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16.3 Applications in Medicine 

16.3.1 The application of a combined PIXE and XRD approach to the 
analysis of human stones 

M A B Pougnet*, M Peisach and A L Rodgers$ 

* Present address: Dept Analytical Science, UCT 
§ Physical Chemistry Dept, UCT 

The suitability of PIXE for the analysis of human stones has been 
demonstrated {1}. In a search for correlations between the elemental 
composition of trace elements in the stones and the stone types with 
relation to their growth pattern, a combined PIXE and X-ray diffraction 
spectrometry (XRD) approach was implemented. 

Stones were cut with Ti blades in order to reduce contamination, and 
the exposed surfaces were scanned using beam spots of 0.5 - 1.0 mm 
diameter. The X-ray yield from Ca, a major (matrix) component, was 
so high that relatively thick absorbers were used to reduce the Ca signal 
intensity. As a result, the elements below Ca could not be determined. 
To obtain improved sensitivity for the heavier metals, a proton beam 
energy of 4.0 MeV was chosen. The elements determined were Ca, Mn, 
Fe, Cu, Zn, Pb, Br, Rb and Sr. Small samples from selected areas were 
removed for XRD to identify the crystalline constituents present. 

It was found that while some stones were relatively homogeneous, others 
showed marked variation across the stone, as for example, a large kidney 
stone showed a variation of Ca concentration from 2% to 207. by mass. 
In this case XRD showed the matrix to consist mainly of apatite in the 
central core but included layers containing struvite. This points to 
the danger of analysing stones by sampling a small fragment. 

Different elemental concentration patterns were found in the various 
types of stones. Such patterns for a kidney stone are shown in figure 1. 
In order to retain simultaneously the variation of relative concentration 
across the scan and to represent the elemental concentrations on a single 
scale, the values were unitized according to the relationship 

Cmeas " ^min 
crel * 7 c . 

^max ^min 
where the subscripts rel, meas, max and min refer respectively to the 
plotted relative concentration, the measured concentration at each point, 
the maximum concentration for that element over the whole scan and the 
corresponding minimum. On this scale, each elemental concentration 
is plotted over the range 0 - 1 . The experimentally determined values 
may be deduced from maxima and minima in the figure caption (figure 1). 
Positive correlation was established between Zn, Sr and Pb with the 
Ca content in some kidney stones, while Rb showed marked negative 
correlation. 



211 

0.0 UQ SO 12.0 16.0 20JO 240 28.0 32.0 360 40.0 

POSITION (mm) 

Fig. 1 Concentration profiles of a kidney stone. "Core" composed 
mainly of apatite and some calcium oxalate with struvite around 
the core. Measured minimum and maximum concentrations were 
Cat 2-207,, all other concentrations in yg g"1, Fes 10-40, 
Znt 60-1020, Rb» 2-40, Sn 20-530, Pbs ND - 30. 
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The combination of scanning PIXE and XRD has proved to be an advance 
in the methodology of stone analysis and may point to the growth pattern 
in the body. 
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16.3.2 Analysis of urine by PIXE 
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The role of trace elements in biomedical and environmental processes 
has in recent years become the subject of considerable interest. The 
exact role of trace elements in the formation and growth of urinary 
stones is not fully understood. For example, it is known that certain 
elements inhibit or promote the solubility of calcium oxalate, a common 
constituent of stones. It is therefore of interest to develop sensitive 
multi-elemental techniques suitable for analyses of urine, urinary 
crystals and urinary stones. 

The method of thin film PIXE for direct urine analysis was evaluated. 
The elements Cl, K, Ca and Br can easily be determined at normal levels. 
However, Fe and Zn, although detectable, cannot be quantified accurately 
due to impurities of these elements in the target support material. The 
technique also lacks sensitivity for other trace metals in "normal" urine 
without preconcentration. 

A procedure for preconcentrating the trace metals in urine was 
investigated. The organic matter was first oxidized by acid digestion 
and the mineral residue was freeze-dried and pelletized. The levels 
of trace elements were found to be appreciably higher. 

Electron microscopy is being used to study urinary crystals that are 
thought to be responsible for the formation of urinary calculi. An 
attempt has been made at determining the trace element contents of urinary 
crystals by PIXE with the aim of understanding the distribution of these 
elements in urine i.e. inorganically bound in the crystals or soluble 
forms and organically bound. Suspended particles in urine were collected 
by centrifuging onto 0.22 pm filters which served as target backing 
for PIXE analysis. Elements detected in the sediments were K, Ca, Fe, 
Ni, Cu, Zn, Br, Sr and Rb. One of the trends observed was that in all 
cases, Cl was not detected in the sediments and appeared to be 
concentrated in the supernatant phase (possibly present as NaCl). Owing 
to the complexity of the urine system it has been difficult to isolate 
"pure" crystals and the problem is worsened by the process of ageing 
of the specimen which causes degradation and precipitation. 

Efforts are continuing firstly to solve the analytical problems concerned 
and secondly to design suitable experiments that would provide information 
about the occurrence and istribution of trace elements in urine. 


