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ABSTRACT 
An inherent feature of all electron-excited x-ray spectra is 

the presence of a background upon which the characteristic 
peaks of interest are superimposed. To extract the x-ray 
intensity of the characteristic lines of interest, it is 
necessary to subtract this background, which may be due to both 
specimen generated Bremsstrahlung and extraneous sources, from 
a measured x-ray spectrum. Some conventional methods of 
background subtraction will be briefly reviewed. It has been 
seen that these conventional methods do not give sufficiently 
accurate results in biological analysis where the peaks of 
interest are not well-separated and most of the peaks lie in 
the region where the background is appreciably curved. Ar. 
alternative approach of background subtraction for such samples 
is investigated which involves modelling the background using 
the currently available knowledge of x-ray physics and energy 
dispersive detectors. This method is particularly suitable for 
biological samples as well as other samples having an organic 
matrix. 
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1. INTRODUCTION 

A number of techniques have been used for quantitative thin 
film analysis [1]. One approach, which is used for quantitation 
is the ratio method 12]. This method, which compensates for the 
variation of x-ray intensity with specimen thickness, is 
suitable for specimens in which all elements emit a detectable 
characteristic line. However, for biological specimen, this 
method only allows quantitation of elemental ratios rather than 
absolute concentrations. Another analytical approach which can 
be used for the microanalysis of thin biological specimens, 
provided suitable standard data is available, is called the 
continuum normalization (CN) method [3]. The advantages of the 
method are that concentrations obtained are independent of 
variation in section thickness and density, which are difficult 
to determine accurately, and it yields absolute values of dry 
weight concentrations even though some elements (such as C, 0, 
N, H, etc) may produce no detectable characteristic lines (when 
Be windowed detector is used). 

The derivation of quantitative data is based on the fact 
that the characteristic x-ray intensity is proportional to the 
number of atoms of the element in the volume of the sample 
excited by the electron beam, and the Bremsstrahlung intensity 
is a measure of mass thickness provided the samples are thin. 
Hence, accurate measurement of Bremsstrahlung is required for 
quantitative analysis of thin biological sections by the C.N 
method. The intensity of part of the Bremsstrablung (White 
Window) can be used as a measure of specimen mass thickness and 
the intensity of characteristic lines is used to quantify 
elemental concentration if these can be accurately separated 
from the background beneath. There are several conventional 
ways to separate the background beneath the characteristic 
peaks. However, these methods perform well provided the 
background variation is slow. Therefore, sufficient accurate 
results can not be obtained if the peaks of interest lie in the 
region of the spectrum where background variation is not slow. 
X-ray production theory and a knowledge of the detector 
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efficiency response will be used to model the background as an 
alternative way of extracting peaks from the background. 

As the theoretical Bremsstrahlung shape is a weak function 
of the mean atomic number of the specimen, a single background 
shape should fit spectra from all biological specimens since 
their mean atomic number lies in the range 6 to IS. In this 
report this possibility is examined and results are compared 
with the conventional technique for measuring the background 
using windows [4]. A typical biological problem has been used 
to provide spectra for this investigation. 

2. BACKGROUND SUBTRACTION PROCEDURES 

To achieve accurate quantitation of the elemental 
composition from an x-ray spectrum, the first requirement is 
that the recorded spectrum is truly representative of the thin 
sample under analysis. Normally, thin sections are supported on 
some form of hydrocarbon (e.g nylon) foil, which, as well as 
surrounding solid material (Ti or Cv), contribute to the 
measured spectrum. Therefore, in a spectrum measured from a 
thin biological section, two types of Bremsstrahlung are 
included. One is thin sample Bremsstrahlung and other is 
non-sample Bremsstrahlung. Latter must be subtracted from the 
measured one to get true thin sample Bremsstrahlung which can 
then be subtracted in order to get characteristic peak data. 

2.1. Non-Sample Bremsstrahlung Correction 

Evidently non-sample Bremsstrahlung will reduce the peak to 
background ratio and reduce the detectability of the elements 
being analysed. Also the shape of "bulk" (solid material) 
Bremsstrahlung is different from thin specimen Bremsstrahlung, 
therefore, a correction needs to be made for the bulk to obtain 
a good fit to a theoretical thin specimen background. If part 
of the Bremsstrahlung is used for measurement of specimen mass 
thickness as in the CN method, then erroneous results may be 
obtained. However, one of the experimental difficulties in 
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application of the CN method is the separation of thin specimen 
Bremsstrahlung. Methods of minimizing the instrumental 
contribution to the measured x-ray spectrum have been discussed 
extensively in the literature [5,6,7]. 

