data files for the PIXAN package.

PIXAN contains two programs; BATTY and THICK. BATTY uses
an input data file and the experimental spectrum to generate the
background and subtract it from the characteristic peaks of the
elements. Then, it uses the same data file and experimental spectrum to
generate the corresponding theoretical spectrum and calculates the peak
areas (Ai) of the elements by least-squares fitting of the two spectra. The
background for the experimental spectrum is obtained by an iterative
procedure that removes peaks and progressively reduces the spectrum to
the background continuum. THICK calculates the expected photon
yield ( Yi) for the elements in the spectrum by using an input file and
referring to reference data banks stored on the computer disk. The
concentration ( Ci) of an element i in mg/kg is found from the equation

Ci=Ai/yi (1)

4. Results and Discussion

From figures 2 and 3, it is clear that the kidney stones sample
contains the elertlents C, N, O, F, Na, Mg, Si, P, S, Cl, K, Ca, Fe and Br.
Concentrations of these elements in the stones sample as obtained by
RBS and PIXE analysis are listed in table 1. The table lists also the
experimental error in each of the measured concentrations. Errors in the
RBS results are based on the counts and the least squares fitting of the
spectrum by the code RUMP [13]. There is no significant background
in the RBS spectrum owing to good collimation between the sample and
the surface barrier detector. For the PIXE results, errors are based on the
number of counts and on the least squares fitting of the peak areas,
which includes the uncertainties in background subtraction. It can be
seen from table 1 that RBS and PIXE results are consistent within the
experimental errors.
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Figures 2 and 3 and table 1 show that the main components of
the kidney stones sample are C, O, N, Ca, Mg, F, P and S. This reveals
that the main possible inorganic constituents of the sample, which might
play important roles in the formation of kidney stones, are calcium
carbonate [CaCO3J, calcium oxalate [CaC2C>4.H2O], hydro-xyapatite
[Caio (PO4)6 (OH)21, brushite [CaHPO4.2H2OJ and struvite
[MgNH4PO4.6H2O]. This conclusion is in agreement with previous
work [7]. The presence of Mg can be attributed to the formation of
dolomite [CaMg(CO3)2]. Dolomite is formed by the reaction of CaCC>3
with Mg rich brines in the kidney.

The low concentration of Si in the sample suggests that it may
contain quartz (S1O2). Likewise, the presence of S with Ca and O
suggests that the sample may have some gypsum [CaSO4.2H2O] among
its constituents. The presence of Na, Cl and K in the sample can be
attributed to the formation of halides (NaCl and KC1) in ionic form
during initial precipitation stage. These may be important in the
formation of gypsum and in controlling the precipitation process in an
equilibrium regime [15]. The presence of F may be attributed to the
formation of CaF2 in the kidney stones. Finally, the presence of Fe and
Br in low concentrations indicates that these elements are scattered in
kidney stones as impurities or as inter growths inside the constituents of
the sample.

The crystalline composition of kidney stone samples was
determined by Pougnet and Peisach [7] using XRD and PIXE
techniques. But the concentrations of elements lighter than Ca were not
measured in their work, due to the inherent incapability's of XRD and
PIXE at low z. For this reason, RBS technique was used in the present
work to overcome this problem and identify the light constituents of
the stones. These light constituents which were identified by RBS are
shown in table 1. They include the elements C, N, O, F, Na, Mg, Si, P, S,
Cl and K.

The results of the XRD, PIXE and RBS analysis of kidney stones,
reported here and in [7], may suggest that a kidney stone is formed by
the initial precipitation of an apatite [Caio(P04)6(OH)2l nucleus in the
core followed by the deposition of struvite [MgNH4PO4.6H2O] layers
on this core, with gypsum [CaSC>4.2H2O] and quartz [S1O2J as binding
agents.
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Table 1: Constituents of Kidney Stones Sample and Their
Concentrations by Weight (WT% OR PPM).

Elements

C

O

N

Ca

Mg

F

P

S

K

Si

Na

a

Fe

Br

RBS result

45.1294%

20.9022%

8.4492%

8.3356%

4.2393%

3.0136%

2.6050%

1.4723%

1.1061%

8495ppm

4919ppm

2552ppm

1175ppm

333ppm

Error (+/-)

1.3921%

0.1092%

0.0548%

0.0445%

0.0331%

0.0215%

0.0409%

0.0247%

0.0353%

94ppm

212ppm

56ppm

75ppm

102ppm

PIXE result

—

—

—

8.2490%

—

—

2.5128%

1.4228%

. 1.0835%

7932ppm

—

2608ppm

1151ppm

285ppm

Error (+/-)

—

—.-

—

0.0226%

0.1285%

0.04721%

0.0262%

612ppm

—

92ppm

34ppm

42ppm
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Fig. 1 : A block diagram of the electronic setup for signal processing
and data acquisition.
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Fig. 2 : RBS spectrum of the kidney stones sample. The higher ener-
gy part has been amplified 50 times to show the contribution
of the Elements Fe and Br.
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Fig. 3 : PIXE spectrum of the kidney stones sample. The higher en-
ergy part has been amplified 10 times to show the contribu-
tion of the Elements Fe and Br.
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