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Zero + Low loss area 

Energy loss 

Figure 5. Relation between the spectral fitting- and in
tegration zones and the images, acquired with a given 
slit (S) of width (Ws ;) both in the edge- and the zero
loss plus low-loss region. 

Figure 6. Parallel EEL spectra. (a) A PEELS iron 
spectrum from an iron containing lysosome (sidero
some). (b) A PEEL spectrum of an iron containing Bio
standard. The (30 eV wide) r-regions for exponential 
fitting and extrapolation for subtraction of the continuum 
beyond the edge, are hatched. The vertical bars indicate 
the A-region of 30 eV. (c) The intensity reduced PEEL 
spectrum (corresponding to Fig. 6a) of the [E(zI+n)l re
gion, with an optical filter installed (O.D. = 5), from 
the siderosomal area. (d) Similar PEEL spectrum of 
[E(zl+ n)l region from the Bio-standard's area corre
sponding to Fig. 6b. 

The zones around the Ern's are divided in pre-ionization 
(PIE) and ionization edge (IE) areas. In the PIE area, a 
zone (called r-range) with a width of 100 or 50 eV, is 
used to estimate the values A and r in eq. 1 using a 
curve-fitting model mostly based on a least squares ap
proach or a maximum-likelihood procedure based on 
Poisson statistics [92]. The accuracy and precision of 
these methods are extensively discussed and compared 
[5, 8, 13, 14, 16, 35, 37, 54-58, 60, 69, 70, 78, 85-88, 
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Figures 7a-i. This series of images show the conse
quence of the choice of fitting procedure upon the area 
occupied by the net-intensity of the element. Figures 7a 
and 7b show two pre-edge images (648 eV and 688 eV), 
while Figure 7c shows the Fe gross-intensity image at 
728 eV. The images in Figures 7d-f are the Fe net-in
tensity images and in Figures 7g-i their binary Fe net
intensity images. Figures 7d and 7g are acquired after 
application of a power-law fitting method, Figures 7e 
and 7h after a linear fitting method, and Figures 7f and 
7i after application of the two window method. 

92, 97, 101]. Once the values of A and r have been ob
tained, they are used to extrapolate the continuum to the 
region beyond the Ern. This allows one to determine the 
IK L MN -value over the A-range by subtracting the con
tinu~m component. When this value is related to the 
zero- plus low-loss intensity (IzI+n), representing the 
total mass of the irradiated analyzed area, the relative 
element concentration can be estimated. When related 
to the net-intensity values from other elements present in 
the same irradiated area, elemental ratios can be ob
tained. 

In Figure 4, areas are marked by vertical and hor
izontal lines, from about 15 eV wide, which indicate 
spectral zones from which images can be acquired 
through the introduction of the slit. In Figure 5, this 
situation is exemplified. In the PIE area, a r-range, 
with a width of 100 or 50 eV (Wr), is indicated. This 
zone is sampled by a slit (S) with slit-width (As ;) , used 
to estimate the values of A and -r in eq. 1. The same 
curve-fitting models, based on least squares approaches 
or a maximum-likelihood Poisson statistical procedures, 
are used for images. Other methods using linear extra
polation and a two-window method have also been pro
posed [35]. After subtraction of the calculated lb-image, 



Energy Filtering TEM in Biological Specimens 

Table 1. AreaFe fractions and RFe values from the same image (present in Fig. 7), 
after a two window (PIE), a linear- (LIN), and power-law (Log) fitting procedure. 

PIE Lin Log 

IR A (µm2) IR A (µm2) IR A (µm2) 
SR 

X 
X X X 

E~1 (713 eV) 0.10 1.539 0.16 1.580 0.13 1.457 0.41 

E~ (728 eV) 0.17 1.569 0.20 1.577 0.19 1.567 0.35 
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Figure 7k. The relation of the slit positions for the images in a spectrum and 
the three fitting procedures is shown schematically. 

the element's net-intensity (IK)-image is obtained. Simi
larly, several images in the A-range beyond the edge 
have to be acquired. In Figure 5, the position of the 
A-~on~ is deliberately not chosen at the onset of the edge 
to md1cate that the optimum for this position and the 
width of this zone (w .i) has to be established. When 
these Irimage(s) are related to the zero- plus low-loss 
intensity Ciz1+n)-images, representing the total mass of 
the irradiated analyzed area, relative element-concentra
tion images can be obtained. For estimation of the con
tinuum beyond the edge: Wr "" W .1· For concentration 
calculations: W ,1(IK) = W ,1(Izi+n)- In both cases, sev
eral images have to interrelated and/or added. The fit
ting and calculation procedures have to be applied to 
each pixel in the (5122) images. 

Parallel EEL (PEEL) spectra. The application 
of the calibrated attenuation filters to acquire intensity
reduced PEEL spectra from the zero-loss plus low-loss 
[E(zl+n)l region for an iron-containing lysosome (side
rosome) and an iron-containing Bio-standard (for an ex
planation of the use of Bio-standards, see below) is 
sho":n i~ Figures 6a-d. Manipulation of these spectra by 
apphcat10n of the QSA-module resulted in a spectral 
PR*Fe value. In Figures 6a and b, the fitting procedure 
applied is the log/log method. True PR*Fe-values, inte
grated over 30 e V, are: 4. 3 l 4x 10-6 for the siderosome 
and 2. 613x 10-6 for the iron Bio-standard. The final iron 
concentration in the analyzed area of this siderosome is 
calculated according to: 

* * Nsid = R sid / R st · Nst (2) 

When, e.g., Nst = 1800 Fe atoms, this will result in 
2971 iron atoms to be present. 
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Quantitative image analysis (QIA) 

Image analysis will be divided in two parts: (a). 
segmentation and morphometry of contrast-sensitive and 
element-related images, and (b) acquisition and analysis 
of elemental net-intensity images. 

Morpbometric analysis. Image segmentation and 
morphometry are rather important image processing 
steps that allow both structural and compositional image 
analysis from heteromorphic objects in the cells. For 
structure analysis, zero-loss and E 250-images, are used 
as contrast-sensitive images, to which element-related 
images from the compositional analysis are related by 
superposition of two images. A protocol for objective 
segmentation of items of interest in such images has 
been proposed before [80]. 

Acquisition and analysis of elemental net-inten
sity images. The same procedures, as applied to spectra 
have to be applied to a series of images acquired around 
the Ern. 

To demonstrate that 1RFe values can be acquired 
and 1RFe and 5RFe can be compared, cross-sectioned Bio
standards were analyzed. The mean 1RFe value is: 0.21, 
the ~oefficient of variance (CV) = ± 17 % (acquired by 
the image mode/TV chain, slit width 15 eV, linear fit
ting mode, n = 6) from an analyzed area (1.60 µm2) and 
for W .1 = 15 eV. This value differs from the mean 5RFe 
value: 0.14, CV = ± 7% (n = 6), acquired under simi
lar conditions by the spectrum mode/PMT chain and 1 
eV/channel. However, the interval between the individ
u_al_ values is constant. It is realized that the applied 
httmg procedure will influence the final result. These 
effects were investigated. The results are shown in 