In order to reduce and identify the sources of extraneous 
background, Nicholson et al [8] have redesigned all 
instrumental parts of this microscope which either generate 
x-rays or scatter electrons towards the detector. New parts 
have been made from a low atomic number material typically, Ti, 
to ensure that all solid materials which contribute x-rays to 
the spectrum produce a detectable characteristic line. By using 
the intensity of these lines, the instrumental contribution to 
the individual recorded spectrum can be estimated and then 
subtracted [9], 

The procedure of correcting the collected spectrum for 
instrumental Bremsstrahlung is to record a spectrum from the 
pure solid material under the same instrumental conditions, 
i.e., accelerating voltage and the # specimen detector geometry, 
as used for the specimen. This solid spectrum may then be 
scaled so that its characteristic peak (Ti K ) has the same 
height as that of the measured thin spectrum to be corrected, 
and then this scaled spectrum is subtracted from the measured 
one. Thus a pure thin specimen spectrum is left (see figure 1). 

It must be noted that in this correction procedure the 
assumption is made that the solid Bremsstrahlung shape is the 
same in the two (pure and measured) cases. The pure solid 
spectrum is recorded with mono-energetic electrons and . also the 
angle between the beam and solid surface and take off angle of 
x-rays are well defined. On the other hand, the stray solid 
contribution to the specimen spectrum is generated by electrons 
often multiply scattered through a range of angles and range of 
energies. Thus, the intensity and shape of the Bremsstrahlung 
when normalized to the characteristic line will be, to a first 
approximation, the same as the pure solid spectrum. However, a 
simple method for demonstrating the success (or otherwise) of 
the solid correction procedure is to determine that how well 
the resulting corrected spectrum represents a thin specim o; 
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that is, by examining whether the experimental spectrum fits to 
that predicted theoretically when an appropriate scaling factor 
is applied. Details of this procedure will be given in the 
later section of the report. 

The foil supporting the thin sample, being mainly 
hydrocarbon, will also contribute Bremsstrahlung but no or very 
few characteristic x-rays to the measured spectrum. The 
Bremsstrahlung from the support foil can be estimated by 
putting the beam directly on the bare support foil (nylon in 
this work). When the beam is directed on to the nylon foil, the 
Bremsstrahlung is generated within the foil, and also within 
the bulk surrounding the foil by electrons scattered from the 
foil, which can be corrected in the same way as that corrected 
from the specimen. 

There is some error in measuring the foil contribution, 
since these measurements must be made on regions of the foil 
surrounding the specimen. For a typical thin specimen of 100 nm 
soft (or embedded) tissue supported on a 30 nm organic film, 
the Bremsstrahlung intensity from the support film is about one 
third that due to specimen, since their densities and mean 
atomic numbers are similar. However, support foils are 
generally very uniform, so that several measurements may be 
taken from the different areas of the foil to keep the error in 
this correction procedure close to that due to counting 
statistics, and then can be averaged. This correction procedure 
requires that the live time and the beam current of this 
average spectrum be normalized to match the measured spectrum 
live time and beam current. 

In general the thin specimen Bremsstrahlung can be given as, 

W = W - W , - W (1) 
specimen measured solid(s) support 

The separation of the non-sample Bremsstrahlung from the thin 
sample Bremsstrahlung in a measured spectrum, may be done on 
channel by channel basis [9] or a simple numerical factor may 
be used to perform the correction [10]. 
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2.2. Sample Bremsstrahlung Correction 

Several different methods have been developed for separating 
the characteristic signal from the background contribution in 
an EDX (Energy Dispersive X-ray) spectrum. One of these 
methods, known as frequency filtering [11], takes advantage of 
the fact that the background is a slowly varying function of 
energy to differentiate it from the faster varying 
characteristic peaks. The separation is achieved by takinj the 
Fourier transform of the spectrum and removing the low 
frequency components. Then the inverse transform is taken, the 
residual thing is the characteristic signal. 

Another method, known as iterative stripping procedure [11], 
removes the characteristic peak in stages until no discernible 
peak can be detected above the background. 

Ekelund et al [12] have reported a fast and simple procedure 
for the evaluation of net intensities from EDX spectra, known 
as selective partitioning method. This method is based on some 
assumptions, namely, the detector resolution is known, the 
position of the peaks of interest in the spectrum is known, the 
peaks are of Gaussian shape, the background varies linearly 
below each peak and the peak overlaps can be corrected by using 
the partition functions of parent peaks. 

Another method, a simple interpolation and extrapolation 
method [4], is based on background windows. The background 
under the peak of interest is estimated by setting background 
windows on either side of the peak. The most critical part of 
this procedure involves the difficulty of setting windows which 
truly measure the background. When peaks are well separated, 
this presents little problem. However, when peaks are not well 
separated (as is often the case in a biological spectrum), the 
problems are severe. Difficulties are also encountered when the 
peaks have large tails on the low and high energy sides due to 
incomplete charge collection and pulse pile-up respectively 
(see figure 2). 

It may be seen that all these method? do not require a 
priori knowledge of the form of the background and perforrr well 
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provided the background varies only slowly in the Vicinity of 
the peak of interest. The background varies slowly with energy 
in the region above 3 KeV photon energy. However, in the low 
energy part of the spectrum the detection efficiency rapidly 
decreases (see figure 3) and hence the rate of background 
variation is not slow in this region. 

3. BACKGROUND SUBTRACTION BY THEORETICAL MODELLING 

The overall accuracy of the analysis could be improved by 
improving the background subtraction procedure. Strictly 
speaking, in order to remove a background correctly, the true 
shape of the background is necessary to be known. The precise 
shape of the Bremsstrahlung can be calculated by the use of 
modified Bethe-Heitler (MBH) Theory [13] down to 500 eV photon 
energy [14]. Therefore, it is possible to perform a direct fit 
to the peak free regions in the spectrum and, in principle, it 
can then be subtracted to get the characteristic peak data. 

Although the intensity of the Bremsstrahlung generated in 
thin specimen increases approximately as Z , the shape is a 
weak function of mean atomic number of the specimen (see figure 
3). In this figure the thin Bremsstrahlung shape (with detector 
efficiency correction) of soft tissue (Z^6) is scaled in the 
energy region 7-14 keV, to that from hard tissue (Z~15). It can 
be seen that there is some difference in the two values in the 
low energy end; however this becomes negligible when scaled to 
the experimental data. 

Therefore, for a range of atomic number (Z) in the 
biological samples (Z*j6 to 15), i single theoretical background 
shape should fit well to the experimental background, from all 
thin specimen spectra, for a given electron energy and x-ray 
detector geometry. MBH predicts a continuous rise in intensity 
with decrease in photon energy, but in practice absorption in 
x-ray detector window modifies the shape below 3 keV (see 
figure 3). Thus the difference between the experimental 
background and that predicted theoretically should be due to 
the decrease in detector efficiency at low photon energies. 
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This can be measured and multiplied by the MBH shape to give a 
" universal" thin background shape. 

U (Pk) = MBH(Pk) G L (Pk) (2) 

where G (P ) is the detector efficiency at low end. The 
universal thin background shape then can be scaled to the 
experimental data and subtracted. The scaling window must be 
chosen in a region which is free of peaks and where detector 
intrinsic efficiency is unity (9.5 to 14.5 keV in our case). 

If the universal thin background shape does not fit the 
experimental background well in the very low energy end (i.e. 1 
keV and below), then the differences are thought to be due to 
absorption of x-rays in the specimen itself. For quantitation 
using the CN method, some assumption has to be made for the 
composition of the matrix. For soft tissue, embedded, or frozen 
hydrated specimens it is this matrix which is primarily 
responsible for the specimen self absorption. Concentration of 
heavier elements from Na to Ca (Z = 11 to Z = 20) are usually 
sufficient small so that absorption by them is negligible. 
Therefore, adding a term to describe absorption in matrix to 
equation 2, the background shape in low energy end may be 
written as 115], 

Low (Pk) = U (Pk) 1- exp{-0<//>)M PM L} 

L" <"'«> iJT17 

(3) 

where (ju/p) is the mean mass absorption coefficient of the 
matrix elements, and p is the density of the matrix and L is 
absorption path length. 

The modelled (universal background) shape can be matched to 
the measured (experimental) shape in the spectrum, by adjusting 
the product p L (mass path length) for the best fit. If the 
Bremsstrahlung is modelled correctly in the region of a 
characteristic peak, it follows that the peak absorption will 
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also be modelled correctly, since the absorption mechanisms are 
identical. Thus, this value of mass path length can then be 
used to correct the characteristic lines for absorption in the 
specimen. In order to compute a best fit of universal thin 
background to the experimental data, a chi-square test may be 
performed using a window below the Na peak (600 eV to 900 eV). 

4. COLLECTION OF EXPERIMENTAL DATA 

Cells of the bovine adrenal zona glomerulosa, known to 
exhibit an increased potassium efflux in response to 
angiotensin II stimulation [16], were used to produce test 
data. A batch of cells was divided into samples A (control) and 
B (stimulated with 10"6M angiotensin II). Specimens were 
optimum plunge cryofixed [17], low temperature freeze-dried 
[18] and vacuum embedded in non-polar resin. Ultra thin 
sections (100-120 nm) were cut dry (compression can yield an 
effectively thicker section, figure 4), transferred to the 
center of a nylon support film on titanium single hole grids 
and carbon coated (25 nm). 

The ultratbin sections were analysed at 80 keV in a modified 
JEOL 100C TEM (Nicholson ct al, 1982) with a Link Systems 290 
microanalyser. The detector was inclined at an angle of 90" 
with respect to the incident electron beam and the specimen was 
titled 30° with respect to the horizontal.The spectra were 
collected over the range 0 to 20 keV for 200 seconds live time 
and 3 x 10' 1 0 A beam current at a resolution of 20 eV/channel. 
10 spectra from each sample were recorded by positioning a 
stationary electron beam inside the cytoplasm of the adrenal 
cell. Spectra from the ultra thin section of nylon were also 
recorded using a stationary electron beam positioned by the 
side of the section. 

5. ANALYSIS 

Analysis of these spectra involved three stages. In first 
stage the recorded spectra were corrected for non-sample 
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Bremsstrahlung as mentioned in section 2. In the second stage 
net characteristic counts were obtained from the characteristic 
peaks by subtracting the thin specimen background and in the 
third stage these counts were converted into percentage 
absolute mass fraction by using in CN method. 

The net characteristic counts of the peaks were obtained 
using window and background modelling methods as described in 
sections 3 and 4. Figures 5 and 6 show experimental spectra 
from samples A and B with universal background and universal 
background corrected for self absorption superimposed. Once the 
characteristic peak data are known it is straight forward to 
use CN method for quantitation. Following Nicholson et al [8], 
a 5.0 keV wide window which is centered at 12.0 keV is used for 
the work presented. Using the Hall equation the percentage mass 
fractions of each spectrum were obtained corresponding to the 
characteristic data obtained by window and modelling methods. 
Then combined means of each sample A and sample B were 
obtained. These results are shown in tabb 1. 

6. RESULTS 

It can be seen from table 1 that at energies where the 
background is fairly flat and bi^d background windows can be 
placed free of interference from other peaks, such as the K 
region, there is close agreement between the windows and 
modelling methods. However, the differences between the methods 
are significant for P and S peaks where, in such multi-element 
biological samples, it is impossible to site background windows 
free of peak overleaps (Figure 2) and the window method 
significantly underestimate the P (Table 1). Moreover, the 
significant rise in P shown by the modelling method in the 
activated cells (between the two samples A and B) is not 
significant using tne window method because of the poorer 
background counting statistics in the latter method. However, 
both methods reveal a significant intercellular fall of K 
(P<0,02) and rise in Na (P<0.05) and CI (P<0.01) in the 
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stimulated cells when the 10 original spectral values in each 
group are compared by unpaired t-test. 

It can be seen (Fijure 4) that specimen self absorption will 
significantly affect Na, Mg and Al peaks, but for other 
characteristic peaks, this effect is so small that it can be 
neglected. It is interesting to note that specimen self 
absorption have affected the Na and Mg peaks significantly 
(more than 10 %) even for a 100 nm thick sample. A corollary of 
this statement is that if Na, Mg and Al lines are not present 
in the sample, despite the fact that specimen self absorption 
is present in the sample, the universal thin background shape 
(equation 2) can be scaled to the experimental data and 
subtracted without modification. 
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Method Concentration (mol3 Kg"1) 
(a) Na I v S CI K 

Windows 125±33 1C2±16 100±15 178±15 99±9 
Modelling 106±22 1S6±8 118±9 174±7 95 ±5 

(b) 
Windows 153±57 1S2±29 91±27 247±27 75±13 
Modelling 157±44 221 ±14 111 ±13 246±12 71 ±7 

Table 1. Comparison between elemental concentrations computed 
in test adrenal cells by the modelling and windows methods of 
background subtraction for (a) control and (b) stimulated 
samples. Values are cnn'>ined means ± statistical counting 
error. 
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FIGURE CAPTIONS 

Figure. 1. A pure thin specimen Bremsstrahlung after 
subtracting non-sample Bremsstrahlung from a measured spectrum. 

Figure. 2. Experimental spectrum with elements of interest, 
background windows and MBH background shape (broken line) 
superimposed. 

Figure. 3. Comparison of thin specimen background spectrum of 
soft tissue (z~ 6) with that of hard tissue (z~ IS). 

Figure. 4. MBH background (broken line) from thickest test 
section (~ 200 nm) with position of elements of interest and 
the computed self absorption. 

Figure. 5. An experimental spectrum of sample A (control) 
with universal thin specimen background (broken line) and 
universal thin specimen background corrected for self 
absorption superimposed. 

Figure. 6. An experimental spectrum of sample B (stimulated) 
with universal thin specimen background (broken line) and 
universal thin specimen background corrected for self 
absorption superimposed. 
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Figure 1. A pure thin specimen Bremsstrahlung after subtracting 
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computed self absorption. 
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